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DETERMINATION OF DROUGHT RESISTANCE OF SOYBEAN BREEDING MATERIAL
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2016 was established to have the optimal conditions for soybean cultivation, while 2018
with drought intensity (DI) of 0.81 — the most extreme conditions. Having evaluated soybean
breeding accessions in the competitive variety trial (CVT) for the drought susceptibility index
(DSI), drought tolerance index (DTI), mean yield (MY), yield stability index (YSI), yield index
(YD), stress tolerance index (STI) and geometric mean yield (GMY), we selected drought-
resistant soybean breeding material.

Key words: soybean, variety trial, hydrothermal conditions, drought resistance, yield, drought
resistance indices, selection, breeding material.

Introduction. Soybean is a leading crop in the global agriculture. It covers large areas
and is an export-oriented crop in the agrarian sector of Ukraine. Frequent soil and air droughts in
a significant territory in Ukraine are stressors for soybean plants, and insufficient resistance of
genotypes negatively affects the crop’s seed productivity [1-9]. Over the last decades of the 20™
century, the annual air temperature in Ukraine started increasing on average 1.5 times faster than
on a global scale, which in the coming years may enhance the negative impact on cultivation of
agricultural crops, including soybeans [10].

Literature Review and Problem Articulation. Droughts are known to worsen prospects
of harvesting good yields in soybean-growing areas [11, 12]. Soybean yields decrease from 3.5—
4.0 t/ha under optimal moisture supply to 0.6-0.8 t/ha under dry conditions [13]. Drought
regularity stipulates the urgency of solving the problem of boosting drought resistance of
soybeans [14]. A short-term water deficit during anthesis, seed setting and ripening leads to bud,
ovary and pod drop as well as to reduction in seed size and 48—87% decrease in yield [15]. In the
USA, where the climate is more favorable for soybean growing, breeding for drought resistance
is more important than further increasing the yield potential. Recently, in the USA, the soybean
yields have been raised mainly due to increased drought resistance.

In breeding for adaptability, the mainstream is creation of mid-ripening, most high-
yielding soybean varieties that are able to perform maximally under both favorable and arid
weather conditions during the growing period. The current breeding of soybeans, which is
focused on increasing resistance to extended ranges of climatic parameters, even now allows for
development of varieties that would be suitable for profitable cultivation, both under further
global warming and aridization and under probable global cooling [16]. Therefore, the main
objective of breeders is to create varieties with high yield capacity and adaptability. At the same
time, breeding for drought resistance is complicated by necessity to provide identical water stress
conditions to analyse a large number of genotypes [17]. To increase the efficiency of breeding for
drought resistance, it is recommended to use genetic methods [18] and to consider drought
resistance as harvesting yields different genotypes under identical drought conditions [19]. High
performance of a variety, which is determined by the entire genetic system of a plant, is an
inextricable indicator of drought resistance [20].

There are direct and indirect signs to determine potential drought resistance of soybean
varieties; such sings are based on expression levels of some anatomical, morphological,
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biological, physiological, and biochemical traits [14, 21-23]. For a more effective differentiation
of genotypes by drought resistance, researchers suggested using different indices, which are
determined by yield losses during droughts, compared to the optimal conditions for the growth
and development of soybean plants. These indices are based on both resistance and susceptibility
of genotypes to drought. They allow for significant simplification and acceleration of screening
of breeding material and facilitation of selection of accessions with high resistance to drought.
Researchers tested a model of adaptation of grain legumes to insufficient moisture; the model is
based on a drought-induced decrease in yield and reflects a model of the crop's response to arid
conditions [24-34].

Purpose and Objectives. To evaluate the resistance of soybean genotypes to drought by
drought resistance indices calculated from yields in years with contrasting hydrometeorological
conditions.

Materials and Methods. Varieties and breeding accessions of the competitive variety
trial (CVT) of soybeans in 20082021 (60 - 153 accessions) were investigated to assess the
influence of year’s conditions on the mean yields of soybeans. Fifty breeding accessions and
CVT soybean varieties of the Laboratory of Grain Legume Breeding were taken to assess drought
resistance. The experiments were carried out in a breeding crop rotation of the PPI NAAS. The
forecrop was winter rye. The experiments were conducted in plots of 25 m” in four replications in
accordance with the qualification examination methods [35, 36]. The soybean breeding
accessions and CVT varieties were differentiated by drought resistance indices calculated from
the 2016 and 2018 yields.

Drought intensity (DI) was determined by the formula proposed by Fischer R.A. and
Maurer R. [24]. Drought resistance of the soybean CVT varieties and breeding accessions was
assessed by drought susceptibility index (DSI) [24], drought tolerance index (DTI) [32], mean
yield (MY) [32], yield stability index (YSI) [14], yield index (YI) [34], stress tolerance index
(STI) [33] and geometric mean yield (GMY) [33]. Data were processed in STATISTICA 10 and
Excel, as B.O. Dospekhov recommended [37].

Results and Discussion. Analysis of long-term data (2008-2021) on the hydrothermal
conditions at the study site (Elitne village, Kharkivskyi District, Kharkivska Oblast) showed that
they were generally favorable for soybean growing. However, irregular precipitation, high
temperatures and low relative humidity associated with dry spells during the growing period of
the crop cause a clearly expressed aridity in some years, which negatively affects the growth and
development of soybean plants.

The weather during the study had very contrasting hydrothermal parameters and had
different effects on the growth and development of plants, leading to variations in the yields. The
CVT data confirmed a possibility of fulfilling the crop’s potential in the eastern Forest-Steppe of
Ukraine and harvesting mean yields of 2.59 t/ha in favorable years.

Analysis of the CVT data showed that the mean, depending on the year’s conditions,
fluctuated significantly from 0.50 t/ha (2018) and 0.51 t/ha (2010) to 2.59 t/ha (2016), or >5-fold,
with the mean yield for 2008-2021 of 1.19 t/ha. The mean yields from the CVT varieties across
the study years exceeded or equaled the mean annual yields (1.19 t/ha) in 2009, 2011, 2013,
2014, 2015, 2016, and 2019. In 2008, 2010, 2012, 2017, 2018, 2020 and 2021, the yields were
lower than the multi-year mean. So, out of the fourteen study years, seven years were favorable
and the other seven — unfavorable. It is precisely because of unstable hydrothermal modes during
the soybean growing period that such significant fluctuations in yields occur. However, the trend
line shows a gradual increase in the CVT yields in the course of the crop breeding, regardless of
environmental conditions (Fig. 1).

Comparison of the CVT soybean yields in 2016 (when the precipitation amount in April—
September was 371.4 mm) and in 2018 (136.5 mm fell during the same period) demonstrated
considerable yield losses because of drought. On average, the crop losses amounted to 2.07 t/ha,
or 81%. Analysis of the minimum yields in the study sample in the years with contrasting
weather showed a loss of 1.78 t/ha, or 84.8% of yield (Table 1).
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Fig.1. Mean soybean yields in the CVT
Table 1
Soybean yield losses, (competitive variety trial)
. Year Yield loss
Yield, tha 2016 2018 t/ha %
Minimum 2.10 0.32 1.78 84.8
Mean 2.57 0.50 2.07 81.0
Maximum 2.90 0.71 2.19 75.5
LSDyg o5 0.31 0.08 0.22 —

Upon the maximum yield in the experimental sample, the loss was 2.19 t/ha, or 75.5%.
Hence, under contrasting moisture conditions, the difference in the minimum yield was greater
than the difference in the maximum yield.

Drought intensity (DI; calculated by R.A. Fischer and R. Maurer’s formula [24]) in dry
2018 was 0.81, compared to soybean-friendly 2016.

From the yield values, several indices, which characterize the resistance of accessions to
drought, were calculated and analyzed (Table 2).

Table 2
Drought resistance indices in the soybean accessions (competitive variety trial),
2016 and 2018.
Value I 2 3 Indf : 5 6 7
DSI DTI MY YSI Y1 STI GMY
Minimum 0.87 1.61 2.34 0.12 64.6 1.54 0.92
Maximum 1.09 2.41 3.15 0.30 143.3 7.60 1.38
Mean 1.00 2.11 2.85 0.19 98.9 3.62 1.11

Note: drought susceptibility index (DSI)!, drought tolerance index (DTI)*, mean yield (MY)’,
yield stability index (YSI)*, yield index (YI)’, stress tolerance index (STI), and geometric mean
yield (GMY)'.

These indices made it possible to differentiate the accessions by drought resistance. The
drought susceptibility index (DSI) characterizes the susceptibility of a genotype to drought [24],
that is, the lower this index is, the more drought-resistant the accession is. The drought
susceptibility index in the studied sample ranged 0.87 to 1.09, with the mean of 1.00.

By the minimum value of this index, the following drought-resistant breeding accessions
were selected: KSV 23-18 (3836 / 76-130 selection) (DSI = 0.87), KSV 16-18 (Volgohradka /
Mriia) (DSI = 0.91), KSV 50 -18 (Pasteter Schwarus) (DSI = 0.93), KSV 22-18 (selection #14)
(DSI =0.94), KSV 37-18 (Uspikh / Mriia) (DSI = 0.94) (Table 3).
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Table 3
DSI-based differentiation of the soybean accessions by drought resistance

Drought Yield, t/ha Yield loss
Breeding accession/variety spsceptibility 2016 2018 t/ha o
index (DSI)

High drought resistance
KSV 23-18 (3836 / 76-130 selection) 0.87 2.29 0.68 1.61 70.3
KSV 16-18 (Volgohradka / Mriia) 0.91 2.69 0.71 1.98 73.6
KSV 50-18 (Pasteter Schwarus) 0.93 2.47 0.61 1.86 75.3
KSV 22-18 (selection #14) 0.94 2.35 0.56 1.79 76.2
KSV 37-18 (Uspikh / Mriia) 0.94 2.53 0.60 1.93 76.3

Low drought resistance
KSV 18-18 (Kharkivska 35 / Fiskeby) 1.06 2.69 0.38 2.31 85.9
Estafeta 1.06 2.71 0.38 2.33 86.0
KSV 43-18 (Vitiaz 50 / Mriia) 1.07 2.69 0.36 2.33 86.6
Baika 1.08 2.59 0.33 2.26 87.3
Sprytna 1.09 2.70 0.32 2.38 88.1

The lowest drought resistance according to this index was recorded for KSV 18-18
(Kharkivska 35 / Fiskeby) (DSI = 1.06), Estafeta variety (DSI = 1.06), KSV 43-18 (Vitiaz 50 /
Mriia) (DSI = 1.07), Baika (DSI = 1.08), and Sprytna variety (DSI = 1.09).

In the highly drought-resistant group, the yield losses because of drought were 1.61-1.98
t/ha, or 70.3-76.3% of yield. The accessions with low drought resistance lost 2.26-2.38 t/ha, or
85.9-88.1% of yield.

The drought tolerance index (DTI) [32] determines the absolute (t/ha) losses of the crop:
the lower the index is, the more drought-resistant the accession is. This parameter varied from
1.61 to 2.41, with the mean of 2.11 (see Table 2). Breeding accessions KSV 23-18 (3836 / 76-130
selection) (DTI = 1.61), KSV 28-18 (4305-04) (DTI = 1.62), Roksolana variety (DTI = 1.74),
KSV 29-18 (Vuzkolysta / mutant 82-205) (DTI = 1.77), KSV 22-18 (selection #14) (DTI = 1.79)
(Table 4).

Table 4
DTI-based differentiation of the soybean accessions by drought resistance

Yield, t/ha Yield loss

Drought tolerance

Breeding accession/variety index (DTI) 2016 2018 t/ha o,

High drought resistance

KSV 23-18 (3836 / 76-130 selection) 1.61 2.29 0.68 1.61 70.3
KSV 28-18 (4305-04) 1.62 2.10 0.48 1.62 77.1
Roksolana 1.74 2.20 0.46 1.74 79.1
2KOSS\)7 29-18 (Vuzkolysta / mutant 82- 177 231 0.54 177 76.6
KSV 22-18 (selection #14) 1.79 2.35 0.56 1.79 76.2
Low drought resistance
KSV 18-18 (Kharkivska 35 / Fiskeby) 2.31 2.69 0.38 2.31 85.9
Estafeta 2.33 2.71 0.38 2.33 86.0
KSV 43-18 (Vitiaz 50 / Mriia) 2.33 2.69 0.36 2.33 86.6
Sprytna 2.38 2.70 0.32 2.38 88.1
KSV 17-18 (Kharkivska 35 / 856-334) 2.41 2.90 0.49 2.41 83.1

The greatest yield losses were observed in KSV 18-18 (Kharkivska 35 / Fiskeby) (DTI =
2.31), Estafeta (DTI = 2.33), KSV 43-18 (Vityaz 50 / Mriya) (DTI = 2.33), Sprytna (DTI = 2.38),
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and KSV 17-18 (Kharkivska 35 / 856-334) (DTI = 2.41). That is, the absolute yield losses in the
highly drought-resistant group assessed by the drought tolerance index ranged 1.61 to 1.79 t/ha,
and the relative yield losses in this group were within the range of 70.3—79.1%. In the accessions
with low drought resistance, the absolute yield losses were 2.31-2.41 t/ha, or 83.1-88.1% related
to the yields under optimal conditions.

The mean yield (MY) [32] in the years with contrasting water modes shows the
genotype’s potential yield in absolute units (t/ha) regardless of weather conditions. The
accessions of the studied sample yielded on average 2.34-3.15 t/ha, with the mean of 2.85 t/ha
(see Table 2).

The greatest mean yield in the years with contrasting water modes was recorded for KSV
17-18 (Kharkivska 35 / 856-344) (MY = 3.15), KSV 24-18 (Kharkivska 62 / Khodson) (MY =
3.13) , KSV 49-18 (Kharkivska 56 / Ilsoy) (MY = 3.09), KSV 40-18 (Kharkivska 54 / Khodson)
(MY = 3.05), and KSV 16-18 (Volgohradka / Mriia) (MY = 3.05). In this group, the losses of
yield under arid conditions were 1.62—1.90 t/ha, or 73.6-83.1%, compared to the optimum.

The lowest MY values were observed in KSV 29-18 (Vuzkolysta / mutant 82-205) (MY =
2.58), Podiaka variety (MY = 2.51), KSV 20-18 (Kharkivska 35 / Kyivska 27) (MY = 2.46),
Roksolana variety (MY = 2.43), and KSV 28-18 (4305-04) (MY = 2.34) (Table 5).

Table 5
Differentiation of the soybean accessions by mean yield (MY)
Breeding accession/variety Mean yield Dkt b el oy
(MY), t/ha 2016 2018 t/ha %
High drought resistance (assessed by yield)
KSV 17-18 (Kharkivska 35 / 856-344) 3.15 2.90 0.49 2.41 83.1
KSV 24-18 (Kharkivska 62 / Khodson) 3.13 2.81 0.64 2.17 77.2
KSV 49-18 (Kharkivska 56 / Ilsoy) 3.09 2.76 0.65 2.11 76.4
KSV 40-18 (Kharkivska 54 / Khodson) 3.05 2.79 0.51 2.28 81.7
KSV 16-18 (Volgohradka / Mriia) 3.05 2.69 0.71 1.98 73.6
Low drought resistance (assessed by yield)
KSV 29-18 (Vuzkolysta / mutant 82-205) 2.58 2.31 0.54 1.77 76.6
Podiaka 2.51 2.29 0.43 1.86 81.2
KSV 20-18 (Kharkivska 35 / Kyivska 27) 2.46 2.27 0.37 1.90 83.7
Roksolana 2.43 2.20 0.46 1.74 79.1
KSV 28-18 (4305-04) 2.34 2.10 0.48 1.62 77.1

In this group, the yield losses under arid conditions were 1.98-2.41 t/ha, or 76.6—83.7%,
compared to the optimal conditions. Hence, despite the fact that the accessions in groups with
contrasting drought resistance yielded differently, their relative losses from drought were similar.

The yield stability index (YSI) shows the ratio of yield under stressful conditions to yield
under optimal conditions [14], i.e. as this index rises, drought resistance increases. In the studied
sample, this parameter varied within 0.12—0.30 with the mean of 0.19 (see Table 2). Accessions
with high and low values of the yield stability index (Y SI) were selected (Table 6).

The most drought-resistant according to this index were KSV 23-18 (3836 / 76-130
selection) (YSI = 0.30), KSV 16-18 (Volgogradka / Mriia) (YSI = 0.26), KSV 50-18 (Pasteter
Schwarus selection) (YSI = 0.25), KSV 22-18 (selection #14) (YSI = 0.24), and KSV 37-18
(Uspikh / Mriia) (YSI = 0.24).

Low values of the yield stability index, and therefore the lowest drought resistance, were
recorded for KSV 18-18 (Kharkivska 35 / Fiskeby) (YSI = 0.14), Estafeta (YSI = 0.14), KSV 43-
18 (Vitiaz 50 / Mriia) (YSI = 0.13), Baika (YSI =0.13), and Sprytna (YSI = 0.12).

In the highly drought-resistant accessions according to the yield stability index (YSI), the
absolute yield losses ranged 1.61 t/ha to 1.98 t/ha, or 70.3—-76.3% in relative units. The accessions
with low drought resistance lost 2.26—2.38 t/ha, or 85.0—-88.1%.

124



Table 6
YSI-based differentiation of the soybean accessions by drought resistance

Yield Yield, t/ha Yield loss
Breeding accession/variety stability
index (YSI) 2016 2018 t/ha %

High drought resistance
KSV 23-18 (3836 / 76-130 selection) 0.30 2.29 0.68 1.61 70.3
KSV 16-18 (Volgohradka / Mriia) 0.26 2.69 0.71 1.98 73.6
KSV 50-18 (selection from Pasteter 0.25 247 0.61 136 753
Schwarus)
KSV 22-18 (selection #14) 0.24 2.35 0.56 1.79 76.2
KSV 37-18 (Uspikh / Mriia) 0.24 2.53 0.6 1.93 76.3

Low drought resistance
KSV 18-18 (Kharkivska 35 / Fiskeby) 0.14 2.69 0.38 2.31 85.9
Estafeta 0.14 2.71 0.38 2.33 86.0
KSV 43-18 (Vitiaz 50 / Mriia) 0.13 2.69 0.36 2.33 86.6
Baika 0.13 2.59 0.33 2.26 87.3
Sprytna 0.12 2.7 0.32 2.38 88.1

The yield index (YT) under stressful conditions is calculated as the ratio of yield under the
influence of a stressor to the mean yield across the studied accessions under the same conditions
[34]. It characterizes the yield of a specific accessions in relation to the mean yield across all
accessions tested during the dry period and is expressed in percents. In the experimental sample,
this index ranged 64.6% to 143.3%, with the mean of 98.9% (see Table 2). Differentiation of the
accessions according to this index is presented in Table 7.

Table 7
YI-based differentiation of the soybean accessions by drought resistance
' ' ' Yield index Yield, t/ha Yield loss
Breeding accession/variety (Y1) 2016 2018 t/ha o,
High drought resistance
KSV 16-18 (Volgogradka / Mriia) 143.3 2.69 0.71 1.98 73.6
KSV 23-18 (3836 / 76-130 selection) 137.2 2.29 0.68 1.61 70.3
KCB 49-18 (Kharkivska 56 / Ilsoy) 131.2 2.76 0.65 2.11 76.4
551?30?;6-18 (Kharkivska Zernokormova / 129.1 271 0.64 207 76.4
KCB 24-18 (Kharkivska 62 / Khodson) 129.1 2.81 0.64 2.17 77.2
Low drought resistance
KCB 18-18 (Kharkivska 35 / Fiskeby) 76.7 2.69 0.38 2.31 85.9
KCB 20-18 (Kharkivska 35 / Kyivska 27) 74.7 2.27 0.37 1.90 83.7
KSV 43-18 (Vitiaz 50 / Mriia) 72.6 2.69 0.36 2.33 86.6
Baika 66.6 2.59 0.33 2.26 87.3
Sprytna 64.6 2.70 0.32 2.38 88.1

The highest drought resistance assessed by yield under stressful conditions was intrinsic
to KSV 16-18 (Volgohradka / Mriia (Y1 = 143.3%), KSV 23-18 (3836 / 76-130 selection) (YI =
137.2%), KSV 49-18 (Kharkivska 56 / Ilsoy (YI = 131.2 %), KSV 36-18 (Kharkivska
Zernokormova / Yuh 30) (YI = 129.1 %), and KSV 24-18 (Kharkivska 62 / Khodson) (YI =
129.1%). The stress-caused losses of yield in the drought-resistant group ranged 1.61 t/ha to 2.17
t/ha, or 70.6-77.2%.
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The lowest yield under dry conditions was harvested from KSV 18-18 (Kharkivska 35 /
Fiskeby) (YI = 76.7%), KSV 20-18 (Kharkivska 35 / Kyivska 27) (YI = 74.7%), KSV 43-18
(Vitiaz 50 / Mriia) (YI = 72.6%), Baika (YI = 66.6%), and Sprytna (YI = 64.6%)s. The yield
losses this group were 1.90-2.38 t/ha, or 83.7-88.1%.

The stress tolerance index (STI) is based on identifying genotypes that give high yields
under both stressful and optimal conditions [33]. It shows the ability of an accession to
consistently yield a lot, regardless of stress factors. The higher this index is, the more drought-
resistant the genotype is. This index ranged 1.54 to 7.60, with the mean of 3.62 (see Table 2).
Judging by this index, KSV 16-18 (Volgohradka / Mriia) (STI = 7.60), KSV 23-18 (3836 / 76-
130 selection) (STI = 6.97), KSV 49- 18 (Kharkivska 56 / Ilsoy) (STI = 6.37), KSV 36-18
(Kharkivska Zernokormova / Yuh 30) (STI = 6.18), and KSV 24-18 (Kharkivska 62 / Khodson)
(STI = 6.18) (Table 8) were the most drought-resistant.

Table 8
STI-based differentiation of the soybean accessions by drought resistance
Stress Yield, t/ha Yield loss
Breeding accession/variety tolerance
index (STI) 2016 2018 t/ha %

High drought resistance
KSV 16-18 (Volgohradka / Mriia) 7.60 2.69 0.71 1.98 73.6
KSV 23-18 (3836 / 76-130 selection) 6.97 2.29 0.68 1.61 70.3
KSV 49-18 (Kharkivska 56 / Ilsoy) 6.37 2.76 0.65 2.11 76.4
KSV 36-18 (Kharkivska Zernokormova / 6.18 271 0.64 07 76.4
Yuh 30)
KSV 24-18 (Kharkivska 62 / Khodson) 6.18 2.81 0.64 2.17 77.2

Low drought resistance
KSV 18-18 (Kharkivska 35 / Fiskeby) 2.18 2.69 0.38 2.31 85.9
KSV 20-18 (Kharkivska 35 / Kyivska 27) 2.06 2.27 0.37 1.90 83.7
KSV 43-18 (Vitiaz 50 / Mriia) 1.95 2.69 0.36 2.33 86.6
Baika 1.64 2.59 0.33 2.26 87.3
Sprytna 1.54 2.70 0.32 2.38 88.1

The highly drought-resistant accessions lost 1.61-2.17 t/ha, or 70.3—77.2% of their yields.

The lowest STI values were characteristic of KSV 18-18 (Kharkivska 35 / Fiskeby) (STI
= 2.18), KSV 20-18 (Kharkivska 35 / Kyivska 27) (STI = 2.06), KSV 43-18 (Vitiaz 50 / Mriia)
(STI = 1.95), Baika (STI = 1.64), and Sprytna (STI = 1.54). These accessions lost 1.90-2.38 t/ha,
or 83.7-88.1% of their yields under optimal conditions.

The geometric mean (or mean proportional) yield (GMY) [33] of the studied accessions
ranged 0.92 t/ha to 1.38 t/ha, with the median of 1.11 t/ha.

The genotypes with high values of this parameter included KSV 16-18 (Volgohradka /
Mriia) (GMY = 1.38 t/ha), KSV 24-18 (Kharkivska 62 / Khodson) (GMY = 1.34 t/ha) , KSV 49-
18 (Kharkivska 56 / llsoy) (GMY = 1.34 t/ha), KSV 36-18 (Kharkivska Zernokormova / Yuh 30)
(GMY = 1.32 t/ha), and KSV 23-18 (3836 / 76-130 selection) (GMY = 1.25 t/ha).

According to GMY-based differentiation of the accessions under investigation, the yield
losses in the highly drought-resistant group were 1.61-2.17 t/ha, or 70.3—77.2% of yield (Table 9,
see Table 2).

Podiaka (GMY = 0.99 t/ha), KSV 43-18 (Vitiaz 50 / Mriia) (GMY = 0.98 t/ha), Sprytna
(GMY = 0.93 t/ha), Baika (GMY = 0.92 t/ha), and KSV 20-18 (Kharkivska 35 / Kyivska 27)
(GMY = 0.92 t/ha) showed low drought resistance. In the accessions with low resistance to
drought, the yield losses ranged 81.2% to 88.1%, or 1.86 t/ha to 2.38 t/ha.
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Table 9
GMY-based differentiation of the soybean accessions by drought resistance

Geometric Yield, t/ha Yield loss
Breeding accession/variety mean yield
(GMY), t/a 2016 2018 t/ha %
High drought resistance
KSV 16-18 (Volgohradka / Mriia) 1.38 2.69 0.71 1.98 73.6
KSV 24-18 (Kharkivska 62 / Khodson) 1.34 2.81 0.64 2.17 77.2
KSV 49-18 (Kharkivska 56 / Ilsoy) 1.34 2.76 0.65 2.11 76.4
KSV 36-18 (Kharkivska Zernokormova / 132 271 0.64 207 76.4
Yuh 30)
KSV 23-18 (3836 / 76-130 selection) 1.25 2.29 0.68 1.61 70.3
Low drought resistance
Podiaka 0.99 2.29 0.43 1.86 81.2
KSV 43-18 (Vitiaz 50 / Mriia) 0.98 2.69 0.36 2.33 86.6
Sprytna 0.93 2.70 0.32 2.38 88.1
Baika 0.92 2.59 0.33 2.26 87.3
KSV 20-18 (Kharkivska 35 / Kyivska 27) 0.92 2.27 0.37 1.90 83.7

Thus, we differentiated the breeding material of soybeans by drought resistance indices.
Accessions that significantly exceeded the mean values of several indices were classed as
drought-resistant. According to most indices (DSI, DTI, YSI, YI, STI, and GMY), KSV 23-18
(3836) / 76-130 selection) stood out. According to five indices (DSI, YSI, YI, STI, and GMY),
KSV 16-18 (Volgohradka / Mriia) stood out. KSV 49-18 (Kharkivska 56 / Ilsoy) stood out
according to four indices (MY, YI, STI, and GMY). Three accessions were considered as
drought-resistant by three indices: KSV 22-18 (selection #14) (DSI, DTI and YSI), KSV 36-18
(Kharkivska Zernokormova / Yuh 30) and KSV 24-18 (Kharkivska 62 / Khodson) (Y1, STI and
GMY). KSV 28-18 (4305-04) was distinguished due to DTI and MY. 29-18 (Vuzkolysta / mutant
82-205) stood out due to DTI and MY. KSV 50-18 (selection from Pasteter Schwarus) and KSV
37-18 (Uspikh / Mriia) were distinguished by DSI and YSI. Due to MY, KSV 20-18 (Kharkivska
35 / Kyivska 27) and Podiaka stood out. Roksolana stood out according to DTTI.

The soybean accessions with high resistance to abiotic stress, which were selected as a
result of differentiation by indices, are recommended as starting material in the crop breeding for
high resistance to drought.

Conclusions. Evaluation of the soybean CVT breeding accessions and varieties by
drought resistance indices allowed for differentiation of them by stress resistance. According to
most indices (DSI, DTI, YSI, YI, STI, and GMY), KSV 23-18 (3836) / 76-130 selection) stood
out. According to five indices (DSI, YSI, YI, STI, and GMY), KSV 16-18 (Volgohradka / Mriia)
stood out. KSV 49-18 (Kharkivska 56 / Ilsoy) stood out according to four indices (MY, YI, STI,
and GMY). Three accessions were considered as drought-resistant by three indices: KSV 22-18
(selection #14) (DSI, DTI and YSI), KSV 36-18 (Kharkivska Zernokormova / Yuh 30) and KSV
24-18 (Kharkivska 62 / Khodson) (YI, STI and GMY). KSV 28-18 (4305-04) was distinguished
due to DTI and MY. 29-18 (Vuzkolysta / mutant 82-205) stood out due to DTT and MY. KSV 50-
18 (selection from Pasteter Schwarus) and KSV 37-18 (Uspikh / Mriia) were distinguished by
DSI and YSI. Due to MY, KSV 20-18 (Kharkivska 35 / Kyivska 27) and Podiaka stood out.
Roksolana stood out according to DTIL. The selected soybean genotypes with high resistance to
abiotic stress are recommended as starting material in the crop breeding for high resistance to
drought.
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BHU3HAYEHHA IIOCYXOCTIHKOCTI CEJEKIIIHHOT O MATEPIAJTY COI

Psi6yxa' C. C., Yepruurenko' I1. B., Besyrmuii' 1. M., Tonoxopuscskka® M. T.

'TcTuryT pocuunniTea iMeni B. 1. FOp’ea HAAH, Vkpaina

*ByKOBHHCBHKA JIePKABHA CLTbCHKOTOCIONAPCHKA AOCIIIHA CTaHIlis [HCTUTYTY CLTbCHKOTO
rocnogapcta Kapnarcekoro periony HAAH, Ykpaina

Mera i 3agaui gocaimkeHHsl. BuU3HAauuMTH CTIMKICTP TEHOTHMIB COi 0 TIOCYXH 3a IHACKCAMH
MOCYXOCTIHKOCTI Ha OCHOBI aHAI3y BPOXKAWHOCTI y KOHTPACTHI 32 TiAPOMETEOPOJIOTTUHUMU
YMOBaMH POKH.

Marepiaiu i MeToau aocaizxkeHHsi. MatepialoM Ui BU3HAUEHHS BIUIMBY YMOB POKY Ha piBeHb
CepeHBOT BPOXKAMHOCTI COT Ta MOCYXOCTIHKOCT1 OYJIM COPTH Ta CEJEKLiiHI HOMEpPHU KOHKYPCHOTO
coproBunpoOyBanns (KCB). [locmiam 3aknafanich y 4OTHPbOX IMOBTOPEHHSX 13 OOIIKOBOIO
nomero AimstHKM 25 M. IaTercuBHicTs mocyxu (D) BU3HAYAMA 33 GOPMYTIO0 3aIPOIIOHOBAHOO
Fischer R.A. Ta Maurer R. [ludepenuianito cenekuiiinux HomepiB Ta copriB KCB coi
3ifcCHIOBANM 3a BposkaiHicTio y 2016 p. Ta 2018 p. 3a iHAEKCAMU CIIPUHHATIMBOCTI 10 MOCYXU
(DSI), tonepantHOcTi o nocyxu (TOL), cepennroi BpoxkaitHocti (MP), crabinbHOCTI BpoXkaro
(YSI), poxaitnocti (YI), TomepantHocTi 10 crpecy (STI), cepemHBOro TeOMETPUYHOTO
BpokaitHocTi (GMP). O6poOKy pe3ynbTaTiB mociimpkenb npoBoauwan 3a b.O. JlocriexoBum i3
Bukopuctanssam rporpam STATISTICA 10 Ta Excel.

OOroBopenHsi pe3yabTaTiB. 3a dac mpoBeAeHHS pochimpkeHb (2008-2021 pp.) HaWBuUILY
BpoxkaitHicTh coi y KCB 0yno orpumano y 2016 p. — 2,57 1/ra, a Haitnmwkuy y 2018 p. — 0,50 1/ra.
IMopiBusaHS BposkaitHocTi coi y KCB y 2016 p. ta 2018 p. mokasaino, 1110 BTpaTd BiJl MOCYXU
cepeaHpoi BpoxkaHOCTI ctanoBwiM 2,07 1/ra, abo 81 %. Y MiHIMaiIbHOI BpOXKaHOCTI BTpaTu
nopiutoBam 1,78 1/ra, a6o 84,8 %. Y makcumanbhoi — 2,19 1/ra, abo 75,5 %. Orxe, pi3HUIISL
MIHIMaJIbHOT BpOXKaWHOCTI Oyna Oinblile, HDK PI3HHUIS MaKCHMalbHOI BpoKaiHOCTi. PiBeHBb
iHTeHcuBHOCTI Tocyxu (D) y mocymumBomy 2018 p. mopiBrioBaB D =0,81. 3a mokasHUKaMu
BPO’XKaifHOCT1 MPOBEICHO PO3PaxXyHOK Ta aHaji3 PALY IHAEKCIB, SIKi XapaKTepU3yIOTh CTIHKICTh
3pa3KiB 70 MOCYXHM. 3HAUCHHS IHJEKCY cHpuiHATIMBOCTI 10 mocyxu (DSI) y 3Haxomuinoch y
mexax Bin 0,87 mo 1,09, mpu cepemubomy 3HaudenHi 1,00. IHmekc ToJepaHTHOCTI IO MOCYXU
(TOL) nmopiBuioBaB 1,61-2,41 mpu cepemuboMy 3HadeHHi 2,11. Cepennst Bpoxaitnicte (MP)
3HaxXoAWNIach y Mexax 2,34-3,15 1/ra i Mana cepeiHe 3HaYeHHS Ha piBHI 2,85 T/ra. 3HaueHHs
iHIeKcy crabinbHOCTI Bpoxkaro (Y SI) BapiroBario Bix 0,12 mo 0,30 npu cepenapomy 3HauerHi 0,19.
Ianekc ypoxkaiiHocTi y ctpecoBux ymoBax (YI) mopiBHioBaB 64,6-143.3 %, mpu cepeaHboMy
3HaueHHi 98,9 %. Ingexc ypoxkaitHocti y ctpecoBux ymoBax (YI) xommBaBcs Bin 64,6 % 1o
143,3 %, nipu cepenapomy 3HadeHHi 98,9 %. Cepenne reomerpuuHe (a00 cepeHe MPOTOPIIiiiHe)
BpokaitHocti (GMP) mociipkyBaHX 3pa3KiB 3HaX0AWIoch y Mexax Bix 0,92 t/ra no 1,38 1/ra,
npu 3HadeHHi memianu 1,11 T/ra. 3a KOXHUM IHJEKCOM MpPOBENCHO Au(EepeHIialliio 3pa3KiB
JOCTIDKYBaHHUX 3pa3KiB CO1 1 BUUJICHO MOCYXOCTIMKUI CeNeKIiHuI MaTepialt.

BucHoBku. 3a OUThIIICTIO 1HIEKCIB: cnpuiHATIHBOCTI 10 crpecy (DSI), TonmepanTHOCTI 10
nocyxu (TOL), crabimpHOCTI Bpoxkaro (YSI), ypoxaitrocti (Y1), TonepanTHOCTI 10 cTpecy
(STI) Ta cepennim reomerpuaauM ypoxaitHocti (GMP) Buninuscs Homep KCB 23-18 (3836 /
76-130 no6ip). 3a m’aTbMa IHAEKCAMH: CIPHUUHATIMBOCTI A0 cTpecy (DSI), crabinpHOCTI
Bpoxato (YSI), ypoxaitnocti (YI), TomepantHocti 10 crpecy (STI) Ta cepenHim
reoMeTpuaHuM yposkaiiHocTi (GMP) Bupizusies Homep KCB 16-18 (Bonrorpanka / Mpist). 3a
MOKa3HUKAaMH YOTUPHOX IHJEKCIB: cepeanboi BpoxkaitHocTi (MP), ypoxkaitrocti (Y1),
tonepanTHocTi 10 cTpecy (STI) Tta cepemnoro reomerpudHoro yposkaHocti (GMP)
BuginuBcs Homep KCB 49-18 (XapkiBceka 56 / Ilsoy). 3a TppoMa ingekcaMu ieHTH(]iKOBaH1
Ak nocyxoctiiiki Tpu Homepu: KCB 22-18 (no0ip Nel4) — 3a iHaekcamMu CIpUHHSTIMBOCTI 10
ctpecy (DSI), TonepanTtHocTi 10 mocyxu (TOL) Ta crabinsHocTi Bpoxkato (Y SI); Homepu KCB
36-18 (XapkiBcbka 3epHokopmoBa / FOr 30) Ta KCB 24-18 (XapkiBchka 62 / XomacoH) — 3a
iHnexkcamu yposkaitHocti (Y1), TonepantHocTi 10 ctpecy (STI) Ta cepenHiM reoMeTpUYHUM
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yposxaitnocti (GMP). Cenekuiiinuii Homep KCB 28-18 (4305-04) BuninmBes 3a 1HIEKCOM
tonepantHocTi 10 crpecy (TOL) ta piBHem cepenHboi BpoxaiHocTi (MP). 3a iHzgekcom
tonepantHocTi 10 crpecy (TOL) Ta piBHeM cepenHboi BposkaitHocTi (MP) BuzinuBcst Homep 29-
18 (Bysbkommcra / mytant 82-205). Homepu KCB 50-18 (no6ip 3 Pasteter Schwarus) Ta KCB 37-
18 (Ycenix / Mpist) BUpI3HWIIMCH 32 IHAEKCAaMH CIPUHHATINBOCTI 7o ctpecy (DSI) ta crabimpHOCTI
Bpoxato (YSI). 3a piBuem cepemnnboi BpokaitHocti (MP) Buaumscs nHomep KCB 20-
18 (XapkiBcbka 35 / KuiBcbka 27) Ta copr Ilomsaka. Copr Pokconana BUAUIMBCS 32 1HAEKCOM
tonepantHocTi J0 crpecy (TOL). BuniieHi reHOTHIIM coi 3 BHUCOKMM pIBHEM CTIHKOCTI 10
a0lOTUYHOTO CTpeCcy PEKOMEHAYIOThCS Ui BUKOPHUCTAHHS Y CEJEKIil KYyJIbTypd Ha BHCOKY
MOCYXOCTIHKICTb.

Kniouoei cnosa: cos, copmosunpoOysanmsi, 2iopomepmiuri ymMosu, noCyxXxoCmilKicmo,
8POJICAUHICMb, THOEKCU NOCYXOCMIUKOCMI, 000Ip, celeKyiinull mamepial.

DETERMINATION OF DROUGHT RESISTANCE OF SOYBEAN BREEDING MATERIAL

Riabukha' S.S., Chernyshenko' P.V., Bezuhlyi' .M., Holokhorynska® M.H.
"Plant Production Institute named after V.Ya.Yuriev of NAAS, Ukraine

*Bukovyna State Agricultural Experimental Station of the Institute of Agriculture of the
Carpathian Region of NAAS, Ukraine

The purpose and objectives of the study. To determine the resistance of soybean genotypes to
drought according to drought resistance indices based on the analysis of yield in years contrasting
in terms of hydrometeorological conditions.

Materials and research methods. The material for determining the influence of year conditions on
the level of average yield of soybeans and drought resistance were varieties and breeding numbers
of the competitive variety test (CVT). Experiments were carried out in four repetitions with a plot
area of 25 m2. Drought intensity (D) was determined by the formula proposed by Fischer R.A. and
Maurer R. Differentiation of breeding numbers and varieties of CVT soybeans was carried out
according to yield in 2016 and 2018 according to indices of drought susceptibility (DSI), drought
tolerance (TOL), average yield (MP), yield stability (YSI), yield (YI), stress tolerance (STI),
geometric mean yield (GMP). Processing of research results was carried out according to B.O.
Dospehov [27] using STATISTICA 10 and Excel programs.

The discussion of the results. During the research period (2008-2021), the highest yield of soybeans
in CVT was obtained in 2016 — 2.57 t/ha, and the lowest in 2018 — 0.50 t/ha. A comparison of
soybean yield in CVT in 2016 and 2018 showed that the average yield loss due to drought was
2.07 t/ha, or 81%. At the minimum yield, losses were equal to 1.78 t/ha, or 84.8%. At the
maximum — 2.19 t/ha and 75.5%, respectively. Therefore, the minimum yield difference was
greater than the maximum yield difference. The level of drought intensity (D) in the dry year of
2018 was equal to 0.81. According to yield indicators, a number of indices were calculated and
analyzed, which characterize the resistance of samples to drought. The value of the drought
susceptibility index (DSI) ranged from 0.87 to 1.09, with an average value of 1.00. The drought
tolerance index (TOL) was 1.61-2.41 with an average value of 2.11. The average yield (MP) was
in the range of 2.34-3.15 t/ha and had an average value of 2.85 t/ha. The yield stability index
(YSI) value varied from 0.12 to 0.30 with an average value of 0.19. The yield index under stress
conditions (YI) was 64.6-143.3%, with an average value of 98.9%. The stress yield index (YT)
ranged from 64.6% to 143.3%, with an average value of 98.9%. The geometric mean (or
proportional mean) yield (GMP) of the studied samples ranged from 0.92 t/ha to 1.38 t/ha, with a
median value of 1.11 t/ha. According to each index, the researched soybean samples were
differentiated and drought-resistant breeding material was selected.
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Conclusions. According to most indices: stress susceptibility (DSI), drought tolerance (TOL), crop
stability (YSI), productivity (YI), stress tolerance (STI) and geometric mean yield (GMP) number
CVT 23-18 (3836 / 76-130 selection). According to five indices: stress susceptibility (DSI), yield
stability (YSI), yield (YI), stress tolerance (STI) and geometric mean yield (GMP) number CVT
16-18 (Volgohradka / Mriya) stood out. Number CVT 49-18 (Kharkivska 56 / Ilsoy) stood out
according to the indicators of four indices: average yield (MR), yield (YI), stress tolerance (STI)
and geometric mean yield (GMP). According to three indices, it is identified as drought-resistant
number CVT 22-18 (selection Nel4) — according to indices of stress susceptibility (DSI), drought
tolerance (TOL) and yield stability (YSI); numbers CVT 36-18 (Kharkivska zernokormova / Yug
30) and CVT 24-18 (Kharkivska 62 / Hodson) — according to indices of yield (Y1), stress tolerance
(STI) and geometric mean yield (GMP). Selection number CVT 28-18 (4305-04) stood out
according to stress tolerance index (TOL) and average yield level (MR). Number 29-18 (Narrow-
leaved / mutant 82-205) stood out according to the stress tolerance index (TOL) and the level of
average yield (MR). Numbers CVT 50-18 (selection from Pasteter Schwarus) and CVT 37-18
(Success / Dream) were distinguished by indices of susceptibility to stress (DSI) and yield stability
(YSI). According to the level of average yield (MR), number CVT 20-18 (Kharkivska 35 /
Kyivska 27) and Podyaka variety stood out. The Roksolana variety stood out according to the
stress tolerance index (TOL). Selected genotypes of soybeans with a high level of resistance to
abiotic stress are recommended for use in crop breeding for high drought resistance.

Key words: soybean, variety trial, hydrothermal conditions, drought resistance, yield, drought
resistance indices, selection, breeding material.
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