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The study purpose was to evaluate the potentials of bean genotypes in contrast climates, to
identify the most informative environments for assessing the adaptability of genotypes, to select
promising starting material for specific areas where this crop is supposed to be bred. To accom-
plish this purpose, environmental trials were conducted on a collection of bean (Phaseolus vul-
garis L.) accessions in four sites located in different climatic zones of Ukraine: the eastern For-
est-Steppe — Kharkiv region; southern Forest-Steppe — Poltava region; Woodlands — Chernivtsi
region; southern Steppe — Odesa region. Genotypes and environments were evaluated using the
GGE biplot method, which allowed us to graphically visualize the environmental trial data. To
develop cultivars for different zones of Ukraine, we recommend selecting parents, taking into
account the weather conditions: drought- and highly heat-tolerant genotypes (Holberg) for the
south of Ukraine; intensive genotypes (Pervomaicka, Mistseva Bomba 5) for Woodlands; geno-
types with stable yields and high drought tolerance (Holberg, Nadiia, UD0300104) for Forest-
Steppe. The GGE biplot analysis distinguished the most informative environments allowing full
assessments of the adaptability of genotypes — the Forest-Steppe of Ukraine (Kharkiv region and
Poltava region). The genotypes with stable yields of seeds were identified: Holberg, Otrada,
UDO0300104, Bogema, UD0300152, N 201-15 and Synelnykivska 8. Of these accessions, Hol-
berg, Otrada, UD0300104 and Synelnykivska 8 gave high yields, and Holberg and UD0300104
approached the “ideal” genotype. The southern subzone of the Steppe is the most informative for
identification of drought- and heat-tolerant bean accessions; the Woodlands — for selection of
genotypes with high potential yields.
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Introduction. Evaluation of the “genotype x environment” interaction is very important
for selection of starting material used in breeding [1, 2]. It is well known that one of the parents
in hybridization should be a genotype that is well-adapted to local climatic conditions [3]. Valua-
ble features of a collection accession (genotype) will be negated by unfavorable environmental
conditions, if they are not taken into account [4]. Most modern bean cultivars having sufficiently
high potential yields are characterized by low homeostaticity and adaptability to unfavourable
environmental factors [5]. Therefore, when developing new cultivars, one should use genotypes
that are adapted to the conditions of a particular zone. In order to get an idea of the responses of
bean accessions to an environment, we formed a model population, which included genotypes
with various characteristics according to the multi-year data from the National Center for Plant
Genetic Resources of Ukraine (NCPGRU) [6]. The effects of abiotic factors on the yields of bean
accessions were studied [7], and, as a result, a trait collection of Phaseolus vulgaris L. was com-
piled [8]. This collection became the basis of the model population [9], in which each genotype is
original and has an extensive range of adaptive features allowing it to adapt to the growing condi-
tions.

The purpose of our study was evaluate the potentials of bean genotypes in contrast envi-
ronments, to identify the most informative environments for assessing the adaptability of geno-
types, to select promising starting material for specific areas where new cultivars will be bred.
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Materials and methods. To accomplish this purpose, environmental trials were conducted
in 2015-2017 on the collection of bean accessions at four institutions in Ukraine, which differ by
climatic characteristics. The eastern Forest-Steppe: Kharkiv region, Plant Production Institute nd.
a. V.Ya. Yuriev of NAAS (PPI); southern Forest-Steppe: Poltava region, Ustymivka Experi-
mental Station (UES) of Plant Production Institute nd. a. V.Ya. Yuriev of NAAS; Woodlands:
Chernivtsi region, Bukovina State Agricultural Experimental Station (BSAES) of the Institute of
Agriculture of the Carpathian Region of NAAS; southern Steppe: Odesa region, Plant Breeding
and Genetics Institute — National Center of Seed and Cultivar Investigation (PBGI-NCSCI).

To assess the response of a genotype to an environment, depending on the weather peculiar-
ities during the bean vegetation period, the hydrothermal coefficient (HTC) was used. The HTC
was calculated from the formula (1) :

>r

HTC = 0.1x3t’

)

where Y r — is precipitation amount during the vegetation period, mm; )t — sum of temperatures
above 10°C during the vegetation period, °C; 0.1 — coefficient.

The PBGI is situated in the steppe in the South ean daily air temperature is 15.6-22.6 C;
the precipitation amount is 130 mm. In 2015, the vegetation period was characterized by above-
average mean daily air temperature (20.4°C), and the precipitation amount was significantly be-
low the multiyear average (83.8 mm). Thus, the HTC was 0.45, which is significantly lower than
the optimum for the crop (1.00-1.10).

The UES and PPI are located in the Forest-Steppe of Ukraine; however, their multiyear
average parameters during the bean vegetation period are different. The mean daily air tempera-
ture: UES — 15.5-20.5°C, PPI — 15.6-21.3°C. The precipitation amount: UES — 210 mm, PPI —
170 mm. Accordingly, in 2015, the weather conditions during the crop vegetation period were
different: at UES the mean daily air temperature reached the upper limit of the multiyear average
(20.5°C); the precipitation amount was above the multiyear average (226.7 mm); the HTC was
1.20, which is higher than the optimum. At the PPI, the mean daily air temperature was close to
the average (19.6°C); the precipitation amount exceeded the multiyear average (211 mm); the
HTC was not much higher than the optimum (1.17). It should be noted that precipitation was rain
showers resulted in inopportune watering of plants.

BSAES is located in the Woodlands of Ukraine, where the multiyear average parameters
during the bean vegetation period are as follows: the mean daily air temperature is 13.8-18.3°C;
the precipitation amount is 274 mm. However, the mean daily temperatures during the crop vege-
tation period in 2015 exceeded the multiyear average by >1°C (19.5°C), and the precipitation was
much below the average (224.3 mm); therefore, the HTC did not significantly exceed that at UES
(1.24) (Table 1).

Table 1
The weather conditions in the sites of the environmental trials
Mean daily temperature °C Precipitation amount mm
Site multiyear average” . ,  Hydrothermal
2015 ; 2015  multiyear average®?  coefficient
min-max
PBGI 20.4 15.6-22.6 83.8 130 0.45
PPI 19.6 15.6-21.3 211 170 1.17
UES 20.5 15.5-20.5 226.7 210 1.20
BSAES 19.5 13.8-18.3 224.3 274 1.25

) _ according to WRB, 2018 [10]

The model population consisting of 24 collection bean accessions with various responses
to fluctuations in temperature and humidity in the environment, which were taken from the core
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collection of the National Centre for Plant Genetic Resources of Ukraine (NCPGRU), served as
the test material to investigate the “genotype X environment” interaction. The accessions were
sown with manual planters within the timeframe that is optimal for bean. The collection acces-
sions were assessed in accordance with the valid classifier [11] and methodical recommendations
for studying collection accessions of grain legumes [12]. The experimental data were statistically
processed by analysis of variance in Microsoft office Excel. The environmental assessment of
the genotypes was performed by GGE biplot method [13, 14, 15].

Results and discussion. When studying the “genotype x environment” interactions, sev-
eral researchers [16, 17, 18] noted a strong influence of the crop cultivation environment on the
yield variability and emphasized that the “genotype” (G) and the “genotype x environment” (GE)
effects should be analyzed. GGE biplot using in the researches allows to graphical visualise their
results. It promotes to concretize analysis of this observing [13, 19]. A clear “genotype X envi-
ronment” relationship was established by the GGE biplot method in studies on wheat [20], sor-
ghum [21, 22, 23], soybean [24, 25] and bean [26, 27].

In 2015, the environmental trials of the model population of bean were conducted in four
environments (PPI, UES, BSAES, PBGI) differing in the temperature-water regime during the
period of growth and development of the crop.

On average, in the model population, the highest yields were obtained in the woodlands of
Ukraine (BSAES) — 0.37 kg*m™. Moderate yields were registered in the forest-steppe of Ukraine:
in the southern part (UES) — 0.28 kg*m™ and in the eastern part (PPI) — 0.19 kg*m™. The lowest
yields were in the southern steppe of Ukraine (PBGI) — 0.07 kg*m™. There were accessions giv-
ing high yields in each environment. At the PPI, UD030076 (0.38 kg*m™), Holberg (0.350 kg*m™
%) and UD030104 (0.33 kg*m™) gave the highest yields; at UES, such accessions were
Dniprovska Bomba (0.48 kg*m2), Nadiia (0.48 kg*m™), Prelom (0.45 kg*m) and Holberg (0.44
kg*m™); at BSAES — Mistseva Bomba 5 (0.58 kg*m™), Pervomaiska (0.58 kg*m™), Sperantsa

(0.54 kg*m™) and Prelom (0.50 kg*m™); at the PBGI — Holberg (0.14 kg*m™) and Bukovinka
(0.10 kg*m™) (Table 2).

Table 2
Seed yield of the bean accessions from the model population in different sites of the
environmental trials, 2015

Number of Seed weight/m?, kg
Geno- the National Name Country
type?  Catalogue of origin PPI  UDE BSAES PBGI average
of Ukraine
1 2 3 4 5 6 7 8 9
Gl UD0300025 Pervomaiska Ukraine 0.16 0.16 0.58 0.06 0.24
G2 UDO0300045 Prelom Bulgaria 0.16 0.45 0.50 0.02 0.28
G3 UD0300076 — Moldova 0.38 0.26 0.39 0.07 0.28
G4 uUD0300104 — Hungary 0.33 0.38 0.41 0.09 0.30
G5 UD0300152 — Ukraine 0.07 0.12 0.24 0.07 0.12
G6 uD0300227 Holberg USA 0.35 0.44 0.40 0.01 0.30
G7  UDosooesg  SYnelny- Ukraine 022 030 028 007 022
kivska 8
G8  UD0300285 B;'(ga‘l’gold Russia 016 016 032 002 0.16
G9 UD0300286 — Ukraine 0.10 0.28 0.33 0.10 0.20
G10  UD0300388 M'Stsg‘;aSBom Ukraine 005 025 058 00l 022
G11 UD(0300397 Sperantsa Moldova 0.23 0.34 0.54 0.08 0.30
Dniprovska .
G12 uD0300413 Bomba Ukraine 0.22 0.48 0.20 0.07 0.24
G13 UD0300463 — Ukraine 0.16 0.19 0.30 0.01 0.16
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1 2 3 4 5 6 7 8 9

G14  UDO0300465 - Ukraine 015 027 031 007 020
G15  UDO0300775 DOk‘;ﬁgaeV' Ukraine 018 016 032 007 018
G16  UD0301092  Yuvileina287 Ukraine 019 020 040 005 021
G17  UD03010%4 Nadiia Ukraine 019 048 041 009 029
G18 UD0303258 Perlyna Ukraine 0.10 0.21 0.44 0.10 0.21
G19  UD0303351 Otrada Ukraine 022 025 044 010 025

G20 UD0303441 Bukovinka Ukraine 0.06 0.23 0.43 0.10 0.20
G21 UD0303568 Nespodivanka ~ Ukraine 0.26 0.27 0.35 0.06 0.24
G22 UD0303753 Veselka Ukraine 0.16 0.28 0.28 0.09 0.20

G23  UDO0303805 Bogema Nitherlands 0.09 0.19 0.42 0.07 0.19
G24  UD0303971 Panna Ukraine 0.14 0.29 0.32 0.08 0.21
LSDoos  0.05 0.06 0.06 0.02
Average 0.18 0.28 0.38 0.06

U _ genotype designation for visualization of the environmental trial data

The GGE biplot polygon (Figure 1) shows patterns of the “genotype % environment” rela-
tionship. The polygon is divided into sectors. The genotype that is the most adapted to the grow-
ing conditions of an environmental trial site is located at the top of the polygon in the same sector
with the test marker [14]. We identified genotypes that are the most adapted to these environ-
ments: to the forest-steppe — Holberg (G6); to the woodlands — Mistseva Bomba 5 (G10) and

Pervomaiska (G1); to the southern Steppe — Holberg (G6).

+ B80S

PC2 - 34.43%
PC2-34.43%

PC1 - 46.40% PC1 - 46.40%

Figure 1. GGE biplot, “Which-Won-Where” Figure 2. GGE biplot, “mean vs. stability”

In the environments where the limiting factor for the bean growth and development is water
deficit during the crop vegetation period (PPI, UES and PBGI), drought-tolerant Holberg, giving
a high yield of seeds, is advantageous.

Upon excess water (BES), genotypes with high potential yields, however with low stability
of yields, which depend on the environment and respond positively to favourable for bean condi-
tions of cultivation, are advantageous: Pervomaiska and Mistseva Bomba 5.

Thus, when selecting starting material for hybridization in the woodlands of Ukraine, one
should give priority to genotypes with high potential yields, and in the forest-steppe and steppe of
Ukraine — to highly drought-tolerant genotypes with stable yields of seeds.
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To analyse the genotypes’ responses to various environmental conditions, the GGE biplot
“mean vs. stability” (Figure 2), which is based on their average yields and stability in the envi-
ronment trial sites, was used. The line passing through the biplot origin and the average environ-
ment is called the average environment coordinate (AEC) axis or the yield line. The arrow shows
the direction of yield growth. Another axis, perpendicular to the AEC axis, is the stability line
dividing the genotypes into highly and poorly stable ones. Accessions with the shortest projection
lengths on this axis are considered the most stable (Solonechnyi et al., 2014). Stable genotypes
and genotypes with high potential yields were identified. Among them, there are valuable geno-
types with high yields of seeds and high stability of yields — Nadiia (G17), Prelom (G2),
UDO0300104 (G4); genotypes with high potential yields — Dniprovska Bomba (G12), Mistseva
Bomba 5 (G 10), and Pervomaiska (G1).

The “ideal” genotype is a stable genotype with a high average yield, which has a wide
range of adaptive characteristics. To find genotypes combining high yields and stability, the GGE
biplot comparing the genotypes with the “ideal” one was used (Figure 3).

B0 ‘:___ —i, - | +B08
o G » s o~ ? }O
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' x Sy SR - "3-_ R
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Figure 3. GGE biplot, comparison of the geno- Figure 4. GGE biplot, discriminating and repre-
types under investigation with the “ideal” genotype sentative capacities of the environments

The center of the circles shows the position of the “ideal” genotype. The closer the geno-
type projection to the center of the circles is, the closer the genotype under investigation to the
“ideal” one 1s (Solonechnyi et al., 2015; Solonechnyi, 2017; Solonechnyi et al., 2018). These are
the following collection accessions: Holberg (G6) (with the average seed yield of 0.33 kg*m™),
Prelom (G2) (0.28 kg*m™), Nadiia (G17) (0.29 kg*m™), UD0300104 (G4) (0.30 kg*m™), and
Sperantsa (G11) (0.30 kg*m™). The distinguished genotypes are highly resistant to Fusarium
(Fusarium Link.) infection, viruses (bean common mosaic virus, bean yellow mosaic virus, Nico-
tiana virus) and bacterial wilt (Corynebacterium flaccumfaciens (Halges) Dowson), tolerant to
bacterial spots Xanthomonas phaseoli (E. Smith) Dowson, Xanthomonas phaseoli v. fuskans
Burkholder, Pseudomonas medicaginis (Sackelt) v. phaseolicola (Burclh), Pseudomonas vignae
Gardener et Kendrick). Holberg is the most valuable genotype, especially for the forest-steppe of
Ukraine, since it is characterized by high drought tolerance. We recommend it as a reference ac-
cession for yield (Table 2).

Prelom is the most adapted to mechanized harvesting. Its plants are bushy with indetermi-
nate growth and above-average resistance to lodging. Sperantsa has seeds of an above-average
size (1000-seed weight is 0.30 kg). UD0300104 is the earliest ripening (the vegetation period is
73 days) (Table 3).
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Table 3
Characteristics of the genotypes that are close to the “ideal” genotype according to the re-
sults of the trials in the eastern forest-steppe of Ukraine, 2015-2017

Genotype Vegetagign period, Plant t){g)e Lodging reséi)stance 1000-seed weight
ys score score kg
Holberg 76 3 3 0.26
Prelom 80 1 6 0.21
UD030104 73 1 5 0.24
Sperantsa 79 3 3 0.30

Y _ 1 — bushy, 3 — bushy with nutating top; ¥ — 3 — high, 5 — moderate, 6 — above-moderate

Fan et al. [28] used GGE biplot analysis to assess the discriminating and representative
capacities of environments. Due to this method, the testing environments that are more informa-
tive for assessing the adaptability of the collection accessions were identified (Figure 4). The vec-
tor length is directly proportional to the standard deviation of the genotype yield in this environ-
ment. If the testing environment marker is close to the biplot center, i.e. has a short vector, all the
genotypes have similar yields, so this environment is not informative for the differentiation of
genotypes. A small angle between the environment vector indicates a strong correlation between
the genotype yields in these environments [29, 30]. Thus, the GGE biplot categorized the testing
sites of the environment trials into three groups.

Group | includes the PBGI site (southern Steppe of Ukraine) with a short vector, which
indicates a low informativity of this environment about the genotypes under investigation. The
accessions grown in this site gave similar yields (Table 2). This is a region with high summer
temperatures and water deficit. Consequently, all the genotypes were suppressed by drought and
heat, which made it impossible to determine the whole range of their adaptive features. However,
we identified genotypes with high drought- and heat-tolerance: Holberg (G6) and Bukovinka
(G20), which gave the highest yields in this environment.

Group Il includes the site with a long vector and a large angle with the AEC axis —
BSAES (Woodlands of Ukraine). This environment has the highest discriminating capacity,
which does not allow evaluating genotypes in terms of the whole range of adaptive features, ei-
ther. Excess water prevents from determining the level of drought tolerance — a trait that limits
the bean cultivation in Ukraine. In this environment, the intensive genotypes were chosen:
Pervomaiska, Mistseva Bomba 5, Sperantsa and Prelom, which gave seed yields of over 0.50
kg*m™ (Table 2).

Group 111 includes the environments that have long vectors and moderate yields (eastern
and southern forest-steppe of Ukraine — PPI and UES, respectively) and are the most informative
for assessing the adaptability of genotypes. These sites of the environment trials are located in the
moderately moistened zone and allow evaluating genotypes for stability of seed yields.

Thus, the GGE biplot analysis of the environments singled out the most informative sites
of the environment trials, where the study of the genotypes was continued in 2015-2017: PPI —
eastern Forest-Steppe of Ukraine and UES — southern Forest-Steppe.

The weather during the bean vegetation period in 2015-2017 differed both between the
sites of the environment trials (eastern Forest-Steppe — PPI and southern Forest-Steppe — UES)
and between the study years (Figure 5).

2015 was the most favourable year (HTC: PPI — 1.17, UES — 1.20). The 2016 hydrother-
mal balance at UES was close to optimal (HTC = 0.97), whereas the PPI site was waterlogged
(HTC = 1.88), which caused severe damage of bean plants by Fusarium and bacterial infections.
In 2017, there was a water deficit for the crop growth and development (HTC: PPl — 0.28, UES —
0.73), especially at the PPI. This accordingly affected the average yield throughout the genotypes:
in 2015 PPI — 0.20 kg*m™, UES — 0.26 kg*m™; in 2016 PPI — 0.17 kg*m™, UES — 0.22 kg*m;
in 2017 PPI — 0.14 kg*m, UES — 0.18 kg*m™,
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Figure 5. The weather in the eastern (PPI) and southern (UES) Forest-Steppe of Ukraine

Thus, the informative environments have different characteristics: the weather in the east-
ern Forest-Steppe of Ukraine is rougher for the bean growth and development than that in the
southern Forest-Steppe. The temperature/moisture ratio in the eastern Forest-Steppe varied great-
ly (HTC = 0.28-1.88), whereas in the southern Forest-Steppe the hydrothermal balance was more
stable (HTC = 0.73-1.20).

As a result of the three-year study, we identified the most productive genotypes: for the
eastern Forest-Steppe of Ukraine (PPI) — UD0300076 (G3) (0.36 kg*m™), Holberg (G6) (0.31
kg*m™) and UD0300104 (G4) (0.36 kg*m™); for the southern Forest-Steppe (UES) — Holberg
(G6) (0.36 kg*m™, Dniprovska Bomba (G12) (0.34 kg*m™), UD0300104 (G4) (0.31 kg*m™) and
Nespodivanka (G21) (0.31 kg*m™) (Table 4).

Table 4
Bean seed yield in the eastern (PPI1) and southern (UES) forest-steppe of Ukraine

Bean seed yield kg*m™

Genotype Name PPI UES
2015 2016 2017 average 2015 2016 2017 average
Gl  Pervomaiska 016 004 002 007 016 018 014 0.16
G2  Prelom 016 022 007 015 045 018 012 0.25
G3  UD0300076 038 048 021 036 026 013 013 0.17
G4  UD0300104 033 027 023 028 038 03 021 031
G5 UD0300152 0.07r 007 007 007 012 010 0.08 0.10
G6  Holberg 035 028 031 031 044 032 033 0.36

G7  Synelnykivska 8 222 020 016 019 030 020 014 021
G8  Belgorodskaia 1 016 013 019 016 016 016 012 0.15

G11  Sperantsa 023 021 017 020 010 006 027 014
G12 DniprovskaBomba 0.22 022 017 020 048 029 026 034
G15 Dokuchaevska 018 004 002 008 016 029 024 0.23
G16  Yuvileina 287 019 015 020 018 020 010 014 015
G17 Nadiia 019 016 015 017 040 025 016 0.27
G19 Otrada 022 020 015 019 025 026 019 0.23
G21  Nespodivanka 026 023 012 020 027 039 026 031
G22  Veselka 016 0212 010 0213 028 021 022 024
G23 Bogema 009 005 009 008 019 013 0.09 014
G24  Panna 014 021 015 017 029 040 021 0.30
G25 N 201-15 019 004 001 008 006 021 0.08 012

Average 0.20 0.17 0.14 026 022 0.18

LSDos 0.05 0.06 0.04 0.07 0.06 0.04
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The GGE biplot analysis showed that the most stable seed yields were obtained from Hol-
berg (G6), Otrada (G19), UD0300104 (G4), Bogema (G23), UD0300152 (G5), N 201-15 (G25)
and Synelnykivska 8 ( G7) (Figure 6). Holberg and UD0300104 were close to the “ideal” geno-
type (Figure 7).
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Figure 6. GGE biplot, “mean vs. stability” Figure 7. GGE biplot, genotypes close to the

“ideal” genotype

Conclusions. The environment trials of the bean genotypes at the sites differing in the
climatic conditions ensured comparison of their informativity. It was established that the southern
Steppe (PBGI) and Woodlands of Ukraine (BSAES) did not allow a full assessment of the adap-
tive potentials of the genotypes due to the extreme for bean weather during its vegetation period:
at the PBGI site, it is high temperatures and water deficit in summer; at the BES site — excess
water. However, these environments are necessary for evaluating drought- and heat-tolerance
(PBGI) as well as for identification of genotypes with high potential yields (BSAES). The weath-
er conditions in the eastern (PPI) and southern (UES) Forest-Steppe of Ukraine, which make it
possible to assess genotypes in terms of stability of their seed yields, are the most informative for
assessing the adaptability of the genotypes.

When developing cultivars for different zones of Ukraine, one should select parents, tak-
ing into account their responses to the weather: for the South of Ukraine (PBGI) — drought-
tolerant genotypes with high heat tolerance (Holberg); for the Woodlands (BSAES) — intensive
genotypes (Mistseva Bomba 5, Pervomaiska); for the Forest-Steppe (PP1 and UES) — stable geno-
types with high drought tolerance (Holberg, Nadiia, UD0300104).

The study of the bean genotypes in the Forest-Steppe of Ukraine (PP1 and UES) revealed
that the following genotypes gave the most stable yields of seeds: Holberg, Otrada, UD0300104,
Bogema, UD0300152, N 201-15 and Synelnykivska 8; of them Holberg, Otrada, UD0300104 and
Synelnykivska 8 are noticeable for high yields. Holberg and UD0300104 were close to the “ide-
al” genotype.
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EKOJIOTTYHE BHITPOBYBAHHA TEHOTHITIB KBACOJII B KOHTPACTHOMY
CEPEJIOBHIII

besyrna O.M., Kobuzesa JI.H., Byc H.O., Cononeunnii [1.M.
[Hcturyt pocnunnunTsa imeni B.4. IO0p’esa HAAH, Ykpaina

Merta nocnikeHb — BUSHAYUTH MOXJIMBOCTI OKPEMO B3STOIO T€HOTHILY Ta 3allpOIOHYBATH Ce-
JIEKI[IOHEepaM BUXIJHUM MaTepial, sSIKHH aJlaTOBAaHO 0 PErioHy, Ae Oyae CTBOpeHO MailOyT-
HIH COPT.

Marepiann i Meroau. [ JOCATHEHHs MOCTAaBIEHOI METH OyJO NMPOBEJEHO EKOJOTiYHE BH-
BYCHHS KOJICKIIHHKUX 3pa3kiB kBacoii (Phaseolus L.) B 4oTupbhOX MyHKTaX, SIKi BiIPi3HSIOTHCS
OJIMH BiJ OJHOTO 3a KIIMAaTUYHUMH XapaKTepUCTUKaMU: [HCTUTYT pocnuHHHMLTBA iM. B.SI.
IOp’eBa HAAH — M. XapkiB, cxigawmii Jlicoctern; YCTUMIBChKA TOCITIIHA CTaHIlIsI POCTHHHUII-
TBa [HCTUTYTY pocnuuHunTBa iM. B.S. IOp’eBa HAAH — IlonTaBchka 001acTh, MiBACHHUN
Jlicocten; bykoBHHCBKa Jiep:kaBHA CUIbCHKOTOCTIOAAPChKA AOCTIIHA CTaHIs [HCTUTYTY Clilb-
cpkoro rocrnoaapctsa Kapnarcekoro periony HAAH — m. Yepnisii, [lomices; CenekuiitHo-
reHeTUYHUI 1HCTUTYT — HalloHanbHMI IIEeHTp HACIHHE3HABCTBA Ta COPTOBUBYEHHS — M. OJie-
ca, miBaeHHui Crerr.

Oo6rosopenHsi pe3yJbTartiB. OILIHKY T€HOTHITIB Ta CEPEAOBHINA JIOCTIKEHDb MPOBOIMIA METO-
nom GGE biplot, skuii 103B0JsI€ Bi3yalbHO TPEICTABUTH PE3YIBTATH €KOJIOTIYHOTO BUIPOOY-
BaHHS. YCTaHOBIICHO, 1110 KJiMaTu4yH1 yMOBH miBAaeHHOTO Cremy Ta [lomiccs Ykpainu He m0-
3BOJISIFOTH B MOBHIM Mipi OI[IHUTH aJalTUBHUI MOTEHIiaJl TEHOTHUILY Yepe3 eKCTpeMasbHi s
KBacoJIl MOTO/IHI YMOBH B mepion i Beretamii: CenekuiiHO-reHeTHYHui 1HCTUTYT — Hationa-
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JHHUNA HEHTP HACIHHE3HABCTBA Ta COPTOBUBUEHHS — BHCOKI JIITHI TEMIIEPATypH Ta HEJOCTATHE
BOJIOT03a0€3MeueHHs pOCIMH, byKOBUHCBKA Jiep’KaBHA CLIHCHKOTOCTIONApChKa JIOCTiIHA CTa-
HIis [HCTUTYTY cinbebkoro rocrnonapersa Kapnatcskoro periony HAAH — Hagnmumok Boso-
ru. Ase 1i cepeoBHUINa HeOOX1IHI JUIsi BU3HAYEHHS CTIMKOCTI 10 mocyxu 1 cneku (Cenexiiii-
HO-TEHETHYHUH 1HCTUTYT — HarlioHansHUH 1IEHTp HACIHHE3HABCTBA T4 COPTOBUBYCHHS ) T BU-
3HAYCHHsI TCHOTHUIIIB 3 BUCOKOIO MOTEHIIIHHOK yposkalHicTiO (bykoBHHCBHKA JepKaBHA CLIb-
CBKOTOCIIO/IapChKa JOCIIHA CTaHLisA [HCTUTYTY CiIbChbKOTO rocnoaapctBa Kapnarcbkoro pe-
riony HAAH). Hait6inpmr iHdopmMaTUBHI U1 OIIHKKA afanTalliiHUX BJIACTUBOCTEH T€HOTHITIB
€ moroaHi ymoBu cxigHoro (InctutyT pocnuaaunTBa imM. B.S. FOp’eBa HAAH) Ta niBaenHoro
(YcrumiBebKa JTOCHTiIHA CTaHIis pocauHHUITBA [HCTHUTYTY pocnuHHUIITBA iM. B.S. HOp’eBa
HAAH) Jlicocteny Ykpainu, siki JJO3BOJISIFOTh OIL[IHUTH T€HOTHII 33 CTAOLIBHICTIO YPOKalo Ha-
CIHHSL.

BucHoBku. B pesysbrari nposeaeroro GGE biplot-ananizy, pekoMeH1yeMo TPy CTBOPEHHSI CO-
PTIB I PI3HUX KIIMAaTUYHUX 30H YKpaiHu 100upaTy 6aThKIBChbKiI (DOPMH, BUXOISIYM 3 TIOTO-
JHUX YMOB: MiBJIEHb YKpPaiHW — MOCYXOCTIHKI T€HOTHUIH 3 BHCOKOIO CTIMKICTIO JO CIEKH
(Holberg), ITomices — renorunu inteHcuBHoro tuny (IlepBomaiiceka, MicueBa 6omba 5), Jli-
COCTeI — CTablIbHI F'eHOTHITH 3 BUCOKOI0 nocyxocrilikicTio (Holberg, Hanis, UD030104). Bu-
sBieHi ctabinpHi renotunu: Holberg, Orpama, UD0300104, Bogema, UD0300152, N 201-15 i
CiHenpHUKIBChKA 8. 3 HUX TMOEIHYBAIH CTAOUIHHICTH Ta BHUCOKY YPOXKAWHICTH HACIHHS:

Holberg, Otpama, UD0300104 i CinensHukiBcbka 8. Habmmkamucs 10 «i1ealbHOro» reHOTH-
ny Holberg i UD0300104.

Kniouosi crosa: xeacons, cenomun, cepeoosuwge, GGE biplot

IKOJIOTHYECKOE HCITBITAHUE TEHOTHIIOB ®ACOJIH B KOHTPACTHBIX
CPEJIAX

besyrmas O.H., Kooszera JI.H., Byc H.A., Cononeunsrii [1.H.
HNuctutyt pacrenueBojcta mmMenu BY S, FOpeeBa HAAH, Ykpauna

Ieap nccnenoBaHnii — BBISIBUTh BO3MOKHOCTH OTAEIBHO B3ATOTO T€HOTHIIA U NPEMJIOKUTD Ce-
JIEKIIMOHEpaM HMCXOJHBIA MaTepHall, aJJallTUPOBAaHHBIN K PETHOHY, I7ie OyaeT co3naBaThcs Oy-
JYIIUHI COPT.

Matepunanbl u MeToabl. {15 JOCTHKEHMS] TOCTABJICHHON 11€7M, ObLIO MPOBENIEHO AKOJIOTHYe-
CKOE MCIBITaHHE KOJUICKIIMOHHBIX 00pa3ioB ¢aconu (Phaseolus L.) B yeTbipex MyHKTax, KO-
TOpbIE OTJIMYAIOTCS IO KIMMAaTHYECKUM XapaKTepucTHKaM: MHCTUTYT pacTEeHHMEBOJCTBA UM.
B.A. IOpreBa HAAH — r. XapbkoB, BocTouHas Jlecocrens; Y CcTUMOBCKas ONbITHAs CTAHLIUA
pactenueBoacTBa MHcturyra pactenueBoactsa um. B.S. HOpreBa HAAH — IlonTaBckas 00-
nacThb, 10xHas Jlecocrens; bykOBMHCKas rocyaapcTBEHHasi CEIbCKOXO3SIMCTBEHHAs OIBITHAS
cranuus MuctutyTa cenbckoro xo3sicta Kapnarckoro peruona HAAH — r. Uepnosusl, [1o-
necbe; CeNeKIIMOHHO-TEHETUUECKU MHCTUTYT — HanuMoHaNbHBIN LIEHTp CEMEHOBEIEHUS M
coprousydeHus — r. Onecca, roxHast Cterb.

O0cyxnenne pe3yabTaroB. OIEHKY I'€HOTHUIIOB M CpE€l MCCIECIOBAaHUM MPOBOAMUIN METOIOM
GGE biplot, xoTopsIi MO3BOINI rpadUUECKd BU3YAIU3UPOBATH PE3YNbTAThl 3KOJIOTHYECKOTO
UCTIBITaHUsA. PeKoMeHayeM MpHu CO3JaHUM COPTOB IS PAa3HBIX 30H YKpauHbl MOAOUPATH PO-
JTUTENbCKUE (POPMBI, UCXO/S U3 TIOTO/IHBIX YCIOBHIL: 10T YKpanuHbl — 3aCyX0yCTONYNBbBIE T€HO-
THUIIBI C BBICOKOH kapocToiikocThio (Holberg), [Tonecke — renotuns! naTeHcuBHoro tumna (Ile-
pBoMmaiicbka, MicueBa Oomba 5), Jlecoctenb — cTaOMIIbHBIE TEHOTHIBI C BBICOKOM 3acyXo-
ycroitunBocthio (Holberg, Haniss, UD030104).

BoiBoabl. Ilo pesynsratam GGE biplot ananuza ObutM ompeneneHbl MYHKThI 3KOJIOTHYECKOTO
UCIBITaHUs, KOTOPBIE NIO3BOJISAIOT B ITOJHOM MEPE OLICHUTh aJalTUBHBIN TOTEHLIMA T€HOTHUIIA:
WNucturyT pacrenneBoactsa um. B.A. IOpseBa HAAH n YcernMoBcekas onbITHas CTaHIUs pac-
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TEHHEBOJACTBAa. B uxX ycnoBusix ompeneneHsl ctaOwibHble reHotunsl: Holberg, Otpana,
UD0300104, Bogema, UD0300152, N 201-15 u CinensHukiBchbka 8. M3 HUX cOBMeIIaan cTa-
OUIIBHOCTH M BBICOKYIO yposkaitHocTh: Holberg, Otpana, UD0300104 u CinenbHukiBcbka 8.
[Tpubmmkanuck k «uaeanbHomMy» renotuiy Holberg m UD0300104.

Knrueswie cnosa: gpacons, 2cenomun, cepeda, GGE biplot

ENVIRONMENTAL TRIALS OF A MODEL POPULATION OF PHASEOLUS VULGARIS
L. IN CONTRAST CLIMATES

Bezugla O.M., Kobyzeva L.N., Vus N.M., Solonechnyi P.M.
Plant Production Institute nd a VV.Ya. Yuriev of NAAS, Ukraine

Purpose — assess the capacities of a particular genotype and to offer breeders starting material

that is adapted to a region where a would-be variety will be created.

Materials and Methods. To accomplish this purpose, an environmental trial of collection bean

(Phaseolus L.) accessions was carried out in four locations, which that differ in climatic char-
acteristics: Plant Production Institute named after V.Ya. Yuriev NAAS — Kharkiv, eastern
Forest-Steppe; Ustymivka Experimental Station of Plant Production of the Plant Production
Institute named after V.Ya. Yuriev NAAS — Poltavska Oblast, southern Forest-Steppe; Buko-
vyna State Agricultural Experimental Station of the Institute of Agriculture of the Carpathian
Region of NAAS — Chernivtsi, Woodlands; Plant Breeding and Genetics Institute -National
Center of Seed and Cultivar Investigation — Odesa, southern Steppe.

Results and discussion. Genotypes and test environments were assessed by GGE biplot method,

which made it possible to graphically visualize the environmental trial results. To create varie-
ties for different zones of Ukraine, we recommend to select parents with due account for
weather conditions: South of Ukraine — drought-resistant genotypes with high heat resistance
(Holberg); Woodlands — intensive genotypes (Pervomaiska, Mistseva Bomba 5); Forest-
Steppe —stable genotypes with high drought resistance (Holberg, Nadiia, UD030104).

Conclusions. From the GGE biplot results, the environmental trial locations, which allow one to

fully assess the adaptability of a genotype, were identified: Plant Production Institute named
after V.Ya. Yuriev NAAS and Ustymivka Experimental Station of Plant Production. In their
conditions, stable genotypes were distinguished: Holberg, Otrada, UD0300104, Bogema,
UDO0300152, N 201-15 and Sinelnikivska 8. Of these accessions, Holberg, Otrada,
UDO0300104 and Sinelnikivska 8 combined stability and high performance, approaching the
"ideal" genotypes Holberg and UD0300104.

Key words: bean, genotype, environment, GGE biplot

21





