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We live in an era of a changing climate and an
increasing population - these two factors lead to
the need to maintain food security, including by
creating highly resistant varieties of winter ce-
reals. Since the beginning of breeding, scientists
have been faced with real tasks to provide their
country with the necessary amount of food. In
the field of cultivation of grain crops, the deci-
sion should be based not only on the issues of

MBI )KHBEM B 310Xy U3MEHSIOIIETOCS KINMaTa U YBEJIH-
YCHHMS YHCIIa HACEJCHHS — TH [Ba (DakTopa MPUBOIST K
HE00X0IUMOCTH TIOIZICPIKaHUS TIPOTOBOJIbLCTBEHHOM 0e3-
OIIACHOCTH, B TOM YHCJIE METOLOM CO31aHUs BLICOKOMO-
PO30YCTOMYUBBIX COPTOB O3UMBIX 3€PHOBBIX KyJIbTyp. Co
BPEMEH 3apOKICHHUS CCICKIUH MEPel] YICHBIMU CTABU-
JIMCh peajbHbIC 33]]a4i 00CCIICYUTh CBOIO CTPaHy HE00-
XOJMMBIM KOJIMYECTBOM MPOAOBOJILCTBHSA. B obnactu
BO3/ICTIBIBAHNS 36PHOBBIX KYJIBTYp PEIICHHUE JOJIXKHBI
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OBITh OCHOBaHBI HE TOJIBKO Ha BOIPOCAX CO3MAaHUS U
BHE/IPCHHUS BEICOKOTIPOJIYKTUBHBIX COPTOB, HO OCTPBIM
HaIpaBJICHUEM SIBJISICTCS BBIBEICHHE MOPO30yCTOWIHBEIX
(hopm. DTO TTO3BOIUT CEIHXO3TOBAPOIIPOU3BOIUTEISAM
HaXOJAIINMCS B CEBEPHBIX PETHOHAX BO3IEIIBIBAHAS O3H-
MOTO STIMEHS, TaApaHTHPOBAHHO MOJIYYaTh YPOXKaH U J10-
TIOJTHUTENBHBIE CPECTBA 32 CUET BBEJCHHUS B CEBOOOOPOT
3UMOCTOMKHUX COPTOB. B CBsI3M ¢ 3THM, Tiepe; Hamu Oblia
MOCTABJICHA [IEJIb — OIICHUTh MOPO30YCTOHYUBOCTD KOJI-
JICKIIMOHHBIX ()OPMBI PA3HOTO IKOJIOTO-TeorpaduIecKkoro
MPOUCXOXICHUS. B HAIIMX UCCIICIOBAaHUSX MBI IPUMCHSI-
JI COBPEMCHHBII METO pa3paOdOTaHHBIH aKaIeMUKOM
B.M. llleBuoBbiM. [JaHHBIN METO MO3BOJISIET 32 KOPOTKUI
MEPUO]T BPEMEHH OLICHUTh TECTUPYEMbIH MaTepHa U 1o-
JYYUTh YETKYIO TUPHEPESHIINIO 110 OLIEHUBAEMOMY TIPH-
3HaKy. B ombITe TPOMOPO3KY OCYIIECTBISUIN IPH IBYX
BapHaHTax KpuTuueckux temmeparyp —11u — 12 T. Becs
OIICHUBAEMBIH MaTepuas OblJI CATMEHTHUPOBaH Tocie 00-
paboTKM HKCTICPUMEHTANBHBIX TaHHBIX. BrIssBieHb (op-
MBI C Pa3JIMYHBIM YPOBHEM YCTOWYMBOCTH K 33 JaHHBIM
TEMIEePaTYpHbIM pexumaM. ONpeesieHbl COPTa OTIHYa-
IOIIHMECS BBICOKOW YCTOWYHBOCTBIO K MPSIMOMY BO3JICH-
CTBHIO OTPHUIIATEIBHBIX TEMIICPATYP

Kmo‘{egme cnosa; O3UMBIN ITUMEHB, MOPO30-
YCTOUYMBOCTDS, HPOMOP/})KI/IBAHI/IE, CET-
MEHTALISI MOPO30YCTOMYNBOCTU
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creation and introduction of highly productive
varieties, but the main direction is the breeding
of frost-resistant forms. This will allow agricul-
tural producers located in the northern regions
of winter barley cultivation to receive a guaran-
teed harvest and additional funds due to the in-
troduction of winter-hardy varieties into crop
rotation. In this regard, the goal was set for us —
to assess the frost resistance of collectible forms
of different ecological and geographical origin.
In our research, we used a modern method de-
veloped by academician V.M. Shevtsov. This
method makes it possible to evaluate the tested
material in a short period of time and obtain a
clear differentiation according to the assessed
feature. In the experiment, the freezing was car-
ried out at two critical temperatures of -11 and -
12 °C. All the evaluated material was segment-
ed after processing the experimental data. The
forms with different levels of resistance to the
specified temperature conditions have been
identified. We have also identifies varieties
characterized by high resistance to the direct
effects of negative temperatures

Keywords: WINTER BARLEY, FROST RE-
SISTANCE, FREEZING, SEGMENTATION
OF FROST RESISTANCE

COMPARATIVE ASSESSMENT OF STABILITY
INTRODUCED SAMPLES AND BREEDING FORMS
WINTER BARLEY TO LOW
NEGATIVE TEMPERATURES

Barley is a cereal crop with one of the widest agesranges in the

world. Compared to other cereals, barley rankstifiour world production after

corn, wheat and rice [1].

Barley varieties are cultivated in world agricuéwn more than 80 mil-

lion hectares due to their high plasticity. The rage world crop vyield is

2,4 t/ha, and the annual production is more th&nhriilion tons.

In Russia, barley is one of the main grain foraggs. The cultivation of

winter barley is concentrated mainly in the Northu€asus, where it occupies

from 6 to 10% in the structure of the sown arethis region.
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Winter barley has a number of advantages over @ffeen crops. Being
characterized by early ripeness and high produgtivi provides agricultural
producers with the earliest grain. Thus, supplyiingstock with fodder, and
when selling grain, it provides the first financraturn on the harvest. For the
climatic conditions of the Krasnodar Territory, w@n barley is especially rele-
vant and widely in demand in production.

The expansion of winter barley sowings to the rearihregions is hin-
dered by insufficient winter hardiness of varieti@dmitted for production.
Many agrarians do not introduce winter barley ithie crop rotation, fearing the
instability of the guaranteed annual harvest. Ia thgard, the breeding and in-
troduction of new highly winter-hardy varietiesais urgent task of breeding [2].

The main factor determining winter hardiness isrgsstance of winter
forms to negative temperatures [3]. In the southiegions of crop cultivation,
the climatic conditions in the winter period aredeable for the overwintering
of winter crops, and it is almost impossible to dwct a qualitative field assess-
ment of winter hardiness. For these purposes, eeding practice, the method
of direct laboratory freezing in low-temperaturectbers is used. It allows you
to clearly differentiate the prototypes for frosistance. In artificial climate
chambers, when simulating low negative temperatutas possible to deter-
mine the critical temperature for each particulanety and to mobilely evaluate
significant amounts of breeding material [4].

Material and technique. When conducting our resedrost resistance
testing was carried out on varieties and breedings|of our own selection,
forms of the NCZ name P.P. Lukyanenko, LLC «Agrodtt», FGBNU ARC
«Donskoy», as well as in the study used sampléseofvorld collection of VIR.
In total, the study included 116 varieties and Oneg forms. The varieties Mol-

ot and Strateg were used as standards.

http://ej.kubagro.ru/2022/09/pdf/25.pdf
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Frost resistance was assessed at the Center ficiartClimate using a

modified method by B. M. Shevtsov. For this, an EKf®ezer was used

(figure 1).
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Figure 1 — EKSI freezer and programmer for a flexibeezing
temperature control system

The technical characteristics of the chamber, nizyeased accuracy of
maintaining the temperature throughout the workiopme, as well as the sta-
bility of the operation of the automatic controksym for the freezing process,
make it possible to obtain high-precision experitabdata.

The programmer, developed and designed for thes taskeezing modes,
authorizes the set temperature automatically anfdnmes an operational record-
ing of the entire process in real time.

The analyzed material was sown in plastic boxesx(28 x 13 cm with a
drainage hole) in 7 rows (one row, one varietyreeding line), the standard va-
riety Molot was sown in the second and sixth rolrgezing of prototypes was

carried out at temperatures of —11 and —-12 °C.rAfeezing, the test material

http://ej.kubaqgro.ru/2022/09/pdf/25.pdf
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was removed from the chambers and subsequentlpdfeentage of frost re-
sistance was determined by the ratio of the nunobgreserved plants to the
number of plants before freezing.

The data obtained during the research were proddssehe methods of
mathematical statistics in the edition of B. A. pekhov. The obtained results
were processed using computer programs.

Results. In our breeding work, as parental forms,also traditionally in-
volve varieties and samples of various ecological geographical origin. In
programs whose goal is to create winter-hardy tiageit is imperative to study
the frost resistance of the original forms. Thaetas studied by us were repre-
sented by different origins (figure 2).

The studied collection was represented by samgdld®usesian selection
63,8 %, forms of their France — 11,2 %, Germany,5-%, Ukraine — 5,2 %,
Canada — 4,3 %, Bulgaria — 3,4 %, Austria — 1,7C#ech Republic, USA,
Mexico, Japan and Belarus less than 1 percent. \Wtuelying the experimental

material, the main goal was to identify sourcekigh frost resistance.

http://ej.kubagro.ru/2022/09/pdf/25.pdf




Hayunsrii sxypaan Kyol'AY, Ne183(09), 20220x 6

Bulgaria- Austria- 1,7% Czech
3,4% Republic,
Canada‘ 4,3% USA\’ Mex|co’
Japan,
Ukraine - 5,2% Belarus- 0,9%

Germany -
9,5%

Russian -
63,8%

France - 11,2%

Figure 2— Origin of experimental varieties wintarley

According to the results of the test, all matewals distributed intofive re-
sistance groups. With the preservation of up to 20%ving plants, the samples
were assigned to a group with very low frost resise. From 21 to 40% of the
preserved plants are a group with low frost reststa More than 41, but up to
60 % — belonged to the group with medium resistaRoem 61 to 80% — high
resistance, and above — with very high frost rasiss.

Based on the results of freezing at a temperatureld °C, we made the
following distribution (figure 3).

http://ej.kubagro.ru/2022/09/pdf/25.pdf
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Figure 3 — Segmentation of frost resistance ofeti®s and samples
winter barley at a temperature of — 11 ° C
The first group, with very low frost resistanceclided 2 experimental
forms. Low resistance was determined in 15 samp@lestage frost resistance
(41-60%) was found in 40 varieties, 47 varietiesemgistinguished by high
rates, their survival of living plants was at tieedl of 61-80%, very high re-
sistance from 81 to 100% was found only in 12 sasifiom all studied materi-
al.
In general, 99 out of 116 prototypes had high dat&ost resistance, at a
freezing temperature of 11 °C. 15 % of varietiesvgld medium resistance.
In the future, we subjected the same varietal caiipa to freezing at a
lower temperature — 12 ° C.
The results of this freezing cycle were differéftte most numerous were
the first two resistance groups, which includedtu®5 % of all studied forms

(figure 4).
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Figure 4 — Segmentation of frost resistance ofeti®s and samples

winter barley at a temperature of — 12 ° C

The resistance of prototypes to lower temperatunesed out to be much
lower. Thus, most varieties and accessions weteglisshed by low frost re-
sistance of 0—20 and 21-40%, and only 12 varidtees a high percentage of
survival of living plants from 61-80% and highetrid these forms that are of
particular interest as the starting material inedreg programs for the creation
of highly frost-resistant varieties.

Analyzing the obtained data on frost resistance/as possible to obtain a
clear individual differentiation of all the studiéorms. In general, high rates of
frost resistance were found mainly in varietiesRafssian breeding. In this
group, we included forms that had a plant survraéé of 70 % and more than
90 % at a freezing temperature of —11 °C, and deioto identify a decrease in
resistance to direct frost exposure, the indicabbrthese forms at a lower tem-

perature are given (table 1).

http://ej.kubagro.ru/2022/09/pdf/25.pdf
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Table 1 — Average frost resistance of selectectias and accessions of winter

barley (Kuban State Agrarian University)

: Frost resistance, ¥ * 10 standard

Variety, sample ’ —11°C —12°C
—11°C| —-12€ | Molot | Strateg| Molot Strateg

Molot st. 93,6 72,3 14,7 -13,0
Strateg st. 78,9 59,3 — 14,7 -13,0
Kubagro 100 81,2 60,8 - 12,4 2,3 — 115 1,5
Agrodeum 21 79,4 59,5 — 14,2 0,5 — 12,8 0,2
89/22 80,6 61,4 -13,0 1,7 - 10,9 2,1
Sel'hoz 74,8 59,6 —-18,8] -41| -—-12] 0,3
Versal' 80,6 61,4 -13,0 1,7 — 10,9 2,1
Timothy 82,5 62,1 -11,1 3,6 — 10,2 2,8
Yerema 97,3 75,2 3,7 18,4 2,9 15,9
Samson 94,5 72,6 0,9 15,6 0,3 13,3
Vasya 76,1 57,4 -175| -28| -14¢ -19
Toma 79,5 59,7 - 14,1 0,6 — 12,6 0,4
NSRys 11,2 12,4

As a result of the analysis of experimental dataindufreezing at
— 11 €, the safety of plants in isolated samples variechf74,8 to 97,3 %. A
high percentage of frost resistance was found metras Samson and Yerema
94,5 — 97,3 %, these are the highest rates inxperienent, the increase to the
standard variety Molot was 0,9 and 3,7 %, respebtivAlso, the varieties
Kubagro 100, 89/22, Versal' and Timothy were dgtished by high frost re-
sistance, in which more than 80 % of living plamsre preserved during the
first freezing cycle, but all these varieties shdveedecrease in the indicator rel-
ative to the standard variety. In other varietfesst resistance was in the range
of 76,1 — 79,5 %. Taking into account the data athematical processing, only
three varieties Timothy, Yerema and Samson had fessstance within the ex-
perimental error.

In the experiment, two standard varieties were @sefully used, Molot
as a highly frost-resistant variety and Strategraes of the most popular in pro-

duction.

http://ej.kubagro.ru/2022/09/pdf/25.pdf
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A comparison of the frost resistance indices of ifdated forms with
the Strateg variety showed that basically all sasgiad an advantage from
0,5 to 18,4 %, and only two varieties Sel'hoz ardya yielded to this standard
by 4,1 and 2,8%, respectively.

Analyzing the frost resistance of the same fornth &idecrease in tem-
perature by 1°, it was found that the identified trend persistéte varieties
with high frost resistance were Yerema and Samisey ¢xceeded the standard
by 0.3 and 2.9%, but these figures were withinekygerimental error. A signifi-
cant decrease in relation to the Molot variety iasd in Strateg, Agrodeum
21, Sel'hoz, Vasya and Tamin comparison with the Strateg variety, signifi-
cantly high frost resistance values were determinetie Yerema and Samson
varieties.

In the future, we studied the frost resistancecatirs of the best forms
and revealed a tendency for its decrease with eedse in freezing temperature
by 1. The results are shown in figure 5.
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Picture 5 — The trend of decreasing frost resiganc
varieties of winter barley
In general, all forms had a fairly high percentagereduction from

20,3 to 25,1 %. That is, when the temperature dbypsnly 1 € at the depth of
the tillering node, winter barley varieties canddbeir resistance by 20-25 %.
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Of all the experimental samples, the smallest tianaof the trait was found in
the Selkhoz variety.

Thus, studying the frost resistance of extensieeding and collection ma-
terial, we have identified forms that have diffdregsponses to negative temper-
atures. Forms with high rates of frost resistaraestbeen identified, which will

later be included in breeding programs to create fn@st-resistant varieties.
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