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Abstract 
 
In 2024, a bifactorial experiment was set up on the chernozem of Caracal, where A factor was the species: wheat, 
triticale, barley and B factor was the vegetation period: early, medium, late. The yield and flag leaf area were 
determined for each combination of factors in 3 repetitions. The highest yield was obtained for wheat – 61.92 q/ha. 
Compared to the control - yield of wheat species, only barley was significantly lower. There were no differences in yield 
between the vegetation periods, regardless of the species. The correlation coefficient between yield and flag leaf area 
recorded a value of 0.331, lower than the P5% limit for 27 studied cases, therefore insignificant. There were both 
varieties with small flag leaf area but with high yields (such as: medium-early triticale with flag leaf area of 1307.27 
cm2 and yield of 68.54 q/ha and late wheat with area of 1840.27 cm2 and yield of 68.25 q/ha) but also varieties with 
large flag leaf area and high yields (such as: medium-early wheat with flag leaf area of 2951.07 cm2 and yield of 66.08 
q/ha). 
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INTRODUCTION 

 
Cereals represent the phytotechnical group of 
agricultural plants with the largest distribution 
area in all cultivated areas of the globe, with an 
age of about ten thousand years. Grains of 
straw cereals (wheat, triticale, barley) are an 
important source of nutrition throughout the 
world, being rich in non-nitrogenous extractive 
substances but also proteins, fats, vitamins, etc. 
Also, cereal crops, specially wheat, contribute 
to economic stability and growth in rural 
communities. 
Along with climate change, a series of regional 
and global political and economic factors have 
intensified food insecurity and long-term 
vulnerability in certain regions (Bonciu, 2023; 
Bonciu et al., 2021a; Mirzabaev et al., 2023; 
Păunescu and Păunescu, 2019). Drought affects 
plant growth, productivity, and their quality. 
Genetic engineering can increasing resilience 
and improving crop adaptation (Bonciu et al., 
2021b; De Souza et al., 2022; Liu et al., 2024). 
Food security has a fundamental importance for 
human existence, and increasing cereals 

production under climate change is, from this 
point of view, one of the permanent challenges 
for farmers (Bonciu et al., 2021; Dihoru et al., 
2023; Rosculete et al., 2023). From this point 
of view, wheat is one of the safest crops, being 
genetically structured to withstand low winter 
temperatures. They exhibit a remarkable 
ecological plasticity, being cultivated even in 
unfavorable climatic and soil conditions. 
Production in cereal crops is due to complex 
physiological and biochemical processes, but is 
essentially associated with the process of 
carbohydrate accumulation during the grain 
filling phase, which in turn is attributed to leaf 
functionalities (Biswal and Kohli, 2013). In this 
sense, the key components underlying cereal 
productivity are positively correlated with flag 
leaf size estimated by length, width and area 
(Khaliq et al., 2008; Wang et al., 2012), the 
flag leaf length-to-width ratio (Sohrabi et al., 
2012) and the flag leaf basal angle (Isidro et al., 
2012). 
The flag leaf is one of the primary sources of 
carbohydrates in cereals (Liu et al., 2021). Flag 
leaf traits are considered to play an important 
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role in grain filling of strawy cereals under 
drought conditions. Thus, physiological, 
morphological and biochemical traits of flag 
leaves are involved in determining grain yield 
and biomass (Biswal and Kohli, 2013; Liu et 
al., 2015; Racz et al., 2022). 
The flag leaf plays an essential role in 
establishing production and therefore it must 
benefit from protection throughout the 
vegetation period. Thus, in order for the plants 
to remain healthy until harvest, it is necessary 
to apply additional treatments that protect the 
grass cereals in all phases of vegetation. 
Maintaining the green state of the flag leaf is a 
trait that allows grass cereals to maintain their 
photosynthetic capacity for a longer period of 
time after anthesis, especially under conditions 
of drought and heat stress. 
The flag leaf provides the main source of 
assimilates necessary for plant growth and ear 
development in straw cereals. The contribution 
rate of flag leaves to daily photosynthetic 
products ranges from 50% to 60% (Towfiq et 
al., 2015), while its defoliation generated yield 
losses ranging from 18% to 30% (Banitaba et 
al., 2017). In wheat, removal of the flag leaf 
affected grain production under normal or 
water-limited conditions (Cruz-Aguado et al., 
1999; Ma et al., 2021). 
According to Niu et al. (2022), the flag leaf 
plays a vital role in seed development. Thus, 
the flag leaf thickness showed significantly 
positive correlations with grain size in barley. 
Many results suggest that cereal species will 
continue to play an essential role in ensuring 
food security and an accessible intake of 
calories and protein (Grote et al., 2021; Pandey 
et al., 2020; Paunescu et al., 2021, 2023; 
Tadesse et al., 2018). 
 
MATERIALS AND METHODS 
 
The aim of this work was to determine the 
influence of the flag leaf area on the production 
of 3 species of straw cereals, on the chernozem 
of Caracal. 
In 2024, a bifactorial experiment was set up on 
the chernozem of Caracal in which factor A 

was the species: wheat, triticale, barley and 
factor B was the vegetation period: early, 
medium, late. The production and flag leaf area 
were determined for each combination of 
factors in 3 repetitions. 
Based on the results, was studied the factors 
influence (factor A – species with 3 
graduations – wheat, triticale, barley; factor B – 
vegetation period with 3 graduations: early, 
medium, late) and their interactions (species x 
vegetation period, vegetation period x species) 
on the production and flag leaf area. 
Correlations were performed and the simulated 
flag leaf area was calculated based on the 
correlation coefficient equation. This was 
compared with the real flag leaf area 
simultaneously, depending on the production 
classes within the interval obtained within the 
experiment. 
The used materials were: 
- Wheat varieties with differentiated: DUSK 
(early); CAROM (medium/+3-4 days); 
BOGDANA (late/+7-8 days) 
- Triticale varieties with differentiated earing: 
line 11588T2-23 (early); UTRIFUN (medium/ 
+4-5 days); INSPECTOR (late/+14-15 days) 
- Barley earing with differentiated earing: line 
F 8-4-12 (early); AMETIST (medium/+3-4 
days); ONIX (late/+7-8 days) 
The statistical processing of the experiment 
was done with the statistical analysis program 
specific to bifactorial experiments based on the 
methodology presented by Săulescu (PSUB 2). 
 
RESULTS AND DISCUSSIONS 
 
The climatic conditions manifested in the 2023-
2024 agricultural year in Caracal showed a lack 
of precipitation throughout the vegetation 
period (-32.3 mm) but with a surplus in May 
when grain filling took place (Table 1). 
From the point of view of the species, there 
were differences between the yields, but only 
that of barley was significantly reduced in 
relation to the yield obtained in wheat (Figure 
1). In contrast, yield did not differ according to 
the average vegetation period of the 3 species 
analyzed (Figure 2). 
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Table 1. Evolution of the main climatic factors during the vegetation period of straw cereal genotypes 

Specification X XI XII I II III IV V VI 
Total 

growing 
season 

T
em

pe
ra

tu
re

 
o C

 

Monthly minimum 0.6 -4.4 -3.2 -9.6 -6.7 -3.3 2.0 5.4 12.5  
Monthly maximum 33.4 21.4 18.2 15.3 21.9 28.3 32.7 30.8 39.4  
Monthly average 16.0 8.1 3.9 1.0 8.0 8.9 15.0 17.2 25.9  
NORMAL 11.7 5.1 0.3 -1.3 0.8 6.0 12.0 17.7 21.6  
Difference ± +4.3 +3.0 +3.6 +2.3 +7.2 +3.9 +3.0 -0.5 +4.3  

Rainfall 
mm 

Monthly total 21.4 124.2 21.4 26.8 11.6 22.4 26.0 71.8 31.6 357.2 
Multiannual 
average 46.0 37.0 39.1 30.8 26.3 34.2 47.8 58.6 69.7 389.5 

Difference±  -24.6 +87.2 -17.7 -4.0 -14.7 -11.8 -21.8 +13.2 -38.1 -32.3 
Solar radiation Average 123 59 36 52 86 126 196 211 273  

Relative humidity  
of the air % Average 66.9 91.1 93.8 95.4 84.7 85.3 70.8 77.8 61.3  

 

 
Figure 1. The influence of the species on production on the chernozem of Caracal 

 

 
Figure 2. The influence of the vegetation period on production on the chernozem of Caracal 

 
The species x vegetation period interaction has 
a limited influence on production. The only 
combination that significantly exceeded the 
control was late-growing barley. The increase 
was 16.8%, substantial, which made this 
species obtain a production almost equal to that 
of wheat (Table 2). The highest production was 
obtained with mid-early growing wheat (63.3 
q/ha) and the lowest with early barley (52.44 
q/ha). 

The coefficient of variability of production 
values, regardless of the studied interactions, 
was 9.14%, therefore below 10% - the limit for 
stability. Thus, under Caracal conditions, all 
species can be cultivated regardless of their 
vegetation period, the results being within the 
limit of optimal stability. 
If reporting is done on the control considered as 
the early wheat species, there are two 
combinations of factors where production is 
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significantly reduced: early barley and 
medium-early growing season barley. 
In terms of flag leaf area, triticale and barley 
showed distinctly significantly, respectively 
very significantly reduced values compared to 

wheat - the control species (Figure 3). As in the 
case of production, the growing season did not 
influence the surface of the flag leaf under 
Caracal conditions (Figure 4). 

 
Table 2. The influence of the species x vegetation period interaction on production on the chernozem of Caracal 

Factor A 
(Species) 

Factor B 
(Growing period) 

Production (Q/Ha) Difference Significance 

WHEAT Early 63.00 Ct 
 

Medium early 63.30 0.30  
Late 59.47 -3.53  

TRITICALE Early 60.33 Ct 
 

Medium early 61.46 1.13 
 

Late 57.27 -3.06 
 

BARLEY Early 52.44 Ct 
 

Medium early 53.59 1.15 
 

Late 63.02 10.58 * 
  

   

LD 5%  
 

9.03 
 

LD 1%  
 

12.68 
 

LD 0.1%   17.9  

 
Figure 3. The influence of species on the flag leaf 

surface on the Caracal chernozem  
 

 
Figure 4. The influence of the vegetation period on the 

flag leaf area on the Caracal chernozem  
 

The species x vegetation period interaction 
influenced the flag leaf area (Table 3). 

In wheat and triticale, there were statistically 
significant interactions. While medium early 
wheat showed a significant increase in area 
compared to early wheat, late wheat showed a 
distinctly significant decrease compared to the 
same control. In triticale, at the average 
vegetation period as earliness, a significant 
decrease of 20% was recorded compared to the 
control - early triticale. The limits of the values 
determined for the flag leaf area were between 
1352.83 mm2 in early barley and 2671.94 mm2 
in medium-early wheat. These corresponded to 
the limits for production in the pedo-climatic 
conditions of Caracal. 
The coefficient of variability of the flag leaf 
area values, regardless of the studied 
interactions, was 25.6%, therefore over 20% - 
the limit for character instability. 
Unlike the production results, in the flag leaf 
area, in relation to early wheat, all interaction 
variants presented statistically significant 
differences - very significant decreases, except 
for medium-early wheat (Figure 5). 
The correlation coefficient between production 
and flag leaf area, regardless of species and 
vegetation period, recorded a value of 0.331, 
lower than the P5% threshold for the 27 cases 
studied, therefore insignificant (Figure 6). 
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Figure 5. Flag leaf area x vegetation period interaction in 
relation to the control variant – wheat species with early 

vegetation period 
 

 
Figure 6. The relationship between production and flag 

leaf area in the variants studied at Caracal 
 
There were both varieties with small flag leaf 
area but with high yields (example: triticale 
with medium precocity with flag leaf area of 

1307.27 mm2 and production of 68.54 q/ha and 
late wheat with area of 1840.27 mm2 and 
production of 68.25 q/ha) but also varieties 
with large flag leaf area and high yields 
(example: wheat with medium precocity with 
flag leaf area of 2951.07 mm2 and production 
of 66.08 q/ha). 
The determination coefficient shows us that the 
first studied character explains the variability of 
the other in proportion of 11%. The linear 
equation showed that each 100 kg/ha increase 
in production is due to an increase in flag leaf 
area of about 28.5 mm2, for the range studied. 
By comparing the real and simulated results for 
the flag leaf area according to the production 
classes, it is noted that most of the variants 
where the difference between real and 
simulated is below DL 5% (307.72 mm2) are 
below the average production of 59.32 q/ha.  
Results over several years would allow 
obtaining simulations close to the real values, 
so that a simple determination would give 
predictions regarding the productions that can 
be obtained depending on the flag leaf area. 
Also, from these determinations it emerged that 
the greatest matches between real and 
simulated were recorded at lower productions, 
especially those of barley (Table 4). 

 
Table 3. The influence of the species x vegetation period interaction on the flag leaf area on the Caracal chernozem  

FACTOR A 
(Species) 

FACTOR B 
(Growing period) 

FLAG LEAF AREA 
(mm2) 

DIFFERENCE SIGNIFICANCE 

WHEAT Early 2358.49 0.00  
Medium early 2671.94 313.45 * 
Late 1847.39 -511.10 oo 

TRITICALE Early 1809.70 0.00  
Medium early 1443.42 -366.28 o 
Late 1698.13 -111.57  

BARLEY Early 1352.83 0.00  
Medium early 1568.30 215.47  
Late 1637.63 284.80  

     
LD 5%   307.72  
LD 1%   431.93  
LD 0.1%   609.78  
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Table 4. Results of the simulation of the flag leaf area according to the linear equation of the production – flag leaf area 

relationship reported to the real flag leaf area by production classes 

Production  
Classes 

Real Production Leaf Surface 
Simulation 

(mm2) 

Real 
Leaf Surface 

(mm2) 

Difference 

48-48.99 48.73 1519.038 1327 192.04 
49-49.99 49.21 1532.886 1648.4 -115.51 
50-50.99    0.00 
51-51.99    0.00 
52-52.99 52.02 1612.794 2325.9 -713.11 
53-53.99 53.46 1654.023 1696.83 -42.81 

53.73 1661.661 1462.1 199.56 
54-54.99 54.71 1689.602 1392 297.60 

54.72 1689.791 1608.13 81.66 
54.86 1693.837 1269.4 424.44 

55-55.99    0.00 
56-56.99 56.70 1746.269 2005.07 -258.80 

56.86 1750.708 1664.5 86.21 
57-57.99 57.10 1757.716 1756.2 1.52 
58-58.99 58.62 1801.071 1600.2 200.87 
59-59.99 59.96 1839.025 2385.47 -546.45 
60-60.99 60.59 1857.094 1431.1 425.99 

60.83 1863.951 2380.93 -516.98 
61-61.99 61.12 1872.068 1414.87 457.20 

61.16 1873.317 1168.3 705.02 
61.50 1883.019 1706.7 176.32 

62-62.99 62.37 1907.864 1966.2 -58.34 
63-63.99 63.85 1950.002 2679.27 -729.27 
64-64.99 64.08 1956.443 2299 -342.56 

64.09 1956.718 1915.9 40.82 
64.09 1956.77 2395.53 -438.76 
64.38 1964.914 1565.9 399.01 

65-65.99    0.00 
66-66.99 66.08 2013.559 2951.07 -937.51 
67-67.99    0.00 
68-68.99 68.25 2075.323 1840.27 235.05 

68.54 2083.629 1307.27 776.36  
59.32 

  
-0.42 

CONCLUSIONS 
  
With a growing world population and, at the 
same time, every scarce resource, food security 
is one of the key challenges for present and 
future generations. 
The earliness-yield relationship can be 
highlighted with much greater accuracy by 
experimenting with cultivars differentiated in 
terms of earing date. 

The species x growing season interaction has a 
reduced influence on production. The only 
combination that significantly exceeded the 
control was barley with a late growing season. 
The increase was 16.8%, almost equal to that of 
wheat. 
The highest production was obtained with 
wheat with a medium-early growing season 
(63.3 q/ha) and the lowest with early barley 
(52.44 q/ha). 
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The coefficient of variability of production 
values, regardless of the studied interactions, 
was 9.14%, therefore below 10% - the limit for 
stability. Thus, under the conditions at Caracal, 
all species can be cultivated regardless of their 
vegetation period, the results being within the 
limit of optimal stability. 
The correlation coefficient between production 
and flag leaf area, regardless of species and 
vegetation period, was insignificant. There 
were both varieties with small flag leaf area but 
high yields (example: medium-early triticale 
with flag leaf area of 1307.27 mm2 and 
production of 68.54 q/ha and late wheat with 
area of 1840.27 mm2 and production of 68.25 
q/ha) and varieties with large flag leaf area and 
high yields (example: medium-early wheat 
with flag leaf area of 2951.07 mm2 and 
production of 66.08 q/ha). 
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