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EVALUATION OF DROUGHT TOLERANCE IN BREAD WINTER WHEAT VARIETIES
OF FOREIGN SELECTION IN THE CENTRAL FOREST-STEPPE OF UKRAINE

M. V. Kharchenko, T. V. Yurchenko, S. V. Pykalo, V. P. Vasyliuk
The V.M. Remeslo Myronivka Institute of Wheat NAAS, 68 Tsentralna St., Tsentralne village, Obukhiv
district, Kyiv region, 08853, Ukraine

Topicality. Winter wheat is one of the main food crops in Ukraine and the world. The development of
new varieties of bread winter wheat with a complex combination of valuable traits is currently relevant due
to the possibility of stabilising the market for environmentally friendly food grains in Ukraine. Purpose. To
determine the breeding value of fifteen winter bread wheat varieties of different ecological and geographical
origin in terms of drought tolerance in the Central Forest-Steppe of Ukraine and to identify the sources of
resistance to water scarcity. Materials and Methods. The studies were carried out at the V.5 M. Remeslo
Myronivka Institute of Wheat NAAS of Ukraine in 2020-2022. The Podolianka variety was used as the
standard. Fifteen bread winter wheat varieties of foreign selection were studied. An index approach was
used to study the response of wheat samples to drought. Drought tolerance was assessed in the laboratory by
germinating seeds in sucrose solutions at an osmotic pressure of 16 atm. and determining the intensity of
electrolyte release from plant tissues under the impact of the stressor. Results. Over the years of research,
meteorological conditions have differed significantly in terms of temperature and moisture availability both
throughout the growing season and at certain stages of plant development. The yield of the wheat samples
varied from 2.84 to 4.96 t/ha in a dry year and from 4.54 to 6.72 t/ha in an optimal year. The analysis of the
data showed that the average yield in a dry year was 1.53 t/ha less than the optimal level. Assessment of
drought tolerance by the method of seed germination in a sucrose solution revealed that among the tested
varieties in 2021/22, three samples were highly tolerant, and the other 12 were medium tolerant. In 2020/21,
all wheat samples were classified as medium tolerant. According to the intensity of electrolyte release from
plant leaf tissues, all the studied wheat varieties showed high drought tolerance. The wheat varieties NE
06545, Aliya, Altigo, Vitor, MV Lepeny, Bodycek, Fotima were identified as sources of drought tolerance,
based on a set of indices and laboratory assessment methods. Conclusions. The selected genotypes will serve
as source breeding material for the development of new competitive varieties with valuable practical proper-
ties. Our research has made a contribution to the study of both theoretical and practical aspects of wheat
drought tolerance.
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Introduction. According to UN forecasts,
the world's population will continue to grow and
reach 9.7 billion in 2050 [1]. The existence and
development of mankind relies on a stable and
diverse crop production and a healthy environ-
ment [2]. Bread winter wheat (Triticum aes-
tivum L.) is one of the main food crops in
Ukraine and the world. Demand for wheat is
expected to grow steadily, which will be largely
met by increasing yields [3-5].

Development of new highly adaptive varie-

Author information:

ties is one of the most affordable ways to in-
crease the yield of any crop. However, varieties
with high yield potential must be highly adapta-
ble to environmental stressors [6, 7].

Wheat and its derivative products are a
significant part of the human diet. This crop is
quite susceptible to soil moisture scarcity [8].
Among the natural factors that have the most
negative impact on all physiological processes
of plant growth and development is water scar-
city caused by drought [9]. In recent years,
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Ukraine has been experiencing intense droughts
during the period of active plant growth, which
inhibit plant growth and development and lead
to a decrease in the assimilative leaf area, size
of the stem, and reproductive organs, as well as
a decrease in plant productivity and, in turn,
yield [10]. Therefore, the development of new
varieties of bread winter wheat with a complex
combination of valuable economic traits is rele-
vant today and has the potential to stabilise the
market for environmentally safe food grain in
Ukraine. Highly efficient cultivation of winter
crops requires considering the specific weather
conditions of a particular region and selecting
varieties with high environmental plasticity.

The research is aimed at studying drought
resistance of winter wheat varieties of different
ecological and geographical origin in the central
part of the Forest-Steppe of Ukraine and identi-
fying sources of resistance to water scarcity
using different research methods.

Materials and Methods. The research was
conducted in the field conditions of the V. M. Re-
meslo Myronivka Institute of Wheat (MIP). The
material for the study was 15 varieties of bread
winter wheat of foreign selection: Aniya, Aliya,
Derbes (Kazakhstan), Vitor, Balitus, Lukullus
(Austria), MV Pengo, MV Lucia, MV Lepeny
(Hungary), Altigo, Bodycek, Bordotka RAGT
(France), Fotima, NE 06545, BC 01131-24 (Tur-
key). The Podolianka variety of bread winter
wheat was used as a standard. Sowing was car-
ried out from 5 to 10 October with a seeding rate
of 250-300 seeds/m?. The predecessor was black
fallow. The plots were systematically arranged,
with a registration area of 1 m? 15 cm row spa-
cing, and 30 cm distance between plots. In the
field, phenological observations and records were
carried out in accordance with the generally ac-
cepted methodology [11]. Harvesting was carried
out manually. The hydrothermal coefficient
(HTC) was calculated to characterise the favou-
rable environmental conditions and productivity
formation according to the method of G. T.
Selyaninov [12]. An index approach was used to
study the response of varieties to drought [13].
The following indices were calculated: stress
susceptibility index: SSI = (1-Ys/Yp)/(1-
Ys/Yp), tolerance index: TOL = Yp-Ys, mean
productivity: MP = (Yp+Ys)/2, yield stability
index: YSI = Ys/Yp, yield index: Y1 = Ys/Ysx100,
stress tolerance index: STI = (prYs)/(Yp)Z,
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geometric mean productivity: GMP = \(YpxYs),
where Ys — yield under drought; Yp — yield un-
der optimal conditions; Ys — yield mean of all
varieties under drought; Yp — yield mean of all
varieties under optimal conditions. Two con-
trasting years were chosen in the study: the dry
year 2021/22 (HTC was 0.80, i.e., mild drought),
and the optimal year 2020/21 (HTC was 1.03, i.e.
sufficiently humid). Evaluation of cultivars for
drought tolerance was carried out in the laborato-
ry using two methods: germination of seeds in
sucrose solutions at an osmotic pressure of
16 atm and by determining the intensity of elec-
trolyte release from plant tissues under the influ-
ence of a stress factor [14]. The response of
plants to water deficiency and temperature in-
crease was studied at the VI stage of organogene-
sis (stem elongation) by determining the electro-
Iyte release rate. The measurements of electrolyte
release from the plant leaves after drying to a loss
of 50 % of weight were used as an indicator of
drought tolerance. The drought tolerance groups
were divided into the following percentage of
germi-nated seeds: highly resistant > 70 %, me-
dium resistant 20-70 %, and low resistant < 20 %.
According to the second method, the distribution
was the opposite, the lower the relative intensity
of electrolyte release from leaf tissues, the higher
the level of drought resistance. Thus, the samples
with a percentage of electrolyte release of less
than 60 % were classified as highly resistant, 61—
80 % as medium resistant, and 81-100 % as
weakly resistant. The statistical significance of
the differences between the data obtained was
assessed using Fisher's criterion [15].

Results and Discussion. Winter wheat
sowing in autumn 2020 took place under dry
conditions. The rainfall was 21.3 mm in Sep-
tember, which is 35.3 mm less than the long-
term average (Fig. 1).

The air temperature from August to October
exceeded the long-term average by 1.1-5.0 °C. In
October and November 2020, the moisture defi-
ciency was 23.7 mm and 10.6 mm, respectively.
In August, September and October, the HTC
was 0.12, 0.38 and 0.80, respectively.

The cessation of plant vegetation was noted
on 11 November 2020, when the air temperature
dropped below the biological minimum of +5 °C
(with an average daily temperature of +4.4 °C). In
general, the winter of 2020/21 was moderate, with
average temperatures below the long-term average
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Fig. 1. Hydrothermal conditions during the growing season 2020/21.

only in February (-4.7 °C). The maximum snow
cover depth during the winter period was 32—
35 cm. On 26 March 2021, the resumption of
winter wheat vegetation was noted. In April, the
average air temperature was 1.8°C below the
long-term average, and in July it was 2.4 °C
above it. In May, there was excessive moisture
availability, and precipitation exceeded the
norm by 38.6 mm. Thus, for the period from the
resumption of vegetation to the end of July, the
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precipitation totalled 346.1 mm, or 134.8 % of
the long-term average (256.7 mm). The maxi-
mum temperature (33.5 °C) was observed on 24
June. The hydrothermal coefficient was 0.16 in
April, and 1.82, 1.66, 1.54 in May, June, and
July, respectively.

In autumn 2021, winter wheat was sown
under rather dry conditions. Thus, the precipita-
tion totalled 18.7 mm in September, which is
37.9 mm less than the long-term average (Fig. 2).
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Fig. 2. Hydrothermal conditions during the growing season 2021/22.

The air temperature between August and
October differed slightly from the long-term
average. The moisture deficiency in October
and November was 27.8 mm and 12.6 mm, res-
pectively. The HTC was 1.39 in August and
0.16 in September.

On 9 November 2021, the air temperature
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dropped by +5 °C (with an average daily tem-
perature of +4.1°C), and the first cessation of
winter wheat growing season was observed. On
20 November, due to the change in weather
conditions, winter crops resumed vegetation,
and on 23 November, it finally ceased, which is
12 days later than last year.
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The winter of 2021/22 was mild, with ave-
rage monthly temperatures in January and Feb-
ruary being 2.5 °C and 4.3 °C higher than the
long-term average. The minimum air tempera-
ture for the winter period was -16.8 °C. The
maximum snow cover depth was 3-5 cm. The
resumption of winter vegetation was noted on
21 March 2022. The average air temperature in
April and May was 1.1 °C and 0.8 °C below the
long-term average, respectively, and exceeded it
by 1.9 °C in June. Excessive moisture availabi-
lity was noted in April, when precipitation ex-
ceeded the long-term average by 43.9 mm. Du-
ring the period from May to July, there was an
acute deficiency of precipitation, especially in

June (41.7 mm against the long-term average of
100.8 mm). HTC was 0.28 in April, and 0.65,
0.67, 0.87 in May, June, and July, respectively.
The results of the research directly de-
pended on the weather conditions of the gro-
wing season. The drought tolerance indices of
the cultivars were calculated using their yields,
which were formed under optimal conditions
and insufficient moisture availability. According
to the data analysis, the yield loss was about
26.5 % under drought conditions compared to
normal conditions. The yields of the cultivars
varied from 2.84 to 4.96 t/ha in the dry year and
from 4.54 to 6.72 t/ha in the optimal year (Fig. 3).
In a dry year, the highest yields were
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Fig. 3. Yields of winter wheat cultivars in dry (2021/22) and optimal (2020/21) years of research.

formed by varieties Altigo (4.96 t/ha), Vitor
(4.87 t/ha), NE 06545 (4.77 t/ha) and Aliya
(4.74 t/ha). However, their yields did not exceed
the standard Podolianka variety, with a yield of
5.02 t/ha. In the optimal year, high yields were
recorded for the varieties Altigo (6.72 t/ha) and
Fotima (6.63 t/ha) compared to the standard.

A number of indices were analysed to de-
termine the level of drought tolerance of the
cultivars (Table 1).

Thus, a lower drought susceptibility index
(SSI) corresponds to a higher level of drought
tolerance of the cultivar [13]. Among the stu-
died cultivars, the lowest drought susceptibility
index was found in Aliya, MV Lepeny, NE
06545 and Bodycek. The most susceptible culti-

24

Grain Crops. Vol. 8. No. 1. 2024. P. 21-28

vars were Derbes, Aniya, and MV Pengo. The
different drought response of genotypes is evi-
denced by the range of variation of SSI from
0.52t0 1.42.

The drought tolerance index TOL shows
the yield loss due to drought in absolute units
[13]. Low values of this index indicate high
drought tolerance of the cultivars. The range of
variation of this index was from 0.76 to 2.41. It
was found that the lowest yield losses caused by
drought were observed in the cultivars Aliya,
MV Lepeny, NE 06545, Bodycek, which had
the lowest SSI values. MV Pengo, Fotima, Ani-
ya, Bordotka RAGT cultivars had a much higher
value of SSI, which in turn indicates greater
yield losses under stressful conditions.
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Table 1. Characteristics of winter wheat varieties by drought tolerance indices,
for 2020/21, 2021/22 2020/2022

Cultivar SSI TOL MP YSI Yl STI GMP
Aniya 1.41 2.00 4.38 0.63 79 0.54 4.26
Aliya 0.52 0.76 5.12 0.86 111 0.78 511
Derbes 1.42 1.70 3.69 0.63 67 0.38 3.59
Vitor 0.86 1.43 5.59 0.77 114 0.91 5.54
Balitus 0.97 1.46 5.01 0.75 100 0.73 4.96
Lukullus 1.00 1.28 4.22 0.74 84 0.52 4.17
MV Pengo 1.39 2.41 5.37 0.63 97 0.81 5.23
MV Lucia 1.13 1.62 4.61 0.70 89 0.61 4.54
MV Lepeny 0.65 0.96 5.10 0.83 108 0.77 5.08
Altigo 0.99 1.76 5.84 0.74 116 0.99 5.77
Bodycek 0.73 1.04 4.86 0.81 102 0.69 4.83
Bordotka RAGT 1.28 2.00 4.92 0.66 92 0.69 4.82
Fotima 1.24 2.17 5.55 0.67 104 0.88 5.44
NE 06545 0.65 0.99 5.27 0.83 112 0.82 5.24
BC 01131-24 0.83 1.28 5.20 0.78 107 0.79 5.16
Podolianka (standard) 0.91 1.58 5.81 0.76 118 0.99 5.76

Notes. SSI — stress susceptibility index; TOL — tolerance index; MP — mean productivity; YSI — yield stability
index; Yl —yield index; STI — stress tolerance index; GMP — geometric mean productivity.

The mean productivity (MP) of a cultivar
in dry and optimal conditions characterises its
potential yield [13]. The range of variation of
this index is from 3.69 to 5.84. The mean
productivity (MP) of a cultivar in dry and opti-
mal conditions characterises its potential yield
[13]. The range of variation of this index is from
3.69 to 5.84. According to this index, the varie-
ties that are able to form high yields under dif-
ferent weather conditions are Altigo, Vitor, Fo-
tima, and MV Pengo. The lowest MP values in
the cultivars Derbes, Lukullus, Ania indicate
their susceptibility to stress factors.

The vyield stability index (YSI) character-
ises the ratio of yield under stress to yield under
optimal conditions [13]. The range of variation
of this index was from 0.63 to 0.86. The highest
value of YSI was found in the cultivars Aliya,
MV Lepeny, NE 06545, Bodycek, and the low-
est value in the cultivars Aniya, Derbes, MV
Pengo.

The vyield index (Y1) describes the vyield
percentage of a particular cultivar under dry
conditions to the average yield of the studied
cultivars under drought conditions [13]. The
range of variation of this index was from 67 to
116. According to this index, Altigo, Vitor, NE
06545, Alyia were the most productive cultivars
under drought conditions, while Derbes, Ania
and Lukullus were the least productive ones.

Grain Crops. Vol. 8. No. 1. 2024. P. 21-28

Stress tolerance index (STI) was deve-
loped for identifying the cultivars with stable
yield and stress tolerance potential [13]. The
range of variation for this index was from 0.38
to 0.99. A stable high yield was observed in
Altigo, Vitor, Fotima, NE 06545The varieties
Derbes, Lukullus and Aniya were sensitive to
drought, which affected the yields in the years
of study. The range of variation of the geometric
mean yield (GMP) in the dry and optimal condi-
tions was from 3.59 to 5.77. The cultivars with
the highest and lowest values of this index were
the same as those with the STI.

The method of seed sprouting on sucrose
solution at 16 atm to determine the level of
drought resistance showed that three wheat cul-
tivars were highly resistant , and the rest 12
were moderately resistant in 2021/22 (Table 2).
However, according to the Fisher criterion, four
samples had resistance at the level of the stand-
ard Podolianka variety as follows: Fotima (76 %),
Altigo (73 %), Bodycek (70 %), BC 01131-24
(67 %).

It should be noted that in 2020/21, all samp-
les were classified as moderately resistant. Two
varieties Altigo (64 %) and Fotima (63 %) were
identified at the level of the standard. According
to the research, the seeds obtained under optimal
conditions in 2020/21 had a slightly lower per-
centage of germinated seeds under stress compa-
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Table 2. Level of relative drought tolerance of winter wheat cultivars, for 2020/21, 2021/22, 2020/2022

Cultivar Number of germinated seeds Relative indicator of the inte_nsity of
(% £ Sp), P=16 atm electrolyte release from leaf tissues, %

Aniya 2020/21 2021/22 2020/21 2021/22

Aliya 44+5.0 52+5.0 28.2 26.5

Derbes 56+5.1 65+4.9 34.6 41.9

Vitor 54+5.1 57+5.1 35.5 36.9

Balitus 37+4.9 34+4.8 38.7 40.8

Lukullus 54+5.1 5245.1 40.7 40.6

MV Pengo 41+5.1 45451 32.7 23.9

MV Lucia 39+5.0 42+5.0 37.8 42.0

MV Lepeny 40+4.9 4945.1 30.1 42.5

Altigo 35+4.8 44+5.0 28.2 38.5

Bodycek 64+5.0* 73+4.5% 44.0 41.8

Bordotka RAGT 61+5.0 70+4.6* 32.8 34.9

Fotima 41+5.1 43+5.0 42.1 40.0

NE 06545 63+4.9* 76+4.3% 42.2 45.7

BC 01131-24 52+5.0 59+5.0 30.7 39.7

Podolianka (standard) 53+5.0 67+4.7* 25.0 30.5
72+4.5 74+4 .4 44.0 46.2

Notes: *not significantly different from the standard (according to Fisher's criterion),

**significantly higher than the standard.

red to seeds obtained under drought conditions in
2021/22.

The electrolyte release rate from leaf tis-
sues of growing plants during dehydration
shows a change in the colloidal-osmotic proper-
ties of the cytoplasm, especially in the increase
of its permeability, and has a feedback with
drought tolerance [14]. According to the analy-
sis of electrolyte release from the leaves of
bread wheat plants under stress, high drought
resistance of all studied varieties was found.
The lowest relative value of the electrolyte re-
lease rate from leaf tissues in 2020/21 and
2021/22 was observed in the cultivars: BC
01131-24 (25.0 and 30.5 %), Aniya (28.2 and
26.5 %), MV Lepeny (28.2 and 38.5 %), Lukul-
lus (32.7 and 23.9 %), which indicates a high
drought tolerance of these samples at this stage
of organogenesis.

The cultivars were evaluated in the labora-
tory using two methods at different stages of
development, the material was studied in detail
and a complete characterisation of the drought
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Muponiecokuii incmumym nwenuyi imeni B. M. Pemecia HAAH, c. [Jenmpanvue, Ob6yxiscoxuii p-n, Kuiscoxa o6ux.,
08853, Vkpaina

AkTyaiabHicTh. O31UMa TIIEHUIS € OJHIEI0 3 OCHOBHUX IMPOAOBOJBUMX KYJIBTYp B YKpaiHi i CBITi.
CTBOpEHHSI HOBUX COPTIB MIIEHHI[I M’SIKOI 03MMOi 3 KOMIUIEKCHUM ITOE€JHAHHSIM O3HAK Ta iX BHUCOKUMH
3HAYEHHSIMH Ha CbOT'OJIHI € aKTyaJIbHUM Ta Ma€ MEPCHEKTHBY CTa0UIi3yBaT PUHOK €KOJIOT1HHO-0e3[eYHOr0o
MPOIOBOJIBYUOrO 3epHa B YKpaiHi. MeTa. BcTaHOBUTH celleKIiiHy HiHHICTh 15 copTo3pa3KiB MIIEHUI M sI-
KOT 03MMOI Pi3HOTO €KOJIOro-TeorpadiyHOTO TMOXO/DKEHHS 32 TOCYXOCTIMKICTIO B yMOBax IIEHTPalbHOI
yactuHU JlicocTeny YkpaiHu Ta BHIUINTH JHKEpeNa CTIHKOCTI 10 BogHOro Aedinury. Martepianu i meToam.
JocunimkeHHs TpoBoAWIH B MUpOHiBCbKOMY iHCTUTYTI mieHuui iMmeHi B. M. Pemecia HAAH Vkpainu. 3a
CTaHIapT BUKOpHCTOBYBanu copt [lomonsuka. JlocmimkyBaau 15 copTo3pasKiB MIIEHUII M’ SIKOi 1HO3EMHOI
cenekuii. s BUBYEHHS 3pa3KiB 3a pPEaKLi€l0 Ha IOCYXy 3acCTOCOBAHO IHAEKCHMH miaxia. OuiHky
MOCYXOCTiliKOCTI y NabopaTOpHUX YMOBax NPOBOAWIM LUIIXOM HpPOPOLIYBaHHA HACiHHS Ha PO3UMHAX
caxapo3u 3a OCMOTHYHOTO TUCKY 16 aTM Ta BU3HAUCHHS IHTEHCHBHOCTI BUXOJy €JIEKTPOIITIB 3 POCIUHHUX
TKaHMH 3a Jii crpecopa. PesyabTaTtn. MeTeoposioriyai yMOBU POKIB JIOCIIIDKEHb 3HAYHO BiJIPI3HSIKMCH 3a
TEMIIEPATypPHUM DPEKUMOM Ta BOJIOT03a0E3IEUCHICTIO SK B I[UIOMY 3a BeTeTalliiHuWi mepios, Tak i1 3a
OoKpeMHMH (a3aMH PO3BUTKY POCIHH. Y pOKaiHICTh 3pa3KiB BapitoBaia Bif 2,84 no 4,96 T/ra y NOCYIIIMBO-
My Ta Big 4,54 1o 6,72 T/ra — B ONTUMAJIbHOMY POKax. AHalli3 OTPUMaHUX JaHUX I[MOKa3aB, L0 CEepPeaHil
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piBEeHb ypPOKaWHOCTI B MOCYIIMBOMY poili Ha 1,53 T/ra OyB HWKYUH HOPIBHAHO 3 onTUMalbHUM. [Ipu
BH3HAYCHHI PiBHSA MOCYXOCTIMKOCTI METOIOM IPOPOITYBaHHS HACIHHSI HAa PO3YHHI CaXxapo3W BHBICHO, ITIO
cepes IOCTiIKyBaHUX COPTO3pas3kiB y 2021/22 p. 1o rpynu BHCOKOCTIMKMX BBIMIUIM TPU 3pa3Kd, peliTa
12 — no cepennbocriiikux. Y 2020/21 p. Bci 3pa3ku Oynu BiIHECEHI A0 TPYNH CEPEAHBOCTIHKUX. 3a OKA3HU-
KOM IHTEHCHUBHOCTI BHXOJY €JIEKTPOJITIB 3 TKAaHWH JINCTKIB POCIHH y BCIX JOCHIKYBaHHUX COPTO3pa3KiB
BHSBIIEHO BHCOKY CTIMKICTH /IO TIOCYXH. 32 BUKOPHCTaHHS KOMIUIEKCY iHIEKCIB Ta 1a00paTOpPHUX METO[IiB
OLIIHIOBAaHHsI BUJLICHO JuKepena mocyxocrtiiikocti muenuni NE 06545, Anus, Altigo, Butop, MV Lepeny,
Bodycek, Fotima. BucHoBku. BuiieHi TeHOTHII MOXKYTh CIIyTYBAaTH SIK BHXIJIHHIA CEIEKIIHHUI MaTepian
TIPH CTBOPEHHI HOBUX KOHKYPEHTOCIIPOMOYKHHUX COPTIB 3 IHHUMHU MPaKTUIHUMH BIacTUBOCTSIMH. OTprMaHi
pe3yIbTaTH € MEBHUM BHECKOM Y BHBYEHHS SIK TEOPETUYHHUX, TaK i MPAaKTUUYHUX ACHEKTIB MOCYXOCTIHKOCTI
MIICHUII Ta MOKYTh 3aCTOCOBYBATHCA SIK €JIEMEHTH CEJICKIIHHUX IPOrpam.

Kntouosi cnosa: nwenuys m’aka o3uma, copm, yporcaunicms, HOCYXoOcmitkicmo, iHOekcu, 0xcepend
nocyxocmitikocmi
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