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K 300-JIETHIO POCCHHCKOH AKAEMHUU HAVK

CELEBRATING THE 300TH ANNIVERSARY
OF THE RUSSIAN ACADEMY OF SCIENCES

https://doi.org/10.26898/0370-8799-2024-6-1 Tum crareu: 0030pHas
YJIK: 631.5(091):631.58 Type of article: review

Hay4ynble nocTu:xenns B 3emuieneaun CuOupu u ux pazBurue

xXD)Kamnukun B.K.!, Ycenxo B.1.2, Maaora A.A.!

'Cubupcruii ghedepanvhvlii HayuHblil yenmp azpodbuomexnonocuil Poccutickou akademuu nayx
HoBocubupckast oo6macts, p.im. Kpacnoobck, Poccus

2@edepanvubiii Anmatickuil HayYHblll YeHmp a2poouomexHoLo2uil

Anraiickuii kpail, bapuayn, noc. Hayunsrit roposox, Poccust
(XDe-mail: vk.kalichkin@gmail.com

Jan ucropryecknii 0030p CTaHOBIICHUSI M Pa3BUTHs Hay4yHOTro 3emuenenus B Cubupu. OTMeueHb
OCHOBHBIE JIOCTKEHHSI BELYIIMX HAyYHO-HUCCIIEIOBATENIbCKUX HHCTUTYTOB peruona. Ilokasan Bkiaz cu-
OMPCKUX YYEHBIX B Pa3BUTHE HAYYHOTO 3eMJICETIHS, B TOM YHCIIE €r0 COCTaBHBIX HampasieHuil. [Ipen-
ctasieHo nmoutu 100-neTHee pa3BUTHE MCCIEOBAaHUH 110 3eMiIe/IeNTnio — OT OMCKOTo OMBITHOTO XyTOpa
(XIX B.), CEMBCKOXO3SIMCTBEHHBIX OIBITHBIX CTAHIUI — 710 COBPEMEHHBIX (peAepaIbHbIX HAyYHbIX LICHT-
poB. IIporeMOHCTpUpOBaHa 3BOMOLMS 3EMIIEIENHS OT OTAENIBHBIX IPUEMOB 110 BO3/IEIIBIBAHHIO CEJIBCKO-
XO3SHUCTBEHHBIX KYJIBTYP 0 (POPMHUPOBAHHS 30HANBHBIX, a 3aTE€M aJalTUBHO-TAH A THBIX CHCTEM 3eM-
JIeAeNUsl ¥ COBPEMEHHBIX arpoTexHoorui. [IpuBenens! mpuMepbl 3aKOHYEHHBIX HAYYHBIX pa3paboToK
T10 3€MJIEJIEITUIO, TOTOBBIX K BHEAPEHHUIO B TIPOU3BOJICTBO, KOJTMYECTBO KOTOPBIX MCUHCIIAETCS ThICTIaMHU.
BHenpenne HayKOeMKHX arpOTEXHOJIOTHI TapaHTHPYET JOBeJeHHEe 00BbEMOB MPOM3BO/CTBA 3epHa B Cu-
Oupu 110 25-30 MIIH T, yCTOHYMBOE pa3BUTHE 3eMIIC/IENHS, CTAOMIbHOE 0OeCIIeueHHE IPOIOBOIbCTBUEM
U BBICOKYIO OKYIIaéMOCTb HEBO300HOBIISIEMBIX pecypcoB. [lokazaHa 3BOIFOLMS 3aLUTHI PACTEHUH OT OT-
JeTBHBIX TPUEMOB IIPOTUB HAaNOO0JIee OMACHBIX BPEHBIX OPraHM3MOB JI0 (POPMUPOBAHNS HHTETPUPOBAH-
HBIX CHCTEM, YUUTBIBAIOUIMX (PUTOCAHUTAPHOE COCTOSIHUE arpoOLEHO30B U arpOdKOJIOHUECKHE YCIIOBUS
BO3/IEITBIBAHNS CEITHCKOXO3SMCTBEHHBIX KyIbTYp. Harbonee BaKHBIMI IPHEMaMH 151 OTITUMU3AINHN B3a-
HMMOOTHOUICHUH MEK/TY KYJBTYPOH U BPEIHBIMU OPTaHU3MaMH SIBJISIIOTCS TOAOODP YCTOHYMBBIX K MX BO3-
JEHUCTBUIO BUIOB M COPTOB PACTEHUH, ONTUMHU3ALIUSI MUHEPAIBHOTO TUTAHMSI PACTCHUI M CPOKOB CEBa.
B Hacrosiee BpeMsi pa3BUTHE HAYYHOTO 3€MIIENIENUS CBS3aHO C MPOEKTUPOBAHUEM a/IalITUBHO-JIAH]I-
ma@THBIX CUCTEM 3eMJICACIHS, BHIOOPOM H TTOJJICPIKKOM arpoTEeXHOIOTHH, PAIIMOHAIBHBIM HCTIOb30Ba-
HHEM 3eMENbHBIX PECYPCOB, COBEPILLICHCTBOBAHUEM IOIX00B K COXPAHEHHIO U BOCIPOU3BOICTBY MOY-
BEHHOTO TIJIOOPOINS, CHCTEM 00pabOTKM MOYBHI, yIOOPEHHH M WHTEIPUPOBAHHOW 3aIIUTHI PACTEHUH,
(hopMHUpOBaHUEM aJaNTUBHBIX CEBOOOOPOTOB, MCCIIENOBAHUEM TEXHOJIOTMYECKHX M OHMOJIOTHYECKHX
IIPOLIECCOB IIPU BO3/IEJIBIBAHUM CEJIBCKOXO3SHCTBEHHBIX KYJIBTYp, Hcnonab3oBanueM [ C-texHonorui,
JMICTAaHIIMOHHOTO 30HJMPOBAHMS M HCKYCCTBEHHOTO MHTEJUIEKTA /ISl OPTaHHM3ALUH PAllHOHAIBLHOTO
yNpaBJIeHUs TPOTYKTUBHOCTBIO TIOCEBOB CEIbCKOXO3HCTBEHHBIX KYJBTYP.

Ki1roueBble ci10Ba: cucTeMbl 3eMIIEAEIHs, CEBOOOOPOTHI, 00pabOTKa MOUBKI, yI0OpEeHuUs, II00-
poIue 1MoYB, arpOTeXHOJIOTHH, 3aIIUTa PACTEHUI

Scientific achievements in Siberian agriculture and their development

() Kalichkin V.K.!, Usenko V.L.2, Malyuga A.A."

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

*Federal Altai Scientific Center of Agrobiotechnologies

Nauchny Gorodok, Barnaul, Altai Territory, Russia

(<De-mail: vk.kalichkin@gmail.com

A historical review of the formation and development of scientific farming in Siberia is given. The
main achievements of the leading research institutes of the region are highlighted. The contribution
of Siberian scientists to the development of scientific farming, including its constituent directions, is
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Scientific achievements in Siberian agriculture and their development

Kalichkin V.K., Usenko V.I., Malyuga A.A.

shown. It presents almost 100 years of development of research on agriculture - from the Omsk exper-
imental farm (XIX century), agricultural experimental stations - to modern federal scientific centers.
The evolution of farming from individual crop cultivation techniques to the formation of zonal and
then adaptive-landscape farming systems and modern agro-technologies is demonstrated. Examples
of completed scientific developments on farming, ready for implementation in production, the number
of which runs into thousands, are given. Implementation of knowledge-intensive agro-technologies
guarantees grain production in Siberia up to 25-30 million tons, sustainable development of farming,
stable food supply and high return on non-renewable resources. The evolution of plant protection
from individual methods against the most dangerous pests to the formation of integrated systems that
take into account the phytosanitary state of agrocenoses and agro-ecological conditions of agricultural
crops cultivation is shown. The most important techniques to optimize the relationship between the
crop and pests are the selection of plant species and varieties resistant to their effects, optimization of
mineral nutrition of plants and sowing dates. At present, the development of scientific farming is asso-
ciated with the design of adaptive-landscape farming systems, selection and support of agro-technolo-
gies, rational use of land resources, improvement of approaches to the conservation and reproduction
of soil fertility, soil treatment systems, fertilizers and integrated plant protection, formation of adaptive
crop rotations, research of technological and biological processes in the cultivation of crops, use of

GIS-technologies, remote sensing, and the use of remote sensing.
Keywords: farming systems, crop rotations, tillage, fertilizers, soil fertility, agro-technologies,

plant protection
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The earliest center of arable farming in Si-
beria appeared in the Upper Ob River area in
the middle of the Ist millennium A.D. (traces
of farming in this area can be dated back to the
Bronze Age). Single-bladed coulters were used
as tools. By the end of the first millennium A.D.,
despite the arrival of Turkic-speaking tribes to
the Upper Ob River area and the change of ma-
terial culture, arable farming with land tillage
remained the main one here throughout the se-
cond millennium A.D. Another center of arable
farming was formed in the Tobolsk Irtysh Riv-
er area only in the 12th—14th centuries and was
associated with the arrival of significant groups
of population from the western piedmont of the
Ural Mountains, who brought with them a set
of crops to be sown, traditional tools of cultiva-
tion and crop processing [1]. The development

of the southern taiga areas of Siberia by pea-
sants-settlers from the European part of Russia
with the use of centuries-old agricultural expe-
rience began in the late 16th century.

The development of new spaces caused the
need to study the natural conditions and adapt
old skills to them. This was carried out using
peasant “experiments”, which included identifi-
cation of suitable land for cultivation of crops,
trial sowing, development of rules of plant cul-
tivation, which the "Sibirsky prikaz" (Depart-
ment of Siberian Affairs) passed on to the popu-
lation. Rye and oats were the most widespread,
barley and wheat were also cultivated in small
areas.

By the beginning of the agricultural devel-
opment of Siberia in the European part of the
country, the fallow farming system prevailed
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HaquLIe JOCTHXKCHHA B 3E€MIICICIINH CI/I6I/IpI/I 1 UX pasBUTHUC

Kamnukun B.K., Ycenko B.1., Mamiora A A.

in the form of three-field farming with the pre-
servation of shifting cultivation in some cases.
European settlers sought in the southern taiga
and forest-steppe zones to do without clearing
the forest for arable land and developed light-
ed areas — glades. Wood clearing was used to
expand the arable land that was introduced in
three-field rotation system. Quickly occurring
soil impoverishment forced to allocate fields for
layland and fallow soil. Purely fallow and fal-
low-lealand farms prevailed until the twentieth
century, although already in the late 17th—early
18th century some farms began to use manure
fallow on “near-settlement” lands. However, in
general, in Siberia fallow (two-field and three-
field) and fallow-lealand systems were unma-
nured, and manure fallow was considered “not
a tradition” for a Siberian farmer [2].

The agricultural development of Siberia,
based on the transfer of empirical experience
of peasants of different soil-climatic regions
of European Russia and its adaptation to new
conditions, lasted a century and a half, before
the emergence of Russian scientific farming.
At the origins of agricultural Siberian science,
as in other regions of Russia, were the clas-
sics of agronomy A.T. Bolotov, .M. Komov,
S.M. Usov, A.V. Sovetov, I.A. Stebut, V.V. Do-
kuchaev, P.A. Kostychev, D.I. Mendeleev,
A.S. Ermolov.

Scientific experimental work in Russia began
in 1821 with the creation of Moscow Butyrsky
khutor. The Omsk experimental khutor under
the jurisdiction of the Siberian Linear Cossack
Army was established in Siberia by the agrono-
mists M.G. Pavlov, O. Obukhov, P. Scherbakov
in 1828 by the order of the General I.A. Veli-
aminov, which served as the beginning of ag-
ricultural science in Siberia. 20 dessiatinas of
land were allocated for the khutor and a school
for 10 teenagers, children of Cossacks, was or-
ganized. The connection with European agricul-
tural science was carried out by Moscow pro-
fessor M.G. Pavlov. On the fields of the experi-
mental khutor it was proposed to introduce two
farming systems: fallow three-field and crop
rotation six-field. They studied the methods of
soil cultivation, other methods of agrotechnics

of cultivation of field crops, tested and mastered
new machines and implements. During the same
period, experimental khutors were created in
Verkhneudinsk, Semipalatinsk and Kamchatka.

Omsk experimental khutor was reorganized
into hetman khutor, and in 1853 into Omsk ex-
perimental field of local control. In 1923 it was
united with the West Siberian breeding station
named after N.L. Skalozubov (organized at
the head of Petrograd professor V.V. Talanov)
with the creation of the department of agricul-
ture under the leadership of V.A. Fedorovsky.
In 1931, the station was reformed into a zonal
grain experimental station, transformed in 1933
into the Siberian Research Institute of Grain
Farming (SibNIIZKh), which in 1956 became
the Siberian Research Institute of Agriculture
(SibNIISKh). In 1970, SibNIISKh became a
part of the Siberian Branch of VASKHNIL. The
Institute played the role of the leading center
of Siberian scientific farming until 1980. The
first director of the Institute was S.G. Alekseev.
In subsequent years, the Institute was headed
by L.I. Skorospeshkin, N.V. Tsitsin, P.G. Pop-
ov, I.L. Kozlov, A.Il. Potashov, G.Y. Petren-
ko, G.P. Vysokos, A.T. Belozerov, 1.V Zezin,
S.S. Sdobnikov, P.I. Khlebov, N.Z. Milas-
hchenko, V.A. Domrachev, I.F. Khramtsov,
V.S. Boyko. In 2018, the Institute was trans-
formed into the Omsk Agrarian Scientific Cen-
ter (Omsk ASC) by reorganization of the Siberi-
an Research Institute of Agriculture in the form
of a merger of the All-Russian Research Insti-
tute of Brucellosis and Tuberculosis of Animals
and the Siberian Research Institute of Poultry
Farming. Director — M.S. Chekusov.

Famous scientists who influenced the de-
velopment of Siberian agriculture worked
and are working in SibNIISKh: A.N. Kashta-
nov, N.Z. Milashchenko, G.P. Gamzikov,
[.F. Khramtsov, A.E. Kochergin, N.V. Or-
lovsky, N.D. Gradoboev, A.l. Shevlyagin,
V.A. Yuferov, O.T. Ermolaev, A.F. Neklyudov,
S.S. Sdobnikov, O.V. Sdobnikova, V.M. Zerfus,
O.1. Gamzikova, P.S. Denisov, V.G. Kholmov,
P.F. Ionin, V.N. Slesarev, M.E. Cherepanov,
Y.B. Moschenko, V.F. Gof, N.G. Ryzhkov,
L.V. Berezin, A.N. Silantiev, V.I. Dmitriev,
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V.A. Sinyavsky, L.V. Yushkevich, V.S. Boyko
et al. Their research covered practically all the
most important and priority areas of farming
and agrochemistry and served as a basis for
intensification of farming and development of
modern resource-saving agro-technologies in
the southern forest-steppe and steppe, improve-
ment of soil-protective farming in dry-steppe
areas, intensification of irrigated farming, jus-
tification of fertilizer systems for the planned
yield in non-chernozem and chernozem zones.

In the field of agrochemistry a special place
is occupied by the works of a prominent sci-
entist-agrochemist A.E. Kochergin. During his
work at the Institute, he developed diagnostic
methods and scales of plant nitrogen nutrition
to improve the efficiency of mineral fertili-
zers. This direction was further developed in
the works of G.P. Gamzikov and his students,
which investigated the qualitative and quantita-
tive characteristics of the nitrogen fund of the
main automorphous and semi-hydromorphous
soils of different natural zones of the region,
as well as the modes of mobile nitrogen com-
pounds in them, and the effective use of ni-
trogen fertilizers [3, 4]. The developments of
many other researchers were highly apprecia-
ted: I.F. Khramtsov — in scientific substantiation
of fertilizer system and soil fertility reproduc-
tion in field crop rotations in the forest-steppe;
V.G. Kholmov, Y.B. Moschenko, L.V. Yushkev-
ich, V.L. Ershov, B.S. Koshelev — in solving the
problems of intensification of farming on cher-
nozems of steppe and forest-steppe; A.F. Nek-
lyudov — in the scientific basis of field crop ro-
tations; M.E. Cherepanov — in snow ameliora-
tion in soil-protective farming; P.F. Ionin — in
substantiation of effective complex measures
of weed control at intensification of farming;
V.F. Gof and V.S. Boyko — in intensification of
irrigated lands use.

V.A. Sinyavsky conducted research on the
justification of fertilizer systems for the planned
yield in the non-chernozem zone, L.V. Bere-
zin — on the theoretical justification of chemical

amelioration of solonetz soils in the region [5,
6]. These and other studies on farming and re-
lated areas of agrarian science are summarized
in the monograph [7].

The following scientists: V.S. Boyko,
A.Y. Timokhin, E.V. Tukmacheva, E.N. Le-
dovsky, L.V. Yushkevich, N.F. Balabanova,
N.N. Shuliko, E.V. Kubasova, N.A. Voronkova,
V.V. Mikhailov and other scientists are condu-
cting research on the development of new ge-
neration farming systems and agro-technologies
for cereals, legumes and oilseeds, regulations
for the integrated use of mineral fertilizers and
biopreparations, systems of integrated crop pro-
tection from harmful objects, regional technolo-
gies of fodder production, formation of techno-
logical policy in agriculture of the region.

T.S. Maltsev made a significant contribution
to the development of Siberian agriculture. His
creative heritage is very extensive: from phil-
osophical views on the “law of decreasing soil
fertility” to specific agrotechnical methods of
increasing the yield of the main “bread” crop of
Siberia — spring wheat. Terenty Semenovich, in
our opinion, anticipated the development of sys-
tem approach in solving the problems of agron-
omy, which has developed significantly only in
the last decade. “Maltsev farming system” in-
cluded a number of fundamental assumptions,
complex (in the system) implementation of
which solved the problems of increasing crop
yields and stabilization of soil fertility. These
include the introduction of short-rotation crop
rotations and the importance of clean fallows in
increasing the yields and sustainability of farm-
ing, the role of annual crops in increasing the
effective soil fertility, minimization of tillage
for annual crops in the crop rotation, the ratio of
spring wheat varieties with different vegetation
period, sowing dates of cereal crops, etc. [8].
As noted by A.N. Kashtanov at the All-Russian
scientific-practical conference dedicated to the
100th anniversary of Terenty Semenovitch's
birth, “...more than one generation of Siberian
agronomists and masters of high yields grew up
on the ideas of T.S. Maltsev...”".

'Kashtanov A.N. Significance of the works of T.S. Maltsev in modern farming // 100 years of T.S. Maltsev: scientific heritage of
T.S. Maltsev and actual problems of modern agronomy: materials of the All-Russian scientific-practical conference, dedicated to the
100th anniversary of the birth of honorary academician Terenty Semenovich Maltsev. Novosibirsk, 1995, pp. 8-14.
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The history of agricultural science in Altai be-
gan with an experimental field established near
Barnaul in 1897, which received official status
and relative stability only in 1921 in accordance
with the decision of the Altai provincial land
department to establish the Sukhologovsky ex-
perimental field and assign it a land plot of 1500
hectares. In 1926 it was transformed into Altai
regional experimental field, in 1929 into Altai
regional agricultural experimental station, in
1937 into Barnaul state breeding station. On its
basis in 1950 the Altai Zonal Research Institute
of Agriculture and Livestock was established, in
1956 it was transformed into the Altai Research
Institute of Agriculture (ANIISKh). In 2006,
the Kulunda Agricultural Experimental Station
(AES) was incorporated into the Institute. The
first director of the Institute was V.N. Fesik. In
subsequent years, the Institute was headed by
G.G. Vorkachev, G.A. Nalivaiko, A.N. Kashta-
nov, PI. Khlebov, N.V. Yashutin, A.G. Ten,
G.P. Gamazikov, V.V. Yakovlev, A.A. Garku-
sha. In 2016, the Federal Altai Scientific Center
for Agrobiotechnology (FASCA) was formed
by reorganizing the Altai Research Institute of
Agriculture in the form of a merger with the
M.A. Lisavenko Research Institute of Horticul-
ture of Siberia, Siberian Research Institute of
Cheesemaking, All-Russian Research Institute
of Antler Reindeer Breeding, Altai Research
Institute of Animal Husbandry and Veterinary
Medicine and Gorno-Altaisk Research Institute
of Agriculture. Director - A.A. Garkusha.

Famous scientists who influenced the de-
velopment of Siberian agriculture worked and
are working in the ANIISKh: G.A. Nalivaiko,
A.N. Kashtanov, G.P. Gamzikov, A.G. Turbin,
V.G. Tkachenko, N.V. Yashutin, V.V. Yakov-
lev, V.V. Volnov, V.P. Oleshko, G.Y. Stetsov,
V.I. Usenko, P.R. Schott, P.G. Alinovsky,
V.G. Antonov, V.I. Bespamyatny, A.A. Garku-
sha, A.Ya. Zhezher, L.V. Zhezher, V.M. Lash-
kin, .M. Maltsev, M.I. Maltsev, V.Ya. Me-

telev, G.T. Rudenko, R.D. Rusinova, G.G. Sa-
dovnikov, V.I. Stolyarov, F.P. Shevchenko et al.

With the beginning of the development
of virgin and fallow lands, the Institute staff
members G.G. Vorkachev, F.S. Boyarintsev,
M.M. Gorobchenko, Yu.A. Zakis, V.P. Zolotun,
M.A. Kuzmina, A.P. Kurtesov and others, to-
gether with specialists from other institutions,
were actively involved in the work on scientific
support for the development of virgin and fal-
low lands. In the field of farming, they faced
the tasks of increasing grain production, survey-
ing the territory of the region for plowing, land
management of virgin farms, selection of till-
age and crop cultivation technologies, training
of personnel, etc. By 1960 the scientists of the
Institute developed the project of the System of
farming by zones of the Altai Territory on the
lessons of virgin lands*?.

G.A. Nalivaiko, A.B. Mishin, V.R. Chupra-
kova, M.N. Shumilova and other scientists were
the initiators and among the first in the country
to develop the row crop farming system, the ba-
sis of which were crop rotations with their high
saturation with corn and horse beans [9].

The Institute under the leadership of
AN. Kashtanov was one of the first in the
USSR to develop the basics of contour recla-
mation farming and land management, allowing
to fully protect the soil from erosion, to make
fuller use of atmospheric precipitation, to in-
troduce lands with high relief dissection into
arable farming. The system is based on dissec-
tion of erodible lands at an angle to the relief
horizontals by linear boundaries of the first and
second order. Development of the elements of
this system in the experimental production farm
named after V.V. Dokuchaev and in other farms
provided a 4-fold decrease in water erosion of
soil, 1.5-2.0-fold increase in grain harvesting
[10, 11].

An important stage in the scientific sup-
port of farming in the Altai Territory was the

*Garkusha A.A., Nikitina E.D. Altai Research Institute of Agriculture - 65 years: historical aspects, current status, development
prospects // Actual issues of the agricultural sector of Siberia: results and prospects (to the 65th anniversary of the Altai Research
Institute of Agriculture): a collection of scientific papers AItNIISKh. Barnaul: Concept, 2015, pp. 3-35.

3Sukhoverkova V.E., Merkulova S.I. History of ANIISKhoz: about those who worked on the virgin lands // Current state and
prospects of development of agriculture and crop production (to the 60th anniversary of the virgin lands): a collection of scientific

papers AIINIISKh. Barnaul: Azbuka, 2014, pp. 33-54.
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zonal farming systems, in the development of
which the ANIISKh and the Kulunda Agricul-
tural Experimental Station staff A.N. Kashta-
nov, N.V. Yashutin, V.Ya. Metelev, L.A. Ageen-
ko, P.G. Alinovsky, V.G. Antonov, M.I. Anto-
novich, V.I. Stolyarov and others took part.
Improvement of the farming systems of the
Altai Territory on the adaptive-landscape basis
was reflected in the works of G.P. Gamzikov,
V.V. Yakovlev, V. P. Oleshko, A. A. Garkusha,
V.E. Sukhoverkova, V. M. Lashkin, V. V. Vo-
Inov, M. 1. Maltsev, V.N. Mukhin, A.A. Kashta-
nov and others.

Differentiation of crop production, the emer-
gence of new crops and modern varieties for the
Altai Territory necessitated the development
of agro-technologies for local conditions. Both
agricultural scientists, agrochemists and plant
protection specialists, as well as plant breed-
ers and economists were involved in carrying
out the studies (V.V. Yakovlev, A.A. Garkusha,
V.A. Aparin, N.I. Vasyakin, A.A. Kashtanov,
S.S. Kirillov, L.I. Kostrova, V.I. Kravchenko,
B.I. Krivogornitsyn, P.A. Litvintsev, T.A. Lit-
vintseva, N.I. Likhachev, A.M. Mitsurin,
T.I. Moskvitina, V.A. Ovsyannikov, V.P. Olesh-
ko, V.T. Polyakov, V.I. Ryabtsev, G.Ya. Stetsov,
V.I. Stolyarov, V.I. Usenko, S.V. Usenko,
N.I. Shakhov, P.R. Schott, V.I. Yanchenko, and
others). [12].

To date, the Altai NIISKh (Barnaul) and the
Kulunda AES (Klyuchi settlement) have pre-
served long-term multifactorial stationary field
experiments, in which several generations of
scientists (A.A. Garkusha, E.G. Deryanova,
L.S. Dolmatova, V.I. Kravchenko, T.A. Lit-
vintseva, S.A. Peshkov, D.V. Purgin, G.G. Sa-
dovnikov, N.N. Sadovnikova, D.G. Salov,
G.Ya. Stetsov, V.I. Usenko, L.A. Fedchenko,
A.A. Shcherbakova, and others) continue stud-
ies of modern crop rotations, including those
with different saturation of new crops, tillage
systems, involving direct sowing of crops with-
out tillage, traditional and promising types of
fertilizers and growth regulators and methods
of their application, as well as modern chemical
and biological means of plant protection from
pests.

The establishment of the Siberian Research
Institute of Chemicalization of Agriculture (Sib-
NIIHim) on the basis of the plant protection sta-
tion of VIZR in 1969 became an important stage
of further development of scientific research on
agriculture and development of practical rec-
ommendations for production. In 1980, the In-
stitute was renamed into the Siberian Research
Institute of Agriculture and Chemicalization of
Agriculture (“SibNIIZKhim”). In 2014 it was
renamed into SibNIIZKh. In 2016, SibNIIZKh
became a structural subdivision of the Siberi-
an Federal Scientific Centre of Agro-BioTech-
nologies of the Russian Academy of Sciences
(SFSCA RAS).

The institute was organized by Irakli
Ivanovich Sinyagin, Vice-President of VASKH-
NIL and Chairman of the Siberian Branch of
VASKHNIL. The first Director of SibNIIKhim
was O.A. Ivanov, Director of the plant protec-
tion station of VIZR, on the basis of which the
Institute was established. In subsequent years,
the Institute was headed by E.L. Klimashevskii,
V.V. Guliy, D.A. Altunin. For a long time
SibNIIIZKhim was headed by V.I. Kiry-
ushin. From 1989 to 2016, its director was
A.N. Vlasenko.

The beginning of research in the Institute on
the problems of chemicalization of Siberian ag-
riculture is associated with the name of L.I. Siny-
agin. Experiments with fertilizers were laid, the
results of which were summarized by I.I. Siny-
agin in co-authorship with N.Ya. Kuznetsov and
a monograph on the effective use of fertilizers
in Siberia was published [13]. Since 1980 under
the leadership of V.I. Kiryushin fundamental
approaches to the formation of farming systems
in Siberia have been developed. The results of
these studies were summarized in zonal farm-
ing systems of the Novosibirsk region, which
played a major role in clarifying the specializa-
tion of agricultural production, determining the
structure of the cultivated areas and crop rota-
tions, differentiating the systems of soil tillage
and fertilizers for grain crops and plant protec-
tion in accordance with soil and climatic natural
zones.
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Significant contribution to the optimization of
the structure of agricultural land use and crop ro-
tations was made by V.I. Kiryushin, V.I. Ovsyan-
nikov, V.K. Kalichkin, G.M. Zakharov,
Yu.P. Filimonov, N.L. Romanova. Research on
soil tillage was largely influenced by the works
of T.S. Maltsev and A.I. Baraev and was aimed
at optimizing agroecological properties of soils
and the possibility of reducing energy inputs by
minimizing tillage. The works of V.I. Kiryush-
in, A.N. Vlasenko, V.K. Kalichkin, V.E. Sine-
shchekov, L.N. Iodko, Y.P. Filimonov made a
great contribution to solving these problems. It
was shown that on the territory of the northern
forest-steppe and subtaiga the main type of cul-
tivation should be multi-depth plowing; in the
southern forest-steppe and steppe on a signifi-
cant part of the area - cultivation without bed
turnover. For the forest-steppe zone as a whole,
the ratio of plowing and no-tillage depends on
the level of intensification of farming. On the in-
tensive background the need for layer turnover
decreases and plowing is obligatory only in case
of technological necessity (grass layer cutting,
fields clogged with perennial weeds, etc.). [14].

One of the important areas of research is
the development of fertilizer systems and soil
fertility reproduction, which were carried
out under the guidance of .M. Burdenkov,
N.Y. Kuznetsov, A.A. Lamanov, L.N. Salmin,
A.Y. Zhezher, L.P. Antipina, Y.I. Berkhin,
AL Yuzhakov, M.I. Mostovoy, V.I. Usenko, and
I.N. Sharkov. The methods of soil, tissue and
leaf diagnostics of mineral nutrition of wheat
with nitrogen were developed for Siberian con-
ditions, gradations of soil phosphorus availabil-
ity were specified and methods of optimization
of mineral nutrition of plants were proposed
[15]. Methodological and methodical bases for
determining the doses of mineral fertilizers that
provide the maximum yield and the highest in-
come were developed by A.l. Yuzhakov.

N.V. Semendyaeva and N.I. Dobrotvorskaya
summarized the results of long-term field stud-
ies on chemical amelioration of dark alkaline
soils in the forest-steppe zone of Western Sibe-
ria. The optimal doses of chemical ameliorants
on low-, medium- and high-sodium dark alka-

line soils are substantiated. The expediency of
calculation of ameliorant doses according to the
Gedroitz method and the possibility of doses re-
duction in fodder crop rotations are proved. The
methods of ameliorants application are studied.
Phosphogypsum, a waste product of superphos-
phate production, is characterized and ecolog-
ical aspects of its application are considered
[16].

V.K. Kalichkin, I.N. Minina, E.D. Kondrati-
eva established that for more accurate diagno-
sis of liming of acid soils it is necessary to take
into account the nature of acidity, aluminum
and manganese content, as well as the degree
of saturation of soils with bases. The meliorant
doses are changed taking into account the gran-
ulometric composition of the soils, application
of fertilizers and cultivated crops. Agrotech-
nical amelioration of acidic soils consists in
application of deep no-tillage constantly or in
alternation with shallow plowing against the
background of chemical weeding of crops and
application of fertilizers [17]. LN. Sharkov
developed a comprehensive approach to the
reproduction of organic matter in the soils of
agrocenoses, determined the extent of organic
matter mineralization of the main zonal soils of
Western Siberia [18]. V.I. Usenko, M.I. Mostov,
V.1. Chukanov, V.K. Kalichkin studied the com-
position, properties and efficiency of the use
of the main types of organic fertilizers (cattle
manure, bedding and non-bedding, poultry ma-
nure, pig manure, peat, sapropel, composts and
vermicomposts, sewage sludge, etc.) and devel-
oped the scientific basis for their rational use on
chernozem soils of Western Siberia [19].

From 1986 to 1990, the country launched a
campaign of intensification of grain production,
and scientific institutions of the region devel-
oped the necessary recommendations. Thanks
to the development of intensive technologies,
the average yield in the region increased by 0.4—
0.6 t/ha. The perception of possible productivity
of grain crops has changed. A number of farms
obtained wheat yields of more than 3.0 t/ha.
In scientific and demonstration experiments
of Y.P. Filimonov, V.N. Shoba, V.M. Novikov,
K.G. Alimov, T.I. Bushmeleva, winter rye yields
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reached 5.0 t/ha, spring wheat — 6.5, barley —
5.0 t/ha. The development of zonal farming
systems has played a certain role in increasing
the efficiency of farming in Siberia. In particu-
lar, grain crop yields in the Novosibirsk Region
increased from 1.0 t/ha in 1983 to 1.52 t/ha in
1987. Under the leadership of N.G. Vlasenko
the research on cultivation of grain crops by
No-Till technology was carried out. The results
were obtained, indicating that this technology is
promising for use on the fields of Siberia [20].

Improvement of zonal farming systems was
completed by the development of adaptive-land-
scape farming systems in the Novosibirsk re-
gion. They implement a system of land use of
a certain agro-ecological group, focused on the
production of products of economically and en-
vironmentally determined quantity and quality,
in accordance with social needs, natural and
production resources, ensuring the sustainabili-
ty of the agro-landscape and the reproduction of
soil fertility [21]. In 2002, this work was recog-
nized by the Presidium of Rosselkhozakademy
as the best completed development of the year.
A great achievement in terms of development
and implementation of new generation farming
systems and agro-technologies was the method-
ological manual prepared under the editorship
of V.I. Kiryushin and A.L. Ivanov, co-authors
of this work were the scientists of the Institute
A.N. Vlasenko, N.G. Vlasenko, V.K. Kalichkin,
A.L. Yuzhakov [22].

In 20022005 a team of creative scientists:
A.N. Vlasenko, V.K. Kalichkin, A.I. Yuzhakov,
N.I. Dobrotvorskaya, L.N. lodko, A.Il. Pav-
lova (SibNIIZIKh); V.V. Alt, O.F. Savchenko,
L.A. Kolpakova, T.N. Bobrova, S.K. Kras-
nousova (Siberia Physical and Engineering
Institute of Agrarian Issues); A.S. Tarasov,
T.M. Boyko, V.V. Vasin (North-Kulunda ES);
V.A. Seredovich, V.A. Kalyuzhin, O.A. Mich-
kova (Siberian State University of Geosystems
and Technologies) developed a geoinformation
system for designing and maintaining an adap-
tive-landscape farming system (ALFS). The
ALFS computer model became the basis for the
creation of an automated workstation (AWS)
for a land surveyor-designer and an agrono-

mist-technologist [23, 24]. This product under
the name “Automated workplace of an agron-
omist-land surveyor” in a form of a training
program was distributed by the Siberia Physical
and Engineering Institute of Agrarian Issues in
the universities of Siberia.

Currently, a group of young scientists
(V.S. Riksen, K.Y. Maksimovich, L.V. Garafut-
dinova, T.A. Kizimova, R.R. Galimov) in the
SFSCA RAS is conducting research on the cre-
ation of a digital farming management system
(DFMS) in the context of intelligent farming.
The fundamental principles of the organization
of DFMS are the following:

— monitoring of crops and the environment
(in situ, remote sensing);

— formation of farming system archetypes on
the basis of analyzing the results of long-term
field experiments;

— spatial object modeling and land typifica-
tion using GIS;

— planning and support of agro-technologies
for adaptation to natural and economic condi-
tions, etc. [25].

Scientists of the Krasnoyarsk Research In-
stitute of Agriculture (Yu.F. Yedimeichev,
A.M. Berzin, V.V. Lisunov, V.N. Romanov,
PI. Krupkin, A.A. Shpedt, Yu.N. Trubnikov,
A.V. Bobrovsky, et al.) have proposed scien-
tifically substantiated adaptive crop rotations
providing high yields of grain and forage crops.
Zonal resource-saving systems of basic tillage
in crop rotations for the conditions of Eastern
Siberia have been developed. Much work has
been done to identify the effectiveness and ra-
tional use of fertilizers [26].

Scientists of the Research Institute of Agrari-
an Problems of Khakassia (E.Ya. Chebochakov,
M.V. Fomin, T.I. Bushmeleva, O.A. Ivanov),
the Irkutsk Research Institute of Agriculture
(V.T. Maltsev, V.I. Solodun, N.N. Dmitriev,
F.S. Sultanov, M.F. Bychko), the Kemerovo Re-
search Institute of Agriculture (V.A. Kalugin,
V.P. Burenok, L.Z. Kuznetsova, N.A. Lapshi-
nov), the Buryat Research Institute of Agricul-
ture (A.M. Emelyanov, T.P. Lapukhin, L.V. Bu-
dazhapov, A.K. Ulanov, A.A. Altaev, et al.),
Research Institute of Agriculture of the North-
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ern Trans-Urals (P.N. Polishchuk, V.V. Burlaka,
N.F. Perfiliev, E.P. Renev, et al.), Siberian Re-
search Institute of Agriculture and Peat (E.V. Ti-
tova, G.M. Chicherin), Tuvinian Research Insti-
tute of Agriculture (S.S. Sonam, M.M. Dongak,
R.B. Chysyma), Zabaikalsk Research Institute
of Agriculture (G.G. Shashkova, O.G. Andree-
va, D.I. Zavalishin) carried out extensive work
in their regions to improve the scientific basis of
conservation agriculture, resource-saving crop
cultivation technologies, reclamation farming,
fertilizer application systems, integrated plant
protection against pests.

Establishment of plant protection in Siberia
as a science took place in the early twentieth
century and began with the establishment of the
Siberian Entomological Bureau in Omsk at the
end of 1918, and in the middle of 1919 provin-
cial entomological bureaus in Tomsk and Bar-
naul. In 1922 the first Plant Protection Stations
(PPS) were established on their basis. At the
end of 1925 with the formation of the Siberian
Territory as a single administrative entity, the
Siberian Territorial Plant Protection Station was
established in Novonikolaevsk. In 1929, the
All-Union Research Institute of Plant Protection
(VIZR) was organized as part of the VASKh-
NIL. Plant protection stations were re-formed,
some of them were transferred to the subordina-
tion of the All-Union Research Institute of Plant
Protection. Subsequently, the development of
plant protection in Siberia was promoted by the
establishment of scientific institutions on the
basis of already existing experimental stations.

The results of works on plant protection can
be judged by numerous publications in the col-
lections of VIZR, Entomological Society and
other organizations on locusts, meadow moth,
hidden stem pests, plant diseases, prediction of
pest spread, entomo-phytopathological assess-
ment of soil treatment (G. Ya. Bey-Bienko, R.P.
Berezhkova, A.N. Shvetsova, G.M. Vinokuro-
va, A.P. Golubintseva, E.E. Golubintseva).

Further development of plant protection
strategy and tactics in the country and abroad
necessitated the transition from individual
methods of reducing the number and harmful-
ness of pests to a system that integrates a va-

riety of methods into a single set of protective
measures. The possibility of realization of this
task in the Asian part of Russia was greatly
facilitated by the organization of SibNIIKhim
within the Siberian Branch of the VASKHNIL
on the basis of the Novosibirsk station of VIZR,
later transformed into SibNIIZKhim. Research
on plant protection was also conducted in other
research centers of Siberia (SibNIISKh, ANI-
ISKh, NIISKh of the Northern Trans-Urals,
Research Institute of Horticulture of Sibe-
ria named after M.A. Lisavenko, Kemerovo
NIISKh, Krasnoyarsk NIISKh, etc.).

During this time extensive material has been
collected, which allows to form crop protec-
tion systems taking into account phytosanitary
condition of agrocenoses, agroecological con-
ditions of crop cultivation and assortment of
modern biological and chemical preparations.
Justification of ways of ecologization and adap-
tive intensification of farming in the region
and provision of technological solutions to this
problem is given. All this served as a basis for
the development of research on plant protection
in new technological conditions. The works of
scientists on various directions of plant protec-
tion are reflected in numerous methodical re-
commendations, monographs, books and bro-
chures published annually and representing not
only scientific but also practical interest [27].

Research work on plant protection problems
in Siberia was carried out by the scientists of
SibNIIKhim (O.A. Ivanov, V.A. Chulkina,
V.V. Guliy, N.N. Gorbunov, O.A. Nesterova,
M.V. Shternshis, T.V. Teplyakova, L.F. Ashmari-
na, V.A. Korobov, N.G. Vlasenko, A.A. Malyu-
ga), SibNIISKh (N.Z. Milashchenko, P.F. Ionin,
V.G. Doronin), ANIISKh (F.P. Shevchenko,
P.G. Alinovsky, G.Y. Stetsov), NIISKh of North-
ern Trans-Urals (M.F. Sannikova, L.I. Garbar,
Y.B. Shurovenkov), Research Institute of Hor-
ticulture of Siberia named after M.A. Lisaven-
ko (M.A. Prokofiev, L.D. Shamanskaya) and
other researchers of scientific organizations of
the region. They defined the basic principles of
developing agroecosystems optimized for phy-
tosanitary characteristics. It was established
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that the most important techniques to optimize
the relationship between crops and pests are se-
lection of plant species and varieties resistant to
their impact, optimization of mineral nutrition
of plants, sowing terms.

Under the leadership of N.G. Vlasenko and
AN. Vlasenko and with the participation of
O.I. Teplyakova, O.V. Kulagin, P.I. Kudashkin
and other scientists, zonal systems of spring
wheat protection against weeds, diseases and
pests in Western Siberia have been developed.
They are based on a flexible approach to de-
termining the feasibility, strategy and tactics
of protective measures, which allows not only
to increase grain production by 1.5-3.0 times,
but also to reduce environmental risks associa-
ted with the unreasonable use of chemical plant
protection products.

For the first time in Western Siberia A.A. Ma-
lyuga and N.S. Chulikova conducted original
research on the distribution of Colorado pota-
to beetle in the forest-steppe zone, phenotypic
structure of the population and bioecology of
the pest in the plantings of potato varieties of
different ripeness groups, the harmfulness of the
phytophage on each variety is presented. The
possibility of optimizing the phytosanitary con-
dition of potatoes through the use of biological
features of the variety is shown. The system of
crop protection from the phytophage taking into
account varietal characteristics is proposed.

It is necessary to note the successful research
work of the young generation of plant protection
scientists - N.A. Korotkikh, A.A. Slobodchi-
kov, N.S. Chulikova, V.N. Timofeev, G.G. Sa-
dovnikov, N.N. Sadovnikova, L.S. Dolmatova
and many others.

CONCLUSION

During the period of formation of scientif-
ic farming scientists have done a huge amount
of work, which has been widely recognized
not only in Siberia, but also beyond its borders
and found practical application in agricultural
production in the region. The number of com-
pleted scientific developments, ready for im-
plementation in production and implemented,
is counted in thousands. Summarizing the re-

sults of 40-year activity of the Siberian Branch
of epy VASKpNIL, then the Siberian Branch of
the Russian Academy of Agricultural Sciences,
the Chairman of the Department Academician
A.S. Donchenko at the general meeting gave
the following information: 1023 scientific de-
velopments have been completed in the field
of agriculture. The science-intensive agro-tech-
nologies developed by scientists guarantee
grain production in Siberia up to 25-30 million
tons, sustainable development of farming, sta-
ble food supply and high return on renewable
and non-renewable resources. The realization
of these technologies will require broad integra-
tion efforts in all aspects of the agriculture ope-
ration and related sectors of the economy.

At present, the main directions of scientific
activity on farming in Siberia are as follows:

— improvement of approaches to the deve-
lopment of adaptive-landscape farming systems
and new generation agro-technologies;

— development of the methods of rational
utilization of land and agro-climatic resources;

—improvement of the approaches to the orga-
nization of rational soil fertility management;

— research to form highly efficient crop
rotations;

— study of technological and biological pro-
cesses in the cultivation of agricultural crops;

— improvement of soil tillage systems, ferti-
lizer application and integrated plant protection
systems;

— application of GIS-technologies and arti-
ficial intelligence for organization of rational
crop productivity management.
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IIpeacraBieHsl pe3ynbTaThl UCCIEIOBAaHUN, TPOBOAMBIIMXCS C LIENbIO OLIEHKH Pa3BUTHSI CHUCTEM
3emuenenus B [Ipuenuceiickoit CHOMPH 3a AUTENBHBIN IEPUOJ] BPEMEHH Kak 0asnca Jisl BHISIBICHHS
(axTOpOB, ONPENEIIAIOMINX MPOAYKTHBHOCTD CEIbCKOXO3SIHCTBEHHBIX KYJIBTYp, H B KauecTBe HH(POP-
MAaI[MOHHOW OCHOBBI JIJIsl TIPOrHO3a ypokariHocTH K 2030 . B paboTe npuBeneHbl CBEICHNUS, OXBAThI-
Barole 6ojee YeM ABYXCOTIETHUH MepHoj 3eMieienbueckoil mpakTuku B [lpuenuceiickoit Cubupu.
YCTaHOBJIEHO, YTO BO BCE MEPUOJBI CEIBCKOXO3AHCTBEHHOIO IMPOM3BOACTBA, KAXIOMY M3 KOTOPBIX
COOTBETCTBYET OINpelesieHHAsl CUCTEMa 3eMIICAEINS, TPEH I U3MEHEHHsI YPOXKalfHOCTH OBLI MOJIOXKH-
TesbHBIM. Ka)kIplil mocieyomuii mepuos Obl1 Kopode IpeablIyLero, Ipyu 3TOM YPOKaHOCTh Cy-
HIECTBEHHO yBeIUUMBasach. [lepron npuMeHeHs SKCTEHCUBHBIX TEXHOIOTUH B 3eMIICACTHHN JITHIICS
oosee 140 niet. B aT0 Bpems ypoxkaiiHocTh yBenuuuBanack Ha 0,0018 1/ra B roz. [lepuos ncnosib3opa-
HUS OpAMHAPHOHN (MaJIOMHTEHCUBHON) CHCTEMBI 3eMileieNusl Tiposoikaics nmpuMepHo 50 jet. Torna
ypoxkaitHoCcTh moBbIIaiack Ha 0,0204 1/ra B roa. B mepron nHTEHCUPUKAIINA CUCTEMBI 3€MIICIEITHS,
KOTOpBIN 3aHs npuMepHo 30 set, ypokaitHocTh yBenmuuBanack Ha 0,0212 T/ra B Tox 1 [ocTHIIA K
KOHILLy Iepuofa npuMepHo 2,1 1/ra. [lepuoa craHOBIEHUS BBICOKOMHTEHCUBHON CUCTEMBI 3€MIICACIIHS
caMblii KOPOTKUH, XapakTepu3yeTcss HanOojee BHICOKMMHU MOKa3aTeNsIMH POCTa MPOAYKTHBHOCTH —
0,0639 1/ra B roa. [Ipu coxpaHeHNH JAaHHOTO TPEHAA CPEAHsISE MHOTOJIETHSISL yPOKaHHOCTh B 00beMe
3,0-3,5 1/ra OymeT nocTurHyta opueHTUpoBodHO K 2030 1. JIs KaKa0l MOYBEHHO-KIUMATHYCCKON
30HBI LEJIECO00PA3HO UMETh CBOIO OPUTMHAJIBHYIO CUCTEMY 3eMJICNIeIINs, Pa3padOTaHHYIO C yUeTOM
MOYBEHHO-arpOXMMHYECKHX CBONCTB, JIAaHAMA(THBIX ¥ KINMAaTHIECKUX 0COOCHHOCTEHN, OTIIMYAIOILY-
1ocst Oosee yrmyOneHHOH nuddepeHnuanneil THANBUAYaIbHOTO pabouero yyactka. B Hell HOMKHBI
OBITH IPeACTABICHBI HU(POBBIE TEXHOIOTHH C HCIIOIB30BAHUEM COBPEMEHHBIX DJIEKTPOHHBIX CPEJICTB
WHPOpPMaTU3aNH, TeOMH(OOPMALIMOHHBIX CHCTEM, JUCTAHIIMOHHBIX METOJOB M CPEICTB YIPABICHHS
TEXHOJOTUYECKHMH TPOLECCAMHU, a9PO- U KOCMUYECKHX METO/IOB TMATHOCTHKH arpOdKOCHCTEM.

KiroueBble ci10Ba: cucteMa 3eMienenus, ypokaiHOCTh, IU(poBU3aIysl, AMCTAHIUOHHOE 30HA1-
poBanue, [Ipuennceiickas Cuoupb
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The paper presents the results of research conducted to assess the development of farming systems
in the Prienisey Siberia over a long period of time as a basis for identifying factors determining crop
productivity, and as an information basis for forecasting crop yields by 2030. The work provides
information covering more than two hundred years of land practice in the Prienisey Siberia. It was
found that in all the periods of agricultural production, each of which corresponds to a certain farming
system, the trend of yield change was positive. Each successive period was shorter than the previous
one, with yields increasing significantly. The period of extensive technologies application in farming
lasted more than 140 years. At this time, yields increased by 0.0018 t/ha per year. The period of use of
the ordinal (low-intensity) farming system lasted approximately 50 years. The yields then increased
by 0.0204 t/ha per year. During the period of intensification of the farming system, which took about
30 years, the yields increased by 0.0212 t/ha per year and reached about 2.1 t/ha by the end of the
period. The period of formation of high-intensity farming system is the shortest, characterized by the
highest productivity growth rates — 0.0639 t/ha per year. If this trend is maintained, the long-term
average yield of 3.0-3.5 t/ha will be reached approximately by 2030. For each soil-climatic zone it is
advisable to have its own, original farming system, developed taking into account soil-agrochemical
properties, landscape and climatic peculiarities, characterized by more in-depth differentiation of in-
dividual working area. It should present digital technologies using modern electronic means of infor-
matization, geoinformation systems, remote methods and means of technological processes control,
aerial and space methods of agro-ecosystems diagnostics.
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INTRODUCTION Productivity of agricultural crops depends
on natural conditions, as well as on the level of
intensification of the farming system (see the
table). And the influence of the sum of natural
factors on productivity varies not very signifi-
cantly by natural zones, as each of the factors

complements the action of another, according to

Any farming system should be based on sta-
ble, highly profitable production of organic raw
materials to obtain the necessary food products
and fodder without environmental pollution, and
to rationally utilize and preserve the natural fer-
tility of the soil.

According to GOST 16265-89, a farming
system is a set of interrelated organizational and
economic, agrotechnical, ameliorative, soil pro-
tection measures aimed at the effective use of
land, agroclimatic resources, biological poten-
tial of plants and increasing soil fertility in order
to obtain high and sustainable crop yields'.

the law of the cumulative action of plant life fac-
tors. Influence of the level of intensification of
a farming system on productivity is much more
significant.

The results obtained in farming in Siberia
show that the data given in the table generally
reflect the trend of dependence of grain crop

'GOST 16265-89. Land cultivation. Terms and definitions. Moscow: Publishing house of standards, 1990, pp. 2-3.
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Bo3MmoxHbIC YPOBHU NPOAYKTHUBHOCTHU 3€PHOBLIX KYJIBTYP B CI/I6I/IpI/I B 3aBUCUMOCTH OT HPHUPOAHBIX

YCIIOBUI M CUCTEM BEACHUS 3eMieenus, T/ra [1]

Possible levels of productivity of grain crops in Siberia depending on natural conditions and farming

systems, t/ha [1]

Natural factor

System of farming

insolation, heat| moisturizing | soil fertility

extensive |

ordinary | intensive | high-intensity

Subtaiga (the sum of active temperatures more than 10 °C — 1700...1800 °C,
precipitation — 400—450 mm, vegetation period — 110-115 days)

4058 | 3850 | 60-15 | 0510 | 0716 | 2640 | 3650
Forest-steppe (the sum of active temperatures more than 10 °C — 1800...2000 °C,
precipitation — 300-400 mm, vegetation period — 120—130 days)
5072 | 1745 | 1224 | o015 | 1024 | 2235 | 3540
Steppe (the sum of active temperatures more than 10 °C —2000...2400 °C,
precipitation — 200-280 mm, vegetation period — 125-135 days)
40-86 | 0825 | 10-16 0.4-13 0,8-1,6 1,5-2.2 2,0-2,7
Approximate number of farms,
operating under the system, % 45-50 35-40 10-15 Fewer than 5

yields on natural-climatic and soil-agrochemical
conditions, as well as on the geographical zona-
lity and the applied farming system. This pat-
tern is characteristic of agricultural zones with
predominance of agro-chernozems (Western Si-
beria’ [2, 3] and Prienisey Siberia®), as well as
for agricultural lands with a high prevalence of
agro-gray soils [4, 5].

In different subzones of Western Siberia, tak-
ing into account the agroecological typology of
lands, the possibility of reducing clean fallows,
transition to no-tillage crop rotation, develop-
ment of mulching tillage and their minimization
against the background of the use of mineral fer-
tilizers and other agrochemical means has been
substantiated [6, 7]. Modern agro-technological
policy provides for the increasing use of the ele-
ments of biological farming [8, 9].

There is experience in the Prienisey Siberia
in the application of high-intensive farming sys-
tems, providing for the application of mineral
fertilizers in the doses of 150-180 kg a.i./ha,
the use of modern plant protection products and
other means of intensification. This makes it

possible for the AO "Iskra", AO "Solgonskoe"
in the Uzhursky district, ZAO "Nazarovskoye"
in the Nazarovsky district, OAO "Poultry Plant
"Zarya" in the Emelyanovsky district and some
other farms in the Krasnoyarsk region to consis-
tently produce 4-5 t/ha of grain crops. In 2022,
the grain crop yield in the AO “Solgonskoe”
reached a record high for the entire agricultural
history of the region — 7 tons/ha. High produc-
tivity of crop production in these farms is due
not only to natural factors and highly intensive
farming, but also to highly competent production
management. The experience of Krasnoyarsk
farmers shows that the level of crop production
productivity of a particular year is determined
mainly by three factors: weather, intensification
of agro-technologies and management.
According to generalized data of scientists,
in Siberian agriculture the share of the wea-
ther conditions influence on crop productivity is
50-60% of the sum of all factors, the share of
agrotechnics — 20-25%, the importance of crop
and variety — on average 15-20% [10]. It should
be noted that such a ratio of factors is more like-

2Adaptive-landscape farming systems of the Novosibirsk region / edited by V.I. Kiryushin, A.N. Vlasenko. Novosibirsk, 2002,

387 p.

SFarming system of the Krasnoyarsk region on the landscape basis: scientific and practical recommendations / edited by S.V.

Brylev. Krasnoyarsk, 2015, 224 p.
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ly to be true for extensive farming system. When
intensification increases, the influence of the
weather conditions decreases, and the anthropo-
genic conditions, on the contrary, increases.

The relevance of our research is conditioned
by the need to realize the modern paradigm of
the system of precision (digital, addressable)
farming taking into account the peculiar natu-
ral-resource potential of the Prienisey Siberia.

The purpose of the research is to assess the
dynamic development of the farming systems in
the Prienisey Siberia over a long period of time
as a basis for identifying the factors determining
the productivity of agricultural crops and fore-
casting the yields by 2030.

MATERIAL AND METHODS

Various bibliographic sources and data from
the Krasnoyarskstat archive served as the infor-
mation basis of the research**.

The following methods were used in the
work: statistical, comparative-analytical, analy-
sis and synthesis, modeling, formalization. Mic-
rosoft Excel was used to graphically display the
results of the study. Mathematical processing of
the results was carried out using the methods of
linear trend analysis of the time-series data.

RESULTS AND DISCUSSION

Traditionally, in the territory of the Prien-
isey Siberia a fallow-layland farming system
was formed. Crops were cultivated on the fresh-
ly-raised virgin soil for 6-10 years, after which
the arable land was left fallow (for 25-30 years)
or layland (for 10-20 years). Mainly spring
wheat, winter and spring rye, and oats were cul-
tivated. The first governor of the Yenisey pro-
vince A.P. Stepanov described the system of
field cultivation that existed at that time: "The

land is plowed not before 7, 10, 12 years, but
with the help of fallow it is good for up to 18
years. The left plowed land, having rested for 20
years, again goes into arable land"®. The system,
under which the restoration of the soil fertility
occurred naturally, prevailed until the middle of
the XXth century. Under these conditions, no
more than 25% of land was under crops, which
makes it possible to consider such a system as
unproductive.

Depending on the zonality of farming, there
were differences in the frequency and time of
plowing for sowing and fallow fields. Thus, the
field intended for fallow was left untilled in win-
ter after harvesting. The first plowing in the cen-
tral part of the Yenisey Province (Krasnoyarsk
District) was carried out from May 24 to June 22,
in the western part (Achinsk District) from May
26 to June 25, in the southern part from June 1
to June 20 (Minusinsk District) and from June 2
to June 15 (Kansk District). The second plowing
was conducted in the Krasnoyarsk District from
June 20 to July 13, in the Achinsk District from
June 29 to July 16, in the Minusinsk District
from June 20 to July 20, and in the Kansk Dis-
trict from July 1 to July 17. Wealthy peasants,
if necessary (in case the field was overgrown
with weeds), carried out the third plowing in the
middle of August. The depth of tillage depend-
ed on the timing of its implementation. The first
plowing was carried out at a depth of 9-11 cm,
the second 13—-16 cm, the third 15—-18 cm. There
was also a difference in the timing of sowing.
Sowing of spring crops in the southern regions
was started on April 23, in the northern regions
on May 6-9. The first to sow were spring rye
and wheat, then oats, and lastly barley. Harrow-
ing as a means of drought and weed control was

“Sabashnikov V.V, Agriculture in the Prienisey region. Krasnoyarsk: Publication of the Central Siberian State Geographical Soci-

ety, 1929. Ch. 1: Farming, horticulture, fruit growing. 33 p.

SThe system of farming in collective and state farms of the Krasnoyarsk region / edited by A.T. Belozerov (editor-in-chief) et al.

Krasnoyarsk, 1960, 458 p.

°The system of farming of the East Siberian zone. Krasnoyarsk, 1967, 531 p.
"Farming system of the Krasnoyarsk region. Novosibirsk, 1982, 631 p.
$Krasnoyarsk regional statistical yearbook: stat. coll. / Krasnoyarskstat. Krasnoyarsk, 2000-2021. URL: https://krasstat.gks.ru/

folder/30015.

Stepanov A.P. Yenisey Province. Krasnoyarsk: Gornitsa, 1997, Ch. 1-2, 226 p.
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of great importance in the general cycle of agri-
cultural work in Siberia. Peasants paid special
attention to the quality of seeds. In the Yenisey
province, in order to prevent degeneration of
seeds, the largest grain was selected for sowing,
moreover, from the drying shed that gave the
highest threshing rate'’.

In the late 1930s, V.R. Williams'' developed a
grassland agriculture system aimed at restoring
soil fertility through the cultivation of perennial
cereals, leguminous grasses and their mixtures.
Here is what the researcher of agricultural pro-
duction of Siberia V.V. Sabashnikov wrote in
1929 about grassland agriculture in the Prienisey
region: “The survey of a number of advanced
peasant farms in the Krasnoyarsk, Achinsk and
Kansk districts, made in 1927 by the Prienisey
Regional Agricultural Experimental Station,
showed that along with the farms of the old type
with the predominant grain direction, there are
farms with the predominance of cultural cat-
tle breeding, with crops on the fields of fodder
grasses and tuber crops, proper crop rotations,
etc., in a word, farms transitioning to the highest
form of field farming — the fallow-grassland ag-
riculture system” (see footnote 4).

Grassland agriculture existed for a short time
and did not manage to spread widely. The Great
Patriotic War interfered, and after the Great Pa-
triotic War other priorities and problems related
to the restoration of the destroyed national eco-
nomy became sharply defined. First of all, it was
necessary to get food grain. Agrarian policy in
the post-war period was aimed at increasing the
area of agricultural land, mainly arable land. At
first, a program on large-scale development of
virgin and fallow lands was implemented, later
on the land reclamation. Irrigation systems were
built in the southern regions of the Prienisey Si-
beria, and drainage systems in the central and
northern regions. Cultivation works were carried
out on the forested areas, accompanied by recla-
mation. All these objects of land use had, in fact,
their own farming systems.

In 1956 on the basis of the Kamalinskaya State
Breeding Station the Krasnoyarsk Research In-
stitute of Agriculture (KrasNIISKh) was estab-
lished. According to the system of farming in
collective and state farms of the Krasnoyarsk
region, developed by the KrasNIISKh, “in re-
lation to the conditions of each collective and
state farm, a significant place should be taken
by detailed agro-soil surveys. <...> Each kolk-
hoz and sovkhoz should have a detailed (scale 1:
10000, 1: 25000) soil map with agro-productive
assessment of the soils and an appendix of carto-
grams on application of fertilizers, improvement
of acid and alkaline soils, anti-erosion and land
reclamation measures” (see footnote 5). This
system also scientifically justified the use of
zonal field crop rotations, which have retained
their relevance until today. According to the
system, “the placement of crops and specializa-
tion of agriculture should correspond to the soil
and climatic conditions and peculiarities of this
or that zone”. This approach predetermined the
transition to the zonal system of farming. In the
system of farming of the Eastern Siberia zone
developed by the KrasNIISKh 7 years later, the
zonal approach was expressed even more clearly
(see footnote 6).

The farming system of the Krasnoyarsk Ter-
ritory, proposed by the staff of the Krasnoyarsk
Research Institute of Agriculture, Krasnoyarsk
Agricultural Institute and the Territory Produc-
tion Department of Agriculture in 1982 (see
footnote 7), was also zonal. GOST 16265-89
defines a zonal farming system as “a system, all
links of which fully take into account and realize
soil-climatic, material-technical and labor re-
sources of a particular natural zone”. All links of
the mentioned system (crop rotations, soil treat-
ment, fertilization, weed, disease and pest con-
trol, etc.) should be matched to specific soil-cli-
matic zones. The authors of the system note
that the existing distribution of the crops in the
region mainly corresponds to its natural condi-
tions. However, the set of varieties well adapted

®"Meshalkin P.N. Yenisey province at the world exhibitions (late XIX - early XX century) // XX century. Historical experience of
agrarian development of Siberia: materials of the national scientific conference Krasnoyarsk, 1993, pp. 80-85.

"Williams V. R. Collected Works: in 12 vol. Moscow: Selkhozgiz, 1949, vol. 4: Meadow farming, 504 p.
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to local natural conditions, taking into account
the great diversity of these conditions for many
crops was insufficient. Despite the positive re-
sults achieved, zonal farming systems did not
fully ensure the preservation and improvement
of soil fertility. The pursuit of maximum pro-
ductivity was not always economically justified
and did not meet the requirements of the market.
The very concept of “zonal” was not sufficient-
ly elaborated. It was not taken into account that
the farmer works not only in the natural-climatic
zone, but, first of all, on a particular field, which
is confined to a particular landscape.

In 1988, scientists of the Krasnoyarsk Re-
search Institute of Agriculture, Krasnoyarsk Ag-
ricultural Institute and the employees of the Re-
gional Production Department of Agriculture de-
veloped a system of farming in the Krasnoyarsk
region'?. The published recommendations define
the idea of intensification of production: “At
the present stage of agricultural development,
intensification of farming and increasing crop
yields on this basis is the main way to increase
agricultural production. Reserves for the devel-
opment of new lands are practically exhausted.
Their plowing on a large scale in the established
areas of agriculture can increase soil erosion.
The development of new lands for arable farm-
ing in the northern regions will require large
capital investments, which in the foreseeable fu-
ture, apparently, would be more appropriate to
be directed to the settled areas”. As we can see,
at that time there was a clear understanding of
the current situation and outlined ways of sol-
ving agrarian problems.

A new agronomic paradigm has been formed
in agriculture at the beginning of the XXIst cen-
tury, taking into account the experience of the
zonal farming systems development. For all their
importance, zonal farming systems have ceased
to meet the requirements of ecological manage-
ment, i.e. to meet the requirements of natural
factors. Modern approaches to the development
of farming are based on detailed knowledge of
soil properties, soil cover, and, consequently,

rational (ecologically and economically) place-
ment of major crops. The concepts of adaptive,
adaptive-landscape, landscape-ecological farm-
ing are being formulated, allowing to obtain
profitable production [6]. It is believed that at
the current level of information support a more
progressive and rational approach to the land use
can be formed.

The need to develop new approaches is also
conditioned by the social situation in the agro-
sphere, the reduction of arable land due to its
transfer into private ownership, the ruin of a
huge number of agricultural enterprises and
land abandonment. Arable land, meadows and
forests were abandoned, perennial fallow lands
overgrown with weeds, bushes and forests were
formed by themselves. Soil-protection measures
were not carried out. The situation was aggra-
vated by a sharp outflow of human resources
from the rural areas, and there was a widespread
shortage of workers and specialists. The main
agricultural products were produced by a few
large enterprises, which operate thanks to the
government subsidies.

Undoubtedly, the former farming system of
the Krasnoyarsk region, developed in 1982, re-
quired improvement. This is due to the changes
in the forms of ownership of land and manage-
ment facilities, agricultural techniques, variety
of chemical plant protection products and ferti-
lizers, varietal composition of crops, etc. Gradu-
ally, taking into account the accumulation of new
knowledge, zoning of new varieties, application
of modern technology and agricultural imple-
ments, the former system was improved. This is
how the landscape-based farming system of the
Krasnoyarsk Territory emerged. Its main theses
in the form of scientific and practical recommen-
dations are presented in the book published in
2015 (see footnote 3). The new farming system
is built taking into account natural and climatic
resources, soil conditions, economic situation,
market conditions, etc. The recommended tech-
nological operations take into account the spe-
cies and variety composition of the crops, differ-

2The system of farming in the Krasnoyarsk region: recommendations. Novosibirsk, 1988, 238 p.
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entiation of fertilizer and plant protection agent
application systems depending on the agroeco-
logical conditions of the agrocenosis, modern
energy equipment facilities.

In the 2015 system the geomorphological
(natural) district is taken as a basis for zoning.
There are five of them: Kansky, Krasnoyarsk-
sky, Achinsko-Bogotolsky, Chulymo-Yeni-
seisky, and Yuzhno-Minusinsky. Within the
districts, the natural zones (relief, climate, soils,
vegetation) are characterized in detail, and de-
tailed information on the agrolandscapes is pro-
vided for each natural zone. In some landscapes
the areas are highlighted. Within the framework
of this system “landscape approach” was wide-
ly declared. However, science-based farming
on a landscape basis requires more knowledge,
in-depth scientific research in the conditions of
stationary field experiments covering the pre-
vailing agrolandscapes. It is necessary to form
ecologically balanced agrolandscapes and adapt
technological processes to them more deep-
ly for sustainable farming and reproduction of
agro-resources (moisture, nutrition elements,
organic matter, soil physical properties, etc.).
Such research was limited, mainly during three
long-term stationary field experiments: at the
Mininsky (open forest-steppe), Solyansky (typ-
ical forest-steppe) and Zarechensky (subtaiga)
stations, included in the register of long-term
stationary field experiments of the state scien-
tific institutions'?. The research results obtained
at these stations are representative only for the
corresponding soil-agrochemical and agro-
climatic conditions. In this regard, the task of
adapting technologies to specific selected land-
scapes was not fully accomplished. The 2015
farming system largely retained the zonal ap-
proach to farming.

At the current level of agricultural produc-
tion, new strategies and new requirements for
the quality of work performed are necessary.
This requires revision of the whole paradigm of
agro-technological modeling. It is based not only

on the narrowing of the ecological address of the
farming system, but also on the differentiation of
the main elements. Experiments conducted in the
Altai Territory showed that the effectiveness of
fertilizers on leached chernozem increases with
the increase in the level of pesticide saturation,
providing on a protected background an increase
in wheat yield after fallow by 0.47 t/ha (23%),
after oats by 0.52 t/ha (37%). The efficiency of
pesticides increased on the background of fer-
tilizers: the increase in wheat yield after fallow
from the use of pesticides on unfertilized and
fertilized (N, P,,) backgrounds was 0.57 and
0.76 t/ha, respectively [11]. Thus, the ecological
address of the farming system becomes not only
a natural zone or province, but also an agro-eco-
logical group of lands of a particular province
with optimal agro-technological parameters. It
can be concluded that for each soil-climatic zone
it is advisable to have its own original farming
system, allowing to make adjustments in case
of violation of any of its links due to natural or
anthropogenic reasons with minimal damage.
More in-depth differentiation concerns an in-
dividual working plot with a certain geospatial
orientation. Each system should begin with the
assessment of natural-resource potential of the
territory.

In recent years, with different intellectual
and instrumental intensity, a digital (precise,
representative) farming system has been de-
veloping, the purpose of which, in generalized
form, is to balance the main target blocks of
farming: crop yields, financial benefits, and
environmental impact. The basis of the scien-
tific concept of precision farming is the con-
cept of soil fertility diversity within one field.
Assessment of soil heterogeneity requires the
development of modern technologies adapted
to specific soil and climatic conditions, based
on geoinformation systems of global position-
ing with special sensors, aerial photo and space
images, special programs for agro-manage-
ment. These resources are used to plan precise

3Register of long-term stationary field experiments of the state scientific institutions of the Siberian Branch of Rosselkhozakad-
emy / compiled by L.F. Ashmarina, A.I. Ermokhina, T.A. Galaktionova: L.F. Ashmarina, A.l. Ermokhina, T.A. Galaktionova; under

general ed. by N.I. Kashevarov. Novosibirsk, 2009, 285 p.
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seeding, calculate fertilizer and crop protection
rates, predict yields more likely, and plan fi-
nancially. Elements of digital farming include:
digitization of fields, soil sampling for analysis
in a coordinate system, digital agrochemical
cartograms, satellite monitoring of vehicles,
parallel driving, differentiated tillage based on
soil maps, differentiated seeding, monitoring
of agrocenosis condition using remote sens-
ing, differentiated application of fertilizers and
plant protection products, preparation of digital
maps for yield forecasting, etc.

Scientific and technical resources of the Kras-
noyarsk Scientific Center of the Siberian Branch
of the Russian Academy of Sciences (FRC KSC
SB RAS) allow for the assessment of agroland-
scapes on the basis of ground monitoring and
remote sensing. Without this information it is
impossible to implement precision agriculture.

Introduction of precision farming techno-
logies in the work of agricultural enterprises
should be carried out under a number of precon-
ditions. Before starting to implement precision
farming, it is necessary to:

1) fully utilize the technological resources
and principles of the adaptive-landscape system;

2) develop legislative measures aimed at eco-
nomic support of the farms implementing preci-
sion farming technologies;

3) prepare scientific support for the develop-
ment and implementation of precision farming
principles based on digital technologies;

4) conduct training seminars on precision tech-
nologies with agronomists and farm managers;

5) provide for the study of technological pro-
cesses in accordance with the requirements of
precision agriculture in the curricula of agrari-
an universities and agricultural colleges, in the
training of agronomists, agrochemists, land rec-
lamation specialists and land surveyors.

To understand the role of farming systems in
shaping the productive capacity of agrocenoses,
we calculated the trend of grain crop yields over
a long period. The graph of changes in grain
yields in the Yenisey Province and the Kras-
noyarsk Territory covers the period from 1790
to 2021 (see the figure). Primary information on

crop yields was collected from various sources
and the Krasnoyarskstat archive.

It should be noted that the authors do not have
data for each calendar year, so the flat lines of the
graph reflect averaged data by years, and broken
lines show more complete, annual data. Accord-
ing to the graph, in all periods, when using this
or that farming system, the trend of yield change
remained positive. Each subsequent period was
significantly shorter than the previous one, and
the yields increased significantly. The period of
extensive agriculture lasted more than 140 years.
During this time, according to the trend equa-
tion, the yields increased by 0.0018 t/ha per year,
from 0.37 to 0.72 t/ha. Ordinary farming system
was used for about 50 years. During this period,
the yields increased at a rate of 0.0204 t/ha/year
and reached 1.4 t/ha by 1980. The period when
intensification of the farming system took place
with a break for radical agrarian reforms can
be defined as about 30 years. It was character-
ized by the growth of the yields by 0.0212 t/ha
per year and achievement of the yields of about
2.1 t/ha by the end of the period. The period of
origin of the high-intensity farming system is the
shortest, with the highest productivity growth
(increase of 0.0639 t/ha per year). If this trend
is maintained, the average yield of 3.0 —3.5 t/ha
will be achieved in the Krasnoyarsk Territory by
2030.

CONCLUSION

In all the periods accompanied by the applica-
tion of one or another farming system, the trend
of yield change remained positive. The condi-
tional time period of existence of each subse-
quent system was significantly shorter than the
previous one, and the corresponding yield was
significantly higher. Under the extensive farm-
ing system, the yields increased by 0.0018 t/ha
per year (from 0.37 to 0.72 t/ha). Under the or-
dinal farming system, the yields increased by
0.0204 t/ha per year, reaching 1.4 t/ha by 1980.
During the period of intensification of the farm-
ing system there was an increase in the yields
by 0.0212 t/ha per year, due to which by the end
of the period this indicator amounted to about
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COBepIIIEHCTBOBaHI/Ie JJIEMEHTOB TEXHOJJI0I'MHM BO3A€CJIbIBAHUA KapTOCI)eJIH
B IIPOU3BOACTBCHHBIX YCJI0BUAX

X Bbeavuenko C.A., Hukudopos B.M., lllesuos A.C., Hukudopos M.HN.

bpsnckuii cocyoapemeennvlil acpaphblii yHugepcumem
Bpsuckas obnacts, ¢. Kokuno, Poccus
(<De-mail: sabel032@rambler.ru

[IpencraBiensl pe3ynbTaThl COBEPIIEHCTBOBAHUS TEXHOIOTUN BO3/ENbIBAHUS KapTodens 3a cueT
MOBBIICHHUS d(Hh(HEKTUBHOCTH CHCTEMBI 3allIUTHl PACTEHHH B YCIOBHUSX NMPOU3BOJCTBEHHOTO OIIBITA.
Uccnenosanue nposonmiu B 2021-2023 rr. Ha 3emisix OO0 «/pyxba-2» (Bpsuckas obnacts, XKu-
pATHHCKUE paiioH). OOBEKTOM HCCICAOBaHUS SIBISUIMCH JIBa COpTa KapTodems MepBoi penpoiyk-
un — Pen Ckaprnert (Hugepmanast) u ['ama (I'epmanus). Cxema ombiTa BKJIIOYajia JBa BapHaHTa!
1) TpagumMOHHAsT CUCTEMA 3aIMHUTH KapTodess, MPUHATAS B X03UCTBE (KOHTPOIIB); 2) YCOBEPIICH-
CTBOBaHHAs cHMCTeMa 3amuThl. O0e CHCTEMBI 3aIlUThl HAMPaBIeHB HA MPOMUIAKTHKY BpenuTeIeh
(KOIOpanCKUH KYK, JIMYMHKA JKYKa-IIEIKYHa), COPHIKOB (MOJMAapEHHUK IENMKWH, MAcIeH YepPHBIH,
SICHOTKA IypIypHasi, Mapb Oenasi, TpeXxpeOepHUK Hemaxy4yuid, MATIUK OJHOJIECTHUH, METIIMIA OOBIK-
HOBCHHas) U OoJie3Hel (anprepHapro3, purodropos, cepedpucTas mapiia, pu30KTOHHO3, PA3THUHBIC
BUJIbI THWICH, MTUTHYM). [10YBBI yUacTKOB JIepPHOBO-TIO30JUCThIC. [Ipe/inecTBeHHUK — 03UMBIH paric.
OO6mrast TIomaas MPOU3BOACTBEHHOTO OmbITa cocTaBmiaa 120 ra (mo 60 ra moa KakKIbIM COPTOM).
Kaprodens BrIpammBaiy M0 HHTEHCUBHON TEXHOJIOTHH C TPAIUIIHOHHON CUCTEMOMW 00pabOTKH 110Y-
BEI TI0 cxeme 75 x 28 cm. Hopma mocamku — 50 Teic. knyOHel Ha 1 ra. TexHomorusi paccuntana
Ha MoJlyuyeHHne ypokaidHocTH kiryoHer 40—60 1/ra. ONBITHBIM IIyTEM yCTAHOBJICHO, YTO IPUMEHEHHUE
YCOBEPIICHCTBOBAHHOW TEXHOJIOTHH C UCTIOI30BaHUEM HOBOM JIJIsI XO3SIMCTBA CUCTEMBI 3aIlUThI pac-
TEHHH CITIOCOOCTBYET YBEINYCHHUIO I'YCTOTHI CTOSIHUSI PACTEHHUH M IX COXPAaHHOCTH Ha MOMEHT yOOPKH
Ha 2,5-3,0%, MOBBIIIICHUIO YncIa KIIyOHEeH ¢ ogHoro pacteHus Ha 7,5-10,0%, cpemneir Macchl of-
Horo KiIyOHs — Ha 7—11%, Maccel kimyOHeilt ¢ omHoro pactenus — Ha 14,5-23,0%, ypokaitHOCTH — Ha
17-26%, ToBapHOCTH — Ha 12,5-14,5%, ToBapHO# ypoxkaiiHocTH — Ha 32—45%, yCIOBHOTO YHCTOTO
noxona —Ha 16,2-24,5%.

KuroueBble ciaoBa: xaptodellb, TEXHOIOTHS BO3ACTBIBAHHS, CHCTEMa 3alllUThI, YPOXKAHHOCTB,
3¢ (HEKTUBHOCTD

Improvement of potato cultivation technology elements in production
conditions

(<)Bel’chenko S.A., Nikiforov V.M., Shevtsov A.S., Nikiforov M.I.
Bryansk State Agrarian University

Kokino, Bryansk Region, Russia

(C<XDe-mail: sabel032@rambler.ru

The results of improving potato cultivation technology by increasing the efficiency of plant pro-
tection system in the conditions of production experience are presented. The study was conducted in
2021-2023 on the lands of the OOO "Druzhba-2" (Bryansk region, Zhiryatinsky district). Two potato
varieties of the first reproduction, Red Scarlett (Netherlands) and Gala (Germany), were the object
of the study. The experiment scheme included two variants: 1) traditional potato protection system
adopted in the farm (control); 2) improved protection system. Both protection systems are aimed at the
prevention of pests (Colorado potato beetle, snap beetle larvae), weeds (cleavers, black nightshade,
purple deadnettle, lamb's quarters, wild camomile, annual bluegrass, wind bent grass) and diseases
(early blight, late blight, silver scurf, rhizoctoniose, various types of rots, pythium). Soils of the sites
are sod-podzolic. The forecrop is winter rapeseed. The total area of the production experiment was
120 ha (60 ha under each variety). Potatoes were grown under intensive technology with conventional
tillage system on a 75 x 28 cm pattern. Planting rate is 50 thousand tubers per 1 ha. The technology is
designed to obtain tuber yields of 40—-60 t/ha. Experimentally it has been established that the applica-
tion of the improved technology with the use of a new plant protection system for the farm contributes
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to an increase in plant stand density and their safety at the time of harvesting by 2.5-3.0%, increase in
the number of tubers from one plant by 7.5-10.0%, average weight of one tuber — by 7-11%, weight
of tubers from one plant — by 14.5-23.0%, yield — by 17-26%, marketability — by 12.5-14.5%, mar-
ketable yield — by 32-45%, conditional net income — by 16.2-24.5%.

Keywords: potatoes, cultivation technology, protection system, yield, efficiency
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INTRODUCTION

Potato (Solanum tuberosum L.) is one of the
main agricultural crops cultivated on more than
19 million hectares of agricultural land [1]. The
annual gross tuber yield in the world reaches 400
million tons with an average yield of about 18 t/
ha, and these figures are constantly increasing.
The world's largest potato producers are China,
India and Russia [2]. According to FAO (Food
and Agriculture Organization of the United Na-
tions) estimates, worldwide per capita consump-
tion of potatoes and potato products is about 35
kg per year, with an average of 85 kg in Europe
and 90 kg in Russia [3].

Potato tubers contain carbohydrates, pro-
teins, vitamins, essential amino acids, mineral
salts and organic acids. In the world, it ranks
fifth among the sources of energy in the human
diet after wheat, corn, rice and barley, because
of which it is often called the second bread'. In
addition, since potatoes are a good forecrop for
most cultivated crops, they are considered to be
an agronomically important crop [4].

In 2021 in Russia, the area under potatoes in
the farms of all categories amounted to 1,146.3
thousand hectares, including 154.4 thousand
hectares in agricultural associations, 125.5 thou-
sand hectares in peasant households and indi-
vidual entrepreneurs and 866.5 thousand hecta-
res in household farms. Gross potato harvest in

the farms of all categories reached 18.2 million
tons, including 6.56 million tons in agricultural
associations and peasant households. Over 50%
of the production of the total consumption is di-
rected to the preparation of a variety of potato
dishes, primarily in the home as well as in the
catering industry [5, 6]. According to the Minis-
try of Agriculture of the Russian Federation, in
2022, despite difficult weather conditions during
harvesting in some regions, 7.2 million tons of
potatoes were harvested in the commercial sec-
tor against 6.6 million tons in 2021. The Bryansk
Region, as before, was the region with the larg-
est area under commercial potato production in
Russia in 2022. The region's area amounted to
29.8 thousand hectares (9.9% of the total indus-
trial potato area in Russia). Over the year, the
area increased by 5.9% (by 1.7 thousand ha).

Potato is a high-yielding crop, which gives
good yields of high-quality tubers if the produc-
tion technology is correct. Violation of cultiva-
tion technologies leads to a decrease in the size
and quality of yield, increase in labor and mon-
ey costs per unit of production [7]. Specialists
note that the potential yield of potato varieties
in Russia is not realized by as many as half and
the average tuber yield has barely reached the
average world level (18 t/ha) [8]. According to
this indicator, as well as the quality of potato
products, our country ranks among the last in
the world [9].

'Belous N.M., Torikov V.E., Kotikov M.V., Bogomaz O.A., Bogomaz A.V. Potatoes: biology and cultivation technologies. Bryansk:

Bryansk State Agrarian University Publishing House, 2010, 110 p.
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There are a number of reasons for the low
yields and instability of the crop in our coun-
try. First of all, at present, the potato industry,
as well as agricultural production in general, is
seriously affected by the changing climate — the
instability of temperature and precipitation has
increased, the nature and area of distribution
of harmful objects have changed [10, 11]. Oth-
er reasons for the decrease in potato yields are
non-compliance with agrotechnical methods of
cultivation of the crop and untimeliness of their
implementation [12].

However, one of the most serious reasons for
reducing the efficiency of potato production in
Russia has become a massive development of
diseases, pests and weeds, various rots (in stor-
age), caused by the lack of varieties with group
resistance, the reduction of protective activities
[13].

About 30 common harmful diseases (early
blight, wet rot of tubers caused by bacterial or
fungal pathogens, potato scab and silver scurf,
rhizoctoniose, late blight, viral diseases, etc.)
and a number of common pests (Colorado po-
tato beetle, wireworms and false wireworms,
caterpillars of moths and aphids) are registered
annually on potato plants and tubers, total yield
losses from which may exceed 50% [9]. More-
over, at the International Plant Protection Con-
gress (IPPC 2015), data was presented that in
potato cultivation, even with the use of chemical
defenses, losses due to various diseases amount
to 25-30% [14].

Control of pests on potatoes is complicated
by the fact that about 85% of their areas are in
the private sector, and 15% belong to agricul-
tural holdings, cultivating land with the use of
modern technologies and the use of a wide range
of protection products [9, 15]. At the same time,
in most potato farms the representation of for-
eign varieties reaches 100%. Active expansion
of foreign varieties and non-compliance with
regulations on their agrotechnics led to a deplo-
rable result: new pathogens have spread on the
territory of the Russian Federation [14].

In the Bryansk region, potato production is
one of the most dynamically developing branch-
es of agriculture. The average potato yield in
the region for two decades increased from 13.5

to 30.2 t/ha, i.e. 2.2 times (or by 223.7%), and
gross production for the same period increased
by 655.7 thousand tons (220.6%), despite the
decrease in the area planted with potatoes in the
regional structure of agricultural crops [16, 17].
In the advanced farms of the region, in which
the Western European technology is applied in
potato cultivation, the tuber yield reaches 40—50
tons/ha, for some varieties — 60—70 tons/ha and
higher [18, 19].

However, even in advanced farms the prob-
lem of controlling the number of pests that cause
millions of rubles of damage annually is acute.
Therefore, it is necessary to implement a set
of protective measures at all stages in the fight
against pests in potato plantings: during soil and
seed preparation for planting, in pre-harvest and
harvesting periods, during post-harvest process-
ing of tubers and directly during storage. This
complex includes various measures, but the cen-
tral place is occupied by the chemical method of
protection, the improvement of which will make
it possible to obtain consistently high yields with
full and healthy tubers [20]. At the same time,
experts note that when using a chemical system
of protection, the productivity of the crop is 1.5
times higher than when using a biological sys-
tem [21].

The purpose of the research is to improve
the technology of potato cultivation in the OOO
“Druzhba-2” in the Zhiryatinsky district of the
Bryansk region by increasing the efficiency of
the protection system.

MATERIAL AND METHODS

The research was conducted in the conditions
of a production experiment on the lands of the
00O “Druzhba-2” in 2021-2023. The soils are
sod-podzolic. The object of research were two
potato varieties of the first reproduction (RS 1):
Red Scarlett (Netherlands) and Gala (Germany).
The area of their planting in the farm reaches
1500 hectares. The choice of these varieties for
cultivation in the OOO “Druzhba-2” on large
areas is justified by the fact that the consumer
in modern conditions has high requirements for
the commercial appearance of tubers, the color
of the skin and flesh, taste, starch content, stora-
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bility. More and more preference is given to the
varieties with a beautiful shape of tubers, pre-
ferably pink or red, yellow flesh color with high
taste qualities [22, 23]. The varieties Red Scar-
lett and Gala fully meet all market requirements
and were included in the State Register in 2000
and 2008, respectively?.

The experiment scheme included two vari-
ants:

a) option 1 — traditional potato protection sys-
tem adopted by households (control);

0) option 2 — advanced protection system (see
Fig. 1).

Characteristics of both protection systems are
presented in Table 1.

Both protection systems are aimed at pest
prevention (Colorado potato beetle, snap beetle
larvae), weeds (cleavers, black nightshade, pur-
ple deadnettle, lamb's quarters, wild camomile,
annual bluegrass, wind bent grass), and diseases
(early blight, late blight, silver scurf, rhizocto-
niose, various types of rots, pythium).

The total area of the production experiment

amounted to 120 ha (60 ha under each variety).
The potatoes were grown according to the in-
tensive technology with traditional tillage sys-
tem (see footnote 1) on the scheme 75 x 28 cm.
Planting rate — 50 thousand tubers per 1 ha. The
forecrop — winter rapeseed. The technology is
designed to obtain the yield of 40—-60 tons/ha.

Potato varieties were recorded for diseases
and pests, as well as for the assessment of yield
structure, yield and tuber marketability accord-
ing to the methodology of the state variety test-
ing of agricultural crops®. Weediness of plant-
ings was determined by the glasometer method.
Statistical processing of research results was
carried out by dispersion method*. Economic
efficiency was calculated according to the rec-
ommendations’.

RESULTS AND DISCUSSION

Studies conducted in 2021-2023 showed that
the average standing density of potato plants at
the time of harvesting ranged from 47.2 to 49.0
thousand pieces/ha, tuber weight per plant from

Puc. 1. KaprodenbHbie 1oJIs1, BRIPAIIUBACMBIE C TPUMEHEHUEM TPAJAUIIMOHHON (@) M YCOBEPIIICHCTBOBAH-
HO¥1 (6) CHCTEM 3allluThI

Fig. 1. Potato fields grown using traditional (¢) and advanced (6) protection systems

2The State Register of Breeding Achievements Approved for Use. vol. 1: Plant Varieties. URL: https://gossortrf.ru/ (date of

reference: 21.12.2023).

3Methodology of state varietal testing of agricultural crops. Moscow, 2015, Issue 4: Potato, vegetable and melon crops, 14 p.
‘Dospekhov B.A. Methods of field experiment (with the basics of statistical processing of research results): textbook for university

students, 6th ed. Moscow: Alliance, 2011, 350 p.

SChenkin A.F., Glebov M.A., Lapshin L.V. Economics and organization of plant protection. Moscow, 1978, 256 p.
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Taoa. 1. Cucrema 3amnTsl KapTOQes Mo BapuaHTaM MPOU3BOICTBEHHOTO OIBITA

Table 1. Potato protection system by variants of production experience

. . Method and time of treatment,
Phase of development Name of preparation Preparation dosage specifics of application
Option 1
1. Planting Prestizh, SC 1,0 1/t
Treatment of tubers
Albit, PA 0,1 1/t
2. Before sprouting Zenkor Ultra, SC 1,2 I/ha Soil spraying
3. Active growth Ridomil Gold MC, WDG 2,5 kg/ha Ist plant treatment
Infinito, SC 1,6 1/ha
) 14 days later
Izabion, AS 2,0 1/ha
4. Complete Infinito, SC 1,6 I/ha 14 days later
devel t
cvelopmett Acrobat MC, WDG 2,0 kg/ha
10 days later
Izabion, AS 2,0 I/ha
5. Tuber growth Acrobat MC, WDG 2,0 kg/ha 7 days later
6. Wilting of the haulm Infinito. SC 1.6 /ha
’ ’ Before harvesting
Reglon Forte, AS 1,0 I/ha
Option 2
1. Planting Kvadris, SC 3,0 /ha Soil spraying
Cruiser 350, SC 0,22 1/t Treatment of tubers
2. Before sprouting | Gezagard, SC 3,0 I/ha ' ,
Soil spraying
Boxer, EC 3,0 I/ha
3. Active growth Ridomil Gold MC, WDG 2,5 kg/ha Ist plant treatment
Ridomil Gold MC, WDG 2,5 kg/ha
14 days later
Izabion, AS 2,0 1/ha
4. Complete Revus Top, SC 0,6 /ha 14 days later
devel t
cvelopmen Revus Top, SC 0,6 1/ha
Skor, EC 0,4 1/ha 10 days later
Izabion, AS 2,0 1/ha
5. Tuber growth Bravo, SC 2,5 l/ha 7 days later
6. Wilting of the haulm | Shirlan, SC 0,3 I/ha
Before harvesting
Reglon Forte, AS 1,0 I/ha

764.8 to 1187.8 g, number of tubers per plant
from 9.2 to 10.3 pieces, average tuber weight
from 83.4 to 115.7 g. The yield depending on
the variety and the variant of the experiment was
from 36.1 to 58.2 t/ha (see Table 2).

Of the studied varieties, the lowest yield
structure and yield indices were observed in the
variety Red Scarlett. Thus, the average number

of plants at the time of harvesting in this variety
was at the level of 47.2—48.6 thousand pieces/ha,
tuber weight per plant was 764.8-938.3 g, aver-
age tuber weight 83.4-92.6 g, average number
of tubers per bush 9.2-10.1 pieces, yield 36.1—
45.6 tons/ha. In the variety Gala, the listed pro-
ductivity indicators were as follows: 47.9-49.0
thousand pieces/ha; 1037.6-1187.8 g; 108.2—
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Tao6a. 2. IlponykruBHOCTE COpTOB KapTodeins (cpenuee 3a 2021-2023 rr.)
Table 2. Productivity of potato varieties (average for 2021-2023)

Number of plants
Experiment at the time of har- Tuber weight Number of tubers Average tuber .
variant vesting, thousand per plant, g per plant, pcs. weight, g Yield, vha
pieces/ha
Red Scarlet

1 47,20 764,8 9,20 83,40 36,10

2 48,60 938,3 10,10 92,60 45,60
LSD,, 1,04 29.8 0,72 6,21 6,15

Gala

1 47,90 1037,6 9,60 108,20 49,70

2 49,00 1187,8 10,30 115,70 58,20
LSD 0,96 22,5 0,54 3,18 5,46

115.7 g; 9.6-10.3 pieces and 49.7-58.2 t/ha, re-
spectively.

It is important to note that both the tradition-
al protection system used in the farm (option 1)
and the improved system (option 2) showed
high efficiency. At the planting rate of 50 thou-
sand tubers per 1 ha at the time of harvesting
there were from 47.2 to 49.0 thousand plants.
Thus, the safety of plants in the two variants of
the experiment amounted from 94.4 to 98.0%.
However, the efficiency of the improved sys-
tem was higher than the traditional one. Thus,
the safety of plants at the time of harvesting on
the studied varieties under the traditional system
of protection (control) was at the level of 94.4-
95.8%, when using the improved system, it was
97.2-98.0%.

Improvement of potato varieties cultivation
technology also contributed to a significant in-
crease in other indicators of the yield structure.
Thus, the average tuber weight in the control in
the variety Red Scarlett was 83.4 g, in the va-
riety Gala it was 108.2 g. In the variant 2 this
indicator corresponded to the values of 92.6 and
115.7 g, the gain to the control reached 9.2 and
7.5 g. The average number of tubers per plant
in option 1 varied in the range from 9.2 to 9.6
pieces, in option 2 from 10.1-10.3 pieces, which
is on average 0.7-0.9 tubers more than control.

Increase in the values of these two indicators
due to the changes in the plant protection system
contributed to an increase in the productivity of
one plant. Thus, the average tuber weight per
plant in the Red Scarlett variety in the control

variant amounted to 764.8 g, in variant 2 to 938.3
g (+ 173.5 g relative to the control), and in the
Gala variety to 1037.6 and 1187.8 g (+ 150.2 g),
respectively.

A greater number of plants at the time of har-
vesting and a greater weight of the tubers per
plant in the application of improved technology
contributed to a significant increase in the yield.
Since the yield of Red Scarlett variety in the
control variant was 36.1 t/ha, that of the Gala
variety was 49.7 t/ha, and in variant 2 it was 45.6
and 58.2 t/ha, respectively; the yield increase of
these varieties reached 9.5 and 8.5 t/ha at LSD
equal to 6.15 and 5.46 t/ha.

Improvement of the potato cultivation tech-
nology elements, in addition to the crop yield,
contributed to an increase in the marketability
and, consequently, to an increase in the market-
able yield (see Table 3).

In the Red Scarlett variety, the tuber mar-
ketability averaged 76.8% for three years of
research when using the traditional protection
system (variant 1) and 88% when using the im-
proved technology (see Table 3, Fig. 2). In the
Gala variety, the tuber marketability was higher:
in the control it was 82.9%, in variant 2 it was
93.3% (see Table 3, Fig. 3). Thus, the marketable
yield of potato tubers in variant 1 was 27.7 and
41.2 t/ha, in variant 2 it was 40.1 and 54.3 t/ha
depending on the variety.

With marketable yield of the Red Scarlett va-
riety at the level of 27.7 t/ha and the Gala variety
at 41.2 t/ha (in the variant with the use of tra-
ditional technology) and the selling price of the
marketable tubers of 10 000 rubles/t, the cost of
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Taoda. 3. YpoxkailHOCTb U TOBapHOCTH COpPTOB KapToderst (cpennee 3a 2021-2023 rr.)
Table 3. Yield and marketability of potato varieties (average for 2021-2023)

. . . . Marketable
Experiment variant Yield, t/ha Marketability, % yield, t/ha
Red Scarlet
1 36,10 76,80 27,70
2 45,60 88,00 40,10
LSD,, 6,15 5,56 7,68
Gala
1 49,70 82,90 41,20
2 58,20 93,30 54,30
LSD,, 5,46 5,12 7,83

marketable products amounted to 277 000 and
412 000 rubles/ha, respectively (see Table 4).

Since the production costs to obtain marke-
table products in these varieties correspond to
the values of 144,647 and 178,837 rubles / ha,
the value-added income amounted to 132,353
and 233,163 rubles / ha, and the profitability was
91.5 and 130.4%. The total value-added income
from the sale of marketable products obtained
on the two varieties amounted to 365,516 rubles
/ha.

In variant 2, where the improved technology
was applied, the yield of the marketable pro-
ducts on the variety Red Scarlett was 40.1 t/ ha,
on the variety Gala it was 54.3 t / ha, the cost of

R

marketable products amounted to 401 000 and
543 000 rubles / ha, the production costs to 236
208 and 272 171 rubles / ha, the value-added in-
come was 164 792 and 270 829 rubles / ha, and
the profitability 69.8 and 99.5%, respectively.
The total value-added income from the sale of
marketable products obtained on the two varie-
ties reached 435,621 rubles/ha.

Thus, the use of a new technology of potato
cultivation for the farm instead of the traditio-
nally used, despite the decrease in profitability
of commercial production by 21.7 (Red Scarlett)
and 30.9% (Gala) and an increase in production
costs by 91,561 and 93,334 rubles / ha, respec-
tively (primarily due to an increase in the cost

Puc. 2. O6mmii Bug xyoHen copra Pen Ckaprnert:

a — BapHaHT 1; 6 — BapuaHT 2

Fig. 2. General view of the Red Scarlett variety tubers:

a —option 1; 6 — option 2

3emiieienue U XUMH3aIvs

Cubupckuii BECTHHK CEIbCKOXO3SIHCTBEHHON HayKH * 2024 ¢ 54 ¢ 6 35



Improvement of potato cultivation technology elements in production
conditions

Bel’chenko S.A., Nikiforov V.M., Shevtsov A.S., Nikiforov M.I.

of protective measures for 47,743 rubles / ha),
contributes to an increase in the value of condi-
tional net income by 32,439 and 37,666 rubles /
ha due to an increase in marketable yield. In this
case, the total value-added income from the sale
of marketable products obtained on two varieties
in variant 2, compared with the control variant
increased by 70,105 rubles / ha (by 19.2%).

CONCLUSION

Three-year production experience with pota-
to varieties Red Scarlett and Gala, conducted on
the land use of the OOO “Druzhba-2”, Zhiry-
atinsky district, Bryansk region, showed that the
traditional protection system used on this farm
and the improved system have high efficiency
(on average 94.4-98.0%). At the same time, the

Taoa. 4. DxoHomudeckas 3QpPEeKTUBHOCTh MPUMEHEHHUS H3Y4aeMbIX CUCTEM 3alUThl KapTodes
Table 4. Economic efficiency of the studied potato protection systems application

Indicator Option 1 Option 2
Red Scarlet Gala Red Scarlet Gala
Marketable yield, t/ha 27,7 41,2 40,1 54,3
Cost of marketable products, rubles/ha 277 000 412 000 401 000 543 000
Production costs, rubles/ha 144 647 178 837 236 208 272 171
Cost of protection products, rubles/ha 54 740 102 483
Value added profit, rubles/ha 132 353 233163 164 792 270 829
Profitability, % 91,5 130,4 69,8 99,5
a

do e FRERELE

Puc. 3. O6mmii Bug k1yOHel copra ["ana:

a — BapuaHT 1; 6 — BapuaHTt 2

Fig. 3. General view of the Gala variety tubers:
a —option 1; 6 — option 2
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efficiency of the improved system was higher
than that of the traditional system and amounted
to 97.2— 98.0% against 94.4— 95.8% depending
on the variety.

Improvement of the cultivation technology of
potato varieties also contributed to the growth
of crop productivity. The number of tubers from
one plant increased by 7.5-10.0%, average tuber
weight by 7-11%, tuber weight from one plant
by 14.5-23.0%.

The greater number of plants at the time of
harvesting and greater tuber weight per plant
when applying the improved technology con-
tributed to a significant increase in the yield
from 36.1-49.7 to 45.6-58.2 t/ha (by 17-26%).

In addition, the improvement of potato cul-
tivation technology elements contributed to an
increase in marketability by 12.5-14.5%, and,
consequently, to an increase in marketable yield
from 27.7-41.2 to 40.1- 54.3 t/ha (by 32-45%)
depending on the variety.

At this level of marketable yield and sale
price of marketable tubers of 10 000 rubles / t,
the use of new potato cultivation technology for
a farm instead of the traditionally used one, de-
spite the decrease in profitability of marketable
production by 21.7-30.9% (primarily due to
an increase in the cost of protective measures),
contributed to an increase in the value-added in-
come by 16.2-24.5%.

Based on the results of the experience we rec-
ommend the improved system of protection to
be used as one of the elements of technology in
industrial cultivation of potatoes in the Bryansk
region.
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PACTEHHUEBO/ICTBO U CEJIEKLJUA
PLANT GROWING AND BREEDING

https://doi.org/10.26898/0370-8799-2024-6-4 Tun crarbu: OpUrHHAIBHAS
YIK: 579.222 Type of article: original

ACIEeKTBI COBMECTHOTO KyJIbTUBUPOBaHusA Bacillus amyloliquefaciens
U Bacillus aryabhattai nist vHTeHCU(PUKAUUHM CHHTE3a
POCTOCTUMYJIUPYIOIIUX BElIECTB

) Cepazermunosa 1O.P., Borauésa H.H., ®acxyraunosa E.P., Acikuna JLK., [IpockypsikoBa JL.A.
Kemeposckuii cocyoapcmeennulil ynusepcumen

Kemeposo, Poccus

(<De-mail: serazetdinova2000@mail.ru

Uzyuensl pocrocTUMynUpyrolye cBolicTBa mramMmoB Bacillus amyloliquefaciens B-11265 un
Bacillus aryabhattai B-13192, a Takxe naHa oIleHKa BO3MOKHOCTH MX COBMECTHOTO KyJIbTHBHPOBA-
HUS JUIs1 KHTCHCU(DUKAIIMK aKTUBHOCTH. YCTaHOBIIEHO, YTO UCCIIElyeMbIe IITAMMBI CIIOCOOHBI CHHTE-
3UPOBaTh HHIOJMII-3-YKCYCHYIO M THOOEPENIMHOBYIO KUCIIOTHI, cuaepodoprl: B. amyloliquefaciens
B-11265 B xomuuectBe 5,23 Mkr/mim, 1,05 mr/mi, 46,15%; B. aryabhattai B-13192 — 3,07 Mkr/m,
0,84 mr/mi, 35,50% cooTBeTCTBeHHO. Pe3ynbraThl HCCIIeIOBaHUS MTOKA3aJIH, YTO IITAMMBI SBIISFOTCS
OMOCOBMECTHMBIMU U HE HHTHOMPYIOT Pa3BUTHE IPYT ApPYyra, YTO MO3BOJSET BKIIOYNTH UX B COCTAB
oJHOTO KoHcopimyMa. COBMECTHOE KYIHTUBHPOBAHHME IITAMMOB ITOKa3aj0, YTO COOTHOIIEHHE MH-
KpPOOPTraHWU3MOB B IHTATEIBHOM CyOCTpare OKa3bIBACT 3HAUUTEIHHOE BIMSHHE Ha BBIXOJ IEJIEBBIX
BemectTB. [Ipu cootHOmenuu B. amyloliquefacien n B. aryabhattai 1 : 1 oTME4eHO YrHETCHUE CHHTE3a
HUHJOJINI-3-YKCYCHOM KHUCIIOTBI, COOTHOIIEHHS 2 : 3 U 3 : 2 NPUBOAWIN K CHHDKCHHIO TPOLYLIMPOBA-
HUS THOOEPENTUHOBON KHCIOTBI. YCTAHOBJIEHO, YTO ONTUMAJIBHBIM COOTHOLICHUEM, ITO3BOJISIOIINM
JOOHTHCS TIOBBILICHHUS BBIXO/IA LEJIEBBIX BELICCTB M0 CPAaBHEHUIO CO CPEIHUMH 3HAYCHUSIMH, Xapak-
TEPHBIMH ISl OTJICJIBHBIX IIITAMMOB, SBISIOCH TpH (B. amyloliquefacien) x omnomy (B. aryabhattai).
B nanHOM BapmWaHTe CHHTE3 POCTOCTHUMYIHPYIOIIMX BEIIECTB KOHCOPIIMYMOM COCTaBWJI: HHIIO-
Tun-3-yKkeycHast kuciota — 5,31 Mkr/mun, rubbeperunHoBas kuciora — 1,23 mr/mi, cuaepodopsl —
51,27%. Iloxy4deHHbIe pe3yabTaThl CBUAETENBCTBYIOT O BBICOKOM MOTEHIIMANIE CKOHCTPYUPOBAHHOIO
KOHCOPIIMYMa JUIsl IPUMEHEHUSI B CENTbCKOM Xo3stiicTBe. OHAKO A5l pa3padOTKH POCTOCTHMYIHPY-
IOLIETO IperapaTa Ha ero OCHOBE HEOOXOJMMO MPOBECTU Psi/I IOTOTHUTENbHBIX UCCIIEIOBaHUM, Ha-
NpaBJICHHBIX HA N3yYCHUE BIUSHHS HITAMMA Ha CEbCKOXO3SHCTBEHHBIC KYJIBTYPBI B YCIOBHSIX J1a00-
PaTOPHBIX U MOJEBBIX IKCIIEPUMEHTOB.

KuroueBble cioBa: Ouonorusanwusi, Bacillus, pocTOCTUMYIUPYIOIINE CBOWCTBA, (PUTOTOPMOHFI,
cuiepodopbl, MUKPOOHBIN KOHCOPITUYM

Aspects of the joint cultivation of Bacillus amyloliquefaciens
and Bacillus aryabhattai for the intensification of growth-stimulating
substances synthesis

(<) Serazetdinova Yu.R., Bogacheva N.N., Faskhutdinova E.R., Asyakina L.K., Proskuryakova L.A.
Kemerovo State University

Kemerovo, Russia

(<De-mail: serazetdinova2000@mail.ru

Growth-stimulating properties of Bacillus amyloliquefaciens B-11265 and Bacillus aryabhattai
B-13192 strains were studied, and the possibility of their co-cultivation for activity intensification was
evaluated. The strains under study were found to be able to synthesize indolyl-3-acetic and gibberellic
acids, siderophores: B. amyloliquefaciens B-11265 in the amount of 5.23 pg/ml, 1.05 mg/ml, 46.15%:;
B. aryabhattai B-13192 —3.07 pg/ml, 0.84 mg/ml, 35.50%, respectively. The research results showed
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Aspects of the joint cultivation of Bacillus amyloliquefaciens
and Bacillus aryabhattai for the intensification
of growth-stimulating substances synthesis

Serazetdinova Yu.R., Bogacheva N.N., Faskhutdinova E.R.,
Asyakina L.K., Proskuryakova L.A.

that the strains were biocompatible and did not inhibit each other's development, allowing them to
be included in the same consortium. Joint cultivation of the strains showed that the ratio of microor-
ganisms in the nutrient substrate has a significant effect on the yield of the target substances. At the
ratio of B. amyloliquefacien and B. aryabhattai 1 : 1, inhibition of indolyl-3-acetic acid synthesis
was observed; ratios of 2 : 3 and 3 : 2 led to a decrease in gibberellic acid production. It was found
that three (B. amyloliquefacien) to one (B. aryabhattai) was the optimal ratio to increase the yield
of the target substances compared to the average values characteristic of individual strains. In this
variant, the synthesis of growth-stimulating substances by the consortium was: indolyl-3-acetic acid —
5.31 pg/ml, gibberellic acid — 1.23 mg/ml, siderophores — 51.27%. The results obtained indicate the
high potential of the engineered consortium for agricultural applications. However, in order to develop
a growth-stimulating preparation based on it, it is necessary to conduct a number of additional studies
aimed at investigating the effect of the strain on agricultural crops in laboratory and field experiments.

Keywords: biologization, Bacillus, growth-stimulating properties, phytohormones, siderophores,
microbial consortium
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INTRODUCTION based on B. subtilis. In this regard, the introduc-
tion of new representatives of this genus with
high growth-stimulating activity into practice
is an actual direction, opening prospects for the

development of innovative biopreparations and

The growing demand for organic products
and stricter legislative requirements for pes-
ticides and mineral fertilizers necessitate the
search for environmentally safe methods of in-

creasing plant resistance to biotic stresses and
achieving high productivity [1, 2]. In this re-
gard, the most relevant is the biotechnological
approach based on the use of the potential of
growth-stimulating microorganisms. Promising
representatives of such microorganisms are facu-
Itative mutualists of the genus Bacillus. They
have a number of growth-stimulating properties
and are also non-symbiotic (do not form specific
anatomical structures within plants), which al-
lows using them to increase the productivity of
a variety of crops [3, 4]. Currently, the use of
Bacillus in agriculture is limited to preparations

improving the efficiency of crop production. In
addition, interest in the use of symbiotic consor-
tia of microorganisms as an alternative to single
strains is increasing [5, 6]. This is due to the fact
that in natural conditions plants interact not with
individual microorganisms, but with a complex
microbial community [7].

The purpose of the study was to investigate
the growth-stimulating properties of domestic
strains of B. amyloliquefaciens B-11265 and B.
aryabhattai B-13192, as well as to evaluate the
possibility of their joint cultivation to intensify
their activity.
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MATERIAL AND METHODS

The research was conducted in 2024 on the
basis of the laboratory of phytoremediation of
technogenically disturbed ecosystems of the
Kemerovo State University. Bacterial strains
obtained from the National Bioresource Center
of the All-Russian Collection of Industrial Mi-
croorganisms of the SRC “Kurchatov Institute”
were used: B. amyloliquefaciens B-11265 (the
strain was isolated from soil and is an antagonist
of phytopathogenic bacteria) and B. aryabhattai
B-13192.

Preparation of bacterial suspension

From the daily culture grown on an agarized
nutrient medium, a suspension was prepared us-
ing peptone water to a McFarland turbidity co-
efficient of 0.8—1.0 using a Densichek plus den-
sitometer (BioMerieux, France). Then 1 ml of
the obtained suspension was added to 10 ml of
the Luria-Bertani liquid nutrient medium modi-
fied by Miller (“Biolight”, Russia). The culture
was carried out in a shaker-incubator LSI-3016R
(“Daihan Labtech”, South Korea) at a tempera-
ture of 28 + 2 °C and a rotation speed of 110
rpm for 24 hours. The culture liquid was sepa-
rated from the cells by centrifugation for 10 min
at 7500 rpm. The obtained supernatant was used
for the further analysis.

To analyze the production of the indo-
lyl-3-acetic acid, 1 ml of the Salkovsky reagent
was added to 1 ml of the supernatant. The ob-
tained solution was incubated for 30 min at 22
+ 2 °C and the optical density of the obtained
solution was determined spectrophotometrically
at a wavelength of 535 nm. At the same time,
a control experiment was carried out under the
same conditions; nutrient medium was used as
a control. The optical density of the sample was
determined by the formula

OD=0D,-0D,, (1)

where OD — estimated optical density of the
sample; OD_ — experimental optical density of
the sample; OD_ — optical density of the control.

The amount of the synthesized indolyl-3-ace-
tic acid was determined from a 0.2 to 10 pg/ml

standard solution of the acid by a graduation plot
[8].

To analyze gibberellic acid production, 280
ml of 1 M solution of zinc acetic acid 2-water
(“ProfSnab”, Russia) and 10.6% solution of po-
tassium ferrocyanide III (“LenReactiv”’, Russia)
were added to 2 ml of the supernatant, stirred
rapidly and centrifuged at 4500 rpm for 10 min.
Then 1 ml of 30% hydrochloric acid (“LenReac-
tiv”’, Russia) was added to 1 ml of supernatant.
The solution was kept for 75 min at a tempera-
ture of 22 + 2 °C. The optical density of the sam-
ples was determined with respect to 5% hydro-
chloric acid using a UV 1800 spectrophotometer
(“Shimadzu”, Japan) at a wavelength of 254 nm.
Quantitative determination of synthesized gib-
berellic acid was carried out using calibration
graph of standard acid solution (“Diaem”, Rus-
sia) in the range from 100 to 700 pg/ml [9].

To analyze the production of siderophores, 1
ml of freshly prepared Chorme Azurol S reagent
was added to 2 ml of the supernatant, incubated
for 20 min at 22 £ 2 °C. Optical density was de-
termined spectrophotometrically at a wavelength
of 630 nm. Simultaneously, a control experiment
was carried out under the same conditions; nutri-
ent medium was used as a control. The concen-
tration of siderophores was determined by the
formula [10]

OD_ —OD
oD,

C

sid

x100 %, (2)

where C_, — concentration of siderophores, %;
OD_ - optical density of the sample; OD_— op-
tical density of the control sample.
Biocompatibility of the studied cultures was
determined by the perforation method. For this
purpose, bacterial suspensions were prepared
according to the previously described method.
The test culture was applied to the surface of a
Petri dish with agarized Luria-Bertani medium
in Miller's modification by the lawn method
using a Drigalsky spatula. Then, a hole with a di-
ameter of 5 mm was made and cell-free culture
fluid of the tested bacterial strain was introduced
into it. The cultures were cultured for 24 h at a
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temperature of 28 + 2 °C. Cultures were con-
sidered biocompatible if there was no zone of
growth inhibition of the test culture around the
hole'.

Construction of symbiotic bacterial consortia

For this purpose, bacterial suspensions were
prepared according to the previously presented
method. Bacterial suspensions were added to
sterile liquid Luria-Bertani medium in Miller's
modification in the ratio according to Table 1.

Cultivation was carried out under the con-
ditions described earlier. The production of in-
dolyl-3-acetic and gibberellic acids and sidero-
phores by consortia was analyzed according to
the methods described above.

RESULTS AND DISCUSSION

The results of the study of the ability of B.
amyloliquefaciens B-11265 and B. aryabhattai
B-13192 to synthesize phytohormones and sid-
erophores are shown in Table 2.

It was found that the strains are able to syn-
thesize indolyl-3-acetic and gibberellic acids, as

Tao6a. 1. CooTHonleHHe MTaMMOB B OaKTepHalib-
HBIX KOHCOpIIMyMax

Table 1. Ratio of strains in bacterial consortia

Consortium B. amyloliquefu an B. aryabhattai
number cions B-11265 B13192
C.1 1 !
C.2 1 2
C.3 2 !
C.4 1 3
C.s 3 !
C.6 2 3
C.7 3 2

well as siderophores. The results of the study are
confirmed by the data obtained by other scien-
tists. Thus, Hui-juan Zhou et al. [11] noted the
presence of YsnE metabolic pathways responsi-
ble for the synthesis of indolyl-3-acetic acid in
B. amyloliquefaciens strain HZ-12. Jiahui Shao
et al. found the synthesis of indolyl-3-acetic
acid in B. amyloliquefaciens SQR9?. B. amylo-
liquefaciens YL-25 strain studied in the work of
Jun Yuan et al. had complex growth-stimulating
activity, in particular, synthesized gibberellin
A3, indole-3-acetic acid’. B. amyloliquefaciens
MB-1600 produced catecholate-siderophore ba-
cillibactin under iron deficiency conditions [12].

B. aryabhattai GR42 exhibited the ability to
synthesize siderophores and ACC deaminase
[13]. B. aryabhattai, studied in the research by
Sol Lee et al. showed the ability to synthesize
indolyl-3-acetic acid, gibberellins, and other
growth-stimulating substances®.

In order to determine the possibility of joint
cultivation of the studied strains of microorga-
nisms, their biocompatibility was analyzed. The
results of the analysis indicate the absence of
inhibitory effect of the cultures on each other,

Tabua. 2. Pe3ynbrarsl nccieq0BaHUS POCTOCTUMY-
JIMPYIOUIMX CBOMCTB IITAMMOB

Table 2. The results of the study of the growth-
stimulating properties of strains

Strain
Indicator B. amyloliquefaciens | B. aryabhattai
B-11265 B-13192
IAC, pg/ml 5,23+ 0,07 3,07+0,04
GA, mg/ml 1,05+0,01 0,84 +£ 0,01
Siderophores, % 46,15 +£0,31 35,50 £0,38

Urkitova A.N., Kagan J.R., Sokolova G.G. Comparative analysis of the methods for determining the antagonistic activity of
lactic acid bacteria // Izvestiya of Altai State University, 2012, N 3, pp. 41-44.

*Shao J., Xu Z., Zhang N., Shen Q., Zhang R. Contribution of indole-3-acetic acid in the plant growth promotion by the
rhizospheric strain Bacillus amyloliquefaciens SQR9 // Biology and Fertility of Soils, 2015, vol. 51, pp. 321-330. DOI: 10.1007/

500374-014-0978-8.

3Shao J., Xu Z., Zhang N., Shen Q., Zhang R. Contribution of indole-3-acetic acid in the plant growth promotion by the
rhizospheric strain Bacillus amyloliquefaciens SQR9 // Biology and Fertility of Soils, 2015, vol. 51, pp. 321-330. DOI: 10.1007/

500374-014-0978-8.

‘Lee S., Ka J.O., Song H.G. Growth promotion of Xanthium italicum by application of rhizobacterial isolates of Bacillus ary-
abhattai in microcosm soil // Journal of Microbiology, 2012, vol. 50, pp. 45—49. DOI: 10.1007/s12275-012-1415-z
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which confirms the possibility of their joint use
as part of a microbial consortium.

At the next stage of the study, bacterial con-
sortia were designed, the ratio of the studied
strains in which is shown in Table 1. In order
to determine which ratio allows to achieve the
maximum synergistic effect, the ability of con-
sortia to synthesize target growth-stimulating
substances was studied. The results are present-
ed in Fig. 1-3.

It was found that the synthesis of indo-
lyl-3-acetic acid by consortia ranged from 2.86
to 5.31 ug/ml of the nutrient medium, gibbere-
llic acid from 0.80 to 1.23 mg/ml, and sidero-
phores from 35.86 to 51.27%. The lowest abili-
ty to synthesize growth-stimulating substances
was possessed by K.4 consortium. A number of
other variants of consortia showed a decrease in
the synthesis of one of the target growth-stimu-
lating substances in comparison with separately
taken bacterial strains. Thus, the K. 2 conso-
rtium produced 3.56 pg/ml of indolyl-3-acetic
acid, whereas the average synthesis of this phy-
tohormone by individual strains was 3.79 pg/ml.
Consortia K. 6 and K. 7 produced less gibbe-
rellic acid (0.91 and 0.85 mg/ml, respectively)

456 4,92

3,56

Indolyl-3-acetic acid, pg/ml
(%)

K. 1 K.2 K.3

Bacterial consortium

compared to the average of individual strains
(0.92 and 0.97 mg/ml, respectively). A decrease
in synthesis of siderophores was observed in K.
4 consortium. The highest ability to synthesize
growth-stimulating substances was possessed by
consortium K. 5: indolyl-3-acetic acid 5.31 pg/
ml, gibberellic acid 1.23 mg/ml, siderophores
51.27%. Thus, a ratio of 3 : 1 should be used
to maximize the synergistic effect when B. am-
violiquefaciens B-11265 and B. aryabhattai
B-13192 are used together, respectively.

CONCLUSION

The studied strains B. amyloliquefaciens
B-11265 and B. aryabhattai B-13192 have com-
plex growth-stimulating properties, including
synthesis of phytohormones (indolyl-3-acetic
and gibberellic acids) and siderophores. The
strains are biocompatible and do not inhibit
each other's growth and development. When B.
amyloliquefaciens B-11265 and B. aryabhattai
B-13192 were co-cultured in a 3 : 1 ratio, a syn-
ergistic effect was observed, i.e. an increase in
the synthesis of growth-stimulating substanc-
es compared to the average value of individual
strains. When cultivated in this ratio, the consor-

I 531
428
3,59
2.86
K 4 K. 5 K. 6 K.7

—8— Average value by the strains

Puc. 1. VccrnenoBanue KOJIU4YECTBA CUHTE3UPYEMOM NHAONMI-3-YKCYCHOM KHCIOTHI KOHCOPLIMYMaMu

Fig. 1. Investigation of the amount of indolyl-3-acetic acid synthesized by consortia

*Lee S., Ka J.O., Song H.G. Growth promotion of Xanthium italicum by application of rhizobacterial isolates of Bacillus ary-
abhattai in microcosm soil // Journal of Microbiology. 2012. Vol. 50. P. 45-49. DOI: 10.1007/s12275-012-1415-z.
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Fig. 2. Investigation of the amount of gibberellic acid synthesized by consortia
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Puc. 3. VccrnenoBanue KOJMYECTBA CHHTE3UPYEMBIX CHAECPOPOPOB KOHCOPLUYMaMU
Fig. 3. Investigation of the number of siderophores synthesized by consortia

tium of microorganisms produced indolyl-3-ace- tural crops in laboratory and field experiments.
tic acid in the amount of 5.31 pg/ml, HA of 1.23

mg/ml, and siderophores of 51.27%. The results CIHHCOK JIUTEPATYPbI

obtained indicate the high potential of the con- 1. Kumawat K.C., Razdan N., Saharan K. Rhizo-
structed consortium for agricultural applications. spheric microbiome: Biobased perspectives // Mi-
However, in order to develop a growth-stimu- crobiological Research. 2022. Vol. 254. P. 126901.
lating preparation based on it, it is necessary to DOIL: 10.1016/j.micres.2021.126901.

conduct a number of additional studies aimed at 2. Asyakina L.K., Serazetdinova Yu.R., Frolova A.S.,

investigating the effect of the strain on agricul- Fotina N.V, Neverova O, Peirov A.N. Anta-
gatng & gonistic activity of extremophilic bacteria against
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Bausiane Gu3noI0rn4ecKky aKTHBHBIX BellleCTB HA POCT, pa3BUTHE
U YPOXKAUHOCTH COH

X Inmuna A.C., ArakoBa E.A., Aopamenko U.C.

Camapckuil pedepanvhulil ucciedosamenvckuil yenmp Poccutickoti akademuu HayK
Camapa, Poccust
(<D e-mail:shishina-2024@mail.ru

[IpencraBneHs! pe3yabTaTbl HCCIIEAOBAHNH BIUSHUA (PU3MOJIOTMYECKH AKTUBHBIX BEIIECTB Ha POCT,
pa3BUTHE U yPOXKAWHOCTH COU B YCIOBUIX CpeJHEBOIKCKOTO pernona. VMzyyenne npenaparoB npo-
BOJWJIM Ha pailoHupoBaHHOM copte cou fOxanka. [Ipenaparsl Musan Arpo, Butanonn NP (N 10%,
P 30%), Buranonia NP (N 30%, P 10%) u HanoKpemHuii nprMeHsIM B JO3UPOBKaX, pEKOMEHTyEeMbIX
npou3BoauTensiMu. CxeMa OnbITa BKJIIOYaIa YeThIpe BapraHTa 00paboTOK mpenapaTaMyd U KOHTPOJIb
(Boma). IlpemapaTsl IPUMEHSITH AJIST PEATIOCEBHOM 00pabOTKH CeMSTH M OTIPHICKUBAHUS BETETHPYIO-
X pacreHuil. Perymsarop pocta Musan Arpo (00paboTka ceMsiH U pacTeHHii) 00€CTIeUnIT TOBBIIIe-
Hue ypoxaiiHocTH Ha 23,1%. O6paborka npenaparom Burtanosnin NP (N 10%, P 30%) nana npudaBky
ypoxaiinoctu Ha 18,3% B cpaBHeHuM ¢ KOHTposieM. Hanbonpiuas ypoxkaiiHOCTh TOJIyueHa Ha Bapu-
anrte ¢ 00padotkoit npenaparom Burtanomn NP (N 30%, P 10%), kotopast mpeBbIcHIa KOHTPOIbHBIH
BapuanT Ha 68,8%. [IpubaBka ypoxxaiiHocTH 1pu 00padoTke npenaparom HanoKpemuuii npeBbicuia
KOHTPOJIBHBIN BapuaHT Ha 29,4%. [Ipumenenne Bcex (pU3HONOTHYeCKr aKTUBHBIX BEIIECTB MOJIOXKH-
TEJIBHO CKa3aJloch Ha POCTE, Pa3BUTHM M NMPOAYKTUBHOCTU pacTeHuil cou. [IpuMeHeHue npenapara
Buranonn NP (N 10%, P 30%) oka3ano mojaoxuTenbHOE BIMSHUE HAa TaKUE MOKA3aTEeIN CTPYKTYPbI
ypoXas, Kak BblcOTa pacTeHus (527 cM) u BbICOTa IPUKpEIUIeHUs HIKHero 600a (15,8 cm). [Ipemna-
parel Butanomt NP (N 30%, P 10%) n HanoKpemHwuii cmiocoOcTBOBaIM yBEIHYCHUIO Yyuciia 0000B
(18,1-18,2 mt.). Taxxe u3yuyaemsle Mpernaparbl OKa3zaiy MoJ0KUTEIbHOE BIusHUE Ha Maccy 1000 ce-
MSIH, BBICOTY PACTECHHMI M BBICOTY IIPUKPEIJICHNSI HUXKHET0 000a B CPABHEHUU C KOHTPOJIEM.

KuioueBble ci1oBa: cosi, ypokaifHOCTh, 00paboTku, Musan Arpo, Butanomin NP (N 10%, P 30%),
Butanonn NP (N 30%, P 10%), HanoKpemunii

Effect of physiologically active substances on the growth, development
and yield of soybeans

(><DShishina A.S., Atakova E.A., Abramenko L.S.
Samara Federal Research Center of the Russian Academy of Sciences

Samara, Russia
(XDe-mail: shishina-2024@mail.ru

The results of research on the influence of physiologically active substances on the growth, deve-
lopment and yield of soybean in the conditions of the Middle Volga region are presented. The study
of preparations was carried out on the released soybean variety Yuzhanka. The preparations Mival
Agro, Vitanol NP (N 10%, P 30%), Vitanol NP (N 30%, P 10%) and NanoSilica were applied at
the dosages recommended by the manufacturers. The experiment scheme included four variants of
treatments with preparations and control (water). The preparations were applied for pre-sowing seed
treatment and spraying of vegetative plants. The growth regulator Mival Agro (seed and plant treat-
ment) provided a 23.1% increase in yield. Treatment with Vitanol NP (N 10%, P 30%) gave an 18.3%
yield increase compared to the control. The highest yield was obtained in the variant with Vitanol NP
treatment (N 30%, P 10%), which exceeded the control variant by 68.8%. The yield increase when
treated with NanoSilicon exceeded the control variant by 29.4%. Application of all physiologically
active substances had a positive effect on the growth, development and productivity of soybean plants.
Application of Vitanol NP (N 10%, P 30%) had a positive effect on the yield structure parameters such
as plant height (527 cm) and lower bean attachment height (15.8 cm). Vitanol NP (N 30%, P 10%) and
NanoSilica preparations contributed to the increase in the number of beans (18.1-18.2 pcs). Also, the
studied preparations had a positive effect on 1000 seed weight, plant height and height of the lower
bean attachment, compared to the control.

Keywords: soybean, productivity, processing, Mival Agro, Vitanol NP (N 10%, P 30%), Vitanol
NP (N 30%, P 10%), NanoSilicon
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INTRODUCTION

Increasing the production of goods that pro-
vide high-protein food, feed and technical raw
materials is currently one of the most important
tasks of intensive technologies in crop produc-
tion [1]. Legumes are valuable crops that contain
a large amount of protein, oil, essential acids,
and are rich in various microelements. Due to
symbiotic nitrogen fixation, they can enrich the
soil with available forms of nitrogen from the air,
transforming it into the ammonium form avai-
lable to plants. One of the promising crops of
this family is soybean, which has great econom-
ic, ecological and social importance in the agri-
cultural sector [2-4]. For a long time, it was used
as a crop exclusively for oil production. Soybean
then gained the role of an excellent high-protein
crop with a wide range of applications, evolving
from the production of meal for livestock feed to
a highly processed protein isolate and lecithin.
Due to its rich chemical composition, soybeans
have gained popularity among both industrial
production and the general public as a food con-
taining all essential amino acids and beneficial
phospholipids [5].

The necessary amount of soybean yield can
be obtained without expanding the area under
crops. Long-term exploitation of agricultural
lands without replenishment of microelement
nutrition leads to their significant depletion and,
as a consequence, to a sharp decrease in yield
[1]. The possibilities of increasing crop yields
include the introduction of new progressive re-
source-saving technologies, the use of bioprepa-

rations that increase plant resistance to abiotic
and biotic stressors. Introduction of new ele-
ments into the technological process is neces-
sary, but first it is necessary to determine their
adaptability to the given technology and the ef-
ficiency of their application by experience [6].

Currently, there is a huge number of applied
or tested chemical preparations (growth stimu-
lators, mineral and organic fertilizer complexes,
etc.) in the field of agriculture, allowing to obtain
additional sources of mineral nutrition of plants
[7]. Preference is given to the preparations ca-
pable of influencing the efficiency of symbiosis,
causing visible changes in plant growth and de-
velopment and improving the use of other nutri-
ent elements'.

The key point in creating favorable condi-
tions for plant growth and development is the
use of high-quality physiologically active prepa-
rations. The strategy of modern adaptive crop
production involves increasing the efficiency of
production processes by incorporating develop-
ments in the integrated use of new-generation
fertilizers and the use of preparations contain-
ing physiologically active substances (PAS).
Efficiency of PAS application depends largely
on the object of influence: species, age of plant,
part of plant organism and other features. The
use of new-generation PASs in the treatment of
seed material before sowing and foliar feeding
of plants allows to increase stress resistance of
plants to abiotic factors, to influence the quality
and productivity of the crop (see footnote 1).

The purpose of the research was to study
the effect of physiologically active substances

'Belchenko S.A., Belous IN., Kovalev V.V. Material and technical support and innovative development of the agro-industrial
complex of the Bryansk region // Actual issues of economics and agribusiness: a collection of scientific papers, 2021, vol. 1, N 1,

pp. 388-400.
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on the growth, development and productivity
of soybean variety Yuzhanka depending on the
growing conditions.

MATERIAL AND METHODS

The research was conducted in 2020-2022 on
the experimental field of breeding crop rotation
of the laboratory of introduction, breeding of
forage and oilseed crops of the Volga Research
Institute of Breeding and Seed Production —
branch of the Samara Federal Research Center
of the Russian Academy of Sciences.

The soil of the experimental plot, on which
the research was conducted, is typical cherno-
zem, low-humus light loamy by granulometric
composition with a granulated-clumpy struc-
ture, pH of the salt extract is 5.3. [8]. The cli-
mate of the study area is moderately continental.
This zone is characterized by pronounced sea-
sons, sharp temperature contrasts between cold
and warm seasons, moisture deficit, evaporation
intensity and richness of sunshine.

Soil preparation was carried out according
to the agrotechnics adopted for the conditions
of the study area: early spring harrowing with a
tooth harrow BZSS-10, following the accumula-
tion of moisture in the soil, cultivation was car-
ried out to a depth of 6-8 cm. Sowing was car-
ried out in May on a flat surface with a seed drill
SN-10Ts in a wide-row method with a row spac-
ing of 45 cm. The total area of the experimental
plot was 25 m2, the repetition was fourfold, the
placement of variants was randomized. Yuzhan-
ka soybean variety included in the State Regis-
ter for the Middle Volga (7) region was used in
the research. The plant is of the indeterminant
type of development. The pubescence of the
main stem is gray. The flower is white. Seeds are
yellow with a yellow leaf scar. Flowering starts
early. The vegetation period is 95-102 days. The
weight of 1000 seeds is 110-122 g. The content
of protein in the seeds amounts to 29.2%, fat to
25.3%. The variety is suitable for cultivation
without irrigation. The average seed yield in the
Middle Volga region is 1.51 t/ha.

Seed material was treated with the studied
preparations.

The following preparations were used in the
experiments:

— Mival Agro — a complex preparation, which
in addition to biologically active organosilicon
compound from the silatran group includes an
analog of phytohormones from the auxin group
[9]. Active substance: 760 g/kg orthocresoxy-
acetic acid triethanolammonium salt + 190 g/kg
chloromethylsilatran. The preparation protects
against adverse environmental effects, reduces
stress load on the plant, as well as improves the
transport of the nutrients and accelerates meta-
bolic processes inside the cell [10];

— Vitanol NP (N 10%, P 30%) — a vitaminized
fertilizer based on the content of a complex of
macro- and microelements (nitrogen — 9—-12%,
phosphorous — 28-30%, Mg, Mn, S, Zn, B, M);
Vitanol NP (N 30%, P 10%) contains 30% nitro-
gen, 10% phosphorus [10]. The drug has stimu-
lating antioxidant properties due to the presence
of a complex of biologically active acids in its
composition [11];

— NanoSilica — a mineral fertilizer based on
biologically active crystalline silicon particles
[12]. It is a new type of a modern fertilizer that
helps crops better absorb micronutrients and be
more resistant to diseases and parasites.

The experiment scheme included four vari-
ants of treatments with preparations and the
control:

— control (water);

— Mival Agro (pre-sowing seed treatment
(5 g/t) + single vegetation treatment (10 g/ha));

— Vitanol NP (N 10%, P 30%) (pre-sowing
seed treatment (0,5 1/t) + single treatment during
vegetation with the preparation (0,3 1/ha));

— Vitanol NP (N 30%, P 10%) (pre-sowing
seed treatment (0,5 1/t) + single treatment during
vegetation with the preparation (0,3 1/ha));

— NanoSilica 100 n/ra (pre-sowing seed treat-
ment (200 g/t) + double treatment during vegeta-
tion with the preparation (100 g/ha)).

All treatments were carried out once in the
period of budding — beginning of flowering,
except for NanoSilica. This preparation was
applied twice according to the manufacturer's
recommendations. The first treatment was car-
ried out in the initial period of plant growth, the
second in the period of budding — beginning of
flowering.

PactreHneBoncTBO M ceneKIus
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During the vegetation of soybean plants,
manual weeding of experimental plots was car-
ried out. All records and observations in field
studies, including statistical data processing,
were carried out in accordance with the general-
ly accepted methodological recommendations?.

RESULTS AND DISCUSSION

The existing hydrothermal conditions in the
years of research were different both in terms
of the temperature indices and the amount of
precipitation during the growing season of soy-
beans.

Samara region is characterized by a variety
of natural and climatic conditions. Depending
on the level of precipitation and temperature
conditions, it can be conditionally divided into
southern, central and northern zones.

Soybean is a crop of monsoon climate, which
has high requirements for moisture and heat.
Climatic conditions of the Samara region are
generally favorable for cultivation of this crop.

In 2020, the average daily air temperature
during the sowing — sprouting period was close
to the optimal values and amounted to 19.2 °C
(see Table 1). The amount of precipitation was
0.10 mm, the hydrothermal coefficient (HTC)
was 0.01, which characterizes the conditions of
this period as acutely arid. The average daily air
temperature during the interphase period sprout-
ing - flowering was 16.6 °C, the amount of pre-
cipitation ranged within 3 mm, HTC — 0.84.

Sufficient precipitation during this period
of vegetation had a positive effect on soybean
yield, because the greatest need for moisture in
soybean plants falls on the flowering phase. The
temperature regime during the flowering — ripe-
ning period was at 20.5 °C, precipitation was
3.0 mm, HTC - 0.47.

During the whole vegetation period 2021, in-
creased air temperature and uneven precipitation
were observed. The average daily air tempera-
ture during the sowing — sprouting period was

22.7°C, no precipitation was observed during
this vegetation period.

During the period of sprouting — flowering,
the average daily air temperature was within
20.9 °C. This period with precipitation of 5.8 mm
(HTC 1.15) was favorable for growth and de-
velopment of soybean plants, which allowed to
obtain a high yield of seeds. In the phase of flo-
wering — ripening there were arid conditions, the
average daily air temperature was at 24.7 °C, the
amount of precipitation — 4.2 mm, HTC — 0,14.

The meteorological conditions during the
sowing — sprouting period in 2022 were chara-
cterized by low average daily temperature
(10.4 °C) and excessive moisture (HTC — 1.52),

Tab6a. 1. XapakrepucTuka METCOPOIOTUUECKIX
yenosuii u I'TK B meproas! Beretauu cou

Table 1. Characteristics of meteorological
conditions and the HTC during soybean vegetation
periods

Average
Period 2020 | 2021 | 2022 | over the
years
Average daily air temperature, °C
Sowing - sprouting 19,2 | 22,7 | 10,4 17,1
Sprouting - flowering 16,6 | 20,9 | 18,5 18,7
Flowering - ripening 20,5 | 24,7 | 19,8 20,7
Sprouting - ripening 20,1 | 24,6 | 21,8 22,2
Precipitation, mm
Sowing - sprouting 0,1 0,0 2,1 1,1
Sprouting - flowering 3,0 5,8 5,0 4,6
Flowering - ripening 3,0 4,2 3,9 3,5
Sprouting - ripening 1,8 | 42 | 40 33
HTC
Sowing - sprouting 0,01 | 0,00 | 1,32 | 0,44
Sprouting - flowering 0,84 | 1,15 | 0,57 0,85
Flowering - ripening 0,47 | 0,14 | 0,31 0,30
Sprouting - ripening 0,55 | 0,48 | 0,43 0,49

*Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results); 5th edition,

supplemented and revised, Moscow: Agropromizdat, 1985, 351 p.
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which had a negative impact on the intensity
of germination of soybean seeds and led to an
increase in this interphase period up to 8 days.
Reduced moisture availability (3.0-3.9 mm)
in the interphase periods sprouting — flowering
and flowering — ripening negatively affected the
overall level of soybean yield. The vegetation
period 2022 was characterized by low average
daily temperature and precipitation deficit. The
hydrothermal coefficient was 0.43 and it was the
lowest for the years of research.

The conducted research allowed to establish
that the most favorable weather conditions for
soybean cultivation were formed in 2021.

On average for 2020-2023 sowing was car-
ried out in the first ten-day period of May, by
this time the soil temperature was 10-12 °C. On
average for 3 years of research it was found that
the duration of the sowing — sprouting period
was 6—8 days and depended on the hydrothermal
conditions.

Among all the studied preparations, the vari-
ant with NanoSilica treatment contributed to the
increase in the duration of the periods sprouting
—flowering (by 2—-3 days) and flowering — ripen-
ing (by 2—4 days).

In our studies, no significant difference in
the onset of phenological phases of growth and
development in the variety Yuzhanka was ob-
served during treatment with the other studied
preparations. The vegetation period averaged
100 days in all the experiments during the years
of research.

Pre-sowing treatment of the seeds one day
before the sowing with Mival Agro, Vitanol NP
(N 10%, P 30%), Vitanol NP (N 30%, P 10%)
and NanoSilica promoted better penetration of
the preparations into the seeds, improving ger-
mination energy and emergence of friendly
sprouts, which is especially important for soy-
beans at the initial stages of plant development.

Treatment of the plants with preparations
during vegetation increased the safety of the
plants by the time of harvesting (see Table 3).
Plants survived and vegetated quite well, higher
indicators were obtained during treatment with

the studied preparations. The response of the Yu-
zhanka soybean to the preparations was differ-
ent, safety to the time of harvesting by the treat-
ment variants was from 86.9 to 92.8%. Maxi-
mum safety was formed in the variants with the
application of Vitanol NP (N 10%, P 30%) and
NanoSilica, amounting to 90.5 and 92.8%, re-
spectively, and in the variants with the appli-
cation of Mival Agro and Vitanol NP (N 30%,
P 10%) the safety was closer to the control vari-
ant (86.6%) and amounted to 86.9—88.2%.

Taoda. 2. [IpogomKUTENBHOCTD BETETAIIUU U MEK-
(ha3HBIX TIEPUOJIOB COM B JTHSIX

Table 2. Duration of soybean vegetation and
interphase periods in days

PactreHneBoncTBO M ceneKIus

Interphase vegetation period
Sowing
Option - sprout- | °P irout- flower- | sprout-
mng ing - rip- | ing - rip-
- flower- ening ening
ing
2020
Control (water) 7 40 67 107
Mival Agro 7 40 67 107
Vitanol NP
(N 10%, P 30%) 7 42 68 108
Vitanol NP
(N 30%, P 10%) 7 42 68 108
NanoSilicon 7 43 69 109
2021
Control (water) 6 35 61 96
Mival Agro 6 35 61 96
Vitanol NP
(N 10%, P 30%) 6 37 63 96
Vitanol NP
(N30%,P10%) | © 37 63 96
NanoSilicon 6 38 65 98
2022
Control (water) 8 51 46 97
Mival Agro 8 51 46 97
Vitanol NP
(N 10%, P 30%) 8 53 47 97
Vitanol NP
(N 30%, P 10%) 8 53 47 97
NanoSilicon 8 53 48 98
Cubupckuii BECTHHK CEIbCKOXO3SIHCTBEHHON HayKH * 2024 ¢ 54 ¢ 6 53
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Tao6a. 3. Brusaue GpU3H0NIOrH4ecKr aKTHBHBIX MTPENapaToB Ha YPOXKAHHOCTD COU

Table 3. Effect of physiologically active substances on soybean yield

Option PlangY V(i);l)bili— Weisggd(;f z(1; 000 Seed yield, g/m?

? ? 2020 2021 2022 Average
Control (water) 86,6 109,86 110,26 183,29 66,96 120,18
Mival Agro 86,9 111,85 121,97 244,59 77,22 147,93
Vitanol NP (N 10%, P 30%) 92,8 109,89 119,73 217,85 85,50 142,19
Vitanol NP (N 30%, P 10%) 88,2 109,64 122,88 254,51 78,94 202,81
NanoSilicon 90,5 111,12 124,92 250,17 91,59 155,56

LSD, 1,69 2,95 1,64 —

Weight of 1000 seeds is one of the import-
ant indicators affecting the yield of the variety.
In the studies, this indicator was at the level of
109.86-111.85 g. The most fulfilled seeds were
in the variants with treatments with the prepa-
ration Mival Agro — 111.85 g and NanoSilica —
111.12 g, exceeding the control (water) by 1.8—
1.1%. This indicator in the variants with the use
of the preparation Vitanol NP (N 10%, P 30%)
and Vitanol NP (N 30%, P 10%) was at the level
of control, amounting to 109.89 and 109.64 g.

Soybean yield averaged from 120.18 to
202.81 g/m? in 2020-2022. A significant in-
crease to the control was observed in all the
variants with the use of physiologically active
preparations. On average for 3 years of research,
the highest soybean yield was obtained in the
variant with treatment with Vitanol NP (N 30%,
P 10%) — 202.81 g/m? which is 68.8% higher
than the values of the variant without treatment.
Double treatment of soybean during the grow-
ing season with NanoSilica provided a 29.4%
increase in the yield compared to the control,
amounting to 155.56 g/m? Yield increase in
the treatments with Mival Agro (147.93 g/m?)
and Vitanol NP (N 10%, P 30%) (142.19 g/m?)
amounted to 18.3 and 23.1%, respectively, de-
pending on the control variant.

The obtained data showed that the greatest
impact on soybean yield was made by the vari-
ant with the treatment with the preparation Vita-

nol NP (N 30%, P 10%), the increase of which in
relation to the control amounted to 82.63 g/m?.
In the variant with the treatment with NanoSil-
ica preparation the yield increase was equal to
35.38 g/m?, exceeding the control variant by
29.4%. Other variants with treatments also gave
an increase in yield, but to a lesser extent.

On average for 3 years of research, the height
of the above-ground part of soybean plants with
the application of physiologically active prepa-
rations varied from 49.1 to 52.7 cm, which ex-
ceeded by 1.2-4.8 cm the height of plants in the
control variant by 47.9 cm (see Table 4). The in-
crease in plant height was observed in the vari-
ants with treatments with Vitanol NP (N 10%,
P 30%) and NanoSilica, amounting to 52.1—
52.7 cm. In the treatment variants with Mival
Agro and Vitanol NP (N 30%, P 10%), the plants
were higher than the control variant, amounting
to 49.1-49.7 cm.

The height of the lower bean attachment is
closely related to the plant height. According to
our data, the correlation between the traits is » =
0.41-0.76. This indicator is very important, be-
cause it is responsible for the suitability of the va-
riety for mechanical harvesting. In the Yuzhanka
soybean plants, variants with treatments had a
significant effect on this morphological trait. In
all the variants with treatments, the height of the
lower bean attachment was formed 0.3—0.9 cm
higher than in the variant without treatment,
amounting to 15.2—15.8 cm.
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(20202022 1)

Table 4. Effect of physiologically active preparations on the elements of soybean yield structure (2020-2022)

Height of the Number of
Option Height, cm lower bean
attachment, cm side branches | beans on a plant | seeds in a bean
Control (water) 479 14,9 1,9 13,9 2,1
Mival Agro 49,7 15,2 2,0 17,5 2,1
Vitanol NP (N 10%, P 30%) 52,7 15,8 1,8 17,1 2,0
Vitanol NP (N 30%, P 10%) 49,1 15,8 1,9 18,1 2,2
NanoSilicon 52,1 15,3 1,9 18,2 2,1
LSD e on facior a (YERT) 0,78 0,46 0,10 1,15 0,10
LSD 5 1 e on ctor 5 (PTEPATation) 1,00 0,60 0,13 1,48 0,12
LSDy; 5, 1,74 1,03 0,23 2,57 0,21

On average, the application of physiologically
active substances had no statistically significant
effect on the trait “number of lateral branches”
during the years of study. Almost all the variants
with treatments were at the level with the control
(1.9 pieces), except for the variants with applica-
tion of Mival Agro preparations — 2.0 pieces and
Vitanol NP (N 10%, P 30%) — 1.8 pieces.

The variants treated with Vitanol NP (N 30%,
P 10%) and NanoSilica had the most effective im-
pact on the number of productive beans per plant
on average for 3 years. These variants produced
30% more beans — 18.1-18.2 pieces, while in the
control — 13.9 pieces. Preparations Mival Agro
and Vitanol NP (N 10%, P 30%) also exceeded the
control variant by 23-25%, amounting from 17.1
to 17.5 pieces.

During the period of research between the
variants with treatments with physiologically
active substances and the control variant the
number of seeds in the bean did not differ sig-
nificantly and was within the range of 2.0-2.1

pcs.

CONCLUSIONS

1. The results of research showed that all
applied preparations had a positive effect on the
growth, development and yield of soybeans.

2. The highest seed yield was provided by
Vitanol NP (N 30%, P 10%) and NanoSilica

preparations, exceeding the control variant by
29,4-68,8%.

3. Vitanol NP (N 10%, P 30%) (92.8%) had
the maximum effect on plant safety, increasing
the safety by 7.2% relative to the control.

4. High indicators of 1000 seeds weight
were obtained by treatment with Mival Agro and
NanoSilica preparations, exceeding the control
by 1.26-1.99 g.

5. Treatment with Vitanol NP (N 10%,
P 30%) had a positive effect on the yield struc-
ture parameters such as plant height (52.7 cm)
and lower bean attachment height (15.8 cm).

6. Treatment with Vitanol NP (N 30%,
P 10%) and NanoSilica increased the number of
beans (18.1-18.2 pieces).

Also, these preparations had a positive effect
on plant height and height of lower bean attach-
ment compared to the control.
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CesleKIIMOHHBIE COPTA KJIEBEPA JIYTOBOI0 ¢ BLICOKMMHU NMPOAYKTUBHBIMU
KayecTBaMHU Jisl YeJIoBHI Bosro-BsiTckoro pernona

(<) TIomnosa E.B., Ap3amacosa E.I"., [lInxoa 1U.B.

Dedepanvublii acpapuwviil Hayunwlil yeump Cesepo-Bocmoka um. H.B. Pyonuykoeo
Kwupos, Poccus
(XDe-mail: PopovaEV8008@yandex.ru

[IpencraBieHsr pe3ynbTaThl ONEHKH MSTH CEJIEKIIMOHHBIX COPTOB KieBepa Jryrooro (7rifolium
pratense L.) 1o mokazareisiMm KOPMOBON U CEMEHHOW MPOAYKTHBHOCTH. VccinenoBaHbl CeNeKIMOHHbIE
coprononyisiiyu [1-15, TTID-49-3, TTID-86-3 CI'TID-159-3, CTTIP-159-3 + CI'TI-117 nByykocHO-
r0O THIIA B CPaBHEHHUHU co cTanaapToM JlpmMkoBckuii 3a 3 roga (2020-2022) x03s1iCTBEHHOTO UCTIONB30-
BaHUS TPABOCTOEB B KOHKYPCHOM copToucmbITaHuU moceBa 2019 r. McciemoBanusi mpoBENICHBI Ha
cunbHOKUCTBIX (pH, ., = 4,47) NepHOBO-NOA30IUCTHIX MOYBAX C BHICOKUM COJEPKAHMEM OOMEHHBIX
¢dopm docdopa u xanmms (192,5 u 217,9 mr/kr), au3kum — rymyca (2,2%). [lorogupie yciaoBus B TOabI
WCCIIEZIOBAaHUN XapaKTepHU30BAIHNCh KaK YMEPEHHO Teruibie. CpeqHeMecsiaHasl TeMIieparypa Bo3ayxa
3a anpenb — aBryct coctasuia 13,0-15,6 °C ¢ pazubim obecrieueHneM ocaakamu: B 2020 1. — u30bITOU-
HbIM, B 2021 1. — ¢ sierkum Jiepuiutom, B 2022 1. — OIU3KUM K HOPMaJIbHOMY. 3a oIkl HCCIICIOBAaHUN
YCTaHOBJICHA BBICOKAsi 3MMOCTOMKOCTh BCeX M3y4yaeMbix coproB (Oosee 80%). OnpeneneHa npoaod-
KHUTETHFHOCTh MEPHOIOB Pa3BUTHUS PACTEHUH y COPTOB IMPH YKOCHOM M CEMEHHOM HCIOJIh30BAHUU
TpaBocToeB. JlaHa X03sCTBEHHO-OMOIOTHYECKasT XapaKTePUCTHKA COPTOB C OMHMCAaHUEM XapakTepa
WM3MEHEHHI BBICOTHI U OOJMCTBEHHOCTH PACTeHUH, KOPMOBOIM M CEMEHHOHN MPOAYKTUBHOCTU B CPaB-
HeHUM co cTanmaproM [IpiMkoBckuii. [1o pesynbraTam MpoBENEHHBIX MCCICIOBAHUN BBIICICHBI J[BA
cenekimoHHbIX copra [TID-49-3 u I1-15. 3uMocTONKOCTh JaHHBIX COpPTOB cocTaBmwia 92,6 u 96,9%, cym-
MapHbIi cOop cyxoro BerecTsa 3a 2 roma— 21,90 u 21,56 1/ra (+12,7 u 11,0% K cTanmapry) 1 ypoKaiHOCTh
CeMsTH B cpemneM 3a 2 roma — 1,72 u 2,14 yra (+8,9 u +35,4% x cranmapty). B ycnousx Bonro-Bsrckoro
pEerroHa 3TH copTa NepPCHeKTUBHEI IS TTepejadll Ha TOCYIapCTBEHHOE COPTOUCTIHITAHHE.

KaroueBbie cjioBa: KiieBep JTyroBOH, CEIEKIIMOHHBIE COPTa, KOPMOBAsI TPOAYKTUBHOCTD, YPOXKaii-
HOCTb CEMSH

Selection varieties of meadow clover with high productive qualities
for the conditions of the Volgo-Vyatka region

CX)Popova E.V., Arzamasova E. G., Shikhova L.V.
Federal Agrarian Scientific Center of the North-East named after N.V. Rudnitsky

Kirov, Russia
(<De-mail: PopovaEV8008@yandex.ru

The results of evaluation of five breeding varieties of meadow clover (Trifolium pratense L.)
in terms of fodder and seed productivity are presented. Breeding varietal populations of P-15,
GPF-49-3, GPF-86-3 SGPF-159-3, SGPF-159-3 + SGP-117 of the double-cut type were investigated
in comparison with the standard Dymkovsky for 3 years of economic use of grass stands (2020-
2022) in a competitive varietal trial of 2019 sowing. The studies were conducted on strongly acidic
(pH,, = 4,47) sod-podzolic soils with high content of exchangeable forms of phosphorus and po-
tassium (192.5 and 217.9 mg/kg), low — humus (2.2%). The weather conditions in the years of re-
search were characterized as moderately warm. The average monthly air temperature for April-August
amounted to 13.0-15.6 °C with different precipitation supply: in 2020 — excessive, in 2021 — with a
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slight deficit, in 2022 — close to normal. During the years of research, high winter hardiness of all the
studied varieties (more than 80%) was established. The duration of plant development periods in the
varieties at mowed and seed use of grass stands was determined. The economic and biological char-
acteristics of the varieties were given, describing the nature of the changes in plant height and foliage,
fodder and seed productivity in comparison with the standard Dymkovsky. Two breeding varieties
GPF-49-3 and P-15 have been identified based on the results of this research. The winter hardiness of
these varieties was 92.6 and 96.9 %, total dry matter yield for 2 years — 21.90 and 21.56 t/ha (+12.7
and 11.0 % to the standard) and the seed yield on average for 2 years — 1.72 and 2.14 kg/ha (+8.9 and
+35.4 % to the standard). These varieties are promising for testing in the Volga-Vyatka region and are

suitable for state variety trials.
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INTRODUCTION

Among perennial grasses cultivated in the
system of field fodder production in the north-
east of the non-Chernozem zone, the traditional
legume crop meadow clover (Trifolium pratense
L.) plays a leading role for the preparation of
high-grade nutritious fodder. Its wide distribu-
tion is due to its good adaptability to extreme
soil and climatic conditions of the zone (biocli-
matic potential of the zone is 12% lower than the
national average'), high fodder qualities, diver-
sity of fodder mass utilization, high nitrogen-fix-
ing capacity and positive impact on soil fertility,
energy and economic efficiency [1-4]. Scientists
working in different regions of our country note
that in increasing the productive and biological

potential of the crop an important role belongs
to breeding [5], the priority task of which is the
creation and introduction of advanced varieties
capable of providing sustainably high yields of
fodder mass and seeds under difficult climatic
conditions [6—8]. According to many research-
ers, the creation of varieties should be carried
out taking into account the natural-climatic
zone. Each region should have the varieties that
are able to realize the biological potential under
their conditions [9—13].

Increasing the range of varieties, as well as
replacement of old varieties with new, more pro-
ductive ones, allows to increase crop productivi-
ty by 15-20% without additional costs®. Current-
ly, the State Register of Breeding Achievements
of the Russian Federation contains 13 varieties

1Sysuev V.A., Mukhamadyarov F.E., Ashikhmina T.Y., Kuznetsov V.M., Lisitsyn E.M., Golovko T.K., Mishurov V.P,, Sirotenko O.D.
Biological resources of the north-east of the European part of Russia and their rational use in the food complex // Health - nutrition
- biological resources, vol. 1. Breeding, seed production, farming: materials of the International scientific and practical conference
devoted to the 125th anniversary of the birth of Academician N.V. Rudnitsky. Kirov: NIISKh of the North-East, 2002, pp. 38—-52.

“Sharipkulova Z.M. The role of a cultivar in intensification of production // Achievements of science and technology of AIC,

2007, N 2, pp. 24-25.
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Selection varieties of meadow clover with high productive qualities
for the conditions of the Volgo-Vyatka region
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of meadow clover of the Vyatka selection of dif-
ferent maturity dates, ploidy, possessing a com-
plex of economically useful traits®. Despite the
successes achieved, scientists continue breeding
work, searching for solutions to a number of the
problems associated with the possibility of com-
bining a complex of traits in one variety [14].

The purpose of the research is to evaluate the
breeding varieties of meadow clover in the com-
petitive variety trial (CVT) on the indicators of
fodder and seed productivity, to select the prom-
ising ones for transfer to the state variety trial
(SVT).

MATERIAL AND METHODS

The research was conducted in 2019-2022 at
the breeding plot of the laboratory of breeding
and primary seed production of perennial grass-
es of the experimental field of the Federal Agrar-
ian Scientific Center of the North-East named
after N.V. Rudnitsky.

In the nursery of competitive varietal test-
ing (2019 sowing) five varietal populations of
the double-crop meadow clover type from the
perennial grass department of the FASC of the
North-East created by different methods were
studied:

— in vitro selection of the acid tolerant gen-
otypes from selection number M 266 (the work
was carried out at the Federal Williams Research
Center of Forage Production & Agroecology)
with further formation of a population based on
the best regenerants (P-15);

— selection of the genotypes resistant to fu-
sarium disease on artificial infectious fusarium
background from hybrid and complex-hybrid
populations from artificial crossing (GPF-49-3,
GPF-86-2, SGPF-159 and SGPF-159-3 + SGP-
117).

Evaluation of productivity indicators was
carried out in comparison with the zoned stan-

dard variety Dymkovsky. The sowing was car-
ried out in summer in rows without cover. The
area of plots in testing for fodder purposes was
10 m?, placement randomized in four-fold repe-
tition, for seed purposes — 30 m? with a system-
atic placement in a single repetition.

In the conditions of the Volgo-Vyatsky region,
the economic use of meadow clover is limited to
two years, so the main research was conducted
in the first and second years of use, and in the
third year of use the economic longevity of the
breeding varieties was evaluated.

The soil of the experimental plot was sod
medium podzolic semi-loam strongly acidic
(pH,, = 4.47) with high content of exchange-
able forms of phosphorus (P,O,) and potassium
(K,0) — 192.5 and 217.9 mg/kg (according to
Kirsanov), low humus content — 2.2% (accord-
ing to Tyurin).

Recordings, observations, and evaluations
were carried out in accordance with the general-
ly accepted methods*”. Statistical processing of
the experimental results was carried out by the
method of dispersion and correlation-regression
analysis using the package of breeding-oriented
programs AGROS v. 2.07 and Microsoft Office
Excel 2011 program.

The conditions of the three autumn and win-
ter periods (2019/20, 2020/21, 2021/22) during
the breeding trial were satisfactory for meadow
clover overwintering.

Meteorological conditions of the vegetation
periods differed in heat and moisture availabi-
lity, which allowed to reveal individual reaction
of the varieties to growing conditions and give
them an objective assessment.

The weather conditions of the first half of the
summer season 2020 and 2022 (May-June) were
similar in terms of temperature regime and pre-
cipitation availability. They were characterized
by low average daily air temperature — 13.7 and
12.3 °C (0.8 and 1.6 °C below the norm) and ex-

Federal State Budgetary Institution “State Commission of the Russian Federation for Testing and Protection of Breeding
Achievements” (FSBI “Gossortkomissiya”). Plant varieties included in the State Register of Breeding Achievements admitted to
use. Varieties of the crop “Meadow clover™: http://reestr.gossort.com/reestr/culture/45.

4A broad unified classifier of the genus Trifolium L. Leningrad: VIR, 1983, 32 p.

SMethodology of the State variety testing of agricultural crops. Moscow, 1985, 269 p.

®Methodological guidelines for breeding and primary seed production of clover. Moscow: VNIIK, 2002, 72 p.
"Dospekhov B.A. Methodology of field experiment. Moscow: Agropromizdat, 1985, 351 p.
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cess precipitation — 129 and 170 mm (111.0 and
124.5% of the norm). In 2021 in this period, the
average daily air temperature was warmer, the
average daily air temperature was 17.5°C (3.6°C
above the multiyear average), and a slight pre-
cipitation deficit was recorded (120 mm or
92.5% of the multiyear average).

In the second half of the summer (July — Au-
gust), the weather was moderately warm with
the average daily air temperature of 17.8 °C
(0.55 °C above the multiyear average) and accu-
mulation of 792.9 °C of effective temperatures.
Precipitation was within the norm — 161.0 mm
(104.5% of the norm). In 2021 and 2022 during
the same period, the weather was hot, sometimes
very hot, with average daily air temperatures of
19.0 and 20.0 °C (1.75 and 2.55 °C above the
norm) and accumulation of 867.5 and 926.7 °C
of effective temperature, precipitation totaled
130.9 and 75.0 mm (85 and 48% of the norm).

RESULTS AND DISCUSSION

Winter hardiness as the ability to resist the
complex of negative environmental influences
during winter and early spring periods is an im-
portant characteristic of the variety. It allows us
to assess the possibility of its preservation under
cultivation in extreme soil and climatic condi-
tions of the north-eastern European part of Rus-
sia, which includes the Volgo-Vyatka region.

In the years of research, all varieties showed
high and very high winter hardiness: on average

it amounted to 81.2-92.9% in the first year of
use and 100% in the second and third years of
use.

The beginning of spring regrowth of plants
was observed in close calendar dates in all years
of the trials — April 20-21.

The period from the beginning of regrowth
to flowering in the varieties depended on the
meteorological conditions of the first half of the
summer season: in cool with excessive moisture
in 2020 (the first year of use) and 2022 (the third
year of use) it was longer and was 72-76 and
7578 days, while in warm with normal mois-
ture supply in 2021 (the second year of use) it
was short — 57-64 days (see Table 1).

According to the results of phenological ob-
servations, all breeding varieties entered the
flowering phase on average 1-5 days earlier than
the standard Dymkovsky.

Plant height is an element of variety charac-
terization and one of the factors of agronomic
control over the process of yield formation. As
records showed, depending on the weather con-
ditions of the research year, grass stands differ-
ing from each other in plant height were formed.

Under conditions of excessively wet grow-
ing season 2020 (290 mm of precipitation, or
107.8% of the norm), the average plant height
was 93.0 cm in the first cutting (medium-grow-
ing grass) and 55.1 cm in the second cutting
(low-growing). Under conditions of weak mois-
ture deficit in 2021 and 2022 (88.8 and 86.3% of

Ta6a. 1. Ilokazarenu ¢heHOIOTHUECKUX HAOIOACHHUH 3a TPABOCTOSMH CEICKITMOHHBIX COPTOB KIIeBepa

myrosoro (KCH, moces 2019 1)

Table 1. Indicators of phenological observations of the grass stands of meadow clover selection varieties

(CVT, sowing 2019)

Flowering start date Period from spring growth to flowering, days
Variety
2020 | 2021 2022 | 2020 | 2021 2022 | Average | © % g:r’ e
GPF-49-3 02.07 19.06 05.07 72 57 75 68 -5
P-15 03.07 22.06 05.07 73 63 75 70 -3
SGPF-159-3 + SGP-117 03.07 21.06 05.07 73 62 75 70 -3
SGPF -159-3 03.07 22.06 06.07 73 63 76 71 -2
GPF -86-3 06.07 22.06 07.07 76 63 77 72 -1
Dymkovsky (standard) 06.07 23.06 08.07 76 64 78 73 -

KopmornponssoacTso
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the norm), plants were low-growing — 60.6; 61.6
and 43.3 cm in the first and second harvests of
2022, respectively. In the third-year grass stands
(2022), the second ear was not formed due to hot
and dry weather in the second half of the grow-
ing season.

Interpopulation differences in plant height
were revealed: in GPF-49-3 this index reached
maximum values in all harvests with a reli-
able excess of the standard by 1.5 cm (LSD, =
0.5 cm) in the first harvestand by 7.5 cm (LSD ;=
2.1 cm) in the second harvest (see Table 2).

Population P-15 in the first cutting formed a
grass stand equal in height to the standard Dym-
kovsky, in the second cutting it was reliably
higher by 5.0 cm.

Inthevarieties SGPF-159-3 and SGPF-159-3+
SGP-117 plants of the first cutting were signifi-
cantly lower than the standard Dymkovsky by
5.1 and 3.7 cm, respectively. The height of the
second cutting plants in the population SGP-159-
3 significantly exceeded the standard by 5.5 cm,
in SGPF-159-3 + SGP-117 it was at its level.

The GPF-86-3 population was characterized
by high-growing plants of the first cutting, sig-
nificantly exceeding the Dymkovsky variety by
0.9 cm, and low-growing and equal to it in the
second one.

One of the characteristics of the fodder value
of the variety is the foliage. Clover leaves are

Tabua. 2. XapakrepucTuKa CEICKIIMOHHBIX COPTOB
KJIeBepa JIyroBoro 1o Beicote pacteHuit, cM (KCH,
noces 2019 ., cpenHee 3a BTOPOTo rojia MoIb30BaAHIS)
Table 2. Characteristics of the meadow clover

selection varieties by plant height, cm (CVT,
sowing 2019, average for 2 years of use)

Variety first o crOZecond
GPF -49-3 79,4 53,5
GPF -86-3 78,8 46,9
P-15 78,0 51,0
SGPF -159-3 +SGP-117 74,2 46,4
SGPF -159-3 72,8 51,5
Dymkovsky (standard) 77,9 46,0
Average for the nursery 76,9 49,2

LSD; 0,5 2,1

richer in organic and mineral content than the
stems.

Leaf content in the grass stands of the first
cutting amounted to 42.5% and corresponded to
the gradation “average”. According to this indi-
cator, all breeding varieties surpassed the Dym-
kovsky variety (41.5%) by 0.2-2.4%. The share
of the leaves on the plants of the second cutting
was 14.1% higher than the first one and ave-
raged 56.6% in the nursery. On the background
of'high plant foliage, all studied populations were
inferior to the standard Dymkovsky (63.5%) by
4.0-10.8%.

According to the paired correlation-regres-
sion analysis, a strong negative relationship
(r = -0.81) was found between the indicators of
the plant height and foliage, from which it can
be concluded that the taller the plants, the less
foliated they are.

For a more objective evaluation of the vari-
eties, the leaf dry matter yield (t/ha) was deter-
mined based on the plant foliage (%).

According to this indicator, in the first cut-
ting, the breeding varieties SGPF-159-3, P-15,
SGPF-159-3 + SGP-117 and GPF-86-3 showed
a significant increase (0.34-0.76 t/ha, LSD , =
0.30 t/ha); GPF-49-3 showed an insignificant
increase (0.30 t/ha). In the second cutting, pop-
ulations GPF-86-3 and GPF-159-3 + GPF-117
significantly exceeded the standard by 0.14 and
0.18 t/ha (LSD = 0.17 t/ha), while the other
populations were at its level (see the figure).

The total (per two harvests) leaf yield under
two-year regime of use in all the breeding va-
rieties was higher than the variety Dymkovsky
(10.73 t/ha) by 0.26—0.90 t/ha. Significant excess
over the standard was obtained in the popula-
tions P-15, SGPF-159-3 + SGPF-117, GPF-86-3
- 0.56; 0.77 and 0.90 t/ha (LSD,, = 0.29 t/ha).

The studies showed that all breeding varieties
had the most productive herbage of the first year
of use (2020): the average dry matter collection
in the nursery was 13.31 t/ha. In the second year
of use there was a decrease in the productivi-
ty of grass stands to the level of the first year
by 42.4% (2021), the total collection of fodder
mass amounted to 7.67 t/ha. Age grass stands of
the third year of use formed only the first harvest
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XapakTeprCcTHKa CEJICKIIMOHHBIX COPTOB KJIeBepa JIYTOBOTO TI0 cOOPY CYyXOi MacChl JIMCTHEB
(KCH, moces 2019 ., cpemHee 3a 2 rofia MoIb30BaHMS)

Characteristics of the meadow clover selection varieties in terms of leaf dry mass collection

(CVT, sowing 2019, average for 2 years of use)

with the average value of 3.49 t/ha of dry matter
(see Table 3).

Fodder productivity of all the breeding va-
rieties exceeded the variety Dymkovsky in the
first year of use by 0.22—-0.71 t/ha, in the second
year by 0.96—1.76 t/ha. Varieties SGPF-159-3 +
SGP-117, GPF-86-3, P-15 and GPF-49-3 with
additions of 0.61-0.71 and 0.98-1.76 t/ha by
years, respectively (LSD , = 0.46 and 0.78 t/ha)
showed a reliable advantage over the standard
Dymkovsky (12.83 and 6.60 t/ha) in both years
of use.

At a low level of fodder productivity of
third-year grass stands, all the breeding varie-
ties exceeded the Dymkovsky variety (3.10 t/ha)
by 0.33-0.69 t/ha. The highest yield of fodder
mass was obtained in the variety GPF-86-3 at
3.79 t/ha with a reliable gain to the standard of
0.69 t/ha (LSD, = 0.63 t/ha).

Under the two-year regime of herbage use,
the total dry matter yield of all the breeding va-
rieties significantly exceeded the Dymkovsky
variety (19.43 t/ha) by 1.18-2.47 t/ha (LSD,, =
1.03 t/ha).

Obtaining fodder mass in the third year of
use indicates that in the conditions of the Kirov
region in case of high preservation of plants af-
ter overwintering and favorable heat and mois-
ture availability during vegetation periods all

the studied varieties have productive longevity
(3 years).

Under the three-year regime of herbage use,
four varieties (GPF-49-3, GPF-86-3, P-15 and
SGPF-159-3 + SGP-117) provided a reliable
increase in fodder mass collection (3.84; 2.64;
2.60 2.06 t/ha, respectively) in comparison with
the standard Dymkovsky (22.53 t/ha).

According to our data, the most productive
breeding varieties - GPF-49-3, P-15, GPF-86-3
and SGPF-159-3 + SGP-117, which provided a
reliable increase in fodder mass collection both
at two-year and three-year regimes of herbage
utilization, were identified.

According to the results of the previously
conducted studies, the dynamics of fodder mass
intake by cutting varied on average for the evalu-
ated varieties from 50.2 to 73.6% in the first year
of use, from 51.0 to 76.3% in the second year.
It was noted that the share of the second cutting
of the total productivity decreases with the age
of the grass stand, which is due to the aging of
the plants and weakening of their regenerative
capacity [14].

According to the character of fodder mass
distribution in all the years of research, the
breeding varieties and the standard were more
productive in the first harvests.

In our studies, the contribution of the first cut-
ting to the total dry matter yield averaged 67.0%
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Taoa. 3. C60p CyXOro BCIHICCTBA Y CCIICKIIMOHHBIX COPTOB KJICBCPA JIYTOBOI'O IO rogaM IOJIb30BaHUs,

1/ra (KCH, nocer 2019 1)
Table 3. Collection of dry matter from the meadow clover selection varieties by years of use, t/ha (CVT,
sowing 2019)
Year of study (use) Total dry mz.it.ter ?/ield ur.lder the
Variety grass utilization regime
2020 (first) 2021 (second) 2022 (third) two-year three-year
GPF -49-3 13,54* 8,36* 3,47 21,90%* 25,37*
P-15 13,49% 8,08* 3,56 21,56* 25,13%*
GPF -86-3 13,53* 7,85% 3,79%* 21,39% 25,17*
SGPF -159-3 + SGP-117 13,44%* 7,58% 3,57 21,02%* 24,59*
SGPF -159-3 13,05 7,56* 3,43 20,61%* 24,04
Dymkovsky (standard) 12,83 6,60 3,10 19,43 22,53
Average for the nursery 13,31 7,67 3,49 20,99 24.47
LSD,, 0,46 0,78 0,63 1,03 1,55
*p>0,95.

in the first year of use and 67.9% in the second
year, while the contribution of the second cut-
ting was 33.0 and 32.1%. The stability of the
ratio of the first and second cuttings during the
first two years of use indicates that the regenera-
tive capacity of plants in these years is preserved
(see Table 4).

In the first year of use, the share of the first
cutting in the breeding varieties ranged from
65.0 to 67.5%, in the second year it varied from
65.1 to 70.3%; in the standard Dymkovsky it
amounted to 69.2 and 69.7%.

By the second year of use, the minimum de-
crease in the proportion of the second cutting in

comparison with the first year was observed in
the population of SGPF-159-3 (by 0.1%), in the
standard Dymkovsky by 0.5%, the maximum
decrease in GPF-86-3 (by 1.4%), SGPF-159-3 +
SGP-117 (by 3.0%), P-15 (by 3.3%). The variety
GPF-49-3 showed an increase in the share of the
second cutting by 2.4%.

Seed yield was evaluated along with the study of
the breeding varieties' fodder productivity indices.

In both years of use winter hardiness of the
plants in seed grass stands was at the level of
very high indicators (more than 87%). The vari-
ety GPF-49-3 was characterized by the highest
winter hardiness — 97.8% (see Table 5).

Tao6xa. 4. Coop cyxoro Bemiecta 1o ykocam, % (KCH, moces 2019 )
Table 4. Collection of dry matter by hay crops, % (CVT, sowing 2019)

Year of study (use)
Variety 2020 (first) | 2021 (second) | Average
Hay crop
first second first second first second
GPF -49-3 67,5 32,5 65,1 34,9 66,3 33,7
P-15 67,0 33,0 70,3 29,7 68,6 31,4
SGPF -159-3 65,0 35,0 65,1 34,9 65,0 35,0
SGPF -159-3+SGP-117 66,1 33,9 69,1 30,9 67,6 32,4
GPF -86-3 67,5 32,5 68.9 31,1 68,2 31,8
Dymkovsky (standard) 69,2 30,8 69,7 30,3 69,5 30,5
Average for the nursery 67,1 33,0 68,0 32,0 67,5 32,5
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The period from the beginning of regrowth to
harvesting maturity of seed grass stands was the
shortest in the varieties GPF-49-3 and P-15. The
populations of SGPF-159-3 and SGPF-159-3 +
SGP-117 lagged behind them on average by one
day, and GPF-86-3 by two days. All the breeding
varieties ripened earlier than the Dymkovsky va-
riety by 25 days.

In 2020 (the first year of use) seed grasses
with plant height of 96.9 cm were formed, in
2021 (the second year) it was 61.1 cm. During
the years of research, the tallest plants in the
grass stands were obtained from the varieties
P-15, GPF-49-3 and the variety Dymkovsky,
their average heights were 81.8; 80.4 and 80.1
cm. Other populations did not exceed 80 cm.

The level of seed productivity was signifi-
cantly influenced by the meteorological condi-
tions of the study year. Thus, under low air tem-
peratures and excessive moisture in 2020 (the
first year of use), the average variety yield was
1.04 c/ha, while in warmer and slightly deficient
precipitation conditions in 2021 (the second
year) it increased by 125% and amounted to 2.34
c/ha. The contribution of the first year of use to
the total seed yield was 31.2%, the second year
68.9% (see Table 6).

When comparing the seed productivity with
the standard Dymkovsky in the first year of use,
the variety SGPF-159-3 with 0.88 kg of seeds/ ha

showed a low (below 70% of the standard) lev-
el of seed productivity, populations GPF-86-3,
SGPF-159-3 + SGP-117, GPF-49-3 and P-15
(0.96-1.13 kg/ha) demonstrated the average
level (70-110% of the standard).

In the second year of use, variety P-15 with
seed yield of 3.14 c/ha provided a very high
(150% and more to the standard) level of seed
productivity, SGPF-159-3 + SGPF-117, SGPF-
159-3, GPF-49-3 (2.14-3.14 c/ha) showed a high
(110-149% to the standard) level, GPF-86-3
(1.99 c/ha) a medium level.

According to the results of two years of
tests, the population P-15 with an excess over
the standard Dymkovsky (1.58 c/ha) by 0.56
c/ha (135.4% to the standard) was the highest
yielding in the nursery. Varieties GPF-49-3 and
SGPF-159-3 with a gain of 0.14 and 0.11 c/ha
(108.9 and 107.0% to the standard) provided an
average level of seed productivity.

CONCLUSION

The results of evaluation of the economically
useful traits of meadow clover varietal popula-
tions confirm the effectiveness of the breeding
work on the creation of new generation variet-
ies. In our research, the selected varieties GPF-
49-3 and P-15 were identified as winter-hardy
(> 90%), highly productive in terms of fodder

Taoa. 5. XozsiicTBeHHO-OHONIOTHYECKas XapaKTePUCTHKA CEIEKIIMOHHBIX COPTOB KIIEBEPa JIyTOBOTO TpH

Bo3zenbiBanuu Ha cemeHa (KCH, nmoces 2019 1)

Table 5. Economic and biological characteristics of the meadow clover selection varieties when

cultivated for seeds (CVT, sowing 2019)

Period from aftergrowth

Winter hardiness, % to technical maturity of the Plar}t height
at maturity phase, cm
. grass stand, days
Variety
Year of use
first second | average first second | average first second | average
GPF -49-3 98,9 96,7 97,8 111 90 101 99,5 61,2 80,4
P-15 96,8 91,8 94,3 111 91 101 99,7 63,8 81,8
SGPF -159-3 96,8 88,2 92,5 112 91 102 96,5 61,8 79,2
SGPF -159-3+SGP-117 87,5 95,7 91,6 112 91 102 93,7 59,4 76,6
GPF -86-3 88,2 93,8 91,0 114 94 104 94,5 57,6 76,1
Dymkovsky (standard) 87,5 92,9 90,2 116 95 106 97,4 62,8 80,1
Average for the nursery 92,6 93,2 92,9 112,7 92,0 102,7 96,9 61,1 79,0

KopmornponssoacTso
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Taoda. 6. Cemennas MpOAyKTHBHOCTH CEJICKIIMOHHBIX COPTOB KieBepa jryrosoro, /ra (KCH, noces 2019 1)

Table 6. Seed productivity of the meadow clover selection varieties, c/ha (CVT, sowing 2019)

Contribution of the year of
Variety Year of use + to the standard use to the total seed yield, %
first second average c/ha % first second

P-15 1,13 3,14 2,14 +0,56 135,4 26,5 73,5
GPF -49-3 0,97 2,47 1,72 +0,14 108,9 28,2 71,8
SGPF -159-3 0,88 2,49 1,69 +0,11 107,0 26,1 73,9
SGPF -159-3+SGP-117 0,97 2,14 1,56 -0,02 98,7 31,2 68,8
GPF -86-3 0,96 1,99 1,48 -0,10 93,7 32,5 67,5
Dymkovsky (standard) 1,34 1,82 1,58 - - 42.4 57,6
Average for the nursery 1,04 2,34 1,70 - - 31,2 68,9

mass (total dry matter yield for 2 years 21.90
and 21.56 t/ha (+12.7 and 11.0% to the stan-
dard) and seed yield (average for 2 years 1.72 and
2.14 kg/ha (+8.9 and +35.4% to the standard)).
In the conditions of the Volga-Vyatka region they
are promising for transfer to the State variety trial.
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IddexkTUBHOCTDH NPEANOCEBHON 00Pa00OTKH CeMSH JIIOMMHA 0€JI0T0
KOMILIEKCHBIMH COCTABAMHU HA 0cHOBe pyHruuuaa Tedy 60

IMumoxosa JI.U., SIrosenxo I'.JI., [lapanueBa XK.B., ©X)MucnHuxosa H.B.

Bcepoccuiickuii hayuno-ucciedosamenbekuti uncmumym aonuna — guauan PedepanrbHoeo HayuHO20

YeHmpa Kopmonpouszeo0cmaea u azposxonro2uu um. B.P. Burvsmca
Bpsinckast obnacte, . Muaypunckuii, Poccus
(C<De-mail: lupin_nvmisnikova@mail.ru

[IpencraBiensl pe3ynnbTaThl 1a00PaTOPHOTO U MOJIEBOTO M3YUeHUs 3PPEKTUBHOCTH MPOTPABHUTE-
ns TeGy 60, MD (MHKpOIMYITBCHS) B YUCTOM BHUJE M B 0AKOBBIX CMeCsX ¢ mpemnapatamu ['ymar+7 u
OuraktiB Buta npoTHB ceMeHHON MH(EKINN aHTPaKHO3a U APYrux Oone3Hel monuHa. Mccnemo-
BaHus rposeneHsl B 2020-2022 rr. B Bpsinckoit oomactu. OObeKT U3ydeHUs: — ceMeHa, IPOPOCTKH H
IIOCEBHI JIIONHMHA Oesoro copra MudypruHCcKuil. B abopaTopHbIX yCIOBHAX OMOJIOTHYECKYIO OLCH-
Ky 3¢ dexruBHOCTH poTpaButes TeOy 60 B unctom Buae (Hopma pacxoaa — 0,5 1/T) u OaKOBBIX
cmeceit Tedy 60 + I'ymar+7 (0,5 + 0,5 n/1) u Teby 60 + durakrus Bura (0,5 + 0,05 1/T) npotus
CEMEHHON MH(EKIMH aHTPAKHO3a MIPOBOAWIN IO YHCIY MOPAKEHHBIX MPOPOCTKOB, BBIPALLICHHBIX B
OyMa)KHO-TIOJIMATHIICHOBBIX PYJIOHAX, B CPAaBHEHUHU C KOHTpojeM (0e3 MpoTpaBinBaHus). Beicokyio
ouonornyeckyro 3G(HEeKTHBHOCTh MPOTUB aHTPAKHO3a T0Ka3aia 0akoBast cMech TeOy 60 + durakTun
Bura (100%). I1pu 5ToM nannas cmeck noctosepno (HCP , = 0,66) okasbiaia HaMMEHbILEE BO3/IEH-
CTBHE Ha CHW)KEHHE JJIMHBI TUIIOKOTHIISL TPOPOCTKOB (8,8%). [loneBoii OnbIT 3aKkiaAbIBaIl B YEThI-
pexKpaTHOM ToBTOpeHun. Ilnommans aensaku cocrasmia 34 Mm% Hopma BeiceBa — 1,0 MITH BCXOXKHX
cemsia/ra. IlouBa ydacTka cepas jnecHas, coaepxkanue rymyca — 2,6%. [IpeamecTBeHHUK — SpOBbIe
3epHOBbIE KyIbTYphI. [IpoTpaBnuBanue cemsiH Tey 60 (0,5 11/T) u 6akoBbiMu cMmecsimu TeOy 60 + [y-
mar+7 (0,5 + 0,5 n/t) u TeGy 60 + @urakrus Buta (0,5 + 0,05 1n/T) npoBoxmiu 3a Mecsiil 10 oceBa.
3¢ deKTUBHOCTD NMPOTPABIMBAaHMS OLICHUBAJIN B CPABHEHUH C KOHTposieM. B cpeaHem HanOombIIyIO
ouonoruyeckyro 3ppekTHBHOCTH MPOTUB CEMEHHON MH(EKIMH aHTPAKHO3a [T0Ka3aia 0aKoBas CMech
Teby 60 + Ouraktus Bura (98,1%). K daze dnecrsiero 606a 4nuciio nopakeHHbIX 06000B COCTABHIIO
20,5% npu 78,4% B xonTpone. buonornueckast 3¢pHeKTUBHOCTb NPOTUB (y3apHo3a U PU30KTOHUH
cocraBuia 65,9 u 74,4% coorBercTBeHHO. PactipocTpanenne Ha 600ax cepoil u 0enoi rHuiIM coKpa-
Tiiock B 8 1 11 pas coorBercTBeHHO. BexokecTs cemsn nocrosepro (HCP = 0,74) ysennuunace Ha
16,2%, coxpaHHOCTb NPOLYKTUBHBIX pacTeHHH K yOopke —Ha 56,5%. [locToBepHas npubaBka ypoxas
ceMsiH cocTaBmia 2,52 T/ra, OKynaeMocTh 3arpar — 64,88 p.

KiroueBsle cjioBa: JitonuH Oemblil, 00JIE3HU, IPOTPABHUTEINb, PETYIATOPBI pocTa, SPPEKTHBHOCTS,
YpOKalHOCTh

Efficiency of pre-sowing treatment of white lupine seeds with complex
compositions based on Tebu 60 fungicide

Pimokhova L.I., Yagovenko G.L., Tsarapneva Zh.V., C<)Misnikova N.V.

The All-Russian Research Institute of Lupine — Branch of the Federal Williams Research Center
of Fodder Production and Agroecology

Michurinsky, Bryansk region, Russia

(C<De-mail: lupin_nvmisnikova@mail.ru

The results of laboratory and field tests of effectiveness of the Tebu 60 protectant, ME (micro-
emulsion) in its pure form and in tank mixtures with Humate+7 and Fitaktiv Vita against anthracnose
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Efficiency of pre-sowing treatment of white lupine seeds
with complex compositions based on Tebu 60 fungicide

Pimokhova L.I., Yagovenko G.L., Tsarapneva Zh.V., Misnikova N.V.

seed infection and other diseases of lupine are presented. The research was conducted in 2020-2022
in the Bryansk region. The object of the study were the seeds, seedlings and crops of the Michurinsky
white lupine variety. In laboratory conditions, biological evaluation of the effectiveness of the Tebu 60
protectant in pure form (rate of consumption — 0.5 1/t) and tank mixtures Tebu 60 + Humate+7 (0.5 +
0.5 1/t) and Tebu 60 + Fitaktiv Vita (0.5 + 0.05 1/t) against anthracnose seed infection was carried out
by the number of affected seedlings grown in paper-polyethylene rolls in comparison with the control
(without treatment). The tank mixture Tebu 60 + Fitaktiv Vita (100%) showed high biological efficacy
against anthracnose. Moreover, this mixture significantly (LSD ;= 0.66) had the least effect on redu-
cing the hypocotyl length of the seedlings (8.8%). The field experiment was laid down in a fourfold
repetition. The plot area was 34 m?. The seeding rate was 1.0 million germinated seeds/ha. The soil of
the site was gray forest soil, humus content — 2.6%. The forecrop was spring cereal crops. Seed dres-
sing with Tebu 60 (0.5 1/t) and tank mixtures Tebu 60 + Humate+7 (0.5 + 0.5 1/t) and Tebu 60 + Fitaktiv
Vita (0.5 + 0.05 1/t) were conducted one month before the sowing. The effectiveness of the treatment
was evaluated in comparison with the control. On average, the highest biological efficacy against an-
thracnose seed infection was shown by the tank mixture Tebu 60 + Fitaktiv Vita (98.1%). By the shiny
pod phase, the number of affected beans was 20.5% compared to 78.4% in the control. The biological
efficacy against fusarium disease and rhizoctonia was 65.9 and 74.4%, respectively. The prevalence of
gray rot and white rot on beans was reduced 8 and 11 times, respectively. Seed germination increased
significantly (LSD ;= 0.74) by 16.2%, safety of productive plants to harvesting — by 56.5%. Reliable
increase in the seed yield was 2.52 t/ha, cost recovery — 64.88 rubles.
Keywords: white lupine, diseases, dresser, growth regulators, efficiency, yield
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INTRODUCTION they contain almost no trypsin inhibitors, which
allows to use them for animal feed without heat
treatment>. The introduction of new varieties

developed by the All-Russian Research Institute

White lupine (Lupinus albus L.) is a high-pro-
tein legume crop and has the highest producti-
vity potential among the cultivated lupine spe-

cies. Seed yield of the modern varieties of white
lupine ranges from 3 to 5 tons/ha, the yield of
green mass — from 70 to 100 tons/ha. Lupine
seeds contain 37-42% of protein, 8—12% of fat
and 9.5-10.5% of fiber' [1]. Unlike soybean,

of Lupine (VNII of Lupine) made it possible to
increase the area under the crop grown for grain
to 122.5 thousand ha (for comparison: in 2011,
the area under crops was 14.5 thousand ha). The
largest part of the sown areas (97.4 thousand ha)

'Podobedov A.V. Lupine — the way to salvation // Compound feeds, 2013, N 3, pp. 63-65.

“Kuptsov N.S., Pashkevich A.P., Shor V.Ch., Kritsky M.N., Lapytko A.V. White lupine — a valuable oil-protein crop: appendix to
the journal of the Russian Academy of Sciences // Agriculture and plant protection, 2020, N 1, pp. 23-27.
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D} PEeKTUBHOCTD MPEANOCEeBHOI 00pPAOOTKH CEMSsIH JIFOTTMHA OeIoro
KOMIUICKCHBIMH COCTaBaMH Ha ocHoBe ¢yHruuuaa Tedy 60

IInmoxosa JI.U., Srosenko I'JI., [lapanuesa JK.B., Mucuukosa H.B.

is located in the Central Federal District of the
Russian Federation (Orel, Kursk, Tula, Bryansk
and Lipetsk regions) [2]. Among the factors limi-
ting the expansion of the sowing areas and pro-
ductivity of white lupine in the Russian Fede-
ration are plant diseases, the most dangerous
of which is anthracnose, the causative agent of
which is the imperfect fungus Colletotrichum
lupini var. lupini® [1, 3]. Yield losses from this
disease can range from 30 to 90%.

In lupine, seeds are the main source of pri-
mary infection of anthracnose and many other
diseases (fusarium disease, gray and white rot)*
[4, 5]. For this reason, it is obligatory to dis-
infect them in order to suppress the disease at
the beginning of its development and avoid sig-
nificant yield losses (see footnote 4) [5, 6]. In
Russia, a limited number of dressing agents are
allowed for disinfection of sown lupine seeds.
Unfortunately, they do not have high activity
against anthracnose and many other patho-
gens [1, 5, 6]. Lupine plants, especially in the
sprouting phase, show high sensitivity to the
action of fungicides from the chemical group of
triazoles. At the same time, the attractiveness
of preparations of this group is due to their low
price and a wide range of antifungal activity’
[7]. One of the active substances of the prepa-
rations of this chemical group is tebuconazole,
which is included in many fungicides (see foot-
note 5) [8, 9].

The physiological effect of tebuconazole
action consists in suppression of gibberellin
synthesis, increase of abscisic acid content,
content of polyunsaturated fatty acids in cells
membranes, which leads to growth inhibition,
increase of plant resistance to unfavorable envi-
ronmental factors and increase of their produc-
tivity [7, 10].

It is possible to reduce the negative effect
of triazoles on the growth of grain and legume
crops by including growth regulators in the cul-
tivation technology® [11, 12]. In recent years,
complex growth regulators have been develo-
ped that contain not only humic compounds, but
also amino acids and trace elements that play an
important role in plant life’ [13-15].

The active ingredient of fungicide Tebu 60,
ME (microemulsion) is tebuconazole (60 g/l).
This protectant is recommended for disinfection
of the seeds of many crops from the whole com-
plex of diseases (the recommended rate of con-
sumption — 0.4-0.5 1/t)%. Tebu 60 has not been
used in pure form and in tank mixtures with
growth regulators to disinfect lupine seeds. For
this reason, it is necessary to study the activity
of this preparation separately and in a mixture
with growth regulators against seed infection,
including anthracnose, in order to protect white
lupine crops.

The purpose of the research was to study biolo-
gical and production efficiency of Tebu 60
dressing agent application in pure form and in
a tank mixture with Fitaktiv Vita and Humate+7
against fungal pathogens of white lupine under
conditions of the Bryansk region.

MATERIAL AND METHODS

Initial study of the activity of Tebu 60 pro-
tectant in pure form and in a tank mixture
with Fitactiv Vita formulations (2-ethyl-in-
dole-3-n-propylene — 3.61 mg/l; 2-fullerene —
50 mg/l; 4-indolyl-3- butyric acid — 10 mg/I; N —
70.8 g/l; P — 3.5 g/l; Mg — 3.2 g/l; Fe — 45 g/l;
Zn—16 g/l; Cu—5 mg/l; Mn — 65 mg/l; Mo — 5
mg/l; B — 85 mg/l; Co — 5 mg/l) and Humate+7
(humates + N, K, Cu, Mn, Zn, Bg and Fe) in
relation to anthracnose seed infection were con-

3Adhikari K.N., Thomas G., Diepeveen D., Trethowan R. Overcoming the barriers of combining early flowering and anthracnose
resistance in white lupin (Lupinus albus L.) for the Northern Agricultural Region of Western Australia // Crop and Pasture Science,

2013, vol. 64, N 9, pp. 914-921.

*Talhinhas R., Baroncelli P, Floch G.L. Anthracnose of lupins caused by Colletotrichum lupini: a recent disease and a successful
worldwide pathogen // Journal of Plant Pathology, 2016, vol. 98, N 1, pp. 5-14.

3Zinchenko V.K. Chemical plant protection: means, technology and environmental safety. Moscow: Kolos, 2007, 232 p.
®Melnikov N.N., Novozhilov K.V., Belan S.R. Pesticides and plant growth regulators. Moscow: Khimiya, 1995, 575 p.
"Knyazeva T V. Plant growth regulators in the Krasnodar Territory. Krasnodar, 2013, 128 p.

$Product catalog “Shchelkovo Agrokhim”. URL: https://betaren.ru/catalog/sredstva-zashchity-rasteniy.
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ducted in laboratory conditions on the seed ma-
terial of white lupine of the Michurinsky vari-
ety. Consumption rate of the preparations: Tebu
60-0.5 1/t, Fitaktiv Vita — 0.05 1/t, Humate+7 —
0.5 1/t. To increase the sensitivity of the experi-
ments, the seeds artificially infected with an-
thracnose were used. Biological efficiency was
determined by the percentage of the affected
seedlings from their total number. The seeds
were grown in paper-polyethylene rolls at the
optimal temperature of 22-24 °C for pathogen
development for 7 days® '°. The sample volume
for each variant was 240 seeds (6 rolls of 40
seeds each). The effect of the protectant and its
tank mixtures on lupine plants was determined
by the number of germinated seeds with strong
and weak seedlings, as well as by hypocotyl and
root length!!.

The field tests of Tebu 60 dressing agent in
pure form and in a tank mixture with Fitaktiv
Vita and Humate+7 were conducted on the ex-
perimental field of the All-Russian Research In-
stitute of Lupine. The soil of the experimental
field was gray forest, light loamy in mechanical
composition, humus content —2.6%. To exclude
the transfer of anthracnose infection from plot
to plot at the beginning of vegetation, a 10 m
wide separating strip sown with spring crop
(wheat, barley) was made between them. The
experiments were laid in fourfold repetition on
the plots with the area of 34 m?. The sowing was
mechanized, seeding rate — 1 million germi-
nated seeds/ha.

Anthracnose infection of the sown seeds
was 7-10% depending on the year of the study.
Seed dressing was conducted one month before

sowing, phyto-examination of the sown seeds —
one week before sowing (see footnotes 9—11).
Disease damage of lupine and the effectiveness
of the dressing agent in pure form and in tank
mixtures were determined in comparison with
the control (without dressing) starting from
the phase of full sprouts and ending with the
shiny bean phase!> 3. Wet chambers and light
microscope'* were used for identification of the
pathogens by morphological signs of sporula-
tion. The effect of the dressing agent and tank
mixtures on lupine was evaluated by the num-
ber of germinated seeds and plant height. The
number of beans on the plant was determined
using a trial sheaf of 20 plants. Before harvest-
ing the number of plants with beans per 1 m?
was counted. Seed yield was determined from
each plot by continuous threshing of beans by
combine harvester “Sampo 500”. The method
of dispersion analysis with determination of the
smallest significant difference was used for sta-
tistical processing of the obtained data'’.

RESULTS AND DISCUSSION

Laboratory tests of Tebu 60 dressing agent
in pure form and in a tank mixture with Fita-
ktiv Vita and Humate+7 revealed its high acti-
vity against anthracnose pathogen — from 98.9
to 100% (see Table 1). The highest efficiency
(100%) against anthracnose seed infection in
white lupine was shown by the tank mixture
consisting of 0.5 1/t of the fungicide Tebu 60
and 0.05 1/t of the fertilizer Fitaktiv Vita.

In the control variant, 68% of the 7-day-old
seedlings were affected by anthracnose. An-
thracnose appeared on the affected seedlings

’GOST 12044-93. Seeds of agricultural crops. Methods for determining disease infestation. Moscow: Standards Publishing

House, 2011, 55 p.

YGadzhieva G.1., Gutkovskaya N.S. Methodological guidelines for determining the infestation of lupine seeds with anthracnose.

Minsk, 2013, 20 p.

ULikhachev B.S., Skanchenko S.A., Yagovenko L.P, Kornev A.P, Kosorotikova A.V. On the assessment of sowing qualities of
lupine seeds // Breeding and Seed Production, 1991, N 4, pp. 42-45.

2Methodological guidelines for state tests of fungicides, antibiotics and seed protectors for agricultural crops. Moscow: Publish-
ing house of the All-Russian Research Institute of Plant Protection, 1985, 130 p.

BBottecher I., Wetzel T, Drevs EW., Kegler H., Naumann K., Freyer B., Frauenstein K., Fuchs E. Methods of determination of
diseases and pests of agricultural plants. Moscow: Agropromizdat, 1987, 226. p.

“Kungurtseva O.V. Methods of lupine anthracnose monitoring. SPb.: Publishing house of the All-Russian Research Institute of

Plant Protection, 2002, 11 p.

SDospekhov B.A. Methodology of field experiment. Moscow: Agropromizdat, 1985, 351 p.
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Taoa. 1. TokcnaHOCTb U 3((HEKTUBHOCTD NPOTUB CEMEHHOM MHPEKIMN aHTPAKHO3a MPOTPABUTEIS
Teby 60 B uncToM BHJE U B cMecH ¢ ipenaparamMu dutaktus Bura u ['ymar+7 B 1a00opaTopHBIX YCIOBHSIX

Table 1. Toxicity and efficacy against anthracnose seed infection of Tebu 60 protectant in pure form and
in mixture with Fitaktiv Vita and Humate+7 under laboratory conditions

: Laboratory germination rate, %
. Consumption | Hypocotyl/root Eﬁiqency ’
Variant rate, I/t length, mm against
’ ’ anthracnose, % | total seedlings | strong weak

Control (without treatment) - 20,5/55,8 - 95,9 88,3 7,6
Tebu 60, ME 0,5 17,0/70,4 98,2 97,3 94,1 3,2
Tebu 60, ME + Humate+7 0,5+0,5 17,6/67,2 98,8 99,6 97,6 2,0
Tebu 60, ME + Fitaktiv Vita 0,5+ 0,05 18,7/66,8 100,0 99,6 98,0 1,6

LSD,, 0,66/0,76 - 0,42 - -

as brown spots on hypocotyl and cotyledons.
In the variants with seed treatment, the disease
was observed only on the seedlings, the inci-
dence was from 0.8 to 1.2%.

When grown in paper rolls, the studied dress-
ing in pure form and in a mixture with growth
regulators had a positive effect on seed germi-
nation. The total laboratory germination of the
seeds in these variants significantly (LSD,, =
0.42) exceeded the control by 1.4-3.7%. The
highest total germination (99.6%) was observed
in the mixed variants. The highest number of
seeds with strong seedlings (98%) was recorded
in the variant that provided for the use of Tebu
60 together with Fitaktiv Vita. The seed dress-
ing in pure form and in a mixture had a positive
effect on the linear root growth. Depending on
the variant, the length of the roots increased sig-
nificantly (LSD,, = 0.76) by 19.7-26.2%. The
greatest increase in the root length (by 26.2%)
was recorded in the variant with Tebu 60 in pure
form. The studied dressing in pure form and in
mixed variants had an inhibitory effect on hypo-
cotyl growth of the seedlings. Hypocotyl length
significantly (LSD, = 0.66) decreased by 8.8—
17.1%. The smallest decrease in the hypocotyl
length (by 8.8%) was observed in the variant
Tebu 60 + Fitaktiv Vita.

Laboratory tests of Tebu 60 dressing agent in
pure form and in a mixture with Humate+7 and
Fitaktiv Vita revealed its high activity against

anthracnose seed infection. The studied tank
mixtures had a positive effect on seed germina-
tion and seedling growth. Field trials were con-
ducted to confirm these data.

The weather conditions during the field trials
(2020-2022) were favorable for the develop-
ment and spread of anthracnose and many other
diseases of white lupine. This allowed to fully
evaluate the activity of the dressing and its tank
mixtures against diseases (including anthrac-
nose), and the effect of the preparations on plant
growth and yield of seeds.

The growing season in 2020 was warm and
excessively wet (HTC = 2.2). May was cool and
excessively wet (HTC = 4.1). The period of lu-
pine sprouting was long. The development of
anthracnose seed infection was delayed. Favor-
able conditions for the development and spread
of the disease were formed in June (HTC =
2.31) and July (HTC = 1.42). In these months,
with sufficient heat (20.3 and 18.8 °C, respec-
tively) and precipitation (104.7 and 75.9 mm),
the anthracnose pathogen developed intensively
on the plants and young beans.

The weather conditions of the growing sea-
son 2021 were warm and humid (HTC = 1.97).
May was characterized by lack of heat (13.3 °C)
and excessive precipitation (143.3 mm), which
prevented intensive development of anthrac-
nose. Favorable conditions for the spread of
the disease occurred in June. Optimal air tem-
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perature (19.9 °C) and excessive precipitation
(153.7 mm) favored mass spread of the pathogen
in lupine crops. July was dry. The air tempera-
ture in this month was 4.4 °C above the mean
annual temperature and amounted to 22.1 °C.
August was warm and moderately humid
(HTC = 0.99).

The growing season 2022 was characterized
as warm and humid (HTC = 1.43). May was
cold and excessively wet (HTC = 2.35). Air
temperature was 2.1°C below the average mul-
tiyear values, and precipitation was 30.5 mm
above the norm. June was characterized by hot
and humid weather conditions. Average dai-
ly air temperature exceeded the mean annual
values by 2.8 °C, precipitation exceeded the
average annual values by 10.8 mm (89.8 mm).
HTC amounted to 1.57 units. The first signs of
the disease appeared on the plants in the first
ten days of June. The disease was massive-
ly observed on leaf petioles and leaf plates
(see Fig. ).

The fungus formed orange-colored spots on
leaf petioles. The petioles were bent and broken
in the places of lesions. Different shapes of light
pink spots with brown border with sporulation
of the fungus were observed on the affected leaf
plates. Over time, the spots occupied the entire
leaf plate, which shriveled and fell off.

The growing conditions in July were also
warm and humid (HTC = 1.52, air temperature
was 1.0 °C above the average annual tempera-
ture). During this period, the phase of lupine
bean formation took place. Intensive develop-
ment and spread of anthracnose occurred on
young beans. Affected beans in the places of
fungus penetration were deformed and acquired
different shapes. The pathogen intensively de-
veloped, occupying more and more bean sur-
face, forming pink depressed spots with sporu-
lation (see Fig. 2).

Seeds in the affected beans became puny and
had brown spots. Strongly infected seeds were
covered with grayish-white mycelium of the
fungus. In the shiny bean phase, the number of
infected beans in the control was 98.3%, 60.0%
more than in 2021. In August, the weather con-
ditions were warm and dry (HTC = 0.26). The
average daily air temperature exceeded the long-
term average by 4.2 °C, amounting to 20.8 °C.
Under these conditions, the number of beans
affected by white and gray rot was insignificant
and amounted to 2.7 and 0.7%, respectively.

In the period of sprouting — budding, lu-
pine plants were affected by root rot caused by
the fungus Fusarium avenaceum and root rot
caused by Rhizoctonia solani. In the flowering
phase (blue bean), lupine crops were affected by

Puc. 1. IlopaskeHne aHTPaKHO30M PAaCTEHHH JIFOIMHA 0esoro B a3y creOneBaHus
Fig. 1. The anthracnose infection of white lupin plants at the stem formation stage
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Puc. 2. IlaTHa anTpakHOo3a Ha 000axX JTFOTHHA
Oemnoro B ¢azy onectsmero 606a

Fig. 2. The anthracnose lesions on the pods
of the white lupin at the shiny pod stage

the fungus F. oxysporum spp. causing tracheo-
mycosis wilting of the plants (blockage of stem
vessels by fungus).

The analysis of meteorological parameters
showed that the most favorable conditions for
the development and spread of anthracnose in
lupine crops were formed in the first half of the
growing season.

On average over the years of the study, the
bean anthracnose lesion observed in the control
crop was 31.9% higher than in the plants with
treated seeds.

According to the results of the phyto exper-
tise, the content of infected seeds in the sowing
material of the control variant was as follows:
anthracnose — 5.6-9.2%, fusarium — 1.2-2.0%,
alternaria — 4.2—6.2%, gray and white rot — 3.0—
1.2%. Seed treatment with Tebu 60 seed dress-
ing pure and mixed with Humate+7 and Fitaktiv
Vita significantly reduced infection of the sown
seeds by pathogenic microflora.

On average, the biological efficiency of Tebu
60 dressing against anthracnose amounted to
96.4% during the years of study. In relation to
the control, the number of the plants affected by
this disease in the shooting phase decreased by
44.8%. The biological efficacy of tank mixtures
of the dressing with Humate+7 and Fitaktiv Vita
against anthracnose was higher and amounted
to 97.6 and 98.1%, respectively.

In the shiny bean phase, the number of beans
affected by anthracnose in the control amoun-
ted to 78.4%, in the variants with the dressing
agent in pure form and in a mixture with Hu-
mate+7 and Fitaktiv Vita it decreased by 53.9;
57.7 and 57.9%, respectively. Biological effi-
ciency against fusarium and rhizoctonia in these
variants amounted to 51.0; 60.0; 64.8 and 65.9;
67.1; 74.4%, respectively. The spread of gray
and white rot on the beans reduced from 1.6 to
0.2 and from 2.2 to 0.2%, respectively.

Tebu 60 dressing agent at the rate of 0.5 I/t
had no negative effect on the field germination
of white lupine seeds, which averaged 96.1%
over three years. The introduction of the prepa-
rations Humate+7 and Fitaktiv Vita significant-
ly (LSD,, = 0.74) increased the field germina-
tion by 2.3 and 3.0% (see Table 2).

The best variant of tank mixtures in terms of
the effect on field germination of seeds was the
mixture of Tebu 60 + Fitaktiv Vita (99.1%).

Tebu 60 dressing agent in pure form and in
tank mixtures had an inhibitory effect on plant
growth only at the beginning of vegetation. On
average, during the years of study, the height of
the plants in the shooting phase was significant-
ly (LSD,, = 0.75) lower in these variants than in
the control, respectively, by 5.2; 5.0 and 4.6 cm.
At the same time, these plants differed from the
control by darker coloring of the cotyledonary
and true leaves. At the phase of full ripeness, the
height of the plants in the mixed variants sig-
nificantly (LSD, = 0.68) exceeded the control
by 3.8 and 4.2 cm.

Reduction in the number of diseased plants
in the variants with dressing of the sown seeds
contributed to an increase in their safety and
productivity by the phase of full ripeness. The
greatest influence on plant viability was exer-
ted by the tank mixture Tebu 60 + Fitaktiv
Vita. In this variant, the number of preserved
plants with beans amounted to 64.2 pcs/m? with
41.0 pcs/m? in the control. The ratio of the num-
ber of beans was as follows: 4.8 and 3.1 pieces
per plant (see Fig. 3).

Increase in the yield of white lupine seeds
as a result of application of Tebu 60 dressing
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Taoa. 2. [leiicTBue mpoTpaBUTENSI B YUCTOM BUJC U B OAKOBBIX CMECSIX C PETYISTOPaMH pocTa
Ha BCXOXECTh M yPOKaHOCTH JITONKMHA Oestoro copra MuuypuHckuii (moneBoit onbiT 2020-2022 rT)

Table 2. The effect of the protectant in a pure form and in tank mixtures with growth regulators
on germination and yield of the Michurinsky white lupine variety (field experiment of 2020-2022)

Plant height, cm Number of | Number Seed Cost
Consump- | Germi- productive | of beans | Seed eld |« )
Variant tion rate, | nation hooti full i plants for per yield, |. yie ceov
I/t rate, % shooting rIpeness harvesting plant t/ha increase, |- ery,
’ phase phase > ’ t/ha | rubles
pcs./m pcs.

Control - 82,9 15,3 54,3 41,0 3,1 0,60 — —
Tebu 60, ME 0,5 96,1 10,1 54,4 57,5 4,1 2,22 1,62 | 47,81
Tebu 60 + Humate+7 0,5+0,5| 984 10,3 58,1 61,0 4.5 2,95 2,35 | 56,37
Tebu 60 + Fitaktiv Vita | 0,5+ 0,05| 99,1 10,7 58,5 64,2 4.8 3,12 2,52 | 64,88

LSD, — 0,74 0,75 0,68 — — 0,081 — -

Puc. 3. [lensaku monuHa 6esoro B ¢asy Onectsero 606a:
a — KOHTpOIb (6e3 00paboTkn); 6 — cMeceBblil BapuaHT TeOy 60 + @uraktuB Buta

Fig. 3. The white lupin plots at the shiny pod stage:

a — control (no treatment); 6 — the mixture variant of the Tebu 60 protectant + Fitaktiv Vita

agent in pure form and in a tank mixture with
the preparations Humate+7 and Fitaktiv Vita
provided an increase in the number of surviving
plants by harvesting and reduction of their da-
mage by anthracnose, fusarium and other dise-
ases. At the same time, the use of a mordant
tank mixture, which has high efficacy against a
complex of pathogens, including anthracnose,
allows reducing the number of treatments of
crops during the growing season, which sig-
nificantly reduces the cost of protection of field
crops [6, 11, 14].

Lupine seed yield in the variant with Tebu
60 mordant amounted to 2.22 t/ha, which is

1.62 t/ha more than in the control. Addition of
the preparations Humate+7 and Fitaktiv Vita to
Tebu 60 dressing agent contributed to a reliable
(LSD,, = 0.081) increase in yield by 0.73 and
0.90 t/ha. The difference in cost recovery be-
tween the variants “mordant in pure form” and
“tank mixtures” amounted to 8.56 and 17.07 ru-
bles, respectively, with an increase in favor of
the variants with growth regulators.

CONCLUSION

Pre-sowing treatment with tank mixtures,
including along with fungicidal mordant Tebu
60 the preparation Humate+7 and the growth
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stimulant Fitaktiv Vita, had a more pronounced
positive effect on the yield formation of white
lupine of the Michurinsky variety than single
application of the mordant Tebu 60.

Increase in productivity of white lupine
plants after application of tank mixtures (Tebu
60 + Humate+7 and Tebu 60 + Fitaktiv Vita) was
provided by higher biological efficacy against
anthracnose seed infection (97.6 and 98.1%).
This reduces the infectious load of the pathogen
on plants during the growing season and im-
proves the phytosanitary situation in crops. In
mixed variants, the spread of anthracnose on the
plants in comparison with the variant, assum-
ing the use of only Tebu 60, decreased by 0.6
and 0.8%, and the lesion of beans by the same
pathogen in the shiny bean phase decreased by
3.8 and 4.0%, respectively. Fusarium damage
of the plants decreased by 1.9 and 2.9%. Ad-
dition of Humate+7 and Fitaktiv Vita prepara-
tions to the dressing agent reduced the spread
of gray rot on the beans by 1.6 and 2.5 times,
white rot — by 2.5 times. Field germination of
the seeds significantly (LSD, = 0.74) increased
by 2.3 and 3.0%, respectively.

The highest yield of white lupine seeds of the
Michurinsky variety (3.12 t/ha) was obtained by
treatment of the sown seeds with the tank mix-
ture Tebu 60 + Fitaktiv Vita (0.5 + 0.05 I/t). The
increase in lupine seed yield as a result of using
this tank mixture provided not only an increase
in the number of productive plants by harvest-
ing (1.6 times relative to the control), but also
an increase in the number of beans per plant
(1.5 times relative to the control). The use of the
tank mixture Tebu 60 + Humate+7 increased the
yield by 0.73 t/ha compared to the use of Tebu
60, compared to the tank mixture Tebu 60 + Fit-
aktiv Vita by 0.90 t/ha. The obtained reliable
(LSD,, = 0.081) seed yield gains increased cost
recovery by 8.56 and 17.07 rubles.
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Bausinue ayrOpuaMHra 1 MHOPUAMHIA HA MOJIOYHYIO POAYKTUBHOCTH
KOPOB KOCTPOMCKO MOPOAbI

C<)bapanoBa H.C., KopoJse A.A., Kazakos /I.C.

Kocmpomcras 2ocyoapcmeennas cenbCKoXo3aicmeeHHas akademus
Koctpomckas obmacts, . KapaBaeBo, Poccust

(<De-mail: baranova-ns2@yandex.ru

[IpencraBnen marepuias O COBPEMEHHON TE€HEATOTMYECKOW CTPYKTYpe KOCTPOMCKON MOPOIBI
KPYITHOTO POTaTOTrO CKOTa, TNIEMEHHOH 0a3e M POACTBEHHBIM CBSI3SIM KOPOB B TNIEMEHHBIX XO3SHCTBAX
Koctpomckoii oOmactu. OTedecTBeHHas KOCTPOMCKasl ITOpojia KPyITHOTO POraroro CKoTa, 00Jaiaro-
1iasi IEHHbIMU X031 CTBEHHO TOJIE3HBIMU Kaue€CTBAMMU, COCTABIsET B peruone 33,5%. UccnenoBanus
MIPOBENICHBI B TPEX IJIEMEHHBIX X034MCTBAaX U IBYyX IJIEMEHHBIX penpoaykTopax B 2023 r. B kauectBe
Marepualia UcCie/IOBaHUN HCIIONIb30BaHbl JaHHbIE TNIEMEHHOTO U 300TEXHUYECKOro y4yeTa. MeTossl
WCCIIEZIOBAaHUH — 300TEXHUYECKHUE, IO ISAIIMOHHO-TeHETHYECKIE 1 aHAIUTHIECKHUE C HCITOJIb30BAHM-
€M KOMITBIOTEePHBIX TIporpamm. [IpoanannsnpoBana MoiodHas MPOAYKTUBHOCTh KOPOB TIPH ayTOpH-
JUHTe (HEPOICTBEHHOM Pa3BeCHNH) U MPHU Pa3HBIX CTETMICHSX POACTBA P HHOPUIMHTE OTJEIBHO 10
BCEM IIJIEMEHHBIM 3aBOJIaM U INIEMEHHBIM penponykropaM B Koctpomckoit oomactu. U3 1736 uccre-
JIyeMbIX KOPOB KOCTPOMCKOM MTOPO/IbI ayTOpUIUHTOM MoiydeHo 918 (52,9%), ¢ ucnonb3oBaHueM UH-
opuaunra — 818 (47,1%), B ToM uncie otnaneHubM — 461 (26,5%), ymepennsim — 310 (17,8%), Oin3-
kM — 41 (2,4%) u kpoBocmenieraneM — 6 (0,4%). B ruieMeHHBIX X035iICTBaxX B OCHOBHOM HCIIOIB30Ba-
T ayTOPHUIINHT, a TaKXKEe OTHATICHHBIA U YMEPCHHBIM HHOPUAWHT. YPOBEHb CTHXUITHOTO MHOPUIUHTA
coctaBui 2,8%. bonee BhICOKHE yI0M KOPOB MPHUCYIIHM ayTOPEAHBIM KOPOBaM M3 BCEX IJIEMEHHBIX
x03s1icTB KocTpoMckoii 061acTu, cofiepkanue Kupa U Oelika B MOJIOKE — ayTOPETHBIM U KHUBOTHBIM
P Pa3HBIX CTENCHSIX WHOPHUIMHTA B YCIOBHSX KOHKPETHBIX XO3SCTB. Pe3ynbrarel nccienoBaHui
CBUJICTEILCTBYIOT O 00JIce BRICOKOM MOJIOYHOM MPOJYKTUBHOCTH KOPOB Ipu ayTopuaunre. IlonydeH-
HBIE JAHHBIE UCTIONB30BAaHBI IIPY COCTABICHUH TNIAHOB CEJIEKIIMOHHO-TUIEMEHHON pabOThI C KOCTPOM-
CKOM MOPOJION KPYITHOTO POraToro CKOTa B MJIEMEHHBIX XO3sIHCTBaX.

KaroueBble cjioBa: KpynmHBIH pOraTelii CKOT, KOCTPOMCKas ITOPOJia, IUIEMEHHBIE XO3SHCTBA, TO/I-
00p, UHOPUIVHT, ay TOPUIMHT, MOJIOYHAS TTPOTYKTUBHOCTh

Influence of outbreeding and inbreeding on milk productivity
of the Kostroma breed cows

Cx)Baranova N.S., Korolev A.A., Kazakov D.S.
Kostroma State Agricultural Academy

Karavaevo, Kostroma region, Russia

(<De-mail: baranova-ns2@yandex.ru

The material about modern genealogical structure of the Kostroma breed of cattle, breeding base
and kinship relations of cows in the breeding farms of the Kostroma region is presented. Domestic
Kostroma breed of cattle, possessing valuable economically useful qualities, accounts for 33.5% in the
region. The studies were conducted in three breeding farms and two pedigree breeding units in 2023.
Breeding and zootechnical records data were used as the research material. The research methods are
zootechnical, population-genetic and analytical with the use of computer programs. Milk productivity
of cows at outbreeding (unrelated breeding) and at different degrees of kinship at inbreeding was ana-
lyzed separately for all breeding plants and pedigree breeding units in the Kostroma region. Out of
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Bnnsnue ayrOpuanHra 1 HHOpPHIMHTA Ha MOJIOYHYIO
MPOYKTUBHOCTb KOPOB KOCTPOMCKOI OPO/IbI

Bapanosa H.C., Kopones A.A., Kazakos /I.C.

1736 cows of the Kostroma breed studied, 918 (52.9%) were obtained by outbreeding, 818 (47.1%)
by inbreeding, including distant — 461 (26.5%), moderate — 310 (17.8%), close — 41 (2.4%) and con-
sanguinity — 6 (0.4%). Outbreeding and distant and moderate inbreeding were mostly used in breeding
farms. The level of spontaneous inbreeding was 2.8%. Higher milk yields are inherent to outbred cows
from all breeding farms of the Kostroma region, fat and protein content in milk - to outbred cows and
the animals with different degrees of inbreeding in the conditions of specific farms. The results of the
research indicate higher milk productivity of the cows under outbreeding. The obtained data were used
for making plans of selection and breeding work with the Kostroma breed of cattle in breeding farms.

Keywords: cattle, Kostroma breed, breeding farms, cows, selection, inbreeding, outbreeding, milk

productivity
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INTRODUCTION

In the Russian Federation at the beginning of
2023 the number of cattle amounted to 17 mil-
lion 488.6 thousand heads. Despite the reduction
in the number of livestock, farms of all catego-
ries saw a 2% increase in raw milk production
compared to 2021, with production reaching
32.98 million tons in 2022.

The main livestock and most of the milk pro-
duced are concentrated in large agricultural or-
ganizations, where milk yield per cow averaged
7,440 kg, which practically corresponds to the
level of countries with highly developed dairy
cattle breeding'.

In recent years there has been a significant
change in the relative number of cattle of dif-
ferent breeds. Such changes occurred in the
Kostroma region, which is the main supplier of
pedigree animals of the Kostroma breed [1-3].

Domestic Kostroma breed of cattle, pos-
sessing valuable economically useful qualities,
makes up 33,5% in the region [4-9].

Systematic selection and purposeful choice
of outstanding animals, evaluation of stud bulls
on the quality of offspring and subsequent max-

imum use of bulls-improvers played a great role
in breeding the Kostroma breed.

Brown Swiss breed bulls of different selec-
tion have been used in herds since the 70s of the
XX century in order to increase genetic diversi-
ty of the breed. As a result, milk productivity of
the cows increased, morpho functional proper-
ties of udder improved, the share of cows with
dairy type of physique increased, genealogical
structure of the herds changed. There was an ac-
cumulation of the breeding stock with different
share of blood on the improving breed. Blood
relationship of the Brown Swiss breed stud bulls
used in breeding farms is up to 87.5% [2].

Modern dairy management includes the use
of optimized indices based on the knowledge
of genetics, economics, and the possibilities of
modern technologies for safe breeding of ani-
mals. Selection of related animals contributes
to the improvement of productive and pedigree
qualities of cattle of modern intensive breeds.
However, there are positive and negative as-
pects here. Changing the combination of gene
forms of the previous selection creates new in-
terrelationships that cause the manifestation of

Yearbook on breeding work in dairy cattle breeding in the farms of the Russian Federation (2022) / G.F. Safina, V.V. Chernov,
I.M. Dunin, S.E. Tyapugin, et al. Moscow: Publishing house of the FSBSI VNIIPlem, 2023, 255 p.
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desirable economically useful qualities. At the
same time, lack of control over related mating
can negatively affect the level of reproductive
performance in herds*?*[11, 12].

The purpose of research is to analyze milk
productivity of the Kostroma breed of cows at
outbreeding and different degree of inbreeding.

MATERIAL AND METHODS

The research was conducted in three breed-
ing plants (AO “Plemzavod ‘Karavaevo’, APC
‘Kolkhoz ’Rodina” and APC “Gridino”) and
two pedigree breeding units (OOO “Agrofirma
“Planeta” and OOO “Minskoe®) of the Kostro-
ma region in 2023. The object of research is cat-
tle of the Kostroma breed. Zootechnical, popula-
tion-genetic and analytical methods of research
were used with the help of computer programs
IAS SELEX Multifarm and BON-MilkRegion.
The stud bulls degree of inbreeding was deter-
mined by the generally accepted method of Pu-
sha-Shaporuzha and the inbreeding coefficient
by the formula of Kislovskii

Fx=Y(1/2y "'x(1 + fa)x100,

where Fx — the coefficient of inbreeding; 1/2 —
the proportion of heredity received by the pro-
band (the individual from whom the pedigree
begins) from each ancestor, depending on which
row of the pedigree it is in; n — ancestry series
in which a common ancestor occurs in the fe-
male part of the pedigree; nl — ancestry series
in which a common ancestor occurs in the male
part of the pedigree; fa — the coefficient of in-
breeding of the common ancestor, if inbred.

Statistical processing of the materials was
performed using Microsoft Excel computer pro-
gram with calculation of the Student's criterion
of reliability. A total of 1736 animals were in-
cluded in the study.

RESULTS AND DISCUSSION

Traditionally, the Kostroma breed was im-
proved in the dairy direction of productivity
first on the basis of purebred breeding, later by
crossing with producers of the related Brown
Swiss breed of the imported selection. The
breeding base of the Kostroma breed of cattle
in the Kostroma region includes three breed-
ing farms and two pedigree breeding units. The
modern genealogical structure of the breed is
represented by factory lines of the stud bulls
Ladka 2537, Kurs 3722, Salat 1216, Karo 1494,
Barkhat 2336 and related groups obtained on the
basis of the use of the Swiss bulls of imported
selection Master 106902, Meridian 90827, Hill
76059, Concentrate 106157, Laird 71151, Butler
107206, Oregon 086356 and Laddi 125640.

As a result, the herds have accumulated live-
stock with different bloodlines of the Brown
Swiss breed. The number of the breeding stock
of the stud line animals according to the 2022
appraisal amounted to 32.4%, the number of the
related groups breeding stock — 67.6%. In the fu-
ture it is planned to increase the breeding stock
of animals of the stud lines.

When working with lines, related groups, as a
rule, it is necessary to solve the question of using
inbreeding. The biological essence and practical
significance of inbreeding are reduced to fixing
desirable heredity, increasing homogeneity and
hereditary stability (prepotency) of the inbred
offspring. However, achieving this goal through
inbreeding is often associated with the risk of
reducing the viability of the offspring during se-
lection, i.e. with the phenomenon of inbred de-
pression (see footnote 2) [12].

According to I.M. Donnik et al. inbreeding
affects milk productivity, milk quality and repro-
ductive ability of cows (see footnote 3).

The figure shows the structure of cows de-
pending on kinship in the breeding farms of the
Kostroma region.

2Klimova S.P,, Shendakov A.I, Shendakova T.A. Influence of the inbreeding degrees on milk productivity of Black-and-White

Holstein cattle.
golshtinizirovannogo-skota.

https://cyberleninka.ru/article/n/vliyanie-stepeney-inbridinga-na-molochnuyu-produktivnostchyorno-pyostrogo-

3Donnik I.M., Mymrin V.S., Loretz O.G., Likhodeevskaya O.E., Barashkin M.I. Effect of inbreeding on milk productivity, milk
quality and reproductive ability of cows: https://cyberleninka.ru/article/n/vliyanie-inbridinga-namolochnuyu-produktivnost-kachest-

vo-moloka-i-vosproizvoditelnuyu-sposobnost-korov.
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The structure of cow distribution according to
the degree of relatedness shows that out of 1736
cows, outbreeding produced 918 cows (52.9%),
whereas inbreeding produced 818 cows (47.1%).

The data on the influence of the inbreeding
degree on the productivity of the same animals
(first-calf cows and cows) on average for the
first - third lactation at the stud plants and ped-
igree breeding units of the Kostroma region are
presented in the Tables 1-5.

Information on the level of inbreeding in the
herd of the “Karavaevo” stud farm is given in
Table 1.

Most of the stock in the herd of the “Karavae-
vo” stud farm (267 cows (61.8%) out of 462 ani-
mals) was obtained by outbreeding, which con-
firms the fact that the farm carries out a compe-
tent selection of bulls for breeding stock. Distant
and moderate inbreeding is found in 153 animals
(35,4%), close inbreeding and consanguinity —
in 12 cows (2,8%).

In the first lactation there are no significant
differences between the milk yield of cows de-
pending on the degree of inbreeding. In terms of
milk fat content, first-calf heifers with moderate
inbreeding showed reliable superiority over the

| Very close;
0.4

Moderate;
17,8

Outbreeding;
52,9

Distant;
26,5

CTpyKTypa KOPOB KOCTPOMCKOM TIOPOJIBI TIO
CTeleHH MHOPH/IMHTA B TUIEMEHHBIX X035HCTBaX
Koctpomckoii obmactu, %

Structure of the Kostroma breed cows according to
the degree of inbreeding in breeding farms of the
Kostroma region, %

cows with outbreeding. The fat content in milk
of the animals amounted to 4.27%, which is
higher by 0.06% (p < 0.05%) compared to the
cows obtained by outbreeding. The highest pro-

Ta6a. 1. YpoBens mHOpUIMHTA B cTaje TuieM3aBona «KapaBaeBo» U BIUSHIE HA TPOAYKTHBHOCTH KOPOB

(n = 432)

Table 1. The level of inbreeding in the herd of the "Karavaevo" breeding farm and its influence on cow

productivity (n = 432)

Degree of Inbreeding coeffi- | Number of Productivity for 305 days of lactation Live weight,
inbreeding cient cows Milk yield, kg |  Fat,% |  Protein, % kg
First lactation
Outbreeding 0 267 7601 £ 130 4,21£0,01 3,45+0,01 523 £ 1%
Distant 0,1-0,39 85 7312 +208 4,24 +0,02 3,50 +£0,02* S518+3
Moderate 0,78-3,125 68 7344 £228 | 4,27 +0,03* 3,46 £ 0,02 517+2
Close 6,25-12,5 11 6944 + 654 4,22 +£0,03 3,43+0,10 520+3
Consanguinity 25 1 7810 4,33 3,40 508
First - third lactation (on average)
Outbreeding 0 267 8754 £ 93*** | 421+0,01 3,49+0,01 534+1
Distant 0,1-0,39 85 8008 + 168 4,23+0,02 | 3,53 +0,02%** 531+2
Moderate 0,78-3,125 68 8057 + 190 4,25+0,02 3,50+ 0,01 533+2
Close 6,25-12,5 11 8259 + 372 4,21 +0,04 3,45+ 0,01 531+4
Consanguinity 25 1 7887 4,43 3,43 538
Here and in Tables 2-5:
%< 0,05.
4, < 0,01
*H%p < 0,001.
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tein content in milk was observed in first-calf
heifers with distant inbreeding — 3,50%. Com-
pared to first-calf cows obtained by outbreeding,
the difference was 0.05% (p < 0.05%). At out-
breeding the live weight of first-calf cows is the
highest. It is 523 kg, or 6 kg more than the same
indicator for the first-calf heifers with moderate
inbreeding (p < 0,05%).

Over a series of lactations, outbred cows had
higher milk yields than those with distant in-
breeding, by 746 kg (p < 0.001), and by 697 kg
(» £0.001) with moderate inbreeding. In terms
of fat content in cow milk and live weight,
there was no significant difference between the
groups; in terms of protein, cows with distant in-
breeding had an advantage of 3.53%, which was
0.08% higher than cows with close inbreeding
(» <0,001).

The milk productivity of cows in the first lac-
tation and on average for a number of lactations
in the APC “Rodina” depending on the degree of
inbreeding is shown in Table 2.

In this farm, 46.6% of cows were obtained
by outbreeding. Outbred cows in the first lacta-
tion exceeded the animals obtained by distant
inbreeding in milk yield by 337 kg (p < 0.001),
and by 264 kg (p < 0.05) by moderate inbreed-
ing. First-calf cows with moderate inbreeding

outperformed their counterparts with distant in-
breeding in fat content by 0.03% (p < 0.05), in
live weight by 6 kg (p <0.05) (p <0,05).

In the first to third lactation, outbred cows
outperformed their distantly inbred counterparts
in average milk yield by 212 kg (p < 0.01) and
protein content by 0.03% (p > 0.05). Moderate-
ly inbred cows outperformed distantly inbred
peers in milk fat content by 0.03% (p < 0.01).
Cows with moderate inbreeding on average live
weight for a number of lactations exceeded their
outbred peers by 8 kg (p < 0.01), peers with
close inbreeding - by 24 kg (p < 0.05). Due to
insufficient sample size, no significant positive
or negative effect of close inbreeding and con-
sanguinity on cow performance was found.

The data on the influence of the inbreeding
degree on cow productivity in the herd “Gridi-
no” are presented in Table 3.

Out of 381 cows in the stud farm “Gridino”,
183 (48.0%) were obtained by mating unre-
lated individuals, i.e. by outbreeding (see Ta-
ble 3). Distant inbreeding was detected in 121
cows (31.8%), moderate inbreeding in 64 cows
(16.8%), and close inbreeding in 13 cows (3.4%).

When comparing the milk yield of the out-
bred heifers and those with different degrees
of inbreeding, no significant differences were

Tao6a. 2. Bausnue crenenn MHOpUAMHTA Ha PpoayKTUBHOCTH KOpoB B ctage CIIK «Konxo3 "Pomuna"»

(n = 446)

Table 2. The influence of the degree of inbreeding on the productivity of cows in the herd of the
agricultural production complex «Collective farm "Rodina"» (n = 446)

Degree of Inbreeding Number of Productivity for 305 days of lactation Live
inbreeding coefficient COWS Milk yield, kg | Fat, % | Protein, % weight, kg
First lactation
Outbreeding 0 208 5528 £ 63*** | 397+0,01 3,22+0,01 500=+1
Distant 0,1-0,39 145 5191 + 57 3,95 +£0,01 3,20+ 0,01 497 + 1
Moderate 0,78-3,125 83 5264 £ 87 3,98+ 0,01% 3,22 +0,01 503 + 2%
Close 6,25-12.,5 5 6129 + 605 3,96 £ 0,04 3,18 £0,05 493 +5
Consanguinity 25 5 5396 + 282 3,97 £ 0,03 3,21 +£0,03 509 + 12
First - third lactation (on average)
Outbreeding 0 208 6025 + 58** | 3,97+0,004 | 3,23 £0,004%** | 53842
Distant 0,1-0,39 145 5813 +£57 3,95 + 0,005 3,20 + 0,004 540+2
Moderate 0,78-3,125 83 5914+ 92 3,98 £ 0,01** 3,22+0,01 546 £ 2%*
Close 6,25-12,5 5 6216+ 372 3,94 £ 0,02 3,19+0,05 522+10
Consanguinity 25 5 5693 +£454 3,97 £ 0,02 3,20+ 0,03 532+13
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observed. Outbred first-calf cows were signifi-
cantly superior to peers obtained with moder-
ate inbreeding in terms of fat content by 0.07%
(p < 0.01), protein - by 0.04% (p < 0.01). In
comparison with first calf heifers with other
degrees of inbreeding, no significant differences
in fat and protein were found.

In terms of average milk yield over a series
of lactations, outbred cows outperformed their
counterparts with distant inbreeding by 319 kg
of milk (p <0.001). In terms of the average fat
content, outbred cows outperformed distantly
inbred cows by 0.06% (p < 0.001), closely in-
bred cows by 0.1% (p < 0.001), and moderate-
ly inbred cows by 0.08% (p < 0.001). Outbred
cows were 0.06% (p < 0.001) higher in milk
protein content than closely inbred cows and
0.03% higher than moderately inbred cows (p <
0.05). The average live weight of outbred cows
over a series of lactations was 33 kg (» <0.001)
higher than that of closely inbred cows, 17 kg
(»<0.001) higher than that of moderately inbred
cows, and 13 kg (p < 0.01) higher than that of
distantly inbred cows.

Milk productivity of cows in the first lacta-
tion and on average for a number of lactations in
the pedigree breeding unit “Agrofirma ‘Planeta*
is shown in Table 4 depending on the degree of
inbreeding.

In the pedigree breeding unit “Agrofirma
‘Planeta” the majority of cows (202 (52.2%))
were obtained by unrelated breeding. Distant
inbreeding was detected in 99 cows (25.6%),
moderate inbreeding in 79 (20.4%), and close
inbreeding in 7 animals (1.8%).

Outbred cows showed a milk yield of
6142 kg, fat content of 4.12%, and protein con-
tent of 3.31% with a live weight of 527 kg in
the first lactation. They were superior to the
cows with distant inbreeding by 413 kg of milk
(p < 0.001), moderate inbreeding — by 375 kg
(p < 0.01). There was no significant difference
in milk yield between the outbred cows and first
calf heifers obtained by close inbreeding. At
the same time, productivity at close inbreeding
was high: milk yield amounted to 6554 kg of
milk, milk fat content — 4.26%, protein — 3.41%.
First-calf heifers with close inbreeding exceeded
their outbred counterparts in milk fat content by
0.14% (p < 0.05), and with distant inbreeding
by 0.15% (p < 0.05). There was no significant
difference in protein content between outbred
first-calf heifers and the animals with different
degrees of inbreeding. In terms of live weight,
first-calf heifers obtained with moderate in-
breeding had higher values of 538 kg (p< 0.05).

On average for three lactations cows with
close inbreeding had higher productivity than

Taox. 3. BausHue creneHn MHOPUAMHTA Ha MPOAYKTHBHOCTH KOpoB B ctaae CIIK «puaunoy» (n =381)

Table 3. The influence of the degree of inbreeding
"Gridino" agricultural production complex (rn = 381)

on the productivity of cows in the herd of the

Degree of Inbreeding | Number of Productivity for 305 days of lactation L )
inbreeding coefficient cows Milk yield, kg Fat, % Protein, % ive weight, kg
First lactation
Outbreeding 0 183 5807 + 68 4,58 £0,01%** 3,35+ 0,01%* 494 +2
Distant 0,1-0,39 121 5798 + 59 4,54 £0,02 3,33 +£0,02 492 +2
Moderate 0,78-3,125 64 5922 + 123 4,51 £0,03 3,31 +£0,01 490 +2
Close 6,25-12,5 13 5848 +260 4,55+ 0,04 3,33+£0,03 485+ 6
First - third lactation (on average)
Outbreeding 0 183 6241 & 53%%* 4,57 £0,01%** | 3,324 0,01%** 550 & 2%**
Distant 0,1-0,39 121 5922 + 48 4,51 £0,02 3,31 +£0,01 537+4
Moderate 0,78-3,125 64 6135+98 4,49 £ 0,02 3,29+0,01 533+4
Close 6,25-12,5 13 5958 + 181 4,47 +0,02 3,26+ 0,01 517+£12
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Taoxa. 4. Biusaue creneHn MHOPUAMHTA Ha MIPOLYKTUBHOCTH KOPOB B CTaJle MIIEMPENPOAYKTOpa « ATpo-
¢upma "Ilnanera"» (n =387)

Table 4. The influence of the degree of inbreeding on the productivity of cows in the breeding herd of
the pedigree breeding unit «Agrofirma "Planeta"» (n = 387)

Degree of Inbreeding coef- | Number of Productivity for 305 days of lactation Live weight,
inbreeding ficient cows Milk yield, kg Fat, % Protein, % kg
First lactation
Outbreeding 0 202 6142 + 66*** 4,12 +0,02 3,31 £0,01 527+3
Distant 0,1-0,39 99 5729 + 102 4,11 £ 0,03 3,29 +£0,01 536 +3
Moderate 0,78-3,125 79 5767 + 106 4,15+0,03 3,32 +£0,02 538 £ 4%
Close 6,25-12.,5 7 6554 + 631 4,26 £0,06* 341+0,14 530+ 10
First - third lactation (on average)
Outbreeding 0 202 6403 + 63** 4,08 0,02 3,33 +£0,01 586 +4
Distant 0,1-0,39 99 6076 + 93 4,10+ 0,02 3,32+0,01 590+ 4
Moderate 0,78-3,125 79 6056 + 102 4,13 +0,03 3,34 £ 0,01 594 +3
Close 6,25-12,5 7 7276 £ 335%**% | 421 £0,01%** | 345+0,12 580 £28

outbred cows by 873 kg (p < 0.05), with distant
inbreeding - by 1200 kg (» <0.001), moderate in-
breeding - by 1220 kg (» <0.001). Outbred cows
in the first to third lactation outperformed cows
with remote inbreeding by 327 kg of milk (p <
0.01), moderate inbreeding by 347 kg (» <0.01).
Cows with close inbreeding had the highest fat
content (4.21%) and outperformed the outbred
cows by 0.13% (p < 0.001), distant cows by
0.11% (p <0.001), and moderate cows by 0.08%
(p <£0.05). There was no significant difference in
live weight between cows with outbreeding and
cows with different degrees of inbreeding.

In the pedigree breeding unit “Minskoe”, de-
pending on the degree of inbreeding, milk pro-
ductivity of cows in the first lactation and on
average for a number of lactations is shown in
Table 5.

In the herd of pedigree breeding unit
“Minskoe” 64.4% of cows were obtained by
outbreeding. Outbred cows in the first lacta-
tion exceeded the cows with distant inbreeding
by 945 kg (p < 0.05). The cows with distant
inbreeding outperformed their closely inbred
counterparts in milk fat content by 0.32% (p <
0.05). The cows with distant inbreeding outper-
formed outbred peers in milk protein content by
0.1% and close inbreeding by 0.18% (p < 0.05).

In terms of average productivity over a number
of lactations, no reliable difference between the
indicators was revealed.

CONCLUSION

Out of 1736 studied cows of the Kostroma
breed, 918 (52,9%) were obtained by outbreed-
ing, 818 (47,1%) by inbreeding, including distant
inbreeding — 461 (26,5%), moderate inbreed-
ing —310 (17,8%), close inbreeding — 41 (2,4%)
and consanguinity — 6 (0,4%). Outbreeding and
distant and moderate inbreeding were mainly
used in the stud farms. The level of spontaneous
inbreeding amounted to 2.8%. Higher cow milk
yields are inherent to outbred cows from all the
breeding farms of the Kostroma region, fat and
protein content in milk — to outbred cows and
animals with different degrees of inbreeding in
the conditions of specific farms.
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Taoa. 5. Bausaue crenenrn MHOpUAMHTA Ha IPOAYKTUBHOCTH KOPOB B CTaje mieMpernponykropa OO0

«Mmunckoe» (n = 90)

Table 5. The influence of the degree of inbreeding on the productivity of cows in the breeding herd of
the pedigree breeding unit OOO "Minskoye" (n = 90)

Mouuxuna M.C., Cemenosa H.B. CocrosHue
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2022. Ne 77. C. 675-690.

.Degree_of Inbreed@ng coef- | Number of Productivity for 305 days of lactation Live weight. k
inbreeding ficient cows Milk yield, kg | Fat, % Protein, % g e
First lactation
Outbreeding 0 58 7015 + 154* 4,17 + 0,04 3,35+0,03 526+3
Distant 0,1-0,39 11 6070 + 393 4,35+0,09% | 3,45+0,04* 535+3
Moderate 0,78-3,125 16 6439 + 383 4,12 £0,07 3,36 £ 0,03 537 £ 4%
Close 6,25-12,5 5 5592 £ 902 4,02 +0,07 3,27+ 0,06 529 £ 10
First - third lactation (on average)
Outbreeding 0 58 7362+ 113 423+0,05 | 3,36+0,03 586+ 4
Distant 0,1-0,39 11 7344 +£304 4,33+ 0,08 3,38 +£0,03 591 +4
Moderate 0,78-3,125 16 7331 £ 287 4,16 £ 0,05 3,33+£0,03 594 +3
Close 6,25-12,5 5 6993 £ 214 422+0,14 3,38+ 0,07 581 +£28
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CpaBHUTEJbHBIA (PUIOTEeHeTHYECKUI AHAJIN3 CHOMPCKUX U30JISITOB
MeCTUBHPYCOB KPYIIHOI'0 POraToro CKOTa

I'noroB A.T'., Hepenuenko A.B., KoreneBa C.B., CXDI'norosa T.U.

Cubupckuii ghedepanvhwiii HayuHblll Yyeump azpobuomexnonozuti Poccutickoil akademuu Hayk
HoBocubupckas obnacts, p.ii. KpacHooo6ck, Poccust
(<D e-mail: t-glotova@mail.ru

[IpuBeneHs! pe3ynsrarbl CPaBHUTEIBHOIO (DMIOI€HETHMYECKOTO aHajau3a 52 H30MIATOB Iie-
CTUBUPYCOB KPYIHOIO pOraTroro CKoTa TPEX BUIOB, LUPKYJIUPYIOLUIMX CPEOU BBICOKOIIPOTYK-
TUBHOIO MOJIOUHOro ckora B Cubupu, a Takke NPUCYTCTBYIOIIMX B 00pa3liaXx KOMMEPUYECKOM
SMOPUOHANLHON CBIBOPOTKH, MEPEBUBAEMBIX JIMHUSAX KYJIBTYp KIETOK M JKMBBIX BAKIIMHAX TIO
yetslpeM ream: Npro, Emns, E1 u E2. [lonyuenHble naHHbIE CpaBHUBAIN C IAHHBIMUA CHKBEH-
ca no reny S'UTR, momydeHHbiMH paHee. Pe3ynbrarbl NOATBEPAWIM LUPKYISILUIO HA Tep-
putopun Cubupu 11 cydorunoB BVDV-1 (a, b, ¢, d, f, g, 1, j, k, p, 1), Tpex cyotunoB BVDV-2
(a,b,c)uomaoro BVDV-3 (a). 'erernueckue mpodumu nzomsitoB o reram S'UTR, Npro, Ermsu E1
COBITAJIM TIOTHOCTHIO. Mckimrouenne coctaBwu Tpu n3oisita BVDV-1a (R/FBS/96, N/MDBK/08
u SA/FBS/08), BbIsiBIIEHHBIE B HH()UITMPOBAHHBIX KYJIBTYPaX KIETOK, KOTOPBIE CTPYIITUPOBATHUCH
B KJ1a/1y, C(hOPMHUPOBaHHYIO peepeHTHBIMH NocienoBaTenbHocTAMI BVDV-1j. OcranbHbie n30-
7s1ThI, panee nokazasine 100%-10 naeHTnyHOCTh nocienoBarenbHocTet S'UTR, umenu cxon-
CTBO HYKJIEOTU/IHBIX IOcenoBarenbHocTel reHoB Npro, Erns, E1 n E2 B ipenenax 96-99%, uto
TaKOKe TOIpa3yMeBaeT UX ONHM3KOe PONCTBO. Pe3ynbrarsl crkBeHca n3oisitoB BVDV-2 nokazanmu
MIOJTHOE COOTBETCTBHE TOCIIEI0BATEIBHOCTEH T€HOMOB, BBISIBJICHHBIX B MPEIbLAYIINX HCCIIEN0-
BaHMsIX. CpaBHUTEBHBIN CUKBEHC TaKkKe MOATBEPINI HUPKYILMIO U30JATOB necTuBrpyca H
utano-opasmisckoit Tpymmbl (BVBD-3a) B Cubupu, oqHako Bce M30MSTHI Pa3ICINCh Ha JIBE
cyOkiapl. K mepBoii oTHECIM U30JIATHI, BbIICJICHHBIE U3 SMOPUOHAIIBHBIX CHIBOPOTOK U KYJIBTYP
KJIETOK, KO BTOPOW — BBIIEJICHHBIE M3 BAKIIMH U BHYTPEHHUX OPraHOB OOJNBHBIX KUBOTHBIX TIPU
BCIIBIIIKAX Oose3HH B X03s1iicTBax. OOCyKIaeTcsi BOIPOC O TEHETHYECKOM MHOTOOOPa3UH TIeCTH-
BUPYCOB KPYITHOIO POraToro CKOTa, UX MPOUCXOKICHUN U N3MEHYMBOCTH.

KiioueBble ¢j10Ba: MeCTUBHPYCHI, BUBI, CYOTHIIbI, (PUIOTEHETHUECKUI aHAIHU3, TeHBI,
KPYIHBIA POraThblii CKOT

Comparative phylogenetic analysis of Siberian isolates of bovine
pestiviruses
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Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
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(C<XDe-mail: t-glotova@mail.ru

The results of comparative phylogenetic analysis of 52 isolates of bovine pestiviruses of three
species circulating among highly productive dairy cattle in Siberia, as well as those present in the
samples of commercial fetal serum, transfected cell culture lines and live vaccines on four genes:
Npro, Ems, E1 and E2 are presented. The obtained data were compared with the results of the S'UTR
gene sequencing obtained earlier. The results confirmed the circulation in Siberia of eleven subtypes
of BVDV-1 (a,b,c,d,f,g,i.j, k,p.r), three subtypes of BVDV-2 (a,b,c) and one BVDV-3(a). The genetic
profiles of the isolates for the 5S'UTR, Npro, Erns and E1 genes matched completely. The exceptions
were three BVDV-1a isolates (R/FBS/96, N/MDBK/08 and SA/FBS/08) detected in infected cell cul-
tures that clustered in a clade formed by BVDV-1j reference sequences. The remaining isolates previ-
ously shown to have 100% sequence identity of the 5'UTR had nucleotide sequence similarities of the
Npro, Emns, E1, and E2 genes ranging from 96-99%, which also implies that they are closely related.
The results of the BVDV-2 isolates sequencing showed a complete correspondence with the genome
sequences identified in the previous studies. Comparative sequencing also confirmed the circulation of
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H Italian-Brazilian pestivirus isolates (BVBD-3a) in Siberia, but all the isolates were divided into two

subclades. The first included the isolates isolated from fetal sera and cell cultures, while the second

included those isolated from the vaccines and internal organs of diseased animals during outbreaks in

farms. The genetic diversity of bovine pestiviruses, their origin and variability are discussed.
Keywords: pestiviruses, species, subtypes, phylogenetic analysis, genes, cattle
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INTRODUCTION

Bovine pestiviruses cause significant eco-
nomic losses in the dairy cattle industry. Dise-
ases caused by them are widespread all over the
world with different prevalence associated with
regional peculiarities of cattle breeding strate-
gy'3. According to the current classification,
bovine pestiviruses (Pestiviruses) include the
prototypic species Pestivirus A (bovine viral di-
arrhea virus type 1; BVDV-1), Pestivirus B (bo-
vine viral diarrhea virus type 2; BVDV-2), and
Pestivirus H (Hobi-like pestivirus; HoBiPeV;,
bovine viral diarrhea virus type 3; BVDV-3)%.

All three viruses are represented by cyto-
pathogenic (Cp) and non-cytopathogenic (NCp)
biotypes. Unlike Cp, NCp does not cause visible
morphologic destruction of the cell cultures and

represents more than 90% of the virus popula-
tion®. The agents are the causative agents of vi-
ral diarrhea — mucous membrane disease (VD-
MMD), a widespread and economically damag-
ing infection of cattle®[1].

The number of the known subtypes of BVD V-
1 is 22 (a...v), BVDV-2 — 4 (a...d) and BVDV-
3 — 4 (a...d) [2, 3]. Their role in the infectious
pathology of cattle is not completely clear. The
existence of such polymorphism complicates
the diagnosis of the diseases caused by pestivi-
ruses and reduces the effectiveness of vaccina-
tion and control programs [4].

All pestiviruses have a similar virion struc-
ture. Their genome is represented by a 12.3 kbp
single-stranded RNA of positive polarity. It has
one open reading frame (ORF) ~4,000 codons
long, encoding 12 structural and non-struc-

'Chernykh O.Y., Shevchenko A.A., Dzhailidi G.A., Mishchenko V.A., Mishchenko A.V., Shevkoplyas V.N. Problems of viral diar-
rhea of cattle // Proceedings of the Kuban State Agrarian University, 2016, N 58, pp. 194-198.

2Shilova E.N., Ryaposova M. V., Shkuratova I.A., Vyalykh E.V. Viral diarrhea — disease of mucous membranes of cattle in the Ural

region // Veterinary medicine, 2014, N 5, pp. 19-21.

3Ridpath J.F. Bovine viral diarrhea virus: global status. Vet. Clin. North Am // Food Anim.Pract., 2010, vol. 26, pp. 105-111.

‘ICTV. International Committee on Taxonomy of Viruses. Genus: Pestivirus; 2019. Available at: https://talk.ictvonline.org/ictvr-
ports/ictv_online report/positive-sense-rna-viruses/w/flaviviridae/361/genus pestivirus.

SBovine Viral Diarrhea Virus. Diagnosis, Management and Control / edited by S.M. Goyal and J.F. Ridpath. 2005, Blackwell

Publishing Ltd., p. 261.

Verkhovskaya A.E., Sergeev V.A., Aliper T1, Ivanov E.V. Features of diagnosis and prevention of viral diarrhea of cattle // Vet-

erinary medicine, 2009, N (8), pp. 3-7.
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tural proteins (Npro-C-Erns-E1- E2-p7-NS2-
NS3-NS4A-NS4B-NS5A-NS5B). This site is
flanked at the 5'- and 3'-ends by untranslated
regions (5'UTR and 3'-UTR). Of all the regions
of the viral genome, the 5'UTR is widely used
for differentiation and phylogenetic analysis. It
is highly conserved and is more often used for
virus species identification. For more precise
identification of the isolates at the subtype level,
it is necessary to use several genes, in particu-
lar Npro, Erns, E1 and E2, which play a role
in virus replication, its evasion of the immune
response of the animal organism and may influ-
ence its variability (see footnotes 4, 5).

Data on the distribution and phylogenetic
analysis of pestiviruses in Russia are fragmen-
tary.

The purpose of this work is to present a com-
parative phylogenetic analysis of three pestivi-
rus species circulating among highly productive
dairy cattle in Siberia and present in commer-
cial fetal serum samples, transfected cell culture
lines and live vaccines for four genes: Npro,
Erns, E1 and E2.

MATERIAL AND METHODS

52 isolates of three species of pestiviruses
previously characterized by the 5'-UTR gene
were used. RNA of the isolates was isolated
using a commercial kit “RIBO-prep”, and the
reverse transcription was performed using the
“REVERTA-L” kit produced by the Central Re-
search Institute of Epidemiology of the Rospo-
trebnadzor.

For amplification of the Npro, Erns, E1 and
E2 gene fragments, the primers presented in the
table were used.

The sequencing reaction on both DNA strands
was performed using BigDye 3.1 kit (Applied-
Biosystems, USA) according to the manufac-
turer's instructions in a GeneAmp PCR-system
6700 programmable thermostat. The obtained
nucleotide sequences were analyzed using the
BioEdit 7.0.0 and Laser-gene 7.1.0 software
packages. Phylogenetic dendrogram was con-
structed using the nearest neighbor method in
MEGA 11.0 program. The topology of den-
drogram branches was confirmed by bootstrap
analysis (1000 replication steps). The nucle-
otide sequences of the synthesized fragments
were analyzed by alignment with sequences of
other virus strains published in GenBank using
the Clustal W’ program.

HOCH@HOB&TGHLHOCTI/I HpaﬁMepOB JJIs1 CCKBCHH-
poBanus uzonaroB Bupyca B/[-bC KPC no renam
Npro, Erns, E1, E2

Primer sequences for sequencing bovine BVDV
isolates for the Npro, Erns, E1, E2 genes

Am- | Source
Gene Primer plicon | (see the
size, foot-
bp. notes)
TCTCTGCTGTACATGGCACATG
Npro | CCATCTATRCACACTAAATGT- 428 8
GGT
GAGAACATAACACAATG-
Ems | GAATTTG TGCATGAGC- 681 9
CCCGAACC
ACAAACATGGTTGGTGCAACT-
El GGT CTTACACAGACATATTTG- 826 10
CCTAGGTTCCA
E2 GACCTCAGTTGTAAGCCTGAG ol 1
CCCCCTAGCTCCTTGTTCAGT

"Thompson J.D., Higgins G.D., Gibson T.J. Clustal W: improving the sensitivity of progressive multiple sequence alignment
through sequence weighting, position specific gap penalties and weight matrix choice // Nucleic Acids Res., 1994, vol. 22, pp.

4673-4680.

$Vilcek S., Paton D.J., Durkovic B., Strojny L., Ibata G., Moussa A., Loitsch A., Rossmanith W., Vega S., Scicluna M.T., Paifi V.
Bovine viral diarrhoea virus genotype 1 can be separated into at least eleven genetic groups // Archives of Virology, 2001, vol. 146

(1), pp. 99-115.

*Vijayaraghavan B., Xia H., Harimoorthy R., Liu L., Beldk S. Evaluation of envelope glycoprotein E(rns) of an atypical bovine
pestivirus as antigen in a microsphere immunoassay for the detection of antibodies against bovine viral diarrhea virus 1 and atypical
bovine Pestivirus // J. Virol Methods, 2012, vol. 185 (2), pp. 193-198. DOI: 10.1016/j.jviromet.2012.06.017.

YSullivan D.G., Akkina R.K. A nested polymerase chain reaction assay to differentiate Pestiviruses // Virus Res., 1995, vol. 38,

pp- 231-239.

"Liu L., Xia H., Wahlberg N., Beldk S., Baule C. Phylogeny, classification and evolutionary insights into Pestiviruses // Virology,

2009, vol. 385 (2), pp. 351-357. DOI: 10.1016/j.virol.2008.12.004.
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Evolutionary trees were constructed using
the minimum evolution method with a boot-
strap analysis (1000 repeats)'>. Evolutionary
distances were calculated using the Tamura-Nei
method" and expressed in units of the number
of base substitutions per site. The differences in
composition bias among the sequences were ac-
counted for in evolutionary comparisons using
the Close-Neighbor-Interchange (CNI) algo-
rithm at search level 1. The evolutionary analy-
sis was performed in the MEGA11 program [5].

RESULTS AND DISCUSSION

In this study, we characterized 52 isolates of
bovine pestiviruses using comparative phylo-
genetic analysis on four genes. The results of
previous studies showed that 11 subtypes of
BVDV-I circulate in Siberia among native and
imported animals, %: 1a (5), 1b (35), 1c (5), 1d
(10), 1£(20), 1g, 1i (2.5 each), 1j, 1k, Ipand 1 r
(5% each), three BVDV- 2 subtypes, %: 2a (25),
2b (10) and 2c¢ (5). Pestivirus H (BVDV-3) is
represented by a subtype of the Italian-Brazilian
group (3a) [6-9].

BVDV-1. Comparative phylogenetic analysis
on Npro, Erns, E1, and E2 genes showed that
isolates of this subtype mostly grouped into sin-
gle clades, except for three BVDV1a isolates
(R/FBS/96, N/MDBK/08, and SA/FBS/08) that
we identified in infected cell cultures, which
grouped into a clade formed by BVDV-1j refe-
rence sequences.

Sequence similarity analysis of four genes
showed 100% identity of the isolates of the
corresponding sub-genotypes: BVDV-la (N/
KCT/06 and N/Vero/10), BVDV-1j (R/FBS/96,
N/MDBK/08 and SA/FBS/08), BVDV-1b
(T07/09 and K14/08), BVDV-1f (T11/15,
K12/15 and O10/15), indicating a high degree
of homology. The remaining isolates, which
had previously shown 100% sequence identity
of the 5'UTR, had nucleotide sequence similari-
ties of the Npro, Erns, E1 and E2 genes ranging

from 96 to 99%, which also implies that they
are closely related to each other.

BVDV-2. The results of the sequencing of
BVDV-2 isolates showed a complete correspon-
dence with the genome sequences identified in
the previous studies.

BVDV-3. According to the E2 gene, BVDV-
3a isolates were grouped into two subclades,
each of which showed 100% identity in all four
genes. The first subclade included the isolates
extracted from fetal sera and cell cultures (E15-
02,E10-01, A15-101,A15-101-1551, A11- 101,
A15-102, A15-101-0130) and the second sub-
clade included the isolates extracted from vac-
cines and animal organs from farm outbreaks
(V23/00ZUD, V23/01, V23/02, V23/03). The
level of variation between the subclades was
within 97%. Sequencing confirmed that vi-
rus isolates from both subclades belonged to
the BVDV-3a subtype of the Italian-Brazilian
group.

The results are presented in Fig. 1-4.

The obtained data confirmed the initial re-
sults of genotyping of the virus isolates avail-
able at our disposal according to the 5'UTR
gene. Thus, 11 subtypes of BVDV-1, three sub-
types of BVDV-2, and one subtype of BVDV-
3 are circulating in Siberia. Some differences
in subtype affiliation were detected during se-
quencing by the E2 gene, but they were insig-
nificant in percentage terms and concerned only
pestivirus A (BVDV-1). It is assumed that this
species is the most ancient, genetically diver-
gent, and more often involved in recombination
events, as it is classified into several subclades
and 22 subtypes. The origin of the virus and the
time of introduction to Siberia is currently diffi-
cult to establish. Our data are in agreement with
the results of the Chinese researchers [10]. With
respect to BVDV-2, the results of comparative
sequencing coincided for all the genes.

Bovine pestiviruses are rapidly and dynami-
cally evolving agents. It is known that E2 protein

2Rzhetsky A., Nei M. A simple method for estimating and testing minimum evolution trees / Molecular Biology and Evolution,
1992, vol. 9, pp. 945-967. DOI: 10.1093/oxfordjournals.molbev.a040771.

BTamura K., Kumar S. Evolutionary distance estimation under heterogeneous substitution pattern among lineages // Molecular
Biology and Evolution, 2002, vol. 19, pp. 1727-1736. DOI: 10.1093/oxfordjournals.molbev.a003995.
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paccurTaHa METOJOM MaKCUMaJIbHOM BOIONNH; YKa3aHbl MHACKCHI CTATUCTUYECKON TOIJCPIKKH Y3II0B,
OyTcrpen-ananu3 paccuutad st 1000 permik
Fig.1. Phylogenetic dendrogram on the basis of the nucleotide sequence of the Npro of bovine pestiviruses
genome region; the genetic distance matrix was calculated by the maximum evolution method; indexes of
statistical node support are indicated, bootstrap test is calculated for 1000 replicas

300TEXHUS U BETEPUHAPHS

Cubupckuii BECTHHK CEIbCKOXO3SIHCTBEHHON HayKH * 2024 ¢ 54 ¢ 6 93



Comparative phylogenetic analysis of Siberian isolates Glotov A.G., Nefedchenko A.V., Koteneva S.V., Glotova T.I.
of bovine pestiviruses

Erns @ R/FBS/09
® N/FS/121

® N/TEB/10

® N/L929/05

® N/MF/08

® N/KCT/06

@® N/Vero/10

@® N/CRF/07

strain R1935/72 U96332.1
strain Oregon C24V AF091605.1
® T18/08

isolate V048 KX170274.1 BVDV 1la

isolate 1-SD1 M96751.1

isolate NADL AJ133738
@ T24/08
isolate V091 KX170261.1
84 strain Singer Arg MH133206.1
® N/MDBK/06
wo! @ N/RK13/00
isolate V099 KX170327.1
® R/FBS/03
@® SAFBS/05
® N/BHK21/08
strain:KS86-1ncp. AB078950
@® SA/FBS/08 BVDV 1j
@ N/MDBK/08
@® R/FBS/96
isolate V087 KX170235.1
isolate CP7 U63479.1
strain USMARC-55924 KP941590.1
isolate GS-4 KC700344.1
® T13/15
@ T123/08
strain Osloss M96687.1
® NO02/11
o| @ T03/07
o @ N-01/11
® T04/10 BVDV 1b
® T05/12
@ T129/08
strain HJ-1 KU756226.1
@ T30/08
), @ T21/08
isolate GX4 KJ689448.1
o) @ K14/08
54 s @ TO07/09
isolate GS-3 KC695811
isolate SD0803 JN400273 | BVDV1q
® Kz08/14
isolate SLO/1170/2000 KX987157.1
strain LO/151/09 MW054939.1
® T11/15 BVDV 1f
@ 010/15
® K12/15

strain 67-2 MW250801.1
® T42/08
4”":‘%([ isolate 10JJ-SKR KC757383 BVDV 1d
® N38/11

il strain: Shitara/02/06. LC089876.1
@ T08/06
. N09/10

isolate 3237 MH231126.1

strain: Hokudai-Lab/09 AB567658.1 | BVDV 2b
strain SD1301 KJ000672

100 '7 strain: KZ-91-CP. LC006970.1 |

L strain=Giessen-1 AF104030.1 BVDV 2¢
isolate V037 KX170221.1
New York93 AF502399
890 U18059

strain USMARG-60764 KT832817.1 BVDV 2a
® T20/13

@ N43/06

ool @ N33/10

Pestivirus C strain Alfort/187

——— isolate Ind/BHA5309/12 0Q411021.1
isolate Ind/ABI15385/12 0Q411020.1 BVDV 3e-c
— isolate Ind/TN-1214/19 0Q411019.1
T4 Knonkaen FJ0402151

1&

BVDV 1r

straln Italy-83/10-cp JQ612705.1
. V23/00ZUD

@ V23/01

@ Vv23/02

@ V23/03
isolate CH-KaHo/cont JX985409.1
strain LVRI/cont-1 KC297709.1 BVDV 3a
strain: D32/00 HoBi AB871953.1
A15-101 0130
® A15-102
® A11-101
® A15-101 1551
® A15-101
[ J
[ ]

E10 01
E1502

0080

Puc. 2. dunorenernyeckas JeHAPOrpaMMma, HOCTPOCHHAS! Ha OCHOBE HYKJICOTHIHOH 110CIIE10BATEIbHO-
ctu obnactu reHoma Erns necTHBUPYCOB KPYITHOTO POTaTOTO CKOTA; MaTpHLA FTeHETHUECKUX PACCTOSIHUI
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Fig. 2. Phylogenetic dendrogram on the basis of the nucleotide sequence of the Erns of bovine pestiviruses
genome region; the genetic distance matrix was calculated by the maximum evolution method; indexes of
statistical node support are indicated, bootstrap test is calculated for 1000 replicas
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Fig.3. Phylogenetic dendrogram on the basis of the nucleotide sequence of the E1 of bovine pestiviruses
genome region; the genetic distance matrix was calculated by the maximum evolution method; indexes of
statistical node support are indicated, bootstrap test is calculated for 1000 replicas
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is an immunodominant structural protein and
contains neutralizing epitopes. The pronounced
antigenic variability of this protein accounts for
the poor efficacy of vaccines. The mutation rate
of the E2 gene of BVDV-1 is higher than that
of E2 BVDV-2. Since E2 is the main target for
neutralizing antibodies, it probably evolves at
a higher rate than the rest of the virus genome
[11-13].

BVDV-1a, -Ic, and -1i subtypes are thought
to share a common ancestor, and BVDV-2a
gave rise to -2c. BVDV-1a, -1b, and -le are
considered the oldest and most geographically
widespread BVDV-1 subtypes, while -1h, -1k,
and -1m are new and less widespread [14, 15].

Changes in the genome of pestiviruses are
the result of three processes leading to the for-
mation of divergent but closely related mutants
(subtypes): accumulation of point mutations as
aresult of RNA-dependent RNA polymerase er-
rors, non-homologous RNA recombination, and
recombination of homologous RNA.

The frequency of mutations is similar to that
of other RNA-containing viruses; one point mu-
tation is thought to be introduced into the pes-
tivirus genome per replication cycle (see foot-
note 7). The average evolutionary rate of Italian
strains for the 5'-UTR region is assumed to be
9.3 x 10-3 substitutions/site/year with a confi-
dence interval between 4.8 and 14.7 substitu-
tions/103 nucleotides [ 16]. The substitution rate
of the E1—- E2 region is about 10 times higher
than that of the 5'UTR.

Western Canadian isolates of BVDV-1a are
assumed to have originated in the early 20th
century, isolates of BVDV-2 in the 1990s of the
20th century. The average substitution rate of
1.4x10-3 substitutions/ site/year was similar for
BVDV-1 and for BVDV-2. The rate of evolu-
tion in the E2 gene was slightly higher than in
other regions of the virus genome. Therefore,
continuous monitoring of the emerging variants
of bovine pestiviruses is necessary [17].

Comparative sequencing also confirmed the
circulation of pestivirus isolates of the Italian-
Brazilian group (BVBD-3a), but all isolates
were divided into two subclades. The first one

included the isolates extracted from fetal sera
and cell cultures, and the second one — isolated
from vaccines and internal organs of infected
animals during outbreaks on farms. Research in
this direction should be continued. It is possible
that this virus species is also subject to signifi-
cant mutations based on the E2 protein and oth-
er proteins.

The origin and evolution of HoBiPeV have
not been fully elucidated. Indian researchers hy-
pothesize the existence and independent evolu-
tion of four clades of the virus worldwide with
genetic divergence ranging from 13.0 to 18.2%.
The authors suggest that the virus originated in
India around 1938. Its evolutionary rate is es-
timated to be 2.133 x 10-3 subsites/year at the
level of the complete genome, but varies greatly
among the individual genes. The largest number
of mutations was detected in the gene of the E2
protein [18].

CONCLUSION

Bovine pestiviruses are rapidly and dynam-
ically evolving agents. Their genetic polymor-
phism complicates disease diagnosis, reduces
the effectiveness of vaccination and control
programs. There are also no data on the level
of cross-protection between the virus subtypes.
Phylogenetic studies are of great practical im-
portance to identify epizootologic, immuno-
logic and evolutionary processes affecting the
genetic variability of the viruses. In the future,
studies on the phylodynamics of pestiviruses
may be of great importance in the study of ge-
netic diversity and variability.
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Buabl cTpeccoB 1 METOAbI CHUKEHHMSI CTPECCOBOI HATPY3KHU
Y KPYIIHOI'0 pOraroro cKora

Cunun JI.A., CDI1naronon C.A.

Dedepanvhblil HAYUHDLL YeHMP OUON02UHECKUX CUCTEM U A2POMEeXHON02ULL
Poccuiickoii akademuu nayx

Openo6ypr, Poccus

(<De-mail: platonstas1994@mail.ru

B nocnennee BpeMst 3Ha4UTEIbHON POOIEMOI COBPEMEHHOTO )KHBOTHOBOCTBA CTAJl CTPECC JKU-
BOTHBIX. [10 Mepe HHIyCcTpHanu3alum CEIbCKOTo X03scTBa 3Ta mpoliiemMa Bce Oonblie 000cTpsercs,
B pe3ysbTare KOTOPOH KUBOTHOBOIUYECKHE MPEANPHUATHS H (PepPMBbI HECYT OILyTUMBbIC SKOHOMHUYECKHUE
norepu. Ha nmpotsikeHnn Bcel )KU3HM KUBOTHOE MTOJIBEPraeTCsi MHOTOYHCIEHHBIM CTpeccopam, UMe-
IOIIUM COBEPIICHHO Pa3HyI0 MPUPOAY BOZHUKHOBEHUS, HO HEM3MEHHO BEAYIIEH K OHUM H TEM Ke
U3MEHEHUSIM B opraHusMe. JKUBOTHOE 3aMETHO TepseT B Macce, CJIabeeT, y Hero MOHMXKAETCs CO-
MIPOTUBIISIEMOCTh K 3a0osieBaHusAM. J[aH 0030p HayuHBIX HCTOYHHKOB 110 HEKOTOPHIM BHIAaM CTpec-
COBOM Harpy3Kku Ha KPYIHBIN porarblii CKOT: TEIJIOBOMY CTPECCY, CTPECCY NPH TPAHCHOPTHPOBKE,
npeayooitHoMy. [1o TaHHBIM MHOTHX MCCIIEIOBaHUH, CTPECCOBOE COCTOsIHUE KHUBOTHOTO Ha 70—80%
3aBUCHUT OT KOPMJICHHA U conepskaHus u auib Ha 20-30% — ot reHeTuku. Ha opranusm cenbckoxo-
3sICTBEHHBIX JKUBOTHBIX IIOCTOSIHHO BO3JIEHCTBYIOT pa3Hoo0Opas3Hbie (hakTophl BHENTHEH cpebl. K ux
YHCIIy OTHOCSITCSI TEXHOJIOTHSI IPOM3BOJCTBA, COCO0 COlEpKaHUs, MJIOTHOCTb PAa3MEIIEHUs, BEJIU-
YHMHA IPYII, MUKPOKJIMMAT [TIOMEIIECHHUH, TUII ¥ yPOBEHb KOPMJICHUS, OMOJIOrMYeCKast HOJIHOLEHHOCTb
PanMoOHOB, CIIOCOOBI MOATOTOBKM M pa3/lauyd KOPMOB, Ka4eCTBO MUTHEBOH BOIbI, BETEPUHAPHO-TIPO-
(unakTHUECKUe ¥ 300TeXHUYECKUE MEPOIIPHUATHS (BaKLIIMHALINS, CAaHUTapHasi 00paboTKa KUBOTHBIX,
B3BEIIMBaHKE, KacTpauus U Jp.). [Ipy M3MeHeHHH yKa3aHHBIX (aKTOPOB B OpraHU3ME >KUBOTHBIX
TIPOUCXOMT OMpeeicHHbIe peakiuu. [Ipupomga crpecca MOXKET OBITh Pa3TUIHON: MEXaHUUICCKOM,
(hm3uIecKoi, XUMHUICCKOHW, OMOTOTHYECKON M TICHXUYEeCKON. 3HAHUE MPUYHUH CTpecca, 3aKOHOME-
HOCTEH ero TEUeHHs W IMOCJICACTBUH, M3JIOKEHHBIX B YKA3aHHBIX HAyYHBIX MCTOYHUKAX, O3BOJIUT
panMoOHAIBHO UCTIOJIB30BATH MIpeJlaraeMble CIoCcOObl YMEHBILICHHUST HEOIaronpusITHOTO BIMSTHUS Pa3-
JMYHBIX CTpecCc-(haKTOPOB HA )KUBOTHBIX JJISi COXPAHEHHUS X 310POBbS U BEICOKOH MPOAYKTHBHOCTH.

KnaioueBsble cjioBa: KpymHBIA poraTelii CKOT, cTpecc, cTpecc-paKkTopbl, TEIUIOBOK cTpece, Mpel-
yOOitHBIH cTpecc

Types of stress and methods of stress reduction in cattle

Silin D.A., &) Platonov S.A.

Federal Research Centre of Biological Systems and Agrotechnologies
of the Russian Academy of Sciences

Orenburg, Orenburg Region, Russia

(<D e-mail: platonstas1994@mail.ru

Recently, stress has become the most urgent problem of modern animal husbandry. With the indus-
trialization of agriculture, this problem is becoming more and more acute, as a result, livestock enter-
prises and farms suffer significant economic losses. Throughout its life, the animal is exposed to nu-
merous stressors that have a completely different nature of occurrence, but invariably lead to the same
changes in the body. The animal noticeably loses weight, weakens, its resistance to diseases decreases.
A review of scientific sources on some types of stress loading on cattle: heat stress, transportation
stress, pre-slaughter stress is given. According to many studies, the stress state of an animal depends
on feeding and maintenance by 70-80% and only 20-30% on genetics. The body of farm animals is
constantly affected by various environmental factors. These include production technology, method
of maintenance, density of accommodation, size of groups, microclimate of premises, type and level
of feeding, biological full-value of diets, methods of preparation and distribution of feed, quality of
drinking water, veterinary and preventive and zootechnical measures (vaccination, sanitary treatment
of animals, weighing, castration, etc.). When the above factors change, certain reactions occur in the
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animal body. The nature of stress can be different: mechanical, physical, chemical, biological, mental.
Knowledge of the causes of stress, the patterns of its course, its consequences, outlined in the men-
tioned scientific sources, will allow rational use of the proposed ways to reduce the adverse effects of
various stress factors on animals to preserve their health and high productivity.

Keywords: cattle, stress, stress factors, heat stress, pre-slaughter stress
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The most important problem in animal breed-
ing with the introduction of technological ele-
ments that limit the possibility of taking into ac-
count the individual characteristics of animals is
the problem of adaptation of an organism to new
conditions.

The nature and physiological properties of an
animal, formed over many centuries, are not able
to change with the same speed as environmental
conditions and technology of animal husband-
ry. In this regard, there is a discrepancy between
the biological nature of an organism, its physio-
logical capabilities and the environment, i.e. the
state of stress. For the first time this concept was
introduced by the Canadian scientist Hans Sell-
ier in 1936. Under stress he understood the state
in which the organism was under the influence
of various environmental stimuli. He called the
environmental factors capable of causing homo-
geneous response reactions of the organism the
stressors [1].

Recently, stress has been more often defined
as a set of general stereotypical responses of the

organism to the action of strong stimuli of dif-
ferent nature, and its clinical manifestation in
the organism as a general adaptation syndrome.
Consequently, stress by its nature is a specific
syndrome, and by its origin it is nonspecific.
Nonspecificity of stress formation is determined
by the fact that it occurs under the influence of
various stimuli on the organism — mechanical,
chemical, biological and mental stimuli [2].

Stress reactions of an animal organism can
cause both negative and positive consequences.
Everything is determined by the nature, species,
purpose of the animal and physiological state of
an animal [3].

Stress is the natural reaction of an organism
to the impact of any sharp environmental stim-
ulus.

The purpose of the study is to investigate the
main types of stress during cattle breeding and
their influence on the current processes in the
body for their further correction.

Heat stress. This stress is associated with a
significant economic burden for livestock pro-
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ducers worldwide [4]. If modeling projections
are accurate, climate change is likely to have a
significant impact on the stability and sustain-
ability of livestock production enterprises world-
wide. One of the projected impacts of climate
change is an increase in the prevalence and in-
tensity of heat stress periods [5]. Climate trends
change each year, and prediction models suggest
that there will continue to be significant variabil-
ity in the climatic behavior of heat stresses in the
future'.

Heat stress occurs when an animal cannot
maintain a balance between heat accumulation
and dissipation [6]. Climatic factors affecting
heat accumulation in dairy cattle include ambient
temperature, relative humidity, solar radiation
and wind velocity®. The impact of heat stress on
dairy cattle is also influenced by the genotype,
health and immune status of an individual ani-
mal [7]. It is well known that heat stress reduces
dry matter intake of cattle, which has a negative
effect on nutrient absorption in general, affecting
the immune system and inflammatory response
of the body [8]. The results of heat stress expo-
sure vary from animal discomfort to lethality in
some cases [9].

During periods of heat stress, the hypotha-
lamic-pituitary-adrenal system is activated to
maintain homeostasis in response to stress stim-
uli [10]. Cortisol production during the periods
of acute stress acts as a stimulus to the immune
system, but during chronic stress, cortisol se-
cretion is associated with immune suppression
[11]. Consequently, suppression of the immune
system results in an animal becoming more sus-
ceptible to disease and immune problems. Of the
two immune responses (innate and adaptive), the
adaptive response is more complex and requires
prolonged immunologic exposure to become
functionally active.

Although the innate and adaptive immune re-
sponse are distinct, they interact to protect the
body from pathogens and/or foreign substances.
The adaptive immune system can be divided into
cell-mediated and humoral immunity. T-lym-
phocytes are actively involved in cell-mediated
immunity, whereas B-lymphocytes play a vital
role in humoral immunity. Both types of immu-
nity maintain a balance, ensuring that immune
function remains effective. This balance can be
suppressed during exposure to stressors?.

Lactating dairy cows have increased sensitiv-
ity to heat stress compared to dry cows due to in-
creased metabolic milk production [12]. More-
over, due to the positive relationship between
the amount of milk produced and heat produc-
tion, higher yielding cows are more susceptible
to heat stress than low yielding animals [13].

When an animal experiences heat stress, the
immediate coping mechanism is a decrease in
dry matter intake, which leads to a decrease in
the availability of the nutrients used for milk
synthesis [14]. Simultaneously, there is an in-
crease in basal metabolism due to activation of
the thermoregulatory system. Heat stress can
increase the need for metabolic maintenance by
7-25% [15], which further aggravates both the
existing metabolic stress and the decrease in the
amount of milk produced.

Decreased milk yield has been used in some
studies as an indicator of decreased welfare in
the animals that are already suffering from var-
ious diseases such as mastitis [16]. It has also
been demonstrated that milk yields instantly
decrease when animals are stressed [17]. As a
result, it is often assumed that milk production
can be interpreted as a direct indicator of ani-
mal welfare because it gives producers the op-
portunity to monitor their individual response to
a particular event (e.g., an increase in ambient

'Hansen P.J. Physiological and cellular adaptations of zebu cattle to thermal stress // Anim Reprod Sci., 2004, vol. 82, 83, pp.

349-60. DOI: 10.1016/j.anireprosci.2004.04.011.

2Li Q.L., Ju Z.H., Huang J.M., Li J.B., Li R.L., Hou M.H., Wang C.F., Zhong J.F. Two novel SNPs in HSF1 gene are associated
with thermal tolerance traits in Chinese Holstein cattle. DNA Cell Biol. vol. 30 (4), pp. 247-54. DOI: 10.1089/dna.2010.1133.

3SRoman-Ponce H., Thatcher W.W., Wilcox C.J. Hormonal interelationships and physiological responses of lactating dairy cows
to a shade management system in a subtropical environment // Theriogenology, 1981, vol. 16 (2), pp. 139-154. DOI: 10.1016/0093-

691x(81)90097-2.
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temperature or a change in nutrition). However,
other researchers have questioned the use of milk
production as an acceptable indicator of animal
welfare [18], especially for heat stressed cows,
because of the interfering effects of decreased
dry matter intake and the delayed decline in the
amount of milk produced due to increased ambi-
ent temperature.

After periods of high ambient temperatures, a
delay is usually observed before milk production
decreases. A delay of 24 to 48 h has been report-
ed between an increase in ambient temperature
and a decrease in milk production [19]. Further
evidence has shown that milk production only
begins to decline when the temperature and hu-
midity index has been consistently above 74 for
the previous four days [20]. Obviously, if chang-
es in milk production are only detected within a
few days of heat stress, this indicator is limited
in that it only indicates that the animal was under
heat stress and may have been in poor health, but
given the elapsed time this is at best an indirect
result [21].

Despite documented problems with using
milk production as an indicator of lactating
dairy cow welfare, recent evidence suggests that
changes in milk composition may be more useful
for assessing cows under immediate heat stress
[22]. Follow-up studies are needed to determine
whether on-farm cow tests that monitor signi-
ficant changes in milk composition in response
to heat stress can be practically implemented on
COWS.

The addition of organic selenium to cattle ra-
tions can protect animals from oxidative stress
and increase milk yields, especially when cat-
tle are exposed to heat stress. This conclusion
was reached by scientists from the USA, China
and Spain in a joint study [23]. The researchers
found that organic selenium supplementation in-
creased selenium content in serum and milk, and
increased markers of antioxidant activity and
performance. At the same time, selenium sup-
plementation decreased the percentage of milk
fat in milk.

Many researchers have studied heat reduc-
tion strategies over the past 40 years. Most of

them have focused on cooling cows under con-
finement conditions. Cattle kept on pasture often
cannot protect themselves from climatic condi-
tions such as heat, rain, wind or snow [24]. Var-
ious management practices focus on reducing
the negative effects of heat stress on lactating
dairy cows, including genetic selection for more
heat-tolerant animals, nutritional management,
and environmental modification or cow cool-
ing strategies [25]. Changing external factors is
generally a simpler and faster way to improve
animal condition, performance and reproduction
than improving genetic selection for heat toler-
ance [26].

Implementing an appropriate cow cooling
strategy is an important management decision
for dairy producers and can reduce economic
losses associated with heat stress. Cow cooling
strategies used in confinement settings include
fans, shade, natural ventilation and water-cool-
ing systems (sprayers, sprinklers) [27]. For
cattle in pasture, natural shade from trees, per-
manent or portable shade structures, or spray
nozzle lines with spray nozzles that produce fog
can be created and used as cooling [28]. The ap-
plication and economic impact of cow cooling
strategies on pasture-based dairy farms needs to
be investigated to better understand the impor-
tance of implementing temperature reduction for
grazing cattle.

Transportation stress. Transporting animals
can lead to increased disease and animal dete-
rioration. Transported animals may suffer tissue
damage and body malfunctions. In addition,
pathological effects may occur that would not
have resulted from pathogens already present,
disease from pathogens transmitted from one
transported animal to another, and disease in
non-transported animals due to transmission of
the pathogens from the transported animals.

Increased susceptibility to infection and dis-
ease as a result of transportation has been the
subject of numerous studies [29]. Transported
cattle, especially those transported over long
distances, have significant body condition prob-
lems. As a consequence, there are economic
losses caused by “road fever”. This term is used
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to describe a number of diseases caused by Pas-
teurella species, bovine respiratory syncytial
virus, infectious rhinotracheitis virus and para-
influenza-3 virus. Stress can cause reactivation
of viruses that are present in animals after a pre-
vious infection.

Many infectious diseases can be spread by
the transportation of animals, such as outbreaks
of classical swine fever. Foot-and-mouth disease
can be exacerbated by the fact that animals in
some cases transmit the disease at collection
points or places of trade [30]. Large disease
outbreaks cause economic problems. If stress is
minimized, as is the mixing of animals and their
products, diseases can be prevented or made less
likely to occur.

The way the vehicle is driven can have a ma-
jor impact on the welfare of the animals being
transported. The driver needs to drive careful-
ly, as animals are much less able to cope with
disturbances such as those caused by turning or
sudden braking. Cattle, sheep and horses always
try to stand in the vehicle in such a way as to
minimize the likelihood of being thrown around
and avoid contact with other animals. In a study
of cattle transported on winding or straight roads,
plasma cortisol concentrations were found to be
significantly higher on winding roads than on
straight roads [31].

Animals may be injured during transport and
appropriate measures should be taken to elim-
inate or minimize such injuries. On all but the
shortest journeys, it is important that there is
adequate opportunity for intermediate inspec-
tion of animals [32].

Actual physical conditions, such as tempera-
ture and humidity, may change during transpor-
tation and require action by the person respon-
sible for the animals. Prolonged transportation
involves a much higher risk of animal deteriora-
tion and can lead to significant problems. Con-
sequently, the condition of the animals should
be carefully monitored at appropriate intervals
[33].

Pre-slaughter stress. Animal welfare moni-
toring in a slaughterhouse is somewhat different
from the situation on the farm. Throughput in

slaughterhouses can be very high. There is no
way to know the individual history, background
or habits of each animal. Animals are unfami-
liar to the staff and vice versa. Moreover, most
animals are unknown to each other, even if they
are delivered in groups or batches, so it is not
uncommon to see mixing. The environment in
slaughterhouses is also completely unfamiliar
to the animals, as large areas are not always de-
signed to minimize noise or visual distraction
to the animals. Mistreatment of animals can be
seen in many slaughterhouses where animals
are roughly coerced using sticks, physical force
and shouting, forcing them to move quickly in a
desired direction. It is important to be aware of
these factors, as they can cause animals to be-
come overexcited, causing them to become rest-
less, agitated and stressed.

Handling of livestock in slaughterhouses
should be as short, well thought out and struc-
tured as possible to allow animals to move freely
in the right direction according to their behavior-
al characteristics and not to be distracted. In ad-
dition, any elements of disturbance such as flash-
ing lights, changing lighting conditions, moving
objects (e.g. fan blades) should be eliminated.
The slaughterhouse floor should be arranged and
maintained to minimize the risk of animals slip-
ping, falling, or injuring limbs. If these criteria
are not met, the slaughter line may be slowed
down. All of this may also cause inappropriate
attitudes among the personnel responsible for
handling animals. In such situations, operators
will routinely use animal stimulation tools (elec-
tric cattle prod or sticks). The heart rate of the
cattle will increase with each subsequent appli-
cation of physical stimulation to them [34]. Car-
cass injuries (bruises, petechial hemorrhages,
etc.) may occur on carcasses due to excessive use
of electric cattle prods, as well as due to frequent
falls, slips and injuries on corridor partitions,
especially if the animal does not have enough
room to move. Refusal to move in cattle could
also be due to inadequate training of staff or poor
supervision [35]. Incorrect behavior of the staff
and their lack of knowledge of ethology leads
to poor human-animal interactions. Employees'
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knowledge of the ethology allows the animal to
move physiologically without physical force on
them, which is a strong stressor [36].

Minimizing pre-slaughter stress is to intro-
duce cattle into the stunning box only when the
operator is ready to perform it. Proper light-
ing of the box is essential. Visibility of already
slaughtered animals should be avoided: the use
of partitions between the stunning box and the
paddock helps in this case. The possibility of an-
imals escaping from the stunning box must be
avoided by adapting the height of the box walls
to the size of the animal. [37].

CONCLUSION

The most important stress-factor affecting
the organism of animals is the impact of the
external environment. Throughout its life, an
animal is subjected to numerous stressors that
have completely different nature of occurrence,
but invariably lead to the same changes in the
body. An animal exposed to negative stress no-
ticeably loses weight, weakens, and loses resis-
tance to disease. As a consequence, livestock
enterprises and farms suffer significant eco-
nomic losses.

With increasing industrialization of produc-
tion, animals begin to be subjected to stressors,
previously unknown and unstudied. In this re-
gard, livestock breeders of all countries are con-
stantly facing the tasks of improving the feed,
raw materials, climatic base, as well as reducing
the stress load negatively affecting the animal
organism [38].
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pacreHui

(<) Cepoxiunos I.B.!, 'ynbko A.B.2

'Cubupcruil ghedepanvuwiil HayuHblil yenmp azpobuomexnono2utl Poccutickotl akademuu Hayk
HoBocubupckas obnacts, p.ii. KpacnooOck, Poccust

2Hosocubupckuii 20Cy0apCcmeentvlil mexHUYecKuil YHUueepcumem

HoBocubupck, Poccust

(<De-mail: seroklinov@mail.ru

[IpeacraBieHsl pe3yabTaThl U3YUCHHUS MpoLecca W3MEHEHHUs] OMOMOTEHIMAala MPOPOCTKOB IIIIe-
HUIBl copra HoBocubOupcekas 41 mpu Bo3aecTBUM Ha HUX NOBbIMIEHHON (43 °C) M NOHWKEHHOH
(8 °C) Temmeparypsl. JkcniepumMenTsl poxoamind B 2020 u 2022 rr. [lpu npoBenennn uccieaopa-
HUH HCIOJIb30BaHa aBTOMAaTHU3MpoBaHHAs cucteMa «ABToOkcnl». [lomydeHsl JaHHbBIE O JUHAMUKE
OMONOTEeHIMala pACTeHUH, BOSHUKAIOILETO B PE3yJbTaTe MAECHTUYHBIX TEMIEPATypHBIX W3MEHEHUH
OKpYXalolIeH cpepl MpU U3MEHEHUH Bo3pacTa nmpopocTkoB. [lonyuyennsie B 2020 u 2022 rr. cpeane-
CTAaTUCTHYECKHE abCOMIOTHBIC MAKCUMAIIbHbIC LICHTPUPOBaHHble 3HauYeHus (U ) GruonoreHumana
MpOpocTKOB B Bo3pacte ot 10 10 19 cyT npu aeiicTBUM Ha HUX NOBBIIIEHHOW M TOHM)KEHHOW TeMIiepa-
TypBI OBUTH TTOIBEPTHYTHI CTAaTUCTHYECKOMY aHaju3y ¢ ucnonb3oBanueM [10 «Craructuka 6» (Statis-
tica 6). PerpeccoHHbIE 3aBUCUMOCTH, ONIPEJEICHHbIE B XO/I€ PErPECCUOHHOIO aHajIu3a [oKa3aTenei
OMonoTeHIMaNa Ipy JEHCTBUM IOBBILIEHHON TEMIIEPaTypPbl, ONMCHIBAIOTCSI OTHOCUTENIBLHO BO3pacTa
MIPOPOCTKOB MOJMHOMAaMHK BTOPOTO TOPsiIKa ¢ KoddummenToM koppemsauun R = 0,997 mpu p = 0,072
JUTSL pe3YJIBTaToOB dKCIEpUMEHTaNbHbIX uccnenoBanuil 2020 . u R = 0,986 npu p = 0,028 1151 aHHBIX
3a 2022 . [Ipu nelicTBUM NMOHMKEHHOM TemIeparypsl Tak)Ke MOJIyuYeHbl KBaJpaTHUYHbIE Perpeccu-
OHHBIE 3aBUCUMOCTH ¢ Ko3(dunpenTom xoppemsiimu R = 0,995 npu p = 0,1023 ans pesysisraros
dKCIIepUMeHTANBHBIX uccnenoBanuit 2020 . 1 R = 0,9998 mipu p = 0,00023 mnst manHbIX 32 2022 T.
OtmeueHa 6aM30CTh TpaguUecKOro OTOOPaKEHUSI aHAJIOTHYHBIX PErPECCHOHHBIX 3aBUCUMOCTEH, Ha
OCHOBAHUH YE€TO OIPE/EIICH aJITOPUTM U MOIYUCHBI BBIPAXKECHUS AJIs1 KOPPEKLMH SKCIEPUMEHTAIbHBIX
JTAaHHBIX, TOJYYEHHBIX B IIPOLECCE MPOJOIKUTENBHBIX SKCIIEPUMEHTAIbHBIX HCCIIEJOBAHUI.

KaioueBsbie ciioBa: OMOMOTEHIMAN, MIIEHHUIA, CTPECCOPBI, TEMIIEPaTypa, MOHHUTOPHHT, BO3PacT
pacTeHuit

Daily monitoring of the biopotential of wheat seedlings as a means of
increasing the assessment of plant stress resistance

) Seroklinov G.V.!, Gun’ko A.V.2

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

’Novosibirsk State Technical University

Novosibirsk, Russia

(<De-mail: seroklinov@mail.ru

The results of studying the process of changing the biopotential of wheat seedlings of the Novosi-
birskaya 41 variety when exposed to elevated (43 °C) and reduced (8 °C) temperatures are presented.
The experiments took place in 2020 and 2022. The automated system "AutoExpl" was used in the
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research. The data on the dynamics of plant biopotential resulting from identical temperature changes
in the environment when the age of seedlings changes were obtained. The mean absolute maximum
centered values (U__ ) of the biopotential of seedlings aged 10 to 19 days when exposed to elevated
and reduced temperatures in 2020 and 2022 were statistically analyzed using Statistica 6 software
(Statistica 6). The regression relationships determined during the regression analysis of the biopoten-
tial indices under the action of elevated temperature are described with respect to the age of seedlings
by second-order polynomials with correlation coefficient R = 0.997 at p = 0.072 for the results of the
experimental studies in 2020 and R = 0.986 at p = 0.028 for the data for 2022. For the effect of reduced
temperature, quadratic regression relationships were also obtained with a correlation coefficient of
R =0.995 at p = 0.1023 for the 2020 experimental results and R = 0.9998 at p = 0.00023 for the 2022
data. The closeness of the graphical representation of similar regression dependencies was noted, on
the basis of which the algorithm was determined and expressions for correction of experimental data
obtained in the process of prolonged experimental studies were obtained.
Keywords: biopotential, wheat, stressors, temperature, monitoring, plant age
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INTRODUCTION flower pistils during pollination when stigmas
move or are touched by insects (bees)’.

Numerous scientific studies have proved that : il '
Naturally, the biopotential included in the

bioelectrical signals are an integral part of living

biological tissue of animal and plant origin' 2.
These signals are manifested in the process of
metabolism during the whole vegetation period,
arise in different parts of plants at one or another
change of the environment [1].

The history of discovery and subsequent
studies of electrical signals arising in plants un-
der biotic and adiabatic stresses (environmental
changes) are described in detail in the works [2-
4]. It was found that these signals arise under the
changes in temperature, humidity, illumination,
and other environmental parameters, the level
of which exceeds the threshold of plant sensi-
tivity [5, 6]. Thus, biopotential is generated in

process of plant metabolism should correspond
to the age of the plant, starting from its seedling
[7, 8]. In this regard, the biopotential arising
from exposure of the seedlings of different ages
will be formed under the conditions of the func-
tional changes in plant life activity and will dif-
fer* [3, 9, 10]. Consequently, it can be assumed
that during the experiment with seedlings, the
value of biopotential of one and the same seed-
ling measured on different days will differ [11].
As a result, when conducting statistical analy-
sis of experimental data on the biopotential of
seedlings from the same batch, but of different
ages, there will be a priori an additional error,

'Burdon-Sanderson L. Note on the electrical phenomena which accompany irritation of the leaf of Dionaea muscipula // Proceed-

ing of the Royal Society of London, 1875, vol. 21, pp. 495-496.

2Opritov V.A., Pyatygin S.S., Retivin V.G. Bioelectrogenesis in higher plants. Moscow: Nauka, 1991, 216 p.

3Sinyukhin A.M., Britikov E.A. Generation of action potentials in pistils of Incarvillaea and lily in connection with stigma move-
ment and pollination // Russian Journal of Plant Physiology, 1967, N 14, pp. 463-475.

*Surova L.M. Influence of variation potential on the stability of photosynthetic apparatus of pea (Pisumsativum L.): Candidate's

thesis in Biology. N. Novgorod, 2017, 111 p.
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which can seriously affect the result of cluster
analysis when assessing varietal differences.

In this regard, when conducting experimen-
tal studies, there is a need to assess the influence
of plant age (in particular, wheat seedlings) on
the level of measured biopotential, as well as to
identify the possibilities of harmonizing the ob-
tained results to a unified measurement system.

MATERIAL AND METHODS

Assessment of the effect of the age of seed-
lings on their biopotential under the influence
of temperature was carried out on wheat seed-
lings of the Novosibirskaya 41 variety at the
age of 10-19 days twice — in 2020 and 2022.
In the course of the experiment an automated
system “AutoExpl’” developed for the study
of biological structures in the Siberian Insti-
tute of Physics and Technology of Agrarian
Problems and additionally equipped with a de-
vice for the formation of temperature profile
(DFTP)° was used. The DFTP was based on a
Peltier element and allowed to form different
temperature profiles affecting plants in labora-
tory conditions.

The studies were conducted on ten wheat
seedlings, which were grown and kept in the
climatocamera “Biotron 8” in laboratory condi-
tions. Starting from 10 days of age each plant
was exposed to elevated (43 °C) and reduced
(8 °C) temperature 5 times during 10 days.

The experiment was carried out in the fol-
lowing order. The plant was placed on a labo-
ratory DFTP thermostat so that its roots were
in a cuvette with tap water and the shoot was
on the surface of the stage (see Fig. 1). Part of
the stage is a copper plate covered with ther-
mally conductive insulating material, in the
zone where the plant is exposed to temperature
(see footnote 5). Formation of the temperature
profile acting on the plant under the study was

realized by a Peltier element connected to this
plate by the DFTP control system included in
the “AutoExpl”. The laboratory table with the
experimental plant was placed in a climatic
chamber, the air temperature in which was set
within 20 &+ 1 °C. The same temperature (back-
ground temperature) was set in the zone of the
temperature influence of the laboratory table.
The plant on the laboratory table was covered
with a special shield for thermal insulation of
the place of the temperature influence. The uni-
polar method of the AP withdrawal was used
according to the nature of the electrode ar-
rangement, in which nonpolarizing electrodes
were placed as follows: one (measuring elec-
trode) — on the surface of the seedling shoot,
the second (reference electrode) — in the root
area. The place of contact between the elec-
trode and the plant was smeared with conduc-
tive gel or wetted with tap water to improve
the contact.

After preparing the plant for the experiment,
the automated system “AutoExpl” was switched

Puc. 1. Pazmenenre mpopocTKa Ha TaO0OpaTOPHOM
TEPMOCTOJIHKE

Fig. 1. Placing the seedling on the laboratory
thermal table

SSeroklinov G.V., Gunko A.V. Information technologies in the study of plant biopotentials under stressors // Computational Tech-

nologies, 2016, vol. 21, N S1, pp. 94-103.

Pat. RU 2775642. Device for temperature profile formation / G.V. Seroklinov, V.A. Grinkevich, V.A. Zolotarev, V.M. Furzikov.

Published 05.07.2022.
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on. The PC keyboard of the system was used to
start the cycle of biopotential measurement in
accordance with the algorithm laid down in the
computer program, according to which the for-
mation of a given temperature profile affecting
the plant began 6 s after the start. The signals
obtained as a result of the seedling biopotential
measurement were recorded into the PC data-
base created on the basis of the FireBird rela-
tional DBMS during the entire measurement
time. The measurement algorithm included 10
kHz imaging and recording of the changing sig-
nals of biopotential (plant response to the stim-
ulus) and effective temperature for 160 s. The
temperature effects were formed in the form of a
trapezoidal profile with a steady-state increased
temperature of 43 °C and decreased tempera-
ture of 8 °C for a total duration of 60 s. For each
plant the specified cycle of biopotential mea-
surement was carried out 2 times.

The obtained realizations of the seedling
biopotential signals (U(¢)) and temperature pa-
rameters were exported to the Matlab environ-
ment and processed with the application of the
algorithms using vectorized calculations. As a
result of preliminary processing, 24 parameters
of different absolute values of each biopotential
signal realization were selected for further anal-
ysis, including the most significant one — the
maximum value of the filtered centered signal
(U_.. ) [12]. The data array of the absolute val-
ues of biopotential signals for each of ten seed-
lings studied in each age group was subjected
to statistical analysis, as a result of which the
following were determined: the mean value of
the absolute value of the biopotential signal, its

mean deviation and dispersion for a given age
of seedlings.

RESULTS AND DISCUSSION

As a result of preliminary statistical process-
ing, data arrays were formed to estimate the
change in the average absolute values of bio-
potential (l‘]l o) of the wheat seedlings for the
given age groups. Absolute values of the wheat
seedlings biopotential when exposed to eleva-
ted temperature are given in Tables 1 and 2, and
when exposed to reduced temperature — in Ta-
bles 3 and 4.

The obtained data were exported to the en-
vironment of the program “Statistica 6”, where
as a result of the regression analysis nonlinear
regression dependences of daily changes in ab-
solute statistical values of biopotential of wheat
seedlings of the variety Novosibirskaya 41 un-
der the influence of increased and decreased
temperature were obtained.

In the process of the experimental data re-
gression analysis for 2020 (exposure to elevated
temperature), a nonlinear (quadratic) regression
dependence of the following kind was con-
structed:

O =0,0246—0,0023 - £+ 0,000062 - £
at R=0,997 and p=0,072, (1)

where Umax ., — absolute statistical mean value
of the seedling biopotential when exposed to
elevated temperature; ¢ — seedling age; R —
correlation coefficient; p — significance factor.

As a result of the same analysis, a nonlinear
(quadratic) regression dependence was also ob-

Taoa. 1. CratucTiueckue MoKas3arely MoCyTOUHOTO U3MEHEHHUST OUOITOTEHIINANA TIPOPOCTKOB TIIICHUITBI
TIPH BO3ACHCTBUH MOBHITIICHHON TeMmieparypsl (2020 1)

Table 1. Statistical indices of daily variation in biopotential of wheat seedlings under exposure to

elevated temperature (2020)

. Age of seedlings, days
Indicator
10 12 14 17 19
Average value 0,0082728 0,00622922 - 0,004214 0,0039072
Average deviation 0,003108 0,00121642 - 0,0012226 0,0004734
Dispersion 0,000013 0,00000273 - 0,0000027 0,0000005
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1 nHOPMALMOHHOE OOecHeueHIEe

Cubupckuii BECTHHK CEIbCKOXO3SIHCTBEHHON HayKH *

2024+546 115



Daily monitoring of the biopotential of wheat seedlings

as a means of increasing the assessment of plant stress resistance

Seroklinov G.V., Gun’ko A.V.

Taoa. 2. CratucTHueckue nokas3aresiy MocyTOYHOT0 M3MEHEHUsI OMOMOTEHIIMAIa MPOPOCTKOB MIIICHHIIBI
NpY BO3/ICHCTBUM MOBBIIICHHON TemrepaTypsl (2022 1)

Table 2. Statistical indices of daily variation in biopotential of wheat seedlings under exposure to

elevated temperature (2022)

Age of seedlings, days
Indicator
10 12 14 16 18
Average value 0,02571 0,022164 0,015623 0,0140419 0,013049
Average deviation 0,014687 0,01864 0,011345 0,0083163 0,0052524
Dispersion 0,0004 0,000652 0,000288 0,0001215 0,0000488

Taoa. 3. CratucTuueckue nokasaresiy MocyTOYHOr0 M3MEHEHHUs1 OMOMOTEHIIMAIa TPOPOCTKOB MILICHHIIBI
NpY BO3JCHCTBIM NOHMKEHHOH Temmepatypsl (2020 1)

Table 3. Statistical indices of daily changes in biopotential of wheat seedlings under the influence of

reduced temperature (2020)

Age of seedlings, days
Indicator
10 12 14 17 19
Average value 0,0096349 0,0084775 - 0,0073594 0,0060401
Average deviation 0,0044647 0,0030185 - 0,0035047 0,0021921
Dispersion 0,000029 0,0000132 - 0,0000176 0,00000753

Taoa. 4. Cratuctuueckue nokasaresiy MocyTOYHOr0 M3MEHEHHs1 OMOMOTEHIMAaIa MPOPOCTKOB MILIECHHUIIBI
NpY BO3JCHCTBUM MOHMKEHHOH Temmepatypsl (2022 1)

Table 4. Statistical indices of daily changes in biopotential of wheat seedlings under the influence of

reduced temperature (2022)

Age of seedlings, days
Indicator
10 12 14 16 18
Average value 0,0271424 0,0198 0,014951 0,01215 0,012224
Average deviation 0,0139285 0,010995 0,007223 0,007542 0,0048056
Dispersion 0,000303 0,000342 0,000157 0,0000881 0,0000664

tained for the experimental data obtained during
analogous studies in 2022, which has the follow-

allowed to obtain the following regression de-
pendencies:

ing form

U =0,0753 — 0,0067 - ¢ + 0,0002 - £

max c.X

a) for the experimental data of 2020:

g = _ . )
at R = 0,986 and p = 0,028. 2) U, ... =0,018-0,0011 - 7+ 0,0000298 - ¢

The combined plot of the obtained regression at R=0,995 and p=0,1023; 3)

dependences of the biopotential under the action

of increased temperature is shown in Fig. 2, a.
Regression analysis of biopotential indices 0

of wheat seedlings of Novosibirskaya 41 vari- e

ety under the influence of reduced temperature at R=0,9998 and p =0,00023.  (4)

0) for the experimental data of 2022:

=0,1002 —0,0103 - £+ 0,0003 - 2
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Fig. 2. The graph of daily changes in biopotential of wheat seedlings of the Novosibirskaya 41
variety under the influence of elevated (a) and reduced (0) temperatures
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The combined plot of the obtained regression
dependencies is shown in Fig. 2, 6.

The graphs show that, despite the difference
in the absolute values of biopotential in the ex-
periments conducted at different times, there
is an identical nature of the changes under the
influence of both increased and decreased tem-
perature. Based on these observations, it is rea-
sonable to consider the possibility of bringing
the data obtained in the process of multi-day
experiments to a homogeneous state, excluding
the age effect on the biopotential of the research
object.

To do this, let us bring the obtained regres-
sion equations into a single coordinate system,
normalizing them with respect to the free term.
As a result of normalization, the following ex-
pressions are obtained for equations (1) and (2):

a a a
-0 1t+_2

max c.X
aO aO aO

= 1-0,0935¢ + 0,0025¢%;

t?=

v b b, b
max Cc.X b b b

0 0 0

=1-0,089¢+ 0,00265¢?,

t*=

©)

where a, — corresponding coefficients of the re-
gression dependence obtained from the results
of the studies of 2020; b, — similar coefficients
of the regression dependence obtained from the
results of the studies of 2022. Given that these
expressions describe identical processes, they
can be regarded as a system of equations, which,
moreover, have coefficients at variable ¢ that are
close in value. By averaging the value of the co-
efficients of the system of equations, we obtain
an averaged normalized regression equation of
the following form at the corresponding vari-

ables:

U= (i - %)/2 - ((i + %)/2)t +

aO 0 aO 0

a b
. ((_z N b_z)/z)t2 — 1-0,0913¢+0,00258:2. (6)

aO 0

Differentiating this expression, we obtain the
equation of the rate of biopotential change:

A =-0,0913 +0,0516 - ¢. (7)
Carrying out similar transformation and cal-
culations for the regression dependencies (3) and
(4), estimating changes in wheat seedling biopo-
tential depending on the age under the action of
reduced temperature, we obtain an expression
for correction of the average value of biopoten-
tial taking into account the age of the seedling:

A_=-0,08195+0,00466 - 7. (8)

The obtained expressions (7) and (8) allow us
to numerically estimate the change in the abso-
lute values of the biopotential arising under the
influence of increased and decreased tempera-
ture, in case of increasing the duration of the
experiments and as a consequence of changing
(increasing) the age of seedlings.

CONCLUSION

As a result of the experimental studies of
changes in the biopotential of wheat seedlings
of the Novosibirskaya 41 variety under the influ-
ence of increased (43 °C) and decreased (8 °C)
temperature on the plants, conducted in 2020
and 2022, it was found that the average absolute
value of the biopotential decreases when the age
of plants changes (increases).

Statistical studies of the obtained data al-
lowed us to obtain regression dependences of
absolute mean values of seedling biopotential
on their age under the action of increased and
decreased temperature, which are described by a
second-order polynomial.

It was also found that despite the numerical
difference in the coefficients of the obtained re-
gression expressions for the data for 2020 and
2022, the equations have an identical character
under the action of both increased and decreased
temperatures.

Taking into account the proximity of normal-
ized equations of statistical regressions, built on
the results of the experiments of 2020 and 2022,
statistical values of the averaged estimates of
deviations of absolute values of the biopotential
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of wheat seedlings of Novosibirskaya 41 variety,
caused by changes in their age, were determined.
The obtained results will allow obtaining more
accurate data when measuring the biopotential
of the seedlings of this variety during long-term
studies on comparative study of drought and
cold tolerance of different wheat varieties. For
this purpose, it seems advisable to carry out fur-
ther experimental studies on the preparation of
the values of biopotential given in the paper with
the application of expressions (7) and (8) to one
age of seedling samples and their subsequent
analysis by clustering methods. The result of
this analysis will allow to confirm or refute the
hypothesis put forward in this article.
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HIAMATH YYEHOI' O
IN COMMEMORATION OF SCIENTIST

K 95-seTuio co nusi po:xknenusi Ajsiekcess @egopornya Adpamona

Aunekcert @egopoBud poauics S utoiid 1929 r. B MmectHocTH Apbibutaax 3-Earoreickoro Hacsiera
Bepxuesumintoiickoro yinyca. B 1957 r. ¢ ommnunem okoHunn OMCKHN roCcyqapCTBEHHBIM BETEpU-
HapHBIA MHCTUTYT IO ClleNUaIbHOCTH «BerepuHapus», nocie 4yero OblT Ha3HAUEH 300TEXHHUKOM
konixo3a uM. Jlennna BepxueBumoiickoro yinyca. B 1958—1959 rr. pabortan accucteHTOM Kadeapol
(u3M0I0rHH )KUBOTHBIX SIKyTCKOTO rocyapCTBEHHOTO YyHUBepcuTeTa, B 1959—1960 rr. — 3amectu-
TeJIEM Npeaceaaress Koiaxo3a uM. JIennna BepxHeBUIIOWCKOro palioHa. B 210 ke Bpems OH yua-
CTBOBAJ B CO3/ITaHUU KPYITHOM 3BEPOBOTICCKON (hepMbl, KOTOpas cTana 6a30i 1J1sl MPOBEICHMS Ha-
YUHBIX OIBITOB B IIEPUOJ €r0 yueObl B aCIUpaHType BO Bcecol03HOM MHCTUTYTE 3KCIIEPUMEHTAIb-
Hol BetepuHapuu. B 1964 r. Anekceit ®eopoBuY 3alMTUI JUCCEPTALUIO0 HA COUCKAHUE YUEHOU
CTENEHU KaHAuaTa OMOJOrMYeCKUX Hayk 1o TeMe «l/3ydeHne pu3nonornyeckux OCHOB M METO-
JI0B PO HUIIAKTUKH OECIIIIONNS cepeOpUCTO-YepHBIX JIMCHUIL HA 3BEpPOBOAUYECKUX (epMmax SIKyTcKoi
ACCP». B 3TOM e romy OblT MPUHAT Ha paboTy CTAapUIMM HAyYHBIM COTPYIHHKOM B SIKyTCKHA
HAay4HO-UCCIIEI0BATEIbCKUIA MHCTUTYT CEJICKOIO XO35HCTBA, IJIe BIIOCIEICTBUH 3aBEA0BaI J1abo-
paropusiMu 1o 60pb0e ¢ OecIuIoueM CeIbCKOXO3IUCTBEHHBIX KHUBOTHBIX (1965-1970 rr.), 610-
XUMHH, MaCCOBOTO aHaJN3a M MepepaboTKU CEeIbCKOX03sICTBeHHOM npoxykiwu (1971-2014 rr.).
B 2014-2016 rr. paboTan HayYHBIM KOHCYJIFTAHTOM.

C 1965 . A.®. AbpamoB Havasl HCCIeJOBaHUS 110 U3YUEHHUIO BIUSHUS HEOIaronpusaTHBIX yCIIO-
BH BHEIIHEH Cpebl Ha MPOLECCH PAa3MHOKEHHUs, TUTaHUS, BOCIIPOM3BOACTBA SIKYTCKOM JIOIIAIH.
B 1992 r. 8 UHCTHUTYTE 3BOMONMOHHON MOPQOJIOTHH M DKOJIOTHH KUBOTHBIX UM. A.H. CeBepiioBa
AH CCCP 3aummtui JOKTOPCKYIO TUCCEPTALUIO 110 TeMe «SIKyTcKas JIomab (3KOJIO0rus, pa3MHO-
JKEHUE, MUTAaHUE, ONTUMU3AIIMS BOCIIPOU3BOCTBA)» O CrienualbHOCTAM «OXpaHa OKpyKaroliei
Cpelbl U PAllMOHAIBHOE MCIIONb30BAHUE ITPUPOIHBIX PECYPCOB» U « DKOJIOTHUS».

Anexceem ®PeopoBHUEM BIIEPBbIE B MPAKTUKE TAOYHHOTO KOHEBOACTBA SIKYTHH pa3pabOoTaHbI
PEKOMEHIAINH 110 MTPO(UITAKTHKE a00PTOB KOOBLI, YITYUIIEHUIO 3MMHETO KOPMJICHHUS SIKYTCKUX JIO-
11aeil, IPOrHO3UPOBAHUIO YCIOBUH TEOCHEBKH JIOIIA/IeH B pecyOuKe, KOTOPbIE MOCITY KU Ha-
YYHOI OCHOBOH COBEPIICHCTBOBAHUS TEXHOJIOTUN KOPMIIEHHS U COAEPIKAHMS SIKyTCKUX JIOIIAEH.
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VM BHeceH 00ibII0N BKJIA/A B HAYKy MO Pa3BUTHIO KOPMOBOI 0a3bl )KHBOTHOBOJICTBA PECITYOIMKH,
pa3paboTaHbl HOPMATUBBI PACcXo/la 3€J€HOM MacChl HAa MIPUTOTOBJIEHUE PA3IMUHBIX BUIOB KOPMOB,
HKOJIOT0-OMOXMMUYECKUM OCHOBAM PallMOHAJIBLHOTO HCIIOIb30BaHNS TeOEHEBOYHBIX MaCTOMIIL, TE€X-
HOJIOTMH TIPOU3BOJICTBA KOMOMKOPMOB, MOJHOPALMOHHBIX KOPMOCMECEH M pallMOHbI KOPMJICHHS
AKYTCKHUX JIOIAIEH.

A.®. AGpaMOBBIM TaKke MPOBEACHbI UCCIIEOBAHNUS 110 TEXHOJIOTUH COEPETaroIero 3eMIeIeUs
Y TIOBBIILICHUS TIOJIOPO/INS 3eMENb C MCIIOIb30BAHUEM CHJIEPATIbHBIX YOOPEHUH NpH BhIpallBa-
HUH OBOIIEH, KapTO(es U ATOAHBIX KyCTapHUKOB, 110 MPEAYIPEkKISHUIO HAKOTUICHUS HUTPATOB B
KOPMax M CEJIbCKOXO3SMCTBEHHBIX MTPOAYKTAX B YCIOBUAX AKyTHH.

MHorouncnennsle uccienopanus Anekcess @enopoBuya — UCIONb30BAHUE ECTECTBEHHOIO XO-
JI0/1a TIPY 3aMOPAKMBAHUHU M XPaHEHUH MPOAYKTOB, pa3paboTKa nmapaMeTpoB HHPpaKpacHOH cyI-
KU OBOUIEH U SIT0J], TEXHOJIOTUI MPOU3BOJICTBA MOJIOUHBIX, MSICHBIX U PBIOHBIX MPOJYKTOB MUTAHUS
U3 MECTHOTO CBIPbs — MOCBSAIICHBI polsieMaM NuTaHus HaceneHus. COBMECTHO ¢ COTPYIHUKaAMHU
Menunuackoro uacturyTa CBOY um. M.K. AMMOocoBa OH TIpOBOIIMI UCCIIEIOBAHUS IO TTPOOIIe-
MaM PO UITAKTUKH U JICUCHHSI PAKOBBIX 3a001€BaHUH.

A.D. AbpamoB nroarue rospl 66u1 wieHoM ydueHoro coeta AHUMCX, meTonuueckux COBETOB
II0 PACTEHHEBOACTBY, KUBOTHOBOJCTBY, MpEACEIaTeIeM METOAUYECKOrO COBETA MO KUBOTHOBO/-
CTBY, HCOJJHOKPATHO U30paH CEKpeTapeM MapTUHHON OpraHu3aliiy, ObUI MpeceaareaeM npophrkoma
SHUUNCX, yieHOoM Hay4HO-TEXHUYECKOro coBeTa MHHUCTEPCTBA CeNIbCKOro Xo3siicTa PecryOuu-
ku Caxa (Skytust) mo mepepa®oTke, MPUHUMANI HEMOCPEICTBEHHOE y4acTHE B IOATOTOBKE MpO-
rpamMM IO KOPMONPOU3BOJICTBY, CUCTEME BEJICHHSI CEIbCKOTO X035MCTBA. OH ABIIAETCS OJHUM W3
pa3pabotunkoB 3akoHa «O mpousBoAcTBe kymbica B Pecriyomnuke Caxa (AxyTust)» (2002 r).

Anexceem DenopoBuueM onmyomukoBaHo 500 HaydHBIX TpynoB, B ToM uucie 40 moHorpadui,
49 O6pomrtop, 11 pekomenmanuii, 253 craThu B BEAyIIUX >KypHaiax, 148 crareil Ha cTpaHUIAX
pecryOIMKaHCKUX ra3eT U >kypHanoB. CO CBOMMH yYEHUKAaMH UM pazpaboTaHo 29 TEeXHMUYECKUX
YCJIOBHI Ha HOBBIE BUIBI IPOYKTOB MUTaHus, moiayueHo 30 narentoB Poccuiickoit deneparuu Ha
HU300peTeHMS.

Anexcelt @eopoBUY BHEC OONBIION BKJIAJA B MOATOTOBKY HAy4YHBIX KaJIpOB U CHEIMAJIHCTOB
BBICIIEH KBanu(uKanuu B pecnyomrke. OH ObUT pyKOBOJHUTEIEM aCIIMPAHTYPHI IO CIIEUATBHOCTH
«Oxkonorusi», B 1995-2012 rr. — 3aMecTuTeNneM mpeaceaaresis, WieHOM JIUCCEPTAMOHHBIX COBE-
TOB TI0 3aLUTE JAUCCEPTALMM M0 CHEHUAIBHOCTIM «OXpaHa OKpY»Karolled Cpelbl U palioHalb-
HO€ HCIOJb30BaHHE NPUPOJHBIX PECYPCOB», «HacTHast 300T€XHMSI U TEXHOJIOTHsI IPOM3BO/CTBA
MIPOYKTOB YKUBOTHOBOJACTBAY, « DKOJOTH», WICHOM 00benuHeHHoro yueHoro copera AH PC ()
10 OMOJIOTMYECKUM, MEIMIIMHCKUM U CENIbCKOXO3SIMCTBEHHBIM HaykaM. AjekceeM DenopoBuyeM
NOATOTOBJEHHI 11 KaHIUAaTOB, OKMH HOKTOp HayK. OH OBUT ONITOHEHTOM 5 KaHIWAATCKUX JHCCep-
TaIMi U PEIEH3CHTOM 26 TUCCEPTAIMOHHBIX padOT, B TOM YHCIIC 8 TOKTOPCKHUX.

Anekcelt @eopoBUY B TEUEHHUE MHOTHX JIET 3aBe0Bal Kadeapoil (pU3HOIOTUN KUBOTHBIX U
9KOJIOTMM SIKyTCKON roCyaapCTBEHHOM CEJbCKOXO3MCTBEHHOM akaJeMuu, ObLI pyKOBOIUTEIEM
6onee 20 mummomHbIX padoT ctyaeHtoB B AI'Y, AI'CXA, npencenarenem u wienom [AK Skyt-
CKOTO rocynapcTBeHHoro ynusepcurera uMm. M.K. AMmocoBa, SIKyTckoil rocyqapcTBEHHOU Celb-
CKOXO3stiicTBeHHOH akazgemuu. B 1995 . emy mpucBoeHO ydeHoe 3BaHHe mpodeccopa kadeaps
(bu3noI0oTun KUBOTHBIX M dKosorud, B 2013 . — mpodeccopa no crenuanbHocT «YacTHas 300-
TEXHHUs, TEXHOJIOTUS ITPOU3BOACTBA IPOAYKTOB )KMBOTHOBOACTBa». B 1996 . Anexceit ®enopoBuy
ObLT M30paH akaJeMuKoM AKaJeMHuH arpapHoro oopasoBanus Poccuiickoit @eneparym, B 1998 1. —
akajeMukoM Pocculickoi skosorudeckor akajgemuu, B 2000 r. — akageMukoM MexayHapoaHOH
aKaJIeMUU arpapHoro oopa3oBaHusl.

3a 0ombIIOH BKIIA B pA3BUTHE CEIHCKOXO3SHCTBEHHON HAyKH U CeNIbCKOTO X03s1ticTBa A.D. AGpa-
MOB HarpaxieH rocynapctsennbiMu Harpagamu CCCP, Poccutickoit @eneparuu, AIACCP u PC ().
Cpenu Hux opaeH «3Hak [loueray, nouernas rpamora IIpesunnyma Bepxosnoro Cosera SSACCP,
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rpamota [Ipesunenta Pecnyonuku Caxa (Skytus), rpamotsl [IpaBurensctBa, ['ocymapcTBeHHOTO
cobpanus Un Tyman PC (), rpamorsl CO PACXH u PACXH. Harpaxaen menansmu H.B. Yepcko-
ro u .. Cunsruna, 3Hakom otiandus «I paxmanckas qoonectsby. Anekceit @eqopoBuY sSBISETCS
3acimyKeHHBIM JiesiTeneM Hayku Pecryonuku Caxa (SkyTus), naypearom ['ocynapcTBeHHOM IpeMHUH
pecmyOIuKH TI0 HayKe U TEXHUKe, 3aciyeHHbIM BeTrepanoM CO PACXH, mo4eTHbIM rpa1aHHHOM
BepxneBuitoiickoro paiioHa, BETEpaHOM ThljIa U TPyAa.

Anexceit @egopoBuu ckoHvancs B 2023 1., HO B MaMATH JIIOACH, 3HABIIUX €0 U pabOTaBIINX
BMECTE C HUM, OH HaBCErJa OCTaHeTCs YUYEeHBIM C O0ubioi OykBbl. ETO mMpemaHHOCTh HayKe, yMe-
HUE PYKOBOJIUTH KOJIJIEKTUBOM, TIOCTYIIKH H JIeJa, YeJIoBeuecKas J00poTa U MOPSI0UYHOCTh CITyXKaT
MIPUMEPOM, a €r0 Hay4YHbIE TPY/BI €IIe JOATO OyIyT BOCTPEOOBAHBI YUSHBIMH U MTPAKTHUKAMHU.

Joxrop 6nonorunuecknx Hayk M.M. Uepocos,

JIOKTOp BETEpUHAPHBIX Hayk, mpodeccop M.IL. Heyctpoes,
akagemuk PAH A.C. JloHueHKo,

akanemuk PAH H.M. KameBapos,

JIOKTOP CeNbCKOX03s1icTBeHHbIX HayK B.K. Kannukus,
KaHIuaaT MequMHCKuX Hayk Y.M. JleGenena,

HayuHbIi corpynHuk T.B. Cnenuosa,

KaHauaat ononorndeckux Hayk B.T. BacuibeBa
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pliance with the requirements stipulated by the State Commission for Academic Degrees and Titles for the periodicals
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*  food systems.

The article sent to the editorial board must correspond to the thematic sections of the journal “Siberian Herald of
Agricultural Science™:
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medicine products

4.2.5. Breeding, selection, genetics, and animal biotechnology

Mechanization, automation, mod-

elling and dataware 4.3.1. Technologies, machinery and equipment for the agro-industrial complex

Agriproducts processing 4.3.3. Food systems

4.1.1. General agriculture and crop production

4.1.2. Plant breeding, seed production and biotechnology
Problems. Opinions
4.1.3. Agrochemistry, soil science, plant protection and quarantine
Scientific relations
4.2.3. Infectious diseases and animal immunology
From the history of agricultural
science 4.2.4. Private zootechnics, feeding, technology of feed preparation and production of livestock
products
Brief reports

From dissertations 4.2.5. Breeding, selection, genetics, and animal biotechnology

4.3.1. Technologies, machinery and equipment for the agro-industrial complex
4.3.3. Food systems

RECOMMENDATIONS TO THE AUTHOR BEFORE SUBMITTING AN ARTICLE

Submission of an article to the journal “Siberian Herald of Agricultural Science” implies that:

. an article has not been published before in any other journal;

. an article is not subject to review in any other journal;

. all co-authors agree with the publication of the current version of the article.

Before submitting an article, it is necessary to make sure that the file (files) contains all the information required
in Russian and English, tables and figures provide the source of the information presented, all references are written
correctly.
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PROCEDURE FOR SENDING MANUSCRIPTS OF ARTICLES

1 Submission of the article is carried out through the electronic editorial board on the journal’s website https://
sibvest.elpub.ru/jour/index. After preliminary registration of the author, choose the option “Send a manuscript” in
the upper right corner of the page. Then download the manuscript (in *.doc or *.docx format) and the accompanying
documents. When you have finished uploading, be sure to select the option “Send a Letter”, in which case the editorial
board will be automatically notified of the receipt of the new manuscript.

Accompanying documents to the manuscript of an article:

. a scanned copy of a letter from the organization confirming authorship and permission to publish (sample
cover letter);

. a scanned copy of the author’s note in the form provided (sample author’s note), in which consent must be
expressed for the open publication of the article in the printed version of the journal and its electronic copy in the
Internet;

. a scanned copy of the manuscript with the authors’ signatures. The author, by signing the manuscript and
sending it to the editorial office, thereby transfers the copyright for the publication of this article to SFSCA RAS;

. author questionnaires in Russian and English (sample author questionnaire);

. a scanned copy of your post-graduate school transcript (for full-time postgraduate students).

2. All manuscripts received by the editorial board are registered via the electronic editorial system. The author’s
personal account shows the current status of the manuscript.

3. Non-reviewed materials (scientific chronicles, reviews, book reviews, materials on the history of agricultural
science and activities of institutions and scientists) are sent to the e-mail: sibvestnik@sfsca.ru and are registered by
the executive secretary.

ARTICLE DESIGN PROCEDURE

The text of the manuscript is printed in Times New Roman font, type size 14 with 1.5 spacing, all margins 2.0 cm,
page numbering at the bottom. The size of a manuscript should not exceed 15 pages (including tables, illustrations and
bibliography); the articles placed in the sections “From dissertations” and “ Brief reports” should not exceed 7 pages.

Article design structure:

1. uDC

2.  Title of an article in Russian and English (no more than 70 characters).

3. Surnames and initials of the authors, full official name of the scientific institution where the research was
conducted in Russian and English.

If authors from different institutions took part in the preparation of the article, it is necessary to indicate the affili-
ation of each author to a particular institution using the superscript index.

4.  Abstract in Russian and English. The size of the abstract should not be less than 200-250 words. The abstract
is a brief and consistent presentation of the material of the article on the main sections and should reflect the main
content, follow the logic of the presentation of the material and description of the results in the article with the pro-
vision of specific data. The abstract should not include the newly introduced terms, abbreviations (with the exception
of common knowledge), references to the literature. The abstract should not emphasize the novelty, relevance and
personal contribution of the author; the place of research should be indicated to the district (region), specific organi-
zations should not be mentioned.

5.  Keywords in Russian and English. There should be up to 5-7 words by the topic of the article. It is desirable
that the keywords support the abstract and the title of the article.

6. Information on the conflict of interests or its absence. The author should notify the editor on the real or po-
tential conflict of interests by including the information in the appropriate section of the article. If there is no conflict
of interests, the author should also inform the editor about it.

Example wording: “The author declares no conflict of interest”.

7. Acknowledgements in Russian and English. This section lists all sources of funding for the study, as well as
acknowledgements to people who contributed to the article but are not the authors.

8.  The main body of the article. When presenting original experimental data, it is recommended to use subheadings:

INTRODUCTION (problem statement, goal and tasks of the study)

MATERIAL AND METHODS (conditions, methods (methodology) of research, object description, place and time of
research)

RESULTS AND DISCUSSION
CONCLUSION

REFERENCES. The number of sources must be at least 15. The list of references includes only peer-reviewed
sources: articles from scientific journals and monographs. Self-citation of no more than 10% of the total number. The
bibliography list should be designed as a general list in the order of mention in the text, it is desirable to refer to sources
2-3 years old. The rules for the list of references are in accordance with GOST R 7.05-2008 (requirements and rules for
compiling a bibliographical reference). In the text the reference to the source is marked by a serial number in square
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If it is necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manuals,
GOSTs, information from websites, statistical reports, articles in socio-political newspapers, etc., such information
should be placed in a footnote at the end of the page. Footnotes are numbered in Arabic numerals, placed page by page
through numbering.

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, keywords,
list of references.

EXAMPLE OF REFERENCES in Russian and English and FOOTNOTES

REFERENCES (in Russian):

Monograph

Klimova E.V. Field crops of Zabaikalya: monograph. Chita: Poisk, 2001. 392 p.

Part of a book

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, 1990. pp.
230-235.

Periodical publication

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 // Siberian Herald of Agricultural Science. 2018. vol. 48. Ne 4. pp. 27-35. DOI:
10.26898/0370-8799-2018-4-4.

REFERENCES (in English):

References are compiled in the same order as the Russian version, according to the following rules:

Names and surnames of the authors are given in the established way of transliteration, English title of the article,
transliteration of the name of the Russian-language source (for example through the site: https.//antropophob.ru/trans-
lit-bsi) = English title of the source. The order of presentation for a monograph is the following: city, English name of
the publisher, year, number of pages; for a journal: year, number, pages). (In Russian).

Example: Author A.A., Author B.B., Author C.C. Title of article.

Transliteration of the authors. English title of the article.

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.

Transliteration of the source = English name of the source

Monograph

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

Part of a book

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).

Periodical publication

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.

FOOTNOTES:

Quated text,.

1Klimova E.V., Andreeva O.T., Temnikova G.P. Ways to stabilize food production in Transbaikalia / Problems and
prospects of perfecting zonal farming systems in modern conditions: materials of the scientific and practical conf.
(Chita, October 16-17 2008). Chita, 2009, pp.36-39.

Digital Object Identifier — DOI (when the cited material has it) should be indicated at the end of the bibliographic
reference.

Example:

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.

The DOI of the article should be checked on the website http://search.crossref.org/ or https://www.citethisforme.
com. To do this, enter the title of the article in English in the search bar.

FIGURES, TABLES, SCREENSHOTS AND PHOTOGRAPHS

The figures must be of good quality, suitable for printing. All figures must have captions. The caption must be trans-
lated into English. Figures should be numbered in Arabic numerals according to the order in the text. If there is only
one figure in the text, it is not numbered. References to figures should be formatted as follows: “Fig. 3 indicates that ...”
or “Itis indicated that ... (see Fig. 3)”. The caption under the figure includes a figure number and its title. “Figure 2. De-
scription of vital processes.” The translation of the figure caption should be placed after the figure caption in Russian.

Tables should be of good quality, suitable for printing. Tables suitable for editing are preferred, not scanned or as
figures. All tables should have headings. The title of the table should be translated into English. Tables should be num-
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bered in Arabic numerals according to the order in the text. If there is only one table in the text, it is not numbered.
References to tables should be formatted as follows: “Table 3 states that ...” or “It is stated that ... (see Table 3)”. The
title of the table includes a table number and its title: “Table 2. Description of Vital Processes.” The translation of the
table title should be placed after the table title in Russian.

Photos, screenshots and other non-drawn illustrations must be uploaded separately as *.jpeg files (*.doc and *.docx
if the image has additional marks). The resolution of the image should be >300 dpi. The image files should be given a
name corresponding to the figure number in the text. In the description of the file a caption should be given separately,
which should correspond to the name of the picture placed in the text.

Attention should be paid to the spelling of formulas in the article. To avoid confusion, it is necessary to write Greek
(a, B, m, etc.), Russian (A, a, B, b, etc.) letters and numbers in straight font, Latin letters in italics (W, Z, m, n, etc.).
Mathematical signs and symbols should also be written in straight font. It is necessary to clearly indicate upper and
lower superscript characters (W, I, etc.).

INTERACTION BETWEEN THE JOURNAL AND THE AUTHOR

The Editorial Board asks the authors to be guided by the above stated rules when preparing the article.

All the articles submitted to “Siberian Herald of Agricultural Science” go through preliminary check for compliance
with formal requirements. At this stage the Editorial Board reserves the right to:

* accept the article for review;

* return the article to the author (authors) for revision with a request to correct the mistakes or add the missing data;

* return the article which is designed not according to the journal’s requirements to the author (authors) without
consideration;

* reject the article due to its inconsistency to the journal’s goals, lack of originality and little scientific significance.

Correspondence with the authors of the manuscript is maintained through a key contact mentioned in the manu-
script.

All scientific articles submitted to the editorial board of the journal “Siberian Herald of Agricultural Science” un-
dergo obligatory double-blind reviewing (author and reviewer do not know about each other). Manuscripts are sent in
accordance with their research profile for reviewing to the members of the Editorial Board.

In controversial cases, the editor may involve several specialists in the review process, as well as the Editor-in-Chief.
If the reviewer’s opinion is positive, the article is submitted to the editor for preparation for publication.

In case a decision is made to have the manuscript revised, reviewer’s comments and remarks are passed to the au-
thor. The latter is given two months to make amendments. If, within this period, the author has not notified the editors
about the actions planned, the article is cancelled from the register.

In case there is a decision to reject the article, the notification with the editorial decision is sent to the author.

The designated author (contact author) is sent the final version of the manuscript accepted for publication, which
he/she must check.

REVERSAL OF EDITOR/ REVIEWER’S DECISION

In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision
made. In order to do this, the author should:

» amend the manuscript in compliance with the comments substantiated by reviewers and editors;

* clearly outline their stance on the issue under question.

The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected due
to the need of significant amendments or collection of the additional data, and are ready to clearly explain what must be
rectified in the manuscript for it to be accepted for publication.

ACTIONS OF THE EDITORIAL BOARD IN CASE OF PLAGIARISM AND DATA
FALSIFICATION DETECTION

The Editorial Board of the “Siberian Herald of Agricultural Science” follows the conventional ethical principles for
scientific periodicals and guidelines of the “Publication Ethics Code” developed and approved of by the Committee on
Publication Ethics (COPE) and demands that all those involved in the publishing process should obey these principles.

ERRORS RECTIFICATION AND ARTICLE WITHDRAWAL

In case of error detection that affect understanding of an article but do not distort the results of research, they can
be rectified by replacing the pdf-file of an article. In case of error detection that distort the results of research or in case
of plagiarism or misconduct of the author (authors) connected with data falsification, the article can be withdrawn. The
withdrawal can be initiated by the editors, the author, organization or private individual. Such article is marked with the
note “Article withdrawn”, the page of the article gives the reason for withdrawal. Information about the article with-
drawal is sent to data bases where the journal is indexed.
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