ISSN 0370-8799 (Print)
ISSN 2658-462X (Online)
&

SIBERIAN HERALD

OF AGRICULTURAL SCIENCE

N02

s ; Volume 33
3 &

Volume 53 No2 2023

=
@)
Z
2
o)
@)
7))
5
- . ,.
= Y 1 3
- g, R ). t“r.
- - A g
Q e A f\\ } -
N, { 3 s
5 SR | AN N,
< ™ : \ —1‘ .,.‘:;\ .{1 ;
S . | R\ ~
O : ‘?.:.\ fy | '_1 :i'.-\
Q ’\ f ‘J P e -
_.-;‘. ' ~ ..o &
- \\.JM .“. w & R N o -
> b RN
: L\ £
= o :

5, ’\ ~ LB ll.\
Z e 1 \
< AR ;
! i
m ’ 'Ig
= o
a ,
7))

FEBRUARY 2023




THE SCIENTIFIC JOURNAL

SIBERIAN HERALD
OF AGRICULTURAL SCIENCE

SIBIRSKII VESTNIK SEL'SKOKHOZYAISTVENNOI NAUKI

FOUNDERS: SIBERIAN FEDERAL SCIENTIFIC CENTRE OF AGRO-BIOTECHNOLOGIES

OF THE RUSSIAN ACADEMY OF SCIENCES
SIBERIAN BRANCH OF THE RUSSIAN ACADEMY OF SCIENCES

ESTABLISHED IN 1971

12 ISSUES PER YEAR

Volume 53, No 2 (291)

DOI: 10.26898

2023

February

Editor-in-Chief — Alexander S. Donchenko, Academician of the Russian Academy of Sciences, Doctor of Science in Veterinary
Medicine, Head Researcher, Head of Research Group of the Siberian Federal Scientific Centre of Agro-BioTechnologies of the
Russian Academy of Sciences, Novosibirsk, Russia
Deputy Editor-in-Chief — Tatyana A. Lombanina, Head of the «Agronauka» Publishing House of the Siberian Federal Scientific
Centre of Agro-BioTechnologies of the Russian Academy of Sciences, Novosibirsk, Russia

Editorial board:

Vladimir V. Azarenko
Victor V. Alt

Olga S. Afanasenko
B. Byambaa

Anatoly N. Vlasenko
Natalia G. Vlasenko
Kirill S. Golokhvast
Olga V. Golub
Nikolay P. Goncharov
Mikhail I. Gulyukin
Valery N. Delyagin
Seyed Ali Johari

Irina M. Donnik
Nikolay A. Donchenko
Nikolay M. Ivanov
Andrey Yu. Izmailov
Nikolay I. Kashevarov
Valery I. Kiryushin
Sergey N. Mager
Konstantin Ya. Motovilov
Oleg K. Motovilov
Askar M. Nametov
Vasil S. Nikolov
Sergey P. Ozornin
Valery L. Petukhov
Revmira I. Polyudina
Marina I. Selionova
Vladimir A. Soloshenko
Nikolay A. Surin

Ivan F. Khramtsov
Sezai Ercisli

Seung H. Yang

Dr. Sci. in Engineering, Cor. Mem. of the Nat. Acad. Sci. of Belarus, Minsk, Belarus
Acad. Of Russ. Acad. Sci., Dr. Sci. in Engineering, Novosibirsk, Russia
Acad. Of Russ. Acad. Sci., Dr. Sci. in Biology, Saint-Petersburg, Russia

Dr. Sci. in Veterinary Medicine, Acad. Of Mongolian Acad. Sci., Ulaanbaatar, Mongolia
Acad. Of Russ. Acad. Sci., Dr. Sci. in Agriculture, Novosibirsk, Russia
Acad. Of Russ. Acad. Sci., Dr. Sci. in Biology, Novosibirsk, Russia

Cor. Mem. of Russ. Acad. Edu., Dr. Sci. in Biology, Novosibirsk, Russia
Dr. Sci. in Engineering, Novosibirsk, Russia

Acad. Of Russ. Acad. Sci., Dr. Sci. in Biology, Novosibirsk, Russia

Acad. Of Russ. Acad. Sci., Dr. Sci. in Veterinary Medicine, Moscow, Russia
Dr. Sci. in Engineering, Novosibirsk, Russia

Associate Professor, PhD, Sanandaj, Iran

Acad. Of Russ. Acad. Sci., Dr. Sci. in Biology, Moscow, Russia

Cor. Mem. of Russ. Acad. Sci., Dr. Sci. in Veterinary Medicine, Novosibirsk, Russia
Cor. Mem. of Russ. Acad. Sci., Dr. Sci. in Engineering, Novosibirsk, Russia
Acad. Of Russ. Acad. Sci., Dr. Sci. in Engineering, Moscow, Russia

Acad. Of Russ. Acad. Sci., Dr. Sci. in Agriculture, Novosibirsk, Russia
Acad. Of Russ. Acad. Sci., Dr. Sci. in Biology, Moscow, Russia

Dr. Sci. in Biology, Novosibirsk, Russia

Cor. Mem. of Russ. Acad. Sci., Dr. Sci. in Biology, Novosibirsk, Russia

Dr. Sci. in Engineering, Novosibirsk, Russia

Dr. Sci. i
Dr. Sci. in Veterinary Medicine, Sofia, Bulgaria

Dr. Sci. in Engineering, Chita, Russia

Dr. Sci. in Biology, Novosibirsk, Russia

Dr. Sci. in Agriculture, Novosibirsk, Russia

Dr. Sci. in Biology, Moscow, Russia

Acad. Of Russ. Acad. Sci., Dr. Sci. in Agriculture, Novosibirsk, Russia
Acad. Of Russ. Acad. Sci., Dr. Sci. in Agriculture, Krasnoyarsk, Russia
Acad. Of Russ. Acad. Sci., Dr. Sci. in Agriculture, Omsk, Russia
Professor, PhD, Erzurum, Turkey

Professor, PhD, Gwangju, Korea

Editors E.M., Isaevich, E.V. Mosunova, G.N. Yagupova. Corrector V.E. Selianina.

Desktop Publisher N.U. Borisko. Translator M.Sh. Gacenko.

Certificate PI FS77-64832 issued by the Federal Service for Supervision of Media,

Communications and Information Technologies on February 2, 2016

bICILIASAI ATTECTALIMUOHHAA

HAYYHAS 3AEKTPOHHAS|
BAVMOTEKA

LIBRARY. RU

POCCWNCKM NHOEKC
HAYYHOIO LIUTUPOBAHUSA

Science Index

RUSSIAN SCIENCE CITATION INDEX (RSCl)

WEB OF SCIENCE"

(ED AGRIS

UL R C H'S
| PERIODICALS DIRECTOR‘:’,..|

EBSCO

in Veterinary Medicine, Cor. Mem. of the Nat. Acad. Sci. Rep. of Kazakhstan, Uralsk, Kazakhstan

www. sibvest.elpub.ru

Publisher: Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Address: PO Box 463, office 456, SFSCA RAS Building, Krasnoobsk, Novosibirsk District,

Novosibirsk Region, 630501, Russia. Tel/fax: +7-383-348-37-62
e-mail: sibvestnik@sfsca.ru, vestnik.nsk@ngs.ru; www. sibvest.elpub.ru

© Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences, 2023
© Siberian Branch of the Russian Academy of Sciences, 2023




HAVUYHBIN )KYPHAJI

CUBUPCKNU BECTHUK
CEJIBCKOXO34ANCTBEHHOU HAYKHA

SIBIRSKII VESTNIK SEL'SKOKHOZYAISTVENNOI NAUKI

OCHOBAHB 1971 r.

YUPEJIUTEJIN: CUBMPCKUIA ®EJIEPAJIbHBIN HAYYHBIN LIEHTP ATPOBMOTEXHOJIOT Ui

POCCHICKOI AKAJIEMUAN HAYK
CHBUPCKOE OTJIEJIEHUE POCCUICKOM AKAJIEMUM HAYK

BBIXOJIUT 12 PA3 BT'O/]

Tom 53, Ne 2 (291)

DOI: 10.26898

‘v g 2023

deBpaib

I'naBubIii pexaxkrop — lonuenko Anekcanap CemeHoBHY, akageMik PAH, 1oxTop BeTeprHApHBIX HAYK, TIAaBHBIA HayYHBII
COTPYIHHUK, PyKOBOJMTEIb Hay4HOro HarnpapieHns Cuoupckoro ¢enepaabHOr0 HAYYHOTO [IEHTpa arpoOHOTEXHOIOT Hif
Poccuiickoii akagemun Hayk, HoBocubupck, Pocenst

3amecTHTeNb INIABHOTO pegakTopa — JlomOannHa TaTbsHa AJIEKCAaHIPOBHA, 3aBEAYIOMINN H3IaTEILCTBOM «ATPOHAYKa»
Cubupcxoro (enepaabHOT0 HAYIHOTO IIEHTpa arpodrorexHonoruii Poccniickoit akanemun Hayk, HoBocnbupcek, Poccust

PenakumoHnas KoJuierus:

B.B. Azapenko
B.B. Ansr

0.C. AdanaceHko
b. bsambaa

A.H. Brnacenko
H.I". Bnacenko
K.C. l'onoxBact
0O.B. T'ory6

H.IT. Tonyapos
M.J. I'ynroxun
B.H. densarun
C.A. Ixoxapu
N.M. JlonHuk
H.A. Jlonuenko
H.M. UBanos

A 1O. U3zmaiinos
H.U. Kamesapos
B.1. Kupromunx
C.H. Marep
K.41. MoroBuios
0O.K. MotoBuos
A.M. HameroB
B.C. Hukonos
C.I1. O30paUH
B.JI. TleryxoB
P.U. Ilomoguna
M.U. Cenuonona
B.A. Cosnomenko
H.A. Cypun
N.®. Xpamuon
C. Dpkucnu
C.X. Snr

ZI-p TeXH. HayK, uieH-koppecnonaeHT HAH benapycu, Munck, benapycn
akagemuk PAH, n-p Texn. Hayk, HoBocubupck, Poccust
akagemuk PAH, n1-p 6uon. Hayk, Cankt-IlerepOypr, Poccust

2a54% BbICIIAA ATTECTAUMOHHAA
SF3 KOMHUCCHSA (BAK)
NEESS o mmerpern tpusonatnn e

II-p BET. HayK, akafgeMuk AkaneMuu Hayk Monronuu, Yian-barop, Monronus
akagemuk PAH, n1-p c.-x. Hayk, HoBocubupck, Poccus

akagemuk PAH, n-p 6uon. Hayk, HoBocubupck, Poccust
unieH-koppectoreHT PAO, n-p Ouon. Hayk, HoBocubupck, Poccus

II-p TexH. Hayk, HoBocnOupck, Poccust

HAYYHAS SAEKTPOHHAS
BUBAMOTEKA
LIBRARY.RU

POCCUNCKN MHOEKC
HAYYHOTO LIUTUPOBAHMS

akagemuk PAH, 1-p 6uon. Hayk, HoBocubupck, Poccust Science Index

akagemuk PAH, n-p Bet. Hayk, Mocksa, Poccus

H_p TEeXH. Ha HOBOCH6HPCK POCCH;{ RUSSIAN SCIENCE CITATION INDEX (RSCl)
- yK’ 9 ™

npodeccop, PhD, Cananmamxk, Upan WEB OF SCIENCE

akagemuk PAH, 1-p 6uon. Hayk, MockBa, Poccus
uneH-koppectionenT PAH, n-p Ber. Hayk, HoBocubupck, Poccust
uneH-koppectionienT PAH, n-p Texn. Hayk, HoBocubupck, Poccust
akagemuk PAH, n-p Texs. Hayk, Mocksa, Poccus

akagemuk PAH, 1-p c.-x. Hayk, HoBocubupck, Poccus

akagemuk PAH, n1-p 6uon. Hayk, MockBa, Poccus

n-p Ouon. Hayk, HoBocubupck, Poccus

uneH-koppectonient PAH, n-p 6non. nayk, HoBocubupck, Poccust
II-p TexH. Hayk, HoBocubGupck, Poccust

II-p BET. HayK, wieH-koppecnionneHT HAH Pecriy6nuxu Kaszaxcran, Ypanbck, Kazaxcran

1-p Bet. Hayk, Codust, Bonrapust

E’ﬁ“;“""l:éﬁl:;ﬂ BECTHHK
O3/CTBEHHON HAVKH

ZI-p TeXH. HayK, Yuta, Poccust

n-p Ouon. Hayk, HoBocubupck, Poccus

I-p c.-X. Hayk, HoBocubOupck, Poccnst

I-p 6uoi. Hayk, Mocksa, Poccust

akagemuk PAH, 1-p c.-x. Hayk, HoBocubupck, Poccus
akagemuk PAH, n1-p c.-x. Hayk, KpacHosipck, Poccust
akagemuk PAH, 1-p c.-x. Hayk, Omck, Poccust
npodeccop, PhD, Dp3ypym, Typrus

npodeccop, PhD, Ksanmxy, Kopes

@acns

Google

o ]
www. sibvest.elpub.ru

Penaxropsl E.M. Hcaesuy, E.B. Mocynosa, I'H. flzynosa. Koppexrop B.E. Cenanuna.
Oneparop anekrponHoii Bepetku H.FO. bopucko. Tlepesomuuk M.LL. Iayenko.

CBuUIETENBCTBO O perucTpanuu cpeacts Maccooid nHdopmanu [T OC77-64832 Beinano denepainbHoil ciry»x001 10 Ha30py B cdepe CBA3H,

MH(OPMALOHHBIX TEXHOJIOIHI  MaCcCOBBIX KOMMYyHHKaImii 2 despast 2016 .

M3narenn: Cudupckuii geepabHblil HAyYHbIH HeHTP arpoduoTexHosoruii Poccuiickoii akageMun Hayk
Anpec penaknuu: 630501, Hopocudupckasi 06:1., HoBocudéupckmii p-H, p.i. KpacHoo6ck, 31anne COHIIA PAH, k. 456, a/s1 463
Teun./dake (383)348-37-62 e-mail: sibvestnik@sfsca.ru, vestnik.nsk@ngs.ru; https://sibvest.elpub.ru/jour

Bermren B ceet 20.03.2023. ®opmar 60 x 84!/, Bymara tum. Ne 1. [ledars odcernas. Ileu. . 15,75
Vu-uzn. 1. 15,5. Tupax 300 5k3. Llena ceoboHast.

Orneyarano B CuOHpcKoM (eepalbHOM HaydHOM LIEHTPE arpoOHOTeXHOMOrnii Poccuiickoii akageMun HayK
© OI'BYH «Cubupckuii GenepalbHbIi HaydHBIH HIEHTp arpodroTexHonoruii Poccuiickoil akanemun Hayk», 2023
© OI'BY «Cubupcroe otaenenue Poccuniickoit akagemun Hayy», 2023



&

CONEPXAHUE

COJEP)KAHUE

SEMIIE/IEJIUE
U XUMH3AL[UA

Heppuaves H.B., Bbrommna O.A. Bnu-
SIHUE CHCTEM OCHOBHOI 00paboTKu Ha
U3MEHEHHUE arperaTHOro COCTaBa TEM-
HO-cepoil JiecHOi mouBbl B CeBepHOM
3aypanbe

buabaueBa E.A., Epomenko ®.B. Oco-
OCHHOCTH a30THOTO TUTAHUS O3UMOM
TIIICHUIIBI B TEXHOJIOTUH MIPSIMOTO TIOCEBA

MacaoBa I'A., Kongakos K.C., bamun-
ckast O.C. 3aBUCHMOCTh YpOXKaHOCTH
HOBBIX COPTOB HyTa OT CIIO0c0o0a mocena
B Huxnem [ToBomxbe

PACTEHHEBO/ICTBO U CEJIEKLIHA

I'onuapoBa A.B., Kanko T.H. Dxosnoru-
YyecKasl TJIACTUYHOCTh U CTAOMIBLHOCTh
BUKHM SIpOBOH (TIOCEBHOM) B YCIOBHAX
3anagHo-CubupCKoOTo pernoHa

A3sonkoBa M.A. MHayKuust KajuTycoreHesa
cousetuil uecHoka (Allium sativum L.)
in vitro

16

25

33

43

CONTENTS

AGRICULTURE
AND CHEMICALIZATION

Perfilyev N.V., Vyushina O.A. Effect of
tillage systems on changes in the ag-
gregate composition of dark gray forest
soils in the Northern Trans-Urals

Bildieva E.A., Eroshenko F.V. Specific
features of nitrogen nutrition of winter
wheat in No-till technology

Maslova G.A., Kondakov K.S., Bashin-
skaya O.S. Yield dependence of new
cheakpea varieties on the method of
sowing in the Lower Volga region

PLANT GROWING AND BREEDING

Goncharova A.V., Kapko T.N. Ecological
plasticity and stability of spring vetch
(tare) under conditions of the West Si-
berian region

Azopkova M. A. Induction of garlic (4//ium
sativum L.) inflorescence callusogenesis
in vitro

2

Siberian Herald of Agricultural Science ¢ 2023 « 53 « 2

Contens



CONNEP)KAHUE

IIeipcuxos JI.A., Ilyanakkaiinan JLA.,
I'maz H.B., Y¢umuena JI.B. Dkonoru-
YeCKO€ HCIbITaHHE SUMEHS B CEBEPHOMU
necocrenu YensiOuHckoi obmactu

3AIJUTA PACTEHHUU

Hopomenko E.C., INumkun H.B. YcToii-
YUBOCTH SIPOBOTO SYMEHS K BO30YyIAHTE-
JISIM JIMCTOBBIX OOJIE3HEN

300TEXHUA
U BETEPHUHAPHA

Ad¢onomkun B.H., Kozaosa O.C., Yepe-
nymkuaa B.C., MuponoBa T.E., Ko3-
aosa 10.H., SIn ®., KonteB B.1O., /loH-
yenko H.A., JleneneBa O.FO. U3yuenune
BJIMSIHUSL MACJISIHOM KHUCIIOTHI U TIPOIaH-
J1oJ1a Ha KAeyHUK y Mbimeid ICR

KpyrukoBa A.A., IlozoBHuxkoBa M.B.,
Huxurkuna E.B., Mycugpain A.A.
AHanu3 KayecTBa CIEpMbl OBIKOB aiip-
IIMPCKOH MOPOJIbI B CBA3H C raryIoTUIIOM
¢deprunbHocTH AHI

®yuk U.A., lopodees P.B. Biusnue npo-
OMOTHYECKOro Ipernapara Ha KauecTBO
MOJIOKA KO3

Tapadykuna H.IIL., Belaraesa A.A, Cre-
nanoBa A.M., IlapuuxoBa C.U., He-
ycrpoeB MLII. HoBble nepcnekTuBHbIE
mraMMbl Bacillus subtilis, BEIAEICHHBIE
W3 MEP3JIOTHBIX MOYB SIKyTHH

Bepe3nn A.C. M3MmeHeHHE SKCTEPhEPHBIX
MIPU3HAKOB MEJOHOCHBIX ITYEN B TEUCHHE
Ce30Ha

48

55

64

71

79

85

94

Pyrsikov D.A., Pualakkainan L.A.,
Glaz N.V., Ufimtseva L.V. Ecological
testing of barley in the northern forest-
steppe of the Chelyabinsk region

PLANT PROTECTION

Doroshenko E.S., Shishkin N.V. Spring
barley resistance to leaf disease patho-
gens

ZOOTECHNICS
AND VETERINARY MEDICINE

Afonyushkin V.N., Kozlova O.S., Chere-
pushkina V.S., Mironova T.E., Ko-
zlova Yu.N., Yang F., Koptev V.Yu.,
Donchenko N.A., Ledeneva O.Yu.
Study of the effects of butyric acid and
propanediol of the intestine in ICR mice

Krutikova A.A., Pozovnikova M.V., Ni-
kitkina E.V., Musidray A.A. Semen
quality analysis of the Airshire bulls in
relation to the AH1 fertility haplotype

Funk IL.A., Dorofeev R.V. Effect of
probiotic preparation on goat milk
quality

Tarabukina N.P., Bylgaeva A.A., Stepa-
nova A.M, Parnikova S.I., Neustro-
ev ML.P. New promising strains of Ba-
cillus subtilis isolated from frozen soils
of Yakutia

Berezin A.S. Changes in the exterior fea-
tures of honey bees during the season

Copnepxanue

3

CHOnpCKHil BECTHHK CEJIbCKOXO3SHCTBEHHOM HayKH © 2023 « 53 2



CONNEP)KAHUE

MEXAHNU3ALIUA, ABTOMATHU3ALIHA,
MOJIEJINPOBAHUE
H HHDPOPMALIHOHHOE OBECIIEYEHHE

MECHANISATION, AUTOMATION,
MODELLING AND DATAWARE

IMmenoB E.A., baéckun C.C. Pazpadorka 101 Pshenov E.A., Bleskin S.S. Development

ABYXCTYIICHYATOI'O0 MUKJIOHA

HAYYHBIE CBA3U

Ep:xedaeBa P.C., AdexoBa A.M., ba3bi-

aoBa T.A., MacumrasueBa A.C., Me-
peeBa T./I., KoxxaxmeroB K.K., bacra-
yoaena I11.0O., CasmoBa H.JI. ITog6op
HHTPOTPCCCUBHBIX JIMHUHU MIIEHUIbI U
TPUTHKAJIE IO KAYE€CTBY 3€pHA U YCTOH-
YUBOCTH K OOJIE3HSIM JUIsl MCIOJIb30Ba-
HUS B OPraHUYCCKOM 3CMIJICICIINN

of a two-stage cyclone

SCIENTIFIC RELATIONS

110 Yerzhebaeva R.S., Abekova A.M., Ba-

zylova T.A., Massimgaziyeva A.S.,
Mereyeva T.D., Kozhakhmetov K.K.,
Bastaubayeva Sh.O., Slyamova N.D.
Selection of introgressive wheat and
triticale lines for grain quality and re-
sistance to diseases for use in organic
farming

4

Siberian Herald of Agricultural Science * 2023 « 53 « 2

Contens



S 3EMJIEJIEJINE U XUMW3AL[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2023-2-1 Tun crarby: OpUrHHANBHAS
VIK: 631.51:631.434:631.445.25(571.12) Type of article: original

BJIUSIHUE CUCTEM OCHOBHOM OBPABOTKH HA U3BMEHEHME
ATPETATHOI'O COCTABA TEMHO-CEPOM JIECHOM IMOYBBI
B CEBEPHOM 3AYPAJIBE

XDMeppuanves H.B., Borommuna O.A.

Hayuno-uccreoosamenvckuti uncmumym cenvckozo xozacmea CegepHozo 3aypanbs —
Gunuan Tromenckozo nayunoeo yeumpa Cubupckozo omoenenus Poccutickou akademuu Hayk
Tromens, Poccus

(<De-mail: p.nikolay52@yandex.ru

B mmrenpHOM crammonapaoM ombiTe (19882019 rT.) n3ydeHo BO3ACHCTBHE OTBAILHOM, 0€30T-
BaJIbHOM, KOMOMHHPOBaHHOH, Tr(depeHInpoBaHHOM, MOBEPXHOCTHOM, MIOCKOPE3HOM CHCTEM OC-
HOBHOW 00pa0OTKM Ha M3MEHEHHUE arperaTHoro COCTaBa TEMHO-CEPOH JIECHOH MTOUBkI. McciienoBaHms
IIPOXOIMIIN B ceBepHOit jecoctenu CerepHoro 3aypaiibs (TroMeHckas o0nacts). 3a 30-neTHuil nepu-
O/l MCIIOJIb30BAHNUS B NaliHe nousa ciost 0—20 cM coxpaHsiia CTPYKTYpPHOE COCTOSIHUE, HE YCTYNAl0-
iee MCXOIHOMY I10 OOJBIIMHCTBY HMCCIIEyeMbIX BapuaHToB 00paboTku. C yBemnueHneM TTyOHHBI
rpoduist mouBkl 110 ciost 0—30 ¢M 3a cYEeT MOBBIICHUS JOH TIIBIONCTON (hPAKITMH B HIDKHEM CIIOC
10-30 cM mpouCXOonMIIO CHUKEHUE COJEp)KaHUsI arpOHOMUYECKH LIEHHON CTPYKTYphbl B CPaBHEHUU
co cioem 0-20 cM, a TakXkKe C MCXOIHBIM COCTOSHHEM IT0 OOJBIIMHCTBY MCCIIEAYEMbIX CHCTEM 00-
pabotku. CaMoe BBICOKOE COJEP)KaHUEe arpOHOMHUUECKH IIEHHOM CTPYKTYpbI B cioe mouBsl 0-20 cm
OBLIO IO OTBABHOM, IIOCKOpe3HOH u auddepenimpoBanHol cuctemMam obpadorku (72,8—-77,8%).
3a 30-neTHUI nepuoj coiepKaHue arpoHOMHUYECKH IIEHHOM cTpyKTypbI (10-0,25 MM) B ci10€ HOUBBI
0-20 cM yBenmM4MIIOCH 1O TAaHHBIM 00paboTKaM Ha 6,12—13,45%, Ko pHuIMeHT CTPYKTYPHOCTH — Ha
21,9-60,3%. Ilo ocranbHBIM cucTeMam 00pabOTKU cozepkaHue JganHoW (pakuuu (67,5—69,8%) u
ko3 urmenT crpykryprocta (2,07-2,31) Obuti OMM3KUME HCXOIHOMY COCTOSTHHIO — 68,6% 1 2,19
COOTBETCTBEHHO. CpeTHEB3BEILICHHBIN AUaMeTp arpOHOMUYECKH LIEHHBIX arperaTtoB yBEIUYMICS OT
2,71 mm ipu rcxogHoM coctostanu A0 3,00-3,29 mwm (7,7-21,2%) 3a cyer cyniecTBeHHOTO yBelInye-
HUsE 1071 9THX arperaros B ciioe 0—10 cm. B menom no npoduito nousst 0-30 cM camble BBICOKHUE TIO-
Ka3aTeJH CTPYKTyPHOTO COCTOSTHUS OCTaBaJIHCh TI0 OTBAJILHOM, TUTOCKOPE3HOW U TU(PepeHIInpOBaH-
HOU cuctemMaM 00paboTku. be3zoTBanbHast, KOMOMHUPOBAHHASL M TIOBEPXHOCTHAsI 00paOOTKH CHIKAIH
B CpPaBHEHWH C OTBAIBHOW CHCTEMOM COZlepyKaHre arpOHOMUYECKHU IIEHHOH CTPYKTYpHsI Ha 9,7—15,9%,
BEJIM K CHWKEHUIO K03 durrenTa ctpykrypHoctH Ha 0,99—1,39 en.

KuroueBble ¢jioBa: CTPyKTypa MOYBBI, CHCTEMa OCHOBHOM 00pa0O0TKH, KOA(PPHUIIHEHT CTPYKTYP-
HOCTH, CpeI[HCB?:BeIHCHHI)Iﬁ JAUaMCTp arperaroB

EFFECT OF TILLAGE SYSTEMS ON CHANGES
IN THE AGGREGATE COMPOSITION OF DARK GRAY FOREST SOILS IN
THE NORTHERN TRANS-URALS

D Perfilyev N.V., Vyushina O.A.

Scientific Research Institute of Agriculture for Northern Trans-Ural Region - Branch of Tyumen
Scientific Centre of Siberian Branch of the Russian Academy of Sciences

Tyumen, Russia

(<)e-mail: p.nikolay52@yandex.ru

In a long-term stationary experiment (1988-2019) the impact of mouldboard, non-mouldboard,
combined, differentiated, surface and sweep-blade tillage systems on the change in the aggregate
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of dark gray forest soils in the Northern Trans-Urals

composition of dark gray forest soils was studied. The research took place in the northern forest-
steppe of the Northern Trans-Ural (Tyumen Region). Over a 30-year period of use in arable land,
the soil of 0-20 cm layer retained its structural condition not inferior to the initial one for most of the
studied variants of cultivation. With increasing the depth of the soil profile up to 0-30 cm layer due
to an increase in the proportion of clumpy fraction in the lower layer 10-30 cm there was a decrease
in the content of agronomically valuable structure compared to the layer 0-20 cm, as well as with
the initial state on most of the studied systems of cultivation. The highest content of agronomically
valuable structure in the soil layer 0-20 cm was on the mouldboard, sweep-blade and differentiated
tillage systems (72.8-77.8%). Over the 30-year period, the agronomically valuable structure content
(10-0.25 mm) in the soil layer 0-20 cm increased by 6.12-13.45% in these treatments, the structure
coefficient by 21.9-60.3%. For the other treatment systems, the content of this fraction (67.5-69.8%)
and the structure coefficient (2.07-2.31) were close to the initial condition - 68.6% and 2.19, respec-
tively. The average weighted diameter of agronomically valuable aggregates increased from 2.71
mm in the initial condition to 3.00-3.29 mm (7.7-21.2%) due to a significant increase in the pro-
portion of these aggregates in the 0-10 cm layer. In general, the highest indicators of the structural
condition of the soil profile of 0-30 cm remained on the mouldboard, sweep-blade and differenti-
ated systems of cultivation. Non-mouldboard, combined and surface tillage reduced the content of
agronomically valuable structure by 9.7-15.9% compared with the mouldboard system, and led to a

decrease in the coefficient of structure by 0.99-1.39 units.
Keywords: soil structure, tillage system, structure coefficient, average weighted diameter of ag-

gregates
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INTRODUCTION

In the process of active agricultural use of
arable land for many years the state of soil fer-
tility can change both positively and negatively.
It depends on the conditions of arable land use,
the degree of compliance with basic scientifi-
cally sound parameters of zonal farming sys-
tems, concerning its main elements.

Taking into account the importance of all
components of these elements, tillage, espe-
cially the basic one, takes an important place
in the formation of soil fertility. Tillage is the
main tool for regulating agrophysical proper-
ties of soil, on which its biological activity, nu-

trient regime, phytosanitary state of crops, and
fertility depend [1].

One of the important indicators of the agro-
physical properties of soil is its structure, i.e.
the ability of the soil to break up into separate
aggregates (lumps), which vary in shape and
size [2, 3]. In turn, changes in the aggregate
composition lead to changes in the physical
properties of the soil [4, 5]. A decrease in the
content of agronomically valuable aggregates
and an increase in lumpiness lead to a decrease
in crop productivity [6].

Currently, there are many techniques and
methods of tillage of varying degrees of inten-
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sity, as well as conflicting opinions on which of
them most effectively influence the improve-
ment of its agrophysical properties. Some sci-
entists believe that, when minimized, tillage
improves soil structure [7-10], while others
are supporters of conventional tillage tech-
nology [11, 12]. Researchers face the task of
overcoming these contradictions [13]. In this
regard, the development of tillage systems that
ensure the formation and sustainable mainte-
nance of optimal parameters of soil agrophysi-
cal properties, including its structural condi-
tion, is an urgent task of modern agriculture
[14].

The purpose of the study is to determine the
effect of different tillage systems on the struc-
tural and aggregate composition of dark gray
forest soils during their long-term use in the
northern forest-steppe conditions of the Tyu-
men region.

MATERIAL AND METHODS

The effect of different systems of main
tillage with elements of minimization under
long-term application (completion of the 6th
rotation of crop rotation) on the structural-
aggregate state of the dark gray forest heavy
loamy soil was studied. The experiment was
laid in the experimental field of the Research
Institute of Agriculture of the Northern Trans-
Ural Region, branch of the Tyumen Scientific
Center of the Siberian Branch of the Russian
Academy of Sciences (57006°, 39 "N; 65025°,
22 "E), altitude - 101 m above sea level. The
experiment was carried out in 1988-2019
in a cereal fallow rotation of complete fal-
low - winter rye - spring wheat - leguminous
plants - spring barley, deployed in time and
space. Agrochemical characteristics of the
soil: humus content 4.2-5.0%, pH of the salt
extract - 6.0-6.4, depth of the humus horizon
- 25-27 cm. The sum of the absorbed bases
in the arable layer is 18,6-25,6 mg-eq./100 g
of soil. The content of mobile nutrients in the

0-20 cm layer before sowing: N-NO; - 4.26-
6.57 mg/kg, P,O5 - 12.5-15.6 mg/100 g, K,O
- 15.7-17.2 mg/100 g.

The experiment scheme included six vari-
ants of the main tillage system:

—mouldboard - plowing to a depth of 20-22 cm;

—non- mouldboard - subsurface loosening at
20-22 cm;

— combined - alternation of plowing and
subsurface loosening at 20-22 c¢m;

— differentiated - in fallow and after winter
rye, cultivation at 12-14 cm, plowing at 20-22
cm for legumes, discing at 10-12 cm for barley
and after it;

— flat-cut - annual cultivation with Sma-
ragd-6 cultivator at 12-14 cm;

— surface - annually disking at 10-12 cm.

Experimental variants were laid on fertilized
background at the rate of N,,P,,K,, kg a.i. per
1 ha of crop rotation area. In spring, the con-
ventional pre-sowing treatment and seeding
with SZP-3,6 seeder was carried out. Treatment
against weeds was carried out by general back-
ground herbicides. Crop residues were shred-
ded during harvesting and left in the field for
incorporation into the soil during tillage. Soil
sampling for analysis was conducted at the be-
ginning of the experiment (1988) and at the end
of the 6th rotation (2019) of the crop rotation
in 6-fold replications along layers 0-10, 10-20,
and 20-30 cm. Aggregate soil composition was
determined by the method of N.I. Savvinov,
the coefficient of structure was calculated in
accordance with the existing recommenda-
tions. Mathematical processing of the data was
carried out according to B.A. Dospekhov and
0.D. Sorokin 2. The weighted average diam-
eter (WAD) of the aggregates was determined
by the formula

WAD = dxP, + dxP, + d xP,/100,

where d,, d,, d, — average diameter of the ag-
gregate fraction, mm; P,, P,, P, — content of the
appropriate fraction, %.

"Wadyunina A.F., Korchagina Z.A. Methods for studying the physical properties of soils. Moscow: Agropromizdat. 1986. 416 p.
*Dospekhov B.A. Methodology of field experiment; ed. 4-th revised and supplemented. Moscow: Kolos, 1979. 416 p.
3Sorokin O.D. Applied statistics on the computer. Krasnoobsk: SUE EBCA SB RAAS, 2004. 162 p.
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RESULTS AND DISCUSSION

Our results of determining the soil structure
showed that the initial condition of the 0-30 cm
soil layer of the experimental plot was gener-
ally quite satisfactory (see Table 1).

The content of agronomically valuable frac-
tion of the aggregates (10.00-0.25 mm) was
68.0%, i.e., slightly below the excellent score
(80%) according to the evaluation criterion of
S.I. Dolgov and P.U. Bakhtin, which is explained
by the specifics of the mechanical composition
of heavy loamy soil - their great connectivity,
significant content of physical clay in such soil
+3. While the aggregates of clay fraction more
than 0,25 mm (5,11%) were slightly present in
the total structure of the microstructure, more
than a quarter (26,8%) were the aggregates of

clay fraction more than 10 mm, which, as a re-
sult of soil moistening, freezing and thawing,
can break down and thereby replenish the share
of the agronomically valuable structure (10,00-
0,25 mm) [15]. At the same time, the structure
coefficient (Cstr) in the 0-30 cm layer was 2.13,
which characterizes the structural condition as
excellent (see Table 1) [2].

The use of dark gray forest soils in the ar-
able farming during the cultivation of cereals
in a cereal fallow rotation for six rotations with
the use of different systems of main tillage has
led to changes in the structural condition of the
soil, which consists in quantitative redistribu-
tion in comparison with the initial state of the
fractional composition of the structure on the
soil horizons.

Taoa. 1. Brusaue cucteM 0CHOBHOM 00paOOTKH MOYBBI HA CTPYKTYPHOE COCTOSTHHE CJIOEB MOYBHI
0-20 u 0-30 cM 1o 3aBepIIeHUH 6-i1 poTaruu 3epHONApOBOro ceBoodopota (1988-2019 rr)

Table 1. Effect of tillage systems on the structural condition of 0-20 and 0-30 cm layer at the end of
the 6th rotation of grain and fallow crop rotation, (1988-2019).

o/ Weighted average diameter of
.Pro cess- ' Aggregate content (%) size (mm) Struchire the aggregates, mm
ing num- | Soil layer, cm coefficient Total
ber >10,0 10,00-0,25 <0,25 aggregates 10,00-0,25
Initial condition (1988)
0 0-20 24,7 68,6 6,7 2,19 5,13 2,71
0-30 26,9 68.0 5,1 2,13 5,53 2,88
On completion of the 6th rotation (2019)
1 0-20 15,4 77,8 6,8 3,51 4,26 2,70
0-30 21,7 73,2 5,1 2,73 5,00 2,81
2 0-20 29,2 67,5 3,3 2,07 6,22 3,29
0-30 40,3 57,3 2,4 1,34 6,91 2,88
3 0-20 27,0 68,5 4,5 2,17 5,63 2,92
0-30 32,8 63,5 3,7 1,74 6,20 2,90
4 0-20 22,4 72,8 4,8 2,67 5,38 3,13
0-30 30,0 66,4 3,6 1,97 6,02 3,01
5 0-20 18,6 74,9 6,5 2,99 4,88 3,00
0-30 25,4 69,8 4,8 2,30 5,63 3,07
6 0-20 25,8 69,8 4,4 2,31 5,70 3,10
0-30 36,4 60,6 3,0 1,54 6,49 2,84
LSDys 0-20 6,9 5,1 1,8 0,62 1,10 0,58
0-30 7,3 6,4 2,2 0,73 1,36 0,45

Note. Here and in Table 2: 0 - initial condition; 1 - mouldboard; 2 - non-mouldboard; 3 - combined; 4 - differentiated;

5 - surface; 6 - sweep blade.

*Karetin L.N. Soils of the Tyumen Region. Novosibirsk: Nauka, 1990. 258 p.
3Safonov A.F,, Stratonovich M.V. Practicum on Farming with Soil Science. Moscow: Agropromizdat, 1990. 208 p.
*Medvedev V.V. Soil structure (methods, genesis, classification, evolution, geography, monitoring, protection). Kharkov, 2008.

406 p.
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There was a decrease in the lump fraction
(more than 10 mm) in the layer 0-10 cm from
the initial value of 24.0% to 7.3-18.4%, in rela-
tive values by 23.3-69.5%. On the contrary, in
the layers 10-20 and 20-30 cm the content of
the lump fraction increased in all the systems of
tillage except the mouldboard one: in the layer
10-20 cm - from 25,5 to 32,0-40,8%, 20-30 cm
- from 31,0 to 34,3-57,5%, in absolute values in
the layer 10-20 cm by 6,5-15,3%, 20-30 cm -
by 3,3-26,5% respectively (see the figure).

In general, in the layer 0-20 cm due to the
marked redistribution across the soil layers, the
content of the lump fraction did not have such
significant differences from the initial state in
this layer. The content of the aggregates >10
mm in the layer 0-20 cm at the beginning of
the research was 24.7%, after 30 years - 15.4-
29.5%. In the soil layer 0-30 cm the initial
content of these aggregates was 26.8%, at the
end of the study - 21.7-40.3%. Lumpiness in
the layer 0-30 cm did not increase only by the
mouldboard system of cultivation (21.7%).

The increase in lumpiness in the layer 0-30
cm by 22.3-50.0% in comparison with the ini-
tial state was noted for the variants of no-till,
combined, surface systems of cultivation. It oc-
curred mainly by increasing the fraction of the
aggregates >10 mm in the lower layer 20-30
cm from 31.1% in the initial condition to 57.5-
62.4%, in relative values of 85.0-100%.

Microstructure (fractions less than 0.25 mm)
in the overall structure was not predominant. Its
maximum content was noted in the layer 0-10
cm - 7,80-11,65%, 10-30 cm - 0,91-1,86% (see
the figure), in general for soil layers 0-20 and
0-30 cm - respectively 3,30-6,74 and 3,00-
5,10% (see Table 1). In this regard, the content
of agronomically valuable fraction in the main
layer, especially in the layer 10-30 cm, was due
to the presence and value of the lumpy fraction.

Reduction of lumpiness led to an increase in
the content of agronomically valuable fraction
of the structure and, conversely, an increase in
lumpiness led to a decrease in the content of
agronomically valuable aggregates.

Generalizing the changes of the structural
condition of the soil for the 30-year period of
using the arable land by the content of the agro-

nomically valuable fraction 10,00-0,25 mm on
the layer 0-20 cm on the whole the following
can be said. Marked changes of structural com-
position of the soil in the layer 0-10 cm in favor
of sustainable improvement by 15,6-22,8 %,
keeping of similar indicators, especially on the
mouldboard and flat tillage systems, or some
decrease of it on other studied variants of till-
age in the layer 10-20 cm in comparison with
the initial condition contributed to the fact that
the soil of the layer 0-20 cm kept the structural
condition, not worse than the initial condition
on most of the studied variants of soil treatment
(see table 1).

At the beginning of the experiment the ini-
tial coefficient of structure was 2.19, at the end
of the research - 2.07-3.51. At the same time,
the content of agronomically valuable structure
in the 0-20 cm layer by the mouldboard, flat-cut
and differentiated tillage systems increased by
4,20-9,23% in absolute values, which is 6,12-
13,45% in relation to the initial value of 68,6%.
The structure coefficient of 2,67-3,51 for them
was higher than the initial one by 0,48-1,32, or
21,9-60,3%. By non-mouldboard, combined,
and surface tillage systems, the content of these
structural components was almost equal (67.5-
69.8%, Cstr = 2.07-2.31) to the initial level.

In the 0-20 cm layer, the highest content of
agronomically valuable structure was observed
for the mouldboard - 77.8%, flat-cut - 74.9%
and differentiated - 72.8% of the tillage systems
with a coefficient of structure of 2.67-3.51. The
rest of the systems were inferior to the mould-
board system in terms of agronomically valu-
able aggregates content 8.0-10.4%, in terms of
Cstr - 0.60-1.44 units.

The average weighted diameter of the aggre-
gates in the layer 0-20 cm, as a rule, for all vari-
ants of the main tillage, except for mouldboard
and flat-cut tillage, was 4.26-4.88 mm. The
given indicator during the investigated period
increased in comparison with the initial one
from 5,13 to 5,38-6,22 mm, i.e. by 0,25-1,09
mm (4,9-21,2%) mainly due to the increase of
the content of lumps >10 mm in the layer 10-20
cm (see table 2).

The most significant increase in the size of
the aggregates compared with the initial condi-
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tion was for non-mouldboard and surface till-
age systems - by 0.57-1.09 mm (11.1-21.2%)).
A similar tendency to increase the aggregate
WAD when minimizing the tillage was also es-
tablished by E.V. Dubovik and others on typical
chernozem [12].

The average weighted size of the agronomi-
cally valuable fraction (10,0-0,25 mm) for most
of the studied treatment variants was 3,00-3,29
mm. [t increased by 0,21-0,58 mm or 7,7-21,2%
in comparison with initial (2,71 mm) due to a
significant increase of this fraction (10,0-0,25
mm) in 0-10 cm layer. On the mouldboard sys-
tem the average weighted size of the agronomi-
cally valuable fraction remained close to the
initial condition - 2.70 mm.

Analysis of the structural condition of the
0-30 cm layer in general showed that with in-
creasing the depth of the soil profile, involving
(in contrast to the 0-20 cm layer) an additional
lower layer of 20-30 cm, with even greater than
in the 10-20 cm layer, compared with the initial
state of the share of the soil clumpy structure
content led to even greater than in the 0-20 cm
layer reduction in the agronomically valuable
structure.

At the same time in the layer 0-30 cm the
highest indicators of the structural condition
of the agronomically valuable fraction were on
the mouldboard system of cultivation (73,2%),
flat-cut (69,8%) and differentiated (66,4%)
with a coefficient of structure of 1.97-2.73. The
listed tillage systems provided maintenance of
structural condition in comparison with ini-
tial - 68.0% and coefficient of structure - 2.13
(the mouldboard system - higher). Non-mould-
board, combined and surface tillage resulted in
9.7-15.9% decrease in the content of this struc-
ture compared to the mouldboard system and
in a 0.99-1.39 decrease in the structure coeffi-
cient, mainly due to an 8.5-17.5% increase in
the lump fraction content in the soil layer 10-
20 cm compared to the control, 20-30 cm - by
10.3-28.1% (see Table 1).

With an increase of the soil profile depth up
to 0-30 cm an increase in the total weighted av-
erage size of the aggregates up to 5.00-6.91 mm
was observed even more than in the layers 0-10
and 0-20 cm, which is explained by an increase
in the volume of the lumpy fraction. At the ini-
tial value of the average weighted size of the
aggregates of 5.53 mm in the soil layer 0-30

Ta6ua. 2. Benuunna cpeqHEB3BEIICHHOTO JHAMETPa arperaTtoB Mo MOYBEHHBIM TOPU30HTAM B 3aBUCUMO-
CTH OT CUCTEMbI OCHOBHOI 00pa0OTKH MOYBBI 110 3aBEPIICHUH 6-if POTAIIMU 36pPHOIIAPOBOTO CEBOOOOPOTA

Table 2. Value of average weighted diameter of aggregates by soil horizons depending on the systems
of main tillage at the end of the 6th rotation of grain and fallow crop rotation

Soil layer, cm
Option 0-10 | 10-20 | 20-30
number Average weighted diameter of the aggregates, mm
Total aggregates | 10,00-0,25 | Total aggregates | 10,00-0,25 | Total aggregates | 10,00-0,25
Initial condition (1988)
0 4,77 2,35 5,62 3,07 6,33 3,22
On completion of the 6th rotation (2019)

1 2,80 2,04 5,71 3,35 6,48 3,05
2 5,38 3,53 7,07 3,05 8,29 2,05
3 4,28 2,96 6,98 2,87 7,32 2,87
4 4,26 2,97 6,49 3,29 7,29 2,78
5 3,93 2,67 5,83 3,34 7,11 3,20
6 4,22 3,12 7,18 3,09 8,06 2,31
LSDos 1,44 0,95 1,36 0,50 1,10 0,29

3emiieiene U XUMH3AIHs

CuOHPCKHii BECTHHK CEIbCKOXO3SHCTBEHHOM Hayku » 2023 532 |1



Effect of tillage systems on changes in the aggregate composition
of dark gray forest soils in the Northern Trans-Urals

Perfilyev N.V., Vyushina O.A.

cm by the end of the 6th rotation of the crop
rotation the average weighted size decreased
slightly - by 0.53 mm, or 9.6%, only on the
mouldboard system of cultivation, remaining
at the level with the initial state on the flat till-
age - 5.63 mm. The average weighted size of
the aggregates increased by 0.49-1.38 mm, or
8.9-25.0% (see Table 2).

The data of determining the weighted aver-
age size of the agronomically valuable aggre-
gates testify to the high stability of this indica-
tor in the soil layer 0-30 cm. For all the studied
tillage systems the indicator was favorable,
close to the optimal values, since the average
weighted size of 2.81-3.07 mm corresponds
to the granular state of the soil structure [10].
The tillage systems during the observed period
of research had mainly an equal effect on the
average weighted size indicator. The tendency
of some increase in it in comparison with the
control variant by 0.20-0.26 mm, or 7.1-9.2%,
was noted only for flat-cut and differentiated
systems of tillage.

Determination of grain yield in the aver-
age for the final rotation of the crop rotation
(2014-2019) showed that the studied systems
of main tillage provided quite a close level of
grain yield - 2.85-3.07 t/ha, which indicates
favorable and close conditions of structural-
aggregate state, as well as conditions of mois-
ture supply and soil density [16].

CONCLUSIONS

1. Dark gray forest soils of forest-steppe
zone have favorable and stable structural-ag-
gregate condition. During the 30-year period
of arable land use the soil of 0-20 cm layer
preserved the structural condition not inferior
to the initial one in most of the studied vari-
ants of tillage. With an increase in the depth
of the soil profile due to an increase in the pro-
portion of lumpy fraction in the lower layer
(10-30 cm) in the layer 0-30 cm the content of
agronomically valuable structure in compari-
son with the layer 0-20 cm, as well as with the
initial state on most of the studied options of
tillage systems was reduced.

2. Prolonged use of arable land has led to
qualitative changes in the structural state, con-
sisting in quantitative redistribution in com-
parison with the initial state of the fractional
composition of the structure on the soil hori-
zons. There was a decrease in the content of
the lumpy fraction (>10 mm) in the layer 0-10
cm in relative values by 23,3-69,5%. In the 10-
30 cm layer, the content of the lumpy fraction
increased by 25.5-85.5%. With an insignifi-
cant share in the total structure of the aggre-
gates less than 0,25 mm, the observed changes
in the content of the lumpy fraction led to an
increase in the agronomically valuable frac-
tion in the layer 0-10 cm by 15.6-22.8%, the
coefficient of structure from 1.94 at baseline to
3.23-4.27 and, conversely, to a decrease in the
agronomically valuable fraction of aggregates
in the layer 10-30 cm by 6.7-44.8%.

3. The highest content of agronomically
valuable structure in the layer 0-20 cm was
noted on the mouldboard, flat-cut and differ-
entiated systems of tillage (72.8-77.8%). For
the 30-year period the content of agronomi-
cally valuable structure (10-0,25 mm) in the
layer 0-20 cm increased by 6,12-13,45% for
these treatments, the structure coefficient -
by 21,9-60,3%. The content of this fraction
(67,5-69,8%) and the structure coefficient
(2,07-2,31) for the other studied tillage sys-
tems were close to the initial condition 68,6%
and Cstr = 2,19. The average weighted diam-
eter of the agronomically valuable aggregates
increased from 2.71 mm at baseline to 3.00-
3.29 mm (by 7.7-21.2%) due to a significant
increase in the proportion of these aggregates
in the layer 0-10 cm.
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OCOBEHHOCTH A30THOI'O IIUTAHUA O3UMOM NMIIEHUIIBI
B TEXHOJIOI'MA TPAMOI'O ITIOCEBA

CLBuabauesa E.A., Epomenko @.B.

Cesepo-Kasxasckuil pedepanbHulil HayuHbIL A2PAPHBLUL YeHMP
CraBpononbckuil Kpai, r. Muxaiinosck, Poccust
(<)e-mail: bildieva@rambler.ru

[IpencraBneHs! pe3ynbTaThl HCCASIOBAHMUS A30THOTO NUTAHUS PACTCHUI 03MMOM MILIEHUIIBI, BO3-
JIeJIbIBAEMOM MO0 TEXHOJIOTMH MPSMOTO ITOCEBA B 30HE HEYCTOMUMBOTO yBiIakHEHHS] CTaBpPOIOIbCKO-
ro kpas. Mccnenosanust npooauiau B 2020-2022 rr. B cTalMOHAPHOM OIBITE 110 ABYM TEXHOJIOTH-
SIM: TIPSIMOTO TIoceBa (0e3 00paOOTKH MOYBBI) M OOLICTIPHHSATON TEXHOJIOTHH HA Pa3IMYHbIX (poHAX
MUHEpaJIbHOTO UTaHus. V3yuann HaKkomjieHne a30Ta B OpraHax pacTCHUI Ha pa3HbIX dTanax pas-
BUTHS 03UMOM TeHuIb (1o metoauke B.T. Kypkaesa) n akTuBHOCTB (pepMeHTa HUTPATPEAyKTa3bl
B TUCTHSIX (110 MeTonuke Mynbaepa B Mmoaudukanuu b.1. Tokapesa). YcTaHOBICHO, U4TO ITPHMEHE-
HHE MUHEPAIbHBIX yI0OPEHUH B TEXHOJIOTHH MPSIMOTO TIOCEBA MOJIOKUTEIBHO BIMSET HA TAKOH (PH-
3MOJIOTHYECKUI NPOLIEeCC, KaK MUHEPAJIbHOE NMUTaHWE PACTCHUH O3UMOM MIIEHUILIBI, CYIIECTBEHHO
yBEIMYMBAsl HAKOTUICHHE B HUX a30Ta. Vcroap30BaHue IOYBOMIOKPOBHOM KYIBTYypBl B CEBOOOOPOTE
10 TEXHOJIOTUH MPSIMOTO MOCEBA YBEIUYMIIO COIEPKaHKE a30Ta B PACTCHUAX 03UMOM MIICHUIIBI HA
32,7% 1o cpaBHEHUIO C BapUAHTOM, TJi€ MPUMEHSUI TOJBKO YIOOPEHHUsI, B OOIIEIPUHSTON TEXHO-
joruu — Ha 29,1% 1o OTHOIIEHMIO K BApUAHTY € TEM k€ (JOHOM MUHEPaIbHOTO MUTaHUs. Bricokas
AKTHBHOCTH (pepMeHTa HUTPATPENLYKTAa3bl B JIUCTHSIX B PEIPOMYKTUBHBIN TIEPHOJ CBUACTEIHLCTBYET
0 HAJIMYUH OOJIBIIOTO KOJIMYECTBA HUTPATOB B PACTCHUSAX O3MMOM MIICHULBI. AKTUBHOCTb (DepMEH-
Ta B JIUCTHSIX PACTECHHH, BBIPAIIEHHBIX 110 TEXHOJIOTUH 0e3 00padOTKH MOYBHI Ha (HOHE MPUMEHEHHUS
yA0OpeHNH U MOYBOIOKPOBHOM KYJIBTYpHI, ObUIa CYIIECTBEHHO BBILIE, YEM HA OCTAJbHBIX Bapu-
aHTax B Hayaje pPEenpoayKTUBHOTO mepuoaa (Ha 72—89%), u mocturana MaKCUMaIbHOTO 3HAUYCHUS
yepe3 14 gueii (4,15 MxM/r * 1).

KuroueBble cjioBa: o31Mas MIIEHNUIA, TEXHOJIOTHUS MPSIMOTO MIOCEBa, TOYBONIOKPOBHAS KYJIBTY-
pa, MUHEpaJIbHOE MUTAaHKE, COACPKAHUE a30Ta, HUTPATPELyKTa3a

SPECIFIC FEATURES OF NITROGEN NUTRITION
OF WINTER WHEAT IN NO-TILL TECHNOLOGY

) Bildieva E.A., Eroshenko F.V.

North Caucasus Federal Agrarian Research Centre
Mikhailovsk, Stavropol Territory, Russia

(<) e-mail: bildieva@rambler.ru

The results of the study of nitrogen nutrition of winter wheat plants cultivated by No-till tech-
nology in the zone of unstable moisture in the Stavropol Territory are presented. The studies were
conducted in 2020-2022 in a stationary experiment using two technologies: direct seeding (no till-
age) and conventional technology on different backgrounds of mineral nutrition. Nitrogen accumu-
lation in plant organs at different stages of winter wheat development (by V.T. Kurkaev method)
and nitrate reductase enzyme activity in leaves (by Mulder method modified by B.I. Tokarev) were
studied. It has been established that the use of mineral fertilizers in the technology of direct seed-
ing has a positive effect on such a physiological process as mineral nutrition of winter wheat plants
significantly increasing the accumulation of nitrogen in them. The use of a cover-ground culture in
the crop rotation by direct seeding technology contributed to an increase in the nitrogen content in
winter wheat plants by 32.7% compared to the variant where only fertilizers were used, as well as
by 29.1% compared to the variant with the same background mineral nutrition in conventional tech-
nology. High activity of nitrate reductase enzyme in leaves during the reproductive period indicates
the presence of large amounts of nitrates in winter wheat plants. The enzyme activity in the leaves
of plants grown according to the technology without soil treatment against the background of using
fertilizers and cover-ground cultures was significantly higher than in the other variants at the begin-
ning of the reproductive period (by 72-89%) and reached its maximum after 14 days (4.15 uM/g-h).

Keywords: winter wheat, No-till technology, cover-ground culture, mineral nutrition, nitrogen
content, nitrate reductase
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INTRODUCTION

Degradation and reduction of agricultural
land fertility is a nationwide problem [1-4]. In
this regard, a national strategy is being devel-
oped to solve the problems of food security,
preservation of ecosystems, adaptation to cli-
mate change, and restoration of agricultural
land fertility. Currently, the transition to envi-
ronmentally safe technologies is relevant, but
not all agricultural producers agree to aban-
don the traditionally used technologies [5-9].
Therefore, it is necessary to educate farmers
about the science-based approach to farming,
the availability of technologies that allow to
obtain high yields, preserving soil fertility and
resources [10-12].

The technology of direct seeding belongs
to the farming systems that allow to restore
fertility [13, 14]. However, in the process of
transition to this technology of crop produc-
tion it is difficult to obtain high yields without
fertilizers. It is possible to gradually reduce
the doses of applied fertilizers by using cover-
ground crops in the crop rotation, which are
a constantly renewable source of biological
nitrogen in the soil [15]. Cover-ground green
manure crops are cold-resistant, the accumula-
tion of their biomass occurs during the periods
not used by the main crops of the crop rota-
tion, which allows the rational use of soil and
climatic conditions of the region. Cultivation
of cover-ground crops allows the formation of
organic fertilizers directly in the field. In the
process of decomposition of organic residues
there is a release of nutrients, so to restore soil
fertility, it is necessary to constantly enrich the
soil with fresh organic matter [16, 17].

The purpose of the research is to study the
peculiarities of nitrogen nutrition of winter
wheat plants when cultivated according to the
technology of direct seeding.

MATERIAL AND METHODS

The studies were conducted in 2020-2022 at
the experimental station of the North Caucasus
Federal Research Agrarian Center, located in
the third soil and climatic zone of the Stavropol
Territory - a zone of unstable moisture. The soil
of the experimental plot is ordinary medium
heavy-loamy chernozem characterized by a
low content of humus (3.87%) and nitrate ni-
trogen (11.9 mg/kg soil), an average content of
mobile phosphorus (18.7 mg/kg) (by Machigin)
and an average supply of exchangeable potas-
sium (245 mg/kg).

The variety of soft winter wheat Victoria
Odesskaya was chosen as an object of research.
Winter wheat was placed in the rotation: pea -
winter wheat - sunflower - corn. Plots of 300
m? in the experiment were placed in two lay-
ers in triple replication (record plot of 30 m?):
1) technology of direct sowing - No-till (with-
out tillage); 2) conventional technology (tradi-
tional technology with tillage, recommended
by research institutions for the zone of unstable
moisture).

Each layer is divided into three options:

1) no fertilizer;

2) fertilized (NgoPyoKep);

3) fertilized (Ny,PsKeo) against the back-
ground of the application of cover ground crop
(CGC) before sowing the forecrop of winter
wheat - peas.

Winter wheat was sown at the optimum time
for the soil and climatic zone - | ten-day period
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Specific features of nitrogen nutrition of winter
wheat in No-till technology

Bildieva E.A., Eroshenko F.V.

of October, seeding rate - 4.5 million seeds/ha
(210 kg/ha).

In the technology without tillage, sowing
was performed by GIMETAL direct seeding
machine with simultaneous application of min-
eral fertilizers. Traditional technology includes
double tilling immediately after harvesting the
forecrop, pre-sowing cultivation, sowing by
SZ-3,6 seeding machine with the application
of mineral fertilizers and rolling by ZKKSh-6.
Feeding with ammonium nitrate, herbicide and
fungicide treatment were made with RMG-4
and OP-2000. Harvesting was carried out by
Sampo-130 combine harvester.

Winter rye was sown after corn harvesting as
a cover- ground (depending on weather condi-
tions, the sowing date varied from the second
ten-day period of September to the first ten-
day period of October). In spring, before sow-
ing peas in the direct seeding technology, the
rye was killed by a continuous herbicide; in
the conventional technology, the soil was tilled
with a disk harrow.

Nitroammophoska (N,P,.K,s) and ammo-
nium nitrate (N;,) were used as mineral fer-
tilizers. Total dose of mineral fertilizers was
(NooPsoKeo): (NgoPgoKgo) - nitroammophoska
was put 250 kg/ha before sowing and during
sowing by seeder 125 kg/ha, (N;;) - ammonium
nitrate during spring tillering was put 88 kg/ha
randomly.

Indicators of growth and development of
winter wheat plants were studied according to
the method of state variety testing of crops. Ni-
trate reductase activity was determined by the
Mulder method modified by B.I. Tokarev', ni-
trogen content in plants and grain by the method
of V.T. Kurkaev? et al. Yield was measured by
direct harvesting in the phase of full grain ripe-
ness. The reliability of the obtained data was
evaluated by statistical analysis using AgCStat
and Microsoft Office Excel programs.

RESULTS AND DISCUSSION

One of the main physiological processes in
a plant organism is nitrogen metabolism, since
nitrogen is the key component of simple and
complex proteins, nucleic acids, chlorophyll,
enzymes, alkaloids, and many other organic
substances that are important in metabolism.

Numerous studies have shown that about
70% of nitrogen accumulated by winter wheat
plants during the growing season comes be-
fore the beginning of the reproductive period,
then its consumption slows down, and the re-
maining part is absorbed during the period of
grain ripening. However, analysis of the dy-
namics of nitrogen accumulation by winter
wheat plants in our studies showed that this
pattern is typical only for crops using conven-
tional technology (see Fig. 1).

The process of nitrogen accumulation in
winter wheat plants cultivated by direct seed-
ing technology before the beginning of the
reproductive period is less intensive than the
conventional technology. Thus, the nitrogen
content in winter wheat plants at the booting
stage on the background without fertilizers
according to the direct seeding technology
was 27,9% lower than with the conventional
technology. On the fertilized background the
difference was 20.4%, and on the background
with the use of a cover-ground crop - 20.0%.
By the earing phase on the unfertilized back-
ground the difference in nitrogen content in-
creased, and on the background of fertilizer
application it decreased to 11.7%. At the vari-
ant where fertilizers were applied against the
background of cover-ground crop application,
the amount of nitrogen in the plants cultivated
by the direct seeding technology was 2.4%
higher than this indicator in the plants culti-
vated by conventional technology. At the X
stage of organogenesis (€.0.) in the crops us-
ing the conventional technology, a decrease in
nitrogen concentration was noted in all vari-
ants, whereas in the plants on the variants with

‘Tokarev B.I. Methods for determination of nitrate reductase activity value in wheat and barley // Scientific Proceedings of the

Siberian Branch of VASKHNIL. Novosibirsk, 1977. pp. 58-65.

:Kurkaev V.T, Eroshkina S.M., Ponomarev A.N. Agricultural analysis and basics of biochemistry. Moscow: Kolos, 1977.239 p.
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Fig. 1. Dynamics of nitrogen accumulation in winter wheat plants (on average for 2020-2022) in the
variants: / - no fertilizer; 2 - fertilized; 3 - CGC fertilized (differences significant for p <0.05, ¢, = 3.5,

loit = 2.23)

the technology of direct seeding, in contrast,
its content increased by 6.4-19.7% in relation
to the VIII stage of organogenesis. By the end
of vegetation, the highest nitrogen content was
observed in winter wheat plants cultivated
by direct seeding technology; it was 25.4 g/
m? in the variant with fertilization against the
background of a cover-ground crop, which
was 29.1% higher than against the same
background by the conventional technology,
and 28.3% higher against the fertilized back-
ground.

The main source of nitrogen for plants,
which do not fix it in symbiosis with micro-
organisms, are mineral forms of nitrogen in
soils - nitrates, nitrites and ammonia. Higher
plants assimilate inorganic nitrogen mainly in
the form of nitrates, which are reduced to am-
monium inside the cells and included in the
synthesis of amino acids. The enzyme respon-
sible in the plant for the reduction of nitrate
to nitrite is nitrate reductase, whose activity
is induced by introducing a substrate, that is,
the more nitrates enter the plant, the higher the
activity of the enzyme. The process of nitrate

recovery is carried out in the roots and leaves
of the plant. Winter wheat has a fairly high ca-
pacity for nitrate recovery by the aboveground
part. Flag leaf has the highest activity in nitro-
gen recovery by the beginning of the repro-
ductive period [18].

The activity of nitrate reductase in flag
leaves of winter wheat was studied in all years
of the research. However, if in 2020 the higher
activity of this enzyme was noted in the vari-
ants where the nitrogen content by the end of
the growing season was higher, in 2021 the
most active nitrate reductase was in the vari-
ants without fertilizers. Therefore, in 2022 ni-
trate reductase activity was determined twice,
at the beginning of earing (May 30) and two
weeks later (June 14). It was found that at the
beginning of the reproductive period the en-
zyme activity in leaves was quite low almost
in all the variants of the experiment and varied
from 0.2 to 0.51 uM/g/h, except for the variant
with the use of fertilizers on the background
of a cover-ground crop using the direct seed-
ing soil technology, where it was 1.82 uM/g/h
(see Fig. 2).

3emiieiene U XUMH3AIHs
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Analysis of nitrate reductase activity at the
end of earing and the beginning of flowering
of winter wheat showed a fairly high growth.
In the leaves of the plants grown according to
the conventional technology, nitrate reductase
activity depending on the mineral nutrition
background varied from 1.54 to 4.01 uM/g-h,
while in the variants with the direct seeding
technology it varied from 2.61 to 4.15 uM/g-h.

30 May 30

Commonly
accepted technology
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technology

Direct seeding
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Commonly
accepted technology

o 4,15
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32
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] ] ] !
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MePHO/] Pa3BUTHsI PaCTeHHil B BapuaHTax: / — 6e3
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MIIK, MmkM/r-u

Fig. 2. Activity of the enzyme nitrate reductase in
winter wheat leaves during the reproductive period
of plant development in the variants: / - no fertil-
izer; 2 - fertilized; 3 - CGC fertilized, uM/g-h

The highest enzyme activity in this period
of winter wheat development was noted in the
variants with the use of fertilizers on the back-
ground of the cover-ground crop: 4.01 uM/g/h
by conventional technology and 4.15 uM/g/h
by direct seeding technology.

Not only the intensity of nitrogen consump-
tion is important in the process of mineral nu-
trition, but also its content in the final product
- grain (see Fig. 3). On average over the years
of research, the higher content of nitrogen was
noted in the grain of winter wheat cultivated
by direct seeding technology with the use of
mineral fertilizers on the background of cover-
ground crop (19.3 g/m?), which is 26.9% higher
than on the fertilized background and 16.1%
higher than in the crops according to the con-
ventional technology with the use of fertilizers.

The result of all physiological processes in
winter wheat plants aimed at their growth and
development is the yield. The highest crop ca-
pacity was obtained in the variant with the use
of a cover-ground crop in the direct seeding
technology (5.57 t/ha), which is 2.7% (0.15 t/
ha) higher than on the fertilized background
(see table).

Application of a cover-ground crop in the
rotation by conventional technology was inef-
fective, since it led to a decrease in the yield
compared to the variant, where only fertilizers
were used, by 2.4% (0.13 t/ha).

2
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Fig. 3. The amount of nitrogen accumulated in

winter wheat grain (on average for 2020-2022), in

the variants: / - no fertilizer; 2 - fertilized; 3 - CGC

fertilized (differences significant for p < 0.05,
=409,t...=223)
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YporkalilHOCTh 03UMOI TIeHUIIHI (B cpearem 3a 20202022 rr.)

Winter wheat yield (on average for 2020-2022)

Control add-on
Technology (A) Background (B) Yield, t/ha
t/ha %
No fertilizer 3,98 - -
Fertilized 5,42 1,43 36,0
Direct seeding
CGC fertilized 5,57 1,59 39,9
Average 4,99
No fertilizer 4,30 - -
Fertilized 5,36 1,06 24,6
Commonly accepted
CGC fertilized 5,23 0,93 21,6
Average 4,96
LSDys (factor A) 0,24 LSDys (factor B) 0,29 LSDys (AB) 0,41

CONCLUSION

As a result of the research the differences in
the process of nitrogen accumulation by plants
of winter wheat cultivated by direct seeding
technology have been established:

- the intensity of nitrogen absorption in the
generative period of the plant development is
lower than in the case of cultivation by conven-
tional technology;

- after earing, the intensity of nitrogen as-
similation starts increasing as evidenced by
high activity of nitrate reductase enzyme in the
leaves;

- the intensity of nitrogen consumption does
not decrease during grain formation and ripening.

Also, high efficiency of the use of a cover-
ground crop at cultivation by direct seeding
technology was revealed: the process of nitro-
gen accumulation in the plants increases and
the grain yield increases on average by 2.7%
compared to the use of fertilizers only (in some
years, this increase can reach 3.5-4.0%).
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3ABUCUMOCTD YPOKAVMHOCTH HOBBIX COPTOB HYTA OT CIIOCOBA
INOCEBA B HUKHEM INOBOJI’KBE

C<DMacaosa I'A., Konpakos K.C., Bammnckas O.C.
Poccuiickuii hayuno-ucciedosamenbckutl

U NPOEKMHO-MEXHONOSULECKUTI UHCTHUNTYIM COP20 U KVKYPY3bl
Caparos, Poccust

(<) e-mail: rossorgo@yandex.ru

IIpuBeneHsl pesyasrarsl HcciaeqoBaHUN B ycinoBusx Hwuknero IIoBoiDKbsS IO M3y4YEHUIO
BIMSIHUSL CTIOCO0a ToceBa (IIMPUHA MEKIYPSIUA W TIPENIISCTBEHHUK) Ha ypPOXKaHOCTh CyXOH
OMoMacchl W CEeMSH TpeX COPTOB HyTa CeNeKIUH POCCHIICKOrO HayYHO-HCCIIEHOBATENLCKOTO H
MIPOEKTHO-TEXHOJIOTMYECKOr0 MHCTUTYTa copro U Kykypy3ssl (Poccopro): beneduc, Cdepa n Coxon.
BbIsiBiIeHBI pa3nuyus M0 BHICOTE PACTEHUH M MPUKPEINICHUIO HIKHETo 000a: Hanbosee BHICOKUM U3
npezacTaBleHHbIX oka3aics copT Cokon — 69,00 u 40,13 cM cOOTBETCTBEHHO NpU MEKAYpsiabe 70 cM
HCIIONTF30BAHNH B KAUECTBE MPEANIICCTBCHANKA SIPOBOTO STAMEHS, faiee cieayeT copt bereduc — 55,30
1 29,54 ¢cM COOTBETCTBEHHO (MEXIYPSIbE 45 CM, TIPEAIISCTBEHHHUK — IPOBOU TIMEHB ); 3areM Cdepa —
55,27 u 30,80 cm cooTBeTcTBEHHO (MEKAypsiabe 70 cM, MPEmIeCTBEHHUK — sipoBasi mneHura). [lo
(opMupoBanHio 6000B M CEeMSH Ha OJHOM PACTEHHH 3HAYMTEIIHLHOE MPEUMYILECTBO MOKA3aJl COPT
Beneduc — 55,80 60008 1 56,93 cemsiH ipu MeKIypsizibe 45 cM, IPEIIICCTBEHHHUKE SIPOBast MIIICHUIIA.
VY IByX Jpyrux COpTOoB OTMEYEHBI Oojice Hu3KHe mokasarenu: Chepa — 49,60 60608 u 46,03 cemsiH
TIPH MEKITYpsabe 45 cM, TIpeAIeCTBEHHUKE copro 3epHoBoe; Cokorn — 40,53 60608 u 38,70 ceMsH mpu
MexIypanbe 60 cM, npelecTBeHHUKE sipoBas mieHuIa. B pesynprare anaiansa pocra Macchl 1 ThiC.
CEMSsIH, a TAKXKe YPOKaHHOCTH CEMSTH 1 COJIEPYKaHUS B HUX ITPOTEWHA YCTaHOBJICHA ONITHMAJIbHAS CXeMa
[0ceBa U3y4aeMbIX COPTOB HyTa: MIMPUHA MEXIYPSIaUid 45 cM, IpeIICCTBEHHUK — SPOBast MIICHULIA.
YporkaitHOCTB CEMSIH IIPU TaKOU cxeme pa3melieHus cocraBuia: beneduc — 4,31 1/ra, Chepa — 3,89,
Coxon — 3,07 1/ra; conepkaHue NpoTenHa JOCTUTAIO CICAYIOINX 3HaueHnit: beneduc — 21,15% nHa
abc. cyx. B-Bo, Chepa — 20,39%, Coxon — 19,32% Ha abc. CyX. B-BO.

KuioueBble ci10Ba: HYT, COPT, MEXIypsIbe, IPEAIIECTBEHHUK, YPOXKANHOCTH, CyXxas Onomacca,
MIPOTEUH

YIELD DEPENDENCE OF NEW CHICKPEA VARIETIES ON THE METHOD
OF SOWING IN THE LOWER VOLGA REGION

<xyMaslova G.A., Kondakov K.S., Bashinskaya O.S.

Russian Research Design and Technology Institute for Sorghum and Maize “Rossorgo”
Saratov, Russia

(<) e-mail: rossorgo@yandex.ru

The results of research in the conditions of the Lower Volga region to study the effect of the sowing
method (width of row spacing and the forecrop) on the yield of dry biomass and the seeds of chick-
pea varieties bred by the Russian Research Design and Technology Institute for Sorghum and Maize
(Rossorgo) are presented: Benefis, Sphere and Sokol. Differences in plant height and attachment of
the bottom bean were found: the highest of the presented was the variety Sokol - 69.00 and 40.13 cm
respectively with a row spacing of 70 cm and the use of spring barley as a forecrop, followed by the
variety Benefis - 55.30 and 29.54 cm respectively (row spacing 45 cm, the forecrop - spring barley);
and then Sphere - 55.27 and 30.80 cm respectively (row spacing of 70 cm, the forecrop - spring wheat).
Benefis showed a significant advantage in the formation of beans and seeds per plant - 55.80 beans and
56.93 seeds at row spacing of 45 cm, the forecrop was spring wheat. The other two varieties have lower
rates: Sphere - 49.60 beans and 46.03 seeds at row spacing of 45 cm, the forecrop is grain sorghum;
Sokol - 40.53 beans and 38.70 seeds at row spacing of 60 cm, the forecrop is spring wheat. As a result
of analysis of 1 ths seeds weight growth, as well as seed yield and protein content, the optimal seeding
scheme of chickpea varieties under study was established: the width of the row spacing is 45 cm, the
forecrop is spring wheat. Seed yields under this placement scheme amounted to: Benefis - 4.31 t/ha,
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Sphere - 3.89 t/ha, Sokol - 3.07 t/ha; protein content reached the following values: Benefis - 21.15%
a.d.m., Sphere - 20.39% a.d.m, Sokol - 19.32% a.d.m.
Keywords: chickpea, variety, row spacing, forecrop, yield, dry biomass, protein
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INTRODUCTION

The choice of agricultural producers in
favor of leguminous crops is obvious - their
seeds have a high content of valuable amino
acid composition and degree of digestibility of
protein, so they are indispensable elements in
the nutrition of both humans and farm animals
(in a form of balanced concentrated feed)' [1-
4].

Such a promising legume crop as chickpea
attracts special attention in modern crop pro-
duction. It is of great importance for the crop
rotation system in the arid conditions of the
Lower Volga Region? [3-5], since it tolerates
drought and high temperatures better than oth-
er leguminous crops [6, 7].

When expanding the areas under chickpea
in the conditions of the Lower Volga region it
is necessary to take into account not only bio-
logical features and adaptation to specific soil
and climatic conditions, but also the technol-
ogy of new varieties cultivation [3, 8, 9].

For comparative characterization, the ar-
ticle presents new chickpea varieties differing
in the weight of 1 thousand seeds (since large-
seededness is the main biological trait, which
currently determines the cost of seeds [8]) -
Benefis, Sphere, Sokol. These varieties are re-
leased in the Lower Volga region. In the years
of the experiments (2017-2019) the amount of
precipitation and temperature regime differed

significantly. In the study of scientific papers,
it was found that relatively hot years with dry
weather conditions contribute to the reduc-
tion of the duration of the growing season in
chickpea plants, lack of moisture and high air
temperatures lead to a decrease in the num-
ber of beans and seeds on the plant, as well as
their weight [10, 11]. It was revealed that in
the years with average and high moisture the
highest chickpea yield was provided by row
sowing with high seeding rates. In dry periods
the best results were obtained with wide-row
or strip cropping methods with lower norms.
Thus, the recommended seeding rates for the
continuous row sowing method vary from 0.5
to 1.3 million, and for the wide-row method
from 0.2 to 0.7 million germinated seeds/ha
(see footnote 1) [4, 12]. Chickpea seeding rate
should undoubtedly be considered in conjunc-
tion with other agrobiological factors. Based
on the materials of scientific institutions and
the state variety network, it was concluded
that the change of seeding rates has a signifi-
cant impact on the increase in the yield only
in wet years. In our experiments, the optimum
density was selected with seeding rate of 350
thousand germinated seeds/ha. The next ele-
ment of the technology was the method of
seeding [9]. The width of row spacing was:
15, 30, 45, 60, 70 cm. It was found that under
the conditions of the same row spacing and
increasing of the spacing between the plants

'Paosypanov G.S., Dolgodvorov V.E., Zherukov B.H., Gataulina G.G., Gorbachev L.V., Arkhangelsky N.S., Bugaev P.D., Korn-

ienko A.V. Plant breeding. Moscow: Kolos-S. 2007. 612 p.

2 Shyurova N.A. Agrobiological features and productivity of chickpea depending on cultivation methods // Modern technologies
of crops cultivation: collection of scientific works. Saratov, 2002. pp. 35-40.
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the height, the number of branches and beans
per plant, as well as the weight of 1 thousand
seeds decreases. It should also be noted the
need to take into account the spatial arrange-
ment of plants when growing chickpea (see
footnote 2) [5] - in the experiment to study the
yield of new chickpea varieties, observations
were made in four crop rotations, in which the
degree of influence of the forecrops was estab-
lished: grain sorghum, corn, spring barley and
spring wheat [9].

The purpose of the study was to determine
the impact of the method of seeding on the
dry biomass and seed yield of chickpea variet-
ies bred by the Russian Research Design and
Technology Institute for Sorghum and Maize
(RosNIISK) under the conditions of the Lower
Volga region.

MATERIAL AND METHODS

The research was aimed at the study of
chickpea varieties of RosNIISK selection that
differ in the weight of 1 thousand seeds. The
experiment was laid by the type of 3-factor ex-
periment based on the following scheme:

1. Factor A - variety: Benefis, Sphere, So-
kol.

2. Factor B - width of row spacing: 15, 30,
45, 60, 70 cm.

3. Factor C - the forecrop: grain sorghum,
corn, spring barley, spring wheat.

The total area of the experiment was 0.70
ha, the area of the record plot - 25 m?, the num-
ber of variants - 60, the repetition of 4 times.

The field experiments, phenological obser-
vations, yield records, dynamics of biomass
accumulation and leaf surface area by devel-
opment phases were performed according to
generally accepted methodological recom-
mendations®.

Experimental studies were conducted in the
experimental field of RosNIISK in 2017-2019.
The soils at this site are represented by south-
ern low-alkaline chernozems with medium
loamy texture. In the arable layer, the humus

content reaches 3.3%. The chickpea farming
technique is zonal, developed in RosNIISK.
Soil preparation before planting included
plowing, early spring harrowing (BZSS-1,0)
in two tracks across the plowing direction,
two pre-sowing cultivations (KPS-4 + MTZ-
82) - the first at a depth of 8-10 cm, the sec-
ond at the depth of seeding (6-7 cm). Seed-
ing was carried out by SZ-3,6 (inter-row 15,
30, 45 and 60 cm) and SON-4,2 (inter-row 70
cm). Seeding rate was 350 thousand seeds/ha.
Concurrently with seeding the soil was rolled
with star-wheeled rollers, and on the 3rd day
after seeding - pre-emergent harrowing. Yield
accounting was carried out by the trial sheaves
method. Weather conditions in the years of re-
search corresponded to the average long-term
values: the hydrothermal coefficient in 2017
was 1.20, 2018 - 0.68, 2019 - 0.67.

Our research on the study of new chickpea
varieties, the effect of seeding methods and
the choice of forecrops on their yields includ-
ed phenological observations, yield structure
analysis, calculation of dry biomass and seed
yields, and biochemical studies (in particular,
determination of protein content in seeds)®.

RESULTS AND DISCUSSION

During the experiment, the growing season
of chickpea plants varied. In 2017, the variet-
ies had the following values: Benefis - 87 days,
Sphere and Sokol - 88 days each; in 2018 (due
to weather restrictions, seeding was carried out
13 days later): Benefis - 82 days, Sphere - 83
days, Sokol - 81 days (compared with 2017 re-
duced by 2-7 days); in 2019: Benefis - 76 days,
Sphere - 77 days, Sokol - 79 days (seeding was
held at the dates established in 2017, but the
growing season decreased by 9-12 days).

A detailed analysis of the yield structure
revealed noticeable features of the influence
of the seeding method and the choice of the
forecrop.

There were significant differences in the
height of chickpea plants. In the variety

3Dospekhov B.A. Methodology of Field Experience. Moscow: Kolos, 2011. 290 p.
*GOST 10846-91. Method for determination of protein. Grain and products of its processing. Moscow: Committee for

Standardization and Metrology of the USSR, 1991. 11 p.
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Benefis the values were in the range of 44,37
- 55,30 cm, where the lower values were re-
corded when using grain sorghum as a fore-
crop, the highest - when using spring barley.
The highest plants were recorded when seed-
ing with row spacing of 45 and 60 cm, the
lowest with row spacing of 15 and 70 cm (gra-
dation was observed within each forecrop). A
similarity with the previous variety is traced
in the characteristic of the variety Sokol: the
lowest values were recorded when seeding on
grain sorghum (47.47 cm), the highest - on
spring barley (69.00 cm). As a result of tak-
ing into account the method of seeding, it was
found that the gradation from the lowest to
the highest plant is observed consistently on
the scheme of seeding from 15 to 70 cm (this
trend was traced for each forecrop). For the
variety Sphere the limit of 42.58 cm (for grain
sorghum) to 55.27 cm (for spring wheat) was
observed. For this variety the lowest values
for the forecrop were recorded when seeding
with a row spacing of 30 cm, high - with a row
spacing of 70 cm. In general, the Sokol variety
had the highest chickpea plants in the experi-
ment on the variant sown with a row spacing
of 70 cm for spring barley.

The highest attachment of one bean was re-
corded in the case of seeding with a row spac-
ing of 70 cm for the forecrop spring barley in
the variety Sokol - 40.13 cm. The other two
varieties had the following indicators: Bene-
fis - not more than 30.90 cm (row spacing 15
cm, the forecrop - spring barley); Sphere - not
more than 30.80 cm (row spacing 70 cm, the
forecrop - spring wheat). The height of the
lowest attachment reached: the variety Bene-
fis - 24,53 cm (inter-row 70 cm, the forecrop
- spring wheat); Sphere - 24,47 cm (inter-row
15 cm, the forecrop - grain sorghum); Sokol
- 32,13 cm (inter-row 15 cm, the forecrop -
spring barley).

The highest number of beans per plant was
formed in the variety Benefis, sown with 45
cm row spacing on the forecrops grain sor-
ghum and spring wheat - 57.40 and 55.80 pcs.
respectively. The number of seeds received
from one plant in these variants was 53.93 and

56.93 pcs. respectively. In the Sphere variety
the highest values for the number of beans
per plant were recorded in the variants, sown
with a row spacing of 45 cm: 49,60-51,58 pcs.
Ear grain content of this variety was quite low
and was 0.93-0.87 (46.03-44.72 seeds, respec-
tively). However, there was a variant when
seeding with a row spacing of 70 cm on the
forecrop grain sorghum, which grain size was
up to 1.46 (33.60 beans and 49.13 seeds per
plant). The variety Sokol was distinguished by
the number of beans in the variants with row
spacing of 45 and 60 cm, using as a forecrop
spring wheat (41,94 and 40,53 beans, respec-
tively) and 0.86 and 0.95 (35,87 and 38,70
seeds per plant). There were variants with
lower number of beans but higher number of
grains at 15, 30, and 60 cm inter-row cropping
method (1,20; 1,09; 1,02, respectively).

Varieties were divided into groups accord-
ing to the weight of 1 thousand seeds based
on the declared characteristics. The variety
Benefis received larger seeds than the varieties
Sphere and Sokol: respectively, 284.70-354.60
g versus 288.60-325.40 and 243.50-267.90 g
on average for 3 years. Increasing row spac-
ing to 45 cm led to an increase in the weight
of 1 thousand seeds, with a standard wide-row
method of seeding this figure decreased. Anal-
ysis of the effect of the forecrop on the studied
chickpea varieties showed an increase in the
weight of 1 thousand seeds in such a row crop
as corn.

In general, by the experiment the high
yield of dry biomass was noted for chickpea
of Sphere variety with 45 cm row-spacing on
the forecrop of spring barley - 6.45 t/ha (see
Table 1). The dry biomass yield of varieties
differed significantly and depended both on
the forecrop and on the width of the row spac-
ing. Thus, variants higher than the average
values were noted in the arrangement of the
forecrops of solid planting (spring barley and
spring wheat) and with row spacing of 30, 45
and 60 cm.

According to Duncan's criterion, signifi-
cant differences were revealed only by factor
A: between the varieties Benefis and Sphere;
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Sokol and Sphere. According to the data of the
analysis of variance, there are no appreciable
differences between the varieties Benefis and
Sokol.

Compared to the average values for the va-
riety in the experiments with a row spacing of
15 cm the seed yield of all chickpea varieties
under study was reduced due to the deteriora-
tion of elements of the yield structure and re-
duction of dry biomass: Benefis - by 0.86-1.65
t/ha (the first figure was calculated for the fore-
crop of spring barley, the second - for corn);
Sphere - by 0.34-1.14 t/ha (similar to the pre-
vious variety); Sokol - by 0.20-1.02 t/ha (see.
Table 2). A similar decrease in seed yield was
noted when sowing with a row spacing of 30
cm, and in the variety Benefis even with a row
spacing of 70 cm. In the other studied variants,

there was an increase in yield compared with
the average values of the variety. The highest
yield was recorded at a row spacing of 45 cm
and the precursor spring wheat in all the stud-
ied varieties: Sokol - 3.07 t/ha; Sphere - 3.89 t/
ha; Benefis - 4.31 t/ha on average for 3 years.

According to Duncan's criterion, signifi-
cant differences were noted in factor A: be-
tween the varieties Benefis and Sokol, as well
as Sphere and Sokol. According to the data of
analysis of variance, there were no apprecia-
ble differences between the varieties Benefis
and Sphere. By factor B: by row spacing 15
and 70; 30 and 70; 45 and 70 cm.

The average indices of protein content in
the seeds of the described chickpea varieties
for the 3 years of the research are in the range
from 16,16 (the variety Sokol, forecrop - grain

Tab6a. 1. YpokallHOCTh CyX0il OMOMAacChl COPTOB HYTa B 3aBUCUMOCTH OT BETTUIHHBI MEK Ty PSIHIA

u BeIOOpa npemmecTBeHHuka (2017-2019 rT.), T/ra

Table 1. Dry biomass yield of chickpea varieties depending on the row spacing and the forecrop choice

(2017-2019), t/ha

Forecrop Row spacing, cm (factor B)
(factor C) 15 | 30 | 45 | 60 | 70
Benefis (factor A)
Grain sorghum 2,92 4,68 4,84 4,87 3,09
Corn 2,63 5,13 5,28 4,43 3,36
Spring barley 4,70 4,85 5,75 4,79 3,73
Spring wheat 3,74 5,35 5,46 4,96 3,66
Sfera (factor A)
Grain sorghum 3,34 4,99 5,62 3,99 4,52
Corn 3,12 5,54 5,72 4,58 4,25
Spring barley 5,14 5,26 6,45 4,88 5,47
Spring wheat 433 5,89 5,99 5,18 4,70
Sokol (factor A)
Grain sorghum 2,84 3,93 4,55 3,56 3,61
Corn 2,46 4,47 4,61 4,32 3,98
Spring barley 4,62 4,32 5,22 4,55 4,66
Spring wheat 3,78 4,82 4,75 4,04 3,68
Froct LSD s

Factor A 5,055%* 0,512

Factor B 1,891 —

Inter. A*B 0,198 -

Factor C 1,377 -

Inter. A*C 0,079 -

Inter. B*C 3,314%* 1,322

Inter. A*B*C 0,185 -

Note. Multiple comparisons of partial averages according to Duncan's criterion: factor A — 4.41a; 4.95b; 4.14a.
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Ta6a. 2. YpokaifHOCTh CEMSIH COPTOB HYTa B 3aBUCUMOCTH OT BEIMYMHBI MEKIYPSIAUN U BBIOOpa

npenmectBennuka (2017-2019 rr), t/ra

Table 2. Seed yield of chickpea varieties depending on the row spacing and the forecrop choice

(2017-2019), t/ha

Forecrop Row spacing, cm (factor B)
(factor C) 15 | 30 | 45 | 60 | 70
Benefis (factor A)
Grain sorghum 1,20 1,84 4,19 4,03 2,30
Corn 1,12 2,14 3,95 4,01 2,24
Spring barley 1,91 2,16 3,69 3,52 2,17
Spring wheat 1,61 2,45 431 3,91 2,72
Sfera (factor A)
Grain sorghum 1,50 1,72 3,71 2,18 2,43
Corn 1,46 1,98 3,60 2,89 2,47
Spring barley 2,26 2,00 3,44 3,23 2,85
Spring wheat 1,96 2,31 3,89 3,09 2,98
Sokol (factor A)
Grain sorghum 1,09 1,13 2,83 1,87 1,91
Corn 0,99 1,29 2,77 2,38 2,27
Spring barley 1,81 1,38 2,38 2,55 2,52
Spring wheat 1,43 1,61 3,07 2,46 2,38
Ffact LSD 0,05

Factor A 10,522%* 0,346

Factor B 3,828% 0,447

Inter. A*B 0,290 -

Factor C 0,570 -

Inter. A*C 0,114 -

Inter. B*C 7,970* 0,893

Inter. A*¥*B*C 0,577 -

Note. Multiple comparisons of partial averages according to Duncan's criterion:
factor A —2.77b; 2.60b; 2.01a; factor B 2.28a; 2.16a; 2.31a; 2.61ab; 2.93b.

sorghum, inter-row width 45 cm) to 22,70%
per absolute dry matter (the variety Sphere,
forecrop - spring wheat, inter-row width 15
cm). When calculating the average value of
the variety, taking into account the soil and cli-
matic conditions of the Lower Volga region, it
was found that the highest protein content was
in Sphere (20,27% in absolute dry matter),
then followed by Benefis (19,07% in absolute
dry matter) and Sokol (18,72% in absolute dry
matter).

CONCLUSION

The experiment revealed differences in the
height of chickpea plants - the highest of the
presented varieties was the variety Sokol, fol-
lowed by Benefis and Sphere. There was a sig-

nificant difference in height when taking into
account the method of seeding: the highest
plants were observed with row spacing of 45
and 60 cm, the lowest - 15 and 30 cm. Gradation
by the forecrop is as follows: grain sorghum,
corn, spring barley, spring wheat. Differences
were also recorded in the height of attachment
of the lower bean: a decrease in this indicator
occurred depending on the method of seeding
with row spacing of 70, 60, 45, 30 and 15 cm.
The choice of the forecrop also influenced the
height of the attachment, with special mention
of the crops of solid planting. Among the va-
rieties under consideration, the highest value
of the studied indicator was noted in the va-
riety Sokol, which was also the highest. The
data obtained confirm that an increase in the
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3aBUCUMOCTb YPOXKAHHOCTH HOBBIX COPTOB HyTa
ot criocoba mocesa B Hwkuem IToBomkbe

Maciosa I'A., Konnakos K.C., bammnckas O.C.

width of the row spacing up to 45 cm leads to
an increase in the weight of 1 thousand seeds,
increasing the yield of the seeds and increas-
ing the protein content in them. It was found
that for the studied varieties in the conditions
of the Lower Volga region the optimal seeding
width is 45 cm and the use of spring wheat as a
forecrop. The yield of the studied varieties and
their protein content in their seeds in the con-
ditions of the Lower Volga region with such a
scheme of planting were as follows: Benefis
- 4,31 t/ha, 21,15% in abs. dry matter; Sphere
- 3,89 t/ha, 20,39% in abs. dry matter; Sokol -
3,07 t/ha, 19,32% in abs. dry matter.
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3KOJOTMYECKAS IIJACTUYHOCTDh U CTABUWJIBHOCTDL BUKH SIPOBOM
(MOCEBHOM) B YCJIOBHUSAX 3ATIAJTHO-CUBUPCKOI'O PETUOHA

Tonuaposa A.B., &) Kanxko T.H.

Cubupcxutl HaQyYHO-UCCIe008AMENbCKULL UHCIMUMMY I PACMEHUeB00CMBA U CeleKYUU —

Qunuan Uncmumyma yumonoeuu u eenemuxu Cubupcxkoco omoenenusi Poccutickoii akademuu Hayk
HoBocubupckas o6nacts, p.i. KpacHooock, Poccust

(<) e-mail: tatjanakapko@mail.ru

[IpencraBieHsl pe3ylbTaThl OLIGHKH YPOXKAWMHOCTH U aJJAITHBHBIX CBOWCTB BOCBMHU COPTOB U JIU-
HUH BUKH apoBoii (moceBHOM) (Vicia sativa L.). B uccnenosanue Obutn BKITtOueHbI Kamanuuckas 611
(cranmapr), HoBocubOupckas, batikanbckas x JIbrockas 34, baiikanbckas x [-252, 3-1280, 4604/1-2,
I'K-964, Kamanunckas 611 x HoBocuOupckas. [lana oneHka NpogyKTUBHOCTH PAaCTeHHH BHKH B
MMMTOMHUKE TIPEIBAPUTEIIEHOTO COPTOHUCIIBITAHNS U BRIABIICHB HAN0OJIee YpOyKallHbIe, IJIAaCTUYHbIE,
cTaOuIIbHBIE M alalTHPOBaHHBIE 00pa3iiel. ccnenoBanue nposeneHo B 2017-2019 1T B ycnoBusix
necocrenu [1prodes (HoBocubupckas obmacts). Hanbonee GnaronpusTHeIM Uit (POpMUPOBAHUS
ypoxaiHoCTH 3eneHoi Macchl 0611 2017 1., 11 3epHOBO# mponykTuBHOCTH — 2019 1. BapsupoBsa-
HUE ypOXKANHOCTH 3elieHoW Macchl coctaBuiio ot 25,20 (Hosocubupckas B 2018 1) mo 40,70 1/ra
(Kamanuuckas 611 x HoBocubupckas B 2017 1), cemstm — ot 1,50 (Kamanmackas 611 B 2017 1)
1o 3,16 1/ra (Kamammuckas 611 X HoBocuOupckas B 2018 1.). Hamvmensmrei BapuabeTsHOCTBIO U
HauOOJIBITIM TOMEOCTa30M B ((OPMUPOBAHHUH YPOKAWHOCTH 3epHa BBIACITIINCH 00pa3ibl baikais-
ckas x ['-252 u Kamanuuckas 611 x HoBocubupckasi, 1o ypokaifHOCTH 3€JIEHOM MacChl — JIMHUH
D-1280 u 4604/1-2. Tlo celeKIMOHHON IIEHHOCTH BbIAeNeHbl balikanbckas X [-252 (mo ypoxkai-
HocTH 3epHa); balikanbckas x JIbrosckas 34 (o 6uomacce) u Kamanunckas 611 x HoBocuOupckast
(o ypoxaitnocTH 3epHa u 6uomacce). K uuciry Hanbosnee OT3bIBUNBBIX Ha YAYUIICHUE YCIOBUN H
CTaOMIBHBIX MOJKHO OTHECTH TI0 3¢pHOBOM IPOAYKTUBHOCTH batikanbckas X JIbrosckas 34 u Kama-
muHCcKast 611, o ypoxaitHocTn 6nomaccer — Kamanmackast 611 x HoBocubupckast.

KuaroueBbie c10Ba: BuKa sipoBasi (IIOCEBHAs), yPOKANHOCTD, TNIACTUYHOCTD, CTA0MIILHOCTb, I'O-
MEOCTAaTUYHOCTb, aJJalITUBHOCTh

ECOLOGICAL PLASTICITY AND STABILITY OF SPRING VETCH (TARE)
UNDER CONDITIONS OF THE WEST SIBERIAN REGION

Goncharova A.V., ©)Kapko T.N.

Siberian Research Institute of Plant Production and Breeding — Branch of the Institute of Cytology
and Genetics, Siberian Branch of the Russian Academy of Sciences

Krasnoobsk, Novosibirsk region, Russia

(><)e-mail: tatjanakapko@mail.ru

The results of evaluating the yield and adaptive properties of the eight varieties and lines of spring
vetch (tare Vicia sativa L.) are presented. Kamalinskaya 611 (standard), Novosibirskaya, Baikalskaya x
Lgovskaya 34, Baikalskaya x G-252, E-1280, 4604/1-2, GC-964, and Kamalinskaya 611 x Novosi-
birskaya varieties were included in the study. The productivity of vetch plants in the nursery of prelimi-
nary varietal trials is evaluated and the most productive, plastic, stable and adapted samples are identified.
The study was conducted in 2017-2019 in the forest-steppe conditions of the Priob'ye region (Novosi-
birsk region). The most favorable for the formation of green matter yields was 2017, for grain productiv-
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Ecological plasticity and stability of spring vetch (tare)
under conditions of the West Siberian region

Goncharova A.V., Kapko T.N.

ity - 2019. The variation in green matter yields ranged from 25.20 (Novosibirskaya in 2018) to 40.70 t/
ha (Kamalinskaya 611 x Novosibirskaya in 2017), and seeds from 1.50 (Kamalinskaya 611 in 2017)
to 3.16 t/ha (Kamalinskaya 611 x Novosibirskaya in 2018). Baikalskaya x G-252 and Kamalinskaya
611 x Novosibirskaya samples stood out with the lowest variability and the highest homeostasis in the
formation of grain yield, while the lines E-1280 and 4604/1-2 stood out in terms of green matter yield.
Baikalskaya x G-252 (by grain yield); Baikalskaya x Lgovskaya 34 (by biomass) and Kamalinskaya
611 x Novosibirskaya (by grain yield and biomass) were selected for breeding value. Among the most
responsive to improving conditions and stable are Baikalskaya x Lgovskaya 34 and Kamalinskaya 611 in
terms of grain productivity and biomass yield - Kamalinskaya 611 x Novosibirskaya.

Keywords: spring vetch (tare Vicia sativa L.), yield, plasticity, stability, homeostasis, adaptability
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INTRODUCTION

The use of balanced fodder is very important
in the organization of scientifically justified
feeding of farm animals [1]. In Russia the main
sources of fodder are natural lands and field
fodder production'. Favorable conditions for all
components are created in mixed crops, where
legumes play an important role in improving
the quality and digestibility of forages [2, 3].
Among the variety of leguminous crops spring
vetch (Vicia sativa L.) can be distinguished,
which is characterized by higher yields and
protein content. In addition, it is less demanding
to conditions than field beans and edible peas
[4, 5]. It is a versatile crop with high fodder
value and palatability, rich in protein, macro-
and microelements, which can be used to create

a green conveyor belt, prepare highly nutritious
roughage and succulent fodder for winter and
for introduction into the compound feed? [5].

Highly productive varieties adapted to
local conditions can give high yields if the
optimal cultivation technology is followed. The
productivity of green biomass in monoculture
can be 20-25 t/ha, in the form of vetch-grass
mixtures - up to 40-46 t/ha and more. The yield
of hay reaches 3.5-4.0 t/ha in pure form, and up
to 6.5-8.5 t/ha mixed with oats. In addition, it
is possible to get up to 2.0-2.5 t/ha of protein-
balanced forage grain®>.

Comprehensive evaluation of the breeding
material is the most important part of the work
on variety development in a changing climate.
It is necessary for the variety to have a stable
yield of green mass, hay, seeds in a wide range

'Koyusheva E.S., Stepanova Ya.Yu., Suvorov G.A. Analysis of the production of basic types of feed for farm animals in
the Russian Federation // Risk Management in the Agroindustrial Complex. 2019. N 1. pp. 54-62. URL: http://www.agrorisk.

ru/20190105.

2Turin Y.S., Zolotarev V.N., Kosolapov V.M. Main directions of breeding and new varieties of spring vetch // Fodder production.

2013. N 2. pp. 26-27.

3Vasyakin N.I. Grain crops in Western Siberia. Novosibirsk: ANTIZiS, 2002. 184 p.
*Glukhov V.M. Annual fodder crops. Novosibirsk: West Siberian Book Publishing House, 1967. 96 p.
SGoncharov PL., Goncharova A.V.,, Vasyakin N.I., Glinchikov IM., Kipreev Y.N., Khan C. Spring vetch. Novosibirsk:

Novosibirsk Publishing House, 1989. 36 p.
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Dkonoruueckas IIACTHYHOCTD H CTAOMIBHOCT BUKHU SIPOBOM
(moceBHOIt) B ycioBusX 3anaHo-CuOupcKoro peruoHa

T'onuaposa A.B., Kanko T.H.

of environmental conditions of -cultivation
[6]. The specificity of the conditions of each
region implies the creation of the varieties
that are maximally adapted to the zone of
cultivation. Creating varieties that combine
high productivity with resistance to a set of
environmental factors is an important direction
of breeding, especially in the regions with a
variable climate. In this regard, the assessment
of parameters of their yield and adaptive
potential plays a special role [7].

The aim of the study is to evaluate the
productivity of spring vetch (cultivated) plants
in the nursery of preliminary varietal trials
and to identify the most productive, plastic,
stable and adapted samples in the forest-steppe
conditions of the Priob'ye region.

MATERIAL AND METHODS

The study was conducted in the Novosibirsk
region, at the experimental field of the Siberian
Institute of Plant Growing and Agricultural
Production (SibNIIRS), a branch of the Institute
of Cytology and Genetics, Siberian Branch of
the Russian Academy of Sciences. The study
focused on eight varieties and lines of vetch
that underwent preliminary testing from 2017
to 2019. The Kamalinskaya 611 variety served
as the control.

The experimental plot is located in the forest-
steppe zone of Western Siberia. The soil cover
of the field is represented by medium loamy
slightly humusized chernozem with a weakly
acidic reaction (pH 6.7) in the ploughing
layer and an alkaline reaction (pH 7.9) in the
carbonate horizons. The humus content is
4.2%, gross phosphorus is 0.30%, total nitrogen
is 0.34%, mobile phosphorus and potassium

(according to Chirikov) are 29 and 13 mg/100
g of soil, respectively. The soil treatment was
standard for the forest-steppe zone.

The vetch was sown in a mixture with
oat of the Rovensnik variety as a supporting
crop at the optimal time, taking into account
agrometeorological conditions for autumn
fallow. The sowing was carried out by a row
seeder SSFK-7, with a sowing rate of 120 kg/ha
of vetch and 40 kg/ha of oats. The experiments
were conducted on the plots with an accounting
area of 25 m? with four repetitions according
to the methodology of the state variety testing®.
The productivity of green mass was determined
from areas of 10 m? and the biomass was
harvested manually with a sickle at the stage
of mass flowering of the vetch. The grain was
harvested at the stage of full maturity of the
vetch with a combine harvester. Only vetch
yield from the sowing was taken into account
when evaluating the productivity of green mass
and grain, with oats being separated and not
taken into account in calculations.

The adaptive properties of the studied vetch
samples were calculated for yield of grain and
green mass traits. The obtained results were
statistically processed using the Microsoft
Office Excel package, with a critical significance
level of 5%. The coefficient of variation was
calculated by the method of B.A. Dospelov’.
The index of environmental conditions was
determined by the method of L.A. Zhivotkov
et al.® The ecological stability and pliability
indicators were calculated by the method of
S.A. Eberhart and W.A. Russell’ (1966), as
described by V.A. Zykin, et al.'° The selection
value and homeostasis were determined using
the method of V.V. Khangildin''. The stress

®Methodology of state variety testing of crops. General part. M, 2019. Issue. 1. 329 p.
"Dospekhov B.A. Methodology of field experience. Moscow: Agropromizdat. 1985. 416 p.

8Zhivotkov L.A., Morozova Z.A., Sekatueva L.I. Methodology of revealing the potential productivity and adaptability of variet-
ies and breeding forms of winter wheat by the indicator "yield" // Breeding and Seed Production. 1994. N 2. pp. 3-6.

°Eberhart S.A., Russell W.A. Stability parameters for comparing varieties // Crop Science. 1966. Vol. 6. N 1. P. 36-40.
WZykin V.A., Belan 1.A., Yusov V.S., Korneva S.P. Methods for calculation of ecological plasticity of agricultural plants in the

discipline of "Ecological Genetics". Omsk: OmSAU, 2008. 36 p.

"Khangildin V.V. Parameters of homeostability evaluation of varieties and breeding lines in tests of cereal crops // Scientific
and Technical Bulletin of the All-Union Breeding and Genetic Institute. Odessa, 1986. N 2 (60). pp. 36-41.
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resistance and genetic flexibility of varieties
were calculated by the method of A.A. Rossiel
and J. Hamblin"? (1981), as described by A.A.
Goncharenko .

RESULTS AND DISCUSSION

Plant growth and development are deter-
mined by the conditions of growth. The high-
est yield of seeds and green mass of vetch is
observed in the regions of the northern forest-
steppe, subtaiga, and foothills with moderate
precipitation and temperature (see footnote
3). The forest-steppe zone of the Novosibirsk
region is characterized by uneven distribution
of heat and precipitation throughout the years
and in the season. Even with relatively good
moisture and heat supply, insufficient amounts
of precipitation during the vegetation period
in certain years can lead to drought stress, es-
pecially in June . One of the goals of vetch
breeding is to create a system of varieties with
high adaptive potential for promising cultiva-
tion regions (see footnote 2).

During the years of the experiment (2017-
2019), the weather conditions were generally
favorable for the growth and development of
the main and supporting crops. However, in
2018, precipitation was insufficient (HTC =
0.98), in 2017 - optimal (HTC = 1.35), and in
2019 - excessive (HTC = 1.43). Nevertheless,
at different stages of ontogenesis, plant require-
ments for heat and moisture are not uniform,
so rainfall at a later stage of development with
sufficient warmth can compensate for the lack
of precipitation at the beginning of vegetation
and vice versa. During extreme environmental
conditions, the ability to assess genotypes for
endurance to unfavorable natural phenomena is
ensured, which is especially important in selec-
tion for adaptability '°.

Spring vetch is very demanding of moisture.
The critical period is the time of flowering.
Lack of moisture during this period slows down
biomass growth and reduces seed productivity.
Excess precipitation also has a negative ef-
fect on seed yield and their seeding qualities.
SlpoBasi BMKa OYECHb TpeOoOBaTelbHa K BIare.
Kputndeckuii mepro — 3T0 BpeMsl [IBETCHHSL.

In addition, vetch forms a significant amount
of biomass, which can cause the supporting
crop to fall over and make mechanized harvest-
ing difficult (see footnote 14) [4].

Yield formation is a complex process that
reflects the realization of the genotype of the
variety under the influence of environmental
conditions. It is known that the influence of the
genotype, environment, and their interaction is
significant in the formation of agronomically
significant traits in vetch, and the main source
of variation in the yield is the conditions of the
surrounding environment [8].

As a result of a 3-year study of eight vari-
eties and hybrids of vetch, it was found that
all samples realize their productivity potential
differently under the influence of environmen-
tal conditions. Yield variation of green mass
ranged from 25.20 (Novosibirskaya in 2018) to
40.70 t/ha (Kamalinskaya 611 x Novosibirska-
ya in 2017), and of seeds from 1.50 (Kamalin-
skaya 611 in 2017) to 3.16 t/ha (Kamalinskaya
611 x Novosibirskaya in 2018). On average,
the seed yield for the years of the study was
2.48 t/ha. Four samples (Baikalskaya x G-252,
4604/1-2, GK-964, and Kamalinskaya 611 X
Novosibirskaya) showed a significant increase
in yield compared to the standard, while the
other three showed a tendency to increase. The
average yield of green mass reached 29.65 t/
ha, with only two samples (lines 4604/1-2 and
Kamalinskaya 611 x Novosibirskaya) show-
ing a significant increase in yield compared to
the standard variety over the three years of the

2Rossiell A.A., Hemblin J. Theoretical aspects of selection for yield in stress and non-stress environments // Crop Science.

1981. Vol. 21. N 6. P. 27-29.

BGoncharenko A.A. On adaptability and environmental sustainability of cereal crop varieties // Bulletin of the Russian Acad-

emy of Agricultural Sciences. 2005. N 6. pp. 49-53.

Y“Goncharov P.L. Methodology of fodder grasses selection in Siberia. Novosibirsk: Revik-K, 2003. 396 p.
BSIvshin G.1. Breeding value of hybrids of vetch (Vicia sativa) in connection with different ways of selection of parental pairs

// Fodder Production. 2017. N 1. pp. 35-39.
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study. The hybrid Kamalinskaya 611 x Novo-
sibirskaya was the most productive for both
characteristics during the study years. Its grain
and green mass yields significantly exceeded
the standard variety and the average values in
each year of the study, but in 2017 and 2019,
the Baikalskaya x G-252 line was not inferior
to it in seed yield (see Table 1).

The most favorable weather conditions for
the formation of high yields of green mass were
in 2017: for all varieties and lines (except for
E-1280, which had the highest yield in 2018),
the yield was the highest in that year. Despite
the weak moisture in May, vetch formed good
vegetative mass thanks to sufficient amounts of
warmth and rainfall from June to July. How-
ever, this year was the most unsuccessful for
the formation of high grain yields - for all the
samples under study, the yield was the lowest.
The environmental condition index (/;), which
reflects how favorable the conditions of a par-
ticular vegetative period are for a crop in a giv-
en year, was -0.5 for seed yield and +3.1 for
green mass. The most favorable conditions for

high seed yields were in 2019 - for all varieties
and lines, the yield was the highest in that year
(except for the Baikal x Lgovskaya 34 and Ka-
malinskaya 611 x Novosibirskaya lines, which
had the highest yield in 2018). On the contrary,
the yield of green mass was the lowest for all
samples in this year: the June drought did not
allow plants to form high vegetative mass, but
they were able to produce a high grain yield.
The environmental condition index (/; = -2.5)
confirms the negative impact of drought dur-
ing the period of intensive growth of vegetative
organs on the yield of green mass. Sufficient
amounts of warmth and moisture during the
formation of beans contributed to a high seed
yield (/; = +0.3).

Significant differences in weather conditions
during the years of the study allowed for an
evaluation of the adaptive potential of the stud-
ied samples (see Table 2).

One of the criteria for determining the rela-
tive variability of yield is the coefficient of
variation (CV), which reflects the genotype's
response to environmental conditions (see foot-

Taou. 1. YpokallHOCTh BUKH SpOBOH (I10JI€BO#) B MUTOMHHKE PEIBAPUTEIHLHOTO COPTOUCIIBITAHMUS, T/Ta
Table 1. Productivity of spring vetch in the nursery of preliminary variety testing, t/ha

Grain Herbage
Variety, line
2017 | 2018 | 2019 X, 2017 | 2018 | 2019 X,
Kamalinskaya 611 150 | 240 | 266 | 219 | 3030 | 2720 | 2530 | 27.60
(standard)
Novosibirskaya 180 | 252 | 264 | 232 | 3580 | 2660 | 2520 | 29.20
Baikalskaya x Lgovskaya 34 1,60 2,76 2,64 2,33 29,20 28,90 27,70 28,60
Baikalskaya x G-252 255 | 289 | 292 | 279 | 3200 | 2820 | 2670 | 2897
E-1280 172 | 258 | 265 | 232 | 2690 | 2920 | 2630 | 2747
4604/1-2 2,01 266 | 281 249 | 3350 | 29.90 | 28.10 | 30.50
GK-964 218 | 273 2.73 255 | 3330 | 2950 | 27.90 | 3023
Kamalinskaya 611 x 255 | 316 | 290 | 287 | 4070 | 3290 | 3020 | 3460
Novosibirskaya
X 199 | 271 274 | 248 | 3271 | 2905 | 2718 | 29.65
LSD,s 049 | 028 | 014 | 020 | 511 231 199 | 273
HTC 1.35 143 0,98 135 143 0.98
I 05 0.2 0.3 3.1 06 | -25

Note: X;—average yield of varieties for the year; X; — average yield of varieties by years; /; — environmental conditions

index.
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note 7). This indicator is related to the measure
of homeostasis (Hom), which expresses the
organism's system of adaptive responses that
stabilize a certain yield potential within a wide
range of environmental conditions (see foot-
note 11). During the experiment, it was found
that grain yield is a highly variable trait (CV >
20%), with only two samples (Baikalskaya x
(G-252 and Kamalinskaya 611 x Novosibirska-
ya) showing average variation (16% and 19%
respectively). Meanwhile, variation in green
mass yield was insignificant for all samples
(CV'<10%). The samples Baikalskaya x G-252
(Hom =0.17, CV = 16%), Kamalinskaya 611 X
Novosibirskaya (Hom = 0.15, CV = 19%), and
GK-964 (Hom = 0.12, CV = 22%) showed the
greatest stability in grain yield formation. These
lines were the least variable and had the high-
est level of homeostasis among those studied.
In terms of realizing the potential productivity

of green mass, the lines Baikalskaya x Lgovs-
kaya 34 (Hom =9.18, CV =3%), E-1280 (Hom
=6.10, CV = 5%), and 4604/1-2 (Hom = 5.61,
CV = 5%) were the most stable in response to
changes in environmental conditions.

In practical breeding, the selection value
(Sc) of a variety is used to evaluate its stability,
based on comparing its productivity in limited
and optimal environments with the averaged
yield for all environments (see footnote 11).
The higher the value, the more stable the va-
riety [9]. Among the studied samples, the hy-
brids Baikalskaya x G-252 (Sc = 2.43 for grain
productivity), Baikalskaya x Lgovskaya 34 (Sc
= 27.13 for green mass yield), and Kamalins-
kaya 611 x Novosibirskaya (Sc =2.32 for grain
yield and 25.67 for green mass yield) showed
the highest selection values. Homoeostasis and
selection value are linked together. Genotypes
with high values of these parameters show

Tab6a. 2. [TapaMeTpsl aqanTHBHOCTH, SKOJIOTHIECKOH MIIACTUIHOCTH W CTA0OMIBHOCTH BHKH SIPOBOH

B arporenose (2017-2019 rt.)

Table 2. Parameters of adaptability, ecological plasticity and stability of spring vetch in agrocenosis

(2017-2019)

Variety, line cv ST cc b, &%y Sc Hom
Grain
Kamalinskaya 611 (standard) 36 -1,16 2,08 1,40 0,02 1,23 0,06
Novosibirskaya 29 -0,84 2,22 1,06 0,00 1,58 0,08
Baikalskaya x Lgovskaya 34 34 -1,16 2,18 1,48 0,01 1,35 0,07
Baikalskaya x G-252 16 -0,37 2,74 0,48 0,00 2,43 0,17
E-1280 31 -0,93 2,19 1,21 0,00 1,50 0,07
4604/1-2 26 —-0,80 2,41 0,99 0,01 1,78 0,10
GK-964 22 -0,55 2,46 0,74 0,00 2,03 0,12
Kamalinskaya 611 x Novosibirskaya 19 -0,61 2,86 0,64 0,04 2,32 0,15
Herbage

Kamalinskaya 611 (standard) 6 -5,00 27,80 0,90 0,03 23,05 4,79
Novosibirskaya 8 -10,60 30,50 2,00 3,09 20,55 3,55
Baikalskaya x Lgovskaya 34 3 -1,50 28,45 0,24 0,31 27,13 9,18
Baikalskaya x G-252 6 -5,30 29,35 0,97 0,06 24,17 5,08
E-1280 5 -2,90 27,75 0,01 4,69 24,74 6,10
4604/1-2 5 -5,40 30,80 0,98 0,00 25,58 5,61
GK-964 6 -5,40 30,60 0,98 0,03 25,33 5,49
Kamalinskaya 611 x Novosibirskaya 7 -10,50 35,45 1,93 0,47 25,67 5,13

Note: CV - coefficient of variation, %; ST - level of stress tolerance; CC - compensatory capacity; b, - regression coefficient
(ecological plasticity); 6‘21 - variance (phenotypic stability); Sc - breeding value; Hom - homeostability.
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weak response to worsening conditions and
good response to improvement [9].

The plasticity parameters (b;) and stability
(6%) are primarily used to judge the stability of
varieties in different growing conditions [10].
Varieties with a regression coefficient (b,) close
to or equal to one show weak response to en-
vironmental change and are considered plastic.
When the regression coefficient is above one,
the sample belongs to the intensive type. The
higher the value of b, the more responsive
the variety to improved growing conditions,
but its yield decreases sharply in unfavorable
conditions. When bi is less than one, the va-
riety belongs to the neutral (extensive) type,
and the lower the value, the weaker the vari-
ety's response to environmental changes [10,
11]. In terms of seed yield, the line 4604/1-2
was found to be the most plastic (b; = 0.99),
meaning that its yield changes in response to
changing growing conditions (see Table 2).
The Baikalskaya x Lgovskaya 34 hybrid was
found to be the most responsive to improved
conditions (b; = 1.48), while the Baikalskaya x
G-252 hybrid proved to be the most suitable
for cultivation under extensive conditions (b, =
0.48). In terms of green mass yield, the most
plastic samples were 4604/1-2, GK-964, and
Baikalskaya x G-252 (b,=0.98, 0.98, and 0.97,
respectively). The Novosibirskaya variety and
Kamalinskaya 611 x Novosibirskaya hybrid
were found to be more responsive to improved
conditions than other samples during the study
period (b, =2.00 and 1.93, respectively), allow-
ing them to be classified as intensive varieties,
while the E-1280 line (b; = 0.01) proved to be a
sample that does not decrease yield in worsen-
ing growing conditions.

Stability (8°;) is an adaptive response of a
genotype that characterizes its degree of stabil-
ity. The value of variance should tend towards
zero, and the lower it is, the more stable the
variety is. However, this does not indicate its
intensity, but rather a better adaptation to de-
teriorating conditions. The lowest variance in
green biomass yield was found in lines 4604/1-
2 (8%;=0.00), GK-964 (8*; =0.03), and Kama-
linskaya 611 variety (6?3 =0.03). The Kamalin-
skaya 611 x Novosibirsk line showed a high

variability in variance (8%; =0.47), indicating
lower stability under deteriorating conditions.
All samples were very stable in grain produc-
tivity (8%3 =0.00-0.04).

Based on the above, genotypes with bi >> 1
and &%, approaching 0 are considered the most
valuable under conditions of production inten-
sification. They are more responsive to improv-
ing conditions while being more stable under
deteriorating conditions. Kamalinskaya 611
variety and Baikalskaya x Lgovskaya 34 line
showed the highest grain productivity, and the
Kamalinskaya 611 x Novosibirsk line was most
productive in green biomass yield. It should be
noted that increasing a variety's plasticity may
lead to a decrease in its stability [10]. This was
observed in the most intensive variety, Novo-
sibirsk, where its stability under deteriorating
conditions was one of the weakest.

For the regions with unstable hydrother-
mal conditions from year to year and during
the growing season (such as the Novosibirsk
region), it is essential to evaluate the studied
samples' ecological stability. Over the years
of research, the most stress-resistant lines for
grain formation were Baikalskaya x G-252
(SR=-0.37), GK-964 (SR=-0.55), and Kama-
linskaya 611 x Novosibirsk (SR=-0.61), and
for green biomass formation, Baikalskaya x
Lgovskaya 34 (SR=-1.50), E-1280 (SR=-2.90),
and Kamalinskaya 611 standard variety (SR=-
5.00). These samples had a smaller decrease in
yield under unfavorable conditions, indicating
wider adaptive possibilities than the rest.

Genetic flexibility, or compensatory ability,
of a variety reflects its average yield in contrast-
ing conditions. The higher the indicator, the
higher the degree of correspondence between
the genotype and environmental conditions
(see footnote 13) [6]. The most genetically flex-
ible, and therefore more suitable for the forest-
steppe conditions of the Ob River region, was
the line Kamalinskaya 611 x Novosibirskaya
(CA =2.86 and 35.45 for grain and green mass
productivity, respectively), which among the
studied samples has the highest correspondence
between the genotype's requirements and the
expression of agroclimatic factors.

The main criterion for the value of vetch as a
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forage crop is high productivity of green mass.
When creating new varieties for intensive culti-
vation technologies, it is necessary to combine
high potential productivity and stability of yield
formation under the influence of environmental
conditions, including resistance to a variety of
stress factors.

CONCLUSIONS

1. Climate conditions have a significant in-
fluence on the realization of the productivity
potential. During the experiment, 2019 was
favorable for grain yield formation (X; = 2.74
t/ha; I, = 0.3), while 2017 was favorable for
biomass formation (X; = 32.71 t/a; [, = 3.1).
Throughout the study, the Kamalinskaya 611 X
Novosibirskaya line was the most productive in
both characteristics (but in 2019, the Baikals-
kaya x G-252 line was slightly more productive
for grain).

2. In terms of grain yield and adaptive
parameters, the Baikalskaya x G-252, GK-
964, and Kamalinskaya 611 x Novosibirskaya
samples stood out. They combine high
productivity, stability, stress resistance,
genetic flexibility, plasticity, and breeding
value. However, in conditions of production
intensification, the Baikalskaya x Lgovskaya
34 line and the Kamalinskaya 611 variety are
the most valuable, as their level of plasticity is
maximal, and their variance tends towards zero.
The stable Baikalskaya x G-252 line is neutral
to environmental factor changes and can be
recommended for extensive conditions.

3. The Kamalinskaya 611 x Novosibirskaya
line stood out for green mass yield and adaptive
parameters, combining high yield (X;= 34.60 t/
ha), genetic flexibility (CA = 35.45), and breed-
ing value (Sc = 25.67) with responsiveness to
improving conditions (b; = 1.93), while it can
adapt to worsening conditions (8%; = 0.47). The
Kamalinskaya 611 X Novosibirskaya line, com-
bining high plasticity and stability, is among the
most valuable genotypes for intensive produc-
tion. The stable Baikalskaya x G-252 line with
low plasticity can be recommended for exten-
sive conditions.

4. For the conditions of the Novosibirsk re-
gion and the set of characteristics, the Kama-

linskaya 611 x Novosibirskaya line is recom-
mended, combining high grain and green mass
productivity with responsiveness to improving
growth conditions while being able to adapt
to worsening conditions. The Baikalskaya x
G-252 line, which combines average grain and
biomass productivity with high stability and
low responsiveness to improving conditions,
is recommended for cultivation with minimal
costs.
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UHIYKIUS KAJJTYCOTEHE3A COLBETHI1 YECHOKA
(ALLIUM SATIVUM L.) IN VITRO

(<) AzonkoBa M.A.

Bcepoccuiickuti Hay4HO-uccie008amenbCKull UHCIMUmym 080ueso0cmea —
Guruan PedepanbHo20 HAYUHO2O YEHMPA 0BOUIE800CMBA

MockoBckast oonacts, nep. Bepes, Poccus

(<De-mail: tixanish@mail.ru

C 1empio pacImpeHus TEHETHIECKOTO pa3HO00pasmst 4ecHOKa 03uMoro (Allium sativum L.) u3y-
YeHa BO3MOYKHOCTh WCIIOJIB30BAHUSA i/ Vitro TEXHOJIOTHUHU TIONYYEeHUSI COMAKIOHABHBIX BApPHAHTOB
KaJUTyCHOW KyIbTYpbl. [IpencTaBiieHsl pe3ynbraThl HccaenoBaHus dIPPEKTUBHOCTH KaJTyCcOTeHe3a
COLIBETHI YECHOKA 03UMOT0 copTa [ 1aguarop B 3aBUCHMOCTH OT Bo3pacTta skcmanTa (7, 14 u 21 cyr
C MOMEHTA BBIXO/Ia COLIBETHH M3 JMCTOBBIX Ma3yX) H COUETAHUS PETYIATOPOB pocTa (2,4-1uXiop-
(heHOKCHYKCYCHOM KUCIOThI B KOHIeHTparmsx 0,25; 0,5; 1,0; 2,0 Mr/n u KMHETHHA B KOHIIEHTPA-
muu 0,25; 0,5; 1,0 mMr/m). YcTaHOBIICHO, UTO CTyIeHYATasl CTECPIIIM3AIMS MaTepraia, OCHOBaHHAS
Ha TOCJIEA0BATENIFHON 00paboTKe CTEPHIIM3YIOIIMMY PacTBOPAMH, MO3BOJSET MOMydars 92-98%
CTepWIIBHBIX JKCIIJIAHTOB. Y COIBETHH YE€CHOKA PaHHETr0 BO3pacTa MepBbie MPU3HAKKA Hadalla Kall-
JycoreHe3a OTMeUeHbI Ha 35-e CyTKH KyJIbTUBUPOBaHMs, a y COL[BETHH B Bo3pacTe 21 cyT — Ha 50-e.
3aukcrpoBaHO 0O0pa3oBaHKUE KaJulyca M3 OCHOBAHUS COLIBETHH MPH JA00aBICHUH B MUTATEIBHYIO
cpeny 0,5; 1,0 u 2,0 mr/n 2,4-muxnopheHOKCUYKCYCHON KUCIIOTHI U KHHETHHA B M3y4aeMbIX KOH-
neHTpanusax. Hanbonee nHTEHCHBHOE KaTycOOOpa30BaHME BBIABICHO Y 7-CYyTOYHBIX DKCIIJIAHTOB
Ha nmuTaTensHON cpene Mypacura — Ckyra, oboramernoi 2,0 mMr/in 2,4-1uxiaoppeHOKCHYKCYyCHOM
KkucHoThl, a Taoke 0,5 u 1,0 mr/n kuaetnHa. [Ipu 5TOM 0 SKCTUIAHTOB ¢ KaJTyCOM cOCTaBmiia 94
1 96% cootBercTBeHHO. KamnycooOpazoBanue n3 0OCHOBaHHMs COLBETHH B Bo3pacTe 14 u 21 cyT npu
HCTIOJIb30BAHUH 3TUX BAPUAHTOB MTUTATENLHON cpenbl Habmonanock y 44 u 22% 3KCIUIaHTOB COOT-
BETCTBEHHO.

KutoueBble ¢j10Ba: 9eCHOK 03UMBIN (A/lium sativum L.), in vitro, 5KCIUTaHT, KaJITyC, PETYIATOP
pocra

INDUCTION OF GARLIC (ALLIUM SATIVUM L.) INFLORESCENCE
CALLUSOGENESIS IN VITRO

<DAzopkova M.A.

All-Russian Research Institute of Vegetable Growing —
Branch of the Federal Scientific Center of Vegetable Growing
Vereya, Moscow region, Russia

(<De-mail: tixanish@mail.ru

In order to expand the genetic diversity of winter garlic (Allium sativum L.), the possibility of
using in vitro technology to obtain somaclonal variants of a callus culture was studied. The results of
the study of the efficiency of inflorescences callusogenesis of winter garlic cultivar ladiator depend-
ing on the explant age (7, 14 and 21 days from the moment when inflorescences emerge from the leaf
axils) and the combination of the growth regulators (2,4-dichlorophenoxyacetic acid in concentra-
tions 0,25; 0,5; 1,0; 2,0 mg/l and kinetin in concentrations 0,25; 0,5; 1,0 mg/1) are presented. It was
found that stepwise sterilization of the material, based on sequential treatment with sterilizing solu-
tions, allows obtaining 92-98% sterile explants. The first signs of the beginning of callusogenesis
were observed in early garlic inflorescences on the 35th day of cultivation, and in the inflorescences
aged 21 days - on the 50th day. Callus formation from the base of inflorescences was recorded when
0.5; 1.0 and 2.0 mg/L of 2,4-dichlorophenoxyacetic acid and kinetin were added to the nutrient me-
dium at the concentrations studied. The most intensive callus formation was detected in 7-day-old
explants on the Murashige - Skoog nutrient medium enriched with 2.0 mg/L 2,4-dichlorophenoxy-
acetic acid and 0.5 and 1.0 mg/L kinetin. The proportion of explants with callus was 94% and 96%,
respectively. Callus formation from the base of inflorescences at 14 and 21 days of age using these
nutrient media options was observed in 44 and 22% of explants, respectively.

Keywords: winter garlic (Allium sativum L.), in vitro, explant, callus, growth regulator
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INTRODUCTION

Garlic (Allium sativum L.), belonging to the
family Amaryllidaceae and subfamily Allioide-
ae, is a valuable vegetable and medicinal crop
widely used in human nutrition and pharma-
ceutical industry. It contains vitamins and bio-
logically active substances such as flavonoids,
steroid saponins, and others!. Garlic is charac-
terized by well-developed bactericidal and an-
tioxidant properties® and the ability to accumu-
late high concentrations of essential elements
such as selenium?® [1] and germanium*.

For garlic propagation, cloves are mainly
used. In this case, hidden diseases are transmit-
ted to offspring, leading to its rapid degenera-
tion. Due to the lack of seed reproduction in
garlic, it is not possible to expand the genetic
diversity of this crop using traditional breeding
methods.

However, modern biotechnological methods
allow obtaining in vitro culture genotypes that

are valuable breeding material. The following
directions are considered promising: soma-
clonal variation, cell selection, and in vitro mu-
tagenesis.

Methods for obtaining garlic morphogenic
callus from the basal part of the clove [2], root
tips>”’ [3, 4], apical meristems [2, 3, 5], stem
and leaf discs® [6, 7] are known.

The main purpose of the research is to select
the optimal combination of factors (age of ex-
plant, concentration of growth regulators) that
provide the formation of callus tissues of winter
garlic variety Gladiator in in vitro culture.

MATERIAL AND METHODS

The experiment was conducted in the De-
partment of Biotechnology and Innovation
Projects of the All-Russian Scientific Research
Institute of Vegetable Growing - a branch of the
Federal Scientific Center of Vegetable Growing
from 2019 to 2021.

'Pivovarov V.F,, Ershov LI, Agafonov A.F. Onion crops. M., 2001. 500 p.

*Zelenkov V.N., Lapin A.A., Polyakov A.V. Total antioxidant activity of winter garlic domestic and foreign breeding // Untradi-
tional natural resources, innovative technologies and products: collection of scientific papers. Vol. 23. pp. 69-72.

3Golubkina N.A., Nikulshin V.P, Khrynina Yu.A. Features of foliar method of garlic plants enrichment with selenium // Agri-

cultural Biology. 2007. N 1. pp. 82-85.

4 Polyakov A.V., Alexeeva T.V. Garlic (Allium sativum L.) as a source of organic germanium // Horizons of Science and Educa-
tion: Proceedings of the International Scientific-Practical Conference Almaty, 2018. pp. 80-83.

SMartin-Urdiroz N., Garrido-Gala J., Martin J., Barandaran X. Effect of light on the organogenic ability of garlic roots using
a one step in vitro system // Plant Cell Reports. 2004. N 22 (10). pp. 721-724.

©Zheng Si Jun, Heinken B., Krens FA., Kik C., Zheng S.J. The development of an efficient cultivar-independent plant regenera-
tion system from callus derived from both apical and non-apical root segments of garlic (Allium sativum L.) // In vitro Cellular and

Developmental Biology-Plant. 2003. N 30 (3). pp. 288-292.

'Khan N., Alam M.S., Nath U.K. In vitro regeneration of garlic through callus culture // Journal of Biological Sciences. 2004.

N 4 (2). pp. 189-191.

SHaque M.S., Wada T., Hattori K., Plas L.H.W., Klerl G.J. Garlic roots for micropropagation through in vitro bulblet formation
/I Proc. the XXV International Horticultural Congress. Brussels, 2000. Part 10: Application of biotechnology and molecular

biology and breeding, in vitro culture. pp. 45-52.
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The material for the study was the inflores-
cences of the winter garlic variety Gladiator,
isolated on the 7th, 14th, and 21st days after
they emerged from the leaf axils.

The Gladiator variety has been included in
the State Register of the Russian Federation
since 2011, and is characterized as a medium-
ripening variety (with a vegetative period of
90-98 days), shooting out, with high winter har-
diness, storage ability, and yield [8].

A stepped sterilization method was used for
introduction in vitro. The inflorescences were
washed for 30-60 minutes in a 10% soap solu-
tion, then for 15-20 minutes in a 0.1% solution
of potassium permanganate, and then for 30
seconds in a 70% ethanol solution. They were
then sterilized in a 1.0% solution of sodium
hypochlorite for 20 minutes, followed by three
rinses with sterile water’ [9].

The explants were cultured on a Murashige-
Skoog (MS)! nutrient medium enriched with
2,4-dichlorophenoxyacetic acid (2,4-D) and ki-
netin, the concentrations of which are presented
in Table 1. Other characteristics of the study
included a constant temperature of 20°C, light
intensity of 5000 lux, and a 16/8-hour photo-
period.

Statistical processing of the experimental
data was carried out using the Microsoft Office
Excel software package. The plants were moni-
tored every 7 days after the growth regulators
were introduced into the culture.

Ta6a. 1. KonueHrpaius peryasitopoB pocTa, Mr/i
Table 1. Growth regulator concentration, mg/1

Kinetin
24D 0 0,25 0,5 1,0
0,25 + + + +
0,5 + + + +
1,0 + + + +
2,0 + + + +

RESULTS AND DISCUSSION

During the course of the research, it was es-
tablished that callus formation from the base of
the inflorescence did not occur in all the vari-
ants studied. In addition, depending on the age
of the explant, certain features of the process
were observed.

In inflorescences of early age, the first signs
of callusogenesis were observed on the 35th
day of cultivation, while in inflorescences aged
21 days, they were observed on the 50th day.
When cultivating garlic inflorescences isolat-
ed on the 7th day after the arrow emerged on
a nutrient medium (enriched with 2.4-D and
kinetin at concentrations of 2.0, 0.5, and 1.0
mg/l, respectively), the proportion of calluso-
genic explants was 94% and 96%, respectively
(see Table 2).

Tao6a. 2. Jlonsg KalTyCOT€HHBIX SKCILIAHTOB,
% £ 2Sp (n = 100)
Table 2. Proportion of garlic callus explants,
% £ 2Sp (n = 100)

2,4-71, | Kinetin, Age of explants, days
mg/1 mg/l
7 14 21
0,25 0 0 0 0
0,25 0 0 0
0,5 0 13,0 £6,7 0
1,0 0 13,0+£6,7 0
0,5 0 0 13,0 £6,7 0
0,25 10,0£6,0 | 12,046 | 7,0£5,1
0,5 12,0+4,6 | 13,0+6,7 | 12,0£4,6
1,0 14,0+£6,8 | 140+6,8 | 12,0+4,6
1,0 0 12,0+4,6 | 150+7,0 | 13,0+6,7
0,25 16,0+ 7,3 | 26,0+ 8,8 | 12,0£4,6
0,5 30,0£9,1 | 27,0+89 | 13,0+6,7
1,0 32,0+9,3 [ 29,0+9,1 | 14,0+6,8
2,0 0 56,0+9,8 | 33,0+9,0 | 21,0+ 8,0
0,25 | 58,0+£9,8 | 33,0£9,0 | 22,0+£8,2
0,5 94,0+4,7 | 44,0+9,9 | 22,0+8,2
1,0 96,0 +3,9 | 40,0+9,8 | 22,0+ 8,2

° Polyakov A.V., Azopkova M.A., Muravyova I.V. Obtaining in vitro planting material of winter garlic (4//ium sativum L.): a

method manual. M., 2018. 12 p.

Y"Murashige T, Skoog F. A revised medium for rapid growth and bioassays with tobacco tissue cultures / Physiologia Planta-

rum. 1962. Vol. 15. N 13. pp. 473-497.
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No callus formation was observed when cul-
turing explants on a nutrient medium contain-
ing 0.25 mg/l of 2.4-D.

When cultivating garlic inflorescences aged
7 days on a nutrient medium containing 0.5
mg/l of 2.4-D and kinetin at the studied concen-
trations, the proportion of callusogenic explants
varied at the level of 10-14%.

The proportion of callusogenic explants cul-
tivated on a nutrient medium containing 1.0
mg/l of 2.4-D was 12-32%, depending on the
concentration of kinetin.

The largest number of callusogenic explants
(44% and 40%) was recorded when cultivating
winter garlic inflorescences aged 14 days on
a nutrient medium containing 2.0 mg/1 of 2.4-
D and kinetin at concentrations of 0.5 and 1.0
mg/l, respectively.

During the cultivation of 14-day garlic in-
florescences on a nutrient medium containing
0.25-1.0 mg/1 of kinetin and 1.0 mg/1 of 2.4-D,
callus formation was observed in 26.0-27.0%
of explants; 0.25-1.0 mg/l of kinetin and 0.5
mg/l 0of 2.4-D - in 12.0-14.0%; 0.5 and 1.0 mg/1
of kinetin and 0.25 mg/l of 2.4-D - in 13.0%.

When cultivating garlic inflorescences aged
21 days on a nutrient medium enriched with
growth regulators at the studied concentrations,
suppression of explants was observed in all
variants presented in Table 2. Callus formation
was not observed on a nutrient medium con-
taining kinetin at the specified concentrations
and 0.25 mg/l of 2.4-D.

CONCLUSION

As a result of the studies aimed at identify-
ing the optimal concentration of growth and age
regulators for inducing callusogenesis in winter
garlic, it has been established that inflorescenc-
es at 7 days after the emergence of the arrow
from the leaf axils possess the highest calluso-
genic ability (94-96%). When cultured on MS
nutrient medium enriched with 2.0 mg/L 2,4-D,
as well as 0.5 and 1.0 mg/L kinetin, the onset of
callus formation occurs 10-15 days earlier than
in explants at 14 and 21 days of age.
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IKOJIOI'MYECKOE UCIIBITAHUE AYMEHSA
B CEBEPHOM JIECOCTENM YEJABUHCKOM OBJIACTHU

Iebipcukos J.A., CDTTyanakkaiinaun JI.A., a3 H.B., Y pumuena JI.B.
000 «Yebapkynvckas nmuyay

UYensOuHCKast 0061acTb, moc. TumupszeBckuii, Poccus
(<)e-mail: lora708@yandex.ru

[IpencraBiena cpaBHUTENbHAS OLIEHKA COPTOB SUMEHSI Pa3IMYHOTO KOJIOrO-TeorpaduuecKoro
npoucxoxaeans (Yensonuackuit 99, Sux, Omckmit 95 u [lamsarn Yenenesa). VcnbiTanue copToB
MIPOBOJIMIIA B TIOJIEBOM OIBITE Ha CEIbXO3MPEANpusITHA YemssOMHCKON 00JacTh ¢ mebio moadopa
COPTHMEHTa, 00€CIIEUNBAIOIIETO MAKCUMAIBHYIO CTAOMIIBHYIO YPOXKAHOCTh. Beero 3a rojpl ucciie-
noBanuit (2017-2019, 2021-2022) uzyuyero 20 copToB SUYMEHS YEITOMHCKOM, OMCKOM, THOMEHCKOH,
CBEP/UIOBCKOM M caMapckoil cenekuuu. PocT u pa3BuTHE SUMEHS MPOXOJWIN B KOHTPACTHBIE IO
TEIUIO- U BIaroo0ecrnedyeHHOCTH BeTeTaloHHbIe ieprnosl. CopT SIMK He TOJIBKO MOKa3all BRICOKUI
MTOTEHITHAN TPOTYKTHBHOCTH B TOIBI U3yUEHHS, HO ¥ TI0 Pa3Maxy YpO)KafHOCTH BMECTE C COPTOM
[TamsaTu YeneneBa ormeueH HanOomnee cTaOMIbHBIM. CaMbIMU YCTOWYHBBIMHU K CTpECCy OBLIH COp-
ta Omckuit 95 n Yensounckuit 99. 1o nokasarento reHeTUIECKOM TMOKOCTH JTUIUPYET copT SuK.
[lo crenenu peakiuu Ha yCIOBHsI BHELIHEN CpeJibl H3ydyaeMble COpTa pa3AeIInCh Ha IBE TPYIIIIHL.
B nepBoii rpynne okasaincs copt [lamsatu Yenenesa, TO €CTh B YCIOBHUSX JIaHHBIX UCCIEAOBaHUMN
OH c1a00 OT3BIBAJICS Ha BHemHUE (QakTopbl. Bo Bropyro rpymmy Bomun copra Omckuit 95, Suk
u UensOuuckuit 99, orn Hamboiee OT3HIBYMBEI Ha BHEMTHUE (hakTopbl. Hanbosee BEIIETHICS COpT
Omckuit 95, KOTOPBIA XapaKTepU3yeTcs HAUOONBIIEeH AKOIOTUYECKON MIaCTUYHOCTHIO. Bhicokas
CTETeHb CTAaOMIBLHOCTH PEaKIIMU OTMEYeHa y copTa SIuK, HH3Kas — y OCTalbHBIX copToB. [lo pe-
3yJbTaTaM S-JIETHUX HMCCIEAOBAHMN B YCIOBHSIX CeBEpHOH Jiecoctenu YenasiOMHCKON B LEIOM MO
pe3ysibTaTaM pacueToB MaKCUMAaIIbHYIO IITACTHYHOCTh U CTA0MIIBHOCTB IOKa3al copT AWK, KOTOPBIH
PEKOMEH/IOBaH IS CEIbX03TOBAPOIPOU3BOAUTEICH.

KuioueBblie ¢j10Ba: S9MEHB, COPT, YPOKAWHOCTH, IKOIIOTHIECKAs TUTACTUIHOCTH, IKOJIOTHUIECKas
CTaOMUIHLHOCTH

ECOLOGICAL TESTING OF BARLEY IN THE NORTHERN FOREST-STEPPE
OF THE CHELYABINSK REGION

Pyrsikov D.A., <) Pualakkainan L.A., Glaz N.V., Ufimtseva L.V.
LLC «Chebarkulskaya Ptitsax»

Timiryazevsky settlement, Chelyabinsk region, Russia

(<)e-mail: lora708@yandex.ru

A comparative evaluation of barley varieties of different ecological and geographical origin
(Chelyabinsky 99, Yaik, Omsky 95 and Pamyati Chepeleva) is presented. The varieties were tested
in a field experiment at an agricultural enterprise in the Chelyabinsk region in order to select the
assortment which provides the maximum stable yield. A total of 20 barley varieties of Chelyabinsk,
Omsk, Tyumen, Sverdlovsk and Samara breeding were studied during the years of research (2017-
2019, 2021-2022). Barley growth and development took place in contrasting heat and moisture
periods of vegetation. The Yaik variety not only showed high productivity potential in the years of
study, but was also marked by the most stable crop yield scale together with the Pamyati Chepeleva
variety. The most stress-resistant varieties were Omsky 95 and Chelyabinsky 99. In terms of genetic
flexibility, the Yaik variety is the leader. The varieties under study were divided into two groups
according to the degree of response to the environmental conditions. The first group included the
variety Pamyati Chepeleva, that is, under the conditions of these studies, it was weakly responsive
to external factors. The second group included the varieties Omsky 95, Yaik and Chelyabinsky 99,
they are the most responsive to external factors. The most prominent variety was Omsky 95 which
is characterized by the greatest ecological plasticity. A high degree of stability of the reaction was
noted in the variety Yaik, low - in other varieties. According to the results of 5-year research in the
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conditions of the northern forest-steppe of the Chelyabinsk region as a whole, the maximum plastic-
ity and stability was shown by the variety Yaik, which is recommended for agricultural producers.
Keywords: barley, variety, productivity, ecological plasticity, ecological stability
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INTRODUCTION

The barley crop is very versatile in terms of
its distribution area (it is cultivated from the
subtropical zone to the Far North and in high
mountain conditions) and in terms of its ap-
plication (raw material for food, processing in-
dustry, forage production). Nowadays the fod-
der and food value of the crop is second only
to wheat, corn and rice. In 2022 the total sown
area of cereals in the Russian Federation was
28.5 mlIn ha. Barley occupied more than 25%
of the total sown area - 7.2 mln ha. The largest
barley crop area is in the Volga Federal District,
followed by the Central, Siberian, Southern and
Ural districts'.

In the Chelyabinsk region spring barley
crops occupy from 19 to 25% of the total sown
area and depend on the demand for grain. An
increase in the purchasing value of barley grain
in the autumn-winter period leads to an in-
crease in the sown area, and a decrease - to a
reduction’.

The decisive condition for obtaining high
and stable yields in modern agricultural pro-
duction is the use of the varieties most adapted
to local conditions, capable of using the natural
resources of the place of growth with the great-
est efficiency [1-4].

The purpose of the study is a comparative
analysis of barley varieties of different ecologi-

cal and geographical origin in order to select
the variety that provides the maximum stable
yield in the bioclimatic conditions of the north-
ern forest-steppe of the Chelyabinsk region.

MATERIAL AND METHODS

Testing of the varieties was carried out on the
fields of the department of primary seed pro-
duction of the complex crop production OOO
Chebarkulskaya Ptitsa - one of the largest agri-
cultural enterprises of the Chebarkul district of
the Chelyabinsk region.

Chebarkul district is part of the northern
forest-steppe zone of the region and is charac-
terized by a continental climate with strongly
pronounced seasons. The main features of the
climate are cold and long winter with frequent
snowstorms, dry and hot summer. Currently,
there is a trend towards higher air temperatures
and lower precipitation, climate change is ob-
served [5].

Ecological barley variety trials were con-
ducted under the conditions of a field experi-
ment in accordance with the technique of state
variety trials of agricultural crops at plots with
the total area of 26.25 m?, the accounting area
- 25 m? in threefold repetition. Placement of
plots was randomized. Seeding rate - 5.0 mln.
of germinated grains/ha.

Soil in the experiments was low-humus me-

"Federal State Statistics Service. Bulletins on the state of agriculture. URL: https://rosstat. gov.ru/compendium/document/13277

(accessed 01.12.2022).

*Pyrsikov D.A., Pualakkainan L.A. Results of ecological variety study of cereal crops in the northern forest-steppe of the
Southern Trans-Urals // Problems and prospects of scientific and innovation support of agro-industrial complex of regions.
Collection of reports of the IVth International Scientific Conference. Kursk, 2022. pp. 32-37.
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dium leached loamy chernozem. The content
of mobile forms of nitrogen and phosphorus
in the soil was average, potassium - high, hu-
mus - high. The reaction of the soil solution was
close to neutral. Protection of barley plots cor-
responded to the adopted scheme on the pro-
duction crops.

Ecological plasticity and stability param-
eters of barley varieties were calculated by the
method of S.A. Eberhard, W.A. Russell’ and
by the method of A.A. Gryaznov*. Research
results were processed using single-factor and
multivariate analysis of variance.

Actotal of 20 barley varieties of Chelyabinsk,
Omsk, Tyumen, Sverdlovsk and Samara breed-
ing were studied in 2017-2019 and 2021, 2022.
The article presents a comparative assessment
of the four most promising varieties - Che-
lyabinsky 99 and Yaik (FSBSI Chelyabinsk
NIISKh), Omsky 95 (FSBSI Omsk ANC),
Pamyati Chepeleva (Urals Research Institute of
Agriculture - Branch of the Ural Federal Agrar-
ian Research Center of the Ural Branch of the
RAS).

Chelyabinsky 99. Medium-late, vegetation
period 71-92 days. The plant is medium-grown.
Resistance to lodging and drought is average.
Moderately susceptible to barley net blotch and
root rot, susceptible to loose smut. The average
yield in the region was 25.6 c/ha. The maxi-
mum yield was 53,2 c¢/ha and was obtained in
the Republic of Bashkortostan in 2001. Grain is
of medium size, weight of 1000 grains is 38-47
g. Protein content in grains is 10,6-14,3%. It is
included in the list of brewing varieties of the
Russian Federation [6].

Omsky 95. Medium maturing, vegetation
period is 73-86 days. The bush is semi-erect.
The plant is medium-grown. Resistance to
lodging and drought is at the level of standard
varieties. It is affected in the moderate degree
by kernel smut and barley net blotch, strongly
by loose smut and root rot. During the years of
study, the yield in the region was 25.6 c/ha. The
maximum yield of 55 c/ha was obtained in the

Tyumen region in 2005. Grain is of medium
size, weight of 1000 grains is 40-48 g. Protein
content in grains is 11,6-15,1%. Valuable by
quality [7].

Yaik. Mid-late, the vegetation period is 77-
91 days. The plant is medium-grown. In resis-
tance to lodging and drought tolerance it is esti-
mated at the level of standard varieties. Suscep-
tible to head smut. Strongly affected by loose
smut and stem rust. It was weakly affected by
brown rust in the field. During the years of
study, the average yield in the Ural region was
26.3 c/ha, the maximum - 59.2 c/ha, obtained in
2017 in the Chelyabinsk region. Grain is large,
weight of 1000 grains is 40-50 g. The crop is of
grain-fodder type. Protein content in the grain
isup to 10.1% [8].

Pamyati Chepeleva. The variety is medi-
um-ripening, the vegetation period is 79-99
days. The plant is short - of medium length. In
resistance to lodging it is inferior to standard
varieties, and exceeds them in drought toler-
ance. It is moderately resistant to stripe disease
and root rot. It was affected under field condi-
tions by loose smut, barley net blotch and net
blotch to a moderate degree. The highest yield
- 81.5 c/ha - showed in the Nizhny Novgorod
region in 2015. The grain is large, the weight of
1000 grains is 40-51 g. The variety is valuable
in quality. Protein content in the grain is 8.6-
11.0% [9].

RESULTS AND DISCUSSION

Great importance in increasing the value and
quality of the crop is the ability of the variety
to show itself in local conditions. Evaluation of
variety response to the changes in growing con-
ditions will allow to solve the issues with a rea-
sonable selection of varieties for each farm. To
analyze the indicators of productive and adap-
tive potential of the varieties by varying their
yields, scientists have developed a number of
methods to assess the stability of varietal yields.

Multiyear field trials allow to estimate ob-
jectively enough the degree of plants reaction

3Eberhart S.A. Stability parameters for comparing varieties // Crop Sci. 1966. Vol.6. N 1. P. 36-40.
*Gryaznov A.A. Karabalyk barley. Kustanai: Kustanai printing yard, 1996. 446 p.

50  Siberian Herald of Agricultural Science ¢ 2023 « 53 « 2

Plant growing and breeding



DKOIOTHYECKOE MCTIBITAHHUE SIIMEHS B CEBEPHOIT JIECOCTEIH
YensaOuHCKON 00nacTu

[Tsipcuxos [1.A., [Tyanakkaiinaun JI.A., I'na3 H.B., Y ¢pumuesa JI.B.

to climatic changes in the environment [5, 7,
10]. In our studies barley growth and devel-
opment took place in the years with different
heat and moisture supply during the growing
season, which determined the value of varieties
yield (see Table 1).

Yield is an indicator of adaptability and en-
vironmental sustainability of crop varieties.
The lower the index of the yield range (d), the
more stable the productivity of the variety un-
der specific conditions (see Table 2).

The Yaik variety not only showed high pro-
ductivity potential in the years of the study, but
also was the most stable by the yield range to-
gether with Pamyati Chepeleva variety.

The difference between the minimum and
maximum yields (Y, - ¥,,.x) shows how re-
sistant this variety is to stress under changing
meteorological conditions. This indicator has a
negative value. The smaller its absolute value,
the greater the adaptive capacity of the variety,
that is, the higher its stress tolerance. The most
stress-resistant (Y, - Y,.,,) varieties were Om-
sky 95 and Chelyabinsky 99.

Variety stress tolerance is also charac-
terized by the index of genetic flexibility

Ta6a. 1. YpoxaiflHOCTh SUMeHS, 1/Ta
Table 1. Barley yield, c/ha

(Yin - Yiax)/2, reflecting the degree of corre-
spondence between the genotype of the variety
and various environmental factors. According
to this indicator the Yaik variety is the leader,
the index of genetic flexibility is 5.6.

According to the degree of response to en-
vironmental conditions by the method of S.A.
Eberhard, W.A. Russell (see footnote 3) the
studied varieties were divided into two groups.
The first group included the variety Pamyati
Chepeleva (b; < 1), that is, under the conditions
of this study, it was weakly responsive to ex-
ternal factors. The second group consisted of
the varieties Omsky 95, Yaik and Chelyabinsky
99, which have b, > 1, they are most responsive
to external factors. The variety Omsky 95 (b; =
1,0474), which is characterized by the greatest
ecological plasticity (see Table 3), stood out the
most.

The best index of the degree of reaction sta-
bility (6,d - 3.61) was noted in the variety Yaik,
lower indicators were characterized by other
varieties. Thus, the variety Yaik in the years of
research was characterized by higher stability
of productivity.

) Year of study

Variety 2017 2018 2019 2021 2022
Chelyabinsky 99 (standard) 61,17 42,60 34,03 57.20 64,13
Omsky 95 48,15 41,60 32,40 50,20 68,49
Yaik 57,66 41,70 39,89 55,10 70,63
Pamyati Chepeleva 58,69 43,82 38,95 49,10 68,03
LSD,; 1,27 1,78 1,53 0,95 3,22
Tada. 2. AnanTUBHBIN NOTEHLIMAT COPTOB STUMEHS
Table 2. Adaptive potential of barley varieties

Grain yield, t/ha S Resi Genetic
Variety . Yield spread, d, % | "6 ReSptance flexibility,
max min average min — Lmax Yy + Yo )2

Chelyabinsky 99 (standard) 6,4 3,4 5,2 46,9 -3,0 4.9
Omsky 95 6,8 3,2 4,8 52,9 -3,6 5,0
Yaik 7,1 4,0 53 43,7 -3,1 5,6
Pamyati Chepeleva 6,8 3,9 5,2 42,6 -29 5,4
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Tao6a. 3. Dronoruyeckast IIACTHYHOCTh U CTAOMIILHOCTh YPOXKAMHOCTH COPTOB SIPOBOTO STYMEHS
Table 3. Ecological plasticity and yield stability of spring barley varieties

Yield, t/ha Ecological plasticity index
Vari By the method of S.A. Eberhard, W.A. Russell By the method of A.A.
ariety + to the Gryaznov
Lim X; stan- - .
dard, % Plam‘ty( ;?eﬁimm Stability (o*d) EPI

Chelyabinsky 99

(standard) 34-64 1| 52 | 100,0 1,0056 19,27 1,050
Omsky 95 32-6,8 | 48 | -7,7 1,0474 15,16 0,973
Yaik 4,0-7,1| 5,3 +1,9 1,0171 3,61 1,085
Pamyati Chepeleva | 3,9-6,8 | 52 | £0,0 0,9298 96,48 1,049

Taoua. 4. PaH)KPIpOBaHI/IC COPTOB AAYMCHA IO IMOKA3aTCJIAM aJalITUBHOCTH, ONIPCACIICHHBIM pPa3HbIMU

MCTOJaMH
Table 4. Ranking of barley varieties according to adaptability indicators determined by different
methods
By the method | By the method of A.A. Rossielle, BS},, ileEn;eﬂﬁOddOf By the method of
fV.A. Zykin J. Hemblin ). TCTArC, A.A. Gryaznov
° W.A. Russell
Variet The sum
4 Vi Stress Genetic Plasticity . of ranks
ield range . s . Stability
d resistance flexibility coefficient (c*d) EPI
Ymin - Ymax (Ymax + Ymin)/2 (bz)
Chelyabinsky 99
(standard) 3 2 4 17
Omsky 95 4 4 4 2 4 21
Yaik 2 3 1 2 1 1 10
Pamyati
Chepeleva 1 1 2 1 4 3 12
The Yaik variety (IEP = 1.085) was also the CONCLUSION

best when calculating the index of ecological
plasticity in the studied varieties (according to
A.A. Gryaznov).

The use of different methods of determin-
ing the stability and plasticity of varieties al-
lows getting the most complete information.
For the final evaluation the principle of rank-
ing by parameters was used, and the evaluation
was carried out according to the sum of ranks
obtained by each method. The significance of
the rank decreases from 1 to 4 (see Table 4). In
our experiment, according to the sum of ranks,
the best variety was Yaik, followed by Pamyati
Chepeleva, Chelyabinsky 99 and Omsky 95.

The study of varieties in specific climatic
conditions and the definition of their plasticity
and adaptability traits allow to make the right
choice among the variety of crops proposed for
use in favor of the cultivar most adapted for cul-
tivation on this farm. According to the results of
the 5-year research in the northern forest-steppe
of the Chelyabinsk region as a whole, the maxi-
mum plasticity and stability was shown by the
Yaik variety, which is recommended for agri-
cultural producers.
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YCTOMYUBOCTD APOBOI'O SUMEHS
K BO3BYJIUTEJISAM JINCTOBBIX BOJIE3HEN

) Mopomenko E.C., IMumxun H.B.
Aepapubiii HayuHblid yenmp «/{oHcKot»
PoctoBckas obnacts, . 3epHorpan, Poccus
(><)e-mail: katyalevchenkol(@mail.ru

[Torepu yposkast spoBOro sSTUMeHsI 13-3a SMUGUTOTUI Pa3INYHBIX JTUCTOBBIX 3a00JI€BAaHUN MOTYT
cocraBisATh 30—50%. CamMbIMK pacipocTpaHEHHBIMH TaTOreHaMu B POCTOBCKOI 0011acTH CUUTAIOT-
Csl MyYHHCTasi poca U TeIbMUHTOCIIOPHO3HBIE MATHUCTOCTH. Hanbomnee a3ppekTuBHBIN U HOCTYII-
HBIH C1I0CO0 M3YYNUTh YCTOWYMBOCTH HOBBIX COPTOB — UCIIOJIB30BAHNE UCKYCCTBEHHBIX HH(PEKITHOH-
HBIX (DOHOB, T/IE B TPOBOKAITMOHHBIX U SKCTPEMATBHBIX YCIOBHUAX IPOUCXOTUT OTOOP POIUTENBCKUX
(hopM U CeNeKLIMOHHBIX JIMHUH, HanboJiee yCTOMUUBBIX K aTtoreHaMm. MccienoBaHus poBeieHb! B
tedenue Tpex et (2020-2022) Ha MHPEKITMOHHOM CTAIllHOHAPHOM y4acTke. Llenpio nccienoBanus
CTaJIO BBISIBIICHHE CPEIH M3Y4aeMbIX COPTOB M JIMHUH SIPOBOTO STYMEHS, CTAOMIIBHO YCTOMYHMBBIX U
PE3UCTEHTHBIX K pacrnpocTpaHeHHbIM B PocToBckoli oOmactu nmucroctedenbHbIM naTtoreHaM. O0b-
€KTOM HCCIICIOBAHUS TIOCITYKWIIA COPTa SPOBOTO SIUMEHS Pa3IMYHOTO DKOJIOr0-reorpagpuyecKoro
rpoucxoxaeHus. Yuciio n3ygaemsrx 00pasnoB Bapsuposaio: B 2020T. —215,2021 . —256,2022 1. —
196. B mepuox uccienoBaHus MOTOAHBIE YCIOBHS OBLIH PA3IMYHBIMU 10 TEMIIEPATyPHOMY PEXKUMY
1 KOJIMYECTBY OCAJAKOB. B pe3ynprare moneBoil OLEHKH Ha HCKYCCTBEHHOM MH(EKIMOHHOM (hoHE
BBIIETIEHBI COPTa U JIMHHUU SIPOBOTO SYMEHS C BHICOKOW YCTOWYMBOCTBIO K M3yUYEHHBIM ITaTOTEHAM.
BrIcokoycTOHUMBBIME K MyYHHUCTOH poce okazanuchk KWS-11-228 u Pioner (Opannus), Canaiiy,
Margret, Viking, Laurika u Tituringia (I'epmanwus), Perun (Uexus), Tipple (Aurmust), Kanura, Jleon
u Tonyc (Poccus), O6omonsr u YapusHeii (YkpanHa). YCTOHYHBOCTh K T€ITbMHUHTOCIOPHO3HBIM
MIATHACTOCTSM TIposiBIUIH copTa Pyce, TamoBckuit 9, Tonyc n Onbd (Poccus), Dueit (YkpanHa).
Takke BblAEIEHBI 00pa3Lbl, UMEIOIINE YCTOMUMBOCTL K 00ouM maroreHam: Jleon, Tonyc, Onbd,
®denoc, Popmar u AszumyT (Poccust), Margret, Prestige u Viking (I'epmanus), Perun (Uexwus).

KuroueBble ci10Ba: poBOil SUMEHB, YCTOMUNBOCTbD, TOJIEPAHTHOCT, IATOI'€H, MyYHHCTas poca,
reJIbMUHTOCIIOPHO3HBIE MSITHUCTOCTH

SPRING BARLEY RESISTANCE TO LEAF DISEASE PATHOGENS

C<Doroshenko E.S., Shishkin N.V.
Agricultural Research Center “Donskoy”
Zernograd, Rostov region, Russia

(<) e-mail: katyalevchenkol@mail.ru

Yield losses of spring barley due to epiphytotics of various leaf diseases can be as high as 30-
50%. The most common pathogens in the Rostov region are powdery mildew and helminthosporium
blotches. The most effective and accessible way to study the resistance of new varieties is to use
artificial infectious backgrounds where parental forms and breeding lines most resistant to pathogens
are selected under provocative and extreme conditions. The studies were conducted over a three-year
period (2020-2022) at an infectious disease stationary site. The purpose of the study was to identify the
varieties which were consistently stable and resistant to the common frondiferous pathogens among
the studied varieties and lines of spring barley in the Rostov region. Varieties of spring barley of
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different ecological and geographical origin were the object of research. The number of the studied
samples varied: in 2020 - 215 varieties, 256 in 2021, and 196 in 2022. The weather conditions varied
in temperature and precipitation during the study period. As a result of field evaluation on artificial
infection background, spring barley varieties and the lines with high resistance to the studied pathogens
were identified. Highly resistant to powdery mildew were the varieties KWS-11-228 and Pioner
(France), Sunshine, Margret, Viking, Laurika and Tituringia (Germany), Perun (Czech Republic),
Tipple (England), Kalita, Leon and Tonus (Russia), Obolon and Charivny (Ukraine). The varieties
Rus, Talovsky 9, Tonus and Elf (Russia), and Eney (Ukraine) showed resistance to Helminthosporium
blotches. Also, samples with resistance to both pathogens were identified: Leon, Tonus, Elf, Fedos,
Format and Azimut (Russia), Margret, Prestige and Viking (Germany), Perun (Czech Republic).

Keywords: spring barley, resistance, tolerance, pathogen, powdery mildew, helminthosporium
blotches
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INTRODUCTION eases), and reproductive organs can be affected

The Southern Federal District (SFD) is one (€80t various types of smut) [3, 6].
of the main grain-producing regions of the According to long-term observations and

Russian Federation. The largest areas of forage studies, the pr'evalence of §uch leaf diseases
crops are sown here under barley. The SFD, in a8 powdery mildew (causative agent - fungus

which Rostov region is located, accounts for Blumeria graminis (DC.) Speer) and helmin-

12-15% of the all-Russian barley production thosporium spot diseases: net blotch (causative
[1,2]. agent - Pyrenophora teres Drechsler) and dark

brown (causative agent - Bipolaris soroki-
niana Shoemaker) in spring barley crops was
observed. Both pathogens are among the most
harmful barley diseases. Directly and indirectly
affecting plants, they cause a decrease in pro-
ductivity and grain quality. Under favorable
hydrothermal conditions, they may cover the
entire assimilation surface of the leaves. They
are found in all the regions of crop cultivation
[7-9].

The basis of modern strategy in crop breed-
ing is targeting, which is the need to create a
system of varieties, climatically and environ-
mentally differentiated, adapted to the specific

Every year there is a loss of yields of cul-
tivated varieties of barley from the impact of
weather conditions, as well as the development
of various fungal diseases [3]. Sharp fluctua-
tions in climatic conditions noted in the region
in recent years: significant temperature varia-
tions, abundant precipitation, alternating with
drought and low atmospheric humidity, lead to
a surge of occurrence of the most common and
harmful diseases in natural conditions [4]. Each
pathogen is dangerous in its own way: veg-
etative organs can be affected, leading to plant
death (root rot) or reduced productivity (rust
diseases, powdery mildew, various spot dis-
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conditions of each region [10]. To create such
varieties, the analysis of source material should
be complete and versatile, it should be carried
out under the conditions of the region, includ-
ing phytosanitary [11]. It is conditioned by in-
separable development of host plant and patho-
gen. Only in this case, it is possible to assess
the interaction of all factors of obtaining quality
and high yield.

The purpose of the study was to identify
those varieties among the studied ones and the
lines of spring barley that are stable and resis-
tant to common frondiferous pathogens in the
Rostov region.

MATERIAL AND METHODS

The studies were conducted over three years
(2020-2022) at the infectious stationary site of
the Laboratory of Plant Immunity and Protec-
tion of the Agricultural Research Center “Don-
skoy".

Varieties of spring barley of different ecolog-
ical and geographical origin (Ukraine, Belarus,
Germany, Holland, Czech Republic, Denmark
and different regions of Russia), as well as va-
rieties and lines of the Donskoy Agricultural
Research Center breeding were the objects of
the study. The number of tested samples var-
ied from 215 in 2020, 256 in 2021 and 196 in
2022. Sowing was carried out at optimum dates
by hand planters. The plots were infested with
local races of the most common pathogens.

To create a provocative background of leaf
diseases, the infectious area was sown in au-
tumn with the winter variety Master, an accu-
mulator of infection. Susceptibility of this va-
riety is manifested as early as the end of No-
vember. It goes into winter with single signs of
infestation. During the autumn-winter period,
pathogens accumulate and develop on it. By
the beginning of spring vegetation, plants are
affected up to 10%. In spring, the wind and
raindrops transfer mycelium and fungus spores
to the shoots of the plants of spring varieties

under study. By the stage of milk-wax maturity,
their lesion can reach 80-90%.

Spring barley samples were sown by hand
planters in two-row plots with a length of 1 L.m.
in a 15 m long tier. The plot area was 0.7 m?
with a single repetition. For greater infection
load, a susceptible test variety of spring barley
Zolotnik was placed in the nursery every 20
plots of the studied varieties.

Phytopathological evaluation was carried
out dynamically (2-3 times during the grow-
ing season), starting from the phase of plant
emergence to milk-wax ripeness. Gradation of
varieties into resistance groups was carried out
according to the maximum percentage of dam-
age for all the years of study. Classification of
resistance type in the samples was carried out
according to the methods of VIR and VIZR (see
Table 1)%2.

Rostov region is characterized by a sharply
continental climate. South-eastern winds with
strong gusts prevail, causing drought and dry
winds [12]. There is a steady increase in air tem-
perature during the growing season of spring
cereal crops (April - July), while the amount of
precipitation during this period decreases. The
tendency of climate aridity is increasing [13].

The mean daily air temperature was 16.5 °C
in May 2020, which was close to the long-term
average (15.4 °C). Precipitation was uneven,
but the moisture reserve was sufficient for
pathogen development. June was characterized
by high temperature and air drought, which
contributed to the termination of powdery mil-
dew development, but did not affect the devel-
opment of barley net blotch.

Spring and summer 2021 were characterized
by elevated temperatures (+1.2°C above the
long-term average) and abundant precipitation
of 243.9 mm (+112.9 mm above the long-term
average). Temperatures in May were elevated
to 18.1°C (+1.6°C above the long-term aver-
age). Precipitation was 65.0 mm (+13.7 mm
above the longterm average). June was also

'Krivenko V.I., Lebedev T.V., Peusha K.O. Cereal powdery mildew // Study of genetic resources of cereal crops on resistance

to pests: method manual. MOSCOW: RAAS, 2008. pp. 86-106.

2Konovalova G.S. Barley net blotch // Study of genetic resources of cereal crops for resistance to pests: Manual. MOSCOW:

RAAS, 2008. pp. 136-142.
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Ta6a. 1. lllkana oleHKH yCTOWYUBOCTH SPOBOTO STIMEHS K JIUCTOBBIM OOJIE3HAM

Table 1. Scale for assessing resistance of spring barley to leaf diseases

lower tier leaves

Point Powdery mildew Helminthosporium spot diseases
0 Highly resistant specimens: no lesions Highly resistant specimens: no lesions
1 Nearly resistant: up to 10% of the leaf surface is af-

fected, light swellings or single pads of fungus on

Nearly resistant: sporadic spots on lower leaves

fected.

2 Slightly susceptible: 11-25% of the leaf surface is af-

Moderate number of pads on the lower tier leaves

Slightly susceptible: more than 50% of the lower
leaves surface is affected and there are single
spots on the second-tier leaves

fected.

on the upper leaves the pads are local, scattered

3 Medium susceptible: 25-50% of the leaf surface is af-

Abundant fungus development on the lower leaves,

Medium susceptible: lower leaves die off, more
than 50% of the second-tier leaf surface is affect-
ed, and there are single spots on the upper leaves

is affected.

4 Highly susceptible: more than 50% of the leaf surface

All leaves are severely affected, the pads are well de-
fined, merging with abundant hyphae. Spikelet lesions

Highly susceptible: lower leaves die off, leaf sur-
face of all the tiers is affected by more than 50%

rainy, with 103.9 mm of precipitation (+32.6
mm against the annual average). Such favor-
able conditions promoted prolonged develop-
ment of powdery mildew and spots.

The driest conditions were in 2022. In April,
57.9 mm of rain was recorded (+15.2 mm to
a long-run annual average). Favorable tem-
perature regime - 12.7 °C (+2 °C to a long-run
annual average) and air humidity - 73% (65%
- a long-run annual average value) allowed
pathogens to spread widely. May conditions
supported their further development on plants:
19.1 mm (-32.2 mm to a long-run annual aver-
age) and 14.8 °C (-1.7 °C to a long-run annual
average) up to the third ten-day period. Further
harsh conditions in June resulted in desiccation
of leaves and death of pathogens on the leaves:
19.1 mm (-32.2 mm to a long-run annual aver-
age) and 7.4 mm (-3.9 mm to a long-run annual
average), respectively.

In general, the prevailing weather condi-
tions made it possible to evaluate the material
in terms of resistance to pathogens. Infection
development was noted in varying degrees in
all years of the study.

RESULTS AND DISCUSSION

In 2020, the degree of powdery mildew in-
festation on spring barley plants did not rise

above the average (susceptible test variety was
affected by 3 points). The same level was found
in 37 specimens (Myar, Zernogradsky 1793,
Zernogradsky 1783, Chelyabinsky 99 and Suz-
dalets (Russia), etc.). Most of the 101 examined
specimens had a weak leaf surface lesion (Odin
(Denmark), Eney (Ukraine), Khadzhibey, Ru-
bikon, Zernogradsky 1808 and Zernogradsky
1794 (Russia), etc.). Seventy-six samples with
very weak powdery mildew lesions were iden-
tified (84469/70 (Czech Republic), Dzivosny
(Ukraine), Eifel (France), 3 YSBYM-03 (Den-
mark), Fedos x Priazovsky 9 and Zernogradsky
1638 (Russia), etc.). The unaffected pathogen
was Margret (Germany) (see Fig. 1).

In 2021, a large distribution and a long pe-
riod of development of powdery mildew on the
plants were observed under conditions favor-
able for the manifestation of this pathogen in
the spring barley nursery. Six specimens were
severely affected (above the test variety level):
Thaler and Mriya (Ukraine), Pasadena (Ger-
many), Dolly (Canada), Mear and Medicum
11 (Russia). Average lesion (up to 50% of the
leaf surface) at the susceptible variety level was
present in 20 specimens: Zernogradsky 1794,
Gris x Donetsk 15 and Fedos x Zernogradsky
1562 (Russia), Pasadena (Germany), etc. Most
of the samples (141) studied were weakly af-
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fected by the pathogen: Gris x Zernogradsky
1600, Marusya, Krasnoyaruzhsky 6, Azimut,
Odessky 100, and Zernogradsky 1772 (Russia),
etc. 58 samples were affected only slightly:
Laurika (Germany), Zernogradsky 1726, Leon,
Commander and Nutans 642 x Exploer (Rus-
sia), etc. The following 31 samples remained
unaffected by the pathogen during the grow-
ing season: Kalkiihl and Prestige (Germany),
Tipple (England), Perun (Czech Republic), etc.

Under the conditions of 2022, development
of powdery mildew on spring barley began
early enough - in the middle of May. There
was enough moisture for wide spreading of the
pathogen on the nursery and rapid growth on
the plant tiers. Drying of leaves on the plants
in June caused the pathogen to die off on them.
Under such conditions, all 196 tested varieties
were divided into nearly resistant and weakly
susceptible. Nearly resistant varieties were rep-
resented by 115 samples: Margret (Germany),
Leon, Format, Magnet, Kumir, Zernogradsky

1872, Zernogradsky 1844, and Zernogradsky
1865 (Russia), etc. Weakly susceptible varieties
were identified in 81 species: Lipen (Belarus),
Astoria (France), Scarlett (Germany), Zerno-
gradsky 1726, Bagrets, Nutans 129 and Medi-
kum 11 (Russia), etc.

Drought conditions in 2020 restrained the
development of helminthosporium spots in
spring barley nursery and led to rapid desic-
cation of the leaf lamina. Under such condi-
tions six samples were moderately affected
by the pathogen (3 points): KWS-11-243 and
Astoria (France), Tipple (England), Vacula,
Ratnik x Donetsky 15 and Krasnoyaruzhsky 6
(Russia). 29 specimens were weakly affected
by spots, mainly from the collection material:
Skhidny and Mriya (Ukraine), local K-19109,
Kamyshinsky 23, Omsky holograin and Zer-
nogradsky 244 (Russia), etc. Extremely weak
infestation was noted in 75 specimens: Prairia,
Bios 1, Zernogradsky 385, Zernogradsky 1792
and Miar (Russia), etc. Under current condi-
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Fig. 1. Distribution of the studied samples according to powdery mildew infestation in the spring barley

nursery (2020-2022)

3amuTa pacTeHui

CuOHMpPCKHii BECTHHK CETLCKOXO03SMCTBEHHON Hayku ® 2023 532 59



Spring barley resistance to leaf disease pathogens Doroshenko E.S., Shishkin N.V.

tions, 105 specimens were not affected by the and Pioner (France), Zernogradsky 1801, Gris,
pathogen: Viking and Cw 102236 (Germany), Fedos, Azimut, Format and Novik (Russia), etc.
Zernogradsky 1636, Zernogradsky 1825 and Twenty-one varieties were found to be weakly
Vladimir (Russia), etc. (see Fig. 2). susceptible: Nord 071111, Partner, Skhidny and

In 2021, conditions were favorable for the Commander (Ukraine), Marusya, Step and Bo-
development of helminthosporium spots. Their gatyr (Russia), etc.
sufficiently uniform distribution was noted. According to the results of the studies, a
Average lesion (3 points) at the level of sus- number of varieties with complex resistance
ceptible test variety was noted in the variety to the studied pathogens were identified (see
Timofei (Russia). Most of the studied samples Table 2).
were mostly low susceptible (2 points) and very
low susceptible (1 point) (123 and 129, respec- CONCLUSION
tively). Seven samples were found unaffected:
Eifel (France), Partner (Ukraine), Zernograd-
sky 1874, Oskolets, Focus, Grace, and Bagrets
(Russia).

In 2022, the development of leaf spot dis-
eases began in mid-May. The June drought con-
tributed to desiccation of the leaf lamina and
halted further development of the pathogen.
Practically resistant to the pathogen were 175
studied varieties: Laurika (Germany), Explorer

As a result of field evaluation on artificial
infectious background, varieties and lines of
spring barley with high resistance to the studied
pathogens were singled out. Highly resistant to
powdery mildew were KWS-11-228 and Pioner
(France), Sunshine, Margret, Viking, Laurika
and Tituringia (Germany), Perun (Czech Re-
public), Tipple (England), Kalita, Leon and To-
nus (Russia), Obolon and Charivny (Ukraine).
The varieties Rus, Talovsky 9, Tonus and EIf
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Fig. 2. Distribution of the studied samples according to helminthosporium blotches in the spring
barley nursery (2020-2022)
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Taoda. 2. IMMmyHonoruueckasi XapakTepUCTHKA
BBIJICJINBIINXCS 110 KOMIUIEKCHOH YCTOMYMBOCTH
COPTOB SIPOBOTO SIUMEHs, OaI

Table 2. Immunological characteristics of the
spring barley varieties identified according to
complex resistance, point

Powdery mildew Helminthpsporium
Variety/ spot diseases
sample 2020 | 2021 | 2022 | 2020 | 2021 | 2022
Susceptible

3 2 2 2 2 2
Margret
(Germany) 0 0 1 2 1 |
Perun
(Czech
Republic) 1 0 1 1 2 1
Prestige
(Germany) 1 0 1 2 2 1
Viking
(Germany) 1 0 1 0 b 1
Leon
(Russia) 1 1 1 0 1 1
Tonus
(Russia) 1 1 1 b | 1
Elf
(Russia) 1 1 1 0 1 1
Fedos
(Russia) 1 1 1 0 1 1
Format
(Russia) 1 1 1 0 1 1
Azimut
(Russia) 3 1 1 0 2 1

(Russia), and Eney (Ukraine) showed resistance
to helminthsporium spots. Also, the following
varieties with resistance to both pathogens were
identified: Leon, Tonus, Elf, Fedos, Format and
Azimut (Russia), Margret, Prestige and Viking
(Germany), and Perun (Czech Republic).
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N3YYEHUE BJIMAHUA MA(;JI?IHOI?'I KUCJIOTbI U TPOITAHANOJIA
HA KNIIEYHUK Y MBIIIEMU ICR

Adonomkun B.H.'*3, <) Koznosa O.C.%, Uepenymkuna B.C.!, Muponosa T.E.',
KozsoBa 10.H.3, SIn @. 2, Kontes B.1O.!, [lonuenko H.A.'3, JleneneBa O.10.°

'Cubupckuil hedepanvuviii nayunviil yenmp acpobuomexronocuil Poccutickou akademuu Hayk
Hosocubupckas obnacts, p.i. KpacnooOck, Poccust

’Uncmumym xumudeckou buonocuu u hyHOAMeHmanibHOU MeOUyUHbl

Cubupcrozo omoenenus Poccutickoil akademuu Hayk

Hoocubupck, Poccust

SHosocubupckutl 20Cy0apcmeenmblil a2paphbiil YHUSEPCUmem

Hosocubupck, Poccust

<) e-mail: 10i-2005@yandex.ru

WzydeHo BiMsiHEE KOPPEKTOPOB MUKPOOHMOTHI KHMIIEYHHKA HA MOTOPHUKY KETyAOYHO-KHIICUHO-
ro tpakta meimei muaun [CR. Vcnonp30BaHbl ABE KOPMOBBIC TOOABKH — KOMITO3WUITUM Ha OCHOBE
mmnepuHa u 1,3 nponanawona u Cankonu Mono BP Dry. Ilo npunnmmy anamoros cdopmupona-
HO TpH rpynnsl o 10—12 ros. B KaKJ0H: ABE ONBITHBIX U OfHA KOHTPOJIbHASA. DKCIEPHUMEHTAIIbHBIE
KOPMOBBIE CMECH M3TOTaBIMBaIM ITyTeM TporuThiBausa 200 T KopMma IMOJCONHEYHBIM MacioMm, 1,3
IIPOTIAHINOJIOM, IIIMLEPUHOM (1-51 OIbITHAS TPyIa); KOPMOBYIO CMECh 2-i ONIBITHOW JOIOJIHUTEIIb-
HO CMEUIMBaNM ¢ KOpMOBO# no0aBkoi Cankonr Mono BP Dry. Jlist onieHKH CKOpOCTH BBIBEACHHS
(hexanmii MpIIIamM Bcex TPYNI BbImauBaiu (uyopecueHTHsie MeTkr 1o 100 MK (Tyms ryopeciieHt-
Hasl 3eJIeHasi ¥ KpacHasl), IPEABapUTEIbHO cMelIaB ux ¢ Boxoi 1 : 1. OueHuBanu CpoKH MOsIBICHUS
MIEPBBIX MPU3HAKOB (TyopecUeHINH B (PEKaTHAX Y )KUBOTHBIX KOHTPOJIBGHON M OMBITHBIX Tpymil. OT-
MeueHa MHTeHCHBHasI (PIyopecleHIrs 3eJIeHON MEeTKH Tipu (iryopumeTprun 00pasnoB. Haubompimmit
pupocT (GIIyopecHeHIMH HaOMonaau K 4-My 4acy SKCHEpHMEHTa B KOHTPOJBHOW Ipymre, BO 2-i
OTIBITHOW TIPUPOCT MPOJOIKAIICS JI0 5-ro yaca. B 1-i ombITHOH rpymme BbIBEIEHHE OCHOBHOTO KO-
JIMYECTBA 3€JICHOTO KPACHUTEIS HE HAYaJoCh Jake K 5-My Hacy orbITa. MeTOIOM C MCIOIb30BaHUEM
(hITyOopecLeHTHBIX METOK YIaJIOCh BBISIBUTh 3aMEIJIEHHE IEPEMEILIBAHHIS KOPMOBBIX MacC Y MBIILIEH,
MOJYYaBIIMX B COCTaBE KOpMa INIMLEPUH U 1,3 MPOMaHHOoI, YTO COMPOBOXKAAIOCH CTAaTUCTHUECKU
3HAYMMBIM TIPUPOCTOM KOHTIeHTparwu Escherichia coli, — B 3 paza (p < 0,05). Mcnons3oBanue mnpe-
napara Cankonu Mono BP Dry cratuctuyecku 3HauMMO HE BIMSUIO HA KOHLIEHTPALMIO KUIIEYHON
MAJIOYKH U MOTOPHUKY KETYI0YHO-KUIIIEYHOTO TPaKTa.

KuroueBsle cioBa: Escherichia coli, MoTopuka KUIIIEYHUKA, KOPMOBBIE TOOABKH, MAaCIITHAS KUC-
nota, 1,3 nponanauon

STUDY OF THE EFFECTS OF BUTYRIC ACID AND PROPANEDIOL ON THE
INTESTINE IN ICR MICE

Afonyushkin V.N.'*3, ) Kozlova O.S.>, Cherepushkina V.S.!, Mironova T.E.",

Kozlova Yu.N.?, Yang F.2, Koptev V.Yu.!, Donchenko N.A.', Ledeneva O.Yu’.

!Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia,

’Institute of Chemical Biology and Fundamental Medicine, Siberian Branch

of the Russian Academy of Sciences

Novosibirsk, Russia

‘Novosibirsk State Agrarian University

Novosibirsk, Russia

(<) e-mail: 10i-2005@yandex.ru

The effect of gut microbiota correctors on the motility of the gastrointestinal tract of ICR mice
was studied. Two feed additives were used - compositions based on glycerol and 1.3 propanediol and
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W3yueHue BIMSHUSA MACIISTHOM KUCIIOTBI M IIPONAH/MONIA
Ha KuIe4yHuK y Mbimei [CR

Adomnromxkun B.H., Kosnosa O.C., Yepenymkuna B.C.,
Muponosa T.E., Koznosa }0.H., SIu @., Konres B.1O.,
Jonuenko H.A., Jlenenera O.1O.

Salkoli Mono BP Dry. Three groups of 10-12 animals each were formed according to the principle of ana-
logues: two experimental and one control. Experimental feed mixtures were made by saturating 200 g of
feed with sunflower oil, 1.3 propanediol, glycerol (experimental group 1); the feed mixture of experimen-
tal group 2 was additionally mixed with the feed additive Salkoli Mono BP Dry. To estimate the rate of
fecal excretion, 100 ul of fluorescent tags (fluorescent ink green and red) were given to mice of all groups,
previously mixed with water 1: 1. The timing of the appearance of the first signs of fluorescence in feces
in animals of the control and experimental groups was estimated. Intensive fluorescence of the green label
in fluorimetry samples was observed. The greatest increase in fluorescence was observed at the 4th hour
of the experiment in the control group, while in the 2nd experimental group the increase lasted until the
5th hour. In the 1st experimental group, elimination of the main amount of green dye did not begin even
by the 5th hour of the experiment. The method using fluorescent tags revealed a delay in mixing of feed
masses in mice fed glycerol and 1,3 propanediol, which was accompanied by a statistically significant
increase in Escherichia coli concentration - by 3 times (p < 0.05). The use of Salkoli Mono BP Dry had
no statistically significant effect on E. coli concentrations and gastrointestinal motility.

Keywords: Escherichia coli, intestinal motility, feed additives, butyric acid, 1,3 propanediol
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INTRODUCTION Escherichia coli and others are currently used

Pro- and prebiotics, as well as synbiotics - 2% probiotics.

their combination, which have a favorable im-
pact on the health of the individual through the
influence on the host's own beneficial microbes!
[1], are considered to be promising areas of cor-
rection of the intestinal microbiota. Bacteria
of the genera Lactobacillus, Bifidobacterium,
Pediococcus, Streptococcus, Bacillus as well as

One of the representatives of the family Lac-
tobacillaceae, Lactobacillus reuteri, is of par-
ticular interest’ [2] because it is a widespread
species of heteroenzymatic lactic acid bacteria
[3, 4] and in some cases a dominant component
of the normal microflora of human and animal
intestines®* [5].

'Guarner F., Ramakrishna B.S., Szajewska H., Sanders M.E., Shanahan F., Fedorak R. World Gastroenterology Organisation
Global Guidelines // Journal of Clinical Gastroenterology. 2012. N 46 (6). C. 468—481. DOI: 10.1097/mcg.0b013¢3182549092.

*Zhang D., Li R., Li J. Lactobacillus reuteri ATCC 55730 and L22 display probiotic potential in vitro and protect against
Salmonella-induced pullorum disease in a chick model of infection / Research in Veterinary Science [Internet]. 2012. N 93 (1). P.

366-373. DOI: 10.1016/j.rvsc.2011.06.020.

3Morita H., Toh H., Fukuda S., Horikawa H., Oshima K., Suzuki T., Murakami M., Hisamatsu S., Kato Y., Takizawa T, Fu-

kuoka H., Yoshimura T., Itoh K., O Sullivan D.J., McKay L.L., Ohno H., Kikuchi J., Masaoka T., Hattor M. Comparative genome
analysis of Lactobacillus reuteri and Lactobacillus fermentum reveal a genomic island for reuterin and cobalamin production //
DNA Research: An International Journal for Rapid Publication of Reports on Genes and Genomes. 2008. N 15 (3). P. 151-161.
DOI: 10.1093/dnares/dsn009.

Schaefer L., Auchtung T A., Hermans K.E., Whitehead D., Borhan B., Britton R.A. The antimicrobial compound reuterin
(3-hydroxypropionaldehyde) induces oxidative stress via interaction with thiol groups // Microbiology. 2010. N 156 (6). P. 1589—
1599. DOI: 10.1099/mic.0.035642-0.
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Study of the effects of butyric acid and propanediol
of the intestine in ICR mice

Afonyushkin V.N., Kozlova O.S., Cherepushkina V.S.,
Mironova T.E., Kozlova Yu.N., Yang F., Koptev V.Yu.,
Donchenko N.A., Ledeneva O.Yu.

L. reuteri activates CD4+ T cells and coor-
dinates other immune cells for the regulation of
the immune response, stimulates IgA synthe-
sis, inhibits adhesion of bacteria and viruses to
epithelial cells and neutralizes toxins, produces
acetic acid, which lowers pH in vivo and has a
pronounced antibacterial effect on many patho-
gens [2]. In addition, it produces bacteriocin
reuterin (3-hydroxypropionaldehyde, 3-HPA)>,
a broad-spectrum antimicrobial component
[6, 7], resistant to proteolytic and lipolytic en-
zymes, studied as a food preservative or adju-
vant therapeutic agent.

L. reuteri strains have shown good poten-
tial for use as probiotics in humans and ani-
mals [8-10]. Prebiotics (oligofructose, inulin,
galacto-oligosaccharides, lactulose, breast milk
oligosaccharides) are used to increase the ef-
fectiveness of probiotics as well as to activate
the existing normal microflora (see footnote 1).
In the case of L. reuteri, the administration of
exogenous sources of glycerol can be used as
prebiotics (see footnote 5), since this microor-
ganism metabolizes active reuterin in the colon
in the presence of sufficient glycerol, which is a
product of microbiological fermentation, lipid
digestion in the gut lumen, mucus rejection and
desquamated epithelial cells. As a cofactor of
the enzyme that synthesizes reuterin, as well
as an inhibitor of the enzymes involved in its
degradation, such as 1,3-propanediol and its
structural analogues that are more resistant to
degradation or that bind more efficiently to the
enzyme (see footnote 5).

Another promising mechanism is the use of
compounds that switch glycerol metabolism to
reuterin synthesis. The identification of such
compounds, as well as their effective combi-
nations will make it possible in the future to
develop a new effective prebiotic or synbiotic
complex for the normalization of intestinal mi-
croflora and prevention of infectious diseases
of farm birds.

The purpose of the study was to investigate
the effect of gut microbiota correctors on the mo-
tility of the gastrointestinal tract of ICR mice.

MATERIAL AND METHODS

The studies were carried out in the sector of
molecular biology and the laboratory of dis-
eases of young farm animals of the Institute
of Experimental Veterinary Science of Siberia
and the Far East SFSCA RAS. Experiments on
laboratory animals were carried out in accor-
dance with the "Rules of work with the use of
experimental animals".

The experiment was performed on 22 labo-
ratory ICR mice aged 2 months and weighing
60-65 g. Three groups of 10-12 animals each
were formed according to the principle of ana-
logues: two experimental and one control. The
animals were kept in cages at 22-25°C, humid-
ity 70-85% with a daylight regime of 12 hours
(day-night). Access to water was without re-
striction. Both experimental and control mice
were fed with standard mice compound feed
produced by the IC&G SB RAS.

Experimental feed mixtures were made by
soaking 200 g of feed with sunflower oil, 1,3
propanediol, glycerin (the 1st experimental
group); the feed mixture of the 2nd experimen-
tal group was additionally mixed with the feed
additive Salkoli Mono BP Dry. This feed addi-
tive is based on a composition of organic acids
of butyric and propionic acids with glycerol
and contains monobutyrate (13%), monopropi-
onate (52%) and silica filler (up to 100%). The
maximum allowable deviation of the compo-
nents does not exceed 10%. The composition of
Salkoli Mono BP Dry does not include geneti-
cally engineered products. Then the prepared
feed mixtures were dried at room temperature
for 2 days. The control group received only
standard feed without additives.

Each group of laboratory animals was given
200 g of cooked feed daily for 5 days. During
the experiment, feces were collected in each of
the study groups.

To estimate the fecal excretion rate (see foot-
note 3), 100 ul of fluorescent tags (fluorescent
green and red ink) were given to mice of all
groups after mixing them with water 1:1. First
the red label was given and after 1 h - the green

SAfonyushkin V.N., Filipenko M.L., Shirshova A.N., Maslov O.G. Mechanisms of biological activity of Lactobacillus reuteri -
reuterin system // Siberian Herald of Agricultural Science. 2013. N 4 (233). pp. 70-75.
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one. In 5 h after drinking the red fluorescent ink
the mice were removed from the experiment.

Fluorescently labeled fecal samples resus-
pended in a solution of Guandin isothiocyanate
6M and Triton X100 1% at a ratio of 1 : 5, from
each of the study groups, 50 pl were placed in a
96-well microplate.

Fluorescence was measured using a CFX
PCR amplifier (Bio-Rad) using FAM and HEX
channels. DNA extraction from bacterial cul-
tures and samples of intestinal contents was
performed by silico-sorption method. Com-
puter selection of primers was performed using
the programs "Beakon Designer", Vector NTI
with subsequent homology check with nonspe-
cific DNA in the BLAST program. To assess
the concentration of E. coli and L. reuteri, real-
time PCR was performed on a CFX real-time
amplifier (BioRad Laboratories) and LightCy-
cler (Roche)®.

Statistical processing of the obtained data
was performed by the methods of variation and
nonparametric statistics (mean square devia-
tion, coefficient of variation, mean error). The
obtained dependencies were described using
polynomial function using Microsoft Office
Excel program. Statistical significance of dif-
ferences was assessed by Wilcoxon and Mann-
Whitney.

RESULTS AND DISCUSSION

During the experiments, the timing of the
first signs of fluorescence appearance in the fe-
ces of the control and experimental groups ani-
mals was evaluated. Intense fluorescence of the
green label on the FAM channel was observed
(see Fig. 1). The largest increase in fluorescence
was observed by the 4th hour of the experiment
in the control group, in the 2nd experimental
group the increase continued up to the 5th hour.
In the 1st experimental group, the main amount
of green dye was not eliminated even by the Sth
hour of the experiment.

In the Hex channel, the dynamics of red la-
bel excretion, which was injected earlier by 1

h, was analyzed. The process of label excretion
in mice of experimental group 1 extended up to
5 h of the experiment; the decrease in fluores-
cence in the Hex channel was observed only by
the end of the experiment. In the control group
and the 2nd experimental group, most of the la-
bel was eliminated by 3 h of the experiment,
and residual amounts of the label were elimi-
nated (see Fig. 2).

It follows from Fig. 3 that there was no sta-
tistical significance between the concentrations
of Lactobacillus reuteri in the intestinal micro-
biota in experimental group 1 and the control
group; in experimental group 2 the concentra-
tion of L. reuteri was 2.69 times higher than in
the control.

Based on the results shown in Fig. 1-2, it
can be concluded that for the detection of fluo-
rescent tags (ink red and green) using the CFX
PCR amplifier (Bio-Rad), the most suitable
channels are FAM and HEX.

The following results were obtained during
the PCR study for the detection of genomic E.
coli DNA: the concentration of E. coli in the
intestinal microbiota in the Ist experimental

35000
30000
25000
20000
10000
5000
0 1 2 3 4
Group
— st experimental
—2nd experimental
— Contro

Puc. 1. zmepenue GiyopecteHINH TP TOMOIIN
[P ammmm¢pukaropa CFX (Bio-Rad) ¢ ncnomns3o-
BaHueM KaHaia FAM.

[MponomxurenbHOCTh ombITa: 1 —29; 2—349;3 -4 4;
4-54

Fig. 1. Fluorescence measurement using a CFX
PCR cycler (Bio-Rad) using the FAM channel.
Duration of the experiment: 1 — 2 hours, 2 — 3 hours,

3 —4 hours, 4 — 5 hours

®Cherepushkina V.S. Development of a test to determine the representation of L. reuteri in the intestinal contents of humans
and animals // The latest trends in agricultural science in the works of young scientists: materials of the 7th international scientific
- practical conference / ed. by N.G. Vlasenko et al., Novosibirsk, 2019. pp. 250-253.
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group was statistically significant compared
to the control group, increased by 3 times (p =
0,02), in the 2nd experimental group - by 1.4
times (p = 0,35). High concentration of E. coli
in the animals of the 1st experimental group in-
dicates the accumulation of E. coli.

Based on the three criteria analysis of the dy-
namics of elimination of the intestinal contents,
it can be stated that the mixture of glycerol and
1,3-propanediol can slow down the process of
elimination of the intestinal contents from the
body. This makes promising the use of such a
feed additive to improve feed digestibility and
treat digestive disorders accompanied by in-
creased rate of evacuation of intestinal contents.

When evaluating the concentration of E.
coli in the studied groups, it was found that its
highest concentration was observed in the fecal
samples of the 1st experimental group, higher
than in the control by 3 times. In the 2nd ex-
perimental group, the concentration of E. coli
was 1.4 times higher than in the control group,
which may indicate some delay in the move-
ment of the contents through the intestine.

25000
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10000
5000
0
1 2 3 4
Group
— Ist experimental
—2nd experimental
— Control

Puc. 2. Vzmepenue GiryopecleHIIUH IPHU ITOMOIIH
[P ammm¢pukaropa CFX (Bio-Rad) ¢ ucnons3zo-
BaHueM kanana HEX

[IpomomxurensHOCT ombITa: | —349; 2 -4 9;3 —54;
4—-64

Fig. 2. Fluorescence measurement with a CFX
PCR cycler (Bio-Rad) using the HEX channel

Duration of the experiment: 1 —3 hours, 2 — 4 hours, 3 —
5 hours, 4 — 6 hours
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Fig. 3. L. reuteri Log10 M+SD concentrations

CONCLUSION

The structure of the experiment allows to
estimate the dynamics of mixing and excretion
of feed and intestinal masses under the influ-
ence of different pharmacological influences.
Injection of fluorescent carcass samples into
feed masses revealed a slowdown in mixing of
feed masses in mice receiving glycerin and 1.3
propanediol as part of the feed, which was ac-
companied by a statistically significant increase
in E. coli concentration - by 3 times (p < 0.05).
The use of Salkoli Mono BP Dry had no effect
on the concentration of E. coli and gastrointes-
tinal motility.
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AHAJIN3 KAYECTBA CIIEPMbI BBIKOB AHPIIIMPCKOM ITOPO/IbI B CBS3U
C I'AIVIOTUIIOM ®EPTHUJIBHOCTHU AH1

C<DKpyruxosa A.A., [Tozosuukosa M.B., Hukutkuna E.B., Mycuapaii A.A.
Bcepoccuiickutl nayuno-ucciedo8amenbCKull UHCMUumym eeHemuKu

U pazeeoeHuUsl CelbCKOX03AUCMBEHHBIX HCUBOMHBIX — unuan DedepanbHoco HaAY4YHO20 YeHmpa
AHCUBOMHOB0OCMBA — Bcepoccuticko2o HAyUHO-UCCIe008AMeNbCKO20

UHCMUMYma Hcusomuosoocmea umenu axademura JI.K. Spncma

Cankr-Iletep6ypr, Poccus

(XDe-mail: anntim2575@mail.ru

[IpencraBnens! pe3ynaprarsl uccaenoBanuii (2019-2021 rr.) yBenuueHus: 4acTOThl BCTpeyaeMo-
CTH TEHETUYECKUX MYTalWUH, TAKMX KaK TalIOTHIB (EPTHIIBHOCTH, B TOMYJISAINH, KOTOPBIE TPH-
BOIAT K CHWKCHHIO YPOBHS BOCIIPOM3BOJICTBA Y MOJIOYHOTO cKOoTa. [IpoBenmeHa oreHka kKauecTBa
CIEPMBI OBIKOB alpPIIMPCKOM MOPOBI 110 MOIBUKHOCTH U MOP(OIOTHYECKAM ITOKA3aTeNsIM B CBS-
31 ¢ 15475678587 B nokyce rena UBE3B, accOUMMPOBAaHHOTO ¢ ramioTunoM ¢geprunsHoctu AHI.
O6pasupl cnepmbl (n = 14) nomyuens! u3 LleHTpa KOJUIGKTHBHOTO TOJB30BaHus «leHeTnueckas
KOJUICKITUS CIIEPMBI KPYITHOTO POTATOr0 CKOTa OTECUECTBEHHBIX M 3apyOekHBIX mopom» BHUUITPXK
U TpUHAIJISKATH )KUBOTHRIM 2014 roma pokaeHus U crapiie (CpeaHuil Bo3pacT OBIKOB COCTABHII
6—15 neTt). ['enoTumMpoBanwme 110 15475678587 rena UBE3 B IpOBOAMIA METOJIOM CEKBEHUPOBAHUS
o CeHnrepy. )KuBoTHBIX ¢ rerepo3urotHsiM reHotunom CT ompesensiy Kak HOCUTEIs TarioTUIa
AHI1 (AH1-C), ¢ romozurotabiM reHotunioM CC — kak cBoOomHoe ot ramotuna AH1 (AH1-F).
O1eHKy 3aMOPOKEHHO-OTTasIHHOM CIIepMBbl MPOBOAWIM MO CICAYIOUIMM MapamerpaM: oomas u
NpOrpecCUBHAs MOABMKHOCTH, MPOLIEHT HOPMAaJbHBIX CriepMaro3ouaoB. Mopdonornueckue mo-
KazaTely KadecTBa CIEpPMbl OLEHHBAIM TOcCie TUPQEepeHIINAILHOTO OKpAIIUBAHUS KIETOYHBIX
AIIEMEHTOB CIIEpPMaTO30MI0B KoMMepueckuM Habopom "JImaxum-/Iudd Keuk" (HaydHO-TIPOU3BOI-
ctBeHHas Gpupma ABPHC+) B Ma3zkax criepMbl. YUNTBIBAIM CIEAYIONIME [TOKa3aTeIN: aKpOCOMHBIE
HapyILIeHUs, HApYLIeHUs] B 00J1aCTH TOJIOBKH, XBOCTA M IIEHKHU criepMaTo3ona. [laHHble 10 moka-
3aTelsiM HaTUBHOM criepMbl (TIOABHKHOCTbD, KOHLIEHTPAIIMs), OLIEHEHHBIE Cpa3y Mocie B3STHSI, 1O-
Jy4eHBI U3 apXHBa TEXHUYECKOW CIIyKObI IUIEMEHHOTO MpeANpusiTHs. Pe3ynbraTsl ucciaeqoBaHui
MTOKa3aJIH, 9TO MO (PU3NOJOTHIECKHUM U MOP(OIOrHYECKUM TOKa3aTeNsIM CliepMa, TIOTydeHHas OT
OBIKOB-HOCHTEINeH TarutoTumia AH1, 1ocToBepHO HE OTIMYaNach OT aHAJIOTHYHBIX ITOKa3arenel y
OBIKOB, CBOOOMHBIX OT MyTaruu. [1o oOmel moaBMWKHOCTH criepMa OBIKOB-HOCHTENEH TarIoTHIIa
(bepTUIbHOCTH MOYTH Ha 2% oTnnvaiach Oonee BBICOKHM IT0Ka3aTeneM, YeM y ObIKOB, CBOOOIHBIX
OT TarioTuna. MoXHO OTMETHTB, YTO OBIKH-HOCUTEIH TarnjioTHIIa QEPTUIBHOCTH B IIEJIOM OTJIHYa-
JIMCh XOPOIIMMH MTOKa3aTeNs M (HEePTUIILHOCTH CIIEPMBI.

KiroueBsle ciioBa: aiipiimpckuii CKoT, rarioTun ¢peprunbHocTi AH1, 0THOHYKIICOTHIHBIN TT0-
TUMOP(U3M TeHa, KageCTBO CIIEPMbI, MOP(OIIOTHYECKHE TTOKA3aTeNIn KadeCTBa CIIEPMBI

SEMEN QUALITY ANALYSIS OF THE AIRSHIRE BULLS IN RELATION TO THE
AH1 FERTILITY HAPLOTYPE

(<)Krutikova A.A., Pozovnikova M.V., Nikitkina E.V., Musidray A.A.
Russian Research Institute of Farm Animal Genetics and Breeding —
Branch of the L.K. Ernst Federal Research Center for Animal Husbandry
Saint-Petersburg, Russia

(<De-mail: anntim2575@mail.ru

The results of the studies (2019-2021) of increased incidence of genetic mutations, such as fertil-
ity haplotypes, in the population that result in lower reproductive rates in dairy cattle are presented.
Semen quality of the Ayrshire breed bulls was evaluated for motility and morphological indices
due to rs475678587 in the UBE3B gene locus associated with the AH1 fertility haplotype. Semen
samples (n = 14) were obtained from the Center of Collective Use "Genetic Semen Collection of
Domestic and Foreign Cattle Breeds" of the All-Russian Research Institute of Farm Animal Genet-
ics and Breeding (ARRIFAGB) and belonged to the animals born in 2014 and older (average age of
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bulls was 6-15 years). Genotyping for rs475678587 of the UBE3B gene was performed by Sanger
sequencing. Animals with the heterozygous CT genotype were defined as carriers of the AH1 haplo-
type (AH1-C), and those with the homozygous CC genotype were defined as free of the AH1 haplo-
type (AH1-F). Frozen-thawed semen was evaluated according to the following parameters: total and
progressive motility, percentage of normal spermatozoa. Morphological indices of sperm quality
were assessed after differential staining of cellular elements of spermatozoa using a commercial kit
"Diakhim-Diff Quick" (ABRIS+ scientific and production company) in sperm smears. The follow-
ing indicators were taken into account: acrosomal abnormalities, abnormalities in the head, tail, and
neck of the spermatozoon. Data on the indicators of native semen (motility, concentration), obtained
immediately after collection, were received from the archive of the technical service of the breeding
enterprise. The results of the studies have shown that according to physiological and morphological
indices the semen obtained from the bulls carrying the haplotype AN1 did not differ significantly
from those of the bulls free of the mutation. In terms of total motility, the semen of the haplotype
fertility carrier bulls was almost 2% higher than that of the haplotype free bulls. It can be noted that
the haplotype carriers of fertility bulls were generally characterized by good sperm fertility indices.
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INTRODUCTION of a limited number of bulls with high breeding
value on a large herd of cows will promote the
spread of undesirable mutation if the breeding
bull turns out to be a carrier. The focus of breed-
ing on accelerated improvement of productive
and technological qualities (milk yield, fat, ud-
der and teat shape, etc.) has caused a decrease
in reproductive function of animals associated,
among other things, with active replication in
the population of unfavorable alleles that have
anegative impact on formation and functioning
of the reproductive system of animals, which
occur with the participation of a whole complex
of genetic factors. More than one-third of the
genes in higher mammals involved in embry-
onic development are critical [1]. Mutations in

The Ayrshire breed in Russia accounts for
2,8% of all cattle of dairy and meat production
direction. In spite of small number, Ayrshire
cattle take the leading place in five leading
breeds of Russia as they are distinguished by
high milk productivity, productive longevity,
good feed conversion, resistance to infectious
diseases including leucosis. Within the frame-
work of modern intensive breeding and wide
use of artificial insemination, a strict selection
of stud bulls both in terms of genetic potential
and level of productivity and in terms of the sta-
tus of the animal with regard to the carrier of un-
desirable genetic defects is necessary. The use
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such genes leading to a decrease or loss of their
functions lead to embryonic mortality or the
birth of non-viable progeny. Mutations in genes
that determine the development of the repro-
ductive system of animals often lead to reduced
fertility [2].

In 2014, Cooper et al. [3] first reported a
new genetic mutation in Ayrshire cattle that re-
duces reproduction in the population. The 713
kb causative region was found to be localized
on the 17th KPC chromosome of cattle [4].
Then, the polymorphic region of the UBE3B
gene identified by GWAS analysis was reli-
ably associated with the sign of decreased re-
productive function; it was identified as haplo-
type AH1 [3]. The portion of the UBE3B gene
identified as significant was sequenced, which
revealed several SNPs, but only the single nu-
cleotide substitution C > T (rs475678587) was
casual and associated with decreased fertility
in the Ayrshire cattle. The rs475678587 muta-
tion was found to be highly associated with the
AHI fertility haplotype. Testing of 29 bulls by
15475678587 showed that 11 bulls that were
carriers of the rs475678587 mutation also car-
ried AH1, and 18 wild-type bulls had no AHI
[4]. The C > T (rs475678587) mutation is au-
tosomal, recessive. As a result of the C > T
substitution in the exon 23 of the UBE3B gene,
there is a disruption in the splicing process dur-
ing biosynthesis of the ubiquitin protein, which
plays a role in the formation of the organism
during the embryonic period. Researchers have
revealed that SNP C > T (rs475678587) in the
homozygous state is a molecular genetic deter-
minant of PIRM (ptosis, intellectual disability,
retarded growth and mortality) syndrome in
calves, which leads to death at an early age due
to development of lethal pathologies [4]. AH1
fertility haplotype has been described as hav-
ing a negative impact on reproduction due to
increased stillbirth rate in herds, which causes
significant economic losses in farms [5]. This
was also confirmed by our previous studies [6].

In 2016, S. Attia et al. [7] suggested that the
Ayrshire cattle fertility haplotype AHI may be
associated not only with decreased fertility of
cows, but also have some effect on the semen
quality of bulls, namely leading to abnormali-
ties in sperm morphology. Sperm abnormalities
can occur in the testes during spermatogenesis
(primary) and in the seminal canals of the male
genital tract (secondary). Fertility of bulls is less
studied than that of cows. However, researchers
have shown the role of genetic factors in the
fertility of bulls. Thus, 15 indicators of semen
quality of Holstein bulls are of hereditary char-
acter, and also genetic defects of sperm have
been revealed'.

The purpose of the research was to evalu-
ate the semen quality of Ayrshire breed bulls
by motility and morphological indices due to
1475678587 in the UBE3B gene locus associ-
ated with the AH1 fertility haplotype.

MATERIAL AND METHODS

The studies were conducted in 2019-2021.
Semen samples (n = 14) were obtained from
the CFC "Genetic semen collection of domes-
tic and foreign cattle breeds" of the All-Russian
Research Institute of Genetics and Farm Ani-
mal Breeding (VNIIGRZH) and belonged to
animals born in 2014 and older (average age of
bulls was 6-15 years). Seed samples were cryo-
preserved in paillettes and stored at -196 °C in
liquid nitrogen until the study. Data on animal
genotypes were obtained in our previous studies
[8]. Genotyping for rs475678587 of the UBE3B
gene was performed by Sanger sequencing. An-
imals with heterozygous CT genotype were de-
fined as carriers of the AH1 haplotype (AH1-C),
and those with homozygous CC genotype were
defined as free of the AH1 haplotype (AH1-F).
The primers for PCR and sequencing were de-
signed using the BLAST NCBI? program. The
following primers were used for the analysis:
F: AGCAGCGGTCATTCTGTGAG and R:
CACTGTTGACCCCATTTCCG. Sanger se-

'Chenoweth P.J. Genetic sperm defects. Theriogenology. 2005. Vol. 64. pp. 457-468.

*https://www.ncbi.nlm.nih.gov/
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quencing was performed on an Applied Bio-
systems 3500 Genetic Analyzer using the com-
mercial BigDye® Terminator v3.1 Sequencing
Standard Kit (Applied Biosystems) according
to the manufacturer's protocol. Sequences were
aligned and processed using Mega-6 software °.

Evaluation of the quality of frozen-thawed
semen of bulls (n = 14) was performed after
thawing at 37 °C for 1 min [9]. Assessment of
physiological indices of semen was performed
according to the following parameters: total and
progressive motility, percentage of normal sper-
matozoa. Morphological indices of sperm qual-
ity were assessed after differential staining of
cellular elements of spermatozoa by a commer-
cial set "Diakhim-Diff Quick" (NPF ABRIS+)
in sperm smears. The following parameters
were determined: acrosomal abnormalities, ab-
normalities in the head, tail and neck of sper-
matozoa. Visualization was performed using a
BA410 microscope (Motic China Group Co.
Ltd., China) at 1000 magnification with immer-
sion oil (for physiological parameters) and at
400 magnification by placing a drop of sperm
on a preheated (37 °C) Makler chamber (for
morphological parameters). The results were
evaluated by Argus-CASA program (Argussoft,
Russia). Data on native semen indices (motility,
concentration) evaluated immediately after col-
lection were obtained from the archive of the
technical service of the breeding enterprise.

Statistical analysis was performed using
DELL STATISTICA (data analysis software
system) Dell Inc version 13 (2016, software.
dell.com). ANOVA was performed at a signifi-
cance level of p < 0.05 to determine the dif-
ferences in the mean values of the variables
between the analyzed groups. Comparison of
qualitative indicators of bull semen was per-
formed using the Kruskal-Wallis criterion, be-
cause the data did not pass the normality test
due to the small number of groups.

RESULTS AND DISCUSSION

Studies of cryopreserved bull semen showed
that the semen of AH1-C bulls had higher val-

ues for all evaluated physiological and mor-
phological parameters than that of AHI-F bulls
(see Table 1). For example, the semen of AHI1-
C bulls had almost 2% higher total motility
than that of AHI-F bulls. Although there were
no reliable differences between the compared
groups, it can be noted that the bulls carrying
the fertility haplotype were generally distin-
guished by good semen fertility indices.

The main indices of the native semen of the
analyzed bulls were also analyzed, obtained
when assessing semen quality immediately af-
ter collection (see Table 2). There were no sig-
nificant differences between the semen of bull
carriers and bulls free of AHI mutation accord-
ing to the main quality indices of the native se-
men.

In terms of activity index, the semen of
AHI1-F bulls had a higher score than that of
AHI1-C bulls, the difference was 0.247 points
(3.0%). The native semen of AH1-F bulls had a
slightly higher concentration (by 0.041 bln/ml)
than that of AH1-C bulls.

AHI1 fertility haplotype is the most common
recessive haplotype in Ayrshire cattle. Thus, its
frequency was 17.1% in Ayrshire cattle of Fin-
land and 26.1% in Ayrshire cattle of the USA
[4]. In the Russian sample of Ayrshire breed
bulls we studied (n = 186), the proportion of
AHI1 fertility haplotype carriers was 16.66%,
and analysis of the proportion of undesirable
haplotype carriers depending on the birthplace
of the bull breeder showed that the highest
frequency (26.66%) was observed in bulls of
Canadian origin [6]. Such a high frequency of
this mutation has been observed since the mid-
1970s. In Russia, the AH1 fertility haplotype is
currently identified by PCR with allele-specific
primers, as well as by full genomic screening
using SNP chips and by sequencing. The num-
ber of carriers in the average breed in Russia is
about 16.5% [10]. The distribution of the AH1
fertility haplotype is associated with the use of
a small number of stud bulls and a high level of
inbreeding against the background of a small
population size [11, 12].

*https://www.megasoftware.net/web_help 10/index.htm#t=Citing. MEGA_In_Publications.htm

74 Siberian Herald of Agricultural Science ¢ 2023 « 53 « 2

Zootechnics and Veterinary Medicine



AHanu3 Ka4ecTBa CrepMbl OBIKOB allpIIMPCKON MOPOIBI
B CBsI3M C ramiotunom ¢peprunsHocT AH1

Kpyruxosa A.A., ITo3oBuukosa M.B.,
Huxurtkuna E.B., Mycunpaii A.A.

Taoa. 1. dusznonorndeckue u MOp(I)OJ'IOFI/I‘IGCKI/Ie IToKa3aTcjin SaMOPOXCGHHO—OTTaHHHOﬁ CIICpMbI
OBIKOB B COOTBETCTBHH CO CTAaTyCOM II0 rarjiIoTUIry AH1 (pasnnqm[ HE ObLIH 3Ha‘II/IT6J'ILHBIMI/I)

Table 1. Physiological and morphological parameters of frozen-thawed semen of the bulls in
accordance with the status of the AH1haplotype (the differences were not significant)

Indicator, % A0S AF o) p-value
General mobility 64,000 + 4,301 62,333 +2,920 0,686
Progressive mobility 52,600 % 3,709 52,222 + 3,239 0,892
Number of normal sperm cells 87,044 £ 1,732 81,597 £ 2,096 0,095
Absence of acrosomes 0,917 £0,399 1,512+ 0,399 0,504
Swollen acrosomes 2,379+ 0,780 2,916+0,717 0,841
Wrinkled acrosomes 7,969 £ 0,965 11,543 £ 1,927 0,317
Tail and neck disorders 1,066 £ 0,410 1,664 + 0,331 0,181
Head disorders 0,485 + 0,359 0,761 £0,312 0,657

Note. Here and in Table 2. AH1-C — carrier of the fertility haplotype AH1; AH1-F —not carrier of the fertility haplotype

AHI.

Quite often, mutations that cause a decrease
in reproduction in herds can be the cause of
impaired sperm morphology and, accordingly,
low fertility of bull carriers. Bulls with semen
with a high percentage of morphological abnor-
malities reduce reproduction rates in the herd.
Mutations leading to decreased fertility are of-
ten associated with reproductive dysfunction of
bulls rather than cows, in particular with sperm
morphology disorder [13]. It has been proved
that the number of normal spermatozoa in the
ejaculate has a positive correlation with the fre-
quency of calving, thus, the proportion of sper-
matozoa with normal morphology in the ejacu-
late is related to the bovine fertility indicators
[8, 13]. Bulls whose semen has a higher content
of spermatozoa with morphological disorders
have a reduced level of fertility. However, the
results of our studies showed that by physiolog-

ical and morphological parameters of the quali-
ty of native and frozen-thawed semen the bulls-
carriers of AH1 haplotype did not differ signifi-
cantly from similar parameters in the bulls free
of mutation, and by such parameters as total
motility, progressive motility and percentage of
normal sperm, even exceeded them. Thus, the
results we obtained were opposite to the state-
ment of S. Attia et at. [7] that AH1 haplotype
of Ayrshire cattle fertility leads to pathological
changes in sperm morphology. Studies of the
effect of carriage of various genetic defects on
both productivity and semen quality conducted
in other breeds have shown that, for example,
heterozygotes (carriers) of the DUMPS muta-
tion have significantly higher genetic potential
for milk productivity, and semen quality indica-
tors of Holstein bulls do not change depending
on their HCD status [14].

Tab6a. 2. Ilokazarenu KauecTBa HATUBHOM CTIEPMBI OBIKOB B COOTBETCTBHH CO CTATYCOM IT0 TaIJIOTHITY

AH1 (pa3nmuuus He OBUTH 3HAYUTEITHHBIMHA)

Table 2. Indicators of the quality of native bull sperm in accordance with the status of the haplotype

AH1(the differences were not significant)

Bull status
Indicator AHI-C (n=5) AHI-F (1 =9) p-value
Mobility, point 8,133 +£0,047 8,380+0,162 0,088
Concentration, bln/ml 1,169 + 0,076 1,210 £ 0,160 0,870
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CONCLUSION

The presence of the rs475678587 mutation
located in the exon 23 locus of the UBE3B gene,
defined as a marker mutation of the AH1 fertil-
ity haplotype, in the genome of stud bulls ac-
cording to our data does not affect the decrease
of physiological and morphological quality pa-
rameters of both native and frozen-thawed se-
men. Most of the biological and economic in-
dices considered in this work [6] were better in
the bulls carrying the AH1 haplotype compared
to the bulls free of the mutation. Thus, the as-
sumption made by S. Attia et al. in 2016 that
the AH1 haplotype of Ayrshire cattle fertility
may be associated with decreased semen qual-
ity in bulls, namely leading to abnormal sperm
morphology, is not consistent with our results,
which were the opposite. The studies presented
in this work are of practical importance, as the
results obtained can be widely used in breed-
ing and pedigree work with Ayrshire breed of
cattle.
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W3ydeHo BIMsHUE DKCTIEPUMEHTAILHOTO MPOOHOTHYECKOTO penapara «llnantapym» Ha Gusu-
KO-XMMHUYECKUE U MHKPOOUOJIOTUYECKHUE MMOKA3aTe MOJIOKA ITOMECHBIX KO3 MOJIOYHOTO HaIlpas-
JICHUS! IPOAYKTUBHOCTHU. JlaHHBIN mpernapar pa3paboTaH B JIaOOPaTOPUU MUKPOOMOJIOTHH MOJIOKA
¥ MOJIOYHBIX MPOAyKTOB CHOMPCKOTO HAay4YHO-HMCCIE0BATEIHCKOTO MHCTUTYTA Chipoaenus Dene-
parpbHOTO ANITaliCKOTO HAYIHOTO IIEHTPa arpoONOTEeXHOIOTHI. B cocTaB nmpemapara BKIIIOYCHBI YHC-
THI€ KYJIBTYPHI MPOOMOTHYECKHUX MITAMMOB JIAKTO- M MPOMHOHOBOKHCIBIX OakTepuii u3 «Cubdup-
CKOM KOJUIEKIMH MHUKPOOpPraHu3MoBy». HayuHo-xo3siicTBeHHBbIN onbIT mposeneH B 2018-2020 rr.
Ha Tepputopun [lepBomaiickoro paiiona Anraiickoro kpas. B xauecTBe 00BEKTOB MCCIICIOBAHUS
BBICTYIIAJIU TIOMECHBIE KO3bI MOJIOYHOTO HAMIPABJICHUS MPOTYKTUBHOCTH. C 1IETIBIO OIICHKH BIUSHUS
9KCHEPUMEHTAIBHOTO MPOOHMOTHYECKOTo mpenapara «[lmanrtapym» Ha KadeCTBEHHBIE MOKa3aTeld
MOJIOKA TIOIOTIBITHBIX JKHBOTHBIX METOIOM T'PYIII aHAJIOTOB OBLIH CPOPMUPOBAHBI YETHIPE TPYTIITHI
(o 20 rour. B Ka)KAO0H) CYKO3HBIX KO3: OJJHa KOHTPOJIbHAS U TPU OMBITHBIX. K03aM OIMBITHBIX TpyTIT
JIOTIOJTHUTENILHO C OCHOBHBIM PallMOHOM CKapMIIUBaJIX Npobuotndeckuit npenapar «llmantapym»
B no3ax 0,4; 0,6 u 0,8 MiI/Kr Macchl Tena B CYyTKH. Pe3ynbraThl HCCIEIOBaHUN TOKa3ald, YTO CO-
Jiep)KaHue MacCOBOH JIONM JKUpa M Oelika B 0Opa3iiax MOJIOKa BCEX TOMOMBITHBIX TPYII HaXOIu-
JIOCh B TIpeneiax HOPMEI I JAaHHOTO BHJA XUBOTHBIX, permameHtupyemorr [OCT 32940-2014.
HeoOxoammMo 0TMETHTBH, YTO HCITOIB30BAaHUE PA3HBIX 7103 MPOONOTHKA MTO3BOJIMIIO YBETMYUTH Mac-
COBYIO JIOJIIO JKMpa B MOJIOKe 3a oxHy JakTarwio ot 0,06 mo 0,13 ab6c.% u maccoByto nomo Oenka
Ha 0,12 a6c.% oTHOCHTEIEHO KOHTPOJISI. PU3NKO-XUMHYECKHE [T0Ka3aTeN (CyX0i 00e3KUpPEHHBIN
MOJIOYHBIN OCTATOK, TATPYeMasi KUCIOTHOCTh, COMAaTUYECKHE KISTKH ) MOJIOKA MOJIOTBITHBIX KO3 Ha-
XOAWIUCH B MPEJIesiax HOPMBI; CYIIICCTBEHHBIC pa3Inyus 10 TPyNaM He ycTaHoBjIeHbl. [Ipu ompe-
JICJICHUU KOJIMUECTBA ME30(MIIbHBIX a3pPO0HBIX U (DaKyJIBTaTUBHO aHAYPOOHBIX MHUKPOOPIaHHU3MOB
BBISIBJICHA TEHACHIINS K CHIDKEHUIO OaKTepraIbHONH KOHTAMUHAIIH MOJIOKA B OTIBITHBIX TPYIIIax 110
CPaBHEHHIO C KOHTPOJIEM.

KuaroueBbie c10Ba: KO3b€ MOJIOKO, TPOOHOTHK, (PU3UKO-XUMUYECKUE TTI0KA3aTEIIN, MUKPOOHO-
JIOTUYECKUE MOKA3aTeIN

EFFECT OF PROBIOTIC PREPARATION ON GOAT MILK QUALITY

C<Funk L.A., Dorofeev R.V.

Federal Altai Scientific Center for Agrobiotechnology
Barnaul, Russia

(<De-mail: funk.irishka@mail.ru

The effect of the experimental probiotic drug "Plantarum" on the physico-chemical and
microbiological parameters of milk of crossbred dairy goats was studied. This preparation was
developed in the laboratory of microbiology of milk and dairy products of the Siberian Research
Institute of Cheese Making of the Federal Altai Scientific Center for Agrobiotechnology. The
preparation includes pure cultures of probiotic strains of lacto- and propionic acid bacteria from
the "Siberian collection of microorganisms". Scientific and economic experiment was conducted
in 2018-2020 on the territory of the Pervomaisky district of the Altai Territory. The objects of
the study were crossbred dairy goats. In order to evaluate the effect of the experimental probiotic
drug "Plantarum" on the milk quality of the experimental animals, four groups (20 animals in
each group) of pregnant goats were formed: one control and three experimental. The goats of the
experimental groups were fed the probiotic drug "Plantarum” in addition to the basic diet at the
doses of 0.4, 0.6, and 0.8 ml/kg of body weight/day. The results showed that the content of the
mass fraction of fat and protein in the milk samples of all experimental groups were within the
norm for this type of animals regulated by GOST 32940-2014. It should be noted that the use of
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different doses of probiotic increased the fat mass fraction in milk from 0.06 to 0.13% and the
protein mass fraction by 0.12% relative to the control. Physicochemical parameters (dry
skimmed milk residue, titratable acidity, somatic cells) of milk of the experimental goats were
within normal limits; no significant differences between the groups were found. There was a
tendency to reduce the bacterial contamination of milk in the experimental groups compared to
the control when determining the number of mesophilic aerobic and facultatively anaerobic

microorganisms.

Keywords: goat milk, probiotic, physical and chemical parameters, microbiological parameters

Jinst nutupoBanus: Oynx U.A., [lopogees P.B. Biusiaue mpoOHOTHYECKOTO IpernapaTa Ha KadecTBO MOIoka ko3 // Cubupckuit
BECTHHK CelIbCKOX03sicTBeHHOM Hayku. 2023. T. 53. Ne 2. C. 79-84. https://doi.org/10.26898/0370-8799-2023-2-10

For citation: Funk I.A., Dorofeev R.V. Effect of probiotic preparation on goat milk quality. Sibirskii vestnik
sel'skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2023, vol. 53, no. 2, pp. 79-84. https://doi.

org/10.26898/0370-8799-2023-2-10

Konduukr nnrepecon

ABTOpBI 3asBISIOT 00 OTCYTCTBUU KOH(IIMKTa HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

INTRODUCTION

At present, the principle of healthy nutrition
is becoming more and more popular, which
leads to an increase in consumer interest in goat
milk due to its dietary and therapeutic-prophy-
lactic properties. Goat milk and products based
on it can be widely used in the diet of the popu-
lation of all age categories, including elderly
people and children [1-3].

Dairy goat breeding accounts for a small
share in animal husbandry as a whole, but the
growth of consumer demand stimulates further
development of this industry. The successful
development of dairy goat farming requires not
only the realization of the genetic potential of
the animals, but also their balanced and ratio-
nal feeding. A promising direction in this area
is the use of safe and environmentally friendly
biologically active preparations, in particular
probiotics' [4-7]. Probiotics include represen-
tatives of normal microflora of the gastroin-

testinal tract of animals, which contribute to
optimization of digestion, better absorption of
nutrients and positive dynamics in the field of
productivity*? [8].

The main product of dairy goat breeding is
milk. Therefore, when assessing the dairy pro-
ductivity of goats, it is important to consider
both the quantity and quality of milk, since
changes in milk productivity (increase, de-
crease) can positively or negatively affect the
quality of milk produced. Milk quality is char-
acterized by physical, chemical and microbio-
logical indicators that determine its biological
usefulness*? [9, 10]. In this regard, the analysis
of the effect of probiotic preparations on milk
quality of dairy goats is very relevant, and is of
theoretical and practical relevance.

The purpose of the research is to study the
effect of the experimental probiotic drug "Plan-
tarum" on the milk quality of dairy goats.

'Panin A.N., Malik A.N. Probiotics - an essential component of rational animal feeding // Veterinary medicine. 2006. N 6. pp. 3-6.
*Fuller R. Probiotics in man and animals // Applied bacteriology. 1989. Vol. 66 (5). pp. 365-378.
3Smirnov V.V., Kovalenko N.K., Podgorskikh N.K. Probiotics based on living cultures of microorganisms // Microbiological

Journal. 2002. Vol. 64. N 4. pp. 62-78.

*Protasova D.G. Properties of goat milk // Dairy Industry. 2001. N 8. pp. 25-26.
SSimonenko S.V. Physico-chemical and microbiological indicators of goat milk quality // Reports of the Russian Academy of

Agricultural Sciences. 2010. N 6. pp. 55-57.
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MATERIAL AND METHODS

To evaluate the effect of the drug "Planta-
rum" developed by the Siberian Research In-
stitute of Cheesemaking (SibNIIS) on the milk
quality of crossbred dairy goats, four groups (20
animals each) of pregnant goats were formed:
one control and three experimental groups. The
animals of the experimental groups were given
probiotic preparation in the dosages of 0,4; 0,6
and 0,8 ml/kg body weight per day in addition
to the basic diet. The probiotic was fed dur-
ing the period from the 3rd to the 4th month of
pregnancy for 28 days. Physico-chemical and
microbiological parameters of goat milk of the
experimental groups were determined accord-
ing to the generally accepted methods on the
basis of SibNIIS.

RESULTS AND DISCUSSION

For effective action of probiotic drugs, their
composition should include strains of microor-
ganisms attributed to the normal microflora of
the gastrointestinal tract of animals and resistant
to aggressive conditions of the internal envi-
ronment [6]. Probiotic preparation "Plantarum"
was created by the specialists of the laboratory
of microbiology of milk and dairy products of
SibNIIS. It includes pure cultures of lactobacil-
li (Lactobacillus spp.) and multistrain culture
of propionic acid bacteria (Propionibacterium

spp.). Probiotic cultures from the "Siberian col-
lection of microorganisms" (SCM) of the Fed-
eral Altai Scientific Center of Agrobiotechnolo-
gies were selected according to their technolog-
ically valuable properties: amount of probiotic
microflora, antagonistic activity, active acidity,
etc. The content of probiotic microflora in Plan-
tarum remained at a therapeutically significant
level for 60 days (1x106 CFU/cm?).

The fat mass fraction and protein mass frac-
tion are important indicators of milk quality
when evaluating the milk productivity of goats.
The results of the effect of the probiotic drug
"Plantarum" on the milk quality of goats are
shown in Fig. 1 and 2.

The study found (see Fig. 1) that the mass
fraction of fat in all experimental groups was
within the norm regulated by GOST 32940-
2014 (not less than 3.2%). The fat content dur-
ing the lactation period (10 months) was 4.03 +
0.10% in group 1, 4.00 = 0.08 in group 2, 4.09 +
0.24 in group 3, and 4.16 + 0.22% in group 4.
At the same time in the 3rd and 4th experimen-
tal groups this index was higher than in the con-
trol group by 0,06 and 0,13 abs.% respectively.

It should be noted that milk from goats of
groups 3 and 4 surpassed milk from the con-
trol group in terms of milk fat content in all the
months of lactation. Thus, the difference be-
tween the 3rd and the Ist experimental groups
was from 0.01 to 0.17 abs.%, between the 4th

438
4.6
4.4
42
4.0
’ Group
3.8 —— st (control)
3.6 —— 2nd
3.4 —— 3rd
32 T T T T T T T T T —l— 4th

1st 2nd  3rd 4th 5th  6th 7th 8th 9th 10th

Month of lactation

Puc. 1. Conepxanue xupa B MOJIOKE B CPEAHEM MO MEcALlaM JlakTauuu, %o

Fig. 1. Fat content in goat milk on average for lactation months, %
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Fig. 2. The content of protein in the raw milk of goats on average for the months of lactation, %

and the 1st - from 0.03 to 0.27 abs.%. The re-
sults show that from the 1st to the 5th month of
lactation there was a decrease in the fat mass
fraction in milk of goats of all the experimental
groups (see Fig. 1). This was caused by a natu-
ral increase in average daily milk yields. Subse-
quently (from the 6th month), there was a grad-
ual increase in the amount of fat in milk, and it
reached its maximum in the 10th month of lac-
tation. Despite the fact that in all experimental
groups there is an inverse relationship between
the average daily milk yield and the mass frac-
tion of fat (with an increase in the average daily
milk yield decreases the mass fraction of fat), it
should be emphasized that the growth of milk
productivity in the experimental groups had no
effect on the percentage of fat in milk.

The protein content (see Fig. 2) in all experi-
mental groups was also within the normal range
for this animal species (at least 2.8%). The
mass fraction of protein during lactation ranged
from 3.57 + 0.11 to 3.72 = 0.22%. Group 2 and
3 animals were 0.03 and 0.02 abs.% lower in
protein content in milk than their control group
counterparts, respectively, and Group 4 goats
were 0.12 abs.% higher than the control group.

Such physico-chemical parameters of raw
milk as MSNF (milk solids non-fat), titrat-
able acidity and somatic cells were within the
normal range; no significant differences be-
tween the groups were established. The mi-
crobiological index QMA&OAMO (quantity

of mesophyll aerobic and optional-anaerobic
microorganisms) in the four milk samples of
the experimental groups of Saanen goats were
also within normal limits (5x105 CFU/cm?).
However, there was a tendency to reduce the
bacterial contamination of milk in the experi-
mental groups as compared to the control. The
lowest bacterial contamination was detected in
the sample from the goats of group 4 (5x103
CFU/cm?®), where the maximum dose of probi-
otic (0.8 ml/kg body weight per day) was intro-
duced into the animals' diet. It can be assumed
that the reduction of bacterial contamination of
milk is due to the antagonistic activity of pro-
biotic microorganisms contained in Plantarum
against sanitary-positive microflora (E. coli
group bacteria, QMA&OAMO).

CONCLUSION

Thus, the results obtained in the course of
the experiment testify to the positive effect of
the experimental probiotic preparation "Planta-
rum" on the quality indicators of milk of dairy
goats, which is reflected in the increase of fat
mass fraction during the lactation period from
0,06 to 0,13 abs.% and protein mass fraction by
0,12 abs.%.
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HOBBIE IEPCIIEKTUBHBIE HITAMMBI BACILLUS SUBTILIS,
BBIIEJIEHHBIE U3 MEP3JIOTHBIX I1OYB AKYTUHU
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AKymckuil HayyHo-Ucc1e008amenbCKull UHCMUmMym celbcko2o xosaticmea um. M.I Caghponosa —
Dedepanvhblii ucciedosamenvckutl yenmp «Axkymcekuil Hayunwiil yenmp Cubupckozo omoenenus
Poccuiickoii akademuu Hayky»

SxyTck, Poccus

(<) e-mail: agrobiotex@mail.ru

CKpHHHHT TPUPOAHBIX MHKPOOPTaHW3MOB, OOJIAAIONINX COYETAHWEM AHTarOHHUCTHYECKOH M
(epMeHTaTHBHOMN aKTHBHOCTH, — OJTHA 3 OCHOBHBIX 33/1a4 B pa3pab0TKe arpoOMOTEXHOIOTHIECKIX
npemnaparoB. C 1eJIbi0 NOMCKa NEPCIEKTUBHBIX B COBPEMEHHOM OMOTEXHOJIOTUU IITAMMOB OaKTe-
puii pona Bacillus mpoBeaeHbl MUKPOOHOIOTHYECKHE UCCIE0BAaHU MEP3IOTHBIX N0uB LleHTpans-
HoM SkyTuu. 3 cpeaHecyNIMHUCTON MEep3JI0THON MOYBBI XaHranacCcKoro yiyca BbiieneHo 14 n3o-
J5IT0B. VI3 HUX TpH M30IIs1Ta IPY UACHTUPHUKALINH 110 (PU3HOIOT0-OMOXUMHUYECKUM CBOHCTBaM OTHE-
CEHBI K BUAY Bacillus subtilis, 9T0 IOATBEPKICHO MOICKYISIPHO-TCHETHICCKUMH UCCIICTOBAHUSIMHA
o 16S pPNK. YcranosneHo, 4To HOBbIe mTamMMbl B. subtilis Bac-1p, B. subtilis Bac-2p, B. subtilis
Bac-4p o0naiaror BeIpa)KEHHBIMH aHTarOHUCTUYECKHMMHU CBOWCTBAMHM 10 OTHOIICHHIO K BO30YIH-
TEJSIM CaJIbMOHEIJIC3HBIX M CTPENITOKOKKOBBIX UH(eKwmit: Sal. abortus equi BH-12, Str. equi 5/1.
HoBple mTaMMbI CITOCOOHBI TAKKE K BBIPAOOTKE psifia THAPOIUTHUECKUX (PepMEeHTOB (aMmiIasa, KCu-
naHaza, urasa). B kauecTBe KOHTPOJIS TIPH ONPE/ICIICHUH KOJIMUYECTBEHHBIX MToKa3areneit gpepmeH-
TaTUBHON aKTHBHOCTH HCITOJIb30BaHBI MITaMMbI Oaktepuit B. subtilis THII-3 u B. subtilis THII-5.
JlaHHBIE IITAMMBI JSTTOHUPOBAHBI B KOJUICKIIMH MUKPOOPTaHU3MOB, HCIIOIB3YEMBIX B JKHBOTHOBOJI-
CTBE M B BETEPUHAPHHU U SIBIISIOMIMXCS OCHOBOW MPOOMOTHYECKUX IpenaparoB. YCTaHOBJIIEHO, YTO
mrammbl B. subtilis Bac-1p, B. subtilis Bac-2p, B. subtilis Bac-4p no aMUJIOTUTHYECKON aKTHBHO-
CTH HECKOJIbKO yCTYMAIOT KOHTPOJIBHBIM MITAMMaM, HO MO KCHJIaHA3HOW M (PUTA3HON aKTHBHOCTH
3HAUUTEILHO UX MPEBOCXOAAT. Pe3ynbTarsl MpOBEJICHHBIX MCCICIOBAHUN MOKA3alK TEpPCIICKTHB-
HOCTb HOBBIX INTAMMOB B. subtilis 1 nanbHEWIIero n3y4eHus 1 BOSMOKHOCTD HCIIOJIB30BaHUS
npy pa3paboTKe OMOTOTHUECKHX MPENapaToB JUIsl CEIbCKOTO XO3HCTBa.

KuaroueBsie cnoBa: Bacillus subtilis, KynbTypalbHO-MOP(]OIIOTHYECKUE CBONCTBA, aHTarOHU-
CTHYECKas aKTHBHOCTb, ()epMEHTATUBHASI aKTHBHOCTh, aMHJIa3a, KCHIaHasa, purasa

NEW PROMISING STRAINS OF BACILLUS SUBTILIS ISOLATED FROM FROZEN
SOILS OF YAKUTIA

Tarabukina N.P., CX)Bylgaeva A.A., Stepanova A.M, Parnikova S.I., Neustroev M.P.

M.G. Safronov Yakut Scientific Research Institute of Agriculture - Division of Federal Research
Centre “The Yakut Scientific Centre of the Siberian Branch of the Russian Academy of Sciences”
Yakutsk, Russia

(<) e-mail: agrobiotex@mail.ru

Screening of natural microorganisms possessing a combination of antagonistic and enzymatic
activities is one of the main tasks in the development of agrobiotechnological preparations. Mi-
crobiological studies of permafrost soils of Central Yakutia were carried out with the aim of
finding bacterial strains of the Bacillus genus that are promising in modern biotechnology. 14
isolates were isolated from the middle loamy permafrost soil of the Khangalassky ulus. Of these
three isolates were identified as Bacillus subtilis species by their physiological and biochemical
properties which was confirmed by molecular genetic studies on 16S pPNK. The new strains of B.
subtilis Bac-1p, B. subtilis Bac-2p, and B. subtilis Bac-4p were found to possess marked antago-
nistic properties against Salmonellosis and streptococcal pathogens: Sal. abortus equi BN-12, Str.
equi 5/1. New strains are also capable of producing a number of hydrolytic enzymes (amylase,
xylanase, phytase). B. subtilis TNP-3 and B. subtilis TNP-5 bacterial strains were used as controls
for determining quantitative indicators of enzymatic activity. These strains are deposited in the
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New promising strains of Bacillus subtilis isolated
from frozen soils of Yakutia

Tarabukina N.P., Bylgaeva A.A., Stepanova A.M, Parnikova S.I.,
Neustroev M.P.

collection of microorganisms used in animal husbandry and veterinary medicine and are the basis
of probiotic preparations. B. subtilis Bac-1p, B. subtilis Bac-2p, and B. subtilis Bac-4p strains
were found to be somewhat inferior to the control strains in amylolytic activity, but they were
significantly superior in xylanase and phytase activities. The results of these studies have shown
the potential of new B. subtilis strains for further study and the possibility of using them in the
development of biological preparations for agriculture.

Keywords: Bacillus subtilis, cultural and morphological properties, antagonistic activity, fer-

mentation activity, amilase, xylanase, phytase
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INTRODUCTION

Bacillus spore-forming bacteria are a prom-
ising group of microorganisms that produce a
wide range of biologically active substances
(BAS): antibiotics, enzymes, growth regula-
tors and other compounds with antimicrobial
and growth-stimulating properties [1]. The
ability of Bacillus to synthesize substances
of antibiotic nature is one of the key factors
determining the nature of antagonism. BAS
production determines high bactericidal and
bacteriostatic activity against pathogenic
Gram-positive and Gram-negative bacteria as
well as fungicidal activity against phytopatho-
genic fungi. In recent years, scientists have
been actively studying the lytic enzyme com-
plex of bacilli as one of the factors involved in
the manifestation of antagonism. Bacteria of
the genus Bacillus attract the attention of re-
searchers due to their wide distribution in na-
ture, development cycle, unusual resistance of
their spores to chemical, physical and biolog-
ical agents. Nowadays the Bacillus strains are
used for production of enzymes, antibiotics,
highly purified biological preparations, deter-
gents, probiotics, bio-insecticides, including
food additives and functional foods.

The study of enzymes is of practical impor-
tance due to their high catalytic activity. Amy-

lases, lipases, proteases, lactamases, cellulases,
xylanases, chitinases and pectinases are among
the enzymes with high catalytic activity at low
temperatures. Cold-active proteases, which are
widely used in the food and pharmaceutical in-
dustries and in the production of detergents, are
of great interest for researchers [2]. The second
most important group of enzymes are amylases,
used in food, textile and paper industries. The
third group of widely used enzymes is repre-
sented by lipases, which play the role of biocat-
alysts in the food, paper and textile industries,
the production of detergents, etc. [3].

At present, the search for the most prom-
1sing microorganisms - highly active enzyme
producers - is relevant, since the production of
preparations based on them occupies one of the
leading places in modern biotechnology.

The purpose of the study is to identify prom-
ising strains of Bacillus subtilis microorgan-
isms isolated from frozen soils of Yakutia.

The research objectives are to:

— identify isolates of the isolated B. subtilis
strains by their physiological and biochemical
properties;

— study their antagonistic properties;

— determine their enzymatic activity.
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MATERIAL AND METHODS

Isolates of the aerobic spore-forming bac-
teria of the Bacillus genus were isolated from
frozen medium-loamy soil samples from the
Khangalassky District of the Republic of Sakha
(Yakutia), taken using the point sampling meth-
od, according to GOST".

Bacillus isolates were identified according to
the classification proposed by Gordon?. Micros-
copy of smears of the isolated and Gram-stained
isolates was used in the study of cultural and
morphological properties. Mobility of the iso-
lated bacteria was determined by the hanging
drop method. The presence of globules in cell
protoplasm of the cultures was determined us-
ing meat-peptone agar (MPA) with 1% glucose.
Halophilicity was determined on meat-peptone
broth (MPB) containing 2 and 7% sodium chlo-
ride. Acetylmethylcarbinol, an intermediate
formed during decomposition of glucose, was
determined using the Voges-Proskauer reaction
(Clark's medium).

Starch hydrolysis was studied on potato-pep-
tone agar with lugol solution by the appearance/
absence of the light zones of starch hydrolysis.
Casein hydrolysis was studied on milk agar by
the appearance of the hydrolysis zones (trans-
parent).

To study the antagonistic activity of the
spore-forming aerobic bacteria of the genus
Bacillus, FBH-agar (TU 9385-058-39484474-
2009) and FBH-broth (TU 9385-059-39484474-
2009) were used. Bacterial strains Salmonella
abortus equi BN-12, Streptococcus equi 5/1 de-
posited in the All-Russian collection of micro-
organisms (VGNKI of veterinary preparations,
Moscow), provided by the laboratory of veter-
inary biotechnology of the Yakutsk Scientific
Research Institute of Agriculture, were used as
test cultures.

The antagonistic activity of the isolates was
studied by the diffusion method on an agar
plate containing one-day broth cultures of test
strains: MPA for Salmonella and MPA with 1%
glucose added, and 10% horse blood serum for
Streptococci. Then by means of a sterile punch-
er the wells were made with a diameter of 7
mm, on which 0.3-0.5 ml of the culture liquid
of the isolated isolates was put; for the control
cup sterile NaCl solution was put into the well.
The cups with seeds (in three replicates) were
placed in the thermostat at 37 °C for 24 hours.
The results were counted according to the pres-
ence of lysis zones of the test cultures around
the well with the studied isolates of the bacteria
genus Bacillus.

Toxicity and toxigenicity of the isolates were
determined in purebred white mice. Laborato-
ry animals were observed for 10 days in strict
compliance with interstate standards’.

Enzymatic activity of the isolates was stud-
ied in 1, 2, 3, 4, and 5-day culture liquid after
centrifugation and filtration. For this purpose,
the isolates were cultured on MPB at 37 °C for
5 days. Samples of culture fluid were taken ev-
ery 24 hours.

Enzymatic activity was determined using
spectrophotometer SFEK UV-1280, amylolyt-
ic, phytase and xylanase activities were estab-
lished according to GOST #°. Enzymatic activ-
ity of enzymes was determined by the change
in optical density and expressed in units/ml of
culture liquid.

RESULTS AND DISCUSSION

In order to identify the isolated isolates,
their cultural, morphological and physiologi-
cal and biochemical properties were studied.
As a result, six isolates with typical properties
of Bacillus genus bacteria characteristic of the

IGOST 17.4.4.02-2017. Soils. Methods of sampling and sample preparation for chemical, bacteriological, helminthological

analysis. M., 2019. 12 p.

*Bergey's bacteria identifier: a handbook; 9th ed. Moscow: Mir, 1997. 26 p.

3GOST 33216-2014 Test methods on the effects of chemical products on the human body. Acute oral toxicity. M, 2019.
*GOST 34440-2018. Enzyme preparations for food industry. Methods for determination of amylolytic activity. M., 2019.
SGOST 31487-2012. Enzyme preparations. Methods for determination of the enzymatic activity of phytase. M., 2013.
°GOST R 55302-2012. Enzyme preparations for the food industry. Methods of determination of xylanase activity. M., 2012.
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first morphological group (according to Gor-
don) were selected. All isolates are aerobic,
spore-forming, Gram-positive, mostly motile,
do not form intracellular globules (endospores),
and are catalase-positive. The strains hydro-
lyze starch, partially decompose casein, mainly
cause starch hydrolysis, are halophilic: many
grow in the presence of 7% NaCl, partially fer-
ment carbohydrates (glucose, mannitol, lactose,
arabinose, xylose) with acid formation. The
identified isolates somewhat differ in biochem-
ical parameters, which, according to many re-
searchers, is characteristic of the species of this
genus [4]. Three isolates had promising proper-
ties for possible further use: B. subtilis Bac-1p,
B. subtilis Bac-2p, and B. subtilis Bac-4p.

According to literature data, it is established
that aerobic spore-forming bacteria of the ge-
nus B. subtilis are natural antagonists of many
pathogenic and conditionally pathogenic mi-
croorganisms’ [5]. The factor of their antago-
nism is based on the ability to synthesize a wide
range of biologically active substances such as
antibiotics, enzymes, bacteriocins that inhibit
the growth and development of pathogens [6,
7]. In this connection, the antagonistic activity
of the identified isolates against test cultures of
Sal. abortus equi BN-12, Str. equi 5/1 was stud-
ied. The results of the experiment showed the
presence of antagonistic properties of the iso-
lated strains with respect to the causative agents
of salmonellosis and streptococcal infections
(see the table).

The studies showed that the highest antago-
nistic activity was noted in the B. subtilis Bac-
2p strain: the lysis zone of the test cultures was
20 mm each.

In the next series of the experiments, the
toxicity and toxigenicity of the isolated strains
were determined. No mortality of laboratory
animals was recorded. There were also no signs
of intoxication in mice throughout the exper-
iment. No statistically significant differences

were found between the animals that received
the studied strains and the control animals in
terms of body weight and body weight gain in
either males or females. Thus, the tested strains
of B. subtilis Bac-1p, B. subtilis Bac-2p, B.
subtilis Bac-4p are safe and have no potentially
toxic effect when administered repeatedly in-
tragastrically.

In the final stage of the research, the enzy-
matic activity of the isolated B. subtilis strains
was determined, since it is known that the rep-
resentatives of this genus are among the most
active producers of hydrolytic enzymes [8].

Amylolytic activity is based on the ability
of the bacterial a-amylase enzyme to catalyze
the hydrolysis of extracellular polysaccharide
to dextrins [9]. The amylolytic activity of the
new B. subtilis Bac-1p, B. subtilis Bac-2p, and
B. subtilis Bac-4p strains was determined in
comparison with the reference strains B. sub-
tilis TNP-3 and B. subtilis TNP-5, which are in
the laboratory of microbial preparation devel-
opment at the YSRIAS,

AHTaroHUCTUYECKAsk aKTUBHOCTD M30JIITOB OaKTe-
puii pona Bacillus, BEIIEICHHBIX U3 MEP3JIOTHBIX
HI0YB, MM

Antagonistic activity of Bacillus genus bacterial
isolates isolated from permafrost soils, mm

Lysed zone
B. subtilis bacterial strain
Sal. abortus equi Str. equi
B. subtilis Bac-1p 15 15
B. subtilis Bac-2p 20 20
B. subtilis Bac-4p 18 18

T Lelyak A.A., Shternshis M.V. Antagonistic potential of Siberian strains of Bacillus spp. against pathogens of animals and
plants // Bulletin of the Tomsk State University. Biology. 2014. N 1. pp. 42-55. 8TU 9384-003-00670203-06.

TS 9384-003-00670203-06
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Comparative analysis of five B. subtilis
strains showed that they had different amylo-
lytic activity (see Fig. 1). The highest a-amy-
lase activity in the first day of cultivation was
exhibited by B. subtilis Bac-1p (32.53 units/
dm?®) and B. subtilis TNP-5 (55.95) strains, the
middle one by B. subtilis TNP-3 (26.76), B.
subtilis Bac-4p (25.303), the lowest by B. sub-
tilis Bac-2p (20.1 units/dm?). It should be noted
that B. subtilis Bac-1p, B. subtilis Bac-2p, and
B. subtilis Bac-4p strains, although they have
amylolytic activity, are inferior to the reference
strains in the number of amylolytic complex
enzymes.

It is known that microorganisms with am-
ylolytic activity can also produce other extra-
cellular hydrolytic enzymes, such as xylanase,
pectinase, chitinase, etc. [10]. Xylan is the main
structural and second most abundant polysac-
charide in plant cells [11]. The enzyme that
hydrolyzes xylan is xylanase, which belongs
to the hydrolytic group. The determination of
xylanase activity is based on (detection) deter-

mination of the initial rate of reducing sugars
formation using the Schomodi-Nelson method
from xylan.

The peak of xylanase activity of the strains
under study falls on the 3rd day of cultivation
(from 100 units). These strains were B. subtilis
Bac-4p (136.85 units/dm?®), B. subtilis Bac-2p
(129.625), and B. subtilis TNP-5 (103.18 units/
dm?®) (see Fig. 2). By the end of the observation,
on day 5, a decrease in xylanase activity was
recorded in all B. subtilis strains studied. Thus,
it can be assumed that the xylanase activity of
B. subtilis strains gained high activity on day
2-3 of cultivation, then gradually decreasing.
The new B. subtilis Bac-1p, B. subtilis Bac-2p,
and B. subtilis Bac-4p strains are superior to
the recognized B. subtilis TNP-3 and B. subtilis
TNP-5 strains in xylanase activity.

Phytase activity is determined by inorganic
phosphate formed during hydrolysis of phytic
acid by phytase enzyme. Phytic acid (phytate)
is characterized by a strong negative charge in
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Fig. 1. Amylolytic activity of B. subtilis strains depending on the cultivation time, units/dm?
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its structure, which reduces the bioavailability
of phosphorus, calcium, other cations, some
amino acids and carbohydrates, and triggers a
number of undesirable chain physiological re-
actions [12].

The analysis showed that B. subtilis strains
had different phytase activity (see Fig. 3). The
highest phytase activity, established on day 5,
was in B. subtilis strain Bac-1p (144.0 units/
dm?®), B. subtilis Bac-2p (134.5) and B. subtilis
TNP-3 (126.7 units/dm?®). Peak phytase activity
of the reference strains was found on day 1: B.
subtilis TNP-3 (114.7 units/dm?®) and B. subtilis
TNP-5 (85.3 units/dm?).

CONCLUSION

Fourteen isolates of Bacillus bacteria were
isolated from the permafrost medium-loamy
soils of Yakutia. Three of them were identified
by physiological and biochemical properties
and confirmed by molecular genetic study as B.
subtilis Bac-1p, B. subtilis Bac-2p, and B. sub-
tilis Bac-4p.

New strains of B. subtilis Bac-1p, B. subti-
lis Bac-2p, and B. subtilis Bac-4p isolated from
frozen soils of Yakutia have a combination of
antagonistic and enzymatic activities and are
promising for the development of drugs, en-
zymes, and feed additives.
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N3MEHEHHUE DKCTEPBEPHBIX ITPU3HAKOB MEJJOHOCHBIX ITYEJI
B TEYEHUE CE30HA

<D Bepesun A.C.

DedepanvHblil HAYYHbIL YeHMP NYe10800Cmed
Pssanckas obmacts, . Prionoe, Poccust
(<De-mail: mellifera@yandex.ru

W3ydeHsl 3KcTephepHbIE MPU3HAKH MEIOHOCHBIX ITYEJl, UCTOIb3yeMbIe ISl ONpENeiIeHUs Io-
POAHOM MPHHAAJISKHOCTH B CEJIEKUIMOHHOH padore. OTMEUEHO, YTO HM3MEHEHUE IKCTEPHEPHBIX
NPU3HAKOB 00YCIIOBIICHO Pa3IMYHBIMU (DakTopaMu (TeorpapuuecKuMH, MEKIIOPOIHBIMH, BHYTPH-
ceMeWHBIMH U 1p.). ONBIT IPOBEAEH Ha MaceKe, pacroiiokeHHOH B Psa3anckoit obmactu, B 2021 .
IIpoObl MOIOBIX Y€ B TEUEHHE CE30HA IOIY4ald C UCIOJIb30BAHUEM PAMOYHOIO H30JIATOpA.
[IpenapupoBanue 1 U3MEPEHUE OTICIBHBIX YAaCTEH XUTHHOBOTO CKEJIETa MUE MPOBEJIU 1O MPUHS-
TOW METOAMKE N3MEPEHHS SKCTEPhEPHBIX MTPU3HAKOB C MCIIOIIb30BAaHMUEM MPOTPaMMHOTO obecrieye-
HUS1, KOTOPOE T03BOJISIET IPOBOAUTH U3MEPEHHUE 10 H300pakeHn o oobekTa. [1o kax 1ol muennHon
CEMbE B OTJICIIBHOCTH PACCYMTaHBl CPEMIHSS M ee cTaHnapTHas omubOka. Ha ocHoBe MOmydeHHBIX
CPEHUX paccYUTaHbl HeapaMeTpUIECKHe KPUTEPUH 1J1sl MHOKECTBEHHBIX cpaBHeHnH (DPpuamana
u Kpyckana-Yomuca) ¢ UCroiib30BaHUEM IPOrpaMMHOTO obecrieueHus Statistica 13.0. Ananus mo-
JYYEHHBIX CPETHHUX MOKA3aJl, YTO IKCTEPhEPHBIC IPU3HAKU U3MECHSIINCH B HE3HAUNTEIILHOM CTENICHN
B TEUCHHE CE30HA, HO 3TO M3MEHEHHE OBLIIO MEHBIIE, YeM U3MEHYHUBOCTh MEXIY O0COOSMHU OIHOM
poOsb1. [IpoBeeHHOE CpaBHEHHE MOTYUYCHHBIX CPEIHUX C ITOMOIIBIO HEMapaMeTPUIEeCKUX KpHUTe-
pueB B OOJBIIMHCTBE CITyYaeB MOKA3aJI0 HE3HAYUTEIBHBIE PA3IHUIns MEXKIY TpoOdaMu, OTOOpaHHBI-
MH OT OJTHOM MUYEJIMHON CEMbHU B T€UEHHE Ce30HA. TOJIBKO B TPEX CilydyasiX OTMEUCHBI JOCTOBEPHBIC
pasnuuns. M3mMeHeHne sKCTephepHbIX IPU3HAKOB B TEUCHUE C€30HA HE3HAYUTEIHHO U CBSI3aHO OHO
C HEpaBHOMEPHBIM CMELIMBAHUEM CIICPMbl TPYTHEH B MOJOBBIX MYTIX MUEIMHOW MaTku. [Ipuyem,
yeM OoJbllie 3Ta HEPABHOMEPHOCTh CMEIIMBAHMUSI, TEM OOJbIIe pa3indus. PekoMeH1yeTcst IpoBo-
JUTh TOMOTEHU3ALUIO CIICPMbl TPYTHEH IPU MCIIOIb30BAHUN MHCTPYMEHTAIBHOTO OCEMEHECHHS.

KuroueBble ci10Ba: monuaHapus, miena MeJOHOCHas, U3MEHUUBOCTb, IKCTephep, Apis mellifera,
Altami Studio

CHANGES IN THE EXTERIOR FEATURES OF HONEY BEES DURING
THE SEASON

) Berezin A.S.

Federal Beekeeping Research Centre
Rybnoe, Ryazan region, Russia

(<) e-mail: mellifera@yandex.ru

The exterior traits of honey bees used to determine breed affiliation in breeding work were stud-
ied. It has been noted that changes in exterior traits are caused by various factors (geographic,
interbreeding, intrafamily, etc.). The experiment was conducted on an apiary located in the Ryazan
region in 2021. Young bees were sampled during the season using a frame isolator. Individual parts
of the chitinous skeleton of bees were dissected and measured according to the accepted method
of measuring exterior features using software that allows to measure from the image of the object.
The average and its standard error were calculated for each bee family separately. Non-parametric
tests for multiple comparisons (Friedman and Kruskal-Wallis) were calculated using Statistica 13.0
software. Analysis of the obtained averages showed that the exterior traits change to a small extent
during the season, but this change was less than the variability between the individuals of the same
sample. Comparison of the averages obtained using non-parametric tests in most cases showed
insignificant differences between the samples taken from the same bee family during the season.
Only three cases showed significant differences. The change in exterior traits during the season is
insignificant, and it is associated with the uneven mixing of drone bees' sperm in the genital tracts
of the queen bee. Moreover, the greater this unevenness of mixing, the greater the differences. It is
recommended to homogenize the sperm of drones when using instrumental insemination.

Keywords: polyandry, honey bee, variability, exterior, Apis mellifera, Altami Studio
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INTRODUCTION

Morphometric traits are formed under the
influence of genotype-environment interaction.
The honey bee (Apis mellifera (Hymenoptera:
Apidae)) is distributed over most of the Earth's
land surface. Its exterior traits, including those
used to determine their breed (race), are subject
to variability (geographic, seasonal, etc.)' [1].

Currently, various data on the question of
seasonal variability of bee exterior are pre-
sented in the literature. Geographic variability
associated with changes in altitude above sea
level can be attributed to geographic variabil-
ity. Thus, S. Radloff et al.?, using a multivariate
analysis of morphometric traits of worker bees
from natural populations, divided them into
three groups according to their altitude above
sea level. A.R.S. Sousa et al. [2] showed that
families of africanized bees from several areas
of Brazil had marked morphometric differences
and that their body size varied with altitude.

A.S. Mikhailov® began studying the sea-
sonal variability of bees by analyzing several
generations obtained from a single queen in one
season by a number of traits. A.L. Dulkin and
G.F. Treskova* determined that wing length,

wing width, and length of the third tergite in the
Ural bee were greatest in spring, and proboscis
length in mid-summer. [.D. Mumladze’ showed
that in populations of gray mountain Caucasian
bees, the linear dimensions of most traits de-
crease by the fall. Other authors believe that,
on the contrary, the traits increase towards the
end of the season. For example, N.I. Krivtsov®
points out that the values of exterior traits of
Middle Russian bees are significantly higher
in autumn than in summer. E.D. Bozina’ in
comparing samples taken from bee families of
four breeds in May and September found that,
in general, the proboscis length of the fall gen-
eration is longer than that of the spring genera-
tion, but there are exceptions. Research data on
length and width of wax mirror and wing size
mainly confirm the results on proboscis vari-
ability. Foreign authors have found that the ex-
terior of honeybees obtained in the dry season
and in the rainy season from the same popula-
tion differs [3]. A. Janczyk and A. Tofilski [4]
found that differences between families in wing
shape were much greater than seasonal differ-
ences, hence the influence of seasonality on
identification is insignificant.

'Alpatov W.W. Biometrical studies on variation and races of the honey bee (4pis mellifera L.) // The Quarterly review of

biology. 1929. Vol. 4. N 1. pp. 1-58. DOI: 10.1086/394322.

*Radloff S.E., Hepburn H.R. Honeybees, Apis mellifera Linnacus (Hymenoptera: Apidae), of the Drakensberg Mountains in
relation to neighbouring populations // African Entomology. 1999. Vol. 7. N 1. pp. 35-41.

3Mikhailov A.S. Seasonal variability of bees // Experimental apiary. 1927. N 6. pp. 180-183.

*Dulkin A.L., Treskova G.F. On the Ural mountain-taiga bee // Beekeeping. 1953. Vol. 30. N 4. pp. 26-29.
SMumladze 1.D. Characteristics of the Gurian population of bees // Beckeeping. 1968. N 2. pp. 10-11.
*Krivtsov N.I. Seasonal variability of the Middle Russian bees // Beekeeping. 1972. N 8. pp. 19-20.

"Bozina E.D. Variability of proboscis length of different groups of bees // Beekeeping. 1958. N 2. pp. 25-28.
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Changes in the exterior features of honey
bees during the season

Berezin A.S.

The purpose of the study is to evaluate the
variability of the exterior appearance of bees of
the inbreed type of the Middle Russian Priok-
sky breed during the season and to establish its
possible causes.

MATERIAL AND METHODS

The experiment was carried out in an apiary
located in Rybnoe, Ryazan Region, in 2021. A
group of 11 inbred bee colonies of the Middle
Russian Prioksky breed was created for the ex-
periment. By the end of the experiment, 5 fami-
lies remained, the remaining 6 families dropped
out during the season because of the change of
queens.

To study the exterior, samples were taken
from 3 to 5 days old bees®. To do this, the hon-
eycomb with emergent brood was placed in a
frame insulator, which was then placed in the
nest for 24 hours. At the end of 24 hours, the
honeycomb with brood was removed, the bees
were shaken off onto the foil, and the honey-
comb was returned to the family. The resulting
day-old bees were poured into the isolator, a
feeding frame was given, and then the isolator
was placed in the nest for 5 to 7 days. Bees were
sampled once every 2 weeks, but sometimes
there was a shift if the planned date coincided
with a weekend or bad weather. An additional
sample was taken on July 14 because there were
few bees in some of the previous samples. The
final sampling of bees in the ninth series was
done directly from the families, without the use
of insulators (since there was no brood at this
time). The date of this sampling is the typical
date of bee sampling for analysis.

The work on dissection and measurement of
exterior features was performed according to the
modified and supplemented method of Alpatov
[5]. The licensed certified software Altami Stu-
dio was used to measure the exterior features
of bees. The arithmetic mean (M) and its stan-

dard error (m) were calculated in the Microsoft
Office Excel software, using the package Data
Analysis - Descriptive Statistics. Calculation of
the nonparametric criteria: Friedman ANOVA
(X,?) and Kruskal-Wallis criterion (H) was per-
formed using Statistica 13.0 software. Criterion
X,* allows for multiple comparison of an indi-
cator measured on one sample several times
during a certain period of time. Criterion H also
allows a multiple comparison of an indicator
measured on several (more than two) samples’.
These criteria are nonparametric analogues to
single factor analysis of variance (with repeat-
ed measures (X,?) and multiple group measures
(H)'). The parallel use of the criteria for inde-
pendent and dependent samples is justified by
the fact that the measurements are made on dif-
ferent samples and can be considered indepen-
dent on the one hand, and on the other hand,
bees in different samples from the same family
are related at least in the maternal line''.

RESULTS AND DISCUSSION

The arithmetic mean (M) and standard error
(m) for all the measured traits were determined
for each sample and presented in Table 1.

Exterior traits in each bee family vary slight-
ly in a wave-like manner during the season (see
Table 1). At the same time, these changes are
not always synchronous. For example, a trait
may decrease in one bee family and increase
in another bee family during the same period
of time.

To determine the significance of these chang-
es, the Friedman (X,?) and Kruskal-Wallis (H)
criteria were calculated from the results of Table
1 (see Table 2). Two opposite hypotheses were
proposed, which were tested by calculating X *:
the null hypothesis (HO) and the alternative hy-
pothesis (H;). Hypothesis H,, indicates that the
results of measuring the exterior trait during the
season do not differ, i.e. the exterior trait does

8Goetze G.K.L. Die Honigbiene in natiirlicher und kiinstlicher Zuchtauslese. Teil II: Beurteilung und ziichterische Auslese von
Bienenvoélkern // Monographien zur angewandten Entomologie. Vol. 20. Hamburg und Berlin: Verlag Paul Parey, 1964. 92 p. DOI:

10.1002/mmnd.19650120110.

°Sidorenko E.V. Mathematical Processing Methods in Psychology. St. Petersburg: OOO Rech, 2000. 350 p.

10http://statsoft.ru/home/textbook/default.htm

"Gubler E.V., Genkin A.A. Application of nonparametric statistical criteria in medical and biological research. L.: Medicine,

1973. 142 p.

96  Siberian Herald of Agricultural Science ¢ 2023 « 53 « 2

Zootechnics and Veterinary Medicine



bepesun A.C.

W3menenne OKCTEPLEPHBIX ITPU3HAKOB MEIOHOCHBIX ITYEII

B TCUCHHUE CE€30HA

#00°0 FST0 | ¥00°0 F9T0 | ¥00°0 FST0 | SO00F#T0 | #00°0 FSTO | ¥00°0 FSTO - S00°0 F #2°0 - - ot
£00°0 F 92°0 - €00°0 F92°0 | ¥00°0 F¥C°0 | #00°0 FSTO | €00°0 F LTO - €00°0 FST°0 | ¥00°0 F9T°0 | S00°0 F9T0 | S¢€
S00°0 F8T0 | SO0°0FSTO | SO00FLTO | €00°0F9C0O | ¥00°0 FLTO | SOO0FLTO - #00°0 F LZ°0 | SO0'0F8T0 | SO0'0FS8T0 | 8I
¥00°0 F¥2°0 | €00°0 FSTO | Y000 F €0 | Y000 FHC0 | SO00F€ECT0 | Y000 F€T0 | €00°0F€T°0 | SO0°0FHT0 | ¥00°0 F¥T°0 | SO0°0F€T0 | SI
S00°0 FLZ0 | ¥00°0F9T°0 | ¥00°0 FST0 | 900°0 F#T°0 | SO0°0 FST0 | SO0°0 F9T0 | SOO°0FSTO | #00°0 FST0O | SO0°0FSTO | +00°0F +C0 4
(0§97 = misaﬁ BUIM2.40f Y311 23 UO UIdA [DIPAUL 2Y] JO JUGWLSIS )] Y] JO Y3SuaT
120°0 F¥€6 | 8100 F€E6 | 0T00F1T°6 | 8I00F9T°6 | 1T00FTT6 | 0T0°0FST6 - LTO'0 F91°6 - - ov
020°0 F €2°6 - 620°0 F81°6 | €C0'0FCT6 | 120°0F0T°6 | STO0OF¥T'6 - TTO0FS0°6 | STO'0OFLO6 | 0TO'0F0T6 | S¢
1200 F91°6 | 8TO0F 116 | 0TO0FECT6 | 0TO0FSI6 | 610°0FCI'6 | 610°0F¥I6 - 200 F 016 | SI0°0F¥I6 | ¥IO0OFII'6 | 8I
€200 F80°6 | LTOOFLT6 | LTO'OFOT6 | LTOOFHT6 | €EO0F¥I'6 | ¥TO0OFST6 | TTO'OFIT6 | 9200 F0T6 | €CO0OF€C6 | 0TO0OFCT6 | Sl
LTO'0OFLT6 | 9200 FOE'6 | 6100 F91°6 | 0TOOFLI6 | 8T0°0FST6 | LIO'OFIT6 | 6100016 | 1TO0F90°6 | 0CO'0F0T6 | 1T0°0F 916 4
(0§—9¢ = """ u) Suran ol 1yS1i oyp fo yiSuoy
8I0°0FCLY | 120°0FS8LY | TTO'0OF69'Y | 1CO0FILY | TTOOFELY | 1TO0FILY - 0700 F 85t - - (1%
610°0 F 18t - 0200 F I8% | 8I0°0 FT8% | TTO'OFT8FY | #T00F€8°Y - Y200 FCLY | 1200 F9LY | 610°0F8LY | S€
PI0'0 FELY | 9T0°0FLLY | €I00FSLY | SIO0OFLLY | VIO0OFILY | LIOOFOLY - 0200 F €LY | CTIO0F89% | 610°0F99% | 81
LTOOFOLY | 0Z0'0F 067 | €CO0F I8 | LTOOF S8y | 8TO'OFSLY | 620°0F S8F | TTO'0OFS6'Y | 0TO0F 16'F | STO0OFLLY | 9200 FSLY | SI
[TO0FLLY | 1T00F8LY | SIOOFLLY | 8I00FILY | SI00ESY | 0C0'0FT8Y | ¥IO0OVLY | YIO'OFOLY | TTOOFSLY | €100 FvLY 4
(0§—92 = """"u) 2pyd (s.10p paryy 23 o yipin [puoLIpU)
920°0 F6¥9 | 610°0F LS9 | 0TO'0F0S9 | 1200 F €S9 | 8I0°0F0S9 | 120°0 F8S9 - LT0°0 F 8%°9 - - oy
020°0 F SS9 - LT0°0 F SS9 | STO0OFTS9 | 610°0F9S°9 | 1200 F#S9 - €200 F €F'9 | TTO'OF9S9 | 610°0F LS9 | S€
610°0 F SS9 | STO0OF 659 | 0TO0F8S9 | 610°0F SS9 | LTOOFISY9 | 610°0F9S9 - 120°0 FTS9 | 610°0F SS9 | €T0°0F 199 | 8I
1200 F 619 | TEO0F TS9O | 610°0F TS9O | 8I0°0F TS9O | €I00F¥¥9 | 1200F+S9 | 8I0°0F LS9 | 610°0F6¥9 | TTO'OFT99 | 8I0°0F8S9 | Sl
9Z0°0 ¥ 859 | 9700 F 699 | 0TO0OF#¥'9 | €10°0F9S°9 | LIO'OFT99 | TIOOF €99 | 6100659 | S8I00F6¥'9 | 0T0'0F 659 | 610°0F 199 (4
(0£-97 = """*u) yiSuay sosoqoig
120270190 1202601 120T°80°1€ 1202°80°L1 1202°80°€0 1202°L0°0T 120T°LOb1 120T°L090 1202°90°S1 1202°90°10 Mﬂw
Surdwes jo ajeq JoaN

uoseas oy} Sunnp (u F py) $99q JO SONSLIAOBILYD JOLIXS 9y} ul dFuey) *| d[qe]
BHOEOD OMHORAL € (1 F py) Irohll goMeHend x19HA09doLIOME OMHOHOWE]] *] "Ir'Q® I,

2023532 97

i BECTHHK CEITLCKOXO3SMCTBCHHON HayKu ®

Cubupcku

300TEXHUS U BETEPUHAPHS



Changes in the exterior features of honey
bees during the season

Berezin A.S.

not change significantly during the season. In
the case when the calculated value of X * ex-
ceeds the critical value (for the chosen signifi-
cance level and the corresponding number of
degrees of freedom), then H, is rejected and H,
is accepted (i.e. the differences are not random).
Since X? is used for dependent samples, and
given that there are empty cells in Table 1, we
calculated X * for different numbers of families
and different numbers of sampling.

We also tested two hypotheses with criterion
H: H,) - there are only random differences in the
level of the studied trait between the samples
from one bee family, and H, - there are non-
random differences in the level of the studied
trait between the samples from one bee family.

Due to the fact that these criteria in large
samples (with a large number of pairs being
compared) or with a large number of cases have
a distribution close to X?, the empirical values
of these criteria were compared with the critical
values of X? (see footnote 9). Using the X * cri-

terion, significant differences were established:
in one case for the Proboscis Length trait and
in the other case for the FG Segment Length
trait. Differences according to criterion H were
significant only for the Proboscis Length trait.
The fact that the differences are significant, i.e.,
non-random only in single cases, testifies in fa-
vor of the hypothesis of unequal sperm mixing.

Kendall's coefficient of concordance (or
consistency) (W) is similar to Spearman's R,
but unlike R it shows the dependence between
several variables (see footnote 10). In our case
it shows the consistency of the changes in ex-
terior traits during the season. Significance of
the coefficient W was checked by Pearson's cri-
terion (X?) calculated according to the formula
X2eale = N (C-1) W [6].

Then X?calc was compared with the tabulat-
ed X? (see footnote 9). If X2, > X?,p» then W
was found to be significant. The W coefficient
was significant in two cases and had a medium
degree of consistency of change, which may

Tada. 2. CpaBHeHHUE pe3yIbTaTOB U3MEPEHUS IKCTEPHEPHBIX MPU3HAKOB C TIOMOIIBIO HeTlapaMeTpuye-

CKHX KpUTEPUEB

Table 2. Comparison of the results of measuring exterior features using non-parametric criteria

. o . Kruskal-Wallis criterion

c N d Friedman criterion Concordance coefficient (df=9, N = 44)
X? | P w | r H | P
Proboscis length
10 | 2 9 10,71 0,296 0,595 0,190
9 3 8 14,38 0,072 0,599 0,399
8 4 7 14,36 0,045 0,513 0,350 21,12 0,012
6 5 5 9,48 0,091 0,379 0,224
Conditional width of the third dorsal plate
10 | 2 9 5,71 0,769 0,317 0,366
9 3 8 8,85 0,355 0,369 0,053
8 4 7 9,02 0,251 0,322 0,096 681 0,657
6 5 5 2,75 0,739 0,109 0,113
Length of the right front wing
10 | 2 9 9,05 0,432 0,503 0,006
9 3 8 7,38 0,496 0,307 —0,039
8 4 7 11,42 0,121 0,408 0,210 11,04 0,273
6 5 5 10,03 0,074 0,401 0,251
Length of the FG segment of the medial vein on the right forewing

10 | 2 9 11,19 0,263 0,622 0,243
9 3 8 9,07 0,336 0,378 0,067
8 4 7 12,67 0,081 0,452 0,269 342 0,796
6 5 5 15,40™ 0,009 0,616™ 0,520

Note. C—number of cases; N — number of pairs compared; df — number of degrees of freedom; » — average rank.
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have been due to unrecorded factors and could
therefore be considered random, because in
other combinations (most cases) of number of
bee colonies and sampling dates, the coefficient
was not significant.

Previously, we found that intrafamily vari-
ability, determined by the coefficient of varia-
tion, is generally significantly greater than
seasonal variability [7]. For example, in bee
family No. 18, the proboscis length Cv varied
from 1.52 to 2.28% (depending on the date of
sampling), while the seasonal Cv was 0.5%. In
family No. 15, this index ranged from 1.08 to
2.68 and 0.78%, respectively, and in family No.
2, from 0.96 to 2.16 and 1.07, respectively. On
the trait Length of the segment FG of the medi-
al vein on the right forewing, depending on the
date of sampling, Cv in family No. 18 (depend-
ing on the date of sampling) was from 6.48 to
11.38, and seasonal - 3.65%. In families Ne 15
and Ne 2 (depending on the date of sampling)
were variations of this index from 6,96 to 12,03
and from 7,72 to 13,05, and seasonal - 2,26 and
3,16% respectively. This can be explained by
the fact that the queen bee mates with several
drones'?, and the seasonal variation is due to ir-
regular (or partial) mixing of drones’ semen in
the genital tracts of queen bees'. In this con-
nection, the reliable differences established
with the help of nonparametric criteria, can
also be attributed to irregularity of sperm mix-
ing (see footnote 13).

CONCLUSION

The variation of exterior traits during the
season is not due to climatic conditions or nu-
trition, but to the irregularity of drones' sperm
mixing in the seminal receptacle of the queens,
because the coefficient of variation between in-
dividuals of one sample is greater than between
the samples of bees taken from the same bee
family. In the case of instrumental insemina-
tion, semen homogenization is necessary to
ensure that the offspring composition of the
queen is even throughout the whole period of

its use [8]. Comparison of the progeny of the
queens inseminated with homogenized semen
is a possible topic of our further research. It is
recommended that the samples in the families
formed in the current year should be taken af-
ter the change of bees to the progeny of a new
queen, and that a frame isolator should be used
to obtain the bees. Sampling can be done at any
time of the season, but the most convenient
time is in the fall (late August to September).
The progeny from the best producing bee colo-
nies (regardless of the type of mating) should
be obtained in the year they achieve high pro-
ductivity (see footnote 13).
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PABPABOTKA JIBYXCTYIIEHYATOI'O HUKJIOHA

Mmenos E.A., C)Baéckun C.C.

Hosocubupckuil cocyoapcmeennblii azpapuwiil yHUgepcumem
HoBocubupck, Poccus

(<)e-mail: Moonlait2510@mail.ru

HccenenoBan nporecc cenapanuu TpaHCIOPTUPYEMOIO Marepuasla OT HECYILEro ra3oBoro Io-
TOKa B IIMKJIOHHBIX amlmaparax Ha 3epHomnepepaldaThIBalONMX MpeanpusTusax. [IponzBoncTBo kom-
OMKOPMOB CONPOBOXKAAETCSI 00PAa30BaHNEM MEJKOAMCICPCTHON MYYHOH IBLIM, KOTOpas SIBISIETCS
LIEHHbIM KOMIIOHEHTOM (pepMEHTHPOBAaHHBIX KOPMOB. CHCTEMBI aCIMPallid MUHUKOMOUKOPMOBBIX
3aBOJIOB HE 00ECICUNBAIOT €€ YJIaBIMBAaHUE B ITOJTHOM O00BEME, YTO MPUBOJHT K 3arpsi3HCHHUIO T10-
MEILEHUH, a TaKKe IOTEPe YaCTU MPOAyKTa. B Xole aHanm3a KOHCTPYKLMM U IIyT€H COBEPILIECH-
CTBOBaHHMSI [IECHTPOOEKHBIX aIMapaToB OINPEICICHO, YTO MEePCIEKTHBHA YCTAHOBKA B BBIXJIOITHOM
naTpyOKe IMKIOHA JOTIOHUTENBHBIX 3aKPyYHBAIONINX YCTPONUCTB ISl OYMCTKH BO3YIIHOTO TO-
TOKa OT MEJIKOW IbUIH. [Ipeaoxkena KOHCTPYKIUS IUKIIOHA C JOTTOJHUTEIBHON CTYTIEHBIO OUUCTKU
BO3JIyILIIHOTO ITOTOKA OT MEJIKOH MYYHOW IBIJIM B BBIXOIHOM HaTpyOKe, HCHONb3yeMasl B CHCTEME
ITHEBMOTPAHCIIOPTa MUHUKOMOMKOPMOBOTO 3aBojia. JlnameTp oceBoro narpyOka yBequdeH 1Jis pas-
MEIlEHHsI BHYTPU €ro oTOOMHOro KOHyca W BUXpPEBOM BOpPOHKHU. Ilpm 3TOM nuameTrp BBIXOZHOTO
narpyOKka JOIKeH ObITh MEHBIIE AuaMeTpa BEPXHEr0 OCHOBAHUS BUXPEBOI BOPOHKH JJIsl CHIKEHHUST
BBIHOCA MEJIKOH (hpakiuu u3 nukiona. PaspaboTana sxkcriepuMeHTaIbHas yCTaHOBKA, BKITFOUAIOMIAS
3arpy304Hbli OyHKEp, THEBMOIIPUEMHHK-0TBO, MAT€PHAIONPOBO/, LIMKIJIOH, (GUILTP U BCACHIBAIO-
LU BEHTWIATOp. B KadecTBe MaTepualia UCIOJIB30BAHO 3€PHO MIIEHUIBI BIAXKHOCTBIO 16%, u3-
MEJIBYEHHOE Ha MOJIOTKOBOH APOOHMIIKE C AMAMETPOM OTBEpCTH B pemiere 3 MM. [IpomsBeneHs
CPaBHUTENbHbIE UCIBITAHUS TMpeIaraéMoro HUkJIoHa ¢ nukiaoHaMmu tumna LIP u SNT, pesynbrars
KOTOPOTO JTOKa3bIBAIOT 3(PEKTUBHOCT MPEATIOKEHHON KOHCTpYKIUK. B rccneayemom nuanazone
(o1 0,026 o 0,33 kr/c) 3(HeKTHBHOCTH ABYXCTYIIEHYATOTO MUKJIOHA 10 TIOAa4Ye TPAHCIIOPTUPYEMO-
ro Marepuasa Oblia BBIIIE, YeM y CEPHITHO BBITyCKaeMbIX ITUKIOHOB pasrpy3uteneii L[P.

KiroueBble cj10Ba: MUHUKOMOMKOPMOBBIH 3aBOJ], THEBMOTPAHCIIOPT, LIUKJIOH PasTrpy3UTEb,
My4Has IbLIb

DEVELOPMENT OF A TWO-STAGE CYCLONE

Pshenov E.A., < Bleskin S.S.
Novosibirsk State Agrarian University
Novosibirsk, Russia

(<) e-mail: Moonlait2510@mail.ru

The process of separating the transported material from the carrying gas flow in cyclones at
grain-processing enterprises is studied. Feed production is accompanied by the formation of fine
flour dust which is a valuable component of fermented feed. Aspiration systems of mini-fodder
plants do not provide its full capture, which leads to contamination of the premises, as well as the
loss of some of the product. During the analysis of designs and ways to improve centrifugal appara-
tuses, it was determined that installation of additional swirling devices in the cyclone exhaust pipe
is promising for cleaning the air flow from fine dust. The design of cyclone with an additional stage
of cleaning the air flow from fine flour dust in the outlet nozzle, used in the pneumatic conveying
system of mini-fodder plant, is proposed. The diameter of the axial pipe socket is enlarged to ac-
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Development of a two-stage cyclone

Pshenov E.A., Bleskin S.S.

commodate the baffle cone and vortex funnel inside it. The diameter of the outlet nozzle should be
smaller than the diameter of the upper base of the vortex funnel to reduce the fine fraction escape
from the cyclone. An experimental unit was developed including a charging hopper, pneumatic
receptor-diverter, material pipeline, cyclone, filter, and a suction fan. The material used was wheat
grain with a moisture content of 16%, crushed on a hammer crusher with a hole diameter of 3 mm in
the sieve. Comparative tests of the proposed cyclone with cyclones of the DC and SNT types were
carried out, the results of which prove the effectiveness of the proposed design. In the investigated
range (from 0.026 to 0.33 kg/s) the efficiency of the two-stage cyclone in feeding the transported
material was higher than that of the commercially available discharger cyclones DC.
Keywords: mini-fodder plant, pneumatic conveying, discharger cyclone, flour dust
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INTRODUCTION

Currently, industry (enterprises of chemi-
cal, metallurgical, mining and food industries)
has a great impact on the atmosphere, litho-
sphere and hydrosphere of the planet. Due to
the release of various wastes into the envi-
ronment, there is state control over pollution.
That is why every enterprise is interested in
ecological production not only from the ethi-
cal point of view, but also because of possible
sanctions. In this regard, the organization of
production requires systems of cleaning, dis-
posal, and deposition of waste.

The main factors affecting the state of the
atmosphere are emissions of the exhaust gas
stream after an insufficiently effective system
of its cleaning. One of the main emissions of
feed mills into the atmosphere is a fine com-
ponent of grain milling products. Results of
researches at mixed fodder productions con-
firm that one of the harmful conditions of
work is air dustiness’ 2. Thus, the dustiness

of exhaust gases during processing of grain
crops can reach 2 to 3 g/m’.

Separate attention should be paid to mini
feed mills designed for the preparation of
complete feed with various additives in the
conditions of small and medium-sized farms,
with a capacity of 0.8 to 5 t/h of finished mixed
fodder. As a collector of fine flour dust fabric
filters in the form of bags are used which are
unable to carry out effective air purification
are used at such mills.

The efficiency of the fine component capture
not only affects the health of workers and the
explosion hazard of the premises. This com-
ponent can be used as a feed additive. How-
ever, the fine component, on the one hand, is
dangerous for animals, and its content in bulk
feed should not exceed permissible norms. On
the other hand, it is a valuable component,
in terms of making full use of the potential
of grain dust, in the production of fermented
feed, such as grain molasses®. The presence of

' Ananyev V.A., Baluyeva L.N., Galperin A.D., Gorodov A.K., Eremin M.Y., Zvyagintseva S.M., Murashko V.P., Sedykh LV.
Ventilation and air conditioning systems. Theory and practice. Moscow: Euroclimate, 2003. 416 p.

*Butkovsky V.A. Peculiarities of milling plants in Russia in modern conditions // Khleboprodukty. 2005. N 5. pp. 2-4.

*Pshenov E.A., Blyoskin S.S., Nechaev N.A. Improvement of forage grain milling quality by hammer crushers // Proceedings

of the scientific and practical conference of teachers, graduate students, undergraduates and students of the Novosibirsk SAU,
Novosibirsk, October 21-23, 2019 Novosibirsk: IC NSAU " Zolotoy Kolos", 2019. pp. 112-114.
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flour dust in the feedstock in the production
of pelleted and extruded feed does not affect
the quality of the finished product and does
not have a negative impact on animal health.

Therefore, it is important to ensure a high
degree of air purification with subsequent de-
position and processing of the flour dust. Low
efficiency of catching fine component and re-
turn of dust particles to the exhaust pipe is
the most urgent and difficult to solve problem
of development of centrifugal dust collector
technology, and consequently, ensuring envi-
ronmental and fire safety of an enterprise and
full use of the caryopsis potential.

A.G. Titov's thesis* is devoted to a similar
problem, in which secondary entrainment of
dust in the exhaust nozzle of the cyclones at
industrial enterprises, as well as during pu-
rification of waste gases from dust in elec-
tric power industry and in the experiments on
reduction of entrainment are noted [1]. V.V.
Kuzmin, V.A. Markov, D.I. Misyulya [2, 3]
made an attempt to solve the problem of sec-
ondary dust carry-over in chemical industry
by introducing certain spinners directly into
the cyclone supply nozzle.

The object of this research is the process
of separation of the transported material from
the carrier gas flow in cyclones at grain pro-
cessing plants.

The purpose of the research is to increase
the efficiency of separation in the inertial dust
collector by reducing the dust backflow into
the cyclone exhaust nozzle.

The research objectives are to:

1. Analyze ways to improve cyclone
dust collectors.

2. Develop an improved cyclone appara-
tus design.

3. Experimentally verify the effective-
ness of the proposed technical solution.

MATERIAL AND METHODS

The solution of these problems is based
on the application of a comparative critical
analysis of the current state of development
of centrifugal separation, the methodology
of technological equipment design, as well
as experimental research.

To check the efficiency of various cy-
clone designs, an experimental unit (see Fig.
1) was made at the Engineering Institute
(Department of Mechanization of Animal
Husbandry and Processing of Agricultural
Products) of the Novosibirsk State Agrarian
University.

The experimental unit includes a charging
hopper with an agitator (to prevent piling)
and an adjustable damper. Material is taken
in and transported due to air rarefaction cre-
ated by a suction fan. Pneumatic conveying
of material is carried out by a pneumatic
collector-diverter of U2-BPO type and a
material pipeline, connected to the cyclone
under study. To estimate the cyclones effi-
ciency, an automobile air filter was installed
at the outlet pipe, weighing of the filtering
element allowed to determine the mass of
the dust carried out.

The material used was crushed wheat
grain with moisture content of 16%, ob-
tained on a hammer crusher ShIK B-600
with installed sieves with a hole diameter
of 3 mm. According to the results of sieve
analysis according to GOST 13496.8-72
(Combined fodders. Methods of Determina-
tion of Milling Coarseness and Content of
Ungrindable Seeds of Cultivated and Wild
Plants) the average particle size distribution
of the product was determined: mass of resi-
due on a 3 mm sieve - 2,3 g, 2 mm - 31,6 g,
I mm - 42,1 g, atray - 23,9 g.

*Titov A.G. Intensification of the dust collection process in an electrocyclone by reducing secondary entrainment: extended
abstract of candidate’s thesis in Chemistry in Chemistry: 05.17.08. Tomsk, 2014. 20 p.
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Puc. 1. DxcriepuMeHTaNbHAasl yCTaHOBKA!

a — cXeMa 3KCIIepUMEHTAILHON YCTaHOBKHU: / — 3arpy304HbIil OyHKep; 2 — BOPOLIHUTEINb; 3 — MaT€pPHUAIIONPOBO/I;
4 — xopITyC BO3AYIIHOTO (GHIBTPA; 5 — IUKIIOH; 6 — EMKOCTB JUIs cOOpa OTAEIIEMOro NPOAyKTa; 7 — BCACHIBAIOIINH
BEHTWIIATOP; O — OOIINIA BUI SKCIICPIMEHTATBHON YCTAaHOBKH

Fig. 1. Experimental unit:

a - experimental unit scheme: / - charging hopper; 2 - agitator; 3 - material conduit; 4 - air filter casing; 5 - cyclone;
6 - container for collecting separated product; 7 - suction fan; 6 - general view of an experimental unit

Relevance of the study

Cyclone dust collectors and bag filters are
the most widespread as dust and gas cleaning
systems®. There are also combined cleaning
systems, in which the efficiency of bag filters is
increased by including a cyclone in the dust and
gas cleaning scheme®. Industrial enterprises use
various schemes of emission purification sys-
tems using cyclone dust collectors’. The areas
of application, basic design features, as well as
the classification of existing cyclones are con-
sidered in works [5, 6].

The main advantages of cyclone dust collec-
tors include the following®:

— no moving parts;

— dry dust trapping capacity;

— ability to trap abrasive dusts, for which the
active surfaces of cyclones are coated with spe-
cial materials;

— ability of cyclones to operate at high pres-
sures;

— hydraulic resistance has a stable value;

— simple design and repair capability;

— increased dust concentration does not re-
duce the fractional efficiency of the unit.

The main disadvantages are relatively high
hydraulic resistance, which reaches 1250-1500
Pa, and low efficiency when catching particles
< 5 microns in size. Thus, to improve the ef-
ficiency of dust collection of polydisperse par-
ticles, there are the following directions’® of
improvement of centrifugal apparatuses [4, 7],
presented in Fig.2.

SBleskin, S.S. Pshenov E.A. Operation of cyclone dust collectors // State and innovations of technical service of machines
and equipment: Materials of the 11th regional scientific-practical conference of students, graduate students and young scientists
dedicated to the 75th anniversary of the Engineering Institute, Novosibirsk, November 11-12,2019. Novosibirsk: NSAU Publishing

Center " Zolotoy Kolos ", 2019. pp. 38-41.

*Bushumov S.A., Korotkova T.G. Increasing the efficiency of bag filters by including cyclone in the technological scheme
of dust and gas cleaning // Proceedings of the International Scientific-Practical Conference, Krasnodar, June 21-22: Sustainable
development, environmentally safe technologies and equipment for processing of food agricultural raw materials. Krasnodar:

00O Ecoinvest, 2016. pp. 75-77.

"Kochetov O.S., Soshenko M.V., Zubkova V.M. Cyclone dust collectors of emission treatment systems // Regularities and trends
of innovative development of society: collection of articles of the International Scientific and Practical Conference: in 6 parts,
Magnitogorsk, December 20, 2017. Magnitogorsk: OOO Aeterna, 2017. pp. 66-68.

8Advantages and disadvantages of cyclones // KS-technology elevator and mill equipment URL: http://ksmash. ru/

priyemushchestva-i-nedostatki-tsiklonov (accessed: 10.04.2022).

°Chekalov L.V., Guzaev V.A., Smirnov M.E. Basic ways of increasing the efficiency of gas-cleaning equipment in the cement
industry // Alitinform: Cement.Concrete.Dry Mixtures. 2008. N 3-4 (4-5). pp. 28-37.
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The main direction of work to improve
the quality of dust separation is to change the
overall design of the device. Design forms of
cyclone dust collectors are various. There is a
certain tendency of development of the cone-
shaped part, since the cyclone shape affects the
aerodynamics of the air flows, occurring in the
apparatus. In a cone-shaped cyclone, the distri-
bution of velocities along the cyclone radius, as
well as the changes in the air currents inside the
device, are of interest. Consequently, in order
to improve the quality of purification different
spinning devices and inserts are used, which in
one case reduce the hydraulic resistance with-
out changing the quality of filtration [8], and in
the other case increase the hydraulic resistance.
This insignificantly increases the efficiency of
purification.

Unscrewing devices are installed at the sup-
ply nozzle, at the bottom of the cyclone or at
the outlet nozzle. Both quality and energy effi-
ciency of the dust collector depend on the place

Puc. 3. JIByXCTyneHUaThIi IUKIIOH:

4%

7% 5:~:-
: [-] General design

\ Supply nozzle
-} & Outlet nozzle

e

= Hopper design
# Regeneration method

709, X
20% 217 B Other

Puc. 2. HaHpaBJ'ICHI/ISI COBCPIICHCTBOBAHUS LICH-
TpO6C)KHI:IX armaparoB

Fig. 2. Directions for improvement of centrifugal
machines

of installation. Thus, when installing additional
spinning devices at the supply nozzle or at the
bottom part of a cyclone, there is a noticeable
reduction of hydraulic resistance, leading to es-
cape of a fine component to the exhaust nozzle,
and when installing it at the outlet nozzle - to
an insignificant pressure drop [8]. Designs of
devices to reduce power consumption, as well

a — cXeMa JIBH)KCHHS YaCcTHIl B IIMKJIOHE: / — BXOJHOM Narpy0oK; 2 — crimpaibHast yInuTKa; 3 — 0CeBOU MaTpyOoK;
4 — KOHMYECKast YacTh KOpITyca; 5 — BRIXOAHOM MaTpyOOK; 6 — KOHMYECKasi BUXpEBasi BOPOHKA; / — OTOOWHEIA KOHYC;
8— pasrpyzouHoe OKHO; 6 — 0Ot BU peiaraeMoil KOHCTPYKIUH CIIPATIbHON YIUTKH C OTOOHHBIM KOHYCOM

Fig. 3. Two-stage cyclone

a - scheme of particles motion in a cyclone:/ — supply nozzle; 2 - spiral volute; 3 - axial socket; 4 - conical body
part; 5 - outlet nozzle; 6 - conical vortex funnel; 7 - baffle cone; § - unloading aperture; 6 - general view of the pro-

posed design of the spiral volute with a baffle cone
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as ways to reduce power consumption of cy-
clones by introducing various spinning devices
and secondary use of inertia of vortex flow are
presented in works [9-11].

Model offer

Based on the analysis of the current state of
gas purification apparatuses used in feed pro-
duction, a cyclone with an additional purifica-
tion stage, installed in the outlet nozzle, was
developed.

The proposed cyclone works as follows (see
Fig. 3, a). The separated flow is introduced into
the cylindrical cyclone body through the supply
nozzle into the spiral volute. The dust and gas
flow are swirled in the spiral volute and direct-
ed to the conical part of the cyclone body. The
rectangular cross section of the supply nozzle
and the annular channel formed by the axial
socket and the inside wall of the spiral volute
create the directed downward flow along the in-
ner wall of the cyclone casing surface. When the
dust and gas flow is swirling, centrifugal force
is generated, which causes coarse particles to
move along the helical spiral in radial direction
downwards and to go into the unloading aper-
ture through the conical part of the housing.

Fine dust particles with the ascending gas
flow rush upwards and meet the baffle cone
(see fig. 3, 6). Moving along its forming, the
particles get into the annular channel between
the axial socket and the baffle cone. The coni-
cal vortex creates a low-pressure area along the
cyclone axis. This leads to a sharp change in
the direction of gas flow in the annular channel.
Dust particles, moving by inertia, touch the in-
ner wall of the axial socket and fall out of the
flow.

The conical vortex has a larger diameter at
the top and a smaller diameter at the bottom
than the outlet nozzle. Thus, a vortex with vari-
able peripheral velocity is created in the funnel.
Dust particles, entrained in the vortex, under
the action of centrifugal force rotate at a larger
diameter than the outlet nozzle and are not car-

ried out of the cyclone. The cleaned gas flow
exits through the outlet nozzle'.

Methodology for comparative tests

The maximum gate position of the feed hop-
per, at which the stable pneumatic conveying of
the feed material to the cyclones is performed,
is preliminarily determined. Also, the minimum
position of the flap, which facilitates stable
feeding of the material into the pneumatic feed-
er-diverter, is pre-determined. After that, three
intermediate positions were marked between
the minimum and maximum positions, which
together made five variants of material load on
cyclones.

The experiment was conducted in three rep-
etitions at five positions of the charging hopper
slide. Before each repetition, the initial mass of
material (about 11 kg) was weighed. To deter-
mine the material load on the cyclone, the time
from the beginning of the flap opening to the
full passage of crushed grain in the pneumatic
conveying system was measured.

The total cyclone capture factor 1 is chosen
as the separation efficiency criterion. Since the
feed material is represented by four fractions, 1
is determined by the formula

n=1l-nyem*n;°*n,,

where 1y, M,, N3, Ny — fractional capture coef-
ficients, respectively: more than 3 mm, 3 to 2
mm, 2 to 1 mm and less than 1 mm.

Capture coefficient n;, n,, 13, 14 1 character-
ized by the ratio of the number of actually cap-
tured particles M, ; to its amount in the initial
mixture M ;, is by the formula

T]l_4 = My—i/ Mo_i.

Before each repetition, the automobile filter
was disassembled, the filter element was blown
with compressed air and weighed, and after the
next experiment was repeatedly weighed to de-
termine the mass of the extracted dust.

1"Useful model patent N 208117 U1 Russian Federation, IPC B04C 9/00, BO1D 45/12. Cyclone: N 2021106836: application.
15.03.2021: publ. 03.12.2021 / E.A. Pshenov, A.A. Mezenov, M.L. Vertey, A.A. Didenko, S.S. Bleskin, A.G. Khristenko; applicant
Federal State Budgetary Educational Institution of Higher Education "Novosibirsk State Agrarian University"
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RESULTS AND DISCUSSION

During the comparative tests the following
dependencies, presented in the graph (see Fig.
4) were received.

When processing the obtained results, it was
determined that the trapping coefficients n,, 1,
and n; for fractions over 3 mm, from 3 to 2 mm
and from 2 to 1 mm for all three cyclones are
equal to 1. Then the capture coefficient n, be-
comes determinative. Considering that at the
sieve analysis the weight of a sample was 100
g, the weight of a fraction less than 1 mm in the
pallet is a mass fraction of a component in a
mixture and makes 23.9 %, that corresponds to
M, = 2629 g of a flour dust in the initial mixture
with weight 11 kg.

According to the research data, the cyclone
unloader CR showed practically stable opera-
tion in the studied range of material feeding.
An increase in efficiency was noted at a mate-
rial load of 0.16 kg/s, the mass of dust carried
out was 0.66 g, which corresponds ton =1, =
0.99975.

Cyclone SNT showed the best results at low
concentrations of material (0.026 kg / s) - 0.74
g (m=0.99972). However, as the material flow
rate increased, the dust mass carried into the
outlet nozzle also increased and reached 4.33
g (M =0.99835) at 0.32 kg/s. This indicates that
its design can be attributed to the dust collec-
tors, operating at low dust concentrations.

The proposed two-stage cyclone, on the con-
trary, at low concentrations showed the worst
results (about 1.7 g) of the dust discharged into
the outlet nozzle (n = 0.99935), and as the load
increases, it showed the best results in the re-
maining range as compared with the tested
samples. At 0.33 kg/s, the mass of the dust dis-
charged was 0.92 g (n = 0.99965), which was
32% less than the nearest counterpart of the cy-
clone unloader CR 1.36 g (n = 0.99948) under
the same initial conditions.

CONCLUSIONS

1. According to the results of the analysis of
ways to improve centrifugal dust collectors, the

5
4
1))
=y
£3
2 1,7
£ 2,03
z 2 "=
A -
1 s = ?‘f
0,66
0 0,37
0,15 0,2 0,25 0,3 0,35

Feeding (gq), kg/s
4CD MNSNT APatent

Puc. 4. PC3YJ'IBTaTI:I CPpaBHUTCJIbHBIX HUCIBITAHUHN ITUKIOHOB:

md — Macca MbIJIH, OCTaBIIeHCs Ha (pUIIbTpe; ¢ — Iojada Marepuasa B IIUKIIOH;
[TareHT — IpeI0KEHHOE KOHCTPYKTOPCKOE PEIICHHE IIUKIIOHA.

Fig. 4. Results of the comparative cyclone tests:

md — mass of the dust remaining on the filter; ¢ — feeding the material into the cyclone;

Patent — the proposed cyclone design solution.
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direction associated with the installation of ad-
ditional swirlers in the cyclone outlet pipe to
increase the twist of the flow and increase the
degree of gas purification from fine particles is
highlighted.

2. Based on the analysis of modern cyclone
designs, a technical solution in the form of a
two-stage cyclone to improve the efficiency of
a mini feed mill has been developed.

3. It has been experimentally established
that the proposed design of the two-stage cy-
clone should be attributed to cyclones discharg-
ers operating at high concentrations of material.

4. In the investigated range (from 0.026 to
0.33 kg/s) in terms of the transported materi-
al, the efficiency of the two-stage cyclone was
higher than that of commercially available cy-
clones of CR unloaders (n = 0.9998-0.99965).

Thus, further research will be aimed at deter-
mining the hydraulic resistance of the cyclone,
as well as determining the rational design-mode
parameters of the cyclone under development.
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(<D Ep:xkedaesa P.C., AGexoBa A.M., Basbuiosa T.A., Macumrasuesa A.C.,
Mepeena T./I., Koxxaxmeros K.K., bacraybaesa I11.0., Casimoa H./I.
Kazaxckuii nayuno-uccredosamensbckuii uHCmumym 3emueoenus U pacmeHue8o0cmed

AnmaruHckast o0nacThb, moc. Anmaieidak, Pecniyonvka Kazaxcran
(<) e-mail: raushan_2008@mail.ru

M3yyens! 17 UHTPOrpeCCUBHBIX JIUHUNA U COPTOB O3UMOM MIIEHUIBI U 2 JMHUMA O3UMOM TPUTHKAIEC
(xomneximst Kazaxckoro Hay4HO-HCCIIEIOBAaTENBCKOTO MHCTUTYTA 3eMIICICINS U PACTEHUEBOICTBA) IS
OIPEZIENICHNST BO3MOXXHOCTH X IIPUMEHEHHS B OPIraHUUECKOM 3emiienennu. VcenenoBanus IpoBeIcHbI B
2021, 2022 rr. B mpeAropHo# 30He Foro-Boctoka Pecryonmky Kasaxcran Ha 6a3e Hay4HO-TIONEBOTO CTaIH-
oHapa Kazaxckoro Hay4HO-HCCIIE0BATENBCKOTO HHCTUTYTA 3eMJICIENNS 1 PACTCHUEBOACTBA. AHAIN3 HA
colepKaHue T'eHeTUUECKH MOAU(DUIIMPOBAHHBIX MCTOYHHUKOB TOKa3all OTCYTCTBUE B MPOOAX PEryisTop-
HbIX AneMeHToB 35S 1 NOS. Ocymectsiennast meroom [P JIHK-nnerTrdukams ¢ nensro ooHapyke-
HUS 9P ()EeKTUBHBIX TEHOB Oypoii, cTeOneBoi 1 skenToit pyxaBanHbl (Lr9, Lr26/Sr31/Yr9, Lr34/Yri8/Sr57,
Lr35/5r39, Sr2, Sr36) mo3Bomnmia BeIIETHUTH YeThipe oOpasia (1633-40, 1675-170, 1723-11, 2041-7) ¢ nien-
HbIMH TeHaMu Lr34/Yr18/S5r57/Pm38 w omun obpazer (1127-7) ¢ reramu Lr26/Sr31/Yr9/PmS. @uronaro-
JIOTMYECKast OLICHKAa YCTOMYMBOCTH 3€PHOBBIX KYJIBTYP BBIIOJIHEHA HA €CTECTBEHHOM (DOHE IO COOTBET-
CTBYIOIIIMM IITKAJIaM y4eTa IIOPaKEHHOCTH PAaCTeHUIA Oypoii CTeOIeBOi 1 )KENTON prkaBIrHON. B pesyrsra-
Te OOHAPYKEHBI IEBATH YCTONUHMBBIX K JIByM BH/IAM PYKABIMHBI (Oypast ¥ KeITast) 00pasIoB C TUITOM PEaKIHH
R n HyneBsM iporierTOM nopaxkenust (1127-7, 1675-170, 1676, 2005-13, 2041-13, 2046-1, KZ231, T-409-1,
T-989-1). CrelmeBas pskaBurHa B TO/IBI ICCIIEOBaHMI He OblTa 3aukcrpoBaHa. OrieHKa KadecTBa 3epHa
IpoBe/ieHa Ha OCHOBaHMM TpeboBanmii cootBeTcTBytommX ['OCTOB 10 creyronmM napameTpam: Hary-
pa 3epHa, CTEKIIOBUIHOCTb, COACP)KaHHE IIPOTEHHA U KJICHKOBHUHBI, KA4ECTBO KIICHKOBHUHBL. YCTAHOBIICHO,
YTO BCE paccMaTpyUBacMble 00pa3Libl 10 MOKA3aTeNsIM CTEKJIOBUAHOCTH U COACPKAaHUIO KICHKOBHUHBI CO-
OTBETCTBYIOT KJIacCy CHJIBHBIX MIICHHUI. BbleneHsl 00pasiibl ¢ BBICOKMMHU HOKA3aTe/sIMU HaTyphl 3epHa
(=800 r/m; 1674-27, 1675-149, 1675-170), coneprkanus Oenka (= 16%; 2041-13, 2005-13, 2041-7, 1716-
24,1675-149, 1127-7, 1633-31, 1717-27, KZ231), kadecTBa 1 KommuecTBa KiehkoBuHsl (1127-7, KZ231).
[o nToram KOMIIJIEKCHO#H OIIEHKH OTMeueHsI 1B JiuanH (1127-7, KZ231), mpoaeMOHCTpUpOBaBIIIHE XOpo-
LIy} YCTOWYMBOCTD K IBYM BUJIaM PKaBUMHBI M BBICOKOE Ka4eCTBO 3epHa. J[aHHbIC JIMHIN PEKOMEHI0Ba-
HBI JJI51 NCTIONIb30BAHMS B OPraHUYECKOM 3€MJICIICIINH.

Ki1ro4eBble c10Ba: MHTPOrPECCUBHBIC JIMHUM MIIEHULIBI, TEHETUUECKH MOAN(UIIMPOBAHHbIE HC-
TOYHWKH, KaYeCTBO 3€pHA, YCTOHUNBOCTH K Oone3nsM, JJHK-unentndukanms
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17 introgressive lines and varieties of winter wheat and 2 lines of winter triticale (collection of
the Kazakh Research Institute of Agriculture and Plant Growing) were studied to determine the
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possibility of their use in organic farming. The studies were conducted in 2021-2022 in the foothill
zone of the south-east of the Republic of Kazakhstan on the basis of the research field stationary of
the Kazakh Research Institute of Agriculture and Plant Growing. Analysis for genetically modified
sources showed the absence of 35S and NOS regulatory elements in the samples. DNA identifica-
tion by PCR to detect effective brown, stem and yellow rust genes (Lr9, Lr26/Sr31/Yr9, Lr34/YriS/
Sr57, Lr35/5r39, Sr2, Sr36) made it possible to identify 4 samples (1633-40, 1675-170, 1723-11,
2041-7) with valuable Lr34/Yri8/Sr57/Pm38 genes and 1 sample (1127-7) with Lr26/Sr31/Yr9/Pm8
genes. Phytopathological assessment of the resistance of cereal crops was carried out on the natural
background using the appropriate scales of recording the infestation of plants by brown stem rust
and yellow rust. As a result, 9 samples resistant to 2 types of rust (brown and yellow) with reaction
type R and zero percent were found (1127-7, 1675-170, 1676, 2005-13, 2041-13, 2046-1, KZ231,
T-409-1, T-989-1). Stem rust in the years of research was not recorded. Grain quality assessment was
carried out on the basis of the requirements of relevant GOSTs on the following parameters: grain
nature, vitreousness, protein and gluten content, gluten quality. It was found that all the samples
under consideration in terms of vitreousness and gluten content correspond to the class of strong
wheat. Samples with high grain natures (>800 g/I; 1674-27, 1675-149, 1675-170), protein content
(>16%; 2041-13, 2005-13, 2041-7, 1716-24, 1675-149, 1127-7, 1633-31, 1717-27, KZ231), quality
and quantity of gluten (1127-7, KZ231) were selected. According to the results of comprehensive
evaluation, 2 lines (1127-7, KZ231), which showed good resistance to 2 types of rust and high grain
quality, were noted. These lines are recommended for use in organic farming.

Keywords: introgressive wheat lines, genetically modified sources (GMS), grain quality, disease
resistance, DNA identification
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INTRODUCTION duction of wheat grain is one of the important
Wheat is a strategically important grain directions of food security of the country. It

crop in Kazakhstan. The area of its cultivation is actively useq f01.r food, fodder anfi technj—
in the country in 2021 amounted to 12,863.8 cal purposes. High involvement of this crop in

thousand hectares'. Stable increase in the pro- the production process, vast areas under crops,

'Agency for Strategic Planning and Reforms Bureau of National Statistics of the Republic of Kazakhstan: official website
URL: https://stat.gov.kz/
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Selection of introgressive wheat and triticale lines
for grain quality and resistance to diseases
for use in organic farming

Yerzhebaeva R.S., Abekova A.M., Bazylova T.A.,
Massimgaziyeva A.S., Mereyeva T.D., Kozhakhmetov K.K.,
Bastaubayeva Sh.O., Slyamova N.D.

and a significant share in the human diet make
the problem of organic wheat production very
urgent. Such properties of wheat as high nutri-
tive value, taste, resistance to diseases, and eco-
logical plasticity are important. Since most of
the modern varieties are bred for conventional
farming, supporters of organic farming have to
look for or even create their own varieties that
work well in organic systems? [1].

The stock of soft wheat genetic material
controlling resistance to the effects of harmful
factors is currently almost exhausted. Limita-
tion of gene diversity creates conditions favor-
able for disease development, which is one of
the limiting factors of the breeding work® [2,
3]. The richest reserve of genetic diversity is
represented in the gene pool of wild species
and relatives of wheat. Many of them have
been successfully used to transfer useful traits
(disease resistance, drought and salt tolerance,
winter hardiness, high protein content) to soft
and hard wheat*. The effectiveness of introduc-
ing high disease resistance from wild relatives
has been proven by a number of researchers [4,
5]. Wheat lines and varieties with good disease
resistance are valuable material for organic
farming due to the ban on the use of pesticides,
synthetic mineral fertilizers, growth regulators
and genetically modified organisms (GMOs).

A unique constant material of winter
and spring wheat with 7. militinae Zhuk., T.
timopheevii Zhuk., T. kiharae Dorof. et Mi-
gusch., Ae. cylindrical L., Ae. triaristata Willd
[6], which can be tested in organic agriculture,
was created in the Kazakh Research Institute of

Agriculture and Crop Production (KazNIIZiR).

The purpose of the study is to investigate
winter wheat and triticale introgressive lines in
terms of grain quality, disease resistance, lack
of genetic modification for use in organic farm-
ing.

MATERIAL AND METHODS

he material for the experiment was a collec-
tion of 17 introgressive lines and varieties of
winter wheat and 2 winter triticale lines selected
by KazNIIZiR specialists. Isogenic wheat lines
carrying genes Lr9, Lr26, Lr34, Lr35, Sr36,
Sr39, Sr2 obtained from the Laboratory of Plant
Immunity and Protection of KazNIIZiR (CIM-
MYT material) were used as positive control
for PCR-identification.

Experiments on phytopathological assess-
ment of the collection of introgressive wheat
and triticale lines for resistance to fungal dis-
eases were carried out in 2021, 2022 in the nat-
ural background of the research field stations
of KazNIIZiR, located in the piedmont zone of
the Almaty region (43°N, 77°E, 740 m above
sea level).

Resistance to the stem rust pathogen was
assessed according to the Stakman and Levine
scale’, leaf rust according to the Maines and
Jackson scale®, and yellow rust according to
the Gassner and Streib scale’. Degree of lesion
was determined according to Peterson scale®.
Susceptible wheat varieties Saratovskaya 29
and Morocco were used as a standard. Count-
ing was performed from the moment of disease

2Chudinov V.A., Savin T.V., Kozhakhmetov K.K., Abugalieva A.1. Disease-resistant dihaploid and itrogressive wheat lines for
organic agriculture // Proceedings of the All-Russian Scientific Conference with international participation and school of young

scientists. Irkutsk, 2018. pp. 1008-1011.

3Rsaliev Sh.S., Koyshybaev M K., Morgunov A.L., Kolmer D. Analysis of the composition of the stem and leaf rust of wheat
in Kazakhstan // Modern Problems of Plant Protection and Quarantine: Collection of articles of the Int. scientific-practical conf.

Almaty, 2005. pp. 267-272.

*Davoyan R.O. Using the gene pool of wild relatives in the improvement of soft wheat (7riticum aestivum L.): extended

abstract of candidate’s thesis in Biology. Krasnodar, 2003. 50 p.

3Stakman E.C., Stewart D.M., Loegering W.Q. Identification of physiologic races of Puccinia graminis var. tritici (U.S. Dep.

Agric. Agric. Res. Serv. E-617). Washington, 1962. 154 p.

®Mains E.B., Jackson H.C. Physiologic specialization in the leaf rust of wheat Puccinia tritici Erikss. / Phytopath. 1926. Vol.

16.N 1. pp. 89-120.

"Gassner G., Straib W. Die bestimmung der biologischen rassen des weizengelbrostes (Puccinia glumarum f. sp. tritici
(Schmidt.) Erikss. und Henn.) // Arbeiten der Biologischen Reichsanstalt fiir Land und Forstwirtschaft. Berlin, 1932. Bd. 20. pp.

141-163.

8Peterson R.F., Campbell A.B., Hannah A.E. A diagrammatic scale for estimating rust intensity on leaves and stems of cereals

// Canadian Journal of Research. 1948. Vol. 26. N 5. pp. 496-500.
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appearance every 10 days until the phase of
milky-wax ripeness of grain.

Genomic DNA was isolated from the 2nd
leaf of 11-12-day-old triticale seedlings using
the S.L. Delaporta method’.

Analysis of the content of genetically modi-
fied sources (GMI) was carried out according
to ST RK1346-2005'". Polymerase chain reac-
tion (PCR) method was used to detect targets
- 35S promoter (from cauliflower mosaic virus
(CaMV 358)), NOS terminator (from Agrobac-
terium tumefaciens). Certified standard soybean
samples were used as positive (ERM-BF410ep)
and negative (ERM-BF410ap) controls (refer-
ence samples).

Identification of resistance gene -carriers
was also performed by the PCR method. The
analysis was performed in an "Eppendorf Mas-
tercycler pro" amplifier (Germany). Molecular
markers to the genes Lr9 12, Lr26/Sr31/Yr9/
Pm8 314 Lr34/Yri8/Sr57/Pm38 ', Lr35/Sr39
16171, Sr2 7 [8], Sr36 '* were used. Reaction
medium for PCR amplification consisted of the
following: 2 ul (50 ng) of the tested DNA, 2
ul of the reaction buffer (10 x TagBuffer), 1 ul
dNTP (4 mM), a mixture of four dNTPs, 250
uM each of two primers, 2 pl (25 mM) MgCI2,

0.5 pl (5u/pl) Tag polymerase (Biosan Ltd. No-
vosibirsk, Russia), 10.7 ul of sterile nuclease-
free water (Biotechnology Grade).

Amplification products were separated in
1.5-2.0% agarose gels (Sigma Life Science,
USA) and 8% acrylamide gel (Sigma Life Sci-
ence, China) stained with ethidium bromide.
Amplification products were visualized in a
gel-documentation chamber (QUANTUMST
4, France). DNA markers Step50 plus and
Stepl100 (Biolabmix LLC, Novosibirsk, Rus-
sia) were used as molecular weight markers.

Samples from the harvests of 2020 and 2021
were used to analyze grain quality. Grain body
was evaluated according to GOST 10840-64 '°,
vitreousness - according to GOST 10987-76%.

Protein content was determined by the Kjel-
dahl method according to GOST 10846-912'.
Evaluation of the quantity and quality of glu-
ten in the flour was carried out in the laboratory
according to GOST 27839-2013%%. For gluten
washing the MOK-1 system was used, for qual-
ity assessment the IDK-4M device (gluten de-
formation meter) was applied. Mean value (X)
and standard deviation (o) were calculated us-
ing the Microsoft Office Excel program.

°Delaporta S.L., Wood J., Hicks J.B. A plant DNA minipreparation. Version II // Plant Molecular Biology Reporter. 1983. Vol.

4. pp. 19-21.

GOST RK1346-2005 (GOST R 52173-2003). The method of identification of genetically modified sources (GMI) of plant

origin. Astana, 2006.

Schachermayer G., Siedler H., Gale M.D. Identification and localization of molecular markers linked to the Lr9 leaf rust
resistance gene of wheat // Theoretical and Applied Genetics. 1994. Vol. 88. pp. 110-115.

2Gupta S.K., Charpe A., Koul S., Prabhu K.V., Haq Q.M. Development and validation of molecular markers linked to an Ae-
gilops umbellulata-derived leaf-rust-resistance gene, Lr9, for marker-assisted selection in bread wheat // Genome. 2005. Vol. 48.

N 5. pp. 823-830.

BMago R., Spielmeyer W., Lawrence G.J., Lagudah E.S., Ellis J.G., Pryor A. 1dentification and mapping markers linked to
rust resistence genes located on chromosome 1RS of rye using wheat-rye translocation lines // Theoretical and Applied Genetics.

2002. Vol. 104. P. 1317-1324.

“Mago R., Miah H., Lawrence G.J., Wellings C.R., Spielmeyer W., Bariana H.S., McIntosh R.A., Pryor A.J., Ellis J.G. High-
resolution mapping and mutation analysis separate the rust resistance genes Sr3/, Lr26 and Yr9 on the short arm of rye chromo-
some 1 // Theoretical and Applied Genetics. 2005. Vol. 112. pp. 41-50.

BSLagudah E.S., McFadden H., Singh R.P., Huerta-Espino J., Bariana H.S., Spielmeyer W. Molecular genetic characterisation
of the Lr34/Yr18 slow rusting resistance gene region in wheat / Theoretical and Applied Genetics. 2006. Vol. 114. pp. 21-30.

%Gold J., Harder D., Townley-Smith F., Aung T., Procunier J. Development of a molecular marker for rust resistance genes
S739 and Lr35 in wheat breeding lines // Electronic Journal Biotechnology. 1999. Vol. 2. N 1. pp. 35-40.

YHayden M.J., Kuchel H., Chalmers K.J. Sequence tagged microsatellites for the Xgwm533 locus provide new diagnostic
markers to select for the presence of stem rust resistance gene Sr2 in bread wheat (7riticum aestivum L.) // Theoretical and Applied

Genetics. 2004. Vol. 109. pp. 1641-1647.

BHayden M.J., Sharp PJ. Sequence-tagged microsatellite profiling (STMP): a rapid technique for developing SSR markers //

Nucleic Acids Research. 2001. Vol. 29. p. 43.

YGOST 10840-64. Grain. Methods of determination of natures. Moscow: Standardinform, 2009.

2GOST 10987-76. Grain. Methods of determination of vitreousness. Moscow: Standartinform, 2009.

2IGOST 10846-91. Grain and products of its processing. Method for determination of protein. Moscow: Standartinform, 2009.
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RESULTS AND DISCUSSION

GMO Identification. In order to confirm that
the samples in question do not contain GMOs,
a PCR-analysis for GMI content (according to
ST RK1346-2005) was carried out. This meth-
od aims to detect regulatory elements that are
the most commonly used in genetically engi-
neered constructs: 35S promoter of caulifiower
mosaic virus (CaMV 35S) and NOS terminator
(from Agrobacterium tumefaciens). PCR iden-
tification showed that characteristic fragments
of 195 bp for 35S and 190 bp for NOS were
not found in any of the samples studied. The
presence of at least one of them suggests the
presence of a gene-modified insertion. Am-
plification of the 35S and NOS fragments oc-
curred only with HMI-containing products in
the reference samples. The results of the HMI
identification by PCR in the examination of 19
samples are shown in the table. Figure 1 shows
the data of the PCR-analysis of nine samples.

Identification of valuable fungal disease re-
sistance genes. Molecular analysis using PCR
method for detection of effective leaf (Lr-), stem
(Sr-) and yellow (Y7-) rust genes (Lr9, Lr26/
Sr31/Yr9, Lr34/Yri8/ Sr57, Lr35/Sr39, Lr34,
Sr2, Sr36) in 17 introgressive winter wheat
lines and two triticale lines was performed.

Two markers, J13 and SCS5, were used in
the PCR analysis for the detection of Lr9 car-

195 bp 35S

200 bp

M 1 2 3 4 5 6 7 8 9

200 bp

riers. It was found that amplification of the ex-
pected fragments with lengths of 1100 and 550
bp, respectively, was detected only in the posi-
tive control Phyton Lr9.

Lr26/Sr31/Yr9/Pm8 genes responsible for
resistance to leaf rust, stem rust, yellow rust,
and powdery mildew, respectively, are located
on the short arm of chromosome 1 of rye and
are closely linked to each other. These genes in
the wheat-rye translocations 1BL.RS (Petkus),
1AL.1RS (Insave), IBL.RS and 1DL.IRS (Im-
perial) were successfully transferred to the cul-
tivars and lines of Triticum aestivum L. DNA
identification using Iag95 and P6M12 markers
was performed to check their presence in the
studied samples. Pamirskaya rye variety was
used as a positive control sample. The results
of the PCR-analysis with the marker P6M12
revealed the presence of 260 and 360-bp frag-
ments in five introgressive wheat lines (1127-
7, 1633-31, 1676, 1717-27, 2005-13) and one
triticale line (T-409-1) (see Fig. 2, a). Ampli-
fication of a 1,050-bp long fragment with the
Iag95 marker was recorded only for line 1127-
7. Analysis based on the two markers made it
possible to identify line 1127-7 as a carrier of
Lr26/Sr31/Yr9/Pm8. The other five lines are
carriers only of the Lr26 gene (see the table).

To detect the presence of Lr35/5r39 genes
in the studied wheat and triticale lines, a PCR

180 bp NOS

M 12 3 45 6 7 89

Puc. 1. Pe3ynbraTsl naeHTU(GUKAIINNA PETYIATOPHBIX MeMeHTOB 35S 1 NOS y 00pa3iioB HHTPOTPECCHB-

HBIX JIMTHUH 03UMOM MILIEHUIIBI U TPUTHUKAJIE:
a — ¢ MapkepoMm Ha 35S; 6 — ¢ mapkepom Ha NOS

M — IHK-mapxep Step50 plus (1500 1. H.); 1 — cranpapthbii oopazerr ERMBF410ap (orpuiiaresibHblil KOHTPOIb);
2 — crangaptHbiil 00paszer;y ERM-BF410ep (monoxurensHblil KOHTPOIb); 3 — xonocTast npoda (H,0); 4 — 1716-24;
5-1717-27; 6 — 1723-11; 7—2005-13; 8 —2041-7; 9 — 2041-13

Fig. 1. Results of identification of regulatory elements 35S and NOS in accessions of introgressive lines
of winter wheat and triticale:

a — with a marker at 35S; 6 — with a marker on NOS

M — DNA marker Step50 plus (1500 bp); 1 — Standard sample ERMBF410ap (negative control); 2 — Standard sample
ERM-BF410ep (positive control); 3 — Blank sample (H,0); 4 — 1716-24; 5 — 1717-27; 6 — 1723-11; 7 — 2005-13;
8§—-2041-7;9-2041-13
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analysis using two markers, Sr39, BE500705
(marker for the absence of the gene) was per-
formed. Isogenic wheat line RL5711 Kerber
(with Sr39 gene) was used as a positive con-
trol. Analysis using the dominant SCAR mark-
er Sr39 showed that the amplification of the
expected fragment of 900 bp occurred only
in the DNA of the isogenic line RL5711 Ker-
ber; it was not detected in all other tested lines
(see Fig. 2, 6). The EST marker BE500705 is

a

MK+1 2 3 4 5 6 7 8 91011

500 bp.

200 bp

MK+ 1 2 3 45 6 7 8 910

300 bp
200 bp

a dominant marker that identifies a single 166
bp long band* also associated with the original
wheat segment (susceptible allele). Therefore,
this marker is used to confirm the absence of
the Lr35/5r39 genes. PCR analysis revealed
that a 290 bp fragment was present in all the di-
agnosed samples, but not 166 bp in length (see
Fig. 2, 6). Some authors [9] use exactly 290 bp
fragments to identify the absence of the allele
sought. Thus, based on the analysis with two

o
2 4 5 6 7 8 910

pes

MK+ 1 23 456 7 8 910

56 7 8 910

Puc. 2. lponyxrel ammmudukanun [JHK-00pa3moB HHTpOrpecCHBHBIX JTMHUH MIICHUIIBI U TPUTHKAJIE C
HCIIOJIb30BAHUEM MOJIEKYIISIPHBIX MapKEPOB:

a — uaentudukanns renos Lr26/Sr31/Yr9 ¢ mapkepom P6M12; 6 — npentudukanus reno Lr35/5r39 ¢ mapkepom
Sr39; ¢ — unenrudukamus reaoB Lr35/5r39 ¢ mapkepom BES00705; 2 — unentudukanus reaoB Lr34/Yri8/Sr57 ¢
MapkepoM csLV34; 0 — ngeatudukanus reHa Sr2 ¢ mapkepom CsSr2; e — unenTudukanus reaa Sr36 ¢ MapKepoM
Xstm773-2

M — mapkep MoneKkynsapHbIX BecoB Step50; K+ — monoxutensHsiit koHTpons; | — 1127-7; 2 — 1633-31; 3 — 1633-40;
4—-1674-27;5—-1675-149; 6 — 1675-170;, 7— 1676; 8 — 1716-23; 9 — 1716-24; 10 — 1717-27; 11 — 1723-11

Fig. 2. Products of DNA amplification of samples of introgressive lines of wheat and triticale using
molecular markers:

a — identification of the Lr26/Sr31/Yr9 gene with the POM12 marker; 6 — identification of the Lr35/Sr39 genes
with the Sr39 marker; ¢ — identification of the Lr35/Sr39 genes with the BE500705 marker; ¢ — identification
of the Lr34/Yri8/Sr57 genes with the csLV34 marker; 0 — identification of the Sr2 gene with the CsSr2 marker;
e — identification of the Sr36 gene with the marker Xstm773-2

M — molecular weight marker Step50; K+ — positive control; 1 — 1127-7; 2 — 1633-31; 3 — 1633-40; 4 — 1674-27;
5-1675-149; 6 — 1675-170; 7—1676; 8 — 1716-23; 9 — 1716-24; 10 — 1717-27; 11 — 1723-11

BURL: https://maswheat
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markers, the conclusion about the absence of
the sought-for alleles of Lr35/5r39 genes in the
introgressive lines of wheat and triticale.

Lr34/Yri8/Sr57/Pm38 genes were identi-
fied using the csLV34 marker. The NIL-Thatc-
her-Lr34-P158548 (RL6058) line was used as a
positive control sample. The presence of valu-
able Lr34/Yr18/Sr57/Pm38 genes was found in
the following synthetic wheat samples: 1633-
40, 1675-170, 1723-11, 2041-7 (see Fig. 2, ;
the Table).

To identify the carriers of the Sr2 gene, the
stem rust resistance gene, the CAPS marker
CsSr2 was used, which was developed based
on the Sr2 locus and detects three different Sr2
alleles with high accuracy. Pavon 76 line was
used as a positive control. PCR analysis using
the indicated marker showed that there was no
amplification in the 19 samples studied (see Fig.
2, 0; table). According to R. Mago et al. [8], a
"null allele" not related to Sr2 was detected. In
the control Pavon 76 line, after amplification,
the BspHI enzyme was cut and three fragments
(172, 112, and 53 bp) associated with the pres-
ence of Sr2 were recorded.

Identification of the stem rust resistance
gene Sr36 derived from Triticum timopheevii
was performed using the marker Xstm773-2.
An isogenic line with the Sr36W2691SrTt-1
gene C1 17385 was used as a positive control.
In the process of PCR-analysis of all the sam-
ples studied, it was found that the fragment of
155 bp length was present only in the positive
control sample (see Fig. 2, e).

Phytopathological assessment. A total of 17
introgressive winter wheat lines and two tritica-
le lines were evaluated for resistance to fungal
diseases, including brown and yellow rust. No
manifestation of stem rust was recorded. Ac-
cording to the results of the field assessment,
nine lines (1127-7, 1675-170, 1676, 2005-13,
2041-13, 2046-1, KZ231, T-409-1, T-989-1)
were highly resistant to the leaf rust (no symp-
toms of the disease) (see the table). One line
(1633-40) with a stable reaction type (R) was
assigned to the resistant group (lesion up to 5%).
Moderate resistance (lesion up to 10%, reaction
type R) was characterized by two specimens
- 1633-31 and 1717-27. Moderate susceptibil-

ity (15-30% lesion) was detected in five lines:
1674-27, 1675-149, 1723-11, 2041-7, Century
(reaction type MR). The other two samples had
medium susceptibility to leaf rust, their lesions
were 40-50%, MS reaction type.

All lines except 1716-23 and Vek showed
high resistance to yellow rust under field condi-
tions (no symptoms of lesions).

Thus, as a result of screening for resistance
to leaf rust and yellow rust, nine samples (1127-
7, 1675-170, 1676, 2005-13, 2041-13, 2046-1,
KZ231, T-409-1, T-989-1) were noted, which
can be recommended for use in organic farming.

Grain and flour quality. Grain quality of the
introgressive winter wheat and winter triticale
lines was evaluated by grain nature, vitreous-
ness, protein content, gluten, gluten quality and
sedimentation.

Studies in 2020, 2021 showed that the
samples under study had natures ranging from
690-825 g/l. Most of the collection is classi-
fied as strong wheat (not less than 750 g/l) (see
the table). Specimens with high grain nature
(> 800 g/1) are marked out: 1674-27 (825 g/l),
1675-149 (815 g/), 1675-170 (807 g/1).

Grain vitreousness values ranged from 63-
83%, therefore, all introgressive wheat lines
were classified as strong wheat (= 60%) (see
table).

The real value of grain largely depends on
its protein content [10]. The total amount of
protein in the grain of wheat (on average 12.0-
14.0% of grain weight) and its wild relatives
can vary within a very wide range - from 9.8
to 30.2% and more, depending on the genotype
and growing conditions [11]. There are seven
classes of soft wheat according to the protein
content: strong (excellent - 16.0%; good -
15.0%; satisfactory - 14.0%), valuable (13.0%),
filler (good - 12.0%; satisfactory - 11.0%) and
weak (8.0%). Introgressive lines obtained by
distant hybridization had very high protein con-
tent - in the range of 13.6-19.0%. Of these, nine
meet the parameters of strong wheat of the Ist
class - excellent improveers (> 16.0%): 2041-
13 (19.0%), 2005-13 (17.3%), 2041-7 (17.3%),
1716-24 (17.0%), 1675-149 (16.4%), 1127-7
(16.3%), 1633-31 (16.3%), 1717-27 (16.1%),
KZ231 (16.0%) (see the table).
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Wheat flour gluten is a mass of protein, jelly,
which can swell by absorbing water, increase in
volume, turn into an elastic formation capable
of stretching and springing like rubber. There
are seven classes of wheat according to gluten
content: strong - improving (excellent - 32.0%;
good - 30.0%; satisfactory - 28.0%), valuable
(25.0%), filler (good - 24.0%; satisfactory -
22.0%), weak (15.0%) [6].

The results of estimation of gluten content
in flour of introgressive winter wheat and triti-
cale lines showed that the average values are
within 30,0-49,7% and all the lines under con-
sideration correspond to strong wheat class -
excellent improveers (> 32,0%) (see the table).
The highest values were found in the follow-
ing lines: 1633-31 (49.4%), 2005-13 (49.6%),
2041-13 (49.0%), 2041-7 (49.3%), 1675-149
(47.7%), 1716-24 (47.0%), 1633-40 (47.0%).

The accepted ranking (FDM units) was used
to evaluate the quality of gluten: 45-75 - strong;
40 and 85 - valuable; 35-20 and 90-100 - filler;
105-120 - weak. The quality of gluten in the
introgressive lines varies considerably: from
80 to 120 FDM units. There were lines 1127-
7 (80,0 FDM units) and KZ231 (82,5 units) of
the introgressive lines with indices correspond-
ing to the class of valuable wheat. Lines 1675-
170 (91,6 units), 1674-27 (92,5 units), 1717-
27 (95,0 units), T-409-1 (95,0 units), 1716-24
(95,0 units) were referred to fillers (see table).

CONCLUSION

PCR-identification of the 17 introgressive
winter wheat lines and varieties and 2 triticale
lines for the detection of 35S and NOS regula-
tory elements, which are most commonly used
in genetically engineered constructs, showed
their absence.

According to the results of the DNA identifi-
cation for the detection of effective genes of leaf
(Lr-), stem (Sr- ) and yellow rust (Yr- ) (Lr9,
Lr26/Sr31/Yr9, Lr34/Yri8/Sr57, Lr35/Sr39,
Lr34, Sr2, Sr36) from 19 introgressive winter
wheat and triticale lines, four samples (1633-
40, 1675-170, 1723-11, 2041-7) with valuable
genes Lr34/ Yri8/Sr57/Pm38 and one sample
(1127-7) which is a carrier of Lr26/Sr31/ Yr9/
Pm8 genes were identified.

On the basis of studying 21 specimens for
resistance to rust on natural background, nine
specimens resistant to two types of rust (leaf
rust and yellow rust) with reaction type R and
absence of lesions (1127-7, 1675-170, 1676,
2005-13, 2041-13, 2046-1, KZ231, T-409-1,
T-989-1) were noted.

Evaluation of winter wheat and winter triti-
cale introgressive lines in terms of grain quality
parameters (naturalness, vitreousness, protein
content, gluten content, gluten quality and sedi-
mentation) allowed selecting two specimens
(1127-7, KZ231) with high indices correspond-
ing to strong wheat, and in terms of gluten qual-
ity - valuable wheat.

According to the results of the complex
evaluation, two lines (1127-7, KZ231), dis-
tinguished by significant resistance to the two
types of rust and high-quality grain. These lines
are recommended for use in organic farming.
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HHPABUJIA JIUISI ABTOPOB

IpaBuna a1 aBTOPOB COCTABIICHBI HA OCHOBE 3THYECKUX MPHHIINIOB, OOIHUX JUI WIEHOB HAYYHOTO COOOIIECTBA, U
TPaBUII MyOMMKAINH B MEKTyHAPOTHBIX U OTEIECTBEHHBIX HAYTIHBIX MEPHOJUICCKAX U3AHUAX, 4 TAKKE B COOTBETCTBHU
¢ TpeboBanusmMu BAK ni1s nepuoandecknux M3gaHUM, BKIIOUCHHBIX B [lepedeHb pOCCHHCKHUX PELEH3UPYEMBIX HAayUYHBIX
JKYPHAJIOB, B KOTOPBIX JOJDKHBI OBITH OIIyOINKOBAHbI OCHOBHBIE HAy4HBIE PE3YJIBTAThl JUCCEPTALUM Ha COUCKAHUE YIEHOH
CTENeHH JOKTOPA U KaHJHaTa HayK.

XKypnan myOnuKyeT OpuruHaIbHbIE CTAaThH M0 (YHIAMEHTAJIbHBIM U MIPUKIIAJHEIM IPOOIEMaM 10 HaIlPaBIICHUSIM:

e o0ree 3emiie/ieNine U PACTCHUEBOJICTRO;

°  CeJICKIIUS, CEMCHOBOJICTBO U OMOTEXHOJIOTHUS PACTCHHIA;

*  arpoxXMMHUsi, arporoYBOBE/ICHHE, 3AIUTA U KAPAHTUH PACTEHHIA;

*  KOPMOIIPOU3BOJICTBO;

*  HHQEKIMOHHBIE OOJIE3HH K UMMYHOJIOTHSI )KUBOTHBIX;

*  YacTHas 300TEXHHS, KOPMIICHHE, TEXHOJOTHH MPUTOTOBJICHUS KOPMOB U MPOU3BOJICTBA MPOAYKIHH KHUBOTHOBOJICTBA;
*  pa3BeJCHHUE, CEICKIIUs, TCHETHKA U OMOTEXHOJIOTHUS JKUBOTHBIX;

°  TEXHOJIOTHH, MAIIUHBI U 000PYI0BAaHHE JJISl arPONIPOMBIIIIIICHHOTO KOMILIEKCA;

*  IHIICBbIC CUCTEMBI.

Crarps, HampaBisieMas B pPEJaKLUWIO, JIOJDKHA  COOTBETCTBOBaTh  TEMAarH4YEeCKMM  pasfeiaM  JKypHaia
«Cubupckuil BECTHUK CEIbCKOXO35IHCTBEHHON HAYKI»:

llh/l(l)p U HAUMECHOBAaHHE Hay'—lHOﬁ CHeuaJbHOCTH B COOTBETCTBUH C HOMemmaTypoii

HaumeHoBaHne pyOpHuKH .
HAYYHBIX CNIeHHAJbHOCTEI, 10 KOTOPBIM NPHCYKIAIOTCSA YYeHbIe CTeNeHH

Semienenne U XuMu3aus 4.1.1. OOmee 3emieneniic U pacTCHHEBOACTBO
4.1.3. Arpoxumusi, arporo4BOBEICHNE, 3aIUTa U KApAaHTUH PACTCHUI

PacTeHneBONCTBO U CeNEeKIHS 4.1.1. OOmee 3emieneniic ¥ pacTCHHEBOACTBO
4.1.2. Cenekuusi, CECMEHOBOJCTBO U OMOTEXHOJIOTHS PACTCHUI

3amuTa pacteHuit 4.1.3. Arpoxumusi, arporo4BoBeICHUE, 3alIUTa U KAPAHTUH PACTCHUI

Kopmomnpon3zBoactso 4.1.1. OOmee 3emieneniic 1 pacTCHHEBOACTBO
4.1.2. Cenexiysi, CEMEHOBOJICTBO M OMOTEXHOJIOTHS PaCTeHUIT
4.1.3. Arpoxumusi, arpornoyBOBeICHNE, 3alUTa U KAPAHTUH PACTECHHH

300TeXHUS U BETEpUHAPUS 4.2.3. NudexkunoHHbie 60IE3HN K UMMYHOJIOTHSI )KHMBOTHBIX
4.2.4. YacTtHast 300T€XHHsI, KOPMJIEHUE, TEXHOJIOTUU TPUTOTOBIICHUSI KOPMOB U IPOU3BO/I-
CTBa MPOIYKIUH KHBOTHOBOJICTBA
4.2.5. Pa3BeneHue, CEIEKIHUs, TeHETUKA U OMOTEXHOJIOTUS KUBOTHBIX

Mexanuszanus, apromatuzanusi, 4.3.1. TexHomoruu, MamuHbl 1 000PYLOBaHUE ISl arPONIPOMBIIUIEHHOTO KOMITJIEKCa
MOJIeJIUpOBaHUe ¥ HH(OpMaLH-
OHHOE o0ecrieueHue

[epepaboTka cembCKOXO03sTii- 4.3.3. Ilumessie cUCTEMBbI
CTBEHHOW TPOYKI[HH

4.1.1. OOmee 3emieeniic 1 pacTCHHEBOACTBO

4.1.2. Cenekuusi, CCMEHOBOJCTBO U OMOTEXHOJIOTHS PACTCHUI

4.1.3. Arpoxumusi, arpornoyBOBECHNE, 3aIIUTA U KAPAHTUH PACTECHHH

4.2.3. NudexnmronHsie 00JI€3HN U HMMYHOJIOTHS )KUBOTHBIX

4.2.4. YacTHas 300TeXHUs, KOPMJIIEHHE, TEXHOJIOTHH MPUTOTOBICHHUS KOPMOB H IIPOHM3BOJI-
CTBa MPOIYKLUH KUBOTHOBOJICTBA

4.2.5. PasBenenue, ceJeKIysl, TEHETUKA U OMOTEXHOIOIUS KUBOTHBIX

4.3.1. TexHONOTWY, MAIIMHBI U 000PYIOBAaHKE JJIsl arPOITPOMBIIIICHHOTO KOMILIEKCa

4.3.3. TIumeBble CUCTEMBI

[Ipobnemsl. Cyxaenus
Hayunesle cBs3u

W3 ucropuu ceabcKoXo3sii-
CTBEHHON HayKH

Kparkue coobuienus

U3 muccepTaiioHHBIX paboT

B sxypHaie Takxke myOauKyTCst 0030pbl, KpaTKue COOOIICHNUS, XPOHUKA, PEIICH3UH, KHW)KHBIC 0003pPEHUS, MaTepHAIIbI
10 UCTOPHUH CEJIbCKOXO3HCTBEHHOW HAYKHU U JIEATEbHOCTU YUPEKICHUN U YUCHBIX.

Yuciio myOnukanuii OJHOTO aBTOpa B HOMEPE SKypHasla HE JOJDKHO INPEBBIIIATh IBYX, HPU 3TOM BTOpas CTAThs
JIOIyCTUMA JIUIIb B COABTOPCTBE.

K paccMOTpeHHIO MPUHUMAIOTCSI MaTepHajbl OT Pa3lHYHBIX KaTerOPH HCCleoBaTelNel, aClIMPaHTOB, TOKTOPAHTOB,
CIICIIHAJIMCTOB U OKCIIEPTOB B COOTBETCTBYIOMINX O0TACTAX 3HAHUI.

Bce crarbu pelieH3upyrOTCs U MMEIOT 3apeructprpoBaHHblil B cucteme CrossRef nanexc DOI.

[Ty6nukanuu Uit aBTOPOB GecIIaTHBI.

ITpu HampaBIeHUU CTATbU B PEAAKLMIO XKypHaIa « CHOUPCKUI BECTHUK CENbCKOXO3SIHCTBEHHON HAYKH» PEKOMEHAYEM
PYKOBOZCTBOBATbCS CIAEAYIOLMMU [IPABUIIAMU.
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PEKOMEHJALIMU ABTOPY J10 ITIOJAYUN CTATbU

IpencraBienue cratby B )KypHan « CHOUPCKUI BECTHHK CENIbCKOXO3IHCTBEHHON HAyKM») MOIPa3yMeBaeT, uTo:
e cTarbs paHee He ObuIa OIMyOIMKOBAaHA B IPYIOM >KypHAJIE;
*  CTarhs HE HAXOIUTCS HAa PACCMOTPEHUH B JPYTOM XKYypHaJe;
*  BCE COaBTOPHI COINIACHBI C IMyOJIMKALMEH TEKyIel BEpCUH CTaThH.

Iepen oTpaBKOil cTaThl HA PACCMOTPEHUE HEOOXOMUMO YOSIUThCs, 4To B (aiiie ((aiinax) comepurcs Besi He0OX0-
JMast HHGOpMaIHs Ha PyCCKOM M aHIIMHCKOM SI3bIKaX, YKa3aHbl HCTOYHHKH HH(POPMAIINH, Pa3MENICHHOH Ha PUCYHKAX U
B TaOIHIIaX, BCE CCHUTKU OQOPMIICHBI KOPPEKTHO.

HOPSIJIOK HATIPABJIEHUSI PYKOIIMCEM CTATEM

1. OtmpaBka cTaThy OCYIIECTBISIETCS Uepe3 AMEKTPOHHYIO PeaKInIo Ha caiite xypHaia https://sibvest.elpub.ru/jour/
index. [Tocne npenBapuTeNbHON PETHCTPALMK aBTOPA, B IPABOM BEPXHEM YINIy CTPAaHHIBI BEIOpaTh oniuio « OTHpaBUTh
PYKOIHCBY». 3aTeM 3arpy3uTh pyKomHch cTaThu (B Gopmare *.doc mim *.docx) u conmpoBOAUTENbHBIE JOKYMEHTHI K HEll.
[Mocxe 3aBepueHus 3arpy3Ku MaTepHaIoB 00s3aTeIbHO BEIOpaTh onuuio «OTIPaBUTh ITHCHMOY», B 3TOM CIIy4ae peJaKius
aBTOMaTHYeCKU OyJeT yBeJOMJICHA O MOTyYSHUH HOBOH PYKOTIHCH.

CompoBoIUTEIbHBIE JOKYMEHTHI K PYKOIIHCH CTaThH:

* CKaH-KOIMS MHChMa OT OPraHHM3alllM C MOATBEP)KACHHEM aBTOPCTBA M Pa3pelleHHEM Ha MyOnMKamuio (oOpaser Ha
http://sibvest.elpub.ru/);

°  CKaH-KOITMS aBTOPCKOM CITPaBKH TI0 MpejcTaBieHHon Gpopme (oOpaser Ha http://sibvest.elpub.ru/), B koTopoii 10KHO
OBITH BBIPAKEHO COIIACHE Ha OTKPBITOE OIYOJIMKOBAaHME CTAaThU B TIEYATHOM BapHaHTE >KypHAJIA U €ro dIEKTPOHHOH
KonuH B ceTu VHTEpHeT;

*  CKaH-KOIHS PYKOIMCH C MOAMHUCSIMH aBTOPOB. ABTOD, MOANHUCHIBAsI PYKOIMCH U HAIIPABIISS €€ B PENAKIHIO, TEM CAMBIM
TepeaeT aBTopcKue mpasa Ha u3nanue 31oi cratbt COHIIA PAH;

°  aHKEThl aBTOPOB HAa PYCCKOM U aHIIMHACKOM si3bIkax (oOpaserr Ha http://sibvest.elpub.ru/);

*  CKaH-KOIHS CIIPABKU M3 ACIUPAHTYPHI (U1 OYHBIX aCIIHPAHTOB).

2. Bce mocrynaromye B pPENaKIMIO0 PyKONUCH CTaTedl PErucTPUPYIOTCS 4€pe3 CHUCTEMY JJIEKTPOHHOM pelaKLMu.
B nuuHOM KabuHeTe aBTOpa OTPaXKaeTcsl TEKYIIUH CTaTyc PyKOICH.

3. Hepeuensupyemble MaTepuaibl (MaTepuaibl HAyYHOH XPOHUKH, PELEH3UHU, KHIDKHBIE 0003pEHUs], MaTepUabl 10
HCTOPUHU CEIbCKOXO3SIHCTBEHHOH HayKU U JeATEIbHOCTH YUPEXKICHUH U yUSHbIX) HaNpasiaioTcs Ha e-mail: sibvestnik@
sfsca.ru u perucTpUpyroTCst OTBETCTBEHHBIM CEKPETAPEM.

HOPAAOK O®OPMJIEHUSA CTATbU

Tekct pyxonucu opopmisiercs mpudrom Times New Roman, keriiem 14 ¢ unrepsainom 1,5, Bce mons 2,0 oM, Hymeparnus
crpanull BHu3y. OObeM crarbi He Oosee 15 cTpanun (BItouas TaOIULbl, WLTIOCTpaluy U 6ubauorpaduio); crareil, pas-
MelaeMbIX B pyopukax «M3 nucceprannoHHbIX pabot» u «Kparkue cooOleHus», — He 6oiiee 7 CTpaHuLL.

CrpykTypa odopmiIeHHs CTATbH:

1. VYIK
2. 3aro/i0BOK CTAaThbH HA PyCCKOM U aHIVIMIiCKOM fI3bIKaX (He Oosiee 70 3HAKOB).
3. ®aMuIuU U MHUIHAJbI ABTOPOB, 0JIHOE 0(pULHATBLHOE HA3BAHHE HAYYHOI0 yUpe:KIeHHsl, B KOTOPOM IIPO-

BeJleHbl HCCIeTOBAHUS HA PYCCKOM M AHIVIMIICKOM SI3bIKaX.

Ecin B moaroroBke craThbi NPUHUMANIN Y4acTHE aBTOPHI U3 Pa3HbIX YUPEXKICHHUH, HEOOXOIMMO yKa3aTh MPUHAIJIEK-
HOCTb KaXX/JIOTO aBTOPa K KOHKPETHOMY YUPEXK/CHHUIO C TOMOIILIO HaJCTPOUYHOIO MHEKCA.

4. Pedepar Ha pycckoM H aHIIHiicKoM si3bIkax. O0beM pedepara He menee 200-250 cios. Pedepar siBistercs
KpaTKUM M TOCJIE0BATEIbHBIM H3JI0KEHUEM Marepuana CTaTby 110 OCHOBHBIM pa3/ieliaM M JIOJDKEH OTpakaTb OCHOBHOE
coziepKaHKe, CIe0BaTh JIOTUKE M3JIOKEHHsI Marepraia 1 ONHUCAHUs Pe3yJIbTaToOB B CTAaThe C IPUBEACHUEM KOHKPETHBIX
naHHbIX. He cienyer BKiI04aTh BIiepBbIe BBEICHHbBIE TEPMHUHBL, a00peBHATYPhI (32 HCKITFOYEHUEM O0IIEU3BECTHBIX), CChLI-
KM Ha Juteparypy. B pedepare He ciienyer noqdepkuBaTh HOBU3HY, aKTyaJIbHOCTh M JIMYHBIA BKJIaJl aBTOPA; MECTO HCCIIe-
JIOBaHHsI HEOOXOMMO YKa3bIBaTh 710 00JacTH (Kpast), He YIIOMUHATh KOHKPETHbIE OPraHU3alllu.

5. KuiodeBble €10Ba HA PyCCKOM U AaHIVIMHCKOM fI3bIKaX. 5—7 CJIOB IO TeMe cTaTbu. JKenaresibHo, 4TOObI KiTtoue-
BbIE CJIOBA JIOMOJHSAIM pedepar u Ha3BaHUE CTAThU.

6. Hudopmanus 0 KOH(PJIUKTE HHTEPECOB JIM0O €ro OTCYTCTBUH. ABTOp 0053aH YBEJOMUTH PEIAKTOPa O peallb-
HOM WJTH TMOTEHIUATHLHOM KOH(IMKTE HHTEPECOB, BKIIOYUB HHPOPMALNIO O KOH(IUKTE HHTEPECOB B COOTBETCTBYIOLIMI
pasnen cratby. Eciin KOHQIMKTA HHTEPECOB HET, aBTOP JOJDKEH TAKKEe COOOIIUTE 00 ITOM.

Ipumep HOpMYITHPOBKH: «ABTOp 3asBISET 00 OTCYTCTBUHM KOH(IUKTA HHTEPECOBY.

7. baarogapHOCTH Ha PYCCKOM M aHIVIMHCKOM si3bIKaxX. B 3TOM pasjerne yka3bIBalOTCSl BCe MCTOYHUKH (PUHAHCH-
pOBaHUS UCCIIEIOBAHUS, a TAKXkKe OJ1aroJlapHOCTH JIFO/ISIM, KOTOPBIE Y4aCTBOBAIM B pabOTe HaJI CTaThel, HO HE SIBJISIOTCS e
aBTOPAMH.

8. OcHOBHOIi TekcT cTaTbu. [Ipy M30KEHUM OPUTHHAIIBHBIX IKCIIEPUMEHTAJIBHBIX JaHHBIX PEKOMEHIYETCsl MC-
I10JIb30BaTh MOA3ArOJIOBKU:

BBEJIEHME (nocranoBka npo0aeMsbl, e, 3aja41 UCCIIeIOBAHMS)

MATEPUAJ U METO/IbI (ycnoBusi, MeTozpl (METOIMKA) HCCIIEAOBAaHUHN, ONTUCaHNE 00BEKTa, MECTO U BPeMs Ipo-
BEJICHYISI )

PE3VYJIBTATBI U OBCYXKJIEHUE

3AKJIFOYEHME nnu BBIBO/IbBI
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CIIUCOK JIMTEPATYPbBI. KonmmuecTtBo ncToOUHUKOB HE MeHee 15. B cmmcok nurepaTypsl BKIFOYAIOTCS TOJBKO
peLeH3UpyeMble HCTOUHHKHU: CTaTbU M3 HAyYHBIX JKYpHAIOB U MoHOTpaduu. CamouutupoBanue He 6oree 10% ot obOmie-
ro Konm4ectBa. bubnuorpaduueckuii cnucok 1omKeH ObITh 0(OpMIICH B B/ OOIIEro CIKCKa B MOPSIKE YIOMUHAHUS B
TEKCTE, JKeJIaTeIbHbI CChIIKM Ha MICTOUHUKU 2—3-JIETHET0 CpoKa JaBHOCTH. IIpaBuiia opopMiIeHUs ClIMCKa JIUTEPATyphl — B
coorBercTBuu ¢ TOCT P 7.05-2008 (TpeboBanus 1 IpaBuiia COCTaBIeHUs Oubanorpaduaeckoil cehlikn). B Tekcre ceblika
Ha HCTOYHHMK OTMEUAETCs MOPSAKOBOM IIU(POIi B KBaApaTHBIX CKOOKax, Harpumep [ 1]. JIuteparypa B CriMcKe AaeTcs Ha TEX
sI3BIKAX, HA KOTOPBIX OHA W3/1aHa. B Oubiuorpaduyeckoe onrcanue myOiIuKaiuy HeoOX0MMO BHOCHTh BCEX aBTOPOB, HE
COKpaIlasi uX OJHUM, TpeMs U T.I. HeomycTuMo cokpaiieHie Ha3BaHui CTaTei, )KypHaJIOB, H3IaTeIbCTB.

Ecnu HeoOX0aMMO cocaThesi Ha aBTopedeparsl, AUCCepTalii, COOPHUKY CTaTel, yIeOHUKH, PEKOMEHAAINH, yIeOHbIe
nocobus, I'OCTsl, undopMaluio ¢ caiiToB, CTATUCTUYECKUE OTUETHI, CTAaTbU B OOLIECTBEHHO-IIOIUTUUECKHUX ra3eTax U
npouee, TO TaKkyto HH(GOpMAIMIO clienyeT 0pOPMUTH B CHOCKY B KOHLIE CTpaHUIBI. CHOCKH HyMEpYIOTCs apadckumu 1ud-
pamu, pa3MenaroTcs MOCTPAHNIHO CKBO3HOW HyMepaIuei.

Buumanue! Teopetnueckue, 0030pHbIE U IPOOIEMHBIE CTaTbH MOTYT UMETH IIPOU3BOJIBHYIO CTPYKTYPY, HO 00513aTelIb-
HO JIOJDKHBI COepKaTh pedepar, KIIFoUeBble CIIOBa, CIIUCOK JIUTEPaTyphI.

HNPUMEPBI O®OPMJIEHUS CIITUCKA JIUTEPATYPbBI, REFERENCES U CHOCOK

CIIMCOK JIMTEPATYPbI:

Monozpagusn

Knumosa 3.B. Tlonessie KynbTypsl 3a0alikanbs: MmoHorpagus. Yura: [Touck, 2001. 392 c.

Yacmb Knucu

Xonmos B.I” MunumanbHasi 00paboTKa KyJIMCHOTO Hapa MO sIPOBYIO IMIIEHUIY MPU MHTEHCH(UKAINK 3eMIIeACNs B
FOKHO# Jtecoctenu 3ananHoi Cubupu // PecypcocOeperaroiue ciucteMbl 00paboTku mouBbl. M.: Arponpomusaar, 1990.
C. 230-235.

Ilepuoouueckoe uzdanue

Haxyno A.JL, Jlanwunos H.A., boscanosa I'B., ITakyne B.H. TexHonoruueckyue KauecTsa 3epHa MIrKoi spoBoil mite-
HHUIBI B 3aBUCHMOCTH OT CHCTEMBbI 00paboTKH mouBbI // CHOMPCKUI BECTHHUK CENbCKOXO03sHcTBeHHOM Hayku. 2018. T. 48.
Ne 4. C. 27-35. DOI: 10.26898/0370-8799-2018-4-4.

REFERENCES:

CocraBinsieTcsi B TOM K€ MOPSIIKE, YTO U PYCCKOS3BIYHBIN BAPUAHT, IO CIETYIOMINM MPaBHIaM:

@amunnu W.0. aBTOPOB B YCTOSIBIIEMCSI CIIOCO0E TPAHCIUTEPAIIMH, aHTIION3BIYHOE HA3BAHUE CTAThH, MPAHCAUMEDPA-
Yusi HA36aHUSL PYCCKOAZBIYHO20 UCMOYHUKA (Hanpumep depe3 caum. https.//antropophob.ru/translit-bsi) = anenoaszviunoe
Hazearue ucmoynuka. Jlanee opopmiIeHre st MOHOrpadum: TOPO, aHIIOSA3BIYHOE Ha3BaHHUE W3/IATeIbCTBA, TOJI, KOJIHYe-
CTBO CTPaHUIL; JUTsl XKYpHaa: Toj, Homep, ctpanulibl). (In Russian).

Ipumep: Avtor A.A., Avtor B.B., Avtor C.C. Title of article.

TpancnuTepanus aBTOpOB. AHIIOA3BIYHOE HA3BAHUE CTATHU

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.

Tpancrumepayus ucmounuxa = Anenoa3viuHoe Ha3eanue UCMOYHUKA

Monozpagus

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

Yacme Knuzu

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture

in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990, pp.
230-235. (In Russian).

Ilepuoouueckoe uzoanue

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2018, vol. 48, no. 4, pp. 27-35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4.

CHOCKU:

Lutupyemslii TekcT'.

'Knumosa 3.B., Anopeesa O.T., Temnuxosa I'I1. TIyTu cTabUIM3aIiiu KOPMOTIpOU3BoACcTBa 3abaiikanbs // [IpobaeMsr 1
MIEPCTIEKTHBEI COBEPLICHCTBOBAHMS 30HAIBHBIX CHCTEM 3€MJIC/ICIIUS B COBPEMEHHBIX YCIOBHSX: MaTepHajbl Hayd.-TIPaKT.
koH(. (Yuta, 16—17 okts16pst 2008 r.). YUura, 2009. C. 36-39.

Hughposoii uoenmughuxamop Digital Object ldentifier — DOI (xorja OH €CTh y LUTHPYEMOIO MaTepHaa)
HEeoOXOIMMO yKa3bIBaTh B KOHIIE OMOINOrpaduuecKoil CChUIKH.

IIpumep:

Chu T., Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize
(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923.
Hanmuue DOI cratbu ciieyeT npoBepsiTh Ha caiite http://search.crossref.org/ wiu https://www.citethisforme.
com. J[J1st 5TOro Hy’KHO BBECTH B IOUCKOBYIO CTPOKY Ha3BAaHHE CTATHU Ha aHIIIHHCKOM SI3BIKE.

PUCYHKMU, TABJINLbI, CKPUHIHOTHI U ®OTOI'PA®OUN

PucyHk# TOIKHBI OBITH XOPOIIET0 KauecTBa, IPUTOJHbIC Ul NIeYaT. Bce pUCYHKH TOJDKHBI UMETh TIOPUCYHOYHBIE
noarmucy. [1oIprcyHOUHYIO MOAITUCH HEOOXOMUMO TEPEeBECTH Ha aHIIMHCKHN S3bIK. PHCYHKH HyMepyloTcsi apaOCKHMHU
mudpaMu 1o TOPSIKY CIeIOBaHuUs B TeKcTe. ECii prCyHOK B TEKCTE OUH, TO OH He HyMepyeTcs. OTCBUIKM Ha PHCYHKH
odopmitsiroTes cnenyronM oopasom: «Ha puc. 3 ykazaHo, 4to ...» win «YKaszaHo, uTo ... (cM. puc. 3)». [logpucyHouHas
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MIOAITUCH BKIIIOYAET ITOPSIKOBBI HOMEp PHCYHKa U ero Ha3BaHue. «Puc. 2. Onncanne KM3HEHHO BayKHBIX IPOIIECCOBY.
[epeBon moapHCyHOUHOH MOANUCH CIEAYET PACTIoNaraTb HOCie MOAPHCYHOUHON IONUCH Ha PYCCKOM SI3BIKE.

Tabauisl JOJKHBI OBITH XOPOLIEro KayecTBa, IPUTOAHbIC AU HedaTd. [IpennouTuTenbHbl TabnuIbl, TPUTOJHbIE JUIs
PEOaKTUPOBAHMUS, @ HE OTCKAHMPOBAHHBIC WM B BUJE PUCYHKOB. Bee TaOmuLbl JOIKHBEL HMETh 3aronoBku. Ha3paHue Ta-
OIUIBI TOMKHO OBITH EPEBENEHO Ha aHNIUMcKuil s3bIk. Tabnuubl HyMepyloTcsa apaOCKUMU LudpaMu 110 MOPSLIKY CIEN0-
BaHMs B TekcTe. Ecii Tabnuna B TekcTe oJjHa, TO OHA He HyMepyeTcst. OTCBUTKH Ha TaOIHIBI 0)OPMIISIOTCS CIIETYIONINM
obpaszom: «B Tabi. 3 ykazaHo, 4TO ...» HIH «YKa3aHO, 4TO ... (CM. TaOiI. 3)». 3arosoBOK TaOIHIbI BKIFOYAET TOPSIKO-
BBIil HOMEp TaOnuIbl U ee Ha3zBaHue: «Tabu. 2. OnrcaHue )KU3HEHHO BaXKHBIX MPOIieccoBy. [lepeBos 3aronoBka TaOIuIbl
ClIe[lyeT pacroararh 11ocje 3arojJoBka TaOIMIBI HA PYCCKOM S3bIKE.

dotorpaduu, CKPUHILIOTH! U JPYrHe HEPUCOBAHHBIE MILIIOCTPALMKY HEOOXOAUMO 3arpyaTh OTIEIbHO B Buje (dailioB
¢dopmara *.jpeg (*.doc u *.docx — B ciydae, eciu Ha M300paKEHNUE HAHECEHBI JOMOMHUTEIbHBIC TIOMETKH). Pa3perie-
HUE U300pakeHus T0IKHO ObITh >300 dpi. Paitiam n300paskeHU HEOOXOMMO PHUCBOUTH HAa3BaHKME, COOTBETCTBYHOIIECE
HOMEpY PUCYHKa B TekcTe. B omucanuu ¢aiina ciemyer OTAeIbHO MPUBECTH TOIPUCYHOUHYIO ITOIUCH, KOTOpAst JOJKHA
COOTBETCTBOBATh Ha3BaHUIO (GpoTorpaduu, MoMeIaeMoi B TEKCT.

Cnenyet oOpaTuTh BHUMaHKE Ha HanMcaHue GopMyIl B cTaThe. Bo n3bexxanue myTaHuIbl He0OOX0AUMO rpedeckue (o, f,
T U Ip.), pycckue (A, a, b, 6 u 1p.) OykBbI ¥ LuGpPbI MUCATH IPIMBIM IIPUGTOM, JIATUHCKUE — KypCUBHBIM (W, Z, m, n u 1p.).
Maremaruueckue 3HaKi ¥ CUMBOJIbI HYKHO ITHCaTh TakXKe MpsiMbIM mpudToM. HeoOXommMo 4eTKo yKa3bIBaTh BEPXHUE U
HIDKHHE HaJICTpOUHble cuMBoIbl (W', F) u ap.).

B3AUMOJENCTBUE MEXIY )KYPHAJIOM U ABTOPOM

Penmaknust mpocuT aBTOPOB MPH MOATOTOBKE CTaTel PyKOBOACTBOBATHCS M3JI0)KEHHBIMH BBIIIE TIPABUIIAMH.

Beenocrynarorue B xxypHas « CHOMPCKUI BECTHHK CEITbCKOX035HCTBEHHOM HAYKNY CTAThU TPOXO/ISAT PEABAPUTEIILHYIO
IIPOBEPKY HA COOTBETCTBHE (hOpMaIbHEIM TpeOOBaHUsIM. Ha 9TOM 3Tane pegakuus OCTaBiIseT 3a cOO0H Mpago:

* MPHUHATH CTAThIO K PACCMOTPEHHUIO;

*  BEpHYTb CTaThbiO aBTOPY (aBTOpaM) Ha JOpabOTKY ¢ IPOCHOOH yCTPAHUTH OLIMOKU WM J00ABUTh HEJOCTAIOLINE JAHHBIE,
*  BEpHYTb CTaTbO aBTOPY (aBTOpaMm) O3 paccMOTpeHHUs1, OOPMIIEHHYIO HE 110 TPeOOBaHUAM >KypHaa;

*  OTKJIOHHUTB CTaThIO M3-3a HECOOTBETCTBHS €€ IIEJISIM )KypHalla, OTCYTCTBHSI OPUTHHATIBHOCTH, MaJIOH HayYHOH IIEHHOCTH.

[epenncka ¢ aBTOpaMu PyKOIIUCH BEAETCS Yepe3 KOHTAKTHOE JIUI0, YKa3aHHOE B PYKOIIHCH.

Bce HayuHble CTaTbH, MOCTYNUBIIME B PeNaKkIUIo xKypHaiaa « CHOMPCKUM BECTHHK CENbCKOXO3SIMCTBEHHOM HAayKm»,
MIPOXOAAT 00sI3aTENIbHOE ABYXCTOPOHHEE «ciernoey» pereHsupoBanue (double-blind — aBTop U perieH3eHT HE 3HAIOT JPYT O
Jpyre). Pykonucy HarpasIsitoTes 10 IpoQUIIl0 HayYHOro UCCIEJOBAHUS Ha PELICH3UIO WIEHAM PEJaKIIUOHHOM KOJLIeruy.

B cropHbIX cily4asx peJakTop MOKET [IPUBJIEUb K IIPOLECCY PELIEH3UPOBAHUS HECKOIBKUX CHELHAINCTOB, a TAKXKE [T1aB-
HOTO penakTopa. [Ipu MoNoKUTETFHOM 3aKITIOYEHIN PELIEH3EHTa CTaThs IepefaeTcsl peAaKTopy ISl HOATOTOBKH K ITeYaTH.

[Ipu mpuHATHH pelIeHHs 0 TOpadOTKE CTaThH 3aMEUaHMs U KOMMEHTapHH PELeH3CHTa MePeIatoTCsl aBTOPY. ABTOPY
JaeTcs 2 Mecsla Ha yCTpaHeHUs 3aMedanuid. Eciiu B TeueHne 3Toro cpoka aBTop He YBEJOMMI PEAAKIMIO O MIIAHUPYEMbIX
JNEeHCTBUSX, CTaThsl CHUMAETCSI C OUepey My OnuKauy.

ITpu npuHATUM peleHus 00 OTKa3e B My OJIMKALMU CTaTbH aBTOPY OTIPABIISAETCS] COOTBETCTBYIOLIEE PEIICHUE PEJAKIUU.

OTBeTCTBEHHOMY (KOHTAKTHOMY) aBTOPY NPUHATOHN K MyOJIMKAIIMU CTaThH HANIPABIIseTCsl (PUHANBHAS BEPCHUSI BEPCTKH,
KOTOPYIO OH 00s513aH IIPOBEPUTb.

HOPSJTOK IEPECMOTPA PEIIEHUI PEJAKTOPA/PEIIEH3EHTA

Ecnu aBTOp HE COMIACeH C 3aKIIOYCHHEM PEICH3CHTa M/HIH PENaKTOpa WITH OTACIbHBIMU 3aMCYaHHUSIMU, OH MOYKET
OCIIOPHUTH NPHHSATOE perieHne. JJist 3Toro aBTopy HeoOX0AUMO:
° HCTIPAaBUTD PYKOIIMCH CTATbU COITIACHO O6OCHOBaHH])IM KOMMCHTAapUsAM PELCH3CHTOB U PEAAKTOPOB;
*  SCHO U3JIOKHTH CBOIO IO3MIIHIO [10 PACCMATPUBAEMOMY BOIIPOCY.

PenmakTopbl COAEHCTBYIOT IIOBTOPHOH IMOfIaue PYKOIUCEH, KOTOPbIC MOTEHIUAIBHO MOTIH ObI OBITH TIPHHSATHI, OHAKO
ObLIM OTKIIOHCHBI U3-32 HEOOXOAMMOCTH BHECCHUSI CYIICCTBEHHBIX M3MECHCHHUI WM COOpa JOIOIHUTEIBHBIX JaHHBIX, U
TOTOBBI TIOIPOOHO OOBSICHUTB, YTO TPEOYETCS UCTIPABUThH B PYKOIIUCH ISl TOTO, YTOOBI OHA ObLIA TIPUHSTA K ITyOIHKALIMH.

JEUCTBUS PEJAKIIMA B CIYUAE OGHAPY KEHUS IVIATUATA, PABPUKALIAN
NJIN PANBCUPUKALINN JAHHBIX

Penakuus HaydHoro )xypHasia «CHOMPCKUI BECTHUK CENbCKOXO3SIHCTBEHHOM HAYKW» B CBOCH PabOTE PYKOBOJICTBYETCS
TPpaAUIIMOHHBIMU JTHYCCKUMH NPUHIUIIAMU Hay‘lHOﬁ NEpUOAUKHA U CBOAOM IPHUHIHUIIOB «KOI[GKCB. OTHKH HAYYHBIX
myOnukanuiiy», pa3paboTaHHBIM U YTBEPKICHHBIM KOMUTETOM 110 3THKE HaY4HBIX ITyOIUKaIMid, TpeOys COOMIONEHHS ATHX
MIPaBUJI OT BCEX YYACTHUKOB M3/IaTENILCKOTO Mpoliecca.

HUCITPABJIEHUE OLLINBOK U OT3bIB CTATBHU

B cnydae oOHapyKeHHUs] B TEKCTE CTAaThbU OIIMOOK, BIMSIOIINX HA €€ BOCHPHUSITHE, HO HE MCKAKAIONINX U3JI0KEHHBIE
Ppe3yIbTaThl UCCIEIOBAHMS, OHH MOTYT OBITh UCIIPaBIEHBI IyTeM 3aMeHbl pdf-¢aiina crareu. B ciyuae oOHapyKeHUs B
TEKCTE CTAaThH OIIMOOK, NCKAKAIOIIMX PE3yJIbTaThl MCCIICAOBAHMUS, JTMOO B Cilydae mjaruara, oOHapyKeHHs Helo0poco-
BECTHOTO TIOBE/ICHHSI aBTOpa (aBTOPOB), CBA3AHHOTO C (asibcupuKanueit n/umm padprKanneil JaHHbIX, CTaThs MOXKET ObITh
0TOo3BaHa. IHUIIMATOPOM OT3bIBA CTATHH MOKET OBITh PEAAKIIHsI, aBTOP, OPTraHU3aIns, YacTHOe Jui0. OTO3BaHHAS CTaThs
romMevaeTcst 3HakoM «CTaThs 0TO3BaHay, Ha CTPAHUIIE CTAThU pa3MelaeTcsi HHPOpMaIHs O MPUIMHE OT3bIBA cTaThi. MH-
(dopmanus 00 0T3bIBE CTAThU HANPABISIETCS B 0a3bl JaHHBIX, B KOTOPBIX HHICKCHPYETCS Ky PHAIL.
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YBA’KAEMMBIE TIOJITHCYHUKH!

[Tonmucky Ha xypHan «CHOMPCKUI BECTHHUK CEITbCKOXO3SIHCTBEHHON HAYKI»
(kKak Ha TOAOBOM KOMIUIEKT, TaK ¥ Ha OTACIbHBIC HOMEPA)
MOKHO O0()OPMUTH OJHUM M3 CIEAYIOUIUX CIIOCOOOB:

— B arenrctse noarnvcku 'K «Ypan-Ilpecce» o nanekcy 014973. Cepuika Ha u3nanue https://www.
ural-press.ru/catalog/97210/8707659/?sphrase _1d=392975. B pa3nene KOHTakThl 3alTH MO
ccouike http://ural-press.ru/contact/, Tae MOXXHO BBIOpaTh (PUITHAI 110 MECTY JKUTEIIbCTBA,

— B penakimu )xypHaia (tenedon 7-383-348-37-62; e-mail: sibvestnik@sfsca.ru).

[TonHOTEKCTOBAsK BEpCUs JKypHaa
«CubupcKuil BECTHUK CEIBCKOX03HCTBEHHOM HAyKI»
pasmeleHa Ha caiite Hay4uHoit anekrpoHHoi 6MOImuoTeKu:
http://www.elibrary.ru.
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