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% Under conditions of climate change, the assessment of the stability of genotypes is of particular importance. To con-
duct directed selection of genotypes with a narrow or broad reaction rate, it is necessary to assess their stability already
in the early stages of breeding. The aim of the study was to study the stability of breeding significant traits of oat and
barley samples in contrasting ecological and geographical conditions. 25 oat samples and 25 barley samples were stu-
died over 3 years under contrasting conditions in St. Petersburg and the Tambov Region. Varieties are characterized by
average values of economically valuable traits and genotype regression coefficients on the influence of the bi environ-
ment according to Eberhart and Russell. The most sensitive to a change in the ecological and geographical situation
were the durations of the germination—heading, germination—harvest periods and grain yield. These characters varied
to a greater extent depending on the cultivation conditions than on the genotype. According to regression coeflicients for
environmental conditions, significant differences in genotypes were only in yield. Contrasting groups of varieties were
distinguished by regression coefficients on environmental conditions, genotypes with high productivity. The durations of
“germination—heading”, “germination—harvest”, the plant height reacted to the change in the environment the same in
different varieties. The duration of the growing season was determined by the sum of effective temperatures above 15 °C.

The reduction of the growing season in both crops was 3 days with an increase in the sum of effective temperatures above
15°C by 100 °C.

% Keywords: oats; barley; ecological-geographical tests; ecological plasticity; agroclimatic regression model.
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% B yc/0BHsX KJAHMaTHUECKHX H3MEHEHHH ocoboe 3HaueHne npuobperaeT olleHKa CTaGUIbHOCTH reHoTHNOB. Jljist Besie-
HHUST HAMTPABJIEHHON CEJICKIIUH FeHOTHIIOB C Y3KOH MJIM HIMPOKOH HOPMOH peakiuu HeoOXoAuMa OleHKa X CTaOUIbHOCTH
yKe Ha paHHUX dTanax cejekuuu. Llenb nccsenoBanns — naydeHHe cTaGUJIBHOCTH CEJIEKIMOHHO 3HAYMMBbIX MPH3HAKOB
00pasioB OBca U SAYMEHS B KOHTPACTHBIX 3KOJOTO-reorpacuieckux ycaoBHAX. B TeyeHune 3 JieT B KOHTPACTHBIX MO-
roaHbix yeaosusix Caunkr-IlerepGypra u TamGoBckoit 06u1. Gbln H3ydeHbl 25 06pasioB oBca u 25 — sumenst. Copra
0XapaKTepHU30BaHbl CPEJHUMH 3HAYEHHUSIMH XO3SICTBEHHO LIEHHbIX TMPU3HAKOB M KO3(DOHUIMEHTAMH perpeccHi reHoTHIa
Ha BJMsHHE cpeibl bi mo D6epxapty u Paccesy. Hanbosee uyBeTBUTE/NBHBIME K CMEHE 3KOJOTrO-reorpauieckor 06-
CTAHOBKHM OKa3aJlMCh MPOJOJ/IKUTENBHOCTH MEPUOI0B «BCXO/bl—KOJIOIIEHHE», «BCXOJIbl—CO3pPEBAaHHE» M YPOKAHHOCTb
3epHa. DTH MpU3HaKU B GoJblIEH CTeNEeHH BapbUPOBAIN B 3aBUCHMOCTH OT YCJOBHH BO3/EJBIBAHUS, YeM OT T€HOTHIIA.
[To KoaduieHTam perpeccuu Ha yCJIOBHsI CPejibl JOCTOBEPHbIE PA3JIHUUsI F€HOTHIOB ObIIH TOJIBKO 110 YPOXKAHHOCTH.
Bblziesienbl KOHTpACTHbIE TPYIIbl COPTOB MO KOI(MPHUIIHEHTAM PErpeccHt Ha YCJOBHSI CPEibl, FEHOTUIIBI C BBICOKOH ypo-
JKarHoCTbio. [TepHofpl «BCXOAbI—KOJOIIEHHE» W «BCXOJbl—CO3PEBAHHE», a TAKKe BBICOTA PACTEHHUS pearupoBaid Ha
M3MeHeHHe CpeJibl OIMHAKOBO y pasHbIX copToB. [1pojo/KHTENIBHOCTL BEreTalHoOHHOTO MeprHoja ONpejiessiiach CyMMOi
sddekTuBHbIX Temnepatyp Bbite 15 °C. CokpallieHue BereTalMoHHOrO Nepuoia y 00erx KyJbTyp COCTABMJIO 3 CyT NpH
yBeJlMueHHH CyMMbl 3 dekTuBHbIX Temrepatyp Bbie 15 °C na 100 °C.

% Karwouebie cioBa: OBeC; AYMEHb, SKOJIOFO-I‘QOI‘paCqueCKHe HUCIBITaHUsA; 3KOJIOTHYECKasa MJIaCTUHYHOCThL; arpokJjanMa-
THYECKasl perpecCuoHHasi MOJeJib.
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INTRODUCTION

The traditional direction of investigations conduct-
ed in the Federal Research Center N. I. Vavilov All-
Russian Institute of Plant Genetic Resources (VIR)
is large-scale geographic experiments [1]. By orga-
nizing geographic oriented evaluation, N.I. Vavilov
et al. first sought to determine probable geographic
limits of mutability and spread of agricultural plants;
their results laid the foundation of practical actions
aimed at regulating sowings in the country. Scien-
tists sought to trace the dependence of individual
genotype mutability on ecological and geographical
factors. Geographic experiments aimed to determine
how morphological and physiological traits change,
identify the characteristics of plant chemistry, ana-
lyse the traits that are conservative and suitable for
taxonomic goals, and examine how environment and
heredity are correlated with each other [2].

Currently, under the climate change conditions,
an estimation of genotype stability has become espe-
cially valuable [3]. Strengthened ecological firmness
is considered the most important condition to real-
ize the potential productivity growth of agricultural
crops [4—6]. To maintain directed breeding of geno-
types with narrow or wide reaction ranges to a cer-
tain set of environments, scientists require informa-
tion concerning general and specific adaptability [7].
Adaptive breeding considers genotype—environment
interactions. Selection in certain conditions may not
ensure genotype advantages in other conditions, so
we must have information on genotypes and environ-
ments at early stages of breeding [7—9].

In this respect, studies on contrasting ecological
and geographical conditions involving great diver-
sity of accessions of different origins, which are base
material for the breeding of agricultural crops, are
critical [10, 11]. The whole system of studying ac-
cessions from the global collection of VIR is based
on a geographic principle. The net of experiment sta-
tions, where the accessions undergo 3-year studies,
is located in various ecological—geographical zones
in our country. Such genotypes with valuable traits
are singled out based on the results of 3 years of
studies [12].

To evaluate the adaptability of varieties, scientists
evaluate and characterize varieties in contrasting en-
vironmental conditions (years and locations) to dif-
ferentiating ability [5, 6]. This technique allows them

to evaluate the varieties by average value of a sign
and by sensitivity to environmental conditions, which
are under independent genetic control and relatively
independent themselves [5, 13]. Investigations on
contrasting ecological and geographical conditions
allow analysts to not only determine average char-
acteristics but also to distinguish genotypes of a wide
habitat with general adaptability.

The aim of this work was to study accessions of
oat and barley from the VIR global collection under
contrasting ecological and geographical conditions
and to evaluate the genotypes on the basis of the
stability of traits important for breeding.

MATERIALS

Objects of studies were 25 accessions of oat and
25 accessions of barley of various ecological and geo-
graphical origins from the Federal Research Center
N. L. Vavilov All-Russian Institute of Plant Genetic
Resources (VIR) global collection. Studies were held
in a field with contrasting ecological and geographi-
cal conditions of Pushkin (Saint Petersburg) and
Ekaterinino (Tambov region) branches of VIR. Stud-
ies on accessions of spring barley and oat by mor-
phological, economic, and biological characteristics
in accordance with Methodic directions on studying
and storage of the global collection of barley and
oat [14]. Standards for studies on oat were zoned
in the Leningrad region variety Privet (k-14787,
Moscow region) and in the Tambov region Horizon
(k-12113, Ukraine). Standards for studies on barley
were zoned in the Leningrad region variety of spring
barley Belogorsky (k-22089, Leningrad region) and
in the Tambov region Dvoran (k-19913, the Czech
Republic).

The following valuable characteristics were stud-
ied: duration of the period germination—heading
(days), duration of period germination—harvest
(days), plant height (cm), 1000 grains weight (g),
grain productivity from 1 m?(g), resistance to lod-
ging (score), and resistance to illnesses (score) [14].

Soil and climate conditions

Soils of the experiment field of the Pushkin branch
of VIR (PB) are sod-podzolic, loamy, sandy-loam,
well, or medium cultured with neutral or weakly
acidic reaction. Soils of the Ekaterinino branch of
VIR (EB) were leached chernozems (black soil) of
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medium loamy constitution and acidity close to neu-
tral.

Climate conditions of the region where PB is
located are characterized by transition of sea to
temperate continental climate. The sum of active
temperatures is 1600 °C—2000 °C. The average
yearly amount of precipitation is 500—600 mm, and
65%—75% of the precipitation falls during the warm
season.

Climate of the Tambov region where EF is lo-
cated is characterized as sharply continental. The
sum of active temperatures is 2300 °C—2600 °C.
The yearly amount of precipitation is 500—550 mm,
and 70%—75% of it falls during the warm season.

Studies of the oat and barley accessions on the
PB fields were conducted from 2013 to 2017 (Fig. 1).
The weather conditions differed considerably in the
years of studies. In 2013, they were favorable for the
growth and development of barley during the vegeta-
tion period. The air temperature during all vegetation
stages exceeded average long-term values. The high
air temperature combined with high humidity caused
abundant precipitation. The abundance of moisture
led to increased plant height. In 2014, the period
from germination to heading (May—June) occurred
in warm and humid weather with a redundant amount
of precipitation. The second stage of vegetation from
heading to harvest coincided with hot dry weather.
The amount of precipitation in July was three times
less than normal, thereby influencing the quality and
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quantity of the obtained cereals. Thus, the weather
conditions of 2015 were favorable for the growth and
development of crops. The air temperature did not
exceed the long-term average. Sufficient amounts of
heat and moisture favored filling grains.

The weather conditions of 2016 did not differ con-
siderably from long-term average. The weather was
warm, and the amount of precipitation was sufficient
for good development of plants. Redundant moisture
provoked the development of panicle blight, lodging
of some accessions, and complicated harvesting.

The year 2017 considerably differed from the long-
term average. Deficiency in warmth in the beginning
and middle of vegetation lengthened the vegetation
period. The temperature in August was the highest
for many years. Nevertheless, abundant precipita-
tion delayed harvesting. The weather conditions were
conducive to fungal diseases.

On the EB fields, the accessions of oat and bar-
ley were studied from 2016 to 2018 (Fig. 1). Sow-
ing was conducted at the optimal time, namely, in
the end of April (April 25—29). In 2016, the veg-
etation period coincided with high temperature and
abundant precipitation. 2017 was favorable for plant
growth and development. Planting was conducted
in warm weather with sufficient soil moisture. The
weather conditions in 2018 were characterized by
above-average air temperature and uneven precipita-
tion. Planting was conducted in warm weather in the
end of April, when the soil was humid. The Tambov
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Fig. 1. Agrometeorological conditions of ecological and geographical trials of accessions
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region belongs to a zone of insufficient moisture, so
the years of abundant precipitation (2016 and 2017)
brought richer grain crops than typically observed.

METHODS

Objects of studies were breeding valuable charac-
teristics of oat and barley accessions; they included
duration of periods germination—heading and ger-
mination—harvest, plant height, 1000 grains weight,
and productivity from 1 m? [14]. The influence of fac-
tors such as geographical location, and environment
(geographical location x year) via analysis of
variance in the Statsoft Statistica 13.3 was investi-
gated. According to the method of S.A. Eberhart
and WA. Russell [15, 16] there were calculated the
interaction genotype x environment, where “envi-
ronment” refers to six combinations of geographi-
cal sight x year. The varieties were characterized by
average indices of economically valuable traits and
indicators of plasticity (regression coefficient of gen-
otype to environment = b,). Remarkable differences
in plasticity indicators for both cereals were obtained
only for productivity. Genotypes of the upper quartile
of the productivity distribution were considered the
best based on productivity. Quartiles of the plasticity
distribution served as contrasting plasticity groups.
Regression models of the duration of periods ger-
mination—heading and germination—harvest were

built for both cereals. The significance level was set
at 5%.

RESULTS

Genotype characteristics of oat and barley at
two investigation sites

There was revealed a set of reliable differences be-
tween genotype characteristics of oat and barley at
2 investigation sites on the basis of data from 3 years
of observations. Compared with PB, the germina-
tion—heading period was reliably 2 days (p = 0.005)
longer, the germination—harvest period was 5 days
(p = 0.000) shorter, and the grain yield from 1 m?
increased to 371 g (p = 0.000) for oat on the fields
of EB. No reliable differences were fixed in average
plant height (p = 0.825) and 1000 grains weight
(p = 0.499). EB showed lower middle score of resis-
tance to lodging (8.4) than PB (8.8). In 2016, 2017,
and 2018, the fungal disease Helminthosporium was
registered at EB (middle scores of 7, 8, and 8, re-

spectively). In 2016 and 2017, crown rust was regis-
tered at EB (6 and 8 points, respectively). At PB in
2015, 2016, and 2017, Helminthosporium (7, 8, and
6 points, respectively), stem rust (5, 8, and 9 points,
respectively), and barley yellow dwarf virus (7, 9, and
9 points, respectively) were registered [ 14].

Compared with PB, barley at EB exhibited a ger-
mination—heading period that was 5 days longer
(p = 0.000), germination—harvest period that was
6 days longer (p = 0.000), plant height that was
6 cm smaller (p = 0.007), and productivity that was
308 g higher (p = 0.000). 1000 grains weight did
not differ between PB and EB (p = 0.164). Barley
resistance to lodging at the observed sites did not
differ, and the average score was 8.2. At EB, Hel-
minthosporium was registered in 2016 (average of
6 score) and 2017 (average of 7 score) [14].

Each genotype in studies was investigated under
6 conditions (environments) for 3 years at 2 sites.
The environmental conditions were contrasting
(Table 1, Fig. 2, and Fig. 3). The environmental
factors remarkably influenced each studied trait.

The highest average productivity of both cereals
was registered in 2017 at EB, whereas the lowest
for oat and barley at PB was registered in 2016 and
2014, respectively.

Investigation of varieties plasticity

There were calculated indices of plasticity and
stability of the investigated agrobiological indicators
and F-criterion to evaluate the significance of factors
such as genotype and environment (attachment 1).
Attachments 2 and 3 show the average values and
standard errors for all characteristics investigated.
Significant differences between genotypes were reg-
istered for all breeding valuable traits, except barley
productivity. In reactions to the environmental con-
ditions, on the contrary, no significant differences
were revealed for most traits, except productivity of
both cereals and 1000 grains weight of barley. Coeffi-
cient b,, which characterizes the reaction of genotype
productivity to environmental condition changes, is
given in attachments 2 and 3.

There were also calculated the percentage of dis-
persion for the factors investigated: genotype, environ-
ment, interaction genotype x environment, and re-
sidual error. For traits such as duration of the period
germination—heading and germination—harvest, the
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Table 1
Characteristics of the study environment (location x year)
Duration of germi- | Duration of germi- . . L
Environment nation—heading, nation—harvest, Plant height, ecm 1000 grains weight, Gral? ilﬁld from
days days g '8
Oat
EB_2016 51.6 +£0.6 79.0+ 0.7 105.5 + 4.5 31.6 +1.2 532.0 +44.9
EB_2017 50.6 +£0.8 86.2 + 0.6 117.8 £4.7 37.7+09 963.4 +61.4
EB_2018 478 +0.9 742+ 0.6 79.6 + 3.6 31.1 £ 0.6 575.7 + 34.5
PB_2015 46.6 + 0.5 85.8 +0.5 95.2 + 4.1 385 + 1.1 322.2 4224
PB_2016 442+ 0.6 80.1 +0.7 101.0 + 3.5 324+ 1.0 236.6 + 13.9
PB_2017 529+ 0.7 88.7+ 1.3 109.2 + 3.5 31.5+ 1.0 398.3 + 26.2
Average 48.9 + 0.4 82.3+0.5 101.4+1.9 33.8+ 0.5 504.7 + 244
LSD,, 1.9 2.2 11.0 2.7 103.8
Barley
EB_2016 50.0 + 0.6 775+ 0.6 827+ 2.7 51 +0.8 450.6 + 29.8
EB_2017 529+ 0.7 89.0 + 0.5 88.6 + 1.4 57.2 + 1 903.2 + 34.1
EB_2018 48.1 + 04 742+ 0.6 705 + 1.2 46.0 +£ 0.5 667.4 + 23.6
PB_2013 456+ 1.0 702+ 0.4 785+ 23 53.6 + 0.5 317.1 + 18.5
PB_2014 48.1 +0.8 79.2+0.9 90.1 + 1.9 45.3+0.9 223.2 + 159
PB_2015 41.6 +0.6 718 +£0.7 91.6 +2.6 51.56+0.6 554.0 £ 15.7
Average 477+ 0.4 77.0+ 0.6 83.7+ 1.0 50.8 £ 0.5 519.3 +20.8
LSD,; 2.0 1.8 5.9 2.2 66.6
Note. LSD,, is the least significant difference for 5% level of significance.
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Fig. 2. Agrobiological data for 25 accessions of oat. Minimum, maximum, median, and quartiles are shown: @ — germination—heading;
b — germination—harvest; ¢ — plant height; d — 1000 grains weight; e — grain yield from 1 m?
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Fig. 3. Agrobiological data for 25 accessions of barley. Minimum, maximum, median, and quartiles are shown: a — germination—hea-
ding; b — germination—harvest; ¢ — plant height; d — 1000 grains weight; e — grain yield from 1 m?

largest contribution to variance was made by differ-
ences in environments, i.e., site and year of investi-
gation. The contribution of conditions of growing for
oat and barley in the variability of the traits was as
follows: 43.7% and 52.1% for the duration of the pe-
riod germination—heading, respectively, and 62.1%
and 79.7% for the duration of the period germina-
tion—harvest, respectively. At the same time, the
differences in b, were not significant, and all geno-
types reacted similarly. The data obtained proved
the results of analysis of long-term observations of
the standard cultivars of oat and barley [17], which
showed similar reaction in duration of vegetation and
plant height to weather—climate changes.

Plant height was found to be more dependent on
genotype than on growth conditions. The contribu-
tion of genotype was 54.9% for oat and 36.8% for
barley. Varieties of both cereals did not differ in terms
of b,. Thus, analysis of variance confirmed the uni-
formity of the reaction of plant height to the growth
conditions.

The 1000 grains weight did not differ between the
investigation sites, but the contribution of the en-
vironment was more valuable than that of genotype
for barley. Accessions differed in their reaction to
the environment (F = 2.103 with F, = 1.628). The
environment contributed 55.8% of variability to this
trait, whereas the genotype contributed 18.2%. The
probable reason was contrasting reactions to weather
condition changes in 2017 and 2018 at EB. Analysis

of data on oat accessions showed the contrary: the
contribution of the environment was less (28.5%)
than that of the genotype (51.5%).

Productivity varied more depending on the envi-
ronment than on genotype: the contribution of the
environment for oat was 62.4%, whereas that for
barley was 78.6%.

Characteristics of the varieties

According to yield plasticity, varieties of the in-
tensive type were differ manifested themselves better
under favorable conditions (b, > 1). Such genotypes
are better in the narrow range of favorable environ-
ments but decrease productivity when they deviate
from the narrow optimum zone [5, 7, 16]. Extreme
groups, namely, the lower and upper quartiles of
distribution of regression coefficients, were marked
(Table 2).

In the oat accessions, b, varied from 0.2 to 1.8.
The lower quartile of plasticity embraced 6 varieties
with 6,<0.7, whereas the upper quartile encom-
passed 6 varieties with b, > 1.3. Stability of a variety
is often associated with low productivity [16]. Nev-
ertheless, among the singled-out stable accessions
of oat, some varieties had a set of positive traits
in comparison with the average in the sampling:
shortened period germination—harvest and large
productivity for Z 0585 (k-15521, China, 81 days,
567.7 g, b,=0.5) and Oberon (k-15513, Germa-
ny, 80 days, 592.3 g, b,=0.7), high 1000 grains
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Table 2
Oat and barley cultivars distinguished by low or high coefficients of yield response to environmental changes
Number of Cultivar name Origin Germination— IOOQ grains Grain yield b, — regrfession
VIR catalog heading. days weight. g from 1 m? g coefficient
Oat
Stable cultivars
15440 Piband Russia, Leningrad region 87.7 + 3.1 294 + 1.1 294.7 £+ 79.3 0.19
15524 Baiyan 7 China 85.0 £ 2.5 348 + 1.4 | 473.7 +£98.5 0.31
15521 70585 China 80.8 + 1.4 327+ 1.1 567.7 + 71.7 0.54
15513 Oberon Germany 79.8 £ 2.3 370+ 1.5 | 592.3 + 94.8 0.65
15519 Dinyan 3 China 83.8 +2.0 26.0 +2.0 | 330.2 +827 0.71
15507 Buggy Germany 84.2 +3.7 31.3+25 |457.0+100.2 0.72
Plastic cultivars
15509 Flocke Germany 822+ 28 389+ 1.6 |588.5+ 1526 1.35
15520 Din yan 4 China 825+23 289+ 2.1 |411.2+161.1 1.39
15499 Vilensky Sakha 838 +2.3 31.8+24 |529.7 + 1654 1.43
15502 Zhitomirsky | Ukraine 84.7+28 379+ 2.1 |644.7 +£162.9 1.54
15504 Svitanok Ukraine 76.8 + 3.2 376 +23 [636.2+ 177.2 1.59
15508 Carron Germany 81.2 +27 369+ 1.9 [623.3+201.3 1.81
Barley
Stable cultivars
31322 Stratus Poland 778+ 26 51.7+25 | 473.8+ 718 0.40
31241 Quench Denmark 80.0 + 3.6 478 + 1.4 | 507.2 + 56.3 0.47
31320 Sylphide France 772+ 3.0 486 +2.5 | 508.3+75.8 0.68
31170 Calcule Germany 81.0 +34 47.1 £ 1.5 | 4553 +79.1 0.73
31321 Serval Poland 78.7 + 3.0 50.1 £2.3 | 458.2 +824 0.74
31169 Evergreen Denmark 80.2 + 2.7 514+ 20 507.5 + 89.9 0.80
Plastic cultivars
31315 Susyn Kazakhstan 76.0 + 3.1 51.2+23 |[604.7 + 130.7 1.18
31135 Saule Kazakhstan 740+ 28 474 +23 | 5713+ 126.7 1.21
31325 Wiebke Germany 782+ 3.2 53.1 +4.0 [570.0 + 133.3 1.24
31136 Medikum 108 | Kazakhstan 740+ 27 50.3 + 1.8 [486.2 + 134.5 1.32
31317 Zhan Kazakhstan 77.2 + 3.1 50.2+ 1.6 |603.8 + 146.5 1.42
31316 Akzhol Kazakhstan 74.2 + 3.2 547+ 28 |600.3+ 154.8 1.51

weight for Bai yan 7 (k-15524, China, 1000 grains
weight = 34.8 g, b, = 0.3). The leader among plastic
varieties was the naked variety Svitanok (k-15504,
Ukraine), which had a shorter duration of vegeta-
tion period (77 days), higher grain yield from 1 m?
(636.2 g), and b, = 1.6 compared with the average
values.

In barley accessions, the regression coefficient
varied from 0.4 to 1.5. Among the investigated
genotypes with low regression coefficient, there
were no accessions with high productivity, but
2 varieties had high 1000 grains weight: Stratus
(k-31322, Poland, 1000 grains weight = 52 g,
b,=0.4) and Evergreen (k-31169, Denmark,
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Oat, germination—heading = 41.20 + 0.30 - x
Barley, germination—heading = 40.46 + 0.30 - x
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Fig. 4. Agrometeorological dependence of duration of vegetation periods for oat and barley: a — germination—heading on duration of

the period between dates of stable transition of temperatures above
temperatures above 15 °C

1000 grains weight = 51 g, b, = 0.8). Four of the
6 accessions with high coefficient of productivity
reaction to environmental conditions b, were char-
acterized by high productivity, and 2 varieties had
a shorter vegetation period, greater 1000 grains
weight, and higher productivity than the aver-
age: Susyn (k-31315, Kazakhstan, vegetation
period = 76 days, 1000 grains weight =51 g,
grain yield from 1 m?=604.7 g, b,=1.2) and
Akzhol (k-31316, Kazakhstan, vegetation pe-
riod = 74 days, 1000 grains weight = 55 g, grain
yield from 1 m? = 600.3 g, b, = 1.5).

Correlation of agrobiological indicators with
weather conditions

To estimate the weather and climate factors, there
were calculated mean values of each trait for each
of the cereals in 6 trials (environment index) and
correlation coefficients with average monthly char-
acteristics and generalized indicators: the sum of
temperatures above 10 °C and 15 °C and durations
of periods between dates of temperature transition
upper these limits. We have previously identified de-
pendencies with characteristics of periods between
the dates of stable transition of temperatures above
10 °C and 15 °C. The conditions of the experiment
were contrasting, so we disclosed a set of reliably
strong correlations. The 1000 grains weight and the
grain yield from 1 m? had no reliable connections
with the investigated weather and climate charac-

10 °C and 15 °C; b — germination—harvest on the sum of effective

teristics. Durations of inter-phase periods and total
vegetation period were the most thermosensitive of
all the tested characteristics.

Duration of the period germination—heading for
oat was positively correlated with the duration of the
spring period between the dates of stable transition
of temperatures over 10 °C and 15 °C (r = 0.84);
duration of the vegetation period was negatively cor-
related with the temperature in July (r= —0.89)
and sum of effective temperatures higher than 15 °C
(r=—0.93, Fig. 4). As shown by the regression
equations of traits influenced by the environment,
the reaction rates of the investigated accessions of
oat and barley were similar. This finding agreed with
the results of analysis of variance.

For barley, the duration of the vegetation period
was negatively correlated with average June tem-
peratures (r = —0.88) but positively correlated with
the duration of the period of 10 °C—15 °C in spring
(r=10.88).

The plant height for oat was positively correlated
with the duration of the period of 10 °C—15 °C in
spring (r = 0.86). The plant height for barley was
negatively correlated with the sum of effective tem-
peratures higher than 15 °C (r = —0.88).

Resistance to lodging for oat was positively cor-
related with the plant height (r = 0.84) and duration
of the vegetation period (r = 0.85). Meanwhile, cor-
relations with these indicators were lower for barley
than for oat.
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CONCLUSIONS

The sampling sites and contrasting weather con-
ditions allowed us to obtain remarkable differences in
all investigated traits, except 1000 grains weight and
plant height for oat.

The conducted analysis of variance of plasticity
of the genotypes according to Eberhart and Rus-
sell [15] showed that the traits most sensitive to
changes in ecological and geographical environment
were as follows: duration of the period germina-
tion—heading, duration of the period germination—
harvest, and grain productivity. The contribution of
the growth conditions to trait variability was as fol-
lows: 43.7% and 52.1% for germination—heading
for oat and barley, respectively; 62.1% and 79.7%
for germination—harvest for oat and barley, respec-
tively; and 62.4% and 78.6% for productivity for oat
and barley, respectively. These traits varied in high
degree depending on the growth conditions than on
genotype. The plant height in the investigated ac-
cessions was dependent more on genotype than on
the growth conditions, specifically 54.9% for oat and
36.8% for barley. The 1000 grains weight for oats
was determined mainly by the genotype peculiarities
(51.5%), whereas that for barley was mainly due to
the environment (55.8%).

Of all the selected traits, the genotypes of both
cereals differed only in grain productivity plasticity,
as evidenced by the regression coefficient to the en-
vironmental conditions. The plant height, duration
of the period germination—heading and germina-
tion—harvest reacted to the environmental changes
the same in different varieties. This result agreed
with our previous investigation on long-term vari-
ability of these traits. The regression coefficient of
1000 grains weight to changes in environmental
conditions differed for varieties of barley but not for
varieties of oat.

There were distinguished groups of genotypes
with heightened and lowered plasticity. Varieties of
heightened plasticity were recommended for growth
in a wide range of ecological and geographical con-
ditions, whereas varieties of lowered plasticity were
suitable in a narrow range of conditions close to
those of EB and PB in 2017 with high levels of heat
and moisture.

Some stable genotypes of oat exhibited shorter
germination—harvest period and higher grain pro-

ductivity then the average in the sampling; these
genotypes were Z 0585 (k-15521, China, 81 days,
567.7 g, b,=0.5) and Oberon (k-15513, Germa-
ny, germination—harvest period = 80 days, grain
productivity = 592.3 g, b, = 0.7). Variety Bai yan
7 demonstrated a high 1000 grains weight (k- 15524,
China, 1000 grains weight = 34.8 g, b, = 0.3). The
plastic genotypes generally showed high productivity.
In particular, the naked variety Svitanok (k-15504,
Ukraine) had a short vegetation period (77 days) and
heightened grain productivity from 1 m? (636.2 g)
with the regression coefficient b, = 1.6.

The regression coefficient for the studied barley
accessions varied from 0.4 to 1.5. Among acces-
sions with low regression coeificient, there were
no varieties of high productivity, but 2 varieties had
high 1000 grains weight: Stratus (k-31322, Po-
land, 52 g, b, = 0.4) and Evergreen (k-31169, Den-
mark, 51 g, b, = 0.8). Among genotypes with high co-
efficient of productivity reaction to the environmental
conditions, four were characterized by high produc-
tivity. Two varieties from Kazakhstan, namely, Susyn
(k-31315, vegetation period = 76 days, 1000 grains
weight = 51 g, grain yield from 1 m? =604.7 g,
b,=1.2) and Akzhol (k-31316, vegetation pe-
riod = 74 days, 1000 grains weight = 55 g, grain
yield from 1 m? =600.3 g, b,=1.5), had shorter
vegetation period and 1000 grains weight and higher
productivity than average in the sampling.

The investigation revealed the weather—climate
factors that had the greatest influence on the du-
ration of the period germination—heading and ger-
mination—harvest for both cereals. Duration of the
period germination—heading was determined by
duration of the spring period with temperature of
10 °C—15 °C, and the whole vegetation period — by
the sum of effective temperatures higher than 15 °C.
The reaction rates of the studied cereals to changes
in these factors were similar to one another. The ger-
mination—heading period was shortened at 0.3 days
when the period with temperatures 10 °C—15 °C
in spring was shortened by 1 day. The shortening
of germination—harvest period was 3 days when the
sum of effective temperatures (higher than 15 °C)
was increased by 100 °C.

The investigation was conducted within the state
task No 0662-2019-0006.
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Attachment 2
Characteristics of the studied oar cultivars
b, — re-
Number Germina- Germina- . 1000 . gression
of VIR | Cultivar name Origin tion—hea- | tion—har- Plant height, grains Yield coefficient of
. cm . of lm? g
catalog ding. days vest. days weight. g genotype to
environment
Lenin-
15440 | Piband grad 55.0+ 18 | 87.7+3.1 | 76.7+£78 |294+ 1.1 | 2947+793 0.19
region
Ulya-
15496 | Stipler novsk 493+ 13 | 80.7+24 | 1143 +64 | 355+ 1.5|595.8+ 121.1 1.04
region
Yekate-
15497 | Atlet rinburg 492+1.6 | 81.8+27 | 1025+6.2 | 377+ 1.9 | 6288 + 121.8 1.04
region
15499 | Vilensky Sakha 487+ 1.7 | 838+£23 | 99.7+89 |31.8+£24 5297+ 1654 1.43
15501 | Vizit Ukraine 520+ 1.7 | 86.7+27 | 1158 +6.8 | 27.0 £ 2.1 | 375.7 + 118.6 1.04
15502 | Zhitomirsky Ukraine 505+ 1.6 | 84.7+28 | 111.5+5.1 | 379+ 2.1 | 644.7 + 162.9 1.54
15503 | Rannostygly Ukraine 443+ 1.1 | 787 +28 | 952455 |395+2.1|557.2+ 139.7 1.32
15504 | Svitanok Ukraine 480+ 1.8 | 76.8+32 | 97.34+59 |37.6+23]|636.2+177.2 1.59
15505 | Avgol Ukraine 482+20 | 81.3+25 | 96.2+70 |26.1 £1.5| 383.5+83.7 0.74
15507 | Buggyy Germany | 51.3+2.0 | 84.2+3.7 | 71.7+44 |31.3+£25|457.0+ 100.2 0.72
15508 | Carron Germany | 47.7 £ 1.7 | 81.2+2.7 | 8.0+5.2 |369+ 1.9 |623.3+201.3 1.81
15509 | Flocke Germany | 46.3+2.3 | 8224+28 | 953+6.6 |389+ 1.6 | 588.5+ 152.6 1.35
15510 | Kaplan Germany | 48.0+25 | 81.0+28 | 968+ 7.5 |353+ 1.9 |533.8+ 102.8 0.87
15511 | Kurt Germany | 51.0+ 1.9 | 84.5+4.0 | 682+3.9 |332+ 1.7 |434.2+ 1079 0.97
15512 | Max Germany | 44.8+09 | 792+2.0 | 91.8+34 |374+2.1 5523+ 1178 1.08
15513 | Oberon Germany | 448 +09 | 79.8+23 | 97.0+ 120 | 37.0 £ 1.5 | 592.3 + 94.8 0.65
15515 | Simon Germany | 477+ 1.6 | 81.7+ 1.4 | 972+22 | 373+ 15| 6037 + 1354 1.28
15516 | Zorro Germany | 490+ 1.7 | 827+22 | 8.2+39 |356+ 1.3 5920+ 116.9 1.10
15517 | Dakar iﬁze“ 490+ 1.4 | 80.7+26 | 942+ 11.2 | 30.6 + 1.3 | 427.9 + 110.2 0.78
15518 | Dinyan 6 China 505+ 1.6 | 84.7+22 | 1200+6.7 | 298+ 1.4 | 309.0 + 86.7 0.75
15519 | Dinyan 3 China 498+ 1.5 | 83.8+20 | 1208 +7.6 | 26.0+2.0| 330.2+ 827 0.71
15520 | Dinyan 4 China 502+ 1.2 | 825+23 | 1158+79 |289+2.1|411.2+ 161.1 1.39
155621 | Z 0585 China 46.3+£20 | 808+ 1.4 | 1197468 | 327+ 1.1 | 567.7 £71.7 0.54
15523 | Baiyan 6 China 498+ 16 | 823+2.1 |1375£104 | 375+ 13| 4748 +86.4 0.74
15524 | Baiyan7 China 522423 | 85.0+£25 | 1292427 | 348+ 1.4 | 473.7+£98.5 0.31
LSD,, 3.1 3.6 11.7 3.2 162.5 -

Note. Mean value + standard error of the mean, LSD . is the least significant difference for 5% level of significance.
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Attachment 3
Characteristics of the studied barley cultivars
b, — re-
Number . . Qermina- Germina- Plant 1000 Yield gression
of VIR Cultivar name Origin tion—hea- | tion—har- height, grains ) coefficient of
catalog ding. days | vest. days cm weight. g of L m* g genotype to
environment

31124 |Asem Kazakhstan 4904+ 15| 76.5+23 | 883 +5.7 479+ 1.4 |537.7+119.8 1.13
31135 |Saule Kazakhstan 4704+ 13| 740+ 28 | 88.5+4.5| 474 +2.3 |571.3+126.7 1.21
31136 | Medikum 108 Kazakhstan 458+ 24| 740127920+ 4.8 50.3 £ 1.8 |486.2 + 134.5 1.32
31137 |Karagandinsky Kazakhstan 46.7+ 1.7 75.8 +2.3 |99.0 £+ 4.8 | 50.6 + 1.6 | 485.7 + 97.1 0.87
31138 | Medikum 11 Kazakhstan 46.84+23|74.0+27|95.2+55|51.3+2.1 |468.8+110.3 1.08
31139 | Medikum 125 Kazakhstan 43.04+2.1|735+28 |872+25|51.7+34 |480.0+ 112.6 1.08
31140 | Medikum 176 Kazakhstan 462+ 1.8 75.3+26(90.2+6.6| 520+ 1.9 |475.0 + 129.8 0.87
31169 |Evergreen Denmark 50.04+29|802+27 |752+49|51.4+20 | 507.5+ 89.9 0.80
31170 | Calcule Germany 485+ 27| 81.0+34 |76.0+53|47.1 + 1.5 | 455.3 +79.1 0.73
31195 | Maali Estonia 48.0+23|795+29 |79.0+ 3.1 523 +2.0|533.5+ 1234 1.18
31241 | Quench Denmark 487+27|180.0+36|759+53|47.8+ 1.4 | 507.2 +56.3 0.47
31300 |Vodogray Ukraine 467+ 19| 775+ 3.2 | 85.6 £2.8| 559 + 2.0 |503.9 + 108.4 1.07
31311 | Chudovy Ukraine 46.84+2.1| 76.8 +24 | 788 +4.5| 51.4 + 1.9 | 583.0 + 102.7 0.95
31312 | Oboyan Ukraine 46.24+23| 764 +3.1 |922+5.0|54.1 £ 1.9 | 5582 +95.7 0.90
31314 |Turan 2 Kazakhstan 465+ 20| 753+ 3.1 |86.8+4.3|486+3.4|5155+119.6 1.18
31315 |Susyn Kazakhstan 483+ 1.9| 760+ 3.1 |87.7+42]|51.2+23 |604.7 + 130.7 1.18
31316 |Akzhol Kazakhstan 4484+ 1.7| 742+ 32 |90.3 + 4.8 | 54.7 + 2.8 | 600.3 + 154.8 1.51
31317 |Zhan Kazakhstan 473+ 12| 772+ 3.1 |87.7+3.7| 50.2 + 1.6 | 603.8 + 146.5 1.42
31318 |Sever 1 Kazakhstan 483+ 1.5| 768 +3.2 |88.0+39|51.4+20 |508.3 + 106.4 0.96
31320 | Sylphide France 497+ 14| 772430 |79.0+3.9| 486 +£2.5 | 508.3 +75.8 0.68
31321 |Serval Poland 4804+ 24| 787 +3.0 |74.5+4.1 | 50.1 £2.3 | 458.2 +82.4 0.74
31322 | Stratus Poland 51.34+20| 77.8+26 |765+59|51.7+25 | 473.8 +71.8 0.40
31323 | Katy Denmark 498 +23|80.7+32 748 £27|525+ 13| 480.3 £+ 120 1.14
31324 | Vendela Czech Republic | 50.3 + 1.4 | 78.7 £ 3.1 |72.2 +£3.5| 46.4 + 1.7 | 504.7 + 98.4 0.90
31325 | Wiebke Germany 490+ 1.3|782+32 |71.3+34|53.1+4.0 |570.0+ 133.3 1.24
LSD; - - 3.7 3.0 8.6 3.2 125.6 -

Note. Mean value + standard error of the mean. LSD, is the least significant difference for 5% level of significance.
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