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VARIABILITY OF SOYBEAN YIELD AND SEED QUALITY DEPENDING ON
ENVIRONMENTAL HYDROTHERMAL FACTORS
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Relative humidity was established to play a leading positive role for the soybean yield
(r = 0.723). A mathematical model of the dependence of soybean yield on hydrothermal envi-
ronmental conditions was constructed. The total protein and oil content in seeds was deter-
mined by protein content (r = 0.948) and did not depend on oil content (r = -0.091). There was
a medium negative correlation between protein content and relative humidity (r = -0.582) and
between protein content and average air temperature (r = -0.437); there was also a weak corre-
lation between protein content and precipitation amount (r = -0.213). The oil content in seeds
was positively correlated with the average temperature (r = 0.435) and relative humidity (r =
0.376). The protein and oil output was positively correlated with relative humidity (r = 0.686)
and precipitation amount (r = 0.603).

Key words: soybean, yield, mathematical model, seed quality, correlation, variety trial,
environmental factors.

Introduction. Soybean is a leading crop in the global agriculture, playing a significant
role in the agrarian sector of Ukraine. The soybean production in Ukraine has gone from com-
ing into being and adapting to local conditions from the late 1990s to a clear upward trend in
the sown areas and yields in the 21* century. In the world ranking of soybean producers,
Ukraine ranks first in Europe and eighth-tenth in the world. Due to the soybean processing
industry coming-to-be in Ukraine since the beginning of the 21* century, the soybean com-
plex, which has great prospects and consequences for the agricultural economy and the state as
a whole, is rapidly forming [1].

Literature review andproblem articulation. The soybean yield capacity in produc-
tion is not fully used, although the crop potential is far from exhausted. To increase the soy-
bean yields, it is necessary to improve the breeding process basing on increased yield, adapta-
bility and seed quality of breeding material and new varieties. These issues are especially rele-
vant in the context of global and local climatic changes. To further successfully enhance the
soybean production, not only the economically feasible level of yield, but also the maximiza-
tion of the crop potentials with the fullest use of soil and climatic resources of a growing loca-
tion is topical. The soybean yield potential realization stability in production is determined by
the crop adaptability in dynamic environmental conditions. Recently, this problem has been
especially exacerbated due to increased frequencies of bio- and abiotic environmental stress-
ors.

Environmental factors significantly affect soybean yields. Relationships between the
plant performance and major components of the yield structure and biological characteristics
are greatly modified by environmental factors [2—9]. When selecting high-yielding genotypes,
one has to deal with phenotypic variability, which is determined both by genetically deter-
mined level of a trait and by fluctuations in growing conditions. The correctness of genotype
identification by phenotype depends on the value of the latter [10].

Experiments to assess the plasticity and stability of soybean varieties in terms of yield
showed inverse correlations between yield and temperature sum (r = -0.849) and between yield
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and precipitation amount (r = -0.307), indicating the need for optimal hydrothermal ratio to
achieve high yields [11] .

Studies of expression of genetically determined traits and dependences of their levels
on environmental conditions are of both theoretical and practical importance in plant breeding
[12].

Purpose and objectives. Our purpose was to establish patterns of influence of the hy-
drothermal mode on the yield and seed quality of soybean breeding material and varieties in
the Eastern Forest-Steppe of Ukraine and to determine the variability of traits under the influ-
ence of environmental factors.

Materials and methods. Varieties and breeding accessions of the 2008—2018 competi-
tive variety trials (CVTs) in the amount of 60 to 153 were taken as material to assess the ef-
fects of the hydrothermal mode on the yield. The impact of the hydrothermal environmental
factors during the soybean growing period (April-September) on the performance (yield and
protein and oil output per unit area) and seed quality (protein and oil content in seeds) was
studied in 50 CVT soybean accessions in 2011-2017.

Soybeans were grown in compliance with the technology typical for the study location
in four replications; the plot area was 25 m”. The dependence of variability of yield and quali-
ty on the hydrothermal environmental factors during the growing period was determined by
correlation analysis in STATISTICA 10. To build a dependence model for soybean yield
against relative humidity and average air temperature, we used mathematical modeling.

Results and discussion. Investigation of the dependence of the average yield of soy-
beans on the main hydrothermal factors of the environment showed the following patterns.
Correlation analysis revealed the relationship between the average yield and hydrothermal
parameters of the entire growing period (April—September) and its first (April-June) and se-
cond (July—September) halves (Table 1).

Table 1
Correlation coefficients between soybean yield and hydrothermal factors (competitive vari-
ety trials, average for 2008-2018)

Yield, t/ha
Factor Period
April-September April-June July—September
Relative air humidity, % 0.712%* 0.298* 0.709*
Precipitation amount, mm 0.468* 0.483* 0.348*
Average air temperature, °C -0.266* -0.185%* -0.139*
Effective temperature sum, °C 0.081 0.019 -0.270*

Note: * — significant values.

Thus, in general, the yield was most closely correlated with relative air humidity (r =
0.712) and precipitation amount (r = 0.468) during the growing period, which makes these
environmental factors be determinants for soybean yields. There was an insignificant negative
correlation between yield and average air temperature (r = -0.266). The yield was not correlat-
ed with the effective temperature sum (insignificant r = 0.081).

Analysis of the correlation coefficients between yield and hydrothermal parameters for
the entire growing period and its first and second halves showed some differences in their rela-
tionship with yield.

The relationship of yield with relative air humidity in the first half of the growing peri-
od was weaker than in the whole period (r = 0.298), and did not change significantly with oth-
er environmental factors.

The relationship of yield with relative air humidity in the second half of the growing
period got stronger (r = 0.709) and became similar to that for the entire growing period (r =
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0.712). During the second half of the growing period, the negative impact of the effective
temperature sum also increased (insignificant (r = 0.081) for the entire growing period and r =
0.270 for the second half of the growing period).

The strong relationship between yield and relative air humidity confirms the fact that
air humidity is important for water balance, affecting the intensity of evaporation from the soil
surface and transpiration [13]. The relative humidity of ground air rises with decreasing tem-
perature and drops with increasing temperature. The soybean, as a crop which evolved in a
monsoon climate, has increased requirements for water and heat [14—16]. Therefore, relative
humidity, as an integral indicator of wetting, has the most significant impact on yield. The role
of relative air humidity increases in the second half of the growing period. The generative pe-
riod is the most vital for seed productivity of the crop; it is during this period that soybean
plants form significant numbers of flowers, ovaries and pods [17].

Mathematical modeling is used to construct a model for the dependence of soybean
yield on the main hydrothermal environmental factors — relative air humidity and average air
temperature during the soybean growing period (April-September) (Fig. 1).
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Fig. 1. Mathematical model of the dependence of soybean yield on relative air humidity and
average air temperature (competitive variety trials, average for 2008-2018)

According to the mathematical model, the lowest yield (0.40—0.60 t/ha) is observed at
the maximum average air temperature (20.0°C) and the minimum relative humidity (52%). A
rise in the relative air humidity up to 64% at the maximum air temperature leads to an increase
in the yield to 1.40-1.60 t/ha. At the minimum relative air humidity, a rise in the air
temperature significantly reduces the yield: from 1.40-1.60 t/ha to 0.40-0.60 t/ha. This
indicates that wetting offsets the negative impact of high temperatures on the yield and has no
effect on the yield at low temperatures.

At the minimum average air temperature and increased relative air humidity, no
significant gain in the yield was observed (it ranged 1.40 to 1.60 t/ha).
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Therefore, combinations of optimal levels of average air temperature and relative air
humidity are asspciated with a significant gain in the soybean yield. The highest yield was
achieved by combining moderate air temperature and high relative humidity. According to the
mathematical model, the determining factors for the soybean yield are relative air humidity
and an optimal for the crop air temperature (18.0—18.5°C).

Analysis of the effects of several factors on the biochemical parameters of soybean
seeds showed that the environment was the most important source of variability in the protein
and oil content [18]. The protein and oil content in soybean seeds is subject to high genotypic
and modification variability and depends on the cultivation region, genotype, ripeness group,
application of various farming techniques and other factors. At the same time, in different
regions of the globe, the climate has a much greater influence on the protein content in seeds
than on the oil content [19, 20, 21], and both of these characteristics vary significantly
depending on growing conditions [18, 22, 23]. Ukrainian scientists believe that breeding plays
the primary direct role in improving the quality of soybean seeds [24, 25, 26].

Information about the dependence of the protein content in seeds on the yield is
contradictory. Some researchers think that increasing seed yields by optimizing growing
conditions is accompanied by an increase in protein content [27], while others argue that the
combination of high yields and protein content in soybean seeds depends significantly on
meteorogical conditions [28].

The oil content in soybean seeds was positively correlated with yield [15]. The oil
content in soybean seeds responded positively to hot and humid weather (r = 0.870 and r =
0.610, respectively) [29].

There was a positive correlation between yield and wetting factors: relative air
humidity (r = 0.723) and precipitation amount during the growing period (r = 0.605). In
contrast, the thermal factors were negatively correlated with yield. There was a moderate
negative correlation between yield and average air temperature (r = -0.666). There was a
weaker correlation between yield and the efective temperature sum (r = -0.373).

There are different opinions about relationships between yield and protein content.
Some researchers claim that there is a strong correlation between yield and protein content in
seeds [30]. Others emphasize inverse (negative) relationship between seed yield and quality.
There was an inverse correlation between the content of protein and oil in seeds (r = -0.020 — -
0.470) as well as between yield and protein content in seeds (r = -0.538), which complicates
the breeding of productive and high quality genotypes [31].

In our study, the yield determined the protein and oil output from 1 ha (r = 0.994), had
no significant relationship with protein content (insignificant r = -0.106) and had weak
negative correlations with oil content (r = -0.220) and the total content of protein and oil (r = -
0.192).

A moderate negative correlation (r = -0.403) was recorded between the protein and oil
contents. The total content of protein and oil in seeds was determined by protein content (r =
0.948) and did not depend on oil content (insignificant r = -0.091). There were moderate
negative correlations between protein content and relative humidity (r = -0.582) and between
protein content and average air temperature (r = -0.437) and a weak negative correlation
between protein content and precipitation amount (r = -0.213). The oil content in seeds was
positively correlated with average temperature during the growing period (r = 0.435) and
relative air humidity (r = 0.376). The output of protein and oil did not depend on protein
content (insignificant r = -0.006) and was negatively correlated with oil content (r = -0.223).
The total content of protein and oil in seeds was negatively affected by relative humidity (r =
-0.502), average air temperature (r = -0.325), and precipitation amount (r = -0.175) (Table 2).

The output of protein and oil, like yield, was positively correlated with wetting factors
(relative humidity air (r = 0.686) and precipitation amount (r = 0.603)) and negatively corre-
lated with thermal factors (average air temperature (r = -0.706) and the effective temperature
sum (r =-0.362).
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Table 2
Correlation coefficients between the economic characteristics of soybeans and
hydrothermal factors of the growing period (April-September), (competitive variety trials,
average for 2011-2017)

Yield Content in seeds, % Output of
Parameter t/ha ’ ] ] protein + proj[eln and
protein oil oil oil, t/ha
Protein content in seeds, % -0.106 — — — —
Oil content in seeds, % -0.220* -0.403* — — —
Protein and oil content in seeds, %  -0.192* 0.948* -0.091 — —
Output of protein and oil, t/ha 0.994* -0.006 -0.223* -0.084 —
Relative air humidity, % 0.723* -0.582%* 0.376* -0.502* 0.686*
Precipitation sum, mm 0.605%* -0.213* 0.163 -0.175%* 0.603*
Average air temperature, °C -0.666*  -0.437* 0.435%* -0.325% -0.706*
Effective temperature sum, °C -0.373* 0.078 0.078 0.112 -0.362*

Note: * — significant values.

There were some differences in the correlations between the environmental factors during
the entire growing period and the economic characteristics and between the environmental factors
separately during the first and second halves of the soybean growing period and the economic
features. We investigated the influence of the hydrothermal environmental factors during the first
part of the soybean growing period (April-June), when vegetative mass is formed, on seed
productivity and quality and showed that the average air temperature had no negative impact on
yield (insignificant r = -0.175), unlike the average air temperature during the entire growing peri-
od, which negatively affected this indicator (r = -0.666). The protein content in seeds was moder-
ately positively correlated with relative air humidity (r = 0.347) and precipitation amount (r =
0.501) during the first half of the growing period (Table 3).

Table 3
Correlation coefficients between the economic characteristics of soybeans and
hydrothermal factors of the first half of the growing period (April-June), (competitive vari-
ety trials, average for 2011-2017)

. Yield, Content in seeds, % Output ofd

arameter t/ha protein oil P ro;[)ei:in " pr(())itle:ltr;lf:l
Protein content in seeds, % -0.106 — — — —
Oil content in seeds, % -0.220*  -0.403* — — —
Protein and oil content in seeds, %  -0.192*  0.948* -0.091 — —
Output of protein and oil, t/ha 0.994* -0.006 -0.223* -0.084 —
Relative air humidity, % 0.687*  0.347* -0.526* 0.195* 0.718%*
Precipitation sum, mm 0.525*  0.501* -0.216* 0.470%* 0.591*
Average air temperature, °C -0.078  -0.737* 0.573* -0.603* -0.140
Effective temperature sum, °C -0.210*  -0.601 0.614* -0.440* -0.253*

Note: * — significant values.

The negative effects of the average air temperature and the effective temperature sum
during the first half of the growing period on the protein content were stronger (r =-0.737 and r =

67



-0.601, respectively) than during the entire growing period. The oil content in seeds was
negatively affected by relative air humidity (r = -0.526) and precipitation amount (r = -0.216),
and positively affected by effective temperature sum (r = 0.614) in the first half of the growing
period. The wetting factors were positively correlated with the total content of protein and oil:
relative humidity (r = 0.195) and precipitation amount (r = 0.470). The average air temperature
and the effective temperature sum during the first half of the growing period had negative effects
on the total content of protein and oil in seeds (r = -0.603 and r = -0.440, respectively). There was
a weaker negative correlation between the output of protein and oil and the average air
temperature in the first half of the growing period (r = -0.140).

In the second half of the growing period, the generative organs of soybeans are formed,
major biochemical components of seeds are synthesized and accumulated, seeds set, fill and
ripen. This determines the peculiarities of correlations between the yield and seed quality
indicators and the environmental factors (Table 4).

Table 4
Correlation coefficients between the economic characteristics of soybeans and
hydrothermal factors of the second half of the growing period (July—September),
(competitive variety trials, average for 2011-2017)

Yield Content in seeds, % Output of
Parameter t/ha ’ protein protein and
protein oil 4 oil oil, t/ha
Protein content in seeds, % -0.106 — — —
Oil content in seeds, % -0.220* -0.403* — — —
Protein and oil content in seeds, % -0.192* 0.948* -0.091 — —
Output of protein and oil, t/ha 0.994* -0.006 -0.223*  -0.084 —
Relative air humidity, % 0.829%* -0.495%* 0.234*  -0.457* 0.798*
Precipitation sum, mm 0.342%* -0.805%* 0.449*  -0.719* 0.273*
Average air temperature, °C 0.030 0.787* -0.744*  0.597* 0.091
Effective temperature sum, °C -0.115 0.829* -0.688*  0.663* -0.049

Note: * — significant values.

The effect of relative air humidity in the second half of the growing period on the yield
got stronger (r = 0.829); the precipitation effect — weaker (r = 0.342); and the effects of air tem-
perature and effective temperature sum were negligible for the yield (insignificant r = 0.030 and r
=-0.115, respectively).

Publications indicate that high oil content is observed at high humidity and relatively low
temperatures, while a high protein content — in dry and hot weather [15, 16, 32]. It was shown
that temperature had a greater influence on synthesis and accumulation than wetting. Protein is
better accumulated under stable heat during the seed filling and ripening phase. In our experi-
ments, the protein content was strongly negatively correlated with precipitation amount in the
second half of the growing period (r = -0.805), moderately correlated with relative air humidity (r
= -0.495), and strongly positively correlated with the average air temperature (r = 0.787) and ef-
fective temperature sum (r = 0.829).

The effect of relative air humidity in the second half of the growing period on the oil con-
tent in seeds got weaker (r = 0.234) while the precipitation amount effect got stronger (r = 0.449).
The effects of the average temperature and of the effective temperature sum in the second half of
the growing period on the oil content became strong negative (r = -0.744 and r = -0.688, respec-
tively). The total content of protein and oil, which is determined by protein content (r = 0.948),
was negatively correlated with relative air humidity (r = -0.457), precipitation amount (r = -
0.719) and positively correlated with the average air temperature (r = 0.597) and effective tem-
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perature sum (r = 0.663) in the second half of the growing period. The output of protein and oil
from 1 ha, which is determined by yield (r = 0.994), depended strongly on relative air humidity (r
= (.798) and was weakly correlated with precipitation amount (r = 0.273).

Thus, the analysis of the relationships between the economic characteristics and hydro-
thermal factors of the environment revealed certain patterns. There was a strong positive correla-
tion between yield and relative air humidity (r = 0.723). The influence of this factor in the second
half of the growing period, during yield formation, increased (r = 0.829) compared to the first
period (r = 0.687). The dependence of yield on precipitation amount was moderate (r = 0.605).
The role of precipitation was stronger in the first half of the growing period (r = 0.525) compared
to its second part (r = 0.342). A moderate negative correlation was found between yield and aver-
age air temperature during the entire growing period (r = -0.666). There was no relationship be-
tween this factor and yield in the first and second halves of the growing period (insignificant r = -
0.078 and r = -0.030, respectively). The same trend was noted in relation to the influence of the
sum of effective temperatures on soybean yield. The correlation coefficient between yield and the
sum of effective temperatures during the entire growing period was -0.373; the correlation coeffi-
cient between yield and temperature sum in the first part of the growing period was -0.210; and
the correlation coefficient between yield and temperature sum in the second part of the growing
period was insignificant (r =-0.115).

Conclusions. We demonstrated a leading role of relative air humidity for soybean yield (r
=0.723). The effect of relative air humidity during yield formation (July—September) got stronger
(r = 0.829) compared to the first part of the growing period (April-June) (r = 0.687). The depend-
ence of yield on precipitation amount during the growing period was moderate (r = 0.605). The
role of precipitation increased in the first half of the growing period (r = 0.525) compared to the
second half (r = 0.342). There was a moderate negative correlation between yield and average air
temperature (r=-0.666) as well as between yield and the sum of effective temperatures during the
growing period (r = -0.373). A mathematical model of the dependence of soybean yield on the
hydrothermal factors was constructed. There was a moderate negative correlation (r = -0.403)
between the contents of protein and oil. The total content of protein and oil in seeds was deter-
mined by protein content (r = 0.948) and did not depend on the oil content (insignificant r = -
0.091). The protein content was moderately negatively correlated with relative air humidity (r = -
0.582) and average air temperature (r = -0.437) and weakly correlated with precipitation amount
(r =-0.213). The oil content in seeds was positively correlated with the average temperature dur-
ing the growing period (r = 0.435) and relative air humidity (r = 0.376). The output of protein and
oil did not depend on protein content (insignificant r = -0.006) and was negatively correlated with
oil content (r = -0.223). The total content of protein and oil in seeds was negatively affected by
relative humidity (r = -0.502), average air temperature (r = -0.325), and precipitation amount (r =
-0.175). The output of protein and oil was positively correlated with relative air humidity (r =
0.686) and precipitation amount (r = 0.603) and negatively correlated with the average air tem-
perature (r = -0.706) and effective temperature sum (r = -0.362). There were some differences in
the correlations between the environmental factors during the entire growing period and the eco-
nomic characteristics and between the environmental factors separately during the first and se-
cond halves of the soybean growing period and the economic features.
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34KOHOMIPHOCTI MIHJTHBOCTI BPOKAHHOCTI TA AKOCTI HACIHHA COf
3ATEKHO BT YIUTHBY T'TPOTEPMIYHHX YHHHWUKIB HABKOJIAIIHBOTO
CEPE/TOBHII[A

Psi6yxa' C.C., Uepnumrenko' I1.B., Besyrmuii' .M., Ko6usesa' JI.H., Konomarska' B.I1.,
FOHOXOpI/IHCLKaz M.I.

'Tncrutyr pocimunuiTsa im. B.S. FOp’esa HAAH, Vipaina

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

Merta i 3aaa4i gocaizxenHsi. MeToro JOCTIDKEHHS € BCTAHOBIICHHS 3aKOHOMIPHOCTEH YIUTUBY Tiji-
POTEPMIYHOTO PEXMMY JTOBKULIS HA TMOKa3HUKH BPOKAIHOCTI Ta SKOCTI HACIHHS COi y CXITHOMY
Jlicocteny Ykpainu, BU3HAUCHHS MIHJIMBOCTI O3HAK ITiJ] BIUTMBOM YMHHHKIB CEPEIOBHUIIIA.

Marepianu i MeTomu gocaimxenHs. Marepiagom Oyiy COpPTH Ta CENEKI[iiHI HOMEpU KOHKYPCHOTO
coproBurpoOyBanHs 2008—2018 pp. y kinbkocTi Bixg 60 mo 153 3paskiB. TexHONOTIS BUPOITYyBaH-
HS TUTIOBA ISl 30HU, IOBTOPHICTH—YOTUPUPA30Ba, TUIOMIA TUISTHKH 25 M. 3aJIeXKHICTh MIiHJIMBOCTI
O3HAaK YPOXKalHOCTI 1 SIKOCTI HAaCiHHA COi BiJl TIAPOTEPMIYHMX YMHHHUKIB BU3HAYAIU 32 JIOTIOMO-
rOI0 KOPEJISLIIHOr0 aHai3y Ta METOAYy MaTeMaTUIHOTO MOJICIIIOBaHHS!.

OOroBopeHHsi pe3yabTaTiB. 3a Tiepio BereTailii HAOUTBI TICHUI 3B’SI30K YPOXKAWHICTh HACIHHS
coi Maja i3 BiTHOCHOO BoioricTio moBitps (1=0,712) Ta cymoro onafiB (1=0,468). Mix ypoxaiiHi-
CTIO 1 CEpPeAHBOI0 TEMIIEPATYPOIO IMOBITPSI BCTAHOBJICHO HEICTOTHUM HETaTUBHUM 3B’S30K (I=-
0,266). I3 cymor0 epeKTHBHUX TEMIIEpaTyp yposkaiHicTh He Mana 3B 513Ky (1=0,081). Haiimenmmit
piBenb ypoxaitHocti (0,40-0,60 1/ra) cnocrepiraerbCs Mpu MaKCUMAIBHUX 3HAYEHHSX CEPeaHbOT
temmeparypu (20,0 °C) i BimHOCHOT Bostorocti moitps (52 %). 3pocTaHHs BITHOCHOT BOJIOTOCTI
NoBITPs 10 64 % TMpH MakCUMalbHIN TeMneparypi MPU3BOAUTD JI0 MiIBUILEHHS BPOXKaHHOCTI 10
piBus 1,40-1,60 1/ra. [Ipu MiHIMabHIN BITHOCHIM BOJIOTOCTI MOBITPS, 3pOCTaHHS TeMIIEpaTypH
CYTT€BO 3MeHIIye BpoxkanHicTh — Bin 1,40-1,60 1/ra no 0,40-0,60 1/ra. HaiiBuima BpoxkaiHICTh,
3riTHO MaTeMaTW4HOi MOJENi, Jocsrajack MpH CHOJIYYeHHI CEpelHbOrO PIBHS TeMIEpaTypu
(18,0-18,5 °C) i BuCOKOTO piBHS BITHOCHOT BOJIOTrOCTi MOBITPs (64 %). YposkaltHICTh HACIHHS BU-
3Hayvasna 30ip Oinka Ta omii 3 1 ra (r=0,994), He Mana iICTOTHOTO 3B’s3KY 3 BMICTOM OiiKa (HEICTOT-
Huit 1=-0,106) 1 Mana c1aOKkuii HeraTUBHUH 3B’ 30K 13 ymicToM odii (r=-0,220) Ta cymapHuM ymic-
ToMm Outka 1 omii (r = -0,192). Mix ymicrom Oiika i ouii 3adikcoBaHa cepeHsl HeraTHBHA KOpeIis-
uig (r =-0,403). CymapHuii ymicT Oiika Ta oJ1ii B HACIHHI BU3HAYA€ThCsI BMICTOM Ouka (1 = 0,948)
1 He 3aJIeKUTH Bl yMmicTy odii (r = -0,091). YmicT Oinka MaB cepe/Hiil HeraTUBHHUIA 3B SI30K 13 BifI-
HOCHOIO BoJjoricTio (r =-0,582) ta cepeanporo Temmeparyporo noBitps (r=-0,437) ta cinabkuit
3B’s130K 13 cymoro omafiB (r = -0,213). YmicT oii B HaciHHI MaB MO3UTHBHI 3B’S3KU 13 CEPETHBOIO
TEeMITepaTyporo 3a nepio Bererarlii (r = 0,435) Ta BigHOCHOFO BosoricTio moBiTps (r = 0,376). 36ip
Ou1Ka Ta oJii He 3aexaB Bin ymicTy Oinka (HeicrotHuil r = -0,000) i Mae HEraTUBHY KOPEJIAIIIIO 13
ymicroM odii (r = -0,223). Ha cymapHuii BMIiCT B HaciHHI OiIKa 1 0J1ii HEraTUBHO BIUIMBAIN BiJJHO-
cHa Bosorictb (r=-0,502) ta cepennst temmeparypa nositps (r =-0,325) i cyma omamiB (r=-
0,175). 36ip Ginka i oii, K 1 BpOKAHHICTh, TO3UTUBHO KOPEJIOBAB 13 YNHHUKAMHU 3BOJIOYKECHHS —
BIIHOCHOIO BOJIOTiCTIO mTOBITps (r=0,686) Ta cymoro omaniB (r=0,603), i MaB HeraTUBHUI
3B’SI30K 13 TEPMIUHMMH (DaKTOpaMU — CEpeTHBbOIO TeMIeparyporo nosirps (r = -0,706) ta cymoro
edextuBHUX TemrepaTyp (r =-0,362). YcraHOBIEHO MEBHI BIAMIHHOCTI KOPENALIA MK YMHHH-
KaMM JOBKUUISA Ta FOCMOJAPCHKUMH O3HaKaMH 3arajioM 3a BECh IEpiojl Bererallii Ta OKpeMo 3a
nepiny (KBITEHb—4EPBEHb ) Ta IPYyry (JIMIIEHb—BEpeCceHb) MOJIOBUHH MEPIOy BereTallii coi.

BucHoBku. BuzHaueHO MpOBiAHY poJib BIAHOCHOT BOJIOTOCTI MOBITPs y (popMyBaHHI BpOKAHHOCTI
Ccoi. 3aNIeKHICTh YpOXKaltHOCTI BiJi CYMH OTIQJIIB 3a MepioJl BereTarlii 0yna cepetHboI0, poJib OMaiB
3pocTaina y mepurii noxoBuHi Beretauii (r = 0,525) mopiBHAHO 13 APYTor0 MosoBUHOIO (1 = 0,342).
Mix ypoxaiHICTIO Ta CepeTHbOIO TEMIEPATYPOIO MOBITPS CHOCTEPIraBCs CepeHii HeraTuBHUN
3B’s130K (r = -0,660), sIK 1 MK YpOKalHHICTIO Ta CYMOIO €pEKTUBHHIX TEMIIEPATyp 3a Mepio]] Bere-
tarii (r = -0,373). Mix ymicrom Oinka i onii Oyna cepens HeratuBHa koperslis (r = -0,403). Cy-
MapHU# ymicT OlTKa Ta oJiii B HACiHHI BU3HAYAETHCS BMICTOM Ouka (1 = 0,948) 1 He 3a71eXuTh Bl
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ymicty odii (r =-0,091). 36ip Oinka Ta ouii He 3aexaB Bix ymicty Oinka (r =-0,006) i MaB Hera-
TUBHY KOpeJIsLio 13 ymictom odiii (r = -0,223). Ha cymapHuii BMicT y HaciHHi OiiKa 1 oJii HeraTu-
BHO BIUTMBAJIX BifHOCHA BoJioricTh (r = -0,502), cepenns Temneparypa nosirps (r = -0,325) i cyma
omanis (r=-0,175). 36ip Oinka i OJIii MO3UTUBHO KOPEIIOBAB 13 BIIHOCHOIO BOJIOTICTIO MOBITPS
(r=10,686) Ta cymoro onazis (r =0,603) i MaB HEraTUBHUII 3B’30K 13 CEPEIHBOIO TEMIIEPATYPOIO
nioBitps (r = -0,706) Ta cymoro edexruBHUX Temneparyp (r = -0,362). [loOynoBaHo MaTeMaTU4IHy
MOJIENb 3aJISKHOCTI BPOKAHHOCTI COi BiJ] TIPOTEPMIYHUX YMOB JIOBKIULIISL.

Knrouosi cnosa: cos, yposicaiinicms, mamemamuuna mooeb, AKiCmb HACIHHA, KOpeayis, cop-
MoBuUnpoOYS8anHsl, YUHHUKU OOBKILIAL.

VARIABILITY OF SOYBEAN YIELD AND SEED QUALITY DEPENDING ON
ENVIRONMENTAL HYDROTHERMAL FACTORS

Ryabukha' S.S., Chernyshenko' P.V., Bezuglyi' .M., Kobyzeva' L.N., Kolomatska' V.P.,
Golokhorynska® M.G.

"Plant Production Institute named afterV.Ya.Yuriev of NAAS, Ukraine

*Bukovyna State Agricultural Experimental Station of NAAS, Ukraine

Purpose and objectives. Our purpose was to establish patterns of influence of the hydrothermal
mode on the soybean yield and seed quality in the Eastern Forest-Steppe of Ukraine and to de-
termine the variability of traits under the influence of environmental factors.

Materials and methods. Varieties and breeding accessions of the 2008—2018 competitive variety
trials in the amount of 60 to 153 were taken as the test material. Soybeans were grown in com-
pliance with the technology typical for the study location in four replications; the plot area was
25 m’. The dependence of variability of yield and quality on the hydrothermal environmental
factors was determined by correlation analysis and mathematical modeling.

Results and discussion. During the growing period, the soybean yield was most closely correlat-
ed with relative air humidity (r = 0.712) and precipitation amount (r = 0.468). There was an in-
significant negative correlation between yield and average air temperature (r = -0.266). The
yield was not correlated with the sum of effective temperatures (r = 0.081). The lowest yield
(0.40-0.60 t/ha) was observed at the maximum values of average air temperature (20.0°C) and
air relative humidity (52%). When the relative air humidity rose to 64% at the maximum tem-
perature, the yield increased to 1.40-1.60 t/ha. At the minimum relative air humidity, a rise in
temperature significantly reduced the yield: from 1.40-1.60 t/ha to 0.40-0.60 t/ha. The highest
yield, according to the mathematical model, was achieved by combining moderate temperature
(18.0-18.5°C) and high relative air humidity (64%). The seed yield determined the output of
protein and oil from 1 ha (r = 0.994), had no significant relationship with protein content (in-
significant r = -0.106) and was weakly negatively correlated with oil content (r = -0.220) and
the total content of protein and oil (r = -0.192). There was a moderate negative correlation (r =
-0.403) between protein and oil contents. The total content of protein and oil in seeds was de-
termined by protein content (r = 0.948) and did not depend on oil content (r = -0.091). The
protein content was moderately negatively correlated with relative humidity (r = -0.582) and
average air temperature (r = -0.437) and weakly correlated with precipitation amount (r = -
0.213). The oil content in seeds was positively correlated with the average temperature during
the growing period (r = 0.435) and relative air humidity (r = 0.376). The output of protein and
oil did not depend on protein content (insignificant r = -0.006) and was negatively correlated
with oil content (r = -0.223). The total content of protein and oil in seeds was negatively af-
fected by relative humidity (r = -0.502), average air temperature (r = -0.325), and precipitation
amount (r = -0.175). The output of protein and oil, like yield, was positively correlated with
wetting factors (relative air humidity (r = 0.686) and precipitation amount (r = 0.603)) and
negatively correlated with thermal factors (average air temperature (r = -0.706) and the sum of
effective temperatures (r = -0.362)). There were some differences in the correlations between
the environmental factors during the entire growing period and the economic characteristics
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and between the environmental factors separately during the first (April-June) and second (Ju-
ly-September) halves of the soybean growing period and the economic features.

Conclusions. We demonstrated a leading role of relative air humidity for soybean yield (r =
0.723). The dependence of yield on precipitation amount during the growing period was mod-
erate (r = 0.605). The role of precipitation increased in the first half of the growing period (r =
0.525) compared to the second half (r = 0.342). There was a moderate negative correlation be-
tween yield and average air temperature (r= -0.666) as well as between yield and the sum of
effective temperatures during the growing period (r = -0.373). There was a moderate negative
correlation (r = -0.403) between the contents of protein and oil. The total content of protein
and oil in seeds was determined by protein content (r = 0.948) and did not depend on oil con-
tent (r = -0.091). The protein content was moderately negatively correlated with relative air
humidity (r = -0.582) and average air temperature (r = -0.437) and weakly correlated with pre-
cipitation amount (r = -0.213). The oil content in seeds was positively correlated with the av-
erage temperature during the growing period (r = 0.435) and relative air humidity (r = 0.376).
The output of protein and oil did not depend on protein content (insignificant r = -0.006) and
was negatively correlated with oil content (r = -0.223). The total content of protein and oil in
seeds was negatively affected by relative humidity (r = -0.502), average air temperature (r = -
0.325), and precipitation amount (r = -0.175). The output of protein and oil was positively cor-
related with relative air humidity (r = 0.686) and precipitation amount (r = 0.603) and nega-
tively correlated with the average air temperature (r = -0.706) and effective temperature sum (r
=-0.362). A mathematical model of the dependence of soybean yield on the hydrothermal fac-
tors was constructed.

Key words: soybean, yield, mathematical model, seed quality, correlation, variety trial, environ-
mental factors.
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ADAPTABILITY OF WINTER BREAD WHEAT BY ENVIRONMENTAL PLASTICITY
AND STABILITY

Yarosh A.V., Riabchun V.K., Riabchun N.I.
Plant Production Institute named after V.Ya. Yuriev of NAAS, Ukraine

The results of studying the adaptability of winter bread wheat in terms of environmental
plasticity and stability are presented. It was determined that the highest genetic potential of
adaptability (sum of ranks 2) in combination with high yields was intrinsic to mid-tall domestic
genotypes — Haiok (g = 2.24; R; = 0.97) and MIP Lada (g = 0.90; R; = 0.92) (UKR).

Key words: adaptability, winter bread wheat, genotypic effect, stability, plasticity, freeze toler-
ance, yield, source

Introduction. To successfully intensify winter cereal production, creation of high-
yielding and adapted to certain growing conditions plant varieties is a very important step. The
introduction of such accessions in combination with high quality grain is a key to their effec-
tive implementation. Increased adaptability of winter bread wheat varieties giving stable yields
under stressful growing conditions is a major objective of current breeding, which boosts gross
yields and stabilizes grain production and, consequently, food security [1, 2]. Preliminary se-
lection of sources of desirable traits and appropriate levels of their expressions under envi-
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