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Abstract  
 
Agriculture in the Republic of Moldova accounts for 10-15% of gross domestic product (GDP) and represents the most 
important branch of production. In agriculture, soil is the main means of production. Agriculture currently practiced in 
the country faces a number of major problems that seriously affect rural development. Creating a balanced or positive 
balance of the organic substance in the soil is the main condition for preserving its long-term fertility and avoiding 
degradation of the arable layer by dehumidification, destructuring and excessive secondary compacting. This can only 
be achieved by the regular introduction into the soil of organic fertilizers - manure or green fertilizers (Cerbari, 2010; 
Cerbari et al., 2013). At present the livestock sector is practically destroyed, the number of cattle has decreased 6 
times, while the volume of manure produced has decreased by 6 times. According to the statistical directories 3 million 
tons of manure is produced, of which 1.0-1.5 million tons are used as an energy source, and 1.5-2.0 million tons are 
dumped in the rubbish, a more serious source of pollution of rural areas. In the soil, according to statistical data, only 
10-20 kg/ha/year of manure is introduced, which means nothing. As a result, the balance of humus in the soil became 
deeply negative -1.0 t/ha/year. The need for this article is dictated by the fact that the recommended procedure has the 
only real possibility to increase the flow of organic matter to the soil and to form a balanced or weakly positive balance 
for this organo-mineral natural system that plays the most important role in ensuring the food and environmental 
security of the country. The situation can only be changed by undertaking a series of legislative, organizational and 
financial measures. So, the remediation of the quality condition and the increased production capacity of the studied 
soil is possible only by increasing the flow of organic matter into the arable layer. The use of vetch as a green fertilizer 
is an effective process to achieve this objective (Cerbari et al., 2013).  
 
Key words: conservative agriculture, ordinary chernozem, green fertilizer, quality status. 
 
INTRODUCTION 
 
Soil is an organo-mineral system that can 
provide a high agricultural production capacity 
only if it has a permanent flow of fresh organic 
matter. Creating a balanced or positive balance 
of the organic substance in the soil is the main 
condition for preserving its long-term fertility 
and avoiding degradation of the arable layer by 
dehumidification, destructuring and excessive 
secondary compacting. This can only be 
achieved by the regular introduction into the 
soil of organic fertilizers - manure or fertilizers 
(Capcelea, 1996; Cerbari 2011).  
In Moldova, the situation regarding the use of 
organic fertilizers is the following. In order to 
ensure a balanced or positive balance of the 
organic substance it is necessary to introduce at 

least 10 t/ha/year of manure into the soil. In the 
90s of the previous century, due to the existing 
zootechnical sector, about 7-8 t/ha/year of 
manure was introduced into the arable soil. 
Combined with respect for crop rotation in 
which there is a field of leguminous perennial 
herbs and a field of annual grasses with the 
participation of leguminous crops, a balanced 
balance of the organic substance in the soil is 
ensured.  
At present the livestock sector is practically 
destroyed, the number of cattle has decreased 6 
times, while the volume of manure produced 
has decreased by 6 times.  
According to the statistical directories 3 million 
tons of manure are produced, of which 1.0-1.5 
million tons are used as an energy source, and 
1.5-2.0 million tons are dumped in the rubbish, 
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a more serious source of pollution of rural 
areas. In the soil, according to statistical data, 
only 10-20 kg/ha/year of manure is introduced, 
which means nothing. As a result, the balance 
of humus in the soil became deeply negative: -
1.0 t/ha/year. Agriculture currently practiced in 
the country faces a number of major problems 
that seriously affect rural development. The 
classical system of soil works has led to a 
gradual increase in production, but it has also 
led to the appearance of phenomena of 
degradation of features, a decrease in the 
production capacity of agricultural land.  
Excessive work has favoured processes to 
reduce organic soil content, damage to 
structure, increased erosion hazard; heavy 
traffic and too often led to increased 
compaction and, as a result, to trigger other 
negative phenomena (Cerbari et al., 2013). 
 
MATERIALS AND METHODS 
 
The polygon for the study of the influence of 
green vines on the properties of common 
chernozems in Southern Moldova was located 
on the agricultural territory of Lebedenco in the 
district of Cahul (Figure 1).  
The field works were carried out according to 
the methodology of pedological field research. 
Laboratory analyzes were performed according 
to classical methods and STAS [STAS 
17.4.4.02, STAS 28298-89] and Standards [SR 
SR 7184-3: 2003, SM SR ISO 11272: 2003, 
SM STAS 7184/16: 2003, SM STAS 8619/3: 
2002] existing. The polygon (3 ha) is a land 
area located on the quasi-horizontal surface of 
a long elongated ridge. The mixture of vines 

(80%) and wheat (20%) was sowed on the 
surface of 3 hectares of heights (Figure 1) in 
the first decade of September. On April 25, the 
field was divided into 3 strips with a surface of 
about 1 ha each (Figure 2): Strip no. 1 - vines 
cultivated for the production of seed material; 
Strip no. 2 - vines, busy field, two crops grown 
and incorporated into the soil as green 
fertilizer; Strip no. 3 - intermediate culture for 
use as green fertilizer; after the incorporation 
into the soil of the meadows in the field sown 
corn. 
Parallel to the varieties of varieties of different 
destination, in the eastern part of the field a 10-
meter-wide blank was sowed with maize to 
compare the corn harvest on this strip with corn 
harvest on strip no. 3, sowed with corn after 
incorporation into the soil of a harvest of vines 
crop (Figure 2). 
 
RESULTS AND DISCUSSIONS  
 
The necessity of this article is dictated by the 
fact that the recommended method presents the 
only real possibility to increase the flow of 
organic matter to the soil and to form a 
balanced or poorly positive balance for this 
organo-mineral natural system that plays the 
most important role in ensuring the food and 
environmental security of the country. 
The high cost of chemical fertilizers and their 
negative effects on the environment have 
convinced the human community to seek an 
alternative to the existing farming system 
(Cerbari, 2010; 2011; Cojocaru, 2018; Toncea, 
1999).

  

 
Figure 1. The location of the research polygon
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The physical, chemical and biological 
degradation of chernozems, soils occupying 
about 80% of the land surface of the 
agricultural land, leads to the expansion of the 
desertification processes of the land and to stop 
the increase of the agricultural production 

volume in the country. The existing agricultural 
system does not ensure that soil quality is 
maintained in the future and leads to worsening 
economic and environmental conditions in the 
country (Cerbari et al., 2013). 

 

Figure 2. Scheme of experience located on the territory of Lebedenco commune, Cahul district

The overcoming of this situation is possible 
through the gradual implementation of a 
sustainable agriculture system, based primarily 
on the use of natural processes, on the 
biological and renewable resources of the 
household and only secondly on the resources 
procured. The situation can only be changed by 
undertaking a series of legislative, 
organizational and financial measures. This 
serves as a motivation for the fact that in order 
to reduce the dehumification processes, damage 
to the structure, strong compaction of the arable 
soil layer and increase of the soil erosion 
resistance, it is recommended 5 field crop, a 
field occupied with a leguminous sidney crop, 
autumn and spring varieties (2 varieties of 
vetches incorporated into the soil as a green 
fertilizer on each field once every 5 years). The 
structure of the crop can be as follows: Field 
covered with vines → Maize → Autumn wheat 
→ Autumn wheat or barley → Sunflower. This 
process, used in the framework of any 
agricultural system, will lead to the remediation 
of soil quality and the increase of its production 
capacity (Capcelea, 1996; Cerbari, 2010; 2011; 
Cojocaru et al., 2018). 
The research envisaged the creation of a single 
polygon to study the processes of remediation 
of the quality of common chernozems in 
Southern Moldova under the influence of green 

fertilizers, but in 2013 the possibility was 
created for organizing the second unpredicted 
research polygon. This polygon was organized 
in Central Moldova on the territory of Ivancea 
commune, Orhei rayon for cambic chernozems 
- soils with physical characteristics more 
difficult than those of ordinary chernozems in 
Southern Moldova, formed under other 
conditions.  
The state of the crop on the sown field with 
vetches on 25.04.2013 is presented in Figure 3 
and Figure 4. The introduction of ground 
vermicelli in the soil and the preparation of the 
ground for sowing was done by talking with a 
disk with a disk (Figures 5 and 6). Sowing 
maize (basic crop) was done on April 29, 2013. 
 

 
Figure 3. Field sown in autumn with  

vetch on April 25, 2013 

 
 
 
 

Tractor brigade 
 
 

 
 

   
Strip No. 1, length 
200 m, width 50 m 

 
 

 
 

Vetch sown for the 
production of seed 

material 

 
Strip No. 2, 

length 200 m,  
width 40 m 

 

 
Vetch, busy field, 2 

crops grown and 
incorporated into 
the soil as green 

fertilizer 

 
Strip No. 3, 

length 200 m,  
width 60 m 

 

 
Vetch, intermediate 

culture incorporated into 
the soil as fertilizer 

green, basic culture after 
vetch - maize 

 
Strip No. 4, 

length 200 m, 
width 10 m 

 

 
Control, sown 

with maize 

The central road 
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On both polygons, some preliminary results on 
the influence of green vetches on the quality of 
soils and on the size of the basic crop crops 
were obtained. 
The study of the initial soil quality of the soil of 
the research polygon was carried out between 
september 4-5 of 2012, until the basic soil work 
was carried out. After performing the basic soil 
work by discussing at a depth of about 12 cm 
and subsoiling at a depth of 35 cm with the 
combined aggregate (Figure 5) and sowing the 
meadows (10.09.2012), over 10 days, the 
apparent density of the 0-35 cm, loosened 
through the underlay. Of all semi-graphs 
located on the territory of the polygon, soil 
samples were collected for laboratory analysis. 

 
Figure 4. The state of the vetch at 25.05. 2013  

and the distribution of the crop roots on the soil profile 
as a result of using the Mini-Till system with its 

underlayment 
 

 
Figure 5. Incorporating the green mass  

of vetch by disking 

In the spring of 2013, in the centre of the 
polygon, where the semi-profile 102 was 50 cm 

deep, repeated until the incorporation of the 
vetch vegetable mass into the soil, a soil profile 
with a depth of 120 cm was placed. 
 

 
Figure 6. Field prepared by disking for sowing the basic 
crop after incorporation into the soil of the green vetch 

mass  

In the soil samples from this profile, more 
detailed researches of the properties of the 
studied soil were carried out. At the same time 
in harvested soil micromonolites the content of 
the roots of vetches was appreciated, and in the 
laboratory - the chemical composition of roots 
and green vetch. 
Field research to assess the size of the crop of 
basic crops (maize) and changes in soil quality 
on line no. 3 (broth culture) were performed on 
26.09. 2013. 
The basic soil work was carried out with a 
combined aggregate (Maximulch aggregate, 
Agroisem International), which passes the soil 
at a depth of 35-40 cm and prepares the top of 
the loose sowing layer (Figure 7). 
 

 
Figure 7. Technique for Implementing the Mini-Till Soil 
System in Combination with subsoiling to work the land 

polygon basic of research 

The initial state of the attributes of the common 
chernozem on the South Moldovan polygon 
was assessed by field research of the 
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morphological characters of the 4 semiprofiles 
and the soil profile 102 (located on the 2nd 
line), harvesting the soil samples and analyzing 
them in laboratory. Profile picture 102 is shown 
in Figure 4.  
Next, we describe the profile of the studied 
soil. 
Ordinary arable chernozem is characterized by 
a profile of the type: Ahp1 - Ahp2 - Ah - Bhk1 
- Bhk2 - BCk1 - BCk2 - Ck.  Efervescence - 
from a depth of 47 cm. Carbonates in the form 
of efflorescences - from 48 cm, pseudomics - 
from 63 cm. The following genetic horizons 
were highlighted and studied on the soil profile.  
Ahp1 (0-20 cm) - arable layer of dark gray to 
brown color weak, wet, clay-loam, glomerular-
bulgarian structure, layer 0-12 cm tilted by 
discussion, layer 12-20 cm inhomogeneous 
loosened by subsoiling, medium and large 
pores very frequent, many roots of vines and 
organic scraps, gradual passage. 
Ahp2 (20-35 cm) - the newly built compact 
partially sloping layer (60-70%) by underlay, 
dark gray with a dull brown, wet, clay-loam, 
glomerular-bulgarian structure, porosity, 
different pores, many roots of vetch in the 
loose spaces of this layer, clear passage. 
Ah (35-47 cm) - substrate to the arable layer, 
continuation of humus accumulation horizon, 
wet, dark gray with light brown, luteum-clay, 
glomerular natural structure, compact, medium 
and small frequent pores, frequent thin and 
medium roots, larvae, coprolite, passage 
gradually on the next horizon.  
Bhk1 (47-70 cm) - continuation of the humerus 
profile, beginning of the passage to the parental 
rocks, wet, dark brown, clay-clay, glomerular 
structure, aggregates of 1-3 cm, compact, small 
and medium-sized pores, thin roots, larvae, 
coprolite, of carbonates in the form of 
efflorescences, gradual passage.  
Bhk2 (63-81 cm) - the humerus profile, the 
lower part of the horizon to the rocks, the 
brown, the clay-clay, the weakly structure, the 
small, compact, small and fine pores, the rare 
thin roots, the larva beds, the moderate 
effervescence, in the form of efflorescences, 
the transition to the next gradual horizon.  
BCk1 (81-93 cm) - the upper part of the 
parental soil poorly modified by the 
pedogenesis process, yellow with brown hue, 
loam-clayey, very weak structure, compact, 

frequent fine pores, pseudomics carbonate, 
very thin roots, larva beds, switching to the 
next gradual horizon. 
BCk2 (93-110 cm) - the lower part of the 
parental soil poorly modified by the 
pedogenesis process, yellow with a very low 
brown hue, loam-clayey, the massive compact 
structure, frequent fine pores, the accumulation 
horizon of the pseudomics and bieloglass 
carbonate neoformations, the concrete and 
crotovine the transition to the next gradual 
horizon.  
Ck (>110 cm) - yellow parental rocks virtually 
unchanged by the pedogenesis process, rare 
pseudomics, concretes of CaCO3, compact, 
easily crushed, frequent fine pores. 
The soil of the research polygon is 
characterized by very favorable lute-clayey 
texture. The dust behaves in the soil as well as 
the microstructural elements, ensuring a more 
favorable physical condition of the soil (lower 
resistance to plowing, lower cohesion between 
the soil particles, maturity humidity ensures 
better shredding at the work of the ground). 
The soil of the research polygon is 
characterized by very favorable lute-clayey 
texture. The dust behaves in the soil as well as 
the microstructural elements, ensuring a more 
favorable physical condition of the soil (lower 
resistance to plowing, lower cohesion between 
the soil particles, maturity humidity ensures 
better shredding at the work of the ground). 
The values of the chemical properties of the 
studied soil are typical for the common 
chernozems in South Moldova. As a negative 
factor, it is necessary to highlight the obvious 
dehumification of the arable layer of the 
common research chernozems, which has 
negative action on all the features and 
processes in the soil. 
So, the remediation of the quality condition and 
the increased production capacity of the studied 
soil is possible only by increasing the flow of 
organic matter into the arable layer. The use of 
the meadow as a green fertilizer is an effective 
process for achieving this genre. 
 
CONCLUSIONS  
 
The estimation of the size of the green vetch 
mass harvest was carried out on 25.04.2013 on 
1 m2 surface micro-polygons in five repetitions. 
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The results of the individual measurements of 
the green vetch harvest were as follows: 1 - 30 
t/ha; 2-29 t/ha; 3-28 t/ha; 4-29 t/ha; 5-32 t/ha. 
Average harvest of green vetch mass on 25.04. 
2013 turned out to be 81.5% from the wet mass 
of the meadow. So, 5.6 t/ha of absolutely dry 
vetch meal with a nitrogen content of 4.1% was 
incorporated into the soil, which is equal to 
about 230 kg/ha of biological nitrogen, of 
which 60% is a symbiotic nitrogen (from the 
atmosphere). 
The use of the meadow as a green fertilizer is 
an effective process for achieving this genre. 
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Abstract 
 
The research on the application of different soil tillage systems enjoys considerable worldwide popularity, and this can 
be explained by the effect of soil tillage on the conservation of water resources of the soil, as well as on the production 
costs. Yet, the main objective of this kind of research is the identification of an appropriate balance between the effects 
of soil tillage systems on soil quality and on yield. After 12 years of experimentation at ARDS Turda, changes in soil 
pH, from low acid and neutral to low alkaline in all experimental variants. In the case of the classical system (CS) there 
is a slight reduction of the humus content in the surface layer of the soil on the first cm at both levels of fertilization but 
instead there are increases on the deeper layers in the variant with additional fertilization. In the MT system there is a 
slight increase of total N in the first cm in both fertilization variants. Increases content in phosphorus in the MT system, 
from a weak content to low content. There is an increase in the K content, especially in the arable layer in the MT 
system compared to CS. The average yields recorded at crops had lower values especially in the conservative system on 
the first years. 
 
Key words: tillage system, crop rotation, nutrients, clime condition, yield. 
 
INTRODUCTION 
 
Conservative tillage restores the soil structure 
and improves global soil drainage, resulting in 
a more productive soil, protected against water 
and wind erosion and requiring less fuel for the 
preparation of the germinating bed (Cociu, 
2011; Cheţan et al., 2011; 2016). Poor rotation 
on crops can favor soil compaction by limiting 
the plants root system and the major role it 
plays in restoring physical features of the soil 
and even breaking the deep compacted layers. 
Ciontu et al. (2012) found that the three - four 
years rotation play an important role in 
achieving safe and stable yields and Šeremeši 
et al. (2013) found that the effect of crop 
rotation on maize yield was inversely 
proportional to the ratio of the maize in the 
crop rotation.  
When mineral nitrogen fertilizers are applied, it 
is necessary to consider not only the production 
of superior quantities in terms of quantitative 
and quality, but also the evolution of the 
physical, chemical and biological 
characteristics of the soil. Comparing the 
“minimum tillage” and “no-tillage” systems 

with the conventional tillage, which involves 
the ploughing and/or the disc harrowing for the 
preparation of the seedbed, it can be concluded 
that there is a reduction in the content of 
organic material, mainly under tropical and 
subtropical conditions (Balota et al., 2003). 
 
MATERIALS AND METHODS 
 
The experiments were conducted 2007-2018 at 
ARDS Turda, located at 23�47’longitude and 
46�35’ latitude on 345-493 m altitude, in West 
of the Transylvanian Plain, Turda town.  
The relief is represented by a hilly orthographic 
framework, with a dominant proportion of 71% 
and specific with low altitude of 345-493 m, 
with different exhibitions and inclinations and 
an advanced erosion stage. The valleys 
between these hills, representing 11%, are 
relatively narrow, oriented mainly in the East-
West direction and have a poor natural 
drainage. The groundwater is at different 
depths, depending on the relief, reaching 1.5-2 
m on the valleys, 15-20 m on the plateaus and 
0-18 m on the slopes. The experiment was 
designed as a randomized complete block. The 
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experience was based on a Phaeozem (SRTS, 
2012), with clay-clay texture with good 
hydrophobic properties, 59% porosity on the 
surface and 47% in depth, high water retention 
capacity of 32% and Co 18%. 
The experimental factors are:  
- factor (A) the soil tillage system with three 
graduations: a1- conventional system (CS); a2 - 
minimum tillage system (MT); a3- no-tillage 
system (NT);  
- factor (B) the fertilization level with two 
graduations: b1- basic fertilization with N40P40 
(at same with sowing); b2- basic fertilization 
with N40P40 + N40 on vegetation (at wheat on 
resumption of vegetation in spring; soybean at 
3-5 trifoliate leaves, maize at 4-6 leaves);  
- factor (C) the agricultural year with 12 
graduations: c1 - 2007, c2 - 2008, c3 - 2009, c4 - 
2010, c5 - 2011, c6 - 2012, c7 - 2013, c8 - 2014, 
c9 - 2015, c10 - 2016, c11 - 2017, c12 - 2018. 
The soil system were included three variants of 
the processing of the land: classic with plow; 
minimum tillage and no-tillage. The wheat was 
cultivated in a classic system in parallel with 
the no tillage system; soy and maize in a classic 
system in parallel to the minimum tillage 
system.  
In this experiment (three years rotation with 
winter wheat - maize - soy) in the first year it 
was sown directly in the stubble of the 
previously cultivated plant, in this case winter 
wheat after soy, two years after the soil was 
processed with the chisel. 
At experimental factor B - fertilization, there 
are two graduation of application to all three 
crops (winter wheat - maize - soybean), only 
the application moment differs. 
The sowing was done with the Directa-400 
machine (at the same time as sowing was 
applied the fertilization) at 18 cm distance 
between the rows, the seed introduced at 5 cm 
depth, winter wheat density 550 b.g./m2 and 
soybean 55 b.g./m2. In the maize culture, 
sowing was performed with MT-6 machine at 
distance between rows 70 cm, density 65,000 
plants/ha, of 22.5 cm distance between 
seed/row, the seed incorporation 5 cm depth. 
The soil samples for chemical analyses were 
collected along a depth of 0-20 and 20-40 cm 
before instalated the experiments (2007) and 
after harvesting the soybean culture (2018). 
The method used in 2007 for determining the 

pH was the Potentiometric method; the 
nitrogen content was measured through the 
Kjeldhal method; the phosphorous content was 
measured through the Colorimetric method, 
whereas the Flame Photometric method 
determined the content of potassium in the soil 
(Pedological and Agrochemical Studies Office, 
Cluj). After soybeans have been harvested in 
2018 the availability of soil in nutrients was 
determined with the laboratory equipment 
compact photometer PF12-Plus (with Visocolor 
Eco test kit and Nanocolor teste tube) from the 
Agricultural Research and Development 
Station Turda.  
The results obtained were statistically 
processed according to the method of analyzing 
the variant and establishing the lowest 
significant differences, LSD (5%, 1% and 
0.1%) (ANOVA, 2015). 
The weed control was based on the use of 
herbicides: in soybean and maize culture 
infested with weeds was applied treatments out 
in two stages: pre-emergence and post-
emergence in both system using of the present 
products exist on the market that can be applied 
individually or in combination, depending on 
the weed spectrum present: pre-emergence for 
soybean: Sencor (metribuzin 600 g/l) 0.35 l/ha 
+ Tender (960 g/l S-metolachlor) 1.5 l/ha and 
post-emergence: Pulsar 40 (40 g/l imazamox) in 
dose 1.0 l/ha (for dicotyledonous and some 
monocotyledonous weeds) + Agil 100 EC (100 
g/l propaquizafop) in dose 1.5 l/ha for the 
Agropyron repens control (izolated present); 
pre-emergence for maize: Merlin Flexx (240 
g/ha isoxaflutol 240 g/l and ciprosulfamida 
(safener) 0.4 l/ha + Tender (960 g/l S-
metolachlor) 1.5 l/ha and post-emergence: 
Cerlit (fluroxipir 250 g/l) 1.0 l/ha for control of 
dicotyledonous weeds (especially Rubus 
caesius) + Astral 40SC (nicosulfuron 40 g/l) 
1.5 l/ha for the monocotyledonous weeds; on 
vegetation at winter wheat culture: 0.15 l/ha 
Sekator Progres OD (amidosulfuron 100 g/l + 
iodosulfuron-metyl-Na 25 g/l + mefenpyr dietyl 
250 g/l (safener) + 0.6 l/ha DMA 6 (660 g/l 
acide  from 2.4% D  dimethyl amine salt: 825 
g/l 2.4 D dimethyl amine salt). 
The weather conditions during the 12 years of 
trials (measured at Turda Meteorological 
Station, 23�47’longitude; 46�35’ latitude; 427 
m altitude) are shown in Figures 1 and 2.  



21

 
Figure 1. The thermic regime at Turda (oC),  2007-2018 

 

 
Figure 2. The rainfall regime at Turda (mm),  

2007-2018 
 
Of the 12 years considered in terms of the 
thermal regime, 6 were warm, 4 warm and only 
2 normal and the precipitation was in 4 years 
excessive rain, 2 years very rainy, 5 years 
normal and just only 1 dry year 2011 with an 
annual rainfall of 433 mm). Annual mean 
values refer to multiannual averages (62 years) 
with average temperature 9.1°C and precipi-
tation 531 mm. Also during this period the 
most rainy year was recorded in 2016 with 
816.8 mm, the deviation is + 303.2 mm but 
with a non-uniform distribution of precipi-
tation. The rainfall regime has increased in the 
Turda area in the last years, during the 
experimentation period, the most rain was 
2010, 2014 and 2016. The average value of 
609.8 mm, for the last 12 years, is maintained 
in the area with medium aggressiveness.  
Specifically for the 12 years was the uneven 
distribution of precipitation (2009, 2011, 2012, 
2017, 2018), drought prolonged was followed 
by torrential rains, which although they had 
large quantities of water, did not have often 
managed to restore the water reserve in the soil 
and the drought dominating this whole period. 
During the last years the climate in the 

Transylvanian Plain has changed, with the 
increase of the annual average temperature as 
well as the non-uniformity of rainfall, that is 
why the agrotechnique applied must be adapted 
to more oscillating ecological conditions. 
 
REZULTS AND DISCUSSIONS 
 
The soil reaction in the ARDS Turda area is 
neutral, on the ground where the experience 
was located, the soil reaction is weakly acidic 
in the first 20 cm and neutral on the depth of 
20-40 cm. After 12 years, can be seen from 
Table 1, changes in soil pH, from weakly acid 
(0-20 cm) and neutral (20-40 cm) to low 
alkaline in all experimental variants and on 
both of them (7.7-8.4). 
 

Table 1. The influence of the soil tillage system,  
crop-rotation and fertilization upon the soil pH  

(ARDS Turda 2007, 2018) 
Year  Tillage system/  

crop rotation/fertilization 
Deepth  
sample 

pHH2O 

2007 Classic N40P40 0-20 cm 6.30 
20-40 cm 7.00 

2018 Classic  N40P40 0-20 cm 7.7 
20-40 cm 8.4 

 Minimum  tillage N40P40 0-20 cm 7.6 
20-40 cm 8.3 

Classic N40P40+N30 0-20 cm 7.8 
20-40 cm 7.8 

Minimum  tillage N40P40+N30 0-20 cm 7.5 
20-40 cm 8.3 

 
The soil on the experiment have an average 
supply of N (0.162) in the 0-20 cm layer and 
low in the 20-40 cm (0.124) layer. Comparing 
the N content from 0-20 cm to 0.162% in 2007, 
0.147 % came in 2018 by talking about SC + a 
fertilization and 0.150% on the same level with 
the supplementary fertilization. In the deeper 
layers of soil the nitrogen content decreases in 
the CS, while in the MT there is a slight 
increase on 0-20 cm in both fertilization 
variants (0.178 with basic fertilization and 
0.183 with additional fertilization) as shown in 
Table 2. Similar reports on the increase of total 
N content by application of systems for soil 
preservation and direct sowing were also 
presented in other studies. The results obtained 
by Neugsghwandtner et al. (2014) in Austria 
under similar condition to Turda area, 
presented values of the N content total (%): 
classic system with a 25-30 cm, the total N 
content was 0.194 (0-10 cm) and 0.195 (20-30 
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cm); conservative system 0.231 (0-10 cm), 
0.198 (20-30 cm) in the NT system and 0.220-
0.231 (0-10 cm), 0.206-0.192 (20-30 cm). 

  
Table 2. The influence of the soil tillage system, 

of the crop-rotation and fertilization on the availability  
of soil in N (ARDS Turda 2007, 2018) 

Year  Tillage system/  
crop rotation/fertilization 

Deepth  
sample 

Total 
N 

(%) 
2007 Classic N40P40 0-20 cm 0.162 

20-40 cm 0.124 
2018 Classic  N40P40 0-20 cm 0.147 

20-40 cm 0.126 
 Minimum  tillage N40P40 0-20 cm 0.178 

20-40 cm 0.153 
Classic N40P40+N30 0-20 cm 0.150 

20-40 cm 0.122 
Minimum  tillage N40P40+N30 0-20 cm 0.183 

20-40 cm 0.134 

 
 The changes recorded in the phosphorus 
content, from the low values of 5 ppm and 9 
ppm recorded in 2007 the highest increase was 
registered in the minimum tillage in both 
variants of fertilization in the 20-40 cm (45 
ppm, 49 ppm) in 2018 (good supply).  Also, in 
the classic system, the highest increase in the 
same depth of 20-40 cm was achieved (42 ppm, 
27 ppm), the content being medium to good 
(Table 3). 
 

Table 3. The influence of the soil tillage system,  
of the crop-rotation and fertilization on the availability  

of soil in P (ARDS Turda 2007, 2018) 
Year  Tillage system/  

crop rotation/fertilization 
Deepth  
sample 

     P 
  (ppm) 

2007 Classic N40P40 0-20 cm 5 
20-40 cm 9 

2018 Classic  N40P40 0-20 cm 8 
20-40 cm 42 

 Minimum  tillage N40P40 0-20 cm 10 
20-40 cm 45 

Classic N40P40+N30 0-20 cm 10 
20-40 cm 27 

Minimum  tillage N40P40+N30 0-20 cm 12 
20-40 cm 49 

 
The soil on which the experiment was placed 
have a good supply of K (140 ppm) for the 
arable layer 0-20 cm and middle (126 ppm) for 
the layer 20-40 cm, the values determined in 
2007. An increase of the K content can be 
ascertained, especially in the layer 0-20 cm in 
the MT (207 ppm-219 ppm) compared to CS 
(159 ppm -167 ppm) as show in Table 4. 
The yield obtained at winter wheat cultivated in 
MT system, was slightly higher than those from 
conventional soil cultivation and at maize the 

yield was 5-11% lower, results obtained by 
Marin et al. (2015) from the research carried 
out at the Moara Domnească. 
Average yields recorded in winter wheat, maize 
and soybean crops (included in the three-year 
rotation) had lower values especially in the NT 
and MT on the first year (Table 5).  

 
Table 4. The influence of the soil tillage system, of the 
crop-rotation and fertilization on the availability of soil 

in K (ARDS Turda 2007, 2018) 
Year  Tillage system/  

crop rotation/fertilization 
Deepth  
sample 

K 
(ppm) 

2007 Classic N40P40 0-20 cm 140 
20-40 cm 126 

2018 Classic  N40P40 0-20 cm 159 
20-40 cm 242 

 Minimum  tillage N40P40 0-20 cm 207 
20-40 cm 195 

Classic N40P40+N30 0-20 cm 167 
20-40 cm 201 

Minimum  tillage N40P40+N30 0-20 cm 219 
20-40 cm 253 

 
Table 5. The influence of the soil tillage  
system and the crop-rotation on the yield  

during 2007-2018, ARDS Turda 

No. Cultivar Preceding
crop Year Tillage system Yield 

(kgha-1) 
1. winter 

wheat 
soybean 2007 

 
Classic 4988Ct  
No tillage 4830Ct 

2010 
 

Classic 5373** 
No tillage 5448*** 

2013 
 

Classic 5000 ns 
No tillage 5076* 

2016 Classic 7198*** 
No tillage 7245*** 

LSD (p 5%) = 188; LSD (p 1%) = 285; LSD (p 0.1%) = 458 
2. maize  winter 

 wheat 
2008 Classic 5668Ct 

Minimum tillage 5459Ct 
2011 Classic 4851000 

Minimum tillage 4783000 
2014 Classic 6718*** 

Minimum tillage 6600*** 
2017 Classic 7919*** 

Minimum tillage 7726*** 
LSD (p 5%) = 123; LSD (p 1%) = 186; LSD (p 0.1%) = 299. 
3. soybean maize 2009 Classic 1967Ct 

Minimum tillage 1850Ct 

2012 Classic 2096ns 

Minimum tillage 2158** 

2015 Classic 3163*** 

Minimum tillage 3295*** 

2018 Classic 2217** 

   Minimum tillage 2388** 

LSD (p 5%) = 135; LSD (p 1%) = 289; LSD (p 0.1%) = 432. 
Ct-control; ns-not significant. 
 
We believe that the largest production recorded 
in conservative systems is due to better 
accumulation and storage of water in the soil, 
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as is shown by the research conducted by 
Şimon et al. (2018), the highest quantity of 
water from the soil was determined the case of 
applying NT, with a very significant positive 
difference of 52.7 m3/ha compared to CS. The 
tillage system influences a lot the moisture 
reserve of the soil, the NT and MT systems are 
an important factor for the accumulation and 
preserve of the soil moisture. 
 
CONCLUSIONS 

After 12 years of experimentation, changes in 
soil pH, from low acid (0-20 cm) and neutral 
(20-40 cm) to low alkaline in all experimental 
variants and on both depth (7.6-8.4).  
In the MT there is a slight increase of total N in 
the 0-20 cm layer in both fertilization variants 
(0.178% with N40P40 and 0.183% with 
N40P40+N30) and decrease in the 20-40 cm 
(0.153% - 0,154%). 
Increase content in phosphorus in the MT, from 
a weak content of 5 ppm and 9 ppm in 2007 to 
good content (0-20 cm) and very good on the 
20-40 cm depth, in 2018. 
The K content increase in arable layer of 0-20 
cm in the MT (207 ppm -219 ppm) compared 
to CS (159 ppm-167 ppm). 
The winter wheat in the four years where it 
occupied the place in the rotation set only in 
2007 realized  a lower yield (4830 kg/ha) in NT 
than CS (4988 kg/ha).  
The yield obtained at soybean in MT has values 
close to those obtained in the CS, on the four 
years it occupied the rotation place the yield 
was higher in MT (2012, 2015, 2018) 
compared with CS. 
Maize it is pretentious by cultivation in MT in 
the Turda area, during the whole experimental 
period, the yields were lower than the yields 
obtained in CS.  
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Abstract 
 
The paper aims to bring in the foreground the long-term negative effects of soil erosion on the slope agricultural land 
in Suceava County. Located in the northeastern part of Romania, Suceava County occupies an area of 8553.5 km2 
(about 3.6% of the country`s surface), being the second largest county in the country, after Timis County. Related to the 
country`s largest geographical units, the territory of the county overlaps partially with the Eastern Carpathians and the 
Suceava Plateau. The relief characterized by a wide variety of forms (mountains, intramontane depressions, hills, 
plateaus, terraced valleys and river meadows) and the characteristics of the climatic, hydrographic, geological and 
pedological elements, correlated with the inappropriate exploitation of the land slopes, have determined over time the 
emergence of the erosion process on agricultural land. In 1990, Suceava County had an agricultural area of 349,502 
ha, out of which 182,486 ha of arable land, 91,465 ha of pastureland, 69,960 ha of meadows and 5,491 ha of orchards. 
Compared to 1990, the total agricultural area increased to 354,820 ha, where 180,451 ha represent arable land, 2,913 
ha orchards, 93,052 ha pastures and 78,404 ha of meadows. Between 1990 and 2017, the total agricultural area has 
increased by 5,318 ha, but the arable land and orchards were reduced by approximately 2,500 ha each, pastures and 
meadows increased by about 1,500 and, respectively 8,000 ha. More than half of the agricultural area is located on 
land with a slope of more than 5%. The lack of measures to prevent and combat erosion has led to a decrease in soil 
fertility, and in some cases to irreversible removing of the large area of land from the agricultural circuit. 
 
Key words: soil erosion, slope land, land use categories, eroded land. 
 
INTRODUCTION 
 
The geographic position of Suceava County in 
the NE of Romania, with specific climate 
conditions, more severe than in the rest of the 
territory (low temperatures, abundant 
precipitation, high frequency and intensity of 
the wind) and higher forms of relief that are 
dominant in the area, represent factors that 
determine a relatively high degree of soil 
erosion (Savu P., 1999). 
Suceava County occupies an area of 855,350 
ha, out of which 354,820 ha (41.48%)  
represent agricultural land, and more than half 
of them are situated on slopes with a slope of 
more than 5%.  
In these conditions, an accelerated soil erosion 
process is noticed, determined also by the 
intervention of the human factor on the 
environment, by massive deforestation, 
excessive grazing and the cultivation of land 
with large slopes without taking soil protection 
measures (Ungureanu Irina, 1998). 

MATERIALS AND METHODS 
 
The study was conducted using existing data 
from specialized state institutions such as the 
Suceava Agriculture and Rural Development 
Department, the Suceava Agricultural 
Payments and Intervention Agency and the 
National Land Improvement Agency Suceava 
regarding the evolution of the land use 
categories and surfaces degraded by erosion 
during the period 1998-2017. 
Also from the national database (BDUST-
Databased of the Agricultural soil-land units) 
conducted through the County soil-land 
Monitoring System for agriculture, data on land 
degradation by sheet erosion and gully erosion 
processes were extracted together with the data 
regarding the lands affected by landslides for 
the 65 territorial-administrative pedologically 
mapped units of Suceava County. These studies 
were carried out at the scale of 1: 10000 or 1: 
5000 by the County Office of Pedology and 
Agrochemistry Suceava. 
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RESULTS AND DISCUSSIONS 
 
In 1990, Suceava County had an agricultural 
area of 349,502 ha, out of which 182,486 ha of 
arable land, 91,465 ha of pastureland, 69,960 
ha of meadows and 5,491 ha of orchards. 
Compared to 1990, the total agricultural area 
increased to 354,820 ha, where 180,451 ha 
represent arable land, 2,913 ha orchards, 
93,052 ha pastures and 78,404 ha of meadows 
(Savu P, Bucur D., 2002). 
Agricultural land has a significant distribution 
in the plateau unit, the arable surface is found 
in the plateau side and the pastures and 
meadow in the mountain unit (Figure 1). 
 

 
Figure 1. The map of land use categories  

distribution in Suceava County 
 
As can be seen in Table 1, between 1990 and 
2017 there were no significant changes in the 
total land area, but in 2015, with the changes of 
the surface of the forest fund, important land 
areas were introduced in the agricultural circuit. 
The reduction of the forest fund in the period 
2015-2016 by about 11,000 ha was caused by 
massive and uncontrolled deforestation, most 
of it illegal. 
Out of 11,000 ha deforested land, 5,318 ha 
were converted into agricultural surface, the 
land use categories recording the most 
significant increase are pastures and meadows. 
More than half of the agricultural area is 
located on land with a slope of more than 5% 
(Figure 2). 

 
Figure 2. Sloping map in Suceava County 

 
Between 1998 and 2017, the dynamic of land 
use categories on sloping agricultural lands 
shows a decrease of about 300 ha/year, by year 
2017 arable land decreased by 11%, from 
59,600 ha to 53,600 ha. At the same time, the 
orchards decreased by 37%, at the end of year 
2017 remained only 1,400 ha of 2,200 ha as 
they existed in 1998, and the meadows were 
reduced by 2% (800 ha), the only increase was 
recorded by pastures, from 72,600 ha to 77,000 
ha (Table 2). 
The reduction of the areas cultivated on sloping 
land, especially arable land and orchards, was 
caused by the expansion of urban and rural 
areas, and also by the abandonment of 
degraded land where no profitable agriculture 
was possible. 
Regarding the areas heavily affected by 
erosion, as seen in Figure 3, predominant in the 
Suceava Plateau, especially at the contact 
between different relief forms, is preponderant 
an agricultural area. 
 

 
Figure 3. Soil erosion map in Suceava County 
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Table 1. The distribution evolution of land use categories in Suceava County, 1990-2017 

(Suceava Agriculture and Rural Development Department) 

Year 
Total agricultural land Land use categories 

ha %* Arable Pastures Meadows Orchards 
ha % ha % ha % ha % 

1990 349,502 40.86 182,486 52.21 91,465 26.20 69,960 20.02 5,491 1.57 
2000 349,502 40.86 178,473 51.06 93,749 26.82 74,009 21.17 3,271 0.93 
2005 349,762 40.89 180,771 51.68 90,250 25.80 75,711 21.64 3,030 0.86 
2010 347,920 40.68 180,678 51,93 90,274 25.95 73,960 21.26 3,008 0.86 
2011 347,900 40,67 180,650 51.92 90,450 25.99 73,600 21.15 2,900 0.83 
2012 347,805 40.66 180,372 51.86 90,570 26.03 74,053 21.29 2,810 0.80 
2013 346,762 40.54 179,495 51.76 90,367 26.06 73,897 21.29 3,003 0.86 
2014 347,835 40.66 179,646 51.64 90,563 26.03 74,175 21.32 3,001 0.86 
2015 354,821 41.48 180,455 50.85 93,107 26.24 78,407 22.09 2,852 0.80 
2016 354,820 41.48 180,451 50.85 93,052 26.22 78,404 22.09 2,913 0.82 
2017 354,820 41.48 180,451 50.85 93,052 26.22 78,404 22.09 2,913 0.82 

* of the county's surface 

 

Table 2. The evolution in the period 1998-2017 of the land use categories  
on the sloping agricultural lands in Suceava county (ANIF Suceava) 

Land use 
categories 

Cultivated surface
Situation of the year 2017 

compared to year 1998 1998 2017 
ha % ha % 

Arable 59,600 100 53,600 89 Surface decreased by 11% 

Pastures 72,600 100 77,000 106 Surface increased by 6% 

Meadow 63,800 100 63,000 98 Surface decreased by 2% 
Orchard 2,200 100 1,400 63 Surface decreased by 37% 

 
Approximately 31,000 ha of agricultural land is 
affected by sheet erosion, from low to 
excessive, and on about half of them the 
erosion process is manifested with high, very 
high and excessive intensity (Figure 4).  
 

 
Figure 4. Percentage distribution  

of agricultural land degraded by sheet erosion 
 
From the analysis of the areas affected by gully 
erosion, it can be observed a large area 
occupied gully erosion (Figure 5) due to lack of 
works and measures to stop them from 
evolving. 

 
Figure 5. Percentage distribution of agricultural  

surface degraded by gully erosion 
 

If in 1998 only 4% of the slope agricultural 
land fund was in an advanced state of degra-
dation by slope processes, in 2017, 18% 
(35,547.92 ha) of slope agricultural land fund 
(195,000 ha) are in different stages of degra-
dation through sheet erosion and gully erosion. 
The increase of surface degraded by erosion 
was determined by the replacement of anti-
erosion cultivation systems with hill to valley 
agricultural works, the deterioration or 
decommissioning of special hydro-technical 
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facilities built up to 1990 for the control of 
gully erosion, and also by the predominance of 
the maize continuous cropping in the crop 
structure. 
Also, the most affected land use categories are 
arable lands (Figures 6 and 7), followed by 
pastures (Figure 8), orchards (Figure 9) and 
meadows. 
 

 
Figure 7. A stabilized gully erosion on arable land in 

Foraşti 
 

 
Figure 8. Pasture affected by sheet erosion and gully 

erosion, Preuţeşti 
 

 
Figure 9. Terraced surface of a degraded orchard affected 

by sheet erosion, Fălticeni 

Recommended measures and practices for 
preventing and combating soil erosion on 
agricultural land in Suceava County: 
 
After the implementation of Land Fund Law 
18/1991 and land repossession, an excessive 
fragmentation of the land areas occurred, most 
of them being arranged with the long side in the 
direction of the hill-valley, therefore obliging 
the owners of the land to execute the soil works 
in the direction from hill to valley (Savu P., 
Bucur D., Dascălu C., 1999; John R., 2018). 
Thus, by merging the cultivated surfaces, the 
anti-erosion cultivation systems previously 
used can be implemented: contour plowing, 
contour buffer strips, strip cropping and 
terracing (Savu P., Bucur D, Ilișescu C, 1999; 
Dan S. et al., 2018).  
Also, another urgent measure is aimed to (re) 
afforesting highly degraded land through 
ravines, where both soil fertility and level of 
soil mechanization have low values (Rafael 
Blanco-Sepúlveda, 2018; Hao C. et al., 2018; 
Auerswald K. et al., 2019). 
The deforestation of large forest areas and their 
conversion into agricultural land where 
unsustainable agriculture is practiced has led to 
a decrease of soil fertility, and implicitly of 
agricultural production (Zhujun C. et al., 2019). 
It also determined the degradation not only of 
cultivated land, but also of roads, access ways 
and properties (Muqi Xiong et al., 2018) 
Therefore, in order to restore the ecological 
balance in the deforested areas, it is necessary 
to reforest them, but also to extend the silvic 
protection plantations on all the degraded 
agricultural lands and silvic areas (M. E. Lucas-
Borja et al., 2019; Mahbubul A., 2018; Camera 
C. et al., 2018). 
Regarding the special hydro-technical 
constructions for controlling gully erosion 
forms, the absence of maintenance work, 
inappropriate agricultural practices, as well as 
certain natural factors (especially the relief and 
torrential precipitations) led to their 
degradation (Léa Kervroëdan et al. 2018; 
Jianlin Z. et al., 2018). Consequently, in order 
to ensure hydrological balance on gully erosion 
forms, it is advisable to rehabilitate degraded 
works, wherever possible, through unclogging 
activities, rehabilitation of the drainage 
network, rehabilitation of the road platform etc. 



28

 
Last but not least, the application of relatively 
new soil conservation measures such as the 
minimum tillage and no tillage system, which 
suppose abandoning ploughing or even all the 
soil works such as direct drilling (Valentin G. 
et al., 2018; Jesús Rodrigo-Comino et al., 2018; 
H. Vijith et al., 2018). It is also recommended 
to use the so-called green crops, sown 
immediately after harvesting the previous crop, 
which are designed to protect the soil during 
winter and to improve the physical, chemical 
and biological properties, implicitly to increase 
the fertility and resistance to erosion. 
 
CONCLUSIONS  
 
In 2017, Suceava County had an area of 
354,820 ha of agricultural land, arable land of 
180,451 ha, orchards and nurseries of 2,913 ha. 
The pastures and meadows totals 93,052 ha and 
respectively 78,404 ha.  
Between 1990 and 2017, the total agricultural 
area has increased by 5,318 ha, but the arable 
land and orchards were reduced by approxi-
mately 2,500 ha each, pastures and meadows 
increased by about 1,500 and respectively 
8,000 ha. 
The reduction of the forest fund in the period 
2015-2016 by about 11,000 ha was caused by 
massive and uncontrolled deforestation, most 
of it illegal. 
Out of 11,000 ha deforested land, 5,318 ha 
were converted into agricultural surface, the 
land use categories recording the most signi-
ficant increase are pastures and meadows. 
The dynamic of land use categories between 
1998 and 2017, on sloping agricultural lands 
shows a decrease of about 300 ha/year, by year 
2017 arable land decreased by 11%, from 
59,600 ha to 53,600 ha. At the same time, the 
orchards decreased by 37%, at the end of year 
2017 remained only 1,400 ha of 2,200 ha as 
they existed in 1998, and the meadows were 
reduced by 2% (800 ha), the only increase was 
recorded by pastures, from 72,600 ha to 77,000 
ha. 
In 2017, 18% (35,547 ha) of the slope agri-
cultural land fund (195,000 ha) are in various 
degree of sheet erosion and gully erosion. 
The ecological and economic consequences of 
soil erosion will continue to manifest with 
increasing intensity as long as prevention and 

control measures are not taken, simple 
measures such as the cultivation of good 
protective plants, mulching, contour plowing, 
and other more complex works, such as special 
hydro-technical amelioration works for 
combating ravines (gabions, brushwood dams, 
concrete weir, dams, etc.). 
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Abstract 
 
Selection of potential suitable sites for the construction of manure storage facilities was made by use of Multi-Criteria 
Data Analysis in the GIS environment. From the wide variety of prescriptive models of multi-criteria data analyses, we 
selected and used in the research the decision model based on Boolean logic. In order to choose suitable locations for 
the construction of the manure storage facilities the decision model based on the Boolean logic was built taking into 
account 6 factors: slope; proximity to access roads; proximity to wells and springs; proximity to villages and 
sheepfolds; proximity to water bodies; land use. As a result of studying Moldovan legislation and bibliographic data, 
selection criteria were established for each factor that ensures the correct ecological, sanitary and aesthetic location of 
the manure storage facilities. As a result of the combination of the mentioned factors, the potential sites for the 
construction of the manure storage facilities with an area of 337400 m2 or 33.74 ha were identified. The potential 
interest present 7 areas with an area greater than 1.8 ha. 
 
Key words: Boolean logic model, GIS, manure, site selection. 
 
INTRODUCTION 
 
The problem of the use of manure in the 
Republic of Moldova is a priority both from the 
environmental and human health point of view. 
Actually most animals and birds are maintained 
in smallholdings of rural population. According 
to the statistical data for the period of 2013-
2017 about 425-743 thousand tons of manure is 
formed in the Republic of Moldova yearly 
(Statistical Yearbook of the Republic of 
Moldova, 2018). At the same time only 29-55% 
of the manure was used as soil fertilizer. The 
rest of manure is usually discarded into 
unauthorized places. This illegal action leads to 
the nitrate pollution of the main drinking water 
sources and creates great health problems of 
rural population. The best way to minimize the 
impact of manure on the environment is to use 
it as soil fertilizer. Manure is an excellent 
source of nutrients for crops and it provides 
organic matter that plays enormous role in 
restoration of soil fertility. Collecting the 
manure in a locality requires building manure 
storage facilities where it will be stored and 
fermented accordingly to the ecological 
requirements. 

The purpose of the research is to adapt and 
implement modern methods at selection of 
suitable locations for manure storage facilities 
using Geographic Information Systems (GIS) 
technologies. The location should be selected 
basing on the ecological and sanitary 
requirements, as well as the aesthetic point of 
view. 
To achieve the purpose of the research, a 
decision model was built on the basis of the 
Multicriteria Data Analysis in the GIS 
environment. Generation of decision models 
was made by integrating relevant study factors. 
The result of the integration is a complex index, 
which represents the gradual suitability of the 
possible multitudes of alternatives. Such 
analyses are known as Multicriterial Data 
Analysis (Eastman J.R., 1999). 
The research was carried out with the financial 
support of Academy of Sciences of Moldova 
under the project for young researchers Nr. 
35/IND “Selection of suitable sites for manure 
application using Geographical Information 
Systems (GIS) technologies. Case study of 
Grinauti village, Riscani district”, project 
leader PhD Ciolacu Tatiana. 
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MATERIALS AND METHODS 
 
The research was carried out in the northern 
part of the Republic of Moldova, Rascani 
district, Grinauti commune (Figure 1).  
 

 
Figure 1. Research area of Grinauti commune,  

Rascani district 
 
Initial data were collected from the next 
available sources: 
Slopes layer was obtained through the built-in 
Slope tool in ArcGIS based on the Digital 
Elevation Model. The Digital Elevation Model 
(Figure 3) was generated using the Topo to 
Raster tool of ArcGIS based on the topographic 
map 1: 25000 available on the Land and 
Cadaster Agency website (Figure 2).
Proximity to access roads. Roads have been 
digitized from orthophoto images. 
Proximity to wells and springs. The data 
regarding spatial location of wells and springs 
were taken with GPS. 
Proximity to villages and sheepfolds. The data 
about location of villages and sheepfolds were 
extracted from the land use map. Land use, 
hydrographic network, road network were 

digitized from the ortofoto image available on 
the web portal of the Land and Cadaster 
Agency. 
Land use. Data regarding land use were 
digitized from the orthophoto image available 
on the Land and Cadaster Agency web portal. 
There is a wide variety of prescriptive models 
for multi-criteria analyses. In this paper a 
decision model based on Boolean logic was 
built. The Boolean model is performed by 
multiplying the criteria represented in binary 
form (O’Sullivan D., Unwin D.J., 2010): 

where:  
Si represents index of suitability for spatial unit 
i; 

 - value of criterion j for space unit i; 
n - number of criteria. 
Each pixel of a criterion in a Boolean model is 
considered “zero” if there cannot be installed 
manure storage facility, and “one” if 
installation is possible. By multiplying raster 
data composed of pixels with a value of “one” 
or “zero” as the result we obtain a raster of 
suitability where each pixel can have only 
“zero” or one “values”. 
Construction of decision models was performed 
using raster data because data of this type does 
not require topology validation after data 
combining. A raster data layer is a set of 
quadrants of the same size called pixels or 
cells, each pixel having a numeric value 
representing a real world feature. An object 
represented in a raster layer is made up of at 
least one pixel. 
The following factors were used to construct 
decision models: slope; land use; proximity to 
villages and sheepfolds; proximity to the access 
roads (asphalt road, country road); proximity to 
springs and wells; proximity to water bodies 
(lakes, rivers); The factors were represented in 
the form of raster thematic layers. 
 
RESULTS AND DISCUSSIONS 
 
As a result of studying Moldovan legislation 
and bibliographic data, the selection criteria 
were established for each factor that ensures the 
correct ecological, sanitary and aesthetic 
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location of the manure storage facilities 
(Ciolacu T. et al., 2018).  
Slopes. Lands with a slope greater than 5° were 
considered unsuitable (Figure 4). 
Proximity to access roads. Areas located at a 
distance less than 100 m from roads were 
considered unsuitable. By use of built-in 
instruments Buffers, Multiple Ring Buffer, and 
Clip we obtained buffer zones of 100 m from 
all the roads from aesthetic reasons (Figure 5). 
Proximity to wells and springs. Areas at a 
distance more than 50 m from fountains and 
springs were considered acceptable. By use of 
built-in tools Buffers, Multiple Ring Buffers, 
and Clip we obtained buffer zones of 50 m 
from unsuitable areas for the construction of 
manure storage facilities (Figure 6). 
Proximity to villages and sheepfolds. Based on 
the experience of other states, it was decided to 
use a 250 m buffer zone from all the villages 
and sheepfolds from the studied area (Basnet 
B.B. et al., 2001). Another argument for using a 
buffer zone for localities was the reduction of 
the polluting impact on aquifers near the 
locality. During the field researches, it was 

noticed that the lands near the sheepfolds were 
in a deplorable state because of manure 
accumulations, which made us apply here the 
same restriction as for the localities. Thus 
buffer zones of 250 m from unsuitable areas 
were built (Figure 7). 
Proximity to water bodies. According to the 
RM Law Regarding Protection Areas for 
Rivers and Lakes no. 440-XIII 1995, art. 7, the 
width of riparian water protection strips should 
be not less than 100 m for large rivers, not less 
than 50 m for medium rivers and at least 20 m 
for small rivers (Ungureanu et. al., 2006). Thus, 
the land at a distance of less than 100 m from 
Raut river and 25 m from the rest of the small 
rivers from the territory was considered 
unsuitable for our purposes.  
In the case of lakes was used 50 m buffer zone 
(Figure 8). Due to the fact that there was a wet 
area on the territory of the commune, it was 
decided to apply here the same restrictions as 
for the small rivers. 
Land use. Pastures and the territory of the 
former farm were considered suitable for our 
purpose (Figure 9). 

 
 

 
Figure 2. Topographic map of Grinauti commune, Rascani district 
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Figure 3. Digital Elevation Model of Grinauti commune, Rascani district 

 
Figure 4. Slopes 

 
Figure 5. Proximity to access roads 

 
Figure 6. Proximity to wells and springs 

 
Figure 7. Proximity to villages and sheepfolds 
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Figure 8. Proximity to water bodies 

 
Figure 9. Land use in Grinauti commune, Rascani district 

 
Each of the above mentioned criteria was 
prepared to be combined in the Boolean model. 
Thus, the input data was reclassified in binary 
form according to the parameters described 
above.  
As a result of the combination of the factors we 
obtained the results presented in Figure 10.  

The potential sites suitable for the construction 
of manure storage facilities were identified 
with the total area of 337400 m2 or 33.74 ha. 
The potential interest present 7 plots with an 
area greater than 1.8 ha. 
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Figure 10. Boolean decision model determining suitable locations for construction of manure storage facilities 

 
CONCLUSIONS 
 
Application of Multicriteria Data Analysis in 
site selection of manure storage facilities was 
performed through the construction of Boolean 
decision model. We took into account six 
factors, that will ensure correct from ecological 
point of view, location of the facilities: slope; 
proximity to access roads; proximity to wells 
and springs; proximity to villages and 
sheepfolds; proximity to water bodies; land use.  
On the base of the constructed Boolean model, 
we identified seven sites, greater than 1.8 ha, 
suitable for the construction of the manure 
storage facilities. 
Storing manure in authorized places such as 
manure storage facilities will minimize its 
environmental and human health impact in the 
studied community. Introduction of the manure 
into the soil as a fertilizer will increase soil 
organic matter content, will contribute to soil 
structure restoration and will diminish negative 
humus balance in soils.  
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Abstract  
 
The resistance to the breaking of soil samples is three orders of magnitude greater than the shear stresses at the bottom 
of the slope flows, which produce work for the separation and transport of soil particles. Mirtskhulava believed that the 
separation of soil particles by a stream occurs as a result of fatigue breaking of bonds between soil particles 
(Mirtskhulava, 1966). With this in mind, the resistance of the soil to the gap is reduced by two orders of magnitude. 
Nearing M.A. believed that the separation of soil particles occurs at the points of vortex breakdown from the bottom of 
the stream, where the shear stress is two orders of magnitude greater than its average value (Nearing, 1991). These 
approaches do not explain the overcoming of the adhesion force between soil particles by slope flows. The results of the 
study of the effect of water temperature on the erosion rate of model soil samples showed a strong dependence of 
erosion on water temperature, which is close to the Vant-Hoff`s rule. It was experimentally shown that the destruction 
of bonds between particles soil in a sample of black earth mono-grained soil occurs under a layer of still water (Rose, 
1985).  
 
Key words: erosion, inter-aggregate relations, soil resistance to tearing, Vant-Hoff rule. 
 
INTRODUCTION  
 
Nearing et al. (1991) paid much attention to 
this issue. Studies of resistance to the 
breakthrough of 33 different soils of the United 
States showed that, according to this 
characteristic, all soils fall within the range of 
0.9 to 3.2 kPa. An analysis of the results of his 
studies on monoaggregate soil samples showed 
that their resistance to rupture fits within the 
given range and is three orders of magnitude 
more than the shear stresses at the bottom of 
the slope shallow-water flows. However, soil 
samples were successfully eroded. 
To explain this paradox, Nearing (1991) used 
the results of Grasse's research (Grass, 1970), 
according to which the tangential stresses at the 
points of the near-bottom area, where the 
vortex disturbances (burst event) are separated, 
exceed by two orders of magnitude the average 
tangent stresses at the bottom of the stream that 
it is at these points that the particles of the soil 
break away. Since the separation of the vortices 
from the bottom of the flow is stochastic, the 
equation for the separation of soil particles 
includes a probability block. 
However, this solution does not seem to be 
entirely correct, since the tangential stress at 
the point of separation is the same, although it 

is two orders of magnitude higher than the 
average value of the tangent stress, and yet it is 
an order of magnitude lower than the resistance 
of the soil sample to the gap. 
At the same time, the solution to this problem 
proposed by Mirtskhulava, also cannot be 
considered perfect. If we assume that the 
adhesion of the soil, determined by the method 
of pressing a spherical punch into the soil with 
full water saturation (Tsitovich, 1963), is 
equivalent to the resistance of the rock to break, 
as Mirtskhulava (1966), then the fatigue 
strength of the gap, of the same order as the 
shear stress in the places of the separation of 
the vortices. 
Thus, the solution of the problem of the 
separation of particles of a cohesive soil by 
sloping water flows from the position of fatigue 
failure of the connection between soil particles 
is not quite correct. 
 
MATERIALS AND METHODS  
 
The resistance of soil particles to separation by 
the flow of water, as a rule, is much greater 
than those of hydraulic origin that the flow bed 
undergoes as a whole, as well as the soil 
particles composing it. That is why 
Mirtskhulava, in the erosion equation proposed 
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by him back in 1970, used the notion of fatigue 
breaking of bonds between soil particles and 
soil particles under the influence of dynamic 
loads experienced by the flow bed due to local 
pulsations of water velocity.  
Studies on the fatigue strength of soils and the 
rate of erosion showed the similarity of these 
processes, therefore, by analogy with the 
equation describing the fatigue strength curve, 
the number of stress cycles (N) before the 
moment of separation of a particle can be 
represented as: 
 

     (1) 

 
Where:  and , respectively, the bottom 
velocity at the height of the roughness 
protrusions at a distance x from the beginning 
of the stream and the admissible (not blurring) 
speed.  
 
The ratio of the squares of these velocities is 
equivalent, respectively, to the tension of the 
gap at the initial moment of the load on the soil 
particle and at the moment of its separation by 
the flow of water. 
From equation (1), knowing the frequency of 
the velocity pulsations in the stream, it is easy 
to determine the number of particles disrupted 
by the stream per unit time and, spreading this 
number per unit area, get the flush equation in 
the form: 
 

       (2) 

Where: q is the flushing of soil per unit area d - 
diameter of detachable particles; γ is the 
particle density; ω - the frequency of the 
velocity pulsations in the stream. Later 
Mirtskhulava (1970) accepted the frequency of 
pulsations in sloping streams as a constant. The 
permissible speed, according to his ideas, is a 
function of the square root of the weight of a 
soil particle in water and the fatigue strength of 
a soil to tear (Sy). The latter is determined by 
the dependency: 

(3)
Where: S is the adhesion determined by 
indentation of a spherical stamp into the soil. 
 

RESULTS AND DISCUSSIONS  
 
There are other facts that contradict the idea of 
the hydraulic nature of the forces responsible 
for the destruction of bonds between soil 
particles. According to many erosion models 
(Foster, 1982; Rose, 1985), the intensity of the 
flush is linearly dependent on the magnitude of 
the active erosion factor. 
In the hydrophysical model of erosion 
(Larionov & Krasnov, 2000), the intensity of 
the washout is proportional to the cube of the 
flow velocity in the velocity range 1.5-2 times 
higher than the threshold values. To confirm 
this position, experiments were conducted on 
erosion of model soil samples with a density of 
1.2 g/cm3 in a wide range of velocities. The 
experiments yielded positive results (Figure 1), 
except for the region of low velocities, a linear 
relationship was obtained between the flush 
and the cube of the flow velocity. 

 
Figure 1. The dependence of the intensity of erosion 

model soil sample with a density of 1.2 g/cm3 from the 
cube flow rate 

 
However, the study of samples of higher 
density found that the relationship between  
the rate of erosion of the samples and the cube 
of the flow velocity has a distinct fracture 
(Figure 2). 

 
Figure 2. The dependence of the intensity of erosion 

model soil sample with a density of 1.5 g/cm3 from the 
cube flow velocity 
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It turned out that the intensity of the separation 
of soil particles is not proportional to the cube 
of the average flow velocity in the entire 
studied range of velocities. Starting from a 
certain speed, there is a sharp flattening of the 
trend line on the graph of the dependence of the 
intensity of flushing from the cube of the flow 
velocity. 
The first attempt to explain this phenomenon 
was based on a fatigue approach to breaking 
bonds between soil particles. As is well known, 
in the process of fatigue disturbance, cyclic 
oppositely directed loads lead to the movement 
of material relative to each other at points with 
a structural defect, where cracks appear over 
time, and then the material is destroyed. 
In the case of unidirectional cyclic loads, which 
is typical for particles lining the flow bed, 
reciprocating motion in the material can take 
place only if there are elastic properties in the 
material. If we assume that soil particles have 
the property of elasticity, then we can assume 
that the separation of particles by water flow 
occurs due to multiple cycles of reciprocating 
movements, which are possible only in the case 
when the minimum values of hydraulic loads 
are less than the elastic forces of the particles. 
With an increase in minimum loads, the 
amplitude of reciprocating movements will 
decrease, which may be the cause of the 
relative slowing down of the intensity of the 
separation of particles with increasing flow 
velocity. With an unlimited growth of the flow 
rate, the minimum pulsating loads obviously 
exceed the elastic forces of the soil particles, as 
a result of which the reciprocating translational 
oscillations of the particles will cease and, 
accordingly, their separation will stop. 
However, the erosion of the model soil samples 
did not stop at a speed of more than 7 m/s. 
Thus, the idea of fatigue breaking of bonds 
between soil particles in the process of erosion 
and in this case does not work. 
The case suggested the direction in which to 
look for a solution to the problem of breaking 
bonds between particles in the process of 
erosion by slope flows, shear stresses at the 
bottom of which are three orders of magnitude 
less than the resistance of the soil to breaking. 
Once, when conducting a series of experiments 
at a constant flow rate, the water temperature 
increased as a result of the pump operation 

from 13 to 25ºС, while the erosion rate of soil 
samples increased. In this regard, an 
experiment was conducted to study the effect of 
water temperature on the erosion rate of 
samples in the range from 0 to 25ºС with a step 
of 5ºС (Figure 3). 

 
Figure 3. The effect of water temperature  

on the erosion rate of a soil sample 
 

It turned out that when water temperature 
increases by 10ºС, the erosion rate (erodibility) 
increases by 1.5-1.6 times, which practically 
fits into the framework of the Van't Hoff rule, 
which reflects the influence of the speed of 
movement of molecules, reactants, frequency 
and force of their collisions. From this it 
follows that the destruction of bonds between 
soil particles is the result of the action not of 
hydraulic forces, but of the kinetic energy of 
water molecules. 
In this regard, exploratory studies have been 
conducted, the purpose of which were: 1) 
developing a methodology for determining the 
rate of destruction of bonds between soil 
particles; 2) search for factors determining the 
rate of destruction of inter-aggregate bonds in 
model soil samples. 
The destruction of bonds between soil particles 
is not visually determined; it is also impossible 
to mechanically separate particles that have lost 
contact with the soil mass. The most optimal is 
the use of water flow to remove particles that 
have lost contact with the underlying particles 
from the sample surface. In this regard, to 
assess the role of water as a substance that 
causes disruption of bonds between soil 
particles, the following method was adopted. 
Water was fed into the tray with pauses, in the 
continuation of which the water flow was 
absent, but the soil sample was under water 
with a layer of 1 cm. The experiment began 
with a pause. 
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At 1-2 cm below the sample, a blind jumper 
with a height of slightly more than 1 cm was 
placed and water was poured in an amount that 
provided a water depth of 1 cm. After a pause, 
the active phase of the experiment followed the 
jumper was removed and the pump was turned 
on. Water was fed into the tray for a specified 
time. Then the pump was turned off, the jumper 
was installed again, and the resulting container 
was filled with water. In the very first seconds, 
all particles that had lost contact with the 
sample were washed off the sample surface. 
This process can be visually observed a mass of 
soil particles moves along the tray (Figure 4), 
while with the traditional method of testing 
samples, individual particles or groups of 
particles are rarely observed. 

 
Figure 4. View of the tray below the sample. Dark spots 

are particles and groups of soil particles, torn off by a 
stream 

 
With an increase in the duration of the pauses, 
the number of particles that have lost their bond 
increases with some delay (Figure 5). This can 
be explained in two ways. With the accumu-
lation of particles lacking bonds, they all more 
strongly press down (press down) the under-
lying particles, which makes it difficult or com-
pletely stops the propagation of the process of 
breaking bonds deep into the sample (substance).  

 
Figure 5.  Slowing down the intensity of erosion of the 

sample with an increase in the duration of the pause 

Another explanation may be that the molecular 
movement of water between soil particles 
slows down as the front breaks the destruction 

of bonds between particles inwards, which 
leads to a decrease in the rate of breakdown of 
bonds between particles.  
Maximal significance decreases with increasing 
magnification, so that witnesses are shifted and 
destroyed by the extent of the active actives of 
the front. This type of character may, in any 
event, be in the same way that it has a role in 
disturbing the interplay between the players 
playing the forces of the non-military nature, 
namely, the forces of mediation. Attention is 
drawn to the fact that the circumstance, the 
gradient of the graphical dependencies and the 
intensity of the cubic velocities (Figure 2) can 
be considered as a follow-up. On the perimeter 
of the crown, the lines cut the graph of the 
speed of the destruction between the particles, 
which is under the action of the molecule of the 
water molecules, which is carried out in the 
water, which is free of charge. By increasing 
the speeds, the flow increases the intensity of 
the particle grows, and the increase in the 
acceleration of the water vaporizes the 
chemical substances as a layer of the soil, with 
the non-destructive effects between the 
particles of the soil. Otherwise, with the 
acceleration of freeze-thrust acceleration, it 
increases the speed of destruction between 
consoli-dirovannımy particles. 
However, the ability to flow into the uncon-
solable parts, the speed of the deconsolation 
particles, the line of the graph (in Figure 2).  
By increasing the speeds, the flow of the gyra-
skiing stream is taking part in disturbing the 
intersection of the parts of the soil in a supreme 
layer of the image of the soil, and, hopefully, 
the hydraulic force is increased by the increase 
of the increase in the number of droughts. 
Check and quantify the value of this item in the 
top of the page.  
In Figure 6 presents three options for placing 
fields on a bilateral slope.
The first option (a) provides for the location of 
2 and 3 fields with long sides along the slope 
with tillage in the same direction, which is 
unacceptable for reasons of protecting the soil 
from erosion. 
In the second variant (b) with tillage strictly 
along horizontals, the best protection of the soil 
from flushing is provided; however, this option 
is difficult to implement due to technological 
and economic considerations.  
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Figure 6 (a, b, c). Placement of fields on the slope 

and the direction of tillage 

In the third variant (c), the soil is slightly worse 
protected than in the second, however, if we 
consider that the costs of tillage in the third 
variant are less than in the second, the third 
variant (c) will be optimal for the farm. 
As a result of the fact that this is likely to be the 
result of a deterioration in the speed of 
destruction between particles under the water. 
It can be avoided, however, that it is not 
acceptable to use that model. The second part 
of the thesis is based on a detailed description 
of the size of the figure in the gypsum building, 
in which the roughness of the substructure is 
about 0 and in the other about 1 atm. 
In the second case, speeding up the pattern of 
soil and, consequently, speeding up the 
destruction of particles between the particles of 
water and the chemical substances in the course 
of the chemical process, in the case of zero 
chemical reactions. 
Finally, it can be assumed that the adhesion 
between the soil particles is ensured not only 
by Van-der-Waals forces, but also, for 
example, by polymer compounds. To confirm 
this hypothesis, several samples were dried, 
then moistened to their original condition and 
then subjected to erosion testing. And this 
assumption was justified. After drying, the 
samples were practically not eroded. 

Since the soil is still washed off under natural 
conditions, it has been suggested that the bonds 
between the particles can also be destroyed by 
cyclic wetting and drying, as well as other 
weathering factors. 
Thus, the research results allowed to reveal the 
mechanism of destruction of bonds between 
soil particles in the process of water erosion, 
which will serve as the basis for the 
development of physically sound models of 
erosion. 

 
CONCLUSIONS  
 
The first attempt to explain this phenomenon 
was based on a fatigue approach to breaking 
bonds between soil particles. As is well known, 
in the process of fatigue disturbance, cyclic 
oppositely directed loads lead to the movement 
of material relative to each other at points with 
a structural defect, where cracks appear over 
time, and then the material is destroyed. 
It turned out that when water temperature 
increases by 10ºС, the erosion rate (erodibility) 
increases by 1.5-1.6 times, which practically 
fits into the framework of the Van't Hoff rule, 
which reflects the influence of the speed of 
movement of molecules, reactants, frequency 
and force of their collisions. 
With an increase in minimum loads, the 
amplitude of reciprocating movements will 
decrease, which may be the cause of the 
relative slowing down of the intensity of the 
separation of particles with increasing flow 
velocity. With an unlimited growth of the flow 
rate, the minimum pulsating loads obviously 
exceed the elastic forces of the soil particles, as 
a result of which the reciprocating translational 
oscillations of the particles will cease and, 
accordingly, their separation will stop. 
However, the erosion of the model soil samples 
did not stop at a speed of more than 7 m/s. 
Thus, the idea of fatigue breaking of bonds 
between soil particles in the process of erosion 
and in this case does not work. 
In this regard, exploratory studies have been 
conducted, the purpose of which were: 1) 
developing a methodology for determining the 
rate of destruction of bonds between soil 
particles; 2) search for factors determining the 
rate of destruction of inter-aggregate bonds in 
model soil samples. 
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As a result of the fact that this is likely to be the 
result of a deterioration in the speed of 
destruction between particles under the water. 
It can be avoided, however, that it is not 
acceptable to use that model.  
The second part of the thesis is based on a 
detailed description of the size of the figure in 
the gypsum building, in which the roughness of 
the substructure is about 0 and in the other 
about 1 atm. 
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Abstract 
 
In recent years, the importance of the forest soils started to gain an increasing attention both among forest specialists, 
policy makers and other stakeholders. This is mainly due to their importance for humanity, being the base for assuring 
several forest products and services. Since the 1980s, the Romanian soil specialists developed several soil taxonomy 
systems, based on the developments and data acquired at a certain moment. Knowing the type of the soil and its 
characteristics is crucial also for the foresters, for a sustainable forest management point of view. The aim of this study 
was to highlight the main characteristics of the forest soils across Getic Piedmont. Data from the forest management 
plans of twelve forest district that are responsible for managing the forests across the region were taken into account. 
The main representatives of Luvisols Class accounted for three quarters of the forest soils. In general, the 
characteristics of the forest soils are favorable for mixed-oak forest stands. In the future, special attention should be 
given to preserving the forests composed by autochthonous species, in order to maintain the fertility of the forest soils. 
 
Key words: base saturation, forest soils, Getic Piedmont, humus, pH. 

 
INTRODUCTION 
 
Soils are vital for mankind, providing several 
products and services, such as food and fresh 
water (Abrahams, 2002; Huang et al., 2018), 
mitigating the effects of the contemporary 
climate change (Lal, 2004) and conserving the 
biodiversity of the ecosystems (Crișan et al., 
2017). In this context, it is mandatory to 
maintain their physical, chemical and 
microbiological characteristics to optimal 
levels (Morariu et al., 2018).  
In the last decades, increasing attention was 
given to the impact of different human 
activities, such as agriculture or different forest 
operations, on soil characteristics (Worrell and 
Hampson, 1997; McFero Grace et al., 2006; 
Samuel et al., 2017). In particular, many 
foresters started to take into account the 
relation between the forest soils, the tree layer 
composition and the silvicultural measures in 
order to highlight the best combination from a 

sustainable development point of view (Enescu 
et al., 2018). 
Moreover, the role of the forest soils as carbon 
sinks (Dixon et al., 1994; Lal, 2005; Edu et al., 
2013; Chen et al., 2018), which, in general, 
recorded higher carbon concentrations in 
comparison with the agricultural soils, is 
gaining an increased interest among experts 
(Baritz et al., 2010). 
Almost three decades ago, the European 
Commission started creating a soil database 
called LUCAS (Land Use and Land Cover 
Area Frame Survey), which is managed by the 
Eurostat (Montanarella et al., 2011). LUCAS is 
an in-situ survey (Panagos et al., 2012) aimed 
at assessing in a harmonized way the 
characteristics of the topsoil layer of the non-
forest lands (Blujdea et al., 2016).  
The database comprises more than 45,000 soil 
samples originating the EU Member States, 
which were analyzed (Tóth et al., 2013; 
Orgiazzi et al., 2018). In 2012, Romania added 
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to the database 1,384 soil samples (Tóth et al., 
2016). 
In Romania, starting from 1980s, three soil 
classification systems were developed, namely 
SRCS-1980 (valid for the timeframe 1980-
2002), SRTS-2003 (used in the period 2003-
2012) and SRTS-2012, in use starting from 
2013 (Enescu & Dincă, 2018).  
The most common forest soils from Romania 
are represented by the dystric cambisols, haplic 
luvisols and eutric cambisols (Dincă et al., 
2014) and the value of the organic C stock 
ranges between 70 and 360 t/ha (Dincă et al., 
2015).  
As regards the soil pH (soil reaction), at 
national scale, it was found that in the mineral 
horizon the pH values are slightly smaller in 
the coniferous forests in comparisons with the 
hardwood stands. Moreover, if we take into 
consideration the three historical provinces 
from Romania, it was reported that the pH 
values from the mineral horizon is 3.98 in 
Transylvania, 4.66 in Muntenia and 4.98 in 
Moldova, in the case of the soils with 
hardwood species, these values being higher 
than in the case of the coniferous-dominated 
sites (i.e. 3.50 in Transylvania, 3.44 in 
Muntenia and 4.04 in Moldova), respectively 
(Geambașu et al., 2004). High amplitude of the 
pH values was also recorded on limited area, 
such as the one from Poiana Stampei Peat Bog, 
where the values ranged between 4.09 and 5.89 
(Cazacu et al., 2018). 
The aim of this study was to highlight the main 
characteristics of the forest soils from Getic 
Piedmont. 
 
MATERIALS AND METHODS 
 
Getic Piedmont, the largest piedmont of 
Romania (Bălteanu et al., 2010) and a relict 
geomorphologic relief unit (Stănilă et al., 
2010), is located in the southern-western part of 
Romania (Figure 1), between the Danube (in 
the west and south) and Dâmboviţa River (in 
the east). It is a region characterized by intense 
human activities that generated several land-
use changes (e.g. deforestation, fish fauna 
destructuring, exploitation of minerals) which 
occurred in the last two centuries (Tomescu, 
2005; Spârchez et al., 2009; Bănăduc et al., 

2013; Cărăboiu & Niță, 2013; Anghelache & 
Burea, 2018).  
One of the most visible effects of the 
deforestation is represented by the relief 
fragmentation (Ionuș et al., 2011). 
The above-mentioned land-use changes were 
mainly generated by the favorable conditions 
for living, the number of the localities, 
according to the census made two decades ago, 
being more than one and a half thousand 
(Dumitrescu, 2003). Nowadays, most of the 
areas that were deforested, especially in the 
southern part (Popescu, 2009) are cultivated 
with several cereals, wheat and corn being the 
most common ones, but also large areas were 
reforested with fast-growing species, such as 
black locust (Enescu & Dănescu, 2013). 
Getic Piedmont is part of Getic Depression, an 
area where the sedimentation process started in 
Triasic and continued until Cuaternary 
(Tomescu et al., 2008).  
The area is characterized by a high variability 
in terms of precipitation (Pleniceanu & Alina, 
2003), several hydrological hazards being 
reported in the last years especially in the 
eastern part of the region (Tanislav & Alexe, 
2012). Getic Piedmont is also characterized by 
a dense gully system (Boengiu et al., 2012) and 
a significant percentage of its area is 
susceptible to landslides (Bălteanu et al., 2010). 
  

 
Figure 1. Location of Getic Piedmont  

(Source: ro.wikipedia.org) 
 

Data regarding the forest soils characteristics 
were gathered from the “Marin Drăcea” 
National Institute for Research and 
Development in Forestry. The database 
included the information available for the 
timeframe 1986-2014 for the twelve forest 
districts across Getic Piedmont, namely 



44

 
Cotmeana and Poiana Lacului (Argeș Forestry 
Directorate), Cărbunești, Hurezani, Motru, 
Peșteana and Târgu Jiu (Gorj Forestry 
Directorate), Corcova and Topolnița 
(Mehedinți Forestry Directorate) and Băbeni, 
Horezu and Stoiceni (Vâlcea Forestry 
Directorate), respectively. 
The main chemical characteristics were 
recorded for each pedogenetic horizon. 
Afterwards, the data were centralized by the aid 
of Microsoft Office package, and the variation 
of the soil reaction (pH) and the base saturation 
degree (V%) was highlighted by using a Box 
and Wisker Plot model.
 
RESULTS AND DISCUSSIONS 
 
A total of 566 soil profiles and 1796 
pedogenetic horizons were analyzed. 
According to the centralized data, Luvisol and 
Preluvisol were the most common forest soils, 
accounting for three quarters out of the total 
forest soils across Getic Piedmont (Figure 2). 
The less common forest soils were the Fluvisol 
type. 
 

 
Figure 2. Main forest soil types from Getic Piedmont 

 
A high variation was recorded for soil reaction 
(pH), as follows: 
In the case of fluvisols, the minimum pH 
values were 4.20 and 4.41 in Ao and C 
horizons, respectively, while the maximum 
values recorded in the same horizons were 7.98 
and 8.23, respectively (Figure 3). 
As regards eutric cambisols, the minimum pH 
values were 3.67 and 4.11 in Ao and Bv 
horizons, respectively, and the maximum 

recorded value was 7.90 for both horizons 
(Figure 3). 
In the case of luvisols, the minimum pH values 
were 4.03 in Ao horizon, 3.55 in El horizon 
3.82 in Bt horizon, respectively. The average 
value for soil reaction ranged between 5.00 and 
5.30 (Figure 3). 
The minimum pH values for preluvisols were 
3.52 and 4.17 in Ao and Bt horizons, while the 
maximum values recorded in the same horizons 
were 8.60 and 8.03, respectively (Figure 3). 
In general, by taking into account the average 
values of the soil reaction, the soils are acid and 
weakly acid, being suitable for many 
hardwoods including the autochthonous oak 
species, such as Turkey oak (Quercus cerris 
L.), Hungarian oak (Q. frainetto Ten.), 
pedunculate oak (Q. robur L.) and sessile oak 
[Q. petraea (Matt.) Liebl.]. 
As regards the humus content (H, %), the 
highest values for A horizon were recorded in 
the case of luvisols, followed by eutric 
cambisols and preluvisols (Table 1). 
In general, the forest soils across Getic 
Piedmont are moderately humiferous to 
intensely humiferous, being favorable for the 
main tree species from the region, especially 
for the oaks. 
 

Table 1. Average humus content 

Soil type (horizon) Humus content (%) 
Fluvisol (Ao) 3.33 
Fluvisol (C) 1.05 

Eutric cambisol (Ao) 4.94 
Eutric cambisol (Bv) 1.59 

Luvisol (Ao) 6.2 
Luvisol (El) 2.21 
Luvisol (Bt) 0.99 

Preluvisol (Ao) 4.8 
Preluvisol (Bt) 1.43 

 
The variation of the base saturation degree is 
given in Figure 4. The highest values were 
recorded in the case of fluvisol, while the 
lowest values were recorded for luvisol.  
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Figure 3. Box and Wisker Plot of the pH variation of genetic horizons for the most widespread forest soils 

from the Getic Piedmont: 1-Fluvisol (Ao), 2-Fluvisol (C), 3-Eutric cambisol (Ao), 4-Eutric cambisol (Bv), 5-Luvisol 
(Ao), 6-Luvisol (Bt), 7-Luvisol (El), 8-Preluvisol (Ao), 9-Preluvisol (Bt) 

 
In the case of the fluvisols, the average value of 
the base saturation degree (V) was 74.30% in 
Ao horizon and 79.00% in C horizon, 
respectively, meaning that these soils were 
mesobasic-eubasic. Eutric cambisols had a 

value of 65.20% in Ao horizon and 75.80% in 
Bv horizon, respectively, being mesobasic 
soils. In general, luvisols and preluvisols were 
mesobasic soils (Figure 4). 

 

 
Figure 4. Box and Wisker Plot of the Base Saturation degree (V) variation of genetic horizons for the most  
widespread forest soils from the Getic Piedmont: 1-Fluvisol (Ao), 2-Fluvisol (C), 3-Eutric cambisol (Ao),  

4-Eutric cambisol (Bv), 5-Luvisol (Ao), 6-Luvisol (Bt), 7-Luvisol (El), 8-Preluvisol (Ao), 9-Preluvisol (Bt) 
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CONCLUSIONS 
 
Three quarters of the forest soils across Getic 
Piedmont belong to Luvisols class, being soils 
characterized by a high fertility for mixed 
forest stands dominated by oak species. In 
order to preserve their characteristics and 
fertility, future silvicultural measures should be 
focused on maintaining and/or increasing the 
area of oak-dominated stands, even if several 
challenges exist. 
This study represents an overview of the main 
forest soils across Getic Piedmont and, in our 
opinion, its results should be interested both for 
practitioners, but especially for the policy 
makers who are responsible of maintaining and 
promoting a sustainable forest management, 
including preserving current forest ecosystems, 
composed by valuable autochthonous species. 
It is well known that in case of the forest soils 
were the forest was eliminated and land-use 
changes occurred (i.e. deforestation), their 
acidity increased, meaning that in the next 
couple of years those soils will be degraded and 
only a very limited species will be able to 
grow. This is what happened in the region in 
the last two hundred years, and as a result, 
nowadays the lands that were covered by 
mixed oak species are either degraded, either 
planted with black locust or other 
allochthonous fast growing tree species. 
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Abstract  
 
The soil and water resources of the Republic of Moldova are subjected to an intense anthropogenic press. As a result, 
such forms of soil degradation such as surface and deep water erosion, landslides, secondary salinisation and 
secondary salinisation as a result of irrigation, exasinary destructuring and compacting and others have intensified. 
The rational use of soil resources is based on the detailed knowledge of the main natural and anthropogenic factors 
that influence effective fertility and their quality status. In order to assess the change of the soil cover structure over the 
years, it is necessary to use the thematic materials previously elaborated. It should be noted that they do not fully reflect 
the complexity of the situation at the moment. This finding refers in particular to processes of soil degradation in basin 
landscapes (Rozloga, 2013; 2015) where pedogenic factors (soil, parental rocks, hydrology, lithology, hydrogeology 
and vegetation), interacting in various ways, lead to the emergence of extremely complex degradation forms. The 
anthropic impact on soil and surface waters is largely determined by the activity of the agrarian and industrial sectors. 
According to the latest estimates, the chemical composition and the soil and surface water quality indices record 
negative changes. This concerns (Filipciuc, 2007; Simakova et al., 2008), first of all, the agricultural soils (land) that 
are involved in the irrigation systems and the increase of the degree of mineralization, the ionic reaction and ionic 
composition of the inland river waters, and to the accumulation basins (lakes, ponds). All these constitute the limiting 
factor of using soils for irrigation with surface waters. In order to develop complexes of measures to prevent land 
degradation it is necessary to know the spatial spread and intensity of the manifestation of these processes on a more 
detailed scale. The achievement of this objective is possible with the use of the Geoinformatics System (GIS), which 
allows the operative and reasoned approach to inventory, analysis, planning and design issues (Sorokina, 2006). This 
system creates prerequisites for the development and implementation of measures to combat land degradation at a new 
quality level aimed at preserving and improving soil fertility.  
 
Key words: GIS, irrigation, pedogenic processes, soil.  
 
INTRODUCTION  
 
The agro-industrial complex of the Republic of 
Moldova operates under risk conditions. By 
geographic location the territory of the republic 
falls within the area with insufficient and 
unstable humidity. The annual amount of 
atmospheric precipitation varies between 380 
and 550 mm. Deposits register a marked 
decline from Northwest to South East 
(Rozloga, 2015; Andrieș, 2007). In the northern 
part of the republic, the volume of rainfall is 
attested as submijlociu, in the central 
pedoclimatic zone this indicator is considered 
to be low and in the south - as very low. 
A peculiarity of the republic's climate is the 
phenomenon of drought. According to the 
analysis of observations data over the past 100 
years, strong and long droughts occur over 
three years in northern and central areas and 

over two years in the southern area (Gavrilitsa, 
1993). The result of this climate phenomenon is 
the reduction or compromise of agricultural 
production. 
Through long-term research, it has been 
established that the main natural limiting factor 
in obtaining high and stable crops is low 
availability of affordable water plants (Andrieș, 
2007). Under the conditions of the Republic, 
one of the most effective measures for 
optimizing the soil moisture regime is 
irrigation. Obviously, it does not exclude the 
application of agro-technical processes to water 
the soil. 
Soil irrigation as a method of improving the 
water regime has been known since ancient 
times, but to date there are a number of 
complicated problems related to the reaction of 
some soil types to the change of the water 
regime and to the quality of the water used for 

Scientific Papers. Series A. Agronomy, Vol. LXII, No. 1, 2019
ISSN 2285-5785; ISSN CD-ROM 2285-5793; ISSN Online 2285-5807; ISSN-L 2285-5785



49

 

irrigation. Thus, irrigation of chernozems with 
mineralized water (> 3000 mg/l) does not cause 
essential changes in the soil adsorption 
complex and does not lead to secondary 
salinisation (Kovda, 1981; Simakova et al., 
2008). At the same time, the same author points 
out that the use of water with a degree of 
mineralization higher than 1000 mg/l on 
chernozem soils leads to secondary salinisation 
and solonization, but also their hydromorphic 
evolution. Because of the multiannual 
researches, V.A. Covda (Kovda, 1981; 
Sorokina, 2006) concludes that the 
development of water quality indicators for 
unified irrigation is virtually impossible due to 
the extremely wide variation in the pedological, 
geomorphological and geochemical conditions 
of the irrigated territories. 
In the Republic of Moldova, chernozems make 
over 74% of the surface of irrigated soils 
(Filipciuc, 2007; 2014). They can be included 
in the irrigation regime only when using water 
with low salt content (up to 1000 mg/l) and a 
favorable chemical composition. Research on 
different chernozem subtypes shows that 
changing the natural water regime through the 
irrigation system, even with the use of good 
quality water, leads to structural degradation, 
compaction of the upper horizon and 
decalcification (Krupenikov et al., 1979; 1981; 
Podymov, 1976). 
The use of highly mineralized water or 
inappropriate chemical composition in the 
irrigation of chernozems results in their 
salinisation and/or secondary solonization 
(Poznyak, 1997; Filipciuc et al., 1990; 
Filipciuc, 2014). In this context, it is useful to 
note that the process of solonization severely 
affects not only the physical and physico-
chemical properties of the soil. It also produces 
degrading effects on the mineralogical 
composition by increasing the content of 
inflatable material in the smectite and illit-
smectite group (Gavrilitsa, 1993). Some 
secondary soil processes induced by irrigation 
of chernozem with unsatisfactory quality water, 
such as clay, peptization of fine clay and 
illitisation, are irreversible and cannot be 
restored or restored by means of melioration. 
Contrary to these findings, some authors argue 
that chernozem soils can be irrigated with water 
in which the soluble salts content is 1500-3000 

mg/l (Rabochev, 1981; Bezdnina, 1990; 
Zimovets, 1993; Prikhodko, 1996). 
V. Kovda, through the analysis of the global 
experience of the irrigation consequence, points 
out that the unification of water quality 
indicators for irrigation and the setting of limit 
values presents great difficulties or is 
impossible due to the diversity of climatic, 
geomorphological conditions. For the soil and 
climatic conditions of the Republic of 
Moldova, water quality indicators used for 
irrigation regulating the degree of 
mineralization, the reaction, the sodium 
adsorption ratio, the magnesium indicator, the 
chlorine content and the residual sodium 
carbonate (Filipciuc, 2007) have been 
established. 
 
MATERIALS AND METHODS  
 
In order to establish and evaluate the impact of 
irrigation of chernozem soils with water of 
different quality, land, laboratory and office 
methods were used. 
On the ground, the following works were 
carried out: the opening of the soil profiles, the 
morphological and morphometric description; 
collecting soil samples from genetic horizons 
for the determination of chemical, physical, 
hydric and physico-mechanical properties.  
Collecting water samples for irrigation in order 
to determine chemical composition and quality 
indicators; 
The laboratory determined the hygroscopic 
water content; solid soil phase density; 
granulometric and microaggregate 
composition; structurally-aggregate structure 
and structure's hydrostability; hygroscopicity 
and cheering coefficients; the content and 
composition of humus; the content of calcium 
and magnesium carbonates; nutrient content of 
nitric nitrogen, mobile phosphorus and 
exchangeable potassium; the soluble salt 
content, the reaction and the ionic composition 
of the aqueous extract; the content of adsorbed 
cations; chemical composition and water 
quality indicators for irrigation. 
At the office stage the calculations of the field 
and laboratory determinations were carried out, 
systematized and analysed the results obtained 
and elaborated the report for the current year 
stage. 
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RESULTS AND DISCUSSIONS  
 
The works covered by the thematic plan were 
carried out on experimental polygons selected 
within irrigation systems and their immediate 
proximity (non-irrigated soils). The soil cover 
of the polygon in Egoreni commune, Soroca 
rayon, is represented by deeply humorous, 
humorous, humorous chernozem. The polygon 
is located on the first terrace of the Dniester 
River. The carbonate chernozem is irrigated 
with this river's water for 47 years. The 
experimental polygon in Singerei is located on 
a right slope with an east exposure and with a 
slope of 2-3%. Soil is a habitually profoundly 
moderate clay-humus humerus. Irrigated with 
pond water for 13 years. The experimental 
polygon in Cozăşti commune Singerei district 

is situated on a south-eastern slope with a slope 
of 2%. The soil is presented by the habitus of 
deeply silky clayey humerus. It has been under 
irrigation for 9 years. The water used is deep 
water with unfavorable chemical composition 
and strong alkaline reaction. 
The evolution of secondary pedological 
processes and changes in physical and chemical 
properties in irrigated soils were determined by 
the “pairs profiles” method (irrigated soil - non-
irrigated soil). This method is widely used in 
the pedoameliorative study and is considered 
practicable in the quantitative determination of 
soil characteristics (Poznyak, 1997; Ropot, 
1991). Field determinations and laboratory 
analyses performed to determine irrigation-
induced changes were performed using the 
methods.  

 
Table 1. The chemical composition of the Dniester (Nistru) river water 

Indicators Unit of measurement The content 
minimum Maximum Medium 

Mineralization mg/l 240 670 455 
The reaction (pH) Units 7.53 8.45 7.99 

CO3
2- me/l 0.07 0.84 0.46 

HCO3
- me/l 2.49 4.92 3.71 

Cl- me/l 0.57 3.10 1.84 
SO4

2- me/l 1.00 3.33 2.16 
Ca2+ me/l 2.60 4.50 3.55 
Mg2+ me/l 0.58 3.33 1.96 
Na+ me/l 0.70 3.26 1.98 

 
Table 2. The composition and quality indices of the Dniester (Nistru) river (year 2018) 

Period Mineralization, 
mg/l pH 

HCO3
- Cl- SO4

2- Ca2+ Mg2+ Na+ 

SAR PMg, 
% me/l 

mg/l 

May 496 8.31 3.42 
209 

1.60 
57 

1.40 
67 

3.72 
74 

1.20 
14 

1.50 
34 0.9 24 

August 240 7.95 2.60 
159 

1.16 
41 

0.31 
15 

3.30 
66 

0.12 
2 

0.65 
15 0.5 19 

September 254 8.05 2.80 
171 

1.36 
48 

0.23 
11 

3.02 
61 

0.72 
9 

0.65 
15 0.5 17 

Admissible values 
 < 1000 < 8.30 - <3.00 - <3.0 <50 

 
Depending on the climatic conditions, 
especially the rainwater regime, the degree of 
mineralization and the chemical composition of 
the Nistru river water are marked by significant 
changes (Table 1).  
Soluble salt content ranges from 240 to 670 
mg/l over a multi-year cycle. The water 
reaction is judged to be slightly alkaline with 
pH values ranging from 7.53 to 8.45 units 
(Florea, 1976). 

One of the main qualitative indicators of 
surface water in the Republic, used for 
irrigation, is the magnesia index. For water 
from the Dniester river, between May and 
September 2018, it oscillated between 17 and 
24%. The calculated values of this indicator 
show that the possibility of the adsorption 
process of the magnesium cation by the 
colloidal soil complex in appreciable quantities 
is virtually excluded. 
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By chemical composition and quality indicators 
the water of the Nistru river is appreciated as 
good - very good for irrigation (Krupenikov, 
1983). It can be used without limitation for 
irrigating any type of soil.  
However, it should be noted that under certain 
thermal conditions, usually at high 
temperatures, or during the abundant 
development of phytoplankton, the water in the 
Dniester is potentially alkaline, and in its 
composition appears the CO3

2 anion. In such 
transformations, the water intensifies the 
decalcification process of the soil and changes 
the ratio of the exchangeable cations in the 
adsorbent complex. Such degrading impact of 

the Nistru river water was recorded at the 
Caragaşi irrigation system (Orlov, 1980). 
During the reference year, the Dniester river 
water analysis was carried out in three rounds. 
The determinations show that the total content 
of soluble salts is low and compose 240-496 
mg/l. According to river classification by 
degree of mineralization, sweet to low salted 
(Orlov, 1980). By mineralization, water used 
for irrigation does not pose a risk of secondary 
salinisation of the soil (Table 2). In the soluble 
salt composition predominates calcium 
compounds, which make up 58-71% of the dry 
residue (Annex 1). Toxic sodium and 
magnesium salts have a subordinate role. 

Table 3. The main agrochemical properties of chernozem carbonate 

Deph, 
cm 

Humus, 
% 

Humus 
reserve, t/ha 

CaCO3, 
% 

N-NO3 P2O5 K2O 
me/100 g sol 

Not irrigated soil 
0-25 2.18 68 3.8 0.45 1.05 19.6 

25-50 2.11 67 3.8 0.29 1.19 18.8 
50-84 1.88 86 6.1 0.34 0.82 14.6 
84-106 1.20 36 8.7 0.26 0.80 14.6 

106-130 0.87 25 10.9 0.26 0.75 14.5 
130-160 0.62 26 11.8 0.22 0.98 12.9 

Irrigated soil  
0-28 2.56 90 2.3 0.45 1.85 20.8 

28-48 2.58 71 3.5 0.34 0.89 19.6 
48-76 2.16 83 5.4 0.32 1.02 19.6 
76-107 1.38 58 8.8 0.36 0.69 14.6 

107-138 1.02 43 10.7 0.31 0.65 14.5 
138-180 0.81 46 12.0 0.30 0.82 13.8 

Table 4. Changing the humus composition as a result of irrigation (plowing horizon) 

 
 

The water reaction is slightly alkaline with pH 
variations from 7.95 to 8.31 units.  
Chlorine content is well below the maximum 
permissible limit of this element in irrigation 
water, being only 1.16-1.60 me/l.  
The sodium adsorption ratio is very low with 
values ranging from 0.5 to 0.9, so the water 
does not pose a risk of soil degradation by 
secondary solonization. 

The effect of long-term irrigation on the 
chemical and physico-chemical properties of 
carbon black chernozem 
The main agrochemical properties of the non-
irrigated carbon black chernozem and of the 
irrigation regime were determined on the 
genetic horizons of the soil profiles. The 
obtained results show that both soil variants are 
characterized by a medium content of organic 

C total, 
% 

C, % 
CAH 
CAF 

C faction AH,% C in the 
residue, 

% 
Extract with 

Na4P2O7+NaOH AH AF 
free and 
bonded 

with R2O3 

bonded 
with Ca 

Not irrigated soil 

1.73 0.88 
50.9 

0.63 
36.4 

0.25 
14.4 2.5:1 3.2 96.8 0.85 

49.1 
Irrigated soil 

1.75 0.83 
47.4 

0,57 
32.6 

0.26 
14.9 2.2:1 6.0 94.0 0.92 

52.6 
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matter in the plowed and substrate layers, this 
being 2.11-2.58%. In the transition horizons the 
humus content decreases slowly to 1.20-2.88%, 
being appreciated as low. The chernozem 
curing gradient contains 0.62-0.81% humus, a 
very low value. It should be noted that the 
distribution of humus on the irrigated soil 
profile is more uniform and its content is 
slightly higher compared to the non-irrigated 
soil. Reserves of organic matter in irrigated soil 
are also higher. 
The investigated soil variants contain calcium 
and magnesium carbonates from the surface in 
average quantities of 2.3-3.8%. In depth the 
carbonate content gradually increases, reaching 

maximum values of 11.8-12.0% in the rock 
(Table 3). 
By determining the available nutrients it was 
found that in the upper horizons of the non-
irrigated soil the nitric nitrogen is contained in 
small amounts of 0.29-0.40 mg/100 g of soil 
and slowly decreases to 0.22 mg/100 g in 
depth. The distribution of N-NO3 on the 
irrigated soil profile is much more uniform. 
Thus, in the humus-accumulative horizon the 
nitric nitrogen content is 0.34-0.45 mg/100 g of 
soil. In the transition horizons and in the 
parental rocks he recorded an insignificant 
decrease of up to 0.30 mg/100 g of soil. 
 

Table 5. The salt content, the reaction and the ionic composition  
of the aqueous extract of the carbonate chernozem 

Depth, 
cm 

Dry 
residue, 

% 

pH HCO3
- Cl- SO4

2- Ca2+ Mg2+ Na+ Ca+Mg 
Na 

KSO 
me/100 g soil 

Not irrigated soil 
0-25 0.046 8.30 0.51 0.06 0.17 0.63 0.07 0.04 18 0.7 

25-50 0.044 8.25 0.54 0.07 0.14 0.63 0.08 0.04 18 0.8 
50-84 0.043 8.15 0.55 0.07 0.14 0.66 0.06 0.04 18 0.8 

84-106 0.040 8.05 0.55 0.06 0.10 0.56 0.09 0.06 16 0.8 
106-130 0.051 8.10 0.52 0.16 0.15 0.58 0.17 0.08 9 0.8 
130-160 0.053 8.15 0.60 0.11 0.18 0.60 0.15 0.14 5 0.8 

Irrigated soil 
0-28 0.045 8.20 0.56 0.08 0.16 0.60 0.16 0.04 19 0.7 

28-48 0.048 8.10 0.65 0.09 0.15 0.70 0.12 0.07 12 0.8 
48-76 0.038 8.15 0.62 0.07 0.05 0.60 0.10 0.04 18 0.9 

76-107 0.046 8.20 0.55 0.07 0.22 0.58 0.20 0.06 13 0.7 
107-138 0.046 8.25 0.60 0.08 0.12 0.58 0.14 0.08 9 0.8 
138-180 0.053 8.25 0.54 0.13 0.23 0.64 0.16 0.10 8 0.7 

Table 6. The content of cation exchangeable in carbonate chernozem 

Depth, 
cm 

Ca2+ Mg2+ Na+ Sum  Ca2+ Mg2+ Na+ 

me/100 g soil % from sum 
Not irrigated soil 

0-25 21.17 2.11 0.55 23.83 89 9 2 
25-50 21.06 2.11 0.19 23.36 90 9 1 
50-84 19.16 2.21 0.36 21.73 88 10 2 

84-106 17.92 2.58 0.36 20.86 86 12 2 
106-130 15.76 3.97 0.19 19.92 79 20 1 
130-160 12.85 4.85 0.36 18.06 71 17 2 

Irrigated soil 
0-28 21.85 2.00 0.48 24.33 90 8 2 

28-48 21.50 1.50 0.48 23.48 92 6 2 
48-76 19.75 2.00 0.48 22.23 89 9 2 

76-107 18.00 1.50 0.48 19.98 90 8 2 
107-138 15.50 2.00 0.54 18.04 86 11 3 
138-180 15.00 3.35 0.48 18.83 79 17 4 

 
The content of mobile phosphorus is small to 
medium. After the exchangeable potassium 

content both soil variants are appreciated as 
moderately insured. 
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It is worth mentioning that irrigation of 
carbonate chernozem with water from the 
Dniester River influences the composition of 
humus (Table 4). It has been found that the 
irrigated soil reduces the carbon content in the 
humic acids fraction. This led to a reduction in 
the ratio of CAH: CAF from 2.5: 1, the humus 
type being the humatic one. Another change in 
the composition of organic matter refers to the 
increase in the fraction of free humic acids or 
bound to iron and aluminum sequestrants. 
Therefore, the irrigation of the carbonated 
chernozem with water from the Dniester is 
increasing humus mobility.  

This trend has been observed in other irrigation 
facilities (Poznyak, 1997; Novikova, 2009; 
Novikova et al., 2007). 
Irrigation use of good quality water for 47 
years does not essentially alter the saline 
indices of carbon black chernozem. From the 
results we can see that the anionic composition 
is clearly predominated by HCO3

- (0.51-0.64 
me), followed by SO4

2- (0.12-0.23 me). 
Chlorine content is small and accounts for 
0.06-0.13 me/100 g of soil. It is important to 
emphasize that in soil solution (irrigated and 
non-irrigated) prevails Ca2+ with a content of 
0.56-0.70 me.  

Annex 1 
The composition of the soluble salts of irrigation water 

Water source Collection 
period 

Na2CO3 Ca(HCO3)2 Mg(HCO3)2 NaHCO3 CaSO4 Na2SO4 NaCl MgCl2 CaCl2 

me/l 

River 
Nistru 

May - 3.42 - - 0.30 1.10 0.40 1.20 - 

July - 2.60 - - 0.31 - 0.65 0.12 0.39 

September - 2.80 - - 0.22 0.01 0.64 0.72 - 

Lake 
May 2.40 4.60 10.70 - - 23.60 1.83 1.90 - 

September 4.80 7.34 7.66 - - 33.92 - 4.41 - 

Underground 
May 4.80 1.08 2.44 1.30 - 2.87 1.73 - - 

September 4.80 1.00 2.22 0.60 - 4.85 1.49 - - 
 

Annex 2 
The composition of the soluble salts of carbonate chernozem 

Depth, 
cm 

Ca(HCO3)2 CaSO4 Na2SO4 MgSO4 MgCl2 
me/100 g sol 

Not irrigated soil 
0-25 0.51 0.12 0.04 0.01 0.06 

25-50 0.54 0.09 0.04 0.01 0.07 
50-84 0.55 0.11 0.03 - 0.07 
84-106 0.55 0.01 0.06 0.03 0.06 

106-130 0.52 0.06 0.08 0.01 0.16 
130-160 0.60 - 0.14 0.04 0.11 

Irrigated soil 
0-28 0.56 0.04 0.04 0.08 0.08 

 28-48 0.65 0.05 0.07 0.03 0.09 
48-76 0.62 - 0.04 0.03 0.07 
76-107 0.55 0.03 0.06 0.13 0.07 

107-138  0.58 - 0.08 0.06 0.08 
138-180 0.54 0.10 0.10 0.03 0.13 

 

Magnesium cations are contained in 0.06-0.20 
meters, and Na+ does not exceed 0.04-0.14 
me/100 g soil. The ratio between bivalent and 
monovalent cations shows a significant 
decrease in soil profile at 19: 1 in the 5: 1 
horizon in parental rock (Table 5). The sodium 

ratio in non-irrigated and irrigated soil is very 
stable on the soil profile, ranging from 0.7 to 
0.9. Thus, during 47 years of irrigation in 
carbon black chernozem, no soda formation 
conditions are recorded (Krupenikov et al., 
1981). 
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Determination of soluble salt content shows 
that this indicator does not change when using 
Dniester water. The profile of both dry soil 
variants ranges between 0.038 and 0.053%, 
characteristic for the subtype given by 
chernozem (Shaimukhamedov et al., 1990). 
The actual soil response is estimated to be 
slightly alkaline with pH values of 8.05-8.30 
units. By determining the composition of the 
soluble salts, it has been established that their 
main (predominant) components, both in the 
non-irrigated and the irrigated soil, are 
represented by Ca (HCO3)2 and CaSO4. These 
compounds are harmless to soil and plants and 
make up 71-84% of dry residue (Annex 2). 
One of the main indicators of the irrigated soils' 
soil condition is the changeable cation content. 
The impact of water quality on irrigation on the 
bases of exchange is very defiant. It is reported 
that when applying freshwater, the main 
changes refer to the increase in Mg2+ content 
and to the change in cation ratio. The research 
did not confirm this finding (Table 6). 
The content of adsorbed calcium forms in the 
horizon of 21.17-21.85 me and gradually 
decreases in the transition horizons. In the rock 
of solification this cation has values of 12.85-
15.00 me. 
The magnesium cation distribution on the soil 
profiles is inverse. Its contents register an 
increase from 2.00-2.11 me in humus-
accumulative horizon up to 3.35-4.85 me/100 g 
soil in parental rock. Adsorbed salt constitutes 
1-2% of the sum of the bases and in the 
irrigation soil only it increases to 4% of the 
amount. According to the scale of the degree of 
irrigation of irrigated soils, the carbonate 
chernozem is certified as very weakly 
solonised. 
 
CONCLUSIONS  
 
The obtained results show that both soil 
variants are characterized by a medium content 
of organic matter in the plowed and substrate 
layers, this being 2.11-2.58%. In the transition 
horizons the humus content decreases slowly to 
1.20-2.88%, being appreciated as low. The 
chernozem curing gradient contains 0.62-
0.81% humus, a very low value. It should be 
noted that the distribution of humus on the 
irrigated soil profile is more uniform and its 

content is slightly higher compared to the non-
irrigated soil. Reserves of organic matter in 
irrigated soil are also higher. 
The investigated soil variants contain calcium 
and magnesium carbonates from the surface in 
average quantities of 2.3-3.8%. 
Irrigation use of good quality water for 47 
years does not essentially alter the saline 
indices of carbon black chernozem. From the 
results we can see that the anionic composition 
is clearly predominated by HCO3

- (0.51-0.64 
me), followed by SO4

2- (0.12-0.23 me). 
Chlorine content is small and accounts for 
0.06-0.13 me/100 g of soil. It is important to 
emphasize that in soil solution (irrigated and 
non-irrigated) prevails Ca2+ with a content of 
0.56-0.70 me. 
It has been found that the irrigated soil reduces 
the carbon content in the humic acids fraction. 
This led to a reduction in the ratio of CAH: 
CAF from 2.5: 1, the humus type being the 
humatic one. Another change in the 
composition of organic matter refers to the 
increase in the fraction of free humic acids or 
bound to iron and aluminum sequestrants. 
The content of adsorbed calcium forms in the 
horizon of 21.17-21.85 me and gradually 
decreases in the transition horizons. In the rock 
of solification this cation has values of 12.85-
15.00 me. 
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Abstract 
 
The vermicompost (earthworm humus) is a particularly effective fertilizer for both vegetables and fruits, as well as for 
large crops. This fertilizer has, in a high percentage all of the 16 nutrients that are essential for plants. The 
vermicompost is obtained through the aid of Eisenia fetida (Savigny), also known as: "compost earthworm", "red 
earthworm", "redworm" "brandling worm". Eisenia fetida is a species of earthworm developed by researchers and 
geneticists in the 1950’s and 1960’s, having a much higher reproductive capacity and better adaptability to the living 
environment than other existing species. It was first used in the USA in farms where large quantities of biomass and 
natural fertilizers were needed. In addition, this species of earthworm processes large amounts of biodegradable 
organic waste more rapidly with maximum productivity of natural humus. Thanks to these benefits, farmers around the 
world began to grow earthworms and produce vermicompost in a growing number. One of the most important 
advantages of using the vermicompost is that it increases production, both in terms of quantity and quality. 
Another advantage is that it helps in the suppression of harmful fungi in the soil. These microorganisms produce 
hormones, vitamins, nutrients, enzymes, amino acids and minerals that are important for plants. 
The vermicompost has a positive effect not only on plants but also on the soil. It greatly improves the structure of the 
soil, decreasing its density, increasing the aeration and the absorption of nitrogen from the atmosphere. Therefore, it 
repairs the soils affected by the long-term use of chemical substances. 
 
Key words: eartworms, vermicompost, nutrients, soil fertility. 
 
INTRODUCTION  
 
“Nobody and nothing can be compared with 
earthworms and their positive influence on the 
whole living Nature. They create soil and 
everything that lives in it. They are the most 
numerous animals on Earth and the main 
creatures converting all organic matter into soil 
humus providing soil’s fertility and biosphere’s 
functions: disinfecting, neutralizing, protective 
and productive” (Igonin, 2004). 
Aristotle called the earthworms "intestines of 
the earth" and Charles Darwin wrote a book 
about earthworms and their activities, saying 
that there may not be another creature that 
played such an important role in the history of 
life on Earth (Bogdanov, 1996). 
Vermiculture is the culture of earthworms. Its 
goal is to continuously increase the number of 
earthworms in order to achieve a sustainable 
population. The earthworms are either used to 
expand a vermicompost operation or are sold to 
customers who use them for the same or for 
other purposes (Munroe, 2007). 

Vermicomposting is the process where 
earthworms are used to convert organic 
materials (usually waste) into humus-like 
material known as vermicompost (Munroe, 
2007). 
 
MATERIALS AND METHODS 
 
It is estimated that there are over 1800 species 
of earthworms worldwide (Edwards & Lofty, 
1972), but only one species, Eisenia fetida 
(Savigny), also known as: "compost 
earthworm", "red earthworm", "redworm" 
"brandling worm" is being discussed in this 
paper. 
Eisenia fetida is a species of earthworms 
developed by researchers and geneticists in the 
1950’s and 1960’s, with a much higher 
reproductive capacity and a better adaptability 
to the living environment than the existing 
species. It was first used in the USA on farms 
where large amounts of biomass and natural 
fertilizers were needed. In addition, this 
earthworm species processes much more 
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rapidly large amounts of biodegradable organic 
waste with a maximum productivity of natural 
humus. Due to these benefits, farmers around 
the world began to grow earthworms and to 
produce vermicompost in a growing trend. 
In the present, the largest vermicompost 
production centers are in India and Cuba, 
countries that are currently leaders in this field. 
In India, it is estimated that around 200,000 
farmers practice vermicomposting and a 
network of 10,000 farmers produces 50,000 
metric tons of vermicompost each month. Over 
the last decade, farmers in Australia and the 
USA’a West Coast began to use vermicompost 
in large quantities, fueling the development of 
the vermicompost industry in these regions. At 
the same time, scientists from several 
universities in the USA, Canada, India, 
Australia and South Africa began to document 
the benefits associated with the use of the 
vermicompost, providing facts and figures to 
support the observations of those who actively 
used the material (Munroe, 2007). 
Composting earthworms live in "nests" 
estimated at 100,000 individuals (Figure 1). 
 

 
Figure 1. Soil composting with earthworms 

 
They are hermaphrodites, and they double their 
number in a cycle of around 100 days. The nest 
has a surface of 2 m2 and a thickness of 25 cm. 
For a nest it is necessary to have an area of         
2 m2, in the shape of an alley, on which the 
bedding is formed. 
Preparing the bedding 
One of the main activities in raising 
earthworms is bedding preparation. The 
substrate of the bedding is a layer of organic 
materials rich in cellulose, where the 
earthworms build their habitat from where they 
will go to the top to feed themselves (Duşan, 
2013). Over this substrate there is the food 

(manure) layer, which should not be disturbed 
during the earhworms’ habitation (Figure 2). 
 

 
Figure 2. Preparing the bedding 

 
The bedding's substrate must meet two basic 
requirements: 

a. To have the property of maintaining 
moisture (the earthworms require a high 
degree of moisture in the environment 
in which they live and multiply because 
they breathe through their skin and take 
oxygen out from the water; 

b. It must be porous, aggregated soil 
represents the amorphous surface in the 
bedding and it prevents the penetration 
of oxygen into the substrate (Duşan, 
2013). 

If available, shredded paper or paperboard are 
an excellent bedding material (Georg, 2004), 
especially when combined with typical organic 
farm resources, such as straws and hay. 
Optimum oxygen quantities facilitate the 
decomposition of garbage into nutrients. A 
well-fed earthworm in a well-protected 
substrate lives peacefully and multiplies 
intensely producing cocoons with more 
hatchlings in them (a cocoon contains 10-12 
hatchlings) (Duşan, 2013). 
It is very important that the substrate, in 
addition to being aerated, it should also allow 
the formation of bacteria, which make the 
primary food preparation, without which, 
regardless of the quantity or quality of food, the 
earthworms die (Duşan, 2013). 
The natural habitat for earthworms is, in 
general, as known, given by the deposits of 
manure and vegetal residues. All the research 
and experience gained so far shows that the 
more the artificial habitat resembles the natural 
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one, the more the success in growing 
earthworms will be greater. The best 
earthworm food and the best biohumus are 
obtained if manure is given (Table 1) from 

horses, cows, sheep, rabbits, goats, provided 
that it is pre-composted and that it passed the 
fermentation phase. 

 
Table 1. Common Worm Feed Stocks (Munroe, 2007)  

Food Advantages Disadvantages Comments/Notes 
Cattle manure Good nutrition, natural 

food, therefore it requires 
little adaptation 

Weed seeds make pre-
composting necessary. 

The manure is partially 
decomposed and therefore 
ready for consumption by 
the earthworms. 

Poultry manure High nitrogen content, has 
as result a good nutrition 
and a high-value product 

High levels of protein can 
be dangerous for 
earthworms, so they should 
be used in small quantities; 
there is a need for a major 
adaptation process for the 
earthworms that are not 
used to this raw material. It 
can be pre-composted but 
it’s not a must, if used with 
caution. 

Gaddie and Douglas (1975) 
suggest that poultry waste is 
not suitable for earthworms, 
because it is too "hot"; 
however, researchers from 
Nova Scotia (Georg, 2004) 
have shown that 
earthworms can adapt if the 
original proportion of 
poultry manure in the 
bedding is 10% of the total 
volume or less. 

Sheep/Goat manure Good nutrition Requires pre-composting 
(due to weed seeds); small-
sized particles can lead to 
agglomeration, therefore it 
requires additional bulking 
materials. 

With the right additives to 
increase the Carbon/ 
Nitrogen ratio, this fertilizer 
is also good as a bedding. 

Pig manure Good Nutrition; produces 
an excellent vermicompost 

It is ually in liquid form, it 
should therefore be 
dehydrated or used with 
large amounts of highly 
absorbent bedding. 

Scientists from Ohio State 
University have discovered 
that vermicompost made 
from pig manure has 
outperformed all other 
vermicomposts and 
commercial fertilizers as 
well. 

Rabbit manure The nitrogen content is 
similar to that of poultry 
manure, so it provides good 
nutrition; it contains a very 
good mixture of vitamins 
and minerals and can be an 
ideal food for earthworms 
(Gaddie and Douglas, 1975) 

It must be leached before 
use due to the high urine 
content; it can overheat if 
the quantities are too high, 
it's also not usually 
available. 

Many rabbit breeders in the 
USA place the earthworms 
under the rabbit cages in 
order to catch the pellets as 
they fall through the wire 
mesh cage floors. 

    
In the earthworm’s diet there can also be used: 
fresh food scraps (egg shells, other waste from 
food preparation, food waste from commercial 
food processing), pre-composted food waste, 
biosolids (human waste), seaweed, legume 
hays, grains (feed mixtures for animals, such as 
poultry feed concentrates), corrugated 
cardboard (including waxed cardboards), fish, 
poultry meat residues, blood waste, dead 
animals. If the resulting vermicompost is used 
in organic farming, some of the residues listed 
above can not be used in earthworm diet. 
Earthworm care 
Earthworms usually do not get ill (they are not 
attacked by viruses and bacteria), so the only 
enemy that can cause them harm can only 

prove to be man through its negligence. Their 
care requires little work at fairly long intervals, 
therefore, in case of forgetfulness or other 
reasons, they can remain unfed (food is given 
every 15 days), or even dehydrated below the 
optimal humidity level. 
Humidity 
In regards to moisture, the range within which 
the ideal moisture content can be found for 
materials in conventional composting systems 
is between 45-60% (Rink et al., 1992), but in 
contrast to the conventional practice, the ideal 
humidity range for vermicomposting or the 
vermiculture process is of 70-90%. In this wide 
range, researchers found slightly different 
optimal values: Dominguez & Edwards (1997) 
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found that the best range would be of 80-90%, 
with 85% being optimal, while researchers in 
Nova Scotia found out that 75-80% humidity 
produced the best growth and the highest 
reproduction rate (Georg, 2004). In Romania, 
Duşan (2013) found that the optimal humidity 
would be of 82.5% (Table 2), or, if empirically 
controlled, it can be tested by collecting the 
manure in the hands and squeezing it, this 
action should result in a few drops running 
through the fingers, if the humidity level is 
appropriate. 
 
 
 

Aeration 
Aeration is a basic factor in growing 
earthworms by allowing the air to enter their 
habitat. Therefore, it should be taken into 
consideration, when preparing the bedding, for 
the bedding material to be porous, and if there 
are cases in which aggregated material is used 
as food, then this material should be placed 
either in the middle or at the edge of the 
bedding in order to allow ventilation through 
the sides. The earthworms should be disturbed 
as little as possible, but once a month, the first 
layer at the surface, down to 8-10 cm should be 
aerated with a fork, while taking care not to go 
deeper than that (Duşan, 2013). 

 
Table 2. Action of earthworms in the habitat, depending on the pedoclimatic conditions (Duşan, 2013) 
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pH level 6< 6 6.5 6.8 7 7.2 7.5 7.8 <7.8 
Temperature (°C) 0< 0-7 7-14 14-19 19-20 20-27 27-33 33-42 <42 

No. of hatchlings in 
the cocoon 

 - - 2-10 10-20 2-10 - -  

Humidity (%) 70< 70 75 80 82.5 84 88 90 <90 

As far as the pH level is concerned, the best 
range would be of 6.8-7.2 with a neutral 
reaction, if the pH is too acidic, their acidity 
can be reduced by the scattering of calcium 
carbonate, and if it is alkaline, it can be reduced 
by washing with water or by adding grounded 
peat (Duşan, 2013).  Other researchers say that 
earthworms can survive in a pH range of 5 to 9 
(Edwards, 1998). Eitherway, most experts 
believe that earthworms prefer a pH of 7 or 
slightly higher, but those in Nova Scotia have 
found that the range of 7.5 to 8 is the optimum 
range (Georg, 2004). 
In regards to the salt content, earthworms are 
very sensitive to sodium, preferring a sodium 
content of less than 0.5% (Gunadi et al., 2002). 
Temperature 
The optimal temperature in which the 
earthworms are most active is around 20°C, 
respectively between 15°C and 20°C. At 
temperatures below 0°C the earthworms die but 
the cocoons can withstand up to -20°C and can 
withstand this temperature for a long time until 
the conditions allow the hatchlings to come out. 
If the temperature is too high, of 30°C and 
above, it will cause the earthworms to leave the 

bedding and if they cannot leave it, they will 
die (Munroe, 2007). 
Stimulating the reproduction 
When the earthworm population’s density 
becomes higher than 5 kg/m2 the need for 
reproduction begins to slow and a fierce 
competition for food and space occurs. 
Although it is possible to obtain a population 
density of even 20 kg/m2 (Edwards, 1999), the 
most common densities found in practicing 
vermicomposting are between 5-10 kg/m2. 
Earthworm growers usually tend to practice a 
density of 5 kg/m2 (Bogdanov, 1996) and then 
"split the beddings" where density has doubled, 
while assuming optimal reproduction densities 
have been exceeded from that point onwards. 
In terms of the food used as a stimulant in 
reproduction, the following foods are 
mentioned: fresh horse manure, rabbit or young 
cattle manure in weighed amounts, sugar-
sweetened water (a small cup of sugar for 3 
liters of water) that is sprinkled on 2 m2 every 
3-4 days (Duşan, 2013). Sexual maturity in 
earthworms occurs after 60 to 90 days (Table 
3), but reproduction itself begins only after 7-
10 months (Duşan, 2013). 
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Table 3. Earthworm life cycle (Duşan, 2013) 
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RESULTS AND DISCUSSIONS 
 
The vermicompost, the same as the conven-
tional compost, offers many benefits to agri-
cultural soil, including increased water 
retention capacity, improved nutrient retention, 
improved soil structure, and enhanced 
microbial activities (Munroe, 2007).  
By using it, the vermicompost helps to improve 
the physical, chemical and biological properties 
of the soils. It contributes in increasing the 
soil’s porosity and respectively in increasing 
the diameter of the pores in the soil from 50 to 
500 μm, which results in better aerohydric 
conditions for crops (Marinari et al., 2000). It 
also contributes to stabilizing the soil’s 
reaction, increasing the microbial population 
and the enzyme activities in the soil 
(Makeswarapa et al., 1999). 
 
Accessibility of nutrients for plants 
Atiyeh et al. (2000) discovered that a classical 
compost is richer in ammonium, whereas the 
vermicompost tends to be richer in nitrates, 
which is the most accessible form of nitrogen 
for plants.  
Similarly, Hammermeister et al. (2004) 
indicated that "vermicompost has higher N 
availability than the conventional compost on a 
weight basis and the supply of several other 
plant nutrients".  
Other researchers (Short et al., 1999; Saradha, 
1997; Sudha & Kapoor, 2000) found that the 
supply rate with more nutrients, including 
phosphorus, potassium, sulfur and magnesium 
became higher through vermicomposting 
compared to the conventional composting. 

The analyzes carried out in 2012 on the 
vermicompost produced in Romania showed 
the following values: pH - 7.8, humidity (%) - 
62.74, organic matter (%) - 82.09, humus (%) - 
32.30, ash (%) - 17.91, total N (%) - 1.68, total 
P2O5 (%) - 1.44, total K2O (%) - 1.42 (Panici, 
2012). 
 
Table 3. Nutrient content of vermicompost and compost 

(Nagavallemma K.P. et al., 2004) 

Nutrients Vermicompost (%) Compost (%) 
pH 7.0-7.5 6-7.2 

Organic carbon 9.8-13.4 12.2 
Nitrogen 0.51-1.61 0.8 

Phosphorus 0.19-1.02 0.35 
Potassium 0.15-0.73 0.48 
Calcium 1.18-7.61 2.27 

Magnesium 0.093-0.568 0.57 
Sodium 0.058-0.158 <0.01 

 
It appears that vermicomposting tends to lead 
to higher levels of availability of most nutrients 
for plants, than the conventional composting 
process does. 
 
The level of benefic microorganisms 
Specialised literature has less information on 
this topic than on nutrient availability, but it is 
believed that the vermicompost far exceeds 
conventional compost with respect to beneficial 
microbial activity levels. Clive Edwards of 
Ohio State University (Edwards, 1999) stated 
that the vermicompost can have 1,000 times 
more microbial activity than conventional 
compost, although this figure is not always 
attained. The vermicompost plays a role in 
transforming nutrients into forms that are easier 
to process by plants in comparision to the 
conventional compost. 
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The ability to stimulate plant growth 
Atiyeh et al. (2000) carried out a thorough 
examination of the literature on this 
phenomenon. The authors said: "Most of these 
studies confirmed that vermicomposts have 
beneficial effects on plant growth. 
Vermicomposts, whether used as soil additives 
or as components of horticultural media, 
improved seed germination and enhanced rates 
of seedling growth and development." These 
beneficial effects on plant growth showed to 
appear independently of nutritional 
transformations and availability, increasing 
plant growth and productivity rates more than it 
would be possible through simple nutrient 
conversion of minerals in more available forms 
for plants. This is the area where most 
interesting and exciting results have been 
obtained. Many researchers have found that the 
vermicompost stimulates the subsequent 
growth of plants even when plants already 
receive optimal nutrition (Munroe, 2007). 
 
Ability to suppress diseases 
In recent years, a considerable number of tests 
have been made regarding the vermicompost’s 
ability to protect plants against various 
diseases. The theory behind this statement is 
that high levels of beneficial microorganisms in 
the vermicompost protect plants by competing 
with pathogens for available resources, while 
also blocking access to the plant’s roots by 
occupying all available spaces. This analysis is 
based on the concept of "soil trophic, a soil-
based approach (Munroe, 2007). Edwards and 
Arancon (2004) show that, through the research 
of vermicompost commercial products for 
plants attacked by: Pythium on cucumbers, 
Rhizoctonia on greenhouse radishes, 
Verticillium on strawberries and Phomopsis 
and Sphaerotheca fulginae on grapes, the 
incidence of diseases decreased significantly. 
The authors continue to say that pathogen 
suppression disappeared when the 
vermicompost was sterilized, indicating that the 
mechanism involved was the microbial 
antagonism. 
 
Ability to reject pests 
Research in this area is relatively new and the 
results so far have been inconsistent. A theory 
is advanced by George Hahn, a vermicompost 

producer in California, who claims that his 
product rejects many different insect pests. He 
believes this is due to the earthworm's 
production of the chitinase enzyme, which 
decomposes chitin from insect exoskeleton. 
However, the independent testing of its product 
has produced inconsistent results (Biocycle, 
2001; Edwards & Arancon, 2004). 
 
CONCLUSIONS 
 
Earthworms play an extremely important role 
in counteracting the loss of biodiversity. They 
increase the number and types of microbes in 
the soil by creating conditions in which these 
creatures can grow and multiply. The 
earthworms’s intestine has been described as a 
small "bacteria factory", expeling more 
microbes than it igests.  
By adding vermicompost and earthworm 
cocoons on the farm’s soil, the microbial 
community of the soil largely multiplies itself. 
This underground biodiversity is a basis for an 
increased biodiversity above ground, as soil 
creatures and the plants that they help to grow 
are at the heart of the entire food chain. 
By growing earthworms, many of the 
environmental problems can be solved. Their 
ability to consume all that is biodegradable can 
help in getting rid of many environmental 
waste (manure from livestock farms, sewage 
sludge, leaves and dry grass, sawdust from 
nonaromatic wood, paperboard and paper). 
The vermicompost has a positive effect not 
only on plants but also on the soil. It greatly 
improves the soil structure, decreasing its 
density, increasing the porosity and absorption 
of nitrogen from the atmosphere. It thus 
remedies the soils affected by the long-term use 
of chemicals. Another advantage is given by 
the suppression of harmful fungi in the soil. 
These microorganisms produce hormones, 
vitamins, nutrients, enzymes, amino acids and 
minerals needed for plants. 
Plants treated with vermicompost have a well-
developed immune system, making them more 
resistant to disease and pest attacks. 
Moreover, the vermicompost is the only 
fertilizer accepted in the European Union as an 
amendment in organic farming. 
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Abstract 
  
The aim of the study was to determine cellulolytic activity depending on soil tillage in a long-term crop rotation under 
winter wheat agrocoenoses. There also were determined the cellulolytic activity in dependence of experimental plots 
location toward forest strip. The study was carried out at the Didactic Experimental Station “Chetrosu” of the State 
Agrarian University of Moldova on carbonate chernozem with sandy loam texture. The cellulolytic activity was 
determined according to the Misustin E., 1978, method based on the principle of cellulose decomposition under aerobic 
conditions by incorporating linen tissue in the 0-30 cm soil layer. The research has shown that soil cellulolytic activity 
is characterized with very low index level under both Plowing and No-till variants during June of 2017-2018 crop year 
- that registered dry weather conditions. The presence of forest strip near the crop land has revealed its beneficial 
influence on soil moisture preserve that facilitated cellulolytic activity on the plots located besides the forest strip under 
both soil tillage variants. It has been confirmed that forest strip (shelterbelt) form a microclimate with benefits for crop 
land. 
 
Key words: carbonate chernozem, cellulolytic activity, forest strip, soil moisture, soil tillage, weather conditions.  
 
INTRODUCTION 

 
Soils that are involved in agricultural 
production are influenced by powerful 
anthropogenic factors modifying the soil 
biological activity, physicochemical properties, 
and ultimately fertility. The study of the nature 
of the impact on soil microflora facilitates the 
selection process techniques, helping to 
improve soil fertility and its properties, makes 
it possible to predict changes in the level of 
cultivation. The most sensitive indicators, 
responsive to changing water and air, heat, soil 
nutrient regimes are soil microorganisms. 
However, despite the obvious need to study the 
soil microbocenosis, this issue is given little 
attention. Determination of the intensity of soil-
biological processes under the influence of 
anthropogenic change will allow establishing 
the level of biological activity, in order to select 
human impacts that have a positive impact on 
soil fertility and crop yields (Churkina Galina 
et al., 2012). 
Cellulose is the most abundant renewable 
natural product in the biosphere (Bakare et al., 
2005). The degradation of cellulosic biomass 

represents an important part of the carbon cycle 
(Spence et al., 2010) at both local and global  
scales (Lynd et al., 2002). A large number of 
cellulolytic microorganisms are involved in the 
decomposition of plant material in soil (Spence 
et al., 2010) so bio-sequestered carbon return to 
soil environment (Lynd et al., 2002).  
 Cellulolytic microorganisms are fundamental 
for the transformation of cellulose into sugars 
that are essential nutrients for various 
organisms (Bhat & Bhat, 1997). 
More than 90% of the global amount of 
cellulose is degraded in well aerated 
agricultural, grassland or forest soils (Bastian et 
al., 2009; Kurka, 2001).  
Soil microbial community is very dynamic and 
promptly affected by different soil uses 
regarding management, frequency and amounts 
of applied fertilizers, or any other disturbance 
(Cardoso et al., 2013). The preservation of soil 
microbial diversity is crucial for a balanced 
agro-ecosystem, especially under increasing 
agricultural intensification. In the past, 
agricultural practices have failed to promote 
populations of microorganisms, limit 
production yields and threaten sustainability. 
Agricultural practices such as organic farming, 
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reduced soil tillage, crop rotation, 
intercropping, and land use extensification may 
help soil microorganisms to become more 
abundant and active (García-Orenes et al., 
2013). 
Microbial abundance and activity are promoted 
by reduced tillage and fertilization, while 
incorporation of crop residues demonstrated a 
higher effect in comparison with other cropping 
technologies. Increase in microbial number and 
activity most likely occurred due to increases in 
organic matter and changes in organic matter 
quality. Development of sustainable 
agricultural strategies, based not only on crop 
productivity but also on ecological principles, 
is crucial to maintaining soil microbial 
communities as well as soil quality and fertility 
(Marinkovic, Jelena et al., 2018).  
The objective of this study was to assess the 
cellulolytic activity in carbon chernozem under 
different soil tillage. Also the presence of forest 
strip near the experimental plots allowed to find 
out its influence on the agroecosystem soil 
moisture and respectively cellulolytic activity. 
 
 MATERIALS AND METHODS 
 
The present study was carried out on carbonate 
chernozem with sandy loam texture at the 
educational and experimental station of the 
State Agrarian University of Moldova DES 
Chetrosu in a long-term crop rotation (Photo 1).  
 

 
Fhoto 1. Carbonate chernozem DES Chetrosu 

 
The cellulolytic activity has been determined 
depending on: soil tillage - conventional 

(plowing) and conservative (No-till - 5 years 
old) and the spatial location of experimental 
plots against old forest strip - the plot no. 3 is 
located near forest strip and the plot no. 7 in the 
middle of the experimental field. 
 The cellulolytic activity was determined 
during June of 2017-2018 crop year according 
to the Misustin E., 1978, method based on the 
principle of cellulose decomposition under 
aerobic conditions by incorporating linen tissue 
in the 0-30 cm soil layer for 30 days, under 
winter wheat agrocoenoses (Photo 2).  
 

 
Photo 2. Experimental field with winter wheat 

 
The results of cellulolytic activity was 
evaluated according to Table 1.  
 

Table 1. Values of cellulolytic activity on chernozems 
(Misustin E., 1978) 

Index level Cellulolytic activity 
Very low < 36 
Low 36-52 
Middle 52-68 
Great 68-84 
Very great > 84 

 
There were also determined soil moisture 
(May, June) and resistance to penetration 
(May).  
Chemical and physical soil properties were 
determined according to methods 
recommended and used in the pedological 
monitoring of Republic of Moldova (V. 
Cerbari, 1997; 2010). 
The soil of researched agroecosystem is 
carbonate chernozem characterized by the sub-
moderate humus content (2.4% in 0-30 cm soil 
layer), the sum of Ca++ and Mg++ in arable 
layer is about 22.0 me/100 g soil. The 
carbonates are present throughout the profile 
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Ap-Ahk-Bhk-BCk-Ck, ranging from 1% in the 
upper layer to 8% at a depth of 110-120 cm. 
Soil reaction is slightly alkaline. 
The weather conditions registered for 2017-
2018 crop year (Figure 1) show that the months 
in which occurred research (May, June) was 
characterized with average temperatures over 
3°C to multiannual average (1881-2003).  
The amount of rainfall registered deficit to 
multiannual average: during May the 
precipitation deficit has been 28.7% and for 
June - 58.4%.  
 

 
 

 
Figure 1. Meteorological conditions of 2017-2018 crop 

year, DES Chetrosu: a) temperature; b) precipitation 

RESULTS AND DISCUSSIONS 
 
The different cropping systems, inclusive soil 
tillage, can have a positive or negative effect on 
microbiological number and activity, which 
directly reflect the fertility of the soil 
(Falkowski et al., 2008). 
Soils exposed to disturbance by tillage can be 
more susceptible to reductions in soil 
microorganisms due to desiccation, mechanical 
destruction, soil compaction, reduced pore 
volume, and disruption of access to nutrient 
resources (Huang et al., 2013). Ploughing and 
tillage operations facilitate aeration in soil and 
exposure of soil to light and thereby increase 
the biological activity of organisms, particu-
larly of bacteria (Roger-Estrade et al., 2010). 
Non-agricultural soils as no-tillage systems 
under native vegetation have a stimulatory 
effect on the microbial parameters 
(Marinkovic, Jelena et al., 2018). 
With the purpose to know physical soil con-
ditions on which largely depends cellulolytic 
activity there have been studied – soil moisture 
and resistance to penetration under Plowing 
and No-till variants (Table 2). 
The research occurred in mid-May under 
winter wheat agrocoenoses has shown the same 
tendency regarding soil moisture and settlement 
of 0-50 cm layer for both investigated variants 
(Plowing and No-till). So the 0-20 cm soil layer 
has distinguished with 18% moisture and with 
close values of resistance to penetration - 13.2 
kgf/cm2 for Plowing and 16.4 kgf/cm2 for No-
till variant.  
The underlying 20-50 cm soil layer has been 
very different from previous one: moisture has 
decreased to 13% and resistance to penetration 
has grown much to 30 kgf/cm2 values under 
both variants.  
The observed soil moisture difference could be 
caused by small amount of precipitation that 
has penetrated only surface soil layer, while 
more favourable soil resistance to penetration 
registered in 0-20 cm layer, beside good 
moisture conditions is due to roots abundance 
of winter wheat - concentrated mainly in the 
upper soil layers. 
The research of cellulolytic activity (June) 
parallel spent with soil moisture determination 
(Tables 3, 4) shows the close dates under both 
soil tillage variants (Plowing and No-till). The 
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index level of cellulolytic activity during June 
is very low - the tissue breaking (% to the 
initial mass) has registered the limits of 28.0-
34.0% (Figure 2). This has been coused by dry 
weather conditions of June caracterized with 
unsuficient precipitations (deficit of 58.4% to 
multiannual average) and high temperatures 
that registered over 3°C to multiannual average 
(Figure 1). So the main limiting factor that has 
inhibited cellulolytic activity was soil moisture 
that registered limits of 12.3-15% in arable 
layer (0-30 cm) (Photo 3). 
 

 
Photo 3. The arable layer (0-30 cm) of carbonate 

chernozem 

The presence of forest strip near the crop land 
has revealed its beneficial influence on soil 
moisture preserve (Table 3) - on the plot no. 3, 

situated near the forest strip, has been 
registered higher soil moisture content (15%) in 
arable layer comparatively with the soil 
moisture (12.3%) of experimental plot no. 7 - 
situated in the middle of the field. The 
differences of 3% soil moisture recorded 
between these plots has facilitated cellulolytic 
activity near forest strip (Table 4) under both 
soil tillage variants. 
It has been confirmed that around forest strip 
(shelterbelt) is formed a microclimate with 
many benefits for crop land: give a protection 
from wind, reduce evapotranspiration from 
crop lands, reducing transpiration from plants, 
controls blowing snow, habitat for wildlife, 
shelter for honeybees, energy saving, aesthetic 
value (Molla Mekonnen Alemu, 2016). 
One of the main tasks of agricultural and 
microbiological science is to solve the problem 
of soil fertility and plant productivity. Research 
has so far proved that microorganisms present 
one of the main factors of soil fertility and 
growth plants. Soil microflora and, in 
particular, that part of it that develops around 
the roots, acts directly on plant growth and 
development. These microorganisms perform 
differently functions depending on their own 
particularities and host plants. Some are able to 
optimize soil fertility dissolving its mineral and 
releasing some of the nutrients into forms 
accessible to plants (Кожемяков, Тихонович, 
1998; Onofraş et al., 2003). 

 

Table 2. Physical soil conditions under winter wheat, May 2018 

Soil tillage Depth, cm Moisture, % Penetration  
resistance, kgf/cm2 

Plowing 

0-10 19.07 9.0 
10-20 17.14 17.3 
20-30 12.52 29.9 
30-40 13.45 30.0 
40-50 13.64 30.0 

 

No-till 

0-10 20.11 11.9 
10-20 15.46 20.8 
20-30 11.67 28.9 
30-40 12.87 29.6 
40-50 13.16 30.0 
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Table 3. Soil moisture under winter wheat agrocoenoses depending on soil tillage and experimental plot, June 2018 

Depth, cm 

Plowing No-till  

Plot no. 3 
(near forest strip) 

Plot no. 7 
(in the middle of the 
experimental field) 

Plot no. 3 
(near forest strip) 

Plot no. 7 
(in the middle of the 
experimental field) 

0-10 17.51 
14.9 

12.21 
12.3 

15.52 
15.0 

11.37 
12.4 10-20 15.46 12.38 15.99 12.93 

20-30 11.67 12.36 13.36 12.78 
30-40 12.87 

12.8 

12.90 

13.0 

12.98 

13.4 

12.33 

13.6 

40-50 13.16 13.11 12.31 12.86 
50-60 13.41 13.34 12.07 12.98 
60-70 12.10 12.63 13.43 13.89 
70-80 12.97 12.97 13.48 14.18 
80-90 12.64 13.67 14.16 14.36 

90-100 12.37 12.94 14.25 14.78 
100-110 12.89 12.17 14.28 13.68 

 

Table 4. Cellulolytic activity (%) depending on soil tillage and experimental plot, June 2018 

Soil tillage Plot 
nomber  Depth, cm Tissue breaking, % to the initial mass Index level 

Plowing 

3 
0-10 32.1 

31.9 

Very low 

10-20 32.8 
20-30 30.9 

7  
0-10 28.0 

29.3 10-20 29.5 
20-30 30.3 

 

No-till 

 3 
0-10 33.0 

32.9 10-20 34.0 
20-30 31.8 

7 
0-10 28.6 

29.7 10-20 29.8 
20-30 30.8 

 

 
Figure 2. Tissue breaking, June 2018 

 
CONCLUSIONS 
 
Determination of physical soil conditions - soil 
moisture and resistance to penetration (mid-
May) under winter wheat agrocoenoses has 
shown the same tendency for both soil tillage  

variants (Plowing and No-till). The resistance 
to penetration is high (about 30 kgf/cm2) in the 
20-50 cm soil layer and favourable in 0-20 cm 
layer, that beside good moisture conditions, 
may be caused by roots abundance of winter 
wheat - concentrated mainly in the upper soil 
layers. 
The weather conditions registered for May, 
June of 2017-2018 crop year are characterized 
with average temperatures over 3°C to 
multiannual average (1881-2003) and with 
precipitation deficit of 28.7% for May and of 
58.4% for June. 
The research of cellulolytic activity, parallel 
spent with soil moisture determination, showed 
the close dates under both soil tillage variants 
(Plowing and No-till).  
The index level of cellulolytic activity during 
June is very low - the tissue breaking (% to the 
initial mass) has registered the limits of 28.0-
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34.0%. The cellulolytic activity was inhibited 
by drought. 
 The presence of forest strip near the crop land 
has revealed its beneficial influence on soil 
moisture preserve. The plot situated near the 
forest strip, has been registered higher soil 
moisture content (15%) in arable layer 
comparatively with the soil moisture (12.3%) 
of experimental plot situated in the middle of 
the field. The differences of 3% soil moisture 
content recorded between these plots has 
facilitated cellulolytic activity near the forest 
strip under both soil tillage variants. It has been 
confirmed that around forest strip (shelterbelt) 
is formed a microclimate with benefits for crop 
land. 
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Abstact 
 
The elimination of waste from every industry is one of the critical problems facing manufacturers. Different 
technologies for different types of waste can be used in a way that is as convenient as possible for the manufacturer. 
Textile industry is one of the fields of activity that produces a series of biodegradable waste. Among these, the waste 
generated by the industrialization of wool is a product whose disposal in the environment requires sustainable 
treatment processes. Therefore, scientific literature has proposed the transformation of waste wool by composting and 
its direct use as an amendment for agricultural and gardening soils. 
 
Key words: waste wool, biodegradation, recycling, agriculture, composting. 
 
INTRODUCTION 
 
The textile industry affects the environment by: 
high consumption of water used for wool 
washing, energy consumption and pollutants. 
Also for the solubilization of wool cloth 
substances that provide protection for animals 
against precipitation, as well as the large 
amount of waste generated by the felt 
processing technology. 
Wastes from the wool processing industry, 
respectively from the felt factory, are a 
secondary problem, but at the same time 
important, which is generally solved by the 
accumulation of large quantities of waste 
deposited in the special waste disposal site, 
being transported in the final landfill. 
In addition, Directive 75/442/EEC establishes a 
waste hierarchy. The most desirable is the 
prevention of waste and the minimization of 
waste generation, by these measures being 
understood also the transformation into 
compost (raw material as an organic fertilizer 
for agriculture). Waste is thus transformed into 
raw material for composting that no longer 
generates waste, being a beneficial product for 
agricultural production. 
European Directive (1999/31/EC) on the 
landfill of waste for the collection and 
processing of biodegradable waste as well as 
the European Directive (2008/98/EC) laying 

down measures for the protection of the 
environment and the health of the population. 
Composting is a means of achieving minimal 
expense and maximum benefit if used as a 
concentrated organic fertilizer applied to crops 
with long-lasting vegetation. 
 
MATERIALS AND METHODS 
 
The compost burst was built on the field of 
University of Agronomic Sciences and 
Veterinary Medicine of Bucharest. In the 
summer of 2017 wool wastes from the felt 
factory, wheat straw and cattle dung from the 
Prince Mill. Waste is considered as a residual 
polluting product by the felt industry but can be 
used as raw material and not as waste in the 
form of compost, as an organic fertilizer and as 
an amendment to soil fertility, generating 
benefits at minimal cost. 
In order to build the composting pile under 
ideal conditions and to obtain sufficiently high 
temperatures, for the sterilization of weed seeds 
and pathogenic microbial agents, other organic 
waste was used to stimulate the composting 
process (Wiese et al., 1998; Hustvedt G. et al., 
2016). 
Due to the high organic nitrogen content of 
wool fibers (waste), we used the supra unit 
fraction to obtain the proper proportions of 
composting materials composting: 
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R  

where: 
R - C/N ratio; 
M1, M2, M3 - mass of materials subject to 
composting (g, kg); 
C1, C2, C3 - carbon of materials (%); 
N1, N2, N3 - nitrogen of materials (%);
U1, U2, U3 - moisture of materials (%). 
Following mathematical calculations, we 
obtained a C/N ratio of 20-25 (Table 1). 
 
Table 1. The C/N ratio in 2017 to the construction of the 

compost pile 

The material H2O 
% 

Mass 
(g, 
kg) 

C 
% 

N 
% 

Report 
C/N 

(20-25) 

Straw 10.19 10 48 0.5 

22.448 Wool waste 21.47 1 50 17 

Cattle 
buckwheat 45 3 25 3 

 
The composting pile contains 10 kg of straw, 1 
kg of wool waste and 3 kg of bovine manure in 
successive layers. The mixture was made in the 
stamps, so as to obtain uniformity of the 
materials subjected to composting (Figure 1). 
 

 
Figure 1. Laying in successive layers of materials subject 

to composting 
 
The compost burst was built according to P. 
Pfeiffer's recommendations in 1966 so it is 
presented in (Figure 2). 
The layering of the materials subject to 
composting has been done manually for a 
better distribution of materials.  
The waste of wool was evenly distributed along 
with straw and bovine manure.  
The height of the compost pile ranged from 1.5 
to 2 m depending on the degree of decom-
position of the materials. 

 
Figure 2. Compost piles after Pfeiffer P., 1966 

 
This height allowed the heap to generate 
enough heat to inactivate pathogens (including 
weed seeds). Removal of the composting pile 
was done monthly, manually, from top to 
bottom to ensure that the exposed exposed 
surfaces were buried inside the pile each time 
the pile was reshaped. This allowed all weed 
seeds and pathogens to be exposed to high 
temperatures inside the heap. Humidity was 
provided by spraying. 
 
RESULTS AND DISCUSSIONS 
 
In the first month of the pile construction, the 
temperature was measured in the middle of the 
pile once every 2-3 days, approximately the 
same hour, in three rehearsals. 
For this, temperature evolution was tested by 
18 determinations. Using the Excel application, 
linear regression (Figure 3) and square 
regressions (Figure 4) and cubic (Figure 5) 
were determined for which the correlation 
ratios (Table 2) were determined to determine 
the function that best approximates the 
composting process. 
 

 
Figure 3. Regression of the temperature relative to the 

incubation period in the composting piles in the 
Experimental Field of the Faculty of Agriculture - 

Bucharest in 2017 
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Figure 4. The quaternary regression of the temperature 

from the incubation period in the composting piles in the 
Experimental Field of the Faculty of Agriculture - 

Bucharest in 2017 
 

 
Figure 5. The third degree regression of the temperature 
from the incubation period in the composting piles in the 

Experimental Field of the Faculty of Agriculture - 
Bucharest in 2017 

 
Table 2 shows that the highest correlation 
correlation coefficients of 0.932 were achieved 
at cubic regression, although at 18 pairs of 
values both linear regression with the 
correlation ratio of 0.854 and the square with 
0.888 of the test showed them very significant. 
 
Table 2. Regressions and values of correlation ratios that 

related to the temperature and incubation period in the 
incubation process 

 
The type of equation 

The value 
of R under 
the radical 

 
Semnificațion 

y  0.854 ��� 
y  0.889 *** 
y

 
0.932 *** 

 
The mixture was monitored and remixed once a 
month as the heap temperature began to 
decrease, averaging 41.23°C.  
This low average temperature is due both to the 
depletion of the sources of nutrition of 
heterotrophic microorganisms and to the 
reduction of compostable organic matter, as 

well as to the decrease of atmospheric 
temperatures. 
One month after the founding of the pile, we 
found molds on straw but also on wool waste 
(Figure 6). 
 

 
Figure 6. Appearance of molds on wool waste under 

composting, 2017 
 
As can be seen in Figure 6, we find that 
actinomycetes and fungi micelles are colonized 
on the material subjected to composting 
(prehumic materials) with heterotrophic 
bacteria.  
Some of these are thermogenic (heat), which 
contributes to the increase of the temperature 
from the compost stack to the average of 
59.83ºC, as self-biosterilization agent, when the 
humification and mineralization processes 
begin to satisfy both the release of mineral 
molecules and molecules of related pre-human 
substances. 
The color of materials subject to composting 
becomes more and more dark. The wool 
(waste) wool due to the keratinous outer cover 
is hardly biodegradable and therefore we have 
introduced as a stimulator for the 
biodegradation of the keratin layer, the bovine 
waste. 
The introduction of the bovine manure into the 
composting mixture was done to stimulate the 
growth of the number of heterotrophic 
microorganisms necessary to stimulate the 
keratinolytic factors, which would degrade the 
keratin embodying the wool yarn.  
The aspect of biodegradation of wool waste 
was followed by a microscope, obtaining the 
photographic image (Figures 3, 4, 5) of the 
appearance of keratin biodegradation. 
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Figure 3. Appearance of uncomposed wool waste 

 

 
Figure 4. Appearance of compost wool waste  

in the first month of reshuffle 
 

 
Figure 5. Appearance of wool debris with degraded 

keratin layer 
 
After maturation, compost produced from wool 
waste, cattle manure and wheat straw was 
sifted manually.  
The compost samples were then sent for 
analysis to the Chemistry Laboratory of the 
Academy of Agricultural and Forestry Sciences 
“Gheorghe Ionescu-Şişeşti” (Bucharest). 

Since the compost pile is diminishing over time 
in size, the collected samples were inside the 
pile, for the analyzes to be representative of all 
materials subject to composting. According to 
the analysis report, the chemical test method of 
the mixture of compost materials is shown in 
(Table 3), as follows: 

� Organic carbon (Corganic), wet 
oxidation; 

� Organic matter (MO) through loss at 
calcination; Methodology I.C.P.A. 
(1981), Vol. 1, Cap. 23, PT 44; 

� Azot Kjeldahl (Nt), SR EN ISO 20483: 
2007, PTL 11; 

� Nitric nitrogen (N-NO3) determined 
potentiometrically, ICPA Methodology 
(1980), ch. 4 PT 98. 

 
Table 3. Analytical results 

No Identification Corganic 
% 

MO 
% 

Nt 
% 

N-
NO3 

mg/kg 
1 Repetition 1 17.3 34 1.302 178 
2 Repetition 2 18.0 37 1.318 177 
3 Repetition 3 19.4 36 1.323 178 

Average 18.2 35.6 1.314 177.6 
 
The results of these tests indicate that, on 
average, compost produced from wool waste is 
suitable for use in agriculture. 
 
CONCLUSIONS 
 
The experiment presented in this chapter was 
an attempt to understand the use of wool waste 
for agricultural purposes as an extremely 
valuable organic fertilizer as raw material for 
obtaining superior, unpolluted and non-waste 
agricultural produce. 
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Abstract 
 
The desire for sustainable agriculture has begun to spread in the las decades. The main issues of  growing strawberries 
in organic system are represented by the control of diseases and pests and weeds control. Their appearance and 
development is directly influenced by agro-climatic factors, being, in this case, necesarry to use the most effective 
techniques and methods to control them. Thus, for the control of  weeds the soil was mulched with black plastic. The 
soil temperature and humidity was monitorized in fieldd and tunnel using two HOBO microstations. The sensors were 
placed at 10-15 cm depth. In field were registered the rainfalls and air temperature  at a heigh of 1m. Durring the study 
(March-June 2018), the highest values of soil temperature and moisture were recorded in tunnel. From phytosanitary 
point of view, the fluctuations of agro-climatic factors influenced both the variety and the amount of strawberries 
affected by fungal diseases. The highest quantity of strawberries was affected  in field. 
 
Key words: agro-climatic factors, monitoring, organic system, soil, strawberry disease.  
 
INTRODUCTION 
 
Due to the high demands of consumers for 
organic products, especially in North America 
and Europe, gouvernments of many countries 
make efforts to encourage farmers to make the 
transition from conventional farming to organic 
farming system (Willer et al., 2009). 
Sustainable agriculture is based on the 
intensification of ecological processes, thus 
prohibiting the use of all synthetic inputs 
(FAO/WHO Codex Alimentarius Commission 
1999). 
Globally, agricultural area under organic 
management has increased significantly, with 
an area of 50.9 milion ha in 2015, compared to 
11 milion ha in 1999 (Willer & Lernoud, 2016; 
2017). 
Increasing interest for this type of agriculture 
has led to a deepening of research, being 
developed effective practices for the 
development of sustainable agriculture (Graf & 
Häselli, 1991; Röser, 1992; Neuweiler, 
1997a;1997b).  

Thus, the control of diseases, pestst and weeds 
is a major concern for farmers who are 
practicing this type of agriculture. 
The strawberry crop (Fragaria x annanasa 
Dutch.), due to the high content of C vitamin, 
ß-caroten and other nutrients that are beneficial 
for health, has become one of the most popular 
crops worldwide, the total surface cultivated in 
2017 being estimated, according to FAO, 
395.844 ha (Monda, 2017). 
The performances of different mulch systems 
on plant health and fruit yield are often 
inconsequent, and their effect seems to be 
related to the changes in microclimate (Passos, 
1997; Maas, 1998). 
Having a high susceptibility to water stress, the 
use of black plastic mulch plays an important 
role in soil moisture conservation, weed control 
and keep the fruits clean (Kasperbauer, 2002). 
In the same time adjusts the soil temperature, 
reduces water loss caused by evaporation, thus 
decreasing irrigation frequency, enhance 
nutrients absorption and provides a better 
growth and development of the roots compared 
to organic mulch or white polyethylene (Gupta 
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& Acharya, 1993; Khadas, 2014; Sharma, 
2002; Ramakrishna, 2006). 
Compared to other irrigation systems, to ensure 
the water requirements, drip irrigation presents 
a number of advantages which contribute to 
avoid  formation of a humid microclimate 
favorable to diseases development, especially 
the fungal ones (Howard et al., 1992; Madden 
et al., 1993; Tanaka et al., 2005; Tanaka, 2002). 
An important management tool against diseases 
and pests is soil solarisation, which is a process 
that increases the soil temperature due to the 
solar radiation using a plastic material. High 
temperatures will therefore be at the expense of 
pathogens from the soil (Katan, 1981). 
The purpose of this paper is represented by the 
influence of mulch system on development of 
fungal diseases on strawberry crop and on 
agro-climatic factors. 
 
MATERIALS AND METHODS 
 
The experience was set up at the research 
station Landwirtschaftskammer Nordrhein-
Westfalen Köln-Auweiler, Germany. 
Köln area is bordered in West by the 
Bergisches Land mountainous region and in 
South by Eifel mountains and is characterized 
by a temperate climate with high humidity 
during the summer and gentle winters with 
oceanic influences. The pluviometric regime is 
characterized by an annual rainfall average of 
676 mm. 
According to german literature, the type of soil 
present in Köln-Düsseldorf region is 
represented by “Parabraunerde”. This type of 
soil has been formed by the terraced deposition 
of alluviums, followed by the flooding of the 
area, by Rhein river, the upper layer having a 
clayey texture (Ameldung et al., 2018; Leitgeb 
et al., 2013).  
In Federal Republic of Germany 
“Parabraunerde” together with “Fahlerden” 
belong to Luvisol (Lessivés) class within 
“Terestriche Böden” department (Landböden). 
“Parabraunerden” may also be known as 
loamy-illuvial brown soil. 
These are characterized by an A humic horizon, 
intermediate horizon (AlBv) with a low content 
of clay, Bt loamy horizon and C horizon which 
is limestone with rich sediments of quartz and 
silicate. 

After the analise of the soil profile of 
Landwirtschaftskammer Nordrhein-Westfalen 
Köln-Auweiler, the 0-200 cm layer is 
composed of roughly equal amounts of clayey 
and loamy soils. 
The biological material used in the trial was 
represented by the varieties Rumba, Sonata and 
Clery, which belong to Fragaria x ananassa 
Dutch. species, wide spread in countries with 
advenced agriculture.  
Planting was done on asparagus dam on 
14.07.2017. Due to the large width of the dam, 
planting was done on two rows. The distance 
between plants was 30 x 30 cm and the 
distance between dam was aproximately 170 
cm. To combat weeds between plants, the dam 
was covered with black polyethylene. Between 
dams, after plantig, was used against weeds, 
My-Pex, which is a waterproof material. 
During the winter, in periods of near-frost 
temperatures, the plants were coated with a 
white microporous textile, to protect the 
strawberries against frost. In January 2018, one 
of the experimental fields was covered with 
transparent polyethylene, which is intended for 
protected field. 
In March 2018 two microstations HOBO-
MAN-H21-002 were installed, in both fields. 
The sensors for temperature and moisture were 
placed at 10 cm depth in soil. In field were 
recorded air temperature and rainfall too. 
The recording of climatic parameters took 
place every 10 minutes and the data was 
downloaded at the end of the harvest period. 
During the harvest period, observations were 
made on the following: the occurrence and 
evolution of strawberry diseases analyzing the 
fruits at each harvest, the monitoring of agro-
climatic factors using the HOBO microstations, 
the amount of fruits affected by Sphaeroteca 
macularis, Botrytis cinerea, Phytophtora 
fragariae and Colletotrichum fragariae. 
 
RESULTS AND DISCUTIONS 
 
A. Climatic parameters 
The thermal regime of the soil is influenced by 
a complex of factors, especially by the intensity 
of solar radiation and its periodic variations 
over time. In addition of these factors, the 
physical properties of the soil, composition, 
texture, degree of moisture or dryness of the 
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soil, specific heat, thermal conductivity and the 
degree of soil cover with vegetation influence 
the evolution of soil temperature. 
The soil temperature present significant 
variations between day and night in field, 
throughout the study period (figure 1). Thus, 
the black plastic mulch under the influence of 
solar radiation favors the increase of soil 
temperature during the day but its capacity to 
conserve it over night is low. 
In tunnel, a better temperature preservation 
occurs, with monthly averages, higher than in 
the field. This is influenced by the presence of 
the second layer of plastic, used to create the 
protected space. 
In tunnel, the temperature average in March 
starting with the station’s installation date was 
10.70°C, with a maximum of 16.25°C and a 
minimum of 7.16°C. In field, the mothly 
average recorded a value of 6.87°C while the 
maximum temperature was 21.17°C and the 
minimum was 0.88°C. In April, the monthly 
average recorded in field  was 14.93°C, while 
in tunnel was with 1.30°C higher. The 
differences are also visible from the point of 
view of minimum and maximum temperatures. 
The therrmal parameter of soil had also 
changed in May, when the monthly average 
was 20.23°C in tunnel and 19.71°C in field. 
Maximum temperatures registered have values 
between 21.61°C and 30.20°C, while the 
minimum temperatures are between 8.69°C and 
12.61°C. 
In June, monitoring and recording of agro-
climatic factors did not took place throughout 
the entire month due to the end of harvest 
period. Thus, the monthly average recorded in 
tunnel until the 9th of June 2018, when the field 
were abolished, is 23.57°C with a maximum of 
29.11°C and a minimum of 20.17°C. In open-
field, until the crop abolish (16th June 2018), 
the monthly average was 21.58°C, with a 
minimum of 15.10°C and a maximum of 
29.92°C. 

 
Figure 1. Evolution of soil temperature (°C) 

(Field, 2018) 
 

 
Figure 2. Evolution of soil temperature (°C) 

(Tunnel, 2018) 
 

In this situation we can say that in case of 
tunnel, the use of second layer of polyethylene  
has the effect of reducing the temperature 
losses inside the dam both during the day and 
during the night, compared to field. 
As regarding the soil moisture, there is a 
decrease of recorded values in both experi-
mental fields starting with the microstation’s 
installation date and ending with the moment of 
abolishing the fields, even if a constant 
irrigaton occurred. 
The monthly averages recorded in tunnel had 
values between 0,197 m3/m3 and 0,174 
m3/m3,while in field the values were between 
0,191 m3/m3 and  0,153 m3/m3 (Figure 3). The 
influence of the second layer of plastic in case 
of the tunnel can also be observed in the 
evolution of soil moisture. Thus, the high 
temperatures inside the dam, in field have a 
direct impact on soil’s moisture evolution. 
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Figure 3. Monthly average of soil moisture (m3/m3 ) - 2018 

 
The rainfalls peaked a maximum in March 
(56.40 mm), followed by April (48.60 mm) and 
June (42.31). From this point of view, the 
lowest amount of rainfall was recorded in May, 
with a volume of 18.60 mm. 
The influence of precipitations on soil’s 
humidity can be observed in April, when, with 
an amount of 48.60 mm, the soil moisture in 
field was close, as value, to the tunnel, 
compared with May and June.  
The air temperature was monitorized only in 
field at a hight of 1 m. The monthly averages 
were between 6.17°C in March and 19.67°C in 
June. In April and May the monthly averages 
had values of 13.53°C respectively 17.73°C 
(Figure 4). The highest daily average was 
recorded in May (23.55°C). 
 

 
Figure 4. Air temperature in open field °C (2018) 

 
B. Phytosanitary analysis 
The most common strawberry diseases are 
caused by pathogens of a fungal nature, such 
as: leaf scorch, powdery mildew, anthracnose, 
grey mould, strawberry crown rot, strawberry 
red core. Their severity depends on the 
susceptibility of the variety, meteorological 
conditions and the degree of source infection  
 

(Müller, 1995; Jarvis, 1964; Meszka & 
Bielenin, 2011). 
In the present study, during the vegetation 
period, were made observations on the attack 
of: Botrytis cinerea, Phytophtora fragariae, 
Sphaerotheca macularis and Colletotrichum 
fragariae. 
According to the literature, the optimal 
conditions for germination of conidia and 
development of viruses are temperatures 
between 15-25°C, high relative moisture during 
the flowering and fruiting period, rainfall and 
excesive irrigation (Howard, 1972; Devaux, 
1978). 
Taking into account the mulching with black 
plastic, the higher incidence of diseased plants 
could be associated to a higher soil temperature 
compared with the clear plastic. For example, 
in case of anthracnose (Colletotrichum 
fragariae), the high degree of attack using this 
system of mulching was attribute to the high 
soil temperature compared to other studied 
mulch systems (Camargo & Igue, 1973; Passos, 
1997). 
Fluctuations of agro-climatic factors influence 
the appearence and development of fungal 
diseases from a harvest to the other varying 
both the amount, in grams (g), and strawberry 
variety, in both trials (Tables 1, 2). 
Due to the agro-climatic variations, the bigest 
amount of strawberries affected by 
Phytophtora fragariae and Sphaeroteca 
macularis were in tunnel. In field, due to the 
rainfall, was favorized the development of 
Botritys cinerea, being recorded the bigest 
amount of strawberries affected, followed by  
the attack of Colletotrichum fragariae. 
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Table 1. Response of the studied strawberry varieties to the diseases appeared in TUNNEL 

Variety Date of 
harvest 

Phytophtora 
fragariae 

 (g) 

Colletotrichum 
fragariae  

(g) 

Botrytis 
cinerea  

(g) 

Sphaeroteca 
macularis  

(g) 
Sonata 07.05.2018 290 0 64 0 
Rumba 07.05.2018 507 0 0 0 
Clery 07.05.2018 382 312 0 0 

Sonata  10.05.2018 308 0 0 0 
Rumba 10.05.2018 360 188 28 6 
Clery 10.05.2018 44 158 10 0 

Sonata   17.05.2018 94 142 34 118 
Rumba 17.05.2018 105 203 21 10 
Clery 17.05.2018 24 26 0 0 

Sonata   29.05.2018 0 30 26 1,002 
Rumba 29.05.2018 16 64 0 196 
Clery 29.05.2018 0 12 0 0 

Sonata   01.06.2018 0 62 0 184 
Rumba 01.06.2018 0 10 0 6 
Clery 01.06.2018 0 0 0 0 

Sonata    05.06.2018 0 0 0 6 
Rumba  05.06.2018 0 0 11 0 
Clery  05.06.2018 0 0 0 0 

 
Table 2. Response of the studied strawberry varieties to the diseases appeared in FIELD 

 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variety Date of 
harvest 

Phytophtora 
fragariae  

(g) 

Colletotrichum 
fragariae  

(g) 

Botrytis 
cinerea  

(g) 

Sphaeroteca 
macularis 

(g)  
Sonata  24.05.2018 57 47 74 21 
Rumba 24.05.2018 442 26 90 24 
Clery 24.05.2018 20 194 158 0 

Sonata   29.05.2018 55 473 277 0 
Rumba 29.05.2018 94 166 342 0 
Clery 29.05.2018 0 286 568 0 

Sonata   29.05.2018 55 473 277 0 
Rumba 29.05.2018 94 166 342 0 
Clery 29.05.2018 0 286 568 0 

Sonata   01.06.2018 0 42 120 0 
Rumba 01.06.2018 0 90 144 0 
Clery 01.06.2018 10 180 412 0 

Sonata   05.06.2018 178 575 824 5 
Rumba 05.06.2018 48 126 1,018 0 
Clery 05.06.2018 0 0 3,284 0 

Sonata   08.06.2018 331 427 83 16 
Rumba 08.06.2018 228 414 132 14 
Clery 08.06.2018 372 230 148 2 

Sonata   12.06.2018 0 6 96 0 
Rumba 12.06.2018 0 18 292 0 
Cl 12 06 2018 0 0 54 0
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In tunnel, during the harvest period, the bigest 
ammount of fruits were affected by 
Phytophtora fragariae at the begining of 
ripening due to the high moisture from the 
soil, while at the middle of harvest period, 
due to the increase of soil and ai temperature, 
were observed the highest attack of 
Sphaeroteca macularis. Comparing the field 
with the tunnel can be observed that, due to 
the rainfall, the ammount of strawberries 
affected by Sphaeroteca macularis is lower, 

while the attack of Botrytis and 
Colletotrichum is more pronounced to all 
varieties studied. The influence of agro-
climatic factors and mulching system on the 
evolution of the  studied diseases, is more 
pronounced in field over the entire period, 
from quatitive point of view (grams) as 
shown in Table 3. Also it vary, in the same 
time, the variety affected by each diseases 
studied. 

 

Table 3. Total amount of strawberries affected by phytopathological agents   

Variety  

Phytophtora 
cactorum  

(g) 

Colletotrichum 
fragariae  

(g) 

Botrytis cinerea  
 

(g) 

Sphaeroteca 
macularis  

(g) 
Tunnel Open 

field 
Tunnel Open 

field 
Tunnel Open 

field 
Tunnel Open 

field 
Sonata  692 621 234 1,571 124 1,474 1,310 41 
Rumba 988 812 465 840 60 2,018 218 38 
Clery 450 402 508 890 10 4,624 0 0 

TOTAL 2,130 1,835 1,207 3,301 194 8,116 1,528 79 
 
CONCLUSIONS 
 
Mulching with black plastic influences 
directly the evolution of soil moisture and 
temperature both in field and tunnel. 
The conservation capacity of the studied agro-
climatic factors and their fluctuations are 
influenced, in case of the tunnel conditions, 
by the presence of the second layer of plastic 
used to create the protected space. 
Analyzing the optimal conditions for 
development of phatogenic agents, the use of 
black plastic favors their evolution in field, 
due to the highest temperatures over the day 
in relation with atmospheric humidity. 
From phytosanitary point of view, the most 
pronounced attack of Phytophtora fragariae 
and Sphaeroteca macularis was in tunnel, 
while the strongest attack of Colletotrichum 
fragariae and Botrytis cinerea was in field. 
The greatest amount of strawberry affected by 
fungal diseases was recorded in field  
compared to the tunnel. 
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Abstract 
 
Research over three years has allowed us to highlight the extension of the fruit plantations in Glodeni district. In the 
area of fruit plantations, the apple showed 98.1% of the total area of the trees. The structure of the species of fruit 
plantations does not correspond to the requirements of the national economy and requires optimization through the 
ecological reconstruction of the existing orchards. All orchard soils have at the top of the profile a dilapidated layer 
with an average depth of 57.3%, non-homogeneous by color, structure and other morphological indices, with 
physicochemical properties and nutrient assurance, which mostly determines the spreading the root system and the 
productivity of the fruit plantations. It was highlighted that the 3 years average values of real production were lower 
than the potential one, which requires more favorable conditions for fruit plantations. 
 
Key words: agro ecology, tree species, fertility, pretability. 
 
INTRODUCTION 
 
The efficient exploitation of the ecological, 
technological and socio-economic conditions of 
each unit or area is one of the main objectives 
of agricultural science and practice, fruit 
growing being an important place in the 
creation of agricultural resources, being known 
from ancient times one of the branches main 
and economically efficient agriculture in our 
country. Fruit growing previously occupied 
approx. 6-7% of the area of agricultural land, 
providing 20% the benefit from the marketing 
of agricultural production. Average fruit 
production amounted to 950 thousand tons per 
year, while the average production per hectare 
was - 7.3 tons.  
Assessing the condition created in this basic 
branch of the agro-industrial complex, there is 
a sharp decrease in the global fruit harvest 
averaging 2.5 times. Under these conditions, it 
is necessary to carry out profound research on 
the substantiation of the sustainable 
development prospects of the fruit growing 
branch (Babuc, 2012; Dadu, 2011).  
Currently in the Republic of Moldova most of 
the fruit plantations have exceeded the age of 
20-30 years, they can be more easily affected 
by changes in the environment: climate, relief, 
hydrology, soil etc., with low production 

potential and reduced exploitation value. In 
accordance with the concept of sustainable fruit 
growing, the strategic direction consists in the 
efficient exploitation of existing orchards with 
the potential for unproductive productivity and 
their gradual replacement with new type 
orchards with modern assortment and modern 
technologies adapted to the concrete production 
conditions for efficient use of the ecological, 
biological, technological, economic potential of 
each land sector and agricultural enterprises 
(Babuc, 2012; Dadu, 2011; Ursu, 2006; 2011). 
The purpose of the research was to monitor the 
ecological conditions and to highlight their 
suitability for the fruit trees in the Glodeni 
district. Research objectives: highlighting the 
structure of existing fruit plantations; the 
characterization of ecological conditions and 
the assessment of the productivity of fruit trees 
for the scientific argumentation of ecological 
micororionation of fruit growing, which 
contributes to the more efficient utilization of 
the natural resources of the Glodeni district 
located in the Middle Prut Plain. 
 
MATERIALS AND METHODS 
 
Research methods are accepted in organic 
research and fruit growing. For the characteri-
zation of climatic indices, published materials 
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of the State Hydro meteorological Service of 
the Republic of Moldova (BSHS, 2015-2017; 
Pedological Report, 2011) were used. The 
elements of the relief were established as a 
result of the expeditionary observations in the 
field and on the basis of the pedological 
research materials of the Research Institute for 
Territorial Organization of the Republic of 
Moldova (Pedological Report, 2011). The mor-
phological characteristics of the soils in the 
fruit plantations have been studied in the field. 
The soil samples in the laboratory were deter-
mined: hygroscopic humidity; soil texture; the 
content of humus by the Tiurin method in the 
modification of Simacov; carbonate content - 
gas-volumetric method; determining the con-
tent of Ca++ and Mg++; bulk density-the metal 
cylinders method (Andriuca, 2015; Ursu, 2006).  
Global harvest by species was determined 15-
20 days before harvesting after the amount of 
fruit normally grown on 25 typical trees per 
hectare. On each tree, choosing 1-2 skeleton 
branches, which is equivalent to a crown sector 
(1/4) on which the fruit was weighed. Then the 
fruit mass was calculated at a tree and in tones’ 
per hectare (Babuc, 2012). 
 
RESULTS AND DISCUSSIONS 
 
The plots of fruit plantations in the Glodeni 
district extend over an area of 2239.2 ha. Of the 
total area of the fruit plantations, the weight of 
the apple species is 91.8% (2057 ha), the cherry 
species is only 6.6% (150 ha) and the cherry 
0.9% (19 ha) and the apricot 0.6% (13 ha). The 
proportion of fruit trees in existing orchards 
differs from the proportion of national 
economy requirements, which provide for the 
northern fruit plant: apple - 68%, hair - 12%, 
plum - 12%, cherry - 4%. 
All fruit trees are privately owned - in the 
agricultural cooperative production (CAP) - 
22.5 ha, in limited liability companies (LLC) - 
1561.3 ha, peasant farms - 328.6 ha. 
Relief and hydrographic network. The fruit 
plantations are located on various relief 
elements, plateau, slope with different north-
western, west, south-western, southern, 1-3°,  
3-5°, 5-7° inclined to the upper, middle and 
lower the slopes, the valleys of the Prut River, 
the smaller rivers Camenca, Căldăruşa, Ustia. 
The altitude of the relief elements varies from 

90 m to 200 m above sea level. Reluctant relief 
causes the distribution of environmental fac-
tors. On flat fields, light, heat, water, nutrients, 
wind intensity are almost evenly distributed. 
On the sloping land, biotope elements record 
variations, which in turn generate variations in 
growth, tree metabolism, productive potential - 
quantitative and qualitative etc. As a whole, the 
relief elements of the locality cause the for-
mation of three types of microclimate: 
moderate cold with the sum of the active 
temperatures Σ ta ≥ 10°C and above 2888-
2934°C on the altitudes of 180-200 m above 
sea level; moderately warm with the sum of the 
active temperatures Σ ta ≥ 10°C and above 
2957-3049°C on the slopes: E, 1-3°, upper, 
altitude 130-170 m, SE, 3-5°, middle slope 
altitude 130-170 m; SW, 5-7° mid, altitude 
130-170 m; warm with the sum of active 
temperatures 3072-3164°C on the SW slopes, 
5-7° medium, altitude 80-120 m. 
The deviation of the fruit trees on the slopes 
from those on the plateau was up to 253°C. Soil 
varieties on the fruit trees are also different: 
argiloiluvial chernozem, chernozem leveled 
strongly deep lute-clayey on the plateau with 
an altitude of 180-200 m. On the slopes or 
highlighted leached chernozems weak and mo-
derately eroded clay-clayey and clayey; moderate 
and mildly moderate to moderate deep 
chernozems, and deeply clay-clayey chernozems. 
On all the soils of the fruit plantations, a very 
pronounced layer degraded around the depth of 
0-60 cm, which is very inhomogeneous 
according to their color and structure, with the 
succession of the genetic horizons interrupted 
due to their techno genic mixture, ie they are 
technogenode soils - formed with precipitations 
physic-chemical modifications.  
Characteristic of the ecological conditions of 
the fruit plantations in the Glodeni district. 
Climate conditions over the five years of 
research have been characterized by different 
thermal humidity regimes. The average annual 
temperature increased from 9.3°C (2014) to 
10.5°C (2015), and in the following years it 
remained at the same level of 9.8°C. The 
humidity regime of Glodeni ranged from 382 
mm (2015) to 69 mm (2014) years. In 2017 the 
rainfall was recorded with a moderate value of 
578 mm compared to 2016-602 mm and 2018-
615 mm (Figure 1). 
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Figure 1. The thermal (A) and humidity (B) of the territory, Glodeni district, 2014-2018 

(Meteorological Station Bălți) 
 
 
Based on these results, the most dry years - 
2015, wetter - 2014 and moderate - 2017, after 
the heat and humidity regime, 2017 were 
highlighted.  
According to the particularities of these years 
the thermal moisture regimes on the territory of 
the rayon in the vegetation period (Figures 2 
and 3). 
The deviation of the fruit trees on the slopes 
from those on the plateau was up to 253°C. Soil 

varieties on the fruit trees are also different: 
argiloiluvial chernozem, chernozem leveled 
strongly deep lute-clayey on the plateau with an 
altitude of 180-200 m.  
On the slopes or highlighted leached 
chernozems weak and moderately eroded clay-
clayey and clayey; typical mild chernozems 
and strongly humid strongly profound and 
deeply clay-clayey chernozems. 
 

 
 

 
Figure 2. The thermal regime of the territory of Glodeni district during the vegetation period 

 



85

 

 
Figure 3. The precipitation regime during the vegetation period in the Glodeni district 

 
On all the soils of the fruit plantations, a very 
pronounced layer degraded around the depth of 
0-60 cm, which is very inhomogeneous 
according to their color and structure, with the 
succession of the genetic horizons interrupted 
due to their techno genic mixture, ie they are 
technogenode soils - formed with precipitations 
physico-chemical modifications. 
From the data analysis, it is observed that the 
strongly clay-clayey chernozem is character-
rized by a content of physical clay within the 
limits of 53.1 without significant changes in 

profile. The bulk density in the loose layer was 
recorded at a level of 1.25 g/cm3 optimal for 
the penetration and penetration of the fruit 
roots, moderate humus of 3.35%. Ensured with 
nitric nitrogen Na-NO3, phosphorus - P2O5 and 
potassium - K2O is relatively optimal for fruit 
crops. 
As a result of the complex analysis of the 
climatic, microclimatic, relief and soil condi-
tions of the fruit plantations, three ecological 
fruit trees were found, which showed a 
different level of fruit productivity (Table 1). 

 
Table 1. Productivity of the fruit species depending on the ecological conditions  

of the fruit trees in the Glodeni district, 2014-2018 

 
The deep-lute chernozems in the fruit 
plantations have a 49.8% physical clay content, 
the bulk density values of 1.23-1.29 g/cm3, 
indicate good conditions for the penetration and 
development of the fruit tree roots. Higher 
humus content - 4.15% (increased), the nitrate 

content is estimated to be high (over (4.5 mg), 
relatively optimal for phosphorus (5.4 mg) and 
potassium (29 mg/100 g soil). Moderately 
eroded lemon chernozems have the 50.0% clay 
content of the clay-loamy texture of the soil. 
Bulk density values (1.29 g/cm3) are optimal 

Species Ecopedological conditions Harvest, t/ha 
minimum maximum average 

I microraion 
Apple 327 ha 

Plate 200 m, Σ t ° ≥ 2888 °C, moderate cold, argiloiluvial 
chernozem, strongly deep lute-clayey 

11.1 16.5 13.9 
Cherry tree 46 ha 5.6 7.7 6.7 

Cherry 19 ha 4.7 5.3 5.0 
Apricots  13 ha 5.2 6.6 6.0 

II microraion 

Apple 439 ha 
Versions NV, V, SE, SV upper and middle 1-3° and 3-5°, 
130-175 m 
Σ t ° ≥ 2950 - 3050 °C, moderately warm, weakly and 
moderately eroded lemon chernozem, typical moderate 
chernozem and low humidity, deep clay and lotus 

7.4 13.8 10.2 

Cherry tree 42 ha 6.5 8.6 7.5 

III microraion 
Apple 80 ha Versions S, Lower, 1-3°, 80-125 m, warm 

Melting point: 3072-3164°C, strong deep clay, clay 
chernozems 

7.2 7.9 7.5 

Cherry tree 10 ha 6.3 8.2 7.1 
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plant growth limits (1.1-1.3 g/cm3). The humus 
content is 2.82%. The content of mobile forms 
of plant-accessible substances of moderate 
nitrates (3.3 mg), low phosphorus (2.3 mg) and 
moderate potassium 11.8 mg/100 g soil. 
Typical moderate humid humorous moderate 
profound clay-clayey clay has a 47.9% physical 
clay content characteristic of the clay-clay soil 
variety. The bulk density in the loose layer - 
1.20 g/cm3 is considered to be optimal for root 
expansion and development, as the restrictive 
limits are 1.4-1.5 g/cm3. Humus content 4.67% 
(increased). The content of mobile forms of 
substances is moderate for NO3 (6.2 mg), P2O5 
(3.2 mg), K2O (15.2 mg/100 g soil). 
The typical low humus-rich clay-humus typical 
chernozem has a physical clay content of the 
variety (45-60%). Bulk density 1.22 g/cm3 - 
optimal for penetration and development of 
fruit plants. The humus content - 3.15% in the 
sloped layer is considered to be relatively 
optimal for the fruit plants. The sum of their 
exchange cations (basics) in the value of    
31.93 me/100 g soil condition the good humus 
fixation and the long-lasting maintenance of its 
quantity and quality. Reaction of the soil 
solution, pH 7.5, low alkaline pH in the loose 
layer. The nitrification capacity in the high 
depleted layer over 4.5 mg/100 g of soil       
(6.5 mg/100 g of soil), the moderate mobile 
phosphorus content (2.6 mg/100 g of soil), the 
potassium content 12.9 mg/100 g soil also 
moderate. 
The deeply clay-clayey chernozem is 
characterized by a clay content within the 
limestone-clay range (45-60%). The bulk 
density of 1.24 g/cm3 is optimal for fruit plants. 
Low humus content (2.57%). The amount of 
exchange bases 30.75 me/100g soil, 
characteristic of the soil subtype and the 
chernozem layer of humerus. Reaction of weak 
alkaline soil to moderately alkaline soil. 
Content of mobile NO3 - increased form        
(6.9 ml/100 g soil). 
One of the main clues to characterize the 
efficiency of using natural resources and the 
application of performing processes is the 
productivity of cultivated plants. The harvests 
of the fruit crops in the Glodeni district during 
the years 2015-2017 were varied depending on 
ecological conditions. 

In micronorade III the fruit maturation was 
recorded 8-11 days earlier compared to the 
micro world I on the plateau. The level of 
lower apple and cherry yields under the 
conditions of micorotherion II may be due to 
the degree of erosion of soils, which is 
characterized by the reduction of the humus-
accumulative fertile horizon to the unroasted 
soil and the moderate thickness of some soil 
soils. 
In the ecological conditions of the plateau the 
altitude 180-200 m, the moderate cold 
microclimate, the argiloiluvial chernozem soils 
and the strongly dewormed clay-clayey 
chernozem, the apple harvest was higher (13.9 
t/ha) compared to the apple on the slopes 
(microdoraion II and III). 

 
CONCLUSIONS 
 
The fruit plantations in the Glodeni district are 
located on various relief elements (plateau, 
slopes with 1-3-3...1-3 slope, northern, eastern, 
southern, western, 80-200 m altitudes) in 
different thermal microclimate, moderately hot 
and warm, chernozems soils: moderate and 
weak humid, strong and moderately deep 
carbonate, weakly and moderately eroded, 
which can be divided into three ecological fruit 
trees. 
The productivity of fruit plantations has been 
established in the years of research (2014-
2018), which has been characterized by 
different quantitative indices on species, 
depending on the ecological conditions of 
microdorations. 
Some limiting factors of fruit tree productivity 
have been highlighted: physical clay content, 
compaction, depth and carbonate content, 
degree of erosion. 
Fruit plants are very complex biological 
systems and to use them in the interest of man, 
it is necessary to know them. In order to 
establish the appropriate crop technology 
necessary to obtain maximum yields for each 
species, it is necessary to know the 
organography and the requirements of each 
fruit tree species. 
Sustainable development of fruit growing 
requires very large investments, which will be 
covered by the private sector, through 
allocations from the state budget and foreign 
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investments. Current programs too provides for 
the creation of a state fund for the development 
of fruit production in Republic of Moldova. 
Sustainable development of fruit growing 
requires gradual replacement of orchards 
exhausted with intensive and super intensive 
orchards with productivity potential and fruit 
quality 1.3-1.5 times higher than the previous 
level in the base rational use of ecological, 
biological, technological, and economic 
resources characteristic of each field sector and 
fruit growers. 
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Abstract 
 
Contamination of soils and crops by heavy metals is considered one of the most serious environmental problem due to 
their non-biodegradable nature, the long biological half-life and also their potential accumulation in different body 
parts of plants. In Romania there are areas of thousands of hectares of agricultural land polluted with heavy metals. 
The distribution of heavy metals in agricultural soil can serve as a basis for a better management of soil quality, as well 
as to protect human health and the soil environment. This paper aims to present an overview based on the data found in 
other studies and to obtain a mapping of each the most common heavy metals met in soils of Romania. Due to the fact 
that there are not enough studies for the whole country, some areas will be estimated and also, is possible that others 
will not be covered at all. 
 
Key words: heavy metals, mapping, pollution, Romania, soil contamination. 
 
INTRODUCTION  
 
It is a well-known fact that heavy metals are 
part of the soil structure, and they occur there 
naturally. Depending on their type and 
concentration, these metals can be harmful to 
environment, and further, to human health. 
Besides the natural causes (erosions, volcanic 
eruptions) (Cyraniak et al., 2014), the heavy 
metal pollution can also originate from human 
activities like mining industry, transportation, 
urbanization, agriculture and others (Dumitrel 
et al., 2013). With a few exceptions (some sites 
with high levels of natural resources), the 
pollution in Romania was caused by 
population, through unmonitored industry 
centers (Boros et al., 2015; Muntean et al., 
2010; Sur et al., 2012).  
Although in general Romania has safe areas 
from agricultural point of view, there are still 
some sites where the heavy metal pollution 
exceeds the limits provided by laws in force. 
Even more, soil is considered as a key source 
of socio-economic development (Dimitriu, 
2014).  
The only study that offers complete 
information about the levels of heavy metals in 
all areas of Romania was conducted by ICPA 
(National Research and Development Institute 

for Soil Science, Agrochemistry and 
Environment) in 2000. The network of soil 
monitoring sites uses 942 investigation points 
spread in all the country, as 16 x 16 km 
squares. For this reason, the points rarely hit 
areas with severe problems regarding pollution. 
Yet, this kind of approach is most represen-
tative for soil characterization.  
A similar report was published in 2011 by the 
same institution (Soil Quality Monitoring in 
Romania, Dumitru et al., 2011) but it does not 
provide the same detailed information.  
Using this study as a base, the current review 
aims to update the existing data with others 
found in most recent studies, and also to add 
the plots with high values of pollutants found in 
other studies as well, to form some maps as 
accurately as possible.  
 
MATERIALS AND METHODS 
 
The most common heavy metals that are 
polluting the soil are cadmium, lead, nickel, 
chromium, zinc, cobalt, copper, arsenic 
(Masindi et al., 2017). 
In order to create the map distributions for 
some of these metals, some parameters that 
describe the levels of interest from current law 
were used (Table 1). 
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Using the data from ICPA report, six 
distribution maps were created, one for each 
element shown above in the Table 1. Also, a 
table with some statistical data was created for 
each element. Only two studies that have 
expanded their research on the entire country 
were found. 
 

Table 1. Reference values for trace chemical  
elements in soil (Order 756, 1997) 

Element Reference 
value 
(ppm) 

Alert threshold 
sensitive soils 

(ppm) 

Intervention 
threshold 

sensitive soils 
Zn 100 300 600 
Cd 1 3 5 
Cu 20 100 200 
Pb 20 50 100 
Ni 20 75 150 
Co 15 30 50 

 
Apart from ICPA report, another study was 
performed with the same scope, in 2012 
(Moldoveanu, 2014). It is interesting that the 
second study analyses a large range of heavy 
metals from both urban and rural areas. 
Unfortunately, there are some areas that are not 
covered at all. Since it not provides any 
numeric values, a direct comparison can hardly 
be made.  
Other assays that have limited their research on 
a small area provided some valuable 
information to update the map distribution. All 
the studies that have been analysed had the 
same mode for preparing the soil samples: 
depth 0-20 cm, dried, grinded, sieved and 
analysed through different detection methods.  

RESULTS AND DISCUSSIONS 
 
Each metal has been analysed separately in 
order to structure the information efficiently. 
Zinc 
Zinc is an essential micronutrient required by 
plants and it has multiple role in their 
development (Hassan et al., 2017). In many 
cases, the zinc deficiency is a very important 
problem that requires different amendments to 
raise its concentration (Berbecea et al., 2011). 
But there are some cases that due to different 
anthropogenic activities such as mining or 
industrial emissions the situation can be 
reversed (Dumitrel et al., 2013). 
In Romania exists a few areas where the 
concentration of zinc exceeds both, alert or 
intervention threshold.  
A series of studies highlights the zones who 
have encountered this problem and also offers 
some quantitative values (Buruiana et al., 2016; 
Dumitrel et al., 2013; Ene et al., 2010; Marin et 
al., 2010; Munteanu et al., 2012; Sur et al., 
2012; Elekes, 2014; Nimirciag, 2012; 
Albulescu et al., 2012; Popa et al., 2016; Big et 
al., 2012; Gămăneci et al., 2011; Morar et al., 
2010; Stefu et al., 2013; Ungureanu et al., 
2017; Fâciu et al., 2012; Cojoc, 2011; Lăcătușu 
et al., 2009). These levels are shown in the 
table below, together with the average values 
from ICPA report (Table 2). The table contains 
only the counties were zinc levels were studied 
in recent works. 

 
Table 2. Zinc concentration in different areas (ppm) 

 
County 

ICPA study Other studies 
Mean  Number 

of sites 
Median Min Max Mean Number 

of sites 
Median Min Max Year 

Alba 153.59 27 100 41 540 834 15 725 100 3997 2013 
Bacau 51.27 26 50.5 20 111 75.48 95 - 24.97 126.38 2013 
B Nasaud 84.19 21 65 35 275 578.14 35 197.5 58.7 5144.2 2012 
Braila 84.38 21 60 32 235 88.80 3 92.75 70.80 102.86 2009 
Caras-Severin 138.42 33 83 45 500 98.61 9 53.9 29.1 294 2012 
Dambovita 99 18 7538  215 125.5 5 36.5 22 600.4 2014 
Galati 155.06 16 170 25 250 57.66 8 58.16 33.62 72.69 2009 
Gorj 68.91 22 65 37 110 61.56 17 52 31.8 133 2016 
Iasi 83.05 22 49 23 405 45.36 1030 30.31 11.6 702.61 2008 
Maramures 210.20 25 230 5 360 311.44 10 144.38 89.04 1110.2 2012 
Mures 91.96 27 70 40 270 69.87 5 56.6 53.4 99.43 2010 
Sibiu 95.75 20 68.5 35 255 463.4 94 - 64.04 1938 2011 
Suceava 89.60 35 68 23 285 95.8 63 - 33.6 332.8 2013 
Timis 193.06 34 200 36 500 60.43 18 57.62 39.82 98.72 2013 
Vaslui 62.74 23 56 34 118 68.22 193 63 31 192 2017 

 
Comparing the average values from ICPA 
study with the average values from other 
studies, it shows a significant difference 

between these set of values (T test result: 0.15). 
The difference is somehow explainable 
regarding the fact that most of studies directed 
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their research on areas with problems. These 
areas are pointed out in the figure below 
(Figure 1). From a total of 1043 investigated 
sites, 767 (73.53%) have a smaller 
concentration of zinc than the reference value, 
246 (23.58%) between reference value and 

alert threshold, 79 sites (7.57%) exceeds alert 
threshold and only 18 (1.72%) exceeds 
intervention threshold.  These top values 
represent some well-known high polluted 
areas: Zlatna (Alba): 3997 ppm, Certej 
(Hunedoara): 2200 ppm. 

 
Figure 1. Zinc content in topsoil of Romania counties 

 
Copper 
Alongside zinc, copper is an important element 
in development of plants as well. Copper has 
an important role in metabolism and also 
participates to the respiration process (Laţo et 
al., 2012). Generally, a level of 4-20 ppm Cu is 
sufficient for any type of culture (Sutradhar et 
al., 2017).  
A deficiency of copper can be possible as well, 
and this is one of the major constraints for crop 
productivity in many countries of the world 
(Corches et al., 2017).  
The availability of copper depends on soil 
characteristics, such as organic carbon content, 
texture and pH and threshold values have been 
established as functions of these soil properties 
(Ballabio et al., 2018).  

In Romania, almost all areas have sufficient 
quantities of copper, in some of them being in 
excess.  
In the table below are presented the counties 
that have been mentioned in recent studies 
(Dinu et al., 2018; Suciu et al., 2008; Zgripcea, 
2013; Popescu et al., 2013; Morar et al., 2010; 
Buruiana et al., 2016; Dumitrel et al., 2013; 
Ene et al., 2010; Marin et al., 2010; Munteanu 
et al., 2012; Sur et al., 2012; Elekes, 2014; 
Nimirciag, 2012; Albulescu et al., 2012; Popa 
et al., 2016; Big et al., 2012; Gămăneci et al., 
2011; Morar et al., 2010; Stefu et al., 2013; 
Ungureanu et al., 2017; Hura et al., 2013; Iancu 
et al., 2008) to have this problem (Table 3). 
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Table 3. Copper concentration in different areas (ppm) 

 

 
 

The average values from ICPA study and the 
average values from other studies are 
significantly different (T test result: 0.034). 
Some major differences are shown on the map 
below (Figure 2).  
A total of 1103 points were analysed. Less than 
half, 418 (37.89%) had a copper level smaller 

than the reference value, 663 (60.10%) points 
were situated between reference value and alert 
threshold, 14 (1.26%) points exceeds alert 
threshold but not the intervention threshold, 
and 7 (0.63%) exceeds intervention threshold. 
The highest recorded value is 914.1 ppm, near 
Zlatna region. 

 

 
Figure 2.  Copper content in topsoil of Romania counties 

 
 

 
 

 
County 

ICPA study Other studies 
Mean Number 

of sites 
Median Min Max Mean Number 

of sites 
Median Min Max Year 

Alba 24.80 25 25 6 46 223.95 16 82.18 18.7 914.1 2013 
Bacau 16.90 29 15 9 33 35.84 89 - 12.1 82.1 2013 
B Nasaud 25.33 21 20 10 68 43.37 33 36.9 15.2 102.8 2012 
Braila 31.14 21 25 12 125 33.87 6 31.28 25.06 52.78 2009 
Caras-Severin 25.15 33 23 10 60 58.92 9 56.66 25.06 52.78 2012 
Cluj 21.62 26 20 10 32 46.26 18 47.44 28.2 52.84 2008 
Dambovita 20.47 17 20 6 50 125.5 5 36.5 22.0 600.4 2014 
Galati 25.06 16 22.5 15 75 24.54 14 23.96 18.38 31.59 2009 
Gorj 27.75 20 21 15 114 11.31 12 7.67 1 34.34 2015 
Hunedoara 21.81 32 15 10 59 100.21 6 44.85 15.3 378 2018 
Iasi 23.30 23 21 8 46 45.36 1030 30.31 11.6 702.61 2008 
Maramures 19.52 25 20 5 40 112.98 10 80.11 33.29 310.82 2012 
Mures 26.56 27 25 10 43 22.41 18 17.5 1.28 72.8 2008 
Sibiu 26.38 21 25 10 49 31.73 56 - 9.03 114.6 2011 
Suceava 23.42 36 20 8 75 36 63 - 17.85 112.75 2013 
Timis 19.14 35 17 8 45 26.22 18 30.89 0 49.44 2013 
Valcea 33.14 22 25 10 100 32.86 6 33.85 10.48 53 2013 
Vaslui 23.26 23 21 8 45 29.83 193 27 14 300 2017 
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Lead  
Lead is well known to be toxic and his harmful 
effects were intense studied (Roba et al., 2015). 
Unlike other heavy metals like zinc or cooper, 
lead has no role for plant or animal 
development. His presence in soils has only 
negative effects. Still, in a lot of areas the high 
concentration of lead causes serious problems, 
especially in zones with big industry centers. 
Some of these areas are mentioned in the table 
below (Table 4), according to the data 
presented in a set of studies (Mihali et al., 

2013; Damian et al., 2013; Curcă, 2011; 
Dumitrel et al., 2013; Elekes et al., 2014; Bird 
et al., 2005; Buruiana et al., 2016; Sirbu et al., 
2012; Dinu et al., 2018; Suciu et al., 2008; 
Zgripcea, 2013; Popescu et al., 2013; Morar et 
al., 2010; Buruiana et al., 2016; Dumitrel et al., 
2013; Ene et al., 2010; Marin et al., 2010; 
Munteanu et al., 2012; Sur et al., 2012; Elekes, 
2014; Nimirciag, 2012; Albulescu et al., 2012; 
Popa et al., 2016; Big et al., 2012; Gămăneci et 
al., 2011; Morar et al., 2010; Stefu et al., 2013; 
Ungureanu et al., 2017; Chirilă, 2013). 

 
Table 4. Lead concentration in different areas (ppm) 

 

 
County 

ICPA study Other studies 
Mean Number 

of sites 
Median Min Max Mean Number 

of sites 
Median Min Max Year 

Alba 32.11 19 30 13 84 207.24 18 0 0 1537 2013 
Bacau 38.58 26 39 20 58 21.370 89 - 2.94 56.73 2013 
B Nasaud 50.80 20 47 19 145 242.79 35 78.7 3.5 3687.2 2012 
Braila 32.13 23 30 19 56 19.27 3 18.15 16.47 23.18 2009 
Caras-Severin 43.19 32 40 7 98 31.00 9 25.59 21.63 47.08 2012 
Cluj 30.41 27 30 15 51 75.36 18 0 0 735 2008 
Dambovita 25.79 19 25 6 40 76.4 5 43.3 0.6 294.3 2014 
Galati 19.81 16 20 10 30 20.17 8 18.54 6.50 35.72 2009 
Gorj 39.50 22 35.5 28 67 10.89 12 1 1 64 2015 
Harghita 43.31 26 35 20 84 102.08 12 67.5 30 260 2013 
Hunedoara 41.86 29 30 15 99 373.5 6 270 120 888 2018 
Iasi 32.65 23 28 14 69 27.73 1030 20.04 4.5 1995.43 2008 
Maramures 32.77 26 30 10 81 365.27 10 261.88 163.28 804.09 2012 
Mures 29.41 29 25 10 64 13.87 9 14.4 7.05 19.1 2010 
Prahova 31.55 20 31.5 2 102 11.79 9 3.5 0 68.9 2006 
Sibiu 43.05 19 35 20 170 680.9 56 - 19.61 2863 2011 
Suceava 34.14 35 30 10 95 24.9 63 - 14.75 102.4 2013 
Timis 21.51 35 20 11 40 6.58 18 0 0 26.09 2013 
Valcea 33.45 22 33 15 45 16.90 4 14.84 12.43 25.5 2013 
Vaslui 32.83 23 28 14 69 25.27 193 24 16 84 2017 

 
 

The two sets of average values also differ 
significantly (T test value 0.049). The map 
shown in Figure 3 express some of the 
differences.  
A total of 1115 points was used to obtain the 
map. Only 179 (16.05%) points had a smaller 
level than the reference value. The majority of 
sites, 759 (68.07%) had a value situated 
between reference and alert threshold. Sur-
prisingly, a high number of sites, 131 (11.74%) 
have a high level of lead contamination, 
between alert and intervention threshold. Still, 
an impressive amount of 46 (4.12%) sites 
comes with a very high level of contamination, 
over intervention threshold. 

Considering that some studies were focused on 
these areas, the results are expected. The 
highest value was found around Rodna mining 
perimeter (3687.2 ppm). 
 
Cadmium 
Cadmium is found among the most toxic ele-
ments. Like lead, cadmium is not an essential 
microelement and his presence in the environ-
ment in concentrations that exceed the normal 
values may seriously affect living organisms 
(Oprea et al., 2011). The normal content of Cd 
in soil is 1 ppm as defined by the Romanian 
regulations. 

 
 



93

 

 
Figure 3. Lead content in topsoil of Romania counties 

 
The cadmium pollution is described in the 
Table 5 (Buruiana et al., 2016; Ene et al., 2010; 
Popa et al., 2016; Albulescu et al., 2012; 
Damian et al., 2008; Stefu et al., 2013; 
Dumitrel et al., 2013; Oprea et al., 2011; 
Muntean et al., 2008; Fâciu et al., 2012; 

Iordache et al., 2015; Roşu et al., 2011; Chira 
et al., 2014; Sur et al., 2012; Nimirciag, 2012; 
Ungureanu et al., 2017; Dinu et al., 2018; 
Buzatu et al., 2018; Mandoc et al., 2013; 
Trîmbiţasu et al., 2006). 

 
Table 5. Cadmium concentration in different areas (ppm) 

 
County 

ICPA study Other studies 
Mean Number 

of sites 
Median Min Max Mean Number 

of sites 
Median Min Max Year 

Alba 1 26.00 1.00 0.1 2 0.53 4 0.42 0.35 0.95 2008 
Bacau 0.9 27.00 0.83 0.5 1.1 0.595 89  0 1.45 2013 
Braila 0.5 21.00 0.82 0.5 1.8 0.82 17 0.9 0.3 1.2 2009 
Caras-Severin 1.5 34.00 1.54 0.9 3 2.06 9 1.85 1.28 3.22 2012 
Dolj 1 29.00 0.82 0.4 1.6 0.6 2 0.6 0.05 1.15 2018 
Galati 1 16.00 1.00 1 1 0.31 23 0.4 0 0.81 2009 
Gorj 1 21.00 1.06 0.5 2.7 0.47 16 0.4 0 1.4 2015 
Hunedoara 1 29.00 1.09 0.2 1.9 3.93 6 2.7 1.01 11.4 2018 
Iasi 0.7 22.00 0.71 0.4 1.4 0.49 1030 0.36 0 15.44 2008 
Maramures 1 25.00 1.19 0.5 2 3.8 10 2.4 1.52 12.6 2012 
Prahova 2 21.00 1.88 1.1 2.5 0.59 9 0.5 0.2 1.05 2006 
Sibiu 1.25 20.00 1.39 0.5 5 9.54 95 - 0.774 52.0 2011 
Suceava 1 35.00 1.07 0.5 2 0.76 63 - 0.2 1.34 2013 
Timis 1 35.00 1.11 0.4 1.5 0 18 0 0 0 2013 
Valcea 1 23.00 1.12 0.5 1.8 1.96 5 2.1 1 2.1 2013 
Vaslui 0.8 23.00 0.73 0.4 1 0.32 193 0.31 0.02 0.8 2017 

 
In the cadmium analysis, the average values 
from ICPA study and the other studies are 
significantly different (T test = 0.307), as 
before. Form a total of 1035 point analysed, 
708 (68.40%) are smaller than the reference 
value, 317 (30.62%) are situated between 
reference and alert threshold, just 6 points 

(0.57%) exceeds alert threshold to intervention 
threshold, and only 4 (0.38%) exceeds 
intervention threshold. The maximum value for 
cadmium contamination was 52.01 ppm, found 
in Sibiu County, near Copşa Mica, one of the 
world most polluted city. 
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Figure 4. Cadmium content in topsoil of Romania counties 

 
Giving an overview to the analysed heavy 
metals, the situation can be expressed in the 
chart below (Figure 5). 
 

 
 

Figure 5. Distribution of examined sites  
by the pollution level 

 
CONCLUSIONS 
 
There are a lot of areas in Romania that are 
poorly investigated, investigated a long time 
ago or which have not been studied at all. 
Even that the most part of Romania had safe 
lands for agriculture, there are some areas with 

very high pollution which exceeds Romanian 
regulations, according to the reviewed papers. 
Copper and cadmium exceed intervention 
threshold in less than 1% of the examined 
points. 
Lead is “leader”, regarding the points who 
exceeds reference value, with 83.95% of sites 
in this category. At the opposite pole, zinc has 
26.47% of sites in this category. 
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Abstract 
 
Soil characteristics play an important role on agricultural crop production, especially in the organic farming system. 
Increasing the productive potential of organic agroecosystems in the context of climate change is nowadays possible 
also using soil treatment with microbial bioinoculants. Microbial bioinoculants have the capacity to enhance nutrient 
availability, nutrients uptake, support the soil and plant health, by controlling the pest and diseases or enhance the 
plant defence responses. In 2018, at the Vegetable Research and Development Station Buzau, a soil micromorphology 
study was performed on an Aluviosol Molic Calcaric, in an organic testing field cultivated with vegetables. Soil samples 
taken at six different depths were analysed using SEM images. The soil micro and macromorphological characteristics 
were correlated with the analytical data. The results showed the CaCO3 abundance in soil, while at sub-microscopic 
level it appears as acicular crystals into the efflorescences coatings. The soil skeleton is well represented, the sand-
sized mineral grains being abundant. Many skeleton grains (as feldspars and mica flakes) had altered surfaces, being 
partially covered with secondary decomposed products, whose presence favours the installation of microorganisms.  
 
Key words: soil micromorphology, SEM image analysis, Buzau, Romania, organic soil. 
 
INTRODUCTION 
 
At the level of 2017 the total organic area 
(areas under conversion plus the certified areas) 
in the EU-28 was 12.6 million hectares (ha) and 
the trend is still ascendant. The increase in 
organic area between 2012 and 2017 was with 
25%, Bulgaria and Croatia reflecting a growth 
of over 100%. However, four EU Member 
States reported reductions in the organic area: 
Romania (-10.3%), Greece (-11.3%), the 
United Kingdom (-15.6%) and Poland (-24.5%) 
(EUROSTAT, 2019). From 2012 to 2017, the 
share of total organic area in the total used 
agricultural area (UAA) within the EU rose 
from 5.6% to 7% (EUROSTAT, 2019). 
Romania is on the 26 place, of the 28 EU 
countries, but our organic land under 
conversion represented in 2017, 42.3%, one of 
the biggest in Europe. To be able to sustain 
Romanian farmers in their attempt to produce 
at high quality standards into organic, in the 
recent climate change constraints, high support 
is required from the scientists.  

Soil is the most important resource of organic 
farmers. The attempt of performing in organic 
crops on calcaric alluvial soils, which are 
almost like sandy soils, requires high 
knowledge of crop technologies (Stefan et al., 
2018), as usually these soils have less nutrients 
and low water holding capacity leading to 
frequent irrigation and fertilizations to meet 
crop requirements (Alshankiti & Gill, 2016). In 
studies on soil microbial activity of sandy soils 
it was found that overall activity was low, due 
to low organic matter and low rainfall 
(Unkovich, 2014). Due to lower organic 
fertility and fewer microsites to protect soil 
biota, sandy soils have also a lower capacity to 
suppress pathogens and other pests (Coventry, 
1998). Eftene et al. (2014) showed that physical 
and chemical properties of a soil with sandy 
texture and low soil organic matter content (due 
to intense mineralization of organic residues) 
create conditions for a reduced activity of 
microflora. Carminati et al. (2008) exploring 
the soil-water interfaces between isolated 
heterogeneous aggregates within a soil 
(controlled by matric tensions) reveal the 
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intimate associations between pore geometry 
and water.  
The physical characteristics of the soils, mainly 
of the young soils (as Aluviosols) are important 
for the further evolution of the soils, for the 
structural and the adjacent poral space genesis 
that strongly influence the air and soil solution 
circulation and the biochemical processes. The 
role and transformations of agricultural inputs, 
as fertilisers, microbial inoculants, pesticides, 
etc. are highly dependent on soil 
characteristics. For a deeper understanding of 
these characteristics and its interrelations with 
biotic factors, natural or applied during crop 
technologies, analysis using Scanning Electron 
Microscopy (SEM) proved their utility over 
time. Early SEM observations have been 
conducted by Barden in 1973 and Grabowska-
Olszewska in 1975 on European loess from 
Belgium and Poland (Delage et al., 2005) and 
become currently widely used for 
micromorphological studies. Răducu (2018) 
showed that soil biota initiated and controlled 
the important pedogenetic processes, thus soil 
fauna activity had a major influence on the 
illuvial process of pedobioplasma, while the 
activity of microorganisms had a major 
influence on coatings evolution. 
In the soil environment, the microbial phase 
development (on the mineral and organic 
constituents), usually represent the constituents 
transformation and weathering/decomposition 
(according to their mineral or organic status). 
Mica destruction was detected by SEM, due to 
the growth and metabolic activities of bacteria 
(Bacillus cereus), which cause the extraction 
of iron atoms from the octahedral position in 
mica from the kaolin sample (Štyriakov et al., 
2003). Also, Balogh-Brunstad et al. (2008) 
found, by the aim of SEM images, a biotite 
surface covered with biofilms containing 
bacteria and fungal hypha. Often the concept of 
soil macro-aggregates (>200 mm) and micro-
aggregates (50-200 mm) is invoked in an 
attempt to understand the importance of 
physical protection of organic matter isolated 
from microbial and chemical degradation 
(Young et al., 2008).  
Many Alluvial soils have calcium carbonate 
accumulations, either inherited from the parent 
material or accumulate under water table 
influence.  

Based on the results obtained following the 
investigation of a pedochronosequence, 
Kuznetsova et Khokhlova (2012) conclude that 
the sub-micromorphology (by the aim of SEM) 
of the carbonate accumulations may be useful 
for reconstruction of recent climatic conditions 
and allow to estimate the general trend of soil 
evolution, and even the rate and dynamics of 
soil formation processes. 
Heberling et al. (2016) showed that calcite 
based environmental remediation strategies rely 
on the fast recrystallization of calcite and the 
concurrent uptake and immobilization of 
pollutants. Young et al. (2008) showed that it is 
need to bring together a new discipline that 
combines the biology and physics of the soil 
ecosystem. Thus, the biophysical approach, 
combined, where required, with important 
mineral-microbe knowledge is needed to help 
us understand the mechanisms by which soils 
remain productive, and to identify the tipping-
points at which there may be no return to 
sustainability. Manea et al. (2016) studying a 
Fluvisols with neutral - slightly alkaline 
reaction, concluded that the correlations 
between soil fungal number and soil chemical 
properties are generally positive and 
significant, especially for soil reaction, the 
degree of soil base saturation, the sum of cation 
exchange capacity, as well as the calcium 
contents.  
It is proven that beneficial microorganisms 
have the ability to improve yield quality and 
soil fertility. For organic crops, the use of plant 
resistance enhancers started to become very 
popular and appreciated by the market.  
In a climate change perspective, a different 
distribution of microbial organisms is expected 
and that the progressive increase of air 
temperature and reduced cold shocks on 
microbial cells may lead to spring water 
pollution also during winter, differently from 
the actual observations Naclerio et al. (2012). 
Therefore, a throughout research of soil -  
microorganisms - plants interactions is needed 
for each soil type.  
The aim of the present study was to emphasize 
the main characteristics of an Aluviosol Molic 
Calcaric from an organic agroecosystem, 
before the treatment with microbial 
bioinoculants, using scanning electron 
microscope (SEM), in order to better 
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understand the changes that occur in the soil 
(open field) after application of such microbial 
inoculants.   
 
MATERIALS AND METHODS 
 
The study was carried out in the Vegetable 
Research and Development Station Buzău 
(V.R.D.S. Buzău), Romania (lat.: 45.16108714 
N and long: 26.82423914 E, alt: 92 m) in 2018, 
in the organic farming research plot, having an 
area of 1.8 ha. The studied area it is situated 
inside the Buzău city, in Buzău county, at 
around 1 km distance of the river. V.R.D.S. 
Buzau is well known for tomato production and 
breeding, being obtained here, over time, 
valuable varieties appreciated by both 
consumers and growers (Zamfir et al., 2018).  
The soil is Aluviosol Molic Calcaric (according 
to SRTS-2012 and Mollic Fluvisol Calcaric - 
according to WRB-SR-2006) formed in 
calcaric fluvial deposits.  
For the detailed study of the soil characteristics, 
it was used the scanning electron microscopy 
(SEM) technique, to obtain details of soil 
samples at very small scale. The SEM analysis 
of the Aluviosol Molic Calcaric was carried out 
with FEI Inspect S50 model, in the Laboratory 
of Microscopy and Plant Anatomy, of the 
Research Center for Study of Food and 
Agricultural Products Quality, inside the 
University of Agronomic Sciences and 
Veterinary Medicine of Bucharest. 
The terminology used for description at 
microscopic level was according to Bullock et 
al. (1985). 
 
RESULTS AND DISCUSSIONS 
 
Physical and chemical characteristics  
On the general background of a soil with 
specific characteristics for an Aluviosol Molic 
Calcaric (Table 1), the granulometric data 
showed a medium sandy-loam texture into the 
top Am horizon, and a fine to coarse sandy-
loam texture into the deeper horizons. 
The colloidal clay (<0.002 mm) is very low, 
ranging between 18.5% in the surface Am 
horizon and 10.3% in the deeper analysed 
horizon (Ck2).  
 
 

Table 1. Morphological characteristics of the Aluviosol 
Molic Calcaric   

Am  
(0-37 cm) 

Ck1  
(37-96 cm) 

Ck2  
(96-124 cm) 

Medium sandy-loam; 
crumb structure weak 
developed; moderate 
biological activity; 
frequent fine pores; 

weak-moderate 
effervescence 
(locally); very 

frequent thin roots 
from cultivated 

vegetation. 

Fine sandy-
loam; 

massive; 
frequent thick 

pores; 
frequent fine 

roots; 
moderate-

strong 
effervescence. 

Coarse sandy-
loam; massive; 

very friable; 
coarse mineral 

grains (visible by 
the necked eye); 
frequent CaCO3 

pseudomycelium; 
strong 

effervescence. 

 
The physical characteristics data shows that 
total porosity is very high (52-56% v/v), while 
the bulk density is very low (1.13-1.22 g/cm3).  
The chemical characteristics data showed that 
studied soil is moderate alkaline, the pH values 
ranging between 8.06 in the surface horizon 
and 8.3 in the deeper analyzed horizon.  
The base saturation degree is very high (96-
100%) as a result of the calcium carbonate 
presence into the soil profile. 
The organic matter content is medium.  
However, being highly humified and 
predominating the calcium humates, the colour 
of the surface horizon is very dark (under 
10YR 5/3 on dry), which classified the studied 
soil to the mollic subtype. 
The nitrogen index (calculated according to the 
humus content and the saturation degree at 
hydrolytic acidity) is medium (3.45-2.00) in the 
most part of the soil profile, except the deeper 
horizon, where the value decrease drastically 
(to 1.4).  
The potassium content decreased with the 
increasing depth, ranging between medium 
(123-162 ppm) in the upper horizons and low 
(13 ppm) in deeper ones.  
Very significant exponential relationship was 
established, by Manea et al. (2011) researches, 
between mobile phosphorus and soil reaction. 
In the studied Aluviosol Molic Calcaric, the 
mobile phosphorus decreased with the soil 
profile depth, from the higher value (46 ppm) 
in the surface to the lowest value (13 ppm) in 
the deeper analyzed horizon.  
 
Soil characteristics at submicroscopic scale 
The microscopic observations by the aim of 
SEM were performed on the freshly broken 
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surfaces of the soil sampled from each 
pedological horizon.  
In the top soil, developed an A mollic horizon 
(Am 0-37 cm) having crumb structure (Figure 
1). The spatial organization of the structural 
elements generated a relatively high porosity 
composed predominantly by the interconnected 
pores.  
The spatial organization of the soil structural 
elements is also emphasized by the analytical 
data of total porosity. 
Detailing to a higher scale of observation 
(Figure 2) it became obvious that although the 

clay content is low (18.5%), the soil 
constituents are relatively well structured, the 
skeleton grains and the colloidal constituents 
are binding together relatively tight.  
The content of the organic matter (an important 
binding agent of the soil) is ranging from 3.6% 
to 1.4% (decreasing from the surface to the 
deeper horizons). At sub-microscopic scale, the 
organic matter appears only as humified 
substances, embedded into the soil matrix 
together with the clay particles.  

 

  
Figure 1. SEM image of Am (0-37 cm) horizon: crumby 

structure with interconnected pores (200 X) 
Figure 2. SEM image of Am (0-37 cm) horizon: mineral 
skeleton grains (�); microorganisms (�); plagioclase 

feldspars (�); mica flakes (�) (3000 X) 
 
The soil skeleton is well represented mainly by 
the fine sand-size and silt-size mineral grains. 
Quartz dominates the coarse fraction of the 
horizon.  
Many fine sand-size plagioclase feldspars were 
observed among the skeleton grains (with 
polysynthetic twinning - Figure 2) together 
with the silt-size mica flakes (emphasised by 
their foliated texture - Figure 2).  
These mineral grains being poorly weathered, 
their surfaces are partially covered with 
secondary alteration products (secondary clays 
and/or Fe oxy-hydroxides etc.).  
The presence of the weathered products, favour 
the microorganism development on the mineral 
grains surfaces (Figure 4). 

Another important aspect, related to the 
structuring process and consequently to the 
building of a favourable environment for plant 
development, is the presence of 
microorganisms (Figure 2) which, by 
generating “organic cement” (their metabolic 
products dominated by the presence of 
mucilaginous polysaccharides) increase the 
particle cementation and consequently the soil 
structuring process. 
The high interconnected porosity (Figure 3) 
reveals excessive drainage, and therefore low 
water retention capacity of the soil, which 
negatively affects the plant water supply.  
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Figure 3. SEM image of Am (20-37 cm) horizon: 

crumby structure with interconnected pores (200 X) 
Figure 4. SEM image of Am (20-37 cm) horizon: mineral 
skeleton grains (�); calcite (�); clay particles binding 

together (�); mica flakes (�) (3000 X) 
 
The SEM emphasised the organization of the 
soil constituents at micro-scale, their 
aggregation into the peds with the formation of 
the adjacent micro-pores, represent the bricks 
of the next levels of organization (until the 
macro-scale) and induce the  physical and 
chemical characteristics of the soil, and further 
the health of the organic agroecosystem 
environment.  

The Ck1 (60-96 cm) horizon, being dominated 
by the characteristics inherited from the parent 
material, is low structured, with subangular 
blocky structure.  
The friability of the horizon (Figures 5 and 6) is 
the result of the granulometry dominated by the 
fine sand-size and loam-size particles (Table 1 
and Figure 6).  
 

  
Figure 5. SEM image of Ck1 (60-96 cm) horizon: 

crumby structure with interconnected pores (200 X)  
Figure 6. SEM image of Ck1 (60-96 cm) horizon: mineral 

skeleton grains (�); silt-size micro-aggregates (     ); 
intrapedal packed pores (�); calcit crystals (�)  (6000 X) 

The clay particles formed micro-aggregates of 
silt-size by binding together face-face and/or 
edge-edge, and also embedding calcite crystals 
(Figure 6). The small intrapedal packed pores 

also formed by the spatial organization of the 
micro-aggregates.  
The Ck2 (96-124 cm) horizon is very friable 
(Figures 7 and 8), showed also by the 
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granulometric data that highlighted a coarse 
sandy texture. 
The main part of the horizon material is un-
aggregated. The aggregates are small and 
poorly formed (Figure 7). 
The high structural friability that characterizes 
this horizon is also given by the abundance of 
calcium carbonate which, on the one hand, 
impregnates the horizon matrix, and on the 
other hand it appears as efflorescences 
(coatings) on the walls of the poral space. 

The presence of calcium carbonate was also 
reported by the macroscopic description in the 
field, where frequent CaCO3 pseudomycelium 
has been observed.  
At the sub-microscopic level (Figure 8) it can 
be noted that these efflorescences coatings are 
made up of acicular crystals (needle from 
calcite), also called lublinite. This type of 
acicular calcite grows up from the saturated 
solutions, when the soil moisture rapidly 
changes. 
 

  

Figure 7. SEM image of Ck2 (96-124 cm) horizon: poorly 
developed and non-durable structural elements (�) by the 

side of un-aggregated coarse material (�) (200 X)  

Figure 8. SEM image of Ck2 (96-124 cm) horizon: 
acicular calcite crystal (�); fungi mycelium on a platy 

mica grain (�); fissured calcite and with local 
recrystallizations (�) (3000 X) 

 

 
Figure 9. SEM image of Am (0-37 cm) horizon: a highly 

decomposed vegetal residue (3000 X)  
Figure 10. Details of figure 9: microorganisms 

(�) on the decomposed vegetal residue  
(12000 X) 
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Into the soil profile the microorganism activity 
was also detected, mainly on highly 
decomposed vegetal remains (Figures 9 and 
10).  
The presence of different species of 
microorganisms, showed the biological 
diversity of the soil and their high activity, 
which leads the decomposition processes, as 
well as the release of the nutrients into the soil 
and the humic substances accumulation. 
The data of the physical and chemical 
characteristics, together with the detail 
observations of the soil constituent fabric at 
sub-microscopic scale reveal that Aluviosol 
Molic Calcaric environment is favorable to the 
development of the microbial bioinoculants.  
 
CONCLUSIONS 
 
The results obtained with the help of the 
scanning electron microscope (SEM) following 
the study of an Aluviosol Molic Calcaric from 
an organic agroecosystems before the treatment 
with microbial bioinoculants revealed detailed 
aspects related to the spatial organization of the 
soil at sub-microscale.  
The high magnification (until 6000 X) allowed 
the visualization of the soil elementary fabric 
into the peds. 
Even if the SEM images are in the greyscale, 
the skeleton grains were detected according 
their specific characteristics (type of twinning, 
foliated texture etc.). 
Many skeleton grains are weathered and 
partially covered with secondary alteration 
products (clay, Fe etc.), whose presence 
favours the development of microorganisms on 
the faces of the mineral grains. 
The study of the behaviour of CaCO3 in the soil 
pedological horizons showed the presence of 
the different types of calcite crystals: crypto-
crystals (embedded into the soil matrix), 
acicular crystals (on the pore walls) etc. 
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Abstract  
 
The paper presents the results obtained from an agrochemical study carried out in a site affected by soil degradation 
phenomena, being known the fact that the dramatic decrease of the agricultural production is due primarily to the 
deterioration of the soil fertility status, even though the rest of the technological chains of production are respected. 
The study was carried out, determining and analyzing the main soil agrochemicals, and the results obtained are a 
starting point for their improvement. Based on these results, it is possible to launch and carry out various actions to 
restore soil fertility, which will lead within a reasonable time, to obtain the expected, constant qualitative and 
quantitative productions. 

 
Key words: soil degradation, abasement fertility. 
 
INTRODUCTION  
 
Soil fertility is a decisive factor in the 
sustainable development and performance of 
agriculture. Being a complex soil, fertility 
provides the physico-chemical and biological 
conditions in the optimum, necessary for the 
growth and development of the crop plants, 
permanently supplying water and nutrients 
simultaneously to the proper development of 
vegetative phenophases. (Borlan & Hera, 1984) 
The depreciation of soil fertility has as causes, 
a multitude of factors, recalling here the export 
of nutrients with the crops, which is not 
compensated by fertilization, but also the 
accentuation of the acidification or saltiness 
phenomena - which attract a whole range of 
disturbances in soil chemistry, erosion 
phenomena etc. (Cârstea, 2000) 
The acidification of soils is mainly due to the 
unilateral application of nitrogen fertilizers on 
the same surface in large quantities and 
scientifically unfounded. These soils degraded 
by acidification are characterized by processes 
of alteration, leaching, debasification and 
migration of colloids and can often present 
deficiency or excess of moisture, but also of 
nutrients, implicitly (Davidescu, 1981). 
As agro-pedo-ameliorative measures of these 
soils, some are important in achieving higher 

crop yields, such as calcareous refining, 
organic and / or mineral fertilization, as well as 
technological sequences such as scarification 
and the practice of suitable crop rotations.  
 
MATERIALS AND METHODS 
 
The research was carried out within a family 
association, Letcani village, in Iasi county, in 
2016 and aimed at identifying the areas 
affected by acidification phenomena on the 
agricultural holding, by laboratory analysis of 
the soil samples taken and the issuance of 
possible good practices, to avoid accentuation 
of the deficiencies in the ionic composition of 
soils, with damaging repercussions on soil 
fertility and agricultural production. 
The land stage consisted of the identification of 
the territory, marking the crates under analysis, 
the harvesting and labelling of soil samples. 
The laboratory stage consisted in the 
preparation of soil samples for analysis. 
There were determined: the pH in the aqueous 
extract, the mobile phosphorus content by the 
Egner-Riehn-Domingo method in acetate 
extract - ammonium lactate (P-AL), the 
available potassium content in the acetate-
lactate extract ammonium, the determinations 
being made to the atomic absorption flame 
photometer (K-AL). 
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RESULTS AND DISCUSSIONS 
 
Analysing the pH values for the selected areas, 
it was found that for all three sites, this 
indicator had values ranging from 5.4 to 6.8, 
including the soils analysed from the moderate 
acid to the weak acid to neutral. 
For the Bedreag site, with a surface area of 20.7 
ha, it was found that the pH ranges from 5.4 to 
6.8, the distribution being 25% of soils with pH 
from 5.4 to 5.8, 50% soils with a pH between 
5.8 and 6.4 and 25% of soils show a pH of 6.4 
to 6.8 (Figure 1). 
For the Vorontoia site, with a surface area of 
30.45 ha (Figure 2), the pH distribution is 17% 
of surfaces with pH between 5.4 and 5.8 and 
83% of the surface with a pH of between 5.8-
6.4. 
 

 

 
Figure 1. PH values, for Bedreag site 

 

  

 
Figure 2. PH values, for Vorontoia site 

 
 
For the site located in Toloaca, with an area of 
11.81 ha, the pH ranges from 5.4 to 5.6 per 
33% of the surface and from 5.6 to 6.8 on 87% 
of the surface. 
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Figure 3. PH values, for Toloaca site 

 
The soil response influences the accessibility of 
plant nutrients. In this sense, the acidic reaction 
of soils, when the pH falls below 5.8, causes 
the phosphorus to be demodulated, basic 
phosphates of iron and aluminium, of which 
phosphorus is difficult or not at all accessible to 
plants. 

  

  
Figure 4. P-AL values (mg/100g sol), for Bedreag site 

 
This can be highlighted in all locations, with 
mobile phosphorus contents ranging between 0 
and 1.5 mg P-AL/100 g soil - poor supply - on 
75% of the surface for the Bedreag site, 50% 
for the Vorontoia site and, respectively 33% for 
Toloaca (Figures 4, 5, 6) 
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Figure 5. P-AL values (mg/100g sol), for Vorontoia site 

  

  
Figure 6. P-AL values (mg/100g sol), for Toloaca site 

 
Another nutritive element that is in direct 
relationship to soil pH is the available 
potassium. Its undesirable capacity, in case of 
acidification of the soil, to pass from the soil 
solution into exchangeable forms, then in 
unchangeable forms and finally in fixed forms, 
represents a shortcoming for the agricultural 
crops, and thus it cannot be assimilated. 
The analysis of the laboratory results on 
potassium revealed that on all the studied 
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surfaces the available potassium has suffered, 
the resulting amounts being insufficient for a 
balanced nutrition of the plants. 
In the case of the Bedreag site, the values of the 
mobile forms of potassium are between 5 and 
10 mg K-AL, mg/100 g soil - 50% of the 
surface and between 10 and 13 mg K-AL K 
mg/100 g soil, which the specialised literature 
considers to be a low and medium supply with 
this element (Figure 7). 
 

  

  
Figure 7. K-AL values (mg/100 g sol),  

for Bedreag site  
 

For the Vorontoia site, the accessible potassium 
is approximately the same, occupying 67% of 
the surface with values of 10-13 mg/100 g soil, 

17% of the surface with values ranging from 13 
to 16 mg/100 g soil and another 17% of the 
surface with significantly higher values, 
respectively 16-20 mg K-AL/100 g soil (Figure 
8) 

 

  

  
Figure 8. K-AL values (mg/100 g sol), for Vorontoia site 
 
Figure 9 shows that in the Toloaca site the 
content of the mobile potassic forms is between 
10 and 13 mg K-AL mg/100 g of soil per 100% 
of the surface, a totally inadequate quantity for 
assuring quantitative and qualitative 
production. 
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Figure 9. K-AL value (mg/100g sol), for Toloaca site  

 

CONCLUSIONS  
 
The obtained results highlight the necessity of 
periodic determination of the soil reaction state, 
in order to prevent degradation occurring in soil 
chemistry, respectively for the preservation of 
phosphorus and potassium, in accessible forms 
and in optimum quantities. 
The pH values below 5.8 determined the 
dramatic decrease in the accessible phosphorus 
content, which also attracts the retardation of 
potassium, their synergistic relationship being 
known. 
Above the pH values of 6.4, the assurance 
status with phosphorus and potassium is 
significantly improved, tending towards 
optimal concentrations. 
As measures to counteract the harmful effect of 
acid pH, the use of calcareous amendments is 
indicated and for the increase of soil fertility, 
the administration of organic and chemical 
fertilizers in optimal economic doses and 
judiciously chosen assortments. 
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Abstract 
 
Different soil samples from five tilled areas of Jibou (Salaj County, Romania) have been physico-chemically and 
enzymologically studied. Several physico-chemical parameters of tilled soil from these sulphurous areas were 
determined: pH, conductivity, humus and different mineral ion contents. Also, in the soil samples, the following 
enzymatic activities have been quantitatively determined: actual and potential dehydrogenase, phosphatase and 
catalase activities. In all soil samples all enzymatic activities have a uniform behavior, without big differences between 
the five sampling zones. Also, the physico-chemical parameters were very uniform, as compared to the other sampling 
sites. The enzymatic potential was appreciate by the enzymatic indicator of soil quality (EISQ), calculated on the base 
of these enzymatic activities. The EISQ values were good, between EISQ = 0.574 and 0.635. The granulometric 
analysis of the five soil samples classified them as loamy-clayey soils. 
 
Key words: tilled soil, enzymatic activity, Enzymatic Indicators of Soil Quality, Jibou. 
 
INTRODUCTION 
 
Most of the processes which are essential to 
maintaining the terrestrial ecosystems occur at 
soil level (Roger-Estrade et al., 2010). The soil 
represents the internal lab of the ecosystems, 
the deposit of elements needed for their optimal 
functioning. The organic matter of soil 
accomplishes more functions, such as: 
contributing to the structure and porosity of 
soil, adjustment of cations absorption and water 
retention, solubility control, mobility and 
availability of macro and micro-elements, 
carbon source for microorganisms, nutrients 
supply for vascular plants and many other 
(Bieganowski et al., 2013; Paul, 2014; Bojko & 
Kabala, 2017). It maintains a high biodiversity, 
by its physico-chemical properties provides 
important functions and services to the 
ecosystems, as decomposition, nutrients cycle, 
sustainability of productivity, as well as 
resistance and flexibility to abiotic disturbances 
(Brussaard et al., 2007). 
Microbial communities at soil level are the 
most susceptible indicators of the disturbances 
and the changes in land use (García-Orenes et 
al., 2013). The soil quality represents a more 
and more essential assessment tool, important 

by quantitatively describing the structure of the 
microbial communities, along with the enzyme 
activities (Zelles, 1999; Zornoza et al., 2009). 
Due to the existence of a functionality bond 
between the environment and soil, elements 
regarding the influence of the microorganisms 
in soil, as microbial activity, were proposed as 
indicators for assessing the soil response to 
different management practices (García-Orenes 
et al., 2013). It is well known that the 
biological activities in soil (microbial and 
enzyme) are largely correlated with the 
physico-chemical properties of soil and 
participate at the metabolism of organic matter, 
thus deriving the availability of nutrients in 
soil, as well as accumulation and mineralization 
(Zhang et al., 2018). 
The soil use practices of the human activities 
can intervene by changing the physico-
chemical and biological properties of soil and 
can also influence the functions of soil (Jangid 
et al., 2008). For instance, the sources of 
nutrients in the ecosystems can modify the 
ecological processes and can influence the 
global changes (Oro et al., 2013). These 
sources can modify the characteristics of soil 
and influence the biological, chemical and 
physical processes occurring at this level 
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(Macci et al., 2013). Yuan and Yue (2012) 
showed that the enzyme activities of soil are 
correlated with the microbial biomass and the 
microbial activity, because these catalyze the 
biochemical reactions and the cycling of 
elements in soil. For instance, the urease 
activity from soil is closely connected to the 
soil mineralization with nitrogen (N) and the 
nitrogen cycle, while the enzyme activity of 
soil phosphatase is involved in the metabolism 
and transformation of phosphorus (P) 
(Adamczyk et al., 2014). Different factors as 
humidity, light and temperature stimulate 
microbial and enzyme activities in soil, 
resulting an increase of nutrient content in soil. 
Previous studies also showed that the relation 
between C: N: P stoichiometry and enzyme 
activities of different functions responsible for 
mineralization and C, N and P equilibrium are 
very close (Sinsabaugh et al., 2009; Xu et al., 
2017). In conclusion, this interaction between 
the physico-chemical properties of soil and 
their biological characteristics can be an 
important key for revealing the processes and 
mechanisms of planting ecosystems restoration 
(Adamczyk et al., 2014). Thus, by 
understanding the different physico-chemical 
properties and the biological activities of soil 
while restoring it, the essential variations of the 
status of nutrients in soil could provide a proper 
environmental result (Zhang et al., 2018). 
However, the relation between the microbio-
logical properties, the enzyme activities and the 
nutrients content of soil is not fully understood 
yet. 
The present study consisted in correlating some 
physico-chemical parameters with some 
enzyme activities of agricultural soils, from 
Jibou area, where multiple sulphurous springs 
are present. 
 
MATERIALS AND METHODS 
 
Soil samples. Five soil samples were collected 
in autumn of 2018 from Jibou area. The 
collection sites were: sample 1: N 47°15’04 
and E 23°14’16; sample 2: N 47°15’06 and E 
23°14’15; sample 3: N 47°15’07 and E 
23°14’14; sample 4: N 47°15’08 and E 
23°14’14 sample 5: N 47°15’09 and E 
23°14’14. The soil samples were passed in a 
portable storage box and transported on ice into 

the laboratory for different analyses. The soil 
samples used for measuring enzymatic activity 
and physico-chemical properties were air-dried 
and then temporarily stored at 4°C, for further 
analyses. 
Physical and chemical properties of soils. Soil 
samples were air-dried, ground and sieved (2 
mm) prior to determination of available 
nutrients and soil characteristics. The pH and 
electrical conductivity (EC) of the soils were 
potentiometrically measured in aqueous 
fraction (1: 5) (ISO 10390, 2005). The humus 
quantity in the soil samples was determined by 
Walkley-Black method, while total nitrogen by 
Kjeldahl method. The availability of nutrients 
in soil was also tested. Mobile phosphorus was 
determined by colorimetric method (with 
ammonium molybdate) and with Metertech 830 
Plus spectrophotometer, while mobile 
potassium was calculated by flame photometer 
method, by extraction with ammonium lactate-
acetate using Sherwood flame photometer. 
Carbonates were determined by Scheibler 
method with Scheibler calcimeter. SO4 anion 
was determined by precipitation with BaCl2 
and titration with sodium thiosulfate from 
aqueous extract aqueous extract. At all the soil 
samples a granulometric analysis by Kacinski 
method was done. All these analyses ware done 
in the lab of the Office of Pedology and 
Agrochemical Studies from Cluj and in the 
pedology lab of the University of Agricultural 
Sciences and Veterinary Medicine from Cluj-
Napoca. 
Enzymatic activities in soil samples. Activities 
of the following four enzymes in soil were 
measured in triplicate: phosphatase, catalase, 
actual and potential dehydrogenase (Alef & 
Nannipieri, 1995; Carpa et al., 2014). These 
analyses were done in the microbiology lab of 
Babes-Bolyai University Cluj-Napoca. 
Dehydrogenase activity (actual and potential) 
was determined after 24 h incubation of the soil 
samples at 37ºC, with TTC solution, and 
expressed by the amount of the formed 2, 3, 5-
triphenylformazan (mg formazan/g soil). 
Enzymatic activity of dehydrogenases was 
determined at λ=485 nm by Able Jasco V530 
spectrophotometer. 
Phosphatase activity was determined after 24 h 
incubation of the soil samples at 37ºC, with 
phenyl phosphate disodium solution, and it is 
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expressed in mg phenol/g soil. Phosphatase 
activity was determined at λ = 600 nm by using 
an Able Jasco V530 spectrophotometer. 
Catalase activity was determined after 1 h 
incubation of the soil samples at room 
temperature. The residual H2O2 is determined 
by titration with KMnO4 in the presence of 
H2SO4. Catalase activity was expressed in mg 
splitting H2O2/g soil. 
The analytical data serves as the base for 
calculating the enzymatic indicator of soil 
quality (EISQ) (Muntean et al., 1996). 
 
RESULTS AND DISCUSSIONS 
 
The earth of each soil type is made of clay, dust 
and sand. Dependent on the share of the three 
granulometric fractions in the soil formation, 
each pedogenetic horizon can be classified in 
different texture groups, classes and subclasses. 
(Blaga et al., 2005). Because sampling was 
done at 5-15 cm depth, all the soil samples 

belong to the pedogenetic horizon A. The 
texture (granulometric composition) of these 
soil samples was determined in the pedology 
lab of the University of Agricultural Sciences 
and Veterinary Medicine from Cluj-Napoca, by 
pipette method and was concluded that all the 
samples have loamy-clayey texture. 
According to the criteria set by the National 
Institute of Research-Development for 
Pedology, Agrochemistry and Environmental 
Protection (Blaga et al., 2005), it was valued 
that the reaction of the analyzed soils (pH) is 
weak alkaline (Table 1). 
Assessing the soil pH is important not only for 
the pedology studies but also for the 
microbiology and enzymology ones, because 
the pH influences the physiological groups of 
bacteria, which reach an optimum at specific 
pH values. 
 
 

 
Table 1. Physico-chemical parameters in tilled soils from Jibou area 

 

Soil 
samples 

pH Electrical 
Conductivity 

(mS) 

Humus 
(%) 

SO4 
mg/mc/100 

g soil 

N2 
(%) 

P 
(ppm) 

K  
(ppm) 

Carbonates 
(%) 

1 8.02 0.24 1.6 19.20/0.40 0.093 129 612 6.70 
2 7.98 0.21 1.4 19.02/0.36 0.091 122 600 6.51 
3 8.05 0.26 1.5 19.15/0.39 0.099 127 610 6.66 
4 8.03 0.27 1.7 19.21/0.40 0.098 126 611 6.69 
5 8.04 0.28 1.6 19.23/0.41 0.095 128 612 6.72 

 
 

The humus content in the soil samples from 
Jibou zone was assessed by wet oxidation and 
by titration method (Walkley-Black) in the lab 
of the Office of Pedology and Agrochemical 
Studies from Cluj-Napoca.  
According to the methodology for pedological 
studies (Florea et al., 1987), the data obtained 
show a low humus content, no higher than 
1.7% (Table 1). 
The nitrogen uptake level was also assessed in 
the lab of the Office of Pedology and 
Agrochemical Studies, by direct Kjeldahl 
method and the obtained data were interpreted 
according to the next intervals: very low 
<0.100; low between 0.100-0.140; medium 
between 0.141-0.270; big between 0.271-0.600; 
very big >0.600 (Paulette, 2007).  
We can say that the nitrogen uptake is very 
small in all the soil samples analyzed. 

Also, the nutrients from the tested soil, as 
phosphorus and potassium, did not surpass the 
value of 129 ppm and 612 ppm, respectively, 
and the carbonate level reach a maximum of 
6.72, in sample 5. 
The soil can be viewed as a biological entity in 
which a complex of biochemical reactions 
occur.  
The action of microorganisms on the substrates 
from the environment is carried out in an 
enzymatic way, thereby assessing the enzyme 
activities offers suggestive data and in a shorter 
time than the microbiological analyses, 
regarding the soil processes.  
The enzyme activities were quantitatively 
determined: phosphatase activity, actual and 
potential dehydrogenases activities and catalase 
activity (Table 2).  
The enzyme activities were assessed using UV-
VIS Jasco-V530 spectrophotometer. 
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Table 2. Enzymatic activities in tilled soils from Jibou area 
 

Soil 
samples 

Enzymatic activities EISQ 
Dehydrogenase activities 

(mg formazan/g soil) 
Catalase activity 

(mg splitting H2O2/ 
g soil) 

Phosphatase 
activity (mg 

phenol/g soil) Actual Potential 
1 0.282 0.989 48.62 9.354 0.625 
2 0.278 2.144 46.58 6.275 0.609 
3 0.499 1.110 43.52 10.796 0.574 
4 0.303 1.782 47.94 9.128 0.633 
5 0.363 1.671 48.28 9.456 0.635 

 
Actual dehydrogenase activity (ADHA) 
(reduction of 2, 3, 5-triphenyltetrazolium 
chloride in samples without added glucose) and 
potential dehydrogenase activity (ADHP) (with 
added glucose) of soil samples was expressed 
in mg formazan/g soil by measuring the 
absorbance at 485 nm (Carpa et al., 2014). 
As illustrated by Figure 1, ADHA was more 
intense in soil samples 3 and 5, followed by 
samples 4, 1 and 2. The least actual 

dehydrogenase activity was displayed by the 
soil from sample 2, where pH was also lower 
and probably influenced the development of 
microorganisms. The values are low, but they 
fall within the general tendency for enzyme 
activities of agricultural soils at which the 
actual dehydrogenase activity presents highest 
values in spring and lowest in autumn and 
summer (Drăgan-Bularda & Kiss, 1986). 

 

 
Figure 1. Actual and potential dehydrogenases activities (ADHA and PDHA) in tilled soil from Jibou 

 
It can be noted that PDHA presents higher 
values in all samples, as compared to ADHA. 
The glucose addition has a stimulative effect on 
dehydrogenase activity. These enzymes which 
catalyze the oxidation of many organic 
compounds by exchange of electrons and 
protons are localized only in live, intact cells. 
Phosphatase activity of the soil samples was 
expressed in mg phenol/g soil by measuring 
absorbance at 600 nm (Carpa et al., 2014). 

Phosphatase activity was detected in all soil 
samples. Phosphatase activity was more intense 
in sample 3, and weakest activity was recorded 
in sample 2 (Figure 2). Phosphatase activity 
was fairly good in the analyzed soils and this is 
supported also by the samples being taken in 
the autumn, when this activity grows due to the 
increase of organic matter in soil (Maheshwari, 
2011). However, phosphatase activity is limited 
by availability of organic carbon in soil. 
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Figure 2. Phosphatase activity in tilled soil from Jibou area 

 
 
Catalase activity is expressed by mg H2O2/g 
soil. Catalase activity is determined by 
expressing the breakdown intensity of peroxide 
(Carpa et al., 2014). Catalase activity was 
detected in all the soil samples analyzed 
(Figure 3). Especially in samples 1 and 5 
catalase activity was more intense.   
Catalase is an enzyme which accumulates in 
soil and thus keeps its activity for a long time. 
Also, catalase is correlated with the humus 

quantity in soil and pH. This explains the fact 
that in samples 1, 4 and 5 catalase activity was 
more intense, these spots being characterized 
by a higher humus content and a more alkaline 
pH (Table 1).  
The quality of the soil enzymologically studied 
is characterized by the intensity of enzyme 
activities, defined by the values of the 
enzymatic indicator of soil quality (EISQ). 
 

 

 
Figure 3. Catalase activity in tilled soil from Jibou area 

 
The greater the enzymatic indicator is the 
higher the enzymatic potential of that soil. 
Enzymatic indicator of soil quality (EISQ) 
offers a general image on the enzyme potential 
of it, being calculated based on computing 
formula developed by Muntean et al. (1996). 

Theoretically, the enzymatic indicator can 
reach values in the range 0 (when there is no 
activity in the studied samples) to 1 (when all 
the individual real values are equal to 
theoretical individual maxima of all activities). 
The enzymatic indicator of soil quality values 
are presented in Table 2. 
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Figure 4. Enzymatic indicators of soil quality (EISQ) in tilled soil from Jibou area 

 
 

The studied soils have a fairly high enzymatic 
activity. EISQ values have ranged between 
0.574 and 0.633 (Figure 4). The quality of soil 
is better as the EISQ is higher (Muntean et al., 
2001).  
The enzymatic potential of a soil directly or 
indirectly reflects the microbiota activity, the 
influence of different physical, chemical, 
anthropogenic and even of the intensity of the 
different enzymatic activities in soil. Thus, the 
functioning of an ecosystem can not be 
understood without the active participation of 
enzymatic processes (Drăgan-Bularda et al., 
2004). Based on the results obtained and 
compared with the data in published studies 
(Pasca et al., 1993; Carpa, 2007) we can 
consider that the analyzed soils have a wide 
biological potential. 
 
CONCLUSIONS 
 
Physico-chemical and enzymological 
properties of soils from Jibou area, where there 
are sulphurous springs, were the subject of this 
study. 
Physico-chemical analyses showed that all the 
five analyzed soil types have a loamy-clayey 
texture and are alkaline. The weakest alkaline 
character was displayed by the soil in sample 2 
(pH = 7.98). The humus quantity does not pass 
1.7% and the nitrogen supply is small in all the 
analyzed soil samples. Also, the nutrients from 
the tested soil, as phosphorus and potassium, 
did not surpass the 129 ppm and 612 ppm, 
respectively. The carbonates value was 
maximum 6.72% in sample 5. 

The enzymological research on tilled soils from 
Jibou area encompassed assessing 4 
quantitative enzymatic activities, all of these 
displaying intensity fluctuations, according to 
the sampling place and the substrates needed 
for enzyme synthesis by microorganisms.  
PDHA was greater than ADHA in all the 
studied soils, reflecting the stimulating effect of 
the easy available carbon source on synthesis 
of enzymes by microorganisms.  
The values of dehydrogenase activity prove the 
existence of a microbial potential and a 
medium respiratory activity in the analyzed 
soils. 
Phosphatase activity showed medium values 
which can be caused by the accumulation of 
plant debris in soil at the end of the growing 
season. 
Catalase activity is correlated with the level of 
the humus quantity, being very intense in soil 
samples where the humus is more abundant. 
Based on the EISQ values, the soil in Jibou 
area has a fairly good enzymatic activity 
(values above 0.57). Based on these values it 
can be stated that the analyzed soils have a 
wide biological potential.  
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Abstract 
 
The aim of the present study is to trace the dynamics of soil moisture and bulk density in field experiment with 
adding carbonated plant residues (biochar) to the soil of broad bean.The experiment was carried out in 2018 on 
the experimental field of the University of Forestry - Sofia. The experiment was set with two meliorants - biochar 
(tree different levels) and manure (used as a background). Adding carbonated plant residues to the soil is a good 
solution for improving some soil properties, reducing fertilizer levels and increasing yields. Biochar has been 
extensively studied in terms of its impact on the water-physical properties of the soil, but only a small part of the 
results is obtained from field experiments.The soil dampness is crucial for cultivation of agricultural crops. The 
most accurate assessment of humidification conditions can be made on the content of productive moisture in the 
soil, because it is the moisture that plants actually use. Measurements carried out with a high-frequency 
moisture meter show that the dynamics of soil moisture is a closely related to irrigation regime and climatic 
conditions. 
 
Key words: soil moisture, biochar, physical properties. 

 
INTRODUCTION 
 
Over the last decades, the humanity has 
witnessed various extreme weather events. 
The modern agriculture is facing intense 
rainfall, prolonged periods of drought and 
extreme temperatures during the winter and 
summer months. 
In recent years, in the context of climate 
change, there is a great interest in studying 
biochar (BC) use in agriculture (Lehmann, 
2007). The concept of biochar is 
increasingly falling under political and 
academic attention, and in several countries 
(e.g. the United Kingdom, New Zealand, the 
United States) "biochar exploration centers" 
have been set up.  
Biochar is a porous, carbon rich material 
produced by heating organic matter to 
temperatures between 300°C and 1000°C in 
an environment with limited or no oxygen 
(Verheijen et al., 2010). 
Biochar has been extensively studied in 
terms of its impact on the water-physical 
properties of the soil, but only a small part 

of the results is obtained from field 
experiments. The soil dampness is crucial 
for cultivation of agricultural crops. The 
most accurate assessment of humidification 
conditions can be made on the content of 
productive moisture in the soil, because it is 
the moisture that plants actually use. 
The regularities of the formation of 
productive moisture in the soil and their 
quantification in different climatic areas and 
in different soil types and climatic zones 
most accurately determine the crop yield. 
Adding BC results in a reduction in the bulk 
density, increasing the total pore volume, 
and increasing the water content in the root 
zone. Soil bulk density (BD) is one of the 
most important physical characteristics 
affecting water infiltration and water 
holding capacity (WHC). Biochar, being 
highly porous in nature (Downie et al., 
2009; Lehmann & Joseph, 2009; Sohi et al., 
2010; Verheijen et al., 2010) and having a 
high surface area can decrease soil BD after 
soil amendment (Oguntunde et al., 2008). 
Decrease in soil BD due to biochar 
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amendment may enhance soil aeration and 
porosity thereby improving soil WHC 
(Haider G., 2016.). Tammeorg et al. (2014) 
found improved plant available water 
content in the topsoil (20 cm) and decreased 
soil BD during the first and second years, 
respectively, following biochar amendment. 
Jien and Wang (2013) found a significant 
decrease in soil BD from 1.4 to 1.1 Mg m-3, 
saturated hydraulic conductivity and soil 
aggregation by using (Leucaena 
leucocephala (Lam.) de Wit) biochar at 0 
and 5% in acidic Ultisol. 
The assessment of soil humidity is important 
for studying water movement, crops water 
stress, evapotranspiration, irrigation 
schedule, etc. Methods used to determine 
soil moisture (gravimetric, tensiometricaly, 
electro-resistive, electrically absorptive, 
neutron, capacitive, TDR, lysimetric, etc.) 
require pre-installation time at the 
measuring site. With the exception of 
weighing lysimeters, they are point methods 
and do not give representative data for large 
areas. 
The aim of the present study is to trace the 
dynamics of soil moisture and bulk density 
in field experience with broad beans. 

 
MATERIALS AND METHODS 
 
The experiment was carried out in 2018 on 
the experimental field of the University of 
Forestry - Sofia. The soil is fluvisol, slightly 
stony, slightly acidic. This area came under 
a continental climatic sub region, in a 
mountain climatic region. 
To assess the effect of BC on soil moisture 
dynamics and bulk density, a field 
experiment with broad bean variety - Supre 
Gualdaluche originating in Italy was set up. 
The sowing was carried out on 05.04.2018, 
by scheme 60+50+50/25 cm.  

The experiment was set with two meliorants 
- biochar and manure (used as a 
background). During the spring cultivation, 
the two meliorants were incorporated into 
the soil and were developed six variants: 1) 
control - no biochar and manure; 2) only 
with manure - 4 t/ha-1; 3) biochar - 500 
kg/ha-1; 4) manure + reduced amount of 
biochar (250 kg/ha-1); 5) manure + optimal 
amount of biochar; 6) manure + increased 
amount of biochar (750 kg/ha-1). The 
experiment was carried out by randomized 
complete block design with four replications 
and protection zones. 
Plants are irrigated by a drip irrigation 
system, the tape drip hose used has the 
following characteristics: I-Tape                    
8 mil/distance between drippers 20 cm/       
5.3 lh. The irrigation rate is 40 mm. 
In determining the dynamics of soil 
moisture, a high frequency moisture meter 
DM400 (HIGH FREQUENCY MOISTURE 
METER) was used. For device calibration 
are taken parallel soil samples and was 
evaluated by weight thermostatic method in 
parallel. To determine the impact of BC on 
the soil water-physical properties as well as 
to further calibration precision, the soil 
density was determined to 40 cm depth in 
every 10 cm using the Kachynski method 
with cutting rings, with a volume of 100 
cm3. 
 
RESULTS AND DISCUSSIONS 
 
For the purpose of the experiment, 
information on climatic conditions and 
changes has been collected. An analysis of 
the meteorological conditions for the last 31 
years was carried out in order to track the 
annual rainfall in the Sofia region (Figure 1). 
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Figure 1. The precipitation provision curve for the period 1987-2018 

 
Information on annual rainfall in the Sofia 
region is also collected. On the basis of this 
information curve of probability of 
precipitation per year has been prepared and 

according to the results obtained in 2018 it is 
characterized by secure close to 53%, which 
determines it as a mean dry year (Figure 2). 

 
Figure 2. The precipitation for 2018, filed experiment - Vrajdebna 

 
The reported precipitation from the 
beginning of vegetation period for faba bean 
(05.04.2018) is about 65.4 mm. In April, 
they range from 0.2 mm to 6.4 mm, mainly 
in the first two decades. These rainfall is 
insufficient to satisfy the culture's needs of 
water, which requires weekly irrigation. In 
May there is a uniform distribution, but the 
total rainfall for the month is 37.2 mm. The 
most intense rainfall was recorded on 

07.05.2018 - 11.9 mm. Rainfall in April and 
May is below the average for a long time in 
the region of Sofia - V-54 mm and 72 mm 
for VI. 
After the incorporation of soil ameliorants, 
in 2018, samples for evaluation of bulk 
density were taken from all variants, in the 
beginning of April The data are shown on 
Figure 3. 
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Figure 3. Bulk density of the soil - Vrajdebna, 2018 

 
Data show that the introduction of BC and 
manure does not have the significant impact 
on bulk density. The bulk density increases 
in depth by moving from 1.36 to 1.74 g/cm3. 
The lowest bulk density is in variant 6 with 
the highest content of BC.  
This result probably due to the great amount 
of stones in soil, which that affect bulk 
density and humidity and cause greater 
variation. The compaction of surface layer is 
most likely due to irrigation. Similar data 
has also been obtained by Githinji L (2013) 

which concludes that with the increase of 
the imported BC the density volume 
decreases. 
Application of BC improves the physical 
properties of the soil, but the results depend 
on the type (pyrolysis conditions and type of 
biomass) from the type of soil on which is 
applied and the rate of application. 
Parallel to the direct soil sampling was 
measured with a high-frequency hygro-
meter, the data obtained are shown in  
Figure 4. 

 

 
Figure 4. Data from soil moisture measured by two methods -2018 
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Because the device measures humidity by 
volume, it is necessary the result obtained by 
thermostatic method to be multiply by BD. 
In the data processing and the conversion of 
the weight moisture to volume, the average 
density (1.61 g/cm3) for the layer of 0-30 cm 
was used. It is clear from the graph that the 
measurements in the different variants in the 
two selected methods almost completely 

coincide. In some places, deviations of ± 
0.5% are observed, which is within the 
standard error of the appliance specified by 
the manufacturer. 
Based on the sampling, the dynamics of soil 
moisture (Wt%) in the main root zone is 
monitored. The data are reported by variants 
to track the influence of BC on the soil 
(Figures 5, 6, 7). 

 
 

 
Figure 5. Dynamics of soil moisture in variants 1 and 2 - Vrtajdebna, 2018 

 
 
 

 
Figure 6. Dynamics of soil moisture in variants 3 and 4 - Vrtajdebna, 2018 
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Figure 7. Dynamics of soil moisture in variants 5 and 6 - Vrtajdebna, 2018 

 
 
At the beginning of the reporting period, 
moisture ranges between 16.5 and 20.5%, 
the lowest value being recorded in the 
control version of the two depths. Higher 
values of moisture are observed in depth, 
which has been shown for a good moisture 
load during the autumn-winter period. 
Highest values at both depths are reported 
for option 6 with an elevated rate of BC. 
This is due to the high porosity of the 
carbon, which increases the water holding 
capacity of the soil. 
In early May, soil moisture ranges between 
11.6% and 18.27%, with a decrease in 
moisture in the deep layer, due to the water 
derange in the underlying layers. Measured 
data at the beginning of June is one day after 
the irrigation, which also affects soil 
moisture regime. The moisture in the surface 
soil layer ranges between 16.1% and 25.1%. 
It has been noticed that the dynamics of soil 
humidity follow that of precipitation and 
applied irrigation. The available soil 
moisture in the soil is sufficient for the 
development of the faba bean, moving in the 
range close to the field capacity. 
 
CONCLUSIONS 
 
According to the obtained result biochar can 
be a good solution for improving some soil 
properties, reducing fertilizer levels and 
increasing yields. 

The rainfall curves characterize the area of 
Vrajdebna-Sofia, as moderately humid and 
warm. Irregular distribution of rainfall 
required often irrigation of broad bean 
during the vegetation season. Accurate 
determination of the exact time of water 
application, as well as the correct calculation 
of the irrigation rate is of utmost importance. 
The need for a fast, accurate and non-
destructive method required the use of the 
high frequency moisture meter. It was found 
that after accurate calibration for certain soil 
type, the method is accurate and fast. 
The BD is determined by variant, the 
application of BG at the rate of 750 kg/da 
(var. 6) leads to a decrease in the soil 
density. In the other variants, no significant 
differences were found in compared to 
control variant. 
It has been found that the dynamics of soil 
moisture follows that of the irrigation 
regime and climatic conditions. When 
saturation of soil with BC (var. 6) the 
highest and evenly distributed values are 
recorded. The available soil moisture in the 
soil is sufficient for the development of the 
broad bean, moving in the range close to the 
FC%. 
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Abstract  
 
In the concept of sustainable agriculture, there is no valid universal soil tillage system, and systems are applied in a 
differentiated way due to the ecological features and the characteristics of the cultivated plants. The purpose of this 
paper is to study the behavior of a maize hybrid under the influence of tillage systems and foliar fertilizers in terms of 
tolerance to specific diseases and pests as part of an integrated sustainable agriculture management. The experimental 
factors studied: soil tillage: a1- classical system with turning the furrow, a2- minimum tillage, chisel variant, a3- 
minimum tillage, disc harrow variant, a4- no tillage, sowing directly and foliar fertilizers: b1- control variant 
unfertilized; b2- Haifa 19:19:19 + Mg + ME (5 kg/ha); b3- Folimax Oleo 12-04-24 + 2.0% MgO + 36.5% SO3 + ME 
(1.5 kg/ha), b4- Folimax Gold 27% N + 1.5% MgO + 0.02% B + 0.2% Cu + 0.02% Fe + 1.0% Mn + 0.02% Mo + 
0.02% Zn (3 l/ha).  With vegetal remains left at the surface of the soil, conservative soil tillage systems that preserve at 
least 30% of the vegetal remains of the pre-plant increase the degree of attack of diseases and pests on maize crops 
having a negative effect on production and quality harvest. The highest maize yield was recorded in the classical tillage 
system (9566 kg/ha), with a very significant difference of 2192 kg/ha compared to the direct sowing system and 94 
kg/ha, respectively 93 kg/ha in minimum tillage systems, and these yield differences are not statistically assured. 
 
Key words: maize, yield, tillage system, Fusarium ear rot, fertilization. 
 
INTRODUCTION 
 
Corn, a new plant of culture for the Old World, 
is native to America, where it is cultivated by 
natives from ancient times. In Mexico and 
Peru, traces of old irrigation canals have been 
discovered, showing the particular attention 
that native maize culture enjoys (Muntean et 
al., 2008). Genetic and archaeological evidence 
suggests that maize domestication began about 
9,000 years ago, most studies lead to the idea 
that the wild ancestor of maize was a 
herbivorous form of Teosinte (Zea mays ssp. 
parviglumis) (Matsuoka et al., 2002; Piperno et 
al., 2009; Flint-Garcia, 2017). 
In the concept of sustainable agriculture 
development it is widely accepted that there is 
no valid universal soil tillage system due to 
local differences, especially climate and soil, 
but also because of the technical level of 
endowment. Soil conservation tillage systems 

in different areas must have certain specific 
characteristics in relation to ecological features 
and characteristics of cultivated plants, so they 
must be applied in a differentiated way 
(Canarache, 1999; Guş et al., 2004; Moraru & 
Rusu, 2013; Moraru et al., 2015). 
The influence of the soil tillage system on the 
soil properties is important indicators for soil 
fertility conservation and the assessment of the 
sustainability of the agricultural system (Guş, 
1997; Rusu, 2001; Rusu et al., 2017). 
In the maize crop, by treating the seeds (before 
sowing) with fungicides, some or almost all of 
the pathogens present on the maize grain are 
eliminated, this being an effective measure of 
protecting plants against pathogens existing in 
the soil, preventing the transmission of one 
year to another in cultures (Cheţan, 2017). 
Fusarium rot of cobs is one of the most 
common fungal diseases on corn cobs. It is 
caused by Fusarium verticillioides and by its 
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symptoms it reduces the quantity and quality of 
production to 25%. In disease-favorable years, 
the massive accumulation of Fusarium 
mycelium biomass is recorded on cereals and 
cobs that lead to mycotoxin contamination, 
such as deoxynivalenol (DON), zearalenone 
(ZEA) and fumonisin (FUM) (Horia et al., 
2018). Maize is susceptible to a large number 
of pathogens that invade the ears and seeds 
causing the rotting of the ear. The disease is 
prevalent in all regions where maize is grown. 
Generally, the disease rarely causes severe 
production losses (Şopterean, 2018). 
An important role in Fusarium ear rot infec-
tions have, together with the genetic factor, the 
climatic conditions, but also the attack of pests 
Ostrinia nubilalis and Helicoverpa zeae, which 
increase their frequency and intensity (Horia et 
al., 2018). 
The purpose of this paper is to study the 
behavior of a maize hybrid under the influence 
of tillage systems and foliar fertilizers in terms 
of tolerance to specific diseases and pests as 
part of an integrated sustainable agriculture 
management. 
 
MATERIALS AND METHODS 
 
The research was carried out in 2018, at 
Agricultural Research and Development 
Station Turda (ARDS Turda) located in the 
Transylvanian Plain, on a faeoziom vertic soil 
with neutral pH, clay-loam texture, good and 
very good supply with mobile phosphorus and 
potassium, soil content in humus medium. The 
experience is bifactorial, and the area of an 
experimental parcel is 48 m2. In the experience, 
maize sowing was done with the MT 6 - 
Maschio Gaspardo machine. Sowing density 
was 65,000 plants/ha and the depth of seed 
incorporation was 5 cm. The rotation of crops 
is achieved in a 3 years soybean-wheat-corn 
system, the previous plant was winter wheat. 
The biological material was Turda 332 corn 
hybrid, created at ARDS Turda. 
The experimental factors studied: Factor A-soil 
tillage: a1- classical system with turning the 
furrow (CS), a2- minimum tillage, chisel 
variant (MTC), a3- minimum tillage, disk 
harrow variant (MTD), a4- no tillage, sowing 
directly (NT); Factor B - foliar fertilizers: b1-
control variant unfertilized; b2- Haifa 19:19:19 

+ Mg + ME (5 kg/ha); b3- Folimax Oleo 12-04-
24 + 2.0% MgO + 36.5% SO3 + ME (1.5 
kg/ha), b4- Folimax Gold 27% N + 1.5% MgO 
+ 0.02% B + 0.2% Cu + 0.02% Fe + 1% Mn + 
0.02% Mo + 0.02% Zn (3 l/ha), doing two 
treatments. The first treatment was performed 
in the 8-10 leaves phenophase, and the second 
treatment was done in the 12-14 leaf 
phenophase. With the sowing, NPK 27: 13.5: 0, 
250 kg/ha was fertilized, and a second fertili-
zation was done in the 6-8 leaf phenophase, a 
nitrogen fertilizer of 120 kg/ha (a.s. 33 kg/ha 
N) in all variants. 
For weed control, treatments were carried out 
comprising combinations of herbicides Tender 
1.2 l/ha and Merlin Flex 0.4 l/ha at 260 l/ha of 
water applied pre-emergence and in the vege-
tation used Starane 1 l/ha at 260 l/ha of water. 
The obtained results were statistically pro-
cessed by the variance analysis method and the 
lowest significant difference was determined - 
LSD - (5%, 1% and 0.1%) (ANOVA, 2015). 
The degree attack of fusarium ear rot was 
calculated according to the frequency and 
severity of the attack on 25 cobs per variant, 
and the frequency of attack of the pest Ostrinia 
nubilalis was determined by analyzing 25 cobs 
per variant. 
Year 2018 was characterized as a warm year 
but normal in terms of rainfall recorded at the 
weather station, but the data analyzed monthly 
and decadal shows that all the months of crop 
growing were warm or hot months, except 
month July when we report average tempera-
tures, as can be seen from the data presented in 
Figure 1. 
The climatic conditions of the first crop period 
of corn crops were beneficial to optimal 
development at temperatures slightly higher 
than normal for this period, correlated with 
normal rainfall. The precipitations in 2018 and 
shown in Figure 2 indicate that the amount of 
rainfall varied monthly, the absence of 
precipitation during important periods of maize 
crop being recorded only during the production 
period. June, which was characterized as a 
slightly rainy month, recorded a higher amount 
of rainfall, 13.5 mm above the 60-year average 
we are reporting, with higher atmospheric 
humidity in this period being one of the most 
important factors favoring the attack on 
Ostrinia nubilalis. 
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Figure 1. The thermal regime at Turda during 1 May 2018 - 31 October 2018 
 

 
Figure 2. The pluviometric regime at Turda during 1 May 2018 - 31 October 2018

The precipitations that were dropped in early 
July are in addition to those recorded in June, 
prolonging the period in which the adults of the 
corn borer grow and plow. 
The lack of rainfall in July and August puts its 
mark on corn crops by reducing the amount of 
water available to plants in the production of 
corn.  
In maize culture, the water reserve was above 
the minimum ceiling in the early stages of 
vegetation, but due to the low rainfall this 
reserve decreased at a time when maize has 
significant requirements for water demand (the 
period between flowering and baking in the 

wax because the migration of the substances to 
the grain is diminished), the lack thereof 
resulting in a slight decrease in production due 
to the grain deflection. 
 
RESULTS AND DISCUSSIONS 
 
Maize responds best to the conventional soil 
cultivation system where the highest yields of 
9566 kg/ha (Table 1) were obtained, but also to 
the minimum of tillage systems, where the soil 
was processed with the help of the chisel or the 
disc harrow, where the yields of the obtained 
are smaller, the differences of 94 kg/ha and 93 
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kg/ha are not statistically assured, in no tillage 
system, obtained the smallest yield, values with 
very significant differences of 2191 kg/ha 
compared to the control variant.  

Similar data was also obtained from the 
experiments of Șimon et al. (2009-2011), from 
which it follows that the difference between the 
classical tillage system and the minimum 
tillage system was only 18 kg/ha. 

 
Table 1. Influence of the soil tillage system factor on maize yield, Turda, 2018 

Tillage variant Yield  
(kg/ha) 

Difference  
(kg/ha) 

Signification 

Classical system (CS) (control variant) 9566 0 Cv. 
Minimum tillage (MTC) 9472 -94 - 
Minimum tillage (MTD) 9473 -93 - 
No tillage (NT) 7374 -2192 000 

LSD  (p 5%) 221         LSD  (p 1%) 405           LSD  (p 0.1%) 898 

The use of foliar fertilizers can positively 
influence production as shown in Table 2, 
where the use of fertilizers with a variable 
content of microelements in variants b2 and b4 
showed very positive yields of 731 kg/ha and 
761 kg/ha compared to the unfertilized control 
variant, the fertilizer used in variant b3 recorded 
a significant positive yield of 331 kg/ha 
compared to the non-fertilized control fertilizer. 

From the data presented, it appears that corn 
has benefited from the intake of microelements 
contained in the products used, contributing to 
the increase of yield by using them in 
vegetative phases where the maize plants have 
high water requirements, which has decreased 
with a decrease the amount of rainfall and 
relatively high temperatures. 

 
Table 2. Influence of foliar fertilization factor on maize yield, Turda, 2018 

Fertilization variant Yield  
(kg/ha) 

Difference 
(kg/ha) 

Signification 

b1- Unfertilized (control variant) 8515 0 Cv. 
b2- Haifa  9246 731 *** 
b3- Folimax Oleo  8847 332 * 
b4- Folimax Gold  9276 761 *** 

LSD (p 5%) 300         LSD (p 1%) 421          LSD (p 0.1%) 594 
                    
From the results obtained from the analysis of 
the influence of the interaction of the 
experimental factors on the maize yield and 
presented in Table 3, it can be noticed that by 
applying the foliar fertilizers in the minimum 
tillage system, chisel variant, obtained a yield 
increase with distinctly significant differences, 
respectively very significant compared to the 
control variant to which no foliar fertilizer was 
applied. The lowest yield differences are 
registered in the soil tillage system with a disk 
harrow, which has a significant decrease in 
yield of 607 kg/ha after application of foliar 
fertilization, while the other two fertilization 
fertilizers have gains of non-assured yield. 
Significant production springs (641 kg/ha and 
730 kg/ha respectively) are also obtained in the 
direct sowing system in the second and fourth 
treatment variants, the production increase 

obtained in the case of the application of the 
fertilizer from the third fertilization variant 
being not statistically assured. 
By applying conservative tillage systems, the 
risk of specific diseases and pests increases 
significantly due to soil debris in which the 
pathogens and pests survive, which are often 
factors that are important in determining the 
production and quality of the crop, and as 
Șopterean and his collaborators say in 2017, in 
the climatic conditions in Romania, in general 
and in Transilvania in particular, the most 
damaging disease of maize crops that is 
compulsory to be considered in the 
improvement process is fusarium, produced 
mainly by two species of the Fusarium genus 
(graminearum and moniliformes), which may 
appear alone or associated with environmental 
conditions (soil, climate, technology etc.). 
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Table 3. Influence of the interaction of experimental factors on maize yield, Turda, 2018 
 

The variant Yield  
(kg/ha) 

Difference 
(kg/ha) Signification 

Unfertilized x CS (control variant) 9047 - Cv. 
Haifa x CS 9837 790 * 
Folimax Oleo x CS 9428 381 - 
Folimax Gold x CS 9952 906 ** 
Unfertilized x MTC (control variant) 8610 - Cv. 
Haifa x MTC 9893 1283 *** 
Folima Oleo x MTC 9796 1186 ** 
Folimax Gold x MTC 9588 978 ** 
Unfertilized  x MTD (control variant) 9465 - Cv. 
Haifa x MTD 9675 210 - 
Folimax Oleo x MTD 8858 -607 0 

Folimax Gold x MTD 9896 431 - 
Unfertilized  x NT (control variant) 6940 - Cv. 
Haifa x NT 7581 641 * 
Folimax Oleo x NT 7306 366 - 
Folimax Gold x NT 7670 730 * 

LSD (p 5%) 598          LSD (p 1%) 840          LSD (p 0.1%) 1186 
 

From the data presented in Figure 3, following 
the interaction of the two experimental factors, 
compared to the classical soil management 
system considered as a control variant, one can 
notice an increase in the degree of Fusarium 
attack on the cobs in all three soil conservation 
conservative systems, with significant 
differences in the unfertilized variant with 
foliar fertilizer, In the Haifa fertilizer version 
there are no statistically ensured differences 
between the four soil cultivation systems; for 
the Folimax Oleo product, there is a significant 
increase in the degree of Fusarium attack in the 
application of the MTD system and statistically 
uninsured increases from the classical system 
to application of MTC and NT systems 
respectively. The greatest differences in the 
degree of Fusarium attack on the ear are 
recorded between the classical soil cultivation 
system and the conservative soil cultivation 
systems in Folimax Gold foliar fertilizer 
application.  
Research by Chetan, 2015 on the occurrence of 
maize Fusarium indicates an increase in the 
degree of attack Fusarium on the ear in the 
minimal tillage system compared to the classic 
system. The lower attack rate determined in the 
classical soil cultivation system is considered to 
be due to the efficiency of the breeding in the 

prevention and control of this disease, there is a 
positive correlation between the degree of 
attack of Fusarium and the pests present in the 
maize culture, the plants attacked by the pests 
being more prone to disease. 
Ostrinia nubilalis is found in all maize 
cultivation areas and is considered to be one of 
the most important pests of this crop in 
Transylvania, especially plants grown in 
conservative tillage systems. 
The conservation of vegetal debris on soil 
surface in conservative tillage systems leads to 
a significant increase in the frequency of 
Ostrinia nubilalis attack since these vegetal 
remains increase the chances of increasing the 
biological reserve of diseases and pests in 
maize crop. 
Although June was considered a warmer month 
than normal for this period, the fallen rainfall 
favored the emergence and development of 
adults of the species Ostrinia nubilalis, also 
increasing the life of the female, which 
manages to deposit more potes, thus the 
climatic conditions of the summer period being 
crucial in increasing the number of pests, the 
current climate change being an important 
factor in the multiplication of phytopathogenic 
agents and pests specific to maize crops. 
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Figure 3. Influence of experimental factors on degree attack of Fusarium ear rot, Turda, 2018 

 

 

The data presented in Figure 4 confirms that 
plant debris in conservative tillage systems 
leads to an increase in the frequency of 
Ostrinia nubilalis attack on maize cobs, but 
after application of foliar fertilizers, the 
frequency remains between 50,8-56,8% 
arcsin√% Haifa fertilizer and varies in variants 
where Folimax Oleo and Folimax Gold have 
been applied. 

From research on maize crop the damage 
species produce to maize crops is direct, by 
qualitatively and quantitatively reducing the 
plant production potential and indirectly by 
breaking plants and cobs, making the process 
more difficult harvesting, as well as the fact 
that the larvae are a vector for blight, Fusarium 
and other diseases. 
 

 

 
Figure 4. Influence of experimental factors on the ear frequency attack by Ostrinia nubilalis, Turda, 2018 
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CONCLUSIONS 

By introducing the minimum soil tillage 
systems, maize crop yield decreases with 
statistically significant differences but 
following the direct sowing system, the yield 
decreases with a very significant difference of 
2192 kg/ha compared to the conventional 
tillage system. 
The application of foliar fertilizers to maize 
crop bring significant or very significant yield 
increases in the climatic conditions of 2018. 
Soil tillage is of major importance in the 
emergence and development of phytopathogens 
of the species Fusarium and pest Ostrinia 
nubilalis. 
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Abstract  
 
The annual rainfall, relief and inappropriate anthropogenic interventions, in the absence of specific landscaping works 
in the slopes, have resulted in severe degradation processes in the Rediu-Aldei area. In the perimeter, some physico-
geological processes were identified and localized, such as active, semi-active and stabilized landslides, ravines, 
collapsing areas, areas with excess humidity, the main weight being nonetheless landslides. The slope landscaping is 
opportune because the sliding process over time intensifies and has a major negative economic and social impact and 
even unpredictable environmental conditions. In this way the protection and the avoidance of particularly serious 
damages on the agricultural land in the perimeter, as well as other social-economic objectives in the area, consisting of 
numerous individual households, roads, electrical networks, can be ensured. At the same time, the degradation of 
environmental conditions and the improvement of existing ones, which are severely affected due to the landslides 
produced, are avoided. In the paper will be proposed and analyzed specific works on the existing field problems. 
 
Key words: anti-erosion works, soil erosion, landslides, Iasi county. 
 
INTRODUCTION 
 
From an administrative point of view, the area 
where to propose solutions and works to 
prevent and combat landslides is located in Iasi 
County and is part of the Aroneanu village.  
The area under study is delimited as follows: to 
the north - Valea Leta, to the east - Valea Leta 
and Valea Satului, to the south - the limit of the 
territory of the commune of Holboca and to the 
west Chirita brook. The access to the area is 
made on the communal road DC 17 Iaşi and 
DC 19 Iaşi - Golaeşti. 
Rediu Aldei perimeter is located at the contact 
between the major geomorphological units - 
Moldavia Plain to the north and Moldavian 
Central Plateau to the south.  
From the morphological point of view, the 
studied area meets the characteristics of both 
units, specific being the presence of the cue 
relief of cuestas.  
The main hills that appear in the area on the left 
bank of the Chirita stream are oriented from 
north to south as follows: Leta hill, Coman hill 
and Rediu Aldei hill. 
The physico-geological phenomena affect the 
entire morphology of the studied area, they are 

represented by active, semi-stabilized and 
stabilized landslides. 
Due to the apperance loessoid soils and high 
relief of the area, there have been numerous 
active ravines and slopes on the slopes with 
depths of 2-10 m, the only stable areas being 
hillocks occurring in the confluence areas. 
From a geological point of view, the researched 
area represents a small part of the large unit of 
the Moldovan Platform, which develops 
Sarmatian (Bessarabian and Kersonian) and 
quaternary deposits. 
The underground waters in the perimeter are 
cantonated at the base of the quaternary 
deposits in the sandy formations of the latter. 
Their flow and chemistry varies greatly 
depending on the geological formations in 
which they are cantoned (on the slope or the 
meadow). In areas of landslides, several springs 
are reported, which are cantonated in the sandy 
intersections of the loessoid complex, some of 
which flow constantly, sometimes forming 
muddy portions. The number of springs can be 
higher, especially during precipitation periods. 
From a climatic point of view, the area has a 
prominent continental character, falling into the 
sub-wet steppe. According to data from Iasi, 
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the average annual air temperature is 9.4°C. 
The average for January is -3.7°C, and June for 
20.4°C. The main feature of the area is the 
uniform distribution of rainfall and their 
torentiality. Thus, the average annual 
precipitation value is 537.5 mm, with 
maximum rainfall values in 24 hours during the 
vegetation period between 50 and 110 mm. 
The water regime from precipitation indicates a 
low rate in the cold season with a minimum in 
February. In the warm season, rainfall some-
times has a pronounced torrential character, 
especially in the summer, when the showers are 
recorded with a high intensity. Hailstones are 
very rare and have a local character.  
The wind regime shows that 27% of the time is 
calm, the rest of the time manifested in winter, 
winds from the northwest and north, and in the 
spring from the south-east and east. 
From a hydrographic point of view, the area 
falls into the lower basin of the Bahlui River, 
whose valley flows from west to east and the 
Jijia River, which has the same flow direction. 
The surface waters concentrated on the valleys 
separating the hills in the area represent the 
tributaries on the left side of the Bahlui River, 
of small importance and with low flows, 
oriented to NNV-SSE, the most important of 
which constituted the western limit of the 
studied area: the Chiriţa stream, which springs 
from the north of Icuşeni, crosses the villages 
of Rediu Aldei, the Lungă Valley and flows 
southwards into the accumulation of Chiriţa 
(Aroneanu). 
In this brook a series of torrential runoff from 
the existing ravines on the adjacent slopes, and 
plugging existing beds and ponds downstream, 
causing excess humidity in the low meadow 
areas.  
By regressive erosion and implicitly the 
deepening of the depth erosion formation, there 
has been a submergence of the sloping foot, the 
emergence of new springs, these being one of 
the main causes of the stability of the slopes 
and, implicitly, of the landslides in the area of 
Rediu Aldei. 
For the pedological characterization of the 
analyzed area, the studies elaborated by the 
County Office of Pedological and Agroche-
mical Studies Iaşi.  
From an economic point of view, agricultural 
lands represent 87.8% of the proposed surface 

area to be arranged with a capacity to works, of 
which the degraded grasslands have a 
significant share due to erosion and landslides, 
and non-agricultural land represents 12.2% of 
the total area proposed for landscaping, 
generally made of non-productive land due to 
active landslides and deep erosion. 
 
MATERIALS AND METHODS  
 
The detailed mapping carried out in the Rediu 
Aldei perimeter led to the identification and 
localization of physico-geological processes, 
such as active, semi-active and stabilized land-
slides, ravines, collapsing areas, humid excess 
areas, the main weight being the landslides.  
As a working methodology, was used the 
inventtory of agricultural lands in the studied 
area, as they were recorded in the cadastral 
registers of Iasi County, on administrative 
units, on the most recent topographic maps and 
even with the help of the Google Earth site. 
In order to know the complex problems of the 
quality of the ground-land units in terms of the 
sustainable use of land resources, a study was 
carried out on the current state of the land and 
land improvement works in the Rediu-Aldei 
area; at OSPA Iasi, APIA Iasi, North-East 
Region ANIF, Agricultural Chamber in 
Aroneanu. Soil maps were also used at stairs 1: 
200 000 and 1: 100 000. 
 
RESULTS AND DISCUSSIONS  
 
To prevent and combat landslides, a series of 
works are proposed, namely:  

� land planning with landslides on an area 
of about 420 ha through drainage channels 
of interception - capture - evacuation of 
groundwater which feeds landslides and 
eliminates excess moisture from the soil 
profile, collecting springs, interception and 
control channels for surface leakage and 
forest protection plantations. 
� planning of valleys and ravines on 
approximately 8 km through transversal 
works which consists of reinforced soil 
dams, concrete thresholds and forced slopes, 
storm drains, including culverts on 
agricultural technology roads and forest 
protection plantations. 
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I Improvement works proposed and variants 
analyzed 
Starting from the new existing conditions, 
regarding the land ownership structure in the 
perimeter, with a share of 59% of the private 
property, it is planned to design and carry out 
the works for prevention and control of the 
landslides, including the other works to combat 
soil erosion associated with a new design 
concept, with viable solutions that can be 
applied in stages. 
On arable surfaces affected by surface erosion, 
specific works such as terraces and buffer strips 
can be done by landowners after increasing 
their private property or creation of associa-
tions, which will lead to an even more 
substantial reduction of soil loss on these lands. 
Taking into consideration the specificity of the 
necessary fitting works and their purpose, it is 
important to perform a comparative technical-
economical analysis of two or more variants. 
Several variants will be analyzed from the point 
of view of the planning scheme, as well as 
several constructive solutions for the realization 
of the works. So, the general scheme of 
landscaping proposed, results from the 
composition of the optimal technical and 
economical constructive solutions for each 
capacity, respectively type of works. 
1. Arrangament of slips - They make up 
the main improvements works proposed by the 
present study, in terms of effect on improving 
the stability of sliding slopes and are proposed 
to be carried out on an area of 400 ha and 
comprises: 
a) Works with interceptive, uptake and 
evacuation of groundwate - Interceptions, 
capture and rapid evacuation of groundwater, 
which feeds the landslides  from the fronts 
groundwater, coming from the high plateau or 
rain fallen directly on the surface slopes and 
which is currently the main cause of  landslides  
produced, complemented by the collection and 
discharge of stagnant water at the surface of the 
land, which produce significant beneficial 
effects, leading to a substantial increase in the 
stability factor of the slopes by: 

� reducing the heap of the sliding mass, 
by maintaining a low moisture content of 
downstream land; 
� reduction or disappearance of the 
erosion-reducing process and the internal 

friction angle of the soils forming the 
slipping mass; 
� reducing the hydrodynamic force acting 
on downstream land by essentially 
modifying the underground current 
spectrum; 
� avoiding infiltration of water at the level 
of the slip surface; 
� avoiding the softening of the slope at 
the base of the detachment fronts; 
� the delay of the physico-mechanical 
alteration process of the rock forming the 
massive at the top, by the catalyst factor that 
represents the water in the process of 
alteration; 

b) Biological consolidation works 
through forest protection plantations - Are 
planned works both for the consolidation of the 
lands through the roots that carry out their 
biological reinforcement, and for the provision 
of forestry use on degraded surfaces due to 
landslides. 
Forest protection plantations are proposed to be 
built on an area of about 35 hectares, in the 
areas of cornices, detachment steps, land with 
excessive erosion and active landslides, which 
cannot be used in the agricultural circuit. 
Plantations may be of the following species: 
willow (Eleganus angustifolia) - 20%, acacia 
(Robinia pseudoacacia) - 60%, wicker (Salix 
purpurea) - 20%. 
2. Planning of valleys and ravines. It is 
proposed to be improvement about 10 km of 
valleys and ravines to prevent the development 
of landslides by undermining their base and 
defending neighboring agricultural lands 
through transversal works, escape channels and 
forest protection plantings. 
a) Cross-sectional work. A possible 
scheme landscaping with works could be 
designed for production a compensation slope 
in the longitudinal profile on ravines, optimal 
technically-economical, comprising 1 earth 
dam, 7 concrete thresholds and 3 forced slopes. 
In order to establish an optimal technical and 
economical solution development for the for-
mation of deep erosion with transversal works 
to stabilize them and to retain the alluvial 
material, can be analyze several constructive 
solutions for the accomplishment of the works, 
with the provision of technologies and 
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performance materials at the level those 
currently used worldwide. 

Earthfill dams and forced slopes with heights 
between 3 and 5 m. The earthfill dam is analy-
zed in four constructive solutions, namely: 

� Earthfill dam, with the spillway, rapid 
channel and disipator basin consolidated with 
reinforced concrete casting on the spot; 
� Earthfill dam, with the spillway, rapid 
channel and disipator basin, consolidated with 
modulated prefabricated of reinforced concrete; 
� Earthfill dam, reinforced with geogrids,   
with the spillway and the dissipator basin 
consolidated with modulated prefabricated of 
reinforced concrete; 
� Filterable dams, from prefabricated 
elements. 
Thresholds, with heights between 1.0 m and 
1.5 m, were analyzed in three constructive 
solutions: 
� Concrete thresholds; 
� Thresholds made of modulated  prefa-
bricated of reinforced concrete; 
� Gabion thresholds with galvanized wire 
mesh. 
b) Drainage channels of water from 
valleys and ravines in the emissary. It is 
proposed for a length of 5 km to ensure the 
ability to transport of natural river bank and to 
avoid flooding in the locality of Rediu-Aldei 
and on the neighboring agricultural lands, in 
part to ensure the collector drainage rates. 
In the built-up area, in small spaces or the 
dejection cones of the ravines, a consolidation 
solution that could be analyzed is the one with 
100 mm geo-cell, filled with earth and covered 
with a layer of biodegradable geotextile, fixed 
by means of concrete steel anchors, a solution 
that would be very expensive. 
c) Biological consolidation works through 
forest protection installations. Are proposed for 
a surface area of 7.0 hectares, for the 
consolidation of their embankment and thalweg 
with a planting scheme consisting of species 
wich are agreed by the animals: the willow 
(Eleagnus angustifolia), 2-3 rows on the banks 
of the ravine - 20%, sea-buckthorn (Hippophae 
rhamnoides), on embankment - 70% and 
wicker (Salix purpurea) on thalweg - 10%. 
3. Works to track evolution over time 
on landslide. For the time tracking of the 

evolution of the landslides and the efficiency, 
respectively the behavior of the designed 
works, the following are proposed: 

a) A topometric landmarks network, 
consisting of: 
• The topometers that will highlight the support 
points that will be at the same time and the 
points of the station where the measurements 
will be made and which will be materialized by 
8 reinforced concrete beams in the shape of a 
pyramid of great dimensions, planted in the 
lands stable; 
• Topometric tracking landmarks, materialized 
by 20 reinforced concrete bollards, planted on 
lands with active landslides. 
The final positioning of the topometric 
landmarks in the field and their installation will 
be done after the basic work has been done. 
b) A network of stationary hydrogeo-
logical, composed of 12 observation wellss 
with an average depth of 12 m, arranged in 3 
hydrogeological profiles through main slides, 
to track the evolution of groundwater levels and 
chemistry. 
II. Works and agro-technical measures 
In addition to the forest protection plantations, 
it is necessary to complement in addition a 
complex of works and measures of agropedo-
ameliorative character, which ensure: 

 Achieving a continuous slope of the 
land, including a gutters system, with the 
elimination of microdepressors where water 
stagnates and the sealing of cracks, allowing 
the regulation of superficial runoff and 
avoiding rapid infiltration of water to the 
sliding bed; 

 Biological consolidation by grassed, by 
creating a well-worn herbaceous carpet on 
the lands covered with meadows; 

 Transforming the non-agricultural use 
categories provided as a result of carrying 
out investment works for agricultural 
purposes; 

 Increasing the productive capacity of 
the arable land and of the agricultural 
productions at the foreseen levels, mainly 
due to the elimination of the excess moisture 
in the soil profile in the areas where it is 
manifested on extended surfaces but also the 
reduction of erosion soil losses. 

The necessary agropodoameliorative works and 
measures are: 
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1) Correction of the slope of the land by its 
easy modeling and the creation of drainage 
gutters on active landslides  on a surface of 46 
ha with a specific landfill volume of about 200 
m3 / ha; 
2) Works of creations and improvements 
of meadows on a total area of 218 ha, of which 
46 ha of sowing (active landslides and non-
agricultural lands which are transformed into 
pastures and meadows and on where land-
modeling works are carried out) and 172 
hectares of over-sowing (on semi-active and 
stabilized landslides), including necessary 
fertilization work. The following mixture of 
perennial herbs is recommended for sowing: 
Bromnus inaermis - 70% and Onobrichis 
viciaepholia - 30%.  In case of oversowing, the 
following mixture will be used: Bromus 
inaermis - 50%; Agropyrum cristatum - 10%; 
Onobrichis viciapholia - 20%; Lothus 
corniculatus - 20%. 
For fertilization of meadows for optimal 
germination conditions of herbaceous seeds and 
the creation of a rich herbaceous carpet, 200 
kg/ha of active substance and calcium 
superphosphate 100 kg/ha of active substance 
will be used. These chemical fertilizers can be 
replaced by 20 t/ha of manure. 
3) Works of deep loosening (scarification) 
50-60 cm, an area of about 100 hectares to 
improve soil permeability for water and air,  on 
land where excess moisture in the soil profile is 
manifested on extended surfaces and on which 
horizontal drainage works are planned. 
4) Measures on the application on arable 
lands of specific agrotechnics on lands in the 
slope by performing all the cultural works only 
on the level curve and the crops in strips. 
 
CONLUSIONS  
 
By realizing the entire complex of proposed 
works for preventing and fighting the 
landslides in the Rediu Aldei area, it will be 
ensured first of all avoiding the reactivation and 
intensification of the landslides and of the deep 
erosion formations respectively, eliminating the 
possibility of extension of the out-of-area areas. 
At the same time, about 2 ha of land is 
transformed into productive agricultural land 
and turns into forest plantations about 42 ha, 
currently non-agricultural land, while removing 

excess surface moisture and soil profile and 
reducing soil loss through erosion, resulting in 
a significant increase of the agricultural output 
obtained on the other lands.  
There are also beneficial effects on other socio-
economic objectives, namely: avoiding to the 
damage to individual households in the vicinity 
of the slopes, avoiding damage to municipal 
roads in the area, reducing the intensity of 
clogging of Chiriţa accumulation. 
Active landslides have profound consequences 
both on the environment and especially on the 
water regime, the floods being generated and 
aggravated by erosion as well as on social 
economic objectives. 
Unlike the above synthetically presented, it 
results that landslides landscaped, simpler or 
more complex, can only have positive 
ecological consequences (favorable impact). 
Through the landscaping work, ecological 
changes are expected in wider spaces, including 
climate, flora and fauna. 
Drainage works proposed in areas affected by 
landslides will allow the removal of excess 
moisture from the soil profile, preventing the 
infiltration of water to the sliding bed, thus 
reducing the risk of landslides triggering. 
Designed transverse work will help to achieve 
the compensation slope so that the volume of 
the entrained materials is equal to the volume 
of deposited alluvial materials, leading to a 
deformation of the depth erosion process that 
could have negative influences on the stability 
of the slippery slopes. Thus, alluvial spills will 
be reduced and their deposition in 
watercourses, agricultural lands, crops will be 
diminished. At the same time, in the area of 
each transversal work, it will be possible to 
cover the soil with vegetation, which will lead 
to stabilization of the base of the slopes that 
will develop over time and due to the forest 
protection plantations. 
Forest plantations in the area of transverse 
works, from torrential formations, cornice and 
with landslide areas, will have multiple 
functionality, besides the role of soil fixing in 
areas with high potential for landslide 
activation and environmental protection and 
can be used later as natural resources. These 
plantations also contribute and to brake 
leakage, maintenance of fertile soil in the 
perimeter, and cessation of landslide. 
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By carrying out the proposed works, the soil 
erosion process will be reduced, it will limit 
and reduce the areas affected by landslides, and 
the zone microclimate will also be modified. 
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Abstract 
 
Teff [Eragrostis tef (Zucc.) Trotter] has the potential to be one of those crops that have gained the interest of people of 
the Western world due to their beneficial health effects. The purpose of the present study was to evaluate the effect of 
organic and inorganic fertilization on yield and yield components of teff crop. A field experiment was laid out 
according to a randomized complete block design, with three replicates and three fertilization treatments [untreated, 
organic fertilizer (Bokashi) and inorganic fertilizer (34.5-0-0)]. The results showed that the higher plant height (85.9 
cm), panicle length (33.4 cm), number of branches per panicle (9.3), number of grains per panicle (815.6), grain yield 
(1652 kg ha-1) and straw yield (3793 kg ha-1) were achieved through the application of inorganic fertilizer; however, 
the differences between the organic and inorganic fertilization were not statistically significant. The number of panicles 
per plant (9.6-10.4) and thousand grain weight (0.316-0.327 g) were not affected by fertilization. Finally, the results 
indicated that the organic fertilizer (Bokashi) should be considered as an alternative to chemical fertilizers for teff 
production. 
 
Key words: Bokashi, grain yield, nitrogen fertilizer, teff, yield components. 
 
INTRODUCTION 
 
Consumer’s health consciousness has exhibited 
continued growth over the last two decades and 
the majority of population is trying to improve 
its health by consuming proper diet, containing 
foods which are not intended only to appease 
hunger and provide necessary nutrients for 
humans, but also to prevent nutrition-related 
diseases and improve mental and physical 
health of the consumers (Menrad, 2003). 
Cereals are getting appreciation from 
consumers and nutritionists, as they constitute 
the major source of carbohydrates and energy 
in diets worldwide. In addition, most of the 
cereals also contribute to the intake of a fair 
amount of dietary fiber, as well as, several 
vitamins, trace minerals, and phytochemicals 
(Poutanen et al., 2014). Wholegrain foods are 
recognized as an essential part of a healthy diet 
and many medical and epidemiological studies 
during the past 15 years have shown that higher 
consumptions of whole grains are strongly 
connected with reduced risk of acute and 
chronic diseases, including cardiovascular 
disease, type 2 diabetes, coronary heart disease, 

obesity, and certain cancers, including 
colorectal cancer (Aune et al., 2016).  
Nowadays, the term “super-grain” has been 
become popular, and fewer cereals and pseudo-
cereals are joined in this group. Some of these 
cereals like teff are endemic to limited to some 
parts of the globe but recent times due to their 
proven health beneficial effects, cultivation and 
consumption of them are spreading from origin 
to the different countries (Poutanen et al., 
2014). In the case of the teff now it is gaining 
the interest of people particularly in the 
Western world and serious efforts are made to 
expand its cultivation in Europe and America 
(Belay et al., 2009). It has to be noted that a 
discussion has already been started in the 
scientific media as teff is the next super grain 
to replace quinoa (Satheess & Fanta, 2018). 
Teff [Eragrostis tef (Zuccagni) Trotter] is a 
warm season C4 annual plant that is a member 
of the Poaceae family, and it has been 
cultivated in the Horn of Africa for at least 
3,000 years (Stallknecht et al., 1993). It is the 
major food crop in Ethiopia where it is 
annually cultivated on more than three million 
hectares of land (CSA, 2014). Compared to 
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other cereals, teff can adapt to a wide range of 
agroecological conditions, such as marginal 
water-logged soils to drought conditions. 
Moreover, unlike other cereals, teff grain is less 
prone to attacks by storage pests and, thus, it 
can be safely stored under traditional storage 
conditions with no chemical protection and 
without losing its viability (Ketema, 1997). 
Teff seeds are very minute (thousand grain 
weight = 0.18-0.38 g; thousand grain weight of 
Arabidopsis = 0.17-0.21 g) and, for marketing 
purposes, they are classified on the basis of 
outer caryopsis color: netch (white), qey 
(red/brown) and sergegna (mixed) (Tefera et 
al., 1995). The height of the plant ranges from 
20 to 155 cm with the culm (11-72 cm) and the 
panicle (10-65 cm) accounting for about 47-
65% and 35-53% of the total aboveground 
height, respectively (Assefa et al., 2001). 
The importance of teff is mainly due to the fact 
that it has an exceptional nutritional profile and 
has additional health benefits including that its 
grains are free from the gluten and gluten-like 
proteins contained in other common cereals, 
such as wheat, rye, barley, and corn (Spaenij-
Dekking et al., 2005). The increasing demand 
for gluten-free products is derived from the 
growing number of people who are diagnosed 
with celiac disease and other types of gluten 
sensitivity (Bultosa & Taylor, 2004; Spaenij-
Dekking et al., 2005). Teff is a rich source of 
protein (9.4-13.3%) with a balanced essential 
amino-acid spectrum of leucine, valine, proline, 
alanine, and glutamic and aspartic acids. 
Studies showed that like other cereals teff is 
predominantly starchy (73%), as the starch 
content of teff is higher than that of most other 
cereals (Bultosa & Taylor, 2004). Teff starch 
granules consist of conglomerates of many 
polygonal simple granules (Helbing, 2009). 
Furthermore, it contains 2.6-3.0% ash and 2.0-
3.1% lipid and constitutes a rich source of Fe, 
Ca, Zn, Mg than other cereal grains (Bultosa & 
Taylor, 2004). In a recent study, it was 
observed that the bio-available iron content was 
significantly higher in tef bread than in wheat 
bread (Alaunyte et al., 2012). Forsido et al. 
(2013) reported that the antioxidant properties 
of teff could be used for producing healthy 
food products. 
Despite its versatility under various extreme 
environmental conditions, the productivity of 

teff is low with the yield standing at 1500 kg 
ha-1 in Ethiopia (CSA, 2014). The most 
important yield limiting factor is lodging. 
Under natural conditions, grain yield losses due 
to lodging are estimated at an average of 17%. 
(Assefa et al., 2011). In addition, lodging can 
reduce the quality of the seed in terms of 
germination capacity and energy, color and 
nutritional value (Assefa et al., 2015). 
However, farmers using improved cultivars and 
management practices can obtain yields up 
until 2500 kg ha-1 (Tefera & Belay, 2006). 
Low soil fertility is intensified by soil fertility 
depletion through nutrient removal with 
harvest, tillage, weeding, and losses in runoff 
and soil erosion (Gebregziabher et al., 2006). 
Lower tef grain yield is mainly attributed to 
low soil fertility, and especially, nitrogen and 
phosphorus deficiencies (Kebede & Yamoah, 
2009). According to several studies, grain yield 
exhibited a linear increase with the increasing 
rate of application of nitrogen fertilizer in teff 
(Giday et al., 2014; Assefa et al., 2016). 
Since teff is a crop that has been systematically 
studied only during the last two decades, the 
available literature on plant growth and yield 
under organic fertilization is still quite limited. 
Substantial studies have shown the beneficial 
effects of organic fertilization on the yield and 
quality of several crops (Bilalis et al., 2012; 
2018).  
Bokashi is a soil fertilizer of Japanese origin 
made by fermenting organic wastes with a 
microbial inoculant. It is widespread to farming 
communities in Nicaragua, Mexico, and China. 
The use of Bokashi has even extended to 
developed countries, such as USA, where the 
microbial inoculant Effective Microorganisms 
or EM, a consortium of lactic acid bacteria, 
photosynthetic bacteria and yeasts, is used. A 
study conducted in China showed that 
application of EM bokashi significantly 
increased grain yields, nutrient content in straw 
and grain, and straw biomass in wheat (Hu & 
Qi, 2013). 
Literature survey revealed that there was a lack 
of knowledge the performance of teff growth 
under Mediterranean semi-arid conditions and 
organic cropping system. Therefore, the aim of 
this study was to determine the effects of 
organic and inorganic fertilization on yield and 
yield components of teff crop. 
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MATERIALS AND METHODS 
 
A teff crop was established in the organic 
experimental field of the Agricultural 
University of Athens (Latitude: 37°59′ 1.70′′ N, 
Longitude: 23°42′ 7.04′′ E, Altitude: 29 m 
above sea level) from April to August 2015. 
The soil was a Leptosol and soil texture was 
clay loam (29.8% clay, 34.3% silt and 35.9% 
sand) with pH (1:1 H2O) 7.29, nitrate-nitrogen 
(NO3-N) 12.4 mg kg-1 soil, available 
phosphorus (P) 13.2 mg kg-1 soil, available 
potassium (K) 201 mg kg-1 soil, 15.99% CaCO3 
and 1.47% organic matter.  

The site was managed according to organic 
agricultural guidelines (EC 834/2007). Weather 
data (mean monthly air temperature and 
precipitation) pertaining to the experimental 
period were recorded by the weather station of 
Agricultural University of Athens and are 
presented in Table 1.  
The mean temperature during the growing 
season (April-August) was higher (24.2�C) as 
compared to 30-year average (23.4�C).  
The total rainfall of cultivation period 57.8 
mm, which means it was the three-fourths of 
the 35 years average (75.9 mm). 

 
Table 1. Monthly means of maximum (Max.), minimum (Min.) and average (Avg.) air temperature  

and precipitation for 2015 growing season and the 30 years average in Athens, Greece 

Month Max 
(�C) 

Min 
(�C) 

Avg. 
(�C) 

Precipitation 
(mm) 

Max 
(�C) 

Min 
(�C) 

Avg. 
(�C) 

Precipitation 
(mm) 

 2015 30 year average 
April 24.5 5.3 16.1 8.8 20.2 9.6 15.3 30.8 
May 31.3 14.5 21.8 31.8 26.0 13.9 20.7 22.7 
June 35.1 16.8 24.7 15.8 31.1 18.2 25.6 10.6 
July 37.2 19.4 29.3 0.8 33.5 20.8 28.0 5.8 
August 36.1 21.6 29.3 0.4 33.2 20.7 27.4 6.0 

Total - - - 57.6 - - - 75.9 
 
The experiment was set up on an area of 238 
m2 according to a randomized complete block 
design (RCBD), with three fertilization 
treatments: control (untreated), organic 
fertilizer (EMIKO® Bokashi Organic NPK 
Fertilizer with EM, 1.06% N, EMIKO 
Handelsgesellschaft mbH) at a rate of 4200 kg 
ha-1 and inorganic fertilizer (Nutramon® 34.5-0-
0, Hellagrolip S.A.) at a rate of 60 kg N ha-1, 
and three replications for each treatment. The 
plot size was 20 m2 (5 m x 4 m). There was a 
space of 1 m between plots and 1 m between 
replications. Soil was prepared by ploughing at 
a depth of about 0.25 m. Fertilizers were 
applied by hand on the soil surface and then 
harrowed in. Teff seeds were sown on 19th 
April by hand in rows 30 cm apart, at a rate of 
5 kg ha-1 and a depth of 1 cm. Overhead 
sprinkler system was also set up on the field. 
The field area was irrigated 5 times. The total 
quantity of water applied during the 
experimental period was 328 mm. Throughout 
the experimental period, there was no incidence 
of pest or disease on teff crop. Weeds were 

controlled by hand hoeing when it was 
necessary. 
Data were recorded on some growth and yield 
parameters including plant weight, number of 
panicles per plant, plant length and number of 
branches per panicle using five randomly 
selected plants in each plot at 100 days after 
sowing (DAS). Moreover, thousand grain 
weight, grain yield, and straw yield were 
assessed at 120 DAS. Thousand grain weight 
was counted on five randomly selected plants 
from each plot.  For the determination of grain 
yield and straw yield, the middle sub-plot area 
of 4 m2 (2 m x 2 m) was used. Biological yield 
was recorded by measuring the whole weight 
of plants from middle sub-plot areas after 
harvesting and drying for three days. Grain 
yield was determined by measuring the grain 
weight of plants used for straw yield. 
The experimental data were checked for 
normality and subjected to statistical analysis 
according to the split-plot design. The 
statistical analysis was performed with the 
SigmaPlot 12 statistical software (Systat 
Software Inc., San Jose, CA, USA). 
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Differences between means were separated 
using Least Significance Difference (LSD) test. 
Correlation analyses were used to describe the 
relationships between yield and yield 
components using Pearson’s correlation. All 
comparisons were made at the 5% level of 
significance. 
 
RESULTS AND DISCUSSIONS 
 
The effects of organic and inorganic 
fertilization on the plant height of teff are 
presented in Table 2. Regardless of the type of 
fertilizers, the teff plants in the plots received 
inorganic or organic fertilizer were 
significantly taller as compared to their 
respective plant heights in the untreated plots. 
In particular, the higher plant height (85.92 cm) 
was recorded in inorganic fertilization 
treatment followed by organic fertilization 

(82.44 cm); however, the differences among 
these values were not statistically significant. 
Plant height affects above-ground biomass 
yield of a crop. In earlier studies, nitrogen 
significance to teff’s productivity has been 
described (Tesfahunegn, 2014; Assefa et al., 
2016). Giday et al. (2014) reported that plant 
height of teff increased consistently with 
increasing rates of nitrogen and the maximum 
plant height of 122.33 cm was found in plants 
treated with 69 kg N ha-1 of slow release urea 
fertilizer. In contrast to this, Berhane et al. 
(2013) reported superior plant height of teff in 
plots received organic fertilizers as compared 
to conventional once. The values of our results 
are lower as compared to other studies, 
probably due to the different variations in 
environmental conditions and the genetic 
potential of populations (Roussis et al., 2017).

 
Table 2. Plant height, number of panicles per plant, panicle length, number of branches per panicle of teff crop as 

affected by organic and inorganic fertilization 

Fertilization Plant Height 
(cm) 

Number of panicles 
per plant 

Panicle length 
(cm) 

Number of branches 
per panicle 

Control 74.86 b 9.6 a 27.04 b 7.6 b 
Organic 82.44 a 10.2 a 31.09 ab 8.7 a 

Inorganic 85.92 a 10.4 a 33.52 a 9.3 a 
Ffertilization 10.358* 3.087ns 8.518* 20.265** 
p-value 0.026 0.155 0.036 0.008 

F-test ratios are from ANOVA. Significant at * and ** indicate significance at p ≤ 0.05 and 0.01, respectively and ns: not significant. 
Mean values within each column followed by different letters, differ significantly according the LSD test (p ≤ 0.05). 
 
Concerning the number of panicles per plant, 
the effect of fertilization was found not to be 
statistically significant (Table 2). Despite the 
non-significant differences among the 
fertilization treatments, the highest value (10.4) 
was found in plants treated with inorganic 
fertilizer and the lowest (9.6) in the unfertilized 
plots. Giday et al. (2014) reported the positive 
and significant increase in the number of 
panicles per plant with the increasing rate of 
nitrogen fertilizer on teff. In the same way, 
Asefa et al. (2014) found that number of 
panicles was significantly increased with the 
increase of rate of NPK fertilizers. In contrast 
to above-mentioned studies, Assefa et al. 
(2016) observed no difference in the number of 
panicles per plant between the levels of 
compost and NP fertilizer, and the values did 
not present any increasing or decreasing trend. 

In a similar way, Tesfahunegn (2014) found 
that the unfertilized plot showed a significantly 
lower panicle number per plant as compared to 
others, but there were non-significant 
differences among the remaining which 
received different rates of fertilizers. 
Panicle length constitutes one of the yield 
attributes of teff that could lead to a high 
increment of grain and straw yield. In our 
study, panicle length was significantly affected 
by the different fertilization treatments, with 
the values significantly varied between the 
inorganic fertilization and control (Table 2). 
The highest mean length (33.52 cm) was 
recorded in inorganic fertilization treatment, 
while, the lowest (27.04 cm) was obtained from 
the untreated plot. This may also be due to the 
same reason as that of plant height. The 
positive correlation between nitrogen fertilizer 
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and panicle length of teff has also been 
reported by several authors (Giday et al., 2014; 
Assefa et al., 2016). The application of 
balanced fertilizer and efficient utilization of 
nutrients leads to high photosynthetic 
productivity and accumulation of high dry 
matter, resulting in increases of panicle length 
and grain yield (Assefa et al., 2016).  
The results of the experiment indicated that the 
effect of organic and inorganic fertilization 
significantly affected the number of branches 
per panicle of teff (Table 2). This trait was 
significantly varied between the inorganic 
fertilization and control, and the organic 
fertilization and control. But, the number of 
branches per panicle did not significantly differ 
between the organic and inorganic fertilization, 

indicating that both treatments did show similar 
effect on the parameter. The highest mean 
branches number per panicle was observed in 
the inorganic treatment (9.3) and the lowest in 
the control (7.6). Studies have shown that 
nitrogen fertilizer application had a significant 
effect on the number of branches and spikelets 
in panicle (Matsui & Kagata, 2002; Kamiji et 
al., 2011). The panicle length and the number 
of panicle branches are important predictors of 
spikelets. Zhou et al. (2017) reported that the 
increase in panicle length and number of 
branches provided more space for spikelets 
development and increased spikelet density per 
panicle under optimized nitrogen fertilizer 
application.

 
Table 3. Thousand grain weight, grain yield and straw yield of teff crop as affected by organic and inorganic 

fertilization 

Fertilization Thousand grain 
weight (g) 

Grain yield (kg ha-1) Straw yield (kg ha-1) 

Control 0.316 a 1287 b 3404 b 
Organic 0.323 a 1535 a 3612 ab 

Inorganic 0.327 a 1652 a 3793 a 
Ffertilization 2.968ns 27.431** 9.019* 
p-value 0.162 0.004 0.033 

F-test ratios are from ANOVA. Significant at * and ** indicate significance at p ≤ 0.05 and 0.01, respectively and ns: not significant. 
Mean values within each column followed by different letters, differ significantly according the LSD test (p ≤ 0.05). 
 
Regarding the thousand grain weight, the 
analysis of variance revealed that the 
fertilization had no significant effect on this 
parameter (Table 3). However, the maximum 
thousand grain weight (0.327 g) was recorded 
after the application of inorganic fertilizer and 
followed by organic treatment (0.323 g). 
Gooding and Davies (1997) observed neither 
improvement nor reduced thousand kernel 
weight due to nitrogen fertilization even when 
yields increased. In general, a wide range of  
factors, including variety, growing conditions, 
climatic factors, and soil properties affect the 
thousand grain weight. 
Grain yield was significantly responded to the 
fertilization (Table 3). The highest mean grain 
yield of teff (1652 kg ha-1) was obtained in the 
inorganic fertilization treatment with 365 kg   
ha-1 yield advantage over the control. The next 
highest mean grain yield (1535 kg ha-1) was 
obtained from the organic fertilization 
treatment with no statistically significant 

difference (p>0.05) compared to the yield 
obtained with the application of inorganic 
fertilizer, and the lowest grain yield (1287 kg 
ha-1) was obtained from the untreated plot. 
Several studies indicated the positive and linear 
response of grain yield to increasing levels of 
nitrogen fertilizer (Geleto et al., 1995; Giday et 
al., 2014). Geleto et al. (1995) reported that 
application of 120 kg N ha-1 presented yield 
advantage ranging from 19 to 49% over the 
yield obtained with the application of 60 kg N 
ha-1 depending on the inherent nitrogen status 
of the soil as well as the amount and 
distribution of precipitation during the 
cultivation period of the respective locations. 
Assefa et al. (2016) also reported that the 
application of 2.5 tons ha-1 compost combined 
with the 50% of recommended NP (64/46 kg 
ha-1 N/P2O5) rate resulted in grain yield 
increments of 158% compared to the control 
(untreated) on teff which is comparable to the 
full NP dose. Compost could also improve the 
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soil structure which leads to better root 
development that may result in more nutrient 
up take from the soil in addition to its slow and 
gradual release of macro and micro nutrients by 
itself (Al-Bataina et al., 2016). Grain yield had 
positive and significant correlation with plant 
height, number of panicles per plant, panicle 
length, number of branches per panicle and 
straw yield ( r = 0.946, p<0.001; r = 0.702, p = 
0.034; r = 0.799, p = 0.009; r = 0.856, p = 
0.003 and r = 0.768, p = 0.016, respectively). 
The application of different fertilization 
treatments had a significant effect on straw 
yield of teff. The highest mean straw yield 
(3793 kg ha-1) was obtained in the inorganic 
fertilization treatment with 389 kg ha-1 yield 
advantage over the control plot. The next 
highest mean straw yield (3612 kg ha-1) was 
obtained from the organic fertilization 
treatment with no statistically significant 
difference (p>0.05) compared to the yields 
obtained from the inorganic fertilization and 
untreated plots. The lowest straw yield (3404 
kg ha-1) was obtained from the untreated plot. 
The increase in nitrogen supplement can result 
in a more vigorous plant growth, producing a 
greater total plant biomass and a higher straw 
yield (Giday et al., 2014). Assefa et al. (2016) 
observed that application of compost beyond 5 
tons ha-1 compost combined with NP beyond 
32/23 kg ha-1 N/P2O5 rate had no significant 
effect on straw yield. Contrariwise, Berhane et 
al. (2013) found that the organic fertilizer 
increased straw yield of teff than the inorganic 
fertilizer and reasoned that could be due to 
higher plant height of organic teff than the 
conventional. Straw yield had positive and 
significant correlation with plant height, 
panicle length and number of branches per 
panicle (r = 0.716, p = 0.029; r = 0.801, p = 
0.009 and r = 0.8831, p = 0.002, respectively). 
 
CONCLUSIONS 
 
The results showed that the higher plant height, 
panicle length, number of branches per panicle, 
number of grains per panicle, grain yield and 
straw yield were achieved through the 
application of inorganic fertilizer; however, the 
differences between the organic and inorganic 
fertilization were not statistically significant. 
The number of panicles per plant and thousand 

grain weight were not affected by fertilization. 
As a conclusion, the results of the present study 
indicated that the organic fertilizer (Bokashi) 
should be considered as an alternative to 
chemical fertilizers for teff production. 
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Abstract  
 
The Republic of Moldova is characterized by temperate continental climate, mild and short winter, hot and long 
summer with a relatively small amount of atmospheric precipitation. The average annual rainfall volume in the North 
of Moldova is 550-600 mm. In the Center region, rainfall is predominantly low (500-550 mm), and in the South - very 
low (450-500 mm). The climatic zone determines the frequency of the drought phenomenon. In the North of the country, 
a severe drought is recorded every 10 years, in the Center area, 2-3 times, and in the South region, 3-4 times. With 
global climate change, the phenomenon of drought is more frequent. This creates a high moisture deficiency in soil and 
air, the consequences of which lead to a substantial decrease in crop productivity or even loss of crop. In the territory 
of Ialoveni district the pedoameliorative situation is very complex. As a result of the work carried out, new data were 
obtained regarding the current state of the natural factors influencing the eco-natural settlement within the studied 
territory. In order to appreciate the natural potential of Ialoveni district, protect and increase soil fertility, trace the 
ways of development of agricultural enterprises, and thus improve the socio-economic level of the rural population, it is 
necessary to study in detail the natural factors: climate, relief, surface waters and pedophrenatics, silvicultural 
arrangements, soil cover, and others. 
 
Key words: Digital Model - SIG, eco-natural settlement, Ialoveni district, natural factors, soil.  
 
INTRODUCTION  
 
The rational use of soil resources is based on 
the detailed knowledge of the main natural and 
anthropogenic factors that influence effective 
fertility and their quality status. It is established 
that in recent decades such serious soil 
degradation has increased, such as water 
erosion, landslides, dehumidification and 
nutrient depletion, salinisation and secondary 
solonization as a result of irrigation, and so on. 
In the last decades, the role of the anthropic 
factor has grown in erosion processes. An 
example of inappropriate human intervention 
and with extremely serious consequences on 
soil cover is agrarian reform carried out without 
scientific support. Thus, through the 
implementation of the “Earth” program, 
spraying (compacting) small-scale compact 
land, which excludes the possibility of 
organizing the territory and applying the anti-
erosion technologies, occurred. 
Concurrent assessment of land quality is 
necessary to justify a complex system of 
measures to prevent degradation and 
conservation of soil production capacity. For 

the development of complex measures to 
prevent soil degradation it is necessary to know 
the spatial spread and the intensity of the 
manifestation of these processes on a more 
detailed scale.  
Achieving this goal in limited terms is possible 
with the use of the Geoinformatics System 
(GIS), which allows an operative and reasoned 
approach to inventory, analysis, planning and 
design issues. This system creates prerequisites 
for the development and implementation of 
measures to combat soil degradation at a new 
quality level aimed at maintaining and 
improving soil fertility. 
The need to carry out these research results 
from the fragmentary and incomplete character 
of previous research. Concurrent assessment of 
land quality is necessary to justify a complex 
system of measures to prevent degradation and 
conservation of soil production capacity. The 
results of the works and the practical 
recommendations will be used for the 
elaboration of the irrigation, the erosion 
control, the planting of the fruit plantations, and 
the protection of the environment by 
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afforestation and erosion of degraded lands 
(landslides, ravines etc.). 
In the territory of Ialoveni district, the 
pedoameliorative situation is very complex. A 
special set of methodological procedures has 
been applied for its proper characterization. At 
their base are laid the principles of the physico-
geophysical method (Gherasimov et al., 1960) 
and the conjugate analysis of the cartographic 
materials, the laboratory results and the data of 
the observations in nature with the application 
of the genetic methods of the system. As a 
result of the performed works, new data were 
obtained regarding the current state of the 
natural factors influencing the econo- mural 
situation within the studied territory.  
The results of the works and the practical 
recommendations will be used for the 
elaboration of the projects for erosion control, 
irrigation systems development, establishment 
of fruit plantations, protection of the 
environment by afforestation and erosion of 
degraded lands (landslides, ravines, eroded 
etc.). 
 
MATERIALS AND METHODS  
 
The research methods were office, field, 
laboratory and office. Initial office work was 
carried out with the use of the informational 
geographic system, which allowed for the 
development of the digital model of the relief 
and the dimensioning of the land infrastructure. 
Fieldwork or focusing on updating land-based 
limestones and sampling of surface water 
samples. Determination of water quality 
properties and indices has been made by 
laboratory analysis with the application of 
classical methods and existing standards. The 
study objects were carried out within the 
Ialoveni district (25 communes) on an area of 
over 78 thousand ha.  
The purpose of the works included in the stage 
- the evaluation of the geomorphological, 
infrastructure and hydrochemical factors for 
assessing the volume of the irrigation fund at 
the administrative level II. The evaluation of 
natural and anthropic parameters and the 
delimitation of boundaries between 
taxonomically subordinate soil units - is the 
most complex and important stage of research.  

The mapping method used the comparative-
geographic method of V.V. Dokuchaev. It 
helps to establish the natural relationships 
between soils and soil formation factors 
(Kashanskii, 1987). The most complete 
numerical form of factors determining soil 
properties at a certain point is reflected in the 
SCORPAN model (McBratney et al., 2003): 

S = f * (S, C, O, R, P, A, N)          (1) 
where: 
S - soil; C - climate; O - оrganisme; R - relief; 
P - parental rocks; A - age and N - territorial 
neighborhood.  
It is assumed that the same combination of soil-
forming factors (predictors) corresponds to one 
and the same soil. 
In order to evaluate the changes in the natural 
and anthropic parameters obtained over the 
years the thematic materials elaborated 
previously were used. Therefore, they do not 
fully reflect (for objective reasons) the 
complexity of the situation on the ground at the 
moment. 
This finding refers in particular to the forms of 
use (agricultural, non-agricultural, 
infrastructure), to the landscapes of the basins, 
where the pedogenic factors (parental rocks, 
hydrology, lithology, hydrogeology and 
vegetation) interact in various ways lead to the 
emergence of forms of extremely complex 
degradation (Rozloga, 2013; 2015). 
Over the last years, the informational-
geographic system has been used in the 
Republic of Moldova. High-resolution satellite 
imagery and photogrammetry sets appeared. 
The use of the geographic information system 
(GIS) and the modern equipment in the 
mapping works took place within the territory 
of Ialoveni rayon. The research was carried out 
in 2015-2016 by the collaborators of the 
Pedological Geological Information System 
and Precision Agriculture Laboratory and the 
Soil Improvement and Protection Laboratory of 
the Institute of Pedology, Agrochemistry and 
Soil Protection “Nicolae Dimo”. 
The following materials were used in the study: 
- the maps of the organization of the territory of 
the Ialoveni rayons at 1: 10000 scale; 
- the pedological maps from the Ialoveni rayons 
at 1: 10000 scale; 
- topographical plan sheets at 1: 50000 scale; 
- topographical plan sheets at 1: 10000 scale; 
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- digital map of the land cover of the Republic 
of Moldova at 1: 50000 scale developed in 
2011; 
- “Orto-Foto” spatial remote sensing materials 
at ARFC scale 1: 5000; 
- Materials “Land Digital Model (DTM)” of the 
Land and Cadastre Agency. 
These materials have been linked to the 
national reference system MoldRef-99. 
Subsequently, the thematic layers (“Hidro”, 
“Roads”, “Localities”, “Forests”, “Forest 
Strips”, etc.) were formed. Also, the structure 
of the database parameters for the elaborated 
layers was formed. It was then proceeded to 
vector the contours of the land according to the 
categories and subcategories of use, updating 
them using the Orto-Foto materials, elaborating 
the digital model of the relief at the scale 1: 
1000 and introducing the attribution 
information for each area. Field research has 
been carried out to update and correct 
infrastructure contour boundaries, land 
degradation forms digitally sized in the office 
from geospatial remote sensing materials. The 
work has been done in MapInfo (2D) and 
ArcGIS (3D). 
The research was carried out in accordance 
with the “Guidelines for Land Surveys for 
Lands and State Grants” approved in 1991 
(Filipciuc, 2007), “Regulation on the content of 
the land registry documentation” approved by 
the Government Decision of the Republic of 
Moldova No. 24 of 11 January 1995 
(Arinushkina, 1963). 
 
RESULTS AND DISCUSSIONS 
 
In order to appreciate the natural potential of 
Ialoveni district, the protection and increase of 
soil fertility, the development of agricultural 
enterprises, and therefore the improvement of 
the socio-economic level of the rural 
population, it is necessary to study in detail the 
natural factors: climate, relief, surface waters 
and pedophrenatics, silvicultural arrangements, 
soil cover, etc. 
Weather conditions. The Republic of Moldova 
is characterized by temperate continental 
climate, mild and short winter, hot and long 
summer with a relatively small amount of 
atmospheric precipitation. The average annual 
rainfall in the northern area of Moldova is 550-

600 mm (Figure 1, Table 1). In the Center 
region, rainfall is predominantly low (500-550 
mm), and in the South - very low (450-500 
mm). The climatic zone determines the 
frequency of the drought phenomenon. In the 
North of the country, a severe drought is 
recorded every 10 years, in the Center area - 2-
3 times and in the South region 3-4 times. With 
global climate change, the phenomenon of 
drought is more frequent.  
This creates a high moisture deficiency in soil 
and air, the consequences of which lead to a 
substantial decrease in crop productivity or 
even crop loss. 
The geographic location of the surveyed 
territory includes area II (72030 ha) and sub-
area IIa (6239 ha) pedoclimateric with 
insufficient humidity (Ursu, 2011).  
According to statistical data, the average annual 
air temperature for zone II is 9.0-9.5ºC and 8.5-
9.0ºC for sub-area IIa; the sum of temperatures 
above 10ºC is 3000-3200ºC and 2900-3000ºC, 
correspondingly; the duration of the vegetation 
period with temperatures above 10°C extends 
over a period of 177-182 days. The cold period 
(with temperatures below 0°C) averages 174-
188 days. Sun days have a duration of 290-320 
per year (Table 1, Figure 1). 
For the territory of the rayon the materials of 
the monthly climatic indices were processed 
during the period 1950-2016 (Agrometeo-
rological Bulletin, 2011). The lowest average 
mean temperature was set in 1954, which was 
minus 11.9°C, and the maximum was found in 
1992, this being 25.1°C (Figure 2). The average 
annual temperature is 9.79ºC.  
All field and office materials have undergone a 
conjugate analysis and were studied in the 
system (Gherasimov et al., 1960). 
Subsequently, these were used to develop 
updated cartographic information.  
The result of the geoinformation works was 
finalized with the elaboration of the set of 
digital thematic maps from the territory of the 
Ialoveni district. In Figure 3 shows the average 
monthly temperature over the years with 
climatic data. The diagram shows that the 
minimum average temperature during the years 
corresponds to January, minus 3.46° C, and the 
maximum - in the months of August to August, 
reaching the value of 20.4°C. For the normal 
development of metabolism processes between 
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plants and soil, an optimal water regime is 
required. In the Republic of Moldova the level 

of water supply is quite variable over the years; 
from normal to critical crop development. 
 

Table 1. Characterization of the main agro-climatic indices 

Indices Zone, subzone 
I Ia II IIa III 

Surface, ha 769912.40 224822.73 1359714.01 124398.72 901282.61 
Altitude, m 100-300 200-300 50-200 200-400 10-200 
Solar days 290-300 280-290 310-320 290-300 310-320 
Hours of sunshine 2050-2100 2000-2050 2100-2200 2100-2150 2200-2300 
Tº annual average 8.0-8.5 7.0-8.0 9.0-9.5 8.5-9.0 9.5-10.0 
� Tº > 10º 2750-3000 2750-2800 3000-3200 2900-3000 3200-3450 
� annual rainfall, mm 550-600 550-630 500-550 550-600 450-550 
K, h 0.65-0.8 0.7-0.8 0.6-0.65 0.7-0.8 0.5-0.6 
No. of drought in 10 years 1-2 1 2-3 1-2 3-4 
Vegetation period, days 167-176 166-167 177-182 178-182 179-187 
The period of the angels, days 163-179 163-179 174-189 175-188 175-196 

 

 
Figure 1. Agro-climatic zones of the Republic of Moldova 
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Figure 2. Diagram of annual average temperatures 

 
Figure 3. Diagram of atmospheric deposits and annual average temperatures over months 

According to the multiannual data on the 
surveyed area the annual average precipitation 
is 500-600 mm, and during the period with 
temperatures above 10°C the atmospheric 
deposits are 380-400 mm. The number of 
droughts in 10 years alternates from 1 to 3 
times. The value of the hydrothermal 
coefficient is 0.6 - 0.8, which results in 
insufficient humidity during the vegetation 
period of the plants. 

The processing of climatic data between 1950 
and 2016 shows that the average monthly 
average atmospheric deposition was detected in 
June 1952 and consisted of 230 mm. The 
minimum value was recorded in October 1953, 
1969 by 1 mm. The average monthly average 
of 57-64 years is 46.3 mm (Figure 4). 
During 1950-2016 atmospheric depositions had 
an uneven trend. The amount of prizes varied 
from 345 mm in 1951 to 774 mm in 1966. The 
annual average is 555 mm (Figure 5). 
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Figure 4. Diagram of annual average atmospheric deposition 

 
Figure 5. Diagram of the amount of annual atmospheric deposits 

From the chart (Figure 3) it is observed that 
average monthly atmospheric deposits over the 
years range from 32 mm in March to 73 mm in 
June. 
Digital Relief Model. An increased influence 
on environmental conditions has its relief. In 
the Republic of Moldova this was formed as a 

result of the interaction of the tectonic 
movements of the Earth's crust and the 
denudation processes in the contemporary 
conditions that took place at the end of the 
neogen. The geomorphologically researched 
region belongs to Codrii Plateau (55404 ha) 
and the South Moldavian Plain (22866 ha) 
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(Ursu, 1980). The territory of the Ialoveni 
district is characterized by a fragmentary relief 
and deep valleys (Photo 1). Here predominantly 
long slopes with a large inclination 

predominate, favoring the development and 
development of soil degradation through 
erosion and landslides. The general division of 
the basin is southern. 

 

 

  
Photo 1. Landscape bazinar

For the object investigated, the Digital Relief 
Model has been developed that includes 
specific indexes such as relief plastics, slope 
classes, exhibition and altitude. From the GRID 
materials with 48955992 points, the relief 

plasticity was formed (Figure 6) and extracted 
the level curves, which make up 40499 in the 
total length of 168901 km, traced with a 
numerical equidistance of 10 m (Figure 7).

 

Figure 6. Relief plasticity (DEM) 

Each level curve was assigned the absolute 
value (Z) in the MoldRef-99 reference system. 
In the case of the georeferenced trapezium it 
was identified in an altitude with a minimum of 
34.7 m and a maximum of 346.5 m, which 

determines an amplitude of the relief of 325.5 
m (Figure 8).  
The elevation classes were formed and 
evaluated over 50 m and are shown in Table 2. 
Table data show a predominance of the heights 
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class ranging from 120 to 160 m, occupying 
29.3% of the territory. In the range of 80 to 200 
m the land share is 76.76%. 

Using the graphical data of the level curves, the 
TIN layer of the triangles (200931968 in 
number) was formed with the sloping slope 
characteristics and the aspect of the terrain.

 

 
Figure 7. Level curves (10 m equidistance) 

Table 2. Cartography of classes by elevation 

Altitude range, m Surface, ha % of the surface 
0-40 316.7324 0.40 

40-80 7283.4858 9.30 
80-120 18163.5594 23.20 

120-160 22988.3524 29.33 
160-200 18994.0336 24.23 
200-240 6946.5216 8.87 
240-280 2759.1877 3.52 
280-320 848.8268 1.08 
320-360 48.4124 0.06 
TOTAL 78306.8155 100 

 

 
From the numerical model of the land, the 
slope classes, as shown in Figure 1, according 
to the pedological study methodology were 
extracted (Florea et al., 1987). Most of the 
studied area (76.6%) is within the inclination of 
the slopes from 1º to 10º, where the slopes of 

3º-5º predominate by 22.35% (Table 3, Figure 
9). In the meadows, land with a slope of up to 
1° predominates. The weighted average 
inclination of the slopes is 8.52º, which 
presents a very high risk of developing erosion 
on the surveyed territory (Table 3). 
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Prevention and control of soil erosion on land 
on the slopes of the studied area is 
recommended to be done depending on the size 
of the slope: - 1º - 3º (11896.83 ha) requires 
cracking of the slope; spring harvesting and 
cultivation at a depth of 6-8 cm for pruning 
crops; 3º-5º (17498.61 ha) requires plowing 
with plow under 20-22 cm depth and cracking 
of the autumn plow with hoof; 5º-7º (15500.92 
ha) requires the work of the soil with the chisel 
or the scarifier without turning the furrow to 
the depth of 20-22 cm with the preservation of 

the vegetal remains; 7º-10º (15080.74 ha) 
requires the cultivation of perennial crops and 
perennial herbs, using the work of the soil with 
the chisel or the scarifier without turning the 
furrow to a depth of 20-22 cm with the 
preservation of vegetal remains and cracking 
over 10 m across the slope ; 10º-12º (5879.32 
ha) requires the cultivation of perennial herbs. 
In multi-annual plantings, inter-row rooting 
takes place; >12º (5627.56 ha) requires the 
establishment of grasslands and forest 
plantations.

 

Table 3. Classes according to the tilt of the slopes 

The  
interval 

The classes of the 
slopes 

Number of 
contours Surface, ha 

The 
average 

tilt 

% of the 
area of the 

district 

Risk of 
erosion 

0º-1º Horizontal 3972006 6822.85 0.09 8.71 very weak 
1º-3º Very weak sloping 9778135 11896.83 2.29 15.19 weak 
3º-5º Slightly inclined 29489221 17498.61 4.14 22.35 moderately 
5º-7º Moderately inclined 39035524 15500.92 6.00 19.80 high 

7º-10º Moderately inclined 53874375 15080.74 8.44 19.26 very high 
10º-12º Moderately inclined 27463181 5879.32 10.94 7.51 extremely high 
12º-15º Strongly inclined 23170176 4042.88 13.26 5.16 extremely high 
15º-20º Strongly inclined 10094719 1356.06 16.58 1.73 - 
20º-45º Very strongly inclined 3052796 218.37 25.15 0.28 - 
45º-90º Steep 1001835 10.25 47.76 0.01 - 

TOTAL 200931968 78306.82 8.52 100 - 
 

 
Figure 8. Altitude map of Ialoveni district 
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Figure 9. Surface of Ialoveni district 

CONCLUSIONS 
 
The researches carried out on the lands within 
the Ialoveni district were carried out using the 
geoinformation system. The applied technology 
has highlighted the deviations of the archival 
map material from the real situation in the 
territory. In particular, this refers to adminis-
trative boundaries between districts, communes 
and lands affected by landslides and ravines. 
In the structure of land use predominates 
agricultural ones with a participation of 55% 
(arable categories predominate by 68% and 
multiannual plantations by 29%), followed by 
non-agricultural category - 32% (forests 
predominate by 54% and non-agricultural 
pastures by 26%) and 13% - infrastructure (the 
localities - 64% and roads with 20% with the 
length of 4684 km). 
The hydrographic system is represented by 
1669 objects covering 2144 hectares, where 
lakes with 1623 hectares predominate and 362 
hectares of rivers and canals with a length of 
568 km. About 2/3 of the surface water has a 
chemical composition and unsatisfactory 
quality indices for their use in irrigation. 
Of the non-agricultural subcategories, land 
slopes predominate with 1640 ha - 82% and the 
ravines with 346 ha - 17% with a 190 km 
radius. 
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Abstract 
 
The agrotechnical characterization of lands from the Someșan Plateau targets the knowledge of their restrictions and  
limitations with the purpose to determine the needs and possibilities of increasing the production capacity, under the 
conditions of a durable agriculture. The purpose of the paper is the technological characterization of lands and the 
specification of agrotechnical measures to set up durable agricultural technologies, the determination of indices of 
characterization of rain aggressiveness (Fournier Index, Modified Fournier Index, Angot Pluviometric Index), of the 
best sowing time and the amount of active biological temperatures, as well as the degree of water ensurance of plants 
during the vegetation period. Monitoring and variability of climate  elements was achieved during 2014-2018, through 
a network of 10 HOBO microstations, which store soil temperature data electronically (at 10, 30, 50 cm deep) and air 
(at 1 m hight), soil moisture (at 10 cm depth) and rain gauges. According to the values of the Fournier Index, 31.81% of 
the soils fit in low risk of rain erosivity. At the same time, the values of the Modified Fournier Index in most of the 
stations are between 90-120 and fit in a moderate rain risk of aggressiveness. The percentage analysis of the values of 
this index shows that 12.5% of the values crorespond to a low rain risk of aggressiveness, 58.33% of the values 
correspond to a moderate rain risk of aggressiveness and 29.16% of the values correspond to a high rain risk of 
aggressiveness. From the percentage analysis of averages of monthly values of the Angot Index it results that 54.9% of 
the values are subunit and 45.1% of the values are over unity, indicating the fact that drought intervals prevail over 
rain ones. The analysis of the best sowing time leads to the recommendation to maintain the reference intervals for the 
Someșan Playeau, thus: maize, 10-25 April; potato, 10-30 March; clover, 1-10 March. An increase of the amount of 
active biological degrees and the need to remake the zoning of favorability conditions for certain crops, according to 
the new microclimate conditions of the area is registered. When it comes to the degree of water ensurance of plants 
during the vegetation period for the main crops, one can notice that during 2014-2018, in the case of spring row crops, 
the water need was ensured during an optimal interval of 57.14% from the vegetation period in the case of maize, of 
53.49% in the case of potato, of 53.57% in the case of clover and of 47.67% in the case of wheat. 
 
Key words: climate indicators, agricultural sustainability, Someșan Plateau. 
 
INTRODUCTION 
 
The agro-technical characterization of lands 
targets the knowledge of their restrictions and  
limitations, with the purpose to determine the 
needs and possibilities of increasing the 
production capacity, under the conditions of a 
durable agriculture. The set up of regional 
studies, well-documented scientifically, is 
imperative, taking into consideration the 
measures to adapt to climate changes and the 
durable land management. 
It is well-known that agriculture is one of the 
activity sectors sensitive to the variability of 

climate factors and especially to extreme 
weather events (drought, floods, storms), 
considered as significant risk factors 
influencing negatively both vegetal and animal 
production. The regional distribution of the 
impact of climate changes on agricultural 
production can vary a lot (Donatelli et al., 
2012). Thus, for the southern part of Europe, 
some of the biggest decreases of crops are 
foreseen, of almost 25%, by 2080 under the 
conditions of a temperature rise by 5.4°C 
(Ciscar et al., 2011). Under these conditions, 
Bindi and Olesen (2011) also take into account, 
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an increase of the risk of failure, especially in 
the case of unirrigated summer crops. 
In the Romanian National Strategy on climate 
changes 2013-2020, set up by the Ministry of 
Environment and Climate Changes (2013), it is 
mentioned that the temperate climate shall be 
significantly changed within the next 50-100 
years. The average daily rate of rainfalls shall 
be reduced by approximately 20%, foreseeing 
that they will be in a larger quantity for short 
periods of time and on reduced surfaces, which 
can lead to an increase of flood frequency, 
especially of flash floods, soil and ecosystem 
degradation. This rainfall predictability varies a 
lot, from one region to another, according to 
geographical parameters. The information on 
the future agrometeorological conditions shall 
be important in evaluating the impact of climate 
changes and in the development of adequate 
strategies to reduce and adapt to climate 
changes, the policies regarding the land use and 
in investigating the potential economical 
responses (Rivington et al., 2013). 
The phenomena of dryness and drought 
generated by the lack of rainfall, tropical heat 
waves, associated with dry winds, are the most 
complex climate risks possible in any season 
which lead to the depletion of the water reserve 
in the soil, the appearance of the pedological 
drought, with negative effects upon plant 
metabolism and, consequently, to drops of the 
vegetal production (Bogdan, 2005; Povară & 
Văduva, 2009). The measures which can limit 
and counteract the drought effects can be 
applied both locally or regionally, and they can 
be adapted based on the features of the 
geographical area and the pedoclimate 
conditions, where the application of these 
measures is imposed. Such measures refer to 
(Rusu et al., 2017): the use of a biological 
material which is resistant to  hydric and 
thermal stress; the use of agro-technical 
measures favorable to accumulate,  preserve 
and effectively value water coming from 
rainfall; the use of a conservative agricultural 
system based on the protection of soil and 
avoidance of desertification; identifying areas 
vulnerable to climate changes and using 
biological material with biological features and 
pedoclimate demands specific to the new 
climate tendencies of the areas vulnerable to 
climate risks. 

The purpose of the paper is the technological 
characterization of lands and the specification 
of agro-technical measures to set up durable 
agricultural technologies, the determination of 
indices of characterization of rain 
aggressiveness (Fournier Index, Modified 
Fournier Index, Angot Pluviometric Index), of 
the best sowing time and the amount of active 
biological temperatures, as well as the degree of 
water ensurance of plants during the vegetation 
period. The need to determine these indices 
comes from the existing situation in the 
agriculture from the Someșan Plateau, where, 
due to inadequate tillage systems, one can 
notice a series of negative aspects regarding 
soil fertility, the quantity and quality of the 
productions obtained. In this region, accelerated 
erosivity is not only the result of combined 
processes of two neotectonic movements (the 
uplift of the hill compartment and local 
subsidence), but also of the friability of 
geological formations, over which a wrong use 
of lands overlaps. 
 
MATERIALS AND METHODS 
 
Monitoring and variability of climatic elements, 
from the Someșan Plateau,was achieved during 
2014-2018, through a network of 10 HOBO-
MAN-H21-002 (On-set Computer Corp., 
Bourne, MA, USA) stations which store soil 
temperature data electronically (at 10, 30, 50 
cm deep) and air (at 1 m hight), soil moisture 
(at 10 cm depth) and rain gauges. HOBO Smart 
Temp (S-TMB-M002) temperature sensors and 
Decagon EC-5 (S-SMC-M005) moisture 
sensors were connected to HOBO Micro 
Stations. Additionally, tipping bucket rain 
gauges (RG3-M) were deployed to measure 
rainfall. Data was downloaded from the Micro 
Stations every four months via laptop computer 
using HOBOware Pro Software Version 3.7.2. 
Soil types, land slope and exposition, altitude 
and geographical coordinates of the locations in 
which stations were set are shown in Table 1 
(Duda, 2018).  
How to use the lands and the degree of soil 
vegetation cover are the most important factors 
affecting the intensity and the frequency of 
surface erosivity following the action of rainfall 
(García-Ruiz, 2010; Nunes et al., 2011; Marin 
et al., 2015). The soil erosivity, under all its 
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aspects, is one of the restrictive factors with 
repercussions on the agricultural production, its 
quality, and last but not least on the production 
costs, which results in the need to apply the best 
practices in the use of agricultural lands. The 
assessment of rain aggressiveness upon the 
sublayer, respectively fitting the lands in 

classes with a certain potential of erosivity as 
well as the susceptibility regarding the start of 
slope processes can be determined with indices 
calculated based on the pluviometric regime of 
the area researched (De Luís et al., 2009; Blaga, 
2013).

 
Table 1. Configuration of stations in the Someșan Plateau 

No. Station Locality (County) Altitude (m) Soil type Exposition Slope, % 
1 Cristorel (Cluj) 404 Preluvosol N 8-10 
2 Borșa (Cluj) 332 Faeoziom S 2-3 
3 Lelești (Bistrița-Năsăud) 606 Regosol V 25-26 
4 Șomcutu Mic (Cluj) 271 Aluviosol  S 2-3 
5 Căprioara (Cluj) 416 Preluvosol  S 4-5 
6 Almașu (Sălaj) 323 Aluviosol  S 8-10 
7 Racâș (Sălaj) 253 Preluvosol  S-E 2-3 
8 Șimișna (Sălaj) 256 Preluvosol  N-E 7-9 
9 Ileanda (Sălaj) 225 Aluviosol S 2-3 
10 Bunești (Cluj) 209 Preluvosol N 6-8 

 
The rainfall regime reflects the aggressiveness 
of rain erosivity on the soil by their volume, 
duration and intensitaty, their effect is much 
more stronger when they appear after a long 
period of drought (Costea, 2012) and which, 
directly or indirectly, represent the main 
climate-genetic factor involved in a wide range 
of geomorphic processes and phenomena 
(Arghiuș, 2010). The indices used in the 
analysis are: the Fournier Index (Fournier, 
1960), the Modified Fournier Index (Arnoldus, 
1980) and the Angot Pluviometric Index.  
The Fournier Index (FI) uses entry data easily 
accessible, that is the quantity of rainfall from 
the rainiest month of the year and the annual 
quantity of rainfall. The calculation formula of 
this index is given by the report between these 
elements, therefore: , where, Pm - 
is the quantity of rainfall from the rainiest 
month of the year (mm); and P - the annual 
quantity of rainfall (mm). The expression 

analyzes the erosivity capacity by rainfall in a 
certain territory (Satmari, 2010). The erosivity 
potential can be characterized based on the K 
values of the FI (Satmari, 2010; Gabriels, 
2006). The conceptual scale (Oduro-Afriyie, 
1996) to assess the erosivity risk based on the 
FI is presented in Table 2 (Meddi, 2013). 
Determination of Modified Fournier Index. For 
the study of degraded lands, a Modified version 
of the Fournier Index (MFI) by Arnoldus 
(1980) was introduced, with the following 
calculation formula: 

 

where: Pi - the average quantity of rainfall for 
month i (mm); P - annual average quantity of 
rainfall. The classes of rain aggressiveness 
based on MFI (Yuksel et al., 2008; Blaga, 
2013; Meddi, 2013) are presented in Table 3.

 
Table 2. Evaluation of the risk of erosivity based on the Fournier Index 

Class Soil losses (t/ha/year) Fournier Index (K)(mm) Risk of erosivity 
1 < 5 < 20 Very low 
2 5-12 21-40 Low 
3 12-50 41-60 Moderate 
4 50-100 61-80 Severe 
5 100-200 81-100 Highly severe 
6 > 200 > 100 Extremely severe 
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Table 3. Classes of rain aggressiveness based on Modified Fournier Index (MFI) 

Class MFI Rain aggressiveness 
1 < 60 Very low 
2 60-90 Low 
3 90-120 Moderate 
4 120-160 High 
5 >160 Very high 

 
Angot Pluviometric Index (API) is the 
mathematical expression of the report between 
the daily average quantity of rainfall in a month 
(real quantity of rainfall) and the multiannual 
average quantity, respectively the quantity 
which would have been its share in the case of 
uniform division of the quantity of annual 
rainfall during all days of the year. The poor 
periods or the surplus from a pluviometric point 
of view from within a year can be highlighted 
thanks to this index based on which one can 
make a delimitation between the droughty 
months and the rainy ones. Thus, one can 
highlight the rainy intervals (K>1) and the 
droughty intervals (K<1). According to the 
values obtained, the marks of rainy month for 
over unity values and droughty month for the 
subunit values were attributed. They are 
calculated based on the formula: ; 

 and ; where: q - daily 
average quantity of rainfall; n - monthly 
number of days; Q - annual average quantity of 
rainfall. . On the 
whole, this formula highlights the climate shade 
of each month (the subunit values indicate the 
droughty months and the over unity ones 
indicate the rainy months). It can be plotted by 
using real values (the variation curve has a 
better accuracy) or generalized (granting the 0.5 
value for all the months where the result was 
subunit and 5.5 for the over unity ones). Blaga 
(2013) states that based on the values (subunit 

or over unity) of this index, susceptibility 
classes were determined to start the slope 
processes, for linear erosivity processes or for 
floods. If the values of the API range between 
1.0-1.5, there is a very low and low 
predisposition to start these erosivity processes. 
In case of values ranging between 1.5-2.0, this 
predisposition is average. When the values of 
the API exceed the 2.0 value, there are 
conditions to start the erosivity processes, and 
in case of values over 2.5, there are very 
favorable conditions to start the processes of 
slope and linear erosivity (Blaga, 2013). 
Determination of the optimal sowing period for 
the main crops in the Someșan Plateau and of 
the amount of active biological temperatures 
gives us the possibility to check and compare 
the sowing periods stated in expert literature 
with the data resulted from field observations in 
order to make adequate technological 
recommendations, adapted to the current 
conditions in the field. The optimal sowing 
period differs according to the species 
cultivated, the types and hybrids cultivated, 
destination of the crop, orographic conditions 
of the crop area. The growing phases of the 
plants are influenced mainly by temperature, 
which is decisive for germination, therefore, at 
this stage, every crop plant needs a minimum 
germination temperature, based on which the 
crops are grouped in epochs and sowing 
emergencies (Table 4; Munteanu et al., 2014).  

 
Table 4. The optimal sowing periods of main crops in the Someșan Plateau  

Crop and optimum time of sowing in the 
Someșan Plateau 

Optimal time of sowing in the 
Someșan Plateau 

Temperature 
in soil at sowing depth, 0C 

Spring crops 
Epoch I, Emergency I - Clover 
Epoch I, Emergency II - Potato 
Epoch II, Emergency I - Maize 
Autumn crop 
Wheat, triticale 

 
1-10.III. 

10-30.III. 
10-25.IV. 

 
20.IX.-15.X. 

 
1-3 
5-8 

8-10 
 

3 
 

Determination of the amount of biological 
active degrees recorded for the main crops in 

the Someșan Plateau is calculated only for the 
vegetation period. In order for a plant to reach 
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maturity, it needs a certain amount of heat 
expressed as a sum of active biological 
temperatures (ABT), during the whole 
vegetation period, based on the following 
formula: ΣABT = Σ(Tef-Tb); where, ΣABT - a 
sum of active biological temperatures recorded 
during the vegetation period (thermal constant); 
Tef – effective temperature expressed as daily 
average temperature, calculated as an average 

between the daily maximum temperature and 
the daily minimum temperature; Tb - basic 
temperature or the biological threshold 
(temperature below which there are no more 
visible growths).  
The thermal constants for the main plants 
cultivated in the Someșan Plateau are presented 
in Table 5 (Munteanu et al., 2014). 

 
Table 5. Thermal constants of the main crops 

Crop Thermal constants, °C 
Wheat 1800-2300 
Maize 1700-2500 
Triticales 1200-1390 
Potato 1500-3000 
Clover 800-1100 

  
The determination of the areas which have 
conditions of thermal stress during the 
vegetation season is one of the most important 
parameters regarding the agroclimate 
conditions of the area. 
Determination of the ensurance degree with 
water for plants during the vegetation period 
for the main crops. In order to determine the 
best moisture period for plants (IOUP, %), 
when the development of plants is made 
accordingly, the soil capacity for water in the 
land (CC), the fading coefficient (CO) and the 
interval of active moisture (IUA) were 
previously determined. 
The capacity for water in the land (CC) is the 
water at the plants’ disposal without being lost 
by infiltration or evaporation (Rusu et al., 2012) 
and was determined by indirect method by 
using the formula: CC = CO + 10 in case of 
soils with clay-sand texture; +12 in case of soils 
with clay-argil texture; +13 in case of soils with 
argil texture; where, CO is the fading 
coefficient. 
The fading coefficient (CO) was determined by 
the indirect method which is based on the 
existing correlation between the CO and the 
hygroscopicity coefficient (CH) by using the 
following formula: CO% = CH × 1.47; where: 
CO - the fading coefficient, %; CH - the 
hygroscopicity coefficient, %. The fading 
coefficient is the limit below which the plant 
development isn’t possible due to the 
inaccesibility of water for plants, resulting in 
their permanent fading. 

The interval of active moisture (IUA) is the 
main indicator of the potential water reserve of 
a soil and represents the interval corresponding 
to the moisture the soil can retain and have at 
the plants’ disposal (Rusu et al., 2012). The 
values of IUA or of the capacity of useful water 
(CUIUA) corresponding to this interval were 
obtained based on the formula: CUIUA = CC-
CO, where: CUIUA - water capacity, %; CC - 
land capacity, %; CO - fading coefficient, %. 
The best moisture interval for plants (IOUP) 
was calculated for the interval 60-90% of the 
IUA value in order to compare with the data 
recorded in the field of the soil moisture with a 
view to analyze the moisture need ensured 
during the vegetation period of the plants. 
 
RESULTS AND DISCUSSIONS 
 
The annual values of the Fournier Index 
calculated for the stations which have a 
pluviometer, during 2014-2018 ranged between 
1.21 at Cristorel station in 2014 and 28.89 at 
Ileanda station in 2016. As for the distribution 
of quantities of monthly rainfall recorded at the 
stations placed in the Someșan Plateau (Table 
6), one can notice that the highest quantities 
were recorded during June (Almașu and 
Cristorel - 2018; Ileanda - 2016 and 2018; 
Șomcutu Mic - 2015 and 2018) and September 
(Almașu and Bunești - 2015; Cristorel - 2015 
and 2017; Ileanda - 2015 and 2017). During 
2014-2018, the multiannual value of the FI 
ranges between 11.69  at Cristorel station and 
20.85 at Ileanda station (Figure 1). 
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Table 6. Annual values of Fournier Index (mm) in the Someșan Plateau (2014-2018) 

 
Year/station Almaș Bunești Cristorel Ileanda Șomcutu Mic 
2014 18.66672 - 1.21116 - 4.92126 
2015 18.97173 21.72168 3.543022 11.21995 20.3932 
2016 18.14629 18.3996 9.453125 28.89284 19.102 
2017 3.608182 12.0873 25.19018 21.41495 4.165643 
2018 27.19145 - 19.05654 21.90851 19.12136 
Average 17.31688 17.40286 11.69081 20.85906 13.54069 
 

 
Figure 1. Multiannual value of Fournier Index (FI) from the Someșan Plateau (2014-2018) 

 
In accordance with the values of the FI obtained 
during 2014-2018 (FI < 20) and of the erosivity 
classes, by using the Oduro-Afriyie conceptual 
scale (1996) with 6 classes of erosivity, the 
soils analyzed at the stations from the Someșan 
Plateau are submitted to a very low rain 
erosivity risk, being classified in class 1 of rain 
erosivity, with soil losses lower than 5 
t/ha/year. A higher risk of erosivity was 
recorded in 2016 at Ileanda station, the FI value 

of which was bigger (28.89), classifying the 
soil in class 2 of erosivity, with soil losses 
ranging between 5-12 t/ha/year. Figure 2 shows 
the evolution of the K values of FI during 2014-
2018 in the Someșan Plateau. From the analysis 
of the results obtained, one can notice that the 
FI values calculated reach high values, ranging 
between 21 and 60, sporadically at all 5 stations 
analyzed (2015 Bunești, 2017 Cristorel, 2018 
Șomcutu Mic). 

 

 
Figure 2. Annual values of FI and erosivity rainfall risk (2014-2018) 

 
The multiannual average of the FI during 2014-
2018 is 16.16, which classifies the soils from 
the Someșan Plateau in class 1, with very low 
risk of rain erosivity, with soil losses lower than 

5 t/ha/year. The percentage analysis of the K 
values of FI calculated during 2014-2018 shows 
the fact that 68.19% of the soils fit into class 1, 
with very low risk of rain erosivity and 31.81% 
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of the soils fit into class 2, with low risk of rain 
erosivity. 
Arnoldus (1980) considers that the Modified 
Fournier Index version (MFI), is an index 
which allows for a better approximation of the 
index of rain erosivity, with which it is in linear 
correlation (Meddi, 2013).The MFI values 
calculated during 2014-2018 range between 45, 
at Cristorel station in 2017 and 216.96 at 
Almașu station in 2014, in most stations all 
MFI values range under between 90-120, 

which, according to the classes of rain 
aggressiveness mostly used (Yuksel et al., 
2008; Blaga, 2013; Meddi, 2013) the soils fit 
into class 2 and are submitted to a moderate 
risk of rain aggressiveness. Also, most of the 
multiannual values of MFI during 2014-2018 
range between 90 and 120, the lowest are 
obtained at Bunești station (79.11) and the 
highest values at Almașu station (149.69) 
(Figure 3). 

 

 
Figure 3. Multiannual value of MFI at stations located in the Someșan Plateau 

 
The evolution of MFI values during 2014-2018 
in the Someșan Plateau is represented in Figure 
4. From the analysis of the results obtained, one 
can notice that the highest calculated values of 
MFI were obtained at Ileanda, Cristorel and 
Almașu stations during 2013-2015 and the 
lowest were obtained at Bunești and Cristorel 
during 2015-2018. The percentage analysis of 
MFI values calculated during 2014-2018 at the 
stations from the Someșan Plateau shows the 

fact that 12.5% of the values correspond to 
class 1, with low risk of rain aggressiveness, the 
values are lower than 60, and 58.33% of the 
values classify the soils in class 2, with 
moderate risk of rain aggressiveness, the values 
ranging between 90-120 according to the 
associated scales mostly used and mentioned in 
expert literature and the rest of 29.16% fit into 
class 3 of high risk. 

 

 
Figure 4. Annual values of MFI and erosivity rainfall risk (2013-2018) 
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Thus, following the analysis of MFI values 
calculated during 2014-2018, the conclusion is 
that most of the soils from the Someșan Plateau 
are submitted to a moderate risk of rain 
aggressiveness (58.33%) and to a high risk of 
rain aggressiveness (29.16%), differentiated 
based on the morpho-dynamic features of the 
space analyzed and the duration and intensity of 
rainfall from the period of time analyzed. 
The Angot Pluviometric Index (API). From 
the analysis of the K values of the API for the 
stations from the Someșan Plateau which were 
equipped with a pluviometer, during 2014-

2018, one can see subunit values during the 
summer and winter periods in most of the years 
and stations and over unity values during the 
spring and autumn months. The highest values 
over 2,00 of the API were recorded in 2015 and 
2018, when in June it was recorded 2.29 and 
respectively 2.62. Based on the annual average, 
all stations have average values, approximately 
1.01. The monthly averages of the values of the 
Angot pluviometric index at the stations 
analyzed from the Someșan Plateau are 
represented in Figure 5. 

 

 
Figure 5. Monthly averages of Angot pluviometric index (2014-2018) 

 
From the percentage analysis of the averages of 
monthly API values during 2014-2018, at the 
stations from the Someșan Plateau it results that 
54.9% of the values are subunit, while 45.1% of 
the values are over unity, showing the fact that 
droughty intervals are predominant to rainy 
ones. The analysis of the correlation between 
the multiannual averages of the monthly  
average amount of rainfall and the multiannual 
averages of API during 2014-2018 shows a 
strong, positive and direct correlation between 
the two parameters, with a correlation 
coefficient R2 of 0.77, which indicates the fact 
that 77% of the API values can be explained in 
linear relation to rainfall (Figure 6). The index 
value K >a 2 can highlight the existence of 
conditions to start slope and linear erosivity 
processes. During 2015 and 2018, according to 
the API values, the amount of rainfall was 
higher compared to the previous year, which 
indicates the creation of favorable conditions to 

start the slope and linear erosivity processes 
(Figure 7). 
When it comes to the weight of predisposition 
in starting slope and linear erosivity processes 
based on the API values, one can notice that in 
59% of the cases there is no risk of rain 
erosivity, in 21.42% of the cases there is a low 
and very low predisposition, in 16.07% of the 
cases favorable conditions to start the erosivity 
processes are created, and in 3.57% of the cases 
very favorable conditions of linear rain 
erosivity were created. 
Determination of the optimal sowing period 
for the main crops in the Someșan Plateau. 
When establishing the best sowing time, one 
must take into account the minimum 
germination temperature of seeds and the 
amount of grades of useful temperature in every 
plant. Also, the orographic factors together with 
the agrometeorological parameters recorded in 
the crop areas, which refer to the first autumn 
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frost and the last spring frost, temperatures 
higher than 32°C, the amplitude of 
temperatures during the summer months or 
those associated to the vegetation phenophases 
of plants and last but not least, the risk of 
developing of agricultural drought are 

important. Based on the results obtained 
following the analysis of data recorded in the 
Someșan Plateau during 2014-2018, one 
continues to recommend the reference intervals, 
thus: maize, 10-25 April; potato, 10-30 March; 
clover, 1-10 March. 

 

 
Figure 6. Correlation between the multiannual averages of monthly average quantities of rainfall 

 and the multiannual averages of Angot pluviometric index (2014-2018) 
 

Figure 7. Monthly averages of Angot pluviometric index and the risk of rain erosivity (2014-2018) 
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to the half-late and late types/hybrids in the 
crops analyzed were taken into consideration, 
thus: 290 days for autumn wheat (Almaș 
station) and 320 days the other stations, 180 
and 210 days for maize and 180 days for potato.  
For the crops analyzed, in the case of wheat, 
during 2015-2017, average values of ABT were 
obtained, of 1831°C, the values ranging 
between 2017°C at the Bunești station in 2016 
and 1712°C at Ileanda in 2017 (Table 7). These 
values are close to the  need of temperature for 
the wheat crop mentioned in expert literature. 
In the maize crop, during 2013-2018 one can 
notice that the amounts of active biological 
temperatures were ensured, which exceeded the 
limits set up for the III crop area, ensuring thus, 

the thermal need both for crop area II and for 
crop area I. 
In the case of potato, a vegetation period of 180 
days was taken into account, between 10 March 
and 26 September. During this interval average 
values of ABT of 1441°C were accumulated to 
ensure the need of reaching maturity of this 
crop. The values ranged between 1847°C, at 
Cristorelstation in 2013 and 1482°C, at Ileanda, 
2016. 
In the case of clover, on an average, 1683°C are 
insured, for a vegetation period ranging 
between 1 March and 30 September. The 
highest values were recorded at Cristorel, in 
2016 (1865°C), and the lowest at Ileanda, in 
2016 (1504°C), these values being almost 2 as 
high as the need of reaching maturity. 

 
Table 7. Value of amount of biological active degrees registered at Almașu, Bunești, Cristorel, Ileanda and Șomcutu 

Mic for wheat, corn, potato, and cloverleaf (2015-2017) 

Station Year 
Wheat/Triticale 

Maize Potato Clover 
total pre-winter 

20.IX-06.VII/06.VIII 10.IV-08.X 10.III-08.X 10.III-26.IX 01.III-30.IX 

Almaș 

2015 1802,841 532,872 - - - - 
2016 1909,8515 542,7455 1496,4105 1714,19 1517,4865 1735,3615 
2017 1813,579 520,068 1509,3985 1758,061 1506,5095 1776,189 

Bunești 
2015 1759,0835 430,382 1307,155 1510,1435 1331,1735 1528,252 
2016 2017,277 455,802 1457,2015 1706,26 1461,7415 1727,837 

Cristorel 
2013 1880,056 259,462 1582,509 1847,742 1587,093 1865,283 
2017 1713,109 438,298 1414,5885 1638,098 1416,0715 1654,7165 

Ileanda 

2015 1738,594 405,141 - - - - 
2016 1984,185 420,375 1275,224 1482,968 1309,303 1504,486 
2017 1712,4975 416,137 1403,3075 1667,148 1420,9545 1694,12 

Șomcutu 
Mic 

2015 1753,877 437,1415 1554,971 1795,4135 1573,3125 1818,9835 
2016 1991,326 461,8135 1301,726 1511,9405 1325,0455 1531,3805 
2017 1733,3465 443,5655 1407,5895 1665,2005 1409,808 1685,67 

 
The ensurance degree with water for plants 
during the vegetation period for the main 
crops in the Someșan Plateau. The best 
moisture time for friends (IOUP, %) is 
represented by the interval ranging between 60-
90% of the active moisture interval (IUA), 
interval during which the development of plants 
runs accordingly. The percentage representation 
of the best moisture time for plants at the 
stations from the Someșan Plateau during 2014-
2018 is showed in Figure 8. During 2014-2018, 
in the case of spring weeding crops, the need of 
water was ensured in an optimal interval of 

57.14% from the vegetation period in the case 
of maize, of 53.49% in the case of potato, of 
53.57% in the case of clover and of 47.67% in 
the case of wheat. During 2014-2018, one can 
notice an increase of extreme climate 
phenomena, represented by long drought 
periods correlated with reduced amount of 
rainfall, which leads to the reduction of the soil 
capacity to ensure constantly the optimum 
moisture for plants. 
Special attention needs to be paid if the water 
deficit from the soil is associated to the drought 
periods during critical times with maximum 
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demands of moisture and temperature, which 
have a bad influence upon the physiological 
processes of plants, resulting in decreases of 
their productivity. In this regard, it is necessary 

to apply some agricultural technologies which 
result in maintaining water in the soil, as well 
as irrigating the crops to ensure the best 
production potential of crops. 

 

 
Figure 8. The optimum moisture range for plants (IOUP, %) (2014-2018) 

 
CONCLUSIONS 
 
The determination of the evaluation indices of 
rain aggressiveness upon the sublayer (Fournier 
Index, Modified Fournier Index and Angot 
Pluviometric Index) suggest favorable 
conditions for the appearance and development 
of rain erosivity processes. The effect is the 
more intense when they appear after a period of 
prolonged drought, especially in March, April, 
July and August or, in some cases, in October 
and November. This situation involves the 
application of some soil tillage systems which 
incorporate/maintain at surface the vegetral 
debris, especially during summer and autumn. 
As for the degree of water ensuring of plants 
during the vegetation period for the main crops, 
one can notice that during 2014-2018, for the 
spring weeding crops, the water need was 
ensured during an optimal interval of 57.14% 
from the vegetation period in the case of maize, 
of 53.49% in the case of potato, of 53.57% in 
the case of clover and of 47.67% in the case of 
wheat. One can notice an increase of extreme 
climate phenomena, represented by long 
drought periods correlated with reduced amount 
of rainfall, which leads to the reduction of the 
soil capacity to ensure constantly the optimum 

moisture for plants. Therefore, ensuring 
irrigations during the droughty periods is a 
must, especially when temperatures are higher 
than 32°C, during June-August, which 
coincides with the critical period, with 
maximum demands of rainfall for the clover, 
wheat and maize crops.
The determinations of degrees of active 
biological temperature and their analysis during 
2014-2018 recommend to take into account the 
cultivation of types and hybrids which best 
value the conditions from the Someșan Plateau, 
together with a remaking the zoning of 
favorability conditions for certain crops, 
according to the new microclimate conditions 
of the area.
Following the analysis of parameters regarding 
rainfall, temperature and soil moisture, we 
recommend to apply some technological 
measures which reduce the water losses from 
the soil and the increase of its reserve by 
conservative measures. 
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Abstract  
 
Algalization - administration procedure in the soil of living algal cultures in order to restore trophic chains within soil 
microbiocenoses, which have a beneficial impact on all levels of soil ecosystem organization. At the lower levels (bio-
cellular, ionic-mineral and elementary particle) involves biochemical processes and organic-mineral with the formation 
of active substances which determines the structural-aggregate organization of soil mass which involves several 
evolutionary stages: 1. Elementary particle   elementary particle → microaggregates (< 0.25 mm); 2. 

Microaggregates  elementary particle → aggregate (1-0.25 mm); 3. Aggregate (1-0.25 mm)  
aggregate (1-0.25 mm) → aggregate 7-1 mm. Within these processes three groups of structural aggregates with 
different pedogenetic stability and functions are formed.  
 
Key words: algalization, structural-aggregate organization, pedogenetic stability. 
  
INTRODUCTION 
 
In the literature, the place and role of algae in 
pedogenesis is more frequently examined in the 
context of the early stages of pedogenesis 
process. In this sense, algae are assigned the 
role of principal source of organic matter 
necessary for the operation of microbial 
“biocenoses”. Recent research, however, has 
shown that, as the pedogenesis process and 
soils evolve the role of algae does not decrease 
but on contrary increases. In this context, it was 
established that algae directly participate in 
several biochemical and physical processes that 
occur in soils: the accumulation of organic 
substances and nitrogen fixation from the 
atmosphere, decomposition of primary and 
secondary minerals, redistribution and 
accumulation of biophile elements and 
aggregation - structuration. Mechanisms and 
quantitative expression of these processes are 
less studied.  
This implies the need for systematic studies in 
the field. In light of above this paper aims to 
study the pedofunctional effects induced by 
alagalization of typical chernozem humus 
moderated with cynophyta algae nitrogen 
fixators under irrigation.  

MATERIALS AND METHODS  
 
Research was conducted during 2016-2018 in 
the central area of Moldova. Soils within 
experimental land are represented through 
typical chernozems humus moderated loam 
clay with relatively high potential for 
aggregation. Irrigation method used is drip 
irrigation.  
The water source is conventionally suitable for 
irrigation. Experience scheme: 

1. Control; 
2. Algogenic preparation Nostoc 

flagelliforme (3 kg/ha); 
3. Algogenic preparation Anabaena 

minima (3 kg/ha). 
Structural-aggregation analysis was performed 
by Savvinov method. For calculating the 
quality indices of structural-aggregate have 
been applied relations:  
Ks =                                                            (1) 
where: 
Ks - coefficient of structure; 
A - aggregates content with dimensions 10-   
0.25 mm; 
B - summary content of aggregates > 10 mm 
and < 0.25 mm. 

Scientific Papers. Series A. Agronomy, Vol. LXII, No. 1, 2019
ISSN 2285-5785; ISSN CD-ROM 2285-5793; ISSN Online 2285-5807; ISSN-L 2285-5785



168

 

Kafi =                                                           (2) 
where: 
Kafi - coefficient of structure; 
A - aggregates content with dimensions 7-         
1 mm; 
B - summary content of aggregates > 7 mm and 
< 1 mm. 
 
Kc =                                                           (3) 
where: 
Kc - aggregate stability index; 
A - aggregates content 1-0.5 mm fractionated 
in water; 
B - aggregates content 1-0.5 mm dry 
fractionation. 
 
 RESULTS AND DISCUSSIONS  
 
Algalization-soil administration procedure in 
the soil of living algal cultures in order to 
restore trophic chains in soil biocenosis and 
support for pedofunctional processes has come 
to the attention in the relatively recent research 
(Lupascu & Jigau, 1998; Jigau, 2009; Jigau et 
al., 2018 a; 2018 b.; Dobrojan et al., 2016).  
The specified research has shown that 
algalization has impact on pedofunctional 
processes at all levels of structural-functional 
of soil ecosystem.  
At bio-cellular level cyanophyta algae nitrogen 
fixators in their capacity as nucleus of cyano-
bacterial coenoses lead to the formation of 
organisms responsible for decomposition of 
various groups of organic substances (geno-
metabolic chains), which decompose the 
consecutive organic residues by enriching 
organic matter with nitrogen in a closed circuit 
of substances and energy.  
At ionic-molecular level algae-bacterial 
coenoses creates a vital environment which 
favours starting the humification processes of 
algae-bacteria dead mass with the formation of 
active organic substances represented by 
macromolecular organic compounds and 
pseudohumic substances.  
Elementary particle level involves organic-
mineral reactions with the formation of 
organic-mineral compounds (Figure 1).  

Processes specified quantitatively and 
qualitatively materialize in the “aggregate” 
hierarchical level, which involves two groups 
of structural-aggregate organization: 

a) Direct - binding of elementary particles 
and microaggregates by means of 
agglutinated substances secreted in the 
algae activity process (gels and 
coagulants); 

b) Indirect - are interleaved with algae 
activity within the carbon circuit in the 
system: external biocoenosis (upper 
plants) and internal biocoenosis (soil 
biota). 

Through this prism of ideas cyanophyta algae 
provide carbon and nitrogen circuits in the soil: 

1. Short duration - within biological circuit 
of chemical elements in the trophic 
chain algae - microbiota - algae.  

2. Long duration - in the process of 
formation and humus accumulation. 

The circuit ensures development of plant root 
system and enhancing its role in the soil mass 
structure with the formation of bullet 
aggregates (7-3 mm). 
In the long duration circuit, humic substances 
forming with the cations of metals and clay 
minerals stable compounds that are associated 
in grain structural formations (3-0.5 mm). 
Within these mechanisms, the grain structural 
aggregates are produced in situ formed with 
participation of soil internal biocoenosis.  
This is intensive in the layer 0-30 cm. This 
implies that the aggregation activity of internal 
biocoenosis is intercorrelated with the activity 
of structuration of root system plants. The 
interaction between plants and algae in this 
process has direct character algae - plants or 
indirect plant - algae - microbiota - algae - 
plant. The role of algae in this sense implies 
stimulation of microbial activity, part of 
humification process. In this respect, organic 
substances in the soil follows to be perceived as 
bio-organic substances which include non-
specific organic matter (organic residues) in 
various decomposition phases, specific organic 
substances (humic substances) and microbiota 
associated with these two groups of substances 
(Jigau et al., 2018). 
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Figure 1. Place of algae in aggregation structure of soils 

 
The biocoagulation of structural-aggregation 
process of pedomatrix with participation of 
algae includes several evolutionary stages:  

1. Elementary particle  

elementary particle → microaggregates (< 0.25 
mm); 

 
2. Microaggregates   elementary 

particle → aggregate (1-0.25 mm); 
 
3. Aggregates (1-0.25 mm)  

aggregates (1-0.25 mm) → aggregates 7-1 mm. 
 

Within these processes three groups of 
structural aggregates are formed:  

a) Low stability - 7-5 mm; 
b) With moderate stability - 5-1 mm; 
c) With increased stability - 1-0.25 mm. 

 
Through this prism of ideas aggregates > 7 mm 
have an abiotic origin. Their formation is 
determined by physico-mechanical processes.  
Intensification of formation processes and 
humus accumulation contributes to the 
intensification of soil invertebrate’s mesofauna 
biological activity, and respectively of 
coprogenic structuring processes, increasing 
over time (Table 1).  
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soil microorganisms 

Secretion of biologically 
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Table 1. Post-action of algal preparations on invertebrate mesophane activity in typical chernozem humus moderated 
(irrigated regime), mean values, layer 0-50 cm (un/m2) 

Version 

Year 
Beginning of growing season End of growing season 

2016 2017 2018 2016 2017 2018 
Copr Cerv Copr Cerv Copr Cerv Copr Cerv Copr Cerv Copr Cerv 

Control 29 37 28 38 27 35 33 42 36 41 33 39 
Nostoc 

flageliforme 32 39 33 43 35 45 39 49 40 52 47 58 

Anabaena  
minima 36 43 35 41 37 44 65 77 67 80 76 94 

 
According to Kovda (1973) the formation and 
reproduction of humus reserves in soil involves 
intercalated action mechanisms of 
invertebrate’s mezofauna and soil 
microbiomes. The earthworms assimilate 
preferentially soluble humic substances and 
slightly subject to mineralization of organic 
matter in various stages of decomposition and 
forming coprolites enriched in carbon and 
nitrogen. This is due the overlap, in time of 
biological activity of earthworms and 
microbiomes responsible for formation 
processes and humus accumulation: during the 
active nutrition of earthworms in soil, 
microbiological activity is intensified. This 
leads to the formation of intermediate products 
which are framed in the resynthesis process and 
humification.   
The data presented in Table 1 highlights the 
intensification of intervertebrate mesofauna 
activity both in the administration of Nostoc 
flagelliforme culture as well as in the case of 
culture with Anabaena minima. An increase in 
time of this index allows us to consider the soil 
slowly the trophic chains are restored algae 
microbiomes materialized in the intensification 
of formation and humus accumulation. The 
decisive role in the structuration - aggregation 

of soil mass returns to biocoagulant processes 
determinate intercalating action of root system 
and coagulation processes. 
From Table 2 we find that in the early stages of 
growing season agronomical valuable 
aggregate content (10-0.25 mm) in all three 
investigates variants is excellent. However, 
already at this stage we find the positive 
influence of algae microflora on the structural-
aggregation process. The maximum effect of 
this process is within Nostoc flagelliforme 
version, both with aggregate content 10-0.25 
mm and 5-1 mm. During vegetation, this 
variant stands out strongly by the Control 
version through content of these groups of 
aggregates. The effects of aggregation structure 
determined by Anabaena minima species are 
later; these are intensifying over time and 
presenting excellent values at the end of 
growing season. In the Nostoc flagelliforme 
version in the aggregates composition 10-0.25 
mm predominates 5-1 mm. Their content 
makes up 54.32 % of soil mass or 64.47 % of 
agronomic valuable aggregates. In the case of 
Anabaena minima version the aggregate 
content 5-1 mm does not differ essentially from 
the Control variant.   
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Table 2. Dynamics of structural quality indices of typical chernozem humus moderated  
under algalization conditions (Irrigated regime) (Mean values, layer 0-50 cm) 

Terms of 
sampling Version 

Agronomical 
valuable 

aggregate content 
(10-0.25 mm) 

Precious 
agronomic 

aggregate content 
(5-1 mm) 

Coefficient 
of structure  

(Ks) 

Coefficient 
of structure  

(Kafi) 

Aggregate 
stability 

index (Kc) 
% 

M
ay

 

Control 80.34 46.54 4.38 1.35 318 
Nostoc 

flagelliforme 85.58 54.32 8.12 2.05 492 

Anabaena 
minima 87.73 46.42 5.71 1.45 347 

Ju
ne

 

Control 72.33 39.56 3.95 1.37 426 
Nostoc 

flagelliforme 80.06 50.33 4.63 1.68 542 

Anabaena 
minima 73.50 42.73 2.96 1.23 411 

Ju
ly

  

Control 72.07 37.85 3.30 1.13 396 
Nostoc 

flagelliforme 79.75 47.91 4.44 1.16 458 

Anabaena 
minima 77.13 41.85 4.03 1.18 387 

A
ug

us
t 

Control 71.80 36.14 2.65 0.88 306 
Nostoc 

flagelliforme 79.45 45.49 4.24 1.09 375 

Anabaena 
minima 80.76 40.98 5.09 1.13 363 

 
Table 3. Dynamics of aggregate content > 7 and 7-1 mm in the aggregate composition of typical chernozem humus 

moderated under algalization conditions (Irrigated regime) (Mean values, layer 0-50 cm) 

Terms of sampling Version Aggregate content 
> 7 mm 

Aggregate content 7-1 mm 
7-1 mm % from ∑ 10-0.25 mm 

M
ay

 Control 28.39 58.95 73.21 
Nostoc flagelliforme 24.02 64.89 75.82 
Anabaena minima 26.04 58.41 72.30 

Ju
ne

 Control 28.19 55.43 70.44 
Nostoc flagelliforme 21.65 60.23 74.86 
Anabaena minima 31.55 53.29 72.57 

Ju
ly

  Control 29.50 50.87 69.65 
Nostoc flagelliforme 20.82 54.43 71.37 
Anabaena minima 30.05 53.09 69.08 

A
ug

u
st

 Control 30.81 46.31 68.85 
Nostoc flagelliforme 19.99 55.57 67.88 
Anabaena minima 28.55 52.89 65.59 

 
During the vegetation period in all variants in 
the structural - aggregate composition 
predominated 7-1 mm. With maximum 
capacity of their formation is characterized  
Nostoc flagelliforme where their content in the 
first half of vegetation periods makes up 
(75.82-74.84 %). 
Anabaena minima version through the content 
of these aggregates differs insignificantly from 
Control version. In the second half of 
vegetation period, aggregate content 7-1 mm is 
reduced to all variants. However, for algalized 
variants their content is higher than Control 

version. This allows us to conclude that 
aggregates 7-1 mm formed with participation 
of cyanophyta algae have greater aggregate 
stability. In support of this assertion it’s coming 
Aggregate Stability Index (Kc) and dynamic 
indices of aggregate stability (Table 4). 
From the last we find that in case of algalized 
versions there are attested hydrostatic 
aggregates with a diameter 7-5 mm throughout 
the whole vegetation period, their content, 
however, ranging from 2-4%.  
As the aggregate diameter is reduced their 
hidrostability increases in all variants. 
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Table 4. Dynamics of aggregate stability of typical chernozem humus moderated under algalization conditions 
(Irrigated regime) (Mean values, layer 0-50 cm) 

Terms of 
sampling Version 

Hydrostabile aggregate content, % 
Aggregate content. mm 

7-5  5-1  1-0.25  > 0.25 < 0.25 
M

ay
 

Control - 17.34 41.43 58.77 41.23 
Nostoc 

flagelliforme 3.62 18.19 42.13 63.30 36.70 

Anabaena 
minima 3.33 19.74 43.32 65.45 34.55 

Ju
ne

 

Control - 17.82 32.48 51.56 48.44 
Nostoc 

flagelliforme 3.89 20.94 47.28 72.11 27.89 

Anabaena 
minima 2.36 20.12 38.08 60.56 39.44 

Ju
ly

 

Control - 15.31 32.61 47.92 52.08 
Nostoc 

flagelliforme 2.33 25.73 44.31 72.13 24.87 

Anabaena 
minima 2.32 19.12 39.76 31.20 38.80 

A
ug

us
t 

Control - 16.94 32.16 49.10 50.90 
Nostoc 

flagelliforme 2.23 27.53 45.81 75.57 24.43 

Anabaena 
minima 1.97 18.83 40.51 62.31 37.69 

 
With maximum hidrostability is characterized 
aggregates 1-0.5 mm which make up the active 
reserves for aggregation process. Based on their 
content we find that maximum structural 
potential characterizes Nostoc flagelliforme. 
 
CONCLUSIONS  
 
Algalization intensifies the entire chain 
processes and soil functioning mechanisms 
which materializes in the aggregation of soil 
mass structure. It is necessary to distinguish 
two stages intercalated:  
Processes and mechanism carried out at lower 
levels (bio-cellular, ionic-molecular, 
elementary particle) to organize the soil 
ecosystem with the formation of active 
substances;  
Processes and mechanisms of structural-
aggregate organization.  
Structural aggregation with the participation of 
algae leads to the formation of three groups of 

structural aggregates with aggregate stability 
and different pedofunctional functions. 
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Abstract  
 
Statistical parameters of the biological properties of ordinary chernozem under different land management in the 
southern zone of the Republic of Moldova have been elaborated. The number of Lumbricidae family and total 
invertebrates in conditions of no-tillage and vetch as a green manure increased on average by 3.0-6.0 and by 2.2-2.5 
times respectively compared with plowing. The base mass of invertebrates and earthworms in the ordinary chernozem 
under arable is concentrated in the 0-10 cm layer, in conditions of no-tillage and green manure treatment - in the 0-20 
and 0-30 cm layer. The application of conservative tillage and green fertilizers led to the restoration of the total number 
of invertebrates and the Lumbricidae family, the annual growth rate is of 36.1 and 12.4 ex m-2 accordingly. The positive 
action of no-tillage and vetch as a green fertilizer on biota is manifested by the growth of microbial biomass on average 
by 13.9% and activation of dehydrogenase, polyphenoloxidase and peroxidase by 15.3%, 28.9% and 6.4%. Soil 
biological parameters did not reach the level of the soil under natural vegetation. 
 
Key words: biota, parameters, ordinary chernozem, no-tillage, green manure.  
 
INTRODUCTION  
 
The soil cover of the Republic of Moldova is 
subjected to processes of desertification and 
anthropic degradation (Cerbari et al., 2010). 
The biological degradation of arable soils is 
interconnected with the dehumification 
processes, compaction and destruction of the 
soil structure. The current state of the biota in 
the arable soils of the Republic of Moldova is 
characterized by a significant reduction of 
abundance, biomass, activity and diversity, as 
compared to the soils of standard natural 
ecosystems (Senicovscaia et al., 2012). The 
values of most biological indicators in zonal 
soils decrease in the following sequence: 
natural and long-term fallow land → arable 
land under ryegrass and the organic farming 
system with the incorporation of manure and 
crop residues → arable land without fertilizers.  
A major reason for the deterioration of soil 
biological properties and for the decrease of 
humus content under arable agriculture is 
annual tillage, which aerates the soil and breaks 
up aggregates where microbes are living. 
Previous research has demonstrated that the 
conventional tillage system leads to structural 

aggregates destruction in the soil, and therefore 
of biota᾽ habitat (Senicovscaia et al., 2008). 
Annual plowing destroys agronomically 
valuable aggregates in the top layer of 
chernozems and their hardening in big sized 
soil particles in underlying 10-20 cm layer, 
thereby forming the soil compaction. The 
microbial biomass content in soil aggregates 
decreases according to the same regularity 
(Lungu et al., 2017).  
The negative effects of conventional tillage  
have led to necessity of application of 
alternative soil management practices. These 
techniques are known as 
"conserving/preserving tillage". It should be 
noted that the concept of conservation 
processing includes many processes from direct 
seeding and no-tillage to the deep cultivation 
without turning of soil layers. The 
implementation of soil tillage technologies 
should be based on the detailed knowledge of 
characteristics of soil. Necessarily should be 
taken into account such important factor as soil 
biological properties in cases when soil 
conservation tillage is applied.  
Previous studies have demonstrated the 
effectiveness of no-tillage technology in 
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conditions of the northern zone of the Republic 
of Moldova (Senicovscaia et al., 2015).  
The way to support the functioning of soil 
biota, to increase the level of biodiversity and 
resistance of soils used for a long time as arable 
is the cultivation of leguminous cultures as a 
green manure (Senicovscaia, 2013). This 
practice has several positive aspects from the 
microbiological point of view. It provides 
nutrient-rich organic matter for the microbial 
community which easily converts organically 
bound nutrients in plant residues to easily 
available nutrient form to the crops. Green 
manure application enhances the biodiversity of 
soil microorganisms. Green manuring with 
legumes has added advantage due to the 
capacity of legumes to fix atmospheric nitrogen 
and to decompose easily. Presumably this 
technique will improve the functioning of 
edaphic fauna. 
In connection with foregoing, the evaluation of 
the biota recovery process in degraded 
chernozems, including no-tillage soil 
conservative system and the application of 
leguminous crops as a green fertilizer, is an 
actual problem.  
Such research corresponds to the tasks of soil 
bio-testing for biodiversity conservation and 
development of soil quality standards. 
The purpose of the research was to determine 
the influence of no-tillage practices and green 
manure application on biota of the ordinary 
chernozem for the improvement of its soil 
quality and environmental certifications.  
 
MATERIALS AND METHODS  
 
Site. The experimental site is located in the 
southern zone of the Republic of Moldova, in 
Natcubii-Agro SRL, Larga Noua village, Cahul 
region. Agricultural lands are located on the 
quasi-horizontal surface of the highest terraces 
of the Prut River. The absolute altitude of the 
site is about 120-121m.  
The technology of no-tillage has been 
implemented on the area of about 2.000 
hectares during 2 years before the application 
of green manure treatment.  
Vetch was used twice as a green manure. Vetch 
was planted in the September of 2014 and its 
green mass in the amount of 26 t ha-1 was 
plowed under disc in May, 12, 2015 (Figure 1). 

On the same plot, a vetch was sown again, and 
its green mass was introduced in the amount of 
17 t ha-1 into the soil by disking in September, 
30, 2015. The experimental plot occupied 0.15 
ha. 

 
Figure 1. Field with a vetch in the southern zone of the 

Republic of Moldova, in Natcubii-Agro SRL, Larga 
Noua village, Cahul region 

Land management practices with application of 
no-tillage with green manure treatments (plot 
3) have been compared with the long-term 
conventional tillage with plowing to a depth of 
25-27 cm (plot 1) and 55-year-old fallow plot.  
Soil. The soil is the ordinary chernozem, 
subjected to deep plowing 40 years ago and 
used for plowing in the next 20 years. The 
profile of the arable chernozem demonstrates 
the strong compaction of the arable layer in 
depths of 5-20 cm and massive structure 
(Figure 2, a). As a result of the incorporation 
into the soil of the green mass of vetch (Figure 
2, b), the physical quality of the layer 0-20 cm 
has evolved from the unfavorable to very 
favorable. The soil penetration resistance has 
become low and extremely low and the 
structure turned out to be agronomically 
favorable. 
 

  
                 a                                       b 

Figure 2. The profiles of ordinary chernozem in 
conditions of long-term conventional tillage (a) and no-

tillage with green manure treatments (b) 
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The initial values of  the humus content in the 
soil of plot 1 constitute 2.43 %, pH = 7.9, the 
content of mobile phosphorus - 1.09 mg 100 g-1 
soil, mobile potassium - 17.7 mg 100 g-1 soil, 
nitrates (N-NO3) - 0.24 mg 100 g-1 soil in the 0-
35 cm layer. The humus content in the soil of 
plot 3 before green manuring constitutes      
2.49%, pH = 8.0, the content of mobile 
phosphorus - 1.47 mg 100 g-1 soil, mobile 
potassium - 19.7 mg 100 g-1 soil, nitrates (N-
NO3) - 0.24 mg 100 g-1 soil in the 0-35 cm 
layer. 
Soil samples were collected from the 0-10, 10-
20 and 20-30 cm layers of the experimental 
plots during 2015-2018. 
Status of invertebrates was identified from the 
test cuts by manual sampling of the soil layers 
to the depth of soil fauna occurrence. The 
diversity at the family level was categorised 
according to Gilyarov and Striganova (1987).  
Microbiological properties. The microbial 
biomass carbon was measured by the 
rehydration method (the difference between С 
extracted with 0.5 M K2SO4 from fresh soil 
samples and from soil dried at 65-70oC for 24 h 
(Blagodatsky et al., 1987). K2SO4 - extractable 
organic carbon concentrations in the dried and 
fresh soil samples were measured 
simultaneously by dichromate oxidation. 
K2SO4-extractable carbon was determined at 
590 nm using a “СФ-103” spectrophotometer. 
To estimate the contribution of microbial 
carbon to the total content carbon, the ratio 
between the carbon of the microbial biomass 
and the total carbon expressed in % was used 
(Kennedy & Papendick, 1995). Reserves of 
microbial biomass have been calculated taking 
into account the carbon content of the microbial 
cell and the bulk density of soils.  
Enzymatic activity. The potential enzymatic 
activity was determined in samples of the air-
dry soil. The urease activity was measured by 
estimating the ammonium released on 
incubation of soil with buffered urea solution 
by colorimetrical procedure (Haziev, 2005). 
The dehydrogenase activity was determined by 
the colorimetric technique on the basis of 
triphenylformazan (TPF) presence from TTC 
(2,3,5-triphenyltetrazolium chloride) added to 
the soil (Haziev, 2005). The polyphenoloxidase 
and peroxidase activities were determined by 
the colorimetric technique using hydroquinone 

as a substrate (Karyagina & Mikhailovskaya, 
1986).  
Soil biological indices were evaluated by 
analysis of variance. Statistical parameters of 
soil invertebrates were calculated taking into 
account the depth of soil fauna occurrence, 
microorganisms and enzymes - for the layer of 
0-30 cm. 
 
RESULTS AND DISCUSSIONS  
 
Invertebrates. Application of no-tillage with 
vetch as a green fertilizer has a favorable effect 
on the edaphic fauna of the ordinary 
chernozem. This effect has been noted both by 
the average values of indicators and by the 
confidence intervals. The number of 
invertebrates increased on average from 21.7 to 
130.1 ex. m-2, the number of earthworms - from 
18.5 to 55.6 ex m-2 in comparison with the plot 
with arable tillage. The biomass of 
invertebrates rose from 4.4 to 10.8 ex m-2, the 
biomass of Lumbricidae family - from 4.3 to 
9.3 ex m-2 (Table 1).  
The dominant position in the complex of 
invertebrates occupies the Lumbricidae family. 
The share of earthworms in the total abundance 
of invertebrates in the arable soil constitutes 
85.3 % and their biomass - 97.7%. The share of 
Lumbricidae family in the total population on 
the plot with conservation tillage and 
application of green manure constitutes 42.7%, 
their biomass - 86.1%. These data indicate that 
when no-tillage and green fertilizer were used, 
other species appear in the complex of edaphic 
fauna of the ordinary chernozem. 
The average weight of one exemplar of 
Lumbricidae family in the arable soil 
constitutes from its total absence to 0.24 g, on 
the plot with no-tillage and green manure - 
0.20-0.33 g. The base mass of invertebrates 
(80.0%) and fam. Lumbricidae (88.0%) in the 
ordinary chernozem under arable is 
concentrated in the 0-10 cm layer according to 
the average data. When green fertilizers were 
applied together with the no-tillage soil 
conservation system, the most invertebrates 
(93.9%) are concentrated in the 0-20 cm layer 
and earthworms (93.2%) - in the 0-30 cm layer 
(Figures 2, 3). Chernozem in conditions of no-
tillage and green manure management is 
characterized by an active thick layer of soil.
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Table 1. Statistical parameters of biota in the ordinary chernozem under different land management  
in the southern zone of the Republic of Moldova (2015-2018) 

Index 

Plot 1, arable 25-27 cm Plot 3, no-tillage and green manure 

55-year-
old 

fallow 
plot 

mean 
value min max V, % 

 

confidence 
interval 

(P ≤ 0.05) 

mean 
value min max V, % 

 

confidence 
interval 

(P ≤ 0.05) 

mean 
value 

(n=3) 
Invertebrates (n=7) 

Number of invertebrates, 
ex m-2 21.7 0 48.0 75.9 6.5-36.9 130.1 32.0 272.0 78.6 35.4-224.8 448.0 

Number of Lumbricidae 
fam., ex m-2 18.5 0 40.0 83.5 4.2-32.8 55.6 16.0 96.0 54.3 27.6-83.6 340.0 

Biomass of 
invertebrates, g m-2 4.4 0 10.0 92.4 0.6-8.2 10.8 7.0 19.2 41.1 6.7-14.9 84.0 

Biomass of Lumbricidae 
fam., g m-2 4.3 0 9.6 93.2 0.6-8.0 9.3 5.2 18.8 54.6 4.6-14.0 74.8 

Microorganisms (n=33-45) 
Microbial biomass,  
µg C g-1 soil 204.1 144.1 258.7 16.6 192.1-216.1 232.4 126.9 486.9 43.9 201.8-263.0 415.6 

Enzyme activity (n=21-45) 
Urease, mg NH3  
10 g -1soil 24 h-1 3.9 2.9 5.7 22.6 3.3-4.5 3.8 2.8 5.3 17.4 3.5-4.1 5.5 

Dehydrogenase, mg TPF 
10 g-1 soil 24h-1 1.57 0.95 2.35 23.9 1.43-1.71 1.81 0.96 3.53 34.7 1.63-1.99 2.79 

Polyphenoloxidase, mg 
1,4-p-benzoquinone 10 g-1 
soil 30 min-1 

18.0 6.5 28.0 35.6 15.7-20.3 23.2 12.5 31.0 25.0 21.5-24.9 20.1 

Peroxidase, mg 1,4-p-
benzoquinone 10 g-1 soil 30 
min-1 

28.3 23.0 34.0 11.1 27.1-29.5 30.1 24.5 36.0 11.2 29.0-31.2 31.3 

 

 

 

 

 
Figure 2. Profile distribution of invertebrates in the   

 

 

Figure 3. Profile distribution of earthworms in the 
ordinary chernozem under different land management 
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Ordinary chernozem in conditions of no-tillage 
and green manure is characterized by a high 
diversity of invertebrates in comparison with 
the soil under arable.  
This soil contains 4-8 families of invertebrates, 
whereas under arable only 3-5 families 
depending on the year of sampling (Table 2).  
Lumbricidae family is prevalent in soils with 
both types of tillage. Lumbricus terrestris was a 
typical representative of Lumbricidae family. 
In addition to Lumbricidae family, other 
species of the Enchytraeidae, Elateridae, 
Julidae, Araneidae, Carabidae, Coccinellidae 
and Formicidae families in faunal samples 
have been identified.  

Table 2. Biodiversity of invertebrates (ex m-2) in the 
ordinary chernozem under different land management 

(mean value, 16.05.2018) 

Invertebrate 
family 

Plot 1, arable 
25-27 cm 

Plot 3, no-tillage 
and green manure 

Lumbricidae  34.6 24.0 

Enchytraeidae 0 5.3 
Elateridae 5.3 2.6 
Julidae 5.3 8.0 
Araneidae 0 2.7 
Scarabaeidae 10.7 0 
Carabidae 2.7 2.7 
Coccinellidae 0 8.0 
Geophilidae 0 0 
Formicidae 0 + 
Specii 
neidentificate 5.4 0 

 

Indices of invertebrates’ number and biomass 
in the soil of both plots are characterized by the 
strong variability. There is a tendency of 
decrease of the variation coefficient from the 
arable soil (75.9-93.2 %) to the soil under no-
tillage and green manure (41.1-78.6 %) by 
faunal indicators. Taking into consideration the 
increase in the total level and decrease in the 
amplitude of the biological parameters 
oscillations in soil with no-tillage and green 
manure, this testifies to the enhance of soil’s 
ecological stability against anthropogenic 
impacts.  
Microorganisms. The application of no-tillage 
technologies and vetch stimulates the 
restoration of microorganisms in the ordinary 
chernozem. According to statistical data, the 
use of no-tillage with green manure lead to the 
slight increase of microbial biomass content on 
average from 204.1 to 232.4 μg C g-1 soil 
(Table 1). Indices of microbial biomass in the 
soil of both plots are characterized by the 
medium and strong variability.   
The main changes have been occurred in the 
soil layer of 0-20 cm. Microbial biomass 
increased from 219.3 μg C g-1 soil in the arable 
soil to 276.3 μg C g-1 soil in conditions of no-
tillage and green manure (Table 3).  
The share of microbial carbon in the total 
carbon in the plot under arable constitutes on 
average 1.55% and in the plot with no-tillage 
and green manure - 1.67%.  

Table 3. The content and reserves of microbial biomass in the ordinary chernozem in conditions of different land 
management 

Plot, variant Depth, cm Microbial biomass, 
µ g C g-1 soil 

CMB/Corg, 
% 

Reserves of MB, kg ha-1 
in layers in the 0-20 cm layer 

25.04.2016 

Plot 1, arable 25-27 cm 
0-10 235.1 1.66 573.6 

1147.3 
10-20 235.1 1.66 573.7 

Plot 3, no-tillage and green 
manure 

0-10 310.2 1.85 732.1 1414.3 
 10-20 281.9 1.71 682.2 

29.05.2017 

Plot 1, arable 25-27 cm 
0-10 216.4 1.52 528.0 

1056.0 
10-20 216.4 1.52 528.0 

Plot 3, no-tillage and green 
manure 

0-10 225.0 1.34 558.0 
1240.9 

10-20 271.0 1.61 682.9 
16.05.2018 

Plot 1, arable 25-27 cm 
0-10 194.2 1.35 431.1 

1012.8 
10-20 218.7 1.56 581.7 

Plot 3, no-tillage and green 
manure 

0-10 397.9 2.41 970.9 
1409.7 

10-20 171.4 1.09 438.8 
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The application of no-tillage contributes to the 
increase of microbial biomass reserves from 
1072.0 to 1355.0 kg ha-1 in the 0-20 cm layer. 
Reserves of microorganisms’ biomass in the 0-
30 cm layer are 1492.7-1862.7 kg ha-1 in the 
plot with plowing and 1678.7-2012.2 kg ha-1 in 
the plot with no-tillage and green manure. 
Enzymatic activity. A soil management with 
the application of no-tillage and the intro-
duction of green fertilizers created favorable 
conditions for the improvement of the 
enzymatic activity in the soil. Dehydrogenase 
activity in the ordinary chernozem increased on 
average by 1.2 times and polyphenoloxidase 
activity - by 1.3 times under the influence of 
no-tillage and green fertilizers (Table 1). In 
contrast, activities of urease and peroxidase on 
average have not shown statistically significant 
changes. Although in some periods the activity 
of urease and peroxidase on the plot with 
conservation technology was significantly 
higher than on the plot with arable tillage. The 
strongest impact on enzymes was recorded in 
the 0-20 cm layer. 
Urease, dehydrogenase and peroxidase indices 
are characterized by the medium variability, 
polyphenoloxidase - by the strong variability.  
The variation coefficients of the urease and 
polyphenoloxidase activities in the chernozem 
under conservation tillage and green manure 
are lower than in the arable chernozem.  
 
CONCLUSIONS 
  
The application of no-tillage practices with the 
introduction of green fertilizers in the southern 
zone of the Republic of Moldova improves the 
conditions for functioning of biota in the 
ordinary chernozem at the level of high values 
of parameters. The number of invertebrates 
increases on average by 6.0 times, Lumbricidae 
family - by 3.0 times, biomass - by 2.5 and 2.2 
times as compared with conventional tillage. 
The annual growth rate of invertebrates and 
earthworms constitutes 36.1 and 12.4 ex m-2 
accordingly. Biomass of microorganisms 
increases on average by 13.9%, dehydrogenase, 
polyphenoloxidase and peroxidase activities - 
by 15.3%, 28.9% and 6.4%  in comparison with 
the arable plot. The base mass of invertebrates 
and fam. Lumbricidae in conditions of no-
tillage and green manure treatment is 

concentrated in the 0-20 and 0-30 cm layers, 
maximum values of microbial biomass and 
enzyme activity have been recorded in the soil 
layer of 0-20 cm. Biological indications show a 
tendency to decrease the coefficient of 
variation from the arable soil to the soil under 
application of no-tillage with vetch as a green 
fertilizer. This indicates an improvement of 
soil’s ecological stability to anthropogenic 
impacts and increases the homogeneity of the 
topsoil, although biological parameters do not 
reach the level of soils under the natural 
vegetation.  
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Abstract 
 
The herbicides with ALS (inhibiting the enzyme acetolactate synthase) are rather unique in their ability to control 
weeds through both foliar uptake and through root uptake as they are also biologically active in soil. This provides 
control of both emerged weeds and those that emerge after time of application. Other benefits include low application 
rates and low mammalian toxicity. Carryover of a herbicide beyond the year of application can be of benefit in 
controlling weed growth in subsequent years, but can also be of concern in causing injury to sensitive crop species that 
may be grown in the years following application. The paper present the results concerning the study on the residual 
effect of some herbicides (inhibiting the enzyme acetolactate synthase - ALS) applied for weed control in sunflower 
crops in relationship with the climatic conditions. The phytotoxicity and persistence of the herbicides in soil was 
assessed using the mustard root inhibition bioassay. In earlier stage of mustard vegetation the treatments 
withimazamox herbicide had a residual effect, but over time this effect was significantly reduced. The chemical 
composition of the soil was not affected by the applied herbicides. The results indicate that for wheat was not residual 
effect for any of treatments used. 
 
Key words: herbicides with ALS, residual effect, phytotoxicity, mustard, bioassay. 
 
INTRODUCTION 
 
Acetolactate synthase (ALS)-inhibiting 
herbicides have been used extensively in 
agricultural production mainly because of their 
remarkable efficacy at very low application 
rates. However, it has been recognized that the 
ALS-inhibitors are the most resistance-
selective herbicide group. ALS-herbicides were 
first introduced in the early 1980s, and since 
then, rapid increase in incidence of resistance 
to these herbicides has been reported; more 
weeds have become resistant to ALS-inhibiting 
herbicides than to any other herbicide mode of 
action (Whitcomb, 1999). 
The rate of pesticide breakdown in field 
conditions depends on soil moistureand 
temperature, which are very important factors 
in determining the rate of pesticide breakdown. 
There are different mechanisms which 
determine the environmental fate of a herbicide 
such as volatilization, breakdown from sunlight 
(photolysis), leaching etc. However, the two 

main mechanisms of herbicide degradation are 
microbial and chemical hydrolysis. These two 
processes are dependent on soil water and 
temperature. However, soil moisture is more 
important for herbicides that require microbes 
for its degradation (Streck, 2005). Soil 
microbesthrive in warm soils, which results in 
faster degradation. It is estimated that there is a 
two to three-fold increase in chemical half life 
with a 10°C decrease in temperature (Walker, 
1987). 
In field conditions, soil properties such as 
organic matter content, soil moisture, soil 
texture, and soil pH play also an important role 
in the carryover potential ofresidual herbicides 
(Walker, 1987). With Clearfield® technology, 
herbicide adsorption to organic matter may 
reduce its bioavailability and the moisture 
holdingcapacity of high organic matter soils 
makes them conducive to increased 
microbialactivity. The importance of soil 
organic matter in reducing carryover potential 
hasbeen shown in studies conducted on 
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sulfosulfuron and flucarbazone (Moyer & 
Hamman, 2001; Eliason et al., 2002). The 
effect of clay content on herbicide residues is 
similar to organic matter in that it tends to 
adsorb the herbicide as well as improve the 
water holding capacity. Soil pH is another 
factor affecting the residual characteristics of 
some herbicides in field conditions. A low soil 
pH (less than 7.0) tends to increase the 
persistence of imidazolinone herbicides such as 
imazethapyr, imazamethabenz, and imazamox. 
Imidazolinone herbicides tend to be more 
adsorbed under acidic (lowsoil pH) conditions, 
which reduces their availability for microbial 
degradation (Loux & Reese, 1992). Extended 
carryover of imidazolinone herbicides in 
acidicsoils may also be related to their 
sorption-desorption characteristics. 
ALS-herbicides inhibit biosynthesis of 
branched-chain amino acids and affect 
primarily root growth of susceptible plants 
through inhibition of cell division at the root 
tips. Therefore, measuring root length 
reduction of sensitive plant species is the most 
common detection approach used in bioassays 
for ALS-inhibiting herbicides. 
Benefits of the bioassay are that whole-plant 
bioassays show biological effects of herbicides 
present, often at levels below chemical detection 
thresholds. They can be more useful than 
chemical detection methods due to interactions 
with soil organic matter, pH, soil moisture and 
soil texture. Finally, it is the only risk management 
tool available to growers at this time. 
The objective of this study was to determine 
using bioassay, the persistence of imazamox 
herbicide inhibiting the enzyme acetolactate 
synthase (ALS) (applied for weed control in 
sunflower crops) in relationship with the 
climatic conditions and different soil 
caracteristics. 
 
MATERIALS AND METHODS 
 
The experience was carried out at SC Profarma 
Holding SRL from Fundulea (situated in south-
east part of Romania) in the years 2017 and 
2018 under non-irrigated conditions on cambic 
chernozem soil.  
The experiment was designed by the block 
method, in three replications, size of the 
experiment plot was 25 m2.  

Treatments with herbicides based on imazamox 
were applied to sunflower using technologies 
and specific resistant hybrids.  
Soil samples were collected after crop harvest, 
in three repetitions, from 0-20 cm depth of soil, 
(Table 1).  
To estimate the persistence in soil of studied 
herbicides was used the bioassay method 
developed by Eliason et al. (2004) and 
modified by Petcu et Oprea (2013). It was used 
mustard (plant sensitive to studied herbicides) 
and winter wheat (because is known that wheat 
is sown frequently after sunflower). Seeds were 
sown at a depth of 2 cm every 2.5 cm along the 
pot wall. Six seeds of similar size were selected 
and placed in transparent pots filled with 150 g 
soil (Figures 1, 2). 

Table 1.Calendar and schedule of soil sampling 
Date of harvesting soil 

samples Treatments 

October 12, 2017 C - Control, no herbicide 
T1- Pulsar ® 40, dose of 1.2 l/ha  
T2- Generic dose of 1,2 l/ha 
T3- Pulsar Plus, dose of 1.6 l/ha 
T4 - Pulsar Plus, dose of 2 l/ha) 

October 14, 2018 C - Control, no herbicide 
T1- Pulsar ® 40, dose of 1.2 l/ha  
T2- Generic dose of 1,2 l/ha 
T3- Pulsar Plus, dose of 1.6 l/ha 
T4 - Pulsar Plus, dose of 2 l/ha) 

 
The seeds were carefully placed vertically, 
embryo downwards and facing the wall to 
facilitate root growth along the transparent 
wall.  
After sowing, the clear pots were wrapped in 
aluminum foil and placed in dark-colored paper 
bags to exclude light from the developing.  
The plants were watered with the same amount 
of tap water avoiding dry and kept at a room 
temperature of 20-25°C.  
 

 
Figure 1. Experience with mustardin the firs days 
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Figure 2. Experiences with mustard 

 
On the ten day after seeding the plants were 
manually removed from the soil (Figure 3) and 
the length of root and shoot was measured.  
The reduction rate was calculated according to 
the formula:  
RL = (1-Lt/Lo)*100, where: 
Lt is root length from soil with treatments and 
Lo is root length from control soil. 
 

 
Figure 3. Winter wheat plants removed from soil (pots) 

 
RESULTS AND DISCUSSIONS 
 
The average of temperature during April and 
May 2018 exceeded the normal of the zone 
with 4.6°C and 2.5°C respectively, while in 
2017 in the same period the temperatures were 
lower by 0.6 and 0.2°C, respectively.  
On average, temperatures in 2018 exceeded 
normal area by 1.6°C and in 2017 only 0.9°C 
(Figure 4).  
 

 
Figure 4. Monthly average temperature (2017, 2018) and 

multiannual average temperatures (1960 - 2018) 

The years of experimentation were totally 
different from the viewpoint of quantity and 
monthly repartitions of rainfall. 
 

 
Figure 5. The climate diagram for 2017 (the method for 

the climate diagram consists in the graphical 
representation of 1/2 and 1/3 of the total value of 

recorded rainfall and average temperature) 
 
In 2017 was a moisture deficits in September, 
as shown in Figure 5. As compared cu 2017, the 
year 2018 was a year with two water deficits. 
First moisture deficits was from April up to 
May and the second ones was from august to 
middle of octomber and both of them were 
combinated also with heat stress (Figure 6). 
 

 
Figure 6. Climato diagram for 2018 

 
Analysis of variances evidentiate that length of 
mutard roots was very significantly (P < 0.001) 
affected by year of soil sampling and 
significantly (P < 0.5) for the treatments (Table 2). 
 

Table 2.Analyses of variance for length of mutard root 
Source of variance Degree of 

freedom
Mean 
square

S2 F factor and 
significance

Factor A (year) 1 2707 2707 243.9*** 
Error 2 22.2 11.1  

Factor B (treatment) 4 1065 266 7.37* 
A x B 4 321 80 2.22 
Error 16 577 36  

***significant differences for P<0.001,* significant differences for 
P<0.5. 

I II III IV V VI VII VIII IX X XI XII
2017 -5,5 -0,3 8,6 10,6 16,8 22,4 23,3 23,9 19 11,7 7 3,6
2018 0,8 1,6 3,3 15,8 19,4 22,6 22,8 25 19,1 13,4 5,2 -0,1
MAA -2,4 -0,2 4,9 11,2 16,9 20,8 22,8 22,3 17,4 11,3 5,3 -0,1
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A higher inhibiting effect on the length of root 
was derived from the T2 and T4 variants in 
both years of experimentation.  
In the 2017 the length of roots from T1 and T3 
variants were almost similar to untreated 
mustard, indicating that there was no detectable 
herbicide in the soil and the explanation coud 
be the higher quantity of precipitations 
registered in this year (Figure 7). 
 

 

Figure 7. The effect of imazamox on lenght of mustard 
root 

The negative effect on the height of plants was 
lower in both years of experimentation as 
compared with the effect on the length of root 
(Figure 8). 
 

 
Figure 8. The effect of imazamox on height of mustard 

plants 
 
Although in earlier stage of mustard vegetation 
the treatments with imazamox herbicide had a 
low residual effect on height of plants, but over 
time this effect was significantly reduced 
(Figure 9). 
 

 
Figure 9. The effect of imazamox on height of mustard 

plants 
 
The precipitation influence both transport and 
the herbicides degradation (microbial and 
chemical hydrolysis) (Streck, 2005; Ghinea et 
al., 2007).  
Data from the literature show that in general, 
breakdown occurs by soil microbes and 
breakdown occurs more rapidly and herbicide 
activity increases as soil pH increases. The soil 
reaction in our experiences was slightly acidic 
from 6.06 to 6.36, with little difference 
between the treatments but a reduction of pH is 
observed in 2018 in all herbicidal variants 
(Table 3).  
In terms of total nitrogen content, it was noted 
that soil from experimental plots had 0.141-
0.150% total nitrogen (Nt) and organic matter 
was a few percent higher in 2017 (year without 
strong hydric stress) (Table 3).  
The literature shows that variations in soil pH 
can influence how long a herbicide will persist. 
Loux and Reese (1992) (quate by Petcu Victor 
& Oprea Georgeta, 2013) found that 
imidazolinone herbicides adsorbed increases as 
organic matter (OM) increases and as soil pH 
decreases. All factors increasing microbial 
activity also increase herbicide degradation 
(warm, moist soils). Degradation increases in 
soils with pH above 6.5 (Imi) or 7 (TPS) 
because herbicide molecules are not 
adsorbedand are in soil solution for plant 
uptake and microbial breakdown, 
(www.cof.orst.edu). 
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Table 3. The nitrogen and soil reaction. Fundulea,  
2017 and 2018 

Year Treatment N t (%) 

 
Organic 
matter (%) 

 

Ph 

2017 

Control 0.145 2.98 6.36 
T1 0.143 2.65 6.33 
T2 0.149 2.60 6.35 
T3 0.150 2.75 6.43 
T2 0.149 2.65 6.51 

2018 

Control 0.141 2.65 6.25 
T1 0.140 2.43 6.21 
T2 0.144 2.44 6.12 
T3 0.145 2.30 6.16 

T2 0.141 2.31 6.25 

 
ALS inhibitors are highly plant active through 
both foliage and root uptake. This ability to be 
active in the soil and be taken up through the 
root system is beneficial for the control of 
weeds that emerge after the date of application. 
In years of reduced herbicide degradation in the 
soil due to reduced temperatures or soil 
moisture, some ALS inhibitors or their 
metabolites can persist into the following 
growing seasons (Hall et al. 1999; Hill B. Dal, 
1998). This prolonged persistence can 
potentially injure sensitive crops grown in 
rotation such as canola and lentils (non-
Clearfield® varieties), mustard, or sugar beet 
(Moyer & Hamman, 2001). 
Persistence of phytotoxic levels of a herbicide 
for more than 1 year can be a problem with 
some herbicides. Herbicide residues are most 
likely to occur following years with low 
rainfall because chemical and microbial 
activity needed to degrade herbicides are 
limited in dry soil. Crop damage from herbicide 
residues can be minimized by applying the 
lowest herbicide rate required for good weed 
control, by using band rather than broadcast 
applications, and by mouldboard plowing 
before planting the next crop. Moldboard 
plowing reduces phytotoxicity of some 
herbicides by diluting the herbicide residue in a 
large volume of soil, (www.cof.orst.edu).  
In order to established if studied herbicides 
affect the previous crops it was analyzed the 
reaction of winter wheat plant to herbicides 
studied.  
The results showed no significant differences in 
terms of main root length (Table 4). 

 

Table 4. Analyses of variance for length  
of winter wheat root 

Source of variance DF Mean 
square 

S2 F factor and 
significance 

Factor A (year) 1 28.03 28.03 1.83 
Error 2 29.8 14.93  

Factor B (treatment) 4 277 69 4.55 
A x B 4 66.13 16.53 1.08 
Error 16 243 15.21  

 
In case of winter wheat, during the dry year 
2018 as compared with 2017, the persistence of 
herbicides studied was higher, the decrease of 
length of wheat roots being 0.54-8.74% from 
control compared with that of 2017 when, the 
winter wheat root lengths varied from 0 to 
5.40% from the control (Table 5).  
 

Table 5. The length of winter wheat root 

Year 2017 2018 2017 2018 

 Length of root (mm) Rate of reduction (%) 

Control 185 183 100 100 

T1 185 182 0 0.54 

T2 178 175 3.78 4.37 

T3 180 176 2.70 3.82 

T4 175 167 5.40 8.74 

 
The explanation is that the humidity and heat 
accelerates biodegradation, but also facilitates 
the leaching, while a dry climate, on the 
contrary, increases persistence as non-
biological degradation and biodegradation are 
less intense. 
 
CONCLUSIONS 
 
The root length bioassay is suitable for 
assessment of susceptibility/resistance of wild 
mustard populations to ALS-inhibiting 
herbicides. 
Our study evidentiate that biodegradation of 
herbicides depends by climatic conditions from 
year of experimentations and soil properties. 
On wheat (as in mustard) the reduction in root 
length as a treatment effect was higher in the 
dry year. But from a statistical point of view, 
our results revealed no significant differences 
between the type of herbicide used and 
untreated check. This suggests that the 
herbicides studied do not significantly affect 
the growth of this plant. 
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Results from the bioassay should not be 
interpreted alone. Interpretation needs to 
include other tools and information such as 
label recommendations, rainfall restrictions, 
pH, organic matter, soil texture, and perhaps 
most importantly, grower and agronomist 
experience. 
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Abstract 
 
Sustainable agriculture is an increasingly used concept, as it also includes the minimum or zero tillage technologies. 
This implies the complete absence of ploughing, disking and other crop maintenance works. This paper presents the 
mean of the research carried out between 2014-2016 at the Moara Domnească Teaching Farm located in the Ilfov 
County and belonging to the University of Agronomic Sciences and Veterinary Medicine of Bucharest. The biological 
material consisted in several early maize hybrids belonging to the following groups: FAO- 270, 280 (Sunergy, 
PR39B76), FAO- 340, 380 (Bonito, PR37N01) and FAO- 400, 500, 510 (Olt, Sumbra, P0216). The experimental 
variants for the soil tillage system were: ploughing 20 cm (control), chiselling 20 cm, chiselling 40 cm, disking 10 cm, 
disking/ploughing 20 cm, disking/chiselling 40 cm. Production ranged between 4886.0 kg/ha (in the FAO 270, 280) 
and 6626.2 kg/ha (FAO 340, 380), and recorded the highest values of 7034.8 kg/ha in hybrid P0216.  
 
Key words: soil tillage, Zea mays L., hybrids, yield. 
 
INTRODUCTION  
 
Plant cultivation technologies include an array 
of interdependent elements, and make up an 
organized whole which ensures that farming 
practices work and meet the intended purpose.  
The interactions between the various 
technological elements, the diversity of 
environmental conditions and the large number 
of cultivated plants motivate the wide range of 
technologies and the differences between them. 
These technologies are differentiated according 
to the climatic specificity and the relief of the 
agricultural areas; within them, the differences 
depend on the soil particularities, the cultivated 
plant, the agricultural machinery system and 
the impact of the technological elements on the 
environment (Guș, 2003). 
Minimum soil tillage involves the replacement 
of ploughing in crop technology and of soil 
tillage partly, which leads to soil better 
preservation. That system was first 
implemented in the US, then in England and it 
gradually expanded throughout Europe. 
The results obtained in Virginia (1972) showed 
that the no-tillage system ensured the same 
effect on the yield treated with lower doses of 
phosphorus and potassium fertilizers and the 

loss of water was lower owing to the protective 
layer (Budoi, 1996). Reduced soil tillage in 
maize increased after the use of broad spectrum 
herbicides (Șarpe et al.,1996; Ulinici et al., 
1967).  
Research on minimum soil tillage has been 
carried out in Romania, too. Promising results 
have been obtained so far in the technology of 
maize, sunflower, soybean and other plants, by 
carrying out autumn tillage. In spring a single 
pass of the aggregate on the field prepares the 
germinating bed concurrently with the 
application of fertilizers, herbicides and sowing 
(C. Pintilie et al., 1985).  
Unconventional soil tillage, together with other 
basic elements of sustainable agriculture, have 
direct influence on crop plants (Guș, 2001; 
Marin, 2008; Rusu, 2009; Pop, 2011). 
Maize is the most commonly studied plant in 
terms of crop requirements in the minimum 
tillage or no-tillage system (Hallauer and 
Colvin, 1985; Wright,1990; Uri, 2000). The 
selection of the hybrid type for this agricultural  
system has been a constant concern for the 
breeders (Hallauer and Colvin, 1985; 
Newhouse and Crosbie, 1986; Hesterman et 
al.,1988; De Felice et al., 2006). 
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The research carried out by A. Canarache and 
Elisabeta Dumitru at ICPA in 1991 was based 
on the centralization of the pedoclimatic data 
collected from OSPA throughout Romania, and 
showed that about 42% of the arable land met 
moderate and favorable conditions for the 
unconventional soil cultivation system (15% 
under favorable conditions and 27% under 
moderately favorable conditions) (Guş, 2003). 
Research carried out by Marin D.I. on the red 
preluvosol soil of Moara Domnească, Ilfov 
County, between 2008 and 2010, showed that 
the average yield of grain maize ranged from 
7,450 kg/ha in the conventional system and 
7,248 kg /ha in the nonconventional system (in 
the 40 cm chisel version). 
Soil tillage based only on disc harrows resulted 
in lower yields compared to other soil tillage 
variants, i.e. 6,355 kg/ha. The results obtained 
by soil tillage based on chiselling at 40 cm in 
depth recommend this variant as a techno-
logical alternative of soil tillage for the appli-
cation of the sustainable agriculture system. 
 
MATERIALS AND METHODS 
 
Research was carried out on the experimental 
field of the Moara Domnească Teaching Farm, 
Ilfov County, belonging to U.S.A.M.V. 
Bucharest.  
The experiment included the following factors: 
Factor A - soil tillage based on the following 
variants: a1-ploughing at 20 cm in depth 
(control - A20 cm), a2-chisseling 20 cm (C20 
cm), a3-chiselling 40 cm (C40 cm), a4-disking 
10 cm (Disc), a5-disking/ploughing 20 cm 
(D/A20 cm), a6-disking/chiselling 40 cm 
(D/C40 cm), disking in succesion 
disking/chiselling 40 cm and disking/ploughing 
20 cm was performed in the pre-emergent 
plant, winter wheat. 
Factor B - early maize hybrids: Sunergy, 
PR39B76 (FAO- 270, 280); 
 - semi early hybrids: Bonito, PR37N01 (FAO- 
340, 380);  
- semi late hybrids: Olt, Sumbra, P0216 (FAO- 
400, 500, 510). 
Soil tillage was carried out in the last decade of 
September. 
Maize hybridw were sown in the second decade 
of April by SPC 6 seed drill. 

Weeds are a risk factor for agricultural crops as 
they prevent normal growth of the latter. Thus, 
for control purposes, the treatments applied 
were based on such herbicides as Dual Gold in 
a dose of 1.4 l/ha (s-metolaclor 960 g/l) - pre-
emergent and Dicopur Top 1.0 l/ha (344 g/l 
acid 2.4 D + 120 g/l dicamba) + Titus 25DF, 
50g/ha (25% rimsulfuron metil) - post-
emergent). Two mechanical hoeing works were 
also performed during the growing season. 
Fertilization provided annual doses of  
N120P60K60 kg d.m./ha of the complex fertilizer 
NPK 15:15:15 and urea. 
Harvesting was carried out in the second 
decade of September, depending on the 
climatic conditions which are an important 
factor influencing plant production. The data 
recorded by the Găneasa Weather Station were 
used for the characterization of the climatic 
conditions. The climatic condition between 
2014 and 2016 had direct influence on the 
growth of the crop plants. The evolution of the 
thermal regime and rainfalls during the 
research period oscillated in comparison with 
the multiannual mean values. From a 
meteorological viewpoint, 2014 and 2016 were 
characterized by variations in temperature and 
particularly rainfalls (Table 1). For the maize 
growing period (April-August), the average 
temperature medie was 19.9ºC, i.e. 1.7ºC 
higher than the normal value in the area, while 
the sum of rainfalls was 381.2 mm and 343.4 
mm, respectively, which was close to the 
normal value in the area. It is important to note 
that rainfalls in July and August (2014) were 
much lower than the normal values in the area.  
Less favourable to maize crop were the climatic 
conditions in 2015, when the rainfalls during 
the maize growing season (April-August) 
recorded 146.0 mm, lower than the normal 
value of 203.3 mm in the area, while the 
average temperature of 20.1ºC was higher by 
1.9ºC than the normal value in the area. 
 
RESULTS AND DISCUSSIONS  
 
The influence of soil tillage on the grain yield 
in the maize crop 
The results concerning the influence of basic 
soil tillage on the maize grain yield are 
presented in Table 2.  

 



187

 

Table 1. Climatic conditions of Moara Domnească, Ilfov County (2014-2016) 
Month Average temperature (ºC) Rainfalls (mm) 

2013-
2014 

2014-
2015 

2015-
2016 

Average 
2013-
2016 

Normal Diff. from 
normal 
value 

2013-
2014 

2014-
2015 

2015-
2016 

Average 
2013-
2016 

Normal Diff. from 
normal 
value 

October 14.0 11.7 10.7 12.1 11.0 1.1 81.7 64.2 70.0 71.9 35.8 36.1 
November 8.3 5.3 7.7 7.1 5.3 1.8 17.6 49.1 110.6 59.1 40.6 18.5 
December -0.2 0.8 3.1 1.2 0.4 0.8 1.2 84.6 1.8 29.2 36.7 -7.5 
January -0.5 -1.1 -3.4 -1.6 -3.0 1.4 33.2 33.4 62.6 43.0 30.0 13.0 
February 1.2 2.0 1.7 1.6 -0.9 0.7 7.6 21.4 35.6 21.5 32.1 -10.6 

March 8.9 6.3 7.5 7.5 4.4 3.1 37.3 65.6 67.8 56.9 31.6 25.3 
April 13.4 11.7 14.3 13.1 11.2 1.9 116.0 2.0 64.6 60.8 48.1 12.7 
May 19.3 18.6 15.8 17.9 16.5 1.4 88.0 33.6 71.0 64.2 67.7 -3.5 
June 19.9 20.9 22.4 21.0 20.2 0.8 113.0 56.8 114.8 94.8 86.3 8.5 
July 22.8 25.2 24.1 24.0 22.1 1.9 38.0 5.2 4.2 15.8 63.1 -47.3 

August 24.1 24.4 23.0 23.8 21.1 2.7 26.2 48.4 88.8 54.4 50.5 3.9 
September 18.4 18.8 18.9 18.7 17.5 1,2 60.6 86.0 83.2 76.6 33.6 43.0 

Average/Sum  
April-August 

19.9 20.1 19.9 19.7 18.2 1.5 381.2 146.0 343.4 290.2 349.3 -59.1 

Average/Sum 
October-

September 

12.4 12.0 12.1 12.1 10.5 1.6 620.4 550.3 775.0 648.5 556.1 92.4 

 
Table 2. Influence of soil tillage on maize grain yield, Moara Domnească, Ilfov County, average 2014-2016 

Soil tillage 
variant/ 
Hybrids 

 
Yield 

 
A20 

 
C20 

 
C40 

 
Disking 

 
D/A20 

 
D/C40 

 
PR39B76 

kg/ha 6313.4 5703.7 5772.7 5224.4 6406.9 5969.2 
% 100 90 92 83 101 94 

Diff. kg/ha Mt   -609.7 ooo   -540.7 ooo -1089.0 ooo 93.5   -344.2 o 

LSD5%= 252.3 kg/ha     LSD 1%= 358.7 kg/ha    LSD 0.1%= 519.4 kg./ha 
 

SUNERGY 
kg/ha 5477.2 4903.2 5068.1 4547.6 5505.7 5168.4 

% 100 89 92 83 101 94 
Diff. kg/ha Mt   -574.0 ooo     -409.1oo   -929.6 ooo 285  -308.8 o 

LSD 5%= 239.6 kg/ha     LSD 1%= 331.8 kg/ha    LSD 0.1%= 457.9 kg./ha 
 

PR37N01 
kg/ha 6754.7 5968.4 6192.7 5407.7 6865.8 6283.1 

% 100 88 91 80 101 93 
Diff. kg/ha Mt  -786.3 oo   -562.0 o -1347.0 ooo 111.1    -471.6 oo 

LSD 5%= 405.7 kg/ha     LSD 1%=  576.8 kg/ha    LSD 0.1% = 835.2 kg./ha 
 

BONITO 
 

kg/ha 6147.1 5344.6 5676.6 5019.2 6386.7 5578.2 
% 100 87 92 82 104 91 

Diff. kg/ha Mt  -802.5 ooo   -470.5 oo -1127.9 ooo 239.6    -568.9 oo 

LSD 5%= 274.8 kg/ha     LSD 1% = 390.7 kg/ha    LSD 0.1%= 565.7 kg./ha 
 

OLT 
kg/ha 6386.5 5715.2 6125.1 5079.3 6378.1 6213.0 

% 100 89 96 80 100 97 
Diff. kg/ha Mt   -671.3 ooo -261.4 -1307.2 ooo -8.4 -173.5 

LSD 5%= 264.8 kg/ha    LSD 1% = 376.5 kg/ha    LSD 0.1%= 545.1 kg./ha 
 

SUMBRA 
kg/ha 6157.7 5617.7 5850.3 4975.1 6341.3 5971.9 

% 100 91 95 81 103 97 
Diff. kg/ha Mt   -540.0 ooo    -307.4 o -1182.6 ooo 183.6 -185.8 

LSD 5%= 225.8 kg/ha     LSD 1% = 321.0 kg/ha    LSD 0.1% = 464.9 kg./ha 
 

P0216 
kg/ha 6930.1 5902.3 6328.1 5508.3 7034.8 6442.1 

% 100 85 91 80 101 93 
Diff. kg/ha Mt -1027.8 ooo   -602.0 oo -1421.8 ooo 104.7   -488.0 oo 

LSD 5%= 335.2kg/ha     LSD 1%=  476.6 kg/ha    LSD 0.1% = 690.1kg./ha 

 
The application of minimum tillage resulted in 
various yields, depending on hybrid. 
Between 2014 and 2016 the average yield of 
maize grain in the seven hybrids under study 
ranged between 4,975.1 kg/ha (hybrid Sumbra, 
disking 10 cm) and 7,034.8 kg/ha (hybrid 
P0216,   disking/ploughing   20 cm).   In   the  

 
control (ploughing 20 cm) the highest average 
yield was recorded in the hybrid P0216, i.e. 
6,930.1 kg/ha, followed by PR37N01 (6754.7 
kg/ha) and Olt (6386.5 kg/ha). The average 
yields recorded in the control variant ranged 
between 5,477.2 kg/ha (hybrid Sunergy) and 
6,930.1 kg/ha (hybrid P0216).  
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The hybrid P0216 recorded the highest average 
yield both in the traditional worked variant and 
in unconventional system (6,442.1 kg/ha - 
disking/chiselling 40). The closest to the 
control were the yields obtained from minimum 
tillage and were recorded in the variants 
chiselled at 40 cm in depth, i.e. 91% (hybrids 
PR37N01, Bonito and P0216) and 97%  
(hybrids Olt and Sumbra). The chiselled 
variants at 20 cm in depth resulted in yields of 
85% (hybrid P0216 - 5,903.2 kg/ha) and 91%, 
respectively (hybrid Sumbra - 5,617.7 kg/ha) 
compared with the control ploughed at 20 cm in 
depth. The yields obtained from the seven 
hybrids in the disked variant recorded highly 
significant negative values, compared with the 
control ploughed at 20 cm in depth. They 
ranged between 4,975.1 kg/ha (hybrid Sumbra) 
and 5508.3 kg/ha (hybrid P0216), i.e. between 
80 and 83% of the values recorded by the 
control.  
 
Influence of the hybrid maturity group on 
the grain yield in the various variants of soil 
tillage. 
The hybrids grown in Romania are classified 
into five groups of early ripeness according to 

the growing period, as follows: very early 
hybirds (FAO classification 100-199); early 
hybrids (FAO 200-299); semi early hybrids 
(FAO 300-399); semi late hybrids (FAO 400-
499 and 500-599) and late hybrids (˃600). 
Hybrid zoning is based on the thermal constant, 
which represents the sum of temperatures over 
10°C throughout the entire growing season.  
The comparative analysis of the maize hybrid 
maturity groups (Table 3) shows that, compared 
with the early hybrids (the control group), 
higher yields were recorded in both semi early 
and semi late hybrids. Compared with the 
control group, semi late hybrids recorded yields 
ranging between 5,187.5 kg/ha (disked variant) 
and 6,584.7 kg/ha (variant disking/ploughing 
20), i.e. 106 and 110%, respectively, of the 
control value. In the conventional system, the 
yields ranged between 6,450.9 kg/ha (semi 
early hybrid group - variant ploughing 20 cm) 
and 6,626.2 kg/ha (semi early hybrid group - 
variant disking/ploughing 20 cm). In the 
nonconventional system, the semi late hybrid 
group was conspicuous, compared with the 
control group, by its increased yield, i.e. 680.7 
kg/ha. This showed that the semi late hybrids 
were better suitable for southeastern Romania.

Table 3. Influence of hybrid maturity group on maize grain yield in various soil tillage systems, Moara Domnească, 
Ilfov County, average 2014-2016 

FAO 
group/ 

Soil tillage 

FAO 270-280 (Early) FAO 340-380 (Semi early) FAO 400- 510 (Semi late) 
kg/ha % Diff. 

kg/ha 
kg/ha % Diff. kg/ha kg/ha % Diff. kg/ha 

A20 5895.3 100 Mt 6450.9 109 555.6** 6491.4 110 596.1*** 
C20 5303.4 100 Mt 5656.5 106 353.1* 5745.0 108 441.6** 
C40 5420.4 100 Mt 5934.6 109 514.2 * 6101.1 112 680.7*** 
Disc 4886.0 100 Mt 5213.4 106 327.4 5187.5 106 301.5* 

D/A20 5956.3 100 Mt 6626.2 111 669.9** 6584.7 110 628.4*** 
D/C40 5568.8 100 Mt 5930.6 106 361.8* 6209.0 111 640.2*** 

 LSD 5%= 340.2 kg/ha     LSD 1% = 483.7kg/ha   
LSD 0.1%= 700.4 kg./ha 

LSD 5%= 275.2 kg/ha     LSD1%=  391.9 kg/ha    
LSD 0.1% = 566.7 kg./ha 

The average results regarding the influence of 
soil tillage system on the Thousand Grain 
Weight (TGW) and Standard Mass per Storage 
Volume (SMPSV) in the seven maize hybrids 
grown in both traditional and minimum tillage 
systems are shown in Tables 4 and 5.  
The values analysed were influenced by the 
climatic conditions, grown hybrids and soil 
tillage system. The TGW of the seven hybrids 
under study ranged between 253.1 g (hybrid 
Sunergy - disking) and 279.0 g (hybrid P0216 -
disking/ploughing 20 cm).  

In the traditional system, hybrid P0216 ranged 
between 277.7 g in variant A20 cm (control) 
and 279.0 g in variant disking/ploughing 20 
cm, followed by hybrids PR37N01 (278.5 g, 
variant disking/ploughing 20 cm) and hybrid 
Olt, respectively, that recorded 273.8 g in 
variant ploughing 20 cm.  
The lowest valued of TGW were recorded in 
the variants disked at 10 cm in depth and 
chiselled at 20 cm in depth of the hybrids 
Sunergy and Bonito. The closest to the control 
ploughed at 20 cm in depth were the values 
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recorded in the following hybrids: PR39B76 
(269.2 g - variant disking/chiselling 40 cm), Olt 
(272.4 g - variant disking/chiselling 40 cm) and 

Sumbra (269.1 g - variant disking/chiselling 40 
cm), i.e. 99% of their values. 

 
Table 4. Influence of basic soil tillage on thousand grain weight (TGW) in maize crop, 

Moara Domnească, Ilfov County, average 2014-2016 

Soil tillage 
variant/ Hybrids 

 
TGW (g) 

 
A20 

 
C20 

 
C40 

 
Disc 

 
D/A20 

 
D/C40 

 
PR39B76 

TGW (g) 271.9 266.9 267.8 262.8 273.4 269.8 
% 100 98 98 96 101 99 

Diff. (g) Mt -5.0 -4.1   -9.1 o 1.5 -2.1 
LSD5%=  9.1 g       LSD 1%= 14.1 g    LSD 0.1%= 20.4 g 

 
SUNERGY 

TGW (g) 263.3 257.0 261.1 253.1 263.4 260.8 
% 100 97 99 96 100 99 

Diff. (g) Mt -6.3 -2.2 -10.2 0.1 -2.5 
LSD 5%=  10.4 g      LSD 1%= 14.8 g     LSD 0.1%= 21.4 g 

 
PR37N01 

TGW (g) 277.0 270.1 272.0 262.9 278.5 272.8 
% 100 97 98 95 101 98 

Diff. (g) Mt -6.9 -5.0 -14.1 o 1.5 -4.2 
LSD 5%=  10.1 g    LSD 1%= 14.4 g    LSD 0.1% = 20.9 g 

 
BONITO 

 

TGW (g) 270.9 261.2 264.6 255.0 271.6 265.8 
% 100 96 97 94 100 98 

Diff. (g) Mt -9.7 -6.3 -15.9 o 0.7 -5.1 
LSD 5%= 11.3 g      LSD 1% = 16.1 g     LSD 0.1%=  23.4 g 

 
OLT 

TGW (g) 273.8 267.3 270.3 260.4 273.6 272.4 
% 100 97 98 95 100 99 

Diff. (g) Mt -6.5 -3.5 -13.4 o -0.2 -1.4 
LSD 5%= 9.7 g     LSD 1% = 13.8 g      LSD 0.1%= 20.0 g 

 
SUMBRA 

TGW (g) 270.1 264.6 268.2 260.1 272.5 269.1 
% 100 98 99 96 101 99 

Diff. (g) Mt -5.5 -1.9 -10.0 o 2.4 -1.0 
LSD 5%= 8.9 g    LSD 1% = 12.6 g    LSD 0.1% = 18.3 g 

 
P0216 

TGW (g) 277.7 270.8 272.3 264.3 279.0 273.2 
% 100 97 98 95 100 98 

Diff. (g) Mt -6.9 -5.4 -13.7 o 1.3 -4.5 
LSD 5%=  10.0 g       LSD 1%= 14.3 g     LSD 0.1% = 20.7 g 

 
On average for 2014-2016, the Standard Mass 
per Storage Volume (SMPSV) recorded high 
values in the traditional variants where the 
highest values were recorded in the hybrids 
P0216 (73.5 kg/hl, variant disking/ploughing 
20 cm) and PR37N01 (73.1 kg/hl, variant 
disking/ploughing 20 cm). This exceeded the 
control by 0.6 and 0.8 kg/hl, respectively.  
The values resulted from nonconventional 
tillage recorded between 90 and 99% of the 
control.  

 
The chiselled variant at 20 cm in depth 
recorded values that ranged from negative to 
highly significant negative, compared with the 
control (ploughing 20 cm).  
The disking of reddish preluvosoil resulted in 
lower values of the SMPSV, compared with the 
other soil tillage variants. They ranged between 
63.7 kg/hl (hybrid Bonito) and 67.3 kg/hl 
(hybrid PR39B76), which were significantly 
negative, compared with the control. 
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Table 5. Influence of basic soil tillage on Standard  Mass per Storage Volume (SMPSV) in grain maize crop,  
Moara Domnească, Ilfov County, average 2014-2016 

Soil tillage variant/ 
hybrids 

SMPSV 
(kg/100 l) A20 C20 C40 Disc D/A20 D/C40 

 
PR39B76 

SMPSV 
(kg/hl) 

71.2 68.4 69.6 67.3 71.7 70.5 

% 100 96 97 94 100 99 
Diff. (kg/hl) Mt -2.8 oo -1.6 -3.9 oo 0.5 -0.7 

LSD5%= 1.9 kg/hl     LSD 1%= 2.8 kg/hl       LSD 0.1%= 4.0 kg/hl 
 

SUNERGY 
SMPSV 
(kg/hl) 

66.3 64.2 65.4 63.8 66.0 65.5 

% 100 97 98 96 100 99 
Diff. (kg/hl) Mt  -2.1 o -0.9  -2.5 o -0.3 -0.8 

LSD 5%=  2.1 kg/hl    LSD 1%= 2.9  kg/hl       LSD 0.1%= 4.3 kg/hl 
 

PR37N01 
SMPSV 
(kg/hl) 

72.5 68.9 70.9 66.4 73.1 70.7 

% 100 95 98 91 101 97 
Diff. (kg/hl) Mt    -3.6 oo -1.6     -6.1 ooo 0.6 -1.8 

LSD 5%= 2.4 kg/hl      LSD 1%= 3.5 kg/hl      LSD 0.1% = 5.0 kg/hl 
 

BONITO 
 

SMPSV 
(kg/hl) 

71.0 66.1 68.2 63.7 70.9 69.1 

% 100 93 96 90 100 97 
Diff. (kg/hl) Mt      -5.0 ooo  -2.8 o      -7.3 ooo -0.1 -1.9 

LSD 5%= 2.3  kg/hl      LSD 1% = 3.2  kg/hl      LSD 0.1%= 4.7 kg/hl 
 

OLT 
SMPSV 
(kg/hl) 

71.1 68.2 69.5 66.0 71.4 70.6 

% 100 96 97 93 100 99 
Diff. (kg/hl) Mt    -2.9 oo -1.6      -5.1 ooo 0.3 -0.5 

LSD 5%= 2.0 kg/hl     LSD 1% = 2.9 kg/hl   LSD 0.1%= 4.2  kg/hl 
 

SUMBRA 
SMPSV 
(kg/hl) 

71.1 68.4 69.5 65.8 71.5 70.6 

% 100 96 98 92 101 99 
Diff. (kg/hl) Mt  -2.7 o -1.6      -5.3 ooo 0.4 -0.5 

LSD 5%= 2.0 kg/hl     LSD 1% = 2.9 kg/hl     LSD 0.1%=  4.2 kg/hl  
 

P0216 
SMPSV 
(kg/hl) 

72.7 68.9 70.9 66.2 73.5 71.0 

% 100 94 97 91 101 97 
Diff. (kg/hl) Mt    -3.8 oo -1.8      -6.5 ooo 0.8 -1.7 

LSD 5%= 2.4 kg/hl      LSD 1%= 3.4 kg/hl      LSD 0.1% = 5.0 kg/hl 
 
CONCLUSIONS 
 
The climatic conditions between 2014 and 
2016 manifested direct influence on the 
development of the crop plants. The evolution 
of the thermal regime and rainfalls throughout 
the same period oscillated, compared with the 
multiannual average values. 
The average maize grain yield of the seven 
hybrids studied between 2014 and 2016 ranged 
between 4,975.1 kg/ha (hybrid Sumbra, disking 
10 cm) and 7,034.8 kg/ha (hybrid P0216, 
disking/ploughing 20 cm). 
The yields that were the closest to the control 
were obtained from minimum tillage in the 
following variants: chiselling 40 cm and 
disking/chiselling 40 cm, i.e. between 91% (in 
hybrids PR37N01, Bonito and P0216) and 97%  
(in hybrids Olt and Sumbra). 

Concerning the influence of hybrid maturity 
group on the maize grain yield, the highest 
yield was recorded in the semi late hybrids, i.e.  
680.7 kg/ha (chiselling 40 cm), compared with 
the control. 
The thousand grain weight of the seven hybrids 
studied recorded values between 253.1 g 
(hybrid Sunergy - disking) and 279.0 g (hybrid 
P0216 - disking/ploughing 20 cm). 
The standard mass per storage volume 
(SMPSV) on average for the period between 
2014 and 2016 recorded high values in the 
conventional variants, compared with the 
nonconventional ones. In the sonventional 
system, the values of the standard mass per 
storage volume ranged between 66.0 kg/hl 
(hybrid Sunergy - disking/ploughing 20 cm) 
and 73.5 kg/hl (hybrid P0216 - 
disking/ploughing 20 cm). 
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Considering the results obtained during the 
three years of research, we recommend 
cisseling at 40 cm in depth as an alternative to 
traditional soil tillage in the Moara Domnească 
area, the Ilfov County. 
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Abstract 
 
Although there are many studies on mint species, too few establish the link between its growth and the environment in 
which it grows. Between 7 and 22 August 2017, at Ilganii de Sus village (Nufăru commune, Tulcea County), on Sulina 
Danube branch, five soil samples taken from the base of some populations of pennyroyal plants (Mentha pulegium L.) 
were analysed. The sampling points were chosen according to the different habitats encountered at Ilganii de Sus 
(ruderal sites, grazed pastures, flooded ditches, sandy beaches on the banks of Arhipenco channel), with different soil 
texture.  
Surrounded by other mint species and cocklebur, pennyroyal can be seen as a potential environmental weed in the study 
area. We found that the highest values of humus content, potassium and phosphorus levels correspond to a zone located 
at the western edge of the village, where household waste and poultry manure are deposited. The pH values of soil at 
Ilganii de Sus varied between 7.30 and 8.57; meanwhile, salts levels indicated a non-saline soil type. As far as we know, 
this report brings the first data concerning the soil features and environmental conditions for Mentha pulegium in a 
Romanian landscape.  
 
Key words: habitat, Ilganii de Sus, Mentha pulegium, Pennyroyal, soil. 
 
INTRODUCTION  
 
Pennyroyal is the most common vernacular 
name used for Mentha pulegium L., a member 
of Lamiaceae family native to Europe, North 
Africa and Middle East (Miraj & Kiani, 2016).  
Worldwide, Mentha pulegium was studied 
intensively so far from several points of view: 
chemical characterization, antibacterial and 
antioxidant activities of essential oil (Silva et 
al., 2015); pharmacological effect (Miraj & 
Kiani, 2016); insecticidal activity (Zekri et al., 
2013; Rocha et al., 2015); melliferous 
characteristics (Ion & Ion, 2007); therapeutic 
effects (Brahmi et al., 2017); abortifacient 
agent (Gerenutti et al., 2014); determination of 
mineral content (Paşca et al., 2017); botany, 
ecology and food uses (Batsatsashvili et al., 
2016); histo-anatomical and physiological 
features (Andro, 2012); classification according 
to geographical location (Kanakis et al., 2011); 
genetic diversity (Fadhel & Boussaïd, 2004). 
However, as Mansoori (2014) noticed, only 
few reports are available on environment 
condition e.g. soil properties related to mint 
growth.  

Holzer (2012) labelled the pennyroyal as 
unpretentious species, which prefers “good 
soil”, grows in the sun to half shadow, and is 
sensitive to frost.  
Taking into consideration the general 
reputation of mint species in traditional 
medicine, Mentha pulegium is beneficial in 
terms of its use as medicinal plant for 
refreshing teas or essential oil in cosmetics. 
However, some restrictions are imposed when 
it comes to pennyroyal. Thus, studies have 
revealed that a volatile component named 
pulegone present in M. pulegium is hepatotoxic 
and affects uterine function (Bakerink et al., 
1996; Hadi et al., 2017; Stringaro et al., 2018). 
Unfortunately, for pennyroyal oil poisoning 
there is no antidote (https://www.poison.org/; 
https://livertox.nih.gov/).  
In Romania, the local names of M. pulegium 
are known as “busuicoul cerbilor”, “menta 
franţuzească”, “izma proastă” or “menta 
puricilor”.  
This mint species was reported before in the 
vegetation of several Romanian Counties, as: 
Bihor (Gavra, 2015), Botoşani (Tănase & 
Ştefan, 2010), Caraş-Severin (Prodan et al., 

Scientific Papers. Series A. Agronomy, Vol. LXII, No. 1, 2019
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2010), Călăraşi (Ion & Ion, 2007), Dolj 
(Răduţoiu et al., 2014), Galaţi (Oprea, 2004), 
Ilfov (Anastasiu & Liţescu, 2012), Maramureş 
(Jiboc, 2014), Mureş (Domokos & Cristea, 
2013), Suceava (Tomescu & Chifu, 2009), 
Vaslui (Irimia & Danu, 2010), Timiş (Neacşu 
et al., 2015).  
In Tulcea county, M. pulegium was already 
mentioned in Danube Delta Biosphere Reserve 
(D.D.B.R.) including Ilganii de Sus (Covaliov 
et al., 2012). In a previous report, we recorded 
pennyroyal at Ilganii de Jos (Dobrin et al., 
2013). 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Different habitats for populations of Mentha 
pulegium at Ilganii de Sus (August 2017) 

 
Grigore (2008) included M. pulegium on the 
list of salted plants of Romanian flora. Ion and 
Ion (2007) stated that M. pulegium is a 
mezohidrophyte species with pretty dense 

populations in the water meadows and 
grasslands around the Danube wall.  
At Ilganii de Sus (Tulcea County), pennyroyal 
cohabits with other spontaneous mint species, 
such as water mint Mentha aquatica L. and 
horsemint Mentha longifolia (L.) Huds. 
However, compared to the latter species, M. 
pulegium is rather abundant, especially in the 
grassy surroundings of Ilganii de Sus (Figure 
1). Most often, pennyroyal shares its vast 
territory with cocklebur (Xanthium sp.), being 
challenged to withstand an environment 
dominated by this invasive plant.  
The soil features in Ilganii de Sus is less 
known. In a monograph concerning this village, 
it is mentioned that there are two types of 
predominant soils: alluvial soils in the dry, 
habitable and arable area, respectively 
gleiosoils in the wet area. Alluvial soils have 
varied sandy-clay texture, are carbonate and 
poor in organic matter (Moţoc and Manole, 
2015).  
Since pennyroyal is so frequent in the studied 
area and generally in the Danube Delta, the 
interest of our research has focused on type of 
soil where M. pulegium prefers to grow, so that 
in future it will be a reference for those 
searching for the ecological aspects, caring and 
using this mint species in a broader sense. 
  
MATERIALS AND METHODS 
 
Five soil samples were obtained from the 
following sampling points (SP) at Ilganii de 
Sus, Tulcea County (Figure 2):  
SP 1 (45°11′50.90″N/28°56′50.70″E);  
SP 2 (45°11′58.65″N/28°57′2.35″E);  
SP 3 (45°11′39.83″N/28°58′10.33″E);  
SP 4 (45°11′31.60″N/28°56′1.59″E);  
SP 5 (45°11′43.98″N/28°57′44.11″E).  
 
Soil samples (S1-S5) were taken from the base 
of pennyroyal populations in each point (SP1-
SP5), from a depth of 0-20 cm. 
The choosing of these points was based on 
different habitats encountered at Ilganii de Sus 
(grazed pastures, flooded areas, sandy beaches 
on the banks of Arhipenco channel, ruderal 
places) where soil texture varies.  
The methods used for investigation of soil 
properties are presented in Table 1. 
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Figure 2. Survey area for soil samples (map source: 
Google Earth) 

 
Table 1. Soil analyses, methods and instrumentation

 
RESULTS AND DISCUSSIONS 
 
The features of each sample soil are indicated 
in Table 2.  
 

Table 2. Soil agrochemical parameters  
(Ilganii de Sus, August 2017) 

Soil  

sample 

pH Soluble 

salts 

dS·m-1 

PAL 

mg/kg 

KAL 

mg/kg 

Humus 

% 

S1 7.75 0.2927 28.00 140 1.372 

S2 8.08 0.1849 56.00 228 3.993 

S3 8.43 0.2143 49.33 80  0.998 

S4 7.30 0.2493 87.62 400 7.613 

S5 8.57 0.1789 62.00 216 1.372 

 
It can be noticed that pH values range of 
between 7.30-8.57, being considered as very 
weak to strong alkaline soil reaction. The 
analyses concerning salt contents indicated that 
samples correspond to a non-saline soil type.  

While Fadhel and Boussaid (2004) have 
specified that M. pulegium grows best in 
hydromorphic soils with a pH of 5 to 8.5, 
DeBaggio and Tucker (2009) recorded for this 
species a pH range 4.8-8.2, with a mean of 6.9. 
Thus, the pH levels of our soil samples show 
higher values than average mentioned by 
specialised literature.  
Mobile form of phosphorus (PAL) was 
classified as middle content for S1, high 
content for S2, S3 and S5 and very high for S4. 
Potassium content (KAL) was middle for S3, 
normal for S1, high for S2 and S5 and very 
high for S4 (Madjar, 2008).  
In the monograph of Ilgani village it is 
mentioned that alluvial soils have at most 5% 
humus (Moţoc & Manole, 2015). Concerning 
humus content, our results indicated wide 
variations, the highest value being found for S4 
which is considered as good content 
(Davidescu & Davidescu, 1999).  
With respect of humus, phosphorus and 
potassium content, S4 proves the highest values 
of all sample soils. This indicates that in SP 4, 
which corresponds to a ruderal area, located at 
the western edge of the Ilganii de Sus village, 
the soil is strong alkaline. This result could be 
explained by the accumulation, in that specific 
area, of many domestic wastes, bird feathers 
and poultry manure, that seem to contribute to 
the increase in phosphorus and potassium 
content of the soil. In addition, it was already 
demonstrated that poultry litter represent a 
good organic fertilizer for plants (Kobierski et 
al., 2017). 
Categorized as least concern by IUCN Red List 
of Threatened Species, pennyroyal is a 
hemicryptophyte that typically occurs in 
freshwater wetlands, seasonally inundated 
grassland, ponds, ditches, roadsides, disturbed 
sites, ephemeral watercourses and abandoned 
fields, particularly on reasonably fertile soils 
and usually in very short open vegetation often 
which is grazed (De Belair et al., 2014; 
http://naturalhistory.museumwales.ac.uk/; 
http://www.iucnredlist.org/; 
http://www.cabi.org/isc/). 
This perennial species is suitable for sandy, 
loamy and clay soils and can grow in heavy, 
sometimes silty clay soil; it can grow in semi-
shade or without shade, preferring moist soil 
(http://www.pfaf.org/; http://www.cabi.org/). 

Analyses Method Apparatus 

pHH2O (1:2.5) potentiometry Hanna pH-meter 

Total soluble 
salts 

conductometry Hach sens Ion 7 

Potassium 
(mobile form), 
KAL 

flame emission 
spectrometry 

Sherwood 410 

Phosphorus 
(mobile form), 
PAL 

spectrophotome
try 

CECIL 2041 
spectrometer 

Humus content Walkley-Black-
Gogoaşă 

- 

Arhipenco channel Sulina Branch 

    N 
W   E 
    S 
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Considering the report of Covaliov et al. 
(2012), pennyroyal is a perennial species, 
flowering from July to September, with a 
frequent spreading degree. According to Ion 
and Ion (2007), M. pulegium is defined, among 
other characteristics, by the flowering time and 
duration correlated to the level of soil moisture. 
In the studied areas, most often, pennyroyal 
was found next to cocklebur (Xanthium sp.), an 
invasive plant that dominates the pastures of 
the village, where cattle go daily to the pasture. 
Besides, pennyroyal itself was regarded as a 
potential environmental weed in some regions 
of the world and was characterized as a plant 
with aggressive spreading nature, which takes 
over the land where it grows 
(http://www.floralencounters.com/Seeds/; 
https://keyserver.lucidcentral.org/weeds/). This 
could also be the case of the habitats studied by 
us in the present research. While some authors 
emphasized the poisonous role of pennyroyal 
for cattle forage (Amsberry & Meinke, 2008), 
others mentioned that in animal therapy, 
Mentha pulegium has proved its tonic effect on 
the uterus of ruminants (Laudato & Capasso, 
2013). 
It is known that pennyroyal can survive some 
drought, likes full sun, rich soil and some 
moisture (http://www.floralencounters.com/). 
The weather in August 2017 was characterized 
by very high temperatures (even 350C) that 
have attracted the sharp drying of areas usually 
flooded at Ilganii de Sus. As Koetlisi (2013) 
suggested, a water deficit and drought stress 
may result in smaller leaf and reduce yield of 
aromatic plants.  
 
CONCLUSIONS  
 
This paper discusses for the first time some soil 
characteristics at Ilganii de Sus from Tulcea 
County, a region where pennyroyal grows as an 
aromatic plant with pest potential.  
Mentha pulegium was found in different types 
of habitats, as: ruderal areas, flooded ditches or 
sandy beaches.  
The highest values of humus content, pH, 
phosphorus and potassium were associated to 
the western part of the study area, which 
correspond to a zone rich in domestic waste 
and poultry manure.  

Soil agrochemical parameters determined at 
Ilganii de Sus, Tulcea County, reveals growth 
requirements of Mentha pulegium, soils with 
slightly to strongly alkaline pH, low to 
moderate humus content and moderate to very 
high content in mobile forms of phosphorus 
and potassium. 
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Abstract 
 
The use of intensive chemistry in the agricultural field was a first cause of pollution in the agricultural field. In order to 
move towards sustainable, environmentally friendly agriculture, farmers took into account the use of alternatives to 
chemical fertilizers, green, green and non-polluting alternatives. Thus, so-called ecological fertilizers, green fertilizers, 
soil-friendly, agricultural crops, production and, implicitly, for humans and animals have emerged. The alternative to 
chemical fertilizers is fertilizer based on bacterial cultures. In agriculture, the main source of nutrition is the nutrients. 
These are the basis for the growth and development of cultural plants, and they are indispensable to any form of life. 
On the other hand, the amount of nutrients at some point in time may decrease or increase depending on certain pedo-
climatic factors, soil typology, the ability of plants to return some of the nutrients consumed (by the decomposition of 
crop residues) and so on. 
 
Key words: biofertilisers, Azospirillium lipoferum, Azotobacter chroococcum, Bacillus megaterium, Rom-Agrobiofertil 
NP. 
 
INTRODUCTION 
 
Biofertilizers are organic products that consist 
of living microorganisms (bacteria, fungi, fungi 
etc.), these biofertilizers providing the 
necessary microelements in the soil, better 
growth and development of agricultural plants, 
as well as obtaining healthy and higher yields 
and quantity of products) compared to 
chemically fertilized crops. Biofertilizers, being 
liquid substances, can be applied either on soil, 
seeds or on the surface of plants so that the 
microorganisms in their composition fit the 
best. Once these microorganisms are fixed on 
the organs of the plants, together with their 
activity there will be a contribution of elements 
necessary for the growth and development of 
the agricultural crops (Sunita et al., 2018). 
Rom-Agrobiofertil NP is a fertilizer based on 
three bacterial strains: Azospirillium lipoferum, 
Azotobacter chroococcum and Bacillus 
megaterium. Each bacterium has its own role as 
well as action on soil and crops. Thus, 
Azotobacter chroococcum has the role of 
capturing atmospheric nitrogen on the basis of 
certain resources and exchanges of energy 

between the soil and the environment, fixing in 
the soil. In addition to this role, this bacterium 
also has the role of metabolizing phosphates in 
the soil, assimilating root exudates, and 
counteracting certain plant-damaging bacteria, 
existing bacteria in the soil (Levandovschi et 
al., 2017). 
Azospirillium lipoferum has the role of 
metabolizing organic matter from soil to 
nutrients assimilable by plants (metabolism of 
cellulose, hemicellulose, lignin etc.). At the 
same time, as azotobacter, azospirillium is 
designed to capture nitrogen in the atmosphere 
and to place it in the soil. Under certain 
environmental and soil conditions, 
Azospirillum can positively influence plant 
growth, crop yields and N-content of the plant. 
This plant stimulatory effect exerted by 
Azospirillum has been attributed to several 
mechanisms, including biological nitrogen 
fixation and auxin production (Steenhoudt et 
al., 2000). 
The mode of action of Azospirillum is most 
probably composed of multiple mechanism. 
The increased use of the various biological 
process in soil will decisively contribute to 
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make agriculture more productive with less 
harm to the environment (Attilla et al., 2010). 
The last bacterium of the biofertilizator, 
Bacillus megaterium, plays a role in the 
decomposition of soil detriment, the solubility 
of insoluble phosphates from the soil into 
soluble phosphates, but also produces certain 
organic acids necessary for the growth and 
development of plants (lactic acid, glutamic 
acid etc.) and enzymes and minerals the role of 
acting as growth incentives for plants and 
agricultural production (Sbîrciog et al., 2017). 
The isolation of phosphate solubilizing 
bacterial strains exhibiting high ability to 
solubilize soil phosphorus is a matter of great 
interest with high applicability. The use of 
phosphate solubilizing bacteria as inoculants 
simultaneously increase phosphate uptake by 
the plant and increase crop yield, Strains from 
the genera Pseudomonas, Bacillus and 
Rhizobium species are the most powerful 
phosphate solubilises (Patel et al., 2016). 
Research on soil has found that in order to 
replace the chemical elements in the 
composition of classical fertilizers, researchers 
can use numerous bacteria found in the soil 
structure. Thus, following laboratory and open 
field tests, it has been found that by combining 
bacteria, much better results can be obtained 
than when applying a chemical fertilizer. Using 
these research and results on a large scale, 
researchers have created biofertilizers to reduce 
soil pollution, increase crop production, and 
protect human health. 
 
MATERIALS AND METHODS 
 
The first research on biofertilizers of Romvac 
Company S.A. was carried out at a research 
farm in agriculture, namely Vegetable 
Development Research Station Buzău. Within 
this resort, alongside Romvac collaborators Dr. 
Biol. Floarea Burnichi (Scientific Secretary of 
SSC Buzau) and Drd. Ing. Constantin Petre 
(Head of Mechanization Department of 
Vegetable Development Research Station 
Buzău) established the crops to which the 
Rom-Agrobiofertil NP biofertilizer was applied 
(cabbage and tomatoes). 
Thus, in November 2017 the semicircular 
cabbage culture was  ished, the "Buzau" variety 
in field tomatoes "Buzău 1600" and "Florina 

44". In the spring of 2018 the first tranche of 
this biofertilizator was administered at a dose 
of 5 l/ha (3 types of product x 5 = 15 l/ha) for 
each crop. 
The second research on biofertilizers of 
Romvac Company S.A. was carried out at a 
research farm in agriculture, namely Research 
and Development Station for Plant Culture on 
Sands Dăbuleni. Within this resort, alongside 
Romvac collaborators Dr. Ing. Aurelia Diaconu 
(General Manager of Research and 
Development Station for Plant Culture on 
Sands Dabuleni) and Dr. Ing. Milica Dima 
established the crops to which the Rom-
Agrobiofertil NP biofertilizer was applied. 
 
RESULTS AND DISCUSSIONS 
 
Developing unit. Vegetable Development 
Research Station Buzau. Main features. The 
seedlings have a green, green-violet coloration. 
At planting, the seedling must have 40 days. 
Characteristic of seedling planting is the height 
of the plant, a mean height of 55-60 cm. 
The diameter of the leaf rosette is high, ranging 
from 90-100 cm. The position of the rosette 
leaves is half-erect. The leaf is medium to large 
(27-29 cm). The base leaves are between 30 
and 35 cm high, with a 12-15 cm long petiole, 
with 1-3 bracts. The leaf is greenish-bluish, 
elongated to the basal leaves and rounded to the 
middle leaves and top of the rosette. 
The edges of the tongue are medium-wavy, 
slightly creased. The surface of the tongue is 
slightly embossed, with a prominent rib. The 
leaf is well covered with pruin. The diameter of 
the head records a medium variation with 
variation limits between 23 and 25 cm. 
The height of the head has a medium 
variability, with limits between 17 and 19 cm. 
The shape index is between 0.7-0.9, with 
globular-capped head forms. Head weight 
fluctuates between 2.0-3.5 kg. The head is full, 
covered with leaves. Position of the rosette 
after the formation of the head: does not cover 
the head. The outer cochlea is 4-6 cm. The 
inner cochlea is medium, between 5.0 and 6.5 
cm. The color of the leaves inside the head is 
yellowish-white. Leaves inside the head are 
very fine and thin. Semi-late variety, with a 
vegetation period of 135-140 days. The range 
from planting to maturity is 95-100 days. The 
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production potential is 70-80 tons/ha, under 
normal crop conditions, it is easy to achieve 
50-60 tons/ha. 
Crack resistance: 10-15 days after 
consumption maturity. This variety of cabbage 
is cultivated in all parts of the country, in 
southern areas it is cultivated in successive 
culture. "Buzău" variety shows good resistance 
to pathogen attack. The growing period of this 
variety is: at maturity (130 days) 14.06-20.10 
and planting - maturity (95 days) 18.07-20.10. 

Production destination (Table 3): a well-known 
and well-known variety for fine leaves, very 
well-suited for fresh consumption or preserved 
by marinating (from the leaves of this variety, 
from the 1950s to the 1960s, traditional 
sausages are prepared).  
Experimental variants: V1 - Unfertilized 
(Control - Table 1, Figure 1) and V2 - Rom-
Agrobiofertil NP 5 l/ha (3 x 5 = 15 l - Table 2, 
Figure 2).  

 
Table 1. Scheme of treatment for autumn cabbage culture "Buzău" variety 

 
Table 2. Biometric data recorded in autumn cabbage seed crop "Buzău" variety 

 

 
Table 3. Seed production at Autumn Cabbage semicircle "Buzau" variety, kg/ha 

 
Developing unit. Vegetable Development 
Research Station Buzau. The year of approval 
of this variety was in 1977.  
Main features. Semi-sweet variety of tomatoes 
for fresh consumption. The period of 
vegetation from the east to the consumer 
maturity of the first fruits is 125-130 days. 
The plants have indeterminate growth, the 
height of 120-130 cm, vigorous, with 
characteristic green leaf. The fruit is large, 
firm, with an average weight of about 200 g 
(150-220 g), spherical, taste particularly 
pleasant due to its balanced sugar-acidity ratio. 
The surface of the fruit is smooth, uniform red. 

It is tolerant to the attack of the main 
pathogens. 
Economic efficiency. The production potential 
is 60-80 t/ha; if improved technology is 
applied, production can grow up to 150 t/ha. 
Scope. Fruits are intended for fresh 
consumption, in which case they are harvested 
in the spring stage and for industrialization 
(juices, paste etc.). It can be cultivated 
successfully in all areas favorable to tomato 
culture, being recommended primarily for 
households.  
Potential beneficiaries. Vegetable Units and 
Private Producers. 

 

Scheme of cultivation of cabbage seedlings in the field 

No. 
treat. 

Date of 
application of 
the treatment 

Applied product 
type 

Name bacterial strain Approved 
dose 

The dose 
used 

Organic fertilizer Azospirillum lipoferum 5.0 l/ha 5.0 l/ha 
1 4/25/2018 Organic fertilizer Azotobacter chroococcum 5.0 l/ha 5.0 l/ha 

Organic fertilizer Bacillus megaterium 5.0 l/ha 5.0 l/ha 

Variant 
 

No. of the main 
shells 

Average 
length of 
silicone 

No. of 
silicone / 

plant media 

No. seed / 
silica 

medium 

Average  
seed / plant 

Nr. seeds / 
plant g/pl 

V1 – Control 21 6.25 209 24 2021 8.31 
V2 - Rom-Agrobiofertil NP 
5 l/ha x 3 = 15 l/ ha 23 7.80 424 29 6564 44.4 

Growth like V1 Control (%) 9.52% 24.8% 102.87% 20.83% 224.79% 434.3% 

Variant Average seed yield  
kg/ha 

Selling 
price/kg 

Total value 
of the seeds 

lei 

MMB 
g 

Number of 
seeds/1 g 

V1 – Control 422.46 500 211230 4.11 243.0 
V2 - Rom-Agrobiofertil NP 5 l/ha 1171.76 500 585880 6.76 147.8 
Growth like V1 Control (%) 177.4%   64.5%  
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Figure 1. Semi-cabbage crop, "Buzău" variety - control batch 
         

 

Figure 2. Semi-sweet cabbage crop, "Buzău" variety - fertilized with 
Rom-Agrobiofertil NP  

 
 

 

Figure 3. Semi-sweet cabbage crop, "Buzău" variety - differences  
between control and variant fertilized with Rom-Agrobiofertil NP 
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Results obtained in field tomato variety 
"Buzău 1600" 
The culture was set up in May, in a gauntlet 
system, on the scrubber. Rom-Agrobiofertil NP 
was administered in spring, the second decade 
of May, in vegetation at a dose of 5 l/ha (3 x 5 
= 15 l/ha). Cultivation desimetry: 30000 
plants/ha. Fruit weight: 120-135 g. 
Experimental variants: V1 - Control, V2 - 
Fertilization variant with Rom-Agrobiofertil 
NP 5 l/ha x 3 types. 
Developing unit. Buzau Vegetable Research 
and Development Station. Variety: tomatoes 
"Buzău 1600". Characteristics of tomato 
variety, "Buzău 1600" (Figure 4): Semi-sweet 

variety, vegetation period (sunrise on 
consumption) 125-130 days, is tolerant to 
attack by major pathogens and use in 
households. Economic efficiency: production of 
60-80 t/ha, increase production to approx. 150 
t/ha. Usage area: fresh consumption, for 
industrialization (juices, paste etc.). 
It presents a positive response to Rom-
Agrobiofertil NP biofertilizer, increase by 
approx. 1.4% against the control group of the 
crop plants, increase by approx. 6.8% against 
the control group, weight of the fruit on the 
plant with approx. 26.2%, the weight of the 
fruit in the variant fertilized with Rom-
Agrobiofertil NP by approx. 6.8% (Table 4). 

 
Table 4. Biometric data recorded on the "Buzău 1600" field tomato crop located on the trellis 

 

 
 

 
 
 
 
 
 
 
 
 

Figure 4. "Buzău 1600" variety - fertilized with Rom-Agrobiofertil NP 
 

Rom-Agrobiofertil NP effectiveness testing 
on peanut culture 2018 
During vegetation, determinations were made 
on the plant's height, the number of shoots on 
the plant, the number of nodules per plant, and 
production determinations were made at 
harvesting (production was weighed on each 
variant and reported per unit area). 

In the year 2018, the Rom-Agrobiofertil NP 
product was produced with 1402 kg/ha of 
pasta, surpassing the control variant with an  
significant production increase of 5.9% due to 
unfavorable weather conditions (abundant 
rainfall). It is recommended to resume the 
experiment so as to determine the action of  
Rom-Agrobiofertil NP biofertilizer on peanut 
culture (Table 5). 

 
Table 5. Biometric determinations of peanuts under the influence of fertilization with Rom Agrobiofertil NP 

Variant  Production of pods  
(kg/ha) 

Relative production  
(%) 

The difference from the 
control (kg/ha) 

Control 1324 100 Ct. 
Treated with  

Rom-Agrobiofertil NP 
1402 105.9 +78 

Variant 

Height 
of  

plant 
(cm) 

No. 
inflorescences/ 

plant 

Medium 
length 
(cm) 

No. 
fruit / 
plant 

Average 
fruit weight 

(g) 

Total fruit 
production 

(t/ha) 
TGW 

(g) 
No. of 

seeds / 1 g 

V1 – Control 145.9 7.3 21.8 8.4 123.9 31.2 2.7 372.7 
V2 - Rom-Agrobiofertil NP 
5 l/ha x 3  148.0 7.8 23.8 10.6 132.3 42.1 3.5 293.0 

Growth with V1 Control (%) +1.4 +6.8 +9.2 +26.2 +6.8 +34.9 +9.6  
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The plant's height was 15 cm in the untreated 
version and 19 cm in the variant treated with 
Rom-Agrobiofertil NP. The number of shoots 
per plant is the same in both treated and 

untreated versions. The number of nodosities is 
higher in the treated version (41 nodosities) 
compared to the untreated variant 37 (Table 6).  

 
Table 6. Influence of fertilization with Rom-Agrobiofertil NP on peanut production 

Variant  Plant height (cm) Number of shoots/plant Number of nodules/plant 
Control 15 7 37 

Treated with  
Rom-Agrobiofertil NP 

19 7 41 

 
Rom-Agrobiofertil NP effectiveness testing 
on potato culture 2018 
Under the conditions of year 2018, the Rom-
Agrobiofertil NP product was produced with a 
production of 1402 kg/ha of pasta, exceeding 
the control variant with an insignificant 
production increase of 5.9%.  
The Rom-Agrobiofertil NP product was tested 
on three varieties: "Belarosa", "Riviera" and 
"Carera", among variants studied production 
differences were insignificant, statistically 
uninsured. Analyzing the influence of the 
treatment on the commercial production, the 
following results were obtained: 41.95 t/ha 
untreated and 45.81 t/ha in the plants treated 
with Rom-Agrobiofertil NP.  
By analyzing the interaction between the 
variety and the treatment, an additional 
(commercial) production was obtained in the 
variants to which the product was applied: 

+1.93 t/ha in the "Bellarosa" variety; 
+8.21 t/ha in the "Riviera" variety; 
+1.45 t/ha in the "Carera" variety. 
 

CONCLUSIONS 
 
All of the cultures responds positively to the 
action of bacteria in the bio-fertilizer content of 
Rom-Agrobiofertil NP.  
The height of the plants showed an increase of 
approx. 1.4% against the unfertilized V1 
control. Increase of inflorescence in V2 culture 
with approx. 6.8% vs. V1. The increase in the 
number of fruit per plant on the V2 crop with 
approx. 26.2%. Increase in the average weight 
of the group treated with Rom-Agrobiofertil 
NP (V2) with approx. 6.8% vs. V1 on the 
cabbage culture. It is recommended to resume 
the experiment for its long-term validation. It is 
necessary to repeat the experiments in order to 
validate the results obtained and to diversify 
them by introducing into study other vegetable 

species, in order to improve the applied crop 
technologies and to increase the economic 
efficiency of the crops. 
Cabbage production 
The recorded production (production increase) 
is very high (177.4%), from 422.5 kg/ha to 
1171.8 kg/ha. The increase in length of silicve 
with approx. 24.8% against the non-fertilized 
V1 control. Increasing the number of silicas per 
plant to V2 by 102.9% compared to V1. The 
increase in the number of seeds on silicone in 
variant V2 by 20.8%. 
Increase of the number of seeds per plant at the 
variant fertilized with Rom-Agrobiofertil NP 
by 224.79% against the control. Increase of the 
weight and average seed quantity per plant, 
from 8.3 g/plant to V1 Control to 44.4 g/plant 
in variant fertilized with Rom-Agrobiofertil 
NP. To resume the experiment for its long-term 
validation. 
"Buzău 1600" tomato culture on the trellis 
It presents a positive response to Rom-
Agrobiofertil NP biofertilizer, increase by 
approx. 1.4% against the control group of the 
crop plants, increase by approx. 6.8% against 
the control group, weight of the fruit on the 
plant with approx. 26.2%, the weight of the 
fruit in the variant fertilized with Rom-
Agrobiofertil NP by approx. 6.8%. 
Peanut production 
Under the conditions of 2018 (a year full of 
precipitation in which the soil was saturated 
with water and the peanut culture was affected 
by the surplus water stored in the soil), the of 
Rom-Agrobiofertil NP product achieved a 
production of 1402 kg/ha, exceeding the 
control variant with an insignificant production 
increase of 5.9%. 
Potato production 
Potato culture responded well to the Rom-
Agrobiofertil NP biofertilizer. The plants in the 
batch treated with this biofertilizer showed an 
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increase in the waist, an increase in the vegetal 
mass, and an inflorescence richer than the 
control group. The recorded production was 
different because three potato varieties were 
planted. 
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Abstract  
 
The aim of the study was to propose a method for systematization of a results of exploration of  the relief, hydrology 
and soil cover for the development of a land-cultivating and ameliorative solution of vineyard terroir under conditions 
of complex erosion-accumulation landscape. A grouping of the relief and hydrology was carried out. The soil cover was 
investigated by the large-scale mapping method. The established soil differences were mapped and their distribution 
was compared with the data for the relief and the runoff. As a result, on the terrain were detached sections with 
different degrees of suitability for vineyards growth. In the terrains with limited suitability were detached zones, 
requiring a ameliorative effect on one or more of the three components of the landscape-relief, hydrology and soil. 
 
Key words: terroir, vineyards, water runoff, landscape, erosion. 
 
INTRODUCTION  
 
The aim of the study was to investigate the 
relief, hydrology and soil cover of terrains 
located on the land of Goritsa village, belongs 
to the Continental-Mediterranean climatic 
region, Black-sea climate sub-region and the 
climatic region of Bourgas plain. 
The presented study was an attempt to 
systematize the complex research of a 
complicated terrain in terms of its 
topographical and erosion conditions and the 
suitability for conversion into viticultural 
terroir. 
 
RESULTS AND DISCUSSIONS  
 
The identification of soil differences and the 
distribution boundaries of each of them within 
the object were carried out in a geographic 
network by drilling. Profiles were drilled in the 
top by squares with a side of 100 m and for 
each drilling point was determined soil 
difference. The results are shown in Figure 1. 
The distribution of the soil differences 
correlates with the development of the main 
catena, as in the direction north - south the soil 
profiles change from shallow and undeveloped 
to deep. In a direction approximately normal to 

that of the main catena, the soils change from 
carbonate to silicate. In the higher parts of the 
terrain, the main process of soil degradation 
was the erosion of the topsoil horizons of the 
profile, and in some of the low-lying areas 
there were zones in which the soils tend to 
rewetting. From a genetic point of view, 
erosion processes were diagnosed by the degree 
of reduction of the total depth of the soil profile 
and the taxonomic level through the boundaries 
of the distribution of deep and shallow (silicate 
and carbonate) soils, and the over-
humidification - by the expression of the 
accumulative forms of the relief. In this sense, 
the soil map integrates the conditions of soil 
formation and the degree of soil degradation 
from the genetic plan, but had limited 
applicability as a prognostic model of soil 
degradation. Within the boundaries of the same 
soil diversity were established different 
topographical conditions for the course of the 
modern erosion process and over-wetting 
(Figure 1). For the aims of predicting the 
degradation processes, have been developed a 
spatial three-dimensional model of the terrain 
where the conditions for development of the 
two main degradation processes reduced to 
digital characteristics of height, slope and 
exposure (Gadjev, 2011). 

Scientific Papers. Series A. Agronomy, Vol. LXII, No. 1, 2019
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Figure 1. 3D model of the soil cover development, depending on the relief conditions 

 

 
Figure 2. Soil map and location of the drilling profiles, on the basis of which were determined the distribution  

of the established soil differences in the terrain 
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Main statistical significance for the degree of 
erosion activity was the magnitude of the slope, 
the direction of exposure and some soil 
characteristics that determined the conditions 

for filtration or formation of surface runoff 
(Pannikov, 1983).  
The data are shown on the vector mapping 
scheme in Figure 3. 

 

 
Figure 3. Vector mapping of the probability of forming a surface (red part of the scale)  

and an underground runoff (blue part of the scale) 

 
The vector diagram on Figure 3 was an integral 
indicator of soil and topographic conditions. 
The presented mapping was a conditional 
visualization of the digital model, in which 
were integrated the conditions for formation of 
surface (erosion) and subsoil (in accumulated 
relief leading to periodic over-humidification) 
water runoff (Totsev, 2008).  

The degree of probability for formation of 
surface component of the runoff was 
represented by the scale in the right part of 
Figure 3, and the dimension of the runoff - by 
the length of the vectors.  
The vector mapping shows that the magnitude 
of the runoff did not change significantly. This 
is due to the almost complete coincidence of 



208

 
the flow direction with the general slope of the 
terrain and the direction of soil catena 
development.  

Mathematically, this coincidence was 
illustrated by the variogram shown in Figure 4. 

 

 
Figure 4. Variogram of terrain hypsometry 

 
 
The variogram showed the correlation of the 
integral vector of the runoff with the 
topographic conditions.  
The maximum adequacy of the variogram 
model was achieved at an angle of 15° NNЕ 
and 450 m length.  
The probability with which the model presents 
the generalized conditions for the formation of 
runoff by dimension and type was 67%. 
Based on the data from the digital model and 
the selected square grid, the topographical 
conditions were distributed, depending on the 
slope value and the terrain exposure.  
The slope dimension was 3°, and the exposure 
was 1 rumb or 11.25 azimuth degrees. The 
distribution of the terrain, depending on these 
two criteria, is shown in Figures 5 and 6. 
In the area where the deep soils were 

distributed, erosion-dangerous slope was not 
found. In the area with shallow soils, 60% of 
the terrain had a slope exceeding 6° therefore 
the erosion runoff can be predicted (Dimitrov 
& Konakchiev, 1981). 
With regard to the exposure, two basic types of 
terrain were differentiated - with predominantly 
eastern and with predominantly western 
component.  
However, the exposure did not directly affect 
the magnitude of the erosion outflow and had a 
role to characterize the actual terroir specificity 
that will form after the transformation of the 
terrain in vineyard, but in an ameliorative 
aspect to determine the predicted direction of 
the surface water runoff and the orientation of 
the hydroisohypses of the shallow subsoil 
runoff (Zaydelman, 1996). 
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Figure 5. Cartographic of the zones according to the inclination in degrees relative to the horizontal plane  

 
 

Analysis of the runoff magnitude was done, as 
to the data for the terrain in the digital model 
was added and data for the magnitude, the 
seasonal distribution and the probable extremes 
of the regional water runoff (Stanev, 1982). 
The terrain is adjacent to the southern slopes of 
the eastern parts of Old Mountain. This is 
supposed to predominate the outward runoff 

from north. Based on the data, a model for peak 
runoff was created, as depicted graphically in 
Figure 7 by the total length, direction and 
density of the midstream network.  
The boundaries of soil differences in the 
cartographics are shown in contours that 
correspond to those given on the soil map in 
Figure 2. 
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Figure 6. Cartographic of the zones according to the exposure 
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Figure 7. Cartographic of the zones according to the magnitude and the type of the water runoff 

  
 

 
Figure 8. Final land regulation solution 
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CONCLUSIONS 
 
The soil cover was studied, the established soil 
differences were mapped, and their distribution 
were compared with the data for the relief and 
the runoff. As a result, on the terrain were 
differentiated sections with different degrees of 
suitability for vineyards growth. In the terrains 
with limited suitability were differentiated 
zones requiring a ameliorative effect on one or 
more of the three components of the landscape 
- relief, hydrology and soil. 
Based on the model that describes the studied 
terrain, the technological cartographic of the 
viticultural terroir has been created as follows: 
� Determination of the degree of suitability 

for vineyard growth. Unsuitable terrains 
were excluded. 

� Configuration of the production areas of the 
vine plantation in the suitable lands. 

� Determination of the character and 
magnitude of the ameliorative restrictions 
for each of the separated plots. 

� Detailed analysis of the soil and melioration 
conditions in each of the plots. On this 
basis was created a scheme for the 
distribution of the vine varieties, the 
direction and length of the rows, the type of 
the pad and the fertilization model. 
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Abstract 
 
A pot experiment was carried out to determine the accumulation and distribution of dry mass and nitrogen in sorghum 
depending on the nutritional level. The plants were grown on eight levels of nutrition – N0P0K0, N0P200K200, N600P0K0, 
N200P200K200, N400P200K200, N600P200K200, N800P200K200, N600P400K400. The different levels of nutrients were created by 
applying of NH4NO3, Ca(H2PO4)2 and KCl dissolved in water.  It was established that plants accumulated higher 
aboveground dry biomass and nitrogen at N600P200K200 and N600P400K400 levels. The fertilization 600 mg N.kg-1 soil 
increased the grain nitrogen concentration both applied alone and in combination with two levels of phosphorus and 
potassium P200K200 and P400K400. The fertilization levels decreased the harvest index of sorghum compared to the control 
plants. The nitrogen harvest index changed from 47.8% at N800P200K200 to 59.7% at N200P200K200. Nitrogen harvest index 
at N800P200K200 fertilization had the lowest value 47.8% of all studied levels. 
 
Key words: dry mass, nitrogen, accumulation, sorghum. 
 
INTRODUCTION  
 
Sorghum (Sorghum bicolor L. Moench) is one 
of the five major crops in the world (Shehzad et 
al., 2009). It can be used as food (grain), feed 
(grain and biomass), fuel (ethanol production), 
fiber (paper), fermentation (methane 
production) and organic by-products 
(Fernandes et al., 2013). In the European 
Union, the production is mainly concentrated in 
France, Italy and Spain and the total 
consumption of 850,000 tons in Europe 
exceeds production (Ivanov, 2006). In Bulgaria 
the production of grain sorghum has increased 
in recent years and sorghum is one of the top 
ten grown crops in the country (Bulgarian 
Ministry of Agriculture and Foods, 
Agrostatistics, 2016).  
Sorghum is a multipurpose crop belonging to 
the Poaceae family, which are C4 carbon cycle 
plants with high photosynthetic efficiency and 
productivity (Tari et al., 2012). The modern 
varieties are hybrids with high productivity 
potential appropriate for application of 
intensive forage grain production technologies 
(Kertikov, 2007; Kikindonov et al., 2008).  
Nitrogen, phosphorus, potassium and water are 
considered as the major limiting factors in crop 
growth, development and finally economic 
yield (Enchev & Kikindonov, 2015). Proper 

nitrogen nutrition is critical to meet crop needs 
and indicate considerable opportunities for 
improving nitrogen use efficiency (Murrel, 
2011). Many agricultural soils have a limited 
ability to supply available nitrogen for target 
yields and nitrogen is the most limiting nutrient 
for cereal crops, including sorghum production 
(Gerik et al., 2014).  
Nutrient uptake of sorghum precedes dry 
matter accumulation because nutrients are 
required for growth and dry matter 
accumulation (Soleymani et al, 2011). The 
level of mineral nutrition has greater effect on 
growth and yield of cereals plants (Raun & 
Johnson, 1999).  
The studies of sorghum genotypes in this 
connection are limited. For better fertilizer 
management the study about the effects of 
different levels of nitrogen, phosphorus and 
potassium on the growth and nutrient uptake of 
sorghum is very crucial.  
The objective of this research was to 
investigate the effect of different nutritional 
levels on the accumulation and distribution of 
dry mass and nitrogen in sorghum plants. 
 
MATERIALS AND METHODS 
 
The effect of different levels of mineral 
nutrition on the accumulation and distribution 
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of dry mass and nitrogen of sorghum plants 
was studied in a pot experiment under 
conditions of growing installation. The 
experimental design consisted of eight levels of 
mineral nutrition and four replications of each 
variant. The studied treatments of soil 
nutritional levels were: N0P0K0, N0P200K200, 
N200P200K200, N400P200K200, N600P200K200, 
N800P200K200, N600P0K0 and N600P400K400. The 
levels of nitrogen (N), phosphorus (P2O5) and 
potassium (К2O) in the soil were created by 
adding of NH4NO3, Ca(H2PO4)2 and KCl 
dissolved in a water.  
Three plants per pot of hybrid ЕС Alize were 
grown under optimal water regime in plastic 
pots of 10 L. Each pot contained 15 kg air-dry 
soil. The main agrochemical characteristics of 
the soil before sowing of the sorghum were: 
pHH2O = 7.80 (slightly alkaline reaction); 
content of mineral nitrogen 27.6 mg Nmin.kg-1 

soil; content of available phosphorus (Egner-
Ream) 158 mg P2O5.kg-1; and content of 
exchangeable potassium 210 mg K2O.kg-1.  
These results showed low supply of the soil 
with mineral nitrogen and good soil supply 
with available phosphorus and potassium. A 
good water regime was maintained in the pots 
during the vegetation of the sorghum plants.  
The aboveground biomass was collected from 
the plants under all the treatments in a full 
maturity phase. The harvested samples were 
separated in a grain and stover (stems + leaves 
+ chaff). The dry weight of grain and stover 
was determined after drying for 48 hours at     
60°C. The sub-samples of 0.5 g ground and dry 
plant material were mineralized using a wet 
digestion by H2SO4 and H2O2 as a catalyst 
(Mineev, 2001).  
The concentration of nitrogen in plant samples 
were determined by colorimetric methods and 
potassium concentration was analyzed by the 
flame photometer model PFP-7 (Tomov et al, 
2009). The content of accumulated nitrogen 
was obtained by multiplying the dry mass of 
sorghum grain and stover by the concentration 
of nitrogen in each plant part.  
The differences in the accumulation and 
distribution of dry mass and nitrogen into 
sorghum plants among all levels of mineral 
nutritional were calculated by using the overall 
analysis of variance (ANOVA). Duncan’s 
Multiple Range Test (Duncan, 1955) at p < 

0.05 was used in order to determine the 
difference among the means.  
 
RESULTS AND DISCUSSIONS 
 
The average grain yield of all studied 
nutritional levels was 56.3 g.pot-1 and the 
obtained average stover yield was 84.0 g.pot-1 

(Table 1). Unfertilized plants showed the 
lowest productivity of grain and stover in 
maturity. The grain and stover yields of 
sorghum significantly increased at all variants 
with applied nitrogen in rates from N200 to N800, 
compared to the yield of the controlplants 
N0P0K0. The increase was by 64.0% - 108.6% 
for the grain yield and by 82.0% - 144.0% for 
the stover, respectively.  
 

Table 1. Productivity of grain and stover of sorghum 
plants depending on nutritional level, g.pot-1 

Nutritional 
level Grain % to 

N0P0K0 
Stover % to 

N0P0K0 
N0P0K0 35.0 f* 100.0 45.1 e 100.0 
N0P200K200 39.2 f 112.0 51.9 e 115.1 
N200P200K200 57.4 d 164.0 82.1 d 182.0 
N400P200K200 68.5 bc 195.7 102.7 b 227.6 
N600P200K200 73.0 a 208.6 110.0 a 244.0 
N800P200K200 47.0 e 134.3 80.1 d 177.6 
N600P0K0 61.1 c 174.6 93.1 c 206.5 
N600P400K400 69.1 аb 197.1 107.0 ab 237.3 
Average 56.3  84.0  

*Values in each column followed by the same letters are not 
significantly different at p<0.05 according to Duncan’s 
multiple range test.  
 
Sorghum plants accumulated the highest 
quantity of dry above-ground mass when 
grown at N600P200K200 level. The phosphorus-
potassium-only fertilization N0P200K200 had a 
slight effect on the grain and straw yields, and 
in this variant the sorghum productivity was 
not significantly different from that of the 
N0P0K0control.The combination of applied 
phosphorus-potassium P200K200 with increasing 
nitrogen levels from N200 to N600 resulted in a 
proven increase of sorghum productivity along 
with an increase of nitrogen application up to 
N600 level. The exclusion of phosphorus and 
potassium fertilization and the cultivation of 
sorghum under N600 nitrogen fertilization had a 
negative effect on the accumulation of dry 
above-ground biomass at maturity. The 
productivity of plantsat this nutritional level 
N600P0K0 decreased by 11.9 g.pot-1 for grain 
and 16.9 g.pot-1 for the stover, compared to the 
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corresponding yields of the triple combination 
N600P200K200 variant. Growing of sorghum at 
the elevated phosphorus-potassium level 
P400K400 combined with N600 did not affect the 
amount of dry above-ground biomass in 
maturity. The grain and stover yields of this 
variant N600P400K400 were similar to those 
obtained with the N600P200K200 fertilization. 

Table 2. Total productivity of sorghum plants depending 
on nutritional level, g.pot-1 

Nutritional level Grain+Stover % to N0P0K0 
N0P0K0 80.1 g* 100.0 
N0P200K200 91.1 f 113.7 
N200P200K200 139.5 d 174.2 
N400P200K200 171.2 b 213.7 
N600P200K200 183.0 a 228.5 
N800P200K200 127.1 e 158.7 
N600P0K0 154.2 c 192.5 
N600P400K400 176.0 ab 219.7 

Average 140.3  
*Values in each column followed by the same letters are not 
significantly different at p<0.05 according to Duncan’s 
multiple range test.  
 
Hybrid EC Alize demonstrated higher 
productivity of above-ground dry mass in 
maturity when grown at levels N200 - N800 
(Table 2). The increasing of grain and stover 
yields of these variants significantly increased 
by13.7% - 128.5% in comparison with the 
productivity of unfertilized control plants. 
Sorghum showed higher total productivity in 
maturity when grown at N600P200K200, 
N600P400K400 and N400P200K200 fertilization 
levels. The high N800 level combined with 
P200K200 let to formation of 55.9 g less dry mass 
per pot, compared to total accumulated above-
ground dry mass of plants grown at 
N600P200K200 level. 
Mineral nutrition had a significant effect on the 
percentage of nitrogen of the sorghum grain 
and stover in maturity (Table 3). The nitrogen 
concentration of grain was 1.88% N on 
average, and its values changed in a range 
1.65% N - 2.14% N. The sorghum stover 
contained an average of 1.05% N and its values 
varied from 0.84% to 1.30% N depending on 
the fertilization level.  
Growing the sorghum without addition of 
nitrogen (N0P0K0 and N0P200K200) resulted in 
obtaining a grain with the lowest nitrogen 
concentration of 1.65%-1.69%. Our results 
corresponded to studies on the effect of 

nitrogen on the concentration of nitrogen in 
sorghum grain of other authors (dos Santos et 
al., 2014). Low nitrogen rate N200 in 
combination with P200K200 and as well as 
application of only phosphorus-potassium 
fertilization N0P200K200 demonstrated not 
significant effect on the nitrogen concentration 
of sorghum stover compared to the control. The 
nitrogen concentration of the stover of these 
three variants N0P0K0, N0P200K200 and 
N200P200K200 showed lower values of 0.84%-
0.90% nitrogen.  
Grain nitrogen concentration of the sorghum 
plants proven increased in parallel with the 
applied nitrogen in amount of 200, 400, 600 и 
800 mg N.kg soil-1 when the nitrogen level was 
combined with P200K200. The effect of nitrogen 
fertilization alone N600P0K0 on the percentage 
of grain nitrogen was unproven compared to 
the N600P200K200 and N800P200K200 variants. The 
highest grain nitrogen concentration (2.14% N) 
was established when sorghum grown at 600 
mg N.kg soil-1 combined with a higher P400K400 
level. In this triple combination, nitrogen 
concentration of grain exceeded by 29.7% the 
grain nitrogen concentration of unfertilized 
plants. 
 
Table 3. Concentration of nitrogen of grain and straw of 

sorghum plants depending on nutritional level, N % 

Nutritional 
level 

Grain, 
% N 

% to 
N0P0K0 

Stover, 
% N 

% to 
N0P0K0 

N0P0K0 1.65 f* 100.0 0.90 ef 100.0 
N0P200K200 1.69 f 102.4 0.87 f 96.9 
N200P200K200 1.77 e 107.3 0.84 f 93.2 
N400P200K200 1.83 d 110.9 0.99 de 110.0 
N600P200K200 1.97 c 119.4 1.22 ab 135.7 
N800P200K200 2.03 b 123.0 1.30 a 144.6 
N600P0K0 1.99 bc 120.6 1.10 cd 122.1 
N600P400K400 2.14 a 129.7 1.18 bc 131.4 
Average 1.88  1.05  

*Values in each column followed by the same letters are not 
significantly different at p<0.05 according to Duncan’s 
multiple range test.  
 
The nitrogen N400, N600 and N800 levels 
positively affected the concentration of stover 
nitrogen, with an increase of 10.0%- 44.6%, 
compared to that of the untreated control (Table 
3). The results showed higher nitrogen 
concentrations of stover (1.30%N) at a high 
nitrogen N800P200K200 variant, but the difference 
with N600P200K200fertilization was not 
mathematically proven. The doubled 
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P400K400level combined with N600 did not 
significantly change the percentage of stover 
nitrogen, compared to its valueof sorghum 
plants grown at N600P200K200 level. The stover 
nitrogen concentration of only nitrogen 
fertilized plants N600P0K0 was 1.10% N. The 
data showed similar values of the N percentage 
of stover at plants cultivated at N600P0K0 and 
N600P400K400 levels and no proven effect of 
P400K400 fertilization. 
 

Table 4. Accumulated nitrogen of grain and stover of 
sorghum depending on nutritional level, g N.pot-1 

Nutritional 
level 

Grain 
g N.pot-1 

% to 
N0P0K0 

Stover 
g N.pot-1 

% to 
N0P0K0 

N0P0K0 0.58 е* 100.0 0.41 e 100.0 
N0P200K200 0.66 е 114.3 0.45 e 110.4 
N200P200K200 1.02 c 175.1 0.69 d 167.3 
N400P200K200 1.25 b 216.2 1.01 c 247.1 
N600P200K200 1.44 a 247.9 1.34 a 327.7 
N800P200K200 0.95 d 164.5 1.04 c 253.8 
N600P0K0 1.22 b 209.6 1.02 c 248.7 
N600P400K400 1.48 a 254.6 1.26 b 308.2 
Average 1.07  0.90  

*Values in each column followed by the same letters are not 
significantly different at p<0.05 according to Duncan’s 
multiple range test.  
 
The accumulated nitrogen of the above-ground 
plant parts of sorghum in maturity widely 
varied depending on the level of mineral 
nutrition (Table 4). The average nitrogen 
uptake of sorghum grain was 1.07 g N.pot-1 and 
the average stover nitrogen uptake was 0.90 g 
N.pot-1. Plants with nitrogen fertilization 
accumulated more grain nitrogen and nitrogen 
of the vegetative above-ground dry mass, 
compared to control plants and only 
phosphorus-potassium fertilized plants. 
Sorghum accumulated the highest amount of 
grain nitrogen at N600 level combined with 
phosphorus-potassium P200K200 or P400K400 
levels. The absorbed grain nitrogen of sorghum 
grown at N600P200K200 and N600P400K400 levels 
was 1.44 g N.pot-1and 1.48 g N.pot-1, 
respectively. These values exceeded the 
nitrogen taken up of control plants by 147.9% 
and 154.6%, respectively. Application of 
nitrogen alone in a rate N600 proven reduced the 
quantity of grain nitrogen in maturity compared 
to the N600P200K200 and N600P400K400 
combinations. It was not established the 
significant effect of alone nitrogen fertilization 
N600P0K0 and triple combination N400P200K200 

on the accumulated nitrogen of the grain. 
Sorghum plants grown at N200P200K200 and 
N800P200K200 levels distinguished by a lower 
grain yield and quantity of grain nitrogen 
among the nitrogen-fertilized variants. Applied 
mineral nitrogen in rates N200, N400, N600 and 
N800 significantly increased the amount of 
nitrogen accumulated in the sorghum straw. 
The increase was by 67.3%-208.2% in regard 
to the non-fertilized control. Plants grown at 
N200P200K200 level accumulated the lowest 
stover nitrogen among all trails with nitrogen 
input. Sorghum stover contented more nitrogen 
(1.34 g N.pot-1-1.26 g N.pot-1) as a result of 
N600P200K200 and N600P400K400 fertilization 
levels. The accumulated nitrogen in the straw 
had similar values (1.01 g N.pot-1-1.04 g N.pot-

1) when sorghum plants grown at N400P200K200, 
N800P200K200, N600P0K0 levels. 
Sorghum accumulated small quantity (0.98 g 
N.pot-1-1.12 g N.pot-1)of above-ground 
nitrogen at variants without added nitrogen 
(Table 5). Nitrogen fertilization significantly 
increased the total amount of nitrogen in 
maturity. The total uptake of nitrogen in above-
ground plant parts was higher from 73.6% 
(N200P200K200) to 183.8% (N600P200K200) in 
comparison with unfertilized control plants. 
The results demonstrated higher accumulation 
of nitrogen in maturity when plants grown at 
the triple N600P200K200 and N600P400K400 
combinations. 
 
Table 5. Total accumulated nitrogen of sorghum grain + 

stover depending on nutritional level, g N.pot-1 

Nutritional  
level 

Total N,  
g N.pot-1 % to N0P0K0 

N0P0K0 0.98 е* 100.0 
N0P200K200 1.12 e 113.8 
N200P200K200 1.70 d 173.6 
N400P200K200 2.27 b 231.3 
N600P200K200 2.78 a 283.8 
N800P200K200 2.00 c 203.6 
N600P0K0 2.24 b 228.1 
N600P400K400 2.74 a 279.6 

Average 1.98  
*Values in each column followed by the same letters are not 
significantly different at p<0.05 according to Duncan’s 
multiple range test.  
 
The grain of the EU Alize sorghum hybrid 
represented 40.5% on average of the total 
above-ground biomass in maturity (Table 
6).The portion of grain nitrogen from the total 
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accumulated nitrogen of plants was 55.1%. The 
harvest index of sorghum plants varied from 
47.8% to 59.7% and the nitrogen harvest index 
changed in range 47.8%-59.7% depending on 
the level of mineral nutrition. The highest 
values of harvest index were obtained at the 
unfertilized control plants and plants grown at 
lower levels of mineral nutrition. The harvest 
index of sorghum received elevated N600 and 
N800levels proven decreased by 9.0%-15.5% 
compared to that at N0P0K0 control. No 
significant differences were found in the 
harvest index of plants grown at N600P200K200, 
N800P200K200, N600P0K0 and N600P400K400 
fertilization. The obtained harvest indexes of 
these levels were in a range 37.0%-39.9%.  
 

Table 6. Harvest index HI and nitrogen harvest index 
NHI of sorghum depending on nutritional level, % 

Nutritional 
level HI % to 

N0P0K0 
NHI % to 

N0P0K0 
N0P0K0 43.8 a* 100.0 58.7 a 100.0 
N0P200K200 43.0 a 98.1 59.4 a 101.1 
N200P200K200 41.2 a 94.0 59.7 a 101.7 
N400P200K200 40.1 ab 91.5 55.3 ab 94.2 
N600P200K200 39.9 b 91.1 51.7 c 88.1 
N800P200K200 37.0 b 84.5 47.8 d 81.5 
N600P0K0 39.6 b 90.5 54.4 bc 92.7 
N600P400K400 39.2 b 89.5 53.9 c 91.8 
Average 40.5  55.1  

*Values in each column followed by the same letters are not 
significantly different at p<0.05 according to Duncan’s 
multiple range test.  
 
The nitrogen harvest index showed the highest 
values when the sorghum plants grown without 
nitrogen fertilization and under low N200 level. 
The obtained result of NHI of variants N0P0K0, 
N0P200K200 and N200P200K200 were similar 
58.7%-59.7%. The differences in the nitrogen 
harvest index of these variants and the variants 
with nitrogen application N600 were 
mathematically proven. Our results showed 
strong negative effect of higher N800 level on 
the proportion of grain nitrogen from total 
above-ground nitrogen in maturity. The 
nitrogen harvest index of plants cultivated at 
N800P200K200 was down up to 47.8% and NHI 
had the lowest value of all studied levels. 
 
CONCLUSIONS 
 
Sorghum hybrid EC Alize showed high 
response to the soil nitrogen level. The plants 
accumulated higher above-ground dry biomass 

and nitrogen at N600P200K200 and N600P400K400 
levels. High N800 level combined with P200K200 
significantly decreased the grain and stover 
yield compared to the productivity of above-
ground dry mass of plants grown at lower N200, 
N400 and N600 levels. The productivity of plants 
with applied N600alone decreased grain and 
stover yields by 16.3% and 15.4%, 
respectively, compared to the corresponding 
yields of the triple N600P200K200 combination. 
Mineral nutrition had a significant effect on the 
nitrogen concentration of sorghum plants with 
changes in ranges 1.65% N - 2.14% N and 
0.84% N - 1.30% N for grain and stover, 
respectively. The fertilization 600 mg N.kg-1 
soil increased the grain nitrogen concentration 
both applied alone and in combination with 
P200K200 and P400K400 levels. The highest grain 
nitrogen 2.14% was established in sorghum 
plants grown at 600 mg N.kg soil-1 combined 
with a higher P400K400 level. 
Sorghum accumulated the most grain nitrogen 
at N600 level combined with P200K200 or 
P400K400 levels. Application of N600 alone 
proven reduced the quantity of grain nitrogen in 
maturity compared to the N600P200K200 and 
N600P400K400 combinations. Higher 
accumulation of total nitrogen was established 
of plants grown at the triple N600P200K200 and 
N600P400K400 combinations. 
The harvest index varied from 47.8 to 59.7% 
and the nitrogen harvest index changed in range 
47.8 - 59.7% depending on the level of mineral 
nutrition. The fertilization levels decreased the 
harvest index of sorghum compared to the 
control plants. It was proven a strong negative 
effect of the higher nitrogen level on the 
nitrogen harvest index of sorghum. Nitrogen 
harvest index at N800P200K200 fertilization had 
the lowest value 47.8% of all studied levels. 
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Abstract  
 
Analyzes of the effects of climate change in agriculture is a priority in the strategic development actions in EU member 
countries and beyond. The interdisciplinary character of actions involves a comprehensive approach by identifying and 
linking activities to develop and implement measures intra and inter-sectoral those related to climate change in 
agriculture and related fields. Climate variability affects all sectors but agriculture remains the most vulnerable. Crop 
production varies year by year, it is significantly influenced by fluctuations in weather conditions and in particular the 
production of extreme weather events. In Romania, climate change has and will have a significant impact on the 
development of natural conditions, agriculture and biodiversity are the areas most vulnerable to climate change, given 
the dependence on climatic conditions and the negative ecological, economic and social. From an economic perspective, 
this phenomenon causes a reduction to total compromise agricultural production, with serious implications on food 
security of the population.  
 
Key words: agriculture, agrometeorology, climate change, impact, vulnerability. 
 
INTRODUCTION 
 
The climate is changing globally and in Europe. 
The Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change 
(IPCC, 2013) concluded that the warming since 
the mid‑20th century has predominantly been 
due to greenhouse gas emissions from human 
activities, in particular the combustion of fossil 
fuels, agriculture and other changes in land use. 
The Paris Agreement adopted by 195 nations at 
the 21st Conference of the Parties to the 
UNFCCC in December 2015 included the aim 
of strengthening the global response to the 
threat of climate change by “holding the 
increase in the global average temperature to 
well below 2°C above preindustrial levels and 
pursuing efforts to limit the temperature 
increase to 1.5°C above pre-industrial levels“. 
There has been a steady increase over the last 
five years in national adaptation strategies and 
plans. By September 2016, 20 of EU Member 
States had adopted a national adaptation 
strategy and 12 (of which nine are Member 
States) had developed a national adaptation 
plan. Most progress regarding action plans has 

been reported for freshwater management, 
flood risk management, agriculture and 
forestry, with a focus on mainstreaming 
adaptation in these national sectoral policy 
areas. 
On 8th October 2018, at INCHEON, Republic 
of Korea, the IPCC approved The Special 
Report (SR15) where the new limiting global 
warming to 1.5�C would require rapid, far 
reaching and unprecedented changes in all 
aspects of society.  
With clear benefits to people and natural 
ecosystems, limiting global warming to 1.5�C 
compared to 2�C could go hand in hand with 
ensuring a more sustainable and equitable 
society.  
The report’s full name is Global Warming of 
1.5°C, an IPCC special report on the impacts 
of global warming of 1.5°C above pre-
industrial levels and related global greenhouse 
gas emission pathways, in the context of 
strengthening the global response to the threat 
of climate change, sustainable development, 
and efforts to eradicate poverty (IPCC, October 
2018). 
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What is the IPCC? 
The Intergovernmental Panel on Climate 
Change (IPCC) is the UN body for assessing 
the science related to climate change. It was 
established by the United Nations Environment 
Programme (UN Environment) and the World 
Meteorological Organization (WMO) in 1988 
to provide policymakers with regular scientific 
assessments concerning climate change, its 
implications and potential future risks, as well 
as to put forward adaptation and mitigation 
strategies. It has 195 member states. 
IPCC assessments provide governments, at all 
levels, with scientific information that they can 
use to develop climate policies. IPCC 
assessments are a key input into the 
international negotiations to tackle climate 
change. IPCC reports are drafted and reviewed 
in several stages, thus guaranteeing objectivity 
and transparency 
Study of meteorological parameters of risk with 
impact on the vegetation and productivity of 
agricultural crops through different criteria of 
characterization - definition, main 
characteristics, agrometeorological risk aspects, 
as well as identification - spatio-temporal 
variability, frequency, intensity, succession, 
production duration, years extremes, extreme 
events etc., allows to know the vulnerability of 
agricultural species to the production of 
meteorological or climatic risk/stress 
phenomena and to determine the ways of using 
the agroclimatic potential of the areas of 
agricultural interest.  
The degree of vulnerability of agricultural 
species to their production as well as of the 
agricultural territory as a whole is established 
through different reference thresholds/levels 
and risk classes in order to assess the 
agroclimatic degree of agroclimatic favorability 
of agricultural areas for varieties and 
agricultural species of varying degrees 
resistance to their production. 
 
MATERIALS AND METHODS
 
In the current study, meteorological data and 
agrometeorological data from different 
periods/years (1981-2010, 2011-2018) were 
analyzed and interpreted. 
The meteorological parameters (NMA database) 
used are the maximum and minimum daily 

temperatures, the average monthly air 
temperature, wind speed, sunshine duration, 
relative air humidity, monthly precipitation 
average, with the aim of highlighting a set of 
agrometeorological indicators used at European 
level in the field of agriculture. 
The climatic parameters mentioned have been 
used to establish agrometeorological indicators, 
such as: scorching heat, precipitation during the 
agricultural year (September-August), soil 
moisture in the main agricultural crops. 
The “scorching heat” phenomenon is 
characterized by the evolution in the dynamics 
of the maximum daily air temperatures 
exceeding the limiting biological parquets of 
the plants, expressed in the amount of the "heat 
units”, as well as in the intensity of the 
phenomenon during the active vegetation 
season (April-September) or characteristic 
intervals for the main field crops. 
Precipitation is an agrometeorological 
reference indicator for an agricultural area, 
against which extreme years can be reported, 
considered agroclimatic risk. This value 
expresses the potential of rainfall resources 
useful in determining the degree of 
pluviometric favorability of an agricultural area 
for a species, namely variety or hybrid. In this 
way, a clear picture of the possibilities of 
expanding into the culture of those 
genotypes/varieties or hybrids, with 
economically efficient production on the 
surface unit, is obtained. 
The soil moisture reserve (mc/ha) was analyzed 
on different profiles and calendar dates specific 
to field crops, correlated with the periods with 
maximum water requirements in summer. 
In this analyze GIS techniques were used to 
graphically represent the dynamics of agro-
meteorological parameters: scorching heat, 
rainfall and soil moisture.  
 
RESULTS AND DISCUSSIONS 
 
Almost all European countries have 
conducted national climate change 
vulnerability and risk assessments (Figure 1). 
In this context, the Southern Europe is more 
vulnerable to climate change several sectors 
will be affected such as: agriculture, forestry, 
energy, infrastructure, human health etc.  
Climate projections (JRC, Russo et al., 2014) 



223

 

show a marked increase in high temperature 
extremes, meteorological droughts, and heavy 
precipitation events with variations across 
Europe. 
 

Figure 1. National climate change vulnerability and risk 
assessments in Europe (Source: EEA, 2018)

 
These scenarios show us that into the period 
2020-2052, the number of projected extreme 
heatwaves will be highest in southern Europe 
with 3-6 extreme heatwaves over 33 years (i.e. 
one every 5-10 years) and for the future 
interval 2068-2100, will we have 12-15 
extreme heat waves over 33 years (i.e. one 
every 2-3 years) in some parts of Southern 
Europe (Figure 2). 
 

Figure 2. Heat Wave Magnitude Index (HWMI) is based 
on the magnitude and length of heat waves in a year, 

where heat waves are periods of at least 3
days with maximum temperature above the threshold for 
the reference period 1981-2010 (Source: JRC, Russo et 

al., 2014) 

In this context, Romania is already facing the 
current environmental stresses, including 
increasing vulnerability in the intensity and 

frequency of climatic extremes (drought, 
floods, heat, frost, diseases and pests etc.), 
which cause significant losses in all economic 
sectors , but especially in agriculture, which is 
the most time-dependent sector. Every 
physical, chemical and biological process that 
determines the growth and development of 
agricultural crops is regulated by specific 
climatic requirements and any deviation from 
these requirements can result in great 
variability in the level of agricultural output, 
and implicitly, major negative consequences on 
food security. Agricultural production will be 
affected by predictable variability and climate 
change, especially in high-risk farming areas 
with low potential for adaptation. 
In Romania, the changes in the climate regime 
are in the global context, but with the 
particularities of the geographical region in 
which our country is located. Thus, at the level 
of the period 1901-2018, the analysis of the 
average annual air temperature values from a 
number of 29 meteorological stations with a 
consecutive series of observations over 100 
years (Figure 3) shows that the average annual 
temperature increased by 0.7�C in the period 
2000-2018 (11.7°C) over the whole analyzed 
period (9.3°C). 

 

 
Figure 3. Deviations of the annual average temperature 

in Romania, 1901-2018 (NMA, 2018) 
 
In the last 30 years, the warmest year was 2015 
(11.7�C) and the coldest 1985 (8.4�C) (Table 1). 
Also, in Romania, the effects climate change 
has had and will have a significant impact on 
the evolution of natural conditions, agriculture 
and biodiversity are the areas most vulnerable 
to climate change, given dependend climatic 
conditions and the negative ecological, 
economic and social. 
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Table 1. The warmest years in Romania 

No Year Mean annual air 
temperature (°C) Deviation 

1 2015 11.72 1.7371 
2 2007 11.67 1.6916 
3 2018 11.57 1.5805 
4 2014 11.36 1.3808 
5 1994 11.35 1.3748 
6 2009 11.28 1.2972 
7 2013 11.23 1.2546 
8 2012 11.23 1.2538 
9 2008 11.23 1.2466 

10 2000 11.21 1.2270 
11 2016 11.19 1.2095 
12 2017 11.19 1.2094 
13 2002 11.00 1.0175 

 
These extreme weather events cause a 
significant economic loss in agriculture, 
transport, energy supply, water management, 
etc., and global climate models indicated that 
the frequency and intensity of these events can 
only be expected to increase. 
Thus, may cause drought and reduce the 
potential for degradation of biological farmland 
soil. From an economic perspective, this 
phenomenon causes the decrease to total 
compromise agricultural production, with 
significant implications on food security of the 
population. In social, drought condition 
generates poverty, especially among the rural 
population, mainly dependent on agricultural 
activities. 

Drought is a major natural hazard having 
different definitions depending on the type of 
impact or socio-economic activity which is 
affected. From the meteorological point of 
view, a drought period is defined by a 
significant deficit in the precipitation regime. 
Pedological drought refers to a significant 
deficit in the soil moisture. For agriculture, 
drought is defined by parameters affecting 
crops growth and production. 
In Romania, approximately 14.7 million ha of 
agricultural land (of which 9.4 million hectares 
of arable land), soils are affected by drought for 
long periods and in consecutive years on an 
area of approx. 7 million hectares of arable 
land (48%) or excess moisture in the rainy 
years (about 4 million hectares). Drought is the 
limiting factor affecting crop production on the 
largest surface extension and intensity of this 
type of risk reduction causing fluid annual 
agricultural production by at least 30-50%. 
In Romania, drought-affected areas have 
expanded over the past decades. The most 
affected areas are in the South and South-East 
of Romania, but the entire country has felt the 
effects of extensive pedological drought, 
especially in the last 30 years.  
Since 1961 until now, Romania has seen in 
every decade one to four extremely 
droughty/rainy years, an increasing number of 
droughts being more and more apparent after 
1981 (Table 2). 

Table 2. Droughty/rainy years in Romania (1961-2020) 

DECADE XX-TH CENTURY 
EXTREMELY DROUGHTY YEARS EXTREMELY RAINY YEARS 

1961-1970 1962-1963, 1964-1965 1969, 1970 

1971-1980 1973-1974, 1975-1976 1972, 1974, 1975, 1976 

1981-1990 1982-1983, 1985-1986, 1987-1988, 1989-1990 1981, 1990 

1991-2000 1992-1993, 1999-2000 1991, 1997 
 XXI-TH CENTURY 
2001-2010 2000-2001, 2001-2002, 2002-2003, 2006-2007, 2008-2009 2005, 2006, 2008, 2010 

2011-2020 2011-2012, 2014-2015, 2015-2016, 2016-2017 2013 

 
In the 21-th Century, 2006-2007, 2011-2012 
and 2014-2015 were included in the list of the 
most droughty years, both through the intensity 
of the in-soil water deficits and through the 
duration of the scanty intervals and wideness of 
the surfaces affected by pedological drought 
(extreme, severe and moderate) in almost all 
areas of the country. 

The analysis of the average monthly air 
temperature values in the 2006-2007 
agricultural year shows that in 11 of the 12 
months (February, March, April, May, June, 
August, September, October, November, 
December), average temperatures - above the 
climatological norms, the maximum deviation 
from the reference period was recorded in 
September, ie +3.8°C (Figure 4).  
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Figure 4. Monthly average air temperature variation in 

the agricultural year 2006-2007 as compared to 
multiannual averages (1981-2010) 

 
In the agricultural year 2011-2012, the average 
monthly air temperature shows that only 3 of the 
12 months, January, February and December 
respectively, show negative deviations from the 
reference period, the negative deviation being -
5.4°C (Figure 5). 
 

 
Figure 5. Monthly average air temperature variation in 

the agricultural year 2011-2012 as compared to 
multiannual averages (1981-2010) 

 
The analysis of the average monthly air 
temperature values in the 2014-2015 
agricultural year shows that during the longest 
part of the period the average temperatures 
were above the climatological norms, the 
maximum deviation from the reference period 
being recorded in July, respectively +3.8°C 
(Figure 6).  
 

 
Figure 6. Monthly average air temperature variation in 

the agricultural year 2014-2015 as compared to 
multiannual averages (1981-2010) 

In Romania, the NMA is covering the Agro-
meteorology domain and processes the 
meteorological information as well as analyzes 
how weather conditions influence the processes 
of growing and developing crops/vines. The 
Department of Agrometeorology studying the 
agrometeorological parameters (humidity 
reserve, potential ETP-evapotranspiration, 
minimum, average and maximum air 
temperature, soil temperature, sunshine 
duration, wind speed, relative humidity, winter 
severity-, heat-units of heat/number of days, 
imprinting index) and establishes how to 
highlight and develop cultures through the 
development phases of both crops and fruit and 
wine species. 
The scorching heat phenomenon is one of the 
most important agrometeorological risk factors 
that can have negative effects on plant growth 
and development processes. The evolution of 
scorching heat intensity in Romania from 1961 
to 2018 shows an increasing trend especially 
after 1981 (Figure 7).  
 

 
Figure 7. The evolution of scorching heat intensity in 

Romania, 1961-2018 (NMA Agrometeorology) 
 
Given the multi-annual means of scorching 
heat intensity, phenomenon quantified by sums 
of air temperature highs equal to or above 32�C 
recorded during the summer months, it has 
become apparent a significantly higher thermal 
stress over the critical interval for crops (June-
August), an increase from 13 units of scorching 
heat between 1961 and 1990 to 28 units over 
1981-2010 (Figure 8). 
In 2007, 2012 and 2015 the highest values of 
the heat scorching of the year were recorded on 
the agrometeorological stations: Giurgiu (2007-
222.5 units, 2012-296.2 units) and Calafat 
(2015-182.0 units) (Table 3). 
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Figure 8. Intensity of scorching heat intensity in 

Romania, by 30 years interval, 1961-2010 
 
Table 3. Maximum heat units in the most droughty years 

of the XXI Century in Romania 
Year Station Heat units 
2001 Băilești 127.0 
2002 Băilești 102.9 
2003 Calafat 141.8 
2004 Calafat 70.1 
2005 Calafat 38.0 
2006 Turnu Măgurele 65.2 
2007 Giurgiu 222.5 
2008 Bechet 127.4 
2009 Giurgiu 84.2 
2010 Calafat 107.6 
2011 Calafat 105.9 
2012 Giurgiu 296.2 
2013 Calafat 142.0 
2014 Turnu Măgurele 53.9 
2015 Calafat 182.4 

Precipitation is the main source of water for 
the growth and development of agricultural 
crops, and the most significant elements of this 
meteorological parameter are the quantitative 
variability, the distribution and the spatio-
temporal distribution.  
Knowing the periods of deficiency/surplus in 
rainfall for each zone/agricultural region allows 
the choice of the crops/varieties that are most 
suitable for the area of interest, as well as the 
establishment of the pedoameliorative, 
agrofitotechnical and economic-organizational 
protection measures necessary for the 
production process in the agricultural field. 
The precipitation regime, the 2011-2012 
agricultural year was excessively droughty at 
the scale of the whole country’s agricultural 
territory, with precipitation deficits even more 
severe than in the landmark droughty year 
2006-2007.  
The Figure 9 exemplifies the precipitation 
amounts' territorial distribution in the 2006-
2007, 2011-2012 and 2015-2015 agricultural 
years, comparatively with 1981-2010. 

 

 
Figure 9. Rainfall amount in 2006-2007, 2011-2012 and 2014-2015 agricultural years compared with 1981-2010 
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Soil water reserve in soil layer 0-100 cm in 
non-irrigated corn crop on August 31, 2007, 
low values (moderate pedological drought) and 
particularly low (strong and extreme soil 
drought) on extended areas in the West, South, 
South-East and East of the country. Local to 
the West, center, Northeast and isolated in the 
East of the country, water supply to the soil 
ranged within satisfactory and close to optimal 
limits. 
At the end of August 2012, in the non-irrigated 
corn crop, the water supply of the soil at the 
depth of the soil 0-100 cm present low and 
particularly low values, the pedological drought 
being moderate, strong and extreme on almost 
the entire agricultural territory of the country, 

with the exception of some areas in the 
Northwest of Moldova, where the supply of 
water to the soil was within satisfactory limits. 
The moisture content in the 0-100 cm soil layer 
in non-irrigated maize culture on August 31, 
2015 was low (moderate pedological drought) 
and particularly low (strong and extreme soil 
drought) for the most part cultural areas. On the 
agricultural areas in central and Western 
Transylvania, the center of Oltenia, isolated in 
the West, South and East of Muntenia, 
Southeastern Dobrogea and Northern Moldova, 
the water supply of the soil was within 
satisfactory and isolated limits close to the 
optimum (Figure 10). 

 

 
Figure 10. Moisture reserve in the soil layer 0-100 cm in corn crops on 31 August 2007, 2012 and 2015 

 
Due to the maintenance of the water stress 
associated with the thermal in the air and the 
long-term soil, the non-irrigated pruning crops 
(corn and sunflower) maturation processes 
were hampered over all three analyzed years, 
with sub-dimensioning of the element elements 
small diameter head and dry sunflower seeds 
(Figure 11), as well as small sized oysters and 
shrimps on corn.  
 

 

 
Figure 11. The state of vegetation (2007-2012) in 
Călărăși/Muntenia and Adamclisi/Dobrogea in the 
sunflower and corn crops (NMA Agrometeorology 

Network) 

Also, undersized and dehydrated fruits and 
their premature fall were reported in the tree 
species. 
The effects of the phenomenon of pedological 
drought on the growth and development of 
agricultural plants are cumulative (Figure 12), 
depending on the intensity and duration, the 
consequences being accentuated when the 
action of thermal and water stress in the air and 
soil is combined (complex agricultural drought) 
and long lasting (>10-15 days consecutive, 
particularly in critical crop periods). 
 

  
Figure 12. The state of vegetation-summer 2015 in Iasi/ 

Moldova in the sunflower and corn crops (NMA 
Agrometeorology Network) 

 
The agricultural year 2006-2007 marked as the 
most droughty for the agriculture sector, with 
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peak intensity especially in the south and 
south-east of the country, where the harvest 
was totally compromised. But, the 2011-2012 
agricultural year can be considered excessively 
droughty, both through the intensity of the in-
soil water deficits and through the duration of 
the scanty intervals and wideness of the 
surfaces affected by pedological drought 
(extreme, severe and moderate) in the almost 
all areas of the country. 
The agroclimatic potential of a cropping area 
provides information on assessing the natural 
conditions of vegetation and the vulnerability 
of agricultural areas to the production of 
risk/stress phenomena that can cause signifi-
cant annual deviations in terms of agricultural 
potential and economic development. The 
analysis of thermal and hydric resources 
involves identifying critical parameters and 
thresholds at specific time intervals that 
correspond to the process of growth and 
development of the main agricultural crops 
during plant vegetation, from sowing up to 
maximum water consumption period (June to 
August). Through continuous monitoring and 
surveillance of risk/stress phenomena, the most 
effective measures for prevention and 
mitigation regarding the effects on the obtained 
agricultural productions can be adopted. 
 
CONCLUSIONS 
 
Crop production varies year by year, being 
heavily influenced by fluctuations in climatic 
conditions and, in particular, by extreme 
meteorological events.  
Climate variability influences all sectors of the 
economy, but agriculture remains the most 
vulnerable, and its impact is more acute at 
present, because climate change and variability 
is becoming more and more pronounced. 
In Romania, the effect of climate change is felt, 
and these will be manifested by increasing 
temperatures, changing the rainfall regime, 
melting ice and snow, and raising sea levels.  
Extreme weather phenomena leading to 
negative environmental impacts (floods and 
droughts) will become more frequent and 
intense in many regions. Effects on ecosystems, 
economic sectors, population health, and 
vulnerability vary from region to region.  

Climate change is inevitable, which is why 
complementary action to adapt to its effects is 
needed. 
The vulnerability degree of the cultivated 
species to the materialization of the thermal 
and hydric stress respectively is established on 
the grounds of the specific reference 
limits/hazard levels and classes, so as to assess 
the agroclimatic favourability degree of the 
agricultural surfaces for agricultural sorts and 
species with a different resilience to the 
occurrence of those hazards.  
Thus, the analysis of the agroclimatic 
phenomena implying thermal and hydric stress 
involves identifying the critical parameters and 
thresholds over specific calendar intervals, 
corresponding to the undergoing of the growth 
and development processes in plants, as well as 
over the whole vegetation period, so that the 
favourability degree for agriculture from the 
agrometeorological standpoint is also 
established. 
The agriculture will face more climate-related 
risks, the adaptation options being requiring 
continuing researches on the effect from 
irrigation and sustainability of yields under 
various water saving methods and irrigation 
technologies.  
Policymakers need good information at 
different scales (local, regional, European, 
global) to identify priority issues, the most 
appropriate adaptation measures and economic 
activities. 
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Abstract  
 
Currently, most processed foods purchased from supermarkets contain one or more food colorants. One of the best-
known colorants is the so-called red dye for eggs, used during the Easter religious holiday. The purpose of this paper 
was to highlight the mitodepresive and genotoxic effect of an assortment of red dye for eggs to meristematic cells of 
onion (Allium cepa). Three different concentrations (0.5, 1 and 1.5%) were used, the exposure time being 3 hours. The 
results obtained revealed a strong mitodepresive effect of food colorant to A. cepa, by decreasing of the mitotic index as 
the concentration of colorant increased. Also, a genotoxic effect has been observed by the occurrence of some 
chromosomal aberrations and nuclear alterations, such as sticky and vagrants chromosomes, multinucleated cells and 
cells with nuclear erosion. These results suggest prudence in using the red dye for eggs and finding other alternative 
and ecological solutions such as, for example, the use of some plant extracts for this purpose. 
 
Key words: Allium cepa, red dye, mitodepresive, genotoxic, meristematic cells. 
 
 
 
INTRODUCTION 
 
Food colouring is used both in commercial 
food production and in domestic cooking. 
Either the synthetic food colours or natural 
food colours, the colour has always had an 
important implication on the minds of people as 
far as food is concerned. Cuisines prepared in 
attractive colours have immensely lured men 
folk in all the quarters of the world. It is 
therefore necessary either to preserve the 
natural or maintain the characteristic colour of 
a food product while it is manufactured or 
stored for future use. A non-attractive colour 
however makes the food look un- fresh and is 
likely to be rejected. 
According to FDA, a food colorant is “any dye, 
pigment or substance which when added or 
applied to a food, drug or cosmetic, or to the 
human body, is capable (alone or through 
reactions with other substances) of imparting 
colour” (FDA, 2016). Synthetic food colorants 
were largely used, but have been progressively 
substituted by those obtained from natural 
origins. Despite natural pigments offer a strong 
advantage when compared to the synthetic 
ones, its safety and whole effects needs to be 

assessed, in order to conclusively demonstrate 
health improving effects (Martins et al., 2016). 
Numerous side effects and toxicity, at both 
medium and long-terms, allergic reactions, 
behavioural and neurocognitive effects have 
been related with their use. However, several 
food additives that were used over decades are 
no longer currently allowed, due to the real 
evidences of their side effects, toxicity at 
medium and long-terms and high frequency of 
health disturbance incidents.  
At present, consumers are becoming more 
concerned about their health, meaning, firstly, 
adequate, high quality nutrition (Abebe et al., 
2016; Ouis & Hariri, 2018; Righi et al., 2018). 
Dyeing eggs for the Easter, a habit which we 
learned from parents and grandparents and we 
will pass on from generation to generation, may 
become dangerous under certain conditions. 
Since the commercial dye for eggs is obtained 
industrially, from artificial dyes in general, we 
considered this cytogenetic study to be 
appropriate for evaluating the cellular activity 
of meristematic plant tissues under action of the 
red dye (one of the most used), using the A. 
cepa species (onion) as the test plant. A. cepa 
has assayed to be best model plant for standard 
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use in environmental monitoring and 
cytological analysis (Bonciu et al., 2018; 
Bonciu, 2018). 
 
MATERIALS AND METHODS 
 
The biological material used was represented 
by commercially onion bulbs, which were 
immersed in glasses with water for 72 hours, 
time required for the meristematic roots 
occurrence. Prior to initiating the test, the dry 
bottom plate of the bulbs was removed without 
destroying the root primordial. When the 
meristematic roots reached the length of 15-20 
mm, they were immersed in dilutions of 
various concentrations of the red dye for eggs 
(0.5, 1.0 and 1.5%) for 3 hours, at room 
temperature. The red dye was purchased from a 
supermarket and the following ingredients were 
listed on the label: softened water, azorubine (E 
122), glazing agent (glycerine and glucose), 
acidifier (citric acid E 330 and lactic acid E 
270), preservative (sodium benzoate and 
potassium sorbate), and thickening agent 
(xanthan gum). A number of 5 onion bulbs 
were used for each treatment variant as well as 
an untreated control that was immersed in tap 
water. 
The roots were processed according to the 
protocol of fixation, hydrolysis and staining to 
highlight the cytological activity and eventual 
presence of chromosomal aberrations. 
In order to highlight chromosomes and 
chromosomal aberrations was used the 
Feulgen-Rossenbeck method and Schiff 
reagent. Feulgen stain is a staining technique 
discovered by Robert Feulgen (1924). Depend 
on acid hydrolysis therefore fixating agents 
using strong acids should be avoided. The 
necessity for hydrolysis of tissues with acid in 
order to obtain the specific reaction with Schiff 
reagent was demonstrated by Feulgen and 
Rossenbeck in their original description of the 
Feulgen stain in 1924. Schiff reagent is 
prepared by pouring 200 ml of boiling distilled 
water over 1-g basic fuchsin. Shake thoroughly, 
cool to 50°C, filter, and add 30 ml 1N HCl to 
the filtrate. Cool to room temperature and add  
1 g potassium metabisulfite Allow the solution 
to stand overnight in the dark or until a light 
straw or faint pink colour develops. 

The microscopic preparations were performed 
according to the squash method. 
Statistical analysis was done using MS Excel 
2007. The analysis of variance (ANOVA) was 
used to assess the significant differences 
between the control variant and each treatment. 
The differences between treatment means were 
compared using the LSD-test at a probability 
level of 0.05% subsequent to the ANOVA 
analysis. 

The mitotic index was calculated using the 
following formula: 

MI (%) =  × 100 

The index of the total abnormalities (TA) 
was also calculated:  

TA (%) =  × 100 
 
Photomicrographs of cells showing 
chromosomal aberrations and nuclear 
alterations as well as showing mitosis were 
taken using the Kruss microscope. 
 
RESULTS AND DISCUSSIONS 
 
The results are illustrated in Table 1. The 
cytotoxicity level can be determined by the 
decreased rate of mitotic index. It was found 
that red dye induced a strong mitodepresive 
effect in meristematic cells to A. cepa. The 
mitodepresive effect was enhanced as the 
concentration of red dye increased. Thus, 
compared to the Control variant, the mitotic 
index recorded a decrease of over 50%, from 
36.42% (V1-Control) to 18.04% (V2), 1.0% 
(V3) and 9.03% (V4) in all treated variants. 
 

Table 1. Effect of different concentrations of the 
commercial red dye on the cytological parameters 

 to A. cepa 
Variants/ 

Conc. 
(%) 

MI ± SE 
% 

Cells abnormalities frequency 
(%) 

TA 
(%) 

S V MN NE 

V1 
(Control) 

36.42±0.68 0 0 1.32 0 1.32 

V2/0.5 18.04±0.42* 4.18 2.62 4.21 1.58 12.59* 
V3/1.0 12.18±0.39* 6.45 4.01 5.98 2.08 18.52* 

V4/1.5 9.03±0.34** 8.34 5.84 11.07 2.64 27.89** 

MI = Mitotic index; SE = Standard error; S = Stickiness; V = 
Vagrants; MN = Multinucleated cells; NE = Cells with nuclear 
erosion; TA = Total abnormalities; *Significant at level 5% 
(p=0.05)  
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The decrease in the mitotic index was 
positively correlated with increasing 
concentration of the red dye solutions. 
According to Panda and Sahu (1985), a 
decrease of mitotic index below 50% usually 
has lethal effects. If mitotic index decreases 
below 22% of control, that it causes sub-lethal 
effects on test organism (Antonsie-Wiez, 
1990). In our study, the mitodepressive effect 
of red dye may be due to its inhibitory effect on 
the mitotic cycle during interphase and 
delaying of spindle formation. 
Synthetic colours are a major source of food 
intoxication and many surveys have been 
conducted to determine the presence of no 
permitted food colours in different food 
products (Vazhangat P. & Thoppil J.E., 2016). 
In the case of kids' foods, shines colours are 
also added to attract their attention and make 
the foods appear attractive and fun. But in most 
cases, if a food comes in a colour that is not 
found in nature, excessive consumption can 
cause health problems. 
Food dyes are one of the most widely used and 
dangerous additives. While the European 
Union has recently placed regulations on 
labelling food dyes to inform consumers of the 
health risks, the United States has no such 
requirement. Every year, food manufacturers 
pour 15 million pounds of artificial food dyes 
into U.S. foods, according to the Center for 
Science in the Public Interest (CSPI). In the 
"Food Dyes: A Rainbow of Risks" report, CSPI 
revealed that nine of the food dyes currently 
approved for use in the United States are linked 
to health issues ranging from cancer and 
hyperactivity to allergy-like reactions and these 
results were from studies conducted by the 
chemical industry itself. For instance, Red 40, 
which is the most widely used dye, may 
accelerate the appearance of immune system 
tumours in mice. Almost all the toxicological 
studies on dyes were commissioned, conducted, 
and analysed by the chemical industry and 
academic consultants. Ideally, dyes (and other 
regulated chemicals) would be tested by 
independent researchers. 
Several studies have been oriented to 
demonstrate the antimitotic and genotoxic 
activities of some food additives and pointed 
out their danger as carcinogens or mutagens. 
Many authors reported that the mitotic index of 

A. cepa root tips was successively decreased 
with the increase in different dye 
concentrations and duration of treatments 
(Vazhangat P. & Thoppil J.E., 2016). 
In our study, all treatments with red dye 
resulted in a significant increase of the 
percentage of chromosomal aberrations and 
nuclear alterations (Figure 1). 
Thus, the index of the total abnormalities (TA) 
recorded an increase in all treated variants, 
from 1.32% (Control) to 12.59% (V2), 18.52% 
(V3) and 27.89% (V4). The increase in the TA 
index was positively correlated with increasing 
concentration of the red dye solutions. 
Multinucleated cells and stickiness were the 
dominant abnormality induced after treatment, 
especially at higher concentrations. Stickiness 
is an irreversible chromosomal aberration and 
reflects high toxicity of tested solutions. 
Frequency of multinucleated cells recorded 
values between 1.32% (Control), 4.21% (V2), 
5.98% (V3) and 11.07% (V4). Also, the 
frequency of cells with stickiness abnormalities 
was 4.18% (V2), 6.45% (V3) and 8.34% (V4). 
Regarding the cells with chromosomal 
aberrations type vagrant, their frequency 
ranged between 2.62% (V2) and 5.84% (V4). 
The frequency of nuclear erosion abnormalities 
was 1.58% (V2), 2.08% (V3) and 2.64% (V4) 
(Figure 2). In Figure 3 are shown some 
cytogenetic abnormalities identified in 
meristematic roots of A. cepa exposed to 
commercial red dye. 
The results obtained indicated that red dye 
induced a strong mitodepresive and genotoxic 
effect in meristematic cells to A. cepa, by 
reduction of the mitotic index and occurrence a 
several cytological abnormalities. 
These results suggest prudence in using the 
chemical red dye for eggs painting. 
Alternatively, natural extracts from various 
plants can be used (red beet juice, pomegranate 
juice, red onion peels, red peony petals etc.). 
Natural food colours are preparations obtained 
from foods and other edible natural source 
materials obtained by physical and/or chemical 
extraction resulting in a selective extraction of 
the pigments relative to the nutritive or 
aromatic constituents. They come in many 
forms consisting of liquids, powders, gels and 
pastes. 
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Figure 1. The mitodepresive and genotoxic effect of red dye on the meristematic cells to A. cepa  

 
 
 

 
Figure 2. The frequency (%) of aberrant cells in meristematic tissues of A. cepa exposed  

to different concentrations of the commercial red dye 
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a  b  

c  d  
Figure 3. Some cytogenetic abnormalities in meristematic roots of A. cepa exposed to commercial red dye: disturbed 

anaphase with vagrants chromosomes (a); sticky telophase (b); sticky metaphase (c); multinucleated cell (d) 
 

 
CONCLUSIONS  
 
The cytological results observed in this study 
suggest that red dye induced a mitodepresive 
and genotoxic effects in A. cepa root tips, by 
reduction of the mitotic index and occurrence a 
several cytological abnormalities. 
Multinucleated cells and stickiness were the 
dominant abnormality induced after treatment, 
especially at higher concentrations. 
These results suggest prudence in using the red 
dye for eggs painting. An alternative solution to 
avoid the toxic effect of this chemical food 
colorant is the use of natural herbal extracts 
such as red beet juice, pomegranate juice, red 
onion peels, red peony petals etc. 
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Abstract 
 
Grain yield is one of the most important traits in maize breeding programs and depends on the association of different 
plant traits. Twenty maize hybrids were evaluated to explore the relationships between yield and associated traits, at 
Agricultural Research and Development Station Simnic. This experiment was conducted under two environmental 
conditions: 2017 (drought stress) and 2018 (non-drought) and was planted in a randomized block with three 
replications. Significant differences (p≤0.05) were found for all the studied traits excepting: the days to 75% anthesis, 
the days to physiological maturity and the protein content under drought stress conditions. In non-drought conditions 
were found significant differences for all the studied traits, excepting the days to physiological maturity and the shelling 
percentage. Correlation analysis revealed that grain yield exhibited a significant negative correlation only with 
hectolitre weight (r = -0.5310) in drought stress conditions, and significant positive correlation only with thousand 
grains weight (r = 0.485*) in non-drought conditions. 
 
Key words: correlation, drought, hectolitre weight, maize, thousand grains weight. 
 
INTRODUCTION 
 
Maize is an important cereal crop of the world 
holding second position after rice in terms of 
production. In 2017, maize was produced in 
2405 thousand hectare with the production of 
14326 thousand tons with average yield of 
maize is 5.9 tons/ha in Romania (FAO, 2017). 
Heat and drought are two factors that influence 
equally the maize crop evolution in the 
Romanian region of Oltenia. Water stress and 
heat lead always to different yield losses levels 
depending on the constrainer length, its 
intensity and crop stage (Bonea & Urechean, 
2011; Pandia, 2006; Pandia et al., 2013; 
Urechean & Bonea, 2017). It is known that 
drought tolerance is a complex trait making the 
search for efficient selection traits, breeding 
and screening methods difficult (Petcu et al., 
2018). 
In cereal breeding programs, grain yield is one 
of the most important and complex traits and 
depends upon a combination of different plant 
traits (Mirosavljevic et al., 2015). 
According to Georgieva and Kosev (2018), a 
new priority in the plant breeding is creating 
cultivars combining high potential productivity 

and resistance to stressful environmental 
factors. 
Therefore, an effective breeding program 
requires a proper understanding of the 
relationships between grain yield and 
associated traits. According to Banziger et al. 
(2000) secondary traits that have a phenotypic 
correlation with yield under drought conditions 
can be used as selection traits of drought 
tolerant maize hybrids.  
It is important to know that breeding progress 
using grain yield and a given secondary trait in 
selection is greater than progress using grain 
yield alone. 
Correlation coefficient reveals the strength of 
relationship among the group of traits, thus is 
one of the important biometrical tools for 
formulating a selection index. This also helps 
to decide the dependability of the traits that 
have little or no importance (Jayakumar et al., 
2007). Phenotypic correlation involves both 
genetic and environmental factors. 
The present study was, therefore, conducted to 
assess the relationships among yield and 
associated traits, through association analysis 
for grain yield improvement in different 
environmental conditions. 
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MATERIALS AND METHODS 
 
Plant materials 
Twenty Romanian maize hybrids were used in 
this study. 
Field evaluation and experimental design 
The experiment was conducted under two 
environmental conditions: 2017 (drought 
stress) and 2018 (non-drought) and was planted 
at ARDS Simnic, in a randomized block with 
three replications. This Station is located at 
44019' N, 23048' E, and 182 m altitude, 
characterized by preluvosoil. Fertilization was 
done with 250 kg/ha (N20P20K0) complex 
fertilizers before sowing and in vegetation 
(phase 8-10 leaves) with ammonium nitrate 250 
kg/ha. Planting was done on April 10th - 2017 
and April 24th -2018, respectively. In order to 
prevent negative effects of weeds, DUAL 
GOLD 960 - 1.5 l/ha applied immediately after 
sowing and with EQUIP 1.5 l/ha + BUCTRIL 
1.0 l/ha in the growing season (6-8 leaves).Two 
mechanical and two manuals weeding were 
applied. 
Climatically data 
The years of the investigation, were 
characterized as follows: 2017 was considered 
a dry year (drought stress conditions) and 2018 
was considered favourable for the growth and 
development of maize (non-drought 
conditions). In 2017, the rainfall deficiency was 
largely pronounced in June and August. The 
mean monthly temperatures were over the 
multiannual average in June, July, and August.  
For this area, the rainfall from August had a 
decisive role in defining the production 
capacity in the draughty years as well as in the 
favourable years (Urechean et al., 2010). 
Field measurements  
Grain yield and 10 secondary traits were 
measured or calculated.  
Grain yield per hectare adjusted to 15.5% 
moisture. In each plot, days to anthesis (DA) 
and days to silking (DS) were recorded as the 
number of days from sowing to when 75% of 
the plants had shed pollen and emerged silks, 
respectively.  
For measurement of physiological maturity, 
regular sampling of two cobs per plot was done  
to assess the presence of black layers at the 
base of the grains. 

Plant and ear heights were measured in 
centimetre as the distance from the base of the 
plant to the height of the first tassel branch and 
the node bearing the upper ear, respectively. 
Shelling percentage (SP) was calculated by 
using the following formula: 
 

 

 
Hectolitre weight (HW) was determined using 
Hectolitre Weight Apparatus. 
Thousand grains weight (1000-grain 
weight/TGW) data was recorded by weighing 
thousand grains randomly taken, with the help 
of electronic balance, and then average weight 
was calculated.  
The protein content (PC) and oil content (OC) 
of the maize grains was determined by 
Inframatic 9140 (Sweden or Foss Infratec 1241, 
Denmark). 
Statistical analysis 
The data collected were subjected to ANOVA: 
single factor and differences between mean 
values were tested by F-test and separated 
using the Least Significant Differences (LSD) 
at 5% level of probability. The relationships 
between the yield and associated traits were 
established using Pearson correlation 
coefficient (r). The variability presence in the 
hybrids was estimated by coefficient of 
variations (CV) using the procedure suggested 
by Săulescu and Săulescu (1967). 
 
RESULTS AND DISCUSSIONS 
 
Mean performance and analysis of variance 
Mean values and significant levels of yield and 
yield associated traits of twenty maize hybrids 
were presented in Tables 1 and 2.  
The results showed that under drought stress 
conditions, except for days to anthesis, days to 
maturity and protein content, and in non-
drought conditions, except for days to maturity 
and shelling percentage, there were significant  
differences (p≤0.05) between studied hybrids 
(Tables 1 and 2). Variation in grain yield and 
associated traits was reported by numerous 
researchers for different environmental 
conditions. Raut el al. (2017) observed highly 
significant variation in grain yield, days to 50% 
tasseling, days to 50% silking, plant height, ear 
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height and thousand grains weight, while 
comparing fourteen maize genotypes. Muchie 
and Fentie (2016) also found highly significant 
variation for days to 50% anthesis, plant height, 
ear height and grain yield. 
In this study, the mean grain yield per hectare 
was 5.26 ± 0.13 tons/ha in drought stress and 
9.22 ± 0.18 tons/ha in non-drought conditions. 
Significant differences (0.15 and 0.35) between 
studied hybrids were found for grain yield in 
both environmental conditions (Tables 1 and 
2). 
The mean value for day to 75% anthesis was 
82.35 ± 0.36 days under drought stress, and 
68.10 ± 0.59 days under non-stress conditions. 
ANOVA revealed significant difference only in 
non-drought conditions (2.90) for this trait. 
The mean value for days to 75% silking among 
20 hybrids was 85.20 ± 0.64 days in drought 
stress, and 69.95 ± 0.62 days in non-drought 
conditions. There were highly significant 
differences (3.56 and 2.95) among hybrids for 
this trait in both environmental conditions. 
The mean value for days to maturity was 
124.75 ± 0.73 days in drought stress and 123.45 
± 0.81 days in non-stress conditions. ANOVA 
revealed non-significant difference among 
hybrids for this trait in both conditions. 
The mean value for plant height among 
experimented hybrids was 184.15 ± 4.04 cm in 
drought stress and 243.05 ± 4.46 cm under non-
drought conditions. ANOVA revealed 
significant differences (5.72 and 8.50) among 
20 hybrids, in both conditions. 
The mean value for ear height was 73.65 ± 2.07 
cm in drought stress and 96.95 ± 2.36 cm in 
non-drought conditions. ANOVA revealed 
significant difference among hybrids for this 
trait in both conditions (1.49 and 3.00). 
The mean value for shelling percentage was 
82.05 ± 0.69% in drought stress and 84.25 ± 
0.42% in non-drought conditions. There were 
significant differences only in drought stress 
(3.41) among hybrids for this trait. 
The mean value of hectolitre weight for the 
studied hybrids was 69.35 ± 0.46 kg/hl in 
drought stress and 71.15 ± 0.48 kg/hl in non-
drought conditions, revealed significant 
differences were found among hybrids for this 
trait in both conditions (3.06 and 3.21). 
The mean value of thousand grains weight for 
the experimented hybrids was 236.60 ± 6.42 g 

in drought stress and 319.80 ± 10.52 g in non-
drought conditions, revealed significant 
differences were found among hybrids for this 
trait in both conditions (6.20 and 6.30). 
The mean value for protein content of maize 
hybrids was 14.55 ± 0.15% in drought stress 
and 13.66 ± 0.18% in non-drought conditions. 
ANOVA revealed non-significant difference 
among 20 hybrids for this trait in drought stress 
and significant difference (0.54) in non-drought 
conditions. 
For oil content, the mean value was 5.11 ± 
0.09% in drought stress and 4.80 ± 0.1% in 
non-drought conditions. ANOVA revealed 
significant differences were found among 
hybrids for this trait in both conditions (0.19 
and 0.13). 
The differences in CV% values for different 
traits has been observed (Tables 1 and 2), 
indicating environmental conditions influence 
over these traits. Among the studied traits, 
moderate CV values (10-20%) were observed 
for grain yield, ear height and thousand grains 
weight in drought stress, and for ear height, 
thousand grains weight and oil content in non-
drought conditions. 
The other traits had low CV (0-10%) values in 
both conditions (Tables 1 and 2). 
Correlation Coefficient Analysis 
Analysis of correlation coefficient of yield 
related traits revealed some fundamental basis 
(Tables 2 and 4). 
Under drought stress conditions, correlation 
coefficients of studied traits indicated that the 
grain yield has been correlated significant 
negative only with hectolitre weight (r =             
-0.5310) (Table 3). The result is contradictory 
where Shiri et al. (2013) that found non-
significant correlation of grain yield and 
hectolitre weight in thirty-six new late maturity 
maize hybrids under drought stress. 
Thus, our findings suggested that the selection 
of hybrids having lower hectolitre weight 
should be the priority of breeders to achieve 
higher yield in drought stress conditions.  
As well were significant negative correlations 
between days to 75% anthesis and oil content  
(r = -0.5300), days to 75% silking and protein 
content (r = -0.5210), plant height and oil 
content (r = -0.5010), ear height and oil content 
(r = -0.4970), shelling percentage and oil 
content (r = -0.4870).  
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Table 1. Mean ± SEd, F test, CV% and LSD (at p≤0.05) of yield and associated traits at 20 maize hybrids under drought 

stress (2017) 

Hybrid GY DA DS DM PH EH SP HW TGW PC OC 
H1 5.71 83 85 128 200 77 81 68 176 15.1 5.6 
H2 4.47 82 84 128 188 75 85 69 190 15.4 5.0 
H3 5.56 84 86 128 193 73 84 70 262 15.2 5.3 
H4 6.20 84 86 128 210 78 82 67 254 14.6 4.6 
H5 6.52 85 87 128 195 75 81 67 290 13.9 4.5 
H6 5.87 83 95 128 183 70 83 68 210 12.9 4.9 
H7 4.59 85 86 118 190 73 86 69 248 13.3 4.6 
H8 5.52 81 83 125 190 70 80 67 254 14.4 4.9 
H9 5.21 83 85 125 183 83 82 74 210 15.0 5.1 

H10 5.81 82 83 118 175 78 86 66 212 13.6 4.9 
H11 5.01 82 84 125 177 73 81 68 204 15.2 4.7 
H12 4.40 82 84 125 169 75 85 69 246 14.4 4.9 
H13 5.31 83 85 125 170 70 86 70 262 15.1 5.4 
H14 5.10 81 83 125 200 65 78 69 258 15.1 5.5 
H15 5.18 79 81 125 160 70 81 73 262 14.2 5.7 
H16 4.66 81 85 125 185 75 83 70 252 14.7 5.1 
H17 4.72 83 87 125 230 105 82 71 244 14.7 4.7 
H18 4.77 83 87 125 160 63 82 72 224 14.3 5.4 
H19 4.80 79 82 118 162 60 80 71 226 15.3 5.5 
H20 4.97 82 86 123 163 65 73 69 248 14.6 5.9 

Mean 5.26 82.35  124.75 184.15 73.65 82.05 69.35 236.60 14.55 5.11 
± SEd 0.13 0.36 0.64 0.73 4.05 2.07 0.69 0.46 6.42 0.15 0.09 
F test * ns * ns * * * * * ns * 

LSD5% 0.15  3.56  5.72 1.49 3.41 3.06 6.20 - 0.19 
CV% 10.83 1.98 3.36 2.62 9.83 12.57 3.76 2.99 12.15 4.74 8.02 

GY - Grain yield per hectare (t), DA- Days to 75% anthesis , DS - Days to 75% silking, DM -Days to maturity, PH - Plant height (cm), EH - Ear 
height (cm), SP - Shelling percentage (%), HW - Hectolitre weight (kg/hl), TGW - Thousand grains weight (g), PC - Protein content (%), OC - Oil 
content (%), SEd - Standard error of mean of differences; * = Significant at p≤0.05  
 

Table 2. Mean ± SEd, F test, CV% and LSD (at p≤0.05) of yield and associated traits at 20 maize hybrids under non-
drought conditions (2018) 

Hybrid GY DA DS DM PH EH SP HW TGW PC OC 
H1 8.27 69 71 118 235 93 85 71 302 13.5 5.1 
H2 8.08 71 73 126 218 85 84 68 217 14.6 4.9 
H3 8.03 73 75 128 230 95 81 71 304 14.2 4.9 
H4 9.89 69 70 126 240 98 85 69 321 12.8 4.6 
H5 9.05 65 66 118 255 78 86 70 338 11.8 3.8 
H6 9.81 66 67 127 213 85 84 72 374 12.1 3.6 
H7 9.44 66 68 118 245 98 82 75 289 13.6 5.3 
H8 10.16 67 68 125 230 103 84 70 303 13.8 4.8 
H9 7.98 66 68 125 240 103 86 75 290 13.5 4.8 
H10 8.85 64 66 118 215 95 86 71 362 12.4 4.8 
H11 8.90 67 70 125 275 100 86 73 323 13.6 4.4 
H12 10.43 66 68 122 235 80 86 69 325 13.5 4.8 
H13 9.74 68 70 126 235 80 85 74 344 14.5 5.3 
H14 8.30 72 74 118 250 108 84 69 268 14.6 4.7 
H15 9.88 69 71 128 270 105 85 67 375 14.0 4.9 
H16 9.78 69 71 126 265 110 81 72 258 13.8 5.9 
H17 8.48 66 68 122 230 100 83 73 274 13.8 4.9 
H18 9.91 70 72 126 285 115 80 71 410 14.6 4.8 
H19 8.84 66 68 122 235 103 86 72 370 14.5 4.8 
H20 10.60 73 75 125 260 105 86 71 349 14.0 5.0 

Mean 9.22 68.10 69.95 123.45 243.05 96.95 84.25 71.15 319.80 13.66 4.80 
± SEd 0.18 0.59 0.62 0.81 4.46 2.36 0.42 0.48 10.52 0.18 0.1 
F test * * * ns * * ns * * * * 

LSD5% 0.35 2.90 2.95  8.50 3.00  3.21 6.30 0.54 0.13 
CV% 9.16 3.89 3.97 2.94 8.22 10.89 2.27 3.07 14.71 6.04 10.17 

* = Significant at p≤0.05  
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Table 3. Pearson's correlation coefficient among yield and yield associated traits of 20 hybrids of maize under drought 

stress 

Traits GY  DA DS DM PH EH SP HW TGW PC OC 
GY 1 0.371 0.275 0.375 0.213 0.032 0.007 -0.5310 0.224 -0.323 -0.271 
DA  1 0.571** 0.283 0.458* 0.343 0.320 -0.286 0.099 -0.291 -0.5300 

DS   1 0.371 0.233 0.142 0.082 -0.154 -0.085 -0.5210 -0.287 
DM    1 0.367 0.183 -0.061 -0.048 0.017 0.219 -0.061 
PH     1 0.714** 0.073 -0.275 0.068 0.068 -0.5010 

EH      1 0.279 0.045 -0.073 0.001 -0.4970 

SP       1 -0.052 -0.125 -0.215 -0.4870 

HW        1 0.007 0.293 0.437* 
TGW         1 0.224 -0.088 

PC          1 0.376 
PO           1 

*;0 and **;00 - significant at 0.05 and 0.01 level of probability, respectively 
 

Table 4. Pearson's correlation coefficient among yield and yield associated traits of 20 hybrids of maize under non-
drought conditions 

Traits GY DA DS DM PH EH SP HW TGW PC OC 
GY 1 -0.042 -0.093 0.274 0.302 0.041 0.018 -0.165 0.485* -0.118 0.036 
DA  1 0.985** 0.383 0.270 0.327 -0.367 -0.366 -0.214 0.595** 0.296 
DS   1 0.362 0.320 0.360 -0.353 -0.302 -0.226 0.662** 0.361 
DM    1 0.148 0.151 -0.251 -0.108 0.132 0.278 0.049 
PH     1 0.549* -0.207 -0.036 0.262 0.255 0.167 
EH      1 -0.395 0.053 0.058 0.435 0.381 
SP       1 -0.110 0.163 -0.343 -0.361 

HW        1 -0.018 -0.032 0.182 
TGW         1 -0.216 -0.369 

PC          1 0.600** 
OC           1 

*;0 and **;00 - significant at 0.05 and 0.01 level of probability, respectively 
 
 
In addition, there were significant and positive 
correlation between days to 75% anthesis and, 
days to 75% silking (r = 0.571**) and plant 
height (r = 0.458*).  
The correlation between plant height and ear 
height in drought stress was significant positive 
(r = 0.714**), this finding being in agreement 
with the results of Beiragi et al. (2011). 
In this study, simple correlation coefficients of 
studied traits in non-stress conditions indicated 
that grain yield was correlated significant 
positive only with 1000-grains  weight (r = 
0.485*) (Table 4).  
The result is in agreement with findings of 
Rahman et al. (2017) that found positive 
significant correlation of grain yield with 
thousand grains weight in 15 maize genotypes 
experimented under normal conditions.  
Thus, our findings suggested that the selection 
of hybrids having high thousand grains weight 
should be the priority of breeders to achieve 
higher yield in non-drought conditions. 
There were positive and significant correlation 
between days to 75% anthesis and days to 75% 

silking (r = 0.985**), days to 75% anthesis and 
protein content (r = 0.595**), days to 75% 
silking and protein content (r = 0.662**), plant 
height and ear height (r = 0.549*), protein 
content and oil content (r = 0.600**) (Table 4). 
The results are partial contradictory where 
Sharma et al. (2016) found significant negative 
correlation of protein content and oil content in 
81 genotypes of maize.  
Mehri (2015) found that in both environments 
(normal conditions and water scarcity during 
grain filling stage) there was a significant 
positive correlation between grain yield and, 
thousand grain weight and hectolitre weight. 
 
CONCLUSIONS 
 
The relationships between grain yield and 
associated traits are the primary important data 
in maize breeding programs. Selection for high 
yielding hybrids should focus on the strongly 
positively associated traits of maize plant with 
its yield. 
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The results of this study revealed that grain 
yield exhibited a significant negative 
correlation only with hectolitre weight (r =       
-0.5310) in drought conditions, and a significant 
positive correlation only with thousand grains 
weight (r = 0.485*) in non-drought conditions. 
Therefore, for yield improvement in maize 
hybrids as per the findings of the plant traits 
association studied, it is necessary selection 
based on plant with lower hectolitre weight 
under drought stress, and high thousand grains 
weight in non-drought conditions. 
The research emphasized that yield and the 
relationships between grain yield and other 
associated traits are influenced by genotypes 
and environmental conditions studied. 
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Abstract 
 
The sunflower species Helianthus annuus L. belongs to the group of oil plants and it is considered to be one of the most 
important sources of vegetable oil used in human nutrition. The analyzed plant material was represented by the 
following hybrids: Armada Clearfield, Duet Clearfield, Meteor Clearfield, DT5234 Clearfield, P64LE25, DT6004, 
EXS7016 and Pokora. There have been made determinations regarding germination capacity, seed vigor expressed by 
electrolyte leakage, reserve lipids content, lipase activity and root length increase. Duet and Armada achieved the 
highest germination capacity, the leakage of electrolytes during imbibition directly influencing seed germination. The 
lipid content of the analyzed hybrids did not similarly influence germination and the radicle development took place 48 
hours after the induction of the germination process, which can be explained by a quick mobilization and 
biodegradation of the organic substances under the influence of the lipase’s increased activity. 
 
Key words: germination, electrolytes, lipase, lipids, sunflower seeds. 
 
INTRODUCTION 
 
Sunflower belongs to the Asteraceae family 
and is one of the most important oleaginous 
seeds crops in the world. Achenia accumulates 
49.9-55.5% lipids, 16.4-18.4% proteins and 5-
14% carbohydrates. Sunflower achenia lipids 
contain 84% of unsaturated fatty acids and 18% 
of saturated fatty acids (Burzo, 2005). 
Imbibition is the first process that occurs when 
seeds are placed in optimal germination 
conditions. The penetration of water into the 
seed and the increase in mass happen very fast. 
Thus, Levari (1960) stated that at a temperature 
of 28°C a very obvious increase of the seed 
mass was observed during the first 2 hours of 
imbibition. The free ion content of sunflower 
seeds decreases during the germination period 
of 2.13 times as a result of their diffusion into 
the water of imbibition. The diffusion of 
cellular electrolytes into the soaking water 
causes the conductivity to increase to 4.468 
μS/g seeds. After 24 hours of imbibition, the 
permeability drops to 50% and after 3 days 
reaches 38.2% of the initial value, which 
indicates the restoration of the structure and 
their semipermeability (Burzo, 2005).  

Seed germination is the process by which they 
initiate a new ontogenetic development cycle 
when favorable environmental conditions are 
ensured. Germination begins with water uptake 
by the seed (imbibition) and the emergence of 
embryonic axis, usually the radicle, through the 
structures surrounding it (Bewley et al., 2013; 
Erbas et al., 2016). Sucrose synthesized during 
maturation of oil seeds is the source of carbon 
for triacylglycerol (TAG) synthesis (Bewley & 
Black, 1994). TAGs are hydrolysed by lipases, 
enzymes catalyzing the hydrolytic cleavage of 
the fatty acid ester bonds to yield glycerol and 
free fatty acids (Theimer & Rosnitschek, 1978). 
Almost all TAGs present in oleiferous seeds 
are lost during seed germination and seedling 
development (Muto & Beevers, 1974; Yaniv et 
al., 1998; Rabiei et al., 2007; Kim et al., 2011; 
Tonguç et al., 2012). 
The purpose of this paper was to investigate the 
germination capacity of sunflower hybrids, 
seed vigor expressed by electrolyte leakage, 
reserve lipid content, lipase activity and rootlet 
growth in lenght. 
The results obtained are useful for agronomists 
for the initiation of culture, but also for 
breeders, in order to characterize and support 
for homologation the created hybrids. 
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MATERIALS AND METHODS 
 
The homologated plant material is represented 
by Armada Clearfield, Duet Clearfield, Meteor 
Clearfield, P64LE25 and Pokora, while the 
hybrids proposed for approval are represented 
by: DT5234 Clearfield, DT6004 and EXS7016. 
Of the 8 analyzed hybrids, 7 come from Fetesti, 
a small town from the southeastern area of 
Ialomita County. The agricultural enterprise 
which has cultivated them has got an 
experience of over 14 years in the production 
of cereals and technical plants. The P64LE25 
hybrid, belonging to DuPont Pioneer, was 
cultivated in the southern part of Teleorman 
County, in Beiu Village of Ştorobăneasa.  
Determination of seed vigor 
Determination of electrolyte leakage during the 
seeds imbibition period is an indicator in the 
assessment of germination capacity. 
The method is based on the determination of 
the electrical conductivity of the water in which 
the seeds of known mass have been maintained 
for 24 hours. 
20 seeds were weighed, immersed in 20 ml of 
distilled water and kept under these conditions 
for 24 hours. Using the automated conductivity 
meter, measurements of the conductivity of the 
solution were made 24 hours after the start of 
the experiment. 
Determination of the lipid content 
The lipid content of seed of sunflower hybrids 
was determined gravimetrically using the 
Soxhlet method. 
The amount of lipids was calculated using the 
following ratio: 
Lipids (%) = (a-b) * 100/m, where: 
a is gross mass of the collector vessel; 
b -collector vessel country; 
m - mass of seed analyzed. 
Determination of lipase activity from the 
studied sunflower hybrids  
Lipase is part of the hydrolases class, the group 
of esterases, catalyzing the cleavage of the ester 
linkages between glycerol and lipid fatty acids. 
Lipase activity is determined by measuring the 
increase in acidity of some lipids as a result of 
the action of an enzyme preparation obtained 
from oilseeds. Free fatty acids resulting from 
hydrolysis of triglycerides under the action of 
lipase are titrated directly with sodium 
hydroxide solution. The ideal substrate for the 

study of lipase activity in some plant material 
are lipids from the same material. 
0.2 g sunflower seeds were crashed and mixed 
with 3 ml sunflower oil. 2 ml 0.5 M acetate 
buffer (pH 4.7) was added and the pestle mill 
was placed in a thermostat at 30°C for 30 
minutes. Subsequently, 15 ml 96% ethanol and 
15 ml of petroleum ether were added. The fatty 
acids in the sample were titrated with 0.1 N 
NaOH in the presence of phenolphthalein as an 
indicator. 
In parallel, a blank sample was made, which 
was immediately titrated with 0.1 N NaOH. 
The lipase activity was expressed in 
micromoles of oleic acid formed by the action 
of lipase per minute and grams of enzyme 
extract.  
Observing rootlet growth 
To observe the growth of the radicle 
measurements were made 24 to 24 hours after 
its occurrence for 3 days. 
For this determination Petri dishes were taped 
with filter paper moistened with distilled water. 
A sample of 10 pre-germinated seeds was 
transferred to each flask. The measurements 
were performed for all analyzed hybrids and 
the data obtained is in the tables. 
 
RESULTS AND DISCUSSIONS 
 
Determination of imbibition and germina-
tion capacity of the analyzed hybrids 
The research on the imbibition capacity of the 8 
sunflower hybrids studied showed that the 
highest weighing pressure was achieved in the 
POKORA hybrid, where 70% of the seeds split 
the pericarp, followed by the DT6004 hybrid 
with 56% and the METEOR hybrid with 44%. 
The smallest values, of 1%, were recorded in 
the ARMADA and DUET hybrids. 
Intermediate values were recorded at the 
hybrids DT5234, EXS7016, P64LE25 at 1.9, 
3.18 and 5.38 times smaller compared to the 
POKORA hybrid (Figure 1). It can be 
appreciated that the imbibition process was 
carried out at a different rhythm under the 
influence of the hybrid type.  
The analysis performed on the hybrids 
proposed for approval, namely: DT6004, 
DT5235 and EXS7016 indicate a high rate of 
imbibition in the DT6004 hybrid, 1.51 times 
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higher than that of the hybrid DT5234 CL and 
2.54 times higher than the hybrid EXS7016. 
 

 

 
 

Figure 1. Imbibition capacity of the analyzed hybrids 
 

In the next stages of the germination process, 
the germination was followed dynamically. 
After 48 hours from the start of the process, the 
following results were recorded: P64LE25 
96%, EXS7016 79%, DT5234 75%, POKORA 
93%, DT6004 88%, and METEOR CL 86%. 
Therefore, the germination capacity increased 
7.38 times for P64LE25, 3.59 times for 
EXS7016, 2.02 times for DT5234 CL, 1.32 
times for POKORA, 1.57 times for DT6004 
and 1.95 times METEOR CL. However, a 
spectacular germination capacity can be 
noticed after 48 hours of optimum germination 
for DUET CL 47% and ARMADA CL 31%, 
given that during the imbibition period, in the 
two hybrids, a single seed (1%) presented the 
fragmented pericarp. 
 

 

 
Figure 2. Germination capacity of the analyzed hybrids 

Noteworthy is the fact that in the case of 
sunflower seeds, the formation of the rootlet 
takes place after 48 hours, which can be 
explained by rapid mobilization and 
biodegradation of the underlying organic 
substances under the influence of increased 
lipase activity. Thus, the optimal conditions for 

growth and development of the embryo are 
created, making possible the appearance of the 
first organ of the new plant. It is interesting to 
follow the germination process 72 hours after 
its initiation. Thus, the data presented in the 
graph indicates the completion of the 
germination, physiologically, of the analyzed 
hybrids.  
The results obtained allow hybrids to be graded 
after the germination as follows: 
- a first category is the P64LE25 and POKORA 
hybrids with over 95% germination; 
- a second category is represented by hybrids 
whose germination capacity is between 75 and 
94%, namely: DT5234, EXS7016, DT6004, 
hybrids proposed for approval, and METEOR 
CL, approved hybrid; 
- in the third category is included the DUET 
hybrid, which is characterized by a germination 
capacity of 52%; 
- the lowest germinating hybrid of 31% is 
ARMADA CL. 
The determinations continued on the fourth day 
of germination, noticing that the hybrids 
ARMADA CL, METEOR CL, P64LE25 did 
not change their germline capacity compared to 
the previous day. With respect to hybrids 
DT5234 CL, DT6004, EXS7016, POKORA 
and DUET CL, the results indicated an increase 
of germination from 1.03 to 1.3 times (Figure 
2). 
At the end of the determinations, the non-
homologated hybrids: DT5234 CL, DT6004, 
EXS7016 are considered to be of the germline 
capacity range of 80 to 95%. 
 
Determination of the vigor of sunflower 
seeds expressed as electrolytes leakage  
Dehydrated seeds have structurally damaged 
plasma membranes. Thus, in contact with water 
in the soil solution, some of the soluble 
substances dissipate by diffusion. The amount 
of soluble substances that diffuse into the soil 
solution is dependent on the rate of recovery of 
the structural integrity of the plasma 
membranes, being correlated with the 
germination capacity of the seeds (Figure 3). 
Experimentally, the amount of ions that diffuse 
into the soil solution is conductively 
determined and constitutes an indicator in the 
assessment of germination capacity of the 
seeds. 
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Seed vigor was evaluated by conducto-
metrically measuring the amount of ions that 
diffused in water after 24 hours of initiation of 
imbibition. 
 
 

 
Figure 3. Values of electrolyte leakage of the  

sunflower seeds 
 

The recorded data (Figure 3) indicates the 
highest values for the ARMADA hybrid, 
followed by DUET and EXS7016. The lowest 
values were determined at the POKORA and 
P64LE25 hybrids. Average values were 
obtained for hybrids METEOR, DT5234, 
DT6004. The results obtained and compared 
with the germination faculty indicated a direct 
influence between the two indicators, 
corresponding to the data from the specialty 
literature (Table 1).  
Thus, in hybrids where the conductivity values 
were high, seed vigor by germinating capacity 
was reduced. Also, in the case of hybrids where 
the electrolyte leakage expressed by conduc-
tivity was low, the germination capacity was 
high. 
 

Table 1. Relationship between germination and the 
electrolyte leakage 

Hybrid Germination 
(%) 

Electrolyte 
leakage 

(µs/g/20 ml h2o) 
ARMADA 
CLEARFIELD 

31 3598.93 

METEOR 
CLEARFIELD 

87 3166.59 

DUET CLEARFIELD 67 3409.03 
DT5234 CLEARFIELD 81 3319.88 
EXS7016 82 3300.71 
DT6004 95 3046.22 
POKORA 99 3001.97 
P64LE25 97 3013.74 

 
Determination of the seed’s reserve lipids 
content  
During the germination, the mobilization of the 
organic substances, which requires an 

enzymatic biodegradation, takes place. Thus, it 
results in more simple intermediate products 
that can be transferred from the endosperm to 
the embryo, ensuring growth. Considering the 
importance of seed organic substances reflected 
in the formation of the new plant, during the 
study, the lipid content was determined for 
each of the analyzed hybrids. 
The highest lipid content was calculated for the 
DT6004 hybrid, followed by the POKORA 
hybrid at the 7.28% difference. The lowest 
content was recorded in hybrids DT5234 CL 
43.4068%, METEOR CL 45.7996%, P64LE25 
45.8924%, DUET CL 47.2989%. As for the 
POKORA and ARMADA CL hybrids, the 
recorded values exceed 50% (Figure 4). 
The lipid content determined in the 8 hybrids 
does not affect the germinative capacity 
similarly. Thus, it is noted that the DT6004 
hybrid, whose seeds have the highest lipid 
content, also has the highest 95% germination. 
At P64LE25, the lipid content was relatively 
low, of 45.8924%, but the germination capacity 
was 97%. Regarding ARMADA CL, even 
though the lipid content was not reduced 
(50.1016%), the hybrid recorded the lowest 
germination capacity, of only 32%. 
Also, the hybrids METEOR CL, DUET CL, 
DT5234 CL, EXS7016 and POKORA do not 
find that there is a direct relationship between 
lipid content and germinative faculty. 
 

 

Figure 4. Values of the seed’s content in lipids 
 
Determination of lipase activity in sunflower 
seeds  
Lipase is part of the hydrolases class, the group 
of esterases, catalysing the cleavage of the ester 
linkages between glycerol and lipid fatty acids. 
Regarding the activity of the  lipase, the 
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obtained results indicated that differences are 
caused by the characteristics of the hybrid and 
the physiological state of the seed (Table 2). 

 
Table 2. Lipase activity 

 

 
 
Hybrid 

Lipase activity   
(µmole oleic acid/min/g seeds) 

Non-
germinated 

seeds 

Seeds 
after a day of 
germination 

Seeds 
after 3 days of 
germination 

ARMADA 
CLEARFIELD 

0.2 4.6 1.15 

METEOR 
CLEARFIELD 

0.26 2.9 0.7 

DUET 
CLEARFIELD 

0.065 0.9 0.2 

DT5234 
CLEARFIELD 

0.05 0.5 0.12 

DT6004 0.75 6.8 1.5 

EXS7016 0.9 9.3 1.95 

POKORA 0.45 2.1 0.68 

P64LE25 0.47 1.9 0.62 

 
Although the seeds were kept under the same 
temperature and humidity conditions, it can be 
observed that the non-germinated seeds of the 
DT5234 hybrid followed by the DUET hybrid 
show the lowest enzyme activity. The highest 
enzyme activity was calculated in the EXS7016 
hybrid, its value being 0.9. For the other 
hybrids, values ranged between 0.2 and 0.7. 
With hydration of the seeds as a result of 
imbibition, the enzymatic activity intensifies at 
different rhythms, with high values being 
recorded in all studied hybrids.  
The highest lipase activity was determined in 
the EXS7016 hybrid, followed by the DT6004 
hybrid. It can be appreciated that, in sunflower 
seeds, the mobilization of reserve lipids is very 
rapid after only a day of germination, justifying 
the high activity of the lipase that caused the 
appearance of the rootlet.  
Three days after germination, the enzymatic 
activity decreases remarkably, approximately 4 
times, in all hybrids. The exceptions is the 
P64LE25 hybrid in which the enzyme activity 
decreases 3 times. 
 
Measurement of the rootlet length in 
sunflower seeds  
Of the total amount of hybrids analyzed for the 
rootlet extension, the hybrids DT6004 and 
POKORA have been noted (Table 3). In these, 
the growth of the rootlet on day one is 8.6 and 
8.3 mm, respectively. There is a direct 
relationship between the lipid content and the 

roolet growth. Thus, the high lipid content has 
positively influenced the prolongation of the 
rootlet in the DT6004 and POKORA hybrids. 
Noteworthy is that the DT6004 hybrid 
maintains its high growth rate on days 2 and 3 
when it records the longest length of the rootlet 
compared to the other hybrids. It is estimated 
that the growth rate is almost constant from day 
to day, being 2.1 and 2.2 times higher 
respectively. 
 

Table 3. Rootlet length (mm) 
 

Hybrid Day 1 
14.03.2018 

Day 2 
15.03.2018 

Day 3 
16.03.2018 

ARMADA 
CLEARFIELD 

3.8 9.9 26.1 

METEOR 
CLEARFIELD 

7 13.8 24.1 

DUET 
CLEARFIELD 

3 9.3 26 

DT5234 
CLEARFIELD 

5.7 13.1 32.5 

DT6004 8.6 17.9 39.3 
EXS7016 7 14.2 39.2 
POKORA 8.3 14.3 30.4 
P64LE25 4.8 10.6 26 

 
Regarding the POKORA hybrid, the growth 
rate is not constant. Thus, on the first day, the 
extension of the rootlet is comparable to that of 
the DT6004 hybrid, the growth rate decreases 
on day two and registers a new increase on the 
third day. From the analysis of the data 
obtained from the 8 studied sunflower hybrids, 
the DT6004 hybrid shows a positive 
relationship between lipid content and lipase 
activity, these indicators favorably influencing 
rootlet growth throughout the research period. 
It is also interesting to look at the EXS7016 
and DT6004 hybrids, at the relationship 
between the lipid content, the lipase activity 
and the rootlet length, as it is found that in the 
EXS7016 hybrid, although the lipid content is 
lower,the lipase activity is the highest, causing 
a rapid mobilization of the reserve lipids. Thus, 
the rootlet growth was favored. This explains 
the similar value of the rootlet length to the two 
hybrids. Within 48 hours, the length of the 
EXS7016 hybrid rose 5.6 times, from 7 mm to 
39.2 mm. 
Regarding the characterization of the 
ARMADA CL, DUET CL and P64LE25 
hybrids, it was found that the rootlet length did 
not exceed 4.8 mm on the first day. On day 
two, although the rhythm of growth is high, the 
rootlet length of these hybrids remains the 
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smallest. The next day, the growth rate remains 
constant, the rootlet stretching to 26 mm in all 
3 hybrids studied. Following the rhythm 
growth rate of all the analyzed hybrids, it is 
noted that on day two, the highest growth rate 
is recorded for DUET and the lowest for 
POKORA and METEOR hybrids. On the third 
day, in all analyzed hybrids, the growth rate 
was between 2.2 and 2.6 times, except for the 
METEOR hybrid at which the growth rate was 
the lowest, 1.75 times. Indeed, throughout the 
determinations, at the METEOR hybrid, the 
growth rate was the lowest, 1.86 times. 
Also, in the analyzed timeframe, in the case of 
the DT5234 hybrid, there is an increase of the 
radicle from 5.7 to 32.5 mm, the elongation 
being 5.7 times. Thus, it is considered that the 
rhythm of growth was the highest of all the 
analyzed hybrids. 
 
CONCLUSIONS 
 
The properties of the hybrids have influenced 
the imbibition process. Thus, the highest 
imbibition pressure was achieved at the 
POKORA hybrid, and the lowest pressure was 
recorded at the DUET and ARMADA hybrids. 
The dynamics of the germinating faculty 48 
hours after the start of the process indicated an 
increased germination capacity of 7.38 times 
for the P64LE25 hybrid, 3.59 times for the 
EXS7016 hybrid, 2.02 for the DT5234 hybrid, 
1.32 times for the the POKORA hybrid, 1.57 
times for the DT6004 hybrid and 1.95 times for 
the METEOR hybrid. At the analyzed hybrids, 
the electrolyte leakage during imbibition 
directly influences the seeds germination. The 
lipid content determined in the 8 hybrids does 
not affect the germination degree similarly, and 
the rootlet formation in sunflower seeds takes 
place 48 hours after the germination process is 
induced, which can be explained by a rapid 
mobilization and biodegradation of organic 

back-up substances under the influence of the 
increased lipase activity. 
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Abstract  
 
The growth and productivity traits of twenty local sunflower hybrids have been evaluated, during two years, under 
Moldovan environmental conditions. It has been established that yield and yield related traits of analysed combinations 
depended both on the year of observation and the genotype. Environmental conditions affected especially the number of 
leaves, number and weight of seeds per head and 1000 seeds weight. Determination of relationships between seed yield 
and some morpho-physiological parameters, such as plant height, head diameter, leaf number, number and weight of 
total and full seeds per head and 1000 seeds showed high positive correlations between some traits. The analyses of 
Pearson correlation coefficients showed that the number and weight of total and full seeds per head and the weight of 
1000 seeds had a high positive correlation with seed yield per surface unite. Also, a positive but low correlation with 
seed yield was found related the head diameter. In both years a significant positive correlation was established between 
plant height and number of leaves.  
 
Key words: plant height, head diameter, seed weight, number of achenes per head, sunflower hybrids. 
 
INTRODUCTION  
 
Helianthus annuus L. is a valuable source of 
edible vegetal oil due to its high content of oil 
(40-52%) rich in unsaturated fatty acids (83-
91%), vitamins A, D, E, K, tocopherols and 
phytosterols (Khalifa & Awad, 1997; Velasco 
et al., 2014). Consumption of sunflower oil 
leads to the reduction of LDL cholesterol in 
humans and decreases the risks of heart attack, 
having positive effects on the health (Hu et al., 
2001). Furthermore, sunflower seed cakes 
contain high concentration of proteins (35%), 
carbohydrates (18-20%) and could be used for 
animals feed (Ibrahim, 2012). According to 
Zagoul'ko et al. (2011) from one hectare of 
sunflower with a yield of 2.5 tons per hectare 
1200 kg of oil, 800 tons of cakes (300 kg of 
protein), 500 kg of husk (70 kg of yeast), 1500 
kg of sunflower heads (1000 kg of qualitative 
fodder), 25-30 kg of honey, and other useful 
bio-products could be obtained.  
Considering its economic importance and role 
in human nutrition, the sunflower has become 
the third most important oilseed crop in the 
world following soybean and rape, with the 
average of 18 million hectares sown land and 

40.0 million metric tons yield (FAOSTAT, 
2015).  
A similar trend has been revealed in the 
Republic of Moldova, where sunflower is 
grown almost on 25% of the total arable land, 
after wheat and corn, ranging from 225,000 to 
400,000 ha per year (Moroz et al., 2015). In 
recent years, the area of sunflower in Moldova 
tripled, while yields have doubled (Sunflowers 
Excel in Ukraine, Romania, Bulgaria and 
Moldova in 2017). Sunflower yields varied 
between 1.5 and 2.1 tons per hectare with an 
average yield of 1.8 t/ha. The yield is affected 
by a complex of factors, such as the 
aggravation of the phytosanitary state due to 
failure of crop rotation, simplified cultivation 
technologies, lands degradation, low quality of 
seeds, as well as unfavorable environmental 
conditions, including drought, salinity and low 
temperature stress (Kandakov et al., 2012; 
Statistical databank). The Republic of Moldova 
is ranked 15-16th in the World Sunflower Seed 
Producers Rating (FAO, 2010).  
In order to face increased consumer demand for 
high-quality sunflower seeds the effort of 
breeders are focused on obtaining of new 
highly productive hybrids, resistant to biotic 
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and abiotic factors, characterized by stable 
yield across different environments affected by 
climatic change (Mrdja et al., 2012). The main 
goals of sunflower breeding programs are: the 
yield over 4 t/ha, the husk share lower than 
25%, more than 50% fat content in the seed, 
higher contents of healthy fatty acids, mostly 
oleic acid (Škorić, 1989; Kocjan Acko, 2008). 
Considering that seeds productivity and quality 
are greatly influenced by genotype, 
environment and their interaction the creation 
of new sunflower hybrids requires testing of 
breeding materials (Mrdja et al., 2012; Cerny et 
al., 2013). Plant phenology, crop growth 
period, as well as yield, oil and fatty acid 
accumulation is influenced by temperature, 
humidity, light levels and other environmental 
factors (Kaleem et al., 2010). There are many 
studies consisting in the evaluation of 
agronomic traits of different commercial or 
experimental sunflower hybrids in field 
conditions (Ullah et al., 2018; Ruzdik et al., 
2015). Plant height, head diameter, number of 
seeds per plant and 1000 seeds weight are the 
main important parameters that determine yield 
improvement in sunflower (Kaya, 2015).  
It is of great importance to know the 
relationships between yield contributing 
characters. Yield components, total leaf area, 
plant height, total seed per head and 1000 seeds 
weight were found to correlate with seed yield 
per plant (Hladni et al., 2004; 2010). Behradfar 
et al. (2009) reported that seed yield was 
positively associated with 1000 seeds weight 
and total seed number per head. According to 
Škorić (2012) the head diameter influences the 
number of seeds per head and represents a very 
important trait in the sunflower seed yield 
structure. A positive and important 
interdependence was determined among 
morpho-physiological traits like total leaf area, 
plant height, head diameter, mass of 1000 seeds 
and total number of seeds per head with seed 
yield and oil yield (Hladni et al., 2008; 2010) 
The aim of this study was to evaluate, in two 
years, the growth and productivity of new 
sunflower hybrids grown under Moldovan 
environmental conditions in order to provide an 
insight into the effects of some weather 
parameters on productivity and identify the 
more stable genotypes. 

MATERIALS AND METHODS  
 
For the study were used 20 experimental 
sunflower hybrids created by the Company 
AMG-Agroselect Comert, Republic of 
Moldova (noted conventionally HM1-HM20). 
The experiment was performed during the 
growing seasons 2017 and 2018 in the field of 
AMG-Agroselect Comert Company, in Soroca 
district, Republic of Moldova, using the same 
growing technology in both years. The 
experimental field is located on the first 
terraces of the right bank of the Nistru River, at 
an altitude ranging from 53 to 77 m above sea 
level.  
The trial design was randomized blocks with 
three replications. Each experimental plot 
consisted of 6 rows. The seeds were sown 
manually at a spacing of 0.35 m between plants 
and 0.70 m between the rows. 
Plant height, head diameter, leaf number, 
number and weight of total and full seeds per 
head and 1000 seeds weight were established. 
At the stage of physiological maturity, ten 
plants were randomly selected from each 
replication and their height was measured from 
ground level to the top edge of the head and 
then their average was calculated. The head 
diameter was determined by measurements 
made for 10 plants in each block and 
repetitions in the field and calculation of 
average. Number of seeds per head was 
recorded from ten plants taken randomly from 
each replication and then their average was 
calculated.  
To obtain thousand seed weight, 100 seeds 
taken randomly from each plot and replications 
were weighted using an electronic balance with 
an accuracy of 0.001 g and then multiplied by 
10. Seed yield was measured separately from 
each plot and expressed as kg per hectare.  
The meteorological data, monthly precipitation 
and daily temperature, as well as multiannual 
monthly average, were obtained from State 
Hydrometeorological Service of the Republic 
of Moldova.  
To determine the relationships among the 
analysed traits the Pearson correlation 
coefficient between morphological characters 
(plant height, number of leafs, head diameter) 
and yield were obtained. 
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RESULTS AND DISCUSSIONS  
 
The effect of the year on the sunflower yield 
differed due to different environmental 
conditions, such as soil or/and weather. 
According to Mijić et al. (2012) and Liović et 
al. (2006) rainfall and temperature are both 
important before and during the vegetation 
period, contributing to the replenishing of water 
reserves of soils or directly influencing the 
vegetative and generative development and, 
respectively, yield in sunflower. In order to 

study the influence of the year on sunflower 
yield and yield related parameters, the 
temperatures and rainfall amounts in 2017 and 
2018 growing seasons were evaluated (Figures 
1 and 2). The average annual temperature in 
2017 growing season was 11.8°C, with lows of         
-5.1°C in January and highs of 22.5°C in 
August. In 2018 the average temperature was 
11.5°C, with minimal value of -2.7°C in 
February and maximum 21.6°C in August 
(Figures 1a, 2a). 

 

 

 

a. b. 
Figure 1. Average monthly temperatures (a) and amount of precipitations (b) for the growing  

season 2017 and multianual data 

Generally, in both growing seasons the average 
temperature was higher by 1.3-1.6ºC compared 
to previous years, with increased temperatures, 
especially in summer months throughout the 
generative phase of sunflower. The average 
temperature in winter was -2.6ºC analogic with 
the multiannual data of -2.8ºC in 2017 and 
higher (-0.7ºC) in 2018.  
Spring was characterised as warm with an 
average temperature of 11.0°C in both analyzed 
years exceeding the multiannual average by 
2.2°C. In the summer, temperature was higher 
compared to previous years, with average 
values of 21.2ºC and 20.9ºC per season, 
respectively in 2017 and 2018, by 1.6-1.9ºC 
higher than the multiannual average. As 
described above, temperature values in both 
agricultural years are similar. 
Most often precipitation comes in the form of 
rain, with an average of about 419.4 mm in 
2017 and 307.5 mm in 2018 gowing season, 
being 8.6 mm and, respectively, 120.5 mm 
lower than multiannual data (Figures 1b, 2b). 

Spring (April, May) and summer (June, 
August) months were characterized by a 
humidity deficiency, lower by 25-51.77 then 
the multiannual monthly average. 
The analysis of some agro-morphological traits 
of new sunflower hybrids developed by the 
local company AMG-Agroselect Comert, in the 
experimental field, during 2017 and 2018 
seasons, revealed that growth and yield 
parameters varied significantly. Since the 
genotypes were grown in the same field 
environment, applying similar agronomic 
practices, the difference in plant height, number 
of leaves, head diameter, seed number and seed 
weight per head, 1000 seeds weight, as well as 
seed yield of analyzed sunflower hybrids, in 
one year of investigation, could be explain by 
their different genetic potential and the 
differences in both years are additionally 
determined by deferentiated weather 
conditions.  
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a. b. 
Figure 2. Average monthly temperatures (a) and amount of precipitations (b) for the growing  

season 2018 and multianual data 

As shown in figures 3-9, for the majority of 
hybrids the values of yield and yield related 
traits were lower in 2018 compared to 2017. 
Considering that plants have been cultivated in 
relatively similar conditions, excepting the 
quantity of precipitation received, which was 
lower during 2018 vegetation period          
(146.1 mm) comparative to 2017 (270.6 mm), 
the decrease of analysed parameters could be 
mainly attributed to the inadequate water 
supply.  
 

 
Figure 3. Plant height (cm) of twenty sunflower hybrids 

during two experimental periods (2017 and 2018) 

The same findings were obtained by Yegappan 
et al. (1982) who reported that hydric stress 
significantly reduced number of leaf, head 
diameter, leaf area, weight of 1000 grains and 
grain yield. Ðukić et al. (2011) stated that 
amount of precipitation and temperature 
conditions during the growing season are 
important limiting factors of yield levels and 
1000 seeds weight. 
Regarding the plant height, the values ranged 
between 132-178 cm in 2017 and 125-170 cm 

in 2018. The hybrids HM3, HM4 and HM13 
were the tallest among tested genotypes, with 
the height of 171 to 178 cm in 2017, excepting 
HM3, the same hybrids were the tallest in 
2018.  
Compared to the tallest genotypes, the hybrids 
HM2, HM7 and HM18 were the lowest in 2017 
with average height of 132 cm to 143 cm and 
HM2, HM6 and HM12 presented the minimal 
values (125-133 cm) in 2018. Plant height of a 
crop is the function of the combined effects of 
genetic makeup and the environment 
(Gvozdenović et al., 2005). Thus, different 
values in sunflower hybrids growing in 
identical field environments could be explained 
by their different genetic makeup. Marinkovic 
(1992) reported that plant height had a positive 
effect on seed yield. In our studies, no 
significant (p<0.01 or 0.05) correlations 
between plant height and seeds yield have been 
established (Table 1), the data being in 
accordance with those obtained by 
Papatheohari et al. (2016). 
As shown in table 1, in both years a significant 
positive correlation, 0.5637 and 0.7074, in 
2017 and 2018, respectively, were found 
between plant height and number of leaves. 
Divergent to the results of Hladni et al. (2010) 
and Khan et al. (2018), who reported a strong 
positive correlation of total leaf number per 
plant with the sunflower yield and seed oil 
content, in the present study, no significant 
correlations between the number of leaves and 
yield traits have been observed. According to 
the data, the highest leaves number (35 in 
2017) was observed in HM4, one of the tallest 
hybrids and the least number of leaves (25 in 

-10

-5

0

5

10

15

20

25

I II III IV V VI VII VIII IX

T
em

pe
ra

tu
re

, º
C

 
Multiannual average Monthly average

0

20

40

60

80

100

I II III IV V VI VII VIII IX

Pr
ec

ip
ita

tio
ns

, m
m

 

Multiannual average Monthly average

0
20
40
60
80

100
120
140
160
180
200

H
M

-1
H

M
-2

H
M

-3
H

M
-4

H
M

-5
H

M
-6

H
M

-7
H

M
-8

H
M

-9
H

M
-1

0
H

M
-1

1
H

M
-1

2
H

M
-1

3
H

M
-1

4
H

M
-1

5
H

M
-1

6
H

M
-1

7
H

M
-1

8
H

M
-1

9
H

M
-2

0

Pl
an

t h
ei

gh
t, 

cm
 

Sunflower hybrids 

2017 2018



252

 

2017 and 18 in 2018) was sighted in HM18 and 
HM6, respectively, which were the smallest 
hybrids (Figure 4).  
 

 
Figure 4. Number of leaves of twenty sunflower hybrids 

during two experimental periods (2017 and 2018) 

The number of leaves per plant was 
significantly lower (by around 20-40%) in 2018 
comparative to 2017 and may be due to a low 
quantity of rainfall during vegetation period. 
Obtained data are in agreement with the fact 
that plants under water deficit have reduced 
leaf growth, by the diminution of leaf number 
and/or reduction of area of individual leaves 
(Pereyra-Irujo et al., 2008). 

Another important trait in the sunflower seed 
yield structure is the size of the head diameter, 
which influences the number of flowers and 
seeds per head and directly affects the seed 
yield per plant (Balalic et al., 2016). Data 
shown in Figure 5 revealed significant 
differences among head diameter of various 
sunflower hybrids. In the first analysed year, 
the largest head 24 cm was recorded in HM7, 
followed by HM1, HM4 and HM10. 
 

 
Figure 5. Head diameter (cm) of twenty sunflower 

hybrids during two experimental periods  
(2017 and 2018)

 

Table 1. Pearson correlation coefficients between some morpho-physiological traits and yield parameters  
in twenty sunflower hybrids  

Traits X2 X3 X4 X5 X6 X7 X8 X9 
2017 

X1 0.5637* -0.1539ns -0.1336ns -0.1055ns -0.3263ns -0.3414ns -0.1617ns -0.0762ns 

X2 - 0.1568ns -0.0147ns -0.0196ns -0.1963ns -0.2029 ns -0.1112ns -0.1175ns 

X3 - - 0.4871** 0.5415* 0.7290* 0.7188* 0.6350* 0.4546** 
X4 - - - 0.9719* 0.5058** 0.5074** 0.3305ns 0.5708* 

X5 - - - - 0.5905** 0.5532* 0.4180ns 0.6145* 
X6 - - - - - 0.9978* 0.6414* 0.5387** 
X7 - - - - - - 0.6340* 0.5285** 
X8 - - - - - - - 0.7482* 

2018 
X1 0.7074* 0.1287ns 0.1513ns 0.2748ns -0.0043ns -0.0276ns -0.0728ns -0.0498 ns 
X2 - 0.3661ns 0.3845ns 0.3881ns 0.1803ns 0.1824ns 0.0410ns 0.3243ns 
X3 - - 0.5135** 0.5620* 0.8338* 0.7931* 0.6473** 0.3822** 
X4 - - - 0.8257* 0.4642** 0.4231** -0.0467 ns 0.2262ns 
X5 - - - - 0.6596* 0.6886* 0.1330ns 0.5397* 
X6 - - - - - 0.9884* 0.7915* 0.6117* 
X7 - - - - - - 0.7675* 0.6685* 
X8 - - - - - - - 0.4997** 

X1 - Plant height (cm) 
X2 - Total leaf number per plant 
X3 - Head diameter (cm) 
X4 - Total seed number per head (g) 
X5 - Full seed number per head (g) 

X6 - Weight of total seed per head (g) 
X7 - Weight of full seed per head (g) 
X8 - Weight of 1000 seeds (g) 
X9 - Yield (kg/ha) 
 

* F test for significance at level P<0.01; ** F test for significance at level P<0.05 ; ns - not significantly different 
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The shortest head diameter (19 cm) was 
observed in hybrid HM20. In second year the 
maximal value (24 cm) has been sighted at 
HM3, followed by HM8 and HM1 and the 
lowest at HM6 (18 cm). Obtained data 
confirms the findings that sunflower head 
diameter depend on genotype and 
environmental conditions, as well as interaction 
between these factors (Hladni et al., 2014; 
Moisa & Smit, 2014). Diameter values are 
higher comparative to those reported by other 
authors (Iqrasan et al., 2017; Khan et al., 2018; 
Balalic et al., 2016) and could be considered as 
intermediate (ranged between 20-25 cm).  
Similar with the results reported by many 
authors (Hladni et al., 2004; 2008; 2010; Kaya 
et al., 2009; Killi & Tekeli, 2016; 
Gvozdenović, 2005), significant positive 

correlations between head diameter and seed 
yield related traits have been found (Table 1).  
Thus, head diameter highly correlates with the 
number of total and full seeds per head (r = 
0,4871** and 0,5415* in 2017, respectively, 
0,5135** and 0,5620* in 2018), weight of total 
and full seeds per head (r = 0,7290* and 
0,7188* in first analysed year and r = 0,8338*; 
r = 0,7931* in second year), as well as 1000-
seed weight (r = 0,6350* in 2017 and r = 
0,6473** in 2018). 
The highest number of total and full seeds per 
head in both analysed years was showed by the 
hybrid HM14, followed by HM3, HM4, HM1, 
HM9 and HM18, the last three genotypes also 
indicating the higher value of weight of seeds 
per head. In 2018 growing season, the 
maximum was found in HM15 (Figure 6). 

 

 

a. b. 
Figure 6. Number of total (a) and full (b) seeds per head of twenty sunflower hybrids during the two 

 experimental periods (2017 and 2018) 
 

The lowest number of achenes per head and 
one of the minimal values of seeds weight were 
characteristic for HM2 in 2017 and HM16 in 
2018 (Figure 7).  
Number and weight of seeds per head were 
significantly lower in 2018 comparative to 
2017. This fact may be due to lower water 
supply and correspond with the findings of 
Stanojević and Dragović (1988) which 
observed significant reductions in flower 
number and, respectively, seeds number in the 
presence of water deficit at budding or 
flowering stage.  
In both experimental years, the analysis of the 
Pearson correlation coefficients has indicated 
very high positive correlations between these 
traits and seed yield (kg/ha). Thus, high 

correlations existed between the number of full 
seeds (0.6145* in 2017 and 0.5397* in 2018, 
respectively), as well as weight of total 
(0.5387** and 0.6117*) and full seeds 
(0.5285** and 0.6685*) and yield. Similarly, 
high positive correlations among mentioned 
traits and yield per plant have been reported by 
Hladni et al. (2010). Goksoy and Turan (2007) 
observed a very high positive correlation (r = 
0.890**) between seed yield and number of 
seeds per head. 
According to Škorić (1989) 1000-seed weight 
has an indirect effect on the quality of the seeds 
to be produced as well seed yield per unit area. 
Obtained data has shown that the average value 
of 1000 seeds weight of all hybrids was 69.12 g 
in 2017 and 52.4 g in 2018, being by 24% 

0

500

1000

1500

2000

2500

H
M

-1
H

M
-2

H
M

-3
H

M
-4

H
M

-5
H

M
-6

H
M

-7
H

M
-8

H
M

-9
H

M
-1

0
H

M
-1

1
H

M
-1

2
H

M
-1

3
H

M
-1

4
H

M
-1

5
H

M
-1

6
H

M
-1

7
H

M
-1

8
H

M
-1

9
H

M
-2

0

T
ot

al
 se

ed
s p

er
 h

ea
d 

Sunflower hybrids 

2017 2018

0
200
400
600
800

1000
1200
1400
1600
1800
2000

H
M

-1
H

M
-2

H
M

-3
H

M
-4

H
M

-5
H

M
-6

H
M

-7
H

M
-8

H
M

-9
H

M
-1

0
H

M
-1

1
H

M
-1

2
H

M
-1

3
H

M
-1

4
H

M
-1

5
H

M
-1

6
H

M
-1

7
H

M
-1

8
H

M
-1

9
H

M
-2

0

Fu
ll 

 se
ed

s  
pe

r 
he

ad
 

Sunflower hybrids 

2017 2018



254

 

lower. High number of 1000 seeds weight in 
both years was noticed in HM7 (84.9 g and 
59.48 g, respectively), HM1 (83.7 g and 76.45 
g, respectively), HM3 (78.5 g and 70.04 g, 
respectively) and HM4 (77.6 g and 63.21 g, 

respectively), while the lowest value of 1000 
seeds weight (50.7 g) was noticed in HM11 in 
2017 and HM18 (0.39 g) in 2018 (Figure 8). 
The results are in agreement with those 
reported by Ibrahim (2012). 

 

 

a. b. 
Figure 7. Weight of total (a) and full (b) seeds per head of twenty sunflower hybrids during the two 

 experimental periods (2017 and 2018) 
 

The value of 1000 seeds weight varied 
significantly among the hybrids and years of 
study, being greatly influenced by the last 
factor. Thus, in the second year, this parameter 
decreased by 38-42% in the case of HM16 and 
HM18, significantly affecting the seed yields 
(by 46.4% and 21.5%, respectively). Data is in 
agreement with the findings of Radic et al. 
(2013), according to which 1000-seed weight 
depends first and foremost on the year of study 
and the hybrid.  

Figure 8. 1000 seeds weight (g) of twenty sunflower 
hybrids during two experimental periods 

(2017 and 2018) 

Similar with the results reported by numerous 
authors (Hladni et al., 2004; 2010; Behradfar 

et al., 2009; Kaya, 2015) this parameter highly 
correlates with seed yield. Thus, the Pearson 
correlation analysis showed significant 
(p<0.01 or 0.05) positive correlation 
(r=0.7482* in 2017 and 0.4997* in 2018) of 
1000 seeds weight with seeds yield.  
The seed yield in 2017 growing season varied 
between 2139.1-3152.9 kg/ha, with an average 
value of 2743.5 kg/ha (Figure 9).  
 

 
Figure 9. Seeds yield (kg/ha) of twenty sunflower 

hybrids during two experimental periods  
(2017 and 2018) 

The highest value for seed yield was 
established in HM19 (3152.9 kg/ha) followed 
by HM3 (3122.7 kg/ha) and other hybrids, 
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such as HM7, HM10, HM14 and HM1 with 
the value ranged among 2912.5-3096.9 kg/ha. 
The minimal yield observed at hybrid HM11 
(2139.1 kg/ha).  
In 2018 seed yield was lower for the majority 
of hybrids, with values between 1474-3202 
kg/ha, with average value of 2442.5 kg/ha. The 
sunflower hybrid HM9 showed the maximum 
yield, even 17% higher than in previous year. 
The most affected hybrids were HM16 and 
HM1, which produced the minimal yield 
values, by around 50% lower than in 2017 
growing season. In the majority of cases the 
diminution of seeds yield was insignificant. 
Thus, the hybrid combinations HM1, HM2, 
HM4, HM6-HM9 and HM11-HM15 showed 
stable yield values. 
 
CONCLUSIONS 
 
The results of the study of twenty sunflower 
hybrids grown under Moldovan environmental 
conditions, during two years, indicated that the 
growth and productivity of combinations 
depended both on the year of observation and 
the genotype. A stable seeds yield was obtained 
in HM1, HM2, HM4, HM6-HM9 and HM11-
HM15 sunflower hybrids. Mentioned hybrids 
shown similar values in both years, even the 
2018 growing season is characterized by a 
significant lower rainfall quantity. The number 
of leaves per plant was the most affected by 
environmental conditions trait, this finding 
being in agreement with the fact that plants 
under water deficit reduce leaf growth. Also, 
yield related traits, such as number and weight 
of seeds per head and 1000 seeds weight, were 
significantly influenced by the unfavourable 
environmental conditions. Thus, in the second 
year, these parameters have been decreased by 
21-45% for all analysed hybrids.  
Determination of relationships between seed 
yield and some morpho-physiological 
parameters, such as plant height, head diameter, 
leaf number, number and weight of total and 
full seeds per head and 1000 seeds showed high 
positive correlations between some of traits. 
Analyses of Pearson correlation coefficients 
indicated that the number and weight of total 
and full seeds per head and the weight of 1000 
seeds had a high positive correlation with seed 
yield per surface unite. Also, a positive but low 

correlation with seed yield was found related 
the head diameter. In both years a significant 
positive correlation were established between 
plant height and number of leaves. 
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Abstract 
 
The research was conducted during 2012 - 2014. Under investigation was cycloxydim tolerant maize hybrid Ultrafox 
duo (Zea mays L.). Factor A included no treated check and 3 soil-applied herbicides - Adengo 465 SC, Wing P and 
Lumax 538 SC. Factor В included no treated check and 5 foliar-applied herbicides - Stellar 210 SL, Principal plus, 
Ventum WG, Monsun active and Laudis OD. In addition to these variants by conventional technology for maize 
growing, in the experience is included one variant by Duo system technology. It includes soil-applied herbicide Merlin 
flex 480 SC and tank mixture of antigraminaceous herbicide Focus ultra + antibroadleaved herbicide Kalam. 
Combinations between soil-applied herbicides Adengo, Wing and Lumax and vegetation-applied herbicides Stellar, 
Principal plus, Ventum, Monsun active and Laudis by conventional technology, have very high efficacy against annual 
graminaceous weeds and against Sorghum halepense Pers. from seeds and rhizomes, medium efficacy against 
Agropyrum repens L. and not efficacy against Cynodon dactylon Pers. Herbicide combination between soil-applied 
herbicide Merlin flex and tank herbicide mixture Focus ultra + Kalam by Duo system technology have very high 
efficacy against perennial weeds Cynodon dactylon Pers. and Agropyrum repens L. Herbicide Wing is inefficacy 
against of ClearField and ExpressSun sunflower self-sown plants  in maize crops. Herbicide combination of soil-
applied herbicide Merlin flex with tank mixture Focus ultra + Kalam by Duo system technology lead to obtaining of 
high grain yield. High yields of maize grain also are obtained by herbicide combinations Lumax + Principal plus, 
Lumax + Laudis and Wing + Principal plus. Alone application of herbicides leads to lower yields due to must to 
combine soil-applied with foliar-applied herbicides for full control of weeds in maize crops. 
 
Key words: grain maize, herbicides, herbicide combinations, efficacy, selectivity, grain yield. 
 
INTRODUCTION 
 
Weeds are one of the main limiting factors for 
maize production (Vancetovic et al., 2010; 
Dragičević et al., 2012). The main species 
weeding maize crops are the group of late 
spring weeds. When growing cool-resisting 
maize hybrids weed infestation is changed and 
serious competitors and also early spring weeds 
that are typical for sunflower fields (Sinzar еt 
al., 1998; Michel, 2001; Delchev, 2018). 
From an economic and ecological view point, 
the combination of the chemical and 
mechanical controls of weeds is very positive. 
Limiting soil tillage on mechanical weed 
control reduces the risk of soil erosion, 
especially in hilly areas and decreasing 
herbicide treatments reduces the risk of 
contamination of soil and water (Dawoud et al., 
2006; Moteva & Stoyanova, 2008; Pajić et al., 
2009; Stoyanova & Gospodinov, 2009; 
Korpanov et al., 2010). 

The use of herbicides in the early stages of 
maize development is essential for high yield 
production (Kees & Lutz, 1991). In 
conventional technology for grain maize 
growing there are unsolved problems of control 
of some perennial graminaceous weeds such as 
Cynodon dactylon Pers. and Agropyron repens 
L., which necessitated the introduction of the 
new Duo system technology for maize growing 
(Jovovic et al., 1999; Asadi et al., 2009). 
The purpose of this investigation was to 
establish the efficacy and selectivity of some 
herbicides and herbicide combinations on the 
grain maize by influence of different 
meteorological conditions. 
 
MATERIALS AND METHODS 
 
The research was conducted during 2012-2014 
with the cycloxydim tolerant maize hybrid 
Ultrafox duo (Zea mays L.). It was carried out a 
two factors field experiment as a block method 
in 4 repetitions, on a 20 m2 harvesting area, on 

Scientific Papers. Series A. Agronomy, Vol. LXII, No. 1, 2019
ISSN 2285-5785; ISSN CD-ROM 2285-5793; ISSN Online 2285-5807; ISSN-L 2285-5785
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pellic vertisol soil type, after durum wheat 
predecessor. Factor A included no treated 
check and 3 soil-applied herbicides - Adengo 
465 SC, Wing P and Lumax. Factor В included 
no treated check and 5 foliar-applied herbicides 
- Stellar 210 SL, Principal plus, Ventum WG 
(foramsulfuron + iodosulfuron) - 150 g/ha, 
Monsun active and Laudis OD. In addition to 
these variants by conventional technology for 

maize growing, in the experience is included 
one variant by Duo system technology. It 
includes soil-applied herbicide Merlin flex 480 
SC and tank mixture of antigraminaceous 
herbicide Focus ultra + anti-broadleaved 
herbicide Kalam. The active substances and 
doses of the investigated herbicides are given 
in Table 1. 

 
Table 1. Investigated variants 

№ Variants Active substance Doses 
Conventional technology 

After sowing, before emergence 

1 Check - - 

2 Adengo 465 SC isoxaflutol + tiencarbazon 440 ml/ha 

3 Wing P pendimethalin + dimethenamid  4 l/ha 

4 Lumax 538 SC S-metolachlor + terbuthylazine + mesotrione 4 l/ha 

5 - 7 leaf stage 

1 Check - - 

2 Stellar 210 SL topramezon + dicamba 1 l/ha 

3 Principal plus nicosulfuron + rimsulfuron + dicamba 380 g/ha 

4 Ventum WG foramsulfuron + iodosulfuron 150 g/ha 

5 Monsun active OD foramsulfuron + tiencarbazon 1.5 l/ha 

6 Laudis OD Tembotrione 2 l/ha 

Duo system technology 
After sowing, before emergence 

1 Merlin flex 480 SC Isoxaflutole 420 g/ha 

5 - 7 leaf stage 

2 Focus ultra + 
Kalam 

cycloxydim 
tritosulfuron + dicamba 

2 l/ha 
300 g/ha 

Herbicides Stellar 210 SL and Kalam they were used in addition with adjuvant Dash HC - 1 l/ha, 
herbicide Principal plus - with adjuvant Trend - 0.2% 
and herbicide Ventum WG - with adjuvant Mero 80 EC - 2 l/ha. 
 
Soil-applied herbicides were treated during the 
period after sowing before emergence. Foliar-
applied herbicides were treated during 5-7 leaf 
stage of the maize. All of herbicides and 
herbicide combinations were applied in a 
working solution of 200 l/ha. Due to of low 
adhesion of the herbicides Stellar 210 SL and 
Kalam they were used in addition with 
adjuvant Dash HC - 1 l/ha, herbicide Principal 

plus - with adjuvant Trend - 0.2% and 
herbicide Ventum WG - with adjuvant Mero 80 
EC - 2 l/ha. 
It was investigated efficacy and selectivity of 
herbicides and their tank mixtures. It was 
established their influence on grain yield. 
Efficacy of herbicides against weeds and self-
sown plants of sunflower was appointed 
according to 100% scale of EWRS (European 
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Weed Research Society). Selectivity of 
herbicides to maize plants was followed 
according to the 9-rate scale of EWRS (rating 1 
- without damages, rating 9 - crop is 
completely destroyed). The mathematical 
processing is done with analysis of variance 
method. 
 
RESULTS AND DISCUSSIONS 
 
Dominant weeds that determine secondary 
weed infestation in the experiment field are late 
spring annual broadleaved species Xanthium 
strumarium L., Amaranthus retroflexus L., 
Amaranthus albus L., Chenopodium album L., 
Solanum nigrum L., Datura stramonium L., 
Polygonum aviculare L., Abutilon teophrasti 
Medic., Portulaca oleracea L., in a small 
amount Amaranthus blifoides W., Polygonum 
aviculare L., Hibiscum trionum L., Tribulus 
terrestris L. Early spring annual broadleaved 
species are mainly Sinapis arvensis L. and 
Falopia convolvulus Leve. 
Annual graminaceous weeds are represented by 
Echinochloa crus-galli L., Panicum sanguinale 
L., Setaria viridis Beauv., Setaria glauca 
Beauv. As single plants is established 
Echinochloa coarctata Vas. and Setaria 
verticilata Beauv. 
Perennial species in experiment are 
broadleaved weeds, Cirsium arvense Scop. and 
Convolvulus arvensis L., and graminaceous 
weeds, Sorghum halepense Pers., Cynodon 
dactylon Pers. and less frequently Agropyrum 
repens L. 
Self-sown plants of sunflower (Helianthus 
annuus L.) are from sunflower was grown two 
years ago as predecessor. In the previous year, 
before the maize was grown durum wheat 
(Triticum durum Desf.). 
Soil-applied herbicides Adengo, Wing and 
Lumax applied during the period after sowing 
before germination are inefficacy against 
perennial broadleaved weeds, Cirsium arvense 
Scop. and Convolvulus arvensis L. (Table 2). 
These herbicides have very high efficacy 
against late spring annual broadleaved weeds - 
Amaranthus retroflexus L., Amaranthus albus 
L., Chenopodium album L., Solanum nigrum 
L., Datura stramonium L., Abutilon teophrasti 
Medic., Portulaca oleracea L., Polygonum 

aviculare L., Hibiscum trionum L. et al. 
Adengo and Wing are inefficacy against 
Xanthium strumarium L. only and Lumax 
control this weed of 80%. Wing is less 
effective against Sinapis arvensis L. and 
Chenopodium album L. - controls them, 
respective of 90% and 93%. 
Foliar-applied herbicides Principal plus and 
Laudis, applied during 4-8 leaf of maize have 
very high efficacy against perennial 
broadleaved weeds Cirsium arvense Scop. and 
Convolvulus arvensis L. Herbicides Ventum 
and Monsun active control of 100% Cirsium 
arvense Scop. but their efficacy against 
Convolvulus arvensis L. is weaker - 95%. It 
may be explained by the later emergence of 
Convolvulus arvensis L. in which a part of its 
later germinated shoots remain unsprayed with 
herbicide solution. Herbicide Stellar have 
weaker efficacy against perennial broadleaved 
weeds - 95% against Cirsium arvense Scop. 
and 90% against Convolvulus arvensis L. 
Foliar-applied herbicides Stellar, Principal plus, 
Ventum, Monsun active and Laudis and their 
combinations control successfully all annual 
broadleaved weeds. 
Self-sown plants of ClearField and ExpressSun 
sunflower are controlled successfully by soil-
applied herbicides Adengo and Lumax and 
foliar-applied herbicides Stellar, Ventum, 
Monsun active and Laudis. Foliar-applied 
herbicide Principal plus has weaker efficacy 
against these self-sown plant - control them of 
97%, but this percent is sufficient for their 
efficacy control. Soil-applied herbicide Wing is 
inefficacy against these self-sown plants. 
The initial effect of herbicide Monsun active 
against self-sown plants of ClearField and 
ExpressSun sunflower is weaker. They die 
slower compared with other herbicides and 
herbicide combinations. Part sunflower self-
sown plants not die immediately after treatment 
with this herbicide. Usually these are those 
volunteer who are in rows between the maize 
plants. They absorb less herbicide solution 
because they are partially covered by leaves of 
maize. These self-sown plants in all cases are 
highly depressed in their development. They 
remain under the maize plants, some of them 
later died, while other 
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Table 2. Efficacy of some herbicides and herbicide combinations against broadleaved weeds and self-sown plants at 
maize according to the 100% visual scale of EWRS (mean 2012-2014) 

Herbicides Weeds 
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Conventional technology 

- 

- 0 0 0 0 0 0 0 0 
Stellar – 1 l/ha 95 90 100 100 100 100 100 100 

Principal plus – 380 g/ha 100 100 100 100 100 100 100 97 

Ventum – 150 g/ha 100 95 100 100 100 100 100 100 

Monsun active – 1.5 l/ha 100 95 100 100 100 100 100 100 

Laudis – 2 l/ha 100 100 100 100 100 100 100 100 

Adengo – 
440 ml/ha 

- 0 0 0 100 100 100 100 100 
Stellar – 1 l/ha 95 90 100 100 100 100 100 100 

Principal plus – 380 g/ha 100 100 100 100 100 100 100 100 

Ventum – 150 g/ha 100 95 100 100 100 100 100 100 

Monsun active – 1.5 l/ha 100 95 100 100 100 100 100 100 

Laudis – 2 l/ha 100 100 100 100 100 100 100 100 

Wing – 
4 l/ha 
 

- 0 0 0 100 93 100 90 0 

Stellar – 1 l/ha 95 90 100 100 100 100 100 100 

Principal plus – 380 g/ha 100 100 100 100 100 100 100 100 

Ventum – 150 g/ha 100 95 100 100 100 100 100 100 

Monsun active – 1.5 l/ha 100 95 100 100 100 100 100 100 

Laudis – 2 l/ha 100 100 100 100 100 100 100 100 

Lumax  – 
4 l/ha 

- 0 0 80 100 100 100 100 100 
Stellar – 1 l/ha 95 90 100 100 100 100 100 100 

Principal plus – 380 g/ha 100 100 100 100 100 100 100 100 

Ventum – 150 g/ha 100 95 100 100 100 100 100 100 

Monsun active – 1.5 l/ha 100 95 100 100 100 100 100 100 

Laudis – 2 l/ha 100 100 100 100 100 100 100 100 
Duo system technology 

Merlin flex 
– 
420 g/ha 

Focus ultra – 2 l/ha + 
Kalam – 300 g/ha 100 100 100 100 100 100 100 100 

* - self-sown plants  of ClearField and ExpressSun sunflower 
 
ones remained alive, but poorly developed and 
practically no influenced on the value of maize 
grain yield 
Herbicide combination by Duo system 
technology between soil-applied herbicide 

Merlin flex applied during after sowing before 
emergence, and tank herbicide mixture Focus 
ultra + Kalam applied during 5-7 leaf stage, 
control successfully of 100% all annual and 
perennial broadleaved weeds in fields of 
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cycloxydim tolerant maize. This combination 
has very high efficacy against self-sown plants 
of ClearField and ExpressSun sunflower. 
Soil-applied herbicides Adengo, Wing and 
Lumax have very high efficacy against all 

existing in the trial annual graminaceous weeds 
- Echinochloa crus-galli L., Panicum 
sanguinale L., Setaria viridis Beauv., Setaria 
glauca Beauv. (Table 3). 

 
Table 3. Efficacy of some herbicides and herbicide combinations against graminaceous weeds at maize according to the 

100% visual scale of EWRS and selectivity according to the 9-rate scale of EWRS (mean 2012-2014) 

Herbicides Weeds 
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applied Foliar-applied 
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Conventional technology 

- 

- 0 0 0 0 0 0 0 1 
Stellar – 1 l/ha 100* 0 0 100 100 100 100 1 

Principal plus – 380 g/ha 100 0 85 100 100 100 100 1 

Ventum – 150 g/ha 100 0 85 90 98 100 90 1 

Monsun active – 1.5 l/ha 100 0 75 95 98 100 95 1 

Laudis – 2 l/ha 82 0 70 100 100 100 100 1 

Adengo – 
440 ml/ha 

- 100* 0 0 100 100 100 100 1 
Stellar – 1 l/ha 100* 0 0 100 100 100 100 1 

Principal plus – 380 g/ha 100 0 85 100 100 100 100 1 

Ventum – 150 g/ha 100 0 85 100 100 100 100 1 

Monsun active – 1.5 l/ha 100 0 75 100 100 100 100 1 

Laudis – 2 l/ha 82 0 70 100 100 100 100 1 

Wing – 
4 l/ha 
 

- 96* 0 0 100 100 100 100 1 

Stellar – 1 l/ha 100* 0 0 100 100 100 100 1 

Principal plus – 380 g/ha 100 0 85 100 100 100 100 1 

Ventum – 150 g/ha 100 0 85 100 100 100 100 1 

Monsun active – 1.5 l/ha 100 0 75 100 100 100 100 1 

Laudis – 2 l/ha 82 0 70 100 100 100 100 1 

Lumax  – 
4 l/ha 

- 80* 0 0 100 100 100 100 1 
Stellar – 1 l/ha 100* 0 0 100 100 100 100 1 

Principal plus – 380 g/ha 100 0 85 100 100 100 100 1 

Ventum – 150 g/ha 100 0 85 100 100 100 100 1 

Monsun active – 1.5 l/ha 100 0 75 100 100 100 100 1 

Laudis – 2 l/ha 82 0 70 100 100 100 100 1 
Duo system technology 

Merlin flex 
– 
420 g/ha 

Focus ultra – 2 l/ha + 
Kalam – 300 g/ha 100 100 100 100 100 100 100 1 

* - against Sorgum helepense Pers. from seeds only 
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These three herbicides are inefficacy against 
perennial graminaceous weeds - Sorghum 
helepense Pers., Cynodon dactylon Pers. and 
Agropyrum repens L. Adengo and Wing 
control only Sorghum halepense Pers. by seeds, 
respective of 100% and 96%. Lumax has 
weaker efficacy against this weed - 80%. 
Foliar-applied herbicides Ventum and Monsun 
active have weaker efficacy against annual 
graminaceous weeds - Echinochloa crus-galli 
L. and Panicum sanguinale L. Ventum controls 
these two weeds of 90% and Monsun active - 
95%. Herbicides Stellar, Principal plus and 
Laudis have very high efficacy against the 
annual graminaceous weeds. Herbicide Stellar 
controls only Sorghum halepense Pers. by 
seeds, but does not control perennial 
graminaceous weeds. 
Combinations of foliar-applied herbicides 
Stellar, Principal plus, Ventum, Monsun active 
and Laudis with soil-applied herbicides 
Adengo, Wing and Lumax control successfully 
all annual graminaceous weeds. 
Herbicide combinations of Principal plus, 
Ventum and Monsun active with soil-applied 
herbicides Adengo, Wing and Lumax have very 
high efficacy against Sorghum halepense Pers. 
by seeds and rhizomes, middle efficacy against 
Agropyrum repens L. and inefficacy Cynodon 
dactylon Pers. Combinations of Laudis with 
Adengo, Wing and Lumax are weaker efficacy 
also against Sorghum halepense Pers. by 
rhizomes. Combinations of Stellar with the 
three soil-applied herbicides control only 
Sorghum halepense Pers. by seeds, but do not 
control Sorghum halepense Pers. by rhizomes; 
Cynodon dactylon Pers. and Agropyrum repens 
L. 
Herbicide combination of soil-applied 
herbicide Merlin flex with tank herbicide 
mixture Focus ultra + Kalam by Duo system 
technology has 100% efficacy against Sorghum 
halepense Pers. by seeds and rhizomes, as well 
as against all annual graminaceous weeds - 
Echinochloa crus-galli L., Panicum sanguinale 
L., Setaria viridis Beauv., Setaria glauca 
Beauv. This combination has also very high 
efficacy against perennial graminaceous weeds 
Cynodon dactylon Pers. and Agropyrum repens 

L. This is due to the participation of herbicide 
Focus ultra in this combination. 
Perennial graminaceous weeds Cynodon 
dactylon Pers. and Agropyrum repens L. 
practically cannot be controlled at the 
conventional technology. Duo system 
technology is the only way to chemical control 
of Cynodon dactylon Pers. and Agropyrum 
repens L. in maize crops. 
Soil-applied herbicides Adengo, Wing and 
Lumax, foliar-applied herbicides Stellar, 
Principal plus, Ventum, Monsun active and 
Laudis by conventional technology, as well as 
their combinations have very high selectivity 
for maize - rating 1 by scale of EWRS (Table 
3). 
Herbicide combination of soil-applied 
herbicide Merlin flex with tank herbicide 
mixture Focus ultra + Kalam has also very high 
selectivity for cycloxydim tolerant maize 
(CTM) which are grown by Duo system 
technology - rating 1 by scale of EWRS. 
Data about the influence of the investigated 
herbicides and herbicide combinations on 
maize grain yields (Table 4) show that the 
lowest yield was obtained by the untreated 
check. The alone use of soil-applied herbicides 
Adengo, Wing and Lumax increases grain yield 
average for the period from 114.5% to 116.2%. 
Alone use of vegetation-applied herbicides 
Stellar, Principal plus, Ventum, Monsun active 
and Laudis increased grain yield from 116.1% 
to 118.2%. 
The herbicide combinations between soil-
applied herbicides Adengo, Wing and Lumax 
by the one hand and vegetation-applied 
herbicides Stellar, Principal plus, Ventum, 
Monsun active and Laudis by the other hand, 
lead to a bigger increase in yield compared 
with alone use of these herbicides during the 
three years the investigation. Herbicide 
combinations provide full control of all annual 
and perennial weeds in maize crops except 
Cynodon dactylon Pers. and Agropyron repens 
L. The highest grain yield by conventional 
technology is obtained by the herbicide 
combination Lumax + Principal plus - 125.7% 
over the no treated check, followed by Lumax 
+ Laudis - 124.9% and Wing + Principal plus - 
124.6%. 
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Table 4. Influence of some herbicide combinations on maize grain yield (2012-2014) 

Herbicides 2012 2013 2014 Mean 
Soil-applied Vegetation-applied kg/ha % kg/ha % kg/ha % kg/ha % 

Conventional technology 

- 

- 3510 100 4688 100 5555 100 4584 100 
Stellar – 1 l/ha 4037 115.0 5429 115.8 6499 117.0 5322 116.1 

Principal plus – 380 g/ha 4114 117.2 5532 118.0 6605 118.9 5417 118.2 

Ventum – 150 g/ha 4103 116.9 5485 117.0 6583 118.5 5390 117.6 

Monsun active – 1.5 l/ha 4082 116.3 5466 116.6 6555 118.0 5368 117.1 

Laudis – 2 l/ha 4068 115.9 5466 116.6 6583 118.5 5372 117.2 

Adengo – 
440 ml/ha 

- 4012 114.3 5335 113.8 6499 117.0 5282 115.4 
Stellar – 1 l/ha 4233 120.6 5626 120.0 6788 122.2 5549 121.1 

Principal plus – 380 g/ha 4342 123.7 5757 122.8 6960 125.3 5686 124.0 

Ventum – 150 g/ha 4258 121.3 5644 120.4 6855 123.4 5586 121.9 

Monsun active – 1.5 l/ha 4282 122.0 5682 121.2 6888 124.0 5617 122.5 

Laudis – 2 l/ha 4310 122.8 5719 122.0 6927 124.7 5652 123.3 

Wing – 
4 l/ha 
 

- 3994 113.8 5307 113.2 6444 116.0 5248 114.5 
Stellar – 1 l/ha 4247 121.0 5644 120.4 6760 121.7 5550 121.1 

Principal plus – 380 g/ha 4370 124.5 5785 123.4 6977 125.6 5711 124.6 

Ventum – 150 g/ha 4324 123.2 5766 123.0 6888 124.0 5659 123.5 

Monsun active – 1.5 l/ha 4293 122.3 5696 121.5 6833 123.0 5607 122.3 

Laudis – 2 l/ha 4352 124.0 5719 122.0 6922 124.6 5664 123.6 

Lumax  – 
4 l/ha 

- 4037 115.0 5419 115.6 6527 117.5 5328 116.2 
Stellar – 1 l/ha 4324 123.2 5715 121.9 6855 123.4 5631 122.8 

Principal plus – 380 g/ha 4419 125.9 5827 124.3 7038 126.7 5761 125.7 

Ventum – 150 g/ha 4370 124.5 5766 123.0 6949 125.1 5695 124.2 

Monsun active – 1.5 l/ha 4352 124.0 5752 122.7 6899 124.2 5668 123.6 

Laudis – 2 l/ha 4388 125.0 5785 123.4 7000 126.0 5724 124.9 
Duo system technology 

Merlin flex – 
420 g/ha 

Focus ultra – 2 l/ha + 
Kalam – 300 g/ha 4461 127.1 5893 125.7 4461 127.1 5822 127.0 

LSD 5 % 221 6.2 236 5.0 240 4.3 
 LSD 1 % 260 7.4 271 5.8 289 5.2 

LSD 0.1 % 286 8.1 305 6.5 333 6.0 
 
Combination of soil-applied herbicide Merlin 
flex with tank herbicide mixture Focus ultra + 
Kalam by Duo system technology, increases 
the most grain yield - 127.0% compared no 
treated check. This is due to the complete 
control of all broadleaved and graminaceous 
weeds, including Cynodon dactylon Pers. and 
Agropyron repens L. 
 

CONCLUSIONS 
 
Combinations between soil-applied herbicides 
Adengo, Wing and Lumax and vegetation-
applied herbicides Stellar, Principal plus, 
Ventum, Monsun active and Laudis by 
conventional technology, have very high 
efficacy against annual graminaceous weeds 
and against Sorghum helepense Pers. from 
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seeds and rhizomes, medium efficacy against 
Agropyrum repens L. and not efficacy against 
Cynodon dactylon Pers. 
Herbicide combination between soil-applied 
herbicide Merlin flex and tank herbicide 
mixture Focus ultra + Kalam by Duo system 
technology have very high efficacy against 
perennial weeds Cynodon dactylon Pers. and 
Agropyrum repens L. 
Herbicide Wing is inefficacy against of 
ClearField and ExpressSun sunflower self-
sown plants in maize crops. 
Herbicide combination of soil-applied 
herbicide Merlin flex with tank mixture Focus 
ultra + Kalam by Duo system technology lead 
to obtaining of high grain yield. 
High yields of maize grain also are obtained by 
herbicide combinations Lumax + Principal 
plus, Lumax + Laudis and Wing + Principal 
plus. 
Alone application of herbicides leads to lower 
yields due to must to combine soil-applied with 
foliar-applied herbicides for full control of 
weeds in maize crops. 
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Abstract 
 
Sunflower (Helianthus annuus L.) is the most important oil crop in Romania. Fertilization of sunflower crops has as a 
system a complex basic fertilization (NPK or NPK+S+Mg), used in preparing the seedbed and planting, who supports 
the normal coverage of the critical period of nutrition and laying the foundation of total yield. 
The aim of this research is to analyse the behaviour of sunflower under the influence of the degree of fertilization and 
also of the pedoclimatic conditions in the Oltenia Plain.  
Research was performed in the year 2018, in the southern part of Romania, within the Agricultural Research and 
Development Station Caracal (44� 06’ N latitude and 24� 21’ E longitude) in Olt County. For setting up the experience, 
the NEOMA hybrid was used in 6 test variants as follows: V1 - N0P0K0 (control); V2 - N90P0K0; V3 - N90P60K0; V4 - 
N90P60K60; V5 - N90P60K60 plus 1.5 liters/hectare of Fertigrain foliar fertilizer; V6 - N120P60K60. The doses used are in 
kg/ha of active substance. Plant population was 57.000 plants per hectare and the determinations were performed 
throughout the entire vegetation period of the plant, including the harvest period where the yield value was between 
2.234 kg/hectare and 4.035 kg/hectare. Climatic conditions during the vegetation period were favorable, as the average 
temperatures have registered values between 16.3 and 24.3�C. The total rainfalls was 378.8 mm, those been sufficient 
for the favorable development of the sunflower crop. 
 
Key words: sunflower, fertilization, hybrid, climatic condition, yield. 
 
INTRODUCTION 
 
In Romania, sunflower was introduced for oil 
production, around the mid-19th century in 
Moldavia, being the main vegetable oil 
producing plant (Panaitescu et al., 2010). 
Compared to other crop plants, the sunflower is 
a big consumer of nutrients and when it comes 
to provisioning the soil it is very demanding in 
potassium, demanding in nitrogen and 
moderately demanding in phosphorus. 
Therefore, the degree and the type of 
fertilization have a special importance in 
achieving a significant but also a qualitative 
production. 
Sunflower recovered less fertilizer than other 
crops because its root system with a high 
capacity to extract nutrients and soluble harder 
combinations mineral fertilizers are less valued 
and that seed has a small share of the plant 
biomass is formed (sixth or seventh of biomass 
epigenous), and in some areas and in some 
years hydric soil improperly makes mineral 

fertilizers to be less valued by short seeds. 
(Moisii et al., 2012). 
Sunflower has well-developed and branched 
root system, and maintains open stomata under 
condition of high evaporation demands that 
usually prevail in hot arid and semi-arid 
regions (Abubaker et al., 2014).  
Judicious and timely application of fertilizers at 
critical growth stages of sunflower can increase 
its yield considerably.  
Several studies showed the positive response of 
sunflower to fertilization under irrigation and 
rain fed conditions in the central clay plains of 
Sudan (Elhassan et al., 2006; Lotfie & Salah, 
2013). 
Other studies indicated that increase in growth 
and yield of sunflower and other crops is 
dependent upon the adequate supply of 
nitrogen (Ali et al., 2004) and phosphorus 
(Weiss, 1983) and their ratio (Bi et al., 2013).   
Malligawad et al. (2004) had reported that 100 
kg N ha-1 was suitable for nitrogen fertilization 
of sunflower.  
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Nitrogen (N) and Phosphorus (P) are mineral 
nutrients often limiting plant growth because 
they are required in large amounts in relation to 
their availability in soil (Harpole et al., 2011, 
quoted by Ekwe, 2015). 
However, nitrogen fertilization is very variable 
and it depends on the amounts of the element 
already present in the soil and the potential 
yield of the environment (Lauretti et al., 2007). 
The first phase of vegetation is a critical period 
for nutrition with N, P and K, and the negative 
impact of their failure cannot be corrected later, 
even if it provides the best nutritional 
conditions.  
Therefore, ensuring a good supply of sunflower 
plants with all the nutrients from the emergence 
is one of the main conditions for obtaining high 
yields. 
The average yield per hectare at national level 
depends very much on the evolution of the 
climatic conditions and soil natural fertility 
(Bîlteanu, 2003). 
Organic substances, such as: protein 
hydrolysates of animal origin (composed of 
peptides, ureide and amino acids - glycine, 
alanine, phenylalanine, proline, asparagine, 
glutamine, arginine, histidine, lysine, serine, 
threonine, valine) and protein hydrolysates of 
vegetal origin (algae extracts) can be 
successfully used to obtain new fertilizers 
formulas (Mihalache et al., 2014). 
The relative efficacy of these fertilizers is 
determined by the rate and size of nutrient 
transport in plant (Cioroianu et al., 2009, 
quoted by Mihalache & Stanescu, 2017). 
Agriculture of the future does not only have to 
be sustainable, but also performant and this is 
achieved only through the correct application 
of all the technological links specific to 
agricultural crops from various ecological areas 
of the country.  
The specific consumption of sunflower for 100 
kg of seeds, plus the production of roots, 
leaves, stems and inflorescences is 1.8-3.5 kg 
Nitrogen, 0.29-0.7 kg Phosphorus, 0.38-1.65 kg 
Potassium, 0.11 kg Calcium, 0.18-0.23 kg 
Magnesium (Hera et al., 1998). 
Soils recommended for sunflower crops are 
those in clay or sandy-clay ones, averagely 
aerated, deep rich in humus and nutrients with 
a high usable water-retention capacity 
(Bîlteanu et al., 1988). 

MATERIALS AND METHODS 
 
The experiment was set up on illuvial- clay 
soil, decarbonated soil, typical, with a well-
defined profile and insignificant differences 
regarding the physical, hydric and chemical 
attributes. 
In its arable layer, soil has a cleyey texture, an 
apparently normal density (1.32 g/cubic 
centimetres) total satisfying porosity (51%) and 
a low ram degree (penetration resistance 28 
kgf/mc) (Bălănescu & Ilinca, 2001). 
In the next horizon, the texture becomes clay- 
clayey, volumetric weight increases quite a lot 
(1.57 g/cmc), and total porosity, as well as 
other attributes record low values, appearing an 
accentuated ram (penetration resistance reaches 
63 kgf/mc). 
Following the chemical properties, soil has a 
medium - hummus content in the arable layer 
(2.20%); it is poorly supplied with Nitrogen 
(0.104% N total), medium to good with 
Phosphorus (47 ppm P mobile) and good to 
very good supplied with Potassium (244.5 ppm 
K mobile), and the PH (in the water) is 7.6. The 
ground water depth is 8 up to 10 m. 
The sunflower experiment was set up using the 
block method. Each experimental variant had a 
surface of 28 m2: 2.8 x 10 m with a distance 
between rows of 0.7 cm over the course of 
three randomized repetitions.  
The density of sunflower plants was 5.7 
plants/m2 (57.000 plants/ha).  
For the sunflower crop, the hybrid who was 
used was Neoma hybrid, which is a simple 
hybrid, semi-early with an extraordinary and 
stable potential for production, resistant to the 
Express herbicide. 
There were a number of 6 test variants used, as 
follows: V1 - N0P0K0 (control); V2 - N90P0K0; 
V3 - N90P60K0; V4 - N90P60K60; V5 - N90P60K60 
plus 1.5 liters/hectare of Fertigrain foliar 
fertilizer; V6 - N120P60K60. 
The works commenced on the fall of 2017. The 
first step in preparing the land was to make the 
ploughting at a depth ranging between 25 and 
30 cm. 
In the spring, the works continued with the soil 
disking in 2 passes, process executed using a 
heavy disc. 
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The final work in preparing the seedbed was 
performed using a combiner before planting the 
sunflower crop. 
Fertilization was administered manually under 
the type of complexes before planting and the 
ammonium nitrate difference has been applied 
in vegetation. 
Sowing took place on 23.04.2018. After that, 
Dual Gold 960 EC (active substance S-
metolachlor 960 g/l) preemergent herbicide 
was used in a dose of 1.2 l/ha. 
When the sunflower crop formed 4-6 leaves, 
the Select Super 120 EC (active substance 
Clethodim 120 g/l) herbicide was applied to 
annual and perennial monocotyledons weeds in 
a dose of 1.5 l/ha.  
On the 8-10 leaves stage, a treatment made of 
Reveller fungicide (active substances 
Cyproconazole 80 g/l + Picoxystrobin 200 g/l) 
0.6 l/ha and Decis Mega 50 EW insecticide 
(active substance Deltamethrin 50 g/l) 0.15 l/ha 
was applied.  
Application of the foliar fertilizer occurred in 2 
stages. The first application stage was 
conducted when the plants had formed 4-6 
leaves, and the second stage before blooming 
period, in a dose of 1.5 l/ha.  
Biometric determinations were performed on 
the sunflower plants, including the following: 
plant size and calatidium diameter. 
The tests made on the sunflower seeds aimed at 
their quality, expressed by morphological 
indexes, such as: Thousand Kernel Weight 
TKW) and the hectolitre mass (HM). 
 
RESULTS AND DISCUSSIONS 
 
Climatic conditions registered in the 2017/2018 
agricultural year by the weather station of 
Agricultural Research and Development 
Station Caracal were among the most 
favourable over the past 30 years.  
The annual average of the temperature (Table 
1) was between 0.8�C and 24.3�C registered in 
January and August, respectively.  
Also, the multiannual average of temperatures 
ranged between 0.3�C and 23.9�C, resulting a 
difference of +1.1 0C between the annual and 
multiannual average.  
While the monthly rainfall sum (Table 2) 
ranged between 6.8 and 147.8 mm, and the 
monthly average was between 26.3 and 69.7 

mm, the difference between the rainfall sum 
and the monthly average was +301.9 mm. 
 

Table 1. Temperatures registered at Agricultural 
Research and Development Station Caracal during the 

2017/2018 agricultural year 

Specifications Temperature °C 

Month Monthly 
average 

Multiannual 
media (last 30 

years) 
Deviation 

October 12.3 11.7 + 0.6 
November 6.5 5.4 + 1.1 
December 3.1 0.3 + 2.8 
January 0.8 1.3 + 0.5 
February 1.0 0.8 + 0.2 
March 3.8 6.0 - 2.2 
April 16.3 12.0 + 4.4 
May 19.6 17.7 + 1.9 
June 22.1 21.6 + 0.5 
July 22.8 23.9 - 1.1 
August 24.3 23.5 + 0.8 
September 19.6 18.1 + 1.5 
Total Average 12.7 11.6 + 1.1 
 
Table 2. Rainfall registered at Agricultural Research and 

Development Station Caracal during the 2017/2018 
agricultural year 

Specifications Rainfall (mm) 

Month Monthly 
sum 

Multiannual 
media (last 30 

years) 
Deviation 

October 144.6 46.0 + 98.6 
November 73.0 37.0 + 36.0 
December 63.8 39.1 + 24.7 
January 33.8 30.8 + 3.0 
February 56.4 26.3 + 30.1 
March 86.4 34.2 + 52.2 
April 10.6 47.8 - 37.2 
May 55.6 58.6 - 3.0 
June 134.2 69.7 + 64.5 
July 147.8 62.1 + 85.7 
August 30.6 46.6 - 16.0 
September 6.8 43.5 - 36.7 
Total Average 843.6 541.7 + 301.9 
 
The year 2018 turned out to be a climatically 
favourable year regarding the growth and 
development of the sunflower crop in the 
Oltenian plain. 
Sunflower is a mesothermal plant, relatively 
demanding in heat which, to go through the 
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vegetation stages, needs at least 2,350�C (T > 
0�C) or 1,600�C (T ≥ 5�C) (Bîlteanu et al., 
1988). 
During the research period, the sum of 
temperature degrees was 3,223.30°C, enough to 
meet the sunflowers biological demands. 
The average of the air temperatures (Figure 1), 
between 16.3 and 22.1°C, recorded during the 
time span between emergence and 
inflorescence and those comprised between 
22.8 and 24.3°C, registered since flowering 
until fruit-forming, were optimal temperatures 
to cover the vegetation period of the sunflower 
experiment. 
 

 
Figure 1. The average of temperatures during the 

vegetation period of sunflower 

The humidity requirements for the sunflower 
are average, the rainfall estimated for the whole 
vegetation period being 400-500 mm (Bojan, 
1986, quoted by Hera et al., 1989)
Rainfall average (Figure 2) was comprised 
between 10.6 and 55.6 mm between emergence 
and inflorescence emergence and 134.2 and 
147.8, between flowering and fruit forming. 
 

 
Figure 2. The average of rainfalls during the vegetation 

period of sunflower  

The influence of fertilization on sunflower crop 
had a distinctly significant contribution 
regarding yield. 

The yield differences (Tabel 3) between the 
variant N90P60K60 plus Fertigrain foliar 
fertilizer and the variant N90P60K60 is of 509 
kg/ha, and compared to the control variant, it is 
of 1,801 kg/ha for the variant N90P60K60 plus 
1.5 liters/hectare of Fertigrain foliar fertilizer 
and 1,292 kg/ha for variant N90P60K60.  
 
Table 3. Yield differences between fertilization variants   

         
              A 
 
                         
 
B 

 V1 V2 V3 V4 V5 V6 

(A-B ) kg/ha 

V1 - N0P0K0 
(Control) - + 706 + 1110 + 1292 + 1801 + 1410 

V2 - 
N90P0K0  - + 404 + 586 + 1095 + 704 

V3 - 
N90P60K0    - + 182 + 691 + 300 

V4 - 
N90P60K60      - + 509 + 118 

V5 - 
N90P60K60 
plus foliar 
fertilizer 

       - -391 

V6 - 
N120P60K60          - 

 
The best result was achieved by the variant 
N90P60K60 plus foliar fertilizer, where the yield 
was 4,035 kg/ha, turning out to be the best 
fertilization variant, thanks to the foliar 
fertilizer used. Bellow this value was the 
variant N90P60K60 with a production of 3,526 
kg/ha (Table 4). 
Even if at the variant 6 of fertilization, where 
N120P60K60 was used, the yield obtained was 
3,644 kg/ha, the yield difference of + 118 
kg/ha, compared to variant N90P60K60, is not 
significant, the higher amount of ammonium 
nitrate cannot be justified.  
Very significant results (***) were also 
achieved at variant 3, where N90P60K0 was 
applied. Therefore, the yield achieved was 
3,344 kg/ha, exceeding the control variant with 
1,110 kg/ha. 
The distinctly significant difference (**), 
compared to the unfertilized control variant, 
was obtained at variant 2, where N90P0K0 was 
applied. The registered yield was 2,940 kg/ha, 
recording a plus of 706 kg/ha. 
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Table 4. Influence of fertilization on the sunflower crop  

Variant Yield 
kg/ha % Differences Signification 

V1 - N0P0K0 
(control) 2,234 100 Ct - 

V2 - N90P0K0 2,940 132 706 ** 

V3 - N90P60K0 3,344 150 1,110 *** 

V4 - N90P60K60 3,526 158 1,292 *** 

V5 - N90P60K60 
plus 1.5 l/ha of 

Fertigrain foliar 
fertilizer 

4,035 181 1,801 *** 

V6 - N120P60K60 3,644 163 1,410 *** 
 

  Kg/ha % 
LSD 5% 273 12 
LSD 1% 413 19 
LSD 0,1% 664 30 

 
In terms of biometric determinations regarding 
plant size and head diameter (Table 5), which 
were carried out at flowering, they were 
different according to the fertilization degree.  
The highest sizes were recorded at the 
following fertilization variants: N90P60K60 plus 
foliar fertilizer variant, 184 cm, and N120P60K60 
variant, 176 cm.  
Head diameter varied between 15.3 and 25.0 
cm, the highest values was highlighted at 
variants N90P60K60 plus foliar fertilizer, 25 cm, 
and N120P60K60, 23.3 cm. The average achieved 
by variants was 20.2 cm, only 3 variants 
exceeding this result.  
 
Table 5. Influence of fertilization on plant size and head 

diameter 

Fertilization 
variant 

Plant 
size 
(cm) 

% 
Head 

diameter 
(cm) 

% 

V1 N0P0K0 
(control) 151 100 15.3 100 

V2 N90P0K0 161 106 17.3 113 
V3 N90P60K0 168 111 19.3 126 

V4 N90P60K60 172 114 21.0 137 

V5 
N90P60K60 
+ foliar 
fertilizer 

184 121 25.0 163 

V6 N120P60K60 176 116 23.3 152 
Average 168.8  20.2  

 

Determinations on the Thousand Kernel 
Weight (TKW) and the hectolitre mass (HM) 
turned out to be directly proportional to the 
fertilization degree. 
Values regarding TKW were between 58.3 g at 
the unfertilized control variant and 64.3 g at the 
fertilization variant 5, where, besides 
N90P60K60, foliar fertilizer was also applied.  
The hectolitre mass (HM) registered values 
between 40.8 kg/hl at the control variant and 
46.2 kg/hl at the fertilization variant N90P60K60 
plus 1.5 liters/ha of Fertigrain foliar fertilizer, 
(Table 6). 
 
Table 6. Effect of fertilization on TKW and HM quality 

indicators 

Fertilization variant TKW 
(g) 

HM 
(kg/hl) 

V1 N0P0K0 
(control) 58.3 40.8 

V2 N90P0K0 60.9 41.5 

V3 N90P60K0 62.8 42.8 

V4 N90P60K60 63.2 43.5 

V5 N90P60K60 + foliar 
fertilizer 64.3 46.2 

V6 N120P60K60 63.4 44.5 

Average 62.1 43.2 

 
CONCLUSIONS 
 
Sunflower is a plant who can adapt to various 
environmental conditions. In order to harness 
the biological potential of the plant, favourable 
ecological conditions need to exist, as well as a 
suitable agricultural practice.  
Climatic conditions on the plain of Oltenia 
have proven to be some of the most favourable 
for the sunflower crop, both in terms of 
temperatures and precipitations, vegetation 
phases being strongly influenced by 
temperature.  
The 2017/2018 agricultural year highlighted 
the results achieved behind fertilization by 
various fertilization doses. 
Following the application of various 
fertilization doses to the sunflower crop, both 
very significant and distinctly significant 
results, were highlighted compared to the 
control variant. 
The maximum level of production was 
recorded by variant N90P60K60 plus foliar 
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fertilizer, where a total of 4,035 kg/ha was 
obtained. The smallest production, compared to 
the unfertilized control variant, was obtained 
by the variant N90P0K0 with 2,940 kg/ha, and 
the differences as against to the unfertilized 
control variant were between 706 and 1,801 
kg/ha.  
Also, the same variant N90P60K60 plus foliar 
fertilizer registered the highest values in TKW 
and HM: 64.3 g and 46.2 kg/hl, respectively, 
compared to the unfertilized control variant.  
It can be observed that the basic fertilization 
(NPK) in combination with the foliar fertilizer 
brings a significant production increase, 
detaching itself visibly from the other variants 
in terms of both production and seed quality. 
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Abstract 
 
One of the important ways to increase production of wheat is the application of fertilizers. Grain production at wheat is 
largely determined by the administration of nitrogen fertilizers, in close interdependence with the specific conditions of 
the year, the state of vegetation in winter entrance and its resumption in spring. Noteworthy is the fact that from the 
unfertilized agricultural fund N0P0 (mt) to the N80P70 was obtained an increase of 1628 kg/ha. This increase is reduced to 
1144 kg/ha between N80P70 and N120P70 agricultural fund and 452 kg/ha between N120P70 and N160P70. With regard to the 
specific reaction at fertilizers application of different levels of fertility, Otilia variety had best capitalizes on the 
increasing nitrogen, achieving an increase (the average of the three agricultural funds) of 1068 kg/ha compared to 
Pitar control variety. The interaction between wheat varieties and fertilization doses revealed the Otilia variety and the 
N160P70 fertilization dose, with a yield of 8190 kg/ha. Concerning the behavior of varieties at increasing doses of 
chemical fertilizers, we find that the nine analyzed varieties obtain very significant production increases. 
 
Key words: winter wheat varieties, production, fertilization. 

 
INTRODUCTION  
 
One of the world's largest grain crops is wheat,  
plant that provides the most nutritious food for 
humans and animals in the highest proportion. 
Along with genetic factors, technological 
factors and above all, mineral fertilization is 
another way to increase and stabilize 
production of winter wheat production. 
The results obtained worldwide shows that 
fertilization is one of the main factors in the 
growth of productions. 
Productions obtained are linked and correlated 
with the quantities of fertilizers used. Without 
proper fertilization it is not possible to realize 
the productive potential of the new varieties 
created by geneticists and breeders (Hera Cr., 
1984). 
Wheat is known as a plant which reacts very 
well to the application of mineral and organic 
fertilizers, although the specific consumption of 
nutrients is relatively low: 2.3-3.3 kg N; 1.1-1.8 
kg P2O5; 1.9-3.7 kg K2O/l00 kg related berries 
+ straw (Bîlteanu Gh., 1991). 
Wheat is pretentious to fertilization due to 
particularities, namely: poorly developed root 
system, exploring a volume of soil on a low 
solubility depth and absorption of soil nutrients 

as  well as the high need for fertilizers within a 
reduced interval (the flowering phase). 
During the flowering wheat plants extract about 
80% of the total amount of nitrogen and 
phosphorus as well as 85% of the total amount 
of potassium. 
Of the technological factors, mineral fertili-
zation is the main driving element of pro-
duction and wheat quality management (Hera et 
al., 1971; Popescu et al., 1979). 
The use of mineral fertilizers positively 
influences the quality indices and wheat 
production, by balancing the nutrients and in 
terms of optimal pedoclimatic conditions. 
Under normal water supply conditions, correct 
fertilization of wheat may increase protein 
content by 4-6% (Hera, 1979). 
Quantities of mineral fertilizers to be used in 
the crop of winter wheat are imposed not only 
by climate and soil conditions, but also by the 
variety's ability to harness nutrients, his 
resistance to falling and diseases. 
Production variations generated by the variation 
of climatic conditions can be reduced by 
practicing alternation of crops in the frame of 
the crop and a proper fertilization corres-
ponding to the requirements of crops. (Sin Gh., 
Partal E., 2010) 
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The investigations carried out aimed to esta-
blish behavior of some winter wheat varieties 
created at NARDI Fundulea depending on 
some technological factors in Dobrogea 
pedoclimatic conditions. 
Reduced production and poor harvest quality 
are often the result of poor quality technology 
but also insufficient fertilization or lack thereof 
failure to abstain and, last but not least, the use 
of inappropriate genotypes for the area where 
they are grown (Ceclan O.A. et al,.2015). 
 
MATERIALS AND METHODS  
 
Objectives of the researches carried out: 
- checking the production potential of autumn 
wheat varieties lately created in Romania and 
choosing the most productive for Dobrogea; 
-tracking the effect of different doses of mineral 
fertilizers on the productive potential of autumn 
wheat varieties. 
The experience was placed on vermic 
chernozem from Agricultural Research and 
Development Station of Valu lui Traian, 
Constanta, according to the subdivided parcel 
method by two factors: 
Factor A - Fertilization with 4 graduations: 
� a1 - N0P0;               � a3 - N120P70 
�    a2 - N80P70;             � a4 - N160P70 
Factor B - The winter wheat varieties: 
�b1 - Pitar; �b2 - Litera; �b3 - Voevod;   
�b4 - Pajura; �b5 - Otilia; �b6 - Miranda;  
 �b7 – Izvor; � b8 - Glosa; � b9 - Boema   
Production dates were calculated and 
interpreted according to the current statistical 
analysis of variance analysis. 
The study of winter wheat varieties was done 
with the purpose to highlight the most 
appropriate in terms of production capacity, the 
constant of the productions from one year to the 
next, for their zoning in Dobrogea. 
The pedoclimatic conditions in Dobrogea are 
relatively similar to those in the brown-red 
forest soil area of Fundulea, therefore the 
varieties tested have the origin of NARDI 
Fundulea. 
A number of 9 winter wheat varieties have been 
tested, to determine the most suitable for 

expansion in Dobrogea agriculture. These 
winter wheat varieties tested are the result of 
the recombination of a very diverse germplasm. 
 
RESULTS AND DISCUSSIONS 
 
From recorded data at ARDS Valu lui Traian 
during 2012-2016 was observed that year 2012 
was the driest, when was recorded a total 
rainfall of 394.9 mm with 43.7 mm below the 
annual average in 75 years.  
The crop of winter wheat belongs to the cate-
gory of those crop plants which maximizes the 
increasing levels of fertilization so that the 
allocation of 80 kg/ha active substance nitrogen 
together with 70 kg/ha active substance of P2O5 
(Table 1) brings a very significant production 
increase, statistically insured, 1628 kg/ha 
(143%), the average of the nine wheat varieties 
tested.  
Maintaining a constant phosphorus agricultural 
fund (70 kg/ha) in conjunction with the 
allocation of two more levels of nitrogen higher 
by 40 kg/ha a.s. N leads to substantial produc-
tion increases. 
The fact that at the last level of fertilization of 
160 kg/ha a.s. N and 70 kg/ha a.s. P2O5 under 
non-irrigation conditions, production has no 
capping tendencies, leads to conclusion that the 
nine varieties of winter wheat could reap even 
higher levels of fertilization. 
At the N120P70 fertilization dose, a very 
significant production increase is obtained of 
2772 kg / ha (173%), statistically assured. 
At the agricultural fund N160P70 is obtained the 
highest production increase of 3224 kg/ha 
(184%) very significant production increase. 
Of note, is that from the unfertilized agricul-
tural fund N0P0 (mt) to N80P70 there is an 
increase of 1628 kg/ha. It is reduced to 1144 
kg/ha between N80P70 and N120P70 agricultural 
fund and at 452 kg/ha between N120P70 and 
N160P70 agricultural fund. 
Concerning the specific application to fertilizer 
application of different levels of fertility (Table 
2), we find that there are obvious genetic differ-
rences between the nine tested genotypes on the 
use of nitrogen and phosphorus fertilizers. 
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Table 1. Influence of different fertilization levels on average production of winter wheat grains 
(average of 9 varieties) at ARDS Valu lui Traian 

No 
crt. 

A
gr

ic
ul

tu
ra

l f
un

d 
 

 
V

ar
ie

tie
s 

 

Grains yield (kg/ha) 

A
ve

ra
ge

 y
ie

ld
 / 

ag
ro

f. 
(k

g/
ha

) Difference 

Si
gn

ifi
ca

nc
e 

Pi
ta

r 

Li
te

ra
 

V
oe

vo
d 

Pa
ju

ra
 

O
til

ia
 

M
ira

nd
a 

Iz
vo

r 

G
lo

sa
 

B
oe

m
a 

(k
g/

ha
)  

 
% 

1. N0P0 3749 3686 3150 3623 4431 3896 3980 4106 3759 3822 mt 100  
2. N80P70 5334 5187 4473 5103 6353 5534 5702 5912 5418 5450 1628 143 xxx 
3. N120P70 6489 6363 5397 6185 7560 6731 6878 7172 6542 6594 2772 173 xxx 
4. N160P70 6689 6899 5828 6699 8190 7193 7350 7581 6941 7046 3224 184 xxx 

DL 5 % = 30 kg/ha 
DL 1 % =  50 kg/ha 
DL 0,1% = 70 kg/ha 

 
Table 2. Production results obtained at nine varieties of winter wheat on four levels of fertilization, 

at ARDS Valu lui Traian 

No 
crt. 

Agricultural fund 
Variety 

Yield  kg/ha Average 
yield 

(kg/ha) 

Difference 
(kg/ha) Significance N0P0 N80P70 N120P70 N160P70 

1 Pitar 3749 5334 6489 6689 5565 mt  
2 Litera 3686 5187 6363 6899 5534 -32  
3 Voevod 3150 4473 5397 5828 4712 -853 000 
4 Pajura 3623 5103 6185 6699 5403 -163 00 
5 Otilia 4431 6353 7560 8190 6634 1068 Xxx 
6 Miranda 3896 5534 6731 7193 5839 273 Xxx 
7 Izvor 3980 5702 6878 7350 5978 412 Xxx 
8 Glosa 4106 5912 7172 7581 6193 628 Xxx 
9 Boema 3759 5418 6542 6941 5665 100  

DL 5 % = 100 kg/ha 
DL 1 % = 130 kg/ha 
DL 0,1 % = 160 kg/ha 

 
From this point of view, Otilia variety best 
capitalizes on increasing nitrogen doses, 
making a increase (average of the three 
agricultural fund) of 1068 kg/ha against the 
Pitar control variety, very significant 
production increase. Along with Otilia variety, 
three other varieties- Miranda, Izvor, and Glosa 
makes very significant increases for the 
probability of 0,1% (Glosa-628 kg/ha; Izvor-
412 kg/ha; Miranda-273 kg/ha). Boema variety 
achieves an increase of 100 kg/ha, an increase 
that falls within the limits of experimental 
error. Smaller productions than the Pitar control 
variety are obtained from varieties: Litera, 
Pajura and Voevod. Litera variety is overtaken 
by 32 kg/ha of the Pitar control variety, 

differences that fall within the limits of 
experimental errors. Pajura variety is exceeded 
by 163 kg/ha of the Pitar variety, significant 
distinct production difference. Voevod variety, 
compared to the Pitar variety, produces less 
with 853 kg/ha, very significant production 
difference from a statistical point of view. This 
interaction is specific to each genotype. In the 
absence of chemical fertilizers against the Pitar 
variety, taken as control (Table 3) the highest 
yields are obtained by Otilia varieties with 4431 
kg/ha and Glosa with 4106 kg/ha (682 kg/ha 
and 357 kg/ha of very significant yields). Izvor 
variety produces a yield of 3980 kg/ha, with an 
increase of 231 kg/ha (significant increase in 
yield).
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Table 3. Behaviour of the nine varieties of winter wheat on different agricultural funds, at ARDS Valu lui Traian 

Agricultural  
fund Varieties 

Yield Diff. by 
control 

 
Significance absolute 

(kg/ha) 
relative 

(%) 

N0P0 

Pitar 3749 100 mt  
Litera 3686 98 -63  

Voevod 3150 84 -599 000 
Pajura 3623 97 -126  
Otilia 4431 118 682 *** 

Miranda 3896 104 147  
Izvor 3980 106 231 * 
Glosa 4106 110 357 *** 

Boema 3759 100 10  

N80P70 

Pitar 5334 100 mt  
Litera 5187 97 -147  

Voevod 4473 84 -861 000 
Pajura 5103 96 -231 0 
Otilia 6353 119 1019 *** 

Miranda 5534 104 200 * 
Izvor 5702 107 368 *** 
Glosa 5912 111 578 *** 

Boema 5418 102 84  

N120P70 

Pitar 6489 100 mt  
Litera 6363 98 -126  

Voevod 5397 83 -1092 000 
Pajura 6185 95 -304 00 
Otilia 7560 117 1071 *** 

Miranda 6731 104 242 * 
Izvor 6878 106 389 *** 
Glosa 7172 111 683 *** 

Boema 6542 101 53  

N160P70 

Pitar 6689 100 mt  
Litera 6899 103 210 * 

Voevod 5828 87 -861 000 
Pajura 6699 100 10  
Otilia 8190 122 1501 *** 

Miranda 7193 108 504 *** 
Izvor 7350 110 661 *** 
Glosa 7581 113 892 *** 

Boema 6941 104 252 * 
DL 5% = 190 kg/ha 
DL 1% = 250 kg/ha 
DL 0,1% = 330 kg/ha 

 
Larger yield than control Pitar and Boema varieties, 
with 3759 kg/ha and Miranda, with 3896 kg/ha, but 
yield increases fall within the limits of experimental 
errors. Pitar variety, performs higher yield to Litera 
variety (3686 kg/ha) and Pajura (3623 kg/ha), but 
yield differences do not exceed the probability of 
5%. A single variety, Voevod, achieves a yield 
decrease of 599 kg/ha compared to the control 
variety Pitar, very significant difference. On the 
N80P70, agricultural fund we find that Otilia and 
Glosa varieties make very significant yied increases 
compared to the Pitar control variety. Izvor variety, 
achieves an increase that this time increases in 
significance, significant (N0P0) to very significant 
(N80P70). Along with these, there  significant 
increase in the yield of the Miranda variety (200 
kg/ha). Voevod variety is also outdated in this 
agricultural fund, Pitar variety, with a very 

significant yied difference, variety that exceeds 
Pajura variety also, with 231 kg/ha, significant yield 
gap. The other varieties - Litera and Boema - 
produces negative and positive yield differences, 
but not statistically assumed. Constantly 
maintaining the phosphorus dose to 70 kg/ha and 
increasing the nitrogen dose by 40 kg/ha, does not 
bring significant changes in  hierarchy of reaction 
of  varieties to  reaction of  control variety. Except 
for Pajura variety, which is exceeded by 304 kg/ha 
(significant production difference), the other 
varieties make similar statistical differences, with 
those on the N80P70 agricultural fund. 
Supplementing the nitrogen dose by another 40 
kg/ha (N160) and maintaining the phosphorus dose 
to 70 kg/ha, contributes to the slight modification of 
the varieties reaction hierarchy compared to the 
control variety.  
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At this level of fertilization, four varieties achieve 
very significant yield increases, compared to the 
Pitar variety, namely: Miranda, with an increase of 

504 kg/ha; Izvor with an increase of 661 kg/ha; 
Glosa with an increase of 892 kg/ha and Otilia with 
an increase of 1430 kg/ha. 

 
Table 4. Winter wheat  varieties behaviour on different agricultural funds, at ARDS Valu lui Traian 

No. 
Crt. Variety Agricultural fund Yield 

(kg/ha ) 
Difference 

(kg/ha) Significance 

1 Pitar 

N0P0 3749 mt  
N80P70 5334 1585 xxx 
N120P70 6489 2740 xxx 
N160P70 6689 2940 xxx 

2 Litera 

N0P0 3686 mt  
    

N80P70 5187 1501 xxx 
N120P70 6363 2677 xxx 
N160P70 6899 3213 xxx 

3 Voevod 

N0P0 3150 mt  
N80P70 4473 1323 xxx 
N120P70 5397 2247 xxx 
N160P70 5828 2678 xxx 

4 Pajura 

N0P0 3623 mt  
N80P70 5103 1480 xxx 
N120P70 6185 2562 xxx 
N160P70 6699 3076 xxx 

5 Otilia 

N0P0 4431 Mt  
N80P70 6353 1922 xxx 
N120P70 7560 3129 xxx 
N160P70 8190 3759 xxx 

6 Miranda 

N0P0 3896 Mt  
N80P70 5534 1638 xxx 
N120P70 6731 2835 xxx 
N160P70 7193 3297 xxx 

7 Izvor 

N0P0 3980 Mt  
N80P70 5702 1722 xxx 
N120P70 6878 2898 xxx 
N160P70 7350 3370 xxx 

8 Glosa 

N0P0 4106 mt  
N80P70 5912 1806 xxx 
N120P70 7172 3066 xxx 
N160P70 7581 3475 xxx 

9 Boema 

N0P0 3759 mt  
N80P70 5418 1659 xxx 
N120P70 6542 2783 xxx 
N160P70 6941 3182 xxx 

DL 5 % = 180 kg/ha 
DL 1 % = 240 kg/ha 
DL 0,1 % = 320 kg/ha 

 
At this level of fertilization, Litera and Boema 
varieties obtain significant yield increases, 
Pajura variety exceeds the yield of Pitar 
variety, with an increase of 10 kg/ha, not 

statistically assured. Voevod variety, as well as 
the other levels of fertilization, is overtaken by 
the Pitar variety, with a very significant yield 
difference. As for behavior of varieties at 
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increasing doses of chemical fertilizers (Table 
4) have been found that the nine analyzed 
varieties obtain very significant yield increases. 
Thus, N80P70 agricultural fund performs against 
the N0P0 (control), the lowest yield of 1323 
kg/ha to Voevod variety and the highest yied of 
1922 kg/ha to Otilia variety. The same 
agricultural fund makes the following 
increases: 1480 kg/ha for Pajura variety; 1501 
kg/ha for Litera variety; 1585 kg/ha to Pitar 
variety; 1659 kg/ha, Boema variety; 1722 kg/ha 
to Izvor variety and 1806 kg/ha to Glosa 
variety. At the next level of fertilization, 
N120P70, yield increases made against control 
N0P0 are between 2247 kg/ha to Voevod variety 
and 3129 kg/ha to Otilia variety. The growing 
order of contributions on this agricultural fund 
is: 2562 kg/ha for Pajura variety; 2677 kg/ha, 
for  Litera variety; 2740 kg/ha, Pitar variety, 
2783 kg/ha, Boema variety; 2835 kg/ha to 
Miranda variety and 3066 kg/ha to Glosa 
variety. At  last level of fertilization N160P70, 
compared to the non-fertilized control variety 
there is a yield difference of 3076 kg/ha, to 
Pajura variety and 3759 kg/ha to Otilia variety. 
The following differences are observed for the 
other varieties analyzed: 2940 kg/ha to Pitar 
variety; 3076 kg/ha, for the Pajura variety; 
3182 kg/ha to Boema variety; 3213 kg/ha, for 
Litera variety; 3297 kg/ha to Miranda variety; 
3370 kg/ha for Izvor variety and 3475 kg/ha for 
Glosa variety. 
 
CONCLUSIONS 

 
Application of chemical fertilizers, especially 
those with nitrogen, has been shown to be the 
nutrient element which determines the largest 
yield increases. 
Wheat efficiently harnesses chemical 
fertilizers, all tested varieties respond 
favourably to fertilization, through yield 

increases, thus there are differences between 
varieties related to the fertilization reaction. 
Fertilizers with nitrogen must be accompanied 
by phosphorus and potassium, depending on 
the soil, the pre-emergence plant and the 
climatic conditions. 
Phosphorus fertilizers contribute to increasing 
the effectiveness of applying nitrogen 
fertilizers. 
The fractional application of nitrogen fertilizers 
ensures the supply of plants with this element 
throughout the vegetation period, giving the 
possibility of growing grain yields. 
Growing in the same yield unit of several 
genetically diversified varieties, with different 
precocity periods and multiple varieties 
resistance, contributes to the continuous 
improvement of the yield potential, as well as 
to improving harvest stability. 
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Abstract 
 
The paper presents the results obtained from monitoring the evapotranspiration processes in riparian grasslands 
located in Poeni village, Romania near Glavacioc River and the testing of portable instrumentation developed to 
monitor continuously the potential evapotranspiration (PET). The Penman-Monteith method was selected for the 
experimental study of PET groundwater dependent ecosystems in the INTER-ASPA project. The microclimate 
measurements for evapotranspiration assessments were performed between September 14 and 19, 2018. Following the 
preliminary mapping of the herbaceous vegetation, 12 species of grasses, 5 legumes and 23 species from other 
botanical families were identified. The PET varied from 0.71 to 1.07 (trees), 0.57 to 0.95 (shrubs), and 0.58 to 1.04 mm 
day-1 (grassland). The 7 days average of the geometrical mean of all vegetated surfaces was 0.86 mm day-1, which can 
be considered a descriptive constant for the Poeni riparian ecosystem for the period of measurements. The PET rates 
varied significantly especially from wind speed, solar radiation and temperature fluctuations. It was found that 
grassland canopy had PET rates higher than the taller canopy of shrubs and very close to the tree canopy. 
 
Key words: albedo, biometeorology, floristic composition, Penman-Monteith, Photosynthetically Active Radiation.  
 
INTRODUCTION 
 
The hydrology of groundwater and streamflow 
clearly influences the dynamics of riparian and 
wetland ecosystems (Grimm et al., 1997) with 
direct effects on floristic composition. When 
modelling the flow in such vegetated systems, 
it is important to accurately quantify the 
seasonal riparian evapo-transpiration as a 
critical groundwater boundary condition 
(Goodrich et al., 2000). The way by which 
simulation of evapotranspiration (ET) is 
performed can modify calculated heads and 
consequently the system dynamics 
computations (Banta, 2000).  
Riparian and wetland ecosystems usually host a 
substantial number of plant types and species. 
By using plant functional groups and their in-
field identification, the complexity of 
individual species and phytosociological 
associations may be simplified into a relatively 
small number of general recurrent patterns 
(Maddock et al., 2012).  

Species biological characteristics such as plant 
habitus and foliage architecture, and their 
ecophysiological response to the environmental 
conditions i.e., density, have key effects on the 
transpiration rates (Pearson & Ison, 1987). 
Meinzer et al. (1997) found that large woody 
plants detain various maximum rooting depths, 
hydraulic architecture and transpiration rates 
compared to smaller trees. Moreover, vegetated 
areas with high densities of herbaceous and 
woody plants were characterized by higher 
transpiration rates than scattered spatial 
arrangements of plant species (Monteith, 1981; 
Milică et al., 1982). 
In Romania, riparian and wetland ecosystems 
often contain valuable grasslands of different 
typologies based on predominant grass species 
such as Agrostis stolonifera, Alopecurus 
pratensis, Poa pratensis, Lolium perenne, 
Arrhenatherum elatius, Festuca pratensis etc. 
depending on altitude. Among the woody 
species that forms the groves (riparian forests), 
Alnus glutinosa with Alnus incana (at higher 
altitudes), willows (Salix fragilis etc.), elms 
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(Ulmus minor etc.), poplars, and other species 
can be mentioned. 
The riparian grasslands are spread over 
lowlands of riverside, terraces, river valleys 
and floodplains, but without water excess, on 
gley and alluvial soils, clay-loamy soils, 
weakly acidic or poorly alkaline. They are 
characterized by stable soil cover with 
vegetation (95-100%) and by the participation 
of the dominant species Agrostis stolonifera 
with 70%, which is a species with a high fodder 
value (Motcă et al., 1994). The herbaceous 
species forming the floristic composition of 
riparian grasslands generally have shallow root 
systems. In the mixed canopy of the riparian 
grasslands, grasses reach usually 40-50%, 
legumes 20-25%, rather high, and species from 
other botanical families approximately 25%. 
Among all these species, there are plants with 
no forage value or harmful to the animal 
products: Deschampsia caespitosa, Potentilla 
reptans, Rumex crispus, Mentha aquatica, 
Gratiola officinalis, Ranunculus repens, 
Stellaria graminea, Juncus effusus, Carex hirta 
etc. The forage yield of these grasslands is 1.5-
3.5 t ha-1 DM (7.5-17.5 t ha-1 green fodder) and 
the pastoral value is 1.75-2.75 (based on 
ground cover) or 35-55 (based on frequency), 
which falls within the category of intermediate 
quality grasslands (Motcă et al., 1994). 
Agrostis stolonifera grassland type supports an 
animal load of 0.7-1.0 LSU ha-1 (livestock 
unit), but because of the increased soil 
moisture, mowing is recommended. The 
following terms are related to the riparian 
evapotranspiration: 
Evaporation and transpiration are important 
components of the water circuit in nature that is 
also important for groundwater dependent 
ecosystems (GDE). Evaporation is the loss of 
water in the form of vapours from a wide 
variety of surfaces, lakes, rivers, bare soil and 
vegetation (Dinca et al., 2017). Transpiration 
consists in the loss of water contained in plant 
tissues and the elimination of produced vapours 
in the surrounding atmosphere. Plants 
preponderantly lose water through stomata. 
Then, evaporation and transpiration occur 
simultaneously and it is not easy to distinguish 
between the two processes.  

Potential evapotranspiration (PET) is the rate 
at which evapotranspiration can occur from a 
wide area, fully and evenly covered with 
vegetation in the growing stage that has 
unlimited access to soil water resources and 
without direct effects of the advection or 
heating processes (Dingman, 2014). 
Evapotranspiration of the reference crop 
(ETo) is the evapotranspiration amount specific 
to a cultivated species that is not limited in 
terms of water availability. FAO-56 adopts the 
specific characteristics of the reference crop 
with a certain height (0.12 m), surface 
resistance (70 s m-1) and albedo (0.23). Then, 
ETo is determined using the Penman-Monteith 
equation (McMahon et al., 2013). 
Actual evapotranspiration (ETa) is defined as 
the amount of water transferred as water 
vapour from the surface of an evaporation 
surface (surface water, bare soil, vegetation-
covered area etc.). The process of 
evapotranspiration depends on meteorological, 
edaphic, and plant physiological factors. 
In a heterogeneous approach, four groups of 
factors that influence the magnitude of the ET 
processes may be considered: 
(i) Meteorological parameters: net radiation, 
air temperature, air relative humidity, and wind 
speed. 
(ii) Factors related to the phytosociological 
association or the cultivated species: 
differences in plant resistance to transpiration 
or conductivity of the vegetal canopies, height 
of the canopy, canopy roughness, albedo, and 
characteristics of the root system. 
(iii) Environmental conditions: ground cover, 
plant density and soil water content. 
(iv) Trophic and limiting factors: 
macronutrients and pollutants. 
ET can be measured directly in the field using 
instruments such as lysimeters, evaporimeters 
and eddy covariance systems for measuring the 
fluxes of energy over a variety of ecosystems 
(Burba & Anderson, 2005; Goss & Ehlers, 
2009; Parisi et al., 2009).  
These tools are expensive and difficult to 
maintain in order to provide point ET 
measurements, which sometimes are not valid 
to be applied for larger areas (being spatially 
limited).  
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For overcoming these problems, various 
models for ET assessment were developed 
depending on the number of variables used e.g., 
Thornthwaite, Blaney-Criddle, Penman, 
Penman-Monteith, FAO-56, Priestley-Taylor, 
FAO-24 Blaney-Criddle, Turc, Hargreaves-
Samani, Morton etc. (Allen et al., 1998).  
Models for ET estimation range from simple 
empirical equations to complex models based 
on radiative-advective balance using synthetic 
regional indices (e.g., land use/land cover, Leaf 
Area Index obtained from NDVI – Normalized 
Difference Vegetation Index, albedo, and 
FAPAR - Fraction of photosynthetically 
active radiation) obtained from remote sensing 
systems (McShane et al., 2017). Most of these 
models are applicable to the weather and 
vegetation conditions of a particular region, 
and the synthetic coefficients that apply to 
those locations limit their use in other regions 
(so, they may have a diminished degree of 
generalization). Then, such models are widely 
used to estimate ETs coefficients in various 
area of study followed by their calibration and 
validation (Goudriaan, 1977). 
In a comparative study conducted in Romania 
using lysimeters, it was found that, according 
to the meteorological data available in the 
studied area, several methods i.e., Blaney-
Criddle, Penman and Thornthwaite provide 
acceptable results for estimating ETo. Blaney-
Criddle provided 15-20% higher monthly ETo 
values compared to the other two methods. The 
results obtained from Penman and 
Thornthwaite methods are almost equal (ETo 
values supplied by Penman were slightly higher 
for the first months of the vegetation period, 
due to the quantification of spring wind 
characteristics). For Romania, Grumeza and 
Kleps (2005) recommended the Thornthwaite 
method because it does not involve the use of 
laborious calculations and is validated over 
time. If sufficient meteorological records are 
available, it is recommended to use the revised 
Penman method because it better accounts the 
conjugated effect of climatic factors. 
Due to the availability of meteorological data at 
hydrographical basin scale and specific in-situ 
instrumentation to monitor the required 
parameters (inputs in the evapotranspiration 
algorithms), the Penman-Monteith and the 
Priestley-Taylor methods were selected for the 

experimental study of GDE evapotranspiration 
to be considered in the INTER-ASPA project 
(PN-III-P1-1.2-PCCDI-2017-0721), titled 
“Tools for modelling processes at the interface 
between water, soil, plants and air in order to 
promote the sustainable management of 
groundwater dependent ecosystems and their 
integrating river basins”, and funded by the 
Romanian Government. 
INTER-ASPA project aims to create an 
innovation ecosystem designed to support the 
mono-disciplinary, inter-disciplinary and trans-
disciplinary development of research domain 
related to the interface processes between 
water, soil, plant and air on several strategic 
cycles. The project is developed between 2018 
and 2020. In the framework of INTER-ASPA, 
one of the research objectives is the 
characterization of evapotranspiration 
processes at hydrographical basin scale for 
GDE including riparian ecosystems.  
The paper presents the preliminary results 
obtained from monitoring the evapo-
transpiration processes in riparian grasslands 
and the testing of portable instrumentation 
developed to monitor continuously the PET.  
 
MATERIALS AND METHODS 
 
As planned in the INTER-ASPA project, field 
measurements have been prepared to establish 
an adequate methodology for the determination 
of evapotranspiration in GDEs. The 
experimental site, considered relevant from the 
point of view of the project objectives, was 
chosen in the Glavacioc River basin (cadastral 
code: X-1.23.11.8) in the wetland area of Poeni 
village, Teleorman County, south of Romania. 
The Glavacioc River is a tributary of the 
Câlniştea River having a length of 120 km, a 
sinuosity coefficient of 1.69 and an average 
altitude of 118 m. It has a basin of 682 km2, 
oriented from northeast to southeast, more 
developed in the upper part. In the Poeni 
village administrative area, there are forests, 
agricultural lands and grasslands, but also oil 
extraction fields. Potential complex GDEs are 
located in the northwest and southeast of Poeni 
village. 



281

 
Figure 1. The study area with riparian and wetland 

ecosystems located in Poeni, Teleorman County near the 
Glavacioc River (stereographic coordinates of central 

point N 322137.52 m; E 527447.87 m) 

 
Figure 1 presents the study area with riparian 
and wetland ecosystems located in Poeni, 
Teleorman County near the Glavacioc River 
(stereographic coordinates of central point N 
322137.52 m; E 527447.87 m measured with a 
GPS receiver Garmin Oregon 650t). 
The microclimate measurements for 
evapotranspiration assessments were performed 
between September 14 and 19, 2018 using a 
PAR monitoring system comprising a beam 
fraction sensor, 2 digital anemometers, 2 
microclimate multi-parameters, air and soil 
temperature sensors, and soil moisture sensors 
(Figure 2). 
PAR measurements were performed 
continuously between 11.00 a.m. and 1.00 p.m. 
at a sampling rate of 10 seconds.  
 
 

 
Figure 2. Instrumentation used for in situ monitoring of 
evapotranspiration at riparian grassland level in Poeni, 

Teleorman County (beam fraction sensor for PAR 
monitoring; digital anemometers; microclimate 

multiparameters; temperature sensors; soil moisture 
sensors) 

The parameters related to the advective 
processes (temperature, relative air humidity 
and soil moisture) were measured disconti-
nuously in 6 points (3 inside, and 3 outside the 
herbaceous canopy).  
The distances between monitoring points were 
measured with a professional measuring wheel. 
Albedo (the ratio between reflected and global 
radiation) was determined with a portable 
pyranometer for different vegetated surfaces 
(Figure 3). 
 

 
Figure 3. Albedo variations in correlation with the 
vegetation type (A-grassland; B-trees; C-shrubs) 
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In parallel with the microclimate 
measurements, a quick inventory of the floristic 
composition was performed to assess the plant 
species existing in the study area. 
The data obtained from in-situ monitoring was 
used in the Penman-Monteith algorithm 
(Dingman, 2014) requiring the canopy height, 
the conductance properties of the leaf, the 
albedo, the LAI, the atmospheric pressure, the 
incident global radiation, the cloud cover, the 
air temperature, the relative humidity, the wind 
speed, and the soil moisture deficit. 

 

��
 

 
 

where: PET is Penman-Monteith's potential 
evapotranspiration; Rn is the daily net incident 
radiation on the vegetated surface; g is the soil 
heat flux; ρa is the average air density at 
constant pressure; ca is the specific air heat; ra 
is the aerodynamic resistance; rs is the surface 
resistance; (v’

a - va) represents the pressure 
deficit of the air vapours. 
PET was calculated for three types of vegetated 
surfaces existing in Poeni riparian ecosystems 
i.e., trees, grassland and shrubs during the 
monitoring period (September 14-19, 2018). 
Leaf conductance properties for riparian 
ecosystems were retrieved from literature. LAI 
was assessed using a scanning procedure and 
area meter recognition by software (Dunea & 
Moise, 2008). It is expected that in the 2nd 
phase of the INTER-ASPA project, a 
porometer for leaf conductance measurements 
and the Delta-T Devices Sunscan system for 
LAI will be used for more accurate in situ 
estimations. Table 1 presents the values of 
inputs used in this paper.  
Table 1. Inputs used in the Penman-Monteith algorithm 
for the estimation of evapotranspiration in Poeni near 

Glavacioc River (September 14-19, 2018) 

Variable TREES SHRUBS GRASSLAND 

Canopy Height (m) 8 1.2 0.45 

Conductance factor 0.50 0.46 0.49 
Maximum leaf 

conductance (mm/s) 2.30 2.16 2.20 

Albedo 0.19 0.20 0.21 

LAI (m2 m-2) 3.3 2.9 2.6 

RESULTS AND DISCUSSIONS 
 
The heterogeneous canopies from wetlands and 
riparian ecosystems are characterized by 
various rates of solar energy conversion into 
dry matter, thus various biological efficiencies 
(light use efficiencies) and implicitly different 
rates of water use efficiency (McCree, 1973; 
Campbell, 1986; Sinoquet, 1993; Dunea et al., 
2015). For this reason, the main objective of 
the field experiments planned within the 
INTER-ASPA project is to establish GDEs-
specific evapotranspiration rates and the 
magnitude of the influence of macronutrients 
and pollutants on them. Also, the influence on 
eco-physiological indicators such as the 
efficiency of radiation use and the efficiency of 
water use will be also determined. The resulted 
coefficients will provide useful information for 
downscaling the information retrieved from the 
remote sensing systems such as MODIS, 
Sentinel 2, Landsat 8, and PROBA-V (Dunea 
et al., 2014).  
Following the preliminary mapping of the 
herbaceous vegetation, 12 species of grasses, 5 
legumes and 23 species from other botanical 
families were identified. In the riparian 
grassland, several types of heterogeneous 
canopies have been observed, which requires a 
unitary approach to characterize the eco-
physiological processes influence by the 
evapotranspiration characteristics. 
The perennial grasses accounted for 60-65% 
having a good ground cover (>80%) with the 
following species: Agrostis stolonifera, 
Alopecurus pratensis, Poa pratensis, Lolium 
perenne, Agrostis canina, Festuca pratensis, 
Poa trivialis, Holcus lanatus, Agropyron 
repens, Poa palustris, Cynodon dactylon, 
Glyceria maxima. Agrostis stolonifera, 
Alopecurus pratensis, Poa pratensis, Lolium 
perenne, Arrhenatherum elatius, Festuca 
pratensis etc. The dominant species was the 
creeping bentgrass Agrostis stolonifera, a sod-
forming grass used on reclamation sites, lawns 
and for soil erosion control.  
The identified legumes were Trifolium repens, 
Trifolium pratense, Medicago lupulina, Galega 
officinalis, Vicia cracca etc. having a low 
participation in the grassland canopy (10-15%).  
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Figure 4. Riparian grassland at Poeni, Teleorman County 
near Glavacioc River - Agrostis stolonifera type 

Species from other botanical families (25-
30%) were: Typha angustifolia (dominant 
species especially near river banks), 
Taraxacum officinale, Plantago major, 
Cichorium inthybus, Symphytum officinale, 
Daucus carota, Leontodon autumnalis, 
Deschampsia caespitosa, Potentilla reptans, 
Rumex crispus, Mentha aquatica, Gratiola 
officinalis, Ranunculus repens, Stellaria 
graminea, Juncus effusus, Carex hirta, Rosa 
canina, Tragopogon pratensis, Prunella 
vulgaris, Glycyrrhiza echinata, Potentilla 
anserine, Arctium lappa, and Bidens tripartite. 
The most frequent woody species grouped in 
rare groves were: white poplar (Populus alba), 
willows (Salix fragilis etc.), elms (Ulmus minor 
etc.) and fruit-growing trees. 
Consequently, we have assessed the 
evapotranspiration for three types of canopies 
(grassland; shrubs; trees) using the coefficients 
and values from Tables 1 and 2.  
Table 3 shows the PET values provided by the 
Penman-Monteith algorithm for each day 
during September 14 and 19 (7 days).  
 

Table 2. Daily averages of the meteorological inputs 
used in the Penman-Monteith algorithm for the 

estimation of evapotranspiration of riparian ecosystem in 
Poeni near Glavacioc River (September 14-19, 2018), 

altitude 117 m 

Date 
Pressure Radiation Cloud 

cover 
Air 

Temp 
Rel. 

Hum. 
Wind 
speed 

kPa MJ m-2 - �C % m s-1 

14.09 100.32 22 0.25 21.8 0.59 1.6 

15.09 100.36 19 0.4 23.3 0.52 2.7 

16.09 100.80 21 0.1 21.8 0.62 2.9 

17.09 101.17 20 0.3 20.6 0.59 3.6 

18.09 101.07 21 0.1 20.3 0.58 2.5 

19.09 101.07 23 0 19.3 0.55 2.8 

20.09 100.91 24 0 19.1 0.54 2.1 

 
The PET varied from 0.71 to 1.07 (trees), 0.57 
to 0.95 (shrubs) and 0.58 to 1.04 mm day-1 
(grassland). A rate of 1 mm day-1 is equivalent 
with a loss of 10 m3 ha-1 day-1. The 7 days 
average of the geometrical mean of all 
vegetated surfaces was 0.86 mm day-1, which 
can be considered a descriptive constant for the 
Poeni riparian ecosystem for the period of 
measurements. Interestingly, the PET varied 
significantly especially from wind speed, 
radiation and temperature fluctuations. 
Grassland canopy showed PET rates higher 
than the taller canopy of shrubs including 
Typha species, having the highest variance.  

Table 3. Potential evapotranspiration computed with 
Penman-Monteith algorithm for various vegetated 

surfaces in Poeni near Glavacioc River 

Date PET trees PET shrubs PET 
grassland 

Geometrical 
mean 

14.09 0.968 0.866 0.945 0.92 

15.09 0.707 0.569 0.58 0.61 

16.09 0.964 0.827 0.882 0.89 

17.09 0.889 0.719 0.734 0.78 

18.09 0.883 0.839 0.891 0.87 

19.09 1.031 0.884 0.943 0.95 

20.09 1.069 0.952 1.039 1.02 

Mean 0.93 0.81 0.86 0.86 

CV% 12.85 15.67 17.89 15.48 

Min. 0.71 0.57 0.58 0.61 

Max.  1.069 0.952 1.039 1.02 

 
Concomitantly with the PET measurements, 
PAR measurements were performed (Figure 5).   
The average of the PAR during 11.00 a.m. to 
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1.00 p.m. was 1343.5 �mols m-2 s-1 (CV = 
14.5%), while the diffuse PAR was 250.2 
�mols m-2 s-1 (CV = 6.2%). Regarding the 
albedo of riparian grassland, the overall 
average was 0.19, which is in line with other 
reported values for wetlands and riparian 
grasslands (Geiger, 1965; Baumgardner et al., 
1985; Kotoda, 1986).  
 

 
Figure 5. Example of PAR (�mols m-2 s-1) measured 

from 11.00 a.m. to 1.00 p.m. in Poeni riparian grasslands  
Following the monitoring campaign performed 
in Poeni riparian grasslands, it was concluded 
that continuous monitoring of PET would be 
more useful to understand the diurnal-nocturnal 
cycles of ET. To achieve this goal, the 
continuous monitoring has been started in the 
riparian grasslands of Ialomita River, Romania 
(Figure 6), by deploying a portable PET system 
based on adequate sensors interfaced on the 
Delta-T Devices GP2 data logger that uses the 
DeltaLINK 3.8 software, which is able to 
provide hourly calculations of PET based on 
Penman-Monteith algorithm(https://www.delta-
t.co.uk/software/deltalink/). 
The system has been tested to obtain hourly 
time series of PET that will be used to 
extract/validate useful key figures from remote 
sensing information. 
 
CONCLUSIONS 
 
The current study allowed the development of 
the methodological background to monitor 
evapotranspiration processes that occur in 
riparian grasslands. It is expected that the 
methodological approach will provide 
sustainable results also for cash crops 
monitoring for harvest index forecasting (Ion et 
al., 2015) and for characterization of the crop-
weed interactions (Spitters & Aerts, 1983).  
 

 
Figure 6. The PET continuous monitoring system 

deployed in the monitoring platform of the Department 
of Environmental Engineering - Valahia University of 
Targoviste, for assessing the canopy characteristics of 

riparian grasslands from Ialomita River, Romania 
It was found that grassland canopy had PET 
rates higher than the taller canopy of shrubs 
and very close to the tree canopy. Since PET 
estimations are important for modelling 
hydrological processes and for groundwater 
evapotranspiration assessment, the presented 
methodology will be further refined in new 
monitoring campaigns in various riparian 
grasslands.   
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Abstract 
 
Understanding the relationship between yield and macronutrients fertilization is essential in maize cultivation 
technology, especially in non-irrigated conditions that require the rational use of water and fertilizers to ensure 
efficient crops. From this point of view, the purpose of the research was to determine the influence of mineral 
fertilization with nitrogen (N) and phosphorus (P) on the yield of different maturity groups maize hybrids and the 
identification of those hybrids with the best adaptation to the specific soil and climatic conditions of the area (Sarichioi, 
Tulcea County, Dobrogea). The research involved sowing eight maize hybrids from different maturity groups: early 
hybrids (DKC 3623 - FAO 260 and P8567 - FAO 275), mid-early hybrids (DKC 4590 - FAO 350 and P9903 - FAO 
360), mid-late hybrids (DKC 4717 - FAO 410, P0023 - FAO 400 and P0412 - FAO 480) and late hybrids (DKC 5632 - 
FAO 510) under different mineral fertilization conditions with doses of nitrogen (N) and phosphorus (P) (N0P0; N60P0; 
N60P60; N120P60). Nitrogen fertilization led to a yield increase with values between 7.50 kg/kg N a.s. (for the hybrid 
P99038) and 10.75 kg/kg N a.s. (at P99038 hybrid), and application of phosphorus resulted in yield increases from 
4.17 kg/kg P a.s. (P8567 and P0412) to 5.67 kg/kg P a.s. (DKC 4590). The eight hybrids responded to fertilization with 
nitrogen and phosphorus, their yield ranging from 6.46 t/ha for the hybrid DKC 3623 hybrid unfertilized to 9.09 t/ha to 
for the hybrid P0412 fertilized N120P60. On average, mid-late hybrids (FAO 400-480) recorded the highest yields with 
values between 7.35 t/ha and 8.77 t/ha. 
 
Key words: Zea may hibrids, FAO maturity groups, grain yield, fertilization, Dobrogea area.  
 
INTRODUCTION  
 
Fertilization is essential for the corn crop 
technology, directly related to its yield and 
other productivity elements. 
Nitrogen (N) plays a fundamental role in the 
nutrition of corn plants (Sangoi L., 2001; Miao 
Y. et al., 2006; Al-Naggar A.M.M., 2015; 
Gidea M. et al., 2015; Prisecaru G. et al., 2017), 
in their vegetative development and in yield 
implicitly. Following water, nitrogen is the 
second most important factor that influences 
corn yield (Ran H. et al., 2017). Phosphorus (P) 
is of particular importance in root formation 
and increase in drought resistance, 
photosynthesis and in the transport and 
activation of enzymes, while the lack of 
phosphorus can directly influence yield 
(Pettigrew W.T., 2008). Numerous researches 
demonstrated the direct proportional 
relationship between fertilization with these 
macronutrients and corn yield. Nitrogen 

fertilization produces the highest yield 
increases of 2 to 6 t/ha depending on soil 
fertility (Berca M. & Buzatu C.S., 2011).   
Long-term research on a clay-sandy soil in NV 
China has shown that in the absence of 
fertilization grain yield has diminished at the 
end of the experimentation period, representing 
28.2% of the yield obtained in the first year of 
research, but the yield obtained in response to 
fertilization with nitrogen and phosphorus have 
improved over time (Yang S. et al., 2004). 
In the field conditions of southern Romania 
(INCDA Fundulea, on a chernozem soil type), 
to ensure a yield of more than 9 t/ha, the 
required amount of nitrogen was between 140 
and 166 kg N/ha and phosphorus must be 
provided at doses of 41-73 kg P/ha (Habdan 
V.G., 2009). In irrigated conditions, the average 
yield was between 12.1 and 26.8 kg grains/kg 
N, and for non-irrigated crop yield increases 
were from 10.8 to 24.6 kg grains/kg N (Habdan 
V.G., 2009). 
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Research in Kansas, United States, 
demonstrated a maximization of corn yield 
under the application of a 185 kg N/ha (Gehl 
R.J. et al., 2005). 
Research carried out in eastern Romania 
(SCDA Secuieni, on a cambic chernozem) 
shows that with nitrogen fertilization, for every 
kg of applied fertilizer the average grain yield 
increase was between 12.21 and 19.54 kg/kg N, 
while the increases brought by phosphorus 
fertilization were between 6.42-8.83 kg/kg P 
(Lupu C., 2012). Lazin V.L. (2014) obtains, 
within the research carried out in Călăraşi 
County, southern Romania yields ranging from 
600 to 1400 kg/ha due to nitrogen and 
phosphorus fertilization. 
Phosphorus fertilization using doses of 60-80 
kg P/ha during a 5 years research in China 
highlighted the assurance of a yield between 5-
6 t/ha, the efficiency of phosphorus 
capitalization being 29%. (Xu T. et al., 2008). 
Although the positive influence of fertilization 
on corn yield was evidenced by extensive 
research, this is equally influenced by 
environmental factors (soil type, rainfall, soil 
water reserve) as well as other technological 
factors (crop rotation, soil tillage systems, 
integrated pest management technologies 
(Marin D.I et al., 2011) generating 
differentiated results, which impose optimal, 
locally adapted fertilization strategies. 
Use of fertilizers without regard to soil and 
climatic conditions specific to the growing 
area, and the use hybrids inappropriate to these 
conditions are the main yield limits of the corn 
crop (Kogbe J.O.S., Adediran J.A., 2003, Tahir 
M. et al., 2008). The objective of the research 
was to determine the influence of mineral 
fertilization with N and P on the yield of corn 
hybrids from different maturity groups and to 
identify those hybrids with the best adaptation 
to the climatic and pedologic conditions in 
Dobrogea (Sarichioi, Tulcea).
 
MATERIALS AND METHODS 
 
The field research was located in Sarichioi, 
Tulcea County, within the SC Transmeteorit 
SRL farm. The soil specific to this area is part 
of the Chernozems class. 
During the growing season of corn crop, the 
climatic data presented in Figure 1 highlight 

temperature values higher than the multiannual 
values. 
Thus, we can observe that in both agricultural 
years there was an increase of the average 
temperature in May-September compared to 
the multiannual value specific for the area, with 
differences of 1.3oC in 2016 and 1.5oC in 2017. 

 
Figure 1. (oC) during maize vegetative 

development, Sarichioi, Tulcea County 

In 2016, during the corn crop vegetative period, 
rainfalls of 164.9 mm were recorded, with a 
negative difference of 10.8 mm from the 
multiannual average (Figure 2). The highest 
rainfall values were recorded in May and June, 
with differences from the multiannual value of 
39.3 mm and 8.3 mm, respectively. In 2017, 
the amount of rainfalls between May and 
September was 47.8 mm higher than the multi-
year value (175.7 mm), with positive diffe-
rences in June (38.5 mm) and July (59.8 mm). 
 

Figure 2. Rainfall (mm) during maize vegetative 
development, Sarichioi, Tulcea County 

To achieve the research objective, a bifactorial 
4 x 8 type field experience was established. 
The field was organized by the split plot 
method, with 4 replications. Within the 
research, the following factors were tested: 
Factor A, representing the fertilization level 
with the following graduations: 
a1 = N0P0 
a2 = N60P0 
a3 = N60P60 
a4 = N120P60 
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Factor B, different FAO groups hybrids, with 
the following graduations: 
b1 = DKC 3623 (FAO 260) - early hybrid;  
b2 = P8567 (FAO 275) - early hybrid; 
b3 = DKC 4590 (FAO 350) - mid-early hybrid;  
b4 = P9903 (FAO 360) - mid-early hybrid; 
b5 = DKC 4717 (FAO 410) - mid-late hybrid;  
b6 = P0023 (FAO 400) - mid-late hybrid; 
b7 = P0412 (FAO 480) - mid-late hybrid; 
b8 = DKC 5632 (FAO 510) - late hybrid. 
 
Corn was sown after winter wheat; soil tillage 
was done by plowing in autumn at a depth of 
25 cm and seedbed preparation was carried out 
in spring at a depth of 5-6 cm. 
Sowing was carried out on 13.04.2016 and 
25.04.2017 at a density of 60,000 germinal 
seeds/ha. The crop was harvested in the second 
decade of September. 
Fertilization was performed at the preparation 
of the seedbed and during vegetative 
development. 
Weed control was carried out with Adengo 465 
SC, at a dose of 0.35 l/ha applied pre-
emergence and with Equip g/l at a dose of 1.7 
l/ha applied post-emergence. Control of 
Tanymecus dilaticollis pests was performed 
using Calypso 480 SC at a dose of 90 ml/ha. 
 
RESULTS AND DISCUSSIONS 
 
Fertilization influence on maize yield, 
Sarichioi, Tulcea 
 
Mineral fertilization with nitrogen and 
phosphorus resulted in yield increases 
statistically assured compared to the 
unfertilized control variant. N60P0 fertilization 
produced a minimal yield increase compared to 
control for all researched hybrids (Table 1), the 
statistically assured yield growths ranging from 
0.66 t/ha for DKC 4590 (FAO 350) to 1.09 t/ha 
for P0412 (FAO 480). The highest yield 
increases, very significant in statistical terms, 
were generated by complex fertilization N120P60 
(Table 1). Yield increases determined by 120 
kg N/ha and 60 kg P/ha active substance 
fertilization had values between 1.19 t/ha for 
the hybrid P9903 (FAO 360) and 1.54 t/ha for 
the hybrid P0412 (FAO 480).  
Due to N60P60 complex mineral fertilization, 
yield increased significantly, with values 

between 0.98 t/ha for P9903 (FAO 360) hybrid 
and 1.34 t/ha for P0412 hybrid (FAO 480). 

 

Table 1. Fertilization influence on grain yield (GY, t/ha), 
Sarichioi, Tulcea County 

Maize 
hybrid 

NP 
level 

Grain yield 
GY 
t/ha 

Diff. 
% 

Diff. 
t/ha 

Signf. 

DKC 3623 
(FAO 260) 

N0P0 6.46 100.00 Ct - 
N60P0 7.20 111.55 0.75 ** 
N60P60 7.46 115.57 1.01 *** 
N120P60 7.71 107.05 1.25 *** 

P8567 
(FAO 275) 

N0P0 6.80 100.00 Ct - 
N60P0 7.61 111.92 0.81 ** 
N60P60 7.86 115.60 1.06 *** 
N120P60 8.09 106.38 1.30 *** 

DKC 4590 
(FAO 350) 

N0P0 6.90 100.00 Ct - 
N60P0 7.57 109.63 0.66 ** 
N60P60 7.91 114.58 1.01 *** 
N120P60 8.29 109.53 1.39 *** 

P9903 
(FAO 360) 

N0P0 7.26 100.00 Ct - 
N60P0 7.95 109.46 0.69 ** 
N60P60 8.25 113.56 0.98 *** 
N120P60 8.46 106.37 1.19 *** 

DKC 4717 
(FAO 410) 

N0P0 7.05 100.00 Ct - 
N60P0 7.89 111.88 0.84 ** 
N60P60 8.17 115.77 1.11 *** 
N120P60 8.35 105.83 1.30  *** 

P0023 
(FAO 400) 

N0P0 7.45 100.00 Ct - 
N60P0 8.24 110.61 0.79 ** 
N60P60 8.55 114.84 1.11 *** 
N120P60 8.87 107.71 1.43 *** 

P0412 
(FAO 480) 

N0P0 7.55 100.00 Ct - 
N60P0 8.64 114.44 1.09 ** 
N60P60 8.89 117.75 1.34 *** 
N120P60 9.09 105.21 1.54 *** 

DKC 5632 
(FAO 510) 

N0P0 7.20 100.00 Ct - 
N60P0 7.96 110.68 0.77 ** 
N60P60 8.26 114.82 1.07  *** 
N120P60 8.47 106.38 1.28  *** 

Hybrids 
average 

N0P0 7.08 100.00 Ct - 
N60P0 7.88 111.28 0.80 ** 
N60P60 8.17 115.32 1.09  *** 
N120P60 8.42 118.83 1.33 *** 

LSD 5% = 0.44 t/ha; LSD 1% = 0.61 t/ha; LSD 0.1% = 0.84 t/ha 
ns - not significant; * significant; ** distinctly 
significant; *** very significant 
 
Analyzing the influence of mineral fertilization 
on the average yield of the eight hybrids, 
increases recorded compared to unfertilized 
control were between 11.28% (N60P0) and 
11.83% (N120P60), statistically assured for all 
fertilization levels (Table 1). 
Yield increase achieved by applying one kg of 
nitrogen (N) active substance was on average 
8.75 kg, ranging between 7.50 kg for P9903 
and 10.75 kg for P0412 (Figure 3). 
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The average grain yield growth (Figure 3) per 
kg of phosphorus (P) active substance was 4.83 
kg, the highest capitalization of a kg of 

phosphorus active substance was recorded by 
DKC 4590 (5.67 kg) hybrid, and the lowest by 
the hybrids P8567 and P0412 (4.17 kg). 

 

Figure 3. Yield increase kg grains per kg of mineral fertilizer active substance: nitrogen and phosphorus 

 
Figure 4. Graphical distribution of grain yields as 
influenced by doses of active substance fertilizers 

For all eight hybrids data presented in Figure 4 
highlights a relationship of interdependence 
between the grain yield and the amount of 
fertilizer active substance applied.  
On average, under non-irrigated conditions, 
the correlation coefficient of 0.9945 reveals a 
strong dependence between yield and the 
amount of fertilizer the active substance 
applied. The value of the regression coefficient 

indicates that about 98.91% of the corn crop 
yield is provided by the applied fertilizer dose 
of the active substance (Figure 4). 
 
Hybrid influence on maize yield, Sarichioi, 
Tulcea 
 
The eight corn hybrids recorded an average 
yield of 7.08 t/ha for the non-fertilized variant 
(N0P0) and 8.42 t/ha when mineral fertilization 
N120P60 was (Table 2). 
The lowest yield values were obtained by the 
hybrid DKC 3623 (between 6.46 t/ha in the 
unfertilized variant and 7.71 t/ha for the 
fertilization level N120P60) and the P0412 
hybrid recorded the highest yields (between 
7.55 t/ha, unfertilized and 9.09 t/ha, fertilized 
N120P60). 
Under the influence of the hybrid, compared to 
the average yield the eight hybrids grain yield 
recorded differences were between -0.71 t/ha 
and 0.76 t/ha. The hybrids DKC 3623, P8567 
and DKC 4590 obtained for all fertilizer levels 
researched lower yield values, with differences 
between -0.71 t/ha (at DKC 3623 fertilized 
with N60P60 and N120P60) and -0.13 t/ha (at 
hybrid DKC 4590 fertilized with N120P60). 
For DKC 3623 hybrid, yield difference 
compared to control (average yield of the 
hybrids) was significantly negative, while for 
the other hybrids the differences recorded were 
not statistically assured. 
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Table 2. Hybrid influence on grain yield (GY, t/ha), Sarichioi, Tulcea County 

NP 
fertilization 
level  

 Grain yield 
Maize hybrid GY (t/ha) Diff. % Diff. t/ha Signif. 

N0P0 

DKC 3623 (FAO 260) 6.46 91.16 -0.63 oo 
P8567 (FAO 275) 6.80 95.94 -0.29 ns 
DKC 4590 (FAO 350) 6.90 97.47 -0.18 ns 
P9903 (FAO 360) 7.26 102.54 0.18 ns 
DKC 4717 (FAO 410) 7.05 99.57 -0.03 ns 
P0023 (FAO 400) 7.45 105.12 0.36 ns 
DKC 5632 (FAO 510) 7.20 101.60 0.11 ns 
P0412 (FAO 480) 7.55 106.60 0.47 * 
Average hybrids  7.08 100.00 Ct - 

N60P0 

DKC 3623 (FAO 260) 7.20 91.38 -0.68 oo 
P8567 (FAO 275) 7.61 96.49 -0.28 ns 
DKC 4590 (FAO 350) 7.57 96.02 -0.31 ns 
P9903 (FAO 360) 7.95 100.86 0.07 ns 
DKC 4717 (FAO 410) 7.89 100.11 0.01 ns 
P0023 (FAO 400) 8.24 104.48 0.35 ns 
DKC 5632 (FAO 510) 7.96 101.05 0.08 ns 
P0412 (FAO 480) 8.64 109.62 0.76 ** 

 Average hybrids  7.88 100.00 Ct - 

N60P60 

DKC 3623 (FAO 260) 7.46 91.35 -0.71 oo 
P8567 (FAO 275) 7.86 96.17 -0.31  ns 
DKC 4590 (FAO 350) 7.91 96.85 -0.26  ns 
P9903 (FAO 360) 8.25 100.98 0.08  ns 
DKC 4717 (FAO 410) 8.17 99.97 0.00 ns 
P0023 (FAO 400) 8.55 104.68 0.38 ns 
DKC 5632 (FAO 510) 8.26 101.16 0.09 ns 
P0412 (FAO 480) 8.89 108.84 0.72 ** 

 Average hybrids  8.17 100.00 Ct - 

N120P60 

DKC 3623 (FAO 260) 7.71 91.61 -0.71  oo 
P8567 (FAO 275) 8.09 96.13 -0.33 ns 
DKC 4590 (FAO 350) 8.29 98.50 -0.13 ns 
P9903 (FAO 360) 8.46 100.48 0.04  ns 
DKC 4717 (FAO 410) 8.35 99.21 -0.07  ns 
P0023 (FAO 400) 8.87 105.39 0.45 * 
DKC 5632 (FAO 510) 8.47 100.67 0.06  ns 
P0412 (FAO 480) 9.09 108.01 0.67 ** 

 Average hybrids  8.42 103.04 Ct - 
LSD 5% = 0.46 t/ha; LSD 1% = 0.60 t/ha; LSD 0.1% = 0.78 t/ha  

ns – not significant, * significant, ** distinctly significant, *** very significant 
 
On the opposite side hybrids P9903, P0023, 
DKC 5632 and P0412 (Table 2) recorded 
higher yields for all fertilization levels 
compared to the average hybrids yield, and 
differences were positives with values between 
0.04 t/ha (P9903 hybrid fertilized with N120P60) 
and 0.76 t/ha (in P0412 hybrid fertilized with 
N60P0), being significantly positive for hybrid 
P0412, unfertilized (0.47 t/ha) and for the 
hybrid fertilized P0023 N120P60 (0.45 t/ha) 
distinctly positive for P0412 fertilized with 
N60P0, N60P60 and N120P60 and not statistically 
assured for the other hybrids. 

The hybrid DKC 4717 recorded yield 
differences between -0.07 t/ha (N120P60) and 
0.18 t/ha (N0P0) compared to the control (Table 
2), but not assured statistically. 
Analyzing the influence of the maturity group 
on hybrids yield, the data presented in Table 3 
shows that the semi-late hybrids recorded the 
highest yield values for all fertilization levels 
ranging between 7.35 t/ha for the unfertilized 
variant and 8.77 t/ha for N120P60 fertilization. 
The lowest yield values were obtained by early 
hybrids, with values between 6.63 t/ha 
(unfertilized) and 7.90 t/ha (N120P60).
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Table 3. Grain yield (t/ha) differences among maturity groups, Sarichioi, Tulcea County 

Grain yield (t/ha) Differences among maturity groups (t/ha)**** 

NP fertilization 
level 

Early 
hybrids 
(b1-2) 

Mid-early 
hybrids 
(b3-4) 

Mid-late 
hybrids 
(b5-7) 

Late 
hybrids 

(b8) 
b3-4 - b1-2 b5-7-b1-2 b8-b1-2 b5-7-b3-4 b8-b3-4 b8-b5-7 

N0P0 (a1) 6.63 7.08 7.35 7.20 0.46* 0.72** 0.57** 0.27ns 0.11ns -0.15ns 
N60P0 (a2) 7.40 7.76 8.26 7.96 0.36ns 0.85*** 0.56** 0.50* 0.21ns -0.29 ns 
N60P60 (a3) 7.66 8.08 8.54 8.26 0.68** 1.13*** 0.86*** 0.46* 0.18ns -0.27ns 
N120P60 (a4) 7.90 8.37 8.77 8.47 0.97*** 1.37*** 1.07*** 0.40* 0.10ns -0.30ns 
LSD 5% = 0.39 t/ha; LSD 1% = 0.54 t/ha; LSD 0.1% = 0.74 t/ha 

ns - not significant, * significant, ** distinctly significant, *** very significant; ****differences were calculated among 
the average yield of the hybrids belonging to a FAO maturity group 
 
Compared to early hybrids (Table 3), mid-early 
hybrids recorded yield increases of 0.36 t/ha 
(fertilization level N60P0) and 0.97 t/ha 
(fertilization level N120P60), statistically assured 
for the unfertilized variant and for the use of 
N60P60 and N120P60. 
Compared to early hybrids both late and mid-
late hybrids recorded higher yields with 
distinctly significant differences of 0.72 t/ha 
and 0.57 t/ha respectively for the unfertilized 
variant and very significant differences 
between 0.85 t/ha and 1.37 t/ha for the variants 
where mineral fertilization with nitrogen and 
phosphorus was applied (Table 3). 
Compared with mid-early hybrids, semi-late 
hybrids recorded higher yields with statistically 
significant differences between 0.40 t/ha and 
0.50 t/ha obtained where mineral fertilization 
was applied (Table 3).  
The yield of late hybrids was higher than that 
recorded by mid-early hybrids, and increased 
with values between 0.10 t/ha and 0.21 t/ha 
were not statistically assured. Compared to 
mid-late hybrids, the late ones recorded lower 
yields, with statistically significant differences, 
ranging from 0.15 t/ha to 0.30 t/ha (Table 3). 
 
CONCLUSIONS  
 
The results obtained during the period 2016-
2017 under the conditions of Dobrogea area 
(Sarichioi locality, Tulcea County) reveal the 
positive influence of mineral fertilization with 
nitrogen and phosphorus on the grain yield of 
the eight corn hybrids. 
Under the influence of fertilization, the yield of 
the eight corn hybrids recorded statistical 
assured growths compared to the unfertilized 
control variant, ranging from 0.66 t/ha for DKC 

4590 fertilized with N60P0 to 1.43 t/ha for 
P0023 fertilized with N120P60. 
Nitrogen fertilization resulted in an average 
yield increase of 8.75 kg grains per kg N, and 
phosphorus fertilization provided an average 
increase of 4.83 kg grains per kg of P. 
The highest yields were recorded by the mid-. 
late hybrid P0412, with values between 7.55 
t/ha (unfertilized) and 9.09 t/ha (N120P60). 
Under the pedologic and climatic conditions of 
Sarichioi, Tulcea county, the highest yields are 
recorded by the mid-late hybrids, with values 
between 7.35 t/ha (unfertilized) and 8.7 t/ha 
(N120P60). 
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Abstract 
 
The cultivation of Cannabis sativa L. for medical uses was legalized in Greece in March of 2018, ending the 90 years 
ban. The cannabis regulations in Greece attempt to protect the public health and safety by controlling for quality in a 
reactive manner. The necessary knowledge and know-how for this new crop were acquired by the Laboratory of 
Agronomy of the Agricultural University of Athens. In this review, the Greek legislation and licensing procedure are 
briefly presented. The essential relevant steps needed for making a production line are two. The installation permit for 
the production unit is the first step and then on the investment services sought to establish the conditions under which 
authorized investment. In the case of greenhouse facility, considering the crop requirements (temperature and 
photoperiod), the cultivation is suggested for Southern and Central Greece regions. The production process flow is 
endless during the year, and the duration of the biological cycle is 13-14 weeks. Finally, the required mechanical 
equipment, human resources, and final products for 1-hectare production with all the necessary conditions to cover 
GMPs are described. 
 
Key words: cannabis, Greek legislation, location criteria, medical use, production line. 

 
INTRODUCTION 
 
1. Historical review 
The origin of word cannabis is from Greek 
kannabis (κάνναβης or kánnavis). Herodotus, 
the Greek Historian, in 5th century B.C.E., 
described extensively about the Scythians and 
their ways of using cannabis (Grimmer, 2013). 
Later, circa 40-90 C.E., the Greek physician, 
pharmacologist and botanist, Pedanius 
Dioscorides wrote about the medical qualities 
of cannabis and mentioned about treating pains 
of the ear. During the declines of the Greek 
Empire, the knowledge pass to European and 
Byzantines through Rome and Dioscorides 
texts. In 1855, in a Bavarian text about 
pharmacology, cannabis was mentioned as a 
plant which was indigenous in the East and 
Persia and was cultivated in Europe and 
Greece. The big gab from ancient time was 
closed between 1870 and 1880, while the 
Piraeus port was developed and constituted the 
major trade depot in the Aegean region (Abel, 
1980). During this period, immigrants from 
Egypt, Cyprus, and countries from the Middle 
East lived moved to the port because of work, 

and they brought their recreational habit, which 
was hashish (Stefanis et al., 1975).  
In 1906, the Greek government introduced 
customs restrictions and tax on cannabis 
cultivation, accepting British pressures, 
extinguishing the Greek grapes market. 
In 1919, the Treaty of Versailles banned the 
cultivation and marketing of hashish due to 
addiction and harmful effects on health. Greece 
has enacted the hash trade ban for ten years 
until 1st January 1936 (Papadopoulos, 1974). 
 
2. Chemotype of cannabis 
Cannabis components are many, while from the 
Cannabinoids, the well-known for their healing 
properties are cannabidiol (CBD) and 
tetrahydrocannabinol (Δ9-THC). 
Some of the cannabinoids come from raw 
cannabis, and others are produced after heating. 
They can be found more in the bud of blooming 
plant or before blooming. There is also the 
possibility to appear only after drying. 
However, in cannabis, there are also terpenoids 
that give a characteristic fragrance to the plant. 
There are three cannabis chemotypes: the drug 
type, the fibre type and the intermediate type, 
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which are easily distinguished by their Δ9-THC 
content that represents the psychoactive 
constituent of the cannabis plant. The drug type 
is characterized by a high Δ9-THC content 
(>2%), high in resin and is mainly found in 
good climatic conditions areas and sufficient 
sunshine. The fibre type has a low Δ9-THC 
content (<0.5%) as opposed to high CBD 
content (>0.5%) and is cultivated for paper, 
cloth and litter production. The Δ9-THC 
content in the fibre type doesn’t exceed 0.03%. 
Intermediate type characterized by the high 
content of Δ9-THC and CBD (>0.5%) 
(Kinghorn et al., 2017). 
 
3. Legislation in Greece 
In Greece, the medical cannabis cultivation is 
governed by the law 4523/2018, which was 
drawn up in 2018. For the granting of approval 
for installation and authorization, the applicant 
must submit documents for all stages (produc-
tion, excise, transport, storage, supply of raw 
materials and substances of cannabis varieties 
of Cannabis sativa L. with a tetrahy-
drocannabinol (THC) content greater than 
0.2%, the production, import and marketing of 
propagating material, processing unit, 
processing and production of finished medi-
cinal products of cannabis). The final product 
will be purchased either in the state monopoly 
or exported. The supporting documentation for 
the installation approval and operating license 
is valid for 5 years. Any amendments require 
new supporting documents. On the basis of 
legislation, the cultivation will take place under 
enclosed conditions (greenhouse or indoor), the 
production area must be fenced off. In addition, 
there will be private security guards. The 
quantity of propagation material introduced is 
limited up to 30 kg of seed per hectare. Any 
infringements and incomplete data due to 
refusal or concealment are subjected to 
sanctions. These sanctions have correction 
deadline to withdrawal of approval (Hellenic 
Republic, 2018a, b). 
The starting material for the manufacture of a 
herbal medicinal product can be a medicinal 
plant, a herbal substance or a herbal 
preparation. 
Herbal medicinal product should be provided 
with the herbal substance data. For the purpose 
of ensuring the consistency of the finished 

product, particular attention should be paid in 
the agricultural production, including the 
selection of seeds, cultivation, and harvesting 
conditions. In order to succeed it, instructions 
are given in the Herbal Medicinal Product 
Committee (HMPC) guidance document 
entitled “Guideline on Good Agricultural and 
Collection Practice for starting materials of 
herbal origin”. 
There are five activities that receive the 
application of Good Practice. The guidance 
document of Good Agricultural and Collection 
Practice (GACP) provides the appropriate 
instructions for cultivation, collection, and 
harvesting of plants, algae, fungi, lichens, and 
collection of exudates. In addition, it includes 
the activity of cutting, drying of plants, algae, 
fungi, lichens, and exudates. The guidance 
document of Good Manufacturing Practice 
(GMP) is followed by 4 activities. Part II of the 
GMP guide is responsible for the proper 
operation of cutting, drying of plants, algae, 
fungi, lichens and exudates, expression from 
plants and distillation and comminution, 
processing of exudates, extraction from plants, 
fractionation, purification, concentration or 
fermentation of herbal substances. Part I of the 
GMP guide provides all the instructions that 
should be followed by the above-mentioned 
activities, including the further processing into 
a dosage form and packaging as a medicinal 
product. 
Depending on the herbal material (active 
substance, intermediate or a finished product), 
the GMP classification is applied differently. 
Manufacturer assumes the proper choice of 
GMP classification for the medicinal product, 
additionally is responsible that the activities 
follow the marketing authorization-registration. 
GACP is applicable for the initial steps in the 
field, while GMP for further steps. 
In that case, the quality of the product within 
the approved specifications should be ensured 
that it is acceptable that the activity of 
expression from plants and distillation will take 
place in the field and will be an integral part of 
harvesting, given that cultivation is in 
accordance with GACP. These situations 
should be regarded as exceptional and justified 
in the relevant marketing authorization - 
registration documentation. GMP principles 
undertake the proper operation of the activities 
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that carried out in the field. Furthermore, GMP 
inspections occur during the activities by the 
regulatory authorities in order to evaluate 
compliance (European Commission, 2008). 
 
PRODUCTION PROCESS/LINE  
 
1. Selection of the region, location of the 
greenhouse cannabis production 
Cannabis cultivation in a greenhouse is based 
on control of the environment in such a way as 
to provide the conditions that are most 
favorable for maximum yield. The location of 
the greenhouse and its orientation are factors 
that greatly influence the production potential. 
Solar radiation during winter, temperature, 
wind, and soil are needed to evaluate the 
suitability of a region (Mavrogiannopoulos, 
2017). Solar radiation is indispensable for plant 
growth as well as for heat. Sunlight offers 
greenhouse plants optimal full-spectrum light, 
yet the day length is not enough. A region with 
high solar radiation can significantly reduce the 
use of technical light and therefore the cost. 
With regard to temperature, there are many 
areas in Greece where there are relatively high 
minimum temperatures in the winter and low 
maximum in the summer. Moreover, there is 
the option of areas, where the snow 
accumulation could be avoided because it is 
dangerous for construction. A prerequisite 
parameter is the water availability and the 
heavy metal contamination in water. Soil 
quality is not a significant parameter for 
medical cannabis cultivation as the plants are 
grown in pots. Wind direction and speed in a 
region could cause significant energy loss in 
heated greenhouses and can sometimes be a 
dangerous factor for the construction. For the 
reasons mentioned above, greenhouse 
orientation must be carefully considered during 
the installation. Also, the greenhouse location 
should be 1000 meters away from schools 
(Hellenic Republic, 2018b).  
Greece is characterized by a predominant 
Mediterranean climate, with mean annual 
temperatures ranging from 12 to 19�C. 
Although, there is a remarkable range of micro-
climates and local variations, most of the 
regions of Greece meet the demands of 
cannabis cultivation. Considering the crop 
requirements (temperature, photoperiod or light 

duration) in a case of greenhouse facility, the 
suggested areas include the whole region of 
Central, West, and South mainland of Greece. 
More particularly, regions of Thessaly, Central 
Greece, and Peloponnese could be preferred.  
 
2. Production process 
The production process is based on clone plants 
and until now the pharmaceutical final products 
Cannabis sativa L. will be (a) Dried 
inflorescence of Cannabis sativa L., and (b) 
Cannabis sativa L. (THC Oil) pharmaceutical 
oil which are pesticide free. For each stage, 
Cannabis sativa L. plants will be coded for 
safety and reference to yield (Mediavilla et al., 
1998). 
 
2.1. Growth and maintaining of mother plants 
The cultivation begins with growing or 
introduction of the mother plants which are: i) 
feminized cannabis seeds, in order to be 
developed the first mother plants or, ii) already 
developed mother plants which can be 
imported. Mother plants should be healthy and 
have plenty of stems so that if one is removed, 
it will not harm the plant. In the first instance, 
seeds are imported and planted in 
biodegradable jiffy pots. Temperature, moisture 
air and light condition must be correct for seeds 
to germinate (Hall et al., 2014). Seed 
germination, depending on cannabis strain as 
the conditions in chamber room are standard. 
Seedlings should be exposed to cool 
fluorescent light (18 h photoperiod) for the 
initial vegetative growth (Clarke & Watson, 
2002). When the plants have 2-6 leaves, they 
are transplanted. The growth of mother plants 
will last 8-9 weeks and will only take place 
once, at the beginning of production. The 
growth of plants from feminized seeds will be 
done in a chamber at 20 hours of light/day, 50-
70% RH and 24-26°C. Great care must be 
taken to prevent mother plants from flowering 
because the clones use stored carbohydrates to 
grow a new root system (Kinghorn et al., 
2017). In the second case, the already 
developed plants are kept in the controlled 
chambers as mentioned above. The mother 
plants must be stored in chambers with the 
appropriate equipment in order to maintain the 
desired conditions. In order to ensure that a 
mother plant provides vigorous cuttings, the 



296

 
fertilization schedule must be modified to suit 
long living of them, and the mother plant’s age 
must be noticed. 
 
2.2. Growth of clone plants 
Since the mother plants will be at the ideal 
stage, then the second stage of the production 
process, propagation, is followed. The plant 
clones are transported and stored in a suitable 
place to form a rhizome and a completely new 
plant. There are two methods for propagation, 
vegetative propagation or tissue culture. With 
both methods, the genetically identical version 
of the donor plant is achieved. By using this 
method, the crop genetic uniformity will be 
developed, provided that the propagating 
conditions are controlled (Clarke & Watson, 
2002). Tissue culture propagation constitutes a 
common way in plant science research, and it is 
successfully applied in the field of cannabis 
cultivation. It is a complicated method than 
vegetative propagation; however, the potential 
value of this method is appreciated by 
producers due to high volume management of 
numerous varieties and strains. An apical 
branch is about 6-10 cm containing at least two 
branches, as at least one node must be covered 
by soil. This branch is cut at a 45° angle 
straight below the node and dipped in distilled 
water immediately. Then, the first 2 cm of the 
cut is dipped into a root hormone and is planted 
in pots (5 x 5 cm). Plants are regularly irrigated 
and kept under controlled environmental 
conditions. In particular, the growth of clone 
plants requires more than 18 hours of light/day, 
80-90% RH, and 24-26°C. The growth of clone 
plants lasts for up to 4 weeks. The rooting 
begins in two to three weeks, and this is 
followed by transplantation to larger pots (e.g. 
30 x 30 cm) after six weeks. 
 
2.3. Vegetative growth of clone plants 
When plants acquire the appropriate root 
system, they are transplanted into 20-liter pots 
and transported to the greenhouse where they 
remain for 4-5 weeks at steady conditions 
photoperiod 18-24 hours of light/day, 50-70% 
RH and 24-29°C. 
 
2.4. Flowering plant growth 
At the flowering stage, the plants are 
transported to a greenhouse with 12 hours of 
light/day, 50% RH and 20-25�C for 5 to 6 

weeks. The plant clones remain there until 
harvesting. By cutting the inflorescences, the 
plant crop residues are destroyed (burning or 
composting) and the soil from the pots is 
sunburned in a constructed area outside the 
greenhouse. 
 
2.5. Harvesting 
After the flowering stage has been completed, 
the plants are cut at the base of the overhang 
and placed in large basins to be transported to 
the site where the central leaf-foliar and 
inflorescence separation will take place. When 
75% of hair- like structures turn brown, the 
flowers are ready to harvest (UNODC, 2009). 
Pots with soil and root system are transported 
out of the greenhouse, into the sun-cleansing 
area. In the area of solar decontamination, the 
contents of the pots are dispersed, the roots are 
transported to the composting site, and the soil 
remains there. 
 
2.6. Central leaf-foliar and inflorescence 
separation 
With the stem removal machine, the 
inflorescences and leaves are also gently 
removed from the stem. Once the plant has 
been cleaned down, the branches are separated 
from the stem, and then the branches are passed 
through the holes. 
 
2.7. Trimming 
Trimming constitutes one of the most important 
aspects of cannabis cultivation and production. 
The breech leaf is removed from inflorescence 
by special machines. The trimming machine 
can save a significant amount of money 
compared to paying a crew of hand trimmers, 
especially for large operations. Trimmer 
Machine will be used for trimming, as it offers 
the ability to adapt to more inflorescence 
conditions (i.e., strains, conditions, moisture 
levels, flower density etc.). A wet trimmer has 
the advantage to keep the moisture of flower, 
and thus the context of flower does not be 
destroyed. In case of the dry trimmer, flowers 
are dried up to 8-9% humidity. 
 
2.8. Dehydration of inflorescence 
The inflorescences after trimming are deposited 
for 12 days in a drying chamber at 40-45°C. 
Generally, it is recommended that the drying 
temperature maintained between 40-45°C 
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because many terpenoids (molecules that are 
partly responsible for the psychoactive effects 
but also largely responsive to the odor of the 
plant) evaporate at temperatures above 45°C. 
Unplanned drying moisture levels should 
generally be between 45-55%. Higher moisture 
levels are associated with mold appearance. 
Lower moisture levels tend to dry the products 
very quickly. If the plant material dries very 
quickly, chlorophyll will fail to convert, which 
will lead to suboptimal the average 
organoleptic characteristics (Tang et al., 2015; 
Kinghorn et al., 2017). 
 
2.9.A.1. Packaging of dried inflorescence of 
Cannabis sativa L. 
Dry inflorescences are packed in special 500 g 
or 1000 g vacuum packs or FDA-approved 
polyethylene bags placed in sealable fiber 
drums (short term: 18-20°C; long term: 10°C) 
(Kinghorn et al., 2017). 
 
2.9.A.2. Storage of dried inflorescence of 
Cannabis sativa L. 
The inflorescences are stored in a dark 
warehouse, 30% H and 22°C. 
 
2.9.B.1. Extraction of pharmaceutical oil of 
Cannabis sativa L. (THC Oil) 
Liquid cannabis is a concentrated liquid extract 
of either herbal cannabis material or cannabis 
resin. The reason that liquid cannabis is 
produced is to concentrate the psychoactive 
ingredient THC. Immediately after drying, they 
are placed in the extraction machine. The 
extraction process is done with CO2. This 
process is also referred to as Extract Liquid and 
is today a popular technology for fast and non-
transmissible extraction in the food industries 
and pharmaceutical industries. It is important 
that in the extraction machine are also placed 
the waste generated during the trimming 
process and thus reduces the production losses. 
 
2.9.B.2. Packaging of pharmaceutical oil of 
Cannabis sativa L. (THC Oil) 
The oil is packed in 10, 50, 150, 250 and 500 g 
dark glass oil packs. 
 
2.9.Β.3. Storage of pharmaceutical oil of 
Cannabis sativa L. (THC Oil) 
The packaged Cannabis sativa L. 
pharmaceutical oil (THC Oil) is stored in a 

dark warehouse, 30% RH and 22°C. A major 
concern when storing C. sativa is the stability 
of many of the cannabinoids, e.g. the optimum 
Δ9-THC content. Degradation of Δ9-THC is 
negligible during processing, especially when 
the material is well-dried and sealed; however, 
it is still extremely sensitive to oxygen and UV 
light, and slow degradation occurs during room 
temperature storage through oxidation to 
cannabidiol (CBD). Also, Δ9-THC readily 
converts to (-)-Δ8-trans-tetrahydrocannabinol 
(Δ8-THC) under thermodynamic control. 
Therefore, the preferred conditions for long-
term storage are low temperature and absence 
of light (Kinghorn et al., 2017). 
 
THE ENVIRONMENT OF THE PLANT 
AND THE MECHANICAL EQUIPMENT 
 
1. The above-ground part and its environment 
In addition to the proper construction and 
location of the greenhouse, which they are 
significant for a successful production, it is 
crucial to have the equipment, which allows the 
precise regulation of environmental factors that 
influence the growth of plants, but primarily 
they provide GMPs. Additionally, the variation 
of Δ-9-tetrahydrocannbinol in cannabis 
products is high, and be attributed in climatic 
and growing conditions (Kinghorn et al., 2017). 
The equipment of a greenhouse for medical 
cannabis consists of devices for artificial 
lighting, shading, sun shading curtains, heating, 
CO2 enrichment, irrigation, nutrient solution 
disinfection, and automation. The choice 
between equipment with similar capabilities 
and distinctive features should be based on the 
duration of its use, operating costs and best 
economic result. 
 
1.1. Duration of light 
An important factor for continuous production 
is light. For medical cannabis cultivation, 
natural light is not enough, and it often requires 
artificial light to supplement illumination up to 
20 h per day at a density of 120 μmol m-2 s-1 
and above. Flowering is affected by the night 
length, and often it is necessary to the night 
length falls below their critical photoperiod, 
when the plant is during this particular stage. 
For shading, blackout curtains are used. The 
growth of plants is affected by: 
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a. Radiation spectrum (wavelength), for 

photosynthesis, photoreduction and 
photomorphogenesis 

b. Intensity, for photosynthesis, 
photomorphogenesis and phototropism, and 

c. Duration, for photosynthesis 
The wavelength of 400-700 nm (Visible light) 
is important for cannabis and its 
photosynthesis. Artificial lighting is used in 
different ways. In the mother room, there is a 
complete replacement of the lighting while in 
the vegetative and flowering stage the light is 
complementary, in periods with low daylight. 
While the total hours required for each stage of 
development are stable, the quantity and range 
of artificial light required is determined by 
various factors such as daytime, sunshine, 
latitude and weather, and, finally, greenhouse 
permeability light (Albright et al., 2000). 
It has been demonstrated that the 
photosynthetic ability of plants in light 
correlates better with the number of photons 
(mol m-2 s-1) than with power units (Wm-2) 
(McCree, 1972). Thus, artificial light will be 
substituted by High Pressure Sodium lamps 
(HPS), which are efficient lamps in the 400-
700 nm (100 lm W-1) range. Light intensity was 
set to 450 µmol m-2 s-1 measured from the 
canopy top (de Wit, 1965). The emission 
spectrum is very concentrated in the yellow-
orange-red range (500-650 nm) but is quite low 
in the blue range (450-500 nm). High Pressure 
Sodium lamps are widespread in greenhouse 
cultivations and are used during the flowering 
cycle of crops such as medical cannabis 
cultivation (Critten, 1993). The cost of artificial 
light is quite high, and it costs both in the initial 
installation and the duration of electricity 
consumed. 
 
1.2. Ventilation 
In order to ensure uniform fresh air in 
greenhouse, a ventilation system is preferred to 
keep stable conditions. Hot air is extracted, and 
appropriate filters introduced fresh air from the 
outside, and, as a result, the temperature in the 
greenhouse is not increased. In Greek 
conditions, the needs for ventilation are high 
from spring to late autumn (Carpenter & Willis, 
1959). 
Ventilation must be dynamic (or mechanical), 
i.e., the interior and exterior pressure 

differences greenhouse will be created by 
mechanical means to ensure stable conditions 
and no problems with GMP’s. Ventilation is a 
critical control point because it depends on the 
reduction of the high temperature of the 
greenhouse due to the high intensity of the 
solar radiation. In a greenhouse of medical 
cannabis, it is more important as there is 
artificial light. Ventilation also exhausts vapors 
due to the transpiration of plants and offers full 
exploitation of CO2 (Ganguly & Ghosh, 2011). 
For the purpose of creating the homogenous 
conditions and keeping a controlled 
environment during cold/humid hours, the 
ventilation may not be sufficient to a lower 
temperature inside the greenhouse. On the other 
hand, high air velocities in the greenhouse 
result in excessively high transpiration with 
negative effects on cannabis clones growth. 
 
1.3. Heating 
Heat and consequently temperature have an 
effect on the growth and production of cannabis 
clone plants. Temperature affects 
photosynthesis, respiration etc. (Walker et al., 
1982). It is also a factor that has its effect on 
the production cost in the greenhouse after 
artificial light. A greenhouse for medical 
cannabis belongs to fully heated greenhouses 
that offer the optimum temperature.  
During the day, solar radiation is the main 
source of energy for heating (Kampkes et al., 
2000). On a cloudless day or early in the 
morning or on a day with low outside 
temperatures, sunlight is not enough, and the 
room temperature is below the desired levels.  
Cannabis production must not be affected by 
temperature drops because at the harvest stage 
the inflorescences will be at a different stage, 
so they cannot be harvested at the same time. 
For heating in a cannabis greenhouse, central 
heating with hot water or air heaters will be 
used to complete the air distribution to achieve 
a uniform distribution of air (Nederhoff, 2006). 
Temperature regulation enables production 
planning, quantity increase and improved 
product quality throughout the year, and the 
production of pharmaceutical cannabis is 
important as the production flow is continuous. 
Moreover, stationary humidity reduces plant 
diseases and improve buds quality (Nederhoff, 
2006). 
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1.4. Humidity control 
The humidity is one of the determinants of the 
greenhouse environment. It usually tends to be 
high due to the evaporation of the crop. The 
management of humidity belongs to 
environmental control strategies (Labidi et al., 
2017). However, humidity encourages diseases 
and other problems in a growing environment, 
while the use of pesticides is not allowed in 
medical cannabis cultivation. 
 
1.5. Enrichment with carbon dioxide 
The rate of photosynthesis affected not only by 
the availability of light and carbon dioxide 
(CO2) but also by the ability of the 
photosynthetic mechanism that engages the 
CO2. Enriching the greenhouse with CO2 
pointed to enhance the production of the crop 
through the enrichment of the greenhouse 
atmosphere (Akilli et al., 2000).  
The enrichment of the greenhouse with CO2 
gas should be done during the day, when, the 
photosynthesis is done, the windows are closed, 
and the ventilators are off (Chalabi & Zhou, 
1997). In particular, ventilation should begin 
one hour after dawn, and continue until sunset. 
It is a necessary element for producing 
inflorescences throughout the year (Heij &    
van Uffelen, 1984). The enrichment method 
commonly used in Greece is the liquid CO2 
evaporation, which is in a high-pressure tank 
and distributed in the greenhouse via a series of 
pressure regulating valves 
(Mavrogiannopoulos, 2017). 
 
2. The underground part and its environment 
2.1. Irrigation, water and oxygen 
The water along with oxygen are the most 
important factors in the root environment. The 
irrigation system is fully automated with a drip 
method which offers the best control over the 
amount of water. It is the most widespread 
watering system in closed-type crops. Black 
plastic tubes of 12-20 mm in diameter are used 
on which drippers are installed or incorporated. 
The tubes are usually placed on the ground 
surface, one for each plant line or one for two 
plant lines. In the second case, from the center 
tubes start very thin tubes of 1-2 mm diameter 
ending in each pot. The end of the tube is 
secured to a specific pile close to the plant 
(Kim et al., 2015).  

2.2. Fertilization - pH 
The fertilization of the medical cannabis crop 
will be done along with irrigation. The 
optimum substrate pH for the plant is from 6.5 
to 7.2 (Papastylianou et al., 2017). In 
hydroponic growth, the nutrient solution is best 
at 5.2 to 5.8, making cannabis well suited to 
hydroponics, and thus indoor production, 
because this pH range is hostile to most 
bacteria and fungi. (UNODC, 2009). 
 
CONCLUSIONS 
 
A few years ago, any discussion of medical 
cannabis was kept under wraps. Today, the 
medical cannabis cultivation is a great 
opportunity. The cannabis industry has many 
strengths such as human resources needs. For 
one-hectare productive unit, around 50 
scientific or technical staff is needed. 
Additionally, new medicines will be produced 
to manage epilepsy, depression or chronic pain. 
This new industry for Greece encourages new 
businesses for product design. The main lack of 
the Greek market is the familiarization of 
people with this kind of medical products. Until 
now, for the approval granting for construction, 
32 application forms have been submitted. In 
the next months, more application forms are 
expected as the consumers believe in the health 
benefit of cannabis as a medicine. Greece has 
great prospects for growth and build of a 
medical cannabis valley. 
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Abstract 
 
European corn borer (Ostrinia nubilalis Hbn) is one of the most important maize pests in Romania, especially in the 
central and western region of the country, in hilly areas and along the main rivers, in the Danube flooded plains. 
However, in last years, ECB produce high damages at maize crops in south and south-east of the Romania, too. In this 
paper there were presented results of a study concerning both chemical and biological control of this pest at maize 
crop, between 2016 and 2018, in the climatic conditions from south-east of the Romania. The experiences were carried 
out at NARDI Fundulea, Calarasi County. Five days before foliar spraying, maize plants were artificial infested witch 
ECB egg batches produced in laboratory conditions, from insects reared consecutive generations, using same artificial 
diet. Climatic conditions from first 15 days of July, when it has made artificial infestation of the maize plants were 
favourable for ECB attack in all studied years. As result, the attack of this pest at maize untreated plants was high. 
Foliar application of both, chemical and biological insecticides, provide effective protection of the maize plants, 
against ECB larva attack, in first week after the treatments. However, in the climatic conditions of the years 2016 and 
2017, at treated variants, it has observed highest amount of ECB larva/plant, at assessment made in autumn, 
comparative with first assessment made at 5 days after the treatments. 
 
Key words: maize, borer, control, artificial, infestation. 
 
INTRODUCTION  
 
Maize is one of the most important crops in 
Romania (Soare & Dobre, 2016; Tudor et al., 
2017; Popescu A., 2018). According Eurostat 
reports, in 2018, our country occupied first 
place in EU, both for maize area and yield. 
However maize production per hectare, 
realized in Romania is lower, comparative with 
countries from Western Europe (Eurostat data, 
2015; 2016; 2017). The main reasons for maize 
yield losses in Romania are because of drought 
(Stan & Naiescu, 1997; Sabau et al., 2002; 
Bonea & Urechean, 2011; Panaitescu et al., 
2012; Ion et al., 2013; Cociu & Cizmas, 2015; 
Vizitiu et al., 2016), low temperatures during 
emergence period (Elena et al., 2011; Has et 
al., 2012; Rusu & Moraru, 2015; Balas-
Baconschi et al., 2019), high temperatures 
during flowering period (Cuculeanu et al., 
1999; Mateescu & Alexandru, 2010; Cociu et 
al., 2012: Pravalie et al., 2017), weeds (Bogdan 
et al., 2007; Borza et al., 2009; Stanila et al., 

2013; Rusu et al., 2015), diseases and pests 
attack (Muresan & Mustea, 1995; Popov, 2002; 
Meiselle et al., 2010; Antonie et al., 2012; Ivas 
& Muresan, 2013; Georgescu et al., 2016; 
Trotus et al., 2018). According Trotus et al. 
(2011) only because of the pest attack, maize 
yield losses can arrive at 23%. In the climatic 
conditions from Romania, the main pests of the 
maize crop are wire worms (Agriotes spp.), 
maize leaf weevil (Tanymecus dilaticollis), 
european corn borer (Ostrinia nubilalis), 
western corn rootworm (Diabrotica virgifera 
virgifera), corn earworm (Helicoverpa 
armigera sin. Chloridea obsolete) and other 
species from Noctuidae family (Popov et al., 
2001; Popov & Barbulescu, 2007; Rosca & 
Istrate, 2009; Trotus et al., 2013; Manole et al., 
2017). European corn borer (Ostrinia nubilalis) 
it is one of the main pests of the maize crops 
from Romania (Paulian et al., 1976; Barbulescu 
et al., 1988; Mustea, 1990; Rosca & 
Barbulescu, 1997; Popov et al., 2005; Trotus et 
al., 2017). According Cristea et al. (2004), 
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favorable areas from this pest are located in 
western and central part of the country 
(Transylvania) in hilly areas and along the main 
rivers or in the Danube flooded plains. Same 
author mentioned that in south and south-east, 
ECB is second pest like economic importance, 
after maize leaf weevil (Tanymecus 
dilaticollis). According data from the literature, 
in Romania, maize yield losses, because of 
ECB attack, can arrive at 60% (Paulian et al., 
1976). In the middle of the years ’70, Sapunaru 
and Hartman (1975) reported maize yield 
losses from 1400 to 2360 kg/ha, in different 
farms from east of the country. In Transylvania, 
at the beginning of the years ’80, Mustea 
(1981) reported maize yield loses from 5.4 to 
9.8%. More recent data, suggest that average 
maize yield losses in Romania, because of ECB 
attack were 7.5% (Popov & Rosca, 2007). 
After 2000, it hasn’t reported important maize 
yield loses as result of ECB attack. However, 
after 2010, in journals for farmers it has 
reported higher attack of this pest at maize 
crops in western part of the country (Alexandri 
A., 2011; Plants Health, 2012; Farm, 2013). In 
last years, it has registered high attack of ECB 
in south-east of the Romania, too (Georgescu et 
al., 2016). Possible explication for this situation 
is because of the climatic changes that can 
favor insect in first stages of development 
(Olesen et al., 2011). Same author mentioned 
that climates changes from the Central and 
South-East Europe countries can have negative 
impact on local agriculture and, in same time, 
can favor pests attack. Researches for control 
of ECB attack in Romania it was made at 
NARDI Fundulea (for south-east of the 
country) and ARDS Turda (for central part of 
the country). ECB larva was reared on 
laboratory conditions, using same artificial diet 
for obtain egg-batches used for artificial 
infestation of the maize plants (Barbulescu, 
1977; 1978; 1979; 1980). The purpose of these 
researches was to evaluate reaction of the 
maize inbreed lines and hybrids at ECB larva 
attack (Barbulescu et al., 1985; 1999; 2001; 
Barbulescu & Cosmin, 1987; 1997; Mustea, 
1990), effectiveness of the foliar treatments in 
controlling of this pest (Barbulescu, 1989; 
Muresan & Mustea, 1995; Rosca & 
Barbulescu, 1997; Georgescu et al., 2016) and 
biological control effectiveness against this pest 

(Rosca & Barbulescu, 1986). Now days, only at 
NARDI Fundulea continue the activities 
concerning rearing of ECB larva, in laboratory 
conditions, consecutive generations using same 
artificial diet. As result of increasing of the area 
cultivated with maize, and higher attack of 
ECB larva, new researches are necessary, 
concerning control of this pest. In this paper, 
author collective present results concerning 
effectiveness of both, chemical and biological 
control of the ECB larva, at maize crops, in 
conditions of artificial infestation of the maize 
plants with ECB egg batches, in south-east of 
the Romania. 
 
MATERIALS AND METHODS 
 
The experiment was carried out at the 
experimental field of the Plants and 
Environment Collective, from National 
Agricultural Research Development Institute 
(NARDI) Fundulea, Calarasi County, Romania 
(44° 30′ N, 24° 1′ E). Experimental plots were 
arranged according randomized blocks design, 
each variant has four replications. Maize plants 
were sowed in plots, 10 m length and 4.2 m 
width (six rows) that correspond on an area of 
42 m. For this experiment it has used Olt maize 
hybrid (FAO 450). In 2016, maize was sowing 
on 19 April, in 2017 maize was sowing on 18 
May while in 2018 maize was sowing on 25 
April. Because of high amount of rains 
occurred in April, 2017, it has registered a 
delay of sowing maize, approximate 4 weeks, 
comparative with normal period. Also, as result 
of drought registered in April, and first 10 days 
of May in 2018, most of the maize plants 
emerged after 20 May.  
Table 1. Active ingredients used in research concerning 
effectiveness of ECB larva control, at NARDI Fundulea 

(2016-2018)  

Variant 
no.  

Active ingredient 
(concentration) 

Rate 
(ml, g c. p./ha) 

1 control (untreated) - 
2 deltamethrin (100 g/l) 75 
3 lambda-cihalothrin (50 g/l) 150 
4 indoxacarb (150 g/l) 250 
5 chlorantraniliprole (20 %) 250 
6 B. thuringiensis (54 %) 500 
7 B. thuringiensis (54 %) 750 
8 B. thuringiensis (54 %) 1000 

 
Active ingredients used in this study were listed 
on Table 1. From pyrethroid class it has tested 
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deltamethrin and lambda-cihalothrin active 
ingredients, from oxidazyne class it has tested 
indoxacarb active ingredient while from 
ryanoid class it has tested chlorantraniliprole 
active ingredient. Also it has tested a 
formulation on a base of B. thuringiensis subsp. 
kurstaki (ABTS-351 strain), used for biological 
control of the pests (Roh et al., 2007). In this 
study it has tested three doses of this 
formulation (500, 750 and 1000 g commercial 
product/ha).  
The experiment was carried out in conditions of 
artificial infestation. Five days before foliar 
spraying, maize plants were infested with 10 
egg batches/plant. Egg-batches used for 
artificial infestation are in “black-head” stage, 
when larva head become visible. From each 
experimental plot it has infested 40 plants. 
Plants were infested with ECB egg batches 
produced in the laboratory conditions, on 
continuous flux, after a technology described 
by Barbulescu (1980). Egg batches were placed 
with a tweezer at maize leaf base, from upper 
part of the plants (Figure 1). Attack level of the 
ECB larva at maize plants were analyzed both, 
in summer, at five days after foliar spraying 
(July) and in autumn (September), before 
harvesting (BBCH 99).      
 

 
Figure 1. Artificial infestation of the maize plants with 
ECB egg batches, produced in laboratory conditions, at 

NARDI Fundulea 
 
For these assessments, the stalk of the maize 
plants, that were artificial infested, before foliar 
spraying, was cooped in twice. During summer 
assessments it has determined the number of 
larva/plant and the number of holes/plant. 
During autumn assessments it has determined 

the number of alive ECB larva/plant and 
cavities length (cm) per plant. Also, at summer 
assessment, it has determined ECB attack 
incidence (%).   
Meteorological data were collected from 
automatic meteo stations (iMethos), placed in 
the experimental field. It has registered average 
air temperature (°C) and rainfalls amount. This 
data was recorded every hour.  
The data were statistical analyzed using 
Student-Newman-Keuls (SNK) test for 
multiple comparisons used to identify sample 
means that are significantly different from each 
other (Student, 1927; Neuman, 1939; Keuls, 1952). 
 
RESULTS AND DISCUSSIONS 
 
Climatic conditions from period that were 
made artificial infestation of the maize plants 
with ECB egg batches are very important. High 
temperatures and drought has result of higher 
mortality percent of ECB first instars larva and 
low percentage of larva eclosion (Paulian et al., 
1976; Barbulescu et al., 2001). Same author 
mentioned that heavy storms registered in this 
period can have negative effect on population 
dynamic, of this pest. However, if air 
temperature is moderate and air humidity is 
high can result an increasing of larva eclosion 
percentage and lover mortality percent of 1st 
instar larva (Rosca & Rada, 2009).       
   

 
Figure 2. Average air temperature registered in June and 

July, period 2016-2018, at NARDI Fundulea  
 
During this experiment, at NARDI Fundulea, in 
2016, artificial infestation of the maize plants 
were made on 5 July and foliar treatments on 
10 July, in 2017, artificial infestation were 
made on 8 July and foliar treatments on 13 July 
while in 2018, artificial infestation were made 
on 1 July and foliar treatments on 6 July.   
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Data recorded at meteorological stations from 
experimental field of NARDI Fundulea, reveal 
that, in summer period, between 2016 and 
2018, average air temperature registered in 
June and July was higher then multiyear 
average (Figure 2). Higher deviation from the 
multiyear average was recorded, both in June 
and July, 2016 (+2.3 and +1.6°C). Also, in 
June, 2018, it has recorded high deviation of 
the average temperature recorded in this month, 
comparative with multiyear average (+2.0°C). 
 

 
Figure 3. Rainfalls amount registered in June and July, 

period 2016-2018, at NARDI Fundulea  
 
However, deviation of the average monthly 
temperature comparative with multiyear 
average was higher in June comparative with 
July, in all studied years.  
Regard as rainfall amount, registered at 
automatic meteo station, from experimental 
field of NARDI Fundulea, in June and July, 
between 2016 and 2018, it has ascertained 
higher variability of this parameter (Figure 3). 
In 2016, rainfalls amount registered in June and 
July was below multiyear average while in 
2017 and 2018 was higher than averages. 
Higher deviation from the average was 
recorded in June, 2018 (+74.0 mm). 
 

 
Figure 4. Daily temperatures and rainfalls recorded in 

first 15 days of July, between 2016 and 2018, at NARDI 
Fundulea     

Daily temperatures and rainfalls amount are 
very important for ECB population dynamic. 
The most sensitive stage of this pest to weather 
conditions is during egg laying stage-larva 
eclosion-larva 1st instars. In 2016, daily 
rainfalls distribution and temperatures 
evolution, in first 15 days of July, was 
favorable for ECB larva (Figure 4). High rain 
amount has occurred two days before artificial 
infestations, as result the air humidity were 
favorable for larva eclosion. Similar situation 
was recorded in first 15 days of July, 2017. 
Between 3 and 4 July, it as registered 45.4 mm 
of rain, as result air humidity at 8 July, when it 
has made artificial infestation of maize plants 
with ECB egg batches were favorable for larva 
eclosion. Rainfalls amount registered in first 15 
days of July, 2018 was high. After artificial 
infestation, on 1 July it has recorded 2.2 mm of 
rain. Between 5 and 10 July, 2018, it has 
recorded 51.2 mm of rains and moderate 
temperatures. However, temperatures recorded 
in first 48 hours after artificial infestation, were 
high and air humidity was low, that represent 
less favorable conditions for larva eclosion.  
Table 2. Effectiveness of some active ingredients used in 

controlling of the O. nubilalis larva attack, at NARDI 
Fundulea, summer assessments (July) 

Active  
ingredient 

Rate 
(ml, g c. 

p./ha) 

Attack incidence  
(%) 

Number of 
larva/plant 

2016 2017 2018 2016 2017 2018 

control (untreated) - 100 
A 

100 
a 

62.50 
a 

14.75 
a 

13.80 
A 

2.05 
S 

deltamethrin 75 86.25 
Ab 

86.25 
b 

3.75 
b 

7.95 
b 

5.20 
B 

0.08 
B 

lambda-cihalothrin  150 92.50 
Ab 

68.75 
c 

21.25 
b 

7.79 
b 

4.80 
Bc 

0.23 
B 

indoxacarb  250 97.50 
A 

85.00 
b 

13.75 
b 

6.08 
b 

3.10 
C 

0.15 
B 

chlorantraniliprole 250 67.50 
C 

67.50 
c 

21.25 
b 

7.75 
b 

3.45 
Bc 

0.45 
B 

B. thuringiensis  500 78.75 
Bc 

82.50
bc 

13.75 
b 

7.55 
b 

4.33 
Bc 

0.35 
B 

B. thuringiensis  750 77.50 
Bc 

78.75 
bc 

11.25 
b 

5.95 
b 

4.05 
Bc 

0.28 
B 

B. thuringiensis  1000 75.00 
Bc 

76.25 
bc 

10.00 
b 

5.93 
b 

3.85 
Bc 

0.15 
B 

*Means followed by same letter or symbol do not significantly differ  
(P = 05, Student-Newman-Keuls) 
 
In Table 2 there were presented results of 
assessments made in summer, at 5 days from 
foliar spray and 10 days from artificial 
infestation of maize plants with ECB egg 
batches. Regard as attack incidence of O. 
nubilalis, at five days after foliar spraying, it 
can have ascertained that, in climatic conditions 
of the years 2016 and 2017, at untreated 
variant, value of this parameter was maximum 
(100%). In 2016, at treated variants, attack 
incidence of the ECB larva at maize plants, 
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ranged from 67.50 to 97.50% while in 2017, 
attack incidence of this pest, at treated variant, 
ranged from 67.50 to 86.25%. Lower values of 
the attack incidence it has registered in 2018, at 
all experimental variants. Regard as number of 
larva/plant, at five days after foliar spraying, 
data from Table 2 reveal that, at untreated 
variant, in 2016 it has registered 14.75 
larva/plant while, one year later, at same 
variant, it has registered 13.80 larva/plant. 
However, in 2018, at control (untreated) variant 
it has registered only 2.05 larva/plant. In the 
climatic conditions of the years 2016 and 2017, 
in conditions of a heavy infestation pressure, 
and favorable climatic conditions for pest 
development, foliar spraying of the maize 
plants with, both chemical and biological 
insecticides, provide effective protection 
against this pest, in first days after treatments. 
Same results were observed in conditions of the 
year 2018, when it has registered low pest 
pressure, especially because unfavorable 
climatic conditions, after artificial infestation of 
the maize plants with ECB egg batches, 
produced in laboratory conditions.     
 

 
Figure 5. Number of holes/plant, at five days after foliar 

spraying (NARDI Fundulea, 2016-2018) 
 
In all three years of this experiment, at five 
days after foliar spraying it has ascertained that 
there were significant statistic differences 
between biological products on a base of B. 
thuringiensis subsp. kurstaki (ABTS-351 
strain) and untreated variant, concerning both, 
attack incidence and number of ECB 
larva/plant. However, there weren’t statistical 
differences between the three doses of this 
biological product (p<.05). Concerning of ECB 
attack incidence, at five days from foliar 
treatment, according Student-Newman-Keuls 
(SNK) test, highest statistical differences 
comparative with untreated variant it has 
registered in case of chlorantraniliprole active 
ingredient, in 2016 and 2017. In the climatic 

conditions of 2018, there weren’t registered 
statistical differences between treated variants, 
both with chemical and biological insecticides. 
Using SNK test, it has ascertained that, 
concerning number of larva/plant, in conditions 
of the high pest pressure from 2016 and low 
pest pressure in 2018, there weren’t statistical 
differences between treated variants and control 
(untreated) variant (p<.05), while in 2017, 
highest statistical differences, comparative with 
untreated variant it has registered in case of 
indoxacarb active ingredient.  
 
Table 3. Effectiveness of some active ingredients used in 

controlling of the O. nubilalis larva attack, at NARDI 
Fundulea, autumn assessments (September) 

Active  
ingredient 

Rate 
(ml, g c. 

p./ha) 

Cavities length/plant  
(%) 

Number of 
larva/plant 

2016 2017 2018 2016 2017 2018 

control (untreated) — 20.25 
A 

36.18 
a 

24.33 
a 

12.63 
a 

12.32 
a 

4.45 
a 

deltamethrin 75 8.33 
b 

22.35 
a 

18.68 
ab 

5.50 
b 

9.63 
abc 

2.93 
b 

lambda-cihalothrin  150 8.31 
b 

19.50 
a 

14.43 
b 

5.70 
b 

8.18 
abc 

2.65 
b 

indoxacarb  250 8.22 
b 

18.94 
A 

19.03 
ab 

4.50 
b 

7.58 
bc 

2.75 
b 

chlorantraniliprole 250 5.30 
c 

12.11 
C 

4.88 
c 

4.01 
b 

6.51 
c 

1.03 
c 

B. thuringiensis  500 8.88 
b 

25.08 
B 

18.90 
ab 

5.93 
b 

12.29 
a 

3.08 
b 

B. thuringiensis  750 8.44 
b 

24.68 
B 

16.98 
ab 

5.60 
b 

11.75 
ab 

3.10 
b 

B. thuringiensis  1000 7.81 
b 

23.53 
B 

16.70 
ab 

5.40 
b 

10.72 
abc 

2.96 
b 

*Means followed by same letter or symbol do not significantly differ 
(P=.05, Student-Newman-Keuls) 
 
Similar situation it has registered in case of 
holes number/plant, made by ECB larva, in 
climatic conditions of the years 2017 and 2018 
(Figure 5). However, in 2016, highest statistical 
differences comparative with control variant, it 
has registered in case of last two doses of 
biological insecticide, on base of B. 
thuringiensis (750 and 1000 g c. p./ha).   
In Table 3 there were presented results of 
assessments made in autumn, before harvest. In 
the climatic conditions of the year 2016, it has 
ascertained that cavities length/plant, at 
untreated variant was 20.25 cm. At treated 
variants this parameter ranged between 5.30 
and 8.88 cm. According SNK test, highest 
statistical difference comparative with 
untreated variant it has registered in case of 
variant treated with chlorantraniliprole (p<.05). 
In conditions of the year 2017, at all 
experimental variants it has registered high 
values of the cavities length/plant. At maize 
plants from control (untraded) variant, cavities 
length/plant was higher than 36 cm. Higher 
statistical differences comparative with 
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untreated variant it was registered in case at 
chlorantraniliprole variant. Similar situation it 
has recorded in conditions of the year 2018.  
Concerning number of the larva/plant, in 
autumn, when maize plants are in BBCH 99 
stage, assessments results reveal that, in 2017 
and 2018, at all treated variants, number of 
larva/plant was higher comparative with 
summer period (at five days from foliar spray). 
A possible reason for this is because of attack 
of natural population of ECB or appearance of 
a new generation of this pest, in the climatic 
conditions from south-east of the Romania. 
According SNK test, it has ascertained that, 
there weren’t statistical differences between all 
treated variants, concerning number of 
larva/plant. In same time the differences 
between treated variants and control (untreated) 
variant were significant (p<.05). In conditions 
of 2017 and 2018, highest statistical differences 
comparative with untreated variants, it has 
registered in case of variant treated with 
chlorantraniliprole active ingredient (<.05).  
In conditions of high pest pressure as result of 
artificial infestation, at NARDI Fundulea, foliar 
treatment with, both chemical and biological 
insecticides provide effective protection of the 
maize plants, against this pest, first five days 
after treatments. However single foliar 
treatment didn’t provide effective protection of 
the maize plants, until the end of the vegetation 
period, in autumn.   
 
CONCLUSIONS  
 
Rearing of the European corn borer (Ostrinia 
nubilalis Hbn.), consecutive generations, in 
laboratory conditions, using same artificial diet 
is a good method to evaluate effectiveness of 
the insecticides applied like foliar spraying for 
control this pest.  
Climatic conditions from summer period, 
registered at NARDI Fundulea were favorable 
for ECB larva development in 2016 and 2017 
and less favorable in summer of the 2018.  
In the conditions of artificial infestation of the 
maize plants, with ECB egg batches, foliar 
spraying assign effective protection of the 
maize plants against pest attack only in summer 
period.  
In this experience, between 2016 and 2018, in 
the climatic conditions from south-east of the 

Romania, highest effectiveness in control of 
this pest was registered in case of 
chlorantraniliprole active ingredient. 
Between 2016 and 2018, in the climatic 
conditions from south-east of the Romania, 
biological insecticide on a base of B. 
thuringiensis subsp. kurstaki (ABTS-351 
strain) can provide effective protection for 
maize plants against ECB larva.  
Further studies are necessary to evaluate impact 
of the climatic changes on ECB populations 
dynamic in Romania.  
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Abstract 
 
This study is carried on to identify the effects of micro-granulated fertilization on pollination and yield of hybrid seed 
corn. On the trial that set up as random parcels, the inbreds of a Monsanto simple corn hybrid are used. We have 
control parcels without micro-granulated fertilizer and test parcels with micro-granulated fertilizer applied. The results 
of the study help us draw valuable conclusions regarding the efficiency of the application of micro-granulated fertilizer 
at planting in seed corn and its effect on pollination nicking: the time from planting to emergence was shorter on 
average by 2 days which helped fast development during early vegetation stages; in 4 leaf stage the root of the corn 
with micro-granulated fertiliser applied at planting was 20% more developed than the root of the control; at 8 leaf 
stage we can observe the 20% difference in root development; the plants had a faster development which helped reach 
flowering time 4-5 days before the control; the earlier start of flowering compared to the control resulted in a better 
protection from draught limiting its protandric effects thus generating a higher percentage of pollinated kernels; plant 
height and vigour were obviously increased compared to the control, showing better resistance to disease and 
flattening; we observed a superior ear development from a size standpoint and a higher Thousand Kernel Weight. Most 
importantly following the study we can observe that the parcel fertilized with micro-granulated fertilizer had a higher 
yield by 1104 kg per hectare. 
 
Key words: micro-granulated fertilizer, pollination, nicking, yield. 
 
INTRODUCTION 
 
Attaining the full potential of hybrid corn and 
its productive qualities is strongly tied with the 
quality of the hybrid seed obtained after the 
multiplication process. 
The process of breeding and multiplication of 
seeds is a long term process which need huge 
efforts and vast budgets for research and 
development. 
The seed production system must be organized 
so it is able to allow the propagation into 
production in the shortest time of new valuable 
varieties and hybrids created in the country or 
registered in the EU and at the same the 
periodical renewal of the seeds of the varieties 
and hybrids already cultivated in the country. 
The problem of fertilization in seed corn fields 
is becoming increasingly important as seed 
companies (Monsanto, Pioneer etc.) are facing 
a continuous increase in demand of high quality 
seed with increasingly varied traits and 
increased yield capability. Fertilization used for 
seed corn fields must take into account the 

newest ideas in the fields of agro-chemistry and 
plant growing, the grower having the duty of 
maintaining hybrid characteristics and 
technically not to influence the synchronisation 
at pollination of the two parental inbred lines. 
Any different assimilation of fertilizer might 
affect the synchronisation thus, increasing or 
decreasing the quantity of viable pollen at the 
time of fecundation. 
For a long time, seed growers have used classic 
fertilization schemes which included complex 
fertilizer as 16:16:16, 20:20:0 or simple 
fertilizer as Ammonium Nitrate and even Urea 
despite its high volatilisation rate during 
summer. Nitrogen fertilisation is an expensive 
but necessary input in any agricultural system. 
Nitrogen fertilisation furthermore enables 
farmers to achieve high yields that drive 
modern agriculture (Brady & Weil, 2008). 
Time of N application studies have been 
reported, extensively in the literature. The 
general conclusion among researches has been 
that N should be applied nearest to the time it is 
needed by the crop, i.e., dressed several weeks 
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after corn emergence (Aldrich, 1984; Fox et al., 
1986; Olson & Kurtz, 1982; Russelle et al., 
1981; Stanley & Rhoades, 1977; Welch et al., 
1971). The context of higher importance of 
fertilizers costs leading farmers to “just 
enough” habits with more sophisticated 
products as well as an increased awareness of 
precision farming methods and micro-fertilizers 
agronomic benefits (Laurent Lemarchand et al., 
2016). 
Taking into account the increase in required 
yield of hybrid seed and taking into account the 
low vigour of inbreds, during the last few years 
seed growers have turned their attention to 
fertilisation in general, but more so on starter 
and precision fertilisation to ensure the inbreds 
have a good development even from the earliest 
vegetative stages. Micro-granulated fertilizers 
influence the vegetative development of plants, 
encouraging the formation of taller, vigorous 
plants, with large dark green leaves (Crista F et 
al., 2004). 
Micro-granulated fertilizers are target 
distributed near the seed ensuring the necessary 
nutritional start, especially phosphorus which 
has a key role in the development of the root 
system immediately after the water absorption 
by the seed and at germination, respectively at 
the development of the radicle. One of the 
unknowns that occurs when using micro-
granulated fertilizer is its effect on pollination 
timing taking into account the fact that most 
hybrid seed corn is planted split in time, 
because of different maturities of the parental 
inbreds and also to ensure that most pollen is 
available from the male inbred at the time of 
the silking of female inbreds. 
It is obvious that any delay determined by 
using this type of fertilizer, for example the 
early or late opening of male anthers affects the 
final percentage of pollinated ovules and thus 
the final yield. Therefore a study of the effects 
of micro-granulated fertilization on polination 
and yield in seed corn is important and valuable 
for seed corn production technology.  
The aim of this study was to assess the 
behaviour of the inbred lines in terms of 
pollination and seed yield, mainly of a 
Monsanto maize hybrid, under different 
fertilization conditions, including fertilization 
at sowing with micro-granulated fertilizer. 

MATERIALS AND METHODS 
 
The field experiments were carried out during 
the 2017 growing season in the soil and climate 
conditions  of the company Integrasem SRL 
from Bivolari Commune, Iasi County, 
Romania. Several variants of fertilization of 
parental forms with classical and micro-grained 
fertilizers have been tested in the field 
experience and the comparison of the results 
obtained with the control represented by the 
fertilization scheme established and agreed 
with the agronomist of Monsanto.  
To start the experience, the inbred lines of a 
semi-early hybrid, group FAO 360, a hybrid 
best suited to zoning due to climate change, 
were chosen. This is a hybrid with good 
tolerance to drought, with an early flowering 
that protects it from the summer heat, with a 
deep and vigorous root system and with an 
excellent start into vegetation. The sowing 
scheme dictated the time difference between 
the sowing of the two parental forms to ensure 
the flowering coincidence of the female and 
male inbreds and a longer period of viable 
pollen to have the fullest pollination.  
The classic fertilizers used in this experiment 
are complex fertilizers with nitrogen, 
phosphorus and potash of the type 16:16:16; 
20:20:0 and fertilizers based on ammonium 
nitrate ammonium. The micro-grain fertilizer 
used is one with a specific formulation to 
ensure an optimal dose of nutrients with N, and 
especially with P, Ca, S, Zn, at germination and 
plant growth.  
Physiostart is a starter product designed 
specifically to meet plant requirements in the 
first phase of vegetation. It is administered to 
spring crops at a dose of 20-30 kg/ha. 
Physiostart contains nitrogen in ammoniacal 
form, preferred by young plants, and does not 
affect germination of seeds. Phosphorus is 
available immediately because it has a high 
solubility and its effect is seen on the 
development of the root system. The product 
also contains calcium, sulfur and zinc 
microelements. It is a formula created 
specifically to ensure a good start for crops. 
Being a micro-granulated product, we need to 
know that it cannot cover all the nutrient 
requirements of agricultural crops and that is 
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why basic fertilization with chemical fertilizers 
should be done. 
Physiostart is ideal for spring crops as it 
provides a strong root development, thus 
increasing plant resistance to drought, ensuring 
a faster start of culture, avoiding critical 
phases during strong heat, and helping to 
continually increase of the plant of culture. 
The experience was performed on a surface of 
5.47 ha organized as random blocks with 4 
variants and 3 replications, each variant having 
0.5 ha size. The sowing parity was “narrow 
rows” 6 female rows to 2 male rows with the 
distance of 60 cm betweeen female parental 
rows, 60 cm between the female and male 1, 
and 45 cm between the two rows of Male 1 
and Male 2, with a distance of 17 cm between 
seeds in a row, resulting in high density crops. 
Analyzes and determinations made in the field 
and laboratory were: 

� Plant height - in the 4-leaf stage; 
� Plant height - in the 8-leaf stage; 
� The number of leaves per plant; 
� Evolution of the root system up to the 

phase of 4 leaves and 8 leaves; 
� Leaf -7 length; 
� Duration from sowing to emergence; 
� Duration from emergence to flowering; 
� The flowering gap between Male 

inbred and the Female inbred; 
� The average number of kernels on the 

ear; 
� Grain Yield/ha. 

 
Statistical analysis  
The statistical analysis of the data was 
performed using ANOVA Analysis. 
Relationship between different traits was 
determined with the Linear Regression 
Procedure. 
 
RESULTS AND DISCUSSIONS 
 
The results revealed a significant correlation 
between all the analyzed characters and the 
yield per hectare. For each comparison the 
fertilized version of the micro-grain fertilizer, 
Physiostart, has outperformed the control 
variant. Thus, there was a production increase 
of 1015 kg compared to the control variant 
(Table 1).  

A first observation is the much faster 
emergence of the plants at the micro-granulated 
applied version at sowing, i.e. about 6 days 
after sowing compared to the control variant at 
which emergence occurred 9 days after sowing. 
In Figure 1 is shown the effect in the linear 
regression between Sowing-Emergence time 
and Yield. Significant phosphorus intake near 
the first seed root accelerated the emergence of 
the version fertilized with micro-granulated 
fertilizer, the difference being visible also in 
later stages of development. 
Table 1. The mean values of morpho-physiological and 

agronomic characters recorded in micro-granulated 
fertilization variants and maize control variants 

 
NS - sample number; ND S-E - number of days from sowing to 
emergenece; NR-4 L - roots number - 4 leaves; H-4L - height - 
4 leaves; NR-8 L - roots number - 8 leaves; H-8L - height - 8 
leaves; LL-7 - leaf length 7 (cm); ND E-F - number of days 
emergence-flowering; FG T1-M - Flowering gap between male 
inbred T1 and female inbred M (days); NK/E - number of 
kernels on ear; PR - seed production/ha (kg); V - variant; MG - 
micro-granulated fertilizer; M - control 
 

 
Figure 1. Linear regression between Sowing-Emergence 

Time and Grain Yield (kg/ha) 

Significant phosphorus intake near the first 
seed root accelerated the emergence of the 
version fertilized with micro-granulated 
fertilizer, the difference being visible also in 

NS ND  

S-

E 

NR - 

4 L 

H-4 

L 

NR -  

8 L 

H - 8 

L 

LL 7 ND 

E-F 

FG 

T1-M2 

NK/E PR V 

1 8 7 23 10 48 30 70 3 417 4720 MG 

2 7 8 25 11 51 32 67 2 427 4840 

3 7 8 24 11 50 31 68 2 420 4770 

4 6 9 26 12 52 33 66 2 431 4870 

5 7 8 24 11 49 30 70 3 419 4760 

Max 8 9 26 12 52 33 70 3 431 4870  

Min 6 7 23 10 48 30 66 2 417 4720  

Average 7 8 24.4 11 50 31.2 68.2 2.4 422.8 4783  

1 9 4 15 7 33 16 74 4 406 3730 M 

2 10 3 13 6 31 14 75 5 395 3760 

3 9 4 14 7 32 15 74 5 398 3710 

4 9 4 16 7 34 16 73 4 410 3780 

5 8 5 17 8 35 17 72 4 412 3860 

Min 8 3 13 6 31 14 72 4 395 3710  

Max 10 5 17 8 35 17 75 5 412 3860  

Average 9 4 15 7 33 15.6 73.6 4.4 404.2 3768  
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later stages of development. In the four leaf 
stage of the two variants, the number of roots 
and the height of the plants were evaluated 
(Figure 2). The variant tested showed a higher 
root development of an average of 9 roots 
developed versus 6 in the control variant. 

 
Figure 2. Linear regression between No. Roots - 4 leaves 

and Grain Yield (kg/ha) 

 

 
Figure 3. Regression Analysis of No. Roots - 4 leaves 

and Grain Yield (kg/ha) 

The independent variable (x-root number) was 
tested with the dependent variable (y-grain 
yield/hectare), the yield obtained extrapolated 
per hectare to assess the existence of a 
correlation relationship between the two. The 
statistical result P<0.05 denied the statistical 
independence hypothesis between the two 
factors and demonstrated a significant positive 
correlation between the number of roots 
developed in the 4 leaf stage and the yield 
obtained. The high R2 value shows that our 
linear regression very well explains the 
variability and relationship of the variables 
(Figure 3). 
The plants height of 4-leaves is higher in the 
micro-granulate fertilized variant, with a 9 cm 
on average larger height, the increase from the 
fertilizer ensures a harmonious development 
above the ground, stimulating the growth of the 
foliar mass (Figure 4).  
The statistical test shows a positive correlation 
between this variable and the yield obtained, 
and thus the plants with a larger size at this 
stage of development have a higher production.  

In the 8-leaves stage, before hoeing and before 
the explosive maize growing period following 
assimilation of the extra nitrogen applied at 
hoeing, was determined the plant size, the 
number of roots, the length of the 7th most 
developed leaf at that moment.  
 

 
Figure 4. Linear regression between Plant Height-4 

leaves and Grain Yield (kg/ha) 

The radicular system of the test variant proves 
a much higher vitality with a higher number of 
roots, 11 compared to 7 in the control variant, 
with a longer root length and much more root 
hairs (Figure 5). This superior development of 
the radicular system correlates positively with 
seed production following statistical tests 
proving a direct proportional undeniable 
relationship between the number of roots and 
the final production. 

 
Figure 5. Linear regression between No. Roots - 8 leaves 

and Grain Yield (kg / ha) 

The difference in the height of the plants in the 
8-leaves stage further confirms the positive 
relationship between superior foliage 
development and higher yield. This superior 
development provides increased photosynthetic 
activity, resulting in an increase in the 
development gap between the plants included 
in the two experimental variants (Figure 6). 
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The size of the most developed leaf in this leaf-
7th phase is a good example to illustrate the 
massive difference from the foliar canopy 
development, so for the fertilized micro-
granulate variant we observe a leaf length of 7 
inches of 31 cm on average compared to 16 cm 
in the case of the control variant (Figure 7). 
This superior development illustrates the 
advantage of early emergence due to 
microganized fertilization. 

 
Figure 6. Linear regression between Plant height-8 

leaves and Grain Yield (kg/ha) 
 

 
Figure 7. Linear regression between the length of leaf 7 

and Grain Yield (kg/ha) 

Two determinations were carried out to check 
the duration from emergence to blooming and 
the gap between the flowering of Male Inbred 1 
and Female Inbred 2. The corn flowering 
studies show that the anthers of the masculine 
part, the tassel, open 5-7 days before the silks 
of the female, but the maximum amount of 
pollen is released after 2-3 days of flowering. 
This characteristic of corn makes it very 
important in the technology of producing maize 
to obtain a best nicking in the flowering of the 
two inflorescences so that the quantity of pollen 
is maximized (Figure 8). 
Two determinations were carried out to check 
the duration from emergence to blooming and 

the gap between the flowering of Male Inbred 1 
and Female Inbred 2. The corn flowering 
studies show that the anthers of the masculine 
part, the tassel, open 5-7 days before the silks 
of the female, but the maximum amount of 
pollen is released after 2-3 days of flowering 
(Figure 9). This characteristic of corn makes it 
very important in the technology of producing 
maize to obtain a best nicking in the flowering 
of the two inflorescences so that the quantity of 
pollen is maximized. 

 Figure 8. Linear regression between T1-M Flowering 
gap and Grain Yield (kg/ha) 

 
Field determinations showed that for the tested 
variant the flowering gap between Male and 
Female was almost ideal at 2-3 days, providing 
a better supply of pollen and implicitly a higher 
percentage of pollination. In the case of the 
control variant, the gap between the two was 4-
5 days due to longer exposure to drought 
conditions, which accentuated the protandric 
character of the masculine inflorescence.  

 
Figure 9. The graphical representation of the size of the 

gap in time of flowering between the parental forms 
 
The statistical test shows a negative correlation 
between the delay at flowering of the two 
inbreds and production, the smaller delay 
between the two parent forms providing a 
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better supply of pollen and a larger number of 
kernels on the ears. 
Very important is the time from emergence to 
flowering, a shorter period being desirable to 
avoid the intense drought since mid-July and 
avoiding the increase of protandria. The 
positive effect of this variable being 
statistically proven, the correlation being 
inversely proportional to the lower the number 
of days between emergence and flowering, 
resulting in a higher yield (Figures 10, 11). 

 
Figure 10. Linear regression between Emergence-

Flowering time and Grain Yiled (kg/ha) 

 
Figure 11. Graphical representation of the duration from 

emergence to flowering 

An important determination was that of the 
number of kernels on the ears, which is a 
critical production item that plays a key role in 
determining production. 
As a result of the analysis of the field samples, 
there is a higher number of grains on the ear in 
the case of the ears obtained in the 
experimental variant than in the control variant 
(Figure 12). 
This is largely determined by the cumulative 
effect of faster growth of the fertilized plant 
with micro-granulated fertilizers and of 
ensuring optimal flowering nicking between 
parental forms. 

The statistical analysis only confirms the strong 
correlation between the number of kernel on 
the ears and the final production, which is a 
corn production item. 
In the experience we were able to highlight and 
demonstrate scientifically a number of 
quantitative and qualitative elements (number 
of leaves, waist, duration from emergence to 
flowering, the gap between parental forms, 
number of kernels on ear) that directly and 
significantly influence the production seed 
harvested within a hybridization parcel. 

 
Figure 12. Linear regression between No. Kernels 

on ear and Grain Yield (kg/ha) 
 
For each element, the plants fertilized with 
micro-granulated fertilizer at sowing proved to 
be clearly superior to those of the control 
variant, this being confirmed by the difference 
in production between the two variants of 1014 
kg/ha in favor of the test variant. 
 
CONCLUSIONS 
 
The use of micro-granulated fertilizer in seed 
corn production brings an improvement in 
terms of the quality and quantity of the yield, 
thus giving seed growers a real help in the 
context of increases in required yields.  
Early start of vegetation and the shortening of 
the planting-emergence period even with 1-2 
days means a lot at flowering time and 
fecundation helping avoid effects of protandry 
and ensuring pollen viability.  
The obtained results suggest that micro-
granulated fertilizer applied at planting has a 
benefic effect on the plant with a quicker 
emergence, a better developed root system, 
shortening the time from emergence to 
flowering and the delay at flowering between 
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the 2 inbred parentals and not the least superior 
yield. 
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Abstract 
 
An assortment of ten amphidiploids and twenty-five mutant/recombinant new genotypes plus their parental forms of 
winter wheat were studied for generating information on genetic variability of some quantitative characteristics. Field 
experiments were conducted at Caracal Agricultural Research and Development Station during 2015-2018. The  data  
wer  recorded  after harvest and refers to plants height, number of fertile tillers, spike length, number of spikelets/spike, 
number of grains/spike, grains weight/spike, thousand grains weight and yield. 
Analysis of variance revealed significant differences among the category of genotypes for all the characters due mostly 
to the influence of the climatic conditions of the region. The correlations established between the traits indicate same 
type of relationships, not very different depending on the method of obtaining of the genotypes and these could help 
researchers in the process of selection of genotypes with desired traits. For this experiment, it can conclude that some 
of the experimented material can be used in further breeding programmes. In the category of amphidiploid genotypes 
higher amplitude of variation was identified especially for yield while for the mutant/recombinant genotypes, characters 
variability was smaller and correlations were stronger. Also, for this category, values registered for the analised traits 
were closer to parental forms. 
 
Key words: variability, correlations, amphidiploid wheat, mutant/recombinant germplasm. 
 
INTRODUCTION 
 
Wheat is considered to be the most cultivated 
agricultural crop in the world. In our country, it 
is cultivated on approx. 25% of the arable land 
area and 40% of the area sown with cereals. 
Oltenia is one of the warmest regions of 
Romania, but where cereal crops still occupy 
vast areas. The Agricultural Research and 
Development Station Caracal is operating in a 
vast fertile area (the soil is clay-lily 
chernozem), but where climatic conditions are 
often restrictive (a strong aridization process 
has been installed in the last 20 to 30 years). 
In the context of the expected climate change, 
the production of future cereals requires 
genotypes with good adaptability and various 
forms of resistance. NARDI Fundulea deals 
with the diversification of the genetic basis of 
wheat germplasm by using foreign introgreses 
or the use of appropriate modern techniques. 
Thus, a series of amphidiploids (introgression 
lines derived from wheat-derived hybrids x 
related species) and mutant/recombinant lines 
(obtained using a specific mutagenic protocol 
of two wheat genotypes, two irradiation cycles 
application, hybridization and DH technology 

using Zea system) (Giura A., 2013) and 
distributed within a research project (ADER 
116) for cultivation under various conditions. 
Crops improved through biotechnology are 
producing higher yields and of quality (Iancu et 
al., 2018). 
Induced mutations are now being widely used 
for developing improved crop varieties and for 
the discovery of genes controlling important 
traits and understanding the functions and 
mechanisms of actions of these genes (Singh et 
al., 2014). According to the federal government 
of Mutant Variety Database, thousands of new 
varieties have been created through mutation 
breeding, either by radiation like gamma rays, 
thermal neutrons, X-rays or by exposure to 
certain chemicals. 
Consistent efforts are made to improve and/or 
sustain wheat production and the development 
of new varieties is based now on the advanced 
genetics. Amphidiploids are plants created by 
interspecific or intergeneric hybridization 
incoporating diploid chromosome complexes of 
two parental components. Also, the application 
of mutation techniques has generated a vast 
amount of genetic variability and is playing a 
significant role in plant breeding. Mustăţea and 
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Săulescu (2011) remarked that the grain yield 
increase in recently created winter wheat 
varieties was entirely due to an increase in the 
number of kernels per unit area, while the grain 
weight showed a negative, but relatively 
smaller trend.  
This paper presents the way of their behavior 
for several elements of productivity and the 
types of correlations between them, under 
ecological conditions specific to the southern 
part of Romania in order to increase the genetic 
variability. 
 
MATHERIALS AND METHODS 
 
The biological material was obtained at the 
Laboratory of Genetics of NARDI Fundulea 
and was represented by 10 amphidiploid lines 
and 25 mutant/recombinant lines, as well as 
their parental forms, Izvor variety and the 
improved line F00628-34. Amphidiploid lines 
come from crosses between T. durum genotype 
and Ae. squarrossa biotipes (http://www.incda-
fundulea.ro/cercet/ader/ader116.pdf).  
Field trials were sowed every year in the 
autumn using randomised blocks method in 
three replicates at ARDS Caracal (44"7' N 
latitude 24"21' E longitude, 98 m altitude) on a 
chernozem soil (pH 7.5-7.7, humus 3.18%) 
with rape, sun-flower and maize as preceding 
crop. Standard crop technolgy was applied. At 
harvest, the analized characters were made for 
50 plants and yield was determined by 
weithering the hole quantity of grains resulted 
from the plots. Plant height (cm) was measured 
at maturity stage from ground level up to the tip 
of spike of main tiller excluding awns. For 
TKW (g), 1000 seeds were counted randomly 
by seed counter and weighted by electric 
balance. The values presented in the tables 
represent the average of the three years 
calculated using analysis of variance method 
and correlation index.  
The climate is temperate-continental with 
mediteranean influences, characterized through 
alternate frost-defrost winters and 2-6 drought 
month with maximum precipitation in June and 
minimum in August-September. The annual 
average temperature is about 11°C, of January -
3...-20° and July from 20 to above 23°C. 
Rainfall amount during the winter wheat 
vegetation period (October to July) totalled 

477.6 mm in 2015/2016, 457.0 mm in 
2016/2017 and 658.4 mm in 2017/2018.  
 
RESULTS AND DISSCUTIONS 
 
Testing these genotypes for high and stable 
production was the subject of this scientific 
paper. 
Precipitation during the wheat growing season 
is expected to have a positive impact on wheat 
yield. Environmental conditions from the 
experimentation years were suitable for the 
examined germplasm, excepting the last.  
The choice of varieties resistant to thermal 
stress and water stress (drought or drought-
induced drought) plays an important role in the 
fight against this wheat plant suffering. 
Wheat height is a character for which there is a 
requirement of both dwarf and tall types. 
Tested amphidiploids proved to be tall and with 
no resistance to fall. The registered range of 
98.40-126.00 cm for plants height (Table 1) 
was the maximum values comparative with the 
other categories, 89.00-108.00 cm for 
mutant/recombinant (Table 3), respectivelly 
80.00-97.00 cm for parental forms (Table 5). 
7.23% value for variability coefficient indicate 
a uniformity of plants as concern height. Other 
characters, registered medium variability (no. 
of spikelets/spike, spike length, no. of 
grains/spike and no. of fertile tillers and yield) 
to large (grains weight/spike). During the three 
years the mean plant height value for the 
amphidiploid germplasm was higher both than 
mutant/recombinat material and the parental 
forms. 
No. of fertile tillers was of 9.53 in average of 
three years, a mean closer to the one realised by 
parental forms (9.68) and higher that 
mutant/recombinat (8.58).  
Knežević et al., (2008) apreciate that one of the 
most important and promising direction in 
improvement of grain yield of wheat is the long 
and fertile spike. In this experiment 
amphidiploid material presented a mean value 
of 10.40 cm with range between 8.00 and 13.30 
cm and medium variability of 13.49%. 
Grains weight/spike varied in large limits 
because the particularity year of 2017-2018, 
which presented a drought spring and a very 
wet summer which leaded to the obtaining of 
smaller, wrinkled and sprouted grains in 
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harvesting time. Also, this material have longer 
vegetation period comparative with 
mutant/recombinat and parental forms. But, 
grains of amphidiploids proved to be havier and 
as Mandea et al. (2016) said seed weight and 

genetic variability their components (length, 
width, shape, density) and how they react to 
environmental conditions, can contribute to 
increased genetic progress in breeding for yield 
and yield stability. 

Table 1. Values for amphidiploids (2015 – 2018) 

Character Mean ± a Limits s% 
Min. Max. 

Plants height (cm) 108.58 ± 7.85 98.40 126.00 7.23 
No. of fertile tillers 9.53 ± 1.73 7.10 13.80 18.16 
Spike length (cm) 10.40 ± 1.40 8.00 13.30 13.49 
No. of spikelets/spike 19.33 ± 2.42 16.20 28.20 12.50 
No. of grains/spike 43.37 ± 6.73 32.10 56.60 15.53 
Grains weight /spike (g) 2.88 ± 0.79 1.65 4.80 27.46 
Thousand grain weight (g) 48.49 ± 5.61 41.52 53.60 11.58 
Yield (Kg/ha) 3122.10 ± 1579,16 843.00 5980.00 50.58 

 
The highest values for coefficient of variation 
was shown by grain yield (50.58%) fallowed 
by grains weight/spike (27.46%). Most of this 
variation was produced by the different 
conditions of the experimentation years. 
Sinthetic amphidiploid germplasm indicate 
wide variation in field conditions. Most of the 
amphidiploids possess higher grains size, but 
well dressed and not easiliy beated. On a study 
with amphidiploids features, Stoyanov H.P. 
(2014) reported slight variations in 
morphological and physiological indicators, 
which highlights their genetic stability and high 
level of homozygosity. DH lines may increase 
the genetic variability of winter wheat and can 
be selected forms with valuable quantitative 
characters (Iancu et al., 2016) 

Correlation studies provide a better 
understanding of the association of different 
characters with grain yield (Yousaf et al., 
2008).  
The experimented yield components indicate 
varying trends of association among  
themselves. In the case of amphidiploids, there 
were identified negative correlations between 
thousand grain mass and plants length, number 
of fertile tillers, spike length, number of 
spikelets/spike, grains number and weight/spike 
and yield (Table 2). 
Height of plants was in positive correlation 
with spike lenght, number of spikelets/spike 
and grains weight/spike. Same type of 
correlations reported Knežević et al. (2008). 

 

Table 2. Correlation indices for amphidiploid germplasm 

 Stem 
length 

No. of 
fertile tillers 

Spike 
length 

No. of 
spikelets/ 

spike 

No. of 
grains/ 
spike 

Grains 
weight/ 
spike 

Yield 

No. of fertile tillers 0.620       
Spike length 0.969 0.693      
No. of 
spikeletes/spike 

0.919 0.693 0.985     

No. of grains/spike 0.964 0.695 0.985 0.917    
Grains weght/spike 0.986 0.687 0.985 0.945 0.985   
Yield 0.976 0.692 0.980 0.901 0.984 0.987  
TGW -0.858 -0.649 -0.912 -0.822 -0.938 -0.889 -0.900 

P = 0.349 % 
 
In a similar experiment, of three year and 10 
locations, some authors sustain that the most of 
the correlations among the yield components 
were negative, illustrating the difficulty of 

combining in the same cultivar high values of 
more than one component, because of 
compensation between yield components 
(Mandea et al., 2019). Same authors suggest 
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that cultivars showing positive or small 
negative deviations from the regressions 
between negatively correlated yield 
components might be useful in breeding for 
reducing compensations between yield 
components. It is well known that grain yield is 
a complex trait and high y influenced both, by 
genetic factors and environmental variations. 
Selection, as a breeding method, to be 
successful depends upon the information on the 
genetic variability of characters and the 
association of the morpho-agronomic traits 
with grain yield.  

The mutant/recombinant germplasm exhibited 
high production capacity and good resistance to 
the main climate risk factors in the southern 
area. The average of 7368.10 kg/ha is a fairly 
high value for the experiment area. The 
variation limits were between 5571.00 and 
8627.00 kg/ha with medium variability 
(12.07%) (Table 3). The other characters 
presented lower variability which means that in 
time these were uniforms.This material might 
be suitable for drought tolerance breeding 
because of the better adaptation, behavior 
concerning the fluctuation of the timing of rain 
between vegetation period. 

Table 3. Values for mutante/recombinant (2015-2018) 

Character Mean ± a Limits s% 
Min. Max. 

Plants height (cm) 94.37 ± 4.56 89.00 108.00 4.83 
No. of fertile tillers 8.58 ± 0.732 7.20 10.20 8.47 
Spike length (cm) 10.76 ± 0.70 10.00 12.40 6.52 
No. of spikelets/spike 20.05 ± 0.99 18.80 22.60 4.95 
No. of grains/spike 61.52 ± 3.74 56.20 70.20 6.07 
Grains weight /spike (g) 3.09 ± 0.20 2.85 3.54 6.43 
Thousand grain weight (g) 37.75 ± 1.97 33.29 40.35 5.22 
Yield (Kg/ha) 7368.10 ± 889.34 5571.00 8627.00 12.07 

 
For the mutant/recombinant germplasm, 
number of fertile tillers per plant had negative 
correlation with plant height and spike length. 
Same type of correlation was identified with 
the other analysed characters, excepting 
thousand grain weight. Yield was positively 
correlated with stem and spike length, no. of 
spikelets/spike, no. of grains/spike and grains 
weight/spike (Table 4).  

Similar results reported Gholizadeh et al. 
(2017), but in the salinity-stressed environment. 
In a study as concern response of some new 
wheat genotypes to nitrogen fertilization and 
prospects of yield breeding based on yield 
elements, Iancu et al., 2019 reported highest 
positive correlations between yield and grain 
weight/spike, yield and HW and HW and grain 
weight/spike. 

 

Table 4. Correlation indices for mutant/recombinant germplasm 

 Stem 
length 

No. of 
fertile tillers 

Spike 
length 

No. of 
spikelets/ 

spike 

No. of 
grains/ 
spike 

Grains 
weight/ 
spike 

Yield 

No. of fertile tillers -0,651       
Spike length 0,969 -0,573      
No. of 
spikeletes/spike 

0,981 -0,623 0,975     

No. of grains/spike 0,983 -0,642 0,977 0,987    
Grains weght/spike 0,987 -0,679 0,959 0,980 0,985   
Yield 0,953 -0,619 0,931 0,958 0,968 0,967  
TGW -0,971 0,605 -0,989 -0,977 -0,979 -0,961 -0,926 

P = 0.325% 
 
In average for the three years of 
experimentation, mutant/recombinant material 
registered superior values comparative with 
parental forms as concern almost all characters. 

Other authors also consider that 
mutant/recombinant DH lines of wheat can be 
considered as an interesting material for 
breeding programs or an important tool for 
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releasing of new genes sources (Dobre et al., 
2018). 
Parental forms have a good behavior to the 
diverse climatic conditions of the years. The 

results demonstrated stability parameters for 
the tested characters and indicate the these 
cultivars are stabile in reaction to environment 
changes. 

 
Table 5. Values for parental forms (2015-2018) 

Character Mean ± a Limits s% 
Min. Max. 

Plants height (cm) 87.63 ± 5.62 80.00 97.00 6.41 
No. of fertile tillers 9.68 ± 0.71 9.10 11.00 7.37 
Spike length (cm) 9.18 ± 1.16 8.00 10.80 12.63 
No. of spikelets/spike 18.10 ± 1.39 16.10 20.40 7.71 
No. of grains/spike 52.30 ± 2.88 48.80 56.60 5.50 
Grains weight /spike (g) 2.63 ± 0.32 2.24 3.07 12.37 
Thousand grain weight (g) 42.90 ± 4.06 38.70 48.55 9.48 
Yield (Kg/ha) 6081,83 ± 1412,551 4150.00 7760.00 23,22 

 
Weather conditions are just one part of a the 
variation. Germplasm reaction to environ-
mental changes was different, but in favorable 
year conditions, performed better in this area 
for studied traits so generally speaking it an 
appreciate that this material is adapted to South 
Romania conditions and gave stable yields. As 
Dimitrijević D. et al., (2002) said, adaptability 
is a natural reaction of genotype in order to 
survive and reproduce while for agriculture, 
stability represents desirable reaction of 
cultivated genotypes. 
Also, Racz et al. (2015) stated that a measure to 
counter the negative effects caused by climatic 
changes is the creation of new genotypes with 
better resistance or tolerance to adverse 
changes or which avoid stresses by the fact that 
the critical phases of development do not 
coincide with these conditions. Some triticale 
varieties and lines bred also by RICIC Funculea 
and cultivated many years in different climate 
pattern then were developed indicate yield 
variability caused by high temperature, and 
small amounts of precipitations (Butnaru et al., 
2014). Another specie with high genetic yield 
potential, adapted to local condition, but 
variable depending on rainfall and moisture is 
groundnut (Soare et al., 2014). 
 
CONCLUSIONS 
 
Experienced biological material can be 
considered to have superior agronomic 
features, is well suited to the experimental area 
compared to other genotypes existing in culture 
as well as to the expected climate changes. 

Althought environmental conditions have 
bigger influence upon yield components, it can 
be made a direct selection for grain yield 
related traits which increases the chance of 
improving wheat grain yield using this 
germplasm. 
The mutant/recombinant germplasm with the 
best values indicate the possibility of selecting 
them as new genotypes which combine the 
desirable values for yield components. 
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Abstract  
 
The experiment is conducted in 2012-2015 in the Training and Experimental Base of the Department of Plant Growing 
at Agricultural University of Plovdiv. The experiment is set in block mode with four repetitions, with size of the 
cultivated plot of 20 m2, with winter rapeseed type - the Visby hybrid. The following leaf fertilizers were tested: Lactofol 
B - 4000 ml/ha, Litovit® - 2000 g/ha and Fertiactyl Starter - 3000 ml/ha, and untreated control variant. The rapeseed 
sowing was done 1-10. IX, 1-10. X, 10-20. X, 20-30. X. The leaf fertilization was performed in the 2-4 leaf stages for the 
first two sowing periods and in 1-2 leaf stages for the second two sowing periods. As a result of the experiment, leaf 
fertilization has been found to affect the development of the phenophases. The strongest stimulation effect during the 
three years of the experiment at the different sowing periods is obtained in the variant treated with Fertiactyl Starter - 
3000 ml/ha. 
 
Key words: rapeseed, leaf fertilization, development phases. 
 
INTRODUCTION  
 
Foliar fertilization is not opposed to soil one 
but is considered a necessary additional activity 
in the overall system of optimal mineral 
nutrition of plants. 
While nutrient elements in the soil may have 
synergistic and antagonistic relationships 
between them, an important advantage of leaf 
fertilization is that the problem of elemental 
antagonism is eliminated. Another advantage of 
their use is the conservation of the natural 
ecological parameters of the environment.  
The small amount of rainfall during the 
preparation of the soil and the sowing of 
rapeseed leads to its later germination and the 
inability of the plants to enter the optimum 
phase for wintering. By using foliar fertilizers 
at different stages of rapeseed development, we 
can accelerate its development to reach a phase 
more suitable for wintering.     
There are lots of such studies for other 
agricultural crops, both in the world and in 
Bulgaria (Coelho H. et al., 2011; Delchev G., 
2010; Sanmueang A. et al., 2011; Kolev T. et 
al., 2012; Кolev Т. et al., 2013), but for 
rapeseed they are insufficient or completely 
absent. 

It is precisely for this purpose that we study the 
influence of some foliar fertilizers and 
application phases on the development and 
productivity of oilseed rape. 
In this article we look at one part of the 
experiment, i.e. the influence of certain foliar 
fertilizers and application phases on the 
phenological development of rapeseed. 
 
MATERIALS AND METHODS  
 
The study was conducted in the period 2012-
2015 in the area of Training, experimental and 
implementation base of the Department of 
Plant Growing at Agricultural University - 
Plovdiv. 
The experiment is based on the block method, 
repeated 4 times, with a trial plot of 20 m2, with 
a Visby hybrid originating in Germany. 
Experiment variants: 
Factor A - sowing dates 
Factor B - foliar fertilizers 
Factor C - development phases 
        

I. Date of sowing 1-10.IX  
- Untreated variant 
- Spraying with Lactofol B - 4000 ml/ha - 
phenophase - 2-4 leaf. 
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- Spraying with Litovit® - 2000 g/ha - 
phenophase - 2-4 leaf. 
- Spraying with Fertiactyl Starter - 3000 ml/ha - 
2-4 leaf.  

II. Date of sowing 1-10.X 
- Untreated variant 
- Spraying with Lactofol B - 4000 ml/ha - 
phenophase - 2-4 leaf. 
- Spraying with Litovit® - 2000 g/ha - 
phenophase - 2-4 leaf. 
- Spraying with Fertiactyl Starter - 3000 ml/ha - 
2-4 leaf.  
 

III. Date of sowing 10-20.X 
- Untreated variant 
- Spraying with Lactofol B - 4000 ml/ha - 
phenophase-1-2 leaf. 
- Spraying with Lithovit® - 2000 g/ha - 
phenophase-1-2 leaf. 
- Spraying with Fertiactyl Starter - 3000 ml/ha-
1-2 leaf. 
 

IV. Date of sowing 20-30.X 
- Untreated variant  
- Spraying with Lactofol B - 4000 ml/ha - 
phenophase-1-2 leaf. 
- Spraying with Lithovit® - 2000 g/ha - 
phenophase-1-2 leaf. 
- Spraying with Fertiactyl Starter -3000 ml/ha-
1-2 leaf.  
The experiment was carried out after a 
precursor of wheat. Immediately after its 
harvesting, ploughing was carried out at a 
depth of 18-20 cm, followed by a two-fold 
cross-disking and pre-sowing rolling. 100 kg/ha 
Phosphorus, 80 kg/ha Potassium are inserted 
into the soil with the main processing of the 
soil, as well as 170 kg/ha Nitrogen, of which 30 
kg/ha in autumn with the pre-sowing 
cultivation, and the remainder at the earliest 
opportunity in spring. 

Sowing is at 12-15 cm distance between rows 
and at a sowing rate of 6 kg/ha, providing a 
density of 60 plants/m2. Seeds are sown at a 
depth of 2-3 cm with a seed drill. After sowing, 
the land is rolled. The phenological 
development of rapeseed has been monitored in 
the sown variants.  
Regarding the agro-climatic characteristics 
during the experiment period, the 
meteorological factors (air temperature and 
rainfall), their combination and distribution 
through vegetation, which determine the 
growth and development of the crop during the 
years of cultivation, have a major influence. 
The data characterizing these factors over the 
three experimental years in the study area are 
shown in Figure 1. It can be seen that during 
the three years of the study, significant 
deviations from the average monthly 
temperatures in the experiment area compared 
to the multiannual period are not observed. 
Greater differences are seen in terms of 
moisture. Over the three years of the 
experiment, the highest amount of rainfall in 
the cultivated area during September - July 
period was reported in 2014-2015 (856.4 mm). 
They exceed with 422.9 mm those of the 
multiannual period (433.5 mm). 
All three years of study are characterized by 
sufficient amount of moisture in the critical 
phases of the development of the crop, with the 
exception of the sowing-germination period 
during the first two years. 
The absolute minimum temperature during the 
three years of the study was reported in 
December -9.8°C in 2012-2013, -10.4°C in 
2013-2014, while in 2014-2015 - in January     
-14.2°C (Figure 2). 
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Figure 1. Average monthly temperatures and sum of precipitation during the years of study  

in the area of the Training, experimental and implementation base 
 

 

Figure 2. Absolute minimum and maximum temperatures by months 2012/2015 
 
 
RESULTS AND DISCUSSIONS  
 
Depending on the year, the date of sowing, 
weather conditions, and used foliar fertilizers 
phases of development in the area of Training, 
experimental and implementation base occur at 
different times (Tables 1, 2, 3 and 4). 
The results in the tables show that during the 
three years of the study, the plants germinate at 

the earliest at the first sowing date of 1-10.IX, 
followed by those sown in the periods 1-10.X; 
10-20.X and 20-30.X. 
Higher temperatures during the germination 
period at the earliest date of sowing create 
conditions for the plants to germinate for 21 
days in 2012. More balanced distribution of 
precipitation in 2014 and in 2013 led to the 
germination of the plants for 16 and 18 days at 
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the first date of sowing, while in the sowing 
from 10 to 20.X, during the three years of study 
plants germinate for 18 to 20 days.   
During the three years of study, for the 
remaining sowing dates, the plants germinate 
for 25 and 18 days at sowing from 01 to 10.X. 
and for 16, 18 and 14 days at sowing period 
from 20 to 30.X.  
At the first two sowing dates, all tested variants 
in the three years of study entered the 6-8 leaf 
stage, about one month after germination. 
At sowing in the period of 10 to 20.X, only the 
Fertiactyl Starter-treated plants in the first year 
and those treated with Fertiactyl Starter and 
Lactofol B in the second and third years 
reached the 6-8 leaf phase. 
Late sowing of rapeseed at the end of October 
(from 20 to 30.X) is the reason for ending the 
vegetation of plants in all variants at 2-4 leaf 
phase, with the exception of Fertiactyl Starter-
treated variants that reach 4-6 leaf phase in 
2013 and 2014.  
Phase 6-8 leaf in all sowing dates and over the 
three years of the experiment were reported for 
Fertiactyl Starter treated variants with 3 to 6 
days earlier than the control variant. 
Falling temperatures in December 2012 to 
minus 9.8°C, and the failure of rapeseed to 
reach the optimum wintering phase at the last 
sowing date resulted in plant deaths in Lactofol 
B, Litovit® treated variants and of the control 
variants. 
The development phases in 2012-2013 were 
only reported for the Fertiactyl Starter variant. 
Temperatures in December 2014 reached minus 
5°C, while in 2013 - minus 10.4°C but due to 
the snow cover and higher average day and 
night temperatures during this period led to the 
successful wintering of part of the plants during 
the two years of study being sown on the last 
sowing date. 
The rise in temperatures at the end of February 
2013 to 10.3°C and the 45.1 mm precipitations 
that had fallen resulted in the earliest 
resumption of vegetation at all dates and 
variants of sowing (26.02). 
Fallen 76.6 mm precipitation in February of 
2015 and a gradual increase in temperatures 
lead to a later resumption of vegetation (4.03). 
The alternation of lower and higher 
temperatures in February 2014 and less rainfall 

of 9 mm are a prerequisite for the latest 
resuming of vegetation (9.03). 
Once the vegetation has resumed, the 
development phases during the three years of 
the study occur at the earliest at sowing from 1 
to 10.IX, followed by sowing in the period 1-
10. X, 10-20. X, and 20-30.X. 
The rainfall in February in 2013 (45.1 mm) 
creates a prerequisite for the stem formation 
phase for all variants and sowing dates to occur 
at the earliest, i.e. from 14.03 to 6.04.   
Later onset of vegetation in 2014 and less 
rainfall in February (9.0 mm) this year lead to a 
delay in the stem formation phase. For all 
tested variants and sowing dates, this phase 
runs the latest - from 21.03 to 12.04. 
The gradual rise in temperature and 76.6 mm 
precipitation in February 2015 led to a stem 
formation phase from 17.03 to 9.04. 
The earliest phase of stem formation during the 
three years of study was reported in the 
Fertiactyl Starter variants (14.03-6.04 in 2013, 
21.03-09.04 in 2014, 17.03-6.04 in 2015) 
followed by the Lactofol B variants (15.03-
27.03 in 2013, 22.03-10.04 in 2014, 17.03-7.04 
in 2015), Litovit® (15.03-28.03 in 2013, 22.03-
11.04 in 2014, 18.03-8.04 in 2015), and control 
(16.03-29.03 in 2013, 23.03-12.04 in 2014, 
19.03-9.04 in 2015). 
Plants of all tested variants, during the three 
years of the experiment, entered budding phase 
in April. 
Of all the variants studied, the earliest budding 
phase was recorded in Fertiactyl Starter-treated 
variants followed by Lactofol B, Litovit® 
treated variants and the control. 
Budding phase over the three years of the study 
occurred from 1 to 4 days earlier in the 
Fertiactyl Starter treated versus the other 
variants and the control. 
The mass blossoming phase was first reported 
in Fertiactyl Starter treated plants (15.04 to 
4.05 in 2013, 20.04 to 7.05 in 2014, and 16.04 
to 5.05 in 2015) followed by those treated with 
Lactofol B (16.04-27.04 in 2013, 21.04 - 9.05 
in 2014, and 17.04 to 6.05 in 2015), Litovit® 
(17.04-28.04 in 2013, 22.04-9.05 in 2014 and 
from 18.04 to 07.05 in 2015) and the control 
variant (17.04-29.04 in 2013, 22.04-10.05 in 
2014 and from 19.04 to 8.05 in 2015). 
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The uneven distribution of rainfall in May and 
June (3.4; 109.5 mm) in 2013 led to a reduction 
in the phases of mass blossoming, waxy and 
full maturity in all tested variants, and they 
passed through them the fastest and the earliest. 
Higher rainfall in May and June (66.5, 98.8 
mm) in 2014 and (69.5, 76.7 mm) in 2015 in all 
tested variants lead to the later occurrence of 
these phases. 
During the three years of study and at the 
different sowing dates, Fertiactyl Starter (3000 
ml/ha) treated variants entered these 
developmental stages 2-3 days earlier than 
control, whereas Lactofol B-4000 ml/ha and 
Litovit® 2000 g/ha treated variants reach these 
phases one day earlier or simultaneously with 
the control. Comparing the entering into the 
phase of blossoming, waxy and full maturity by 
the Lactofol B variant (4000 ml/ha) and 
Litovit® variant (2000 g/ha), this occurred 1 
day earlier in favour of Lactofol B (4000 
ml/ha). 
The vegetation period for all variants of the 
experiment at sowing from 1 to 10. X is the 
longest (from 261 to 263 days, in 2013, from 
267 to 269 days, in 2015 and from 271 to 273 
days in 2014) for the rest of the sowing dates, it 
is almost the same from 238 to 244 days in 
2013; from 245 to 250 days in 2015 and from 
245 to 252 days in 2014. 
 
CONCLUSIONS  
 
On the basis of the experimental work and the 
results obtained, the following conclusions can 
be drawn: 
1. The phenological observations made during 
the three years of the experiment show that, at 
all sowing dates, foliar fertilization contributes 
to faster developmental phases than the control. 
2. The strongest developmental stimulant effect 
during the three years and at different sowing 
dates was observed in the Fertiactyl Starter 

(3000 ml/ha) treated variant followed by 
Lactofol B (4000 ml/ha) sprayed variant, and 
Litovit® (2000 g/ha). 
3. Phases of development in 2012-2013 at the 
last sowing date were only reported for the 
Fertiactyl Starter variant, while the remaining 
Lactofol B, Litovit® variant and the control 
plants perished. 
4. The vegetation period is the longest in 2015 
(248 to 250 days), and the shortest in 2013 (244 
days). 
Of all foliar fertilizer treated variants with the 
shortest vegetation period (238 to 271 days) are 
those treated with Fertiactyl Starter. 
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Abstract  
 
In a field experiment carried out in the Experimental and Implementation Base of the Department of Plant Growing at 
the Agricultural University, in non-irrigated conditions, the influence of following growth regulators was tested: Madex 
Top (600 ml/ha), Flordimex T Extra (750 ml/ha), Seron 480 SL (1000 ml/ha) and Trimax 175 EK (400 g/ha) on the 
yield of durum wheat varieties Deyana and Zvezditsa. The tested growth regulators have influenced to varying degrees 
the yield gains of the investigated durum wheat varieties. The treatment of Deyana durum wheat variety with the growth 
regulator Seron 480 SL (1000 ml/ha) results in an increase of the yield with 450 kg/ha (11.5%) on average over the 
three-year study period compared to the control. The higher grain yield of the durum wheat variety Zvezditsa with the 
same growth regulator is 350 kg/ha (9.8%). With second results, for both tested varieties is the variant treated with 
Medax Top (600 ml/ha), where the average increase of grain yield is respectively: for Deyana variety 280 kg/ha (8.7%) 
and for Zvezditsa variety 260 kg/ha more than the untreated control. When spraying durum wheat with Trimax 175 EC, 
the yield gain for Deyana is 280 kg/ha, and 250 kg/ha for Zvezditsa variety. The studied growth regulators have helped 
to increase the grain mass in one ear for the Deyana variety, while for the Zvezditsa variety - to increase the number of 
grains in one ear. 
 
Key words: growth regulators, durum wheat, yield productivity.  
 
INTRODUCTION  
 
A key area of cereal crop technology is the use 
of growth regulators (Delchev et al., 2011; 
Kolev et al., 2006). A number of scientific 
publications abroad (Pirasteh Anosheh et al., 
2012; Nabti et al., 2010) and in Bulgaria 
(Mangova et al., 2013; Kolev et al., 2015) also 
present research results on this issue. A number 
of leading companies producing agricultural 
products present new products every year.  
The need to investigate the impact of new 
growth regulators on grain yield and quality of 
durum wheat has led to the present experiment.    
 
MATERIALS AND METHODS  
 
During the period 2014-2017, a field 
experiment was conducted in the Training, 
Experimental and Implementation Centre of the 
Department of Plant Growing at Agricultural 
University under non-irrigated conditions, 
where the influence of some growth regulators 
on the productivity of durum wheat varieties 

Deyana and Zvezditsa (selection of the Field 
Cultures Institute in the town of Chirpan) was 
tested. 
Growth regulators against layering of durum 
wheat were tested: Madex Top (active 
substance 300 g/l mepiquat chloride + 50 g/l 
prohexadione calcium) at a dose of 600 ml/ha 
is administered in BBCH phase 30-39 (start of 
stem elongation - the flange leaf is completely 
unfolded); Floridimex T Extra (active 
substance 660 g/l ethephon) at a dose of 750 
ml/ha introduced into the BHCH phase 26-30 
(end of tillering - start of shooting up); Seron 
480 SL (active substance 480 g/l ethephon) at a 
dose of 1000 ml/ha applied in phase BBCH 32-
39 (from the phase the second node is at least 2 
cm above the first to phase the flange leaf is 
completely unfolded); Trimax 175 ЕК (active 
substance 175 g/l trinexapac-ethyl) at a dose of 
400 g/ha and phase of administration BBCH 
30-39 (beginning of stem elongation to a fully 
unfolded flange leaf). There was also an 
untreated control. The experiment is based on 
the fractional plot method in four iterations 
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with a plot size of 10 m2. Durum wheat is 
grown according to established technology 
(Yanev et al., 2008). The sowing is carried out 
in the optimal for Bulgaria period from 20th 
October to 10th November with a sowing rate of 
500 germinating seeds per m2. The field 
experiment is carried out on alluvial-meadow 
soil (Molic Fluvisols by FAO), which is cha-
racterized by a medium sand-clayey mechanic 
composition, a humus content of 1-2% and a 
pH of 7.7. The nutrient content in the soil layer 
0-20 cm is as follows: N - 15.6 mg/1000 g; 
P2O5 - 32 mg/100 g; K2O - 47 mg/100 g of soil; 
CaCO3 - 7.4% (Popova et al., 2010). 
The area subjected to the experiment was 
fertilized with 120 kg/ha NH4NO3 (ammonium 
nitrate) and 80 kg/ha P2O5 (triple 
superphosphate - 46% diphosphorus pentoxide) 
in the active substance. In order to determine 
the differences between the tested growth 
regulators and the specific varietal response to 
them, the following indicators were taken into 
account: plant height (cm), length of spike 

(cm), number of spikelets in one spike (pcs), 
grain yield (t/ha), number of grains in one spike 
(pcs), grain mass in one spike (g), mass of 1000 
grains (g) and specific weight (kg/hl).  
The statistical processing of the data obtained 
on the surveyed indicators was carried out with 
the BIOSTAT software (Penchev, 1998). 
The aim of the experiment carried out is to 
study the impact of the growth regulators 
Madex Top, Floridimex T Extra, Seron 480 SL, 
and Trimax 175 EK on the productivity of the 
varieties durum wheat Deyana and Zvezditsa in 
the climatic and soil conditions of Southern 
Bulgaria.  
 
RESULTS AND DISCUSSIONS 
 
The sum of rainfall during durum wheat 
vegetation was as follows: 2014/2015 -     
655.8 mm/m2, 2015/2016 - 388.5 mm/m2, and 
2016/2017 - 278.3 mm/m2 compared to     
419.0 mm/m2 for a thirty year period time 
(Figures 1, 2). 

 

 
Figure 1. Precipitation by months (sum mm/m2) 

 

 
Figure 2. Monthly temperatures (average)

2014-2015 2015-2016 2016-2017 Average for 30 years

X XI XII I II III IV V VI
2014-2015 10,8 11,3 2,4 1,4 2,7 6,9 11,8 17,1 22,4
2015-2016 12,8 11,3 5,1 -0,1 8 9,3 15,5 17 23,3
2016-2017 12,7 6,6 2,2 -3,9 3,2 9,7 12,7 17,6 23,7
Average for 30 years 12,6 7,4 2,2 -0,4 2,2 6 12,2 17,2 20,9

t Cº 
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In the years of the experiment, favourable for 
the growth and development of durum wheat 
with a good distribution of rainfall is the 
harvest year 2017, then higher grain yields 
were obtained for all tested variants. Despite 
the large amount of precipitation during 
vegetation unfavourable for the plant growth is 
the first year, i.e. 2014/2015 due to a drought in 
the spring, when in the phases of the end of 
tillering - the beginning of shooting up, the 
stages of organogenesis happen, during which 
the length of the spike, the number of spikelets 
and blossoms are determined.     
Grain yield is the indicator that reflects the 
effects of growth regulators and other factors 
studied (Table 1). 
From the data presented in the table it is 
evident that both varieties react differently 
depending both on the studied growth 
regulators and on the weather conditions of the 
year.  
In durum wheat of Deyana, the highest increase 
in grain yield was observed under the effect of 
the growth regulator Seron 480 SL (1000 
ml/ha). In the experimental years, the increase 
was from 360.0 kg/ha to 530 kg/ha or an 
average of 450 kg/ha (11.5%) over the three-
year study period, compared to the untreated 
control. In the case of durum wheat variety 
Zvezditsa with the same growth regulator, the 

increase in productivity is also high, but 
compared to the Deyana variety, the values 
obtained are lower in the range from 350 kg/ha 
to 380 kg/ha or on average 350 kg/ha (9.8%).  
In the second place in both tested varieties is 
the variant treated with Medax Top (600 
ml/ha), where the average increase of grain 
yield is respectively: for Deyana 280 kg/ha 
(8.7%) and for Zvezditsa variety 260 kg/ha 
more than untreated control. The use of the 
growth regulator Trimax 175 EK results in an 
increase in productivity for Deyana with 280 
kg/ha and 250 kg/ha for the Zvezditsa variety. 
The growth regulator Floridimex T Extra (750 
ml/ha) affected to the least degree the grain 
yield increase for both tested varieties, as in 
both experimental varieties of durum wheat 
100 kg/ha of grain more were harvested versus 
the untreated control.  
The productivity of the studied durum wheat 
varieties results from the effect of the tested 
growth regulators on some of the structural 
elements of the yield (Table 2). Plant height 
decrease was observed in all studied controls 
compared to untreated control. In the variant 
treated with the growth regulator Seron 480 SL 
(1000 ml/ha), the plant height measured for the 
three-year period of Dеyana variety is 4 cm, 
and of the Zvezditsa variety is 5 cm smaller 
than that of the control.  

 
Table 1. Grain yield t/ha 

Variety Growth regulators 2015 
 

2016 2017 Average 

  t/ha t/ha t/ha t/ha % 
 Control untreated  3.70 3.94 4.06 3.90 100,0 

 Seron 480 SL 4.17 4.30 4.59 4.35 111,5 
Deyana Medaks Top 4.05 4.23 4.45 4.24 108,7 

 Flordimeks T Extra 3.86 3.97 4.18 4.00 102,6 
  Trimax 175 EK 4.04 4.15 4.35 4.18 107.2 
 Control untreated  3.29 3.57 3.83 3.56 100,0 
 Seron 480 SL 3.65 3.92 4.21 3.91 109.8 

Zvezditsa Medaks Top 3.51 3.80 4.14 3.82 107,3 
 Flordimeks T Extra 3.34 3.68 3.95 3.66 102,8 
  Trimax 175 EK 3.45 3.78 4.20 3.81 107,0 

                                                                           A      B      AxB      A      B      AxB         A       B       AxB 
              GD 5%                                                  20.2  21.8   24.5    16.3  17.5   19.7      10.1  15.3    18.4 

 
In the spike length indicator, more significant 
changes were observed when the plants were 
sprayed with Seron 480 SL (1000 ml/ha), 
where the decrease in the length of the spike of 
Deyana variety was by 0.8 cm and for the 
Zvezditsa variety by 0.5 cm.   

The tested growth regulators have helped to 
increase the grain mass in one spike of Deyana 
variety, and in the Zvezditsa variety - to 
increase the number of grains in one spike.   
In Deyana variety of durum wheat yield is 
higher because of the higher grain mass in one 
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spike, by 0.38 g more than the untreated control 
in the Seron 480 SL (1000 ml/ha) variant, 
whereas in the Zvezditsa variety there is an 
increase in the number of grains in one spike 
with 3.9 pcs. in plants treated with the same 
growth regulator. 
This trend is preserved in the other studied 
growth regulators. Lower values for the number 

of grains in a spike, i.e. 34.4 pcs. for Deyana 
variety, and grain mass of 1.07 g in a spike for 
Zvezditsa variety were obtained by treatment 
with Floridimex T Extra (750 ml/ha), but the 
results obtained were higher than the untreated 
control, respectively, by 0.9 and 0.03 g. 

 

Table 2 Biometrical data (2015-2017)  

Variety Growth regulators Height of plants, 
cm 

Length of 
the spike, 

cm 

Number of 
the grains 
per spike 

Mass of the 
grains per 
spike, g 

 Control untreated  90 7.6 33.5 1.23 
 Seron 480 SL 86 6.8 39.7 1.61 

Deyana Medaks Top 89 7.2 37.5 1.53 
 Flordimeks T Extra 87 7.0 34.4 1.31 
 Trimax 175 EK 88 7.1 36.1 1.40 
 Control untreated  94 7.4 38.2 1.04 
 Seron 480 SL 89 6.9 42.1 1.26 

Zvezditsa Medaks Top 92 7.2 40.5 1.21 
 Flordimeks T Extra 93 7.0 39.4 1.07 
 Trimax 175 EK 90 7.1 39.8 1.18 

 
CONCLUSIONS  
 
The tested growth regulators have influenced to 
varying degrees the increase in productivity in 
the investigated durum wheat varieties. 
The treatment of Deyana durum wheat with the 
growth regulator Seron 480 SL (1000 ml/ha) 
resulted in an increase in the yield by 450 kg/ha 
(11.5%) on average over the three-year study 
period compared to the control. 
Higher grain yields of durum wheat variety 
Zvezditsa treated with the same growth 
regulator is 350 kg/ha (9.8%). 
In the second place, in both tested varieties is 
the variant treated with Medax Top (600 
ml/ha), where the average increase of grain 
yield is respectively: for Deyana - 280 kg/ha 
(8.7%), and for Zvezditsa variety 260 kg/ha 
more than untreated control. When spraying 
durum wheat with Trimax 175 EK, the yield 
increase for Deyana is 280 kg/ha, and 250 
kg/ha for Zvezditsa variety. 
The studied growth regulators have helped to 
increase the grain mass in one spike in the 
Deyana variety, while in the Zvezdica variety 
to increase the number of grains in one spike.  
The studied growth regulators improve the 
physical properties of the grain, mass per 1000 

grains, hectolitre mass, and glassiness. For 
durum wheat varieties, Deyana and Zvezditsa, 
the highest increase in the values of the phy-
sical properties of the grain was observed in the 
treatment with Seron 480 SL and Medaks Top.   
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Abstract  
 
The response of grain protein concentration and yield of sorghum to nitrogen fertilization in rates 0, 60, 120, 180, 240 
and 300 kg N.ha-1 was studied in the experimental field of Agricultural University of Plovdiv, Bulgaria in 2017-2018 
under non-irrigated conditions. Without nitrogen fertilization sorghum hybrid EC Alize formed grain with 10.98%-
11.10% protein. Rate N300 significantly increased concentration of grain protein by 15.0% and 21.9%, respectively in 
2017 and 2018, compared to N0 plants. Fertilization N60 - N300 proven increased grain protein yield over the N0. Rate 
N180 provided higher grain protein yield of 708 kg.ha-1 in 2017 and higher N240 and N300 rates showed a downward trend 
in protein yield within limits 677-708 kg.ha-1. In more favourable in terms of rainfall 2018, the highest grain protein 
yield 907 kg.ha-1 was obtained at N240. Application of N300 proven reduced by 80 kg.ha-1 the protein yield, compared to 
N240. Rates 0-300 kg N.ha-1 highly positively correlated with grain protein concentration (0.864**-0.962**) and protein 
yield (0.839**-0.874**) of sorghum. 
 
Key words: protein, concentration, yield, grain. 
 
INTRODUCTION  
 
Sorghum (Sorghum bicolor (L.) Moench) is the 
fifth leading cereal grain produced worldwide 
after wheat, corn, rice, and barley (FAO, 2013). 
In Bulgaria the production of grain sorghum 
has increased in recent years and sorghum is 
one of the top ten grown crops in the country. 
The modern varieties are hybrids with high 
productivity potential appropriate for 
application of intensive forage grain production 
technologies (Kertikov, 2007; Kikindonov et 
al., 2008). This crop has better ability to 
tolerate drought stress compared with other 
crops and is known as an index for drought 
resistance of agronomic crops (Kebede, 2001; 
Wenzel, 2001). Sorghum is mainly grown 
under non-irrigated fields where stressful 
conditions during grain filling can limit 
productivity and increase the dependence of the 
yield of spare assimilations (Kaye et al., 2007). 
It is a multipurpose crop belonging to the 
Poaceae family, which are C4 carbon cycle 
plants with high photosynthetic efficiency and 
productivity (Tari et al., 2012). 
Soil fertility management is important to 
facilitate the rapid development of sorghum 
plants, but many agricultural soils have a 
limited ability to supply available nitrogen for 
target yields and nitrogen is the most limiting 

nutrient for cereal crops including for sorghum 
production (Gerik et al., 2014). Nitrogen is the 
main nutrient for C4 plant productivity (Hao et 
al., 2014). It plays a critical role in cell division 
during the plant growth (Stals & Inzé, 2001) 
and the deficit of soil nitrogen leads to lower 
sorghum biomass due to reductions in leaf area, 
chlorophyll index, and photosynthetic rate 
(Zhao et al., 2005; Hirel et al., 2007; Mahama 
et al., 2014). Nitrogen fertilizer is known to 
boost the aboveground biomass yield 
(Amaducci et al., 2004; Anderson et al., 2013). 
Nitrogen fertilization had a significant impact 
on the concentration of protein in the grain and 
grain protein yield (Anfinrud et al., 2013). 
Application of nitrogen in rates 120-240 kg 
N.ha−1 increase crude protein content to higher 
levels to support rapid weight gains and milk 
yields (Hoffman et al., 2001; Kaufman et al., 
2013). The nitrogen doses 50-200 kg.             
ha-1 contributed to an increase in the crude 
protein together with an increase in dry matter 
and/or protein concentration and crude protein 
increased 59.5-312.9% (Melo et al., 2017). The 
phosphorus and potassium fertilization slightly 
affected grain protein yield of sorghum grown 
under good phosphorus and potassium soil 
availability (Franco et al., 2017). 
Improper nitrogen fertilization and excess 
nitrogen resulted in environmental impacts, 
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such as the pollution by nitrate (NO3-N) 
leaching and nitrous oxide emissions (Miller & 
Cramer, 2004; Ramu et al., 2012), as well as 
increasing production costs (Marsalis et al., 
2010). Thus, coordination of sorghum N 
demand with N supply is critically important to 
maximize economic efficiency, optimize 
biomass quality, and minimize loss of soil 
NO3-N and environmental pollution (Schroder 
et al., 2000; Zhu et al., 2000; Rooney et al., 
2007; Cui et al., 2008; Meki et al., 2017). 
The objective of this study was to determine 
the effect of nitrogen fertilization rates on the 
concentration of protein in the grain and grain 
protein yield of sorghum grown under non-
irrigated conditions. 
 
MATERIALS AND METHODS  
 
The investigation was carried out during the 
period 2017-2018 on the experimental field of 
Agricultural University of Plovdiv, Bulgaria, 
under non-irrigated conditions after wheat as 
predecessor. The effect of nitrogen fertilization 
in rates 0, 60, 120, 180, 240 and 300 kg N.ha-1 
on the concentration of protein in the grain and 
grain protein yield was studied at grain 
sorghum hybrid EC Alize. The experimental 
design consisted of a randomized, complete 
block design with four replications. The size of 
individual trial plots was 20 m2. Total nitrogen 
as NH4NO3 was applied as pre-sowing 
fertilization on the background P50K50 
fertilization as triple superphosphate and 
potassium chloride, respectively. Standard 
farming practices for the region of Southern 
Bulgaria were applied.  
Table 1. Content of available nitrogen, phosphorus and 

potassium in the soil 

Year Soil 
depth, 

cm 

N min, 
mg.kg-1 

P2О5, 
mg.100 g-1 

K2О, 
mg.100 g-1 

2017 0-30 27.6 15.8 21,0 
 30-60 22.1 13.9 24.0 

2018 0-30 33.8 17.3 23.1 
 30-60 20.4 14.1 22.9 

 
The soil type of the experimental field is 
alluvial-meadow Mollic Fluvisols (FAO, 2006) 
with slightly alkaline reaction pHH2O = 7.80. 
The content of available nutrients in the soil 
before sowing of the sorghum was determined 
in soil layers 0-30 and 30-60 cm and pointed 

out in Table 1. The soil had low content of 
mineral nitrogen and it was good supplied with 
available phosphorus (Egner-Ream method) 
and exchangeable potassium (extracted by 2N 
HCL). 
Meteorological conditions during vegetation 
period of sorghum were recorded daily in the 
experimental area and are given in Table 2, 
together with the long-term average of 
temperature and precipitations. 

Table 2. Hydro-thermal conditions during sorghum 
vegetation period 

Year April May June July August 
Temperature (oC) 

2017  12.7 17.6 23.7 25.1 25.4 
2018  16.4 19.2 28.8 30.5 24.2 
Long-
term 
norm 

12.2 17.2 20.9 23.2 22.7 

 Precipitation (l.m-1) 
2017  26.1 52.7 15.4 29.8 9.2 
2018  25 112.3 118.9 94.7 35.1 
Long-
term 
norm 

45 65 63 49 31 

 
The values of temperature and precipitations 
during the vegetation period of sorghum 
characterized hydro-thermal conditions of 2017 
as warm and dry. In contrast, the months of 
May, June and July of 2018 were characterized 
as extremely humid. The amount of 
precipitation exceeded nearly twice the values 
of long-term norm for the region. 
The total nitrogen concentration of sorghum 
grain in maturity was analyzed by Kjeldahl 
method after wet digestion by H2SO4 and H2O2 
as a catalyst (Tomov et al., 2009). The grain 
protein concentration was calculated from the 
percentage of nitrogen in the grain multiplied 
by a coefficient of 5.6 (Mariotti et al., 2008). 
Grain protein yield in kg.ha-1 was calculated 
according to the formula:  
(Grain yield in kg.ha-1 multiplied by the 
percentage of protein in the grain)/100.  
An overall analysis of variance (ANOVA) was 
performed to evaluate the effect of the 
experimental treatments on the referred 
variables. In order to establish the difference 
among the means Duncan’s multiple range test 
at level of significance p ≤ 0.05 was used. The 
regression analysis was done for assessment of 
the effect of nitrogen fertilization rates on the 
grain yield, grain protein concentration and 
grain protein yield of sorghum. Correlation test 
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with significance level reported (p < 0.05 or p< 
0.01) was based on Pearson’s correlation 
coefficient. 
 
RESULTS AND DISCUSSIONS  
 
During the comparatively dry 2017 
experimental year, the average grain yield was 
5234 kg.ha-1, and under the meteorologically 
favourable year of 2018, average grain yield 
was 6803 kg.ha-1 (Table 3). Regarding the grain 
yield of sorghum, the strong proven effect of 
the nitrogen fertilization of dose N180 was 
established in 2017. The yield increase was by 
25.8% above the control plants. In 2017, the 
application of N120, N240 and N300 resulted in 
similar grain yields 5355-5455 kg.ha-1. Higher 
grain yields of sorghum in 2018 were found in 
rates N240 and N180, which exceeded the N0 by 
38.4 and 35.7%, respectively. 
 
Table 3. Grain yield of sorghum depending on nitrogen 

fertilization rates, kg.ha-1 

Rates 2017 
year 

% to N0 2018 
year 

% to N0 

 N0 4572 d* 100 5023 d 100 
N60 4897 c 107.2 5441 c 108.4 
N120 5378 b 117.7 6090 b 121.3 
N180 5750 a 125.8 6812 a 135.7 
N240 5455 b 119.3 6951 a 138.4 
N300 5355 b 117.3 6180 b 123.1 
Average 5234  6803  

*Values with identical letters within each column are not 
significantly different at p<0.05 according to Duncan’s 
multiple range test. 
 
According to various authors, the total nitrogen 
content in the sorghum grain usually changed 
from 1% N to 3% N (Singh & Axtell, 1973). 
The concentration of grain protein ranged from 
6% to 18% and the average content was 11% 
(Lasztity, 1996; de Mesa-Stonestreet et al., 
2010). Our results showed the similar values of 
grain protein in the range of 10.98-13.38% 
(Table 4). In experimental 2017, the grain 
protein concentration changed from 11.10% 
(N0 control) to 12.77% (N300). The 
concentration of grain protein in experimental 
2018 varied from 10.98% (N0 control) to 
13.38% (N300). The higher average grain 
protein concentration of all studied nitrogen 
rates was established in 2018, which 
characterized as more favourable on 
precipitation compared to the dry conditions 

during sorghum vegetation of harvested 2017. 
In each of the two experimental years, the 
protein concentration of the grain enhanced 
with the increase of applied mineral nitrogen. 
No proven differences of grain protein 
concentration were found between the control 
plants and the plants cultivated at low N60 rate. 
A tendency was indicated an increase of the 
protein concentration of the sorghum grain 
between the variant of high N300 fertilization 
and N180 and N240 rates. Application of 300 kg 
N.ha-1 showed a significant higher protein 
concentration of grain compared to the grain 
protein percentage of plants cultivated at N60 
and N120 rates. This was observed during both 
experimental years. Sorghum formed a grain 
which contained an average of 11.04 % protein 
when the plants grown without nitrogen 
fertilization. As the nitrogen fertilization 
increased to the N300 rate, the concentration of 
grain protein significantly increased up to 
12.77% (in 2017) and 13.38% (in 2018). These 
values were higher by 15.0% and by 21.9%, 
respectively, compared to N0 control plants of 
the two experimental years. The present results 
confirm the main effect of nitrogen fertilization 
on the protein concentration in cereals grain 
and they correspond to the results for grain 
sorghum of the other researchers (Assefa et al., 
2010; Ciampitti et al., 2016; Van Oosterom et 
al., 2010). 
 

Table 4. Protein concentration of grain of sorghum 
depending on nitrogen fertilization, % 

Rates 2017 
year 

% to N0 2018 
year 

% to N0 

N0 11.10 c* 100 10.98 c 100 
N60 11.34 c 102.2 11.82 bc 107.7 
N120 12.11 b 109.1 12.38 b 112.8 
N180 12.32 ab 111.0 12.82 ab 116.8 
N240 12.42 ab 111.9 13.05 a 118.9 
N300 12.77 a 115.0 13.38 a 121.9 
Average 12.01  12.40  

*Values with identical letters within each column are not 
significantly different at p<0.05 according to Duncan’s 
multiple range test. 
 
The results of grain protein yield of sorghum 
presented in Table 5 indicated that nitrogen 
application in N60 - N300 rates significantly 
increased grain protein yield over the 
unfertilized control. This was observed in both 
experimantal years. The hydro-thermal 
conditions during sorghum vegetation affected 
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the grain and grain protein yields. The sorghum 
vegetation period of experimental 2018 was 
characterized with more rainfall. As a result of 
that, the average grain protein yield of all 
studied treatments was 759 kg.ha-1 or by 127.8 
kg.ha-1 higher compared to the obtained 
average protein yield in harvested 2017. 
Sorghum had the lowest yields of grain protein 
when cultivated without nitrogen fertilization. 
In 2017, the obtained grain protein yield from 
N0 variant was 508 kg.ha-1.  
The protein yield of the control plants in 
harvested 2018 was 551 kg.ha-1. Nitrogen 
fertilization in 60, 120, 180, 240 and 300 kg 
N.ha-1 proven increased yield of grain protein 
of sorghum in comparison of unfertilized 
control in both experimental years. The grain 
protein yields of nitrogen received plants 
exceeded the yield of N0 grown plants by 9.3%-
39.4% and by 16.7% to 64.6%, respectively, in 
the harvested 2017 and in 2018 years. 
In 2017, grain protein yield increased in a 
parallel with the levels of applied mineral 
nitrogen up to the N180. The fertilization rate of 
180 kg of N.ha-1 provided a high yield of grain 
protein and the increase was by 39.4% relative 
to the protein yield of unfertilized control. The 
results showed a tendency for lower grain 
protein productivity of sorghum within limits 
677-708 kg.ha-1 at application of higher N240 и 
N300 rates. In 2017, the effect of the higher 
mineral nitrogen 240 kg N.ha-1 and 300 kg 
N.ha-1 on the grain protein yield was 
mathematically unproven with regard to the 
obtained grain protein yields of  sorghum 
fertilized with N180 and N120 rates. 
 

Table 5. Grain protein yield of sorghum depending on 
nitrogen fertilization, kg.ha-1 

Rates 2017 
year 

% to N0 2018 
year 

% to N0 

N0 508 d* 100 551 e 100 
N60 555 c 109.3 643 d 116.7 
N120 651 b 128.2 754 c 136.8 
N180 708 a 139.4 873 ab 158.5 
N240 677 ab 133.3 907 a 164.6 
N300 684 ab 134.6 827 b 150.1 
Average 631.2  759  

*Values with identical letters within each column are not 
significantly different at p<0.05 according to Duncan’s 
multiple range test. 
 
In 2018 harvested yiear, which was more 
favorable in terms of rainfall, the positive effect 

of applied nitrogen on the protein yield was 
obserrved up to the rate N240. The highest grain 
protein yield (907 kg grain protein.ha-1) was 
obtained with 240 kg N.ha-1 application, but the 
difference with the yield at N180 fertilization 
(873 kg grain protein.ha-1) was not proven. 
Application of the higher N300 rate significantly 
reduced the grain protein yield of sorghum 
plants by 80 kg.ha-1 in comparison with the 
obtained yield in variant N240. 
 
Table 6. Correlation coefficients of nitrogen fertilization 

rates with grain yield, grain protein concentration and 
grain protein yield of sorghum 

Year Grain 
yield 

Grain protein 
concentration 

Grain protein 
yield 

2017 0.724* 0.864** 0.839** 
2018 0.770* 0.962** 0.874** 

*Correlation is significant at the 0.05 level 
**Correlation is significant at the 0.01 level 
 
Positive correlations between examined 
parameters of sorghum were recorded in the 
study (Table 6). The results indicated that 
nitrogen fertilization in rates 0-300 kg N.ha-1 
was highly positively correlated with the grain 
yield, grain protein concentration (r = 0.864**) 
and protein yield (r = 0.839**) in experimental 
2017. Also, a positive significant correlation 
was achieved between the nitrogen fertilization 
rates and yields of grain and protein, and 
protein concentration of grain (r = 0.962**) in 
harvested 2018. 
 

Table 7. Regression models of sorghum grain yield, 
grain protein concentration and grain protein yield 

depending on nitrogen fertilization rates. 

Parameter Equation R2 
2017 

Grain yield y = -0.026x2 + 10.6x + 4497 0.923 
Protein 
concentration 

y = -1E-05x2 + 0.01x + 11.0 0.959 

Grain protein 
yield 

y = -0.004x2 + 1.68x + 494 0.940 

2018 
Grain yield y = -0.04x2 + 17.1x + 4816 0.884 
Protein 
concentration 

y = -2E-05x2 + 0.014x + 11.0 0.995 

Grain protein 
yield 

y = -0.006x2 + 2.83x + 525 0.947 

 
Regression analysis for the dependencies 
between the resulting parameters (grain yield, 
grain protein concentration, and grain protein 
yield) and the factor nitrogen fertilization on 
sorghum hybrid EC Alize indicated that 
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correlations were represented by equations of 
the second degree (Table 7). High values of 
coefficients of determination (R2 > 0.850) were 
found for the studied parameters of sorghum 
productivity in dependence of nitrogen 
fertilization. The regression model indicated 
that the grain yield increased with the raise of 
applied nitrogen rate up to N180 and the grain 
protein concentration increased up to N300 
fertilization of in both experimental years. 
 
CONCLUSIONS  
 
Without nitrogen fertilization sorghum hybrid 
EC Alize formed grain with 10.98%-11.10% 
protein. Applied mineral nitrogen enhanced the 
protein concentration of sorghum grain, but 
effect of N60 was not proven compared to the 
N0 control. Rate 300 kg N.ha-1 significantly 
increased concentration of grain protein by 
15.0% and 21.9%, respectively in 2017 and 
2018, compared to N0 plants.  
Fertilization N60 - N300 significantly increased 
grain protein yield over the unfertilized control. 
The N180 rate provided higher grain protein 
yield of 708 kg.ha-1 in 2017. The increase was 
by 39.4% relative to the protein yield of N0 
control. Application of higher N240 and N300 
rates showed a downward trend in protein yield 
within limits 677-708 kg.ha-1. In more 
favourable in terms of rainfall 2018 harvested 
yiear, the highest grain protein yield 907 kg.ha-

1 was obtained at fertilization 240 kg N.ha-1. 
Application of N300 significantly reduced by 80 
kg.ha-1 the grain protein yield of sorghum, 
compared to N240. The fertilization in rates 0–
300 kg N.ha-1 highly positively correlated with 
grain protein concentration (0.864**-0.962**) 
and protein yield (0.839**-0.874**). 
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Abstract 
 
The experimental research developed during 2017-2018 in Morteni Commune, Dâmbovița County using Exotic and 
Solehio wheat varieties was based on the investigation of the variability of (i) yield components (yield, number of 
spikes/m2, hectolitre mass HLM, thousand kernel weight TKW) and of (ii) quality parameters (wet gluten, crude protein 
content) influenced by preceding crops and by wheat variety in correlation with different agrophysiological crop 
parameters (plant height, spike length). The experimental scheme was composed from 4 plots, as it follows: plots 1 and 
3 with Exotic wheat variety and plots 2 and 4 with Solehio wheat variety. The crop rotation sequence for plots 1 and 2 
was maize (2016-2017), sunflower (2015-2016), wheat (2014-2015) and for plots 3 and 4 was sunflower (2016-2017), 
maize (2015-2016), wheat (2014-2015). The results of the research indicated that yield, spike length, number of 
spikes/m2, HLM and TKW parameters were higher after sunflower as preceding crop, meanwhile the plant height, 
gluten and protein contents were higher after maize as preceding crop for both wheat varieties. 
 
Key words: crop rotations, gluten, protein, wheat, yield components. 
 
INTRODUCTION  
 
Experimental trials conducted on wheat culture 
demonstrated that balanced fertilization ensure 
high yields, nitrogen being considered as the 
most influential factor for good quality of 
grains, protein content and bread-making 
quality. Reviewing the literature data, it was 
found many papers dealing with importance of 
fertilization on yield components and quality 
parameters (Basso et al., 2010; Bunta et al., 
2011; Hlisnikovsky et al., 2016; Panayotova et 
al., 2017; Starodub et al., 2017; Madjar et al., 
2018). Some studies sustain use of liquid 
fertilizers to obtain high yields (Watson et al., 
1992; Madjar et al., 2018). Accordingly, a 
research paper (Madjar et al., 2018) evidenced 
that splitting the nitrogen dose applied as liquid 
fertilizer on wheat, led to higher yields and 
influenced positively some yield components 
and quality parameters. 
But to reduce the use of nitrogen and therefore 
to minimize its environmental effects, some 
practices are adopted, one of them being crop 
rotation. Beside yield increase, crop rotation is 
an important strategy to manage properly 
insects, weeds, to improve soil properties 
(Roth, 1996). 

Wheat produce higher yields when is grown 
after unrelated species, the importance of 
rotation being recognized since ancient times. 
The inclusion of oilseed crops in crop rotation 
has positive agronomic impact, this being 
evidenced in a study (Litke et al., 2017) which 
revealed in the case of wheat, the increase of 
yield and TKW parameter when preceding crop 
was oilseed rape. 
Some authors (Lopez-Bellido Garrido et al., 
2001) developed a field study to investigate the 
effects of crop rotation (wheat-sunflower, 
wheat-chickpea, wheat-faba bean, wheat-fallow 
and continuous wheat) and N fertilizer (rates 
50, 100, 150 kg N·ha-1) on wheat yield and it 
evidenced that chickpea rotation on yield was 
significantly smaller than of faba bean rotation 
and closer to sunflower rotation. 
For wheat as main crop, other authors (Dogan 
et al., 2008) found that the most suitable crop 
rotation systems for Southern Marmara region, 
Turkey are sunflower-rapeseed-wheat, 
rapeseed-fodder pea + sunflower-wheat and 
rapeseed-common vetch + sunflower-wheat. 
The investigation of influence of crop rotation 
(winter wheat-monocrop, winter wheat-maize, 
pea-winter wheat-maize, pea-winter wheat-
maize-maize) and fertilization (N0P0, N120P80, 
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N120P80 + manure 10 t·ha-1, applied for every 
crop) on biomass and yield evidenced the 
smallest values of subjected parameters in 
winter wheat monocrop case (Ardelean & 
Bandici, 2013).  
Having in view above mentioned information, 
the paper presents the results obtained on the 
basis of an experimental research developed 
during 2017-2018 in Morteni Commune, 
Dambovita County.  
The aim of the research was to investigate in 
the case of Exotic and Solehio wheat varieties, 
the variability of (i)yield components (yield, 
number of spikes/m2, hectolitre mass HLM, 
thousand kernel weight TKW) and of 
(ii)quality parameters (wet gluten, crude 
protein content) influenced by preceding crops 
and by wheat variety in correlation with 
different agrophysiological crop parameters 
(plant height, spike length).  
 
MATERIALS AND METHODS 
 
Experimental site 
Experimental research was carried out in 
Morteni Commune, Dâmbovița County (Figure 
1). 

 
Figure 1. The position of experimental plots  

on Morteni Commune map 
 
Wheat varieties 
For the experiment were chosen Exotic and 
Solehio wheat varieties from KWS. 
Fertilizers 
In the experiment were used NPK 18: 46: 0, 
calcium ammonium nitrate (CAN) with 27% N 
and urea with 46% N. 
 
Experimental design 
The experimental scheme was composed from 
4 plots, as it follows: plots 1 and 3 with Exotic 

wheat variety and plots 2 and 4 with Solehio 
wheat variety (Table 1). It was developed a 
bifactorial experiment where a factor was 
wheat variety (Exotic, Solehio) and b factor 
was preceding crop. 
 

Table 1. Crop rotation sequence during 2014-2018 

Year Plot 1 Plot 2 Plot 3 Plot 4 

2017-2018 Wheat 
(Exotic) 

Wheat 
(Solehio) 

Wheat 
(Exotic) 

Wheat 
(Solehio) 

2016-2017 Maize Maize Sunflower Sunflower 
2015-2016 Sunflower Sunflower Maize Maize 
2014-2015 Wheat Wheat Wheat Wheat 

 
Soil and plant analyses 
A presentation of performed analyses, methods 
and apparatus are synthesized in Table 2. 

Table 2. Analyses, methods and instrumentation 
Analyses Method Apparatus 

Soil 
pHH2O (1: 2.5) potentiometry Hanna pH-meter 
Total soluble salts 
(1: 5), TSS 

conductometry HACH sensION 7 

Potassium (mobile 
form), KAL 

flame emission 
spectrometry 

Sherwood 410 

Phosphorus 
(mobile form), PAL 

spectrophotometry CECIL 2041 
spectrophotometer 

Humus content, H Walkley-Black-
Gogoașă 

- 

Plant 
Wet gluten manual method - 
Crude protein 
content (on the 
basis of total 
nitrogen content) 

 
Kjeldahl method 

 
HACH Digesdahl 

PAL - mobile form of phosphorus using for extraction ammonium 
acetate-lactate (AL) 
KAL - mobile form of potassium using for extraction ammonium 
acetate-lactate (AL) 
 
Fertilization and applied treatments 
For both wheat varieties was adopted the same 
technology and phytosanitary treatments (Table 
3). The sowing was done in October, first 
decade and harvesting in June, the third decade. 

Table 3. Fertilization and phytosanitary treatments 
scheme for Exotic and Solehio wheat varieties 

Period of 
time 

Fertilizer and phytosanitary treatments Dose 

September,  
IIIrd decade 

NPK 18:46:0 200 kg/ha 

February,  
IIIrd decade 

Urea 200 kg/ha 
 

March, IInd 
decade 

amidosulfuron100 g/L + iodosulfuron-
methyl-sodium 25 g/L + mefenpyr 
diethyl 250 g/L (Sekator Progress OD) 
 
cyproconazole 80 g/L + propiconazole 
250 g/L (Artea) 

 
0.15 l/ha 

 
 

0.40 l/ha 

April, Ist 
decade 

calcium ammonium nitrate (CAN) 150 kg/ha 

May, 
Istdecade 

tebuconazole 200 g/L + trifloxystrobin 
100 g/L (Nativo Pro SC 325) 

0.8 l/ha 
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RESULTS AND DISCUSSIONS 
 
Agrochemical soil analysis (Table 4) indicated 
that soil reaction was moderately acidic for all 
plots, excepting plot 2 which is weak acidic. 
TSS values indicate a non-saline soil.  
Humus contents correspond to medium level 
for all plots. Mobile form of phosphorus, PAL, 
is very low for plots 3 and 4, meanwhile for 
plots 1 and 2 correspond to low and very low 
levels, respectively.  
In the case of potassium content, KAL, the 
found concentrations correspond to middle 
content for plots 1-3 and normal content for 
plot 4. 

Table 4. Soil agrochemical analysis 

Plot Wheat 
variety 

Preceding 
crop pH TSS, 

% 
H, 
% 

PAL KAL 

mg/kg 
1 Exotic Maize 5.73 0.0141 2.37 18.66 90 
2 Solehio Maize 6.11 0.0117 3.24 28 82 
3 Exotic Sunflower 5.66 0.0122 2.49 5.84 96 
4 Solehio Sunflower 5.60 0.0118 2.99 6.33 148 

 
1. Results concerning yield related to 
preceding crop and wheat variety 
The yields for both wheat varieties grown after 
sunflower are higher, this meaning 114.41% for 
Exotic and 107.25% for Solehio in comparison 
with those obtained using maize as preceding 
crop. The variance analysis concerning the 
influence of preceding crop on wheat yield 
indicates significant differences for both wheat 
varieties (Table 5). The influence of wheat 
variety on yield presents significant differences 
for Exotic and Solehio, with superior values 
given by Solehio. 
 

Table 5. Influence of wheat variety (a factor) and of 
preceding crop (b factor) on yield (kg/ha)  

Yield, kg/ha 
                 b= preceding crop 

a= wheat variety 
b1 

sunflower 
b2 

maize 
a1= Exotic a7700a a6730b 
a2= Solehio b6950a b6480b 
B constant A variable: LSD 5% = 154* kg/ha; LSD 1% = 297 kg/ha;  
LSD 0.1% = 749 kg/ha 
A constant B variable: LSD 5% = 167* kg/ha; LSD 1% = 278 kg/ha;  
LSD0.1% = 519 kg/ha 
There were made interpretations by LSD 5% indicated in the table by * 
 
2. Results concerning plant height related to 
preceding crop and wheat variety 
Wheat grown after maize presents for both 
varieties the highest values for plant height in 
comparison with those obtained using sunflower 

as preceding crop (Table 6). Solehio variety 
presented the highest values of plant height of 77 
cm after maize and 76 cm after sunflower in 
comparison with Exotic variety. 
The variance analysis regarding the influence of 
preceding crop on plant height indicates 
significant differences for Exotic, meanwhile for 
Solehio the differences are no significant. The 
influence of variety presents significant 
differences between Exotic and Solehio, with 
superior values given by Solehio. 
 

Table 6. Influence of wheat variety (a factor) and of 
preceding crop (b factor) on plant height (cm) 

Plant height, cm 
                 b= preceding crop 

a= wheat variety 
b1 

sunflower 
b2 

maize 
a1= Exotic b67b b70a 
a2= Solehio a76a a77a 
B constant A variable: LSD 5% = 2.19* cm; LSD 1% = 4.70cm; LSD 
0.1% = 13.81cm 
A constant B variable: LSD 5% = 1.60* cm; LSD 1% = 2.65cm; LSD 
0.1% = 4.97 cm 
There were made interpretations by LSD 5% indicated in the table by * 
 
3. Results concerning spike length related to 
preceding crop and wheat variety 
Spike lengths for both wheat varieties grown 
after sunflower as preceding crop are higher 
than those obtained after maize, this meaning 
differences of 14.28% (1.5 cm) for Exotic and 
7.52% (0.7 cm) for Solehio (Table 7). 
The variance analysis concerning the influence 
of preceding crop on spike length indicates 
significant differences for Exotic and Solehio. 
The influence of wheat variety present 
significant differences between Exotic and 
Solehio, with higher values given by Exotic. 

Table 7. Influence of wheat variety (a factor) and of 
preceding crop (b factor) on spike length (cm) 

Spike length 
                   b= preceding crop 

a= wheat variety 
b1 

sunflower 
b2 

maize 
a1= Exotic a12a a10.5b 
a2= Solehio b10a b9.3b 
B constant A variable: LSD 5% = 0.92* cm; LSD 1% = 2.02cm; LSD 
0.1% = 6.11 cm 
A constant B variable: LSD 5% = 0.56* cm; LSD 1% = 0.93 cm; LSD 
0.1% = 1.75 cm 
There were made interpretations by LSD 5% indicated in the table by * 
 
4. Results concerning number of spikes/m2 

related to preceding crop and wheat variety 
The number of spikes/m2 in the case of both 
wheat varieties grown after sunflower presents 
superior values in comparison with those 
obtained after maize, the difference being 
identical 2.94% (15 spikes/m2) (Table 8). The 
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highest values were obtained for Solehio 
variety after sunflower and maize as well, in 
comparison with Exotic. 
The variance analysis regarding the influence 
of number of spikes/m2 indicates no significant 
differences for Solehio and Exotic, as well. The 
influence of variety presents no significant 
differences between Solehio and Exotic. 
 

Table 8. Influence of wheat variety (a factor) and of 
preceding crop (b factor) on no of spikes/m2 

Number of spikes/m2 
                 b= preceding crop 

a= wheat variety 
b1 

sunflower 
b2 

maize 
a1= Exotic a525a a510a 
a2= Solehio a535a a520a 
B constant A variable: LSD 5% = 15.30* no. spikes/m2; LSD 1% = 
26.43 no. spikes/m2; LSD 0.1% = 54.37 no. spikes/m2 
A constant B variable: LSD 5% = 20.43* no. spikes/m2; LSD 1% = 
33.88 no. spikes/m2;  LSD 0.1% = 63.37 no. spikes/m2 
There were made interpretations by LSD 5% indicated in the table by * 
 
5. Results concerning hectolitre mass (HLM) 
related to preceding crop and wheat variety 
The values of HLM for wheat grown after 
sunflower are higher for Exotic and Solehio 
with differences of 2.75% (2.1 kg/hl) and 
3.34% (2.5 kg/hl), respectively in comparison 
with those obtained after maize (Table 9). 
The variance analysis concerning the influence 
of preceding crop indicates significant 
differences for both wheat varieties. The 
influence of wheat variety on HLM presents 
significant differences between Solehio and 
Exotic after Maize, with superior values for 
Exotic variety. After sunflower as preceding 
crop, the influence on HLM present no 
significant differences between analyzed wheat 
varieties. 
 

Table 9. Influence of wheat variety (a factor) and of 
preceding crop (b factor) on HLM (kg/hl) 

HLM, kg/hl 
                     b= preceding crop 

a= wheat variety 
b1 

sunflower 
b2 

maize 
a1= Exotic a78.2a a76.1b 
a2= Solehio a77.3a b74.8b 
B constant A variable: LSD 5% = 1.04* kg/hl; LSD 1% = 2.03 kg/hl; 
LSD 0.1% = 5.19 kg/hl 
A constant B variable: LSD 5% = 1.11* kg/hl; LSD 1% = 1.85 kg/hl;  
LSD 0.1% = 3.46 kg/hl 
There were made interpretations by LSD 5% indicated in the table by * 
 
6. Results concerning thousand kernel weight 
(TKW) related to preceding crop and wheat 
variety 
The highest values of TKW were obtained for 
both wheat varieties grown after sunflower, 

with differences of 14.58% (7 g) for Exotic and 
11.11% (5 g) for Solehio in comparison with 
those obtained when preceding crop was maize 
(Table 10). 
The variance analysis concerning preceding 
crop on TKW indicates significant differences 
for Exotic and Solehio varieties. The influence 
of wheat variety on TKW presents significant 
differences between Exotic and Solehio, with 
superior values given by Exotic variety. 
 

Table 10. Influence of wheat variety (a factor) and of 
preceding crop (b factor) on TKW (g) 

TKW, g 
                   b= preceding crop 

a= wheat variety 
b1 

sunflower 
b2 

maize 
a1= Exotic a55a a48b 
a2= Solehio b50a b45b 
B constant A variable: LSD 5% = 1.25* g; LSD 1% = 2.56 g; LSD 
0.1% = 7.10 g 
A constant B variable: LSD 5% = 1.13* g; LSD 1% = 1.87 g; LSD 
0.1% = 3.51 g 
There were made interpretations by LSD 5% indicated in the table by * 
 
7. Results concerning wet gluten related to 
preceding crop and wheat variety 
The values found for wet gluten parameter in 
the case of both wheat varieties were higher 
when preceding crop was maize, with 
differences of 1.3% for Exotic and 0.4% for 
Solehio in comparison with values obtained 
when preceding crop was sunflower (Table 11). 
The variance analysis concerning the influence 
of preceding crop of wet gluten content 
indicates no significant differences for Solehio 
and significant differences for Exotic variety. 
The influence of wheat variety on wet gluten 
content presents no significant differences for 
both wheat varieties. 
 

Table 11. Influence of wheat variety (a factor) and of 
preceding crop (b factor) on wet gluten (%) 

Wet gluten, % 
                   b= preceding crop 

a= wheat variety 
b1 

sunflower 
b2 

maize 
a1= Exotic a26.7b a28.0a 
a2= Solehio a27.0a a27.4a 
B constant A variable: LSD 5% = 0.74* % ; LSD 1% = 1.52%;  LSD 
0.1% = 4.25% 
A constant B variable: LSD 5% = 0.66* % ; LSD 1% = 1.09%;  LSD 
0.1% = 2.04% 
There were made interpretations by LSD 5% indicated in the table by * 
 
8. Results concerning crude protein related to 
preceding crop and wheat variety 
The highest values of crude protein contents 
were found for both wheat varieties grown after 
maize but with no significant differences of 



346

0.7% for Exotic and 0.1% for Solehio in 
comparison with those found for wheat grown 
after sunflower (Table 12). 
The variance analysis concerning the influence 
of preceding crop on protein content presents 
no significant differences for Exotic and 
Solehio varieties. Also, the influence of wheat 
variety on protein content presents no 
significant differences between Solehio and 
Exotic with close values between wheat 
varieties. 
 

Table 12. Influence of wheat variety (a factor) and of 
preceding crop (b factor) on crude protein (%) 

Crude protein, % 
                 b= preceding crop 

a= wheat variety 
b1 

sunflower 
b2 

maize 
a1= Exotic a12.5a a13.2a 
a2= Solehio a12.9a a13.0a 
B constant A variable: LSD 5% = 0.69* %; LSD 1% = 1.23%; LSD 
0.1% = 2.70% 
A constant B variable: LSD 5% = 0.88* %; LSD 1% = 1.46%;  LSD 
0.1% = 2.74% 
There were made interpretations by LSD 5% indicated in the table by * 
 
CONCLUSIONS 
 
The research carried out during 2017-2018 in 
Morteni Commune, Dambovita County with 
the purpose of investigation for Exotic and 
Solehio wheat varieties the variability of yield 
components and quality parameters influenced 
by preceding crops and by wheat variety 
generated the conclusions presented below. 
1. A significant influence upon the wheat yield, 
spike lengths, number of spikes/m2, HLM and 
TKW parameters was registered under 
sunflower as preceding crop. 
2. Among the two preceding crops, maize 
determined higher values upon the wheat 
quality components, wet gluten and crude 
protein. 
3. The highest yield, 7700 kg/ha, was recorded 
for Exotic after sunflower, and the lowest, 6480 
kg/ha, was found for Solehio after maize. 
4. Solehio variety presented the highest values of 
plant height of 77 cm after maize and 76 cm after 
sunflower in comparison with Exotic variety. 
5. Spike lengths for both wheat varieties grown 
after sunflower as preceding crop are higher 
than those obtained after maize, this meaning 
differences of 14.28% (1.5 cm) for Exotic and 
7.52% (0.7 cm) for Solehio. 
6. The highest values of number of spikes/m2 
were obtained for Solehio variety after 

sunflower and maize as well, in comparison 
with Exotic (535 and 520, respectively). 
7. The highest HLM value, 78.2kg/hl, was 
found for Exotic variety grown after sunflower 
and the lowest was recorded for Solehio after 
maize, 74.8 kg/hl. 
8. The highest values of TKW were obtained 
for both wheat varieties grown after sunflower: 
55 and 50 g, respectively with differences of 7 
and 5 g, respectively, in comparison with maize 
as preceding crop. 
9. Wet gluten and crude protein contents were 
higher for both wheat varieties in the case of 
maize as preceding crop with close differences 
between varieties.  
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Abstract 
 
In Dobrogea, about 200,000 ha of sunflower (Helianthus anuus L.) are cultivated, accounting for 20% of the total area 
from Romania. SC FIRST GRAIN SRL-Amzacea organized in 2018 two polyfactorial experiences in the Amzacea and 
Fantanele fields in order to improve the technology for the sunflower culture in Dobrogea under climate change. In this 
paper, the behavior of 5 sunflower hybrids was observed at the attack of the main pests (pathogens: Phomopsis 
helianthi Munt.-Cvet. et al., Sclerotinia sclerotiorum (Lib.) de Bary, Alternaria helianthi (Hansf.) Tubaki & Nishihara, 
and the parasite Orobanche cumana Wallr.) and 5 experimental models for weeds and parasite control. The 
phytosanitary status and the yields obtained in both localities are presented. The two phytosanitary treatments during 
the vegetation period controlled the pathogens attack. The four ways of herbicide tested have differentiated the attack of 
weeds and especially the broomrape attack. The highest yield was obtained for Katana hybrid when Listego Plus was 
applied at 4-6 leaves 4555 kg/ha and 4480 kg/ha in Amzacea and Fantanele, respectively. 
 
Key words: sunflower hybrids, major pest control, yield. 
 
INTRODUCTION  
 
In Romania, sunflower crop is the 3rd 
agricultural crop after maize and wheat. In 
2018, around 1.000.000 ha were cultivated with 
sunflower of which 20% in Dobrogea area. One 
of the most dangerous plant parasites in 
Dobrogea area is broomrape (Păcureanu et al., 
1998) due to an improper implementation of 
crop rotation plan. Sunflower crop has shown a 
significant extension, especially in the south 
and south-eastern area of Romania (Parker, 
1994; Vrânceanu & Păcureanu, 1995). On 
sunflower crops, the losses can reach 30-70% 
due to diseases and broomrape (Iliescu et al., 
1995). 
Farmers can choose the sunflower hybrids from 
a vastly offer of new foreign hybrids. 
Therefore, it is required to know their behavior 
in the presence of main pathogens and their 

yields under particular abiotic (Ion et al., 2010) 
and biotic conditions.  
Experiments were carried out to improve the 
technology of sunflower cultivation under 
climate changes by modifying the seed period 
about 30 days earlier to avoid the droughts 
periods of June-August, to develop more 
vigorous plants and to prevent the attack of 
broomrape (Manole et al., 2018). Experiments 
were carried out in order to control weeds that 
are closely related to the crop itself and some 
main parasitic weeds using imidazolinone 
herbicides (Jinga et al., 2016). 
The aim of this paper is to present the five 
experimental plots with different weed control 
methods and the behaviour of five sunflower 
hybrids in the presence of main pathogens: 
white mold (S. sclerotiorum), stem canker (P. 
helianthi), alternaria blight (A. helianthi) and 
root parasite plant (O. cumana) attack. The 
yields are presented. 
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MATERIALS AND METHODS  
 
The hybrids taken into account were 
imazamox-resistant: Diamantis CL, Bacardi 
CLP, Neostar CLP, Katana, Odessa.  
The experience has been organised at SC 
FIRST GRAIN SRL-Amzacea, and Fantanele 
fields - Constanta county on demonstrative 
plots (Figure 8). 
The soil was represented by cambic 
chernoziom with a profile deeper than other 
chernozioms, a blackish-brown soil of 40-50 
cm thickness with medium texture (Demeter, 
2009). The content of nutrients was: mobile P 
index -72; N index -4; K index -200; humus -
3.11%; neutral pH -7.2. Quantity of 
precipitations during the vegetation period was 
presented in Table 1.  
The surface of each plot was 1612 m2. The 
planting density was 65000 plants per hectare. 
In 2017 autumn the field was ploughed at 23-
25 cm deep and after that, when the weeds 
emerged, there was applied glyphosate. Sowing 
was performed on April 12. The preceding crop 
was wheat. The seed treatment with fludioxonil 
2g/l + metalaxil M 9,7 g/l (MAXIM XL 5l/t) 
was performed. Concurrent with sowing was 
applied 190 kg/ha of complex fertilizer 
20.10.10+10S. Sunflower had come back on 
this field after four years. During the crop 
vegetation a mechanic hoeing was realised. At 
the same time 200 kg/ha of complex fertilizer 
(40 N + 13 SO3) was applied. The pathogens 
were controlled with two fungicides 

applications with procloraz (Mirage 1 l/ha) and 
boscalid + dimoxystrobin (Pictor 0,5 l/ha), 
respectively.  
The attack rate (AR) was calculated with the 
formula AR = F x I/100 (F% -frequency of the 
attacked organs, I % -intensity of organs 
attack). Observations on phytosanitary status of 
sunflower hybrids were made on July 16 and 
August 7, 2018 the last being displayed. The 
yields realised by the five hybrids in the five 
experimental plots are presented. 
The five variants for weed and broomrape 
control were: V1 - S-metalaclor + terbutilazin 
applied pre-emergent (Gardoprim Plus 4 l/ha), 
and imazamox 25 g/l (Listego Plus 1.6 l/ha) 
applied post-emergent at 6-8 leaves. V2 -
Control, V3 - imazamox 25 g/l (Listego Plus 
1.6 l/ha) applied post-emergent at 4-6 leaves 
(Figure 1), V4 - S-metalaclor + terbutilazin 
applied pre-emergent (Gardoprim Plus 4 l/ha) 
and IMI 1 l/ha applied post-emergent at 8 
leaves, V5-IMI 0.5 l/ha at 2-4 leaves and IMI 
0.5 l/ha at 6-8 leaves.  
 

 
Figure 1. Application of imazamox 25 g/l at 4-6 leaves

 

Table 1. Precipitation during 2018 growing season of sunflower (Valu lui Traian Station, Constanta, Romania) 

 
Month 

 
Jan. Feb. March Apr May June July Aug. 

Days The growing season 2018: Precipitation (mm) for  10-day periods Sum 

1-10 0 9 6 2 64 35 98 0 214 

11-20 44 31 37 0 28 0 2 0 142 

21-31 19 80 26 0 0 41 47 0 213 

Sum 63 120 69 2 92 76 147 0 569 

Days Average 1961-1990 : monthly values of precipitation (mm) Sum 

1-31 27.7 24.0 29.1 31.8 37.7 47.1 38.9 37.4 464.0 
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RESULTS AND DISCUSSIONS  
 
Precipitation was atypical in June and July 
representing 223 mm, making possible a high 
attack of the main pathogens of sunflower as it 
is shown in the results. 
Observations on phytosanitary status of 
sunflower plots were made on July 16 and 
August 7, 2018 the last being presented in the 
tables. 
In August, due to the abundant rainfall in July 
(147 mm), the occurrence of S. sclerotiorum,     

P. helianthi and A. helianthi pathogenic attack 
on the studied hybrids was observed. 
In the first location, Amzacea, in V1 S. 
sclerotiorum showed AR between 2-8%, P. 
helianthi between 3-8.75%, A. helianthi 
between 17.5-51% and O. cumana between 1-
8.5% (Table 2). 
In V2 S. sclerotiorum had shown an AR 
between 5-8%, P. helianthi between 3.75-7.5%, 
A. helianthi between 8.25-38% and O. cumana 
under 1.5-9.5% (Table 3).  

 

Table 2. Phytosanitary status in V1 - Amzacea 

HYBRID 

Pathogens and parasite 
Sclerotinia sclerotiorum Phomopsis helianthi Alternaria helianthi Orobanche cumana 

F  
(%) 

I  
(%) 

AR 
(%) 

F  
(%) 

I  
(%) 

AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

F 
(%) 

I  
(%) 

AR 
(%) 

ODESSA 7 100 7 20 15 3 60 60 36 25 10 2.5 
KATANA 5 100 5 20 15 3 50 35 17.5 15 10 1.5 

NEOSTAR CLP 2 100 2 25 20 5 80 25 20 100 10 10 
BACARDI CLP 8 100 8 30 25 7.5 85 60 51 95 9 8.55 

DIAMANTIS CL 7 100 7 35 25 8.75 90 25 22.5 80 6 4.8 

Table 3. Phytosanitary status in V2 - Amzacea 

HYBRID 

Pathogens and parasite 
Sclerotinia 

sclerotiorum Phomopsis helianthi Alternaria helianthi Orobanche cumana 

F  
(%) 

I  
(%) 

AR 
(%) 

F  
(%) 

I  
(%) 

AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

ODESSA 3 100 3 95 35 33.25 50 25 12.5 25 10 2.5 
KATANA 3 100 3 55 15 8.25 65 35 22.75 15 10 1.5 

NEOSTAR CLP 5 100 5 60 25 15 70 35 24.5 100 10 10 
BACARDI CLP 3 100 3 95 40 38 65 25 16.25 95 10 9.5 

DIAMANTIS CL 7 100 7 85 15 12.75 75 30 22.5 80 10 8.0 
 
In V3 S. sclerotiorum had shown an AR 
between 5-8%, P. helianthi between 5-16.25%, 
A. helianthi between 15-25.5% and O. cumana 
under 1% (Table 4).  

In V4 S. sclerotiorum had shown an AR 
between 1-6%, P. helianthi between 3-9%, A. 
helianthi between 11.25-24% and O. Cumana 
under 4.5% (Table 5). 

Table 4. Phytosanitary status in V3 - Amzacea 

HYBRID 

Pathogens and parasite 

Sclerotinia sclerotiorum Phomopsis helianthi Alternaria helianthi Orobanche cumana 
F  

(%) 
I  

(%) 
AR 
(%) 

F  
(%) 

I  
(%) 

AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

ODESSA 8 100 8 45 25 11.25 75 20 15 0 0 0 
KATANA 5 100 5 65 25 16.25 85 30 25.5 0 0 0 

NEOSTAR CLP 7 100 7 25 20 5 80 25 20 10 3 0.3 
BACARDI CLP 5 100 5 30 25 7.5 85 20 17 20 5 1 

DIAMANTIS CL 5 100 5 25 20 5 70 25 17.5 10 5 0.5 
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Table 5. Phytosanitary status in V4 - Amzacea 

HYBRID 

Pathogens and parasite 

Sclerotinia sclerotiorum Phomopsis helianthi Alternaria helianthi Orobanche cumana 

F  
(%) 

I  
(%) 

AR 
(%) 

F  
(%) 

I  
(%) 

AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

ODESSA 2 100 2 20 15 3 80 30 24 0 0 0 
KATANA 1 100 1 25 20 5 75 15 11.25 0 0 0 

NEOSTAR CLP 6 100 6 30 20 6 65 35 22.75 20 5 1 
BACARDI CLP 5 100 5 45 20 9 65 30 19.5 70 5 3.5 

DIAMANTIS CL 5 100 5 25 20 5 68 25 17 75 6 4.5 

In V5, S. sclerotiorum showed an AR between 
2-4%, P. helianthi between 3-10.5%, A. 
helianthi between 7.5-25.5% and O. cumana 
under 0.3% (Table 6). 
In Fantanele field in V1, S. sclerotiorum hadn t 
shown any AR, P. helianthi  had shown  an AR 
between 7-13.5%, A. helianthi between 24-38% 
and  O. cumana under 2% (Table 7).  
In V2, S. sclerotiorum hadn’t shown any AR, 
P. helianthi between 14.4-20%, A. helianthi 
between 27-33.25% and O. cumana between 
0.1-6% (Table 8). 

In V3, S. sclerotiorum hadn’t shown any AR, 
P. helianthi between 12.4-25.5%, A. helianthi 
between 21.25-40% and O. cumana did not 
show any AR (Table 9). 
In V4, S. sclerotiorum hadn’t shown any AR, 
P. helianthi between 10-19.5%, A. helianthi 
between 27-38% and O. cumana hadn’t shown 
any AR (Table 10). 
In V5, S. sclerotiorum and O. cumana did not 
show AR, P. helianthi showed values between 
2.5-9% and A. helianthi between 25.5-38% 
(Table11).

 
Table 6. Phytosanitary status in V5 - Amzacea 

HYBRID 

Pathogens and parasite 

Sclerotinia sclerotiorum Phomopsis helianthi Alternaria helianthi Orobanche cumana 

F (%) I (%) AR 
(%) F (%) I (%) AR 

(%) 
F 

(%) 
I 

(%) 
AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

ODESSA 2 100 2 15 20 3 30 25 7.5 0 0 0 
KATANA 4 100 4 25 15 3.75 75 20 15 0 0 0 
NEOSTAR 

CLP 2 100 2 28 30 8.4 45 50 22.5 0 0 0 

BACARDI CLP 2 100 2 35 30 10.5 75 20 15 0 0 0 
DIAMANTIS 

CL 4 100 4 25 20 5 85 30 25.5 10 3 0.3 

 
Table 7. Phytosanitary status in V1 - Fantanele 

HYBRID 

Pathogens and parasite 

Sclerotinia sclerotiorum Phomopsis helianthi Alternaria helianthi Orobanche cumana 

F (%) I (%) AR 
(%) F (%) I (%) AR 

(%) 
F 

(%) 
I 

(%) 
AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

ODESSA 0 0 0 35 20 7 80 30 24 0 0 0 
KATANA 0 0 0 25 15 3.75 85 30 25.5 0 0 0 
NEOSTAR 

CLP 0 0 0 45 30 13.5 85 35 29.75 20 3 0.6 

BACARDI CLP 0 0 0 45 25 11.25 90 30 27 25 5 1.25 
DIAMANTIS 

CL 0 0 0 45 30 13.5 95 40 38 40 5 2 
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Table 8. Phytosanitary status in V2 - Fantanele

HYBRID 

Pathogens and parasite 

Sclerotinia sclerotiorum Phomopsis helianthi Alternaria helianthi Orobanche cumana 

F  
(%) 

I  
(%) 

AR 
(%) 

F  
(%) 

I  
(%) 

AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

ODESSA 0 0 0 75 20 15 92 30 27.6 20  10 2.0 
KATANA 0 0 0 80 18 14.4 95 35 33.25 1 10 0.1 

NEOSTAR CLP 0 0 0 95 18 17.1 98 30 29.4 5 10 0.5 
BACARDI CLP 0 0 0 80 25 20 95 35 33.25 30 20 6 

DIAMANTIS CL 0 0 0 95 20 19 90 30 27 40 10 4 
 

Table 9. Phytosanitary status in V3 - Fantanele 

HYBRID 

Pathogens and parasite 

Sclerotinia sclerotiorum Phomopsis helianthi Alternaria helianthi Orobanche cumana 

F  
(%) 

I  
(%) 

AR 
(%) 

F  
(%) 

I  
(%) 

AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

ODESSA 0 0 0 80 15 12 85 25 21,25 0 0 0 
KATANA 0 0 0 85 30 25,5 98 35 34,3 0 0 0 

NEOSTAR CLP 0 0 0 85 25 21,25 100 40 40 0 0 0 
BACARDI CLP 0 0 0 75 25 18,75 100 30 30 0 0 0 

DIAMANTIS CL 0 0 0 80 25 20 95 30 28,5 0 0 0 
 

Table 10. Phytosanitary status in V4 - Fantanele 

HYBRID 

Pathogens and parasite 

Sclerotinia sclerotiorum Phomopsis helianthi Alternaria helianthi Orobanche cumana 

F  
(%) 

I  
(%) 

AR 
(%) 

F  
(%) 

I  
(%) 

AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

ODESSA 0 0 0 55 30 16,5 80 40 32 0 0 0 
KATANA 0 0 0 65 30 19,5 90 30 27 0 0 0 

NEOSTAR CLP 0 0 0 65 20 13 95 40 38 0 0 0 
BACARDI CLP 0 0 0 55 20 11 95 35 33,25 0 0 0 

DIAMANTIS CL 0 0 0 50 20 10 95 40 38 20 3 0,6 
 

Table 11. Phytosanitary status in V5 - Fantanele 

HYBRID 

Pathogens and parasite 

Sclerotinia sclerotiorum Phomopsis helianthi Alternaria helianthi Orobanche cumana 

F  
(%) 

I  
(%) 

AR 
(%) 

F  
(%) 

I  
(%) 

AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

F 
(%) 

I 
(%) 

AR 
(%) 

ODESSA 0 0 0 25 15 3,75 85 30 25,5 0 0 0 
KATANA 0 0 0 35 10 3,5 95 35 33,25 0 0 0 

NEOSTAR CLP 0 0 0 45 20 9 95 40 38 0 0 0 
BACARDI CLP 0 0 0 25 10 2,5 95 40 38 0 0 0 

DIAMANTIS CL 0 0 0 30 15 4,5 85 30 25,5 0 0 0 
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The yields obtained in the first location had 
values between 2805-3030 kg/ha at V2, 3710-
4222 V5, 3780-4555 kg/ha at V3, 3810-4480 at 
V4 and 3900-4410 kg/ha at V1 (Figure 2). 

 
Figure 2. Yields (kg/ha) obtained in Amzacea plots 

The yields obtained in the second location had 
values between 2810-3100 kg/ha at V2, 3810-
4250 at V1, 3850-4480 kg/ha at V3, 3780-4300 
at V4 and 3880-4300 kg/ha at V5 (Figure 3). 

 
Figure 3. Yields (kg/ha) obtained in Fantanele plots 

As a result of these experiments is recom-
mended the following technological elements: a 
pre-emergent herbicide with glyphosate in 
autumn and one with S-metalaclor + 
terbutilazin in spring, during the vegetation an 
IMI herbicide applied at 4-6 leaves, using a 
competitive hybrids of new generation which 
be able to ensure considerable yields.  
Weeds problem in sunflower crops in Amzacea 
and Fantanele fields were: Chenopodium 
album, Amaranthus blitoides, Convolvulus 
arvensis, and Echinochloa crus-galli.  
Weed species, which had a density of 3-5 plots, 
became a problem for diseases and plants per 
square meters in sunflower cultivated yields in 
untreated plots (Figures 4, 6, 7). 

 
Figure 4. P. helianthi attack  

 
Figure 5. A. helianthi attack 

 
Figure 6. S. sclerotiorum attack  

 
Figure 7. O. cumana attack  
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Figure 8. Overview of the experimental field 

 
CONCLUSIONS  
 
The 2018 was an atypical year for Dobrogea, 
with precipitations over limits in June and July, 
which favoured the attack of the pathogens. 
The two phytosanitary treatments during the 
vegetation period controlled the pathogens 
attack. 
The four ways of herbicide tested have 
differentiated the attack of weeds and 
especially the broomrape attack. The 
production obtained in the 5 herbicide blocks 
and 5 experienced hybrids were clearly 
differentiated. V4 determined constant high 
yields throughout all hybrids. The highest 
yields were obtained for V3 at the Neostar and 
Katana hybrids 4444 and 4555 kg/ha, 
respectively in Amzacea and 4300-4480 kg/ha, 
respectively in Fantanele. 
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Abstract  
 
Fertilizer experiment in four field’s crop rotation (wheat, barley, maize, and sunflower) was carried out in the region of 
Sadievo, Bulgaria, during the period 2009-2012. The aim of the research was to study the effect of fertilization on crop 
productivity and nutrient use efficiency (NUE) of the mentioned four field crops. The fertilizer treatments were: 
Control; N; P; K; NP; NK; PK; NPK. Agronomic Efficiency (AE), Partial nutrient balance (PNB) and Recovery 
efficiency (RE) were the indicators calculated for assessing the NUE. The fertilization was very effective practice – 
NPK treatment ensured 71% higher yields for maize, 64% for wheat, 60% for barley and 51% for sunflower in 
comparison with control, on average for 4 years period. In spite of the relatively good fertilization effect, AE data was 
lower than reported as typical levels for cereals crops which showed relatively low productivity of unit nutrient input. 
PNB values for N showed that removed nitrogen amounts were higher and the deficit was less pronounced in wheat. In 
maize and sunflower PNB values for N were high and showed a severe nitrogen balance deficit. PNB and RE values for 
P showed that the fertilization rates could be decreased, while PNB and RE for K indicated that for maintaining the soil 
K content, the fertilization with K was recommendable in spite of the relatively low agronomic efficiency.  
 
Key words: Nutrient use efficiency, NPK, wheat, barley, maize, sunflower.  
 
INTRODUCTION  

 
One of the main crop management practices 
affecting field’s crop yields is the application of 
mineral fertilizers. The nutrient which strongly 
affects yields is nitrogen (Lopez-Bellido et al., 
2005; Kismányoky & Tóth, 2010; Boukef et 
al., 2013). In most of the cases unbalanced 
application and utilization of nitrogen, 
phosphorus and potassium fertilizers is a reason 
for low efficiency of fertilization (Romheld, 
2006; Nikolova, 2010). The current nitrogen 
application strategies for field crops cultivation 
are extremely inefficient, with nitrogen 
efficiency ranging from 14% to 59% (Melaj et 
al., 2003; Loppez-Bellido et al., 2005). Baligar 
et al. (2001) summarizing results from different 
publications estimates that overall efficiency of 
applied fertilizers has been below 50% for N, 
less than 10% for P, and about 40% for K. The 
lower the level of soil fertility is, the higher the 
agronomic efficiency of applied phosphorus 
and potassium is (Fixen, 2009). One modern 
method for assessing the effectiveness of 
fertilization is by determinating of Nutrient Use 

Efficiency (NUE) indicators (Rao, 2007). 
These indicators represent the ability of plants 
to translate the uptaken nutrients into economic 
yield-grains (Delogu et al., 1998). The aim of 
the efficient use of nutrients is to increase 
productivity of crops, to minimize nutrient 
losses and to maintain fertility of the soil 
(Mikkelsen et al., 2012; Fixen et al., 2015). 
Grain yield and NUE depend on many factors 
such as the soil, climate conditions, 
environment, grown cultivars etc. (Delogu et 
al., 1998; Noulas et al., 2010; Zhu et al., 2011). 
Asplund et al. (2016) made connection between 
the amount of chlorophyll in the plants leafs, its 
correlation with N content and NUE indicators 
in the pot and field experiments with more than 
50 spring and winter varieties of wheat. NUE 
can also be expressed through agronomic, 
physiological and economic indicators (Rao, 
2007). The optimization of fertilization of crops 
should be determined by conducting precise 
local experiments. The aim of the present 
research was to study the effect of fertilization 
on crop productivity of field crops grown in the 
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region of Sadievo, South Bulgaria, and to 
estimate some NUE indicators.   
 
MATERIALS AND METHODS  
 
Omission plot trials in four field crop rotation - 
wheat, maize, barley, and sunflower was conducted 
in region of Sadievo, Bulgaria (42°31'38.1"N 
26°05'39.3"E), during the period 2009-2012. Soil 
type was clayed Eutric Vertisols with clay content 
of 56.13%. The trial included eight fertilizing 
variants with nutrient addition and omission: 
control; N; P; K; NP; NK; PK; NPK. Fertilization 
rates based on soil diagnostic are presented on 
Table 1. 

 
Table 1. Applied fertilizer rates for every crop kg ha-1 

Nutrients Wheat Barley Maize Sunflower 
N 100 80 140 80 

P2O 120 120 120 120 
K2O 80 80 80 80 

 
The used fertilizers in the experiment were ammo-
nium nitrate (N - 33.4%), triple superphosphate 
(P2O5 - 46%), and potassium chloride (K2O - 60%). 
The obtained data was processed for calculating of 
three agronomic indexes indicating the nutrient use 
efficiency:  
AE - Agronomic Efficiency of applied nutrient (kg 
kg-1) = (yieldnutrient

 - yieldcontrol)/nutrient rate; PNB - 
Partial nutrient balance (kg kg-1) = removed 
nutrient/fertilizing rate; 
RE - Recovery efficiency of applied nutrient (kg kg-1) 
= (removed nutrient at fertilizing treatment - 
removed nutrient at control)/fertilizing rate. 
 
RESULTS AND DISCUSSIONS  
 
The fertilization was an effective practice at all 
grown crops (Figure 1 and Table 2). The most 
effective nutrient was nitrogen. Single 
application of nitrogen increased yields from 
winter cereal crops (wheat and barley) with 
41% on average. The increase of the yields for 
maize and sunflower was 36 %. Double 
nutrient applications - NP and NK also ensured 
formation of higher yields especially at wheat, 
barley and maize. 
 The average yield increase of these crops was 
from 45 to 62% higher than the control. The 
increase in the same treatments was lower at 
sunflower, 26-28%, more than in the control 
treatment. Single addition of P and K and their 
double combination (PK), because of N 
omission had weak effect on yield, especially at 

sunflower. The application of the three 
nutrients (balanced NPK variant) had the best 
results but the increased yields at wheat, barley 
and maize was comparatively small in 
comparison with NP and NK variants. NPK 
fertilization demonstrates the highest yield 
increase at sunflower - 51% in comparison with 
control variant. The effect of other fertilizing 
treatments on the yield of sunflower was 
comparatively small (Table 2). 
  

 
Figure 1. Yields of field crops  

(average for period 2009-2012) (kg ha-1) 

 

Table 2. Relative yields of field crops (average for period 
2009-2012) (%) 

Variants  Wheat  Barley  Maize Sunflower 
control 100 100 100 100 
N 141.0 141.9 136.1 136.3 
P 116.3 117.7 127.2 103.4 
K 106.9 101.8 114.1 98.1 
NP 161.4 156.3 150.6 129.0 
NK 145.6 144.8 149.8 126.3 
PK 123.7 129.6 134.7 111.6 
NPK 163.8 160.6 171.3 151.2 
 
AE is index representing the ability of the crops 
to increase yield in response to applied 
fertilizers. According to Fixen et al. (2015) and 
Liu et al. (2011) AEN at wheat ranges from 10-
30 kg kg-1. The data for wheat grown in 
Sadievo region were in the same range for all 
variants with nitrogen application - from 12 to 
14 kg kg-1 (Table 3). These figures were close 
to the lower value for this indicator according 
to the above-mentioned authors. Delogu et al. 
(1998), Baligar et al. (2001) and Zhu et al. 
(2011) found out that the values for AEN for 
wheat decreased with increasing of the nitrogen 
rate. According to the same authors, the index 
is also dependent on the time of application of 
nitrogen as pre–sowing or top–dressing. 
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Another factor which influences the AE 
indicator is grown cultivar (Noulas et al., 
2010). Agronomic efficiency (AE) of 
phosphorus and potassium application was less 
than AE for nitrogen fertilizers. The PNBN 
indicator was the lowest at variant with single 
N addition, 0.96 kg kg-1. It was increased at 
double nutrient addition (NK and NP). The 
highest value for this indicator was determined 
at balanced nutrient combination (NPK). The 
values for double and triple fertilizer 
combinations were above 1, which indicated 
that the wheat had removed higher amount of 
nitrogen from the soil than the amount of the 
element applied with the fertilizers. This 
suggests negative N balance, better manifested 
at the most productive NPK treatment. 
Nitrogen fertilizer rates for wheat grown in 
Sadievo region should be increased when 
balanced with P and K crop fertilization is 
foreseen. The published data about PNBN index 
by Zhu et al. (2011) showed considerable 
variation of the index depending on the rate of 
N fertilizers and time of their application. The 

data for PNB in Sadievo indicated that applied 
amounts of P and K fertilizers cover the crop 
needs of both elements (Table 3) and exceeded 
the P and K uptakes from the soil.  The data for 
PNBP (0.2-0.3 kg kg-1) indicated strongly 
positive P balance which showed that the P rate 
could be reduced in order to increase AEP. K 
balance was also positive but the higher PNBK 
data (0.6-0.9 kg kg-1) indicated that at most 
productive practice of balanced NPK 
fertilization, K application is recommendable in 
order to maintain the soil fertility. 
The RE indicator represents the actual amount 
of removed nitrogen by crop from the applied 
fertilizers (in comparison with the control 
treatment). According to Mosier et al. (2001) 
and Fixen et al. (2015), the RE values of 
nitrogen for wheat range between 0.4-0.7 kg 
kg-1. The highest values for REN in our trials 
were found for NP and NPK variants. The REP 
and REK were low for all treatments. Only REK 
from NPK variant showed higher value - 0.34 
kg kg-1.  

  
Table 3. Nutrient use efficiency for wheat (average for the period 2009-2012) 

variant AE kg kg-1 PNB kg kg-1 RE kg kg-1 
N P K N P K N P K 

N 13   0.96   0.33   
P  6   0.2   0.04  
K   4   0.6   0.01 
NP 14 6  1.20 0.3  0.48 0.11  
NK 12  4 1.07  0.8 0.32  0.19 
PK  5 5  0.2 0.7  0.04 0.06 
NPK 12 5 3 1.26 0.3 0.9 0.48 0.10 0.34 

 
Fixen et al. (2015), determined values in the 
range 15-30 kg kg-1 as typical AEN index for 
barley. The same like at wheat tendency for 
AEN indicator was found out by Delogu et al. 
(1998). The values for AE decreased with 
increasing of nitrogen rate. AEN index for 
barley in the region of Sadievo was below this 
range (Table 4). This suggest for low efficiency 
of applied nitrogen fertilizers in the region. The 
lowest AEN index was found at NPK treatment 
- 10 kg kg-1. Delogu et al (1998) found that AE 
mean values of barley and wheat were similar 
in experiment in Italy and ranged between 8.7 
and 9.2 kg kg−1. The data for region of Sadievo 
about AEN was also similar for both crops but 
were higher in comparison with the cited study 

(Tables 3 and 4) and ranged between 10 and 14 
kg kg−1. This suggests that both species 
respond equally to N fertilization.  
The data for PNBN from the similar experiment 
conducted in the region of Pomorie, Bulgaria, 
were in the range between 0.86-0.94 (Manolov 
et al., 2018). The results from Sadievo were 
almost the same in all treatments (1.14–1.17 kg 
kg-1) but higher than in the Pomorie region. 
They were also higher compared to the typical 
values for this index according to Fixen et al. 
(2015) (0.7-0.9 kg kg-1). This indicated that 
applied fertilizer rate can not cover the needs of 
nitrogen for grown barley in the region of 
Sadievo and should be increased. Considerable 
part of applied P was not uptaken by crop 



358

 

(PNBP - 0.2 kg kg-1). This should lead to 
increasing of soil phosphorus reserves. A 
bigger part of the applied K with fertilizers was 
absorbed by crop (PNBP - 0.6-0.9 kg kg-1). The 
results indicated that part of applied K remains 
in the soil and increased its potassium reserves. 
The barley adsorbed less than the half of 
applied N rate (REN - in the range 0.35-0.44 kg 

kg-1), while the adsorbed P from fertilizers was 
very low (0.03-0.09 kg kg-1). The REK for 
single application of the element was very low 
0.07 kg kg-1. The combine application of K 
with N and P increased considerably the data 
for REK. The highest amount of absorbed K 
from fertilizers was found at variant NPK (0.31 
kg kg-1)   

 
Table 4. Nutrient use efficiency for barley (average for the period 2009-2012) 

Variant AE kg kg-1 PNB kg kg-1 RE kg kg-1 
N P K N P K N P K 

N 14   1.17   0.44   
P  5   0.2   0.03  
K   1   0.6   0.07 
NP 13 4  1.16 0.3  0.38 0.10  
NK 14  4 1.14  0.8 0.39  0.28 
PK  6 6  0.2 0.7  0.09 0.20 
NPK 10 4 2 1.17 0.2 0.9 0.35 0.09 0.31 

 
The AEN data for maize was similar at different 
treatments (9-11 kg kg-1) (Table 5) and was 
lower than typical ones for this crop (15-30 kg 
kg-1) (Fixen et al., 2015). Fixen et al. (2015) 
indicated values ≥ 7 kg kg-1 as typical for AЕp 
for maize. Walsh et al. (2012) found out 
decreasing of NUEN with the increasing of the 
nitrogen rates at maize. Such values of 8 kg kg-

1 for experiment in Sadievo were found at 
single P addition and NPK variants. The AЕK 
was also the highest at NPK treatment reaching 
11 kg kg-1.  
The PNBN values for the trial in Sadievo 
excеeded 1 for all treatments and were higher 
than the typical values (0.7-0.9 kg kg-1) (Fixen 
et al., 2015). Therefore, the quantity of applied 
nitrogen was less than the quantity of N 
removed by maize. There were no big 
differences between the results for PNBP 
(Table 5). The results were very low which 

means that considerable part of the applied P 
remained in the soil and increased its 
phosphorus reserves. Because of high K 
removal by maize, a large amount of potassium 
was taken from the soil reserves (PNBK was in 
the range 1.4-2.0 kg kg-1). This means that 
fertilizer K rates should be increased in order to 
maintain soil potassium reserves at optimal 
level. 
For the maize, grown in the region of Sadievo, 
the values of RE for the three nutrients were 
highest at the NPK treatment. At the treatments 
with single nutrient addition or nutrient 
omission the RE values were much lower. The 
optimal values in NPK variant could be 
explained by the higher yield when balanced 
nutrition is ensured. The higher biomass 
formation and respective higher nutrient uptake 
lead to better utilization of applied nutrients. 

 
Table 5. Nutrient use efficiency for maize (average for the period 2009-2012) 

Variant AE kg kg-1 PNB kg kg-1 RE kg kg-1 
N P K N P K N P K 

N 11   1.05   0.35   
P  8   0.3   0.12  
K   9   1.5   0.29 
NP 9 3  1.24 0.4  0.39 0.17  
NK 11  3 1.22  2.0 0.43  0.49 
PK  4 3  0.4 1.4  0.13 0.23 
NPK 11 8 11 1.31 0.5 1.6 0.92 0.30 0.46 
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AE for N, P and K for sunflower was 
comparatively low (Table 6). The lowest AE 
values were registered for P. For the three 
nutrients AE was the highest at the balanced 
NPK treatment, reaching 8 kg kg-1 for N, 5 kg 
kg-1 for K and 4 kg kg-1 for P. Similar was the 

agronomic efficiency at the treatment with P 
omission (NK) and could be concluded that at 
the conditions of Sadievo phosphorus was the 
nutrient with lower efficiency for sunflower. 
 

 
Table 6. Nutrient use efficiency for sunflower (average for the period 2009-2012) 

Variant AE kg kg-1 PNB kg kg-1 RE kg kg-1 
N P K N P K N P K 

N 8   1.29   0.42   
P  1   0.2   0.02  
K   1   1.0   0.02 
NP 5 4  1.29 0.3  0.37 0.09  
NK 7  6 1.28  1.4 0.48  0.43 
PK  0 3  0.2 1.1  0.08 0.15 
NPK 8 3 5 1.49 0.3 1.8 0.57 0.12 0.84 

 
PNB for N and K were much higher than 1 for 
all variants, but low in comparison with data 
received for the region of Pomorie (Manolov et 
al. 2018) (Table 6). The results showed that the 
crop uptakes much more N and K from the soil 
than was applied with fertilizers. This indicated 
that the fertilization rates for both nutrients 
should be increased. PNBP kept the tendency 
for low values found at the other crops included 
in the experiment. Considerable amount of 
applied P by fertilizers remained in the soil. 
This was confirmed by the values for the 
indicator REP which were very low especially 
for treatment P (Table 6). REN varies slightly 
between the treatments and was in the range 
0.37-0.57. REK varies significantly (0.02-0.84) 
due to the big yield differences depending on 
addition or omission of nitrogen. For the three 
nutrients highest RE values were recorded at 
NPK treatment indicating that balanced 
fertilization led to formation of the highest 
yield, respectively the highest removal of 
nutrients and better utilization of applied 
nutrients with fertilizers.  
 
CONCLUSIONS  
 
The fertilization of all studied field crops in the 
region of Sadievo was a very effective practice. 
The highest efficiency of fertilization was 
registered at maize, followed by winter cereals 
(wheat and barley) and sunflower. The nitrogen 
was the main limiting nutrients in the region of 
Sadievo. The balanced NPK fertilization 
demonstrated the highest efficiency. Similar to 

NPK effect was obtained under NP and NK 
treatments for wheat and barley.  The values for 
Agronomic Efficiency showed relatively low 
efficiency of unit nutrient input in spite of the 
relatively good fertilization effect. Partial 
Nutrient Balance and Recovery Efficiency for 
phosphorus indicated that the fertilization rates 
could be decreased in order to increase the 
Agronomic efficiency. Both indices for 
potassium showed that for maintaining the soil 
K content, fertilization with K is recommended 
despite the relatively low agronomic efficiency 
of the element. 
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Abstract 
 
This paper presents the results of a study conducted at ARDS Marculesti in 2017 and 2018 on the influence of 5 new 
maize hybrids under different irrigation conditions on the size features of the maize cobs, namely the number of rows 
per cob and the number of grains per row. The experiment was set up using the two-factor subdivided plot method, the 
A-factor was the maize hybrid and B factor-irrigation regime. The subdivisions of A factor: a1- P9175 (FAO 330), a2 - 
KWS BELLAVISTA (FAO 330), a3 - KWS SMARAGD (FAO 350), a4 - KWS KASHMIR (FAO 370) and a5 - KWS 
DURANGO (FAO 480). The subdivisions of B factor: b1 – unirrigated; b2 – stressed at and after flowering; b3 – 
stressed before flowering and b4 – full irrigated throughout the vegetation period. Regarding the number of rows on the 
cob, the best results were obtained by the hybrids KWS Bellavista and KWS Smaragd and the lowest, by the hybrid 
P9175. 
 
Key words: maize hybrids, maize cob size features, irrigation, water stress. 
 
INTRODUCTION  
 
In the current context, when the global climate 
is constantly changing and tends to reach air 
temperature values that have not yet been 
observed since meteorological measurements, 
the maize crop encounters challenges related 
particularly on pollen grain fertility (Jonghan 
K. & Piccinni G., 2009; Lizaso J.I. et al., 2018; 
Năescu V. & Eliana Alionte, 2008; NeSmith 
D.S. & Ritchie J.T., 1992; Niaz Ahmad & 
Rameshwar S. Kanwar, 1991; Oşvat I.M., 
2015). 
Maize is the main staple crop at national level. 
In the climatic conditions present during the 
last 15 years there have been problems with 
adapting the new hybrids to the warmer climate 
conditions and to the lower atmospheric 
humidity recorded by the meteorological 
stations in the major agricultural areas of the 
country. 
The hydric stress encountered by the maize 
plant during the formation of the floral 
primordia is of great importance in the 
perspective of obtaining cobs with a high 
number of rows and grains in a row (Schoper 
John B. et al., 1987; Setter Tim L. et al., 2001; 
Stegman E.C., 1982). 

In this context, we considered to set up an 
experiment that takes into account the stress 
that the maize plant undergoes before, during 
and after flowering. It was also taken into 
account the duration in days of coincidence of 
female and male flowers in order to ensure 
pollination. 
 
MATERIALS AND METHODS 
 
The researches have been done in the 
experimental field of Agricultural Research 
and Development Station (ARDS) Marculesti, 
on a clayey vermic loamy soil and it had 2 
factors, the factor A - maize hybrid and the 
factor B - irrigation regime. The setting up 
method was randomized blocks, with three 
replications. The investigated hybrids (factor 
A) were: a1- P9175 (FAO 330), a2 - KWS 
BELLAVISTA (FAO 330), a3 - KWS 
SMARAGD (FAO 350), a4 - KWS 
KASHMIR (FAO 370) and a5 - KWS 
DURANGO (FAO 480). The B factor 
(irrigation regime and period) had 4 
graduations, namely: b1 - unirrigated; b2 - 
stressed at and after flowering; b3 - stressed 
before flowering and b4 - full irrigated 
throughout the vegetation period. The 
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irrigation method was drip to drip and there 
were automatic sensors to determine the actual 
soil moisture. Sowing and harvesting were 
done mechanically using the seed drilling 
machine and BAURAL SP2100 combine 
harvester. The production obtained on each 
experimental plot, the humidity of the grains 
at harvesting and the hectolitric mass were 
determined automatically with the equipment 
installed on the combine. 
The mass of a thousand grains was calculated 
using a photocell device for counting, along 
with a precision balance. 
Along with these determinations, 
measurements were made on the height of the 
cob's insertion and the height of the plant. The 
statistical interpretation was made by variance 
analysis. 
 
RESULTS AND DISCUSSIONS 
 
The climatic conditions of the experimental 
years, 2017 and 2018, in comparison with the 
multiannual average, are presented in Figures 
1 and 2. 
 

 
Figure 1. The temperature of 2017 and 2018 years in 
comparison with the multiannual average, at ARDS 

Marculesti 

Figure 2. The rainfall of 2017 and 2018 years, in 
comparison with multiannual average, at ARDS 

Marculesti 
 

As far as rainfall is concerned, we can see 
from this data that the year 2017 recorded a 
very rainy period in April, June, July and 
August, the quantities registered being more 
than double than the monthly multiannual 
average. The highest values were registered in 
June and July, over 100 and 120 mm 
respectively. September was very dry, with 
only 4 mm of precipitation, but this did not 
affect the maize vegetation. 
Due to the rainfall recorded during this year's 
vegetation period, we can consider very 
favorable conditions for the growth and 
development of maize, as evidenced by the 
yields obtained. 
In terms of air temperature, in 2017 there were 
values close to the multiannual average of the 
area. 
The year 2018 recorded a very droughty period 
in the spring, in April and May, when 
extremely small rainfall was recorded, only 10 
mm in two months. This has greatly affected 
germination and growth in the early stages of 
maize growth. The situation changed radically 
in the summer months, June and July, when 
record rainfall was 180 mm in June and 108 
mm in July. The extremely abundant 
precipitation of this period favored the growth 
and development of maize plants under optimal 
conditions. August and September were 
droughty but this did not affect the production 
of maize. 
The temperatures recorded in 2018 were 
generally lower than the multiannual average 
during June and July, due to the extremely 
abundant rainfall recorded. These climatic 
conditions have led to a very good viability and 
fertility of maize pollen. 
a. The influence of hybrid and irrigation regime 
on the number of rows per cob. 
The first table comprises the number of rows 
per cob in 2017. From this data it can be seen 
that with the irrigated regime the largest 
number of rows per cob was recorded at KWS 
Bellavista and KWS Smaragd hybrids and the 
smallest, with the hybrid KWS Durango 
(Table1). 
With the case of irrigation before flowering, the 
largest number of rows of kernels on the cob 
was recorded with the hybrids KWS Bellavista 
and KWS Smaragd, too, with positive 
significant differences for hybrid KWS 
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Bellavista and significantly positive for hybrid 
KWS Smaragd, as compared to hybrid P9175 
taken as control (Table 1). 
When irrigation was done after flowering, the 
KWS Bellavista hybrid recorded 18.67 rows 
per ear and KWS Durango hybrid produced 
15.33 rows per ear. 
With the irrigation throughout the vegetation 
period, the best results were also obtained at the 
KWS Bellavista hybrid, with a difference of 
two more lines, distinctly significant, compared 
to the P9175 control (Table 1). 

As regard the differences between hybrids at 
the average of irrigation regimes, the KWS 
Bellavista hybrid showed a very significant 
positive difference from the control, the P9175 
hybrid and the KWS Durango hybrid recorded 
a significantly negative difference compared to 
the same control variant (Table 1). 
As concerned on the irrigation regime (Table 
1), the stressed before and after flowering have 
given positive significant difference over the 
unirrigated treatment, taken as control as well 
as over the irrigated treatment. 

 

Table 1. The number of rows of grains per cob in function of maize hybrid and irrigation regime in 2017  
at ARDS Marculesti 

Hybrid b1 –unirrigated b2 – stressed during and after flowering  b3 – stressed before flowering 
Number of rows % Diff. Sign Number 

of rows 
% Diff. Sign Number of rows % Diff. Sign 

a1-P9175 16.00 100 Mt - 16.00 100 Mt - 16.00 100 Mt - 
a2-KWS 
Bellavista 

17.33 108.3 1.33 * 20.00 125 4.00 *** 18.67 116.6 2.67 *** 

a3-KWS 
Smaragd 

15.33 95.8 -0.6 - 15.33 95.8 -0.67 - 16.00 100 0.00 - 

a4-KWS Kashmir 17.33 108.3 1.33 * 17.33 108.3 1.33 * 18.00 112.5 2.00 ** 
a5-KWS 
Durango 

14.67 91.6 -1.3 0 15.33 95.8 -0.67 - 15.33 95.8 -0.6 - 

LSD5%=1.21; LSD 1%=1.66; LSD 0.1%=2.25 
Hybrid b4 –full time irrigated Average of irrigation regimes Irr. Regime Number 

of rows 
% Diff. Sign 

Number 
of rows 

% Diff. Sign Number 
of rows 

% Diff. Sign 

a1-P9175 16.00 100 Mt - 16 100 Mt - b1–unirrigated 16,13 100 Ctrl - 
a2-KWS 
Bellavista 

18.00 112.5 2.00 ** 18.5 115.6 2.5 *** 

a3-KWS 
Smaragd 

16.00 100 0.00 - 15.6 97.9 -0.33 - b2 – stressed 
during and after 
flowering 

16,80 103 0,67 * 

a4-KWS 
Kashmir 

17.33 108.3 1.33 * 17.5 109.3 1.5 ** b3 – stressed 
before flowering 

16,80 103 0,67 * 

a5-KWS 
Durango 

14.67 91.6 -1.33 0 15 93.7 -1 0 b4 –full time 
irrigated 

16,40 101 0,27 - 

LSD 5%=1.21; LSD 1%=1.66; LSD 0.1%=2.25 LSD 5%=0.82; LSD 1%=1.20; LSD 
0.1%=1.80 

LSD 5%=0.64; LSD 1%=0.87; LSD 0.1%=1.15 

 

The feature of the number of rows on the cob, 
in 2018, is shown in (Table 2). 
This year, the smallest number of rows on the 
maize cob was recorded with hybrid P9175, 
i.e., 15.6 rows. The differences between KWS 
Bellavista and KWS Smaragd hybrids 
compared to P9175 were significantly positive 
and those between the KWS Kashmir and KWS 
Durango hybrids to the control were 
insignificant (Table 2). 
Regarding the irrigation regimes, the recorded 
data does not lead to a clear conclusion on the 
influence of the experimental treatments, 
probably due to the extreme rainfall quantities, 
too little at the beginning of the vegetation and 
too high during the growing and fructification 
period. Thus, the P9175 hybrid recorded the 

same number of rows per year on all irrigation 
regimens. With the KWS Bellavista hybrid, the 
best results were given by irrigation before 
flowering, and with the KWS Smaragd hybrid, 
the highest number of rows on the cob were 
counted with the irrigation after flowering 
treatment. Overall, unirrigated treatment gave 
the lowest results (Table 2). 
The irrigation on the whole vegetation period 
has given the best results on the number of 
rows per cob in 2018. Nevertheless, the 
irrigation after flowering (stressed before 
flowering) has recorded no significance over 
the unirrigated control because during that 
period there were recorded lots of rainfall and 
the irrigation regime has had less influence on 
the formation of the rows on the cob (Table 2)
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Table 2. The number of rows of grains per cob in function of maize hybrid and irrigation regime in 2018 at            
ARDS Marculesti 

Hybrid b1 –unirrigated b2 – stressed during and after flowering  b3 – stressed before flowering 
Number of rows % Diff. Sign Number 

of rows 
% Diff. Sign Number of 

rows 
% Diff. Sign 

a1-P9175 15.33 100 Mt - 16 100 Mt - 15.33 100 Mt - 
a2-KWS 
Bellavista 

17.33 113.0 2.00 ** 19.33 120.8 3.33 *** 18.66 121.7 3.33 *** 

a3-KWS Smaragd 16 104.3 0.67 - 16.66 104.1 0.67 - 16 104.3 0.67 - 
a4-KWS Kashmir 17.33 113.0 2.00 ** 18 112.5 2.00 ** 16.66 108.6 1.33 * 
a5-KWS Durango 16 104.3 0.67 - 16.66 104.1 0.67  15.33 100 0.00 - 

LSD 5%=1.21; LSD 1%=1.65; LSD 0,1%=2.25 
Hybrid b4 –full time irrigated Average of irrigation regimes Irr. Regime Number 

of rows 
% Diff. Sign 

Number 
of rows 

% Diff. Sign Number 
of rows 

% Diff. Sign 

a1-P9175 16 100 Mt - 15.66 100 Mt - b1–unirrigated 16,4 100 Ctrl - 
a2-KWS 
Bellavista 

20 125 4.00 *** 18.83 120.2 3.16 *** 

a3-KWS 
Smaragd 

16.66 104.16 0.67 - 16.33 104.2 0.66 - b2 – stressed 
during and 
after flowering 

17,3 105 0,9 * 

a4-KWS 
Kashmir 

18 112.5 2.00 ** 17.5 111.7 1.83 *** b3 – stressed 
before 
flowering 

16,4 100 - - 

a5-KWS 
Durango 

16.66 104.16 0.67 - 16.16 103.1 0.5 - b4 –full time 
irrigated 

17,4 106 1,0 ** 

LSD 5%=1.21; LSD 1%=1.65; LSD 0.1%=2.25 LSD 5%=0.77; LSD 1%=1.13; LSD 
0.1%=1.70 

LSD 5%=0.68; LSD 1%=0.92; LSD 0.1%=1.22 

 
The number of rows per cob as average of the 
two experimental years is presented in the 
(Table 3). 
The average values of the two years of trials 
show very and distinct significant differences  
 

 
between hybrids KWS Bellavista and KWS 
Smaragd over P9175 hybrid taken as control 
(Table 3). There, also, can be seen that full 
irrigated and stressed after flowering gave 
higher values of the number of rows per cob 
(Table 3).  

Table 3. The number of rows of grains per cob in function of maize hybrid and irrigation regime as average of 2017 and 
2018 years, at ARDS Marculesti 

 
The number of grains per row, in 2017 and the 
statistical interpretation are shown in table 4. 
Regarding the number of grains per row, in the 
year 2017, the P9175 hybrid, which is taken as 
control, is very clear emphasized. Thus, in the 
unirrigated condition, the KWS Bellavista 
hybrid recorded very significant negative 
differences compared to the control P9175 and 
the other 3 tried hybrids (KWS Kashmir, KWS 
Smaragd and KWS Durango) recorded 
distinctly significant differences. These 

differences were maintained in the other 
irrigation regimes but more mildly (Table 4). 
Regarding the irrigation regimes, the worst 
results were obtained with rainfed treatment, 
where there were 30.9 grains in a row and the 
highest number of grains was recorded in full 
time irrigated treatment, i.e. 35.8 grains in a 
row. The difference between these two 
irrigation regimes was very significant. All 
three irrigation treatments gave very significant 
positive differences as compared with the 
unirrigated control treatment (Table 4)

Hybrid b1 –unirrigated b2 – stressed during and after flowering b3 – stressed before flowering 
Number of rows % Diff. Sign Number 

of rows 
% Diff. Sign Number 

of rows 
% Diff. Sign 

a1-P9175 15.6 100 Mt - 16 100 Mt - 15.6 100 Mt - 
a2-KWS Bellavista 17.3 110.6 1.67 ** 19,6 122.9 3.67 *** 18.6 119.1 3.00 *** 
a3-KWS Smaragd 17.3 110.6 1.67 ** 17,6 110.4 1.67 ** 17.3 110.6 1.67 ** 
a4-KWS Kashmir 15.6 100 0.00 - 16 100 0.00 - 16 102.1 0.33 - 
a5-KWS Durango 15.3 97.8 -0.3 - 16 100 0.00 - 15.3 97.8 -0.3 - 

LSD 5%=1.21; LSD 1%=1.66; LSD 0.1%=2.25 
Hybrid b4 –full time irrigated  Average of irrigation regimes 

Number of rows % Diff. Sign Number 
of rows 

% Diff. Sign 

a1-P9175 16 100 Mt - 15.8 100 Mt - 
a2-KWS Bellavista 19 118.7 3,00 *** 18.6 117.8 2.8 *** 
a3-KWS Smaragd 17.6 110.4 1,67 ** 17.5 110.5 1.6 ** 
a4-KWS Kashmir 16.3 102.0 0,33 - 16 101.0 0.1 - 
a5-KWS Durango 15.6 97.9 -0,33 - 15.5 98.4 -0.2 - 

LSD 5%=1.21; LSD 1%=1.66; LSD 0.1%=2.25 LSD 5%=0.79; LSD 1%=1.16; LSD 0.1%=1.75 
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Table 4. The number of grains in a row in function of maize hybrid and irrigation regime, in 2017, at ARDS Marculesti 
Hybrid b1 –unirrigated b2 – stressed during and after flowering b3 

Number of grains in a 
row 

% Diff. Sign Number 
of grains 
in a row 

% Diff. Sign Number of 
grains in a 
row 

% Diff. Sign 

a1-P9175 33.00 100 Mt - 35.33 100 Mt - 36.67 100 Mt - 
a2-KWS Bellavista 29.67 89.8 -3.3 000 31.00 87.7 -4.33 000 32.33 88.1 -4.3 000 
a3-KWS Smaragd 30.67 92.9 -2.3 00 34.67 98.1 -0.67 - 35.33 96.3 -1.3 - 
a4-KWS Kashmir 30.67 92.9 -2.3 00 35.00 99.0 -0.33 - 35.33 96.3 -1.3 - 
a5-KWS Durango 30.67 92.9 -2.3 00 32.33 91.5 -3.00 000 35.67 97.2 -1.0 - 

LSD 5%=1.34; LSD 1%=1.83; LSD 0.1%=2.49 
Hybrid b4 –full time irrigated Average of irrigation regimes Irr. Regime Number 

of rows 
% Diff. Sig

n Number 
of grains 
in a row 

% Diff. Sign Number 
of grains 
in a row 

% Diff. Sign 

a1-P9175 37.33 100 Mt - 35.53 100 Mt - b1–unirrigated 30,93 100 Ctrl - 
a2-KWS 
Bellavista 

33.00 88.3 -4.33 000 31.5 88.52 -4.08 000 

a3-KWS 
Smaragd 

36.00 96.4 -1.33 - 34.16 96.01 -1.41 00 b2 – stressed during 
and after flowering 

33,66 108 2,73 *** 

a4-KWS 
Kashmir 

36.67 98.2 -0.67 - 34.41 96.72 -1.16 00 b3 – stressed before 
flowering 

35,06 113 4,13 *** 

a5-KWS 
Durango 

36.00 96.4 -1.33 - 33.66 94.61 -1.91 000 b4 –full time 
irrigated 

35,80 115 4,87 *** 

LSD 5%=1.34; LSD 1%=1.83; LSD 0.1%=2.49 LSD 5%=0.76; LSD 1%=1.10; LSD 
0.1%=1.66 

LSD 5%=1,01; LSD 1%=1,36; LSD 0.1%=1.80 

The number of grains per row in 2018 is shown 
in (Table 5). In 2018, the highest number of 
grains were recorded by the hybrids KWS 
Smaragd and KWS Durango, but the value 
recorded by these two hybrids is very close to 
that recorded by hybrid P9175 (37.6 vs. 37.1). 
The lowest values of this character were 
recorded by the KWS Bellavista hybrid, with 
33.3 grains per row, the difference from the 
P9175 being very significant negative (Table 
5). 
Irrigation regimes have influenced the number 
of grains in a row, from unirrigated to irrigated 

throughout the vegetation period. The 
treatments: irrigated before and after flowering 
yielded intermediate results. However, hybrids 
P9175 and KWS Bellavista recorded very 
significant positive differences between the 
unirrigated variant, taken as a control, and the 
one irrigated during the entire period of maize 
vegetation (Table 5). 
In general, the influence of the irrigation 
regime in 2018 year was not concludent 
because of high rainfall which were recorded 
during the vegetation period of maize (Table 
5).

 

Table 5. The number of grains in a row in function of maize hybrid and irrigation regime, in 2018, at ARDS Marculesti 
Hybrid b1 –unirrigated b2 – stressed during and after flowering b3 – stressed before flowering 

Number of grains in a row % Diff. Sign Number of 
grains in a 
row 

% Diff. Sign Number 
of grains 
in a row 

% Diff. Sign 

a1-P9175 36.66 100 Mt - 37.33 100 Mt - 36.66 100 Mt - 
a2-KWS 
Bellavista 

32.67 89.0 -4.00 000 34.00 91.07 -
3.33 

000 32.67 89.0 -
4.00 

000 

a3-KWS Smaragd 35.33 96.3 -1.33 - 36.66 98.2 -
0.67 

- 35.33 96.3 -
1.33 

- 

a4-KWS Kashmir 36.66 100 0.00 - 38.66 103.5 1.33 - 36.66 100 0.00 - 
a5-KWS Durango 36.67 100 0.00 - 38.00 101.7 0.67 - 37.33 101.8 0.67 - 

LSD 5%=1.62; LSD 1%=2.22; LSD 0.1%=3.01 
Hybrid b4 –full time irrigated Average of irrigation regimes Irr. Regime Number 

of rows 
% Diff. Sign 

Number of 
grains in a row 

% Diff. Sign Number of 
grains in a row 

% Diff. Sign 

a1-P9175 38 100 Mt - 37.16 100 Mt - b1–unirrigated 35,6 100 Ctrl - 
a2-KWS 
Bellavista 

34.00 89.4 -
4.00 

000 33.33 89.6 -
3.83 

000 

a3-KWS 
Smaragd 

37.33 98.2 -
0.67 

- 36.16 97.3 -1 - b2 – stressed during 
and after flowering 

36,9 103 1,3 ** 

a4-KWS 
Kashmir 

38.66 101.7 0.67 - 37.66 101.3 0.5 - b3 – stressed before 
flowering 

35,7 100 0,1 - 

a5-KWS 
Durango 

38.67 101.7 0.67 - 37.66 101.3 0.5 - b4 –full time 
irrigated 

37,3 104 1,7 *** 

LSD 5%=1.62; LSD 1%=2.22; LSD 0.1%=3.01 LSD 5%=1.73;LSD 1%=2.51; LSD 
0.1%=3.77 

LSD 5%=0,93; LSD 1%=1,26; LSD 0.1%=1.67 
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The average values of the two years of trials on 
the number of grains in a row in function on the 
hybrid and the irrigation regime are presented 
in the (Table 6). These values show in very 
clear way that the KWS Bellavista hybrid 

recorded very significant negative differences 
over the control P9175 (Table 6). This fact can 
be explained by shorter period of vegetation of 
this hybrid (FAO 330) 

 

Table 6. The number of grains in a row in function of maize hybrid and irrigation regime (average of 2017 and 2018),  
at ARDS Marculesti 

Hybrid b1 –unirrigated b2 – stressed during and after flowering b3 – stressed before flowering 

Number of 

grains per row 

% Diff. Sign Number 

of grains 

per row 

% Diff. Sign Number 

of grains 

per row 

% Diff. Sign 

a1-P9175 34.8 100 Mt  36.3 100 Mt  36.6 100 Mt  

a2-KWS Bellavista 31.1 89.4 -3.6 000 32.5 89.4 -3,83 000 32.5 88.6 -4.1 000 

a3-KWS Smaragd 33.6 96.6 -1.1 - 36.8 101.3 0,50 - 36 98.1 -0.6 - 

a4-KWS Kashmir 33 94.7 -1.8 0 35.6 98.1 -0.67 - 35.3 96.3 -1.3 - 

a5-KWS Durango 33.6 96.6 -1.1 - 35.1 96.7 -1.17 - 36.5 99.5 -0.1 - 

LSD 5%=1.48; LSD 1%=2.02; LSD 0.1%=2.75 

Hybrid b4 –full time irrigated Average of irrigation regimes 

Number of grains per 

row 

% Diff. Sign Number of grains per 

row 

% Diff. Sign 

a1-P9175 37.6 100 Mt - 36.3 100 Mt - 

a2-KWS Bellavista 33.5 88.9 -4.17 000 32.4 89.1 -3.9 000 

a3-KWS Smaragd 37.6 100 0.00 - 36.0 99.0 -0.3 - 

a4-KWS Kashmir 36.6 97.3 -1.00 - 35.1 96.6 -1.2 0 

a5-KWS Durango 37.3 99.1 -0.33 - 35.6 98.0 -0.7 - 

LSD 5%=1.48; LSD 1%=2.02; LSD 0.1%=2,75 LSD5%=0.74; LSD 1%=1.80; LSD 0.1%=2.72 

 
CONCLUSIONS  
 
Maize is a plant that responds positively to 
irrigation. The water consumption of the maize 
plant differs according to the phenophase in 
which it is and it can influences the final 
production, no matter when it occurs. 
There were very significant differences in both 
the number of rows per cob and the number of 
grains per row, depending on the moment of 
the application of irrigation as well as the time 
of precipitation (19 vs. 16 rows and 33 vs. 37 
grains per row) 
If the water deficit was between the emergence 
and the blossom time, in the 5-6 leaf stage, 
there was recorded a decrease in the number of 
rows per cob because this is the time to 
differentiate the primordia of the maize cob and 
the number of fertile flowers on the ears. 
The second situation when the water deficit 
was after flowering shows that the number of 
grains, in turn, decreased significantly in 
treatments with a lower water intake. 
The vegetation period of the investigated 
hybrids significantly influenced both the 
number of rows on the ears and the number of 

grains per row in the sense that with tardy 
hybrids these values were higher. 
As regard the number of rows of kernels on the 
cob the best results were given by the hybrids 
KWS Bellavista (18.6) and KWS Smaragd 
(17.5), with distinct and very significant 
positive differences over the P 9175 hybrid 
(15.8) which was taken as control. 
In return, the KWS Bellavista hybrid recorded 
the lowest results about the number of grains in 
a row (32.4) with very significant negative 
difference over the control, P 9175 hybrid 
(36.3). 
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Abstract  
 
During the period of 2017-2018 a field study with maize (Zea mays L.) was conducted. The experiment was situated on 
the experimental field of the Agricultural University of Plovdiv, Bulgaria. Variants of the trial were as follows: 1. 
Untreated control; 2. Equip OD (75 g/l mesotrione + 30 g/l nicosulfuron) - 2500 ml/ha; 3. Elumis OD (75 g/l 
mesotrione + 30 g/l nicosulfuron) - 2000 ml/ha; 4. Arigo WG (360 g/kg mesotrione + 120 g/kg nicosulfuron + 30 g/kg 
rimsulfuron) + Trend 90 - 330 g/ha + 1000 ml/ha; 5. Samson Extra 6 OD (60 g/l nicosulfuron) - 750 ml/ha; 6. Samson 
4 OD (40 g/l nicosulfuron) - 1250 ml/ha; 7. Principal Plus WG (552 g/kg dicamba + 92 g/kg nicosulfuron + 23 g/kg 
rimsulfuron) + Trend 90 - 440 g/ha + 1000 ml/ha; 8. Capreno SC (345 g/l tembotrione + 68 g/l thiencarbazone-methyl 
+ 134 g/l isoxadifen-ethyl) + Mero - 290 ml/ha + 2000 ml/ha. The grown maize hybrid was “Р 9241”. The efficacy of 
the studied herbicide products against the weeds was evaluated. The highest yield was achieved after the application of 
Principal Plus WG – 1.53 t/ha average for both years. 
 
Key words: maize, herbicides, efficacy, yields. 
 
INTRODUCTION  
 
Maize (Zea mays L.) is main grain-forage crop 
with adaptive ability to different geographical 
and climatic conditions. That is the reason for 
the successful growing of this culture in many 
regions around the globe. In Bulgaria it is 
strategical field crop. Maize has the highest 
energy value in comparison to the others forage 
crops (Tomov & Yordanov, 1984).  
One of the main negative factors for 
agricultural production is the weeds. They 
decrease the yields and the quality of maize 
grain (Spasov, 1995; Masqood et al., 1999; 
Тonev, 2000; Changsaluk et al., 2007). 
In Bulgaria, economically the most important 
weeds at this crop are Amaranthus retroflexus 
L., Datura stramonium L., Xanthium 
strumarium L., Solanum nigrum L., 
Chenopodium album L., Abutilon theophrasti 
L., Sinapis arvensis L., Echinochloa crus-gali 
L., Setaria glauca L., Sorghum halepense L., 
Convolvulus arvensis L., Cynodon dactilon L. 
and Cirsium arvense L. (Hristova et al., 2012; 
Kalinova et al., 2012). 
The maize grain yield can decrease from 24% 
to 96.7% (Mukherjee and Debnath, 2013; 

Oerke & Dehne, 2004; Zhalnov & Raikov, 
1996). 
The monoculture growing of maize can lead to 
increase of the population of S. halepense, C. 
arvense, C. arvensis L., C. dactilon and other 
perennial weed species.  
The most efficient and economically most 
effective and environmentally safest is integra-
ted weed control. It includes applicayion of 
different weed control means - mechanical, 
chemical, cultural, biological etc. (Tonev, 2013). 
The chemical method is the most often used by 
the farmers. The method is highly effective, 
fast and easy to apply. The proper herbicide 
application reduces the weed management costs 
up to 60%. The fuel cost as well the soil 
erosion are also decreased (Valcheva, 2011). 
The aim of the study is to evaluate the 
possibilities for efficient chemical weed control 
in maize. 
 
MATERIALS AND METHODS  
 
During the 2017 and 2017 a field experiment 
was carried out in the experimental base of the 
Department of Agriculture and Herbology of 
the Agricultural University of Plovdiv, 

Scientific Papers. Series A. Agronomy, Vol. LXII, No. 1, 2019
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Bulgaria. The studied maize (Zea mays L.) 
hybrid was “Р 9241”. The trial was conducted 
by the randomized block design in 4 
replications. The size of the harvesting plot was 
28 m2.  
The variants of the trial were: 1. Untreated 
control; 2. Equip OD (75 g/l mesotrione + 30 
g/l nicosulfuron) - 2500 ml/ha; 3. Elumis OD 
(75 g/l mesotrione + 30 g/l nicosulfuron) - 2000 
ml/ha; 4. Arigo WG (360 g/kg mesotrione + 
120 g/kg nicosulfuron + 30 g/kg rimsulfuron)  
+ Trend 90 (adjuvant) - 330 g/ha + 1000 ml/ha; 
5. Samson Extra 6 OD (60 g/l nicosulfuron) - 
750 ml/ha; 6. Samson 4 OD (40 g/l 
nicosulfuron) - 1250 ml/ha; 7. Principal Plus 
WG (552 g/kg dicamba + 92 g/kg nicosulfuron 
+ 23 g/kg rimsulfuron) + Trend 90 - 440 g/ha + 
1000 ml/ha; 8. Capreno SK (345 g/l 
tembotrione + 68 g/l thiencarbazone-methyl + 
134 g/l isoxadifen-ethyl) + Mero (adjuvant) - 
290 ml/ha + 2000 ml/ha. 
The herbicide products were applied in ВВСН 
14-15. The volume of the spraying solution was   
250 l/ha.  
The efficacy of the studied herbicides against 
the weeds was performed by the 10 score scale 
of EWRS (European Weed Research Society) 
on the 14th, 28th and on the 56th day after 
application.  
The selectivity of the herbicides was evaluated 
by the 9 score scale of EWRS. 
The yield was recorded by harvesting the whole 
experimental plot of every repetition from each 
treatment. 
Statistical analysis of collected data was 
performed by using Duncan’s multiple range 
test of SPSS 17 program. Statistical differences 
were considered significant at p < 0.05. 
 
RESULTS AND DISCUSSIONS 
 
The existing weeds on the experaimental field 
were Setaria viridis L., Echinochloa crus-gali 
L., Sorghum halepense Pers. developed from 
seeds, Chenopodium album L., Amaranthus 
retroflexus L., Xanthium strumarium L., 
Abutilon theophrasti Medic., Datura 
stramonium L., Solanum nigrum L., Portulaca 
oleracea L., S. halepense developed from 
rhizomes and Cynodon dactylon L.  
On Table 1 is shown the dynamics considering 
the efficacy of the studied herbicide products 

against S. viridis. In both experimental years, 
on the 14th day after the herbicide application 
the efficacy is not satisfactory, but the weed is 
depressed, growth retardation is also observed.  
On the next evaluation dates very high efficacy 
is reported. The efficacy ranges from 85 to 
100% on the 56th day after treatments.  

Table 1. Efficacy of the studied herbicide products 
against S. viridis, average for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 75 85 90 
3. Elumis OD 75 85 90 
4. Arigo WG + Trend 90 85 95 95 
5. Samson Extra 6 OD 85 100 100 
6. Samson 4 OD 85 95 100 
7. Principal Plus WG +Trend 90 80 90 100 
8. Capreno SK + Mero 60 75 85 

 
The efficacy against E. crus-gali is on Table 2. 
The data from the reports showed efficacy 
percentage close to those of S. viridis.  
On the first reporting date the results are low 
and increasing in the next evaluations. The 
lowest efficacy is recorded to be for treatment 8 
(Capreno SK + Mero - 290 ml/ha + 2000 
ml/ha). 
In previous study Mitkov et al. (2018) observed 
the highest efficacy against Echinochloa crus-
galli L. for Merlin Duo at rate of 2.00 l/ha. 
 

Table 2. Efficacy of the studied herbicide products 
against E. crus-gali, average for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 80 90 95 
3. Elumis OD 80 90 95 
4. Arigo WG + Trend 90 85 95 95 
5. Samson Extra 6 OD 85 95 100 
6. Samson 4 OD 80 90 100 
7. Principal Plus WG +Trend 90 85 95 100 
8. Capreno SK + Mero 60 75 85 

 
The efficacy against S. halepense developed 
from seeds is on Table 3. 
All studied herbicide products sucseffully 
control S. halepense Pers. developed from 
seeds. On the last evaluation date, the weed is 
100% controlled independently the herbicide 
product.   



370

 
Table 3. Efficacy of the studied herbicide products 

against S. halepense developed from seeds for  
2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 90 100 100 
3. Elumis OD 80 90 100 
4. Arigo WG + Trend 90 85 95 100 
5. Samson Extra 6 OD 85 100 100 
6. Samson 4 OD 80 95 100 
7. Principal Plus WG +Trend 90 85 95 100 
8. Capreno SK + Mero 80 90 100 

 
The efficacy data against Ch. album for 2017-
2018 is shown on table 4. 
Against this weed the efficacy of Arigo WG + 
Trend 90 and Principal Plus WG + Trend 90 
was excellent - 100% on the 3rd evaluation date 
56 days after the herbicide treatments. The 
efficacy of Equip OD, Elumis OD and Capreno 
SK + Mero is lower and raging from 85 to 
90%. Unsatisfactory efficacy from the 
treatments with Samson 4 OD and Samson 
Extra 6 OD was recorded - fromт 35 to 40%. If 
there is high infestation with Chenopodium 
album L. tank mixture of  Mustang® 306.25 SC 
+ Nishin® 4 OD at rates of 600 ml/ha + 1300 
ml/ha can be successfully applied (Tonev et al., 
2016). 
 

Table 4. Efficacy of the studied herbicide products 
against Ch. album for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 70 85 85 
3. Elumis OD 70 80 90 
4. Arigo WG + Trend 90 80 90 100 
5. Samson Extra 6 OD 80 60 40 
6. Samson 4 OD 75 55 35 
7. Principal Plus WG +Trend 90 85 95 100 
8. Capreno SK + Mero 80 90 90 

 
Independently the applied herbicide product, on 
the last reporting date the efficacy reached 
100% for all treatments (Table 5). It was 
observed for bot experimental years.   
Damalas et al. (2018) report excellent efficacy 
against A. retroflexus after treatment with 
herbicide mixtures based on tembotrione + 
rimsulfuron, nicosulfuron or foramsulfuron 
(label rates for weed control in maize). 

Zhao et al. (2017) observed excellent efficacy 
against A. retroflexus after application of 
Isoxaflutole, Mesotrione and Isoxaflutole + 
acetochlor in both experimental years of their 
research.  
 

Table 5. Efficacy of the studied herbicide products 
against A. retroflexus for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 85 95 100 
3. Elumis OD 80 90 100 
4. Arigo WG + Trend 90 85 95 100 
5. Samson Extra 6 OD 80 90 100 
6. Samson 4 OD 75 95 100 
7. Principal Plus WG +Trend 90 90 95 100 
8. Capreno SK + Mero 80 90 100 

 
From all annual dicotyledonous weeds present 
in the study, Xa. strumarium was the most 
difficult to control. The obtained results are 
shown on table 6.  
For none of the studied herbicide products, the 
efficacy reached satisfactory results. The 
efficacy of Equip OD, Principal Plus WG + 
Trend 90 and Capreno SK + Mero the average 
efficacy for both trial years was fom 85 to 90%. 
On the first evaluation date the efficacy of 
Arigo WG + Trend 90 was 70%, but the weed 
recovered to some extend and on the last 
reporting date the efficacy decreased to 50%.   
From the rest three herbicides the efficacy was 
0% on last reporting date.  
Saflufenacil and saflufenacil + dimethenamid-p 
applied pre-emergence and dicamba, dicamba + 
diflufenzopyr, dicamba + atrazine and 
mesotrione + atrazine applied post-emergence 
had the potential to provide from good to 
excellent control of common cocklebur in corn 
(Soltani et al., 2010).  
 

Table 6. Efficacy of the studied herbicide products 
against Xa. strumarium for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 70 80 85 
3. Elumis OD 40 10 0 
4. Arigo WG + Trend 90 70 60 50 
5. Samson Extra 6 OD 20 5 0 
6. Samson 4 OD 15 5 0 
7. Principal Plus WG +Trend 90 70 85 90 
8. Capreno SK + Mero 75 85 90 
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On Table 7 is shown that the average efficacy 
of Equip OD, Principal Plus WG + Trend 90 
and Capreno SK + Mero for 2017-2018 was 
100% on the last reporting date.   
The efficacy of the other treatments was with 
very low differences and also was excellent – 
from 90 to 95%. 
The weed Abuthilon theophrasti L. can also be 
controlled by application of Merlin® Duo 
(Mitkov et al., 2018) 

 
Table 7. Efficacy of the studied herbicide products 

against A. theophrasti for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 80 90 100 
3. Elumis OD 80 90 95 
4. Arigo WG + Trend 90 75 90 95 
5. Samson Extra 6 OD 75 90 90 
6. Samson 4 OD 75 85 90 
7. Principal Plus WG +Trend 90 85 95 100 
8. Capreno SK + Mero 80 95 100 

 
After the application of Equip OD, Arigo WG 
+ Trend 90, Principal Plus WG + Trend 90 and 
Capreno SK + Mero the recorded efficacy 
against D. stramonium on the 56th day after 
treatments reached 100%.  
The efficacy Elumis OD, Samson Extra 6 OD 
and Samson 4 OD was also excellent reaching 
from 90 to 95% (Table 8).  
The application of nicosulfuron + dicamba +  
bentazon; nicosulfuron + dicamba + bentazon; 
nicosulfuron + tritosulfuron + icamba; 
nicosulfuron + mesotrione; nicosulfuron + 
mesotrione + atrazine; etc. can have very good 
results for controlling D. stramonium (Torma et 
al., 2006).  
 

Table 8. Efficacy of the studied herbicide products 
against D. stramonium for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 85 95 100 
3. Elumis OD 85 95 95 
4. Arigo WG + Trend 90 80 95 100 
5. Samson Extra 6 OD 75 85 90 
6. Samson 4 OD 75 85 90 
7. Principal Plus WG +Trend 90 85 95 100 
8. Capreno SK + Mero 80 95 100 

 

All herbicide products successfully control the 
weed S. nigrum from the first evaluation date to 
the 56th after the treatments average for both 
trial years (Table 9). 
According to Pannacci and Covarelli (2009), in 
order to obtain 95% of efficacy against S. 
nigrum, mesotrione could be used at 1/6 of the 
maximum labelled dose (150 g a.i./ ha).  
According to Mitkov et al. (2018) Solanum 
nigrum can be also controlled successfully with 
Merlin® Duo, Adengo® 465 SC and Lumax® 
538 SC.  
 

Table 9. Efficacy of the studied herbicide products 
against S. nigrum for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 90 100 100 
3. Elumis OD 85 95 100 
4. Arigo WG + Trend 90 90 95 100 
5. Samson Extra 6 OD 80 90 100 
6. Samson 4 OD 80 95 100 
7. Principal Plus WG +Trend 90 95 100 100 
8. Capreno SK + Mero 85 95 100 

 
The efficacy results against the weed P. 
oleracea average for the period are shown on 
Table 10. Dogan et al. (2005) reported 90% 
efficacy against Portulaca oleracea when 
nicosulfuron (Samson) and 2.4 D amine salt 
(Di Amin) was applied.   
In our trial all evaluated herbicide products 
achieved excellent control of this weed average 
for both years. The efficacy was very high from 
the 14th day after application till the last 
reporting date.  
 

Table 10. Efficacy of the studied herbicide products 
against P. oleracea for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 90 95 100 
3. Elumis OD 85 95 100 
4. Arigo WG + Trend 90 80 90 100 
5. Samson Extra 6 OD 85 95 100 
6. Samson 4 OD 80 95 100 
7. Principal Plus WG +Trend 90 85 95 100 
8. Capreno SK + Mero 80 95 100 

 
The efficacy against the S. halepense developed 
from rhizomes is shown Table 11.  



372

 
None of the evaluated herbicides showed 100% 
efficacy against this weed average for the 
period of the experiment.  
The highest efficacy is achieved after the 
application of Equip OD starting from 70% on 
the 14th day after the herbicide application and 
reaching 95% on the 56th day. The efficacy of 
nicosulfuron-containing herbicide products - 
Samson Extra 6 OD, Samson 4 OD, Principal 
Plus WG and Arigo WG was lower but good. 
Very poor efficacy was reported for the 
products Elumis OD Capreno SK – 40% on the 
56th after treatments. 
In field experiments were carried out in Greece 
from by Eleftherohorinos and Kotoula Syka 
(1995) the authors also observed satisfactory 
efficacy against S. halepense from rhizomes 
after application of nicosulfuron.  
No efficacy (0%) was found against S. 
halepense after the application of Merlin® Duo, 
Adengo® 465 SC and Lumax® 538 SC (Mitkov 
et al., 2018).  
 

Table 11. Efficacy of the studied herbicide products 
against S. halepense developed from rhizomes for  

2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 70 85 95 
3. Elumis OD 20 30 40 
4. Arigo WG + Trend 90 65 75 85 
5. Samson Extra 6 OD 65 85 90 
6. Samson 4 OD 60 80 90 
7. Principal Plus WG +Trend 90 65 80 85 
8. Capreno SK + Mero 20 30 40 

 
On the three evaluation dates the efficacy 
against C. dactylon was 0% independently the 
studied herbicide product (Table 12). 
 

Table 12. Efficacy of the studied herbicide products 
against C. dactylon for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 0 0 0 
3. Elumis OD 0 0 0 
4. Arigo WG + Trend 90 0 0 0 
5. Samson Extra 6 OD 0 0 0 
6. Samson 4 OD 0 0 0 
7. Principal Plus WG +Trend 90 0 0 0 
8. Capreno SK + Mero 0 0 0 

No visible signs of phytotoxicity were reported 
for any of the treatments.  
The weeds decrease the yields and the quality 
of maize grain (Masqood et al., 1999). The 
results of the comparative analysis of the yield 
per hectare showed that during the two years of 
the study, significant differences in the benefit 
of the individual treated variants compared to 
the untreated control were demonstrated 
(Figure 1). 
The highest grain yield was recorded for the 
treatment with Principal Plus WG + Trend 90 – 
1.53 t/ha average for both years of the research. 
The result was with proven difference 
according to Duncan's multiple range test (p < 
0.05). The yield from the variants treated with 
Equip OD, Arigo WG + Trend 90 and Capreno 
SK + Mero were with lower yields - 1.02, 0.99 
and 0.95 t/ha respectively. The treatments with 
Elumis OD, Samson Extra 6 OD and Samson 4 
OD had lower yields. The lowest yield from the 
study was reported for the untreated control – 
0.57 t/ha.  
 

 
Figure 1. Maize grain yield, t/ha 

 
Columns with different letters are with a proved 
difference by Duncan's multiple range test (p < 0.05). 
 
CONCLUSIONS  
 
The herbicide products Principal Plus WG, 
Samson Extra 6 OD and Samson 4 OD had the 
highest efficacy against S. viridis and E. crus-
galli L. 
The best herbicide effect is against Ch. album 
L. for Principal Plus WG and Arigo WG was 
observed.  
Xa. strumarium was the most difficult to 
control dicotyledonous weed from the 
treatments with Arigo WG, Elumis OD, 
Samson Extra 6 OD and Samson 4 OD.  
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All herbicide products showed excellent 
efficacy against weeds A. theophrasti and D. 
stramonium. 
The lowest herbicide efficacy against S. 
halepense developed prom rhizomes for Elumis 
OD and Capreno SK was reported. 
The most difficult-to-control-weed present in 
the field was C. dactylon L. The efficacy 
against this weed was 0 % independently the 
studied herbicide product and evaluation date. 
The highest grain yield was recorded for the 
treatment with Principal Plus WG + Trend 90, 
and the lowest yield for the untreated control 
was recorded. 
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Abstract  
 
The main purpose of this study was to determine the quality parameters and grain yields of twenty soybean varieties 
created at Agricultural Research and Development Station Turda (ARDS): Diamant, Perla, Safir, Granat, Eugen, Onix, 
Felix, Darina TD, Cristina TD, Mălina TD, Carla TD, Larisa, Caro TD, Ilinca TD, Bia TD, Ada TD, Teo TD, Miruna 
TD, Nicola TD and Felicia TD. Field trials were carried out in the experimental field of the ARDS Turda, based on a 
randomized complete block design with three replications, using plots of 10 m2. The varieties were characterized by: 
dry weight, ash, proteins, lipids, total carbohydrates, total carotenoids, plants’ height, insertion height of basal pods, 
grain yield and thousand kernels’ weight. Analytical determinations were performed using oven drying (for moisture), 
furnace ashing (for ash), Soxhlet extraction (for total lipids), Kjeldahl method (for total proteins), UV-VIS 
spectrophotometry (for total carotenoids); the total carbohydrate content was assessed by difference. A chemometric 
evaluation of the obtained results was carried out, highlighting similarities between the studied varieties and pointing 
up those ones with the best scores for quality parameters. 
 
Key words: soybean seeds, quality, chemometry.  
 
INTRODUCTION  
 
The current interest in soybean (Glycine max 
(L.) Merr.) is motivated by its high nutritional 
value, especially with respect to their protein 
and amino acids’ content (Mello Filho et al., 
2004; Specht et al., 1999). Soybean is a leading 
crop, grown worldwide as the most important 
source of vegetable protein known to mankind 
(30-49%) and oil (~20%); it is one of the 
cheapest and convenient sources of protein 
available, particularly in developing countries 
(Idrisa et al., 2010; Jiang et al., 2018). Soybean 
seeds contain proteins that include all the 
essential amino acids, besides valuable fatty 
acids (Clemente & Cahoon, 2009; Goldflus et 
al., 2006; Karr-Lilienthal et al., 2004; Liu, 
1997; Lombardi et al, 2013). 
The soybean breeding program from the 
Agricultural Research and Development 
Station (ARDS) Turda had as a priority the 
creation of early, productive varieties with 
good yield stability, well adapted to the pedo-
climatic conditions of the area. Particular 
attention was paid to increased resistance to the 

main stress factors, increased availability to 
mechanized harvesting and quality (Mureşanu 
& Mărginean 2011; Mureşanu & Mărginean 
2011a).  
The results of the works carried out within the 
Soybean Breeding Program at ARDS Turda 
have been materialized by recording 20 early 
and very early soybean varieties during 1987-
2017; most of the varieties were created and 
registered after 2000, 13 out of them being 
registered in the last 7 years (Mureşanu et al, 
2017). Seventeen of these are registered in The 
Romanian Official Catalogue of Crop Plant 
Varieties.  
From a morphological point of view, Turda 
soybean varieties are characterized by gray or 
red pubescence, violet or white flower, and 
different colors of hilum (grey, yellow, black 
and different shade of brown). Cristina TD, 
Caro TD, Larisa, Ilinca TD, Ada TD, Darina 
TD are varieties with high yield and also a very 
good stability of the yield. Until now, Cristina 
TD is considered the most valuable creation 
regarding yield; in the trial organized at 
Agricost Brăila, Insula Mare a Brăilei it 
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reached 4779 kg/ha. It should note the 
production potential of the Ada TD variety, 
which in irrigation conditions reached 5703 
kg/ha in Mircea Vodă testing center, in 2015 
(Mureşanu et al, 2016). All the Turda soybean 
varieties but especially Ilinca TD, Miruna TD, 
Nicola TD, Darina TD, Ada TD and Teo TD 
have high insertion of the basal pods (over 19 
cm), being suitable for mechanized harvest.  
In Europe there is an increasing interest for 
conventional soybean (Dima, 2018). At 
Freising, in 2013, the European soybean 
breeders established new direction for their 
breeding programs namely the creation of new 
varieties with specific destination: human 
consumption, animals feeding and oil 
derivatives. Selection of the appropriate variety 
is a very important task and needs to be taken 
seriously since it directly influences yields and 
also the seed quality.  
In this context, the quality parameters of plant 
raw material are important issues for both 
breeding programs and food processors, due to 
their impact on the quality of the end-products; 
hence, they are important criteria for selection 
of appropriate genotypes for specific 
consumer's preferences. Since in the last years, 
consumers are becoming increasingly aware of 
the health benefits of soybean, there is a 
growing interest in breeding programs directed 
towards the improvement of taste, functional 
characteristics and health benefits (Gandhi, 
2009; Lagos & Stein, 2017; Mihalache, 2006). 
The main purpose of this study was to assess 
the quality parameters and grain yields of the 
soybean varieties produced at ARDS Turda in 
the conditions of the year 2018, then to perform 
a chemometric evaluation of the obtained 
results in order to highlight similarities between 
the studied varieties. 
 
MATERIALS AND METHODS  
 
Biological material 
The seeds used in this study were produced at 
ARDS Turda in 2018, twenty early and very 
early soybean varieties being evaluated: 
Diamant, Perla, Safir, Granat, Eugen, Onix, 
Felix, Darina TD, Cristina TD, Mălina TD, 
Carla TD, Larisa, Caro TD, Ilinca TD, Bia TD, 
Ada TD, Teo TD, Miruna TD, Nicola TD and 
Felicia TD. Field trials were based on a 

randomized block design with three 
replications with the harvested plot of 10 m2; 
each soybean variety was sowed on two rows 
of 12 m length and 50 cm distance between 
rows. At the end of the growing period 10 
plants/ variety were analyzed for height and for 
insertion of the basal pods. The plots were 
harvested at the end of September 2018 with a 
Wintersteiger Classic Plot Combine 
(Wintersteiger AG, Austria); the thousand 
kernel weight (TKW) was determined using a 
Sadkiewicz Seed Counter (Sadkiewicz 
Instruments, Bydgoszcz, Poland) and a KERN 
573-34 NM analytical balance (Kern & 
Sohn GmbH, Bahlingen-Frommern, Germany); 
the results are the average of 100 seeds counted 
and weighed in 8 replications.  

 
Sampling and sample processing 
Average representative samples of soybean 
seeds were collected from each variety; they 
were milled using a WZ-1 laboratory mill 
(Sadkiewicz Instruments, Bydgoszcz, Poland) 
the resulted powder being used for next 
analytical steps after a weighing step, using a 
Kern ABT-220-5DM analytical scale (Kern & 
Sohn GmbH, Bahlingen-Frommern, Germany). 

 
Analytical determinations 
Proximate composition of seeds was 
accomplished according to AOAC methods 
(Latimer, 2012); all determinations were 
accomplished in triplicates and mean values 
were reported. The dry matter content was 
determined by drying using a SLW 53 
programmable forced air convection oven 
(POL-EKO-Aparatura, Wodzisław Śląski, 
Poland). The ash content was established by 
calcination at 550°C in a Nabertherm B180 
muffle furnace (Nabertherm GmbH, Lilienthal, 
Germany). The protein content was determined 
using the Kjeldahl method: about 0.5 g of 
samples were weighed and transferred into 250 
mL digestion tubes, where 20 mL of 
concentrated sulfuric acid (Chempur, Piekary 
Śląskie, Poland) and two tablets of Kjeltabs CX 
catalysts (each containing 5 g K2SO4 and 0.5 g 
CuSO4. 5H2O - Gerhardt, Koenigswinter, 
Germany) were added, digestion being 
therefore achieved for three hours, at 400°C 
using a Turbotherm TT 265 digestion unit 
connected with a Turbosorg Tur/K scrub unit 
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(both from Gerhardt (Koenigswinter, 
Germany). The digested samples were treated 
with 32% sodium hydroxide (Chempur, 
Piekary Śląskie, Poland) and the resulted 
ammonia was distilled in a Vapodest 30S 
device (Gerhardt, Koenigswinter, Germany) in 
a known volume of standardized 0.1 N sulfuric 
acid. The nitrogen content was determined by 
titration with a standardized 0.1 N NaOH 
solution using a classic burette; the titration’s 
endpoint was established using as indicator a 
mixture of five parts of bromocresol green and 
one part of methyl red (both from Sigma 
Aldrich). The crude protein content was 
estimated by multiplying the nitrogen content 
with the conversion factor 6.25. The total fat 
content was determined using the Soxhlet 
method, in a Det Gras N6p system (JP Selecta, 
Barcelona, Spain); after the recovery stage, the 
aluminium bakers were transferred in an SLW 
53 drying oven (POL-EKO-Aparatura, 
Wodzisław Śląski, Poland), where they were 
kept at 105°C for one hour; after cooling, the 
final weighing was carried out on a Kern ABT-
220-5DM analytical scale (Kern&Sohn GmbH, 
Bahlingen-Frommern, Germany). The total 
carbohydrates’ content was assessed by 
difference: (dry matter - protein - fat - ash), this 
including the polyglucides from starch and 
fibres. 
The total carotenoid content was determined by 
UV-VIS spectrophotometry, after extraction of 
about 0.5 g sample with 15 ml ethanol (Merck 
KGaA Darmstadt, Germany), on an Arex 
magnetic stirrer (Velp Scientifica, Italy), at 
40°C, for 30 min, at 150 rpm. The resulted 
suspensions were transferred in 15 ml Falcon 
centrifuge tubes, and then centrifuged at 5000 
rpm for 10 minutes on a Hettich Universal 320 
(Hettich, Germany). The volumes of 
supernatants were measured and the 
absorbances of the extracts were measured at 
450 nm using a T80+ UV/VIS 
Spectrophotometer (PG Instruments Ltd, 
Leicestershire, UK). The total carotenoid 
content was calculated based on the formula: 

TC
. .

.
		 [mg/kg]	

where: A - recorded absorbance; V - volume 
[ml]; m - sample weight [g] (Britton et al., 
1995).  
The solutions were prepared using bidistilled 
water, obtained in a GFL 2104 system (GFL 

Gesellschaft fur Labortechnik, Burgwedel, 
Germany).  

 
Data analysis 
The data matrix was prepared and processed in 
Excel (Microsoft, USA), then chemometric 
analysis was performed using MatLab (The 
Mathworks, USA) after mean center 
preprocessing. 
 
 
RESULTS AND DISCUSSIONS  
 
The studied soybean varieties are tall or very 
tall, with high insertion of the basal pods (Table 
1). In natural conditions, they had a good or 
very good tolerance to specific diseases and 
pests. Agat, Safir, Eugen, Onix, Felix, Carla 
TD and Bia TD are typical early soybean 
varieties, while the other eleven tend to 
approach the maturity group 0. Onix and Felix 
varieties are the most cultivated, being 
preferred by farmers for high ecological 
plasticity; Felix and Cristina TD are 
recommended for food industry, while Caro TD 
is the new control variety used by Romanian 
State Institute for Variety Testing and 
Registration. 
The experimental data are summarized in Table 
1, highlighting genotypes with the maximum 
values for the studied parameters: Perla - with 
maximum values for dry matter (94.29%), 
lipids (18.38 g/100 g DW) and yield (3467 
kg/ha), Safir - with the highest protein content 
(42.76 g/100 g DW), Nicola TD - with the 
maximum total carotenoid content (16.19 
mg/100 g DW) and total carbohydrate content 
(36.51 g/100 g DW), Darina TD - with the 
highest ash content (5.80 g/100 g DW) and 
height (157 cm) and Teo TD with the 
maximum insertion (23 cm).  
Principal component analysis (PCA) was based 
on seven variables (concentrations of proteins, 
carotenoids, carbohydrates, lipids, dry matter 
and ash), leading to a model which expose a 
close correlation between the yield (P) and the 
content of lipids (Lip), while explaining 
57.39% of variance (Figure 1). 
The scores’ plot of the PCA model reveals 
three classes (Figure 2), confirmed by cluster 
analysis (Figure 3): one consisting from 
genotypes with high protein content (the blue 
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one, with Onix, Felix, Eugen and Bia TD), a 
second joining genotypes higher in 
carbohydrates (the orange one, with Miruna 
TD, Nicola TD, Felicia TD, Ilinca TD and 
Mălina TD) and a third one containing the 
biggest number of the studied genotypes, 
characterized by intermediate values for the 
studied parameters (the red one, with Diamant, 
Agat, Darina TD, Cristina TD, Larisa, Caro 
TD, Bia TD, Ada TD and Teo TD). 
 

 
Figure 1. Biplot for the experimental dataset (P - yield, 

Lip - lipids, SU - dry matter, Prots - protein content, 
Cens - ash, Cars- total carotenoids, Gluts - total 

carbohydrates) 
Several genotypes are much dissimilar from the 
described clusters: thus, Carla TD has the 
lowest lipid content from all, Safir has both the 
highest protein content and the smallest ash 
content, while Perla is an outlier of this model, 
being outside the border corresponding to the 
95% confidence interval due to its exceptional 
yield, combined with the maximum dry weight 
and maximum lipid content. 
 

 
Figure 2. Score’s plot for the PCA model 

 

 
Figure 3. Dendrogram obtained for the PCA model (K-

Nearest Neighbour method) 
 

 
 

Table 1: Experimental data obtained for soybean genotypes from RDSA Turda 
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Diamant 93.83 14.48 41.55 10.81 5.69 32.11 2214 161 - -

Perla 94.29 18.38 40.37 10.04 5.73 29.81 3467 144 95 13

Agat 94.24 16.50 39.12 8.62 5.15 33.48 2560 152 - -

Safir 93.97 15.31 42.76 13.28 4.70 31.21 1905 142 - -

Eugen 94.20 16.04 40.82 13.65 4.63 32.72 2679 157 121 14

Onix 94.01 18.28 41.08 13.51 4.56 30.09 2565 129 137 16
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Felix 93.66 17.35 40.61 11.77 5.07 30.63 2492 158 125 16

Darina TD 93.67 17.62 39.66 12.82 5.80 30.59 2508 150 157 19

Cristina TD 93.89 15.22 40.44 13.02 5.63 32.60 2285 152 126 15

Malina TD 94.17 17.07 37.53 15.20 5.45 34.12 1874 125 118 15

Carla TD 93.84 12.07 40.10 12.06 5.47 36.20 1838 164 124 16

Larisa 93.98 15.99 39.20 12.44 5.19 33.60 2355 148 131 16

Caro TD 93.88 17.02 39.65 14.10 5.30 31.91 2500 133 137 16

Ilinca TD 93.76 16.72 37.80 14.08 5.62 33.62 2278 151 153 21

Bia TD 93.73 16.82 41.27 12.91 5.15 30.49 2419 138 135 17

Ada TD 93.81 16.11 39.92 13.02 5.52 32.26 2831 150 149 20

Teo TD 93.86 18.06 38.84 13.36 5.47 31.50 2577 145 148 23 

Miruna TD 93.77 16.23 37.20 15.08 5.47 34.87 1941 164 126 17

Nicola TD 94.04 16.28 35.77 16.19 5.48 36.51 2497 160 128 16

Felicia TD 93.87 15.56 36.49 11.12 5.60 36.23 2545 149 152 21

 
 
CONCLUSIONS  
 
The obtained results for soybean cultivars 
created at ARDS Turda have identified 
valuable genotypes that can be used 
successfully in the crossing program for 
creating new varieties that align with the 
European soybean objectives. 
Turda soybean varieties came forward with a 
high insertion of the basal pods, Teo TD being 
representative for this character (23 cm). The 
highest genotype in 2018 was Darina TD (157 
cm), the biggest yield was obtained by Perla 
variety (3467 kg/ha) and TKW reached the 
value of 164 g (Carla TD and Miruna TD).  
Nine out of twenty varieties had the protein 
content higher than 40 g/ 100 g DW, Safir 
variety obtaining the highest value for this 
quality parameter (42.76 g/100 g DW). For 
improving oil content, varieties with fat content 
higher than 18 g/100 g DW can be used: Perla, 
Onix and Teo TD. The sweetest varieties 
proved to be Nicola TD, Felicia TD and Carla 
TD, all with the total carbohydrate content 
higher than 36 g/100 g DW. 
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Abstract  
 
Maize is a staple food worldwide, and the issues of growing it in current drought-oriented scenario of climate change 
rise challenges in agricultural practices, especially for the rainfed agriculture that is widely extended in Romania. The 
current paper presents the results of a field research conducted during 2017 and 2018 at Moara Domnească Didactic 
Farm, located in Southeastern Romania, aiming to highlight the influence of technological factors, as fertilization and 
hybrid, on maize yield recorded in rainfed conditions. Rainfalls capitalization by the maize crop shows yield increases 
between 25.2 kg and 37.8 kg grains per mm rainfalls, depending on hybrid and fertilization rates. The highest yield is 
recorded by the hybrid DKC 5086 (8512,7 kg/ha) at the fertilization level N80P40. Yield growth generated by mineral 
fertilization recorded an average value for the researched hybrids of 14.1 kg per kg of nitrogen applied and of 9.1 kg 
per kg of phosphorus. 
 
Key words: maize, rainfalls, nitrogen, phosphorus, yield. 
 
INTRODUCTION  
 
Favorable growing conditions in Romania 
allowed maize crops (Zea mays L.) to have a 
positive dynamic, from ensuring 2.2% of the 
global maize yield in 1998 (Lăzăroiu et al., 
2008) to being placed secondly in terms of 
yield and first in terms of surface in the 
European Union and in Romania (Ion et al., 
2013). In 2018 Romania was first country in 
EU in terms of maize yield (USDA, Circular-
Series, 2019). 
Maize nutritional value but also its biological 
characteristics turn it into a valuable species of 
the Poaceae family, grown worldwide in 166 
countries, thus being the second grown crop at 
global level after Triticum aestivum (Roman et 
al., 2011; Rouf-Shah et al., 2016; CONABIO, 
2017; Ghete et al., 2018). 
In countries from Latin America and Africa, 
maize is a vital source of food, a staple food for 
millions of people, thus it’s growing being an 
issue of food security (Jones & Thornton, 2003; 
Ramirez-Cabral et al., 2017).  
Romanian farmers currently benefit of a large 
assortment of maize hybrids from different 

precocity groups for a proper capitalization of 
soil and climatic conditions specific to 
cropping area and depending on the applied 
technology (Dumbravă et al., 2016; 2017). 
In terms of cropping technology, fertilization is 
an important factor because it influences yield 
and yield indicators (Ion et al., 2015; Bășa et 
al., 2016). Nitrogen (N) is in general the most 
important macronutrient in crop’s development, 
with a 50% rate of influence on the increase of 
global grains yield (Erisman et al., 2008) but 
also influencing yield inferior limits 
(Blumenthal et al., 2008) especially associated 
with water availability (Bacon 2004; Huang et 
al., 2006).  
Maize has a superior capitalization of N 
fertilization, especially in a three years crop 
rotation compared to monoculture (Ciontu et 
al., 2012). For extra-early hybrids, nitrogen 
(along with foliar fertilization) in a maize crop 
irrigated with a volume of 900 m3 water 
generated the best biomass yield increase for 
maize grown in successive crop at Moara 
Domnească (Mureșeanu et al., 2014). Other 
research conducted at Moara Domnească 
(Ciontu et al., 2011; Gidea et al., 2015) 
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highlight a significant yield increase and a 
positive economic return proportional to the 
increase of the N fertilization rate obtained for 
the maize crop in a three years rotation system, 
while similar research conducted by Bășa et al. 
(2016) highlight the importance of phosphorus 
(P) along with N fertilization. 
 
MATERIALS AND METHODS  
 
The experimental field was located at Moara 
Domnească Didactic Farm (belonging to 
University of Agronomic Sciences and 
Veterinary Medicine of Bucharest), on a 
chromic luvisol. The experimental design was 
based on two factors. Experimental variants 
had a surface of 56 square meters (8 rows with 
a length of 10 m at a distance of 70 cm between 
rows) and where arranged as split blocks with 
four replications. 
Studied factors consisted of five maize hybrids 
(Zea mays L.) of different FAO (350-510) and 
three fertilization levels: 
 
Factor A - fertilization levels: 
 - A1 - N0P0 (Ct) 
 - A2 - N80P0 

 - A3 - N80P40. 
 
Factor B - maize hybrids: 
 - B1 - DKC 4590 
 - B2 - DKC 5068 
 - B3 - P9911 
 - B4 - P0216 
 - B5 - OLT 
  
Sowing was conducted with a SPC-6 sowing 
machine on April 13, 2017 and on April 18, 
2018 at a density of 62,000 of plants/ha, at a 
distance of 70 cm between rows. Fertilizers 
were applied gradually during seed bed 
preparation with a dose of 50 kg/ha active 
substance N:P (20: 20: 0), and with a dose of 
30 kg/ha nitrogen active substance as 
ammonium nitrate during vegetative 
development.  
Weed control was conducted chemically in 
preemergence with Dual Gold 960 EC (s-
metholachlor 960 g/l) at a dose of 1.3 l/ha, and 
in postemergence with DicopurTop 464 SL (2.4 
D 344 g/l + dicamba 120 g/l) with a dose of 1.1 
l/ha. Mechanical weed control consisted of two 

harrows applied during vegetative 
development. Climatic conditions were 
analyzed during plants vegetative development 
and compared to the multiannual values 
specific for the area. Thus, during crops 
vegetative development (April-August) average 
monthly temperature of the two years (2017-
2018) was 21.4oC by 1.4oC over the 
multiannual value, while rainfalls amount 
recorded in the same period recorded for the 
two years an average monthly value of 243.8 
mm, cu 71.9 mm lower that the multiannual 
value. July was highlighted because the 
difference recorded compared to the 
multiannual value was 43.3 mm (Table 1).  

Table 1. Climatic data during maize vegetative 
development, average 2017-2018, Moara Domnească 

Month 
Temperature (oC) Rainfall (mm) 

Avg. 
monthly 
2017-2018 

Normal 
Avg. 

monthly 
2017-2018 

Normal 
Diff. 

compared 
to Normal 

April 16.5 16.4 45.0 48.1 - 3.1 
May 19.2 19.7 23.7 67.7 - 44.0 
June 22.5 22.5 50.0 86.3 - 36.3 
July 24.7 23.0 106.4 63.1 + 43.3 
August 24.2 20.4 18.7 50.5 - 31.8 
Avg. or  
Sum 21.4 20.4 243.8 315.7 - 71.9 

 
RESULTS AND DISCUSSIONS 
 
Yield growth as influenced by rainfall 
Average maize yield growth determined by 1 
mm rainfall was 28.9 kg/mm for the 
fertilization N0P0, 34.1 kg/mm when N80P0 was 
applied and 35.8 kg/mm for N80P40 fertilization 
(Table 2). The lowest yield increase recorded 
under the influence of rainfall was obtained by 
Olt hybrid for the unfertilized variant (28.7 
kg/mm). The highest yield increase generated 
by rainfall was recorded at the fertilization 
level N80P40 (37.8 kg/mm) by DKC 5068 
hybrid, a mid-late hybrid that capitalized 
through its vegetative development higher 
rainfalls recorded especially in June and July.  
An interdependence was observed when 
analyzing maize yield related to rainfall amount 
during the vegetative development of the crop, 
highlighted by a correlation coefficient r = 
0.7669 (Figure 1). Considering regression 
analysis results around 59% (R2 = 0.5881) of 
the maize yield increase can be associated to 
the amount of rainfall fallen during maize crop 
vegetative development. 
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Table 2. Maize yield increase (kg) per mm of rainfall, 

(Moara Domnească, 2017-2018) 

Hybrid Fertilization 
 level

Yield increase 
(kg/mm rainfall) 

DKC 4590 
N0 P0 28.9 
N80 P0 34.1 
N80P40 35.8 

DKC 5068 
N0 P0 30.1 
N80 P0 36.1 
N80P40 37.8 

P9911 
N0 P0 27.3 
N80 P0 32.0 
N80P40 33.7 

P0216 
N0 P0 28.7 
N80 P0 33.6 
N80P40 35.2 

OLT 
N0 P0 25.2 
N80 P0 29.4
N80P40 30.8 

Average 
hybrids 

N0 P0 28.9 
N80 P0 34.1 
N80P40 35.8 

 

 
Figure 1. Rainfall influence (mm) on grain yield 

 
Yield recorded in rainfed conditions as 
influenced by hybrid. 
 
For the unfertilized variant (Figure 2) the five 
maize hybrids recorded an average yield 
(control) of 6313.1 kg/ha. Compared to control 
the highest yield increase, distinctly significant 
in statistical terms, was recorded by DKC 5068 
(464.7 kg/ha), while the highest decrease was 
obtained by Olt hybrid, with a very significant 
negative difference of -642.7 kg/ha.  
 
 

LSD 5% = 325.0 kg/ha; LSD 1% = 455.6 kg/ha; LSD 0.1% =644.0 
kg/ha 

Figure 2. Hybrid influence on grain yield for the 
fertilization level N0P0 

 
Other researched hybrids obtained yield 
differences compared to control with values 
between -166.1 kg/ha and 187.6 kg/ha, but non-
significant in statistical terms (Figure 2). 
DCK 5068 hybrid obtained the highest yield 
(8118.7 kg/ha) for the fertilization level N80P0, 
with a very significant increase of 680.5 kg/ha 
compared to the average yield of the hybrids 
(control) (Figure 3). The smallest yield was 
recorded by Olt (6622.8 kg/ha), with a very 
significant difference of -815.4 kg/ha from 
control (Figure 3). Hybrids DKC 4590 and 
P0216 recorded yield increases from control, 
but non-significant in statistical terms, while 
hybrid P9911 had a negative difference from 
control but not statistically assured. 
For the variant fertilized N80P40 (Figure 4) a 
distinctly significant yield growth of 712.3 
kg/ha compared to control was recorded by the 
hybrid DCK 5068, thus obtaining also the 
highest grain yield with a value of 8512.7 
kg/ha. Hybrids DCK 4590 and P0216 also had 
higher yield than the average value but the 
differences were not statistically assured. 
Smaller yields than the average were recorded 
by P9911 and Olt, only the latest having a very 
significant negative difference of -879.0 kg/ha. 
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LSD 5% = 403.2 kg/ha; LSD 1% = 565.2 kg/ha; LSD 0.1% =798.9 
kg/ha 

Figure 3. Hybrid influence on grain yield for the 
fertilization level N80P0 

 

LSD 5% = 422.8 kg/ha; LSD 1% = 592.8 kg/ha; LSD 0.1% =837.9 
kg/ha 

Figure 4. Hybrid influence on grain yield for the 
fertilization level N80P40 

 

Compared to DCK 4590 hybrid (b1), DKC 
5068 (b2) was the only one that recorded higher 
yields with statistically assured differences for 
the fertilized variants (Tabel 3). Hybrids P9911 
(b3), P0216 (b4) and Olt (b5) had lower yields, 
with differences statistically assured only for 
P9911 and Olt. These hybrids also had lower 
yields than DKC 5068 (with distinctly 
significant (b4-b2, except the unfertilized 
variant) and very significant differences (b3-b2, 
b5-b2) for all fertilization levels. Compared to 
the hybrid P9911, P0216 recorded higher yields 
with a significant difference only for the 
fertilized variant N80 P0, while Olt had lower 
yields with statistically significant differences. 
Olt also recorded lower yields compared to 
P0126, the negative differences being very 
significant in statistical terms. 
 
Thousand seeds weight (TSW) recorded in 
rainfed conditions as influenced by hybrid 
 
Hybrid influence on maize thousand seeds 
weight obtained for the unfertilized variant 
(Figure 5) reflects on TSW increase for the 
hybrid DKC 5068 with a distinctly significant 
difference (27.2 g) compared to the average 
value of the hybrids (control). Positive 
influence of the hybrid on TSW was also 
recorded for DKC 4590 and P0216 hybrids, but 
increases compared to control were not 
statistically assured. P9911 had a lower yield 
than control with a insignificantly, with an non-
significant negative difference (-8.2 g), while 
Olt recorded the smallest TSW with a very 
significant difference compared to control (-
39.3 g). 
 

Table 3. Yield differences among maize hybrids 
(Moara Domnească, 2017-2018) 

Fertilization level b2-b1 b3-b1 b4-b1 b5-b1 b3-b2 b4-b2 b5-b2 b4-b3 b5-b3 b5-b4 

N0P0 277.1ns -353.7o -31.0ns -830.3ooo -630.8ooo -308.1ns -1107.4ooo 322.7ns -476.6oo -799.3ooo 

N80P0 438.9* -478.4oo -111.7ns -1057.0ooo -917.3ooo -550.6oo -1495.9ooo 366.7* -578.6oo -945.3ooo 

N80P40 455.9** -464.7oo -137.7ns -1135.4ooo -920.6ooo -593.6oo -1591.3ooo 327.0ns -670.7ooo -997.7ooo 

LSD 5% = 332.4 kg/ha; LSD 1% = 453.4 kg/ha; LSD 0.1% =613.9 kg/ha 
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LSD 5% = 15.6 g; LSD 1% = 21.8 g; LSD 0.1% = 30.9 g 
Figure 5. Hybrid influence on TSW for the fertilization 

level N0P0 
 
For the fertilization level N80P0 hybrid DKC 
5068 recorded the highest and also distinctly 
significant TSW increase compared to control 
(average TSW of the hybrids). The smallest 
TSW with the greatest negative difference (-
49.5), very significant in statistical terms was 
recorded by Olt hybrid (Figure 6). Hybrids 
DKC 4590, P9911 and P0216 varied compared 
to control in statistical terms but the recorded 
differences either negative or positive where 
not statistically assured. 
 

LSD 5% = 18.6 g; LSD 1% = 26.1 g; LSD 0.1% = 36.9 g 
Figure 6. Hybrid influence on TSW for the fertilization 

level N80P0 

 
On the fertilization level N80P40 (Figure 7) a 
distinctly significant compared to control 
growth of 37.3 g was recorded by the hybrid 

DCK 5068, this recording the highest TSW. 
Hybrids DCK 4590 and P0216 also recorded 
higher differences but not statistically assured. 
Smaller TSW compared to the average were 
recorded by P9911 and Olt, only the latest 
having a very significant negative difference. 

 

LSD 5% = 19.4 g; LSD 1% = 27.2 g; LSD 0.1% = 38.5 g 
Figure 7. Hybrid influence on TSW for the fertilization 

level N80P40 
 
Grain yield and TSW variation under 
different fertilization rates  
 
Fertilization positively influenced both maize 
yield and a thousand seeds weight compared to 
control, unfertilized variant (Table 4). For the 
average yield of the five hybrids nitrogen 
fertilization at a rate of 80 kg N a.s./ha 
generated a very significant yield increase of 
1125.0 kg/ha, while complex mineral 
fertilization with N80 P40 determined also a very 
significant yield increase of 1487.3 kg/ha. The 
highest yield increase compared to the 
unfertilized variant was recorded by the DKC 
5068 fertilized N80 P40 (1734.9 kg/ha) while the 
smallest growth was recorded by Olt fertilized 
with N80P0 (952.4 kg/ha). Both differences 
were very significant positive. Due to 
fertilization a thousand seeds weight recorded 
very significant differences compared to 
control (unfertilized variant) for all the 
researched hybrids. The average TSW 
increased by 40.1 g for the fertilization level 
N80P0 and by 54.4 g for the fertilization level 
N80P40 (Table 4). 
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Table 4. Fertilization influence on maize yield and TSW  

(Moara Domnească, 2017-2018) 

Hybrid Fertilization 
level 

Yield 
(kg/ha) % Diff. 

(t/ha) Signf. TSW 
(g) % Diff. 

(g) Signf. 

DKC 4590 
N0 P0 6500.7 100.0 Ct - 293.8 100.0 Ct - 
N80 P0 7679.8 118.1 1179.10 *** 333.1 113.4 39.30 *** 
N80P40 8056.8 123.9 1556.10 *** 348.6 118.7 54.80 *** 

DKC 5068 
N0 P0 6777.8 100.0 Ct - 305.6 100.0 Ct - 
N80 P0 8118.7 119.8 1340.9 *** 354.8 116.1 49.2 *** 
N80P40 8512.7 125.6 1734.9 *** 370.2 121.1 64.6 *** 

P9911 
N0 P0 6147.0 100.0 Ct - 270.2 100.0 Ct - 
N80 P0 7201.4 117.2 1054.4 *** 315.2 116.7 45.0 *** 
N80P40 7592.1 123.5 1445.1 *** 327.3 121.1 57.1 *** 

P0216 
N0 P0 6469.7 100.0 Ct - 283.5 100.0 Ct - 
N80 P0 7568.1 117.0 1098.4 *** 320.7 113.1 37.2 *** 
N80P40 7919.1 122.4 1449.4 *** 338.8 119.5 55.3 *** 

OLT 
N0 P0 5670.4 100.0 Ct - 239.1 100.0 Ct - 
N80 P0 6622.8 116.8 952.4 *** 269.1 112.5 30.0 *** 
N80P40 6921.4 122.1 1251.0 *** 279.5 116.9 40.4 *** 

Average
hybrids 

N0 P0 6313.1 100.0 Ct - 278.4 100.0 Ct - 
N80 P0 7438.2 117.8 1125.0 *** 318.6 114.4 40.1 *** 
N80P40 7800.4 123.6 1487.3 *** 332.9 119.6 54.4 *** 

LSD 5% = 330.9 kg/ha; LSD 1% = 442.8 kg/ha; 
LSD 0.1% =581.5 kg/ha 

LSD 5% = 14.8 g; LSD 1% = 19.8 g; LSD 
0.1% = 26.0 g 

 
Correlation coefficient analysis confirms the 
strong dependency relation (r = 0.9951), for the 
field conditions of the current research, 
between maize yield and the amount of 
fertilizers active substance applied (Figure 8). 
 

 
Figure 8. Fertilizer active substance influence  

on maize yield 

Yield increase (Table 5) generated by nitrogen 
fertilization varied between 11.9 kg per kg of 
nitrogen active substance (Olt N80P0) and 16,8 
kg per kg of nitrogen active substance (DKC 
5068 N80P0). Yield growth generated by 
phosphorus fertilization recorded values from 
7.5 kg/kg a.s. P and 9.9 kg/kg a.s. P. On 
average a kg of phosphorus generated a yield 
increase of 9.1 kg, while nitrogen generate an 
average yield growth of 14.1 kg. 

 

Table 5. Yield increase (kg) per kg of fertilizer active 
substance (Moara Domnească, 2017-2018) 

Hybrid Fertilization 
level 

Yield increase 
(kg/kg a.s. N)

Yield increase 
(kg/kg a.s. P)

DKC 4590 N80 P0 14.7 - 
N80P40 - 9.4 

DCK 5068 N80 P0 16.8 - 
N80P40 - 9.9 

P9911 N80 P0 13.2 - 
N80P40 - 9.8 

P0216 N80 P0 13.7 - 
N80P40 - 8.8 

Olt N80 P0 11.9 - 
N80P40 - 7.5 

Average 
hybrids

N80 P0 14.1 - 
N80P40 - 9.1 

 
CONCLUSIONS  
 
Considering this research results we can 
conclude that maize yield was significantly 
influenced both by fertilization and hybrid, 
while its increase was also conditioned by the 
amount of rainfall during the vegetative period. 
The use of nitrogen based mineral fertilizers 
generated an average yield increase of 117.8% 
compared to the unfertilized variant, and a 
TSW increase of 114.4%, while complex 
fertilization N80P40 generated an average yield 
growth of 123.6% and a average TSW increase 
of 119.6%.  
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Hybrid influence was highlighted by distinctly 
significant yield growths recorded by DCK 
5068 compared to the average yield of the 
hybrids for all fertilization levels and very 
significant negative differences recorded by Olt 
hybrid.  
Yield analysis under the combined influence of 
fertilization and rainfall highlights the 
following: 

- a kg per ha of nitrogen generates an 
average yield increase of 14.1 kg;    

- a kg per ha of phosphorus determines an 
average yield growth of 9.1 kg; 

- a mm of rainfall generates yield increases 
between 25.2 kg and 37.8 kg. 
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Abstract  
 
The concentration of nitrogen, phosphorus and potassium in the grain and straw of seven Bulgarian durum wheat 
cultivars (Progress, Vazhod, Victoria, Predel, Deana, Zvezdica and Elbrus) in dependence on N rates 0, 60, 120 and 
180 kg.ha-1 was studied in a field experiment with cotton-durum wheat crops rotation during the period 2010-2014 
under non-irrigation conditions. It was established that rates N120 and N180 significantly increased N concentration of 
the wheat grain. Strong genotypic response of durum wheat to the grain N concentration was obtained in non-fertilized 
plants with variation from 1.96% N (Vazhod) to 2.40% N (Zvezdica). Predel and Zvezdica varieties showed higher 
grain N content. Newer varieties (Victoria, Predel, Deana, Zvezdica and Elbrus) were characterized with higher N 
concentration of the straw. N rates 0-180 kg N.ha-1 slightly changed the phosphorus concentration in the wheat grain 
(0.58-0.61% P2O5) and in the straw (0.10-0.19% P2O5). Deana and Vazhod varieties had higher grain phosphorus 
concentration when they were grown without fertilization, whereas Zvezdica variety was exceeded other varieties at 
rates N120 and N180. Predel and Zvezdica varieties showed higher potassium concentration of the grain.  
 
Key words: concentration of macronutrients, nitrogen, durum wheat.  
 
INTRODUCTION  
 
The agrochemical evaluation of cultivars and 
hybrids was established as a compulsory part of 
modern breeding for high productivity of 
cereals in the last years (Sylvester-Bradley & 
Kindred, 2009). The newer genotypes of durum 
wheat have higher productive potential but they 
realize it after greater nutrient input (Johnson, 
2004). Grain quality is the most important 
criterion in the breeding of durum wheat to 
produce high quality pasta (Ammes et al., 
2003; Uppal et al., 2002). The new genotypes 
combine high productivity with good quality 
(Panayotova & Valkova, 2010; Rharrabti et al., 
2003). Many studies have been conducted to 
examine the effects of nitrogen fertilizers and 
preceding crops on cereal grain yield. Some 
authors (Bauer et al., 1987; Carcea, 2003; 
Kostadinova, 2000) reported that the increasing 
nitrogen rate and rich soil fertility enhanced the 
content of grain protein and nitrogen in the 
straw. The responsiveness of different cultivars 
to nitrogen accumulated in the vegetative plant 
parts was established (May et al., 2008; 
Panayotova, 2010). Panayotova (2001) 
appoints a genotype specific in relation with 

grain yield depending on the nutrition level. 
Fertilizing effectiveness of varieties with 
different genetic traits under different soil 
fertility was established (Hawkesford, 2012; 
López-Bellido & López-Bellido, 2001; 
Mohammadi & Amri, 2009; Panayotova, 
1999). Durum wheat requires optimum 
fertilizer rates, consistent with the conditions of 
the area and the specifics of the field to 
increase the grain quality (Panayotova & 
Gorbanov, 1999). Nitrogen has a strong 
influence on growth, but its impact on yield, 
quality and dry matter formation depends on 
the growing conditions. In meteorological 
terms, the favorable years strongly manifest the 
effect of higher nitrogen rate (Panayotova & 
Yanev, 2001; Rharrabti et al., 2003). The main 
requirement for good quality of the grain is for 
the plant to obtain the optimal nitrogen amount 
during vegetation (Fixen, 2009). The 
interaction between environmental conditions 
and nitrogen rates has a significant impact on 
grain quality (Sanjeev et al., 2000). Most 
research on wheat fertilization refers mainly to 
common wheat and only a limited number of 
them are on durum wheat, though not to the 
present-day most widespread intensive 
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varieties. The aim of this study was to 
investigate the effect of nitrogen fertilization 
rates on the concentration of macronutrients 
nitrogen, phosphorus and potassium in the 
grain and straw of new Bulgarian durum wheat 
varieties. 
 
MATERIALS AND METHODS 
 
The concentration of nitrogen, phosphorus and 
potassium in the grain and straw of seven 
Bulgarian durum wheat cultivars (Progress, 
Vazhod, Victoria, Predel, Deana, Zvezdica and 
Elbrus) in dependence on nitrogen rates 0, 60, 
120 and 180 kg N.ha-1 was studied in a field 
experiment with cotton – durum wheat crop 
rotation during the period 2010-2014, at the 
Field Crops Institute - Chirpan, Bulgaria, under 
non-irrigation conditions. The experimental 
design consisted of a randomized block design 
with four replications. The harvested size of the 
plots was 10 m2. Nitrogen fertilization in the 
form of NH4NO3 was applied before sowing 
(1/3 of the rate) and at early spring (2/3 of the 
rate). The phosphorus fertilization (P80) was 
done before sowing in the form of triple 
superphosphate. The precursor crop was cotton 
fertilized by N80.  
The soil type of the experimental field was 
Pellic vertisols (FAO), generally referred to as 
the so called Mediterranean chernozems. The 
soil type is one of the most generous and 
widely spread and significant in Bulgaria. It is 
suitable for growing most of the field crops and 
has a potential for high yield. The main parent 
materials were pliozen clay deposits. It has a 
high-powered humus horizon (70–80 cm), with 
a compact zone of the profile (united horizon). 
By humus content it belongs to the mean 
humus soils. It characterizes with high 
humidity capacity, caused by the high 
percentage of clay minerals, with clay soil 
texture, small water-permeability, bulk density 
of the arable soil layer 1.2-1.3 g.cm-3, with 
specific gravity 2.4-2.6 and low total porosity, 
neutral soil reaction and high cation exchange 
capacity (CEC) 35-46 meq per 100 g soil, with 
a high degree of bases saturation (93.4-
100.0%), with total N in the arable layer 
ranging within 0.095-0.14% and low content of 
total phosphorus (0.05-0.11%), poor to medium 
supplied with hydrolyzed nitrogen, poorly 

supplied with available phosphorus and well-
supplied with available potassium.  
Regarding the temperature during durum wheat 
vegetation, one of the experimental years was 
characterized as very warm, two as hot and two 
with values close to the multi-annual rate. In 
terms of precipitation, two years were dry and 
in the three harvest years the rainfall values 
ware close to the norm.  
The concentration of nitrogen, phosphorus and 
potassium were analyzed in the grain and straw 
of wheat cultivars. The samples of 0.5 g ground 
and dry plant material were mineralized using a 
wet digestion by H2SO4 and H2O2 as a catalyst 
(Mineev, 2001). The concentration of nitrogen 
and phosphorus in plant samples were 
determined by colorimetric methods and 
potassium concentration was analyzed by flame 
photometer model PFP-7 (Tomov et al., 2009).  
The data were statistically analyzed with the 
ANOVA procedure within the SPSS statistical 
program and Duncan’s multiple range test (P = 
0.05) to find significant differences among 
means. 
 
RESULTS AND DISCUSSIONS 
  
Nitrogen concentration in durum wheat grain is 
the main quality indicator for durum wheat 
(Uppal et al., 2002). According to 
Klimashevskiy (1990) genotypic differences 
are well-expressed in the zone of deficient and 
moderate mineral nutrition. Other researchers 
found that at high nitrogen levels, the genotypic 
differences in the percentage of nitrogen in the 
wheat grain were large and associated with 
differences in distribution of grain nitrogen, 
whereas at low nitrogen levels the variation 
was very low and dependent on the presence of 
nitrogen in the soil to the anthesis (Ortiz-
Monasterio et al., 1997).   
The average nitrogen content in the grain of 
wheat varieties grown at four levels of nitrogen 
fertilization ranged from 2.18% N to 2.72% N 
(Table 1). Nitrogen rates N120 and N180 
increased the nitrogen concentration of the 
grain, whereas the effect of applied low rate 
N60 was not significant compared to N0 control. 
Genotypic response was more pronounced in 
non-fertilized plants where the nitrogen 
concentration significantly changed from 
1.96% N (Vazhod) to 2.40% N (Zvezdica). 



390

 

Predel and Zvezdica varieties were charac-
terized by higher N content in the grain without 
nitrogen fertilization and at low rate N60, as 
well as an average of the studied N levels. 
The highest concentration of grain nitrogen was 
obtained in Vazhod variety (2.89% N) fertilized 
with N180. The N concentration of the straw of 
studied varieties ranged from 0.36% N 
(Progress at N0) to 0.97% N (Predel & 
Zvezdica at N180) (Table 1). Nitrogen 
fertilization increased the average nitrogen 
concentration of the straw - from 0.56% N in 
the non-fertilized varieties to 0.73-0.78% N in 
the fertilized plants. The results showed no 
proven differences in the average nitrogen 
content of the straw at rates N60, N120 and N180. 
Older Progress and Vazhod varieties demon-
strated lower straw nitrogen concentration 
(below 0.60% N on average) compared to 
newer Victoria, Predel, Deana, Zvezdica and 
Elbrus varieties. 
The average concentration of phosphorus in the 
grain of the studied wheat varieties was 
changed within a narrow range of 0.58-0.61% 
P2O5 depending on nitrogen fertilization in the 
rates of 0-180 kg N.ha-1 (Table 2). The 
genotypic specificity of the concentration of 
phosphorus in the grain of wheat varieties was 

established. On average, for the studied 
nitrogen rates, Zvezdica variety showed the 
highest grain phosphorus content of 0.65% 
P2O5, while Progress and Elbrus varieties 
showed lower values of 0.54-0.56% P2O5. The 
Deana and Vazhod varieties were characterized 
with higher grain phosphorus concentration 
when were grown without fertilization, whereas 
the Zvezdica variety was exceeded other 
varieties at rates N120 and N180. The studied 
durum wheat varieties demonstrated a low 
phosphorus concentration in the straw, which 
changed within a narrow range of 0.10-0.19% 
P2O5. Nitrogen fertilization with 120 and 180 
kg P2O5.ha-1 increased the average phosphorus 
content of the wheat straw. The average 
phosphorus concentration in the straw of durum 
wheat slightly depended on genotype. 
Potassium concentration of the grain of the 
durum wheat changed from 0.16% K2O 
(Vazhod at N180) to 0.32% K2O (Predel at N60) 
(Table 3). The higher nitrogen rate N180 
decreased the average potassium content of 
wheat grain compared to that of the plants 
grown without nitrogen and the plants fertilized 
with lower rate N60. The genotypic reaction of 
durum wheat to the grain potassium 
concentration was proven.  

 
Table 1. Nitrogen concentration of durum wheat varieties (N, %) 

Nitrogen rates 
Variety 

 
N0 

 
N60 

 
N120 

 
N180 Average 

 
Grain 

Progress 2.29 b 2.32 ab 2.50 c 2.55 d 2.42 b 
Vazhod 1.96 f 1.95 e 2.26 d 2.89 a 2.26 d 
Victoria 2.19 c 2.28 bc 2.65 b 2.62 cd 2.43 b 
Predel 2.32 b 2.39 a 2.68 b 2.81 ab 2.55 a 
Deana 2.08 d 2.07 d 2.52 c 2.64 c 2.33 c 
Zvezdica 2.40 a 2.43 a 2.65 b 2.75 b 2.56 a 
Elbrus 2.03 e 2.21 c 2.76 a 2.77 b 2.44 b 
Average  2.18 b 2.24 b 2.58 a 2.72 a  

Straw 
Progress 0.36 d 0.66 cd 0.64 ef 0.68 bc 0.58 c 
Vazhod 0.43 c 0.61 d 0.60 f 0.72 b 0.59 c 
Victoria 0.63 b 0.69 c 0.68 de 0.65 c 0.66 bc 
Predel 0.62 b 0.82 a 0.94 a 0.97 a 0.83 ab 
Deana 0.44 c 0.69 c 0.73 cd 0.74 b 0.65 c 
Zvezdica 0.82 a 0.87 a 0.84 b 0.97 a 0.87 a 
Elbrus 0.64 b 0.75 b 0.74 c 0.75 b 0.72 abc 
Average  0.56 b 0.73 a 0.74 a 0.78 a  

*Values in each column followed by the same letters are not significantly different at p<0.05 according to Duncan’s 
multiple range test.  
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Table 2. Phosphorus concentration of durum wheat varieties (P2O5, %) 

Nitrogen rates 
Variety N0 N60 N120 N180 

Average 
 

Grain 
Progress 0.60 bc 0.54 c 0.45 d 0.57 c 0.54 e 
Vazhod 0.63 ab 0.49 cd 0.66 ab 0.53 d 0.58 cd 
Victoria 0.47 e 0.74 a 0.60 c 0.58 c 0.60 bc 
Predel 0.60 c 0.60 b 0.64 abc 0.62 b 0.61 b 
Deana 0.63 a 0.47 d 0.62 bc 0.64 b 0.59 bc 
Zvezdica 0.60 bc 0.64 b 0.67 a 0.70 a 0.65 a 
Elbrus 0.52 d 0.42 e 0.65 ab 0.63 b 0.56 de 
Average  0.58 ns 0.56 0.61 0.61  

Straw 
Progress 0.10 c 0.10 b 0.14 bc 0.17 a 0.13 ns 
Vazhod 0.10 c 0.11 b 0.14 bc 0.15 bc 0.12 
Victoria 0.10 c 0.15 a 0.19 a 0.13 c 0.14 
Predel 0.13 b 0.10 b 0.12 c 0.14 cd 0.12 
Deana 0.10 c 0.11 b 0.18a 0.16 ab 0.14 
Zvezdica 0.15 ab 0.15 a 0.15 b 0.14 cd 0.15 
Elbrus 0.16 a 0.15 a 0.15 b 0.16 ab 0.16 
Average  0.12 b 0.12 b 0.15 a 0.15 a  

*Values in each column followed by the same letters are not significantly different at p<0.05 according to Duncan’s 
multiple range test.  
 

Table 3. Potassium concentration of durum wheat varieties (K
2
O, %) 

Nitrogen rates 
Variety 

 
N0 

 
N60 

 
N120 

 
N180 Average 

Grain 
Progress 0.27 b 0.23 d 0.22 b 0.19 d 0.23 c 
Vazhod 0.29 a 0.30 b 0.25 a 0.16 e 0.25 b 
Victoria 0.23 c 0.28 c 0.22 b 0.22 c 0.24 b 
Predel 0.30 a 0.32 a 0.22 b 0.27 a 0.28 a 
Deana 0.22 cd 0.31 ab 0.22 b 0.23 bc 0.24 b 
Zvezdica 0.29 a 0.28 c 0.26 a 0.23 b 0.27 a 
Elbrus 0.21 d 0.21 e 0.19 c 0.19 d 0.20 d 
Average  0.26  ab 0.28 a 0.23 bc 0.21 c  

Straw 
Progress 1.03 f 1.16 b 1.20 d 1.39 c 1.20 b 
Vazhod 1.24 e 1.31 ab 1.86 a 1.90 a 1.58 a 
Victoria 1.69 a 1.21 ab 1.64 b 1.05 d 1.40 ab 
Predel 1.37 d 1.33 a 1.68 b 1.45 c 1.46 ab 
Deana 1.43 c 1.32 ab 1.42 c 1.71 b 1.47 ab 
Zvezdica 1.62 b 1.34 a 1.61 b 1.73 b 1.58 a 
Elbrus 1.23 e 1.26 ab 1.41 c 1.37 c 1.32 ab 
Average  1.38 ab 1.27 b 1.55 a 1.51 ab  

*Values in each column followed by the same letters are not significantly different at p<0.05 according to Duncan’s 
multiple range test.  
 
Predel and Zvezdica varieties were 
characterized by a higher average potassium 
concentration in the grain. Progress and Elbrus 
varieties showed lower average potassium 

concentration in the grain, and the other three 
Vazhod, Victoria and Deana varieties were 
occupied an intermediate position. 
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The percentage of potassium in the straw of 
durum wheat was nearly six times higher than 
that in the grain. It changed to a wider range of 
1.03% K2O (Progress at N0) to 1.90% K2O 
(Vazhod at N180). Genotypic differences in the 
average potassium content of the straw were 
significant between Vazhod and Zvezdica 
varieties (0.58% K2O) and Progress variety 
(1.20% K2O). 
Positive and negative correlations between 
examined parameters of durum wheat were 
recorded in the study (Table 4). Nitrogen 
fertilization was highly positively correlated 

with the concentration of nitrogen in the grain 
(r = 0.812**). 
Also, a positive significant correlation was 
achieved between the nitrogen fertilization 
rates and concentration of nitrogen (r = 
0.518**) and phosphorus (r = 0.514**) in the 
straw. A positive relationship was established 
between grain nitrogen concentration and the 
concentration of nitrogen, phosphorus and 
potassium in the straw. Nitrogen fertilization in 
rates from 0 to 180 kg N.ha-1 was negatively 
correlated with concentration of potassium in 
the grain of durum wheat varieties. 

Table 4. Correlation among nitrogen fertilization rates, concentration of nitrogen, phosphorus  
and potassium in grain and straw of durum wheat 

Parameters % N grain % P2O5 grain % K
2
O grain % N straw % P2O5 straw % K

2
O straw 

N fertilization 0.812** 0.220 -0.510** 0.518** 0.514** 0.341 
% N grain 0.356 -0.498** 0.620** 0.519** 0.407* 
% P2O5 grain 0.109 0.225 0.201 0.232 
% K2O grain -0.044 -0.459* -0.249 
% N straw  0.379* 0.403* 
% P2O5 straw 0.284 

 **Correlation is significant at the 0.01 level 
 *Correlation is significant at the 0.05 level 
 
CONCLUSIONS  
 
Nitrogen rates N120 and N180 significantly 
increased average nitrogen concentration of the 
wheat grain, whereas the effect of lower rate 
N60 was not significant compared to N0. Strong 
genotypic response of durum wheat to the grain 
nitrogen concentration was obtained in non-
fertilized plants with variation from 1.96 % N 
(Vazhod) to 2.40% N (Zvezdica). Predel and 
Zvezdica varieties showed higher grain 
nitrogen content. Newer varieties (Victoria, 
Predel, Deana, Zvezdica and Elbrus) were 
characterized with higher N concentration of 
the straw. N rates 0-180 kg N.ha-1 slightly 
changed the concentration of phosphorus in the 
wheat grain (0.58-0.61% P2O5) and in the straw 
(0.10-0.19% P2O5). Deana and Vazhod 
varieties had higher grain phosphorus 
concentration when they were grown without 
fertilization, whereas Zvezdica variety was 
exceeded other varieties at rates N120 and N180. 
The average phosphorus concentration in the 
straw of durum wheat slightly depended on 
genotype. The higher nitrogen rate N180 
decreased the average potassium content of 
wheat grain compared to that of plants grown 

without nitrogen and plants fertilized with 
lower rate N60. Predel and Zvezdica varieties 
showed higher average potassium grain 
concentration. The potassium percentage in the 
straw of durum wheat was nearly six times 
higher than that in the grain and it was changed 
to a wider range of 1.03% K2O (Progress at N0) 
to 1.90% K2O (Vazhod at N180). Nitrogen 
fertilization was highly positively correlated 
with the grain nitrogen concentration (r = 
0.812**) and it was negatively correlated with 
the concentration of potassium in the grain. 
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Abstract 
 
Nowadays barley (Hordeum vulgare L.) has become the fifth crop as importance worldwide. Although barley crop has 
a high adaptability in different geographic regions, according to FAO data the harvested areas have registered a 
decreasing trend during last decades at international level, from 83.69 million ha in 1979 to 47.00 million ha in 2017. 
In Romania, the barley harvested area in the period 1961-2017 registered an increase from 195,500 ha in 1964 to a 
maximum of 1,017,736 ha in 1991, so that to decrease after that to 455,460 ha in 2017, with a minimum harvested area 
in the period after 1991 of 317,235 ha in the year 2003. 
The objective of the present paper was to analyse the evolution of barley varieties (winter and spring) created and 
registered in Romania during 1921-2018. In this respect, different informational sources were collected, analysed and a 
barley varieties database was created since 1960 till 2018. 
In Romania, the barley history begins in 1675, when the first mention about barley was made by Nicolae Milescu, but 
only in 1880 appears some published data about cultivated area. During 1921-2018 period, in Romania has been 
registered a total number of 149 barley varieties. 
Among the winter six-row barley varieties cultivated in Romania, the Miraj variety registered the highest lifespan, 
being cultivated for 29 years and being cultivated on 1.01 million hectares in 1991. The record lifespan for winter two-
row barley was registered by Andreea variety with 23 years, while for spring two-row barley the record was registered 
by Dvoran variety with 26 years. 
 
Key words: barley, varieties, traits, Romania. 
 
INTRODUCTION 

 
Barley (Hordeum vulgare L.) ranks the fifth 
place as world harvested area, after wheat, 
maize, rice, and soybeans. It is used as raw 
material in the malt and beer industry, as feed 
for livestock, but also as food for human 
alimentation, either pure or combined with 
other cereals. 
The cereal production (including rice) in the 
EU was 295.5 million tons in 2018 (about 
11.1% of global production). This represented a 
decrease of 4.6% or 14.4 million tons compared 
to 2017, due especially to abiotic stress, 
respectively high-level temperature during the 
main developmental plant stages registered in 
many of Central and Southern European 
regions, while the cultivated areas remained 
almost the same, being between 55.5 and 55.6 
million hectares. To put this in some context, 
the EU's production of cereals in 2018 was 

some 37 million tons lower than the record 
harvest of 332.6 million tons registered in 2014 
(Eurostat database). 
In the general context described above 
regarding the cereal situation in EU, the EU 
production of barley in 2018 was of 56.7 
million tonnes, with a decrease of 2 million 
tons compared to 2017 (58.7 million tons), the 
lower harvested production reflecting the 
drought conditions for growing barley. 
Barley is one of the most genetically diverse 
cereals which is categorized as spring or winter 
types, two-row or six-row, hulled or hulless by 
the presence or absence of hull tightly adhering 
to the grain, and malting or feed by end-use 
type; therefore, breeding programs depend on 
high level of genetic diversity which provides a 
significant opportunity for achieving progress 
(Gozukirmizi & Karlik, 2017). All barley 
breeding programs have as main objective to 
develop new genotypes that have some 
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improvement over existing variety traits like 
yield potential, resistance to biotic and abiotic 
stress factors as well as proper end-use quality. 
Also, one of the main barley breeding 
objectives is creation of barley varieties 
suitable for malt and beer production (Matthies 
et al., 2014) because the key to success in the 
seed and seed market for malt and beer industry 
depends to quality parameters of barley variety 
(Križanova et al., 2010). 
The obtained results until present, concerning 
the latest Romanian winter barley varieties 
registered in Romanian Official Catalogue of 
the Varieties and Plant Species, had 
demonstrated a significant progress regarding 
the stability of yield potential and also stability 
of grain quality parameters (Vasilescu et al., 
2014). Practically, the Romanian barley 
breeding program has been developed many 
barley varieties with increased yielding 
potential and significant improvements 
regarding the resistance to biotic and abiotic 
stress factors. 
Usually, after minimum of 8 years from 
crossing genotypes, breeders choose the best 
lines depending on their traits (high yield 
potential, improved quality, presence of 
different genes for resistance to biotic and 
abiotic stress factors), and introduce them into 
the official testing procedures for official 
registration of that lines in the countries they 
are testing them. After that, lines have to pass 
minimum two years DUS (D-distinctiveness, 
U-uniformity, S-stability) and three years VCU 
(Value for Cultivation and Use) tests to be 
allowed for official registration. 
The Romanian Official Catalogue of the 
Varieties and Plant Species represents a real 
support for farmers, due to a professional and 
constantly evaluation system for new barley 
varieties registration, developed to ensure the 
cultivation of only performant varieties.  
Regarding the research methods used to obtain 
the barley varieties, these are different from a 
barley breeding program to another. In the 
present time, there are used two methods: 
conventional breeding and bulbosum method. 
Bulbosum method consists in the interspecific 
hybridization of cultivated barley (Hordeum 
vulgare L.) with Hordeum bulbosum L. (Kasha 
& Kao, 1970). Scientists and breeders rapidly 
adopted the bulbosum method because DH 

(doubled haploids) provide several advantages 
over standard selection and breeding methods 
(Devaux, 2003). 
Since 1992, a program for the induction and 
production of haploids lines was initiated in 
winter six-row and two-row barley Romanian 
breeding program by using the bulbosum 
method. The principle was adapted and 
developed at National Agricultural Research 
and Development Institute of Fundulea 
(NARDI Fundulea), Romania, in order to 
ensure the achievement of absolute genetic 
uniformity (which corresponds with requested 
criteria DUS and VCU). This represented an 
approach to obtain a significant improvement 
of seed quality parameters.  
Compared to the conventional breeding method 
(based on individual selection), whose cycles 
amount to 10-12 years, the new method leads to 
a significant shortening of the duration for 
obtaining new winter barley varieties, up to 5 
years (Bude and Vasilescu, 2007). 
In Romania, the high barley level yield and the 
yield quality are highly dependent on the grown 
variety and climatic conditions during 
vegetation period. 
The objective of the present paper was to 
analyse the evolution of barley varieties (winter 
and spring) created and registered in Romania 
during 1921-2018. 
 
MATERIALS AND METHODS 
 
The analyse of the barley varieties (winter and 
spring) created and registered in Romania 
during 1921-2018 was made by studding the 
collection of the Romanian Official Catalogue 
of the Varieties of Plant Species and different 
documentation sources. The Romanian Official 
Catalogue is annually updated, and therefore, in 
order to be registered, all barley genotype 
needs to achieve preliminary tests (DUS and 
VCU) to the State Institute for Variety Testing 
and Registration from Romania. 
To accomplish the paper objective, a database 
was created with all winter barley varieties 
(two-row and six-row barley varieties), 
facultative (six-row barley varieties) and spring 
barley varieties (two-row barley varieties) 
registered and included into the Romania 
Official Catalogue of the Varieties of Plant 
Species (from 1960 up to 2018). The database 
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was helpful to calculate the number of barley 
varieties (winter, facultative and spring) 
registered during the entire analysed period, the 
lifespan of them (number of years that the 
barley varieties were officially allowed to be 
cultivated since 1960 up to 2018). Also this 
gave us the possibility to discover the history of 
this cereal crop in Romania (Drăghici et al., 
1975). 
Three main analysed periods were the 
following: 
� 1921-1944 period, which represents the 

beginnings of agricultural research in 
Romania due to foundation of Institute of 
Agronomic Research of Romania (I.C.A.R.) 
in May 1927. This was the beginning of an 
unprecedented development of agricultural 
research in Romania. 

� 1945-1980 period, when starting with the 
year 1962, the activity of creation of winter 
barley varieties was taken over by the 
Research Institute for Cereal and Industrial 
Crops from Fundulea - ICCPT Fundulea (the 
present National Agricultural Research and 
Development Institute from Fundulea - 
NARDI Fundulea), and in 1968 the first 
winter barley variety was obtained (winter 
six-row barley variety namely Intensiv 1). 

� 1981-2018 period, when in barley breeding 
program there was used a new barley 
germplasm from different continents, and 
the registered barley varieties as number and 
origin drastically has changed. In 2007, 
Romania joined the European Union and all 
the new winter and spring barley registered 
varieties had to fulfill distinctiveness, 
uniformity and stability criteria. 

 
RESULTS AND DISCUSSIONS 
 
Period 1921-1944 
At the beginning of the 10th century, there was 
a significant demographic increase that has led 
to the development of agriculture in the 
southeastern areas of the Carpathians. 
However, the first mentions referring to the 
barley crop appear in the notes of Nicolae 
Milescu from 1675-1678. 
Another mention was made in 1868 by Ion 
Ionescu de la Brad, stating that although the 
soil provids good growing conditions for 
millet, barley and oat crops, the areas cultivated 

with them did not provide the necessary 
productios (Drăghici et al., 1975). 
Petre Sebeşanu Aurelian mentioned in 1875 
that barley ranks the 3rd place as cultivated area 
in Romania, after wheat and maize, at that time 
being cultivated on 250,000 hectares. 
The beginnings of agricultural research in 
Romania, from the second half of the 19th 
century and especially at the beginning of the 
20th century, were due to the great agronomists 
such as Gheorghe Ionescu-Șișești, Teodor 
Seidel, Traian Săvulescu, Wilhelm Karl W. 
Knechtel and many others who have integrated 
Romanian agricultural sciences into the 
modernization current that was manifested at 
that time throughout the world. On this basis, 
the Institute of Agronomic Research of 
Romania (I.C.A.R.) was established by law no. 
1205, voted on 4 May 1927.  
In 1927, Nowacki mentioned that during 1922-
1926 period, barley was cultivated on an area 
of over 1.7 million hectares, ranking third place 
after maize and wheat. Another important 
mention was that barley areas were occupied 
94.5% with spring varieties and only 5.5% 
were sown with winter varieties (Nowacki, 
1927). These data are confirmed by Munteanu 
(1929), who also mantioned that the most 
cultivated varieties at that time were Chevalier, 
Hanna and Imperial, these varieties being the 
best acclimatized to the Romanian conditions.  
In the period preceding the establishment of 
ICAR (1921-1927), Walter Mader and 
Friedrich Dotzler created at Cenad farm, from 
Timiș county (located into West of Romania), 
the first barley Romanian varieties, respectively 
the spring two-row varieties named Sămînța nr. 
3 and Cenad 375 and the winter six-row 
varieties named Sămînța nr. 112, Cenad 395 
and Extensiv 1. These varieties were created by 
individual selection from the Banat local 
populations (Bude & Vasilescu, 2007)  
In the decade 1930-1940, maize and some 
technical plants expanded extensively in 
Romania. As a consequence, the areas 
cultivated with barley fell in order to reach 
839,200 ha in the period 1934-1938, preserving 
approximately the same proportion between the 
spring and winter cultivated barley. At that 
time, an average yield of 720 kg/ha was 
achieved, with an annual production of about 
600,000 tonnes (Drăghici et al., 1975).  
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Both in the years of World War II and 
thereafter, from a quantitative point of view, a 
little quantity of seeds of the cultivated 
varieties was produced, and therefore the barley 
cultivated areas decreased drastically.  
In 1940, at the Experimental Stations Cluj and 
Câmpia Turzii, there was created the spring 
two-row barley variety named Cluj 123. Two 
years later, in the Iași county, there was created 
the spring two-row barley variety Tg. Frumos 
240. In the same year, at Cenad Experimental 
Station, a facultative six-row barley variety was 
created by Ecaterina Constantinescu, namely 
Cenad 396, which represented a cross between 
Cenad 395 and Extensiv 1 varieties. 
 
Period 1945-1980 
In 1949, at the Breeding Plant Section from the 
Research Agricultural Institute of Bucharest, 
there was created the spring barley variety with 
four rows, namely I.C.A.R. 143. 
In 1959, at Cenad Experimental Station, 
Şiclovan obtained the six-row barley variety 
named Cenad 345 (facultative barley variety). 
This variety was characterised by increased 
resistance to frost, which led to the expansion 
of the winter barley in Romania. Also, in 1960 
there was registered a new spring two-row 
barley variety, named Perfecta. 
The success of the Fundulea Maize Research 
Institute's initiatives, with direct and immediate 
economic effects in the Romanian agriculture, 
has created a tendency to gradually expand the 
concerns of this Institute.  
In 1961, on May 22, the Fundulea Maize 
Research Institute was unified with the Institute 
of Agronomic Research of Romania, forming 
the Institute of Agricultural Research (ICA 
Bucharest-Fundulea), which becomes in May 
1962 (by law no. 1/1962, art. 26) Research 
Institute for Cereals and Industrial Plants, 
located in Fundulea, Călărași county (ICCPT 
Fundulea). The Institute was subordinated to 
the Central Institute for Agricultural Research 
(ICCA), as the head of all agricultural research 
in Romania, a function subsequently taken over 
by the Academy of Agricultural and Forestry 
Sciences (ASAS, 1969). 
Starting with the year 1962, the activity of 
creation of varieties of winter barley was taken 
over by ICCPT Fundulea, and in 1968 the first 
winter six-row barley, named Intensiv 1, was 

obtained. This barley variety was the most 
widespread in Romania and occupied over 80% 
of the cultivated area with winter barley. Two 
years earlier (1966), there were registered in 
the Romania Official Catalogue of the Varieties 
of Plant Species another two spring varieties, 
Karlsberg and Proctor. 
During 1971-1974 period, in the Romanian 
Official Catalogue of the Varieties of Plant 
Species, there were registered seven winter six-
row barley varieties (Caracal 6, Cluj 230, Ager, 
Intensiv 2, Miraj, Nr. 1050, and Pamina), five 
winter two-row varieties (Beta with two rows, 
Gloria, Sofia 3, Sofia 4, and Azuga) and five 
spring two-row variety (Dvoran, Alsa, Elgina, 
MK 42, and Taplani). 
In 1973, the first six-row facultative barley 
variety was created at ICCPT Fundulea, this 
being named Intensiv 2. In comparison to the 
Intensiv 1 barley variety, this was imposed into 
practice because it could be sown in the spring 
as well, this variety occupying at that time 
about 5% from the total cultivated barley area 
in Romania. 
Azuga is the first local winter two-row variety 
created by ICCPT Fundulea by crossing a 
winter two-row barley variety with a spring 
two-row barley variety. In the same year 
(1974), there was obtained the winter six-row 
barley variety named Miraj, both varieties 
being introduced into production, respectively 
they were started to be cultivated in 1974. 
Azuga variety was characterized by superior 
technological quality, but the level of resistance 
to frost was lower, this being recommended for 
cultivation only in the plain areas of the 
western part of Romania, as well as in 
Muntenia and Oltenia regions. On the other 
hand, Miraj variety, only 5 years after its 
approval, has replaced all the other barley 
varieties usualy sown in the autumn. 
In 1980, Miraj variety was cultivated on over 
900,000 hectares, this representing the largest 
cultivated area by a winter six-row barley 
variety until present days. The generalization of 
the Miraj variety over the entire Romanian area 
cultivated with barley in 5 years since its 
approval has been a remarkable contribution to 
the agricultural production increase. At the 
same time, the Miraj variety was grown on 
large areas in countries such as Bulgaria and 
Turkey. 
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In the 1975-1980 period, only two winter six-
row barley variety were registered (Robur and 
Valja), one winter two-row barley variety in 
1977, named Victoria (which has achieved an 
increased yield level above the Azuga variety), 
eight spring two-row barley varieties (Ametist, 
Triumpf, Peast, Belfor, Pauline, Favorit, Rapid, 
and Spartan) and 4 winter two-row varieties 
(Kelibia, Novosadski 290, Kristal, and 
Ladoga).   

In 1961, the barley cultivated area in Romania 
was of 284,000 ha and since 1965 up to 1980 it 
has been registered an increase from 232,771 
ha to 809,457 ha (Figure 1).  
An historical barley cultivated area in Romania 
was registered in 1981 and 1982 with 916,975 
ha and 943,061 ha, respectively, followed then 
by a slight decrease.  
The average barley yield (Figure 2) also 
increased from 1,648 kg/ha to a maximum of 
3,193 kg/ha in 1978 (Eurostat database).  

 

Figure 1. Evolution of barley cultivated area in Romania, during the 1961-2018 period  

 

 
Figure 2. Evolution of barley average yield in Romania, during the 1961-2018 period 
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Regarding the number of registered barley 
varieties in the Romanian Official Catalogue of 
the Varieties of Plant Species, during the 
analysed period, there were registered a number 
of 15 spring two-row varieties, 7 winter two-
row varieties and 12 winter six-row varieties.  
 
Period 1981-2018 
During this period, there were registered more 
spring varieties comparing with winter barley 
six and two-row varieties.  
In 1981, five barley varieties were registered, 
respectively: the winter six-row barley varieties 
Productiv and Novisad 27; the winter two-row 
barley variety Grivița; the spring two-row 
barley varieties Grit and Koral. The winter 
six-row barley variety Productiv, with an 
increased yield potential by more than 150 
kg/ha, represented the first step in valuing 
barley North American germplasm. The 
achievements in terms of the yield potential of 
the existing varieties have also generated 
negative effects in the malt and beer processing 
industry due to the unevenness of the grains, an 
essential condition for the malting process, so 
the improvement targets are suddenly directed 
towards improving two quality parameters, the 
size and uniformity of the grains. Also, in the 
same year, the breeding works brought 
satisfactory results in the winter two-row 
barley, combining the precocity with the size of 
the grains in the winter two-row variety 
Grivița. 
In 1986, there was registered the winter six-row 
variety Precoce, which despite the fact that it 
did not record so high yield it was highlighted 
by superior grain size to the other barley 
varieties homologated until that time.  
In 1992, by individual selection of the Grivița 
variety and by making an improvement of the 
resistance to frost and drought, Laura variety 
was registered, this achieving a yield increase 
by 7%.  
In 1993, winter six-row barley variety Dana 
was registered, this showing a yield increase by 
8% over Miraj variety. Since then up to date, 
due to the anthocyanin colour of the awn but 
also to a high yielding capacity, Dana variety 
was used as check in most of the breeding 
works. The winter six-row barley variety 
Amical (previous Adi) was registered in the 

same year, and due to its resistance to lodging, 
it achieved 8-10% higher yield than Miraj 
variety.  
In 1994, the winter two-row barley variety 
Andreea was registered, this possessing both 
yield increases due to a higher tilling capacity 
and quality parameters for raw industry (malt 
and beer). Also in 1994, by hybridization 
between the Miraj variety and a Mexican line, 
followed by individual selection, there was 
obtain and registered the winter six-row barley 
variety Mădălin, which is characterized by 
harvest stability and resistance to the main 
foliar barley disease. In 18 crop growing 
conditions, Mădălin variety obtained a higher 
yield by 8-9% than the check.  
In 1996, the Sistem (previous Orizont) winter 
six-row barley variety was obtained by the 
same method as Mădălin variety. Sistem 
variety is characterised by shorter straw that 
gives to it good resistance to lodging.  
In 1998, the Compact winter six-row barley 
variety was registered, this having dense spikes 
and being the only local variety belonging to 
the paralellum variety. Also in 1998, the 
Productiv variety and a German line whose 
genes with resistance to thermic and hydric 
stress was combined harmoniously in the 
winter six-row barley variety Andrei, which in 
the 14 experimental stations, located in all 
areas of barley cultivation all over Romania 
registered a yield increase of nearly 500 kg/ha 
compared to Dana variety. 
Registered in 2000 and tested in 14 agricultural 
research stations, the winter six-row barley 
variety Mareșal (previous Regal) confirms the 
high yield potential and a good resistance to 
foliar diseases.  
Uniformity of grains, yield stability, resistance 
to main foliar diseases, reduction of growing 
period, all these attributes are found in 
facultative six-row barley variety Cardinal FD, 
registered in 2003 and obtained from a local 
line combined with a German line. Cardinal FD 
variety confirmed a yield potential increase by 
9-10% over the Dana variety check. One year 
later (2004), the winter six-row barley variety 
Univers was registered, this being tested in 42 
conditions in 14 different locations, and 
showing an increase yield by 4% to its 
successor Dana variety. 
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During 2012-2017 period, three six-row barley 
varieties (Ametist, Smarald, and Simbol) were 
registered in the Romanian Official Catalogue 
of the Varieties of Plant Species, these having 
improved agronomic traits. The winter six-row 
barley variety Ametist (registered in 2012) 
represents a genetic progress with an increase 
of grain weight by 2 units compared to other 
barley genotypes with six rows. Ametist variety 
combines the size of grains with a superior 
level of average starch content, with high yield 
performance (7.5% increase in yield compared 
to winter two-row barley variety Andreea). The 
winter two-row barley variety Artemis 
(registered in 2012) represents a progress 
regarding the tolerance to pathogenic agent 
Pyrenophora teres f. teres and resistance to 
lodging. 
The facultative six-row barley variety Smarald 
(registered in 2013) is the first barley variety 
created by biotechnological method bulbosum, 
which has a remarkable adaptability but also 
improved resistance to lodging and hydric 
stress. It is the first variety with a superior 
stability of quality parameters (average starch 
content 62.7% and average protein content 
11.0%), being suitable as raw material in beer 
industry. 

Winter six-row barley variety Symbol 
(registered in 2015) is tolerant to Pyrenophora 
teres f. teres pathogen and is distinguished by 
the particular capacity to achieve high yields at 
lower plant densities. It has a special flexibility 
regarding the sowing season, being well 
adapted to later sowing (in first decade of 
November), producing higher yields than other 
Romanian barley varieties under such 
conditions. 
In 2017, two winter barley varieties were 
registered, respectively the winter six-row 
barley variety Onix and the winter two-row 
barley variety Gabriela (the second variety 
obtained by bulbosum method). A year later 
(2018), another winter six-row barley variety 
was registered, named Lucian. 
Besides the mentioned varieties, according to 
Romanian Official Catalogue of the Varieties 
of Plant Species there were registered 14 winter 
six-row barley varieties, 25 winter two-row 
barley varieties and 45 spring two-row barley 
varieties. 
In the period 1971-2018 (Figure 3), the number 
of winter six-row barley varieties registered 
annually in Romania, varied between 2 (1982, 
1983, and 2007 year) and 16 (2008 year). 
 

 

 
Figure 3. Number of the winter six-row barley varieties registered to be cultivated annually in Romania (included in the 

Official Catalogues of the Varieties of Plant Species) 
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Figure 4. Number of the winter two-row barley varieties registered to be cultivated annually in Romania (included in 

the Official Catalogues of the Varieties of Plant Species) 

 

 
Figure 5. Number of the spring two-row barley varieties registered to be cultivated annually in Romania (included in the 

Official Catalogues of the Varieties of Plant Species) 
 
 
During 1972-2018 period, the number of winter 
two-row barley varieties registered annually in 
Romania was between 2 and 12 (Figure 4), 
meanwhile the number of spring two-row 
barley varieties ranged between 5 and 25 
(Figure 5). A decrease of number of barley 

varieties occurred in 2007 year when Romania 
joined the European Union. 
The highest barley cultivated area was 
registered in 1991, with 1,017,736 ha 
(Figure 1), when the Romanian winter six-row 
barley variety Miraj was sown on about 
900,000 ha. The highest historical average 
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yield at barley in Romania was registered in 
1989, with 4,475 kg/ha (Figure 2). Since then, 
the average yield varied from year to year. 
Thus, in 2003, due to lower temperatures and 
lack of snow cover during winter season, the 
obtained average yield was only of 1,750 kg/ha. 
But, the lowest historical average yield at 
barley in Romania of 1,568 kg/ha was 
registered in 2007, this year being characterised 
as one of the most drought year in the cereal 
vegetation period. In 2018, Romania’s 
production of barley was of 1.8 million tons 
with a constant increase of total production, the 
average for the last 10 years being of 1.3 
million tons, this representing 3% of total EU 
barley production (Agriculture, Forestry and 
Fishery Statistical Book, 2018). In 2018, the 
cultivated area with barley in Romania was of 
409,701 ha (Figure 1), which represents 40.3% 
from the maximum cultivated area with barley 
in 1991 (Eurostat database), while the average 
yield has increased to 4,250 kg/ha (Figure 2). 
Comparing the obtained results in 1945-1980 

analysed period, the number of barley varieties 
registered was 46, with an average lifespan 
between 5.3 and 9.6 years. Regarding 1981-
2018 period, the number of barley varieties 
increased to 96 and also the average lifespan 
for winter six-row and two-row barley 
varieties, meanwhile for spring two-row barley 
varieties decreased.  
For winter six-row barley varieties, the lifespan 
was in average of 9.1 years, with a variation 
from 1 to 29 years (Figure 6). The variety with 
the highest lifespan was Miraj (29 years). 
For winter two-row barley varieties, the 
lifespan was in average of 5.3 years, with a 
variation from 2 to 23 years (Figure 7). The 
variety with the highest lifespan was Andreea 
(23 years).  
For spring two-row barley varieties, the 
lifespan was in average of 9.6 years, with a 
variation from 2 to 26 years (Figure 8). The 
variety with the highest lifespan was Dvoran 
(26 years).  

 

 
Figure 6. Lifespan of winter six-row barley varieties registered in the Romanian Official Catalogues of the Varieties of 

Plant Species 
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Figure 7. Lifespan of winter two-row barley varieties registered in the Romanian Official Catalogues of the Varieties of 

Plant Species 
 

 
Figure 8. Lifespan of spring two-row barley varieties registerd in the Romanian Official Catalogues of the Varieties of 

Plant Species 
 
 
CONCLUSIONS 
 
In Romania, the barley history begins in 1675, 
when the first mention about barley was made 
by Nicolae Milescu, but only in 1880 appears 
some published data about the cultivated area. 
The registration of 8 barley varieties (4 spring 
varieties, 3 winter varieties, and 1 facultative 
variety) during 1921-1944 period, marked an 
important step in Romanian barley breeding 

activity. After obtaining these barley varieties, 
since 1945 until 1980 the evolution of the 
barley cultivated area, the number of registered 
varieties and their type have oscillated. 
During 1921-2018 period, in Romania has been 
registered a total number of 149 barley 
varieties, out of which: 42 (28.2%) winter six-
row barley varieties, 4 (2.7%) facultative six-
row barley varieties, 32 (21.5%) winter two-
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row barley varieties, and 71 (47.6%) spring 
two-row barley varieties. 
In 1921-1944 period, there were registered 8 
barley autochthonous varieties (winter and 
facultative six-row barley, spring two-row 
barley), then in the 1945-1980 period, there 
were registered 46 varieties (9 winter six-row 
varieties, 3 facultative six-row varieties, 14 
winter two-row varieties, and 20 spring 
two-row varieties).  
In 1981-2018 period, the total number of barley 
varieties registered was of 95. On the first 
place, there was situated the spring two-row 
barley with 47 registered varieties, while winter 
six-row barley ranked the second place with 30 
registered varieties, followed by winter 
two-row barley with 18 registered varieties.  
Among the winter six-row barley cultivated 
varieties in Romania, the Miraj variety 
registered the highest lifespan, being cultivated 
for 29 years, this being followed by Dana, 
Amical, Productiv, Precoce, and Cardinal FD 
varieties. Also, Miraj variety registered the 
highest cultivated area in Romania, 
respectively 1.01 million hectares in 1991. 
The record lifespan for winter two-row barley 
belongs to Andreea variety with 23 years, 
followed by varieties Laura with 17 years and 
Grivița with 16 years.  
The lifespan of spring two-row barley varieties 
was closely to above mentioned data, Dvoran 
variety being cultivated for 26 years, Triumpf 
for 21 years and Daciana for 20 years. 
The average lifespan of the winter six and two-
row barley varieties, increased during the last 
38 years, with 1 and 1.1 years respectively, 
meanwhile the average lifespan for spring two-
row barley decreased with 1.2 years.   
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Abstract 
 
Early recognizing of plant growth variability can aid in identifying yield-limiting factors such as genotype, soils, 
nutrient availability and/or environmental limitations.  
Normalized Difference Vegetation Index (NDVI) is considered as a potential screening tool for estimation of grain yield 
in wheat. NDVI has been associated with percent ground cover, leaf area index (LAI), biomass accumulation, and 
nitrogen use efficiency. In this study we use NDVI to established variability in growth of several winter wheat genotypes 
and relationships with grain yield under ecological agriculture system. For recording the value of NDVI, Green seeker 
(Trimble) was used. NDVI values were measured at different stage of vegetations through the growing seasons of 2017-
2018 in winter wheat (Triticum aestivum L.) grown at southeast part of Romania (Fundulea) on cambic chernozem soil 
and 1-2-3-4 years alfalfa stands. Results showed differences in growth of different winter wheat genotypes could be 
identified with NDVI index. At the stage of tillering, stem elongation and anthesis the relationship between LAI and 
NDVI is positive and linear while during at grain filling and maturity stage were not correlations. The relationship 
between NDVI and grain yield was also established. There was the simple correlation between grain yield and NDVI 
scores at the time of tillering, stem elongation and anthesis, in both seasons, and insignificant association between 
grain yield and NDVI was also found at grain filling and maturity stage. This demonstrated the opportunity to use this 
index in characterizing production potential of different winter wheat cultivars under ecological agriculture system. 
 
Key words: vegetative growth, winter wheat, ecological agriculture, normalized difference vegetative index. 
 
INTRODUCTION 
 
NDVI is a satellite product that measures the 
vigour and greenness of vegetation on the 
earth’s surface. It is calculated as the ratio of 
visible spectral wave bands to near-infrared 
spectral wave bands. Healthy, green 
vegetation has a high presence of chlorophyll 
pigment, which causes low reflectance in 
visible wave bands and high reflectance in 
near-infrared wave bands. The reverse is true 
in vegetation under stress. NDVI is a unitless 
index, with values ranging from −1 to 1. 
Healthy vegetation has the highest positive 
values, while bare soil, water, snow, ice, or 
clouds have NDVI values of zero or that are 
slightly negative (Mkhabela et al., 2005). In 
present there are many portable instruments 
which are able to measure NDVI. This could 
be used as a potential screening tool for 
estimation of grain yield in wheat and many 
studies were performed in this sense especially 
under conventional agriculture system. In this 

study we use NDVI index to established 
variability in growth of two winter wheat 
genotypes in culture pure and two mixtures of 
these and relationships with grain yield under 
ecological agriculture system. 
 
MATERIALS AND METHODS 
 
The experiments were carried out at National 
Agricultural Research and Development 
Institute Fundulea, Ecological Research 
Center, during 2017-2018, on cambic 
chernozem soil. The experiment was with 
randomized complete block design (RCBD) 
with split plot arrangement having four 
replications. The plot size was 15 m × 1.5 m. 
The experimental variants were: year, cultivar 
and different year alfalfa stands. We used two 
cultivars (Glosa and Izvor) as pure culture and 
two mixtures of these cultivars (50% Glosa + 
50 Izvor and 25% Glosa and 75% Izvor) and 
as previous plants was soybean and 1-2-3-4 
years old alfalfa stands.  

Scientific Papers. Series A. Agronomy, Vol. LXII, No. 1, 2019
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Normalized Difference Vegetation Index 
(NDVI) was measured by a spectroradiometer 
(Green-Seeker Hand Held Crop Sensor, 
Trimble unit), above the canopy at 50 cm 
height at different growth stages (tillering, 
stem elongation, anthesis, grain filling, and 
maturity - milk).  
The leaf area was record with leaf area meter 
(LAI 2000.).  
The yield was determined by weighing the 
seeds after harvesting 
 
RESULTS AND DISCUSSIONS 
 
The years of experimentation were totally 
different from the viewpoint of quantity and 
monthly repartitions of rainfall. In 2017, the 
cumulated rainfall during April - June exceeded 
with 55 mm the normal of the zone (180.6 
mm), suggesting favourable conditions for 
winter wheat crop.  
But the cumulated rainfall during June 
exceeded only with 22.1 mm the normal of the 
zone (74.3 mm), suggesting more little 
favourable conditions for grain filling than in 
2018 (Figure 1).  
 

 
Figure 1. Rainfall during years of experimentations 

 
Concerning temperatures, in 2018, the average 
of temperature during April and May exceeded 
the normal of the zone with 4.6°C and 2.5°C 
respectively, while in 2017 in the same period 
the temperatures were lower by 0.6 and 0.2°C 
respectively (Figure 2).  
In 2018, the moisture deficits from April up to 
May created unfavourable conditions during 
stem elongations and reproductive organs 
appearance but the cumulated rainfall during 
June exceeded with 46.3 mm the normal of the 
zone (74.3 mm), suggesting favourable 
conditions for grain filling (Figure 1). 

 
Figure 2. Monthly temperature during years of 

experimentations and multi annual temperatures (from 
1960 to 2018) 

 
The values of leaf area index LAI were the 
highest in 2018 year for all cultivars. The 
lowest value was recorded by all cultivar at 
maturity. The peak LAI was the highest for 
Glosa cultivar at anthesis in 2018 year 
conditions and lowest value was recorded by 
the same cultivar at maturity. During 2017 the 
highest values was reached by Mixture 2 at all 
stage of vegetations (except stem elongation) 
(Table 1).  
 

Table 1. The dynamics of leaf area index for winter 
wheat cultivars and mixtures at different growth stages 

during 2017 and 2018 conditions 

Winter wheat cultivars 
and mixtures 
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2017 
Glosa 1.35 2.75 2.71 2.92 1.31 
Izvor 1.25 2.55 2.69 2.15 1.28 

Mixture 1 (75% 
Izvor+25% Glosa) 1.33 2.5 2.75 3.12 1.54 

Mixture 2 (50 % iz + 
50% Glosa) 1.38 2.49 2.81 3.05 1.51 

2018 
Glosa 1.85 2.85 3.21 1.42 0.45 

Izvor 1.73 2.65 2.95 0.98 0.82 
Mixture 1 (75% 

Izvor+25% Glosa) 1.8 2.73 2.98 1.51 1.13 

Mixture 2 (50 % iz + 
50% Glosa) 1.78 2.56 2.98 1.42 0.95 

 
The NDVI reached a maximum during anthesis 
and started to decline from this date onwards 
(Table 2). 
Many researchers concluded that increases in 
red reflectance were related to the decreases in 
chlorophyll content resulting from lower N 
supply, decreases in NIR reflectance mostly 
responded to decreases in LAI and green 
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biomass, as has been widely reported for wheat 
crops, (Jensen et al., 1990; Fiela et al., 1995). 

 
Table 2. Effect of different wheat cultivars and mixtures 

on NDVI score at different growth stages 

Winter wheat cultivars and 
mixtures 
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2017 
Glosa 0.37 0.52 0.53 0.50 0.31 

Izvor 0.33 0.47 0.51 0.48 0.28 
Mixture 1 (75% 

Izvor+25% Glosa) 0.42 0.57 0.55 0.50 0.3 

Mixture 2 (50 % iz + 50% 
Glosa) 0.44 0.48 0.56 0.48 0.3 

2018 
Glosa 0.6 0.68 0.78 0.42 0.34 

Izvor 0.53 0.62 0.76 0.43 0.33 
Mixture 1 (75% 

Izvor+25% Glosa) 0.53 0.58 0.75 0.51 0.22 

Mixture 2 (50 % izvor + 
50% Glosa) 0.54 0.5 0.72 0.42 0.31 

 
We can observe that at grain filling stage NDVI 
decreases only with 0.08 in 2017 while during 
2018 reached up to 0.42, because crop becomes 
under stressed and its capacity to absorb PAR 
is reduced. Fernandez et al. (1994) described 
that NDVI score reached up to 0.4 in 
productive environments which have high LAI 
thus showing the vigorous crop canopy as dark 
foliage. 
At the stage of tillering, stem elongation and 
anthesis the relationship between LAI and 
NDVI is positive and linear (r = 0.95, 0.68, 
0.92) (Figures 3, 4 and 5) while during the 
grain filling and maturity stage were not 
correlations, as Figures 6 and 7 shows. 
 

 
Figure 3. The relationships between leaf area and NDVI 
index during tillering stage in years of experimentations 

 
 

  
Figure 4. The relationships between leaf area and NDVI 

index during stem elongation stage in years of 
experimentations 

 

 
Figure 5. The relationships between leaf area and NDVI 
index during anthesis stage in years of experimentations 
 

 
Figure 6. The relationships between leaf area and NDVI 

index during grain filling stage in years of 
experimentations 

 

 
Figure 7. The relationships between leaf area and NDVI 
index during maturity stage in years of experimentations 
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Our results are in concordance with onother 
studies which shown that a variation in LAI 
implies different intercepted radiation that, 
according to the Radiation Use Efficiency 
(RUE), is directly related to the production of 
biomass that will determine the possible yield 
(Carcova et al., 2003).  
Martin and Heilman (1986) found that spectral 
vegetation indices were highly correlated with 
LAI at small research plots.  
Other studies at paddy rice also showed that 
there were statistically sign cant correlations 
between LAI and spectral vegetation indices 
derived from the NOAA Advanced Very High 
Resolution Radiometer (AVHRR) sensors (Lu 
1997, Zhao et al. 1993; 1996) 
The analysis of variance for NDVI shows the 
very significant influence of the years, the 
genotypes but also their interaction on this 
character. The highest variance being given by 
factor B (year) (Table 3). 
 

Table 3. Analyses of variance for NDVI 
Source of 
variance 

Degree of 
freedom 

Mean 
square 

S2 F factor and 
significance 

Factor A 
(cultivar) 

3 0.01715 0.00571 8.65*** 

Error 9 0.0059 0.00066  
Factor B 

(year) 
1 0.2182 0.2182 187.27*** 

A x B 3 0.0275 0.00919 7.89*** 
Error 12 0.0139 0.00116  

***significant differences for P<0.001 
 

Concerning the yield, analysis of variance 
revealed the very positive effect of the cultivars 
in both years, while under moderate stress 
(2018) there was a significant difference 
(P<0.001) for yield between studied old alfalfa 
stands (Table 4). 

 
Table 4. Analysis of variance for the yield 

Source of variance Degree 
of 

freedom 

F factor and 
significance 

2017 

F factor and 
significance 

2018 
Factor A (cultivar) 3 5.98*** 19.98** 

Error 9   
Factor B (old alfalfa 

stands) 3 2.86 23.80*** 

A x B 9 0.69 0.12 
Error 36   

 
Glosa in pure culture and mixture 1 and 2 
showed higher grain yield in 2018 under 3 
years old alfalfa stand (Figure 8). 
  

 
Figure 8. The yield of studied cultivars under 1-2-3-4 

year old alfalfa stands. Fundulea 2017 and 2018 
 
Table 5 shows the simple correlation between 
grain yield and NDVI scores. At the time of 
tillering, stem elongation and anthesis, these 
relationships were highly positively correlated 
in both seasons, and insignificant association 
between grain yield and NDVI was also found 
at grain filling and maturity stage.  
Other study in conventional agriculture system 
showed a clear association between grain yield 
and NDVI measured but at maturity stage 
correlation between grain yield and NDVI was 
greater than NDVI values recorded at different 
growth stages (Syeda Refat et al., 2014). 

 
Table 5. The relationships between NDVI scores at 

different stage of vegetation and the yield 
Stage of vegetation Coefficient of correlation (r) 

between yield  x NDVI 
Tillering r = 0.93*** 

Stem elongations r = 0.68** 
Anthesis r = 0.86*** 

Grain filling r = 0.36 
Maturity (milk stage) r = -0.0097 

***significant differences for P<0.001 
**significant differences for P<0.01 

 
The statistical analysis indicated there was a 
significant difference (P<0.001) for NDVI 
index between compared cultivars and previous 
crop. The variation due to the old alfalfa stands 
(factor B) was greater than that due to the 
cultivar (factor A) or the interaction of the two 
factors in both years of experimentation (Table 
6). 
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Table 6. Analysis of variance for NDVI index at stem 
elongation 

Source of variance Degree 
of 

freedom 

F factor and 
significance 

2017 

F factor and 
significance 

2018 
Factor A (cultivar) 3 20.64*** 6.37** 

Error 9   
Factor B (old alfalfa 

stands) 
3 47.33*** 71.90*** 

A x B 9 4.79*** 1.38 
Error 36   

***significant differences for P<0.001 
**significant differences for P<0.01 
 
The higher values of NDVI was reached by 
Glosa cultivar under 2 and 3 years old alfalfa 
stands in both years of experimentations. The 
higher temperatures from spring of 2017 (4.6°C 
over the normal of the zone in April) 
accelerated the growth of the plants which 
explains the higher values of NDVI in this year 
for all studied cultivar. Also, we can have 
observed that the higher values of NDVI were 
recorded in 2 and 3 years alfalfa stands as 
compared with 1 and 4 years old alfalfa stands 
(Figure 9). This may be in concordance with 
some studies which suggests that alfalfa 2-3 
years long stands have the potential of making 
significant benefits to soil N status. 
 

 
Figure 9. NDVI index of studied cultivars at stem 
elongation under 1-2-3-4 year old alfalfa stands. 

Fundulea 2017 and 2018 
 
Also, it is obviously that under 2017 conditions 
mixture of winter wheat genotypes (especial 
mixture 2, in proportion of 50:50) have higher 
values of NDVI than NDVI of pure winter 
wheat genotypes. Matching with the studies 
performed by Toncea et al. (2017; 2018) shown 
that in ecological agriculture, the yield of the 
mixture of winter wheat genotypes is, often, 

equal or high, with about 230 kg/ha than yield 
of pure winter wheat genotypes. 
 
CONCLUSIONS 
 
The potential of NDVI to differentiate wheat 
cultivars for grain yield under different years 
and ecological agriculture was demonstrated. 
The NDVI was able to differentiate cultivars at 
different growth stages.  
Under ecological agriculture system the NDVI 
scores at the tillering, stem elongation and 
anthesis stages can be used as yield predictors 
in wheat; the study showed a clear association 
between grain yield and NDVI measured at 
these growth stages. 
The highest NDVI values have been obtained 
where in crop rotation alfalfa was cultivated for 
2-3 years.  
Under more stressful condition NDVI 
measurements reveals that wheat varieties 
mixtures are more intense green coloured. 
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Abstract 
 
The purpose of effective weed management is the inclusion of the best measures and strategies to make sustainable 
sunflower production, and unfavourable for weeds. Application of pre-emergent herbicides and using herbicides 
tolerant sunflowers will give a good protection for this crop. 
Introduction of imidazolinone and tribenuron-tolerant sunflower hybrids in practice is a revolutionary advancement in 
sunflower production. 
Using the sources of genes for resistance to herbicides for transferring this characteristics into valuable inbred lines 
there have been obtained high tolerant sunflower genotypes, after many generations of selection. Resistant sunflower 
hybrids, with high seed yield potential, as well as with high oil content have been released. Such hybrids are very well 
protected of the broomrape (Orobanche cumana), due to the imidazolinone herbicides control on this parasite. 
New sunflower inbred lines having the new gene, CLHA Plus have been obtained. The new hybrids which can be used 
in CLEARFIELD Plus system will be better protected of weeds, also of broomrape parasite.  
 
Key words: sunflower, resistance, herbicides, lines, hybrids. 
 
INTRODUCTION  
 
Weeds continue to pose a huge challenge for 
the sustainable production of sunflower despite 
decades of implementation of contemporary 
methods in order of their control. 
Identification of sunflower resistance to 
herbicides, in the wild sunflower H. annuus (Al 
Khatib, 1998; Miller, 2000) it was like a 
revolution in cultivation of this crop. After 
launch in 2003, Clearfield production system 
has been well adopted in sunflower growing 
countries, due to a wide spectrum of weeds and 
broomrape (Orobanche cumana) control, a 
high level of consistency, flexibility in the 
timing of herbicides application, season - long 

weed control and a low rate of herbicide 
application (Malizda et al., 2000; 2003; 2012; 
Zollinger, 2004; Nagy et al., 2006; Phening et 
al., 2008; Kukorelli et al., 2011; Kaya et al., 
2012; 2013). It is expected that the combination 
of improved imidazolinone formulation in new 
Clearfield Plus production system will provide 
a more efficient and reliable weed control in 
sunflower, including more freedom in crop 
rotation (Sala et al., 2012; Phening et al., 2012; 
Weston et al., 2012). Tribenuron-methyl 
contributes to weed control in sunflower by 
controlling annual broadleaf weeds and the 
perennial Cirsium arvense post-emergence, 
increasing the range of available herbicides in 
sunflower, increasing no-till/conservation 
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tillage process (Jocic et al., 2008; Bozic et al., 
2012).  
Sunflower hybrids tolerant to ALS-inhibiting 
herbicides are useful in controlling Ambrosia 
artemisiifolia, even some authors reported that 
this weed started to become resistant in some 
part of the world (Heap, 2016). 
 
MATERIALS AND METHODS 
 
For obtaining inbred lines, having good 
resistance to herbicides, imidazolinone or 
sulfonylurea types, there have been used the 
genes IMISUN (aditiv: Imr1 and Imr2). For 
this type of resistance, the sources have been 
named, HA 442 and RHA 443. For resistance 

to tribenuron-methyl there have been used 
SURES 1 and SURES 2.  
For obtaining inbred lines having resistance 
controlled by CLHA Plus gene, we used the 
sources BTI-M1 and BTI-R1.  
To accelerate the process of selection for 
resistance it has been used the Protocol for 
molecular diagnosis, PCR method, for IMISUN 
genes and CLHA Plus gene. 
We introduced in the process of genes 
transferring, the best inbred lines from our 
collection, having good agronomic traits. 
It has been used a scheme for transferring the 
characteristics of resistance, presented in 
Figure 1. The number of generations of 
selection is higher, comparing with transferring 
another characteristics. 

 

Figure 1. Scheme of genes transferring for resistance to herbicides 
 

 
RESULTS AND DISCUSSIONS 
 
In Table 1 there are presented the lines which 
have been introduced in process of transferring 
genes for resistance to imidazolinone 
herbicides (IMISUN and CLHA Plus), also 
genes for resistance to sulfonylurea herbicides 
(SURES 1 and SURES 2). There are CMS 
lines, also restorer lines. The same line can 

have three variants: resistance to IMI or to SU 
or CL Plus.  
Having ready lines resistant to herbicides we 
released hybrids resistant to imidazolinone or 
sulfonylurea herbicides. In Figure 2 there are 
presented the results regarding the seed yield, 
obtained for some of these hybrids, in demo 
plots, in two locations: Fundulea and Brăila, in 
year 2018. 
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Table 1. Sunflower inbred lines introduced in the process of genes for resistance to herbicides transferring 

No. Line Gene of resistance Line type 

1. LC 1093 IMI; SU; CL Plus CMS 

2. LC-1029 IMI; SU; CL Plus CMS 

3. LC 1004 IMI; SU; CL Plus CMS 

4. LC 1019 IMI; SU; CL Plus CMS 

5. LC 991 IMI; SU; CL Plus CMS 

6. LC 1050 IMI; SU CMS 

7. AC - 1402 IMI; SU CMS 

8. AC - 1421 IMI; SU CMS 

9. AC - 1445 IMI; SU CMS 

10. AC - 1532 IMI CMS 

11. LC 1066 IMI; SU; CL Plus Rest.

12. LC 1085 IMI; SU; CL Plus Rest. 

13. LC 1095 IMI; SU; CL Plus Rest. 

14. LC 1103 IMI; SU; CL Plus Rest. 

15. Rf - 642 IMI Rest. 

16. Rf - 687 IMI Rest. 

17. Rf - 693 SU Rest. 

18. Rf - 699 SU Rest. 

19. Rf - 714 IMI; SU; CL Plus Rest. 

20. Rf - 734 IMI; SU; CL Plus Rest. 
 
  

 
Figure 2. Seed yield (kg/ha) for sunflower hybrids 

 
The hybrids have good seed yield in both 
locations, taking into consideration among the 
genetic potential of these, also the climatic 
conditions in this year. In year 2018 (Figures 3 

and 4) the air temperature was good for 
sunflower, especially in flowering time, also 
the precipitation amount was favorable to this 
crop, in June and July.  
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Figure 3. Temperature air in sunflower vegetation, 2018 year 
 

 
 

Figure 4. Fall amount in sunflower vegetation, 2018 year 
 
In Figure 5 there are presented the results 
regarding the oil content of the hybrids. All of 

them have more than 50% oil content, in both 
locations.  

 

 
 

Figure 5. Oil content for sunflower hybrids 
 
In Table 2 are presented the results regarding 
some important characteristics of the new 
obtained hybrids. All of them have a quite short 
vegetation period, they are a medium plant 

height, good head diameter, good hectolitric 
weight, high thousand kernels weight, and also 
a good tolerance to drought. 
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Table 2. Important characteristics of the new hybrids 

Hybrid Vegetation 
period (days) 

Plant height 
(cm) 

Head diameter 
(cm) 

Hectolitric 
weight (kg/hl) 

TKW 
(g) 

Resistance to 
drought (notes) 

HS 2587 118 164 25 41.4 74 3 

HS 4244 125 167 23 38.2 65 2 

HS 4650 124 169 24 38.3 70 2 

HS 6541 119 165 24 39.1 73 3 

HS 5855 125 168 25 41.2 73 2 
Resistance to drought: 1 - resistant; 9 - sensitive. 

 
CONCLUSIONS  
 
In the breeding program for sunflower, at 
NARDI Fundulea, there have been obtained 
valuable inbred lines, having good resistance to 
herbicides. There have been used sources for 
resistance received on the base of contracts with 
companies which produced them.   
By combination of these lines, CMS with 
Restorer we received good hybrids, which have 
been tested in demonstration plots.  
The hybrids released very good seed yield, also 
they have very good oil content. These hybrids 
have good value of important characteristics. 
All new hybrids will be given for testing in the 
network trials of State Institute for Variety 
testing and Registration, in order to be 
registered in the Official List. 
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Abstract 
 
The application of plant growth promoting rhizobacteria (PGPR) is a sustainable approach to improve crops 
physiological processes and to overcome abiotic stresses. The effects of rhizobacteria Bradyrhizobium japonicum 
applied alone or in combination with Pseudomonas putida were examined on photosynthetic pigments contents and leaf 
nitrogen status in soybean plants subjected concomitantly to low phosphorus (P) and moderate drought conditions. The 
lowest content of pigments was revealed in plants subjected to both abiotic factors. The results indicated that the 
application of B. japonicum and P. putida significantly improved nitrogen and photosynthetic pigments status in leaves, 
particularly chlorophyll a and b under temporary drought compared to uninoculated ones. The application of 
rhizobacteria B. japonicum alone or together with P. putida significantly increased carotenoids concentrations in 
plants regardless of soil moisture levels. In conclusion, the detrimental effects generated by low P and drought on 
photosynthetic pigments status and nitrogen nutrition of soybean were partially alleviated by the use of rhizobacteria.  
 
Key words: chlorophyll, drought, Glycine max L., nitrogen, rhizobacteria. 
 
INTRODUCTION 
 
The various environmental factors like low soil 
fertility and drought stress have detrimental 
impact on plant growth and productivity 
(Gouda et al., 2018; Cura et al., 2017). Abiotic 
stresses, provoked by these factors, can hamper 
a range of physiological processes, particularly 
photosynthesis and cause damage to plants. The 
chlorophyll status in plants is an important 
factor in crop production because it affects the 
amount of radiation intercepted and, therefore, 
plant growth (Ashraf & Harris, 2013). 
Chlorophyll loss is associated with 
environmental stress, and the variation in total 
pigments contents may be an estimative 
indicator of stress in plants (Ashraf & Harris, 
2013; Netto et al., 2005). Lisar et al. (2012) 
found that water stress reduces chlorophyll 
synthesis, while carotenoids are less affected.  
Plant growth-promoting bacteria (PGPB) are 
reported to influence the growth, yield, 
photosynthetic activity and nutrient uptake by 
several mechanisms (Delshadi et al., 2017; 
Egamberdieva et al., 2017a; 2017b). Some 
bacterial strains directly regulate plant 
physiology by mimicking synthesis of plant 

hormones, whereas others increase mineral and 
nitrogen assimilation and in turn the 
photosynthetic activity is enhanced. One of the 
possible mechanisms to increase chlorophylls 
contents in plants could be associated with 
improvement of nitrogen status in crops. 
However, little is known about PGPR impact 
on nitrogen (N) nutrition of crops when the low 
P availability is coupled with water deficit in 
the soil. Reduced N supply is known to reduce 
the translocation of nitrates, phosphates, 
calcium, magnesium and amino acids in plants. 
These physiological disturbances significantly 
affect the photosynthetic pigment contents in 
plants. Soybean (Glycine max. L.) is a major 
legume crop and an important source of 
protein, vegetable oil in many countries; 
however, its production is restricted by low P 
availability and drought (Graham & Vance, 
2003). To date, little is known regarding the 
effect of PGPR on the changes in foliar 
pigments of soybean in relation to P supply and 
soil moisture levels. Even though 
Bradyrhizobium japonicum and Pseudomonas 
putida have been studied as single isolate 
affecting leaf chlorophyll status in legumes 
(Israr et al., 2016; Kang et al., 2014; 
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Egamberdieva et al., 2017c), little has been 
done on their possible interactions under water 
and P limited environments. The aim of this 
investigation was to evaluate the effect of 
rhizobacteria Bradyrhizobium japonicum 
applied alone or in combination with 
Pseudomonas putida on the chlorophyll (a and 
b), carotenoids and nitrogen content in leaves 
of Glycine max L. under low P fertility and 
moderate drought conditions. 
 
MATERIALS AND METHODS 
 
The soil used for the experiment was 
chernoziom carbonated with low P availability 
(18 mg P/kg soil). In a controlled pot culture 
experiment, a set of soybean (cv. Horboveanca) 
plants were inoculated with rhizobacteria B. 
japonicum (Rh) alone and another set of plants 
were inoculated with B. japonicum in 
combination with soil applied P. putida (PP). 
In addition, it was a variant with P fertilization 
at the rate 100 mg P/kg soil. Uninoculated 
plants served as control treatment. Pots were 
arranged in a randomized complete block 
design with four replications. All plants were 
well-watered till flowering stage. After that, a 
set of plants were watered at 70% WHC (water 
holding capacity) as normal soil moisture and 
the other set of plants was subjected to low 
water conditions (35% WHC) for 12 days. 
After that period leaves samples were collected 
to determine photosynthetic pigments contents. 
To determine the chlorophyll content, leaf 
samples were extracted with acetone (80%). 
The absorbance of the supernatant was 
recorded at 645 and 663 nm against the solvent 
(acetone) (Arnon, 1949). The carotenoids 
concentration was measured at 452 nm. The 
total nitrogen content was determined by 
Kjeldahl method. The obtained data were given 
as the mean with standard error values by using 
Statistic 7 program, and the differences in the 
means were determined by the least significant 
difference (LSD) (P=0.05) test. 
 
RESULTS AND DISCUSSIONS 
 
Morphological, nutritional and physiological 
changes induced in plants colonized with 
PGPR contribute to their enhanced growth and 
resistance to abiotic stresses. Variations in 

chlorophyll patterns in leaves are indicators of 
senescence, stress or damage to the 
photosynthetic apparatus and affect the normal 
growth of plants. In this study, we investigated 
whether the application of beneficial bacteria B. 
japonicum alone or in combination with P. 
putida have potential to improve chlorophylls 
status in soybean cultivated under limited P 
supply and temporary drought. The effects of 
these bacterial strains on the chlorophylls 
contents in plants are shown in Figure 1. 
 
A 

 
B 

 
C 

 
Figure 1. The effect of Bradyrhizobium japonicum (Rh) 

applied alone or in combination with Pseudomonas 
putida (PP) on (A) chlorophyll a, (B) chlorophyll b and 
(C) total chlorophylls content in leaves under low P and 

normal soil moisture. Values exhibit means ± SE 

 

Experimental results revealed the lowest 
content of pigments in plants cultivated under 
low P availability and subjected to moderate 
drought. The decrease in chlorophyll (a and b) 
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contents in drought-affected soybean plants 
might be attributed to the possible oxidation of 
chlorophyll and other chloroplast pigments 
coupled with instability of the pigment protein 
complex under abiotic stress. Similar trends 
have been reported by Curá et al. (2017) who 
revealed that drought stress significantly 
decreased the total chlorophyll content in 
leaves of maize plants. 
 
A 

 
B 

 
C

 
Figure 2. The effect of Bradyrhizobium japonicum (Rh) 

applied alone or in combination with Pseudomonas 
putida (PP) on (A) chlorophyll a, (B) chlorophyll b and 
(C) total chlorophylls content in leaves under low P and 

drought. Columns are means ± SE 

 

The experimental data of this study have shown 
that the application of rhizobacteria B. 
japonicum improved the photosynthetic 
pigments contents in soybean plants under 
normal soil moisture as well as under water 
stress (Figures 1 and 2).  

The content of chlorophyll a and chlorophyll b 
was increased by 13.6% and 76.9% due to B. 
japonicum inoculation in plants not subjected 
to water deficit. Plants inoculated with the 
combination of B. japonicum and P. putida did 
not increase photosynthetic pigments further 
compared to the inoculated plants with B. 
japonicum alone. The highest concentration of 
pigments was registered in treatment with P 
fertilization irrespective of soil moisture levels. 
Sufficient supply of P contributes to uptake and 
assimilation of nutrients especially of Mg as 
was reported by Vafadar et al. (2014). In 
addition, higher chlorophyll content in response 
to P supplementation might account for 
synthesis of more carbohydrates in fertilized 
plants. Investigation data revealed that the 
application of rhizobacteria also improved the 
chlorophyll a in soybean plants under water 
stress. Likewise, the chlorophyll b content was 
increased significantly in all the PGPR strain 
treatments. Indeed, the application of B. 
japonicum alone increased chlorophyll a and b 
by 67.2% and 90.3% under temporary drought 
compared to uninoculated plants. An increase 
of chlorophyll content in plants contributes to 
higher photosynthetic activity and assimilates 
production, which could be supported the plant 
growth improvement under unfavorable P 
supply and drought environment. Similar 
results have been reported by Mia et al. (2010), 
who treated banana plants with chemical 
fertilizers and PGPR and observed positive 
effects on chlorophyll contents and Ca, Mg, K 
uptake by plants. Kang et al. (2014) also 
demonstrated a stimulatory effect of P. putida 
strain on chlorophylls accumulation in soybean 
under salinity stress. In this study, the 
stimulatory effect of rhizobacteria on total 
pigments contents was registered in plants 
grown under water deficit environment. 
However, under insufficient supply of water the 
major increases were observed in inoculated 
plants compared to uninoculated ones. In 
general, plants subjected to drought irrespective 
of treatments had low concentration of 
chlorophylls compared to well-watered ones. 
Manivannan et al. (2008) showed that under 
drought stress the amount of chlorophyll and 
carotenoids was reduced in Helianthus annuus. 
It seems that the reason for this decrease is due 
to the increased destruction and/or production 
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of pigments as consequences of oxidative stress 
generated by stress of abiotic factors. Likewise, 
the reduced chlorophyll contents of the plant 
under unfavorable environments might be 
somewhat due to limited N supply in plant 
tissues and changes in enzymes activity such as 
nitrate reductase (Delshadi et al., 2017). 
However, the application of tested PGPR 
strains attenuates adverse effects of drought on 
chlorophyll. Esitken et al. (2010) reported that 
the use of growth promoting bacteria of 
Pseudomonas increased the amount of Fe and 
Mg in strawberry, hence, created favorable 
physiological conditions for pigment synthesis. 
We also can suppose that tested bacterial 
strains alleviated iron and magnesium nutrition 
of soybean plants. Our results of enhanced 
chlorophyll contents due to PGPR application 
and subsequent allaying of drought induced 
negative effects support the results for 
fenugreek (Sharghi et al., 2018). Thus, the 
enhanced chlorophylls status in plants was 
because rhizobacteria treated plants maintain 
higher contents of magnesium and N resulting 
in greater physiological activity of chloroplasts 
(Egamberdieva et al., 2017a). Carotenoids play 
an important role in the process of reactive 
oxygen species scavenging, in the stability of 
photosynthetic machinery activity; participate 
in energy dissipation hence contributing to the 
reduction of adverse effects generated by 
unfavorable environmental conditions (Ashraf 
& Harris, 2013). In our experiment, the 
carotenoids contents in plants were 
detrimentally affected by drought and P 
deficiency. The decrease in carotenoids status 
due to drought and low soil fertility of P could 
be related to limited nutrients availability in 
leaves tissues. In addition, it is known that 
under scarce conditions of P and water deficit 
the uptake of Mg is restricted. The application 
of B. japonicum alone increased this 
physiological parameter in plants (Figure 3). 
This elicitor influence of rhizobacteria was 
observed irrespective of soil moisture levels. It 
is necessary to note that the leaves biomass in 
treatment with both strains was significantly 
higher than in treatment with B. japonicum 
alone (data not shown). The total carotinoids 
content increased by 63.2% in plants not 
subjected to water limited conditions and by 
54.4% in soybean plants under drought due to 

inoculation only with N-fixer rhizobacteria 
(Figure 3A). However, the combined 
application of two bacteria strains did not 
increase this parameter under drought 
conditions compared to treatment of B. 
japonicum alone (Figure 3B). Generally, the 
carotenoids accumulation decreased in plants 
without rhizobacteria treatment regardless of 
soil moisture level. One of the mechanisms 
induced by plant growth promoting bacteria is 
improving plant nutrition, especially with 
nitrogen. 
 
A 

 
B 

 
Figure 3. The effect of Bradyrhizobium japonicum (Rh) 

applied alone or in combination with Pseudomonas 
putida (PP) on carotinoids content in leaves under (A) 

normal soil moisture and (B) drought. Columns are 
means ± SE 

 
According to literature data there is a strong 
correlation between photosynthetic pigments 
synthesis and nitrogen status of plants. For 
example, Dawwam et al. (2013) reported that 
the stimulation of pigment synthesis in potato 
plants by PGPR might be due to the changes in 
N, P and K uptake. The study’s results found 
out that the B. japonicum inoculation treatment 
in combination with P. putida was the most 
effective treatment for increasing the foliar N 
concentration in plants under temporary 
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drought. We’d like to mention that the co-
inoculation effect of Bradyrhizobium and P. 
putida enhanced nodulation and root growth 
compared to the control plants (data not 
shown), which in turn have beneficial impact 
on nitrogen assimilation by soybean. Exposure 
of soybean to water stress reduced 
accumulation of essential mineral elements like 
nitrogen and phosphorous resulting in decrease 
of growth. Altogether, increased N content in 
inoculated plants has positive influence on the 
synthesis of chlorophyll pigments resulting in 
enhanced synthesis of photoassimilates and 
hence leads to improvement of resistance to 
abiotic factors. 
 
A 

 
B 

 
Figure 4. The effect of Bradyrhizobium japonicum (Rh) 
and Pseudomonas putida (PP) isolates on N content in 
leaves under normal soil moisture (A) and moderate 

drought (B). Columns are means ± SE. 

 
Under normal water soil conditions 
rhizobacteria did not significantly change the 
nitrogen concentration in leaves tissues of 
soybean plants (Figure 4A). The administration 
of bacterial strains increased the nitrogen status 
in leaves of plants grown under unfavorable 
soil moisture conditions. The differences in 
nutrient contents between uninoculated 
soybeans and those inoculated together with B. 

japonicum and P. putida were significant, the 
nitrogen content being improved by 25% 
(Figure 4B). Perhaps, these rhizobacteria 
stimulated root growth and its physiological 
activity. Experimental results also suggested an 
increase in nodule number in soybean upon 
bacterial inoculation under drought (data not 
shown). Our experimental results agrees with 
the experiment by Egamberdieva et al. (2017c), 
where lupine inoculated with the 
Bradyrhizobium strain and with the HTC-BR 
inoculants contained 11% and 33% higher 
nitrogen contents under irrigation, and even 
21% and 39% under drought relative to 
uninoculated plants, respectively. In 
uninoculated plants, the contents of total 
nitrogen were similar for plant tissues under 
drought as well as for those of non-stressed 
ones. According to experimental results 
regarding N status we can make a conclusion 
that combined applications of both 
rhizobacteria species had better impact on 
nitrogen status in plants compared with the 
inoculation with B. japonicum alone under 
temporary drought. Egamberdieva et al. 
(2017b) demonstrated that both inoculation 
treatments, either B. japonicum USDA 110 
alone or combined with P. putida TSAU1, 
enhanced nitrogen contents in salt-stressed 
soybean tissues. Likewise, Israr et al. (2016) 
suggested that the application of P. putida 
strain not only enhances P uptake, but also 
improves the N and K uptake by chickpea 
plants grown on high pH soils, which can thus 
reduce the application of chemical fertilizers. In 
this study, the phosphorus supplementation 
provides the same status of nitrogen as 
rhizobacteria application. 
 
CONCLUSIONS 
 
Inoculation of soybean with Bradyrhizobium 
japonicum improved photosynthetic pigments 
status in plants under normal soil moisture as 
well as under water deficit and low P fertility of 
soil. Combined application of B. japonicum and 
P. putida had no synergic effect on 
chlorophylls status of plants regardless of soil 
moisture level. The combined application 
increased significantly the nitrogen contents 
under scarce moisture conditions. Thus, 
experimental results suggested that PGPR 
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enabled the leaf to maintain high levels of 
photosynthetic pigments and nitrogen and 
reduced the adverse effects of water deficit and 
low P on soybean plants. These findings were 
obtained in greenhouse conditions; therefore, it 
would be necessary to carry out further 
experiments under field conditions which 
would be quite important research for 
sustainable crop production under unfavorable 
environments. 
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Abstract  
 
Taking into account the major climatic changes recorded over the last 10 years, one of the main objectives of sunflower 
improvement is adaptability to environmental conditions, high productivity in extreme drought and burning conditions. 
Considering the global warming predicted by experts, the first step was to identify genotypes created at NARDI 
Fundulea for drought resistance. The new genotypes were obtained by interspecific hybridization of the Helianthus 
argophyllus crop rows. The wild species is recognized as having high drought resistance due to the highly developed 
root system and foliar pubescence that reduces evapotranspiration. Genotypes identified with increased drought 
resistance gave a high yield of seeds, a mass of 1000 seeds and high oil content (> 45%) were introduced as new 
genetic resources interspecific for the improvement of sunflower. The oil content was read using a nuclear resonator. 
Embryo rescue technique was used to speed up the breeding process. Thus, immature hybrid embryos were inoculated 
on germination media and the plants were transferred into pots with earth/sand (50/50) then in 10 kg buckets and were 
grown in the greenhouse, 2 generations/year were obtained. 
 
Key words: Helianthus argophyllus, embryo rescue, interspecific hybridization, sunflower genotypes, gene 
introgression of drought resistance. 
 
INTRODUCTION  
 
In Romania, Vrânceanu  (2000) was able to 
obtain interspecific progenies between 
Helianthus annuus x Helianthus argophyllus. 
Interspecific hybridization is an additional 
technique to create new sources of genetic 
variability for the improvement of sunflower 
Christov, 2013; Prohens et al., 2018). 
According to the information provided by 
Hussain et al (2017), the evaluation of the 
descendants obtained by hybridizing the 
sunflower cultivated  Helianthus annuus with 
annual wild species Helianthus argophyllus 
showed improvements in water behavior (water 
consumption, stomatic behavior), but the 
characters of productivity, precocity have been 
diminished.  
At the same time, the offspring of the first 
generation of hybrids were strongly branched, 
small caps and a long vegetation period 
(Merrien et al., 1996). 

Improving drought resistance is quite complex 
due to the polygenic control of this character. 
Many research has been carried out to identify 
a single character that would serve as a basis 
for drought resistance selection, but this 
approach has proved to be unrealistic 
(Vrânceanu, 2000). 
Characters identified as correlated with 
resistance to water stress are: the average 
weight of achenes (Andrich et al., 1996), high 
productivity achieved through a large amount 
of biomass at maturity, rapid phenological 
development combined with a long 
reproduction period and thick stem strains to 
provide sufficient amounts of carbonated 
hydrates in the critical seed filling period 
(Barron, 1991). 
Baldini et al. (1993) reported that the annual 
wild species Helianthuus argophyllus can be 
used in drought resistance programs because it 
absorbs water better during long periods of 
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drought due to the highly developed root 
system. 
Following the testing and selection under 
natural climatic and soil conditions on 
agricultural areas, Saucă (2010a; 2010b), Saucă 
and Lazăr (2016) reported the existence of a 
large genetic variability within the newly 
created interspecific germplasm both for 
drought resistance and for resistance to various 
pathogens. 
 
MATERIALS AND METHODS  
 
In this paper will be presented the results 
obtained in experimental years 2016-2017 at 
Fundulea (Calarasi County) and Stupina 
(Constanta County) where observations were 
made for: drought resistance, seed production 
and oil content in new genotypes created. 
In the collection from NARDI Fundulea, there 
are many sunflower genotypes (inbred lines 
based on cytoplasmic androsterility - A lines, 
inbred lines maintaining fertility - B lines and 
fertility restoration lines - C lines, synthetic 
populations, hybrids) with different degrees of 
drought resistance. 
 In order to improve this character without 
diminishing the seed production and the 
percentage of seed oil, and in order to support 
the farmers practicing the classic system, we 
make interspecific hybridization between 6 
fertility maintaining lines (1B-M2, 2B-M4, 3B-
M6, 4B-M7, 6B-M11 and M12), and one 
synthetic population (5B-M10) with the annual 
wild species Helianthuus argophyllus in year 
2014 followed by generations of backcross and 
selection in the years 2016 and 2017, obtaining 
new genetic material (widening the genetic 
basis of sunflower genotypes) to be used in the 
process of breeding for various stressors, 
including drought and heat (Table 1). 
 

Table 1. Name/code of sunflower genotypes 
Code of sunflower 
genotype  

Name of sunflower genotype 

1B-M2  Polet11B 

Bio1 Polet11B x H. argophyllus 

2B-M4  O-7493B 
Bio3 O-7493B x H. argophyllus 

3B-M6  RPC-46B 

Bio5 RPC-46B x H. argophyllus 

4B-M7  Tard85-2B 

Bio7 Tard 85-2B x H. argophyllus 

5B-M10  Pop. 79-16B 

Bio9 Pop79-16B x H. argophyllus 

6B-M11  Tard85-1B 

Bio11 Tard85-1B x H. argophyllus 

M12  LC-1093B 

Bio13 LC-1093B x H. argophyllus 

 
We sowing micro plots with four rows per 
sunflower genotype (7 m/row), in 3 replications 
(Figure 1). 
 

 
Figure 1. Aspects from field with sunflower genotypes 

tested for resistance to drought, Fundulea 2016 
 
We harvest total number of plants/plot and 
obtain seed yield per plot  and after that we 
determinated seed yield per plant.  
 
                                    Seed yield per plot 
Seed yield per plant =----------------------------------------- 
                                      Total number of plants per plot 

We determining the oil content with a Analyzer 
Spin Track with Nuclear Magnetic Resonance 
(Figure 2). 
 

 
Figure 2. Analyzer Spin Track with Nuclear  

Magnetic Resonance 
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RESULTS AND DISCUSSIONS  
 
During the sunflower growing season (20-25 
April - sowing, 20-25 September - harvesting) 
average temperatures (Figure 3) are in April, at 
sunflower sowing, the temperatures recorded at 
both  weather stations from Stupina and 
Fundulea, were higher in 2016 at about 3ºC 
compared to 2017; in July and August, in the 
phenophase of filling and maturity of the 
achenes, at Stupina were recorded higher 
temperatures with 2ºC in both experimental 
years, compared to the station in Fundulea. 
From Figure 3 it can be noticed that during the 
experimental period the air temperature at both 
Fundulea and Stupina in January is below 0°C. 
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Figure 3. Monthly average temperatures recorded in 

Fundulea and Stupina in the years 2016-2017 
 

Regarding the amount of rainfall during the 
calendar years under study, we can conclude 
that, without exception, the rainfall was 
significantly higher at Fundulea compared to 
those recorded at Stupina (Figure 4).  
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Figure 4. Monthly average rainfall recorded in Fundulea 

and Stupina in the years 2016-2017 
 

Noteworthy is that under high temperature 
conditions in April-September, rainfall was 
significantly low at Stupina in 2017 in the same 
months. Newly created sunflower genotypes 
have undergone simultaneous thermal and 
hydric stress. 
From Figure 5 it can be seen that both the 
fertility maintaining lines and the interspecific 
hybrids derived from the hybrids produced a 
higher amount of seeds in the weather 
conditions at Fundulea. It is noted the Bio 7 
genotype that was obtained from interspecific 
hybridization with the 4B-M7 fertility 
maintaining line that consistently behaved in 
both experimental years achieving a higher 
seed yield/sunflower plant than the 4B-M7 
fertility maintaining line both in weather 
conditions from Fundulea and from Stupina. 
Also noteworthy are the Bio5 and Bio 11 
genotypes that have exceeded seed production 
over the 3B-M6 and 6B-M11 fertility 
maintaining lines in both locations in 2016 and 
2017. 
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Figure 5. Seed yield (g/sunflower plant), fertility 

maintaining lines (lines B), synthetic populations and 
descendants derived from interspecific hybridization 
between B lines, synthetic populations and the annual 

wild specie Helianthus argophyllus in the years 2016 and 
2017 in Fundulea and Stupina 

Regarding the oil content, it can be seen from 
Figure 6 that the Bio 7 and Bio 9 genotypes 
have an oil content of nearly 50% under the 
conditions of Fundulea, exceeding the 4B-M7 
maintaining fertility line and the synthetic 
population 5B-M10. And for this character, the 
Bio 7 genotype exhibits stability and 
superiority to the 4B-M7 maintaining fertility 
line over the two years, and the two locations 
(50%). It is followed by Bio 9 genotypes with 
an oil content of over 45% and Bio 11 with 
44% obtained in the Stupina in 2017. 
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Figure 6. Oil content (%) of newly created genotypes 

compared to fertile maintenance and synthetic population 
in the years 2016 and 2017 in Fundulea and Stupina 

 
1000 weight seed (TWS) is a parameter 
strongly influenced by the amount of 
precipitation that fell during from the sowing 
period (favoring the development of the root 
system) until at the filling of the seed.  
As can be seen in Figure 4, in 2017 in 
Fundulea, it was a year with many rainfall. This 
explains the fact that MMB was higher in all 
genotypes in Fundulea in 2017 and in all cases 
higher in interspecific descendants compared to 
the fertile maintenance line and the synthetic 
population in both locations and experimental 
years (Figure 7). 
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Figure 7. One thousand seed weight of sunflower 
genotypes, obtained in the years 2016 and 2017 in 

Fundulea and Stupina 
 
Seed yields (kg/ha) with only a few exceptions 
were higher in 2017 at Fundulea, a year with 
rainfall during the whole sunflower growing 
season and in sufficient quantities in June-July-
August.  
In the extreme conditions of drought and heat 
from Stupina we notice the genotype Bio 7, 
followed by Bio 5 and Bio 13 (Figure 8). 
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Figure 8. Seed yield (kg/ha) of sunflower  

genotypes studied in the years 2016 and 2017,  
in Fundulea and Stupina 

 
CONCLUSIONS  
 
Three newly created sunflower genotypes, Bio 
7, Bio5 and Bio 11 (Figure 9), were identified 
as a result of interspecific hybridization with 
annual wild species Helianthus argophyllus, 
which had a higher seed yield (g/sunflower 
plant) compared to the genotypes 4B- M7, 3B-
M6 and 6B-M11. 
 

 
Figure 9. Sunflower genotype, Bio 11, in Fundulea, 2017 

 
The genotypes Bio 7, Bio 9 (Figure 10) and Bio 
11 have a good oil content and sunflower 
genotypes Bio7, Bio 9 and Bio 13 have a better 
1000 grain weight in both locations, Stupina si 
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Fundulea and experimental years 2016 and 
2017. 
 

 
Figure 10. Sunflower genotype, Bio 9, in Fundulea, 2017 
 
For seed yield (kg/ha), genotypes Bio7, Bio 9 
and Bio 13 (Figure 11) recorded high yields in 
both locations, Fundulea and Stupina. 

 

 
Figure 11. Sunflower genotype, Bio 13, in Stupina, 2017 
 
For all the parameters studied, the newly 
created genotype, Bio 7 (Figure 12), is superior 
both compared to the fertility maintenance line 
4B-M7 and compared to the other genotypes 
for all studied parameters. 
 

 
Figure 12. Sunflower genotype, Bio 7, in Fundulea, 2017 
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Abstract 
 
The investigation was performed in the 2016-2018 period, near Plovdiv, Bulgaria by the block method in 4 replications 
in 10 m2 lots in a sandy soil conditions. The aim of the research is to study productivity and quality parameters of native 
(Prista 3) and Dorine -yellow Jacket Rhizobium coated alfalfa varieties (new technology of adding high levels of 
effective Rhizobia, embedded in a protective polymer matrix, together with a nutrient booster containing all essential 
minerals and trace elements). The two varieties were treated with growth regulators (Tekamin Max, Fertigrain Foliar 
and Tekamin Brix) to help plant development under the sandy soil conditions. The results show better protein value, 
higher carbohydrate and cellulose content and higher green mass yield in all treated variants. Dorine significantly 
exceeds the values obtained at Prista 3. 
 
Key words: alfalfa, growth regulators, quality, yield. 
 
INTRODUCTION  

Alfalfa yield formation is complicated process 
due to the interaction of plants with agro-
climatic and soil conditions. For different 
alfalfa varieties it also depends to a large extent 
on the values of the productive components - 
plant height, number of stems per m2, stem 
weight, leaf weight, stalk/leaf ratio, etc. which 
is found in a number of studies (Kertikova & 
Yancheva, 2000; Yancheva et al., 2001; 
Johnson et al., 2007; Petkova et al., 2007; 
Popovic et al., 2007) 
The green mass and hay yield also depends on 
the yield components as plant height, stem 
thickness, number of shoots per unit area, 
weight of shoots from one plant, etc., which 
also change their values under the influence of 
various factors (Ventorini et al., 2010). 
Alfalfa green mass yield is in positive 
correlation with the leaf surface of a plant. This 
is because the leaves represent 30-60% of the 
total fodder yield (Foutz et al., 1976; Hart et 
al., 1978; Sheaffer et al., 1980; Volonec et al., 
1987). Different types of fertilization also have 
a serious influence on crop yield. The timely 
application and the appropriate combinations of 
elements can significantly enhance yield and 
also the quality of the production (Aguilar et 
al., 2012; Al-Juhaimi et al., 2014). A positive 
influence on crop yield can be also influenced 

by using various organic fertilizers and manure 
(Aguilar et al., 2012; Al-Juhaimi et al., 2014). 
With great importance for symbiotic nitrogen 
fixation are Rhizobium tuberculous bacteria 
living in symbiosis with bean plants. On 
average, these bacteria fix from 0 to 50 kg N/da 
for a year (Kimmenov, 1994; Russelle et al., 
2008). In poor (sandy) soils, nitrogen fixation 
is poor, and the aplication of these bacteria into 
the seeds is of particular importance for the 
regular development of the plants, allowing to 
achieve results tipical of rich soils. 
Using coated seeds, together with the seeds in 
the soil can be applied variety of elements as 
pine, molybdenum and cobalt, which have a 
significant influence on the nutrition of plants 
(Zehirov & Georgiev, 2001; Zehirov & 
Georgiev, 2002). Molybdenum positively 
affects the synthesis of protein substances. 
(Kaiser et al., 2005). 
Application of growth regulators in leguminous 
crops or leaf fertilizers (Osman et al., 2010) 
leads to positive changes in productivity, 
chemical composition, leaf area and pure 
productiveness of photosynthesis, increasing 
the symbiotic activity of tuberous bacteria, 
which directly affects the quality and yield of 
the crop. 
Some authors (Hall et al., 2002) found that the 
application of certain leaf fertilizers and growth 
regulators to stimulate branching and increase 
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yield and quality in lucerne did not increase in  
same way in specific soil and climatic 
conditions. 
Sammaura and Yaday (2008) studies show a 
positive effect of foliar fertilizers and 
regulators on the alfalfa growth, development 
and yield. 
In recent years, many preparations with 
different physiological effects, connected to the 
efficiency of the biological nitrogen fixation, 
have been tested,  aiming to regulate  
productive capacities and the growth of alfalfa 
in order to increase the yield and quality of the 
plant production. 
Our studies are targeted also to a group 
products with a regulatory effects on 
productivity and confirm the above results. 
 
MATERIALS AND METHODS 
 
Scientific research was carried out during the 
2016-2018 period at the experimental field of 
the Crop science Department at the 
Agricultural University of Plovdiv. To achieve 
the stated goals, a field experience has been set 
for establishing the influence of some leaf 
preparations with a regulatory effect on the 
productivity and quality of alfalfa. Experience 
is based on the fractional plot method, in 4 
replicates and plot size of 10 m2. Four 
preparations and their combinations (Tekamin 
Max, Fertigrain Foliar, Tekamin Max + 
Fertigrain foliar and Tekamin Brix) over two 
alfalfa varieties (Prista 3 and Dorine) have been 
tested. 
The seeding was created and grown by the 
conventional technology for growing alfalfa for 
fodder (Yankov et al., 1994). 
The obtained data are mathematically 
processed by the dispersion analysis method 
through the SPSS program. 
The soil on which the experience was 
condacted is slightly salted, sandy, poorly 
stocked with nitrogen, moderately loaded with 
phosphorus, well-stocked with potassium and 
well-stocked with calcium and magnesium. The 
content of essential nutrients, combined with 
neutral pH creates favorable conditions for the 
development of alfalfa and the nitrogen 
fixation. 
Years of the experience have been 
characterized as appropriate to the crop 

development. The lack of drastic cold in winter 
is a prerequisite for good wintering and 
garnishing of the crop. All three years are 
characterized as warm and reasonably well-
moistened. These conditions, reveal the 
potential for high yields at the researched 
alfalfa varieties. 
 
RESULTS AND DISCUSSIONS  

A number of authors point that the height of 
plants is a varietiy attribute but changes under 
the influence of various factors (Berg et al., 
2007; Wang et al., 2010; Wang et al., 2010; 
Ventroni et al., 2010). 
The analysis of the obtained results shows, that 
the plants are highest in the first swath, which 
is typical for the crop. The exception is the first 
year, when the spring sowing makes highest the 
second swath. However, average for the 
researched period is the first, followed by the 
second and third. In the second year of the 
experiment, we found a strong Phytodecta 
fornicata attack, as shown on Photo 1. The 
control of the pest was inferred through earlier 
mowing without the use of chemical 
preparations. 
 

 

  
Photo 1. Phytodecta fornicata attack damages 
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The tested preparations did not significantly 
affect the plants height. In both varieties they 
increase the height of the plants, but no 
varieties difference was observed (Figure 1). 
Despite of fact that  Dorine variety forms 
higher stems than Prista in all cuts during the 
three experimental years, the difference in yield 

between the two varieties can be explained by 
the heavier stems (Figure 2), and same results 
obtained from Volonec et al. (1987), Teixeira 
et al. (2007), according to which the weight of 
the stems is one of the important components 
with a direct effect on the yield of green mass 
and hay in alfalfa. 

 

 
Figure 1. Plants height (average for the research period) 

 
Table 1 shows that treated plants formed 
heavier stems than those in controls. In the first 
year spring sowing leads to heaviest stems in 
the second swath. In this indicator, best results 

were obtained when treated with Fertigrain 
Foliar - 24.6 and 25.2 kg ha-1 respectively at 
Prista 3 and Dorine. 

 
Table 1. Stem weight for the period 2016-2018 

Variants Stem weight 
2016 2017 2018 

Swath 1 Swath 2 Swath 3 Swath 1 Swath 2 Swath 3 Swath 1 Swath 2 Swath 3 
Prista 3 
Control 9.3a 16.9a 5.8a 11b 8.6a 8.3a 10.8b 8.6a 8.9a 
Tekamin Max 11.8b 18.7b 8.8c 12.4c 13.5c 11.6c 11.9c 13.2c 10.8c 
Fertigrain Foliar 11.1b 24.6d 9.2c 12.3c 9.9b 8.8b 12.6c 10.1b 9.3b 
Tekamin Max + 
Fertigrain Foliar 

11.2b 20.8c 7.7bc 11.3b 14.3cd 8.9b 10.8b 13.9cd 9.4b 

Tekamin Brix 11.4b 23.5d 7.1b 9.4a 9.9b 8.7b 9.2a 9.7b 9.9b 
Dorine 
Control 12.6a 18.2a 6.8a 7.8a 9.5a 9.3a 7.6a 9.7a 9.9a 
Tekamin Max 13.2b 21.7b 7.5b 11.5c 13c 13.8d 11.7c 13.2c 14.1d 
Fertigrain Foliar 13.2b 19a 8.1bc 9.9b 10.4ab 9.9a 9.6b 10.6ab 10.8ab 
Tekamin Max + 
Fertigrain Foliar 

13.8b 25.2c 7.4b 12.5cd 14.5d 12.4c 12.4cd 14d 12.4c 

Tekamin Brix 12.7a 21.2b 7.1ab 10.5b 10.2a 11.1b 10.3b 9.9a 11.1b 
 

0 50 100 150 200 250

Control

Tekamin Max

Fertigrain foliar

Tek. Max + Fert. f.

Tekamin Brix

Control

Tekamin Max

Fertigrain foliar

Tek. Max + Fert. F.

Tekamin Brix

swath 1

swath 2

swath 3



431

The difference between the control and the 
treated variants is strongest in the second swath 
and decreases in third. During the second and 
third years, the difference in weight is greatest 
in the first and second cuts, and the effect of 
treatment is more pronounced in each 
subsequent year. This shows that fertilizer 
activity has increased with cumulation over the 
years, and this means that their systemic 
application strengthens the treatment effect. 
The differences in the stems weight due to the 
treatment, with few exceptions, are 
mathematically proven in both varieties. The 

only exception is the variant, treated with 
Tekamin Brix, where the results are 
contradictory and it can not be said, that 
treatment with the preparation influences the 
studied indicator for both varieties.  
Many authors consider that the yield of green 
alfalfa is in positive correlation with the 
number of leaves. The leaves weigh and 
number are interrelated, increase the yield, and 
above all, the quality of the production. Our 
research confirms this and shows that the 
treatment proven increases the leaves number 
in all variants in Prista 3 and most in Dorine. 

 

 
Figure 2. Number of leafs per plant (average for the research period) 

 
Highest leaf number Prista variety forms when 
Tekamin Max is applied - 224, and Dorine - 
216 when treated with the combination of 
preparations (Figure 2). On average, during the 
study, both varieties formed highest leaf 
number at first cut, and values nearly equaling 
the other two. 
The results from Tekamin Brix treatment are 
quite controversial in both varieties, in some 
variants the values increase, while other 
decrease, which means that the preparation 
does not affect the number of the leaves. 
The weight of the leaf is an important indicator 
for the crop yield formation, especially in well-
foliated varieties. The results of Figure 3 show 

that the treated plants have heavier leaves than 
untreated, but the differences obtained in most 
cases are not mathematically proven, indicating 
that this indicator is largely influenced by 
climatic conditions. Values at the control are 
5.4 g for the Bulgarian variety and 7.1 g for 
Dorine. Prista 3, realizes highest value when 
treated with Fertigrain Foliar - 8 g, and Dorine 
with combination (Tekamin Max + Fertigrain 
Foliar) - 11 g. The same tendency as the 
number of leaf counts at plants, treated with 
Teknamin Brix in both varieties is noted. 
Treatment does not lead to a one-way change 
which means, that this preparation does not 
affect the weight of the leaves. 
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Figure 3. Leaf weight (Average for the research period) 

 
The researched preparations increase the green 
mass yield in both varieties at all variants with 
some exceptions in 2017 - the third cut for 
Prista 3 and the first cut for Dorine but for the 
period of study in total the differences between 
the variants were statistically proven (Table 2). 
As a result of the treatment, a variety difference 
is obtained. Dorin formes a higher green mass 
yield when treated with Tekamin Max, and 
Prista with the combination of Tekamin Max 
and Fertigrain Foliar. Highest yield Dorine 
realizes when treated with Tekamin Max (2016 
- 4180 kg ha-1; 2017 - 5550 kg ha-1; 2018 – 
5560 kg ha-1) and Prista when treated with 
Tekamin Max and Fertigrain Foliar (2016 - 
5385 kg ha-1; 2017 - 6435 kg ha-1; 2018 - 5679

kg ha-1). Highest yield is obtained in the first 
swaths 2017 and 2018 and second in 2016. 
Comparatively low yield, in the first cut in 
2016 is due to strong attack by Phytodecta 
fornicata in the spring of 2016 (see Photo 1), 
which also required the earlier mowing of the 
culture. Any other attempt to solve the problem 
risked the complete compromise of production. 
In this way, on the one hand, some yield is 
kept, on the other - an adequate and effective 
plant protection  is carried out without the use 
of chemical preparations.  
Also interesting is the fact that in 2017 and 
2018, the yield values of second and third 
swath are very similar in both study varieties. 
This is due to the abundant and well distributed 
rainfall throughout the vegetation. 

 

Table 2. Green mass yield kg ha-1 

Variants Green mass yield 
2016 2017 2018 

Swath 1 Swath 2  Swath 3 Swath 1 Swath 2 Swath 3 Swath 1 Swath 2 Swath 3 
Prista 3 
Control 1270a 1675a 965a 2070a 1620b 1430a 1968a 1590b 1397a 
Tekamin Max 1305b 1760b 1115c 2230c 1760c 1560b 2180c 1811c 1569c 
Fertigrain Foliar 1315b 1760b 1155c 2135b 1690b 1450a 2096b 1702b 1387a 
Tekamin Max + 
Fertigrain Foliar 

1380c 1880c 1020b 2205c 1665b 1560b 2331c 1688b 1490b 

Tekamin Brix 1385c 1725b 1020b 2090a 1405a 1435a 2146a 1496a 1401a 
Dorine 
Control 1865a 1925a 1160a 1915a 1665a 1435a 1915a 1665a 1415a 
Tekamin Max 1875a 2115c 1325c 2195c 1840c 1600c 2195c 1840c 1567b 
Fertigrain Foliar 1850a 2040b 1345c 2185c 1760b 1455b 2185c 1760b 1411a 
Tekamin Max + 
Fertigrain Foliar 

1910b 2265d 1210b 2165c 1965d 1580c 2165c 1965d 1549b 

Tekamin Brix 1860a 2055b 1195a 2075b 1660a 1460b 2075b 1660a 1440a 
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The Dorine variety exceeds Prista in green 
mass yield on average over the study period 
(Dorine - 5345 kg ha-1, Prista - 4280 kg ha-1). 
With small exceptions, the same logic is also 
observed in the results obtained in both the 
treated and the untreated variants, which gives 
us reason to characterize Dorine, as a more 
productive variety (Table 3). An exception to 
the above with respect to the green mass yield 

was observed in the treatment with Tekamine 
Brix in both studied varieties, both in swaths 
and in total for the researched period. The 
application of the preparation does not increase 
the yield, which co-ordinates with the results 
for leaves weight. This fact and the values 
observed in hay yields gives us a reason not to 
recommend the preparation for use in lucerne 
production. 

 
Table 3. Hay yield kg ha-1 

Variants Hay weigth 
2016 2017 2018 

Swath 1 Swath 2 Swath 3 Swath 1 Swath 2 Swath 3 Swath 1 Swath 2 Swath 3 
Prista 3 
Control 381a 486.75a 260.6a 558.9a 453.6a 328.9a 1968a 1590b 1397a 
Tekamin Max 444.3b 756.8c 379.1c 892c 585.6c 455.6c 2180c 1811c 1569c 
Fertigrain Foliar 447.1b 739.2c 427.35c 683.2b 547.7b 348a 2096b 1702b 1387a 
Tekamin Max + 
Fertigrain Foliar 

496.8c 827.2d 347.4b 860c 546.1b 449c 2331c 1688b 1490b 

Tekamin Brix 484.75c 621b 336.6b 568.8a 435.6a 394.2b 2146a 1496a 1401a 
Dorine 
Control 578.2a 785.3a 336.4a 600.7a 500a 389.2a 588a 515a 400.2a 
Tekamin Max 603.5ab 909.5b 490.25b 768.3c 607.2b 432b 734.9c 599.1c 451.3b 
Fertigrain Foliar 629b 877.2b 484.2b 742.9c 651.2c 363.8a 728.1c 644.4b 389.8a 
Tekamin Max + 
Fertigrain Foliar 

691.9c 1019.3c 471.9b 779.4c 707.4d 471.2bc 769.4c 697.3d 479c 

Tekamin Brix 632.4b 801.5a 361.35a 643.3b 481.4a 365a 601 a 476.2a 406.6a 
  

The results for hay yield fully correspond to the 
ones obtained about the green mass. The 
treatment with preparations leads to an increase 
the values of the investigated indicator, both in 
swaths and total for the study period. 
This once again confirms the positive influence 
of treatment on the productivity of the crop and 
gives us reason to recommend the preparations 
in our tried doses for use in the practice of 
alfalfa production. Regardless of the 
climatically different years, one-way results are 
clearly visible in both varieties. Again, the 
highest values were obtained at variants, treated 
with Tekamin Max at Prista and the 
combination of Tekamin Max + Fertigrain 
Foliar at Dorine, with the differences being 
mathematically proven (Table 4).  
Dorine variety significantly exceeds Prista in 
the first year of the study. This is probably due 
to the fact that the introduction of Rhizobium 

bacteria has a strong influence on the initial 
development of the culture. Dorine variety has 
a higher crude protein content in the green 
biomass, compared to Prista 3 in all studied 
variants. The highest values for both varieties 
are obtained after treatment with Tekamin Max 
(23.73) for Dorine variety and 22.18 for Prista 
3. In both varieties the treatment increases the 
protein content. 
The treatment did not affect the cellulose 
content of both tested varieties, regardless of the 
preparations used. The Dorine variety exceeds 
Prista 3, but this is due to the heavier stems, 
which is also confirmed by stem weight data as 
well as by the yields of green mass. 
The quality of lucerne is also determined by the 
common sugars content. Our studies show an 
increase in the indicator as a result of treatment 
in all combinations. 
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Table 4. Quality parameters of alfalfa green mass (average for the research period) 

Variants Crude protein Common sugars Cellulose 
 % to an absolutely dry matter  
Dorine   
Control 21.68 4.66 32.28 
Tekamin Max 23.73 5.31 32.33 
Fertigrain Foliar 22.81 7.36 34.12 
Tekamin Brix 23.00 5.63 32.88 
Prista 3  
Control 19.24 4.38 32.52 
Tekamin Max 22.18 6.12 33.81 
Fertigrain Foliar 21.75 6.21 32.57 
Tekamin Brix 19.87 6.06 31.22 

 
Sugars increased most significantly with 
Fertigrain Foliar aplications in both varieties 
(7.36% for Dorine and 7.36% for Prista 3). The 
obtained data are confirmed over the hole study 
period, indicating that Fertigrain foliar 
increases the sugar content and therefore the 
quality of lucerne plants. 
 
CONCLUSIONS 
 
The application of the tested products increases 
the stems weight of both varieties, Dorine 
forms heavier stems than Prista 3. 
There is proven increasing of number and 
weight of leaves in all treated variants by 
swaths in Prista 3 and in two at Dorine. 
The use of the Tekamine products has been 
shown to increase both green and hay yield for 
both studied varieties on one hand and the 
quality of above-ground biomass on the other, 
so they can be used in practice for alfalfa 
production. Highest results for both varieties 
were obtained by treatment with Tekamin Max 
and Fertigrain Foliar.  
Dorine variety exceed Prista 3 in green mass 
and hay yield for all 3 researched years.  
Using Yellow Jacket Rhizobium coating for 
seeds on sandy soils increases crop yield, and 
improve establishment on this variety under 
difficult conditions.  
Using new technology, as adding high levels of 
effective Rhizobia, essential minerals and trace 
elements, is easy to improve establishment and 
increase forage production. 
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Abstract  
 
The paper aimed to present the effects of Ca - containing metallurgical slag (MS) and liquid fish (LF) fertilizer 
appliance on yield and chemical composition of aerial parts of Swiss chard cultivated on marginal eutric cambisol type 
of soil. The study was performed in semi-controlled glasshouse conditions, and the effects of MS was compared to those 
of commercial lime materials - ground limestone and hydrated lime, in combination with and without standard mineral 
and LF fertilizers. Тhe results of the paper indicate that all Ca-materials studied, including MS, along with the studied 
fertilizers, showed positive effects on the content of main and beneficial biogenic macroelements in chards biomass and 
its yield. There is a statistically significant tendency of an increase in the content of P, K and C in tested herb in the 
treatment with LF fertilizer in relation to other treatments. The concentration of trace metals such as Fe and Cd was 
within the safety limits and allowed concentrations in all the treatments in spite of significant Fe content in MS, which 
is a highly desirable outcome. 
 
Key words: Swiss chard, Eutric Cambisol, chemical properties, metallurgical slag, mineral and organic fertilizers. 
 
INTRODUCTION  
 
Certain soil properties often change with time, 
making soils useful relative age indicators. 
Cambisols combine soils with at least an 
incipient subsurface soil formation. 
Transformation of parent material is evident 
from structure formation and mostly brownish 
discoloration, increasing clay percentage, and/or 
carbonate removal. Decarbonation is often 
followed by leaching (French: lessive, washing), 
which generally presents the translocation of 
claysized particles in suspension from E to Bt 
soil horizons (Schaetzl & Anderson, 2005) and 
is, therefore, an important prerequisite for soil 
acidification.  
Cambisols generally make good agricultural land 
and are used intensively (IUSS Working Group 
WRB, 2006). Intensification in their use, in the 
manner of mineral fertilizers overuse, causes their 
transformation into marginal soils.  
Amelioration of the marginal soils adverse 
properties, such as low pH, is the first step in 
creating favorable soil conditions for productive 
plant growth. Crops vary in their ability to 

tolerate an acidic soil. In general, Swiss chard 
(Beta vulgaris var. cicla), belongs to those 
vegetables that grow well in a soil of pH around 
6.5-6.8 and acidic conditions will stunt its 
growth. Thus, a necessary lime should be applied.  
The application of traditional alkaline liming 
materials such as limestone, dolomite and burnt 
lime to acid soils for the amelioration of acidity 
and consequently for improving the crop 
production is a common practice (Troeh & 
Thompson, 2005; National Slag Association, 
2011; Huang et al., 2012). However, the alkaline 
properties of metallurgical slag and the need for 
its sustainable and environmentally acceptable 
disposal options (Lopez et al., 1995) have 
prompted its use as a liming material on acid 
agricultural soils.  
Metallurgical slag mainly consists of SiO2, CaO, 
Fe2O3, FeO, Al2O3, MgO, MnO, P2O5 and 
several complex minerals (Motz & Geiseler, 
2001). The liming materials in metallurgical slag 
comprise water-soluble and less water-soluble Ca 
and Mg compounds. Free Ca in slag reacts 
rapidly with water to form Ca(OH)2. The 
Ca(OH)2 will react rapidly with soil acidity. 
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Anderson (1991) reported yield increases of the 
certain crops such as sugar cane with calcium 
silicate slag use. White et al. (1937) reported on 
field trials in Pennsylvania that crop yields of 
corn, wheat, oats, buckwheat and soybeans with 
metallurgical slag use were as good or better than 
an equivalent amount of limestone. In addition to 
the liming materials, metallurgical slag contains 
various concentrations of plant nutrients, such P, 
S, Mn, Fe, and Mo. Some slags may contain 
elevated concentrations of trace metals such as 
Fe, Cd, Cr, Cu, Pb, Mo, Ni and Zn. All of these 
metals occur naturally in soil, and many are 
essential plant nutrients. Their concentrations 
vary in slags from different sources. If 
concentrations in the slag are similar to soil 
concentrations, they present no problem. If they 
are present at substantially higher concentrations 
in the slag than in the soil, repeated application of 
the slag could significantly increase soil metal 
concentrations. This possibly could lead to plant 
toxicity, increased plant uptake and transfer of 
metals to animals or humans, or to other 
environmental problems. Nevertheless, the 
bioavailability of these metals in slags is very low 
(National Slag Association, 2001).  
As a by-product of an industrial process, 
metallurgical slag offers considerable cost 
advantages over commercial limestone. Along 
with other lime materials (ground slag stone, 
saturated slag etc.) present in Serbia, 
metallurgical slag from steel factory (Smederevo, 
Serbia) can be of great importance.  
As in steel industry, there is a great problem with 
manure waste in aquaculture industry. In recent 
years this industry had to develop various 
management strategies to reduce the 
environmental impacts of aquaculture manure 
waste. In this regard, to evaluate the potential of 
aquaculture solid waste for use as a fertilizer, the 
aquaculture industry and regulatory agencies 
require analytical data regarding the 
concentrations of various plant nutrients found in 
the waste (Naylor et al., 1999). 
The aim of this research was to investigate the 
effect of Ca-containing metallurgical slag, a by-
product from steel factory (Smederevo, Serbia), 
on yield and chemical composition of the aerial 
parts of chard. The effects of metallurgical slag 
were compared to those of other lime materials 
(ground limestone and hydrated lime) in 

combination with and without standard mineral 
and organic (liquid fish) fertilizers. 
 
MATERIALS AND METHODS  
 
The research was carried out in pot experiments 
under semi-controlled conditions in the 
glasshouse of the Institute of Soil Science 
(Belgrade, Serbia), during 2015. In the 
experiments the comparison of the effect of 
metallurgical slag (MS) with other lime 
materials (ground limestone and hydrated lime) 
in combination with and without mineral NPK 
(N: P: K = 15%: 15%: 15%) and organic (liquid 
fish - LF) fertilizers were studied. The ground 
limestone (calcium carbonate or calcite, CaCO3) 
contains 60% of carbonate. Hydrated lime 
(slaked lime, Ca(OH)2) reacts very rapidly and 
has a TNV (Total Neutralizing Value) of 135, 
thus 740 kg of hydrated lime is equivalent to one 
ton of ground limestone i.e. the TNV = 135 
(Ristow et al., 2010). 
The experiment was undertaken with 1.4 kg pot-1 
of Eutric Cambisol (WRB, 2014), a type of 
marginal soil from Central Serbia region that has 
very low pH and poor physical and biological 
properties (Pivić et al., 2011). The following 
designed treatments were carried out in three 
replicates: T1 - control (untreated soil); T2 - NPK 
mineral fertilizer; T3 - CaCO3; T4 - Ca(OH)2; T5 
- MS; T6 - LF fertilizer; T7 - NPK mineral 
fertilizer + CaCO3; T8 - NPK mineral fertilizer + 
Ca(OH)2; T9 - NPK mineral fertilizer + MS.  
Before sewing the chard, the amount of 
fertilizers and slag was measured according to 
the experimental design and mixed with soil 
(calculated as for 1 ha): composite NPK 
fertilizer (15: 15: 15) = 500 kg ha-1; LF fertilizer 
= 170 kg ha-1; CaCO3 = 4 t ha-1; Ca(OH)2 = 2,8 t 
ha-1; MS = 4 t ha-1. All three Ca-materials with 
granulation of 0.2 mm were used in the 
experiment. 
Chemical properties and elemental composition 
of the plowed layer of Eutric Cambisol used in 
this study (Table 1) were analyzed and 
determined in our previous studies (Pivić et al., 
2011; Stanojković et al., 2011). Accordingly, the 
soil is characterized by acid reaction, with pH in 
1M KCl 4.98, then, potential acidity (Y) and 
relatively low saturation of CEC, medium to 
high content of nitrogen, low content of soluble 
phosphorus, and it is well supplied with 
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available potassium and trace elements - iron, 
zinc and copper. As for toxic metal cadmium, its 
concentrations are below the MPV (maximum 
permissible value). 
 
Table 1. Chemical properties of the studied soil (Pivić et 

al., 2011; Stanojković et al., 2011) 

Chemical parameter Mean  PLV/MPV* 

(mg kg-1) 
pH in 1M KCl 4.98 - 
The sum of bases - S (cmol kg-1) 21.98 - 
Potential acidity - Y´ 11.50 - 
Cation exchange capacity - CEC (cmol kg-1) 29.46 - 
Base saturation -V (%) 74.62 - 
Total N (mg kg-1) 0.28 - 
Available P (mg kg-1)  79.8 - 
Available K (mg kg-1)  21.8 - 
Available Fe (mg kg-1)  63 >25 
Available Zn (mg kg-1)   2.2 >6 
Available Cu (mg kg-1)   4.1 >2.5 
Available Cd (mg kg-1)   0.1 0.8 

*PLV - provision limit value for Fe, Zn and Cu (Ankerman 
& Large, 1977); MPV - maximum permissible value for Cd 
(OGRS, 2018). 
 
In Serbia, eutric cambisols are mostly medium-
heavy soils, with a marked texture difference 
through the profile. Chemical properties vary 
depending on the intensity of use, degree of 
erosion, chemical properties of the parent 
material, as well as the level of development 
(Hadžić et al., 2002). 
Table 2 displays the chemical composition of 
metallurgical slag (MS) applied, which was in 
detail determined in our previous studies (Pivić 
et al., 2011; Stanojković et al., 2011).  

 
Table 2. Chemical composition of MS (Pivić et al., 2011; 

Stanojković et al., 2011) 

Parameter Mean value 
pH in H2O 12.48 
Total Ca (mg kg-1) 26.20 
Total CaO (mg kg-1) 36.60 
Total CaCO3 (mg kg-1) 65.80 
Available Ca (mg kg-1)  17.18 
Total Mg (mg kg-1) 0.41 
Available Mg (mg kg-1)  0.07 
Total P (mg kg-1, in HNO3)  0.64 
Total P (mg kg-1, in 2% citric acid) 0.61 
Total Fe (mg kg-1) 15.34 
Available Fe (mg kg-1) 3.38 
Total Mn (mg kg-1) 1.80 
Available Mn (mg kg -1) 3.12 
Total Zn (mg kg-1) 14.60 
Total Cu (mg kg-1) 228.8 

 
Accordingly, this material has very alkaline 
reaction (pH in H2O = 12.50), with the content 
of calcium in oxide forms (CaO) from 33-45 
mg kg-1, of which about 50% is easily soluble 
in 1 M ammonium acetate; content of the total 

magnesium is about 0.40 mg kg-1 and it was 
mainly in forms of MgO (0.07 mg kg-1); total 
phosphorous contained in the material is about 
0.60 mg kg-1, where nearly all the amount is in 
available forms for plants; content of the total 
iron is high (about 15 mg kg-1), with noticeable 
lower amounts of its soluble forms; manganese 
is present in total amount of about 1.8 mg kg-1, 
but with noticeable low amounts of soluble 
forms; zinc is contained in lower amounts (10-
20 mg kg-1), while the content of copper is a 
little higher (about 200 mg kg-1). 
The settleable faecal fish waste, used as liquid 
fertilizer in this research, was obtained from the 
farm growing rainbow trout (Oncorhynchus 
mykiss) in village Krupac, municipality of Pirot, 
Serbia. Chemical composition of the liquid fish 
(LF) fertilizer included the following analysis: 
total nitrogen (N), carbon (C) and sulphur (S) 
were determined on elemental CNS analyzer 
Vario EL III (Nelson and Sommers, 1996); 
available phosphorus (P) was determined by 
spectrophotometer and potassium (K) by flame 
emission photometry, using AL-method 
(Đurđević, 2014a), after they were heated to 
boiling with the mixture of concentrated sulfuric 
and perchloric acids. 
Swiss chard seedlings were grown according to 
the standard growing methods from March, 31st 

until July, 27th in 2015, when all studied relevant 
parameters of the plant growth were 
measured/analyzed. Biomass from each 
experimental variant and replicates was taken, 
air-dried and weighed, after which it was dried 
for 2 hours at 105oC and weighed again. The 
following chemical parameters of the aerial 
plant parts were analyzed: contents of nitrogen 
(N), carbon (C) and sulphur (S) were determined 
on elemental CNS analyzer Vario EL III 
(Nelson and Sommers, 1996); phosphorus (P) 
and potassium (K) concentrations were 
determined by “wet” combustion, i.e. they were 
heated to boiling with the mixture of 
concentrated sulfuric and perchloric acids, after 
which, in the obtained solution, P was 
determined by spectrophotometer with 
molybdate (Đurđević, 2014b), and K - by flame 
emission photometry (Đurđević, 2014c); in the 
determination of investigated trace biogenic 
elements - iron (Fe), zinc (Zn) and copper (Cu), 
as well as cadmium (Cd) as the toxic heavy 
metal, plant material was converted to a solution 
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by "dry" combustion, i.e., first by heating for 
several hours at 550ºC and then by treating the 
obtained ash with hydrochloric acid, after which 
these elements were determined by atomic 
absorption spectrometry - AAS (Wright & 
Stuczynski, 1996).  
The evaluation of an influence of studied 
treatments on the analyzed chemical 
composition of the plant material was carried 
out using the analysis of variance (SPSS 20.0, 
Chicago, USA), followed by Duncan's Multiple 
Range Test (DMRT). Significant differences 
between means were tested by the LSD test at P 
= 0.05.  
 
RESULTS AND DISCUSSIONS  
 
By analyzing the content of the main chemical 
constituents of faecal fish waste in this study, it 
was determined its moderate to high quality for 
application as an organic fertilizer, containing 
3.3 mg kg-1 of nitrogen, 36.5 mg kg-1 of carbon, 
0.36 mg kg-1 of sulphur, 10.2 mg 100 g-1 of 
available phosphorus and 0.12 mg 100 g-1 of 
available potassium (Table 3).  
 

Table 3. Chemical composition of the liquid fish (LF) 
fertilizer  

Parameter Average value  

Total N (mg kg-1) 3.33 
Total C (mg kg-1) 36.5 
Total S (mg kg-1) 0.36 
Available P2O5 (mg 100 g-1) 10.2 
Available K2O (mg 100 g-1) 0.12 

 
According to the certain previous studies 
(Olson, 1992; Westerman et al., 1993) fish 
fertilizers tend to be highly variable in their 
chemical content, which is also the case with 
other manures. The various results demonstrated 
a wide variability in the general chemical 
composition of fish manure, although its 
macronutrients composition is of primary 
interest, given the end use of the manure as an 
agricultural fertilizer. As stated by Olson (1992), 
fish manure contains moderate amounts of 
essential plant nutrients in dry matter (2.83 mg 
kg-1 N; 2.54 mg kg-1 P; 0.10 mg kg-1 K; 6.99 mg 
kg-1 Ca; 0.53 mg kg-1 Mg), which is similar to 
the results of the current study, with an 
exception of phosphorus (the content was much 
higher in the present study - 10.2 mg kg-1). 
Nevertheless, as suggested by Naylor et al. 

(1999), it is difficult to compare the values from 
the present study with those from others because 
of the differences in conditions under which the 
solids were produced, separated, stored and 
collected.   
The results of the main and beneficial biogenic 
macroelements content in aerial parts of the 
tested vegetable (Table 4) show the statistically 
significant differences between the treatments at 
P<0.05, that are due to a higher accumulation of 
some elements and their mobilization from 
natural soil reserves primarily, as well as 
influenced by the additional LF fertilizer 
amendment and lime materials in combination 
with mineral ferilizer. However, these 
treatments had positive effect on N, P, K, C and 
S contents in relation to the control. There is a 
statistically significant tendency of an increase 
in the content of P, K and C in tested plant 
material in the treatment with LF fertilizer in 
relation to other treatments.  
Improved organic and mineral nutrition in 
combination with lime materials including MS 
would explain the promotion of root and plant 
growth which led to promotion of biomass yield. 
The data on yield of the Swiss chard dry 
biomass were in accordance with chemical 
parameters, meaning that the yield was 
significantly higher in variants which included 
LF fertilizer and NPK mineral fertilizer in 
combination with MS and lime material in the 
form of Ca(OH) (Table 4). 
As stated by Riesen and Feller (2005), the nature 
of applied treatments and their combinations 
have a great impact on trace metals 
accumulation, their mobility and storing 
capacity in plant tissues. Some trace elements 
may pose a toxicity threat if present at elevated 
levels as their availability and mobility increases 
under acidic conditions (Pawłowski, 1997).   
The concentration of trace metals in Swiss chard 
aerial parts showed that there are statistically 
significant differences between different 
treatments at P<0.05 (Table 4). With an 
exception of plants from LF fertilizer treatment, 
it was determined elevated and critical 
concentrations of Fe in all other studied variants 
plants, although these concentrations were 
below the toxic value (Table 5). Nevertheless, 
there was not found higher accumulation of Fe 
in tested plants in the treatments where 
metallurgical slag was applied in spite of its 
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significant content in this liming material. The 
content of Cu was in the range of normal and 
critical concentrations in chard plants from all 
variants studied except from control, where the 
content of Cu in chard was a little above the 
toxic value of 20 mg kg-1 per dry biomass (Table 
4). The content of Zn and Cd in plants from all 
variants were in the range of normal and critical 
concentrations, but below the toxic (Table 5), 
which is a highly desirable outcome since Cd is 
a highly mobile element and can be easily 
translocated to the aerial plant parts (Sipter et 
al., 2008). The obtained results of Pajević et al. 
(2018) indicate that heavy metal accumulation 

significantly depends not only on soil quality, 
but also on plant species and in accordance, 
translocation of heavy metal ions from roots to 
aboveground plant parts. Different distribution 
of heavy metals within the plant was also 
previously reported by Al Jassir et al. (2005).  
The edible parts of leafy green vegetables, such 
as Swiss chard, showed higher potential to 
accumulate heavy metals in comparison to 
storage organs and fruits (Sharma et al., 2008), 
which could explain elevated concentrations of 
the studied trace elements in this plant species.  
 

 
Table 4. Available macroelements in Swiss chard and the yield of dry biomass depending on the treatment applied 

*means ± standard deviation; LSD - least significant difference; value followed by the same letter in a column is not 
significantly different at P< 0.05.    

 
Table 5. Trace elements in Swiss chard biomass depending on the treatment applied  

*means ± standard deviation; LSD - least significant difference; value followed by the same letter in a column is not 
significantly different at P< 0.05; Literature source: 1Schulze et al. (2005), 2Kastori et al. (1997), 3Kloke et al. (1984).       

 
 
 
 

Treatments 
Macroelements (mg kg-1 of dry biomass)* Yield  

(g pot-1) N P K C S 
T1 - control  2.17±0.04i 0.27±0.04h 3.59±0.01f 36.77±0.05e 0.75±0.05d 9.09±0.10b 
T2 - NPK  3.81±0.03b 0.31±0.01e 4.03±0.12c 36.48±0.07f 1.07±0.04a 9.34±0.12b 
T3 - CaCO3 2.75±0.06g 0.37±0.02cd 3.83±0.06d 37.33±0.37d 0.96±0.01b 9.08±0.09b 
T4 - Ca(OH)2 3.07±0.05e 0.35±0.01d 3.83±0.03d 38.27±0.39c 1.03±0.03a 9.10±0.12b 
T5 - MS  2.62±0.02h 0.33±0.03de 3.83±0.01d 38.21±0.10c 0.97±0.02b 9.26±0.13b 
T6 - LF fertilizer 2.90±0.05f 0.49±0.01a 4.42±0.09a 39.75±0.04a 1.04±0.01a 9.72±0.08a 
T7 - NPK fertilizer + CaCO3 3.20±0.02d 0.34±0.02de 3.70±0.01e 37.40±0.10d 1.07±0.02a 9.13±0.13b 
T8 - NPK fertilizer + Ca(OH)2 4.23±0.07a 0.44±0.02b 4.13±0.02b 38.83±0.16b 0.81±0.03c 9.76±0.20a 
T9 - NPK fertilizer + MS 3.32±0.08c 0.40±0.02c 3.38±0.02g 38.56±0.11bc 1.07±0.02a 9.81±0.18a 
P value *** *** *** *** *** *** 
LSD (0.05) 0.105 0.034 0.066 0.449 0.045 0.226 

Treatments 
Trace metals (mg kg-1 of dry biomass)* 

Fe Zn Cu Cd 
T1 - control  302.33±2.08c 183.78±1.55a 22.61±0.03a 3.74±0.03a 
T2 - NPK  465.33±17.93b 129.95±8.21b 13.50±0.18d 3.25±0.05b 
T3 - CaCO3 259.33±5.03d 76.27±8.76ef 13.46±0.16d 1.52±0.03h 
T4 - Ca(OH)2 236.33±12.50d 85.55±4.50de 15.25±0.16b 1.93±0.04f 
T5 - MS  325.67±2.52c 67.49±7.79f 11.61±0.14e 2.04±0.06e 
T6 - LF fertilizer 123.33±9.45e 91.88±5.41cd 11.33±0.10f 2.58±0.01c 
T7 - NPK fertilizer + CaCO3 528.67±16.50a 30.83±2.93g 7.39±0.15h 1.72±0.02g 
T8 - NPK fertilizer + Ca(OH)2 545.00±36.01a 41.96±7.17g 14.56±0.04c 1.31±0.01i 
T9 - NPK fertilizer + MS 309.67±14.22c 100.00±10.33c 10.01±0.01g 2.41±0.09d 
P value *** *** *** *** 
LSD (0.05) 17.864 5.318 0.111 0.057 
Reference  value    

Normal  501 153 33 <0.1-13 
Critical 2501 1502 152 52 
Toxic  6002 2002 202 102 
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CONCLUSIONS  
 
Fertilizer management is of great importance in 
vegetable production. Тhe results of the paper 
indicate that all Ca-materials studied, including 
metallurgical slag, along with the studied 
mineral and liquid fish fertilizers, showed 
positive effects on the content of main and 
beneficial biogenic macroelements in aerial 
biomass of Swiss chard. There is a statistically 
significant tendency of an increase in the 
content of P, K and C in tested plants in the 
variant with liquid fish fertilizer in relation to 
other treatments. Similar to the content of 
macroelements, the biomass yield was 
significantly higher in variants which included 
liquid fish fertilizer and NPK mineral fertilizer 
in combination with metalurgical slag and lime 
material [particularly in the Ca(OH) form]. The 
content of trace elements in Swiss chard plants 
was mainly in the range of normal and critical 
concentrations, except for Cu from control 
plants, where its content was a little above the 
toxic value of 20 mg kg-1 per dry biomass 
(Kastori et al., 1997). Nevertheless, there was 
not found higher accumulation of Fe in tested 
plants in the treatments where metallurgical slag 
was applied in spite of its significant content in 
this liming material. Generally, it was estimated 
that the studied metallurgical slag of the 
standardized chemical composition can be 
added to marginal soils toward their fertility 
amelioration/improving without adverse 
effects. It should be noted that liquid fish 
fertilizer of the stated chemical composition its 
self showed an excellent effect on all 
parameters tested and could be a part of an 
effective alternative to chemical fertilization in 
vegetable production under semi-controlled 
conditions. 
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Abstract 
 
The purpose of this study is based of assessing the influence of leaf fertilizers on the two common wheat varieties. The 
fertilization was started with the liquid fertilizers Lactifrost, Lactofol base and Wuxal Grano. These are leafy liquid 
fertilizers that are used to nourish crops. A basic fertilization with ammonium nitrate was also carried out. The study 
options are as follows: 1. Without fertilization; 2. Ammonium nitrate (N14); 3. Lactifrost - l l/da; 4. Lactifrost + 
Lactofol base - 1.0 l/da + 0.5 l/da; 5. Lactofol base - 0.5 l/da .; 6. Wuxal Grano – 0.400 l/da; 7. Wuxal Grano - 0.400 
l/da + 0.200 l/da. The results of study show that the crude protein content ranges from 128.50-143.94 g/kg DM in the 
Enola variety and from 115.93 to 127.34 g/kg DM in the Illico variety. The introduction of Wuxal Grano slurry 
increased the crude protein content by 9.1 and 12.0% relative to the control. As a result of the correlation analysis, a 
very high correlation (r = 0.947-0.993) was found between CP and PDI for both common wheat varieties. 
 
Key words: common wheat, energy nutrition, fertilization, protein feed.  
 
INTRODUCTION 
 
Wheat is one of the traditional and 
economically important crops for many regions 
around the world. Protein is the main 
quantitative factor determining the quality of 
wheat grains. In this connection, factors that 
affect protein levels are of particular 
importance. 
Increasing grain protein content is a topical 
issue in the world of nutrition (Uauy et al., 
2006; Mangova et al., 2007). Main criteria for 
selection of varieties are resistance to abiotic 
and biotic stress combined with high 
productive potential and grain quality. 
(Panayotov et al., 2004; Yanchev et al., 2012). 
A number of studies have found a positive 
correlation between nitrogen fertilization levels 
and protein content in the grain (Kelley & 
Sweeney, 2007; Guangkail et al., 2009). 
According to Kelley and Sweeney (2007), total 
nitrogen in the grain is strongly influenced by 
nitrogen fertilization levels and by the type of 
prior culture. 
A positive correlation between productivity, 
grain protein content and fertilizer levels (N12 
and N18) has been found in post-flowering 
feeding (Montemurro et al., 2007). Results of 
experiments with different fertilizer norms to 

assess the impact of different levels on 
inorganic (0, 80, 160 and 240 kg nitrogen ha-1) 
and organic (0, 30 and 60 mg municipal waste 
compost ha-1) fertilizers on the yield of wheat 
and protein content have shown that high yields 
and levels of protein and gluten in the grain 
(Tayebeh et al., 2010) have been achieved with 
fertilization with 160 kg ha-1 nitrogen. 
The current study has a purpose to assess the 
correlation between the chemical composition 
of wheat grain and the energy and protein feed 
of ruminant and non-ruminant wheat typical of 
the two common wheat varieties that under the 
influence of leaf fertilizers, imported through 
vegetation. 
 
MATERIALS AND METHODS 
 
For the purpose of the study, authors used two-
year data from field experiments, conducted in 
the experimental field of the Faculty of 
Agriculture, Trakia University of Stara Zagora, 
Bulgaria. The experiments were carried out on 
a meadow cinnamon soil. 
The trials were based on tripartite plotting, with 
three replicates of fertilization and liquid 
fertilizer feed. The fertilization was started with 
the liquid fertilizers Lactifrost, Lactofol base 
and Wuxal Grano. 

Scientific Papers. Series A. Agronomy, Vol. LXII, No. 1, 2019
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These are leafy liquid fertilizers that are used to 
nourish crops. A basic fertilization with 
ammonium nitrate was also carried out. The 
study options are as follows: 1. Without 
fertilization, 2. Ammonium nitrate (N14); 3. 

Lactifrost - l l/da; 4. Lactifrost + Lactofol base 
- 1.0 l/da + 0.5 l/da; 5. Lactofol base - 0.5 l/da; 
6. Wuxal Grano - 0,400 l/da; 7. Wuxal Grano - 
0.400 l/da + 0.200 l/da 

 
Table 1. Content of macro and micro elements in leaf fertilizers 

Foliar fertilizers gL-1 mgL-1 
N* P2O5 K2O SO3 MgO B Cu Mn Mo Zn 

Lactofol 
base 101 29.4 50.9 1.36 - 305 203 226 23 452 

Lactifrost 13.8 42.4 37.9 2.12 - 477 106 106 2120 64 
Wuxal 
Grano 219 - - 365 29 - 0.0043 0.0043 - 0.0146 

* NO3-N  + NH4-N  + NH2-N (g l-1): 22.6 and 13.8 + 11.3 and 6.4 + 67.8 + 0.3 
 

 
The experiment included two varieties of 
common wheat - Enola and the introduced 
Illico variety. The experience was brought out 
during the period 2015-2016. After grain 
harvesting, the grain chemistry of the common 
wheat varieties was analyzed. The chemical 
analysis of the grain was carried out by the 
Weende method. The levels of crude protein 
(CP), crude fibre (CF), ether extract (EE), 
nitrogen free extract (NFE), and mineral 
substances in the grain of the two studied 
varieties were determined. 
The technology to extract the field survey is 
standard for the area, except for the fertilization 
and feeding of common wheat. 
By the formulas of Todorov et al. (2004, 2007) 
the FUM, FUG and PDI content of ruminants 
were calculated. 
 
GЕ = 0,0242 СP + 0,0366 EE + 0,0209 СF + 
0,017 NFE  
MЕ = 0,0152 DP + 0,0342 DEE + 0,0128 DСF 
+ 0,0159 DNFE  
q = ME / GE 
FUM = MЕ (0,075 + 0,039q) 
FUG = MЕ (0,04 + 0,1q) 
PDI = 1,11СP (1 - Deg) Dsi + 0,093 FOM 
FOM = DOM - DEE - FP - СP (1 - Deg) 
FP = 250 – 0,5 DM  
BPR = CP(Deg – 0,1) – 0145 FOM 
 
where: GE - gross energy, CP - crude protein, 
EE - ether extract, CF - crude fibre, NFE - 
nitrogen free extract, MЕ - metabolizable 
energy, DP - digestible protein, DEE - 
digestible ether extract, DF - digestible fibre, 

DNFE - digestible nitrogen free extract, Deg - 
degradability of dietary protein in the rumen, 
FOM - fermentable organic matter, DOM - 
digestible organic matter, PDI - protein 
digestible in (small) intestine, Dsi - digestibility 
in small intestine, Deg - degradability of dietary 
protein in the rumen. 
Digestible energy (DE) and metabolizable 
energy (ME) values for pigs and poultry were 
calculated using the equations (Тodorov et al., 
2004): 
 
DЕpg = 0.0242 DP + 0.0394 DEE+0.0184 
DСF + 0.0170 DNFE 
MЕpg = 0.0210 DP + 0.0374 DEE+0.0144 
DСF + 0.0171 DNFE 
DЕp = 0.0239 DP + 0.0398 DEE+0.0177 DСF 
+ 0.0177 DNFE 
MЕp = 0.0178 DP + 0.0397 DEE+0.0177 DСF 
+ 0.0177 DNFE 
 
Experimental data were processed by a 
correlation analysis, which established and 
evaluated the relationship between the studied 
indicators. The same is expressed by the 
correlation coefficient r, determined through 
the statistical program SPSS 13. 
The correlation dependencies are a product of 
the mathematical and statistical processing of 
Genchev's output data and others (1975). 
 
RESULTS AND DISCUSSIONS 
 
The present material presents the data on the 
organic matter contents in the grain of two 
common wheat varieties obtained by Weende 
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analysis. The analysis of the levels of the 
qualitative indicators in the different feeds of 
common wheat shows that the variance under 
the influence of the studied factors (liquid 
fertilizers) is poor for both varieties. 
The content of crude protein in the grain of 
common wheat is a key quality indicator. For 
Enola variety, the content ranges from 128.50 
to 143.94 g/kg DM, and Illico variety from 
115.93 to 127.34 g/kg DM. The increase due to 
fertilizer use during crop vegetation is in a 
narrow range. The variation in the range of 109 
to 130 g/kg DM was also found by Zilic et al. 
(2010). For bigger variation in the content of 
the CP reports Kim et al. (2003) in Australian 
wheat varieties - 9.7 to 19.1% CP and Dapoza 
(2006) in Spanish wheat varieties - 7.6 to 
15.1% CP. 
In Enola, crude protein levels are higher than 
the fertilizer control with 4.6-12.0%, while in 
Illico the increase is up to 9.1% relative to the 
control. From the studied factors, the 
fertilization with Wuxal Grano has a more 
significant impact on the crude protein yield 
(5.3-12.0 %). 
The crude fat contents – 16.83-24.32 g/kg DM 
of the evaluated wheat varieties were similar to 

reported by Sauvant et al. (2004) and Lasek et 
al. (2011). 
Crude fibre reduce the digestibility of the feed 
and thus reduce its nutritional value. The value 
of the CF was established in the range of 15.45 
to 19.86 g/kg DM and they  are consistent with 
the established values of Alijosius et al. (2016) 
and are lower than those established by Zijlstra 
et al. (1999) and Anjum et al. (2014). 
The concentrations of NFE – 798.05-831.32 
g/kg DM were in general agreement with the 
data of Anjum et al. (2014), who was reported, 
that for 19 different varieties of wheat the NFE 
in grain ranged from 78.78% to 82.92% DM.  
A major indicator of the nutritional value of 
feed is their energy and protein nutrition. In 
ruminants, two units of energy nutrition 
assessment are used: feed unit for growth 
(FUG), feed unit for milk (FUM). 
Protein nutrition is determined by the amount 
of protein, truly digestible in the intestine - 
protein digestible in (small) intestine (PDI). 
This indicator takes into account the 
contribution of feed to meet the animal's 
protein needs. 

 
Table 2. Chemical composition of the grain of common wheat, g/kg DM 

Var. Rep. CP EE CF NFE 

Enola 

1 128.50 20.75 17.59 813.52 
2 134.46 20.57 18.73 809.77 
3 135.80 21.10 15.45 809.68 
4 137.53 24.32 17.37 798.05 
5 136.60 23.93 18.52 804.43 
6 143.76 21.16 20.07 799.23 
7 143.94 22.65 17.00 800.70 

Illico 

1 116.72 21.04 19.86 828.89 
2 115.93 17.25 20.36 831.32 
3 119.90 17.74 18.85 826.64 
4 117.10 18.66 17.38 829.49 
5 119.21 19.83 18.55 826.93 
6 122.94 19.38 18.90 824.18 
7 127.34 16.83 18.46 820.75 

 
The FUM content in 1 kg DM ranges from 1.62 
to 1.64 for Enola and 1.65 to 1.67 for Illico. 
FUG analysis for Enola shows slight variation 
at 1.46-1.47, and 1.41-1.49 at Illico. 
The data show the weak influence of the liquid 
fertilizers studied on FUM and FUG. In fact, 
the content of raw nutrients in the grain of 

common wheat under the influence of feeding 
with various liquid fertilizers during vegetation 
changes in narrow limits. 
For pigs and poultry, the feed content of 
digestible and metabolizable energy is used as 
an indicator of the feed energy feed. 
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Table 3. Energy and protein value of common wheat for ruminants, for pigs and poultry in 1 kg DM 

Var. Rep. Ruminant animals Non-ruminant animals 
FUM FUG PDI DЕp MЕp DЕpg MЕpg 

Enola 

1 1.47 1.64 101.50 15.81 15.18 16.40 16.10 
2 1.47 1.64 102.65 15.86 15.21 16.47 16.15 
3 1.47 1.64 102.75 15.89 15.22 16.49 16.17 
4 1.46 1.63 102.26 15.82 15.15 16.43 16.11 
5 1.47 1.64 102.67 15.90 15.23 16.52 16.19 
6 1.46 1.62 103.99 15.89 15.18 16.50 16.16 
7 1.47 1.63 103.98 15.94 15.24 16.56 16.22 

Illico 

1 1.49 1.67 100.20 15.83 15.26 16.43 16.16 
2 1.48 1.66 100.25 15.77 15.20 16.35 16.09 
3 1.48 1.65 100.70 15.78 15.19 16.36 16.09 
4 1.48 1.66 100.20 15.79 15.22 16.37 16.10 
5 1.49 1.66 100.54 15.82 15.24 16.41 16.14 
6 1.48 1.66 101.20 15.84 15.24 16.43 16.15 
7 1.48 1.65 101.91 15.81 15.19 16.39 16.10 

DЕpg - digestible energy for pigs, MЕpg - metabolizable energy for pigs, 
DЕp - digestible energy for poultry, MЕp - metabolizable energy for poultry 

 
The data on the PDI content (Table 3) show 
that the liquid leaf fertilizers studied did not 
affect the content. In the Enola variety it ranges 
from 101.50-103.99 g/kg DM, and in Illico the 
variation is in the range of 100.20-101.91 g/kg 
DM on average during the field experience. 
The increase in PDI content for both varieties 
ranged from 1.7-2.4 %. 
Table 3 also provides the calculated digestate 
and exchange rate data for non-ruminant pigs 
and poultry in 1 kg DM. The digestible energy 
content of the birds varies between two wheat 
varieties ranging from 15.77 to 15.94 MJ/kg, 
and in the pigs range from 16.35 to 16.56 
MJ/kg DM. Mollah et al. (1983), Wiseman 
(2000), McCracken et al. (2002) establish 
similar values for DEp - 8.49 to 15.9 MJ/kg 
DM. 
The differences are extremely insignificant. 
The swine content is higher, but the differences 
are again negligible. The values of the ex-
change energy also vary within narrow limits. 
Again, the trend in digestible energy levels is 
higher in pigs (16.09-16.22) MJ/kg DM. 

After the correlation analysis of the studied 
varieties of common wheat, a very high 
correlation (r = 0.947) was found between the 
CP and the PDI in the Enola variety and Illico 
variety (r = 0.993). High positive values of r (r 
= 0.809) are reported between NFE and FUG. 
We have found also a high correlation (r = 
0.99, P<0.01) between CP and PDI and 
between NFE and FUG (r = 0.99, P<0.01) in 
our other research. 
We have a negative correlation between the CP 
and FUG (r = -0.790). Negative correlation is 
established between CF and FUM/FUG (r = -
0.420, and r = -0.4670) (Table 4). Stoyanova et 
al. (2016) also establish negative correlation 
between CF and FUG (r = -0.20, P<0.05). 
Mathematically unproven are the correlation 
relationships between EE and the other 
indicators considered. 
In Illico variety high positive values of r (r = 
0.794, r = 0.821) was obtained between EE and 
FUM/FUG (Table 5). A negative correlation 
between NFE and PDI (r = -0.964) was also 
obtained. 

 
Table 4. Correlation coefficients between wheat grain chemistry, energy and protein nutrition  

of ruminant wheat for Enola variety 2015-2016 

 CP EE CF NFE FUM FUG PDI 
CP 1 0.288 0.242 -0.835* -0.433 -0.790* 0.947** 
EE  1 -0.072 -0.654 -0.294 -0.138 0.016 
CF   1 -0.291 -0.420 -0.467 0.271 

NFE    1 0.728 0.809* -0.622 
FUM     1 0.806* -0.226 
FUG      1 -0.686 
PDI       1 

*Correlation significant at the 0.05 level 
**Correlation significant at the 0.01 level 
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Table 5. Correlation coefficients between wheat grain chemistry, energy and protein feed of wheat  
for ruminants in Illico variety 2015-2016 

 CP EE CF NFE FUM FUG PDI 
CP 1 -0.386 -0.322 -0.986** -0.322 -0.634 0.993** 
EE  1 0.076 0.251 0.794* 0.821* -0.449 
CF   1 0.345 0.208 0.362 -0.229 

NFE    1 0.197 0.571 -0.964** 
FUM     1 0.636 -0.369 
FUG      1 -0.642 
PDI       1 

*Correlation significant at the 0.05 level 
**Correlation significant at the 0.01 level 
 
A high positive correlation is recorded between 
the CP and DEpg (r = 0.767). The correlation 
between CP and MEpg (r = 0.662) is also very 
positive (Table 6).  
The correlation between the content of CF and 
DEp/MEp negative as logical. The content of 
CF in the feed affect digestibility and energy 
nutrition. 
We have also found negative correlation 
between CF and DEpg and MEpg (r = - 0.600 ÷ 
0.741) and positive correlation dependence (r = 
0.660) between CP and DEpg (r = 0.619) was 
found (Stoyanova et al. 2018) in our previous 
studies. Positive correlation between the 

contents of the CP and DE and a negative 
correlation between the content of CF and DE 
tempting 15 samples of wheat in experiments 
with pigs establish and Zijlstra et al. (1999). 
The negative correlation between the CP and 
NFE found in both wheat varieties (r = -0.835, 
and r = -0.986). Analogous results between the 
crude protein and NFE (r = -0.83) and establish 
Alijosius et al. (2016). 
High positive correlation relationships are 
reported between EE and DEp (r = 0.970) and 
EE and DEpg/MEpg (r = 0.775, r = 0.899) 
(Table 7).  

 
Table 6. Correlation coefficients between wheat grain chemistry, energy and protein nutrition  

of non-ruminant wheat for Enola variety 2015-2016 

 CP EE CF NFE DEp MEp DEpg MEpg 
CP 1 0.288 0.242 -0.835* 0.731 0.212 0.767* 0.662 
EE  1 -0.072 -0.654 0.094 -0.077 0.200 0.158 
CF   1 -0.291 -0.029 -0.239 0.033 -0.066 

NFE    1 -0.332 0.209 -0.419 -0.287 
DEp     1 0.812* 0.990** 0.988** 
MEp      1 0.781* 0.867* 
DEpg       1 0.987** 
MEpg        1 

*Correlation significant at the 0.05 level 
**Correlation significant at the 0.01 level 

 
Table 7. Correlation coefficients between wheat grain chemistry, energy and protein feed  

of wheat for non-ruminants in Illico variety 2015-2016 

 CP EE CF NFE DEp MEp DEpg MEpg 
CP 1 -0.386 -0.322 -0.986** 0.366 -0.332 0.244 -0.032 
EE  1 0.076 0.251 0.691 0.970** 0.775* 0.899** 
CF   1 0.345 -0.068 0.105 0.025 0.161 

NFE    1 -0.468 0.220 -0.356 -0.086 
DEp     1 0.753 0.989** 0.911** 
MEp      1 0.824* 0.936** 
DEpg       1 0.958** 
MEpg        1 

*Correlation significant at the 0.05 level 
**Correlation significant at the 0.01 level 
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CONCLUSIONS 
 
The results of the present study show that the 
crude protein content ranges from 128.50-
143.94 g/kg DM in the Enola variety and from 
115.93 to 127.34 g/kg DM in the Illico variety. 
The introduction of Wuxal Grano slurry 
increased the crude protein content by 9.1 and 
12.0 % relative to the control. 
The applied leaf fertilizers do not affect the 
contents of FUM, FUG and PDI. 
As a result of the correlation analysis, a very 
high correlation correlation (r = 0.947-0.993) 
was found between CP and PDI for both 
common wheat varieties. 
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Abstract 
 
The objective of these researches was to analyze the quality for bakery industry of some organic and conventional 
wheat samples on the agricultural market in Romania. Analysis was performed on grains, flour and bread of the 
organic wheat by comparison with the conventional wheat. For wheat grains we tested: moisture, gluten, starch, 
proteins, Zeleny index, ash and fiber. For integral wheat flour we performed the following: organoleptic examination; 
wet gluten content; the index of gluten deformation; gluten index; Falling Number. For bread, we analysed: 
organoleptic examination; the ratio height/diameter; crumb porosity; crumb elasticity. The chemical composition of 
organic wheat grains was: 10.73% moisture; 13.25% proteins; 66.27% starch; 1.53% fibre; 1.87 ashes; 35 Zeleny 
Index. By comparison, for conventional wheat grains were: 11.52% moisture; 12.96% proteins; 67.12% starch; 2.31% 
fibre; 1.62 ash; 32 Zeleny Index. The results of integral wheat flour include: specific color of wheat milled grist, with 
smell pleasant, not specific smell of mold, hot or other special smell; the taste was normal, slightly sweet, not bitter or 
sour, with no mineral impurities; the wet gluten content varied between 30.74% for organic flour and 27.12% for 
conventional; deformation index was between 5 for organic flour and 3 for conventional flour; 56.43 gluten index was 
for organic flour and 50.07 for conventional; Falling Number was 247 seconds for organic flour and 234 seconds for 
conventional flour. Another aspect that was highlighted by determinations organoleptic bread quality assessment where 
it obtained 23 points for conventional bread and 30 points for organic bread. Thus, the bread obtained good fall into 
the category (18.1 ... 24 points) for conventional bread and very good, especially in terms of smell and taste for organic 
bread. 
 
Key words: wheat, bakery industry, organic agriculture, yields quality, chemical composition. 
 
INTRODUCTION 
 
Bread is a commonly consumed grain product 
in numerous countries and societies. 
Nowadays, there is a great variety of organic 
and “natural” breads, along with conventional 
ones. Can choose from white bread, wheat, 
whole or sprouted wheat, multi-grain, and 
gluten-free (Kucińska, 2012). 
A clear understanding of the relationships 
between farming systems and crop nutritional 
quality is very important for designing 
agricultural management strategies which 
enhance environmental quality and 
sustainability while improving consumer’s 
health.  
Agricultural production systems may differ 
greatly in terms of amount and sources of 
fertilisers, crop protection strategies and crop 

rotation. As such, a relationship between food 
quality and farming systems could be expected 
(Mazzoncini et al., 2007).   
Introduction European policy to promote 
quality food products is an important 
component of the current Common 
Agricultural Policy (CAP). By this policy, 
European Union encourages farmers in order to 
obtain the agricultural products with superior 
quality. Currently, while the initial goal was 
achieved (in many agricultural products 
European Union provides the use of domestic 
over 100%), CAP was shifted to the qualitative 
aspect of food products, rather than to the 
quantity (Toader, 2008).  
Grain quality at the mill is the result of the 
interaction of genotype with environmental 
conditions from sowing to delivery to the mill, 
and this interaction is potentially different for 
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each aspect of grain quality (Cauvain, 2003).
The baking potential of wheat flours is 
influenced by many factors, most notably 
protein content (MacRitchie, 1987). Protein 
content is in turn influenced mainly by nitrogen 
fertilization, while the protein quality is 
determined primarily by the wheat genotype 
(Samaan et al., 2006). On the other hand, both 
the quality and the content of the wheat protein 
are affected by the climatic conditions during 
wheat maturation (Huebner, 1999 .  
Vitreousness is considered to be related to the 
endosperm microstructure whereas hardness is 
suggested to influence the adhesion forces 
between starch granules and protein matrix 
(Greffeuille et al., 2006  
EU quality policy on the products obtained in 
the organic farming system is part of wider 
agricultural product quality policy. This policy 
meets the demand for specific products, 
increasingly stronger European consumers 
towards standardization in the development of 
conventional products. Producers are allowed if 
their products meet the conditions imposed by 
European regulation, to engage in a quality 
approach to enable better marketing. In order to 
qualify, depending on the geographical area 
will be enhanced, two indications: protected 
designation of origin and protected 
geographical indication. There is also the 
possibility that products produced using 
traditional methods to obtain certification of 
specificity (under endorsement traditional 
specialty guaranteed) (www.organic-
europe.net).  
This means that modern organic products, are 
not only fresh, delivered straight from the farm, 
but they also cover products every day 
involving sophisticated methods of processing 
products including wine, beer, pasta, yoghurt, 
prepared meals, cheeses etc. Like their 
counterparts from conventional agriculture, 
organic farmers and processors monitor trends 
in food consumption to ensure their products 
keep up with any changes in consumer tastes or 
demand, with the guarantee system certification 
on these products. 
As a result of fewer irrigation practices and no 
synthetic fertilizers and pesticides being used in 
crops’ growth, a higher amount of significant 
health-promoting nutrients, minerals, vitamins, 
and antioxidants can be found in organic 

grains. Eating organic bread can also lower 
your exposure to pesticides. Organic farming is 
significantly reflected not only in quality and 
safety of grain and grain-based products; it also 
has a great impact on our environment. 
Furthermore, wheat is the most important 
cultivated plant, which is obtained mainly 
bread, staple food for about 40% of world 
population. The wheat flour is used for the 
preparation of various bakery products and 
manufacturing of pasta, etc. The grains of 
wheat are included in mixtures for breakfast 
cereals. Wheat grains are used in animal feed 
as such or ground, for the production of starch, 
gluten, alcohol, spirits (vodka, whiskey) beer, 
biofuel (ethanol). Straw have multiple uses, 
such as raw material in the pulp and paper 
industry; bedding; roughage; organic fertilizer 
into the soil after harvest incorporation or 
composting; producing energy by burning ends 
in fiery heat recovery. 
In Romania there are favorable conditions for 
wheat cultivation and its role in food security 
strategy is determined by the possibilities of 
conservation inexpensively compared to other 
foods, cold chains unnecessary or costly 
installation (Roman et al., 2012). 
 
MATERIALS AND METHODS 
 
The main objective of this research was to 
determine the chemical composition and yield 
quality for organic and conventional wheat 
from the market of agricultural products in 
Romania. At the same time, there were tested 
samples of wheat flour for bakery industry 
quality. The material includes 20 of wheat 
samples, 10 for each type, organic and 
conventional. For results we present the 
average results. 
Chemical analyses were performed to Yield 
Quality Laboratory of Crops Sciences 
Department of the Faculty of Agriculture, 
University of Agronomic Sciences and 
Veterinary Medicine of Bucharest, in 2017. 
The devices used for analyses of wheat grains 
was spectrophotometer infrared NIR Inframatic 
9200 Product Instalab-Analizer (Figure 1). For 
wheat grains we tested: moisture, gluten, 
starch, proteins, Zeleny index, ash and fibre.  
For integral wheat flour performed according 
the STAS Methods (SR 877-95-Wheat Flour), 
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the following: organoleptic examination; wet 
gluten content; the index of gluten deformation; 
gluten index; Falling Number (Figure 2).   
For bread, we analysed: organoleptic 
examination; the ratio height/diameter; crumb 
porosity; crumb elasticity (Table 1, Figure 3).  
 

 
Figure 1. NIR Inframatic 9200 Product Instalab-Analizer 

(Yield Quality Laboratory of Crops Sciences 
Department) 

 

 
 

 
Figure 2. Aspects of gluten index deformation analysis 

 (Yield Quality Laboratory of Crops Sciences 
Department) 

 

 
 

 
Figure 3. Aspects of bread analysis 

(Yield Quality Laboratory of Crops Sciences 
Department) 

Table 1. Descriptive vocabulary and definitions used by 
assessors to evaluate bread 

Attribute Definition 
Appearance 
Crust colour Degree of colour darkness in the crust 

ranging from pale to dark brown 
Crumb colour Degree of colour darkness in the crumb 

ranging from creamy to white 
Crumb appearance Degree of porosity and its uniformity from 

non uniform to uniform 
Odour 
Yeasty Odour associated with aromatic exchange 

from yeast fermentation 
Grainy An aromatic impression of cereal derived 

products like wheat, barley and corn 
Texture 
Manual Force required snapping sample by hand 
Oral Force required biting completely through 

sample placed between the molars 
Flavour 
Sweet Fundamental taste sensation of which sucrose 

is typical 
Salt Fundamental taste sensation elicited by 

sodium chloride 
Sour Fundamental taste sensation evoked by acids 

 
RESULTS AND DISCUSSIONS 
 
Results of wheat grains chemical 
compositon. Knowing, the moisture content 
plays an important role in storage of wheat 
grains. Moisture percentage is very important 
in the practice of obtaining and preserving 
agricultural products, as increased moisture 
favors grains firing and infestation. In 
Romania, the STAS moisture for wheat seeds is 
14% (SR ISO 13548:2013). 
According to the moisture content, a higher 
amount of dry matter was obtained from 
organic wheat, about 90% compared with 
conventional wheat which had a value of about 
88% (Table 2). 
 

Table 2. Comparative analysis on chemical 
composition of conventional and organic wheat seeds  

Compounds 
(%) 

Conventional 
wheat 

Organic wheat 

Moisture 11.52 10.73 
Dry matter 88.38 89.27 
Proteins 12.96 13.25 
Starch 67.12 66.27 
Fibre 2.31 1.53 
Ash 1.62 1.87 
Zeleny index 
(number) 

32 35 

 
Regarding the biochemical content of other 
components, one can highlight content slightly 
higher in proteins, over 13% for organic wheat, 
compared with conventional wheat samples.  
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Because minerals are distributed mainly to the 
periphery of the grain, the degree of extraction 
of the flour is higher, the higher ash content 
and flour is darker but richer in minerals, fibre 
and enzymes. Ash content for organic wheat 
flour had a value of 1.87%. For conventional 
wheat flour ash content was 1.62%. The starch 
was higher of conventional wheat, respectively 
67.12%, by comparison with organic wheat.  
Results on flour (whole meal). Organoleptic 
examination of the flour was: appearance 
(colour), smell and taste of flour for bakery. 
Both types of flour (organic and conventional) 
had the characteristics of healthy product.  
After infestation determination, it was observed 
that after about an hour, the cone made with a 
funnel did not collapse, and there were no signs 
indicating the presence of mites or other insects 
on the surface for any of the analyzed samples. 
The obtained results showed an ash content 
falling standards for integral flours in Romania 
for both types of sample. The wet gluten and 
proteins contents have the main role in the 
production of bread from wheat flour. 
Sufficiently flexible and extensible gluten 
ensures well-developed, smooth, uniform 
porosity with thin walls. In our experiments, 
wet gluten content varied between 30.74% for 
organic wheat and 27.12% for conventional 
wheat (Table 3). Thus, the obtained values 
frame the organic wheat and the conventional 
wheat in the Romanian standards (22-32%) for 
high quality flour for bakery. It highlights the 
wheat flour made from organic wheat, where 
gluten was over 30%.  
The deformation of gluten index indicates the 
proteolytic activity of the flour. The 
deformation of the gluten is high if it exceeds 
15 mm. If gluten deformation is below 5 mm, 
proteolytic activity is very low, gluten is highly 
elastic, and flour requires amelioration with 
proteolytic or reducing enzymes. For baking 
flours Standards, gluten deformation index 
ranges from 3 to 25 mm. In this experiment it 
was obtained 3 mm for conventional wheat 
flour and 5 mm of organic wheat flour. 
Gluten index calculated for the two types of 
flour ranged between 50.07 in the case of 
conventional wheat flour and 56.43 
respectively for organic wheat flour. The 
standards gluten index ranges oscillated 
between 40 and 50. 

The nutritional content of breads is related to 
the chemical composition of the bread, hence 
protein content and starch composition are of 
importance when considering the dietary 
impact of breads. 
 
Table 3. Comparative analysis on flour of conventional 

and organic wheat 

Compounds  Conventional 
wheat 

Organic 
wheat 

Standards 
Values 

Organoleptic 
examination  

Product 
specific 
healthy 

Product 
specific 
healthy 

Product 
specific 
healthy 

Wet gluten 
(%) 

27.12 30.74 22 

Deformation 
index (mm) 

3 5 3-15 

Gluten index 50.07 56.43 40-50 
 
Falling Number test was determined in 
laboratory by Falling Number device, 
according to standard ISO 3093-2005. In these 
circumstances it was 228 seconds organic flour 
and conventional flour was 247 seconds (Table 
4). This index measuring amylase activity 
involved in starch degradation, which can be 
excessive in the presence of germinating seeds 
or emerging germination. The method is widely 
used commercially to measure the germination 
of grain. The results show the two types of 
flour are suitable to use in bakery industry. 
 

Table 4. Falling Number of conventional and organic 
wheat flour 

Values Quality 
of flour Conventional 

wheat flour 
Organic 
wheat 
flour  

Standards 
Values 

- - < 120 
seconds 

Unusable 

- - 120- 180 
seconds 

Satisfactorily 

228 247 180- 260 
seconds 

Suitable 

- - >260 
seconds 

Usable with 
the addition 
of enhancers 

 
Results on bread. Organoleptic characteristics 
after 4 hours of rest from cooking were 
following: 

• Type of product: bread analyzed has regular 
shape at both flour types, and volume was 
sufficiently developed and flattened to any of 
the samples. 
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• Bark:  
- Appearance: shell surface was matt (has 

cracks on upper and side shell surface 
over 1 cm long, the skin is crispy, slightly 
soft to hear a sound hitting its open, 
clean). 

- Color: nice browned crust was yellowish-
gold coloration is uniform and attractive. 

• Core: 
- Sectional appearance: the product was 

sufficiently ripe, fairly uniform crumb 
porosity, cracks vertical, lateral or 
horizontal core. 

- Colour: crumb feature was the assortment 
of bread. 

- Consistency: pressing with the finger 
slowly enough bread crumb returns to its 
original state and cutting the slice of 
bread, knife remains clean, it is not 
crumbles core was wet and tacky to the 
touch, and elastic. 

- Smell: the product was especially 
pronounced flavor of organic wheat flour. 

- Taste: product has a satisfactory taste.  
- The total number of points by scoring 

method (Table 5) was 23 points for the 
conventional bread by comparison with 
organic bread (30). 

Quality bread falling in the good category 
(18.1-24 points) for conventional bread and 
very good for organic bread, especially in terms 
of smell and taste. 

 
Table 5. Organoleptic quality assessment by method 

points of bread 
Organoleptic 
characteristics 

Maximum points for 
conventional bread 

Maximum points 
for organic bread 

Product form 4 5 
Crust: 

aspect 3 3 
colour 3 3 

Crumb: 
sectional 
appearance 

3 3 

colour 3 3 
consistency 3 3 
Smell 2 5 
Taste 3 5 
Total score 23 points 30 points 

 
Besides other issues as determined by 
organoleptic examination, little can comment 
on defects in, namely: 
- Cracks in the shell, even if they were not 

large, were determined through gas outlet 

fermentation of the dough, giving it specifies 
that poor aesthetics and a low volume, so 
once the output of these gases fermentation 
were lost and some the flavour substances of 
bread. 

- The core was wet, probably due to elastic 
baking at elevated temperature, a short time. 

The evolution of the core and shell after 24 
hours storage. Bread immediately after 
cooling began to aging, the first signs appeared 
after 10-12 hours. Bark has become matt, it was 
first soaked, then it became hard core was 
brittle. Flavor and aroma of fresh bread 
disappeared, replaced by a bland taste, 
especially stale bread from conventional wheat. 
The core brittle occurred due to insufficient 
gelatinisation of starch. Taste of the core and 
shell fad after 24 hours of storage arose due to 
insufficient fermentation and leaven dough. 
To remember is that not all defects importance 
for the quality of bread. Very important are: 
ripeness, volume, porosity, taste and smell. 
They can decide the acceptability of bread as 
the final product. 

 
CONCLUSIONS 
 
The concept of organic farming is aimed to 
produce food with the taste, texture and 
authentic qualities and attractive corresponding 
to culinary preferences and skills of the modern 
consumer. 
The production of certified organic wheat 
allowed to maintain a premium price compared 
with the conventional market. 
Consumers are increasingly aware of social 
issues and the environment related to food 
production as evidenced by the significant 
increase in sales of food certificates, both in 
stores and in natural food supermarket chains. 
All these values are exponent climatic 
conditions and culture technology applied for 
the two types of wheat analyzed and reveal 
their importance on the chemical composition 
or the quality of the harvest. 
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Abstract 
 
The experiment is conducted in the Experimental Base of the Department of Plant Growing at Agricultural University of 
Plovdiv in the period 2012-2015. The experiment is set in block mode, in 4 repetitions, with cultivated plot size of 20 m2, 
with winter rapeseed – the Visby hybrid. The aim of the experiment is to establish rapeseed yield treated with the following 
leaf fertilizers: Lactofol B - 4000 ml/ha, Litovit® - 2000 g/ha, and Fertiactyl Starter - 3000 ml/ha, and one untreated 
control. Rapeseed is sown during the following sowing dates - 1-10.IX, 1-10.X, 10-20.X, 20-30.X. The leaf fertilization is 
carried out in the 2-4 leaf stages for the first two sowing periods and in 1-2 leaf stages for the second two sowing periods. 
The studied leaf fertilizers have positively influenced the yield of rapeseed. The highest grain yield was recorded in 2014, 
and the lowest in 2013. Both during the three-years period and averagely for the study period, the highest grain yield for 
the different sowing periods was obtained from variants treated with Fertiactyl Starter - 3000 ml/ha. 
 
Key words: rapeseed, sowing period, leaf fertilization, yield. 
 
INTRODUCTION  

 
The problem of shortage of moisture during 
sowing – germination period of rapeseed in 
Bulgaria in recent years has been steadily 
increasing. The small amount of precipitation 
in this period leads to the later germination of 
the crop and its inability to enter the optimum 
phase necessary for wintering. One way to 
stimulate plant growth and overcome 
unfavourable weather conditions is to use leaf 
fertilizers. The direct treatment of the leaves 
leads to a faster and more efficient supply of 
the plants with the necessary nutrients and 
minerals.  
Experiments with leaf fertilizers have been 
carried out in many countries around the world 
and in our country on various agricultural crops 
(Sekar S. et al., 2010; Soare M. et al., 2010; 
Stoyanova A. et al., 2010; Toader C., 2010; 
Sanmueang A. et al., 2011), however those 
concerning rapeseed are scarce.  
That is why we set ourselves the objective to 
find out the effect of some foliar fertilizers on 
the productivity of the oil producing rapeseed.   
 
MATERIALS AND METHODS  
 
The experiment was carried out within the 
period of the years 2012-2015, on the land of 

the Training, experimental and implementation 
base of the Department of Plant growing of the 
Agricultural University of Plovdiv. The 
experiment was carried out according to the 
block method, with 4 reiterations, with the 
experimental plot having the size of 20 m2, 
using Visby hybrid that originates from  
Germany. 
Experimental variants: 
Factor A - Sowing dates 
Factor B - Foliar fertilizers 
Factor C - Development phases 
I. Date of sowing 1-10.IX   
- Untreated variant 
- Spraying with Lactofol B - 4000 ml/ha - 
phenophase - 2-4th leaf 
- Spraying with Litovit® - 2000 g/ha - 
phenophase - 2-4th leaf  
- Spraying with Fertiactyl Starter - 3000 ml/ha - 
2-4th leaf  
II. Date of sowing 1-10.X 
- Untreated variant 
- Spraying with Lactofol B - 4000 ml/ha - 
phenophase - 2-4th leaf 
- Spraying with Litovit® - 2000 g/ha - 
phenophase - 2-4th leaf  
- Spraying with Fertiactyl Starter - 3000 ml/ha - 
2-4th leaf.  
III. Date of sowing 10 – 20.X 
- Untreated variant 
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- Spraying with Lactofol B - 4000 ml/ha - 
phenophase - 2-4th leaf 
- Spraying with Litovit® - 2000 g/ha - 
phenophase - 2-4th leaf  
- Spraying with Fertiactyl Starter - 3000 ml/ha - 
2-4th leaf. 
IV. Date of sowing 20-30. X 
- Untreated variant 
- Spraying with Lactofol B - 4000 ml/ha - 
phenophase - 2-4th leaf 
- Spraying with Litovit® - 2000 g/ha - 
phenophase - 2-4th leaf  
- Spraying with Fertiactyl Starter - 3000 ml/ha - 
2-4th leaf.  
 
Rapeseed is planted after wheat being the 
precursor. After its harvesting, the land was 
ploughed at a depth of 18-20 cm, and then 
cultivated twice by cross-disking and rolling 
before sowing.  With the main soil cultivation 
100 kg/ha phosphorus and 80 kg/ha potassium 
were inserted. From a total of 170 kg/ha 
nitrogen - 30 kg/ha have been imported in the 
autumn in the course of pre-sowing treatment, 
and the rest of the quantity - as early as early 
spring.   
Sowing was carried out by means of a seed 
drill, at a 12-15 cm distance between the rows, 
with a sowing rate of 6 kg/ha, which delivers a 
density of 60 plants/m2. The depth of sowing is 
2-3 cm. After sowing, the land is rolled.  
In the course of the experiment the productive 
capacity of rapeseed is observed and studied, 
the one resulting from different sowing dates 
and treated with different foliar fertilizers.  
The main meteorological factors that have 
influenced crop productivity over the years are 
air temperature and quantity of rainfall during 
the periods that are of critical importance for 
the development of rapeseed. (Figures 1, 2, 3). 
The study of these factors shows specifics with 
regard to the average monthly temperatures and 
especially with respect to moisture (quantity 
and distribution of rainfall during vegetation), 
which is one of the risk factors for obtaining 
high yields of rapeseed. 

Significant deviations from the values of the 
average day and night temperature during the 
three years of the experiment carried out on the 
lands of the Training, experimental and 
implementation base versus the multi-year 
period were not observed. 
More unevenly distributed during vegetation, 
however the highest quantity of rain in the 
course of the three experimental years was 
reported in 2014-2015 (856.4 mm). 
Less, but better distributed are rainfalls 
reported in 2013-2014 (574.7 mm), while in the 
period 2012-2013 (541.0 mm) the reported 
rainfall is the least. 
The coldest months during the winter period 
are December and January, with minimum 
temperatures being recorded in January 2014-
2015 (-14.2°C), December 2012-2013 and 
2013-2014 (-9.8°C; -10.4°C) (Figure 2). 
 
RESULTS AND DISCUSSIONS 
 
The indicators related to seed yield are given in 
Tables 1, 2 and 3. The data shows that, 
depending on the sowing dates, weather 
conditions, and foliar fertilization, these 
indicators change during the years of the 
experiment. 
All structural elements with the exception of 
fruit length and pods weight of a plant have the 
highest values in 2012-2013, and the lowest in 
2014-2015. 
During the three years of sowing, all structural 
elements, averagely in the course of the 
experimental period, have higher values in the 
variants sown in the period 20-30.X and 1-10. 
IX, followed by those sown from 1 to 10.X and 
from 10 to 20.X. 
Plant height from all sowing dates, and 
averagely for the studied period had the highest 
values for the plants treated with Fertiactyl 
Starter (from 159.9 to 166.5 cm), followed by 
Lactofol B treated (from 159.1 to 164.4 cm), 
Litovit® (from 158.7 to 163.7 cm), while and 
the lowest height is registered for the control 
plants (from 158.0 to 163.5 cm).  
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Figure 1. Average monthly temperatures in the region of the Training, experimental and implementation base 

 

 

 
Figure 2. Quantity of rainfall during the years of survey in the region of the Training, experimental and 

implementation base 
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Figure 3. Absolute minimum and maximum temperatures by months 2012/2015 

 
Averagely for the experimental period, 
Fertiactyl treated variants again have the 
highest values with regards to the number of 
branches (from 7.9 to 9.5 pieces), followed by 
the variants treated with Lactofol B (from 7.9 
to 9.3 pieces), Litovit® (from 7.8 to 9.2 
pieces), and finally the control group of plants 
(from 7.8 to 9.2 pieces). 
In terms of the number of fruits of a plant, 
higher values during the three years and 
averagely for the study period were reported for 
the leaf fertilizer treated variants versus the 
control group. 
Of the foliar fertilized variants, averagely for 
the experimental period, the number of fruits 
was greatest (from 203.7 to 218.0) in Fertiactyl 
Starter treated plants, followed by those treated 
with Lactofol B (202.2 to 215.6) and Litovit® 
(from 200.7 to 213.7 pieces). The smallest 
number of fruits was reported in the control 
variants (from 199.8 to 212.4 pieces).  
The length of the fruits from the different 
sowing dates and between the control  
and leaf treated variants varies within a small 
range. 
With regards to the number of seeds in a single 
fruit, the highest number of seeds averagely for 
the period was reported for Fertiactyl Starter 
treated variants (27.0 to 28.2 pieces). 
The number of seeds averagely for the 
experimental period for the remaining variants 

ranged from 26.8 to 27.7 for Lactofol B, 26.6 to 
27.5 for Litovit® and from 26.6 to 27.3 for the 
control plants. 
The main structural elements that have the 
greatest impact on seed yield are the weight of 
the fruits and seeds of a single plant. 
Highest values of these structural elements in 
leaf-fertilized variants were reported for 
Fertiactyl Starter, while the lowest - for 
Litovit®. 
On average during the experimental period, the 
values of these indicators in leaf-fertilized 
variants ranged from 25.1 to 26.2 g for 
Fertiactyl Starter treated plants, followed by 
Lactofol B treated plants (from 24.8 to 25.7 g), 
Litovit® (from 24.7 to 25.6 g), and the lowest 
in the control plants (24.6 to 25.5 g) in terms of 
fruit weight, and within 14.1 to 15.0 g for 
Fertiactyl Starter treated plants, followed by 
Lactofol B treated variants (13.9 to 14.8 g), 
Litovit® (from 13.8 to 14.7 g), and the lowest 
for the control plants (from 13.7 to 14.6 g) in 
terms of the weight of the seeds of a plant. 
Both at all sowing dates, and for all variants, 
the values of these two indices are the lowest in 
the control. 
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The weight of the pods for the different 
variants and dates of sowing do not differ 
significantly. 
Averagely for the experimental period, the 
highest values for pod weight were reported in 
the Fertiactyl Starter treated variant (from 11.0 
to 11.2 g). 
All structural elements at different sowing 
dates and experimental variants have the 
highest values in the case of treatment with 
Fertiactyl Starter foliar fertilizer, while the 
lowest - for the control variant. 
Seed yield  
Data on the seed yield from the experimental 
variants and sowing dates are presented in 
Table 4.  
The results obtained show that, depending on 
the year, the meteorological conditions, the 
sowing date and the treatment with foliar 
fertilizers, the seed yield varies. 
The more favourable combination and 
distribution of meteorological factors in 2013-
2014 create a prerequisite for obtaining higher 
yields during the years and cultivation variants 
followed by the yields of 2014-2015. The 
lowest yield was obtained in 2012-2013. 
In the second or third year of the experiment, 
the highest seed yields were obtained during 
the first sowing date, whereas in the following 
dates yields gradually decreased.  
The optimal combination of moisture and 
temperature at the second and third sowing 
dates in 2012-2013 (from 1 to 10.X and 10 to 
20.X) are a prerequisite for obtaining higher 
yields in all cultivation variants compared to 
the first sowing date. 
Lower temperatures during the sowing period 
from 20 to 30.X create a prerequisite for the 
inability of the plants to reach the phase that is 
optimal for wintering during the three 
experimental years. 
Therefore the yields of seeds are the lowest at 
this sowing date, and in 2013, yields are only 
reported for the variants treated with Fertiactyl 
Starter. 

Averagely for the experimental period, the 
highest seed yield was obtained by Fertiactyl 
Starter treated variants at all sowing dates (1 to 
10.IX - 3.774 t/ha; 1 to 10.X - 3.946 t/ha; 10 to 
20.X - 3.703 t/ha; 20 to 30.X - 0.981 t/ha), 
followed by Lactofol B (from 1 to 10.IX - 
3.713 t/ha; from 1 to 10.X - 3.823 t/ha , from 
10 to 20.X - 3.604 t/ha), Litovit® (from 1 to 
10.IX - 3.617 t/ha; from 1 to 10.X -3.706 t/ha; 
from 10 to 20.X - 3.496 t/ha), and the control 
(from 1 to 10.IX - 3.527 t/ha; from 1 to 10.X -
3.598 t/ha; from 10 to 20.X - 3.335 t/ha). 
Foliar fertilizer treatment compared to the 
control plants is of greatest importance for 
sowing period from 10 to 20.X, followed by 
sowing period 1-10.X and 1-10.IX. 
Fertiactyl Starter-treated variants have the 
highest percentage increase in yield compared 
to the control plants (from 7.0 to 11.0%), 
followed by Lactofol B treated plants (from 5.3 
to 8.1%) and Litovit® treated plants (from 2.4 
to 4.8%). 
On the basis of the mathematical processing, 
during the three experimental years, at all 
sowing dates, statistical proof in terms of seed 
yield data, at LSD 5%, was established between 
the leaf-fertilized variants and the control.  
 
CONCLUSIONS 

 
Foliar fertilization has a beneficial effect on 
structural elements and seed yield for all 
variants and dates of sowing. 
Compared to the control plants, the structural 
elements producing the seed yield have higher 
values for the leaf-fertilizer treated variants.  
The highest values of all structural elements 
forming the seed yield were reported in the 
variant treated with Fertiactyl Starter. 
For leaf-treated variants, seed yield is from 2.4 
to 11.0% higher than the control. 
Averagely during the experimental years, the 
highest seed yield was obtained from Fertiactyl 
Starter treated variant (0.981-3.946 t/ha), which 
exceeds the control with 7.0 to 11%. 
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Table 4. Seed yield t/ha 

Variants  
                                             Sowing dates  

Seed yield t/ha 

 1-10.IX  
 2012/ 

2013 
2013/ 
2014 

2014/ 
2015 

Average  % 

Control  3.058а 3.908а 3.614а 3.527 100.0 
Fertiactyl Starter  3.236с 4.148с 3.939d 3.774 107.0 
Litovit®  3.132b 4.007b 3.712b 3.617 102.4 
Lactofol В   3.202 bс  4.102bс 3.836с 3.713 105.3 
LSD 5% 0.0701 0.0988  0.0890 - - 

 1-10.X 
 2012/ 

2013 
2013/ 
2014 

2014/ 
2015 

Average % 

Control  3.553а 3.662а 3.579а 3.598 100.0 

Fertiactyl Starter  3.903d 4.023d 3.911d 3.946 109.7 

Litovit®  3.659b 3.784b 3.674b 3.706 103.0 

Lactofol В  3.784с 3.902с 3.799c 3.828 106.4 
LSD 5% 0.079 0.080 0.079 - - 

 10-20.X 
 2012/ 

2013 
2013/ 
2014 

2014/ 
2015 

Average 
 

% 

Control  3.285а 3.383а 3.337а 3.335 100.0 

Fertiactyl Starter  3.647d 3.752d 3.709d 3.703 111.0 

Litovit®  3.437b 3.546b 3.505b 3.496 104.8 

Lactofol В  3.544с 3.655с 3.613с 3.604 108.1 
LSD 5% 0.073 0.075 0.074 - - 

 20-30.X 
 2012/ 

2013 
2013/ 
2014 

2014/ 
2015 

Average % 

Control  - 1.000а 0.754а - - 
Fertiactyl Starter  0.889 1.154 d 0.901d 0.981 - 
Litovit®  - 1.047b 0.817b - - 
Lactofol В  - 1.101c 0.863c - - 
LSD 5% - 0.030 0.028 -  
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Abstract  
 
During the 2014-2016 period, in the experimental field of the Department of Plant Growth at Agricultural University of 
Plovdiv were carried out field experiments. The aim of the study was to investigate the influence of foliar fertilizers on 
the chemical composition of the grain of durum wheat varieties Predel and Elbrus. The plants were treated in the 
tillering, jointing and heading phases of growth with Megafol (300 ml/da) and Megafol-protein (300 ml/da). The results 
were compared with an untreated control. The experiments were based on a predecessor chickpea on the block method 
in four replications with a plot size of 15 m2. 
As a result of the experiments, the use of Megafol-protein had the most significant effect on the crude protein content of 
the Predel grain when it was applied in the tillering phase and the Elbrus grain when applied in the heading phase. The 
use of Megafol had a significant positive effect on the gluten content of the Elbrus variety only after application in the 
jointing phase. 
 
Key words: gain chemical content, durum wheat, leaf fertilizers. 
 
INTRODUCTION  
 
The factors of the environment have an 
enormous influence on the processes of the 
plants, the formation of the yield and its 
quality. The protein content of wheat grains 
also varies strongly (from 9 to 24%) depending 
on the growing conditions. The role of nutrition 
and the importance of individual elements in 
plant life are primarily determined by the fact 
that the nutrients entering the plant cells are 
compounded by important organic compounds. 
Nitrogen in plants is quickly converted to 
amino acids, which are the starting compounds 
for the synthesis of proteins, nucleic acids, 
alkaloids and others. 
The use of foliar fertilizers during vegetation 
can greatly influence the formation of yields 
and the quality of the grain obtained. There is 
much work to do in this direction. For example, 
the application of leaf fertilizers during jointing 
phase has been found to increase grain yield for 
durum wheat: 9.1% for Lactofol O and 9% for 
Devifert M + M due to their positive influence 
on the structural elements of the yield and the 
mass per 1000 grains (Delchev, 2000). The 
Ramil Stimulator, applied alone or in 
combination with complex foliar fertilizers, 
increases the protein content, wet and dry 

gluten, as compared to Tritimil and its 
combinations (Delchev, 2004). Applied 
through vegetation, leaf microbes provide a 
better diet for wheat. The combined spring feed 
with Vouxal Microplant (100 ml / da) + Kodice 
(250 ml/da) contributes to obtaining the highest 
number of grains in class and a larger grain 
mass - 63% higher than untreated crops. The 
application of leaf fertilizers during the period 
of intense growth increases the protein content, 
the raw fats, the carbohydrate compounds 
(starch) and the cellulose. The amount of crude 
protein is highest (17.4%) when applying the 
mineral fertilizers Vouxal and Kodice - 14.4% 
higher protein content than in the wheat, once 
fertilized with ammonium nitrate at 30 kg/da 
(Stoyanova, 2010). The combination of the 
Microelements for cereals with Amalgerol 
Premium leads to an increase in yield (by 59.4 
kg/da) and increases the resistance of durum 
wheat to unfavorable climatic conditions 
(Delchev, Stoyanova, 2013). 
The purpose of this study was to investigate the 
effects of two foliar fertilizers (Megafol and 
Megafol-protein) and the time of their 
application on grain quality and yields of two 
varieties of durum wheat in the conditions of 
the Plovdiv region. 
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MATERIALS AND METHODS  
 
The experiments were carried out in the 
experimental field of the Department of Plant 
Growth at the Agricultural University of 
Plovdiv in the period 2014-2016. The effects of 
the Megafol (300 ml/da) and Megafol-protein 
(300 ml/da) were studied. The influence of the 
fertilizers was compared to control plants that 
were not treated. The experiments were based 
on a predecessor chickpea on the block method 
in four replicates with a plot size of 15 m2. The 
sowing of durum wheat is carried out in the 
optimal time from 20th of October to 10th of 
November with a sowing rate of 500 seeds/m2 
and mineral fertilization with 12 kg/da nitrogen 
and 8 kg/da phosphorus. All phosphorus 
fertilizer was imported prior to sowing together 
with 1/3 of the nitrogen fertilizer. The rest of 
nitrogen fertilizer was imported as spring feed. 
All units of the established technology for 
growing durum wheat were followed. 
The foliar treatment preparations used contain 
valuable plant growth stimulating ingredients. 
Megafol contains amino acids and a complex of 
biologically active substances (sugar beet 
extract, algae extract, and organic ingredients 
required for growth). Megafol-protein also 
contains a complex of biologically active 
substances that activate the genes involved in 
protein synthesis (GEA 166). 
The following grain parameters were 
determined: wet and dry gluten yield (by 
weight), fiber, crude fat (by residual method), 
nitrogen content and crude protein (Kjeldahl), 
carbohydrate substances (by the residual 
method). 
 
RESULTS AND DISCUSSIONS  
 
Table 1 shows the occurrence of phenophases 
in the tested varieties.   
The duration of the period from sowing to 
germination is determined by the amount of 
precipitation before sowing, but is mainly 
limited by the air temperature, with the higher 
average air temperature guaranteeing the faster 
and joint growth of wheat. Prior to sowing of 
durum wheat on 10th November 2014, soil 
moisture reserves increased, which combined 
with the higher temperature compared to the 
multiannual period of time created good 

conditions for the germination of the plants. 
Higher temperatures in mid-November and 
falling precipitations contributed to the normal 
germination phase at the end of the month. The 
germination of plants is followed by abundant 
rainfall in the first ten days of December - 32.3 
mm more than the multiannual period of time. 
In the early stages of development no 
significant differences were observed between 
the two tested varieties (Table 1). The Elbrus 
variety enters one to two days earlier, 
respectively, in phase of germination and third 
leaf compared to Predel variety. Predel variety 
entered the phase of 3rd leaf on 17.12.2014, and 
Elbrus variety on 15.12.2014. Gradually, with 
decreases in temperatures in December, the 
growth processes of durum wheat also 
subsided. In January, rainfall was 23.6 mm less, 
and in February and March it was 44.6 and 
100.0 mm higher than the norm for the 
multiannual period. These two months were 
also characterized by higher average monthly 
temperatures of 3.10°C and 3.70°C (versus -
0.4°C for January and 2.2°C for February on 
average over a thirty year period), but the 
plants are in hibernation. In the second ten days 
of March, with temperatures rising, the plants 
entered the tillering phase. The tillering phase 
of Elbrus variety is on 26th March 2015, and in 
the Predel variety it is three to four days later 
on 30th March 2015. The precipitation in April 
was 27.0 mm less than the norm, and this had a 
retaining effect on the growth of durum wheat. 
Temperatures for the same period were within 
the normal range for the month, and a shooting 
up phase occurred on 20.04.2015 for Elbrus 
variety and three days later on 23.04.2015 for 
Predel variety.  
The rainfall in May and June was 12.5 mm and 
15.7 mm less than the norm, respectively, while 
the average monthly temperature in May and 
June was higher than the norm, which led to an 
accelerated development of durum wheat. The 
stages of filling and ripening of the grain 
occurred under favourable rainfall conditions. 
The ear formation phase of Elbrus variety took 
place on 15.05.2015, while on 18.05.2015 for 
Predel variety. Full maturity for durum wheat 
was recorded on 01.07.2015 and on 03.07.2015 
respectively for Elbrus and Predel varieties. 
Harvest of durum wheat was carried out on 
09.07.2015. 
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Table 1. Phenological phases of the durum wheat varieties tested 

Development phases 2014-2015 
Predel Elbrus 

Sowing 10.11 10.11 
Germination 26.11 25.11 
3rd leaf 17.12 15.12 
Tillering 30.03 26.03 
Shooting up 23.04 20.04 
Ear formation phase 18.05 15.05 
 Full maturity 03.07 1.07 

 
 

Table 2. Duration, temperature sum, and precipitation during interfacial periods 

Year Interfacial 
periods 

Number of days ∑  t active, 
(оС) 

t average, 
(оС) 

The amount of 
rainfal, mm/m2 

Predel Elbrus Predel Elbrus Predel Elbrus Predel Elbrus 

2014 - 
2015 

Sowing - 
germination 17 16 144.0 144.0 8.47 9.0 48.7 48.7 

Germination  – 
3rd leaf  22 21 77.3  77.3 3.51 3.68 78.8 78.7 

3rd leaf -  
tillering  104 102 394.6 345.4 3.79 3.38 246 239.3 

Tillering -  
shooting up  25 26 297.6 311.6 11.90 11.98 13.6 20.3 

Shooting up -  
ear formation 
phase  

26 26 451.0 420.5 16.17 17.34 66.0 64.7 

Ear formation - 
ripening   47 48 976.2 993.1 20.77 20.68 87.3 79.5 

 
The data in Table 2 on the characteristics of the 
interphase periods shows similar numbers of 
days, the sum of the active and average t°C for 
both varieties. The germination of the plants 
takes place for 16 and 17 days at an equal sum 
of active temperature of t°C - 144°C for Predel 
and Elbrus varieties and at average 
temperatures of 8.47-9.0°C with an equal 
amount of precipitation for the period - 48.7 
mm. The interphase period “germination - third 
leaf” runs for 21 and 22 days also at the same 
temperature sums of 77.3°C, with average 
temperature for the period 3.5-3.7°C, and 
precipitation quantity with close values 78.7-
78.8 mm for both varieties. The longest period 
is the period of the  
3rd leaf - tillering, i.e. 102 days for Elbrus and 
104 days for Predel variety, the sum of the 
active temperatures for Predel variety being 
greater than that of Elbrus variety, respectively 
394,6°С and 345,4°С. The average t°С for the 
period of Elbrus variety is 3.38°C, and for 
Predel variety is 3.79°C, and the precipitation 
quantity is 239.3 mm and 246.0 mm, 

respectively. The interphase period of tillering - 
shooting up occurs in shorter time in Predel 
variety, 25 days, and in Elbrus variety for 26 
days. The sums of active temperatures are 
slightly different - 297.6°C for Predel and 
311.6°C for Elbrus. Average temperatures are 
close to 12.0°C, and the amount of rainfall in 
Elbrus variety is greater, 20.3 mm, versus that 
of Predel, 13.6 mm.  
The same is the duration of the interphase 
period tillering - ear formation equalling to 26 
days for both varieties. It occurs at sum of the 
active temperature of 451.0°C and precipitation 
quantity of 66.0 mm for Predel variety, the 
values of which are greater than those of the 
Elbrus, namely 420.5°C, and 64.7 mm. The 
value of the average t°C for Elbrus variety 
period is 17.34°C, being higher than that of 
Predel variety for the same period - 16.17°C. 
“Ear formation - ripening” takes place for 48 
days for Elbrus variety, and 47 days for Predel 
variety. The sum of the active temperatures is 
greater for Elbrus variety 993.1°С, compared 
with the Predel variety, 976.2°С, while the 
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average temperature for the period and the 
amount of precipitations are higher for Predel, 
20.77°C and 87.3 mm, compared to the Elbrus 
variety, 20.68°C and 79.5 mm.    
In the second experimental year, the sowing of 
durum wheat was carried out on 21th October 
2015. This year, the soil moisture reserves due 
to fallen rainfall combined with the higher 
temperature compared to the multiannual 
period, create good conditions for the 
germination of the plants.  
Higher temperatures at the end of October and 
the amount of fallen rainfall contributed to the 
normal germination phase at the end of the 
month. In the early stages of development no 
significant differences were observed between 
the two tested varieties.  
Elbrus variety enters one day earlier, 
respectively, in phase germination and third 
leaf compared to Predel variety (Table 3).  

 
Table 3. Phenological phases of the durum wheat 

varieties tested 

Development 
phases 

2015-2016  
Predel  Elbrus 

Sowing 21.10 21.10 

Germination 31.10 
 

30.10 
 

3rd leaf 18.11 
 

17.11 
 

Tillering 09.03 07.03 

Shooting up 15.04 13.04 

Ear formation 
phase 

12.05 09.05 

Full maturity 02.07 
 

01.07 

 
Predel variety enters 3rd leaf phase on 
18.11.2015, while Elbrus variety on 
17.11.2015. Plants enter the beginning of the 
tillering phase on 20.11.2015. 
Gradually, with the fall in temperatures in 
December, the growth processes of durum 
wheat subside. In January, the amount of 
precipitation was more, and in February and 
March and April less than the multiannual 
period norm. These four months were also 

characterized by higher average monthly 
temperatures. The occurrence of the tillering 
phase of Elbrus variety is on 07.03.2016, while 
in Predel variety it is two days later on 
09.03.2016. Temperatures and precipitation in 
April were higher compared to a multiannual 
period of time and shooting up phase occurred 
on 13.04.2016 for Elbrus variety and two days 
later on 15.04.2016 for Predel variety.  
The phases of filling and ripening of the grain 
took place in favourable rainfall conditions and 
optimal temperatures in May and June. The 
shooting up phase occurred on 13 April 2016 
for Elbrus variety, and two days later on 15 
April 2016, for Predel variety. 
Ear formation phase of Elbrus variety took 
place on 09.05.2016, while for Predel variety 
on 12.05.2016. Full maturity for durum wheat 
was reported on 01.07.2016 and on 02.07.2016 
respectively for Elbrus and Predel varieties. 
Harvest of durum wheat was carried out on 
11.07.2016. 
In conclusion, it can be said that Elbrus variety 
in both years of research is developing faster 
and entering the different stages of 
development earlier than Predel variety.  
Varieties that can complete the vegetation more 
quickly are advantageous in avoiding later the 
summer heat and could be an indication of a 
good adaptability of Elbrus variety for growing 
in the Plovdiv region.  
According to Gandee et al. (1997), a longer 
vegetation period means higher yields unless 
grain filling occurs in a time of extreme 
drought. Others, Giordani et al. (1989) found 
that at high temperature and water deficiency, 
factors that are known to accelerate the 
phenophase development, less number of days 
are required for going through the respective 
phenophase.  
According to the same author (1989), the 
longer duration of grain formation time is 
reflected in a larger number of grains. Plants 
are most sensitive to the impact of 
unfavourable factors in the ear formation phase 
when the processes of gametogenesis are 
completed and pollen and ova are formed.  
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Table 4. Duration, temperature sum, and precipitation during interfacial periods 
 

Year 
Interfacial 

periods 
 

Number of days ∑  t active, 
(оС) 

t average, 
(оС) 

The amount of 
rainfal, mm/m2 

Predel Elbrus Predel Elbrus Predel Elbrus Predel Elbrus 

 
 
 
 
 
2015 - 
2016 

Sowing - 
germination 11 10 100.8 92.1 9.16 9.21 39.6 39.6 

Germination  – 
3rd leaf  19 19 215.5 216.0 11.34 11.36 0 0 

3rd leaf -  
tillering  114 113 628.9   618.5 5.51 5.47 139.4 135.9 

Tillering -  
shooting up  38 38 397.6 402.4 10.46 10.58 45.7 48.5 

Shooting up -  
ear formation 
phase  

28 27 414,0 396.6 14.78 14.68 41.9 38.7 

Ear formation - 
ripening   51 54 1117 1168 21.91 21.62 

 
103.9 

 
97.7 

 
The germination of plants in the second year 
occurs for 10 and 11 days with sum of the 
active temperature t°C, 100.8°C for Predel 
variety and 92.1°C for Elbrus, and at average 
temperatures of 9.16-9.21°C with the same 
amount of precipitation for the period - 39.6 
mm (Table 4). The interphase period 
“germination - 3rd leaf” occurs for 19 days for 
both varieties also at close temperature sums of 
215.5-216.0°C, average temperature for the 
period 11.34-11.36°C, and the same 
precipitation amount 0.0 mm. The longest is the 
period “3rd leaf - tillering, consisting of 113 
days for Elbrus and 114 days for Predel, the 
sum of the active temperatures for Predel 
variety - 628.9°C being greater than that of 
Elbrus variety - 618.5°C. The average t°C for 
the period of Elbrus is 5.47°C, while for Predel 
variety, 5.51°C, and the precipitation quantity, 
135.9 mm and 139.4 mm, respectively. The 
interphase period “tillering - shooting up” takes 
place for 38 days in both varieties of durum 
wheat. The sums of active temperatures are 
slightly different - 397.6°C for Predel and 
402.4°C for Elbrus.  
The average temperatures are close to 11.0°C, 
while the amount of rainfall for Elbrus variety 
is 48.5 mm being higher than that of Predel - 
45.7 mm. The interphase period “shooting up - 
ear formation” occurs for 27-28 days. It occurs 
at sum of the active temperature, 414.0°C, and 
rainfall quantity, 41.9 mm for Predel variety, 
the values of which are higher than those of 

Elbrus, 396.6°C and 38.7 mm, respectively. 
The value of the average t°С for the period for 
Elbrus variety is 14.68°C being lower than that 
of Predel variety for the same period - 14.78°C. 
“Ear formation - ripening” takes place for 54 
days for Elbrus variety, and 51 for Predel 
variety. The sum of the active temperatures is 
higher for Elbrus variety, 1168°C, versus that 
of Predel variety, 1117°C, while the average 
temperature for the period and the precipitation 
quantity are higher for Predel, 21.91°C and 
103.9 mm, versus Elbrus variety, 21.62°C and 
97.7 mm, respectively.  
Soil climatic conditions are an important factor 
for grain quality in cereals. Plant feeding, 
however, in the form of soil fertilizer 
application or use of leaf fertilizers can 
compensate for adverse abiotic factors and 
strongly affect the chemical composition of the 
grain and increase its quality. 
The Table 5 presents the results of the surveyed 
indicators, which are expressed as a percentage 
and represent an average of three repetitions for 
the two consecutive years. From the analysis of 
grain chemistry, it has been found that 
application of Megafol-protein results in an 
increase in the crude protein content of the 
Predel grain. This was observed in the three 
phases of development, with the increase being 
most pronounced after the foliar fertilizer 
application (14% crude protein) compared to 
the control (12.5%). These results were in 
positive correlation with the nitrogen content 
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(2.5%) and gluten (wet - 31.2% and dry - 
14.7%) during the tillering phase treatment. 
Elevated crude fat content of the Predel variety 
was also observed as a result of the use of 
Megafol-protein, the highest value being 
reported after treatment in the heading phase 
(3.6%). 
In the Elbrus variety, the application of 
Megafol-protein in the heading phase only 
leads to an increase in the nitrogen content 
(2.4%) and protein (13.8%). Its application in 
the remaining phases does not result in 
significant differences in these indicators. The 
application of Megafol during the tillering and 
jointing phases in the Elbrus variety leads to an 
increase in the gluten content (27.8% - tillering, 

26.1% - jointing). The crude fat content of the 
Elbrus variety was increased after 
administration of Megafol-protein in the 
tillering phase (3.1%) and jointing (2%), while 
using Megafol - only in the heading phase 
(2.3%). 
Another indicator that is affected by application 
of leaf fertilizers is the content of carbohydrate 
substances (in particular starch accumulation). 
The carbohydrates and protein content are in 
reverse correlation. The highest content of 
carbohydrate substances was recorded in the 
variants with the lowest protein content, and 
this was observed in both tested varieties and 
the two tested products. 
 

 
Table 5. Chemical composition of the grain of two varieties of durum wheat (Predel and Elbrus)  

treated with leaf fertilizers (Megafol and Megafol-protein) at different stages of their development 

Variety Variants % WGY % DGY % N % Crude 
protein 

% 
Carbohydrates 

% 
Fibre 

% Crude 
fats 

Pr
ed

el
 

A1B1C0 29,5 13,1 2,2 12,5 84,1 1,0 2,4 

A1B1C1 24,2 11,5 2,4 13,4 82,3 3,1 1,2 

A1B1C2 31,2 14,7 2,5 14,0 82,0 1,4 2,6 

A1B2C0 28,1 12,1 2,3 12,9 82,1 3,1 1,9 

A1B2C1 23,8 10,1 2,3 13,0 81,6 3,1 2,3 

A1B2C2 32,0 14,3 2,4 13,6 81,7 1,4 3,3 

A1B3C0 23,4 10,7 2,2 12,7 84,6 1,5 1,2 

A1B3C1 23,6 10,9 2,2 12,4 82,4 1,7 3,5 

A1B3C2 27,2 12,4 2,3 13,2 78,3 4,9 3,6 

El
br

us
 

A2B1C0 25,5 12,7 2,1 12,0 85,1 1,2 1,8 

A2B1C1 27,8 13,3 2,1 11,7 85,7 1,3 1,3 

A2B1C2 26,6 12,1 2,1 11,8 82,0 3,1 3,1 

A2B2C0 22,7 10,1 2,1 12,1 83,0 3,6 1,4 

A2B2C1 26,1 12,7 2,1 12,2 85,4 1,4 1,1 

A2B2C2 19,6 8,8 2,1 11,7 83,9 2,4 2,0 

A2B3C0 28,9 15,4 2,0 11,4 84,8 2,3 1,5 

A2B3C1 19,4 8,9 2,2 12,5 83,0 2,2 2,3 

A2B3C2 27,5 12,5 2,4 13,8 82,7 1,7 1,8 

Legend: Factor A (variety) - A1 - Predel, A2 - Elbrus; factor B (development phases used for the treatment) - B1 - 
tillering, B2 - jointing, B3 - heading; Factor C (leaf fertilizer) – C0 - control (untreated), C1 - Megafol 300 ml / ha, C2 - 
Megafol protein 300 ml / ha. % WGY - percentage of wet gluten yield, % DGY - yield of dry gluten. 
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Regarding the fiber content, no clear 
relationship was found between the type of leaf 
fertilizer, the application phase and the variety. 
Similarly to our results, were the findings of 
other authors worked with wheat (Delchev et 
al., 2004; Blandino et al., 2015; Smith et al., 
2005). For example, late leaf nourishment (in 
flowering phase) with nitrogen-containing 
fertilizers increases the grain protein content of 
durum wheat and bread wheat (Blandino et al., 
2015). 
Synthesis of protein is a complex and multi-
step process requiring a lot of energy that is 
provided by solar radiation. A large amount of 
water is required to form carbohydrates, 
causing water deficiency to disturb the 
synthesis of carbohydrates. In cereals, there is a 
reverse relationship between the amount of 
protein and starch: with increased protein 
content in the grain, the amount of starch 
decreases and vice versa. In order to improve 
the quality of cereals, the nitrogen fertilizers 
are also important (Delchev, 2000). Nitrogen 
feed fertilization by spring increases not only 
yield but also improves grain quality. Of great 
importance for the quality are the nitrogen-
containing complex fertilizers applied in the 
late stages of development - for example, 
during the period of jointing, heading and 
flowering (Delchev, 2010). The nitrogen 
introduced in these terms is used by the plant, 
not for the growth of the vegetative organs, but 
it reaches the reproductive organs, increases the 
concentration of nitrogen in them and during 
the period of grain development and growth, 
the protein synthesis processes are much more 
intense (Delfine et al., 2005; Stoyanova, 2010). 
In leaf fertilizers, nitrogen uptake faster into 
plants and transported into seeds, creating 
excellent conditions for intense protein 
synthesis. This can be used with great effect in 
unfavorable climatic conditions to increase 
yields and improve quality. In excessively 
humid years, when conditions are created to 
produce grains with degraded properties (low 
protein and high starch content), it is advisable 
to use nitrogen containing fertilizers (soil or 
leaf applied) even in the late stages of plant 
growth. In very dry years, when plants need to 
be grown under irrigation conditions to 
increase yields and quality, additional 
fertilization may also be used. 

CONCLUSION 
 
The use of leaf fertilizers containing nitrogen 
and/or amino acids increases the quality of 
wheat of Predel and Elbrus varieties. The phase 
in which fertilizers are applied is essential. In 
this study, we found that the use of Megafol-
protein had the most significant effect on the 
crude protein content of the Predel grain when 
applied in the tillering phase, and in the Elbrus 
grain when applied in the heading phase. The 
use of Megafol has a significant positive effect 
on the gluten content of the Elbrus variety only 
after application in the jointing phase. 
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Abstract  
 
The seedlings of 3 green bean genotypes (‘Balkız’, ‘Ferasetsiz’, ‘Local Genotype’) were grown for 4 weeks at 30/15°C 
(day/night) temperature with 65% humidity and then transferred to a growth chamber. The temperature in the growth 
chamber was increased stepwise to 35, 40, 45 and 50°C to create a heat-stressed environment. In addition, to determine 
HST (LT50), the leaf discs of each genotype were exposed to 35, 40, 45, 50, 55 and 60°C.  According to results, 
‘Ferasetsiz’ and ‘Local Genotype’ had the highest leaf relative water content (RWC), while the ‘Balkız’ had the lowest. 
However, ‘Ferasetsiz’ and ‘Local Genotype' had the lowest loss of turgidity and malondialdehyde (MDA), while 
‘Balkız’ had the highest. The leaf area and chlorophyll content (Chl) were not associated with the HST of genotypes. 
Many protein bands, in mass range 27–157 kDa, were detected depending on the genotypes and heat treatments. 
Besides, a few new proteins appeared in response to heat stress. Based on the data collected, ‘Ferasetsiz’ and ‘Local 
Genotype’ were determined to heat tolerant genotypes, while ‘Balkız’ was relatively heat sensitive genotype. 
 
Key words: green bean, Phaseolus vulgaris L., high temperature, malondealdehyde, SDS-PAGE, stress tolerance. 
 
INTRODUCTION  
 
Higher growing period temperatures can have 
impressive affects on agricultural productivity, 
farm revenues, and food safety (Battisti & 
Naylor, 2009). According to the report of the 
Intergovernmental Panel on Climate Change 
(IPCC), 0.3-0.7°C of warming is expected 
globally between 2016 and 2035 and to 0.3-
4.8°C by the end of this century (IPCC, 2014).   
Heat stress generally damages photosynthetic 
activity, and the reduced water content caused 
by heat has negative effects on cell division and 
growth (Hasanuzzaman et al., 2013). Heat 
stress also causes impaired to the proteins, lipid 
liquefaction or perturbation of membrane 
integrity (Levitt, 1980). 
Plants have evolved delicate mechanisms to 
combat stressful environments. A gradual 
increase in temperature informs organisms that 
they should ready themselves in case they 
undergo even warmer conditions (Salomé, 
2017). This process has significant effect on 
inducement of tolerance to lethal high 
temperatures (Hasanuzzaman et al., 2013).  
Legumes are valued worldwide as a primary 
food source and low-cost meat alternative and 

considered to important rotational crop used to 
improve soil nitrogen status (Maphosa & 
Jideani, 2017). Because of the growing request 
for plant products and environmental pressures 
on agro-eco systems, it comes out that legumes 
would play an important function in here after 
cropping systems (Stagnari et al., 2017). On the 
other hand, an increase in global temperature, 
as a result of climate change, increments the 
risk of a heat stress-induced diminution in 
legume crop yield (Ozga et al., 2017). Hence, 
to ameliorate heat tolerance in legume crops 
contributing to improved food security. In this 
research, genotypic variations in 3 green bean 
genotypes and their relationship to heat-stress 
tolerance were investigated. The main aim of 
the study is to provide data for afterwards, 
more comprehensive works on green bean heat-
tolerance. 
 
MATERIALS AND METHODS  
 
The seeds of green bean genotypes, ‘Balkız’, 
‘Ferasetsiz’, and ‘Local Genotype’ were sown 
in pots 14 cm × 12 cm containing a mixture of 
peat, perlite and soil (1: 1: 1). The plants were 
grown for 4 weeks (3-4 trifoliate leaves) in a 
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controlled greenhouse with day/night 
temperature of 30°C/15°C and approximately 
65% relative humidity. The plants were 
watered as needed to avoid any water stress.  
The plants were transferred to a growth 
chamber (DAIHAN WGC-1000, South Korea) 
with a relative humidity of 65%, a 16/8 h 
(light/dark) photoperiod regime and a 450 
μmol/m2/s light intensity. Then, the 
temperature was increased stepwise, 5°C every 
24 h from 35 to 40, 45 and 50°C to impose heat 
stress gradually. Plants were kept in the growth 
chamber for 24 h at each temperature. Control 
plants were held in the greenhouse during the 
treatment with a 30/15°C day/night 
temperature. All temperature treatments were 
replicated three times with all genotypes. 
Samples that were obtained at each treatment 
temperature were analyzed for leaf relative 
water content (RWC), loss of turgidity, leaf 
area, chlorophyll content (Chl), lipid 
peroxidation (MDA) and protein content.  
Leaf RWC (%) and loss of turgidity were 
measured according to Gulen and Eris (2003). 
Briefly, 1.5 cm leaf discs were taken and the 
fresh weight (FW) was recorded. Then, the leaf 
discs were floated on distilled water in a petri 
dish for 4 h at room temperature then leaf discs 
were taken out from the petri dish, blotted and 
turgid weight (TW) was recorded. The leaf 
discs were oven-dried for 48 h at 70 °C for the 
dry weight (DW). The leaf RWC and loss of 
turgidity were calculated as follows: 
RWC (%) = [(FW -TW)/(TW -DW)]*100 and 
Loss of turgidity (%) = [(TW-FW)/ TW]*100 
The leaf area was determined for three plants 
per replicate by a portable area meter (LI-3000, 
Li-Cor, Lincoln, NE, USA).  
Changes in Chl of green bean leaves were 
analyzed spectrophotometrically as described 
by Moran and Porath (1980). Leaf samples 
subjected to dimethylformamide (DMF) 
extraction were incubated at +4ºC for 72 hours. 
The absorbance of supernatants was measured 
at 652 nm by a spectrophotometer (Perkin 
Elmer Lambda 25, USA). The content was 
calculated as mg/g FW.  
Malondialdehyde content was determined in 
the leaves as described by Rajinder et al. 
(1981). Briefly, 100 milligram of leaf sample 
was homogenized in 5 ml of 0.1% 
trichloroacetic acid (TCA) and centrifuged at 

10000×g for 5 min at 4°C (Beckman Coulter 
Allegra 64R, USA). An aliquot supernatant (0.3 
ml) was mixed with 1.2 ml of 0.5% 
thiobarbituric acid (TBA) prepared in TCA 
20% and incubated at 95°C for 30 min. After 
stopping the reaction in an ice bath for 5 min, 
samples were centrifuged at 10000×g for 10 
min at 25°C. The supernatant absorbance was 
read at 532 and 600 nm using a 
spectrophotometer (Perkin Elmer Lambda 25, 
USA). Malondialdehyde content was 
determined using the extinction coefficient 155 
mM/cm.  
To determine total soluble protein (TSP) 
content, fully expanded leaf material was 
collected from each plant group at each 
temperature application step. Triplicate samples 
of leaf tissues were immediately frozen and 
ground in liquid N2 and stored at - 80 °C until 
used. Total soluble proteins were extracted in 
the light of Shen et al. (2003) method with few 
modifications. In brief, 0.25 g of each sample 
was homogenized in 1 ml homogenate buffer 
containing 25 mM Tris-base (pH 7.8), 275 mM 
sucrose, 2 mM EDTA, 10 mM Dithiothreitol 
(DTT), 0.5 mM phenylmethylsulfonyl fluoride 
(PMSF), and 1% polyvinylpolypyrolidone 
(PVPP). The homogenate was transferred into 
an eppendorf tube and then centrifuged at        
10000 rpm for 10 min at 4°C. Protein content 
was measured using the Bradford assay method 
(Bradford, 1976).  
Discontinuous sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-
PAGE) was performed with a PROTEAN tetra 
vertical electrophoresis unit (Bio-Rad, 
Hercules, CA, USA) using 0.04 stacking gel 
and 0.125 separating gel. An equal amount of 
total protein (7.5 mg) was loaded for each 
sample and gels were stained with Coomassie 
Brilliant Blue G-250.  
Cell membrane injury and HST (LT50; denoted 
by electrolyte leakage) were determined as 
previously described by Arora et al. (1998) to 
assess the six temperature steps-35, 40, 45, 50, 
55, 60°C. Briefly, green bean leaf discs of 1.5 
cm diameter from each treatment group were 
placed in test tubes containing 500 μl of 
deionized water. Tubes were capped and placed 
in a thermostatically controlled water bath then 
the temperature was increased by 5°C at 30 min 
intervals up to 45°C, and then the bath 
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temperature was increased by 1°C at 5 min 
intervals up to 60°C. Samples were allowed to 
equilibrate and then were kept for 30 min at 
each temperature (35, 40, 45, 50, 55 and 60°C). 
Three tubes per temperature were removed and 
placed in an incubator. Three tubes of the 
control (un-stressed) discs remained at 30°C as 
controls. One hour after the last sample was 
removed from the bath, 10 mL of deionized 
water was added to each test tube, and it was 
incubated overnight. The electrical conductivity 
of each solution was measured using a 
conductivity meter (YSI 3200, USA) then 
immediately autoclaved. Total conductivity 
was determined once more when the solution in 
test tubes cooled down to room temperature. 
Cell membrane injury was defined as the 
percentage of total ions present in the tissue 
(Gulen & Eris, 2003). In addition, HST (LT50) 
was calculated as the mid-point between the 
maximum injury and the control, which 
expresses the temperature causing half-
maximum percentage injury.  
The experiment was arranged in a randomized 
block design, with three replications. The data 
were tested with SPSS 20.0 for Windows 
(SPSS Inc., Chicago, IL, USA) and the means 
were evaluated by the Duncan test at P<0.05. 
 
RESULTS AND DISCUSSIONS  
 
The changes of leaf RWC and loss of turgidity 
values of the genotypes are shown in Figure 1A 
and Figure 1B, respectively. The data from the 
present study showed that leaf RWC slightly 
increased at temperatures up to 45°C in 
‘Ferasetsiz’ and ‘Local Genotype’, while it 
decreased significantly at 45ºC and 50ºC. 
However, leaf RWC value was greater only at 
35ºC than that of control treatment and a 
remarkable decrease was observed at 
temperatures from 40 ºC and up in ‘Balkız’ 
genotype (Figure 1A). 
In contrast to RWC results, loss of turgidity of 
leaf samples slightly decreased at temperatures 
up to 45°C in ‘Ferasetsiz’ and ‘Local 
Genotype’, while it increased significantly at 
45ºC and 50ºC. On the other hand, loss of 
turgidity value was lower only at 35ºC than that 
of control treatment and it increased 
significantly at temperatures from 40ºC and up 
in ‘Balkız’ genotype (Figure1B). A two-way 

ANOVA revealed significant effects of 
temperature, genotype and the interaction 
between temperature and genotype on leaf 
RWC and loss of turgidity (Table 1). 
Leaf RWC represents an indicator of plant 
water balance because it expresses the absolute 
water amount the plant requires to reach 
artificial full saturation (Siddiqui et al., 2015). 
A decrease in RWC in response to high 
temperature was also reported in strawberry 
(Gulen & Eris, 2003; Kesici et al., 2013), olive 
(Cansev, 2012) and lablab bean (Myrene & 
Devaraj, 2013). The differences between the 
leaf RWC in genotypes can be a sign of 
difference in leaf hydration, leaf water 
deficiency and physiological water conditions. 
First of all heat stress causes a decrease in leaf 
RWC and the loss of turgidity, which is a 
consequence of elevated transpiration (Cansev, 
2012; Turhan et al., 2014). Besides, De Belie et 
al. (2000) pointed out that the cause of turgor 
loss in high temperature stress conditions may 
be related to the permeability of the cell 
membrane at high temperature. 

Table 1. Results of analysis of variance (ANOVA) of 
genotype (G), temperature (T) and their interactions with 
RWC, Loss of turgidity, Leaf Area, Chl, MDA and TSP 

content in leaf tissues. Numbers represent F values 
relative to a significance level of 0.05 

Dependent 
Variable  

Independent Variable 

G T GxT 

RWC 9.054* 350.439* 16.422* 

Loss of 
Turgidity 

5.461* 188.007* 12.084* 

Leaf Area 58.115* 60.589* 3.308* 

Chl 2.216ns 74.421* 10.284* 

MDA 257.973* 687.561* 62.923* 

TSP 38.555* 25.543* 10.400* 

LT50 265.542* 1032.070* 45.495* 
* Significant at p<0.05, ns Non-significant. 

The changes in leaf area values of green bean 
genotypes are given in Figure 2A. Although 
there is no significant change in the leaf areas 
of genotypes up to 45ºC, a remarkable change 
was observed when it comes from 45°C to 
50ºC. According to the average values, the 
maximum leaf area value occurred in 
‘Ferasetsiz’ (42.09 cm2) and ‘Balkız’ (37.86 
cm2), whereas the minimum leaf area value 
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occurred in ‘Local Genotype’ (27.69 cm2). 
When the treatments were compared, the 
highest leaf area value was determined in the 
control treatment with 47.66 cm2, while the 
lowest leaf area value was found at 50ºC 
treatment with an average of 23.09 cm2 (Figure 
2A). A two-way ANOVA revealed significant 
effects of temperature, genotype and the 
interaction between temperature and genotype 
on leaf area (Table 1). 

 
Figure 1. Leaf RWC (Panel A) and loss of turgidity 

(Panel B) of three green bean genotypes in heat-stressed 
and control samples. Vertical bars indicate ±S.E. of three 

replications 
According to the results obtained from this 
study, it was determined that leaf areas of the 
genotypes generally decreased during high 
temperature applications. It was reported that 
the leaf area significantly reduced in sorghum 
(Djanaguiraman et al., 2010) and potato 
(Beetge & Krüger, 2019) depending on the 
high temperature applications. This situation 
may have thought to be because of the decrease 
in leaf area and decreases in photosynthetic 

activity parallel to the slowing of plant growth 
and development due to high temperature. 
The changes in Chl in the green bean genotypes 
are shown in Figure 2B. According to the 
average values, the lowest Chl occurred in 
‘Balkız’ (4.28 mg/g FW) and ‘Ferasetsiz’ (4.31 
mg/g FW), whereas the highest Chl occurred in 
‘Local Genotype’ (4.83 mg/g FW). In general, 
the average Chl in the control treatment (4.4 
mg/g FW) was significantly lower than that in 
the 50 ºC treatment (8.35 mg/g FW). A two-
way ANOVA revealed significant effects of 
temperature and the interaction between 
temperature and genotype on Chl but no 
significant effect of the genotypes (Table 1). 
According to the results obtained from this 
study, it was determined that 50°C treatment 
increased total Chl in all genotypes. There are 
different results in the literature about this 
issue. For example, high temperature stress 
reduced the total Chl in mulberry (Chaitanya et 
al., 2001) and citrus (Guo et al., 2006). Besides, 
Cansev (2012) reported that high temperature 
applications did not affect total Chl up to 45°C 
in olives but decreased Chl from 50°C. Liu and 
Huang (2000) and Kesici et al. (2013) reported 
that a relationship between Chl and heat-
tolerance in Agrostis palustris and strawberry, 
respectively. This can be explained by the fact 
that the physiological responses of plants to the 
stress conditions vary greatly depending on the 
species, cultivar, severity and the source of the 
stress.  
The changes in MDA content in the leaf tissues 
are shown in Figure 3.  The data from the five 
sampling treatments showed that ‘Ferasetsiz’ 
had the lowest MDA content with 46.8 nmol/g 
FW. ‘Local Genotype’ followed this genotype 
with 49.8 nmol/g FW. ‘Balkız’ had the highest 
MDA content with 90.3 nmol/ g FW. When the 
heat treatments were compared, the lowest 
MDA content was determined with an average 
of 24.7 nmol/g FW at 35ºC, while the highest 
MDA content was determined at 50ºC with 
139.7 nmol/g FW. A two-way ANOVA 
revealed significant effects of temperature, 
genotype and the interaction between 
temperature and genotype on MDA content 
(Table 1). 
Malondialdehyde is a final decomposition 
product of lipid peroxidation and is often used 
as an indicator for the status of lipid 



476

 
peroxidation (Smirnoff, 1995). High 
temperature exposure produced increased 
MDA content in all genotypes (Figure 3). This 
result is consistent with previous findings in 
rice (DongGi et al., 2007) and strawberry 
(Kesici et al., 2013). Gaschler and Stockwell 
(2017) also reported that the increase in lipid 
peroxidation (MDA content) is associated with 
cell membrane damage. Therefore, this result 
may indicate that the accumulation of ROS 
caused membrane damage. 
 

 
Figure 2. Leaf area (Panel A) and Chl (Panel B) of three 

green bean genotypes in heat-stressed and control 
samples. Vertical bars indicate ±S.E. of three replications 

In general, it was observed that the effect 
temperature applications on the total soluble 
protein (TSP) content of green bean genotypes 
in leaf tissues was different (Figure 4). Total 
soluble protein content of genotypes decreased 
significantly compared to control treatment at 
40ºC. A clear increase at 45ºC was observed 
TSP content of the ‘Balkız’ and ‘Ferasetsiz’ 

genotypes. There was a decrease in the TSP 
content of the ‘Balkız’ and ‘Ferasetsiz’ 
genotypes, at 50ºC. In the ‘Local Genotype’, 
the most significant reduction in TSP content 
was observed at 45ºC. A two-way ANOVA 
revealed significant effects of temperature, 
genotype and the interaction between 
temperature and genotype on TSP content 
(Table 1).  
 

Figure 3. MDA content of three green bean genotypes in 
heat-stressed and control samples. Vertical bars indicate 

±S.E. of three replications 

 

 
Figure 4. Total soluble protein content of three green 
bean genotypes in heat-stressed and control samples. 

Vertical bars indicate ±S.E. of three replications 
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Figure 5. Effect of heat stress on protein profiles of green bean genotypes. MA: Marker, C. Control, A: 78 kDa;            
B: 65 kDa, C: 45 kDa, D: 34 kDa 

 
Ledesma et al. (2004) reported that TSP 
content decreased, while new proteins had been 
synthesized depending on increased 
temperatures in "Nyoho" and "Toyonaka" 
strawberry varieties. High temperature stress 
also reduced the TSP content and increased the 
total amino acid and proline accumulation in 
mulberry (Chaitanya et al., 2001). Similarly, 
Turhan et al. (2015) determined that high 
temperature applications reduced the TSP 
content up to certain temperatures in pepper 
cultivars. High temperature stress leads to 
structural changes of proteins. Thus, proteins 
become denatured, proteolytic enzymes 
become sensitive (Levitt, 1980).  
Figure 5 shows the total protein profiles in 
green been genotypes depending on high 
temperature applications. It has been 
determined that many protein bands, in mass 
range 27-157 kDa, were detected depending on 
the genotypes and heat treatments. Unlike the 
‘Ferasetsiz’ and ‘Local Genotype’, in the 
‘Balkız’ genotype, protein bands of 45, 65 and 
78 kDa were determined and 34 kDA were 
different from the ‘Local Genotype’. The 
density of the bands decreased in all three 
genotypes due to increasing temperature 
applications and this reduction was especially 
significant at 50°C. The 58 kDa protein band 
was the most frequently observed protein band 
in all three genotypes. It was determined that 
the 58 kDa protein band was probably a 
dominant band consisting of structural proteins 

and this band decreased in all genotypes at     
50°C. On the other hand, some protein bands 
were completely lost at 50°C. In addition, it 
was determined that the protein band of 45 kDa 
was synthesized at 40°C in ‘Balkız’ genotype 
and this band lost again at 45-50°C. This 
decrease in protein bands due to high 
temperature is thought to be due to the 
deterioration of protein structure at increasing 
temperatures. Similarly, it was reported that 
new proteins are synthesized or reduced and 
almost complete lost in tomatoes (Heckathorn, 
1998) and strawberries (Ergin et al., 2016; 
Ledesma et al., 2004) in response to high 
temperature stress. On the other hand, Ergin et 
al. (2016) determined that two protein bands of 
40 kDa and 23 kDa accumulated at high 
temperatures (from 46°C) in strawberry leaves 
in gradual and shock high temperature 
applications. Similarly, Turhan et al. (2015) 
found that strips of 7-54 kDa in the pepper 
plant under high temperature stress conditions 
and 40 kDa protein band may be associated 
with high temperature tolerance. 
The calculated stress tolerance point (LT50) 
values of three green bean genotypes are shown 
in Figure 6. Heat-acclimation caused an 
increase in heat-tolerance of all genotypes, 
which was the highest in ‘Ferasetsiz’ (LT50; 
50.8ºC) and ‘Local Genotype’ (LT50; 49.9ºC). 
Meanwhile, ‘Balkız’ had the lowest heat-
tolerance with a LT50 value of approximately 
45.5ºC. A two-way ANOVA revealed 
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significant effects of temperature, genotype and 
the interaction between temperature and 
genotype on LT50 value (Table 1). 

 
 

Figure 6. Heat stress tolerance (LT50) of three green bean 
genotypes. Vertical bars indicate ±S.E. of three 

replications 
In plants, measuring electrolyte leakage is a 
common evaluation way for cell membrane 
thermostability and membrane thermostability 
can be a valuable selection criterion for HST 
(Gulen & Eris, 2003). Electrolyte leakage is 
affected by the age, sampling part, 
development period, growing season, 
hardening and species of plant (Wahid et al., 
2007). In this study, from the HST degrees of 
the genotypes, it can be suggested that 
‘Ferasetsiz’ and ‘Local Genotype’ are relatively 
more tolerant to high temperatures than 
‘Balkız’ genotype. Similar results have been 
found in strawberry cultivars by Kesici et al. 
(2013). Besides Cansev (2012) suggested that 
‘Gemlik’ olive cultivar has moderate HST 
according to its LT50 value. Lethal temperature 
(LT50) is the temperature at which 50% of 
individuals in a population are exposed to high 
damage or die. In a study, conducted on the 
Deschampsia antarctica Desv lawn variety it 
was showed that LT50 value as 48.3ºC due to 
membrane damage (Reyes et al., 2003). Turhan 
et al. (2015) demonstrated that, the LT50 values 
were determined as 36.9, 37.0 and 42.3 in 
'Çarli', 'Çoban' and 'Demre' pepper varieties, 
respectively in the high temperature stress. 
They suggested that ‘Demre’ pepper cultivar 

was more tolerant to heat stress according to its 
LT50 value. 
 
CONCLUSIONS  
 
The determination of the tolerance of 
genotypes for the breeding of high temperature 
or tolerant genotypes in beans is important in 
terms of obtaining efficient genotypes. This 
will be possible by explaining the mechanisms 
developed by the plants against heat stress. In 
summary, leaf RWC, loss of turgidity and 
MDA content were found to be effective in 
determining the tolerances of some green bean 
genotypes to high temperatures. The LT50 
showed the heat-tolerance between 45.5 and 
50.8ºC in the green bean genotypes. The 
genotypes ‘Ferasetsiz’ and ‘Local Genotype’ 
were determined as relatively heat-tolerant, 
while ‘Balkız’ was relatively heat-sensitive 
among the 3 green bean genotypes evaluated. 
The results obtained from this study could shed 
light on the molecular mechanism of heat stress 
and future studies on the development of heat-
tolerant green bean genotypes. 
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Abstract 
 
Corn (Zea mays. L), the most widespread agricultural crop in Romania, is frequently affected by drought. In order to 
investigate and quantify the effect of drought stress (hydric and thermal stress) on grain yield at seven hybrids of corn, 
an experiment was conducted in a randomized block with three replications during 2017 and 2018 at ARDS Simnic. 
Year 2017 was considered a dry year (with water and thermal deficiency), and 2018 a year favorable to corn (without 
stress). Six stress tolerance indices, including mean productivity (MP), geometric mean productivity (GMP), Yield 
Index (YI), Yield stability index (YSI), stress susceptibility (SSI) and stress tolerance index (STI) were used. The ANOVA 
test showed significant differences between the two culture conditions for the production. All hybrids experimented 
under favorable crop conditions (without stress) have achieved higher yields (7.37-10.16 tons/ha) and under drought 
conditions had a lower yield of 38% (4.32-6.16 tons/ha). The grain yield under drought conditions (stress) (Ys) was 
having significant positive correlation with GMP, YI, YSI and significant negative correlation with SSI. The yield under 
favorable field conditions (no-stress) (Yp) had a strong positive correlation only with MP index The verification of 
drought-tolerant crops using this rankings method indicated the hybrids HSF 158-14, HSF 734-13 and F376 as the 
most tolerant of drought. 
 
Key words: drought, corn, stress tolerance index. 
 
INTRODUCTION 
 
The Oltenia area is often affected by drought 
and heat that strongly influence plant 
development and yield (Bonea & Urechean, 
2015; Bonea, 2016).  
Decrease of grain yield in corn due to drought, 
depends on genotype, stage of plant 
development at the moment of drought 
installation, intensity and duration of drought 
etc. Mi et al. (2018) showed that the drought 
manifested in the corn reproductive stage led to 
a reduction in grain yield of 41.6-46.6% and 
the drought installed in the vegetative stage at a 
reduction of 18.6-26.2%.  
Bonea and Urechean (2017) reported that the 
drought during blooming phase has determined 
a significant reduction of the grain yield with 
60.5%.  
Although it is believed that the intensity of 
physiological processes decreases after 
reaching the physiological maturity, it seems 
that the august rainfall has a decisive role in 
defining production capacity, both in dry years 
and in favorable years (Urechean et al., 2010).  
 
 

To reduce these negative effects, it is important 
to identify and use drought-tolerant hybrids in 
the culture. 
Using plant genotypes adaptable to drought 
stress is an optimal strategy in sustainable 
agriculture (Asgarinia et al., 2017). According 
to Shiri et al. (2010) direct selection of drought 
tolerant hybrids by yield only has low selection 
effectively because of environmental influences 
sometimes are greater than genetic influence.  
Therefore, the researchers proposed various 
techniques for assessing genetic differences 
between hybrids on their drought tolerance, 
such as stress tolerance indices based on a 
mathematical relation between stress and 
optimum conditions (Bouslama & Schapaugh, 
1984; Fernandez, 1992; Fischer & Maurer, 
1978; Gavuzzi et al., 1997; Rosielle & 
Hamblin, 1981).  
The present study was conducted to identify 
corn hybrids with drought tolerance by using 
different selection indices and the ranking 
method. In order to investigate and quantify the 
effect of drought stress (hydric and thermal 
stress) on grain yield using different tolerance 
indices and rankings method. 
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MATERIALS AND METHODS 
 
Seven Romanian corn hybrids were studied for 
production performance under two different 
environmental conditions, namely in 2017 and 
2018, respectively. 
The years of the investigation as regards 
weather conditions, were characterized as 
follows: 2017 was considered a dry year and 
2018 was considered a favorable to corn. 
Both experiences were placed in a randomized 
block (latin rectangle) with three replications at 
ARDS Simnic, Craiova. 
Sowing was made on 10.04.2017 and 
24.04.2018 respectively. The plant sown in the 
previous year was wheat. 
Plowing was done in autumn and in spring 
preparing the suitable soil for germination was 
done with the disc and the combiner. 
Fertilization was done with 250 kg/ha 
(N20P20K0) complex fertilizers before sowing 
and in vegetation (phase 8-10 leaves) with 
ammonium nitrate 250 kg/ha. 
The herbicide was made with DUAL GOLD 
960-1.5 l/ha immediately after sowing and with 
EQUIP 1.5 l/ha + BUCTRIL 1.0 l/ha in 
vegetation (phase 6-8 leaves). 
Two mechanical and two manuals weeding 
were applied. 
The six stress tolerance indices: MP, GMP, YI, 
YSI, SSI and STI have been calculated on the 
basis of grain yield obtained in two conditions: 
without stress (Yp) and drought stress (Ys) 
using the following formulas: 
Mean productivity (MP) (Rosielle & Hamblin, 
1981), the genotypes with high value of this 
index will be more desirable: 

 
Geometric mean productivity (GMP) 
(Fernandez, 1992), the genotypes with high 
GMP value will be more desirable: 

 
Yield Index (YI)) (Gavuzzi et al., 1997), the 
genotypes with high value of this index will be 
suitable for drought stress condition: 

 

Yield stability index; YSI (Bouslama & 
Schapaugh, 1984), the genotypes with high YSI 
values can be regarded as stable genotypes 
under drought and non-stress conditions: 
 

 

Stress susceptibility index (SSI) (Fischer & 
Maurer, 1978), the genotypes with SSI < 1 are 
more resistant to drought stress conditions: 

 
Where SI = intensity of stress  
Stress tolerance index (STI) (Fernandez, 1992), 
the genotypes with high STI values will be 
tolerant to drought stress: 

 

For the evaluation of tolerant genotypes by the 
rankings method, was used the formula 
proposed by Farshadfar and Elyasi (2012): 
 
Rank sum (RS) = Rank mean + Standard 
deviation of rank (SDR) 
 
The data on the grain yield have been 
computed by variance analysis using ANOVA 
program for both environmental condition. 
The phenotypical correlation between studied 
traits as well as the correlation between yields 
in both environmental conditions (Yp and Ys) 
and the six indices of stress tolerance have been 
interpreted by using simple correlation 
coefficients (r). 
 
RESULTS AND DISCUSSIONS 
 
ANOVA results showed that there were 
significant differences between hybrids for 
grain yield in both environmental conditions (p 
= 0.05) (Table 1). 
All hybrids experimented under favorable crop 
conditions (without stress) have achieved 
higher yields (7.37-10.16 tons/ha) and under 
drought conditions had a lower yield of 38% 
(4.32-6.16 tons/ha). 
Hybrids HSF 158-14 and HSF 153-14 achieved 
the highest yield under drought conditions and 
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hybrids HSF 734-13 and F376 had the  
highest yield under without drought conditions 
(Table 2). 
 

 
Photo 1. Corn during blooming phase 

 

 
Photo 2. Corn at physiological maturity 

 
The calculation of stress tolerance indices 
(Table 3) is not always eloquent and sufficient 
to identify stress tolerance hybrids. For 
example, based on MP and GMP, the most 
tolerant hybrid was HSF 734-13; based on YI 
and STI the most tolerant was the HSF 158-14 
hybrid, and on the basis of YSI and SSI the 
most tolerant hybrid was HSF 154-14.  
In a previous paper Bonea and Urechean (2011) 
confirm that using all tolerance indices there 
cannot be selected genotypes with similar 
tolerance. 
Therefore, to determine the best indices in 
establishing stress tolerance, correlation 

coefficients were calculated between YP, Ys 
and the six indices used in this study (Table 4).  
Numerous researchers (Kumar et al., 2015; 
Urechean & Bonea, 2017) believe that 
analyzing these correlations is a much better 
criterion for assessing drought tolerance of 
genotypes.  
 
Table 1. Analysis of variance for grain yield under non-

stress (Yp) and stress (Ys) conditions 

Source of 
variations 

Degree of 
freedom 

Ys 
(MS) 

YP 
(MS) 

Genotype 6 1.213* 1.446* 
Error 7 0.054 0.046 

MS = mean square; * = significant at p=0.05 
 

Table 2. Mean comparisons of grain yield under non-
stress (Yp) and stress (Ys) conditions 

Hybrid Drought 
condition (Ys) 

tons/ha 

Non-stress 
condition (Yp) 

tons/ha 
F376 5.36 9.45* 
F423 5.56 8.030 

Oituz 4.320 8.46 
Iezer 4.480 8.08 

HSF 734-13 5.52 10.16* 
HSF 153-14 5.91* 7.370 

HSF 158-14 6.16* 8.48 
Mean (CT) 5.33 8.57 

LSD5% 0.45 0.41 
% reduction 38%  

*, 0 = significant positive and negative, respectively at p 
= 0.05 
 
Grain yield under without drought conditions 
(Yp) has significantly positive correlated only 
with the MP index (r = 0.80*). 
Yield under drought stress (Ys) recorded a 
significant positive correlation with: GMP (r = 
0.75*), YI (r = 1.00**); YSI (r = 0.75*) and a 
significant negative correlation with SSI (r = -
0.770).  
Similar results have been reported by Ghobadi 
et al. (2012) in bread wheat genotypes under 
post anthesis drought stress. These was 
observed the highest correlation positive (r = 
1.00**) between Ys and YI and the significant 
negative correlations between Ys and SSI (r = - 
0.47*).  
Ceceareli et al. (1987) reported that there was a 
negatively significant correlation between grain 
yield cereal under drought stress condition (Ys) 
and SSI.  
Other significant positive correlations were 
recorded between MP and GMP (r = 0.98**), 
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STI (r = 0.98**), between GMP and YI (r = 
0.75*), STI (r = 1.00**); between YI and YSI 
(r = 0.78*), STI (r = 0.74*). 
Significant negative correlations were recorded 
between YI and SSI (r = -0,770) and between 
YSI and SSI (r = -1.0000). Similar results have 
been reported by Sayyah et al. (2011) in bread 
wheat genotypes under post-anthesis drought 
stress. 
According to Mitra (2001) some suitable 
indices must have a significant correlation with 
grain yield under both the conditions. 
Because, in our study, have not been identified 
indices of drought tolerance that correlate 
significantly with the production obtained in 

both environmental conditions, the rankings 
method was used (Table 5).  
The same situation was observed by Sio-Se 
Mardeh et al. (2006) and Bonea and Urechean 
(2017) in severe drought conditions. 
According to Farshadfar and Elyasi (2012) the 
genotypes with the lowest RS (sum of the 
ranks) value are the most stable.  
In our case, hybrids HSF 158-14, HSF 734-13 
and F376 which recorded the lowest value for 
the sum of the ranks (RS), were identified as 
the most tolerant drought tolerant. 
Numerous researchers have used a rankings 
method for the quantitative evaluation of all 
corn drought tolerance indices (Farshadfar & 
Sutka, 2002; Bonea et al., 2018). 

Table 3. Drought tolerance indices (at SI = 0.38) 

Indices 
 
Hybrid 

Yp YS MP GMP YI YSI SSI STI 

F376 9.45 5.36 7.40 7.11 1 0.56 1.15 0.68 
F423 8.03 5.56 6.79 6.68 1.04 0.69 0.81 0.6 
Oituz 8.46 4.32 6.39 6.04 0.81 0.51 1.28 0.49 
Iezer 5.08 4.48 6.28 6.02 0.84 0.55 1.18 0,49 
HSF 

734-13 10.16 5.52 7.84 7.48 1.03 0.54 1.21 0.76 
HSF 

153-14 7.37 5.91 6.64 6.59 1.1 0.8 0.52 0.59 
HSF 

158-14 8.48 6.16 7.32 7.22 1.15 0.72 0.73 0.71 
Yp = yield in non-stress condition; Ys = yield in stress condition; MP = Mean Productivity; GMP = Geometric Mean 
Productivity; YI =Yield Index; YSI=Yield stability index; SSI = Stress susceptibility index STI = Stress tolerance 
index;   SI = intensity of stress 
 

Table 4. Correlation coefficients between drought tolerance indices 

 Yp Ys MP GMP YI YSI SSI STI 
Yp - -0.01 0.80* 0.65 -0.01 -0.63 0.64 0.66 
Ys   0.59 0.75* 1.00** 0.78* -0.770 0.74 
MP    0.98** 0.59 -0.05 0.06 0.98** 

GMP     0.75* 0.17 -0.16 1.00** 
YI      0.78* -0.770 0.74* 

YSI       -1.0000 0.16 
SSI        -0.15 
STI         

Yp = yield in non-stress condition; Ys = yield in stress condition; MP = Mean Productivity; GMP = Geometric Mean 
Productivity; YI =Yield Index; YSI=Yield stability index; SSI = Stress susceptibility index STI = Stress tolerance 
index; *; 0 and **;00 - significant at 0.05 and 0.01 level of probability, respectively 
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Table 5. Ranking, average, standard deviation (SDR) and sum of rankings (SR) of tolerance indices 

    Hybrids 
Indices 

F376 F423 Oituz 
 

Iezer HSF 
734-13 

HSF 154-
14 

HSF 158-14 

Yp 2 6 4 5 1 7 3 
Ys 5 3 7 6 4 2 1 
MP 2 4 6 7 1 5 3 

GMP 3 4 6 7 1 5 2 
YI 5 3 7 6 4 2 1 

YSI 4 3 7 5 6 1 2 
SSI 4 3 7 5 6 1 2 
STI 3 4 6 7 2 5 1 

Aveage 3.50 3.75 6.25 6.00 3.13 3.50 1.88 
SDR 0.42 0.37 0.37 0.33 0.77 0.80 0.29 
RS 3.92 4.12 6.62 6.33 3.90 4.30 2.17 

CONCLUSIONS 
 
The ANOVA test showed significant 
differences between the two culture conditions 
for the production.  
All hybrids experimented under favorable crop 
conditions (without stress) have achieved 
higher yields (7.37-10.16 tons/ha) and under 
drought conditions had a lower yield of 38% 
(4.32-6.16 tons/ha). 
The grain yield under drought conditions 
(stress) (Ys) was having significant positive 
correlation with GMP, YI, YSI and significant 
negative correlation with SSI.  
The yield under favorable field conditions (no-
stress) (Yp) had a strong positive correlation 
only with MP index.  
The verification of drought-tolerant crops using 
this rankings method indicated the hybrids HSF 
158-14, HSF 734-13 and F376 as the most 
tolerant of drought.  
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Abstract 
 
Wheat contamination with fungi leads to quantitative losses and qualitative depreciation due to mycotoxins 
accumulation. Currently there are no Fusarium-resistant wheat cultivars. There are only medium tolerant varieties to 
such infections. In the present study, several Fusarium spp. pathogens were isolated from wheat debris and kernels 
harvested in 2017 from different lines of Triticum aestivum obtained in the experimental field of NARDI Fundulea. 
Fungal cultures were identified at genus level based on their microscopic and cultural characteristics on different 
nutrient media. Fungal growth inhibition of these pathogens was studied in vitro, using strains of Bacillus 
amyloliquefaciens (BIR, BPA, OS17 and BW) with biological control potential. The biocontrol efficacy, established by 
biometric measurements, was in the range of 61.9 to 84.4%. Further studies are required to determine the in vivo 
effects of these biocontrol bacteria on wheat plants. 
 
Key words: biocontrol, Bacillus amyloliquefaciens, Fusarium sp., wheat. 
 
INTRODUCTION  
 
Wheat contamination with Fusarium species 
leads to both quantitative loses and qualitative 
depreciation due to mycotoxin contamination. 
In Romania, the most common species of 
Fusarium found in wheat and other cereal 
grains are F. graminearum, F. culmorum, F. 
roseum, F. avenaceum, F. poae, F. moniliforme 
(sin F. verticillioides), F. langsethiae and F. 
nivale (BASF, 2012; 2019; Şopterean et al., 
2012).  
In wheat, fusariosis is more virulent on kernels 
and mature plants, but pathogens can also 
infect young plants or seeded kernels before 
emergence.  
Currently, there are only tolerant or medium 
resistant wheat cultivars to fusariosis. Intensive 
growth of cereal crops, with poor variability in 
crop rotation, increase Fusarium infection 
pressure.  
In special cases, such as plant breading fields 
and organic farming, where chemical pesticides 
are forbidden, the infection pressure is very 
high. Therefore, the only way to reduce 
pathogen attack is by applying some 

agrotechnical measures and natural plant 
protection products (PPPs), as an alternative to 
chemicals. The list of PPPs, approved by the 
European Commission, include several 
microorganisms with antifungal activity as 
active substances (http://ec.europa.eu).  
Among these, Bacillus amyloliquefaciens can 
be used for biological control, either as single 
strain or as consortia.  
Considering these, we focused our study on the 
characterization of Fusarium contaminants 
isolated from several wheat lines. 
The biological control of these fungal 
pathogens was also analyzed, using four 
selected strains of Bacillus.  
 
MATERIALS AND METHODS 
 
Vegetal material  
In order to analyze Fusarium contaminants of 
wheat we used severely infected kernels and 
spikelet’s selected from a breeding field, placed 
in Călărași County, Romania. Fusarium 
infected samples are presented in Table 1. 
Samples were collected in 2017 and analysis 
during 2017 and 2018.   

Scientific Papers. Series A. Agronomy, Vol. LXII, No. 1, 2019
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Table 1. Fusarium infected samples 

Sample code Vegetal material 
E18A 

2-4/ Sp4 / 2017 A Kernels 
E18A 

2-4/ Sp4 / 2017 B spikelets constituents 
E18A 

5-7/ Sp5 / 2017 Kernels 
E25A 

F1-10/ Sp2 /2017 A Kernels 
E25A 

F1-10/ Sp2 /2017 B spikelets constituents 
E25A 

F1-10/ Sp3 Kernels 
E28A 

F2-1/ Sp7+Sp8 P2 A Kernels 
E28A 

F2-1/ Sp7+Sp8 P2 B spikelets constituents 

E24A+F132 = R7S6 Kernels 
 
Biocontrol bacteria 
The biocontrol bacteria used in this study were 
previously isolated and identified as Bacillus 
amyloliquefaciens through Biolog GEN III 
system and 16S rDNA sequencing (Sicuia et 
al., 2016). These strains (BIR, BPA, OS17 and 
BW) were selected due to their antagonistic 
activity against different fungal pathogens, 
including Fusarium species (Sicuia, 2013; 
Grosu et al., 2014, 2015). 
The Biolog Gen II technique for filamentous 
fungi was used to establish the biochemical 
fingerprint of the Fusarium isolates. 
Fungal isolation  
In order to isolate Fusarium spp. fungi from 
naturally infected wheat we use kernels and 
spikelet constituents presenting clear symptoms 
of fusariosis. The kernels used were shrivelled, 
wrinkled, matte, whitish or rosy shades, 
sometime covered with sporulated mycelia 
(Figure 1).  
 

   
Figure 1. Fusarium infected wheat samples  

a) kernels and  
b) spikelet (arrow reveals the infection site) 

 

From the whole wheat spikes were collected 
only spikelets with sporulated mycelia growing 
over its constituents (rachilla, glumes, palea 
and lemma). 
The infected kernels and spikelet parts were 
inoculated on two semi-selective media for 
Fusarium isolation: Nash Snyder medium (also 
known as Peptone PCNB agar or PPA) and 
Malachite Green Agar (MGA) supplemented 
with antibiotics (50 ppm streptomycin and 100 
ppm chloramphenicol) (Leslie & Summerell, 
2006).  
Typical growth of Fusarium was subcultured 
for several times on Potato-Dextrose-Agar 
(PDA) with antibiotics in order to assure pure 
cultures. 
 
Fungal characterization  
Fusarium cultures were macroscopically 
characterized when grown on PDA, Maltz 
extract agar (MA) and Potato-Sucrose-Agar 
(PSA). Some microscopic aspects were also 
studied on PDA cultures. 
The Biolog Gen II technique for filamentous 
fungi was used to establish the biochemical 
fingerprint of some Fusarium isolates. 
 
Mycotoxins analysis 
The micotoxigenic potential of some fungal 
isolates was evaluated using TLC analysis 
(Ursan et al., 2018). Extraction was made from 
three weeks old Fusarium cultures grown on 
PSA medium.     
 
Biocontrol activity  
The biocontrol activity was analyzed by double 
culture technique. Bacterial strains were placed 
in spots at 2.5 cm distance from the fungal 
plugs inoculated in the center of the PDA 
plates. Incubation was carried out at 28°C. The 
antifungal efficacy was evaluated compared to 
the fungal growth obtained in the control plates 
(Islam et al., 2009). 
 
RESULTS AND DISCUSSIONS 
 
Nine Fusarium isolates were obtained from the 
naturally infected wheat, one from each sample 
subjected into the analysis.  
During isolation better results were obtained on 
MGA semi-selective agar (Figure 2).  
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Figure 2. Wheat kernels covered in Fusarium growth  

after incubation on MGA semi-selective medium 

MGA medium allowed typical growth of 
Fusarium spp., with less contaminants than 
PPA. Several other authors also recommend 
MGA as a better solution that PPA (Alborch, 
2010; Bozac et al., 2014). Moreover, due to the 
fact that PCNB (pentachloronitrobenzene) is 
carcinogenic, it is less available. 
Comparative analysis of the purified stains of 
Fusarium sp. grown on PDA, PSA and MA 
showed differences in pigment production 
depending on the growth substrate. 
Carbohydrate concentration and simple sugars 
positively affected pigment production in all 
strains. Red pigments were produced by all 
Fusarium isolates. Darker red color was 
obtained on PSA and PDA media, and light red 
pigmentation was obtained on MA medium 
(Figure 3). 
 

 
Figure 3.  Red pigmentation of three Fusarium isolates 

grown on MA (left), PSA (middle) and PDA (right) 
In comparison, in the two weeks old cultures, 
all Fusarium isolates presented the darkest red 

color on PSA medium, on PDA the pigments 
were faster developed compared to PSA 
medium (Figure 4). 

  
Figure 4.  Fusarium growth on MA (left), PSA (middle) 

and PDA (right) after two days of incubation 

The highest mycelia growth rate was recorded 
on PDA medium, followed by PSA. On MA 
substrate, all fungal isolates had a slower 
growth rate, with less pigmentation (Figure 4).  
The surface color of the cultures varied with 
strain, and depending on the growth substrate. 
Pinkish color (mostly on MA) to reddish 
mycelia (especially on PDA) were noticed, 
sometime with yellow to orange aerial hyphae 
on top of the basic red pattern (on PSA and 
PDA media) (Figure 5). 
 

 
Figure 5.  Fusarium cultures of E18A/7-5 (top line), 

E18A/2-4 (center) and E24A+F132=R7S6 (bottom line) 
grown on MA (left), PSA (middle) and PDA (right) 

 
Studies regarding Fusarium pigments mention 
aurofusarin, neurosporaxanthin, and possibly  
rubrofusarin, as the most common pigments 
responsible for surface color in F. 
graminearum (Cambaza, 2018), F. culmorum, 
F. avenaceum, F. poae and others, like: F. 
acuminatum, F. crookwellens, F. 
pseudograminearum, F. sambucinum, F. 
sporotrichioides and F. tricinctum (Frandsen et 
al., 2006).  
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Microscopic evaluation of the selected fungal 
isolates was performed only for PDA cultures. 
Analyzed under light microscopy (40×) all 
Fusarium isolates presented septate filaments, 
branched in acute angles, hyaline or pale pink 
colored. Older filaments presented rough 
surface cell walls (Figure 6a), and the young 
branches were colorless and smooth. Generally, 
the abundance of macroconidia was weak. 
However, in some cultures more than three 
weeks old, orange sporodochia were formed 
(Figure 6b), in which abundant macroconidia 
were present (Figure 6c). Microconidia were 
detected only in some of the strains. 
Chlamydospores were produced in both 
mycelia and macroconidia (Figure 6 d, e). In 
the mycelia, chlamydospores were found single 
or in chains. 
 

  

      
Figure 6. Fusarium culture characteristics: sporodochia 

macroscopic view (a) and microscopic aspects (b), rough 
filaments (c), chlamydospores within mycelia (d) and 

macroconidia (e) with chlamydospores (arrow) 
 

Although the isolated fusaria were 
microscopically analyzed, the identification at 
specie level was not concluded. However, some 
of the strains are similar with Fusarium 
graminearum, F. crookwellense, F. chlamy-
dosporium and F. tricinctum. Similar results 
were also revealed with the Biolog Gen II 
phenotypic assay for filamentous fungi 
identification (Figure 7). 
 

  

 
Figure 7. Biochemical fingerprint of Fusarium sp.  

E18A/2-4 in Biolog Gen II microplates for  
filamentous fungi identification 

  
Fusarium infected cereal grains are mostly 
contaminated with fumonisins and zearalenone 
(Kim & Vujanovic, 2016). Analyzing the 
mycotoxigenic potential of E18A/2-4, E18A/5-
7 and E24A+F132 = R7S6, it was revealed that 
the isolated fungi are zearalenone producers 
(Figure 8). 
 

 
     
The most promising way to reduce mycotoxin 
contamination is to prevent plants from fungal 
infection, currently with plant protection 
products. Microbial based biopesticides such as 
Bacillus amyloliquefaciens can be used in 
biological control. In the European Union all 
active ingredients of chemical and biological 
pesticides must be approved by the European 
Commission and the commercial product must 
be authorized for release on the market 
(http://ec.europa.eu). Currently, in the EU there 
are four strains of B. amyloliquefaciens 
approved as active substance in pesticide 
formulations, QST 713, MBI 600, FZB24 and 
D747. Among these, B. amyloliquefaciens 
(former B. subtilis) QST 713 strain is the most 
common, being approved in 22 countries (BE, 
CY, CZ, DE, DK, EE, EL, ES, FI, FR, IE, IT, 
LT, LU, LV, NL, PL, PT, SE, SI, SK, UK). 

Figure 8. Mycotoxins in Fusarium 
cultures obtained on PSA medium: 
Line 1- E24A+F132 = R7S6,  
Line 2 - E18A/2-4 and  
Line 3 - E18A/5-7 extract,  
arrow indicates zearalenone 
compound 

  1      2      3 



490

 
Considering the biocontrol potential of B. 
amyloliquefaciens strains, we tested four 
Romanian native strains (BPA, BIR, OS17 and 
BW) for their antagonistic potential against the 
isolated Fusarium spp (Table 2). 

Table 2. B. amyloliquefaciens efficacy in reducing 
Fusarium spp. growth 

Fungal strain Biocontrol strains 
BPA BIR OS17 BW 

E18A 
2-4/ Sp4 / 2017 A 70.5% 70.5% 72.7% 68.2% 

E18A 
2-4/ Sp4 / 2017 B 74.5% 70.2% 72.5% 70.2% 

E18A 
5-7/ Sp5 / 2017 75% 71.6% 72.7% 72.7% 

E25A 
F1-10/ Sp2 /2017 A 84.4% 77.8% 77.8% 75.6% 

E25A 
F1-10/ Sp2 /2017 B 66.7% 61.9% 61.9% 61.9% 

E25A 
F1-10/ Sp3 72.5% 67.5% 75% 70% 

E28A 
F2-1/ Sp7+Sp8 P2 A 80.5% 75.6% 73.2% 75.6% 

E28A 
F2-1/ Sp7+Sp8 P2 B 83.3% 83.3% 83.3% 83.3% 

 
Among the tested strains BPA revealed the 
highest potential in reducing Fusarium spp. 
growth. During in vitro trials a synergic effect 
was noticed between BPA and OS17 strains in 
reducing fungal growth (Figure 9). 
 

 

 
Figure 9. Antifungal activity of B. amyloliquefaciens 

against Fusarium spp.  
 

These bacterial strains presented a wide 
spectrum of antifungal activity. Previous 
studies mentioned these strains as promising 
biocontrol agents against mycotoxigenic 
Fusarium graminearum and F. culmorum 

(Grosu et al., 2014), and several other fungal 
pathogens, like: Alternaria spp., Botrytis 
cinerea, Fusarium oxysporum, F. solani, 
Macrophomina phaseolina, Penicillium spp., 
Rhizoctonia solani, Sclerotinia sclerotiorum 
(Dinu et al., 2012; Sicuia et al., 2011; 2012a, b; 
Grosu et al., 2014; Sicuia et al., 2013). 
 
CONCLUSIONS  
 
Wheat samples (plant debris and grains) 
severely contaminated with Fusarium were 
purchased from a breeding field, in Călărași 
County, Romania. 
New strains of phytopatogenic fungi belonging 
to Fusarium spp. were detected and 
characterized. Among the tested Fusarium 
semi-selective media, MGA was found to be 
more appropriate than PPA. The isolated 
Fusarium spp. were highly virulent, and some 
proved to be mycotoxin producers.  
Biological control methods can be used in order 
to reduce the fungal growth of such pathogens. 
Four Romanian native strains of Bacillus 
amyloliquefaciens (BPA, BIR, OS17 and BW) 
prove to have good inhibitory activity against 
the newly isolated fusaria, with an efficacy of 
61.9 to 84.4%. 
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Abstract 
 
A uniform emergence of barley plants in the field depends on their seed vigour potential and this index define the seed 
quality. The aim of this paper is to assess the germinative capacity and elements of seed vigour of some Romanian 
winter barley lines, estimated by two methods used at NARDI Fundulea. Thirty-five winter barley lines were tested 
under controlled conditions for different physiological traits to determine seed vigour index. The obtained results 
showed that at the second level of temperature (6°C), the length of shoot and seedling is significantly correlated with 
germination faculty (0.44**) and also the length of root and shoot with length of seedling (0.44** and 0.95***). The 
seed index vigour varied from 13.4 to 29.2 when was evaluated at 25°C and from 7.2 to 26.1 at 6°C. An increase 
tendency of root, shoot and seedling length at 6°C was noticed in average. The different level of temperature could be 
used for screening the winter barley lines developed in barley breeding program in order to promote genotypes which 
assure a fast and uniform emergence. 
 
Key words: germination, seed vigour index, winter barley lines. 
 
INTRODUCTION  
 
The success of the winter barley emergence in 
the field depends first of all by seed vigour. 
This seed quality trait determines a fast and 
uniform emergence of plants but in the same 
time is influenced by environmental conditions 
as soil temperature and soil moisture (Perry, 
1973).  
Winter barley breeding efficiency can increase 
by early selection of new obtained biological 
material (barley lines in different generations). 
During field selection are noticed many barley 
genotypes and a reduction of biological 
material volume can be possible by seed vigour 
early selection criteria. 
These genotypes can be studied by different 
methods in order to characterize seed vigour, in 
laboratory and under many conditions in the 
field.  
In the latest, climate changes (particularly high 
oscillating of temperature) have an increased 
influence on behaviour of winter barley, 

especially when this crop is sown after optimal 
period. 
In Romania, cultivated area with winter barley 
varieties, is usually sown in September when is 
warm (20-25°C), before the recommended 
period or at the beginning of November (when 
the temperature usually decreases). In order to 
predict field barley emergence could be use 
different types of test for malting and naked 
barley (Kim et al., 1989) as follow: seed aging 
treatment, warm germination test, cold 
germination test, tetrazolium vigour test, 
conductivity test, field test and also percent of 
germination, length of seedling and seed vigour 
index (Kim et al., 1994). For example, in the 
case of rice, germination and field emergence, 
were identified as the main contributors to seed 
yield per plant (Adebisi et al., 2010). Recently, 
a succesful fast estimation of seed vigour was 
made by using the absolute seed protein content 
for wheat and maize, tested under different 
conditions. The results of this research showed 
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that, both in wheat and maize, can be use to 
estimation of seed vigour (Wen et al., 2018).  
 
MATERIALS AND METHODS 
 
Thirty-five winter barley lines developed at 
NARDI Fundulea (21 lines in F8, 8 lines in F7 
and 6 lines in F6 generation) and one specific 
winter barley variety were used as check 
(Simbol variety), to evaluate the behaviour 
under different temperature regarding the 
germination and the component of seed vigour. 
We adopt a standard treatment suggested by the 
Association of Official Seed Analysts for 
maize, namely Cold test method at 6°C and 
beside that, was used a warm germination test 
conducted at 25°C (Stan et al., 2008), under 
laboratory condition in order to simulate field 
conditions during optimal sowing (October) 
and later (in the first decade of November).  
The principle of the warm method is to 
determine the germination faculty in optimal 
conditions of temperature and humidity in a 
well-established time. 
The seeds are placed on rolls of industrial filter 
paper moistened with 60% water of its 
retaining capacity in four repetitions of one 
hundred seeds. Rolls are placed in the 
germination chamber at a temperature of 25°C 
for seven days. Determination of germination is 
performed at 4 and 7 days, respectively, 
according to internal rules and the evaluation of 
the germs is done after the ISTA evaluation 
manual (2006). Normal seedlings were counted 
and the obtained results are expressed in 
percent. 
The principle of the Cold test method is to 
create in the laboratory, similar conditions to 
those in the soil, conditions that allow the 
microflora of the soil and seeds to participate in 
a competition from which those seeds, germs, 
or those individuals lacking sufficient 
resistance either due to heredity or to some 
physical, physiological or biochemical damage. 
The cold test method (6°C) applied to study 
winter barley genotype is genuine, being 
improved at NARDI Fundulea, namely 

Fundulea Test Seed (FTS) by the Biology, 
pathology and seed quality control laboratory 
(Stan et al., 2016). 
According to this method, the seed is placed in 
a 1/1 soil/sand mix, wetted with 60% water of 
its retaining capacity, in four repetitions of 100 
seeds. The germination temperature is 6°C for 
seven days and after that, the seed is transferred 
to the growth chamber at a temperature of 25°C 
for four days. 
The evaluation of the germs is carried out after 
the 11 days, based on international standards 
for ISTA-2006 seed testing. Length of root and 
shoot were determined separately by a ruler and 
after that in order to calculate the seed vigour 
index, these were summed and expressed as 
seedling length (Mishra et al., 2017).  
Seedling vigour index was calculated as the 
product between percent of germination (G) 
and the seedling length (SL) in centimetres, 
with Abdul-Baki and Anderson formula (1973):  
SVI = G (%) x SL (cm) /100. 
As check was used the winter barley variety 
Simbol due its high germination under low 
temperature (G=100% tested at 6°C). The 
obtained results were the subject of ANOVA, 
correlation analysis and expressed as minimum, 
mean and maxim values. The objectives of this 
study were to investigate the behaviour of seed 
vigour elements using 2 methods in order to 
detect the influence of temperature level and 
identify the barley genotypes with a superior 
resistance to one of the abiotic stress (low 
temperature during germination) and if the 
variation of this could help to perform early 
selection on winter barley lines.  
 
RESULTS AND DISCUSSIONS 
 
Analysis of variance showed a significant 
influence of temperature level, genotype and 
their interaction on germination, root and shoot 
length (Table 1). Also, as source of variation, 
the temperature level had a significant 
influence on length of seedling, Seed Index 
Vigour and on the interaction between these. 
 

 

  



494

 

Table 1. ANOVA for germination, root length, shoot length, length of seedling and Seed Index Vigour 

Source of 
variation 

Germination Root length Shoot length Length of seedling Seed Index Vigour 
F P-value F P-value F P-value F P-value F P-value 

Temperature 223.59** 8.2E-31 31.06** 1.2E-07    6.23* 0.014 42.11** 1.30E-09 104.05** 1.00E-18 

Genotype     6.84** 1.0E-16   5.56** 1.6E-13 10.77** 4.9E-25 8.49** 5.37E-21 10.74** 1.22E-25 

T x G    5.99** 1.3E-14   3.15** 1.1E-06 39.82** 2.1E-56 16.04** 1.67E-34 21.68** 7.81E-42 
*significant at a probability level of p<0.05; **significant at a probability level of p<0.01. 

 
The registered minimum value of germination 
(Figure 1) was 85.0% under 25°C while under 
6°C, decreased at 33.0%, the percent of 
decreasing was very high (67%). This means 
that the temperature influenced negatively this 
parameter on many winter barley genotypes.  
 

 
Figure 1. The minimum, mean and maximum value of 

germination registered under 25°C and 6°C 
 
In Romania, the minimum accepted value for 
winter barley seed used for sowing, has to be 
85.0%. Any variety with germination under this 
standard is not recommended for sowing and 
also the price per kg decreased at half (the 
seeds are used for animal feed). 
 

 
Figure 2. The influence of temperature, genotype and 

their interaction on germination 
 
 
 

The temperature has the biggest influence on 
the level of germination (95%) while the 
influence of genotype and the interaction 
between temperature and genotype is 3% and 
2% respectively (Figure 2). 
The root length varied between 5.8 and 11.2 cm 
for first condition and from 7.5 to 10.8 cm in 
the second condition. We noticed that the 
minimum value of this parameter had a slightly 
increasing (1.7 cm), comparing with the 
registered value under 25°C (Figure 3). 
In the case of shoot length, the trend was 
similar (Figure 3), the minimum value had 
increased from 4.4 cm (at 25°C) to 9.3 cm 
(6°C) and the difference between minimum and 
maximum value was much higher under first 
condition (14.5 cm) than those between the 
second condition (8.5 cm).  
 

 
Figure 3. The minimum, mean and maximum value of 

root and shoot registered under 25°C and 6°C 
 
The temperature, genotype and their interaction 
were different regarding the root and shoot 
length (Figures 4 and 5). In the case of root 
length, the genotype had a higher influence 
(14%) than the previous parameter 
(germination) and the influence of temperature 
still remain important (78%). 
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Figure 4. The influence of temperature, genotype and 

their interaction on root length 
 

 
Figure 5. The influence of temperature, genotype and 

their interaction on shoot length 
 
The shoot length was influenced by the 
interaction between temperature and genotype 
(70%) and the contribution of genotype 
increase at 19%. 
The length of seedling oscillated between    
13.6 cm and 30.1 cm at first level of tested 
temperature and from 18.1 cm to 27.8 cm at 
second level. Also, was noticed a length 
seedling increasing when the level of tested 
temperature decreased (Figure 6). 
 

 
Figure 6. The minimum, mean and maximum value of 

length of seedling registered under 25°C and 6°C 

In Figure 7, it is observed that the level of 
temperature contribution and studied factors 
interaction is 63% and 13% respectively. 

 
Figure 7. The influence of temperature, genotype and 

their interaction on length of seedling 
 
The Seed Vigour Index ranged from minimum 
13.4 to 29.2 in the first conditions and from 7.2 
to 26.1 in the second condition (Figure 8). The 
analyse of Seed Vigour Index minimum value 
showed that when the temperature decreased at 
6°C, this affected the percent of germination 
much more for some genotypes than others, 
resulting a high influence on seed vigour, 
especially on shoot length (the length is bigger 
than under the 25°C). According to the level of 
percent of germination, it is clear that influence 
of temperature on Seed Index Vigour is high 
(76%) but the interaction between factors as 
source of variation, had 16% contribution 
(Figure 9), higher than the genotype (8%). 
 

 
Figure 8. The minimum, mean and maximum value of 

Index Vigour Seed registered under 25°C and 6°C 
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Figure 9. The influence of temperature, genotype and 

their interaction on Seed Index Vigour 

The value of germination (Table 2) under warm 
condition, ranged from 85 to 100% (Simbol 
variety had 93%, the mean value was 96.28%) 
and the line L 383-1 (purple bolded colour), 
was near germination value limit (85%). Under 
cold condition ranged from 33 to 97% (Simbol 
variety had 100% and the mean value was 
78.61%) and seventeen genotypes had a 
germination very low (between 33 and 83%).

 

Table 2. Experimental data for germination, root and shoot length, length of seedling and Seed Index Vigour 

No. Name of 
genotype 

G (%) 
25ºC 

G (%) 
6ºC 

RL (cm) 
25ºC 

RL (cm)  
6ºC 

SL (cm) 
25ºC 

SL (cm) 
 6ºC 

LS (cm) 
25ºC 

LS (cm) 
6ºC 

SIV 
 25ºC 

SIV 
 6ºC 

1 Simbol 93 100 9.88 9.30 5.55 13.73 15.43 23.03 14.5 23.0 
2 L19-10 97 93 11.14 9.73 11.54 15.19 22.68 24.92 22.0 23.2 
3 L20-10 93 96 10.44 9.01 13.37 15.47 23.81 24.48 22.1 23.5 
4 L9-12 99 92 9.85 9.73 10.79 15.42 20.64 25.15 20.4 23.1 
5 L2-12 95 96 9.32 9.26 12.85 14.97 22.17 24.23 21.1 23.3 
6 L3-01 99 97 6.89 9.00 12.63 13.28 19.52 22.28 19.3 21.6 
7 L1-12 100 88 7.98 8.73 10.88 13.39 18.86 22.12 18.9 19.5 
8 L3-12 91 96 5.82 9.36 11.50 13.70 17.32 23.06 15.8 22.1 
9 L4-12 99 97 6.35 10.23 11.70 14.24 18.05 24.47 17.9 23.7 

10 L5-12 97 88 6.98 8.36 11.43 12.50 18.41 20.86 17.9 18.4 
11 L6-12 97 84 8.52 8.40 11.11 13.81 19.63 22.21 19.0 18.7 
12 L7-12 99 93 9.21 8.31 4.36 13.31 13.57 21.62 13.4 20.1 
13 L8-12 100 95 8.36 9.68 11.50 12.75 19.86 22.43 19.9 21.3 
14 L10-12 97 89 6.48 9.41 11.62 16.24 18.10 25.65 17.6 22.8 
15 L11-12 97 91 8.72 9.34 12.52 14.78 21.24 24.12 20.6 21.9 
16 L2-13 97 33 7.04 9.30 12.28 14.11 19.32 23.41 18.7 7.7 
17 L5-13 99 41 7.45 8.94 12.06 15.26 19.51 24.20 19.3 9.9 
18 L6-94 95 63 9.29 9.32 11.62 15.54 20.91 24.86 19.9 15.7 
19 L15-15 99 96 8.85 10.65 12.78 16.52 21.63 27.17 21.4 26.1
20 L101-12 95 96 9.03 9.14 11.24 15.73 20.27 24.87 19.3 23.9 
21 L333-36 96 93 6.37 9.99 8.58 17.78 14.95 27.77 14.4 25.8 
22 L383-1 85 64 7.48 9.34 10.43 12.98 17.91 22.32 15.2 14.3
23 L201-1 93 59 7.71 9.15 14.15 9.26 21.86 18.41 20.3 10.9 
24 L201-2 93 80 9.29 9.94 17.40 11.51 26.69 21.45 24.8 17.2 
25 L201-3 95 36 8.89 9.27 14.69 10.81 23.58 20.08 22.4 7.2
26 L201-4 93 63 10.09 10.13 14.47 10.32 24.56 20.45 22.8 12.9 
27 L201-5 97 63 9.96 9.48 14.93 10.81 24.89 20.29 24.1 12.8 
28 L202-6 99 72 8.59 9.97 12.18 11.04 20.77 21.01 20.6 15.1
29 L600-1 97 65 8.23 9.27 15.25 12.14 23.48 21.41 22.8 13.9 
30 L600-4 99 83 10.46 10.07 16.22 10.26 26.68 20.33 26.4 16.9 
31 L600-6 99 80 11.04 9.36 16.28 11.53 27.32 20.89 27.0 16.7
32 L600-7 93 67 9.95 7.87 13.48 11.98 23.43 19.85 21.8 13.3 
33 L600-9 100 77 8.25 9.02 16.80 11.34 25.05 20.36 25.1 15.7
34 L600-10 97 64 11.17 10.82 18.93 10.71 30.10 21.53 29.2 13.8 
35 L600-13 97 57 8.57 7.49 14.08 10.59 22.65 18.08 22.0 10.3 
36 L600-14 95 83 6.89 7.85 15.30 11.47 22.19 19.32 21.1 16.0

Mean 96.28 78.61 8.63 9.28 12.68 13.18 21.31 22.46 20.52 17.84 
LSD (5%) 8.67 1.05 0.80 1.42 1.86 

G (%) – germination; RL (cm) – root length; SL (cm) – shoot length; LS (cm) – length of seedling; SVI – Seed Index Vigour 

76% 

8% 

16% 

Temperature Genotype TxG interaction
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Table 3. Correlations between germination, root and shoot length, length of seedling and Seed Index Vigour 

Parameters G 
25ºC 

G 
6ºC 

RL 
25ºC 

RL 
6ºC 

SL 
25ºC 

SL 
6ºC 

LS 
25ºC 

L 
S6ºC 

SIV 
25ºC 

SIV 
6ºC 

G 25ºC 1 

G 6ºC 0.18 1 

RL 25ºC 0.08   -0.05 1 

RL 6ºC 0.08    0.11   0.21 1 

SL 25ºC -0.02   -0.33o   0.36*  0.21 1 

SL 6ºC 0.07    0.44** -0.24  0.14 -0.59ooo 1 

LS 25ºC 0.02   -0.27 0.70***  0.25 0.92*** -0.55ooo 1 

LS 6ºC 0.09    0.44** -0.15 0.44** -0.47ooo 0.95*** -0.42oo 1 

SIV 25ºC 0.20   -0.23 0.69***  0.27 0.90*** -0.53ooo 0.98*** -0.40o 1 

SIV 6ºC 0.17 0.95*** -0.08  0.25 -0.42oo 0.68*** -0.36o 0.70*** -0.32 1 

G (%) – germination; RL (cm) – root length; SL (cm) – shoot length; LS (cm) –length of seedling; SIV – Seed Index Vigour 
 
The mean value of the root, shoot and seedling 
length was higher at 6°C comparing 25°C. We 
noticed an increase tendency of root, shoot and 
seedling length with 1.65, 0.50 and 1.35 units 
respectively. The value of Seed Index Vigour 
was in average higher under warm condition, 
difference between the obtained values being 
2.68.  
It has to be mentioned that some genotypes had 
a similar behaviour (black bolded colour) under 
both testing conditions, some of them 
registered a higher seed index vigour at 6°C 
than under 25°C (green bolded colour) and 
several had a lower SIV under the second 
condition due to a very low germination (red 
bolded colour).  
From the total of tested genotypes, 11 winter 
barley lines (green bolded colour) had 
presented a higher seed index vigour under cold 
condition (similar to check) due to a better 
shoot developed. Two winter barley lines were 
remarked due a lowest shoot length value (4.36 
and 8.58 cm, blue bolded values) under warm 
condition, one of them having a higher value 
(17.78 cm) than check (13.73 cm), when the 
temperature was low. 
The obtained results of correlation coefficient 
are presented in Table 3, where the germination 
at 25°C is not correlated with any of seed 
studied vigour elements, while the germination 
at 6°C showed distinct significant positive 
correlation with shoot length, length of seedling 
and very significant with Seed Index Vigour 
(0.95***) value at 6°C. A low temperature 
influenced negatively the shoot length (-0.33°). 
A higher temperature (25°C) can positively 

influence the root length in relationship with 
shoot length, length of seedling and Seed Index 
Vigour, while at low temperature (6°C), only 
the root length is positively influenced. The 
shoot length is differently influenced by the 
level of temperature, being a strong correlation 
between this vigour seed element, length of 
seedling and respectively Seed Index Vigour 
(0.92*** and 0.90***) at 25°C. Almost the 
same correlations was at 6°C between these 
elements (0.98*** and 0.68***), which showed 
a higher contribution at length of seedling and 
also to Seed Index Vigour. The length of 
seedling had a significant role in the Seed 
Index Vigour final value, considering the 
strong positively correlation with this.  
 
CONCLUSIONS  
 
Evaluation and analysis of winter barley 
breeding lines showed that germination (G) and 
root length (RL) are mainly temperature 
dependent and shoot length (SL) is highly 
dependent by the TxG interaction.  
Increase seed index vigour (SIV) means an 
improved seedling response to different 
temperatures and therefore fast emergence and 
increased yield. The genotype has a higher 
influence in developing of root (14%) and 
shoot (19%), but seed index vigour is 
influenced by the temperature during the 
germination (76%). 
Based on the described behaviour in the 
mentioned conditions, it can know that a winter 
barley variety have a fast emergence under 
warm or cold conditions.  
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These results showed that implementation and 
using these methods in early generation study 
for seed vigour (especially cold test method) 
may be very usefully for barley breeder work 
selection and therefore to breed improved 
winter barley varieties which performed better 
under future Romania climate changes. 
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Abstract  
 
Common sage (S. officinalis L.) and Anatolian sage (S. fruticosa Mill.) are the most used sage species in herbal tea 
industry. Besides that, Antioch sage (S. aramiensis Rech. fill.) naturally presents only in Hatay province of Turkey and 
used as herbal tea in the region. The risk of sage usage is toxicity from camphor and thujone content. S. officinalis 
known as its high content of thujone and camphor. In contrast S. fruticosa and S. aramiensis known as their high 
content of eucalyptol. Both S. officinalis and S. fruticosa has high essential oil content rather than S. aramiensis. The 
aim was to develop new chemotypes (low camphor and low thujone) by interspecific hybridization for health. Species 
were reciprocal crossed except for S. officinalis. It was used just as mother for all crosses due to male sterility. 
Although the chromosome numbers of the species were the same, general crossing ability was very low. Essential oil 
contents of the hybrids were ranged 0.75-4.21%. Camphor, thujone and eucalyptol contents were evaluated in the 
crossed population. 
 
Key words: hybrids, thujone, camphor, sage. 
 
INTRODUCTION  
 
One of the most important members of the 
Lamiaceae family, the genus Salvia, with close 
to 1000 species, is widely distributed in eco-
systems and used for different purposes (food, 
perfumery, ornamental plant, medicine etc.) 
(Kintzios, 2000; Walker & Sytsma, 2007; 
Kahraman et al., 2009). In Turkey, the Salvia 
genus has 97 species, 4 subspecies and 8 
varieties, of which 55 are endemic (Hedge, 
1982; Davis et al., 1988; İpek & Gürbüz, 
2010).  
S. officinalis L. is the most commonly used 
herbal tea and spice among the sage species. 
1.8 cineole, camphor, thujone, pinen and 
borneol are the most common components in 
the essential oil of Salvia species used as herbal 
tea and spices (Lamaison et al., 1991; Cuvelier 
et al., 1994; Lawrence, 1998). Several studies 
conducted on S. officinalis showed that the 
main component of the essential oil is thujon 
and the ratio of 1.8 cineole is lower. In contrast, 
S. fruticosa essential oil has been shown to be 
rich in 1.8 cineole content and low in thujone 
content (Bazina et al., 2008; Herraiz-Penalver 
et al., 2015; Ayanoğlu et al., 2012; Bayram, 
1998; Cvetkovikj et al. 2015; Baydar, 2005). S. 

aramiensis Rech. fil., used as herbal tea, is a 
species with low camphor ratio, little or no 
thujone. It grows only in Hatay in Turkey. 
Studies have shown that the camphor rate of S. 
aramiensis essential oil is between 1.0-1.5% 
and the rate of thujone varies between 0-1.1% 
(Demirci et al., 2002; Karaman et al., 2007; 
Aşkun et al., 2010; Kelen & Tepe, 2008; 
Ayanoğlu et al., 2012; Ertaş et al., 2017). 
Camphor and thujone are the most important 
factors limiting their usage as herbal tea and 
spices, although each of them has many usages 
in the field of medicine and cosmetics. Sage 
can be added to foodstuffs if the thujone 
content in the final product does not exceed 0.5 
mg/kg (Böszörmenyi et al., 2009). In food 
industry, Salvia chemotypes containing low 
thujone should be preferred (Bielenberg, 2007; 
Pelkonen et al., 2013). Thujone consumption in 
S. officinalis essential oil should not exceed 5 
mg per day and is not recommended for those 
under 18 years of age (European Medicines 
Agency, 2010). Both thujone and camphor are 
known to be very toxic when used for long-
term treatment (Millet et al. 1981, De Vincenzi 
& Mancini, 1997). In particular, even when 
taken in small amounts, camphor can cause 
serious or fatal consequences for young 
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children (Liebelt & Shannon, 1993; Theis & 
Koren, 1995; Shahabi et al., 2012).  
Salvia species are divided into various groups 
according to the similarity of species to each 
other. S. officinalis, S. fruticosa and S. 
aramiensis are in the same group (Salvia). S. 
officinalis and S. fruticosa species have 2n = 14 
chromosomes (Hedge, 1982; Doğan et al., 
2008). The chromosome number of S. 
aramiensis was determined as 2n = 14 in our 
study. S. officinalis, S. fruticosa and S. 
aramiensis are cross pollinated species 
moreover natural hybridization between S. 
officinalis and S. fruticosa has been recorded 
(Herraiz-Penalver, 2015; Radosavljevic et al., 
2019). Artificial interspecific crossing of Salvia 
genotypes also studied but most of them were 
floriculture except one S. officinalis and S. 
fruticosa crossing research (Haque & Goshal, 
1981; Putievsky et al., 1990; Tychonievich & 
Warner, 2011).   
A very large variation could obtained in the 
first generation (F1) in cross pollination 
between the species. This increases the 
probability of genotypes having the desired 
properties (Macukanovic-Jocic et al., 2011; 
Subaşı & Güvensen, 2011). The results of the 
studies conducted in which the genetic 
structure of Salvia genotypes associated with 
essential oil components suggest that genetic 
factors may be more effective than 
environmental factors on essential oil 
components (Skoula et al., 1999; Bazina et al., 
2008; Böszörmenyi et al., 2009).  
The aim of the study was to reveal the variation 
among hybrids from three species in the sight 
of essential oil composition especially 
eucalyptol, thujone and camphor. 
 
MATERIALS AND METHODS  
 
In the study, parent plants from S. officinalis, S. 
fruticosa and S. aramiensis were propagated by 
stem cuttings from Mustafa Kemal University 
Plant Collection Garden. Species were both 
used as mother and father plant except for S. 
officinalis. S. officinalis flowers were male 
sterile. S. fruticosa plants started flowering 
followed by S. officinalis and the last one was 
S. aramiensis. Pollens of the species were 
collected until the flowering period of mother 
species. Crosses were made by emasculation 
and hand pollination. In the emasculation, 

process anthers were removed before 
inflorescence and blooming (opened) flowers 
were removed. Petals were removed to 
facilitate the pollination. The flowers were 
pollinated once and bagged with net covers 
until harvest for seeds.  
After seeds set, approximately 6 weeks after 
hand pollination, flower branches were 
harvested further stages. Before sowing seeds 
soaked in 300 ppm GA3 solution for 24 hour to 
improve germination. Later seeds were sown in 
petri dishes. Germination starts in 7 days and 
continues 4 weeks, after 4 weeks seeds were 
washed with water and treated replicated. 
Germinated seeds were planted in plastic viols 
and plants were placed in green house. The 
hybrids were placed in pots after extend length 
almost 20 cm. In summer time pots were 
moved outside of the green house. Planting 
material was peat and perlite mix. The hybrids 
were harvested to obtain their essential oil 
ratio. For each hybrid, dry leaf samples were 
weighed and water distilled for 3 hours with 
Clevenger apparatus. Essential oil ratios are the 
mean value from dry plant material weight and 
expressed in g/100 g dry weight percentage.  
Essential oils were kept amber vial at +4 °C 
until analysis. Essential oil components were 
analysed with GC-MS (Gas Chromatography-
Mass Spectrometry) device Thermo Scientific 
ISQ Single Quadrupole. 5 µl of essential oil 
was diluted in 2 ml cyclo hexan. Column model 
was TG-Wax MS (5% Phenyl 
Polysilphenylene-siloxane, 0.25 mm inner 
diameter * 60 m lenght, 0.25 µm film 
thickness). The ionization energy was 
calibrated as 70 eV, and the mass interval was 
m/z 1.2- 1200 amu. The scan mode was used as 
the screening more in data collection. MS 
transfer line temperature was 250°C, MS 
ionization temperature was 220°C, and whereas 
colon temperature was 50°C at the beginning, 
then it was increased up to 220°C with 3°C/min 
rate of temperature increase. The structure of 
each component was defined using mass 
spectrums (Wiley 9) with Xcalibur software. 
 
RESULTS AND DISCUSSIONS  
 
Sage flowers have 4-lobed superior ovary, 
could have maximum 4 nutlets from one 
flower. Seed set of pollinated plants was very 
low. Germination ratio was varied in different 
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crosses as 4-15%. The essential oil ratios and 
components were determined from hybrid 
plants and their parent plants. All the hybrids 
and their parents cultivated in the same 
agricultural conditions and harvested at the 
same time in July. Mean values of essential oil 
ratio, components, and variation between 
parental plant species and hybrid genotypes 
were given in Table 1. The results showed a 
high variation among the analysed plants. Some 
hybrid genotypes gave higher essential oil ratio 
results than their parent species. Highest 
essential oil ratio in parent species was from S. 
fruticosa as 3%, in the hybrid plant of S. 
officinalis (mother) x S. aramiensis (father) and 
S. officinalis (mother) x S. fruticosa (father) 
gave the highest essential oil ratio results 
respectively, 4.21% and 4.08%. Lowest 

essential oil ratio found in S. aramiensis 
(mother) x S. fruticosa (father) hybrid plant as 
0.75%. Essential oil ratios of hybrids (43 S. 
aramiensis x S. fruticosa hybrids, 15 S. 
fruticosa x S. aramiensis hybrids, 14 S. 
officinalis x S. aramiensis hybrids and 10 S. 
officinalis x S. fruticosa hybrids) were given in 
Table 2. S. aramiensis x S. fruticosa hybrids 
showed the lowest mean essential oil ratio 
(2.16%) value compare to all other hybrid 
combinations. Highest mean values were 
obtained from S. officinalis x S. fruticosa 
hybrids (3.25%). Different from our results in 
some studies hybrids of different Salvia species 
showed intermediate essential oil ratio from 
their parents (Putievsky et al., 1990; Herraiz-
Penalver et al., 2015). 

Table 1. Ratio of main components in the essential oil of three Salvia species and their hybrids 

Parents and hybrids  Essential Oil Ratio (%) Eucalyptol (%) Thujone (%) Camphor (%) 
S. officinalis 2,0 20-25 25-30 30-35 
S. fruticosa 3,0 45-55 N.D. 15-20 
S. aramiensis 1,5 55-60 N.D. 5-15 
S. officinalis x S. fruticosa 2,5-4,08 16,66-71,30 0,04-26,31 0,35-32,15 
S. officinalis x S. aramiensis 1,71-4,21 12,49-61,91 0,84-21,58 0,25-47,11 
S. fruticosa x S. aramiensis 1,76-3,84 8,71-60,11 1,19-14,62 8,71-60,11 
S. aramiensis x S. fruticosa 0,75-3,97 4,02-60,20 0,02-23,77 0,42-57,04 
N.D.=Not detected 

Table 2. Essential oil ratios of the hybrid plants (%) 

Hybrid Name Essential Oil Ratio Hybrid Name Essential Oil Ratio Hybrid Name Essential Oil Ratio 
S. ara. x S. fru.-1 1,40 S. ara. x S. fru.-29 2,50 S. fru. x S. ara.-14 3,15 
S. ara. x S. fru.-2 1,46 S. ara. x S. fru.-30 3,26 S. fru. x S. ara.-15 2,90 
S. ara. x S. fru.-3 3,29 S. ara. x S. fru.-31 2,97 S. off. x S. ara.-1 1,79 
S. ara. x S. fru.-4 2,57 S. ara. x S. fru.-32 2,57 S. off. x S. ara.-2 2,26 
S. ara. x S. fru.-5 1,52 S. ara. x S. fru.-33 2,79 S. off. x S. ara.-3 2,69 
S. ara. x S. fru.-6 2,05 S. ara. x S. fru.-34 1,79 S. off. x S. ara.-4 3,00 
S. ara. x S. fru.-7 1,23 S. ara. x S. fru.-35 1,14 S. off. x S. ara.-5 4,21 
S. ara. x S. fru.-8 2,50 S. ara. x S. fru.-36 2,00 S. off. x S. ara.-6 2,28 
S. ara. x S. fru.-9 3,97 S. ara. x S. fru.-37 2,79 S. off. x S. ara.-7 1,85 
S. ara. x S. fru.-10 3,14 S. ara. x S. fru.-38 1,57 S. off. x S. ara.-8 2,36 
S. ara. x S. fru.-11 1,93 S. ara. x S. fru.-39 2,50 S. off. x S. ara.-9 2,11 
S. ara. x S. fru.-12 2,14 S. ara. x S. fru.-40 2,61 S. off. x S. ara.-10 1,85 
S. ara. x S. fru.-13 0,93 S. ara. x S. fru.-41 1,43 S. off. x S. ara.-11 1,81 
S. ara. x S. fru.-14 2,79 S. ara. x S. fru.-42 1,14 S. off. x S. ara.-12 3,37 
S. ara. x S. fru.-15 2,50 S. ara. x S. fru.-43 1,00 S. off. x S. ara.-13 3,57 
S. ara. x S. fru.-16 1,93 S. fru. x S. ara.-1 3,55 S. off. x S. ara.-14 1,71 
S. ara. x S. fru.-17 0,75 S. fru. x S. ara.-2 2,25 S. off. x S. fru.-1 3,90 
S. ara. x S. fru.-18 2,99 S. fru. x S. ara.-3 2,50 S. off. x S. fru.-2 3,79 
S. ara. x S. fru.-19 2,62 S. fru. x S. ara.-4 1,76 S. off. x S. fru.-3 3,26 
S. ara. x S. fru.-20 2,18 S. fru. x S. ara.-5 2,45 S. off. x S. fru.-4 4,08 
S. ara. x S. fru.-21 2,48 S. fru. x S. ara.-6 3,15 S. off. x S. fru.-5 3,62 
S. ara. x S. fru.-22 2,14 S. fru. x S. ara.-7 3,22 S. off. x S. fru.-6 2,64 
S. ara. x S. fru.-23 1,14 S. fru. x S. ara.-8 3,84 S. off. x S. fru.-7 3,00 
S. ara. x S. fru.-24 2,38 S. fru. x S. ara.-9 2,68 S. off. x S. fru.-8 2,50 
S. ara. x S. fru.-25 1,92 S. fru. x S. ara.-10 2,60 S. off. x S. fru.-9 2,75 
S. ara. x S. fru.-26 1,96 S. fru. x S. ara.-11 2,15 S. off. x S. fru.-10 3,00 
S. ara. x S. fru.-27 2,05 S. fru. x S. ara.-12 2,60   
S. ara. x S. fru.-28 3,07 S. fru. x S. ara.-13 3,20   
* Essential Oil: SD=0,78;Max=4,21; Min=0,75; Mean=2,47 
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Table 3. Chemical composition of the hybrid plants essential oils (%) 

Hybrid Name Eucalyptol Thujone Camphor Hybrid Name Eucalyptol Thujone Camphor 
S. ara. x S. fru.-1 19,38 0,26 25,71 S. ara. x S. fru.-42 19,01 0,73 5,83 
S. ara. x S. fru.-2 16,76 0,54 22,61 S. ara. x S. fru.-43 31,18 1,25 26,35 
S. ara. x S. fru.-3 5,21 0,49 19,60 S. fru. x S. ara.-1 49,15 14,62 0,42 
S. ara. x S. fru.-4 20,12 23,77 31,54 S. fru. x S. ara.-2 32,93 10,46 18,67 
S. ara. x S. fru.-5 22,35 1,03 24,42 S. fru. x S. ara.-3 25,41 8,45 21,03 
S. ara. x S. fru.-6 29,35 0,43 21,88 S. fru. x S. ara.-4 30,17 9,54 17,31 
S. ara. x S. fru.-7 21,16 1,02 15,09 S. fru. x S. ara.-5 21,75 2,55 24,22 
S. ara. x S. fru.-8 20,35 0,02 35,05 S. fru. x S. ara.-6 59,11 4,71 1,43 
S. ara. x S. fru.-9 22,44 7,65 18,94 S. fru. x S. ara.-7 27,56 7,14 15,63 
S. ara. x S. fru.-10 26,38 0,40 23,06 S. fru. x S. ara.-8 25,64 11,35 17,16 
S. ara. x S. fru.-11 14,34 1,04 57,04 S. fru. x S. ara.-9 8,71 1,19 2,36 
S. ara. x S. fru.-12 46,55 0,28 5,14 S. fru. x S. ara.-10 60,11 3,18 2,97 
S. ara. x S. fru.-13 55,99 0,34 4,06 S. fru. x S. ara.-11 40,93 2,17 22,37 
S. ara. x S. fru.-14 57,54 0,33 3,86 S. fru. x S. ara.-12 42,67 5,39 19,04 
S. ara. x S. fru.-15 11,39 0,34 36,63 S. fru. x S. ara.-13 39,05 2,52 27,19 
S. ara. x S. fru.-16 12,49 0,35 36,20 S. fru. x S. ara.-14 53,53 2,40 9,60 
S. ara. x S. fru.-17 4,02 0,36 38,79 S. fru. x S. ara.-15 34,79 1,27 31,36 
S. ara. x S. fru.-18 30,03 0,25 24,00 S. off. x S. ara.-1 12,49 19,07 45,85 
S. ara. x S. fru.-19 20,11 0,02 30,12 S. off. x S. ara.-2 42,72 0,84 4,43 
S. ara. x S. fru.-20 12,29 0,66 21,88 S. off. x S. ara.-3 17,85 21,58 27,79 
S. ara. x S. fru.-21 34,25 1,03 27,69 S. off. x S. ara.-4 17,04 18,65 47,11 
S. ara. x S. fru.-22 22,67 0,70 25,81 S. off. x S. ara.-5 61,91 5,65 0,25 
S. ara. x S. fru.-23 32,27 0,67 18,97 S. off. x S. ara.-6 35,64 15,37 15,25 
S. ara. x S. fru.-24 15,93 0,51 23,99 S. off. x S. ara.-7 34,81 20,76 18,40 
S. ara. x S. fru.-25 12,92 0,45 44,49 S. off. x S. ara.-8 43,84 1,09 3,36 
S. ara. x S. fru.-26 9,67 0,23 38,45 S. off. x S. ara.-9 48,82 3,24 8,19 
S. ara. x S. fru.-27 8,43 0,49 22,69 S. off. x S. ara.-10 37,29 11,22 18,50 
S. ara. x S. fru.-28 25,98 1,30 21,30 S. off. x S. ara.-11 32,58 16,31 11,03 
S. ara. x S. fru.-29 10,43 0,39 37,71 S. off. x S. ara.-12 41,35 14,72 19,56 
S. ara. x S. fru.-30 19,73 0,32 24,51 S. off. x S. ara.-13 38,93 9,67 7,16 
S. ara. x S. fru.-31 26,91 0,17 23,89 S. off. x S. ara.-14 35,62 19,42 12,45 
S. ara. x S. fru.-32 20,64 0,03 35,76 S. off. x S. fru.-1 47,58 2,30 7,78 
S. ara. x S. fru.-33 15,00 0,91 28,24 S. off. x S. fru.-2 39,48 2,76 16,64 
S. ara. x S. fru.-34 59,21 1,04 1,96 S. off. x S. fru.-3 71,30 2,66 0,35 
S. ara. x S. fru.-35 53,78 0,79 0,53 S. off. x S. fru.-4 55,03 6,03 0,66 
S. ara. x S. fru.-36 46,54 0,81 10,19 S. off. x S. fru.-5 23,12 25,77 32,15 
S. ara. x S. fru.-37 21,84 0,43 19,37 S. off. x S. fru.-6 16,66 20,28 16,99 
S. ara. x S. fru.-38 25,57 0,49 29,71 S. off. x S. fru.-7 22,20 0,04 28,07 
S. ara. x S. fru.-39 42,25 0,25 16,39 S. off. x S. fru.-8 21,17 26,31 23,51 
S. ara. x S. fru.-40 60,20 0,07 1,05 S. off. x S. fru.-9 25,94 19,65 14,63 
S. ara. x S. fru.-41 32,71 0,18 37,67 S. off. x S. fru.-10 28,71 15,95 9,06 
**Eucalyptol: SD=15,57; Max=71,30; Min=4,02; Mean=30,72 ***Thujone: SD=7,43; Max=26,31; Min=0,02; Mean=5,35 
****Camphor: SD=12,64; Max=47,11; Min=0,25; Mean=19,98 

 
Results of gas chromatography analysis from 
essential oils were given in Table 3. The aim of 
the study was to determine whether different 
chemotypes could obtain by interspecific 
crossing or not. Especially low camphor and 
thujone, high eucalyptol levels were important. 
S. aramiensis as a parent has the highest 
eucalyptol level as 60%, followed by S. 
fruticosa. In all combinations similar or even 
higher eucalyptol ratios were obtained. Highest 
eucalyptol ratio observed from the hybrid of S. 
officinalis x S. fruticosa crossing as 71.30%. 
Thujone level was ranged between 0-30% in 
parents, in hybrids lowest thujone in all 

combinations observed. Furthermore, low 
thujone (0,04%) bearing S. officinalis x S. 
fruticosa hybrid obtained. Highest thujone level 
also found in S. officinalis x S. fruticosa 
hybrids as 26.31%. The highest camhor bearing 
parent species was S. officinalis with 35% 
however in hybrids higher camphor ratio were 
observed as 60.11%. S. officinalis parental 
genotype with low camhor (0.25%) was also 
observed. Putievsky et al. (1990), conducted 
that essential oil components of S. officinalis, S. 
fruticosa and S. tomentosa hybrids were varied 
and in some case components resembled or 
between their parents. Study from Herraiz-



505

 
Penalver et al., 2015 showed that natural hybrid 
of S. officinalis and S. lavandulifolia essential 
oil components also effected parental species 
and in some cases both separate main 
components of parents could occur as 2 main 
components in their hybrids. Chromatogram 
sample of the one hybrid from S. officinalis x S. 
fruticosa were given in Figure 1. 
 

Figure 1. Chromatogram of S. officinalis x S. fruticosa-3 
hybrid 

CONCLUSIONS  
 
The study was preliminary results of 
interspecific hybridisation of S. officinalis, S. 
fruticosa and S. araemiensis. The hybrids were 
distinguished from their parent species among 
essential oil ratios and components. S. 
aramiensis x S. fruticosa hybrids 14, 34 and 40; 
S. officinalis x S. aramiensis hybrid 5; S. 
fruticosa x S. aramiensis hybrid 10 and S. 
officinalis x S. fruticosa hybrid 3 were selected 
regarding to essential oil components. Selected 
hybrids will cultivate for further studies. In the 
ongoing study morphological characteristics 
will also be evaluated. 
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Abstract 
 
The present paper presents the morphological and ecological description of species belonging to the Ranunculus genus 
found in “Alexandru Beldie” Herbarium from “Marin Drăcea” National Institute for Research and Development in 
Forestry (INCDS), Bucharest. A database was created with information about species, their gathering year, as well as 
the botanists who have identified and conserved them. The first part of the article shortly describes the herbarium and 
its specific, together with a presentation of the material and method used for elaborating this paper. As such, the 
material that was used is represented by the 480 vouchers that contain the specimens of 106 species belonging to the 
Ranunculus genus. The plants were gathered between 1818 and 1994, with a larger incidence during1880-1890 and 
1931-1950. The paper ends with a series of conclusions regarding the analysis of the Ranunculus genus species and 
specimens present in the herbarium. 
 
Key words: herbarium, plants, Ranunculus, botanists. 
 
INTRODUCTION  
 
The “Alexandru Beldie” Herbarium from 
“Marin Drăcea” National Institute for Research 
and Development in Forestry, located in 
Bucharest, contains an impressive collection 
(40000 vouchers) of certain plants, 
preponderantly from mountain areas. The 
plants from the collection are kept in their 
original folders and are arranged in 600 
drawers (Vasile et al., 2017). This collection is 
enrolled as INDEX HERBARIUM and all the 
species were gathered by known personalities 
in the field of systematic botany, one of the 
Romanian botanists being Alexandru Beldie, 
who dealt especially with this herbarium. As 
such, the herbarium is named after Alexandru 
Beldie, a renowned Romanian botanist, which 
was very interested in the flora present in 
Bucegi Mountains (Beldie, 1967; Beldie, 
1972). 
Besides the Ranunculuss pecies presented in 
this paper, the Herbarium also contains other 
species such as 32 Arabis species (Dincă et al., 
2017a), 29 Alyssum species (Cântar C. et al., 
2018), 40 Alchemilla species (Deleanu E. et al., 
2018a), 29 Plantango species (Deleanu E. et 

al., 2018), 19 Centaurea species (Dincă et al., 
2017b), 112 Hieracium species (Dincă et al., 
2017c), 15 Ornithogalum species (Enescu R. et 
al., 2017) and 19 Scorzonera species (Dincă et 
al., 2017d). 
Ranunculus is the largest genus within 
Ranunculaceae including about 600 species, 
primarily distributed in temperate to arctic or 
subantarctic zones, with a few species also 
present in tropic high montane regions 
(Tamura, 1995). 
The aim of this article is to present the state of 
this collection, to describe the species and the 
total number of Ranunculus specimens (106 
species), together with the date when they were 
collected, their location, the botanist who 
collected each exemplar and their conservation. 
 
MATERIALS AND METHODS 
 
The work methods used are the ones 
characteristic to the research activity. As such, 
research and bibliographic documentation have 
played a very important role, especially from a 
morphologic and ecologic point of view. 
Together with these methods, analysis and 
synthesis were used as main method for 
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digitizing and systematizing the data from the 
herbarium’s vouchers. Furthermore, creating 
the map, preparing the work, results and its 
conclusions have implied the analysis and 
synthesis of the initially systematized data.  

The vouchers were grouped by species, harvest 
year, the place where they were harvested and 
by the specialist who harvested them. An 
excerpt of the Ranunculus genus inventory is 
rendered in Table 1.  
 

 
Table 1. The inventory of Ranunculus genus from INCDS Bucharest’s, “Alexandru Beldie” Herbarium (excerpt) 

Plate 
no. 

 

Drawer 
no. 

Herbarium/ 
Botanic collection/ 

Institution 
Species Harvest 

date 
Harvest 
place 

Collected/ 
Determine

d by: 

Conser
vation 
degree 
(1..4) 

90 33 
Bucharest’s Polytechnics 

School Herbarium/ 
Botanic Laboratory 

Ranunculus 
acer L. 1918.09.07 

Bucegi: 
Colţii lui 
Barbeş 

M. Haret 1 

90 3 

Herbarul Institutului de 
Cercetări Silvice/ 

Ministerul Agriculturii şi 
Silviculturii 

Ranunculus acris 1954.08.07
. 

Bucegi: 
Poiana 
Crucii 

Al. Beldie 1 

90 50 

Forestry Research 
Institute Herbarium/ 

Agriculture and 
Silviculture Ministry 

Ranunculus 
arvensis L. 1933.05.01 Păd. 

Cormana 
C. C 

Georgescu 1 

91 22 
Bucharest’s Polytechnics 

School Herbarium/ 
Botanic Laboratory 

Ranunculus 
illyricus L. 1939.05.12 

Hanul 
Conachi, 

jud. Tecuci 

C.C 
Georgescu 2 

91 43 
Bucharest’s Polytechnics 

School Herbarium/ 
Botanic Laboratory 

Ranunculus 
flammula L. 1937.05.29 

Maramureş 
Vişeul de 
Jos,alt 457 

m 

A. Coman 1 

91 58 
Bucharest’s Polytechnics 

School Herbarium/ 
Botanic Laboratory 

Ranunculus  
constantinopolitanus  

DC D'Urville 
1935.05.01 Ilfov, păd. 

Cărcioarele Al. Beldie 1 

91 75 

Bucharest’s Polytechnics 
School Herbarium, 

Silviculture Faculty/ 
Botanic Laboratory 

Ranunculus 
cassubicus L. 1943.06.01 

Bucegi: 
Valea 

Coştilei 
1300 m 

Al. Beldie 2 

92 14 

Bucharest’s Polytechnics 
School Herbarium, 

Silviculture Faculty/ 
Botanic Laboratory 

Ranunculus 
hornschuchii 

Hoppe 
1943.06.01 

Bucegi: 
ValeaAlbă 

1600 m 
Al. Beldie 1 

92 19 

Bucharest’s Polytechnics 
School Herbarium, 

Silviculture Faculty/ 
Botanic Laboratory 

Ranunculus 
montanus 1947.07.17 Bucegi Al. Beldie 2 

92 37 
ICEF, Forestry Research 

and Experimentation 
Institute 

Ranunculus 
napolitanus Ten. 1940.05.12 

Hagilar, 
jud. 

Comstanţa 
I. Lupu 1 

93 32 
ICEF, Forestry Research 

and Experimentation 
Institute 

Ranunculus 
polyanthemos L. 1936.06.14 Gurghiu, 

jud. Mureş 

S. 
Paşcovschi
Al. Beldie 

1 

93 17 
Herbarul Şcoalei 

Politehnicei Bucureşti/ 
Laboratorul de botanică 

Ranunculus 
platanifolius  L. 

1938.07.01
. 

Ţibleş-
Fundu 

Dileţului 
I. Morariu 2 

94 16 

ICEF, Institutul de 
Cercetări şi 

Experimentaţie 
Forestieră 

Ranunculus repens 
L.  

1937.05.21
. 

Pădurea 
Casa Verde, 
Timişoara 

S. 
Paşcovschi 1 
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RESULTS AND DISCUSSIONS 
 
The research material is composed of the 480 
Ralunculus genre species vouchers present in 
the maps of “Alexandru Beldie” Herbarium 
from INCDS “Marin Drăcea”. Ranunculus 
belongs to the Ranunculaceae Family, the 
Ranuculales order having approximately 600 
species. Members of the genus include 
buttercups, spearwort and water crowfoots.  
The species belonging to this genus that are 
present in the above-mentioned collection are 
the following: 
Ranunculus acris is a herbaceous perennial 
plant that grows up to a height of 30-70 cm, 
with ungrooved flowing stems bearing glossy 
yellow flowersabout 25 mm across (Figure 1). 
Five overlapping petals exist above five green 
sepals that soon turn yellow as the flower 
mature. The plant has numerous stamens 
inserted below the ovary. The leaves are 
compound, with three lobed leaflets. Unlike 
Ranunculus repens, the terminal leaflet is 
sessile (https://en.wikipedia.org/wiki/ 
Ranunculus_acris). 
 

 
Figure 1. Ranunculus acris 

 
Ranunculus abortivus produces erect stems 
ranging from 10 to 60 cm in height. The leaves 
are variable in shape, while both stems and 
leaves are hairless. The basal leaves are kidney-
shaped to circular and persistent, with scalloped 

margins, while the stem leaves are alternate and 
deeply lobed or divided. Those at the bottom 
have long petioles (stems), while those at the 
top are shorter-stemmed to stemless, with 
narrow blades or lobes. Each stem can bear up 
to 50 flowers. The flower has five petals up to 
1.5 to 3.5 mm long, with a ring of stamens 
around a round cluster of green carpels. The 
carpels develop into brown, shiny rounded and 
slightly flattened achenes with a tiny beak 
(https://en.wikipedia.org/wiki/Ranunculus_abor
tivus) (Figure2). 
 

 
Figure 2. Ranunculus abortivus 

 

Ranunculus asiaticus, native to the eastern 
Mediterranean region of south-western Asia, 
south-eastern Europe (Crete, Karpathos) and 
north-eastern Africa. It is a herbaceous 
perennial plant that can reach 45 cm in height, 
with simple or branched stems. The 
basal leaves are three-lobed, with leaves higher 
on the stems more deeply divided; like the 
stems, they are downy or hairy. The flowers are 
3-5 cm in diameter, variably red to pink, 
yellow, or white, with one to several flowers on 
each stem (https://en.wikipedia.org/wiki/ 
Ranunculus_asiaticus). 
Ranunculus bulbosus, is a perennial plant that 
has attractive yellow flowers, and deeply 
divided, three-lobed long-petioled basal leaves. 
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Bulbous buttercup is known to form tufts. The 
stems are 20-60 cm tall, erect, branching, and 
slightly hairy flowering. Alternate and sessile 
leaves are present on the stem. The flower 
forms at the apex of the stems, and is shiny and 
yellow with 5-7 petals. The flowers are 1.5-3 
cm wide. The plant blooms from April to July 
(https://en.wikipedia.org/wiki/Ranunculus_bulb
osus). 
Ranunculus platanifolius. The large white 
buttercup is an herbaceous plant 30-100 cm 
tall, with glabrous stem characterized by many 
branches. The leaves are palmate, each divided 
into five segments with dentate margins. 
Flowers are organized into cymes, each flower 
having a calyx with five sepals, a corolla with 
five white petals, many stamens with yellow 
anthers and many styles (Figure 3) 
(https://en.wikipedia.org/wiki/Ranunculus_plan
ifolius). 
 

 
Figure 3. Ranunculus platanifolius 

 

Ralunculus repens is a herbaceous, 
stoloniferous perennial plant growing up to 50 
cm in height. It has both prostate running stems 
that produce roots and new plants at the nides, 
and less erect flowering stems. The basal leaves 
are compound, grown on a 4-20 cm long 
petiole and divided into three broad leaflets 
1.5-8 cm long, shallowly to deeply lobed, each 
stalked. The higher leaves from the stems are 
smaller, with narrower leaflets and may be 

simple and lanceolate. Both the stems and the 
leaves are hairy. The flowers are golden 
yellow, glossy, reaching a diameter of 2-3 cm, 
usually with five petals, while flower stem is 
finely grooved. The gloss is caused by the 
smoth upper surface of the petal that acts like a 
mirror, the gloss aids in attracting pollinating 
insect and thermo regulating the flowers 
reproductive organs. The fruit is a cluster of 
achenes being 2.5-4 mm long. Creeping 
buttercup has three- lobed dark green, white-
spotter leaves that grow out of the node. It 
grows in field and pastures pefering wet soils 
(Figure 4) (https://en.wikipedia.org/wiki/ 
Ranunculus_repens). 

 
Figure 4. Ralunculus repens 

 

The plant’s harvest years. The plants were 
gathered in a time period ranging between 1818 
and 1994. The oldest plants of this genre are 
Ranunculus amplexicaulis., collected in 1818. 
The periods in which most plants were gathered 
were 1880-1890 and 1931-1950 (Figure 5). 
The plants were gathered from Romanian 
mountain areas (Bucegi, Retezat, Rotnei) or 
near cities from our country (Azuga, Constanta, 
Craiova, Caracal, Brasov, Buzau, Branesti), as 
well as from some European areas (Austria, 
Albania, Croatia, Franta). The plants are in a 
good state. 
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Figure 5. Harvesting periods for Ralunculus plants from Al. Beldie 

 
CONCLUSIONS  
 
In "Alexandru Beldie" Herbarium, which 
contains more than 40,000 vouchers, 480 
vouchers belong to the Ranunculus genus. 
Even if the first fir samples were collected 
almost 140 years ago, the majority of them are 
in a good conservation state, meaning that the 
methods used for preserving the biological 
materials were adequate. 
The plants from this herbarium were gathered 
between 1818 and 1994, reaching a maximum 
in the period 1880-1890 and 1931-1950. 
Furthermore, they were gathered by renowned 
Romanian and foreign botanists (Al. Beldie, P. 
Cretzoiu, C. Georgescu, E.I. Nyarady, N. 
Boscan, G. Bujoreanu).  
The plants were gathered from Romanian 
mountain areas (Bucegi, Retezat, Rotnei) or 
near cities from our country (Azuga, Constanta, 
Craiova, Caracal, Brasov, Buzau, Branesti), as 
well as from some European areas (Austria, 
Albania, Croatia, Franta). The plants are in a 
good state. 
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Abstract  
 
The morphological features and aspects of the germination process of the caryopsis of a Bromus secalinus population 
out of a wheat field from Pitesti Research Station were studied. The average value of the lemma - 8.11 mm distributes 
this population in the lemma long-sized group and the length of the dorsal awn - 4.85 mm on average and their 
appearance, allocate this population to var. secalinus, f. elongatus. At different moments of the germination process, on 
the surface of the coleorhiza hairs were noticed. The germination rate of seeds of Bromus secalinus is strongly 
stimulated by the presence of Triticum durum caryopsis while Brassica napus seeds reduce the number of Bromus 
germinated caryopsis.  
 
Key words: Bromus secalinus, caryopsis, coleorhiza hairs, germination process, Pitesti Station population. 
 
INTRODUCTION  
 
Bromus secalinus has its origin in the 
Mediterranean region of Eurasia (Ciocârlan, 
2009). In Romania, it can be sporadically find 
in grain fields, meadows, wasteland, field 
borders, and roadsides from oak woodland zone 
to beech forest belt. Calcifuge species 
(Ciocârlan & Chirilă, 1982), Bromus secalinus 
prefer slightly acidic soils with pH ranging 
from 5.5 to 7.5 (Rzymowska et al., 2010) and a 
cool climate with rainfall during the year 
(Anghel et al., 1972). Beeing in regress at some 
point, in Europe their populations were 
considered becoming even endangered 
(Warcholińska in 1981 regarded this species 
like rare among cereals).  
The increasing incidence of the species as a 
weed in crops is due to the reduced soil tillage 
(Szymankiewicz et al., 2003) which allows 
access of the seeds to the light: a large 
percentage of seeds germination was reported 
in the case of germination experiments with 
diaspores placed on the soil surfaces or at the 
1.5 cm depth (Cussans et al., 1994; 
Adamczewski et al., 2015).  
The germination ability of the seed decreases 
with age and it is limited to 1-2 years 
(Kapeluszny & Haliniarz, 2007). 

A plant can produce up to 1400 caryopses 
(Ciocârlan et al., 2004). These are closely 
wrapped in paleas; lemma, strongly inrolled at 
maturity, of 6-9 (11) mm length, minutely bifid 
at apex is provided with a rudimentary awn or 
of variable length (4-9 mm) or sometimes it 
may be missing (Häfliger & Scholz, 1981). 
Some of caryopsis physical features, namely 
width, thickness and density of the seeds were 
used in the separation of Bromus secalinus 
from wheat caryopsis (Hauhouot-O'Hara et al., 
2000). 
Morphological variability reflects the genetic 
variance of a species and the ability of their 
populations to adapt to local environmental 
conditions (Ionescu et al., 2017; Ionescu et al., 
2018). Ecological factors such as soil humidity 
and trophicity can influence the phenotypic 
characteristics of Bromus secalinus populations 
through seed storage proteins (Skrajna et al., 
2012); also, the crop plants can affect the 
fertility rate of the Bromus secalinus seeds 
(Rzymowska et al., 2010). 
The influence of local environmental 
conditions on the morphological characteristics 
and the germination process of the caryopsis of 
Bromus secalinus population from Pitești 
Station together with some crop plants was 
targeted in this investigation. 
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MATERIALS AND METHODS 
 
Morphological observations and those on 
germination were carried on caryopsis collected 
in 2016 from a B. secalinus populations found 
in a durum wheat field from Agricultural 
Research and Development Station - Pitești 
(Argeș County).  
The climate of the area is characterised by an 
average of the annual precipitation of 700 mm. 
The soil is of albic luvisols type with a low 
value of pH (around 5) and a small content of 
organic substances (total C = 2%); the level of 
NPK macro-elements is reduced, and alumi-
nium ions are present in the soil solution. 
The measurements were made on 100 
caryopses collected from the low part of 
spikelets (usually, the second floret from 
bottom) (Stace, 2011). A stereomicroscope type 
S8APO, equipped with a video camera Leica 
DFC 295 and a SEM FEI Inspect S50 were 
used to reveal the specific morphological and 
micromorphological features of the B. 
secalinus population. 
In order to observe the behaviour of B. 
secalinus as well as those of crop plants during 
the germination process in cases of dense 
populations of Bromus secalinus caryopsis, 
germination variants were selected based on a 
2:1 ratio. 
Germination experiments were conducted in 
the subsequent configurations: 
- control variant - 20 caryopsis of B. secalinus; 
- variant I - 40 caryopsis of B. secalinus and 20 
of Triticum durum;  
- variant II - 40 caryopsis of B. secalinus and 
20 seeds of Brassica napus subsp. napus. 
The variants were experimented with 3 
separated repetitions each, at one-week 
intervals, during 12 to 29 March 2018. 
22 hours after the sowing, B. secalinus 
caryopsis have been observed and phases of the 
germination process were noted. The 
germination rate was noted during 3 days in all 
3 variants. 
 
RESULTS AND DISCUSSIONS 
 
The morphology and micromorphology of 
the caryopsis of Bromus secalinus (Pitești 
population) 
Lemmas of the B. secalinus - Pitești population 
are 7-9 mm long (8.11 mm on average; 0.373 - 

STD) (Table 1). According to different papers 
(Häfliger & Scholz, 1981; Ciocârlan et al., 
2004; Hauhouot-O'Hara et al., 2000), the length 
of the lemmas ranges from 6 to 9 (11) mm.  
 

Table 1. The morphological characteristics of the  
B. secalinus - Pitești populations lemma and awn 

 Length interval 
(mm) 

Average 
(mm) STD 

Lemma 7 - 9  8.11 0.37 
Awn 2 -7.2 4.85 1.33 

 
The average value distributes this population of 
B. secalinus in the lemma long-sized group, so 
the caryopsis. It is well known that seed size may 
determine the viability of the seedlings and the 
vigour of the adult plants (Massimi, 2018). 
 

 
Figure 1. Lemma on dorsal side 

 
The lemma is rounded on dorsal side, 7-veined 
(Figure 1) and has membranous margins that 
can be seen from the middle to the upper region 
(Figure 2). 
 

 
Figure 2. Lemma - margins and apex (a - awn) 

 
At the apex, lemma is minutely bifid and 
covered with short bristles, similar to those 

a 
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seen on the awn (Figure 3). The same type of 
bristle can be discerned at the base of the 
lemma, above the callus region (Figure 4). 
The awn is variable in length, from 2 to 7.2 
mm, with 4.85 mm on average (STD = 1.33) 
(Table 1). It can be straight or slightly flexuous 
(Figure 2). 
 

 
Figure 3. Lemma at the apex  

 

 
Figure 4. Lemma at the base 

 
According to Flora RSR (Săvulescu, 1972), the 
length of the dorsal awn and their appearance, 
allocate this population to var. secalinus, f. 
elongatus.  
On the ventral side, the caryopsis is protected 
by a palea almost equalling lemma at the distal 
end (Figure 5); palea is provided on the edges, 
from the middle to the base, with stiff bristles 
(Figure 6). 

 
Figure 5. Palea at the distal end 

 

 
Figure 6. Palea at the base 

 
The germination processes 
At 22 hours after sowing, germination was 
initiated in all three variants. First, the 
coleorhiza and then the radicle were observed 
to B. secalinus germinated caryopsis.  
At different moments of the germination 
process, on the surface of the coleorhiza hairs 
were noticed (Figure 7).  
The origin and the role of this coleorhiza type, 
observed in other species, have been discussed 
in different scientific papers (Nishimura, 1922; 
Nostrog, 1955; Morita et al., 1990; Debaene‐
Gill et al., 1994; Chistyakova et al., 2016).  
There are no reports on Bromus species with 
this kind of coleorhiza in the reviewed 
scientific works.  
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Figure 7. Phase of the germination process; 

cr - coleorhiza; r - radicle 
 

 
 
Figure 8. The numbers of Bromus secalinus germinated 

caryopses in three days of experiment  
(repetition I: 03. 13 – 03. 15. 2018) 

 
The rate of the germination process was 
different in the three variants, indicating the 
presence of allelopathy between germinated 
seeds. Figures 8-10 shows that the germination 
of seeds of B. secalinus is strongly stimulated 
by the presence of durum wheat caryopsis 
while Brassica napus seeds reduce the number 
of B. secalinus germinated caryopsis. On the 
other hand, it can be observed, from the 
explications below, that the rate of germination 
of the seeds of Brassica napus was not 
influenced by the presence of B. secalinus 
germinated caryopsis whereas the germination 
of the caryopsis of Triticum durum has been 
influenced. 
On the third day of the first repetition had 
germinate (Figure 8): 
- 12 out of 20 caryopsis of B. secalinus in the 
first variant;  
- 18 out of 40 caryopsis of B. secalinus as well 
as 8 out of 20 caryopsis of Triticum durum in 
the second variant; 

- 11 out of 40 caryopsis of B. secalinus as well 
as 18 out of 20 seeds of Brassica napus in the 
third variant. 
On the second repetition, on the third day, the 
rate of germination was (Figure 9): 
- 14 out of 20 caryopsis of B. secalinus in the 
first variant;  
- 25 out of 40 caryopsis of B. secalinus as well 
as 14 out of 20 caryopsis of Triticum durum in 
the second variant; 
- 14 out of 40 caryopsis of B. secalinus as well 
as 20 out of 20 seeds of Brassica napus in the 
third variant.  
 

 
Figure 9. The numbers of Bromus secalinus germinated 

caryopses in three days of experiment  
(repetition II: 03. 20- 03. 22. 2018) 

 
On the third day of the last repetition had 
germinate (Figure 10): 
- 16 out of 20 caryopsis of B. secalinus in the 
first variant;  
- 25 out of 40 caryopsis of B. secalinus as well 
as 15 out of 20 caryopsis of Triticum durum in 
the second variant; 
- 25 out of 40 caryopsis of B. secalinus as well 
as 20 out of 20 seeds of Brassica napus in the 
third variant. 
 

 
Figure 10. The numbers of Bromus secalinus germinated 

caryopses in three days of experiment  
(repetition III: 03. 27- 03. 29. 2018) 
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The role of this type of experiment is to point 
out the nature of relationships established 
between plants in an agricultural biocoenosis; 
also, it can contribute to an appropriate mana-
gement practice (Penescu & Ionescu, 2013). 
 
CONCLUSIONS  
 
The soil and climate of the Pitesti Station 
favoured the development of Bromus secalinus 
populations, the size of their caryopsis being 
close to the upper limit of the length range. 
The populations of B. secalinus from Pitești are 
included in the var. secalinus, f. elongatus and 
form flexible and slightly divergent awns. 
B. secalinus is a species with hairy coleorhiza 
noticed at the beginning of the germination 
process. 
The germination rate of the B. secalinus seeds 
was influenced by the presence of exudates 
from the root of the plant species grown 
together. 
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Abstract  
 
The aim of the study was to evaluate the effect of silicon on the activity of antioxidant enzymes and the photosynthetic 
rate of cucumber plants (Cucumis sativus L.) cv. Gergana under mite infestation. Four variants consisting of 1 – 
control, 2 – mite-infested plants, 3 – silicon-treated plants, and 4 – mite-infested plants, treated with silicon, were 
analyzed. Plants were grown hydroponically and silicon (Si) was applied to the nutrient solution in form of Na2SiO3. 
The plants have been infested by the two-spotted spider mite Tetranychus urticae and 20 days later – analyzed. The 
results show a decrease in the mite population in the Si-treated plants. The activities of guaiacol peroxidase (GPOD) 
and syringaldazine peroxidase (SPOD) in the leaves of the mite infested plants increased by 175% and 197% 
respectively, and the net photosynthetic rate (PN) in the mite-infested plants was reduced by 51%, compared to the 
control. It was established that Si supply to a nutrient solution of the mite-infested plants decreases the activities of 
GPOD and SPOD by 62% and 57% respectively and enhances the net photosynthetic rate by 84%.   
 
Key words: cucumber, mites, photosynthesis, silicon, stress. 
 
INTRODUCTION  
 
Silicon (Si) is the second most abundant 
element on Earth's crust after Oxygen. It has 
not been considered as an essential element for 
higher plants, but Si has been proved to be 
beneficial for the healthy growth and 
development of many plant species (Epstein, 
1999; Ma et al., 2001). The beneficial effects of 
Si are particularly distinct in plants exposed to 
abiotic and biotic stresses (Ma, 2004). Over last 
two decades, more extensive and intensive 
studies have been performed aiming at better 
understanding of the possible mechanisms for 
Si-enhanced resistance and/or tolerance of 
higher plants to both abiotic and biotic stress 
(Liang et al., 2003). There are, however, a 
number of studies of its effects on some 
phytopathogens – mainly powdery mildew 
(Shetty et al., 2012). There are also some 
researches on the effect of Si in insect-induces 
stress conditions. The increased resistance to 
herbivore pests caused by silicon treatment has 
been reported in various sensitive varieties of 
cereal plants (Keeping & Meyer, 2006; Hou & 
Han, 2010; Sidhu et al., 2013; Han et al., 2015) 
and cereal grasses (Massey et al., 2006; Massey 
& Hartley, 2009).  

Higher silicon concentration in the soil or in the 
nutrient medium causes a decrease in the 
number of insect and non-insect pests of crop 
plants (Liang et al., 2005). The positive effect 
of silicon application has been reported for 
various pests including Chilo suppresalis, 
Scirpophaga incertulas, Chlorops oryzae, 
Nephotettix bipunctatus cinticeps, Nilaparvata 
lugens, Spider mites (Tetranychus spp.) 
(Gatarayiha et al., 2010) or mites (Savant et al., 
1997; Nikpay et al., 2014).  
The two-spotted spider mite Tetranychus 
urticae Koch (Acari: Tetranychidae) is 
considered one of the most harmful pests in 
many crops. It is herbivore, with a broad food 
specialization, developing on over 1200 plant 
species belonging to more than 140 different 
families (Van Leeuwen et al., 2010). Small 
size, rapid development, high reproductive 
potential, large number of generations, and 
optional diapause allow the mite to multiply for 
a short time in high density when the 
conditions of the environment are favourable. 
This is accompanied by a rapid decline in the 
quality of the host plant. During feeding, the 
mite mechanically damages the leaf epidermis, 
resulting in a deterioration of the water regime 
of plants and decrease of the photosynthetic 
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apparatus productivity (changes in CO2-gas 
exchange, reduction of chlorophyll content), 
which can cause a fall of undeveloped 
blossoms and even death of young plants (Park 
& Lee, 2002). 
Most studies have focused on the effect of 
silicon on the pathogen or on an enemy and 
their lifecycle and treatment behaviour. But the 
information about the effect of Si on the 
physiological and biochemical changes 
occurring in the host plant and the involved 
mechanisms are scarce. This motivated us to 
conduct this study and gain insight into some of 
the benefits and effects of Si application. 
 
MATERIALS AND METHODS 
 
Laboratory experiments were performed under 
controlled environmental conditions in a 
laboratory at the Department of Entomology, 
Agricultural University - Plovdiv, Bulgaria: 
photoperiod 14/10 h (light/dark), 
photosynthetically active radiation (PhAR)   
250 μmol m-2 s-1, air temperature 25°С (day)/ 
22°C (night) and relative air humidity 50 ± 5%. 
The seeds were subjected to the process of 
imbibition for 24 h. They were then placed in 
inert material (perlite). After the full 
development of the cotyledons and the 
appearance of the first true leaf, the young 
plants were transferred in plastic containers 
with nutrient solution. Plants of all variants 
were grown in ½ Hoagland nutrient solution 
containing all the necessary macro- and micro 
elements to phase third true leaf and then 
infested by Tetranychus urticae. At the same 
time started the treatment with Si in form of 
Na2SiO3 to the nutrient solution. The nutrient 
solution was replaced every week with a fresh 
one. Experimental plants were grouped in 4 
variants: 1 - control plants; 2 - mite-infested 
plants; 3 - plants + 1.5 mM Si; 4 - mite-infested 
plants + 1.5 mM Si. Each variant includes 24 
test plants. Twenty days after infestation plants 
were analyzed. 
 
Mite infestation  
All experimental plants were infested on the 
15th day of their development with 50 moving 
stages of the two-spotted spider mite. The 
infestation was carried out with mobile stages 
of a laboratory grown mite population. For this 

purpose, leaf cuts of about 5 cm2 were 
examined under a stereomicroscope to ensure 
the presence of the Tetranychid mite only and 
to remove other mite families (if any). The 
number of T. urticae mobile forms was 
recorded and controlled and 10 or 20 mites 
(mostly adult females) were left on each such 
cut. The examined leaf cuttings were placed on 
the 2nd and/or 3rd leaf of each cucumber plant 
(50 mites/plant respectively). 
 
Methods of analysis 
Leaf area 
The leaf area of the plants was determined by 
the electronic digital plotter NEO-2 (TU-Sofia, 
Bulgaria) (Kerin et al., 1997).  
 
Leaf gas exchange parameters 
Leaf gas exchange. The index of the leaf gas 
exchange rate - net photosynthetic rate (PN) 
rate, transpiration intensity (E), stomatal 
conductance (gs) and intracellular 
concentration of CO2 (ci) were determined with 
LCpro+ portable photosynthetic system 
[Analytical Development Company Ltd., 
Hoddesdon, England]. Measurements were 
performed under the following conditions: 
photosynthetically active radiation (PhAR) of 
500 μmol m-2 s-1, temperature 25ºC and natural 
external CO2 concentration of about 400 vpm.  
 
Photosynthetic pigments 
The photosynthetic pigments content was 
determined spectrophotometrically by the 
Lichtenthaler method (1987) and was 
recalculated to a unit of fresh weight (mg g-1 
FW). 
 
Lipid peroxidation  
The lipid peroxidation rate (LP) was 
determined by the method of Heath and Packer 
(1968). Specific absorbance at 532 and non-
specific at 600 nm were recorded at molar 
extinction coefficient E = 155 mM-1 cm-1. The 
results are presented as malondialdehyde 
(MDA) content in a unit of fresh weight (nmol 
MDA g-1 FW). 
 
Enzyme extraction  
The fresh plant sample (0.5 g) was ground with 
5 ml ice-cold extraction buffer (pH 7.8), quartz 
sand and 200 mg polyvinylpyrrolidone (PVP). 
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Samples were centrifuged at 4°C for 10 min at 
13500 rpm. The resulting clear supernatant was 
immediately used for analysis. 
 
Guaiacol Peroxidase (GPOD) 
The activity of GPOD was determined 
spectrophotometrically by the method of 
Bergmeyer et al. (1974).  The mixture of 2.3 ml 
of KH2PO4 buffer (pH 7.0), 300 μl of H2O2, 
300 μl of 8 mM guaiacol and 100 μl of extract 
was placed in the cuvette. The absorbance was 
measured at 436 nm against a blank containing 
the same components without enzyme extract 
(E = 26.6 mM-1 cm-1). The values obtained 
were expressed as U mg g-1 FW. 
 
Syringaldazine peroxidase (SPOD) 
The activity of SPOD was determined 
spectrophotometrically by the method of 
Imberty et al. (1985). In a cuvette were placed  
2.55 ml of 0.1 M Tris-HCl buffer (pH 7.5), 300 
μl of 10 mM H2O2, 50 μl of 3.5 mM 
syringaldazine, and 100 μl of the extract. The 
absorbance was measured at 530 nm against a 
blank containing the same components without 
enzyme extract (E = 27 mM-1 cm-1). The values 
obtained were expressed as U mg g-1FW. 
 
Statistical data processing 
The data are presented as mean ± SD of 3 
replicates. The experimental results were 
statistically processed with the SPSS program 
using a one-way ANOVA dispersion analysis 
and Duncan's comparative method, with the 
validity of the differences determined at a 95% 
significance level. The different letters (a, b, c, 
d) after the mean value show statistically 

significant differences between the variants. 
 
RESULTS AND DISCUSSIONS 
 
At the end of the experiment in order to 
evaluate the effect of Si application, the 
population density of the two-spotted mite was 
estimated. It was found that the number of all 
the mobile stages of the mite was significantly 
reduced on the leaves of Si-treated plants 
compared to those which were infested with 
mites, but untreated with silicon. In larval 
stages the decrease was about 60%, and the 
number of adults was reduced by 24%. The 
decrease in the number of eggs was the lowest - 
by about 14% (Table 1). Our results are in line 
with the ones obtained by Nikpay and Nejadian 
(2012), who reported a decrease in the number 
of yellow mite Oligonychus sacchari in sugar 
cane. The authors investigated the impact of 
various Si-containing fertilizers on the yellow 
mite in four cane varieties and observed a 
population density on the 10th, 20th, 30th and 
40th days after infection. Although they did not 
observe significant differences among the 
variants before the 20th day after the infestation, 
they suggest that the silicon supply is able to 
decrease the population density of the mite 
after that period. They measured a less number 
of mites at the 30th and the 40th day after the 
infestation, what they associate with the high 
resistance of this mite species and the need for 
a longer period for population breeding, as 
reported in their previous studies (Nikpay et al., 
2011; 2012). Our results show a significant 
decrease in the number of the pest even earlier 
- on the 20th day after infestation. 

 
Table 1. Number of eggs and mobile stages of T. urticae on leaves of cucumber (Cucumis sativus L.), cv. Gergana, 20 

days after mite infestation 

Parameter/Variant Plants infested with mite Plants infested with mite + Si 
Eggs 208.75 177.25 

Larvae 23 9.12 
Adults 38.66 29.37 

According to some authors higher silicon 
concentration in the soil or in the nutrient 
medium causes a decrease in the number of 
insect and non-insect pests of crop plants 
(Liang et al., 2007). Although the mechanisms 
of silicon`s action are not quite clear, there are 
several theories. Toledo and Reis (2018) 
examined the effect of foliar spraying with 

potassium silicate on coffee plants infested 
with red mite Oligonychus ilicis. The authors 
report about a reduced population of red mite 
and suggest that this effect may be due to 
chemical and physical changes in the plant 
tissues. They also observed the increased 
content of lignin and tannins which probably 
makes plant tissues less attractive to herbivores 
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because of increased hardness and toxic 
compounds in the plant tissues. About the same 
effect of the silicon treatment reported Yavas 
and Unay (2017) in their review article. They 
suggest that Si could be used to improve plant 
growth and resistance under stress conditions, 
as it acts as a mechanical barrier for pests and 
diseases and prevents of oxidative stress via 
enzyme activation. 
In their research Gatarayiha et al. (2010) did 
not observe a direct effect of Si on T. urticae 
mortality, but they established that the Si-
supply improves the action of the biological 
agent Beauveria bassiana. They suggest that 
silicon increases the resistance to spider mites 
by disturbing their feeding and making them 
more vulnerable to infestation by the fungus 
Beauveria bassiana. The reduced population 
density is probably due to the increased 
hardness of the leaf tissues (epidermal cells), as 
the silicon is deposited in the cell walls (Ma, 
2004; Reynolds et al., 2009), what affects the 
feeding of the mites. He et al. (2015) found that 
increased levels of silicic acid in plants 
shortened the stay of leaf-hoppers on the plants 
and reduces the pest fertility. Kvedaras et al. 
(2007) suggest that the positive action of 
silicon enhances in drought conditions. The 
authors observed that after treating dried sugar 
cane with  silicon, the content of the element in 

the stem increased  and the number of Eldana 
saccharina (Lepidoptera: Pyralidae) and stalk 
damage decreased. In the case of application on 
soil or foliar treatment with silica in the form of 
CaSiO3, the mortality of Bemisia tabaci 
nymphs was increased (Correa et al., 2005). In 
another study feeding of lice with Silicon 
reduces their number in the infested plants 
(Moraes et al., 2004; Gomes et al., 2005). It is 
reported that pests with piercing-sucking mouth 
organs and herbivore caterpillars prefer silicon-
poor tissues to those with high silicon content. 
This element reduces feeding, growth, fertility, 
and the population of Sogatella frucifera 
(Salim & Saxena, 1992). Silicon reduces the 
reproductive capacity of the phloem-feeding 
species (Myzus persicae) on potatoes and 
whitefly (Bemisia tabaci) in cucumber 
(Reynolds et al., 2009). 
In order to evaluate the stress levels, induced 
by the mite feeding, the rate of the lipid 
peroxidation was measured. Malondialdehyde 
(MDA) is an indicator of the lipid peroxidation 
rate (LP) and its concentration is related to the 
degree of the membrane damages (Hsu & Kao, 
2007). The analysis of LP shows strong 
damage of the cell membranes in the leaves of 
the infested plants (Figure 1).  
 

 

 
Figure 1. Lipid peroxidation rate (LP) nmol MDA g-1 FW in cucumber leaves 20 days after mite infestation 

 

In the stressed plants, MDA content increased 
more than four times compared to the control. 
The addition of Si to the nutrient solution of the 
stressed plants causes a decrease in the MDA 

content by about 63% compared to the mite-
infested plants. Sivritepe et al. (2009) also 
reported an increase in the LP rate in the leaves 
of grapevine plants, infested by the two-spotted 
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spider mite. According to Tehri et al. (2014), 
there is a significant relationship between the 
resistance of the experimental plants and the LP 
rate in the leaves. The LP rate increases in 
parallel with increasing the population of T. 
urticae and is initially higher in the leaves of 
the resistant variety. According to the authors, a 
short period of mite feeding on the resistant 
variety induces subsequent resistance. In 
another experiment, rice plants were infected 
with Pyricularia oryzae and the authors also 
reported an increase in MDA content in the 
leaves of the infected plants (Domiciano et al., 
2015). They also observe a decrease in its 

concentration after treatment of the infected 
plants with silicon.  
The feeding of the two-spotted spider mite 
significantly increased also the activity of the 
enzymes of the antioxidant defense system 
(Figure 2).  
The activity of guaiacol peroxidase (GPOD) in 
the leaves of the infested plants was 175% 
higher than in the control plants. The Si-
supplied plants demonstrate a strong recovery 
potential. Silicon supply decreases the level of 
stress and the activity of the guaiacol 
peroxidase was only 4.31% higher than in the 
control. 

 

 
Figure 2. Activity of GPOD and SPOD in cucumber leaves 20 days after mite infestation 

 
Similarly, the activity of syringaldazine 
peroxidase (SPOD) followed the same 
tendency. Mite feeding caused a strong increase 
in SPOD activity by almost 200%. The addition 
of Si to the nutrient medium of the infested 
plants leads to a decrease in enzyme activity by 
57% compared to the mite-infested, Si-
untreated plants. 
The mite-induced stress affects negatively the 
synthetic processes and the biomass 
accumulation in the infected plants. The data 
about the effect of the spider mite feeding on 
the biomass accumulation are presented in 
Table 2. The mite-infested plants were with 
reduced growth of all organs. The fresh leaf 

mass, as well as the fresh mass of the whole 
plants, were strongly inhibited (by over 60% 
relative to the control). There was also a 
decrease in the dry mass of the infected plants, 
which was more pronounced for the shoots 
compared to the  roots. This effect is explicable 
as the enemy develops and causes direct 
damage only to the shoots of the plants, and not 
to the roots. The leaf area was also significantly 
reduced in the mite-infested plants compared to 
the control (by 54%). The Si supply to the 
nutrient medium of the infested plants resulted 
in an obvious recovery - the leaf area of these 
plants was enhanced by 78% in comparison to 
the infested untreated with silicon plants.  
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Table 2. Changes in biomass accumulation in cucumber 20 days after infestation with T. urticae 

Variant 1FW 
Plant (g) 

FW 
Leaves 

(g) 

FW 
Stems 

(g) 

FW 
Root (g) 

2LA 
(cm2) 

3DW 
Plant (g) 

DW 
Leaves 

(g) 

DW 
Stems 

(g) 

DW 
Root (g) 

Control 21.072a 11.411a 6.848a 2.813a 599a 1.264a 0.96a 0.222a 0.081a 
Mite 8.069c 4.235c 2.608d 1.226b 274c 0.679b 0.525b 0.102c 0.051b 

Si 20.701a 11.619a 6.104b 2.976a 655a 1.259a 0.948a 0.21a 0.101a 
Mite+Si 15.406b 8.555b 2.031ab 2.031ab 488b 1.105a 0.859a 0.166b 0.078a 

1FW = fresh weight; 2LA = leaf area (cm2); 3DWpl = dry weight

The increased photosynthetic area was 
probably responsible for the enhancement of 
the net photosynthetic rate. The analysis of the 
net photosynthetic rate is presented in Figure 3. 
The feeding of the mites reduced the value of 
PN by 51%. Plants of Mite+Si variant showed a 
strong recovery - an increase of 84%.  
This suggests that the use of  silicon helps 
infected plants to recover to some extent from 
the negative effects of mite feeding and to 
increase their assimilation ability. 
A decrease in the rate of PN in mite-infested 
plants has also been reported by Sivritepe et al. 
(2009) in grapevine. Alatawi et al. (2007) also 
reported a reduced level of CO2. They suggest 
that the rate of the damage is in line with the 
duration of the feeding period and population 
density of the mite. 

Our results are consistent with the reports of 
Domiciano et al. (2015) who examined the 
effect of silicon on rice plants infected with the 
Pyricularia oryzae pathogens.  
The authors observed a significant decrease in 
photosynthesis (PN) in infected plants.  
After the addition of Silicon to the nutrient 
medium of the infected plants, the authors 
report about a significantly lower decrease in 
the value of the indicator compared to the 
phytopathogen-infected plants, but not treated 
with  silicon.  
In order to evaluate if the effect of the mite-
induced damage and the Si-treatment is related 
also to stomatal changes, we measured the rate 
of the transpiration and the stomatal 
conductance of the test plants. 
 

 
Figure 3. Net photosynthetic rate PN (µmol CO 2 m-2 s-1) in leaves  

of cucumber (Cucumis sativus L.) 18 days after infection with T. urticae  

 
Figure 4 presents the data on the transpiration 
rate. In the plants infested by mites, the process 
was highly inhibited. The decrease was by 46% 
relative to the control. After the addition of Si 

to the nutrient solution of the infested plants, a 
similar increase (47%) was observed compared 
to the plants of the mite-infested variant.  
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Figure 4. Transpiration rate E (mmol H2O m-2 s-1) in cucumber leaves 20 days  

after infestation with T. urticae 

 
During their feeding, the mites mechanically 
damage the epidermis including the stomata, 
and the cells lose their ability to open and to 
close under control. Depending on the degree 
of attack and the duration of mite feeding, the 
intensity of transpiration varies greatly. In the 
first days after the mite infestation, there is 
usually an increase in the intensity of 
transpiration. In a severe and prolonged attack 
transpiration begins to decrease sharply over 
time. This is observed during the day with 
regard to stomatal transpiration. During the 
night, cuticular transpiration increases due to 
mechanical damage from the mite feeding 

(Sivritepe et al., 2009). This causes large losses 
of water from plant tissues and in case of a 
strong attack leads to a state of permanent 
water deficit. The analysis of the stomatal 
conductance is presented in Figure 5. The 
stomatal conductance in the leaves of the mite 
infested plants was 64% lower than in the 
control. The Si-supplied infested plants had two 
times higher stomatal conductance than the 
untreated mite infested plants. It shows that the 
effect of the Si supply on the photosynthesis is 
related to stomatal changes.  
 
 

 

 
Figure 5. Stomatal conduction gs (mol H2O m-2 s-1) in cucumber leaves 20 days after infestation with T. urticae 

 
In order to clarify if the reason for the enhanced 
net photosynthesis is due only to physiological 
changes of the leaf anatomy and function, the 

content of the main photosynthetic pigments 
was also measured (Table 3). The content of 
chlorophyll a was almost twice reduced in the 
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leaves of the stressed plants. The amounts of 
chlorophyll b and carotenoids were also lower, 
by 39 and 43%, respectively. In the leaves of 
the Si-supplied plants, the values of these 
parameters increased. Chlorophyll a content 
was 45% higher and the increase of the 
chlorophyll b and carotenoids content were by 
49 and by 60%, respectively. There is no 
information about the effect of Si on the 
pigment content in mite-induced stress 

conditions, but there are several studies about 
its positive influence in various abiotic stress 
conditions like drought (Maghsoudi et al., 
2016) or salinity (Rezende et al., 2018). The 
authors suggest that silicon is able to alleviate 
the negative effect of low salt concentrations on 
the photosynthetic pigment content via 
reducing the production of reactive oxygen 
species (ROS) or via anatomical changes of the 
photosynthetic apparatus.  

Table. 3. Content of the main photosynthetic pigments (mg g-1 FW) in the cucumber leaves 20 days after infestation and 
treatment with Si 

Variant         1Chl а Chl b Chl (a+b) Carotenoids Chl а/b Chl (а+b)/ 
carotenoids 

Control 2.24a 0.77a 3.02a 0.79a 2.91b 3.82b 
Mite 1.16d 0.47d 1.63d 0.45d 2.46c 3.63c 

Si 1.9c 0.63c 2.53c 0.66c 3.02a 3.83b 
Mite+Si 2.13b 0.7b 2.83b 0.72b 3.04a 3.93a 

1Chl = chlorophyll  

CONCLUSIONS 
 
The application of silicon in the form of 
Na2SiO3 in cucumber is able to alleviate the 
negative effects of spider mite feeding. The 
results obtained show that Si treatment reduces 
the population of the spider mite and enhances 
the net photosynthetic rate. This positive effect 
is probably due to the increased amount of the 
main photosynthetic pigments and the 
protective influence on the cell membranes and 
the antioxidant defense system. The 
mechanisms involved are not quite clear. The 
protective role may be related to the 
accumulation of silicon in the cell walls of the 
plants, which makes the tissues harder and less 
attractive to the pest, as well as to its 
stimulating effect on the photosynthetic activity 
of the plants, expressed by improved 
parameters of the leaf gas exchange, high 
content of photosynthetic pigments, and an 
increase in biomass and leaf area of the 
analyzed plants. 
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Abstract 
 
Eleusine indica (L.) Gaertn. – goose grass (Poaceae) (syn. Cynosurus indicus L., Eleusine distans Moench, E. gracilis 
Salisb.) is an invasive species in Romania as well as in several countries in Europe, Asia, Central and South America, 
the Caribbean and many Pacific islands. In our country this species is found in ruderal locations or alongside town 
roads. A single plant may produce more than 50,000 small seeds, which can be easily dispersed by wind and water. 
According to different sources, Eleusine indica (L.) Gaertn. is native to Africa. It is also considered a very extensive 
plant and often a difficult weed, drought-tolerant and herbicide-resistant. In 2018, Eleusine indica (L.) Gaertn. was 
studied at the Bucharest University of Agronomic Sciences and Veterinary Medicine. Our study targeted the roots, 
stems, leaves, inflorescence and caryopsis. Morphological and anatomic analyses were made on the plant material 
collected from ruderal locations in Bucharest, District 4 (Romania). 
 
Key words: anatomy, Eleusine indica, morphology, vegetative organs. 
 
INTRODUCTION 
 
Eleusine indica (L.) Gaertn. - goose grass 
(Poaceae family), which grows in fields and 
open grounds and fis ound very often during 
the rainy season in its native areas. According 
to different sources, Eleusine indica (L.) 
Gaertn. is originally native to Africa. A single 
plant may produce more than 50,000 small 
seeds, which can be easily dispersed and viable 

seeds persist in the upper soil for only 2-5 years 
(Standifer, 1984; Rojas-Sandoval & Acevedo-
Rodríguez, 2014). In our country it is an 
invasive species developing in ruderal 
locations. Eleusine indica (L.) Gaertn. is a 
worldwide weed of the tropics and one of the 
world’s serious weedy grasses; at the same 
time, it has medicinal uses. In the last years 
there is a continuous enrichment of Romania’s 
flora with new alien plant species (Anastasiu & 
Negrean, 2006; 2008; Anastasiu et al., 2009; 
2011; Oprea & Sârbu, 2010; Sîrbu & Oprea, 
2011). According to Anastasiu and Negrean 
(2005), Romania’s alien flora represents some 
13% of the country’s total flora, which was 

estimated by Ciocârlan (2009) to 3,335 species; 
after the year 2000 a number of 47 new alien 
plant species were recorded in Romania (Sîrbu 
& Oprea, 2011; Anastasiu & Negrean, 2011). 
This species was reported in Romania for the 
first time in Iaşi (Răvăruț & Mititelu, 1960). In 
our country the presence of this species was 
also signalled in Crişana, northwestern 
Romania, (Negrean & Karacsonyi, 1984), 
Wallachia (Negrean & Constantin, 1999; Oprea 
et al., 2004), Galați (Sîrbu, 2011), Oltenia 
(Răduțoiu & Stan, 2013).  
Eleusine indica is resistant to herbicides 
(Valverde et al., 1993; Baird, 1997; Doll, 2000; 
Jung et al., 2014; Mueller et al., 2011; Vargas 
et al., 2013; Jalaludin et al., 2010; An Jing et 
al., 2014; Cha Thye San, 2014; Penescu et al., 
2018). 
In the native regions Eleusine indica is used as 
a local medicinal plant with antioxidant (Al-
Zubairi et al., 2011; Iqbal et al., 2012; Sagnia 
et al., 2014), antimicrobial (Sagnia et al., 2014) 
and anticancer (Al-Zubairi et al., 2011; 
Amarpreet; 2014; Hansakul; 2009) properties. 
The whole plant, especially the root, is 
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depurative, diuretic, anti inflammatory (De 
Melo, 2005; Sagnia et al., 2014), febrifuge, 
laxative and sudorific (Chopra et al. 1956; 
Nguyen et al., 1989; Nagathein, 1977), antiviral 
(Iberahim et al., 2016), used for liver disorders 
and convulsion as well as with antipyretic 
(Iqbal et al., 2011; Kirtikar & Basu, 1935; 
Pattanayak et al., 2017) properties. Anatomic 
studies were carried out by: Babu et al., 2014; 
Rubina et al., 2007; Hafliger and Schoz, 1981; 
Bibi et al., 2007; Metcalfe, 1961; Metcalfe and 
Cli ord, 1968; Niteesh Kumar et al., 2017; 
Saw, 2011. Fahn (1965) studied the stomata of 
some Poaceae and Cyperaceae members. 
Numerous reports on foliar anatomy and micro 
morphology are used for delimiting the 
di erent groups or tribes in the Poaceae family 
(Brown, 1958; Ellis, 1987; Amarasinghe & 
Watson, 1990; Ahmad et al., 2011).  
 
MATERIALS AND METHODS 
 
The plant and the fresh material, roots, stems, 
leaves and inflorescence which were used for 
the macroscopic and micro-morphologic 
studies was collected in Octomber-November 
2017 from District 4 of Bucharest, Romania. 
For the microscopic studies, free hand sections 
of the fresh root, culm (internode), leaf and 
leaf-sheath of Eleusine indica (L.) Gaertn. were 
prepared using a razor blade. The present paper 
intends to illustrate the morphological features 
of the plant. Cross-sections performed in the 
botany laboratory were used to highlight 
anatomical characteristics. The sections were 
clarified with chloral hydrate for 24 hours and 
stained with alaun carmine and iodine green 
suitable to optical microscopic techniques. 
Observations and images of the anatomical 
structures in root, stem and leaves were made 
with the optical microscope Leica DM1000 
LED, a Leica DFC295 video camera and a 
Leica S8 APO stereo microscope. A Sonny 
digital camera belonging to the microscopic 
and plant anatomy laboratory of the same 
research center was also used. Voucher 
specimens were deposited in the University of 
Agronomic Sciences and Veterinary Medicine 
of Bucharest’s Herbarium. The taxonomic 
status of this plant was checked against 
different literature sources (Hafliger et al., 
198l).  

RESULTS AND DISCUSSIONS 
 
Macroscopic characteristics  
Morphological features of Eleusine indica 
harvested in Bucharest, District 4 (Romania). 
Eleusine indica (L.) Gaertn. (Figure 1) is an 
annual erect plant, with the culm having 15-40 
cm in length, 0.6 mm in diameter, glabrous, 
branched in the upper part, not just at the base, 
the nodes 0.51-3.46 mm thick, the stem 3.5-6 
mm in diameter with alternate linear leaves, 
basal leaves 25 cm long and the leaf-sheath 5.5 
cm, medium leaves with lamina 20 cm long and 
the leaf-sheath 5 cm, and the last leaf below the 
inflorescence has a lamina 14.5 cm long and 
the leaf-sheath 8.5 cm; the leaf width is 0.7 mm 
for both basal and upper leaves. Leaf-sheaths 
are coriaceous on the adaxial side, glabrous on 
the abaxial side, with short-ciliate along the 
edges. In the area between the leaf-sheath and 
the lamina (at the base of the lamina) 3.1 mm 
long hairs (Figure 2) are observed, the ligula is 
short 0.5-1 mm and membranous. 
 

 
Figure 1. Habitus 

 
The stem has branches at the second and third 
node from the ground surface, both shoots 
being fertile, with 5.5 cm long inflorescences. 
In the case of some other specimens, from near 
the ground develops three shoots 5.9-17 cm in 
height. The stem shows some shoots from the 
last nodule under the inflorescence, and the leaf 
on this stem has a total length of 38 cm (30 cm 
the lamina and 8 cm the sheath).  
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Figure 2. Leaf-sheath with hairs 

 
The plants were harvested in October and 
November 2018 while some specimens were in 
the blooming phase and other individuals were 
in the fructification phase. 
The inflorescence consists of 3-8 racemes, each 
5-9 cm long, arranged more-or-less digitately, 
though one raceme may be inserted about 0,8-1 
cm below the rest; the spikelets are elliptic, 
sessile, alternate on the rachis, laterally 
compressed, have 2-5 flowers and are arranged 
on two rows. The spikelets are 5.1-5.3 mm long 
and 2.1-2.6 mm wide (Figure 3).  
 

 
Figure 3. Spikelet 

 
Glumes are shorter than the spikelet, unequal, 
the lower glum is small (1.1-3.0 mm) and 1- 
veined: the upper glume is longer than the 
lower, lanceolate, 2.1-4.1 mm long, 5-7 nerved, 
lemmas are broadly lanceolate, 2.3-3.1 mm 
long, membranous, 3-nerved, the palea is 
broadly lanceolate to narrowly ovate, 1.7-2.4 
mm long. The flowers are bisexual with 3 
stamens, short anthers, a glabrous ovary, 2 
styles, free, with stigmas 0,8-0,9 mm long, 
plumose, reddish. Caryopses are ellipsoidal, 

black and 1.04-1.8-2 mm long, conspicuously, 
embryo basal, nearly circular; the hilum is 
basal and punctiform. The anatomical analysis 
of the caryopsis was supplemented by 
observations under a scanning electron 
microscope (Figure 4). 
 

  
Figure 4. Caryopsis 

 
The microscopic characters were studied as 
determined by Metcalfe and Chalk, 1950.  
The branches of the stem (Figure 5) in the 
analyzed specimens are atypical because the 
literature states that branching is at the base of 
the plant (Nobis et al., 2011). 
 

 
Figure 5. Stem branched 

 
Microscopical characters 
Root anatomy 
Cross-section observations: the roots are about 
1.5-1.8 mm in diameter; the epiblem with 
numerous unicellular root hairs; the 
hypodermis is one layered thick, 
parenchymatous, and the cells are polygonal in 
shape; the ground tissue is thin-walled, 
parenchymatous, consists of cortex, 
endodermis, pericycle, vascular bundle and 
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pith; the cortex consists of 6-7 layers, 
polygonal parenchymatous cells, with 
intercellular spaces; the endodermis is the 
innermost layer of the cortex and forms a 
definite 1-layered ring, the cells are 
parenchymatous; the pericycle layer is ring-
like, one-layered; the vascular bundles are of 
the radial type, polyarch, xylem strands 
alternate with phloem strands, xylem and 
phloem are oval to round, the protoxylem 
occurring near the periphery and the 
metaxylem inwards; the parenchymatous cells 
in the centre is the pith. 
 
Culm anatomy (Figure 6)  
 

 
Figure 6. Stem cross-section 

 
Cross-section observations: culms are about 
3.5-6 mm in diameter, oval, with the cuticle 
layer thin, 0.49-0.5 μ thick; the epidermal cells 
are one-layered, rectangular in shape; the 
ground tissue consists of two types of cell, 
sclerenchymatous (4-9 layers, at the periphery) 
and parenchymatous (oval or rounded, 
intercellular spaces present); the vascular 
bundles are scattered in the center of culm, with 
smaller bundles near the periphery; the outline 
of the vascular bundles is oval or rounded, the 
bundle sheath is complete, sclerenchymatous, 
around each bundle; the vascular bundle 
presents xylem (vessel elements, fiber and 
xylem parenchyma) towards the centre and 
phloem (sieve tube elements, companion cells 
and phloem parenchyma) towards the 
epidermis (Figure 7). 
The microscopical characters of the culm are: 
vascular bundle 44.8-75.20 μm, parenchyma 
cells 11.5-57.5 μm, vessel metaxylem 14.7-
13.25 μm. 

 
Figure 7. Stem cross-section (detail) 

 
Leaf anatomy - lamina (Figure 8) 
Anatomical analyses show that the leaves are 
amphistomatic with graminaceous type 
stomata, microhairs, macrohairs, collateral 
vascular bundles in the mezophill with a Kranz 
structure.  
 

 
Figure 8. Lamina cross-section 

 
The adaxial side features wide rounded ribs, 
separated by shallow V-shaped furrows. 
The epidermal cells are arranged in parallel 
rows for both surfaces, with sinuous anticlinal 
walls; the cells are short and long. The short 
cells, located intercostally, are filled with silica 
bodies. The long cells, found between the 
veins, are elongated. The stomata are of the 
graminaceous type, present on the upper and 
lower epidermis. The upper and lower epider-
mis (Figures 9, 10) are one-layered with rectan-
gular cells, with microhairs and macrohairs. 
The bulliform cells (motor cells), with 
associated colorless cells, are present in the 
furrows of the upper epidermis; they have an 
oval or circular shape, are present in narrow 
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groups penetrating the mesophyll, between two 
consecutive vascular bundles. The vascular 
bundles are of the close collateral type. The 
chlorenchyma cells are radially arranged 
around the vascular bundles.  
The vascular bundles feature sclerenchyma 
strands, on both the abaxial and adaxial sides. 
The xylem is found towards the upper side and 
the phloem towards the lower side. The xylem 
is composed of vessel elements, fibers and 
xylem parenchyma. The phloem is made up of 
sieve tube elements, companion cells and 
phloem parenchyma.  
Adaxial intercostal zone: adaxial intercostal 
long cells with slightly sinuous walls, 6-9 rows 
of long cells between two costal zones, 1-2 
stomatal rows between two costal zones; 
microhairs and macrohairs present. 
 

 
Figure 9. Upper epidemis with stomata and microhairs 
 
Costal zone: saddle-shaped silica bodies, long 
cells with sinuous walls along with silica 
bodies. Abaxial intercostal zone: abaxial 
intercostal long cells with thin to moderately 
thick sinuous walls, 8-9 rows of long cells 
between two costal zones, 1-2 stomatal rows 
between two costal zones; microhairs present.  
Costal zone: saddle-shaped silica bodies, long 
cells with sinuous walls along with silica 
bodies.  
The results of cells’ measurement in the leaf’s 
cross-section: 10.65-13.49 μm thick upper 
epidermis, 0.5-0.6 μm thick cuticle, 135.79-
231.7 μm thick mesophyll, 26.38-58.84 μm 
sclerenchyma sheath; 3.25-51.30 μm paren-
chyma cells, 10.01-10.35 μm thick lower epi-
dermis, vascular bundles 78.8-80.7 μm. On the 
lower epidermis there are stomata 24.44-25.49 
μm in length, long cells 163.7 μm in length and 
15.97 μm in width, the short cells are 21.43-
34.57 μm long and 8.10-8.18 μm wide.  

 
Figure 10. Lower epidermis with stomata and microhairs 

 
The present study revealed that micro-
morphological features of the leaf surfaces 
have a considerable identification. 
Friere et al., (2005) reported that Eleusine 
indica is characterized by pear-like microhairs. 
However, Bibi et al. (2007), Ahmad (2009), 
Ahmad et al. (2011) did not find microhairs but 
saddle-shaped silica bodies. The leaf’s epider-
mal features can help elucidate taxonomic 
problems (Prat, 1936; Metcalfe, 1960; Ellis, 
1979; Palmer & Tucker, 1981; Palmer et al., 
1985; Davila & Clark 1990; Cai & Wang, 
1994; Mejia-Saules & Bisbey 2003; Prat & 
Vignal, 1968; Sanchez, 1974). These leaf 
epidermal characters are of great value in grass 
systematics and characterization of broad 
groups within the grasses, particularly 
subfamilies and tribes.  
According to Prat (1936), the types of 
microhairs and silica bodies are highly useful in 
systematic studies. The anatomical analysis of 
the leaves was supplemented by observations 
performed under a scanning electron 
microscope (Figures 11, 12). 
 

 
Figure 11. Upper epidemis with stomata and macrohairs 
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Figure 12. Upper epidemis and macrohairs 

 
Midrib anatomy  
The microscopic features of the midribs are as 
shown in Figure 13.  
Cross-section observations: the cuticle is about 
0.40 μ thick; the epidermal cells are rectangular 
in shape; the parenchyma cells have a 
hexagonal to polygonal shape, 3-5 layers; the 
vascular bundles are of the closed collateral 
type, each being circular with outer and inner 
bundle sheaths.  
 

 
Figure 13. Midrib 

 
The outer sheath is composed of 
parenchymatous cells, the inner sheath has 
sclerenchyma phloem lying towards the outer 
leaf side, the xylem is composed of vessel 
elements, fiber and xylem parenchyma. The 
phloem is composed of sieve tube elements, 
companion cells and phloem parenchyma.  
Leaf-sheath anatomy  
The cross-section shows that the cuticle is 
present on the epidermis of both leaf sides. The 
ground parenchymatous cells are arranged in 4-
10 layers, compact, thin walled, hexagonal, 
variable in size. The vascular bundles are 
scattered, of the closed collateral type, oval to 

circular, the bundle sheath is complete. The 
xylem is composed of vessel elements, fibers 
and xylem, while the phloem is made up of 
sieve tube elements, companion cells and 
phloem parenchyma. The microscopic 
characteristics of the leaf-sheath are shown in 
Figures 14 and 15. 
 

 
Figure 14. Cross-section in stem and leaf-sheaths 

 

 
 

Figure 15. Cross-section of leaf-sheaths 
 
CONCLUSIONS  

 
This study is the first to report a detailed 
analysis of the morpho-anatomical features of 
Eleusine indica specimens growing in 
Romania. 
The microscopic features (epidermis, stomata, 
cuticle, ornamentation and roughness) are in 
use since the beginning of the last century and 
information on foliar micromorphology can 
shed more light on structural features and their 
possible functional attributes.  
We are of the opinion that the presently 
described micromorphological and anatomical 
characteristics will be quite useful for further 
studies and can be employed to obtain a key to 
set apart different species of the genera and 
different genera of the tribe.  
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The following characteristics were observed: 
the epidermis surface, the intercostal cells, the 
long and short cells, the orientation, the 
microhairs in both epidermis, the mesophyll, 
the vascular bundles. The distribution of the 
short cells’ silica bodies along with their shape 
are bear significance for taxonomic purposes. 
It is the first time when macrohairs hair is seen 
in the leaf in the upper epidermis, as an 
adaptation to the conditions of our country. 
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Abstract 
 
Plastics are ideal for many applications such as packaging, building materials and different commodities, due to their 
high durability properties, large availability and lower price. Their widespread use leads to waste disposal problems as 
plastics degrade in a long period of time, and because of their resistance to microbial degradation, they accumulate in 
the environment, having a strong negative impact. These facts have led to an increasing interest in the development of 
biodegradable polymeric materials derived from renewable resources as a method for manufacturing environmentally 
friendly materials. In order to assess the environmental sustainability, biodegradation studies of PLA/chitosan 
materials were performed. After the biodegradation process of the tested materials, the soils were analysed in order to 
evaluate their ecotoxicity using the seed germination bioassay. For this purpose, samples of soil were analysed after 
50/100/150 days of biodegradation process and initial soil was used as control. An extraction in water was performed 
for each sample of soil and the resulted supernatant was diluted to yield 0, 25, 50, 75 and 100% supernatant (extract). 
The dilutions were then used for seed germination bioassay on radish (Raphanus sativus) and cucumber (Cucumis 
sativus) seeds. The global germination index (GI), was also calculated. The obtained results showed that the tested soils 
proved to have a nontoxic effect over the radish and cucumber seeds development, obtaining a GI over 80%. 
 
Key words: ecotoxicity, seed germination, biodegradabale, polymeric materials. 
 
INTRODUCTION 
 
Synthetic plastics are the wonder material of 
today’s world, and life without them is 
unthinkable. Sadly, these same useful qualities 
are over shadowed by their balanced 
contribution to rubbish worldwide and its 
negative outcome for the environment (Imam et 
al., 2012). Only in Europe, the total production 
of plastic materials is over 60.000 t per year, 
and less than 50% of them end up in the official 
waste stream (Serrano-Ruíz et al., 2018). 
Therefore, there is a growing need to develop 
new polymeric materials that are 
environmentally friendly and can replace 
petroleum-based ones. Polymers derived from 
renewable resources present good properties 
such as availability, compostability, broad and 
abundant source range, environmentally-
friendly and compatibility with foodstuffs and 
food application (Nur Hanani et al., 2014). 
Biopolymers represents a growing sector of the 
plastics market mostly in packaging and 
disposable products. Biopolymers are plastics 

that can be manufactured, at least in part, from 
renewable materials such as corn and sugar 
cane (Hottle et al., 2017). 
Environmental risks from the use of polymeric 
materials stand in need for the prediction of the 
life cycle and side effects fastened to them, so 
the uses of exposure bioindicators/biological 
indicators are necessary to an integrated risk 
assessment (Gonçalves et al., 2016). Another 
required step is to determine the outcomes of 
the biodegradation processes in the 
environment, where the material will 
repeatedly break down and deliver many and 
different constituents to the soil. It is important 
to draw attention to the fact that the molecules 
released from plastic materials may frequently 
play a role in plant metabolism, or are 
allelochemicals themselves that balance 
interactions between plants (Closas et al., 
2014). Therefore, biodegradable polymer 
wastes introduced into the environment should 
raise interest. Substances used for their 
development or compounds formed during the 
degradation process may either inhibit or 
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stimulate plant growth. Degree of risk may be 
different and, as in the case of compost salinity, 
some of the unfavorable effects of such 
materials application may be eliminated by 
dissolving them in soil (Kopec et al., 2013). 
Seed germination and plant growth bioassay 
are the most frequent techniques used to 
evaluate ecotoxicity. In ecotoxicological tests, 
limit values of a substance or material can be 
indirect determined by the effects of different 
concentrations of the substance on the 
biological variables of individuals from a 
certain species or community (Lima et al., 
2019). A large variety among bioassays and 
plant species exist. The seed germination 
bioassay could be relatively low sensitive to 
many toxic substances, because many 
chemicals may not be absorbed by seeds and 
the embryonic plant draws its nutritional 
requirements internally from seed stored 
materials and is effectively isolated from the 
environment (Mitelut & Popa, 2011). 
The purpose of the present study was to 
determine the ecotoxicity of the soil resulted 
after the biodegradation of some new poly-
meric materials, on radish and cucumber seeds. 
 
MATERIALS AND METHODS 
 
Materials 
Five polymeric materials were undergone to a 
biodegradation process in soil according to the 
standard method SR EN ISO 846/2000, 
described by Vasile et al. (2018). The materials 
were composed of PLA (polylactic acid), 
ATBC (tributyl o-acetyl citrate) or MB 
(masterbatch) as plasticizers and CH (chitosan). 
The materials were buried vertically in a glass 
jar filled with natural soil, characterized by a 
known capacity to retain water, and with 
specified water content, which was maintained 
during the entire experiment. Then, the jars 
were closed and incubated at a temperature of 
25°C for 150 days. 
After different periods (50, 100 and 150 days) 
the resulted soil was tested in order to 
determine its ecotoxicity on seeds. In Table 1, 
the soil that was used for analysis was 
described. The biological material used within 
these experiments was composed of 2 vegetal 
species: cucumber seeds (Cucumis sativus) and 
white radish seeds (Raphanus sativus). 

Table 1. The soil resulted after the biodegradation 
process of studied biocomposites 

No. Sample of biocomposites 
undergone to the 

biodegradation process 

Description of analysed soil 

1. - The control soil, without any 
samples 

2. PLA The soil in which PLA sample 
was incubated 

3. PLA/ATBC The soil in which PLA/ATBC 
sample was incubated 

4. PLA/MB The soil in which PLA/MB 
sample was incubated 

5. PLA/ATBC/CH The soil in which 
PLA/ATBC/CH sample was 
incubated 

6. PLA/MB/CH The soil in which PLA/MB/CH 
sample was incubated 

 
Working method 
For the determination of the ecotoxicity of the 
soil that resulted after the biodegradation 
process it was used the method described by 
Mitelut and Popa (2011). 
Thereby, samples of soil were taken after 50, 
100 and 150 days of maintaining in soil from 
the glass recipients, and the soil maintained in 
the same conditions of temperature (25°C) and 
humidity without samples buried in it was used 
as control. For the extraction process, the tested 
soil was mixed with distilled water, respecting 
a ratio of 1:2. The soil - water mixture was 
shaken for 6 hours at 25°C, centrifuged at 8000 
rpm for 20 min at 20°C, and then filtered. The 
resulted supernatant was diluted with distilled 
water to yield 0, 25, 50, 75 and 100% 
supernatant (extract).  
For seed germination assay, glass Petri dishes 
(10 cm diameter) were lined with fast speed 
qualitative filter paper and sterilized. Each dish 
received 5 ml of extract (10 Petri 
dishes/sample/concentration/type of seed). In 
each Petri dish were then distributed 10 seeds 
of the tested species (cucumber/radish).  After 
incubation at 25°C for 72 hours in the dark, 
germinated seeds were counted, and the root 
length was measured. 
The germination index (Gi) was calculated 
according to the formula: 

 

where G0 and L0 represent the germination 
percentage and rootlet growth of the 100% 
distilled water control (0% supernatant). 
It was also calculated the global germination 
index (GI), which was the Gi averages of 50 
and 75% dilution treatments for each sample. 
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This index represents a very sensitive index 
which indicates the fact that the soil has no 
phytotoxic effect when its values are over 80% 
(Tiquia, 1996). 
 
RESULTS AND DISCUSSIONS 
 
The increase of supernatant concentration 
inhibits the germination capacity of cucumber 

seeds (Table 2), when tested after 50 days of 
incubation. After 150 days of incubation in 
soil, the germination capacity increased and the 
highest values were obtained for the soil in 
which PLA/ATBC/CH sample was incubated. 
The lowest values of the germination capacity 
of cucumber seeds was recorded by the control 
soil, on the entire period of testing. 

 
Table 2. Germination capacity of cucumber seeds (%) (mean values of 100 seeds with standard deviation) 

Incubation 
period 
(days) 

Soil Sample 
 

Supernatant 
concentration 

Control soil PLA PLA/ATBC PLA/MB PLA/ATBC/CH PLA/MB/CH 

50 

25% 88.88 ± 10.54 76.66 ± 20.61 85.55 ± 7.26 93.33 ± 7.07 72.22 ± 13.94 73.33 ± 14.14 
50% 78.88 ± 10.54 85.55 ± 11.30 81.11 ± 16.15 63.33 ± 14.14 75.55 ± 19.43 48.88 ± 14.52 
75% 67.77 ± 25.38 88.88 ± 7.81 77.77 ± 19.22 83.33 ± 7.07 75.55 ± 11.30 54.44 ± 10.13 
100% 72.22 ± 14.81 81.11 ± 15.36 75.55 ± 13.33 67.77 ± 18.55 87.77 ± 6.66 70.00 ± 20.00 

100 

25% 88.88 ± 10.54 97 ± 6.74 69 ± 21.31 89 ± 11.00 98 ± 4.21 100 ± 0.00 
50% 78.88 ± 10.54 89 ± 14.49 67 ± 20.57 92 ± 7.88 94 ± 4.21 99 ± 3.16 
75% 67.77 ± 25.38 81 ± 21.83 72 ± 28.20 93 ± 8.23 99 ± 3.16 99 ± 3.16 
100% 72.22 ± 14.81 97 ± 6.74 87 ± 14.18 96 ± 6.99 94 ± 8.43 98 ± 4.21 

150 

25% 88.88 ± 10.54 98 ± 4.21 98 ± 4.21 87 ± 10.59 98 ± 4.21 89 ± 7.37 
50% 78.88 ± 10.54 100 ± 0.00 97 ± 4.83 80 ± 15.63 100 ± 0.00 89 ± 9.94 
75% 67.77 ± 25.38 97 ± 4.83 79 ± 9.94 79 ± 11.00 98 ± 4.21 86 ± 15.05 
100% 72.22 ± 14.81 94 ± 8.43 100 ± 0.00 82 ± 13.16 99 ± 3.16 89 ± 7.37 

 
Regarding the rootlet length of the germinated 
cucumber seeds (Table 3), it was observed that 
higher values were obtained for all tested soils 
compared to the control soil. The values of the 
rootlet length increased with the increasing 
period of incubation, meaning that once the 
polymeric materials start to degrade, the 

resulted compounds go into the soil and 
represent good nutrients for plant growth, 
comparing with the results obtained for control 
soil (without samples buried it it). These results 
are in accordance with the results obtained for 
the germination capacity of cucumber seeds. 
 

 
Table 3. Rootlet length of cucumber seeds (mm) (mean values of 100 seeds with standard deviation) 

Incubation 
period 
(days) 

Soil Sample 
 

Supernatant 
concentration 

Control soil PLA PLA/ATBC PLA/MB PLA/ATBC/CH PLA/MB/CH 

50 25% 7.98 ± 6.63 6.69 ± 3.34 12.76 ± 3.16 20.55 ± 4.49 8.56 ± 4.45 15.46 ± 18.79 
50% 3.8 ± 3.26 5.68 ± 3.59 9.1 ± 4.11 13.52 ± 4.54 14.38 ± 7.80 9.17 ± 6.43 
75% 20.58 ± 9.02 6.87 ± 2.19 9.47 ± 4.45 20.43 ± 3.19 16.41 ± 5.77 9.74 ± 3.78 
100% 6.85 ± 4.38 11.86 ± 10.60 9.47 ± 4.45 15.68 ± 5.85 20.22 ± 3.27 8.12 ± 2.24 

100 25% 7.98 ± 6.63 39.09 ± 5.02 15.22 ± 7.17 24.73 ± 8.60 41.93 ± 4.86 51.05 ± 2.95 
50% 3.8 ± 3.26 20.53 ± 12.61 10 ± 6.40 25.71 ± 4.47 56.3 ± 7.10 50.51 ± 4.73 
75% 20.58 ± 9.02 39.28 ± 18.79 33.09 ± 20.16 37.69 ± 5.68 51.81 ± 4.52 56.14 ± 5.71 
100% 6.85 ± 4.38 41.92 ± 5.49 24.98 ± 16.22 38.27 ± 9.70 46.84 ± 6.79 55.34 ± 6.40 

150 25% 7.98 ± 6.63 58.15 ± 5.75 50.76 ± 4.16 36.52 ± 7.83 47.12 ± 4.87 40.42 ± 3.10 
50% 3.8 ± 3.26 43.45 ± 3.43 54.28 ± 7.92 46.63 ± 6.67 46.55 ± 3.31 33.01 ± 6.19 
75% 20.58 ± 9.02 61.09 ± 5.59 29.59 ± 4.10 47.02 ± 8.21 48.5 ± 2.72 41.63 ± 6.85 
100% 6.85 ± 4.38 58.57 ± 6.80 44.65 ± 5.14 36.11 ± 7.93 45.26 ± 5.09 39.71 ± 5.78 
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The germination capacity of radish seeds 
(Table 4) was over 90% for the control soil and 
for the soil in which PLA/ATBC/CH sample 
was maintained for all testing periods and 
concentrations. For the PLA/MB sample for 

every testing period, for at least one sample the 
GI was below 80%. However, in general, the 
values obtained for radish seeds were higher 
when compared to the germination capacity of 
cucumber seeds. 

Table 4. Germination capacity of radish seeds (%) (mean values of 100 seeds with standard deviation) 

 

The rootlet length of the germinated radish 
seeds was measured (Table 5). It was observed 
that the lowest values were obtained for control 
soil, while the highest values were obtained for 
the soils in which PLA/ATBC/CH and 

PLA/MB samples were incubated for 50 days. 
After 100 days of incubation, a slightly 
inhibition effect was clearly observed for 
PLA/MB sample in comparison with the 
control and the other samples. 

Table 5. Rootlet length of radish seeds (mm) (mean values of 100 seeds with standard deviation) 

Incubation 
period 
(days) 

Soil Sample 
 

Supernatant 
concentration 

Control soil PLA PLA/ATBC PLA/MB PLA/ATBC/CH PLA/MB/CH 

50 

25% 28.47 ± 4.12 29.02 ± 5.72 33.78 ± 4.22 66.73 ± 13.81 51.39 ± 10.77 52.7 ± 6.48 

50% 30.04 ± 7.98 30.76 ± 2.88 33.52 ± 7.43 62.92 ± 9.02 50.07 ± 11.62 55.33 ± 7.77 

75% 33.27 ± 5.62 27.58 ± 5.94 29.14 ± 4.24 61.38 ± 11.16 49.29 ± 7.62 61.57 ± 7.06 

100% 31.03 ± 5.71 30.65 ± 4.25 39.8 ± 9.17 70.56 ± 12.79 49.32 ± 8.00 60.88 ± 6.88 

100 

25% 28.47 ± 4.12 49.7 ± 7.33 30.69 ± 7.63 13.25 ± 11.55 49.26 ± 8.98 40.21 ± 7.22 

50% 30.04 ± 7.98 44.8 ± 8.02 30.5 ± 5.38 41.14 ± 8.42 45.97 ± 6.80 57.12 ± 7.01 

75% 33.27 ± 5.62 53.79 ± 9.55 41.14 ± 10.91 16.94 ± 6.37 41.29 ± 9.04 49.88 ± 10.04 

100% 31.03 ± 5.71 52.28 ± 8.90 37.69 ± 7.78 28.95 ± 6.24 42.55 ± 7.76 51.12 ± 11.53 

150 

25% 28.47 ± 4.12 38.52 ± 6.85 50.15 ± 9.05 50.06 ± 12.48 57.72 ± 8.79 42.87 ± 8.96 

50% 30.04 ± 7.98 40.39 ± 10.08 44.89 ± 3.63 60.2 ± 9.42 41.22 ± 3.62 39.04 ± 11.06 

75% 33.27 ± 5.62 51.86 ± 8.09 54.86 ± 5.62 56.84 ± 3.98 45.1 ± 8.69 54.79 ± 8.52 

100% 31.03 ± 5.71 41.46 ± 11.05 48.19 ± 7.47 32.94 ± 11.22 54.17 ± 10.64 50.29 ± 10.96 

 
According to GI values (Figures 1 and 2), the 
tested soils that resulted after the polymeric 
materials biodegradation tests for 150 days, 
proved to have a nontoxic effect over the  

radish and cucumber seeds, obtaining a GI over 
80%. The lowest GI was obtained for the 
control soil for both species of seeds used. 
 

Incubation 
period 
(days) 

Soil Sample 
 

Supernatant  
concentration 

Control soil PLA PLA/ATBC PLA/MB PLA/ATBC/CH PLA/MB/CH 

50 

25% 93 ± 8.23 97 ± 6.47 93 ± 6.74 88 ± 6.32 98 ± 4.21 93 ± 4.83 
50% 93 ± 8.23 97 ± 6.74 91 ± 11.00 90 ± 4.71 97 ± 6.74 92 ± 6.32 
75% 91 ± 7.37 92 ± 7.88 92 ± 6.32 79 ± 8.75 95 ± 7.07 87 ± 8.23 
100% 96 ± 6.99 84 ± 27.16 96 ± 5.16 91 ± 5.67 95 ± 8.49 86 ± 6.99 

100 

25% 93 ± 8.23 88 ± 9.18 72 ± 12.29 62 ± 35.83 96 ± 5.16 96 ± 6.99 
50% 93 ± 8.23 91 ± 8.75 92 ± 6.32 87 ± 8.23 91 ± 7.37 86 ± 10.74 
75% 91 ± 7.37 90 ± 9.42 83 ± 10.59 69 ± 13.70 96 ± 5.16 95 ± 7.07 
100% 96 ± 6.99 92 ± 7.88 88 ± 10.32 92 ± 9.18 99 ± 3.16 93 ± 8.23 

150 

25% 93 ± 8.23 90 ± 10.54 96 ± 5.16 81 ± 12.86 93 ± 8.23 86 ± 11.73 
50% 93 ± 8.23 96 ± 5.16 92 ± 7.88 86 ± 9.66 96 ± 6.99 78 ± 17.51 
75% 91 ± 7.37 92 ± 7.88 95 ± 5.27 85 ± 8.49 95 ± 7.07 78 ± 17.51 
100% 96 ± 6.99 94 ± 8.43 88 ± 9.18 75 ± 19.57 93 ± 10.59 85 ± 13.54 
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Figure 1. Global germination index (GI) 

 for cucumber seeds 
 

 
Figure 2. Global germination index (GI) for radish seeds 
 
CONCLUSIONS 
 
The ecotoxic effect of different biodegradable 
materials based on PLA was studied and the 
results obtained depend on materials 
composition, the nature of the biodegradable 
ingredients and the proportions between them. 
Depending on their composition, sometimes the 
materials presented a phytotoxic effect (Souza 
et al., 2013), and in other situations, depending 
on the nature of the utilised compounds, the 
studies showed that the materials did not 
present an ecotoxic effect (Palsikowski et al., 
2018).  
In the present study, the tested soils resulted 
after the polymeric materials biodegradation 
tests, proved to have, in general, a nontoxic 
effect over the radish and cucumber seeds, 
obtaining a GI over 80%. No direct correlation 
between supernatant concentration and seed 
germination and root length was found. 
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Abstract 
 
The paper presents the results of the investigations carried out in the Turkey oak stands in the Oltenia Plain, whereby a 
statistically fundamental relation was established between the coefficient of expansion (F) of the stands and its main 
dendrometric characteristics (diameter - D and height - H), expressed by an equation of the form logF = a0 + a1logD 
+ a2logH, whose coefficients are statistically significant. By demonstrating the joint influence of both dimensional 
characteristics (D and H) on the coefficient of expansion (F), the influence of the structure of the stands on their 
production was revealed, thus eliminating the error-generating hypothesis expressed by the identity FD = FH. Finally, 
for practical purposes, for the area of the study case, tables were developed to determine the coefficient of expansion 
(F) according to the two characteristics of the tree (D and H). By this way of determining the form factor (F) of the 
stands, substantial improvements are made to the precision of their volume determination by means of the general 
formula V = G x H x F. 
 
Key words: coefficient of expansion, Turkey oak, Oltenia Plain, Romania. 
 
INTRODUCTION 

 
The Turkey oak is one of the four European 
representatives of the section Cerris in the 
subgenus Quercus, which also includes Q. 
suber L., Q. trojana Webb. and Q. macrolepis 
Kotschy (Tutin et al., 1964; Menitski, 1984; 
Boratyński et al., 2006; Danielewicz et al., 
2014). In optimum conditions this tree attains a 
height of up to 35-40 m and a breast-height 
diameter of up to 2 m (Danielewicz et al., 
2014). Quercus cerris is a sub-Mediterranean 
species with a geographical range embracing a 
vast area extending from south-western France 
through Italy, Switzerland, Austria and the 
Balkan Peninsula to Asia Minor and Lebanon 
(Menitski, 1984; Danielewicz et al., 2014; 
Meusel et al., 1965; Jalas et al., 1976; Browicz, 
1953). Its northern limit in central Europe goes 
across central Slovakia (Danielewicz et al., 
2014; Požgaj, et al., 1986; Pagan, 1992) and 
southern Moravia (Danielewicz et al., 2014; 
Kaplan, 2012). In the European part of its 
range, the localities of the Turkey oak extend 
from the sea level to a height of about 1,500 m 
a.s.l., in Anatolia usually between 500 and 
1,500 m a.s.l., and in the Lebanon mountains, 
from 1,300 to 2,200 m a.s.l. (Boratyńskiet al., 
2006; Danielewicz et al., 2014; Jalas et al., 

1976). The climate in the areas where this 
species occurs ranges between warm temperate 
(maritime and transitional) and subtropical 
(from maritime to the continental and highland 
types) (Danielewicz et al., 2014). Sustainable 
forest management (SFM) is very important for 
study the biodiversity of the habitat forests and 
based on the concept of sustainable 
development and integrates three equally 
important pillars: environmental soundness, 
social justice, and economic viability (Paluš et 
al., 2018). 
1.1. Geobotany characteristics for the analyzed 
Quercus cerris forest  
The Quercus cerris forests in the studied 
territory are well structured and from the 
consistency point of view they are solid stands 
and very rare they are clearing stands) 
(Niculescu et al., 2009). The clearing of the 
forest appears as a result of the anthropic 
factors and less because of unfavourable 
stationary conditions (Niculescu et al., 2009). 
From the ecological point of view, taking into 
consideration the ecological indicators, it is 
found out that the Quercus cerris forests are 
xero-mesophyll, moderate-thermophyll and 
acid-neutrophyll (Niculescu et al., 2009; Borza, 
1931; Mucina et al., 2016). From the 
phytocoenotaxonomical point of view the 
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analyzed the Quercus cerris forests are formed 
of 9 species which are specific to the 
Quercetalia pubescentis et Quercion petraeae, 
16 species of the Queretea pubescenti-
petraeae, 4 species for the Quercion frainetto, 
52 species belong to the Querco-Fagetea et 
Fagetalia and the rest are companions. From 
the floristically physiognomy and composition 
point of view the analysed Quercus cerris 
forests present at the arborescent stratum 
together with the dominant and enlightening 
species the following species: Acer tataricum, 
A. campestre, Carpinus betulus, Pyrus 
pyraster, Malus domestica etc. (Niculescu et 
al., 2009). The shrub and subshrub strata are 
well developed being represented constantly by 
the following species: Crataegus monogyna, 
Prunus spinosa, Cornus sanguinea, C. mas, 
Euonymus europea, Rosa canina, Ligustrum 
vulgare (Niculescu et al., 2009). 
1.2. General information of the coefficient of 
expansion used in the analysed Quercus cerris 
forest 
The coefficient of expansion (F) of the stand, 
defined as the average value of the component 
tree coefficients, results from the overall 
relation of the volume (V = G x H x F): 

HxG
VF �                                                   (1) 

where: 
V is the real volume of the tree; 
G - base area of the stand; 
H - average height of the stand. 
 
The coefficient of expansion (F) of a stand 
according to the relation (1) can be obtained 
only if the volume of the tree is determined and 
known. This is often unknown, and F is 
determined precisely in order to measure the 
stand. 
In our country, at the equian stands are used the 
usual coefficients of expansion, the value of 
which can be determined expediently using the 
production tables (Giurgiu, 1972; Giurgiu et 
al., 2004; Giurgiu & Drăghiciu, 2004)according 
to species, production class, age and average 
height. 
Taking into account the mathematical-
auxological model which formed the basis of 
the general production tables, the coefficient of 
expansion varies only with the average height 

(H) of the stands, based on the identity F(D) = 
F(H), where F(D) is the joint coefficient obtained 
from the production tables according to the 
average diameter (D) of the base surface of the 
stand, and F(H)is the coefficient of expansion of 
the stand, extracted from the production tables 
according to the average height H of the stand. 
This method of determining the coefficient of 
expansion, without taking into account the 
influence of the stand structure on their 
production, is a simplifying and error-
generating method (Leahu, 1994). Knowing 
that the structure bearer is the diameter, it is 
absolutely necessary that both the height (H) 
and the diameter (D) be taken into account 
when determining the coefficient of expansion. 
In 2004, Leahushows that with the aging of the 
stand, the coefficient of expansion decreases, 
and according to Giurgiu (1979), at the same 
height of the trees, the coefficient of expansion 
decreases as their diameter increases and vice 
versa. This means that there are recorded the 
differences between the average coefficient of 
expansion of the real stand (Fr) and the normal 
stand (Fn) given in the production tables. 
 
MATERIALS AND METHODS 
 
2.1. Study area 
The research was carried out in the pure Turkey 
oak stands of the Oltenia Plain from Romania, 
which occupy an area of 6451.2 ha (Cojoacă, 
2010). The choice of the stands for the study of 
the variation of the coefficient of expansion 
was used deliberately. The research material 
consists of 16 sample areas of 2000 m2 instal-
led on the entire area of the Oltenia Plain of 
Romania (Amaradia Forestry District, Caracal 
Forestry District, Craiova Forestry District, 
Perisor Forestry District, Segarcea Forestry 
District and Vanju Mare Forestry District). 

 
Figure 1. Map of Romania with the study area 

(Source:https://www.google.ro/search?q=harta+campia+olteniei&tbm - 
modified) 



546

2.2. Field data and Methods 
The sample surfaces were placed in landscape 
planner or practically pure units, of full-
consistency, with ages ranging from 30 to 105 
years old.  
As a result, the distribution of the sampling 
areas would ensure the study of the stands in 
the various conditions: stationary, age, 
productivity, etc. 
At the setup of the sample surfaces, account 
was taken of the weight of the Turkey oak, the 
structure by age classes, production classes and 
the consistency of the stands, as well as by the 
stationary and typological considerations, 
following the consultation of numerous parcel 
descriptions in forestry arrangements. 
The sample markets, within the studied stands 
were placed according to representativeness 
criteria and their number was determined using 
known formulas from mathematical statistics 
(Giurgiu, 1972; Giurgiu et al., 2004).  
Within each trial area, fieldwork consisted of: 

- inventories of diameter category of 2 by 2 
cm ranges by measuring the diameter at 1.30 m 
of the soil of all the trees in its range; 

- the measurement of heights for all the 
trees of the surface; 

The calculation of the tree volume in the 
sample areas was performed using the 
bifactorial regression equation (Niculescuet al., 
2009; Pagan, 1992): 

hahadadaav 2
43

2
210 logloglogloglog ����� (2) 

where: 
v represents the unitary volume of the trees 

by categories of diameters d, in m3; 
d - the base diameter of the tree in cm; 
h -the tree’s height; 
a0, a1, a2, a3, a4 - regression coefficients, 

established by species. 
 

RESULTS AND DISCUSSIONS 
 
Based on the field data and using the relation 
(1) we calculated the coefficients of expansions 
for each studied stand (Table 1). 
Further on, starting from the research material 
made available, consisting of the 16 sample 
areas located in the Turkey oak stand in the 
Oltenia Plain, we studied the variation of the 
coefficient of expansion (F) in relation to the 

average height (H) as well as the average 
diameter (D). 
For the analytical expression of the relationship 
between the coefficient of expansion (F) of the 
stands and their main dendrometric 
characteristics (D and H), the following 
regression equation was chosen: 

HaDaaF logloglog 210 ��� .…………….. (3) 
where:  
F represents the co-coefficient of expansion;  
D- the average diameter of the stalk, in cm;  
H - the average height of the stand, in m; a0, a1, 
a2-regression coefficients. 
 
Using the facilities of the SPSS statistics 
program (Statistical Package for the Social 
Sciences), the coefficients a0, a1, a2of the 
multiple regression equation were determined. 
From the analysis of the general statistics of the 
regression equation (Table 2), one can see how 
the multiple coefficient of correlation (R), the 
coefficient of determination (R Square) and the 
adjusted value of the coefficient of 
determination (Adjusted R Square) have very 
high values (close to 1), which means we have 
chosen the model correctly. 
Thus, taking into account that the value of 
coefficient of determination (R2) is 0.919, it 
results that 91.9% of the dependent variable 
(the coefficient of expansion F) is explained by 
the variation of the variables included in the 
model (D and H).  
So the chosen linear regression model explains 
the dependence of the variables. 
Also, the standard error (Standard error) was 
calculated, which is equal to 0.00447 meaning 
very close to zero, which means that the 
observed points are on the straight line of 
regression. 
Testing of the chosen model was performed by 
the variance analysis method (ANOVA test) 
(Table 3).  
It has thus been verified whether the model is 
relevant, meaning if the regression equation 
parameters differ significantly from 0.  
As the unilateral critical probability (Sig.) is 
less than 0.05% (the assumed risk threshold or 
the fixed significance threshold) means that the 
model is statistically relevant (rejecting the 
hypothesis of the lack of significance of the 
independent variables). 
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Table 1. Base area, volume and coefficient of expansion in experimental areas (Cojoacă, 2010) 
Test 

market 
symbol 

Age, 
years 

Production 
class 

The average 
diameter of the 

base area, dg 

The 
average 

height, hg 

The base area, G Volume, V Coefficient of 
expansion F 

m2/survey m2/ha m3/survey m3/ha 
Se1 45 III 18.1 16.6 5.50 27.50 46,524 232,620 0.510 
Se4 40 III 17.9 15.9 6.89 34.45 54,460 272,300 0.497 
Se5 35 III 12.6 12.8 5.11 25.55 33,867 169,335 0.518 
Se7 30 III 13.4 12.7 4.78 23.90 30,979 154,895 0.510 
Se9 50 III 19.7 17.6 5.92 29.60 51,615 258,075 0.495 
Se10 50 III 19.7 18.2 5.97 29.85 53,522 267,610 0.493 
Se11 35 III 16.4 15.1 4.80 24.00 36,620 183,100 0.505 
Se13 55 III 22.6 18.7 6.26 31.30 57,425 287,125 0491 
Se15 105 III 33.5 23.6 7.39 36.95 81,624 408,120 0.468 
Se17 65 III 24.7 20.5 6.37 31.85 62,283 311,415 0.477 
Se19 55 III 21.1 16.8 5.67 28.35 46,234 231,170 0.485 
Se20 95 III 28.4 22.2 6.65 33.25 69,097 345,485 0.468 
Se25 75 III 27.0 21.3 733 36.65 73,880 369,400 0.473 
Se26 55 II 26.6 22.0 6.03 30.15 64,150 320,750 0.484 
Se27 70 II 30.8 24.8 729 36.45 86,231 431,155 0.477 
Se28 55 II 28.7 21.2 6.54 32.70 64,661 323,305 0.466 

 

Table 2. Model Summaryb 

 

Model R R 
Square 

Adjusted 
R 

Square 

Std. 
Error of 

the 
Estimate 

Change Statistics 
R 

Square 
Change 

F 
Change df1 df2 

Sig. F 
Change 

1 0.959a 0.919 0.907 0.00447 0.919 73.932 2 13 0.000 
a. Predictors: (Constant), logH, logD 
b. Dependent Variable: logF 

 
Table 3. ANOVAaTest 

 

Model 
Sum of 
Squares df 

Mean 
Square F Sig. 

1 Regression .003 2 .001 73.932 .000b 
Residual .000 13 .000   
Total .003 15    

a. Dependent Variable: logF 
b. Predictors: (Constant), logH, logD 

 
Estimated values for model coefficients, as 
well as the statistics needed to verify common 
assumptions about coefficients, are shown in 
Table 4. It can be seen (Table 4) that the 
significance level (Sig.) for both the constant 
and the independent variables (log D and log 
H) is less than 0.05 and the confidence 
intervals do not contain 0, where it follows that 
all the coefficients are statistically significant 
and the model is relevant.  
This means that the size of the coefficients of 
expansions (F) in the studied area depend on 
both the diameter D and the height H of the 
stands. Thus, the estimated model is as follows:  

logF = -0.217 - 0.215logD + 0.153logH (4) 
By tabling the (4) relation which expresses the 
relation between the coefficient of expansion 
(F) and the diameter (D) and the height (H) for  
the Turkey oak stands in the Oltenia Plain it 
was possible to obtain the coefficient of was 
possible to obtain the coefficient of expansion 
of the stand depending on diameter and height 

(Table 5). The graph in Figure 2 and 3 suggests 
the variation of the coefficient of expansion in 
relation to both the diameter and the height. It 
can be noticed that at the same average 
diameter of the stand, the average coefficients 
of expansion increase as the height increases, 
while maintaining the constant height, the 
average values of the coefficient of expansion 
decrease with the increase of the average 
diameter of the stand. 

 

 
Figure 2. The variation of the coefficient of expansion in  

relation to both the height 
 

 
Figure 3. The variation of the coefficient of expansion in 

relation to both the diameter 
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Table 4. Coefficientsa 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 95.0% Confidence Interval 
for B 

Correlations 

B Std. Error Beta Lower Bound Upper Bound Zero-order Partial Part 
1 (Constant) -.217 .027  -8.023 .000 -.276 -.159    

logD -.215 .049 -1.851 -4.356 .001 -.321 -.108 -.943 -.770 -.343 
logH .153 .070 .924 2.174 .049 .001 .305 -.895 .516 .171 

a. Dependent Variable: logF 
 

Table 5. The average coefficients of expansion (F) of the Turkey oak in the Oltenia Plain  
logF = -0.217 - 0.215logD + 0.153logH 

Average 
heights, 
H - m 

Average diameters, D - cm 

12 14 16 18 20 22 24 26 28 30 32 34 
8 0.489 - - - - - - - - - - - 

8.5 0.493 - - - - - - - - - - - 
9 0.498 0.481 - - - - - - - - - - 

9.5 0.502 0.485 - - - - - - - - - - 
10 0.506 0.489 0.475 - - - - - - - - - 

10.5 0.510 0.493 0.479 - - - - - - - - - 
11 0.513 0.496 0.482 0.470 - - - - - - - - 

11.5 0.517 0.500 0.486 0.474 - - - - - - - - 
12 0.520 0.503 0.489 0.477 0.466 - - - - - - - 

12.5 0.523 0.506 0.492 0.480 0.469 - - - - - - - 
13 0.527 0.509 0.495 0.483 0.472 0.462 - - - - - - 

13.5 0.530 0.512 0.498 0.485 0.474 0.465 - - - - - - 
14 0.533 0.515 0.501 0.488 0.477 0.467 0.459 - - - - - 

14.5 0.535 0.518 0.503 0.491 0.480 0.470 0.461 - - - - - 
15 - 0.521 0.506 0.493 0.482 0.472 0.464 0.456 - - - - 

15.5 - 0.523 0.508 0.496 0.485 0.475 0.466 0.458 - - - - 
16 - 0.526 0.511 0.498 0.487 0.477 0.468 0.460 0.453 - - - 

16.5 - - 0.513 0.500 0.489 0.479 0.470 0.462 0.455 - - - 
17 - - 0.516 0.503 0.492 0.482 0.473 0.465 0.457 0.450 - - 

17.5 - - 0.518 0.505 0.494 0.484 0.475 0.467 0.459 0.452 - - 
18 - - 0.520 0.507 0.496 0.486 0.477 0.469 0.461 0.454 0.448 - 

18.5 - - - 0.509 0.498 0.488 0.479 0.471 0.463 0.456 0.450 - 
19.0 - - - 0.511 0.500 0.490 0.481 0.473 0.465 0.458 0.452 0.446 
19.5 - - - 0.513 0.502 0.492 0.483 0.474 0.467 0.460 0.454 0.448 
20 - - - 0.515 0.504 0.494 0.485 0.476 0.469 0.462 0.455 0.450 

20.5 - - - - 0.506 0.496 0.486 0.478 0.470 0.464 0.457 0.451 
21 - - - - 0.508 0.497 0.488 0.480 0.472 0.465 0.459 0.453 

21.5 - - - - 0.509 0.499 0.490 0.482 0.474 0.467 0.461 0.455 
22 - - - - 0.511 0.501 0.492 0.483 0.476 0.469 0.462 0.456 

22.5 - - - - - 0.503 0.493 0.485 0.477 0.470 0.464 0.458 
23 - - - - - 0.504 0.495 0.487 0.479 0.472 0.465 0.459 

23.5 - - - - - 0.506 0.497 0.488 0.480 0.473 0.467 0.461 
24 - - - - - 0.508 0.498 0.490 0.482 0.475 0.468 0.462 

24.5 - - - - - - 0.500 0.491 0.484 0.476 0.470 0.464 
25 - - - - - - 0.501 0.493 0.485 0.478 0.471 0.465 

25.5 - - - - - - 0.503 0.494 0.486 0.479 0.473 0.467 
26 - - - - - - 0.504 0.496 0.488 0.481 0.474 0.468 

26.5 - - - - - - - 0.497 0.489 0.482 0.475 0.469 
27 - - - - - - - 0.499 0.491 0.484 0.477 0.471 
             

 
The research carried out in the Turkey oak 
stands in the Oltenia Plain on the variation of 
the coefficient of expansion led to the 
following results: 
- based on the experimental material available, 
a link between the coefficient of expansion (F) 
of the stands and its main dendrometric 
characteristics (D and H) was established by 
means of the multiple linear regression, 
expressed by the following equation: logF = -

0.217 - 0.215 logD + 0.153logH, whose 
coefficients are statistically significant; 
- the determination coefficient R2 = 0.919 
shows that approximately 92% of the variation 
of the coefficient of expansion F is explained 
by the variation of the diameter D and the 
height H of the stand; 
 - with the help of the ANOVA test (Table 3) it 
was demonstrated that the model adopted was 
statistically relevant (the hypothesis of the lack 
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of significance of the independent variables 
was rejected - Sig. <0.05%); 
- by demonstrating the joint influence of both 
dimensional characteristics (D and H) on the 
coefficient of expansion (F), the influence of 
the structure of the stands on their production 
was revealed, thus eliminating the error-
generating hypothesis expressed by the identity 
FD = FH; 
- given the fact that in establishing the 
coefficient of expansion (F) of the stand its is 
taken into account its variability in relation to 
both the height (H) and the diameter (D), it is 
possible to make substantial improvements to 
the determination of the volume of the stands 
by means of the general formula V = G x H x 
F. Thus, assuming that the surface would be 
determined by integral inventories and the 
height by exact procedures, it is assured a 
precision as high as in the average tree of the 
stand method, provided these tables be applied  
only to the stand category for which they were 
developed (Leahu, 1994); 
- for practical purposes, by tabulation of the 
relation (4), for the area under study and for the 
types of stands where the research was carried 
out, it was possible to prepare provisional 
tables for determining the coefficient of 
expansion according  to the two features of the 
stand (D and H) (Table 5). Knowing that 
variation in the coefficient of expansion of a 
stand differs from the composition, 
consistency, age, and production class of the 
stand (Giurgiu, 1979) for extending the 
application of these tables to other stand 
species is necessary complex biometric 
research. 
The research carried out on small spaces, which 
established the common influence of the 
diameter D and the average height H on the 
average coefficient of expansion F of the stand, 
are in accordance with the recommendations of 
the specialty literature. Thus, Giurgiu et al. 
(1979) and Leahu (1994) recommends “the 
continuation and deepening of the research 
regarding the auxological dynamics of the 
stands in relation to the age, structure and 
household interventions in order to adapt the 
mathematical-auxological models and the 
production tables to the regional particularities 
of the forest ecosystems, passing from general 
to regional ones on ecological bases.” 

CONCLUSIONS 
 
By demonstrating the joint influence of both 
dimensional characteristics (D and H) on the 
coefficient of expansion (F), the influence of 
the structure of the stands on their production 
was revealed, thus eliminating the error-
generating hypothesis expressed by the identity 
FD = FH. 
In conclusion, for practical purposes, for the 
area of the study case, tables were developed to 
determine the coefficient of expansion (F) 
according to the two characteristics of the tree 
(D and H).  
By this way of determining the form factor (F) 
of the stands, substantial improvements are 
made to the precision of their volume 
determination. We can be noticed, after this 
analysis in the research area in the pure Turkey 
oak stands of the Oltenia Plain, that at the same 
average diameter of the stand, the average 
coefficients of expansion increase as the height 
increases, while maintaining the constant 
height, the average values of the coefficient of 
expansion decrease with the increase of the 
average diameter of the stand. The research 
carried out on small spaces, which established 
the common influence of the diameter D and 
the average height H on the average coefficient 
of expansion F of the stand, are in accordance 
with the recommendations of the specialty 
literature. 
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Abstract  
 
The objective of this study was to compare energy consumptions under traditional cultivation system for wheat 
production in Turkey. The data used in this study were collected through a questionnaire by face to face interviews. The 
amount of energy that consumed in tillage, planting, fertilizing, agricultural spraying, harvesting and transport stages 
were calculated for wheat cultivation. The energy inputs such as human labor, tractors, tools/machineries, fuel/oil, 
fertilizers, pesticides, irrigation and seed obtainment processes were taken into consideration to determine the amount 
of energy that used in wheat cultivation. The total energy used in various farm inputs for wheat cultivation was 17159.5 
MJ/ha. The energy output/input ratio, specific energy, energy productivity and net energy efficiency were found to be 
2.21, 7.18 MJ/kg, 0.14 kg/MJ and 20746.5 MJ/ha, respectively. 
 
Key words: wheat, energy consumption, Turkey.  
 
INTRODUCTION  
 
Energy consumption per unit area in agriculture 
is directly related with the development of 
technological level and cultivation. The inputs 
such as fuel, electricity, machinery, seed, 
fertilizer and chemical take significant share of 
the energy supplies to the cultivation system in 
modern agriculture. The use of intensive inputs 
in agriculture and access to plentiful fossil 
energy has provided an increase for standards 
of living and food production. However, some 
problems in agricultural production have been 
faced due to mainly high level dependency on 
fossil energy. The problems with the use of 
fossil energy have become into focus by oil 
embargo in 1973 and increase in energy prices. 
Nowadays environmental issues such as global 
warming are the major concerns related to the 
use of fossil energy. Furthermore considering 
that fossil energy is a limited resource, it has to 
be conserved for future generations by using 
efficiently in a sustainable manner. Energy is 
considered to be a key player in the generation 
of wealth and also a significant component in 
economic development. This makes energy 

resources extremely significant for every 
country in the world. Energy use has been a 
matter of policy concern since the 1970s. After 
the oil crises in 1973 and 1979, governments 
intensively promoted energy conservation 
measures. Then in 1980s, the primary focus 
shifted to air pollution caused by combustion of 
fossil fuels. In the recent years, energy use and 
associated greenhouse gas emissions and their 
potential impacts on the global climate change 
have been the worldwide concern. Improving 
the end-use energy efficiency is one of the most 
effective ways to reduce energy consumption in 
the industrial, commercial, transportation, 
utility, residential and agricultural sectors and 
their associated pollutant emissions (Dincer et 
al., 2004). 
Efficient use of the energy resources is vital in 
terms of increasing production, productivity, 
competitiveness of agriculture as well as 
sustainability to rural living. Energy auditing is 
one of the most common approaches to 
examine energy efficiency and environmental 
impact of the cultivation system. It enables 
researchers to calculate input-output ratio, other 
relevant indicators and energy use pattern in an 
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agricultural activity. Moreover, the energy 
audit provides sufficient data to establish 
functional forms to investigate the relationship 
between energy inputs and outputs. Estimating 
these functional forms is very useful in terms of 
determining elasticities of inputs on yield and 
production. Energy use pattern and contribution 
of energy inputs vary depending on farming 
systems, crop season and farming conditions. 
Considerable work has been conducted on the 
use of energy in agriculture with respect to 
efficient and economic use of energy for 
sustainable production. Energy input–output 
analysis is usually used to evaluate the 
efficiency and environmental impacts of 
production systems. This analysis is important 
to perform necessary improvements that will 
lead to a more efficient and environment–
friendly production system (Ozkan et al., 2003; 
2004). Comprehensive studies have been 
performed on energy use in different 
agricultural products. Optimization of energy 
use in agriculture is reflected in two ways, i.e. 
an increase in productivity at the existing level 
of energy inputs or conserving the energy 
without affecting the productivity (Singh et al., 
2004). 
For that reason, energy use in wheat cultivation 
was examined in the present study. The main 
objective of this study is to evaluate the energy 
input and output for wheat cultivation in of 
Turkey. Data for the cultivation of wheat were 
collected from farms by using a face to face 
questionnaire method. This study seeks to 
analyze the effect of indirect and direct energy 
on yield using functional form. The energy 
ratio, specific energy, energy productivity and 
net energy efficiency as indicators for the 
determination of energy efficiency were 
calculated in the wheat cultivation. 
 
MATERIALS AND METHODS  
 
The basic characteristics of surveyed farms 
The data included energy inputs from different 
sources, data input to various farm operations 
and yield. Taking actual farm size as the 
variable, the total 132 farms was randomly 
selected by using stratified random sampling. 
The permissible error was defined to be 5% for 
95% reliability (Yamane, 1967). 

� �
��

�� 222
hh

hh
SNDN

SNn ……………………..(1) 

Where: n is the required sample size; N is the 
number of holdings in target population; Nh is 
the number of population in h the stratified; Sh 
is the variance of h the stratified; D is the 
precision where (x-X). 
The total agricultural land of the investigated 
132 farms is 2413.7 hectares. Almost 30% of 
the farm land less than 5 hectares, and 50% less 
than 10 hectares. In spite of large number of 
small farms, less than 5 hectares, cultivate only 
5% of total land, and 14% cultivates by the 
farms less than 10 hectares, cumulatively. 
Although, farms over 50 hectares which are 
only 6% of the total number of investigated 
farms, cultivate 28% of total land. The average 
size of farms is 18.3 hectares, and 37.2% of 
farm land is under irrigation. This proportion is 
relatively high at small farm groups.  
In general, farm lands have been divided into 
many parcels. The average number of parcel is 
three. 80.3% of average operated land by farms 
is owned, 13.5% of it rented and rest (6.2%) is 
share cropped. Tenancy is more common at 
small farm groups. The share of rented land at 
small farm group (less than 5 hectares) 
increases up to 25%. Share cropping is not 
common in the region. Its share is only around 
6%. This proportion is lower at small farm 
groups.    

Analysis of energy use in wheat cultivation  
A proforma questionnaire was prepared in 
order to collect the required information related 
to the land possessed by the farmers and the 
utilization pattern, crop yield, operation time, 
fuel consumptions, fertilizer, chemical and seed 
inputs. The energy inputs as direct and indirect 
inputs were studied in two groups for the wheat 
cultivation in the Southeast Anatolia region of 
Turkey. 

Direct energy inputs 
Direct energy inputs, which were calculated 
according to inputs that used directly and have 
high energy values in the cultivation of wheat. 
In this sense, during the cultivation process, 
fuel and oil energies that consumed by 
agricultural tools/machineries was evaluated as 
direct energy inputs. Thus, 
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oilfueldirect E+E=EI …………………………(2) 
where:         
EIdirect = Direct energy input (MJ/ha);  
Efuel = Fuel energy consumption (MJ/ha); 
Eoil = Oil energy consumption per area (MJ/ha). 

Energy input of fuel and oil consumption  
The amount of consumed fuel energy for unit 
cultivation area in the wheat cultivation (ha) is 
calculated depending on the amount of fuel that 
consumed by the tractor and the calorific value 
of diesel fuel, as it can be seen down below: 

fuelfuelfuel FHVM=E � ………………………(3
) 
where:  
Efuel = Fuel energy consumption per area (MJ/ha); 
Mfuel = Fuel consumption of the tractor (L/ha); 
FHVfuel = The lower calorific value of fuel (MJ/L). 

The oil energy input which occurs due to 
engine oil consumption in wheat cultivation 
was determined by considering of the oil 
consumption of the farm tractor per hour, 
during the process of cultivation. The oil 
consumption of the farm tractor per hour was 
determined by depending on the highest PTO 
(power take off) shaft power of the tractor, 
which can be formulated as follows (Gungor & 
Ozturk, 2019): 

0,02169+HSP0,00059=OCT max� ……….(4) 
where: 
OCT = The oil consumption of tractor (L/h); 
HSPmax = PTO shaft power of the tractor (kW). 

The maximum PTO shaft power (HSPmax) of 
the agricultural tractor that was used for the 
cultivation process of wheat was considered as 
88% of its rated power (RPT, kW) and 
determined as follows (Ozturk, 2018): 

RPT0,88=HSPmax � ………………………(5
) 
The oil energy amount that consumed per unit 
area in wheat cultivation process was 
calculated depending on the amount of oil that 
consumed by the tractor per hour during the 
manufacturing process, the lower calorific 
value of consumed oil and work efficiency of 
the tractor per area, which is defined as: 

WCTOHVOCT=E oiloil �� …………………..(6) 
Where: 

Eoil = Oil energy consumption per area (MJ/ha);  
OCT = Oil consumption of tractor per hour (L/h); 

OHVoil = The lower calorific value of oil (MJ/L); 
WCT = Working capacity of the tractor (h/ha). 

During cultivation operations in the field, the 
lower calorific value of engine oil (SAE 40) 
was taken into account as 38.2 MJ/kg. 
Indirect energy inputs 
In the cultivation of wheat, the amount of 
energy that consumed for human labor, 
agricultural tools/machineries, chemical 
fertilizers and the seed production were 
considered as indirect energy inputs. Therefore, 

SE+EF+ME+HE=EIindirect …………….(7) 
where: 
EIindirect = Indirect energy input (MJ/ha); 

HE = Human labor energy (MJ/ha); 
ME = Energy consumption for machines (MJ/ha); 
EF = Energy input of fertilizer (MJ/ha); 
SE = Seed energy per unit area (MJ/ha). 

Energy input of human labor 
Relating to these applications the human labor 
energy is determined as indirect energy 
consumption (Ozturk, 2016): 

EEL
CA

WHNL=HE �
� ……………………..(8) 

where: 
HE = Human labor energy (MJ/ha); 
NL = Number of laborer (person); 

WH = Working hours (h); 
CA = Cultivated area (ha); 

EEL = Energy equivalent of labor (MJ/h). 

Indirect energy input for tools/machines 
The energy amounts that related to indirect 
energy consumption of agricultural 
tools/machineries usage are taken into account, 
as follows (Ozturk, 2011):  
� The amount of energy that consumed for the 

manufacturing of tools/machineries, 
including to their disinterment of the raw 
materials, transportation and forge, 

� The amount of energy that used for the 
materials from raw condition in 
factory/workshop to design of 
tools/machineries and their manufacturing 
processes, 

� The amount of energy that used for the 
process of mending/maintenance of 
tools/machineries and 

� The amount of energy that used for 
transportation and distribution of the 
tools/machineries 

During the cultivation of wheat, the indirect 
energy consumption related to farming 
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tools/machineries for each field application was 
determined as (Ozturk, 2016), 

NT
CEWEL

TDE+MME+PEM=IDEM �
�

…………...(9) 

where: 
IDEM = The indirect energy consumption related to 

farming tools/machineries per area (MJ/ha); 
PEM = Manufacturing energy of machineries (MJ); 
MME = Maintenance energy of machineries (MJ); 
TDE = The amount of energy that used for 

transportation and distribution of the 
tools/machineries (MJ); 

EL = Economic life of the tools/machineries (h); 
CEW = The capacity of effective work (ha/h); 

NT = The number transactions (quantity). 

Indirect energy input for chemical fertilizer 
Relating to these applications, the indirect 
energy consumption of chemical fertilizer 
usage can be expressed as: 

� � � � � �
l

u=n

1=n

neq2
u=n

1=n

neq52
u=n

1=n

neq
s=l

1=l
]

FA
KOK

+
FA

POP
+

FA
NN

[=EF ����
��� ..(10) 

where: 
EF = The total energy input of fertilizer (MJ/ha); 

N = The amount of nitrogen fertilizer (kg); 
Neq = Energy consumed for N fertilizers (MJ/kg); 

P2O5 = The amount of phosphorus fertilizer (kg); 
Peq = Energy consumed for P fertilizers (MJ/kg); 

K2O = The amount of potassium fertilizer (kg); 
Keq = Energy consumed for K fertilizers (MJ/kg); 
FA = The fertilized area (ha); 

n = The number of fertilizer application. 

The production energy values of chemical 
fertilizers that used in wheat cultivation are 
given in Table 1. 
Table 1. Energy Consumption Values for the Production 
of Pure Substance in Chemical Fertilizers (Ramirez & 

Worrel, 2006) 

Chemical fertilizers Energy consumption 
(MJ/kg) 

Nitrogen (N) 
Phosphorus (P2O5) 
Potassium (K2O) 

45 
8 
5 

 
Indirect energy input for seed 
Relating to these applications, the indirect 
energy consumption of the seed usage can be 
determined from 
SE =S (SPE+EPT)…………………………(11) 
where: 

SE = The seed energy per unit area (MJ/ha); 
S = Sowing ratio (kg/ha); 

SPE = Energy consump. for seed product. (MJ/kg); 
EPT = Energy consumption of packaging and 

transportation (MJ/kg). 

The energy consumption for seed production 
and packaging/transportation equivalent was 
taken into account as 25 MJ/kg for 
determination of the seed energy per unit area 
(Oren & Ozturk, 2006). 
Total energy input for wheat cultivation 
In wheat cultivation, the direct and indirect 
energy inputs were taken into account as total 
energy input. Thus, 

indirectdirect EI+EI=TEI ……………………(12) 
where: 

TEI = Total energy input(MJ/ha); 
EIdirect = Direct energy input (MJ/ha); 

EIindirect = Indirect energy input (MJ/ha). 

Energy output for wheat cultivation 
Two major outcomes were obtained, the wheat 
seed (grain) as a main product and the stem part 
of plant as a subsidiary product. The total 
amount of energy that obtained from at the end 
of wheat cultivation, including main and 
subsidiary products can be calculated as 
follows (Ozturk, 2011): 
TEI= (EMP�Emp)+(ESP�Esp)……………..(13) 
where: 

TEI = Total energy input (MJ/ha); 
EMP = Amount of the main product (kg/ha); 

Emp = Energy of the main products (MJ/kg); 
ESP = Amount of the subsidiary product (kg/ha); 

Esp = Energy of the subsidiary product (MJ/kg). 

For the determination of the energy outputs in 
wheat cultivation, the energy equivalent were 
taken into account as 14.7 MJ/kg and for 12.5 
MJ/kg for grain and wheat straw, respectively 
(Ozturk, 2016). 

Energy efficiency for wheat cultivation 
The indicators that were used for the 
determination of energy efficiency in the 
cultivation of wheat with the applications of the 
different mechanization techniques can be 
listed in Table 2. 
 
RESULTS AND DISCUSSIONS 
 
The energy equivalents of the input and output 
and indicators of energy efficiency in wheat 
cultivation are illustrated in Figures 1, 2 and 3, 
and Table 2. As can be seen from Figure 1, the 
total energy used in various farm inputs was 
17159.5 MJ/ha for wheat cultivation. The 
results revealed that 7.6 h of machinery power 
per hectare were consumed to cultivate wheat 
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in the research area. The human labor was 
23.92 MJ/ha in wheat cultivation. The machine 
energy input was found to be of the order of 
490.6 MJ/ha, while the man power 38.18 MJ/ha 
in wheat cultivation. Out of all the farm 
operations, seedbed preparation consumed the 
maximum energy followed by sowing and 
cultural practices, and harvesting. 
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Figure 1. The Energy Inputs for Wheat Cultivation 

 
In wheat cultivation, out of all the inputs, 
fertilizers have the biggest share in the total 
energy with a 43.8%. Fertilizer energy input is 
followed by the diesel-oil energy. According to 
Muhadar and Hignet (1982), energy used in the 
production of fertilizers accounts for about 
40% of total energy used in agricultural 
production in developed countries. Most of this 
energy was consumed in the production of 
nitrogen, phosphorus and potassium fertilizers. 
In this study, nitrogen, phosphorus and 
potassium were considered as chemical 
fertilizer inputs. Results show that nitrogen is 
the most important energy source with a value 
of 6714.5 MJ/ha, whereas phosphorus 
accounted for 801.42 MJ/ha. The diesel-oil 
energy was mainly used for operating tractor 
for performing the various farm operations. The 
results showed that the average yield in wheat 
production was 2612.1 kg/ha and wheat 
cultivation consumed a total of 17159.5 MJ/ha 
input energy (Figure 2). Therefore, in wheat 
cultivation the energy output/input ratio, 
specific energy, energy productivity and net 
energy efficiency were 2.21, 7.18 MJ/kg, 0.14 
kg/MJ and 20746.5 MJ/ha, respectively (Table 
2).  
However, Canakci et al. (2004) determined that 
the energy output/input ratio and specific 
energy for cultivating wheat were 2.8 and 5.24 
MJ/kg in Antalya region of Turkey. Wheat is 
an energy frugal crop, compared to most other 

food crops. The energy inputs for wheat 
production in various regions of the U.S. 
calculated by Krummel and Chick of Cornell 
University. They found that the energy 
output/input ratios were 0.43, 1.66, 2.21, 3.36 
and 3.75 for wheat production in Texas, New 
Mexico, North Dakota, Ohio and Nebraska, 
respectively (Briggle, 1980). 
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Figure 2. Fuel Energy Inputs for Wheat Cultivation 
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Figure 3. Energy Input and Output for Wheat Cultivation 
 

Table 2. Energy Efficiency Indicators for Wheat 
Cultivation 

Indicators Definition Unit 

Energy ratio 
Total achieved energy 
amount/Total consumed energy 
amount 

2.21 

Specific 
energy 

The amount of total consumed 
energy/The total amount of 
harvested product 

7.18 
MJ/kg 

Energy 
productivity 

The total amount of harvested 
product/ The amount of total 
consumed energy 

0.14 
kg/MJ 

Net energy 
efficiency 

Total achieved energy 
amount/Total consumed 
energy amount 

20746.5 
MJ/ha 

 
CONCLUSIONS 
 
The total mean energy inputs as direct and 
indirect forms were examined in the wheat 
cultivation. Considerable savings could be 
obtained in machinery energy inputs by 
adopting a reduced tillage method. The average 
values of estimated energy output/input ratio 
was 2.21 for cultivation of wheat. The low 
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level of energy output/input ratio indicated that 
all the farmers were not fully aware of the right 
production techniques or did not apply them at 
the proper time in the right quantity. The 
diesel-oil and the level of fertilizer input 
particularly nitrogen, were two of the most 
significant determinants of the total energy 
input for wheat cultivation. These results 
indicate that wheat cultivation in Turkey 
heavily depends on fossil fuels which in turn 
lead to many environmental problems. 
Therefore, policies should emphasize 
development of new technologies and 
alternative energy resources aiming efficient 
use of energy. In addition to these, the results 
imply that Turkish field crop production might 
be considered as sensitive to changes in prices 
and availability of fossil fuels due to mainly its 
significant share in total consumed energy in 
field crop production. The results of this study 
can be used by policy makers and other 
relevant agencies for recommendations to 
farmers in order to use energy more efficiently. 
Proper management of resources and their 
application at the right time can improve the 
efficiency of the farmers in the use of farm 
inputs.  
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Abstract 
 
Operators of agricultural tractors are exposed to high levels of acceleration. This paper critically examines 
acceleration data (in the x and y axis) collected through practical tests. Data collected shows that when cabin 
suspension is fitted to agricultural tractors, operators are exposed to increased levels of acceleration, up to 62% and 
25% at 2.5 kph in the x and y axis respectively, when compared to the respective chassis system. Acceleration above 
5.98 m/s2 may result in the operator developing musculoskeletal disorders (MSD). This limit is exceeded in the y axis at 
17 kph by a four-point active cabin suspension. Moreover, the mass of the head/torso, will multiply acceleration 
measured at the seat base, by 2.5, therefore, this limit is exceeded at 6.5 kph in the y axis. Consequently, up to 62% of 
agricultural tasks have the potential for the operator to sustain MSD. Concerns have been raised regarding the current 
operational speeds of agricultural tractors; this is due to the potential for acceleration above 5.98 m/s2, to be generated 
and transferred to the operator and can result in MSD.  

 
Key words: acceleration, tractors, cabin suspension. 
 
INTRODUCTION 
 
Agricultural machinery operates within harsh 
terrain conditions which can result in high 
operator exposure to mechanical shocks 
(acceleration of the human anatomy) 
(Milosavljevic et al., 2011; Waters et al., 2007; 
Eager et al., 2016). Moreover, certain types of 
agricultural machinery (tractors, material 
handlers) are designed to be multipurpose 
vehicles, thus compatible with a range of 
implements/attachments (Caffaro et al., 2016). 
Furthermore, Langer et al. (2015), adds that the 
equipment the agricultural tractor is operating 
can induce mechanical shocks, e.g. a hay/straw 
baler. Although, Tiemessen et al. (2007) states 
that an agricultural tractor towing a loaded 
trailer may reduce mechanical shocks being 
induced upon the operator. Consequently, 
health conditions, such as musculoskeletal 
disorders (MSD), can be developed, although, 
mechanical shocks are not solely responsible 
for the development of MSD, other 
contributing factors include; whole body 
vibration (WBV), repetition, awkward working 
position, all the contributing factors can be 
classified as external motions (Eager et al., 

2016; Mayton et al., 2008; Kim et al., 2018; 
Bovenzi & Betta, 1994). 
Rehn et al. (2005; 2009), states that operators 
of mobile equipment report the development of 
MSD, in the neck and shoulder region of the 
human anatomy, as a result of exposure to 
external motions. 
Furthermore, Caffaro et al. (2016) and Eager et 
al. (2016), state that external motions can 
damage the spinal structure, and joints of the 
human anatomy. 
Concerns regarding the current operational 
speed of agricultural machinery have been 
raised by three authors; Melzi et al. (2014), 
Achen et al. (2008), Rehn et al. (2005), who 
suggest that the increased travel speed has the 
potential to reduce operator comfort and 
increase exposure to external motions, leading 
to the development of health conditions. 
Furthermore, Scarlett et al. (2007), states that 
WBV increases in correlation with the travel 
speed of the vehicle.  
There are four areas on most agricultural 
machinery where suspension can be fitted, 
these consist of the; operator cabin, operator 
seat, axles, and the tyres (Figure 1) (Melzi et 
al., 2014). 
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Figure 1. Diagram showing areas suspension can be 

fitted to agricultural vehicles (Melzi et al., 2014) 

 
Cuong et al. (2013) and Melzi et al. (2014) 
state that agricultural tractor and machinery 
manufacturers, do not fit advanced cabin 
suspension systems to the operator cabin as 
standard equipment. Instead rubber based anti-
vibration mounts are used (Lyashenko et al., 
2016). This is despite Hansson (1995) 
suggesting that suspending the whole operator 
cabin can reduce mechanical shock transferred 
to the operator, additionally, Sim et al. (2017) 
added that operator weight does not 
detrimentally affect the performance of this 
type of suspension system. Operator weight is a 
limiting factor to seat suspension therefore, this 
can reduce the performance/effectiveness of 
seat suspension (Sim et al., 2017). According to 
Cuong et al. (2013), axle suspension can reduce 
the mechanical shocks experienced by the 
vehicle being transferred to the operator. 
Although Achen et al. (2008) states that this 
type of suspension system can further increase 
the cost of the vehicle, due to requiring to 
redesign structural components. Depending on 
the operating pressure of the tyres, a small 
amount of mechanical shock can be absorbed 
by the tyres (Tiemessen et al., 2007). Although, 
reducing the tyre inflation pressure, to reduce 
mechanical shocks, in turn increases the heat 
generated by the tyres and the rolling resistance 
of the tyres (Donati, 2002).  
This paper will evaluate acceleration produced 
in the x and y axis (Figure 2), for three variants 
of cabin suspension. According to Kim et al. 
(2018), these two axes are not required to be 
suspended to comply with ISO 2631.  

 
Figure 2. Diagram showing the x, y, z Axis Orientation, 

(ISO, 1997) 

 
MATERIALS AND METHODS 
 
Four individual elements were used to collected 
information and data to fully evaluate 
acceleration produced in the x and y axis. These 
four elements consisted of; investigating 
academic literature, conducting surveys which 
focused on agricultural workers, conducting 
interviews with agricultural manufacturers and 
finally completing practical tests.  
The academic literature has been investigated 
to provide an understanding regarding the 
current suspension systems used on agricultural 
tractors and machinery. Additionally, academic 
literature provided an insight into the health 
implications for the operator as a result of long-
term exposure to mechanical shocks and 
acceleration.  
Surveys were conducted with agricultural 
workers and agricultural tractor and machinery 
operators. The surveys were distributed across 
the North West of the United Kingdom 
between December 2017 and February 2018 
and focused on collecting both qualitative and 
quantitative data surrounding agricultural 
tractor operation. Additionally, the surveys 
collected data about the suspension systems 
fitted to their (the survey respondents) 
agricultural tractors, the final question in the 
survey asked if the respondent had awareness 
of long-term health effects as a result of 
exposure to mechanical shock and acceleration.  
The interviews with eight agricultural 
manufacturers were conducted at LAMMA 
(Lincolnshire Agricultural Machinery 
Manufacturers Association) on the 17th January 
2018, the interviews collected information 
regarding the current level of cabin suspension 
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systems, which agricultural manufactures 
install to their agricultural tractors.  
Practical tests on three types of cabin 
suspension systems were completed between 
November 2017 and February 2018. The 
practical tests were designed to determine the 
acceleration in both the x and y axis. The data 
has been collected using a data logger, which 
recorded acceleration (displayed as m/s2), 
measuring at 100 Hz. Three types of cabin 
suspension systems were tested (mechanical, 
four and three point active). Semi active cabin 
suspension is another suspension system 
outlined by Van Iersel (2010), although none 
were available to test. The three cabin 
suspension systems were produced by the same 
agricultural manufacturer, although due to 
available resources, the current working hours 
of the agricultural tractors differed when the 
tests commenced. Additionally, the tyre 
condition, chassis size and machine age 
differed between the three agricultural tractors 
which were tested. The agricultural tractors 
which were tested all had the same front axle 
design (suspended beam axle), and the tyre 
pressures were set to the manufacture’s 
recommendations.  
The practical tests involved driving each 
agricultural tractor over a wooden obstacle 
which measured 1032 x 280 x 140 mm (length 
x width x height), at two test speeds, 2.5 and 5 
kph. There were three configurations of the 
wooden obstacle (at each forward speed) 
allowing the left, right hand and both wheels to 
negotiate the wooden obstacle; this is shown 
below in Figure 3 as 1, 2, 3, respectively.  
 

 
Figure 3. The three test track configurations 

 
The test track varied in length between 11 and 
13 metres depending on the forward travel 
speed 2.5 or 5 kph, respectively. The obstacles 
shown in Figure 3 above were positioned 4 
meters into the course; this allowed the 
agricultural tractors to reach the desired speed 
of 2.5 or 5 kph prior to reaching the obstacle. 
All three agricultural tractors were fitted with a 

CVT gearbox and cruise control; this allowed 
consistent travel speeds to be selected.  
To provide a comparison between the 
acceleration produced by the cabin and the 
chassis, two mounting points for the data 
logger were selected which could be replicated 
on all three agricultural tractors, these are 
shown below in (Figure 4 and 5).
 

 
Figure 4. Data Logger Location (Chassis) 

 

 
Figure 5. Data Logger Location (Cabin) 

 
The practical tests were repeated 5 times, to 
provide accurate data collection, and allowing a 
mean to be calculated. On completion of the 
data collection Microsoft Excel has been used 
to post process the data. Post processing of the 
data determined the mean peak acceleration, for 
each wavelength on the acceleration traces of 
each test track configuration (Figure 3), 
completed at each travel speed. Once the mean 
peak acceleration had been calculated, for each 
test track configuration, the mean peak 
acceleration for the tests completed at the two 
travel speeds were combined to be provide a 

1 2 3 

Travel Direction 

Data Logger 

Data Logger 

Wooden Obstacle  
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mean acceleration at a specific travel speed (2.5 
and 5 kph) for each cabin suspension system 
tested. This data provided the bases to calculate 
an estimation of acceleration produced at travel 
speeds higher than 5 kph.  
 
RESULTS AND DISCUSSIONS 
 
Sorainen et al. (1998), states that mechanical 
shocks (acceleration) are unavoidable when 
operating machinery on uneven terrains, 
therefore, the correct equipment to protect the 
operator should be utilised. Hansson (1995) 
suggests cabin suspension should be fitted to 
agricultural tractors, reducing the operator 
exposure to acceleration.  
 

 
Figure 6. Chart showing the cabin suspension system 

fitted to the agricultural tractors surveyed 

 
As shown in Figure 6, 58.0% of the cabins 
fitted to the agricultural tractors surveyed were 
unsuspended. This is despite one of the 
manufacturers interviewed commenting that 
customers expect cabin suspension systems to 
be offered as standard on large agricultural 
tractors. Although, as shown in Figure 7, the 
mean age of the agricultural tractors fitted with 
an unsuspended cabin is 19.56 years. 
Additionally, as show in Figure 7, the mean age 
of the agricultural tractors with fully suspended 
axles, is higher than the mean age of the 
agricultural tractors fitted with active cabin 
suspension, this could be explained due to only 
4.0% of the agricultural tractors surveyed being 
fitted with fully suspended axles. Moreover, as 
shown in Figure 8, the mean yearly operational 
hours for the unsuspended cabins is 432, as 
expected Figure 8 shows that the yearly 
operational hours positively correlate to the 
increased level of suspension system installed 
to the vehicle. Furthermore, Figure 10, shows 
that unsuspended cabins are used in rough 
terrain conditions (yards and fields) for the 
highest yearly percentages, 21.46% and 

14.94%, respectively, when compared against 
the other suspension systems which were 
considered in this report. Therefore, there is a 
potential for increased operator exposer to 
acceleration in these terrain conditions. 
 

 
Figure 7. Chart showing the mean age of the agricultural 

tractors surveyed, categorised by suspension systems 

 

 
Figure 8. Chart showing the mean operational hours of 

the agricultural tractors surveyed, categorised by 
suspension systems 

 
According to Johanning (2015), there is a 
correlation between increased spinal disorders 
and increased intensity/ duration of exposure to 
mechanical shocks. Milosavljevic et al. (2010), 
adds this is due to increased spinal loading in 
the lumbar vertebrae of the spinal structure, 
(Figure 9). This increased loading is through 
the intervertebral end plates (the top and 
bottom of each vertebral body), and the lumbar 
intervertebral discs, this is shown below in 
Figure 11. 
 

 
Figure 9. The vertebral column (Marieb, 1998) 
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Figure 10. Chart showing the mean percentage of yearly operation in given terrains, for each suspension system 

respectively

 
Figure 11. Annotation of the Lumber Vertebrae  

(Marieb, 1998) 

 
Waters et al. (2007) and Bovenzi (2006) state 
that the lumber region is the first area of the 
spinal structure which is susceptible to damage 
when exposed to mechanical shock. 
Additionally, Wikström et al. (1994) and 
Waters et al. (2008) state that when the spine is 
in a twisted position the spinal structure is at a 
higher risk of being damaged by mechanical 
shocks. Moreover, this is a common occurrence 
for operators of agricultural machinery, as they 
are required to frequently turn their head to 
inspect the rear of the machine (Wikström et 
al., 1994). Furthermore, Waters et al. (2007), 
states that vehicle induced mechanical shocks 
contributes to 36.0% of lower spinal injuries. 
 

Figure 12. Annotation of the vertebrae (Marieb, 1998) 

 
Waters et al. (2007) states that the vertebral end 
plates can deform/misalign under load 
(mechanical shock), this allows the hydrated 
nucleus pulposus (Figure 12) to herniate the 
endplate. This results in a pressure reduction of 
the nucleus pulposus, the decompressed disc 
bulges and loses height (degeneration of the 
intervertebral disc). Additionally, Bovenzi and 
Betta (1994), states that degeneration of the 
intervertebral discs is a contribution factor to 
lower back pain. Moreover, Kim et al. (2018) 
and Milosavljevic et al. (2010) add the balance 
and vision of the operator may be reduced as a 
result of degenerating intervertebral discs. 
Furthermore, Sorainen et al. (1998), states that 
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intervertebral discs loose water throughout the 
day, and exposure to mechanical shocks 
accelerates the reduction of water in the 
intervertebral discs. When the intervertebral 
discs loose water they start to narrow, this 
reduces the function of the spine. Additionally, 
the nutrient pathways to the spinal articular 
processes are damaged with exposure to 
mechanical shock (Milosavljevic et al., 2010). 
The intervertebral discs are the largest none 
vascular part of the human anatomy which has 
no biological repair process, and therefore, 
should be protected from exposure to 
mechanical shock (Wikström et al., 1994). 
Moreover, operator exposure to acceleration 
can decrease operator productivity 
(Taghizadeh-Alisaraei, 2017). 
 

 
Figure 13. Chart showing the respondents awareness to 

health effects after exposure to mechanical shocks 

 
Figure 14. Chart showing areas of the human anatomy 

which respondents felt the prevalence of pain when 
exposed to mechanical shocks, whilst or shortly after 

operating agricultural machinery 

 
As shown in Figure 13, 64.0% of respondents 
were aware of the potential to develop health 
issues as a result of exposure to mechanical 
shocks. Additionally, 66.0% of these 
respondents related exposure to mechanical 
shocks to developing spinal pain, as shown in 
Figure 14. Although, as shown in Figure 13 and 
described by Solecki (2012), there is a 

proportion of the respondents who are not 
aware of the health effects as a result of 
exposure to mechanical shocks. 
According to Wikström et al. (1994), 
acceleration/mechanical shock above 5.98 m/s2 
(threshold limit) can cause damage to the 
intervertebral discs, additionally, mechanical 
shock/acceleration in the x and y axis are 
accelerated by the mass of the head/torso. 
Additionally, Kim et al. (2018) adds that 
acceleration measured at the head/torso is 2.5 
times greater than acceleration measured at the 
base of the seat. 
As shown in Table 1 below, in all but one test 
scenario the cabin produced higher levels of 
acceleration, than the acceleration measured at 
the chassis. Furthermore, the increased 
acceleration of the cabin is up to 62.0% and 
25.0% higher than the chassis at 2.5 kph, in the 
x and y axis respectively, for the mechanical 
cabin suspension system tested. The difference 
between cabin and chassis acceleration (in the x 
axis) does reduce with the implementation of 
increased cabin suspension systems. Although, 
acceleration in the y axis does not display the 
same trend (with regards to reduction), seen for 
cabin/chassis acceleration in the x axis.  
 

Table 1. Summary of the practical test data 

X Axis Y Axis 

Cabin Suspension System Travel Speed 
(kph) 2.5 5 2.5 5 

Mechanical (Cabin Acceleration) (m/s2) 0.745 0.981 0.824 1.530 

Mechanical (Chassis Acceleration) (m/s2) 0.461 0.686 0.657 1.402 

Percentage Difference (Cabin/Chassis) 62% 43% 25% 9% 

Four Point Active (Cabin Acceleration) (m/s2) 0.637 0.912 0.951 1.814 

Four Point Active (Chassis Acceleration) (m/s2) 0.490 0.657 1.049 1.167 

Percentage Difference (Cabin/Chassis) 30% 39% -9% 55% 

Three Point Active (Cabin Acceleration) (m/s2) 0.588 0.775 0.598 1.451 

Three Point Active (Chassis Acceleration) (m/s2) 0.500 0.755 0.481 1.089 

Percentage Difference (Cabin/Chassis) 18% 3% 24% 33% 

 
Figure 17 and Figure 18 shows an estimated 
acceleration in the x and y axis for travel speeds 
from 2.5 to 40 kph, for the three tested cabin 
suspensions, in addition, an estimated 
acceleration produced by an unsuspended cabin 
is shown. The estimated acceleration produced 
by an unsuspended cabin is a combination of 
the estimated acceleration measured on all of 
the chassis tested. 
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As shown in Figure 17, acceleration at speeds 
above the maximum test speed (5 kph), is 
below the 5.98 m/s2 threshold limit, for all the 
cabin suspension systems considered. Although 
when the acceleration data is multiplied by 2.5, 
to determine the acceleration of the head/torso, 
the 5.98 m/s2 threshold limit, is exceeded at 20, 
18.5, 27, 25 kph by the mechanical, four/three-
point active cabin suspension system and an 
unsuspended cabin respectively (in the x axis). 
Furthermore, at 40 kph the three-point active 
suspension system reduces the acceleration in 
the x axis by 9.6%, when compared to the 
acceleration produced by an unsuspended 
cabin.   
As shown in Figure 18, acceleration measured 
in the y axis is up to 50.0% greater than 
acceleration measured in the x axis, (at 2.5 
kph). Additionally, the threshold limit of 5.98 
m/s2, is exceeded by all the cabin suspension 
systems considered in this report between 2.5 
and 30 kph. Moreover, when the acceleration 
data is multiplied by 2.5, to determine the 
acceleration of the head/torso. The 5.98 m/s2 
threshold limit is exceeded between 2.5 and 11 
kph. As shown in Figure 18 the unsuspended 
cabin produced the lowest levels of 
acceleration in the y axis, followed by the 
mechanical, three/four-point active cabin 
suspension system. Despite the mechanical 
cabin suspension system recording the second 
lowest acceleration trace in the y axis at 40kph, 
the acceleration trace is 29.0% higher than the 
acceleration produced by an unsuspended 
cabin. Moreover, the three/four-point active 
cabin suspension acceleration trace is 39.5% 
and 41.7% higher than the acceleration 
produced by an unsuspended cabin, at 40 kph. 
As shown in Figure 15, between 52.0% and 
62.0% of the given field operations completed 
with agricultural machinery using one of the 
three cabin suspension systems tested have a 
potential for the operator to cause damage to 
their intervertebral discs. Although, it is 
interesting to note due to the low speed of the 
field operations (maximum of 10 kph), the 
acceleration threshold of 5.98 m/s2 is not 
exceeded by an unsuspended cabin, in the y 
axis. According to Taghizadeh-Alisaraei 
(2017), operator exposure to acceleration is 
greater in developing countries, due to 
agricultural tractors not utilising the latest 

technologies, and are being operated for long 
periods of time in rough terrain conditions.  
 

 
Figure 15. Chart showing the typical operational speeds 

for a range of field activities described by Landers 
(2000), additionally, the chart shows the acceptable 

travel speed (ensuring acceleration is not above 5.98 m/s2 
in the y axis (head/torso), preventing damage occurring 
to the operator’s intervertebral discs) for all of the cabin 

suspension systems considered in this report 

 
UK Legislation, amended in 2015, increases 
the travel speed of conventional agricultural 
tractors to 40 kph, from 32 kph without any 
design alterations (Collins, 2015). As shown in 
Table 2, increasing the travel speed by 8 kph, 
the estimated acceleration (in the y axis for the 
head/torso) is increased by up to 115.0% (32 to 
40 kph). Additionally, at 40 kph the estimated 
acceleration, (in the y axis for the head/torso), 
is up to 481.0% above the 5.98 m/s2 threshold 
limit described by Wikström et al. (1994). 
As shown above in Figure 8, the surveyed 
agricultural tractors are operated between 432.0 
and 1,325.0 hours per year, depending on the 
suspension system installed to the vehicle. 
Furthermore, Johanning (2015), Bovenzi 
(1996), and Kittusamy & Buchholz (2004), 
state that the period of exposure to acceleration, 
is a high contribution to operators sustaining 
lower back injuries. Moreover, as shown in 
Figure 16, the operational hours of agricultural 
tractors vary depending on the month. This is 
due to the agricultural activities which require 
an agricultural tractor peaking twice a year, 
(month 4 and 8), these activities include soil 
cultivation, harvesting and produce transport. 
Additionally, Solecki (2012), states that 
agricultural tractors may be operated for up to 
16.3 hours during peak operational periods of 
the year. 
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Figure 16. Monthly Operation Hours of agricultural 

tractors (Solecki, 2012) 

 
Commercial vehicles which are used for hire or 
reward are subject to stringent daily and weekly 
operator hour regulations, additionally, regular 
breaks are required to be taken (EOS, 2017). 
Commercial vehicles and agricultural tractors 
used for purposes relating to; agriculture, 
horticulture, forestry, farming, or fishery, are 
exempt from the EU operator hour regulations, 
as-long-as the vehicle is operated within a 
100km radius of the business site (Government 
Digital Service, 2015). Although, the operators 
are still subject to UK domestic driver hour 
regulations where a daily maximum of 10 hours 

applies, only time operating on public 
highways are counted towards the 10 hours 
daily limit (Government Digital Service, 2015). 
Moreover, operators are eligible to opt-out 
from the UK domestic driver hour regulations 
(EOS, 2017). Therefore, operators may be 
exposed to acceleration for extended periods of 
time. 
 

Table 2. Table showing the % increase in estimated 
acceleration between 30 and 40 kph travel speed 

x Axis 

32 
kph 

(m/s2) 

% 
above 
5.98 
m/s2 

40 
kph 

(m/s2) 

% 
above 
5.98 
m/s2 

Percentage 
increase 
between 

acceleration 
above 5.98 
m/s2 at 32 
kph and 40 

kph 
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Unsuspended 3.02 -49% 3.71 -38% 11% 
Mechanical 3.52 -41% 4.28 -29% 13% 
Four Point 3.87 -35% 4.76 -20% 15% 
Three Point 2.79 -53% 3.38 -43% 10% 

x Axis   
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Unsuspended 7.55 26% 9.27 55% 29% 
Mechanical 8.81 47% 10.69 79% 31% 
Four Point 9.70 62% 11.90 99% 37% 
Three Point 6.96 16% 8.45 41% 25% 

y Axis   
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Unsuspended 6.54 9% 8.11 36% 26% 
Mechanical 9.16 53% 11.41 91% 38% 
Four Point 11.13 86% 13.90 132% 46% 
Three Point 10.67 78% 13.40 124% 46% 

y Axis   
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Unsuspended 16.33 173% 20.26 239% 66% 
Mechanical 22.54 277% 28.54 377% 100% 
Four Point 27.84 366% 34.74 481% 115% 
Three Point 26.66 346% 33.49 460% 114% 

 
 

 

 
Figure 17. Chart showing the Estimated Acceleration in the x Axis 
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Figure 18. Chart showing the Estimated Acceleration in the y Axis 

CONCLUSIONS 
 
Surveys have shown that 58.0% of agricultural 
tractors operating in the North West of the UK, 
are not fitted with cabin suspension. 
Furthermore, the surveys have outlined that the 
agricultural tractors without cabin suspension 
complete the highest yearly operation (36.4%) 
in rough terrain conditions, when compared to 
the other cabin suspension systems considered. 
Acceleration above 5.98 m/s2, has the potential 
to cause damage to the fibres of the 
intervertebral discs. Data which has been 
collected shows that this limit is exceeded in 
the y axis between 2.5 and 30 kph for all of the 
cabin suspension considered in this report. 
Although, when the data is multiplied by 2.5 to 
estimate the acceleration experienced by the 
head/torso, this limit is exceeded in the x axis 
between 2.5 and 25 kph and exceeded in the y 
axis between 2.5 and 11 kph. Consequently, up 
to 62.0% of field activities have the potential 
for the operator to exceed the 5.98 m/s2 
threshold limit. 
Only the estimated acceleration in the x axis, 
produced by the 3 point active cabin suspension 
is lower than the estimated acceleration 
produced by an unsuspended cabin, although 
this is only a reduction of 9.6% at 40 kph. All 
the other tested cabin suspension systems 

produce an increased level of acceleration 
when compared to an unsuspended cabin. 
Moreover, the collected data has shown that 
acceleration in the y axis is up to 50.0% higher 
than acceleration measured in the x axis. 
Therefore, to protect operators from exposure 
to acceleration in the x and y axis, 
improvements with regards to cabin suspension 
systems fitted to the cabin is required, due to 
exposure to acceleration having a degenerative 
effect on the operator’s spinal structure (Waters 
et al., 2007; Bovenzi, 2006). 
Concerns have been raised regarding the 
increase in operations speeds (32 to 40 kph) of 
agricultural tractors on public roads in the UK, 
due to a potential increase in the estimated 
acceleration of the head/torso in the y axis of 
115.0%.  
Furthermore, agricultural tractor operators, 
operating on private land are exempt from daily 
and weekly hour regulations, and therefore 
extended periods of exposure to acceleration 
could be encountered (up to 16.5 hours daily, 
during peak periods of the year) (Solecki, 
2012).  
Finally, Kim et al. (2018), states that currently 
the industry standard (ISO 2631), only requires 
the z axis to be suspended, even though this 
report has outlined that both the x and y axis 
have the potential to produce excessive levels 
of acceleration. 
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Abstract 
 
In recent years, the biomass market has constantly increased. The densification of plant biomass would contribute to 
improving its efficiency as a fuel by increasing its homogeneity and allowing a wider range of lignocellulosic materials to be 
used as fuel. The eco-friendly solid fuels, such as pellets, have become rapidly a viable alternative to fossil fuels, due to their 
high energy content, which makes them suitable for use by small households and by industrial consumers. The knowledge of 
the physical and mechanical properties of biomass is important for the design and efficient operation of equipment for 
handling, storing and processing such materials. Jerusalem artichoke, Helianthus tuberosus, is native to North America. Its 
tubers were previously used as raw material, food, folk remedy and animal fodder. Its potential yield and low requirements 
meant that it could be of interest in the renewable energy sector, tubers can be used for biogas or ethanol production, and the 
aboveground parts – for pellets and briquettes. The objective of this research was to evaluate some physical and mechanical 
properties of dry biomass and pellets from Jerusalem artichoke stalks and wheat straw collected from the experimental field 
of the National Botanical Garden (Institute), Chişinău. The physical and mechanical properties were determined according to 
the European standards accepted in the Republic of Moldova; the production of solid fuels, pellets – by the equipment 
developed in the Institute of Agricultural Technique "Mecagro", Chişinău. The pellets were produced from Jerusalem 
artichoke biomass and mixture of Jerusalem artichoke and wheat straw with a percentage: 0%, 30%, 50%, 70% and 100%. It 
was determined that the bulk density of the chaffs milled by a 6 mm sieve ranged from 163 to 231 kg/m3, the ash content – 
from 2.12 to 4.93%, the gross calorific value - from 17.4 to 19.1 MJ/kg. The biomass of the species Helianthus tuberosus was 
characterized by high gross calorific value and moderate ash content. The physical and mechanical properties of fuel pellets 
varied depending on the mixture ratio: the moisture content ranged from 13.8 to 14.1%, the bulk density - from 582 to 
685 kg/m3, the specific density - from 880 to 1008 kg/m3 and the net calorific value - from 15.6 to 17.71 MJ/kg.  
 
Key words: biomass, Jerusalem artichoke stalks, pellet, physical and mechanical properties, wheat straw. 
 
INTRODUCTION 
 
In an era of accelerating change, the 
imperative to limit climate change and achieve 
sustainable economic growth is strengthening 
the momentum of the global energy 
transformation. The global energy landscape 
continues to shift toward decarbonisation, 
digitalization and decentralization in 
combination with improving energy 
efficiency. The world’s demand for energy 
grew by 2.1% in 2017, compared with 0.9% in 
the previous year; a quarter of the rise was met 
by renewables, according to new data from the 
International Energy Agency (IEA). 
In recent years, the biomass market has 
constantly increased in the world, and the 
production of renewable energy has developed 

at the regional and national levels too. 
Phytomass, agricultural crop residues along 
with energy crops, represent a good 
opportunity, since they can be converted into 
various types of fuels or energy via thermal, 
physical and biological processes.  Harvested 
phytomass, because of its irregular shape and 
size and low bulk density, is very difficult to 
handle, transport, store and use in its original 
form. The densification of plant biomass 
would contribute to improving its efficiency as 
a fuel by increasing its homogeneity and 
allowing a wider range of lignocellulosic 
materials to be used as fuel. Kaliyan & Morey 
(2009) conducted a broad review of factors 
affecting the strength and durability of 
densified biomass products and made 
recommendations regarding the selection of 
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processing parameters in the production of 
agglomerates of acceptable quality and 
durability. The eco-friendly solid fuels, such as 
pellets, have become rapidly a viable 
alternative to fossil fuels, due to their high 
energy content, which makes them suitable for 
use by small households and by industrial 
consumers (Gudîma, 2018). 
Currently, cereal straw is the most commonly 
utilized raw material for the production of heat 
energy by direct combustion process in 
Moldova. Cereal straw is sometimes used as 
feed, bedding for animals and as a soil 
amendment, incorporated into the ploughed 
layer or used as mulch. There are also pellets 
produced from straw, but they are not so 
common because such pellets produce more 
ash than pellets from wood (3-5%), which 
causes users to clean and service their boilers 
more frequently (Smaga et al., 2018). 
The identification, mobilisation and cultivation 
of new species for biomass production depend 
on the climate and soil conditions, the 
availability and cost of reproductive material, 
the market demand for the given type of bio 
fuel, technological, organizational and 
economic conditions and other factors. The 
debate related to agricultural land to be used 
for food or fuel production in a world that still 
sees starvation and malnutrition of a part of its 
population is fierce and the identification and 
cultivation of species with multiple utility is a 
subject of topical interest (Roman et al., 2016). 
One such species is Jerusalem artichoke, 
otherwise known as topinambour, Helianthus 
tuberosus L., which belongs to the family 
Asteraceae, is native to North America, has 
strong, vigorous stems, sometimes branched at 
the base, grows 2.5-3.0 m tall, but can reach 
even 5 m. Its large leaves reach the length of 
20 cm, and are arranged on the opposite sides 
of the stem, alternately to one another; they are 
broad ovoid-acute in shape, with dentate 
edges, covered with rough hair. It produces 
flower heads with bright yellow petals, which 
resemble sunflower, with a bunch of small 
florets (10-20) in the center. The fruit is a 
hairy achene containing a mottled black or 
brown seed, 5 mm long x 2 mm wide. In the 
underground part, there are unevenly shaped 
tubers, round or elongated, with bumps, 
ranging in size between 2 and 10 cm, their 

color can vary from brown to white, red and 
even purple. 
The analysis of literature sources has revealed 
that Jerusalem artichoke can be useful in many 
ways. It is interesting because of the high 
productivity and possibilities of cultivation on 
marginal land, the ability to absorb carbon 
from the air and to release oxygen, the 
suitability for the creation of effective green 
belts around industrial centers. This species is 
studied and cultivated in Europe, Asia and 
America, has many application areas such as: 
tubers in human nutrition and animal feed, 
source of inulin for pharmaceutical industry, 
functional and dietary products, biologically 
active and food supplements; aboveground 
parts as green or ensiled forage, raw material 
for the production of various chemicals etc. 
(Kays &Nottingham, 2007; Heuze et al., 2015; 
Ţîţei et al., 2013; Ţîţei & Coșman, 2016). Its 
potential yield and low requirements mean that 
it can be of interest in the renewable energy 
sector (Gunnarsson et al., 2014; Kowalczyk-
Juśko et al. 2012; Szostek et al., 2018; Ţîţei, 
2015; Zapalowska & Bashutska, 2017). 
The growing market demand for renewable 
fuels has stimulated the search for new 
biomass types suitable for pelletizing. Biomass 
materials are frequently mixed to obtain and 
improve the properties and the quality of 
pellets (Gageanu et al., 2017; Gudîma, 2018; 
Lisowski et al., 2018; Miranda et al., 2015). A 
literature review also points to the need to 
identify new kinds of fuels by mixing well-
known and new materials, and the 
characteristics of these materials must be 
established. There is little information in the 
existing literature regarding the properties of 
compaction of Jerusalem artichoke stalks in 
pellet production and the quality 
characteristics of pellets from mixtures of 
Jerusalem artichoke and cereal straws.  
The objective of this research was to evaluate 
some physical and mechanical properties of 
dry biomass and pellets: from Jerusalem 
artichoke stalks and wheat straw, and their 
mixtures.  
 
MATERIALS AND METHODS 
 
The cultivar ‘Solar’ of Jerusalem artichoke,  
Helianthus tuberosus, created in the National 
Botanical Garden (Institute), registered in 
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2014, in the Catalogue of Plant Varieties and 
patented in 2016, by the State Agency on 
Intellectual Property of the Republic of 
Moldova patent nr. 205/31.05.2016, served as 
research subject. 
Jerusalem artichoke stalks were collected from 
the experimental field at the end of January. 
Stalks and wheat straw bales were chopped. 
The chopped biomass of pure Jerusalem 
artichoke stalks and wheat straw and their 
biomass mixtures (30%, 50%, 70%) were 
milled in a beater mill equipped with a sieve 
with diameter of openings of 6 mm using an 
equipment developed in the Institute of 
Agricultural Technique "Mecagro", Chişinău. 
The pellets were produced from Jerusalem 
artichoke biomass and a mixture of Jerusalem 
artichoke and wheat straw with a percentage: 
0%, 30%, 50%, 70% and 100%. A scientific 
research on the biomass for the production of 
solid biofuel was carried out and it included 
several steps: the moisture content of the plant 
material was determined by CEN/TS 15414 in an 
automatic hot air oven MEMMERT100-800; the 
content of ash was determined at 550ºC in a 
muffle furnace HT40AL according to CEN/TS 
15403; automatic calorimeter LAGET MS-10A 
with accessories was used for the determination 
of the calorific value, according to CEN/TS 
15400; the particle size distribution was 
determined using standard sieves, the collected 
particles in each sieve were weighed; the 
cylindrical containers were used for the 
determination of the bulk density, calculated by 
dividing the mass over the container volume; the 
pelleting was carried by the equipment developed 
in the Institute of Agricultural Technique 
"Mecagro"; the mean compressed (specific) 
density of pellets was determined immediately 
after removal from the mould as a ratio of 
measured mass over calculated volume. 

  
RESULTS AND DISCUSSIONS 

 
It is known that moisture and leaf share in the 
biomass harvested to produce solid fuel 
influence the costs of transport, storage, drying 
and processing, and the thermophysical 
properties of biofuel reduce the final usable 
energy and thus the efficiency of the energy 
system, contributing at the same time to the 
increased emission of pollutants. There is a 

practical limit of autogenous combustion at 
about 67% moisture. The high amount of 
moisture in biomass decreases the heating 
value of fuel, which in turn reduces the 
conversion efficiency, as a large amount of 
energy would be used for the initial drying 
step during the conversion processes (Marian, 
2016). 
 
Table 1. Moisture and leaf contents in the aboveground 

parts of Helianthus tuberosus 

Harvesting 
 period 

Helianthus tuberosus 

moisture content, % leaf content, % 

September 
October 
November 
December 
January 

62.1 
35.0 
28.0 
17.7 
14.3 

23.1 
15.1 
4.0 
0.7 
0.5 

 
We could mention that, in the middle of 
September, when the harvest of tubers started, 
the moisture and leaf contents of aboveground 
parts were 62.1% and 23.1%, respectively. 
Under the climatic conditions with 
temperatures below 0°C, snow and wind, in 
October-January, the defoliation and 
dehydration of the stems intensified, the leaf 
and capitulum content in Helianthus tuberosus 
aboveground biomass decreased from 15.1% 
to 0.5%, and the moisture content decreased 
from 35.0 % to 14.3%, respectively (Table 1). 
Other authors presented similar results, for 
example, in Poland, the moisture content of 
Helianthus tuberosus stalks in November-
April decreased from 63.49% to 17.93% 
(Stolarski et al., 2014). 
Biomass particle size and its distribution is an 
important parameter used for handling, 
storage, conversion, dust control systems and 
the combustion behaviour of biomass fuels. In 
the case of pure Jerusalem artichoke milled 
chaffs, we obtained the highest percentage of 
particles larger than 4 mm (10.2%), and the 
lowest values for the particles of 1 mm (6.7%). 
Moreover, the fractions 1-4 mm were 
relatively high, in the case of pure milled 
wheat straw (Table 2). This is probably an 
effect of the morphological nature of 
Jerusalem artichoke stalks, the high level of 
pith microstructures and the moisture content 
of the used materials, milled chaffs, influences 
the passage of particles through the sieve 
meshes. 
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The mixture of Jerusalem artichoke and wheat 
straw 50:50 and 70:30 resulted in a reduction 
in the proportion of longer particles and in an 
increase in the share of the smallest particles 
(below 2 mm).  
It is known that low ash and moisture contents 
increase combustibility, high bulk density fuel 
is convenient to be transported, and high 
pelletizing percent makes higher yield of the 
pelletizing process. It was determined that 
Jerusalem artichoke milled chaffs were 
characterized by a low ash content (2.12%) 
and a high moisture content (14.3%), as 
compared with pure wheat straw. In the 
prepared mixtures of Jerusalem artichoke with 
wheat straw, there was a lower ash and             

higher moisture content than in pure wheat 
straw (Table 3). Mani et al.  (2006), reported 
that moisture in the material, during the 
compaction, increases the bonding via Van der 
Wall’s forces, thereby increasing the contact 
area of particles. 
It was established that the bulk density and the 
gross calorific value of the Jerusalem artichoke 
milled chaffs constituted 231 kg/m3 and 
19.1 MJ/kg, these indices were the lowest in 
pure wheat straw milled chaffs: 163 kg/m3 and 
17.4 MJ/kg, respectively. We determined that 
the ratio of Jerusalem artichoke in mixture 
makes the bulk density of milled chaffs vary 
from 178 to 224 kg/m3 and its gross calorific 
value - from 18.0 to 18.6 MJ/kg (Table 3).  

 
Table 2. Particle size distribution of milled chaffs, % 

Particle size 
100% 
wheat  
straw  

100% 
Jerusalem 
artichoke  

70% wheat straw 
+30% Jerusalem    

artichoke  

70% wheat straw 
+30% Jerusalem 

artichoke  

70% wheat straw 
+30% Jerusalem 

artichoke  
<5mm 
4-5mm 
3-4mm 
2-3mm 
1-2mm 

            1mm 

0.1 
2.9 
31.7 
31.8 
20.6 
12.8 

2.2 
8.0 
27.9 
34.5 
20.6 
6.7 

0.6 
5.2 
33.2 
29.2 
19.6 
12.2 

0.7 
4.6 
20.8 
31.9 
26.1 
15.8 

0.5 
4.7 
19.8 
31.6 
26.9 
16.5 

 
Table 3. Some physical and mechanical properties of biomass and pellets 

Indices 
100% 
wheat  
straw 

100% 
Jerusalem 
artichoke 

70% wheat straw 
+30% Jerusalem    

artichoke 

70% wheat straw 
+30% Jerusalem    

artichoke 

70% wheat straw 
+30% Jerusalem 

artichoke 
moisture content of milled chaffs,% 
ash content of milled chaffs,% 
bulk density of   milled chaffs, kg/m3 

gross calorific value of milled chaffs, MJ/kg   
moisture content of pellets, % 
ash content of pellets, % 
specific density of pellets, kg/m3 
bulk density of pellets, kg/m3 

net calorific value of pellets, MJ/kg                 

11.6 
4.93 
163 
17.4 
13.4 
4.87 
1007 
685 
15.6 

14.3 
2.12 
231 
19.1 
12.3 
2.10 
880 
582 

     17.7 

11.8 
3.98 
178 
18.0 
14.1 
3.94 

             1008 
636 
16.2 

13.8 
3.42 
197 
18.3 
13.9 
3.45 
947 
615 
16.7 

13.0 
2.93 
224 
18.6 
14.1 
2.87 
884 
601 
17.2 

                                                                                                           
In Poland, Kowalczyk-Jusko et al. (2012) 
stated that the calorific value of biomass of the 
examined varieties of Jerusalem artichoke 
varied within narrow limits 16.10-
16.30 MJ/kg, while the ash content was 5.4-
5.6%; Stolarski et al. (2014) mentioned that 
the ash content of Helianthus tuberosus stalks, 
from November to April, decreased from 
5.26% to 3.02%, but the gross calorific value 
grew insignificantly from 18.45 to 
18.59 MJ/kg dry matter. 
In our study, has been established that after 
pressure agglomeration of the biomass, the 
average moisture in the pellets changed, thus it 
decreased by 2%, in pellets from pure 
Jerusalem artichoke biomass and increased in 
pellets from pure wheat straw, 30% and 70% 

mixtures, reaching the absolute values of 13.1-
14.1%, the ash content of all prepared pellets 
did not change essentially as compared with 
milled chaffs. The specific density of pellets 
made from pure Jerusalem artichoke biomass 
and pure wheat straw was 880 kg/m3 and 
1007 kg/m3, while the bulk density was 
582 kg/m3 and 685 kg/m3, respectively. It was 
determined that the specific and bulk densities 
of pellets were the highest in the products 
manufactured from Jerusalem artichoke 
biomass mixture and they attained values of 
884-1008 kg/m3 and 601-636 kg/m3, 
respectively. The net calorific value of pellets 
ranged from 15.6 MJ/kg to 17.7 MJ/kg and 
decreased with an increase in the proportion of 
wheat straw in the mixture (Table 3).  
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There are different results reported in research 
studies conducted by other authors. 
Kowalczyk-Jusko et al. (2012) stated that the 
calorific value of biomass of the examined 
varieties of Jerusalem artichoke varied within 
narrow limits 16.10-16.30 MJ/kg, while the 
ash content was 5.4-5.6%. Zapalowska & 
Bashutska (2017) noted that Jerusalem 
artichoke pellets were characterized by lower 
moisture content (6.81%), moderate ash 
content (2.04%), higher energy value 
(18.85 MJ/kg) and resistance to crushing 
(1024.57 Newton), as compared with pellets 
made from conifers and deciduous trees. 
Hăbăşescu (2011) stated that the pellets from 
sunflower stems had net calorific value of 
14.8 MJ/kg and the ash content was 3.78%, the 
pellets from corn stems were characterized by 
14.2 MJ/kg and 5.14%, respectively, and 
wheat straw - by 14.3 MJ/kg and 6.25%, 
respectively. According to Ivanova et al. 
(2015) the ash content in wheat straw pellets 
reached 6.33% and the calorific value 
17.60 MJ/kg. Gageanu et al. (2017) stated that 
the pellets obtained from wheat straw had 
8.0% moisture, 6.03% ash, 15.6 MJ/kg net 
calorific value and 382.3 kg/m3 bulk density; 
from biomass mixture 40% wheat straws and 
60% forestry residues - 8.1% moisture, 5.11% 
ash, 16.9 MJ/kg net calorific value and 
456.3 kg/m3 bulk density, but pellets from 
50% wheat straw and 50% corn cobs - 8.37% 
moisture, 3.88 % ash, 16.2 MJ/kg net calorific 
value and 386.4 kg/m3 bulk density.  
The results obtained Miranda et al. (2015) for 
wheat straws pellets were: 9.4 % moisture, 
9.10 % ash, 18.25 MJ/kg gross calorific value 
and 13.73 MJ/kg net calorific value and 
620 kg/m3 bulk density. Swietochowski et al. 
(2018) determined that the properties of wheat 
pellets and wood pellets used for tests differed 
significantly, wheat pellets contained 8.52% 
moisture, were characterized by 94.66% 
durability, 13.79 MJ/kg net calorific value, 
587.5 kg/m3 bulk density and 1151 kg/m3 

specific density, but wood pellets - 3.53% 
moisture, 98.31% durability, 16.79 MJ/kg net 
calorific value and 671.1 kg/m3 bulk density 
and 1213 kg/m3 specific density, respectively.  
The bulk density of pellets made from 
miscanthus, wheat straw and corn stover was 
580, 490 and 635 kg/m3, respectively 

(Jackson, 2015). Lisowski et al. (2018) 
mentioned that the pellets made from hay, 
straw and their blend at the ratio of 50:50, 
have moisture content 5.56-5.87%, specific 
density of 974-1102 kg/m3, while the bulk 
density values were 478-514 kg/m3, the 
calorific value of pellets was 16.07-17.00 
MJ/kg, the highest values were achieved by 
the pellets made from the blend of biomass.  
Kowalczuk et al. (2012) mentioned the 
following calorific values:  pellets from wheat 
straw 15.960 MJ/kg, rye straw 15.865 MJ/kg 
and pellets made from maize straw - 
15.868 MJ/kg. 
 
CONCLUSIONS 

 
It was determined that the bulk density of the 
chaffs milled by a 6 mm sieve ranged from 
163 to 231 kg/m3, the ash content - from 2.12 
to 4.93%, the gross calorific value - from 17.4 
to 19.1 MJ/kg.  
The biomass of the species Helianthus 
tuberosus was characterized by high gross 
calorific value and moderate ash content. The 
physical and mechanical properties of fuel 
pellets varied depending on the mixture ratio: 
the moisture content ranged from 13.8 to 14%, 
the bulk density - from 582 to 685 kg/m3, the 
specific density - from 880 to 1008 kg/m3 and 
the net calorific value - from 15.6 to 17.71 
MJ/kg.  
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