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W3yuensl aganTUBHbIE CBOMCTBA SIPOBOTO STUMEHS B ycoBusax Ky3Heukoi KoTioBUHbBL. OOBEKTHI
WCCIIEZIOBAHUHN — TIATh CPEIHECHENbIX CEJIeKIIMOHHBIX JIMHUN SpOBOTO s;tuMeHs. M3yuenne cemnex-
LIMOHHBIX JUHUH MPOBEACHO B MUTOMHHUKE KOHKYypcHOro coproucmbiTanus B 2016-2020 rr. [lousa
OIIBITHOTO YYacTKa — BBIILEIOYCHHBIH YEPHO3EM, TSHKEIOCYIMHUCTBIN 110 TPaHyJIOMETPHUECKOMY
cocTaBy, cpenHeil MoutHOCTH. [10BTOPHOCTH YeThIpexKpaTHas, HOpMa BbICEBA (ONTHMAIbHAS IS
SIPOBOTO STYMEHS B 30HE Bo3zenabiBanus) — 450 mt./m?. Cpok mocesa 29 ampenst — 5 Mmasi, yoopka
rxomOaitHom Camrio 130 B ¢a3y nonHO# crienocti 00pa3ios sipoBoro siumens (12—15 aBrycra). Dkce-
MIEPUMEHT MTPOBEACH B CPABHEHUH CO CTaHAapTHBIM copToM briom. [TapameTpsl axomorudeckoii mia-
cruuHoctH (b)), crabuibHOCTH ($°d)), MHIIEKC YCIIOBUit cpenbl (I]) paccurTaHbl O METOMKE, pa3pa-
GoranHoii S.A. Eberchart u W.A. Rjussel, [JI€ PACCMATPUBAECTCS MOJIOKUTEIBHBIA OTKIMK F€HOTUIIA
Ha yAay4IlIeHHe yCIOBHA BeIpamuBaHus. [ [pyn KOHTPaCTHBIX YCIOBUSAX BRIPAIIMBAHUS SIPOBOTO sAMe-
HS B TO/IBI IPOBEIEHUS UCCIIEOBAaHUM YCTaHOBJIEHO, YTO 3HAYUTEIbHOE BIMSIHNE HA YPOXKANHOCTh
nmeer Qaxrop cpena — 82,6%, gons BausHUA reHotuma cocrasumia 1,4%. CpenHsist ypoxaiHOCTb
3a TOABI MCCIENOBAHMS SIPOBOTO SYMEHS 110 MUTOMHUKY KOHKYPCHOTO COPTOMCIIBITAHHS COCTa-
Buia 5,51 T/ra, MakCUMaJbHbIA [TOKa3aTellb CpeAHEH YPOKaHHOCTH WMEeT CeNeKUUOHHAs JTMHUS
KM-198/11 — 6,45 1/ra. BeigeneHbl reHOTHIIBI ¢ Han0O0JIe€ BLICOKMMU aJallTUBHBIMH CBOMCTBAMH:
KM-198/11 (b, = 0,24, §? = 2,59), Nutans 12/16 (b, = 0,24, S? = 2,18) npu BapuabeIbHOCTH ypO-
xaitHoctu 25,9-29,2% (cranmapt buom — 46,1%). Cpennecnienas ceneKIMOHHas JUHUS SPOBOTO
ssamerst KM-198/11, umest aganTHBHBIE CBOIMCTBA BBIIIE CPEIHUX MOKA3aTeNNel, MOrOTOBICHA IS
repeaayy Ha rocynapcTBenHoe coproucnbitanue B 2021 1. kak copt Kys0acckuii ro0oueiinpiii. Boi-
SIBIEHBI OCHOBHBIE JJOCTOMHCTBA COPTa: BBICOKAs 3aCyX0YCTOWYMBOCTh, yCTOMUHUBOCTH K MOJIETAHUIO
Y TIOPKEHUIO TOJIOBHEBBIMU TPHUOaMH, BBICOKAsS MPOMYKTHBHOCTH (6,45—-8,50 T/ra), KpymHas 3ep-
HOBKa (53,2 1), Cpe/iHssl CTENeHb PeaKIUu Ha CTPECCOBbIe (aKTOPhI (CHIKEHUE MPOTYKTHBHOCTH).
Coneprkanue cbIporo nmpoterHa B 3epHe 13,6—14,1%, uienuarocts 8,4%, HaTypHas Macca 620 /7.

KiroueBble ciioBa: SpOBOH SUMEHb, CEICKLHMOHHBIC JMHUH, COPT, CTAOMIBHOCTD, IUIACTHY-
HOCTb, YPOXKaHHOCTB, arPOIKOIIOTHYECKHE YCIOBHUS
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Adaptive properties of spring barley in the conditions of the Kuznetsk depression have been studied.
The objects of the research are five medium-ripening breeding lines of spring barley. The breeding lines
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were studied in a nursery of competitive varietal trials in 2016-2020. The soil of the experimental plot is
leached chernozem, heavy loam with a medium granulometric composition. The repetition was fourfold,
the seeding rate (optimal for spring barley in the cultivation zone) 450 pcs / m% The sowing dates were
April 29 - May 5, the harvesting was done with a Sampo 130 combine at the stage of full ripeness of spring
barley samples (August 12-15). The experiment was carried out in comparison with the standard cultivar
Biom. The parameters of environmental plasticity (bj), stability (S2dj), the environmental conditions
index (Ij) were calculated according to the method developed by S.A. Eberchart and W.A. Russel, which
examines the positive response of the genotype to the improved growing conditions. Under contrasting
growing conditions of spring barley in the years of research, it was found that the environment factor had
a significant influence on the yield - 82.6%, the share of genotype influence was 1.4%. The average yield
over the years of the study of spring barley in the nursery of competitive variety trials was 5.51 t/ha, the
maximum average yield has a breeding line KM-198/11 - 6.45 t/ha. Genotypes with the highest adaptive
properties were identified: KM-198/11 (bi = 0.24, Si2 =2.59), Nutans 12/16 (bi = 0.24, Si2 = 2.18) with
yield variability of 25.9-29.2% (Biom standard - 46.1%). The medium-maturing selection line of spring
barley KM-198/11, having above-average adaptive properties, is prepared for submission for state variety
testing in 2021 as the variety Kuzbass Jubilee. The main advantages of the variety were revealed: high
drought tolerance, resistance to lodging and blight, high productivity (6.45-8.50 t/ha), large grain size
(53.2 g), medium reaction to stress factors (reduced productivity). Grain crude protein content was 13.6-
14.1%, the film content 8.4%, the natural weight 620 g/I.

Keywords: spring barley, breeding lines, variety, stability, plasticity, yield, agroecological
conditions
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INTRODUCTION potential in specific soil and climatic conditions
[6]. Creation of high-yielding plastic varieties
of spring barley will increase the efficiency of
grain production, using the bioclimatic resourc-
es of the region [7].

Taking into account climatic factors and pro-
duction demands, breeding for increased pro-
ductivity and adaptability to local natural and
climatic factors is currently relevant, especially
in a changing climate [8—10]. The complex-

Spring barley is a key forage and fodder crop
that generates higher yields than other cereal
crops due to its early maturity and drought tol-
erance [1-3]. Barley grain is used for process-
ing in the food and brewing industries [4, 5].

In Western Siberia with contrasting soil and
climatic conditions it is necessary to cultivate
varieties that can effectively use the bioclimatic
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ity of yield formation lies in the interaction of
multiple traits that appear during plant devel-
opment under the influence of environmental
conditions [11-13].

Successful varieties must be adapted to a
wide range of environmental conditions in or-
der to realize their genetic potential in a sus-
tainable manner and to use their cultivation
technology effectively. Differences in the re-
sponse of varieties to changes in soil and cli-
matic conditions are due to the interaction be-
tween the genotype and the environment. This
interaction greatly complicates the process of
selecting the best genotypes, so this informa-
tion is of paramount importance in the breed-
ing process [ 14, 15].

The aim of the research is to evaluate the
breeding lines of spring barley for adaptability
under the conditions of Kuznetsk Depression.

MATERIAL AND METHODS

The research was conducted in 2016-2020 at
the Laboratory of Selection and Agrotechnics of
Field Crops of the Kemerovo Research Institute
of Agriculture - Branch of the Siberian Federal
Scientific Centre of Agrobiotechnologies of the
Russian Academy of Sciences (Kemerovo NI-
ISKh - Branch of SFSCA RAS). The objects of
the research are five medium-ripening breeding
lines of spring barley. The breeding lines were
studied in the nursery of competitive variety tri-
als under the conditions of Kuznetsk Depres-
sion. Repeatability is fourfold, the location of
plots is randomized, the accounting plot area is
15 m?, the seeding rate (optimal for spring bar-
ley in the area of cultivation) is 450 pcs/m?. The
sowing date was 29 April - 5 May, harvesting
by Sampo 130 combine in the phase of full ripe-
ness of spring barley samples was conducted on
12-15 August. The counting and phenological
observations of barley growth and development
and yield accounting were conducted accord-
ing to the method of M.A. Fedin, Y.A. Rogov-

sky, L.V. Isayev'. Statistical processing of the
obtained data was carried out by methods of
variation, correlation, variance analysis by the
method of B.A. Dospekhov? in processing of
computer programs by O.D. Sorokin®.

The parameters of ecological plasticity (bj),
stability (S2dj), environment index (Ij), theo-
retical yield (Xij) were calculated according to
the methodology developed by S.A. Eberchart
and W.A. Russel*, which considers the positive
response of the genotype to improved growing
conditions.

The soil on which the research was con-
ducted is leached chernozem, heavy loamy in
granulometric composition, of medium thick-
ness. The humus content is 8.0%, soil solution
reaction is close to neutral, pH 6.0. N-NO, con-
tent in 0-40 cm horizon is 27.2 mg/kg, PO, is
128 mg/kg, K O is 98 mg/kg.

Spring barley yields are largely determined
by the hydrothermal regime during the first
vegetation period. In 2017, conditions during
this period were defined as unfavorable (high
temperatures and lack of moisture). Spring bar-
ley plants had a lack of moisture in the periods
of sowing - sprouting and sprouting - emerging,
HTC in May was 0.40, in June - 0.46 on the
background of increased temperatures by one
and three degrees, respectively (see Table 1).
Precipitation in the second half of the grow-
ing season had a favorable effect on the further
development of barley plants, HTC during ear-
ing - waxy ripeness is 1.8.

Unfavorable conditions in 2018 occurred
during the growth and development of spring
barley from sowing to full tillering with a de-
crease in average daily temperatures to 4.8 °C
and a significant amount of rainfall (186% of
the norm). A large overwetting was recorded in
June and July, with HTC of 2.41 and 1.92, re-
spectively. The harvesting period is character-
ized as favorable with low precipitation (33%
of the norm, HTC = 0.42).

'Fedin M.A., Rogovsky Yu.A., Isaeva L.V. Methodology of state variety testing of agricultural crops (methodological guide-

lines). M., 1985. 270 p.

2Dospekhov B.A. Methodology of field experience. Moscow: Kolos, 1985. 351 p.
3Sorokin O.D. Applied statistics on computer. Krasnoobsk: SUE RPO SB RAAS, 2004. 162 p.
‘Eberchart S.A., Russel W.A. Stability parameters for comparing varieties // Crop Sci. 1966. Vol. 6. N 1. P. 36-40.
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Tadua. 1. MereoycnoBusi B IEpUOJ BEr€TALMH SPOBOTO SUMEHS
Table 1. Weather conditions during the vegetation of spring barley

. Month
Indicator May | June | July | August | September
2017
HTC 0,40 0,46 1,8 1,1 2,3
Precipitation amount, deviation from the norm, % 54 39 161 89 154
Average daily air temperature, deviation from the norm, °C +1 +3 0 +1 -1
2018
HTC 0,0 2,41 1,92 0,42 0,36
Precipitation amount, deviation from the norm, % 186 212 167 33 133
Average daily air temperature, deviation from the norm, °C -3 +3 -1 0 +1
2019
HTC 1,37 1,12 1,23 1,12 1,95
Precipitation amount, deviation from the norm, % 91 81 111 97 156
Average daily air temperature, deviation from the norm, °C 0 0 0 +2 +1
2020
HTC 1,50 0,46 2,44 0,81 1,90
Precipitation amount, deviation from the norm, % 156 33 227 72 146
Average daily air temperature, deviation from the norm, °C +4 -0,3 +0,4 +2,5 +0,6

Favorable conditions prevailed in 2019,
with average daily temperatures in May, June
and July in line with the long-term average.

In August, there was an increase in average
daily temperatures by 2°C with moderate mois-
ture content, HTC = 1.12-1.37. In 2020, lack of
moisture was present during tillering - earing
of spring barley, HTC = 0.46. In May, during
the sprouting - heading period, high tempera-
tures (4 °C above the norm) were accompanied
by precipitation of 67 mm (156% of the annual
average). During spring barley grain ripening
period, significant overwatering was recorded,
HTC = 2,44 (145 mm of precipitation) with av-
erage daily temperatures ranging from 16,7 to
21,4 °C (+0,4 °C to the norm).

RESULTS AND DISCUSSION

Under contrasting growing conditions of
spring barley in the years of research, it was
found that a significant influence on the yield
has a factor of environment - 82.6%, the share
of genotype influence was 1.4%. The analy-
sis of environment indices revealed favorable
years (2020 and 2019), when Ij was 1.09 and

1.96, and unfavorable years (2017 and 2018, [j
equal -2.7 and -0.33, respectively) (see Table
2). The average yield for the years of research
of spring barley in the nursery of competitive
variety trials was 5.51 t/ha, the maximum av-
erage yield has a breeding line KM-198/11
(6.45 t/ha). The average yield under different
growing conditions characterizes the ability
of plants to withstand the negative effects of
the environment, i.e. the compensatory ability
of genotypes, it is an indicator of genetic flex-
ibility (GF) [16]. In agroecological conditions
2017-2020, breeding lines KM-209/11, Nutans
26/18 (GY = 5.52 t/ha), Nutans 12/16 (GY =
5.47 t/ha) have genetic flexibility, the Biom
standard indicator is 5.00 t/ha. Compared with
the standard, the KM-198/11 breeding line has
the greatest genetic flexibility, with an excess in
yield of 1.45 t/ha.

The regression coefficient bi was used to as-
sess the adaptability of spring barley breeding
lines. The selection line KM-198/11 had above-
average adaptability, bi = 0.24, at high average
yield in the experiment. The greatest respon-
siveness to improvement of environmental con-
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Ta6u. 2. BiusHue ycnoBuil BeIpallliBaHUsI HA IPOLYKTUBHOCTh CEJICKIMOHHBIX JIMHUH SIPOBOTO SIMMEHS
Table 2. Influence of growing conditions on productivity of breeding lines of spring barley

Yield, tha Yield sum of the Ayeragel d
) ) Experiment year i-variety under | . variety yie Regression
Variety, line . o in the j-year of .
j- conditions, experiment coefficientd,
2017 2018 2019 2020
YY, tha Y tha
Biom, standard 2,0 4,4 7,0 6,6 20,0 5,00 0,31
KM-209/11 2,2 5,2 7,7 7,0 22,1 5,52 0,43
KM-198/11 4,9 5,3 7,1 8,5 25,8 6,45 0,24
Nutans 12/16 3,5 6,0 7.3 5,1 21,9 5,47 0,24
Nutans 26/18 1,8 5,6 7,8 6,9 22,1 5,52 0,47
Nutans 27/18 2,4 4,6 7,9 5,5 20,4 5,10 0,39
2.Y, (the yield sum of all varieties
in thej- year of experiment) 16,8 31,1 448 39,6 132,3
Yi — average variety yield in the
j-year of experiment 2,80 5,18 7,47 6,60 22,0 5,51
[j — environmental index -2,7 | -0,33 | 1,96 | 1,09

ditions was shown by samples KM-209/11 and
Nutans 26/18, bi = 0.43 and 0.47, respectively.

The less variation in yield under the influence
of external conditions, the higher the stress tol-
erance of the variety and the wider the range of
its adaptive capacity. The response of breeding
lines to external conditions was evaluated by
the coefficient of variation (V, %). The breed-
ing lines KM-198/11 (25.9 %), Nutans 12/16
(29.2%) and the standard Biom (46.1%) had the
lowest rate of variability of yield in spring bar-
ley (see table 3). Yields in breeding line KM-
198/11 ranged from 4.9 to 8.5 t/ha. The greatest
influence of environment among breeding lines
was observed in KM-209/11 (44.4%), Nutans
27/18 (44.6), Nutans 26/18 (47.8%). Stability
coefficients (S.*) were calculated based on theo-
retical yield and deviations from actual yield
values.

The high and most stable grain yield was ob-
served in the breeding lines Nutans 12/16 and
KM-198/11 (S? = 2.18 and 2.59 respectively),
the Biom standard had S* = 4.23 (see Table 4).

The breeding line KM-198/11 with the high-
est yield among the genotypes studied has
above-average adaptive properties (bi = 0.24,
S2=2.59).

The selection line of spring barley KM-
198/11 has been prepared for state variety test-
ing in 2021 as the variety Kuzbass Jubilee.

Spring barley Kuzbass Jubilee.

The variety of spring barley Kuzbass Jubi-
lee was created in Kemerovo Research Insti-
tute of Agriculture (NIISKh) - a branch of SF-
SCA RAS. It was bred by individual selection
from a hybrid population (KM-81 X Grosso)
with breeding work on the selection of forms
immune to dust brand with stable productiv-

Taba. 3. BapuabeapHOCTh YPOKAHHOCTH CENEKIIMOHHBIX JTUHUH SIPOBOTO STIMCHSI
Table 3. Yield variability of breeding lines of spring barley

Parameter
Variety, line Average variety yield in the Size of yield variation, Variation coefficient V,
j-year of experiment Yi, t/ha (min-max), t/ha %
Biom, standard 5,00 2,0-7,0 46,1
KM-209/11 5,52 2,2-7,7 44.4
KM-198/11 6,45 4,9-8,5 25,9
Nutans 12/16 5,47 3,5-7,3 29,2
Nutans 26/18 5,52 1,8-7,8 47,8
Nutans 27/18 5,10 2,4-79 44,6
32 Siberian Herald of Agricultural Science * 2021 ¢ 51 ¢ 5 Plant growing and breeding
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Ta6a. 4. Teopernyeckas ypokalilHOCTh U CTAOMIIHBHOCTH CENIEKIIMOHHBIX JJMHAN SPOBOTO STUMEHS
Table 4. Theoretical yield and stability of breeding lines of spring barley

. . Deviation of the actual yield from theoretical
Theoretical yield X, t/ha
v d, t/ha
Variety, line ) N S?
Experiment year !
2017 2018 2019 2020 2017 2018 2019 2020

Biom, standard 4,16 4,90 5,60 5,34 -2,16 -0,5 +1.4 +1,26 4,23
KM-209/11 4,36 5,38 6,36 5,99 -2,16 —0,18 +1,34 +1,01 3,20
KM-198/11 5,80 6,37 6,92 6,71 -0,9 -1,07 +0,18 +1,79 2,59
Nutans 12/16 4,82 5,39 5,94 5,73 -1,32 +0,61 +1,36 —0,63 2,18
Nutans 26/18 4,25 5,37 6,44 6,03 -2,45 +0,23 +1,36 +0,87 4,33
Nutans 27/18 4,05 4,87 6,02 5,61 —-1,65 -0,27 +1,88 -0,11 3,16

ity. The variety showed high resistance to dust
brand (Ustilago nuda (Jens) Kell et Swing) and
practical resistance to head smut (Ustilago hor-
dei (Pers) Kell et Swing).

The variety belongs to the nutans variety
group, a medium-maturing variety with a grow-
ing season of 85 days. The average yield is 6.45
t/ha and the maximum yield is 8.50 t/ha. The
grain is large, the weight of 1,000 grains is 53.2
g, the number of grains in an ear is 20.9 units,
productive tillering capacity is 1.9. It forms an
aligned stem with a plant height of 86.8 cm, and
is highly resistant to lodging and tilting of the
ear (9 points). Crude protein content in grain:
13.6-14.1%; hoodness: 8.4%; natural weight:
620 g/l.

The main advantages of the variety are high
drought tolerance, resistance to lodging and
smut fungus, and high productivity. The variety
reacts moderately to stress factors by reducing
productivity.

CONCLUSION

As a result of a comparative study of spring
barley selection lines in Kuznetsk Depression
the most adaptive genotypes were singled out:
KM-198/11 (bi = 0.24, S? = 2.59), Nutans
12/16 (bi = 0.24, S = 2.18). The lowest rates of
variability of the spring barley yield were ob-
served for the selection lines KM-198/11 (25.9
%), Nutans 12/16 (29.2 %) and for the standard
Biom - 46.1 %. The KM-209/11 (bi = 0,43) and
Nutans 26/18 (bi = 0,47) samples had the great-
est responsiveness to improvement of environ-

mental conditions with a significant variation in
yield depending on environmental conditions
(V =44,4-47,8%).

The selection line of spring barley KM-
198/11 has been prepared for submission to
state variety testing in 2021 as the Kuzbass Ju-
bilee variety.
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