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Wheat (Triticum aestivum L.) is one of the most impor-
tant crops in maintaining food security, which ensures the
existence of a significant part of the world’s population [9,
13, 21]. Scientific forecasts indicate that with a significant
increase in the population on Earth, the production of food
products will not match this growth and, given the current
dynamics, the food problem may turn into a deep interna-
tional crisis. Scientists’ calculations show that at the current
rate of population growth, in the future, world grain produc-
tion per person will decrease [10, 17].

Currently, the annual gross production of wheat is
increasing by about 0.9%, but this is much slower than the
growth rate of the population and, accordingly, its quan-
tity is insufficient to meet their needs [22, 40]. Therefore,
humanity must find a solution to this problem, since the rate
of population growth remains too high [14, 18, 37].

Along with population growth, climate changes have
been observed in recent decades, the so-called “global
warming”, as a result of which the temperature regime
increases, dry periods become more frequent and their
duration increases [25, 27, 31, 36]. The increase in temper-
ature in agricultural regions of the world significantly affects
the amount of precipitation and its redistribution during the
growing season, which leads to a significant decrease in
wheat yield [5, 24, 30, 33]. Arid conditions are one of the
main abiotic stress factors that cause serious problems
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worldwide and lead to a significant decrease in the yield of
agricultural crops [3, 29, 35, 39, 42]. However, the problem
of water scarcity is not insurmountable. In fact, the negative
effects of drought can be overcome by identifying and using
drought-resistant cultivars [32, 34, 38].

The purpose of our research was the study and analy-
sis of drought resistance of winter wheat varieties selected
by the Institute of Climate-oriented Agriculture of the
National Academy of Sciences of the Russian Academy of
Sciences and the Selection and Genetics Institute of the
National Center for Seed Science and Varietal Research of
the National Academy of Sciences of the National Academy
of Sciences in the conditions of the Southern Steppe of
Ukraine.

Research materials and methods. The reaction of
winter wheat varieties to different growing conditions was
studied at the Askanian State Agricultural Research Station
in the village of Tavrychanka, Kherson region (46°33'12°N;
33°49'13”E; 39 m above sea level) during 2015/16-2019/20.
Research was conducted under different conditions of irri-
gation: with irrigation and without irrigation. Under condi-
tions of natural moisture, the yield strongly depended on
the amount of precipitation during the growing season,
especially during the critical growing season (April-May).
Average temperatures and total precipitation for all experi-
mental seasons are shown in Table 1 along with long-term
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Table 1
Weather conditions for research (2015-2020)
1961-2005 2015/2016 2016/2017 2017/2018 2018/2019 2019/2020
T(°C) [P (mm)| T(°C) [P (mm)| T (°C) [P (mm)| T (°C) [P (mm)| T (°C) [P (mm)| T (°C) [P (mm)
gggﬁge‘r 48 | 980 | 60 | 812 | 34 | 420 | 59 | 750 | 55 | 534 | 74 | 67.9
January 31 | 300 | 31 | 599 | 39 | 144 | 07 | 241 | 03 | 338 | 10 | 183
February 20 | 290 | 39 | 329 | 09 | 220 | 01 | 470 | 11 106 | 22 | 596
March 22 | 260 | 61 203 | 66 | 102 | 15 | 351 | 55 5.7 75 35
April 96 | 280 | 124 | 505 | 85 | 818 | 129 | 27 | 103 | 389 | 95 75
May 156 | 380 | 159 | 957 | 155 | 258 | 195 | 130 | 174 | 724 | 149 | 424
June 200 | 460 | 215 | 762 | 217 | 80 | 224 | 230 | 245 | 141 | 222 | 59.3
ji:gary‘ 71 | 1970 | 95 | 3355 | 79 | 1622 | 95 | 1449 | 98 | 1755 | 96 | 1906
?ucr:‘;ber‘ 60 | 2050 | 78 | 4167 | 57 | 2042 | 77 | 2199 | 77 | 2289 | 85 | 2585

average values (1961-2005). The seasons of 2016/2017
and 2018/19 were the most favorable for natural moisture
conditions, as the precipitation that fell during the growing
season contributed to the replenishment of moisture in the
soil for normal plant growth and development. The intensity
of drought in these years was 0.087 and 0.058, respec-
tively. The 2017/18 and 2019/20 seasons were very dry,
especially the critical growing season (April-May), in which
air and soil drought were observed due to insufficient rain-
fall and high average daily temperature, and the drought
intensity indices were equal to 0.345 and 0.321, respec-
tively. Therefore, we calculated and analyzed the drought
resistance indices of 18 varieties of winter wheat sepa-
rately in dry years, wet years and for the five-year period
(2015/16-2019/20), which included the year 2015/2016
with too much precipitation, which led to laying of crops and
crop losses.

They studied 18 varieties of winter wheat, which are
usually grown in the south of Ukraine and are listed in the
State Register of Plant Varieties. Varieties were tested on
plots with an area of 50 m?in three repetitions by the method
of randomized repetitions (blocks), the sowing rate was
adjusted to 4.5 million viable seeds per ha. Research was
conducted according to generally accepted methods, the
amount of fertilizers and chemical treatments was adjusted
according to growing conditions and the presence of dis-
eases and pests. The studied samples were sown in the
first decade of October, and the harvest was done in July.

Statistical analysis. Analysis of the resistance of
winter wheat varieties to stress was carried out using
drought resistance indices: MP — the average yield [23],
D - drought intensity [1], SS/ — drought susceptibility index
[8], TOL — drought tolerance index [23], YS/ — crop stabil-
ity index [2], Y/ — yield index [11, 19], ST/ — stress toler-
ance index [7], GMP — average geometric (proportional)
yield [7, 15], RDI — index of relative resistance to drought
[8], DI — drought resistance index [1, 16], SSP/ — index of
susceptibility to stress [20], MSTI, M,STI, M,STI — modified
stress tolerance indices [6], AT/ — index of abiotic tolerance
[20], HMP — harmonic mean performance [4, 12, 15], ISR —
stress resistance index [26, 28, 41].

A correlation analysis was conducted between grain
yield and drought resistance indices to determine the best
drought-resistant varieties and indices. Principal compo-
nent analysis (PCA) was performed on the observations.
Correlation, cluster analyses, and PCA were performed
using Microsoft ® Excel 2016/XLSTAT © -Pro (Version
2016.02.28451, 2016, Addinsoft, Inc., Brooklyn, NY, USA),
Statistica data analysis software system v.8. (Sta Stof Inc.,
North Melbourne, Australia) and SPSS 20.00 statistical
software (SPSS/PC-20, SPSS Inc., Chicago, IL, USA).

Research results and their discussion. The obtained
experimental data make it possible to distinguish winter
wheat varieties that significantly exceed the average vari-
ety in terms of productivity under irrigation (Yp): Mariia and
Schedrist’ odes’ka with a yield of 7.41-7.53 t/ha, in stressful
conditions (Ys): Lira odes’ka — 6.25 t/ha and the Schedrist’
odes’ka — 6.12 t/ha (Table 2).

High index of mean yield (MP) 6.76 and 6.83, geomet-
ric mean yield (GMP) 6.74 and 6.79, harmonic productivity
(HMP) 6.72 and 6.75 and the second modified stress toler-
ance index (M,ST/) 1.13 and 1.10 characterized the varie-
ties Lira odes’ka and Schedrist’ odes’ka.

According to drought sensitivity indices (SS/) 0.63 and
0.77, yield stability (YS/) 0.88 and 0.86, relative drought
tolerance (RD/) 1.08 and 1.05 and stress tolerance (/SR)
371.80 and 317.50 Rosynka and Lira odes’ka winter wheat
varieties stood out, respectively.

The drought tolerance index (TOL) and the stress pro-
pensity index (SSPI) are close in nature and show yield
loss due to drought, the former in absolute units, the latter
in percentage. Rosynka variety was characterized by the
lowest value of these indices — 0.66 and 4.73, respectively.
At the same time, the Rosynka variety formed a low yield
under both growing conditions.

According to the yield index (Y/), which is determined
by the ratio of the yield of a variety under the influence of
a stress factor to the average yield of studied genotypes
under similar conditions, and the stress tolerance index
(STI), which characterizes the genotype’s ability to form a
stable level of yield regardless of stress factors, varieties
winter wheat Koshova were selected — 106.29 and 0.91,
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Lira odes’ka — 109.80 and 0.94 and Schedrist’ odes’ka with
an indicator of 107.52 and 0.95.

According to the drought resistance index (D/) with a
value of 0.94, the variety Lira odes’ka was selected, which
significantly exceeded the average variety indicator.

According to the first modified index of stress tolerance
(M,STI), the variety Schedrist’ odes’ka stood out — 1.11,
and according to the full modified stress tolerance index
(MSTI) the varieties Lira odes’ka — 1.15 and Schedrist’
odes’ka —1.21.

According to the most indices (12), the variety Lira
odes’ka was singled out as the most drought-resistant,
the variety Schedrist’ odes’ka was distinguished accord-
ing to eight indices, and the variety Rosynka — according
to seven.

There is a high positive correlation r = 0.832 between
yields under different conditions of wetting (irrigation
and natural wetting). The yield of wheat varieties under
both moisture conditions has a high positive correlation
(r=0.832—-1.000) with the indices MP, Y1, STI, GMP, M,STI,
M,STI, MSTI, HMP. Yield under irrigation is characterized
by a high positive correlation (r = 0.715) with the TOL and
SSPlindices, an average positive correlation (r = 0.542) with
the SS/index, and an average negative r = (-0.499—0.549)
with the YSI, RDI, and ISR indices on the other hand,
there is no dependence with productivity under stress
(r=-0.013-0.207). The AT/ index had a high positive corre-
lation (r = 0.832) with yield under irrigation and a moderate
positive correlation (r = 0.386) with yield under stress. The
yield under stress had a high correlation (r = 0.852) with the
Dlindex and a medium correlation (r = 0.420) with the yield
under irrigation (Table 3).

According to the correlation analysis, one index was
selected: the drought resistance index (D/), according to
which the winter wheat variety Lira odes’ka was charac-
terized by the greatest drought resistance. In this part, we
analyzed and saw how years with sufficient moisture sig-
nificantly affected the determination of drought resistance
of varieties and lead to errors in the analysis. Therefore,
it is necessary to exclude these years when analyzing the
drought resistance of plants, if you analyze the resistance
of plants to drought in two environments (irrigation and nat-
ural humidification). If the analysis is carried out under con-
ditions of natural moisture, then years with sufficient mois-
ture are considered optimal, and dry years are considered
stressful or limited.

According to the results of GGE biplot analysis, win-
ter wheat varieties Kokhana (G4), Askaniis’ka (G10) and
Schedrist’ odes’ka (G18), located between the vectors of
environmental conditions on the axis, can be characterized
as moderately drought-tolerant (Fig. 1).

Winter wheat varieties Mariia (G6), Mudrist’ odes’ka
(G14) and Nyva odes’ka (G15), which are in the same
quarter with the yield vector under irrigation (Yp) and are
as close as possible to its peak, are characterized by high
productivity under optimal conditions. These varieties can
be classified as varieties that are not resistant to drought.

The variety winter wheat Rosynka (G8), which is located
in the third quarter and is as far from the center as possi-
ble, is characterized by the smallest decrease in yield due

to deterioration of moisture conditions, but it also has low
productivity under both conditions. The winter wheat variety
Harantiia odes’ka (G11), which is located in the IV quarter
and is as far from the center as possible, is characterized
by one of the greatest increases in yield when moisture
conditions are improved, but it also has low productivity
under both conditions.

The variety of winter wheat Lira odes’ka (G13), located
in one quarter of the yield vector under natural moisture
conditions (Ys) and as close as possible to its peak, is char-
acterized by high productivity under stress. This variety can
be considered the most resistant to drought.

Cluster analysis allows identification of winter wheat
varieties based on genetically determined drought resist-
ance. The advantage of the cluster analysis method is that
its mathematical apparatus allows you to find and highlight
the accumulation of objects (points) that actually exists
in the feature space based on simultaneous grouping by
a large number of features. Construction and analysis of
dendrograms details information about the nature of rela-
tionships between lineages at the cluster level and speci-
fies relationships between populations within their bounda-
ries. On the dendrogram, the numbers of the objects being
merged and the distance at which the merger took place
are indicated (Fig. 2).

The varieties that formed the subcluster were the clos-
est in terms of drought resistance indices: G5 — Koshova
and G17 — Odesa tradition were united at a distance of 9,
with the further addition of the variety G9 — Khersons’ka
bezosta at a distance of 38 and G2 — Burhunka at a dis-
tance of 56 and completed the grouping into 1 cluster at
a distance of 881, a subcluster of varieties G1 — Anatoliia
and G3 — Konka, united at a distance of 86. The varieties
G4 — Kokhana and G18 — Schedrist’ odes’ka united at a
distance of 53, at a distance of 178 they were joined by
the variety G7 — Ledia and supplemented grouping of clus-
ter 2 at a distance of 236 subcluster with varieties G10 —
Askaniis’ka and G16 — Pylypivka, united at a distance of 64.
Cluster 3 grouped 5 varieties at a distance of 837. Varieties
G6 — Mariia and G15 — Nyva odes’ka united at a distance
of 16, at a distance of 67 they were joined by the variety
G12 — Zysk and complemented the grouping of cluster 3 at
a distance of 119 by a subcluster with the varieties G11 —
Harantiia odes’ka and G14 — Mudrist’ odes’ka. Varieties
G8 — Rosynka and G13 — Lira odes’ka united in cluster 5 at
a distance of 1721 (Table 4).

A cluster analysis of winter wheat varieties was also car-
ried out using the k-means method. This method differs in
that before starting, you need to choose the number of clus-
ters yourself. Based on the agglomerative hierarchical clus-
ter analysis described above, we proposed four clusters.

Cluster 1 included five varieties of medium resistance
to drought, compared to the agglomerative hierarchical
cluster analysis, the exception is the variety G5 — Koshova,
which was included in the second cluster. The smallest dis-
tance to the center of the cluster was observed in the G2 —
Burhunka population at the level of 3.903, while the largest
was 21.943 in the G3 — variety Konka (Table 4).

Cluster 2 includes the four most drought-resistant vari-
eties. If compared with the agglomerative hierarchical clus-
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Fig. 1. Genotype-environment interaction of winter wheat varieties and environments
(biplot analysis method). The lines show the eigenvectors of the leading factor loads for the environments:
e — humidification conditions; e — varieties
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Fig. 2. Clustering dendrogram of eighteen winter wheat varieties according to drought resistance

ter analysis, three varieties G5 — Koshova from cluster 1
and G8 — Rosynka and G13 — Lira odes’ka were added
to the G4 — Kokhana variety. Instead, G7 — Ledia, G10 —
Askaniis’ka, G16 — Pylypivka and G18 — Schedrist’ odes’ka
moved to cluster 4. The smallest distance to the center of

the cluster was observed in the variety G13 — Lira odes’ka
at the level of 50.113, whereas the largest was 104.855 in
G8 — Rosynka.

The third cluster included five varieties not resistant to
drought, with the smallest distance of 5.649 to the center
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Table 4

Clustering of eighteen varieties of winter wheat according to drought resistance by the method of k-means

and agglomerative hierarchical cluster analysis

. Agglomerative hierarchical
k-means clustering -
Variety Designation - clustering
Cluster Distance to the center Cluster
of the cluster
Anatoliia G1 1 8.856 1
Burhunka G2 1 3.903 1
Konka G3 1 21.943 1
Kokhana G4 2 83.804 2
Koshova G5 2 69.743 1
Mariia G6 3 5.649 3
Ledia G7 4 12.874 2
Rosynka G8 2 104.855 4
Khersons’ka bezosta G9 1 13.368 1
Askaniis’ka G10 4 8.983 2
Harantiia odes’ka G11 3 23.383 3
Zysk G12 3 16.949 3
Lira odes’ka G13 2 50.113 4
Mudrist’ odes’ka G14 3 8.625 3
Nyva odes’ka G15 3 9.914 3
Pylypivka G16 4 7.252 2
Tradytsiia odes’ka G17 1 14.297 1
Schedrist’ odes’ka G18 4 9.416 2

of the cluster in the variety G6 — Mariia, and the largest —
23.383 in G11 — Harantiia odes’ka.

The fourth cluster included four varieties with the small-
est distance of 7.252 to the center of the cluster in the vari-
ety G16 — Pylypivka, and the largest — 12.874 in G7 — Ledia.

Conclusions. When analyzing winter wheat varieties
for the five-year period, where years with sufficient mois-
ture and dry ones were included in the analysis, years with
sufficient moisture significantly affected the determination
of drought resistance of the varieties and led to significant
errors in the analysis. Most of the indices had a high corre-
lation with yield under both conditions, or a high or medium
correlation with yield under irrigation and no correlation with
yield under stress, so only one index, drought tolerance (DI),
was selected. Based on this, it is necessary to eliminate
such years when analyzing the drought resistance of plants.

According to drought resistance indices and biplot anal-
ysis, Lira odes’ka is the most drought-resistant selected
variety. The Schedrist’ odes’ka variety stood out according
to eight indices, but according to the biplot analysis, it was
characterized as medium resistance. According to seven
indices, the Rosynka variety stood out, which was charac-
terized by the smallest decrease in yield due to deteriora-
tion of moisture conditions, but also had low productivity
under both conditions.

Using cluster analysis, eighteen varieties of winter
wheat were divided into four clusters.
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KoHoBanosa B.M., TuweHko A.B., Bazanin I.I,
dyngupar K.C., Tuwenko O.0., Pe3Huyenko H.0O.,
KoHoBanoB B.O. AHani3 copTiB 03UMMOi nNweHuUi Ha
nocyxocTinkicTb B ymoBax Cteny Ykpainu (Y. 3 — pokn
3 pi3HUM Bororosabe3sne4yeHHAM)

MeToro Hawwmx gocnigkeHb 6yno BUBYEHHS Ta aHa-
ni3 MOCYXOCTINKOCTi COPTIB 03MMOI MNWEeHUUi cenekuii
[HCTUTYTY KNiMaTU4YHO OPIEHTOBAHOIMO CiNlbCLKOrO TOCMO-
papctBa HAAH Ta CenekuinHO-reHETUYHOIO iHCTUTYTY
HauioHanbHOro LEHTpY HaciHHE3HaBCTBA Ta COPTOBU-
ByeHHa HAAH B ymoBax [liBgeHHoro Creny VYkpaiHu.
Marepianu i meTogn pocnigkeHb. Peakuito 18 copris
03VMOI NWeHULi Ha Pi3Hi YMOBW BUPOLLYBaHHS BUBYanu Ha
AckaHicbKii gepXxaBHi CinbCbKOrocnogapcbKin gocnia-
HULbKIN cTaHuii y c. TaBpuyaHka, XepcoHcbka obnacTtb
(46°33'12"N; 33°49'13"E; 39 M Hag piBHEM MOps) NpoTs-
rom 2015/16-2019/20 pp. [HocnigmxkeHHs npoBoagunmcs
3a pi3HNUX YMOB 3BOJSIOXKEHHS: NpW 3poLUeHHi Ta 6e3 3po-
LWeHHS. AHani3 CTINKOCTi COpTiB 03UMOI MLWeHULi A0 CTpecy
nposoaunM 3a AonoMorol 17 iHAEKCIB MOCYXOCTINKOCTI.
PesynbraTn gocnigeHHs Ta ix o6rosopeHHA. OTpumaHi
eKkcnepuMeHTarnbHi AaHi 4O3BONATb BUAINUTM COPTU 03U-
MOT MLeHuUi, WO iCTOTHO NEePEBULLLYIOTb CEPEegHbOCOPTOBY
3a ypoxawHicTio npu 3powwenHi (Yp): Mapis i Ljedpicmb
odecbka 3 ypoxamHicTio 7,41-7,53 T/ra, B CTpPECOBUX yMO-
Bax (Ys): flipa odecbka — 6,25 T/ra i Lljedpicmb odecbka —
6,12 1/ra. 3a 6inbLuoto KinbkicTto iHAEKCIB (12), Sk HaWbGiNbLL
nocyxocTinkun, 6yB BugineHun copt Jflipa odecbka, copT
Llledpicmb odecbka BWAINMBCA 3a BiCbMOMa iHAEKCaMu
Ta copT PocuHka — 3a ciMoma. YpoxawHiCTb COpTIB nile-
HULi 32 060X YMOB 3BOITOXEHHSI MA€ BUCOKMI NMO3UTUBHUIA
kopensauinHun 38’a3ok (r = 0,832—1,000) 3 iHgekcamn MP,
Yl, STI, GMP, M,STI, M,STI, MSTI, HMP. YpoxanHicTb
Npu 3pOLLEHHI XapaKTepU3yeTbCA BMCOKOK MO3UTUMBHO
3anexHictio (r = 0,715) 3 iHgekcammn TOL i SSPI, cepepn-
HBbOK NMO3UTUBHOK 3anexHicTio (r = 0,542) 3 ingekcom SS/
Ta cepeaHto Big'emHy r = (-0,499—0,549) 3 ingekcamn YSI,
RDI'i ISR HaTOMICTb 3 ypOXXanHICTIO NpW CTpeci 3anexHicTb
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BigcyTHs (r = -0,013-0,207). YpoxanHicTb Npu cTpeci Mana
BMCOKy kopensuito (r = 0,852) 3 iHgekcom DI Ta cepegHio
(r = 0,420) 3 BpoXaWvHiCTIO nNpu 3poLUeHHi. 3a pesynbTa-
Tamn GGE 6innot-aHanidy copTu o3umoi nweHuui KoxaHa,
Ackaniticbka Ta LLjeOpicmb 00ecbka MOXHa oxapakTepuay-
BaTU sIK CEPeOHbOMNOCYXOCTilKi, Jlipa odecbka — HaNBInNbLL
cTiikum o nocyxu, Mapis, Mydpicmb odecbka Ta Huea
odecbKka MOXHa BiHECTW [0 COPTIB HE CTIMKUX 4O MOCYXU.
BucHoBKW. BinbLWicTb iHOEKCIB Many BUCOKY 3anexHiCTb
3 BpOXauHicTio 3a 060x ymoB, abo BMCOKY 4u cCepenHio
3aNeXHICTb 3 BPOXaMHICTIO NPV 3POLLEHHI Ta BIACYTHICTb
3B’3Ky 3 BPOXaWMHICTIO Npu cTpeci, Tomy 6yno BuaineHo
nvwe oguH iHaekc — nocyxocrtivkocTi (DI). 3a iHaekcamu
NMOCYXOCTIMKOCTI Ta 6innoT-aHanizoM, sik HanWbinbLW nocy-
XOCTiVikun Buainenun copt Jlipa odecbka. Copt Ljedpicmb
ol0ecbka BWAINMBCA 3a BiCbMOMa iHAEKCaMu, MpoTe 3a
6innoT-aHani3oM BiH XapaKkTepu3yBaBcs sk cepeaHbOi CTiln-
KocTi. 3a cimoma iHgekcamun BUAinvMBcsa copT PocuHKa, LWo
XapakTepu3yBaBCH HANMEHLUUM 3HWKEHHAM BPOXaWMHOCTI
32 MOTipLUIEHHST YMOB 3BOSIOXEHHS!, MPOTE BOMOAIB i HU3b-
KO MPOAYKTUBHICTIO 3@ 060X YMOB.

KnioyoBi cnoBa: o3uma nweHuusi, COpT, 3POLLEHHS,
NPUPOAHE 3BOMOXEHHS, YPOXaWMHICTb, MOCYXOCTINKICTb,
iHOEKCM  MOCyXOCTikocTi, 6innoT-aHanis, KnacTtepHun
aHanis.

Konovalova V.M., Tyshchenko A.V., Bazalii H.G.,
Fundirat K.S., Tyshchenko O.D., Reznichenko N.D.,
Konovalov V.O. Analysis of winter wheat varieties for
drought resistance in the conditions of the Steppe of
Ukraine (Part 3 — years with different moisture supply)

The purpose of our research was the study and
analysis of drought resistance of winter wheat varieties
selected by the Institute of Climate-oriented Agriculture of
the National Academy of Sciences of the Russian Academy
of Sciences and the Selection and Genetics Institute of the
National Center for Seed Science and Varietal Research of
the National Academy of Sciences of the National Academy
of Sciences in the conditions of the Southern Steppe of
Ukraine. Research materials and methods. The reac-
tion of 18 varieties of winter wheat to different growing
conditions was studied at the Askanian State Agricultural
Research Station in the village of Tavrychanka, Kherson
region (46°33'12”N; 33°49'13"E; 39 m above sea level)
during 2015/16-2019/20. Research was conducted under
different conditions of irrigation: with irrigation and without
irrigation. Analysis of the resistance of winter wheat varie-
ties to stress was carried out using 17 indices of drought
resistance. Research results and their discussion. The
obtained experimental data make it possible to distinguish
winter wheat varieties that significantly exceed the average
variety in terms of productivity under irrigation (Yp): Maria
and Shchedrist Odeska with a yield of 7.41-7.53 t/ha, in
stressful conditions (Ys): Lyra Odeska — 6, 25 t/ha and the
Shchedrist Odeska — 6.12 t/ha. According to the most indi-
ces (12), the Lyra Odeska variety was singled out as the
most drought-resistant, the Shchedrist Odeska variety was
distinguished according to eight indices, and the Rosynka
variety — according to seven. The yield of wheat varieties
under both moisture conditions has a high positive correla-
tion (r = 0.832—1.000) with the indices MP, YI, STI, GMP,
M,STI, M,STI, MSTI, HMP. Yield under irrigation is char-
acterized by a high positive correlation (r = 0.715) with
the TOL and SSPI indices, an average positive correlation
(r = 0.542) with the SSI index, and an average negative
r = (-0.499--0.549) with the YSI, RDI/ and ISR indices on
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the other hand, there is no dependence with productivity
under stress (r = -0.013-0.207). Yield under stress had a
high correlation (r = 0.852) with the DI index and a mod-
erate correlation (r = 0.420) with yield under irrigation.
According to the results of the GGE biplot analysis, win-
ter wheat varieties Kokhana, Askaniyska and Shchedrist
Odeska can be characterized as moderately drought-re-
sistant, Lyra Odeska is the most drought-resistant, Maria,
Mudrist Odeska and Nyva Odeska can be classified as
non-drought resistant varieties. Conclusions. Most of the
indices had a high correlation with yield under both con-
ditions, or a high or medium correlation with yield under
irrigation and no correlation with yield under stress, so only

one index, drought tolerance (D/), was selected. According
to drought resistance indices and biplot analysis, Lyra
Odeska is the most drought-resistant selected variety. The
Shchedrist Odeska variety stood out according to eight
indices, but according to the biplot analysis, it was charac-
terized as medium resistance. According to seven indices,
the Rosynka variety stood out, which was characterized
by the smallest decrease in yield due to deterioration of
moisture conditions, but also had low productivity under
both conditions.

Key words: winter wheat, variety, irrigation, natural
moisture, productivity, drought resistance, drought resist-
ance indices, biplot analysis, cluster analysis.
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