2023

Volume 53 No 3

SIBERIAN HERALD OF AGRICULTURAL SCIENCE

—e> ISSN 0370-8799 (Print)

SIBERIAN HERALD

OF AGRICULTURAL SCIENCE

L ted S
AN

¢




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 3 (292)

DOI: 10.26898

2023
March

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
Editorial and publisher's address: PO Box 463, office 456, SFSCA RAS Building, Krasnoobsk, Novosibirsk District, Novosibirsk Region, 630501, Russia.
Printing house address: room 156, SRI of Fodder Crops building, Krasnoobsk, Novosibirsk district, Novosibirsk region, 630501, Russia.

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

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




HAVUYHBIN )KYPHAJI

CUBUPCKNU BECTHUK
CEJIBCKOXO34ANCTBEHHOU HAYKHA

SIBIRSKII VESTNIK SEL'SKOKHOZYAISTVENNOI NAUKI

YUPEJIUTEJIN: CUBUPCKUI @EILEI:AJH:H}:JPI HAYYHBII [IEHTP ATPOBUOTEXHOJIOT M
POCCHUNCKOU AKAJIEMUM HAVK
CHUBHUPCKOE OTAEJIEHUE POCCUUCKOU AKAJEMUN HAYK

OCHOBAHB 1971 r. BbBIXOJIUT 12 PA3 BT'O/]
Tom 53, Ne 3 (292) o~ 2023
DOI: 10.26898 MapT

InaBHbIii penakTop — Jlonuenko Anekcannp Cemenosud, akageMuk PAH, 1okTop BeTepnHApHBIX HAyK, INIaBHBIN HayIHBIN
COTPYAHUK, pYKOBOJHTEIb HAYYHOTO HampasieHnss CHOMPCKOTo (eaepalbHOro HayqyHOro HEHTPa arpoONOTEXHOIOTHI
Poccuiickoii akagemun Hayk, HoBocubupck, Pocenst

3amMecTHTeN b IIAaBHOTO pegakTopa — JlomOannHa TaTbstHa AJIeKCaHIPOBHA, 3aBEYIOIIAs H31aTEILCTBOM «ATPOHAYKA))
Cubupcxoro (enepaabHOr0 HayqHOTO IIeHTpa arpodrorexHonoruii Poccuniickoit akanemun Hayk, HoBocubupcek, Poccust

PenakumonHasi KoJiernsi:

% BbICIIAA ATTECTALIMOHHAA
B.B. AzapeHko  J-p TexH. Hayk, wieH-koppecnonaenT HAH Benapycu, Munck, Benapych A e -

T8 Mtcmeeor ey
B.B. Anpr akagemuk PAH, n1-p Texn. Hayk, HoBocubupck, Poccus
0O.C. Adanacenxo axagemuk PAH, n-p 6mon. nayk, Cankr-IlerepOypr, Poccus HAYIHAS NEKTPOHAS
b. bambaa JI-p BeT. HayK, akaJieMik AkajaemMun Hayk Mounronuu, Ynan-barop, Monromnus BAVNOTEKA
A.H. Bmacenko  axamemuk PAH, n-p c.-x. Hayk, HoBocubupck, Poccust LIBRARY’ RU
H.I'. Bracenko akagemuk PAH, n-p 6uon. nayk, HoBocnbupck, Pocenst POCCHACKI UHGEKG
K.C.TonoxBact  unen-koppecnonaeHt PAO, a-p 6uoin. nayk, HoBocubupck, Poccnst HAYYHOTO LIATUPOBAHMS!

.

0.B. T'ony6 1-p Texu. Hayk, HoBocu6upck, Poccus Science Index

H.IL. 'ongyapos akagemuk PAH, n-p 6uon. nayk, HoBocnbupck, Pocenst

M.U. I'ymoxkun  akagemux PAH, 1-p Bet. Hayk, Mocksa, Poccust e > CIENCE CITATION INDEX (R5C)

B.H. densrun II-p TexH. HayK, HoBocubupck, Poccus WEB OF SCIENCE"
C.A. JIxoxapu mpodeccop, PhD, Canannamxk, Upan

.M. [lonHux akagemuk PAH, 1-p Ouon. nayk, Mocksa, Poccus

H.A. loruenko  unen-xoppecnonaeHT PAH, n-p Bet. Hayk, HoBocubupck, Poccus

H.M. lBanoB uneH-koppectionienT PAH, n-p Texn. Hayk, HoBocubupck, Poccust

AYO. UzmaiinoB  axanemuk PAH, n-p texH. Hayx, Mocksa, Poccust
H.U. KameBapoB axagemuk PAH, n-p c.-x. Hayk, HoBocubupck, Poccust
B.U. Kupromwma  axagemux PAH, n-p 6uon. Hayk, Mocksa, Poccust

ULRI CH'S

| PERIODICALS DIRECTORY..

C.H. Marep n-p 6uoin. Hayk, HoBocubupck, Poccust

K.S1. MoroBunoB  unen-koppecrnonaenT PAH, a-p 6uon. Hayk, HoBocubupck, Poccust E B S CO
0O.K. MotoBmiioB  1-p TexH. Hayk, HoBocubupck, Poccus

A.M. HameroB II-p BET. HayK, uieH-koppecnionnieHT HAH Pecriy6nuxu Kasaxcran, Ypansck, Kazaxcran

B.C. Hukomnos 1-p BeT. HayK, Codust, borrapus @ 2,,“-,;:%%5.” e %
C.I1. O30pHuH II-p TexH. HayK, YuTta, Poccus e
B.JI. ITetyxoB n-p 6uoin. nayk, HoBocubupck, Poccust ﬁ

PU. Ilomomuua  g-p c.-X. Hayk, HoBocubupck, Poccus
M.U. CenmmonoBa x-p 6Guon. Hayk, Mocksa, Poccust
B.A. Conomenko akanemuk PAH, n-p c.-x. nayk, HoBocubupck, Poccns

H.A. Cypun akagemuk PAH, 1-p c.-x. Hayk, KpacHosipck, Poccust

N.®. Xpamuos akagemuk PAH, n-p c.-x. nayk, Omck, Poccust

C. Dpkucnu npodeccop, PhD, Dp3ypym, Typuus : R S
C.X. dur npodeccop, PhD, Ksanmky, Kopes ‘ " www. sibvest.elpub.ru

Penaxropsl E.M. Hcaesuy, E.B. Mocynosa, I'H. flzynosa. Koppexrop B.E. Cenanuna.
Oneparop anekrporHoii Bepctku H.FO. bopucko. Tlepesomuuk M. Iayerko.
CBHIETENBCTBO O PETUCTPALMH CpeacTB MaccoBoil uudpopmarmu [T ®C77-64832 Beimano DenepaibHOi ciyk00it o Hax30py B chepe CBA3M,
MH(OPMALOHHBIX TEXHOJIOIHH 1 MacCOBBIX KOMMyHHKarmii 2 despamst 2016 .

Mznarens: Cubupcekuii erepaibHblii HAYYHbII LIeHTP arpoduorexHosioruii Poccuiickoii akagemun Hayk
Anpec peraxuuu u u3garens: 630501, Hoocudupckas 06:1., HoBocu6upckmnii p-u, p.i. Kpacnooock, 3nanne COHIIA PAH, k. 456, a/s 463
Anpec Tunorpaguu: 630501, Hosocudupckas 06.1., HoBocudupcekuii p-H, p.n. Kpacnooock, 3nanue CuoHUH kopmos, k. 156

Teu./dake: (383)348-37-62; e-mail: sibvestnik@sfsca.ru, vestnik.nsk@ngs.ru; https://sibvest.elpub.ru/jour

Beien B cer 20.04.2023. dopmar 60 x 84'/;. Bymara tur. Ne 1. Tleuars opcernast. Ileyu. i1. 15,75
Yu.-uzn. 1. 15,5. Tupax 300 sk3. Llena cBoboHast.

Ortneuarano B CuOupckoM ¢eepabHOM HayqHOM LEHTpe arpoOHoTexHonoruii Poccuiickoii akaeMun HayK
© OI'BYH «Cubupckuii henepaibHblii HAydHBIH HEHTp arpobruoTexHonoruii Poccuiickoii akagemun Hayk», 2023
© ®I'BY «Cubupckoe otnenenue Poccuiickoii akagemun Hayk», 2023



&

CONEPXAHUE

COJEP)KAHUE

3EMJIEJEJINE
U XUMHA3ALTHA

Boponun A.H., Tpydanos A.M., Ko-
Tk ILA., Illykun C.B. Bnusnue 00-
paboTKM MOYBHI U ynoOpeHuil Ha dayHy
JEPHOBO-TIOI30JIMCTOH ITI€EBATOM MOYBEI
U YPOXKalfHOCTb TOJIEBBIX KYJIBTYP

CaouroB M.M. Ilpuembl BO37€/IbIBAHUSA
SITUMEHSI B ycIoBUsX Jiecoctenu CpenHe-
ro IloBomxkns

Bbeabuenko JI.C., beapuenko C.A., Hu-
kupopos B.M., Huxudopos M.HU.,
Jbsiuenko B.B., CazonoBa U./J., 3aii-
uneBa O.A., [Taceunux H.M. Dddexrus-
HOCTb MPUMEHEHUS] MUKPOYIOOpeHUi B
HUHTEHCUBHON TEXHOJIOTUU BO31CJIbIBA-
HUS TTO/ICOTHEUYHHKA

ITonsikoB A.B., Jlorunos C.B., Anexcee-
Ba T.B., KorispoBa O.B. Dddexrus-
HOCTh MPUMEHEHHS PETYISITOPOB POCTa
Mpu  TIPOU3BOACTBE uecHOKa (Allium
sativum L.)

15

25

34

CONTENTS

AGRICULTURE
AND CHEMICALIZATION

Voronin  A.N., Trufanov  A.M.,
Kotyak P.A., Shchukin S.V. Influence
of tillage and fertilizers on the fauna of
sod-podzolic gleyic soil and the yield of
field crops

Sabitov M.M. Barley cultivation practices
in the forest-steppe conditions of the
Middle Volga region

Belchenko D.S., Belchenko S.A., Niki-
forov V.M., Nikiforov M.I., Dyachen-
ko V.V., Sazonova 1.D., Zaitseva O.A.,
Pasechnik N.M. Efficiency of microfer-
tilizer application in intensive sunflower
cultivation technology

Polyakov A.V., Loginov S.V., Alekse-
eva T.V,, Kotlyarova O.V. Effective-
ness of growth regulators in garlic (A4/-
lium sativum L.) production

2

Siberian Herald of Agricultural Science * 2023 « 53 « 3

Contents



CONNEP)KAHUE

PACTEHHUEBO/ICTBO U CEJIEKITHA

benan M.A., PocceeBa JLII., bioxu-
na H.IL, ITaxoruna WU.B., Myxopao-
Ba MLE., Memxkoa JI.B. Omckas 42 —
HOBBIN CPEIHENO3THUN COPT MIIEHUIBI
MATKOM SpOBOM UIsl FO)KHOM JIECOCTEIH
U CTeNH

IlerpoBa A.A., Jluxenko HWU.E., Apre-
MoBa ['.B. AKTyanbHOCTH yBEIWYEHHUS
JI0JI O3UMOM PKU B IIPOU3BOJICTBEHHBIX
nocesax 3anagHoit Cubupu

300unna U.B., Kopeanna B.A., Barako-
Ba O.b. Onenka ronosepHbix opm oBca
SIPOBOTO IO AJIEMEHTaM CTPYKTYphI ypo-
*as B ycioBusix CeBepHOro peruoHa

HoBukos 0.0., Pomanoba M.C., Xak-
cap E.B., KocunoBa E.U. Pa3paboTka
TEXHOJIOTMM IIOJIy4E€HHUsI 03/10POBJIECH-
HOTO CEMEHHOIo Marepuaia Kaprodens
copra Yapour

3AIIJUTA PACTEHHUH

HesoctpyeBa E.IO., Anuapeesa I.B. Hc-
TOYHUKH YCTOMYUBOCTU K (HPUTODTOPO3-
HOW KOXHCTOM THWJIM 3E€MIISTHUKHU IS
Cpennero Ypana

300TEXHUA
U BETEPHUHAPHUA

Xamupyes T.H., Bazapon b.3., lammnnn-
maeB C.M., bynaxanaes B.Ll. Bzau-
MOCBSI3b CEJIEKI[MOHHBIX MPU3HAKOB Ta-
OyHHBIX Jommazei 3abalkanbs

PLANT GROWING AND BREEDING

42 Belan I.A., Rosseeva L.P., Blokhina N.P.,
Pakhotina 1.V., Mukhordova M.E.,
Meshkova L.V. Omskaya 42 — a new
middle-late variety of soft spring wheat
for the southern forest-steppe and steppe

53 Petrova A.A., Likhenko L.E., Artemo-
va G.V. Relevance of increasing the
share of winter rye in production crops
of Western Siberia

63 Zobnina LV., Korelina V.A., Batako-
va O.B. Evaluation of naked forms
of spring oats by elements of the crop
structure in the conditions of the Nor-
thern region

72 Novikov 0.0., Romanova M.S., Khak-
sar E.V., Kosinova E.I. Development
of technology for obtaining healthy seed
material of potato variety Charoit

PLANT PROTECTION

80 Nevostrueva E.Yu., Andreeva G.V.
Sources of strawberry resistance to late
blight leathery rot for the Middle Urals

ZOOTECHNICS
AND VETERINARY MEDICINE

86 Khamiruev T.N., Bazaron B.Z., Dashini-
maev S.M., Budazhanaev B.Ts. Inter-
relation of the breeding characteristics
of the herd horses of Transbaikal

Copnepxanue

CuOHPCKHii BECTHHK CEITbCKOXO3SHCTBEHHON Hayku ® 2023 ¢ 533 3



CONNEP)KAHUE

HNuepobaes b.0., Xpamuosa U.A., Unep-
0aeBa A.T. ['eHoTunuueckas u ¢peHoOTH-
IUYEeCKas XapaKTepUCTHKA TOMYJ LN
repedopckoro ckora 3amagHoi Cubupu

MEXAHNU3ALIUA, ABTOMATH3ALIHA,
MOJIEJINPOBAHUE
H HHDOPMALIHOHHOE OBECIIEYEHHE

Poroa B.A., IllaxoB B.A., Ko3os-
ues A.Il., YmaxkoB F0.A. Ilpumene-
Hue MexaHun3Mma YeOblieBa B MpOEK-
TUPOBAHUU JJIEMEHTOB MEXaHUYECKHUX
YCTPOMCTB JJIsl YECKHU ITyXa KO3

KPATKHUE COOBLIJEHUA

TperbsikoB A.M., bypaykosckuii C.C.,
Murpopanosa M.A. bakrepuonocu-
TEJIbCTBO KJICIIEH-UKCOAUI HA TEPPUTO-
pun 3abaifKaabCKOTO Kpast

97 Inerbaev B.O., Khramtsova 1.A., Iner-
baeva A.T. Genotypic and phenotypic
characteristics of the Western Siberian
Hereford cattle population

MECHANISATION, AUTOMATION,
MODELLING AND DATAWARE

106 Rotova V.A., Shakhov V.A., Kozlovt-
sev A.P., Ushakov Yu.A. Application of
the Chebyshev mechanism in the design
of the elements of mechanical devices
for combing out the down of goats

BRIEF REPORTS

114 Tretyakov A.M., Burdukovsky S.S., Mit-
rofanova M.A. Bacteriocarriage of ixo-
did mites on the Trans-Baikal Territory

4

Siberian Herald of Agricultural Science » 2023 « 53 « 3

Contents



S 3EMJIEJIEJINE U XUMW3AL[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2023-3-1 Tun crarby: OpUrHHANBHAS
VIK: 631.467.2 Type of article: original

BJIUSIHUE OBPABOTKH OYBBI U YIOBPEHUIA
HA ®AYHY JEPHOBO-IIOJ30JIMCTOM NIEEBATOM IIOYBbI
U YPOXXKAHHOCTD MOJIEBBIX KYJIBTYP

<)Boponun A.H., Tpypanos A.M., Korsik IL.A., Illykun C.B.
Apocnasckas 20cyoapcmeeHnast CenbCKOX03AUCMBEHHASL AKAOeMUsL
Spocnasnb, Poccus

(X)e-mail: voronin@yarcx.ru

[IpencraBieHsl pe3ynbraThl HM3YYE€HHS CHUCTEM OTBaJbHOH, IOBEPXHOCTHO-OTBAJIBHON U
MTOBEPXHOCTHON 00pabOTKM MOYBHI, & TAKKE CHCTEM yIOOPEHHUS HA OCHOBE COJIOMbI, HCTIOJIB3yEeMON
KaK OTJENbHO, TaK U B COYETAHUH C TIOJHBIM MUHEpAIbHBIM ynoOpenueMm. [IpuBeeHb 1aHHbIe 32
2019-2021 rr. IO YMCIEHHOCTH TIOYBEHHOU (payHBI, yPOKAHHOCTH MHOTOJIETHUX TpaB 1-To u 2-ro
TO/IOB TIONB30BAaHUS M SIPOBOW MIIEHHUIBL. lccrmemoBaHusi MPOBOMMIM Ha JEPHOBO-TIO30IHACTHIX
IJIeeBaThIX CPETHECYIIMHUCTRIX IM0YBaxX (OmbITHOE Tojde SIpoclaBCKOM ToCyaapCTBEHHOMN
CEJIbCKOXO3AMCTBEHHON aKaJieMuu). 3a paccMaTpUBaeMbIil MEPHON camasi BhICOKAash YMCICHHOCTh
MOJIC3HOM MouBeHHOW (ayHbl (HokneBbie uepBu (Lumbricina), 6oxwbu xopoBku (Coccinelli-
dae) u xyxkemuipl (Carabidae)) HaOmomanach MpU MOBEPXHOCTHO-OTBAJILHOW 00pabOTKe, 4TO
CBUJICTEIILCTBYET O HAJIMYMHU B JJAHHOW CHCTEME OJIAarONPHATHBIX YCIOBUH ISl IMTaHUS YKA3aHHBIX
opranm3MoB. KommuectBo nemartonm (Nematoda) B 3TOM BapHaHTE YMEHBIIWIOCH, TpPUYEM
CYIIECTBEHHbIE M3MEHEHUS 3a(UKCHPOBAHBI 10 PA3HBIM CJIOSM TIOYBHI B 3aBHCHMOCTH OT TOJa,
YTO MOXKET OBITh CBSI3aHO C 0OJI€e CHIIBHBIM POCTOM PACTCHHU W MOBBIIIEHHEM MX CIHOCOOHOCTH
IIPOTUBOCTOSITH FeJIbMUHTAM. YCTaHOBJICHO, YTO HAHOOJIbIIIEE BIUSHIE Ha TIOJIE3HYO (hayHy 0Ka3aio
COBMECTHOE ITPUMEHEHUE COJIOMBI M MOJHOTO MHUHEPAILHOTO YIOOPEHHS: OTMEUYCHBI YBEITHUCHHE
MIOJIC3HOM (hayHbI MIOUBLI M CHWIKEHHUE TTOMYJISIIMA HEMATO, YTO MOYKHO OOBSCHHUTH COKpAIICHHEM
OakTepro- 1 MUKOTPO(OB. 3a BCE TOIBI MCCIICTOBAHIN MTOBEPXHOCTHO-OTBAIbHASI 00pa0b0TKA TIOYBEI
o0ecrneunBaia ypoXXaifHOCTh TTOJIEBBIX KYJIBTYp Ha YPOBHE OTBaJbHON O00paOOTKM MM HECKOJIEKO
HWKe. BHeceHwe coiombl BMecTe C IOJIHOM HOPMOH MUHEpPaIbHBIX YHOOpPEHH OO0YCIOBHIO
HanOoJee BRICOKHME 3HAYCHHUST YKA3aHHOTO BBIIIE [TOKa3aTesl.

KaioueBbie cioBa: ¢ayHa MOYBBI, JOXKIEBbIC YEPBH, JKYKEIHIIBI, HEMATOABI, MHOTOJECTHHE
TPAaBBI, SPOBAs MIICHHUIIA, YPOKAHHOCTD

INFLUENCE OF TILLAGE AND FERTILIZERS ON THE FAUNA
OF SOD-PODZOLIC GLEYIC SOIL AND THE YIELD OF FIELD CROPS

) Voronin A.N., Trufanov A.M., Kotyak P.A., Shchukin S.V.
Yaroslavl State Agricultural Academy

Yaroslavl, Russia

(><)e-mail: voronin@yarcx.ru

The results of the study of the mouldboard, surface-mouldboard and surface soil treatment sys-
tems, as well as straw-based fertilizer systems used both separately and in combination with full
mineral fertilizer are presented. Data for 2019-2021 on soil fauna, yield of perennial grasses of the
Ist and 2nd years of use and spring wheat are given. The studies were conducted on sod-podzolic
gleyic middle-loamy soils (experimental field of the Yaroslavl State Agricultural Academy). During
the period under study, the highest abundance of beneficial soil fauna (earthworms (Lumbricina),

3emienenne 1 XUMHU3aIus CuOMpPCKHii BECTHHK CETLCKOXO03SMCTBEHHON Hayku ® 2023 533 5



Influence of tillage and fertilizers on the fauna of sod-podzolic gleyic
soil and the yield of field crops

Voronin A.N., Trufanov A.M., Kotyak P.A., Shchukin S.V.

ladybugs (Coccinellidae) and carabid beetles (Carabidae) was observed during surface-mouldboard
treatment which indicates that this system has favorable feeding conditions for these organisms. The
number of nematodes (Nematoda) in this variant decreased with significant changes recorded in
different soil layers depending on the year, which may be associated with stronger plant growth and
an increase in their ability to resist helminths. It was found that the greatest impact on the beneficial
fauna had a combined application of straw and total mineral fertilizer: an increase in the beneficial
soil fauna and a decrease in the population of nematodes were observed, which can be explained
by the reduction of bacterio- and mycotrophs. In all the years of research the surface-mouldboard
treatment provided the yield of field crops at the level of the mouldboard tillage or slightly lower.
Application of straw together with full norm of mineral fertilizers caused the highest values of the
above-mentioned indicator.

Keywords: soil fauna, earthworms, ground beetles, nematodes, perennial grasses, spring wheat,
productivity
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INTRODUCTION [3]. Therefore, they are traditionally considered

as indicators of soil fertility [4].

Ground beetles (Carabidae) are useful insects
necessaryforthedestructionofpestsandweeds**[5].
At the same time, some species of ground beetles,
being phyto- and myxophagous, are markedly
harmful to agricultural crops and sometimes to

Soil fauna plays an important role in hu-
mus formation and ecological balance of agro-
landscapes. Understanding the factors affecting
soil biological organisms is critical to improv-
ing the sustainability of agricultural systems,
especially given the emergence of new farm-

ing systems based on bioeconomics. Soil fauna
regulates a number of ecological processes, in-
cluding decomposition of organic matter, nutri-
ent cycling and energy transfer' [1].
Earthworms (Lumbricina) increase soil
macroporosity, improve water inflow, increase
nutrient availability and aeration® [2], and par-
ticipate in the degradation of soil organic matter

pastures and sown seeds of forest species [6].

Ants (Formicidae) are of great value in the
ecosystem. They destroy plant wastes and use
some harmful insects as food. In the presence
of ants, the soil is enriched with minerals,
organic matter, and oxygen [7]. In addition,
there are many studies on ants eating the seeds
of weeds™> ¢ [8].

thang X., Ferris H., Mitchell J., Liang W. Ecosystem services of the soil food web after long-term application of agricultural
management practices // Soil Biology and Biochemistry. 2017. Vol. 111. pp. 36-43.

2 Rakhleeva A.A. Participation of soil invertebrates - representatives of macrofauna in creation and maintenance of heteroge-

neity of soil properties // Natural and anthropogenic heterogeneity of soils and static methods of its study: collection of scientific
articles on the materials of the All-Russian scientific Internet-conference with international participation devoted to the 90th an-
niversary since the birth of E.A. Dmitriev / ed. by V.P. Samsonova, M.I. Kondrashkina, Yu.L. Meshalkina. M., 2022. pp. 155-158.

3Knapp M., Rezac M. Even the smallest non-crop habitat islands could be beneficial: distribution of carabid beetles and spiders
in agricultural landscape / PLoS One. 2015. N 10. Article e0123052.

Shearin A.F., Reberg-Horton S.C., Gallandt E.R. Direct Effects of Tillage on the Activity Density of Ground Beetle (Coleoptera:
Carabidac) Weed Seed Predators // Environmental Entomology. 2007. Vol. 36 (5). pp. 1140-1146.

SLarios L., Pearson D.E., Maron J.L. Incorporating the effects of generalist seed predators into plant community theory //
Functional Ecology. 2017. Vol. 31. Is. 10. pp. 1856-1867.

®Baraibar B., Canadell C., Torra J., Royo-Esnal A., Recasens J. Weed Seed Fate during Summer Fallow: The Importance of
Seed Predation and Seed Burial // Weed Science. 2017. Vol. 65 (4). pp. 515-524.
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Ladybugs (Coccinellidae) play one of the
most important roles in the control of plant
pests [9]. This beetle is capable of destroying
150-200 different insects per day. And most im-
portantly, the ladybug finds pests even in twist-
ed leaves where no insecticides reach. It eats
insects at all stages of their development (egg,
caterpillar, pupa) [10].

Soil nematodes (Nematoda) are of great im-
portance for the trophic tissues of soil and un-
derground ecosystems [11]. Numerous data in-
dicate that soil nematodes directly or indirectly
participate in various soil-ecological processes,
such as decomposition of organic matter and
mineralization of nutrients7 [12, 13]. The most
widespread hemisaprobionts in soil feed on
bacteria, fungi, yeasts, and small protozoa. As
a consequence, the soil is enriched in nitrogen
due to the excretions of nematodes [14].

Soil treatment, which causes a direct natural
impact, also destroys the habitat of pedobionts,
significantly reducing their populations®°® [15].
Fertilizers have an effect on soil macrofauna'®
[16], but a clear picture is not yet observed.
There are not enough studies on the impact of
various agricultural technologies on the num-
ber of soil fauna. This problem is particularly
relevant for sod-podzolic gleyic soils, since, ac-
cording to some data, excessive overwatering
contributes to the depletion of soil fauna [17].
In the non-chernozem zone sod-podzolic soils
mainly prevail, and temporary overwatering is
sometimes quite widespread. Therefore, it is
extremely important to identify the effect of dif-
ferent in intensity tillage and fertilizer systems
on the number of pedobionts.

MATERIAL AND METHODS

The studies were conducted in 2019-2021
on sod-podzolic gleyic medium-loamy soil in a

multi-year field 2 factor experiment laid on the
experimental field of the Yaroslavl State Agri-
cultural Academy.

On average, during the study period, the
soil tilled horizon contained: organic matter -
2.72%, P,O5 - 153.60 mg / kg soil, K,O - 80.20
mg / kg soil, the total of exchangeable bases
was 21.50 mg eq / 100 g soil, hydrolytic acidity
- 1.41 mgeq/ 100 g soil, pH,, - 5.60.

Field experiment scheme:

salt

1. Factor A. Primary soil tillage system: 1)
mouldboard (MP); 2) surface tillage with loos-
ening (STL); 3) surface-mouldboard (SP); 4)
surface (ST).

II. Factor B. Fertilizer system: 1) no fertiliz-
er (Fy); 2) N5, (N); 3) straw (S); 4) straw + Ny,
(SN); 5) straw + NPK (SNPK); 6) NPK (NPK).

In 2019 and 2020, the studies were conduct-
ed in crops of clover-grass mixture of the 1st
and 2nd years of use, respectively, and in 2021
- in crops of spring wheat.

The number of nematodes in the soil was
measured by the Baermann funnel method, and
soil invertebrates by sampling by soil excava-
tion. Yield was determined by the continuous
plot method, taking into account moisture and
weediness.

Studies were conducted on the treatment
variants MP, SP and ST on the nutrition back-
ground of FO, S, SNPK and NPK. Examination
of crops, soil sampling was carried out at the
beginning and the end of the vegetation period.
It is known that this soil is characterized by
temporary excess moisture. The average soil
moisture during the growing season was 20-
22%.

On average in April 2019 air temperature
was 4-6 °C, which is 1-2 °C above the climatic
norm. In May the weather was warm and hot
on some days. The amount of precipitation in

7Womg 0., Tian P, Liu S., Sun T. Inhibition effects of N deposition on soil organic carbon decomposition was mediated by N
types and soil nematode in a temperate forest // Applied Soil Ecology. 2017. Vol. 120. pp. 105-110.

8Crittenden S.J., Eswaramurthy T., de Goede R.G.M., Brussaard L., Pulleman M.M. Effect of tillage on earthworms over short-
and medium-term in conventional and organic farming // Applied Soil Ecology. 2014. Vol. 83. pp. 140-148.

9Trufanov A.M. Changes in the number of useful pedobionts in the cultivation of vetch-oat mixture under the influence of
different systems of tillage and fertilizers // Agroindustrial Complex of Upper Volga Region Herald. 2017. N 1 (37). pp. 13-17.

"Voronin A.N., Mazurin I.V. Influence of different agrotechnologies on soil fauna and yield of field crops // Organic Agriculture:
experience, problems and prospects: collection of scientific papers on the materials of the International Scientific-Practical

Conference. pp. 27-32.
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April and May was below the norm. The sum-
mer of 2019 was predominantly cool and wet.
A total of 370 mm of precipitation fell during
the growing season, which was in line with the
average annual data. The sum of active average
daily air temperatures above 10 °C was 1910°,
which was 210° greater than the long-term av-
erage.

In 2020, on average in April and May air
temperatures were 1 °C below the long-term av-
erage. Precipitation in April reached half of the
norm, in May - exceeded it 1.5-2.0 times. The
period of active vegetation was 139-143 days,
while the average long-term duration was 120-
131 days. The total amount of precipitation dur-
ing the growing season of 2020 was 405 mm,
i.e. 110% of the average multiyear amount. The
sum of active air temperatures above 10°C was
1980°C, which is 135°C more than the long-
term average.

In 2021 the average April air temperature
exceeded the climatic norm by 2-3 °C, reach-
ing 5-7 °C. In May it was also higher than the
norm by 2.0-2.5 °C. The summer was warm
and unevenly humid. Mean daily active air tem-
peratures above 10°C during the growing sea-
son were 2000°C, 280°C above the long-term
average. During the growing season 2021 there
was 400 mm of precipitation (the level of the
climatic norm). Thus, despite some deviations
in precipitation and temperature from the long-
term average, climatic conditions for growth
and development of field crops were favorable.

RESULTS AND DISCUSSION

In 2019, the following representatives of
soil fauna were found in the crops of perennial
grasses of the 1st year of use: ant (Formicidae),
earthworm (Lumbricina), ground beetle (Cara-
bidae), millipede (Myriapoda), ladybug larva
(Coccinellidae), cutworm (Agrotis segetum).

Rainworms were mainly represented by
such species as Aporrectodea calignosa, one
of the most common on agricultural lands.
Various species of beetles, such as Pterosti-
chus melanarius, Poecilus cupreus, Broscus
cephalotes, and Harpalus latus, were found
on sod-podzolic gleyic soil. All of them are

predators, feeding on insects, crustaceans, and
other invertebrates. In the variant with the sys-
tem of surface-mouldboard tillage (SP), when
straw was applied together with NPK, it seems
that more favorable conditions for plants were
formed, and food sources for these beetle spe-
cies were in sufficient quantity. Polypods were
found among millipedes which eat plant re-
mains and serve as food sources for the same
beetles. Of ladybugs (Coccinellidae), the most
common predator species, Coccinella septem-
punctata was registered.

On average by factors, the use of the stud-
ied tillage systems did not cause any significant
changes in the number of fauna in the crop of
perennial grasses of the Ist year of use in the
soil layer 0-10 cm (see Table 1).

Application of surface-mouldboard tillage
(SP) caused a significant increase in the num-
ber of ground beetles by 2.61 individuals/m?.
The application of straw as an organic fertil-
izer together with the full rate of mineral fer-
tilizers contributed to a significant increase
in ants, earthworms and ground beetles in the
layer 0-10 cm by 8.59; 10.16 and 4.69 individu-
als/ m?, respectively.

The use of an organic-mineral fertilizer sys-
tem (SNPK) caused a statistically significant
increase in the number of ladybug larvae in the
10-20 cm layer - 2 times more than the control.

In 2020, the following representatives of soil
fauna were found in the upper part of the arable
horizon of perennial grasses: ant, earthworm,
beetle, and nematode (see Table 2).

Application of the studied tillage systems did
not cause any noticeable changes in the number
of ants and earthworms with the highest values
in the case of surface-mouldboard tillage (SP)
- 30.56 and 41.52 individuals/m?, respectively.
On average by factors, the use of the SP variant
led to an increase in the number of ground bee-
tles in the soil layer 0-10 cm from 29.33 ex/m?
on the control to 36.78 ex/m* On average for
the fertilizer systems with surface-mouldboard
tillage (SP) there was a statistically significant
decrease in the number of nematodes in the up-
per part of the arable horizon - by 3.89 ind./100
g of soil.
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Application of all fertilizer systems under
consideration led to a statistically significant
increase in the number of nematodes with the
lowest value in the variant with straw and total
mineral fertilizer (SNPK) - 33.33 ind. /100 g of
soil in the upper part of the arable horizon.

Earthworms and nematodes were found in
the 10-20 cm layer. Application of the system
of surface-mouldboard tillage (SP) on average
by factors contributed to a significant increase
in the number of earthworms.

The opposite trend was observed in the
study of nematode abundance: the same variant
of treatment showed the lowest value - 35 ind.
/100 g of soil.

On average by factors, the use of straw and
a complete norm of mineral fertilizers (SNPK)
led to a significant increase in the population of

earthworms from 29.60 ind/m? on the control to
40.45 ind/m>.

Application of NPK fertilizers caused a sta-
tistically significant increase in the number of
nematodes in the lower part of the arable hori-
zon by 20 specimens/100 g of soil.

In 2021, the following representatives of soil
fauna were found in spring wheat crops: ground
beetle (Carabidae), leaf beetle (Oulema), lady-
bug larva (Coccinellidae), earthworm (Lum-
bricina), and nematode (Nematoda). Leef bee-
tles were represented by one species, Oulema
melanopus. Application of the studied tillage
systems did not cause any noticeable changes
in the number of the above insects with the
highest values for the system of surface-mould-
board tillage (SP) on both layers of the arable
horizon (see Table 3).

Ta6a. 1. YucneHHOCTH (hayHBI TIOUBBI B TOCEBE MHOTOJIETHUX TpaB 1-ro roja mojib30BaHus, 9K3./M>

Table 1. The number of soil fauna in the crops of perennial grasses of the 1st year of use, ind./m?

Oni ISOil (F Ant. . Earthworm | Ground beetle | Millipede Ladybug larva | Cutworm (A4grotis
ption agrelr, (er;cl;m- (Lumbricina) | (Carabidae) | (Myriapoda) | (Coccinellidae) segetum)
Factor A. Basic soil tillage system
0-10 25,00 26,04 25,00 32,29 27,08 29,17
MP
10-20 25,00 26,04 25,52 30,73 26,04 30,21
S 0-10 29,17 27,60 28,13 26,56 27,08 26,56
P
10-20 29,69 31,25 28,13 26,04 33,85 25,00
0-10 25,00 27,08 25,00 30,73 25,00 29,17
ST
10-20 26,56 28,65 25,00 32,29 25,00 31,25
LSD 0-10 Fy<Fys Fy<Fys Fy<Fys Fy<Fys Fy<Fys Fy<Fys
* 1020 | Fy<Fos | Fy<Fos 2,22 Fy< Fys 5,28 Fy< Fys
Factor B. Fertilizer system
0-10 25,00 25,78 25,00 26,56 25,00 31,25
F
0 10-20 25,00 25,00 25,00 29,69 25,00 31,25
S 0-10 25,00 25,78 25,00 34,38 26,56 28,91
10-20 26,56 25,00 26,56 30,47 25,00 31,25
0-10 33,59 35,94 29,69 25,00 28,13 28,13
SNPK
10-20 33,59 41,41 29,69 26,56 50,00 25,00
0-10 25,00 25,00 25,00 32,03 25,00 27,34
NPK
1020 25,00 25,00 25,00 35,16 25,00 31,25
LSDys 0-10 4,48 6,00 3,43 Fy<Fs Fy<Fpys Fy<Fys
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Ta6a. 2. UncneHHOCTH (ayHBI ITOYBHI B IIOCEBE MHOTOJIETHUX TPaB 2-TO TOJa IOJIb30BaHUS

Table 2. The number of soil fauna in the crops of perennial grasses of the 2nd year of use

Option | Soil Ant (Formiczidae), ind./ Eaﬁhworm . Gropnd beptle , Ngmatode (Nemator./ia),
ayer, cm m (Lumbricina), ind./m (Carabidae), ind./m ind. / 100 g of soil
Factor A. Basic soil tillage system
MP 0-10 26,15 33,09 29,33 40,56
10-20 - 30,04 - 41,67
0-10 30,56 41,52 36,78 36,67
5P 10-20 - 38,55 - 35,00
ST 0-10 28,22 36,94 29,71 40,56
10-20 — 31,16 - 48,33
LSD,s 0-10 Fy<Fys Fy<Fys 3,51 3,33
10-20 - 5,27 - Fy<Fys
Factor B. Fertilizer system

. 0-10 25,00 29,60 31,64 53,33
’ 10-20 - 29,60 - 38,89
S 0-10 26,15 35,70 28,45 34,44
10-20 - 33,40 - 38,89
SNPK 0-10 26,15 41,91 39,63 33,33
10-20 - 40,45 - 32,22
0-10 33,33 39,46 29,60 40,00
NP 10-20 - 31,64 — 58,89
LSD,s 0-10 Fy<Fpys 7,40 5,52 9,75
10-20 - 6,96 - 13,84

On average for the fertilizer systems the SP
variant treatment caused statistically significant
decrease in the number of nematodes in the 10-
20 cm layer by 2.96 nematodes/100 g of soil. In
the upper part of the arable horizon similar dy-
namics was traced, but the differences were in-
significant. The minimum value was observed
at surface-mouldboard tillage (SP) in the layer
10-20 cm - 10,21 ind./100 g of soil.

On average by factors, the use of straw to-
gether with full norm of mineral fertilizers
(SNPK) provided a significant increase in the
soil layer 0-10 cm of ground beetles and earth-
worms - by 15.28 and 7.32 individuals/m?, re-
spectively. A similar trend was observed when
analyzing the number of ladybug larvae. But
here reliable changes were observed in both
layers of the arable horizon.

On average by factors, the use of all the
studied fertilizer systems led to a decrease in
the number of nematodes in both soil layers.
In the upper part of the arable horizon there
was a significant decrease in the above indica-
tor when using as a fertilizer full rate of NPK,
both alone and together with straw, with a mini-
mum value for the background "Straw + NPK"
10.36 ex./100 g of soil. In the layer 10-20 cm,
the same trends persisted, but the differences
were not significant.

On average by fertilizer systems, the appli-
cation of annual surface tillage (ST) caused a
significant reduction in grain yield of spring
wheat by 3.96 c/ha (see Table 4).

In 2019, the use of straw together with the
full rate of mineral fertilizers increased the
yield of perennial grasses of the 1st year of use
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Ta6a. 3. UncneHHOCTH (ayHBI TIOYBHI B IIOCEBE SPOBOM TIIICHUIIBI
Table 3. The number of soil fauna in spring wheat crops

Soil laver Ground beetle Leaf beetle Ladybug larva Earthworm Nematode
Option yer, (Carabidae), Oul i /m? (Coccinellidae), (Lumbricina), (Nematoda),
cm ind./m? (Oulema), ind./m ind./m? ind./m? ind. / 100 g of soil
Factor A. Basic soil tillage system
MP 0-10 30,21 35,24 36,46 34,38 12,06
10-20 28,13 37,50 36,46 38,54 13,17
Sp 0-10 34,38 35,85 38,54 41,67 11,51
1020 33,33 38,36 39,58 43,75 10,21
ST 0-10 29,17 35,42 37,50 35,57 12,50
10-20 30,21 35,42 35,42 37,65 11,50
LSD 0-10 Fy<Fps Fy<Fs Fy<Fs Fy<Fs Fy<Fs
o 10-20 Fy< Fos Fy< Fos Fy< Fos Fy< Fos 1,00
Factor B. Fertilizer system
F 0-10 27,78 34,72 33,33 34,35 13,31
0 10-20 27,78 36,69 36,11 36,69 13,05
S 0-10 27,78 34,72 33,33 39,46 12,58
10-20 26,39 36,69 33,33 39,91 11,67
SNPK 0-10 43,06 38,08 50,00 41,67 10,36
1020 43,06 40,28 47,22 43,06 10,72
NPK 0-10 26,39 34,48 33,33 33,33 11,72
10-20 25,00 34,72 31,94 40,28 11,08
0-10 7,29 Fy<Fps 4,61 4,12 1,31
LSDys
10-20 Fy<Fys Fy<Fys 11,48 Fy<Fys Fy<Fpys

by 63.06 c/ha. In 2020, the same picture was
observed on the grasses of the 2nd year of use,
but the differences were insignificant. In 2021
application of all the studied systems of fer-
tilizers contributed to statistically significant
increase in the yield of spring wheat with the
maximum value for the background "Straw +
NPK" 23.64 c/ha.

The following representatives of geobionts
were found in the soil of the experimental field
during the whole period of research: earthworm,
millipede, nematode; geophiles: cutworm cat-
erpillar, ladybug; geoxenes: ground beetle, ant,
leef beetle.

It is established that the reduction of me-
chanical impact on the soil favors the develop-
ment of soil fauna. An increase in the amount
of organic matter in the soil contributes to an
increase in the number of useful pedofauna.

Tao6xa. 4. Bausgaune pa3muaHbIX CUCTEM 00paboT-
KH TTOYBBI U yIOOpeHH Ha YPOKaHHOCTD MOJIEBBIX
KyJbTYp, I/Ta

Table 4. Influence of various tillage and
fertilizer systems on the yield of field crops, c/ha

Perennial Perennial

Option grasses of the | grasses ofthe | Spring wheat

st year of use | 2nd year of use (2021)

(2019) (2020)
Factor A. Basic soil tillage system
MP 366,68 197,50 22,37
SP 365,93 176,53 21,87
ST 329,78 217,25 18,41
LSD;s Fy<Fys Fy<Fys 2,96
Factor B. Fertilizer system

F, 332,37 192,10 17,10
S 331,70 169,00 21,56
SNPK 395,43 213,77 23,64
NPK 357,00 213,50 21,22
LSD;s 30,10 Fy<Fps 3,18
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CONCLUSION

On sod-podzolic gleyic medium-loam soil it
is recommended to use the system of surface-
mouldboard tillage (SP) with the application of
straw together with full norm of mineral fertil-
izers (SNPK) as the basic one. These agricul-
tural practices help to increase the number of
earthworms, ladybugs and ground beetles, re-
duce the number of nematodes, as well as ob-
tain high yields of crops.
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INPUEMbI BO3JIEJIBIBAHUS AYMEHSA
B YCJOBUSAX JIECOCTEIIN CPEJHEI'O ITOBOJI’KbS

<)CadutoB M.M.

Vavsinosckuil HayuHo-ucciedosamensCckull uHcmumym cenvckoeo xosaticmea um. H.C. Hemyesa —
@unuan Camapckoeo gedepanvHozo ucciedosamensbckozo yenmpa Poccutickotll akademuu HayKk
VYnbstHOBCKast 001acTh, moc. TumupsizeBckuit, Poccust

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

[IpencraBnensl pe3yabTaThl U3YUEHUs BIUSHUS PAa3lIUYHBIX MPEAIIECTBEHHUKOB U MHUHEpaJIb-
HBIX YIOOpEHHH Ha ypOKaHOCTh STUMEHS B YCIOBHUSIX YEPHO3EMHBIX MOYB YJIBIHOBCKOH 001aCTH.
HccnenoBanus npoBOAKIIM B paMKax cTallMOHApHOTro nosieBoro omnbita B 2017-2019 rr. [louBeHHbII
YYaCTOK MPECTaBIEH BBIIIEIOUYEHHBIM CPEIHEMOITHBIM Y€PHO3EMOM, UMEIOIINM CJICAYIOIIIE Xa-
PaKTEepUCTUKU: CoAepKaHue rymyca — 6,22%, moasmwkHoro dhochopa u xkammst — 198,0 u 121,0 mr/xr
cooTBeTcTBeHHO, pH,, — 6,4, cymma ocHoBaHuil — 46,4 mr-skB./100 . Cxema onbITa npeaycMar-
pUBajia aHAIM3 BIMSHUS MPEIIICCTBYIOMINX KYJABTYp IPH BHIPAIIUBAHUY sIUMEHS Ha (OHE KOMII-
nekcHoro mMuHepanbHoro ynoopenus (NPK). YcranoBneHO, 9TO 3amachl MPOJYKTUBHOHM Biard B
METPOBOM CJIOE MTOYBHI BHIIIE HA YIOOpEeHHBIX BapuaHTax (155,4-166,0 mm). KoHnienTpanus HAT-
paTHOTO a30Ta ObLIA BBIIIE ITO MPEANISCTBEHHUKY TOPOX M MpH HConb30BaHUU NPK — 53,0 mr/kr
nouBbl. HanOombimas Onomorndeckast akTHBHOCTD TTOYBHI HAOMIOATACh TI0 MPEAIECTBEHHUKY TO-
pox Ha ¢pone NPK — 33,3%. Haumenbliee KOJTHYECTBO COPHSIKOB B IIOCEBAX OTMEYAIIOCh I10 MPe/I-
[IECTBEHHUKY Tpeyrxa Kak Ha QoHe yaobpeHwuii, Tak u 6e3 uux (20,7-25,7 wt./mM?). YpoxkatHOCTh
SIYMEHSI C HAMJTYYIIMMH KadyeCTBEHHBIMH MOKa3aTessIMUA Oblila BBILIE MO MPEAIICCTBEHHUKY TOPOX
Ha pone NPK — 3,55 1/ra. Hanbombmmnii 4ucThIiA TOXO/ IMTOTyYeH Ha YIOOpeHHBIX BapuaHTax: 7174—
7212 p./ra, pearabensHocTh 40,2—40,5%.

KuroueBbie cjI0Ba: NPONYKTUBHAS Bjara, HUTPATHBIA a30T, NPEIIECTBEHHUK, YPOXKAIHOCTD,
3¢ (HEeKTUBHOCTD

BARLEY CULTIVATION PRACTICES IN THE FOREST-STEPPE CONDITIONS
OF THE MIDDLE VOLGA REGION

<) Sabitov M.M.

Ulyanovsk Research Institute of Agriculture n.a. N.S. Nemtsev —

Branch of the Samara Federal Research Center of the Russian Academy of Sciences
Timiryazevsky village, Ulyanovsk region, Russia

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

The results of studying the effect of different forecrops and mineral fertilizers on the yield of
barley in the conditions of chernozem soils of the Ulyanovsk region are presented. The research
was carried out as part of a stationary field experiment in 2017-2019. The soil area is represented
by leached medium-sized chernozem with the following characteristics: humus content - 6.22%,
mobile phosphorus and potassium - 198.0 and 121.0 mg/kg, respectively, pHy,, - 6.4, the sum of
bases - 46.4 mg-eq./100 g. The scheme of the experiment provided for the analysis of the influence
of previous crops when growing barley against the background of complex mineral fertilizer (NPK).
It was found that the reserves of productive moisture in the meter layer of soil are higher on fertilized
variants (155.4-166.0 mm). The concentration of nitrate nitrogen was higher in the pea forecrop
and when using NPK - 53.0 mg/kg of soil. The greatest biological activity of the soil was observed
for the forecrop peas against the background of NPK - 33.3%. The smallest number of weeds in
crops was noted for the forecrop buckwheat both on the background of fertilizers and without them
(20.7-25.7 pcs/m?). The yield of barley with the best quality indicators was higher than the forecrop
peas against the background of NPK - 3.55 t/ha. The largest net income was received on fertilized
variants: 7174-7212 rubles/ha, profitability 40.2-40.5%.

Keywords: productive moisture, nitrate nitrogen, forecrop, yield, efficiency
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INTRODUCTION

One of the main spring crops in our coun-
try is barley. It is grown as a food, fodder and
industrial crop. In 2021 barley took 8189,0
thou. ha (10,2%) of all sown area of cereals and
leguminous plants in Russia (79 935,9 thous.
ha). Of the total sown area of cereal crops in
the Ulyanovsk region (1073.0 thous. ha) barley
is grown on 151.8 thousand ha (14.1%). In the
Middle Volga region, characterized by favor-
able climatic conditions, it is possible to obtain
quality barley up to 6-7 t/ha. But grain produc-
tion in the region does not fully meet the exist-
ing requirements in terms of both volume and
quality. At the same time the potential of soils
and plants is poorly used. For modern farming
systems it is important to develop and imple-
ment measures to restore soil fertility and in-
crease the productivity of crop rotations from 1
hectare, which do not require large financial in-
vestments. It is, first of all, increase of biodiver-
sity of crops in crop rotations and application
of optimal doses of mineral fertilizers '* [1, 2].

In this regard, there is a need to determine
the degree of influence of the forecrops and dif-
ferent doses of mineral fertilizers on the pro-
ductivity of crops in crop rotations with the
prospect of reducing energy and resource costs
in agriculture.

The purpose of the study was to analyze
the effect of the forecrops and fertilizers on
the main parameters of soil fertility and barley
yields in the forest-steppe zone of the Middle
Volga region.

Objectives:

1) determine the effect of the forecrops and
fertilizers on agrophysical, agrochemical and
biological properties of the arable layer and
yields;

2) determine the degree of influence of the
forecrops and fertilizers on the phytosanitary
status of crops;

3) calculate the economic efficiency of cul-
tivation depending on the forecrops and fertil-
izers.

MATERIAL AND METHODS

The works were carried out in the experi-
mental fields of the department of agriculture
of the Ulyanovsk Research Institute of Agricul-
ture n.a. N.S. Nemtsev in 2017-2019.

The object of research was barley (Hordeum
sativa L.) of the Odessa 100 variety with seed-
ing of 4.5 million pcs/ha. Potatoes, peas and
buckwheat were used as the forecrops. Crop
rotations were deployed in time and space (see
Table 1).

The area of the experimental plot was 9.2 ha,
one field - 9456 m? (236.4 x 40.0 m), working
plot - 1200 m? (40.0 x 30.0 m), registration plot
-120 m? (4.0 x 30.0 m). Repeatability was three
times. Plot placement is systematic.

Ta6a. 1. Cxema omnpiTa
Table 1. Scheme of the experiment

Option Forecrop
No fertilizer Potato Peas Buckwheat
NP 1K » » »

‘URL.: https://uln.gks.ru/storage/mediabank/IToceBnbie%20mmomanun%20mon%20ypoxaii%202021%20roxa.pdf.
:URL.: https://www.nsss-russia.ru/wp-content/uploads/2022/01/1.-Nekrasov-Minselhoz-VAS 27.01.2022.pdf.
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The soil plot is leached medium medium-
loamy chernozem with the following agro-
chemical characteristics: pH,, - 6.4; total ab-
sorbed bases - 46.4 mg equivalent/100 g; humus
content - 6.22% (by Tyurin); labile P,O5 - 198
mg/kg, labile K,O - 121 mg/kg (by Chirikov).

NPK was applied in parts: under straw and
crop residues - ammonium nitrate at a compen-
satory dose of 10 kg p.n./ha; under cultivation
- N(; during sowing - NP, (K ,,. For fertilizer
application, AMAZONE spreader and SZ-3,6
seeder were used.

After stubble cleaning at optimal time,
plowing was carried out with plough PN-4,35
to a depth of 23-25 cm. Harrowing was carried
out with heavy harrow BZTS-1,0 in two tracks,
pre-sowing cultivation - with a cultivator KPS-
4,0 to a depth of 5-6 cm. Sowing was carried
out in the first ten-day period of May.

In the tests Balerina herbicide was used at a
dose of 0.5 I/ha together with Mortira at a con-
centration of 15.0 g/l, Kolosal Pro fungicide at
a dose of 0.3 l/ha, and Borey insecticide at a
concentration of 0.1 1/ha. All preparations were
applied in the tillering phase in a tank mixture
by MTZ-82 + OP-1200. Harvesting was carried
out by direct harvester Yenisey 950.

Grain was cleaned to 100% purity and 14%
moisture content (GOST 27548-97). Statistical
evaluation was performed according to B.A.
Dospekhov?.

To determine the intensity of biological pro-
cesses occurring in the soil the method of lin-
en decomposition was used, because it is very
clear and it can be used to judge the activity of
bacteria, under the action of which the decom-
position of organic matter takes place.

Direct costs (wages with accruals for tractor
drivers, fuel cost, current repairs, depreciation
charges, herbicides, NPK) were calculated ac-
cording to the accepted normative documents
of the Institute. Yield indicators were used as
an average for 2017-2019. Calculations were
made on the basis of flow charts.

Weather conditions in the years of the study
were different. The most favorable in the grow-
ing season was 2017: HTC = 1.4, exceeding the
norm in precipitation in April - September by
29.0%. Conditions in 2018 were unfavorable:
HTC = 0.5, May and June drought and over-
watering in August. Conditions in 2019 were
close to average annual norms, HTC = 1.1.

RESULTS AND DISCUSSION

The increase in the density in the arable lay-
er of soil compared with the optimum can lead
to a decrease in the yield of grain crops. If it is
within the optimal values, it has no significant
effect on their productivity [3].

Analysis of the density of the soil on barley
forecrops in the period of reaching the equi-
librium state showed that it was in the optimal
range for the growth and development of plants.
Thus, during the experiments the density was at
the level of 1.10- 1.15 g/cm’® (see Table 2).

The loosest soil structure was observed in
buckwheat and pea (1.10-1.11 g/cm?), the dens-
est (1.15 g/cm?®) - in row crops. Nevertheless,
soil density remained favorable for growth and
development of barley.

The provision of agricultural crops with
moisture depends on their rotation in crop ro-
tations, cultivation technology, amount and
distribution of precipitation, mechanical and
physical composition of the soil [4].

Our research showed that spring moisture
reserves were accumulated mainly due to win-
ter precipitation, where there was no significant
difference between the forecrops on the back-
ground of natural fertility (145.5-150.7 mm
with LSD = 6.4). Good moisture supply was
noted after application of Ny,P, K, and the use
of buckwheat as a forecrop - 166,0 mm, which
was 15,3 mm higher than for the nonfertilized
background; for the forecrop potatoes and peas
this difference was 12,2 and 7,7 mm respec-
tively.

By the period of harvesting the reserves of
productive moisture on all the studied crops
on the variants without fertilizers decreased by

*Dospekhov B.A. Methodology of field experience (with the basics of statistical processing of research results). Moscow: Book

on Demand, 2012. 352 p.
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Barley cultivation practices in the forest-steppe conditions of the

Middle Volga region

Sabitov M.M.

Ta6a. 2. Biusaue npenniecTBEeHHUKOB U yIOOpeHU Ha arpodu3mdeckne CBOWCTBA TIOYBHI
(B cpemrem 3a 2017-2019 rT.)

Table 2. The effect of the forecrops and fertilizers on the agrophysical properties of the soil
(on average for 2017-2019)

. . Productive moisture reserves (0-10 cm layer), mm
Soil density (0-30 I :
Forecrop cm layer), Tillering Full ripeness
glem’ No fertilizer NsoP 16K No fertilizer Ns¢PiKig
Potato 1,15 145,50 157,70 65,00 46,10
Peas 1,11 147,70 155,40 69,30 51,60
Buckwheat 1,10 150,70 166,00 71,20 45,30
LSDs 0,03 6,40 10,80 9,60 9,20

52,8-55,3%, on the background of NsP, K¢ -
by 66,8-72,7%. This is due to the fact that by
the phase of full ripeness barley plants growing
on the fertilized plots became more powerful
compared to the variants without fertilizers, so
they took more moisture from the soil to form
the harvest.

To harvest high yields of good quality grain
it is necessary to obtain and maintain complete
sprouts. The conducted studies showed that
field germination in the phase of full sprouts
for all the forecrops on the variants without fer-
tilizers was not high and was in the range of
77,578,0%, or 349-351 pcs./m? (see Table 3).

This indicator was higher on fertilized plots
and amounted to 83.3-84.8% (375-382 pcs/m?).

Different forecrops had no significant effect
on the safety of barley plants. This indicator
was almost the same in all the variants - 68,8-

70,9% (240-248 pcs/m?). As a result of the ap-
plication of fertilizers the density of plants be-
fore harvesting was higher and varied from 310
to 322 pcs/m?. Preservation of barley plants by
the time of harvest was 82.6-84.3% with some
increase for peas.

The provision of available nutrients is one
of the basic principles of effective fertility, and
the systematic process of their formation and
accumulation is an important criterion for sus-
tainable yields 3 [5].

The study found that the content of nitrate
nitrogen in the soil was in the range of 36.4-
53.0 mg/kg, with most of the pea field both on
the background of natural fertility and after fer-
tilization (see Table 4).

The content of mobile phosphorus on the
plots without fertilizers on all the forecrops
reached 185-198 mg/kg of soil, on the variants

Taoxa. 3. [loneBas BCXOKECTh, COXPAaHHOCTh U TYCTOTA CTOSTHUS pacTeHuit (B cpenHem 3a 2017-2019 )

Table 3. Field germination and preservation of plants (on average for 2017-2019)

Density of crop (full Field germination, Density of crop before e
sprouting phase), pcs./m? % harvesting, pcs./m? Viability %
Forecrop

No fertilizer | Ns5¢PcK; | No fertilizer | NsgP¢K; | No fertilizer | NP s Ky | No fertilizer | NsP K6
Potato 349,0 375,0 71,5 83,3 240,0 310,0 68,8 82,6
Peas 350,0 382,0 71,7 84,8 248,0 3220 70,9 84,3
Buckwheat 351,0 380,0 78,0 84,4 2430 315,0 69,2 82,9
LSDys 82 94 12,1 Fy< Fos

*Tikhonov N.I. Effect of the forecrop, sowing date and variety on the yield and brewing quality of spring barley grain // Izvestia of the Lower

Volga Agro-University Complex: science and higher professional education. 2007. N 4 (8). pp. 13-19.

*Kulikova A.Kh., Nikitin S.N., Toigildin A.L. Biopreparations in the Spring Wheat Fertilization System // Research Journal of Pharmaceutical,
Biological and Chemical Sciences. 2017. Vol. 8. N 1. pp. 1796-1800.

18

Siberian Herald of Agricultural Science » 2023 « 53 « 3

Agriculture and chemicalization



[prembl BO3/1eIbIBAHUS STUMEHS B YCIIOBHSIX JIECOCTEIIH
Cpensero IToBomxbs

CaburoB M.M.

with fertilizers it was higher and amounted to
194-204 mg/kg, but there was no significant
difference between the variants.

The proportion of potassium in the variants
without fertilizers ranged from 64 to 91 mg/kg
of soil, with the greatest amount noted for the
forecrop buckwheat. As a result of fertilization
its concentration in the soil increased to 78-97
mg/kg. The largest increase compared to the
variant without fertilizer was 22 mg/kg of soil
for the forecrop pea.

Nitrogen content in the phase of barley full
maturity in the variants without fertilizers de-
creased by 13.5-42.8% and reached 27.1-31.5
mg/kg of soil. Its preservation was higher in
buckwheat, on fertilized variants - in pea (32.2-
37.6 mg/kg soil).

The concentration of phosphorus decreased
by 20,1-34,8%, potassium - by 9,4-29,7% and
was 129-155 and 58-77 mg/kg respectively. At
the same time, conservation was higher on the
fertilized variants for the pea forecrop, although
there were no significant differences between
the variants.

Soil is a complex multi-component system,
it cannot be considered in isolation from the vi-
tal activity of living organisms, so the energy of
decomposition of fiber is used to judge its qual-

ity and abundance of microflora® [6].

Analysis of soil biological activity showed
that it was unequal for all the forecrops on the
background without fertilizers (from 28.2 to
32.0%), and significantly higher - for peas (see
Table 5).

On fertilized plots, soil biological activity
increased by 1.3-3.7% and amounted to 31.5-
33.3%, where the highest activity was recorded
for peas. At sowing on potatoes and buckwheat
the biological activity of soil decreased by 1,4
and 1,8% respectively, and mathematical pro-
cessing showed reliable differences between
them.

In the case of permanent cultivation of cere-
als or improper alternation of crops in the rota-
tion there is an increase in weed infestation by
almost all types of weeds. Weed control is one
of the most important tasks affecting the yield
and economic efficiency’ [7].

It was found that in the structure of barley
agrophytocenosis both minor and perennial
weeds prevailed. On average for the 3 years of
research the lowest infestation was noted in the
variants without fertilizers for buckwheat fore-
crop (20,7 pcs./m?), after fertilizing it increased
by 24,1% and amounted to 25,7 pcs./m? (see
Table 6).

Taouxa. 4. ConepmaHHe OCHOBHBIX IMUTATCJIbHBIX DJICMCHTOB B IIaXOTHOM CJIOC€ ITOYBBI IO AYMCHEM

(2017-2019 rr.), MI/KT IOYBBI

Table 4. The content of the main nutrients in the arable soil layer under barley (2017-2019), mg/kg of soil

Tillering Full ripeness
Forecrop N-NO, P,0, K,0 N-NO, P,0; K,0
Potato 44,9 198,0 64,0 27,1 129,0 58,0
45,7 201,0 78,0 32,2 153,0 66,0
Pea 51,6 185,0 75,0 29,5 129,0 62,0
cas 53,0 194,0 97,0 37,6 155,0 77,0
Buckuwheat 36,4 197,0 91,0 31,5 132,0 64,0
38,7 204,0 93,0 32,5 154,0 75,0
LSD 3.2 Fy<Fos Fy< Fos 5.4 4,5 Fy<Fys
03 6,7 Fy<Foys Fy<Fys 6,4 3,6 Fy<Fys

Note. Numerator - variants without fertilizer, denominator - after fertilizer application NszP, K.

*Irmulatov B.R., Sarbasov A.K., Mustafayev B.A. Influence of the forecrops and technology in the regulation of the mode of application of

nutrients // Agrarian Science. 2017. N 4. pp. 2-5.

"Evdokimova M.A. Influence of the forecrops and mineral fertilizers on the yield of spring barley // Vestnik of Ulyanovsk state agricultural

academy. 2015. N 1 (29). pp. 11-14.
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Tabua. 5. BnusiHue npeaiiecTBEeHHUKOB
1 ynoOpeHuit Ha OMOIOTHIECKYI0 aKTHBHOCTD
mouBsl (2017-2019 1), %

Table 5. The effect of the forecrops and
fertilizers on the biological activity of the soil
(2017-2019), %

Forecrop No fertilizer Ns6P 16K
Potato 28,2 31,9
Peas 32,0 333
Buckwheat 29,7 31,5
LSDys 2,1 1,2

In the variants without fertilizers and with
fertilizers weed infestation by minor and peren-
nial weeds in the forecrops potatoes and peas
increased by 1.5-1.8 times compared with buck-
wheat. The considered indicators exceeded the
economic threshold of harmfulness, especially
for perennial suckering weeds (4-8 times and
more). Therefore, it became necessary to con-
trol the weeds by chemical means.

In 30 days after the use of herbicides the
number of annual and perennial weeds in the
forecrops decreased in the variants without fer-
tilizers by 86-91 and 65-84%, respectively, and
in the variants with fertilizers - by 88-89 and
74-88% respectively.

A large number of studies have established
that the rational placement of spring crops on
favorable forecrops in crop rotations with the
use of optimal doses of mineral fertilizers can
increase crop productivity and maintain soil
fertility® [8].

The highest barley yield in the average for
3 years was obtained for the forecrop peas on
the background of NP, K4 - 3,55 t/ha; the in-
crease was 0,40 t/ha (112,7%) compared with
the variant without fertilizers (see Table 7).
This variant had the highest payback of 1 kg of
fertilizer with an increase of 4.54 kg of grain.

The barley yield in the variants without fer-
tilizers and with buckwheat forecrop was 3,12
t/ha, the yield increased by 0,31 t/ha (109,9%)
after application of the fertilizer with the dose
of NscP,¢K,4. Recoupment of 1 kg of fertilizer
by grain gain was 3.52 kg.

At barley cultivation on potatoes the yield
on the background of natural fertility was fixed
within 3,10 t/ha, in the variant with fertiliz-
ers - 3,38 t/ha. In this case the gain was 0,28
t/ha (109,0%), there was no significant differ-
ence between the forecrop buckwheat and peas.
Fractional application of 1 kg of fertilizers gave
an increase of barley grain on the forecrop po-
tato by 3.18 kg.

Tao6a. 6. 3acopeHHOCTH MOoceBOB stumens (2017-2019 ), mit./m?
Table 6. Infestation of barley crops (2017-2019), pcs/m?

Forecrop Before herbicide treatment 30 days after the treatment Biol(;)fg]iqceerltifzggz;i’\gzness
Biennials |Perennials | Total Biennials | Perennials | Total Biennials | Perennials | Total
No fertilizer
Potato 22,3 16,5 38,8 3,0 4,5 3,5 86,0 72,0 91,0
Peas 11,3 11,0 22,3 1,0 3.8 6,8 91,0 65,0 69,0
Buckwheat 11,5 9,2 20,7 1,3 1,5 2,8 88,0 84,0 86,0
LSDys 2,5 4,7 0,8 0,7
Nss P16 K5
Potato 22,5 17,2 39,7 2,7 2,5 52 88,0 85,0 85,0
Peas 20,2 14,8 35,0 2,3 3,8 6,1 89,0 74,0 83,0
Buckwheat 15,2 10,5 25,7 1,8 1,2 3,0 88,0 88,0 87,0
LSDys 2,0 2,1 Fy< Fos | Fp< Fis

8Ermakov V.V., Dubovik D.V. Effect of mineral fertilizers and predecessors on grain quality of winter wheat depending on the exposure of the

slope // Agricultural Chemistry. 2005. N 4. pp. 16-21.
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Barley occupies a significant place in the
grain balance of the Ulyanovsk region, ac-
counting for about 14% of the total volume. It
accounts for about 20% of the produced grain.
It is used to produce peeled barley and pearl
barley groats; it is used for baking in mixture
with wheat and rye. Barley grain contains a
sufficient amount of protein and is an excellent
concentrated feed’ [9].

As a result of the studies, it was found that
the use of mineral fertilizers increased the raw
protein content by 2,0-2,3%, the weight of 1
thousand grains increased by 2,1-3,0 g (5,0-
7,0%) compared with the unfertilized variant
(see Table 8).

The highest quality indicators of barley
grain were obtained for the forecrop peas on the
background of mineral fertilizers.

Cultivation of crops on the best forecrops in
different crop rotations with the use of fertiliz-
ers is an important reserve for increasing yields

at the lowest cost'* [10, 11].

Economic analysis showed that production
costs for all the studied forecrops were the low-
est in the variants without fertilizers - 14,251-
14,285 p./ha (see Table 9).

The use of mineral fertilizers at a dose of
Ns¢P, K¢ increased the cost by 24.8%, the cost
of production - by 0.52-18.2%. When fertil-
izers were applied at a dose of NsP,(K,, the
highest net income was obtained - 7174-7212
p./ha, which is 2.6 times higher compared to
the unfertilized variant. At the same time, the
profitability was practically identical for all the
forecrops and ranged from 40.2 to 40.5%.

Thus, to increase crop productivity and im-
prove barley plant nutrition it is recommend-
ed its cultivation after legumes (peas) with
fractional fertilization at a dose of NP, K,
which contributes to the efficiency and com-
petitiveness of grain production in the current
market circumstances.

Ta6a. 7. YpoxailHOCTb s MMEHS B 3aBUCHMOCTH OT MPEIIIECTBEHHUKOB 1 yao0penuii (2017-2019 rr), T/ra
Table 7. Barley yield depending on the forecrops and fertilizers (2017-2019), t/ha

Option Increase from the use of fertilizers | payback of 1 kg of
Forecrop fertilizer by grain
No fertilizer NseP 16K t/ha % gain, kg
Potato 3,10 3,38 0,28 109,00 3,18
Peas 3,15 3,55 0,40 112,70 4,54
Buckwheat 3,12 3,43 0,31 109,90 3,52
LSDys A —0,085; B—-0,051; AB-0,076; P —2,54%

Taoxa. 8. KauecrBeHHbIC TOKa3aTEIN 3€pHAa AYMCHS B 3aBUCUMOCTHU OT NPEAIICCTBCHHUKOB 1 y;[o6pe—

uuit (2017-2019 rr.)

Table 8. Qualitative indicators of barley grain depending on the forecrops and fertilizers (2017-2019)

No fertilizer NsoP16Kis
Forecrop Weight of 1 thousand Crude protein, % Weight of 1 thousand Crude protein, %
grains, g grains, g
Potato 42,2 10,1 44.4 12,1
Peas 42,8 10,4 45,8 12,7
Buckwheat 42,4 10,2 44.5 12,3

*Kashukoev M. V., Khokonova M.B. Effect of barley precursors on the formation of brewing qualities of grain and malt //
Vestnik of the Russian Agricultural Science. 2009. N 5. pp. 49-50.
Sabitov M.M. Productivity and economic efficiency of spring wheat in the forest-steppe conditions of the Volga region //
Perm Agrarian Journal. 2017. N 4 (20). pp. 107-113.
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Taoa. 9. DKoHOMHYECKAs 3(1)(1)GKTI/IBHOCTB BO3ACIJIbIBAHUA AYMCHS B 3daBUCUMOCTHU OT NPCAIICCTBECHHU-

ka u ynoopenwii (2017-2019 rr.)

Table 9. Economic efficiency of barley cultivation depending on the forecrop and fertilizers (2017-2019)

Forecrop Option Pro?:;f)tlieosl/lhcaOStS’ Coi:] gfeg;?in, Net inC(/)Illllg, rubles Crop yield, %

Potato No fertilizer 14 251 4453 2749 19,3

NP 16Kis 17 788 5263 7212 40,5
Peas No fertilizer 14 285 4995 2715 19,0

N5oP 16K 17 826 5021 7174 40,2
Buckwheat No fertilizer 14 267 5169 2733 19,2

NP 16K 17 799 5199 7201 40,5
CONCLUSIONS the dose of NscP (K4 (3,55 t/ha). The increase

1. When sowing barley with buckwheat and
peas, the soil was looser (1.10-1.11 g/cm?) com-
pared with the cultivation on potatoes, when it
was in a denser state (1.15 g/cm?).

2. The largest reserves of productive mois-
ture were observed against the background of
Ny¢P,K,s and seeding on buckwheat - 166.0
mm, which is 15.3 mm higher than the unfer-
tilized background. For potatoes and peas this
difference was 12,2 and 7,7 mm respectively.

3. The largest decrease in moisture reserves
by harvest time was observed on the fertilized
variants for all crops - 66.8-72.7% compared to
the unfertilized background.

4. The content of nitrate nitrogen was higher
for the forecrop peas on the fertilized variants
(53 mg/kg soil). The highest concentration of
mobile phosphorus was recorded for all fore-
crops against the background of mineral fertil-
izers (194-204 mg/kg). The highest concentra-
tion of potassium was recorded for peas with
97 mg/kg of fertilizer, which added 22 mg/kg
compared to the unfertilized variant.

5. The greatest biological activity of the soil
manifested itself on the fertilized variants for
the forecrop peas - 33.3%.

6. The lowest number of weeds was noted for
the forecrop buckwheat in the variants without
fertilizers - 20.7 units/m?, on fertilized variants
it increased by 24.1%. The use of herbicides
reduced the number of annual and perennial
weeds by 86,0-91,0 and 65-88% respectively.

7. The highest barley yield was obtained for
peas on the background of mineral fertilizer at

in this case was 0.40 t/ha (112.7%) to the vari-
ant without fertilizers.

8. The highest content of crude protein in
barley grain was recorded in the variants with
the use of mineral fertilizers in the concentra-
tion of Ns¢P, (K, for the forecrop peas (12.7%).
The weight of 1 thousand grains was increased
by 3.0 g and amounted to 45.8 g compared to
the unfertilized variant.

9. The variants without the use of fertiliz-
ers required the lowest costs - 14,251-14,285
rubles/ha. On the background of NPK they
increased by 24.8%. The lowest cost of grain
was noted in the variants without fertilizers -
4453-5169 rubles / t. At the background of
N56P16K16 it rose by 0,52-18,2%. The highest
income was obtained on the fertilized variants
(7174-7212 rubles / ha), the profitability in this
case was 40,2-40,5%.
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3ODPEKTUBHOCTHh IPUMEHEHUS MUKPOY/IOBPEHUM
B MUHTEHCUBHOM TEXHOJIOT'MX BO3JAEJBbIBAHUA NOACOJHEYHUKA

Beabuenko J.C., () beabuenko C.A., Hukudopos B.M., Hukudgopos M.U., Ibsiuenko B.B.,
CazonoBa U. /., 3aiineBa O.A., [laceunnk H.M.

bpsanckuii cocyoapcmeennwviii acpapHulil yrusepcumem

bpsauck, Poccus

(<)e-mail: sabel032@rambler.ru

Paccmotpena 3¢(hekTHBHOCTh PUMEHEHHSI HEKOPHEBBIX MOJKOPMOK MOACOTHEYHUKA MHUKPO-
yaobpenusimu bopo-H n @eptrke mapka b B ycnoBusix nosesoro omnbita. OnsIT nmpoBesaeH B 2020—
2022 rr. Ha cepbIX JIeCHbIX MouyBax bpsHckoil oOnacTh. B kauecTBe 00BbEKTa MCCICAOBAaHUN HC-
0JIb30BaH TuOpu nojconHeynnka daxen. [IpeniecTBEHHUKOM B ONIBITE ObUIN OJHOJIETHHE TPABHI.
[ToceB mpoBOAMIN MYHKTHPHBIM CIIOCOOOM C IMUPUHON MEKAypsauid 70 cM Mpu HOpME BBICEBA
55 ThIc. cemsn/ra. [Tnomaas onbITHON JestHKU 33 M%, yU4eTHOW — 5 M? IpU TPEXKPaTHON MOBTOP-
HOCTH. Pa3zmenienue AensHOK cUCTeMaTHueckoe. ArpoTeXHUKa BO3/1€IbIBAHUS [TOJICOTHEYHHKA pac-
CUMTaHA Ha MOJYYCHHE IUIAHUPYEeMOU ypoxkaiiHOCTH ceMsiH 3,5—4,5 T/ra. Cxema ombITa BKIIHOYaia
Tpu BapraHTa 00paboTku Mukpoyaooperusmu bopo-H (2,0 n/ra) + @epruxe mapka b, BP (2,0 ni/ra):
0e3 IpUMEHEHHsI MUKPOYJI00peHuUH (KOHTPOJIh), 0j1Ha 00padoTKa, JABE 00pa0O0TKU. YCTAaHOBJICHO, YTO
OZIHOKPaTHOE TIPUMEHEHHE HEKOPHEBOM MOJKOPMKH 0aKoBO# cMechio MuKpoynoopenuit bopo-H +
®deprukc mapka b B niepuos opmuposanust 6—10-ro HaCTOSIIETO JIUCTA MOBBIIIAET YPOXKAUHOCTD
CEMSsIH TIOJICOJIHEUHUKA Ha 7%, PeHTA0eIbHOCTh UX TPOU3BOJCTBA HA 88%, YCIIOBHBIN YUCTHIN J0-
xof Ha 3,8 ThIC. p./ra. [IByKpaTHOE IPUMEHEHHE STUX MUKPOYAOOpPEHHUH B mepuo] (OpMUPOBAHHUS
6—10-ro HacTosIIero JrcTa 1 B a3e KoHel OyTOHM3AIMK — HAaYallo LIBETCHUS YBEIHYMIIA YPOXKaii-
HOCTB KyJNBTypbl Ha 12%, yciIoBHBIM 4rcThIi 10X0a Ha 4,8 ThIC. p./ra. JlononHuTenbHas 00padboTKa
pacTeHuii MOACOTHEYHHUKA NIepel IBETEHUEM, HECMOTPS Ha CHIDKECHHE PEHTa0eIbHOCTH MPOU3BO/I-
cTBa ceMsH Ha 30%, MoBbIIIAja ypoKaiHOCTb KyJIbTYphl Ha 5%, yCIOBHBINA YUCTBINA A0X0A Ha 27%.

KiiioueBble cjioBa: MOICOIHEUHUK, MUKPOYJOOpEHHE, HEKOPHEBAs MOJKOPMKA, YPOKaHHOCTb,
KOHOMHYECKas 3PPEKTUBHOCTh

EFFICIENCY OF MICROFERTILIZER APPLICATION IN INTENSIVE
SUNFLOWER CULTIVATION TECHNOLOGY

Belchenko D.S., (<) Belchenko S.A., Nikiforov V.M., Nikiforov M.I., Dyachenko V.V.,
Sazonova 1.D., Zaitseva O.A., Pasechnik N.M.

Bryansk State Agrarian University

Bryansk, Russia

(><)e-mail: sabel032@rambler.ru

The efficiency of sunflower foliar top dressing application with Boro-N and Fertix mark B
microfertilizers under field experimental condition was considered. The experiment was conducted
in 2020-2022 on gray forest soils of the Bryansk region. Sunflower hybrid Fakel was used as an
object of research. Annual grasses were the forecrop in the experiment. Seeding was carried out by
the punctuated method with the width of inter-row space (70 cm) at a seeding rate of 55 thousand
seeds/ha. The area of the experimental plot is 33 m?, the area of the registration plot is 5 m? with
threefold repetition. Plot placement is systematic. Sunflower farming technology is designed to
produce a planned seed yield of 3.5-4.5 t/ha. The experimental scheme included three variants of
treatment with microfertilizer Boro-N (2.0 1/ha) + Fertix mark B, BP (2.0 I/ha): without microfertilizer
application (control); one treatment; two treatments. It was established that foliar dressing with a
tank mixture of Boro-N + Fertix mark B fertilizers once a year during the period of 6-10 true leaves
increases the sunflower seed yield by 7%, the profitability of sunflower production by 88%, and
the conditional net income by 3.8 thousand rubles/ha. Double application of these microfertilizers
during the formation of 6-10 true leaves and in the phase of the end of budding - the beginning of
flowering increased the crop yield by 12%, the conditional net income by 4.8 thousand rubles / ha.
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Efficiency of microfertilizer application in intensive sunflower
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Additional treatment of sunflower plants before flowering, although reducing the profitability of
seed production by 30%, increased the yield of the crop by 5%, conditional net income by 27%.
Keywords: sunflower, microfertilizer, foliar top dressing, yield, economic efficiency
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INTRODUCTION

The main amount of oil-bearing raw ma-
terials and up to 75% of all oil-bearing crops
grown in the Russian Federation are oil sun-
flowers (Helianthus annuus L.). Sunflower is
the main oil-bearing crop in the Russian Fed-
eration and the third in the world after soy-
beans and peanuts. Over 52% of sunflower
seeds in the world are produced in two coun-
tries, Russia and the Ukraine [1-3].

In recent years, sunflower has been grow-
ing steadily in the structure of the cultivated
area of crops in Russia and currently amounts
to more than 9 million hectares [4]. This is
due to the fact that in modern agricultural
production conditions, sunflower is one of
the high-margin crops (the profitability level
reaches 430-680%), which makes it profitable
for cultivation [5]. Sunflower oilseeds are one
of the main components of the country's food
security in terms of providing the population
with the required vegetable oil and raw mate-
rials for the processing industry and livestock
breeding!' [6].

The Bryansk Region is a non-typical re-
gion for sunflower cultivation for oilseeds?.
However, in recent years the area under the
crop has been growing rapidly. In 2022, it was

planted on more than 15,000 ha, and 40,400
tons of sunflower were threshed with an aver-
age yield of 2.7 t/ha [7, 8], although modern
varieties and hybrids have a higher genetic po-
tential (6.0-6.5 t/ha) [9].

Soil and agroclimatic conditions in the Bry-
ansk region meet the basic biological require-
ments of the crop. The duration of the grow-
ing season of the early- maturing and early-
ripe sunflower varieties and hybrids is 80-100
and 100-120 days, respectively, which allows
them to be cultivated for seed in the central re-
gions of Russia [10]. The breeders of the All-
Russian Research Institute of Oil Crops have
created sunflower varieties and hybrids of dif-
ferent ripeness groups with high productivity
that are resistant to biotic and abiotic stress-
ors [11]. In this regard, agricultural producers
have an opportunity to select a wider range of
sunflower varieties and hybrids adapted to the
growing conditions for cultivation for seeds in
more northern latitudes [12].

An important reserve for increasing sun-
flower yields along with the introduction of
adaptive varieties and hybrids is to improve
the elements of intensive agricultural tech-
nologies of the cultivated crop [13, 14]. Tra-
ditional sunflower cultivation technology

'Kostenkova E.V., Bushnev A.S., Pashtetsky V.S. Technological aspects of confectionary sunflower cultivation in arid conditions of the crimean
peninsula // IOP Conference Series: Earth and Environmental Science: International Conference on World Technological Trends in Agribusiness.

2021. P. 012073.

*Belous N.M., Vaskin V.F., Kuzmitskaya A.A., Kubyshkin A.V., Schmidt Y.I. Dynamics of crop production and rational use of agricultural lands
// 10P Conference Series: Earth and Environmental Science: VI International Scientific Conference on Advanced Agritechnologies, Environmental
Engineeringand Sustainable Development — Chemical, Ecological, Oil-and-Gas Engineering and Natural Resources. 2022. P. 042009.
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is based on the integrated use of high-yield
seeds, optimization of water and nutrient re-
gimes, and the implementation of integrated
plant protection [15]. Many specialists ar-
gue that 50% of the yield potential of crops
is achieved by introducing new varieties and
hybrids, and 50% by improving their cultiva-
tion technology [16].

The most important role in the formation
of yield and its chemical composition belongs
to a balanced plant nutrition with macro- and
microelements. In this regard, fertilization is
the main method of regulating the content of
humus and nutrients in the soil-plant system
[17]. The proportion participation of fertiliz-
ers in the formation of crop yield in the Non-
Black Soil Zone of the Russian Federation,
according to various estimates, reaches 25-
40% [18]. However, the issue of doses, tim-
ing and methods of their application remains
relevant and is contradictory in a number of
studies. In addition, depending on the ripe-
ness group of the hybrid (variety), sunflowers
show different responsiveness to fertilizers
[5], and the event itself on the application of
fertilizers is resource-intensive.

One of the ways of effective use of mineral
fertilizers, which allows increasing the yield
and improving its quality, as well as reducing
the cost of material resources, is foliar fertil-
ization. In recent years, micro-fertilizers have
become increasingly widespread® [18, 19].
The macro- and microelements contained in
their composition are not only a source of
nutrition, but also contribute to the improve-
ment of plant immunity, reduction of stress
resistance from the used agrochemicals and
adverse natural and climatic phenomena [20],
enhance the development of the root system,
assimilating apparatus, activate photosynthe-
sis, increasing the yield and its quality [21].
Compensation of nutrient deficiencies by fo-
liar application, especially during the criti-
cal phases of growth and development of the
crop, is a necessary technique [20].

Evaluation of the effectiveness of foliar
feeding on high-yield sunflower varieties and
hybrids with high adaptive capacity for the
conditions of the Bryansk region is urgent and
of practical relevance.

The purpose of the study was to investigate
the effect of foliar micro-fertilizers Boro-N
and Fertix mark B on sunflower seed yield and
economic efficiency indicators.

The research objectives are to:

— determine the dependence of sunflower
seed yield on the frequency of foliar feeding;

— give an economic assessment of the use
of foliar sunflower micro-fertilizers Boro-N
and Fertix mark B.

MATERIAL AND METHODS

The studies were carried out in 2020-2022
on the experimental field of the Bryansk State
Agrarian University (Bryansk Region). The
soil of the experimental plot is gray forest light
loamy strongly dusty, formed on carbonate
loams, with a high content of humus (3.3%),
close to the neutral reaction of the environ-
ment (pHg,;, 5.7), with a very high content of
mobile forms of phosphorus (26.5 mg/100 g
soil) and potassium content (19.4 mg/100 g).

The object of the study is a sunflower hy-
brid Fakel. Agro-ecological tests of sunflower
varieties and hybrids on the experimental field
conducted in 2020-2022 showed that this hy-
brid is highly adapted to the conditions of the
Bryansk region. On average, over the 3 years
of research, its growing season was 110 days,
plant height - 174 cm, weight of 1000 seeds
- 65.7 g, huskiness - 29.5%, biological yield -
4.15 t/ ha.

Annual grasses were used as a forecrop in
the experiment. Seeding was carried out by the
dotted method using SPCH-6 seeder with 70
cm row-spacing to a depth of 5 cm. The seed
rate was 55 thousand seeds/ha.

The main fertilizer was Ny,,P 50K, for
the planned yield of 3.5-4.5 t/ha. Azophoska
(16 : 16 : 16) was used as this fertilizer, which

3Nikiforov V.M., Nikiforov M.I., Chekin G.V., Silaev A.L., Smolsky E.V., Nechaev M.M. Efficiency of multifunctional chelate complexes used
during spring wheat cultivation / IOP Conference Series: Earth and Environmental Science: the proceedings of the conference AgroCON-2019.

2019.P. 012127.
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was applied under pre-sowing cultivation at a
depth of 5-7 cm.

The experimental scheme included three
variants of treatment with micro-fertilizer
Boro-N (2.0 1/ha) + Fertix mark B, BP (2.0 I/
ha): without micro-fertilizer application (con-
trol), one treatment, two treatments.

The second variant used one foliar feeding
with a tank mixture of micro-fertilizers during
the formation of 6-10 true leaves, in the third
- two: the first - during the formation of 6-10
true leaves; the second - in the phase of late
budding - the beginning of flowering.

Micro-fertilizers used in the experiment
have the following characteristics: Boro-N,
WS - easily assimilable liquid concentrated
fertilizer for foliar and root dressing for the
prevention and treatment of boron deficiency
conditions. It contains readily available boron,
150 g/1 (11%) + amine nitrogen, 51 g/1 (3.7%).
Fertix mark B, BP - concentrated liquid fertil-
izer for foliar and root fertilizing. It contains
microelements in easily assimilable concen-
trated form (chelates): N - 210 g/1, MgO - 25,
SO; -26.2, Cu- 3.9, Fe -4.5, Mn - 8.8, Mo -
0.08,Zn-7.8,Ti-0.2,B-7.8,Na,O0-37.5 g/l.

Sunflower plant protection system included
autumn application of Total 480, WS herbicide
(3.0 I/ha), soil spraying with Sarmat, SC her-
bicide (3.0 I/ha) before sunflower emergence,
crop treatment with Legion Combi, EC herbi-
cide (0.8 I/ha) during 2-6 leaves weed phase,
and insecticide Cepellin, EC (0.15 1/ha) when
pests appear.

The area of the experimental plot was 33
m?, and the area of the registration plot was
5 m?. Repeatability was threefold, placement
was systematic.

The micro-fertilizers and protectants used
in the experiment are approved for use in the
Russian Federation in 2020-2022.

The experimental work was carried out ac-
companied by laboratory observations and
analyses according to the generally accepted
methods of field experiments. Economic ef-
ficiency of mineral fertilizers application was
calculated according to the method of the
Institute of Soil Science and Agrochemistry
(Minsk, 2010).

RESULTS AND DISCUSSION

Seed yield of the sunflower hybrid Fakel
ranged from 3.76 to 4.40 t/ha depending on the
experiment variant and the year conditions (see
Table 1).

The lowest yield was recorded under the
conditions of 2020: the average for the crop
was 4.04 t/ha, varying from 3.76 to 4.27 t/ha.
Slightly higher it was in 2021 - with an average
of 4.08 t/ha and varied from 3.84 to 4.29 t/ha.
The maximum yield was recorded in 2022 with
a crop average of 4.29 t/ha and variation from
4.03 to 4.40 t/ha depending on the experiment
variant.

The minimum yield of sunflower seeds was
observed in the control variant (without the use
of micro-fertilizers). Depending on the condi-
tions of the year, it was from 3.76 to 4.03 t/ha
with an average value of 3.88 t/ha.

The application of foliar feeding of veg-
etative sunflower plants with a tank mixture of
Boro-N (2.0 I/ha) and Fertix mark B (2.0 1/ha)
during the formation of the 6th-10th true leaf

Taoa. 1. YpoxxallHOCTb CEMSIH MOJICOJIHEUHHKA B
3aBUCHMOCTH OT YHCIIa 00pabOTOK MHKpPOYH0Ope-
HMSIMH, T/Ta

Table 1. Sunflower seed yield depending on the
number of microfertilizer treatments, t/ha

Yield +/- to the
Option control,
2020 | 2021 | 2022 | Average | t/ha

Control
(without
treatment) 3,76 | 3,84 | 4,03 3,88 -
Boro-N, BP
treatment (2.0
1/ha) + Fertix
mark B, BP
(2.0 1/ha):

one 4,09 | 4,12 | 425 | 4,15 0,27
two 427 | 429 | 440 | 4,32 0,44
LSD;s 0,16 | 0,14 | 0,13 0,14
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increased the crop yield by an average of 0.27
t/ha (from 3.88 to 4.15 t/ha) and gave a reli-
able increase of the crop yield compared to the
control variant from 0.22 (2022) to 0.33 t/ha
(2020). ) to 0,33 t/ha (2020) at LSD,s = 0,13-
0,16 t/ha.

The maximum yield of 4.27 to 4.40 t/ha (av-
erage - 4.32 t/ha) was obtained using two foliar
sunflower dressings with a tank mixture of mi-
cro-fertilizers during the formation of 6-10 true
leaves and in the phase of late budding - begin-
ning of flowering. Yield increase compared to
the control in this variant was 0.37 to 0.51 t/ha,
0.44 t/ha on average.

The reliable yield increase from additional
foliar fertilizer in the phase of the end of bud-
ding - the beginning of flowering to the vari-
ant with a single application of micronutrients
in the phase of 6-10th true leaf was recorded.
Yield increment depending on the year was
0,15 to 0,18 t/ha (average 0,17 t/ha) with LSDys
0,13 to 0,16 t/ha.

With the value of the sunflower seed yield
increase as a result of foliar fertilization with a
tank mixture of Boro-N + Fertix brand B micro-
fertilizers 0.27 t/ha (one fertilization) and 0.44
t/ha (two fertilizations) and the price of seed
at 30,000 rubles per ton, the cost of the yield
increase to the control was 8100 and 13,200
rubles/ha respectively (see Table 2).

The costs to the control variant, including
the cost of purchasing micro-fertilizers, their
application, as well as the cost of harvesting
and refinement of the yield increase amounted
to 4298.8 rubles / ha in the variant with one fo-
liar fertilizer and 8366.5 rubles / ha - in the vari-
ant with two.

Thus, the conditional net income to the
control in the variant with one treatment was
3801,2 rubles / ha, with two - 4833,5 rubles /
ha, the increase in the level of profitability to
control corresponded to 88.4 and 57.8%.

Despite the fact that the level of profitability
in the variant with two foliar feeding is 30.6%
lower than in the variant with a single applica-
tion of micro-fertilizers, the rate of conditional
net income in the variant with two treatments is
higher by 1032.2 rubles / ha than in the variant
with one.

Ta6a. 2. Dxonomudeckas 3pPpeKTHBHOCTH MPH-
MEHEHHSI HEKOPHEBBIX IMOJKOPMOK MUKPOyL00pe-
Husmu bopo-H + ®@eptukc mapka b

Table 2. Economic efficiency of foliar fertilizer
application with Boro-N + Fertix mark B
microfertilizers

Treatment
Indicator multiplicity
one two
Crop yield, t/ha 4,15 4,32
Yield increase compared to the 027 0.44
control, t/ha
Cost of yield increase, rubles/ha 8100 | 13200
Additional costs to the control, 42988 | 83665
rubles/ha
Conditional net income to the 38012 | 4833.5
control, rubles/ha
Profitability to the control, % 88.4 57,8

CONCLUSIONS

1. The average sunflower seed yield in the
experiment ranged from 3.88 to 4.32 t/ha.

2. Single foliar top dressing of vegetative
sunflower plants with a tank mixture of micro-
fertilizers Boro-N + Fertix mark B during the
formation of the 6-10th true leaf at a dose of
2.0 + 2.0 L / ha helps to obtain seed yields of
4.15 t / ha, increasing the yield of seeds com-
pared to the option without microfertilizers by
0.27 t / ha, and the indicator conditional net in-
come by 3.8 thousand rubles / ha, and profit-
ability of seed production by 88%.

3. Double foliar feeding by tank mixture
of micro-fertilizer Boro-N + Fertix mark B dur-
ing the formation of the 6-10th true leaf and in
the phase of the end of budding - beginning of
flowering at a dose of 2.0 + 2.0 1/ha provides
a sunflower seed yield of 4.32 t / ha, increas-
ing the seed yield relative to the option without
micro-fertilizers by 0.44 t / ha, the conditional
net income by 4.8 thousand. rubles/ha, the prof-
itability of seed production by 58%.

4. Additional foliar fertilization with mi-
cro-fertilizers Boro-N + Fertix mark B in the
phase of the end of budding - beginning of
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flowering at a dose of 2.0 + 2.0 L / ha in-
creases the sunflower seed yield by 0.17 t/ ha

and conditional net income by 1.0 thousand
rubles / ha.
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IPOEKTUBHOCTBH IPUMEHEHUA PETI'YJIATOPOB POCTA
ITPHU IMTPOU3BBOJACTBE HECHOKA (ALLIUM SATIVUM L.)

=) MoasikoB A.B. "2, Jlorunos C.B.3, AntexceeBa T.B. "2, Korisiposa O.B.*

! Bcepoccutickuil HayuHO-UCCIe008amenbCKull UHCMumym 080uWes00cmea —

Punuan @edepanbHoeo HAYUHO20 YEeHMPA 080UWEB00CMBA

MockoBckast obmacts, 1. Bepes, Poccus

’Mockosckuil 2ocyoapcmeenHblil 001acmHou yHusepcumem

MockoBckast 00:1acTh, I. MbrTuim, Poccus

‘Tocyoapcmeentblil HAYUHO-UCCIE008aMENbCKULE UHCIUNYI XUMUU U MEXHOIOULU NEeMEHMOOPeAHU-
YeCKUX COCOUHEHULL

Mockaa, Poccus

*Buprouekymckasi 080UHAs CeNeKYUOHHAST ONbIMHAsL cmanyusi — punuan PedepaibHo20 HAYYHO2O0
YEeHmpa 080U e800cmaa

Pocrosckas obnacts, . HoBouepkacck, Poccus

(x)e-mail: vital 00plus@yandex.ru

[IpencrasneHbl pe3ynbTaThl HCCIEAOBAHUI PErYISTOPOB POCTA HOBOTO MOKOJICHHUS IPU BbIPAIIBAHUH
TM0CaJOYHOTO Mareprana yecHoka (Allium sativum L.). Dxcriepuments! (2019-2021 rr) nmpoBeieHsI B Mo-
JeBbIX onbITaXx B MockoBckol oOmacti. Pactenus BeIpaiieHsl Ha mouBe, comepxatieit 3,2% rymyca,
2,9 mr a3ota/100 r moussl, 26,8 Mr docdopa/100 T moussl, 3,9 mr kamust/100 T noussl, pH coneBoii Bb-
TDKKU — 5,2. B meprion Beretaiy pacTeHU MPOBEACHBI TPH MOAKOPMKH: NepBasi — B (ha3zy Hayaia UH-
TEHCHUBHOTO POCTA JINCTHEB aMMHAYHOMN cemuTpoit (B m03e 30 1/M%), Bropast — uepe3 2 Hejl TocyIe TIepBOM
uutpoammodockoi (30 /M%), TpeThst — depe3 2 Hel TIocie BTopou cynbdarom kamus (50 r/m?). TloroaHble
YCJIOBUS B LIEJIOM OBUTH ONIaronpHsITHBIME JUTS BRIpalMBaHus YecHoKa. [1onmB pacTeHuit mpoBoi 1o
Mepe HeoOxoauMocTH. OMNBITHI MPOBEACHBI HA YECHOKE 03UMOM copTa I taguarop. OOpaboTKy mOCEeBHO-
0 (BO3IYLIHBIX JIYKOBUYEK) U MTOCAI0YHOTO Marepuraia (0HO3yOKOBBIX JIKOBHIL U 3yOKOB) ITPOBOAVIIH
ITyTeM 3aMavyuBaHusl B TedyeHue 30 MUH, pacTeHHMS, OMyYECHHBIE U3 HUX, — ONPBICKUBAHUEM PAaCTBOPAMU
perymsaTopoB pocrta. penaparst Jloctop n Dueprus M ucnonb3oBanu B KontenTparmu 0,01%, npenapar
Hupron — B koHneHTparmn 0,025% st 00paboTKH 1ocaIouHoro Marepraa u B koHreHTparmu 0,1% mpu
00paboTKe Ha/[3eMHO YacTH pacTeHHH. YCTaHOBJIEHO, YTO 00padOTKa BO3AYIIHBIX JIyKOBUYEK H PACTECHHIH
nperiaparoM JIocTop criocoOCTBYET MOBBILICHHUIO YPOXKaHHOCTH OTHO3yOKOBBIX JIyKOBHII Ha 18,8%0, pena-
parom Dueprust M — Ha 8,1%. O6paboTka 01HO3yOKOBBIX JTyKOBHII M pacTeHHH npemnaparom JlocTop cro-
COOCTBYET MOBBILICHUIO YPOKAHHOCTH MHOTO3YOKOBBIX JIYKOBHL Ha 24,3%, npenaparom DHeprust M — Ha
16,2%. Ilpumenenue npenapara JIocTop crmocoOCTBYET YBEIMUYCHUIO COJICPKAHUS CYXHX BEIICCTB
Ha 8,0% U yBeIMUYEHUIO CyMMBI caxapoB Ha 9,2%.

KimroueBble cj10Ba: 4eCHOK, BO3AyILHAs JTyKOBUYKA, OHO3YOKOBas JTyKOBHIIA, MHOT03YOKOBas JTyKOBH-
112, Macca JIYKOBHIIbI, YPOXKaHHOCTB, PETYJISTOPbI pOcTa

EFFECTIVENESS OF GROWTH REGULATORS IN GARLIC
(ALLIUM SATIVUM L.) PRODUCTION
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The results of the studies of new generation growth regulators in the cultivation of planting material
of garlic (Allium sativum L.) are presented. The experiments (2019-2021) were conducted in the
field trials in the Moscow region. The plants were grown on the soil containing 3.2% humus, 2.9
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TIPU TIPOM3BOACTBE YecHOKa (Allium sativum L.)

mg nitrogen/100 g soil, 26.8 mg phosphorus/100 g soil, 3.9 mg potassium/100 g soil, pH of the
salt extract - 5.2. During the growing season of the plants three fertilizer applications were made:
the first - in the phase of intensive leaf growth with ammonium nitrate (at a dose of 30 g/m?), the
second - 2 weeks after the first with nitroammophoska (30 g/m?), the third - 2 weeks after the
second with potassium sulfate (50 g/m?). The weather conditions were generally favorable for garlic
cultivation. The plants were watered as needed. The experiments were conducted on winter garlic of
the Gladiator variety. Seed (aerial bulbs) and planting material (one-toothed bulbs and cotyledons)
were treated by soaking for 30 min, and the plants obtained from them were sprayed with growth
regulator solutions. The preparations Lostor and Energy M, were used at a concentration of 0.01%,
Zircon at a concentration of 0.025% for the treatment of the planting material and at a concentration
0f 0.1% for the treatment of the above-ground part of the plants. It was found that treatment of aerial
bulbs and plants with Lostor promotes an increase in the yield of one-toothed bulbs by 18.8%, and
by 8.1% with Energy M. Treatment of single-toothed bulbs and plants with Lostor increases the
yield of multitoothed bulbs by 24.3%, and with Energy M by 16.2%. Application of Lostor promotes
an increase in the dry matter content by 8.0% and an increase in the sum of sugars by 9.2%.

Keywords: garlic, aerial bulbil, monoclove bulb, multiclove bulb, bulb weight, yield, growth
regulators
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INTRODUCTION of seedlings, growth and development of potato
plants and their yields [5]. The important role
of polyfunctional plant growth regulators in
overcoming herbicide stress was revealed [6].

Studies carried out on garlic demonstrated
high efficiency of growth regulators of different
origin. Thus, it was found that the use of gib-
berellic acid (GA 3) on onion and garlic acti-
vates plant growth and leads to increased yield
in rainfed and irrigated conditions [7-10]. The
use of Epin Extra (in concentration of 0.5 ml/l
for preplanting soaking of cloves for 24 h) and
Zircon (in concentration of 1.0 ml/l) increased
the yield of bulbs by 33.0 and 45.0% compared
to control [11].

It was found that the use of preparations Epin
Plus (in concentration of 0.002% for preplant-
ing treatment of cotyledons in the phase of 3-5
leaves and in the phase of shoots emerging from
the leaf axils) and Rostmoment (0.1%) has a fa-

Several thousands of compounds of chemi-
cal, microbial and plant origin, characterized
by the ability to regulate numerous processes
associated with the growth and development of
plants, are used in plant breeding. They allow
to reduce the undesirable effects of negative
environmental factors on cultivated plants, in-
crease their resistance to diseases, contribute to
an increase in yield, quality and preservation of
products in the post-harvest period [1-3].

Researchers have shown the role of silicon-
containing compounds in the soil formation
process, in increasing the availability of phos-
phorus and nitrogen for plants from soil com-
plexes. The stimulating and protective effect
of such compounds on plants was found [4]. It
was shown that the addition of growth regula-
tors Vigor Forte and Humi-20 to the protectants
reduced their negative impact on the dynamics
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vorable effect on the winter-hardiness of plants
[12]. The positive effect of thiourea at a con-
centration of 100 ppm manifested itself in an
increase in the size of cotyledons, bulb weight,
yield, and in the cost-benefit ratio, which was 1
: 3.19 [13]. The growth regulator G2 (Cicocel)
used at 1000 ppm appeared to increase the shelf
life of garlic under normal environmental con-
ditions [14].

An increase in the weight of one-toothed
bulbs by 1.2-1.8 times, yield by 13-43%, re-
duction of lead and cadmium concentration by
more than 2 times, reduction of infectivity of
bulbs by bacterial diseases when using compo-
sitions of a number of growth-regulating sub-
stances were observed [15].

The study of the effect of growth regulators
Energy M, Siliplant, Zircon showed that the use
of Zircon contributed to an increase in the yield
of garlic bulbs by 10.6-18.9%, and the use of
Energy M and Siliplant reduced the proportion
of cloves affected by phytopathogens to 4.7 and
6.4%, while this indicator was 15.3% in the
control'. High efficiency of Energy M and other
new generation growth regulators is shown on
different species of cultivated plants [16-22].

The purpose of the study is to identify the ef-
fectiveness of growth regulators in the produc-
tion of planting material of winter garlic.

The objectives of the research are to show
the effectiveness of using modern highly ef-
fective growth regulators in planting garlic in
the treatment of planting material (aerial bulbs,
one-toothed and multi-toothed bulbs) and plants
during the growing season.

MATERIAL AND METHODS

Experiments and research were conducted at
the All-Russian Research Institute of Vegetable
Growing - Branch of the Federal Research Cen-
tre of Vegetables (Vereya village, Ramensky

district, Moscow region) in 2019-2021.

Soil conditions of the experiment: humus
content in the soil was 3.2%, pH of the salt ex-
tract was 5.2, nitrogen content - 2.9 mg/100 g
of soil (according to Kjeldahl), phosphorus -
26.8 mg/100 g of soil (according to Chirikov),
potassium - 3.9 mg/100 g of soil (according to
Maslova). The material for the study was aerial
bulbils, one-toothed and multi-toothed bulbs of
winter garlic (Allium sativum L.) variety Gladi-
ator. The studies were performed using gener-
ally accepted methods>?>.

During the growing season, plants were fer-
tilized with ammonium nitrate (30 g/m?) first at
the phase of intensive leaf growth, with nitroam-
mophoska (30 g/m?) 2 weeks after the first, and
with potassium sulfate (50 g/m?) 2 weeks after
the second. Weather conditions were generally
favorable for garlic growing. Plants were wa-
tered as needed, and the weeds were controlled
manually.

Seed (aerial bulbils) and planting material
(one-toothed bulbs and cotyledons) were treated
by soaking for 30 min, and the plants obtained
from them were sprayed with growth regulator
solutions. Lostor, Energy M at a concentration
of 0.01% and Zircon 0.025% were used for
the treatment of planting material. Treatment
of the above-ground part of plants was carried
out with the same drugs at a concentration of
0.1%. Plants were treated during vegetation for
the first time in the phase of the beginning of
intensive leaf growth and for the second time
after 3 weeks. Water treatment was used as a
control. The experiment with aerial bulbils was
laid in 5-fold replications, the area of the reg-
istration plot was 1 m?, the method of planting
was row, the distance between the rows was 25
cm, the distance between the plants in the row
was 0.5 cm. Experience with one-toothed bulbs
and cloves was laid in 4-fold repetition, the area

'Polyakov A.V., Alexeeva K.L., Alexeeva T.V. Influence of growth regulators on yield and phytopathogen infestation of winter garlic in the
Moscow region // Ecological state of the natural environment and scientific and practical aspects of modern agricultural technologies: Proceedings
of the International Scientific and Practical Conference. Ryazan, 2018. pp. 318-322.

*Methodical guidelines for onion crop breeding. Edited by L.I. Ershov, A.F. Agafonov. MOSCOW: VNIISSOK, 1997. 122 p.

3Dospekhov B.A. Methodology of field experience (with the basics of statistical processing of research results): a textbook for students of
higher agricultural educational institutions in agronomic specialties. Ed. 6-th, reprinted from the 5th edition. 1985 M.: Alliance, 2011. 350 p.

*Litvinov S.S. Methodology of Field Experiments in Vegetable Growing. MOSCOW: VNIIO, 2011. 650 p.
SErshov L1, Vorobyova A.A., Abrakhina U.V. Methodological guidelines for onion and garlic breeding. M.: VASKHNIL, 1984. 36 p.
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of the registration plot was 2.5 m? The plant-
ing method was row wise, the distance between
the rows was 25 cm, the distance between the
plants in the row was 10 cm.

The material for the study was aerial bulbils
weighing 0.8 g, one-toothed bulbs 2.0 g, and
cotyledons 3.0 g. The manufacturer of Energy
M and Lostor preparations was Flora C (OOO)
and Zircon (ANO NEST M)°.

RESULTS AND DISCUSSION

The studies showed that the treatment of
aerial bulbils and plants obtained from them
with Lostor increased the yield of one-toothed
bulbs by 18.8% compared with the control, and
with the use of Energy M - by 8.1%. In these
variants, better plant survival was noted, which
explains the reason for the yield increase (see
Table 1). The proportion of one-toothed bulbs
affected by phytopathogens in all the variants
was not higher than 1.2%. Positive effect of

the preparation on aerial bulbils and plants ob-
tained from them was not found.

When using growth regulators on planting
material and the plants obtained from one-
toothed bulbs, a positive effect was noted for
all analyzed indicators. For example, bulb re-
growth was 11.7% higher when Lostor was
used and 13.6% higher when Energy M was
used. In these variants, bulb weight was 11,2
and 2,7% higher, while bulb yield was 24,3 and
16,2% higher compared to the control. The ef-
fectiveness of Zircon was similar to that of Los-
tor (see Table 1).

It was found that treatment of garlic grown
from cloves with Lostor exceeded the control
by 17.5% in bulb weight and 8.0% in yield.
When Zircon was used, the weight of the bulbs
exceeded the control by 19.3%, and the yield
by 12.7% (see Table 1).

Analysis of single-toothed bulbs after 9
months of storage showed that when treated
with Lostor, weight loss remained at the control

Taoda. 1. Baustaue perymsaTtopoB pocTa Ha ypoxkaitHOCTh ykoBuil, 2019-2021 rr.
Table 1. Effect of growth regulators on the bulb yield, 2019-2021

Experiment N“mbe}rla"rfvgl';‘i“rf; during Bulb weight Bulb yicld
option pes./m? % to the control g % to the control t/ha % to the control
Aerial bulbils
Control 484 100,0 1,6 100,0 5,1 100,0
Lostor 560 115,7 1,6 100,0 6,1 118,8
Energy M 507 104,7 1,6 100,0 5,6 108,1
Zircon 450 93,0 1,0 63,0 4,6 90,0
LSD,s 0.4
One-toothed bulbs
Control 42.8 100,0 25.9 100,0 11,1 100,0
Lostor 47,8 111,7 28,8 111,2 13,8 1243
Energy M 48,6 113,6 26,6 102,7 12,9 116,2
Zircon 47.8 111,7 28,7 110,8 13,7 1234
LSD,s 0,6
Bulbils

Control 30,6 100,0 38,8 100,0 11,8 100,0
Lostor 28,0 91,5 45,6 117,5 12,8 108,0
Energy M 30,2 98,7 39,7 102,3 12,0 101,7
Zircon 28,7 93,8 46,3 119,3 13,3 112,7
LSDys 0,7

*Directory of Pesticides and Agrochemicals Permitted for Use in the Russian Federation, 2022. URL: https://www.agroxxi.ru/

goshandbook.
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level, with minimal losses from diseases, which
amounted to 4.3%. The use of the preparations
Energy M and Zircon had no positive effect on
the analyzed parameters (see Table 2).

Our previous studies have showed that the
use of organometallic compounds in garlic
leads to a more than 2-fold decrease in the con-
centration of lead and cadmium, copper and
zinc - by more than 20% relative to the control,
the indicators in which were 12.54; 15.88; 1.30;
0.07 mg/kg, respectively [15].

However, in the case of low content of these
trace elements in the soil, the use of Lostor
did not lead to a decrease in copper, zinc and
cadmium content in the cotyledons. Neverthe-
less, lead content in one-tooth bulbs (0,008 +
0,0016) was significantly lower compared to
the control (0,04 & 0,006).

Chemical analysis showed that the content
of dry matter as well as disaccharides in garlic
cloves obtained by treatment with Lostor and
Energy M preparations was registered higher
compared to the control (see Table 3).

The decrease in ascorbic acid content seems
to be caused by the fact that in the bulb, the en-
dogenous ascorbic acid anion displaces the suc-
cinate tris ethanolamine (TEA) anion from hy-
drosuccinate, which is part of the drug Lostor,
with the formation of TEA ascorbate. A similar
situation is observed in the case of Energy M,

when the ascorbate anion displaces the o-cres-
oxyacetic acid anion from Cresacin, which is
part of its composition.

The possibility of such a mechanism was
confirmed by experiments using pure Cresacin
and ascorbic acid.

CONCLUSION

The studies showed high efficiency of Lostor
application in garlic crops. It was proved that
pre-sowing (preplanting) and double treatment
of plants during the vegetation period contrib-
ute to increasing the yield of one-toothed and
multi-toothed bulbs by 8.0-24.3%, increasing
the content of dry matter in the cotyledons by
8.0% and disaccharides by 9.2%.
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OMCKASI 42 - HOBBIV CPEJTHEIIO3/THUHM COPT MINEHUIIBI MATKOM
SIPOBOM JJIS1 FOKHOM JIECOCTENU U CTEIIN

beaan U.A., PocceeBa JL.IIL., biaoxuna H.IIL., ITaxoruna U.B.,
x)MyxopaoBa M.E., Memkosa JI.B.

OmcKutl azpapHwlil HAYYHbIN YeHmp

Owmck, Poccust

()e-mail: mukhordova@anc55.ru

OnucaHbl pe3ynbTaThl HCCIEA0BAHUH MO CO3JaHHIO COPTa MIIEHUIIBI MATKON sipoBoit OMcKas 42.
Copt xapakTepu3yeTcsl BRICOKUMH TTOKa3arelsaMu ycroiunBoctu K 3acyxe (MY in vitro = 0,55).
[IpoBenieHHBIE OTICHKN YCTOHYUBOCTH K TUCTOCTeOeNpHBIM maTtoreHaM B 2017 u 2018 rr. mokazanm,
4yto copT Omckas 42 obnagaer cpeJHUM YpOBHEM YCTOWYMBOCTU K MyudHHUcTol poce (MY = 0,47
u 0,59) u BeicokuM — k Oypoit (MY = 0,05 u 0,18) u crebnesoit pxapunaam (MY = 0,07 u 0,28).
[Ipu 3HAYUTENFHOM HEHOCTATKE BIIATH M MacCOBOM pa3BuUTHH 3aboneBanuii B 2019 u 2020 rT. B
nepuop kymenue — kojomenue (I'TK = 0,20-0,45) ypoxaiiHocTs copta OMckast 42 Obuia BbILIE
BocpuuMunBOro crannapra Cepebpucras cooTBeTcTBeHHO Ha 2,15 m 2,88 1/ra, yCTOWYMBOTO K
9THM 3a0oneBaHusiM copTa Dnement 22 —Ha 0,16 u 0,5 1/ra. J{mnHa Koioca HoBoro copta Ha 0,5 cM
oonbrre cranaapra Cepedpucras. CyliecTBEHHOE MPEBBILICHHE B CPABHEHHH CO CTAaHIIAPTOM BbI-
asneHo 1o macce 1000 3epen (Ha 5,6 T). Pe3ynbrarsl H3ydeHns copTa B MEXITyHAPOIHOM 3KOJIOTHU-
yeckoMm nuroMHuke KACHB (2015 1 2016 1) MOKasainu, 9YTo Ha ONBITHBIX YYacTKaX, TJ[e OTMEYCHO
MaccoBO€ MOpaKeHre MoceBOB Oypoil u cTebneBoil pikaBuuHaMu, copT OMckas 42 IposSBUIT BBICO-
KYI0 ¥ YMEPEHHYIO YCTOMYMBOCTh K 3TUM 3a00JIEBAaHHSM, ypOxKaHOCTB ero Obuia Ha 0,39—1,23 1/ra
BbIILIC BOCHPUUMYMBBIX cOpTOB. IloKazaTenu kauecTBa 3epHa B IOABI MIEPEadu copTa Ha roccop-
TOUCIIBITAHNE OBLIU CIIEIYIOINIUE: COJep)KaHUe ChIpol KiielikoBuHEI 31,8%, Oenka — 16,36%, cuia
Myku — 415 e. a., o6mras xiaebomnekapHas onenka — 4,3 6amra. C 2019 r. copr BrirroueH B ['ocpeecTp
CeNeKIIMOHHBIX AocTkeHnit PO no 3anagno-Cubupckomy (10) pernoHy Kak cpeTHeno3IHII COPT.
[To kauecTBY 3epHa OH OTHOCHUTCS K CHJIBHOW MIlIeHUIIe. B pamMkax nmporpaMMbl HMIIOPTO3aMeILEHUS
BHE/PEHHE B MPOU3BOJICTBO HOBOTO copra OmcKas 42 MO3BOJIUT CyIIECTBEHHO YBEIUYUTH U CTa-
OunM3MpoBaTh BaJIOBBIE cOOPHI 3epHa B OMckoii obnactu u 3anaano-CubupckoM pernone Poccun.

KuroueBble ci10Ba: MIlIeHUIIa, COPT, MATOre€H, YCTOWYMBOCTh, KAYECTBO 3€pPHA, YPOXKANHOCTh

OMSKAYA 42 - ANEW MIDDLE-LATE VARIETY OF SOFT SPRING WHEAT
FOR THE SOUTHERN FOREST-STEPPE AND STEPPE

Belan I.A., Rosseeva L.P., Blokhina N.P., Pakhotina I.V.,
x)Mukhordova M.E., Meshkova L.V.

Omsk Agrarian Scientific Center

Omsk, Russia

(<)e-mail: mukhordova@anc55.ru

The results of research on the creation of the soft spring wheat variety of Omskaya 42 are described.
The variety is characterized by high indices of drought tolerance (IR in vitro = 0.55). Assessments of
resistance to leaf rust pathogens in 2017 and 2018 showed that the variety Omskaya 42 has a medium
level of resistance to powdery mildew (IR =0.47 and 0.59) and high resistance to brown rust (IR = 0.05
and 0.18) and stem rust (IR = 0.07 and 0.28). With a significant lack of moisture and mass develop-
ment of diseases in 2019 and 2020 during tillering - earing (HTC = 0,20-0,45), the yield of the variety
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Owmckast 42 — HOBBIH CPeJHENO3IHHUI COPT MIIEHHIIL! MATKOH ApOBOi benan U.A., Pocceesa JLII., biioxuna H.IT., [Tlaxornna U.B.,
JUISI FOXKHOH JIECOCTENH U CTeNn Myxopaosa M.E., Memkosa JI.B.

Omskaya 42 was higher than the susceptible standard Serebristaya, respectively, by 2.15 and 2.88 t /
ha, and the variety Element 22 resistant to these diseases - by 0.16 and 0.5 t / ha. The ear length of the
new variety is 0.5 cm longer than the standard Serebristaya. Significant excess compared to the stan-
dard was revealed by the weight of 1000 grains (by 5.6 g). The results of the study of the variety in the
international ecological nursery KASIB (2015 and 2016) showed that on the experimental plots with a
mass infestation of crops with brown and stem rust, the variety Omskaya 42 showed high and moderate
resistance to these diseases, its yield was by 0.39-1.23 t/ha higher than susceptible varieties. Indicators
of grain quality in the years of transferring the variety for state variety testing were as follows: crude
gluten content of 31.8%, protein - 16.36%, the flour strength - 415 e. a., the overall baking score - 4.3
points. Since 2019, the variety is included in the State Register of Breeding Achievements of the Rus-
sian Federation for the West Siberian (10) region as a middle-late variety. In terms of grain quality, it
belongs to the strong wheat. As part of the import substitution program, the introduction of the new
variety Omskaya 42 will significantly increase and stabilize the gross yield of grain in the Omsk region
and the West Siberian region of Russia.
Keywords: wheat, variety, pathogen, resistance, grain quality, yield

Jas untupoBanus: beran MU.A., Pocceesa JIII, bnoxuna H.II, Ilaxomuna HU.B., Myxopoosa M.E., Mewxosa JI.B.
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INTRODUCTION middle-late varieties. Uralosibirskaya variety
is cultivated on the area of more than 122,303
ha, which is among the leaders by area in Rus-
sia since 2018. Among the 12 middle-late va-
rieties: 6 are strong (Omskaya 18, Omskaya
24, Omskaya 28, Omskaya 37, Omskaya 42
and Uralosibirskaya) and 6 are valuable by
grain quality'. However, in terms of resistance
to fungal diseases and higher productivity, not
all varieties meet the requirements of agricul-
tural producers. The forest-steppe and steppe
zones require middle-late varieties that can
withstand the spring-summer drought, resis-
tant to leaf rust diseases, lodging, with grain
of high quality and stable yields from year to
year. Since 2015, the threat of epiphytotics of
stem rust has increased, in particular the new
virulent race of stem rust, called Ug 99. In the
years of epiphytotics, yield losses of suscep-
tible varieties from this disease are more than
50%?.

The Omsk region is part of Western Siberia,
one of the largest grain-producing geographi-
cal regions of the Russian Federation. The
presence of four soil and climatic zones in the
Omsk region (taiga and subtaiga, northern for-
est-steppe, southern forest-steppe and steppe)
suggests the need to create varieties of differ-
ent groups of ripeness. The total area of vari-
etal crops of soft spring wheat in the Omsk re-
gion in 2021 was 1,287,923 ha. Forest-steppe
and steppe are the most densely populated and
economically developed zones of Western Si-
beria. The area of spring wheat sown in these
zones is 1 159 277 ha (89,8%), middle-late
varieties - 522 135 ha, or 40,5% of the spring
wheat varieties. A total of 25 middle-late va-
rieties are cultivated in the fields of the Omsk
region, 12 of which were created by the Omsk
Agrarian Scientific Center (Omsk ASC). They
occupy 327,483 ha, or 62.7% of the share of all

'"Recommendations on the cultivation of crop varieties and the results of variety trials in the Omsk region for 2020. Omsk, 2020. 74 p.

2Overview of the phytosanitary state of crops in the Omsk region in 2019 and the forecast of the development of harmful objects in 2020.
Branch of the Federal State Budgetary Institution "Rosselkhoztsentr" in the Omsk region. Omsk, 2020. 156 p.
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Omskaya 42 — a new middle-late variety of soft spring wheat
for the southern forest-steppe and steppe

Belan I.A., Rosseeva L.P., Blokhina N.P., Pakhotina I.V.,
Mukhordova M.E., Meshkova L.V.

According to researchers, the variety be-
longs to one of the main places in the yield
increase, improvement of product quality and
resistance to diseases [1-3]. Creation of vari-
eties with wide homeostasis for such a vast
region is a promising task of selection. Vari-
ability of weather conditions by year and even
within a day is the main reason for variation
in wheat yields in Western Siberia. One of the
limiting factors for the stable yield of spring
soft wheat is a frequently repeated drought.
The number of years with pronounced drought
in the southern forest-steppe and steppe of the
Omsk region during the spring and summer
period is about 30% [4-6]. Mainly during the
growing season, the May-June drought with
maximum precipitation in July (limits are 20
+ 199 in the southern forest-steppe) prevails,
which contributes to the formation of a special
forest-steppe West Siberian ecotype of spring
wheat varieties in local conditions, which ef-
fectively use late precipitation.

The purpose of research is to study the fea-
tures of the variety Omskaya 42 on the main
breeding traits: yield, elements of productiv-
ity, resistance to adverse biotic and abiotic
environmental factors and indicators of grain
quality.

The objectives of the research are the char-
acteristics of the variety Omskaya 42 on mor-
phological traits, its advantages in comparison
with the standards for yield, elements of yield
structure, resistance to drought and leaf dis-
eases, as well as grain quality.

MATERIAL AND METHODS

The work on the creation and evaluation
of selection material of soft spring wheat
was carried out according to the full selec-
tion scheme®. Intraspecific hybridization was
used in the creation of this variety. Hybridiza-
tion was carried out in the "grid yard". Source
material and hybrid populations of F/ to F3

were sown with a hand seeder CP-1. Sowing
of the selection nursery lines of the 1st year of
study (SN-1) was carried out with the SPR-2
seeder (the seeding area of each line was 10 X
30 cm). In the hybrid nursery garden (HN) and
the selection nursery of the 2nd year (SN-2),
the area of the plot was 3 and 5 m?. The selec-
tion nursery of the 3rd year (SN-3), as well as
the competitive variety trial (CVT) were sown
by SSFK-7 M planter, the plot area was 10 m?.

The CVT nurseries for spring soft wheat
were planted for 3 years in two sowing dates
and in the sowing after the autumn plowing
period. At the first sowing date, repetition was
four times, at the second sowing date and at
the sowing after the autumn plowing, repeti-
tion was three times. Seeding rate - 5.5 million
germinated seeds/ha. The first sowing date is
May 12-15, the second and after the autumn
plowing - May 23-25. The varieties Element
22, Serebristaya and Omskaya 35 were used as
standards in the study of varieties of the mid-
dle-late ripeness group. Harvesting in 2021
was carried out with a small-sized selection
and seed-growing combine "WINTERSTEI-
GER-VIM". Due to mass development of leaf-
rolling pathogens, the resistance to brown rust
(Puccinia recondita f. sp. tritici), stem rust
(Puccinia graminis f. sp. tritici), and powdery
mildew (Blumeria graminis f. sp. tritici) un-
der field conditions was evaluated according
to the international scale®.

The registrations were performed dynami-
cally every 5-6 days from the onset of disease
manifestation to its mass development. Based
on the data obtained, the area under the dis-
ease progress curve (AUDPC) and the disease
resistance index (IR) were calculated accord-
ing to the classification proposed by the All-
Russian Research Institute of Phytopathology:
highly resistant (IR = 0.10 + 0.35); moderately
resistant (IR = 0.36 + 0.65); weakly resistant
(IR =0.66 + 0.80) and susceptible (IR > 0.80)°.

3Methodology of state variety testing of crops. General part. M., 1985. Issue 1. 269 p.

*Peterson R.F., Campbell A., Hannah A. A diagrammatic scale for estimating rust intensity on leaves and stems of cereals. Canadian journal

of research. 1948. Ne 26(5). pp. 496-500.

SKovalenko E.D., Kolomiets T.M., Kiseleva M.I., Zhemchuzhina A.I., Smirnova L.A., Shcherbik A.A. Methods for evaluation and selection of
source material when creating wheat varieties resistant to brown rust: guidelines VNIIF. M., 2012. 93 p.
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OMcKast 42 — HOBBII CPeTHEIO3IHUI COPT MIIEHHIIBI MITKOH SPOBOIt
JUISI FOXKHOH JIECOCTENH U CTeNn

benan U.A., Pocceera JIII., bnoxuna H.I1., [Taxoruna 1.B.,
Myxopnosa M.E., Memkosa JI.B.

For the laboratory analysis of productivity
structure elements, plants were manually har-
vested from 1 m? plots. Two middle-late vari-
eties were used as standards: Silver, suscep-
tible to frondiferous pathogens, and Element
22, characterized by moderate resistance to
powdery mildew and high resistance to brown
rust and stem rust (resistance genes Lr26/Sr31,
Sr35) [7].

Under laboratory conditions, using auto-
mated plant breeder's workplace (APBW), the
analysis of 9 elements of plant productivity
was carried out. Studies to determine resis-
tance to brown rust and stem rust in the phase
of seedlings were carried out in artificial cli-
mate chambers (Biotron-4, Biotron-8) using
benzimidazole method®.

Brown and stem rust resistance genes were
identified using PCR analysis. Brown and
stem rust resistance genes were screened us-
ing primers for Lr197 gene marker, Lr26® gene
marker, Sr25° gene marker, and Sr37'° gene
marker [8-10].

Technological properties were determined
in the laboratory of grain quality of the Omsk
Academy of Sciences by the standards and
methods recommended by the State Commis-
sion for Variety Testing of Agricultural Plants
on the basis of available equipment and cali-
brated instruments'" '2,

Evaluation was carried out according to
the following indicators: nature, vitreousness,
weight of 1000 grains, protein and gluten con-
tent in the grain. Physical properties of the
dough were determined on an AlveolLab and
a Brabender farinograph. Baking quality was
evaluated according to the following indica-

tors: volume, appearance, porosity, elasticity
and color of the crumb. The overall baking
score was determined by the average values of
these indicators.

RESULTS AND DISCUSSION

The variety Omskaya 42 is a result of cross-
ing local breeding lines Lutescens 290/97-7 x
Lutescens 167/98-4. Hybridization was con-
ducted in 2004, the elite plant was selected in
2006, then a middle-late line Lutescens 6/04-
4 was selected through staged study in the
breeding nurseries (2007-2012), which was
studied in the CVT nursery in 2013-2015 and
submitted to state varietal trials (SVT) under
the name Omskaya 42.

The line Lutescens 290/97-7 was isolated
from the hybrid population from crosses of
the variety Omskaya 21 X Reno (Norwegian
variety, k-57056, with the Pm4b powdery mil-
dew resistance gene). The variety Omskaya 21
was isolated from the hybrid population No-
vosibirskaya 22 x Spontaneous hybrid based
on the sample from Canada. Evaluation to leaf
rust diseases of this variety under field condi-
tions showed that the variety belongs to the
middle-late ripeness group, characterized by
a high level of resistance to powdery mildew
(IR <0.35), but susceptible to brown and stem
rusts. The breeding line Lutescens 167/98-4
was selected from a hybrid combination of
Com. 90 x Omskaya 33. The line Kom. 90 was
obtained in 1996 from A.I. Morgunov (pedi-
gree NL456/VEE#5//PASA/3/BOW/ GEN//
KAUZ). Mexican variety KAUZ has a wheat-
rye translocationlRS.1BL (Sr31/Lr26 genes)
in the pedigree, as well as gene Lr13. Under

*Mikhailova L.A., Kvitko K.V. Laboratory methods of cultivation of brown rust pathogen // Mycology and phytopathology.1970. Vol. 4, N 3.

pp. 269-270.

"Gupta S.K. [et al.] Haque Identification and validation of molecular markers linked to the leaf rust resistance gene Lr19 in wheat // Theor
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27. pp. 229-232.
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// PLoS ONE. 2016. N 11 (10). pp. 1-14.

"“Das B.K. [et al.] Development of SCAR markers for identification of stem rust resistance gene “Sr31” in the homozygous or heterozygous
condition in bread wheat // Plant Breeding. 2006. Vol. 125 (6). pp. 544-549.

"Methods of State Variety Testing of Agricultural Crops: Technological Assessment of Cereals, Cereals and Legumes. M., 1988. 121 p.
2GOST P 54478-2011. Grain. Methods of determination of quantity and quality of gluten in wheat. Moscow: Standartinform. 2012. 19 p.
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field conditions under natural and infectious
background, this line was characterized by
resistance to leaf-rolling pathogens. The mid-
season-ripening variety Omskaya 33 has been
in the State Register since 2002 and has a com-
bination of genes with low efficiency to brown
rust Lrl, Lr3 and LrI0. The varieties Kavkaz,
Grekum 114, Omskaya 20, which have high
level of resistance to powdery mildew and de-
lay development of rust pathogens, are includ-
ed in the pedigree of the variety Omskaya 33.
Thus, complex recombinant genome of Omsk
42 is a result of crossing of varieties of Rus-
sian and foreign selection, which family tree
includes Caucasus, Omsk 20, KAUZ - carriers
of wheat-rye translocation. Using PCR-specif-
ic markers the genes Lr26 and Sr31/ localized
on rye chromosome 1RS were identified in
this variety. Thus, the variety is characterized
by a favorable genotypic environment for the
realization of the genetic potential of the short
arm of rye chromosome 1RS.

Soft spring wheat variety Omskaya 42 be-
longs to the West Siberian forest-steppe eco-
logical group. Variety - lutescens. The bush
is semi-erect. The plant is medium-sized with
a strong stem; the straw is medium-thick and
hollow. The flag leaf is of intermediate type,
medium pubescence, gray-green in color. Flag
leaf and its sheath have medium waxy bloom;
anthocyanin coloration of the lugs is absent.
The spike is pyramidal, white, flaxless, hair-
less. The floral scales show awnlike shoots on
1/4 of the ear up to 1.0 cm long. The density
of the ear is medium (up to 16-18 spikelets per
10 cm of the shaft). The glume is lanceolate
in shape. The beak is sharp, short. The shoul-
der is straight, medium-sized. Grain scales are
dense. The grain is semi-elongate, red, the fur-
row is narrow, superficial, the crest is weakly
expressed. Weight of 1000 grains 36-42 g.
Phenol staining of the grain is medium.

Biological characteristics of the variety.
The variety is middle-late, ripening in 99 days
(4 days later than the standard Omskaya 35,
2013-2015). In comparison with the variety
Serebristaya, the new variety appeared to ripe
5 days later (103 vs. 98, 2014 and 2015). The

data obtained from in vitro testing of the breed-
ing material showed that the variety Omskaya
42 has an increased resistance to adverse abi-
otic environmental conditions, in particular to
drought. The index of resistance (ir) of the va-
riety Omskaya 42 and the standard Silver was
0,55 and 0,57 respectively, which indicates an
increased resistance to drought [11]. Resis-
tance to lodging is high (5 points versus 4.7
in the standard). At considerable lack of mois-
ture and mass development of leaf diseases in
2019 and 2020 during tillering - earing (HTC
=0,20-0,45) the yield of the variety Omskaya
42 compared to the standard Serebristaya was
higher by 2.15 and 2.88 t/ha and compared to
the standard Element 22 - by 0.16 and 0.5 t/ha
respectively.

Under field conditions, both on natural and
infectious background, the new variety delays
the development of the pathogens of brown
and stem rust. In the seedling phase, the vari-
ety is moderately resistant to these pathogens
(lesion score 2), as well as to yellow spot and
net blotch (1-2 points). It is characterized by
medium resistance to powdery mildew and
kernel smut, as well as the standard cultivar
Serebristaya (4,6-32,8%), it is weakly affected
by loose smut (less than 7%).

Among the breeders and phytopathologists
there is no consensus on the type of resistance
in the created varieties. We are supporters of
creating varieties with different types of re-
sistance depending on the ripeness groups. In
selections carried out in early breeding nurs-
eries, special attention is paid to both mor-
phological traits of productivity and disease
resistance. In later nurseries for varieties of
middle late group of ripeness along with re-
sistant genotypes those are selected that pre-
vent the development of the pathogen, but at
the end of the growing season are affected by
it, thus accelerating the ripening. Assessments
of resistance to leaf-rolling pathogens showed
that the variety Omskaya 42 is characterized
by an average level of resistance to powdery
mildew (IR =0.47 and 0.59 in 2017 and 2018,
respectively). The records of brown rust and
stem rust lesions carried out in the dynamics
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showed that the susceptible standard Serebris-
taya was affected by 5 and 20-30%, respec-
tively, in the first two registrations, and by
100% in the last one. The variety Omskaya 42
and the Element 22 standard, resistant to these
pathogens, were not affected by rust diseases
in the first two registrations. In the last evalu-
ation, the variety Omskaya 42 had the maxi-
mum lesion 60%, and Element 22 - 40%. The
disease is less harmful for such varieties, as
the incubation period of the parasite is length-
ened, and the varieties "escape" from severe
damage. In epiphytotic years, the yield of the
resistant varieties Omskaya 42 and Element
22 was 5.02 and 5.09 t/ha, respectively, and
the susceptible variety Serebristaya was 3.04
t/ha, i.e. 2.0 t/ha less. The peculiarity of the re-
sistant varieties is adaptability to environmen-
tal conditions. The variability of their yields
by year is medium (CV = 11%), and in the va-
riety Serebristaya - strong (CV = 43.3%). The
results of analysis of variance showed that the
proportion of the influence of genotype in the
study of the variety Omskaya 42 and middle-
late standards 2016-2020 was 51.5%, environ-
mental conditions - 39.9%.

The advantage of the variety Omskaya 42
is also noted in the elements of the yield struc-
ture in Table 1.

In fact, with the same productive bushiness
(1.4 pc), the length of the ear of the new va-
riety is marked by 0.5 cm more than the stan-
dard Serebristaya. Also, the variety exceeds
the standard by indicators: the number of
grains in the ear and per plant by 1.0 and 3.6
pcs, respectively, the weight of grain from the
main ear and per plant by 0.28 and 0.26 g, re-
spectively. The essential excess in comparison
with the standard was detected on the mass of
1000 grains (by 5,6 g).

The study of the variety in the international
ecological nursery KASIB (Russia and Ka-
zakhstan, 2015 and 2016) showed: the period
of seedlings - wax maturity in the variety Om-
skaya 42 came on average 2 days later than
the average late standard; plant height in both
the standard and the new variety ranged from
56 to 103 cm. On the two experimental plots

where brown and stem rust lesions were ob-
served, the variety Omskaya 42 showed high
and moderate resistance to these diseases, its
yield was 0.39-1.23 t/ha higher than the sus-
ceptible varieties. The maximum yield was re-
corded in 2015 at Kurhansemena point (5.33
t/ha).

When identifying the variety Omskaya 42
using DNA-markers to fungal diseases, it was
found that in its genotype a complex of genes
Lr26/Sr31 was found. The detected complex
is located on the wheat-rye translocation 1BL.
RS, the presence of which imparts a number of
other economically useful features to varieties
in addition to resistance [12, 13].

It is important to study genetic resources
and identify valuable samples to create vari-
eties that form the yield even under adverse
environmental conditions [14-16]. Grain qual-
ity parameters of the new variety, when trans-
ferred to the state variety plots (SVP) (CVT,

Ta6ua. 1. Pesynbrarsl n3ydeHus copra
Owmckas 42 8 KCH, 2013-2015 rr.

Table 1. Results of the study of the Omskaya 42
variety in the CVT, 2013-2015

Indicator Omskaya | Serebris- | = to the
42 taya standard

Sprouting - wax ripe-
ness, days 99,0 98,0 +1,0
Resistance to lodging,
score 5,0 4,7 0,3
Plant height, cm 92,2 90,9 1,3
Productive bushiness 1,4 1,5 -0.,1
Spike length, cm 9,6 9,1 0,5
Number of spikelets
in a spike, pcs. 16,4 15,4 1,0
Number of grains in a
spike, pcs. 40,7 37,1 3,6
Number of grains per
a plant, pcs. 52,3 50,4 1,9
Grain weight of the
main spike, g 1,57 1,29 0,28
Grain weight per a
plant, g 1,92 1,66 0,26
Thousand-kernel
weight, g 37,7 32,1 5,6
Yield, CVT, first term,
t/ha, LSD5= 0,29 3,37 2,97 0,40
Yield, CVT, after ce-
reals, t/ha 2,94 1,95 0,99
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2013-2015): the grain unit reached 711 g/l,
weight of 1000 grains - 39.5 g, vitreousness
- 51%. Baking indicators were high, corre-
sponded to the strong wheat: gluten content in
the grain - 31.8%, protein - 16.36%, strength
of the flour - 415 e. a., the ratio of elasticity to
extensibility by alveograph - 1.76 e. a., valo-
rimetric score - 85 e. v., liquefaction dough by
farinograph - 33 e. f. According to the results
of the laboratory baking the volume of bread
was 980 cm?, total baking score - 4.3 points.
When studying the variety Omskaya 42 in the
demonstration nursery from 2016 to 2020 the
following data were observed on average: for
protein - 16.81%, gluten - 33.2%, the total
baking score - 4.2 points.

State variety trials of the variety Omskaya
42 took place from 2016 to 2018 on three vari-
ety plots located in the southern forest-steppe
(Sherbakulsky) and steppe (Cherlaksky and
Pavlogradsky) zones of the Omsk region, the
standard was a middle late variety Serebris-
taya (see Table 2). The data show that regard-
less of the variety site, the yield of the new
variety with high resistance to rust diseases
exceeded the susceptible standard Serebrista-
ya by 0.28 - 0.90 t/ha. The high yield increase
in the average for the 3 years of testing was
noted on Sherbakulsky SVP, it was 0.9 t/ha
to the standard Serebristaya, and to the Ele-
ment 22 - 0.35 t/ha. On the variety plots in the
steppe zone, the yield of the variety Omskaya
42 was at the level of the standard Element 22.
The maximum yield of the variety Omskaya
42 was observed in 2017 at the Sherbakulsky

SVP (4.88 t/ha) and in 2018 at the Cherlaksky
SVP (4.66 t/ha).

Assessment of technological quality re-
vealed the advantage of the new variety in
the main indicators compared with the stan-
dard Element 22. Table 3 shows the data on
the grain quality in two variety plots belong-
ing to the steppe zone. The new variety in the
Cherlaksky variety plot exceeded the standard
in protein content by 1.2% and in gluten by
2.0%, and in the Pavlogradsky - by 1.5% and
3.3%, respectively.

In terms of the flour strength, the variety
surpassed the standard by more than 3 times.
Bread volume of the variety Omskaya 42 at
the Cherlaksky SVP was higher by 340 cm’,
at the Pavlogradsky - by 400 cm’. The overall
baking score is excellent, higher than the stan-
dard by more than 1.1 points.

The new variety Omskaya 42 successfully
passed the production test in the PFE Budanov
(Omsk region, Kormilovsky district) and the
PFE Omskoye (Omsk district). In addition, the
variety is widely cultivated in the farms of the
Russian Scientific Production System "Sibe-
rian seeds".

Pre-sowing tillage is recommended for
KPE-3,8, KPSh-9; sowing by SZP-3,6 seed-
ing machine on May 15-22, seed embedding
depth 6-8 cm with seeding rate 4.5-5.0 million
germinating grains/ha. Crop treatment against
monocotyledonous weeds with Ovsugen (0,4-
0,6 1/ha), against dicotyledons - Oktapon (0,8-
1,0 1/ha). Depending on weather conditions,
harvesting of the variety is one- or two-phase.

Ta6a. 2. YpokailHOCTh COPTOB MIIEHUIIBI MATKOU sipoBoit Ha ['CY 105KHO-TIECOCTENHON U CTen-

HOM 30Hax OMckoi oomactu, 2016-2018 rr., T/ra

Table 2. Yield of soft spring wheat varieties at the SVT in the southern forest-steppe and
steppe zones of the Omsk region, 2016 - 2018, t/ha

SCTS Omskaya 42 Serebristaya Element 22 + to Serebristaya + to Element 22
Sherbakulsky 3,85 2,95 3,50 0,90 0,35
Cherlaksky 3,55 3,12 3,65 0,43 -0,10
Pavlogradsky 2,97 2,69 3,13 0,28 -0,16
LSDys 0,28
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Taoda. 3. KauectBo copra nueHuubl Msarkoi siposoit Omckas 42 va I'CY B crenHolt 30He OMCKOi

obmactu, 2018 r,, T/ra

Table 3. The quality of the soft spring wheat variety Omskaya 42 at the SVT in the steppe zone of the

Omsk region, 2018, t/ha

Variety Graig/]unit, Protegi?aicrinﬂt/zznt in Glutegr; glrlfr(}/zity in st%%;trh, b};g% ;(’)Eilllgj)?go(f) . ];2 (t;le Pgﬁﬂ%
Cherlaksky SVT
Omskaya 42 791 15 29,2 323 1190 4,5
Element 22 807 13,8 27,2 94 850 3,4
Pavlogradsky SVT
Omskaya 42 710 16,3 36,3 363 1250 4,7
Element 22 762 14,8 33 106 850 34

The proposed agro-technology is used in a
number of advanced farms of the southern
forest-steppe of the Omsk region.

Economic efficiency. From the introduction
of the new variety of soft spring wheat Oms-
kaya 42 with the observance of the technology
of cultivation on fallow, the economic effect
in the forest-steppe zone is 4250 rubles / ha.
Due to the high level of yield and resistance to
diseases and good baking properties, the new
variety can successfully compete with the va-
rieties of similar ripeness group.

CONCLUSION

The variety Omskaya 42 is included in the
State Register of the Russian Federation in
2019 for the West Siberian (10) region'.

Soft spring wheat variety Omskaya 42 is
the result of crossing of the Russian and for-
eign breeding varieties, the pedigree of which
includes Caucasus, Omskaya 20, KAUZ - the
carriers of wheat and rye translocation. Using
PCR - specific markers in this variety Lr26
and Sr31 genes were identified. The variety
Omskaya 42 is a middle-late variety, which
belongs to strong wheat in terms of grain qual-
ity. The type of the variety is lutescens, the
bush is semi-erect, the plant is medium-grown
with a sturdy stem. The density of the ear is
medium, the weight of 1000 grains is 36-42 g.
The variety is highly resistant to drought and
high - to lodging.

Under field conditions both on natural and
infectious background, the new variety re-
tains the development of pathogens of brown
and stem rusts, has a medium level of resis-
tance to powdery mildew and kernel smut,
weakly affected by loose smut (not more than
7%). In the seedling phase, the variety shows
moderate resistance to rust pathogens (dam-
age score of 2).

The results of studying the variety in the
international ecological nursery KASIB (2015
and 2016) showed that on the experimental
plots where mass defeat of crops by brown and
stem rusts was observed, the variety Omskaya
42 showed high and moderate resistance to
these diseases, its yield was by 0.39-1.23 t/ha
higher than susceptible varieties. According to
grain quality the variety corresponds to strong
wheat: raw gluten content - 31,8%, protein -
16,36%, flour strength - 415 e. A., the general
baking score - 4,3 points. With mass develop-
ment of leaf diseases, the variety Omskaya 42
exceeded the susceptible standard Serabrista-
ya by more than 2.0 t/ha, and the highly resis-
tant to these diseases standard Element 22 - by
0.16 t/ha and higher by yield.

As part of the import substitution program,
the introduction of the new variety Omskaya
42 will significantly increase and stabilize the
gross yield of grain in the Omsk region and the
West Siberian region of Russia.

BA.C. of the Russian Federation No. 68818, patent No. 9658 (patent holder FSBSI "Omsk Scientific and Research Center").
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AKTYAJIBHOCTbD YBEJIMYEHMUS JIOJIM O3UMOM PXKH
B IPOU3BOJCTBEHHBIX IOCEBAX 3AIIAJTHOW CUBUPU

CIlerpoBa A.A., JIluxenko U.E., ApremoBa I'.B.

Cubupckuil HayUHO-UCCIe008AMENbCKULL UHCTNUIMY T PACMEHUeB00CMEA U CeleKYul —
Qunuan edepanbHoco uccied08amenbcko2o yeHmpa « MHCmumym yumonoeuu u 2eHemuKu
Cubupcrozo omoenenus Poccutickou akademuu Hayk

Hosocubupckast o6macts, p.im. KpacnooOck, Poccus

(<)e-mail: anyuta.07@mail.ru

O3umas poxxb, 001aJar0Iasi MHOTUMU LICHHBIMU CBONCTBAMHU, ABJISIETCS. O4E€Hb BaXKHOM KYJIBTY-
poii B 3epHOBOM KinHe. [IpoBeeHHBIN aHATN3 MHOTOJIETHHX TaHHBIX O pa3Mepax MOCEBHBIX MIIOIIA-
neii 03uMoil pxxu B Poccun cBuaeTenbeTByeT 00 X CTPEMHUTENBHOM COKpallleHUU. B CBsi3u ¢ 3TM
npuBeJieH npumep peanusyemoit IlpaBurenscrsom OunnsHAMM nporpammsl «Poxby, HanpasieH-
HOW Ha MOMYJIAPU3AIUIO U yBEJINYeHHE OTpeOIeHUs TPOIYKIIMM U3 PKaHOW MYKH, a TaKKe OIbITa
CO3J1aHUs] MHPOPMAIIMOHHOTO LIEHTPA, 3aHUMAIOIIETOCS MPOCBETHTENBCKON ACSTEILHOCTBIO CPEIn
HaceneHus. PaccMoTpeHo coctosgHne ['ocyiapcTBEHHOTO peecTpa CEIEKINOHHBIX TOCTHXKEHUH, J0-
ITyIIEHHBIX K UCTIOIB30BAHUIO, I10 03UMOM PIKU: YCTAHOBJIEHO, YTO HA JIOJIF0 COPTOB OTEYECTBEHHON
cenekuuu npuxogurcs 87,1%, unoctpannoit — 12,9%. Ilpu 3ToM A Bo3AenbIiBaHUS B 3araHoM
Cubupu pekoMeH10BaHO 18 COPTOB MCKIIIOUMTEIHHO OTEUECTBEHHOM CEIEeKINH, B TOM YHCIE Ye-
ThIpE COpTa TETPAIUIOUAHON pKu. 3a MOCIeIHee IECATIIETHE B PErHOHE 3apernCTPUPOBAHO MATh
COPTOB 03UMOi pxH. [IpeacTaBieHo COOTHONIEHNE BETMYNHBI II0CEBHBIX IJIOMIAICH MO/ KyJIBTYy PO
B Poccntickoit denepanmu B memom, AnraiickoM kpae u HoBocubupckoii obnactu. [Ipoananmnsupo-
BaHHI TaHHBIE TT0 HoBOCHOMpCKOit obmacTtr 3a 2019-2021 rT. 0 yposkalfHOCTH OCHOBHBIX 03UMBIX
KyJBTYp, 00beMaM BbICEBa COPTOB U TMOPHIOB PXKU 03UMOIL, BKJIIOUEHHBIX B ['ocpeectp. M3yueHo
MOJIOKEHHE JIEJT B TIPOU3BOJCTBE 03UMOM P’KU U IPOJYKTOB €€ MepepadOTKH, a TAKKE MEePCIEeKTH-
Ba WMCIIONIb30BaHUs 3TOW KyJBTYpHl B ceBooOopoTax 3amamnoit Cubupu. [IpuBeneHsl mokazarenn
MaKCHUMAaJIbHOW YPOKaiHOCTH COPTOB M TUOPUOB O3UMOMN PiKH, TIEPEUUCIICHBI UX TPEUMYIIECTBA
1 HEIOCTATKU. APryMEHTHPOBaHbI 3HAUUMOCTh CO3JaHMs KOJUIEKLIUN COPTOB ¥ THOPHUIOB Ha TEPPH-
TOPUH PETMOHA U HEOOXOJUMOCTh YBEIWYCHHUS IPOU3BOACTBA O3UMOM PKU U NMPOAYKTOB €€ mepe-
paboTkwu.

KuiroueBsble cjioBa: 03uMasi poxb, KOJUIEKLIUSI COPTOB ¥ THOPUAOB 03UMOM PiKH, IIOCEBHBIE ILIO-
I1a]T1, YPOJKaHOCTh, pKaHast MyKa

RELEVANCE OF INCREASING THE SHARE OF WINTER RYE IN PRODUCTION
CROPS OF WESTERN SIBERIA

XD Petrova A.A., Likhenko L.E., Artemova G.V.

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

Krasnoobsk, Novosibirsk region, Russia

(<)e-mail: anyuta.07@mail.ru

Winter rye, which has many valuable properties, is a very important crop in the grain
area. The analysis of long-term data on the size of sown areas of winter rye in Russia shows their
rapid decline. In this regard, the example of the “Rye” program, implemented by the Finnish go-
vernment to promote and increase the consumption of rye flour products, as well as the experience
of establishing an information center engaged in educational activities among the population is pre-
sented. The state of the State Register of Breeding Achievements Approved for Use in winter rye was
considered: it was revealed that domestic breeding varieties accounted for 87.1%, foreign - 12.9%.
At the same time, 18 varieties exclusively of domestic breeding were recommended for cultivation
in Western Siberia, including four varieties of tetraploid rye. Over the past decade, five varieties of
winter rye have been registered in the region. The ratio of the size of sown areas under the crop in the
Russian Federation as a whole, the Altai Territory and the Novosibirsk Region is presented. The data
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Relevance of increasing the share of winter rye
in production crops of Western Siberia

Petrova A.A., Likhenko I.E., Artemova G.V.

for the Novosibirsk region for 2019-2021 on the yield of major winter crops, the volume of sowing
of winter rye varieties and the hybrids included in the State Register were analyzed. The situation
in the production of winter rye and its products, as well as the prospects for the use of this crop in
crop rotations in Western Siberia were studied. Indicators of maximum yield of winter rye varieties
and hybrids are given, their advantages and disadvantages are listed. The importance of creating a
collection of varieties and hybrids in the region and the need to increase the production of winter rye

and its products are justified.

Keywords: winter rye, collection of varieties and hybrids of winter rye, land under cultivation,

productivity, rye flour
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INTRODUCTION

Winter rye is one of the most important stra-
tegic crops. The Transcaucasus and the adja-
cent regions of West Asia are considered to be
the main area of origin of the Secale genus. For
centuries, rye provided complete nutrition for
the population of Russia, being the raw mate-
rial for the production of rye bread, it was con-
sidered a national symbol. This bread was tasty
and affordable for the Russian people. The bio-
logical characteristics of rye correlate well with
the soil and climatic conditions of most of the
agricultural regions of Central Russia, the Vol-
ga region, the Urals, Western and Eastern Sibe-
ria. In Siberia, winter rye began to be cultivated
from the 1st half of the 17th century, which co-
incides with the introduction of agriculture by
the Russian settlers' [1].

Winter rye, which is included in the group
of grain crops, has a number of valuable natural
properties: winter hardiness, frost and drought
resistance, the ability to sprout quickly in the

'Ivanov A.P. Rye. Moscow: Selkhozizdat, 1961. 304 p.

spring and to grow on low fertile (acidic, sandy,
peaty) soils, preserving its yields. Due to these
qualities, rye is firmly entrenched in the areas
with unfavorable soil and climatic conditions,
has gained popularity among farmers and is by
right a safety net crop [1].

The use of winter rye in crop rotations gives
a good agronomic effect, as everyone knows
its ability to inhibit the growth of weeds and
due to the developed root system improve soil
structure. For many years in the country as a
whole there has been a reduction of cultivated
areas under the crop? (see figure). In particular,
in the Novosibirsk region the winter grain crop
area accounts for only a small share of the total
sown area.

According to the data presented in the fig-
ure, it is clear that the sown area in 2000-2002
was not less than 3500 hectares, since 2003
there has been a decrease in the sown area, and
since 2015 their value has not exceeded 1500
hectares.

*Goncharenko A.A. Production and breeding of winter rye in Russia / Vestnik of the Russian Agricultural Science. 2010. N 1. pp. 22-26.
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Sown areas of winter rye in the farms of all categories in the Russian Federation (according to Rosstat),

thousand hectares?

Rye contains proteins, essential amino acids
(valine - 0.7% in dry matter; isoleucine - 0.7;
leucine - 1.0; lysine - 0.6; threonine - 0.3; tryp-
tophan - 0.1% on absolutely dry basis), miner-
als (Ca, Fe, F, P, K, Zn, Mn, Cu), vitamins A,
B, E in considerable quantity. Because of this
it is a raw material suitable for the production
of functional foods. Rye is considered a useful
cereal because of the large amount of dietary fi-
ber that contains arabinoxylan, cellulose, 3 glu-
can, fructans and lignin, which have a positive
effect on health. Rye is mainly used to make
bread and bakery products, as well as in the in-
dustry for the production of liquor products. In
addition, rye grain is part of many food prod-
ucts: breakfast cereals, porridges, pasta, etc.
(see footnote 1) [2-4]. It should be noted that
only rye bread made of coarse flour on sour-
dough, which was and still is a symbol of na-
tional identity of Russia, can be considered full-
fledged. In the old days they used to say that
rye bread is a weapon against hunger. Today it
can be named the weapon against illnesses [3].
Rye bran is a by-product of flour production.
They consist mainly of dietary fiber and are a

valuable source of many biologically active
compounds. It is noteworthy that rye bran has a
fairly high content of ferulic acid, which is used
in food, pharmaceutical and cosmetic industries
[4].

Rye grain is practically not used for mixed
fodder, although it is a complete concentrated
feed. In terms of nutrients, it is not inferior to
barley and wheat, and in terms of sugar it ex-
ceeds them by 2 times. Rye protein compared to
wheat protein has a higher biological value due
to the better ratio of amino acids in its compo-
sition. When using concentrated feed contain-
ing winter rye grain of forage direction, a sig-
nificant increase in body weight and improved
meat quality of animals (rabbits, broiler chick-
ens, pigs) are noted [5, 6].

The presence of so-called anti-nutritive sub-
stances (non-starch polysaccharides, phytic
acid, pentosans, pectins) in winter rye limits its
use in mixed fodder. Pentosans, which make up
the cell membrane of the endosperm, dissolve
during digestion, which leads to a decrease in
the digestibility of feed and assimilation of nu-
trients. The most effective ways to solve this

3Crop acreage in the Russian Federation (farms of all categories; thousand hectares). 1990-2021 URL: https://rosstat.gov.ru/enterprise

economy
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Relevance of increasing the share of winter rye
in production crops of Western Siberia

Petrova A.A., Likhenko I.E., Artemova G.V.

Taoa. 1. Copra, BKItoueHHbIE B [0Cy1apCTBEHHBIN PEECTpP CEIEKIIMOHHBIX JOCTHKEHUM, JOMYILIEHHBIX
K UCMOJIb30BaHuI0 B 3anaaHo-Cubupckom perrone, 3a 2012-2022 rr.

Table 1. Varieties included in the State Register of Selection Achievements approved for use in the

Western Siberian region for the period 2012-2022*

Variety i:cel?lrsi(z)fn iegliejﬁf Originator/patent holder
Irtyshskaya 2014 10, 11 | Omsk Agrarian Scientific Center
Narymchanka 2015 10 Siberian Federal Scientific Centre of Agro-BioTechnologies RAS
Sibir 4 2016 10 Omsk Agrarian Scientific Center
Sudarushka 2021 10 Siberian Federal Scientific Centre of Agro-BioTechnologies RAS
Chulpan 9 2021 4,9, 10 | Ufa Federal Research Center RAS

*4 — Volga-Vyatka; 9 — Ural; 10 — West-Siberian; 11 — East-Siberian.

Ta6J. 2. TloceBHble MO Prku 03uMOit B PD 1 oTaenbHbIX pervoHax 3amaroi Cuoupu B 2019-2021 ., ra’

Table 2. Sown areas for winter rye In the Russian Federation and in certain regions of Western Siberia

in 2019-2021, ha’

Region 2019 2020 2021
RF as a whole 849 871 981 625 1036 467
Novosibirsk region 10 994 12072 24279
Altai Territory 24 960 28 976 46 177

Taba. 3. CpenHss ypokKaitHOCTh 03UMOM PKU,
03UMOH U sIpoBOH TeHuIpl B HoBocnbupckoit
obmactu B 2019-2021 rr., m/ra’

Table 3. The average yield of winter rye, winter

wheat, spring wheat in the Novosibirsk region in
2019-2021, c/ha’

Year Winter rye Winter wheat Spring wheat
2019 22,3 243 16,6
2020 17,2 20,6 17,7
2021 24.8 28,5 22,0

problem and to increase the content of sugars in
winter rye are the selection of culture for qual-
ity and effective technological methods: fer-
mentation of grain, heat and barothermal treat-
ment (extrusion), which allow to include winter
rye in the diet of animals without any problems
[1, 5-8].

In the 80s of the 20th century in Finland there
was a situation similar to the current situation
in the Russian Federation: there was a decrease
in the consumption of rye bread by the popula-
tion, which led to an increase in the number of
diabetic patients. In order to change the situa-

“The State Register of Breeding Achievements Approved for Use. Moscow: Rosinformagrotech, 2022. Vol. 1: Plant varieties. 646 p.

*Sowing areas of the Russian Federation in 2019 / Federal State Statistics Service (Rosstat). M., 2020; Sown areas of the Russian Federation
in 2020 / Federal State Statistics Service (Rosstat). M., 2021; Sown areas of the Russian Federation in 2021 / Federal State Statistics Service

(Rosstat). M., 2022.

°Gross harvest and crop yield in the Russian Federation in 2019 / Federal State Statistics Service (Rosstat). M., 2020. Part 1; Gross harvest and
yield of agricultural crops in the Russian Federation in 2020 / Federal State Statistics Service (Rosstat). M., 2021. Part 1; Gross harvest and yield
of crops in the Russian Federation in 2021 / Federal State Statistics Service (Rosstat). M., 2022. Part 1.
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tion, the government of Finland develops and
implements the program called "Rye" aimed
at popularization and increase in the consump-
tion of rye flour products. To achieve these
goals, research groups have been established
at the country's leading universities, working
in close cooperation with the scientists of oth-
er European countries. As part of the program,
the Finnish government and bakery companies
opened the Information Center "Bread", which
on the basis of ongoing scientific research was
engaged in educational activities among the
population. The result was not long in com-
ing - the Finns have for many years shown a
positive trend in the consumption of rye bread
[3]. Today, everyone in Finland knows that it
is necessary to consume about 25 g of fiber
per day, 5 g of which, according to Finnish
scientists, can be obtained from one slice of
whole-grain rye bread. According to recom-
mendations, consumption of rye bread should
provide 1/3 of calories per day, ie, six to nine
pieces of 30 g for men, five to seven pieces
for women [9]. Thus, the Finns have shown
a good example of the introduction of food
products made from rye flour into the diet of
the population.

VARIETAL DIVERSITY, CROP AREAS,
YIELDS, AND PRODUCTION

Currently in the Russian Federation, accord-
ing to the official data posted on the website of
the State Commission of the Russian Federa-
tion for the Testing and Protection of Breeding
Achievements, 93 breeding achievements in
winter rye are approved for use, among them
the share of domestic breeding is 87.1%, for-
eign - 12.9%. For cultivation in the West Si-
berian region 18 sorts of exclusively domestic
selection are recommended, four of them are
tetraploid rye varieties (Vlada, Siberia, Siberia
4, Tetra short). In 2012-2022 five winter rye va-
rieties, mostly of Siberian selection, were regis-
tered in Western Siberia (see Table 1).

Over the past 3 years, there has been a posi-
tive trend in the increase of the cultivated areas
under the crop both in Russia as a whole and
in the Novosibirsk Region and the Altai Terri-
tory in particular, which indicates the renewed
demand and interest in the production of winter
rye (see Table 2).

The winter type of plant development most
fully corresponds to the conditions of the short
growing season in Siberia, which allows a bet-
ter use of the agroclimatic potential of the zone
and obtain higher yields compared with the
spring forms’. The average yield of winter rye
is 2-3 cwt/ha lower than that of winter wheat
(see Table 3).

Despite the small area under the crop, the
varietal composition of rye is represented by
more than ten varieties and hybrids. The un-
doubted leaders are varieties of the Siberian se-
lection - Tetra short, Vlada, and Siberia, which
were included in the State Register more than
15 years ago. Winter hybrid rye is also used in
crop rotations (for example, KVS Aviator, KVS
Ravo, ZU Forzetti). High share of row crops -
over 20% - is also noteworthy (see Table 4).

The average winter rye yield in the Novo-
sibirsk region and the Altai Territory in 2019-
2021 did not exceed 25 c/ha (see Table 5). Since
the individual components of yield during the
growing season are influenced by various nega-
tive factors, only a small part of the potential
yield is realized in practice. For example, Ger-
man experts say that with average winter wheat
yield of 60-70 centners/ha only 25-33% of po-
tential yield is realized®.

The data presented in Table 5 confirm this
point of view: with an average maximum yield
of 72.6 c/ha the share of using the yield po-
tential is not higher than 34.2%. Such variety
diversity in such a small area, the lack of new
varieties, and low yields reduce the interest of
producers in the crop and complicate seed pro-
duction.

"Artemova G.V. Results and methods of winter rye breeding in conditions of Western Siberia // Achievements of Science and Technology of

AIC. 2007. N 12. pp. 16-17.

8Shpaar D. Grain crops: cultivation, harvesting, processing and use. M., 2008. 656 p.
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Tao6a. 4. O0beMbI BBICEBa COPTOB M THOPHIOB O3MMOIA P11 Ha TeppuTopiu HoBocnOMpcKoii obmacTy B

20192021 rr, T

Table 4. Sown varieties and hybrids of winter rye in the Novosibirsk region in 2019-2021, tons

Variety/hybrid 2019 2020 2021
For the Novosibirsk region as a whole 2739,5 4900,8 4043 ,4
Vlada (2007) 1000,3 1301,6 1026,5
Tetra korotkaya (1986) 987,6 1652,2 1809.,4
Sibir (1999) 120,0 3422 92,0
In memory of Kunakbaev (2010) 50,0 299,7 90,0
Bukhtarminskaya (1992) 12,0 3,7 22,6
KVS Aviator (2019) - 64,8 5,9
Petrovna (2003) - 10,0 8,0
KVS Ravo (2016) - 25,0 0,6
KVS Eterno (2018) - - 1,0
ZU Forzetti (2018) - - 0,7
Helltop (2016) - 9,6 -
Row 569,6 1192,0 986,7

Note. Here and in Table 7 the year of inclusion in the State Register is given in parentheses.

Finding ways to restore the sown areas and
development of the grain market is the chal-
lenge not only for the agrarians, but also for
the industry research institutes. The solution of
the grain problem in the context of the devel-
opment of the winter rye market is possible by
increasing the consumption of rye products by
the population, which contributes to improving
the quality and longevity of life [10, 11].

The main use of winter rye is traditionally
the production of flour, bread and bakery prod-
ucts [4, 12]. According to Rosstat, the volume
of rye flour production in 2016-2020 remained
at the level of 600 thousand, i.c., less than 10%
of all flour produced in the country (see Ta-

ble 6). At the same time, much less bread and
bakery products from rye flour were produced
in the same period.

Real rye bread is much healthier than wheat
bread. Rye is the least caloric of all crops and
serves as an excellent raw material for the pro-
duction of healthy food. In Russia, 80% of dis-
eases is associated with nutrition. This is not
surprising, given that bread, which once nour-
ished and preserved the strength and health of
the Russian people, since the 1960s has become
a mediocre product. People, ennobling flour,
threw out together with bran practically the
most valuable part of grain. Rye grain and rye
bread from roughage flour as a treasure trove

Taoda. 5. CpenHsis ypokallHOCTh 03UMOM PKU U 1011 KCIIOIb30BaHUS IOTEHLMAJIA YPOKAHHOCTH
B HoBocubupckoii odmactu u Anraiickom kpae B 2019-2021 rr.”-?

Table 5. Average winter rye yield and percentage of use of the yield potential in the Novosibirsk

region and the Altai Territory in 2019-20217-°

Average yield, c/ha Average maximum yield % of yield potential utilization
Year Altai Territory Novosibirsk region (acc;){z(za%e‘;(;’t?/iftate Altai Territory Novosibirsk region
2019 24.8 22,3 34,2 30,7
2020 19,6 17,2 72,6 27,0 23,7
2021 19,9 24,8 27,4 34,2

Characteristics of plant varieties included in the State Register of the Breeding Achievements Approved for Use. URL: https://gossortrf.ru/

gosreestr/
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Ta6a. 6. [Ipon3BoacTBO pa3IMUHBIX BUIOB MYKH, XJieba 1 x1e000ymouHbIx m3nennii B Poccun
B 2016-2020 rr., TBIC. T'C

Table 6. Production of flour, bread and bakery products by type in the Russian Federation
in 2016-2020, thousand tons'°

Production 2016 2017 2018 2019 2020
Flour from cereals, vegetables and other vegetable crops; 9775 9610 9606 9419 9178
mixtures from them
Such as:
wheat and wheat-rye flour 9005 8837 8768 8607 8382
rye flour 595 608 659 647 609
Short-lived bakery products 6082 5935 5777 5614 5319
Such as:
wheat flour bread 2273 2174 2140 2129 1918
wheat and wheat-rye flour bread 1839 1761 1710 1613 1522
bakery products from wheat and wheat-rye flour 46,5 439 59,3 27,4 17,5

Taba. 7. MakcumanbHas ypoKailHOCTh COPTOB
CHOMPCKOM CeNeKINU U THOPUAHON 03UMOM pkH,
BKJIFOUEHHBIX B ['ocpeectp, 1/ra (cM. CHOCKY 9)

of useful substances and highly effective health
remedy should again take the leading place in
human life [3].

Despite all the difficulties, agrarians of the
Novosibirsk region and all of Western Sibe-
ria are trying to increase the efficiency of rye

Table 7. Maximum yield of the varieties of
Siberian breeding and hybrid winter rye included
in the State Register, c/ha (see footnote 9)

crops, including through the sowing of hybrids. . . Maximum yield obtained at the
According to the Gossortkommission (State Variety/Hybrid state crop testing site
Commission of the Russian Federation for the
Testing and Protection of Breeding Achieve-  viada (2007) 58,0
ments), the maximum yield of rye hybrids sig-
nificantly exceeds the yield of the varieties (see  Irina (2004) 60,8
”ljabhle 7). Also,' hybrid forms of rye, unlike va- Petrovna (2003) 62.4
rieties, have alignment of stems, and are able to
compensate for fallen plants. Due to the high  Sibirskaya 87 (2011) 66,8
productive bushiness, seeding rates of the hy- —
brids are much lower, which allows to save on Sibir 4 (2016) 36,6
the seeding material. Sudarushka (2021) 56,4

It should be noted that winter rye varieties
have better winter hardiness than hybrid forms. ~ KVS Aviator (2019) 92,0
There are a numbe‘r of unfavor.able': fgctors in KVS Prommo (2018) 95.0
the production of winter rye grain: limited mar-
kets and intended use; lower purchase prices KVS Ravo (2016) 85,9
compared to many crops of the grain group; in- .
sufficient technical equipment of grain produc- KVS Tajo (2021) 126,0
tion [1, 10]. KVS Eterno (2018) 123,4

"Industrial production in Russia. 2021: statistical digest / Federal State Statistics Service (Rosstat). M., 2021. 305 p.

"GOST R 52325-2005. Seeds of agricultural plants. Variety and sowing qualities. General technical conditions (with amendments).
Moscow: Standartinform, 2005; GOST 12038-84. Seeds of agricultural crops. Methods for determination of germinating ability (as amended
and supplemented) // Seeds of agricultural crops. Methods of Analysis: Collection of State Standards. Moscow: Publishing house of standards,
2004; GOST 12041-82. Seeds of agricultural crops. Method for determination of humidity (as amended) // Seeds of agricultural crops. Methods of
Analysis: Collection of State Standards. Moscow: IPK Standard Publishers, 2004.
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One of the important conditions for ob-
taining high yields of winter rye is sowing of
high-quality seeds. Sowing qualities of seeds
are regulated by GOSTs'!, characterized by in-
dicators of germination, moisture, weediness,
germination energy, etc.

Due to the anatomical and morphologi-
cal features (specifically pointed shape of the
grain, the germ root protruding beyond the
grain, thin fruit and seed shells), rye seeds are
more injured during harvesting and post-har-
vesting compared to the seeds of other cereals.
Thus, up to 50% of the seeds can be injured in
the germ area. To protect such seeds from soil
microorganisms, they should be treated before
sowing. The treatment is carried out mainly
against fusarium root rot, snow mold, and Hel-
minthosporium spot disease. Together with
disinfection it is necessary to treat the plants
with biological stimulants and micronutrients.
As a result of such measures plants resistance
to external conditions of abiotic and infectious
nature increases. The efficiency of seed pre-
treatment with a complex of preparations is
due to the fact that in this case the effect on
the organism occurs in the earliest period of its
development, when it is particularly sensitive
to external conditions'?.

The sowing date is decisive in rye cultiva-
tion technology, as it affects the autumn devel-
opment of plants, the degree of their tillering
and overwintering. In a number of farms in
the southern forest-steppe of the Novosibirsk
region in 2021 with late sowing dates it was
noted that plants in the autumn period did not
have time to properly germinate and accumu-
late the necessary nutrients for overwintering,
as a result, such plants were subjected to frost.
Since after the harvest of the forecrop there is
little time to prepare the soil for sowing winter
rye and often farms do not have time to carry
out all agronomic techniques due to weather
conditions, agricultural producers do not pay
proper attention to the culture in question. In

addition, the situation is complicated by the
fact that in the region the variety diversity of
winter rye is represented by a small set of va-
rieties and the variety renewal is slow. There-
fore, it is necessary to form and study the col-
lection of rye varieties and hybrids to deter-
mine the optimal for the conditions of Western
Siberia samples.

CONCLUSION

Interest in winter rye is gradually increas-
ing, but agricultural producers refer to the
technology of cultivation of this crop, often
for objective reasons, on the residual princi-
ple, do not pay the necessary attention to ag-
ricultural engineering, soil preparation, do not
observe the depth and time of sowing, which
ultimately leads to loss of yield and reduction
of product quality. Under optimal timing of
sowing winter rye in Western Siberia to pre-
vent damage of the winter grain crop area by
diseases and pests, seed dressing should be en-
visaged. It is necessary to form a collection of
varieties and hybrids of the culture, which will
reveal their genetic and biological potential
for the purpose of further breeding. Such re-
search will increase the interest of agricultural
producers, promote the inclusion of winter rye
in crop rotations and increase production vol-
umes.
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OLEHKA I'OJIO3EPHBIX ®OPM OBCA APOBOI'O 110 QJIEMEHTAM
CTPYKTYPbI YPOXKASA B YCJIOBUAX CEBEPHOI'O PETHOHA

C<)300Huna N.B., Kopeanna B.A., barakosa O.b.
Dedepanvhblii UCCIe008aMENbCKUN YeHMP KOMNIEKCHO20 U3YUeHUs Aprxmuxu
um. axaoemuxa H.I1. Jlaseposa Ypanvcrkoeo omoenenus Poccuiickoti akademuu HAyK

Apxanrensck, Poccus
x)e-mail: 19651960@mail.ru

B cBsI3u ¢ yBenuueHneM B MOCIIETHUE TOABI HHTEpPECca K BO3JCIBIBAHUIO U UCTIOIB30BAHUIO TO-
JI03EpHOTO OBca OblIa MPOM3BEACHA OLICHKA TOJI03EPHBIX 00pa310B OBCA SIPOBOIO KOHKYPCHOTO COp-
TOUCIIBITAHUS MO YPOXKaHHOCTH 3€pHa U 3JIEMEHTaM €€ CTPYKTYpbl. MccnenoBanus mpoBeaeHbI B
2013-2021 rr. M3y4eno 11 romo3epHbIX 00pa3IioB 0Bca IPOBOTO ceeKnn DenepaabHOTo HCCie-
JoBaTensckoro meHTpa «HemunmHoBkay. B kadecTBe cTaHiapTa MCMONb30BaH COpT TrIOMEHCKUI
roji03epHbIil. B xone sxcnepuMeHTa ypoxkaiHOCTh 00pa3ioB BapsupoBaia ot 1,9 no 2,9 1/ra. [lo
YPOXKAMHOCTH BBIJCIIMIIUCH YeThIpe oOpa3ua: 52h2467 (2,9 1/ra), 38h2273, 11h2619 (mo 2,5 t/ra
y kaxxgoro) u 2h2348 (2,3 1/ra). [IpubaBka K cTaHIAPTHOMY COPTY y yKa3aHHBIX 00pa3LoB cO-
crasuna 0,1-0,7 /ra npu HCP,5 = 0,13-0,53 1/ra. MakcumanbHy1o ypoxkaiHOCTb 3epHa (Ha 32%
OoJpIle CTaHIapTa) B KOHKYPCHOM COPTOMCIBITAaHUH TTOKa3ai obpaser 52h2467. 3a 9 net uccie-
JIOBaHWH HanOoIbIIas ypoxKaitHOCTh HaOM0AaNach MpH NPOAYKTHUBHON KycTuctoctH 1,1-1,4 mr.,
macce 1 Teic. 3epen 30,2-35,2 r u macce 3epHa ¢ metenku 0,90-2,06 . CorntacHo pe3ynbpraram
KOPPEISIUOHHOTO aHalln3a, IMEHHO MPOAYKTUBHAs KycTHCTOCTh (7 = 0,72), Macca 3epHa ¢ Me-
tenku (7 = 0,70) u macca 1 TbIC. 3epeH (= 0,38) SBISAIOTCS OCHOBHBIMU 3JIEMEHTaMH CTPYKTYPBI
yposKasi, OKa3bIBaIOIIUMH HanboJiee CUIIbHOE BIMSHUE Ha YPOXKaMHOCTH 3epHa B ycnoBusix Cesep-
HOT'O PErHoHa.

KuioueBble ¢JioBa: OBEC IPOBOA, TOJI03epHBIE (POPMBI, YPOKaWHOCTh, Macca 3epHa C METEIKH,
macca | TeIc. 3epeH

EVALUATION OF NAKED FORMS OF SPRING OATS BY ELEMENTS OF THE
CROP STRUCTURE IN THE CONDITIONS OF THE NORTHERN REGION

(x)Zobnina 1.V., Korelina V.A., Batakova O.B.

N. Laverov Federal Center for Integrated Arctic Research of the Ural Branch of the Russian
Academy of Sciences

Arkhangelsk, Russia

x)e-mail: 19651960@mail.ru

Due to the increased interest in the cultivation and use of naked oats in recent years, the evalua-
tion of naked samples of spring oats of competitive variety testing by grain yield and the elements
of its structure was carried out. The studies were conducted in 2013-2021. Eleven naked spring
oat samples of the "Nemchinovka" Federal Research Center selection were studied. The Tyumen-
sky Golozerny variety was used as a standard. During the experiment, sample yields ranged from
1.9 to 2.9 t/ha. Four samples stood out in terms of yield: 52h2467 (2.9 t/ha), 38h2273, 11h2619
(2.5 t/ha each), and 2h2348 (2.3 t/ha). The increase to the standard variety in these samples was
0.1-0.7 t/ha with LSD 5 = 0.13-0.53 t/ha. The maximum grain yield (32% more than the standard)
in a competitive variety trial showed the sample 52h2467. During the 9 years of research the high-
est yield was observed with productive bushiness 1.1-1.4 units, the weight of 1 thousand grains
30.2-35.2 g and the weight of grains per a panicle 0.90-2.06 g. According to the results of the cor-
relation analysis, the productive bushiness (» = 0,72), the weight of grains per a panicle (» = 0,70)
and the weight of 1 thousand grains (» = 0,38) are the main elements of the crop structure, which
have the strongest impact on the yield of grain in the Northern region.

Keywords: spring oats, naked forms, yield, grain weight from a panicle, weight of 1000 grains
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INTRODUCTION

Spring oats (Avena sativa L.) is one of the
most common and important cereal crops in the
northern region of the Russian Federation. In
our country, as well as in the rest of the world,
glumiferous oats is more common. However, in
recent decades there has been a growing inter-
est in naked-grain forms [1]. They are, in fact,
a new crop in agriculture [2]. In Russia, the
beginning of introduction of naked oats dates
back to 2000, when the Tyumensky Goloz-
erny variety was included in the State Regis-
ter. Breeding work with naked-grain forms of
spring oats in the Arkhangelsk region has been
carried out since 2013. As of 2021, 16 varieties
of naked- grain oats were included in the State
Register of Breeding Achievements Approved
for Use, while not a single variety was released
in the Northern region'.

Interest in the cultivation of huskless oats
has significantly increased in recent years in
most countries of the world. This is due to
the increased dietary and therapeutic and pro-
phylactic properties of such grain. Naked oats
(Avena sativa subsp. Nudisativa (Husn.) Rod.
et Sold.) are more technologically advanced in
processing due to the absence of the film and
are superior to filmy oats in nutritional value,
protein, oil and starch content [3-5]. At present,
naked oats are becoming increasingly impor-
tant for agricultural production and processing
industry.

The potential of a variety largely depends on
the conditions of the growing season, so cur-
rently the priority is the cultivation of stable
in yield, ecologically plastic, resistant to biotic
and abiotic factors of the environment variet-
ies>. Undoubtedly, the creation and introduc-
tion of naked grain varieties will allow to pro-
duce high-quality grain in the conditions of the
Northern region of Russia.

The purpose of the study is to evaluate na-
ked-grain samples of spring oats of competitive
variety trials by grain yield and elements of its
structure.

The main task is to carry out a comparative
assessment of naked-grain oat samples by the
basic elements of productivity.

MATERIAL AND METHODS

The study was conducted in the nurser-
ies of competitive variety trials of spring oats
in 2013-2021 on the experimental field of the
N. Laverov Federal Center for Integrated Arc-
tic Research of the Ural Branch of the Russian
Academy of Sciences (Arkhangelsk region,
Kotlas). The research material consisted of two
varieties and nine samples of the breeding ma-
terial of naked-grain oats compared with the
standard - Tyumensky Golozerny variety. The
soil of the experimental plot was characterized
as highly cultivated sod-podzolic. Annual crops
were used as a forecrop. Soil samples were tak-
en according to GOST?. By mechanical com-

IState Register of the Breeding Achievements Approved for Use. Moscow: Rosinformagrotech, 2021. T. 1: Plant varieties.

719 p.

*Khaletsky S.P., Viasov A.G., Shempel Z.V., Trushko A.A. Main directions and results of oat breeding // Strategies and priorities
of agriculture and field crops breeding in Belarus: materials of the international scientific and practical conference Zhodino, 2017.

pp. 262-263.

3GOST 28168-89. Soils. Sampling. Moscow: Standartinform, 2008. 7 p.
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position the soil is heavy loamy gleyic, char-
acterized by high humus content (3.7%). The
reaction of the soil solution is neutral (pH =
6.5). The content of phosphorus in 100 g of
soil was 23.5 mg/g, potassium - 27.8 mg/g (by
Kirsanov), total nitrogen - 0.11%*. Plowing ho-
rizon thickness reached 20-22 cm. Agronomic
techniques in the experiments were those gen-
erally accepted in the area, with minimal mate-
rial and technical inputs.

The nursery by the type of competitive va-
riety trials was sown at the rate of 6 million
germinated grains per 1 hectare. The repetition
was 4-fold. The registration plot was 10 m?. Set-
ting of experiments, phenological observations,
field registration and yield structure determina-
tion were carried out according to the methodi-
cal guidelines on barley and oat breeding and
the International Classifier CMEA of the Avena
genus™®. For the structural analysis the sheaves
were taken from 1 m in four repetitions dur-
ing the period of the end of waxing - beginning
of full ripeness of grain. Such elements of the
yield structure as productive bushiness, panicle
length, number of spikelets and grains in pan-
icle, weight of grains per panicle, weight of 1
thousand grains were studied. Correlation anal-
ysis was used to estimate the interrelation of the
grain productivity and the yield structure ele-
ments. The correlation relation was evaluated
according to B.A. Dospekhov: r < 0,3 - weak,
r=0,3-0,7 - medium, » > 0,7 - strong’. Statis-
tical data processing was performed according
to B.A. Dospekhov's field experiment method®
using Microsoft Office Excel 2007, Agros 2.07
computer program package, and StatGraphics
5.1 program from Windows.

During the experiment, climatic conditions
differed in heat and moisture availability. The

period of multi-year studies (2013-2021) is pre-
sented in the analysis of the dynamics of the
main meteorological indicators.

According to A.V. Bykova et al.’, in recent
years in the Kotlassky District of the Arkhan-
gelsk region there is a tendency towards an in-
crease in the temperature regime throughout the
growing season (see Fig. 1).

According to the sum of effective tempera-
tures during the whole period of research there
was an increase of the climatic norm compared
to the average long-term data (1067°), except
for 2017 (1049°). Lack of moisture and high
temperatures were recorded in 2013 and 2016.
Plant vegetation in 2013, 2016, and 2021 oc-
curred at elevated sums of effective tempera-
tures, exceeding the long-term average by 401,
464, and 390°, respectively (37-43% of nor-
mal). By the sum of effective temperatures,
2017 was at the level of the multiyear average.

The amount of precipitation in 2015, 2019
exceeded the average annual data by 1.5 times
(337-367 mm). The driest was 2013 - the
amount of precipitation was slightly below the
norm. Weather conditions in 2013, 2020 and
2021 were characterized by a very uneven dis-
tribution of precipitation by ten-day periods, in
some ten-day periods of June - August precipi-
tation was absent.

According to the grading, moisture during
the growing season is divided into: 1) optimal,
if HTC = 1,0-1,5; 2) excessive, if HTC > 1,6;
3) insufficient, if HTC < 1,0; 4) weak, if HTC <
0,5'°. The average value of the hydrothermal co-
efficient for the conditions of the Arkhangelsk
region is from 1.5 to 2.5. In 2013-2021, the av-
erage value of HTC reached 1.7 (see Fig. 2),
which corresponds to excessive moisture.

*Results of the agrochemical survey of soils of FSUE "Kotlasskoye" agricultural lands of the Rosselkhozakademiya of the
Kotlassky District and the program for maintaining soil fertility. Arkhangelsk, 2019, 32 p.

SMethodological guidelines for the selection of barley and oats. Kirov, 2014. 64 p.
‘International CMEA Classification of the genus Avenal. Saint-Petersburg, 1984. 38 p.
"Dospekhov B.A. Methodology of field experience (with the basics of statistical processing of research results). 5-th edition,

revised and extended. Moscow: Agropromizdat, 1985. 351 p.

$Dospekhov B.A. Methodology of Field Experience. Moscow: Alliance, 2014. 351 p.

°Bykova A.V., Maltseva N.E., Pavlova D.S., Subbotina M.N., Soklakova O.S., Lukashova O.P. Impact of Climate Change on
Agriculture / Natural and Mathematical Sciences in the Modern World: Proceedings of the 14th International Scientific and Practi-

cal Conference Novosibirsk, 2014. pp. 114-121.

Selyaninov G.T. Methodology of Agricultural Climate Characteristics. Moscow: Gidrometeoizdat, 1977. 220 p.
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In terms of the degree of moisture, the high-
est HTC was recorded in 2019; the optimum
ranged from 1.2 to 1.4 in 2013, 2016, 2020, and
2021.

Agrometeorological data were provided by
the Northern Hydrometeorology and Environ-
mental Monitoring Department of the Hydro-
meteorological Center (Kurtsevo post).

RESULTS AND DISCUSSION

There were 11 naked oats specimens in the
nursery of competitive variety trials in 2013-
2021. Table 1 shows the data on productivity of
the studied variety samples.

The elements of grain productivity play no
less important role in increasing the yield [6].
The value of productivity is composed of the

total elements of the structure: the mass of 1
thousand grains, grain number, the mass of
grain per panicle, productive bushiness.

According to the results of the studies, the
average yield of the samples for these years
ranged from 1.9 to 2.9 t / ha, the standard vari-
ety Tyumensky Golozerny value of this indica-
tor was 2.2 t / ha. According to the yield four
naked-grain samples stood out: 52h2467 (2,9
t/ha), 38h2273, 11h2619 (2,5 t/ha each) and
2h2348 (2,3 t/ha). Addition to the standard in
this case was 0.1-0.7 t/ha. The maximum yield
was demonstrated by the variety 52h2467, ex-
ceeding the standard by 32%.

The duration of the growing season is a trait
directly related to the yield and quality of grain
[7, 8]. The vegetation period of the studied va-
riety samples averaged 81-95 days per year.
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2013 2014 2015 2016 2017

[l Effective temperature sum, deg.

Amount of precipitation, mm

i
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Puc. 1. Cymma 3(p(heKTUBHBIX TEMIIEpATyp M KOJIMYECTBO BHIIABIIMX OCAAKOB 33 BEr€TallMOHHBINA IEPHOL
(2013-2021 rr., a. Kypueso, ApxaHrenbckas 001acTb)

Fig. 1. The sum of effective temperatures and the amount of precipitation during the growing season

(2013-2021, Kurtsevo, Arkhangelsk region)
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1. KypruieBo, ApxaHrenbckasi 00J1acTh)

Fig. 2. Hydrothermal coefficient for the growing season (2013-2021, Kurtsevo, Arkhangelsk region)
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Taoa. 1. YpoxkailHOCTh roJI03epHBIX COPTOOOPA3IIOB OBCA SPOBOTO, YUACTBOBABIIUX B KOHKYPCHOM
coproucnbiTanmnu (20132021 1), T/Ta

Table 1. Yield of naked varieties of spring oats in competitive variety testing (2013-2021), t/ha

Variety Year Average
2013 2014 2015 2016 2017 2018 2019 2020 2021 yield
Tyumensky
Golozerny (standard) | 2,9 3,1 2,7 1,4 1,7 1,2 2,7 2.3 2,1 22
38h2273 2,9 2,8 3.1 1.8 1,8 - - - - 2,5
2h2348 2,7 3,1 3,3 1,3 1,7 - - 2,0 2,0 2,3
11h2267 1,8 32 3,0 1,8 - - - - - 2,5
H 2619 - - 2,6 - 2,1 1.4 2,6 - - 2,2
57h2396 - - 2,6 1,4 1,7 - - - - 1,9
H 2588 - - - 2,1 2,4 1,1 2,4 - - 2,0
H 2618 - - - - 2,0 1,3 2,3 - - 1,9
Nemchinovsky 61 - - - - - - - 2,1 2,0 2,1
52h2467 - - - - - - - 3,2 2,6 2,9
Azil - - - - - - - 1,8 2,0 1,9
On average by years 2,6 3,1 2.9 1,6 1,9 1,3 2,5 2.3 2,1 23
LSD;s 0,53 | 0,17 | 0,29 | 0,31 0,27 | 0,13 0,18 | 0,55 0,26 -

Taoda. 2. Xo3siCTBEeHHO-IIEHHBIE PU3HAKH TOJI03EPHBIX COPTO0Opa3LoB oBca sipoBoro (2013-2021 rr.)
Table 2. Indicators of economically valuable traits of naked samples of spring oats (2013-2021)

. . Thousand Number of . .
Variety Yield, t/ha Ratio to tl;e Vegetatlon kernel filmy grains, Infestation with ,
standard, % | period, days - o loose smut, pcs. /m
weight, g %

Tyumensky
Golozerny (standard) 2,2 — 87 27,9 1,24 0,2
38h2273 2,5 114 84 33,9 1,36 -
2h2348 2,3 105 83 30,2 1,77 0,7
11h2267 2,5 114 85 32,7 1,30 -
H 2619 2,2 100 95 27,6 1,27 0,5
57h2396 1,9 86 81 35,8 1,46 0,1
H 2588 2,0 91 89 28,3 1,28 1,2
H 2618 1,9 86 94 28,0 1,65 0,7
Nemchinovsky 61 2,1 96 85 32,6 0,59 -
52h2467 2,9 132 83 35,2 1,35 -
Azil 1,9 86 83 32,1 1,03 -
LSDys 0,32 - — 3,05 0,31 —
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Thus, the considered samples mainly belong to
the mid-ripening, samples H 2618 and H 2619
- to the middle-late (see Table 2).

High filminess is a negative trait in naked
grain forms of oats. In our studies, the propor-
tion of filmy grains was 0.59-1.77%, in the stan-
dard variety Tyumensky Golozerny - 1.24%.
Nemchinovsky 61 (0.59%) was characterized
by the minimum opacity of grains on average
for 2013-2021, the other samples significantly
(by 0.21-0.53%) exceeded the standard for this
indicator.

During the years of research there were cas-
es of disease such as loose smut. The number
of affected plants ranged from 0.1 to 1.2 pcs/
m?, in Tyumensky Goloserny variety it was 0.2
pcs/m?. Resistance to loose smut was shown in
samples 38h2273, 11h2267, 52h2467, Nemchi-
novsky 61 and Azil.

Structural analysis of the samples was per-
formed during the experiment (see Table 3).

Productive bushiness is one of the important
features that determine the yield. In our experi-
ments, the average value of productive bushi-
ness in the studied cultivars was 1.2 stems and
ranged from 1.0 (very weak) to 1.4 (weak).

The value of the variety is determined by its
productivity, which is in direct relation to such
indicators as the number of spikelets and grains
in the panicle, the mass of grains from the pan-
icle, the mass of 1 thousand grains.

By the weight of 1 thousand grains naked
forms are inferior to filmy forms on average by
8 g, which is the main reason for their lower
yields. In the experiment six samples were dis-
tinguished by this indicator: 57h2396, 52h2467,
38h2273, 11h2267, Nemchinovsky 61, Azil
(see Table 2), which corresponds to a very high
mass of 1 thousand grains according to the in-
ternational classifier CMEA and significantly
exceeds the characteristics of the variety Tyu-
mensky Goloserny. On average, the weight of 1

Taba. 3. DneMeHTHl CTPYKTYpHI yporKasi TOJI03EpHBIX COPTOOOPA3IIOB OBCA SPOBOTO, yHAaCTBOBABIINX B

KOHKypcHOM coptouctbeiTanmu (2013-2021 rr.)

Table 3. Elements of the crop structure of naked oat varieties in competitive variety testing (2013-

2021)

Variety Vield, yha | Panicle length, | P ;‘:ﬂgg%"cs sﬁlﬁﬁs{fﬁfa gﬁﬂf her . grgilgg?rt()(rga

panicle, pcs. | panicle, pes. panicle, g

Tyumensky
Golozerny 2,2 14,5 1,0 22,5 38,7 1,17
(standard)
38h2273 2,5 17,3 1,1 22,5 42,8 1,05
2h2348 2,3 16,6 1,1 21,0 37,6 0,95
11h2267 2,5 17,8 1,2 23,0 35,8 0,90
H 2619 2,2 15,2 1,0 22,8 431 1,20
57h2396 1,9 18,7 1,1 27,3 50,0 0,77
H 2588 2,0 15,4 1,0 25,8 42,1 1,0
H 2618 1.9 15,5 1,0 23,1 46,2 1,15
Nemchinovsky 61 2,1 14,9 1,2 20,6 20,4 1,09
52h2467 2,9 11,6 1,4 21,7 21,0 2,06
Azil 1.9 13,3 1,1 18,2 31,0 0,86
LSDy;s 0,32 2,04 0,12 2,44 9,60 0,34
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Taodua. 4. KoapdunmenTs! Koppesiiuy cpeJHUX 3HAYEHUH 3IEMEHTOB CTPYKTYPBI ypoKasi U IPOAYK-
TUBHOCTH TOJIO3E€PHBIX COPTOOOPAa3IoB oBca spoBoro (2013-2021 rr.)

Table 4. Correlation coefficients between the average indicators of the elements of the crop structure
and the productivity of naked varieties of spring oats (2013-2021)

Number of .
Productive | Thousand . spikelets Number of Welght Vegetation
. . Panicle . grains per | of grains .
Indicator bushiness, | kernel I ina . period,
: ength, cm . apanicle, | froma
pcs. weight, g panicle, . days
pcs. panicle, g
pes.

Yield, t/ha 0,72 0,38 —-0,25 —-0,18 —0,46 0,70 —-0,27
Productive bushiness, pcs. 0,75 -0,35 -0,27 -0,75 0,61 -0,57
Thousand kernel weight, g 0,13 0,03 -0,31 0,13 —-0,81
Panicle length, cm 0,57 0,67 -0,73 -0,11
Il;lclgmber of spikelets in a panicle, 0.66 017 0.13
Number of grains per a panicle, pcs. —-0,53 0,34
Weight of grains from a panicle, g 0,08

thousand grains in the studied samples ranged
from 27.6 to 35.8 g, in the standard variety Tyu-
mensky Goloserny it was 27.9 g.

The panicle length of the naked spring oat
specimens reached 11.6-18.7 cm. Four samples
were distinguished by the length of the panicle:
57h2396, 11h2267, 38h2273, 2h2348, in the
standard this value was at 14,5 cm.

Oat productivity is determined mainly by
panicle weight and the degree of its ear grain
content. In the studied samples the average
number of grains in a panicle was fixed in the
range of 20,4-50,0 units. In comparison with
the standard (38,7 pcs) the sample 57h2396
stood out.

Grain weight per head in the experiment
ranged from 0.77 to 2.06 g. The highest average
weight of grain per head (2.06 g) was noted in
the sample 52h2467, in the variety Tyumensky
Golozerny it was 1.17 g.

The average number of spikelets in a panicle
ranged from 18.2 to 27.3 units. Compared with
the standard Tyumensky Goloserny (22.5 pcs),
the varieties 57h2396 and H 2588 stood out.

A correlation analysis of the yield and yield
structure elements by indicators for 2013-2021
was carried out.

Significant relationship between produc-
tivity and productive bushiness (r = +0.72),
productivity and grain weight per panicle (» =

+0.70), average relationship between grain
productivity and grain weight per panicle (» =
+0.38) were found (see Table 4).

In determining the elements which ensure
productivity of oats, the significant relation be-
tween productive bushiness and the weight of
1 thousand grains (» = +0,75), average connec-
tion between the number of ears in panicle and
the number of grains per panicle (r = +0,66),
panicle length and the number of ears in it (»
= +0,57) were noted. Negative correlation be-
tween the weight of 1 thousand grains and the
vegetation period, productive bushiness and the
number of grains per panicle, panicle length
and the weight of grains per panicle were es-
tablished.

The correlations between the weight of 1
thousand grains and the length of the panicle,
the weight of grains per panicle and the dura-
tion of the growing season were not significant-
ly affected. Negative correlations of the number
of grains per head with almost all elements of
the yield structure were observed.

According to the results of the correlation
analysis, it is productive bushiness (» = 0,72),
the weight of grains per head (» = 0,70) and the
weight of 1 thousand grains (» = 0,38) can be
attributed to the elements of the yield structure,
which have a significant impact on the yield of
grain in these conditions.
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CONCLUSION

In order to carry out further breeding work
during the competitive variety testing, four na-
ked spring oat varieties with high yield indices
were identified: 52h2467, 38h2273, 11h2619,
2h2348. When identifying the priority elements
of the yield structure in the conditions of the
Northern region and the correlation relation-
ships between them, it was found that the great-
est influence on the yield of the naked forms of
oat grain had: productive bushiness, the grain
weight per panicle and the weight of 1 thousand
grains.

Overall, for 9 years (2013-2021) there is a
significant strong relationship between produc-
tive bushiness and the weight of 1 thousand
grains (r = +0.75), the average relationship
between the number of spikelets in the pani-
cle and the number of grains per panicle (» =
+0.66), the length of the panicle and the num-
ber of spikelets in it (r = +0.57).
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PABPABOTKA TEXHOJIOI'MHX TIOJTYYEHUSA O3JOPOBJIEHHOI'O
CEMEHHOI'O MATEPHUAJIA KAPTO®EJISA COPTA YAPOUT

C<)HoBuxos 0.0., PomanoBa M.C., Xakcap E.B., Kocunosa E.H.

Cubupckuii Hay4HO-UCCIe008aAMENbCKULL UHCIMUMYM CEelbCKO20 X035Ucmea u mopga — unuarn
Cubupcrkoeo gpedepanvrozo nayunozo yenmpa azpodouomexuonocuii Poccuiickoti akademuu Hayk
Tomck, Poccus

(>x)e-mail: novickoww@yandex.ru

W3ydeHo BIMsHIE MUTATENBHBIX CPET PA3IMIHOTO COCTaBa Ha POCT M Pa3BUTHE O3I0POBICHHBIX
MHUKpopacTeHuii kaproderst copra HapouT B ycIoBUSIX in vitro. PaccMOTpEHO TpH BapuaHTa COCTaBOB
MUTaTEIbHOM Cpe/Ibl: MUTaTeNbHas cpesia rmo nmponucu Mypacure-Ckyra, cpena Mypacure-Ckyra co
CHIKCHHBIM COZACpKaHUEM MHHEPaTbHBIX KOMITOHEHTOB 10 1/2 m mo 1/3. M3yueHsl cienyromme
napameTpsl MUKPOPACTCHUI: BBICOTA, PU3OTCHE3, YUCIIO JIMCTHEB M MEXKIOY3JHUH, o0mas Macca
pacTeHwusi, Macca JHCThEeB, Macca KOpHel, Macca cTebdis, Macca nmobera. Ha murarenbHOl cpeze ¢
1/2 MuHEpaTHHBIX KOMITOHEHTOB BBICOTa MHKPOPACTEHUH KapTodeisd Ha 28-¢ CyTKU BBIPAIIUBAHUS
yBenuumiach Ha 12%, macca mobera — Ha 17% 3a cueT yBeJIM4YeHHs Macchl JIUCThEB Ha 33% u
Macchl KOPHEBOM CHCTEMBI B 2 pasa, o0mas ornomacca pacrenuid — Ha 28%. [Ipu ucnonbp3oBaHuK
MUTATEeNFHON cpefibl ¢ 1/3 MHHEpaIbHBIX KOMIIOHEHTOB JUIS KYJBTHBHPOBAHUS O3I0POBICHHBIX
MuKpopacTeHuil kaprodenss copra Yapour Ha 28-¢ CYTKH KyJbTHBHPOBaHUS HAOIIOIAIU
yYMEHBIIICHHEe Macchl mmobera Ha 17% 3a cuer cHmwkeHHst Macchl crebns (25%), Macca KOpHEBOM
cucteMbl yBennumiack Ha 140%. B maHHBIX BapwaHTaxX MHUTATENFHOW Cpellbl PU30TEHE3 Hadajcs
paHbIIIe U MPOTEKaI 0oJiee aKTUBHO, YeM B KOHTposie. ONTUMAIIEHBIM BAPUAHTOM JIJISl BEIPAIIIMBAHUS
MUKpPOpPACTEHUH in vitro ompeneneHa cpena ¢ 1/2 cogepkaHueM MHUHEpPAIbHBIX KOMIIOHEHTOB OT
HOpMBI. [Ipu asporuponoHHOM BBIpALIMBAHUM PACTEHUM C pa3sHOM IJIOTHOCTHIO PACIOIOKEHUS
(21, 27 u 55 pacrenuit/mM?) HaOMIOAATH YBETHYCHUE BHICOTHI PACTCHUI, BEIPALIIMBACMBIX Ha CEKIHX
YCTaHOBOK C IUIOTHOCTBIO MOCAAKK 55 pacTeHuit/m> Ha 27%. PacTeHus ¢ MIOTHOCTBIO MOCAIKH
21 pacrenue/M’ OTIMYAIKCH OT APYTMX BapHAHTOB YBEJIHMYCHHBIM YHCIOM cTeOnei. B ypoxae
MUHHKIYOHEH a0 (ppakuuii, PUrOIHBIX IS AajbHEHIIEr0 CEMEHOBOACTBA, COCTaBsIa Oojee
50% mpu UCTIONB30BAaHUH HA a9POTHAPOTIOHHBIX YCTAHOBKAX BCEX M3YYaeMbIX IJIOTHOCTEH MOCAIKU
pacTeHuil. MakcHMabHOE KOJTMYECTBO MUHUKITYOHEel 3a(DMKCHPOBAHO ITPH BRIPAIITMBAHIH PACTCHUI
C IUIOTHOCTBIO MOCAIKH 55 pacTeHuit/M?, U JTaHHBII BapHAHT PEKOMEHIIYeTCs [UIsl UCTIONb30BaHUS
NP BBIPAIIMBaHIUHA MUHUKITYOHEH KapTodens copra YapouT a3porupornoHHbIM CIIOCOOOM.

KuroueBblie ciioBa: kapToderns, MEpUCTEMHAS TEXHOJIOTHUS 03/I0POBJICHHSI, COCTAaB MTUTATEIHHON
Cpelbl, a3pOrHIPOIIOHHKA, TUIOTHOCTh MOCAKU PACTEHUH

DEVELOPMENT OF TECHNOLOGY FOR OBTAINING HEALTHY SEED
MATERIAL OF POTATO VARIETY CHAROIT

C<DNovikov 0.0., Romanova M.S., Khaksar E.V., Kosinova E.I.

Siberian Research Institute of Agriculture and Peat — Branch of the Siberian Federal Scientific
Centre of Agro-BioTechnologies of the Russian Academy of Sciences

Tomsk, Russia

(><)e-mail: novickoww@yandex.ru

The effect of nutrient media of different composition on the growth and development of healthy
potato microplants of the Charoit variety under in vitro conditions was studied. Three variants of
nutrient medium compositions were considered: nutrient medium according to Murashige-Skoog
prescription, Murashige-Skoog medium with a reduced content of mineral components to 1/2 and
to 1/3. The following microplant parameters were studied: height, rhizogenesis, number of leaves
and internodes, total plant weight, leaf weight, root weight, stem weight, shoot weight. On a
nutrient medium with 1/2 mineral components, the height of potato microgrowers on the 28th day
of cultivation increased by 12%, the shoot weight - by 17% by increasing the weight of leaves by
33% and the weight of the root system twofold, the total plant biomass - by 28%. When using a
nutrient medium with 1/3 of mineral components for cultivation of healthy potato varieties Charoit
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Pa3paboTka TEXHOIOTHH IIOTy4YCHHUS 0340POBICHHOTO
CEMEHHOTro Marepuaia kaprodeis copra Yapour

Hoguxkos O.0., Pomanosa M.C., Xakcap E.B., Kocunosa E.1.

microplants on the 28th day of cultivation, a decrease in the shoot weight by 17% was observed due
to a decrease in the stem weight (25%), and the weight of the root system increased by 140%. In
these variants of nutrient medium, rhizogenesis began earlier and proceeded more actively than in
the control. A medium with 1/2 content of mineral components of the norm was determined to be
optimal for growing microplants in vitro. When aerohydroponic plants were grown with different
plant densities (21, 27, and 55 plants/m?), a 27% increase in the plant height of the plants grown
on plant sections with a planting density of 55 plants/m? was observed. The plants with a planting
density of 21 plants/m? differed from the other variants by an increased number of stems. In the
minituber yield, the proportion of fractions suitable for further seed production was more than
50% when using all planting densities studied on aerohydroponic plants. The maximum number
of minitubers was recorded when growing plants with a planting density of 55 plants/m?, and this
option is recommended for use in the cultivation of minitubers of the potato variety Charoit by
aerohydroponic method.

Keywords: potato, meristem technology, nutrient medium composition, aerohydroponics,
planting density
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INTRODUCTION In the work of N.V. Lebedeva? it is shown
that the reduction of the mineral part of the
Murashige-Skoog medium has a positive effect
on the formation of plant explants. In addition,
growing microplants on MS nutrient medium
with full mineral part leads to inhibition of

growth and development of potato.

It is also worth noting that the plants root
better on the medium with a depleted mineral
part’.

A series of experiments to identify the effect

Potato microclonal multiplication allows to
obtain high-quality planting material devoid
of viral infection, thus allowing to realize the
potential of the variety. The transition to virus-
free planting material allows to increase potato
yields by at least 20%' [1-5]. Currently, pota-
to seed production involves the cultivation of
minitubers from revitalized potato microplants.
The composition of the nutrient medium is one
of the decisive factors influencing the growth

and development of potato microplants. As a
carrier of macro- and microelements, vitamins,
carbohydrates and growth regulators, the nutri-
ent medium has a great influence on the mor-
phometric parameters of potato microplants, so
it is necessary to select the optimal combination
of its components [6-8].

of different concentrations of mineral part in the
MS nutrient medium on potato microgrowers
of the variety Charoit were carried out. Many
factors are important in obtaining minitubers of
potato on aerohydroponic modules: the com-
position of the nutrient solution, the spectral
composition of light, aeration mode, etc. One

'Dolanbaeva G.T., Nikolaeva V.N., Zharkova S.V. Obtaining healthy potato planting material in vitro by apical meristem cul-
ture // Agrarian Science to Agriculture: Proceedings of XVII International Practical Conference (Barnaul, 9-10 February 2022).

Barnaul, 2022. pp. 213-214.

2Lebedeva N.V. Influence of nutrient medium composition on the formation of potato microgrowths under in vitro conditions:
Extended abstract of candidate’s thesis in agricultural science. Velikolukskaya State Agricultural Academy. M., 2015.

3Shirokov A.I, Kryukov L.A. Fundamentals of plant biotechnology: electronic teaching aid. Nizhny Novgorod: Nizhny

Novgorod University, 2012. 49 p.
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important and poorly understood issue is the
density of plants on aerohydroponic modules
[9-11]. I. Farran and A.M. Mingo-Castel [12]
studied two variants of potato planting density:
60 and 100 plants/m?. The best results were ob-
tained with lower planting density, they were
802 minitubers/m m? S. Abdullateef and col-
leagues [13] reported that the highest number
of minitubers per plant was obtained at a plant-
ing density of 25 plants/m?, a total of 40.82. At
the same time, the yield of potato plants per m?
did not depend on the planting density. A series
of experiments to identify the effect of different
planting densities on the plant parameters and
minituber yields in the cultivation of potato va-
riety Charoit on aerohydroponic modules were
conducted.

The purpose of the study is to investigate the
effect of different compositions of nutrient me-
dia on the growth and development of potatoes
during in vitro cultivation and different planting
densities during cultivation on aerohydroponic
modules.

MATERIAL AND METHODS

The work was carried out at the Siberian
Research Institute of Agriculture and Peat -
branch of the Siberian Federal Scientific Centre
of Agro-BioTechnologies of the Russian Acad-
emy of Sciences (SibNIISKhiT - branch of SF-
SCA RAS) in 2020. The object of the experi-
ments was revitalized maternal microclones of
the potato Solanum tuberosum L. of the variety
Charoit.

The variety Charoit is ultra-early, the period
from planting to the beginning of the formation
of a marketable crop is 60-70 days. The tuber
is elongated-oval with very small buds. The
skin is yellow. The flesh is creamy. The weight
of a commercial tuber is 120-160 grams. The
starch content is 14-17%. The taste is excellent.
The marketability is 94-98%. The storability
1s 96%. It is resistant to the causative agent of
potato cancer, viral diseases, and is moderately
resistant to potato scab and rhizoctoniose [14,
15].

All microplants were diagnosed by real-time
PCR before starting the experiment. Three vari-
ants of the nutrient medium compositions were
studied (see Table 1).

The composition of the nutrient medium
used as a control was selected on the basis of the
data given in the literature* (see footnote 2) and
was successfully used for several years by the
authors of this work for cultivation of healthy
potato microgrowers by microtransplanting.

During the experiment, potato cuttings were
cultivated at 20-22 °C with a photoperiod of
16/8 h light/dark in the tubes for 28 days un-
der illumination by OSRAM fluorescent lamps,
cold daylight, the section illumination capacity
was 5 thousand Ix. Thirty plants were grown
on each variant of the nutrient medium. The
repeatability was threefold. The resulting po-
tato plants in vitro were planted on Fagro series
aerohydroponic modules in sections with dif-
ferent planting densities - 9 plants per section
of the module (21 plants/m?), 12 plants per sec-
tion (27 plants/m?) and 24 plants per section (55
plants/m?). The variant with planting density of
55 plants/m* was used as a control variant in
the experiment. This variant of planting density
was chosen based on the analysis of literature
data and design features of aecrohydroponic sys-
tem "Fagro" [16].

Cultivation of potato plants on aerohydro-
ponic plants was carried out in two stages:
firstly, under long day conditions (16-hour pho-
toperiod) with nutrient solution for the first and
second phases of growth (developed by Yu. Ts.
Martirosyan), solution injection mode 40 sec,
aeration 3 min at 20-22°C, then under short day
conditions (10—12-hour photoperiod) using a
nutrient solution for the third phase of the plant
growth (development of Yu.Ts. Martirosyan),
solution injection mode 1 min, aeration 15 min
at 16-18°C.

The results were statistically processed us-
ing the Windows Statistica 10.0 software pack-
age. Mann-Whitney non-parametric test was
used to compare numerical values.

*Trofimets L.N., Boyko V.V., Anisimov B.V. et al. Non-viral seed production of potatoes: recommendations. Moscow: Agro-

promizdat, 1990.
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Taoda. 1. CocTaB nuTaTeIbHON CPEbI 151 BbI-
pammmBaHus 03I0OPOBIECHHBIX pacTeHUH KapTodems

Table 1. Nutrient medium composition for
growing healthy potato plants

Experiment option 1 2 3
MS MS 'medium MS medium
. with 1/2 with 1/3
No. Title m(ecilrlll_m mineral mineral
trol), components | components
mg/l content, content,
mg/l mg/l
Macrosalts
1 |NH,NO;, 1650 825 550
2 |KNO;, 1900 950 633,34
3 |CaCl, 2H,0 440 220 146,67
4 |MgSO, 4H,0 370 185 123,34
5 |KH,PO, 170 85 56,67
Microsalts
6 |H;BO; 6,2 3,1 2,07
7 |MnSO, 4H,0 22,3 11,15 7,44
8 |CoCl, 6H,0 0,025 | 0,0125 0,0084
9 |ZnSO, 7H,0O 8,6 4,3 2,87
10 |CuSO, 5H,0 0,025 | 0,0125 0,0084
11 |Na,MoO, 2H,0 0,25 0,125 0,084
12 |KI 0,83 0,415 0,28
Ferric chelate
13 |Fe,SO,7H,0 27,8 13,9 9,27
14 |Na,-OITA 2H,0 | 37,3 18,65 12,44
Vitamins
15 | Thiamine 2.5 2.5 2,5
16 | Pyridoxine 5 5 5
17 | Ascorbic acid 2,5 2,5 2,5
Other
18 |Saccharose 30000 | 30000 30000
19 | Agar-agar 7000 7000 7000

RESULTS AND DISCUSSION

The results of the study of different compo-
sitions of the nutrient medium on the growth
performance of potato variety Charoit plants
are presented in Table 2. In Table 2 and further
the studied compositions of nutrient medium
are numbered as follows:

1 — Murashige-Skoog medium for micro-
propagation (control);

2 — Murashige-Skoog medium for micro-
propagation with 1/2 mineral components;

3 — Murashige-Skoog medium for micro-
propagation with 1/3 mineral components.

The survival ability of the Charoit potato mi-
crogrowers on all the studied compositions of
the nutrient medium was 100%.

Under the research data, the nutrient me-
dium with the half content of mineral compo-
nents resulted in an increase in the height of
the grown potato microgrowers on the 21st (by
1.27 cm, or 14%) and on the 28th (by 1.35 cm,
or 12%) day of development. When using the
nutrient medium with 1/3 mineral components,
an increase in the plant height on the 14th (1,39
cm, or 24%) and the 21st (1,07 cm, or 12%)
day of development was also registered, but on
the 28th day, only a tendency to an increase in
this indicator (by 0,75 cm, or 7%) was noted.
The studied compositions of the nutrient medi-
um did not cause changes in the number of the
internodes and leaves of healthy potato micro-
growers of the variety Charoit. The tendency
to an increase in the number of internodes was
determined when using the nutrient medium
with half the content of mineral components.
Experimental data show that in the variants
with reduced content of mineral components
rhizogenesis began earlier and proceeded more
actively than in the control.

The effect of different compositions of the
nutrient medium on the morphological param-
eters of the growing plants is shown in Table 3.

Growing of potato variety Charoit micro-
growers on the nutrient medium with 1/2 min-
eral components resulted in an increase in shoot
mass by 0.06 g, or 17%, due to an increase in
the leaf mass (by 0.05 g, or 33%) and the root
system mass (by 0.05 g, or 100%). Total plant
biomass was also increased (by 0.11 g, or 28%)).
When the nutrient medium with 1/3 mineral
components was used, there was a 0.06 g (17%)
decrease in the shoot mass (0.06 g, or 25%) due
to a decrease in the stem mass (0.06 g, or 25%)).
At the same time, the mass of the root system,
in contrast, was increased (by 0.07 g, or 140%).

The cost of the different variants of the nutri-
ent medium is presented in Table 4.

The nutrient media studied differ from each
other in cost, but insignificantly (see Table 4).
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Taoa. 2. Bousaue Pa3JINYHbIX COCTABOB MMATATEILHON Cpcabl Ha pOCTOBBIC ITIOKA3aTCJIN O3 J0OPOBJICH-

HBIX MUKpOpacTeHuii copra Yapour

Table 2. Effect of different compositions of nutrient media on the growth performance of the recovered

Charoit microplants

Experi- Days

milf(;? P- Indicator 31d 7 th 14 th 21 st 28 th
1 0,19+0,02 | 1,63+0,10 5,90 = 0,32 8,99 + 0,25 10,89 + 0,24
2 Height,em | 025+0,03 | 1,49+0,10 6,94 + 0,42 10,26 +0,38% | 12,24 +0,34*
3 023+0,03 | 1,53+0,12 7,29 +0,37%* | 10,06+ 0,39* 11,64 + 0,39
1 0 2,29+ 0,10 4,82 +0,14 6,04 +0,13 7,38 +0,12
2 lNumw of 0 2,17+0,10 4,87 +0,16 6,36 + 0,15 7,70+ 0,16

eaves, pcs.
3 0 227+0,12 4,84 +0,12 6,11 +0,13 7,18 40,15
1 0 1,06 + 0,10 3,26+0,16 4,83+0,13 6,23 +0,13
o | Number ofin- 0 0,98+0,09 | 3,58+0,20 5.16+0.16 648+ 0.17
ternodes, pcs.
3 0 1,00 + 0,10 3,34+0,17 4,80 +0,15 6,07+ 0,16
1 N _ 21 59 90 90 90
> | R 12%%2“65‘5’ 26 81 90 90 90
— 3 ' 25 82 90 90 90

Here and in Tables 3, 5:

* Differences are significant with p < 0.05 compared to the control.
** Differences are significant with p <0.01 compared to the control.
*#% Differences are significant with p <0.001 compared to the control

Ta6a. 3. BiusHue pa3auuHbIX COCTABOB MUTATEILHOM CPE/Ibl HA MOP(OIOrHYECKUE TIOKA3aTENIN 03]10-
POBIIEHHBIX MUKpOpacTeHui copta YapouT Ha 28-e CyTKH BBIPAIUBAHUS

Table 3. Effect of different compositions of nutrient media on the morphological parameters of the
recovered Charoit microplants on day 28 of cultivation

H]?:rllate(r);- Weight of leaves, Stem weight, g Shoot weight, g ROOt. system Total biomass, g Root system
tion g weight, g length, cm

1 0,15 +0,004 0,20 £ 0,006 0,35 +0,008 0,05 +0,002 0,40 + 0,009 3,95+0,11
2 0,20 £ 0,005*** | 0,22+ 0,005 |0,41 £0,008*%** | 0,10 + 0,004*** | 0,51 £ 0,009*** | 4,32 +0,11
0,15+0,007 0,15+ 0,004*** 0,29 + 0,005%** | 0,12 £+ 0,005*** | 0,40 + 0,008 4,24+ 0,10

The cheapest version is nutrient medium No. 3,
containing 1/3 of mineral components.

Table 5 presents data on the effect of the
planting density on morphometric parameters
of revitalized potato plants during aerohydro-
ponic cultivation.

Charoit potato plants grown on the aero-
hydroponic module sections at a density of 55
plants/m? differed from the other two variants by
higher plant height (the difference was about 10
cm). In addition, the plants grown at a density
of 21 plants/m? had a slightly higher number of
stems per plant compared to the other variants.

The effect of the planting density on the yield
and fractional composition of minitubers of the
potato variety Charoit is shown in Table 6.

Analysis of the data presented in Table 6
shows that the maximum yield of minitubers
per plant was in the variant 21 plants/m?>. At the
same time, the maximum number of minitubers
obtained from one section of the plant was noted
in the variant with the density of 55 plants/m?.

Ta6a. 4. CTouMoCTh Pa3INYHBIX BAPUAHTOB
[IUTATEIBHON CPEJIbI

Table 4. Cost of different nutrient media options

N Nutrient medium composition Price per 1 liter,
0. .
variants roubles
1 |Control 57,08
2 |MS medium with 1/2 mineral | 56,42
components content
3 |MS medium with 1/3 mineral | 56,20
components content
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Taoua. 5. BausHue miuoTHOCTH MOcagku Ha MOp(QOMETpUUYECKIE TapaMeTPbl 030POBICHHBIX PACTEHUH
kaprodens copra YapouT npu a’sporuipornoHHOM BbIpalluBaHUN

Table 5. Influence of the planting density on the morphometric parameters of healthy potato plants of

the Charoit variety in aerohydroponic cultivation

Culture period
Experiment option Bedding 100th day of cultivation
Plant height, cm Plant height, cm Number of stalks, pcs.
1 (21 plants/m?) 14,12 + 0,58 33,44 + 1,35%%* 2,17 + 0,26%%*
2 (27 plants /m?) 16,30 £ 0,26 33,54 + 1 27%%** 1,58 £0,19*
3 (55 plants /m?) (control) 14,25+ 0,31 45,98 + 1,19 1,13 £ 0,05

Taoxa. 6. BrusHne mIoTHOCTH MOCAIKU HA YPOXKAHHOCTD U (PPaKIMOHHBII COCTaB MUHUKIYOHEH MpH
BBIpAIMBaHUHU O37I0POBIICHHBIX pacTeHui kaprodens copra Yapout

Table 6. Influence of the planting density on the yield and fractional composition of minitubers when

growing recovered Charoit potato plants

Number of Share of minitubers of Share of Number of
.. Number of different fractions. % minitubers of minitubers of the
minitubers per >
Experiment option section n?t minitubers per the fractions fractions suitable for
csu > | aplant, pes. | Small | Medium | Large | suitable forseed | seed production per
pes. production, % | one section unit, pcs.
1 (21 plants /m?) 134,5 14,9 21,2 53,5 25,3 78,8 106
2 (27 plants /m?) 149,5 12,5 22,1 51,8 26,1 77,9 117
3 (55 plants /m?) 195 8,1 28.5 50,8 29,4 71,5 139

CONCLUSION

The use of the nutrient medium with a 2-fold
reduced content of mineral components to grow
revitalized Charoit microplants led to an in-
crease in the plant height, increasing the total
biomass by increasing the mass of the leaves
and the root system. The plants were longer and
thinner with massive leaves and root system.
On the medium with 1/3 of mineral components
the Charoit potato plants were distinguished by
the reduced mass of shoots (due to the reduc-
tion of the stem mass) and the increased mass
of the root system relative to the control. Exper-
imental plants had a thinner stem, but a more
developed root system.

For cultivation of healthy potato microplants
of the Charoit variety both for accelerated pro-
duction of a large number of plant copies and
for further transplanting to aecrohydroponic sys-
tems, the nutrient medium with 1/2 of mineral
components is optimal from the studied com-
positions.

When aerohydroponic cultivation of the
revitalized potato variety Charoit plants with

different planting densities (21 plants/m? 27
plants/m? and 55 plants/m?) was conducted an
increase in the height of the plants grown in the
plant sections with a density of 55 plants/m?
was observed. Potato plants on aerohydroponic
modules with a planting density of 21 plants/
m? were distinguished by an increased number
of stems.

In the minitubers yield the share of fractions
suitable for further seed production was more
than 50% when using aerohydroponic mod-
ules of all the studied planting densities. The
maximum number of minitubers was recorded
when growing plants with the planting density
of 55 plants/m? and this option is recommended
when growing minitubers of the potato variety
Charoit by aerohydroponic method.
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UCTOYHUKHU YCTOMYUBOCTU K ®UTOPTOPO3HOMN KOKUCTOU T'HUJIUA
SEMJUISHUKHU AJIS1 CPEJHEI'O YPAJIA

<)HeBoctpyesa E.1O., Auapeesa I.B.

Ypanvcxuii ghedepanvuviil acpapruvlii HayuHO-UCCIE008AMENLCKULL YeHMP YPalbCKo2o OmoeneHus
Poccuiickoii akademuu nHayx

ExarepunOypr, Poccus

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

[IpencraBnens! pe3ynbTaThl H3y4YeHHsS THOPUIOB 3EMIISIHUKH [UIsl JAbHEHIICH CeNeKIuy B Iie-
PO MaccOBOTO pacrpoCTpaHEeHUs1 3a00JIeBaHNUH, CITOCOOCTBYIOMINX HET000pY STOJHOM MPOIYyK-
d, — cepoil 1 PUTOHTOPO3HON KOKHUCTOW THHIIN sITofl. VcciemnoBaHus BBITOTHEHBI B TTOJIEBOM
omnbiTe Ha CBEpAJIOBCKON CENEKIMOHHON CTaHIMK CAJ0BOACTBA HA KOJUICKLMH JKUBBIX PacTCHHUN
oTkpbIToro rpyHTa B 2018-2021 110 OOBEKTHI MCCICOBAaHUN — BOCEMb JNUTHBIX THOPHIIOB CPEa-
HEro ¥ IO3[JHET0 CPOKOB CO3peBaHMus, poucxoqsaimux u3 cemei: Conosyika X Totem, ConoBymi-
ka x Dukat, ConoBymka x Marmolada, Amyner x Marmolada. Kontponbusie copra — I'eiizep u
Boposuiikas. M3yueHne ruOpuIoB MpoBEIeHO B COOTBETCTBUH C OOLICTIPHHSATHIMU METOIUKAMH IO
KOMIUIEKCY XO35IIICTBEHHO LIEHHBIX IPU3HAKOB M CTEIICHU NOPakeHUsI TpUOHOM Oone3Hbto. B ypaib-
CKUX YCJIOBHSIX C€pasi THHJIb OTMEUAeTCs IMOUTH €XKErofHo, GUTodropa Ha Arogax — B OTACIbHBIC
rofel. B OnmaronpusiTHbIe U1t pa3BUTHS GUTOPTOPHI TOABI MOTEPU YpOXKasi y HEYCTOMUMBBIX K 3a-
00JIEeBAaHHUIO COPTOB CPEIHETO U CPEIHENO3IHETO CPOKOB CO3PEBAHUSI MOTYT OBITh 3HAUUTEIbHBI-
Mmu. Ha Cpennem Ypane 6ose3nb HaOMIOAAIOT U HA MO3IHUX COPTaX 3eMJITHUKH. YCTAHOBJIEHO, YTO
YCTOWYHBOCTH K (PUTOPTOPO3HON KOXKUCTOM THUIIM KOHTPOIUPYETCSI TIOJIMTEHHO TIPU aJIMTHBHOM
BJIMSIHUM HECKOJIBKUX I'€HOB U HE 3aBUCUT OT pac Bo30yanTesns. Tak Kak MIMMYHUTETA Y 3eMJISTHUKH K
JaHHOMY 3a00JICBaHHUIO HET, IPOBEIcHA paboTa C MPUBJICYCHUEM YCTOMUUBBIX COPTOB, BBIICICHHBIX
IpY M3yYEHHUH B TOJIEBBIX YCIOBHAX. B pesynbrare uccieoBaHUi BBISBICHBI YCTOHUMBBIC (C ITO-
Tepeit ypoxas 1o 10%) cpennecnensie TtuOpuast 2-45-10 u 2-54-11, koTopsie OyAyT IpUBIECYCHBI B
CEJICKLIMOHHBIH MTpoliecc Ha MPU3HAK YCTOHYMBOCTH K PUTO(OTOPO3HON KOKUCTOM THUIIH.

KiroueBble ciioBa: 3eMIIsSIHUKA, YCTOHUYUBOCTB, PUTO(PTOPO3HAS KOKHUCTAsI THUIIb, THOPUI, HC-
TOYHUK

SOURCES OF STRAWBERRY RESISTANCE TO LATE BLIGHT LEATHERY ROT
FOR THE MIDDLE URALS

x)Nevostrueva E.Yu., Andreeva G.V.

Ural Federal Agrarian Scientific Research Centre, Ural Branch of the Russian Academy of Science
Yekaterinburg, Russia

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

The results of the study of strawberry hybrids for further breeding in the period of mass spread of
diseases contributing to the shortage of berry products - gray and late blight leathery rot of berries -
are presented. The studies were carried out in a field experiment at the Sverdlovsk Horticultural
Breeding Station on the collection of live plants in the open ground in 2018-2021. The objects of the
study are eight elite hybrids of medium and late maturity, originating from the families Solovushka x
Totem, Solovushka x Dukat, Solovushka x Marmolada, Amulet x Marmolada. The check varieties
are Geyser and Borovitskaya. The hybrids were studied in accordance with the generally accepted
methods for the complex of economically valuable characters and the degree of infestation by the
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VcTouHNKH YCTOIYUBOCTH K (GUTO(TOPO3HON KOKHCTON FHUIH Hesoctpyesa E.1O., Aunpeesa I'.B.
3emsstHuky Uit Cpegrero Ypana

fungal disease. In the conditions of the Urals, gray rot is observed almost annually, and the late
blight on berries - in some years. In the years favorable for the development of the late blight,
yield losses in the varieties that are not resistant to the disease of medium and medium maturity
dates can be significant. In the Middle Urals, the disease is also observed on the late varieties of
strawberries. It was found that resistance to late blight leathery rot is controlled polygenetically
through the additive effect of several genes and does not depend on the races of the pathogen. Since
there is no immunity to this disease in strawberries, work was carried out with the use of resistant
varieties isolated when studied in the field. As a result of the research the resistant (with yield loss
up to 10%) medium-maturing hybrids 2-45-10 and 2-54-11 were identified, which will be involved
in the breeding process for the trait of resistance to late blight leathery rot.
Keywords: strawberries; resistance, late blight leathery rot, hybrid, source
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INTRODUCTION be almost 100% [6, 7]. In the conditions of the
Middle Urals, late varieties are also susceptible

In the Middle Urals, as in many regions of to the disease.

strawberry cultivation, the main diseases caus-
ing berry rot are gray and phytophthora leath-
ery blight [1-4]. While the lesion of gray rot is
observed almost annually [5], the appearance
of phytophthora rot on berries in the Ural con-
ditions is observed in some years. This disease
is promoted by the presence of dripping and
liquid moisture during the formation and ripen-
ing of the crop, so the maximum development

of the disease is observed after the rains'. Therefore, an effective way to solve this
problem, which allows obtaining environmen-

tally friendly berry products is the creation of
new varieties of strawberry, combining in its

In recent years, studies have shown that re-
sistance to Phytophthora cactorum (Leb. et
Cohn) Schrot. causative agent) is controlled
in garden strawberry polygenically and does
not depend on fungus races [8-11]. In practical
breeding, it is important to identify the sources
of resistance in the field with their further in-
volvement in hybridization?.

Yield losses under the conditions favorable
for the disease in susceptible varieties, mainly
of middle and middle-late maturity dates, can

'Benne R. Industrial production of strawberries. Moscow: Kolos, 1978. 77 p.

2Program and methodology of varietal study of fruit, berry and nut crops (ed. by E.N. Sedov). Orel: VNIISPK, 1999. pp. 416-
443.
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Sources of strawberry resistance to late blight leathery rot for the
Middle Urals

Nevostrueva E.Yu., Andreeva G.V.

genotype the complex of economically valu-
able features with resistance to the disease.

The purpose of the research is to identify
new initial forms of strawberry resistant to phy-
tophthora leathery blight for further breeding.

The research objectives are:

— to study the breeding material for the dis-
ease resistance trait and the complex of eco-
nomically valuable traits,

— to identify the sources of resistance for
breeding based on the results of the study.

MATERIAL AND METHODS

The studies were performed in the field
experiment at the Sverdlovsk Horticultural
Breeding Station, a structural subdivision of
the Ural Federal Agrarian Scientific Research
Center of the Ural Branch of the Russian Acad-
emy of Sciences (UrFASRC UB RAS) in the
collection of living outdoor plants "Gene pool
of fruit, berry and ornamental crops in the Mid-
dle Urals" (Sverdlovskaya SSS UrFASRC UB
RAS, Ekaterinburg) in 2018-2021. The objects
of the research are eight elite hybrids of the
garden strawberry of middle and late maturity
dates. The control varieties for mid-ripening
hybrids are Geyser, for the late ones - Borovits-
kaya.

The soil of the plot is sod-podzolic, medium
loamy. The experiment was set up in the spring
of 2017 and 2019. The planting scheme - 0.9 X
0.2 m. The hybrids for the study were planted
in three replications, the placement in the ex-
periment was randomized. Agronomic tech-
niques of cultivation were generally accepted
for strawberry culture. The plot is located on
dry-farming land.

The study was conducted according to the
generally accepted methodology (see foot-
note 2): the number of affected berries per plot
and the total number of removed berries were
counted and converted to the percentage ratio.
According to the methodology, the varieties re-
sistant to the disease should have no more than
10% yield loss in the years favorable for the

disease development, and no more than 5% in
normal years; moderately resistant - up to 20
and 10%, respectively; unstable - with yield
loss exceeding these limits. Processing of the
data on yield and average berry weight of the
studied hybrids was carried out in accordance
with the generally accepted methodology?.
Evaluation of the taste of fresh berries was de-
termined organoleptically.

Hydrothermal coefficient (HTC) according
to G.T. Selyaninov was used when determining
moisture availability of the vegetation periods.
Moisture availability was determined accord-
ing to the following classification: excessive
moisture - more than 1.6; sufficient moisture -
1.6-1.3; weak aridity - 1.3-1.0; aridity - 1.0-0.7;
severe aridity - 0.7-0.4; dryness - less than 0.4%,

Overwintering conditions in the years of
observations were characterized as favorable
for strawberry crop, the maximum degree of
freezing of strawberry hybrids did not exceed
1.0-1.5 points. The conditions of the growing
seasons 2018-2021 were not contrasting - HTC
0.8-1.3 (see Table 1), but differed greatly by
months, from arid with deficit of precipitation
(May - June 2019, May - July 2020, May - June
2021) to over-wet (July 2018, August 2020,
July 2021).

Favorable conditions for the development of
phytophthora leather blight were in 2018, 2021
(see Table 2).

Taoa. 1. [lokazaTenu rupoTepMUIECKOTO
ko3 dunmenta (I'TK) BereralinoHHBIX TIEPUOIOB
2018-2021 rr.

Table 1. Indicators of the hydrothermal
coefficient (HTC) of the growing seasons of 2018-
2021

Hydrothermal coefficient
Year May June July August é\ézr-
2018 1,3 1,3 1,7 1,0 1,3
2019 0,8 0,9 1,4 1,6 1,2
2020 0,6 0,9 0,3 2,6 1,1
2021 0,2 0,8 1,5 0,8 0,8

*Dospekhov B.A. Methodology of Field Experience. Moscow: Kolos, 1979. 416 p.
*Fedorov A.V. Agricultural hydrometeorology. L.-M.: Hydrometeoizdat, 1938. 271 p.
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Taodua. 2. KonnuecTBo 0caakoB B HeproAbl (YOPMHUPOBAHUS U CO3PEBAHUSI yPOXKast 3EMIISTHUKU

B2018 12021 .

Table 2. The amount of precipitation during the periods of formation and ripening of the strawberry

crop in 2018 and 2021

The amount of precipitation from the norm in the periods, %
Year Flowering date Maturation date
of crop formation of maturation
2018 18.06-04.07 13.07-03.08 129 47
2021 24.05-04.06 25.06-18.07 76 143

In 2018, the berries were affected by the dis-
ease during the formation of the crop (during
the filling of the berries), and in 2021 - already
at maturity (precipitation was 143% of the
norm).

RESULTS AND DISCUSSION

The studied elite strawberry hybrids dur-
ing the study period showed a good level of
winter hardiness trait, the degree of freezing
of most seedlings did not exceed 1.0 points. In
the hybrids 3-45-10 and 2-54-11 this index was
slightly lower - 1.5 points (see Table 3).

The highest yielding hybrids were medium
maturity 3-44-10 (10.5 t/ha) and late maturing
hybrid 2-43-10 (7.4 t/ha). Hybrid 9-44-10 (5.3
t/ha) turned out to be low-yielding. The other

hybrids in the experiment had no significant
difference with the control varieties.

The large-fruited hybrids with medium ma-
turity are 9-44-10, 3-44-10, 8-44-10 from the
family Solovushka x Totem, the average weight
of the berry was 9.9-11.7 g. Of the late-ripening
varieties, the Borovitskaya hybrid 2-43-10 was
significantly larger than the control (16.1 g). The
rest of the hybrids had the same berry weight as
the control varieties, the hybrids 8-44-10, 2-54-
11, 9-44-10 (4.5 points) had a high fresh berry
taste score. The taste of the majority of the hy-
brids studied in the experiment was at the level
of controls or lower.

Phytophthora berry blight was observed in
2018 and 2021 (see Table 4). If in 2018 the
yield losses from this disease were small (maxi-

Taoa. 3. KpaTKaﬂ X03SIHCTBEHHO-OMOI0THUECKAsT XapaKTCPUCTUKA SJIUTHBIX T’ I/I6pI/II[0B 3CMIJISIHUKU,

2018-2021 rr.

Table 3. Brief economic and biological characteristics of elite strawberry hybrids, 2018-2021

Hybrid Origin ibfceeng, | Vied,uha | Aveage weght | Assessmentof
point

Geyser - control 1,0 7,8 8,2 4.4
3-44-10 Solovushka x Totem 1,0 10,5 10,6 472
8-44-10 Solovushka x Totem 1,0 8,4 11,7 4.5
3-45-10 Solovushka x Dukat 1,5 8,1 8,9 4,0
2-45-10 Solovushka x Dukat 1,0 7,0 8,2 4.4
2-54-11 Amulet X Marmolada 1,5 6,8 7,8 4.5
9-44-10 Solovushka x Totem 1,0 5,3 9,9 4.5
LSDys 1,8 1,5

Borovitskaya — control 2,0 42 9,9 4,0
2-43-10 Solovushka x Marmolada 1,0 7,4 16,1 4,0
1-43-10 Solovushka x Marmolada 1,0 5,5 13,9 43
LSD;s 1,7 52
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Taoa. 4. [lopaxenne GpuToHTOPO3IHON KOXKH-
CTOM THUJIBIO AT0d DJIINTHBIX I‘I/I6pI/IIIOB 3CMIISTHUKU,

2018, 2021 rr.

Table 4. Infestation with late blight leathery rot
of the berries of elite strawberry hybrids, 2018,
2021

Infestation of berries with
Hybrid phy'[opht;;);a:3 ;iasl’t};/eory blight

2018 2021
Geyser - control 3,5 33,6
2-45-10 0 1,1
2-54-11 0 4,7
8-44-10 3,3 22,8
9-44-10 6,1 29,6
3-45-10 2,0 41,3
3-44-10 3,4 52,2
Borovitskaya — control 0,9 14,6
2-43-10 0,6 18,3
1-43-10 1,2 37,4

mum - up to 6.1% - was recorded for the hybrid
9-44-10), in 2021 berry rot was quite significant
(22.8-52,2% in the mid-ripening hybrids and
18.3-37,4% - in late hybrids). The lowest losses
from the disease were observed in the hybrids
2-45-10 and 2-54-11 (1,1-4,7%).

The hybrids studied were divided into the
following categories according to the maxi-
mum damage of berries by phytophthora skin
rot (2021):

— resistant (yield losses up to 10%) — 2-45-
10, 2-54-11;

— medium-resistant (from 10 mo 20%) —
2-43-10;

— not resistant (more than 20%) — 8-44-10,
9-44-10, 1-43-10, 3-45-10, 3-44-10.

CONCLUSION

According to the results of the research,
among the studied elite hybrids, two hybrids
of medium maturity, resistant to phytophthora
leathery rot were identified: 2-45-10 (Solo-
vushka x Dukat) and 2-54-11 (Amulet x Mar-
molada). In the year of maximum development
of the disease (2021) yield losses of the hybrids
were 1.1 and 4.7%, respectively. The selected
hybrids also combine in their genotype a set of
economically valuable features at the level of

the control variety Geyser. These hybrids will
be used in breeding as new initial forms resis-
tant to phytophthora leathery blight.
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B3AMMOCBSI3b CEJIEKIIMOHHBIX TPU3HAKOB
TABYHHBIX JIOIIAJIEM 3ABAUKAJIbS

X Xamupyes T.H., bazapon B.3., Jamunnmaes C.M., byna:kanaes b.11.
Hayuno-uccreoosamenvcruil uncmumym semepunapuu Bocmounoii Cubupu — gpunuan Cubupckoeo
pedepanvrozo nayuHozo yenmpa azpodouomexuonocuil Poccutickotl akademuu Hayk
3abaiikansckuii kpait, Uura, Poccus

<)e-mail: tnik0979@mail.ru

[IpencraBieHbl pe3yybTaThl U3Y4YEeHUST IKCTEPhEPHO-KOHCTUTYIIUOHAIBHBIX OCOOCHHOCTEH, (he-
HOTHUITUYECKON KOPPEJSAIUK KUBOW MAaCChl ¢ MMPOMEpPaMU Tejla U UHICKCAMHU TEJIOCIOXKCHHS y Ta-
OyHHBIX JIOIIaje OypsATCKON MOponbl. MarepraioM HCCIIEIOBAaHUHN CIYKHMIIU MOJTHOBO3PACTHBIC
)kepeOrinl (n = 7) u koObuTHI (7 = 20), a Taroke xepedunku (n = 20) u koosuTKH (7 = 20) B Bo3pacte 1,5
1 2,5 Troga. YCTaHOBIIEHO, YTO JKEPEOIBI-IIPOU3BOIUTEIH 10 KUBOW Macce MPEBOCXOAAT CTaHIAPT
ropoiel Ha 25,8%, koObLTEI — Ha 23,8, skepedunku — Ha 28,0—28,5 1 koobutkK — Ha 12,3-25,7%. O6-
Mep CTaTeil Tella TAKXKe CBUJICTEIbCTBYET 00 MX MPEUMYIIECTBE 110 BCEM OCHOBHBIM IIpOMEpaM HaJ|
CTaHIapTOM. PacueT MHICKCOB TEJIOCIIOKEHHMSI [TOKa3aJl, YTO 0COOU XapaKTePHU3YIOTCs BhIPAKECHHbI-
MU MsICHbIMU (popMamu. [Ipu 3TOM camiibl OTIIMYAOTCS 00JIee COMTHIM, IIUPOKOTEIIBIM M PACTSIHY-
THIM TEJIOCTIOKEHNEM KPETKOH KOHCTUTYIIHH. AHAIN3 TTOJy9eHHBIX JaHHBIX CBUAETEIHCTBYET, YTO
nomany OypsATCKOM MOPOJIBI TI0 KUBOW Macce W IpoMepaM CTarell Teia OTHOCSTCS K MaCCHBHOMY
tuny | 3Komoruveckoi 30HbL. Y B3pOCIBIX 0c00eH 1 MOJIOHSIKA B Bo3pacTe 1,5 u 2,5 roya BhIsBIIe-
HAa IOJIOKUTEIIbHAS Ha JIOCTATOYHO BHICOKOM YPOBHE KOPPEJISIIHS MEX/y )KHBOH MacCol M BCEMU
npomMepamu. bosiee TecHas CBsA3b JKUBOW MACChl Y )KepeOIIOB U KOOBLT OTMEUYCHA ¢ 00XBATOM IISICTH
(r=10,586 u 0,770), y >kepeOIrKOB 1 KOOBIIIOK B Bo3pacTe 1,5 roga — ¢ ooxBarom rpyau (r = 0,903)
u BbicoTo# B Xonke (7 = 0,903) coorBeTcTBeHHO. C BO3pACTOM Yy KEPEOUHKOB YCHIINBACTCS CBS3h
YKUBOW Macchl ¢ uHou Tena (7 = 0,902), y koObutok — ¢ ooxBaroM rpyau (7 = 0,623). BeispneHHbIE
B3aMMOCBSI3H KHUBOW MacChl C IKCTEPhEPHO-KOHCTUTYITUOHATLHBIMU O0COOCHHOCTSAMHU Y TaOyHHBIX
JIoIIa ied TIO3BOJISIT YCUITUTh JIABJICHUE Ha KOHKPETHBIN CEJICKIIMOHHBIN MTPU3HAK TIPU 0TOOPE.

KuroueBsble cioBa: TabyHHast Jomiajb, OypsATcKas MOpoaa, KUBas Macca, IKCTephbep, MpoMep,
HHJICKC TEJIOCIOKEHUS, KOPPEIISALIUS

INTERRELATION OF THE BREEDING CHARACTERISTICS OF THE HERD
HORSES OF TRANSBAIKAL

(<X)Khamiruev T.N., Bazaron B.Z., Dashinimaev S.M., Budazhanaev B.Ts.

Research Institute of Veterinary Science of Eastern Siberia - Branch of the Siberian Federal
Scientific Centre of AgroBioTechnologies of the Russian Academy of Sciences

Chita, Trans-Baikal Territory, Russia

x)e-mail: tnik0979@mail.ru

The results of the study of exterior and constitutional features, the phenotypic correlation of live
weight with body measurements and body built indexes in herd horses of the Buryat breed are pre-
sented. The research material was full-grown stallions (» = 7) and mares (n = 20), as well as horse
colts (n = 20) and fillies (n = 20) aged 1.5 and 2.5 years. It has been established that stud stallions
in live weight exceed the breed standard by 25.8%, mares - by 23.8%, colts - by 28.0-28.5% and
fillies - by 12.3-25.7%. The measurement of the articles of the body also indicates their superiority
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in all basic measurements over the standard. The calculation of the body built indexes indicates that
individuals are characterized by pronounced meaty forms. At the same time, males are characterized
by a more solid build, broad and stretched body of a strong constitution. Analysis of the obtained
data shows that the horses of the Buryat breed in terms of live weight and body parts measurements
belong to the massive type I of the ecological zone. In adults and young animals at the age of 1.5
and 2.5 years, a positive, at a fairly high level, correlation between live weight and all measurements
was revealed. A closer relationship of the live weight in stallions and mares was noted with the can-
non bone girth (= 0.586; » = 0.770), in colts and fillies at the age of 1.5 years - with chest girth (» =
0.903) and height at the withers (= 0.903), respectively. With age, in colts, the relationship between
the live weight and the body length increases (r = 0.902), in fillies - with chest girth (r = 0.623). The
revealed relationships of the live weight with exterior and constitutional features in herd horses will

allow to increase the pressure on a specific breeding trait during selection.
Keywords: herd horse, Buryat breed, live weight, conformation, measurement, body index, cor-

relation
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INTRODUCTION

Horse breeding develops in many directions
and provides agriculture, the processing indus-
try and the population with working, breeding,
productive and sport horses, raw materials and
food [1, 2].

The Russian Federation has a significant
diversity of horse breeds, the State Register of
Breeding Achievements Approved for Use in-
cludes 49 breeds and intra-breed types of hors-
es, of which 23 are local breeds. Over the past
20 years, three breeds and four types of horses
of different breeds have been created in herd
horse breeding'.

The main livestock population of herd hors-
es (97.3%) is concentrated in ten subjects of
the Russian Federation: the republics of Sakha
(Yakutia), Kalmykia, Bashkortostan, Moun-
tain Altai, Buryatia, Tyva, Khakassia, Altai and
Transbaikal Territories, and the Astrakhan re-
gion. At the same time, the Yakut horse breed
accounts for the largest share [3], and there are

several hypotheses about its origin. According
to one of them, the Yakut horse breed is a di-
rect progeny of the horse brought by Yakut an-
cestors from the Baikal region [4]. The result
of 45 years of selection and breeding work to
improve the economically useful qualities of
the Yakut horses was the creation of two new
breeds - the Megezhekskaya and the Prilens-
kaya. In addition, the Kolyomsky and Yansky
types of the Yakut horse breed, which are dis-
tinguished by their high meat qualities and have
excellent adaptability to the harsh conditions of
Yakutia, were bred [5].

Local horse breeds have unique adaptive
qualities, able to use scarce pastures, graze dur-
ing the winter and survive in harsh conditions
with minimal human care [6].

At present, selection of farm animals based
on exterior and constitutional features, among
which body measurements and body mass in-
dexes play an important role, is of particular
importance [7-9].

'State Register of the Breeding Achievements Approved for Use. Vol. 2 "Animal Breeds" (official edition). Moscow: Rosin-

formagrotech, 2020. 229 p.
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Knowledge of the correlative relationship
between individual traits and its quantitative
determination allow for selection for one or
more traits, to provide for changes in some
traits in the selection of other, which is impor-
tant for successful breeding work.

Many works in sheep breeding?, rabbit
breeding’, cattle breeding *° have been devoted
to studying the correlation between phenotypic
traits in cattle breeding [10].

However, along with this there are not
enough data in the scientific literature on the
study of the relationship between the body
weight and exterior measurements that charac-
terize meat productivity of individuals in herd
horse breeding.

The main and most accessible indicator for
assessing meat productivity is the live weight,
and the value of the correlation of the same
traits may vary depending on the breed, sex,
age, environmental conditions and other traits.

The purpose of the study is to investigate
the contingency of the breeding traits of herd
horses of the Buryat breed.

MATERIAL AND METHODS

The material of the research was full-grown
stallions (n = 7) and mares (n = 20), as well
as stallions (n = 20) and mares (n = 20) of the
Buryat breed aged 1.5 and 2.5 years. The stud-
ies were conducted at the agricultural produc-
tion co-operative "Uldurga" in the Yeravninsky
district of the Republic of Buryatia.

Body weight was determined by weighing
on electronic scales Elephant-2000-5 with an
accuracy of 0.5 kg. To evaluate the morpho-
metric features of the exterior according to the

generally accepted method, the main measure-
ments of the body points were taken, cm: height
at the withers, oblique body length, chest and
cannon bone girth. On the basis of the results
the indices of body build are calculated, %:
stretchiness or form, broad-body or chest girth,
blockiness or compactness and boniness index.

To evaluate the growth and development of
herd horses of the Buryat breed in our work we
used the indicators of the standard (1st class) of
the Buryat breed.

The correlation coefficient was calculated
directly on the values of the concomitant fea-
tures using Microsoft Excel and PAST version
3.25 (2001) within the following significance
levels: *p < 0,05; **p <0,01; ***p <0,001.

The experimental data were processed using
the Student's method of variation statistics®.

RESULTS AND DISCUSSION

The main purpose of measuring animals by
measurements is to evaluate each individual
more precisely and thus to get rid of subjectiv-
ism, which can be in the process of visual ap-
praisal’. Important for evaluation by measure-
ment are the points which give an idea about
the proportions of animal's body in the process
of its growth and development.

Figure 1 shows the average live weight and
body measurements of full-grown stallions and
mares.

Analysis of the presented data shows that
both stallions and mares are superior to the
standard by body weight and measurements
(Instruction on evaluation of horses of local
breeds. Moscow: Agropromizdat, 1988). Prog-
eny sires exceed the standard by 25,8% on body

*Khamiruyev T.N. Conjugation of breeding traits in semi-coarse-wooled sheep of the Aginsky breed // Russian Agricultural

Science. 2016. N 1. pp. 48-50.

3Nigmatullin R.M. On the relative constancy and variability of the correlation of live weight with body mass indexes in rabbits

// Bulletin of VOGIS. 2010. Vol. 14. Ne 3. pp. 408-424.

*Conroy S.B., Drennan M.J., Kenny D.A., McGee M. The relationship of various muscular and skeletal scores and ultrasound
measurements in the live animal, and carcass classification scores with carcass composition and value of bulls // Livestock Sci-

ence. 2010. Vol. 127. pp. 11-21.

SYokoo M.J., Werneck J.N., Pereira M.C. et al. Correlagdesgenéticas entre escoresvisuais e caracteristicas de carcagamedi-
dasporultrassomembovinos de corte // Pesq. Agropec. Bras. 2009. Vol. 44. pp. 197-202.

*Yakovenko A.M., Antonenko T1., Selionova M.I. Biometric methods of analysis of qualitative and quantitative signs in zoo-

technics. Stavropol: AGRUS. 2013. pp. 54-61.

"German Y1, Bass S.P. Evaluation of agricultural animals by measuring them with improved devices // Bulletin of Izhevsk

State Agricultural Academy. 2017. N 2 (51). pp. 3-8.
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470,6 + 21,8
600 528,3 +19,20
140,8 £ 2,77
400 147,4+5,10— 179.8£7.43
19,5+ 1,20
200 143,0 +-1,58 153,04638 —
187,6 + 3’50 21,0 + 0,50
0 '
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Puc. 1. )Kusasg macca u mpoMepbl cTaTel Teja MOJIHOBO3PACTHBIX JIOIIAIeH

I[Ipumeuanue. 3aech u B puc. 3, 4: )KM — xuBas macca, BX — Beicora B xonke, KJIT — kocas mmmHa

tynosuia, OI' — o6xBat rpyau, OIl — oOxBat msictn

Fig. 1. Live weight and body measurements of mature horses
Note. Here and in Figs. 3, 4: LW - live weight, HW - height at the withers, OBL - oblique body length,

CG - chest girth, CBG - cannon bone girth

weight, mares - by 23,8, height at the withers -
28,8 and 27,7, oblique body length - by 6,3 and
3,1, chest girth - by 11,0 and 7,7, cannon bone
girth - by 13,5 and 8,3% accordingly.

I.A. Kalashnikov, E.N. Nazarova report that
the Buryat horse breed has peculiar offspring
with specific economically useful qualities and,
based on the study of the productive qualities
of horses depending on the ecological zone of
breeding, propose to distinguish two types in
each zone: massive and basic [11].

When evaluating the productive qualities of
the Buryat breed horses of the Eastern Sayan
ecotype, it was found that they have lower body
measurements and live weight compared to
other offspring. Thus, the average live weight
of the stallions is 358 kg, mares 315 kg®.

Based on the classification proposed in the
study [11], the horses of the Buryat breeding
plant APC "Uldurga" by live weight and mea-
surements of body points belong to the massive
type of the first ecological zone.

Table 1 shows the data on the live weight
and measurements of the body points of stal-
lions and mares at different ages.

According to all the studied productivity
traits, young Buryat horses are superior to the
breed standard (Instruction on the appraisal of
the Buryat horses. Ulan-Ude, 2002). Thus, stal-
lions at the age of 1,5 year are 28,5% superior
by body weight, at the age of 2,5 year - 28,0%,
mares - 12,3 and 25,7% respectively.

The measurement of the body points showed
that stallions at the age of 1.5 years showed
5.7% better height at the withers than the stan-
dard, 6.4% better oblique body length, 6.6%
better chest girth and 9.1% better cannon bone
girth, at the age of 2.5 years - 1.7, 3.8, 3.4 and
7.4%, respectively. Similar results were ob-
tained for the group of mares. At the age of 1.5
years, fillies exceed the standard of the breed
by 5.6% according to the height at the withers,
by 5.4% according to the oblique body length,
by 4.5 according to the chest girth, by 2.4% ac-
cording to the cannon bone girth, at the age of
2.5 years - by 2.1, 5.8, 6.2 and 2.4% accord-
ingly.

At the age of 2.5 years, Yakut colts reach a
live weight of 401 kg, mares 376 kg under the
conditions of herd-winter grazing technology
[12].

$Anganov V.V, Tsybikova R.N. Conformation evaluation in horses of the Eastern- Sayan ecotype of Buryat breed // Siberian

Herald of Agricultural Science. 2016. Ne 3 (250). pp. 35-40.
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Taoda. 1. ’)Kusas macca u mpoMepsl cTaTel Tesla MOJIOAHAKA JIOIIaAeH
Table 1. Live weight and body measurements of young horses

Height at the Oblique body . .
Group, Live weight, kg withers length Chest girth Cannon bone girth
age, years
cm
Stallions:
1,5 347,0 + 18,57 1342 £2.28 137,2 £ 1,30 164,2 £ 6,38 18,0£0,71
2,5 396,7+ 17,41 138,3 +£ 2,56 143,2 + 4,26 169,6 + 5,49 18,8 +£0,41
Mares:
1,5 280,8 + 15,412 131,0+£2,53 133,8 £2,61 1589 + 2,64 16,9 £ 0,87
2.5 377,2+ 19,34 136,8 £ 3,48 141,8 £ 3,66 168.8 £ 6,48 17,4 £0,78

IMpumevanune.?—p <0,01.

Absolute values of measurements allow to
compare the development of individual points
in animals, but do not characterize the propor-
tions of their body build (habitus).

Reasonably calculated body indices charac-
terizing the ratio of anatomically related mea-
surements give an opportunity to judge about
the degree of development of an organism, pro-
portions of its body, general constitutional type
of an animal and the degree of expressiveness
of the features of the desired productivity direc-
tion (see footnote 7).

The most important body mass indices in
horse breeding include the indices of blocki-
ness, stretchiness and broadness, high values
of which are characteristic of beef animals. In
addition, to characterize the development of
the skeleton, to determine the strength of the
skeleton, the boniness index is used. The boni-
ness index is an indicator of body mass devel-
opment, stretchiness characterizes the torso de-
velopment in length, body broadness serves as
an indicator of the strength and efficiency of the
animal.

Fig. 2 and Table 2 show the body indices of
full-grown horses and young horses, respec-
tively.

The index of blockiness of adult horses of
roadster breeds is 106-111%, the draft breed -
120%, the index of stretchiness - 100-102 and
106-108, the index of broadness - 108-115 and
123-130, the index of boniness - about 12 and

14-16% respectively. According to the data of
the research [13] the index of blockiness for
adult horses of roadster breeds ranges from
113.01-116.66%, stretchiness - 97.42-101.81,
broadness - 111.42-117.49, boniness - 12.32-
13.00%; the indices for stallions of the Russian
draft breed are 120.1, 107.7, 129.2 and 14.3%
respectively [14].

It follows from the data presented that, ac-
cording to the body mass indexes, the aborigi-
nal stallions and mares of the Buryat breed
are characterized as animals with pronounced
meat forms and are closer to the draft breeds
by the indices. At the same time males have
more compacted (+0.8%), broad (+4.6%) and
stretched (+3.1%) body with strong bones
(+1.0%). Similar results were obtained in the
study [12] on herd horses of the Yakut breed.
Stallions with an average live weight of 482 kg
had the stretchiness index of 109.4%, broad-
ness index - 136.6, blockiness index - 127.4%,
mares with a live weight of 442.0 kg had 108.3,
134.9 and 124.6% respectively.

A similar picture was revealed in young
horses. At the same time with age an increase
in the stretchiness index by 2.5 abs.% in mares
and by 3.1 abs.% in stallions, the massiveness
index - by 1.7 and 3.1, the boniness index - by
1.2 and 0.7 abs.% respectively was noted.

According to the data of the work [12] the
stallions of the Yakut breed at the age of 1,5
are characterized by the following indexes of
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13,|6 +0,44
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131,1'+2,96
IS 103,8 /1,98
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Puc. 2. Inaexcsl TEIOCIOKEHUS TTOTHOBO3PACTHBIX Jomaac, %o.
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Fig. 2. Indexes of body build of mature horses, %
Note. Indexes: IB - index of boniness, IBL - index of blockiness, IBB - index of broad-body, IS - index of stretchiness

Taoua. 2. VHIeKchl TEI0CIOKEHNS MOJIOJHIKA JIomaei, %

Table 2. Body indexes of young horses, %

Group, Index
age, years of stretchiness | of broad bodiness | of blockiness | of boniness
Stallions:
1,5 102,2+ 1,41 122,3+ 3,91 119,6 £4,75 13,4+ 0,51
2,5 103,7 + 4,44 123,3+ 3,74 119,1 £4,65 13,7+ 0,35
Mares:
1,5 102,0 £ 1,35 121,2+ 1,47 118,7+1,93 12,1 +£0,54
2,5 103,5+2,69 122,5+ 3,40 119.4 £ 5,05 12,5+ 0,47

body build: stretchiness - 102,3%, broadness -
126,0, blockiness - 123,1, boniness - 13,4%, at
the age of 2,5 - 107,1, 129,0, 120,2 and 13,8%
of filles - 102,3, 126,0, 123,1 and 13,4% and
106,2, 127,7, 120,3 and 13,8% respectively.

A pronounced sexual dimorphism in herd
horses of the Buryat breed should be noted.
For example, males are heavier than females at
the age of 1.5 years by 23.6% (p <0.01), at 2.5
years by 5.2, adult horses by 12.3% (p < 0.05),
higher at withers by 1.6, 2.4 and 1.1%, longer
by 3.8, 2.5 and 1.0%, have a larger chest girth
by 4.3, 3.3 and 0.5% respectively.

The study of correlations between the weight
and body measurements of horses showed that
the relationship between them is positive at a
sufficiently high level (see Fig. 3, Table 3).

In sire stallions the average and below av-
erage correlation of live weight with cannon
bone girth (» = 0.586), height at the withers (» =
0.514), chest girth (»=0.396) and oblique body
length (» = 0.321) was noted.

In fillies, a fairly strong correlation was
found between the live weight and the cannon
bone girth (» = 0.770), oblique body length (r =
0.760) and chest girth (»=0.755), with a slight-
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ly lower correlation with the height at the with-
ers (r = 0.610). Similar results are presented in
the works’ [15]. The obtained data indicate that
the highest correlation in the Buryat horses of
the desirable type and the Kazakh mares of the
zhabe type is observed between the live weight
and the heel girth (» = 0.68 and 0.351), the low-
est - between the height at the withers and the
live weight it is the lowest (= 0.18 and 0.168).

The studies of the authors10 obtained some-
what different results. It was established that

0,9

the live weight of the Buryat breed fillies of the
East Sayan (highland) ecotype is more corre-
lated with the height at the withers (» = 0.64), a
smaller correlation was noted with the cannon
bone girth (» = 0.49). The correlation between
the live weight and chest girth (» = 0.809) and
oblique body length (» = 0.696) was high in
Tajik herd horses; average correlation with the
height at the withers (» = 0.463) and the cannon
one girth (= 0.327) was found [16].

>
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HBIX JIOIIaaen

Fig. 3. Correlation coefficients between live weight and measurements of the body articles of mature

horses

Tao6a. 3. KoabdunueHTs! KOppemsaiiun MexX Iy KHUBOW MacCOi M IpOMEpaMHy CTaTeH Tella MOJIOTHIKA

JIomIaaei
Table 3. Correlation coefficients between live weight and body measurements of young horses
Group, Live weight — Live weight — Live weight — Live weight —
age, years height at the withers oblique body length chest girth cannon bone girth
Stallions:
1,5 +0,696 +0,444 +0,903 +0,761
2,5 +0,331 +0,902 +0,484 +0,136
Mares:
1,5 +0,903 +0,691 +0,623 +0,695
2,5 +0,740 +0,629 +0,714 +0,428

84nganov V.V, Tsybikova R.N. Conformation evaluation in horses of the Eastern- Sayan ecotype of Buryat breed // Siberian

Herald of Agricultural Science. 2016. Ne 3 (250). pp. 35-40.

’Baimukanov D.A., Akimbekov A.R., Aubakirov H.A., Kenzhehodzhaev M.D., Alikhanov O., Nurmakhanbetov D. Productivity
of Kazakh horses of the Zhabe type of different populations // Effective Animal Husbandry. 2017. Ne 6 (36). pp. 48-51.

YAnganov V.V, Tsybikova R.N. Conformation evaluation in horses of the Eastern- Sayan ecotype of Buryat breed // Siberian

Herald of Agricultural Science. 2016. Ne 3 (250). pp. 35-40.
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The analysis of the obtained data shows that
young Buryat horse breeds have a positive cor-
relation of varying degrees between their live
weight and all the main body measurements at
the age of 1.5 years and at 2.5 years.

At the age of 1,5 year in stallions and fillies
medium and strong correlation of the studied
traits (» = 0,444-0,903 and 0,623-0,903) was
noted. In males, the live weight is more closely
related to chest girth, less so to the oblique body
length, in females - to the height at the withers
and the chest girth, respectively.

The relationship between the live weight
of the stallions and the oblique body length
increases with age; for fillies, the relationship
with the chest girth increases. At the same time,
the correlation with other measurements is
somewhat weaker.

Such a variety of phenotypic correlations of
traits in herd horses, in our opinion, is caused
by genotypic factors and the factors of "geno-
type-environment" interaction.

There is no relative constancy in the relation-
ship between the live weight and the body mass
indexes in the context of sex and age groups of
animals (see Fig. 4, Table 4).

It follows from the data presented that there
is a positive correlation of the live weight with
all body mass indices in fillies, with a stronger

correlation with the boniness index and less
with the blockiness index.

In breeding stallions, similarly, a closer cor-
relation was found between the live weight and
the boniness index, and a negative correlation
was established with the blockiness index.

The obtained data on the close correlation
between the live weight and the boniness index
in males and females are confirmed by the cor-
relation between their live weight and the can-
non bone girth (» = 0.586 and 0.770, respec-
tively).

Young horses at the age of 1.5 and 2.5 years
have a positive correlation between the live
weight and the boniness index. It should be
noted that there is a close correlation between
the live weight and the index of broadness and
compactness in stallions at the age of 1.5 years
and in fillies at the age of 2.5 years.

With age, stallions develop more intensively
in length and width, as evidenced by the estab-
lished relationship with the indices of stretchi-
ness and broadness (= 0.762 and 0.711), while
fillies grow more in width (» = 0.310).

CONCLUSION

The revealed correlations between the stud-
ied traits allow us to conclude that the relative
constancy of the positive and sufficiently high

0,745

0,463

0,448

e Stallions

Mares

Puc. 4. KoadpduiimeHTbl KOPPEISLNN MEXKIY KUBOH MacCOi U HHACKCAMHU TEJIOCIOKEHHSI TOJIHOBO3PaCT-

HBIX JIOLIaAeH

Fig. 4. Correlation coefficients between live weight and body built indexes of mature horses
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Ta6a. 4. KoadummeHnTsr KOppemsaIuu Mex 1y >KHBOW MacCOW U MHIEKCAMH TEJIO0CIOKEHUST MOJIOTHIKA

Jomaaeun

Table 4. Correlation coefficients between live weight and body built indexes of young horses

Group, Live weight — Live weight — Live weight — Live weight —

age, years stretchiness index broad bodiness index blockiness index oblique body length index
Stallions:

1,5 —0,543 +0,710 +0,722 +0,439

2,5 +0,762 +0,711 -0,316 +0,130

Mares:

1,5 —-0,301 —-0,569 -0,182 +0,456

2,5 —-0,095 +0,310 +0,049 +0,021

correlation relationship between the live weight
and body measurements and body mass indexes
in herd horses will make it possible to increase
pressure on a particular breeding trait during
selection.

In adult individuals, live weight correlated
to a greater extent with the cannon bone girth.
When selecting stallions, paramount impor-
tance should be given to the oblique body
length, in fillies to the chest girth. Evaluation of
morphometric features of the exterior based on
the measurement of individuals and calculation
of the body indices will make it possible to pre-
dict the efficiency of breeding by live weight,
which should be taken into account in further
breeding work to improve the productive quali-
ties of the Buryat herd horses.
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IF’EHOTHIINYECKASA U ®PEHOTUIIMYECKASA XAPAKTEPUCTUKA
NONYJSIIUU TEPE®OPICKOIO CKOTA 3AIIAJTHOM CUBUPU

x)Unepobaen b.0., Xpamuona U.A., UuepoaeBa A.T.

Cubupckuii ghedepanvhwiti HayuHbll YeHmp azpoouomexnonozuti Poccutickou akademuu Hayk
Hosocubupckast ob6macts, p.im. KpacnooOck, Poccus

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

CenexmoHHO-IIJIeMEeHHasl paboTa, HampaBieHHAs Ha TOBBIIICHHE WHTEHCUBHOCTH POCTa MO-
JIONHSKA ¥ COBEPLICHCTBOBAHME CTall, B KOHEYHOM MTOTE 3aKJIIOYACTCS B HAKOIUIEHUH BBICOKOIIPO-
IOYKTUBHBIX JKUBOTHBIX, @ B JaJlbHEHIIEM — POACTBEHHBIX I'PyIN 1 JUHUNA. Ee mpoBoasT IaBHBIM
00pa3oM MyTeM HCHOJIb30BaHMs OBIKOB-YIydIIaTeNled, MPOLICALINX ABYX3TalHyo oLeHKy. [Ipex-
CTaBJICHbI PE3yNbTaThl KOMIUIEKCHOH XapaKTepUCTUKH KUBOTHBIX repeopacKoi MOpoasl cuoup-
CKOH CeNeKIMH U3 MIEeMEHHBIX X035icTB HoBoCcHOUpCKoii 00nacT. YCTaHOBIICHO, YTO B BEILYIIHX
IUIEMEHHBIX PENPOJyKTOpaxX B CENICKIMOHHON padoTe MCIONB3YIOTCS C YUYETOM MaJlOUMCIICHHBIX
MIPOYUX JUHUHN OBIKH-TIpon3BoauTeNH JuHIN Maep-Bepna 88480, bommyunc JIama 10p, ba3 Tomn
Coma 2v268279, Slpneika 413 cubupckoit penpoaykiny, a Takke Xennarrona 88910 duHckoi ce-
nekuuu, Pan Hora 28722279, Kunrmu 1 Xuppoy 2976500345 u Yarmop Xaduaiita 377231 xa-
HAJICKOTO MPOUCXOKJIeHUs. JINMUT MPOAYKTUBHOCTH MO CPOKY XO3SHCTBEHHOIO MCIOJIb30BAHUS B
oTenax konebaeres ot 2,5 10 9,4 makTaiui, 1Mo KuBoi Macce — ot 507 10 569 Kr, MOJIOYHOCTH — OT
189 mo 204 kr, BeIcOTE B KpecTiie — oT 125 mo 131 cM 1 6amty 3a BOCIPOU3BOACTBO — OT 8,2 110 9,3.
B 31X X03s1icTBax BhIpAIlEHbl HA OCHOBE Pa3HOPOIHO-YIIyUIIAIOIIEro Noa0opa pOIUTEIbCKUX Hap
OBIUKH-JINAEPHI, KOTOPBIE BKIIOUEHBI B PEMOHTHYIO IpyIILy ObIKOB-TIpon3BoauTeineil. XKusas macca
B 15 Mmec cocraBnsieT 458—616 Kr 1 COOTBETCTBYET Kiaccy anuTa-pekopl. CpeaHecyTOuHbIH Npu-
POCT >KMBOI Macchl 3a Iepuo] UcTbITaHus ¢ 8- 10 15-Mecsiunoro Bo3pacta B npenenax 1052—-1381 .

KuroueBsble ciioBa: nopoja, ObIKH-TIPOU3BOIUTENH, CETCKIIHS, KUBAs Macca, MOJIOYHOCTh, U3~
MEHYHBOCTb, TOKOJICHNE

GENOTYPIC AND PHENOTYPIC CHARACTERISTICS OF THE WESTERN
SIBERIAN HEREFORD CATTLE POPULATION

=) Inerbaev B.O., Khramtsova I.A., Inerbaeva A.T.

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

(><)e-mail: atinerbaeva@yandex.ru

Breeding and pedigree work aimed at increasing the intensity of growth of young animals and
improving herds, ultimately consists in the accumulation of highly productive animals, and in the
future - related groups and lines. It is carried out mainly through the use of bulls-improvers, which
have passed the two-stage evaluation. The results of the complex characterization of the animals
of the Siberian selection of Hereford breed from the breeding farms of the Novosibirsk region are
presented. It has been established that in the leading pedigree breeding units the stud bulls of the
Maer-Vern 88480, Baldwins Leda 10r, Baz Gold Sol 2v268279, Yarlyk 413 of Siberian reproduc-
tion and imported Hellington 88 910 of Finnish selection, Red Note 28 722 279, Kingly 1 Hyrrow
2 976 500 345 and Highflight Wetmore 377 231 of Canadian origin are used in the breeding work
with regard to small number of other lines. The productivity limit for the period of economic use in
calves ranges from 2.5 to 9.4 lactations, live weight from 507 to 569 kg, milk yield from 189 to 204
kg, height at hips from 125 to 131 cm and the reproduction score from 8.2 to 9.3. On these farms,
leader bulls were bred on the basis of heterogeneous and improving selection of parental pairs,
which are included in the repair group of stud bulls. The live weight at 15 months is 458-616 kg and
corresponds to the class of elite-record. The average daily gain of live weight during the test period
from 8 - to 15 months of age is within 1052-1381 g.

Keywords: breed, stud bulls, breeding, live weight, milk yield, variability, generation
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INTRODUCTION

From 2010 to 2019 production of cattle for
slaughter in live weight decreased from 3030.0
to 2827.1 thousand tons, or by 202.9 thousand
tons (-6.7%), which resulted from the reduc-
tion in the number of milk-producing cows and
herd over-replacements in the share of the fat-
tening livestock [1]. They can be replaced only
by animals of meat breeds, so the creation of
new genotypes of cattle with high meat pro-
ductivity is the main goal of breeding and pedi-
gree work with large populations of specialized
meat herds.

All breeds of animals bred in the world by ar-
tificial selection need constant improvement of
breeding and productive qualities for the future.
Otherwise, under the influence of both natural
selection factors and environmental pressures,
any breed will degenerate. Many researchers of
the Russian Federation note low efficiency of
breeding work, therefore domestic reproduc-
tion Herefords are improved by blood transfu-
sion of Canadian breeding animals to improve
both breeding and meat qualities' [1-5]. Simi-
lar studies have been started and continue in Si-
berian breeding farms.

Breeding work aimed at increasing the in-
tensity of growth of young stock and improv-
ing herds ultimately consists in accumulation of
high-yielding animals, and in the future - relat-
ed groups and lines. It is mainly carried out by

using bulls-improvers which have passed the
two-stage appraisal. When breeding along the
lines and using their combinations the superior-
ity of young crossovers is noted in the number
and quality of meat products, the ratio of nutri-
ents in the carcass, the indicators of economic
efficiency. This fact allows to state the possibil-
ity of producing beef of high quality oriented to
the domestic market and ensures the priority of
the domestic producer.

Differences in the growth and development
of young animals of different breeding lines
must be taken into account when drafting se-
lection and breeding programs designed to im-
prove the breeding and productive qualities of
animals. For directed and effective selection, it
is necessary to determine the modern genealog-
ical structure of breeding herds and to evaluate
the leading lines of animals of the most com-
mon meat breeds in a particular region created
and available in them. Previously, we and other
authors have published data on the discussed
problems [6—12].

The purpose of the study is to give genotypic
and phenotypic characteristics of the modern
population of the Hereford cattle breed.

The research objectives are to:

— determine the genealogical structure of the
Hereford breed herds in the pedigree breeding
units "Voznesenskoye" and "Alliance" of the
Novosibirsk region;

— evaluate the productive qualities of the

'"Dunin .M., Butusov D.V., Shichkin G.I. et al. State of beef cattle breeding in the Russian Federation // Yearbook on breeding
work in beef cattle breeding on farms of the Russian Federation (2019). VNIIPlem. M., 2020. 442 p.

*Khamiruyev T.N., Tyukavkin A.A. Canadian selection Herefords in Transbaikalia // Meat cattle breeding in the arid territories
of southern Middle Siberia: current status and prospects for development: proceedings of the interregional scientific and practical
conference with international participation. Chita, 2017. pp. 76-80.

*Kuzmina T'N. Results of research to improve the genetic potential of the Hereford cattle breed of domestic selection //
Scientific and information support of innovation development of the agroindustrial complex: materials of the XI international
scientific and practical internet-conference, Pravdinsky, 2019. pp. 25-29.
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TeHoTunuueckas 1 pEHOTUITYECKAsT XaPAKTEPUCTHKA TTOMYIISIIHN
repedopckoro ckota 3anaanoi Cubupu

Nnepbaes b.0., Xpamiosa U.A., nepbaesa A.T.

stud bulls, as well as the cows of different lines
and kin groups.

MATERIAL AND METHODS

Genotype and phenotype assessment of the
population of the Hereford cattle of the pedi-
gree breeding units "Voznesenskoye" and "Al-
liance" of the Novosibirsk Region was carried
out according to the conventional method*. The
researches were conducted on stud bulls and
cows. The animals were weighed in the morn-
ing before feeding; the height at hips was mea-
sured with a measuring stick. Milkiness of cows
was determined by the live weight of the calves
at 205 days. The period of economic use of the
stud bulls as well as cows by lactations was cal-
culated according to individual breeding cards
and the database of the IAS "Selax" Meat Cattle
program. The reproductive ability of the cows
(interlactation period) was estimated according
to the appendix Ne 10 "Scale of estimation of
cows on the complex of traits" in points: elite -
280- 365 days (10 points); elite - 366-401 (8); I
class - 402-438 (7); Il class - 439-475 (6), out of
class - 476 days and more (0 points). Statistical
processing of experimental data was performed
according to the method of N.A. Plokhinsky
(1969) using the computer program Snedecor.

RESULTS AND DISCUSSION

In the process of cattle breeding develop-
ment different methods of farm animal breed-
ing have historically developed. One of such
methods, based on the use of the offspring of
valuable ancestor bulls in breeding work, is line
breeding. The use of this method allowed to get
eight Hereford breed champions and more than
40 champions in Siberia.

The lines of 20 stud bulls are used at the
leading pedigree breeding unit "Voznesenskoe"
of the Novosibirsk region: Maer-Vern 88480,
Baldwins Led 10r, Yarlyk 413 (Siberian repro-
duction), and also Hellington 88910 (Finnish
selection), Red Note 2872279 (Canadian ori-
gin) (see Table 1).

According to the main indicators the stud

bulls of the Hereford breed in the herd of the
"Voznesenskoe" pedigree breeding unit are
characterized by high consolidation (see Ta-
ble 2).

Long term of use in the herd in relation to
other groups have the bulls of the line Baz Gold
Sol 2v268279 (Siberian selection) and Red
Note 2872249 (Canadian) with the age of 7,0-
7,3 years, which is more by 0,3-2,0 years (in
relation to other groups). The leader is the re-
cord producer bull Dozor 40190 (elite) of the
line Baz Gold Sol 2v268279 with the age of 8
years, live weight 960 kg and the height at hips
of 143 cm, so the herd of stud bulls is more het-
erogeneous by main traits. The pedigree breed-
ing unit "Alliance" is a young farm for breeding
Hereford breed (see Table 3).

Tao6a. 1. Bexymue TMHAN TUIEMEHHBIX PEIIPO-
nyktopoB Cubupu

Table 1. Leading lines of the pedigree breeding
units of Siberia

Age-sex group
Line
stud bulls COWS
Pedigree breeding unit “Voznesenskoe”
Maer-Vern 88480 4 65
Baldwins Led 10p 3 54
Yarlyk 413 3 22
Hellington 88910 3 45
(Finnish selection)
Red Note 2872249 3 40
(Canadian selection)
Other 4 205
Total 20 431
Pedigree breeding unit “Aliance”

Maer-Vern 88480 3 -
Klen 70272 — 17
Baldwins Led 10p — 33
Baz Gold Sol 2V 3 —
Kingley 2976500 3 —
Whitmore Highflight 3 B
377231
Naglen 4300967 B 56
(Canadian selection)
Standard 23979 B 60
(Canadian selection)
Total 12 166

*Amerkhanov K.A., Dunin L. M., Sharkaev V.I. et al. Norms of evaluation of the breeding qualities of beef cattle. Moscow:

Ministry of Agriculture of the Russian Federation, 2010.
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The age of the bulls was found to vary from
2.3 to 6.3 years. The live weight of the bulls of
Kingley 345 and Wetmore 377231 lines was es-
timated as elite-record class, in other lines - as
elite class. It should be noted that the bulls of
the line Maer Vern 88480 have low live weight
and approximately the same, which indicates
their high homogeneity, both at the pedigree
breeding unit "Voznesenskoe" and at the pedi-
gree breeding unit " Alliance".

By all measures, the record-breaking bull Kai
8205 (elite) of the Baz Gold Sol line 2v268279
with 7 years of use, a live weight of 956 kg and
the height at hips of 141 cm is leading. The
bulls of both farms are of desirable high-growth
exterior-constitutional type (see Figure 1).

The breeding nucleus of the cows of the
“Voznesenskoe” pedigree breeding unit in-

cludes individuals of five lines of domestic,
Finnish and Canadian reproductions (see Table
4).

As a result of the data analysis, it was es-
tablished that the individuals derived from
the bulls of imported breeding lines were su-
perior in all indicators. The lactation period of
the cows was 7.7-9.7 calvings. In terms of live
weight of full-grown cows, Hellington and Red
Note lines were in the lead (reliability of the
difference is shown in Table 4).

The lowest alive weight (below the standard
of the breed) in sows of the 2nd group of the
line Baldwins Lada 10 p - 507,8 kg, which is
lower than that of the analogues by 32,8-47,3
kg (6,5-9,3%) with high reliability (»>0,999).
A large range in the trait indicates the possible
effective selection of the animals of the breed-

Tao6ua. 2. [IponyKTHBHOCTH OBIKOB-IIPOM3BOIUTEINEH IIIEMEHHOTO pernponykropa «Bosnecenckoe» (M + m)

Table 2. Stud bulls productivity of the pedigree breeding unit “Voznesenskoye” (M + m)

Line
Maer-Vern Baz Gold Sol Hellington 132321\;?:96 .
Indicator 88480 2v268279 9042 (F;nmsh (Canadian Other lines Average by lines
selection) selection)
Group
Ist (n=3) 2nd (n =3) 3rd (n=3) 4th (n =3) 5th (n =3) 16
Q’aerrsage age, 58+0,75 | 73+0,67%*| 53+£0,33 7,0£0,58% |  63£0,337| 6,6+0,327
té‘fe weight, | g67 81266 | 9193+034 | 9103+1,55 | 915,7=12,99 | 927,0+ 14,57 | 900,0 + 10,76
Egsghctlit 13934048 | 141,04 1,53 | 139,7+0,88 | 139,7+1,45 | 140,7+033 | 140,2+0,39

Note. Hereinafter: *3 or *3, 4 indicates reliability of superiority of the mean value of this group animals with respect to the

other group with the corresponding number

Ta6a. 3. [IpoayKTHBHOCTH OBIKOB-IIPOU3BOIUTENEN IIIEMEHHOTO PENPOAYKTOpa «AJbsHey (M £ m)
Table 3. Stud bulls productivity of the pedigree breeding unit “Alliance” (M + m)

Line
Whitmore
Kingley 1 Highflight
Maer-Vern Baz Gold Sol . . Average b
Indicator 38480 2v268279 Hirrow 37723.1 Other lines linis Y
2976500345 (Canadian
selection)
Group
Ist (n=3) 2nd (n =3) 3rd (n =3) 4th (n =3) 5th (n =3) 6th (n =15)
Average age,
years 4,7+0,67 6,3 +£0,337"346 2,3+0,33 3,3+0,33 5,7+033"346| 45+044"34
Live weight, kg | 866,372,573 | 0270+ 14577346 610,0£12,7 |769,3 +43,44"3°|924,7 +26,43"3¢| 819,5 +33,9™"
Height at hips,
cm 139,7+1,53 |140,7+0,33"*4¢| 139,3+0,67 138,3+0,33 139,3 £0,88 139,5+0,32
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ing nucleus. Cows of the Hellington line (the
4th group) take the leading position by milk
yield and at the age of 205 days they reach
197,0 kg. Animals of the imported lines of
the 4th and 5th groups are characterized by
the best expression of the type of the Her-
eford cattle. The breeding nucleus of cows
of the pedigree breeding unit "Alliance" is
represented by four lines (see Table 5).

The breeding stock is mainly represented
by the cows of Naglen and Standard lines (n
= 56-60). The cows of these lines had high
indicators for almost all productivity data.

One of the important indicators in beef
cattle breeding is reproductive capacity of
cows (see Tables 4, 5). It determines wheth-
er a calf will be obtained or not in desirable
dates of the calving in the process of mass
insemination. The calving interval is equal
to 366-365 days. The indicator is almost the
same at the "Voznesenskoe" pedigree breed-
ing unit without a reliable difference and is
8.2-8.8, at the farm "Alliance" it is 8.2-9.3.
The best indicators are in the cows from
Klen and Standard. In both breeding farms the
reproductive ability of the cows is at a high re-
quired level.

Thus, the genealogical structure of the Here-
ford breed is formed by animals of both domes-
tic lines and imported Finnish and Canadian
reproductions. Cows with calves are shown in
Fig. 2.

On the basis of heterogeneous-improving
selection of parental sets, leading bulls were
bred and included in the repair group of stud
bulls (see Table 6, Fig. 3).

Bulls with a high expression of type and a
harmonious build based on the results of use in
the breeding stock will be evaluated by the qual-
ity of progeny "B" and included in the group of
stud bulls with attachment to a particular group
of cows (see Fig. 3).

CONCLUSIONS

1. In the leading pedigree breeding units
of Siberia "Voznesenskoe" and "Alliance" stud
bulls of the lines Maer-Vern 88480, Baldwins
Led 10p, Baz Gold Sol 2v268279, Yarlik 413
(Siberian reproduction), as well as Hellington

Wuep6aes b.0., Xpamuosa .A., MnepOaca A.T.

Puc. 1. BoIKU-IpOU3BOUTENH TNIEMEHHOTO PEMNPO-
nykropa «Bo3HeceHckoe»

Fig. 1. Stud bulls of the pedigree breeding unit
“Voznesenskoye”

88910 (Finnish selection), Red Note 28722279,
Kingley 1 Hirrow 2976500345 and Whitmore
Highflight 377231 (Canadian origin) are used
in the breeding work.

2. The lines are heterogeneous in produc-
tivity, the limit of productivity by the period of
economic use in calves varies from 2.5 to 9.4
lactations. The live weight varies from 507 to
569 kg, milk yield - from 189 to 204 kg, height
at hips - from 125 to 131 cm, reproduction
score - from 8.2 to 9.3.

3.  On the basis of heterogeneous-improv-
ing selection of parental sets the leading bulls
were obtained, which are included in the re-
pair group of stud bulls. The live weight at 15
months of age is 458-616 kg, which is 88-246
kg above the breed standard and corresponds
to the elite-record class. The average daily gain
of live weight for the test period from 8- to
15-months of age is within 1138-1381 g.
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I'enoTunuyeckast 1 peHOTUNHYECKAs XapaKTEPHCTHKA MOMYIALUN Wuep6aes b.0., Xpamuosa .A., MnepOaca A.T.
repedopckoro ckota 3anaanoi Cubupu

Rl
Kopos

i e

Puc. 2. bl C TEJIATaMU TJIEMEHHBIX PENPOAYKTOPOB:
a — «Bo3HeceHCKoe»; O — «AJBSIHCY

Fig. 2. Cows with calves of the pedigree breeding unit
a — «Voznesenskoyey»; 6 — «Aliance»

Tao6ua. 6. XapakrepucTUka OBIYKOB-JTHICPOB
Table 6. Characteristics of leader bulls

Nickname and Date of birth Live weight at | Average dai}y live weight Stud-bull nickname / line
number 15 months gain, g
Pedigree breeding unit “Voznesenskoe”
Don 7021 02.01.2021 474 1138 Debut 5397 / Hellington
Airon 9401 23.10.2020 458 1052 Araks 40 295 / Red Note
Pedigree breeding unit “Aliance”
Boets 1118 15.11.2020 616 1381 Baikal 8215 / Maer-Vern
Boss 21119 27.05.2020 525 1253 Baikal 8215 / Maer-Vern
Vostok 21233 21.12.2020 588 1238 Valdai 90215 / Whitmore Highflight

Puc. 3. beruox boert 1118 nuaun Maep-Bepna 88480. XKusas macca B 15 mec 616 k1, cpeiHeCy TOUHBIN
nipupocT — 1381 1, anuTa-pexopn

Fig. 3. Goby Fighter 1118 of the Maer-Vern 88480 line. Live weight at 15 months 616 kg. Average daily
gain - 1381, elite record
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HNPUMEHEHUE MEXAHNU3MA YEBBIIIEBA B IPOEKTUPOBAHUU
3JIEMEHTOB MEXAHUYECKHX YCTPOMCTB JIJIsI YECKHU ITYXA KO3

<) PotoBa B.A., IlllaxoB B.A., KoznoBueB A.Il., Yinmakon FO.A.
Openbypeckuti 20cy0apcmeenHblil azpapHslil YHUGEpCumem
Openo6ypr, Poccus

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

IIponiecc BrIuechIBaHUS MyXa KO3 JO CHUX MOP OCTAETCS MPAKTUYECKU HE MEXaHU3UPOBAHHBIM,
a TIOTOMY OYEHb TSKEJBIM AJI ONEePaTOPOB UECKH Mmyxa. JJis yCHEeIHOro pa3BUTUSI OTPaCiIu Tpe-
OyeTcsi B TOM YHCJI€ PELIUTh BOMPOC CO3IAHHUS MEXaHUYECKUX YCTPOHUCTB, KOTOPBIE CYIIECTBEHHO
oOneryar paboTy ONEpaTopoB M MO3BOJAT YBEIMYUTh MX MPOM3BOAMTEILHOCTH Tpyna. He MeHee
BaXHO 00ecreunTh OepekHOe BBIUECHIBAHNE, KOTOPOE HE HAHECET TPaBMBI )KHBOTHOMY M TOBBI-
CUT KayeCTBO IyXa. B 3Toil CBSA3M MU MPOEKTUPOBAHUU MEXAHUUYECKOTO YCTPOMCTBA CIEIYET KaKk
MOYKHO TOYHEE TIOBTOPHUTH IPOIIECC PYYHOTO BhIYechIBaHus. /[t 3TOro ObliIa M3yueHa TPaeKTOPHUs
JIBIOKCHUSI KOHYHMKA 3y0a rpeOHs Mpyu PyYHOM BbhIuechiBaHUU. [0 pe3ynbraraM aHan3a MpeJioxKe-
Ha CXEMa BBIYECHIBAIOIIETO YCTPOHCTBAa HA OCHOBE HIAPHHPHO-PHIYKHOTO MexaHu3ma YeOblie-
Ba. B paMkax aHAJIUTUYECKOrO METOAA KMHEMAaTHYECKOIO HUCCIENOBAHUS MEXAaHU3MOB BbIBEJICHBI
AQHAINTUYECKHE YPaBHEHUS, CBSI3BIBAIONINE M3BECTHBIE TapaMeTPhl BXOAHOTO (BEAYIIEro) 3BeHa
C HEU3BECTHBIMU NapaMeTpaMU BEAOMBIX 3BEHbEB. VICIONb3ysl ATU ypaBHEHUS, MOXKHO C HaIepes
3aJIaHHOW TOYHOCTBIO pAcCCUUTaTh HEOOXOIMMbIe KHMHEMAaTW4YeCKHe IapameTphl (TiepeMelieHus,
CKOPOCTH, YCKOPEHUs, KaK JIMHEWHBIC, TaK U YIJIOBBIC) BHIXOHOTO 3BE€HA W BEJIOMBIX 3BeHbEB. [0
WTOTaM HATYPHOTO MOJICITMPOBAHUS U TEOPETUYCCKUX PACUCTOB OBUIM YCTAHOBJICHBI ONITUMAJIbHBIC
rabapuTHbBIE pa3Mepbl OCHOBHBIX 3BE€HbEB YCTpOMCTBa. [IprMeHeHue npenoKeHHOro MeXxaHu3Ma
MTO3BOJIUT CHU3WTDH (PU3MUECKHe yCHIUS M YTOMIISIEMOCTh OIleparopa, MOBBICUTH MTPOU3BOIUTEINb-
HOCTb OJyiaroziapst yXoy OT Py9HOTO TpyJa M yCOBEPIIEHCTBOBAHUIO YCTPONCTBA.

KuaroueBbie ci10Ba: MexaHHUECKOE yCTPOUCTBO, YeCKa ITyXa K03, MexaHu3M YeObimieBa

APPLICATION OF THE CHEBYSHEV MECHANISM IN THE DESIGN
OF THE ELEMENTS OF MECHANICAL DEVICES FOR COMBING OUT
THE DOWN OF GOATS

x)Rotova V.A., Shakhov V.A., Kozlovtsev A.P., Ushakov Yu.A.
Orenburg State Agrarian University

Orenburg, Russia

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

The process of combing out down in goats still remains practically non-mechanized, and there-
fore very difficult for operators. For the successful development of the down goat breeding industry,
it is necessary to conduct research in the development of mechanical devices that will significantly
facilitate the work of operators and will increase their productivity. It is equally important to ensure
careful combing of down, which will not cause injury to the animal and will improve the quality of
the combed down. When developing a mechanical device for combing down in goats, it is necessary
to repeat the process of manual combing of down as accurately as possible. To do this, an analysis
of the trajectory of movement of the tip of the comb tooth during manual combing was carried out.
Based on the results of the analysis, the scheme of a combing device based on the Chebyshev hinge-
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lever mechanism was proposed. Analytical equations linking the known parameters of the input
(leading) link with the unknown parameters of the driving links are derived within the framework
of the analytical method of the kinematic study of mechanisms. Using these equations, it is possible
to calculate with a predetermined accuracy the necessary kinematic parameters (displacements, ve-
locities, accelerations, both linear and angular) of the output link and driving links. Based on the
results of full-scale modeling and theoretical calculations, the optimal dimensions of the main parts
of the device were established. The use of the proposed mechanism will reduce physical effort and
operator fatigue, increase productivity due to the abandonment of manual labor and improvement

of the device.

Keywords: mechanical device, combing out the goat down, Chebyshev mechanism
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INTRODUCTION

Down goat breeding is one of the branches
of agriculture in which the question of complete
mechanization of labor remains unresolved to
this day. In most farms, down is combed manu-
ally with special combs that are easy to make
and require little material cost. However, comb-
ing the down with a manual comb is labor-in-
tensive and requires considerable physical ef-
fort. Currently, measures are being taken to im-
prove the means of manual down combing and
to mechanize this process. The manual down
combing process, which is naturally formed,
repeatedly worked out and is the most optimal,
should be taken as a basis. The currently avail-
able tools for manual combing and combing out
the down include: 2-way comb, pinched plate
comb, down comb and the universal rake comb.
There are also mechanical devices: a vibrating
machine AVP 1, installation of drum type, tape
device MLU 1 [1]. The main disadvantage of
manual combs is a large physical load on the
operator. The main disadvantage of mechanical
devices is that they do not fully replicate the
process of manual combing, which leads to un-
even processing of wool and down and the loss
of quality of the down fiber.

Further research is needed to improve the
down combing device, to optimize the combing

process and the combing technology, to reduce
the operator's labor costs in order to give an im-
petus to the development of this field. To ensure
the highest quality of down combing, it is nec-
essary to develop a device that would maximal-
ly replicate the mechanism of manual combing,
reduce physical effort and, consequently, opera-
tor fatigue, and increase labor productivity.

The research objectives are:

1) construction of a mathematical model of
the combing device based on the Chebyshev ar-
ticulation linkage;

2) analysis of combing tine movements;

3) determination of optimal dimensions of
the main parts of the device.

The priority is to maximize the mechanical
combing device's reproduction of the tine tip
trajectory when manually combing the down.

MATERIAL AND METHODS

When studying the operation of complex
mechanisms and machines, it is assumed that
the motion of input links is given, and the mo-
tion of output links is studied depending on the
given motion of the input links. It is important
to understand that it is necessary to take into
account not only the structure of the mecha-
nisms and the geometrical relationship between
the sizes of their links, but also the forces act-
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ing on the links of the mechanisms, as well as
those arising during their movement. When
performing the force analysis of mechanisms,
it is necessary to take into account the influence
of external forces, link weight forces, friction
and inertia forces on the links of mechanisms,
elements of links, kinematic pairs and fixed
supports; to establish the method of reducing
dynamic loads that arise during the movement
of the mechanism. Analysis of the dynamics of
mechanisms involves determining the mode of
their motion under the action of the above forces
and the search for ways to ensure the specified
modes of motion of the devices. The issue of
determining forces is of great practical impor-
tance for establishing the strength of individual
parts, calculating the power required to operate
the mechanisms, the friction force in kinematic
pairs, the deterioration of the rubbing parts, etc.
Knowing the magnitude of the forces acting on
individual links of the device, it is possible to
choose the most rational dimensions for all the
links, to select the design forms that ensure suf-
ficient strength of the parts, etc.

The driving forces and forces of production
resistances, depending on their physical and
technological characteristics, can be functions
of various kinematic parameters: displace-
ments, velocities, accelerations and time. Usu-
ally, these forces are known or the diagrams of
forces of works or powers are known.

Now in the process of kinematic study of
mechanisms analytical method is used more
and more often which consists in derivation of
analytical equations linking known parameters
of the input (leading) link with unknown pa-
rameters of the driven links. With the help of
these equations, it is possible to calculate with
a predetermined accuracy the kinematic param-
eters of interest (displacements, velocities, ac-
celerations, both linear and angular) of the out-
put link and slave units'[1, 2].

Since analytical calculations can be very
cumbersome, calculations on them present a
certain difficulty even in the presence of appro-
priate software. Now in the TMM Constructor
program it is possible to calculate displace-
ments, velocities, accelerations (not only linear,
but also angular) of the considered Chebyshev
mechanism.

RESULTS AND DISCUSSION

Let's turn to the equations of the kinematic
parameters of the group in general form. This
group together with the leading link and the
rack forms a 4-link articulated arm (see Fig. 1).

The positions of the links are determined by
angular parameters (1) - (4). The angular coordi-
nate of the driving link (¢1, °) is known ° [1-4].

’ sin @,
(¢, = arctg o1 FCOS @; ; (1)
sin @,
Py TAICCOS (%) + A3p)sin @'y > 2)
P =0, T 3)
Az * sin @3 — sin @,

¢, = arcsin 7ot ’ 4)

. 0,0, ; AB . BO,

0040, *"21 7 40, * 731 A0,

Where

The velocities of the links are determined by
the parameters (5) - (8). The angular velocity of
the driving link (w1, 1/s) is known.

3 sin (@) — @3) s
@27 A1 *sin (@ — @3) )
B sin (¢, — @) 6
NI A1 *sin (@) — @3) ©)
VA0] =, (40y); (7
V302 =3 (BOy). (8)

'"Minasyan A.G., Vodolazskaya N.V. Theoretical foundations of quality assurance: textbook. Mayskiy, 2021. pp. 20-150.
*Mirzoyants Yu.A. Machine shearing and bathing of sheep: monograph. Velikie Luki, 2001. 164 p.

SMirzoyants S.A., Firichenkov VE., Zudin S.V., Firichenkova S.V. Technology and technical means of machine shearing of
sheep. Kostroma: Kostroma State Agricultural Academy Publisher, 2010. 238 p.
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Puc. 1. Cxema mapHAPHO-PHIYAKHOTO YETHIPEX3BEHHUKA:

I — Beny1ee 3BeHO; 2 — maryH; 3 — kopoMbicio; O,0, — paccTossHUE MEXy ONOpaMu (AJIMHA CTOMKH)
Fig. 1. The scheme of the hinge-lever four-bar linkage:

1 - driving link; 2 - connecting rod; 3 - rocker arm; O,0, - distance between the supports (strut length)

Accelerations of the links are defined by the
parameters (9) - (16). The angular acceleration
of the driving link (g1, 1/s2) is known.

. (D% 'COS((PL_(P3)_(D§ "131—(9% '%1'005(@1_%)_

| Az sin (@ — @) > ®)

{ w% '121“’3% "131'C0'S((P3*(Pz)*0)? 1C08 (91 —¢p) (10)
A3+ sin (@, — @3) ’

WA’01= g+ (40,); (11)

W, =eidoy:  (12)

1

Wio, = [e* (A0D]* + [0] - (40T (13)

t

Vo, =2 (BOY (1)
n — 2 .
W o, =03 (BOL; (15)

Wso, =V [e3° (BOYP + [w3 - (BO)T. (16)

To find the appropriate ratios of the lengths
of the links that set the trajectory of the output
link, it is necessary to draw the position plans
of the mechanism.

The position plans allow us to judge about
the nature of the movement of the links, about
the maximum overall dimensions and, as a first
approximation, about the operability of the
mechanism.

Since in our case the visual trajectory of the
output link motion (point C) is of interest first of
all from the position of correctness of the tech-
nological process, it is necessary to conduct a
series of trajectory constructions by combina-
tion of the appropriate ratios of the link lengths
[1, 2, 5-7] (see Fig. 2).

If we denote the angular coordinates of the
links @1, @2, @3, ¢4 respectively, then the tra-
jectory of the output link (point C) is given by
the relation:

xc =04 cos ¢,— (4B + BC) cos ¢,

(17
Ye =04 sin ¢, — (4B + BC) sin ¢, {17

Currently, most mechanical devices for
combing goat down do not meet the require-
ments of technology. On this basis, it is neces-
sary to determine the trajectory of the output
link (point C) by plotting the position plans of
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C

Puc. 2. OnpeneneHure COOTBETCTBYIOLMX COOTHOUICHUH JIMH 3BEHbEB

Fig. 2. Determination of the corresponding ratios of the links length

the mechanism and establish at what dimen-
sions of the links this trajectory will most close-
ly follow the trajectory of the operator's hand
[8-12].

Formally, the trajectory of the tine move-
ment in manual combing can be divided into
three phases: introduction of the tines into
the hair and down covering, movement in the
combing area, exit of the tines from the hair and
down covering of the animal. When entering,
the tines move vertically and longitudinally. In
the combing zone the comb moves only in the
longitudinal direction. At this stage there is a
rubbing of the fiber bundle for its separation
from the skin. It is established that the active
combing of the down takes place on a hori-
zontal section of 400-600 mm, after which the
comb should be withdrawn from the working
zone. The last phase determines the moment
when the tines leave the working area. Its du-
ration is significantly shorter than the first two
phases.

Full-scale simulation of the process and
theoretical calculations made it possible to se-
lect the most optimal dimensions of the Che-
byshev mechanism links, which would make it
possible to bring the trajectory of the combing
unit working link as close as possible to that of

the comb during manual combing of the down.
All possible trajectories of combing element
movement have been calculated by means of
obtained dependences (1) - (17), depending on
the initial dimensions and initial positions of
the links. The limits of change of the angular
coordinate of the driving link and the calculated
values of the coordinates of movement of the
combing element tip are given in the table.

As aresult of the made calculations the most
optimal dimensions of the offered combing de-
sign are determined, which allow to achieve the
trajectory of the output link movement (point
(), maximally repeating the trajectory of the
comb tine tip movement at manual combing out
the down. In the offered variant the dimensions
of the device are the following: driving link
0A1 =0,1 m, crank AB = 0,3 m, rocker BO2 =
0,2 m, the distance between the supports of the
stand O102 = 0,4 m, the length of the output
link CB = 0,3 m (is the length of the combing
comb with the tines fixed at the end).

Based on the data in the table, when chang-
ing the angular coordinate of the driving link
¢l from 15 to 359° a curve passing through
the points with the coordinates (xC; yC) was
constructed. Check of theoretical calculations
has shown the coincidence of the obtained re-
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PacyeTsl pa3mMepoB YeTsIpex3BeHHUKA YeObIeBa
Calculations of the dimensions of the Chebyshev four-bar linkage

Angular parameters, deg. Coordinates of the output link
movement, m

¢ (p'3 (p; 3 ) Xc Ye

15 2,98 5,99 8,98 1,02 —-0,50 0,04
30 5,87 11,95 17,82 2,14 -0,51 0,07
45 8,54 17,83 26,37 3,46 -0,53 0,11
60 10,89 23,58 34,47 5,09 —-0,55 0,14
90 14,04 34,45 48,49 9,55 —-0,59 0,20
120 13,90 43,85 57,75 15,97 —-0,63 0,25
135 12,12 47,66 59,77 19,90 —-0,63 0,27
150 9,06 50,60 59,67 24,12 —-0,63 0,30
175 1,66 53,06 54,72 31,01 -0,61 0,32
195 —4,88 52,48 47,61 35,35 -0,59 0,32
210 -9,06 50,60 41,54 37,50 —0,56 0,32
225 -12,12 47,66 35,54 38,55 —-0,54 0,30
240 —13,90 43,85 29,96 38,43 -0,52 0,29
271 —13,98 34,11 20,13 34,24 —-0,49 0,24
300 —10,89 23,58 12,68 25,79 -0,49 0,17
315 -8,54 17,83 9,28 20,08 —-0,49 0,14
330 —5,87 11,95 6,08 13,73 —-0,50 0,09
359 —-0,20 0,40 0,20 0,47 -0,50 0,00

Note. Value of the coefficients: A01 = 4; A21 = 3; A31 =2.

shown in the table and the graph, one can see
that the down combing zone is about 0.4 m,
which also corresponds to the size of the comb-
ing zone in the manual combing method.

sults with the desired trajectory of the ridge tine
movement (see fig. 3). This movement of the
working link allows to optimize the combing
area. Besides, the trajectory of the tine move-
ment in the down of animal passes practically
along the straight line. According to the values

Yoo M
40,4
T 03
~
N i 02
0.1
0,7 0,6 0,5 0.4 03 02 0.1 0

Xy M

Puc. 3. TpaekTopusi ABUKCHUSI BBIXOTHOTO 3BEHA
Fig. 3. The trajectory of the output link
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CONCLUSION

The constructed mathematical model of the
combing device work based on the Chebyshev
articulated linkage mechanism and the analysis
of the tine movement allowed us to determine
the basic design principle of the mechanical
device for combing goat down. As a result of
the studies the optimal dimensions of the main
links of the device have been established. The
introduction of the proposed mechanism will
reduce the physical effort and fatigue of the
operator, increase productivity by eliminating
manual labor and improving the device.
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[Ipencrariensl pe3ylibTaThl MUKPOOHOIOTHYSCKOTO HCCIICIOBAHUS TIOJIOBO3PEIIBIX KIICIICH-TK-
conup pona Dermacentor, COOpaHHBIX HAa TEPPUTOPHU CEILCKUX palloHOB 3a0aifKambCKOTO Kpasl.
[IpoBeneno MuKpoOMONIOTHYECKOE HCCIeAOBaHUE 152 WKCONOBBIX Kiemiei. BBIsSBICHBI YeThipe
MHKPOOHBIE KYJIBTYPBI Pa3HBIX BUIOB: Listeria monocytogenes, Escherichia coli, Salmonella ty-
phi, Clostridium botulinum. OTMe4eHO HanMuue accouuanuii GakTepuid pa3HbIX BUAOBBIX TPYIII B
opraHusMe Kiema: y 32 ocobeit — L. monocytogenes, E. coli, S. typhi, y 56 — C. botulinum, E. colli,
S. typhi, y 6 — L. monocytogenes, E. coli,y 15 — C. botulinum, E. coli. I3 Bcex BbIJICJICHHBIX IIITaM-
MOB MHUKPOOPTaHH3MOB HAaUOOIIbIIIee KOJTMYECTBO COCTABIIsIIA KUIIICYHAS TTaJI0UKa: JIAHHBI MUKPO-
OpraHi3M BBICEBAJICS U3 BCeX Kileleil. MeHblie BCero BhIAeNeHo L. monocytogenes: n3 152 xneuet
38 ABISUIHCH €e TIePEHOCYMKAMU. YCTAHOBJICHA IUPKYISAIHS BO30yIUTENs caabMoHeme3a y 123
kienieii u3 152 o0cnenoBaHHbIX 0coOei. bruonornueckrue CBOWCTBA BCEX BBIJCIEHHBIX MUKPOOHBIX
KYJBTYP COOTBETCTBOBAIIM MX KIIACCHYECKHM XapaKTepUCTUKaM. BblieseHHbIe U3 KIIeled MUKPO-
opranusmebl pona Clostridium Ha nutarenpHol cpene Kurra — Tapoliu BeI3bIBaIM PABHOMEPHOE
ee IOMYTHEHHUE, YTO CBHJETEIbCTBYET O MPUHAJIC)KHOCTH JJAHHOTO IITaMMa OakTepHil K cepoBa-
pam C, D, E, B. llony4yeHHbIe TaHHBIC YKa3bIBAIOT HA HEOOXOIMMOCTD €KETOHOTO BETEPUHAPHOTO
KOHTPOJISi MECT BbITIaca )KUBOTHBIX Ha HAJMUYUE TIPUPOJHBIX OUaroB, pe3epByapaMu Bo30yIuTesen
KOTOPBIX SIBJISIFOTCS ACTOUIIIHBIE KIIEIIH. B mieproj; MaccoBOro HamaieHus KielehH-uKcou1 HeoOo-
XOJMMO TIPOBEJICHNE AKAPUIHIHBIX 00pa00TOK )KUBOTHBIX PENEICHTHBIMU U aKapUIHIHBIMH TIpe-
raparamu, 4To OyJIeT ClI0COOCTBOBATh HE TOJILKO MOBBIIICHUIO UX TPOYyKTUBHOCTH, HO U TIO3BOJIUT
PO IITAKTHPOBATH HHPEKITMOHHBIC OOJIC3HM.

KuroueBble c10Ba: MKCOMOBBIC KIIEIIH, 0AKTEPHOHOCHTEILCTBO, 3a0alKaILCKUN Kpaii
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The results of a microbiological study of sexually mature ixodid mites of the genus Dermacentor
collected in the rural areas of the Trans-Baikal Territory are presented. Microbiological examination
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of 152 ixodid mites was carried out. Four microbial cultures of different species were identified:
Listeria monocytogenes, E. coli, Salmonella typhi, Clostridium botulinum. The presence of bacteria
associations of different species groups in the mite body was noted: in 32 individuals - L. monocy-
togenes, E. coli, S. typhi, in 56 - C. botulinum, E. coli, S. typhi, in 6 - L. monocytogenes, E. coli, in
15 - C. botulinum, E. coli. Of all the isolated microbial strains, Escherichia coli made up the largest
number: this microorganism was isolated from all mites. L. monocytogenes appeared to be the least
isolated: 38 of 152 mites were its carriers. Salmonellosis pathogen circulation was detected in 123
mites out of 152 examined specimens. The biological properties of all the isolated microbial cultures
corresponded to their classical characteristics. Microorganisms of the genus Clostridium isolated
from the mites on the Kitt-Tarozzi nutrient medium caused uniform turbidity of the nutrient me-
dium, which indicates that this bacterial strain belongs to serovars C, D, E and B. The data obtained
indicate the need for annual veterinary control of the grazing areas for the presence of natural foci,
the reservoirs of pathogens which are pasture mites. During the period of ixodid mites mass attack
it is necessary to carry out acaricide treatments of animals with repellent and acaricide preparations
that will not only increase their productivity, but will also allow preventing infectious diseases.
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INTRODUCTION

The area of ixodid mites affects most parts of
the Russian Federation, including Transbaikal
Territory. The area of arable land in the region
has decreased fourfold since the USSR era,
from 1.2 million ha to 300 thousand ha', which
caused an increase in the number of biotopes
favorable for mites and caused a worsening of
the epizootic situation with pyroplasmidosis
in domestic farm animals and human vector-
borne diseases [1-5]. It is known that ixodid
mites are involved in the transfer of pathogens
and the maintenance of natural focal infections
of various etiologies (viral, bacterial and pro-
tozoal) [2, 6-9]. Mites are external parasitic
bloodsuckers. They actively participate in the
transfer of pathogens and store them. Brucello-
sis, foot and mouth disease, leptospirosis, tick-
borne encephalitis, pyroplasmosis, nuttaliosis,
anaplasmosis, rickettsial disease, Lyme disease
(borreliosis), relapsing fever, hemorrhagic fe-

ver, tularemia, plague, ehrlichiosis are far from
being complete list of the diseases which are
transmitted by ixodes [10]. The occurrence of
these diseases can cause significant economic
damage to agriculture and cause epidemics. Re-
search and monitoring of ixodid mites is a topi-
cal medical and veterinary issue of theoretical
and practical importance [1, 5, 6, 10].

Microbiological monitoring of mites for car-
riage of infectious agents of various etiologies
will allow to predict and prevent the occur-
rence of diseases in farm animals, thereby re-
ducing the economic damage. Thanks to these
researches it will be possible to work out scien-
tifically proved recommendations and plans on
the prophylaxis of the disease [11].

Similar work in the territory of the region
has not been carried out so far. In the subdivi-
sions of Rospotrebnadzor (Federal Service for
the Oversight of Consumer Protection and Wel-
fare) for Transbaikal Territory there was only
practical work to ensure the safety of the popu-

"Loskutnikov V.G. Ministry of Agriculture: The area of arable land in Transbaikalia has decreased fourfold to 300 thousand

hectares since Soviet times: URL: https://www.chita.ru.
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lation, which was the reason for the scientific
work on this topic.

The purpose of the study is to conduct labo-
ratory tests of ixodid mites to determine wheth-
er they are carriers of bacterial pathogens.

The research objectives are to:

— conduct microbiological studies of ixodid
mites;

— study the biological properties of the ob-
tained bacterial cultures;

— determine the genus identity of the ob-
tained bacterial strains.

MATERIAL AND METHODS

The material for the study was Dermacen-
tor mites collected manually from animals and
in the biotopes by the flag-kilometer method in
three districts of the Transbaikal Territory: Chi-
ta (n = 60), Krasno-Chikoysky (n = 71), Priar-
gunsky (n = 21). The mites were collected and
counted according to the generally accepted
methodological guidelines.

The following nutrient media were used for
cultivation, identification, and study of the bio-
logical properties of bacteria: buffered peptone
water, MPA, MPB, AGV, Endo and PAL media.

Biochemical properties of isolated bacte-
rial strains were studied using an indicator pa-
per system. Their reaction with catalase and
oxidase was determined. The ability to ferment
sugars - glucose, maltose and rhamnose - was
checked. To identify microbial cultures by bio-
chemical indices Bergey’s identifier was used?.

Antibiotic sensitivity of the obtained bacte-
ria was determined by the disc-diffusion method
using paper disks impregnated with antibiotics:
levomycetin, cephalosporin, erythromycin and
ampicillin. The work was performed according
to MG 4.2.1890-04.

Nonlinear white mice weighing 15-20 g
were used for the biological assay. Laboratory
animals were kept according to the recommen-
dations of RD-AIC 3.10.07.02-09. When pre-
paring the suspension, the number of cells in
it was adjusted to 10 IU using the McFarland
turbidity standard.

Laboratory animals were infected intraperi-
toneally and observed for three days. After ani-
mal death an autopsy was performed. Organs
with pathological anatomical changes were se-
lected for suspension preparation by the meth-
od of limiting dilution to 1078, after that they
were sown on Petri dishes with selective nutri-
ent media.

RESULTS AND DISCUSSION

In the course of laboratory microbiological
tests, 38 mites were found to have listeriosis
pathogen circulation. Listeria was found in 10
mites from Chita District, 15 mites from Pri-
argunsky District, and 13 mites from Krasno-
Chikoysky District.

Biological properties of listeriosis pathogens
obtained from mites did not differ from classical
culture variants. Gram-positive small coccoid
bacilli, sometimes in smears, were arranged in
a V shape. Listeria colonies on PAL nutrient
media were small (up to 1.5 mm), gray-yellow,
round, with smooth edges.

In a biochemical study, the isolated listeria
strains were positive for catalase and negative
for oxidase. Sugars (glucose, maltose, rham-
nose) were fermented with the formation of
acid.

Five mice were used for the biological as-
say, and the infection was performed intraperi-
toneally. Death occurred on the 2nd-3rd day.
Pathological anatomical examination revealed
necrotic areas on the heart, kidneys and liver.
Then pathological material was collected,
placed in a sterile test tube, stored for 4 days
for accumulation of listeria in the pathological
material. Then, inoculation on selective nutri-
ent medium PAL was performed to isolate and
identify listeria on the basis of esculin hydroly-
sis to esculentin. PAL contains iron ions, which
oxidize in the presence of esculetin and cause
darkening of the medium around the listeria
colony.

In the study of listeria for antibiotic sensitiv-
ity, antibiotic discs with a concentration of 2 ug
(ampicillin) and 10 pg (gentamicin) were used.

“Burgey's bacterial identifier. Edited by J. Hoult, N. Krieg, P. Sneath, J. Staley, and S. Williams.Moscow: Mir. 1997. T. 2: 368 p.

116  Siberian Herald of Agricultural Science ¢ 2023 « 53 « 3

Brief Reports



BakTepHOHOCHTENBCTBO KIICLICH-UKCOIU HAa TEPPHUTOPHU
3abalikabCKOTO Kpast

TperbsikoB A.M., Bypnykosckuii C.C., Murpodanosa M.A.

On Petri dishes with Giventale-Vedmina agar
medium (AGV), a zone of microbial growth re-
tardation from 10 to 12 mm was observed.

Thus, out of 152 examined mites in 38 speci-
mens the persistence of bacteria of the genus
Listeria, species Monocytogenes was recorded,
indicating the role of ixodid mites as a source
of infection of animals and humans with lepto-
Spirosis.

E. coliwas isolated from all 152 mites exam-
ined. It should be noted that the species associa-
tion of lactose-positive and lactose-negative E.
coli prevailed; no species association of E. coli
was detected in 10 mites. Three lactose-posi-
tive samples and seven lactose-negative sam-
ples were detected. According to the data, the
absence of the ability to ferment lactose is not a
marker of increased pathogenic potential [11].

Cultural and morphological features of E.
coli: small gram-positive motile bacilli with
rounded ends. Spores and capsules were not
formed. In the smears, they were arranged sin-
gly, randomly.

Cultivation of E. coli showed good growth
on MPA, MPB, and Endo media. Small, round,
grayish-white smooth colonies were formed
on MPA. A moderate clouding of MPB was
observed, followed by the precipitation of a
mucous sludge. Two strains of E. coli, lactose-
negative and lactose-positive, were obtained on
Endo medium.

Biochemical parameters of E. coli: it fer-
mented glucose, maltose, mannose, thamnose,
arnitine, sucrose, adonine, sorbitol, and arabi-
nose with acid formation. Tests for catalase
were positive and tests for urease were nega-
tive.

Antibiotic sensitivity studies showed high
sensitivity of E. coli to all antibiotics, reflect-
ed by a large zone of delayed bacterial growth
(more than 20 mm).

In the course of this study, 123 mites were
found to have circulating salmonellosis patho-
gen. There were 48 mites from Chita district, 57
from Krasno-Chikoysky district, and 18 from
Priargunsky district.

The isolated bacterial cultures were small
gram-negative motile bacilli with rounded ends.
Their arrangement was solitary and disorderly.

According to a number of biochemical indi-
cators, Salmonella strains fermented glucose,
maltose, mannose, rhamnose, and arnitine with
the formation of acid. Sucrose, adonine, sorbi-
tol, arabinose, and lactose were not degraded.
The bacteria produced hydrogen sulfide, cata-
lase test was positive and urease test was nega-
tive. The pathogen was identified as Sa/monella
typhi.

The study of Salmonella antibiotic sensitiv-
ity revealed weak sensitivity to three antibac-
terial agents: levomycetin, cephalosporin, and
ampicillin. The average zone of microbial cul-
ture growth retardation was 3 mm. Microbial
cells were most sensitive to erythromycin: the
zone of growth retardation was 16 mm.

Microorganisms of the genus Clostridium
were also isolated from 71 mites: in Chita dis-
trict from 18, in Krasno-Chikoysky district
from 40, and in Priargunsky district from 13.
When biological material from mites was inoc-
ulated into Kitt-Tarazzi liquid nutrient medium,
a uniform clouding of the nutrient medium was
observed.

The liver pieces were not melted, which
may indicate that this bacterial strain belongs
to serovars C, D, and E. Gram-positive bacil-
lus with subterminal spore location was found
in the smears. When stained by Peshkov, the
spore stained green. The cells were located cha-
otically in the smear. The study of biochemical
properties showed that the reaction of microor-
ganisms of the genus Clostridium with sugars
was weak or absent, indicating the low saccha-
rolytic properties of this strain.

In the antibiotic sensitivity study, the aver-
age zone of stunting for tetracycline was 12
mm.

CONCLUSIONS

1. The microbiological study of 152 Der-
macentor vacuum mites collected in the Trans-
baikal Territory resulted in obtaining four mi-
crobial cultures of different species: L. mono-
cytogenes, E. coli, S. typhi, C. botulinum. The
presence of associations of bacteria of differ-
ent species groups in the organism of the mite
was noted; in 32 specimens the presence of L.
monocytogenes, E. coli, S. typhi, in 56 speci-
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mens the presence of C. botulinum, E. coli, S.
typhi, in 6 specimens the presence of L. mono-
cytogenes, E. coli, in 15 specimens the presence
of C. botulinum, E. coli.

2. Of all the microbial strains isolated, Esch-
erichia coli was the most abundant: this micro-
organism was isolated from all the mites. L.
monocytogenes was the least of all strains: 38
of 152 mites were carriers of it.

3. The data obtained point to the necessity of
annual veterinary control of the grazing places
for the presence of natural foci, the reservoirs
of pathogenic agents of which are pasture ticks.
It is necessary to carry out acaricide treatments
of animals with repellent and acaricide prepara-
tions during mass attack of ixodid mites.

CIIUCOK JIMTEPATYPbI

1. Amaes A.M., 3ybauposa M.M., Kapcarxos H.T,,
Lrcambynamos 3.M. dayHa WKCOIOBBIX KIe-
mei W JWHAMHKA WX CE30HHOW aKTHBHO-
CTH B pa3pe3e BBICOTHOH moscHocTu J[lare-
crana // Poccuiickuil Tapa3UTOIOrHYECCKHH
xypHair. 2019. T. 13. Ne 3. C. 32-38. DOLI:
10.31016/1998-8435-2019-13-3-32-38.

2. Kowwxuna H.A., Konecnuxose B.M. Bumosoit
COCTaB MKCOAOBBIX KIIEMIEW 30HBI JIOCTATOY-
HOro yBiaxHeHus: CTaBpONOJbCKOro Kpas //
CenbCKOXO3SICTBEHHBIM  KypHAJL. 2020.
Ne 1 (13). C. 59-72. DOI: 10.25930/0372-
3054/010.1.13.2020.

3. Jhyoosa B.A., Jleonosa I 'H., [Llymukosa A.JI. Porb
WKCOZIOBBIX KJIeTeH B UPKYISIINA BO3OyTeneit
KiIeneBblx nHpekmi Ha tore JansHero Bocro-
Ka // Dxonorust yenoeka. 2020. Ne 2. C. 58-64.
DOI: 10.33396/1728-0869-2020-2-58-64.

4. Haiimywuna E.D. Poiab MEIKUX MIICKOMUTAIO-
mmx 3akasHuka «lIpemypanbe» B MpoKopmiie-
HUU UKCOAOBBIX Kiemed // MexXTyHapomaHbIi
Hay4YHO-MCCIEeI0BaTeNbCKU  KypHan. 2022.
Ne 9 (123). DOI: 10.23670/1RJ.2022.123.14.

5. Tynoma H.JIL., Tepnoeoti B.A., Kapmawoe M.IO.
Herexkuust Borrelia miyamotoi B HMKCOIOBBIX
KJIeTaX, COOpaHHbIX Ha fore 3amamgnoi Cubu-
pu // IIpoGmeMbl 0cO000 OMACHBIX HHQEKIIHH.
2021. Ne 3. C. 129-133. DOI: 10.21055/0370-
1069-2021-3-129-133.

6. [llaboapbaesa I'C., Bareumbaesa A.U., Hba-
acanosa A.C. WccieqoBanne MKCOMOBBIX Kile-
1iel Ha HaTn4He Teisepuii // BecTHUK HayIHBIX
rxoH(epermmii. 2019. Ne 2-3 (42). C. 108-116.

7. Kopmunuywina M.U., Kopenbepe 2.U., Muxaii-

q06a T.B. O1ieHKa BO3BMOXKHON POJIM UKCOAOBBIX
KJIEIIed B MPHUPOJHBIX O4arax TYJISPEMHH Jie-
COCTEITHOM 30HKI eBpotneiickoii yactu Poccun //
[Mapazuronorus. 2020. T. 54. Ne 4. C. 285-297.
DOI: 10.31857/S1234567806040021.

8. Menvnuxosa O.B., Tpywuna [O.H., Aodenb-
wux PB. PacnpoctpaneHHOCTh Ooppenuii B
MKCOJIOBBIX KJjemax baikanbCKoro peruoHa //
MenumHCKass Mapa3uToNIOTUS W TIapa3uTap-
Hble Oonesnm. 2021. Ne 3. C. 12-20. DOI:
10.33092/0025-8326mp2021.3.12-20.

9. Elmurat A.J., Bekbolsun K.A., Dulat S.K.,
Nurzina A. Distribution of ixodic mites in the
Chuy valley // Vestnik of the Kyrgyz National
Agrarian University K.I. Scriabin. 2021. N 5
(59). P. 131-140.

10. Bacunesuu @.U., Huxanoposéa A.M. ®DayHo-
DKOJIOTUYIECKHE OCOOCHHOCTH Tapa3uTHpPOBa-
HUS UKCONOBBIX Kienliedl IlentpanbHoil yacTu
Boctouno-EBponeiickoii paBaunbl // Poccuii-
CKHMIl Tmapasurosormueckuii sxypram 2020.
T. 14. Ne 3. C. 11-17. DOI: 10.31016/1998-
8435-2020-14-3-11-17.

11. Toxos IO.M., [lanownuxosa JILHU., Jvsauen-
ko FO.B. VccnenoBanue NKCOJOBBIX KIICIIEH Ha
€CTEeCTBCHHYIO 3apa)KCHHOCTh BHpPYCaMH IPH-
pomHOo-09aroBeIx HHpEKIui // CenbCKOX03si-
cTBeHHBIH KypHai 2018. Ne 3 (11). C. 81-86.
DOI: 10.25930/s3yv-fx84.

REFERENCES

1. Ataev A.M., Zubairova M.M., Karsakov N.T.,
Dzhambulatov Z.M. Fauna of exodic ticks and
dynamics of their seasonal activity in the con-
text of altitudinal zonation of Dagestan. Ros-
siiskii parazitologicheskii zhurnal = Russian
Journal of Parasitology, 2019, vol. 13, no. 3,
pp- 32-38. (In Russian). DOI: 10.31016/1998-
8435-2019-13-3-32-38.

2. Koshkina N.A., Kolesnikov V.I. The spe-
cies composition of gulf coast ticks in the
zone of sufficient moisture in the Stavropol
Territory. Sel'skokhozyaistvennyi zhur-
nal = Agricultural Journal, 2020, no. 1 (13),
pp- 59-72. (In Russian). DOI: 10.25930/0372-
3054/010.1.13.2020.

3. Lubova V.A., Leonova G.N., Shutikova A.L.
Role of exodic ticks in circulation of tick-borne
infections in the south of the Far East. Ekologi-
yva Cheloveka = Human Ecology, 2020, no. 2,
pp. 58—64. (In Russian). DOI: 10.33396/1728-
0869-2020-2-58-64.

4. Naimushina E.E. The role of small mam-

118  Siberian Herald of Agricultural Science ¢ 2023 « 53 « 3

Brief Reports



BakTepHOHOCHTENBCTBO KIICLICH-UKCOIU HAa TEPPHUTOPHU
3abalikabCKOTO Kpast

TperbsikoB A.M., Bypnykosckuii C.C., Murpodanosa M.A.

mals of “Cis-Ural” nature reserve in feed-
ing exodic ticks. Mezhdunarodnyi nauch-
no-issledovatel'skii zhurnal = International
Research Journal, 2022, no. 9 (123). (In Rus-
sian). DOI: 10.23670/IRJ.2022.123.14.

5. Tupota N.L., Ternovoi V.A., Kartashov M.Yu.
Detection of Borrelia miyamotoi in ixodidae
ticks collected in the south of Western Siberia.
Problemy osobo opasnykh infektsii = Prob-
lems of Particularly Dangerous Infections,
2021, no. 3, pp. 129-133. (In Russian). DOI:
10.21055/0370-1069-2021-3-129-133.

6. Shabdarbaeva G.S., Balgimbaeva A.I., Ibazha-
nova A.S. Examination of ixodid ticks for the
presence of Theileria. Vestnik nauchnykh kon-
ferentsii = Bulletin of Scientific Conferences,
2019, no. 2-3 (42), pp. 108—116. (In Russian).

7. Kormilitsyna M.I., Korenberg E.I., Mikhailo-
va T.V. Evaluation of the possible role of
ixodid ticks in natural tularemia foci in the
forest-steppe zone of the European Rus-
sia. Parazitologiya = Parazitologiya, 2020,
vol. 54, no. 4, pp. 285-297. (In Russian). DOI:
10.31857/S1234567806040021.

8. Melnikova O.V., Trushina Yu.N., Adel'-
shin R.V. The abundance of Borellia inixodid

NH®OPMALNSA Ob ABTOPAX

<) TperbsikoB A.M., TOKTOp BETEpUHAPHBIX
HayK, TUPEKTOp; ajapec I mepenucku: Poccus,
672039, 3abaiikanbckuii kpail, Unta, yn. Kuposa,
49; e-mail: tretyakoff752015@yandex.ru

Bypaykoscknii C.C., HayuHBIH COTPYIHUK

MurtpodanoBa M. A., cTapiinii npenoaaBareib

ticks of Baikal region. Meditsinskaya parazi-
tologiya i parazitarnye bolezni = Medical par-
asitology and parasitic diseases, 2021, no. 3,
pp. 12-20. (In Russian). DOI: 10.33092/0025-
8326mp2021.3.12-20.

9. Elmurat A.J., Bekbolsun K.A., Dulat S.K.,
Nurzina A. Distribution of ixodic mites in the
Chuy valley. Vestnik of the Kyrgyz Nation-
al Agrarian University K.I. Scriabin, 2021,
no. 5 (59), pp. 131-140.

10. Vasilevich F.I., Nikanorova A.M. Features
of fauna and ecology of ixodid ticks parasit-
izing in the central part of the East European
Plain. Rossiiskii  parazitologicheskii  zhur-
nal = Russian Journal of Parasitology, 2020,
vol. 14, no. 3, pp. 11-17. (In Russian). DOI:
10.31016/1998-8435-2020-14-3-11-17.

11. Tokhov Yu.M,, Shaposhnikova LI,
D'yachenko Yu.V. Investigation of Gulf Coast
ticks on natural infection with viruses of natural
local infections. Sel'skokhozyaistvennyi zhur-
nal = Agricultural Journal, 2018, no. 3 (11),
pp. 81-86. (In Russian). DOI: 10.25930/s3yv-
x84.

AUTHOR INFORMATION

(=) Alexei M. Tretyakov, Doctor of Science in
Veterinary Medicine, Director; address: 49, Kirova
St., Chita, Trans-Baikal Territory, 672039, Russia;
e-mail: tretyakoff752015@yandex.ru

Sergey S. Burdukovsky, Researcher
Maria A. Mitrofanova, Senior Lecturer

Hama nocmynnenus cmamwu / Received by the editors 16.01.2023
Hama npunsmus x nyéauxayuu / Accepted for publication 06.03.2023
Jlama ny6auxayuu / Published 20.04.2023

Kparkue coobuieHus

CurGupCKHii BECTHUK CENBbCKOXO3SHCTBEHHOI Hayku © 2023 « 53«3 119



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. Obmree 3emiieienue U PaCTEHUEBOJICTBO
4.1.3. Arpoxumusi, arporioyBOBE/ICHIE, 3aIIUTa U KaPAaHTHH PACTCHHUH

PacTeHneBONCTBO U CeNEeKIHS 4.1.1. Obmree 3emiieienue u PaCTEHUEBOICTBO
4.1.2. Cenexuusi, CEMEHOBOJICTBO M OMOTEXHOJIOTUS paCTeHUI

3amuTa pacteHuit 4.1.3. Arpoxumusl, arpolio4BOBEICHHE, 3alUTa U KAPAHTHH PACTCHUH

Kopmomnpon3zBoactso 4.1.1. Oburee 3emiieenue U PaCTEHUEBOJICTBO
4.1.2. Cenexuusi, CEMEHOBOJCTBO M OMOTEXHOJIOTUS pacTeHUN
4.1.3. ArpoxuMusi, arporovBOBE/ICHUE, 3alIUTa U KAPAHTHH PaCTCHUH

300TeXHUS U BETEpUHAPUS 4.2.3. UndexkunonHbie 00JIE3HA U UMMYHOJIOTHS JKHBOTHBIX
4.2.4. YacTHasi 300TEXHHUsI, KOPMIICHHE, TEXHOJIOTUU ITPUTOTOBICHHS KOPMOB U IIPOU3BOJICTBA
MIPOIYKIINH KHBOTHOBOJICTBA
4.2.5. Pa3BeneHue, CelIeKIUs, TCHETUKA U OMOTEXHOJIOTUS YKUBOTHBIX

Mexanuszanus, apromaruzanusi, 4.3.1. TexHomoruu, MamuHbl 1 000PyAOBaHUE VI arpONPOMBIIIIICHHOTO KOMILIEKCA
MOJIeJIUpOBaHUe ¥ HH(OpMaLH-
OHHOE o0ecrieueHue

[epepaboTka cembCKOXO03sTii- 4.3.3. [Tumesblie cucTemMbl
CTBEHHOW TPOYKI[HH

4.1.1. Obmree 3emiieienue U PaCTEHUEBOICTBO

4.1.2. Cenexuusi, CEMEHOBOJICTBO M OMOTEXHOIOTUS paCTCHUI

4.1.3. Arpoxumusi, arporio4yBOBE/ICHIE, 3alIUTa U KAPAHTHH PACTCHHIMA

4.2.3. UadexunonHbie 00JIe3HA M IMMYHOJIOTHS JKUBOTHBIX

4.2.4. YacTHast 300TeXHHSI, KOPMIICHHE, TEXHOJIOTUH IIPUTOTOBICHHUSI KOPMOB U TIPOM3BOCTBA
MPOAYKIINH KUBOTHOBOACTBA

4.2.5. Pa3Benenue, celeKis, TeHETUKA U OMOTEXHOJIOT M KUBOTHBIX

4.3.1. TexHONOTHHU, MAIIUHEI X 00OPYIOBAHUE ISl aTPONIPOMBINUICHHOTO KOMITJICKCa

4.3.3. TTuieBble 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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PEKOMEHJIALIMU ABTOPY 10 ITIOJAYUN CTATbU

Ipencrasienue cratby B )KypHai1 « CHOUPCKUI BECTHHK CEIIbCKOXO3IHCTBEHHON 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 PYKOIIUCEMN CTATEM

1. OTmpaBka cTaThy OCYIIECTBISIETCS Uepe3 AMEKTPOHHYIO pelaKInio Ha caiite xypHaia https://sibvest.elpub.ru/jour/
index. [Tocne npenBapuTeNbHON PETHCTPALUK aBTOPA, B IPABOM BEPXHEM YINIy CTPAaHHIBI BEIOpaTh onuio «OTHpaBUTh
PYKOIHCBY». 3aTeM 3arpy3uTh pyKomHch cTaThu (B Gopmare *.doc mim *.docx) u conmpoBOAUTENbHBIE JOKYMEHTHI K HEll.
[Mocxe 3aBepIeHus 3arpy3Ku MaTepHaIoB 00s3aTeIbHO BEIOpaTh onuuio «OTIPaBUTh THCHMOY», 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 Gopme (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 sBistercs
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 AHIVIMHCKOM fI3bIKaX. 5—7 CJIOB IO TeMe cTaTbu. JKenaresibHo, 4TOObI KiTtoue-
BbIE CJIOBA JIOMOJHSAIM pedepar u Ha3BaHUE CTAThU.

6. Hudopmanus 0 KOHPJIUKTE HHTEPECOB JIMOO €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 MCTOUYHUKH (DUHAHCH-
pOBaHUS UCCIIEIOBAHUS, a TAKXkKe OJ1aroJlapHOCTH JIFO/ISIM, KOTOPBIE Y4aCTBOBAIM B pabOTe HaJI CTaThel, HO HE SIBJISIOTCS e
aBTOPAMH.

8. OcHOBHOIi TekcT cTaTbu. [Ipy U30KEHUN OPUTHHAIIBHBIX SKCIIEPUMEHTAJIBHBIX JaHHBIX PEKOMEHIYETCs UC-
I10JIb30BaTh MOA3ArOJIOBKU:

BBEJIEHME (nocranoBka npo0OaeMsbl, e, 3aja41 UCCIIeIOBaHMS)

MATEPUAJI U METO/bI (ycnoBusi, MeTozpl (METOIMKA) UCCIIEAOBAaHUHN, OMTUCaHUE 00BEKTa, MECTO U BPeMs Ipo-
BEJICHYISI )

PE3VYJIBTATBI U OBCYXKJIEHUE

3AKJIIOYEHME 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.

TpaHcmuTepanys aBTOpoB. AHINIOSN3BIYHOE Ha3BaHHUE CTAThH

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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