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Abstract 
 
Perennial herbaceous crops can become the main basis for renewable energy production in agricultural ecosystems in 
future. To determine the plant species that are the most suitable for biomass production, their biological peculiarities 
and productivity, biochemical composition and thermophysical properties, social and ecological impact must be 
investigated thoroughly.  
The local varieties of perennial energy crops: Energo, Sida hermaphrodita and Vital, Silphium perfoliatum registered 
in the Catalogue of plant varieties and patented in the Republic of Moldova, which were cultivated in the experimental 
land of the Botanical Garden (Institute) of the ASM served as subjects of study. Maize and sunflower (for biogas 
production) and wheat straw (for biosolid fuel) - control variants. It has been established that the gas forming potential 
of organic dry matter in silage varies from 458 l/kg in Sida hermaphrodita to 471 l/kg in Silphium perfoliatum. The best 
results of methane production were achieved by the silage of cv. Energo of Sida hermaphrodita – 4000 m3/ha and cv. 
Vital of Silphium perfoliatum – 3675 m3/ha, versus 3127 m3/ha, maize silage, and 2881 m3/ha, sunflower silage. The 
silage substrate of Sida hermaphrodita had higher content of methane (53.1%). The biomass of Sida hermaphrodita and 
Silphium perfoliatum was distinguished by high bulk density, moderate gross calorific values (18.3-18.7 MJ/kg.) and 
ash content (1.5-3.0%), but wheat straw – by low bulk density and low calorific value (17.0 MJ/kg) and high content of 
ash (5.1%). The potential of energy production of the local varieties of perennial energy crops was of 350-380 GJ/ha.  
The best results were achieved by cv. Vital, Silphium perfoliatum, due to its high productivity of dry biomass.   
 
Key words: biomass production, gas forming potential, Sida hermaphrodita, Silphium perfoliatum, thermophysical 
properties. 

 
INTRODUCTION 
 
In the context of the increasing world 
population, which requires more and more 
resources, there comes a higher need of energy 
consumption that obligates us to look for 
alternative ways, to reduce the dependence on 
fossil fuels and to develop new technological 
processes of renewable energy production. 
Biomass is a renewable energy source which is 
easily available around the world.  
The increase in the biomass use for energy 
production can help reduce greenhouse gas 
(GHG) emissions and meet the targets 
established in the Paris Climate Conference 
(COP21), in December 2015. Energy from 
species plant biomass can be produced by 
different thermochemical (combustion, 
gasification, and pyrolysis), biological 
(anaerobic digestion and fermentation), or 
chemical (esterification) processes, where 
direct combustion can provide a near-term 

solution to the problem of energy (El Bassam, 
2010). 
Perennial herbaceous crops would be the main 
basis for renewable energy production in 
agricultural ecosystems and would play an 
important role in the reclamation of 
contaminated land in future.  The investigation 
of local and introduced plant species, which 
are the most suitable as feedstock in an 
integrated multi-product biorefinery, is an 
important objective in the Botanical Garden 
(Institute) of the ASM (Teleuţă and Ţîţei, 
2016; Ţîţei, 2015) 
Some promising herbaceous perennial plant 
species belong to Asteraceae Bercht and 
Malvaceae Juss. families. 
Sida hermaphrodita (L.) Rusby (Virginia 
mallow, Pennsylvanian malva, River mallow, 
Virginia fanpetals) fam. Malvaceae Juss., is a 
polycarpic perennial herb, originates from 
south-eastern parts of Northern America, 
where it naturally grows in moist riverine 

habitats. It is bushy, has dense root system, a 
few dozen of stems with a length of 400 cm 
and diameter of 5 to 35 mm. The plant is 
reproduced by root cuttings, stem cuttings or 
seeds. The species lives for 15-20 years, 
providing a good harvest on all kinds of lands. 
Its multi-directional cultivation appears to be 
an advantage of Sida hermaphrodita, as well 
as its great capacity of adaptation to changing 
climate and soil conditions, including 
chemically degraded areas. Sida 
hermaphrodita is a fodder, fibre and energy 
crop (Thomas, 1979; Rakhmetov, 2011; 
Tarkowski and Truchliński, 2011; Stolarski et. 
al., 2014; Jablonowski  et al., 2016). 
Silphium perfoliatum L., fam. Asteraceae 
Bercht. & J.Pres, known by the common 
names Sylph or Cap plant, belongs to the 
genus Silphium L., which includes 23 species. 
It is native to North America, East Coast of 
United States of America and Canada. 
Silphium perfoliatum L. is an erect herbaceous 
perennial plant with strongly 4-angled (square) 
stem (150-350 cm), flowers very similar to 
sunflower, measuring about 2.5 cm in 
diameter, produces from 20 to 30 seeds in each 
flower head. The plant has an extensive root 
system, is able to establish colonies due to its 
central taproot system and shallow rhizomes. 
Silphium perfoliatum was introduced as an 
ornamental plant in the Botanical Gardens of 
France and the UK in the second half of the 
18th century, in the 20-21th century – in 
Russia, France, Poland, Romania and in other 
regions of the Earth – as a fodder, melliferos, 
medicinal and energy plant (Niqueux, 1981; 
Puia and Szabo, 1985; Boe et. al., 2012; 
Šiaudinis et. al., 2012; Stolarski et. al., 2014). 
A high aerial biomass productivity of Silphium 
perfoliatum and Sida hermaphrodita plants 
was mentioned in differ studies. So, Medvedev 
and Smetannikova (1981) mentioned that the 
green mass yield of Silphium perfoliatum 
cultivated in Kirgistan on irrigated land in was 
234 t/ha and Moscow region, Russia - 70 t/ha; 
Rakhmetov (2011) stated that in the conditions 
of Ukraine, Sida hermaphrodita could have a 
productivity of 123.9-187.7 t/ha natural fodder 
depending on the genotype. 
Silages are the main feedstock for anaerobic 
digestion in European countries with a 
dynamic development of agricultural biogas 

plants (Klimiuk et. al., 2010; Kalac, 2011; 
Oleszek et al., 2013; Mast et. al., 2014) 
The objective of this research was to evaluate 
silage as feedstock for biogas production based 
on the chemical composition and some 
thermophysical properties of the dry biomass 
from local varieties of introduced perennial 
species of Silphium perfoliatum and Sida 
hermaphrodita.   
 
MATERIALS AND METHODS 

 
The local varieties: Vital of cup plant, 
Silphium perfoliatum, and Energo of Virginia 
mallow, Sida hermaphrodita, created in the 
Botanical Garden (Institute) of the ASM, 
registered in the in the Catalogue of plant 
varieties (Catalogul soiurilor de plante, 2012; 
2014) and patented by the State Agency on 
Intellectual Property (BOPI 9/ 2016) of the 
Republic of Moldova, which were cultivated 
in the experimental plot of the Botanical 
Garden (Institute) of the ASM, served as 
subjects of study. The most frequently used 
energy crops: maize – Zea mays and sunflower 
– Helianthus annuus (biogas production), 
wheat straw – Triticum aestivum (biosolid 
fuel) served as control variants. 
The plant growth and development and their 
productivity were assessed according to 
methodical indications of Novoselov et al. 
(1983). The green mass of Sida hermaphrodita 
was harvested in the budding stage (the 1st 
mowing in June and the 2nd mowing in 
September), Silphium perfoliatum and 
Helianthus annuus – in the flowering stage 
(late July), maize – in kernel milk-wax stage 
(August). The yield was measured by 
weighing. The green mass was shredded and 
compressed in well sealed glass containers. 
After 45 days, the containers were opened, the 
biochemical composition of the silage was 
determined by Petukhov et al. (1989) and 
accordance with the Moldavian standard SM 
108. The dry matter or total solid (TS) content 
was detected by drying samples up to constant 
weight at 105 °C; crude protein – by Kjeldahl 
method;  crude fat – by Soxhlet method; crude 
cellulose – by Van Soest method;  ash – in 
muffle furnace at 550°C; nitrogen-free 
extractive substance (NFE) was mathe-
matically appreciated, as difference between 
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organic matter values and analytically assessed 
organic compounds; organic dry matter, or 
volatile solids (VS), was calculated through 
differentiation, the crude ash being subtracted 
from dry matter. The biogas and biomethane, 
litre per kg of volatile solids (L/kg VS), were 
calculated using the gas forming potential of 
nutrients according to Baserga (1998) and the 
digestible index of nutrients according to 
Medvedev and Smetannikova (1981). 
The dry stems of Sida hermaphrodita and 
Silphium perfoliatum were harvested manually 
in the first days of March. The stems of Sida 
hermaphrodita and Silphium perfoliatum and 
the wheat straw were chopped into chaff with 
the use of stationary forage chopping unit. The 
obtained chaffs of mean dimension from 7 to 
35 mm, were milled in a beater mill equipped 
with a sieve with diameter of openings of 
20 mm and 10 mm. Scientific researches on 
the dry biomass for the production of solid 
biofuel were carried out: the moisture content 
of plant material was determined by CEN/TS 
15414 in an automatic hot air oven 
MEMMERT100-800; the content of ash was 
determined at 550 ºC in a muffle furnace 
HT40AL according to CEN/TS 15403; an 
automatic calorimeter LAGET MS-10A with 
accessories was used to determine the calorific 
value, according to CEN/TS 15400; the 
cylindrical containers were used to determine 
the bulk density, calculated by dividing the 
mass over the container volume; the 
briquetting was carried out by hydraulic piston 
briquetting press BrikStar, model 50-12; the 
mean compressed (specific) density of the 
briquettes was determined immediately after 
removal from the mould as a ratio of measured 
mass over calculated volume.  
 
RESULTS AND DISCUSSIONS 
 
We could mention that, in the conditions of the 
Republic of Moldova, in the first growing 
season, the cv. Vital, Silphium perfoliatum, 
passed 2 stages of ontogenetic development, 
the formation of plantlets and the juvenile 

phase, didn’t develop shoots, but formed a 
rosette with 16-18 dark green triangular 
leaves, up to autumn frosts, the green mass 
productivity reached up to 23 t/ha of green 
mass.  The cv. Energo, Sida hermaphrodita, in 
the first 45 days of vegetation had a slow rate 
of growth and development of aerial parts, and 
then, the rate accelerated. The development of 
flower buds started in mid-September and the 
stems were about 171 cm tall and 6-13 mm 
thick at base, the productivity of green mass 
was 28.3 t/ha or 6.2 t/ha dry matter, with high 
content of about 48 % leaves. 
In the second year and in the further years of 
the vegetation, in spring, when the air 
temperature exceeded 6°C, plant development 
started from the generative buds of Silphium 
perfoliatum and Sida hermaphrodita, which 
went through all the stages of ontogenetic 
development, finishing with seed formation. A 
high growth rate of stems was observed during 
May and June (5-6 cm/day). In general, plants 
grew about 230-350 cm tall depending on the 
species. We observed that Sida hermaphrodita 
plants were significantly taller than Silphium 
perfoliatum. Our research data demonstrated 
that Sida hermaphrodita plants were 
characterized by intensive growth and 
development rates and harvesting stems in 
June allowed to obtain 59.5 t/ha of green mass. 
After the first harvest, Sida hermaphrodita 
plants had a high rate of revival and, in 
September, the stems reached 1.0-1.2 cm in 
diameter and 158-163 cm tall, the yield of 
green mass at the second harvest was 19.2 t/ha. 
The productivity of Silphium perfoliatum was 
of 79 t/ha natural fodder, Zea mays and 
Helianthus annuus yielded 40-45 t/ha green 
mass.  
The quantities of biogas and the contained 
methane depend mainly on carbohydrates, fats 
and proteins contained in the substrate. 
Analyzing the results of the determination of 
the organic dry matter from the silage of the 
studied perennial species and its biochemical 
composition, we see how it differs from maize 
and sunflower (Table 1).  

 
 
 
 
 
 

Table 1. Biochemical composition and gas forming potential of the silage from perennial species   

 Zea 
 mays 

Helianthus 
 annuus 

Sida 
hermaphrodita 

Silphium 
perfoliatum 

Organic dry matter (ODM), g/kg 
Digestible ODM, g/kg  
Digestible proteins, g/kg 
Digestible fats, g/kg 
Digestible carbohydrates, g/kg  
Biogas, l/kg ODM 
Biomethane, l/kg ODM 
Methane, % 
Methane production, m3/ha 

957.4 
695.6 
34.6 
23.3 

637.7 
557 
292 
52.4 
3127 

916.2 
693.5 
53.6 
34.0 

605.9 
559 
294 
52.6 
2881 

912.3 
579.3 
75.6 
14.4 

489.3 
458 
243 
53.1 
4000 

893.6 
593.6 
48.4 
13.9 

531.3 
471 
245 
52.4 
3675 

 
 
It has been found that the silage made from the 
studied perennial species is characterized by a 
low content of organic substances (893.6-
912.3 g/kg). The content of organic dry matter 
from Silphium perfoliatum silage was low, but 
its digestibility was higher. The silage made 
from Sida hermaphrodita contained a high 
amount of digestible proteins and fats, but an 
inferior level of digestible carbohydrates in 
comparison with Silphium perfoliatum.   
Organic dry matter is an important factor 
influencing biogas and methane yield. The gas 
forming potential of digestible organic dry 
matter from silage substrate varied from 458 to 
559 l/kg. Maize and sunflower silage had 
higher potential - 557-559 l/kg, but Sida 
hermaphrodita - a lower one – 458 l/kg, being 
directly proportional with the content of 
digestible organic dry matter.  
The calculated methane content in the biogas 
ranged from 52.4 to 53.1%. The best methane 
content was achieved by Sida hermaphrodita 
silage, a lower one - by maize and Silphium 
perfoliatum silage.  
The best results of calculated methane 
production were achieved by the silage from 
the cv. Energo of Sida hermaphrodita – 4000 
m3/ha and cv. Vital of Silphium perfoliatum – 
3675 m3/ha versus 3127 m3/ha obtained from 
maize silage and 2881 m3/ha from sunflower 
silage.  
The literature suggests that for maize silage. 
silage the methane value is 330 l/kg VS 
(Klimiuk et al., 2010) and  for sunflower silage 
285-340 L/kg VS (Dandikas et al., 2014). 
The biogas batch-tests of Sida hermaphrodita 
showed a potential of 435 l/kg ODM from 
silage made from biomass harvested in July 
(Oleszek et al., 2013), the Hohenheim Biogas  
 

 
 
Yield Test showed a specific methane yield of 
Silphium perfoliatum of 232-274 l/kg ODM 
depending on harvest time, methane yield per 
hectare was up to 4301 m3/ha-1 (Mast et. al., 
2014). 
The stems of the studied perennial species 
dried quickly in autumn-winter. They were 
resistant couldn’t be flattened easily and could 
be used to produce solid biofuels with high 
heating value. It is known that the heating 
value of solid biofuel depends on the humidity 
and mineral content. The leaves have higher 
ash content than the stems. The rate of tissue 
dehydration and fall of the leaves from stems 
were investigated in order to determine the 
optimal period of biomass harvesting. At the 
end of the growing season and with the 
establishment of temperatures below 0 C, the 
studied species differed in the rate of leaf fall 
and dehydration of tissues. The degree of 
foliage of Silphium perfoliatum at the end of 
the growing season (October) was about 35 %, 
while the degree of foliage of Sida 
hermaphrodita – 20 % (Table 2). Over 15-35 
days, the stems of Sida hermaphrodita were 
completely defoliated, while the leaves of 
Silphium perfoliatum were kept for a long 
period of time (in March, dry leaves on the 
stems constituted 8 % of the biomass). The 
stems of Sida hermaphrodita, in the field, 
dehydrated faster than Silphium perfoliatum. 
The bulk density of the chopped stems reflects 
on transportation and storage expenses. It was 
established that the bulk density of the 
chopped material of Silphium perfoliatum was 
higher (165 kg/m3) but - of Sida 
hermaphrodita was lower (122 kg/m3). The 
wheat straw was characterized by the lowest 
bulk density – 83 kg/m3 (Table 3).  
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started from the generative buds of Silphium 
perfoliatum and Sida hermaphrodita, which 
went through all the stages of ontogenetic 
development, finishing with seed formation. A 
high growth rate of stems was observed during 
May and June (5-6 cm/day). In general, plants 
grew about 230-350 cm tall depending on the 
species. We observed that Sida hermaphrodita 
plants were significantly taller than Silphium 
perfoliatum. Our research data demonstrated 
that Sida hermaphrodita plants were 
characterized by intensive growth and 
development rates and harvesting stems in 
June allowed to obtain 59.5 t/ha of green mass. 
After the first harvest, Sida hermaphrodita 
plants had a high rate of revival and, in 
September, the stems reached 1.0-1.2 cm in 
diameter and 158-163 cm tall, the yield of 
green mass at the second harvest was 19.2 t/ha. 
The productivity of Silphium perfoliatum was 
of 79 t/ha natural fodder, Zea mays and 
Helianthus annuus yielded 40-45 t/ha green 
mass.  
The quantities of biogas and the contained 
methane depend mainly on carbohydrates, fats 
and proteins contained in the substrate. 
Analyzing the results of the determination of 
the organic dry matter from the silage of the 
studied perennial species and its biochemical 
composition, we see how it differs from maize 
and sunflower (Table 1).  

 
 
 
 
 
 

Table 1. Biochemical composition and gas forming potential of the silage from perennial species   

 Zea 
 mays 

Helianthus 
 annuus 

Sida 
hermaphrodita 

Silphium 
perfoliatum 

Organic dry matter (ODM), g/kg 
Digestible ODM, g/kg  
Digestible proteins, g/kg 
Digestible fats, g/kg 
Digestible carbohydrates, g/kg  
Biogas, l/kg ODM 
Biomethane, l/kg ODM 
Methane, % 
Methane production, m3/ha 

957.4 
695.6 
34.6 
23.3 

637.7 
557 
292 
52.4 
3127 

916.2 
693.5 
53.6 
34.0 

605.9 
559 
294 
52.6 
2881 

912.3 
579.3 
75.6 
14.4 

489.3 
458 
243 
53.1 
4000 

893.6 
593.6 
48.4 
13.9 

531.3 
471 
245 
52.4 
3675 

 
 
It has been found that the silage made from the 
studied perennial species is characterized by a 
low content of organic substances (893.6-
912.3 g/kg). The content of organic dry matter 
from Silphium perfoliatum silage was low, but 
its digestibility was higher. The silage made 
from Sida hermaphrodita contained a high 
amount of digestible proteins and fats, but an 
inferior level of digestible carbohydrates in 
comparison with Silphium perfoliatum.   
Organic dry matter is an important factor 
influencing biogas and methane yield. The gas 
forming potential of digestible organic dry 
matter from silage substrate varied from 458 to 
559 l/kg. Maize and sunflower silage had 
higher potential - 557-559 l/kg, but Sida 
hermaphrodita - a lower one – 458 l/kg, being 
directly proportional with the content of 
digestible organic dry matter.  
The calculated methane content in the biogas 
ranged from 52.4 to 53.1%. The best methane 
content was achieved by Sida hermaphrodita 
silage, a lower one - by maize and Silphium 
perfoliatum silage.  
The best results of calculated methane 
production were achieved by the silage from 
the cv. Energo of Sida hermaphrodita – 4000 
m3/ha and cv. Vital of Silphium perfoliatum – 
3675 m3/ha versus 3127 m3/ha obtained from 
maize silage and 2881 m3/ha from sunflower 
silage.  
The literature suggests that for maize silage. 
silage the methane value is 330 l/kg VS 
(Klimiuk et al., 2010) and  for sunflower silage 
285-340 L/kg VS (Dandikas et al., 2014). 
The biogas batch-tests of Sida hermaphrodita 
showed a potential of 435 l/kg ODM from 
silage made from biomass harvested in July 
(Oleszek et al., 2013), the Hohenheim Biogas  
 

 
 
Yield Test showed a specific methane yield of 
Silphium perfoliatum of 232-274 l/kg ODM 
depending on harvest time, methane yield per 
hectare was up to 4301 m3/ha-1 (Mast et. al., 
2014). 
The stems of the studied perennial species 
dried quickly in autumn-winter. They were 
resistant couldn’t be flattened easily and could 
be used to produce solid biofuels with high 
heating value. It is known that the heating 
value of solid biofuel depends on the humidity 
and mineral content. The leaves have higher 
ash content than the stems. The rate of tissue 
dehydration and fall of the leaves from stems 
were investigated in order to determine the 
optimal period of biomass harvesting. At the 
end of the growing season and with the 
establishment of temperatures below 0 C, the 
studied species differed in the rate of leaf fall 
and dehydration of tissues. The degree of 
foliage of Silphium perfoliatum at the end of 
the growing season (October) was about 35 %, 
while the degree of foliage of Sida 
hermaphrodita – 20 % (Table 2). Over 15-35 
days, the stems of Sida hermaphrodita were 
completely defoliated, while the leaves of 
Silphium perfoliatum were kept for a long 
period of time (in March, dry leaves on the 
stems constituted 8 % of the biomass). The 
stems of Sida hermaphrodita, in the field, 
dehydrated faster than Silphium perfoliatum. 
The bulk density of the chopped stems reflects 
on transportation and storage expenses. It was 
established that the bulk density of the 
chopped material of Silphium perfoliatum was 
higher (165 kg/m3) but - of Sida 
hermaphrodita was lower (122 kg/m3). The 
wheat straw was characterized by the lowest 
bulk density – 83 kg/m3 (Table 3).  
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Table 2. Plant material moisture and leaves contents of the biomass Sida hermaphrodita and Silphium perfoliatum  

Period 

Sida hermaphrodita   Silphium perfoliatum 

Moisture 
content, % 

leaves 
content, % 

moisture 
content, % 

leaves 
 content, % 

7   October 
27 October 
10 November 
20 November 
18 December 
30 December 
16 January 
5 March 

58.37 
58.37 
33.69 
25.10 
21.30 
21.03 
16.89 
15.89 

20.12 
8.00 

0 
0 
0 
0 
0 
0 

71.25 
68.92 
59.10 
45.00 
23.82 
21.70 
19.60 
11.63 

30.94 
26.96 
15.25 
13.03 
11.57 
10.03 
9.00 
8.14 

 
 

Table 3. Bulk density of biomass and specific density of briquettes of Silphium perfoliatum and Sida hermaphrodita  

 Variants 

Triticum  
aestivum 

Sida  
hermaphrodita 

Silphium  
perfoliatum 

bulk 
density of 
biomass, 
kg/ m3 

specific 
density 

of  
briquette

s, 
kg/ m3 

bulk 
density of 
biomass, 
kg/ m3 

specific 
density of  
briquettes, 

kg/ m3 

bulk 
density of 
biomass, 
kg/ m3 

specific 
density of  
briquettes, 

kg/ m3 

Chopped chaffs 7 -35 mm 
Milled chaffs   20 mm 
Milled chaffs   10 mm 

83 
86 
93 

715 
733 
740 

122 
160 
173 

553 
642 
747 

165 
195 
208 

594 
869 
882 

 
 

Table 4. Ash content and calorific value of biomass of Silphium perfoliatum and Sida hermaphrodita 

Indices Triticum  
aestivum 

Sida  
hermaphrodita 

Silphium  
perfoliatum 

ash content,% 
calorific value, MJ /kg   

5.08 
17.0 

1.52 
18.7 

3.03 
18.3 

 
Distinct differences in bulk density between 
chopped and milled chaffs were found. These 
differences amounted to 13-38 kg/m3 in Sida 
hermaphrodita and 13-30 kg/m3 in Silphium 
perfoliatum, but 3-10 kg/m3 in wheat straw. 
The specific density of briquettes made from 
chopped material of Sida hermaphrodita and 
Silphium perfoliatum was low 553-594 kg/m3, 
but it increased significantly if milled chaffs 
where processed into briquettes, reaching 
values of 642-747 kg/m3 and 869-882 kg/m3, 
respectively. 
The ash content of different types of biomass 
is an indicator of slagging behaviour of the 
biomass. The greatest amount of this com-
ponent was contained in Triticum aestivum – 
5.08 %, while the lowest, 1.5 %, in the 
biomass of Sida hermaphrodita and a 
moderate one 3.0 % – in Silphium perfoliatum  

 
(Table 4). According to Stolarski et. al. (2014) 
the ash content decreased during the 
dehydration of stems, in Sida hermaphrodita – 
from 3.09 % to 2.69 %, and in Silphium 
perfoliatum - from 4.23 % to 3.49 %. The ash 
content of wheat straw pellets reached 6.33 % 
and negatively influenced the combustion 
efficiency (Ivanova et. al., 2015). 
The investigation showed that the biomass of 
Sida hermaphrodita and Silphium perfoliatum 
had moderate gross calorific values between 
18.7 MJ/kg and 18.3 MJ/kg respectively, but 
wheat straw - very low ones (17.0 MJ/kg), 
probably because of the high content of ash. 
In Poland, the respective gross calorific values 
of the biomass of Sida hermaphrodita and 
Silphium perfoliatum were 18.8 MJ/kg and 
18.7 MJ/kg (Stolarski et. al., 2014).  

The potential of energy production of local 
varieties of Sida hermaphrodita and Silphium 
perfoliatum was around 350-380 GJ/ha. 
Similar results were presented by other authors 
(Franzaring et al., 2014; Stolarski et. al., 
2014).  
The energy yield for Sida hermaphrodita as a 
solid fuel accounts for a net calorific value of 
440 GJ ha-1 (Jablonowski et.al., 2016). 
 
CONCLUSIONS 

 
The studied perennial species differed in the 
rates of growth and development, productivity 
and chemical composition of the harvested 
mass, which have influenced the methane yield.  
The gas forming potential of organic dry 
matter in silage varied from 458 l/kg in                     
Sida hermaphrodita to 471 l/kg in Silphium 
perfoliatum. 
The best results of methane production were 
achieved by the silage of cv. Energo, Sida 
hermaphrodita, 4000 m3/ha and cv. Vital, 
Silphium perfoliatum, 3675 m3/ha in compa-
rison with maize silage 3127 m3/ha and 
sunflower silage 2881 m3/ha. 
The dry biomass of the studied perennial 
species: Sida hermaphrodita and Silphium 
perfoliatum was distinguished by high bulk 
density, moderate gross calorific values (18.5-
18.7 MJ/kg) and moderate ash content (1.5-
3.0 %), but wheat straw Triticum aestivum – 
by low bulk density (163 kg/m3) and calorific 
value (17.0 MJ/kg) and high content of ash 
(5.1 %).  
The potential of energy production constituted 
350-380 GJ/ha GJ/ha. The best results were 
achieved by cv. Vital of Silphium perfoliatum, 
due to its high productivity of dry biomass. 
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Table 2. Plant material moisture and leaves contents of the biomass Sida hermaphrodita and Silphium perfoliatum  

Period 

Sida hermaphrodita   Silphium perfoliatum 

Moisture 
content, % 

leaves 
content, % 

moisture 
content, % 

leaves 
 content, % 

7   October 
27 October 
10 November 
20 November 
18 December 
30 December 
16 January 
5 March 

58.37 
58.37 
33.69 
25.10 
21.30 
21.03 
16.89 
15.89 

20.12 
8.00 

0 
0 
0 
0 
0 
0 

71.25 
68.92 
59.10 
45.00 
23.82 
21.70 
19.60 
11.63 

30.94 
26.96 
15.25 
13.03 
11.57 
10.03 
9.00 
8.14 

 
 

Table 3. Bulk density of biomass and specific density of briquettes of Silphium perfoliatum and Sida hermaphrodita  
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Triticum  
aestivum 

Sida  
hermaphrodita 

Silphium  
perfoliatum 

bulk 
density of 
biomass, 
kg/ m3 

specific 
density 

of  
briquette

s, 
kg/ m3 

bulk 
density of 
biomass, 
kg/ m3 

specific 
density of  
briquettes, 

kg/ m3 

bulk 
density of 
biomass, 
kg/ m3 

specific 
density of  
briquettes, 

kg/ m3 

Chopped chaffs 7 -35 mm 
Milled chaffs   20 mm 
Milled chaffs   10 mm 

83 
86 
93 

715 
733 
740 
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160 
173 

553 
642 
747 
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195 
208 

594 
869 
882 

 
 

Table 4. Ash content and calorific value of biomass of Silphium perfoliatum and Sida hermaphrodita 
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aestivum 

Sida  
hermaphrodita 

Silphium  
perfoliatum 

ash content,% 
calorific value, MJ /kg   

5.08 
17.0 

1.52 
18.7 

3.03 
18.3 

 
Distinct differences in bulk density between 
chopped and milled chaffs were found. These 
differences amounted to 13-38 kg/m3 in Sida 
hermaphrodita and 13-30 kg/m3 in Silphium 
perfoliatum, but 3-10 kg/m3 in wheat straw. 
The specific density of briquettes made from 
chopped material of Sida hermaphrodita and 
Silphium perfoliatum was low 553-594 kg/m3, 
but it increased significantly if milled chaffs 
where processed into briquettes, reaching 
values of 642-747 kg/m3 and 869-882 kg/m3, 
respectively. 
The ash content of different types of biomass 
is an indicator of slagging behaviour of the 
biomass. The greatest amount of this com-
ponent was contained in Triticum aestivum – 
5.08 %, while the lowest, 1.5 %, in the 
biomass of Sida hermaphrodita and a 
moderate one 3.0 % – in Silphium perfoliatum  

 
(Table 4). According to Stolarski et. al. (2014) 
the ash content decreased during the 
dehydration of stems, in Sida hermaphrodita – 
from 3.09 % to 2.69 %, and in Silphium 
perfoliatum - from 4.23 % to 3.49 %. The ash 
content of wheat straw pellets reached 6.33 % 
and negatively influenced the combustion 
efficiency (Ivanova et. al., 2015). 
The investigation showed that the biomass of 
Sida hermaphrodita and Silphium perfoliatum 
had moderate gross calorific values between 
18.7 MJ/kg and 18.3 MJ/kg respectively, but 
wheat straw - very low ones (17.0 MJ/kg), 
probably because of the high content of ash. 
In Poland, the respective gross calorific values 
of the biomass of Sida hermaphrodita and 
Silphium perfoliatum were 18.8 MJ/kg and 
18.7 MJ/kg (Stolarski et. al., 2014).  

The potential of energy production of local 
varieties of Sida hermaphrodita and Silphium 
perfoliatum was around 350-380 GJ/ha. 
Similar results were presented by other authors 
(Franzaring et al., 2014; Stolarski et. al., 
2014).  
The energy yield for Sida hermaphrodita as a 
solid fuel accounts for a net calorific value of 
440 GJ ha-1 (Jablonowski et.al., 2016). 
 
CONCLUSIONS 

 
The studied perennial species differed in the 
rates of growth and development, productivity 
and chemical composition of the harvested 
mass, which have influenced the methane yield.  
The gas forming potential of organic dry 
matter in silage varied from 458 l/kg in                     
Sida hermaphrodita to 471 l/kg in Silphium 
perfoliatum. 
The best results of methane production were 
achieved by the silage of cv. Energo, Sida 
hermaphrodita, 4000 m3/ha and cv. Vital, 
Silphium perfoliatum, 3675 m3/ha in compa-
rison with maize silage 3127 m3/ha and 
sunflower silage 2881 m3/ha. 
The dry biomass of the studied perennial 
species: Sida hermaphrodita and Silphium 
perfoliatum was distinguished by high bulk 
density, moderate gross calorific values (18.5-
18.7 MJ/kg) and moderate ash content (1.5-
3.0 %), but wheat straw Triticum aestivum – 
by low bulk density (163 kg/m3) and calorific 
value (17.0 MJ/kg) and high content of ash 
(5.1 %).  
The potential of energy production constituted 
350-380 GJ/ha GJ/ha. The best results were 
achieved by cv. Vital of Silphium perfoliatum, 
due to its high productivity of dry biomass. 
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Abstract 
 
The aim of this study was to determine the density of weed species seen around irrigation canals located in the district 
of Kahramanmaraş was made during the 2016 vegetation period of the species. This study caried out along the bank of 
irrigation channals in order to determine density of weed species in 8 district of Kahramanmaraş (Onikişubat, 
Dulkadiroğlu, Afşin, Andırın, Elbistan, Göksun, Pazarcık and Türkoğlu). The study was not conducted in 
Çağlayancerit, Nurhak and Ekinözü because lack of suitable agricultural plains and absense of irrigation channals. 31 
different weed species belonging to 145 families were identified as far as studies in open channals in Kahramanmaraş. 
On average, 103.64 units/m2 of weed has fallen in the square meter in the region. The district with the highest weed 
density is Onikişubat district (124.64 units/m2). This was followed by Dulkadiroğlu (115.79), Göksun (110.10), Pazarcık 
(108.49 units/m2), Türkoğlu (105.08 units/m2), Andırın (104.92), Elbistan (81.87 units/m2) and Afşin (78.26 units/m2), 
respectively. In the study area, 1 of the weed species is fern (Pterydophyta), 29 of them are monocotyledone, and 115 
are dicotyledone. Some weed species, which are detected intensively in the area, are; Bromus varvensis (9.17), 
Cynodon dactylon (8.56), Agropyron repens (8.48), Alopecurus myosuroides (8.35), Papaver rhoeas (8.06), Matricaria 
chamomilla (7.00), Sorghum halepense (6.63), Phragmites australis (5.37), Dactylis glomerata (2.96), Amaranthus 
retroflexus (2.90) and Avena sterilis (2.85). Off irrigation channals are only used in Onikişubat, Dulkadiroğlu and 
Türkoğlu districts agriculture areas. 62 weed species belonging to 18 families were determined according to mean of 
these districts where overall weed species intensity is 35.315 per m2. Agropyron repen, C. dactylon, Alopecurus 
myosuroides, Bromus arvensis, Avena sterilis, Setaria verticillata, Dactylis glomerata, Matricaria chamomilla are 
intensive weed species (mean weed number 1-10 per m2) in those districts were determined.  
 
Key words: irrigation channal, weed species, intensity. 
 
INTRODUCTION  

 
The area that can be economically irrigated in 
Turkey is 8.5 million hectares. As of the end of 
2014, a total of 6.09 million hectares were 
irrigated (Anonymous, 2014a). In order to 
prevent the loss of yield and quality in 
agricultural products, it is absolutely necessary 
to struggle with weeds, diseases and harmful. If 
there is no the struggle, the harvested product 
yield and quality loss can be 100%. According 
to a study by Rao (2000), 45% of the crop 
losses in agricultural production are from 
weeds, 30% from insects, 20% from diseases 
and 5% from other plant mites. 
Many studies in Turkey have reported that 
irrigation water is important in spreading weeds 
and that many weed species are carried to 
irrigation channels and agricultural areas. 

In the irrigation channels of weeds which are a 
problem in cotton, corn and soybean cultivation 
areas in Çukurova region and Harran plain. 
These weed species are; Physalis spp., Cyperus 
rotundus, Prosopis farcta, Convolvulus 
arvensis, Xanthium strumarium, Cynodon 
dactylon. Weed species spreading through 
irrigation channels in the Aegean region; 
Physalis alkekengi, Matricaria chamomilla, 
Silybum marianum, Melilotus officinalis, 
Cynodon dactylon, Sorghum halepense, 
Chenopodium album, Amaranthus retroflexus 
and Rumex crispus (Gönen, 1999; Güncan, 
2002; Erbas and Dogan, 2015; Bükün, 2001; 
Tetik, 2010). 
Worldwide, in this work, irrigation channels 
carried by rivers or irrigation water in agri-
cultural areas and weed species reaching 
vineyards, gardens and fields are generally 
hydrophytes. These weed species can be 


