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ADAPTABILITY OF MODERM SOYBEAN VARIETIES TO ENVIRONMENTAL
STRESSES

Kucherenko Ye.Yu., Petrenkova V.P.
Plant Production Institute named after V.Ya. Yuriev of NAAS, Ukraine

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°C to
1,2°C 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°C 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
(PPInd. 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°C. 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 m” 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).

Table 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
Baika, Diadema, Melodiia, Siverka,
Tolerant 61-80 Suziria, Rusa, Hali, Vezha, Sprytna,

Khvylia, Rizdviana, Farvater
Siaivo, Triada, Estafeta, Feieriia,

Highly tolerant 81-100 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 °C 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).

62



Table 2
Distribution of Soybean Varieties between Drought Resistance Groups

Tolerance group Tolerance limits, % Accession

Susceptible 0,0-20,0 Khutorianochka, Vilshanka
Rapsodiia, Diademaa, Triada,
Krasunia, Melodiia, Raiduha, Feieriia,
Pysanka, Suziria, Sprytna, Hali, Baika,
Kniazhna, Rizdviana, Sharm, Kobza,
Melpomena, Deni, Vezha, Rusa,
Khvylia, Viktoryna
Siverka, Malvina, Farvater, Zlata,

Mid-resistant 41,0-60,0 Siaivo, Romashka, Zolushka, Perlyna,
Estafeta, Podiaka
Resistant 61,0-80,0 -
Highly-resistant 81,0-100,0 —

Mildly-resistant 21,0-40,0

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).

Table 3
Soybean Varieties — Sources of High Cold Tolerance and Medium Drought Resistance at
the Early Stages of Ontogenesis, 2015-2017.

Percentage (%)

Institution -

Accession originator 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
Zlata IASZ 26,3 54,0 52,8 97,9 77,8 72,4
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Tabnurs 4
Soybean Varieties — Sources of cold resistance in combination with plant productivity,

2015-2017.
o Cold tolerance, % Yield related to
Accession Institution - the check
originator 2015 2016 2017  Average : o

variety, %
Podiaka PPI 93,3 95,8 98.9 96,0 58,0
Malvina PPI 90,7 91,7 944 92,3 70,0
Viktoryna PPI 83,4 84,2 83,8 83,8 96,0
Rapsodiia 10C 92,3 88,0 96,7 92,3 117,0
Hali 10C 83,3 94.4 50,0 75,9 104,0
Deni 10C 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
Zlata 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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AJAINTHBHHY ITOTEHLIAJI CYYACHHX COPTIB COI /0 CTPECOBHX YMOB
CEPEJIOBHIIA

Kyuepenko €.10., Ilerpenkosa B.I1.
[actutyt pocnunaunTea im. B.S. FOp“eBaHAAH, Ykpaina

Mera. Busznauntu piBeHb OCYXO- Ta XOJOAOCTIHKOCTI Cy4aCHUX COPTIB COI CENEKIIiT MPOBITHUX

HAYKOBO-JIOCIIHUX YCTaHOB Y KpaiHU.

Martepiayu i metoau. JIJabopatopHs — MpopoIIyBaHHS HACIHHS B PO3UMHI OCMOTHKA I BU3HA-

YEeHHS TIOCYXOCTIMKOCTI Ta XOJIOHE MPOPOIIYBAaHHS HACIHHS JUISI BU3HAYEHHS XOJIOIOCTIHKO-
cTi. [TonboB1 — BU3HAUCHHS PiBHS BPOKANHHOCTI.

Oo6roBopenns pe3yiabratiB. COpTH COi MPOBITHUX HAYKOBO-IOCIITHUX ycTaHOB HartionansHOT

akazaemii arpapHux Hayk Ykpainu (IP im. B.S1. FOp“eBa — 13 coptis, HHLI I3 — 4, CI'I-HIIHC
—4, 10K — 4, IKCI'TI — 5, KTCTIC — 4) 3a anamizom nadopaTtopHux aociimkens 2015-2017
Pp. PO3MOIUIEHO HA TPYIH CTIHKOCTI JI0 MOCYXHU Ta X0JI0/ly. BcTaHOBIEHO HE3HAYHI BIAMIHHO-
CTI MK copTaMH 3a TocyxocTiiikicTio. Cepen nociipkeHnx 34 copTiB J1Ba BIIHECEHO JI0 TPY-
Y HECTIMKUX, TaK SK YacKa HaCiHMH, 110 IPOPOCIH Y PO3YMHI OCMOTHKA, IO BITHOLIEHHIO J10
KoHTpomo He nepesuityBaia 20,0 %. I'pyny cnaOKOCTIMKUX ckiamu 22 COPTH, Y SIKUX KiIb-
KICTh NMPOpPOCIIoro HaciHHs Oyna B Mexax 21,0—40,0 %. CepeaHboro CTIHKICTIO XapaKTepHU3y-
Baiuch 10 coptis (41,0-60,0 % npopocioro HaciHHS 10 KOHTPoJt0). CTIHKHUX 70 MOCYXH COp-
TiB coi (61,0-80,0 % mpopocnoro HaciHHs) Ta BUcokocTikux (81,0-100,0 %) He BHUSABIEHO.
3a CTIMKICTIO 10 XOJIO/ly COPTHU COT BITUM3HSIHOI CEJEKIli CUJIbHO BapilOBaIM 10 rpynax CTii-
KOCTI B MeXax KUIBKOCTI HpOpPOCIOr0 HACIHHS MpH 3HIKEHIH MO3WTHBHIM Temreparypi
+ 10,0 °C. Hecriiikux coptis 3 npopocium Hacinusm 0,0-20,0 % 10 KOHTPOJIIO HE BUSBIEHO.
JIBa copTu BiJTHECEHO JI0 TPYIHU CIA0KOCTIHKUX 3 piBHEM MPOPOCIOro HaciHHA B Mexkax 21,0—
40,0 %, cepenuboctiiikux (41,0-60,0 % mnpopocnoro HaciHHSI) OyJ0 TpU COPTH, CTIMKUX
(61,0-80,0 %) — 12 copris, BucokocTiiikux (81,0—-100,0 %) — 17 copTiB. 3a BpokKaHICTIO Bif-
MOBIAHO PIBHIO MEPEBUILEHHS cTaHAapTy B Mexkax 53,0—-117,0 % BusiBieHo ciM copTiB 3 ypo-
KaMHICTIO Ha PiBHI CTaHAAPTY.

BucHoBku. 3a pe3yabTaTaMH TPUPIUHUX JOCHIKEHb 34 COPTIB COT BITUM3HSAHOI CeNeKIii 3a piB-

HEM I10CYXO0- Ta XOJIOJOCTIMKOCTI 3a YaCTKOIO MPOPOCIOro HACIHHS B OCMOTHKOBI (ITOCYXOC-
TIAKICTB) Ta XOJOJHOTO MPOPOLIYBAHHS (XOJIOAOCTIMKICTh) BUALIEHO COPTH, AKI BIAMOBIIA-
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I0Th KaTeropii Jukeperna cTifikocTi 1o abioTnuHuX YuHHUKIB. Cepen HUX 13 cOpTiB 3 BUCOKOIO
xoJnonocTiikicTio (75,9-99,3 % npopocioro HaciHHS MPU 3HUKEHIM MO3UTHUBHIN TeMIieparypi
+10,0°C) Ta 10 copTis i3 cepennboro criiikicTio 10 mocyxu (41,0-60,0 %).

Kniouogi cnosa: copm, cos, x01000Cmitikicms, ROCYXOCMIUKICMb, AOIOMUYHUL YUHHUK,
VPOIUCAUHICIb, A0ANMUBHICD

AAIITHBHBIH ITOTEHIIHAT COBPEMEHHBIX COPTOB COH K CTPECOBBIM
YCIIOBHAM CPE/IbI

Kyuepenko E.1O., Ilerpenkosa B.I1.
HNuctutyt pactunueBoactsa um. B.A. FOpreBa HAAH, Ykpauna

Heab. Onpenenuts ypoBEHb 3aCyX0 U XOJOJI0YCTOMUMBOCTH COBPEMEHHBIX COPTOB COU CEJIEK-
LMY BEAYIIMX HAyYHO-UCCIIEI0BATEIbCKUX YUPEKACHUN YKPauHBbI.

Marepuanbl u Meroabl. JlabopaTopHble — IMpOpalllMBaHUE CEMSH B PAacTBOPE OCMOTHKA JJIS
OIIpe/IeNICHNUs 3aCyXOYCTOMYMBOCTH U XOJIOJHOE IIPOpAILMBAHNUE CEMSH JJIsl ONPEAEICHUS XO-
nonoycroitunBocTH. [loneBbie — onpeaeneHue ypoBHs ypOKaHOCTH.

O0cy:xnenne pesyabraroB. CopTa COM BEQyLIUMX HAyYHO-HCCIIEIOBATENIbCKUX YUPEKICHUM
HanmonaneHo#t akamemun arpapHbix Hayk Ykpaunbl (P um. B.SI. FOpwseBa — 13 copTtos,
HHII] U3 — 4, CTU — HIHC — 4, UMK — 4, UKCXII — 5, KI'CXOC — 4) nio ananu3y Jiabopa-
TopHbIX uccaeaoBanuii 2015-2017 rr. pa3aenensl Ha rpyIIbl yCTOWYUBOCTH K 3aCyX€ U XO-
nony. OOHapy)KEHO HE3HAUUTEIbHOE pPA3IMuue MEXIY COpTaMHU IO 3aCyXOyCTOMUMBOCTH.
Cpenu uccienoBaHHBIX 34 COPTOB JIBa OTHECEHBI K IPYIIE HEYCTOWYHMBBIX, TaK KaK JI0JIS MPO-
pOCIIMX CEMSIH B PAacTBOPE OCMOTHKA IO OTHOIIECHUIO K KOHTpoJit0 He mpeBbimana 20,0 %.
['pynmy c1ab0oycTOMYMBBIX COCTaBUIM 22 COPTa, B KOTOPBIX KOJWYECTBO MPOPOCIIUX CEMSH
obuto B mpenenax 21,0-40,0 %. CpemHeil ycTOMYMBOCTBIO Xapakrepu3oBainch 10 copTos
(41,0-60,0 % mpopocumx ceMsH K KOHTPOJIO). YCTOMYUBBIX K 3acyxe copToB cou (61,0—
80,0 % mnpopocumiux cemsH) u BbicokoycTouuBbix (81,0-100,0 %) we obnapyxeno. Ilo
YCTOMYMBOCTH K XOJIOy COPTa COM OTEUECTBEHHOW CEIEKIMU MUMENU OOJBIIHI YpOBEHb Ba-
prabebHOCTH 10 TPYMIaM YCTOWYMBOCTH B TpeAeiax KOJUYECTBA MPOPOCIIUX CEMSH IpU
HNOHMKEHHOM TonoKuTenbHON TeMmeparype + 10,0 °C. HeycToiYMBBIX COPTOB € MPOPOCIIH-
mu cemeHamu 0,0-20,0 % k KOHTpOIIO HE OOHApyKeHO. J[Ba copTa OTHECEHHI K TPyIIe clia-
00yCTONYMBBIX C YPOBHEM Ipopociinx ceMsiH B npeaenax 21,0-40,0 %, cpeaHeycToONYUBbIMU
(41,0-60,0 % mpopocmmx cemsiH) ObutH TpU copTa, ycTounBbiMu (61,0—80,0 %) — 12 copTos,
BbicokoycToiunBbiMU (81,0-100,0 %) — 17 coptoB. [1o yposkaliHOCTH COTJIACHO YPOBHIO Mpe-
BBIIIIEHUST cTaHaapTa B npeaenax 53,0—117,0 % BBISIBICHO ceMb COPTOB C YPOKaWHOCTHIO HA
YpOBHE CTaHJ1apTa.

BoiBoasl. [1o pesynbTaraMm TpexsieTHUX Uccae10BaHuM 34 COPTOB COM OTEUECTBEHHOMN CEIEKIUU
II0 YPOBHIO 3aCyXO- M XOJIOJOYCTOMYMBOCTH COOTBETCTBEHHO J0JIE€ NPOPOCIINX CEMSH B
YCJIOBHUSIX OCMOTHKA (3aCYyXOYCTOMYMBOCTH) U XOJIOAHOTO MPOPALTUBAHUS (XOJI0I0CTOUKOCTH)
BBIJIETICHBI COPTA, COOTBETCTBYIOIIMX KATETOPUU UCTOYHUKOB YCTOMYMBOCTH K aOMOTHYECKUM
¢akropam. Cpean HUX 13 copTOB ¢ BBICOKOW X0s00ycTOMUNBOCTBIO (75,9-99,3 % mpopoc-
IIMX CEMSH NPH MOHWKEHHOM TOJI0KUTENBHON Temiieparype + 10,0°C) u 10 copToB co cpen-
Hel ycroiunBocThio (41,0-60,0 %) k 3acyxe.

Knroueswie cnosa: copm, cos, Xx01000ycmoudusocmy, 3acyxoycmoudusocms, adouomudeckuil
gaxkmop, ypodrcaiinocms, a0anmueHOCMs
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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
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