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Drought tolerance of 24 Ukrainian spring wheat (Triticum aestivum L., T. durum 
Desf., T. turgidum subsp. dicoccum) genotypes was estimated by determining water 
deficit (WD), relative water content (RWC), excised leaves water loss weight (EL WLW), 
excised leaves water loss per area (EL WLA) in flag leaves of plants grown in a field 
conditions during Y2018 vegetative season, that was characterized by low precipitation 
and high temperatures. Field experimental plots were located near Dmytriv village, Lviv 
region (50°13′26.6′′N 24°36′50.5′′E) on the Chernozem on eluvium of carbonate rock 
soil. Wheat was sown in a randomized complete block design in four replications of 
30 m2 plot area. The purpose of this study was to verify more reliably a physiological 
traits used for screening of the performance under the restricted water supply and to 
correlate the varietal tolerance with the final grain yield. Water status parameters were 
determined on the Zadoks 4.3 growth stage. Water deficit caused a reduction in the leaf 
RWC for all studied varieties. Differences in the drought response between T. aestivum 
and T. durum varieties were confirmed. The WD of flag leaves ranged from 18.0 to 
37.8 % for bread and from 19.4 to 33.3 % for durum wheat varieties. The lowest WD (less 
or equal 20 %) has been recorded for bread varieties Kolektyvna 3, Elehiia myronivs’ka 
and durum varieties – Diana, Chado. High WD noted for the Simkoda myronivs’ka and 
MIP Raiduzhna. The low EL WLW and therefore higher drought tolerance was noticed 
for durum wheat varieties, namely for Spadschyna, Diana. Bread wheat varieties Sim-
koda myronivs’ka, Panianka, and durum wheat Zhizel’, Tera, MIP Raiduzhna and emmer 
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Holikovs’ka varieties lost less water per leaf area (EL WLA). Past 3 biplot correlation 
analysis confirmed MIP Raiduzhna drought tolerance, and allowed to choose Zhizel’ 
(durum), Holikovs’ka (emmer) and Simkoda myronivs’ka (bread) as varieties with a high 
yield performance and drought tolerance. Bread varieties Bozhena and Dubravka, du-
rum Spadschyna, Diana varieties were susceptible to drought in spite of relatively high 
leaf RWC. Thus, excised leaves water loss – EL WLW and EL WLA indices characte
rizing water-retaining ability of leaf tissues could be recommended as additional indica-
tors of water stress tolerance. RWC as drought tolerance parameter is more applicable 
for durum varieties, whereas EL WLA 2–6 h for the bread varieties. 

Keywords: drought, Ukrainian spring wheat, relative water content, water deficit, 
excised leaves water loss, EL WLW, EL WLA

INTRODUCTION
Wheat is a worldwide important crop and one of the main calories sources in hu-

man diet (19 %) and for feeding of poultry and livestock (40 %) [34]. It is very important 
for the Ukrainian agriculture sector [21; 3]. Despite the traditionally large sawing areas 
of the winter wheat, recently in Europe, and especially in Ukraine, we observe an 
increase of a spring wheat importance [38; 19]. A tetraploid emmer wheat became more 
popular which has a high grain quality used in dietary nutrition and possess a morpho-
physiological traits conferring drought resistance [29; 24; 20].

Facing climate changes [26; 27; 28; 31], springs in Europe became more often ac-
companied with drought, air storms, uneven precipitation and temperatures; summers – 
by severe drought that caused unfavorable growth conditions for many crops [25; 32; 37]. 
According to the CORDEX data temperatures in Ukraine to 2070 will increase for 1.65–
2.98 °C, with changes in precipitation character. Thus, the decrease of overall wheat 
production by 6–11 % is predicted. In these conditions, an important challenge to cope 
with possible shortage of food supply for growing human population is to improve wheat 
drought tolerance [4; 26; 37]. In that case, an important issue is improvement of the 
drought tolerance assessment by the express field and physiological laboratory methods. 

The main goal of our study was to verify more reliably a physiological traits used for 
screening the performance on a twenty four wheat genotypes from the State Register of 
Plant Varieties Suitable for Dissemination in Ukraine [36] under the restricted water sup-
ply in field conditions, and to correlate the tolerance of these varieties with the final grain 
yield. Relative water content (RWC), water deficit (WD), excised leaves water loss 
weight (EL WLW), excised leaves water loss per area (EL WLA) of flag leaves and final 
yield of plants subjected the drought stress in field conditions were determined.

MATERIALS AND METHODS
Plant material. 24 spring wheat genotypes (V.M. Remeslo Myronivka Institute of 

Wheat of NAAS, The Plant Production Institute V.Ya.Yuryev of NAAS, Nosivka Station 
of Selection and Research breeding) were grown in field experiment during the Y2018 
crop season. 

The studied genotypes were grouped into 3 categories: 15 varieties of hexaploid 
bread wheat (Triticum aestivum L.); 8 varieties of durum wheat (Triticum turgidum sub-
sp. durum Desf.);1 variety of tetraploid emmer wheat (Triticum turgidum subsp. dicoc-
cum) (Table 1).
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Table 1. Taxonomic classification of spring wheat varieties used in the study
Таблиця 1. Таксономічна класифікація сортів ярої пшениці, використаних у дослідженні 

Genotype Taxonomic classification

Kolektyvna 3, Oksamyt myronivs’kyi, Panianka,  
Struna myronivs’ka, MIP Svitlana, MIP Zlata, Etiud, Dubravka, 

Bozhena, Elehiia myronivs`ka, Simkoda myronivs’ka, 
Provintsialka, Heroinia, Kharkivs’ka 30, Uliublena

Triticum aestivum L.

Izol’da, MIP Raiduzhna, Diana, Tera, Spadschyna, Chado, 
Dynastiia, Zhizel’

Triticum turgidum 
subsp. durum Desf.

Holikovs’ka Triticum turgidum 
subsp. dicoccum

As standards for drought tolerance Elehiia myronivs’ka (bread) and MIP Raiduzhna 
(durum) varieties were used [13; 19].

Experimental details. Field experimental plots were located near Dmytriv village, 
Radekhiv district, Lviv region (50°13′26.6′′N 24°36′50.5′′E). The soil type was Cherno-
zem on eluvium of carbonate rock [45], with pH (7.13–7.52), content of organic matter – 
74.56 g/kg. 

Wheat seeds were sown on April, 2018 in a randomized complete block design  
in four replications, plot area 30 m2 (5×6 meters), row spacing 0.20 m; seeded at an 
average rate of 125 kg ha-1 with hand planter. The whole dose of nutrients i.e. nitrogen 
120 kg ha-1 and P2O5 10 kg ha-1, K2O 29 kg ha-1 was used at the time of seedbed prepa-
ration.

As indices of plant water stress status, we estimated water deficit (WD), relative 
water content (RWC), excised leaf water loss per weight (EL WLW) and per area (EL 
WLA) of excised flag leaves, collected from plants at the Z4.3 stage according to Zadoks 
decimal growth stages classification [44].

During the first decade of June, 10 flag leaves from each experimental plot were ran-
domly selected and excised in accordance with each variety growth stage. The leaves 
were placed in polyethylene zip-bags and immediately transported to the laboratory. 

Leaves were weighted several times on an electronic balance (Radwag AS 310.R2, 
Ukraine); immediately after sampling we determined leaf fresh weight (FW), after 12 h 
in water the leaves were weighed to obtain turgid weight (TW), then the leaf was placed 
on a filter paper in laboratory conditions and weighed by 2, 4, 6 and 24 h. Dry weight 
(DW) was measured after ovendrying at 105 °C. 

The water deficit (WD) was calculated as [16]:

Relative water content (RWC) was defined according to the formula of Weatherly 
[39; 40]:
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Excised leaves water loss weight (EL WLW) index was determined with Arlando 
method [11] based on calculation of water loss by excised leaves during fixed time pe-
riods, e. g. – 2, 4, 6, 24 h:

where: weight after "x"h – leaf weight after 2, 4, 6 and 24 h.
Excised leaves water loss area (EL WLA) was calculated as water loss per area 

after 2, 4, 6 and 24 h. EL WLA as rate of water loss/cm2, as proposed by Clarke [9] was 
calculated from the following formula:

where: weight after "x"h – leaf weight after 2, 4, 6 and 24 h, LA – leaf area.
The leaf area was calculated using leaf images with the Adobe Photoshop 7.0 

software. 
Grain yield of wheat is determined as (number of heads from 1 m2) × (kernels/grain 

per head) × (kernel/grain weight).
Statistical Analysis. Microsoft Excel Program was used for the graphical presen-

tation of data, descriptive statistics and correlation analysis, principal component analy-
sis was performed using freeware data analyzer software Past 3 [46].

RESULTS AND DISCUSSION 
Rainfalls and mean temperatures during Y2018 crop season and previous seasons 

Y2016, Y2017 are presented in the Тable 2. The Y2018 season was characterized by  
a relatively dry period from the April to the endJune, followed by a relatively humid pe-
riod lasting from 25th of June to midJuly. April–May rainfall was 75.3 mm, compared with 
the longterm average of 130 mm. The average air temperature in April 11, 2018, when 
seeds were sown was fixed at 13.5°C, and the lack of precipitation during this month 
(24 mm) caused a serious water deficit condition. Similar conditions were observed in 
May during vegetative growth – water deficit and high temperatures. A “2018 European 
drought and heat wave” as a period of unusually hot weather during the spring and sum-
mer was reported [47]. 

Table 2. Weather conditions in Radekhiv district (Lviv region) during April–June, 2016–
2018

Таблиця 2. Кліматичні умови у Радехівському районі (Львівська область) у квітні–
червні 2016–2018 рр.

Climatic 
parameters Years

Month
April May June

Rainfall, mm
2018 24.0 51.3 153.4
2017 48.7 80.5 31.4
2016 65.1 68.8 115.6

Temperature, °C
2018 13.5 17.0 18.3
2017 8.1 13.7 18.1
2016 10.1 14.3 18.6



45EXCIZED LEAF WATER STATUS AS A MEASURE OF DROUGHT RESISTANCE OF UKRAINIAN SPRING WHEAT

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2019 • Том 13/№2 • С. 41–54

Water deficit characteristics and leaf relative water content of flag leaves. 
There were genotypic differences in initial leaf water content at all samplings and in 
change in leaf water content after 24 h. Under natural drought conditions, the WD of flag 
leaves ranged from 18.0 to 37.8 % for bread and from 19.4 to 33.3 % for durum varieties 
(Fig. 1). The lowest WD (less or equal 20 %) have been recorded for bread wheat vari-
eties Kolektyvna 3, Elehiia myronivs’ka and durum varieties – Diana, Chado. High WD 
was noted for the Simkoda myronivs’ka and MIP Raiduzhna – 37.8 % and 33.3 %, re-
spectively. 

RWC of Elehiia myronivs’ka leaves as the standard drought tolerant variety [13] 
assessed on the level of 72 % (Fig. 1), higher than 75 % RWC revealed for two bread 
wheat varieties – Etiud, Kolektyvna 3; and one durum – Chado variety. The lowest 
RWC, less than 53 %, recorded for the sensitive Simkoda myronivs’ka (bread) and MIP 
Raiduzhna (durum) varieties. The tetraploid emmer Holikovs’ka had also a compara-
tively high RWC (70 %).

Fig. 1. The flag leaf water deficit (WD) and relative water content (RWC) of bread (A) and durum (B) spring 
wheat varieties on Z4.3 stage in the field experiment, Dmytriv location (50°13′26.6′′N 24°36′50.5′′E)
Y2018 crop season

Рис. 1. Водний дефіцит (WD) та відносний вміст води (RWC) у листках сортів пшениці м’якої (А) i твер-
дої (В) ярої на етапі Z4.3 у польових умовах, вегетаційний сезон 2018 р., с. Дмитрів (50°13′26,6′′N 
24°36′50,5′′E)

In general, there were nonsignificant differences between studied hexa and tetra-
ploid wheat genotypes. According to literature data, the typical RWC at about wilting 
point for the majority crop species is close 60 % to 70 % [23]. Assuming that RWC 40 % 
is noted for a severely desiccated and dying leaves all varieties were subjected the 
drought stress under the Y2018 studied climatic conditions. 

Excised leaves water loss. EL WL as indices of a excised flag leaves water reten-
tion capability was calculated separately per dry weight (Fig. 2, A–B) and per leaf area 
(Fig. 2, C–D). The highest rates of water loss were noted on the 2nd h of desiccation. 
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Fig. 2. Excised leaves water loss weight (EL WLW) of bread (A) and durum (B) wheat, excised leaves water 
loss area (EL WLA) of bread (C) and durum (D) wheat on 0–2, 0–4, 0–6 and 0–24 h for flag leaf of 
spring wheat varieties on Z4.3 stage in the field experiment, Dmytriv location (50°13′26.6′′N 
24°36′50.5′′E) Y2018 crop season

Рис. 2. Водоутримна здатність у перерахунку на масу (ELWLW) і площу (EL WLA) прапорцевих листків 
(Z4.3) сортів пшениці м’якої (A, С) та твердої (B, D) ярої на 0–2, 0–4, 0–6 та 0–24 год в умовах 
польового експерименту, с. Дмитрів (50°13′26,6′′N 24°36′50,5′′E), вегетаційний сезон 2018 р.
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The lowest EL WLW have been shown for such durum wheat as Spadschyna 14.7 %, 
and Diana – 16.7 % with a high WD. For bread wheat, low EL WLW water losses have 
been noted for Dubravka – 17.0 % and Provintsialka – 18.4 %. While the high EL WLW 
were obtained for Struna myronivs’ka bread wheat 31.7 %, Chado durum wheat 27.3 % 
and Holikovs’ka emmer wheat 29.6 %. 

The studied varieties tended to lose most moisture during the second and third 2h 
periods. The low EL WLW has been obtained for the bread wheat Dubravka, Heroinia, 
Provintsialka – 28–42 % if compare with the maximum EL WLW noticed for MIP Svitlana, 
Struna myronivs’ka, Etiud 43–52 %. For durum varieties the lowest EL WLW was noted 
for Spadschyna, Diana – 27–36 %, whereas the biggest water losses have been estab-
lished for the Zhizel’, Chado, Izol’da varieties – 37–46 % on 4–6 h of experiment. For the 
emmer variety Holikovs’ka on 4 h and 6 h time points, the highest EL WLW, a 48.7 % and 
58.7 %, respectively were observed. On 24th h of desiccation EL WLW achieved its maxi
mum 72–79 %, and there were not significant differences between the studied genotypes. 

The EL WLA indices were different from EL WLW. Bread wheat Simkoda myro
nivs’ka, Provintsialka, Panianka, and durum wheat Zhizel’, Tera, emmer Holikovs’ka lost 
less water per leaf area unit, and maximum water losses were recorded for bread Etiud, 
Dubravka and durum Chado, Spadschyna varieties. The greatest water loss during 
2–6 h was noticed for bread wheat Oksamyt myronivs’kyi, Kolektyvna 3 and Etiud, for 
durum – Chado and Spadschyna. 

The results of principal component analysis (PCA) are shown on Fig. 3. The Com-
ponent 1 contributed to 43,7%, of the total variation, the Component 2 – to 28.4 %.

The acute angles between the PC vectors of the EL WLW 2–6 h, and EL WLA 
2–6 h, RWC indices showed that these parameters are associated. Grain yield slightly 
positively correlated with Component 2 (0.17), and negatively (0.13), with Component 1. 
This means that grain yield slightly depended on other factors. The PC graphs revealed 
that grain yield negatively associated with EL WLA 2–6 h. Considering the length of vec-
tors, the most important indices were EL WLW 2–6 h, and EL WLA 2–6 h, whereas the 
same indices on 24 h of desiccation and initial RWC were less informative in the analy-
sis. Emmer Holikovs’ka has a distinct position on the graph with high water retaining 
ability and yield characteristics. Biplot shows that varieties Zhizel’, MIP Raiduzhna, Sim-
koda myronivs’ka are in a vicinity of indicators of drought tolerance and yield perfor-
mance. Bread varieties Kolektyvna 3, Etiud are in the vicinity of indicators of sensitivity; 
varieties Bozhena and Dubravka – close to the vectors of sensitivity and tolerance, 
therefore according to the proposed model of biplot analysis [1], these genotypes are 
susceptible to drought and have normal adaptation to the environment.

Water deficit limits crop productivity, so breading for a minimal yield loss in such 
environments becomes an important issue under climate changes, growing our popula-
tion and land-use pressure [13; 19; 42]. Lack of the moisture during the wheat tillering 
stage causes an increase of infertile spikes, and as a result, a significant yield loss in 
wheat are observed [12; 32; 43]. 

There is a relationship between crops drought resistance and high amount of rela-
tive water, water potential [10; 33] and membrane integrity. According to A. Kamoshita 
et al. and other reports [17; 2], genotypes that keep a higher RWC are more drought
resistant, on the other hand RWC depends on the ontogenesis stage [9]. The greater 
decrease of RWC under drought relates to a capacity of tolerant varieties to better ab-
sorb water from soil and to prevent transpiration losses [5; 14]. N. Sobhaninan et al. 



48 O. O. Makar, O.I. Patsula, Y.Z. Kavylych et al.

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2019 • Том 13/№2 • С. 41–54

reported RWC strongest indirect effect on grain yield under the drought [35]. High RWC 
and leaf water potential under drought are reported for the durum tetraploid wheat. The 
results obtained in our experiment on the basis of RWC suggest the following water 
deficit tolerant varieties: Etiud, Kolektyvna 3 for bread wheat, and Chado, Diana, 
Holikovs’ka for durum wheat.

A B
PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7 PC 8

RWC 0.40 -0.40 -0.47 0.71 -0.04 -0.01 0.01 0.001

WLW 2 h 0.69 0.66 -0.04 -0.04 0.28 0.03 0.08 -0.007

WLW 4 h 0.68 0.69 -0.13 0.02 0.12 -0.14 -0.01 0.03

WLW 6 h 0.76 0.59 -0.16 0.01 0.16 0.12 -0.06 -0.02

WLA 2 h 0.83 -0.42 0.28 -0.04 -0.21 -0.01 -0.10 0.02

WLA 4 h 0.85 0.48 0.17 -0.07 0.09 -0.06 0.03 -0.06

WLA 6 h 0.81 -0.53 0.16 0.08 0.13 0.06 0.07 0.04

Grain yield -0.14 0.40 0.76 0.49 0.04 0.01 0.01 -0.001

C

Fig. 3. Traced graphics of Biplot drought tolerance indices and yield performance of spring wheat varieties 
based on the first two components. A – loading factor of varietal traits, B – correlation, C – scatter plot. 
PC = principal components, PC1 to PC8 of studied wheat traits. RWC – relative water content, LW – 
excised leaf water loss per dry weight (EL WLW); WLA – excised leaf water loss per leaf area (EL 
WLA) on 2, 4, 6, 24 h of desiccation; GY – grain yield, kg per m2. Varieties as described in the Table 1

Рис. 3. Двокомпонентний biplot аналіз показників посухостійкості та врожайності сортів пшениці ярої.  
А – матриця навантажень, В – кореляція, С – діаграма розкиду. PC = головні компоненти, РС1
РС8 – основні досліджувані параметри пшениці. RWC – відносний вміст води, LW – водоутримна 
здатність у перерахунку на масу сухої речовини (EL WLW); WLA – втрати води на одиницю 
площі листка (EL WLA) на 2, 4, 6, 24 год висушування; GY – урожай зерна, кг на м2. Сорти опи-
сано в табл. 1
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The high rate of EL WL negatively correlated with wheat grain yield under the 
drought conditions [15; 7]. There are also reports that bread wheat varieties are more 
stable to a lack of water in the soil than durum [41]. Due to poor root system and low 
waterretaining ability of leaves at the initial period of growth of durum wheat, the bread 
wheat has higher heritable water retention capacity trait [7]. On the other hand, there 
are a lot of data confirming higher drought tolerance of durum wheat varieties [8]. A bet-
ter growth under water stress in T. durum and T. dicoccum, as compared to hexaploid 
genotypes were, associated with their better water retention capacity that may be linked 
to ABA content, lower pigment bleaching, higher membrane stability, and nitrate reduc-
tase activity [11]. Therefore, RWC or ELWL are used broadly as a selection tool indica
ting drought tolerance.

Taking into accounts the obtained data, it could be assumed that EL WLW values 
which reflected drought resistance decrease in the following order: Dubravka–Heroinia–
Provintsialka–Panianka–Bozhena for bread wheat and Spadschyna–Diana–Dynastiia–
Tera–MIP Raiduzhna for durum wheat. 

EL WL might more closely reflect the balance between water supply to the leaf and 
a transpiration rate. This improves the ability of the plant to recover from stress and 
consequently the grain yield and its stability. This parameter can be easily determined 
and is hence applicable for use in large populations [18].

According to I.V. Boichuk et al. [6], water retaining ability of winter wheat leaves had 
a significant variability depending on the phase of plant development and genotype, 
showed different water losses during 4 and 8 h. Weighing of leaves 24 h after excision 
may be acceptable early, but not late in the season [9]. The above correlation reported 
as strong in a bread wheat, and statistically insignificant in durum wheat [22]. In general, 
the adaptive capacity were also highlighted for the varieties Struna myronivs’ka and 
Elehiia myronivs’ka.

Water deficit of spring wheat flag leaves was mostly determined by the varietal 
features. Thus, EL WLA as well RWC, are effective as screening tools for drought tole
rance in different wheat varieties. According to our data a correlation between water 
retaining ability and water deficit indices in spring wheat leaves does not always occur. 
According to the literary data especially sensitive to water deficit is a reproductive phase. 

Thus, the excised leaves water loss – EL WLW and EL WLA characterizing water
retaining capability of leaf tissues as additional indicators of water stress tolerance were 
difined.

CONCLUSIONS
All wheat varieties were subjected a severe drought stress under the Y2018 studied 

climatic conditions. The WD of flag leaves ranged from 18.0 to 37.8 % for bread and 
from 19.4 to 33.3 % for durum wheat varieties. The lowest WD were recorded for bread 
varieties Kolektyvna 3, Elehiia myronivs’ka and durum varieties – Diana, Chado. 

Biplot correlation analysis of drought tolerance indices and yield performance re-
vealed that varieties Zhizel’, MIP Raiduzhna, Simkoda myronivs’ka are in a vicinity of 
indicators of drought tolerance and yield performance. Bread varieties Bozhena and 
Dubravka are susceptible to drought and have normal adaptation potential to the envi-
ronment. Emmer wheat Holikovs’ka has a distinct high leaf water retaining ability and 
yield characteristics. 
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Thus, excised leaves water loss – EL WLW and EL WLA indices characterizing 
water-retaining ability of leaf tissues could be recommended as additional indicators of 
water stress tolerance. RWC as effective express screening tool for drought tolerance 
is more applicable for durum wheat varieties, whereas excised flag leaf water loss per 
area (EL WLA) 2–4 h, for bread wheat varieties. 
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Досліджено посухостійкість 24 генотипів пшениці ярої української селекції 
(Triticum aestivum L., T. durum Desf., T. turgidum subsp. Dicoccum) способом визна-
чення показників водного дефіциту (WD), відносного вмісту води (RWC), водоут
римної здатності у перерахунку на масу (EL WLW) і площу (EL WLA) прапорцевих 
листків рослин в умовах польового експерименту протягом вегетаційного сезону 
2018 р., який характеризувався низьким рівнем опадів і високими температурами. 
Експериментальні ділянки були розташовані поблизу с. Дмитрів Львівської обл. 
(50°13′26,6′′N 24°36′50,5′′E) на чорноземах на елювії карбонатних порід. Пшеницю 
висівали рандомізованим способом у чотирикратній повторності, площа ділянок 
30 м2. Метою роботи було пересвідчитись у доцільності використання фізіологіч-
них показників прапорцевих листків для визначення посухостійкості окремих сор-
тів пшениці ярої, їхню залежність із урожаєм. Водні параметри визначали на етапі 
росту Z4.3. Дефіцит вологи спричинив зменшення відносного вмісту води в лист-
ках усіх досліджуваних сортів пшениці. Підтверджено відмінності в реакції на по-
суху серед сортів пшениці м`якої і твердої (T. aestivum і T. durum). Показники вод-
ного дефіциту були в межах від 18,0 до 37,8 % для сортів пшениці м’якої та 19,4–
33,3 % для твердої. Найнижчий показник WD (≤ 20 %) було виявлено для сортів 
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м’якої пшениці Колективна 3, Елегія миронівська і твердої – Діана та Чадо. Високі 
значення WD відзначено для сортів Сімкода миронівська та МІП Райдужна. Низькі 
значення WLW EL, а отже, вища посухостійкість відмічена для сортів пшениці 
твердої Спадщина та Діана. Сорти м’якої пшениці Сімкода миронівська, Панянка 
та тверді сорти Жізель, Тера, МІП Райдужна та полба Голіковська втратили менше 
води у перерахунку на одиницю площі листка (EL WLA). Двокомпонентний biplot 
аналіз підтвердив високу посухостійкість сорту MIП Райдужна і дав змогу виокре-
мити такі сорти з високою урожайністю та посухостійкістю, як Жізель (тверда), Го-
ліковська (полба) і Сімкода миронівська (м’яка). Сорти пшениці м’якої Божена, Ду-
бравка та твердої Спадщина, Діана були сприйнятливими до посухи, незважаючи 
на відносно високий показник RWC. Отже, показники EL WLW та EL WLA, що ха-
рактеризують водоутримну здатність тканин листків, можуть бути рекомендовані 
як додаткові показники стійкості до водного стресу. RWС як параметр посухостій-
кості доцільно застосовувати для пшениці твердої, тоді як EL WLA 2–6 год – для 
пшениці м’якої ярої.

Ключові слова: посуха, Українські сорти пшениці ярої, відносний вміст 
води, водний дефіцит, водоутримна здатність листків,  
EL WLW, EL WLA
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