
AGRICULTURAL SCIENCE AND PRACTICE   Vol. 10   No. 2   202328

INTRODUCTION

Global food security in today world requires in-
creased food production. On this purpose the most im-
portant for mankind are grain crops. Wheat (Triticum 
aestivum L.) is the second (after rice) most important 
and widespread food cereal crop in the world (Dowla 
et al, 2018). It provides about 20 % of total calories and 
the similar portion of total protein for the world’s popu-
lation (Braun et al, 2010; Nemati et al, 2022).

At the same time, current climate trends indicate 
that main abiotic limiting factors for wheat production 
worldwide are drought and increasing air temperatures. 
Drought constrains wheat production worldwide and 
reduces its yield by 10–50 % (Zulkiffal et al, 2021; 

Zandalinas et al, 2021). This problem is also relevant 
for Ukraine (Balabukh, 2023).

To ensure food security, it is important to breed vari-
eties that are adapted to drought conditions. The toler-
ance of plants to stress is a complex, genetically fi xed 
trait that manifests itself under stress action. Identify-
ing traits that are associated with increasing the poten-
tial productivity of wheat and the adaptive potential 
under conditions of soil moisture defi cit is important 
for speeding up the breeding process.

Drought stress negatively impacts on the various 
morphological, physiological, biochemical and molec-
ular plant characteristics, which can lead to impaired 
plant functioning (Sallam et al, 2019; Kapoor et al, 
2020). One of the drought-sensitive links in wheat is 
the photosynthetic apparatus. In particular, it was es-
tablished that the net photosynthetic rate, stomatal 
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conductance, and transpiration decrease in drought-
sensitive wheat varieties under moisture defi cit (Saeidi 
and Abdoli, 2015). Such genotypes also show suppres-
sion of ribulose-1,5-bisphosphate regeneration process 
(Yang et al, 2021), and a reduce in the expression of 
the small subunit of the main photosynthetic enzyme – 
ribulose-1,5-bisphosphate carboxylase (Dwivedi et al, 
2018). A decrease in the maximum quantum yield of 
photosystem II, the electron transport from QA to QB, 
and carboxylation rate are characteristic of the drought-
sensitive genotypes (Yang et al, 2021; Ghaffar et al, 
2023). A decrease in the photosynthetic pigments con-
tent is observed under the infl uence of this stress factor, 
also (Saeidi and Abdoli, 2015; Dwivedi et al, 2018). 
At the same time, it is noted that under a lack of water, 
drought-tolerant wheat genotypes were reduce less the 
fl ag leaf chlorophyll content, than sensitive ones.

In addition, under the drought infl uence, the assimila-
tion surface decrease, in particular – the leaf dry weight 
and area (Amoah et al, 2019) due to the fact that wa-
ter stress inhibits cell growth, accelerates the aging 
of leaves and reduces the amount of formed photo-
assimilates.

So, the effect of drought is evident at different levels 
of the photosynthetic apparatus organization. Chang-
es that contribute to the acquisition of tolerance to 
drought at the lower levels of the organization of the 
plant organism (for example, molecular) can be appar-
ent at higher levels (organ and organism). Therefore, 
the search for drought tolerance markers is conducted 
at different levels of plant organization. Usually, a 
close correlation relationships between traits related 
to drought tolerance and yield are found for contrast-
ing genotypes - due to a signifi cant difference between 
them under the controlled drought conditions (more or 
less severe). At the same time, although a signifi cant 
part of modern wheat varieties are drought-tolerance, 
their yield under lack of water in natural conditions can 
also be different.

An important plant organ is a leaf, in which absorbed 
solar radiation is transformed into chemical energy for 
the synthesis of organic substance. Photoassimilates, 
witch formed in the process of photosynthesis are the 
basis for further metabolic and growth processes, in-
cluding grain fi lling. In this regard, we conducted a 
comparative analysis of the leaves assimilation surface 
traits in varieties with similar drought resistance, in 
years with different weather conditions.

The aim of this study was to analyze the leaves as-
similation surface traits of soft winter wheat in order 

to identify physiological markers associated with toler-
ance to drought.

MATERIALS AND METHODS

Research was conducted during three seasons of 
(2019–2020, 2020–2021, 2021–2022) at the winter 
wheat variety testing sites in the experimental fi eld of 
the Institute of Plant Physiology and Genetics of the 
NAS of Ukraine (Kyiv region, 50º 16’ S, 30º 19’ E) 
under conditions of natural moisture supply.

Wheat varieties were sown, providing the recom-
mended sowing density for wheat production, which 
was 550–600 grains per m2 in plots 6.67 m long and 
1.5 m wide (10 m2) with 10 rows per plot. Before 
sowing and during the growing season, 145 kg of 
nitrogen (N) and 90 kg of phosphorus (P2O5) and po-
tassium (K2O) were applied per 1 ha. Agrotechnical 
measures and canopy management were generally 
accepted for this culture in the forest-steppe agro-
climatic zone of Ukraine. Three replicates were ap-
plied for each variety.

The research was carried out on six varieties of bread 
winter wheat (Triticum aestivum L.), breeding at the 
Institute of Plant Physiology and Genetics: Kyivska 
17, Horodnytsia, Pochayna, Krasnopilka, Poradnytsia, 
and Smuhlianka. The fi rst fi ve of them are modern va-
rieties entered into the State Register of plant variet-
ies suitable for distribution in Ukraine in 2017–2018, 
Smuhlianka variety – in 2003, but still a popular. The 
drought resistance of the fi rst fi ve varieties varies from 
8 to 9 points, the last one – from 7 to 9. All varieties 
are recommended for growing in the Steppe and Forest 
Steppe. Phenological observations of the growth stages 
were carried out according to the external morphologi-
cal changes of the formed organs every 3–4 days (Za-
doks et al, 1974).

Morphometric measurements were carried out on 
10 main shoots at anthesis and milk-wax ripeness, and 
biochemical ones – in average samples formed from 
these shoots. The average sample for determining the 
chlorophyll content was formed from the leaves of 5 
plants, for the determination of % dry matter – from the 
fresh 5 plants. To determine dry weight of fl ag and all 
green leaves of the main shoot, the samples were fi xed 
in an oven at a temperature of 105 ºС for 1 hour and 
after that dried to a constant weight at 65 ºС. The spe-
cifi c leaf weight was calculated as the ratio of leaf dry 
weight to leaf area. The inclination angle was defi ned 
as the inclination between the midvein of the leaf blade 
and the vertical stem of the plant.
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The chlorophyll content (a and b) determination 
was carried out by the maceration-free method by ex-
tracting pigments with dimethylsulfoxide (DMSO) 
according to A.P. Wellburn method (1994). 100 mg 
of the sample (averaged from the leaves of 5 plants) 
was poured with 10 ml of DMSO. Subsequently, the 
tubes were placed in a water bath (water temperature of
67 ºС) for 4 hours. One ml of the obtained solution was 
made up to 4 mL by adding DMSO, and the optical 
density of this solution was determined on a Specord 
200 spectrophotometer (AnalyticJena, Germany) at 
wavelengths of 480, 649, and 665 nm. Recalculation 
of the content of pigments per gram of dry weight was 
carried out taking into account all dilutions and leaf 
mass. Three analytical replicates were taken.

Yield was determined by direct harvesting method in 
3 replications of each variety.

Temperature conditions during the spring-summer 
periods of winter wheat were characterized by values 
both higher and lower than the climatic norm (Table 1). 

The temperature in May (the period of reproductive 
organs formation) in all three years was lower than nor-
mal. However, at the periods of anthesis and of grain 
fi lling (June-July), it exceeded the norm by 1.8–3.5 ºC, 
with the exception of July 2022 (Table 1). The effect 
of elevated temperatures during these two months was 
enhanced by the amount of precipitation that was less 

than the climatic norm. 2022 was the longest period 
with a lack of precipitation: the amount of precipitation 
from May to July was less than the norm by almost 2 
times (Table 1).

Statistical processing of the results was carried out 
using one-way ANOVA in MS Excel 2010. Figures and 
tables show means and standard errors (m ± SE). The 
difference between the data was considered signifi cant 
at P ≤ 0.05. 

RESULTS AND DISCUSSION

As indices characterizing the size of the assimilation 
surface, we analyzed the changes in the morphological 
and pigment traits of the fl ag leaves, as well as all green 
leaves of the main shoots of winter wheat varieties un-
der drought conditions during anthesis period and/or 
grain fi lling.

The dry weight of the fl ag leaf at anthesis in 2020 
and 2022 in varieties was varied from 118 to 181 mg, 
while in 2021 its values for all varieties were higher: 
137–240 mg of dry weight (Fig. 1, a). This probably 
was due to more favorable meteorological conditions 
in the period before anthesis (Table 1). On average for 
3 years, the fl ag leaf dry weight at this stage was higher 
in the Kyivska 17 and Horodnytsia varieties, and lower 
in the Smuhlianka and Poradnytsia.

In 2020, Kyivska 17 variety was distinguished by the 
highest fl ag leaf dry weight at milk ripeness, and Kras-
nopilka and Poradnytsia – by the lowest (Fig. 1, b). 
In 2021, this index value in Kyivska 17, Horodnytsia, 
Pochayna and Poradnytsia varieties (183–207 mg) was 
higher than in Smuhlianka and Krasnopilka (134–140). 
In 2022, the Krasnopilka variety had the maximum fl ag 
leaf dry weight (189 ± 11 mg), while it ranged from 141 
to 153 mg in the rest of the varieties.

Kyivska 17, Horodnytsia, and Pochayna varieties had 
the higher green leaves dry weight on the main shoot at 
anthesis in all three years (Fig. 2, a) and at milk ripe-
ness in 2020 (Fig. 2, b). In 2021, at milk ripeness stage, 
Kyivska 17, Pochayna, and Poradnytsia varieties were 
characterized by a higher green leaves dry weight, and 
in 2022, it was near to all varieties.

On average, over 3 years, 2 varieties – Kyivska 17 and 
Horodnytsia – were distinguished by a greater dry weight 
of both fl ag and all green leaves of the main shoot.

In 2020 and 2021, Kyivska 17 and Pochayna variet-
ies were distinguished by a higher chlorophyll content 
in the fl ag leaves at anthesis stage (11.5–12.6 mg g–1 dry 
weight), in 2022 – also Horodnytsia and Krasnopilka 
varieties (11.8–12.3) (Fig. 3, a). At milk ripeness stage, 

Table 1. The deviation monthly values of air temperature 
and monthly amount of precipitation during period of 
spring-summer vegetation of winter wheat in 2020–2022 
from long-term average mean

Year
Month

April May June July

The deviation average monthly air temperature
from climatic norm, ºС

2020
2021
2022

+0.6
–0.2
–1.9

–3.1
–1.4
–1.2

+3.1
+1.8
+2.2

+1.4
+3.3
–0.8

The deviation monthly amount of precipitation
from climatic norm, mm

2020
2021
2022

–10
+3
+1

+69
+9

–31

–24
–50
–32

–41
–5

–30

Note: The difference with the average long-term value for 
each year are indicated as + (upper values) and – (lower 
ones). 
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Fig 1. Flag leaf dry weight of main shoot, mg, at anthesis (a) and milk ripeness (b) stages in six varieties of bread winter 
wheat. Note. Values in the columns, labelled with different Latin letters, differ signifi cantly at P ≤ 0.05 between varieties in 
each individual year. Vertical bars indicates SE (n = 10)

Fig. 2. Dry weight of green leaves of main shoot, mg, at anthesis (a) and milk ripeness (b) stages in six varieties of bread 
winter wheat. Explanation under Fig. 1
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Horodnytsia variety was distinguished by a high total 
chlorophyll content in all 3 years (10.7–12.3) (Fig. 3, b).

The higher chlorophyll content in green leaves of the 
main shoot in all 3 years was characterized in the va-
rieties Kyivska 17 and Horodnytsia at anthesis (10.2–

10.8 mg g–1 dry weight) (Fig. 4, a) and milk ripeness 
(8.9–9.3) stages (Fig. 4, b). Although the difference 
with other varieties was mostly small.

The analysis of wheat grain productivity showed 
that Kyivska 17 and Horodnytsia varieties had higher 

Fig. 3. Total chlorophyll content (a + b), mg g–1 dry weight, in main shoots fl ag leaves of six bread winter wheat varieties at 
anthesis (a) and milk ripeness (b) stages. Explanation under Fig. 1

Fig. 4. Chlorophyll total content (a + b), mg g–1 dry weight, in main shoots green leaves of six bread winter wheat varieties 
at anthesis (a) and milk ripeness (b) stages. Explanation under Fig. 1
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yields in 2020, Kyivska 17, Horodnytsia and Kras-
nopilka in 2021, and Horodnytsia and Krasnopilka 
in 2022 (Table 2). The highest yields of all varieties 
were in 2021.

The analysis of the main shoot assimilation surface 
traits revealed that the dry weight of both the fl ag leaf 
and all green leaves at both stages in 2021 was also 
higher, compared to 2020 and 2022 (Fig. 1 and 2), at 
that time as the chlorophyll content changed a little de-
pending on the conditions of the year (Fig. 3 and 4).

A greater infl uence of the leaves dry weight than the 
chlorophyll content in them on grain productivity is 
also confi rmed by higher or with a greater degree of 
probability correlation coeffi cients of these traits rela-
tionships with the yield (Table 3).

Less close correlation between the chlorophyll con-
tent and the yield may be caused by less variability of 
photosynthetic pigments in the studied genotypes, than 
the leaves dry weight (Fig. 1–4). Indeed, the variability 
of the chlorophyll content in both the fl ag leaf and all 
green leaves of the main shoot at each of the studied 
stages was insignifi cant, while the leaves dry weight 
was medium and signifi cant (Table 4).

Literature data suggests that under drought conditions, 
the decrease in chlorophyll content in the upper fully 

developed leaves, compared to the irrigated control, de-
pended little on drought tolerance both at pre-anthesis 
and at anthesis periods (Dwivedi et al, 2018). In addi-
tion, high chlorophyll content is not always a marker of 
high-yielding varieties, especially in the period when the 
leaf apparatus is maximally developed. This is due to the 
peculiarities of the distribution and use of light energy in 
the upper layers and inside the crop. Therefore, a high 
content of this pigment in the upper/fl ag leaves can lead 
to an increase in energy dissipation in non-photochemical 
processes and a decrease in the radiation use effi ciency, 
while in the lower leaves, on the contrary, it can contrib-
ute to a higher photosynthetic activity (Slafer et al, 2021; 
Moustakas et al, 2022). Thus, it was shown that diploid 
species of Triticum and Aegilops with lower chlorophyll 
content and lower specifi c leaf weight had the maximum 
rate of photosynthesis (Kaminski et al, 1990).

Therefore, taking into account the low variability 
of chlorophyll content in the green leaves, it can be 
assumed that the amount of absorbed solar energy by 
the pigment apparatus in the studied wheat varieties 
was approximately the same. In addition, the leaves 
of upper tiers in all varieties were erectoid. Hence, 
the radiation regime inside the crops and the avail-
ability of carbon dioxide differed little.

Table 2. Yield, t ha–1, of 6 bread winter wheat varieties, obtained in 2020–2022, (m ± SE, n = 3)

Variety
Year

2020 2021 2022

Kyivska 17
Horodnytsia
Smuhlianka
Pochayna
Krasnopilka
Poradnytsia

8.16 ± 0.39 a, B

6.87 ± 0.28 b, C

5.30 ± 0.19 d, C

5.94 ± 0.29 c, C

5.71 ± 0.25 c, C

6.06 ± 0,30 c, C

8.16 ± 0.39 a, B

6.87 ± 0.28 b, C

5.30 ± 0.19 d, C

5.94 ± 0.29 c, C

5.71 ± 0.25 c, C

6.06 ± 0,30 c, C

8.16 ± 0.39 a, B

6.87 ± 0.28 b, C

5.30 ± 0.19 d, C

5.94 ± 0.29 c, C

5.71 ± 0.25 c, C

6.06 ± 0,30 c, C

Note. Values denoted by different Latin letters differ signifi cantly: small ones – between varieties in each individual year, 
large ones – for each of the varieties in some years.

Table 3. Correlation coeffi cients between some main shoot assimilation surface traits at anthesis and milk ripeness and the 
yield (n–2 = 16)

Trait Organ
Stage

Anthesis Milk ripeness

Dry weight 

Chlorophyll content

Flag leaf
Green leaves
Flag leaf
Green leaves

0.658 ± 0.188 **
0.714 ± 0.175 ***
0.542 ± 0.210 *
0.595 ± 0.200 **

0.660 ± 0.188 **
0.837 ± 0.137 ***
0.243 ± 0.243
0.375 ± 0.232

Note. * – P ≤ 0.05, ** – P ≤ 0.01, *** – P ≤ 0.001.
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The thickness of the leaf plate is considered an im-
portant feature of leaves that is related to the light in-
terception and light use effi ciency (Amanullah, 2015). 
The analysis of the fl ag leaves specifi c weight value, 
which indirectly characterizes the thickness of the leaf 
plate, showed that the difference between the varieties 
was also not large (Table 5). Hence, the difference in 
grain productivity of the studied varieties is not related 
to the increase in the leaf plate thickness.

DISCUSSION
Therefore, the research found that, the varieties with 

higher grain productivity differed by a greater fl ag leaf 

dry weight at anthesis and milk ripeness stages than 
the less productive varieties. This may be related to the 
fact that bigger leaves can synthesize more photoas-
similates. These assimilates, fi rst of all, can be used 
for root growth, namely, to help the plant avoid water 
shortage due to deep rooting. And since drought stress 
tended to decrease in uptake and use of nitrogen, potas-
sium, magnesium, calcium, etc. by plants (Sallam et 
al, 2019), the growth of roots will contribute to better 
absorption and translocation of micro- and macroele-
ments to the stem. In particular, the reduction of ni-
trogen absorption affects the chlorophyll content and 

Table 5. Specifi c weight of main shoot fl ag leaves, mg cm–2, in winter wheat varieties, (m ± SE, n = 10)

Stage Variety
Year

2020 2021 2022

Anthesis

Milk ripeness

Kyivska 17
Horodnytsia
Smuhlianka
Pochayna
Krasnopilka
Poradnytsia

Kyivska 17
Horodnytsia
Smuhlianka
Pochayna
Krasnopilka
Poradnytsia

5.37 ± 0.16 aA

5.79 ± 0.17 aA

4.95 ± 0.08 bA

5.75 ± 0.21 aA

4.78 ± 0.31 bB

5.16 ± 0.08 bB

5.70 ± 0.14 aA

5.57 ± 0.22 aB

4.86 ± 0.06 bA

5.56 ± 0.19 aA

4.47 ± 0.60 bA

5.12 ± 0.18 bA

5.56 ± 0.21 aA

5.36 ± 0.15 abAB

5.32 ± 0.13 abA

5.63 ± 0.17 aA

5.92 ± 0.32 aA

6.11 ± 0.39 aA

5.56 ± 0.09 bA

6.19 ± 0.14 aA

4.86 ± 0.13 cA

5.93 ± 0.16 aA

5.30 ± 0.11 bA

5.18 ± 0.08 bcA

5.11 ± 0.21 bA

6.11 ± 0.14 aA

5.01 ± 0.20 bA

5.71 ± 0.18 aA

5.20 ± 0.19 bA

5.02 ± 0.12 bA

5.29 ± 0.10 bB

5.64 ± 0.23 bA

5.15 ± 0.18 bA

5.31 ± 0.13 bA

5.53 ± 0.14 aA

5.24 ± 0.12 bA

Note. Values denoted by different Latin letters differ signifi cantly: small ones – between varieties in each individual year, 
large ones – for each of the varieties in some years.

Table 4. Variability of winter wheat main shoot assimilation surface traits 

Stage Minimum mean Maximum mean Average mean Coeffi cient of 
variability

Dry weight of fl ag leaf, mg DW

Anthesis
Milk ripeness

0.118
0.084

0.118
0.084

0.156 ± 0.032
0.152 ± 0.035

20.67
23.18

Chlorophyll content of fl ag leaf, mg/g DW

Anthesis
Milk ripeness

10.23
8.31

12.61
11.64

11.37 ± 0.76
9.66 ± 0.91

6.73
9.40

Dry weight of all green leaves mg DW

Anthesis
Milk ripeness

0.302
0.145

0.605
0.449

0.415 ± 0.079
0.310 ± 0.099

19.08
31.99

Chlorophyll content of all green leaves mg/g DW

Anthesis
Milk ripeness

8.45
7.82

11.21
9.89

10.00 ± 0.73
8.71 ± 0.55

7.30
6.31
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photosynthetic processes (Mobasser et al, 2014). It has 
also been shown that the change in the ionic homeosta-
sis of plants during drought due to a decrease in their 
availability, uptake, and translocation besides violation 
the nutrients metabolic pathways in plants, leads to a 
limitation of plants growth rate, early aging of the pho-
tosynthetic apparatus, a reduction in the duration of the 
grain fi lling period and a decrease in productivity (Sal-
lam et al, 2019).

Photoassimilates are an important source for grain fi ll-
ing. The higher yield of winter wheat genotypes with a 
bigger dry weight at anthesis may be related to the fact 
that such varieties have a higher photosynthetic rate. In 
particular, 20% increase in fl ag leaf photosynthetic rate 
during the grain fi lling period in spring wheat lines (due 
to the foreign translocation 7DL.7Ag), compared to con-
trol plants, was accompanied by a 12% increase in their 
grain productivity (Reynolds et al, 2005). Similarly, un-
der combined heat and drought stress, near-isogenic lines 
with higher photosynthetic activity (photosynthetic rate, 
amount of chlorophyll and leaf area duration) showed 
49.52–50.08 % decrease in yield, compared to the con-
trol, when the lines with lower photosynthetic activity 
showed 61.05–62.17% reduce (Kumar et al, 2022). The 
increased photoassimilates formation at anthesis will 
also contribute to the down regulation of photosynthetic 
rate by increasing the size of the sink (stem), and their 
transport to the stem will also create reserves for further 
grain fi lling (Morgun et al, 2019).

The higher yield of winter wheat varieties with a 
higher dry weight at milk ripeness can be due to the 
formation of a larger amount of photoassimilates due 
to the prolongation of the photosynthetic apparatus 
functioning in the reproductive period. The stay-green 
is considered as crucial trait for genetic improvement 
of fi ve major grain crops, including wheat (Kamal et al, 
2019). Thus, among 184 wheat lines obtained from pa-
rental lines contrast for yield and stay-green, genotypes 
with higher, more stable yield kept green leaf area 
longer (Christopher et al, 2016). The hexaploid wheat 
stay-green cultivar Chuannong17 had, on average, 
twice photosynthetic rate and a third higher plant grain 
yield than the cultivar Mianyang11 without such a trait 
(Luo et al, 2009). It is assumed that the increase in the 
photoassimilates production after anthesis by optimiz-
ing their distribution between the source and sink, to-
gether with the increased demand for assimilates from 
the sink, determines the higher yield of such genotypes 
(Luo et al, 2009; Li et al, 2022). It has also been shown 
that in order to realize the yield potential due to the de-
lay in leaf senescence, this trait must be accompanied 

by an increased ability to grain fi lling (Borrill et al, 
2015). An analysis of recent literature data evidences 
that the maintenance of photosynthetic capacity for a 
long time after anthesis, in combination with other use-
ful traits, is associated with increased yield, especially 
under conditions of drought and heat stress (Kamal et 
al, 2019).

The mechanisms that contribute to the increase in 
yield under a stress can be different. Including those 
caused by the genetic nature of changes in the photo-
synthetic apparatus. Thus, the analysis of genes expres-
sion related to photosynthesis showed maximum rela-
tive expression of Rubisco-activase (2.38 fold) under 
temperature stress (36 °С), as compared to the control 
(26 °С) in more adaptable to the heat stress variety 
HD2967, and minimum in less tolerant variety WR544 
(0.75 fold) at milk ripeness (Kumar et al, 2017). 

Although more than 90 % of crop biomass is gen-
erated from photosynthetic products, improvement 
of this process has not yet been achieved by breeding 
(Yamori, 2021). Therefore, search of better photosyn-
thetic capacity traits, can be a promising approach for 
breeding to increase the wheat yield.

CONCLUSIONS

It was shown that under conditions of drought in the 
period of grain fi lling, the variability of the fl ag leaf 
and all green leaves dry weight in winter wheat variet-
ies with similar tolerance to drought, both at anthesis 
and at milk ripeness stages, was greater than the varia-
tion in the chlorophyll content in them. The higher 
yield of winter wheat varieties with a greater leaves 
dry weight under drought conditions can be associated 
with both the possibility of photoassimilates using for 
root growth and, thus, reducing the water defi cit, and 
with the prolongation of the photosynthetic apparatus 
functioning at the grain fi lling period. A close positive 
correlation was established between the fl ag leaf and 
all green leaves dry weight at anthesis, as well as milk 
ripeness stages and yield. This shows that traits of the 
plants assimilation surface can serve as indirect mark-
ers of drought resistance. Taking into account the corre-
lation closeness, and the simplicity and convenience of 
determinations at selections in the fi eld, which do not 
require the use of complex equipment, it is proposed to 
use the dry weight of the fl ag leaves at anthesis stage as 
a physiological marker of drought resistance. Improv-
ing the photosynthetic capacity of leaves is one of the 
ways to increase the yield of cereal crops.

Adherence to ethical principles. All the experimental 



AGRICULTURAL SCIENCE AND PRACTICE   Vol. 10   No. 2   202336

PRIADKINA et al.

results, presented in this article, were obtained without 
the use of any animals.
Confl icts of interests. The authors declare no confl ict 
of interest.
Finansing. The research was partially fi nanced by the 
Cabinet of Ministers of Ukraine project “Supporting the 
development of priority directions in scientifi c studies” 
within the project “Development of modern methods 
of marker-assisted breeding and technologies of short 
interfering RNAs for the creation of high-yielding vari-
eties-innovations of winter wheat with improved grain 
quality, resistant to environmental stresses”.

Урожай та показники
асиміляційної поверхні листків озимої пшениці

Г. О. Прядкіна *, Н. М. Махаринська, Д. В. Коновалов

Інститут фізіології рослин і генетики Національної 
академії наук України,

вул. Васильківська, 31/17, м. Київ, Україна, 03022
e-mail: galpryadk@gmail.com*, nadjavasko@ukr.net, 

davidkonovalov@ukr.net
orcid: https://orcid.org/0000-0002-4548-1747,

https://orcid.org/0000-0002-9987-6437, 
https://orcid.org/0000-0003-1254-2926

Мета. Визначити маркери посухостійкості на основі 
аналізу ознак асиміляційної поверхні листків у 6 
сортів озимої пшениці, що характеризуються близь-
кою посухостійкістю, в умовах польової посухи в Лісо-
степу України. Методи. Ознаки асиміляційної поверх-
ні листків визначали польовими, морфометричними, 
фенологічними та спектрофотометричними методами. 
Результати. За умов польової посухи в період наливу 
зерна суха маса прапорцевого листка та всіх зелених 
листків головного пагона 2 високоврожайних сортів 
(Київська 17 та Городниця) у період цвітіння та молоч-
ної стиглості була вищою, ніж у 4 інших у середньому 
за 3 роки. Питома маса прапорцевих листків головного 
пагона та вміст хлорофілу у досліджуваних сортів мало 
відрізнялися. Виявлено, що варіабельність сухої маси 
прапорцевого листка та всіх зелених листків головного 
пагона сортів озимої пшениці в період цвітіння та мо-
лочної стиглості була більшою, ніж варіабельність вміс-
ту в них хлорофілу. Встановлено тісний зв’язок між су-
хою масою прапорцевого листка в період цвітіння та
молочної стиглості, як і всіх зелених листків, з уро-
жайністю (r = 0,658–0,837). Висновки. Вища врожай-
ність сортів озимої пшениці з більшою сухою масою
листя в умовах посухи може бути пов’язана з утворен-
ням більшої кількості фотоасимілятів, які можуть бути 
використаними як для росту коренів (стратегія уник-
нення дефіциту води), так і для накопичення резервних 
асимілятів у стеблі (стратегія створення резервів для 
подальшого наливу зерна). Суху масу прапорцевого 

листка головного пагона у фазу цвітіння можна ви-
користовувати як морфометричний маркер посухостій-
кості, враховуючи тісноту кореляції з врожаєм та про-
стоту і зручність визначення в польових умовах.
Ключові слова: Triticum aestivum L., польова посуха, 
маса сухої речовини листків, хлорофіл.
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