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Goal. Ta assess the varieties of winter wheat collection on the basis of drought resistance in the initial 

stages of seed germination in the solution of sucrose, which corresponds to a pressure of 16 atm, and 
during grain filling by the coefficient of realization of ear productivity potential. To determine the con-
centration of the cell juice on the flag leaf of plants in the earing phase, and to establish the resistance 
of different winter wheat varieties to drought. Methods. Laboratory, field, statistical. Results. Varieties 
of winter wheat grown in collection nurseries were divided into 2 groups according to the level of produc-
tivity and direction of use. These included 19 varieties of selection of the Institute of Plant Physiology 
and Genetics (IPPG) of the National Academy of Sciences of Ukraine (Kyiv selection), and 14 varieties 
of southern regions of Ukraine (Southern selection). During the evaluation of varieties of the collection 
of IPPG it was found out that in the early stages of seed germination in the solution of sucrose, which 
corresponds to a pressure of 16 atm, the level of drought resistance of varieties of Southern selection 
was 7.4% higher than Kyiv. Over the past 3 years, the average concentration of cell juice in varieties of 
Kyiv selection was 2% lower than in the South ones. The strong relationship (η ± P95=0.74 ± 0.12) was 
found between the level of drought resistance of collection varieties in the early stages of seed 
germination in the solution of sucrose 16 atm from the concentrations of cell juice of the flag leaf in the 
phase of earing wheat. With a record abnormal heat and drought in the period of grain filling in 2019, 
the varieties of Kyiv selection realized their genetically determined productivity potential by a factor of 
4.0 better than the varieties of the Southern selection. Varieties with the high coefficient of realization of 
ear productivity potential were selected: Favorytka — 4.6; Bohdana — 5.4; Kalancha — 5.8, and 
Darunok Podillia — 6.1. Conclusions. It is proved that in the early stages of germination of wheat seeds 
in the solution of sucrose, which corresponds to a pressure of 16 atm, the level of drought resistance of 
varieties has the strong relationship (η ± P95=0.74 ± 0.12) with the concentration of cell juice of the flag 
leaf in the earing phase of wheat. It was found out that with the record abnormal heat and drought in the 
period of grain filling in 2019, winter wheat varieties of Kyiv selection 2.5% better realized their 
genetically determined ear productivity potential. Highly drought resistant and highly productive varieties 
of IPPG are distinguished: Favorytka, Bohdana, Kalancha, and Darunok Podillia.  
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Improving productivity of the crops, among which winter wheat (Triticum aestivum L.) is the main 

food crop, remains a strategic objective of Ukraine's agricultural sector  [1]. Contemporary climate 
change, which has a significant impact on agricultural production, is making adjustments to the 
objectives. 

Extreme temperatures of changing climatic conditions are one of the most common abiotic 
adverse factors. Increasing the air temperature causes droughts, which increases the evaporation of 
water from the soil surface and induces additional stress factors that can greatly affect the required 
mineral nutrition requirements [2] and, in general, productive crop processes [3]. 

Thus, in Ukraine in recent years there is a steady tendency to decrease the annual rainfall [4] and 
the presence of droughts during grain filling.  

Drought causes a number of physiological, biochemical and molecular changes at the cellular 
level [5] and suppresses plant photosynthesis [6]. Environmental stress (especially drought) leads to the 
accumulation of soluble carbohydrates and free amino acids as well as antioxidant compounds. These 
low molecular weight compounds are dissolved in water and are a part of the cellular juice of plants. 
They are non-toxic and protect cellular components from damage and degradation [7]. The cellular juice 
of plants contains spare proteins. The chemical composition and amount of cellular juice substances 
may vary and depend on the type of cells, tissues, plant genotype, their physiological state, and the 
effects of environmental factors [8]. 

Therefore, in the current climate change, the most actual problems of breeding and production of 
grain of the agricultural plants include finding out the mechanisms of plant resistance to adverse 



environmental conditions and creation of new varieties with high productivity, with increased levels of 
adaptability and grain quality. 

Purpoe of research is to evaluate winter wheat varieties on the basis of drought resistance in the 
initial stages of seed germination and during grain filling by the factor of realization of the ear productivity. 
To determine the concentration of cellular juice of the flag leaf of the plants in the germination phase 
and to establish a connection with the dry resistance of winter wheat varieties.  

Materials and methods. The research was conducted in the fields of the experimental farm of 
IPPG, NAS of Ukraine, Glevakha town, Vasylkiv district, Kyiv region. The material was mild winter wheat 
varieties grown in the comparative trial collection nursery during 2015-2019.  

The establishment of the experiment with wheat varieties was carried out according to the method 
of examination of plant varieties of the group of cereals for suitability for distribution in Ukraine [9]. The 
meteorological and actual average weather conditions were used according to the weather archive from 
the website «Pogoda i klimat» (http://www.pogodaiklimat.ru).  

The concentration of cellular juice of winter wheat varieties was determined in the hatching phase 
with a selection of 3 pieces of flag leaf from the main stem of plants on the device RL 3 (Made in Poland).  

The level of drought resistance of cultivar samples at the initial stages of seed germination was 
determined on sucrose solution, which corresponds to the pressure of 16 atm, according to the method 
of Kozhushko MM [10]. The evaluation of the resistance of winter wheat varieties to drought was 
determined in the field by the coefficient of realization of the potential productivity of the ear (the 
difference of the ear weight measured with the ear weight in the flowering phase) [10]. 

The experiments were repeated 3-4 times. Statistical processing of the results was performed 
according to the method of Dospekhov BA [11] using AtteStat software (http://attestatsoft.narod.ru).  

The climatic conditions of the Kyiv region in June 2015-2019 were characterized by an increased 
temperature regime with a small monthly rainfall of 57% of the norm during these years (Fig. 1).  

 

а)  b)  
 

Fig.1. The climatic conditions in June 2015-2019 during grain filling of winter wheat in the 
research area: а – the average air temperature, °С; b – the rainfall number per month, mm 

  
The data obtained show that during the last 5 years, the average monthly air temperature during 

the winter wheat grain filling period has increased from +1.4 º C in 2017 to a record anomaly of +5.0 º 
C in 2019. Rainfall in June 2015-2017 was a slight of 13-28 mm (or 16-35% of norm) and with intense 
local character of 111 and 67 mm in 2018 and 2019. But the high temperatures quickly evaporated them 
from the soil during the day, not providing sufficient moisture to the plants.  

Results of research. In evaluating the varieties of the IPPG Collection of the NAS of Ukraine, it 
was found that southern breeding varieties have the highest resistance to drought. Therefore, 33 
varieties were included for research, 19 of which were varieties of Kyiv selection and 14 varieties of 
southern selection.  

It is known that the adaptation of plants to stress is controlled by a complex molecular genetic 
system that triggers a certain stress regulatory mechanism that provides homeostasis and protection 
against the breakdown of proteins and cellular components. In wheat, spare proteins are found in seeds 
that, when dried, produce aleurone grains when ripened [8].  

Therefore, the level of drought resistance was determined in the investigated varieties in the 
early stages of germination of seeds on a solution of sucrose, which corresponds tj the pressure of 16 
atm in laboratory conditions during 2015-2017. Dry seeds of 300 grains of each variety were selected, 
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soaked in a sucrose solution of 16 atm in Petri dishes and germinated for 5 days in a thermo cabinet at 
20-21 ° C. The percentage of sprouted grains, which was determined by the number of grains that 
formed the minimum root length, was calculated after 7 days. The results of the survival of the seedlings 
or the number of living seedlings are presented in Fig. 2. 

 

 
 

Fig. 2. The average number of live seedlings in winter wheat varieties in determining  
the drought resistance 

 
 
It is proved that in the early stages of germination of wheat seeds on sucrose solution, which 

corresponds to the pressure of 16 atm, the average level of drought resistance of the southern breeding 
varieties is 7.4% higher than in Kyiv breeding ones. 

Researchers and breeders believe that drought is especially dangerous for winter wheat in the 
"critical period" that is a period of grain filling. Under the influence of deep soil drought, grain yields are 
most severely reduced when the drought occurs 5-7 days before mowing, as well as during the 
harvesting period [8]. Drought causes an increase in osmotic pressure and the concentration of cellular 
juice of cotton leaves [12]. Therefore, during the 2017-2019 harvesting period of the wheat varieties, the 
concentration of cellular juice was determined in the field in the flag leaf of the plants. 3-4 flag leaves 
were taken from the main stems and placed in plastic bags in the fields with the typical plants in the 
morning. Samples were immediately taken to the laboratory and analyzed. The results of determining 
the concentration of cellular juice are presented in table. 
 

Concentration of cellular juice in winter wheat varieties  in the coughing phase   

 
Breeding varieties 

The average concentration of cellular juice, %± sp 
2017 2018 2019 

Kyiv 13,0 ± 2,3 10,7 ± 2,2 13,5 ± 2,3 
Southern 14, 8 ± 2,4 12,3 ± 2,3 15,1 ± 2,5 

 
The obtained data show that in the last three years the average concentration of cellular juice in 

the flag leaf of the varieties of Kyiv breeding during the phases of wheat heading was 2 % lower than in 
those of the southern selection. Varieties of Kiev breeding such as Bohdana, Podolyanka, and 
Hospodarka were distinguished by the index of the concentration of cellular juice in the flag leaf during 
the mating phase at the level of the southern breeding varieties, and the varieties Natalka, Smuglyanka, 
and Darynka Kyivska exceeded their average by 1-2 %. 

When comparing data of the level of drought resistance of varieties under the conditions of 2017-
2018, determined at the early stages of germination of seeds on sucrose solution, there was established 
an authentic correlation η ± І95 = 0,74 ± 0,12 with the concentrations of cellular juice of the flag leaf in 
the hatching phase by statistical analysis of the Student's criterion at a high probability level. Such a 
physiological aspect is used and taken into account in the diagnosis of winter wheat samples in field 
conditions on the basis of drought resistance in breeding practice. 

But breeders pay great attention to the direct field assessment of the resistance to drought, 
considering it the most reliable. The main role in the overall evaluation of varieties for drought resistance 
is determined by the value of the yield. However, the estimation on the basis of the absolute value of 

32,5 %
39,9 %

Southern 

varieties Kyiv 

varieties



the crop is not reliable in the dry years, due to the influence of other factors and genetically determined 
properties of the characteristic genotype in the formation of the crop. Therefore, the diagnosis of drought 
resistance of varieties was carried out in the period of abnormally hot and arid conditions in 2019 during 
the formation and filling of grain on the main wheat ear by the efficiency factor of the ear.  

The wheat flowering phase was the starting point for the ear mass on June 3, 2019, and the full 
maturity phase was ending on July 17. The ears of the main stem of the plants were selected in the 
morning and weighed on the scales in the field conditions. The weight of the main ear was measured 4 
times and the earning factor of the ear was calculated 3 times during the coefficients of realization of 
spike productivity. The results of studies of the same varieties are presented in Fig. 4. 

 

 
Fig. 4. Coefficients of realization of spike productivity of winter wheat varieties of Kyiv and 

Southern breeding in grain filling period, 2019 
 

Obtained data show that the formation of the main crop of Kyiv breeding varieties occurs in the 
first half of the period of grain filling, and drought-resistant southern varieties realizу the productivity 
potential of the ear in the second half of that period. 

It was found that Kyiv breeding varieties were 2.5 % better realizing their genetically determined 
productivity potential by a factor of 4.0 than southern breeding varieties under climatic conditions of the 
2019 grain filling period. Drought-resistant varieties of IPPG, NAS of Ukraine were selected for the high 
factor of realization of productivity potential of ear: Favorytka - 4,6; Bohdana - 5,4; Kalancha - 5,8 and 
Darunok Podillya - 6,1. The investigated varieties are involved in breeding programs for the creation of 
new high-yield and highly adaptable winter wheat starting material.  

 
Conclusions 

It is proved that the level of drought resistance of varieties has a strong relationship r ± I95 = 0,74 ± 0,12 
with the concentration of cellular juice of the flag leaf in the stage of wheat hatching in the early stages 
of germination of seeds on sucrose solution of 16 atm of wheat. It was found that Kiev breeding varieties 
realized their genetically determined potential of ear efficiency by 2,5 % better with record abnormal 
heat and drought during the period of grain filling in 2019. Highly drought resistant and highly productive 
varieties of IPPG, NAS of Ukraine: Favorytka, Bohdana, Kalancha and Darunok Podillya are 
distinguished. 
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