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

R
SIBERIAN HERALD

OF AGRICULTURAL SCIENCE

Volume 52 No 4 2022

No

Volume

=
@)
Z
=
-
@)
/)]
:
=
i
=)
@)
!
&
Q0
<
&
o)
a
:
=
o
V4
<
-
&
=
A
L
1))




HAYYHBIM XKXYPHAJI
(v

CUBUPCKUN BECTHUK
CEJIBCKOXO3SMCTBEHHOM HAYKHA

SIBIRSKII VESTNIK SEL'SKOKHOZYAISTVENNOI NAUKI

YUPEIWUTEJINA: CHBUPCKUIA CDEI[EPAHLHI)II/I HAYYHBII [EHTP ATPOBUOTEXHOJIOT M
POCCHUMCKON AKAZIEMUI HAYK
CHUBHUPCKOE OTJIEJIEHME POCCUMCKOI AKAJIEMUI HAVK

BBIXOAUT IIECTb PA3 BT'O/]

2022

HIOJIb — aBI'yCT

OCHOBAHB 1971 r.

Tom 52, Ne 4 (287)
DOI: 10.26898

—

InaBubIii pexakrop — Jonuenko Anekcanap CemeHoBHY, akageMik PAH, 1oxTop BeTeprHApHBIX HAYK, TVIABHBIA HAyYHBII
COTPYAHUK, pYKOBOJHTEIb HAYYHOTO HanpasieHHs CHOMPCKOTO (eepalbHOro HayqyHOTo HEHTPa arpoONOTEXHOIOTHI
Poccuiickoii akanemun Hayk, HoBocubupck, Poccust

3amMecTHTeNB I1aBHOTO pegakTopa — JlomOannHa TarksiHa AJeKcaHIPOBHA, HAYAIBHUK PeJaKIIHOHHO-H3aTeIbCKOTO OTAea
Cubupckoro deaepanbHOr0 HAyYHOTO IICHTpa arpoduoTexHomoruii Poccuiickoit akagemun Hayk, HoBocubupck, Poccust

Penakumnonnasi Kosjierus:

2y#an, BBICLUIASI ATTECTALIMOHHAS
% KOMHCCHUA (B

B.B. Azapenko  1-p TexH. Hayk, uieH-koppecnonaent HAH benapycn, Munck, benapycs Brs metmmorpore ot

B.B. Ansr akagemuk PAH, n-p Texn. nayk, HoBocubupck, Poccust
0O.C. Adanacenko axanemuk PAH, n-p 6uoin. nayk, Cankr-IlerepOypr, Poccust HAYIHAS JAEKTPOHHAS
b. bsambaa ZI-p BET. HayK, akaeMUK AkageMuu Hayk Monronuu, Ynan-barop, Monronus LIBRARY.RU

A.H. Brnacenko
H.I'. Bnacenko
K.C. T'onoxsact

akagemuk PAH, 1-p c.-x. Hayk, HoBocubupck, Poccus
akagemuk PAH, n1-p 6uon. nHayk, HoBocubupck, Poccus
uneH-koppecnonaeHt PAO, n-p ouon. Hayk, HoBocubupck, Poccus

POCCUNCKN MHOEKC
HAYUHOIO LUTUPOBAHUS

0.B. l'ony6 II-p TeXH. Hayk, HoBocubupck, Poccust Science Index
H.IT. FOH‘{apOB aKaaCcMHUK PAH, a-p ounon. HayK, HOBOCI/IGI/IpCK, Poccus RUSSIAN SCIENCE CITATION INDEX (RSCI)
M.MU. I'ymroxkne akanemuk PAH, n-p Bet. Hayk, Mocksa, Poccust WEB OF SCIENCE"
B.H. densrun II-p TexH. HayK, HoBocubupck, Poccus

C.A. Txoxapu npodeccop, PhD, Canannamk, Upan

M.M. JlonHuk akagemuk PAH, 1-p 6uon. Hayk, MockBa, Poccus AG RI s
H.A. lonuenko  uneH-koppecnonaeHT PAH, n-p Bet. Hayk, HoBocubupck, Poccus

H.M. lBanos uneH-koppecronnentT PAH, n-p Texn. nayk, HoBocubupck, Poccust

UL R C H'S

A 10. U3maiinos | PERIODICALS DIRECTOR

H.U. Kamesapos
B.U. Kuprommn
C.H. Marep

akagemuk PAH, 1-p TexH. Hayk, Mocksa, Poccust
akagemuk PAH, 1-p c.-x. Hayk, HoBocubupck, Poccus
akagemuk PAH, n-p 6uon. Hayk, Mocksa, Poccus

ni-p ouon. Hayk, HoBocubupck, Poccus

EBSCO

K.51. MoroBuiios
0O.K. MoToBujioB
A.M. Hamerosn
B.C. Hukomos
C.I1. O30pHUH
B.JIL IleryxoB
P.U. Iomonuna
M.U. Cenmnonoa
B.A. Conomenko
H.A. Cypun
N.®. Xpamuos
C. DOpxuciu

C.X. Slar

uneH-koppectionienT PAH, n-p 6non. nayk, HoBocubupck, Poccust

I-p TexH. Hayk, HoBocuOupck, Poccust

II-p BET. HayK, wieH-koppecnionneHT HAH Pecryomukn Kazaxcran, Ypanbck, Kazaxcran
1-p BeT. Hayk, Codust, borrapms

ZI-p TeXH. Hayk, Yuta, Poccust

n-p ouon. Hayk, HoBocubupck, Poccus

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

I-p 6uon. Hayk, Mocksa, Poccust

akagemuk PAH, 1-p c.-x. Hayk, HoBocubupck, Poccus
akagemuk PAH, 1-p c.-x. Hayk, Kpacnosipck, Poccust
akagemuk PAH, n1-p c.-x. Hayk, Omck, Poccnst
npodeccop, PhD, Dp3ypym, Typuus

npodeccop, PhD, Ksanmxy, Kopes

ayunan aypuan
CHBHPCKHH BECTHUK

@acns
Google

www. sibvest.elpub.ru

Penaxrops! E.B. Mocynosa, I'H. feynosa. Koppexrop B.E. Cersanuna. Oneparop anexrporHoit Bepetku H.FO. Bopucko. Iepesoquux M.I1I. I'ayenxo
CBuUIETENBCTBO O perucTpanuu cpeacts Mmaccooid nHdopmanuu [T OC77-64832 Beinano denepainbHoii ciry»x00i 10 Ha30py B cdepe CBA3H,

MH(OPMALOHHBIX TEXHOJIOIHI I MaCCOBBIX KOMMyHHKaImii 2 despaist 2016 .

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

Bbimren B cBet 26.09.2022. ®opmar 60 x 84'/¢. Bymara tum. Ne 1. I[Teuars odeernast. ITew. 1. 18,0.
Vu-p3n. 1. 15,25. Tupax 300 ok3. Llena cBoboHast.

Orneyarano B CuOupcKkoM ¢eiepaibHOM HayqHOM LIEHTPE arpoOHOTEXHOIOrni PoccHiickoii akageMun HayK
© OI'BYH «Cubupckuii henepalbHbIi HaydHBIH HEHTp arpodroTexHonoruii Poccuiickoil akagemun Hayk», 2022
© ®OI'BY «Cubupcroe otaenenue Poceuniickoit akagemun Hay», 2022



&

CONEPXAHUE

COJNEPKAHUE

3EMJIEJEJINE
U XUMH3ALTUA

Apunurep B.K., lapxuymapos P.I., T:xan-

napos A.H., Kortasipos /I.B. Biusinue
texHonoruu No-till Ha comepkanue cy-
MIPECCUBHOW M MAaTOT€HHON MUKPO(IOPHI
B TIOYBE

PACTEHHUEBO/ICTBO U CEJIEKIIHA

IIpaxosa T.A., Taumes H.P. IIpuemer no-

BBINICHUA IMPOAYKTUBHOCTU TOPYHUIILI Oe-
Jou B ycnoBusix Cpennero [ToBomkbs

CoxonoBa JI.M. CenekiimoHHO-UMMYHOJIO-

TUYECKHE CXEMBI B arporieH03aX MOPKOBU
CTOJIOBOM

3AII{UTA PACTEHUU

Anjapeesa WU.B., llaranoBa E.W., Yiabs-

HoBa E.I'., XogakoBa A.B., ArpukoJisiH-
ckas H.U., T'onoxBact K.C. Texuuueckast
SHTOMOJIOTHS: UCTOPHUS, COBPEMEHHOE CO-
CTOSIHUC U MECPCICKTUBLI pa3BUTHUSA

13

21

32

Dridiger V.K., Gadzhiumarov

CONTENTS

AGRICULTURE
AND CHEMICALIZATION

R.G,,
Dzhandarov A.N., Kotlyarov D.V. The
effect of No-till technology on the con-
tent of suppressive and pathogenic mi-
croflora in the soil

PLANT GROWING AND BREEDING

Prakhova T.Ya., Taishev N.R. Methods of

increasing the productivity of white mus-
tard in the conditions of the Middle Volga
Region

Sokolova L.M. Selection and immunologi-

cal schemes in agrocenoses of table car-
rots

PLANT PROTECTION

Andreeva LV., Shatalova E.lL., Uliano-

va E.G., Khodakova A.V., Agrikolyan-
skaya N.I., Golokhvast K.S. Technical
entomology: history, current state and
prospects of development

2

Siberian Herald of Agricultural Science ¢ 2022 « 52 « 4

Contens



CONNEP)KAHUE

IMumoxoBa JI.U., SArosenko I.JI., Llapan-
Hesa 7K.B., XapaGopkuna H.W., Muc-
Hukoa H.B. OyHrunmasl s 3aiiuThl
JIFOTIMHA Y3KOJIMCTHOTO OT aHTPakHO3a U
Ipyrux Oose3Hen

300TEXHUA
U BETEPUHAPHA

Honuna C.B., Jlonuenko H.A., CmoJs-
HuHoB [O.U., Jlonuenko A.C. Mo-
HUTOPUHT ¥  XapaKTePUCTHKA KyIIb-
Typ Mycobacterium  avium  subsp.
paratuberculosis, BbIIEICHHBIX Ha TeEp-
putopuu 3anagHoit Cubupu

leBxy:xkeB A.D., [loronaes B.A. Biusnue
Pa3HOrO0 ypOBHSI KOPMJICHUSI HAa MPOAYK-
THUBHOCTbH OBIYKOB YEPHO-TIECTPON TIOPOIBI

Cunnubin B.A., bpem A.K., Boaxkos /I.B.
[MpodunakTrka TEXHOIOTHIECKOTO U KOP-
MOBOTO CTpecca MOPOCAT C MCIOIb30Ba-
HHUEM KOPMOBOH J0OaBKH 11€0]10

I'yke:xkes B.M., XypanoB A.M. IliemeHHas
LIEHHOCTb KOPOB — METO/IbI Y4€Ta U OLICHKH

JIbikoB A.C., Ky3ssbmuna WU.1O. Poct u pas-
BUTHE OBIYKOB, TMOJTYYCHHBIX Pa3HBIMH
METOJIaMH Pa3BEICHUS

KOPMOIIPOHU3BOACTBO

Capnoxuna T.A. Biusinue 3H10(UTHBIX IpU-
0OB Ha POCT U pa3BUTHE KOPMOBBIX 0000B

(Vicia faba L.)

48

58

67

77

83

90

97

Pimokhova L.I., Yagovenko G.L., Tsar-
apneva Zh.V., Kharaborkina N.L,
Misnikova N.V. Fungicides to protect
narrow-leafed lupine against anthracnose
and other diseases

ZOOTECHNICS
AND VETERINARY MEDICINE

Ionina S.V., Donchenko N.A., Smolyani-
nov Y.I.,, Donchenko A.S. Monitoring
and characterization of Mycobacterium
avium subsp. paratuberculosis cultures
isolated on the territory of Western Sibe-
ria

Shevkhuzhev A.F., Pogodaev V.A. Influ-
ence of different levels of feeding on the
productivity of Black-and-White bull
calves

Sinitsyn V.A., Brem A.K., Volkov D.V. Pre-
vention of technological and feed stress
in pigs with zeodo feed additive

Gukezhev V.M., Khuranov A.M. Breeding
value of cows - methods of recording and
evaluation

Lykov A.S., Kuzmina L.Yu. Growth and
development of young bulls obtained by
different breeding methods

FODDER PRODUCTION

Sadokhina T.A. Effect of endophytic fungi
on the growth and development of fodder
beans (Vicia faba L.)

Copnepxanue

CuOHPCKHii BECTHHK CEITbCKOXO3SHCTBEHHON Hayku ® 2022 ¢ 524 3



CONNEP)KAHUE

MEXAHN3ALIHA, ABTOMATH3ALIHA,
MOJJEJINPOBAHUE
U MHOOPMALIMOHHOE OBECIIEYEHUE

MECHANISATION, AUTOMATION,
MODELLING AND DATAWARE

Aast B.B., Eakun O.B., Ucakoa C.II., 107 AltV.V.,Elkin O.V.,IsakovaS.P., Savchen-

CaBuenko O.®. ABTOMaTH3UPOBAHHBIN ko O.F. Automated selection of agricul-
BBIOOp arpoTEXHOJOTHM M TPAKTOPHOTO tural technologies and tractor fleet of an
IapKa CeJIbXO3IPENIPUATHS: CTPYKTypa U agricultural enterprise: web-application
QITOPUTMBI Web-TIpUITOKEHHS structure and algorithms

beasies A.H., Mlankmii B.Il., IyaeB- 120 Belyaev A.N., Shatsky V.P., Gulevsky V.A.,

ckuii B.A., Tpumuna T.B. Ouenka 6o- Trishina T.V. Evaluation of the lateral
KOBOTO OTKJIOHEHMsSI KOJIECHON MallliHBI deviation of a wheeled vehicle from a
OT 33JJaHHOW TPAEKTOPHUU JBUKECHHUS given trajectory
U3 JUCCEPTALIUOHHBIX PABOT FROM DISSERTATIONS
IlonoB A.A. Paspaborka komOmHHpoBaH- 129 Popov A.A. Development of a combined
HOW BaKLMHBI IPOTUB PUHOMHEBMOHUU U vaccine against rhinopneumonia and
MBITA JIOMACH strangles of horses
ITAMATH YYEHOI' O IN COMMEMORATION OF SCIENTIST
Bopuc UBanoBuu I'epacenkon 135 Boris Ivanovich Gerasenkov
(k 100-s1€THIO €O THS POKIEHMS) (on the occasion of the 100-th
anniversary)

4 Siberian Herald of Agricultural Science ¢ 2022 « 52 « 4 Contens



S 3EMJIEJIEJINE U XUMW3AL[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2022-4-1 Tun crarey: OpUrHHAIBHAS
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BJIMSIHUE TEXHOJIOT'MH NO-TILL HA COJEP)KAHUE CYIIPECCUBHOM
U TATOT'EHHOM MUKPO®JIOPBI B IIOUBE

) Apunurep B.K.!, Taxzxxkumymapos P.I.', :xannapos A.H.!, Kotasipos /I.B.
!Cesepo-Kaskasckuil pedepanvhblil HayuHblll a2papHblil YeHmp
CraBpononbckuii kpait, . Muxaiinosck, Poccus

000 MHII «Kybanckue acpomexnonocuuy
Kpacnonap, Poccust
(<De-mail: Dridiger.victor@gmail.com

IIpencrarieHsl pe3yinbTaThl HCCaenoBaHui B ymuTeasHoM (2012—2021 rT.) cTarimoHapHOM OIThI-
Te 10 (POPMHUPOBAHUIO TIOYBEHHON OMOTHI TTPH BO3/IEIBIBAHUN CEITHCKOXO3SHCTBEHHBIX KYJIBTYP 10
texHojoruu No-till B cpaBHEHHH ¢ TpaguIMOHHON TexHoIoTner B CTaBpOmoiIsCKOM Kpae. B skc-
MIEPUMEHTE HCIIOIF30BaHbl OJMHAKOBBIE COPTa M THOPHUIBI, T03bI MUHEPAIBHBIX yIOOpEeHUil, cpo-
KH TI0OCEBa, HOPMBI BBICEBA CEMsIH, CIIOCOOBI OOPHOBI C COPHSAKAMHU U BPEAUTEISIMH. YCTaHOBJICHO,
YTO MOCTOSHHO HAXOMAIIMECS HA MOBEPXHOCTH TOYBHI PACTUTENBHBIE OCTATKU TPHU TEXHOJIOTHU
No-till crroco6cTByIOT OOIBIIEMY Pa3MHOKEHHUIO ITOYBEHHONH MHUKPOQIIOPHI, KOTOpas CIACp>KHUBa-
€T Pa3BUTHE IMATOTEHHON MHUKPOOHMOTHI, YeM TPU TEXHOJIOTUH ¢ 00paboTKoil mouBsl. [loaTomy B
9TON TEXHOJIOTHH IMOCIIE ABYX POTAIlUil YETHIPEXIOIHHOTO TIOJJOCMEHHOTO MTOJIEBOTO CEBOOOOPOTA
(cost — o3uMast IIICHMIIA — TTOJICOTHEYHHUK — KYKypy3a) B 1 T mouBsI comeprkasioch 13 125 komonwme-
obpasytomux enuHAIl (KOE) maroreHHbIX MEKPOCKOITHISCKHUX TPHOOB pomoB Fusarium, Alternaria,
Cladosporium n Cephalosporium. B peKOMEHIOBAaHHON TEXHOJIOTHH MX Pa3HOOOpas3we yBEITHIH-
J0Ch A0 1satH (mobaswiics pon Verticillium) u xonmmdectBo Bozpocio jo 24 125 KOE/r. Canpodwur-
Hasi MUKpo(Iopa B PeKOMEHOBAaHHOW TEXHOJIOTHH IPECTaBICHA IByMS POJAaMU MHUKPOMHIIETOB
(Penicillium w Aspergillus) uncnennoctoro 48 250 KOE/r. B texnonmoruu No-till, kpome yka3aHHBIX,
MIPUCYTCTBOBANIN TpHOBI pona Trichoderma m mX o0mIass YUCIEHHOCTH cocTaBmia 56 750 KOE/T
B pexoMeHmIOBaHHON TEXHOJIOTHH KOJIHYECTBO CAIPOPUTHOW MHKPOMIOPHI 3apeTHCTPUPOBAHO
OoJbIIIe, YeM aToreHHou, B 1,9 pasa, B rexnonmoruu No-till — B 4,3 pa3a. [1o 3T0it mpuamHe B TEXHO-
moruu No-till He oTMedeHO yBeTHICeHHS 3a00JI€BAEMOCTH BO3CIIBIBAEMBIX KYIIETYP IO CPAaBHEHHIO
C PEKOMEHJOBAaHHON TEXHOJIOTHEH, M YPOXKaWHOCTh B CPEIHEM 32 JIBE POTAIMH CEBOOOOpOTA ObLIa
BbIe B TexHonorun No-till.

KuioueBble cjioBa: peKOMEHIOBaHHAsI TEXHOIOTHA, TexHonorus No-till, pacturensHble ocTar-
KH, CYTIpecCHBHAst MUKpo]IIopa, maroreHHas MUKpoQIopa, KOpHEBbIe THIIIHN, YPOXKaHOCTD

THE EFFECT OF NO-TILL TECHNOLOGY ON THE CONTENT OF
SUPPRESSIVE AND PATHOGENIC MICROFLORA IN THE SOIL

) Dridiger V.K.!, Gadzhiumarov R.G.!, Dzhandarov A.N.!, Kotlyarov D.V.2
'North Caucasus Federal Agrarian Research Centre

Mikhailovsk, Stavropol Territory, Russia

’LLC Small innovative enterprise "Kuban Agrotechnologies"

Krasnodar, Russia

(<XDe-mail: Dridiger.victor@gmail.com

The paper presents the results of research in a long-term (2012-2021) stationary experiment on the
formation of soil biota in the cultivation of crops by No-till technology compared with conventional
technology in the Stavropol Territory. The same varieties and hybrids, doses of mineral fertilizers,
sowing dates, seed rates, weed and pest control methods were used in the experiment. It was found
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The effect of No-till technology on the content of suppressive

Dridiger V.K., Gadzhiumarov R.G., Dzhandarov A.N., Kotlyarov D.V.

and pathogenic microflora in the soil

that plant residues that permanently remain on the soil surface in the No-till technology contribute
to greater proliferation of soil microflora, which inhibits the development of pathogenic microbiota
stronger than in the technologies with tillage. Therefore, after two rotations of the four-field crop
rotation soybean-winter wheat-sunflower-corn, 13 125 colony-forming units (CFU) of pathogenic
microscopic fungi of Fusarium, Alternaria, Cladosporium and Cephalosporium were found in
1 g of soil in this technology. In the recommended technology, their diversity increased to five
(the genus Verticillium was added) and their number increased to 24,125 CFU/g. The saprophytic
microflora in the recommended technology was represented by two genera of micromycetes
Penicillium and Aspergillus with 48 250 CFU/g, while in the technology No-till, in addition to these
fungi the fungi of the genus Trichoderma were present, and their total number was 56 750 CFU/g.
That is, in the recommended technology, the quantity of saprophytic microflora was recorded 1.9
times, and in No-till technology 4.3 times higher than the pathogenic microfiora. For this reason,
the No-till technology did not increase the incidence of diseases of cultivated crops compared to the
recommended technology, which had no significant impact on the yield, which on average for two

rotations of crop rotation was higher in the No-till technology.
Keywords: recommended technology, No-till technology, plant residues, suppressive microflora,

pathogenic microflora, root rot, yield

Jas uutupoanmsi: /[puoueep B.K., [aoxcuymapos P.I, /[canoapos A.H., Komaspos /].B. Bnusuue texuonoruu No-till Ha
coziepKaHKue CYIPECCUBHON M NMAaTOTeHHOW MUKpPOIIOPHI B 1ouBe // CHOMPCKHUN BECTHUK CEIILCKOXO3siicTBeHHOM Haykw. 2022.
T. 52. Ne 4. C. 5-12. https://doi.org/10.26898/0370-8799-2022-4-1

For citation: Dridiger V.K., Gadzhiumarov R.G., Dzhandarov A.N., Kotlyarov D.V. The effect of No-till technology on the
content of suppressive and pathogenic microflora in the soil. Sibirskii vestnik sel'skokhozyaistvennoi nauki = Siberian Herald of
Agricultural Science, 2022, vol. 52, no. 4, pp. 5-12. https://doi.org/10.26898/0370-8799-2022-4-1
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INTRODUCTION

Many researchers have established that pro-
longed cultivation of crops using the No-till
technology improves the water-physical [1, 2],
chemical properties of the soil and increases its
fertility [3, 4], which occurs due to the presence
of crop residues of cultivated crops on the sur-
face [5, 6].

However, the plant residues create favor-
able conditions for the reproduction of micro-
flora, including pathogenic, which, according
to some scientists, can cause a significant in-
crease in plant disease and lead to lower yields
and economic efficiency of crops cultivated by
this technology [7].

The aim of the research is to establish the ef-
fect of No-till technology on the content of sup-
pressive and pathogenic microflora in the soil,
lesion of the cultivated crops with diseases and
their yields in the unstable moisture zone of the
Stavropol Territory.

MATERIAL AND METHODS

Field experiments were carried out in the
North Caucasian Federal Research Agrarian
Center. The experimental field of the institute is
located in the zone of unstable moisture of the
Stavropol Territory. The sum of effective tem-
peratures here is 3306°, the annual precipitation
is 558 mm. The soil of the experimental plot is
slightly humic heavy-loamy ordinary medium
chernozem.

The research was conducted in four-field
crop rotation soybean - winter wheat - sun-
flower - corn, which was established in 2012.
All the crops of the crop rotation in the first
variant were cultivated according to the tech-
nology recommended by scientific institutions
with tillage (surface tillage for winter wheat
and mouldboard tillage for other crops), in the
second variant - by No-till technology.

The same doses of mineral fertilizers were
applied as recommended by scientific institu-
tions for both technologies for all the crops

6 Siberian Herald of Agricultural Science ¢ 2022 « 52 « 4
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Bimsinue texuonorun No-till Ha conepikanue cynpeccHBHOM
1 HaTOreHHOI MUKPO(IIOPHI B [IOYBE

Hpunurep B.K., I'apxkuymapos P.I'., xxannapos A.H., Komsipos JI.B.

studied in the experiment. Terms of sowing,
seed rates, varieties and hybrids, as well as the
methods of weed and pest control during veg-
etation of cultivated crops in both technologies
were also the same. However, in the No-till
technology after harvesting one crop and before
sowing the next one, plots were sprayed with
a total action herbicide from the glyphosate
group (after harvesting soybeans and before
sowing winter wheat, no such treatment was
carried out) to kill the emerged weeds.

In the recommended technology, sowing of
all crops was carried out with seed drills that
sowed seeds into the tilled soil. In the No-till
technology - Gimetal seeder is used equipped
with corrugated discs (coulter, turbo disc) that
cut a narrow slot in the uncultivated soil into
which seeds and fertilizers are sown to the de-
sired depth with two disc coulters. No biologi-
cal or other preparations containing microflora
or affecting its composition and quantity were
used during all years of research.

In all years of the research, the amount of
plant residues on the soil surface was counted
after harvesting one crop and before sowing the
next crop of the crop rotation. Yield accounting
and mathematical processing of the obtained
data were carried out by the methods generally
accepted in experimental work.

At the end of the second rotation of the crop
rotation (autumn 2020), soil samples were tak-
en at the depth of 0-20 cm, in which the amount
of suppressive and pathogenic microflora was
determined. Microbiological analysis was car-
ried out using a water-soil suspension applied
on a common Czapek's selective nutrient me-
dium. The microorganisms were cultured for 7
days at 25 °C.

Weather conditions of the studies had their
own peculiarities and differed from year to
year. According to the amount of precipitation,
2013, 2014, 2016 and 2017 were more humid,
when with the average annual precipitation of
558 mm, it fell from 626 to 652 mm. In 2015
and 2018, their amount was close to the mean
annual values (528 and 544 mm), 2019 was
marked as dry (380 mm of precipitation) and
the year 2020 was acutely dry (307 mm).

RESULTS AND DISCUSSION

During the harvesting of crops cultivated in
the experiment, all the above-ground mass of
plants was shredded and uniformly distributed
across the width of the plot by the combine har-
vester. On average, for two rotations of crop
rotation (8 years) in both technologies, plant
residues annually came to the soil surface - ac-
cording to the recommended technology 4.60
t/ha, under No-till technology 5.22 t/ha. How-
ever, in the recommended technology by the
sowing of the next crops of the crop rotation,
on average, they remained 0.12 t/ha of the crop
rotation area, whereas the No-till technology by
that time had 3.28 t of plant mulch/ha on the
soil surface, which is 62.8% of their original
amount.

In the first case, a very small amount of plant
residues on the soil surface is associated with
mouldboard tillage for soybeans and row crops
and surface tillage after harvesting soybeans,
some of whose plant residues (0.36-0.63 t/ha)
mixed with soil were observed before sowing
winter wheat. In the No-till technology, the de-
crease in the amount of plant mulch on the soil
surface by 1.94 t/ha, or 37.2%, during a fairly
short post-harvest autumn and early spring pe-
riod before sowing spring crops is due to the
high number and activity of soil microbiota that
decompose plant residues, which are a nutrient
substrate for them.

In the studies of D.A. Nikitin and colleagues
[8] conducted in our experiment, the number of
soil microflora species in conventional technol-
ogy was higher than in No-till technology at the
end of the first rotation of four-field crop rota-
tion. The authors attribute this to the better oxy-
gen supply of mouldboard-tilled soil. But there
are more pathogenic species of micromycetes
in cultivated soil, whereas in No-till technology
cellulolytic (representatives of genera Chaeto-
mium, Sarocladium, Trichoderma, Zygorhyn-
chus) and oligotrophic/saprotrophic (species of
genera Aspergillus, Paecilomyces, Penicillium,
Pseudogymnoascus) micromycetes prevail in
abundance, number and taxonomic diversity.

According to the researchers' data, the bio-
mass of microorganisms, the total microbial
and enzymatic activity are significantly higher
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with a longer application of the No-till technol-
ogy than in the technologies with tillage [9, 10].
The increase in the number and activity of mi-
crobiota in the No-till technology, in turn, led to
a decrease in the number of pathogenic micro-
flora [11]. The researchers explain the growth
of microorganisms in the soil in No-till technol-
ogy by the constant presence of plant residues
on the soil surface, which are a nutrient sub-
strate for them [12]. The presence of moisture
in the soil under the layer of plant mulch, which
does not allow direct sunlight to penetrate and
reduces the air and soil temperature during the
hot season, creates favorable conditions for
the reproduction and development of suppres-
sive microflora, which suppresses the develop-
ment of pathogenic microorganisms [13]. This
is facilitated by the development of the No-till
technology of crop rotation, which provides
biological diversity of plant communities and,
as a consequence, the same diversity of soil mi-
croflora [14].

In our experiments after the second rotation
of four-field crop rotation, pathogenic microflo-
ra was represented by five genera of microscop-
ic fungi which, releasing toxic substances into
the soil, affect mainly the root and root systems
of plants and cause soil mycotoxicosis. The
most numerous were fungi of the genus Fusari-

um and Alternaria, which were found in the soil
under all crops of the crop rotation cultivated by
both technologies. However, the recommended
technology yielded 14,000 and 6,875 colony-
forming units per 1 g of soil (CFU/g), respec-
tively, and the No-till technology had yields of
6125 and 4,635 CFU/g, or significantly less (by
7,875 and 2,240 CFU/g, or 56.2% and 32.6%)
(see Table 1).

It should be noted that the increased content
of Fusarium and Alternaria fungi in soil carries
a high risk of reducing the productivity of agro-
cenoses, including the emergence of fungicide-
resistant strains [15, 16].

Cladosporium, Verticillium and Cephalo-
sporium pathogenic fungi were also found,
which were also more in number using the rec-
ommended technology. The average number
of colony-forming units of pathogenic micro-
mycetes per 1 g of soil for the recommended
technology was 24 125, for No-till technology
- 13125, or 1.8 times less. At the same time, the
total content of pathogenic microorganisms un-
der all crops in the rotation in the recommended
technology was significantly higher than in the
No-till technology.

Supressive (beneficial) microflora repre-
sented by saprotrophic fungi of genera Penicil-
lium, Aspergillus and Trichoderma were more

Ta6a. 1. BiusHue TEXHOIOIUU BO3/ICIBIBAHUS HA COJICPKAHKUE TATOTEHHOW MUKPOOHOTHI B CJIOE
nouBbl 0—20 cM mociie BTOPOil poTanuu 4eThIpexnoibHoro ceBoodopota, KOE/T

Table 1. Influence of cultivation technology on the content of pathogenic microbiota in the soil layer
0-20 cm after the second rotation of the four-field crop rotation, CFU/g

Micromycete genus
Technology Culture Fusarium Altenaria Clac.lospo— Verticillium Ceph.alo— Total
rium sporium
Recom- Peas 9000 6500 0 0 500 16 000
mended Winter wheat 16 500 6000 0 2000 5500 29 000
Sunflower 30 000 7000 3000 0 0 40 000
Corn 500 8000 3000 0 0 11 500
No-till Peas 4500 5000 0 0 0 9500
Winter wheat 4000 4500 4500 0 0 13 000
Sunflower 13 000 5000 2000 0 0 20 000
Corn 3000 4000 1500 0 1500 10 000
LSDs of the technology 895 465 - - - 1517
LSDy;s of the culture 728 324 - - - 1248
LSDs of partial differences 1237 771 - - - 1835
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in No-till technology - 56 750 CFU/g against
48 250 CFU/g in the recommended technology.
The difference in the number of saprophytic
microflora under all crops, except sunflower,
was mathematically proved to be greater in the
No-till technology (see Table 2).

The most numerous of all micromycetes
for both technologies was a fungus of the ge-
nus Penicillium, which was on average 35,875
CFU/g in the recommended technology, and
50,750 CFU/g in the No-till technology, which
is 14,875 CFU/g, or 41.5% more. The number
of Penicillium and Aspergillus fungi under all
crops was significantly higher in the No-till
technology, and Trichoderma micromycetes
was isolated only after peas cultivated using the
same technology.

In the recommended technology the num-
ber of saprophytic microflora was higher (1.9
times) than pathogenic, and in the No-till tech-
nology - 4.3 times. Therefore, in the No-till
technology it is more difficult for infectious
pathogens to develop in the soil, since suppres-
sive micromycetes in the process of life syn-
thesize antibiotic substances that have a detri-
mental effect on phytopathogenic microflora.
This is evidenced by the results of observations
on the development of diseases of cultivated
crops. In the years of experiments on both tech-
nologies root rot affected from 1.4 to 5.3% of

plants of winter wheat, which had no signifi-
cant effect on its yield. On average over two
rotations of the crop rotation it was 4.24 t/ha
using the recommended technology and 5.03 t/
ha using No-till technology, which was reliably
higher by 0.79 t/ha or 18.6%. This pattern was
observed in all years of the experiments. Other
crops of the crop rotation were also affected by
diseases, especially in wet years, but epiphyto-
ties did not exceed the threshold of economic
pest damage for both technologies, and the
yield of No-till technology was not inferior to
that of the recommended technology and even
exceeded it. The yield of soybean by the rec-
ommended technology was 1.85 t/ha, by No-till
technology - 1.89, sunflower respectively 1.79
and 1.85, and corn - 3.48 and 3.83 t/ha.

Similar results were observed under the pro-
duction conditions of the No-till technology. At
LLC "Urozhaynoe" of Ipatovsky district of the
Stavropol Territory, which has been cultivating
all crops using No-till technology since 2008,
the average yield of winter wheat over 9 years
(2012-2020) was 4.60 t/ha. In four neighboring
stable working farms of the same district, pro-
ducing crops by traditional technologies with
tillage, it was 3.94-4.26 t/ha. Sunflower yields
in these years were 2.55 and 1.47-1.61 t/ha, re-

spectively [17].

Taba. 2. BiausHue TEXHOIOTHN BO3CIBIBAHUS HA COACPIKAHUE CYTIPECCUBHON MUKPOOHUOTHI B CII0€
nouBbl 0—20 cM 1ocjIe BTOPOH POTAIMK Y€ThIPEXIOJIbLHOTO ceBoobopoTa, KOE/r

Table 2. Influence of cultivation technology on the content of suppressive microbiota in the soil layer
0-20 cm after the second rotation of the four-field crop rotation, CFU/g

Micromycete genus
Technology Culture Penicillium Aspergillus Trichoderma Total
Recommended |Peas 29 500 6000 0 35500
Winter wheat 27 500 4000 0 31500
Sunflower 24 500 500 0 25000
Corn 62 000 39 000 0 101 000
No-till Peas 17 000 2500 500 20 000
Winter wheat 52 500 1500 0 54 000
Sunflower 22 500 3500 0 26 000
Corn 111 000 16 000 0 127 000
LSD,; of the technology 3869 1090 - 4320
LSDy;s of the culture 3128 995 - 3880
LSDjs of partial differences 4950 1495 - 5250
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CONCLUSION

When crops are cultivated using No-till
technology, plant residues constantly on the
soil surface contribute to greater reproduction
of soil microbiota, which restrains the devel-
opment of pathogenic microflora, than under
the recommended technologies with soil till-
age. Therefore, the number of pathogenic mi-
croscopic fungi in No-till technology is signif-
icantly lower and the number of suppressive
microflora is higher than in the cultivated soil,
which restrains plant disease affection and
contributes to higher yields of crops cultivated

by this technology.

CIIMCOK JIUTEPATYPbI

1. Komuccapos M.A., Knuk A. Biusinue HyJI€eBO,
MHHUMaJIBLHOH M KIIAaCCHYECKOW 00paboTok
Ha 3pO3MI0 U CBOMcCTBa mouB B HuokHel AB-
crpuu // [TouBoBeaenue. 2020. Ne 4. C. 473—
482. DOI: 10.31857/S0032180X20040073.

2. Typun E.H. llpeumyiiectBa W HEAOCTATKU
CHCTEMBI 3eMIICHENUs TPSMOTO TmoceBa (00-
30p) // TaBpudeckuii BECTHHK arpapHOd Ha-
yku. 2020. Ne 2 (22). C. 150-168.

3. Ecaymxo A.H., Kopocmwinée C.A., Cueu-
oa M.C., I'onocnoti E.B. JluHamMuKa IOKa3a-
Telel MOYBEHHOIO IUIOMOPOAMS IIPU BO3JE-
JIBIBAHUH CEIIbCKOXO3HCTBEHHBIX KYIBTYP 10
texuosoruu No-till B ycinoBusx CTaBpomoib-
CKOTO Kpast // ATpOXHMHYECKHH BECTHHK.
2018. Ne 4. C. 58-62.

4. Bnacewxko A.H., Kyoawwxun II.HU., Bnacen-
ko H.I' BrnusHne pecypcocOeperaronmx Tex-
HOJIOTHI Ha COAEp)XKaHHE Tymyca B YEpHO-
3eMe BBIIIEIOYCHHOM CEBEPHOU JIECOCTEIH
3anmaguoit Cubupu // 3emnenenue. 2020. Ne 5.
C. 3-5. DOI: 10.24411/0044-3913-2020-
10501.

5. Honsxos /.I., Baxupos ®.I. Opranudeckas
Mynsda u No-till B 3emienenum: 0630p 3apy-
6exxHoro ombita // 3emienenue. 2020. Ne 1.
C. 3-6. DOI: 10.24411/0044-3913-2020-
10101.

6. Tomawosa O.JI., Hnoun A.B., Becenosa JI.C.
CrpoeHrie TOYBHI TOJ IOKPOBHBIMH KYJIb-
TypaMH TIpH TEXHOJOTHH TPSIMOTO MOCeBa B
npearopHo-crenHoi 30He Kprima // U3BecTus
OpeHOYpIrcKoTo TOCYIapCTBEHHOTO arpapHoO-
ro yauBepcurera. 2019. Ne 6. (80). C. 31-33.

7. byowinkoe H.HU., Muxaresa C.H., I[lpocky-
pun A.B. [lunamMuka TOMUHUPYIOMHUX (PaKyb-
TaTHUBHBIX MApa3UTOB TPHOHOW TPHUPOABI B
MOJICBBIX arpoleH03ax ¢ MHHUMAIbHOMN 00pa-
0OTKO¥ TIOYBHI B 3amaiHO# yacTu Bonrorpaj-
ckoit oomactu // Arpoxumus. 2021. Ne 1. C. 62—
69. DOI: 10.31857/S0002188121010038.

8. Huxumunm J[.A., Cemenos M.B., Kenezosa
AJl., Kymosasa O.B. BiusHue TEXHOJIOTHH
No-till Ha YKMCIEHHOCTh W TAKCOHOMUYECKUN
COCTaB MUKPOCKOITMYECKUX I'PUOOB B FOKHBIX
arpouepHo3emax // Muxonorust u ¢uromnaro-
norusi. 2021. T. 55. Ne 3. C. 189-202. DOI:
10.31857/S0026364821030077.

9. Haynes R.J. Size and activity of the soil mi-
crobial biomass under grass and arable man-
agement // Biology and Fertility of Soils.
1999. Vol. 30. P. 210-216. DOI: 10.1007/
s003740050610.

10. Zuber S.M., Villamil M.B. Meta-analysis ap-
proach to assess effect of tillage on microbial
biomass and enzyme activities // Soil Biology
and Biochemistry. 2016. Vol. 97. P. 176-187.
DOI: 10.1016/is011bi0.2016.03.11.

11. Sommermann L., Geistlinger J., Wibberg D.
Fungal community profiles in agricultural
soils of a long-term field trial under different
tillage, fertilization and crop rotation condi-
tions analyzed by high-throughput ITS-am-
plicon sequencing // PloS One. 2018. Vol. 13
(4). P. e0195345. DOI: 10.1371/journal.
pone.0195345.

12. Ranaivoson L., Naudin K., Affholder F., Ra-
beharisoa L., Corbeels M. Agro-ecological
functions of crop residues under conservation
agriculture // Agronomy for sustainable devel-
opment. 2017. Vol. 37. Is. 4. P. 26-30. DOI:
10.1007/s13593-017-0432-z.

13. Rahma A.E.Warrington D.N., Lei T. Effi-
cacy of wheat straw mulching in reducing
soil and water losses from three typical soils
of the Loess Plateau, China // International
Soil and Water Conservation Research. 2019.
Vol. 7. P. 335-345. DOI: 10.1016/j.isw-
¢cr.2019.08.003.

14. Anderson R.L. Diversity and No-till: keys for
pest management in the U.S. Great Plains //
Weed Science, 2008, Vol. 56. P. 141-145.

15. De Chaves M.A., Reginatto P, da Costa B.S.,
de Paschoal R.I., Teixeira M.L., Fuente-
fria A.M. Fungicide Resistance in Fusarium
graminearum Species Complex // Curr Mi-
crobiol. 2022. N 79 (2). P. 62. DOI: 10.1007/
s00284-021-02759-4. PMID: 34994875.

10  Siberian Herald of Agricultural Science * 2022 « 52 « 4

Agriculture and chemicalization



Bimsinue texuonorun No-till Ha conepikanue cynpeccHBHOM
1 HaTOreHHOI MUKPO(IIOPHI B [IOYBE

Hpunurep B.K., I'apxkuymapos P.I'., xxannapos A.H., Komsipos JI.B.

16. Yang, Li-na & Meng-Han, He & Ouyang, Hai-

Bing & Zhu, Wen & Pan, Zhe-Chao & Sui, Qi-
Jun & Shang, Li-Ping & Zhan, Jiasui. Cross-
resistance of the pathogenic fungus Alternaria
alternata to fungicides with different modes
of action / BMC Microbiology. 2019. P. 19.
DOI: 10.1186/s12866-019-1574-8.

17. [puoucep B.K., Kynunyes B.B., Hsman-

xkoe C.A., [Jpuoucep B.B. DhdeKTHBHOCTDH
texHojoruu No-till B 3acynuimBoil 30HE
CraBpomnonbckoro kpas // JlocTrmkeHus HayKu
n texanku AIIK. 2021. T. 35. Ne 1. C. 34-39.
DOI: 10.24411/0235-2451-2021-10110.

REFERENCES

1.

Komissarov M.A., Klik A. The impact of no-
till, conservation, and conventional tillage sys-
tems on erosion and soil properties in Lower
Austria. Pochvovedenie = Eurasian Soil Sci-
ence, 2020, no. 4, pp. 473—482. (In Russian).
DOI: 10.31857/50032180X20040073.

Turin E.N. Turin E.N. Advantages and disad-
vantages of no-till farming around the world
(review). Tavricheskiy vestnik agrarnoy nau-
ki = Tauride Herald of the Agrarian Sciences,
2020, no. 2 (22), pp. 150-168. (In Russian).
Esaulko A.N., Korostylev S.A., Sigida M.S.,
Golosnoy E.V. Dynamics of agrochemical in-
dicators of soil fertility at cultivation of agri-
cultural crops for the No-till technology in the
conditions of the Stavropol Region. Agrokhi-
micheskii vestnik = Agrochemical Herald,
2018, no. 4, pp. 58-62. (In Russian).
Vlasenko A.N., Kudashkin P.I., Vlasenko N.G.
Influence of resource-saving technologies on
the humus content in leached chernozem of
the northern forest-steppe of Western Siberia.
Zemledelie = Zemledelie, 2020, no. 5, pp. 3-5.
(In Russian). DOI: 10.24411/0044-3913-2020-
10501.

Polyakov D.G., Bakirov F.G. Organic mulch
and No-till in agriculture: a review of inter-
national experience. Zemledelie = Zemlede-
lie, 2020, no. 1, pp. 3—6. (In Russian). DOI:
10.24411/0044-3913-2020-10101.
Tomashova O.L., Ilyin A.V., Veselova L.S.
Soil structure under coverage crops under di-
rect seeding technology in the foothill-steppe
zone of the Crimea. Izvestiya Orenburgskogo
gosudarstvennogo agrarnogo universiteta =
Izvestiya Orenburg State Agrarian University,
2019, no. 6. (80), pp. 31-33. (In Russian).

10.

1.

12.

13.

14.

15.

Budynkov N.I, Mikhaleva S.N.,
Proskurin A.V. Dynamics of dominant fac-
ultative parasites of fungal nature in field
agrocenoses with minimal tillage in the
western part of the Volgograd region. Agrokh-
imiya = Agricultural chemistry, 2021, no.
1, pp. 62-69. (In Russian). DOI: 10.31857/
S0002188121010038.

Nikitin D.A., Semenov M.V., Zhelezova A.D.,
Kutovaya O.V. Influence of No-till technology
on number and taxonomic composition of mi-
croscopic fungi in southern agrochernozems.
Mikologiya i fitopatologiya = Mycology and
phytopathology, 2021, vol. 55, no. 3, pp. 189—
202. DOI: 10.31857/S0026364821030077
Haynes R.J. Size and activity of the soil
microbial biomass under grass and arable
management. Biology and Fertility of Soils.
1999, vol. 30, pp. 210-216. DOI: 10.1007/
s003740050610.

Zuber S.M., Villamil M.B. Meta-analysis ap-
proach to assess effect of tillage on microbial
biomass and enzyme activities. Soil Biology
and Biochemistry, 2016, vol. 97, pp. 176—187.
DOI: 10.1016/is011bi0.2016.03.11.
Sommermann L., Geistlinger J., Wibberg D.
Fungal community profiles in agricultural
soils of a long-term field trial under differ-
ent tillage, fertilization and crop rotation
conditions analyzed by high-throughput
ITS-amplicon sequencing. PloS One, 2018,
vol. 13 (4), pp. €0195345. DOI: 10.1371/jour-
nal.pone.0195345.

Ranaivoson L., Naudin K., Affholder F., Ra-
beharisoa L., Corbeels M. Agro-ecological
functions of crop residues under conservation
agriculture. Agronomy for sustainable devel-
opment. 2017, vol. 37, is. 4, pp. 26-30. DOI:
10.1007/s13593-017-0432-z.

Rahma A.E.,Warrington D.N., Lei T. Effica-
cy of wheat straw mulching in reducing soil
and water losses from three typical soils of
the Loess Plateau, China . International Soil
and Water Conservation Research. 2019,
vol. 7, pp. 335-345. DOI: 10.1016/]j.isw-
¢r.2019.08.003.

Anderson R.L. Diversity and No-till: keys for
pest management in the U.S. Great Plains.
Weed Science, 2008, vol. 56, pp. 141-145.

De Chaves M.A., Reginatto P., da Costa B.S.,
de Paschoal R.I., Teixeira M.L., Fuente-
fria A.M. Fungicide Resistance in Fusarium

3emiieiene U XUMH3AIHs

CurGupCKHii BECTHHUK CENBCKOXO3SHCTBEHHO Hayku © 2022+ 524 11



The effect of No-till technology on the content of suppressive
and pathogenic microflora in the soil

Dridiger V.K., Gadzhiumarov R.G., Dzhandarov A.N., Kotlyarov D.V.

graminearum Species Complex. Curr Micro-
biol, 2022, no. 79 (2), p. 62. DOI: 10.1007/
$00284-021-02759-4. PMID: 34994875.

16. Yang, Li-na & Meng-Han, He & Ouyang,
Hai-Bing & Zhu, Wen & Pan, Zhe-Chao &
Sui, Qi-Jun & Shang, Li-Ping & Zhan, Jiasui.
Cross-resistance of the pathogenic fungus Al-
ternaria alternata to fungicides with different

NHO®OPMALINA Ob ABTOPAX

C<) Apuanrep B.K., moKkTOp cenbCKOXO03sii-
CTBEHHBIX HayK, mpogeccop, PyKOBOAWUTENIb Ha-
YYHOTO HAampaBliCHHUS; ajgpec sl NepPenuCKH:
Poccus, 356241, CraBpononbckuit kpai, r. Muxai-
JIOBCK, yi1. HukonoBa, 49; e-mail: Dridiger.victor@
gmail.com

lagxuymapos PI., kanauaar cenbckoxo3siii-
CTBEHHBIX HAyK, CTApIINN HAyYHBIH COTPYIHUK

M:xanpapoB A.H., Hay4HBIl COTPYIHUK, ACTIH-
paHt

Kotnsipos JI.B., TOKTOp CEJIBCKOXO35HMCTBEH-
HBIX HayK

modes of action. BMC Microbiology, 2019, p.
19. DOI: 10.1186/s12866-019-1574-8.

17. Dridiger V.K., Kulintsev V.V., Izmalkov S.A.,
Dridiger V.V. Efficiency of No-till technology
in the arid zone of the Stavropol Territory.
Dostizheniya nauki i tekhniki APK = Achieve-
ments of Science and Technology of AIC,
2021, vol. 35, no. 1, pp. 34-39. (In Russian).
DOI: 10.24411/0235-2451-2021-10110.

AUTHOR INFORMATION

<) Victor K. Dridiger, Doctor of Science in
Agriculture, Professor, Head of Research Group;
address: 49, Nikonova St., Mikhailovsk, Stavropol
Territory, 356241, Russia; e-mail: Dridiger.victor@
gmail.com

Rasul G. Gadzhiumarov, Candidate of Science
in Agriculture, Senior Researcher

Arsen N. Dzhandarov, Researcher, Postgraduate
Student

Denis V. Kotlyarov, Doctor of Science in
Agriculture

Jlama nocmynnenusi cmamou / Received by the editors 29.04.2022
Jama npunsmus x nyénuxayuu / Accepted for publication 10.06.2022
Jlama ny6auxayuu / Published 26.09.2022

12 Siberian Herald of Agricultural Science ¢ 2022 « 52 « 4

Agriculture and chemicalization



S PACTEHHUEBO/CTBO U CEJIEKIJHUA
PLANT GROWING AND BREEDING

https://doi.org/10.26898/0370-8799-2022-4-2 Tun crarey: OpUrHHAIBHAS
VIK: 633.853.483:631.81 Type of article: original

IPUEMBI TOBBIMIEHUSI TPOAYKTUBHOCTH I'OPUAIIHI BEJIOM
B YCJIIOBUSAX CPEJHEI'O TOBOJIKbSA

(DTIpaxosa T.5.', Tanmes H.P.?

!®edepanvhbiil nayunvill yenmp 1yOsaHbIX KVIbMYP
[Tenzenckas o0m., p.1. Jlynuno, Poccus

[lenzenckutl 20Cy0apcmeeHmblll A2papHbplil YHUSEPCUMEm
Ilenza, Poccus

(<) e-mail: prakhova.tanya@yandex.ru

[pencraBneHsl pe3ynbrarbl H3y4eHHsT UCTIONIb30BAHMS MUKPOYIOOPEHHIA U PETYJISTOPOB POCTa IS 110~
BBILLICHUSI TPOAYKTUBHOCTH M KaueCTBEHHBIX IOKa3aresied ropumibl Oenoil. VccnenoBanus MpoBOAMIIN
B ycioBusix Jsiecoctern Cpenrero [ToBomkbst B 20192021 . [TpuMeHeHe OHONOrHUeCKUX TperiapaToB
OKa3bIBAJIO BIMSIHME HA MHTEHCUBHOCTH HAaYaJIbHOTO pocTa ropuriipl. Hanbosnbime nokasareny cuibl po-
CTa CeMsIH IOpUMIIbl OTMEYEHbI Ha BapuaHtax ¢ Mzarpu Bura u MeramukcoM, JUTMHA MPOPOCTKOB CyIIIE-
CTBEHHO IPEBbILLIATIA KOHTPOJIbHBINA BapuaHT Ha 0,63-0,97 cm. [laHHbIe nipenaparbl CTUMYITMPOBAIN YBEIU-
YeHHe BCXOXKECTH ceMsH Ha 2,66—2,98% oTHocHTEbHO K KOHTPOIO (94,68%). YpoxkaiftHOCTh TOpUHIIBI B
cpemHeM 3a 3 roaa cocrasivia 1,39-1,59 1/ra. M3yuaeMble mpenaparbl CriocOOCTBOBAITN YBEITYSHHUIO TTPO-
nykruBHOCcTH Ha 0,02—0,20 T/ra OTHOCHTENBLHO KOHTPOJIBHOTO BapuaHTa., Harbosee s heKTHBHBIMU SIBIISI-
torest M3arpu Buta n Arposepm, IpUMEHEHHE KOTOPBIX MO3BOJIMIIO ITOIYYHTh IPUOABKY YpOsKasi TOPUHLIbI HA
0,17-0,20 1/ra. HanOorbIiasi MaCIMYHOCTh CEMSIH OTMEYEHA Ha BapHAHTAX C PEryJIITopamMu pocta AJbOUT
(26,70%) n Lupkon (26,99%), uto ObLIO BbIILIE KOHTPOIBHOIO BapuaHTta Ha 1,44 u 1,73%. Mopdomerpu-
YecKHUe TOKa3aTelI PaCTEHUI TOPUMIIBI TAKXKE U3MEHSUTHCH B 3aBUCHMOCTH OT TIPUMEHEHHSI CTUMYJISITOPOB
pocra. IIpumenenve [{pkoHa criocoOCTBOBAIO YBEITMUYEHHIO BBICOTHI pacTenwit (1o 102,6 cM) i oOpasoBa-
HHIO HAaMOOJIBILIETO YMCIIa CTPYUKOB Ha 0fiHOM pacterud (194,1 mit.). Mcnosnbe3oBanne ArpoBepma o3BOJIHII0
00pa3oBaHNIO MaKCUMAITFHOTO KommdecTsa Berseit (10,3 mt). Ha BapuanTax ¢ 0Opaborkoii MeraMukcoM u
I'ymarom+7 copmupoBavich Haubosee KpymHbie ceMeHa, Macca 1000 cemsiH cocrasuna 6,82 u 6,79 . Bee
H3y4aeMble Iperiaparhbl ClIOCOOCTBOBAIM CHIDKEHHIO ITPOLICHTHON KOHLIEHTPALMH JIMHOJICHOBOH KUCIIOTHI J10
9,56-10,28%. O6paboTka rpenaparoM Arprka MaKCUMaJIbHO YBEJIMUYHUBACT COJACPIKAHUE SPYKOBOU KUCIIOTBI
110 36,20%, npenaparom L{upkoH — onernHoBoM KUcaoTsl 10 31,20% 1 CHUKaeT KOHLEHTPALMIO JTMHOJIEBOM
U JIMHOJEHOBBIX KUCioT Ha 8,0 n 1,52%. [Ipumenenne MUKpOyI00peHHii 1 peryiisiTOpOB pOCTa MOJKET BbI-
CTyIaTh B KAYECTBE IPUEMOB MOBBILICHHS TPOYKTHBHOCTH T'OPYHLIbI OCIIOMH.

KuroueBnle ciioBa: ropuuiia Oennasi, MUKpOYI0OpEHUS, PETYIISITOPEI POCTa, MPOIYKTUBHOCTh, Mac-
JIMYHOCTB, YKUPHOKUCIIOTHBIH COCTaB, IOCEBHbBIE Ka4eCTBa

METHODS OF INCREASING THE PRODUCTIVITY OF WHITE MUSTARD IN
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The results of the study of the use of microfertilizers and growth regulators to improve productivity
and quality indicators of white mustard are presented. The research was conducted in the forest-steppe
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tions of the Middle Volga Region

conditions of the Middle Volga region in 2019-2021. The use of biological preparations influenced
the intensity of initial growth of mustard. The highest rates of mustard seeds growth force were noted
in the variants with Izagri Vita and Megamix, the length of the seedlings significantly exceeded the
control variant by 0.63-0.97 cm. These preparations stimulated an increase in seed germination by
2.66-2.98% relative to the control (94.68%). Mustard yields averaged 1.39-1.59 t/ha over three years.
The studied preparations contributed to an increase in productivity by 0.02-0.20 t/ha with respect to
the control variant. The most effective are Izagri Vita and Agroverm, the use of which allowed to get
an increase in the mustard yield by 0.17-0.20 t/ha. The highest oil content of seeds was observed in
the variants with the growth regulators Albit (26.70%) and Zircon (26.99%), which was higher than
the control variant by 1.44 and 1.73%. Morphometric indices of mustard plants also changed depend-
ing on the application of the growth stimulants. The application of Zircon contributed to an increase
in the plant height (up to 102.6 cm) and the formation of the highest number of pods per plant (194.1
pcs). The use of Agroverm allowed the formation of the maximum number of branches (10.3 pcs). The
variants treated with Megamix and Humate +7 formed the largest seeds, the weight of 1,000 seeds was
6.82 and 6.79 g. All of the studied preparations contributed to a decrease in the percentage concentra-
tion of the linolenic acid to 9.56-10.28%. Treatment with Agrika maximizes the content of erucic acid
to 36.20%, with Zircon - oleic acid to 31.20% and reduces the concentration of linoleic and linolenic
acids by 8.0 and 1.52%. The use of microfertilizers and growth regulators can act as methods of in-
creasing the productivity of white mustard.

Keywords: white mustard, microfertilizers, growth regulators, productivity, oil content, fatty acid
composition, sowing qualities
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INTRODUCTION

Increased productivity of crops is provided
by expanding the sown areas, development of
optimal cultivation technology, creation of new
varieties characterized by resistance to adverse
environmental factors [1]. Currently, the trend
of modern agriculture development in the di-
rection of biologization involves the transition
to more environmentally friendly agricultural
technologies, which include the use of safe bio-
logical preparations as a factor contributing to
the stress tolerance of plants, their productiv-
ity and efficiency of agricultural production in
general [2]. Every year, the range of biologi-

cal preparations of different chemical nature
(microfertilizers, growth regulators) with a wide
spectrum of action is expanding, and they are
increasingly used in crop production practice.
Their use, in small doses too, helps to stimulate
the growth processes of plants and their protec-
tion from abiotic stresses, increasing soil fertility
and obtaining high yields at lower costs [2, 3].
There is experience in applying microfer-
tilizers to individual crops, including cereals
and legumes [4, 5], oilseed flax [6], rapeseed
[7], etc. [8, 9]. Studies show that the applica-
tion of microfertilizers and growth regulators
had a positive effect on the adaptive abilities
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of plants, on changes in growth processes, and
contributed to an increase in photosynthetic ac-
tivity, seed coarseness, and seed yield [4, 10].
The use of biological complexes did not affect
the biometric indicators of plants, but had an
impact on product quality and plant resistance
to disease and pest damage [3, 11].

White mustard (Sinapis alba) is currently
one of the most used crops by humans, the most
important source of oil seeds, green fodder and
green fertilizer [12]. Potential productivity of
mustard reaches 2.0 t/ha with up to 25-35% oil
content in its seeds, which is used in many in-
dustries [13]. Mustard oil has high taste quali-
ties and is used directly for food purposes, as
well as in cannery, confectionery and baking
industries [14]. The oil of most white mustard
varieties contains up to 24-57% erucic acid and
15-36% oleic acid and is used in technical in-
dustry and for biodiesel production [15]. In ad-
dition, in agronomy mustard is used as a green
fertilizer. Its biomass, having phytomeliorative
and phytosanitary properties, has a positive ef-
fect on soil fertility [13, 16].

White mustard belongs to the early spring
crops and is characterized as a crop capable of
adapting to different growing conditions [14,
17]. However, its productivity largely depends
on the elements of cultivation technology.

The use of micronutrient preparations for
cruciferous crops, including mustard [18], is
insufficiently studied at present, with few stud-
ies conducted in other agroclimatic conditions.

The aim of the research is to study the ef-
fect of microfertilizers and growth regulators
on productivity and quality indicators of white
mustard in the forest-steppe conditions of the
Middle Volga region.

MATERIAL AND METHODS

Studies were conducted in 2019-2021 in
the fields of the Federal Scientific Center for
Bast Crops (Penza Research Institute of Agri-
culture). The object of the research was white
mustard variety Lucia. The experiment con-
sisted in pre-sowing treatment of mustard seeds
with microfertilizers and growth regulators at

the rate of 1.0 1/t, Albit - 0.5 1/ t. The field ex-
periment scheme included the following vari-
ants: 1. Control (no treatment); 2. Gumat+7; 3.
Agroverm; 4. Izagri Vita; 5. Megamix; 6. Zir-
con; 7. Agrika; 8.

The growing season of mustard in 2019 pro-
ceeded in dry conditions, the HTC was 0.65.
The growing season of the crop in 2020 was
characterized by a slight deficit of precipitation,
HTC = 0.72. Conditions of 2021 were more fa-
vorable for crop development and were charac-
terized as moderately arid (HTC = 0.80).

Mustard was sown according to optimal
technological parameters: sowing date - early
(I ten-day period of May), method of sowing
- in-line, seeding rate - 2.0 million germinated
seeds/ha. Total area of the plot is 10 m?, repeti-
tion of the experiment is 4 times. Plot place-
ment is systematic. The forecrop was pure fal-
low.

Setting up the experiment, all yield records,
phenological observations and analyses were
carried out according to the methodological
recommendations’.

RESULTS AND DISCUSSION

Initial changes occurring in seeds after their
treatment with biologically active preparations
have a great impact on the further stage of de-
velopment of the adult organism and on the
productivity of the plant as a whole.

The results of laboratory studies showed that
treatment of mustard seeds with microfertilizers
and growth regulators had a positive effect on
the sowing qualities of seeds, provided higher
rates and increased intensity of initial growth.

The most effective in treatment of mustard
seeds were Izagri Vita and Megamix, applica-
tion of which stimulated laboratory germination
of seeds by 2,66-2,98% relative to the control
(94,68%) with the least significant difference of
1,45%. It should be noted that the germination
energy of treated seeds significantly increased
by 2,06-5,66% relative to the control. It was
the highest when using the microfertilizer 1za-
gri Vita (73,56%) and Agroverm (74,56%) (see
Table 1).

"Methodology of field and agrotechnical experiments with oil crops. Krasnodar: VNIIMK, 2010. 323 p.
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All seeds treated with growth stimulants had
strong seedlings with a length of 2.67-3.64 cm
according to growth force evaluation criteria.
However, the greatest length of seedlings (3.30;
3.60 and 3.64 cm) were variants with Megamix,
Izagri Vita and Agroverm. Initial growth rates
here significantly exceeded the control variant
by 0.63-0.97 cm with the smallest significant
difference of 0.47 cm.

The revealed pattern was also observed in
the weight of 100 sprouts. Under the influence
of the above microfertilizers maximum values
on the weight of 100 sprouts (4,86 and 5,62
g) were noted, which exceeded the control by
19,1-37,7%. Application of Gumat+7 and Agri-
ka contributed to an insignificant increase in
the weight of 100 sprouts by 0.54-0.64 g at the
value of LSDy5 = 0.69 g.

Mustard yields averaged 1.39-1.59 t/ha in 3
years, the preparations used increased produc-
tivity by 0.02-0.20 t/ha relative to the control
variant (see Table 2).

The variants with Gumat+7 and Megamix
had insignificant increase in the yield, only by
0.10 and 0.11 t/ha. The variants with treatment
with microfertilizer Agrika and growth regula-
tors Zircon and Albit showed statistically insig-
nificant increase in seed yield by 0.02 - 0.06 t/
ha (LSD, 5 = 0.09 t/ha).

The most effective were the variants with
the use of microfertilizers Izagri Vita and Agro-
verm, where the highest seed yield was formed
(1.56 and 1.59 t/ha) and the highest overall re-
sponsiveness of the crop to the application of
these biological preparations was noted, the

responsiveness index was 0.08 and 0.11 respec-
tively. It shows that on these variants the plants
not only more effectively absorb the elements
of mineral nutrition from soil and microfertil-
izers, but also synthesize more organic matter
per unit of the absorbed element than on other
variants.

Oil content in mustard seeds varied from
25.26 to 26.99%. All the studied preparations
contributed to a greater or lesser extent to the
oil content of seeds. Seed treatment with bio-
preparations Gumat+7, Agroverm and Agrika
did not significantly increase oil content; the
percentage increase relative to the control vari-
ant was 0,18-0,44 while LSD0O5 = 0,94. The
most significant increase in oil content in seeds
was noted in the variants with treatment with
Megamix, Albit and Zircon, where the increase
was 1,16; 1,44 and 1,73% respectively. Appli-
cation of the microfertilizer Izagri Vita insigni-
ficantly increased the oil content of seeds (by
1.0%), which was within the smallest signifi-
cant difference.

Morphometric traits of mustard plants also
varied depending on the application of growth
stimulants. For example, plant height ranged
from 87.3 c¢cm to 102.6 cm, the coefficient of
variation was 12.56%. The use of the biological
drug Zirkon stimulated the greatest growth of
mustard plants, the height was 102.6 cm with a
height of 91.3 cm in the control variant. When
using Izagri Vita, Agrika and Albit, the height
of mustard plants even decreased to 87.3-89.8
cm compared to the variant without treatment
(see Table 3).

Taoua. 1. [loceBHble KauecTBa TOPUMIIBI OO B 3aBUCUMOCTH OT 00paOOTKH MUKPOYI0OPEHUSIMU

(2019-2021 rr.)

Table 1. Sowing qualities of white mustard depending on the treatment with microfertilizers (2019-2021)

Option Spread Germination energy, Laboratory
Seedling length, cm Weight of 100 seedlings, g % germination, %
Control 2,67 4,08 68,90 94,68
Humate+7 2,88 4,62 71,89 96,91
Zircon 2,78 4,20 72,63 95,34
Agroverm 3,64 5,62 74,56 95,34
Izagri Vita 3,60 4,86 73,56 97,34
Megamix 3,30 4,86 71,25 97,66
Agrika 2,67 4,72 70,96 96,91
Albit 2,70 4,18 72,51 95,71
LSDys 0,47 0,69 2,03 1,45
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Tao6a. 2. [IpoxyKTUBHOCTH TOPYHIIEI B 3aBUCHMOCTH OT ITPUMEHEeHNsT MUKpoynooperuii (2019-2021 rr.)
Table 2. Productivity of mustard depending on the use of microfertilizers (2019-2021)

Option Yield, t/ha Yield increase, t/ha General response Oil content, %
Control 1,39 - -0,09 25,26
Humate +7 1,49 0,10 0,01 25,70
Agroverm 1,59 0,20 0,11 25,67
Izagri Vita 1,56 0,17 0,08 26,26
Megamix 1,50 0,11 0,02 26,42
Zircon 1,45 0,06 —0,03 26,99
Agrika 1,42 0,03 —0,06 25,44
Albit 1,41 0,02 -0,07 26,70
LSDys 0,09 — — 0,94

The greatest number of branches was ob-
served in the variants with treatment with Me-
gamix (9.4 pcs), [zagri Vita (9.4 pcs) and Agro-
verm (10.3 pcs). The maximum number of pods
per plant (194.1 pcs) was in the variant with
Zircon. At the same time, the number of seeds
in a pod practically did not depend on microfer-
tilizers and averaged 5.2- 5.8 units. Productiv-
ity per plant increased depending on the stud-
ied preparations, the weight of seeds per plant
was 4.13-4.74 g, which exceeded the control by
0.14-0.75 g.

Mustard seed fineness changed little depend-
ing on the applied preparations, the coefficient
of variability of this trait was low (3.22%).
The weight of 1000 seeds varied from 6.32 to
6.82 g in the treated variants with 6.26 g in the
control. The largest seeds were formed on the
variant with treatment with Megamix (6.82 g)
and Gumat+7 (6.79 g). In addition, the studied

preparations affect the quality of oil. Treatment
with Zircon increased the oleic acid content up
to 31,20% while it decreased the concentration
of linoleic and linolenic acids by 8,0 and 1,52%
compared to the control (see table 4).

The use of Agrika maximizes the percentage
of erucic acid (up to 36.20%) and minimizes the
content of saturated acids (up to 3.52%). The
highest content of linolenic acid was observed
in the variant without treatment. All the prepa-
rations studied contributed to a decrease in the
percentage concentration of this acid to 9.56-
9.92%, except for Megamix and Agrika, where
its content was 10.20 and 10.28%, respectively.

CONCLUSION

Application of microfertilizers and growth
regulators to varying degrees affects the produc-
tivity, quality and sowing properties of white
mustard and can act as methods of increasing

Ta6ua. 3. DneMeHTHl CTPYKTYpBI ypOrKasi TOPYHUITHI B 3aBUCUMOCTH OT TTPUMEHEHHUS] MUKPOYI00peHU

(2019-2021 rr.)

Table 3. Elements of mustard yield structure depending on the application of microfertilizers (2019-2021)

Ontion Plant height, Number per plant, pcs. - Weight, g -
cm branches seedpods seeds in a pod seeds perone

plant seeds

Control 91,3 8,8 135,1 5,3 3,99 6,26
Humate +7 92,6 7,9 139,8 5,4 4,16 6,79
Zircon 102,6 8,5 194,1 5,8 4,53 6,56
Agroverm 97,8 10,3 169,2 5,4 4,74 6,47
Izagri Vita 89,6 9,4 146,9 5,2 4,71 6,57
Megamix 96,4 9,4 176,0 5,6 4,18 6,82
Agrika 89,8 7,9 151,5 5,2 4,67 6,41
Albit 87,3 7,1 168,4 5,3 4,13 6,32
V, % 12,56 27,15 23,73 4,44 22,11 3,22
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Taoua. 4. Cozxepn(aHI/Ie OCHOBHBIX JXHPHBIX KUCJIOT B MACJIOCEMCHAX IroOpyrIlbl B 3aBUCUMOCTH OT

MHUKpOyn00peHui, %

Table 4. The content of essential fatty acids in mustard oilseeds depending on microfertilizers, %

Option Acid

saturated olein linoleic linolenic erucic
Control 3,61 21,75 19,66 11,04 28,13
Humate +7 3,72 30,99 10,26 9,56 30,45
Agroverm 3,52 29,20 9,86 9,90 32,42
Izagri Vita 3,74 30,68 10,80 9,58 30,44
Megamix 3,52 29,16 9,57 10,20 32,65
Zircon 3,80 31,20 11,26 9,52 29,06
Agrika 3,52 25,13 10,07 10,28 36,20
Albit 3,71 30,18 10,63 9,92 30,96

its productivity. The most effective are Isagri
Vita and Agroverm, the use of which has pro-
vided an increase in mustard yield by 0.17-0.20
t / ha compared with the control variant. The
use of Megamix, Albit and Zircon increased the
oil content of seeds by 1.16-1.73%. The largest
seeds were formed on the variants with treat-
ment with Megamix and Gumat+7, the weight
of 1000 seeds was 6,82 and 6,79 g. The high-
est intensity of mustard seed germination was
noted on the variants with Izagri Vita and Me-
gamix where the rates of initial growth and
germination significantly exceeded the control
variant by 0,63-0,97 cm and 2,66-2,98%.
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CEJEKHUOHHO-UMMYHOJUIOI'MYECKHUE CXEMbI B ATPOIIEHO3AX
MOPKOBHU CTOJOBOM

) CoxoJioBa JI.M.
Bcepoccuiickutl Hay4HO-UCCIe008aMenbCKUll UHCMUmym 08owegoocmea — gunuan edepanvriozo
HAYYHO20 YEHMPA 080Ue800CMEd

Mocxksa, Poccus
(C<De-mail: Isokolova74@mail.ru

[IpencraBieHsl pe3yabTaThl UCCIIEAOBAHUH, HAIPABICHHBIX HA MOBBIIICHNE YCTOWYHBOCTH MOPKOBH
CTOJIOBOW K OCHOBHBIM 0OJIE3HSIM KYJIBTYPHI, BEI3BAHHBIM I'puOaMu ponioB Alternaria v Fusarium. OtMede-
HO, 4TO (py3apHO3HBIC U ATBTEPHAPUO3HBIC HHPEKIIUU OPAKAIOT PACTEHUSI MOPKOBH IIEPBOTO U BTOPOTO
roja KU3HU, CHIKAIOT JIEKKOCTh KOPHEIUIOAOB B MEPUOJ XPAHEHUS, BBI3BIBAIOT BBINAIbI CEMEHHUKOB,
YXYALIAIT MOCEBHBIC KAY€CTBA CEMSIH, YTO HAHOCHUT 3HAYUTEIbHBIN YIIIEPO TOBAPHOMY IPOU3BOJCTBY U
ceMeHOBO/ICTBY. MHoronetnue nccnenosanus (2011-2020) nposeners! B MOCKOBCKO# o6iacTu. DKcrie-
PUMEHT ITOCTaBJIeH Ha HH(PEKIIMOHHO-TTPOBOKAIIMOHHEIX (OHAX, i1 Vitro U B €CTECTBCHHBIX HEKOHTPOJIH-
pyeMbIx ycioBusix. OObEKT HCCIeIOBaHUS — PACTEHHSI MOPKOBHU CTOJIOBOM MIEPBOTO M BTOPOTO TO/IA KU3HHU.
Hcnonp30BaH UCXOMHBINH, COPTOBOM, IMHEHHBIH, CENCKIIMOHHBINA ¥ THOPHUIHBINA MaTeprall MOPKOBHU CTOJIO-
BOH OTEYECTBEHHOW CEJICKIIUU, 00Pa3Ibl HHOCTPAHHOW CEJICKIUH, (PUTOMATOTCHHBIC TPUOBI U3 POJIOB Al-
ternaria, Fusarium. B 1abopaTopHBIX U MMOJIEBBIX YCIOBUSAX Pa3paboTaHbl OCHOBHBIC TIPUHITUIIBI TOCIIEI0-
BaTEIIHFHOCTH BKJTFOUCHUS PA3IMIHBIX METOIOB MMMYHOJIOTHICCKON OTICHKH M YePEIOBAHUS ABYJICTHETO U
OITHOJICTHETO ITUKJIOB PA3BUTHS PACTEHUH MOPKOBH CTOJIOBOM B CXEMBI COOTBETCTBYIOIINX ITAIOB CEIICK-
LIMOHHOTO TPOIIEcCca C IEIBI0 MOBBIIICHUS HAPSKEHHOCTH U APPEKTUBHOCTHA 0TOOPA, SKOHOMHUHU BpeMe-
HU U CEJIEKIIMOHHOTO MaTepuaia. B xone uccnenoBanuii BhIsIBJICHA TECHASI KOPPEISIITUOHHAS 3aBUCUMOCTh
MEXJ1y JTa0OpPATOPHBIMU U TOJICBBIMH OIBITAMU. B pe3ynbraTe IpuMEHEHHs CeIEKIIMOHHO-UMMYHOJIOTH-
YECKUX CXEM B CEJICKIIMOHHOM TIPOIECCE, BBIACICHBI COPTa — UCTOYHUKU TPYIIIIOBON yCTOWIMBOCTH K
nopaxkeHuto Alternaria v Fusarium Ha pa3HBIX CTaIUIX OHTOTEeHe3a: buprouekytckas, Cypaxenckas 1,
Buramunnas 6, HUMOX 336, Jlocunooctposckas 13, beccepnueunanas, Koponesa ocenn, Jleanap, Mo-
ckoBckas 3uMHsis A-515, llantens posin, Hroanc.

KaroueBbie ci10Ba: CXeMbl, CEICKIIMOHHBIN MPOIECC, MOPKOBb CTOJIOBAs, YCTOWYUBOCTD, Alternaria,
Fusarium

SELECTION AND IMMUNOLOGICAL SCHEMES IN AGROCENOSES
OF TABLE CARROTS

DSokolova L.M.

All-Russian Scientific Research Institute of Vegetable Growing —
Branch of the Federal Scientific Vegetable Center

Moscow, Russia

(XD e-mail: Isokolova74@mail.ru

The results of research aimed at increasing the resistance of carrots to major crop diseases caused by
fungi of genera Alternaria and Fusarium are presented. It has been noted that fusarium and alternaria
infections affect carrot plants in the first and second years of life, reduce the storability of root crops dur-
ing storage, cause seed-breeding plot drop-out, deteriorate seed quality, which causes significant damage
to commercial production and seed production. Multi-year studies (2011-2020) were conducted in the
Moscow region. The experiment was performed on infection-provoking backgrounds, in vitro and under
natural uncontrolled conditions. The object of the study were table carrot plants of the first and second year
of life. The original, varietal, linear, breeding and hybrid material of table carrots of domestic selection,
samples of foreign selection, phytopathogenic fungi of genera Alternaria, Fusarium were used. In the labo-
ratory and field conditions the basic principles of the sequence of inclusion of different methods of immu-
nological evaluation and alternation of two-year and one-year cycles of development of carrot table plants
in the schemes of the corresponding stages of the breeding process to increase the intensity and efficiency
of selection, saving time and breeding material were developed. The research revealed a strong correlation
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between laboratory and field experiments. As a result of the application of selection and immunological
schemes in the breeding process, the following varieties - sources of group resistance to Alternaria and Fu-
sarium infestation at different stages of ontogenesis were identified: Biryuchekutskaya, Surazhevskaya 1,
Vitaminnaya 6, NIIOH-336; Losinoostrovskaya 13; Bessertsevinnaya, Queen of Autumn, Leandr, Moscow

winter A-515, Chantene royal, Nuance.

Keywords: schemes, breeding process, table carrot, stability, Alternaria, Fusarium
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INTRODUCTION

Cultured carrot (international scientific name
- Daucus carota) is the main vegetable crop of
the celery family (Apiaceae). It is widely culti-
vated in different countries of the world. In the
Russian Federation carrot occupy about 70 000
ha, of which 30 000 ha are in commercial farms
[1]. Exposure of carrot roots to fungal diseases
in the world is more than 40%, which is the
main difficulty in obtaining consistently high
yields, maintaining marketability, growing full-
grown healthy seeds' [2, 3]. The situation is ex-
acerbated by the emergence of resistant isolates
of various pathogens [4]. The most common
and harmful diseases on table carrots are alter-
nariosis and fusariosis. Alternariosis mortality
during storage is 30-60% (rotting of the growth
point), and seed drop-out can reach 40% [5].
The disease leads to leaf desiccation and die-off
in first-year seedlings, resulting in a 70- 80%
decrease in root crop [6]. Table carrot diseas-
es caused by fungi of the genus Fusarium are
widespread, the frequency of their occurrence
is 67% [7]. Infestation of carrot seeds with Fu-
sarium can reach 35%, resulting in a 40% de-
crease in yield [8-10].

Chemical measures to control diseases in
table carrots are often ineffective and not envi-

ronmentally friendly. In this regard, there is a
need to create tolerant varieties and hybrids of
table carrots to the complex of pathogens [11].

Evaluation of varieties and hybrids for dis-
ease tolerance is one of the stages of breeding
and state testing for economic value. Evaluation
of variety samples at all stages of the breeding
process should be carried out on infection-pro-
voking backgrounds, in vitro and under natural
uncontrolled conditions? [ 12—14].

The aim of the research is to study ways of
increasing the efficiency of targeted breeding
of carrots for tolerance to Alternaria and Fu-
sarium, including a comprehensive assessment
at all stages of ontogenesis of the crop with sub-
sequent isolation of gene sources to create new
varieties and hybrids.

MATERIAL AND METHODS

Studies were conducted in the Department
of Breeding and Seed Production of the All-
Russian Research Institute of Vegetable Grow-
ing - branch of the Federal Scientific Vegetable
Centre in 2011-2020 on infection-provoking
backgrounds, in vitro and under natural uncon-
trolled conditions. The object of the study was
table carrot plants of the first and second year
of life. The initial, varietal, linear, breeding and

'Sokolova L.M. Creation of the source material of table carrots for breeding for resistance to Alternaria radicinia M.DR.ET
E, Fusarium avenaceum: Ph.D. in Agricultural Sciences: Vereya, 2010. 171 p.

2Sokolova L.M. Creation of the source material of table carrots for breeding for resistance to Alternaria radicinia M.DR.ET
E, Fusarium avenaceum: Ph.D. in Agricultural Sciences: Vereya, 2010. p. 32.
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hybrid material of table carrots of domestic se-
lection, as well as samples of foreign selection,
phytopathogenic fungi of genera Alternaria,
Fusarium were used. In the course of the study,
the methods of the breeding process were stud-
ied.

The recordings and observations were per-
formed according to standard (according to
GOST 12044-93 of 2000) and new improved
methodological recommendations (see foot-
note 2)**. In the course of investigations, the
following methods were tested and widely used
for tolerance to the most common pathogens of
p. Fusarium and Alternaria: isolation of fungal
phytopathogenic microorganisms from soil and
plant material, identification of seed material
spoilage, obtaining pure cultures of pathogens,
evaluation of pathogen aggressiveness, mul-
tiplication of infectious substrate (grain mix-
ture + pathogen) with subsequent introduction
to provocation-infectious background, artificial
infection of detached leaf plates (spraying) in-
fection of root discs (mycelial blocks), infec-
tion on provocation-infection backgrounds
of vegetating carrot plants of the first year of
life (spraying with a suspension of pathogen
spores), infection of seedlings under laboratory
conditions (introduction of pathogenic sub-
strate into sterile sand), evaluation of carrot ta-
ble plants on culture liquid filtrate (mycotoxin)
(see footnotes 3, 4). Mathematical processing
of the data was performed by methods of analy-
sis of variance and correlation analysis®, as well
as with the help of Microsoft Office Excel ap-
plication software package.

RESULTS AND DISCUSSION

Variety response to local pathogen 4. ra-
dicina, A. dauci and F. oxysporum lesions was
performed in uncontrolled conditions of open
ground on natural background, the intensity of
which depends on agroclimatic parameters of

the year, and on artificial provocative-infec-
tious backgrounds with controlled infection
load. This allowed annual objective control of
samples by resistance groups. The following
tolerant varieties were identified as a result of
the annual lamina evaluation to alternaria and
fusariosis: Surazhevskaya 1, Vitaminnaya 6,
Losinoostrovskaya 13, Leandr, Moskovskaya
zimnyaya A-515, Koroleva oseni, Chantene
royal, Nuance (see Fig. 1).

During 7 months of storage the death of root
crops from the complex of pathogens can reach
60%. In this regard, an informative method by
which we can determine the safety of root car-
rots is the infection of carrot table root discs
with agar blocks of the most harmful pathogens
Alternaria radicina and Fusarium oxysporum.
The varieties Vitaminnaya 6, Losinoostrovska-
ya 13, and Surazhevskaya 1 stood out as a result
of the comprehensive evaluation (see Fig. 2).

The method of seedling infestation under
laboratory conditions is simple and accessible.
This method provides, regardless of the grow-
ing season, the results comparable with the
field assessment on provocation backgrounds
A. radicina and F. oxysporum. As a result of
the complex evaluation, four tolerant varieties
were identified.

Preliminary evaluation by this method al-
lows to significantly reduce the amount of
analyzed material in provocative backgrounds
in the open ground, as susceptible samples are
excluded from the work, and tolerant genotypes
of variety samples are planted in vessels for
further breeding work.

A method for evaluating the resistance of
carrot table seedlings by using mycotoxins
produced by A. radicina and F. oxysporum has
been improved and tested. The method was
based on germination of seeds on filter paper
moistened with culture liquid filtrate. Stability
of samples was determined by germination and
linear parameters of the seedlings. The higher

*Leunov V.I., Khovrin A.N., Tereshonkova T.A., Sokolova L.M., Gorshkova N.S., Alexeeva K.L. Methods for accelerated
breeding of carrot for complex resistance to fungal diseases (Alternaria and Fusarium). Guidelines. M., 2011. 61 p.

*Sokolova L.M. System of breeding and immunological methods for creating varieties and hybrids of table carrots with group
resistance to Alternaria sp. and Fusarium sp. with a complex of economically valuable features: Ph.D. in Agricultural Sciences,

Odintsovo, 2020. 321 p.

“Dospekhov B.A. Methodology of Field Experiment. Moscow: Kolos. 1985. 415 p.
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Puc. 2. Ouenka yCTORYMBOCTH K TaTroreHam Alternaria radicina, Fusarium oxysporum KOPHEIUIOJOB MOPKOBH CTOJIOBOM METOJOM JIUCKOB
Fig. 2. Assessment of resistance to pathogens Alternaria radicina, Fusarium oxysporum of table carrots root crops by disk method (agar
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this indicator, the higher is the resistance of the
studied sample to pathogens. The seeds of al-
ternariosis and fusarium-resistant forms of the
crop do not germinate [15, 16]. Seven tolerant
cultivars of carrot to A. radicina and F. oxyspo-
rum were isolated in the course of studies.

The proposed method by infection with pure
cultures of pathogens, as well as the method of
seedling evaluation, allows to accelerate the
breeding process by selecting resistant geno-
types at the seedling stage and obtain their seed
progeny in the one-year cycle of development.
For this purpose, selected seedlings are planted
in vessels and grown under open-ground condi-
tions up to the steckling stage. After the vernal-
ization and spring analysis of the main features,
the selected uterine rootstocks are again planted
in vessels and placed in a heated greenhouse for
the cultivation of seed plants.

The basic principles of the sequence of in-
clusion of different methods of immunological
evaluation and alternation of 2- and 1-year de-
velopment cycles of table carrot plants in the
schemes of the corresponding stages of the
breeding process were developed to improve
the efficiency of genotype selection and re-
sistance breeding, as well as to save time and
breeding material (see Fig. 3-5).

During the years of research, 54 tolerant,
247 weakly susceptible, 213 moderately sus-
ceptible, and 124 susceptible varieties of table
carrots were identified. As a result of breed-
ing and immunological system of methods,
valuable material of table carrots, which has
complex tolerance to the most harmful patho-
gens from p. Alternaria and p. Fusarium, was
obtained from the lines of varietal and hybrid
populations.

At the nursery stage of source material, the
assessment of plant resistance in soil infec-
tious backgrounds was used in combination
with spraying vegetating plants with spore
suspension and a set of laboratory methods
(see Fig. 4).

The result is an initial assessment of the sta-
bility of the collection, an assessment of the
alignment of the samples and sequential indi-
vidual sampling of root crops before and after
storage.

At the breeding nursery stage, the same
scheme is recommended for plants of the first
year of life as for the nursery of the original ma-
terial (see Fig. 5). For plants of the second year
of life, it is necessary to use the method of in-
fection of rootstock discs, which should result
in the assessment of alignment of linear and
varietal samples by resistance and individual
selection of resistant plants (by preserving the
head of the rootstock). Preliminary assessment
of resistance to leaf diseases is recommended
by spraying with a suspension (the result after
14 days) under laboratory conditions. In this
way, a comprehensive control of seedling resis-
tance and seed collection from resistant plants
is carried out.

Information on the application of breeding
and immunological schemes and the complex
conduct of laboratory and field experiments is
obtained by examining the correlation between
all the studies. As a result of the correlation
analysis conducted from 2011 to 2019, a fairly
close correlation relationship between field and
laboratory experiments was noted (see table).

There was a close correlation between
spraying of leaf plate spore with suspension (4.
dauci) and infection background (4. dauci) (r =
0.73), infection of seedlings (4. radicina) and
infection background (Fusarium) (r =0.70), in-
fection of seedlings (Fusarium) and infection
background (A. radicina) (r = 0.70), seedling
infection (Fusarium) and infectious background
(Fusarium) (r = 0.75), disc infection with my-
celial blocks (4. radicina) and infectious back-
ground (4. radicina) (r = 0.74), disc infection
with mycelial blocks (4. radicina) and infec-
tious background (Fusarium) (r = 0.71), infec-
tion of discs with mycelial blocks (Fusarium)
and infectious background (4. radicina) (r =
0.71), infection of discs with mycelial blocks
(Fusarium) and infectious background (Fu-
sarium) (r = 0.73), culture fluid filtrate (4. ra-
dicina) and infectious background (4. radicina)
(r = 0.78), culture fluid filtrate (4. dauci) and
infectious background (4. dauci) (r = 0.74),
culture fluid filtrate (Fusarium) and infectious
background (Fusarium) (r = 0.71).
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Selection and immunological schemes in agrocenos

es of table carrots Sokolova L.M.

Nursery of parent material

Infection backgrounds + spraying of vegetative plants

and a set of laboratory methods

Initial assessment
of collection
sustainability

Evaluation of sample
uniformity +
individual selection
of resistant plants

Selection of resistant root
crops before
and after storage

Puc. 4. Cxema o1leHKH YCTOWIUBOCTH B TUTOMHUKE UCXOTHOTO MaTepHaia

Fig. 4. Sustainability assessment scheme in a parent material nursery

Infection backgrounds +
spraying of vegetative
plants + laboratory

experiments

Plants of the first Assessment of line and variety
Breeding P year of life Ir}festat@on of rootstock | | samples uniformity for stability
ur discs with a fungus
ursery ! Plants of the second —* culture ™| Individual selection of resistant plants
year of life —{ Spraying of the lamina (by preserving the head
with suspension of the root crop)
(laboratory)
—»{ Stability control of seedlings

and parental plants under natural
conditions, seed collection
from resistant plants

Puc. 5. Cxema OLIEHKH YCTOWYMBOCTH B CEJICKIIMOHHOM ITUTOMHUKE
Fig. 5. Sustainability assessment scheme in a breeding nursery

KoppensiinoHHas 3aBUCMMOCTb MEXY I10JEBBIMU U JJAOOPATOPHBIMU METOaMU OLIEHKU YCTOHYUBOCTH
MopkoBHU cTonoBoit (2011-2019 rr) (r £+ Sr)

Correlation relationship between field and laboratory methods for assessing stability of table carrots

(2011-2019) (r + Sr)

Infection Infection back d Infection Natural
Parameter background n eaon da.c ) gr;) un background background
(A. dauci) - radicina (Fusarium) (control)
Field experiments
Infection background (4. dauci) 0,69 0,65 0,55
Infection background (A. radicina) 0,63 0,58
Infection background (Fusarium) 0,57
Laboratory experiments

Spraying with a suspension of leaf plate

spores (4. daucti) 0,73 0,56 0,43
Culture fluid filtrate

(4. dauci) 0,74 0,68 0,59
Infestation of seedlings (4. radicina) 0,61 0,71 0,44
Infestation of discs with mycelial blocks

(4. radicina) 0,74 0,71 0,41
Culture fluid filtrate (A4.radicina) 0,78 0,63 0,45
Infestation of seedlings (Fusarium) 0,7 0,75 0,53
Infestation of discs with mycelial blocks

(Fusarium) 0,71 0,73 0,64
Culture fluid filtrate (Fusarium) 0,68 0,71 0,54
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CONCLUSION

Immunological selection is very important
in crop breeding for disease resistance. The ba-
sis is the hereditary heterogeneity of the variety
or lines with respect to one or another disease.
Field or relative resistance is the most complex
type of resistance. Field resistance can be deter-
mined by such features as absence or presence
of leaf pubescence, coloration, leaf structure,
etc. At the same time, the effectiveness of the
breeding process on the trait of disease resis-
tance depends mainly on the methods of evalu-
ation and selection of starting material. Variety
samples response to pathogen damage should
be carried out in uncontrolled conditions of the
open ground on a natural background, the in-
tensity of which depends on agroclimatic pa-
rameters of the year, on artificial provocative
infectious backgrounds with controlled infec-
tion load. This allows annual objective evalua-
tion of samples by resistance groups.

The proposed integrated assessment ac-
celerates the breeding process by carrying out
preliminary diagnosis of resistance of a large
number of carrot varieties and the selection of
resistant genotypes. Preliminary evaluation by
laboratory methods in the off-season period al-
lows to significantly reduce the volume of ana-
lyzed material in provocative backgrounds in
the open ground, since susceptible samples are
excluded from the work. The studies revealed a
close correlation between laboratory and field
experiments.

As a result of the application of breeding
and immunological schemes in the breeding
process in the conditions of the Moscow Re-
gion, the following varieties - sources of group
resistance to Alternaria and Fusarium defeat
at different stages of ontogenesis - were iden-
tified: Biryuchevskaya, Surazhevskaya 1, Vi-
taminnaya 6, NIIOH 336, Losinoostrovskaya
13, Bessertsevinnaya, Koroleva oseni, Leandr,
Moskovskaya zimnyaya A-515, Chantene roy-
al, Nuance.
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TEXHUYECKAS SQHTOMOJIOI'UA: UCTOPUSA, COBPEMEHHOE
COCTOSAHUE U NEPCIIEKTUBbBI PA3BBUTUSA

C<)AngpeeBa U.B., lllatanosa E.N., YabsinoBa E.I'., XonakoBa A.B.,
Arpuxosinckas H.U., TosmoxBact K.C.
Cubupcku ghedepanvhviti Hayunslil yenmp azpobuomexnonocuti Poccutickoul akademuu Hayk

HoBocubupckas obnacts, p.i. KpacHooock, Poccust
(XDe-mail: iva2008@ngs.ru

HpCI[CTaBHCHBI HalpaBJICHUA TEXHUYECKOMN OHTOMOJIOTHH, BKIIIOYAIOIUEC TPON3BOACTBO JKMUBBIX
HACEKOMBIX H MPOAYKTOB WX KM3HEAEATEFHOCTH, TIepepaboTKy HACEKOMBIMH OPTaHHMYECKUX OTXO-
JIOB C TIoTy4eHreM Onoynoopenuii. OcBelieHbl HCTOPUYESCKHIE aCTIEKThl CTAHOBJICHHSI, PA3BUTHS U CO-
BPEMEHHOE COCTOSHHME 3TOM MPaKTHUYSCKOM OTpaciiu OuorexHosorud B Poccuu u B Ipyrux crpaHax.
PasBenenue HacCEKOMBIX 1 KIIETIIEH TTpelycMaTprBaeT X UCTIONF30BaHUE B Ka4eCTBE OMBLUTUTENEH pac-
TEHHIA; SHTOMO(AroB 1 repOr(aroB — JUIsl 3aIUTHI KYJIBTYPHBIX PACTEHHI OT BPEIUTEICH U COPHSIKOB;
¢durodaros, cryKamx B KaueCTBE TECT-00EKTOB, — JUIsl OLIEHKH CPE/ICTB KOHTPOJISI HX YUCICHHOCTH;
KOPMOBBIX BUIOB HACEKOMBIX — [T KOPMIICHHSI JOMAIITHAX U CETbCKOXO3SHCTBEHHBIX KIUBOTHBIX. 3a-
TPOHYyTa MpoOJIeMa PEIKUX U UCUYE3arONINX BUIOB TOJIE3HBIX HaCEKOMbIX. [l0kazaHa HEOOXOMUMOCTh
UX UCKYCCTBEHHOTI'O Pa3BECHUS C IICJIbIO IAJIbHEHIIIEro 000TallieHNsl MU arpo- ¥ 0rorieHo30B. [1po-
AHAJTM3UPOBAH OIIBIT MCIIOJIH30BAHHS Pa3HBIX BHIOB HACEKOMBIX TSI TIepepabOTKN OTXOI0B OpraHH-
YECKOTO IMTPOUCXOKICHUS C TIOTydeHHeM 300rymyca. OTMEUeHO BaXKHOE IMPAKTUIECKOE 3HaYeHE OHO-
JIOTUYECKH aKTUBHBIX BELIECTB, NIOJy4YaeMbIX OT HpeacTaBuTenel kinacca Insecta. [lTomumo Tpanuuu-
OHHBIX TIPOAYKTOB KM3HEAEATENIFHOCTH HACEKOMBIX (TIPOIYKTHI MTYEIOBOACTBA, MIEITKOBOACTBA), HA
MHUPOBOM PBIHKE MTOJIB3YIOTCSI CIPOCOM OETIKOBBIN KOHIIEHTPAT, XUTHH ¥ €0 MPOM3BOIHBIC, KOMILIEKC
JKUPHBIX KHUCJIOT, OPraHnv4cCKue (bOprI MUHEPAJIbHBIX BEUICCTB, MCIIAHUHBI, aHTI/IMI/IKp06HI)IC TICII-
TH/IbI, TOPMOHBI HACEKOMBIX, HAIIEAIINE IPUMEHEHIE B MEUIIMHE U BETEPUHAPHH, KOCMETOJIOTHH,
JKUBOTHOBOJICTBE, PACTCHHEBOJCTBE M 3aIllUTE PACTECHHM, MHIIEBON MPOMBIIUICHHOCTH U B JPYTHX
OTpaCIIsIX YEJI0BEUCCKOM JACATeIbHOCTH. PaccmarpuBaeTcs BOIPOC 0 BOBMOXXHOCTH H 11€1€CO00pa3HO-
CTH HCTIOJIH30BaHUS OSITKOBOW MYKH, TIOTyYeHHOU U3 PsA/ia BUIOB HACEKOMBIX, JUTS T TAHNS YeJIOBEKa.
B 0030pe 0CHOBHOI aKIIEHT cJiellaH Ha JIOCTH)KEHHSIX U OIBITHBIX pa3padoTKax B 00IAaCTH TEXHUYE-
CKOM HTOMOJIOT YU, TIOJTyYeHHBIX YUECHBIMU M TIPAKTUKAMH B YCIIOBUsIX 3anaaHoi Cuoupw.

KuroueBble cj10Ba: TeXHOOMOIIEHO3, puTOo(arn, SHTOMO(aru, KOpPMOBBEIC HACEKOMBIE, TPOIYKTHI
JKU3HEICATEIIPHOCTH HACEKOMBIX
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Areas of technical entomology, including the production of living insects and their products,
processing of organic waste by insects to produce bio-fertilizers are presented. Historical aspects
of the formation, development and current state of this practical branch of biotechnology in Russia
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and other countries are covered. Breeding insects and mites includes their use as plant pollinators;
entomophages and herbophages - to protect cultivated plants from pests and weeds; phytophagans
serving as test objects - to evaluate means of controlling their numbers; feeder insect species - to
feed domestic and farm animals. The problem of rare and endangered species of useful insects is
touched upon. The necessity of their artificial breeding for further enrichment of agro- and bioceno-
ses is shown. The experience of using different types of insects to process waste of organic origin
to produce zoogumus is analyzed. The important practical value of biologically active substances
derived from members of the class Insecta are noted. In addition to traditional insect products (bee
products, sericulture products), protein concentrate, chitin and its derivatives, complex fatty acids,
organic forms of minerals, melanins, antimicrobial peptides, insect hormones, which find use in
medicine and veterinary medicine, cosmetology, animal husbandry, crop production and plant pro-
tection, food industry and other areas of human activity are in demand in the global market. The
question of the possibility and expediency of using protein meal obtained from a number of insect
species for human nutrition is being considered. The review focuses on the achievements and expe-
riential developments in technical entomology obtained by scientists and practitioners in the condi-

tions of Western Siberia.
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Technical entomology as a separate branch
of biotechnology in Russia was formed in the
70-80s of the 20th century and is now directly
related to many areas of human activity. The
main goal of technical entomology is the study
of theoretical and practical aspects of the repro-
duction of insect cultures as artificial popula-
tions with specified properties under conditions
of technobiocenosis. The technobiocenosis is
understood as a life system of an artificial popu-
lation, simplified in terms of food connections,
stable in terms of conditions of existence and
directed by the experimenter. It is a closed bio-
technological ecosystem created by man [1, 2].

The beginning of the formation of a new
direction in biotechnology was the 1984 All-
Union meeting "Modern Issues of Biotechnol-
ogy", where insects were first considered as ob-
jects of this science. In 1986, the first All-Union
Conference on industrial breeding of insects

was held, which defined the main objectives of
technical entomology' and highlighted its three
key areas:

— production of live insects used for various
purposes;

— processing of organic waste by insects to
produce bio-fertilizers;

— production of insect metabolic byproducts.

The directions of technical entomology for-
mulated in the 1980s of the last century have
not lost their relevance at the present time. Each
of these directions at the present stage includes
even a wider range of tasks.

The aim of the article is to analyze the his-
torical aspects and the current state of scientific
and practical directions of use of insects and
their metabolic byproducts for human needs, as
well as to evaluate the prospects for further de-
velopment of methods of technical entomology,
including in the West Siberian region.

'Tamarina N.A. Zoocultures as artificial populations. Abstracts of the First All-Union Meeting on Zoocultures. M., 1986. V.

1. pp. 69-72.
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Production of live insects used for various
purposes. Targeted breeding of insects and
mites (which are also objects of technical en-
tomology) involves the realization of various
tasks. Bumblebees, honeybees, and leaf-cutter
bees are bred as insect pollinators. Insect cross-
pollination of crops multiplies the yield and
the quality of seeds and fruits [3, 4]. In gen-
eral, there are more than 100 species of crops
that need cross-pollination by insects. These
include buckwheat, sunflower, sainfoin, mus-
tard, rapeseed, watermelons, melons, pump-
kins, cucumbers, zucchini, cabbage seeds,
onions, many fruit and berry crops. According
to Sh. R. Suyarkulov?, in Fergana Valley, the
yield of almond fruit with additional pollina-
tion by bees increased by 17 times, apple and
plum trees by 8 and 11 times respectively. The
use of honeybees as pollinators allows farmers
who grow fruit and berry products to increase
their income by 10-12 times. In Western Sibe-
ria, employees of the Siberian Research Insti-
tute of Soil Management and Chemicalization
of Agriculture (SibNIIZKhim) have devel-
oped a technique for the accelerated breeding
of bumblebee families and their use, which al-
lows to double the seed productivity of clover
[5], and recommendations® for the protection
and rational use of wild solitary bees nest-
ing in the soil for pollination of alfalfa. Ob-
taining bee-pollinated hybrids of cucumber
and tomato in modern greenhouse vegetable
production becomes impossible without the
use of specially bred bumblebees. Currently,
they are used in almost all large greenhouse
farms in Russia. Of the known 300 species of
bumblebees in practice mainly one species is
used - large ground bumblebee (Bombus ter-
restris L.)*. The leading producers of com-
mercial bumblebees in the world are BioBest
(Belgium), Koppert (Netherlands) and BioBee

(Israel). In the Russian market, only Compass
and Bumblebee Company remain active pro-
ducing about 10 thousand and 30 thousand
bumblebee colonies per year, respectively”.

It should be noted that in Russia, as well
as all over the world, frequent mass death of
bee families in apiaries due to violations of
technologies of insecticide use [6], reduction
in the number of natural populations of bees
and bumblebees under the influence of anthro-
pogenic factors and changing climatic condi-
tions has been recently recorded [7, 8]. In this
regard, artificial breeding and the use of insect
pollinators is one of the most important tasks
in crop production.

Some species of insects are grown and used
as food for animals. Domestic and exotic ani-
mal species - lizards, amphibians, some mam-
mals, birds, fish - eagerly use insects as food,
especially in a live form. Among forage spe-
cies, representatives of direct-winged insects
(crickets, grasshoppers, locusts), cockroaches
(marbled, Turkmen and Madagascar cock-
roaches), hard-wings (large and small meal-
worms, zophobas), diptera (larvae of different
fly species, ringed mosquitoes) and others are
in greatest demand. [9-12]. Recently, these
products are becoming more and more in de-
mand in pet stores, zoos, breeders of exotic
species of pets.

A large block in technical entomology is
the breeding of insects for plant protection
purposes. Phytophagous insects are bred as
test objects to determine the effectiveness of
insecticides, assess plant resistance to pests,
genetic control methods (obtaining sterile in-
sects), breeding entomophages and the devel-
opment of entomopathogens. At present, both
in our country and abroad, a large number of
techniques and methods of breeding certain
species of plant-eating insects, including par-

*Suyarkulov Sh.R. The role of pollinators in intensive agriculture. URL: http://asprus.ru/blog/rolopylitelej-v-usloviyax-

intensivnogo-zemledeliya/

3Grebennikov V.S. Ground bees - pollinators of alfalfa in the Novosibirsk and Omsk regions: methodological recommendations.
Novosibirsk: Siberian Branch of the Academy of Agricultural Sciences, 1983. 12 p.

“Technology of industrial bumblebee breeding. The use of bumblebees in modern greenhouse enterprises. URL: https://www.

shmel.org/article/article.php?storyid=5

’Commercial  bumblebee  breeding.
shmelei5c626eflad73a000adfe2eaf

URL:

https://zen.yandex.ru/media/pchelovod/kommercheskoe-razvedenie-
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ticularly dangerous pests, are well known. In
the laboratory of biomethod at the SibNIIZhim
SB VASKhNIL, methods of breeding meadow
moth® and other lepidopterous pests were de-
veloped to evaluate biological plant protec-
tion agents and to develop entomopathogenic
viruses that serve as the basis for bioprepara-
tions. At present, the Laboratory of Biological
Control of Phytophages and Phytopathogens
of the Siberian Federal Scientific Center for
Agrobiotechnology of the Russian Academy
of Sciences - SFNCA RAS (a receiver of the
Siberian Branch of VASKhNIL and RAAS)
has developed a technique for mass reproduc-
tion of dimondback moth’ and contains moth-
er cultures of meadow moths and corn worms,
several other plant eating insects and mites,
and several species of forage insects (see fig-
ure).

Herbiphagous breeding in our country is ex-
tremely limited and is intended mainly for the
biocontrol of quarantine weed species. These
include, for example, Phytomyza orobanchia
Wert. phytomyza fly that damages ovaries and
immature seeds of the persistent weed broom
rape, striped leaf beetle Zygogramma saturalis
F. feeding on quarantine weed common rag-
weed for which breeding methods have been
developed #° [13]. In Western Siberia (Novo-
sibirsk Region), insects feeding on weedy ar-
tichokes (Compositae family) were studied in
1966-1967 under the herbivore exchange pro-
gram for biological weed control. Local phy-
tophages were studied to identify the possibil-
ity of introducing promising species to Cana-

da. In particular, a large species composition
of insects damaging vegetative and generative
organs of the yellow thistle, curled thistle, and
scabiose centaury was identified, and their ef-
ficiency in natural conditions was determined
[14, 15]. However, due to a lack of further
funding, research in this area has ceased, and
the possibility of developing a biomethod to
regulate the number of weeds is still unreal-
ized.

One of the most promising segments of
the Russian market of biological plant pro-
tection products at present is the production
of entomophages '>'2. In particular, since the
beginning of the XXI century the range of en-
tomophages and acariphages used to protect
agricultural, forest and ornamental crops from
pests has significantly expanded. According
to the data of L.P. Krasavina'?, as of 2013 the
world market of entomophages used only in
protected ground conditions is represented
by more than 90 species of useful insects and
mites, while in 1990 there were not more than
50, in 1985 - only 20. Every year the list of
entomophages used in practice in the Russian
Federation and other countries is updated with
new species.

Under the conditions of the Siberian region
in the 80s of the XXth century, entomophages
were produced and used mainly in protected
ground conditions. For example, in bio-labo-
ratories at greenhouse complexes "Kirovets"
and "Inya" (Novosibirsk) phytoseiulus was
bred and used to regulate the number of spider
mites, enkarsia - against greenhouse whitefly,

®Shternshis M.V., Ermakova N.I., Zurabova E.R., Isangalin F.S. Determination of biological activity of LEST (Lepidocide
stabilized powder) on meadow moth: methodological recommendations. M., 1990.

’Andreeva 1.V., Shatalova E.I., Ulyanova E.G. Method of cabbage moth Plutella xylostella L. breeding. Patent Ne 2735251

dated 29.10.2020.

$Bronstein Ts.G. Biological method of broomrape control (Orobanachacae). Patent No. 1136388/30-15, 1967.
°Shternshis M.V., Tomilova O.G., Andreeva 1.V., Shpatova T.V. Biotechnology in plant protection: electronic tutorial.

Novosibirsk: NSAU, 2015.

The market
biologicheskihsredstv-zaschity-rasteniy.html

for biological plant protection products.

URL: http://6nomenua.pd/biznes/marketing/348-rynok-

Chelyabinsk "Churilovo" agroholding will invest 9 billion rubles in the production of entomophages. URL: http://greentalk.
ru/ topic/4922/

"”The use and replacement of biological protection agents for food and crops. IPPO report. URL: http://www.iobc-global.org/
download /Executive_Summary FAO_report 2009 Russian.pdf

BKrasavina L.P. Problems of mass breeding of entomophages in greenhouse complexes in Russia. Phytosanitary optimization
of agroecosystems: proceedings of the 3rd All-Russian Congress on Plant Protection. SPb., 2013. pp. 68-70.
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s H ET ey : Y y -
| ) R HE DT
Buibl KOpMOBBIX HACEKOMBIX: a — GOMNbIIOH My4HOU Xpytuak Tenebrio molitor L.(umaro); 6 — Tenebrio molitor L. (mudnn-
kn); 6 — 30odac Zophobas morio Fabr. (umaro); e — Zophobas morio Fabr. (MnuuHK#); 0 — TapakaH YepHBIi Pycnoscelus nigra
Brun.; e — Tapakan MpamopHbIit Nauphoeta cinerea Oliver; o« — CBepUOK TOMOBBIN Acheta domesticus L.; 3 — yepHas TbBUHKA
(Hermetia illucens L.)

Species of feeder insects: a - yellow mealworm beetle Tenebrio molitor L. (adult insects); 6 — Tenebrio molitor L. (larvae);
6 — superworm Zophobas morio Fabr. (adult insects); ¢ — Zophobas morio Fabr. (larvae); 0 — cockroach Pycnoscelus nigra Brun.;
e — marble cockroach Nauphoeta cinerea Oliver; oc — cricket Acheta domesticus L.; 3 — black soldier fly Hermetia illucens L.
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aphidius - against lice. Currently, in such
large greenhouse complexes as "Novosibirsk",
"Tolmachevsky", the range of imported and
domestically produced entomophages and
pollinators has significantly expanded and in-
cludes more than 10 species.

Given the current realities due to climate
change in Siberia, it becomes possible and ap-
propriate to use entomophages in the regula-
tion of pest populations not only in protected,
but also in open ground conditions 5. Espe-
cially relevant is the use of entomophages for
organic agriculture products. More and more
demand for biological means, including bene-
ficial insects and mites, is shown by individual
entrepreneurs (farmers) and private individu-
als.

In this context, we cannot avoid the prob-
lem of preserving rare and endangered insects.
All over the world there are regularly regis-
tered cases of decline or extinction of certain
species of insects, including predatory or par-
asitic ones, resulting in a significant increase
in the number of pests. For example, in 1971,
1972 in Middle Priob'ye (Western Siberia) on
the plants of yellow acacia, elm, and rose hips
infested by the spider mite, up to 5-12 larvae
of its specialized predator Stethorus punctil-
lum Ws. were found on one leaf. [16]. The
studies of recent years (2019) conducted in
the same area showed that in the years with
mass reproduction of spider mites on various
cultivated and wild plants in the open ground
Stethorus was found in limited numbers'¢. The
reduction of S. punctillum abundance in dif-
ferent zones of its habitat was also reported by

other researchers [17]. This situation leads to
the need for intra-areal dispersal of coccinel-
lids'” or mass breeding followed by release
into agro- and biocenoses.

Predatory bugs of the family Pentatomidae
are of interest for biological control of phy-
tophages. The efficiency of bed bugs Podi-
sus maculiventris Say and Perillus bioculatus
Fab. introduced into our country is known for
the control of the Colorado potato beetle and
some other pests [18, 19]. However, native
species - the representatives of genera Arma,
Troilus, Rhacognathus, Jalla, Zicrona, Picro-
merus - can become the source for obtaining
new agents of biological plant protection.

Thus, Zicrona caerulea L. plays an impor-
tant role in the bioregulation of phytophage
numbers in agrocenoses of potato fields [20].
In particular, V.P. Petrova gave information
that in May 1967, this species was rather nu-
merous in the south of Siberia, and every 25
swings of the net had on the average 6 speci-
mens of Zicrona caerulea'®. In entomological
collections in 2021, only single individuals of
Z. caerulea were found in the eastern regions
of Western Siberia. Also limited in our region
is the two-toothed stinkbug Picromerus bidens
L., whose victims include about 250 species of
insects of different orders; in this connection,
this species is extremely promising for mass
breeding.

Given their undoubted role in regulating
the number of pest arthropods, the above and
many other entomophage species need protec-
tion and artificial breeding to further enrich
agro- and biocenoses. The unique experience

“Andreeva I.V. Microbiological control of common spider mite (7etranychus urticae Koch.) in protected ground: PhD. Can.

Sci. in Agriculture, Novosibirsk, 1996. 175 p.

SAndreeva 1.V., Tsvetkova V.P., Zenkova A.A. Prospects of using entomoariphages for biological control of phytophages in

the Siberian region. Actual problems of agroindustrial complex: collected works of scientific and practical conference of teachers,
students, graduate students and postgraduate students, dedicated to the 80th anniversary of the Novosibirsk State Agrarian
University. Vol. "Agricultural sciences. Biological sciences. Veterinary sciences". Novosibirsk: PC "Zolotoy Kolos", 2016. pp. 3-6.

1“Andreeva L.V., Ulyanova E.G., Shatalova E.I. Common spider mite and its acariphages in the open ground biocenoses of
Western Siberia. Agrarian science to agricultural production of Siberia, Mongolia, Kazakhstan, Belarus, China and Bulgaria:
materials of the 22nd international scientific and practical conference Krasnoobsk: SFSCA RAS, 2019. pp. 77-78.

"Karbozova B.E. Economic importance of predatory cockcinellid entomophages. URL: http://www.rusnauka.com/1
NNM_2015/Biologia/7 _185104.doc.htm

8petrova V.P. Stinkbugs of Western Siberia (Hemiptera, Pentatomidae): a manual for students and teachers. Novosibirsk:
NSPI, 1975. 235 p.
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of preserving insect biodiversity in natural
cenoses has been realized for the first time
in the conditions of Siberia. At the initiative
of the outstanding entomologist V.S. Greben-
nikov, our countryman, the first in the country
micro-reserve for the protection of useful in-
sects was created in the Omsk region in 1971.
Later such micro-reserves were created near
Novosibirsk on the lands of the Siberian Re-
search Institute of Fodder Crops (1979) [5], in
the experimental farm "Elitnoe" of the Novo-
sibirsk region (1987)". Unfortunately, at pres-
ent these microreserves are not supported.

Processing of organic waste by insects to
produce bio-fertilizers. Human life and the
cultivation of farm animals leads to the ac-
cumulation of a huge amount of organic and
inorganic waste requiring their disposal. One
way of converting organic waste (food waste
and meat production waste, bird droppings and
animal manure, etc.) for reuse is their process-
ing by insects to produce organic fertilizer, or
zoohumus.

Scientists of the Novosibirsk Agricultural
Institute (now NSAU) were the first in our
country to start research on processing pig ma-
nure with the larvae of housefly (Musca do-
mestica). The developed technology included
breeding of selected population of "Novosi-
birskaya" fly and processing of substrate by
larvae to produce zoohumus containing the
whole set of macro- and microelements and
protein larval flour. According to the develop-
ers' data, up to 80-90 kg of larvae and 400-
450 kg of zoohumus were obtained from 1 t of
pig manure or chicken droppings [21]. In the
future, different regions of the country began
to process chicken, quail droppings, manure
of other animals, including the use of green
blowflies (genus Lucilia).

Currently, one of the most effective species
is the black soldier fly (Hermetia illucens). It

is bred in many countries of the world [22, 23],
but the leader in the processing of food and or-
ganic waste is currently recognized by China,
where the program of construction of plants
for breeding this insect species is supported by
government agencies and is included in the list
of the priority arcas®.

In Russia, the A.N. Severtsov Institute of
Ecology and Evolution (IPEE RAS) and other
scientific institutions are engaged in the study
of the bioecological characteristics of H. illu-
cens. The results of the studies confirmed that
the advantages of this species of flies of trop-
ical origin include the fact that they are not
transmitting agents of infections and cannot
survive outside biolaboratories in our climate
[24, 25]. Mass breeding of the black soldier fly
in Russia is carried out by several companies
geographically located in the European part
of the country: Entoprotek LLC (Internation-
al Biotechnology Company), EcoBelok LLC
(Moscow), and Biogenesis LLC (Moscow).

The company "Entoprotek" patented a
unique technology for processing organic
waste using H. illucens larvae and built a
plant in the Penza region, where only in 2021
5.5 thousand tons of organic waste were pro-
cessed, which allowed not only to obtain use-
ful products, but also to significantly reduce
greenhouse gas emissions compared to other
methods of processing. In the future, the com-
pany is considering the possibility of expand-
ing the production capacity of organic waste
processing, as well as scaling the project both
in Russia and abroad?'.

In addition to the larvae of two-winged in-
sects, recycling of organic waste is possible
with some species of cockroaches, beetles,
larvae of lepidopterous insects.

More recently, facts of feeding of some
insects with plastic have been documented.
Biotechnologists from Yakutia conducted an

"Museum of Agroecology and Environmental Protection (Prospectus). Novosibirsk, 1988. 18 p.

2China's national program for recycling agricultural waste using Hermetia illucens fly larvae. URL: http://www.nasadki.net/
index/kitaj stanovitsja mirovym_liderom po razvedeniju oparysha na pishhevykh otkhodakh/0-593

2"Entoprotek" recycled 5.5 thousand tons of organic waste with the help of a black soldier fly. URL: https://www. agroxxi.ru/
stati/-yentoprotyek-pererabotala-5-5-tysjachi-tonn-organicheskih-othodov-pri-pomoschi-chernoi-lvinki.html

Z2Carrington D. Microplastics can spread via flying insects, research shows. URL: https://www.theguardian.com/
environment/2018/sep/19/microplastics-can-spread-via-flying-insects-research-shows#img-1
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experiment in which they found that beetles
Zophobas morio Fabr. can eat and decompose
plastic. Using the method of gas chromatog-
raphy, they determined that both in the larvae
that ate plastic and, in their feces, it is virtu-
ally absent, as it is broken down into second-
ary metabolites and octacosan. Based on these
findings, the researchers created portable mini
stations for the disposal of plastic by beetles in
the home and office environment®.

Somewhat earlier, the discovery of the
ability of the large wax pyralide moth Galle-
ria mellonella L. to eat polyethylene was re-
ported®*. However, this fact was long known
to scientists who conducted experiments with
Galleria as test objects: keeping caterpillars of
this insect implied the use of glass containers
and metal covers, because polyethylene cov-
ers were easily gnawed by caterpillars of older
ages. At the same time, this ability of larvae
was not considered as a possibility to use them
for recycling plastic waste due to small quanti-
ties of recyclable raw materials.

Production of insect metabolic byproducts.
This direction has been known for a long time
due to the development of beekeeping and
silkworm breeding. In addition to traditional
raw materials (honey, wax, silk, varnish, etc.),
many other products obtained from insects are
in demand nowadays. High-quality protein
meal containing a number of valuable sub-
stances is obtained from dried (or lyophilized)
insects. The scientists of the Novosibirsk Ag-
ricultural Institute were at the origins of this

direction in Russia. The biotechnology devel-
oped in the problem laboratory of the institute
of organic waste processing with the help of
house fly larvae allowed to obtain not only
organic fertilizer (as noted above), but also a
highly valuable protein-lipid concentrate con-
taining essential amino acids and biologically
active substances. The feed enriched with in-
sect protein meal provided high productivity
of animals, poultry, fish, insects, microorgan-
isms and plant resistance to diseases. 18-20 kg
of protein-lipid meal was produced from 100
kg of house fly larvae [21].

At present, the Lipetsk company "New Bio-
technologies" is producing feed protein from
the larvae of the Lucilia Caesar fly popula-
tion by processing ground meat waste®. The
company "InAgroBio" (the Yaroslavl Region),
which specializes in aquaculture, breeds house
flies (Musca domestica) to provide baby fish
with farm-produced feed®.

The companies “Entoprotein™’, “Biogen-
esis”?, “EcoBelok”, and “Arkhangelsk Nor-
dTechSad” also produce animal feed protein
using the black soldier fly. The larvae of this
fly contain about 40% protein and about 40%
fat; they are rich in calcium and phosphorus.
According to the results of the tests of the
Stavropol and Belgorod interregional veteri-
nary laboratories of Rosselkhoznadzor (Rus-
sian Federal Service for Veterinary and Phyto-
sanitary Surveillance), the flour obtained from
them is not toxic and does not contain condi-
tionally pathogenic fungi and bacteria®.

Bugs eat plastic - they have learned to breed them in Yakutia. URL: https://goarctic.ru/news/zhuki-edyat-plastik-ikh-
nauchilisrazvodit-v-yakutii/

2Barinova A. Caterpillars Will Save the World from Plastic. URL: https://nat-geo.ru/nature/gusenitsy-spasut-mir-ot-plastika/
National Geographic Russia, 2017.

The processing of organic agricultural waste by fly larvae to produce protein for animals, poultry and fish, and to produce
organic fertilizers. URL: https://www.zooprotein.com/

*Protein of the twenty-first century: crickets, cockroaches, and fly larvae. URL: https://agrarii.com/protein-xxi-veka-sverchki-
tarakany-ilichinki-muh

Y"Maksimov A.N., Zorin G.V. The method of growing fly larvae and processing of organic waste - Entoprotein. Patent 2 734
522 C1, 2020.

Babaev N.A., Bastrakov A.I., Sokolov I.V. The method of processing of organic waste by fly larvae Hermetia illucens with
obtaining animal protein and biohumus. Patent 654 220 C1, 2017.

PProtein of the 21st century: crickets, cockroaches, and fly larvae. URL: https://agrarii.com/protein-xxi-veka-sverchki-
tarakany-ilichinki-muh
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Protein meal is also used for inclusion in ar-
tificial nutrient medium (NM) for mass breed-
ing of insects themselves. It is known that NM
for breeding useful species of arthropods, as
a rule, includes scarce and expensive compo-
nents, and their replacement with a more ac-
cessible flour from insects can significantly re-
duce the cost of the medium, while maintain-
ing its nutritive value. The Novosibirsk State
Agrarian University has developed a nutrient
medium for phytophagous insects including
dried fly larvae. Replacing soybean meal with
larval meal in the nutrient medium for bee flies
resulted in a 10% increase in average imago
weight and a 34% increase in female fecundi-
ty?. The same larval meal is also required for
inclusion of entomopathogenic fungi, produc-
ers of insecticidal preparations, in NM. It is
known that to increase the virulence of strains
of fungal pathogens, they resort to passaging
them through an insect host, which is a time-
consuming, rather long and expensive process.
Inclusion of insect larval meal into the nutri-
ent medium makes it possible to obtain highly
virulent strains, significantly reducing and de-
creasing the cost of this procedure®'. Also, Si-
berian scientists developed a nutrient medium
for the cultivation of entomopathogenic fungi
consisting of a mixture of crushed larvae of
synanthropic flies, sawdust and millet®2.

Protein meal and food additives produced
on the basis of insect biomass are currently
being considered for inclusion in the human
diet [26]. The main players in the market of
insect biomass products in the world include
Entomotech (Spain), Meertens (Netherlands),
Agriprotein (UK-SAR), Ynsect (France), Pro-

teinsect (Netherlands), Protix (Netherlands),
Enterra (Canada), Big Criket Farms (USA).
FAO predicts the growth of the market of ed-
ible insects by 2023 to $ 1.2 billion. However,
not all experts in this field are so optimistic.
There is an opinion that the production and
use of food products derived from insect bio-
mass in Russia is unpromising due to a num-
ber of reasons. In particular, it is noted that
the possible negative impact of insect products
on humans is still poorly studied®*. Neverthe-
less, such protein supplements started to be
produced in our country. For example, LLC
"Kormilitsa" (Moscow) offers a protein-lipid
concentrate (BLK) of dried black soldier fly
larvae containing 46-50% protein and 14-28%
fat for athletes®.

Some biologically active substances of in-
sects have an important practical value. Chitin
and its derivatives - chitosan, complex of fatty
acids, organic forms of minerals, melanins,
antimicrobial peptides, hormones, etc. are in
demand on the world market.

At present more than 70 directions of prac-
tical application of chitin (chitosan) and their
various modifications and composites are
known. According to a number of researchers,
insect chitin is 20-50 times better in quality
than crustacean chitin [27-29].

In medicine and veterinary medicine such
properties of chitosan and its derivatives as
high wound healing and sorption ability, anti-
tumor, antiviral, antibacterial and antioxidant
activity, ability to reduce blood cholesterol
levels, immunomodulatory and calming effect
on the central nervous system are used, due
to that these biopolymers are widely used in

3Shternshis M. V., Tomilova O.G., Andreeva 1.V., Shpatova T.V. Biotechnology in plant protection: electronic tutorial:

Novosibirsk: NSAU, 2015.

S'Tomilova O.G., Usova O.N., Sternshis M.V. Modification of the medium for the cultivation of entomopathogenic fungi.
Modern mycology in Russia: Abstracts of the First Congress of Mycologists of Russia. M., 2002. 214 p.

32Sternshis M.V., Sorokoletov O.N., Tomilova O.G., Andreeva I.V. Nutrient medium for the cultivation of entomopathogenic

fungi. Invention patent No. 2421512, 2011.

3Protein of the 21st century: crickets, cockroaches, and fly larvae. URL: https://agrarii.com/protein-xxi-veka-sverchki-

tarakany-ilichinki-muh

3Feed protein for athletes (animal protein). URL: https://kormilitsa.com/kormovoj-belok-zhivotnyij-protein/
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the development of new promising drugs, drug
delivery means, wound coverings and suture
materials for medicine, cosmetology and med-
icine. [28-35].

In the food industry, chitosan is used as a
dietary fiber, emulsifier, thickener, etc. The
work on creation of biohybrid packaging ma-
terial based on chitosan with inclusion of vari-
ous antimicrobial agents of animal origin is
carried out on the basis of the V.M. Gorbatov
Federal Research Center for Food Systems of
the Russian Academy of Sciences. Such film
materials exhibit a preservative effect, pre-
venting microbial contamination and oxida-
tive processes in meat, which allows to sig-
nificantly increase its shelf life®.

Chitin, chitosan and its derivatives can
form strong chelate bonds with metals and se-
lectively extract ions of mercury, cobalt, gold
and other metals from wastewater and seawa-
ter. For example, the chitinmelanin complex,
due to its high melanin content, can effectively
bind heavy metals, radionuclides, and other
pollutants and can be used as a sorbent for pu-
rifying water and soil from these anthropogen-
ic pollutants [36, 37]. Having powerful anti-
oxidant properties, melanin is used as a means
to reduce the accumulation of radionuclides in
animals and humans.

Chitosan-based preparations have also
found applications in agriculture and plant
protection. Due to good biodegradability and
at the same time the presence of biological ac-
tivity, chitosan is used for granulation of fertil-
izers, as an elicitor causing systemic and pro-
longed plant resistance to pathogens of various
diseases [35, 36]. In recent years, based on the
antifungal action of this biopolymer, scientists
and practitioners are studying the possibility
of its use as fungicides. It was found that chi-
tosan and its derivatives suppress the develop-
ment of such economically important fungal
phytopathogens as Botrytis cinerea Pers., Fu-

sarium oxysporum, F. moniliforme, Colletot-
richum lagenarium (Pass) Ell. et Halst. [38-
42], bacterial plant pathogens Agrobacterium
tumefaciens and Erwinia carotovora [43], and
also exhibit antiviral activity [44].

Fatty acids extracted from insect biomass
during their processing are a valuable prod-
uct [45]. A method of obtaining oil from the
larvae of Musca domestica rich in omega-3
and omega-6, omega-7 and omega-9 has been
developed for obtaining pure fractions of dif-
ferent types of fatty acids36. Black soldier fly
larvae have a unique fatty acid composition,
including high content of linoleic, oleic, lau-
ric, and other acids intended for use in feed
production, soap-making, cosmetology, and
pharmaceuticals [22, 25, 26].

The information presented would not be
complete without mentioning the importance
of insects in science and technology. The
list of discoveries made with the help of six-
legged arthropods is quite extensive, the re-
sults of which are used by humans in agricul-
tural production, medicine, chemical industry,
engineering and many other areas of practi-
cal activity. This is the chromosomal theory
of heredity, proved by Thomas Morgan in
the experiments with the fruit fly Drosophila;
construction of robots based on the "proto-
type" of insects and other arthropods; creation
of effective coatings "Super Black" based on
the study of diffraction gratings scales on the
wings of butterflies able to act on light waves
and capture light and much more. "Inventions"
of insects are inexhaustible; all new facets and
possibilities of their world are regularly dis-
covered. In this regard, the prospects for fur-
ther development of technical entomology are
extremely relevant.

3 About chitosan or how the science turns useless waste into innovations. URL: https://rossaprimavera.ru/article/8e191caf.
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®YHTULUAABI JUIS BAILUTDI JIOMUHA Y3KOJIUCTHOTIO
OT AHTPAKHO3A U JIPYTUX BOJIE3HEI

IMumoxosa JI.U., SArosenxo I.JI., LlapanueBa 7K.B., Xapa6opkuna H.H., <) Mucuukona H.B.
Bcepoccutickuil nayuno-uccieoogamenscekull uHcmumym aronuna — guiuanr PedepaibHozo
HAY4HO20 YEeHMPa KOPMONPOU3800cmaea u azposxonocuu um. B.P. Bunvimca

Bpsiackas o6macte, moc. Muuypunckuit, Poccus

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

[IpencTaBieHsl pe3ynbTaThl 1a0OPaTOPHOTO U MOJIEBOTO M3yueHUs! SPPEKTHBHOCTH (YHTHIIMIOB
Abaxyc YnbTpa, CO (cycniensnonHas smynbeusi) 1 Ontumo, KO (KoHIIEHTpaT SMyIbCHN) IPOTUB BO3-
OyauTens aHTpakHO3a U OpyruX OonesHelt monuHa. Padora mposenena B 2019-2021 rr. B bpstacKoi
obmactr. OOBEKT N3yUeHHS — IPOPOCTKHU U MTOCEBHI JIFOMIHA Y3KOJIMCTHOTO copTra BuTsse. B mabopa-
TOPHBIX ycIoBHAX ddexkTrBHOCTS AGakyc YibTpa (MMPakaocTpoOrH 62,5 T/71 + 3MOKCUKOHA301 —
62,5 r/n) u3yvanu pu Hopmax 1,25; 1,5; 2,0 n/ra u Ontumo (upakinoctpodun — 200 r/m) — 0,5; 1,0;
1,5 n/ra. buonoruyeckyro 3pHeKTUBHOCTH 3aLIUTHBIX U JICYCOHBIX CBOMCTB (DYHTUIIUIOB ITPOBOIMIH
10 KOJIMYECTBY MOPAKCHHBIX MPOPOCTKOB, BHIPAIICHHBIX B OyMa)KHO-TIOJMATHICHOBBIX PYJIOHAX B
CpPaBHEHUH C KOHTpoJieM (0e3 o0padorkn). Hanbompuryro 6nomorndeckyto 3(h(HeKTHBHOCTD 3alluT-
HBIX 1 JIe4e0HBIX cBOICTB Abakyc Yibrpa (98,7 u 97,0%) n Onrrumo (97,7 u 93,1%) npoTus aHTpax-
Ho3a noka3zanu Hopmbl 2,0 1 1,5 si/ra. [Tonesbie ncnbiranus Abakyc Ynsrpa u Ontumo npu HopMax 2,0
u 1,5 n/ra cOOTBETCTBEHHO MPOBOAMIM Ha onbITHOM nojie BHUU nmronyHa npu ecTecTBEHHOM IPOSIB-
JieHur aHTpakHo3a. OIBIT 3aKIaIBIBAH B 4-KPaTHOM MOBTOPEHUH, TUTOIIA b AeasHkA 34 Mm%, Hopma
BbICEBA — 1,2 MJTH BCXOXKHX ceMsiH/Ta. [Ipe/iecTBeHHNK — SIpOBbIe 3ePHOBBIC KyIBTYyphl. O0paboTKy
ITOCEBOB IPOBOAMIIN PYUHBIM ONPBICKUBATENIEM M3 pacdera padodero pactsopa 200 i/ra. DddexTus-
HOCTb (DYHTHITHIOB OIPEAEISUTH B CPAaBHEHWH ¢ KOHTposieM. bruosnorndeckas ahdextnBHOCTh AGaKyc
VYnberpa n ONTUMO NPOTHB aHTPAKHO3a COCTaBMIIA COOTBETCTBEHHO 95,3 1 96,3%. K daze Onectsero
000a B 3TUX BapHaHTaX KOJMYECTBO MOPAKEHHBIX aHTPAaKHO30M 0000B coctasmio 1,7 u 1,2% mpu
18,7% B xoutpoie. [lopaxenue pacrenuit ¢yzaprosom cHusmioch ot 20,2% B kouTpose 10 10,9 u
9,3%. Pactipoctpanenue cepoil rHwm Ha 000ax cokpartwiock B 1,7 pa3za. OyHTHUITUAB HE OKa3aIH
HMHrUOUpYIOIIEero qeicTrs Ha poct pactenuil. Jloctosepras (HCPy 5= 0,28) npubaBka ypoxas cemMsH
cocrasmia 0,82 u 0,98 1/ra, okynaemocts 3arpar — 2,83 u 2,40 p.

KuroueBblie cJioBa: JIIONMWH y3KOIWCTHBINA, OOJE3HU, aHTPAKHO3, (PYHTHUIHIBI, dPPEKTUBHOCTS,
YPOXKANHOCTD

FUNGICIDES TO PROTECT NARROW-LEAFED LUPINE AGAINST
ANTHRACNOSE AND OTHER DISEASES

Pimokhova L.I., Yagovenko G.L., Tsarapneva Zh.V., Kharaborkina N.I., &<)Misnikova N.V.
The All-Russian Lupin Scientific Research Institute — Branch of the Federal Williams Research
Center of Forage Production and Agroecology

Michurinsky settl., Bryansk region, Russia

(X e-mail: lupin_nvmisnikova@mail.ru

The results of laboratory and field studies of fungicide effectiveness of Abacus Ultra, SE (sus-
pension emulsion) and Optimo, EC (emulsion concentrate) against anthracnose pathogen and other
lupine diseases are presented. The work was conducted in 2019-2021 in the Bryansk region. The
object of study were the seedlings and crops of narrow-leafed lupine of the Vityaz variety. Under
laboratory conditions, the effectiveness of Abacus Ultra (pyraclostrobin 62.5 g/l + epoxiconazole -
62.5 g/1) was studied at the rates of 1.25; 1.5; 2.0 I’ha and Optimo (pyraclostrobin - 200 g/1) - 0.5;
1.0; 1.5 I/ha. Biological effectiveness of the protective and therapeutic properties of fungicides was
carried out according to the number of affected seedlings grown in paper-polyethylene rolls com-
pared with the control (no treatment). The highest biological effectiveness of protective and curative
properties of Abacus Ultra (98.7 and 97.0%) and Optimo (97.7 and 93.1%) against anthracnose
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OyHrunuAb! IS 3a1UThI JIIONUHA Y3KOIUCTHOTO OT aHTPAKHO3a
U Ipyrux OomesHeit

ITumoxosa JI.U., Srosenxo I'.JI., [lapanxesa XK.B.,
Xapabopkuna H.J., Mucuukosa H.B.

showed the norms 2.0 and 1.5 1/ ha. Field trials of Abacus Ultra and Optimo at the rates of 2.0 and
1.5 IVha, respectively, were conducted in the experimental field of the ARLSRI under natural mani-
festation of anthracnose. The experiment was set in 4-fold repetition, the area of the plot was 34 m?.
The seeding rate was 1.2 million germinated seeds/ha. The forecrop was presented by spring cereal
crops. Crops were treated with a hand sprayer at the rate of 200 1/ha of the working solution. The ef-
fectiveness of fungicides was determined in comparison with the control. The biological efficacy of
Abacus Ultra and Optimo against anthracnose was 95.3 and 96.3%, respectively. By the shiny bean
phase, the number of beans affected by anthracnose in these variants was 1.7 and 1.2%, compared to
18.7% in the control. Plant infestation with fusarium blight decreased from 20.2% in the control to
10.9% and 9.3%. The spread of blossom blight on beans was reduced by 1.7 times. Fungicides had
no inhibitory effect on plant growth. Significant (LSD05 = 0.28) increase in seed yield was 0.82 and
0.98 t/ha, cost recovery was 2.83 and 2.40 rubles.
Keywords: narrow-leafed lupin, diseases, anthracnose, fungicides, effectiveness, yield
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INTRODUCTION

Narrow-leafed lupine (Lupinus angustifo-
lius L.) is the most early ripening of the large-
seeded species. It is of great interest for culti-
vation in the European part of our country as
well as in Siberian regions and the Primorsky
Territory. The optimum sum of effective tem-
peratures for greening crop formation is 1280-
1300°, and for seed maturation - 1600-1700°
[1-3]. Narrow-leafed lupine is used for grain,
herbage, and silage raw material. Seeds of
modern varieties contain 32-37% crude protein,
with 16-20% dry matter in the herbage. The
percentage of fat in the dry matter of the grain
is 4,06-5,10%, in the herbage - 1,31-1,63%.
Unlike other legumes, lupine kernels contain
considerably fewer anti-nutritive substances,
which allows using them in their raw state for
feeding animals. The seed yield of the modern
varieties reaches 3-4 t/ha and the herbage 40-
60 t/ha [3-5]. Despite these qualities, the areas

sown with narrow-leafed lupine in the Russian
Federation (RF) are rather small.

Disease infestation of this crop is one of the
reasons preventing the expansion of sown ar-
eas. The most common and harmful diseases
in narrow-leafed lupine crops are anthracnose,
fusarium blight, rhizoctonia blight, gray mould,
bacterial spot and viral prolification [6-8]. How-
ever, anthracnose remains the most dangerous
disease on lupine for many years. The causative
agent of the disease on lupin in the RF is the im-
perfect fungus Colletotrichum lupini var. lupini
[8-10]. Ignoring this problem leads to signifi-
cant losses of grain yield and herbage. Narrow-
leafed lupine shows the highest ontogenetic
resistance to this pathogen among lupine spe-
cies cultivated in the Russian Federation. An-
thracnose and many other diseases of this crop
take their infectious origin from the seeds sown
[10-12]. During vegetation, the fungus spreads
from diseased seedlings by rain, wind, and in-
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sects across the crop and affects young growing
parts of plants. This peculiarity of the pathogen
allows it to affect lupin plants during all phases
of crop growth and development. In epiphytotic
years, the disease reduces the seed yield of the
narrow-leafed lupine by 83-100% and the herb-
age by 69-92% [11, 12].

This disease causes the greatest harm to nar-
row-leafed lupine crops in the years with warm
(18-26°C) and damp weather conditions from
mid-May to the end of July. Under such weath-
er conditions, even if the seed material contains
0.01-0.05% of seeds infected with anthracnose
pathogen, the disease becomes epiphytotic.
One application of seed dressing does not save
lupine crops from yield losses. Additional treat-
ment with fungicides during vegetation is nec-
essary to obtain high and stable yields of seeds
of this crop.

Currently, a limited number of fungicides
are permitted for lupine crops in the Russian
Federation, which have weak activity against
the anthracnose pathogen and many other
pathogens. The search for new fungicides for
application on lupine on green leaf against an-
thracnose and other diseases of narrow-leafed
lupine is an urgent task. Chemical companies
specializing in plant protection produce new
fungicides with high efficacy against a wide
range of pathogens that are not used for the
treatment of narrow-leafed lupine crops every
year. Acting substances from strobilurines and
triazoles group are the base of chemical method
of protection against diseases. Strobilurines are
recommended to be applied first in the growing
season because they sharply reduce the devel-
opment of fungi forms resistant to triazoles on
the leaves. Thus, breeding pressure is reduced
because the level of pathogen inoculum is the
lowest at the beginning of the growing season.
On grain crops, the first treatment with these
fungicides provides a disease-free crop, treat-
ment during earing provides a large increase in
yield, because in addition to the protective ef-
fect, they have a positive physiological effect on
plants, which increases their productivity [13].

The BASF company fungicides Abacus Ultra,
SE (pyraclostrobin 62.5 g/l + epoxiconazole
62.5 g/l) and Optimo, SC (pyraclostrobin 200
g/1) contain active substances of these chemical
groups. Piraclostrobin belongs to a new gen-
eration of active substances from strobilurin
group. Pyraclostrobin being absorbed by the
waxy layer of plants, provides high resistance
of the preparation to atmospheric precipita-
tion. By inhibiting mitochondrial respiration of
pathogens, pyraclostrobin inhibits germination
of spores and growth tubes. Epoxiconazole in-
hibits the growth and development of the fun-
gus mycelium within the plant. They are effec-
tively used to protect seeds of grain crops, sug-
ar beets, soybeans, peas and other crops from
a wide range of pathogens at the consumption
rate of 0.5-1.75 1/ha'. These fungicides are not
used to protect lupine crops against anthracnose
and other pathogens.

The purpose of the research is to study bi-
ological efficacy of fungicides Abacus Ultra
and Optimo against anthracnose pathogen, to
establish the necessary rate of consumption
for treatment of narrow-leafed lupine crops, to
identify the degree of influence on plant growth
and development, seed yield, to determine the
possibility of including the preparations in the
technology of crop cultivation.

MATERIAL AND METHODS

Initial study of fungicide activity in suppres-
sion of anthracnose pathogen was performed
under laboratory conditions on narrow-leafed
lupine seedlings of the Vityaz variety. Abacus
Ultra was studied at the rates of 1.25; 1.50; 2.0
1/ha, Optimo - 0.5; 1.0; 1.5 I/ha. Kolosal Pro
fungicide (0.4 I/ha) served as a reference. The
effectiveness of the fungicides against the dis-
ease was determined by the number of affected
seedlings grown in paper-polyethylene rolls.
The protective properties of fungicides were
studied on 4-days-old healthy seedlings, thera-
peutic - on 3-days-old seedlings grown from the
infected seeds in the rolls. The sample volume
was 180 seedlings (6 bales with 30 seedlings

"Product catalog 2021 of chemical company plant protection products "BASF": URL: http//www. https:// www.agro.basf.kz/

ru/Products/Overview/
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per treatment). The toxic effect was determined
by the presence of burns and the length of the
hypocotyl of the seedlings®*.

Field trials of fungicides Abacus Ultra and
Optimo at the rates of 2.0 and 1.5 1/ha, respec-
tively, were conducted in 2019-2021 in the ex-
perimental field of the All-Russian Lupine Sci-
entific Research Institute under natural mani-
festation of anthracnose. Experiments were laid
in 4-fold replications on the plots with the area
of 34 m2. Vityaz narrow-leafed lupine variety
was used in the experiment. Infection of seeds
by anthracnose ranged from 4 to 6% depending
on the year of the study. Lupin disease and fun-
gicide efficacy were determined in the different
phases of crop development®. The toxic effect
of fungicide on the plants was evaluated by
measuring their height. The crops were treated
with a hand sprayer at the rate of working solu-
tion consumption of 200 I/ha. Seed yield was

counted from each plot by continuous threshing
of beans with Sampo-500 combine. Statistical
processing of the obtained data was carried out
by variance analysis with determination of the
smallest significant difference®.

RESULTS AND DISCUSSION

Laboratory tests of fungicides Abacus Ultra
and Optimo showed high protective and thera-
peutic properties against anthracnose pathogen.
Depending on the rate of consumption, the effi-
ciency of protective properties was 83.7-98.7%,
therapeutic - 75.7-97.0% (see Table 1).

The highest protective effect against an-
thracnose was shown by maximum consump-
tion rates of fungicides. The effectiveness of
Abacus Ultra (application rate 2.0 1/ha) of pro-
tective properties was 98.7% and therapeutic
- 97.0%, Optimo (1.5 1/ha) - 97.7 and 93.0%
respectively.

Taoa. 1. TokcnaHOCTD U 3(DPEKTHBHOCTD (QYHTUIMIOB IPOTHUB aHTPAKHO32 HA TIPOPOCTKAX JIFOIMHA

Y3KOJIMCTHOTO B JIAOOPATOPHBIX YCIOBHUSIX

Table 1. Toxicity and effectiveness of fungicides against anthracnose for narrow-leafed lupin seedlings

under laboratory conditions

Action
Option COrT;i:Hll/Pht"ilon protective therapeutic
’ Hypocotyl length, Effectiveness, % Hypocotyl length, Effectiveness, %
mm mm

Control - 62,1 - 57,3 -
g;’lll‘ﬁldfm (reference 0,4 352 98,3 334 97,0
Abacus Ultra, EC 1,25 38,7 90,4 35,1 85,0
Abacus Ultra, EC 1,50 42,3 96,3 38,3 923
Abacus Ultra, EC 2,00 46,8 98,7 454 97,0
LSDs - 0,88 - 0,65 -
Control - 60,7 - 58,6 -
Kolosal Pro (reference 0.4 36.8 97.3 34,5 96.3
standard)

Optimo, SC 0,5 59,7 83,7 57,3 75,7
Optimo, SC 1,0 63,2 923 59,9 86,3
Optimo, SC 1,5 65,1 97,7 63,7 93,1
LSDys - 0,76 - 0,71 -

2Popkova K.V., Shmygli V.A. Methods of Determination of Diseases and Pests of Agricultural Plants. Translated from German.

Moscow: Agropromizdat, 1987. 224 p.

SKungurtseva O.V. Methods for monitoring of lupine anthracnose. St. Petersburg: All-Russian Research Institute for Plant

Protection, 2002. 11 p.

“Methodological guidelines for registration tests of fungicides in agriculture. St. Petersburg, 2009, 378 p.
SDospekhov B.A. Methodology of field experiment. Moscow: Agropromizdat, 1985.
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The fungicides studied have different effects
on the growth of narrow-leafed lupine seed-
lings. Optimo stimulates seedling growth. In
relation to the control, the greatest increase in
seedling hypocotyl length was observed in the
variant with the maximum taken rate (1.5 I/ha).
It significantly (LSDys = 0.76, LSD,s = 0.71)
increased the length of hypocotyl seedlings
with a protective and therapeutic effect by 4.4
and 5.1 mm, respectively.

Abacus Ultra fungicide inhibits their growth.
However, with an increase in the dose its in-
hibitory effect on lupine seedlings significantly
(LSDy5=0.88, LSD5 = 0.65) decreased. There-
fore, the greatest length of hypocotyl seedlings
was in the variant with the maximum taken
dose (2 I/ha) of the fungicide. Abacus Ultra did
not burn seedlings and they looked healthy with
dark green color of cotyledons and true leaves
(see Fig. 1).

Based on these results, the most acceptable
rates of fungicides, which will allow effective
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control of anthracnose and other diseases in the
field are 2.0 1/ha for Abacus Ultra and 1.5 I/ha
for Optimo.

The development and spread of diseases in
narrow-leafed lupine crops in the years of field
studies of fungicides Abacus Ultra and Optimo
were determined by meteorological condi-
tions and the presence of infection in the seeds
and in the soil. In general, weather conditions
were favorable for the development and spread
of many diseases, including the anthracnose
pathogen in narrow-leafed lupine crops, which
made it possible to evaluate the drugs for their
activity against major diseases.

Vegetation conditions in May were cool and
excessively wet. Air temperatures were 13.1°C,
which was 0.4°C below the long-term average,
while precipitation was 68.7 mm above aver-
age (121.7 mm). June was 3.6°C and 18.0 mm
above the long-term average in terms of heat
and moisture content. Mean daily air tempera-
ture was 20.2°C, and precipitation amounted to

oo

Puc. 1. 3amurtHoe aelictBue pyHTrUnmaa Adakyc YisTpa IpOTHB aHTPAKHO3a Ha POPOCTKAX JIIOMTUHA
Y3KOJIMCTHOTO: / — KOHTPOJIb (0e3 00paboTku hyHrumaom); 2 — Abakyc Ynerpa npu Hopme pacxona 2,0 ji/ra

Fig. 1. Protection action of the fungicide Abacus Ultra against anthracnose for narrow-leafed lupin seed-
lings: I — reference (fungicide free); 2 — Abacus Ultra at dose 2.0 l/ha
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97.0 mm. Weather conditions in July and Au-
gust were warm and dry. Mean daily air tem-
peratures exceeded the mean annual values by
1.6 and 1.3 °C, while precipitation deficit was
30.2 and 12.6 mm, respectively.

Seed dressing protects lupine plants only
for a short time, which later may negatively af-
fect the phytopathological state of crops. When
warm weather with frequent precipitation in
the early phases of lupine plant development
sets in, preventive treatment with fungicide in
the phase of shooting - beginning of budding is
necessary [11, 12].

Anthracnose development in the crops de-
pended on the amount of precipitation and air
temperature. Favorable conditions for develop-
ment and spreading of anthracnose in narrow-
leafed lupine crops were formed in June. Op-
timum air temperature (20.2 °C) and abundant
precipitation contributed to intensive develop-
ment and spreading of the disease in crops. At
this time, plants were in active growth phases

-
. )

(shooting-budding phase) and were vulnerable
to anthracnose pathogen, since the pathogen ac-
tively affects and develops only on the young
growing parts of lupine plants. Longitudinal
brown ulcers appeared on the affected stems,
later turning bright pink with sporulation of
the fungus. Appearance of ulcers on the stems
caused their curvature with subsequent break-
age, which stood out noticeably against the
background of healthy plants (see Fig. 2). On
leaf petioles, anthracnose manifested itself as
small dark spots turning into small brown ul-
cers. The petioles broke off at the lesion sites.
Leaves fell off or were left hanging from the
covering tissue. During the growing season of
narrow-leafed lupine, the greatest anthracnose
lesions were observed on the plants, but not on
the seedpods.

On average, the number of plants affect-
ed by this pathogen was 32.1% in the control
variant during the years of research. Reduced
precipitation and sufficient heat (July-August)

Puc. 2. TlopaxxeHue pacTeHHH JIFOMMHA Y3KOJIMCTHOTO aHTPAKHO30M B (ha3y cTebieBaHne — Hadaio OyTo-

HU3alnun

Fig. 2. Narrow-leafed lupin plants infestation by anthracnose during stemming-early budding phase
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during seedpod formation and ripening signifi-
cantly reduced bean lesions with anthracnose.
Thus, during the shiny bean phase, the number
of beans with anthracnose ulcers was 18.7%.
From the shiny bean phase to their full ripeness,
plant tissues become resistant to this pathogen.
In this experiment, fungicides were applied
twice in the phase of shooting and the beginning
of flowering on narrow-leafed lupine. Applica-
tion of fungicides Abacus Ultra and Optimo at
the above rates reduced the number of plants
affected by anthracnose from 32.1% in the con-
trol to 1.9 and 1.7%, respectively (see Table 2).
At the same time, bean infestation in these
variants decreased from 18.7% in the control to
1.7% and 1.2%, respectively, in the shiny bean
phase. The effectiveness of fungicides against
anthracnose was 95.3 and 96.3%, respectively.
This is 3.8 and 4.8% more than the effective-
ness of the reference fungicide Kolosal Pro.
Plants of narrow-leafed lupine are signifi-
cantly affected by Fusarium oxysporum and
gray mould. Under the conditions of 2020, in
the study of 62 specimens and varieties of nar-
row-leafed lupine in the north-west of the Rus-
sian Federation, 43 of them were affected by
fusarium wilt (Fusarium oxysporum) to vary-
ing degrees. Moderate spread of gray mould
(Botrytis cineria) was observed on 42 studied
samples of L. angustifolius [3]. In the condi-
tions of Belarus, fusarium wilt of narrow-leafed
lupine reduces grain yield by 17-50%; the grain

yield loss due to gray mould is 20-30% [11].

The variants with fungicides Abacus Ultra
and Optimo showed a lower number of dis-
eased plants with Fusarium wilt and bean gray
mould. Compared with the control, plant infes-
tation with fusarium wilt decreased by 1.9 and
2.2 times, respectively, and bean disease with
gray mould by 1.7 times. Moreover, in compar-
ison with the reference variant bean infestation
by gray mould decreased by 1.4 times.

Under field conditions, the studied fun-
gicides had no inhibitory effect on the plant
growth. The average plant height of narrow-
leafed lupine before harvesting in the variant
with fungicide Abacus Ultra was at the control
level, with fungicide Optimo - by 1.2 cm signif-
icantly (LSDs = 1.15) higher than in the con-
trol. At the same time, the reference fungicide
Kolosal Pro reduced the plant height by 2.2 cm.

The application of fungicides Abacus Ultra
and Optimo to protect the narrow-leafed lupine
crops significantly reduced the seed yield loss-
es by 0.82 and 0.98 t/ha, or 54.3 and 58.7%,
respectively (LSDO5 = 0.28). In the variant
with the reference fungicide Kolosal Pro, the
seed yield losses were reduced by 0.66 t/ha, or
48.9%. Cost recovery for the application of fun-
gicides Abacus Ultra and Optimo was 2.83 and
2.40 rubles for each additional ruble invested.

Thus, the use of fungicides Abacus Ultra and
Optimo at the rate of 2.0 and 1.5 1/ha, respec-
tively, to protect the crops of narrow-leafed lu-

Taoa. 2. TokcnaHOCTD U 3 PEKTUBHOCTD (QYHTUIMIOB IPOTHUB aHTPAKHO3a JIIsI 3alUTHI JTIOTTMHA

B Bereranuto (mosieBoit onbitT 2019-2021 1)

Table 2. Toxicity and effectiveness of fungicides against anthracnose for lupin protection during the

vegetation period (field experiment 2019-2021)

Desease infestation, % Seed | Vield
. Con- Plant plants beans Effec- yii?d, crfasel?é Return
Option sumption | height, tiveness, on costs,
. control,
rate, I/ha cm anthrac- | fusari- | anthrac- % rubles
. grey rot t/ha t/ha
nose osis nose
Control — 45,8 32,1 20,2 18,7 3,0 — 0,69 — -
Kolosal Pro
(reference stan- 0,4 43,6 2.8 11,8 2.4 1,9 91,5 1,35 0,66 3,89
dard)
Abacus Ultra 2,0 45,6 1,9 10,9 1,7 1,8 95,3 1,51 0,82 2,83
Optimo 1,5 47,0 1,7 9,3 1,2 1,7 96,3 1,67 0,98 2,40
LSDys — 1,15 - - - - 0,28 - -
54  Siberian Herald of Agricultural Science » 2022 « 52 « 4 Plant protection
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pine significantly reduces the damage by harm-
ful diseases, including anthracnose, promotes
the realization of the seed yield potential of this
high-protein crop.

3AKJIIOYEHHUE

Application of fungicides Abacus Ultra (2.0
1/ha) and Optimo (1.5 1/ha) to protect narrow-
leafed lupine from anthracnose and other dis-
eases significantly reduces the infestation of
plants and beans by various pathogens, has a
positive effect on growth, development and
productivity of the crop.

Over the years of research, the biological ef-
ficacy of Abacus Ultra and Optimo against the
anthracnose pathogen was 95.3 and 96.3%, re-
spectively. This significantly reduces the infec-
tious load of the pathogen in crops. The spread
of anthracnose across plants was 1.9 and 1.7%,
compared to 32.1% in the control. The bean in-
festation with this pathogen was 1.7 and 1.2%
with 18.7% in the control. Fungicides showed
high efficiency against Fusarium fungi and
gray mould. Plant infestation with Fusarium
decreased by 1.9 and 2.2 times respectively,
bean infestation with gray mould by 1.7 times.

The studied fungicides had no inhibitory ef-
fect on the plant growth. The plant height of
narrow-leafed lupine before harvesting in the
variant with fungicide Abacus Ultra was at the
control level, and with fungicide Optimo was
significantly (LSD,s = 1.15) higher than in the
control by 1.2 cm.

The obtained significant (LSD05 = 0,041)
increases of the seed yield (0,82 and 0,98 t/ha)
paid back the expenses on the application of the
studied fungicides in the amount of 2,83 and
2,40 rubles for each additional ruble invested.
Since the experimental preparations are not
registered in the Russian Federation for appli-
cation on lupine, this work is experimental in
nature.
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MOHUTOPHUHI" U XAPAKTEPUCTUKA KYJIbTYP MYCOBACTERIUM AVIUM
SUBSP. PARATUBERCULOSIS, BbIJIEJIEHHBIX HA TEPPUTOPUM 3ATIAJTHOM
CUbUPHU

(<X)Uoumnna C.B., lonuenko H.A., CmoassaunoB F0.U., Jonuenko A.C.

Cubupckuii ghedepanvhwviii HayuHblll YyeHmp azpoouomexuonozuti Poccutickou akademuu Hayk
HoBocubupckas o6nacts, p.i. KpacHooock, Poccust
(<) e-mail: labtub@mail.ru

[IpencraBnensl pe3yabTaThl MUKPOOUOJIOTHYECKUX HMCCICIOBAHUI CTaHIapPTU3UPOBAHHOTO
mITaMMa B U30JIATOB, OTHOCSIIUXCS K Mycobacterium avium subsp. paratuberculosis (MAP),
BBIJICJICHHBIX Ha TeppuTopuu 3amanHoii Cubupu. BocmpomusBelneHa 3KCIepUMEHTAlbHAS Ta-
patybepkyne3Has WHPEKIUs Ha HEIMHEWHBIX OCNBIX MBIIIaX C WCIOJb30BaHUEM BHYTPHOpPIO-
IIUHHOTO ¥ BHYTPUBEHHOI'O CIIOCO0OB 3apaykeHus onbITHbIME Jo3amu 0,1; 0,25; 0,5 u 1,0 mn
CYCTIEH3WH CTaHAAPTU3UPOBAHHOTO MTAMMa M H30JISATOB. MUKPOOHOIOTHYECKIE HCCIIETOBAHUS
TaMMa ¥ U30JISITOB BKITFOUAI MUKPOCKOTTUYECKUH, KyJIBTypaJIbHBIM H OMOXUMUYECKUE METO-
IIBI: OKpacka Ma3koB 1o Llwrro — HunmbceHy; MOCEBBI CyCIIEH3WH MUKOOAKTEpHUH Ha TUIOTHYIO
AMYHYIO NUTATeNbHYI0 cpely JleBenmreiina — Mencena ¢ hakTopoM pocTa MHKOGAKTHHOM,
MPENIOCeBHON 00paboTKH OmomaTrepurala, MOJYYeHHOTO OT JIabopaTOpPHBIX KUBOTHBIX, C IO-
CJICAYOIIMM TIOCEBOM ITOJIYYEHHOTO 0CaJiIKa Ha SMYHBIC MUTATEIbHBIC CPEbl C MUKOOAKTHHOM.
buoxmmudeckue TecThl: pocT maroreHoB npu 30, 37 u 42 °C, onpeneneHne aMiuaa3HON aKTHB-
HOCTH; HAJIMYNUE POCTA KOJOHUHN WIIM €ro OTCYTCTBHE Ha CPEJie C CATHUI[UIATOM HATpHs, OIpe-
JeJeHne KaTajJa3HoW W apuicynb(ara3Hol aKTUBHOCTH, PEIyKIHs HATPATOB, THIPOIN3 TBUH-
80, ycroitunBoCcTh K 5%-My xsopuay Hatpus. [1o pesynbraramMm TpOBEJICHHBIX HCCIICIOBAHHIMA
M3y4YeHHBIE KYJIbTYpbl OTHECEHBI K 3-if rpynmne MukoOakTepuii mo kiaccudukanuu PanpoHa.
VYV wmbiueit, 3apaxennsix 0,1; 0,25; 0,5 u 1,0 M1 cycneH3uu CTaHAAPTU3UPOBAHHOTO IITaMMa
Y M30IIATaMU BHYTPHOPIONINHHO, BBISBICHBI YBEIHMUCHHE JIETKUX, CEJIE36HKH U TEeYeHH, eIu-
HUYHBIE THOMHBIC OYaru Ha MEYeHH, Celie3eHKe U Opbikeiike. HIEKC BRICEBAEMOCTH COCTABUI
(++)2 — (+++)3 — (++++)4. Y mprmeit, 3apaxenssix 0,1; 0,25; 0,5 u 1,0 Mut cycrieH3uu cTanmap-
TU3UPOBAHHOTO IITAMMA U U30JIsTAMH BHYTPUBECHHO, BBISBICHBI YBEIUYCHUE JICTKUX, CEIIC3CH-
KU U TIeYeHH, ITIeYeHb MPaMOPHOW OKpacKW, THOWHBIE o4aru B reyeHu. MHaekc BhIceBaeMOCTH
coctaBui (++)2 — (+++)3 — (++++)4. [lomydensl HayuHble JaHHBIE O KYJIbTYpalbHbBIX, OHO-
XUMHAYECKUX M OMOJOTHYECKHUX CBOMCTBAX M30JSATOB MapaTyOepKyJIe3HBIX MUKOOAKTEepHid, CO-
BIAIOIIUE C UACHTUYHBIMY MMOKA3aTeIsIMH CTaHAApPTHU3UPOBAHHOTO ITamma Mycobacterium

avium subsp. paratuberculosis, 9T0 TTIO3BOJSET OTHECTH UX K MUKOOAKTEPHUIM MMaparyoepKye-
3a. buojornueckuii MEeTO MCCIICOBAHNS HA HEJIMHEWHBIX OCJIBIX MBIMIAX C UCIOIb30BAHHEM
BHYTPUOPIOMIUHHOTO U BHYTPUBEHHOI'O CIIOCOOOB 3apaKEHUS OTBITHBIMH JJ03aMHU CYCIICH3HH,
CoJlepXkKalUuX CTAHJAPTU3UPOBAHHBIN IITAMM W W30JIATHI BO3OyIUTENs MaparyOepkysiesa, Io-
3BOJIUJT YCTAHOBUTD 3P PEKTUBHOCTH JAHHBIX CITOCOOOB M JI03 JIJISi BOCIIPOHU3BECHUS IKCIIEPH-
MEHTaJIbHOM NapaTyOepKyae3HOM HH(PEKIIUN Ha HeJIMHEHHBIX OCJIBIX MBIIAX.

KoaroueBbie ciioBa: naparyOepKyses, U30JT, MUKOOAKTepHH, OHOXUMHUECKUE TECThI, OHOIOTH-
yeckas npoba, Gnomarepuan
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MOHUTOPHHT U XapaKTepUCTHKA KylbTyp Mycobacterium avium Honuna C.B., Jlonuenxo H.A., Cmonsunnos F0.U., lonuenko A.C.
subsp. paratuberculosis, BbIICICHHBIX Ha TEPPUTOPUH 3aTIaHON
Cubupu

MONITORING AND CHARACTERIZATION OF MYCOBACTERIUM AVIUM
SUBSP. PARATUBERCULOSIS CULTURES ISOLATED ON THE TERRITORY
OF WESTERN SIBERIA

C<DIonina S.V., Donchenko N.A., Smolyaninov Y.I., Donchenko A.S.

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia
(<) e-mail: labtub@mail.ru

The results of microbiological studies of a standardized strain and isolates related to Mycobacte-
rium avium subsp. paratuberculosis (MAP) isolated in Western Siberia are presented. Experimental
paratuberculosis infection was reproduced on nonlinear white mice using intraperitoneal and intra-
venous methods of infection with experimental doses of 0.1;0.25; 0.5 and 1.0 ml of suspensions of
standardized strains and isolates. Microbiological studies of strains and isolates included microscopic,
cultural and biochemical methods: Ziehl-Neelsen staining of smears; inoculation of mycobacteria sus-
pension on thick egg culture medium Lowenstein-Jensen with mycobactin growth factor; pre-sowing
treatment of biomaterial obtained from laboratory animals with subsequent inoculation of the resulting
sediment on egg culture medium with mycobactin. Biochemical tests: pathogen growth at 30, 37 and
42 °C, determination of amidase activity; presence of colony growth or its absence on medium with
sodium salicylate, determination of catalase and arylsulfatase activity, nitrate reduction, hydrolysis of
tween-80, resistance to 5% sodium chloride. According to the results of the studies, the cultures studied
were classified as mycobacteria group 3 according to Runyon's classification. Mice infected with 0.1;
0.25; 0.5 and 1.0 ml of standardized strain suspension and isolates intraperitoneally showed enlarge-
ment of lungs, spleen and liver, single purulent foci on liver, spleen and mesentery. The isolation rate
index was (++)2 to(+++)3 to(++++)4. Mice infected with 0.1; 0.25; 0.5 and 1.0 ml of standardized
strain suspension and intravenous isolates showed enlargement of lungs, spleen and liver, marbled
liver, suppurative foci in liver. The isolation rate index was (++)2 to(+++)3 to(++++)4. Scientific data
on the cultural, biochemical and biological properties of isolates of paratuberculous mycobacteria co-
inciding with identical parameters of the standardized strain Mycobacterium avium subsp. paratu-
berculosis (MAP) were obtained, which allows to refer them to mycobacteria of paratuberculosis.
Biological method of research on nonlinear white mice using intraperitoneal and intravenous methods
of infection with experimental doses of suspensions containing a standardized strain and isolates of
the paratuberculosis pathogen, allowed to establish the effectiveness of these methods and doses for
reproduction of experimental paratuberculosis infection on nonlinear white mice.

Keywords: paratuberculosis, isolate, mycobacteria, biochemical tests, biological sample, biomaterial
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Monitoring and characterization of Mycobacterium avium subsp.
paratuberculosis cultures isolated on the territory of Western Siberia

Ionina S.V., Donchenko N.A., Smolyaninov Y.I., Donchenko A.S.

INTRODUCTION

Paratuberculosis (paratuberculous enteri-
tis, lone's disease) is a chronic enteropathy of
ruminants and some non-ruminants caused by
Mycobacterium avium subsp. paratuberculo-
sis. The disease mainly occurs without marked
clinical symptoms and can have different forms
of manifestation: from forms with high prev-
alence and significant mortality to cases with
very low prevalence and low morbidity and
rare mortality [1, 2].

Transmission of the pathogen to young ani-
mals is mainly through the feces of infected
adult animals, many of which have no clinical
signs of the disease. In this regard, paratubercu-
losis has been and remains one of the difficult
to control and diagnose infections due to the
fact that the incubation period can last from 6
months to 15 years. In addition, the pathogen
is extremely resistant to environmental factors,
where it can survive for up to a year or more
[3,4].

Despite the fact that veterinary science and
practice are mainly focused on paratuberculosis
in cattle, sheep and goats, many wild animals
(deer, ermines, antelopes, foxes, ibexes, bisons,
camels, llamas, weasels) also suffer from this
infection. In addition, M. paratuberculosis per-
sists in horses, mules, and pigs, which, when
infected, become bacterial carriers that actively
release the pathogen into the external environ-
ment. The importance of an infected or sick an-
imal as a source of the paratuberculosis patho-
gen is due to the peculiarities of its excretion at
different stages of the infectious process. This
makes it necessary to conduct a detailed study
of various properties of the paratuberculosis
pathogen, which are essential in the develop-
ment of the pathogenesis of the disease and in
carrying out effective anti-epizootic measures
[5, 6].

Allergic and serological methods of in vivo
diagnosis as well as microbiological methods of
isolation and identification of the pathogen, in-
cluding bacteriological and biochemical meth-
ods based on the fact that during the process
of metabolism some species of mycobacteria
exhibit different enzymatic activity are used to

identify paratuberculosis patients. There is also
a biological method of paratuberculosis diag-
nosis, which is based on modeling the infection
on laboratory animals (mice, rats, rabbits, ham-
sters, gerbils, guinea pigs) and birds (pigeons)
due to their ability to replicate M. paratuber-
culosis during experimental infection. It should
be noted that M. avium is pathogenic for chick-
ens and rabbits, whereas M. paratuberculosis is
not pathogenic for these animal species [7-9].

Modern diagnostic tests are not able to rec-
ognize all stages of the disease, which makes it
difficult to diagnose and control the manifesta-
tion of this infection. Consequently, the insuf-
ficient efficiency of methods for identifying the
pathogen and reproducing the disease in labo-
ratory and naturally susceptible animals is an
obstacle to studying the pathogenesis as well
as developing effective diagnostic methods and
control measures for this disease [10, 11].

All of the above indicates that paratubercu-
losis remains one of the serious problems for
the livestock industry for the next few decades.
Despite the implementation of veterinary rou-
tine preventive and health measures, it contin-
ues to cause significant economic damage to
livestock production (see Fig. 1, 2) [12].

'.

Puc. 1. Koposa, 60nbHas nmapatyOepKyae3oM
Fig. 1. A cow suffering from paratuberculosis
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MOHHTOPHHT U XapaKTepUCTHKA KyIbsTyp Mycobacterium avium
subsp. paratuberculosis, BbIICICHHBIX Ha TEPPUTOPUH 3aTIaHON
Cubupn

Wonuna C.B., lonuenxo H.A., CmonsaunoB F0.1., [lonyenko A.C.

Puc. 2. ITatonoroanaroMuueckue N3MEHEHUS CITH-
3WCTOM 00OIOYKH TOHKOTO OT/IeJIa KUIIEYHHKA Y
KPYITHOTO POTaToro CKOTa MpH maparyOepKynese

Fig. 2. Pathological anatomical changes in the
mucosa of the small intestine in bovine animals
suffering from paratuberculosis

In this connection there is a necessity to im-
prove highly specific and sensitive diagnostic
methods of bovine paratuberculosis, especially
the detection of animals in the initial stage of
the disease, as well as in the period of excre-
tion of the pathogen with feces into the exter-
nal environment, taking into account the world
experience. Using the whole complex of diag-
nostic methods of detection of paratuberculosis
pathogen will allow to plan and carry out effec-
tive anti-epizootic measures in time, which will
enable to prevent uncontrolled spread of this
disease in cattle herds, as well as among other
domestic and wild animal species.

The purpose of the study was to examine
the cultural, biochemical and biological prop-
erties of mycobacteria isolated from animals
and birds belonging to Mycobacterium avium
subsp. rabetricusliosis (MAP).

MATERIAL AND METHODS

Microscopic method of staining smears by
Ziehl-Neelsen; cultural method, including in-
oculation of mycobacterial suspension on dense
egg culture medium Lowenstein—Jensen with

growth factor mycobactin, as M. paratubercu-
losis are mycobactin-dependent, and presowing
treatment of biological material obtained from
laboratory animals with subsequent inoculation
of the resulting sediment on egg culture medi-
um with mycobactin were used to conduct the
research. Biochemical tests: pathogen growth
at 30, 37 and 42 °C, determination of amidase
activity; presence of colony growth or its ab-
sence on the medium with sodium salicylate,
determination of catalase and arylsulfatase ac-
tivity, nitrate reduction, hydrolysis of tween-80,
resistance to 5% sodium chloride. Nitrate re-
ductase activity was determined by the Tsuka-
mura method; catalase activity was determined
according to the method of G. Weyne (1962),
hydrolysis of tween-80 by the modified method
of G. Weyne (1964), amidase activity of My-
cobacterium paratuberculosis - by the Taequet
method' [13]. The biological method consisted
in infecting non-linear white mice with differ-
ent doses of the studied cultures suspension in-
traperitoneally and intravenously. A total of 32
experimental and 8 control groups of laboratory
animals were formed, each group contained 5
mice with an average weight of 23 g.

Mice were infected with a suspension con-
taining 1 mg of bacterial mass of pathogen
cultures dissolved in 1 ml of physiological so-
lution. Mice were infected once intravenously
into the tail vein and intraperitoneally by inject-
ing 0.1; 0.25; 0.5 and 1.0 ml of the suspension.
The duration of the experiment was 4 months
(120 days), after which the animals were rou-
tinely euthanized, followed by autopsy and
biomaterial sampling (lungs, liver, spleen). The
internal organs were treated by A.P. Alikaeva's
method? followed by inoculation of the ob-
tained suspensions on egg culture medium with
mycobactin. Appearance of colony growth was
recorded every 2 days during the first week,
then once a week.

"New methods for the study of anthropozoonosis pathogens. Tuberculosis: guidelines. MOSCOW: RAAS, 2003. 50 p.
2Agricultural animals and poultry. Methods of laboratory diagnosis of tuberculosis: GOST 26072-89 (ST SEV 3457-81).

Moscow: Publishing house of standards, 1989. 13 p.
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Monitoring and characterization of Mycobacterium avium subsp.
paratuberculosis cultures isolated on the territory of Western Siberia

Ionina S.V., Donchenko N.A., Smolyaninov Y.I., Donchenko A.S.

RESULTS AND DISCUSSION

The standardized strain Central Lyubinsky
(All-Russian Scientific-Research Institute of
Brucellosis and Tuberculosis of Animals) and
three isolates extracted from biological mate-
rial of animals and birds in different natural and
geographic zones of Western Siberia were se-
lected for the complex of studies.

Results of cultural and biochemical stud-
ies. The Central Lyubinsky strain was isolated
from the small intestine of cattle with changes
characteristic of paratuberculous enteritis in the
form of pronounced folding and thickening of
the mucosa. The appearance of growth of this
strain on Lowenstein-Jensen medium with my-
cobactin was observed on day 8 in the form
of light-colored (beige) colonies located sepa-
rately from each other, of medium size with
a depression in the center (R shape). The my-
cobacterial strain showed no growth at 30 °C,
abundant growth at 37 °C, and scanty growth
at 42 °C. Amidase activity of the pathogen was
negative, catalase activity was negligible. Posi-
tive growth on medium with sodium salicylate
and hydrolysis of tween-80 (day 6) was ob-
served. Arylsulfatase activity and nitrate reduc-
tion were negative, resistance to 5% NaCl was
absent.

Isolate Ne I was isolated from the mandibu-
lar lymph nodes of a pig with the presence of
caseous foci. In passages on Lowenstein-Jen-
sen medium with mycobactin, the appearance
of pathogen growth was noted on the 5th day.
The colonies were light beige in color, con-
fluent and separate from each other, of rough
consistency (R shape). There was no colony
growth at 30 °C, intense at 37 °C, and scanty
at 42 °C. Amidase activity was absent, and the
isolate had weakly expressed catalase activity.
Growth on the medium with sodium salicylate
was observed. Hydrolysis of tween-80 was
positive (day 5). Arylsulfatase activity and ni-
trate reduction were negative, resistance to 5%
NaCl was absent. Based on the diagnostic tests
performed, the isolate was classified as myco-
bacterial group 3 according to the Runyon clas-
sification.

Isolate Ne 2 was isolated from the small
intestine of cattle with pathological changes

characteristic of paratuberculous enteritis in the
form of pronounced folding and thickening of
the mucosa. In passages on Levenstein-Jensen
medium with mycobactin, the appearance of
pathogen growth was noted on the 8th day. The
colonies were light colored, large and medium-
sized, separated from each other, rough and mu-
cousy consistency (R and S shape). There was
no colony growth at 30 °C, intensive growth
was observed at 37 °C, and growth was scanty
at 42 °C. Amidase activity was absent, catalase
activity was weak, and colony growth on the
medium with sodium salicylate was observed.
Hydrolysis of tween-80 was positive (day 5),
arylsulfatase activity and nitrate reduction were
negative, resistance to 5% NaCl was absent.
Based on the diagnostic tests performed, the
isolate was classified as mycobacterial group 3
according to the Runyon classification.

Isolate Ne. 3 was isolated from the internal
organs of crows. In passages on Levenstein-Jen-
sen medium with mycobactin, the appearance
of primary growth of the pathogen was noted
on the 6th day, the colonies were light beige in
color, small and medium in size, fused togeth-
er, of rough consistency (R shape). There was
no growth of the pathogen at 30 °C, abundant
growth at 37 °C, and scanty growth at 42 °C.
Amidase activity was absent and catalase ac-
tivity was weakly expressed. Pathogen growth
was positive on medium with the addition of
sodium salicylate. Hydrolysis of tween-80 was
positive (day 6), arylsulfatase activity and ni-
trate reduction were negative, resistance to 5%
NaCl was absent. Based on the diagnostic tests
performed, the isolate was classified as myco-
bacterial group 3 according to the Runyon clas-
sification. (see Table 1, Fig. 3).

Microscopic examination of strain cultures
and pathogen isolates showed the presence of
acid-fast granular rods in smears stained by
Ziehl-Neelsen, arranged in clumps as a "pali-
sade", which is a characteristic feature of MAP.

The shortening of the appearance of prima-
ry growth of the studied strains and isolates of
the paratuberculosis pathogen during multiple
passages on dense egg nutrient media is due to
their adaptation to favorable cultivation condi-
tions, leading to a variation in the quantitative
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Ta6a. 1. Pe3ynbrars! KyabTypasbHOTO U OMOXUMHUYECKUX UCCIIEAOBAaHUH CTaHAaPTH3UPOBAHHOTO

HITaMMa 1 M30JITOB apary0epKyIe3HOro aToreHoB

Table 1. Results of cultural and biochemical studies of a standardized strain and isolates of the

paratuberculosis pathogen

Growth, °C Growth . Growth
' Ami- | Cata- | onsa- | Hydroly- ;‘tﬂrﬁ: N;{Ei 1 on the
Cultural properties dase lase | licylate | sisof ase | duc- medium
30 | 37 | 42 | activity | activity | medium | tween-80 activity | tion with 5%
Na NaCl
Standardized strain: light-colored (beige)
colonies, separated from each other, me-
dium-sized with a depression in the center
(R shape) N I VR B VR T T e
Isolate Ne 1: colonies of light beige color,
merged and separate from each other, rough
consistency (R form) - |+ |- - +/— + + — - -
Isolate Ne 2: light colored, large and me-
dium-sized colonies, separate from each
other, rough and slimy consistency (R and
S shape) — |+ |- - +/— + + — - —
Isolate Ne 3: colonies of light beige color,
small and medium in size, merged with
each other, rough consistency (R form) - |+ |- - +- + + - - -

content of mycolic acids on the surface of bac-
terial cells, which causes changes in the thick-
ness and permeability of their membranes. This
process is reflected, in turn, in an increase or
decrease in the hydrophobicity of the cell wall
and, consequently, leads to an increase in the
level of nutrient supply to the cell, which af-
fects the rate and intensity of growth of their
cultures. It should be noted that after the third
and subsequent passages on dense egg nutrient
media, R-subcultures of the studied pathogens
acquired the ability to grow on Pavlovsky po-
tato medium even without mycobactin growth
factor [14].

The biological studies performed showed
that the mice of the experimental groups had
a lower body weight than those of the control
groups. Autopsies of mice infected with 0.1;
0.25; 0.5 and 1.0 ml of suspension of the stan-
dardized strain of the paratuberculosis pathogen
intraperitoneally showed slight enlargement of
lungs, spleen and liver, single suppurative foci
on the liver. The isolation rate index was ++(2)
— ++++ (4).

Infection of white mice with identical doses
of the standardized pathogen strain intrave-
nously resulted in the enlargement of the lungs,
liver, and spleen, and the liver was marbled

Puc. 3. Poct kybTyp IITaMMa U U30JI1TOB BO30Y-
JITENS napaTyGepKyne3va Ha SIMYHOW MUTATEJIbHOU
cpene Jleenmreiina — Mencena ¢ haktopom pocra
MUKOOAKTHHOM

Fig. 3. Growth of cultures of paratuberculosis
strains and isolates on Lowenstein-Jensen egg cul-
ture medium with growth factor mycobactin
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with purulent foci. The isolation rate index was
++(2) — ++++ (4).

In mice infected with 0.1; 0.25; 0.5 and 1.0
ml of suspension of isolate Ne 1 of the paratuber-
culosis pathogen intraperitoneally, the autopsy
revealed enlargement of lungs, liver and spleen
with purulent foci on the liver and spleen. The
isolation rate index was ++(2) — +++(3). When
infected intravenously, mice showed enlarge-
ment of the lungs, liver, and spleen. The isola-
tion rate index was ++(2) — +++(3).

In infected white mice, 0.1; 0.25; 0.5 and 1.0
ml of suspension of isolate Ne 2 of the paratu-
berculosis pathogen intraperitoneally, enlarge-
ment of the lungs, liver and spleen, as well as
single purulent foci on the mesentery were not-
ed at the autopsy. The isolation rate index was
++(2) — +++(3).

Infection of white mice with identical doses
of isolate Ne 2 of the paratuberculosis patho-
gen intravenously revealed increased liver and
spleen. The isolation rate index was ++(2) —
+++(3).

Pathological autopsy of white mice infected
with 0.1; 0.25; 0.5 and 1.0 ml of suspension of
isolate Ne 3 of the paratuberculosis pathogen
intraperitoneally revealed slight enlargement of
lungs, liver and spleen with purulent foci on liv-

er and mesentery. The isolation rate index was
++(2) — +++(3). Autopsy of mice infected in-
travenously revealed enlarged liver and spleen
with purulent foci in the liver. The isolation rate
index was ++(2) (cm. Tabm. 2).

Bacterioscopic examination of smears of
paratuberculosis pathogens isolated from the
internal organs of white mice in all experimen-
tal groups, stained by Ziehl-Neelsen, showed
the presence of single acid-fast granular rods,
arranged in groups or in the form of "palisades",
which is typical for the pathogen of paratuber-
culosis.

CONCLUSION

A set of laboratory methods of investigation
of isolates of Mycobacterium paratuberculosis
isolated in Western Siberia from animal and
bird biomaterial allowed to obtain scientific
data on their cultural, biochemical and biologi-
cal properties coinciding with identical indica-
tors of the standardized strain Mycobacterium
avium subsp. paratuberculosis, which allows to
refer them to mycobacteria of the same patho-
gen. Biological method of research on nonlin-
ear white mice using intraperitoneal and intra-
venous methods of infection with experimental
doses of suspensions containing the standard-

Taoda. 2. Pesynbrarel OHMONOrHUeCcKoil MpoObl HAa HETMHEHHBIX OCNIBIX MbIIIAaX, 3apaKEHHBIX Pa3IMYHbI-
MU CII0COO0aMU H 103aMH ITaMMa U H30JIATOB NaparyOepKyJIe3HbIX TaTOTCHOB

Table 2. Results of biological assay on nonlinear white mice infected in different ways and with doses

of strains and isolates of paratuberculosis pathogens

Method and dose of infection

Strain and isolates

Intraperitoneal (0,1; 0,25; 0,5; 1,0 ml)

Intravenous (0,1; 0,25; 0,5; 1,0 ml)

Pathological anatomical changes. The isolation rate index.

Standardized
strain

rate index ++(2) — ++++ (4)
Isolate Ne 1
index ++(2) — +++(3)
Isolate Ne 2

isolation rate index ++(2) — +++(3)

Isolate Ne 3

Slight enlargement of the lungs, spleen and liver,
single suppurative foci on the liver. The isolation

Enlarged lungs, liver, and spleen with suppurative
foci on the liver and spleen. The isolation rate

Enlargement of the lungs, liver, and spleen, as well
as single suppurative foci on the mesentery. The

Slight enlargement of the lungs, liver, and spleen
with suppurative foci on the liver and mesentery.
The isolation rate index ++(2) — +++(3).

Enlarged lungs, liver and spleen, marbled
liver with suppurative foci. The isolation
rate index ++(2) — ++++ (4)

Enlarged lungs, liver, and spleen. The
isolation rate index ++(2) — +++(3)

Enlarged liver and spleen.
The isolation rate index ++(2) — +++(3)

Enlarged liver and spleen, suppurative
foci in the liver. The isolation rate index
++(2)

64  Siberian Herald of Agricultural Science ¢ 2022 * 52 « 4

Zootechnics and Veterinary Medicine



MOHHTOPHHT U XapaKTepUCTHKA KyIbsTyp Mycobacterium avium
subsp. paratuberculosis, BbIICICHHBIX Ha TEPPUTOPUH 3aTIaHON
Cubupu

Wonuna C.B., lonuenxo H.A., CmonsaunoB F0.1., [lonyenko A.C.

ized strain and separated isolates of the para-
tuberculosis pathogen allowed to establish the
effectiveness of these methods and doses for
reproduction of experimental paratuberculosis
infection on nonlinear white mice.
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BJIMSAHUE PASHOI'O YPOBHSA KOPMJIEHUSA HA ITPOAYKTUBHOCTD
BbIYKOB YEPHO-ITECTPOM MOPO/bI

IlleBxyxeB A.®., C<)Iloronaes B.A.

Cesepo-Kasxasckuil pedepanbHulil HayuHbIL A2PAPHbLUL YeHMP
CraBpononbckuit kpai, r. Muxaiinosck, Poccust
(C<XDe-mail: pogodaev_1954@mail.ru

[IpencTaBieHsl HCCIENOBAaHMS 110 PETYIMPOBAHUIO YPOBHS KOPMJICHHUSI MOJIOIHSKA )KUBOTHBIX B
[IOCTAMOPHOHAJIBHBIN IIEPHOA. YCTAHOBJIEHO BIMSHHUE PA3INYHBIX YPOBHEH KOPMIIEHHS HA CKOPOCTh
pocTa, pa3BUTHE, MSICHYIO IPOAYKTUBHOCTD, JOPMHPOBAHUE MSICHOCTH M COOTHOILICHUE BaYKHEHIITHX
TKaHeH B TyIlIe MOJIOAHSAKA YEPHO-NIECTPOI MOPO/IbI KPYITHOTO pOTaToro CKOTa B pa3jIndHbIe BO3pacT-
Hble ieprosl. Cxema BhIpaluBaHus MOJIOJHSAKA ObLIa ClieyonIei: 1-51 rpyma — MoBBILICHHBIH ypo-
BEHb KOpMJIeHUsI 10 14-MecsuHOro Bo3pacta, 1-s (a) — BeIpallMBaHUE MOJIOAHSKA 10 8 MEC TaK ke,
KaK Y JKUBOTHBIX |-# TpyIIIibI (MIOBBIIEHHBIN YPOBEHb KOPMIIEHHST), OT 8 110 14 Mec — comepkaHue Ha
CpeIHEM XO3SHCTBEHHOM KOPMJICHHH; 2-51 TPYIIA — XO3IHCTBEHHOE cpemHee KopMileHue 10 14 mec,
2-1 (a) — 10 8 Mec — X03sICTBEHHOE (CpeaHee) KopMileHue, oT § 10 14 Mec — IOBBIIIIEHHBIH YPOBEHb
KopmyieHus. 3a 14 Mec BbIpaIllMBaHUS W3PACXOA0BANIN HA KaXIyto ronosy B 1-if rpynme 2114,8 OKE,
Bo 2-i1 (a) — 1888,1, B 1-i1 (a) — 1919,0, Bo 2-ii — 1692,3 OKE, 3a 18 Mec BoIpamnmBanus: B 1-if rpyr-
e — 3673,2, Bo 2-i1 (a) — 3345,6, B 1-i1 (a) — 3197,4, Bo 2-ii — 3240,0 OKE. Y monomnsika 1-it rpymmsl,
HaXOIMBILIETOCS Ha YIYYIICHHOM KOPMJICHHUH, CPEAHECYTOUYHBIA MPUPOCT 3a BECh IEPHUOA COCTABUII
837 1, uro Ha 124, 161 u 170 T (p > 0,999) Gonpiie, veM y MononHska 2-i (a), 1-i (a) u 2-i Tpymm
COOTBETCTBEHHO. [Ipy BHICOKOM ypOBHE KOPMIICHHS MOJOIHSIKA KPYITHOTO POraToro CKOTa Ha MACO
OTMEYEHO PE3KOE YBEIMYEHHE MSCHON MPOIYKTUBHOCTH M YIydlleHHe KadecTBa msca. llpu stom
CHIYKAJIMCh 3aTpaThl KOPMOB Ha MPOU3BOIUMYIO MTPOAYKIHIO U MOBBIIIATACH IKOHOMHYECKas P PeK-
THUBHOCTB BBIPAIIMBAHUS CKOTA. YPOBEHb KOPMIICHHS OKa3bIBaeT qu((HepeHIMPOBAHHOE BIUSHHE Ha
pa3BUTHE OTIEIbHBIX OPraHOB U TKAaHEH.

Ki1rodeBble ci10Ba: uepHO-niecTpast opoaa, ObIYKH, POCT, MACHbIE KaU€CTBA, YPOBEHb KOPMIICHUS,
3aTpaThl KOPMOB

INFLUENCE OF DIFFERENT LEVELS OF FEEDING ON THE PRODUCTIVITY
OF BLACK-AND-WHITE BULL CALVES

Shevkhuzhev A.F., CX)Pogodaev V.A.
North Caucasus Federal Agrarian Research Centre
Mikhailovsk, Stavropol Territory, Russia
(XDe-mail:pogodaev_1954@mail.ru

Studies on the regulation of the level of feeding of young animals in the post-embryonic period are
presented. The effect of different levels of feeding on the growth rate, development, meat productivity,
formation of meatiness and the ratio of the most important tissues in the carcass of young Black-and-
White breed of cattle at different age periods has been established. The scheme of young animals rear-
ing was as follows: Group 1 - increased level of feeding until 14 months of age, Group 1 (a) - rearing
the young animals until 8 months in the same manner as in Group 1 (increased level of feeding), from
8 to 14 months - maintenance on medium farm feed; Group 2 - medium farm feed until 14 months,
Group 2 (a) - until 8 months - medium farm (medium) feeding, from 8 to 14 months - increased level
of feeding. For 14 months of rearing, 2114,8 EFU were spent per head in group 1, 1888,1 in group 2
(a), 1919,0 in group 1 (a), 1692,3 EFU in group 2; for 18 months of rearing: 3673,2 in group 1, 3345,6
in group 2 (a), 3397.,4 in group 1 (a), 3240,0 EFU in group 2. Group 1 youngsters on improved feed
had an average daily gain of 837 g for the whole period, which was 124, 161 and 170 g (p> 0.999)
more than Group 2 (a), Group 1 (a) and Group 2 youngsters, respectively. At a high level of feeding
young cattle for meat, a sharp increase in meat productivity and improved meat quality was noted.
At the same time, the cost of feed for the products produced decreased and the economic efficiency
of livestock breeding increased. The level of feeding has a differential effect on the development of
individual organs and tissues.

Keywords: Black-and-White breed, bull calves, growth, meat qualities, nutritional level, feed costs
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INTRODUCTION

One of the elements of the promising mod-
el of development of domestic cattle breeding
is to increase the level of animal productiv-
ity, which is directly dependent on the level
of feeding, breeding work, rational use of the
world and domestic gene pool of cattle [1-4].

Increasing demand for meat as a food prod-
uct and the need to obtain it with the least ex-
penditure of feed and funds put forward as the
main task in cattle breeding to create animals
with high growth energy, good payment for
feed, capable of reaching 15-18 months age
large live weight with a high slaughter yield
and good quality meat indicators [5-9].

Currently, the main amount of beef is sup-
plied by dairy and dairy-meat production
farms. Studying the influence of the level of
feeding on growth, development and beef pro-
ductivity of cattle is one of the important tasks
of zootechnical science and practice. Feeding
serves as a powerful factor in the formation of
the animal. Works of many scientists are de-
voted to the influence of nutrition on growth,
development and meat productivity [10-14].
By regulating the level of feeding of young
animals in the post-embryonic period, it is
possible to change the growth rate of animals,
the formation of meatiness and the ratio of the
most important tissues in the carcass (muscle,
bone, fat).

The purpose of the work is to establish the
effect of different levels of feeding on growth,
development, meat productivity of young
black and white cattle breeds at different age
periods.

MATERIAL AND METHODS

The experiment on growing young cattle of
black-and-white breed up to 18 months was
conducted in 2019, 2020 in the APC breeding
farm "Zarya-1" of the Karachay-Cherkess Re-
public. Based on the analogue method, the test
bulls were distributed into groups of 15 animals
each. The scheme of growing young animals
was as follows:

— Group 1: Increased level of feeding until
14 months of age;

— Group 1 (a): young animals are reared up
to 8 months of age the same way as in Group
1 (increased level of feeding), from 8§ to 14
months - kept on medium farm feed;

— Group 2: economic average feeding up to
14 months;

— Group 2 (a): up to 8 months - economic
(average) feeding, from 8 to 14 months - in-
creased level of feeding.

At the age of 14 to 16 months the young cat-
tle of all groups were put under the same con-
ditions of grazing, from 16 to 18 months - on
intensive fattening.

Bulls were castrated at 3 months of age. The
growth and development of the animals were
recorded by individual weighing at the begin-
ning of the experiment and at 9-, 12-, 16- and
18-months of age. The absolute, average daily
and relative gain in live weight were calculated
based on the weighing for the periods of the ex-
periment and for the whole cycle of growing
and fattening.

To study meat productivity, three steers
from each group were slaughtered at 14- and
18-months of age according to the methodol-
ogy of the VIZh (The All-Russia Research In-
stitute for Animal Husbandry), VNIIMP (The
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Gorbatov’s All-Russian Meat Research Insti-
tute). The slaughter was performed at the meat
processing plant OJSC RAPE (republican agro-
industrial enterprise) "Caucasus Meat". The
pre-slaughter live weight, carcass and internal
raw fat weights, relative carcass yield, and
slaughter yield were established during control
slaughtering.

The morphological composition was deter-
mined by boning the half-carcass chilled for 24
hours at a temperature of 0 to 4 °C. Based on
the boning and desinewing, the absolute and
relative content of bones, flesh, tendons and
cartilage were calculated, as well as the meat
index (yield of flesh per 1 kg of bones), weight
and yield of natural anatomical parts of the car-
cass (VNIIMS - Russian Research Institute for
Metrological Service).

To study the qualitative indicators of beef,
average samples of the fleshy part of the carcass
weighing 400 g, the longest muscle of the back
and fat from three carcasses of each group of
different localization of 200 g were taken.

The chemical composition of muscle and fat
tissue was determined according to the methods
of zootechnical analysis.

The experimental data were processed using
the mathematical method of variation statistics.
Significance of the difference was determined
by the Student's test.

RESULTS AND DISCUSSION

There were significant differences between
the groups in the amount of feed fed and its
nutritive value. Thus, for 8§ months the young
cattle of the 1st group spent 870.9 EFU, or 26%

more than the young cattle of the 2nd group.
At the age of 8-14 months the bulls of groups 1
and 2 (a) received 195.8 EFU more in feed than
the bulls of groups 2 and 1 (a).

For 14 months of breeding 2114,8 EFU
were spent per head in the 1st group, 1888,1
in the 2nd group, 1919,0 in the 1st group and
1692,3 EFU in the 2nd group. During the pe-
riod young animals of the 1st group were fed
422,5 EFU or 24,9 % more than young ani-
mals of the 2nd group. Cattle of the "trans-
fer" groups (1-st (a) and 2-st (a)) received by
195,8 and 226,7 EFU or 11-13% more than
the young of the 2nd group. Thus, the "trans-
fer" groups occupied an intermediate position
between the bulls of groups 1 and 2 in terms
of the amount of feed. In summer, animals
of all groups were transferred to grazing. For
60 days of fattening, on average, 17 cwt of
grass was fed per steer in Group 1, 18.5 cwt
in Group 2, 20.4 cwt in Group 1 (a) and 19.2
cwt in Group 2 (a).

For 18 months of rearing, the fodder was
spent per head, EFU: in group 1 - 3673.2, 1 (a)
-3197.4, in group 2 - 3240.0 and 2 (a) - 3345.6.

It was found that the live weight of young
animals changed in different periods depending
on the level of feeding (see Table 1, Fig. 1).

Analysis of the growth pattern shows that
when reared at the first 8 months after birth on
reduced feeding with subsequent transfer to
improved feeding, steers grow well and their
growth retardation is significantly compen-
sated. However, the growth retardation in the
young bulls of the 2nd group (a) at the age of 8
months after transfer to increased feeding was

Ta6ua.1. VM3meHeHune kxnBoil Macchl MOJIOJIHSIKA C BO3pacToM, KT (n = 15)

Table 1. Change in live weight of young animals with age, kg (n = 15)

Age, months
Group
at birth 6 8 12 14 16 18
1-st 324+0,34 156 +£0,39 | 208+0,32 | 312+0,32 | 364+0,73 | 406+0,37 | 484+0,42
1-st (a) 30+ 0,36 158 £ 0,51 209 + 053 265+0,56 | 292+0,60 | 341+0,38 | 395+0,87
2-nd 29+ 0,52 126 + 0,40 159+0,32 | 220+£0,35 | 241+0,54 | 317+0,76 | 389+0,72
2-nd (a) 30+0,58 121 +£ 0,54 158 £0,62 | 238+0,72 | 268 +0,64 | 339+0,56 | 415+0,82
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Fig. 1. Dynamics of the average live weight of bulls, kg

not completely compensated even at the age of
18 months. Obviously, the level of increased
feeding applicable in this experiment did not
provide a complete recovery of live weight dur-
ing this period.

The question arises: how do young animals
grow when transferred from a higher level of
feeding to a lower one? Analysis of growth in
the "transferred" group 1 (a) has quite a differ-
ent picture. After transfer to the reduced level

of feeding, the young animals showed lower
growth rates than their counterparts raised at
the average level of feeding. Thus, at the same
feeding level from 8 to 14 months of age, the
average daily gain in bulls of group 1 (a) was
442 g, in bulls of group 2 - 690 g, or 36% more
(p > 0,999) (see Fig. 2). It should be noted that
the average daily gain in bulls of group 1 on
improved feed was 837 g for the whole period.
This index was 124, 161 and 170 g (p > 0,999)

1400

Average daily gain, months

0-6 7-8 9-12 13-14

Group:
. 1-st
. 1-st
. 2-nd
. 2-nd

0-18
Age, months

15-16 17-18

Puc. 2. lTuHaMHKa CPEAHECYTOTHOTO TPUPOCTA KUBOH MACChl OBIYKOB, T
Fig. 2. Dynamics of the average daily increase in live weight of bulls, g
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higher than the values of group 2 (a), group 1
(a) and group 2, respectively.

In youngsters transferred at 8 months of age
from improved feeding to farm feed (group 1
(a)), the average daily gain in winter was 248 g
(p > 0.99) less than in group 2 youngsters and
428 g, 478 g (p > 0.999) less than in groups 1
and 2 (a).

Subsequently, young animals of all groups
were transferred to pasture feeding. During
the fattening period the difference was small.
The young animals of group 1 used the pasture
worse and were much inferior to the animals of
all other groups: their daily gain was lower (700
g). The experimental group 1 turned out to be
more demanding to feed. Obviously, the diges-
tive system of these animals was less prepared
to use vegetable bulky fodder. However, dur-
ing the final fattening period, Group 1 bulls had
high average daily gains of live weight (1300
g) and outperformed their peers of Group 2 (a),
Group 1 (a), Group 2 by 20, 400, 100 g, and
during the whole growing period by 124, 161,
170 g, respectively.

A one-factor analysis of variance was carried
out to determine the effect of bulls belonging to
one or another group on the average daily gain
in different life periods. The formulated null
hypothesis of the analysis of variance states
that the average value of the average daily gain
of live weight of steers does not depend on the
factor of belonging of animals to one or another
group. The analysis of variance was conducted
separately for each measurement period (6, 8,
12, 14, 16, 18 months).

The standard value of Fisher's criterion (Fk)
for the considered one-factor dispersion com-
plexes is Fk =2,769. If the factor effect strength
(Fn) and p-value obtained as a result of the
analysis correspond to the condition

{ Fn > Fk p-value < 0,05,

then it can be stated with a significance level
of 0.05 that the null hypothesis must be reject-
ed.

The results of the analysis of variance are
presented in the table 2.

Despite the deviation of the null hypothesis
for the entire variance complex, it makes sense
to test the significance of differences in the

values of average daily gain of live weight in
separate groups of animals. As a result of such
analysis, it was found that in certain periods for
some groups of animals there is no significant
difference in the mean values of the average
daily gain of live weight (see Table 3).

Feed costs per 1 kg of live weight from birth
to 14 and 18 months in separate groups are
shown in the table 4.

The best feed payment was in the young
animals of group 1, which were on improved
feed. Feed use in the "transfer" groups (1-st (a)
and 2-nd (a)) varied considerably. When steers

Ta6a. 2. Pe3ynbrarsl 0HO(PAKTOPHOTO JUCTIEP-
CHOHHOI'0 aHaJInu3a

Table 2. Results of one-factor analysis of
variance

Reliability Accen-
P . index of the P
Period ower of influ- power of _tanf:e/
th’ ence of the fac- infl p-value rejection of
months tor 1’ ! £ t}lll ert}ce the null hy-
° tore Fac- pothesis
n
0-6 0,982 +0,001 | 1006,6 |1,16:10 |Rejected
The
6-8 0,922 +0,004 | 221,7 [4,87-10
same
8-12 [0,982+0,001| 998,5 |1,44:104 »
12-14 10,982 £ 0,001 | 993,9 |[1,64-10 »
14-16 10,966 £ 0,002 | 534,2 |3,73:10* »
16-18 | 0,896 £ 0,006 | 161,1 |1,65-107% »

Note. p-value — the "viability" of the null hypothesis,
which we estimate using the available data.

Tao6a. 3. I'pynnsl KUBOTHBIX O€3 CyILIECTBEHHON
PasHMLBI B CPEIHUX 3HAYCHUSIX CPEAHECYTOYHOTO
IpUpOCTa XKUBOH Macchl (n = 15)

Table 3. Groups of animals with no significant
difference in the average values of the average
daily live weight gain (n = 15)

Period, | Compared Average daily live weight gain
months groups Group Value, g/days
6-8 1-st and 1-st 1-st 867 + 1,82
(@) 1-st (a) 850 + 2,37

8-16 1-st (a) and 1-st (a) 1314 + 20,21

2-nd 2-nd 1263 = 18,06

16-18 2-nd and 2-nd 1201 +£24,08

2-nd (a) 2-nd (a) 1263 + 17,06

1-st and 1-st 1299 £16,13

2-nd (a) 2-nd (a) 1263 + 17,06
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were reared up to 14 months of age, feed ex-
penses per 1 kg of gain were lowest in group 1
steers (6.39 EFU). They surpassed their peers
of groups 2 (a), 1 (a) and 2 by 1.51, 1.88 and
1.59 EFU in feed expenses. During rearing until
18 months of age, this tendency persisted, but
the differences between the groups decreased
slightly. Thus, in terms of payment for feed by
live weight gain, Group 1 animals exceeded
their counterparts in Group 2 (a), Group 1 (a)
and Group 2 by 0.67; 0.74 and 0.98 EFU.

The first slaughter of steers of groups 1, 2, 2
(a) (3 animals from each group) was conducted
at the age of 14 months, before going out to
pasture. Data on the slaughter results are given
in table 5.

In terms of the slaughter weight, Group 1
and the "transfer" group (2 (a)) animals signifi-
cantly, by 114 and 94 kg (p > 0.999), outper-
formed Group 2 steers.

Of particular interest is the change in the
morphological composition of the carcasses
of animals depending on the nature of growth.
Data on morphological composition of carcass-

Taba. 4. Omnara KopMa NPUPOCTOM >KUBOK Mac-
col Ob1uKoB, DKE

Table 4. Payment for feed by the increase in live
weight of bulls, EFU

Age, months
Group up to 14 up to 18
1-st 6,39 8,02
1-st (a) 8,27 8,76
2-nd 7,98 9,00
2-nd (a) 7,90 8,69

es of 14-month-old steers are given in table 6.

There was no difference in the relative bone
content in the carcasses of steers of groups 1
and "transfer" group 2 (a). In the carcasses of
steers of group 2 there were significantly more
bones (p > 0.99) than in the animals bred at the
increased level of feeding.

From the above data we can see that the
transfer of 8-month-old young animals from a
reduced to an increased level of feeding pro-
vided not only an increase in live weight, but
also contributed to the growth of muscle, which
led to a decrease in the relative weight of the
bones in the carcass.

A study of the chemical composition of meat
showed that the fat content in the meat of steers
of group 1 was 1.4 times (p > 0.999) higher
than in young steers of group 2; the caloric con-
tent of meat was 12% (p > 0.999) higher (see
Table 7).

The bulls of the "transfer" group 2 (a) in
terms of fat content and meat caloric content
occupied an intermediate position.

At the age of 18 months after fattening, all
remaining steers were killed. Three animals
were taken from each group to register slaugh-
ter products and study the morphological com-
position of carcasses. The data on slaughter re-
sults are given in table 8.

It was found that the higher slaughter yield
of carcass and fat was given by the animals of
groups 1 and 2 (a), the lower - by groups 1 (a)
and 2. Indicators of the relative weight of the
main organs: heart, liver and lungs in the steers
of all groups were close to each other.

Taba. 5. MscHbple kKauecTBa IMOJOMBITHBIX OBIYKOB B Bo3pacte 14 mec (n = 3)
Table 5. Meat qualities of experimental bulls aged 14 months (n = 3)

Group
Indicator 1-st 2-nd (a) 2-nd
kg % kg % kg %

Live weight before slaughter 344,0 £ 1,15 100 250,0 +£ 5,77 100 230,0 £ 1,05 100
Carcass weight 211,0+ 0,58 61,3 141,3 £ 0,46 56,5 116,6 £ 0,12 50,7
Internal fat 5,60 £0,15 2,7 3,40+£0,15 2.4 2,5+ 0,20 1,09
Carcass and internal fat 216,60 + 0,31 62,9 144,67 £ 0,19 57,9 119,10 = 0,06 51,8
Heart 3,35+0,03 0,97 2,05+ 0,02 0,82 2,05+0,01 0,89
Lungs 7,05 +0,02 2,18 6,35+0,03 2,54 6,15+0,03 2,67
Liver 6,70 £ 0,10 1,95 5,10+ 0,05 2,04 4,61 +0,01 2,00
Hide 29,50 £ 0,29 8,58 25,00 £ 0,58 10,0 19,80 £ 0,15 8,61
72 Siberian Herald of Agricultural Science 2022 « 52 « 4 Zootechnics and Veterinary Medicine
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Ta6a. 6.Mopdomorudeckuii cocTas TyII
14-mecs9HBIX OBIYKOB, % (1 = 3)

Table 6. Morphological composition of
carcasses of 14-months-old bulls, % (n = 3)

Indicator Group

1-st 2-nd (a) 2-nd
Flesh 742 +0,20 |73,7+0,15| 70,3 +0,12
Bones 23,1+0,24 [23,3+0,22|27,0+0,58
Tendons and
cartilage 2,7+£0,10 | 3,0£0,06 | 2,7+0,10

To study the morphological composition of
the carcasses from each group, three half-car-
casses were boned (see Table 9).

The highest relative number of bones was in
the carcasses of bulls of the 2nd group, the low-
est - in animals of the 1st group; animals of the

"transfer" groups (the 2nd (a) and the 1st (a))
occupied an intermediate position. According
to the yield of flesh, the main mass of which is
muscle, the carcasses of steers of the 1st group
were in the first place, the carcasses of steers of
the 2nd group - in the last place. Animals of the
"transfer" groups occupied an intermediate po-
sition. The level of feeding had the greatest in-
fluence on the absolute weight of flesh (muscle
and fat) and much less influence on the weight
of bones of carcasses.

Taking the carcass weight of the 1st group
young animals as 100%, the carcass weight of
bulls of the 2nd group (a) was 80,3%, of the Ist
group (a) - 75,5 and of the 2nd group - 70,0%.
Correspondingly the weight of the flesh of bulls
of the 1st (a), 2nd (a) and 2nd groups was 80,2;
75,6 and 69,8% to the weight of the flesh of

Ta6a. 7. Xumudeckuii coctaB msica ObIYKOB B 14-MecssaHOM Bo3pacte (1 = 3)

Table 7. Chemical composition of meat of bulls at 14 months of age (n = 3)

Content, %

Group water protein ot ash In 1 kg of meat, Kkal
1-st 74,65 £ 0,03 20,30 + 0,26 4,10+ 0,15 0,95+ 0,08 1547 £ 27,82
2-nd 76,50 + 0,20 19,74 + 0,22 2,69 + 0,08 1,07 £0,01 1380 +£20,72
2-nd (a) 75,22 £0,15 20,48 £ 0,04 3,23 +0,02 1,07 £ 0,01 1491 + 13,79

Ta6a. 8. MscHbie kauecTBa ObIUKOB B 18-MecsuHOM Bo3pacte (n = 3)
Table 8. Meat qualities of bulls at 18 months of age (rn = 3)
Group
Indicator 1-st 2-nd (a) 1-st (a) 2-nd
kg % kg % kg % kg %
Live weight
before slaughter | 463,0+0,88 | 100 | 397,0+3,61 | 100 | 387,0£1,53 100 373,0+ 1,75 100
Carcass weight 298,6 +0,31 | 64,5 | 239,8+0,26 | 60,4 | 225,6+0,20 | 58,3 | 208,9+0,22 56,0
Internal fat 5,80+£0,12 | 1,25 43+0,12 | 1,08 44+0,21 | 1,13 3,6 0,06 0,96
Carcass and fat | 304,4+0,27 | 65,7 | 244,1+0,12 | 61,48 | 230,0+ 1,15 | 59,4 | 212,5+020 | 57,0
Heart 391+0,01 | 0,84 | 2,40+0,20 | 0,60 2,32+0,02 | 0,59 2,28 +£0,02 0,61
Lungs 6,98+0,02 | 1,50 | 6,09+0,02 | 1,53 6,15+0,03 | 1,58 5,85+ 0,03 1,56
Liver 7.88+0,05 | 1,70 | 6,85+0,03| 1,72 | 6,57+0,06 | 1,69 | 6,00£0,06 | 1,60
Hide 34,00+0,16 | 7,34 | 31,50+ 0,26 | 7,93 | 25,00+1,53 | 6,45 | 23,60+0,10 6,32
Taoa. 9. Mopdonornueckuii cocras Tyur B Bo3pacre 18 mec, %
Table 9. Morphological composition of carcasses at the age of 18 months, %
Indicator Group
1-st 2-nd (a) 1-st (a) 2-nd
Flesh 77,20 0,12 75,60 £0,19 75,23 +0,13 72,78 £ 0,21
Bones 20,46 + 0,06 21,60+ 0,12 22,55 + 0,24 23,99 + 0,07
Tendons and cartilage 2,34+0,18 2,80 + 0,50 2,22+0,10 3,23+ 0,20
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the 1st group animals. The values of the carcass
bone mass of the animals of groups 1, 2 (a) and
1 (a) were similar, and only the young animals
of group 2 had the bone mass by 3,53 abs. %
higher than the 1st group.

In terms of muscular and fat tissue devel-
opment, the young animals of the "transfer"
groups occupy an intermediate place between
groups 1 and 2.

The given data show that when steers were
transferred from a medium to a high level of
feeding, more growth was obtained than in
young steers that were at a high level of feeding
until 14 months of age. However, by 18 months
of age, the lag in live weight had not yet been
compensated. At the same time, steers kept at a
high level of feeding until 8 months of age had
lower gains on winter rations and on pasture af-
ter transfer to a medium level of feeding com-
pared to the group of steers bred at a medium
level of feeding.

The different growth pattern of steers was
also observed when they were slaughtered
with similar live weight and the same fatness
category, which ultimately resulted in obtain-
ing carcasses with different tissue ratio and
chemical composition of meat. At 18 months of
age, steers bred at high and medium feed levels
contained relatively less water and protein and
more fat than steers of the "transfer" group. The
fat-to-protein ratio in the meat of steers of high
and medium-fed groups was 2.4-2.2, and 1.8-
1.9 in the meat of steers of 'transferable' groups,
resulting in a 14% higher caloric value of the
meat of the first two groups.

Thus, the degree of live weight compensa-
tion depends on the duration and size of growth
retardation of young animals, as well as the lev-
el of feeding, to which animals are transferred
after a low level of feeding.

CONCLUSIONS

1. Feeding level can enhance or retard the
growth of young cattle, significantly affect the
ratio of tissues in the carcass, as well as the
quantity and quality of meat productivity.

2. At a high level of feeding young cattle
marked a sharp increase in meat productivity

and meat quality, while reducing the cost of
feed for products and increasing economic ef-
ficiency of breeding.

3. Malnutrition most delays the deposition
of body fat, reduces muscle growth, and de-
creases skeletal mass.

4. The degree of underdevelopment in grow-
ing cattle at different feed levels can vary, so
the potential for partial or full compensation
and the time required will vary. It is undesir-
able and unacceptable to severely underweight
young cattle in the first year of life, when the
animal should be prepared for slaughter at 16-
18 months of age. In addition to the fact that it
reduces the number of products manufactured,
its quality decreases sharply. As our experience
has shown, the low level of feeding of young
animals delays the growth of the most valuable

tissues and parts of carcasses to a greater extent.
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INPOPUITAKTUKA TEXHOJOI'MYECKOI'O U KOPMOBOI'O CTPECCA
MOPOCST C UCITOJIb30BAHUEM KOPMOBOM TOBABKH LIEOJIO

CX)Cununsbin B.A., Bpem A.K., Boaxos /I.B.

Cubupckuii ghedepanvhwiii HayuHbll YeHmp azpoouomexnonozuti Poccutickou akademuu Hayk
HoBocubupckast o6macts, p.im. KpacnooOck, Poccus
CXDe-mail: sva0591@mail.ru

[IpencTaBieHsl pe3ynbTaTbl H3yYeHHUs] CBOMCTB KOPMOBOH JT00aBKH 1I€0I0 MPH TEXHOIOTMYECKOM
U KOPMOBOM cTpecce y nopocst. st npoduiakTuku crpecc-(pakTopoB y HOPOCIT HAMU paHee pas-
pabotana KOpMOBasi 100aBKa 11€0/10 Ha 0cHOBe 00myueHHbIX CO% MpeBeCHBIX OMUIIOK U MPUPOTHOTO
LIEOJIUTA caxanTHH. 15l IPOBEIECHUSI ONBITOB IO ONpeieNeHnI0 3(h(HEKTUBHOCTH KOPMOBBIX J00OABOK
B PALOHE MOPOCAT C(HOPMUPOBAIN YETHIPE TPYMIIBI 10 BOCEMb HOpPOCAT-aHaIoroB. KoHTpospHas
rpyImima nojyyaaa OCHOBHOH palyioH, 1-g OnbITHas K OCHOBHOMY palnoHy — 7,5% 11e010, 2-51 OIBIT-
Has — 2,5% 1neonuTa caxanTuH, 3-s omnbiTHas — 2,5% MHKOCOpOa. YCTAaHOBIJICHO, YTO MPUMEHEHUE
KOPMOBOH J00aBKH 1I€0/I0 CIIOCOOCTBYET MPUPOCTY KHUBOW MACCHI y MOPOCST MPU KOPMIICHUHU HX HE
MIPOBEPEHHBIMH Ha Ka9eCTBO KOPMaMH B CTPECCOBBIN MEPHOJ OTheMa u cofepkanus. [1pn nzydennu
CBOICTB LI€OI0 ¥ UCIIBITAHUS PA3JIMYHBIX CXEM C LIEJbI0 NPOQUIAKTUKI CTPECCOB Y MOPOCAT ycTa-
HOBJICHO, YTO KOPMOBasi CMECh, cocTosas u3 92,5% npobieHoi kopMoBoii cMecH u 7,5% KopMOBOi
JN00aBKH 110710, OKa3asia MOJIOKUTENILHOE BIUSHUE Ha IPUPOCT KHUBOW MACCHI TOPOCST B TeueHue 91
IHs onbITa. [IpupocT mopocar B 9Toi rpymnme Obi1 Bbiie Ha 18,4% 1o cpaBHEHUIO ¢ KOHTPOJIBHOM.
[Ipu cpaBHEHUH C MTOKA3aTeNsIMH 3-1 ONBITHOM TPYIITIBL, TOMyYaBIIei MUKOCOPO, OTMEYCHO TIOBBIIIIE-
HHUE CPEIHECYTOYHOTO IPHUPOCTA )KUBOM MacChl B TpyIIIe ¢ 1eoao Ha 2,5%, ¢ caxanTuHoM — Ha 2,8%.
CremaH BBIBOJI, YTO II00 CHIDKAET CHHEPTHUECKOE JEHCTBHE cTpecc-(hakTopoB B 00IamaeT mpodu-
JIAKTUYECKUM CBOMCTBOM IIpU cTpeccax. Pe3ynbrarhl ONBITOB 10 MPUMEHEHHIO KOPMOBOH J100aBKH
LIE0ZI0 TAIOT OCHOBAHUE IS €€ MPOU3BOICTBEHHOTO HCIIBITAHMS.

KuroueBble ciioBa: cTpecc, mopocsita, KopMa, KOpMoBast 100aBKa 11e0/10, MUKOCOPO, TPUPOCT

PREVENTION OF TECHNOLOGICAL AND FEED STRESS IN PIGS WITH
ZEODO FEED ADDITIVE

(<) Sinitsyn V.A., Brem A.K., Volkov D.V.

Siberian Federal Scientific Center of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk district, Novosibirsk region

<) e-mail: sva0591@mail.ru

The results of studying the properties of the feed additive zeodo under technological and feed stress
in piglets are presented. To prevent stress factors in piglets, we previously developed a feed additive
zeodo based on CO-60 irradiated sawdust and natural sakhaptin zeolite. To conduct experiments to de-
termine the effectiveness of feed additives in the diet of piglets, four groups of eight peer piglets were
formed. The control group received the basic diet, the 1st experimental group received 7.5% zeodo
to the basic diet, the 2nd experimental group received 2.5% sakhaptin zeolite, the 3rd experimental
group received 2.5% mycosorb. It has been established that the use of zeodo feed additive promotes
live weight gain in piglets when feeding them with unproven feed during the stressful period of wean-
ing and keeping. When studying the properties of zeodo and testing various schemes to prevent stress
in piglets it was found that a feed mixture consisting of 92.5% crushed feed mix and 7.5% zeodo feed
additive had a positive effect on the live weight gain of piglets within 91 days of the experiment. The
growth of piglets in this group was 18.4% higher than in the control group. When comparing with the
indicators of the 3rd experimental group receiving mycosorb, there was an increase in the average
daily gain of live weight in the group with zeodo by 2.5%, with sakhaptin - by 2.8%. It is concluded
that zeodo reduces the synergistic effect of stressors and has a preventive effect on stress. The results of
experiments on the use of zeodo feed additive give grounds for its production testing.

Keywords: stress, piglets, feed, feed additive zeodo, mycosorb, gain
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INTRODUCTION

Currently, the problem of feed quality for
farm animals and poultry remains acute. Many
scientists are of the opinion that feed is not
completely free of mycotoxins [1-3]. Continu-
ous long-term exposure to several stressors has
a negative effect on the animal body: immune
status decreases, susceptibility to diseases in-
creases, growth and development, digestive,
immune, reproductive, nervous system and kid-
ney functions are impaired' [4-8].

To prevent feed stress caused by poor quality
feed and technological conditions of pig breed-
ing, various methods of animal organism sani-
tation using natural and modified zeolites are
used. It is possible to preserve and maintain the
health of animals against the background of al-
most constant stresses using different methods
of sanitation of the body, including the use of
various feed additives such as natural and mod-
ified zeolites > [9-12]. Literature data and the
results of our studies on the use of the unique
properties of natural zeolites have served as
the basis for work on the enhancement of these
properties [1].

In January 2020, an international forum on
etiopathogenesis, prevention, diagnosis and
treatment of mycotoxicoses was held in Bang-
kok. Scientists highlighted the basic strategy

of mycotoxin elimination by adsorption, their
binding in the gastrointestinal tract of animals
by special adsorbent substances® [13-15].

Taking into account the causes of stresses,
the nature of their course in the body and he-
reditary conditionality of a number of indi-
vidual manifestations, we provide one of three
directions of stress prevention - the use of bio-
logically active substances-adaptogens, which
mitigate the course of stresses and increase the
resistance and adaptogenic properties of the
body.

The purpose of the research is to study the
schemes of stress factor prevention in piglets
using the feed additive (adsorbent) zeodo.

MATERIAL AND METHODS

To prevent stress factors in piglets previously
a feed additive zeodo based on CO®-irradiated
wood sawdust and natural sahaptin zeolite was
developed. The process of treatment of plant fi-
bers (softwood sawdust) was carried out at the
ILU-8 facility at the Institute of Nuclear Phys-
ics SB RAS (Novosibirsk) using their technol-
ogy at a dose of 20 mrad [15].

After sawdust irradiation they contained
crude protein 0,35%, moisture - 60,56, crude
fat - 1,48, crude fiber - 17,85, ash - 0,95 and
NFES (nitrogen-free extractive substances) -

ISibagatov V.A. Influence of the feed additive "humiton" on the productive qualities in the critical periods of physiological
condition of sows and young fattening pigs: Ph. D. in Agricultural Sciences, abstract. Novosibirsk, 2005. 18 p.

2Shadrin A.M., Sinitsyn V.A., Kizko V.V., Artamonov A.V. Testing of the feed additive Zeodo on chickens. Diagnosis,
prevention and treatment of diseases of animals: collection of scientific papers. pp. 137-142.

SRomashevskaya E.I., Velichkovsky B.T. Medical and biological aspects of the use of natural zeolites in animal husbandry and
poultry. Natural zeolites in the social sphere and environmental protection. Novosibirsk, 1990. pp. 20-26.

“Bityutsky V.S. Influence of zeolite complex and biologically active substances on the metabolic parameters and productivity
of broiler chickens: Ph. D. in Biology, abstract, Lvov, 1990, 16 p.
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IIpo¢uiakTika TEXHOIOIHIECKOTO H KOPMOBOI'O CTpecca OPOCST
C HCIOJIB30BaHHEM KOPMOBOIT T00aBKH 11E0I0
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18,81%; metabolic energy was 0,36 kJU, their
nutrition increased by 33%. The study accord-
ing to GOST R 52397-2005 showed that saw-
dust is not toxic. The content of man-made ra-
dionuclides in the sample of irradiated sawdust
did not exceed the control level. The composi-
tion of the plant fibers was supplemented with
sahaptin zeolite.

To carry out the experiments to determine
the effectiveness of feed additives in the diet of
piglets, four groups of eight piglets each with
an average live weight of 12.75-13.32 kg were
formed. Irradiated wood (pine) sawdust was
mixed in mixers with natural zeolite 0f 0.01-2.0
mm fraction in certain ratios. Experiments were
carried out according to the scheme:

Control Composition of feed mix
Experimental Basic diet (BD)
Group:
1-st 100%
2-nd 92,5% BD + 7,5% zeodo
3-rd 97,5% OP + 2,5% zeolite

sahaptin 97,5% OP + 2,5%
mycosorb

When testing the feed additives zeodo and
sahaptin, a commercial feed additive mycosorb
was taken for comparison. The experimental
animals were fed with a grain mixture (crushed
feed) prepared at the farm and not tested for
quality and safety indicators. During the exper-
iment period (91 days) the health status of the
piglets was monitored.

Experimental studies were carried out in the
conditions of the experimental production farm
"Borovskoe" (Novosibirsk Region). Whole
blood stabilized with heparin was used for mor-
phological studies, and blood serum was used
for biochemical studies. The amount of hemo-
globin was determined in the blood according to
Sali, the number of erythrocytes and leukocytes
in the Goryaev chamber. Total protein in the
blood serum was determined by refractometric
method, protein fractions - by nephelometric
method. Toxicity of zeodo and its components
was performed on protozoa and mice.

RESULTS AND DISCUSSION

Each head was weighed 3 times during the
experiment period (see Table 1).

During the first 20 days of the experiment
(during the adaptation of piglets to the conditions
of feeding and housing), gastrointestinal distress
of the young animals was observed. During this
period, the fractured particles were examined
and found to contain mycotoxins within the
MAC limits (aflatoxin, zearalenone, T-2 toxin).

From the 45th day of the experiment instead
of the fractured particles mixed fodder SK-3,
SK-4 began to be used.

During this period, fluctuations in the aver-
age daily live weight gain of piglets between
the groups were observed. Feed additives had
a positive effect on the average daily gain of
live weight. Thus, during the whole period of
experiment the indicators of growth in the 1st
experimental group (with zeodo) were higher
by 18,4% (411,53 g), in the 2nd experimental
group (with sahaptin) by 20,55% (418,9 g), in
the 3rd experimental group (with mycosorb) by
16,09% (403,4 g) compared to the control group
(347,47 g). There was an increase in the average
daily live weight gain in the group with the feed
additive zeodo by 2.5%, with sahaptin zeolite by
2.8% compared with the indices of the 3rd ex-
perimental group.

When calculating the economic efficiency, it
should be noted that while there was insignifi-
cant difference in growth between the 1st and
2nd experimental groups (by 2,5-2,8%), income
was 6,4 times higher in the 1st group (with zeo-
lite) (26,28 rubles) than in the 3rd experimental
group receiving mycosorb (4,09 rubles); in the
2nd group (with sahaptin zeolite) it was 14,76
times higher (60,4 rubles).

Ta6a. 1. Coaep:xaHne MUKOTOKCHHOB U TIpe-
JIEJIBHO JOIIyCTUMBIE YPOBHU UX B KOPME

Table 1. The content of mycotoxins and their
maximum permissible levels in feed

Mycotoxin, mg/kg | Mycotoxin content in the crush | MAC
Ochratoxin A 0,005 0,01
T-2 toxin 0,065 0,1
DON 0,500 1,0
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The addition of 7.5% zeodo (5% CO®-irra-
diated wood (pine) sawdust and 2.5% sahaptin
zeolite) to the feed mixture resulted in feed sav-
ings (see Table 3).

Total protein in all groups was within the age norm.
Decreased albumin combined with 8- and y-globulin
levels indicate functional disorders of the liver.

During the experimental period of 50 to 90
days no changes in the clinical condition were
observed in piglets of all groups when fed with
high-quality forage.

Total protein was within the physiological norm.
Protein fractions were reduced, albumin was most
pronounced compared to the norm in the groups
with sahaptin zeolite and mycosorb. There was an
increase in y-globulin in the 1st experimental group
with zeodo. In 1979 and 1980 in the USSR simi-
lar experiments with the use of radiolabeled fodder
preparation (RADUPR) were performed [16]. The
results of the studies, irradiation doses were taken
into consideration when testing the zeodo feed ad-
ditive on piglets in our study.

Tao6a. 2. [Tokazarenu npupocTta sKUBOW MacChl TOPOCT U 3H(HEKTUBHOCTh KOPMOBBIX JOOABOK

B Teuenue 91 qus npu 100%-it coxpannoctu (n = 8)

Table 2. Live weight gain indicators of piglets and the effectiveness of feed additives for 91 days at

100% livability (n = 8)

Group
Indicator control experimental
1-st 2-nd 3-rd
Weight of piglets, kg:
start of the experiment 102 106 102 106,6
end of the experiment 354,96 405,60 | 406,98 | 403,36
Live weight gain for the experiment, kg 252,96 299,60 | 304,96 | 293,68
Average daily live weight gain, g 347,47 411,53 | 418,9 | 4034
% to the control 100,00 118,40 | 120,55 | 116,09
Additional growth obtained, g — 46,64 52,00 40,72
The cost of additional growth, rbl. - 3264,8 | 3640,0 | 28504
Gross feed consumption without feed additives, rbl. 600 555 585 585
The cost of gross feed expenses, rbl. 1800 1665 1755 1755
Feed savings, kg - 135 15 15
The cost of the saved feed, rbl. - 405 45 45
Feed additives consumption, kg - 45 15 15
The cost of feed additives, rbl. - 135,0 60,0 568,4
Net income from the saved feed — +270 -15 -523.4
Total net income, rbl. - 3534,8 | 3625 2327
Total net income per 1 rbl. of the costs for feed additives - 26,18 60,4 4,09
Ta6a. 3. MophoOuoxumuuecKre oKa3arein KpoBH MOpocsT Ha 20-i JeHb SKCIIEpUMEHTA
Table 4. Morpho-biochemical blood parameters of piglets on the 20th day of the experiment
Group
Indicator control experimental
1-st 2-nd 3-rd
Hemoglobin, g/ 91,1+0,12 1154 +£0,25" 95,3+0,13" 102,0 £ 0,34*
Erythrocytes, 10'%/1 5,12+0,23 6,81 £0,22" 5,34 £ 0,48** 6,47 £ 0,34**
Leukocytes, 10%1 15,32 £ 0,63 12,32 £ 1,43 12,2 +1,32%* 12,10 £ 1,54%*
Total protein, g/l 54,24+0,10 64,3 +£0,02 51,0 £ 0,12%* 53,7+ 1,88
Albumins, % 44,12 £ 10,56 25,58 £ 6,22* 26,57 £ 11,10* 49,12 +10,32*
Globulins, %:
a 15,65+ 6,15 30,21 £ 6,52* 28,16 + 8,22%* 31,18 £ 6,43**
B 22,54 +3,5 23,15 +£3,34* 11,57 £2.,44 23,11 +£ 3,09%*
Y 17,11 £4,43 23,18 £3,03* 10,13 £ 3,77%* 23,16 £ 3,02%*

"p < 0,05 compared to the control group.
“p < 0,05 compared to the 1st experimental group.
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IpoduiakTrka TEXHOIOIHYECKOT0 H KOPMOBOTO CTPEcca MOpOCsIT

C MCHOJIB30BAaHUEM KOPMOBOM JOOABKH L1010

Cunuupsia B.A., Bpem A K., Bonkos /I.B.

Taoxn. 4. Bousaue oeoa0, ICoJIMTa CaxallTUH U MHKOCO0a Ha IMOKa3aTeIn KpOBHU HOpOCfIT—OT”beMI;IH.IGfI

B Bo3pacte 90 qHeit

Table 4. Influence of zeodo, zeolite sahaptin and mycosob on the blood parameters of weaned piglets

at the age of 90 days
Group
Indicator control experimental
(xombuxopm CK-3) 1-st (zeodo) 2-nd (sahaptine) 3-rd (mycosorb)

Hemoglobin, g/l 110,4 + 1,49 112,6 +£1,72 113,5+0,13 102,0 £ 0,34
Erythrocytes, 10'%/1 3,35+ 1,02 5,06 £ 1,22% 3,01 £0,49** 3,54 + 0,64%**
Leukocytes, 10%/1 8,45+ 0,91 9,52 +1,03* 6,52 +1,35* 6,18 = 1,54%*
Total protein, g/l 56,8 £0,13 61,0 +0,52* 53,1 +£1,12%* 53,7 £0,88%*
Albumins, % 31,5+9,56 38,58 +£ 6,22* 18.57 £ 7,10%* 16,94 + 8,32%*
Globulins, %:

o 21,85 4,15 28,36 +4,51* 27,61 £ 6,25%* 26,51 + 5,45%*

B 8,86 £ 3,55 8,96 + 3,34% 5,55 £3,45%* 5,91 +£2,95

v 4428 +£3,43 55,81 £3,03* 44,43 5,77 40,24 £ 2,02%*

*p < 0,05 compared to the control group.
“p < 0,05 compared to the 1st experimental group.

CONCLUSION

An experimental study of the properties of the

feed additive zeodo and its use in the ration on
unbalanced, not tested for quality feed found that
it had a preventive effect on the body of piglets
in the stressful period of weaning and contrib-
uted to a better assimilation of feed. As a result,
the average daily gain of live weight of young
pigs increased. The results of scientific and pro-
duction testing of zeodo feed additive testify to
its harmlessness and efficiency.

The results of the experiments on testing the

feed additive adsorbent zeodo provide a basis for
production tests.
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IVIEMEHHASA HEHHOCTbDb KOPOB - METOAbI YYETA U OHEHKHA

I'yke:xxke B.M.!, <) XypanoB A.M.?

YUnemumym cenvckoeo xossiicmea — gunuan @edepanvHo2o HAYUHO20 YeHmpa
«Kabapouno-Bankapcxuii nayunwiii yenmp Poccutickou akademuu HayKy»

Hanpuuk, Poccus

’Kabapouno-Bankapckuil 2ocyoapcmeennblil azpapHulil yHueepcumem um. B.M. Koxoesa
Hanpuuk, Poccus

(<)e-mail: huranovalan85@mail.ru

[IpoBeneHo uzyueHue mokasaresns yaos KOpoB Kak MpU3HaKa IieMeHHoN eHHocTH. OTMedeHo,
YTO OOLIENPUHATAS METOANKA OLEHKH (PAKTUUECKON INIEMEHHON LIEHHOCTH KOPOB 10 IIOKa3aTesaM
IIPOYKTUBHOCTH 3a nepBble 305 mHel He oTpa)kaeT UCTUHHYIO IVIEMEHHYIO [ICHHOCTh KMBOTHBIX,
HE MOKa3bIBacT MOTEHINAI, HE JaeT HH)OPMALIMIO O BOCTIPOM3BOAUTEIBHBIX KauecTBax KopoB. Mc-
CJIe/IOBaHbI JaHHbIe olleHKHu 10 ObrkoB-mipomsBonuteneit 3a 2020, 2021 rr. B 1uieMpenpoayKTop-
HOM XO3siiicTBe KpacHol crermHoi nopoabl Kabapauno-bankapckoit Pecryonuku. Cpennuit ynoi
o ctagy cocrarisger 6600 kr. Omenka mpoBeaeHa mo 545 mouepsM 1Mo yaoro 3a nepsbie 305 aHEei
1 3a BCIO JIAKTALIUIO C YYETOM NPOAODKUTEIBHOCTH JIAKTALMY, a TAKKe BapHaOeIbHOCTH IOKa3a-
tesieil. CpaBHEHHE Pe3yNIbTaTOB OLIEHKU ONPEIEJICHO MyTEM PAHXUPOBAHUS 110 MPOIOKUTEIBHO-
CTH JIAKTaIlMH, Y00 3a nepsble 305 mHel u Bcro nakranuio. M3 10 rpymm mouepeid OBIKOB paHTH
COXPaHWJINCH TOJBKO 1O povepsMm IByX ObikoB (Topnan 2739 u Mman 314), 3aHsSBIIMX [IEpBOE U
necstoe Mecrta. M3 8 ocTanbHBIX OBIKOB PaHT 10 VIO 3a BCIO JIAKTAIIMIO Y JI0UYepeit 5 ObIKOB-IIPO-
uzBonutenet (I'punbsox 6977, Kuop 45026 u Kynon 1237) nmoBeicuiics Ha oAuH, y 1o4depeil Oblka
Ap3zamac 6815 — Ha gBa, Obika ['p 1883 — Ha YeThIpe mopsaka. PaHru OTIEHKH MO JoYepsiM OBIKOB
Tomaz 1239 cHu3mnmck Ha onuH, ObIKOB TBUCT 76849 m TuOyn 3728 — Ha ueThipe mopsiaka. [Ipu
CpeIHeH MPOIOKUTEIHLHOCTH CepBUC-TIEPHOIa TI0 Beell BeIOOpKe 144,3 mHS OHa BapbHpOBalia OT
126,3 (mouepu Obixa Tomaz 1239) no 171,4 nus (nouepu Obika Knop 45026), pasHuna cocraBuiia
45,1, nau J1Ba MOJHOLEHHBIX MOJIOBBIX IIUKJIA. DTO CBUIETEILCTBYET O BIUSHUM F€HOTHIIA Ha MPO-
JTYKTUBHOCTH )KMBOTHBIX B OINHAKOBBIX YCIIOBHUSIX KOPMIJICHHUS U COAEpKaHUA. YI0H 3a BCIO JIaKTa-
uro Bcex 10 oreHnBaeMbIX 0co0eit JocToBepHO (p > 0,95) mpeBhImaeT UX MOKa3aTeH 3a IePBhIS
305 nHel 1 3HAYUTENBHO MEHSIET PAHT OLEHKH, YTO HEOOXOAMMO YUUTHIBATh P BEIOOPE OBIKOB.

KitroueBble ci10Ba: OOHUTHPOBKA, JIEMEHHAsI IEHHOCTb, M3MEHYHBOCTD MPOJYKTUBHOCTH, ObI-
KH-TTPOU3BOIUTEIHN, OLIEHKA JKUBOTHBIX

BREEDING VALUE OF COWS — METHODS OF RECORDING AND EVALUATION

Gukezhev V.M. !, ©X)Khuranov A.M.?

!Institute of Agriculture - branch of the “Federal Scientific Center “Kabardino-Balkarian Scientific
Center of the Russian Academy of Sciences"

Nalchik, Russia

’Kabardino-Balkarian State Agrarian University named after V.M. Kokov

Nalchik, Russia

(<De-mail: huranovalan85@mail.ru

The study of cow milk yield as a sign of breeding value of cows was carried out. It is noted
that the generally accepted method of evaluating the actual breeding value of cows by productiv-
ity indices for the first 305 days does not reflect the true breeding value of animals, does not show
the potential, does not give information about the reproductive qualities of animals. The evaluation
data of 10 stud bulls for 2020, 2021 in the breeding farm of the red steppe breed of the Kabardino-
Balkarian Republic were studied. The average milk yield in the herd is 6,600 kg. The evaluation was
performed on 545 daughters in terms of milk yield for the first 305 days and for the whole lactation,
taking into account the duration of lactation as well as the variability of indicators. Comparison of
evaluation results is determined by ranking the duration of lactation, milk yield for the first 305 days
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Breeding value of cows — methods of recording and evaluaition Gukezhev V.M., Khuranov A.M.

and the whole lactation. Of the 10 groups of bull daughters, the ranks were retained only on the
daughters of two bulls (Torpan 2739 and Iman 314) who took first and tenth places. Of the 8 remain-
ing bulls, the daughters of 5 stud bulls (Grillage 6977, Knor 45026 and Kulon 1237) increased their
milk yield rank for the whole lactation by one, daughters of the Arzamas 6815 bull increased by two,
daughters of the Gir 1883 bull increased by four exponent parts. The rankings for the daughters of
the bulls Topaz 1239 decreased by one, the bulls Twist 76849 and Tibulus 3728 decreased by four
exponent parts. With an average service period of 144.3 days in the entire sample, it ranged from
126.3 (daughters of the bull Topaz 1239) to 171.4 days (daughters of the bull Knor 45026), with a
difference of 45.1, or two full ovary cycles. This indicates the influence of genotype on the produc-
tivity of animals under the same feeding and housing conditions. The full-lactation yield of all 10
evaluated individuals significantly (p > 0.95) exceeds their performance in the first 305 days and
significantly changes the evaluation rank, which should be taken into account when selecting bulls.

Keywords: valuation, breeding value, variability of productivity, stud bulls, evaluation of animals
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INTRODUCTION To increase the competitiveness of domes-
tic cattle breeding and the formation of a mod-
ern market of highly valuable breeding genetic
material, it is necessary to create a sustainable
structure that organizes and coordinates activi-
ties to improve the efficiency of livestock pro-
duction by increasing the rate of genetic poten-
tial of animals in the overall system of repro-
duction of genetic resources?. Analysis of dairy
productivity, research of exterior traits and
measurement of cattle exteriors are necessary
to increase the genetic potential of productive
qualities of animals and to create high-produc-
tive herds [4].

Dairy cattle breeding in Russia is a prom-
ising branch of animal husbandry. More than
90% of agricultural enterprises in our country
are engaged in milk production. At the same
time, domestic dairy cattle breeding should be
primarily profitable, competitive and highly
productive [5].

In modern market conditions the develop-
ment of cattle breeding is not only of socio-
economic significance, but is also a stabilizer
of the financial condition of the entire agro-
industrial complex. In particular, dairy cattle
breeding currently remains one of the leading
sub-branches of livestock breeding and its de-
velopment is of great importance not only in
ensuring the country's food independence, but
also in the social aspect [1].

Many authors emphasize that the increase
in productive longevity of cows is one of the
main factors contributing to the improvement
of effective breeding' [2]. A.Y. Samuylenko et
al. [3] point out that "at present, the availability
of basic resources of agricultural products and
raw materials, the saturation of the food market
in Russia are such that the physical availability
of food is mainly provided, at least at the mini-
mum level of consumption”.

'Arzumanyan E.A., Lazarenko V.N., Timofeeva S.S. Problems of long-term use of cows. Dairy cattle breeding and industrial
technology. Collection of scientific works of the All-Union Academy of Agricultural Sciences. Moscow: Agropromizdat, 1990.
pp- 222-226.

“Eskin G.V. The main directions of development of the Head Center for Reproduction of Agricultural Animals in 2009-2012
and for the period up to 2015. "Service centers for reproduction of farm animals as the basis for effective development of animal
husbandry. Experience in the Creation and Operation of Service Centers for Reproduction of Farm Animals in the Framework of
the State Program of Agriculture Development. 22-24 September 2009. Dubrovitsy. 2009. pp. 22-31.
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Improvement of labor and improvement of
technology through the use of modern equip-
ment create prerequisites for increasing animal
productivity [6]. At present, the productive lon-
gevity of cows is decreasing in all constituent
entities of the Russian Federation [7]. The eco-
nomic efficiency of dairy cattle breeding is de-
termined by the value of the milk yield. Of all
the dairy cow breeds worldwide, the Holstein
breed is the most efficient according to this indi-
cator, so the interest in this breed is obvious [8].

V.V. Nogaeva, L.Kh. Albegova [9] note that
"the main factors influencing the formation of
high milk productivity of animals are their ge-
netic potential and the conditions of feeding,
housing and care. In this regard, the issue of de-
pendence of productive indicators of cattle on
heredity is relevant”.

However, A.V. Bakai et al. [10] note that
"the main difficulty faced by breeders in practi-
cal work is that the progeny of highly produc-
tive animals under appropriate conditions do
not repeat the high productivity of their ances-
tors, and their quality is close to the average
value characteristic in specific conditions for
herd and breed”.

0O.K. Gogaev et al. [11], having studied the
influence of maternal age and live weight of
calves at birth on the indicators of milk pro-
ductivity and reproductive ability of cows, note
that "the indicators of reproductive ability of
cows such as service-period, intercalving peri-
od, reproductive ability factor and calf'yield per
100 cows depend primarily on the level of milk
yield of the first heifer or the age of first calv-
ing, than on the live weight at birth". Pellinen
A.V. et al. [12] note that "the probable possibil-
ity of increasing milk productivity in cows is an
increase in their breeding value, which, along
with the genotype of animals, is strongly in-
fluenced by paratypical factors: the age of first
calving and the milk yield from first heifers".

Retention of cows is one of the main compo-
nents of high profitability of dairy cattle breed-
ing. The normal volume of culling is about 25%
of the herd per year, which ensures regular re-
newal of the herd due to replacement cattle. In
some farms up to 40% of cows are withdrawn
from the herd annually [13].

To improve the Red Steppe breed, the semen
of stud bulls of the Red-And-White Holstein
breed was used on the farm for a long time. Ac-
cording to the research results, the duration of
lactation of the first heifers reliably exceeds the
daughters of purebred bulls of the Red Steppe
breed and, accordingly, the yield for the first
305 days of lactation.

Recording the duration of lactation and pro-
ductivity for the whole lactation makes it possi-
ble to estimate the reproductive qualities of the
daughters of the bulls used, which is the main
indicator. The lack of information on the value
of milk yield during the whole lactation of both
the bull mother and his daughters conceals the
reproductive qualities of the bulls used, since
the longer the lactation of daughters, the higher
the milk yield during the first 305 days of lacta-
tion, respectively, the higher the breeding val-
ue. However, such evaluation sharply reduces
the calf yield, which is no less important for
breeding work.

The purpose of the research is to determine
the correctness of establishing the breeding
value of cows only by productivity indicators
for the first 305 days of lactation without tak-
ing into account reproductive qualities. The
research objectives are to study the extent to
which the standard productivity indices reflect
the potential of animals and the accuracy of
genotype evaluation, as well as the need to in-
crease the requirements for reproductive quali-
ties recording.

MATERIAL AND METHODS

The results of the evaluation of 10 stud
bulls of different genotypes on the productiv-
ity of daughters on the basis of the Red Steppe
breeding multiplication farm "Lenintsy" of the
Maisky district of the Kabardino-Balkar Repub-
lic were used as the material for the study. The
average milk yield in the herd is 6600 kg. The
evaluation was carried out on 545 daughters by
the milk yield for the first 305 days of the first
lactation and for the whole first lactation, taking
into account the duration of lactation, as well as
the variability of the indicators. Comparison of
the evaluation results was determined by rank-
ing the duration of lactation, the milk yield in
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the first 305 days and the whole lactation. The
obtained statistical material was processed us-
ing Microsoft Office Excel program pack.

RESULTS AND DISCUSSION

Valuation of dairy cattle is the main infor-
mation base for individual evaluation of herd
animals, which is used to annually set the valu-
ation class of each individual who has reached
the appropriate age (young cattle) and cows
who have completed the next lactation. This in-
formation includes age, live weight, body mea-
surements, milk yield, fat and protein content
for the first 305 days or a shortened finished
lactation (specifying the duration in days, but
not shorter than 240 days). While the evalua-
tion of cows with a lactation duration of up to
305 days is not questionable, for cows whose
lactation lasts longer, such evaluation is not en-
tirely correct. This is due to the fact that the lon-
ger the lactation, the higher the milk yield in the
first 305 days, and the fat and protein content
in milk is usually lower. There are questions
about the reliability of identification of breed-
ing value of cows for a part of lactation activ-
ity and also about inclusion of elite-record class
cows in zootechnical marriage group because
of relatively low level of productivity in high-
productive herds.

The main indicator for determining the qual-
ity class of cows is still the milk yield. How-
ever, a number of important and really valuable
traits that determine the economic efficiency of
the industry and the profitability of dairy cattle
breeding are included in the valuation, but are
evaluated minimally.

Annual herd classification, a necessary basis
for the improvement of breeding and produc-
tive qualities of animals, loses its significance in
principle, especially in highly productive herds,
when average herd indicators exceed standard
requirements by 1.5-2.0 times and more.

At the present stage, reproductive capacity
(fertileness) and the duration of productive use
(viability) of cows have become one of the fun-
damental elements of selection along with milk
productivity. Instruction on valuation (2010)
includes these indexes evaluating their share by
maximum 5 points from 100 which an animal

can get accordingly with the duration of service-
period not more than 90 days and at the age of
six calvings and older. There are relatively few
cows with such indicators in highly productive
herds. The evaluation of the milk yield, in par-
ticular for the Red Steppe breed is limited by
maximum 60 points: for the first heifers - 5030
kg in the first 305 days of lactation, 5869 kg in
the second lactation and 6372 kg at the age of
three calvings and older. Exceeding these indi-
cators does not increase the class. Therefore, it
is possible to assign high-productive cows as
stud bulls of the corresponding categories A
and B, which would contribute to the selection
of mother cows of bulls.

Evaluation of productivity for the first 305
days of lactation does not reflect the real breed-
ing value of highly productive cows and, to
some extent, hides the costs of reproduction.
It was noted that the longer the lactation, the
lower the fat and protein content of milk in the
first 305 days of lactation, which also reduces
the value of animals.

Based on the results of the productivity of
daughters- cows for the first 305 days and for
the whole lactation, they were ranked accord-
ing to the relevant indicators. Along with the
milk yield, the value of variability of the milk
yield during these periods was taken into ac-
count. The results are presented in the table.

The data of the table show that the ranks of
evaluation of stud bulls by the productivity of
daughters for the first 305 days of lactation and
for the whole lactation change significantly.
Of the 10 groups of bull daughters, the ranks
were preserved only for daughters of bulls Tor-
pan 2739 and Iman 314, who took the first and
tenth places, respectively. Of the remaining 8
bulls, the daughters of 5 stud bulls (Grillage
6977, Knor 45026 and Kulon 1237) had their
milk yield rank increased by one, the daughters
of Arzamas 6815 bull increased by two, and Gir
1883 bull increased by four ranks. The rankings
for the daughters of Topaz 1239 bulls decreased
by one, and Twist 76849 and Tibulus 3728 bulls
decreased by four ranks.

The average difference in the milk yield for
the whole lactation and the first 305 days was
645.3 kg and ranged from 398.4 kg (daughters
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of the bull Twist 76849) to 824.2 kg (daughters
of the bull Grillage 6977). Such a difference
in milk yield makes it possible to increase the
class of cows by two ranks.

There is a significant difference in the vari-
ability of the main trait of evaluation and se-
lection - milk yield. Thus, if the value of the
mean square deviation of the milk yield for the
first 305 days of lactation was 882,8 kg, then
for the whole lactation it was 1678,7 kg, that is
1,9 times higher, and the variability of the trait
is one of the indicators of selection efficiency.

With the same average minimum milk
yield of daughters, the limit of all bulls was
2671.6 kg, the maximum for the first 305 days
was 6918.4 kg, and for the whole lactation it
was 10,795.7 kg, the difference counted for
3877.3 kg.

The main indicator of the state of herd re-
production is the duration of the service period.
According to the results of our studies, the max-
imum duration of the service period is observed
after the first calving. With the age of animals,
the duration of service period decreases insigni-
ficantly, but actually linearly.

The average length of the service period for
daughters of first-born bulls was 144.3 days and
ranged from 126.3 (daughters of the bull Topaz
1239) to 171.4 days (daughters of the bull Knor
45026).

The analysis showed that the evaluation
ranks of stud bulls for the first 305 days of
lactation of daughters changed in 8 out of 10
evaluated bulls, which confirms the increase in
accuracy of evaluation. The evaluation for the
whole lactation allows us to significantly in-
crease the amount of information on productiv-
ity and reproductive ability of the of stud bull
daughters.

CONCLUSIONS

1. With an average service period of 144.3
days in the entire sample, it ranged from 126.3
(daughters of the bull Topaz 1239) to 171.4
days (daughters of the bull Knor 45026), a dif-
ference of 45.1, or two complete sexual cycles.
This indicates the effect of genotype on animal
productivity under the same feeding and hous-
ing conditions.
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2. The full-lactation milk yield of all the
10 evaluated stud bull daughters significantly
(p > 0.95) exceeds their performance in the first
305 days and significantly changes the rank of
evaluation, which should be considered when
selecting bulls.

3. Mean square deviation of the milk yield
(o) of daughters during the first 305 days of
lactation (882.8 kg) was actually 2 times lower
than during the whole lactation (1678.7 kg),
which indicates the lack of effectiveness and
accuracy of breeding evaluation of cows during
this part of lactation.

The existing system of evaluation of the
breeding value of cows according to the cur-
rent instructions significantly lags behind the
achieved indicators in dairy cattle breeding and
insufficiently takes into account the issues of
reproduction and duration of productive use,
which influence the profitability of the industry.
Market economy and related pricing system do
not take into account many elements of breed-
ing, without which further improvement of ani-
mal breeds and technological elements of their
operation is impossible. In high-productive
herds the evaluation of cows by productivity
for the first 305 days of lactation does not take
into account the reproductive qualities and does
not reflect the true breeding value of animals,
as evidenced by the significant difference in the
indicators of variability of the main selection
traits.
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POCT U PABBUTHUE BbIYKOB,
HHOJYYEHHBIX PASHBIMU METOJAAMMU PAZBEJIEHUSA

X JIbikoB A.C., Ky3bmuna U.1O.

Mazaoanckuil HayuHO-UCCIe008AMENbCKUL UHCTNUMYM CEbCKO20 XO3SUCTMEA
Maranan, Poccus

(<XDe-mail: agrarian@maglan.ru

Hay4Ho-X03s1iiCTBeHHBIE OIBITHI TIPOBE/IEHBI HA MOJIOTHSIKE KPYITHOTO POTaToro CKOTa B TIPOU3-
BOJICTBEHHBIX yCIIOBHAX MaragaHckoii 00JIaCTH B COOTBETCTBHH C IITAHOM HAYYHBIX UCCIIEIOBaHUHN
2020, 2021 rr. [Ipoananu3upoBaHbl pOCT U pa3BUTHE OBIYKOB, OTYUYEHHBIX Pa3HBIMH METOJIAMH pas3-
BeneHus. Jiis okcriepuMeHTa c(pOpMUPOBAHBI TPU TPYIIIBI OBIYKOB PA3TUYHBIX TEHOTHIIOB. B 1-10
TpyHITy BOILIN OBIYKH repedopackoi mopoas! Tpetbero nokonenus (F), momydeHHsle B pe3yibTa-
T€ MOTIIOTUTENIFHOTO CKPEIIMBAHNS TONIITHHCKON TTOPOIbI TepeOpICKO, BO 2-10 — TIOTYKPOBHBIE
romMecH repedopACKoil 1 abepAMH-aHTYCCKON TIOPOJ, MOMydeHHBIE B PE3ylbTare MPOMBIILIEHHO-
IO CKpelIMBaHUs a0epIMH-aHTYCCKUX TENIOK ¢ repeopackumMu ObIkaMu, B 3-10 — YUCTOMIOPOIHBIE
TONIITHHCKHE ObIKK. Ha mpoTshkeHHM BCero M3y4eHHOTO MEpHOojia BBIpAIMBAaHUS (OT POXKICHHUS
J0 17-MecsiuHOTO BO3pacTa) JKMBOTHbIE HaXOAWJIUCh B OJAMHAKOBBIX YCIOBHUAX KOPMJIEHHUS MU CO-
JepKaHusl. AHAJIU3 TIOTYYEHHBIX JAHHBIX CBUETEIHCTBYET O TOM, YTO MOMECHBIE OBIYKH, TOTY-
YEHHBIC B PE3YJIbTATE MOIVIOTUTEIBHOTO CKPEIIMBaHUS TOIIITUHCKON nopoas! repedoprackoii (F;)
Y TIPOMBINIUIEHHOTO CKPEITMBAHUSA KUBOTHBIX repedopacKoit n abepArH-aHTyCCKOI TOPO, TMEITH
MIPEUMYIIECTBO HaJl CBOMMH CBEPCTHUKAMU TOJIIITHHCKOW MOPOJIbI HA IPOTSIKEHUH BCETO MIEPUOJIa
BBIpAILMBAaHMUs 110 KHUBOI Macce, CPeAHECYTOYHOMY, aOCOIIOTHOMY HPHUPOCTY. JIydimuMu mo sTum
MOKa3aTeJsiM OTMEUYCHBI OBIYKH IepeOpACKO MOPO/Ibl TPEThero nokosneHus. OHM ObUTH TsKeIeH
B 17-Mecs9HOM BO3pacTe MOIYKPOBHBIX OBIYKOB Ha 2,9% W TsHKENEH YHCTONMOPOIHBIX TOIIITHHOB
Ha 12,5%. [Tomecn 006enx rpymim UMeNTH SBHO BRIPaKEHHBIE MSACHBIE ()OPMBI, TITYOOKYTO U IIUPOKYTO
TPYOHYIO KJIETKY, XOPOIIIO Pa3BUTYIO MYCKYJIATypy Ta300eqpeHHOH 00JIaCTH, CIUHBI M TTOSCHHUIIBL.
OTHOCHUTENBHAS CKOPOCTh POCTA IIOMECHBIX OBIYKOB OT POXKACHHUS J10 1 7-Mecs4HOTO Bo3pacTa Oblia
BBIIIE TONIITHHCKHUX Ha 3,5-4,1%.

KuroueBble cj10Ba: pocT U pa3BUTHE, TIOMECTHbIE OBIYKH, MOIOTUTENBHOE U MPOMBIIIJIEHHOE
CKpeIlMBaHue

GROWTH AND DEVELOPMENT OF YOUNG BULLS OBTAINED BY
DIFFERENT BREEDING METHODS

) Lykov A.S., Kuzmina L.Yu.
Magadan Research Institute of Agriculture
Magadan, Russia

(XDe-mail: agrarian@maglan.ru

Scientific and economic experiments were conducted on young cattle in the production condi-
tions of the Magadan region in accordance with the 2020, 2021research plan. Growth and devel-
opment of young bulls obtained by different methods of breeding were analyzed. Three groups of
steers of different genotypes were formed for the experiment. The first group consisted of the third
generation (F;) Hereford bulls obtained as a result of the accumulation cross breeding of the Hol-
stein breed by the Hereford breed, the second group consisted of half-blood crossbreeds of Hereford
and Aberdeen-Angus crosses obtained as a result of commercial cross breeding of Aberdeen-Angus
heifers with Hereford bulls, the third group - purebred Holstein bulls. Throughout the entire rear-
ing period studied (from birth to 17 months of age) the animals were under the same feeding and
keeping conditions. The analysis of the obtained data shows that crossbred young bulls obtained as
a result of the accumulation cross breeding of the Hereford Holstein breed (F;) and industrial cross
breeding of the Hereford and Aberdeen-Angus breeds had an advantage over their counterparts of
the Holstein breed throughout the whole period of cultivation in live weight, average daily and ab-
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solute gain. The best in these indicators were the young bulls of the third generation Hereford breed.
At the age of 17 months, they were heavier than half-blood young bulls by 2.9% and heavier than
purebred Holstein bulls by 12.5%. Crossbreeds of both groups had pronounced meat shapes, deep
and wide chest, well developed musculature of hips, back and loin. The relative growth rate of cross-
bred young bulls from birth to 17 months of age was 3.5-4.1% higher than that of Holstein bulls.
Keywords: growth and development, crossbred bulls, accumulation and commercial cross

breeding
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INTRODUCTION

The Magadan Region is not an agricultural re-
gion, the products of agricultural producers account
for about 1.5% of the gross regional product. Partic-
ular dependence on imported meat and meat prod-
ucts is observed in the region. The share of domestic
production in the consumed meat products is less
than 10%.

In the north-east of Russia, agricultural pro-
duction is not only economically but also socially
important, because the stabilization of the socio-
economic situation and further development of the
territories are impossible without keeping the popu-
lation there, for which purpose food security prob-
lems must be solved. One of the main tasks is to
provide residents with affordable and high-quality
locally produced food. This is especially important
in the context of foreign sanctions and the need for
accelerated import substitution of livestock prod-
ucts.

In order to meet the needs of the population
in chilled meat, in 2014, the government of the
Magadan Region recognized the development of
meat cattle breeding as a priority in the territory of
the region along with the production of poultry and
pork. In the same year, for the first time in the his-
tory of cattle breeding development in Kolyma, the
seed of specialized meat breed bulls started to be
used for artificial insemination of the Holstein breed
pedigree stock. [1].

Experiments of the Russian scientists have
proved that cattle of many breeds can achieve high
meat productivity under intensive and well-orga-
nized breeding. However, under equally good feed-
ing and housing conditions, beef cattle and hybrids
obtained by crossing different cattle breeds are fat-
tened faster, give a higher carcass slaughter yield,
process feed into products more economically, and
give beef of better quality than peers of dairy and

dairy-meat breeds [2-7]. Quality beef production in-
volves cost-effective breeding of animals adapted to
specific climatic conditions, with high productivity.

At the first stage, for insemination of dairy Hol-
stein cows and heifers in the Magadan Region, se-
men of beef bulls of Hereford and Aberdeen Angus
breeds was used. Herefords and Angus are among
the three most popular meat breeds in our coun-
try used for interbreeding and purebred breeding.
Prolonged purebred breeding of cattle of these
breeds has led to a strong consolidation of hered-
ity. Therefore, cattle of these breeds steadily pass
their economically useful traits to the offspring in
any crosses [8-15]. Since the research on identify-
ing specialized beef breeds that are competitive in
the conditions of the region has not been carried out
before, they are relevant and in demand. In 2018,
the employees of the Magadan Research Institute
of Agriculture initiated such research [16, 17]. Cur-
rently, research in this direction continues.

The purpose of the research is to study the eco-
nomic and biological characteristics of mixed bred
cattle for identifying desirable genotypes when cre-
ating a population of beef cattle under the condi-
tions of the Magadan Region. The research objec-
tives are to do a comparative analysis of the growth
and development of steers bred by different meth-
ods of interbreeding.

MATERIAL AND METHODS

Scientific and economic experiments were car-
ried out on young cattle in the production condi-
tions of the peasant farm "Komarova" (Magadan).
To study the growth and development of the ex-
perimental animals three groups of bull-calves
obtained from first-calf cows were formed, 10 ani-
mals in each group. The first group included bulls
of the Hereford breed of the third generation (F3),
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received as a result of the accumulation cross breed-
ing of the Holstein breed with the Hereford one; the
second one includes half-blooded mixed crosses
of the Hereford and Aberdeen-Angus breeds, bred
as a result of crossing of Aberdeen-Angus heifers
with Hereford bulls; the third group includes pure-
bred Holstein steers. During the whole period under
study, the animals were kept under the same feeding
and housing conditions.

From birth to 6 months of age, the animals were
raised according to the technology adopted in dairy
cattle breeding. The diet was designed to produce
750-800 g average daily gain in steers (economic
level of feeding). Calves were kept in individual
cages up to the age of 15 days, in groups of 4 ani-
mals up to the age of 6 months. Further, up to the
age of 17 months the animals were kept in groups
of 10-20 heads using the silage-concentrate type
of feeding and economic diet designed to produce
900 g of live weight gain per day. Evaluation of
the origin of crossbred cattle of different genotypes
was made on the basis of zootechnical and pedigree
recording data. To conduct research, generally ac-
cepted methods ' were used. The growth and de-
velopment of young animals were studied by the
indicators of live weight on the basis of monthly
weighings and exterior measurements. Average

daily and absolute growth were calculated based on
the results of weighings and measurements, and the
body mass indices were calculated. Relative growth
rate was calculated according to the formula of S.
Brody

B =[(W;-W) x100]: [(W+W) x0,5],

where W1 and WO are final and initial live weight,
respectively.

Mathematical analysis of experimental data
was performed on the basis of generally accepted
modern methods using Microsoft Office Excel pro-
grams>.

RESULTS AND DISCUSSION

Data analysis shows that bulls of different gen-
otypes exhibited different growth intensity during
the whole period studied. At birth, the highest live
weight was recorded in group 3 bulls, which ex-
ceeded the live weight of group 1 and 2 bulls by 4.4
and 9.9%, respectively. This difference was due to
the breed peculiarities of the test bulls. During the
whole period, the advantage in the live weight was
recorded in the bulls of groups 1 and 2 (see Table 1).

The average daily gain for the period from birth
to 6 months was higher in the groups of crossbred

Taoa. 1. [lunamuka )HUBOI Macchl U CPEIHECYTOUHBIN IPUPOCT IMOIOMBITHBIX OBIYKOB

Table 1. Dynamics of live weight and average daily gain of experimental bulls

Grou
Age, months 1-st | 2—ndp 3-rd
Live weight, kg
At birth 29,70 £ 0,47 28,2 +0,33 31,00 £ 0,26
1 51,30 £ 0,68 48,8 £0,48 47,70 £ 0,21
3 95,90 + 2,04 90,8 + 0,82 85,50 £ 0,21
6 167,75+ 1,35 165,85+0,97 152,90 + 0,66
12 316,18 = 1,04 311,10+ 1,44 284,14 £ 1,09
17 443,81 +1,71" 431,33+ 191" 394,52+ 1,71
Average daily gain, g
0-6 766,69 = 10,44 764,72 + 6,21 675,40 £ 2,30
6-12 824,60 + 4,68 806,90 + 3,70 729,50 + 3,00
0-17 812,20+ 291" 791,20 £2,79" 712,73 £3,18
Relative growth rate, %
6-12 61,36 £0,53 60,91 £ 0,23 60,10 £ 0,12
0-17 174,96 + 0,35 174,51 £0,31 170,86 £ 0,21
'p <0,05.

"Fundamentals of experimental work in animal husbandry. Under the editorship of Prof. A.I. Ovsyannikov, the Corresponding

Member of VASKhNIL. M., 1976. 27 p.

*Methodological guidelines for scientific research on growing, graziery and fattening of cattle. MOSCOW: VNIIZH. 1958.

38 p.

3The system of applied statistical and mathematical methods of processing experimental data in agriculture. MOSCOW:

MSKHA, 1992. 160 p.
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Ta6a. 2. [IpoMepsl OTHEIBHBIX CTAaTeW IOAOBITHRIX OBIYKOB B BO3pacTe 4 Mec, cM

Table 2. Measurements of individual parameters of experimental bulls at the age of 4 months, cm

Group
Measurement st nd ird
Height at the withers 83,6 £ 0,59 81,6 £ 0,62 83,2 +0,53
Height at hips 88,2+ 0,54 86,9 +0,47 89,8 £ 0,69
Oblique body length 95,3+ 1,05 92,4+0,74 94,9 £0,73
Chest girth 108,4 +1,05" 105,2 +£0,88" 99,5+ 0,89
Chest depth 37,5+0,60" 36,1 +£0,79" 33,3+0,37
Chest width 22.4+ 0,69 21,4 +0,60 20,0+0,41
Hook bone width 24,5+ 0,62 23,6 +£0,38 23,44+0,22
Cannon bone girth 13,1 +£0,17 12,7+0,17 12,4 +0,11

Here and in Table 3. "p <0,01.

Ta6a. 3. [IpoMepsl OTAEIBHBIX CTATEH MOAOIBITHBIX OBIYKOB B 17-MECSYHOM BO3pACTE, CM

Table 3. Measurements of individual parameters of experimental bulls at 17 months of age, cm

Measurement Group
1-st 2-nd 3-rd
Height at the withers 121,7+ 1,7 117,1 £ 3,1 122,2+1,9
Height at hips 125,1+1,9 122,7+1,9 126,8+ 1,9
Oblique body length 147,7+£2.5 141,0£2,2 149,1 £2,9
Chest girth 189,0 £2,7* 180,9 £2,5" 170,1 £2,2
Chest width 474+£1,9 46,1 +£1,8" 37,8+ 1,5
Chest depth 68,3 +2,2" 66,4 +2,3" 62,4+1,5
Hook bone width 39,5+0,7 39,0 £0,43" 35,6 +£0,36
Cannon bone girth 20,2 +0,2 20,0 £ 0,18 17,8 +0,14
Taoa. 4. VHIeKchl TEI0CI0KEHUS IOJONBITHRIX OBIYKOB, %0
Table 4. Body indexes of experimental bulls, %
Group
Index name 1-st 2-nd 3-rd
17 months 4 months 17 months 4 months 17 months 4

months
Long-legged 43,9 55,1 43,8 55,8 48,9 60,0
Bone 16,6 15,7 17,1 15,6 14,6 14,9
Lengthiness 121,4 114,0 120,4 113,2 122,0 114,1
Chest 69,3 59,7 69,4 59,3 60,6 60,1
Blockiness 128.,0 113,7 128,3 113.9 114,1 104,8
Overgrowth 102,8 105,5 104,8 106,5 103,8 107,9

steers. Thus, the difference in the indicators of
groups 1 and 2 as compared to group 3 was 91.29
g (p < 0.05) and 89.32 g (p < 0.05), respectively.
The relative gain of crossbred steers of groups 1 and
2 from birth to 6 months of age was higher than
that of purebred peers by 7.26-9.29%, respectively.
The highest absolute gain of live weight from 6 to
17 months was observed in Hereford steers of the
third generation (276.06 kg). It was reliably (p <
0,05) more than in half-breeds by 10,58 and 34,44
kg more than in the Holstein breed. The relative

growth rate in the bulls of the 1st group for this pe-
riod was 90,3%, in the 2nd group - 88,9, and in the
3rd group - 88,3%.

At 17-months of age, Group 1 animals were the
heaviest by 2.9% and 12.5% heavier than Group 2
steers and Group 3 steers. The average daily gain
for the period from birth to 17-months of age was
reliably (p < 0,05) greater in Group 1 and 2 bulls
than in Group 3 bulls by 99,5 g (14,0%) and 78,5 g
(11,1%) respectively. The highest absolute and live
weight gain for this period was recorded in Group
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1 bulls (414.1 kg), which is more than in Group 2
and Group 3 by 11.6 and 50.6 kg, respectively. The
relative growth rate of crossbred steers was higher
than that of the Holstein steers in groups 1 and 2 by
4.1 and 3.5%, respectively.

Throughout the study, crossbred steers differed
significantly from their Holstein counterparts in
body shape. The mongrels had pronounced meat
shapes, deep and wide chest, well developed mus-
cles of hips, back and loins.

When studying the linear growth of the experi-
mental young animals at 4 months of age, no sig-
nificant differences in height measurements were
found. The greatest differences between dairy and
crossbred steers were in chest girth and depth. Thus,
the animals in groups 1 and 2 exceeded the animals
in group 3 in breast girth by 8.9 and 5.7% (p <0.01),
and in breast depth by 12.6 and 8.4% (p < 0.01),
respectively (see Table 2). At 17 months of age,
there was a difference in latitudinal measurements.
The hybrids in groups 1 and 2 reliably (p < 0,01)
exceeded the Holstein peers in breast girth by 11,1
and 6,3%, in breast width by 25,4 and 22,0%, in
breast depth by 9,5 and 6,4%, in width in hips by
11,0 and 9,6% respectively. According to the height
measurements the animals of the 1st group stood
out among the mixed males. They exceeded Group
2 bulls in the height at the withers by 3.9%, in the
height at hips by 2%, and in the oblique body length
by 4.8% (see Table 3).

For a more detailed study of the development of
experimental steers, some body indices were calcu-
lated at the age of 4 and 17 months (see Table 4).
Development of the calves of all groups was nor-
mal. With age there was a decrease in the long leg-
gedness index and an increase in the index of format
(elongation). The increase with age of the blocki-
ness index testifies to the development of the meat
type of physique in bulls. Throughout the whole pe-
riod of breeding the thoracic index and the blocki-
ness index were higher in comparison with Holstein,
which is characteristic for the development of steers
of meat type of productivity. There was no signifi-
cant difference in the physique indices of crossbred
steers of the studied genotypes in groups 1 and 2.

CONCLUSION

The research results prove the successful use
of accumulation and industrial crossbreeding with
producers of specialized meat breeds in the con-
ditions of commercial livestock enterprises of the
Magadan Region. This makes it possible to obtain
young animals characterized by high growth rate
and live weight, with pronounced meat forms at the
age of 17 months. The application of these breeding
methods will have a positive impact on the dynam-
ics of development of meat cattle breeding in the

region.
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BJIUSHUE DOHAOPUTHBIX I'PUB0OB HA POCT U PASBBUTHUE
KOPMOBBIX BOBOB (VICIA FABA L.)

CX)Cangoxuna T.A.

Cubupckuii ghedepanvhwviii HayuHblll YeHmp azpobuomexnonozuti Poccutickou akademuu Hayk
Hosocubupckast oo6macts, p.im. Kpacnoobck, Poccus
(<)e-mail: sadohina78@yandex.ru

[IpencraBneHs! pe3ynbTraTsl N3yUYeHUs BIMSIHUSA YHTOMONIATOT€HHbIX IpuboB Metarhizium robert-
sii 1 Beauvéria bassiana Ha poCcT M pa3BUTHE KOPMOBBIX 0000B copra Cubupckue. MccnemoBanus
mposeaensl B 2019, 2020 rr. [IpeanoceBnas oOpaboTka ceMsiH KOpMOBBIX 00008 (Vicia faba L.)
sHnopUTHBIMU Tpubamu M. robertsii u B. bassiana ¢ mociaeqylOUMM BbIPALIMBAHHEM B MOJIEBBIX
YCIOBHUSX CIOCOOCTBOBAJIA YCKOPEHUIO POCTOBBIX MPOLIECCOB, POPMUPOBAHUIO OOIBILECH OHOIOTH-
YECKOM MAacChl U YBEIHMUCHHIO YPOXKaiHOCTH. D(H(HEKTUBHOCTh IHTOMONATOICHHBIX TPHOOB M. r0-
bertsii n B. bassiana oTIcHUBAIH B TTOJICBOM OIIBITE B YCIOBUAX JIECOCTEITHON 30HHBI 3amamgnoi Cu-
OupH Ha YepHO3eMe BhILIeI0deHHOM. M crionb30Banue Ha KOPMOBBIX 000ax M. robertsii 1OCTOBEpHO
YBEJIMUUBAJIO ypoxaiHOCTh 3epHa Ha 2,0-4,2 n/ra (Man—W, p = 0,01565), BeicoTy pacTeHuil Ha
6—16 cM, a Taxxke obnucTBeHHOCTH U Maccy 1000 3epen. Mcnonb3oBanue B. bassiana He IPUBEIIO
K YBEIMUYEHHUIO YPOXKANHOCTH. YCTaHOBJIEHO JOCTOBEPHOE YBEIMUEHHUE YHCIIa aKTUBHBIX KITyOEHb-
KOB Ha KOPHSIX PacTEHUN KOPMOBBIX OO0OOB, HA KOTOPBIX MpHUMEHSUTH 00paboTKy M. robertsii. B
(ba3y LBETEHUSI OTMEUEHBI CYILIECTBEHHbIE PA3IMUUs MEKAY KOHTPOJIEM U BapUAHTOM C IIPUMEHE-
HueM B. bassiana (Fisher, p = 0,000085). O6paboTka cemstH 0000B HTOMOTIATOTEHHBIMH TPHOaMHU
M. robertsii n B. bassiana niepe]] IOCEBOM I0O3BOJISIET HOBBICUTb YPOXKAMHOCTb KYJIBTYPbl U CTHU-
MYJIHPOBaTh POCTOBBIC MPOLIECCHL. B mepcrekTrBe STOT MPUEM MOXKET UCTIOJIB30BATHCS B CENTBCKO-
XO3SCTBEHHOH MpaKTHUKE Ha JAPYruX 000OBBIX KynbTypax. Hactosimast pabora siBIsieTcs mepBbIM
UCCIIeIOBaHUEM BIIUSTHHS DHTOMOIIATOTEHHBIX I'PUOOB Ha KOPMOBbIE 000BI TIPH BBIPAIIIMBAHHHU B yC-
JOBUSX KOHTHHEHTAIBHOTO KinMaTa 3anagHoi Cubupmu.

KuiroueBble ciioBa: 3HIOQUT, ypOXKallHOCTb, YyCTOWYUBOCTD, CTUMYIISILIUS pocta, Metarhizium
robertsii, Beauveria bassiana

EFFECT OF ENDOPHYTIC FUNGI ON THE GROWTH AND DEVELOPMENT OF
FODDER BEANS (VICIA FABA L.)

(C<)Sadokhina T.A.
Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences

Krasnoobsk, Novosibirsk region, Russia
(XDe-mail: sadohina78@yandex.ru

The results of studying the effect of entomopathogenic fungi Metarhizium robertsii and Beauvé-
ria bassiana on the growth and development of fodder beans of the Siberian variety are presented.
The studies were conducted in 2019, 2020. Presowing treatment of fodder beans (Vicia faba L.)
seeds with endophytic fungi M. robertsii and B. bassiana with subsequent cultivation in the field
conditions contributed to the acceleration of the growth processes, the formation of a greater bio-
logical mass and an increase in the yield. The efficiency of entomopathogenic fungi M. robertsii
and B. bassiana was evaluated in a field experiment in the forest-steppe zone of Western Siberia on
leached chernozem. The use of M. robertsii on fodder beans significantly increased grain yield by
2.0-4.2 c/ha (Man-W, p = 0.01565), the plant height by 6-16 cm, as well as foliage and weight of
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1000 grains. The use of B. bassiana did not result in an increase in yield. A significant increase in
the number of active nodules on the roots of fodder bean plants where M. robertsii treatment was
applied was observed. During the flowering phase, significant differences between the control and
the variant with B. bassiana application were noted (Fisher, p = 0.000085). Treatment of bean seeds
with entomopathogenic fungi M. robertsii and B. bassiana before sowing can increase crop yield
and stimulate growth processes. In the future, this technique can be used in agricultural practice on
other legume crops. The present work is the first study of the effect of entomopathogenic fungi on
fodder beans when grown in the continental climate of Western Siberia.

Keywords: endophyte, yield, stability, growth stimulation, Metarhizium robertsii, Beauveria

bassiana
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INTRODUCTION

Soil fungi form close symbiosis with more
than 90% of all vascular plant species [1]. These
interactions have evolved over 400 million
years and are of great ecological importance
because they contribute to plant nutrient uptake
[2]. Nitrogen is considered a critical nutrient
limiting plant growth and usually must be fixed
by nitrogen-fixing bacteria for plant consump-
tion [3]. The soil lacks easily usable carbon for
many microorganisms, hence there is a huge
competition between them for this resource
[4, 5]. Plants often produce an excess of pho-
tosynthetic products, especially in the presence
of sufficient nitrogen, some of which enters the
rhizosphere [6]. These nutrients provide an op-
portunity for a potential symbiotic exchange of
nutrients between plants and endophytic fungi.
Plants need nitrogen and fungi need available
carbon. The study of these relationships opens
up great opportunities for the use of this group
of organisms in agriculture and arouses great
interest in them from the scientific community.

In contrast to microorganisms inhabiting
the surface of the root system and the above-
ground vegetative organs of plants, represen-
tatives of symbiont communities (endophytic
microorganisms) are capable of entering into

closer relationships with the host plant. In some
cases, they strongly influence its phenotype as a
whole, as well as such processes as growth and
development regulation, phytoimmunity and
adaptation to changing conditions of existence,
without forming any specific structures [7].

The interaction of legume plants with
Metarhizium robertsii and Beauveria bassi-
ana is predominantly mutualistic. These endo-
phytes stimulate vegetative development and
reproduction as well as increase host resistance
to environmental stresses and have a suppres-
sive effect on phytopathogens [8].

Metarhizium is also capable of forming en-
dophytic associations under laboratory and
field conditions with many plant species [9]. At
present, it has been proved that entomopatho-
genic fungi from the genera Metarhizium and
Baeuveria can enter into mutualistic interac-
tions with various plant species and suppress
infections caused by fungal phytopathogens
[10-12].

The study of biodiversity of endophytic
microorganisms is a new direction in biology.
However, it can already be noted that endo-
phytic fungi have been identified in most ag-
ricultural plants. Such microorganisms have
been found in cereals and legumes, single- and
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perennial plants, sugar beets, corn, sorghum,
potatoes, and many other crops [13-15]. The
interaction of endophytic fungi with perennial
cereal crops has been proved.

Forage beans (Vicia faba L.) are one of the
most important crops in this family and are now
traditionally used as food in several countries
such as India, the Philippines, Nigeria, Ghana,
Brazil and Malawi [16]. Forage bean yields are
affected by a number of external factors that
can significantly reduce this figure. One way to
level out adverse environmental impacts is to
integrate beneficial microbiota that can influ-
ence plant growth and development, increase
nutrient utilization efficiency and build resis-
tance to abiotic stresses and diseases.

It should be noted that most studies on the
interaction between endophytic entomopatho-
genic fungi, plants and phytopathogens were
performed under laboratory conditions. How-
ever, the results obtained under laboratory con-
ditions do not always agree with the data of
field experiments due to the influence of a large
number of environmental factors [17]. Studies
on the effect of entomopathogenic fungi on the
growth and development of forage beans under
field conditions have not been conducted.

The purpose of the study was to determine
the effect of endophytic fungi Metarhizium
robertsii and Beauveria bassiana on the growth
processes and the yield of forage beans of Sibe-
rian variety.

MATERIAL AND METHODS

The studies were carried out in 2019, 2020
at the field station of the Siberian Research In-
stitute of Fodder Crops, SFSCA RAS, located
in the northern forest-steppe of the Priob'ye re-
gion of Novosibirsk (Russia). The soil of the
experimental plot is medium-powered medi-
um-loamy leached chernozem with a humus
content of about 6% in the layer 0-20 cm. The
soil is relatively well provided with mobile
forms of phosphorus and exchangeable potas-
sium. The reaction of soil solution is close to
neutral. The total amount of absorbed bases is
58-61 mg/equivalent per 100 g of soil. Thus,
the soil is characterized by good physico-chem-
ical indicators.

In terms of climatic resources, it is a mod-
erately warm, insufficiently humid agroclimatic
region. Average annual precipitation is 350-450
mm, of which 254 mm falls in the warm period
of the year (April - September). During June
- August 113-130 mm precipitation falls. Hy-
drothermal coefficient according to Selyaninov
in the period with air temperature above 10 °C
is 1.0-1.2. The coldest month is January with
an average daily temperature of 19.4 °C, the
hottest month is July with 18.4 °C. The sum of
positive temperatures above + 10 © C averages
1880 °, with year-to-year deviations from 1500
to 2250 °. Spring frosts may occur until 20 May
and ground frosts until 17 June. The beginning
of autumn frosts is at the end of August.

Treatments and seeding. The field experi-
ment included three variants. Conidia of fungi
B. bassiana and M. robertsii were suspended in
water-Tween 20 solution (0.04%) at a concen-
tration of 5 x 107 conidia/ml. Grains of fod-
der beans were treated with the suspension and
allowed to dry just before sowing. The control
variant was treated with 0.04% Tween. The vol-
ume of suspension applied was 2.5 L per 20 kg
of forage bean grain. Strains of entomopatho-
genic fungi M. robertsii (P-72) and B. bassiana
(Sar31) obtained from the collection of micro-
organisms from the Institute of Systematics
and Ecology of Animals, Siberian Branch of
the Russian Academy of Sciences were used.
Conidial mass was produced by the two-phase
cultivation method.

Variants were placed consecutively in one
tier in fivefold replications. Sowing was carried
out on May 16 in 2019 and on May 19 in 2020,
when the soil temperature at a depth of 6-8 cm
reached 8-10 © C. When sowing, the distance
between the rows was 70 cm, the seeding rate
- 400 thousand germinated grains/ha. The plot
length in the experiment is 10 m, the width is
3.9 m, the accounting area is 39 m% Seed har-
vesting was carried out on October 10, 2019
and September 18, 2020.

Plant growth phases were evaluated during
the growing season. In addition, the character-
istics of bean yield from fungi treatment vari-
ants were analyzed. After sowing on days 12,
26,41, 59,79, and 98, the growth and develop-
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ment characteristics of forage bean plants were
evaluated. To determine the main parameters of
plant growth in the field, 10 plants (n = 50 plants
in each variant) were randomly selected at each
repetition. Plants were dug up and records and
observations were made. Yield parameters were
evaluated after harvesting. Several main phases
are distinguished during vegetation of the crop.
All of them have certain duration. Conditions
of each of phases influence the crop yield and
its quality differently. The duration of the inter-
phase periods in forage bean plants was deter-
mined by the following phases: full sprouts, 5-6
leaves, branching, flowering, bean formation,
seed filling and maturation.

Rhizobial nodules were counted in 2019 and
2020. For this purpose, 10 fodder bean plants
from each replicate (n = 50) were randomly
selected on days 41, 59, and 79 after sowing.
Plants were washed thoroughly and nodule
counts were performed on each.

Statistical analysis. Analysis of the data set
was performed using Statistica 8 (StatSoft Inc.,
USA) and PAST 3 [18]. Normality of data dis-
tribution was checked using Shapiro-Wilk W
test. Normally distributed data were analyzed
using one-way analysis of variance followed
by Fisher's LSD test. Abnormal data were ana-
lyzed using the Kruskal-Wallis test followed by
the Dunn test or the Mann-Whitney test.

Weather conditions during the growing
season.

The growing season 2019 can be character-
ized (HTC May - September = 1.2) as close to
the climatic norm for the study site, but with
variable precipitation by months and a lack
of moisture in June (HTC = 0.5) and August
(HTC =0.4).

At sowing on May 16, stocks of productive
moisture in a meter layer of soil were 103 mm.
The ten-day distribution of moisture resources
for the period III ten-day period of June - III
ten-day period of July is of particular impor-
tance for fodder bean plants, which undergo at
this time the phases of flowering - seed filling
- ripening. Thus, in 2019, from the third ten-
day period of June to the third ten-day period
of August, the amount of precipitation was 123
mm, or 94% of the average annual norm, but

with an uneven distribution. Air temperatures
were 0.2-0.5°C below the long-term average in
June and July and 2.2°C above average in Au-
gust. On average, the maximum air temperature
reached 29.3-29.8 °C in the first ten-day period
of July (see Fig. 1).

Development of fodder beans in the grow-
ing season 2019 took place under the deficit of
precipitation in the phase of flowering - seed
ripening (III ten-day period of June, III ten-day
July and all August) with average daily air tem-
perature in August by 2.2 °C above the climatic
norm, average maximum daytime air tempera-
ture to 29.8 °C, and relative air humidity in this
period lower than the norm by 5-11%. Accord-
ing to the amount of precipitation the summer
period of 2020 can be characterized (HTC May
- September = 1.29) as close to the climatic
norm for the place of research, but with uneven
distribution of precipitation, lack of moisture in
June (GTC = 0.4) and in the second ten-day pe-
riod of July (GTC = 0.6).

The average air temperature in the first ten-
day period of June was 13.9 ° C, while the norm
was 15.0 © C. This contributed to rapid emer-
gence of seedlings and their good development.
The second and third ten-day periods of June
were characterized by absence of precipitation
and high temperatures (air temperature was
1.1 °C higher than the mean annual rate). Dry
and hot weather during this period had a nega-
tive impact on biomass accumulation and for-
age bean yield. In 2020, from the first ten-day
period of July (after strong stress) to the third
ten-day period of August, rainfall amounted to
167 mm, or 1280% of the average annual norm,
with an even distribution. In the first ten-day
period of July precipitation was 2000% of the
norm (32 mm).

RESULTS AND DISCUSSION

Under the conditions of Western Siberia,
treatment of forage bean seeds with the ento-
mopathogenic fungus M. robertsii was found to
stimulate growth and increase the yield for the
first time. Similar trends were observed after
treatment of seeds with strain B. bassiana, but
the resulting effect was weaker.

The period from sprouting to formation of
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5-6 leaves was characterized by successive pro-
cesses of stem, leaf, scale leaf bracts and the
formation of nodules on the plant roots. Friend-
lier and stronger sprouts provide high foliage
of the agrocenosis and are the key to the subse-
quent development of the crop.

Research data indicate that seed treatment
with fungal strains had a significant effect on
the growth processes of forage bean plants (see
Table 1). The influence of M. robertsii is more
pronounced and clearly seen in all the years of
research, the duration of the growing season
noticeably increased by 6-9 days compared to
the control variant.

The effect of using fungi in the experiment
was manifested already in the initial phases
of forage bean development and persisted
throughout the growing season (see Fig. 2).

Plant height depending on the strains used in
2020 varied from 6 to 16 cm in different phases
of their development (see Fig. 3). In the phase
of 5-6 leaves a reliable increase of 15% was
obtained when treated with M. robertsii (Man-
W, p =0.01219) and B. bassiana (Man-W, p =
0.01597).

Treatment of seeds of forage beans with
M. robertsii fungus significantly affected the
growth of the aboveground mass of plants from
the branching phase, since intensive consump-
tion of elements from the soil begins from this
moment, and there is a possibility that fungus
M. robertsii created more favorable conditions
for this in the rhizosphere of forage beans.

Treatment of forage bean seeds with ento-
mopathogenic fungus M. robertsii promoted
more powerful development of root system

Ta6a. 1. [nurensHOCTh MeXK(a3HBIX IEPHOJIOB PACTEHUI KOPMOBBIX 0000B B 3aBUCIMOCTH OT IPUMeE-

HACMbIX HITAMMOB, CYT

Table 1. Duration of interphase periods of fodder bean plants depending on the strains used, days

Duration of the interphase period
nos — Phase Growing season
Op- Seecﬂlngs 5-6 Branching — |Flowering — pod|Pod formation —| Seed filling — ! “{enggth )
tion 5 2 lase leaves — flowering formation seed filling ripening
—6 leaves .
branching
2019 | 2020 | 2019 | 2020 | 2019 | 2020 | 2019 | 2020 | 2019 | 2020 | 2019 | 2020 | 2019 | 2020
K. 10 12 20 14 18 15 19 18 24 20 20 19 111 98
B. b — 11 — 15 — 15 — 18 — 20 — 20 — 99
M. r 11 13 21 16 21 17 21 19 26 21 21 18 120 104

Note: K—control; B. b — B. bassiana; M. r — M. robertsii.
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with more lateral roots and appearance of active
nitrogen-fixing rhizobia nodules. On day 41 af-
ter the sowing, the number of active nodules on
the roots of forage beans with M. robertsii was
2.4 times greater than on the control variant
(Fisher, p = 0.000005). Insignificant develop-
ment of rhizobial nodules in the phase of bud-
ding was associated with a severe drought that
manifested itself in the late June 2020 (HTC =
0.4), the reserve of productive moisture in the
soil layer 0-20 cm was 10.5 mm (see Table 2).

The most significant difference of M. robert-
sii with the control was noted in the phase of
forage bean flowering 59 days after the sowing.
After intensive precipitation and soil moisten-
ing, the number of nodules in all variants of the
experiment increased 3-fold in relation to the
phase of budding (Fisher, p = 0.00003). Differ-
ences in this period between the control and the
variant with B. bassiana were also significant
(Fisher, p = 0.000085).

Puc. 2. Pactenust KopMOBBIX 0000B B (ha3bl BETBICHUS, LIBETCHUS, IIOJTHOTO CO3PEBaHUs (CIeBa HAIPABO):

KOHTpOJNb, TpHUO B. bassiana, rpud M. robertsii

Fig. 2. Fodder bean plants in the phases of branching, flowering, full maturation (from left to right): con-

trol, mushroom B. bassiana, mushroom M. robertsii
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M. robertsii (Man-W, p = 0,01219) u B. bassiana (Man-W, p = 0,01597)

Fig. 3. Height of fodder bean plants depending on the strains used, cm

M. robertsii (Man-W, p = 0,01219) and B. bassiana (Man-W, p = 0,01597)
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By the end of the forage bean vegetation
11 weeks after the sowing, the differences in
the number of nodules smoothed, the differ-
ence was 1.7 between the control and B. bassi-
ana (Fisher, p = 0.000176) and 1.4 times be-
tween the control and M. robertsii (Fisher, p =
0.027119). This is primarily due to natural ag-
ing of symbiotic nodule. Analysis of the data on
yield structure shows that the studied species of
fungi differently, but positively influenced the
studied traits. The plant height in all variants
of the experiment had a clear tendency to in-
crease in relation to the control variant (up to
16%). Seed treatment with the conidial mass
of M. robertsii contributed to the strengthening
of growth processes and thereby the formation
of more powerful in habitus plants of fodder
beans, resulting in the formation of more repro-
ductive organs and seeds of good quality.

Seed treatment with fungi had a significant
impact on the weight of 1000 grains. The weight
of 1000 grains in these variants was higher than
the control from 8-10% to 14.8-16.2% (depend-
ing on the year of research). Still, the integral
indicator of the effectiveness of one or another
agricultural technique is the yield.

In 2020, seed treatment with conidial mass
of M. robertsii increased the yield by 1.96 ¢/
ha (11%) above the control (Dunn's test, p =
0.00460). Forage bean yields in 2020 were
8.4-11.2 c¢/ha lower than last year due to unfa-
vorable meteorological conditions (see Table
3). The maximum yield of 29.27 c/ha was re-
corded in 2019 with M. robertsii, which is 4.26
c/ha higher than the control (Dunn's test, p =
0.00125).

Protein content in the grain of fodder beans
most often depends on meteorological condi-
tions. In 2019, there was no significant effect of
the studied strains on the protein content - pro-
tein content was 35.9-36.2%. Fat in the seeds
of fodder beans appeared in small amounts and,
similarly to protein content, practically did not
depend on the preparations used for seed treat-
ment. The fat content in the grain of fodder
beans was 12.3-12.6%.

After the research conducted, it was estab-
lished for the first time that treatment of for-
age bean seeds with entomopathogenic fungus
M. robertsii with subsequent cultivation under
field conditions stimulated the vegetative de-
velopment of plants, contributed to increased
yield, resistance to some environmental stresses
and had a suppressive effect on phytopathogens
during vegetation in the forest-steppe zone of
Western Siberia. Similar trends were observed
after seed treatment with B. bassiana strain, but
these effects were weaker. It can be assumed
that entomopathogens affect forage beans di-
rectly (as an antagonist) or indirectly (through
the activation of plant defense systems). Thus,
the present work is the first study of the effect
of entomopathogenic fungi on forage beans
grown in the forest-steppe zone of Western Si-
beria.

CONCLUSION

This work is the first study of the effect of
entomopathogenic fungi Metarhizium robert-
sii and Beauveria bassiana on fodder beans
grown in the inhospitable conditions of Siberia.
It has been revealed that pre-sowing treatment

Taodua. 2. KonnuecTBo akTUBHBIX KIIYOSHBKOB Ha KOPHSX KOPMOBBIX 0000B B 3aBHCUMOCTH OT IIpUMe-

HsACMBIX I TAMMOB, H.IT./paCTeHI/IC

Table 2. The number of active nodules on the roots of fodder beans, depending on the strains used,

pcs./plant
Plant development phase
Option Budding Flowering Pod formation
2019 2020 2019 2020 2019 2020
Control 6,4 1,6 10,4 6,8 5,8 3,2
B. bassiana - 2,4 - 14,0 - 5,4
M. robertsii 7,4 3,8 12,3 20,3 8,1 4,7

Note. M. robertsii (Fisher, p = 0,000005), B. bassiana (Fisher, p = 0,000085).
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Tab6a. 3. YpokaitHOCTh KOPMOBBIX 0000B copra CHOMPCKHE B 3aBUCHMOCTH OT IIPAMEHSAEMBIX IITTAMMOB, T/Ta
Table 3. The yield of fodder beans of the Siberian variety depending on the strains used, c/ha

Yield Increase in control Harvest in 2019 Harvest in 2020
Option
2019 2020 2019 2020 Protein Fat Protein Fat
Control 25,01 16,96 — — 8.9 3,07 53 2,17
B. bassiana - 15,93 - -1,03 - - 4.8 2,15
M. robertsii 29,27 18,92 4,26 1,96 10,47 3,57 5,7 2,45

Note. Protein and oil content were determined by IR-analyzer FOSS, Denmark. M. robertsii (Dunn’s test, p = 0,00125).

of seeds with conidia of entomopathogenic fun-
gi M. robertsii and B. bassiana stimulates the
vegetative development of plants and contrib-
utes to an increase in the yield of fodder beans.
These endophytes can be used to increase the
yield and control diseases on other plant spe-
cies of the legume family. The findings repre-
sent a significant basis for posing further more
detailed research questions aimed at improving
the knowledge of the ecological role of endo-
phytes in natural ecosystems. To accurately
assess the ability of Metarhizium robertsii to
colonize plant roots, it is crucial to quantify
the endophytic association, which may depend
on environmental factors, plant species and lo-
calization in the plant, as well as on the strain
and species variability of fungi. The endophytic
ability of Metarhizium robertsii and Beauveria
bassiana is currently being evaluated along
with their use in biological control and is poten-
tially crucial for developing new and effective

strategies for their control.
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ABTOMATHU3UPOBAHHBIN BHIBOP ATPOTEXHOJIOTI A
N TPAKTOPHOI'O TAPKA CEJIBXO3IPEANIPUATHUA:
CTPYKTYPA N AJITOPUTMBI WEB-ITPHJIOKEHUSA

AunbT B.B., X) Eakun O.B., Ucakopa C.II., CaBuenko O.D.

Cubupckuii ¢hedepanvhviii Hayuuslil yenmp azpobduomexnonoutl Poccutickotl akademuu Hayx
HoBocubupckas obnacts, p.i. KpacHooOck, Poccust
(XDe-mail: oleg348@yandex.ru

Paccmotpens! Bonmpochl MOBBIIICHUS! 3()()EKTUBHOCTH U KOHKYPEHTOCIIOCOOHOCTH pacTeHHUe-
BOAYCCKOI'O CCILXO3MPEANIPUATUA ITYTEM I/IH(bOpMaHI/IOHHOI‘O COIIPOBOKACHHA IPOU3BOACTBA C
NpUMEHEHHEeM MUPPOBBIX TEXHONOTHH. VccnenoBan npoiecc BBIOOpa TEXHOJOTUI M TEXHHUECKUX
CpC€ACTB IIPHU BO3ICIIBIBAHUHN 3€PHOBBIX KYJIBTYP. I/ISyT-IeHI)I UMCIOIIMECI METOABI U IIPOTrpaMMHBIC
cpencTBa, MPUMEHSIEMBIC I pelIeHns 3Tux 3amad. O00oCHOBaHA IeIeco00pa3sHOCTh pa3pabOTKH
web-0pHEeHTHPOBAHHOTO MPOTrPAMMHOI0 KOMILIEKCa aBTOMATH3WPOBAHHOTO BBHIOOpA arpOTEXHOO-
Ui ¥ MALTMHHO-TPAKTOPHOTO MapKa X03I1UCTBa, 00€CIEeYNBAIOLICTO YUET U OTIepaTUBHYI0 00padoT-
Ky pa3HooOpa3HoU WH(pOpMAIIMH, XapaKTepu3yrolei 00beKTUBHO CYIIECTBYOIIEE OOIBIIOE KOJIU-
4ecTBO (PaKTOPOB, YCIOBHH M OCOOCHHOCTEH MPOM3BOACTBA B CEIBCKOXO3SIMCTBEHHOM IPEIIPH-
atur. Ha ocHOBe aHanm3a OCHOBHBIX HAyYHO-MCTOJUYCCKHUX COCTABJIAIOIIUX TEXHOJIOTHH BO31¢C-
JIBIBAHUS 36PHOBBIX KYJIBTYp chOPMHUpPOBaHA CTPYKTYypHAs cxema web-npunoxenus. Pazpadborans
AITOPUTMBI POTPAMMHBIX MOJYJIEH KaK COCTABHBIX YaCTEeH MPOTrPaMMHOTO KOMILIEKCA, HMEFOIIIX
o0mryro 0a3y JaHHBIX M 00bEAMHEHHBIX 00IIMM HHTepdeiicoM. Peannzanus mporpaMMHOTO KOM-
IUIeKCa B JaNbHEHIIeM JacT BO3MOXKHOCTh aBTOMATH3UPOBaTh Ipoliecc (POPMHUPOBAHHS TOJOBOTO
IUIAHUPOBaHUsI Pa0OT, pacuyeT SKOHOMHUYECKUX TTOKa3aresieH, MO3BOJIUT MPOBECTH CBOCBPEMEHHBIC
HE0OXOAMMBIE PEMOHTHO-00CTYKUBAIOIINE MEPOTIPHUATHS JIJIsl CHIDKEHUS TTOTEPh MOITHOCTH, 00Y-
CJIOBJICHHBIX HEU30EKHBIM YXY/IICHHEM TEXHUYECKOTO COCTOSHUSI JIBUTaTeeld BHYTPEHHETO Cro-
paHHs MAIIMHHO-TPAKTOPHOTO Tapka B TMPOU3BOJCTBEHHBIX YCJIOBHSX. Pa3padaTbiBaeMblii Mpo-
IPAaMMHBIH KOMIUIEKC MOYKET HCIIOIB30BaThCsl MPU MPOU3BOJICTBE MPOAYKINH PACTCHUEBOJICTBA B
cucTeMax MOJICPKKU PUHATHUS peIlICHU, TOCTPOCHHBIX Ha 0a3e HU(PPOBBIX TEXHOIOTHH.

KiroueBble ci10Ba: BEIOOP TEXHOJIOTHIA, ITOPUTM, TPOTPAMMHBIN KOMILIIEKC, TPAKTOPHBIH MapK,
JIMarHOCTUPOBaHKE, JHEPreTHIeCcKas OleHKA

AUTOMATED SELECTION OF AGRICULTURAL TECHNOLOGIES
AND TRACTOR FLEET OF AN AGRICULTURAL ENTERPRISE:
WEB-APPLICATION STRUCTURE AND ALGORITHMS

Alt V.V., &I EIkin O.V., Isakova S.P., Savchenko O.F.

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

(X)e-mail: oleg348@yandex.ru

The issues of increasing efficiency and competitiveness of a crop farming enterprise through in-
formation support of production using digital technologies are considered. The process of selecting
technologies and technical means in the cultivation of crops is investigated. The available methods
and software tools used to solve these problems are studied. The expediency of developing a web-
oriented software complex of the automated choice of agricultural technologies and MTF (machine
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Automated selection of agricultural technologies and tractor fleet of

Alt V.V, Elkin O.V., Isakova S.P., Savchenko O.F.

an agricultural enterprise: web application structure and algorithms

and tractor fleet), providing accounting and operational processing of a variety of information describ-
ing objectively existing large number of factors, conditions and characteristics of production in the
agricultural enterprise is substantiated. Based on the analysis of the main scientific and methodologi-
cal components of cereal crop cultivation technologies, a structural scheme of a web-application is
formed. Algorithms for software modules as components of the software package, with a common
database and a unified common interface are developed. The implementation of the software package
in the future will automate the process of forming an annual work planning, calculation of economic
indicators, will allow the timely implementation of the necessary repair and maintenance activities
to reduce power losses due to the inevitable deterioration of the technical condition of the ICE of the
machine-tractor fleet in production conditions. The software package under development can be used

in crop production in decision support systems based on digital technologies.
Keywords: technology selection, algorithm, software package, tractor fleet, diagnostics, energy

assessment
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INTRODUCTION

At present, the application of digital tech-
nologies in the agricultural sector makes it
possible to significantly increase productivity,
reduce costs and reduce labor requirements [ 1,
2]. The digitalization of all agricultural sys-
tems is carried out through the introduction
of innovative (emergent) technologies (artifi-
cial intelligence, robotics, Internet of Things,
drones, etc.) and new hardware, software, mo-
bile applications, sensor technologies and big
data processing systems [3-8].

In Russia, the degree of implementation
of digital technologies in various sectors of
agriculture is much lower than in the leading
countries; for example, from 5 to 10% of ar-
able land is cultivated using information tech-
nologies. In the countries most developed in
terms of information technology equipment
in agriculture (USA, Germany, Canada), the
level of their use exceeds 30% (in Canada, up
to 80%) [9-12].

In crop production, information and digi-
tal technologies can be implemented with
great efficiency, since they meet the specific
features of agricultural production due to the
significant territorial distribution of produc-
tion, the diversity of agricultural objects and
processes with complex dynamics of chang-
ing their properties in the production process,
the need for constant assessment of the current
situation, the ambiguity of algorithms for stra-
tegic and tactical decisions [1, 13].

It is no less important to ensure the oper-
ability of the machine-tractor fleet (MTF) and
to maintain the standard values of energy oper-
ating parameters of tractors (power, fuel con-
sumption) when performing field works [14,
15]. For example, a 15% reduction in the pow-
er of the tractor internal combustion engine
(ICE) from the standard value when carrying
out sowing work leads to an increase in spe-
cific costs by 28.4%, which was determined by
simulating the example of a seeding unit based
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on a wheeled tractor with a 125 kW engine.
It is known that if the actual state of MTF is
continuously determined it is possible to re-
veal the hidden reserves of power within 6,0-
15,6%, fuel consumption - 12,0-18,7% [16].
It is obvious that it is advisable to maintain
the necessary level of energy supply of field
works by monitoring the energy parameters of
MTF, and information support of each unit of
equipment in the farm [17-19].

Hence there is a need to develop flexible
algorithms and create software for technology
selection using modern means of computer-
aided design and monitoring of technological
and technical support based on the totality of
data and knowledge in this subject area.

Numerous existing developments in the
field of digital technologies and platform so-
lutions to improve the efficiency of crop pro-
duction make it possible to solve the problems
facing agricultural producers in many areas
of support for grain cultivation technologies.
These developments use various methods of
modeling, information search, data mining,
creation of expert systems, evolutionary cal-
culations [20-25].

The interest of these software products lies
in the approaches to technology selection.
One of them consists in comparing the actual
level of natural and material resources of the
enterprise with the normative ones calculated
earlier in the relevant technology registers. To
do this, a cumulative assessment of the avail-
able resources is carried out, and the func-
tion of compliance with the agro-technologies
from the technology register is set. Another
approach is to use a combination of math-
ematical (economic-mathematical model) and
graphical (web graph) modeling methods. In
addition, the presented software products take
into account, to different degrees, natural and
climatic conditions of agricultural producers.

At the same time, their direct application in
a particular agricultural enterprise is difficult
because of the large number of regional char-
acteristics of agricultural production (soil, cli-
mate and production), a diverse range of MTF
with varying degrees of wear, and the lack of

control of energy operating parameters.

Due to the complexity of the task, it is rea-
sonable to implement the program complex by
developing a set of individual software com-
ponents, for which it is necessary to determine
the contribution of each of them to the overall
algorithm already formed by the authors [26].

The purpose of the study is to develop a
structural scheme of a web-application and
the algorithms for the selection of agricultural
technologies and technical means, taking into
account the characteristics of the location of
the farm and its production conditions.

These algorithms and structural scheme
will form the basis of the software package
(web-application) to support machine agro-
technologies.

The object of the study is the process of
selecting technologies and technical means in
the cultivation of crops.

MATERIAL AND METHODS

At present, several methods of selecting
agricultural technologies and optimizing the
use of machine-tractor fleet are used. When
developing the algorithms for planning agri-
cultural work on grain crop production and
creating software components for the web-
complex, a method based on the assessment
of the conditions of the natural-climatic zone
of the farm location influencing the choice of
technology and MTF, as well as taking into ac-
count phytosanitary and production conditions
was used. In order to evaluate the technology
options and technical means necessary for its
implementation, a mathematical model with
the evaluation of options according to the fol-
lowing criteria: fuel and lubricant materials
(FLM) consumption, the number of mechan-
ics, and production costs [27] was developed.
To select the technology and technical means,
it is necessary to specify the constant and
variable factors affecting the object of study.
Constant factors in this study include the ag-
roclimatic zone of the farm location, its pro-
duction orientation, configuration of fields and
their areas, the composition of the machine
and tractor fleet of the farm, crops, crop rota-
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tion, etc. Variable factors include agroclimatic
characteristics of the zone (amount of precipi-
tation, temperature), crop varieties, the need
for protection agents and fertilizers, etc. In the
process of work, agro-technologies of grain
crops cultivation in the Novosibirsk region
were taken into account. Based on these tech-
nologies, the structural scheme of the software
complex and algorithms of software modules
for the selection of agro-technologies and
technical means for their implementation were
developed. The use of information technolo-
gies based on mathematical algorithms and in-
formation models is determined, since modern
agriculture is focused on the precise measure-
ment of processes occurring in the production
of products [28].

RESULTS AND DISCUSSION

To determine the set of software modules
of the automated program complex and to de-
velop algorithms of their work, a structural
diagram of web-application, reflecting the sig-
nificant components of the considered process
and their connections (see Fig. 1), was devel-
oped.

The structural scheme includes the fol-
lowing main blocks: input of initial informa-
tion, selection of agricultural technologies,
selection of equipment, power supply of field
works, database (DB). The presence of a com-
mon database, which contains a variety of
information: primary, reference, additional,
results of work, etc. is an important unifying
component of the model.

The process of technology and equipment
selection at the initial stage consists in collect-
ing initial information about constant and vari-
able factors and factors affecting production,
which are necessary when choosing agricul-
tural technologies and tractor fleet of an agri-
cultural enterprise to compare options and cal-
culate economic indicators. Among them for
agricultural producers are individual data on
the structure of fields, phytosanitary situation,
intensification level, crop rotations, workers,
technologies, equipment available in the farm.

The process of determining technology op-

tions with an indication of the necessary tech-
nological operations, timing and multiplicity
of their implementation is to select multiple
options of agricultural technologies from the
available ones in the database of the software
package based on individual characteristics of
the zone of agricultural enterprise location.

After choosing one of the technology op-
tions proposed by the system at the previous
stage, the agricultural producer selects the op-
tions of rational use of the MTF, necessary for
its implementation. Based on the mathemati-
cal model, economic indicators are calculated
to assess the options obtained at this stage
[27]. At the same time, the composition of the
machine-tractor aggregate (MTA) is adjusted
taking into account the results of the current
monitoring of the MTA operational energy
parameters, for example, when the parameter
reaches the limit-allowable value. As a result
of the operation of this unit, a list of equipment
needed to perform a given amount of work in
optimal agrotechnical terms is formed.

Assessment of deviations of power operat-
ing parameters of MTF ICE from normal val-
ues is based on monitoring of ICE diagnostic
signals. When calculating the power param-
eters of ICE (power, fuel consumption) a dy-
namic model is applied using test effects on
the engine [29].

All normative and technical data and ref-
erence data on crops, fertilizers, protection
means, agricultural equipment (tractors and
agricultural machines), types of technologi-
cal works, technological operations and their
characteristics, agroclimatic zones, intermedi-
ate variants of technology and technical means
selection, calculated technological cards for
the chosen variant, as well as the year-wise ar-
chive by farm are stored in the database.

The developed algorithm of the technology
selection module provides the possibility of
applying different technologies from the avail-
able basic technologies in the database accord-
ing to the following criteria:

— determining the method of tillage, taking
into account agroclimatic and phytosanitary
conditions of the farm;
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Fig. 1. Block diagram of a web application for automated selection of agricultural technologies and trac-
tor fleet

— compliance of the technology with the
given level of intensification;

— matching technology to crop rotation;

— applicability of technologies in a given
climatic zone, taking into account the culture,
topography and structure of the fields;

— determining the need for and frequency of

mineral nutrition;

— determining the need and frequency of
technological operations for crop care, forma-
tion of crop rotation (see Fig. 2).

The algorithm of the hardware selection
software module provides the ability to select
machinery based on the configuration of the
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fields and the width of the machine-tractor ag-
gregate by the following criteria (see Fig. 3):

— performing a given amount of work in op-
timal agrotechnical terms;

— minimum of mechanization;

— minimum consumption of fuel and lubri-
cants;

— the possibility of using wide-cut machin-
ery (field size and configuration);

— calculation of minimum direct costs and
other economic indicators.

The algorithm of automated energy moni-
toring of the tractor fleet of an agricultural en-
terprise includes (see Fig. 4):

— measurement of crankshaft rotation speed
during test dynamic influences on the internal
combustion engine;

— synchronization of measurements with
monitoring and ensuring in the test cycle the
required number of full-fledged single test ef-
fects;

— construction of speed and control dy-
namic characteristics of internal combustion
engine by power and torque according to mea-
surement data;

— calculation of a set of diagnostic charac-
teristics according to the velocity characteris-
tic.

The developed algorithm was implemented
in the creation of an automated digital technol-
ogy for energy monitoring of the tractor fleet
of an agricultural enterprise based on the di-
agnostic device "MOTOR-TESTER SibFTI".
[30]. Experimental testing of the technology
in production conditions confirmed the possi-
bility of energy monitoring of the tractor fleet
during field work. Analysis of the obtained
monitoring data made it possible to perform
operative repair and adjustment actions, in-
crease the energy supply of the field works,
prevent overuse of fuel and increased costs,
and increase the efficiency of agricultural pro-
duction.

The algorithms were tested on the example
of'a farm in the southern taiga-forest zone of the
Novosibirsk region in the selection of spring
wheat cultivation technologies. As a result of
the work of the software component based on

the developed algorithms, technology options
are formed with regard to natural (aerial land-
scape region, agro-ecological group of lands)
and production conditions (crop, forecrop in
the rotation, the level of intensification). The
registers of technological operations and con-
ditions of their application serve as the initial
material for the formation of variants. As a re-
sult, two alternative technologies with the list
of operations were formed. These technolo-
gies serve as the basis for further selection of
agricultural equipment and economic assess-
ment of the options.

It is planned to develop a software package
based on the presented algorithms in the fu-
ture, which will automate the process of annu-
al work planning, calculation of economic in-
dicators, conduct timely necessary repair and
maintenance activities to reduce power losses
caused by the inevitable deterioration of the
technical condition of the tractor engine in the
production conditions. The software package
can be used in crop production in decision
support systems based on digital technologies.

CONCLUSIONS

1. The application of the method of graphi-
cal representation of algorithms as the most
adaptive tool for holistic and formalized de-
scription of the process of automated choice of
agricultural technologies and technical means
has been justified. The structural scheme of
web-application containing the blocks of ini-
tial information, technology and equipment
selection, as well as energy supply of field
works on the basis of monitoring of energy
parameters of machine-tractor units has been
developed.

2. The algorithms of the software modules
as components of the software complex with
a common database and a common interface
have been developed using the structural dia-
gram.

3. The developed structural scheme and al-
gorithms of the software package will allow to
automatically carry out the selection of agri-
cultural technologies and machine-tractor fleet
for the conditions of a particular farm, reduce
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costs and increase the efficiency of agricultur-

al production.
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OIIEHKA BOKOBOI'O OTKJIOHEHUSI KOJECHOM MAIIIUHBI
OT 3AJIAHHOM TPAEKTOPUU IBUKEHUA

CbeasieB A.H., ankuii B.IL., I'yneBckuii B.A., Tpumuna T.B.

Boponeoicckuii 2ocyoapcmeennulil azpapHulil yHusepcumem um. umnepamopa Ilempa [
Boponex, Poccns

(C<XDe-mail: aitkm_belyaev@mail.ru

Konecnast mammHa npu KpUBOJTHHEHHOM JABM)KCHHUH BCETIIa HAXOMUTCS MO ACUCTBHEM OOKOBOM
CHWJIBI U BCIIEICTBHE OOKOBOTO YBO/Ia OTKJIOHSETCS OT 3aJaHHON TPAeKTOPHH ABIKeHUs. VI3BecTHBIE
METOZIBI U CIIOCOOBI U3yUeHHsI KPUBOJIMHEHHOTO JIBM)KEHHUS KOJIECHON MAIllMHBI, 0COOCHHO TIPH He-
YCTAHOBUBULINXCS PEKUMAX, HA BHICOKUX CKOPOCTSIX U C MAJIbIMU PaJlyCcaMy MOBOPOTA, NAOT J0-
CTOBEPHYIO MH(OPMAIIHIO JIUIIb JJIsl OTPAHUYCHHBIX YCIOBUN AKCILTyaTal[Mi MAIllMHBI Ha TBEPIOM
OMoOpHOM OcHOBaHuU. [Ipe/iokeHa MeTouKa pacueTa OOKOBOIO OTKJIOHEHUS KOJIECHOW MAIIUHBI
MIPH ABMXKCHUH 110 Je(hOPMHUPYEMOMY OCHOBAHHUIO OT TEOPETUUCCKON KPUBOJIUHEHHON TPACKTOPHH
KaK Pa3HOCTb MEXIY JACHCTBUTEIbHBIM MUHUMAIbHBIM U TEOPETUYECKHUM MUHUMAJIBHBIM PaJny-
camu moBoporTa. JlaHHast METOAMKA TIPECTABISAET €€ KaK eTUHBIA OOBEKT, a HE ONMUCHIBACT BBHUILY
CJIOKHOCTH Kau€HHE OTAENIBHOrO Koseca. [Ipy 3ToM UCKITIOUEH TPYIOEMKUN U MaTepUalIbHO 3aTpaT-
HBII IPOIIECC OMPEISIICHUS IMIMPUICCKUX KOAPPHUIIMESHTOB U 3aBucuMocTei. [Ipu aHamuTHueckux
HCCIIEJOBAHUAX KPUBBIX TPAEKTOPUW HCIIOJIB30BAaHbl 3KCIEPUMEHTAIbHBIE JAHHBIE U ONUCAHUE
3TUX TPACKTOPHI METOJ0M HEJIMHEWHOW arpoKCUMAaIMK KyCOuHO-IaKkon dyHkiuei. [Tomydena
JIEHCTBUTEIbHASL AHAIUTUYECKAsI TPACKTOPUS IIyTEM CIBUrA TEOPETHUUECKON TPACKTOPUM U MUHU-
MaJbHOTO TEOPETUYECKOTO paJinyca Ha BEIMYMHY OOKOBOTO OTKIIOHEHUs. [IpencraBnenHas MmeTonu-
Ka aHAJTUTHUYECKOI'0 OMUCAHUS IEUCTBUTENBbHON TPACKTOPUU KPUBOJIUHEHHOTO ABMYKEHUSI KOJIECHOM
MaIIHHBI 110 Je(OPMHPYEMOMY OMOPHOMY OCHOBAaHHIO C MCIIOJIb30BAHUEM JKCIEPUMEHTAIBHBIX
JIAHHBIX U HEJIMHEHHOMN armpoKCUMAIMK UX KyCOYHO-TIIAJIKON (PYHKIIMEH, a TaK)Ke METOMKA OTpe-
JICJICHUS e OOKOBOI'0 OTKJIOHEHHS C YUETOM U3MEHCHHMSI PACUCTHON M AKCICPUMEHTAIbHOM TpacK-
TOPUI MO3BOJISIFOT 10CTATOYHO TOUHO OMKUCATh PA3IIMYHBIE PEKUMBI HEYCTAHOBUBILIETOCS JBUKECHUS
110 (paKTHUECKOW TPACKTOPUH U pelIaTh HEOOXOMUMBIE IS PAIllOHAIBHOTO HCITOB30BAHMS KOJIEC-
HBIX MalIUH 332494 110 ONTUMHU3AINU UX KOHCTPYKTUBHBIX CBOMCTB U 3KCIUTYaTallMOHHBIX KaueCTB.

KiroueBble cjioBa: OOKOBOE OTKJIOHEHHUE, KOJISCHAS MAIIIMHA, TPACKTOPHSL, IOBOPOT, aIlIPOKCUMAIHS

EVALUATION OF THE LATERAL DEVIATION OF A WHEELED VEHICLE
FROM A GIVEN TRAJECTORY

(<) Belyaev A.N., Shatsky V.P., Gulevsky V.A., Trishina T.V.
Voronezh State Agricultural University named after Emperor Peter |
Voronezh, Russia

(XDe-mail: aiftkm_belyaev@mail.ru

A wheeled machine in a curved movement is always under the action of a lateral force and devi-
ates from the set trajectory due to lateral guidance. Well-known methods and ways of studying the
curvilinear motion of a wheeled machine, especially in unsteady modes, at high speeds and with
small turning radii, provide reliable information only for limited conditions of machine operation on
a solid support base. A methodology for calculating the lateral deviation of a wheeled machine when
driving on a deformable base from a theoretical curvilinear trajectory as the difference between the
actual minimum and theoretical minimum turning radii is proposed. This methodology presents it
as a single object, rather than describing the rolling of an individual wheel due to its complexity.
This eliminates the time-consuming and materially expensive process of determining empirical co-
efficients and dependencies. The analytical studies of the trajectory curves used experimental data
and the description of these trajectories by the method of nonlinear approximation of the piecewise-
smooth function. The actual analytical trajectory is obtained by shifting the theoretical trajectory
and the minimum theoretical radius by the amount of lateral deviation. The proposed method of
analytical description of the actual trajectory of the curvilinear motion of a wheeled machine on a
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OrieHKa OOKOBOTO OTKJIOHEHHS KOJICCHOW MaIllMHbI OT 3a1aHHOM
TPACKTOPUH [IBHKCHUSI

benses A.H., Hlaukuii B.I1., I'ynesckuit B.A., Tpumuna T.B.

deformable support base using experimental data and nonlinear approximation of their piecewise
smooth function, as well as the method of determining its lateral deviation with the changes in the
calculated and experimental trajectories allow to accurately describe various regimes of unsteady
motion along the actual trajectory and solve the problems necessary to rationally use wheeled ma-
chines to optimize their design properties and performance.

Keywords: lateral deviation, wheeled vehicle, trajectory, turn, approximation
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INTRODUCTION

A wheeled machine during curvilinear mo-
tion is always under the action of lateral force
and deviates from the specified trajectory of
motion due to side slip. In this case, the angles
of the side slip are often commensurate even
with the steering wheel angles, which negative-
ly affects some of its kinematic and dynamic
characteristics, as well as worsens many of its
operational properties [1].

Many theories describing this phenomenon
of side slip of an elastic tire have been devel-
oped since the discovery in 1925 by the French
mechanic J. Brulier [2, 3]. Most of these theo-
ries are based on the process of rolling of the
wheel on a particular support base without slip-
page. However, it is known that in loose soil,
the cause of additional side slip can be sliding
of the wheel tire contact in the transverse direc-
tion, lateral deformation and soil shear. Even
insignificant in size lateral forces for the specif-
ic conditions of operation of the object, as ex-
perimental studies show, cause wheel slippage,
which together with the elastic deformation of
the pneumatic tire, shift in the transverse direc-
tion its rim relative to the supporting pad. In
this case, the contact pad itself moves sideways
relative to the support base due to its deforma-
tion [4-7]. Also, the effective application of
most theories of lateral movement, especially
for curvilinear movement, is hindered by as-

sumptions about the steady-state mode of the
wheels motion, about the equivalence of their
rolling conditions, about the homogeneity of
the ground and the constancy of its physical
and mechanical properties.

Due to these reasons, the known methods
and the methods of research of wheeled ma-
chine movement along a curvilinear trajec-
tory, especially in unsteady modes, at operat-
ing speeds and with small turning radii, despite
some consistency of analytical and experimen-
tal data [8], have a number of drawbacks, for
example:

— it is difficult to determine experimentally
under different driving conditions the empirical
coefficients included in the calculation formu-
las;

— the obtained analytical dependencies, as a
rule, are cumbersome, do not provide complete
and reliable information when analyzing the
process under study, do not allow to describe
the real nature of the contact of the pneumatic
wheel with the soil;

— practical calculation accuracy is achieved
mainly for limited machine operating condi-
tions, including small wheel angles and low
travel speeds;

— the influence of changes in the maneuver
time and the steering wheel angle on the ap-
pearance and shape of the trajectory of various
points of the machine has not been investigated;
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Evaluation of the lateral deviation of a wheeled vehicle from a given
trajectory

Belyaev A.N., Shatsky V.P., Gulevsky V.A., Trishina T.V.

— the side slip of the machine wheels is not
taken into account.

The need for further experimental studies
and theoretical description of the process of
curvilinear motion on a deformable base is re-
lated to the fact that side slip violates the rela-
tionship between the direction of the wheeled
machine and the trajectory of its points, which
is the cause of deterioration of motion stability
and controllability in quite complex operating
conditions [9-11].

Hence, it follows that it is necessary to de-
velop a methodology for calculating the lateral
deviation from the actual trajectory when turn-
ing on a deformable base, which describes the
wheeled machine as a single object, rather than
the rolling of each wheel due to the ambiguity
of the processes that occur during this process.
It is also necessary to minimize or completely
exclude empirical coefficients and dependen-
cies due to high labor intensity and high ma-
terial costs in their determination, because this
requires experimental research of lateral move-
ment of all employed tire sizes used in machine
operation, during their rolling in various soil
conditions.

The purpose of the study is to substantiate
and develop a methodology for determining the
lateral deviation from the required (theoretical)
trajectory during the curvilinear movement of a
wheeled machine on a deformable base.

The research objectives are:

— experimental determination of the coordi-
nates of the actual trajectory of the tractor on
the deformable base;

— development of a methodology for its ana-
lytical presentation;

— establishment of patterns of change in the
theoretical and actual curves of the turn trajec-
tories on its various parts.

MATERIAL AND METHODS

The relevance of the set tasks is most obvi-
ous for universal tractors, in which, when per-
forming agricultural operations, a significant
part of the work cycle time falls on the turn,
especially on the multi-contour fields of small
and medium size. In this case, as a rule, the
tractor passes the following stages of the turn

[12]: entering the turn, steady turn, exit from
the turn. Obviously, to understand the features
of curvilinear motion of a wheeled tractor, it
is necessary to study its behavior at all these
stages of turning.

The most significant side slip of a wheeled
machine occurs when entering a corner, where
the traction of the wheel with the soil de-
creases sharply, especially with an increase in
speed. Due to the destruction of the soil layer
in contact by the wheel, a more intense slip is
observed simultaneously with rolling, includ-
ing in the direction of the tractor axle, i.e. there
occurs the so-called bulldozer effect [1, 12].
In this part of the turn, both the translational
velocity of the machine and the steering angle
of its steering wheels are variable. However,
it is here that the type and character of trajec-
tory changes at the steady-state turn section,
where these kinematic characteristics are stabi-
lized, are formed. There have been no studies
of elastic wheel motion on a deformable base
when entering a turn. Theoretically the results
obtained without taking into account the side
slip and sliding of the wheels [13, 14] give only
an opportunity to evaluate and compare differ-
ent types of wheeled vehicles with changes in
design and operating parameters at the design
stage and have a rather large discrepancy with
the experimental ones [1, 3, 8]. Analysis of the
graphs of changes in the time of wheel speeds
and torques on the tractor wheels in the experi-
mental study of curvilinear motion showed: the
nature of their course indicates a tightening of
dynamic processes, which significantly wors-
ens controllability and stability, causes the side
slip of the machine, contributes to the disrup-
tion of the soil layer'. This also confirms the
conclusion that a single mechanical-mathemat-
ical apparatus for describing the rolling process
of each wheel in this case is incorrect to apply.

Elements of a circular loop-free turn are
present in any mode of a wheeled vehicle
movement. In this regard, it is the subject of the
present research when performed by the driver
under real operating conditions, in contrast to
the test methods when driving on a specified
path and with the steering fixed. [15].
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Experimental studies of the -curvilinear
movement of the universal tractor class 2 LTZ-
155 with all steerable and drive wheels and
the mounted machine-tractor unit based on it
were conducted on the experimental fields of
the Educational Scientific and Technologi-
cal Center "Agrotechnology" of the Voronezh
SAU to determine the coordinates of the points
of the actual trajectory curve. Preliminary soil
preparation for the tests consisted in selecting
an even, without clearly expressed microrelief
horizontal plot using a leveler, which was pro-
cessed in order to obtain surface properties cor-
responding to the "field prepared for sowing"
background. The soil type was leached cherno-
zem; its initial physical and mechanical charac-
teristics were determined by control measure-
ments on the main plot of the field and on the
headlands (see the table).

The essence of the proposed methodology is
as follows. A tractor or a mounted unit based on
it was installed in a selected area of the field.
Separate turns-runs were performed after accel-
eration in a straight line followed by uniform
rotation of the steering wheel to the stop of the
guide wheels (to the right or to the left) - the
section "coming into corner". Then, on the sec-
tion of the established turn, movement along
the arc of a circle of constant curvature took
place so that the longitudinal axis of the tractor
turned an angle of 180 degrees from the initial
position on the section of acceleration and rota-
tion of the steering wheel in the opposite direc-
tion (coming out of corners) in order to access
straight-line motion.

Turning both to the left and to the right pro-
vides the most reliable results, since it takes into
account the kinematic difference between the
right and left turns of the tractor, as well as the
longitudinal and transverse slope of the field.
Progressive speed of tractor and angular speed
of the steering wheels were varied. Tests were
conducted for a single tractor and a mounted
MTA of different configuration.

During the tests, the following parameters
were recorded on the oscilloscope tape: time of

the experiment, rotation frequency of the track
measuring wheel, wheel rotation angles, course
angle, path, travelling speed of movement.

The instantaneous radius of the kinematic
center trajectory curvature of the tractor was
determined by the expression

R,= ﬁ’
Bi
where 1; — the path for the time of turning the
tractor frame by the course angle pi, m.
According to the current values ltpi, Ri, Bi
the calculation determined the abscissa xi and
ordinates yi of the trajectory of the kinematic

center of the tractor.

[MokazaTeny BIaKHOCTH, TBEPJAOCTH U IIOTHOCTH
MOYBBI OTBITHOTO y4YacTKa
Indicators of moisture, hardness and density of the soil

Indicator On the headland On the main massif

Soil moisture (W, %) in the layers, cm

0-10 15,5 18,4
10-20 19,9 22,3
20-30 20,5 22,4

Soil density (p, g/cm’) in the layers, cm

0-10 1,103 0,961
10-20 1,241 1,052
20-30 1,485 1,328
0-30 1,276 1,114

Soil hardness (T, MPa) at the depth, cm

5 0,64 0,60
10 0,79 0,82
15 0,92 0,86
20 1,14 1,10
25 1,54 1,33
0-25 1,006 0,942

"Belyaev A.N. Increasing the efficiency of machine-tractor units on the basis of integral universal row crop wheeled tractors:
Doctor of Technical Sciences doctoral thesis, Michurinsk-naukograd, 2019. 440 p.

MexaHp3armsi, aBIOMATH3aLIS, MOICTHPOBAHIC
1 UH(POPMALMOHHOE obecreueHe

CuOHPCKHii BECTHHK CEITbCKOXO3SHCTBEHHON Hayku ® 2022 ¢ 52 ¢4 123



Evaluation of the lateral deviation of a wheeled vehicle from a given
trajectory

Belyaev A.N., Shatsky V.P., Gulevsky V.A., Trishina T.V.

The transducer PF-6 was used as the ampli-
fying equipment, and the oscilloscope K-12-22
was used as the transducer for registration of
the signals. Determination of the path traveled
by the unit during the experiment was carried
out with a track-measuring wheel equipped
with an inductive sensor. Tracking angle of
tractor longitudinal axis was measured with
the help of the equipment, which consisted of a
gyro half-compass GPK-52 with a voltage sup-
ply converter PAG-125 and a control panel PU-
25. Angles of rotation of the guide wheels were
estimated by rheochord sensors installed on the
hubs of the front and rear tractor wheels. Dura-
tion of the experiments was controlled by the
marks left on the oscilloscope tape by electric
clocks ECH-62.

RESULTS AND DISCUSSION

One of the variants of experimentally re-
ceived abscissa (x) and ordinates (y) of the
circular loopless turn at the travelling speed
v = 1,67 m/s, angular speed of the front driven
wheels ol = 0,28 1/s, track B = 1,8 m, longi-
tudinal base L = 2,6 m for the single tractor are
resulted on fig. 1, where the points mark the ac-
tual experimental values of x and y of the turn
curve trajectory, and the number 1 denotes the
curve, which is the result of nonlinear approxi-
mation by explicit function of the specified ex-
perimental data >* with an error of 2 - 10-3 m
[12, 16]

y(x)=4,75x"*7 — 0,06x* + 0,3x. (1)

It should be noted that the experimental
points are given for the section of the com-
ing into corner and part of the section of the
steady turn, although the experimental studies
to determine the trajectory were performed at
all stages of the turn, but in Fig. 1 the points
mark the results before the turn of the car frame
by 90 degrees from the original rectilinear tra-
jectory of motion, since for the remaining right
sections we consider the trajectory curve of the
turn identical to the corresponding left sections.

The radius of curvature of any curve having
the form (see footnote 3)
p(x) =[1+y )]/ y"(x), (2)
for the trajectory function (1) is calculated
according to the expression (see footnote 2)

p(x)=1[1+(1,282/x"" —0,12x + 0,3)*]'* /
(-0,936/x"" - 0,12), 3)

the graph of which is shown in Fig. 2.

The mean radius of curvature of the function
according to (2) is calculated by the formula
(see footnote 3)

I
1
p_sr==[plx)dr. )
Iy
where 1 — averaging section length.
M
71 1
6d
54
2
41
31
2]
il
0 T r T . -
0 2 4 6 8 10 x, m

Puc. 1. TpaexkTopuu NOBOPOTA TPAKTOPA:

0 — 9KCIePUMEHTAJIBEHBIC TOUKH TPACKTOPHHU [OBOPOTA,;
1 — rpa¢uk annpokcumMupyromnieil pyHKINH IKCIICPH-
MEHTaJIbHBIX TOYEK TPACKTOPHH [IOBOPOTA;

2 — rpaduk TeopeTHdecKkoi (PYHKIINH TPACKTOPHH I10-
BOpOTa

Fig. 1. Tractor turning trajectories:

¢ — experimental points of the turning trajectory;

1 — graph of the approximating function of the
experimental points of the turning trajectory;

2 — graph of the theoretical function of the turning
trajectory

*Dyakonov V.P. Maple 10/11/12/13/14 in Mathematical Calculations. Moscow: DMK-Press, 2011. 800 p.
’Dyakonov V.P. Encyclopedia of computer algebra. Moscow: DMK-Press, 2009. 1264 p.
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When analyzing the function (1), taking into
account (3) and (4), its average radius of curva-
ture p = 5.48 m was obtained (see Fig. 2).

To describe the theoretical trajectory curve
corresponding to the experimental conditions
identical to the initial parameters, we use a
piecewise smooth function y = f (x) of the form
(see footnote 2)

\/1+ )2 o

Where p and q — quite definite constants, 0 <
q < 1; v —travelling speed of the machine, m/s;
RT — theoretical minimum turning radius, m;
x — the current abscissa of the turn trajectory
curve, m; XQ — abscissa of the turn trajectory
curve, corresponding to the end of the turn en-
try section, m.

Due to the side slip and sliding of the tractor,
the theoretical curve (4) is located below the
experimental points and their functions.

The theoretical function (see Fig. 1, curve 2)
is subject to correction, which consists in shift-

2 4 6 8 10 x, m
Puc. 2. I'padux paanyca KpUBU3HBI alIIIPOKCUMH-
pyroniel GyHKIMH IKCIIEPUMEHTATBHBIX TOYCK
TPaeKTOPHUHU TOBOPOTA
Fig. 2. Graph of the radius of curvature of the ap-
proximating function of the experimental points of
the rotation trajectory

ing the ordinates of its points in the turn en-
try section by a certain positive value, and the
theoretical minimum radius of the steady-state
turn section is increased by the same value.

Since the specified displacement for the case
in question is 0.4 m, the function (5) will take
the following form (see footnote 2)

445 X035+ 0,4, x> 0,25
yx) = (6)

298 —(x—525P+1.9,x> 0,25

It was found that the shift value is practically
equal to the difference between the experimen-
tal minimum turn radius - 5.48 m (see Fig. 2)
and the theoretical minimum turn radius - 5.061
m. The graph of the function (6) practically co-
incided with curve 1 in Fig. 1 due to the fact that
the actual theoretical and experimental turning

radii differ by 0:619m;or0:35%.

CONCLUSION

Having a theoretical trajectory and the value
of side slip (shear) with a very high degree of
accuracy we obtain the actual trajectory, close
to the actual trajectory, by determining experi-
mentally only the value of the actual minimum
radius of the turn. To obtain the actual analyti-
cal trajectory and to test the proposed method of
determining the lateral deviation of a wheeled
machine, it is necessary to calculate the value
of the side slip, which is the difference between
the actual minimum and theoretical minimum
radii of rotation. Since this reveals some regu-
larities in the dependence of the side slip values
on the speed, it is likely to be obtained analyti-
cally, which is the subject of separate studies.

With an analytical actual trajectory, it is pos-
sible to study the motion of a wheeled machine
along a given trajectory using direct calculation
formulas, which is a simpler and less time-con-
suming operation compared to mathematical
modeling of a complex and ambiguous process
[2, 6, 7]. As a result of mathematical modeling,
it is also necessary to make many simplifica-
tions and assumptions, which reduces the ac-
curacy of the results and often leads to adequate
solutions only in particular cases.
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Since the motion stability of the majority
of wheeled machines determines the quality of
technological operations performed, it is nec-
essary to determine the ranges of their motion
speeds in order to ensure optimal criteria for
the flow of the process. The conducted research
also makes it possible to develop a calculation
method that contributes to improving the qual-
ity of the technological process both by im-
proving the design of machines and by select-
ing the optimal operating characteristics. As a
result of the study of motion along the known
trajectory, it is possible to set limits for different
conditions and different wheeled machines on
the values of possible external disturbances and
changes in the internal properties of the system.
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[IpencraBnena pa3paboTka WHAKTUBUPOBAHHOH KOMOWHHPOBAaHHOM BAaKIMHBI  MPOTHB
PUHOITHEBMOHMHM M MbITa Jomajned. M3ydeHbl oOcCTpas TOKCHYHOCTb, IHPOT€HHOCTh U
MMMYHOT'€HHOCTh BaKIIMHBI Ha J1a0OPaTOPHBIX JKUBOTHBIX. JJOKIIMHUYECKUE UCTIBITAHUST BAKIIUHBI
IIPOBEICHBI Ha OECIIOPOIHBIX Ay TOPEIHBIX MbIIIAX U KPOIHKax. VcnbITaHne BaKIIMHHOTO IIpenapara
Ha KpOJIMKax-caMIax IO0KAa3aj0 ero anuporeHHOCTb. VIMMyHOr€HHOCTh BHPYCHOIO KOMIIOHEHTA
BaKLMHBI IPOBEPEHa Ha ayTOpeTHbIX Mblax 10—14-1HeBHOTO Bo3pacTa Maccoi Tena 6—7 r. Bakunny
MbImam 1-i rpynmsl (7 = 8) BBOAWIN MOAKOKHO 110 0,3 Mi1 IBYKpaTHO ¢ MHTEpBasioM 14 nHeil. Mbliu
2-i rpynmsl (n = 6) WCHOJB30BAHBI JUISI OTPUIIATEIHLHOTO M IOJIOKUTENBHOTO KOHTposd. Yepes
14 nmHeil mocie BTOPOM MMMYHHU3aIlMN MPOBEIEHO KOHTPOJIBHOE MHTparepedpanbHoe 3apakeHue
aJIaNTUPOBAaHHBIM IITAMMOM BHpyca pHHONHeBMOHUHM Jyomazeil B no3e 0,02 x 6,0 1gTCDyy/m.
VIMMyHOT€HHYI0 aKTUBHOCTb MBITHOTO COCTaBa BaKLMHbI ONpENEISIM Ha OCCIOPOIHBIX OEbIX
MbImax. Bakuuny B 1o3e 0,5 mi1 BBoguin nogkoxkHo 10 Genbiv mbimam. [Tocne BakuuHanuy yepes
10 nHEH npoBeneHo 3apaXkeHNe JIETAIbHOM 10301 MBITHOTO CTPENTOKOKKA OMBITHOW ¥ KOHTPOJIBHOM
rpymn g1aboparopHsIx Mblmei LDs, kotopas cocraBmia 200 TbIc. MUKPOOHBIX Tel B | Mi1. Y Mblieit
OTIBITHOM TPYTIIBI 32 BpeMsl HAOMIOEHUSI Macca Tela yBeIW4Ymiach Ha 1,5 T, KOHTPOIBHOI — Ha
0,9 r. ITo pe3ynprataM MaTroMoOpOTOTHISCKUX W THCTOJIOTHUCCKUX UCCIICIOBAaHUH, N3MEHEHUH BO
BHYTPEHHHUX OpraHax, BbI3BAaHHBIX BBEJACHHUEM BHYTPHKEIYJOUYHO IpEHaparoB, He OOHAPYKEHO.
JIoKIIMHUYECcKOEe HUCHBITAaHHE II0KA3aJl0 OTCYTCTBUE OCTPOM TOKCHYHOCTH, aJNIEPTU3UPYIOLIMX,
MTUPOTEHHBIX CBOMCTB U MIMMYHOT€HHOCTh KOMOMHUPOBAHHOW BAaKIMHBI IPOTUB PUHOITHEBMOHHUHU
U MbITa Jiomaaeii. KoMOnHMpoBaHHas BaKIIMHA TIPEIOXPAHSIET OT SKCIIEPHUMEHTAILHOTO 3apasKeHHUs
BHPYCOM PUHOITHEBMOHHH Ha 75%, Bo30OyauTenem Mbita Ha 80%.

KiroueBble cii0Ba: KOMOMHHMpOBAaHHAs BAaKLMHA, OCTpass TOKCHYHOCTb, IHPOI€HHOCTb,
HMMYHOT'€HHOCTb, MBIT, pPUHOITHEBMOHHS, HIMMYHOMOZYJISITOP

DEVELOPMENT OF A COMBINED VACCINE AGAINST RHINOPNEUMONIA
AND STRANGLES OF HORSES

C<Popov A.A.

M.G. Safronov Yakut Scientific Research Institute of Agriculture
Yakutsk, Republic of Sakha (Yakutia), Russia
(Dagronii@mail.ru

The development of an inactivated combined vaccine against rhinopneumonia and horse
strangles is presented. Acute toxicity, pyrogenicity and immunogenicity of the vaccine in laboratory
animals have been studied. Preclinical trials of the vaccine were conducted on mongrel outbred
mice and rabbits. Testing of the vaccine preparation on male rabbits showed its apyrogenicity. The
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immunogenicity of the viral component of the vaccine was tested on 10-14-day-old outbred mice
with a body weight of 6-7 g. The vaccine was administered subcutaneously to the 1st group of mice
(n=28) 0.3 ml twice with an interval of 14 days. Mice of the 2nd group (n = 6) were used for negative
and positive control. 14 days after the second immunization, a control intracerebral infection with
an adapted strain of equine rhinopneumonia virus was carried out at a dose of 0.02 x 6.0 1gTSD5,/
ml. The immunogenic activity of the strangles composition of the vaccine was tested on mongrel
white mice. The vaccine in a dose of 0.5 ml was administered subcutaneously to 10 white mice.
After vaccination, 10 days later, infection with a lethal dose of strangles streptococcus was carried
out in experimental and control groups of laboratory mice LD, which amounted to 200 thousand
microbial bodies in 1 ml. In the mice of the experimental group, body weight increased by 1.5 g
during observation, in the control group — by 0.9 g. According to the results of pathomorphological
and histological studies, no changes in the internal organs caused by the administration of intragastric
drugs were detected. Preclinical testing showed the absence of acute toxicity, allergenic, pyrogenic
properties and immunogenicity of the combined vaccine against rhinopneumonia and horse strangles.
The combined vaccine protects against experimental infection with the rhinopneumonia virus by

75%, with the causative agent of horse strangles by 80%.
Keywords: combined vaccine, acute toxicity, pyrogenicity, immunogenicity, strangles,

rhinopneumonia, immunomodulator
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INTRODUCTION

Viral and bacterial diseases of young horses
are a complex problem for the global horse in-
dustry. Of these, rhinopneumonia and strangles
of horses are considered to be the most com-
mon diseases [1, 2].

There are different types of rhinopneumonia
vaccines around the world: inactivated, attenu-
ated, and live vaccines, as well as different ther-
apies [3, 4]. However, the technologies of us-
ing these vaccines provide for two- or threefold
immunization. In Russia, dry live virus vaccine
from CB/69 strain is used to prevent rhinopneu-
monia [5, 6].

In the Republic of Sakha (Yakutia), employ-
ees of the Yakutsk Research Institute of Agri-
culture and VIEV (The All-Russian Research
Institute of Experimental Veterinary Medicine,
Moscow) developed an inactivated vaccine
from the SV/69 strain against horse rhino-
pneumonia with an immunomodulator from a
fugate of the Bacillus subtilus TNP-3 bacteria

strain [7]. In 2018, a strain of Cape streptococ-
cus, Streptococcus equi H-5/1, was deposited in
the VGNKI - the Russian State Center for Ani-
mal Feed and Drug Standardization and Qual-
ity (registration number VKSM-B-141P). The
strain is used to manufacture a vaccine against
horse strangles (invention patent No. 2703485
dated 15.08.2018) [8].

Due to the fact that rhinopneumonia can oc-
cur simultaneously with the horse strangles, the
development of a combined single-adminis-
tered vaccine remains relevant. In the available
literature, there are no data on analogues of bi-
valent vaccine for the prevention of rhinopneu-
monia and horse strangles.

The purpose of the work is to present the de-
velopment of an inactivated combined vaccine
against rhinopneumonia and horse strangles.

The objectives of the study are to study the
acute toxicity, pyrogenicity and immunogenici-
ty of a combined vaccine against rhinopneumo-
nia and horse strangles on laboratory animals.
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MATERIAL AND METHODS

The combined vaccine was made of inacti-
vated strains of rhinopneumonia virus CB/69,
Streptococcus equi bacterium "H-5/1" and im-
munomodulator from the bacterial strain Bacil-
lus subtilis TNP-3. Laboratory tests of the ex-
perimental series of the vaccine and determina-
tion of immunogenicity of the horse strangles
were conducted on mongrel laboratory white
mice of both sexes aged 5-8 weeks, weighing
18-20 g and healthy male rabbits weighing 1.5-
1.6 kg. Harmlessness and pyrogenicity were
determined in accordance with GOST 31926-
2013 "Drugs for veterinary use. Methods for
determination of harmlessness". Determination
of immunogenicity of the vaccine viral compo-
nent was performed in the laboratory of virol-
ogy of VIEV (Moscow) on outbred mice 10-14
days old with body weight of 6-7 g. The results
were mathematically processed using the Stu-
dent's method.

RESULTS AND DISCUSSION

Injection of the vaccine preparation intra-
gastrically in a dose of 1 cm® and physiologi-
cal solution in the same dose to the mice of the
control group had no effect on the general con-
dition of the animals. The mice consumed food
completely, were agile, and actively reacted to
their surroundings. Analysis of the body weight
dynamics of the white mice revealed its posi-
tive increase in both the control and experimen-
tal groups (see Table 1).

In the experimental group receiving the vac-
cine preparation the weight gain was 9.2%, in
the control group - 5.05%. According to the re-

sults of the histological studies, no focal dystro-
phic changes in the internal organs were found.

To determine pyrogenicity, two groups of 3
healthy male rabbits weighing 1.5-1.6 kg were
formed. The combined vaccine was injected
into the ear vein of the rabbits in a dose of 0.1
ml (group 2). As a control (Group 1), 0.9%
physiological solution was injected. After in-
jection, the body temperature was measured at
the intervals of not more than 30 min for 3 h
(see Table 2).

During observation before the experiment,
the average temperature of the experimental
rabbits in group 1 was 38.6 °C, in group 2 - 38
°C. On day 4, before the injection, it was 38.5
°C in group 1 and 38.6 °C in group 2. After
vaccination the temperature of the rabbits in-
creased by 0.2°C in group 1, and by 0.4°C in
group 2. Thus, the combined vaccine is apiro-
genic and did not cause changes in animal body
temperature.

Immunization efficiency was determined by
the number of mice resistant after infection. Im-
munogenicity of the viral component in the 1st
group of mice was 75%, in the control group
all mice died. For the control infection with
strangles streptococcus, the lethal dose was de-
termined, which amounted to 200 thousand mi-
crobial bodies in 1 cm?. Out of ten immunized
mice, two mice fell ill and died. In the control
group, all 10 mice fell ill and died. Immunoge-
nicity of the strangles composition of the vac-
cine was 80%.

The high efficiency of the immunogenic
activity of the associated vaccine is due to the
antigenically active strains of rhinopneumonia
virus, Mycobacterium streptococcus and an im-

Tab6a. 1. Yuer maccel Tena OeNbIX Ta00paTOPHBIX MBIIIEH, T

Table 1. Body weight count of white laboratory mice, g

Body weight on the day of observation
Before the On the day
Group | exneriment of tl}e ex-
( dI uring 2 periment 1-st 2-nd 3-d 4-th S-th 6-th 7-th

i Sf)é (after the

Y injection)
1 1163£9,05|17,2+£9,68|17,7+9,82(|17,9+£9,89(17,2+9,61|182+10,11 [17,8£10,39|17,9+10,11 | 17,8£10,25
2 |117,0£0,84|174+£091|182+0,84|182+0,84[184+1,06| 185+12 | 182+0,98 | 18,6 0,63 | 18,7+0,63
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Taba. 2. Pe3ynbraTsl U3MEpEHUs TEMIIEPATYPbI

TCJIa NOAOMBITHBIX KPOJIMKOB 10 U ITOCJIC

HHBEKIHH (1 = 3)

Table 2. Results of body temperature
measurements of experimental rabbits before
and after injections (n = 3)

Day of the ex-
periment

1-st group

2-nd group

Before the injection of the preparation

1-st 38,7+ 0,42 38,0+0,21
2-nd 38,3+0,35 37,9 +0,21
3-rd 38,8+ 0,21 38,2+0,28
4-th 38,5+ 0,21 38,6 £ 0,56
In 30 min 38,5+0,14 38,6 = 0,49

After the injection of the preparation at the 4-th day of

the experiment

In 30 min 38,6 +0,21 37,6 £0,70
Inlh 38,4+ 0,42 37,9 0,35
In1,5h 38,5+0,14 38,4+ 0,28
In2h 38,5+ 0,07 38,8+ 0,14
In2,5h 38,7 + 0,35 38,7021
In3h 38,7+ 0,07 39,0 £0,21

munomodulator from the Bac. subtilus strain
TNP-3, which has enzymatic, interferon-in-
ducing, antimicrobial and immunostimulatory
properties [9]. The results obtained are con-
sistent with the works of the researchers who
found that viral and bacterial antigens in com-
bined vaccines lead to significant stimulation
of the phagocytic activity of peritoneal macro-
phages, which contributes to the development
of adaptive immunity [10]. Shiliang A. Liu et
al. [11] experimentally proved on laboratory
mice that intramuscular injection of live vector
vaccine against GVL-1 stimulates formation of
humoral and immune response. Seong K. Kim
et al. [12] also note that immunization of labo-
ratory mice with weakened herpes virus type 1
strain stimulates the production of innate im-
mune responses in their bodies, which protects
them during control infection with a lethal dose
of the virus.

CONCLUSIONS

1. It was found that the combined vaccine
in the studied doses does not adversely affect
the general state of animals, has no allergizing
properties, does not cause convulsive reactions,
does not impair coordination of movements and
has no toxicity in relation to laboratory animals.

2. The immunogenicity of the viral compo-
sition of the vaccine was 75% and that of the
strangles composition was 80%.

3. Development and implementation of a
combined vaccine will increase the effective-
ness of preventive measures for respiratory dis-

eases of young horses.
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S HIAMATH YYEHOI' O
IN COMMEMORATION OF SCIENTIST

BOPUC UBAHOBHUY ' EPACEHKOB
(x 100-1eTHIO CO THSA POAKICHUA)

B 2022 1. xpynmHOMY CHOUPCKOMY y4EHOMY-arpapHHUKY, CEJICKIIMOHEPY M OpraHu3aTopy ce-
JIEKIIMOHHOTO LieHTpa npu CUOUPCKOM HAayYHO-UCCIIE0BATEIbCKOM HHCTUTYTE CEIbCKOTO X035~
CTBa, JOKTOPY CEJIbCKOX0341iCTBEHHBIX HayK bopucy MBanoBuuy I'epacenkoBy ncnonanuiocsk 100
JIeT ¢o aHA pokaeHus u S0 JIeT co BpeMEHU CMEPTH.

3a CTONb KOPOTKHI *KU3HEHHBbIH MyTh bopuc MBaHOBHUY ycIien MPUHATH aKTUBHOE Y4acTue
B 00eBbIX JeicTBUsIX Mo 3ammuTte Ponunbl B Benukoit OteyecTBEeHHON BOWHE, OKOHYHMTH arpo-
HOMHUYeCKHi (haKynpTeT MOCKOBCKOH CelbCKOX03sicTBeHHOM akanemun uM. K.A. Tumupsizena,
CHELUATIM3UPOBATHCS B CEJICKIIMU U arPOTEXHUKE KOPMOBBIX KYJIBTYP U BBIBECTH OPUTHHAIbHBIC
copTa M THOPUABI MHOTOJIETHUX TpaB M KyKypy3bl. Ha npotshkennn 10 net 6eccMeHHO pyKOBO-
v Jaboparopueil KyKypy3bl U OHOBpEMEHHO ObLT 3amectutesem nupekropa CuoHMMCXoza
10 Hay4Ho pabote. B nmocneanue 2 roga ®u3HU OH co3/all 3anaHOCUOUPCKUM CeIeKIIMOHHBIN
LEHTp MpH UHCTUTYTE U pykoBoawt uM. C 1936 1. 0611 B psagax JlennHckoro komcomona, B 1946 1.
BTyl B wiensl KITCC.

Bbopuc MBanoBuy poauics 22 utons 1922 r. B . bopucornedeke Boponexckoit obnactu B ce-
Mbe pabounx. C 1930 1. yunsicst B CpeiHel 1IKoJIe, 0 OKOHYaHUHM KOTOPOH OBLIT MPHU3BaH B PSIIBI
Coserckolt apmuu. [Ipomen Kypc apTHILIEpUCKON MOATOTOBKH M C HadaJia BOWHBI o 10 ampesnst
1942 r. akTuBHO y4acTBOBaJ B 004X Ha 3anagHoMm U Kanununckom gponTtax. Boesan B kauecTBe
komanupa 6arapeu [1TO B cocraBe 226-ro 0cO00TO OTJIEIBHOTO YIapHOTO OaraiboHa 3-i Mop-
CKoOM Opurajel 2-i ynapHoit apmuu. B 1942 1. Obut TsDKEN0 paHeH, OTEePsT MPaBYyIo PyKy U B TE€Ye-
HUE rofia iequscs B rocnutainsx. B 1945 1. 6pi1 HarpaxaeHn «Menamnbio 3a modeny Haj [epmanueit
B Benukoii OTeuecTBEHHON BOTHEY.

[Tocne nnuTeabHOrO JIeYeHHs B TOCTIUTANSAX U JJEMOOMIM3AINH 110 PAHEHUIO U MHBAJIUHOCTH
bopuc NBanoBuu noctynuii B MOCKOBCKYIO CEJIbCKOXO3IMCTBEHHYIO akageMuto uM. K.A. Tumu-
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pszeBa. [locne ee okonuanus B mapte 1948 1. b.U. I'epacenkoB ObLT HampaBlieH Ha paboTy B Ka-
YECTBE HAYYHOTO COTpyAHMKA Ha CTaBPONOIbCKYIO TOCYIaPCTBEHHYIO CEJIEKIIMOHHYIO CTAHLIUIO.
Uepes ron B Mmapte 1949 1. pacniopsbkenueM 3amectutens muauctpa MCX 1o kajpam nepeBeficH
B cuOupckue kpas — Ha HapbIMCKYI0 TOCCENEeKIIMOHHYIO CTaHIMIO Ha JOJKHOCTh CTapIlero Ha-
YYHOTO COTPYJIHHUKA OT/IeIa CENEKIUU, CEMEHOBOJICTBA U arpOTEXHUKHU.

Ha Hapsivmckoii onbiTHoM ctaniuu b.M. ['epacenkoB paboTan B cocTaBe CEJIEKIIMOHHON IpyT-
bl KOPMOBBIX KYJBTYpP COBMECTHO C ONbITHbIMU cesiekunonepamu B.K. Hemnnenko u B.b. OB-
CSAHHUKOBBIM. [IpH €ro akTUBHOM y4acTHM CO3[aHbl U MEpeAaHbl HA UCIBITAHUE B TOCCOPTCETH
copTa KJeBepa KpacHOro W TtuMmodeeBKH JyroBoil. B mocnemyromem o0a HapbIMCKHX copTa
OBLTH pallOHUPOBAHBI M OTIIMYAIIMCH BBICOKOH ypoxKaiHOCTBIO 110 ceny (40—60 1/ra) u ceMeHam
(3—4 w/ra), ycTOMUMBOCTHIO K SKCTPEMAIbHBIM CHOUPCKUM YCIIOBUSAM, OOJIE3HSIM U BPETUTEIISM, a
TaKKe K IMOJIETaHUIO U 3aToryieHnto. OHM HAIlIU IIMPOKOE paclpocTpaHeHue B 3anaaHoil u Boc-
touHoi CrubupwH, a Takke B Marajganckoit o0acTu.

B nexabpe 1951 r. bopuc MBaHOBHY MOCTYNUII B OYHYIO aCUPAHTYPy Ha Kadenpy pacTeHH-
eBonctBa TCXA. Hayunbie onbIThI 110 oporieHuio mieHunbl acnupanT b.M. T'epacenkoB mpo-
Boams B PocTtoBckoit obmacTu Ha yepHozemax. Ha ocHoBanuu 31X nccnenoBanuii B 1954 1. um
YCTEIIHO 3alluilleHa KaHauaaTckas nuccepranus. [locie 3Toro on OblT HampaBlieH Ha paboTy B
OwMCcK B crapeiiniee HaydHOE 3aBefieHne pernoHa — B Cubupckuit HUM cenbekoro xo3stiicTsa.

B Cu6HNNCXo3ze, rne bopuc MBanoBuu npopabdoTain okoio 20 JieT, B TOJIHON Mepe MPOSIBUII-
csl ero TanaHT uccienosarens. OH cTan 3aHUMAThCsl KPYITHEHIIIeH arpOHOMIYECKOi pooIeMoit
TOTO BPEMEHH: U3yUCHUEM aJJaNTAllMOHHBIX BOBMOXKHOCTEH KYKYpY3bl, HOBOM 17151 CUOUPH KYJTb-
TYpBl B TO BpeMsi. DTa MEPCHeKTUBHAs 3€pHOBAas U KOPMOBasi KyJbTypa B 60-€ ropl mpoIuioro
CToNeTHs Oblia BO3BE/IEHA B CTPAHE B PAHT «IIAPTUHHOW» M MMOBCEMECTHO BHEPSIACH, YACTO He-
yIa4HO, B CEJIbCKOX034HCTBEHHOE MPOU3BOJICTBO CTpaHbl. HepocTtaTtok Hay4dHBIX HMCCIEI0OBaHUM
10 TEXHOJIOTMH BO3/EIIBIBAHUSI KYJIBTYPbl, OTCYTCTBUE a/IallTUPOBAHHBIX K CHOUPCKUM YCIOBUSIM
COPTOB U TMOPUJIOB CAEP>KUBAIH €€ IIUPOKOE OCBOCHHE B KOJIX03aX U COBXO3aX.

[To nanmmaruse b.U. I'epacenkoBa B uHcTUTYTE ¢ 1955 I OB aKTUBHO pa3BEpPHYTHI UCCIIE-
JIOBaHUSI 10 OMOJIOTUH KyKYpPY3bl, arpOTEXHHUKE €€ BO3JIEJIbIBAHUS, METO/IaM CEJICKI[MH U CeMEHO-
BoACTBY. B 1963 1. boprucom MBanoBudeMm co3nana niepsasi B Cubupu 1adopatopust KyKypy3sl. 3a
10-neTHHii IEpUO] MO €ro PYKOBOACTBOM YNAJOCh PELIUTh arpOTEXHUYECKHE U CENEKIIMOHHBIE
Mpo0JIeMbl alalTalii KyKypy3bl K HEPOCTHIM CHOUPCKUM MMOYBEHHO-KIIMMATUYECKUM YCIIOBHSIM
1 pa3paboTarh 30HAIBHBIE TEXHOIOTUYECKUE MPUEMBI CTAOMIIBHOTO MOMYYSHHS YPOXKAEB 3€ICHOM
Macchl 1 3epHa. Oco00 BaxkHast M HanOoJiee TPyA0EMKas UCCIeIoBaTeIbCKas padoTa Moj| pyKOBO/I-
ctBoM b.U. I'epacenkoBa nposeaena rpymmoit corpynaukoB (I.I1. Beicokoc, B.I1. Porosuna, JI.IT.
T'onuaposa, H.B. Co6onesa, T.C. HcaitueHkoBa u Jp.) MO CENEKIUU KyJIbTyphL: B TaOOpaTopuu co3-
JIaHBI CHOMPCKHE CKOPOCTIENbIE cOpTa U THOpUABI KyKypy3bl Omckas 2, Omckas 5, OMckast 8, ru-
Opun OMmckuii 22. Bckope OHM HallUTA MIMPOKOE PacIpOCTPaHEHHUE B PACTEHUEBOJICTBE PETUOHA U
MOCITY)KUITK B TIOCTIEYIOIIEM HCXOHBIM MAaTEPUAIIOM ISl CO3/IaHHSI HOBBIX CEJIEKIIMOHHBIX (HhOpM.
B nanpHeiiem 3Ty HanpaBieHs ObLUTH MPOIOKEHBI M HAIIUIN IIIMPOKOE Pa3BUTHE.

[To coBpemeHHBIM MepKaM, myoaukannonHoe HaciencTBo b.M. I'epacenkoBa HebombIoe (He-
MHoruM Oonee 100 crarbeil, B )KypHalaxX, COOpHHUKAX U PEKOMEHIAINAX), HO BCE €r0 padOThI
HaIpaBJieHbl HA TEOPETHUECKOE 000CHOBaHHE METOAOJIOIMUECKHUX MOAX0A0B K CEJIEKLIUU U TeX-
HOJIOTHUU BO3JIEJIbIBAaHUS KOPMOBBIX KYJIBTYP B CYpOBBIX CHOUPCKUX yCIOBUSAX. B TO Bpems 3Tu
poOsIieMbl OBLITH KpaifHe aKTyallbHBIMH.

O06001eHrne MaTepraioB HCClIeqoBaHUMN 10 KyKypy3e no3Bonmiio b.U. 'epacenkoBy moaro-
TOBHUTD JIUccepTalnio «buonorus u 0coOEHHOCTH KyJIBTYPbl CHOMPCKOTO SKOTUIIA KyKYPY3bD» Ha
COMCKAaHME YUCHOW CTENEeHH JOKTOpPa CeNbCKOX03MCTBEHHBIX HAyK, KOTOpas yClenrHo Oblia 3a-
muieHa B 1964 r. Ceoit uccnenosarenbekuil onbIT bopuc MBaHoBUY nepenaBai MOJOASKH U
MOJTOTOBWJI MSITh ACIIMPAHTOB, 3AIIUTHUBIINX KAHIUAATCKUE TUCCEPTALIUU.
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Hapsiny co cBoeili akTUBHOM HaydyHOU AesTeabHOCTHIO b.M. I'epaceHKOB BBIMOJHSII TaKKe
00s513aHHOCTH PYKOBOJUTENS BCell nccienoBareibcekoil pabotoit B CubHMMCXo3e, mockonbKy
0ecCMEHHO Ha NpOTsbKeHUHU nocienHux 10 et paboran 3aMecTUTENIEM AMPEKTOpa MO HayKe.
Cnenyer otmMeTHTh, 4TO B 60-X rosax MpoIIOro CTOJIETHS B MHCTUTYTE BECbMA aKTHBHO BEIH
HCCIIEOBAHMS TI0 BCEM HANPABICHUAX arpapHO HayKu: 3€MIICAEIINIO, arPOXUMHUH, CEIEKLUH,
KUBOTHOBOJICTBY, MeXaHU3aluu. ONBITHBIN KaJpOBBIN COCTaB CTapILEro MOKOJIEHUS U aKTUBHAS
MoJoAekb (00yyanuck 10 30 acnUpaHTOB OJHOBPEMEHHO) MPOBOJMIM MHTEHCUBHbBIC HAYYHbIE
MOUCKHU B JIAOOPATOPHSIX M Ha OIBITHBIX MOJISAX U epmax MHCTUTYTA, B OIIX, KoIX03ax U coBXo-
3ax. Cnenyet npusHaTh, uto bopucy MBaHOBUYY ynaBaioch TAKTUYHO PELIaTh BCE MPOOIEMBI KaK
¢ Kopu(essMH HayKH, TaK U C MOJIOJbIM IIOKOJICHUEM.

Bbonbmoii Bknang b.U. ['epaceHkoB B kadyecTBE pyKOBOAUTENS BHEC B co3nanue B 1972, 1973 .
npu CuOHMUMCXo3e CenekunoHHOTO 1eHTpa. OH yCHeN OmpeAeuTh OCHOBHBIC HAIPaBICHHUS
ero Oyayliei uccienoBaTeabckoil paboThl, COCTaBUTh NEPCIIEKTUBHBIE IIaHbl KOMIIJIEKCHBIX Ce-
JIEKIIMOHHBIX HalpaBICHUH IO MOJIEBBIM KyJIbTypaM, HAMETUTh KOMIUIEKCHOCTh TEOPETUYECKUX
U IPUKJIAAHBIX HccienoBaHui. Menee ueM 3a rog bopuc MiBaHOBHY CMOT CO34aTh IPYyIITy HOBBIX
nabopaTtopuii, TEOPETUUECKOE COMPOBOXKAECHUE CEJICKIMOHHBIX MPOLECCOB PACTEHUH M IOJ0-
Oparb 17151 HUX MOJIOJIBIX U XOPOUIO MOJATOTOBIEHHBIX PYKOBOJMTENIEH, KaHIUIaTOB HAyK: TeHe-
tuku — P.A. Huneke, pusnonorun u omoxumun — O.M. I'am3ukoBa, ummynnrtera — b.I". Peiirepa,
MajsorabaputHoit TexHuku — B.A. JlompaueBa. Kak moka3zano Bpemsi, OHU YCIEITHO CIIPABUIIHCH
C MEepCNEeKTUBHBIMU TpoliieMamMu. 3alulaHupOBaHHbIE HOBOE 37aHue CeNeKIIMOHHOTO LEHTpa U
TETUTMYHBIA KoMIuTeKe CeleKIeHTpa ObUIA TOCTPOCHBI O €T0 ITaHaM TT03XKeE.

IIpakTuecku Bce 3anymku bopuca MBanoBuua 1o cosnanuio CeNEeKIMOHHOIO LIEHTpa IIpU
Cu6HMHNCXo3e BbINOIHEHB! €ro MpueMHUKOM wieHoM-KoppecnonaenTom PACXH K.I. Asue-
BBIM U KOJIJIEKTUBOM CEJIEKLEHTPA.

Boennsie panbl 1 paboune neperpys3ku naiu o cebe 3uath. B Havane 1973 1. bopuc MBanoBu4
I'epaceHKOB CKOPONIOCTHIKHO YIIE U3 )KU3HU.

Bpemst HeMHHYEeMO CTHUpaeT MaMsTh O COJNJIATax W KOMaHAMpaxX HAYYHOTO (pOHTA, HO BKIIA[
Ka)KJ0r0 BOMHA MCCIIEN0BATEIbCKOTO IOJIKA OCTAETCS B COpPTaX, arpolpueMax, TeOPETUYECKUX
MOCTYJ1aTaX U B KOHEYHOM UTOT€ B MOJTYYEHHOM XJieOe HACYITHOM M MaMTH MOKOJICHHH.

CIIMCOK HEKOTOPBIX IYBJIUKALUA JOKTOPA CEJIbCKOXO3AMCTBEHHbIX
HAYK b.U. TEPACEHKOBA

1. Hexortopsle Bonpocsl kopmoaoOsiBanust // Tpyasl ToMckoro rocynapcTBeHHOTO yHUBEepcuTeTa. 1952,
T. 117. Cep. 6.

2. BpIcoKHe ypokarn ceHa MHOTOJISTHUX TpaB ¢ ABYyX yKocoB B Tomckoii obnactu // Kopmosas 6aza. 1952.
Ne 2. C. 7-9.

3. OTBITH IO OPOTICHUIO SIPOBOH MIIICHUIIB B POCTOBCKO# oOmactu: aBroped. muc. ... KaHMd. C.-X. HayK.
M., 1954. 18 c.

4. O XOJOIOCTOHKOCTH BCXOJOB KYyKypy3bl // bromnereHb HaydHO-TexHWYecKol wHpopmanun Cubd

HHNHCXoza. 1958. Ne 2. C. 14-16.

Bricokue ypoxkan KyKypy3bl Ha Oonpiux mmomansix. Omck. Omrus, 1958. 21 c. (B coaBropctse ¢

I'.I1. Beicokocom).

O MoHOKYIBTYpe KyKypy3sl // CoopauK HayuHBIX padoT CHOHMHNCXo3a. 1959. Ne 5. C. 42-47.

Cenexmus Kykypy3bl B Cubupu // Kykypysa. 1959. Ne 3. C. 56-57.

[ToBTOopHBIE MOCEBBI KyKypy3bl // 3emnenenue. 1960. Ne 4. C. 34-36. (B coasropctse ¢ B.I1. Porosunoii).

HexoTopsie Ononornueckne 0COOEHHOCTH COPTOB CHOMPCKOH KyKypy3bl // Cenbekoe xo3siicTBo Cu-

Oupu. 1960. Ne 6. C. 33-36.

10. buonornyeckue 0COOCHHOCTH CUOMPCKOM KyKypy3bl. OMck: M3n-so OMCXMH. 1960. 14 c. (B coaBTop-
cte ¢ B.I1. Poro3unotii).

11. Kykypy3a Omckas 2 // Cenbckoe xo3sticTBo Cubupn. 1961. Ne 2. C. 12-13.
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12.

13.
14.

15.
16.

17.

18.

19.
20.

21.
22.

23.
24.

O COOTHOIIEHUN POAUTENHCKUX PopM mpu TuOpuan3arn // Coopauk HayuHbIX pador CuoHUCXo3a.
1961. Ne 6. C. 3-8.

Kykypy3a na 3epro. Omck: OMI'U3, 1961. 38 c. (B coaBropctse ¢ B.I1. Poro3unoii).

PexoMenaannm 1o Bo3eIbIBaHUIO KYKYpY3bl B Koiixo3ax U coBxo3ax PCOCP na 1962 ron. M.: Uzn-Bo
MCX PCOCP. 1962. 48 c. (I'pymima aBTopoB).

Kykypy3a — ocHoBa KopMoBoii 6a3e1. OMck: OMI'M3, 1962. 76 c.

Kykypy3a copra Omckas 5 // Cenbckoxo3siicTBeHHOE Tipon3BoacTBO Cnbupu u lansHero Bocroka.
1963. Ne 3. C. 11-13.

Buonorus u ocobenHoCcTH KynbTypbl CHOMPCKOTO SKOTHIA KyKypy3bl: aBTOoped. Amc. ... A-pa C.-X.
Hayk. Omck, 1964. 40 c.

Copra KyKypy3bl, CeJieKIIus U ceMeHoBOoACTBO // Kykypy3a B LlenunHom kpae u B 3amagHoit Cubupwu.
M.: Koinoc, 1965. 157 c.

I'maBHas kopmoBas KyneTypa Cubupu // Kykypysa. 1966. Ne 2. C. 22-26.

HexoTopsie Bonpockl ceMeHOBOACTBA THOpUAHON KyKypy3bl B 3anagnoit Cudbupu // Kykypysa, 1967.
Ne 2. C. 16-19.

Crapeitmmit nacTuTyT Cubupu // Cenekuus 1 ceMeHOBOACTBO. 1967. Ne 4. C. 22-26.

Kykypy3sa: PexomeHanum 1mo arpoTexHuKke ¥ CEMEHOBOJICTBY MHOTOJIETHUX TPaB U OJHOJIETHUX KOP-
MOBEIX KYIIETYpP B KOJIX03axX u coBx03ax Cubupu. M.: Poccenpxo3muzmar, 1968. 46 c.

Kykypy3a copra Omckas 2 // ABropckoe cBuaeTenscTBO Ne 147 ot 12.11.1963.

Cubupckue Gopmbl — 0coObIi SKOTUT KYKYpy3bl // COopHHK HayuHbIX pador CuOHNUMCXo3a. 1969.
Ne 15. C. 3-12.

Axanemux PAH I'11. I'amzuxos,
yneH-koppecnonnent PAH P, Pymy
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HHPABUJIA JIUISI ABTOPOB

IpaBuna a1 aBTOPOB COCTABIICHBI HA OCHOBE 3THYECKUX MPHHIINIOB, OOIHUX JUI WIEHOB HAYYHOTO COOOIIECTBA, U
TPaBUII MyOMMKAINH B MEKTyHAPOTHBIX U OTEIECTBEHHBIX HAYTIHBIX MEPHOJUICCKAX U3AHUAX, 4 TAKKE B COOTBETCTBHU
¢ TpeboBanusmMu BAK ni1s nepuoandecknux M3gaHUM, BKIIOUCHHBIX B [lepedeHb pOCCHHCKHUX PELEH3UPYEMBIX HAayUYHBIX
JKYPHAJIOB, B KOTOPBIX JOJDKHBI OBITH OIIyOINKOBAHbI OCHOBHBIE HAy4HBIE PE3YJIBTAThl JUCCEPTALUM Ha COUCKAHUE YIEHOH
CTENeHH JOKTOPA U KaHJHaTa HayK.

XKypnan myOnuKyeT OpuruHaIbHbIE CTAaThH M0 (YHIAMEHTAJIbHBIM U MIPUKIIAJHEIM IPOOIEMaM 10 HaIlPaBIICHUSIM:

e o0ree 3emiie/ieNine U PACTCHUEBOJICTRO;

°  CeJICKIIUS, CEMCHOBOJICTBO U OMOTEXHOJIOTHUS PACTCHHIA;

*  arpoxXMMHUsi, arporoYBOBE/ICHHE, 3AIUTA U KAPAHTUH PACTEHHIA;

*  KOPMOIIPOU3BOJICTBO;

*  HHQEKIMOHHBIE OOJIE3HH K UMMYHOJIOTHSI )KUBOTHBIX;

*  YacTHas 300TEXHHS, KOPMIICHHE, TEXHOJOTHH MPUTOTOBJICHUS KOPMOB U MPOU3BOJICTBA MPOAYKIHH KHUBOTHOBOJICTBA;
*  pa3BeJCHHUE, CEICKIIUs, TCHETHKA U OMOTEXHOJIOTHUS JKUBOTHBIX;

°  TEXHOJIOTHH, MAIIUHBI U 000PYI0BAaHHE JJISl arPONIPOMBIIIIIICHHOTO KOMILIEKCA;

*  IHIICBbIC CUCTEMBI.

Crarps, HampaBisieMas B pPEJaKLUWIO, JIOJDKHA  COOTBETCTBOBaTh  TEMAarH4YEeCKMM  pasfeiaM  JKypHaia
«Cubupckuil BECTHUK CEIbCKOXO35IHCTBEHHON HAYKI»:

llh/l(l)p U HAUMECHOBAaHHE Hay'—lHOﬁ CHeuaJbHOCTH B COOTBETCTBUH C HOMemmaTypoii

HaumeHoBaHne pyOpHuKH .
HAYYHBIX CNIeHHAJbHOCTEI, 10 KOTOPBIM NPHCYKIAIOTCSA YYeHbIe CTeNeHH

Semienenne U XuMu3aus 4.1.1. OOmee 3emieneniic U pacTCHHEBOACTBO
4.1.3. Arpoxumusi, arporo4BOBEICHNE, 3aIUTa U KApAaHTUH PACTCHUI

PacTeHneBONCTBO U CeNEeKIHS 4.1.1. OOmee 3emieneniic ¥ pacTCHHEBOACTBO
4.1.2. Cenekuusi, CECMEHOBOJCTBO U OMOTEXHOJIOTHS PACTCHUI

3amuTa pacteHuit 4.1.3. Arpoxumusi, arporo4BoBeICHUE, 3alIUTa U KAPAHTUH PACTCHUI

Kopmomnpon3zBoactso 4.1.1. OOmee 3emieneniic 1 pacTCHHEBOACTBO
4.1.2. Cenexiysi, CEMEHOBOJICTBO M OMOTEXHOJIOTHS PaCTeHUIT
4.1.3. Arpoxumusi, arpornoyBOBeICHNE, 3alUTa U KAPAHTUH PACTECHHH

300TeXHUS U BETEpUHAPUS 4.2.3. NudexkunoHHbie 60IE3HN K UMMYHOJIOTHSI )KHMBOTHBIX
4.2.4. YacTtHast 300T€XHHsI, KOPMJIEHUE, TEXHOJIOTUU TPUTOTOBIICHUSI KOPMOB U IPOU3BO/I-
CTBa MPOIYKIUH KHBOTHOBOJICTBA
4.2.5. Pa3BeneHue, CEIEKIHUs, TeHETUKA U OMOTEXHOJIOTUS KUBOTHBIX

Mexanuszanus, apromatuzanusi, 4.3.1. TexHomoruu, MamuHbl 1 000PYLOBaHUE ISl arPONIPOMBIIUIEHHOTO KOMITJIEKCa
MOJIeJIUpOBaHUe ¥ HH(OpMaLH-
OHHOE o0ecrieueHue

[epepaboTka cembCKOXO03sTii- 4.3.3. Ilumessie cUCTEMBbI
CTBEHHOW TPOYKI[HH

4.1.1. OOmee 3emieeniic 1 pacTCHHEBOACTBO

4.1.2. Cenekuusi, CCMEHOBOJCTBO U OMOTEXHOJIOTHS PACTCHUI

4.1.3. Arpoxumusi, arpornoyBOBECHNE, 3aIIUTA U KAPAHTUH PACTECHHH

4.2.3. NudexnmronHsie 00JI€3HN U HMMYHOJIOTHS )KUBOTHBIX

4.2.4. YacTHas 300TeXHUs, KOPMJIIEHHE, TEXHOJIOTHH MPUTOTOBICHHUS KOPMOB H IIPOHM3BOJI-
CTBa MPOIYKLUH KUBOTHOBOJICTBA

4.2.5. PasBenenue, ceJeKIysl, TEHETUKA U OMOTEXHOIOIUS KUBOTHBIX

4.3.1. TexHONOTWY, MAIIMHBI U 000PYIOBAaHKE JJIsl arPOITPOMBIIIICHHOTO KOMILIEKCa

4.3.3. TIumeBble CUCTEMBI

[Ipobnemsl. Cyxaenus
Hayunesle cBs3u

W3 ucropuu ceabcKoXo3sii-
CTBEHHON HayKH

Kparkue coobuienus

U3 muccepTaiioHHBIX paboT

B sxypHaie Takxke myOauKyTCst 0030pbl, KpaTKue COOOIICHNUS, XPOHUKA, PEIICH3UH, KHW)KHBIC 0003pPEHUS, MaTepHAIIbI
10 UCTOPHUH CEJIbCKOXO3HCTBEHHOW HAYKHU U JIEATEbHOCTU YUPEKICHUN U YUCHBIX.

Yuciio myOnukanuii OJHOTO aBTOpa B HOMEPE SKypHasla HE JOJDKHO INPEBBIIIATh IBYX, HPU 3TOM BTOpas CTAThs
JIOIyCTUMA JIUIIb B COABTOPCTBE.

K paccMOTpeHHIO MPUHUMAIOTCSI MaTepHajbl OT Pa3lHYHBIX KaTerOPH HCCleoBaTelNel, aClIMPaHTOB, TOKTOPAHTOB,
CIICIIHAJIMCTOB U OKCIIEPTOB B COOTBETCTBYIOMINX O0TACTAX 3HAHUI.

Bce crarbu pelieH3upyrOTCs U MMEIOT 3apeructprpoBaHHblil B cucteme CrossRef nanexc DOI.

[Ty6nukanuu Uit aBTOPOB GecIIaTHBI.

ITpu HampaBIeHUU CTATbU B PEAAKLMIO XKypHaIa « CHOUPCKUI BECTHUK CENbCKOXO3SIHCTBEHHON HAYKH» PEKOMEHAYEM
PYKOBOZCTBOBATbCS CIAEAYIOLMMU [IPABUIIAMU.
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PEKOMEHJALIMU ABTOPY J10 ITIOJAYUN CTATbU

IpencraBienue cratby B )KypHan « CHOUPCKUI BECTHHK CENIbCKOXO3IHCTBEHHON HAyKM») MOIPa3yMeBaeT, uTo:
e cTarbs paHee He ObuIa OIMyOIMKOBAaHA B IPYIOM >KypHAJIE;
*  CTarhs HE HAXOIUTCS HAa PACCMOTPEHUH B JPYTOM XKYypHaJe;
*  BCE COaBTOPHI COINIACHBI C IMyOJIMKALMEH TEKyIel BEpCUH CTaThH.

Iepen oTpaBKOil cTaThl HA PACCMOTPEHUE HEOOXOMUMO YOSIUThCs, 4To B (aiiie ((aiinax) comepurcs Besi He0OX0-
JMast HHGOpMaIHs Ha PyCCKOM M aHIIMHCKOM SI3bIKaX, YKa3aHbl HCTOYHHKH HH(POPMAIINH, Pa3MENICHHOH Ha PUCYHKAX U
B TaOIHIIaX, BCE CCHUTKU OQOPMIICHBI KOPPEKTHO.

HOPSIJIOK HATIPABJIEHUSI PYKOIIMCEM CTATEM

1. OtmpaBka cTaThy OCYIIECTBISIETCS Uepe3 AMEKTPOHHYIO PeaKInIo Ha caiite xypHaia https://sibvest.elpub.ru/jour/
index. [Tocne npenBapuTeNbHON PETHCTPALMK aBTOPA, B IPABOM BEPXHEM YINIy CTPAaHHIBI BEIOpaTh oniuio « OTHpaBUTh
PYKOIHCBY». 3aTeM 3arpy3uTh pyKomHch cTaThu (B Gopmare *.doc mim *.docx) u conmpoBOAUTENbHBIE JOKYMEHTHI K HEll.
[Mocxe 3aBepueHus 3arpy3Ku MaTepHaIoB 00s3aTeIbHO BEIOpaTh onuuio «OTIPaBUTh ITHCHMOY», B 3TOM CIIy4ae peJaKius
aBTOMaTHYeCKU OyJeT yBeJOMJICHA O MOTyYSHUH HOBOH PYKOTIHCH.

CompoBoIUTEIbHBIE JOKYMEHTHI K PYKOIIHCH CTaThH:

* CKaH-KOIMS MHChMa OT OPraHHM3alllM C MOATBEP)KACHHEM aBTOPCTBA M Pa3pelleHHEM Ha MyOnMKamuio (oOpaser Ha
http://sibvest.elpub.ru/);

°  CKaH-KOITMS aBTOPCKOM CITPaBKH TI0 MpejcTaBieHHon Gpopme (oOpaser Ha http://sibvest.elpub.ru/), B koTopoii 10KHO
OBITH BBIPAKEHO COIIACHE Ha OTKPBITOE OIYOJIMKOBAaHME CTAaThU B TIEYATHOM BapHaHTE >KypHAJIA U €ro dIEKTPOHHOH
KonuH B ceTu VHTEpHeT;

*  CKaH-KOIHS PYKOIMCH C MOAMHUCSIMH aBTOPOB. ABTOD, MOANHUCHIBAsI PYKOIMCH U HAIIPABIISS €€ B PENAKIHIO, TEM CAMBIM
TepeaeT aBTopcKue mpasa Ha u3nanue 31oi cratbt COHIIA PAH;

°  aHKEThl aBTOPOB HAa PYCCKOM U aHIIMHACKOM si3bIkax (oOpaserr Ha http://sibvest.elpub.ru/);

*  CKaH-KOIHS CIIPABKU M3 ACIUPAHTYPHI (U1 OYHBIX aCIIHPAHTOB).

2. Bce mocrynaromye B pPENaKIMIO0 PyKONUCH CTaTedl PErucTPUPYIOTCS 4€pe3 CHUCTEMY JJIEKTPOHHOM pelaKLMu.
B nuuHOM KabuHeTe aBTOpa OTPaXKaeTcsl TEKYIIUH CTaTyc PyKOICH.

3. Hepeuensupyemble MaTepuaibl (MaTepuaibl HAyYHOH XPOHUKH, PELEH3UHU, KHIDKHBIE 0003pEHUs], MaTepUabl 10
HCTOPUHU CEIbCKOXO3SIHCTBEHHOH HayKU U JeATEIbHOCTH YUPEXKICHUH U yUSHbIX) HaNpasiaioTcs Ha e-mail: sibvestnik@
sfsca.ru u perucTpUpyroTCst OTBETCTBEHHBIM CEKPETAPEM.

HOPAAOK O®OPMJIEHUSA CTATbU

Tekct pyxonucu opopmisiercs mpudrom Times New Roman, keriiem 14 ¢ unrepsainom 1,5, Bce mons 2,0 oM, Hymeparnus
crpanull BHu3y. OObeM crarbi He Oosee 15 cTpanun (BItouas TaOIULbl, WLTIOCTpaluy U 6ubauorpaduio); crareil, pas-
MelaeMbIX B pyopukax «M3 nucceprannoHHbIX pabot» u «Kparkue cooOleHus», — He 6oiiee 7 CTpaHuLL.

CrpykTypa odopmiIeHHs CTATbH:

1. VYIK
2. 3aro/i0BOK CTAaThbH HA PyCCKOM U aHIVIMIiCKOM fI3bIKaX (He Oosiee 70 3HAKOB).
3. ®aMuIuU U MHUIHAJbI ABTOPOB, 0JIHOE 0(pULHATBLHOE HA3BAHHE HAYYHOI0 yUpe:KIeHHsl, B KOTOPOM IIPO-

BeJleHbl HCCIeTOBAHUS HA PYCCKOM M AHIVIMIICKOM SI3bIKaX.

Ecin B moaroroBke craThbi NPUHUMANIN Y4acTHE aBTOPHI U3 Pa3HbIX YUPEXKICHHUH, HEOOXOIMMO yKa3aTh MPUHAIJIEK-
HOCTb KaXX/JIOTO aBTOPa K KOHKPETHOMY YUPEXK/CHHUIO C TOMOIILIO HaJCTPOUYHOIO MHEKCA.

4. Pedepar Ha pycckoM H aHIIHiicKoM si3bIkax. O0beM pedepara He menee 200-250 cios. Pedepar siBistercs
KpaTKUM M TOCJIE0BATEIbHBIM H3JI0KEHUEM Marepuana CTaTby 110 OCHOBHBIM pa3/ieliaM M JIOJDKEH OTpakaTb OCHOBHOE
coziepKaHKe, CIe0BaTh JIOTUKE M3JIOKEHHsI Marepraia 1 ONHUCAHUs Pe3yJIbTaToOB B CTAaThe C IPUBEACHUEM KOHKPETHBIX
naHHbIX. He cienyer BKiI04aTh BIiepBbIe BBEICHHbBIE TEPMHUHBL, a00peBHATYPhI (32 HCKITFOYEHUEM O0IIEU3BECTHBIX), CChLI-
KM Ha Juteparypy. B pedepare He ciienyer noqdepkuBaTh HOBU3HY, aKTyaJIbHOCTh M JIMYHBIA BKJIaJl aBTOPA; MECTO HCCIIe-
JIOBaHHsI HEOOXOMMO YKa3bIBaTh 710 00JacTH (Kpast), He YIIOMUHATh KOHKPETHbIE OPraHU3alllu.

5. KuiodeBble €10Ba HA PyCCKOM U AaHIVIMHCKOM fI3bIKaX. 5—7 CJIOB IO TeMe cTaTbu. JKenaresibHo, 4TOObI KiTtoue-
BbIE CJIOBA JIOMOJHSAIM pedepar u Ha3BaHUE CTAThU.

6. Hudopmanus 0 KOH(PJIUKTE HHTEPECOB JIM0O €ro OTCYTCTBUH. ABTOp 0053aH YBEJOMUTH PEIAKTOPa O peallb-
HOM WJTH TMOTEHIUATHLHOM KOH(IMKTE HHTEPECOB, BKIIOYUB HHPOPMALNIO O KOH(IUKTE HHTEPECOB B COOTBETCTBYIOLIMI
pasnen cratby. Eciin KOHQIMKTA HHTEPECOB HET, aBTOP JOJDKEH TAKKEe COOOIIUTE 00 ITOM.

Ipumep HOpMYITHPOBKH: «ABTOp 3asBISET 00 OTCYTCTBUHM KOH(IUKTA HHTEPECOBY.

7. baarogapHOCTH Ha PYCCKOM M aHIVIMHCKOM si3bIKaxX. B 3TOM pasjerne yka3bIBalOTCSl BCe MCTOYHUKH (PUHAHCH-
pOBaHUS UCCIIEIOBAHUS, a TAKXkKe OJ1aroJlapHOCTH JIFO/ISIM, KOTOPBIE Y4aCTBOBAIM B pabOTe HaJI CTaThel, HO HE SIBJISIOTCS e
aBTOPAMH.

8. OcHOBHOIi TekcT cTaTbu. [Ipy M30KEHUM OPUTHHAIIBHBIX IKCIIEPUMEHTAJIBHBIX JaHHBIX PEKOMEHIYETCsl MC-
I10JIb30BaTh MOA3ArOJIOBKU:

BBEJIEHME (nocranoBka npo0aeMsbl, e, 3aja41 UCCIIeIOBAHMS)

MATEPUAJ U METO/IbI (ycnoBusi, MeTozpl (METOIMKA) HCCIIEAOBAaHUHN, ONTUCaHNE 00BEKTa, MECTO U BPeMs Ipo-
BEJICHYISI )

PE3VYJIBTATBI U OBCYXKJIEHUE

3AKJIFOYEHME nnu BBIBO/IbBI
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CIIUCOK JIMTEPATYPbBI. KonmmuecTtBo ncToOUHUKOB HE MeHee 15. B cmmcok nurepaTypsl BKIFOYAIOTCS TOJBKO
peLeH3UpyeMble HCTOUHHKHU: CTaTbU M3 HAyYHBIX JKYpHAIOB U MoHOTpaduu. CamouutupoBanue He 6oree 10% ot obOmie-
ro Konm4ectBa. bubnuorpaduueckuii cnucok 1omKeH ObITh 0(OpMIICH B B/ OOIIEro CIKCKa B MOPSIKE YIOMUHAHUS B
TEKCTE, JKeJIaTeIbHbI CChIIKM Ha MICTOUHUKU 2—3-JIETHET0 CpoKa JaBHOCTH. IIpaBuiia opopMiIeHUs ClIMCKa JIUTEPATyphl — B
coorBercTBuu ¢ TOCT P 7.05-2008 (TpeboBanus 1 IpaBuiia COCTaBIeHUs Oubanorpaduaeckoil cehlikn). B Tekcre ceblika
Ha HCTOYHHMK OTMEUAETCs MOPSAKOBOM IIU(POIi B KBaApaTHBIX CKOOKax, Harpumep [ 1]. JIuteparypa B CriMcKe AaeTcs Ha TEX
sI3BIKAX, HA KOTOPBIX OHA W3/1aHa. B Oubiuorpaduyeckoe onrcanue myOiIuKaiuy HeoOX0MMO BHOCHTh BCEX aBTOPOB, HE
COKpaIlasi uX OJHUM, TpeMs U T.I. HeomycTuMo cokpaiieHie Ha3BaHui CTaTei, )KypHaJIOB, H3IaTeIbCTB.

Ecnu HeoOX0aMMO cocaThesi Ha aBTopedeparsl, AUCCepTalii, COOPHUKY CTaTel, yIeOHUKH, PEKOMEHAAINH, yIeOHbIe
nocobus, I'OCTsl, undopMaluio ¢ caiiToB, CTATUCTUYECKUE OTUETHI, CTAaTbU B OOLIECTBEHHO-IIOIUTUUECKHUX ra3eTax U
npouee, TO TaKkyto HH(GOpMAIMIO clienyeT 0pOPMUTH B CHOCKY B KOHLIE CTpaHUIBI. CHOCKH HyMEpYIOTCs apadckumu 1ud-
pamu, pa3MenaroTcs MOCTPAHNIHO CKBO3HOW HyMepaIuei.

Buumanue! Teopetnueckue, 0030pHbIE U IPOOIEMHBIE CTaTbH MOTYT UMETH IIPOU3BOJIBHYIO CTPYKTYPY, HO 00513aTelIb-
HO JIOJDKHBI COepKaTh pedepar, KIIFoUeBble CIIOBa, CIIUCOK JIUTEPaTyphI.

HNPUMEPBI O®OPMJIEHUS CIITUCKA JIUTEPATYPbBI, REFERENCES U CHOCOK

CIIMCOK JIMTEPATYPbI:

Monozpagusn

Knumosa 3.B. Tlonessie KynbTypsl 3a0alikanbs: MmoHorpagus. Yura: [Touck, 2001. 392 c.

Yacmb Knucu

Xonmos B.I” MunumanbHasi 00paboTKa KyJIMCHOTO Hapa MO sIPOBYIO IMIIEHUIY MPU MHTEHCH(UKAINK 3eMIIeACNs B
FOKHO# Jtecoctenu 3ananHoi Cubupu // PecypcocOeperaroiue ciucteMbl 00paboTku mouBbl. M.: Arponpomusaar, 1990.
C. 230-235.

Ilepuoouueckoe uzdanue

Haxyno A.JL, Jlanwunos H.A., boscanosa I'B., ITakyne B.H. TexHonoruueckyue KauecTsa 3epHa MIrKoi spoBoil mite-
HHUIBI B 3aBUCHMOCTH OT CHCTEMBbI 00paboTKH mouBbI // CHOMPCKUI BECTHHUK CENbCKOXO03sHcTBeHHOM Hayku. 2018. T. 48.
Ne 4. C. 27-35. DOI: 10.26898/0370-8799-2018-4-4.

REFERENCES:

CocraBinsieTcsi B TOM K€ MOPSIIKE, YTO U PYCCKOS3BIYHBIN BAPUAHT, IO CIETYIOMINM MPaBHIaM:

@amunnu W.0. aBTOPOB B YCTOSIBIIEMCSI CIIOCO0E TPAHCIUTEPAIIMH, aHTIION3BIYHOE HA3BAHUE CTAThH, MPAHCAUMEDPA-
Yusi HA36aHUSL PYCCKOAZBIYHO20 UCMOYHUKA (Hanpumep depe3 caum. https.//antropophob.ru/translit-bsi) = anenoaszviunoe
Hazearue ucmoynuka. Jlanee opopmiIeHre st MOHOrpadum: TOPO, aHIIOSA3BIYHOE Ha3BaHHUE W3/IATeIbCTBA, TOJI, KOJIHYe-
CTBO CTPaHUIL; JUTsl XKYpHaa: Toj, Homep, ctpanulibl). (In Russian).

Ipumep: Avtor A.A., Avtor B.B., Avtor C.C. Title of article.

TpancnuTepanus aBTOpOB. AHIIOA3BIYHOE HA3BAHUE CTATHU

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.

Tpancrumepayus ucmounuxa = Anenoa3viuHoe Ha3eanue UCMOYHUKA

Monozpagus

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

Yacme Knuzu

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture

in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990, pp.
230-235. (In Russian).

Ilepuoouueckoe uzoanue

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2018, vol. 48, no. 4, pp. 27-35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4.

CHOCKU:

Lutupyemslii TekcT'.

'Knumosa 3.B., Anopeesa O.T., Temnuxosa I'I1. TIyTu cTabUIM3aIiiu KOPMOTIpOU3BoACcTBa 3abaiikanbs // [IpobaeMsr 1
MIEPCTIEKTHBEI COBEPLICHCTBOBAHMS 30HAIBHBIX CHCTEM 3€MJIC/ICIIUS B COBPEMEHHBIX YCIOBHSX: MaTepHajbl Hayd.-TIPaKT.
koH(. (Yuta, 16—17 okts16pst 2008 r.). YUura, 2009. C. 36-39.

Hughposoii uoenmughuxamop Digital Object ldentifier — DOI (xorja OH €CTh y LUTHPYEMOIO MaTepHaa)
HEeoOXOIMMO yKa3bIBaTh B KOHIIE OMOINOrpaduuecKoil CChUIKH.

IIpumep:

Chu T., Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize
(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923.
Hanmuue DOI cratbu ciieyeT npoBepsiTh Ha caiite http://search.crossref.org/ wiu https://www.citethisforme.
com. J[J1st 5TOro Hy’KHO BBECTH B IOUCKOBYIO CTPOKY Ha3BAaHHE CTATHU Ha aHIIIHHCKOM SI3BIKE.

PUCYHKMU, TABJINLbI, CKPUHIHOTHI U ®OTOI'PA®OUN

PucyHk# TOIKHBI OBITH XOPOIIET0 KauecTBa, IPUTOJHbIC Ul NIeYaT. Bce pUCYHKH TOJDKHBI UMETh TIOPUCYHOYHBIE
noarmucy. [1oIprcyHOUHYIO MOAITUCH HEOOXOMUMO TEPEeBECTH Ha aHIIMHCKHN S3bIK. PHCYHKH HyMepyloTcsi apaOCKHMHU
mudpaMu 1o TOPSIKY CIeIOBaHuUs B TeKcTe. ECii prCyHOK B TEKCTE OUH, TO OH He HyMepyeTcs. OTCBUIKM Ha PHCYHKH
odopmitsiroTes cnenyronM oopasom: «Ha puc. 3 ykazaHo, 4to ...» win «YKaszaHo, uTo ... (cM. puc. 3)». [logpucyHouHas

CurGupCKHii BECTHUK CENBCKOXO3HCTBEHHOI Hayku » 2022 « 52 + 4 14]



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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YBAKAEMBIE THO/JITHCYUKH!

IMoanucky Ha xxypHan « CHOMPCKHIA BECTHHUK CEJILCKOXO3SIMCTBEHHOM HayKm
(kKak Ha TOJOBOM KOMIUIEKT, TaK ¥ Ha OTACJIbHBIC HOMEPA)
MOXHO O()OPMUTH OJTHUM U3 CIEAYIOUINX CIIOCOOOB:

— Ha caiite [loura Poccun. 3aiitu B paznen «OnnailiH-cepBUCHI», 3aTeM — «llognucarbes Ha
raszery win xypHamn». [lognucuoit unaexc uzganus [IM401;

— B arenrctBe noamuckun 'K «VYpan-Ilpecc» mno wunnexkcy 46808. Ccpuika Ha wu3gaHUe
http://ural-press.ru/catalog/97210/8656935/?sphrase 1d=319094. B pa3nene KOHTaKThI 3alTH
1o ccwike http://ural-press.ru/contact/, rae MOXXHO BBIOpaTh (pUITHAI IO MECTY KUTEIBCTBA;

— B penakimu xypHana (tenedon 7-383-348-37-62; e-mail: sibvestnik@sfsca.ru).

ITonHOTEKCTOBAS BEpcus XKypHala
«Cubupckuii BECTHUK CETCKOX03HCTBEHHOM HAYKI»
pa3mMereHa Ha caiite HaydHoi amekTpoHHO# OMOIHOTeKH:
http://www.elibrary.ru.
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