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ADAPTABILITY OF MODERM SOYBEAN VARIETIES TO ENVIRONMENTAL 
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We present the results of research into drought and cold tolerance of 34 modern soybean 
varieties developed in the leading breeding institutions of Ukraine. The objectives on evaluation 
of tolerance to abiotic factors by ability of seeds to germinate at low above-zero temperatures and 
insufficient moisture were achieved. Varieties with consistently (throughout the years) high cold 
tolerance and average drought tolerance in combination with increased (in comparison with the 
check varoeties) yields were identified and classified as valuable sources on grounds of their 
adaptability to stressful environmental conditions. 
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Introduction. Ukraine ranks the eighth in the world and the first in Europe in terms of 
soybean production (2016 – 2,28 million tons, 2017 – 1,59 million tons) and has prospects for its 
further expansion due to agroclimatic resources, development of breeding and seed production, 
development and assimilation of cultivation technologies [1–3]. Under optimal conditions, do-
mestic and foreign varieties produce comparable yields (1,8–2,15 t/ha), but under dry conditions, 
the yields of domestic varieties are twice and more as big as those given by foreign ones, due to 
their higher adaptability to the environment [4–6]. 

Review of Literature, Problem Statement. Studies by leading scientists of Ukraine, the 
USA, Canada, Sweden, Poland, and Russia demonstrated advantages of varieties suitable for ear-
ly sowing due to the effective use of winter moisture reserves and formation of a significant por-
tion of the yield before the onset of summer droughts, as well as of varieties adapted to water 
deficit [7]. Major indicators that depend on the environment are the seed germinability, the ger-
mination rate, dry aboveground biomass and yield of plants under extreme temperatures [8–9]. 

Climatic changes significantly affect the farming efficiency on the whole and encourage 
the search for new trends in the agrarian sector in Ukraine [10]. The dependence of agricultural 
crop yields on soil and climatic conditions remains extremely high [11]. Soil and atmospheric 
droughts [12] are often observed in the territory of our country. They cause stress responses in 
soybean plants, and insufficient adaptive plasticity of genotypes used in breeding as starting ma-
terial has a negatively effect on seed yields [13–14]. Drought is the main negative factor among 
the complex of stress factors, which significantly reduce yields [15]. Soybean yields are especial-
ly strongly reduced because of water deficit (water stress) in the period from 30 to 40 days after 
the emergence of shoots. Drought occurring between 32 and 55 days after the emergence of 
shoots reduces the yield by 50 % [16]. 

The difference between the initial and final temperatures has increased from 0,5°С to 
1,2°С for over 100 years (1901–2005) [17]. Due to an decrease in rainfall since the 1970s, the 
number of very arid regions on Earth has more than doubled, and due to the global warming, 
which is going persist in the future, there is a very high risk that the number of intense droughts 
may increase even more [18]. 

Scientists from Canada, the USA, Sweden, Poland, Russia and other countries determined 
differences in the cold tolerance of soybean at the early stages of ontogenesis, depending on the 
genotype. Given the importance of the transfer of this valuable feature to the varieties that were 
being developed, prominent breeders VI Sichkar, VG Mikhaylov, VF Maryushkin, and MD 
Lunin paid considerable attention to this particular line of research, that is, the cold tolerance of 
soybean at the early stages of plant growth and development [19]. VF Maryushkin thought that a 
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1–2°С increase in the cold tolerance during the germination and seed ripening stages provided 
10–20 additional days for the photosynthetic activity of soybean plants, accumulation of storage 
substances, augmentation in the yield and improvement of the seed quality [20]. 

Numerous studies have found that reduction in the ambient temperature during the vegeta-
tion period increases the protoplasm viscosity. The less cold tolerant the genotype is, the more 
viscous its protoplasm becomes. 

The main criteria for prospective soybean varieties, suitable for super-early sowing, which 
will give stable high yields, should be increased cold tolerance, which will ensure early shoots, 
and maintenance of the plant habitus and the total length of the growing period on shortened 
spring photoperiods [21–23]. 

Determination of the drought resistance and cold tolerance of starting material used in 
breeding programs to develop soybean varieties requires that breeding centers should have cli-
matic chambers, phytotron equipment and other newest devices improving the effectiveness of 
evaluation methods and creation of new intensive high-yielding varieties, which would be charac-
terized by complex resistance to unfavorable conditions of growth and development [24]. 

Current studies are mainly focused on developing universal varieties with increased pro-
tein content in seeds, tolerance to unfavorable environmental conditions, ability to fix significant 
amounts of nitrogen from the air. At the same time, the numbers of recessive genes, which are 
responsible for important traits, such as yield, led to a significant reduction in the adaptive re-
sponses of modern varieties. Therefore, at present, the priority trend in soybean breeding is to 
increase the adaptability of starting material to stressful conditions of cultivation [7]. 

Researchers from different countries revealed differences in the cold tolerance and 
drought resistance between soybean genotypes at the early stages of ontogenesis, which assisted 
to transfer these valuable features to newly-developed varieties [25–27, 19]. 

Therefore, in order to reduce losses caused by low above-zero temperatures and water 
deficit at the early stages of soybean ontogenesis, it is necessary to identify and implement cold-
tolerant and drought-resistant sources for the development of high-yielding varieties. 

Purpose and Objectives. Our purpose was to evaluate drought resistance and cold toler-
ance of modern soybean varieties bred at the leading research institutions of Ukraine. Concurrent-
ly, a number of objectives were achieved: to identify varieties by ability of seeds to germinate at 
low above-zero temperatures and on water deficit as well as varieties combining high cold toler-
ance and drought resistance with consistently (throughout the years) increased (higher than those 
from the check varieties) yields. 

Materials and Methods. We investigated 34 soybean varieties bred in Ukraine. Thirteen 
of which were developed at the Plant Production Institute named after VYa Yuriev of NAAS 
(PPI nd. a. VYa Yuriev) and enlisted in the State Register of Plant Varieties Suitable for Dissem-
ination in Ukraine (Viktoryna, Krasunia, Baika, Estafeta, Malvina, Podiaka, Sprytna, Kobza, 
Pysanka, Raiduha, Perlyna, Melodiia, and Rizdviana). Four varieties were developed at the Na-
tional Scientific Center "Institute of Agriculture of NAAS" (NSC IA) and enlisted in the State 
Register (Vilshanka, Siverka, Suziria, and Khvylia). Four varieties were developed at the Plant 
Breeding and Genetics Institute - National Center for Seed and Cultivar Investigations (PBGI - 
NCSCI) and enlisted in the State Register (Melpomena, Farvater, Rusa, Siaivo). Four varieties 
(Sharm, Deni, Hali, and Rapsodiia) are from the Institute of Oil Crops of NAAS (IOC). Three 
registered varieties (Vezha, Khutorianochka and Kniazhna) and two promising varieties (Di-
adema and Triada) are from the Institute of Fodder and Agriculture of Podillia of NAAS (IFAP). 
Two registered varieties (Zolushka and Romashka) and two promising varieties (Zlata and Fei-
eriia) are from the Institute of Agriculture of the Steppe Zone (IASZ). 

The study was conducted for three years (2015–2017) in the laboratory and field condi-
tions at the Plant Production Institute named after VYa Yuriev NAAS. Seeds harvested in differ-
ent years were used in compliance with BA Dospekhov‟s methods of field experimentation [28]. 

Drought resistance was assessed in the laboratory by VG Yatsenko‟s method (1988), ac-
cording to which seeds (25 seeds of each variety in 4 replicates) were sprouted in 8,8% sucrose in 
Petri dishes for five days at 23,0°С. Concurrently, seeds of each accession were sprouted in dis-
tilled water (control). The percentage of seeds germinated in sucrose, i.e. under osmotic pressure, 
was calculated in relation to the number of control germinated seeds [24]. 
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Cold tolerance was determined as described by T Chirkova, LA Lutova, et al., by the meth-
od known as "cold germination of seeds" [29]. The essence of this method is to sprout seeds in fil-
ter paper rolls (30 seeds in 4 replicates) at 10.0°C for seven days. The seed germinability was com-
pared with the control, where seeds were sprouted in a thermostat under optimal for this crop condi-
tions (22,0–24,0°C). Seeds were considered as germinable if they formed corcules of a minimum 
length (5 mm). The cold tolerance of the varieties under investigation was assessed by comparing 
the germinability at 10,0°C with that at optimal temperatures and expressed as a percentage. 

The yield of plants was determined upon cultivation of the varieties under investigation in 
the field on small plots of 1,2 m2. To evaluate the yield, plants were harvested manually from the
plots. We measured the pod number per plant, the seed number per pod, the seed weight per 
plant, and the 1000-seed weight [30]. The yield of plants was compared with the check varieties 
of the corresponding ripeness groups. The very early varieties were compared with variety An-
nushka; early ones – with variety Diona; mid-early ones – with Kyivska 98; mid-ripening ones – 
with variety Yatran; mid-late ones – with variety Vinnychanka; and late-ripening varieties – with 
check variety Melpomena. 

The hydrothermal coefficient was determined by to AV Kuleshov, MO Bilyk and SV 
Dovhan‟s method [31]. This revealed differences in seed setting depending on weather conditions 
in the years differing in the hydrothermal coefficient (HTC) during the crop vegetation period. Two 
years (2014 and 2016) were characterized as optimal (HTC = 1,14 in 2014 and HTC = 1,32 in 
2016), and two years (2015 and 2017) – as dry (HTC = 0,6 in 2015 and HTC = 0,4 in 2017) [32]. 

Results and Discussion. Analysis of the laboratory data on cold tolerance investigated for 
three years showed that the varieties could be categorized into five groups according to the values 
determined by the "cold germination" as T Chirkova, AA Lutova, et al described: susceptible, with a 
percentage of germinated seeds of 0,0–20,0 % related to the control, mildly tolerant (21,0–40,0 %), 
mid-tolerant (41,0–60,0 %), tolerant (61,0–80,0 %), and highly tolerant (81,0–100,0 %) (Table 1). 

Таble 1 
Distribution of Soybean Varieties between Cold Tolerance Groups 

Group Tolerance range, % Accession name 
Intolerant 0–20 – 
Mildly tolerant 21–40 Sharm, Vilshanka 
Moderately tolerant 41–60 Raiduha, Perlyna, Pysanka 

Tolerant 61–80 
Baika, Dіadema, Melodiia, Siverka, 
Suziria, Rusa, Hali, Vezha, Sprytna, 
Khvylia, Rizdviana, Farvater  

Highly tolerant 81–100 Siaivo, Triada, Estafeta, Feieriia, 
Podiaka,  

There were differences the ability of seeds to germinate at the low above-zero temperature 
between the varieties, indicating their levels of cold tolerance at the initial stages of development. 
No cold susceptible varieties bred in Ukraine were detected. The mildly tolerant group only com-
prised two soybean varieties, Sharm and Vilishanka, their percentages of germinated seeds were 
32,4 % and 25,2 %, respectively, related to the corresponding controls. Three varieties (Raiduha, 
Perlyna and Pysanka) were mid-tolerant to cold, with the percentages of germinated of 58,3 %, 
56,7 % and 53,6 %, respectively, related to the corresponding controls. Twelve varieties or 
35,3 % were referred to tolerant ones (Baika, Diadema, Melodiia, Siverka, Suziria, Rusa, Hali, 
Vezha, Sprytna, Khvylia, Rizdviana, and Farvater). The highly-tolerant group comprised 17 soy-
bean varieties, which is 50,0 % of the sample. These results attest to the high level of the domes-
tic soybean breeding for cold resistance, as the percentages of germinated seeds of these varieties 
at 10 ℃ during seven days were within 80–100 % as compared with the corresponding controls.  

As to the soybean breeding for drought resistance, basing on the results obtained, we con-
cluded that it was expedient to strengthen this line (Table 2). 
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Таble 2 
Distribution of Soybean Varieties between Drought Resistance Groups 

Tolerance group Tolerance limits, % Accession 
Susceptible 0,0–20,0 Khutorianochka, Vіlshanka 

Mildly-resistant 21,0–40,0 

Rapsodiia, Diademaa, Trіada, 
Krasunia, Melodiia, Raiduha, Feieriia, 
Pysanka, Suzіria, Sprytna, Hali, Baika, 
Kniazhna, Rіzdviana, Sharm, Kobza, 

Melpomena, Deni, Vezha, Rusa, 
Khvylia, Viktoryna 

Mid-resistant 41,0–60,0 
Sіverka, Malvіna, Farvater, Zlata, 

Siaivo, Romashka, Zolushka, Perlyna, 
Estafeta, Podiaka 

Resistant 61,0–80,0 – 
Highly-resistant 81,0–100,0 – 

According to the ability of soybean seeds to sprout in osmotic solution, the varieties were cat-
egorized in the following groups with the corresponding percentages of germinated seeds: susceptible 
(0,0–20,0 %), mildly-resistant (21,0–40,0 %), mid-resistant (41,0–60,0 %), resistant (61,0–80,0 %), 
and highly-resistant (81,0–100,0 %). It was found that the most varieties (22 varieties or 64,7 % of the 
sample) were mildly-resistant, since their percentages of germinated seeds were within 21,0–40,0 % 
related to the corresponding controls. The mid-resistant group comprised 10 varieties or 29,4 % of the 
total number of the investigated ones. There were two varieties with low seed germinability (  
20,0 %). No resistant or highly-resistant varieties with percentages of seeds sprouted in osmotic solu-
tion of 61,0–80,0 % or 81,0–100,0 %, respectively, were found. 

Summarizing the results of our analyses of modern soybean varieties for cold tolerance 
and drought resistance, we distinguished six varieties combining high cold tolerance (82,7–
99,3 %) and medium drought resistance (41,0–45,3 %). They are Siaivo (99,3 % cold tolerance, 
44,0 % drought resistance), Podiaka (96,4 % and 41,0 %, respectively), Malvina (92,8 % and 
45,3 %, respectively), Romashka (84,1 % and 42,6 %, respectively), Zolushka (83,8 % and 
42,3 %, respectively), and Zlata (82,7 % and 44,4 %, respectively) (Table 3). Among the highly 
cold-tolerant varieties, there was one variety (Rapsodiia), which combined cold tolerance with 
high plant yield of 117,0 % related to the corresponding check variety (Yatran, mid-ripening 
group). Diadema and Hali were cold tolerant (78,8 % and 75,9 %, respectively), and their yields 
amounted to 115,0 % and 104,0 %, respectively, related to the corresponding check variety. 
Some highly cold-tolerant varieties consistently (during the three study years) gave yields that 
were equal to or slightly higher than the yields from the corresponding check varieties. Thus, the 
yields from varieties Deni, Khutorianochka, Kniazhna, and Viktoryna were 100,0 %, 101,0 %, 
103,0 %, and 96,0 %, respectively (Table 4). 

Таble 3 
Soybean Varieties – Sources of High Cold Tolerance and Medium Drought Resistance at 

the Early Stages of Ontogenesis, 2015–2017. 

Accession Institution - 
originator 

Percentage (%) 
Drought resistance Cold tolerance 

2015 2016 2017 2015 2016 2017 
Podiaka PPI 19,4 54,4 49,3 93,3 95,8 98,9 
Malvina PPI 40,3 41,2 54,5 90,7 91,7 94,4 
Siaivo PBGI - NCSCI 6,7 49,3 76,0 99,7 99,0 99,2 

Romashka IASZ 28,8 48,1 50,7 82,3 84,5 85,7 
Zolushka IASZ 37,7 65,0 24,2 82,9 86,9 79,5 

Zlatа IASZ 26,3 54,0 52,8 97,9 77,8 72,4 
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Таблиця 4 
Soybean Varieties – Sources of cold resistance in combination with plant productivity, 

2015–2017. 

Accession Institution - 
originator 

Cold tolerance, % Yield related to 
the check  
variety, % 2015 2016 2017 Average 

Podiaka PPI 93,3 95,8 98,9 96,0 58,0 
Malvina PPI 90,7 91,7 94,4 92,3 70,0 
Viktoryna PPI 83,4 84,2 83,8 83,8 96,0 
Rapsodiia IOC 92,3 88,0 96,7 92,3 117,0 
Hali IOC 83,3 94,4 50,0 75,9 104,0 
Deni IOC 84,7 95,4 85,7 88,6 100,0 
Siaivo PBGI - NCSCI 99,7 99,0 99,2 99,3 53,0 
Romashka IASZ 82,3 84,5 85,7 84,1 68,0 
Zolushka IASZ 82,9 86,9 79,5 83,1 91,0 
Zlatа IASZ 97,9 77,8 72,4 82,7 91,0 
Diadema IFAP 49,3 88,9 96,5 78,2 115,0 
Kniazhna IFAP 79,4 87,3 86,5 84,4 103,0 
Khutorianochka IFAP 88,8 98,8 68,5 85,3 101,0 

Conclusions. In the three-year study of 34 soybean varieties bred at the leading breeding 
institutions of Ukraine their cold tolerance and drought resistance were evaluated by sprouting 
seeds at low above-zero temperatures (“cold germination”) and in osmotic solution imitating a 
moisture lack. The varieties were categorized into groups, and valuable sources with high and 
medium cold tolerant and drought resistance were selected. We identified 13 cold-tolerant and 
highly cold-tolerant varieties - sources of cold tolerance, among which three varieties (Podiaka, 
Malvina and Viktoryna) were developed at the PPI nd. a. VYa Yuriev NAAS; three varieties 
(Rapsodiia, Hali and Deni) – at the IOC NAAS; one variety (Siaivo) – at the PBGI – NCSCI; 
three varieties (Romashka, Zolushka and Zlata) – at the IASZ. There were six varieties - sources 
of medium drought resistance (Podiaka, Malvina, Siaivo, Romashka, Zolushka, and Zlata). 

Among the 13 soybean varieties distinguished by cold tolerance, six varieties (Viktoryna, 
Hali, Deni, Diadema, Kniazhna, and Khutorianochka) produced the yields that were equal to 
(96,0–115,0 %) or higher than (Rapsodiia, 117,0 %) that of the check variety. 

The results obtained indicate that there is valuable breeding material in research institutes 
of NAAS, which will contribute to the development of new soybean varieties with increased abil-
ity to sprout at low temperatures and on water deficit. Varieties with consistently mild drought 
resistance, but with cold tolerance combined with high and moderate performance, are economi-
cally feasible to grow on optimal moistening; they are also suitable for super-early sowing. 
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АДАПТИВНИЙ ПОТЕНЦІАЛ СУЧАСНИХ СОРТІВ СОЇ ДО СТРЕСОВИХ УМОВ 
СЕРЕДОВИЩА 

Кучеренко Є.Ю., Петренкова В.П. 
Інститут рослинництва ім. В.Я. Юр‟єва НААН, Україна 

Мета. Визначити рівень посухо- та холодостійкості сучасних сортів сої селекції провідних 
науково-дослідних установ України.  

Матеріали і методи. Лабораторнs – пророщування насіння в розчині осмотика для визна-
чення посухостійкості та холодне пророщування насіння для визначення холодостійко-
сті. Польові – визначення рівня врожайності.  

Обговорення результатів. Сорти сої провідних науково-дослідних установ Національної 
академії аграрних наук України (ІР ім. В.Я. Юр‟єва – 13 сортів, ННЦ ІЗ – 4, СГІ–НЦНС 
– 4, ІОК – 4, ІКСГП – 5, КГСГДС – 4) за аналізом лабораторних досліджень 2015–2017
рр. розподілено на групи стійкості до посухи та холоду. Встановлено незначні відмінно-
сті між сортами за посухостійкістю. Серед досліджених 34 сортів два віднесено до гру-
пи нестійких, так як часка насінин, що проросли у розчині осмотика, по відношенню до 
контролю не перевищувала 20,0 %. Групу слабкостійких склали 22 сорти, у яких кіль-
кість пророслого насіння була в межах 21,0–40,0 %. Середньою стійкістю характеризу-
вались 10 сортів (41,0–60,0 % пророслого насіння до контролю). Стійких до посухи сор-
тів сої (61,0–80,0 % пророслого насіння) та високостійких (81,0–100,0 %) не виявлено. 
За стійкістю до холоду сорти сої вітчизняної селекції сильно варіювали по групах стій-
кості в межах кількості пророслого насіння при зниженій позитивній температурі 
+ 10,0 оС. Нестійких сортів з пророслим насінням 0,0–20,0 % до контролю не виявлено.
Два сорти віднесено до групи слабкостійких з рівнем пророслого насіння в межах 21,0–
40,0 %, середньостійких (41,0–60,0 % пророслого насіння) було три сорти, стійких 
(61,0–80,0 %) – 12 сортів, високостійких (81,0–100,0 %) – 17 сортів. За врожайністю від-
повідно рівню перевищення стандарту в межах 53,0–117,0 % виявлено сім сортів з уро-
жайністю на рівні стандарту.  

Висновки. За результатами трирічних досліджень 34 сортів сої вітчизняної селекції за рів-
нем посухо- та холодостійкості за часткою пророслого насіння в осмотикові (посухос-
тійкість) та холодного пророщування (холодостійкість) виділено сорти, які відповіда-
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ють категорії джерела стійкості до абіотичних чинників. Серед них 13 сортів з високою 
холодостійкістю (75,9–99,3 % пророслого насіння при зниженій позитивній температурі 
+ 10,0оС) та 10 сортів із середньою стійкістю до посухи (41,0–60,0 %).

Ключові слова: сорт, соя, холодостійкість, посухостійкість, абіотичний чинник, 
урожайність, адаптивність 

АДАПТИВНЫЙ ПОТЕНЦИАЛ СОВРЕМЕННЫХ СОРТОВ СОИ К СТРЕСОВЫМ 
УСЛОВИЯМ СРЕДЫ 

Кучеренко Е.Ю., Петренкова В.П. 
Институт растиниеводства им. В.Я. Юрьева НААН, Украина 

Цель. Определить уровень засухо и холодоустойчивости современных сортов сои селек-
ции ведущих научно-исследовательских учреждений Украины.  

Материалы и методы. Лабораторные – проращивание семян в растворе осмотика для 
определения засухоустойчивости и холодное проращивание семян для определения хо-
лодоустойчивости. Полевые – определение уровня урожайности.  

Обсуждение результатов. Сорта сои ведущих научно-исследовательских учреждений 
Национальной академии аграрных наук Украины (ИР им. В.Я. Юрьева – 13 сортов, 
ННЦ ИЗ – 4, СГИ – НЦНС – 4, ИМК – 4, ИКСХП – 5, КГСХОС – 4) по анализу лабора-
торных исследований 2015–2017 гг. разделены на группы устойчивости к засухе и хо-
лоду. Обнаружено незначительное различие между сортами по засухоустойчивости. 
Среди исследованных 34 сортов два отнесены к группе неустойчивых, так как доля про-
росших семян в растворе осмотика по отношению к контролю не превышала 20,0 %. 
Группу слабоустойчивых составили 22 сорта, в которых количество проросших семян 
было в пределах 21,0–40,0 %. Средней устойчивостью характеризовались 10 сортов 
(41,0–60,0 % проросших семян к контролю). Устойчивых к засухе сортов сои (61,0–
80,0 % проросших семян) и высокоустойчивых (81,0–100,0 %) не обнаружено. По 
устойчивости к холоду сорта сои отечественной селекции имели больший уровень ва-
риабельности по группам устойчивости в пределах количества проросших семян при 
пониженной положительной температуре + 10,0 оС. Неустойчивых сортов с проросши-
ми семенами 0,0–20,0 % к контролю не обнаружено. Два сорта отнесены к группе сла-
боустойчивых с уровнем проросших семян в пределах 21,0–40,0 %, среднеустойчивыми 
(41,0–60,0 % проросших семян) были три сорта, устойчивыми (61,0–80,0 %) – 12 сортов, 
высокоустойчивыми (81,0–100,0 %) – 17 сортов. По урожайности согласно уровню пре-
вышения стандарта в пределах 53,0–117,0 % выявлено семь сортов с урожайностью на 
уровне стандарта.  

Выводы. По результатам трехлетних исследований 34 сортов сои отечественной селекции 
по уровню засухо- и холодоустойчивости соответственно доле проросших семян в 
условиях осмотика (засухоустойчивость) и холодного проращивания (холодостойкость) 
выделены сорта, соответствующих категории источников устойчивости к абиотическим 
факторам. Среди них 13 сортов с высокой холодоустойчивостью (75,9–99,3 % пророс-
ших семян при пониженной положительной температуре + 10,0оС) и 10 сортов со сред-
ней устойчивостью (41,0–60,0 %) к засухе.  

Ключевые слова: сорт, соя, холодоустойчивость, засухоустойчивость, абиотический 
фактор, урожайность, адаптивность 
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ADAPTIVE POTENTIAL OF MODERM SOYBEAN VARIETIES TO ENVIRONMENTAL 
STRESSES  
 
Kucherenko Ye.Yu., Petrenkova V.P. 
Plant Production Institute named after V.Ya Yuriev of NAAS, Ukraine 
 
The aim and tasks of the study. To evaluate drought- and cold-tolerance of modern soybean 

varieties bred at leading research institutions of Ukraine. 
Material and methods. Laboratory (seed germinability in osmotic solution to determine drought 

tolerance and cold germination of seeds to determine cold tolerance). Field (yield capacity). 
Results and discussion. Soybean varieties bred at the leading research institutions of the Nation-

al Academy of Agrarian Sciences of Ukraine (13 varieties of the PPI nd. a. VYa Yuriev, 4 va-
rieties of the NSC “Institute of Agriculture of NAAS”, 4 varieties of the Plant Breeding and 
Genetics Institute – National Center of Seed and Cultivar Investigation, 4 varieties of the Insti-
tute of Oil Crops, 5 varieties of the Institute of Fodder and Agriculture of Podillia, and 4 varie-
ties of Kirovohrad State Agricultural Experimental Station) were categorized into groups of 
drought- and cold-tolerance according to the results of laboratory analyses in 2015–2017. 
There was a slight difference in drought tolerance between varieties. Of the 34 test varieties, 2 
varieties were classified as susceptible, as the percentage of seeds sprouted in osmotic solution 
did not exceed 20% related to the control. The slightly tolerant group consisted of 22 varieties, 
with the percentages of sprouted seeds of 21.0–40.0%. The moderate tolerance was observed 
in 10 varieties (41.0–60.0% of sprouted seeds related to the control). We detected no drought 
tolerant (61.0–80.0% of sprouted seeds) or highly drought tolerant (81.0–100.0%) soybean va-
rieties. As to cold-tolerance groups, domestic soybean varieties were more variable judging by 
percentages of seeds sprouted at a low positive temperature (+10.0°C). There were no suscep-
tible varieties with the percentage of sprouted seeds of 0.0–20.0%. Two varieties were slightly 
tolerant, with the percentages of sprouted seeds within 21.0–40.0%; 3 varieties were moderate-
ly tolerant (41.0–60.0% of sprouted seeds); 12 varieties were tolerant (61.0-80.0%); and 17 va-
rieties were highly tolerant (81.0–100.0%). Seven varieties had yields equal to or slightly 
higher than that of the standard variety (53.0–117.0% related to the standard).  

Conclusions. Based on the three-year study results, 34 soybean domestic varieties were evaluated 
for drought- and cold-tolerance in terms of percentages of seeds sprouted under osmotic pres-
sure (drought-tolerance) or at the reduced temperature (cold-tolerance). We identified 13 vari-
eties with high cold-tolerance (75.9–99.3% of seeds sprouted at +10.0°C) and 10 varieties with 
moderate drought-tolerance (41.0–60.0%), which meet the requirements to sources of toler-
ance to abiotic factors. 

 
Key words: soybean, varieties, cold-tolerance, drought-tolerance, abiotic factor, yield capacity, 

adaptability 
 
 
 

  




