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SlaMeHb — KynbTypa MHOTOILIAHOBOTO MCIOJB30BAHMS, 36pPHO KOTOPOH MOXKET MPUMEHSTHCS IS
pa3IMYHBIX 1eNel. YpoKalHOCTh SYMEHSI CHIIbHO BapbhbHPYET TI0 30HAM BO3JICIBIBAHMUS, TTOITOMY JIJIS
BBISIBJICHHUS pPEaKlMM COPTOB Ha Pa3iIMyHbIEe TIOYBEHHO-KIMMATUUECKUE YCIOBUS MPOBOISAT 3KOJIOTH-
Yyeckoe coproucnbiTanue. HoBblid, Oosiee coBpeMEHHBIH 1 BHICOKOIPOAYKTHBHBINH COPT 00ECIIeUUBACT
POCT YpOXKaiHOCTH, YCTOHYMBOCTH MOCEBOB K CTPECCOBBIM (hakTopam, criocoOcTByeT Gonee ddek-
TUBHOMY HCIIOJIB30BAaHUIO TPUPOIHBIX M aHTPOIOTEHHBIX pecypcoB. Co3maHue M MHUPOKOE Pacpo-
CTpaHEeHHe B MPOW3BOJICTBE HOBBIX aIalITHBHBIX COPTOB — MEPCIIEKTUBHBIA U SKOJIOTHYECKH Oe3omac-
HBII ITyTh Pa3BHUTHUS CEIBCKOTO XO3sHCTBA. Llenb mcciaenoBaHus — BBIABICHHUE B XO/Ie KOHKYPCHOTO
COPTOMCTIBITaHHsI HanOoJIee IKOJIOIMYECKU TUIACTUYHBIX M aAalTHUBHBIX COPTOB M JIMHUI 03UMOTO Y-
MeHS B ycJIOBHsIX tora PocToBckoii o6mactu. MccnenoBanus o OLEHKe MIaCTUYHOCTH U aJallTHBHOCTH
npoBoauiu B 2021-2023 rr. Ha Tepputopun PocToBckoii o6mactu. beumn usydenst 22 o6pasia — copra
Y TIEPCIIEKTUBHBIE JIMHUN O3UMOTO STUMEHS CEJIEKIINU ATPapHOTO HAYYHOTO IIeHTpa «JloHcKoi». Onen-
Ky aJIallTHBHOCTHY TIPOBOIVJIM TTO CIEAYIONIMM MapaMeTpam: Ko3(pPHUIIMEHT IKOIIOTHIECKOM BapHaIiH,
CTPECCOyCTOWYHBOCTh, TOMEOCTaTHYHOCTh, YPOBEHb U CTAOMIBHOCTH COPTa, (PaKTOp CTaOMILHOCTH
U CENEKIMOHHAasl IIEHHOCTb. BBIABIEHBI COPTa, OTIMYAIOIINECS BBICOKOW 3KOJIOTHMUYECKON MIaCTUYHO-
CThIO U cTa0WILHOCTHIO. K cTaOmibHbIM oTHeceHbI copTa Cten U Mapycsi, KOTOpbIe PEKOMEHIyeTCs
MCIIOJIb30BaTh B CEJIEKIIMOHHOM MPOIlecce KaKk HCTOUHUKH BBICOKOHM CTPECCOyCTOMYMBOCTH, IEHHOCTH
TCHOTHUIA, HU3KOW BapuabeabHOCTH yposkaiHOCTH. CTabmibHas ypoyKafHOCTh JaHHBIX COPTOB 00e-
CIIEUMBAETCS 3@ CUET KOMIUIEKCA pa3HbIX ero cocrapisitomux. Jlunuu [apamnenym 2048 u Iapamne-
aym 2051 moka3zanu cedst Kak TUIACTHYHBIE, TTO/IBEPIKEHHBIE N3MEHEHHIO YPOXKAWHOCTH IO BIUSTHHEM
BHEIIHEN cpenbl. B CBsI3M ¢ 3TUM JUIsl MaKCUMaIbHOHN peann3aluy ypoXalHOCTH yKa3aHHBIX JTUHUH
PEKOMCHAOBAHO NPUMCHATH MHTCHCUBHYIO TEXHOJIOTUIO BO3ACILIBAHUA.

KuaroueBble cjioBa: 03UMbIN SYMEHDb, YPOKAMHOCTh, COPT, JIMHUS, SKOJIOTMYECKas! TIJIaCTUYHOCTb,
aJalTUBHOCTb, OT3BIBINBOCTH
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Barley is a multi-use crop whose grain can be used for a variety of purposes. Barley yields vary
greatly across cultivation zones, so ecological variety trials are conducted to identify the response of
the varieties to different soil and climatic conditions. New, more modern and high-yielding variety
provides yield growth, crop resistance to stress factors, contributes to more efficient use of natural and
anthropogenic resources. Creation and wide distribution of new adaptive varieties in production is a
promising and environmentally friendly way of agricultural development. The purpose of the research
is to identify the most ecologically plastic and adaptive varieties and lines of winter barley in the south
of Rostov region in the course of a competitive variety trial. Studies to assess plasticity and adap-
tability were conducted in 2021-2023 on the territory of the Rostov region. 22 samples, varieties and
promising lines of winter barley of the Agricultural Research Center "Donskoy" selection, were stu-
died. Adaptability was assessed by the following parameters: coefficient of environmental variation,
stress tolerance, homeostaticity, variety level and stability, stability factor and breeding value. Vari-
eties characterized by high ecological plasticity and stability have been identified. The varieties Step
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and Marusya have been considered stable and are recommended to be used in the breeding process
as sources of high stress tolerance, genotype value, and low variability of yield. Stable yield of these
varieties is ensured due to the complex of its different components. Parallelum 2048 and Parallelum
2051 lines have shown themselves as plastic, subject to yield changes under the influence of external
environment. In this regard, it is recommended to use intensive cultivation technology to maximize

the yield of these lines

Keywords: winter barley, productivity, variety, line, environmental plasticity, adaptability, re-

sponse
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INTRODUCTION

In connection with the observed increase in
population growth rates there is a need to in-
crease agricultural production, the basis of
which, among other things, is grain farming. For
this reason, much attention is paid to the culti-
vation of winter grain crops all over the world
[1]. Barley is one of the most important grain
crops not only in domestic, but also in global
agriculture [2].

The leading direction of breeding for the near
future should be not just the creation of the va-
rieties adapted to growing conditions, but rather
obtaining the varieties adapted to the limiting
stress factors of the environment of a particular
region [3].

Adaptive breeding is the key to solving the
problem of optimal combination of high yield,
product quality and resistance to environmen-
tal stress factors in the variety genotype. High
speed and uniformity of germination under
stress conditions are vital for obtaining stable
yield [4]. The process of developing resistant
varieties is continuous as it is impossible to
achieve absolute resistance [5]. Barley is an ex-
cellent model grain crop for studying adaptive
traits, as it is characterized by a high degree of
genetic diversity with respect to resistance to
stress factors [6]. Information on the general
and specific adaptability of new genotypes is

necessary for the purposeful selection of new
varieties with narrow or broad reaction norms
to a specific set of environments [7, 8]. When
conducting adaptive breeding, it is necessary to
take into account the interaction of the genotype
and the environment. Yield growth, increased
plant resistance to limiting stress factors of the
environment, more efficient use of natural and
anthropogenic resources are ensured by creat-
ing new adaptive varieties [9]. Obtaining such
varieties is the most promising and environ-
mentally safe way to develop agricultural pro-
duction [10]. Therefore, it is necessary to evalu-
ate breeding material for plasticity and stability
traits for the selection of parental forms. The
obtained data will help to correctly determine
the development potential of barley varieties in
specific growing conditions [11, 12].

In this regard, the purpose of the study was
to evaluate and identify the most ecologically
plastic and adaptive varieties and lines of winter
barley in the south of the Rostov region in com-
petitive variety trials.

MATERIAL AND METHODS

The research was conducted by the special-
ists of the Barley Breeding and Seed Production
Department of the Agricultural Research Cen-
ter “Donskoy” (ARC “Donskoy”) from 2021 to
2023. The objects of the study were 22 samples
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(five varieties and 17 promising lines) of win-
ter barley breeding of the Donskoy Agricultural
Research Center, of which three varieties were
included in the State Register of the Russian
Federation (Timofey, Erema, Marusya), two va-
rieties (Step and Alabai) are under study in the
State variety-testing network.

The study was conducted on the experimen-
tal fields of the Donskoy Research Center (Zer-
nograd, Rostov Oblast). The area of the survey
plot was 10 m?; six repetitions. The variety
Timofey, used as a standard, was sown through
ten numbers. Peas was used as the forecrop.
The soil of the site was ordinary carbonate,
thick, warm, temporary freezing through, heavy
loamy chernozem. The relief was flat. The soil
has a fine-grained structure, loose composition,
easy to work, has good air permeability and
moisture capacity, is able to accumulate signif-
icant reserves of moisture. In general, the soil
of the experimental site on fertility, mechanical
composition, physical and chemical properties
is very favorable for growing crops, including
barley. Cultivation technology is the generally
accepted one according to methodological rec-
ommendations' [13, 14].

To determine the indicators of homeostatic-
ity (Hom) and selection value (Sc), the method
of V.V. Khangildin and N.A. Litvinenko®> was
used. Stress tolerance (Y . - Y _ ) and genetic
flexibility ((Y,_  + Y . )/2) were calculated ac-
cording to the equations of A.A. Rosielle and J.
Hamblin, as presented by A.A. Goncharenko®.
The response coefficient to favorable growing
conditions (Kp) was determined according to
the method of V.A. Zykin*, the index of variety
stability level (VSLI) according to the equation

of E.D. Nettevich’. Mathematical evaluation of
the study results and calculation of the coeffi-
cient of variation (V) were carried out accord-
ing to the field experiment method of B.A. Do-
spekhov®.

Weather conditions of the 2020/21 agricul-
tural year were the most unfavorable for the
development of winter barley plants. There was
an insufficient amount of precipitation in the au-
tumn-winter period: 175 mm fell, which is 102
mm less than the long-run annual average. In
June, there was 32 mm more precipitation com-
pared to the long-run annual average (103 and
71 mm respectively). In July, on the contrary,
there was a shortage of precipitation (24.6 mm;
long-run annual average — 58 mm). In terms of
air temperature, the agricultural year 2020/21
was characterized by an increased tempera-
ture regime both in autumn and spring-summer
periods. The average annual air temperature
amounted to 11.7 °C, exceeding the average
annual temperature by 2.0 °C. The occurrence
of a complex of unfavorable weather factors
(abundant precipitation during grain filling and
increased temperature regime during the vege-
tation period of plants) contributed to the spread
of leaf diseases, lodging of crops, which led to a
shortfall in yield in 2021.

In 2021/22 agricultural year the most favor-
able conditions for growth and development of
winter barley were formed. In winter, 265.7 mm
of precipitation fell (long-run annual average —
145.7 mm) in the form of rain and snow. The
temperature regime was elevated (+ 3.7 °C to
the mean annual temperature), which contrib-
uted to favorable overwintering of plants. The
minimum air temperature dropped to minus
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10.0 °C. The spring period was characterized
by sufficient precipitation (164 mm; long-run
annual average — 131 mm). Summer was char-
acterized by minimum precipitation (62 mm;
long-run annual average — 129 mm), as well as
increased temperature regime: average air tem-
perature in June was 23.2 °C (+ 2.7 °C to the
norm), in July — 24.1 °C (+ 1.0 °C to the norm).
Such conditions contributed to the start of har-
vesting in optimal terms.

The autumn-winter period of 2022/23 agri-
cultural year was characterized by a slight de-
crease in precipitation compared to the average
annual values (220 and 277 mm, respective-
ly). However, frequent rainstorms (rainfall —
240 mm, long-run annual average — 131 mm)
with wind gusts and hail, observed in the spring
period, contributed to significant lodging of
crops, which resulted in the formation of low
weight of 1000 grains and low yields.

RESULTS AND DISCUSSION

The variance analysis of the results of the
two-factor experiment to determine the yield of
the studied winter barley samples showed the
presence of interaction between the genotype
and the environment. The factor “year” had a
dominant influence on the formation of yield
(98.50%), while the influence of the factor “va-
riety” amounted to 0.87%, and the interaction of
these factors was as follows — 0,63%.

During the years of the study, changes in
weather conditions were observed, which af-
fected the formation of yields, allowed a more
complete assessment of adaptability indicators,
as well as the identification of the best variet-
ies and lines. According to the index of envi-
ronmental conditions, the most favorable con-
ditions for winter barley were in 2022 (j =
+1,88), less favorable — in 2023 (Ij =—0,54), the
most unfavorable was 2021 (Ij = —1,33).

In 2021, the yield of the studied samples
was lower than in 2022 and 2023. This indica-
tor ranged from 4.9 (Pallidum 2058) to 6.4 t/ha
(Marusya, Step, Parallelum 2019). In terms of
the yield, Alabai, Marusya, Step and lines Pall-
idum 2100, Parallelum 2015, Parallelum 2017,
Parallelum 2019, Parallelum 2049, Parallelum

2084, Parallelum 2110, Parallelum 2114, Paral-
lelum 2126, Parallelum 2131 (LSD, = 0.3) sig-
nificantly exceeded the standard (5.3 t/ha).

In 2022, the highest yields ranged from 8.2
(Parallelum 2049) to 9.6 t/ha (Parallelum 2114)
with the standard yielding of 8.5 t/ha. Alabai va-
riety and lines Pallidum 2100, Parallelum 2015,
Parallelum 2017, Parallelum 2050, Parallelum
2051, Parallelum 2084, Parallelum 2114 signifi-
cantly exceeded the standard yields (LSD, =
0,5).

In 2023, the variation in the yield ranged
from 4.7 (Parallelum 2048) to 7.9 t/ha (Paral-
lelum 2047) with the standard yield of 6.0 t/ha.
Alabai, Marusya, Step and lines Bezosty 2074,
Pallidum 1899, Pallidum 2100, Parallelum
2015, Parallelum 2047, Parallelum 2084, Paral-
lelum 2110 significantly exceeded the standard
(LSD,, = 0.4) (see Table 1).

To calculate ecological plasticity, the linear
regression coefficient is an important indicator.
During the study period, this indicator varied
from 0.73 (Bezosty 2074, Step) to 1.33 (Paral-
lelum 2051). Based on the linear regression co-
efficient, the following were identified:

1) weakly responsive samples (bi < 1),
showing weak response to changes in culti-
vation conditions: varieties Step (bi = 0.73),
Marusya (bi = 0.74), line Bezosty 2074 (bi =
0,73);

2) stably responding to the changes in
growing conditions (bi = 1) and able to dynam-
ically change the yield under the influence of
variable natural environment: standard variety
Timofey (bi = 1.02), lines Pallidum 2100 (bi =
1.00), Parallellum 2084 (bi = 1.02), Parallellum
2047 and Parallellum 2126 (bi = 1,03);

3) responsive (bi > 1): varieties Erema
(bi = 1.18), Parallellum 2050 (bi = 1.24), Paral-
lellum 2114 (bi = 1.28), Parallellum 2148 (bi =
1.30), Parallellum 2051 (bi = 1,33).

The standard deviation ranged from 0.01
(Timofey) to 1.52 (Parallelum 2047), which
generally characterizes the studied samples as
stable samples.

The resistance of the studied samples to
stress factors under different environmental
conditions was characterized by a smaller dif-
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Taoa. 1. CpC,Z[HSISI ypOX(aﬁHOCTL COpPTOB U JIMHUH 03UMOT0 STYMEHS U X YKOJOTHYCCKas INIACTUYHOCTD

Table 1. Average productivity of the winter barley varieties and lines and their environmental

adaptability
Average yield, t/ha
Variety, line Yi bi o’d
2021 2022 2023

Timofey (standard) 53 8,5 6,0 6,6 1,02 0,01
Alabai 5,7 9,3 7,5 7,5 1,06 0,34
Bezosty 2074 5,4 8,2 7,7 7,1 0,73 1,34
Erema 5,2 8,7 5,5 6,5 1,18 0,49
Marusya 6,4 8,9 7,4 7,5 0,74 0,04
Step 6,4 8,7 7,1 7,4 0,73 0,10
Pallidum 1899 5,2 8,7 7,7 7,2 0,93 1,06
Pallidum 2058 4,9 8,6 6,0 6,5 1,16 0,05
Pallidum 2100 5,7 9,1 7,4 7,4 1,00 0,21
Parallelum 2015 6,3 9,3 7,0 7,5 0,95 0,03
Parallelum 2017 6,2 9,3 6,0 7,2 1,06 0,39
Parallelum 2019 6,4 8,9 6,3 7,2 0,85 0,16
Parallelum 2047 4,9 8,8 7,9 7,2 1,03 1,52
Parallelum 2048 5,2 8,9 4,7 6,2 1,30 0,91
Parallelum 2049 5,7 8,2 4,9 6,3 0,94 0,66
Parallelum 2050 5,1 9,1 6,0 6,7 1,24 0,02
Parallelum 2051 5,4 9,2 5,0 6,5 1,33 0,87
Parallelum 2084 6,0 9,3 7,0 7,4 1,02 0,02
Parallelum 2110 5,9 9,0 7,4 7,4 0,92 0,48
Parallelum 2114 5,8 9,6 5,7 7,0 1,28 0,51
Parallelum 2126 5,9 9,0 6,2 7,0 1,03 0,19
Parallelum 2131 6,1 8,3 5,9 6,7 0,79 1,42
I -1,33 +1,88 -0,54 - - -
LSD,, 0,3 0,5 0,4 - - —

Note. [j — index of environmental conditions (characterizes the variability of weather conditions for a particular year of
research); Yi— average yield for the years of research; bi — linear regression coefficient (reflects the response of the variety to the

changes in growing conditions); 62d — standard deviation (characterizes the stability of the variety).

ference between minimum and maximum yield
(Y, - Y _ ). The most stress-resistant were va-
rieties Step, Marusya and line Parallellum 2131
(Ymin - Ymax =-2,3; -2,5; —2,4, respectively).
Compensatory ability shows genetic flexibility
or the response of the variety to growing con-
ditions. The greater the value of the index, the
higher the degree of correspondence between
the genotype of the sample (variety) and the
environmental factors. The highest values were
observed in winter barley samples Parallelum
2015 (Y, +Y_ )2 ="7.8), Marusya, Paral-
lelum 2017, Parallelum 2084, Parallelum 2114
(Y. TY_ )2=7.7)(see Table 2).

According to the coefficient of variation, the
studied samples had the values in the range of
23.0-51.7%, which indicates their strong vari-
ability (> 20%). The maximum value was ob-
served in Parallellum 2048 (V = 51.7 %) and
Parallellum 2051 lines. (V = 50,5%).

Varieties Marusya and Step had a high-
er homeostaticity index than other accessions
(Hom = 13.5 and 13.6, respectively), indicating
their ability to minimize adverse environmental
conditions.

High indicators of selection value indicat-
ing stable yield and ability to adapt to changing
environmental conditions were observed in the
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varieties Marusya and Step (Sc = 5.5 and 5.4,
respectively).

Another equally important indicator for mea-
suring the degree of adaptability of a variety is
the coefficient of responsiveness to environ-
mental conditions. According to V.A. Zykin
(see footnote 4), the greater the difference be-
tween the yield of a variety grown in a favorable
environment and the yield of the same variety
under unfavorable conditions, the more infor-
mative the data will be.

According to the results of the study, all
samples responded well to the improvement of
the growing conditions. High values of respon-
siveness coefficient were observed in Parallel-
lum 2048 (Kp = 1.89), Parallellum 2051 (Kp =

1.84), Parallellum 2047 (Kp = 1.79), Pallidum
2058 (Kp = 1.78) and Parallellum 2050 (Kp =
1.76) (see Fig. 1).

Variety stability level index is a complex
characteristic that takes into account the level
and stability of the yield and reflects the abili-
ty of a variety to respond to improved cultiva-
tion conditions and, when they deteriorate, to
maintain a high level of yield. The higher the
VSLI, the more stable the variety. In the con-
ducted study, the level of stability of the yield
of the studied varieties varied from 63 (Paral-
lelum 2048) to 206% (Marusya). According to
this criterion, the varieties Marusya and Step
(VSLI = 206 and 197%, respectively) stood out
(see Fig. 2).

Tao6a. 2. IlapameTpsl aAaNTUBHOCTH COPTOB U JTMHUHN 03uMoro stumens (2021-2023 rr.)

Table 2. Adaptability parameters of winter barley varieties and lines (2021-2023)

Average yield, t/ha
Variety, line Yo Yoo | (Yo FY D2 V, % Hom Sc
minimal maximum

Timofey (standard) 53 8,5 -32 6,9 36,2 5,7 4.1
Alabai 5,7 9,3 -3,6 7,5 34,2 6,1 4,6
Bezosty 2074 5,4 8,2 -2,8 6,8 29,7 8,5 4,7
Erema 52 8,7 =35 7,0 43,2 4,2 3,8
Marusya 6,4 8,9 -2,5 7,7 23,0 13,5 5,5
Step 6,4 8,7 -23 7,6 23,0 13,6 5,4
Pallidum 1899 5,2 8,7 -3,5 7,0 35,1 5,9 4,3
Pallidum 2058 4,9 8,6 -3,7 6,8 41,9 4,1 3,7
Pallidum 2100 5,7 9,1 3,4 7,4 32,8 6,6 4,6
Parallelum 2015 6,3 9,3 -3,0 7,8 29,3 8,6 5,1
Parallelum 2017 6,0 9,3 -33 7,7 36,0 6,1 4,6
Parallelum 2019 6,3 8,9 -2,6 7,6 28,7 9,8 5,1
Parallelum 2047 4,9 8,8 -39 6,9 39,8 4,7 4,0
Parallelum 2048 4,7 8,9 4,2 6,8 51,7 2,9 3,3
Parallelum 2049 4,9 8,2 -33 6,6 39,0 4,8 3,7
Parallelum 2050 5,1 9,1 —4.,0 7,1 432 4,0 3,8
Parallelum 2051 5,0 9,2 —4.2 7,1 50,5 3,1 3,5
Parallelum 2084 6,0 9,3 -33 7,7 32,3 6,9 4,8
Parallelum 2110 5,9 9,0 -3,1 7,5 29,7 8,0 4,9
Parallelum 2114 5,7 9,6 -39 7,7 44.4 4,1 4,2
Parallelum 2126 5,9 9,0 -3,1 7,5 34,7 6,5 4,6
Parallelum 2131 5,9 8,3 24 7,1 28,8 9,7 4,8
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CONCLUSIONS

1. Alabai variety and lines Pallidum 2100,
Parallellum 2015, Parallellum 2084 had a reli-
able increase to the standard in the yield in all
years of the study.

2. Parallelum 2048 and Parallelum 2051 lines
showed themselves as responsive to changes in
the cultivation conditions (bi = 1.30 and 1.33,
respectively), subject to strong variation under

the influence of the external environment (V =
51.7 and 50.5%; Kp = 1.89 and 1.84). Since the
yield of these lines varied in accordance with
changes in the growing conditions, we recom-
mend them for maximum productivity under
intensive cultivation technology.

3. Step and Marusya showed themselves as
weakly responsive (bi = 0.74 and 0.73, respec-
tively), stress tolerant (Y . - Y = -2.5 and
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Puc. 1. KoapdpuumeHT 0T36IBUMBOCTH HA YAYUIICHHE YCIOBHI BhIPAIIUBAHUS 00PA30B O3UMOTO SUMEHS

(2021-2023 1)

Fig. 1. Response coefficient to improvement of the growing conditions of winter barley samples (2021-2023)

230

210

190

170

150
130
110+
90 -
70 -
50

Variety stability
level indicator, %

Bezosty 2074
Pallidum 1899
Pallidum 2058
Pallidum 2100

Parallellum 2015

Parallellum 2017
Parallellum 2019
Parallellum 2047
Parallellum 2048
Parallellum 2049
Parallellum 2050
Parallellum 2051

Parallellum 2084
Parallellum 2110

Parallellum 2114
Parallellum 2126
Parallellum 2131

Puc. 2. Tlokazarens ypoBHs cTabuiabHOCTH 00pasmos (2021-2023 rr.)
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—2.3), adaptive to changing environmental con-
ditions (Sc = 5.5 and 5.4; VSLI =206 and 197),
able to minimize unfavorable environmental
conditions (Hom = 13.5 and 13.6). In addition,
these varieties showed themselves as geneti-
cally flexible ((Y_, +Y_ )2 =7.7 (Marusya),
7.6 (Step)). Stable grain yield in these varieties
is provided at the expense of different compo-
nents. In this regard, we recommend using these
varieties in the selection process as the sources
of high stress tolerance and stability, capable of
minimizing the impact of the external environ-
ment on the formation of yields.
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