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The study purpose was to assess the phenotypic stability of 23 durum wheat genotypes using
different stability parameters to identify both high-yielding and stable genotypes.

Materials and methods. The study was carried out at 4 trial sites differing in soil and hydro-
thermal conditions in 2008/09 - 2009/10. To quantify the yield stability, 7 statistical parame-
ters of the stability (bi, Pi, ASVi, CVi, S2di, S2i, and W2i) were calculated.

Results and discussion. The grain yields of all the genotypes were significantly affected by
growing conditions, which accounted for 88.2% of the total variance of the yield, while the
contributions of the genotype and genotype-environment interactions only amounted to 2.9%
and 8.9%, respectively. There were significant positive correlations between the average yield
of the genotypes under investigation and the regression coefficient (bi) and between the aver-
age Yyield of the genotypes and the environment variance (S2i). Correlation analysis also sepa-
rated Pi, bi, and S2i approaches that correlated with the average yield and ASV, W2i, and S2di
approaches that evaluate the phenotypic stability of the genotypes regardless of the yield.

Conclusions. The results show that the genotypes Bel, Amg, Miki, Bss and Msb were the most
stable by the majority of the statistical models used. Miki, Amg and Msb were distinguished
as the best genotypes combining high yield and high stability under various conditions.
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ENVIRONMENTAL STABILITY AND PLASTICITY OF SPRING BARLEY CULTIVARS
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The yields of spring barley cultivars harvested in 2008-2015 with contrast conditions
were compared to determine the strength and direction of a cultivar response to weather condi-
tions. Cultivars bred at the Plant Production named after V.Ya. Yuriev of NAAS were taken as
the test material: Parnas, Ahrarii, Modern, Alehro, Dyvohliad, Schedryi (Experiment 1) — in
2008-2011; Avhur, Balzam, Grin, Modern (Experiment 2) — in 2013-2015. The yield data were
statistically processed by ANOVA. The informative and differentiating capacity of the environ-
ments (years), as well as the breeding value of the cultivars, were determined by GGE biplot.

The study found that barley cultivars Parnas and Avhur fully exploited their potential un-
der the favorable conditions of cultivation. They are intensive cultivars. Cultivars Alehro, Parnas,
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Avhur, and Balzam gave the most stable yields. The yields of cultivars Vziretz, Grin and awnless
Modern were the most variable, i.e. these cultivars are plastic.

Thus, the Plant Production Institute named after V.Ya. Yuriev of NAAS created barley
cultivars for different growing conditions: both for regions with optimal conditions and for arid
and risky farming regions. This is relevant, given possible climate changes towards warming.

Key words: barley, environmental stability and plasticity, differentiating capacity of the
environment, ideal genotype, ranking, GGE biplot.

Introduction. Climate changes will have significant implications for agricultural produc-
tion, sometimes positive, but more often negative. For regions at high latitudes, changes may be
positive, but for most regions, rising temperatures and reduced rainfall will decrease yields, espe-
cially of cereals. Producers will have to reconsider their sets of crops and technologies, to adapt
crop rotations and management methods [1, 2]. Although production of new crops is agronomi-
cally possible for some regions, there is uncertainty as to the ability of producers to timely adapt
technologies to these crops [3]. Therefore, agricultural producers should quickly develop new
measures and systems of agriculture. The need for multidisciplinary research in collaboration
between agronomists, bioclimatists, geneticists, and breeders arises.

Ukraine is one of the leading exporters of barley grain in the world, but significant varia-
tions in barley grain production over years, which are primarily due to high susceptibility of
modern cultivars to weather fluctuations, are a serious obstacle in improving its position in the
world market. According to the conclusions of Climate Change Assessment Report 4, Ukraine is
not among the most vulnerable to the global warming regions of our planet. At the same time, an
extension in the dry summer period was observed in the south of Ukraine, which has extremely
negative effects on ecosystems and crop yields.

Analysis of literature, problem statement. Barley is highly tolerant to drought, salinity
and other dehydration stresses. This is due to the simple structure of the genome (diploid chromo-
some set). Barley is very responsive to the genotype-environment (GXE) interaction, but, at the
same time, easily adapts to environmental conditions, therefore, it is grown in a very wide areal.

Taking into account climate changes, at the present stage of breeding, it is important to
create cultivars that combine high yields with tolerance to unfavorable environmental conditions.
At the same time, it is most expedient to create cultivars adapted to specific agroecological condi-
tions, since each cultivar has individual compensatory effects. The adaptive capacity of a cultivar
is specific, hence, the breeding of cereals, including spring barley, should be closely related to the
environmental conditions of an area where the cultivar was created [4, 5]. Not only high vyield
potential, but also the ability of a genotype to exploit this potential under unfavorable abiotic and
biotic factors, i.e. in interaction with the environment, is of practical significance [6].

The climate warming-induced droughts are the main threat. In this regard, extensive studies
on drought tolerance of crops, including barley [7, 8, 9, 10, 11], are conducted in the world. When
highly adaptive cultivars are created, it is important to use the local gene pool, and numerous stud-
ies were devoted to this problem [12, 13]. One should have diverse genetic material to increase the
stability of barley yields. In order to determine the barley response to changing weather conditions,
Finnish researchers retrospectively analyzed a set of cultivars for a 40-year period and established
optimal parameters of the conditions during development phases of barley plants [2].

To select genotypes combining drought tolerance with high performance, it is rather in-
formative to assess breeding material for decrease in yields in dry years versus years with suffi-
cient water availability. The Volga Research Institute of Breeding and Seed Production investi-
gated the responses of local and Ukrainian spring barley cultivars in terms of yield drop (in % in
an arid year related to favorable conditions). As a result, they found that locally bred cultivars
showed the lowest reduction in their yields [11, 12, 14].

A lot of investigations have been devoted to evaluating the yields and stability of barley
cultivars, where these parameters were determined using statistical parametric [15, 16] and non-
parametric tests [17]. Recently, researchers have used modern approaches, in particular AMMI
[18, 19, 20] and GGE biplot [21, 22, 23, 24] or their combination [25, 26, 27].
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For many years, Myronivka Institute of Wheat has been studying the yields and stability
of local and foreign cultivars. They identified cultivars with high homeostatsity, breeding value
and yields. Hudzenko V.M. et al. conducted a systemic evaluation using a number of parametric
and non-parametric statistical tests as well as AMMI and GGE biplot and found that cultivars
differed in their responses to the contrast conditions of the study years, and, accordingly, they
will complement one another in production, provided a proper selection of cultivars [28, 29, 30].

The Plant Production Institute named after V.Ya. Yuriev of NAAS obtained positive re-
sults in the determination of stability by testing cultivars in different zones. Solonechnyi P.M. et
al. [31, 32, 33, 34, 35, 36, 37, 38] investigated domestic cultivars in the forest-steppe and steppe.
The used GGE biplot and AMMI to analyze variations in the yield capacity, identified "ideal
genotypes" as well as stable and plastic cultivars, and determined the degrees of influence of the
genotype and the environment on fulfillment of the potential.

Materials and methods. The Plant Production Institute named after V.Ya. Yuriev of
NAAS (PPI nd. a. V.Ya. Yuriev) compared the cultivar yields harvested in 2008-2015 in order to
determine the strength and direction of the cultivar response to contrast weather conditions. The
Laboratory of Barley Breeding and Genetics took the following cultivars bred at the PPI nd. a.
V.Ya. Yuriev as the test material: Parnas, Ahrarii, Modern, Alehro, Dyvohliad, Schedryi (Exper-
iment 1) — in 2008-2011; Avhur, Balzam, Grin, Modern (Experiment 2) — in 2013-2015. The
standard was cultivar Vzirets.

The test material was studied in the research crop rotation fields of the Plant Production
Institute named after V.Ya. Yuriev of NAAS, in the competitive trial nurseries in four replicates,
with the plot area of 10 m?. The cultivation technology was typical for the zone.

The yield data were statistically processed by ANOVA. Informative and differentiating
ability of the environment (years) as well as the breeding value of cultivars were determined by
GGE-biplot [39, 40].

The GGE-biplot graphs were constructed using the first two principal components (PC1
and PC2) obtained from data processing via singular value decomposition. The model only main-
tains two principal components, since it is better for detecting patterns and allows easy display of
PC1 and PC2 on a two-dimensional biplot so that the interaction between each genotype and each
environment can be visualized.

The basic model for the GGE biplot is as follows:

Yij — p — B = Xy + Aa8ioni2 + & (1),

whereY;;- mean yield of genotype i in environment j,
u—grand mean,
Bi— mean yield of all the genotypes in environment j,

Arand A,- singular values (SVs) of the 1% and 2™ principal components (PC1 and PC2),
&i1 and &j,— eigenvectors of genotype i for PCl and PC2, respectively,
135 and 12— eigenvectors of environment j for PCl and PC2, respectively,
&— residual associated with genotype i in environment j.

To generate a biplot, the aforecited model was transformed as (2):

Yij — pu — B = Qir€1j+ Gin€2j + &ij (2),

wheregiie;;andgi»e,; - PCl and PC2 scores for genotype i and environment j, respectively.

In a biplot, genotype i is displayed as a point defined by all g; values, and environment j is
displayed as a point defined by all e; values.

To construct a GGE biplot, we used Genstat12 software.

Results and discussion. Analysis of the weather in 2008-2015, in particular the average
daily temperature, the sum of effective temperatures and the precipitation amount at the study
location, gave the results summarized in Table 1.
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Table 1.
Hydrothermal conditions during the study years

Emergence-tillering Tillering — earing Ea”?ﬁ"_ngram Grar'inp;'r:::%g a EH;;
Year gence-

Yeer precip HTC Deer Dprecip HTC Deer Dprecip HTC  Yeer X precip HTC ripening

2008 293 121.0 413 247 31.0 126 227 220 097 323 450 1.39 2.01
2009 160 24.0 150 365 29.0 0.79 348 36.0 1.03 380 250 0.66 1.15
2010 324 565 174 279 236 085 168 146 0.87 383 329 0.86 1.07
2011 304 32,7 108 315 152 048 301 1943 6.46 351 48.2 1.33 2.28
2013 393 270 069 311 17.0 055 185 120 0.65 367 520 142 0.86
2014 218 37.0 170 330 32.0 097 167 540 323 583 99.0 1.70 1.71
2015 291 464 159 162 7.0 043 350 30.0 0.86 665 117.1 1.76 1.14

2008 and 2014 were the most favorable for barley: the precipitation amount was above the
average; temperatures were not high during the crucial phases of the development of barley plants
(earing — grain filling). In 2009, 2011 and 2015, the air temperature was moderate during the
growing season; droughts alternated with rains, resulting in the medium yields of barley cultivars.
2010 and 2013 were the most unfavorable for barley: in these years precipitation generally was
uneven and showery during the growing season, and, therefore, could not sufficiently provide
barley plants with water, especially at high temperatures.

We observed in a decline in the yields in all the genotypes under the unfavorable condi-
tions (drought) (Table 2).

In experiment 1, the most drastic decrease in the yields was recorded in standard Vzirets
(66%), while Ahrarii, Schedryi and Alehro showed a relatively small decline in the yields (54—
55%). In experiment 2, cultivar Hrin was the most responsive (60%) to the growing conditions
(see Table 2), while Modern was the least responsive (47%). Basing on these data, it is difficult to
assess the stability of the cultivar yields; therefore, we used the GGE biplot analysis.

Table 2.
Changes in the yields of barley cultivars, depending on the cultivation conditions,
2008-2015.
Genotype . Yield, t/ha Decline in the
. Cultivar - :
index max min mean yield, %
Experiment 1, 2008-2011 (indices of environments E1, E2, E3, E4)
G1 Vzirets (standard) 6,77 2,30 4,59 66
G2 Parnas 7,41 2,98 4,92* 60
G3 Ahrarii 7,18 3,30 5,02* 54
G4 Modern 6,29 2,66 4,36 58
G5 Alehro 7,13 3,18 4,84* 55
G6 Dyvohliad 6,80 2,78 4,51 59
G7 Schedryi 5,81 2,65 4,27 54
LSDgs 0,11
Experiment2, 2013-2015 (indices of environments E1, E2, E3)
Gl Vzirets (standard) 7,23 2,02 4,85 72
G2 Modern 6,95 2,22 4,68 68
G3 Grin 7,61 2,57 5,37* 66
G4 Balzam 6,85 2,38 4,38 65
G5 Avhur 7,86 2,85 5,12* 64
LSDos 0,08

* —the yield is significantly higher than the standard
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The GGE biplot analysis allows visual assessment of the discriminating and representative
capacity of the environment as a tester for assessing genotypes. The principal components PC1
and RS2 (for the genotype and year conditions) account for 87.02% and 96.10% of the total vari-
ability caused by the genotype-environment interaction in experiments 1 and 2, respectively
(Fig. 1-4).

The environment eigenvectors are proportional to the standard deviation of the genotype
yields in the corresponding environment. Accordingly, the environments with long eigenvector
are highly discriminatory, but if the marker of a tester environment is close to the biplot center,
i.e. the environment’s eigenvector is short, all the genotypes in the biplot are close to one another,
thus, this environment is non-informative. In experiment 1, arid 2010 was non-informative: the
genotypes were unable to exploit their potentials under such conditions. The favorable 2008, on
the contrary, had a very high discriminating capacity (Fig. 1a). In experiment 2, all the years were
equally informative (Fig. 1b).

Scatter plot (Total - 87.02%}) Scatter plot (Total - 96.10%)
E1 £
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PC1 - 74.16% PC1 - 54.08%
Figure 1a. Experiment 1, 2008-2011 Figure 1b. Experiment 2, 2013-2015

Figure 1. GGE biplot of the discriminating capacity of the environments.

The smaller the angle between the environments’ eigenvectors is, the greater the correla-
tion between them is. Accordingly, in experiment 1 there is a close correlation between 2009 and
2011, while in experiment 2 the correlation is weak (see Fig. 1).

The "what-won-where" polygon view of the GGE biplot (showing where which of the
genotypes wins) visualizes the patterns of the genotype-environment interaction (Figure 2). The
polygon vertices are the markers of the genotypes that are as maximally removed from the biplot
center, while the markers of the other genotypes are inside the polygon. The lines dividing the
bipolt into sectors are a set of hypothetical environments. The genotype that is at the polygon
vertex is most productive in the environments inside this sector. Another important feature of
biplots is a possibility of grouping environments into a mega-environment. Thus, in experiment 1,
the mega-environment is formed by E2 (2009) and E4 (2011), between which there is a close
correlation. Cultivar Ahrarii (G3) fell in this meg-environment’s sector (Fig. 2a). This means that
the conditions of these years were optimal for this cultivar. Parnas (G2) exploited its potential
under the favorable conditions in 2008 (E1). For cultivar Vzirets (G1), 2010 was the best (E3),
despite the aridity of this year, and for awnless cultivar Schedryi (G7), the conditions in 2008-
2011 were not favorable (see Fig. 2a).

In experiment 2, the mega-environment consists of E2 (2014) and E3 (2015), which had
favorable for barley conditions. Cultivar Avhur (G5) was in this mega-environment’s sector (Fig.
2b). Cultivar Modern (G2) fulfilled its potential under the dry conditions of 2013 (E1), and for
cultivar Grin (G3), the conditions in 2013-2015 were not favorable (see Fig. 2b).
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Figure 2. The "which-won-where™ polygon GGE biplot for genotypes and environments
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Figure 2a. Experiment 1, 2008-2011

ern (G4) were highly stable (Fig. 3a).

the least stable ones (Fig. 3b).
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Figure 3a. Experiment 1, 2008-2011

PC2-42.01%

PC2 -42.01%
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Figure 2b. Experiment 2, 2013-2015

GGE biplotting allows one to rank genotypes by average yields and stability in different
environments (Fig. 3). The average environmental coordinate (AEC) (axis X) or the yield line is
drawn through the origin of coordinates as an arrow indicating its positive end and ranks the gen-
otypes by yield. The AEC Y axis, or the stability axis, is drawn through the origin of coordinates
perpendicularly to the AEC X axis. The average yields of the genotypes are estimated by project-
ing their markers on the AEC X axis. In experiment 1, cultivars Ahrarii (G3), Parnas (G2) and
Alehro (G5) had the highest average yields, and cultivar Schedryi (G7) — the lowest. The yield of
cultivar Vzirets (G1) was the most variable, while cultivars Alehro (G5), Parnas (G2) and Mod-

In experiment 2, cultivars Avhur (G5) and Balzam (G4) combined the highest yields with
the greatest stability, while Grin (G3) and Modern (G2) were the least yielding, and moreover,

Ranking biplot (Total - 96.10%)

+E1

PC1 - 54.08%

Figure 3b. Experiment 2, 2013-2015
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Figure 3. GGE biplot of the average performance and stability of the genotypes




GGE biplotting allows one to rank genotypes by “breeding value.” The center of concen-
tric circles is the "ideal" genotype’s position. The closer genotype to the "ideal" is, the more valu-
able it is (Fig. 4).

In experiment 1, cultivars Ahrarii (G3) and Parnas (G2) are the closest to the center,
hence, they are "ideal" in terms of combining yield and stability compared to the other genotypes.
Cultivar Alehro (G5) localized in the next circle is also valuable by these parameters (Fig. 4a). In
experiment 2, cultivar Avhur (G5) is in the center of the circles, and, therefore, it can be consid-
ered as an "ideal" genotype. Cultivar Balzam (G4), which is closest to the center, is also valuable
(Fig. 4b).

Comparison biplot (Total - 87.02%) Comparison biplot (Total - 98.10%)
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Figure 4a. Experiment 1, 2008-2011 Figure 4b. Experiment 2, 2013-2015

Figure 4. GGE biplot comparison of the genotypes with the "ideal’* genotypes

Conclusions. As a result of the cultivar trials using GGE biplot in the years with various
conditions, barley cultivars Parnas and Avhur were identified as fully exploiting their potentials
under the favorable conditions of cultivation; they are intensive cultivars. Cultivars Alehro, Par-
nas, Avgur, and Balzam gave the most stable yields. The yields of cultivars Vzirets, Grin and
awnless Modern were the most variable, i.e. these varieties are plastic. At the same time, Vzirets
can exploit its potential even under arid conditions

Thus, the Plant Production Institute named after V.Ya. Yuriev of NAAS created barley
cultivars for different growing conditions: both for regions with optimal conditions and for arid
and risky farming regions. This is relevant, given possible climate changes towards warming.
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EKOJIOT'T9HA CTABUIBHICTD TA INTACTHYHICTB COPTIB AYMEHIO APOI' O

Bacwko H.I., Cononeunnii I1.M.,Ko3auenko M.P., Baxenina O.€.,Cononeuna O.B.,
Haywmos O.I'., 3umornsag O.B.
[ncturyt pocnunnunTsa im. B.S. FOp’eBa HAAH, Vkpaina

Merta gocaimkeHHsi. Buninutu crabiibHi Ta IIaCTUYHI COPTH B KOHTPACTHUX MOTOJAHUX YMOBAX
cxigHoi yactuau JlicocTenmy YKpaiHu, OIIHUTH TOTO/JHI YMOBH POKIiB JOCIHIKEHHS 5K Cepe-
JoBUIIA 3 iH(QOopMaIiiHOIO Ta AU(DEPEHITIFOI0YO00 3aTHICTIO.

Martepiaau Ta MeToau. Ypoxaii sporo sumeno, 3i0panuii B 2008—2015 pokax 3 KOHTPAaCTHUMHU
YMOBaMH, MOPIBHIOBAIM Ul BU3HAYEHHS CHJIM Ta CIPSIMOBAHOCTI peakiii cCOpTy Ha MOToJH1
ymoBu. Coptu cenekiii [Hctutyty pocnuununrtsa iM. B.S. FOp’eBa HAAH Oyino B3sTO B siko-
cTi TectoBoro Matepiany: Ilapnac, Arpapiit, MonepH, Anerpo, duBormisn, leapuit (exkcre-
pument 1) — y 2008-2011 poxax; HOB1 coptu ABryp, bams3am, ['pin, (ekciepument 2) — y
2013-2015 poxax. Crannaprom 0yB copT B3iperrs.

JlocaipkeHHsT MPOBOIWIM HAa JAOCHIIHUX Toisax IHcrutyry pociaunHunrBa iM. B.SI. HOp'ea
HAAH y po3cajHukax KOHKYPCHOTO COPTOBMIIPOOYBAaHHSI y YOTHPHOX IOBTOPEHHSX, 3
wowtero aimsak 10 M2, Jaui PO BPOXKANHICTh OyJIM CTATUCTUYHO 0OPOOIICHO 3a IOTTOMOT OO
ANOVA. Iadopmaniitna Ta audepeHuiooya 3AaTHICTH CEPEIOBHII (POKIB), a TaKOXK
celnekIliiiHa minHicTh copTiB Bu3Hauanucs GGE-biplot ananizom.

OOroBopeHHs pe3yJbTaTiB. Y pe3yabTaTi HOPIBHAHHS PiBHS BPOKAHHOCTI COPTIB yCTAHOBJIEHO,
o 2008 ta 2014 poxu Oynu cnpustiauBumu; 2010 ta 2013 poku — HecnpusiTiuBumu. Buna-
JaHHA omafiB OyJ0 HEpIBHOMIPHUM, HOCHUJIO 3JIMBOBUHM XapakTep, a OT>Ke, HE MOIJIO 3a/l0BO-
JBHUTH MOTPe0y POCIIMH SIUMEHIO y 3BOJIOKEHH1, 0COOIMBO IIPU BUCOKIN TeMIleparypi MOBIT-
ps. Beil coptu 3HM3MIM BpOXaiHICTh MPH HECTIPUATIMBUX YMOBax (IOcyxa), a piBeHb 3HU-
YKEHHS BPOKATHOCTI 3aJI€KaB Bij] TCHOTHITY.

JlocnipKeHHsT BUSIBIIIO, 1110 COPTH siuMeHto [lapHac Ta ABryp MoBHICTIO BUKOPHCTOBYBAJIU CBIi
MOTEHIIIaJ 32 COPUATIMBUX YMOB BHUPOIIYBaHHS, iX ypoxaiHicTh nocsrana 4,92 1/ra ta 5,12
T/ra BiAnoBiAHO. BoHu € inTeHcuBHUMM copTamu. Haitbinpin cTabuibHy BpOXKAaWHICTH Jalu
coptu Anerpo, Ilaprac, ABryp ta bamb3am. 3HMKEHHSI BPOXKAaWHOCTI B IIUX COPTIB MPH He-
CIPUATIMBUX MOTOJHUX YMOBaxX ckiaaano 55-65 %. YpoxaitHicTs copTiB B3ipernp, ['pin Ta
0e3octuii MojiepH Oyiia HalOUTBIII MIHIMBOIO, 3HIKEHHS BPOXKaHHOCTI — 66—72 %, TOOTO 1Ii
COPTH € IJIACTUYHUMHU. Y TOM ke yac B3ipeub Mojke peani3yBaTH CBii MOTEHIia)l HABITh Y MO-
CYILTUBUX YMOBaX.
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BucHoBku. Takum uuHOM, B [HCTUTYTI pociuuHunTBa iM. B.Sl. FOp'eBa HAAH cTBOpeHo coptu
STAMEHIO TSI PI3HUX YMOB BUPOIIYBaHHS: SIK JIJISl PETIOHIB 3 ONTUMAJIbHUMH YMOBaMH, TakK i
JUTSL TIOCYIIUTMBYX Ta PU3UKOBAHUX PalOHIB BEJACHHS CUTLCHKOTO rocroaapcTna. Lle € akryans-
HUM, BPaXxOBYIOUH MOXJIMBI 3MiHU KJIIMaTy B HAPSIMKY TOTETUTIHHS.

Knrouosi cnosa:saumins, exonocivna niacmuyHicms ma cmaoiibHicms, oughepenyiooyu
30amuicms cepedosuwya, ideanvhutl cenomun, pandcysanns, GGE-biplot

IKOJIOTHYECKAA CTABH/IBHOCTD H IVITACTHYHOCTH COPTOB AYMEHA
APOBOI'O

Bacwko H.U., Cononeunsrii I1.H., Ko3auenko M.P., Baxkenuna O.E., Cononeunas O.B.,
Haymos A.I'., 3umormsag A.B.
WHuctutyT pacrenueBoactsa uM. B.S. FOpreBa HAAH, Ykpauna

Leuas ucciaenoBanus. BeiaenuTs cTaOUIbHBIE U IJIACTUYHBIE COPTa B KOHTPACTHBIX MOTOIHBIX
YCIIOBUSIX BOCTOUHOM yacTu Jlecocrenu YKpauHbl, OLEHUTH MOTOJIHBIE YCIOBHS I0OJIOB HCCIIE-
JOBaHMSI KaK CPeJbl ¢ MHPOPMAITMOHHOH 1 Tu(hepeHIMPYIONIEH ClIOCOOHOCTBIO.

Martepuanbl 1 MeTObI. YpOiKaii sipoBoro siuMeHs, coopanusiii B 2008—2015 rogax ¢ koHTpact-
HBIMH YCJIOBUSIMU, CPAaBHUBAJIU JIJIS1 ONIPEAEIICHUS CHJIbI M HAIPaBJIEHHOCTU PEAKIMHU COpTa Ha
norogHelie ycioBus. Copra cenexkunun MHuctutyra pacrenuneBoactsa um. B.A. FOprea HAAH
ObUTH B3STHI B KaueCTBE TECTOBOro marepuaina: Ilapuac, Arpapiii, MoxepH, Anerpo, [uso-
risan, [enpuit (skcnepument 1) — B 2008-2011 ronax; HoBble copta ABryp, bamszam, ['piH,
(axciepument 2) — B 2013-2015 rogax. CtangapTom ObL1 copt B3ipenb.

WccnenoBanust mpoBOAUIM Ha ONBITHBIX MoJsix MHCcTUTyTa pactenueBoactsa um. B.A. FOpbesa
HAAH B nuToOMHHKax KOHKYPCHOI'O COPTOUCHBITAHUSA B YETHIPEX MOBTOPEHUSX, C MIIOLIAIBIO
nemsiaku 10 M2 Jlannbie 00 YPOKaHOCTH OBLTH CTAaTHUCTUYECKH OOpabOTaHBI C MOMOIIBIO
ANOVA. UndopmaruBras u nuddepeHnupyromas cnocoOHOCTh cpesl (TOA0B), a TaKKe ce-
JICKIIMOHHASI [IEHHOCTh copToB omnpeaeiensl GGE-biplot anamuzom.

O0cy:xnenue pe3yabTaroB. B pe3yinbTaTe cpaBHEHHS YPOBHS YPOKAHHOCTHA COPTOB YCTaHOBJIE-
HO, uyT0 2008 1 2014 roast Obutn 6naronpusTHeiMU; 2010 1 2013 roasr — HEOGIATONPUATHBIMHU.
Brinasenue ocagkoB ObLIO HEPAaBHOMEPHBIM, HOCUJIO JINBHEBBIA XapakTep, TO €CTh HE MOIJIO
YJIOBJIETBOPUTH MOTPEOHOCTh paCTEHUI STUMEHS B 00€CIeUeHUH BJIaroif, 0COOEHHO MPH BBICO-
KOH Temmeparype Bo3layxa. Bece copra cHU3WIM ypo)KalHOCTh MpPU HEOIAroNpUsTHBIX yCIIO-
BUSX (3aCyXa), a YPOBEHb CHUKEHHS YPOXKAMHOCTHU 3aBUCEN OT T'€HOTHUIIA.

HccnenoBanue BBISIBUIIO, YTO copTa s;tuMeHs [lapHac u ABryp HOJHOCTBIO MCHOJIB30BAIM CBOM
MOTEHIIMAA TpH OJIArONMPHUATHBIX YCIOBHSIX BBIPAIIMBAHMS, HX YPOXKAHHOCTH JOCTHraia
4,92 t/ra u 5,12 1/ra coorBeTcTBeHHO. OHM SIBISIOTCS WHTEHCHBHBIMU copTamMu. Hamboiee
CTaOUIIBHYIO YpOKaMHOCTE Aanu copta Ajerpo, [lapuac, ABryp u banszam. CHuxeHue ypo-
KAWHOCTH y 3THX COPTOB MPH HEOJATONMPHUATHBIX YCIOBHUSAX COCTABILIO 55-65 %. Ypoxaii-
HOCTh copToB Bzipenp, I'pin u 6e30cThiii MoaepH Oblia Hanbojiee U3MEHUMBOM, CHUKEHUE
ypoxkaitHoCTH — 66-72 %, TO eCThb 3TH copTa SBJISAIOTCS IUTACTHYHBIMH. B TO ke Bpems
B3ipers MOXeT peain30BaTh CBOI MOTEHIIUAI 1aXKe B 3aCYIUIUBBIX YCIOBUSX.

BoiBoabl. Takum o6pazom, B UHcTuTyTe pacrenueBojictBa um. B.S. FOpbea HAAH co3nanbt
copTa SUMEHS AJisi Pa3HbIX YCIOBUU BBIPAIIMBAHMSA: KaK I PETMOHOB C ONTHUMaJIbHBIMU
YCIIOBUSIMH, TaK M JJIsl 3aCYIUIMBBIX U PUCKOBAHHBIX PalOHOB BEIEHHUS CEIBCKOIO XO035SHCTBA.
DTO SABISAETCS aKTyalbHBIM, YUUTHIBAsI BO3MOKHbIE U3MEHEHUSI KJIMMaTa B CTOPOHY MOTETIe-
HUSL.

Kniouesvie cnosa: sumenn, sxon02uueckas niacmuyHOCms U cmaduibHOCb,
oughghepenyupyrowas cnocobHocms cpedsl, udeanvbHulil cenomun, pardcuposanue, GGE biplot
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ENVIRONMENTAL STABILITY AND PLASTICITY OF SPRING BARLEY CULTIVARS

Vasko N.I., Solonechnyi P.M., Kozachenko M.R., Vazhenina O.E., Solonechna O.V.,
Naumov O.G., Zymogliad O.V.
Plant Production named after V.Ya. Yuriev of NAAS, Ukraine

Purpose and onjectives. To distinguish stable and plastic varieties under contrast weather condi-
tions of the eastern forest-steppe of Ukraine, to evaluate the weather conditions of the study
years as environments with informative and differentiative capacity.

Material and methods. The yields of spring barley cultivars harvested in 2008-2015 with con-
trast conditions were compared to determine the strength and direction of a cultivar response
to weather conditions. Cultivars bred at the Plant Production named after V.Ya. Yuriev of
NAAS were taken as the test material: Parnas, Ahrarii, Modern, Alehro, Dyvohliad, Schedryi
(Experiment 1) — in 2008-2011; Avhur, Balzam, Grin, Modern (Experiment 2) — in 2013—
2015. The standard was cultivar Vzirets.

The study was conducted in the research crop rotation fields of the Plant Production Institute
named after V.Ya. Yuriev of NAAS, in the competitive trial nurseries in four replicates, with
the plot area of 10 m?. The yield data were statistically processed by ANOVA. The informa-
tive and differentiating capacity of the environments (years), as well as the breeding value of
the cultivars, were determined by GGE biplot.

Results and discussion. 2008 and 2014 were favorable; 2010 and 2013 — unfavorable. The pre-
cipitation was uneven and showery, and, therefore, could not meet the barley plants’ need for
water, especially at high temperatures. All the cultivars lowered their yields under the unfa-
vorable conditions (drought), and the yield drop depended on the genotype.

The study found that barley varieties Parnas and Avhur fully utilized their potential under favora-
ble growing conditions, as their yields reached 4.92 t/ha and 5.12 t/ha, respectively. They are
intense varieties. The most stable yields were given by varieties Alehro, Parnas, Avhur, and
Balzam. The decrease in the yields of these varieties under unfavorable weather conditions
was 55-65%. The yields of varieties Vzitets, Hrin and awnless variety Modern were the most
variable, with a decrease in their yields of 66-72%, i.e. these varieties are plastic. At the same
time, Vzirets can reach its potential even in arid conditions.

Conclusions. Thus, the Plant Production Institute named after VV.Ya. Yuriev of NAAS created
barley cultivars for different growing conditions: both for regions with optimal conditions and
for arid and risky farming regions. This is relevant, given possible climate changes towards
warming.

Key words: barley, environmental stability and plasticity, differentiating capacity of the
environment, ideal genotype, ranking, GGE biplot.
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