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

SIBERIAN HERALD

OF AGRICULTURAL SCIENCE

N02

Volume 52

Volume 52 No 2 2022

)
@)
Z
o
—
@
7))
:
=
-
=)
@
2
O
<
-
®
-
5
o
=
4
<
-
=2
)
A
—
7))

e

viarCi —apriz, 2022




THE SCIENTIFIC JOURNAL

SIBERIAN HERALD
OF AGRICULTURAL SCIENCE

SIBIRSKII VESTNIK SEL'SKOKHOZYAISTVENNOI NAUKI

FOUNDERS: SIBERIAN FEDERAL SCIENTIFIC CENTRE OF AGRO-BIOTECHNOLOGIES
OF THE RUSSIAN ACADEMY OF SCIENCES
SIBERIAN BRANCH OF THE RUSSIAN ACADEMY OF SCIENCES

ESTABLISHED IN 1971 6 ISSUES PER YEAR

2022
March — April

Volume 52, No 2 (285)
DOI: 10.26898

Editor-in-Chief is Alexander S. Donchenko Academician of the Russian Academy of Sciences, Doctor of Science in Veterinary
Medicine, Head Researcher of the Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sci-
ences, Novosibirsk, Russia

Deputy Chief Editor Tatyana A. Lombanina, Head of the Editorial and Publishing Department of the Siberian Federal Scientific
Center of Agro-BioTechnologies Russian Academy of Sciences, Novosibirsk, Russia

Editorial board:

Vladimir V. Azarenko
Victor V. Alt

Olga S. Afanasenko
B. Byambaa

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

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

Ivan F. Khramtsov
Sezai Ercisli

Seung H. Yang

Dr. Sci. in Engineering, Cor. Mem. of the Nat. Acad. Sci. of Belarus, Minsk, Belarus
Acad. Of Russ. Acad. Sci., Dr. Sci. in Engineering, Novosibirsk, Russia
Acad. Of Russ. Acad. Sci., Dr. Sci. in Biology, Saint-Petersburg, Russia P ST
Dr. Sci. in Veterinary Medicine, Acad. Of Mongolian Acad. Sci., Ulaanbaatar, Mongolia LIBR ‘m‘ﬁ
Acad. Of Russ. Acad. Sci., Dr. Sci. in Agriculture, Novosibirsk, Russia .
Acad. Of Russ. Acad. Sci., Dr. Sci. in Biology, Novosibirsk, Russia PP e BT

Cor. Mem. of Russ. Acad. Edu., Dr. Sci. in Biology, Novosibirsk, Russia "f"ﬁ e
Dr. Sci. in Engineering, Novosibirsk, Russia Science Index
Acad. Of Russ. Acad. Sci., Dr. Sci. in Biology, Novosibirsk, Russia

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

Associate Professor, PhD, Sanandaj, Iran

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

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

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

Dr. Sci. in Biology, Novosibirsk, Russia

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

Dr. Sci. in Engineering, Novosibirsk, Russia

LRI EH'S
PERIDCACALS DIRECTOREY.

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

Dr. Sci. in Engineering, Chita, Russia = - —_.‘_-
Dr. Sci. in Biology, Novosibirsk, Russia a -

Dr. Sci. in Agriculture, Novosibirsk, Russia e e e

Dr. Sci. in Biology, Moscow, Russia =

Acad. Of Russ. Acad. Sci., Dr. Sci. in Agriculture, Novosibirsk, Russia ~ * —B
Acad. Of Russ. Acad. Sci., Dr. Sci. in Agriculture, Krasnoyarsk, Russia s >
Acad. Of Russ. Acad. Sci., Dr. Sci. in Agriculture, Omsk, Russia =

Professor, PhD, Erzurum, Turkey

Professor, PhD, Gwangju, Korea www. sibvest.elpub.ru

s

b
Editors E.V. Mosunova, G.N. Yagupova. Corrector V.E. Selianina. Desktop Publisher N.U. Borisko. Translator M.Sh. Gacenko

Certificate PI FS77-64832 issued by the Federal Service for Supervision of Media,
Communications and Information Technologies on February 2, 2016

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

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

© Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences, 2022
© Siberian Branch of the Russian Academy of Sciences, 2022



HAYYHBIM XKXYPHAJI
(v

CUBUPCKUN BECTHUK
CEJIBCKOXO3SMCTBEHHOM HAYKHA
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3EMJIEJIEJINE U XUMW3AL[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2022-2-1 Tun crarby: OpUrHHANBHAS
VIK: 631.427 Type of article: original

PA3JIOKEHUE HEJUIFOJIO3bI B TIPUKOPHEBOM 30HE
SAPOBOM IMIIEHUIIBI, BO3JIEJIBIBAEMOM C TIPUMEHEHUEM
IPEITAPATOB BUOBAMC, TYPMAKC U A30THOTI'O YIOEPEHUS

(<) Baacenko H.I'., Tenisikosa O.H.

Cubupckuii ¢hedepanvhviili Hayuuslil yenmp azpobuomexnono2utl Poccutickoti akademuu Hayx
HoBocubupckas odnacts, p.i. KpacHooock, Poccust

(<) e-mail: nvlasenko@sfsca.ru

N3yueno Bnusinue obpaboTku cemsiH npenaparamu buoBaiic Cnpunt u TypMakc Ha
LEJUTIONO30JINTUYECKY0 aKTUBHOCTh YEPHO3€Ma BBIIIEIOYEHHOIO II0J IIOCEBOM SpPOBOM
MIIeHUIbl B JecocTenHol 30He IIpuobns. Dxcnepument nposeneH B 2020, 2021 rr. B
pu3ochepHOM clloe MOUBbI MO/ MOCEBOM IMIIeHuIbl copra HoBocuOupcekas 31, kotopyro
pasMeniaiy BTOpoi KyJIbTypoil [mociie napa 1o 3epHOBOMY IPEAIIECTBEHHUKY Ha ABYX (poHax
a3oTHOro nuTaHus — Ny U Ng,. LleIuIroa030IMTHYECKY0 aKTUBHOCTD ITOYBBI ONPENETIIN
CTaH/AapTHBIM METO/IOM — T10 TOTEPE MACChl BHECEHHOTO B MIOYBY LIEJLIFOJIO30COAEPHKAIIETO
nonotHa. Iloka3aHo, 4TO Ha [NaHHBIM I0Ka3arenb BIUSAIOT YCIOBUS BEreTAllMOHHOTO
nepuoaa. B 2021 r. uemtrono30auTHYECKasi aKTUBHOCTh TOYBBI B pU30c(epe MIIEHULbI
6bu1a BhIe, yeM B 2020 ., kak Ha (oHe Oe3 BHeceHus ynoopenus — Ha 36,6%, Tak U npu
ux npumeHenun — Ha 119,54%. Pacnan tkanu ycunusancs B 1,3—1,4 pasa, ecinu BbiceBalu
cemeHa, oopabortannbsie buoBaiicom CnpuHr, u B 1,3 pasa npu ucnonszoBanun TypMakca.
Ha yno6pennom ¢one B 2020 r. mpu npumeHeHun TypMakca LEUIIOI030IUTHYECKAS
aKTHUBHOCTb ITOYBBI yCHIIUBasach B 1,6 pa3a, buoBaiica—B 1,3 paza. B 2021 . mpu o0paboTke
cemssH buoBaiicom moxazarens yBenmuuuBasics B 2,8 paza, TypMakcom — B 2,2 pa3za.
[TomydeHHBIE pe3ysbTaThl HE MO3BOJISIOT BBIIEIUTH OYEBHIHOE MTPEUMYLIECTBO OAHOTO U3
JIBYX M3y4aeMbIX IpernaparoB, HO Ha UX OCHOBAHWU MOXKHO 3aKJIOUUTh, YTO 00paboTKa
cemsH U TypMaxkcom, u buoBaiicom CrnipuHT ciocoOHa yCUIIUTh LEJUTIOI030JIMTHUECKY IO
AKTUBHOCTbH IOYBBI, 0COOEHHO Ha (POHE MPUMEHEHUS a30THOTO YI0OpEeHMSL.

KiroueBble c¢ji0oBa: LEUIION030JIMTUYECKAs aKTUBHOCTH IIOYBBI, MPUKOPHEBAs 30HA
nenuibl, buoBaiic, TypMakce, az3oTHOe ynoopenue

DECOMPOSITION OF CELLULOSE IN THE ROOT ZONE OF SPRING WHEAT
CULTIVATED WITH THE USE OF BIOVAYS, TURMAX AND NITROGEN
FERTILIZER

(<) Vlasenko N.G., Teplyakova O.I.

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

(<) e-mail: nvlasenko@sfsca.ru

The effect of BioVays Sprint and TurMax seed treatment on cellulosolytic activity of leached
chernozem under spring wheat in the forest-steppe zone of the Priob'ye region was studied. The
experiment was conducted in 2020-2021 in the rhizosphere layer of soil under the Novosibirskaya
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Decomposition of cellulose in the root zone of spring wheat cultivated Vlasenko N.G., Teplyakova O.I.
with the use of BioVays, TurMax and nitrogen fertilizer

31 wheat, which was placed as the second crop after the fallow on the grain forecrop on two
backgrounds of nitrogen nutrition - N, and Ng,. Cellulosolytic activity of soil was determined by
the standard method - by the weight loss of cellulosic cloth introduced into the soil. It was shown
that this indicator is influenced by the conditions of the growing season. In 2021, soil cellulosolytic
activity in the wheat rhizosphere was higher than in 2020, both in the background without fertilizer
application, by 36.6%, and with their application, by 119.54%. Tissue decay increased 1.3-1.4-
fold if seeds treated with BioVays Sprint were sown, and 1.3-fold if TurMax was used. On the
fertilized background in 2020, the application of TurMax increased the cellulosolytic activity of
the soil by 1.6 times, BioVays by 1.3 times. In 2021, seed treatment with BioVays increased the
indicator by 2.8 times and with TurMax by 2.2 times. The results obtained do not allow to identify an
obvious advantage of one of the two preparations studied, but on their basis, it can be concluded that
treatment of seeds with both TurMax and BioVays Sprint is able to increase the cellulolytic activity
of the soil, especially against the background of nitrogen fertilizer application.

Keywords: cellulosolytic activity of soil, wheat root zone, BioVays, TurMax, nitrogen fertilizer

Jast uurupoBanus: Bracenko H.I, Tennaxosa O.H. PaznoxxeHue 1eUI0n03bl B IPUKOPHEBOH 30HE SIPOBOM MIIIEHHIIbI, BO3/IE-
JIBIBAEMOM ¢ MpuMeHeHneM npenaparoB buoBatic, TypMakc u a3otHOTO ynoopenust / CuOUpPCKMiA BECTHUK CEIbCKOXO3SICTBEHHON
Hayku. 2022. T. 52. Ne 2. C. 5-11. https://doi.org/10.26898/0370-8799-2022-2-1. . EDN AIEBMD.

For citation: Vlasenko N.G., Teplyakova O.I. Decomposition of cellulose in the root zone of spring wheat cultivated with the
use of BioVays, TurMax and nitrogen fertilizer. Sibirskii vestnik sel'skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2021, vol. 52, no. 2, pp. 5-11. https://doi.org/10.26898/0370-8799-2022-2-1. EDN AIEBMD.
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INTRODUCTION tive ingredient in the TurMax preparation is a
natural mixture of oligosaccharides, amino ac-
ids, phytohormones and vitamins. BioVays was
effective on spring wheat crops in Siberia [4],
winter wheat in the Altai Territory® and in po-
tato cultivation in Tomsk Oblast [5-7].
Inoculation of spring wheat seeds with bio-
logical preparations of associative nitrogen fix-
ers, including BioVays, generally has a stimu-
lating effect on the biological activity of the
rhizosphere of cultivated wheat, promotes the
development of nitrifying and phosphate-mo-
bilizing bacteria useful for plant nutrition, and
increases cellulolytic activity of the soil [8].
The intensity of pulp decomposition in the
soil is an integrated indicator of its biological
activity, which depends on the established fer-

The urgent task of modern agriculture is to
obtain high crop yields by means of biologi-
cally based agricultural technologies in which
energy-intensive agrochemicals are replaced by
new-generation preparations [1, 2]. Bioprepa-
ration BioVays, which contains a consortium
of highly effective strains isolated from the
soil strains Azotobacter chroococcum, Bacillus
mucilaginosus, B. megaterium, B. subtilis, B.
phosphaticum, is a new bacterial fertilizer that
improves the provision of nitrogen, phospho-
rus and silicon for plants. In addition, the drug
has fungicidal properties [3]. This preparation
showed its effectiveness on spring and winter
wheat in the conditions of the south of the Rus-
sian Federation and in Siberia '* [4]. The ac-

'Khamova O.F. From the history of the use of microbial preparations in agriculture of the Omsk Priirtyshye // Collection of
scientific articles devoted to the 190th anniversary of experimental work in Siberia, the 100th anniversary of agricultural science
in the Omsk Priirtyshye and the 85th anniversary of the Siberian Research Institute of Agriculture. Omsk, 2018. pp. 82-84.

“Khamova O.F. Effectiveness of biological preparations in spring wheat crops // Collection of scientific articles devoted to the
70th anniversary of RAS academician Ivan Khramtsov, the 95th anniversary of the department of agriculture FSBSI "Omsk ASC".
Omsk, 2020. pp. 118-120.

3Usenko VI, Litvintsev P.A., Litvintseva T.A. Effectiveness of mineral and bacterial fertilizers on winter wheat in the forest-
steppe of the Altai territory // Scientific support of grain production in the Altai territory: collection of articles. Barnaul, Altai
NIISKh, 2016. pp. 127-132.
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tility, as well as on the weather conditions of
the growing season. The cellulosolytic capac-
ity of the soil can serve as a characteristic of
organic matter transformation, the involvement
of hard-to-reach forms of carbon in the biologi-
cal cycle, and ultimately determines the level of
the soil fertility and biota productivity [9].

The purpose of the study was to study the
effect of the treatment of seeds with BioVays
and TurMax on the process of cellulose decom-
position in the soil of the root layer of spring
soft wheat in the forest-steppe of the Priob'ye
region.

MATERIAL AND METHODS

Studies were conducted in 2020, 2021 in the
experimental field of the plant protection labo-
ratory of the Siberian Federal Scientific Center
of AgroBioTechnologies RAS. The Soil was
leached chernozem, middle loamy, medium-
powered. Wheat variety Novosibirskaya 31
was sown as the second crop after the fallow
of spring wheat. The autumn tillage was deep
loosening with SibIME tines. Sowing - May 14
and 21, by SZS-2,1 seeder with anchor coulters,
the seeding rate of 6 million germinated grains/
ha. Biovays Sprint and TurMax preparations
were used for seed treatment, which was carried
out with wetting (10 1/t), the application rate
was 0.25 kg/t and 0.25 1/t, respectively. Experi-
ments were placed on two backgrounds of ni-
trogen nutrition: without fertilizer application;
with application of 60 kg d.w. N/ha. During the
growing season a herbicide tank mixture treat-
ment with Axial, SE (1.0 1/ha) + Primadonna,
SE (0.4 1/ha) + Hextar, VDG (10 g/ha) against
monocotyledonous and dicotyledonous weeds
was performed in the phase of wheat tillering.
Wheat was treated with Titul Duo fungicide,
KKR (0.32 I/ha) in the ear formation phase. The
intensity of cellulose decomposition was deter-
mined by a standard method - by the weight
loss of the cellulose web introduced into the soil
[10, 11]. Capron bags with the material fixed on
a sterile glass (six repetitions) were introduced
into the soil section of the rhizosphere layer (0-
10 cm) in the phase of full sprouts, adjacent to

the plant roots formed at the depth of the seed
embedding. The exposure time of the canvases
was 90 days. Statistical data processing was
performed using Statistica 7.0, Snedecor”.

The studies were conducted in the years con-
trasting in humification. The sum of precipita-
tion for May, June, July and August in 2020 was
54.4;23.8; 84.9 and 82.0 mm, respectively (245
mm total for the growing season 2020), average
daily temperature was 16.5; 16.6; 19.7 and 18.6
°C;in 2021 - 34.0; 71.0; 36.0 and 44.0 mm (for
the growing season 185.0 mm) and 15.1; 17.2;
21.0 and 19.1 °C respectively.

RESULTS AND DISCUSSION

In 2021 the cellulosolytic activity of the soil
in the wheat rhizosphere was higher than in
2020 both against the background without fer-
tilization - on average by 36,6% in the experi-
ment, and with their application - by 119,54%
( the degree of influence of the factor year by
Snedekor on NO = 53,4, on N60 = 65,1%) (see
the table).

The effect of seed treatment on cellulose
decomposition was weaker (the degree of in-
fluence by Snedekor on NO = 29.4, on N60 =
18.2%), but tissue utilization increased by
27.9-38.7 and 56.36-79.38% respectively to
the levels of fertilizer application. In both sea-
sons, the percentage of decomposed tissue in
the experimental variants increased against the
background of nitrogen fertilizer application
(see Fig. 1).

In general, during 2 years in the soil, where
no fertilizer was applied, the intensity of cel-
lulose decomposition relative to N60 decreased
by 1.6 times in the rhizosphere of wheat control
variant, in the variant with the application of
TurMax - by 1.97, with BioVays - by 2.2 times.
Comparing the intensity of cellulose decompo-
sition in the experimental variants it was found
that a significant difference between them ap-
peared in 2020 on the background without
fertilizer application and in both years on the
background of its application. The decompo-
sition of tissue increased by 1.6 and 1.4 times
if the seeds treated with BioVays Sprint on the

“Sorokin O.D. Applied statistics on the computer. 2nd ed. Novosibirsk, 2012. 282 p.
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Baiic Copunr u TypMakc

Cellulose decomposition under spring wheat grown with BioVays Sprint and TurMax

Nitrogen fertilizer

Loss of tissue weight, mg

dosage Seed treatment
2020 2021 Average
Ny No treatment (control) 83,33 +4,21 101,67 +4,77 92,50 + 2,81
TurMax 93,33 + 3,33 143,33 £6,15 118,33 £ 4,01
BioVays Sprint 110,00 + 11,54 146,67 + 7,15 128,34 + 7,38
95,55 130,56
LSD for the factors: year = 6,25, seed treatment = 7,65,
partial averages = 10,82
Neo No treatment (control) 103,33 £ 9,54 171,67 £ 7,03 137,50 + 3,59
TurMax 121,67 + 11,66 308,33 £27,74 215,00 + 14,94
BioVays Sprint 150,00 + 11,54 343,30 £ 17,64 246,65 £ 9,46
125,00 274,43

background without fertilizer application, and
by 1.5 and 2.3 times against the background
of N¢,. When using TurMax the corresponding
figures were 1.3; 1.4 and 1.7 times.

During one day in the experimental variants
0,17-0,58% (TurMax) and 0,22-0,79% (Bio-
Weiss Sprint) of the introduced fabric were
utilized, which is on the average 1,5-2,0 times
higher than in the control (see Fig. 2).

LSDOS5 for the factors: year = 14,92, seed treatment = 18,27,
partial averages = 25,84

It is known that the application of nitrogen
fertilizer to the chernozem soil can almost dou-
ble the cellulosolytic activity of its upper (0-
10 cm) layer [12]. In our experiments, a similar
increasing index was 1.5 times (2020) and 1.7
times (2021). As a result, according to Zvy-
agintsev's scale® (very weak - <10%, weak - 10-
30, medium - 30-50, strong - 50-80, very strong
-> 80%) high intensity of cellulose destruction

71

Control TurMax

BioVays

Puc. 1. KoanuecTBO yTUIM3UPOBAHHOM LIEIUTION03bI IO SIPOBOIl MILIEHULIEH, BBIPALIMBAEMOM Ha IBYX
YPOBHSIX a30THOTO NMUTaHUs ¢ MpuMeHeHueM npenaparoB TypMaxkc u buoBaiic, %

Fig. 1. Amount of utilized cellulose under spring wheat grown on two levels of nitrogen nutrition with ap-

plication of TurMax and BioVays preparations, %

SMethods of soil microbiology and biochemistry: textbook / edited by D.G. Zvyagintsev. Moscow: Publishing house of

Moscow State University. 1991. 304 p.
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0,28

0,2

0,13

2020 N,

0,58

2021 N,

Control

2021 N,

TurMax

Puc. 2. ExxecyTOUHBIA IPOLIEHT PA3IOKEHUSI LIEJUTIOJIO3bI IO SIPOBOM MILIEHULIEH, BBIPAIIUBAEMON Ha
JIBYX YPOBHSX a30THOTO IIUTaHUs C IpuMeHeHueM npenaparoB TypMaxkc u buoBaiic Cripunr, %

Fig.2. Daily percentage of cellulose decomposition in spring wheat grown on two levels of nitrogen
nutrition with the use of TurMax and BioVays Sprint, %

was recorded only in one of two seasons - un-
der wheat grown from BioVays Sprint and Tur-
Max treated seeds, on nitrogen fertilized (N)
soil. In the first case, the level of cellulosolytic
activity can be characterized as strong, in the
second - medium, in the control soil (tissue de-
cay 11.88 and 18.3% of the initial weight of the
web) - weak. Daily higher intensity of cellulose
decomposition was traced in the variant with
BioVays Sprint seed treatment.

CONCLUSION

The study of cellulosylitic activity of soil
rhizosphere of spring wheat showed the effect
of BioVays and TurMax on this process. The
results obtained do not allow us to identify an
obvious advantage of one of the two studied
preparations, but on the basis of them we can
conclude that the treatment of seeds with both
TurMax and BioVays Sprint can cause the ef-
fect of increasing cellulolytic activity of the
soil, especially against the background of nitro-
gen fertilizer application.
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BJIUSIHUE YIOBPEHUI U CPOKOB ITIOCEBA HA KAUECTBO CEMSH
APOBOI'O SYMEHS B KPACHOSIPCKOM JIECOCTENN

Cypun H.A., XX) Byrkosckas JI.K., Cypuna E.A.

Kpacnospckuii nayuno-uccnedosamensckuil UHCMUmMym celbCKo20 X03aUCmed —
o0bocobnennoe noopazoenenue DedepanbHoc0 UCCIE008AMENLCKO20 YEeHMPA
«Kpacnospcxuii nayunoiii yenmp Cubupcxozo omoenenus Poccutickoti akademuu Hayk»
Kpacnosipck, Poccust

(<) e-mail: lidabutl 6@yandex.ru

Ilo npexncraBieHHBIM pe3yabTaTaM HCCIIEA0BAHUSA OT3bIBUNBOCTH COPTOB HA BHECEHUE Pa3HbIX
7103 MMHEPaJIbHOTO MUTaHUs OKa3aJlach OoJiee 3HAUMTENILHOM [0 CPaBHEHHIO CO CPOKaMH IIOCEBOB.
Ho3bl ynoopennit NyoP30Kyy 1 NgoP3oK¢, moBbimanm ypoxaiinocts copros siumens Takmak, AOa-
nak, bysH u nepcnektuBHOro obpasima J[-5-7022 wa 1,2-1,8 1/ra, maccy 1000 3epen — Ha 2—6 T,
BCXOXeCTh — Ha 1—4% 1o cpaBHEHHIO ¢ KOHTpoJieM (0e3 ynodpenutii). Copt BysiH npeBbICHIT ypo-
AKalHOCTb BceX M3yuaeMbIX copToB Ha 0,2 T/ra Ha ynoOpeHHBIX ()OHAX U B JAHHOMU IpyIIe IPOSBII
ce0st KaKk MHTEHCHUBHBIH (MprbaBKa ypoxkas K KoHTpomto — 1,8 1/ra, bi (ko3 hunuenT TuHeRHol pe-
rpeccun ypoxaiiHoctH) = 1,34). VYpoxaiiHocTh HOBOro oopasua J[-5-7025 Obuia Bbile pailoHUPO-
BaHHBIX COPTOB B KOHTpoJie 0e3 ynoopenuii Ha 0,3-0,4 1/ra. C BHeceHHEM yI0OpeHHUI ypOXKaHOCTh
coproB Abanak, Takmak BbIpaBHMBAJIACh B cpefiHeM J10 5,68 1/ra npu NP5 Ky, 1 10 5,85 1/ra mpu
NyoP30Kgo- OHM MeHee TpebGoBaTeIbHbI K YCIOBHAM BO3JEIBIBAHUS U O0JIee IIIACTHYHbL. DJIEMEHTBI
CTPYKTYPBI YPOKaHHOCTH, MPOAYKTUBHBIN cTebiIecTol, 03epHEHHOCTh Kojloca 1 Macca 1000 3epen
B LIEJIOM BJIMSUTH HA €€ MOBBIIIEHHE BO BTOPOM CPOKE II0CEBAa HA MHTEHCUBHBIX arpodoHax. Beanyu-
HA Pa3BUTOCTU IIPOPOCTKOB CEMSH, KaK M YPOKalHOCTb, B MEHBbILIEH CTEIICHU 3aBUCENA OT CPOKOB
nocesa, a Oonblle — oT BHeceHHs ynobpenuid. IIpu nosze Ny P;(Ky, Bce mokasarenu pazsuroctu
IIPOPOCTKOB YBEJIMUMINACH Ha 1,2—2,5 cM 10 CpaBHEHHUIO ¢ KOHTpoieM. Mcronp3oBaHue ONTUMAIIb-
HOTO CpoOKa rocesa (27 Mas) pu CyMMe akTHBHBIX Temneparyp 182,8° u pekoMeH0oBaHHas /1032
ynoOpenuit Ny,P;,Ke, mo3Bommuam yBennunTs BBIXOJ CeMsH cOpToB stuMeHs Takmak, Abanak, Bysx
u HOBOTO 0oOpasnua J[-5-7022 B cpennem Ha 20-30%.

Kirouesble ci10Ba: spoBoil sUMEHb, IOCEBHBIE KAUECTBA, MUHEPAIbHOE IIMTAHUE, CPOKU I10CE-
Ba, 103bI yI0OPEHHH, Pa3BUTOCTb IPOPOCTKOB

INFLUENCE OF FERTILIZERS AND SOWING DATES ON THE QUALITY OF
SPRING BARLEY SEEDS IN THE KRASNOYARSK FOREST-STEPPE

Surin N.A., () Butkovskaya L.K., Surina E.A.

Krasnoyarsk Research Institute of Agriculture - separate division of FRC KSC SB RAS
Krasnoyarsk, Russia

(<) e-mail: lidabut16@yandex.ru

According to the presented results of the study, the responsiveness of varieties to the application
of different doses of mineral nutrition was more significant compared to the sowing dates. Doses of
fertilizers N P;0Kqo and NgoP;K, increased the barley yield of varieties Takmak, Abalak, Buyan
and a promising sample D-5-7022 by 1,2-1,8 t/ha, weight of 1000 grains by 2-6 g, germination - by
1-4% as compared to the control (without fertilizers). The Buyan variety exceeded the yield of all
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the varieties studied by 0.2 t / ha on a fertilized background and in this group proved to be intensive
(increase in yield to control - 1.8 t / ha, bi (linear regression coefficient of yield) = 1.34). The yield
of the new sample D-5-7025 was 0.3-0.4 t/ha higher than the released varieties in the control without
fertilizers. With fertilization the yield of Abalak, Takmak varieties leveled off to an average of 5.68
t/ha at Ny P; K¢, and to 5.85 t/ha at Ng,P;,K,. They are less demanding to the conditions of cul-
tivation and more plastic. Elements of yield structure, productive stem, ear grain content and 1000
grains weight generally influenced its increase in the second sowing term on intensive agricultural
backgrounds. The size of the development of seedlings, as well as the yield was less dependent on
the sowing dates, but more on the application of fertilizers. At a dose of Ny P;,K, all indicators
of seedling development increased by 1.2-2.5 cm compared with the control. The use of optimal
sowing date (May 27) with the sum of active temperatures of 182,8° and the recommended dose of
fertilizers NoyP;,K¢, made it possible to increase the yield of barley seeds of Takmak, Abalak, Buyan
and the new sample D-5-7022 on average by 20-30%.

Keywords: spring barley, sowing qualities, mineral nutrition, sowing time, fertilizer doses, seed-
lings development
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INTRODUCTION sowing date is impossible, while for others it
1s acceptable. The timing of sowing is decided
taking into account the onset of biological and
physical ripeness of the soil, the distribution of
heat and moisture during the growing season,
etc. Therefore, the effect of the timing of sowing
on the yield is often more effective than other
agronomic techniques [5].

In the conditions of the Krasnoyarsk region
a high yield of seeds with good sowing qualities
can be obtained only with a balanced ratio of
nutrients. The germination energy of spring
barley seeds grown on a fertilized background
often increases by 14% and germination - by
10% in comparison with those grown on an
unfertilized one. High results in obtaining high-
quality seeds provide phosphate fertilizers,
increasing field germination, contributing to
accelerated and uniform maturation of plants,
increasing resistance to lodging. Seeds on
such a background are formed with high
sowing and yield qualities [6]. In wet years,
there is a tendency to increase germination
in improved conditions of mineral nutrition,
and in unfavorable years, the completeness
of germination in the presence of fertilizers

Crop seed quality is the primary basis for
effective use of modern varieties in production.
Creation of favorable agrotechnical conditions
(sowing dates, seeding rates, fertilizer systems)
for the growth and development of crop varieties
allows to some extent reduce the dependence of
plants on the effects of adverse environmental
factors and to form quality seeds [1].

It is possible to create optimal moisture
supply and favorable nutritional conditions
for grain crops in the forest-steppe zone of the
Krasnoyarsk region through the rational use of
summer precipitation by changing the timing
of sowing, as well as through the selection of
optimal doses of fertilizers and forecrops [2, 3].

Among the many technological processes
that affect the formation of yield and seed
quality, the most significant and controllable
techniques are the use of mineral fertilizers, the
use of different rates and timing of sowing [4].

The timing of sowing influences the yield,
sowing qualities, and yield properties of seeds
to the extent that they coincide with favorable
environmental conditions. The study of crop
varieties shows that for some varieties a late
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decreases. The increase in field germination
in fertilized backgrounds can be explained by
the greater availability of phosphorus, which is
involved in metabolic processes immediately at
seed germination [7].

Improvement of mineral nutrition conditions
by applying the basic fertilizer has a positive
effect on the yield structure. Close connections
of yield with such parameters as the number
of productive shoots and grain weight per ear
were revealed [8].

The main characteristics of seed quality,
reflecting their suitability for sowing are
germination energy, laboratory and field
germination, weight of 1000 grains, etc. For
a more in-depth comprehensive assessment
of the yield properties of wvariety seeds,
morphophysiological evaluation of seedling
organs of cereal crops is additionally used.
Such indicators as seedling height, average
coleoptile length, length of germinal roots
and their number are evaluated [9]. When
breeding new varieties, it is necessary to create
such conditions that would contribute to the
formation of large grains (large mass of 1000
grains), increasing the number of grains in
the ear and productive stem per square meter,
affecting the amount of the yield [10].

The purpose of the research is to develop
a seed-growing technology of cultivation of
new barley varieties for seeds depending on
the timing of sowing and different doses of
fertilizers, providing an increase in the yield of
quality barley seeds by 20-30%.

MATERIAL AND METHODS

Weather conditions of the growing season
2020 were characterized by sufficient moisture
in all months. Sprouting phase of cereal crops
took place with good moisture, in the first
decade of May there were abundant rains,
which contributed to the appearance of friendly
sprouts. The largest amount of precipitation fell
in June and July, higher by 53.3 and 83.6 mm
compared with the average annual data.

Spring was warm according to temperature
distribution. Monthly average temperature in
May was 14.2°C, which exceeded the long-
term average by 3.2°C. In June and July air

temperatures were close to the long-term
average annual indicators.

Weather conditions of the growing season
2021 were characterized by a lack of moisture.
May and July were particularly dry, with
precipitation 13.7 and 28.5 mm below the long-
term average. Precipitation in June was 58.8 mm
greater than the long-term average. Spring was
cool, and mean monthly temperatures in May
were 0.5°C below average. Summer months
were warm, with average monthly temperatures
in June, July and August 1.0-1.7°C above the
long-term average.

An important indicator determining the
degree and speed of crop ripening is the sum of
active temperatures above 10 °C. This indicator
averaged 1897.4° in 2020, 2021. This amount
of active temperatures allowed to ensure the
ripening of the studied varieties of crops.
Along with good heat supply during vegetation
period 2020, 2021 on average 261.8 mm of
precipitation fell. The HTC was 1.38. The
average perennial amount of precipitation for
the year in the region is 370 mm. The multiyear
HTC was 1.25.

Agrotechnical experiments were carried
out in the experimental fields of Krasnoyarsk
Research Institute of Agriculture (KrasNIISKh)
in the village of Minino. The seeds of released
barley varieties Takmak, Abalak, Buyan and
promising sample of KrasNIISKh selection -
D-5-7022 - were used as research objects.

Buyan.  Originator -  KrasNIISKh
Rosselkhozacademy.
Pedigree: Cedar % Jo 1345 (Finland).

Nutans variety. Weight of 1000 grains is 43-
54 g. Average yield in the region - 24,0 c/ha.
In the area recommended for cultivation of
the Krasnoyarsk Territory the increase to the
standard Acha was 4.3 cwt/ha with an average
yield of 47.2 cwt/ha. The maximum yield of
68.9 cwt/ha was obtained in the Krasnoyarsk
Territory in 2011. Late maturing, with a
vegetation period of 77-99 days, ripening 8-11
days later than the Acha standard. Grain forage.
Protein content 8.1-15.2%.

Abalak. Originators and patent holders are
KrasNIISKh Rosselkhozakademy, Research
Institute of Agriculture of the Northern Trans-
Urals.
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Pedigree: U-53-8515 x Sa46925. Included
in the State Register of breeding achievements
for the East Siberian (11) region. Weight of
1000 grains is 42-55 g. The average yield in the
tolerance region was 26.8 c/ha, exceeding the
average standard by 2.2 c/ha. The maximum
yield of 62.6 cwt/ha was obtained in the
Krasnoyarsk Territory in 2011. Medium early,
growing season 72-89 days, ripening 2-3 days
earlier than sort Acha and 2-3 days later than
sort Biom. Valuable by quality. Protein content
9.1-14.5%.

Takmak. Pedigree: Priazovsky 9 X
[(Wiener x Omsk 13709) x (Wiener x Donetsk
650)]. The variety is included in the State
Register of breeding achievements allowed for
use in the East Siberian (11) region. Variety
Nutans. Weight of 1000 grains is 40-50 g. The
maximum Yyield of 60.8 t/ha was obtained in
2018 in the Krasnoyarsk Territory. Medium-
maturing, vegetation period 73-92 days,
ripening 3-6 days later than standards Acha
and Biom. Valuable by quality. Protein content
11.6-15.9%. Moderately resistant to head smut.

D-5-7022. A promising breeding line of
KrasNIISKh breeding. Obtained from crossing
the varieties Omsk 95 and Olenek. Variety
Nutans. Represents the group of medium-
maturing varieties. The mass of 1000 grains
of 37-42 g. The yield in the competitive strain
testing 4,5-4,9 t / ha. Protein content 14.4%,
husk content 9.5%, oil content 2.3%.

Studies on the effect of different doses of
fertilizers and timing of sowing on obtaining
quality and high-yield barley seeds of varieties
Takmak, Abalak, Buyan and the promising
sample D-5-7022 were carried out according to
the following scheme:

a) control (without mineral fertilizers);

b) fertilizer application  (Ng,P3K),
azophoska;
c) fertilizer application  (NgyP5,Kg),

azophoska + ammonium nitrate;
Sowing dates are May 20 (1st - early) and
May 27 (2nd - late).

The soil of the experimental plot is
represented by alpine heavy loamy leached
chernozem, characterized by the following
agrochemical parameters: humus content 3.8%,
neutral reaction (pH,; = 6.4), hydrolytic acidity
1.3 mg-eq / 100 g, nitrate nitrogen content
- very low (3.3 mg / kg), labile phosphorus
(by Chirikov) - very high (200-250 mg / kg),
potassium - high (145 mg / kg).

Experiments were sown by SSFK-7 seeder,
harvesting by Hege harvester. Grain was
dried, cleaned from impurities, and weighed.
Germination energy and germination rate
were determined according to GOST 12036-
66. Field experiments and observations were
performed according to the methods' and
recommendations?.

Determination of the sprout length,
coleoptile, germinal roots (central) and their
number in the seedlings was carried out after 10
days in order to establish the different qualities
of seeds by degree and rate of development as
much as possible [9].

RESULTS AND DISCUSSION

In the experiments, different doses of
fertilizers were applied at early (May 20) and
late (May 27) sowing dates (see Fig. 1).

Generalization of science and practice shows
that the choice of the optimal sowing period
has a positive impact on the yield increase,
seed uniformity, protein content in the grain,
sowing qualities and contributes to reducing
the total duration of the growing season by 5-7
days [11]. The conditions of mineral nutrition
affect the whole complex of plant growth and
development at all stages of organogenesis [12].

A later date increased the yield by 0.1-0.2
t/ha in all variants, the weight of 1000 grains
increased by 1.1-1.3 g and germination by
1-2%.

The response of varieties to the application
of mineral fertilizers was more significant in
comparison with the timing of sowing. Doses of
fertilizers N P5oKqo and NgyP5,K, increased

"Dospekhov B.A. Methodology of field experience. Moscow: Agropromizdat, 1985. 240 p.
“Methodical recommendations for the production of elite seeds of grain, legume and cereal crops. M.: VASKHNIL, 1990. 39 p.
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the yield of varieties Takmak, Abalak, Buyan
and the sample D-5-7022 by 1.2-1.8 t/ha
(see Table 1).

Moreover, the weight of 1000 grains increased
on average by 2-6 g, and the germination rate
increased by 1-4% (see Table 2).

To identify the response to changes in the
growing conditions (fertilizer) the coefficient
of linear regression of varieties yield (bi)
according to the method of S.A. Eberhart and
V.A. Russell [13] was calculated. The higher
the value of the coefficient (bi> 1), the more
responsiveness the variety has. In case of bi <
1, the variety responds weaker to changes in
environmental conditions than the average of
the whole set of varieties under study.

Buyan variety exceeded the yield of the
studied varieties by 0.2 t/ha when using
fertilizers and in this group showed itself as the
most intensive (yield increase to the control of
1.8 t/ha, bi = 1.34). Varieties Abalak, Takmak,
D-5-7022 were less demanding to the conditions
of cultivation, the gain to the control without
fertilizers respectively amounted to 1,41; 1,47;

——— 't a
B v
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1,13 t / ha, linear regression coefficients bi
equal to 1.12; 1,2; 1,14.

In the control variant (without fertilizers) a
promising sample D-5-7022 stood out among
the varieties, the yield of which is higher than
the released varieties by 0.3-0.4 t / ha.

According to some authors®, the value of
yield depends mainly on the density of the
productive stem, the number of grains in the
ear and 1000 grains weight. In our experiments
with increasing the dose of mineral fertilizer to
NyoP30K¢o the productive stemming increased
compared with the control on average over time
by 45-101 pcs/m?. The number of grains in the
ear increased by 2-4 pcs, productive bushiness
- by 0.1-0.5 (see Table 3).

It should be noted that basically all elements
of the yield structure, with the exception of
productive bushiness, influenced its increase at
the late sowing date.

Additional characteristic of the yield
properties of the seed lots are the parameters
of seedling organs development of the studied
varieties (see Table 4).

SR

el

e e
- ’

Puc. 1. OnpITHBIE I€TSTHKY COPTOB STYMEHS C Pa3IMYHbIMU J103aMU y100peHuit
Fig. 1. Experimental plots of barley varieties with different doses of fertilizers

*Butkovskaya L.K., Kozulina N.S. Sowing time and seeding rate in the new wheat varieties cultivation for seeds // IOP Conf.

Ser.: Earth Environ. Sci. 839. 2021. Ne 4. P. 1-5.
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Tao6a. 1. Brusaue paznnyHbIX 103 yI0OpeHHid Ha ypoKaHOCTh ceMsiH copToB stumens, 2020, 2021 rr.
Table 1. Effect of different fertilizer doses on barley seed yields, 2020, 2021

Fertilizer dosage Addition to the control
Variety Sowing date control NeoP30Kg0 NooP30Ksgo NgoP30Kg0 NooP30Ksgo b

Takmak Ist 4,32 5,52 5,82 1,20 1,50 1,20
2nd 4,40 5,72 5,84 1,32 1,44
Average 4,36 5,62 5,83 1,26 1,47

D-5-7022 Ist 4,56 5,63 5,82 1,07 1,26 1,14
2nd 4,86 5,73 5,88 0,87 1,02
Average 4,72 5,68 5,85 0,96 1,13

Buyan Ist 4,44 5,74 591 1,30 1,47 1,34
2nd 4,49 5,80 6,41 1,31 1,92
Average 4,46 5,77 6,26 1,31 1,8

Abalak Ist 4,38 5,48 5,74 1,10 1,36 1,12
2nd 4,42 5,69 5,88 1,27 1,46
Average 4,40 5,59 5,81 1,19 1,41

Note. LSD s fertilizers — 1,2; LSD,, 5 variety — 0,3; LSD, s sowing date - 0,2.

Ta6a. 2. BiusHue pa3nuuHbIX 103 yIOOPEHH HA TIOCEBHBIE Ka9eCTBa CeMSTH COpTOB stuMeHs, 2020,

2021 rr.
Table 2. Influence of different fertilizer doses on the sown quality of barley varieties seeds, 2020, 2021
L Thousand-kernel weight,
Variety | Fertilizer dosage Germination rate, % Average g Average
Istterm | 2nd term Ist term 2nd term

Takmak Control 84 85 84 46,2 46,4 46,3
NeoP30Keo 88 88 88 47,1 48,0 47,6
NooP30Kg0 87 89 88 48,0 49,2 48,6

D-5-7022 Control 84 86 85 41,5 452 434
NeoP30Ke0 85 87 86 46,4 49,1 47,7
NooP30Keo 89 89 89 492 49,1 49,2

Buyan Control 84 86 85 48,1 50,1 49,1
N¢oP30Kgo 85 87 86 49,6 52,0 50,8
NooP30Kg0 86 90 88 53,0 53,6 53,3

Abalak Control 89 91 90 45,8 46,0 45,9
N¢oP30Keo 90 93 91 47,3 48,3 47,8
NgoP30Kgo 90 93 91 48,9 49,7 49,3

Note. LSD s of the thousand-kernel weight: sowing date — 0,2; fertilizers — 0,3; variety — 0,2.

In the 1st period of sowing, the height
of seedlings at the dose of Ny P;,Kq, was
higher compared to the control by 0,9-1,5 cm,
the length of the main root - by 1,4-2,7 cm,
coleoptile length - by 0,2-0,3 c¢cm. In the 2nd
period, the height of seedlings was greater by
0.6-2.4 cm compared to the control, the length
of the main root - by 0.3-2.0 cm, the length of
coleoptile - by 0.5-0.6 cm. It should be noted

that seedling development, as well as the yield,
was registered higher in the 2nd term and on the
fertilized crops.

Analysis of the average experimental data
by dates and varieties showed that at higher
doses of fertilizers at all stages of sowing, the
indicators of seedling development exceeded
the control by 1.2-2.5 cm (see Fig. 2).
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Ta6a. 3. Biusaue ynoOpeHnii 1 CpOKOB IMOCEBa Ha CTPYKTYPY YPOKANHOCTH COPTOB SUMEHS,

2020, 2021 rr.

Table 3. Influence of fertilizers and sowing dates on the structure of barley varieties yield, 2020, 2021

Productive plant Number of grains Productive
Variety Fertilizer dosage stand, pcs. /m? Average in an ear, pcs. bushiness
Term Term

Ist 2nd Ist 2nd Ist 2nd
Takmak Control 392 394 393 21 21 2,18 1,79
NeoP30Kgo 424 448 435 22 23 2,56 2,07
NooP30Ke0 436 548 492 24 25 2,72 2,28
D-5-7022 Control 466 488 477 22 23 1,69 1,66
NeoP30Kgo 502 504 503 24 24 1,61 1,55
NooP30Ke0 540 556 548 26 27 1,95 1,79
Buyan Control 378 389 384 24 25 2,21 2,01
NeoP30Kgo 404 424 414 26 27 2,61 2,21
NooP30Ke0 421 438 429 26 28 2,71 2,51
Abalak Control 369 371 370 21 23 2,19 1,85
NeoP30Kgo 402 414 408 22 24 2,44 2,12
NooP30Ke0 420 428 424 24 24 2,51 2,28

Note. LSD 5 of the productive plant stand: sowing date — 25; fertilizers — 30; variety — 35.

Taoxa. 4. Bousaue ynoOpeHHii ¥ CpOKOB IIOCEBa HA Pa3BUTOCTH IIPOPOCTKOB COPTOB stuMeHs, 2020,

2021 rr.
Table 4. Effect of fertilizers and sowing dates on the development of barley seedlings, 2020, 2021
. Sprout height, cm | Main spine length, cm | Coleoptyl length, cm
Variety Fertilizer Term
dosage
Ist 2nd Ist 2nd Ist 2nd
Takmak Control 17,2 17,4 6,2 9,3 4.1 41
NeoP30Keo 18,6 18,5 7,1 9,5 4,7 4,7
NooP3oKeo 18.6 19.8 8,9 9,6 4.8 4,7
D-5-7022 Control 17,0 19,2 5.8 4.8 4.8 4,5
NgoP30Keo 17,6 18,6 7,2 6,9 4,9 45
NooP3oKeo 17,9 19,8 8,2 6,8 5.0 5.0
Buyan Control 18,1 18,8 6,8 8,8 4,0 4,2
NgoP3oKeo 19,2 20,1 7.4 8,9 45 4,7
NooP30Keo 19,6 20,4 7.4 9,0 48 48
Abalak Control 17,3 18,0 72 8,0 5,0 5.4
NeoP30Keo 18,4 19,6 8.8 9,0 5.2 5.4
NooP3oKeo 18,6 19,6 8,9 9,4 5,0 52
CONCLUSIONS barley varieties Takmak, Abalak, Buyan and
I. The barley varieties under study the promising sample D-5-7022 by 1.2-1.8 t/ha,

responded more significantly to the application
of mineral nutrition compared to the timing
of sowing. Doses of fertilizers N, P;,K, and
NyoP30Kgo Increased the barley yield of the

the weight of 1000 grains by 2-6 g, germination
by 1-4% compared to the control.

2. Buyan variety exceeded the yield of
the studied varieties by 0.2 t/ha when using
fertilizers and in this group showed itself as the
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Fig. 1. Effect of different fertilizer doses on the development of barley sample seedlings, 2020, 2021

most intensive (yield increase to control - 1.8 t/
ha, bi = 1.34). Varieties Abalak, Takmak, D-5-
7022 were less demanding to the conditions
of cultivation, the gain to the control without
fertilizers were 1,41; 1,47; 1,13 t / ha, linear
regression coefficients bi equal to 1.12; 1,2;
1,14 respectively. The yield of the new sample
D-5-7022 is higher than the released varieties
in the control without fertilizers by 0.3-0.4 t/ha.

3. Elements of the yield structure:
productive stem, ear grain content and the
weight of 1000 grains generally influenced its
increase in the 2nd sowing date and on intensive
agrofonts. The value of seedling development,
as well as the yield, depended less on the timing
of the sowing, and more on the application of
fertilizers. At a dose of Ng P;K, all indicators
of the seedling development increased by 0,2-
2,5 cm compared with the control.

4. The use of optimal sowing date (May
27) at the sum of active temperatures of 182,80
and the recommended dose of fertilizers
NyoP3Kg, increased the yield of barley seeds
of Takmak, Abalak, Buyan and the new sample
D-5-7022 varieties on average by 20-30%.
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Influence of fertilizers and sowing dates on the quality of spring
barley seeds in the Krasnoyarsk forest-steppe

Surin N.A., Butkovskaya L.K., Surina E.A.

10.

11.

12.

13.

Kosanenxo A.A., 3abyeuna T.M. Biusane mu-
HEpalbHBIX YIOOpEHWH Ha YPOXKAHHOCTH U
OKyIIaeMOCTh TMpPHOABKOM YpoKasi 3epHOBBIX
kynwryp // Ilmomopomue. 2019. Ne 5. C. 6-9.
Jlapuonos FO.C. OueHka ypoxailHbIX CBOWMCTB
U ypOXKaHOTO TIOTCHIHANIA CEeMSIH 3EpHOBBIX
kyneryp. Yemsaounck: UI'AY, 2000. 100 c.
@Daoeesa U.J[., Tacupos M.IIIL, I'azuzoe U.H.
BrnusiHne cpokoB moceBa W HOPM BbICEBa Ha
YPOXalHOCTh HOBBIX COPTOB O3MMOM IIICHU-
usl // 3emnenenue. 2019. Ne 3. C. 21-24.
Hleweeosa TK., I[lennuxosa H.H., Koku-
na JII1. BnusHue TEXHOJOTMYECKUX MPUEMOB
BO3/ICNIBIBAHUSI HA YPOXKAHHOCTH M KadecTBO
ceMsiH stamenst copra Poguauk [pukamss // Jlo-
ctokenust Hayku ¥ TexHuku AITK. 2018. Ne 10.
C. 28-32.

Amupos M.®., Tonoknos /[.J. Bnusaue ypos-
HSl MHUHEPAJIbHOTO MHUTAaHUSI MHKPO3JIEMEHTOB
Ha (OpMHUPOBAHHE YPOXKasi SPOBOM MIICHULBI //
Hoctmxennsa naykn u texauku AIIK. 2019.
Ne 5. C. 18-20.

Eberhart S.A., Russell W.A. Stability parameters
for comparing varieties // Ctop. sci. 1966.
Vol. 6. N 1. P. 36-40.

REFERENCES

L.

Yarkulova Z., Kadirov A. Impact of sowing
dates and mineral fertilizer standards on the sur-
vival of winter barley varieties. Kronos. estest-
vennye i tekhnicheskie nauki = Kronos: natural
and technical sciences, 2020, pp. 15-17. (In
Russian).

Chuvilina V.A., Parkhatova O.S. Influence of
sowing dates on forage and grain productiv-
ity of barley under conditions of the Sakhalin
Island. Vestnik Dal'nevostochnogo otdeleniya
Rossiiskoi akademii nauk = Vestnik of the Far
Eastern Branch of the Russian Academy of Sci-
ences, 2021, no. 3, pp. 119-123. (In Russian).
Korchagin A.A., Shchukin .M., Okorkova L.A.,
Shchukina V.I., Sharkevich V.V. Influence
of fertilizer and tillage systems on grain crop
yields in adaptive landscape farming systems of
the Vladimir high plains. Viadimirskii zemlede-
lets = Vladimir agricolist, 2021, no. 3, pp. 38—
44. (In Russian).

Lamazhap R.R. Study of the effect of seeding
rates and sowing dates on the yield of spring
barley varieties. The Scientific Heritage, 2021,
no. 74, pp. 8-10. (In Russian).
Grebenshchikov V.Yu., Kopylova V.S., Verk-
hoturov V.V. Influence of seeding amount

10.

11.

12.

13.

and seeding period on barley yield in the
conditions of Transsayans of the Irkutsk re-
gion. Vestnik Ul'yvanovskoi gosudarstvennoi
sel'skokhozyaistvennoi akademii = Vestnik of
Ulyanovsk State Agricultural Academy, 2019,
no. 4, pp. 29-34. (In Russian).

Keler V.V., Khizhnyak S.V. The aspects of pro-
ductivity and profitability increasing in of spring
wheat grain production in the Krasnoyarsk Re-
gion. Vestnik Krasnoyarskogo gosudarstven-
nogo agrarnogo universiteta = The Bulletin of
KrasGAU, 2019, no. 6, pp. 28-34. (In Russian).
Sinyavsky 1.V., Plotnikov A.M., Sozinov A.V.,
Gushchenskaya N.D. Estimating of crop yield
dependence in crop rotation from the use of
sapropels, lime, nitrogen and phosphorus fertil-
izer. Vestnik Kurganskoi GSKhA = Bulletin of
the Kurgan State Agricultural Academy, 2021,
no. 3, pp. 13-20. (In Russian).

Kovalenko A.A., Zabugina T.M. Influence of
mineral fertilizers on yield and payback in-
crease in grain crops. Plodorodie = Plodorodie,
2019, no. 5, pp. 6-9. (In Russian).

Larionov Yu.S. Assessment of crop properties
and crop potential of grain seeds. Chelyabinsk,
CHGAU Publ., 2000, 100 p. (In Russian).
Fadeeva 1.D., Tagirov M.Sh., Gazizov LN. In-
fluence of seeding terms and rates on the yield
of new winter wheat varieties. Zemledelie,
2019, no. 3, pp. 21-24. (In Russian).
Sheshegova T.K., Shchennikova I.N., Koki-
na L.P. Influence of cultivation technology on
yield and grain quality of barley “Rodnik Pri-
kamia”. Dostizheniya nauki i tekhniki APK =
Achievements of Science and Technology of
AIC, 2018, no. 10, pp. 28-32. (In Russian).
Amirov M.F., Toloknov D.I. Influence of miner-
al nutrition level and trace elements on the for-
mation of the spring wheat yield. Dostizheniya
nauki i tekhniki APK = Achievements of Science
and Technology of AIC, 2019, no. 5, pp. 18-20.
(In Russian).

Eberhart S.A., Russell W.A. Stability param-
eters for comparing varieties. Ctop. sci, 1966,
vol. 6, no. 1, pp. 36-40.

20

Siberian Herald of Agricultural Science ¢ 2022 ¢ 52 « 2

Plant growing and breeding



Bunsinne ynoOpenuii 1 CpoKoB IoceBa Ha KA4eCTBO CEMSH sIPOBOTO
SYMEHs B KPACHOSPCKOI JIECOCTEITH

Cypun H.A., bytkosckas JLK., Cypuna E.A.

NH®OPMALINA Ob ABTOPAX

Cypun H.A., DOKTOp CEJIbCKOXO3MCTBEHHBIX
HayK, akageMuk PAH, maBHbII HayuyHBI cOTpya-
HUK

(<) BytroBckas JI.K., kKaHAHIAT CEILCKOXO-
3sIUCTBEHHBIX HAYK, BEIYIINH HAyYHBIA COTPYIHUK;
aapec auas mepenmcku: Poccus, 660041, Kpac-
Hosipck, mp. CBoOoxHbIH, 66; e-mail: secretary(@
sh.krasn.ru

Cypuna E.A., mnangmmii Hay4HbIH COTPYIHUK

AUTHOR INFORMATION

Nikolay A. Surin, Doctor of Science in
Agriculture, Academician RAS, Head Researcher

(X Lidiya K. Butkovskaya, Candidate of
Science in Agriculture, Lead Researcher; address:
66, Svobodny Ave., Krasnoyarsk, 660041, Russia;
e-mail: secretary@sh.krasn.ru

Ekaterina A. Surina, Junior Researcher

Jlama nocmynnenusi cmamou / Received by the editors 20.11.2021
Jlama npunamus k nyonukayuu / Accepted for publication 16.03.2022
Hama nybnurayuu / Published 25.05.2022

PacTeHneBOICTBO U CENTEKITHS

CuOHPCKHii BECTHHK CEIbCKOXO3SHCTBEHHOM Hayku » 2022 522 21



https://doi.org/10.26898/0370-8799-2022-2-3 Tun crarbu: opurkuHaIbHas
VIIK: 631.53.01:633.11 Type of article: original

AHAJIN3 MOPOOMETPUYECKHUX U OITUYECKUX ITAPAMETPOB CEMSH
HHoAPOJA CEPA (ALLIUM L., ALLIACEAE) METOAOM HU®POBOI'O
CKAHUPOBAHMUSA

<) '"MycaeB @.B., 2Ilpustkun H.C., *UBanoa M.I., *byxapos A.®., ’*Kauriesa A.W.
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IIpencraBieHs! pe3ynbTaThl HccaenoBanus Mopdororuu cemsH u3 nmoapoaa Cepa: cexnuu Cepa
(Mill.) Prokh. — Allium fistulosum L., A. altaicum Pall., A. galanthum Kar. & Kir., 4. oschaninii
O. Fedtsch.,, 4. pskemense B. Fedtsch.; cexuun Schoenoprasum Dum. — A. altyncolicum,
A. ledebourianum, A. oliganthum, A. schoenoprasum L.; cexuuu Condensatum N. Friesen —
A. condensatum. Mopdonorudaeckne MpU3HAKKA CEMSH MOTYT OBITh HCIIOJNIB30BAaHBI B KAdECTBE
JIOTIOJTHUTENILHBIX TAKCOHOMHUYECKHX IOKa3areie B MACHTH(DHUKAIINY U Pa3IU4YCHUs] TAKCOHOB B
npenenax noapoaa Cepa pona Allium. Cemena nmenu mmuHy 2,74-3,50 M, mmpuny 1,33-2,14 mm.
W3mepenrne MOpHOMETPHUUYECKUX U ONTHUYECKHUX MMapaMeTPOB CEMSHOK OCYIISCTBISUIH IIyTeM aHa-
JM3a U300pakeHUH ¢ MOMOIIBIO TPOrpaMMHOro obecreueHus. [{udpoBbie n300paskeHUsT CEMSIHOK
MOJYYEHBl C MCIOJIb30BaHMEM LU(poBoro mianmerHoro ckanepa HP Scanjet 200, paspemenue
600 dpi, popmar ¢aiinos JPG. OnpeneneHbl MOpGHOMETPUUSCKHUE U ONTHYSCKUE MapaMeTphl ce-
MsIH, B TOM YHCJIE TUIONIAb MPOCKIUU (CM?), ATMHA, IIUPUHA, TIEPUMETP, CPSTHUNA pasmep (MM),
cpennuii quamerp depe, hakTopbl OKPYIIOCTH, YITMHEHHOCTH, 3J/UIMIICA, U3PE3aHHOCTH (OTH. €11.),
rapaMeTpsl IPKOCTH, TOHAIBHOCTH, HAChIIeHHOCTH 1BeTa (OTH. en.). [lo pe3ymbraram uccieno-
BaHUS COCTABJICHBI PSJIbI PACIIPE/ICIICHUS BUJIOB B TIOPSAKE YOBIBAHUS 110 KOKIOMY M3 U3yUCHHBIX
npu3HakoB. B npegenax cexnun Cepa MakcHUMasbHbIE JTHHEWHBIC pa3Mephl, IEPUMETP U TUIOIIAh
ceueHMs] UMenu ceMeHa A. pskemense. Cpenu TIpencTaBUTENEH CEKIUU Schoenoprasum MaKCH-
MaJbHYIO JIMHY UMEIH CeMSHKU A. altyncolicum. MakcumallbHbIC IIMPHHA, IEPUMETP, TUIOIIAh
ceueHusi, cpeanuit auamerp depe cemsH 3adukcupoBanbl y A. ledebourianum. B cexiuu Cepa
cpennee 3Hadenne RGB B mopsanke yObiBanusi coctaBuino pan: A. pskemense > A. galanthum >
A. fistulosum > altaicum > A. oschaninii. B cexuuu Schoenoprasum >3TOT psif UMEET BHI:
A. schoenoprasum > A. ledebourianum > A. altyncolicum > A. oliganthum.

KmroueBbie cioBa: Allium L., mopdosorus, nudpoBoit aHaIn3 H300pakeHHU, 1[BETOBBIC TIPH-
3Haku B cucteMe RGB

ANALYSIS OF MORPHOMETRIC AND OPTICAL PARAMETERS OF SEEDS OF
THE SUBGENUS CEPA (ALLIUM L., ALLIACEAE) BY DIGITAL SCANNING

(<) 'Musaev F.B., 2Priyatkin N.S., *Ivanova M.I., *Bukharov A.F., ’Kashleva A.I.
!Federal Scientific Vegetable Center

Moscow region, Russia

’Agrophysical Research Institute

Saint-Petersburg, Russia

JAll-Russian Research Institute of Vegetable Growing —

branch of the Federal Scientific Vegetable Center

Moscow region, Russia

(<) e-mail: musayev(@bk.ru

The results of the study of seed morphology from the subgenus Cepa: section Cepa (Mill.)
Prokh. - Allium fistulosum L., A. altaicum Pall., A. galanthum Kar. & Kir., A. oschaninii O. Fedtsch.,
A. pskemense B. Fedtsch.; section Schoenoprasum Dum. - A. altyncolicum, A. ledebourianum, A.
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AHanm3 MOp(pOMETPUYECKHNX U ONTHYECKUX MapaMeTPOB CEMsH Mycaes ®@.b., Ilpustkun H.C., MBanosa M.,
noapona Cepa (Allium L., Alliaceae) meTonoM 1iuppoBOro Byxapos A.®., Kamnesa A.U.
CKaHHPOBAHHUS

oliganthum, A. schoenoprasum L.; section Condensatum N. Friesen - A. condensatum are presented.
Morphological characters of seeds can be used as additional taxonomic indicators in the identification
and distinction of taxa within the subgenus Cepa of the genus Allium. The seeds were 2.74-3.50 mm
long and 1.33-2.14 mm wide. The morphometric and optical parameters of seeds were measured by
analyzing images using software. Digital images of seeds were obtained using an HP Scanjet 200
digital flatbed scanner, 600 dpi resolution, JPG file format. Morphometric and optical parameters
of seeds were determined, including projection area (cm?), length, width, perimeter, mean size
(mm), average feret diameter, factors of roundness, elongation, ellipse, indentation (relative units),
parameters of brightness, tonality, color saturation (relative units). According to the results of the
study, a series of distribution of species in descending order for each of the studied traits are formed.
Within the Cepa section, A. pskemense seeds had the maximum linear size, perimeter, and cross-
sectional area. Among the representatives of Schoenoprasum section, the maximum length of the
seeds was found in 4. altyncolicum. Maximum width, perimeter, cross-sectional area, average
feret diameter of the seeds were recorded in A. ledebourianum. In the Cepa section, the average
RGB value in descending order was as follows: 4. pskemense > A. galanthum > A. fistulosum >
altaicum > A. oschaninii. In the Schoenoprasum section this series has the form: 4. schoenoprasum >
A. ledebourianum > A. altyncolicum > A. oliganthum.

Keywords: A/lium L., seeds, morphology, digital image analysis, color signs in the RGB system
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INTRODUCTION in various areas of agriculture and plant sci-
ence. RGB analysis has been successfully
used for identifying weed plants [1], mapping
the weediness of crops [2], assessing the con-
dition of lawns [3], analyzing physiological
processes in leaves [4], and testing seeds for
the degree of maturation [5].

The modern level of scientific knowledge
in the study of seeds of agricultural crops
requires the use of innovative instrumental
methods characterized by high informative-
ness and speed of execution. The introscopic
methods of seed quality assessment associated
with the peculiarities of the internal structure
of seeds are successfully used [6, 7]. Com-
puter analysis technologies of seed images are
actively used [8].

Morphometric parameters determine the
shape of seeds, which, in turn, characterizes
their viability and, ultimately, the productivity
and quality of crop yield. Seed counting and

Imaging methods in agriculture and plant
science have been used to analyze images cap-
tured by remote sensing techniques involving
aircraft, satellites, and at close range, which
have then been processed and analyzed using
computers. With new technological advances
in image capture and data processing, imaging
methods address a variety of practical prob-
lems in biology, medicine, and agriculture.
Different types of imaging methods, such as
thermal imaging, fluorescence imaging, hy-
perspectral imaging, and photometric imag-
ing, have contributed significantly to the ad-
vancement of various aspects of plant pheno-
typing. One of these is colorimetry, or RGB-
based imaging, because of its dependence on
color changes in various biological objects. In
recent years, significant progress in the appli-
cation of RGB-based imaging has been noted
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Analysis of morphometric and optical parameters of seeds of the
subgenus Cepa (A/lium L., Alliaceae) by digital scanning

Musaev F.B., Priyatkin N.S., Ivanova ML.L.,
Bukharov A.F., Kashleva A.I.

"manual" morphometry are time-consuming
and labor-intensive to perform. In this regard,
various effective approaches of computer seed
morphometry using image processing tech-
niques have been proposed [9]. Most of these
approaches are implemented using desktop PC
software to analyze images of seeds on a light
background obtained with a digital camera or
scanner [10]. These approaches allow users to
estimate a large number of morphometric pa-
rameters of the seed describing shape and col-
or [11], which provide improved methods for
variety identification using seed images, seed
moisture content determination, and yield pre-
diction [12].

Image processing methods for seed mor-
phometry and classification have been used
since the 1980s. Updates of these methods oc-
cur constantly, including in recent years [13].
Various optical sensing methods are being de-
veloped to assess seed quality and safety [14],
and describe complex seed shapes using 2D
images [15]. Revolutionary 3D imaging tech-
nology and robotics [16] or X-ray computer
tomography [17] can be implemented to accu-
rately assess seed shape. However, there is still
a need for seed phenotyping using simple and
accessible tools with high throughput [18].

Dimensional characteristics determining the
shape of seeds, shades of their surface color
suitable for further processing make modern
imaging methods highly adaptable. The bio-
morphological properties of seeds can be ana-
lyzed using computer image analysis systems,
and the data can be quickly processed and
saved, and plotted on the graph [19].

Argus-BIO company (St. Petersburg) has
developed a new morphometric method for
the analysis of digital scanned images of seeds
using the serial software "VideoTestMorphol-
ogy". The new program is completely devoid
of subjectivity, eliminates operator errors, sig-
nificantly speeds up the analysis time and adds
new parameters for evaluation of the examined
material.

Allium L. is a large, diverse and taxonomi-
cally complex genus of monocotyledons. The
genus includes more than 800 species belong-

ing to 15 subgenera and more than 70 sections
[20], many cultivated species - mainly vegeta-
ble and ornamental plants, some with medicinal
properties [21]. A high level of morphological
diversity of seed coat in the genus Allium was
established, whose details are clearly visible
under a scanning electron microscope. Differ-
ences in seed size, shape, color and cell struc-
ture of the seed coat served as taxonomic and/
or phylogenetic markers [22].

The purpose of the study was to study the
geometric parameters and optical characters
of seeds of the subgenus Cepa (A/lium L., Al-
liaceae) from the biocollection of the All-Rus-
sian Research Institute of Vegetable Growing
(VNIIO), a branch of the Federal Scientific
Vegetable Center, by digital scanning.

MATERIAL AND METHODS

Seeds of Allium L. from the subgenus Cepa:
section Cepa (Mill.) Prokh. - A. fistulosum L.,
A. altaicum Pall., A. galanthum Kar. & Kir.,
A. oschaninii O. Fedtsch., 4. pskemense B.
Fedtsch.; Schoenoprasum Dum. section - A.
altyncolicum, A. ledebourianum, A. oligan-
thum, A. schoenoprasum L.; Condensatum N.
Friesen section - 4. condensatum from the bio-
collection of VNIIO (Moscow Region) were the
object of research. Plants were 4-5 years old.

Image analysis software allows automatic
and manual measurements from images. Mea-
surement of morphometric and optical param-
eters of the seeds was performed by image anal-
ysis using "VideoTest-Morphology" software
developed by LLC "Argus-BIO" (St. Peters-
burg). Digital images of seeds were obtained
using a digital flatbed scanner HP Scanjet 200,
resolution 600 dpi, file format JPG. The pro-
gram measures linear parameters of seeds with
high accuracy (up to 1/1000 fractions of mm).
The number of seeds of each species is 100 pcs.

The program is able to distinguish objects of
interest (from the background) by pixel values
in the RGB and HSB color systems (color hue,
saturation, lightness). The RGB color model
was used to describe the chromaticity when an-
alyzing digital images. This color model allows
up to 28 (256) gradations of brightness for each
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AHanu3 MOp(pOMETPUYECKUX U ONTHIECKHX ITapaMeTPOB CeMSIH
noapona Cepa (Allium L., Alliaceae) meTonoM 1iuppoBOro
CKaHHPOBAHMUS
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of the three base colors. The brightness in any
of the channels of the digital image at a given
point reflects the intensity of the light in the red,
green and blue regions of the spectrum hitting
the matrix of the scanner's recording device.
According to the color model R, G and B can
take absolute values from 0 to 255.

Average RGB value (R value + G value + B
value) / 3.

The following morphometric parameters of
seeds were determined:

— the projected area, cm?;

— linear dimensions: length, width, perim-
eter, average size, mm;

— factors of roundness, elongation, ellipse,
indentation, relative units;

— brightness parameters: brightness, tonality,
saturation, relative units;

The roundness factor (r.u.) is the ratio of the
perimeter of a seed to the perimeter of a circle
with the same area. For a circle, the index is
close to one. The elongation factor (r.u.) shows
the ratio of the overall length of the seed to the
overall width. The projection of an image of a
seed not shaped like a circle, measured as the
distance between the tangents to the contour of
the image drawn parallel to the chosen direc-
tion (average diameter of Fere).

Confidence intervals of the mean values of
the studied attributes with a significance level
of 0.01 were calculated [22].

RESULTS AND DISCUSSION

Allium is one of the largest monocotyledon-
ous genera. The subgenus Cepa includes five
sections. In the present study, we describe the
seeds of 10 species from three sections. The ge-
nus Allium is characterized by umbrella-shaped
inflorescences, with a veil at the base. The ova-
ry is monocotyledonous with six or numerous
seed buds. The fruit is a boll, which explodes
in dissepiments. The fruit contains up to six
achenes; rare species have more than 10.

Seed polyvariaty is a necessary condition for
the adaptive strategy of plant species in native
phytocenoses, but in agrocenoses, its manifes-
tation is limited by the level of applied tech-

nologies of crop cultivation. The variation of
morphometric parameters of seeds, as well as
any other traits, is genospecific, hence selective
significant [23].

The seeds of A. fistulosum, A. altaicum, A.
galanthum, A. oschaninii, and A. pskemense
were analyzed from the Cepa section. Within
the section, the achenes of A. pskemense were
the longest (3.09 mm) and the shortest was
that of A. fistulosum (2.88 mm). The maximum
width of the achene was recorded for A. pske-
mense (2.14 mm), the minimum for A. altaicum
(1.89 mm). The distribution of the average size
and area of the achene within the section was in
descending order: A. pskemense > A. oschaninii
> A. galanthum > A. fistulosum > A. altaicum.
Seeds of all the species studied are elliptical:
the ellipse factor is 0.99 r.u., in 4. altaicum it
is 0.98 r.u., which has the lowest roundness
(0.61 r.u.) and the highest elongation (1.57 r.u.).
The distribution of the perimeter and the seed
angularity within the section was in the de-
scending order: 4. pskemense > A. oschaninii >
A. galanthum > A. altaicum > A. fistulosum (see
Table 1).

The seeds of A. altyncolicum, A. ledebou-
rianum, A. oliganthum, and A. schoenopra-
sum were studied in the Schoenoprasum sec-
tion. Within the section, the achenes of A.
altyncolicum were the longest (3.26 mm) and
the shortest were those of 4. oliganthum (2.74
mm). The maximum width of the achene was
recorded for A. ledebourianum (1.89 mm), the
minimum for A. oliganthum (1.33 mm). The
distribution of the area, perimeter, width, aver-
age size, and average diameter of the achene
within a section was in the descending order: 4.
ledebourianum > A. altyncolicum > A. schoeno-
prasum > A. oliganthum.

The distribution of the length and maximum
Fere diameter of the achene within the section
was in the descending order: 4. altyncolicum
> A. ledebourianum > A. schoenoprasum > A.
oliganthum. Seed elongation was 2.08 p.u. in
A. oliganthum and A. schoenoprasum species,
2.05 in A. altyncolicum, and 1.64 p.u. - in 4.
ledebourianum. Seeds of all the studied species
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are elliptical: ellipse factor 0.99 r.u., indenta-
tion 0.01 r.u.

In our studies, the Condensatum section was
represented by the 4. condensatum species.
The achene length was 3.5 mm, the width was
1.95 mm, and the average size was 2.73 mm.
The perimeter was recorded at 8.86 mm, and
the indentation was 0.03 r.u. The seeds were el-
liptic: ellipse factor 0.99 r.u.

The analysis of seed indentation of the
studied Allium species from the three sections
showed that the value of this trait is maximum
(0.03 r.u.) in A. pskemense and A. codensatum
species. The confidence intervals of the mean
values of the trait "elongation" for the sections
Cepa (1.46-1.50), Schoenoprasum (1.93-1.99)
and Condensatum (1.77-1.87) did not overlap,
therefore, seed elongation can be the primary
marker trait for the section identification.

The software can also extract and export col-
or information from an image. Color analysis
has become very important in the field of plants
in recent years. It allows identifying variations
in the accumulation of different pigments, diag-
nosing plant diseases, comparing mutant phe-
notypes and taxonomic variations [23].

Based on the intensity of all individual color
components and the average RGB value, dif-
ferences in values between sections and spe-
cies were determined (see Table 2). In the Cepa
section, the average RGB value in descending
order was as follows: A. pskemense > A. galan-
thum > A. fistulosum > A. altaicum > A. oscha-
ninii. In the Schoenoprasum section this series
is as follows: A. schoenoprasum > A. ledebou-
rianum > A. altyncolicum > A. oliganthum. The
highest average RGB value was found for A.
schoenoprasum (63.31 luminance units) and 4.
condensatum (63.07 luminance units).

A series of RGB values in descending or-
der was revealed: in the Cepa section and in
the 4. condensatum section, R > G > B. In the
Schoenoprasum section these values are am-
biguous: in A. altyncolicum, A. oliganthum, and
A. schoenoprasum - B> R > G, in A. ledebou-
rianum - R > G > B. The maximum tonality
of achenes was found in the Schoenoprasum

section: in 4. altyncolicum - 0.73 ru., in A.
schoenoprasum - 0.72 r.u.

In the Cepa section, 4. altaicum showed high
values of maximum brightness (241.68 units of
brightness) and saturation (0.04 relative units).
However, in the Schoenoprasum section the op-
posite regularity was found: in 4. schoenopra-
sum at the lowest value of maximum brightness
(226.75 units of brightness), high saturation
(0.04 relative units) was observed.

CONCLUSION

The geometrical parameters and optical char-
acters of seeds of the subgenus Cepa (Allium
L., Alliaceae) from the biocollection of the All-
Russian Research Institute of Vegetable Breed-
ing (VNIIO), a branch of the Federal Scientific
Center of Vegetable Breeding, were studied by
digital scanning. Within the Cepa section, the
seeds of 4. pskemense had the maximum lin-
ear size, perimeter, and cross-sectional area.
Among the representatives of the Schoenopra-
sum section, the seeds of A. altyncolicum had
the maximum length. The maximum width, pe-
rimeter, cross-sectional area, and average diam-
eter of Fere seeds were recorded for A. ledebou-
rianum. In the Cepa section, the average RGB
value in descending order was as follows: 4.
pskemense > A. galanthum > A. fistulosum > A.
altaicum > A. oschaninii. In the Schoenoprasum
section this series is as follows: A. schoenopra-
sum > A. ledebourianum > A. altyncolicum > A.
oliganthum.
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N3YYEHUE OPUTOTOKCUYHOCTHU I'EPBUIINJIA JTIOMAKC B IIOCEBE
KYKYPY3bl HA 3EPHO B YCJIOBUAX IOT'A JTAJIBHEI'O BOCTOKA
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Lanvrnesocmounviii HayuHO-UCCIE008aMENbCKULE UHCIMUMYM 3AWUMbl pACMeHUl — puauan
Dedepanvroco HayuHoeo yeHmpa azpodouomexuonoeuul Janoneeo Bocmoxa um. A.K. Yatiku
[Tpumopckwuit kpaii, c. Kamenb-Pri6osoB, Poccus

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

N3yueHa GpUTOTOKCHIHOCTD repOutinaa JIroMakc, COCTOSIIETO U3 TPEX ACHCTBYIOIMINX BEIICCTB:
C-meronaxiiopa, TepOyTHUiIa3uHa U ME30TPUOHA, K THOPUIAHOHN momynsiuuu KyKypyssl [18521. Hc-
cienoBanus nposeneHsl B [Ipumopckom kpae B 2020, 2021 1T Ha ABYX (oHAX: 3aCOPCHHOM U YH-
CTOM OT COPHSIKOB, KOTOPBIH B TEUEHHE BEr€TAlIMOHHBIX CE30HOB PETYIIIPHO IIponabiBain. [ epou-
LU/ IPUMEHSITH 10 BCXOAOB, B (hasbl 2—3 u 5—6 11McTheB KyKypy3bl B HOpMax pacxona 4 (peKoMeH-
JIOBaHHAs1) U 8§ JI/ra (AByKpaTHas OT PEKOMEH/IOBaHHOM). [TouBa OMBITHBIX YYaCTKOB JTYroBO-Oypast
OTIOJ30JICHHAs CPEAHECYTIIMHUCTAsL, COllep Kallasl B MaXxoTHOM ropusonre 3,8% rymyca, Ph 5,0-5,9.
I'epOunun Jlromake, nmpuMeHeHHBIH B (pazy 5—6 IUCTbEB, B TEUCHHE BETETAMOHHOTO CE30HA OKa-
3bIBaJl (PUTOTOKCUYHOE JICHCTBUE HA PACTEHHS W YPOXKAHHOCTH 3epHa KyKypy3bl. CylliecTBEHHOE
CHIKEHHE ypoxkas 3epHa otMeueHo B 2021 1., koraa 3a I u 111 nexanpl UIOHS U UIOJIB BBINIATIO BCETO
35 MM ocankoB mpu HopMe 3a 3ToT niepuoa 187 mm. [Ipu npumenennu repounuaa Jliromakc B aszy
5—6 HUCTBHEB CYIIECTBEHHO YMEHBINIIACH JJTMHA [T0YaTKa, KOJIMYECTBO 3€PEH B HEM, Macca MmoJyarka
1 3epHa C Hero, a Takke Macca 1000 3epen. Kykypysa Oonee TonepanTHa Kk repounuy Jlromake mpu
MpUMeHEeHUH B (hazy 2—3 JNHUCTHEB U MEHEe — IIPH UCTIONB30BaHUH B a3y 5—6 JIMCTHEB.

KiroueBble ciioBa: KyKypys3a, repOunu, GUTOTOKCUYHOCTb, YPOXKAHHOCTh, TOJIEPAHTHOCTD

STUDY OF PHYTOTOXICITY OF LUMAX HERBICIDE IN GRAIN MAIZE CROPS
UNDER CONDITIONS OF THE SOUTH OF THE FAR EAST

(<) Kostyuk A.V., Lyashenko E.V.

The Far Eastern Research Institute of Plant Protection — Branch of Federal Scientific Center
of Agricultural Biotechnology of the Far East named after A.K. Chaiki

Kamen-Rybolov, Primorsky Territory, Russia

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

The phytotoxicity of the herbicide Lumax to the hybrid population of corn P 8521, consisting of
three active substances: C-metolachlor, terbutylazine and mesotrion, was studied. The studies were
conducted in the Primorsky Territory in 2020 and 2021 on 2 backgrounds: clogged and weed-free which
was regularly weeded during the growing seasons. The herbicide was applied before germination,
in phases 2-3 and 5-6 of corn leaves at consumption rates of 4 (recommended) and 8 I/ha (twice
the recommended). The soil of the experimental plots is meadow-brown podzolized, medium loamy,
containing 3.8% humus in the arable horizon, PH 5.0-5.9. The herbicide Lumax, applied in the phase
of 5-6 leaves, during the growing season had a phytotoxic effect on plants and corn grain yields. A
significant decrease in the grain harvest was noted in 2021 when during the II and III ten-day periods
of June and July there were only 35 mm of precipitation, while the norm for this period was 187 mm.
When applying Lumax herbicide in the phase of 5-6 leaves, the cob length, the number of grains in it,
the weight of the cob and grains from it, as well as the weight of 1000 grains significantly decreased.
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Corn is more tolerant to Lumax herbicide when used in the 2-3 leaf phase and less tolerant when used

in the 5-6 leaf phase.

Keywords: corn, herbicide, phytotoxicity, yield, tolerance
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INTRODUCTION

The purpose of registration tests is to devel-
op and verify the regulations for the use of pes-
ticides that ensure both efficacy and safety of
their application. The preparations must meet
the requirements of ecotoxicological safety [1].
Biological safety of plant protection is neces-
sary for adaptive intensification of crop produc-
tion, its ecologization and biologization. Ac-
cording to the results of protective measures,
the consequences of overdoses and accidents
with pesticides are predicted [2].

One of the requirements for herbicides in
registration trials is the safety of preparations
for cultivated plants. It consists in the absence
of phytotoxicity of herbicides and in increasing
crop yields when using them [3]. The use of the
preparation should be studied in specific agro-
technologies and soil and climatic conditions.
Currently, such studies have not been conduct-
ed in sufficient quantities [4].

There is a close correlation between the im-
pact of a destructive factor and the activity of
plant growth processes, which is adjusted by
weather conditions. Therefore, the level of ini-
tial impact of herbicide and the weather condi-
tions determine the speed of the adaptation pro-
cess and features of crop yield formation [5].

The modern range of herbicides to protect
corn from weeds in the Russian Federation con-
tains more than 200 preparations [6]. In 2016,
according to "Agrostat" company in the Rus-
sian Federation, 73% of the areas under corn
were treated once or more [7]. When develop-
ing new herbicides for post-emergence appli-

cation, the key factor is their selectivity to the
crop [8].

In the All-Russian Research Institute of
Corn the phytotoxic effects of post-emergent
herbicides Meister, Titus Plus, Dublon Super,
Stellar, Meister Power have been studied for
several years. Visual observations showed no
signs of inhibition of corn plants by these herbi-
cides when used at the recommended rates and
times of application [9-11]. However, a strong
phytotoxic effect on the crop was observed
when Meister Power was used in the phase of
8 leaves. The use of herbicide at a later date
caused growth retardation, changes in the num-
ber of corncobs per plant, corncob weight and
grain per corncob [12].

In the Smolensk region, when Titus Plus was
applied at temperatures above 25 °C, growth
retardation and pinking of corn leaves were
observed. Stress exposure to herbicide affected
the chemical composition of the feed - a lower
content of protein and a higher content of fiber
were found [13].

When testing the new herbicide Kreutzer in
seed crops of lines and simple hybrids of corn
under severe drought conditions with lack of
moisture and high air temperatures, an increased
manifestation of phytotoxicity on plants at the
rate of 0.11 kg/ha was noted [14].

In the Moscow region after the application
of herbicide Kelvin Plus in the phase of 7-8
leaves of corn chlorosis and suppression of
growth and development were revealed. Sub-
sequently, it reduced the value of the obtained
yield relative to the variants with its use in the
recommended terms [15].
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Study of phytotoxicity of Lumax herbicide in grain maize crops under
conditions of the South of the Far East

Kostyuk A.V., Lyashenko E.V.

The Far Eastern Research Institute of Plant
Protection used herbicides Dublon Gold, Titus
Plus, Meister, Stellar and Adengo at recom-
mended and double recommended rates in corn
crops on a clean weed-free background. Ac-
cording to measurements of plant height and
green mass, growth and development of corn
was slowed down in almost all variants with the
application of herbicides. According to their re-
sponse to the crop, they can be placed in the fol-
lowing descending order: Titus Plus, Adengo,
Dublon Gold, Stellar and Meister [16]. It was
also found that herbicide Adengo when sprayed
in the phase of 5-6 leaves in corn can have a
phytotoxic effect on the crop plants and signifi-
cantly (up to 0.78 t/ha) reduce grain yield [17].

The aim of the research was to study phy-
totoxicity of Lumax herbicide in the sowing of
corn for grain at recommended and double rec-
ommended rates in the conditions of the south
of the Far East.

MATERIAL AND METHODS

The studies were conducted on the experi-
mental fields of the Far Eastern Research Insti-
tute of Plant Protection, a branch of the Federal
Scientific Center of Agricultural Biotechnol-
ogy of the Far East named after A.K. Chaiki,
in 2020 and 2021. The soil of the experimental
plots was meadow-brown podzolized middle
loamy, containing 3.8% humus in the arable
horizon, Ph 5.0-5.9.

Climatic conditions in the years of research
differed significantly among themselves. Thus,
in 2020 in the third ten-day period of May and
June, uniform rainfall (145 mm, the norm 106
mm) contributed to the active growth and de-
velopment of corn plants. Only 70 mm of rain
fell in July (with an average of 140 mm). In
the first two ten-day periods of September,
there was an excess of moisture in the soil (3
times the norm). Precipitation amounted to 35
mm in 2021 during the second and third ten-
day periods of June and July, while the long-
term average was 187 mm. Daily air tempera-
tures reached 28.1-36.3°C during the second
and third ten-day periods of June, and average
daily values exceeded the long-term average
by 4.6-5.5°C. Precipitation also exceeded the

long-term average in August. Precipitation also
amounted to only 73.6 mm in August, which
was two times less than the long-term average
(155 mm).

Agronomic technique of corn cultivation is
common for this region on the basis of mould-
board tillage. Corn hybrid population P8521
was sown with the rate of 70 thousand seeds/ha.
Mineral fertilizer (dinitroammophoska) in the
rate of physical weight of 70 kg/ha was intro-
duced at sowing. The forecrop was soybeans.

The experiments were set up on two back-
grounds: weedy and weed-free. The latter
plot was regularly weeded during the growing
season. Lumax herbicide was applied before
sprouts, in phases 2-3 and 5-6 leaves of corn at
rates of 4.0 (recommended) and 8.0 1/ha (dou-
ble of the recommended). Herbicide working
solutions were applied by hand-operated boom
sprayer designed by All-Russian Research In-
stitute of Phytopathology with working solu-
tion application rate of 200 1/ha. The area of
experimental plots was 22.5 m?, repeated four
times, and the location was randomized.

In the phases of 10-12 leaves and milk ripe-
ness of the cobs the height of plants was mea-
sured and the green mass was counted. For this
purpose, 10 plants most typical for each plot
were selected. Corn cobs were harvested manu-
ally in the phase of waxing ripeness of grain.
After drying, they were analyzed (5 pieces
from each plot) according to N.A. Maysuryan's
method [18]. The remaining cobs were threshed
on a stationary threshing machine. To quantify
the nature of the direct response of cultivated
plants to Lumax herbicide a tolerance coeffi-
cient (T) was used, which was calculated ac-
cording to the formula

Yh

T=1-—

Yc
where Yc is the yield in the weed-free control,
expressed in tons per hectare; Yh is the grain
yield in the weed-free background with her-
bicide application, expressed in tons per hect-
are. Tolerance of corn plants to Lumax herbi-
cide was evaluated by analyzing the results of
the experiments laid on the crops infested to a
greater or lesser degree. For this purpose, the
method of weed harmfulness assessment by
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V.S. Zuza' was used. Such an assessment in-
volves the calculation of weed harmfulness co-
efficient Kw, which shows the amount of yield
shortfall caused by 1 ton of weed mass. Cal-
culation of the yield shortage at the end of the
crop vegetation is carried out by the formula

AY
Kw=——,
AW

where AY is the difference in yield in the con-
trol and the variant where the herbicide was
studied, expressed in tons per hectare; AW is
the difference in the ratio of the weed mass, ex-
pressed in tons per hectare. All studies and data
processing were performed according to the
generally accepted methods **.

RESULTS AND DISCUSSION

In the phase of 10-12 leaves of corn in the
control variant, plants grew with an average
height of 125 cm and vegetative mass of 357
g (see Table 1). In the variants with applica-
tion of Lumax herbicide before sprouting and
at the phase of 2-3 leaves, the plants were 1-5
cm higher and increased aboveground weight

by 3-25 g more than in the control. When using
the herbicide in a later phase of development
(5-6 leaves), Lumax had a significant phyto-
toxic effect on the crop. Plants were registered
13-14 cm lower and their aboveground weight
was 57-61 g less than in the control.

When recording in the phase of milky cob
ripeness, Lumax herbicide continued to nega-
tively affect plants of the crop (height 208 cm,
weight 648-670 g) when used in the phase of
5-6 leaves in both rates of consumption. On the
herbicide-free version, corn plants reached an
average height of 214 cm and built up 702 g of
vegetative mass.

Phytotoxic effect of Lumax herbicide (4.0
and 8.0 1/ ha), manifested during the grow-
ing season when used in the late phase of 5-6
leaves, had an impact on corn grain yield. In 2
years of research on these variants less grain by
0.40-0.52 t/ha than in the control was received
(see Table 2). It should be noted that reliably
less of it was collected in 2021 (5.81-6.13 t/ha,
the control 6.85 t/ha). Climatic conditions of
this year had a significant impact, as mentioned
above.

Taoa. 1. Biusnue repounmna Jlromake Ha pacTeHus KyKypy3ssl (cpennee 3a 2020, 2021 rr)

Table 1. Influence of Lumax herbicide on corn plants (average for 2020 and 2021)

10-12 leaf phase Corncob milky stage
) . . Change (+/-) from . . Change (+/-) from
Experiment Dos . Single Single the control Single Single the control
. age, | Treatment time| plant plant plant plant
OPHOn iy height, | herbage height, | herbage
eight, ge, height, | herbage, ght, e, height, | herbage,
cm g om o cm g om o

Control — — 125 357 — — 214 702 - -
Lumax 4,0 Before 126 354 +1 -3 214 670 0 -32
Lumax 8,0 sprouting 130 374 +5 +17 218 722 +4 +20
Lumax 4,0 2-3 leaf 126 358 +1 +1 215 678 +1 —24
Lumax | 8,0 phase 128 366 13 +9 216 698 +2 4
Lumax 4,0 112 300 —13 -57 208 670 —6 32

—6 leaf
Lumax | 80 | ol 111 296 | -14 | -6l 208 | 648 -6 54

phase
LSDys 6 31 7 58

1Zuza V.S. Regression analysis in the study of relationships of cultivated plants and weeds. Agricultural Biology. 1974. No.

6. Pp. 838-843.

2Spiridonov Yu.Ya., Larina G.E., Shestakov V.G. Methodological guidelines for the study of herbicides used in crop produc-

tion. Moscow: Pechatny Gorod, 2009. 252 p.

*Dospekhov B.A. Methodology of Field Experiment. Moscow: Kolos, 1979. 416 p.
“Koronevsky V.A. To the method of statistical data processing of long-term field experiments. Farming. 1985. No. 1. Pp. 56-57.
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Ta6a. 2. Biusaue repourmna JlroMmakc Ha yposkalfHOCTB 3epHa KYKypPY3bl U 3JIEMEHTHI €€ CTPYKTYPHI

(cpennee 32 2020, 2021 1)

Table 2. Influence of Lumax herbicide on the yield of corn grain and elements of its structure (average

for 2020 and 2021)
Weight

Experiment Dos- Treatment Comneob Number of grailgl p’erg Grain yield, | Tolerance

option age, time length, |~ grains per corncob | corncob 10(.)0 t/ha coefficient
I/ha cm cob, pcs. grains

Control — — 17,9 536 177 150 274 7,38 —
Lumax 4,0 Before 17,7 534 168 147 271 7,28 99
Lumax 8,0 | sprouting 17,8 544 174 152 280 7,52 102
Lumax 4,0 | 2-3 leaf 17,4 518 158 138 271 7,09 96
Lumax 8,0 phase 17,5 524 165 144 272 7,26 98
Lumax 4,0 | 5-6leaf 17,4 516 157 138 268 6,92 94
Lumax 8,0 phase 17,1 494 151 132 265 6,86 93
LSD;s 0,5 29 11 10 1,6 0,56

Laboratory analysis of corn cobs confirmed
the yield data. Thus, the length of the cob, the
number of grains in it, the weight of the cob and
the weight of 1000 grains from the cob were
reliably 0,5-0,8 cm, 42 pieces, 20-26 g, 12-18
g and 6-9 g less than the control in the vari-
ants of Lumax application during the phase of
5-6 leaves. When applying herbicide in the pre-
emergence period at twice the recommended
rate of consumption, the above indicators (ex-
ceptions: length and weight of the cob) were
respectively 8 pcs, 2 and 6 g more, which con-
firms the resulting yield increase of 0.14 t/ha in
this variant.

Calculation of the tolerance coefficient
showed that in the variants with Lumax herbi-
cide before sprouting and in the phase of 2-3
leaves of corn the difference in grain yield was
within 2-4% in one direction or the other, and
when treated in the later phase of crop develop-
ment (5-6 leaves) the difference reached 6-7%

in the downward direction. We can consider
that in the first case corn was indifferent to Lu-
max, and in the second case we can indicate a
significant phytotoxic effect on corn.

When conducting experiments on weedy
background for 2 years of research on the con-
trol (without herbicides) variant 1.12 t/ha of
corn grain was received (see Table 3).

There were weeds with a total aboveground
mass of 28.1 tons/ha on this plot. Calculation
of the coefficient of harmfulness showed that
if corn responded equally to all three terms of
herbicide application, the increase in yield from
them would be proportional to the reduction in
the weed mass, then the values of Kw in all
three cases would be about the same. However,
the actual values of the coefficients are differ-
ent, so we can assume that corn is more toler-
ant when Lumax is applied in the phase of 2-3
leaves and less tolerant when it is used in the
later phase of development.

Taoda. 3. Pacuer k09 OUIIHEHTOB BPEIOHOCHOCTH COPHSIKOB

Table 3. Calculation of weed harmfulness coefficients

Option B, t/ha Y, t/ha D D WHC
Control (without herbicides) 28,1 1,12 - - -
Control (manual weeding) 0 7,38 28,1 —6,26 —0,223
Lumax 4,0 1/ha
before sprouting 12,4 4,46 15,7 -3,34 -0,213
2-3 leaf phase 12,6 461 15,5 -3,49 -0,225
5-6 leaf phase 14,1 3,71 14,0 -2,59 —0,185

Note. B —raw weed mass before harvesting; Y — corn yield; WHC — weed harmfulness coefficient.
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CONCLUSIONS

1. Lumax herbicide can have a phytotoxic

effect on plants and corn yields if the applica-
tion regulations are not observed (overdose, ap-
plication in late phases of development). The
length of the cob, the number of grains in it, the
weight of the cob and grains from it, as well as
the weight of 1000 grains decreases.

2. Corn is more tolerant to Lumax herbicide

when used during the 2-3 leaf development
phase and less tolerant when used in later de-
velopment phases.

CIIUCOK JIMTEPATYPbI

L.

Ilemposa M.O., Yepmenckaa T.J[., [Honocen-
ko B.H. Pa3Butue uccienoBaHuii B aHAJIUTUYE-
ckoii j1aboparopun BU3P no orenke ocrarou-
HBIX KOJIMYECTB MECTUITUIOB // BECTHUK 3amuThl
pactenmii. 2020. T. 103. Ne 2. C. 87-93. DOLI:
10.31993/2308-6459-2020-103-2-13571.
Coxonos M.C., Canun C.C., [Honxncenxo B.U.,
Cnupuoonos IO.A., [unywrun A.Il., Kapaxo-
moe C.J[., Haovikma B./[. Konuenius ¢yHna-
MEHTAJIbHO-TIPUKIIA/IHBIX HCCIICAOBAHUIN 3alllu-
THI pacTeHW W ypoxkass // Arpoxmmus. 2017.
Ne 4. C. 3-9.

Honoicenko B.U., Ilemynosa A.A., Maxanvko-
6a T.A. bHOIOTO-TOKCHKOIOTHYECKIE TpeOoBa-
HUSL K aCCOPTUMEHTY repOuIuoB // 3ammura u
kapaHTHH pacteHuil. 2001. Ne 5. C. 14.
Janunosa A.A. JlocTymHBIH CITOCOO peryiupo-
BaHMS CKOPOCTH JICTOKCHUKAIMU TECTUIUIOB B
3€pPHOBBIX arporeHo3ax 3amanHor Cubupu //
Hoctmxenns Haykn u TexHukn AIIK. 2016.
T. 30. Ne 4. C. 33-35.

Heopanxun E.A. ITponyKTUBHOCTB CaXapHOM CBe-
KITBI, TIOBPEXXICHHOW TepOUIIIaMy TOPMOHOTIO-
JIOOHOTO JICUCTBHS B CyOJICTAJIbHBIX U M3PEKH-
BaIOIIMX MoceB go3ax // Arpoxumus. 2021. Ne 1.
C. 49-54. DOI: 10.31857/S0002188121010051.
Maxanvrosa T.A., Tonyoes A.C. T'epOunuisi
JUTSL KyKypy3bl // 3aliuTa ¥ KapaHTHH PacTeHH.
2018. Ne 2. C. 37-64.

Konecnux C.A., Cmawxesuy A.B., Kucnyw-
ko 11.M. ®opMupoBaHHe accOpTUMEHTa Tepou-
LUIOB /ISl 3aIMTHl TIOCEBOB KYKypy3Hl B be-
yapycu // 3aiuTa U KapaHTHH pactenuit. 2021.
Ne 1. C. 18-21.

3axapenxo B.A. IlepCcrieKTUBBI IPUMCHEHUS XH-
MHUYECKUX CPEJCTB 3alllUThl PACTCHUH B CEllb-
ckoM xo3siiictBe (1o marepuanam VII Mexmy-
HapomHo# KoH(pepeHn «llecTummmsr-16») //
Arpoxnumus. 2017. Ne 4. C. 10-15.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Kysneyosa C.B., Iyba E.W. TepOoummapl uis
paHHecIeNnbIX THOPUAOB KYKypy3sl // 3ammra u
kapaHnTHH pactenuil. 2017. Ne 7. C. 48-50.
bacpunyesa B.H. 3aminrta KyKypy3bl OT COpHSI-
KOB B TOBapHBIX U CEMEHOBOJUECKHX MOCEBax //
Kykypy3a u copro. 2012. Ne 1. C. 27-28.
baepunyesa B.H., Kysneyosa C.B., [yoa E.H.
[MocneBcxonoBble TEPOMLUABI C TOYBEHHBIM
JieficTBUeM ISl KyKypy3bl // Kykypy3a u copro.
2015. Nel. C. 22-26.

baepunyesa B.H., [yoa E.U., Kysneyosa C.B.
DddexruBHOCTh TepOuna Maiictep [laysp B
3aBUCHMOCTH OT CPOKOB ITpUMEHEHHs // 3ammTa
u KapaHTuH pacteHuid. 2020. Ne 3. C. 10-12.
Connyesa O.U., Ilpyonuxoe A.J]. [leiicTBue
repOMLUIOB Ha XMMHUYECKHH COCTaB KOpMa M3
KyKypy3bl // Arpoxumudeckuii BecTHUK. 2019.
Ne 2. C. 65-67. DOI: 10.24411/0235-2516-
2019-10031.

Kysneyosa C.B., bacpunyesa B.H. DddexTun-
HOCTh TIPHMEHEeHHs HOBOro repomrmaa Kpei-
nep // Arpoxumus. 2021. Ne 10. C. 36-44. DOL:
10.31857/S0002188121100100.

Tonyoes C.A., Maxanvroea T.A., Komaposa A.C.
O¢ddexTHBHOCTh U 0E30MACHOCTh TPUMEHEHHUS
repounmaa Kensun [lntoc B moceBax KyKypy3bl
B pasHbIX (azax pa3BUTUS KYJBTYpbI // ATpo-
xumust. 2021. Ne 3. C. 38—44. DOI: 10.31875/
S000218812103008X.

Kocmiok A.B., Jlykauésa H.I! DbpexTnBHOCT
NPUMEHEHUs repOMLUA0B B IOCEBAX KyKypY3bl
Y TOJIEPAHTHOCTD KyJBTYpbI K HUM // CHOUpCKUit
BECTHUK CEJIbCKOXO3IUCTBEHHON Hayku. 2018.
T. 48. Ne 1. C. 38-43. DOI: 10.26898/0370-
8799-2018-5.

Kocmiwox A.B., Jlykauésa H.I! Ouenka 3¢ddex-
TUBHOCTH M (UTOTOKCHYHOCTH TIepOuImIa
AzeHro B moceBax KyKypysbl // CuOupckuit
BECTHUK CEJbCKOXO3MCTBEeHHON Hayku. 2020.
T. 50. Ne 1. C. 40-47. DOI: 10.26898/0370-
8799-2020-1-5.

Maiicypsn H.A. PacTeHmeBOICTBO: MOHOTpa-
¢us. M., 1960. 383 c.

REFERENCES

L.

2.

Petrova M.O., Chermenskaya T.D., Dolzhen-
ko V.I. Development of the research to assess
residual pesticides in the analytical laboratory of
VIZR. Vestnik zaschity rastenii = Plant protec-
tion News, 2020, vol. 103, no.2, pp. 87-93. (In
Russian). DOI: 10.31993/2308-6459-2020-103-
2-13571.

Sokolov M.S., Sanin S.S., Dolzhenko V.I., Spiri-

3amuTa pacTeHui

CuOHMpPCKHii BECTHHK CELCKOXO03SMCTBEHHON Hayku ® 2022 « 522 37



Study of phytotoxicity of Lumax herbicide in grain maize crops under
conditions of the South of the Far East

Kostyuk A.V., Lyashenko E.V.

donov Yu.Ya., Glinushkin A.P., Karakotov S.D.,
Nadykta V.D. The concept of fundamental-
applied studies of plant and yield protection.
Agrokhimiya = Agricultural chemistry, 2017,
no. 4, pp. 3-9. (In Russian).

3. Dolzhenko VI., Petunova A.A., Makhan'ko-
va T.A. Biological and toxicological require-
ments for the range of herbicides. Zashchita i
quarantine rastenii = Board of Plant Protection
and Quarantine. 2001, no. 5, pp. 14. (In Rus-
sian).

4. Danilova A.A. Accessible method of regulation
of pesticide detoxication rate in cereal agroceno-
sis of Western Sibiria. Dostizheniy nayki i tehniki
APK = Achievements of Science and Technology
of AIC. 2016, vol. 30, no. 4, pp. 33-35. (In Rus-
sian).

5. Dvoryankin E.A. Productivity of beet damaged
by hormone — like herbicides in subletal and
thinning doses. Agrokhimiya = Agricultural
chemistry. 2021, no. 1 pp. 49-54. (In Russian).
DOI: 10.31857/S0002188121010051.

6. Makhan'kova T.A., Golyubev A.S. Herbicides
for corn. Zashchita i karantin rastenii = Board
of Plant Protection and Quarantine. 2018, no. 2,
pp. 37-64. (In Russian).

7. Kolesnik S.A., Stashkevich A.V., Kislyshko P.M.
Formation of range of herbicides for the protec-
tion of corn in Belarus. Zashchita i karantin ras-
tenii = Board of Plant Protection and Quarantine.
2021, no 1, pp. 18-21. (In Russian).

8. Zakharenko V.A. The prospects of application of
chemical means of plants protection in Agricul-
ture (on materials of VII international conference
«Pesticides-16», Agrokhimiya = Agricultural
chemistry. 2017, no. 4, pp. 10-15. (In Russian).

9. Kuznetsova S.V., Guba E.I. Herbicides for early
and mid-ripening corn hybrids. Zashchita i karan-
tin rastenii = Board of Plant Protection and Quar-
antine. 2017, no. 7, pp. 48-50. (In Russian).

10. Bagrintseva V.N. Maize protection against
weeds in commodity and seed-growing crops.

NHO®POPMALINA Ob ABTOPAX

(<) KocTiok A.B., xaHIHIaT CEINbCKOXO3SH-
CTBEHHBIX HAyK, BEAYIIMI Hay4YHBIH COTPYIHUK;
aapec aJs nepenuckn: Pocecus, 692684, [Ipumop-
CKUH Kpaii, XaHKalickuil paiioH, c. Kamens-Pr16o-
70B, yi1. Mupa, 42-a; e-mail: dalniizr@mail.ru

JIsmenko E.B., Mianmmii HaydHbIA COTPYIHUK

Kukuruza i sorgo = Corn and Sorghum. 2012,
no. 1, pp. 27-28. (In Russian).

11. Bagrintseva V.N., Kuznetsova S.V., Guba E.L
Postemergence herbicides with soil action for
corn. Kukuruza i sorgo = Corn and Sorghum.
2015, no. 1, pp. 22-26. (In Russian).

12. Bagrintseva V.N., Guba E.I., Kuznetsova S.V. The
effectiveness of herbicide Maister Power depend-
ing on the timing of application. Zashchita i karan-
tin rastenii = Board of Plant Protection and Quar-
antine. 2020, no. 3, pp. 10-12. (In Russian).

13. Solntseva O.I., Prudnikov A.D. Influence of her-
bicides on chemical compound of forage from
corn. Agrokhimicheskii vestnik = Agrochemical
Herald. 2019, no. 2, pp. 65-67. (In Russian).
DOI: 10.24411/0235-2516-2019-10031.

14. Kuznetsova S.V., Bagrintseva V.N. Effectiveness
ofthe new herbicide Kreutzer. Agrokhimiya = Ag-
ricultural Chemistry. 2021, no. 10, pp. 36—44. (In
Russian). DOI: 10.31857/S0002188121100100.

15. Golubev A.S., Makhan'kova T.A., Koma-
rova A.S. Efficiency and safety of application of
herbicide Kelvin Plus an corn at different crop
stage. Agrokhimiya = Agricultural Chemistry.
2021, no. 13, pp. 38-44. (In Russian). DOI:
10.31857/S000218812103008X.

16. Kostyuk A.V., Lukacheva N.G. Efficiency of
herbicide in maize sowing and culture tolerance
to them. Sibirskii vestnik sel'skokhozyaystvennoy
nayki = Sibirian Herald of Agricultural Science.
2018, vol. 48, no. 1, pp. 38-43. (In Russian).
DOI: 10.26898/0370-8799-2018-5.

17. Kostyuk A.V., Lukacheva N.G. Estima-
tion of efficiency and phytotoxicity of Ad-
engo herbicide in corn crops. Sibirskii vestnik
sel'skokhozyaystvennoy nayki = Sibirian Herald
of Agricultural Science. 2020, vol. 50, no. 1,
pp. 4047. (In Russian). DOI: 10.26898/0370-
8794-2020-1-5.

18. Maisuryan N.A. Plant growing. Moscow, 1960.
383 p. (In Russian).

AUTHOR INFORMATION

(<) Alexander V. Kostyuk, Candidate of
Science in Agriculture, Lead Researcher; address:
42-a, Mira St., Kamen-Rybolov, Khankasky district,
Primorsky Territory, 692684, Russia; e-mail:
dalniizr@mail.ru

Elena V. Lyashenko, Junior Researcher

Jama nocmynnenust cmamou / Received by the editors 24.01.2022
Jlama npunamus k nyonuxayuu / Accepted for publication 13.04.2022
Hama nybnurxayuu / Published 25.05.2022

38  Siberian Herald of Agricultural Science ¢ 2022 « 52+ 2

Plant protection



https://doi.org/10.26898/0370-8799-2022-2-5 Tun crarby: OpUrHHANBHAS
VIK: 633.13.632.4 Type of article: original

OUTONMATOI'EHHBIE MUKPOMHUIETBI OBCA B YCJIOBUAX
UPKYTCKOM OBJIACTH

(<) Pa3zuna A.A., Iatiaosa O.I.

Hprymckuii HayuHo-uccied08amenbCKull UHCMUmym celibCKo20 X03AUcmed
Wpxkytckast obnacts, ¢. [IuBoBapuxa, Poccus

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

[IpencraBnensl pe3ynsraTsl (HUTONATOIOTUYECKOTO OOCIIEAOBaHUS MAPTHH pallOHMPOBAaHHBIX
coptoB oBca PoBecuuk u Eropera ypokaes 2015, 2016 rr. u 2020, 2021 rT., BBIpaIICHHBIX B Pa3HBIX
paiionax Mpkyrckoii oonacTu. 3apakeHHOCTh MUKPOMUIIETAMH OIPEIENISITH METOOM BIIAYKHOM Ka-
mepsl o [OCT 12044-93. Tloromgaple YCIIOBHS B TOABI BRIPAIIMBAHKS 00CICIYEMBIX IMAPTHI OBCa
ObUIN TEIJIBIMU M XapaKTEPU30BAINCH OTKIOHEHUEM YBIIQXKHEHHS B IIEPHOJ] BETE€TallMU OT HOPMBI,
YTO MPUBOAMIO K OCIA0JCHHIO PACTEHHH U K YCHIJICHHIO Pa3BUTHsI (PUTOMATOTCHHBIX MUKPOMHLIE-
TOB. YCTaHOBIIEHA BBICOKasl TIOBCEMECTHAsl BCTPEUaeMOCTh IpuOOB U3 poaa Alternaria. 3apaxeH-
HOCTB I'pubamu u3 pona Alternaria oca copra PoBecHuk, BeipamienHoro B 2015 r., cocraBuna ot
20 mo 36%, B 2016 1. — ot 44 1o 83%. Copt Eropsra B 2016 1. 3apaxen ot 43 no 91%. B maptusax
ypokas 2020 1. 1 2021 1. HE3aBUCHMO OT cOpTa 3apaskeHHOCTh cocTaBmita ot 70 10 100% u ot 60 10
98% cooTBeTCTBEHHO. Bipolaris spp. OTMEUYEH BO BCEX aHAIM3UPYEMbIX MapTUsIX oBca copra Posec-
HUK B ypoxxkae 2015, 2016 rr. npu BapbupoBaHHUHU 3apaxkeHHOCTH 3—12 u 4-37% cOOTBETCTBEHHO.
Coprt Eropeora ypokast 2016 1. umen 3apaxkeHHOCTb 0T 3 10 87%. B ypoxae 2020 1 2021 rr. BbIsiBIC-
HBl CIMHUYHBIC TAPTHH, CBOOOHBIC OT Bipolaris spp., HO OOJBIIMHCTBO M3 HUX HE3aBHCUMO OT CO-
pra umenu crenens 3apaxkennst 740 u 3—45% coorsercTBenno B 2020 1. m B 2021 1. Berpeuaemocts
(uTonaroreHoB U3 poxa Fusarium spp. He 3aBUCeNa OT COPTa, HO CHJIBHO OTIMYAJIACh MO TOJAM.
B 3epne OombmmHcTBa maptuii ypoxkas 2015, 2016 rr. 3apakeHHOCTh MUKpOMUIIETaMH Fusarium
spp. Ob1a B uHTepBaie 1-24%, a B ypoxkae 2020, 2021 rr. npeoOnasanyu NapTHHA C OYE€Hb BHICOKUM
3apakeHueM STUM Bo3Oyaurenem (23-93, 20—67% cooTBeTcTBeHHO). EquHMYHBIE MapTun ObLTH
cBOOOMHBI OT Fusarium spp.

KuioueBble ci10Ba: 0BeC, COpTa, MUKPOMUIIETHI, (PUTOTIATOTEHBI

PHYTOPATHOGENIC MICROMYCETES OF OATS UNDER THE CONDITIONS
OF THE IRKUTSK REGION

(<) Razina A.A., Dyatlova O.G.
Irkutsk Research Institute of Agriculture
Pivovarikha, Irkutsk region, Russia

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

The results of phytopathological examination of grain batches of oat zoned varieties Rovesnik and
Egorych grown in different areas of the Irkutsk region and harvested in 2015-2016 and in 2020-2021
have been presented. Infestation with micromycetes was determined by the wet chamber method
according to GOST 12044-93. The weather conditions during the growing years of the examined
oat batches were warm and characterized by a deviation of moisture during the growing season
from the norm which led to plants weakening and the reinforced development of phytopathogenic
micromycetes. A high ubiquitous occurrence of fungi from the genus A/fernaria has been established.
In 2015 the infestation of oat cultivar with Rovesnik fungi from the genus Alternaria ranged from
20 to 36%, and that grown in 2016 — from 44 to 83%. The variety Egorych in 2016 was infested
from 43 to 91%. In the batches harvested in 2020 and 2021, irrespective to a cultivar, the infestation
was from 70 to 100% and from 60 to 98%, correspondingly. Bipolaris spp. was observed in all the
analyzed batches of oat variety Rovesnik in the harvests of 2015 and 2016 with a varying infestation
range of 3-12% and 4-37%, respectively. The cultivar Egorych harvested in 2016 had the infestation
level from 3 to 87%. In the harvests of 2020 and 2021, single batches free from Bipolaris spp. were
found, but most of them had a degree of infestation, regardless of a variety, of 7-40% and 3-45%,
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Phytopathogenic micromycetes of oats under the conditions of the
Irkutsk region

Razina A.A., Dyatlova O.G.

respectively, in 2020 and 2021. The occurrence of phytopathogens of the genus Fusarium spp. did
not depend on the variety, but it differed greatly in years. In the grain of most batches harvested in
2015-2016, the infestation with micromycetes Fusarium spp. was within the range of 1-24%, and in
the harvest of 2020-2021 the batches with very high infestation with this pathogen prevailed — 23-
93% and 20-67%, respectively. Single batches were free of Fusarium spp.

Keywords: oats, cultivars, micromycetes, phytopathogens
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INTRODUCTION

Oats is the most important food and for-
age crop in Russia. The biological potential of
oat productivity is limited by different types
of rust and smut, root rot, Helminthosporium
leaf blotch, and the representatives of genera
Fusarium and Alternaria dominate in grain
mycobiota.

Many studies in different regions of our
country were devoted to solving the problem
of oat resistance to a number of pathogens, as
a result of which the mechanisms of this crop
resistance to phytopathogens were revealed
[1], varieties resistant to crown and stem rust,
loose and stinking smut, root rot were created
[2], oat samples resistant and highly resistant
to Siberian population of the Helminthospo-
rium leaf blotch pathogen Drechslera avenae
(Eidam. ) Ito et Kuribay [3]. The effect of toxic
metabolites of Fusarium fungi on the process-
es of morphogenesis and plant regeneration in
the culture of immature embryos of spring oats
was studied [4], and the efficiency of using the
biomethod to protect oats from phytopathogens
was studied [5].

Fusarium, Alternaria, Penicillium and As-
pergillus fungi are the main producers of my-
cotoxins of economic importance. In addition
to the reduced productivity of oats and other
cereal crops due to the defeat of various patho-
gens, the infection of crops with toxigenic fungi
of the Fusarium, Alternaria, Penicillium and
Aspergillus genera and the accumulation of
mycotoxins dangerous for human and animal

health in plant products are of great importance
all over the world [6-8].

In Russia, the most common mycotoxins for
food oat grain are Alternaria toxins, T-2 and
HT-2, NEOS, CIT, and DON [9, 10]. The in-
fluence of biochemical composition and some
morphological characters of oat grains of dif-
ferent varieties on their contamination with mi-
cromycetes of genera Alternaria and Fusarium
and accumulation of toxins was shown [11, 12].
Presowing seed dressing is considered as a rea-
sonable strategy to reduce the risk of contami-
nation of future crops with mycotoxins [13].

In the Irkutsk region, at present, the im-
portance of oats is increasing not only as a
forage crop, but also as a food crop both for
domestic consumption in the region and for
export. In the system of crop rotations of the
region, the forecrops for wheat using oats as
one of the components in the composition of
annual grasses, in mixture with rape as a sid-
erat are promising.

In this regard, the study of mycobiota of oat
grain, which determines its contamination with
mycotoxins, and determination of the possibil-
ity of using the grain for food and fodder pur-
poses, is of great importance. Also, phytosani-
tary condition of oat seeds as a wheat forecrop
in the composition of annual grasses and green
manure in their absence shows the contamina-
tion of soil with root rot pathogens or contrib-
utes to the entry of the infection into the soil
with contaminated seeds.
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The purpose of the study was to identify the
micromycete infestation of oat seeds grown in
the Irkutsk region.

MATERIAL AND METHODS

The infestation of oat grain with micromyce-
tes was determined by the wet chamber meth-
od'. The studies were carried out on 65 samples
of released oat varieties Rovesnik and Egorych
from different soil and climatic zones of the Ir-
kutsk region with the yields of 2015, 2016, and
2020, 2021.

The agricultural enterprises of the Irkutsk
region sow oats as the second or third crop after
a valuable forecrop (fallow, peas, layer of pe-
rennial grasses, corn). Autumn plowing is tradi-
tional (mouldboard and non-mouldboard), and
various types of non-mouldboard cultivation in
autumn or spring (discing and cultivation) are
also common. Farms with modern machinery
(SM Kuzbass, Ob-4) carry out direct seeding
of oats. Due to the difficult financial situation,
farms practically do not disinfect oat seeds.

RESULTS AND DISCUSSION

Earlier, infestation of oat with the phyto-
pathogenic micromycete Bipolaris spp. pre-
vailed; at present, the structure of this crop
microbiocenosis is gradually changing. In the
literature, there are data on the change of phy-
topathogenic complex on spring wheat seeds -
Bipolaris sorokiniana is not the predominant
micromycete [14].

In our studies, all batches of oats subjected
to phytopathological examination were most-
ly infected with a complex of micromycetes
from genera Alternaria and Fusarium, and less
from - Bipolaris sp.

Weather conditions in the years of cultiva-
tion of the examined batches of oats were warm
and characterized by deviation of moisture dur-
ing vegetation period from the norm, which led
to weakening of plants and to strengthening
of development of phytopathogenic micromy-
cetes, mainly toxin-producing Alternaria spp.

and Fusarium spp. and their accumulation on
the grain (see Tables 1, 2).

High ubiquitous occurrence of fungi of the
genus Alternaria was established. The degree
of their infestation varied depending on the year
of harvest. Thus, in batches of the oat variety
Rovesnik grown in 2015, which was character-
ized as dry according to the HTC, the infection
with fungi of this genus was from 20 to 36%
(average - 26%). In 2016, the HTC of a wet
crop, grain of the variety Rovesnik was infested
from 44 to 83% (average 61%), and of the vari-
ety Egorych from 43 to 91% (average 61%). In
the lots of harvests 2020 and 2021 - slightly arid
and humid in different regions, regardless of the
variety, the interval of contamination was, re-
spectively, from 70 to 100% (average 78-92%)
and from 60 to 98% (average 83-96%). Slightly
arid and humid conditions of the vegetation pe-
riods contribute to high infection of grain by
fungi of Alternaria genus 72-96%.

Bipolaris spp. was found in all analyzed
batches of the oat variety Rovesnik in the
2015 and 2016 harvests, with varying infesta-
tions of 3-12, 4-37%, respectively. Egorych
variety of the 2016 crop had infestation rang-
ing from 3 to 87%. Single lots free of Bipo-
laris spp. were identified in the 2020 and 2021
harvests, but most had degrees of infestation
regardless of the variety 7-40 and 3-45% in
2020 and 2021, respectively. Batch infestation
with Bipolaris spp. also varied by district. In
the variety Rovesnik, the lowest (up to 10%)
in 2015 it was recorded in Kuytunsky district,
in 2020 in Zalarinsky and Taishetsky districts,
in 2021 in Alarsky, Bokhansky and Zalarinsky
districts. Egorych variety had the least infesta-
tion in 2020 in Taishetsky district, in 2021 in
Alarinsky and Bayandaevsky districts. The ef-
fect of hydrothermal conditions on the degree
of Bipolaris spp. infestation was not found, so,
in the variety Egorych with HTC 1.65 the infes-
tation was 4%, and 1.27 - 30%, in the variety
Rovesnik with HTC 1.62 the infestation was
20%, 1.65 - 4%.

The occurrence of phytopathogens of the ge-
nus Fusarium spp. did not depend on the vari-

!GOST 12044-93 Seeds of crops. Methods of determination of disease infestation. Minsk: Interstate Council for Standardiza-

tion, Metrology and Certification, 33 p.
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Ta6a. 1. Pesynbrars! (pUTOMATOIIOTHYECKOTO aHAJM3a 3epHa OBca copTa PoBecHUK
Table 1. Results of phytopathological analysis of Rovesnik cultivar oat grain

' . Harvest Micromycetes, % Qeneral Qemina-
Variety, region, number of batches year HTC Alternaria | Bipolaris | Fusarium 1I}fest:1- tlon0 rate,
spp. spp. Spp. tion, % %
Rovesnik, Kuytunsky, 6 batches 2015 0,99 26 8 20 49 90
Rovesnik, Zalarinsky, 8 batches 2016 1,66 61 19 31 81 76
Rovesnik (average) 2020 - 85 17 54 100 69
Including:
Alarsky, 2 batches 2020 1,17 78 12 91 100 51
Bayandaevsky, 2 batches 2020 1,62 89 20 53 100 66
Bokhansky, 1 batch 2020 1,27 88 20 0 100 71
Zalarinsky, 2 batches 2020 1,20 80 5 55 100 57
Taishetsky, 2 batches 2020 1,65 92 4 65 100 83
Ust-Udinsky, 2 batches 2020 1,19 87 40 63 100 88
Rovesnik (average) 2021 - 92 16 28 100 68
Including:
Alarsky, 2 batches 2021 1,39 94 8 23 100 88
Bayandaevsky, 2 batches 2021 1,70 90 45 26 100 57
Bokhansky, 3 batches 2021 1,35 92 7 19 100 68
Zalarinsky, 2 batches 2021 1,53 93 3 46 100 60

Ta6a. 2. Pesynprars! (hUTOMATONIOTHYECKOTO aHAM3a 3€pHA 0Bca copTa Eropera
Table 2. Results of phytopathological analysis of Egorych cultivar oat grain

. . Harvest Micromycetes, % . Gener.al Qemina-
Variety, region, number of batches HTC infestation, | tion rate,
year Alternaria | Bipolaris | Fusarium o %
Spp.- spp. Spp.
Egorych, Zalarinsky, 9 batches 2016 1,66 61 28 20 82 86
Egorych (average) 2020 79 15 36 100 72
Including:
Alarsky, 2 batches 2020 1,17 82 13 45 100 63
Bayandaevsky, 2 batches 2020 1,62 81 15 42 100 75
Bokhansky, 2 batches 2020 1,27 78 30 23 100 63
Zalarinsky, 2 batches 2020 1,20 72 11 43 100 62
Taishetsky, 2 batches 2020 1,65 90 4 35 100 80
Ust-Udinsky, 3 batches 2020 1,19 74 20 32 100 86
Egorych (average) 2021 - 90 10 27 100 57
Including:
Alarsky, 2 batches 2021 1,39 85 8 25 100 45
Bayandaevsky, 3 batches 2021 1,70 83 7 16 96 50
Bokhansky, 3 batches 2021 1,35 96 10 37 100 65
Zalarinsky, 3 batches 2021 1,53 96 16 30 100 68
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ety, but differed greatly from year to year. In the
grain of most lots of the 2015, 2016 harvests,
Fusarium spp. micromycetes infestation was
in the range 1-24% (average 20-31%), while
in the 2020, 2021 harvests, the lots with very
high infestation with this pathogen dominat-
ed - 23-93% (average 0-91%), 20-67% (aver-
age 16-46%) respectively. Single lots were free
of Fusarium spp. Grains of both analyzed oat
varieties were most heavily infested in 2020 in
all studied areas with HTC from 1.17 to 1.65,
especially the variety Rovesnik - the average
infestation of batches of this variety was 18%
higher compared to the variety Egorych.

The wide ranges of micromycete infestation
within the considered years, districts, and va-
rieties suggest that the degree of oat batch in-
festation depends not only on these factors, but
also on the farming practices used in the culti-
vation of the crop in a particular farm. Micro-
mycetes of infected oat seeds can contribute to
soil pathogenicity and negatively influence the
phytosanitary situation in grain crop rotations.
Currently, they are used in the Irkutsk region
in grain and livestock enterprises with stabling
animals, which requires the use of concentrated
grain fodder, forcing farms to reduce fallow
and tilled crops.

From the point of view of safety of grain
use for food and fodder purposes, it is neces-
sary to pay attention to the high contamination
of oat grain in the region with toxin-producing
fungi of genera Alternaria and Fusarium. The
negative effect of high infestation with phyto-
pathogenic micromycetes manifested itself in
the reduction of laboratory germination of oats,
which in the vast majority of batches did not
exceed 87% and could not meet the quality of
the Russian standard GOST R 52325-2005 (see
Tables 1 and 2)*

In order to obtain a high yield of grain free
of mycotoxins and to form a favorable situation
in grain agrocenoses, when cultivating oats,
preference should be given to agricultural prac-
tices that reduce the accumulation and spread
of phytopathogenic micromycetes and consider
the phytosanitary status of seeds. Seed batches

with high infestation require obligatory pre-
sowing dressing with fungicides approved for
use in the Russian Federation.

CONCLUSIONS

1. Phytopathogenic micromycetes of gen-
era Alternaria and Fusarium are predominant
in grain infestation of oat batches grown in the
Irkutsk region in 2015, 2016 and 2020, 2021.
Bipolaris spp. occurs less frequently, but in the
overwhelming number of the examined batch-
es exceeds the threshold of pest infestation of
seeds.

2. Agricultural producers of the Irkutsk re-
gion should pay attention to the high contami-
nation of oat grain in the region with toxin-
producing fungi of genera Alternaria and Fu-
sarium in order to produce safe food products.

3. Micromycetes of infected oat seeds may
contribute to soil pathogenicity and play a neg-
ative role in the formation of the phytosanitary
situation in grain crop rotations, which are cur-
rently widely used in the Irkutsk Region.
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BEJIKOBO-BUTAMUWHHASI MYKA U3 NIIEHUYHBIX OTPYBEM,
OBOTAILIEHHA Sl ®UTA30M B PAIIMOHE ITEPEIEJIOB

' X) Poraués B.A., 'Mep3asikoBa O.I., 2JlykpsinunkoBa H.J1., 'Marep C.H.

'Cubupckuii pedepanvruiii Hayunwvlil yenmp azpobuomexnonoeuii Poccutickotl akademuu Hayk
HoBocubupckas obnacts, p.in. Kpacnoob6cek, Poceunst

?Cubupcruii punuan Dedepanvroeo HaAyuHO2O yeHmpa nuujesvix cucmem um. B.M. l'opbamosa
Poccuiickou akaoemuu nayx

HoBocubupck, Poccus

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

[IpencraBieHbl pe3ylbTaThl IKCHEPUMEHTA 110 HCIOJB30BAHHUIO B PALMOHE BhIpalIMBac-
MBIX TepernesioB (pakiMOHUPOBAHHON OCIIKOBO-BUTAMUHHOW MYKH M3 MIICHHYHBIX OTpyOel (B
YUCTOM BHJE U B CMeCH C (DepMEHTHBIM NpErapaTroM, BBIIYCKaeMbIM IIOA TOPrOBON MapKou
®dutbect) ¢ pazmepoMm dacTuil 140 MkM. OTBIT TPOIOKUTEIBHOCTHIO 60 JHEH TPOBEICH IO
oOLIENPUHATON METOJIMKE Ha Ieperenax SMmOHCKOM moponabl. s dKCIepUMEHTa TPH aHaJo-
ruusble rpymnmnsl o 80 ron. (ogHa KOHTPOJIBbHAS U ABE ONBITHBIE) CHOPMHUPOBAHBI B CyTOUYHOM
BO3pacTe NTUll. Bce rpynmnsl mosry4yain OCHOBHOM palMoH, IPUTOTOBJIEHHBIN ¢ y4eTOM BO3pac-
Ta ¥ QU3UOJOTMUYECCKUX 0COOCHHOCTEH nepenenoB. B panuone MoonHsKa 1-i U 2-i ONBITHBIX
rpynn 4yacth nueHunsl (7%) koMOnKopMa 3aMEeHUIIN MIIEHUIHON 0eJIKOBO-BUTAMUHHONW MYKOH
(pasmep wactum 140 mxm). [1pu sToM mepernenam 2-i OMBITHOM TPYIITBHI CKaPMITUBAIH OCITKOBO-
BUTaMHHHYIO MyKYy ¢ ¢epMeHTHbIM npenaparoM ®urbect P5000 GT, npeanazHaueHHBIM IS
MOBBIIIEHUST ONONOCTYNMHOCTH Pocdopa, MUHEPATHHBIX IEMEHTOB U aMHUHOKHCIOT U3 KOMIIO-
HEHTOB KOPMOB JIJIsl CEJIbCKOXO35IMCTBEHHOM NMTHUIIBI U cBUHEH. [ITUIly comepxkaliu B KIETOUHOM
Oarapee mpu COOJOZCHUN TPeOyeMbIX yCIOBUH MUKpOKIMMara. M3ydeHo BIUSHHE CKapMIIHU-
BaHUS HKCIEPUMEHTAIBHBIX J0OABOK HA COXPAHHOCTH IOT0JIOBbS LIBIIUIAT, HHTEHCUBHOCTD MX
pocTa, MSICHYIO IPOAYKTHUBHOCTb, XUMUYECKUH 1 aMUHOKHUCIIOTHBIN cocTas Msca (¢apiua), re-
MaTOJOTHYECKHE MOoKa3areau. BeeneHne B KOMOMKOPM TepernesoB OeIKOBO-BUTAMUHHONW MYKH
13 NIIEHUYHBIX OTpyOel B 4McTOM BHIE U ¢ ¢epMeHTHBIM npenapatoM dundect P5000 GT
MTOBBICUJIO COXPaHHOCTH NTHIHI Ha 3,01%, cpemHeCcyTOUYHBIH TPUPOCT KUBOU Macchl Ha 3,09
u 3,44% 1npu npakTUYECKH paBHBIX 3aTpaTax KOPMOB Ha €IMHHUILY NMPOAYKIMHU. B Msce nTuisl,
noTpeOIIsBIIEH B cOCTaBe KOMOMKOpMa MYKY M3 IIIIEHUYHBIX OTpyOeli ¢ mpernaparom, coaepxa-
oM GuTasy, cojepKaHue Kupa, Kanpius u hocdopa yBenmudmioch cooTBeTcTBeHHO B 1,17;
1,13 u 1,17 paza. Konuentpanus kansuusi 1 Gpocdopa B Msce MepenesioB, MONyYaBIInX MyKy
0e3 (epmeHTHOrO Mpenapara, ObUIa HIDKE, YEM y aHAJIOI0B, MOTPEOIABIINX MYKY ¢ (HUTa30il B
1,2 u 1,1 paza. buoxumudeckue mokaszarean KPOBH BCEX MOJOMBITHBIX IBIIIAT OCTABaJUCh B
npenenax GU3NOIOTHYECKON HOPMBI.

KuroueBble ciioBa: nepernena, KOMOMKOPM, OEIKOBO-BUTAMUHHAs MyKa, ()epMEHTHBIN Ipena-
paT, COXpaHHOCTb, )KMBasi Macca
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PROTEIN-VITAMIN FLOUR FROM WHEAT BRAN ENRICHED WITH
PHYTASE IN THE DIET OF QUAILS

(<) '"Rogachev V.A., 'Merzlyakova O.G., *Lukyanchikova N.L., 'Mager S.N.

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

Siberian branch of Federal State Budgetary Scientific Institution Federal Scientific Center for
Food Systems named after V.M. Gorbatov RAS

Novosibirsk, Russia

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

The results of the experiment on the use of fractionated protein-vitamin wheat bran flour (pure
and mixed with enzyme preparation produced under Feedbest® trade mark) with particle size
140 microns in the ration of growing quails are presented. The experiment lasting 60 days was
conducted according to the generally accepted methodology on quails of the Japanese breed.
For the experiment, three similar groups of 80 birds each (one control and two experimental)
were formed at one day of age. All groups received a basic diet prepared taking into account
the age and physiological characteristics of quails. In the diet of young animals of the 1st and
2nd experimental groups a part of wheat (7%) mixed fodder was replaced by wheat protein-
vitamin flour (particle size 140 microns). The quails of the 2nd experimental group were fed
protein-vitamin meal with the enzyme preparation Feedbest® P5000 GT designed to increase
the bioavailability of phosphorus, mineral elements and amino acids from components of feed
for poultry and pigs. The birds were kept in a cage battery under the required microclimate
conditions. The effect of feeding experimental additives on the safety of chickens, the intensity
of their growth, meat productivity, chemical and amino acid composition of meat (minced meat),
hematological parameters was studied. Introduction of protein-vitamin wheat bran meal pure and
enzyme preparation Feedbest® P5000 GT into quail mixed fodder increased bird survival by
3.01%, average daily gain of live weight by 3.09 and 3.44% with almost equal feed expenses
per unit production. The fat, calcium and phosphorus content in the meat of poultry fed with
wheat bran flour containing phytase increased by 1.17, 1.13 and 1.17 times, respectively. The
concentration of calcium and phosphorus in the meat of quail that received flour without enzyme
preparation was 1.2 and 1.1 times lower than that of their counterparts that consumed flour with
phytase. Biochemical blood parameters of all the experimental chickens remained within the
physiological norm.

Keywords: quail, compound feed, protein-vitamin flour, enzyme preparation, livability, live
weight
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Protein-vitamin flour from wheat bran enriched with phytase in the
diet of quails

Rogachev V.A., Merzlyakova O.G., Lukyanchikova N.L., Mager S.N.

INTRODUCTION

Optimization of poultry feeding presupposes
a balance of diets in terms of essential nutri-
ents [1]. Consequently, developments aimed at
improving the efficiency of grain raw materials
in mixed fodders are of particular importance.
During variety milling of wheat and rye grains
the shells, aleurone layer and germ, morpho-
logical parts containing biologically valuable
components are separated from the kernel 2 [2-
4]. In the Siberian branch of the Federal Scien-
tific Center of Food Systems named after M.M.
Gorbatov of the Russian Academy of Sciences
works are carried out to substantiate the pos-
sibility of producing biologically active for-
age high-protein and protein-vitamin additives
from the products of flour-milling production
(bran). The fractions obtained by milling bran
and separating them on sieves differ in their
biochemical composition. High-protein flour
is a very fine fraction (50-60 microns) of mill-
ing. The fine fraction (140 pm) contains more
protein and vitamins, but less crude fiber com-
pared to the coarse fraction (400-800 pum). The
amino acid composition of the protein of the
obtained fractions significantly differs from the
composition of wheat endosperm proteins and
is characterized by a more balanced amino acid
composition [5]. The content of dietary fiber in
wheat bran can reach more than 50%. They are
represented mainly by non-starch polysaccha-
rides: arabinoxylans, B-glucans, fructans, cel-
lulose [6]. In our previous studies, it was found
that the use in the diet of laying quail of frac-
tionated wheat bran flour with a particle size of
140 microns instead of 7% wheat feed is the
most effective [7]. This fine fraction of flour
contains more protein and almost 2 times less
crude fiber than the large fractions (400-800 mi-
crons), because it is enriched with elements of
the aleurone layer and germ, the concentration
of protein in which reaches 35%, and cellulose
and lignin are practically absent. The aleurone

layer is also characterized by a higher content
of soluble fibers compared to the outer shells of
the grain [8]. The predominance of elements of
the aleurone layer and germ in the fine fraction
of the flour is explained by their more fragile
structure compared to the outer shells of the
grain; they are easier to dry grind and form a
fine powder. The main form of phosphate stor-
age in grains, legumes and nuts is phytic acid.
Up to 80% of all phosphorus in seeds can be
complexed with this natural compound. Almost
90% of phytic acid in cereals is localized in the
aleurone layer, some amount (10%) is in the
seed bud [9]. Phytic acid is considered an anti-
alimentary factor because of its ability to firmly
bind iron, calcium, zinc and magnesium ions to
form phytate-mineral complexes whose solu-
bility and digestibility are reduced. In wheat
bran, the concentration of phytic acid is 3116-
5839 mg/100 g [10]. During grain germination,
phytic acid is decomposed by endogenous phy-
tases, resulting in increased bioavailability of
phosphorus and 2-valent ions. The addition of
preparations containing phytase to bran should
contribute to the enzymatic degradation of phy-
tate and, as a consequence, increase the bio-
availability of minerals. Therefore, studies on
the effect of phytase introduced into the feed
additive of fractionated protein-vitamin flour of
wheat bran on the productivity and physiologi-
cal condition of poultry are relevant.

The aim of the research was to evaluate the
efficiency of using the protein-vitamin fraction
of wheat bran (grinding degree 140 microns)
enriched with a new generation enzyme prep-
aration Fitbest® P5000 GT in diets of quails
grown up to 60 days of age.

The research objectives are to determine the
effect of the studied feed additive on the safety
and growth rate of quail chickens, their meat
productivity, chemical and amino acid compo-
sition of meat, and biochemical blood param-
eters.

ISivilgaev A.V., Skryabin V.A., Reimer V.A. Production and application of activated high-protein additives from grain raw
materials. Proceedings of the II International Conference "Food, Ecology, Quality". Krasnoobsk, 2002. P. 216.

*Machikhin L.I., Skryabin V.A. Production of protein-vitamin products from secondary grain raw materials. Food. Ecology.
Quality. Proceedings of the V International Scientific and Practical Conference / RASKhN. Siberian Branch. SSI SibNIPTIP.

Novosibirsk. 2008. Pp. 144-146.
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MATERIAL AND METHODS

The experiment with duration of 60 days
was carried out according to the standard
methodology in 2021 on the quail farm of the
physiological cage of the Siberian Research
and Technological Design Institute of Animal
Husbandry of the Siberian Federal Scientific
Centre of Agro-BioTechnologies of the Rus-
sian Academy of Sciences (SRTDIAH SFSCA
RAS) on Japanese quails formed at the age of
one day into three similar groups (one control
and two experimental) with 80 birds in each’
(see Table 1).

Poultry housing conditions and microclimate
in the cage battery complied with zootechnical
requirements. All experimental birds were fed
the same basic diet (mixed fodder), prepared tak-
ing into account the age and physiological char-
acteristics of the quails. Intergroup differences
were as follows: the birds of the control group
received only the basic diet (BD), the quails of
the 1st and 2nd experimental groups consumed
BD, in which part of the wheat (7%) was re-
placed by a protein-vitamin fraction of wheat
bran with a grinding degree of 140 microns.
Quails of the 2nd experimental group received
the protein-vitamin fraction of wheat bran to

Ta6a. 1. Cxema onblTa
Table 1. Experiment scheme

Num-
Group ber, Feeding conditions
heads
Control 80 | BD (basic diet — mixed fodder)
Experi-
mental:
Ist 80 |BD, containing 7% of the protein-
vitamin fraction of wheat bran
(140 microns grinding)
2nd 80 |BD, containing 7% of protein-vi-
tamin fraction of wheat bran (140
microns grinding) with enzyme
preparation Fidbest® P5000 GT
(dosage 300 g/t)

which the enzyme preparation Fitbest® P5000
GT, designed to increase the bioavailability of
phosphorus, mineral elements and amino acids
from components of feed for poultry and pigs,
was introduced. Heat stable preparation of new
generation Fitbest® P5000 GT ensures release
of more than a half of P and amino nitrogen
bound in protein matrix with phytin, chelated
minerals (Ca, Mg, Zn, Cu, Fe, etc), eliminates
anti malnutrition factors, increases availability
of nutrients and energy in feed. Dosage of en-
zyme preparation (300 g/t feed) corresponds to
the norm for broiler chickens, recommended
in the instructions for its use. Protein-vitamin
flour with particle size of 140 microns used in
the experiment was produced at the experimen-
tal bench of the Siberian branch of the Federal
Research Center of Food Systems named after
M. Gorbatov RAS by grinding wheat bran on
a finger-type mill and further fractionation on
sieves. The output of the required fraction is
50% of the initial mass of wheat bran.

The diets were prepared in accordance with
the norms of the All-Russian Research Tech-
nological Institute of Poultry Breeding of the
Russian Academy of Sciences*[1]. The mixed
fodder fed according to the eating capacity
contained the recommended amount of me-
tabolizable energy and basic nutrients. For the
first 5 days, the chicks were fed boiled quail
eggs in addition to the mixed fodder in order
to improve their adaptation to the external en-
vironment. Feed intake was monitored daily by
weighing the given feed and its residues. The
behavior and health status of the quails was
monitored daily. Control weighings of the birds
were performed at starter, at 30 days of age, and
at 2 months of age at the end of the rearing pe-
riod. At 60 days of age, quail cockerels were
slaughtered, selected according to the average
live weight of the group (three heads from each
group) (see footnote 3). The chemical compo-
sition of mixed fodder, wheat bran meal, and
quail meat was studied in the biochemical labo-

3Methodology of scientific and industrial research on the feeding of poultry. Edited by V.I. Fisinin and Sh.A. Imangulov. Ser-

giev Posad, 2000. 33 p.

‘Recommendations on feeding of farm poultry. Edited by V.I. Fisinin and Sh.A. Imangulov, I.A. Egorov, T.M. Okolelova.

Sergiev Posad, 2003. 142 p.
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ratory of the SRTDIAH SFSCA RAS according
to generally accepted methods of zootechnical
analysis. Biochemical composition of poul-
try blood was determined in the biotechnol-
ogy laboratory of the Institute of Experimental
Veterinary Science of Siberia and the Far East
SFSCA RAS. The digital material obtained in
the experiment was processed by the method of
variation statistics on a personal computer us-
ing Microsoft Office Excel software.

Tab6a. 2. CTpykTypa U TUTATEILHOCTH KOMOH-
KOPMOB JUTS TIEpETIeTIOB

Table 2. Structure and nutritional value of
mixed fodder for quails

RESULTS AND DISCUSSION

Quail fodder was prepared taking into ac-
count their age and in accordance with the ba-
sic requirements for this type of birds: balance,
high caloric value, and the required degree of
milling (see Table 2). The mixed fodder was fed
according to the eatability.

In terms of energy nutrition, pure and en-
riched with enzyme preparation Fitbest®
P5000 GT fractionated protein-vitamin wheat
bran flour were practically equal (difference
in ME concentration of 0.78%). No significant
differences between them in crude protein con-
tent (0.35% difference) and amino acid index
(amino acid balance) (2.06% difference) were
also noted (see Table 3).

In 1 kg of fractionated protein-vitamin

Age, days
Component wheat bran flour with a grinding degree of 140
31-60 and
0-30
older
Structure, % Tao6ua. 3. IlurareasHOCTh M XUMUYECKHI COCTaB
Feed wheat 60,0 57,0 (hpakIMOHUPOBAHHON OETKOBO-BUTAMHHHON MYKH
F— . 00 00 MIIICHUYHBIX OTPyOei (cTeneHs momoina 140 MxM)
ull fat soybeans ’ ’ Table 3. Nutritional value and chemical
Sunflower seed cake 10,0 10,0 composition of fractionated protein-vitamin wheat
, bran flour (degree of grinding 140 microns)
Fish meal 5,0 -
Fractionated protein-vitamin
Meat and bone meal 5,0 10,0 wheat bran flour
Indicator with enzyme prepa-
Fodder yeast 3,0 3,0 pure ration Feedbest®
Premix 1,0 1,0 P5000 GT
Tricalcium phosphate 2,0 2,0 Exchange energy, MJ/kg 14,17 14,06
Fodder chalk 2,0 2,0 Chemical composition, %
Shell _ 3,0 Crude protein 14,68 15,03
100 g of mixed fodder contains Crude fat 3,86 3,97
Exchange energy, MJ Crude fiber 3,80 3,09
crude nutrients 1,28 1,32 Nitrogen-free extractive 60.7 57.51
substance
digestible nutrients 1,10 1,11
Crude ash 2,86 2,98
Crude protein, % 26,40 20,88
. ) Calcium 0,500 0,546
Digestible protein, % 15,45 14,60
Crude fat, % 3.71 3.83 Phosphorus 0,252 0,246
Crude fiber, % 7.29 3,97 Essential amino acids sum | 4,297 3,686
Nitrogen-free extractive Dispensable amino acids 8,035 7,038
substance, % 41,28 4549 sum > >
Crude ash, % 1,31 1,21 Amino acids total 12,332 10,724
Calcium, % 1,46 1,84 . .
aetum, % Amino acid index 0,535 0,524
Phosphorus, % 0,86 1,01
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microns the content of vitamin B1 was 7.6 mg,
vitamin B3 - 3.8 mg vitamin B5 - 72.3 mg, vi-
tamin E - 31.0 mg, which is more than in the
original wheat bran by 2.17; 1.52; 1.64 and
1.24 times respectively.

The use of protein-vitamin wheat bran flour
of 140 microns grinding degree in pure form
and enriched with enzyme preparation Fid-
best® P5000 GT in quail diets was found to
have a positive effect on the safety and growth
rate of birds (see Table 4).

The survival of chickens in the 1st and 2nd
experimental groups increased by 3,01% rela-
tive to the control, the average daily gain of
live weight (for 60 days of experience) by
3,09 and 3,44% (p>0,05) with almost equal
feed consumption per unit (the maximum in-
tergroup difference between the control and
the 2nd experimental group was 1,75%). Feed

consumption by poultry of the Ist and 2nd ex-
perimental groups increased insignificantly by
3.55 and 5.0% in comparison with the control
counterparts.

The results of the control slaughter of quail
chickens showed that the weight of the pan-
ready carcass in the 1st and 2nd experimental
groups was 1.44 and 3.36% higher than in the
control (p> 0.05) (see Table 5). Intergroup dif-
ferences in slaughter yield were insignificant
(maximum 1.92%).

Inclusion of wheat bran protein-vitamin flour
in the diet affected the chemical composition
of meat (minced meat) of quail chickens (see
Table 6). The first experimental group exceeded
the control group in meat dry matter content by
1.75% (p>0.05), fat by 1.18 times, but was infe-
rior to it in calcium concentration by 1.06 times
(p> 0.05). The meat of poultry of the 2nd ex-

Taoa. 4. CoxpaHHOCTb, IPUPOCT KUBOM MACCHI LBIIUIAT-NIEPETIETIOB U pacxo kopma Ha | Kr mpupocra

Table 4. Safety, live weight gain of quail chickens and feed consumption per 1 kg of gain

Group
Indicator control experimental
Ist 2nd
Safety, % 94,00 97,01 97,01
Live weight, g:
in the beginning of the experiment 8,50 £ 0,07 8,50+ 0,09 8,73+ 0,07
at the age of 30 days 79,81 £2,42 90,32 £2,42 85,31 +£2,08
at the age of 60 days 183,37 £ 2,53 188,73 +£ 2,55 189,26 + 2,04
Live weight gain in 60 days, g:
absolute 174,87 + 2,39 180,23 + 2,44 180,53 + 2,38
daily average 2,91 +0,03 3,0+£0,04 3,01 £0,03
Feed consumption in 60 days, kg 1,100 1,139 1,155
Feed expenses per 1 kg of growth, kg 6,29 6,32 6,40
Ta6a. 5. Pe3ynbrarsl KOHTPOIBHOTO YOOI ITOIOTIBITHOMN ITHUIIBI
Table 5. Results of control slaughter of experimental poultry
Group
Indicator control experimental
Ist 2nd
Pre-slaughter live weight, g 180,12 +£ 0,77 185,43 + 0,68 184,29 + 0,59
Gutted carcass weight, g 139,0 £ 0,84 141,00 + 0,63 143,67 + 0,99
Slaughter yield, % 77,17 +0,43 76,04 + 0,95 77,96 £ 0,53
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perimental group fed wheat bran with enzyme
preparation contained 0,87% more dry matter,
1,17 times more fat (p <0,01), 1,13 times more
calcium and 1,17 times more phosphorus (p <
0,05) than the control. The concentration of cal-
cium and phosphorus in the meat of quails fed
with flour without enzyme preparation was 1.2
and 1.1 times lower than that of counterparts
consuming flour with phytase.

No significant intergroup differences in the
balance of meat amino acids were observed.
The amino acid index of meat of quail of con-
trol counterparts, the 1st and 2nd experimental
groups was almost the same (within 0.92-0.97).

Hematological studies indicate that all
experimental quails were clinically healthy
(see Table 7). No significant intergroup differ-
ences in biochemical blood parameters of the
birds were observed.

Ta6a. 6. XuMudyeckuii 1 aMUHOKHCIIOTHBIN COCTaB Msca ((apiia) IbIUIIT neperneios, %

Table 6. Chemical and amino acid composition of meat (minced meat) of quail chickens, %

Group
Indicator experimental
control
1st 2nd
Dry matter 2927 +0,17 31,02 £0,09 30,14 +£0,20
Proteic substance 19,67 £ 0,27 20,32 +0,11 19,58 £ 0,22
Fat 6,00 +0,19 7,07 +£0,10 7,00 +£ 0,10
Ash 3,60 £ 0,08 3,63 £ 0,05 3,56 £ 0,04
Calcium 1,329 + 0,004 1,250 + 0,005 1,504 + 0,004
Phosphorus 0,800 + 0,005 0,846 £+ 0,006 0,933 £ 0,005
Amino acids:
Essential amino acids sum (arginine,
valine, histidine, lysine, leucine, isoleu-
cine, tryptophan, threonine, tyrosine,
phenylalanine) 7,81 7,76 7,72
Dispensable amino acids sum (proline,
serine, alanine, glycine, glutamine, as-
paragine, cystine) 8,46 7,99 7,92
Amino acid index 0,92 0,97 0,97
Taoa. 7. buoxumuyeckue nokazareiid KpOBH IBIIUIAT MEPETEsIOB
Table 7. Biochemical blood parameters of quail chickens
Group
Indicator experimental
control
Ist 2nd
Total protein, g/l 38,15+ 1,54 38,50+ 0,75 39,12 £1,60
Albumin, g/l 21,08 + 1,22 20,81 + 0,74 21,69 + 0,83
Globulin, g/l 17,07 0,43 17,69 + 0,35 17,43 + 0,76
SGOT, units/l 280,77 + 27,18 278,32+ 19,18 293,03 + 35,10
SGPT, units/l 15,67 3,16 14,73 £ 1,58 14,73 £ 3,68
Calcium, mmol/l 2,41 40,07 2,47 £ 0,09 2,57+0,07
Phosphorus, mmol/l 2,32+0,13 3,15+0,51 3,19 + 0,47
Glucose, mmol/l 4,54 +0,27 5,02+ 0,31 4,70 £ 0,21
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CONCLUSIONS

1. The use of protein-vitamin wheat bran
flour of 140 um grinding degree in pure form
and with enzyme preparation Fitbest® P5000
GT (instead of 7% wheat mixed feed) in quail
diets had a positive effect on the livestock breed-
ing indicators. The survival rate of chickens in
the experimental groups increased by 3.01%
relative to the control; average daily gain of live
weight increased by 3.09 and 3.44% (p <0,05)
with practically the same amount of feed per
unit. Intergroup differences in slaughter yield
are insignificant (maximum 1.92%).

2. The meat of quails fed with protein-vi-
tamin wheat bran meal containing Fitbest®
P5000 GT containing phytase had 1.17; 1.13
and 1.17 times more fat, calcium and phospho-
rus, respectively, in comparison with the con-
trol (p < 0.05). The concentration of calcium
and phosphorus in the meat of quails fed with
flour without enzyme preparation was 1.2 and
1.1 times lower than that of counterparts con-
suming flour with phytase. Biochemical blood
parameters of all experimental chickens re-
mained within the physiological norm.
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BJIMSAHUE HAHOYACTUILl CEPEBPA HA AHTUBUOTUKOPE3ZUCTEHTHOCTbD
MUKPOOPTAHU3MOB I1PU JIEYEHUU SHIOMETPUTA KOPOB

Hedenosa E.B., ) [lIxunas H.H.
Cubupckuii ghedepanvhwiii HayuHbll YeHmp azpoouomexnonozuti Poccutickou akademuu Hayk

HoBocubupckast ob6macts, p.im. Kpacnoobck, Poccus
(><) e-mail: nicola07@mail.ru

I'maBHBIH STHONOTMYECKU (PaKTOP BOSHUKHOBEHUS SHJIOMETPUTOB — MIATOTCHHAS U YCIOBHO-TIA-
TOreHHasi MUKpo(IIopa, MPOHUKAIOIIAS B MaTKy B TIOCIEPOIOBOM TIEPHOJI, BO BpPEMsI TEUKH, UCKYC-
CTBEHHOT'O OCEMEHEHMS 3arpsA3HEeHHOM criepMoil. [IpoBeneHo ncciieoBaHue ¢ LEebl0 U3yYeHUs U3-
MEHEHUS aHTHOAKTEePHaIbHOM 4yBCTBUTEILHOCTH MUKPOOPIraHU3MOB IIPH TEPAIIMHU M10CIEPOJOBOTO
THOMHO-KaTapaJbHOI0 SHIAOMETPUTA KOPOB IIPENapaToM, COAep KallliM HaHOYaCTHLBI cepedpa. [is
H3YUYCHHS POJIH YCIOBHO-IIATOTEHHOM MUKPO(IIOPHI B 3THOJIOTUH MOCIEPOAOBBIX THOWHO-KaTapaib-
HBIX 3HJIOMETPUTOB MPOBEICHO KIMHUYECKOe uccienoBanue 150 kopoB B ycnoBusx xo3saiictsa Ho-
BOCHOHMPCKOI 001aCTH B MEPUOJ] MACCOBOTO OTelia. JKUBOTHBIX MO MPUHIHUITY aHAJIOTOB Pa3/IeNInIN
Ha OMBITHYIO U KOHTPOJBHYIO TpymIibl. KOHTPOIBHOI IpyTiiie BBOAMIN PHIOHH KUP BHYTPHIMATOTHO
B o3¢ 150 MJI ¢ OKCUTETPAMKIMHOM THIPOXJIOPHIOM B 03¢ 40 MI/KT KUBOM Macchl, 1 pa3 B 48 u
U YTEPOTOH BHYTpUMBIIIEYHO B f03¢ 10 mu1, ogHokpaTHO 1 pa3 B 48 4. OnbITHOM Ipynie BBOIUIU
BHyTpuMatouHo 10%-i1 BomHbIl pacTBop aproBura B no3e 100 mi, 1 pa3 B 48 u 1 yTepoTOH BHY-
TpuMmbliedHo 10 mi, onHokpatHO 1 pa3 B 48 4. YcTaHOBJIEHO, YTO MPU JIEYEHUHU TOCIEPOIOBOIO
THOMHO-KaTapajabHOTrO SHJAOMETPUTA KOPOB IpPErapaToM aproBUT YMEHBIIAETCS CPeTHUI CPOK Jie-
YyeHus 3a0oneBanus B 1,8 pasza o cpaBHEHHUIO NpenaparoM B KOHTPOJILHOU rpyrme. [Ipu eueHnn
IIOCJIEPOZOBOr0 THOHHO-KaTapajabHOIO SHAOMETPUTA KOPOB MPENAPaTOM aprOBUT YCTAHOBJIEH POCT
AHTHOMOTHKOYYBCTBUTEILHOCTH H30IMPOBAaHHOM MUKpodiops! k 21 npenapary (87,5%) —ot 1,2 no
100%. B KOHTpOIBHOI TpyIIIie OTMEUEHO CHIKEHUE aHTHOMOTHKOYYBCTBUTEILHOCTH BBIACTICHHON
mukpodops k 18 (75%) npenaparam — ot 1,1 mo 28,7%.

KuroueBble cj10Ba: THOMHO-KaTapalbHBIA SHIOMETPUT, HAHOYACTHUIIHI cepedpa, aHTHOMOTHKO-
PEe3UCTEHTHOCTh, MUKPOOPTaHU3MBI

EFFECT OF SILVER NANOPARTICLES ON ANTIBIOTIC RESISTANCE
OF MICROORGANISMS IN THE TREATMENT OF ENDOMETRITIS IN COWS
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Siberian Federal Scientific Center of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk Region, Russia
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The main etiological factor in endometritis is pathogenic and opportunistic pathogenic
microflora entering the uterus during the postpartum period, during estrus, artificial insemination
with contaminated sperm. A study was carried out to investigate changes in antibacterial sensitivity
of microorganisms during therapy after labor purulent-catarrhal endometritis of cows with a
preparation containing silver nanoparticles. To study the role of opportunistic pathogenic microflora
in the etiology of postpartum purulent-catarrhal endometritis a clinical study of 150 cows in a
farm in the Novosibirsk region during mass calving was carried out. Animals were divided into
experimental and control groups according to the analogy principle. The control group received fish
oil intramuscularly in a dose of 150 ml with oxytetracycline hydrochloride in a dose of 40 mg/kg of
live weight once every 48 hours and uteroton intramuscularly in a dose of 10 ml once every 48 hours.
The experimental group received intrauterine injections of argovit 10% aqueous solution at a dose of
100 ml once every 48 h and uteroton intramuscularly at a dose of 10 ml once every 48 h. It was found
that the treatment of postpartum purulent-catarrhal endometritis of cows with argovit decreased the
average duration of treatment of the disease by 1.8 times compared to the preparation in the control
group. When treating postpartum purulent-catarrhal endometritis of cows with argovit, an increase
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in antibiotic sensitivity of the isolated microflora to 21 drugs (87.5%) from 1.2 to 100% was found.
In the control group, there was a decrease in antibiotic sensitivity of the isolated microflora to 18

(75%) preparations from - 1.1 to 28.7%.

Keywords: clinical endometritis, silver nanoparticles, antibiotic resistance, microorganisms.
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INTRODUCTION

The increase in the reproduction of herds is
greatly slowed down by the spread of the breed-
ing stock infertility, which is caused by gyne-
cological pathologies. Inflammatory processes
in the uterus take a chronic course due to un-
timely treatment of acute endometritis, as well
as incomplete course of therapy. Endometritis,
which reduces milk productivity, reproductive
ability, and milk quality, leading to premature
culling and failure to produce animal yield, is
one of the most common gynecological diseas-
es of cattle [1-5].

Endometritis of bacterial origin remains one
of the most pressing problems of veterinary
medicine. Due to the complexity of the etiology
of this disease, it is currently impossible to de-
velop a specific prevention and therapy, which
entails uncontrolled use of broad-spectrum
drugs. Their long-term uncontrolled use has led
to global antibiotic resistance of microorgan-
isms [6, 7]. This raises the need for the latest
complex drugs. One of the promising areas of
modern pharmacology is the creation of new
drugs using nanotechnology products, which
opens up the possibility of increasing their ef-
fectiveness [8, 9].

The purpose of the study was to investigate
the change in antibacterial sensitivity of mi-
croorganisms during the therapy of postpartum
purulent-catarrhal endometritis of cows with a
preparation containing silver nanoparticles.

MATERIAL AND METHODS

To study the role of opportunistic microflora
in the etiology of postpartum purulent-catarrhal
endometritis a clinical study of 150 cows under
farm conditions in the Novosibirsk region was
carried out. Endometritis diagnostics, treat-
ment, typing and antibiotic sensitivity determi-
nation of the isolated microorganisms were car-
ried out according to the "Methodical instruc-
tions on diagnostics, therapy and prophylaxis
of reproductive organs diseases of cows and
heifers" (2005). The material for examination
was vaginal mucus secretion before and after
treatment. The vaginal secretion was collected
with a sterile cotton-gauze tampon after a thor-
ough cleaning of the vulva and the root of the
tail with a tampon moistened with 70% ethyl
alcohol rectifying agent.

Bacteriological examination was performed
by inoculating the vaginal mucus secretion on
5% blood agar, MPA with 1% glucose, and
Endo medium. Staphylococci and streptococ-
ci were isolated using a selective supplement
("StaphStrepto Supplement", India). Identifica-
tion of microflora isolated from sick cows was
carried out taking into account cultural, mor-
phological and biochemical properties of bac-
teria according to generally accepted methods
(Bergey's Bacterial Identifier, 2000). Biochemi-
cal properties of bacteria were studied using a
set of reagents - biochemical plates differenti-
ating enterobacteriaceae (SPA Diagnostic Sys-
tems LLC, Nizhny Novgorod), streptococci
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(Strepto-test 16 Erba Lachema s.r.o., the Czech
Republic), staphylococci (Staphytest- 24 Erba
Lachema s.r.0., the Czech Republic).

Microflora sensitivity was investigated by
disco-diffusion method on Mueller-Hinton agar
(Bio-Rad, USA) in accordance with the crite-
ria of the European Committee for Antibiotic
Susceptibility Testing (EUCAST, 2018). Mul-
tiple drug resistance was defined as resistance
to three or more antibacterial agents.

Argovit drug is a complex of highly dis-
persed nanoparticles of cluster silver, polyvi-
nylpyrrolidone and aqueous solution obtained
by electrobeam method. It has a wide range of
antimicrobial action against Gram-positive and
Gram-negative, aerobic and anaerobic, spore-
forming and asporogenic bacteria in the form
of monocultures and microbial associations.

Fish oil (veterinary fat), derived from fish
and marine mammals, 1S a source of vitamins
and polyunsaturated fatty acids, 1 ml of which
contains vitamins: E - 600 micrograms, A - 500
IU and D3 - 30 IU. It is used internally for pre-
vention and treatment of vitamin A deficiency,
rickets, chronic infections, sexual disorders in
animals.

Oxytetracycline hydrochloride is an anti-
bacterial drug of the tetracycline group that is
effective against rickettsiae, gram-negative and
gram-positive microbes.

Uterotone has a blocking effect on myome-
trial beta-adrenoreceptors, which contributes to
the activity of endogenous oxytocin, resulting in
increased uterine smooth muscle contractions.

Animals were divided into experimental and
control groups according to the analogy princi-
ple. The control group (n = 75) received fish oil
intrauterinely in a dose of 150 ml with oxytet-
racycline hydrochloride in a dose of 40 mg/kg
live weight once every 48 hours and Uteroton
intramuscularly in a dose of 10 ml, once every
48 hours. The experimental group received in-
trauterine injections of Argovit 10% aqueous
solution in a dose of 100 ml once every 48
hours and Uteroton intramuscularly in a dose
of 10 ml once every 48 hours.

RESULTS AND DISCUSSION

Microbiological studies of mucus from the
cervical-vaginal canal of cows with postpartum
endometritis revealed microorganisms of Strep-
tococcus spp. in 24.1% of samples, Staphylo-
coccus spp. - 22.5, E. coli 20.0, S. enteritidis
19.2, and Pr. vulgaris 14.2% of samples, re-
spectively (see Table 1). Bacteriological stud-
ies of uterine and vaginal secretions of cows
with postpartum purulent-catarrhal endome-
tritis revealed the following associations of
microorganisms: Str. pyogenes + St. aureus +
Pr. vulgaris + E. coli (47.5%), Str. pyogenes +
E. coli (19.2), S. enteritidis + E. coli + Pr. vul-
garis (15.8), St. aureus + E. coli (10) and Str.
pyvogenes + St. aureus (7.5%).

Laboratory studies of microbial isolates
showed high sensitivity to oxytetracycline,
which justified its use as a control drug in the
production trial of Argovit. The results of the
study revealed significant therapeutic efficacy
in the treatment of postpartum purulent catarrh-
al endometritis in cattle with silver-containing
drug Argovit compared with an antibacterial
agent. During therapy with Argovit the average
period of treatment of cows was 7,8 + 0,1 days,

Tao6a. 1. MuKpOOpraHU3MEbI, BBIICTICHHBIC U3
MaTOYHO-BJIATIHIIHBIX BBIACIEHUH KOPOB, OOIh-
HBIX TI0CJIEPOIOBBIM THOMHO-KaTapalbHBIM HJI0-
METPHUTOM

Table 1. Microorganisms isolated from the
uterine-vaginal secretions of cows with postpartum
purulent-catarrhal endometritis

Microorganism N}lmber of %
isolates

Streptococcus pyogenes 29 24,1
Streptococcus aureus 27 22,5
Escherichia coli 24 20,0
Salmonella enteritidis 23 19,2
Proteus vulgaris 17 14,2
Str. pyogenes + St. aureus +

Pr. vulgaris + E. coli 57 47,5
Str. pyogenes + E. coli 23 19,2
Salmonella + E. coli + Pr. vulgaris 19 15,8
St. aureus + E. coli 12 10,0
Str. pyogenes + St. aureus 9 7,5
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which is 1,8 times shorter in comparison with
the complex preparation (fish oil + oxytetracy-
cline hydrochloride) in the control group, where
the period of treatment was 14,1 + 0,6 days.
After treatment of cows with postpartum pu-
rulent-catarrhal endometritis, the control group
showed a decrease in antibiotic sensitivity of the
isolated microflora to 18 (75%) drugs, from 1.1
to 28.7%. A slight increase to tylosin, lincomy-
cin, polymyxin, erythromycin, gentamicin and
carbenicillin was detected, from 3.7 to 24.8%.
When cows were treated with Argovit, there
was an increase in antibiotic sensitivity of iso-
lated microflora to 21 drugs (87.5%), from 1.2
to 100%, with simultaneous decrease of sensi-
tivity to doxycycline, enrofloxacin and oxytet-
racycline from 3.1 to 23.2% (see Table 2).

The obtained results of enhancing the bac-
tericidal effect when AgNPs are used together
with antibacterial drugs are confirmed in other
studies as well. S. Z. Naqvi et al. [10] described
the combined effect of concomitant use of anti-
bacterial drugs and silver nanoparticles against
multidrug-resistant bacteria. It was found that
the synergistic effect of antibiotics (ciprofloxa-
cin, imipenem, gentamicin, vancomycin, trim-
ethoprim) and nanoparticles led to an increase
in antibacterial activity by 0.2-7.0 (average 2.8)
times. This confirms that nanoparticles can be
effectively used in combination with antibiotics
to increase their effectiveness against various
pathogenic microbes. M.S.M. Mohamed et al.
[11] described the antibacterial effect of com-
bined use of AgNPs and vancomycin against Sz.

Taoda. 2. V3MeHeHue ypoBHs YyBCTBUTEILHOCTH BBIACICHHON MUKPO(MIOPHI K aHTHOMOTHUKAM TIPH
JICYeHUU THOWHO-KaTapajabHOro sugomerpura (n = 40), %

Table 2. Change in the level of sensitivity of the isolated microflora to antibiotics in the treatment of

purulent-catarrhal endometritis (n = 40), %

Control group, n =40 Experimental group
Antibiotie Before treat- After treatment % Before treat- After treatment %
ment ment

Amoxicillin 12,9+0,9 11,3+0,5 -12,4 152+0,3 18,7+0,1 +23

Ampicillin 153+0,1 10,9+ 0,4 -28,7 16,2+ 0,5 17,1 +£0,4 +5,5
Amikacin 143 +1,0 12,8 £0,2 -10,4 16,5+0,2 16,7+0,7 +1,2
Benzyl-penicillin 16,1 £0,3 15,3+0,1 -4.9 16,1 £0,1 16,7 £ 0,4 +3,1

Gentamicin 15,3+0,8 17,4 +£0,2 +13,7 18,9+ 0,4 21,4+0,1 +13,2
Doxycycline 16,1 +0,1 14,3+0,9 -11,2 16,3 +0,1 15,8 £0,5 -3,1

Carbenecillin 12,5+0,7 15,6 £0,2 +24.8 20,1 +£0,4 21,8+0,4 +8.4
Norfloxacin 16,2+ 1,1 12,3+0,9 24,1 16,3 +£0,7 17,4+0,1 +6,7
Neomycine 13,7+ 0,5 12,6 +£0,3 -8 16,9+ 0,5 18,5+ 0,2 +9,5
Polymyxin 12,1 +£0,7 13,1£0,4 +8,3 16,4+ 0,7 17,5+0,3 +6,7
Rifampicine 15,2+£0,2 14,1 +0,1 -7,2 - 15,6 £0,1 +100
Streptomycin 19,9 £0,1 15,6 £0,7 21,6 17,4 £0,2 18,1 0,1 +4

Enrofloxacin 19.3+0,6 17,5+0,1 -9,3 18,9+0,7 16,3+0,2 -13,7
Ciprofloxacin 18,1 £0,8 16,7+0,5 -1,7 16,9 +0,3 19.2+0,4 +13,6
Tetracyclin 18,3+0,4 17,1 £0,7 -6,5 — 17,1 £0,6 +100
Oxytetracycline 22,1+0,7 17,8 £0,5 -19.4 23,2+0,5 17,8 £0,7 -232
Ofloxacin 17,3+0,5 16,2 +0,1 -6,3 — 18,4 +0,6 +100
Lincomycin 17,6 £0,2 18,7+ 0,4 +6,2 16,9 £0,5 18,1 £0,3 +7,1

Tylosin 13,7+ 0,6 142 +0,1 +3,7 17,8+ 0,4 18,5+0,1 +3,9
Tobramycin 17,3+0,2 17,1 £04 -1,1 17,6 £0,7 18,4+0,7 +4,5
Laevomycetin 17,5+ 0,1 16,2 +0,3 -7,4 - 15,6 £ 0,1 +100
Ceftiofur 16,7+ 0,3 15,8+ 0,6 =54 16,1 £0,8 16,7 +0,2 +3,7
Ofloxacin 17,8+ 0,6 16,6 + 0,1 —-6,7 16,5+ 0,5 16,8 + 0,1 +1,8
Erythromycin 14,2+0,4 15,7+0,8 +10,5 18,3 +0,4 19,1 £0,7 +4.4
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aureus, Pseudomonas aeruginosa and Strepto-
coccus pneumoniae.

Synergistic effect of AgNPs in combination
with erythromycin and levofloxacin against St.
aureus was noted. Antimicrobial activity with
antibiotics compared to pure silver nanoparticles
increased by 1.16-1.32 times. This synergism
may be relevant for the treatment of infections
caused by multidrug-resistant bacteria [12].

The results of the studies confirm the syner-
gistic antibacterial effect of the combined use
of AgNPs and antibacterial agents, which was
established by determining the antimicrobial
activity of AgNPs and chlorhexidine gluco-
nate against the five most common pathogenic
bacteria of the human oral cavity. The average
MIC value of AgNPs for Streptococcus mu-
tans MTCC 497 was 60 £ 22.36 pug/ml, Str.
oralis MTCC 2696 - 45 + 11.18, Lactobacil-
lus asidorhylus MTCC 10307 - 15 + 5.59,
L. fermentum - 90 £ 22.36, Candida albicans
MTCC183-2.82 £ 0.68 ng/ml respectively. For
chlorhexidine gluconate, the mean MIC of St~
mutans MTCC 497 was 300 + 111.80 pg/ml,
Str. oralis MTCC 2696 was 150 £+ 55.90, L. ac-
idophilus MTCC 10307 was 450 + 111.80,
L. fermentum was 450 £ 111.80 and C. albicans
MTCC 183 was 150 £ 55.90 ug/ml [13].

The results of the studies showed the inten-
sity of bactericidal properties depending on the
type of the studied preparation. Literature data
confirm the evaluation of the antibacterial effect
of using AgNPs and antibiotics against bacteria
isolated from animals that show resistance to
antibiotics by serial dilution method. The mini-
mum inhibitory concentrations of both types of
antimicrobials were determined, both individu-
ally and in combination. The fractional index
of inhibitory concentration was calculated and
used to classify the observed collective antibac-
terial activity as synergistic, additive (only the
sum of the individual drug effects), indifferent
(no effect), or antagonistic. Of the 40 tests per-
formed, 7 were synergistic, 17 were additive,
and 16 were indifferent. None of the combina-
tions tested showed an antagonistic effect. Most

synergistic effects were observed for combina-
tions of AgNPs administered together with gen-
tamicin, but the greatest increase in antibacte-
rial activity was found for combination therapy
together with penicillin G against Actinobacil-
lus pleuropneumoniae. A. pleuropneumoniae
and Pasteurella multocida, initially resistant to
amoxicillin, gentamicin and colistin, were sen-
sitive to these antibiotics when combined with
AgNPs. A study shows that AgNPs have poten-
tial as adjuvants for the treatment of bacterial
diseases in animals [14].

The analysis of the studies allows us to iden-
tify some regularities in the changes of antibac-
terial properties of the preparations when they
are used mono- and in combination. The pres-
ence of pronounced antibacterial properties in
the Argovit preparation containing AgNPs both
in monovariant use and in combination with an-
tibacterial preparations was noted. At the same
time, the inclusion of AgNPs and DMSO has a
pronounced synergistic effect and significantly
reduces the antibiotic concentration at which
the bactericidal effect is fixed. The highest sen-
sitivity of both AgNPs and their combinations
with antibiotics was found in the reference
strain £. Coli ATCC 25922 strain compared to
the E. coli 1solate isolated from an animal with
a clinical manifestation of an infectious disease.
The combination of AgNPs and the antibiotics
enrofloxacin, gentamicin, ceftimag, cipromag,
oxytetracycline, and ampicillin showed the
greatest increase in bactericidal activity against
both E. coli ATCC 25922 and the E. coli isolate
than the combination of AgNPs + antibiotic +
DMSO, except for cloxacillin when studied
with the E. coli isolate [9, 15].

Increasing the effectiveness of antimicrobial
activity due to combinations of AgNPs and an-
tibiotics will allow the use of antibiotics that
have fallen out of use due to bacterial resistance
problems, providing additional treatment op-
tions in the health, veterinary and agricultural
sectors. The studies conducted confirm the re-
sults of .LA. Mamonova' on the ability of metal
nanoparticles to restore the sensitivity of E. coli

"Mamonova I.A. Effect of transition metal nanoparticles on antibiotic-resistant strains of microorganisms: thesis abstract of

the Can. Sci. in Biology. M., 2013. 21 p.
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strains to some B-lactam antibiotics (ampicillin,
amoxicillin) and aminoglycosides.

The results obtained open the prospect of
further studies of AgNPs to evaluate the syn-
ergistic qualities of increasing the bactericidal
properties of antibiotics against a wide range of
infectious pathogens in the treatment of a wide
range of pathologies.

CONCLUSION

When treating postpartum purulent-catarrh-
al endometritis of cows with the drug argovit,
an increase in antibiotic sensitivity of the isolat-
ed microflora to 21 drugs (87.5%) from 1.2 to
100% was found. After treatment with the giv-
en preparation in cows suffering from postpar-
tum purulent-catarrhal endometritis, the control
group showed the decrease of antibiosensitivity
of isolated microflora to 18 (75%) preparations
from 1,1 to 28,7%. At the same time a slight
increase to tylosin, lincomycin, polymyxin,
erythromycin, gentamicin, and carbenicillin
was observed, from 3.7 to 24.8%.
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HNCITOJBb30BAHMUE IVIOAO0B HIMITIOBHUKA B TEXHOJIOI'MHN
NUTHLEBBIX KUCEJEN

lepounun B.B., <) I'oay6 O.B., Yekpsoira I.I1., MotoBuios O.K.

Cubupckuil ¢hedepanvhviili HayuHblll YyeHmp azpoduomexnono2utl Poccutickoll akademuu Hayk
Hosocubupckast o6macts, Poccus

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

[IpencrarieHsl UCCIEIOBaHMSI IO pa3pabOTKe PelenTyPbl U TEXHOJIOTUH KHCEJISH MUThEBBIX, CO-
JIeprKaIuX HaTHBHBIE OMOIOTHYECKH aKTHBHBIE BEIIECTBA 32 CUET MCITOIF30BaHMUSI TIJIOA0B IITHITOB-
Huka. [Ipoananu3upoBaHo MO MATh BAPUAHTOB HOBOM MPOAYKIMH U3 CBEKUX M CYIICHBIX ILJIOJOB
IIMITIOBHUKA ¢ JOOABJICHUEM caxapa, kKapTo(eabHOro Kpaxmasia, KCaHTaHOBOW KaMeIn U JINMOHHOM
KHUCJIOTBI. YCTaHOBJIEHO, UTO KHUCEU MUThEBbIE, coaepskamue He MeHee 21,5% cpexux wiu 5,37%
CYIICHBIX TUIOJIOB IIMIIOBHUKA, OBUIH HanOoJIee MpUBJICKaTeIbHBIMU. VCcoNbp30BaHNe MEXaHOAKY-
CTHUYECKOT0 000PYI0BaHUs MPH M3TOTOBJICHUHM KUCEJIECH MPUBOAUT K (DU3NKO-XMMUYCCKUM H3Me-
HEHUSIM CHIPbS (YaCTUYHOU JMECTPYKIIUHN KIIETOYHBIX CTEHOK, 00Pa30BaHUIO HOBBIX KpacsIuX Be-
LIECTB | JIP.), YTO MOJIOKUTEIILHO BIUSET HAa ()OPMUPOBAHKUE OPTAHOJICIITHUCCKON XapaKTePUCTHKU
HOBO TIPOAYKIINH, a TAKXKE COKPAMIACT TEXHOIOTHICCKHE OTIEPAINH MTPOU3BOACTBA 1 MHTHOUPYET
MHUKpOOpranu3mbl. Yiorpeoierue 200 cM® HOBO# MPOIYKIINK 00SCIIeYnBAET OPIraHU3M YEJIOBEKa HEe
MeHee 62% OT CyTOYHOU MOTPEOHOCTH B aCKOPOMHOBOM KUCIIOTE U He MeHee 66% — B J-kapoTuHe,
a TaKXe MUIICBBIMU BOJIOKHaMK He MeHee 0,6 T 1 (peHONBbHBIMY BellecTBaMu — 11 Mr. YcTaHOBJICH
CPOK TOTHOCTH KHCeJIel TUThEeBhIX ITUIIOBHUKOBBIX — 12 MeC B CTEKIISTHHBIX OaHKax MpH TeMIepa-
Type 25° C 1 OTHOCHTENBHOHN BIaXXKHOCTH BO3AyXa HE BbIle 75% M B 3aIlIMIIEHHOM OT MPSMBIX
COJTHEUHBIX JIyueil MmecTe. Ha ocHOBaHUY MPOBEICHHBIX UCCIICOBAHIN pa3paboTaHa HOPMaTHBHO-
TEeXHUYECKas TOKYMEHTAIHsI Ha KUCEH MTUThEeBbIE ITNTTOBHUKOBBIE.

KuaroueBbie €10Ba: MIUNIOBHUK, KHCEIU MMUTHEBIC, OPraHOJICIITUYCCKUE MTOKA3aTeNu, PU3UKO-
XUMHUYCCKHE [TOKa3aTe/ 1, OHOJOrMUECKH aKTHBHBIC BEIIECTBA, MUKPOOHUOIOTHYECKUE TOKA3aTelH,
CPOK TOJTHOCTH

THE POSSIBILITIES OF USING ROSEHIP FRUITS IN THE POTABLE KISSELS
TECHNOLOGY

Shcherbinin V.V., (<) Golub O.V., Chekryga G.P., Motovilov O.K.

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

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

Research on the development of the recipe and technology of potable kissels containing native
biologically active substances through the use of rosehip fruits is presented. Five variants of new
products from fresh and dried rosehips with the addition of sugar, potato starch, xanthan gum and
citric acid were analyzed. It was found that the potable kissels containing at least 21.5% fresh or
5.37% dried rosehip fruits were the most appealing. The use of mechanoacoustic equipment in
the manufacture of kissels leads to physical and chemical changes in the raw materials (partial
destruction of the cell walls, the formation of new coloring substances, etc.), which positively affects
the formation of organoleptic characteristics of new products, as well as reduces the technological
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The possibilities of using rosehip fruits in the potable
kissels technology
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operations of production and inhibits microorganisms. The consumption of 200 cm? of new products
provides the human body with at least 62% of the daily requirement for ascorbic acid and at least
66% for B-carotene, as well as dietary fiber of at least 0.6 g and 11 mg of phenolic substances. The
shelf life of rosehip potable kissels is 12 months in glass jars at 25 © C and relative humidity of 75%
or higher and in a place protected from direct sunlight. On the basis of this research, normative and
technical documentation for potable rosehip kissels was developed.

Keywords: rosehip, potable kissels, organoleptic indicators, physico-chemical indicators,
biologically active substances, microbiological indicators, shelf life
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INTRODUCTION

Specialists believe that rosehips are used in
the creation of food products in a very small
amount in spite of the fact that they contain
valuable nutrients for the human body. The
content of biologically active compounds pro-
viding physiological value of rosehips has a
wide variability and depends on many factors
(species, pomological variety, place of growth,
time and harvesting conditions, etc.). [1-8].

Kissels, which belong to the original Rus-
sian cuisine, are currently being developed,
studied, and produced either as food concen-
trates or as a sweet dish in the public cater-
ing system [9-14]. At the same time, there
are virtually no works on the development
and study of the characteristics of the qual-
ity of drinking kissels. In the system of the
Federal Institute of Industrial Property, Fed-
eral Service for Intellectual Property, Patents
and Trademarks only one patent of the Rus-
sian Federation Ne 2668338 for the method
of production of collagen enriched drinking
kissels for functional nutrition from fruits
(actinidia, black chokeberry, honeysuckle,
red ashberry) was registered. According to
the "Unified Register of issued certificates
of conformity and registered declarations of
conformity", currently only six Russian com-
panies in Moscow, St. Petersburg, Stavropol,

Krasnoyarsk, Yekaterinburg and Rasskazov
produce "drinking kissels". Rosehip kissels
(according to the "Unified Register...") are
produced in our country only as food con-
centrates by eight enterprises, which are lo-
cated mainly in the Siberian Federal District
(62.5%), and the rest in the Moscow, Chely-
abinsk and Yaroslavl regions (12.5% each).

The purpose of the work is to conduct re-
search on the possibility of making drinking
kissels from rosehips.

Research objectives:

- develop the recipe and technology of
drinking rosehip fruit kissels;

- determine the shelf life of rosehip drink-
ing kissels.

MATERIAL AND METHODS

The experimental studies were carried out
in the laboratories of the Siberian Federal Sci-
entific Center of Agro-BioTechnologies of the
Russian Academy of Sciences.

When conducting research we used mate-
rials that by their qualitative characteristics
meet the requirements of the current norma-
tive documentation: rosehip fruit to form tech-
nical characteristics of drinking kissels, white
sugar, potato starch, citric acid to form the
original odor, structure and taste of ready-to-
eat products, xanthan gum to reduce moisture
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loss during thermal processing and subsequent
storage, as well as stabilize the consistency of
the finished product.

The study of chemical composition indica-
tors (mass fraction of dry matter, sugars, pro-
teins, fats, free organic acids, dietary fiber, ash,
ascorbic acid, [B-carotene), microbiological
safety (content of yeast, bacteria of Proteus,
Staphylococcus aureus, Salmonella genera,
coli group (coliform bacteria)) and organolep-
tic evaluation of drinking rosehip kissels was
carried out in accordance with the methods set
forth in the current regulatory documents; the
total amount of phenolic compounds in terms
of gallic acid - spectrophotometric method
with Folin-Ciocalteu reagent [15]. Processing
of experimental data was carried out by meth-
ods of mathematical statistics (validity of the
results p < 0.05) using MS Excel program.

RESULTS AND DISCUSSION

Studies on approbation of different variants
of drinking rosehip kissels have been carried
out. Table 1 shows the best variants of recipes.

Fluctuations in the "color" score ranged
from 4.2 to 4.8 points (max = 5) and depended
mainly on the amount of raw fruit used. The
type of fruit raw material (fresh or dried) had

little effect on this organoleptic characteristic
(the color of the entire mass was a uniform
red-brown) (see Fig. 1).

The indicator "smell and taste" was influ-
enced by the fruit raw materials and sugar
contained in the composition of kissels (vari-
ants 1-5), the other options (6-10) - fruit raw
materials, sugar and citric acid. The evalua-
tion of the experimental samples ranged from
4.4 to 5.0 points (max = 5). According to or-
ganoleptic characteristics "smell and taste" the
best samples of kissel of variants 3 and 8 were
recognized: harmonious, sweet and sour, rich,
with a characteristic taste of rosehip, without
extraneous smell and aftertaste. In the smell
and taste of the samples of variants 1, 2, 6, 7
rosehip was strongly felt, in tones and after-
taste of variants 1 and 6 the presence of potato
starch was noted. The taste of kissel samples
of variants 4 and 5 was excessively sweet, 9
and 10 - excessively sour.

For the indicator "appearance and consis-
tency" the experimental samples received
from 3.4 to 4.8 points (max = 5). In terms of
appearance, all samples were a homogeneous,
kisselike mass without undissolved lumps. As
the content of xanthan gum increased and the
potato starch decreased, the mass thickened.

Ta6a. 1. BapuaHTsl perienTypbl MUThEBBIX KACEIEH MUIMTOBHUKOBEIX, /100 T
Table 1. Recipe variants of potable rosehip kissels, g/100 g

Recipe option Rosehip White Sugar Potato starch Xanthan gum Citric acid
Fresh fruit
1 22,5 5,5 2,2 0,00 -
2 22,0 6,0 2,0 0,15 -
3 21,5 6,5 1,8 0,30 —
4 21,0 7,0 1,6 0,45 -
5 20,5 7,5 1,4 0,60 -
Dried fruit
6 5,47 5,5 2,2 0,00 0,15
7 5,42 6,0 2,0 0,15 0,17
8 5,37 6,5 1,8 0,30 0,19
9 5,32 7,0 1,6 0,45 0,21
10 5,27 7,5 1,4 0,60 0,23

Note. Water is applied to the required volume - 100 cm?.

ITepepaboTka cenbCKOXO3sHCTBEHHOH IIPOTYKIUH

CuOHMpPCKHii BECTHHK CETLCKOXO03SMCTBEHHON Hayku ® 2022 522 65



The possibilities of using rosehip fruits in the potable
kissels technology

Shcherbinin V.V., Golub O.V., Chekryga G.P., Motovilov O.K.

¥y 3] [ 410
§ I SIS G000 ——
w1 . 10 |

Option

( I IS N0 —
5 I ST BT s Ea—

| I IS T S SE——
T I T I EEE——
? N Y S s Y

| A N T SE——

] 5

B Appearmce and consistency

1] 15 0
B Cower W Smell and asie

Puc. 1. Opranonentruyeckast OIICHKa KHCEJIel MUThEBbIX IUTOBHUKOBBIX, 0alT

Fig. 1. Organoleptic evaluation of rosehip potable kissels, point

The best variants in terms of "appearance and
consistency" were recognized for samples of
kissel 3 and 8 with xanthan gum (0.3%) and
potato starch (1.8%).

Fig. 2 shows a basic technological scheme
for obtaining rosehip drinking rosehip kis-
sels. Hydroacoustic treatment of semi-finished
product (mixture of fruit and water) in an ap-
paratus equipped with a rotary-dispersing de-
vice creating an acoustic field with an intensi-
ty of 100-500 W/kg at 50-65 °C for 15-30 min
resulted in physical and chemical changes in
raw materials (partial destruction of cell walls,
formation of new coloring substances, inacti-

vation of enzymes, etc.). ), which influenced
the formation of organoleptic characteristics
of new products and partial inhibition of mi-
croorganisms. Sterilization of the blend (semi-
finished product and mixture consisting of
white sugar, xanthan gum) in mechanoacous-
tic apparatus at the temperature of 95-97 °C
for 20-60 sec completely inhibited microflora,
which ensured later preservation of quality
characteristics of the product.

Studies were carried out to determine the
shelf life of the best options (3 and 8) of the
drinking rosehip kissels. The kissels were
poured into glass jars of type I with a crown

Tada. 2. BnusHue npoaoKUTENbHOCTH XPAaHEHUS KUCENEH MUTHEBbIX IIUITOBHUKOBBIX HA OPraHOJE-

TUYECKHUE IoKa3aTeu, 0am (n = 5)

Table 2. Effect of potable rosehip kissels storage time on organoleptic characteristics, point (7 = 5)

Storage time, months | Appearance and consistency |

Color | Smell and taste

From fresh fruit (variant 3)

6 50+£0,0 4,6+0,5 4,8+04

12 4,8+04 4,4+0,5 4,6+0,5

14 4,6+0,5 42404 42+04
From dried fruit (variant 8)

6 4,6+0,5 44+0,5 4,6+0,5

12 4,4+0,5 42+0,4 4,4+0,5

14 4,0+0,0 4,0+£0,0 42+04
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Taoxa. 3. Bousaue MMPOAOJDKUTCIIBHOCTH XPAaHCHUS KHCEJICH MUTHEeBBIX MIHUITOBHUKOBBIX Ha coacpIKa-

HHUEC OCHOBHBIX ITHMIICBBIX BCIIICCTB

Table 3. Effect of potable rosehip kissels storage time on the content of the main nutrients

Storage time, Mass fraction, % - :
months sugar protein fat organic azlc(iiz)(by malic ash

From fresh fruit (variant 3)

0 9,1+0,3 0,2+0,1 0,09 + 0,05 0,44 +0,03 0,29 + 0,05

6 9,0+0,2 0,2+0,1 0,09 0,05 0,43 +0,03 0,29 + 0,05

12 8,8+0,2 0,2+0,1 0,09 £ 0,05 0,42 + 0,02 0,28 + 0,05

14 8,8+0,3 0,2+0,1 0,08 + 0,04 0,41 £0,02 0,28 + 0,04
From dried fruit (variant 8)

0 9,9+0,4 0,2+0,1 0,07 +0,03 0,45+ 0,03 0,15+0,03

6 9,8+0,3 0,2+0,1 0,07+0,03 0,44 + 0,02 0,15+0,03

12 9,6+ 0,4 02+0,1 0,07 + 0,03 0,43 + 0,02 0,14+ 0,03

14 9,5+0,5 0,2+0,1 0,06 + 0,02 0,42 + 0,03 0,14 +0,02

Taba. 4. Biausane npoaoKUTEIBHOCTA XPaHCHUS
HUE OMOJIOTMYECKU aKTUBHBIX BEIECTB

KHCEJICH MUTHEBHIX IHITOBHUKOBBIX Ha coaepika-

Table 4. Effect of potable rosehip kissels storage time on the content of biologically active substances

Storage time, Mass fraction :
months dietary fiber, % ascorbic acid, mg/100 g sums of phenolic substanc- [-carotene, mg/100 g
es, mg/100 g
From fresh fruit (variant 3)
0,80 + 0,05 209 + 14 181 + 26 8,85+ 0,81
0,79 + 0,04 185+ 16 168 + 12 8,50+ 0,76
12 0,79 + 0,04 162+ 12 15713 7,78 +£0,75
14 0,78 + 0,05 144 + 11 152+ 12 7,57 + 0,80
From dried fruit (variant 8)
0,37+ 0,03 53£11 16+£3 2,09 + 0,26
0,37+ 0,02 47+10 15+5 2,01 +£0,20
12 0,37 + 0,02 41+ 10 14+3 1,84 +0,19
14 0,36 + 0,03 37+9 13+£3 1,79 £ 0,22

number of 82 mm and a capacity of 500 cm3,
sealed with lids of size 1-82-C, stored at a
temperature of 25 °C, relative humidity of
no more than 75% in a place protected from
direct sunlight for 14 months with a reserve
factor of 1.15 according to the methodologi-
cal guidelines "Sanitary and epidemiological
evaluation of the validity and storage condi-
tions of food products" (2004).

During the storage of rosehip kissels there
were changes in organoleptic parameters of the
products (see Fig. 1, Table 2). By the indica-
tors "appearance and consistency", "color" and
"smell and taste" the decrease in scores by the
end of the 12th month of storage was 7.3; 8.7
and 9.2%, in the 14th month - 12.6; 13.1 and
15.3%, respectively. By the end of the storage

period under analysis, the appearance of the
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Taoa. 5. Bousaue MMPOAOJDKUTCIIBHOCTH XPAaHCHUS KHCEJICH MUTHEeBBIX MIHUITOBHUKOBBIX Ha MI/IKpO6I/I0—

JJOTHYCCKHEC ITOKAa3aTCiIn

Table 5. Effect of potable rosehip kissels storage time on microbiological parameters

Storage time, months

Indicator 0 12 14
From fresh fruit (variant 3)
QMA&OAMO, CFU/g 9,54 x 10 9,09 x 10 8,64 x 10
Mould, CFU/g No growth No growth No growth
Yeast, CFU/g »» »» » »
CGB (coliforms) Not detected Not detected Not detected
Bacteria of the genus Salmonella » » » » »»
Staphylococcus » » » » »»
Proteus » » » » » »
From dried fruit (variant 8)
QMA&OAMO, CFU/g 6,36 x 10 4,55 x 10 3,64 x 10
Mould, CFU/g No growth No growth No growth
Yeast, CFU/g »» »» » »
Bacteria of the genus Salmonella Not detected Not detected Not detected
CGB (coliforms) » » » » » »
Staphylococcus » » » » »»
Proteus » » » » » »

kissels became less attractive, the consistency
became somewhat viscous, the smell and taste
were less harmonious and weak. There was a
slight darkening of the top layer.

During storage, there was a decrease in the
content of the main nutrients in the drinking
rosehip kissels regardless of whether the prod-
ucts were obtained from fresh or dried fruits
(see Table 3). Thus, losses of sugars, proteins,
fats, organic acids and ash by the end of 12
months of storage averaged 3.1; 12.5; 0.2; 6.5
and 4.2%, after 14 months. -3.7;16.7;9.1; 9.0
and 5.1%, respectively.

The content of biologically active substanc-
es in the kissels decreased during storage (see
Table 4). Ascorbic acid suffered great losses.
Regardless of whether the fruit was fresh or
dried, its loss after 12 months of storage aver-
aged 69.0%, and after 14 months of storage -
77.5%. - 77,5%. Preservation of phenolic sub-

stances and [B-carotene was comparable and
averaged 87.0 and 88.0% after 12 months of
storage, after 14 months - 84.0 and 86.0%, re-
spectively. - 84.0 and 86.0%, respectively. Di-
etary fiber had the least losses during storage:
after 12 months of storage losses averaged
0.9%, after 14 months - 14.5%. - 14,5%. Thus,
the consumption of one portion of drinking
rosehip kissels (200 cm?) satisfied the daily re-
quirement for ascorbic acid not less than 62%,
B-carotene - not less than 66%.

To establish the shelf life of rosehip drink-
ing kissels, studies of microbiological param-
eters were carried out (see Table 5).

The permissible number of cells of micro-
organisms in 1 g of the preserved product,
which does not violate its microbiological sta-
bility during storage and does not pose a dan-
ger to humans, is up to 103 units. It is impor-
tant that during storage the residual microflora
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Ta6a. 6. PermameHTHpyeMbIe TEXHUYCCKHE XapAKTEPUCTUKN KUCEIEH MAThEBBIX IMTUIMTOBHIUKOBBIX
Table 6. Regulated technical characteristics of rosehip potable kissels

Indicator

Characteristic/norm

Appearance and consistency

Homogeneous, kisselike mass; no undissolved lumps

Color

Light brown, homogeneous throughout the mass

Smell and taste

Well pronounced, sweet and sour, typical of used rose-
hip berries, which have been heat-treated; no extraneous
odors and flavors

Mass fraction of soluble solids, %

No less than 12

Mass fraction of the fruit part, %

No less than 20,0

Mass fraction of titratable acids (by malic acid), %

0,4-1,0

Impurities of plant origin (stalks, sepals, stems and
other plant parts)

Are avoided

Extraneous impurities (not provided for in the recipe)

remain in a suppressed state. In the microbiota
of samples of drinking rosehip kissels non-
sporulating bacteria were not detected (see
Table 5). Residual microflora was within the
permissible values of TR CU 021/2011 "On
food safety".

On the basis of this research, normative and
technical documentation for rosehip drinking
kissels was developed (see Table 6).

CONCLUSION

The recipes and technology of drinking
kissels made of fresh or dried rose hips have
been developed which allow expanding the
assortment of new generation products con-
taining biologically active substances. It has
been established that the shelf-life of rosehip
drinking jellies was 12 months when stored
in glass jars of type I with a neck number of
82 mm and a capacity of 500 cm’, sealed with
lids of size 1-82-S, at a temperature and rela-
tive humidity of 25°C and 75% respectively
and in a place protected from direct sunlight.
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INPUMEHEHMUE IIJIOAOBOI'O CbIPbA CUBUPCKOI'O PETHOHA
KAK OCHOBBI HAYMHOK JIJISI XJIEBOBYJIOUHBIX U3JIEJIUIA

) JaBbiienko H.U., Yabsinosa I.C., T'onyouosa 1O.B., Cepreesa U.10.
Kemeposckuii cocyoapcmeennuiil ynusepcumem

Kemeposo, Poccus
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[Ipencrariensl pe3yiabTaThl U3yUYSHHUsI IUIOJ0B U MPOAYKTOB UX MEPEpadOTKU KaK UCTOYHHKOB
BEIIECTB aHTHOKCHAAHTHOW HANpaBI€HHOCTH (BUTAMMHOB, OPTraHMYECKHUX KHCIOT M Pa3InYHBIX
(heHOJIbHBIX BENIECTB) B PAIIMOHE YEJIOBEKA. YCTAHOBIICHO, YTO CYIIIECTBYET BAPHATHBHOCTD CO/IEP-
JKAIIUXCS B TUTO/IAX OMOJIOTHYECKH IIEHHBIX BEIIECTB B 3aBUCHMOCTH OT MECTa MPOMU3paCcTaHus, yc-
JIOBHI KYJIBTUBUPOBAHMS U IpyTuX. Llenb nccnenoBanms — 1aTh OIEHKY IIeIIeCO00pa3HOCTH pHUMe-
HEHUS TPaIUIIMOHHOTO JiIsi CHOMPCKOTO PETHOHA TIOIOBOTO CHIPhS (KIFOKBEI, ODYCHUKU 1 ADOHUN )
KaK OCHOBBI HAUMHOK 151 XJ1e000ynouHbIX u3aenuid. OObEKT UCCIeJOBaHUI — CBEKUE TUKOPACTY-
IIMe TUTOJIBI KITIOKBBI U OpycHuKH (ypoxkait 2021 r., 3arotoBka Tomckoro Oonmorpedcorosa LlenTpo-
coro3a P®) u moas! apoHUH (COPTOCMECH, BEIpaIieHHasT Ha TeppuTopuu KemepoBckoii o0ractu u
peanmzyeMas Ha TOTPEOUTETHCKOM phIHKE). OpraHONeNTHYECKYTO OIEHKY HAUWHOK OCYTIECTRIISITH
1o 5-0aJuThHOM 1IIKajie, CyMMapHYI0 aHTHOKCHIAHTHYIO aKTUBHOCTh — KyJOHOMETPHYECKHM JKC-
pecc-MeToAoM Ha npubope «Ikcnpecc-006-AHTHOKCHAAHTEY. Ha 0OCHOBaHWYM MIPOBEICHHBIX HC-
CJIEJIOBAaHUIN yCTAHOBIIEHO, YTO CBEXHE IUIOJBI 110 AHTHOKCUAAHTHOW aKTHBHOCTH PAHKHUPYIOTCS
CIJIC/IYIOIIUM 00pa3oM: KIIFOKBBI > apOHHUH > OPYCHHKH. YCTaHOBJIICHO, YTO HA MOKA3aTellb «BHEII-
HUH BUJ ¥ KOHCHCTEHIU» HAYMHOK /IS XJ1e000yT0UHBIX N3NNI OKa3bIBalOT OCHOBHOE BIIMSTHUE
CTPYKTYpooOpa3oBaTeiv, KOTOpbIe paHXKUPYIOTCs chenyrommM odpazom: 1,0% arapa > 2,0% mnex-
tuHa > 1,5% arapa > 6,0% kpaxmana moxuduurpoBaHHoro. Ha 3amax u BKyc HaUMHOK OCHOBHOE
BJIIMSIHUE OKa3bIBAET HCIOJIB3YEMOE IUIOI0BOE CHIPhE, & CTPYKTYPOOOpa3oBaTesid — OMOCpeI0BaH-
Hoe. CymMMmapHasi aHTHOKCHJAHTHAsI aKTUBHOCTh HAYMHOK JUTS XJIeOOOYIIOUHBIX M3ACIHUN 3aBUCHT
OT pa3pyuIeHUs] OMOJIOTHYECKH aKTUBHBIX BEIIECTB TUIOIOB IPU U3TOTOBIEHUH, @ HE OT UCIIOJIb3Ye-
MBIX CTPYKTypooOpa3oBareneii. Pe3ynbTarsl TaHHBIX HCCIE0BAHNN OyIyT TOJIE€3HBI IPH CO3TaHUHU
(hyHKIIMOHATEHOW MTUTIIEBOH TPOYKITHH.

KuaroueBble ci10Ba: 1107161, aHTUOKCHIAHTHAS aKTUBHOCTh, HAYMHKHU, CTPYKTYpooOpa3oBaTen,
IoKa3aTeau KauecTBa

THE USE OF FRUIT RAW MATERIALS OF THE SIBERIAN REGION AS THE
BASIS OF FILLINGS FOR BAKERY PRODUCTS

(X) Davydenko N.I., Ulyanova G.S., Golubtsova Yu.V., Sergeeva L.Yu.
Kemerovo State University

Kemerovo, Russia
(<) e-mail: nat1861@yandex.ru

The results of the study of fruits and their products as sources of antioxidant substances
(vitamins, organic acids and various phenolic substances) in the human diet are presented. It was
found that there is a variation in the biologically valuable substances contained in fruits depending
on the place of growth, cultivation and other conditions. The purpose of the study is to assess the
feasibility of using traditional for the Siberian region fruit raw materials (cranberry, lingonberry and
chokeberry) as the basis for the filling of bakery products. The object of research was fresh wild
fruits of cranberry and lingonberry (harvest of 2021, harvested by the Tomsk Regional Consumer
Union of the Russian Federation) and chokeberry fruits (variety mix, grown in the Kemerovo region
and sold in the consumer market). The organoleptic evaluation of the fillings was carried out on a
5-point scale, total antioxidant activity - by coulometric express method on the device "Express-006-
Antioxidants". Based on the studies conducted, it was found that fresh fruits are ranked as follows in
terms of antioxidant activity: cranberry > chokeberry > lingonberry. It was found that the indicator
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The use of fruit raw materials of the Siberian region as the basis of
fillings for bakery products

Davydenko N.I., Ulyanova G.S., Golubtsova Yu.V., Sergeeva L. Yu.

"appearance and consistency” of fillings for bakery products is mainly influenced by structural
formers, which are ranked as follows: 1.0% agar > 2.0% pectin > 1.5% agar > 6.0% modified
starch. The smell and taste of fillings are mainly influenced by the fruit raw material used, and
the structure-forming agents are indirectly influenced by them. Total antioxidant activity of bakery
fillings depends on the destruction of biologically active substances of fruit during manufacturing,
rather than on the used structure-forming agents. The results of these studies will be useful in the

creation of functional food products.
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INTRODUCTION

The peculiarities of modern human nutrition,
the emergence of new data on the functional
properties of food ingredients, including natural
origin, contribute to the development of tech-
nologies for obtaining food products with given
properties having physiological value [1]. At the
same time, plant raw materials are a valuable
source of essential nutrients of different physi-
ological orientation, allowing it to be used for
the production of combined products in combi-
nation with the basis of animal origin [2].

Oxidative stress resulting from inadequate
functioning of the antioxidant system leads to
metabolic disorders. As a consequence, inflam-
matory processes arise in the human body, lead-
ing to chronic diseases, as well as widespread
nutritional (food-related) diseases [3]. In this
regard, the development and production of food
products containing natural functional food in-
gredients are of interest in order to solve the
problem of reducing oxidative stress.

The process of designing the ingredient
composition of a food product with functional
properties consists in a multivariate selection
of valuable raw ingredients for all product sys-
tems under the condition of a complex struc-
ture. Products with fillings consisting of two
ingredient systems with different properties can
be used as an example [4].

Oxygen is the main guarantor of the vital
activity of living organisms, but as a result of
normal metabolic processes free radicals are
formed in the cell, damaging the cell mem-
branes. Therefore, the lack of timely neutraliza-
tion of active oxygen leads to irreversible dam-
age to the body. Humans exist under constant
stress, the situation is exacerbated by emotional
stress, environmental conditions, air pollution,
and the prevalence of smoking. In this regard,
free radical damage is due to their excessive
amount. Antioxidant protection of the body is
necessary for humans to level the consequences
of destructive oxidative processes [5].

The main sources of antioxidants are fruits,
especially those with a pronounced sour and
sour-sweet taste, blue, red, and orange. Various
groups of substances show antioxidant prop-
erties: vitamins E, C, carotenoids, flavonoids,
polyphenols, trace elements (such as selenium)
and others. Especially rich in antioxidants are
rosehips, cranberries, blueberries, black cur-
rant, wild strawberries, blackberries, goji, sea
buckthorn, cranberries, etc. Fruit flavonoids are
mainly anthocyanins, proanthocyanides, flavo-
nols, and catechins [6, 7]. A number of authors
have shown that significant variation in the
content of biologically valuable substances in
fruits is associated with the variety, cultivation
conditions, and place of growth [8-10]. At the
same time, there are not enough studies of the
variability of antioxidant activity of the ingre-
dient composition of fruit processing products.
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The purpose of the research is to assess the
feasibility of using traditional for the Siberian
region fruit raw materials (cranberries, lingon-
berries and chokeberries) as the basis for the
filling of bakery products.

The following tasks were solved within the
framework of the stated goal:

- the total antioxidant activity of cranberry,
lingonberry and chokeberry fruits was deter-
mined;

- evaluation of organoleptic characteristics
and total antioxidant activity of the toppings for
bakery products from the studied fruit raw ma-
terials depending on the used structure-forming
agent was carried out.

MATERIAL AND METHODS

Studies were conducted in October 2021 in
the laboratories of the departments of technolo-
gy and organization of public catering and tech-
nology of processing of raw materials of plant
origin of Kemerovo State University.

The object of research is fruit raw material
(cranberry, lingonberry and chokeberry), which
has antioxidant activity, and semi-finished
products (stuffing for bakery products) based
on it.

Fresh wild fruits of cranberry and lingonber-
ry of 2021 harvested by Tomsk Regional Con-
sumer Union of the Central Union of Consumer
Cooperatives of the Russian Federation, fresh
fruits of chokeberry, mixed varieties grown in
the Kemerovo region and sold on the consumer
market were studied in the work.

For the structuring (thickening) of the fill-
ings we used:

— pectin according to GOST 29186-91 "Pec-
tin. Technical conditions";

— agar according to GOST 16280-2002
"Agar food. Technical Conditions";

— corn starch modified with cold swelling
GLETEL BAW E1422.

Stuffing was prepared as follows: fresh
chopped fruits (particle size 1-4 mm) were
mixed with sugar in the ratio fruit: sugar - 80:
20, heated and brought to a boil; then thickener
was added in various amounts, brought to a boil
and boiled for 4 minutes. Then it was cooled
at room temperature until formation of gelled

structure. The amount of structure agents was
introduced according to the manufacturers' rec-
ommendations for the fillings as percentage
of the mass of fruit and sugar mixture: 1.0%
and 1.5% agar, 2.0% pectin, 6.0% corn starch
(GLETEL BAW-23).

Organoleptic evaluation of the fillings was
carried out on a hedonic 5-point scale: 5 points
- excellent quality; 4 - good; 3 - satisfactory;
2 - poor (unacceptable); 1 point - very poor
(unacceptable). When examining the indicator
"appearance and consistency" of the products,
descriptive characteristics and scoring were
carried out in terms of the behavior of fruit fill-
ing during baking, its uniform distribution in-
side the baked product, including after cooling.

Total antioxidant activity (AOA) was deter-
mined by the coulometric express method on
the device "Express-006-Antioxidants". AOA
was measured by preparing an aqueous-alco-
holic extract of fruits or fillings: solid portions
of crushed fruits or fillings were poured into
aqueous-alcoholic mixture (40%) in the ratio 1:
4 (portions to mixture) and incubated in a cabi-
net without light at 20 + 2 ° C for 2 hours. The
duration of infusion was determined by experi-
ment - after 2 h the AOA parameters were sta-
bilized and did not change essentially. The use
of water-alcohol mixture allowed maximum
extraction of water- and alcohol-soluble sub-
stances exhibiting antioxidant activity.

When evaluating the antioxidant activity of
the filling, it was preheated to 98 ° C and in-
cubated for 10 minutes, simulating the heating
of a bakery product during baking, then cooled
and measured.

RESULTS AND DISCUSSION

At the first stage of the experiment, the total
antioxidant activity of fruit samples was deter-
mined: cranberry, lingonberry and chokeberry.
The choice of these fruits is explained by their
local origin (within Siberia), as well as by the
content of the nutrient composition of a signifi-
cant number of physiologically valuable sub-
stances. According to the literature data [11-
16], the fruits selected for the study contain the
following biologically active substances that
determine the antioxidant orientation:
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— cranberry: citric, benzoic, quinic, ursolic,
chlorogenic, apple, oleic, y-oxy-a-ketobutyric,
a-ketoglutaric acids; in trace amounts - oxalic
and succinic acids; betaine and bioflavonoids:
anthocyanins, leucoanthocyanins, catechins,
flavonols and phenolic acids;

— lingonberry: citric, apple, oxalic, benzoic,
acetic, glyoxylic, pyruvic, oxypyruvic, a-keto-
glutaric acids, etc.;

—black chokeberry: rutin, anthocyanins, cat-
echins, flavonols, organic acids: citric, malic,
tartaric, salicylic, tartronic.

The results of AOA studies of cranberry,
lingonberry and chokeberry fruits are presented
in Table 1.

The studied fruits differ from each other by
AOA, they can be ranked as follows: cranber-
ry> chokeberry> lingonberry (see Table 1). It
was noted that the AOA of chokeberry fruit is
insignificantly inferior to cranberry fruit, on av-
erage, by 7%, but superior to lingonberry fruit,
on average, by 20%.

Stuffings were prepared from cranberry,
lingonberry and chokeberry fruits. The results
of the evaluation of organoleptic characteristics
of the fillings are presented in Tables 2, 3.

The data in Table 2 indicate that the best
appearance and consistency were the fillings

Taoa. 1. CymmapHas aHTUOKCUIAHTHAS
AKTUBHOCTb TUIOJOBOTO ChIPbS (11 = 3)

Table 1. Total antioxidant activity of fruit raw
materials (n = 3)

Fruit Total antioxidant
activity, mg/100 g rutin
Cranberry 219,24 + 3,74
Lingonberry 162,33 +£2,49
Chokeberry 204,12 £3,74

made from cranberry, lingonberry and choke-
berry fruits, made with 1.0% agar as a structur-
al agent, the average score being 4.7 (the mass
is thick, jelly-like, and spreadable). Fruit fill-
ings made with pectin were slightly inferior in
appearance and consistency to products made
with 1% agar, with a score only 5% lower (a
thick, viscous, smeary mass). Stuffings made
from cranberries, lingonberries and chokeber-
ries containing 1.5% agar were inferior to the
products containing 1.0% agar by an average
of 7%, as the mass became excessively dense.
Samples of stuffing from cranberry, lingonberry
and chokeberry fruits with 6.0% modified cold
swelling starch as a texture formulator, as rec-
ommended by the manufacturer, obtained low

Taba. 2. OpranojgenTuaeckast OICHKA MTOKa3aTels «BHEITHUH BUI U KOHCUCTCHITHS TIIIOOBBIX

HaYMHOK (1 = 5)

Table 2. Organoleptic evaluation of the fruit fillings indicator "appearance and consistency" (n = 5)

Sample Descriptive characteristics of the stuffing Integrai)(e)itlitm ation,
Cranberry + 1,5% agar Thick, jelly-like mass that does not spread on the surface 4,5+04
Lingonberry + 1,5% agar 4,4+0,1
Chokeberry + 1,5% agar 4,1+0,1
Cranberry + 1,0% agar Thick, jelly-like, smearing mass 4,9+0,1
Lingonberry + 1,0% agar 4,6+0,3
Chokeberry + 1,0% agar 4,5+0,2
Cranberry + 2,0% pectin Thick, viscous, smearing mass 4,7+0,2
Lingonberry + 2,0% pectin 45+0,4
Chokeberry + 2,0% pectin 4,1+03
Cranberry + 6,0% starch Dense, kisselike mass 2,9+0,7
Lingonberry + 6,0% starch 35+0,5
Chokeberry + 6,0% starch 3,1+£0,5
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organoleptic scores for the studied index (3.2
points on average), because the mass became
too dense, jellylike. The results of organoleptic
evaluations of the studied organoleptic indica-
tor did not depend on the type of fruits used.
The smell and taste of the fillings depended
primarily on the individual characteristics of
cranberry, lingonberry and chokeberry fruits
(see Table 3). The use of agar as a structuring
agent in fruit fillings, regardless of its concen-
tration, had no effect on product smell, but al-
lowed creating a more pronounced bright taste

of fruits used as a base, compared with pectin -
the average score was 4.6 and 4.1, respectively.
The smell of the fillings was characteristic of
the fruit from which they were made; there were
no extraneous tones. It should be noted that the
products made with 1.0% agar had a more pro-
nounced smell than those with 1.5% agar, and
the products with 2.0% pectin had more soft-
ness. The taste was sour for fillings made from
cranberry and lingonberry fruits, the latter had a
slight pleasant bitterness in the aftertaste; sweet
and astringent - from chokeberry. Cranberry

Taoa. 3. OpFaHOHeHTH'{CCKaﬁ OIICHKA IMOKa3aTeJIsd «3allaX U BKYC» IJIOJOBbIX HAYMHOK (I’l = 5)

Table 3. Organoleptic evaluation of the fruit fillings indicator "smell and taste" (n =5)

Descriptive characteristics Integral
Sample estimation,
Taste Flavor point
Cranberry + 1,5% agar A pronounced, sour-sweet characteris- | Harmonious, characteristic | 4,5+0,2
tic of cranberries, with no off-flavor of cranberries, odorless
Lingonberry + 1,5% agar Expressed, sour-sweet, peculiar to the | Harmonious, characteristic 49+0,1
lingonberry, with a slight bitterness in | of lingonberries, odorless
the aftertaste, with no off-flavor
Chokeberry + 1,5% agar A pronounced, sweet and astringent | Harmonious, characteristic | 4,1 +0,2
characteristic of chokeberry, of chokeberry,
with no off-flavor odorless
Cranberry + 1,0% agar A pronounced, sour-sweet characteris- | Harmonious, pronounced, 4,6+0,1
tic of cranberries, with no off-flavor | characteristic of cranberries,
odorless
Lingonberry + 1,0% agar Expressed, sour-sweet, peculiar to the | Harmonious, pronounced, 49+0,1
lingonberry, with a slight bitterness in | characteristic of lingonber-
the aftertaste, with no off-flavor ries, odorless
Chokeberry +1,0% agar A pronounced, sweet and astringent Harmonious, pronounced, 43+0,2
characteristic of chokeberry, with no | characteristic of chokeberry,
off-flavor odorless
Cranberry + 2,0% pectin | Sour-sweet, typical of cranberries, with | Harmonious, soft, character-| 4,0 + 0,2
no off-flavor istic of cranberries, odorless
Lingonberry + 2,0% pectin | Sour-sweet, peculiar to the lingonberry, | Harmonious, soft, charac- 43+04
with a slight bitterness in the aftertaste, | teristic of lingonberries,
with no off-flavor odorless
Chokeberry + 2,0% pectin A pronounced, sweet and astringent | Harmonious, soft, character-| 3,9 +0,3
characteristic of chokeberry, with no | istic of chokeberry, odorless
off-flavor
Cranberry + 6,0% starch | Sour-sweet, typical of cranberries, with | Characteristic of cranber- 2,7+0,5
an extraneous flavor ries, with extraneous tones
Lingonberry + 6,0% starch | Sour-sweet, typical of lingonberries, | Characteristic of lingonber- | 2,5+ 04
with an extraneous flavor ries, with extraneous tones
Chokeberry + 6,0% starch A pronounced, sweet and astringent | Characteristic of chokeber- 2,5+0,7
flavor typical of chokeberry, with an ry, with extraneous tones
extraneous flavor
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and lingonberry fillings made with agar regard-
less of its concentration had a more pronounced
taste than products made with pectin. The indi-
cator of "expressiveness" of taste of products
made from chokeberry, the structure-forming
agent (agar or pectin) did not have a signifi-
cant effect, but only on its overall impression.
The smell and taste of cranberry, lingonberry
and chokeberry fillings are most influenced by
modified starch, the organoleptic evaluation of
the best samples showed that this occurs on av-
erage by 44% - there appeared "floury" tones
and aftertaste (see Table 3). Figures 1-3 show
the research data on the total antioxidant activ-
ity of fruit fillings.

The data in Table 1 and Fig. 1-3 indicate that
temperature exposure first during preparation
of the filling and then during the simulated bak-

Cranberry + 6% starch &
Cranberry +2% pectin &
Cranberry +1.5% agar

Cranberry +1.0% agar

85 90

ing process reduced the antioxidant activity by
more than 2-fold. At the same time, the stron-
gest destruction of antioxidant substances was
observed in chokeberry. The antioxidant activ-
ity of the toppings was influenced by the type
of fruit rather than by the structural agent used
(see Figs. 1-3). For example, cranberry fruit top-
pings, depending on the structure-forming agent
used, ranked as follows in terms of antioxidant
activity: 1.0% agar> 2.0% pectin> 1.5% agar>
6.0% starch. Stuffings from chokeberry fruit
had almost the opposite ranking: 6.0% starch>
2.0% pectin> 1.0% agar> 1.5% agar. Stuffings
from lingonberry fruits were ranked as follows
in terms of antioxidant activity, depending on

100,48

95 100

105

Total antioxidant activity, mg rutin/100 g

Puc. 1. CymmapHas aHTHOKCHAAHTHAS aKTUBHOCTh KIIOKBEHHBIX HAYMHOK (17=3)

Fig. 1. Total antioxidant activity of cranberry fillings (n = 3)
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Puc. 2. CymmapHasi aHTHOKCHIAHTHAsI aKTUBHOCTh OPYCHUYHBIX HAUUHOK (71 = 3)

Fig. 2. Total antioxidant activity of lingonberry fillings (n = 3)
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Chokeberry + 6% starch
Chokeberry +2% pectin
Chokeberry +1.5% agar

Chokeberry +1.0% agar

66 68

72,83

72.45

70 72 74

Total antioxidant activity, mg rutin/100 g

Puc. 3. CymmapHast aHTHOKCHIAHTHASI aKTHBHOCTh APOHHUEBBIX HAUWHOK (17 = 3)

Fig. 3. Total antioxidant activity of chokeberry fillings (n = 3)

the structural agent used: 2% pectin> 1% agar>
1.5% agar> 6% starch.

CONCLUSION

The paper presents data on the antioxi-
dant status of wild cranberry, lingonberry and
chokeberry cultivated in households. It was
shown that according to the total antioxidant
activity, the studied plant raw materials were
distributed as follows: cranberry> chokeberry>
lingonberry. Sensory characteristics of fillings
for bakery products were significantly influ-
enced not only by the type of fruit raw material,
but also by the type of structure-forming agent
used in their manufacture. Model samples with
1% agar and 2% pectin had the best indicators.
It was revealed that during the preparation of
the fillings there was a destruction of biologi-
cally active substances, depending on the type
of fruit (ranking by antioxidant activity as fol-
lows: cranberry> lingonberry> chokeberry),
but not on the used structure formers.
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CTPAHUIIBI HCTOPUH COBETCKOM BETEPUHAPHHU B IIEPUO/I
BEJIMKON OTEYECTBEHHOM BOMHBI (1941-1945 rt.)

Jonuenko A.C., I'oaoxBact K.C., (XX) CamosnooBa T.H., lonuenxo H.A., FOmxkosa JI.51.
Cubupckuii ghedepanvhwviti HayuHbll YeHmp azpoouomexnonozuti Poccutickou akademuu Hayk
HoBocubupckast ob6macts, p.im. Kpacnoo6ck, Poccus

(<) e-mail: asdon@ngs.ru

[loka3ana HayyHO-IpaKTHYeCKas M BOCHHAs JESITEIbHOCTb COBETCKOH BETEPHHAPHOM
cyx0Obl Bo Bpemsi Benmkoit OtedyectBeHHO# BoviHbI 1941-1945 rr. IlpuBeneHbl JaHHBIC
0 paboTe BETCPHUHAPHBIX CICHUAIMCTOB B YCIOBHUSX BOCHHOTO BpPEMEHH IO OOECIEYCHHUIO
BETEPHUHAPHO-CAHUTAPHOTO OJaronoiyunss >KWBOTHOBOACTBA CTPAaHBl, HEAOMYIIEHHIO HIMPOKOTO
pactpoCTpaHEHUsT DIU300THYECKUX OOJE3HEH W TOBBIMICHUIO 3(PPEKTUBHOCTH JICUCOHBIX
Mepornpustuii. OnucaHa yCIIeNIHO MPOBEACHHAS 3BaKyalllsi C OKKYIIHPOBAHHBIX MPUPPOHTOBBIX
TEPPUTOPHINA JIOACH, )KUBOTHBIX M COOTBETCTBYIOILCH TEXHUKH, 3aTEM PEIBAKyallUsl )KUBOTHBIX C
OCBOOOKICHHBIX palilOHOB. B Hayane BOHHBI BOCHHO-BETEpUHApHAS CITy:kK0a B KOPOTKHE CPOKH
ObLIa TIepeBe/IeHa Ha INTATHBIA PEeXHM BOCHHOTO BPEMEHH: OBbLIM CO3/IaHbl OpTraHbl yIPaBICHHUS
BETCITY)KOOW (pOHTOB, apMHUi, a TaKKe IOJIEBbIE BETEpPUHAPHBIE YUPEKACHUSA. YIEIeHO ocodoe
BHUMAaHHE KOHCKOMY COCTaBy apMuu. Uepe3 BeTepuHapHble Jsa3aperbl KpacHoi apmuu npouuiu
3 555 764 paneHbIx u OONBHBIX JIOIIAJIEH, U3 HUX BBUICYCHBI M BO3BpAIlEeHBI B CTpoil 2 147 494
#KHUBOTHBIX (91,59%). IlpuBenens! pesynsrarsl gestensHoctu Akagemun Hayk CCCP B ycnoBusix
BOCHHOTO BpeMeHHU. Hay4yHbIM ydpeskAeHUsIM Mpeiaragoch MepecMOTPeTh TEMAaTHKy U METOIbI
HAyYHO-HCCIICAOBATEILCKUX PA0O0T IO YKPEIUICHHIO OOOPOHHO-BOGHHOHM MOIIM M HApOIAHOTO
x03sficTBa cTpaHbl. BerepuHapHast Hayka paspaborana u oOecrieunia TPaXKJIaHCKUE U BOCHHBIC
CITYOBI HAJISKHBIMHU CTIOCO0aMH TPOGUIAKTUKHA OTIACHBIX MHPEKIIMOHHBIX 00JIe3HEH KUBOTHBIX
1 2PPEKTUBHON TTOMOIIU TPU XUPYPTrUYECKUX U He3apa3HbIX 3a0oieBaHuAX. [[puBeneHa oleHka
MIPaBUTENBCTBA CTPAHbI pAOOTHI BOCHHBIX, HAYUYHBIX U TPAKIAHCKUX BETEPUHAPHBIX CIICLIUATUCTOB.
MHorue 13 HUX NOJTYyYMIH TOCYAapCTBEHHbBIE HArpaibl 3a JOOIECTHBII TPy B BOCHHOE BpeMsl.

Kurouessle ciioBa: Benukas OteuecTBeHHas BOWiHA, d9BaKyalys, GpOHTOBbIE JIa3apeThl, 00Ie3HH
Jolajei, BETepUHapHas Hayka

CHAPTERS OF HISTORY OF THE SOVIET VETERINARY SCIENCE DURING

THE GREAT PATRIOTIC WAR (1941-1945)

Donchenko A.S., Golokhvast K.S., <) Samolovova T.N., Donchenko N.A., Yushkova L.Ya.
Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

(<) e-mail: asdon@ngs.ru

The research and military activities of the Soviet veterinary service in the context of the Great
Patriotic War of 1941-1945 are shown. Data on the work of veterinary specialists under wartime
conditions to ensure the veterinary and sanitary welfare of the country's livestock and to prevent
the wide spread of epizootic diseases and increase the effectiveness of therapeutic measures are
provided. The successful evacuation of people, animals and related equipment from the occupied
front-line territories is described, followed by the re-evacuation of animals from the liberated
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areas. At the beginning of the war the military veterinary service in a short time was transferred
to a standard wartime mode: the bodies of the fronts and armies veterinary service management
were established, as well as the field veterinary institutions. Particular attention was paid to the
army's cavalry. 3,555,764 wounded and sick horses were treated at the veterinary clinics of the Red
Army, of whom 2,147,494 animals (91.59%) were cured and returned to service. The results of the
activities of the Academy of Sciences of the USSR in wartime conditions were given. Scientific
institutions were asked to review the topics and methods of research work to strengthen the defense
and military power and national economy of the country. Veterinary science developed and provided
civilian and military services with reliable ways to prevent dangerous infectious and effective care
for surgical and non-contagious diseases. The national government's assessment of the work of
military, scientific, and civilian veterinary specialists was given. Many of them received state awards

for their valorous labor during wartime.

Keywords: The Great Patriotic War, evacuation, front infirmaries, horse diseases, veterinary science
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The Great Patriotic War was a terrible or-
deal for the Soviet people. By this time Hitler's
Germany had conquered and enslaved half of
Europe, while our country experienced years of
devastation, war communism, prodrazverstka
(requisitioning of agricultural products), the
NEP and political repression.

The war interrupted the beginning of peace-
ful labor of the citizens of the country, aimed at
implementing the third five-year plan for the de-
velopment of the national economy of the USSR
(1938-1942). Since the end of June 1941 all sec-
tors of economic activity of the country switched
to the rails of war, were subordinated to a single
defensive goal - the fight against the Nazi inva-
sion. To accelerate the mobilization and efforts in
the economy, politics and ideology, an extraordi-
nary body, the State Defense Committee (SDC),
was created on June 30, 1941, where all the full
power was concentrated, i.e. the state, military
and economic leadership [1].

From the first days of the war, agriculture
suffered enormous losses. The western regions
were occupied by the enemy. The area under
crops and the number of cattle decreased sig-
nificantly. Gross agricultural output declined to
37% of the prewar level [2].

Great damage was done to livestock produc-
tion. In the areas of the RSFSR temporarily oc-
cupied by the German fascist troops, the num-
ber of cattle was reduced in comparison with
the pre-war level by 60%, horses by 77, pigs by
90, sheep and goats by 70% [3].

The Great Patriotic War was a challenge for
the entire Soviet veterinary system: civil, edu-
cational, scientific and military. In the difficult
wartime environment, the management of vet-
erinary services had to promptly solve many
new problems in organizational, personnel,
treatment and evacuation and anti-epizootic di-
rections.

In general, the veterinary service, as well as
the whole country, was to some extent prepar-
ing for the beginning of the war. The manage-
ment of the Glavvetupr of Narkomzem (Chief
Veterinary Administration of the People's Com-
missariat of Agriculture) and the People's Com-
missariat of Defense were constantly practicing
some elements of veterinary activities in war-
time conditions. Before the war through the ef-
forts of Narkomzem a food fund was created, in
March 1939 a fund "Red Army Horse" (RAH)
was organized, intended "to meet the needs of
the workers and peasants of the Red Army in
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the military remount horse". The fund was allo-
cated the best part of horses meeting certain ar-
tillery and riding requirements for service in the
Red Army. The work was carried out jointly with
the district military committees in state farms,
collective farms, state cooperative institutions
and enterprises which had horses. The procedure
for allocating horses and the responsibility for
quality, maintenance, care and veterinary service
were reflected in a special instruction approved
by the commissariats of the People's Commis-
sariat of Agriculture and the People's Commis-
sariat of Defense of the USSR [4].

In the conditions of the outbreak of war it
was necessary to evacuate people, livestock
and appropriate equipment from the occupied
and front-line territories. The People's Com-
missariat of Agriculture of the USSR and the
People's Commissariat of Defense of the USSR
state farms were in charge of the evacuation of
the material resources of agriculture and the
population.

Glavvetupr together with the Main Director-
ate of Livestock and other subdivisions of the
Narkomzem of the USSR worked out the routes
for the cattle evacuated to the east, the order
of its veterinary service on the way, accommo-
dation on the routes of ferrying and veterinary
inspection points and provision of animals with
forage, and also solved other organizational and
special issues. A special group of veterinary
specialists was formed to organize and accom-
pany the animals, and the necessary veterinary
supplies and service items were allocated.

In October 1941 the head of Glavvetupr
G.G. Ryabov and the head of Glavzhivupr (the
Main Directorate of Livestock) N.N. Terentyev
were sent to organize the evacuation of cattle
from Penza and Kuibyshev regions [5]. Much
work was done by veterinary specialists on
the preservation of cattle during their transfer
from Ukraine, Belarus and the Baltic states to
the eastern regions of the USSR. In 1941-1942
enormous territorial transfer of huge herds,
amounting to many hundreds of thousands of
animals, from the west to the east took place.
Endless flow of animals, day and night, with
small stops, moved eastward in numerous
herds. It was necessary to get the cattle out of

the combat zone and enemy fire quickly, to pro-
vide veterinary care for the weakened animals.
Some herds were encircled and suffered heavy
losses from bombing and shelling by the Nazi
air force [6].

Rivers were a serious obstacle to moving
cattle to the east. Animals swam across small
bodies of water. In a short time, several cross-
ings over the Volga were built. Many horses
on the way were transferred to the army, some
were sold for meat. On some crossing routes
there were cases of foot and mouth disease
outbreaks. Such herds were quarantined and
slaughtered, and bypass roads were found for
the following herds.

At the same time, it was necessary to save
the number of animals in the rear, where there
were no military operations. In March 1942
the Council of People's Commissars of the
USSR and the Central Committee of the All-
Union Communist Party approved the decree
"On measures to preserve young stock and in-
crease the number of cattle on collective and
state farms", which established plans for the
growth of the number of cattle, horses, pigs,
goats, sheep, rabbits and poultry, It was prohib-
ited to slaughter and sell adult cattle during the
war without the permission of Rayzo (District
Land Department), collective and state farms,
collective farmers were asked not to slaughter
young cattle under one year of age, a system
of incentives for the preservation and growth
of livestock was introduced. In 1942 5.4 mil-
lion head of cattle were bought from collective
farmers by way of contracting, which allowed
to increase the public herd of cattle, sheep and
goats in the collective farms of the rear by about
10% [7].

In December 1941 the Nazi troops were
rapidly advancing and were on the outskirts
of Moscow. The urgent evacuation of organi-
zations and population from the capital began.
A huge number of businesses of various kinds
were evacuated to the eastern regions of the
country. They had to be accommodated and put
to work in completely new conditions.

The main apparatus of the People' Commis-
sariat of Agriculture of the USSR and with it the
apparatus of Glavvetupr and other veterinary
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institutions of national standing were evacuated
to Omsk, Kuibyshev, Petropavlovsk and other
cities of the rear. An operative group headed
by Commissar of Agriculture I. A. Benediktov
remained in Moscow and then from 1943 it
was headed by Commissar A. A. Andreev. The
Omsk group of the People's Commissariat of
Agriculture of the USSR was headed by Peo-
ple's Commissar E. M. Chekmenev.

The head of Glavvetupr NKZ (People's
Commissariat of Agriculture) of the USSR
G.G. Ryabov and his deputy N.I. Leonov or-
ganized the evacuation from Moscow to Omsk
some of the staff of Glavvetupr and the allied
research veterinary institutions: the All-Union
Research Institute of Experimental Veterinary
Medicine (VIEV), the State Scientific Control
Institute of Veterinary Drugs (GNKI), the All-
Union Research Institute of Helminthology
(VIGIS) and others.

N.I. Leonov remained in Moscow, in the op-
erative group of the People' Commissariat of
Agriculture of the USSR, and acted as the head
of Glavvetupr. At that time there were in fact
two Chief Veterinary Administration groups:
one in Moscow, which dealt with operational
issues of the front, and the other, which ensured
all the necessary veterinary activities in the rear,
in Omsk. There was constant communication
between both groups of the Glavvetupr. After
the defeat of the Germans near Moscow in win-
ter 1941/42 and a further successful offensive
of the Red Army, in March 1942 the office of
the Glavvetupr of the USSR NKZ returned to
Moscow. During the war five heads of the Chief
Veterinary Administration of Narkomzem of
the USSR were changed for various reasons
(V.S. Kiselev, G.G. Ryabov, E.I. Leonov, V.A.
Ivanovsky, A.M. Laktionov). Despite the dif-
ficulties of the war time the well-established
pre-war rhythm of work of the heads and lo-
cal veterinary bodies remained, which allowed
to promptly perform the necessary actions and
solve the problems of veterinary service of cat-
tle breeding in the country. In the difficult con-
ditions of the defense of Moscow, the veteri-
nary service maintained and ensured veterinary
and sanitary order in the capital, headed by the
chief veterinarian P.T. Orlov [8].

The war was a serious challenge for scien-
tific veterinary medicine as well, which had to
solve many new problems in both organiza-
tional and highly specialized areas of research.
On June 28, 1941 the Academy of Sciences of
the USSR appealed to scientists of all countries
to rally their forces to protect humanity from
Hitler's barbarians: "In these days, when by
the fault of the fascist rulers the land is flooded
with more streams of human blood, the USSR
Academy of Sciences appeals to all scientists of
the world, to all friends of science and progress,
to rally all forces to protect human culture from
the Nazi barbarians.

Can any of us - the workers of science - look
calmly at the fact that the fascist soldier's boot
threatens to crush the bright light of human-
ity all over the world - the freedom of human
thought, the right of peoples to develop their
own culture?

For eight years Hitler and his clique have
been torturing Germany. What have they turned
this country, which gave mankind great genius-
es of science and art, into? What has become of
German scientists? They are either destroyed or
wandering in foreign lands. What has become
of German science? It has been replaced by
deeply anti-scientific misanthropic, racist ra-
cial nonsense that the German race is suppos-
edly the chosen race and this gives it the right
to dominate the world, the right to turn all other
peoples into slaves.

Having trampled their own country in mud
and blood, the Hitlerites have enslaved and
robbed half of Europe and threaten the whole
world. The scientists of the Soviet Union ex-
press their deepest sympathy for the nations
groaning under the yoke of the most heinous
regime known to history...

In this hour of decisive battle, Soviet sci-
entists go with their people, giving all their
strength to fight the fascist warmongers - in the
name of defending their homeland and in the
name of protecting the freedom of world sci-
ence and saving the culture that serves all man-
kind...

All those who cherish the cultural heritage
of the millennia, for whom the great ideals of
science and humanism are sacred, must put all
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their efforts to ensure that the insane and dan-
gerous enemy is destroyed” [9].

In this difficult time the USSR Academy of
Sciences moved to the wartime rails. Scientific
institutions were asked to revise the topics and
methods of research work, to direct the initia-
tive and energy of scientific workers to the tasks
of strengthening the defense and military power
and the national economy of the country. The
activity of the institutes was restructured in ac-
cordance with the needs of the front and home
front. The country's leadership did its best to
preserve scientific personnel and institutions.

The Presidium of the Academy of Sciences
sought to organize the work so that the scien-
tists were able to give the maximum benefit
to the country. The heads of the Presidium,
headed by Academician V.L. Komarov, were
first evacuated to Kazan, then in 1942 - to
Sverdlovsk, where necessary specialists were
summoned to solve current problems. Acade-
micians of VASKHNIL headed by T D. Ly-
senko, president of the Academy, V.P. Moso-
lov (vice president), E.F. Liskun (director of
the institute of animal breeding), P.N. Kon-
stantinov (agronomist) and M.M. Zava-
dovsky (biologist) were evacuated to Omsk
from Moscow during wartime. The Presidi-
um of the Agricultural Academy was housed
in one of the buildings of the Omsk Veteri-
nary Institute [10].

On the initiative of V.L. Komarov the Aca-
demic Commission on mobilization of resourc-
es of the Urals, Siberia and Kazakhstan for the
needs of the army and national economy of the
country was created. Prominent scientists of the
Academy in close contact with practitioners -
metallurgists and miners - organized intense
work to fulfill the tasks, on which depended the
production of weapons for the Soviet army. The
Academic Commission also helped to solve na-
tional economic problems, including the coun-
try's agriculture. In August 1942 the section
of zootechnics and veterinary science which
was headed by the academician K.I. Skryabin
was created under the Academic Commission
in order to solve and coordinate the problems
of cattle breeding and veterinary science and
the relationship between science and practice.

E.N. Pavlovsky was elected as the scientific
secretary of the section, P.Y. Sergeev was elect-
ed as the scientific secretary of the section, and
V.G. Mukhin as the deputy chairman of the sec-
tion on zootechnics [11].

The main task of the scientific and practi-
cal veterinary science was to maintain veteri-
nary and epizootic welfare of the front and rear,
animal health, to provide the army with good
quality livestock products. The newly created
section of zootechnics and veterinary medicine
also had to participate in this.

The Academy's work was of particular im-
portance. The head of the Soviet government
I.V. Stalin telegraphed to V.L. Komarov: "I
express confidence that, despite the difficult
conditions of the wartime, the scientific activ-
ity of the Academy of Sciences will develop in
step with the increased demands of the country,
and the Presidium of the Academy of Sciences
under your leadership will do everything nec-
essary to implement the tasks facing the Acad-
emy." [12].

At the beginning of the war the military vet-
erinary service in a short time was transferred
to a standard wartime regime: veterinary ser-
vice management bodies of fronts and armies
were established, as well as the field veterinary
institutions. For stage treatment of the wounded
and sick horses in the army a network of hos-
pitals was deployed: in regiments - regimental,
in divisions - divisional, in armies - field and
evacuation, at the fronts - front hospitals. The
work of the military veterinary service in war-
time was solved by veterinary personnel in the
necessary volume. From the beginning of the
war almost 2/3 of civilian doctors and paramed-
ics of the national economy were called up for
military service. During the war alone the Mili-
tary Veterinary Academy trained 1178 veteri-
narians, and the Leningrad Military Veterinary
School trained 1220 paramedics [13].

Horses, i.e. the army's cavalry, were an
important fighting weapon, a means of trans-
portation in the artillery and the rear services.
The mobility and combat effectiveness of cav-
alry and rifle units depended on the staffing of
these units with healthy animals. By the end of
1941 the number of horses in the active army
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increased significantly, the number of cavalry
divisions increased from 13 to 22.

By the end of 1941, 8.4 million horses
(39.8% of the prewar herd) remained in the
countryside. During six months of the war, the
collective farms of Western Siberia alone gave
202,100 horses to the army [14].

The large number of horses in formations,
units, and rear facilities, and the harsh con-
ditions in which they operated, dramatically
increased the importance of the veterinary
service in ensuring the combat effectiveness
of the troops. The volume of its work was
constantly increasing and often went beyond
the functions stipulated by the previously is-
sued instructions and statutes. By that time
the veterinary service of the Red Army had an
established structure and basically possessed
the necessary administrative, educational, re-
search, treatment, supply and other organs for
veterinary support. All units of the army in
service had full-time military veterinarians, in
divisions and corps - division and corps vet-
erinarians, in armies and at the fronts - vet-
erinary departments. Veterinary service of the
army in the field was headed by a single cen-
tral governing body - Veterinary Administra-
tion of the Red Army, which included promi-
nent specialists N.M. Vlasov, G.M. Grady-
ushko, B.A. Levadny, N.I. Titov, F.A. Shus-
tovsky and others. The chief of the department
was a talented organizer and an experienced
manager, Lieutenant-General V. M. Lekarev
(1902-1955) who did much for the develop-
ment and improvement of organization of the
veterinary and military service. In the military
districts the veterinary service was headed by
the chiefs of the district veterinary services,
in the fronts and armies there were the cor-
responding heads of veterinary departments
which had military veterinary chief special-
ists: epizootologists, surgeons, therapists.
S.L. Alichkin, I.D. Bystrov, L.S. Goberman,
P.G. Galushko, E.I. Kuznetsov, P.A. Kovalev,
A.P. Kornienko, Y.A. Lyanda, I.V. Novikov,
A. Ostrovsky, I.I. Rebrov, P.I. Svetlov, S.P.
Finansov, A.V. Chesnokov, A.M. Penionzhko,
A.A. Petukhovsky, N.M. Speyer successfully
headed the front veterinary service. [15].

From the very first days of the war about
500 army and front-line veterinary units were
formed within a short period of time.

3,555,764 wounded and sick horses passed
through the Red Army veterinary infirmaries, of
which 2,147,494 animals (91.59%) were cured
and returned to service. The incidence of con-
tagious diseases in horses (in different years of
the war) was 2.97 million head. - 8% to the av-
erage of the stock, while in the Civil War it was
36.01-44.71%. A great volume was also carried
out on veterinary service of food cattle procure-
ment, mastering and processing of trophy cattle
and supervision over the supply of troops with
meat and meat products. During the war about
20 million tons of food, including 3.4 million
tons of meat and meat products, were subjected
to veterinary and sanitary expertise [16].

Employees of almost all veterinary research
institutes, including (VIEV): retired Colonel
P.I. Pritulin, retired Major V.E. Shchurevsky,
retired Captain V.A. Gorbatov, F.T. Tereshkov,
V.M. Nakhmanson, V.A. Sharov, N.I. Korolev,
A.A. Klochkov and others took an active part in
the war. [17].

The Omsk Veterinary Institute organized the
enrollment of volunteers in the active army and
the national militia. N.A. Sokolov, A.M. Tsiro,
K.P. Safronkov and S.I. Ivanov were the first to
sign up. Through the military registration and
enlistment office were called up and went to the
front 25 scientific workers, 22 workers and em-
ployees, 103 graduates of the 5th year. Employ-
ees and students heroically fought at the fronts
of the Great Patriotic War and were awarded
high government awards. Among them I.S.
Pomiluyko, A.I. Simkin, A.I. Averikhin, A.N.
Kadenatsii, N.A. Obukhov, M.P. Solomatin and
others. Eleven students and employees of the
institute did not return from the fields of battle,
were killed. And those who returned were en-
gaged in the restoration of the institute's build-
ings, which during the war housed a factory of
defense value and other services [18].

From the beginning of the war the staff of
the Novosibirsk veterinary research station
(NIVS) as well as veterinary specialists of the
practical veterinary medicine in Novosibirsk
were also drafted into the army. In June 1941
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in Novosibirsk the Siberian Military District
established the front veterinary infirmary un-
der the number 365, subsequently assigned to
the North-Western Front. With this veterinary
front infirmary (there were various dislocations
and relocations) academician of VASKHNIL
A.A Sviridov as the chief of infectious diseases
department (future first director of IEVSFE),
N.N. Shabalin - the head of the surgical depart-
ment, B.E. Krotkov - the head of the therapeu-
tic department, M.M. Yagodin - the head of the
remedial part of the infirmary, N.G. Kazantsev -
the head of the training and construction depart-
ment, veterinarian G.M. Ustyuzhaninov, served
in the divisional infirmary experienced all the
war hardships. A school of veterinary military
paramedics was created at the infirmary. The
veterinarians P.D. Shatko (director of the No-
vosibirsk NIVS), Sukhomlinov and Perevoz-
chikov were appointed the teachers. During
the war, the veterinary front infirmary No.365
(school) prepared several classes of veterinary
military paramedics [19].

Fierceness and intensity of fighting, a mas-
sive equipment of troops with firearms led to
the fact that the number of wounded and sick
horses in the active army was increasing. If
during the first month of the war, according to
incomplete data, about 19 thousand wounded
and sick horses were admitted to veterinary
hospitals, then during the next two months -
76 thousand. The number of surgical patients
and wounded horses in some years of the war
ranged from 50 to 70% of the total sickness
rate, but the therapeutic efficiency of the activ-
ities was quite high and in the last year of the
war reached 93% for the war injuries of horses
and 97% - for the operational injuries. This
was facilitated by well-organized treatment
and evacuation work. By the beginning of the
war the medical institutions, from regimental
to frontal, constituted a quite complete struc-
ture with evacuation stages in each rear area.
Such a system was continuously improved.
In the veterinary infirmaries of formations,
armies, and fronts 46.9% of the listed horses
were treated in the first and second years of
the war, 44.3% in the third, and 27.4% in the
fourth [20].

Throughout the war the veterinary and sani-
tary condition of the active army and the troops
in the rear was stable. Of the total number of
wounded and sick horses treated, more than
90% were returned to service.

For the first time in the history of Russian
military veterinary medicine the military field
surgery became an independent clinical branch.
Creation of the institute of military surgeons in
the center, at the fronts and in the armies dur-
ing the war resulted in increasing the efficiency
of the treatment work and raised the veterinary
military field surgery to a higher level. The
chief veterinary surgeons of the Soviet Army
were Professors G. V. Degtyarev and I. D. Med-
vedev.

During the war the veterinary military field
therapy, which in the previous wars did not ex-
ist as an independent direction, got its organi-
zational form. The therapeutic service at the
center was headed by the chief therapist Profes-
sor P.S. Tonov. The well-arranged prophylactic
work provided the reduction of noncontagious
diseases of horses from 38.7% in the first year
of the war to 19.6% - in 1945. 2.1 million hors-
es were returned to the service during the war
[21].

The constant recruitment of horses threat-
ened to introduce various infections into the
troops. In 1943-1945 trophy and derelict hors-
es were a serious source of disease entering
the troops. For example, among trophy horses
many were found to be sick with glanders, in-
fectious anemia, and the incidence of scabies
reached 60-92%. During the Great Patriotic
War for the first time in the history of veterinary
service of our country it was possible to prevent
wide spread of epizootics - inevitable satellites
of the past wars that caused great damage to the
combat ability of troops.

Thanks to the selfless work of a large group
of specialists-epizootologists of fronts, armies
and military districts, infectious diseases of ani-
mals were not widespread in the units of the ac-
tive army. In the first year of the war in horses
they amounted to 6.6% to the list composition,
in the second - &, in the third - 4.08 and in the
fourth - 2.97% [22]. This is a great merit of
the Soviet scientists of the leading veterinary
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research institutes, which laid the foundations
for the prevention and elimination of such in-
fectious animal diseases as sap, plague of cat-
tle, pneumonia, ringworm, blastomycosis, etc.
(VIEV, VIGIS, GNKI, SibNIVI, etc.).

One of the main tasks of the science of those
years - in the near future to develop a set of
measures to combat injuries of horses in the
front conditions and to offer a typical harness
for cattle in the rear for practice , because in the
collective and state farms almost all the horses
were taken to the front, and the main tractive
force were cows and bulls.

A lot of damage was caused by the loss of
young animals. First of all, infertile mares had
to be eliminated, because they were essential
for replenishing foals both for the army and the
rear. There was a lack of disinfectants, without
which it was impossible to carry out veterinary
and anti-epizootic measures. For this purpose,
local suitable raw materials were often used as
disinfectants.

The war undermined the material and per-
sonnel base of scientific institutions and made
adjustments to the thematic plans of the R&D,
slowing down the development of some cur-
rent areas and outlining a new "defense" theme.
Some employees of research and educational
institutions went to the front. The rest, together
with the structural subdivisions, were evacu-
ated to the interior of the country.

In Omsk on the basis of the Siberian Re-
search Veterinary Institute (SibNIVI) some
laboratories and staff of the VIEV and GNKI,
evacuated from Moscow, conducted scientific
research.

While being evacuated to Omsk, the staff
of the GNKI had a close connection with the
Omsk biofactory. In particular, the future corre-
sponding member of VASKhNIL S.G. Kolesov,
head of the laboratory for control of siberian-
ulcer preparations, was appointed the chief vet-
erinarian of the Omsk biofactory, M.A. Babich,
the head of the biochemical laboratory of the
GHKI, during the war years was sent to Alma-
Ata, to the Kazakh Research Institute of Vet-
erinary Medicine, and there he organized a bio-
chemistry laboratory; A.G. Malyavin, the head
of the paratyphoid laboratory (GHKI), in 1942-

1945, being in Omsk, served as an authorized
director of the GHKI branch. Of great impor-
tance was the fact that the evacuated research-
ers of the GNKI were able to timely bring to
Omsk the production strains of microorganisms
and viruses, ensure their safety, maintenance
and organize their shipment to biofactories for
the production of vaccines, serums and other
biopreparations (A.G. Malyavin, N.M. Nikifo-
rova and A.O. Kolesova) [23].

The methods and means of fighting many
animal diseases developed during this period
by scientists of the Veterinary Institute were in-
cluded in the guiding materials of the military
veterinary service and veterinary legislation of
our country. Subsequently, veterinary schools
were established: helminthologists (Academi-
cian K.I. Skryabin), epizootologists (Academi-
cian S.N. Vyshelessky), pharmacologists and
toxicologists (Professor N.A. Sohestvensky),
microbiologists (Professor N.A. Mikhin), im-
munologists (Academician Y.R. Kovalenko),
protozoologists and arachnologists (Professor
A.A. Markov), physiologists and hematolo-
gists (Professor A.A. Kudryavtsev), zoohygien-
ists (Professor N.M. Komarov), biochemists
(A.N. Bakh), infectiologists of pig pathology
(A.P. Uranov), mycologists and mycotoxolo-
gists (Academician A.Kh. Sarkisov) etc.

The SibNIIVI (Omsk) research plan was
also adjusted in accordance with the wartime
requirements. Most of the researchers of Sib-
NIIVI were drafted into the army. Neverthe-
less, the institute worked quite effectively. It
was headed by V. V. Slivko, then N.E. Sarmin-
sky, from April 1943 - Associate Professor
D.V. Kopyrin. During the war years the Insti-
tute organized manufacturing of glandered an-
tivirus, trypanosome antigen, positive trypano-
some serum, established a chemical laboratory
for manufacturing saponin, which was extreme-
ly necessary for biological industry (earlier it
was imported from Germany), ammargene,
copper sulfate, potassium iodide, urotropin and
other preparations. Employees of the Institute
provided practical assistance to land bodies,
collective and state farms in organizing scien-
tifically substantiated measures to eliminate
foot and mouth disease, scabies, helminthia-
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sis, anthrax, epizootic lymphangitis and equine
influenza, sheep brucellosis, young animals
diseases (Sarminsky N.E., A.V. Kopyrin, V.Y.
Fishbein, S.K. Bezzubets, Z.A. Norkina, A.V.
Romodanovskaya, A.N. Kadenatsii, O.A. Ame-
lina, etc.) [24].

The Scientific Council of the Red Army
Veterinary Administration, the Veterinary Sec-
tion of VASKHNIL (headed by Academician
K.I. Skryabin) and scientists from the country's
veterinary institutes provided great assistance
in the generalization and dissemination of best
practices and the latest scientific achievements.

During the war, enterprises of the biologi-
cal industry of the USSR NKZ worked at full
capacity. They provided the front and rear with
the necessary therapeutic, prophylactic and
diagnostic biological preparations despite the
fact that some of them (from the Orel, Kursk,
Kharkov regions, etc.) were evacuated to the
east. During the wartime, new biopreparations
were mastered at the biofactories of the Peo-
ple's Commissariat of Agriculture of the USSR:
serums against tetanus, anatoxin, STI vaccine,
anti-vax vaccines, bacteriophages against dis-
eases of young animals, mass production of
gramicidin. New technological processes al-
lowing to save livestock raw materials were in-
troduced into practice. In particular, the use of
hydrolysate agents in the preparation of nutri-
ent media provided great savings of meat [25].

The leadership of the Chief Veterinary
Administration of Narkomzem of the USSR
(A.M. Laktionov, V.A. Ivanovsky, A.I. Gluma-
kov) together with scientists placed special em-
phasis on rehabilitation of the livestock indus-
try from contagious diseases. Much work was
done to eliminate infectious anemia in horses.
Special courses for the retraining of veterinary
surgeons were organized at the Institute which
were able to eliminate the centers of that de-
sease very quickly applying the scientifically
grounded measures. In June 1943 Lieutenant-
General Lekarev, the head of the Red Army Vet-
erinary Department, approved and "put into ef-
fect" three documents on combating infectious
anemia in horses (Order No. 251 of June 2,
1943, Moscow): the instruction on combating
anemia in military units, the instruction on its

diagnosis, the instruction on making a biologi-
cal diagnosis of infectious anemia in horses.
Responsibility for implementing preventive
measures against infectious anemia and, where
it appeared, for its rapid and complete elimina-
tion was assigned to commanders and veteri-
narians of military units.

Epizootic lymphoguitis of horses caused
considerable damage to horse breeding in the
pre-war and war periods. Many herds of ani-
mals even before the war were susceptible to
this disease. A comprehensive study of epizo-
otic lymphogoeitis was entrusted to the staff of
the Novosibirsk Research Institute of Veteri-
nary Medicine (N.S. Shepilov, K.F. Lamikhov,
B.I. Bogoletov, N.A. Sviridov, P.D. Shatko).
During the war period and in the following years
the biology of the pathogenic agent, diagnostics
and pathogenesis of the disease were studied,
the schemes of sanitation measures with the use
of isolators for the maintenance and treatment
of sick horses were worked out. According to
the results of the scientific work, the NIV staff
published and defended four Ph.D. theses [26].

Throughout the war years the main goal
of the country's veterinary specialists was to
maintain the epizootic well-being of livestock,
fully promote the growth of livestock and its
productivity. Military veterinary medicine was
a single unit with civil veterinary medicine of
all departments. The unity and coherence of ac-
tion was the key to the successful fulfillment
of common goals and objectives - ensuring the
veterinary welfare of animals in the rear and at
the war fronts. In March 1942 the USSR PCU
and the Central Committee of the Communist
Party (b) adopted a resolution "On measures to
increase the number of cattle on collective and
state farms and increase their productivity", ac-
cording to which veterinary specialists were as-
signed responsible tasks for the development of
livestock on collective and state farms and the
prevention of epizootics [27].

Anti-epizootic work faced great difficulties:
many farms were economically weak, there
was a shortage of antipsoric preparations and
disinfectants, vaccines, syringes, needles, ther-
mometers and other veterinary supplies for ani-
mals. Despite this, veterinary specialists carried
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out extensive measures to improve the health
of horses, cattle, sheep and prevent contagious
and other diseases, so during the Great Patriotic
War there were no mass epizootics in the coun-
try. Small pockets of infection appeared in some
areas were quickly eliminated. In 1941 9 times
less cattle died of brucellosis than in 1940; 16
times less cattle died of equine encephalitis and
10 times less cattle died of anthrax and infec-
tious anemia. The same was true of other dis-
eases. The total withdrawal of animals from all
contagious diseases during the war was steadily
decreasing. Thus, in 1942-1943 it decreased by
13.5% as compared with 1939 [28]. The rear
veterinary specialists withstood the test of war
by preventing the widespread development of
glanders, foot and mouth disease, widespread
pneumonia in cattle and other diseases.

After the defeat of the Nazi troops near Mos-
cow, Stalingrad and at the Kursk Bulge, a sig-
nificant part of the country, which was under
temporary occupation, was liberated. The Party
and the government undertook a number of
measures to restore the liberated areas. In Au-
gust 1943 the USSR PCU and the Central Com-
mittee of the CC AUCPD (the All-Union Com-
munist Party of the Bolsheviks) issued a decree
"On Urgent Measures to Restore the Economy
in the Areas Liberated from the German Occu-
pation" [29]. The leadership of the Glavvetupr
Narkomzem of the USSR organized veterinary
reconnaissance in the liberated territories, again
developed routes and determined the order of
veterinary service for livestock returning from
the east to the west. At the same time, measures
were taken to restore the veterinary institutions
in these territories.

Scientists during the war proposed and put
into practice dozens of effective methods and
means to combat contagious and noncontagious
animal diseases, significantly expanded the ar-
senal of the means ensuring a good therapeutic
effect. The major achievements of the veteri-
nary science during the years of war include a
quinazole vaccine and an immunotherapeutic
serum against leptospirosis (S.Y. Lyubash-
enko, 1941), an anti-syribriosis vaccine STI
(N.N. Ginsburg, 1943) and a hydroxylurea for-
molvaccine against sheep pox (N.V. Likhachev,

1944). Reconvalescent sera were widely used
as a prophylactic agent against foot and mouth
disease in calves, piglets and lambs. Bacterio-
phage therapy for diseases of young animals
was successfully used.

In 1941, Academician S.N. Vyshelessky was
awarded the State Prize for his scientific work
on the study of infectious diseases of animals
and the development of methods of their treat-
ment [30].

Widespread development of traumatism in
connection with the war necessitated the search
for more effective methods of wound treatment.
In this direction many new methods were pro-
posed: treatment by leukocyte transplantation,
autoanavaccines, reticulin (Bogomoletz cyto-
toxic anti-reticular serum), Gramicidin, onion
plant antisepticophytocide, para-drug treatment
of wounds, bacteriophage therapy in purulent
lesions, tissue therapy in purulent-necrotic pro-
cesses by Filatov and others. New chemical
therapeutic and prophylactic agents, including
sulfamide agents (red and white streptocide),
successfully used for streptococcal and other
infectious diseases of animals, etc., were wide-
ly introduced into medical practice [31].

With the development of the Soviet army's
offensive operations, the veterinary service
faced a very difficult task of organizing the col-
lection and servicing of captured animals sent
into the interior of the country. In 1944-1945 a
significant number of reparation cattle began to
arrive in the country from Germany. The vet-
erinary and sanitary condition of these cattle
was extremely unfavorable (glanders, foot and
mouth disease, tuberculosis, brucellosis, etc.).
Heads of the Glavvetupr together with the sci-
entists determined the locations of livestock,
measures for its treatment and quarantine. Some
of the cattle affected by tuberculosis, brucello-
sis and foot-and-mouth disease were forced to
be slaughtered for meat.

Domestic animal husbandry suffered great
losses during the war. During the occupation
Nazi invaders destroyed or took away to Ger-
many 7 million horses, 17 million head of cat-
tle, 20 million pigs, 27 million sheep and goats
and 110 million poultry. The number of all
kinds of cattle by the end of 1944 in the coun-
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try decreased significantly in comparison with
1940. The occupants completely demolished
and destroyed 2,180 veterinary institutions in
the Ukrainian SSR, and in the Belarusian SSR
almost all were destroyed [32].

In the closing period of the war the military
veterinary service together with the civil veteri-
nary service solved the main task of preventing
the introduction of infectious diseases into our
territory. For this purpose, an indissoluble con-
nection of military and civil veterinary services,
mobilization and effective use in the interests of
the front of all the country's veterinary person-
nel potential were carried out.

Thousands of military veterinarians, para-
medics and nurses were awarded orders and
medals for their self-sacrificing service.

In 1945, after the victorious end of the Great
Patriotic War by the decision of the Presidium
of the Supreme Soviet of the USSR a large
group of scientists and practitioners, organiz-
ers of the Soviet veterinary was awarded orders
and medals for the successful fulfillment of the
government's task in difficult war conditions to
provide the front and the population, and the in-
dustry with agricultural raw materials. The Or-
der of Lenin was awarded to A. M. Laktionov,
head of the Main Veterinary Administration of
the People's Commissariat of the USSR, the
Order of the Red Banner of Labor was awarded
to Academicians S. N. Vyshelessky (VIEV),
K.I. Skryabin (VIGIS), Professors P.N. Andreev,
N.A. Mikhin, V.M. Koropov, A.A. Polyakov,
D.S. Ruzhencev, V.V. Slivko, A.P. Studentsov,
A.A. Sviridov, P.D. Shatko, etc.

Thus, veterinary specialists of the USSR
front and rear withstood the test of war, pre-
venting the widespread development of epi-
zootics of glanders, foot and mouth disease,
widespread pneumonia in cattle and other in-
fectious diseases. Stable veterinary and sanitary
welfare and high therapeutic and prophylactic
effectiveness of measures were achieved. The
Soviet veterinary profession fulfilled its tasks
thanks to the inseparable link between the mili-
tary and civil veterinary services, mobilization
and effective use of the country's veterinary
personnel potential, the selfless work of scien-
tific and practical veterinary specialists as well

as the organizational activities of the heads
of veterinary departments of the Soviet army
(Lieutenant General of Veterinary Service V. L.
Lekarev, N.V. Vlasov) and the Main Veterinary
Administration of the People's Commissariat of
Agriculture of the USSR (G. Ryabov, N. Le-
onov, V. Ivanovsky, A. Laktionov). Veterinary
science provided the veterinary service with re-
liable ways and means of mass prevention of
dangerous infections and effective help for sur-
gical wounds of horses and non-communicable
animal diseases.
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YCOBEPHIEHCTBOBAHMUE I'TK CEJISAHUHOBA JIS1 PACHIMPEHU S
BO3MOXXHOCTEM EI'O IPUMEHEHUA

) llToranun B.I.

Cubupckuii ghedepanvubviii HayuHbllL Yenmp azpodbuomexnono2ull Poccutickoll akaoemuu HayK
HoBocubupckas obmnacts, p.i. Kpacnoo6ck, Poccust

(<) e-mail: wgp@ngs.ru

[IpuBeneHbl OCHOBHBIE MOMEHTBI, ONPEACIHMBLINEG HEOOXOIUMOCTh M CYIIHOCTH Pa3pabOTKH
KOMITJIEKCHOTO ruipoTepmuieckoro kodhduinuenra (I'TKk). [lanHyro pa3paboTKy ciiefyeT paccMa-
TPHBATh KakK MPOIECC YCOBEPIICHCTBOBAHMS THApoTepMIdecKkoro koddduiuenta I T. CenstHuHOBA.
IIpennoxxennsrii [ TKk mo3Bossier 6ojee meTanbHO XapaKTepru30BaTh TEPPUTOpHIO. KoMITTeKCHBII
I'TKx BitouaeT B ceOst 1Be cocrapistomue: TaHreHcanbayto [ TK? u pagnansayto ['TKr [pu rpa-
¢raeckom otodpaxennn ['TKk panmonanbHO BBLIENSATH 30HBI, cooTBeTcTByIomme [ 'TK¢, BHyTpH
KOTOpPBIX popMupoBath 30161, cooTBeTcTBYIomme [ TKr. [Ipueneno pacnpenenenue I'TKk 8 Hoso-
cubupckoit obnactu. BennunHa nHTEpBaia TaHTeHCAILHON 30HBI BRIOpaHa TOCTOSIHHOM M COCTAaB-
nsiet 0,2 mm/rpaj. Benmunna paguanbHO 30HBI HECKOJIBKO BAPbUPYETCS ISl HCKITFOUCHHUST METTKUX
obpaszoBaHuii Ha rpaHuIax 30H. [IpuBemeHHas KapTa-cxeMa arpoaHamadTHOTO paliOHUPOBAHUS
HoBocnbupckoii o0macTu mo3BoOISIET COMOCTaBUTE ee ¢ pactpenenenueM I TKk. Onpeneneraroe nx
CXOJICTBO MOAYEPKUBAET COOTBETCTBUE KoMIuiekcHOro I'TKk TemM nmpupoaHbIM nponeccaM, KOTOphIe
OTIPENeNsIOT pa3BuTHe pacteHui. Jlan npumep npumeHenus ['TKk mpu ero otodpaskeHnn Ha Me-
koMaciiTabHou kapre. [TokazaHo, 4To IIpU MIEpEMEIEHUH B BRIOPaHHOH 1moJioce KapThl Poccuiickoit
@Denepanu ¢ ceBepa Ha 0T Cpe/IHee 3HaYeHUE PaInalbHON COCTABISIONICH MOCIEI0BATEILHO U3-
mensetrcs ot 70,5 10 155. 3To COOTBETCTBYET H3MEHEHUIO YCIOBHUH ISl TPOU3PACTAHUS PACTUTEITh-
HOCTH, B TO BpeMsl Kak npeamectyromuil I TK Haxoaurcst B oqHOM U TOM ke nuHTepBaie. [lepexon
K komiuiekcHoMy I'TKk Takxke npeaocTaBiseT BOBMOXKHOCTh OIICHUTh PaclpOCTPaHEHUE TeX WU
MHBIX PACTEHUI Ha HOBBIX TEPPUTOPHAX MPH BO3pacTarolleM norerieHnu. Mexons us noinoxxeHuit
MOJIENH, OMPEAEISIONINX Pa3BUTHE PACTEHHH B 3aBHCHMOCTH OT MOTOAHBIX YCIOBHH, BO3MOXKHO
BBIJICJINTH HA0Op MapamMeTpoB KOHKPETHOTO pacTeHus. JlaHHbIe mapaMeTpbl COOTBETCTBYIOT OINTH-
MaJbHBIM 3HAYCHHUSM TeMIIepaTyphl M OCAJKOB Ha OIpEeNeHHBIX (peHomornyeckux ¢azax pacre-
HUS, a TAKOKe OMPEIEINSIOT COOTBETCTBYIOIIHE UM TTOKa3aTey KIMMara, 1Mo OJM30CTH JTaHHBIX Ha-
0OOpPOB OIIEHMBAIOT YPOBEHB OJArONPHUSITHOCTH PACTIPOCTPaHEHUS PACTCHUS.

KuiroueBble cjioBa: KIMMat, THAPOTEPMUUECKUI KOI(DDUIMEHT, OCaIKu, TEMIIEpaTypa, MOJIENb

IMPROVEMENT OF THE SELYANINOV HTC
TO EXPAND THE POSSIBILITIES OF ITS APPLICATION

(<) Potanin V.G.

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

(<) e-mail: wgp@ngs.ru

The main points that determined the necessity and essence of the development of the complex
hydrothermal coefficient (HTCc) are given. This method should be considered as a process of
improving the hydrothermal coefficient of Selyaninov G.T. The proposed HTCc allows for a more
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Improvement of the Selyaninov HTC to expand the possibilities of its

Potanin V.G.

application

detailed characterization of the territory. The complex HTCc includes two components: the tangential
HTC¢ and the radial HTCr. In the graphical representation of HTCc, it is rational to allocate zones
corresponding to HTC¢ within which to form zones corresponding to HTCr. The distribution of
HTCec in the Novosibirsk region is given. The value of the tangential zone interval is chosen constant
and is 0.2 mm/degree. The size of the radial zone varies slightly to exclude small formations at the
boundaries of the zones. The given map-scheme of agro-landscape zoning of the Novosibirsk region
allows to compare it with the distribution of HTCc. A certain similarity between them emphasizes
the correspondence of the complex HTCc to those natural processes that determine the development
of plants. An example of the application of HTCc when it is displayed on a small-scale map is
given. It is shown that when moving in a selected zone of the map of the Russian Federation from
north to south the average value of the radial component consistently changes from 70.5 to 155.
This corresponds to a change in the conditions for vegetation growth, while the preceding HTC is
in the same interval. The transition to a complex HTCc also provides an opportunity to assess the
distribution of certain plants on new territories with increasing warming. Based on the provisions of
the model determining the development of plants depending on weather conditions, it is possible to
identify a set of parameters of a particular plant. These parameters correspond to the optimum values
of temperature and precipitation at certain phenological phases of the plant and determine their
corresponding climate indicators, and by the proximity of these sets assess the level of favorability

of the spread of the plant.

Keywords: climate, hydrothermal coefficient, precipitation, temperature, model

s wurupoBanus: [lomanun B.IT YcosepmenctBoBanne ['TK CensHuHOBa Uit pacIIUpeHHs BO3MOXKHOCTEH €ro
npumeHenust // CuOupcKuii BECTHUK CENbCKOX03sHcTBeHHOM Hayku. 2022. T. 52. Ne 2. C. 95-104. https://doi.org/10.26898/0370-

8799-2022-2-11. EDN OOXLNZ.

For citation: Potanin V.G. Improvement of the Selyaninov HTC to expand the possibilities of its application. Sibirskii
vestnik sel'skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2022, vol. 52, no. 2, pp. 95-104. https://doi.

0rg/10.26898/0370-8799-2022-2-11. EDN OOXLNZ.

Kondumkr unrepecon

ABTOp 3asBIISIET 00 OTCYTCTBUM KOH(IMKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

INTRODUCTION

In market conditions the purpose of any en-
terprise is to increase the efficiency of its ac-
tivities, and the way of increasing - intensifica-
tion. However, as follows from the work [ 1],
regardless of the level of intensity of agricul-
tural technologies used, there is an increase in
the cost of obtaining an additional unit of agri-
cultural production. The data given by FAO on
the world grain production shows that both the
decline and the rise in this process are deter-
mined by climatic conditions. Scientists believe
that in the next decade the growth of produc-
tion in agriculture on the basis of scientific and
technological progress will occur due to the
improvement of ways to obtain and effectively
use information about the climate'. It is be-
lieved [2-5] that the territorial organization of

natural-agrarian systems largely depends on the
solution of problems of efficient and ecologi-
cal use of land for agricultural purposes. In this
connection, higher and higher requirements are
imposed on the characteristics and indicators
determining the state of territories [6, 7]. The
implementation of the topical issue of improv-
ing the known and developing new models of
the basic agricultural processes also stimulates
the above trend [8, 9].

Of the existing indicators used to assess ag-
roclimatic resources, the most widely used is
the hydrothermal coefficient (HTC) of G.T. Se-
lyaninov, calculated by the formula

HTC =3p - 10/%t,

where Xp is the sum of precipitation for the pe-
riod with average daily air temperatures above

'Climate and Agriculture: [Electronic resource] - http://collectedpapers.com.ua/ru/climate_and human_activities/klimat-ta-

silske-gospodarstvo (accessed: 14.01.2021).
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TToranun B.I".

10 °C, Xt is the sum of active temperatures ac-
cumulated during the same period.

In 1928, G.T. Selyaninov proposed the term
"climatic factors of crops", which over time
was transformed into "agro-climatic indica-
tors". One of such indicators - the hydrothermal
coefficient (HTC) - entered the practice of the
world science getting his name.

Despite its widespread use, HTC has certain
disadvantages. The main drawback is that for
areas with low temperatures and humidity (the
Arkhangelsk Region, the Komi Republic), as
well as for areas with high temperatures and
precipitation (the Black Sea coast of the Trans-
caucasian Region), HTC has approximately
equal value, although agroclimatic conditions
in these areas are incomparable’. There is a
need to supplement HTC with a component of
amplitude nature (for example, such as z = f1
(p) + /2 (t), where p is precipitation; 7 is tem-
perature).

The purpose of the research is to develop
a promising agro-technical indicator to assess
the state of the territories, ensuring the achieve-
ment of practically significant results in agri-
cultural production.

RESULTS AND DISCUSSION

To elaborate the issue of eliminating the
shortcomings of HTC and expanding its pos-
sibilities of practical application, let us consider
the mapping of temperature (#) and precipita-
tion (p) factors on a graphical plane in which
temperature (¢) is represented by abscissa. Let
the point 4; with coordinates p; and ¢, be a char-
acteristic of climatic (or weather) conditions of
a particular small area. In this case, the ratio P,
/t; is the tangent of the angle o' formed by the
abscissa and the line extending from the ori-
gin to point 4;. Nothing will basically change
if the variable )¢ is plotted along the abscissa
axis and ) p along the ordinate, which are char-
acteristic of the chosen time interval A7. Then
the similar point 4, being a characteristic of the
climatic conditions in the time interval AT, is
uniquely defined by the coordinates S’p; and Sz;:

where p; is the measured value of precipitation
with the number 7; j is the number of interval AT;
k; is the number of measurement corresponding
to the starting point of the j-th interval; 1j is the
number of measurement corresponding to the
end point of the j-th interval:
i
St= X

i~k
where £, is the measured temperature value with
number £ j is the number of interval AT; k; is
the number of measurement corresponding to
the starting point of the j-th interval; /; is the
number of measurement corresponding to the
end point of the j-th interval.

The ratio 10 - S’p;/St; corresponds to the
Selyaninov HTC and simultaneously, as noted
above, is the tangent of the angle a.

Next, it is advisable to switch to the polar
coordinate system. In this coordinate system,
the point Aj noted above is described by the
angle o (uniquely defined by tga') and a radius
equal to N(Sp)* + (St;)*.

Thus, the climatic characteristic of the
chosen territory is rationally presented in the
complex variant (complex hydrothermal co-
efficient - HTCc), represented by two com-
ponents: tangential (10 - S’p; / St;) and radial
(V (10 - Sp,* + (S£,). Tt should be noted that
the complex hydrothermal coefficient can be
equally represented by two variants: the first in
the form of tangential and radial components
and the second in the form of angular and radial
components. However, taking into account G.T.
Selyaninov's huge contribution, his intuition
and ability to identify indicators of undoubted
practical value, it is proposed to use the variant
with tangential and radial components as the
main variant in the future, and to pass to appli-
cation of the following expressions:

Sp;=10 - Sp;;
HTCt = Sp/St;
HTCr=(Sp))? + (S,

*Konstantinov A.R. Weather, soil and yield of winter wheat. L.: Gidrometeoizdat, 1978. 248 p.
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Although the variant with tangential and
radial components is the most acceptable for
most cases, this does not exclude the use of the
second variant, if necessary.

The schematic map of the Novosibirsk re-
gion is shown in Fig. 1 to demonstrate the ca-
pabilities of the proposed HTCc. On this sche-
matic map, the zones to which a given interval
of the tangential component of the HTCc corre-
sponds are highlighted. Most of the above men-
tioned zones are subdivided into small zones,
which correspond to the radial components of
the HTCC. The zones are designated by a two-
digit code, in which the first digit determines
the number of the tangential component, and
the second digit corresponds to the radial com-
ponent of HTCc. If there is only one radial zone
within a particular tangential zone, then in Fig-

“‘-_-"u.._.-.--_-—-

2.1

ure 1 the zone number is indicated by one digit
corresponding to the number of the tangential
zone, and a two-digit code is added in brackets
next to this number in the text. Thus, in Fig.
1, the zones that do not have a small (radial)
zone split are identified. Proceeding from the
prevalence of knowledge on Selyaninov's HTC
among specialists of this subject, it was decided
to apply the same units for quantitative char-
acterization of the tangential component of the
HTCc as for Selyaninov's HTC.

The value of the tangential zone interval
is chosen constant and is 0.2 mm/degree. The
value of the radial zone varies slightly. This is
caused by the desire to reflect the change in the
radial component inside the tangential zone and
to exclude small formations at the boundaries
of the zones, arising due to the possible inter-

i

r

Puc. 1. Pactipenenenne I TKk B HoBocuOupckoii obmacTu:

1.; 5. — HOMepa 30H, HEe UMEIOIIUX JIpoONIeHust 30Hamu pyroro Buaa; 1.1; 1.2; ...; 4.1; 4.2. — KOMIIJIEKCHbIE HOMEpa
30H, [JI¢ NepBast Iudpa COOTBETCTBYET HOMEPY 30HBI C TAHTCHCAIBHON COCTABIISIOINICH, BTOPast — HOMEPY 30HBI C

paananbﬂoﬁ COCTaBJ’IﬂIOIIIGﬁ

Fig. 1. Distribution of HTCc in the Novosibirsk Region:

1.; 5. - numbers of zones that have no fragmentation by zones of another type; 1.1; 1.2; ...; 4.1; 4.2. - complex zone
numbers, where the first number corresponds to the number of the zone with tangential component, the second
number corresponds to the number of the zone with radial component
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section of the constant zones. The specific mag-
nitudes of the zones are given in the table.
Figure 2 shows the agrolandscape zoning
map of the Novosibirsk Region [10]. It is the
result of long-term research by researchers at
the Siberian Research Institute of Soil Manage-
ment and Chemicalization of Agriculture of the
Siberian Branch of the Russian Academy of
Agricultural Sciences, which made it possible
to include the results in the materials on the for-
mation of adaptive-landscape farming systems.
Comparison of the two given schematic
maps allows us to note their certain similarity
in spite of the fact that they differ significantly
in the data used for their development. This cir-
cumstance emphasizes the correspondence of
the complex HTCc to those natural processes
that determine the development of plants. More-
over, there is a high probability that the farming
systems proposed by the first and second sche-

Pacnpenenenue cocraBmstonux ['TKk Ha puc. 1
Distribution of HTCc components in Fig. 1.

Area Tangential Radial
designation component component

1(1.2) 1,6-1,4 285-329
2.1 1,4-1,2 265-295
2.2 1,4-12 295-344
3.1 1,2-1,0 225-267
3.2 1,2-1,0 267-312
4.1 1,0-0,8 230-269
4.2 1,0-0,8 269-310
5.1 0,8-0,6 234-280

matic maps will be almost indistinguishable if
a narrower interval of values within the zones
is applied.

Another example of the application of GTCc
when it is displayed on a small-scale map is
shown in Fig. 3. The map "Hydrothermal co-
efficient for vegetation period" developed by a
team of authors (Afonin A.N., Lee Y.S., Lipi-

Puc. 2. Arponannmadrroe paiionnpoBanne HoBocuOupckoit odiactu:

I; Ila; . . .; Va; VO — uHIEKCHI arposiaHaAnadTHeIX paifioHOB

Fig. 2. Agrolandscape zoning of the Novosibirsk region:

I; Ila; . . .; Va; Vb - indices of agrolandscape areas
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yainen K.L., Tsepelev V.Yu.) is used as the ba-
sis in Fig. 3.3

On this map, the bold line indicates a strip of
land along the meridian of 120 degrees, which
corresponds to the interval of the Selyaninov
HTC in the range from 0.7 to 1.3. The calcula-
tion carried out allows us to subdivide the se-
lected band into four zones (with a thin line).
Zone 1 corresponds to the average value of the
radial component equal to 70.5; 2 - 99; 3 - 127
and 4 - 155. Thus, the strip of land, which has
the same HTC Selyaninov interval and, con-
sequently, the same degree of moistening, is
subdivided into areas with different radial com-
ponents and different climatic possibilities, as
it should be expected when moving along the
meridian from north to south. The HTCc de-
scribes the real situation of the territory in more
detail (in terms of climatic conditions) and al-
lows identifying the territorial divisions most

suitable for certain economic purposes.

The transition to an integrated HTCc also
provides an opportunity to estimate the spread
of certain plants into new areas under increas-
ing warming. The seemingly simple assumption
that plants will seek locations where climatic
conditions will be more favorable leads to a dif-
ficult question: what are these favorable condi-
tions for plants in quantitative terms? To answer
it, we should refer to the work of A.R. Konstan-
tinov (see footnote 2). Studying winter wheat
yield, he showed on experimental material that
the yield value (hence, the level of development
of this plant) depending on weather conditions
graphically represents a set of decreasing in
size quasi-ellipses. Each value of the yield cor-
responds to a closed line in the form of a qua-
si-ellipse. Moreover, the higher the yield, the
smaller the quasi-ellipse; at its maximum value
the closed line turns into a point. Although A.R.

j_

xr at &
T 7
Hydrothermal coefficient for the h-,, /
growing season o *‘_
n-::q ; e g [y S
— (}:_l )
B r; i
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Puc. 3. Pacnipenenennie panuanbHOi coctasisromeii | TKk B BbIIeIeHHO# monoce:

1; 2; 3; 4 — HOMepa 30H, chOPMUPOBAHHBIX OTHOCHTENILHO pasuaibHoil cocrasistonei ' TKk
Fig. 3. Distribution of the radial component of HTCc in the selected zone:

1; 2; 3; 4 - numbers of the zones formed relative to the radial component of the HTCc

SArposkonorunyeckuii arnac Poccuu u compenenbHbix crpad. Kinmar, Tuaporepmudeckuii koahGUIMEHT 3a BereTaru-
oHHBII niepuoa: [Anexrpounsiii pecype]: URL: http://www.agroatlas.ru/ru/content/Climatic_maps/GTK/GTK/index.html. (zara

oOpamienus: 08.04.2020).
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Konstantinov did not mention it, but it is easy
to assume that this point corresponds to the
optimal values of weather (climate) factors. It
is especially important that each phenological
phase (or interphase period) corresponds to its
own set of quasi-ellipses and its own point of
optimal factor values.

A.R. Konstantinov chose temperature (f) and
absolute air humidity (e) as weather factors.
In his calculations he used the average values
of the factors for the interval of phenological
phase of a plant (or for the selected interphase
period).

Taking into account that air humidity e is con-
sidered in A.R. Konstantinov's work as a value
suitable for characterizing water consumption
conditions of plants, and that precipitation is
the main reason for formation of air humidity,
then transition from average air humidity to av-
erage precipitation value will not lead to princi-
pal change of graphs and will allow determin-
ing average optimal values of temperature and
precipitation for each phenological phase based
on newly constructed graphs.

I have performed an elaboration that offers
an analytical model of yield (or level of plant
development) based on four statements:

— yield losses are proportional to the devia-
tion of weather (or climatic) factors from their
optimal values;

— cumulative losses from two or more fac-
tors determines the vector sum of losses on
individual factors, represented by orthogonal
vectors;

—dependence of total loss value (in graphical
representation) on weather and climatic factors
represents a set of increasing ellipses for each
phenological phase. Each set of ellipses has a
turn by a certain angle, which in the analytical
formulas is taken into account by the introduc-
tion before the factors of co-multipliers in the
form of cosine or sine of a particular angle;

— the yield or level of development of the
plant is defined as the difference between the
maximum possible and real losses.

In fact, the third position is mainly a con-
sequence of the first two, given in analytical
form, supplemented by the peculiarity of the
real situation in the form of the necessity to ro-
tate the ellipse by a specific angle. The fact that
the summation of two orthogonal vectors often
leads to the formation of an ellipse will be dem-
onstrated by a simplified example. Let the two
vectors x; and y,; have their origin at the zero
point of the coordinate system, i.e., the point of
optimal factor values is located at the beginning
of the coordinate system. As a result of summa-
tion, we have a vector of length R, = Vx,* + y 2.
Often in the real situation the summands of the
vector have different scaling. In accordance
with this we replace y, with kz; and obtain
R, =x 2+ (kz))

Squaring the left and right parts of the last
expression and dividing all the terms of the
equation by R} , we get:

R? B x3 Kz
R R R
or 1= iJr e .
R Rk

The last expression is the classical equation
of the ellipse, taking into account that R} =
a, a R}/k* = b, and taking into account that
for the same length R, of the total vector differ-
ent arbitrary values of x; and z, can correspond.
Rotation of coordinate system or corresponding
rotation of ellipse by a given angle and trans-
fer of initial point of vectors will not basically
change anything, but only lead to some difficul-
ties in obtaining the same result.

The analytical form of the model is con-
stantly being improved, sometimes undergoing
significant changes. Recently a variant has been
presented in which the factor "precipitation"
has been replaced by the factor "soil moisture™
derived from it. Graphical constructions con-
cerning weather conditions made by A.R. Kon-

3Agroecological Atlas of Russia and the Neighboring Countries. Climate, Hydrothermal coefficient for the growing season:
[Electronic resource]: URL: http://www.agroatlas.ru/ru/content/Climatic_maps/GTK/GTK/index.html. (accessed 08.04.2020).

“Patent No. 2,733,728. Method of estimating the yield of spring wheat depending on weather conditions. Moscow: State
Register of Inventions of the Russian Federation, 2020; Bulletin No. 28.
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stantinov in the course of experimental studies
are in good agreement with the proposed provi-
sions of the model. It gives grounds to expect
with high enough probability correspondence
of provisions to real natural phenomena and on
this basis to use identified properties and pecu-
liarities in the following way. Each phenologi-
cal phase corresponds to average values of tem-
perature and precipitation factors, which can be
calculated using the residual method outlined
in the work of A.R. Konstantinov. It should be
noted the rationality of combining very short
phenological phases with their neighbors be-
cause of their probable instability, thus forming
interphase periods. Hereinafter, the mean an-
nual interval of the phenological phase and the
mean annual interphase period will be referred
to as the analyzed interval, which has the value
n;, where i is the number of the measuring inter-
val, according to the number of days included
in it. Knowing the duration of the analyzed in-
terval n, and the average value of the factor, it is
easy to go to the following integral values:

plant
»i ~Pep; " i
plant
u Spi = tcpi tn;.

Then, using techniques typical for polar co-
ordinates, we get
plant
t.

and the radial indicator

- =\/(S;1_am )+ (s

Thus, the plant under study has a set of pairs
of indicators, which is equal in volume to the
number of analyzed intervals.

Then we proceed to the climatic character-
istics in terms of temperature and precipita-
tion for the warmed area. We select analyzed
intervals corresponding to the selected plant (or
plant variety), and calculate complex HTCc for
these intervals. Thus, we obtain a set of indica-
tors similar to the first set for the plant under
study. On the one hand, we establish plant re-
quirements to climatic factors, which provide

1 plant
tga’™ =8, /S

plant )2
t.

1

the maximum possible level of plant develop-
ment, on the other hand, we obtain real climatic
conditions in the form of similar indices, rep-
resented by complex HTCc. According to the
closeness of the data in the sets, the level of
plant propagation favorability (from climatic
positions) is evaluated. It is estimated on the
basis of the mean-square criterion of closeness
of the sets or more simple variants are applied:
for example, the maximum level of favorability
is recognized if the average level of deviation
module in the sets does not exceed 12% and the
maximum deviation is less than 26% (when de-
viations are measured in percentages), etc.

CONCLUSION

The hydrothermal coefficient (HTC) of G.T.
Selyaninov has been improved. A complex
HTCec, represented by tangential (HTC¢) and
radial (HTCr) components, has been obtained.
The new HTCc allows obtaining more detailed
and complete information on the climatic situ-
ation of the territory, which is demonstrated by
large- and small-scale graphical constructions.
In fact, the complex HTCc compared to the pre-
vious variant allows increasing the volume of
obtained information about the studied territory
by about 2 times. As a variant of more complex
application of HTCc, the study of the progres-
sion of a particular plant to new territories in
the case of climate warming is presented. In ad-
dition, in the future we can expect with great
probability the application of HTCc in breeding
(to reduce the duration of the breeding process
in crop production), farming (to reduce costs
when solving land typing problems) and some
other directions.
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YPOXKXAWUHOCTDH CEMSIH PBI)KUKA B 3ABUCUMOCTH OT IPUMEHEHUS
PA3JIMYHBIX ITPEITAPATOB 1 CPOKOB IIOCEBA HA CEBEPE KAZAXCTAHA

(X) MycbinoB K.M., Apunos b.K., Aobimesa I T.
Kaszaxckuii azpomexnuueckuti ynueepcumem umenu C. Cetighynnuna

Hyp-Cynran, Peciyonuka Kazaxcran
(<) e-mail: kazeke1963 @mail.ru

[IpencraBneHsl pe3ynpTraThl MOJIEBOTO OMBITA MO BIMSHUIO MUKPOOMOIOTHYECKUX M XUMHYE-
CKUX CPEJCTB 3aIlMThl PACTEHUI Ha IPOAYKTHBHOCTH CEMSIH phIKHKaA MoceBHOTO. [Ipemaparsl (00-
paboTKa CeMsiH Mepej1 MOCEBOM MPOU3Be/IeHa DKCTPACOIIOM, 110 BEereTaluu — HHeeKTuipaoM [1po-
teyc u pyHrumuaom [ukTop) u3ydensl Ha ¢oHE pa3HBIX cpokoB moceBa (15-20 mas, 25-30 mas).
B kauecTBe KOHTpOJISI MCCIENOBalM BapuaHT Oe3 MpUMEHEeHHs npenaparoB. IloneBoil omeIT 3a-
KJIaJbIBaJM B YETHIPEXKPATHOM MOBTOPEHUH, IIOMAAb AeiaHkd 63 m2. Crocob moceBa — psjio-
BOW ¢ HOpMO#1 BriceBa 6,0 MITH BCXOKMX ceMsH/Ta. [IpeamecTBeHHUK — 1-s1 MIIIEHUIIA ITOCIIe mapa.
Pabora nposenena B 2018-2020 rr. B ycnosusax CeBepnoro Kazaxcrana. OObeKT u3ydeHHs — ce-
MeHa, MMOCEeBBl PhIKUKA MoceBHOTO Mcwmibkynen. [TouBa ydacTka — 4epHO3eM, COJepKaHUE Ty-
myca — 2,50-3,89%, azora — 30,80—-81,20 mr/kr, dpocdopa — 11-30 mr/kr, kamus 620—770 mr/kr.
Cemena o0OpabarsiBaii pacTBOPOoM DKcTpacona u3 pacuera 2 i (10 1 pabouero pacTBopa)/T ceMsiH
B JIeHb MoceBa. PekoMeH10BaH ONTHMAaJIbHBIN CPOK MoceBa pbbkuKa (25-30 Mast) ¥ onTUMalbHOE
coveTaHMe IpenaparoB ¢ 00pabOTKON CEeMsIH U ONPBICKUBAaHUEM IOCEBOB (DyHrHMUuAOM. BrisBieHa
MIPOJIOIKUTETHLHOCTD BETETAMOHHOTO Teprojia pbikuKa B yeioBusix CesepHoro Kaszaxcrana, Ko-
TOpasi cocTaBwiia B cpeqHeM 72—81 neHp. Beicokas MpoAyKTHBHOCTh OTMEUEHA MPH MPUMEHEHUH
MUKpPOOHOJIOTHYECKOTO TIpernapara DKeTpacon (00padoTka ceMsH) B ONPBICKUBAaHUS 1OceBa (PyH-
rutoM Iukrop (11,5-16,0 w/ra). ocrosepnas (HCP(s = 0,52) npubaBka ypoxkas ceMsH COCTa-
Buia 0,77 T/ra. YcTaHOBWIIM, 9TO OOMIIBHBIE TOKIM B TIEPHOJT BET€TAIIMHU CTIOCOOCTBYIOT Pa3BUTHIO
U pacrpocTpaHeHuto O6onesneit (pysapuos: R = 14,3-21,5% u P = 27,5-86,4%; anbrepHapHo3:
R=14,3-20,6% u P =25,2-84,3%).

Ki1roueBble cj10Ba: PbDKUK, CPOK [10CEBA, OMOIOTNYECKUE M XMMUYECKHE IIperaparsl, ypoykaii-
HOCTb CeMsIH

CAMELINA SEEDS YIELD DEPENDING ON THE USE OF DIFFERENT
PREPARATIONS AND SOWING DATES IN THE NORTH OF KAZAKHSTAN

(<) Mussynov K.M., Arinov B.K., Abysheva G.T.
Saken Seifullin Kazakh Agrotechnical University
Nur-Sultan, Kazakhstan

(<) e-mail: kazeke1963@mail.ru

The results of a field experiment on the effect of microbiological and chemical plant protection
agents on the productivity of camelina seeds are presented. The preparations (seed treatment before
sowing was made with Extrasol, during vegetation - with insecticide Proteus and fungicide Pictor)
were studied against the background of different sowing dates (15-20 May; 25-30 May). As a
control, the version without the use of drugs was investigated. The field experiment was laid in
quadruple repetition, the plot area was 63 m?. The seeding method is row seeding with a seeding
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rate of 6.0 million germinating seeds/ha. The forecrop is the 1st wheat after fallow. The work was
carried out in 2018-2020 in the conditions of Northern Kazakhstan. The object of the study are the
seeds and plantings of camelina Isilkulets variety. The soil of the site is chernozem, humus content -
2.50-3.89%, nitrogen - 30.80-81.20 mg/kg, phosphorus - 11-30 mg/kg, potassium 620-770 mg/kg.
The seeds were treated with Extrasol solution at the rate of 2 1 (10 I of working solution)/t of seeds on
the day of seeding. The optimal seeding date for camelina (May 25-30) and the optimal combination
of preparations with seed treatment and spraying of crops with fungicide are recommended. The
duration of the growing season of camelina in the conditions of Northern Kazakhstan was revealed,
which averaged 72-81 days. High productivity was noted with the microbiological preparation
Extrasol (seed treatment) and spraying of crops with fungicide Pictor (11.5-16.0 c/ha). A significant
(LSDys = 0.52) increase in seed yield was 0.77 t/ha. It was found that abundant rains during the
growing season contribute to increased development and spread of diseases (fusariosis: R = 14.3-
21.5% and P = 27.5-86.4%; alternariosis: R = 14.3-20.6% and P = 25.2-84.3%)).
Keywords: Camelina, sowing time, biological and chemical preparations, seed yield
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INTRODUCTION Camelinais drought-resistant, with a growing
season of 65-90 days, depending on the region of
cultivation. It is undemanding to environmental
conditions, has high ecological plasticity and
can grow in a wide range of soil and climatic
conditions. The plant is a good phytosanitary
plant and forecrop for other crops. The early
maturity is an important biological advantage
of camelina, as it allows to significantly reduce
the intensity of harvesting [4-6]. Therefore, the
cultivation of camelina for oil seeds in the north
of Kazakhstan is relevant.

The purpose of the research is to study
the effect of microbiological, chemical
preparations and timing of sowing on growth,
plant development, spread of diseases and seed
yield of camelina in the conditions of Northern
Kazakhstan.

Currently, there is a steady trend of
expansion of sowing and production of oilseeds
in Kazakhstan [1]. Cabbage crops occupy one
of the leading positions in the world production
of oilseeds. They successfully combine large
potential yield with high content of oil and
protein in seeds and provide a real opportunity
for more rational use of plant resources due
to enrichment of assortment of used species.
Oilseeds production is one of the components
of the agricultural industry, which provides
industry with raw materials, and livestock - with
fodder. The value of oilseeds is determined by
the versatility of their use in the food industry,
in agriculture and as a biofuel [2].

The promising oil-bearing crop camelina
arouses great interest among agricultural
producers. It successfully combines a high
potential seed yield (up to 2.0 t/ha) with a high
content of drying oil (36-40%) and protein

MATERIAL AND METHODS

Field experiments were laid in the

(25-30%). Among the priority indicators of the
quality of camelina seeds is the content of oil
and protein. Studies by various authors have
shown that the oil content in the seeds is about
40%, protein content is 30% [3].

experimental plot of "Kamenka and D" LLP,
located in Sandyktau district of the Akmola
region. The object of the research was the
camelina variety Isilkulets. The effect of
the combined application of biological and
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chemical preparations (treatment of seeds with
Extrasol before sowing, and by vegetation -
with insecticide Proteus and fungicide Pictor),
sown against different sowing dates (May 15-
20; May 25-30) on the yield of camelina seeds
was studied.

Extrasol is a safe preparation of exclusively
biological origin, it improves the supply of
nutrients to plants, increases seed germination,
accelerates plant development, reduces plant
infestation by phytopathogenic microorganisms,
which significantly increases plant productivity.
Pictor is a systemic combined fungicide
containing two active substances (boscalid and
dimoxystrobin) with different mechanisms of
action on a wide range of rapeseed pathogens.
Proteus is a new generation insecticide with
systemic contact action, destroys pests at all
stages of development (from eggs and larvae to
the adult stage).

The variant without the use of preparations
was used as a control. The seeding method was
row seeding with a seeding rate of 6.0 million
germinated seeds/ha. The forecrop was the 1st
wheat after fallow. Minimum tillage was used in
the experiments. No tillage was done after the
previous crop and before sowing, the seeding
was carried out by SZS-2.1 seeders. Harvesting
was carried out by direct combine harvesters
(Vector, etc.) in the phase of economic full
ripeness, when the lower pods turn brown and
the seeds in them harden.

According to the agrochemical survey
of the experimental field soil was common
chernozem, humus content 2.50-3.89%,
nitrogen 30.80-81.20 mg/kg, phosphorus 11-30
mg/kg, potassium 620-770 mg/kg.

The hydrothermal coefficient in the years of
research was from 0.75 in 2020 to 1.4 in 2018,
the sum of positive temperatures above +10 °
C-2295°.

RESULTS AND DISCUSSION

The main limiting factor of yield in the
area of experiments is moisture. The climate
in the study area is sharply continental. This
feature of the climate of Northern Kazakhstan
was manifested in all the years of research,
significantly affecting the productivity of

camelina plants. During the growing season
(from May to August inclusive) in2018,235 mm
of precipitation fell, which amounted to 137%
of the average annual rainfall. According to
the value of the hydrothermal coefficient, 2018
is characterized as well-wetted (HTC = 1.4).
In 2019 for the growing season precipitation
was at the level of the norm (154 mm, which
i1s 24 mm below the mean annual amount of
precipitation), only in May precipitation was
below the norm, in the third ten-day period of
July - 3.5 times less than the mean annual rates.
According to the value of the hydrothermal
coefficient, the year is characterized as dry
(HTC = 0.77). In 2020 during the growing
season precipitation amounted to 177.5
mm, which was 95% of the average annual
amount of precipitation. According to the
value of the hydrothermal coefficient 2020 is
characterized as dry (HTC = 0.75). Distribution
of precipitation during the growing season was
uneven. Thus, in 2018 their main amount was
in the whole August (102 mm), in 2019 - in the
IT ten-day period of June, III ten-day periods
of July and August (149-232% of the average
annual amount of precipitation). The sum of
positive temperatures for the growing season
2018 was above the norm, in 2019, 2020 -
below the norm by 66-328°.

The onset of the main phenological growth
phases of camelina in the years of the study
depended on both the studied agricultural
practices and the weather conditions
(see Table 1).

In the late crops the onset of the interphase
periods sowing - sprouting and sprouting -
branching took place 1-2 days earlier than in
the early crops. The data obtained show that,
on average, the duration of the interphase
period sowing - sprouting was 7-10 days. This
period was characterized by average daily air
temperature of 11.7-13.9 °C and the sum of
precipitation from 6.3 to 24 mm.

The length of the interphase period sprouting
- flowering is one of the main, because at this
time there occurs the growth of the vegetative
mass. When a certain amount of temperatures
is reached, one phase of plant development is
replaced by the next [7, 8]. If it took on average
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Ta6a. 1. /larel HacTyIIIeHHS OCHOBHBIX (ha3 pocTa M pa3BUTHUS phDKKKa, cpemnee 3a 2018-2020 rr.
Table 1. Dates of the main phases of growth and development of camelina, average for 2018-2020

Option Sprouts Branching Flowering First pod formation Full ripeness
Sowing dates 15-20 May
Control 28 May 13 June 29 June 16 July 7 August
Extrasol 26 May 10 June 26 June 13 July 4 August
Extrasol + Pictor 26 May 10 June 26 June 13 July 4 August
Extrasol + Proteus 26 May 10 June 26 June 13 July 4 August
Sowing dates 25-30 May
Control 6 June 20 June 5 July 20 July 11 August
Extrasol 4 June 18 June 3 July 18 July 8 August
Extrasol + Pictor 4 June 18 June 3 July 18 July 8 August
Extrasol + Proteus 4 June 18 June 3 July 18 July 8 August

61,5-261,8° of the sum of positive temperatures
to pass the first period of sowing - sprouting
when sowing on May 15-20, the period from
sprouting to flowering took on average 347,1-
890,1°. As a result, the duration of sprouting -
flowering period averaged 28-32 days.

Observations have shown that camelina
finishes the interphase period of flowering -
full ripeness in 35-40 days, depending on the
hydrothermal conditions.

In our studies, the shortest period of
flowering - full ripeness was observed in 2019
(with average daily temperature of 19.3 °C and
precipitation of 60 mm) and the longest-in 2018
(with temperature of 16.7 °C and 127 mm). This
is explained by the fact that high average daily
temperatures and lack of moisture lead to a
shortening of this period and, conversely, lower
temperatures in combination with abundant
precipitation contribute to its increase.

Camelina is an early maturing crop.
Despite the great role of individual periods of
plant growth and development, the duration
of the entire growing season is decisive in
the economic evaluation of the variety. The
growing season is one of the main biological
traits in plant breeding and is crucial for high
yields. It is one of the means of plant adaptation

to habitat conditions, which is determined by
genetic characteristics and the totality of the
environment [9].

On average, the growing season of camelina
was 75-81 days. At the sowing date of May 15-
20, this figure was 5-6 days shorter than at sowing
on May 25-30. The longest vegetation period of
camelina (89-102 days) was observed in 2018
under relatively cool and rainy weather (HTC =
1.4). In 2019, under dry conditions, the duration
of the growing season of camelina decreased to
64-67 days (HTC = 0.77). The duration of the
growing season as a whole and the individual
interphase periods of development of camelina
plants depended on the varietal characteristics
and growing conditions (see Table 2).

Under conditions of excess moisture
and low air temperature, the duration of the
growing season increases and, conversely,
under conditions of drought, the period from
sprouting to maturity decreases sharply.
Observations suggest that camelina has a
relatively short growing season, which is one
of the main positive biological qualities of the
crop. Thanks to this property, the development
of culture occurs in the best conditions for the
provision of moisture. It ripens much earlier
than other crops.
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Over the years of research, the duration of
the growing season of the crop was influenced
by the use of microbiological preparation, as
well as the sowing period. It averaged 72-81
days, at a late sowing date a decrease in this
period by 5-6 days was observed.

Phytosanitary condition of crops at any level
of agrotechnics is in a certain dependence on
climatic conditions of the area and the weather,
which is established in the period from seedlings
to maturity of seeds. At the same time, especially
noticeable influence on this indicator have
moisture and heat regime during the growing
season. Camelina, unlike other crops of the
cabbage family, is practically not infested by
pests and not affected by diseases. At a time of
constant increases in energy and pesticide prices
this makes it possible to significantly reduce
the level of costs for its cultivation. Infestation
of culture by various fungal diseases directly
depends on climatic and weather conditions.
In laboratory and field studies, scientists
found symptoms of Alternaria and Fusarium
infestation. Leaves, stems and pods are affected
[10]. Meteorological conditions in the years of
research differed from the average annual data,
as well as by decade and month as a whole,
which made it possible to comprehensively
assess the effectiveness of various drugs against
the diseases.

In our studies of phytosanitary conditions in
camelina crops, the amount of precipitation and
temperature regime had a significant impact.
Thus, in 2018 weather conditions were favorable
for the development of fungi of the genus
Fusarium and Alternaria. Reduced average
daily air temperature, good soil moisture in the
III ten-day periods of May and June, as well as
abundant precipitation in the I and II ten-day
periods of August contributed to the infestation
of camelina plants with diseases.

The combined use of seed treatment and
fungicide treatment of crops in the hearted
state against Fusariosis and Alternariosis
significantly stopped the development and
spread of the diseases and kept them in check
until the phase of the formation of the first pods.
Low precipitation in 2018 (8 mm, or 44% of the
mean annual data) with the temperature regime
at the level of the long-term average annual also
contributed to this. In early August, heavy rains
occurred (256% of the mean annual data) and the
dynamics of development and spread changed
dramatically towards an increase in diseases
(Fusariosis: R=14.3-21.5% and P=27.5-86.4%
Alternariosis: R = 14.3-20.6% and P = 25.2-
84.3%). Compared with the control variant, a
significant reduction in the development and
spread of diseases was observed in the variant
with the fungicide Pictor. Weather conditions

Tab6a. 2. [IpomomKUTETHPHOCTh OCHOBHBIX MEX(a3HBIX TIEPHOIOB POCTA U Pa3BUTHS PHDKHKA, CPEIHEE

3a 2018-2020 rr., 1eHb

Table 2. Duration of the main interphase periods of growth and development of camelina, average for

2018-2020, day

. Sowing - sprout- | Sprouts— branch-|  Branching— Flowering—full | Vegetation pe-
Option ing ing flowering ripeness riod

Sowing dates 15-20 May

Control 10 16 16 39 81

Extrasol 8 15 16 39 77

Extrasol + Pictor 8 15 16 39 77

Extrasol + Proteus 8 15 16 39 77
Sowing dates 25-30 May

Control 9 14 15 36 75

Extrasol 7 13 15 36 72

Extrasol + Pictor 7 13 15 36 72

Extrasol + Proteus 7 13 15 36 72
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in 2019 and 2020 were similar (HTC = 0.77
and 0.75). Thus, in 2019 during the growing
season of the crop, little precipitation and a
high temperature background were observed,
which caused a slow increase in the disease.
In such years, the development and spread of
diseases decreased in all the growth phases and
development of the crop compared to 2018.

The crop yield is determined by its main
elements: the number of plants per unit area,
productive bushiness, the number of grains
per plant and the weight of 1000 seeds. The
conditions fortheirmostsuccessful development
depend on the temperature and water regimes,
availability of mineral nutrients, as well as on
technological methods of cultivation.

The yield of camelina in the years of
research was significantly influenced by both
the prevailing weather conditions during the
growing season of the crop, and the timing
of the seeds sowing. Camelina yield from the
combined use of microbiological and chemical
preparations increased in comparison with the
variant without their use (see Table 3).

Thus, when dressing the seeds before
sowing, the yield of camelina increased at the
sowing date of May 15-20 compared with the
control variant by 2.8 c/ha, and with additional
spraying of crops with fungicides - by 3.8 c/ha
and insecticides by 1.2 c/ha. A similar pattern
was found in the variant with the sowing date of
May 25-30 and was, respectively, 5.4; 7.7 and
6.5 c/ha.

The yield differed significantly between the
early and later sowing dates, at sowing in May
25-30 it varied from 8.3 to 16.0 c/ha, which is
by 0.4-4.5 c/ha higher than in the variant with
the sowing date of May 15-20. At the same
time, sowing of seeds treated with Extrasol
and application of fungicide Pictor during
the vegetation period of camelina contribute
to obtaining higher seed yields than in other
variants, regardless of the sowing dates.

CONCLUSIONS

1. As aresult of the research it was found that
the duration of the growing season of camelina
in the conditions of Northern Kazakhstan is 72-
81 days. The optimal sowing date of sowing

Taoxa. 3. BausHue npuMeHeHUs pa3HbIX Ipe-
[apaToB 1 CPOKOB [I0CEBA HA YPOKaHHOCTh CEMSH
priokuka B 2018-2020 rr.

Table 3. Effect of the use of different
preparations and seeding dates on the yield of
camelina seeds in 2018-2020

Sowing date Preparation Yield, c/ha
15-20 May Control 7,9
Extrasol 10,5
Extrasol + Pictor 11,5
Extrasol + Proteus 9,1
LSDys 0,52
25-30 May Control 8,3
Extrasol 13,7
Extrasol + Pictor 16,0
Extrasol + Proteus 14,8
LSD,s 0,54

camelina is the III ten-day period of May, which
provides the maximum seed yield of 13.7-16.0
c/ha, which is 23-28% higher compared to the
earlier sowing date (15-20 May).

2. The optimal efficiency is provided by
the combined use of preparations with seed
treatment Extrasol and spraying of crops with
fungicide Pictor, it contributes to obtaining the
yield by 2.4-2.8 c/ha higher than in the variant
with the seed dressing before sowing and
insecticide Proteus during the growing season.
Sowing with dressed seeds and spraying of
camelina with fungicides during the vegetation
period against diseases increases the yield by
1.4-1.9 times compared to the variant without
their application.

3. Over the years, studies have shown that
the use of combined treatment of seeds with
preparations and seeds with fungicides reduces
the development and spread of diseases to the
phase of the formation of the first pods.
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Camelina seeds yield depending on the use of different preparations
and sowing dates in the north of Kazakhstan
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HHPABUJIA JIUISI ABTOPOB

IpaBuna a1 aBTOPOB COCTABIICHBI HA OCHOBE 3THYECKUX MPHHIINIOB, OOIHUX JUI WIEHOB HAYYHOTO COOOIIECTBA, U
TIPaBUII MyOMUKAINH B MEKTyHAPOTHBIX U OTCIECTBEHHBIX HAYYIHBIX MEPHOJUICCKAX U3IAHUAX, & TAKKE B COOTBETCTBHU
¢ TpeboBanusmMu BAK mi1s nepuoandecknx M3gaHUM, BKIIOUCHHBIX B [lepedeHb pOCCHHCKHUX PELEH3UPYEMBIX HAayYHBIX
JKYPHAJIOB, B KOTOPBIX JO/DKHBI OBITH OIIyOINKOBAHbI OCHOBHBIE HAy4HBIE PE3YJIbTAThl JUCCEPTALUM Ha COUCKAHUE YIEHOH
CTENEHH JOKTOPA U KaHHaTa HayK.

XKypnan myOnuKyeT OpuruHaIbHbIE CTAaThH MO (YHIAMEHTAJIbHBIM U MIPUKJIAJHBIM IPOOIEMaM 10 HAaIIPABICHUSIM:

e o0ree 3emiie/ieNine U PACTCHUEBOJICTRO;

°  CeJICKIIUS, CEMCHOBOJICTBO U OMOTEXHOJIOTHUS PACTCHHIA;

*  arpoxXMMHUsi, arporoYBOBE/ICHHE, 3AIUTA U KAPAHTUH PACTEHHIA;

*  KOPMOIIPOU3BOJICTBO;

*  HHQpEKIMOHHBIE OOJIE3HH K UMMYHOJIOTHSI )KUBOTHBIX;

*  YacTHas 300TEXHHS, KOPMIICHHE, TEXHOJOTHH MPUTOTOBJICHUS KOPMOB U NMPOU3BOJICTBA MPOAYKIHH KHUBOTHOBOJICTBA;
*  pa3BeJCHHUE, CEICKIIUs, TCHETHKA U OMOTEXHOJIOTHUS JKUBOTHBIX;

°  TEXHOJIOTHH, MAIIUHBI U 000PYI0BAaHHE JJIsl arPONIPOMBIIIIIICHHOTO KOMILIEKCA;

*  IHIICBbIC CUCTEMBI.

Crarps, HampaBisieMas B pPEJaKLUWIO, JIOJDKHA  COOTBETCTBOBaTh  TEMAarH4YEeCKMM  pasfeiaM  JKypHaia
«Cubupckuil BECTHUK CEIbCKOXO35IHCTBEHHOM HAYKI»:

lﬂl/l(l)p 1 HAUMECHOBaHHE Hay'-lHOﬁ CleUAJBbHOCTH B COOTBETCTBUH C Homemma”rypoii

HaumeHoBaHne pyOpHuKH .
HAy4YHBIX CHIENHAILHOCTEN, 10 KOTOPLIM NPUCYKIAI0TCS y4eHble CTeneH

3emMiteienne U XUMHU3aIus 4.1.1. OOmiee 3emieneniic 1 pacCTCHHEBOACTBO
4.1.3. Arpoxummusi, arporoYBOBEICHNE, 3aINTa U KAPAaHTUH PACTCHUH

PacrenueBonctBo u cenekuus  4.1.1. O6uiee 3emienenne U pacTeHHEBOICTBO
4.1.2. Cenekuusi, CCMEHOBOJCTBO U OMOTEXHOJIOTHS PACTCHUI

3amura pacTeHUH 4.1.3. Arpoxumusi, arporo4BoBeICHUE, 3alIUTa U KAPAaHTUH PACTCHUI

Kopmomnpon3zBoactso 4.1.1. OOmee 3emieneniic 1 pacTCHUEBOACTBO
4.1.2. Cenekuusi, CECMEHOBOJACTBO U OMOTEXHOJIOTHS PACTECHUI
4.1.3. Arpoxumusi, arporoyBOBECHNE, 3aIIUTA U KAPAHTUH PACTECHHH

300TeXHUS U BETEpUHAPUS 4.2.3. NudexunonHbie 00JI€3HU U UMMYHOJIOTHS )KUBOTHBIX
4.2.4. YacTtHas 300TeXHHUS, KOPMIICHHE, TEXHOJIOTUH ITPUTOTOBIICHNSI KOPMOB U IIPOM3BOJICTBA
MIPOAYKINH KUBOTHOBOACTBA
4.2.5. Pa3Benenue, CeIEKIHs, T€HETUKA U OMOTEXHOJIOTUS KUBOTHBIX

Mexanuszanus, apromatnzanusi, 4.3.1. TexHonmorum, MamuHbI 1 000PYIOBaHUE ISl aTPONPOMBIIUICHHOTO KOMITJIEKCa
MOJIEIIUPOBAHHE U
nHpopManmoHHOe obecreueHne

[epepaboTka 4.3.3. Ilumesbie cUCTEMbI
CEeJILCKOX03sIHCTBEHHOU
MIPOIYKIIUH

4.1.1. OO1mee 3emienenne U pacTEHHEBOACTBO

4.1.2. Cenekuusi, CEMEHOBOJCTBO U OMOTEXHOJIOTHS PACTCHUI

4.1.3. Arpoxumusi, arporo4BOBeICHNE, 3aIIUTa U KApaHTUH PACTCHUH

4.2.3. UudexunronHbie 00JI€3HU U UMMYHOJIOTHSI )KUBOTHBIX

4.2.4. YacTtHas 300TeXHHUS, KOPMIICHHE, TEXHOJIOTUH ITPUTOTOBIICHNSI KOPMOB U TIPOM3BOJICTBA
MIPOAYKINH KUBOTHOBOACTBA

4.2.5. Pa3Benenue, CEIEKIHs, TEHETUKA U OMOTEXHOJIOTUS KUBOTHBIX

4.3.1. TexHOIOrHH, MAIINHBI K 000PYIOBAHUE IS arPOITPOMBIIIICHHOTO KOMILIEKCa

4.3.3. TlumeBble CUCTEMBI

[Ipobnemsl. Cyxaenus
Hayuneble cBsi3u

W3 ucropun
CEeJILCKOXO03SICTBEHHON HAyKU
Kparkue coobmienus

W3 nuccepraninoHHBIX paboT

B sxypHaie Takxke myOauKyTCst 0030pbl, KpaTKue COOOIICHNUS, XPOHUKA, PEIICH3UH, KHW)KHBIC 0003pPEHUS, MaTepHAIIbI
10 UCTOPHUH CEJIbCKOXO3HCTBEHHOW HAYKHU U JIEATEbHOCTU YUPEKICHUN U YUCHBIX.

Yuciio myOnukanuii OJHOTO aBTOpa B HOMEPE SKypHasla HE JOJDKHO INPEBBIIIATh IBYX, HPU 3TOM BTOpas CTAThs
JIOIyCTUMA JIUIIb B COABTOPCTBE.

K paccMOTpeHHIO MPUHUMAIOTCSI MaTepHajbl OT Pa3lTHIHBIX KaTerOPH HCCIeoBaTelNel, aClIUPaHTOB, TOKTOPAHTOB,
CIICIIMAJIMCTOB U OKCIIEPTOB B COOTBETCTBYIOMINX O0TACTAX 3HAHUH.

Bce crarby pelieH3upyrOTCs U MMEIOT 3apeructpupoBaHHblil B cucteme CrossRef nnnexc DOI.

[Ty6nukanuu Uit aBTOPOB GecIIaATHBI.

IIpu HampaBIeHUU CTATbU B PEAAKLMIO XKypHaIa « CHOUPCKUI BECTHUK CENbCKOXO3SIHCTBEHHON HAyKH» PEKOMEHAYEM
PYKOBOZCTBOBATbCS CIAEAYIOLMMU [IPABUIIAMU.
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PEKOMEHJIALIMU ABTOPY 10 ITIOJAYUN CTATbU

IpencraBienue cratby B )KypHan « CHOUPCKUI BECTHHK CENIbCKOXO3IHCTBEHHON HAyKM») MOIPa3yMeBaeT, uTo:
e cTarbs paHee He ObuIa OIMyOIMKOBAaHA B IPYIOM >KypHAJIE;
*  CTarhs HE HAXOIUTCS HA PACCMOTPEHUH B JPYTOM XKYypHaJe;
*  BCE COABTOPHI COINIACHBI C MyOIMKALMEH TEKyIel BEpCUH CTaThH.

Iepen oTpaBKOil cTaThl HA PACCMOTPEHUE HEOOXOMUMO YOSIUThCs, 4To B (aiiie ((aiinax) comepurcs Besi He0OX0-
JMast HHGOpMAaIHs Ha PyCCKOM M aHIIMHCKOM SI3bIKaX, YKa3aHbl HCTOYHHKH HH(OPMAIINH, Pa3MELICHHOH Ha PUCYHKAX U
B Tabnuuax, Bce CCbUIKH 0(hOPMIIEHBI KOPPEKTHO.

HOPSIJIOK HATIPABJIEHUSI PYKOIIMCEM CTATEM

1. OTmpaBka cTaThy OCYIIECTBISIETCS Uepe3 AMEKTPOHHYIO PelaKInIo Ha caiite xypHaua https://sibvest.elpub.ru/jour/
index. [Tocne npenBapuTeNbHON PETHCTPALUK aBTOPA, B IPABOM BEPXHEM YINIy CTPAaHHIBI BEIOpaTh oniuio « OTHpaBUTh
PYKOIHCBY». 3aTeM 3arpy3uTh pyKONHCh cTaThu (B Gopmare *.doc mimm *.docx) u conmpoBOAUTENbEHBIE JOKYMEHTHI K HEHl.
[Mocxe 3aBepIueHus 3arpy3Ku MaTepHaIoOB 00s3aTelIbHO BEIOpaTh ONuuio «OTIPaBUTh ITHCHMOY», B 9TOM CIIy4ae peJaKius
aBTOMaTHYeCKU OyJeT yBeJOMJICHA O MOTyYSHUH HOBOH PYKOTIHCH.

CompoBoIUTEIbHBIE JOKYMEHTHI K PYKOIIHCH CTaThH:

*  CKaH-KOIMS MHChMa OT OPraHHM3alllM C MOATBEP)KACHHEM aBTOPCTBA M Pa3pelieHHEM Ha MyOnMKamuio (oOpaser Ha
http://sibvest.elpub.ru/);

°  CKaH-KOITMS aBTOPCKOM CITPaBKH TI0 MpejcTaBieHHon Gopme (oOpaser Ha http://sibvest.elpub.ru/), B koTopoii 10KHO
OBITH BBIPAKEHO COIIACHE Ha OTKPBITOE OMYOJIMKOBAaHME CTATbU B TMIEYATHOM BapHaHTE >KypHAJIA U €ro dIEKTPOHHOH
KomuH B ceTu VHTEpHeT;

*  CKaH-KOIHS PYKOIMCH C MOAMHUCSIMH aBTOPOB. ABTOD, MOANHUCHIBAsI PYKOIMCH U HAIIPABIISS €€ B PENAKIHIO, TEM CAMBIM
TepeaeT aBTopcKue mpasa Ha u3nanue 31oi cratbt COHIIA PAH;

°  aHKEThl aBTOPOB HAa PYCCKOM U aHIIMHACKOM s3bIkax (oOpaserr Ha http://sibvest.elpub.ru/);

*  CKaH-KOIHS CIIPABKU M3 ACIUPAHTYPHI (U1 OYHBIX aCIIHPAHTOB).

2. Bce nmoctynaronye B peAaki1Iio PyKOIICH CTaTel perucTpUPYIOTCS Yepe3 CUCTEMY IEKTPOHHON penakuuu. B mud-
HOM KaOMHEeTe aBTOpa OTPasKaeTCsl TEKYIMHA CTaTyC PyKOIIMCH.

3. Hepeuensupyemble MaTepuaibl (MaTepuaibl HAyYHOH XPOHUKH, PELEH3UHU, KHIDKHBIE 0003pEHUs, MaTepUabl 10
HCTOPUHU CEIbCKOXO35IHCTBEHHOI HayKU U JeATEIbHOCTH YUPEXKICHUH U yUSHBIX) HaNpasifioTcs Ha e-mail: sibvestnik@
sfsca.ru u perucTpUpyroTCst OTBETCTBEHHBIM CEKPETAPEM.

HOPAAOK O®OPMJIEHUSA CTATbU

Tekct pyxonucu opopmisiercs mpudrom Times New Roman, keriiem 14 ¢ unrepsainom 1,5, Bce mons 2,0 oM, Hymepanus
crpanull BHu3y. O0beM crarbi He Oosee 15 cTpanul (BItouas TaOIULbl, WILTIOCTpaluy 1 6ubauorpaduio); crareil, pas-
MelaeMbIX B pyopukax «M3 nuccepranuoHHbIX pabot» u «Kparkue cooOleHus», — He 6oliee 7 CTpaHuLL.

CrpykTypa odopmiIeHHs CTATbH:

1. VYIK

2. 3aro/i0BOK CTAaThbH HA PyCCKOM U aHIVIMIiCKOM fI3bIKaX (He Oosiee 70 3HAKOB).

3. ®aMuIuU U MHUIHAJbI ABTOPOB, 0JIHOE 0(pULHATBLHOE HA3BAHHE HAYYHOI0 yUpe:KIeHHsl, B KOTOPOM IIPo-
Be/IeHbI HCCJIeIOBAHMS HA PYCCKOM U AHIVIMICKOM fI3bIKaX.

Ecnu B IOArOTOBKE CTATbU NPUHUMAIM Y4acTUE aBTOPbI U3 Pa3HbIX YUPEKACHHUH, HEOOXOMUMO YKa3aTh IPUHANIEHK-
HOCTb Ka)KJI0T0 aBTOPA K KOHKPETHOMY YUPEXKIEHUIO C IIOMOLIbIO HAJCTPOUHOIO HHAEKCA.

4. Pedepar Ha pycckoM H aHIIHiicKoM si3bIkax. O0beM pedepara He menee 200-250 cios. Pedepar siBistercs
KpaTKUM U I1OCIEJOBATEIbHBIM U3JI0KEHUEM MaTepualla CTaTbU 110 OCHOBHBIM pa3JiellaM U JOKEH OTpa)aTb OCHOBHOE
coziepKaHKe, CIIe0BaTh JIOTUKE U3JI0KEHHs MaTepualla U OIUCAHUS Pe3yJbTaToB B CTAThe C IPUBEAECHHEM KOHKPETHBIX
JaHHbIX. He cienyer BIoUaTh BIIEPBbIE BBEECHHbIE TEPMUHBL, a00peBUATyphI (32 UCKIIIOUEHUEM OOIIEU3BECTHBIX), CChLI-
KU Ha Jureparypy. B pedepare He cienyer noguepkuBaTh HOBU3HY, aKTyaabHOCTb U JIMUHBIH BKJIAJ aBTOPa; MECTO UCCIIE-
JIOBaHUs HEOOXOIUMO yKa3bIBaTh 10 001acTH (Kpast), HE yIIOMUHATh KOHKPETHbIE OpraHu3allluu.

5. KuioueBble ¢/10Ba HA PyCCKOM U aHIJIMIICKOM fI3bIKaX. 5—7 CIIOB IIO TeMe cTaTbH. XKenaTenbHo, YToObI KIIIode-
BbI€ CJIOBA JONOIHSIN pedepar U Ha3BaHUE CTATbU.

6. Hudopmanus 0 KOH(PJIUKTE HHTEPECOB 100 ero 0TCYyTCTBUH. ABTOp 0053aH YBEIOMUTDb PEAAKTOpA O Peab-
HOM WJIHM NOTE€HLUAIbHOM KOH(IMKTE UHTEPECOB, BKIIOYUB UHPOPMALMIO O KOH(IUKTE UHTEPECOB B COOTBETCTBYIOLIUI
pasnen crartbi. Eciin KOH(IMKTA HHTEPECOB HET, aBTOP JOJDKEH TaKKEe COOOIIUTL 00 3TOM.

ITpumep hopMyaUPOBKU: «ABTOp 3asBISET 00 OTCYTCTBUM KOH(IUKTA HHTEPECOBY.

7.  bJaarogapHocTH Ha PyCCKOM M AHIVIMIICKOM sI3bIKaX. B 3TOM pasjeie yka3bplBaloTCsl BCE HCTOUHUKY (puHAHCU-
POBaHUS UCCIIEA0BAHYS, a TAKXKE OJIArolapHOCTHU JIIOASM, KOTOPBIE YYaCTBOBAIM B padOTe Hall CTaThel, HO HE ABJIAIOTCA €€
aBTOPAMH.

8. OcHOBHO# TeKCT cTaTbu. [Ipy U3I0KEHUU OPUTMHAIBHBIX 3KCIEPUMEHTANIBHBIX JAHHBIX PEKOMEHIYeTCs HC-
I10/1b30BaTh 03T 0JI0BKH:

BBEJIEHME (nocranoBka npooaeMsbl, e, 3aja41 UCCIIeIOBaHMS)

MATEPUAJL U METO/IbI (ycnoBusi, MeTozpl (METOAMKA) UCCIEAOBAaHUHN, ONTUCAHUE 00BEKTa, MECTO U BPeMs Ipo-
BEJICHYISI )

PE3YJIBTATBI 1 OBCYXKXIAEHHNE

3AK/IIOYEHME nnu BBIBO/bI

114  Siberian Herald of Agricultural Science ¢ 2022 « 52 ¢ 2



CIIUCOK JIMTEPATYPbBI. KonmmuectBo ncTouHUKOB HE MeHee 15. B cmmcok nutepaTypsl BKIFOYAIOTCS TOJBKO
peLeH3NpyeMble HCTOUHHKHU: CTaTbU M3 HAYYHBIX JKYpHAIOB U MoHOTpaduu. CamouutupoBanue He 6oee 10% ot obOmie-
ro KonmdectBa. bubnuorpaduueckuii cnucok 1omKkeH ObITh 0(OpMIICH B BH/E OOIIETro CIKCKA B MOPSIKE YIOMHHAHUS B
TEKCTe, JKeNaTeNIbHbI CCHITKH Ha HCTOUHUKU 2—3-JIETHETO CPOKa JaBHOCTH. [IpaBuiia opopMIICHHUS CIHCKA JTUTEPATYPhl — B
coorBercTBuu ¢ OCT P 7.05-2008 (TpeboBanus 1 mpaBuiia COCTaBIeHUs OubInorpadguaeckoil cchliikn). B Tekcre ceblika
Ha HCTOYHHK OTMEUAETCs MOPSAKOBOM IU(POIi B KBaJpaTHBIX CKOOKax, Harpumep [ 1]. JIuteparypa B CIIMCKe AaeTCs HA TEX
sI3BIKAX, HA KOTOPBIX OHA W3/aHa. B Oubianorpaduyeckoe onvcanue myOiIuKaiuy HeoOX0IMMO BHOCHTh BCEX aBTOPOB, HE
COKpaIlasi uX OJHUM, TpeMs 1 T.I. HeomycTuMO cokpamieHie Ha3BaHHui CTaTei, )KypHAJIOB, H3IaTeIbCTB.

Ecnu HeoOX0MMO cocaThesi Ha aBTopedeparsl, AUCcepTalii, COOPHUKH CTaTel, yIeOHUKH, PEKOMEHAAINH, yIeOHbIe
nocobusi, FOCTsl, nH(pOpMALIUIO C CANTOB, CTATUCTUYECKHE OTYETHI, CTATHH B OOIECTBEHHO-TIOJIUTHYECKUX ra3eTax W
Ipodee, TO TaKyro HHPOPMALHIO clienyeT 0GpOpMUTH B CHOCKY B KOHIIE CTpaHHLBl. CHOCKHM HYMEpYIOTCS apadckuMu 1ud-
paMu, pa3MemIarTcs MOCTPAHNIHO CKBO3HOW HyMepaIuei.

Buumanue! Teopetnaeckue, 0030pHbIE U TPOOIEMHBIE CTaTHH MOTYT UMETh IIPOU3BOJIBHYIO CTPYKTYPY, HO 00s13aTelIb-
HO JIOJDKHBI coiepKaTh pedepar, KIIFoueBble ClIOBa, CIIUCOK JIUTEPaTyphI.

HNPUMEPBI O®OPMJIEHUS CIITUCKA JIUTEPATYPbBI, REFERENCES U CHOCOK

CIIMCOK JIMTEPATYPbI:

Monozpagusn

Knumosa 3.B. Tlonessie KynbTypsl 3abaiikanbs: MmoHorpadus. Yura: [Touck, 2001. 392 c.

Yacmb Knuzu

Xonmos B.I” MunumanbHasi 00paboTKa KyJIMCHOTO Hapa MoA sIPOBYIO IMIIEHUIY MPU MHTEHCH(UKAIUY 3eMIIeAeNs B
FOKHO# Jtecoctenu 3ananHoit Cubupu // PecypcocOeperaroiue cucteMbl 00paboTku mouBbl. M.: Arpornpommusaar, 1990.
C. 230-235.

Ilepuoouueckoe uzdanue

THaxyno AJL, Jlanwunoe H.A., boowcanosa I'B., Ilakyns B.H. TexHOIOrMYECKHE KaueCcTBa 3epHa MATKOM ApOBOM mIie-
HULBI B 3aBUCHMOCTH OT CHCTeMbI 00pa0oTku NouBs! // CHOMPCKUIA BECTHUK CelbcKoxo3siiicTBeHHOH Hayku. 2018. T. 48.
Ne 4. C. 27-35. DOI: 10.26898/0370-8799-2018-4-4.

REFERENCES:

CocTaBisieTcs B TOM )K€ HOPSJIKE, YTO M PYCCKOSM3BIUHBIN BAPHAHT, MO CIIETYIOIIIM IIPaBHIIAM:

@ammmnn 1.O. aBTOPOB B YCTOSIBIIIEMCS CIIOCO0E TPAHCIUTEPAIMH, aHIVIOA3BIYHOC HA3BAHKUE CTAThH, MPAHCIUMEDa-
Yusi HA36aHUSL PYCCKOAZBIYHO20 UCMOYHUKA (Hanpumep depe3 caim. https.//antropophob.ru/translit-bsi) = anenoaszviunoe
nasgeanue ucmounuxa. Jlanee opopmiueHue 1 MOHOrpaduu: rOpoA, aHIIOA3BIYHOE Ha3BaHHE M3aTebCTBA, TO, KOJIHYe-
CTBO CTPAHUIL; JUTs XKypHaa: Toj, Homep, crpanuiibl). (In Russian).

IIpumep: Avtor A.A., Avtor B.B., Avtor C.C. Title of article.

TpaHcnuTepanus aBTOpOB. AHIIOS3bIYHOE HA3BAHUE CTATHU

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.

Tpancrumepayus ucmounuxa = Anenoa3viunoe Ha3eanue UCMOYHUKA

Momnozpaghua

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

Yacmo knucu

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture

in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990, pp.
230-235. (In Russian).

Ilepuoouueckoe uzoanue

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2018, vol. 48, no. 4, pp. 27-35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4.

CHOCKM:

Iutupyembrii TeKCT' .

'Knumosa 3.B., Anopeesa O.T., Temnuxosa I'I1. TIyTu cTabuIM3aIiiu KOPMOTIPOU3BoACcTBa 3abaiikanbs // [IpobaeMsr 1
MIEPCTIEKTHBEI COBEPLICHCTBOBAHMS 30HAIBHBIX CHCTEM 3€MJIC/ICIIUSI B COBPEMEHHBIX YCIOBHSX: MaTepHajbl Hayd.-TIPaKT.
koH(. (Yuta, 16—17 okts16pst 2008 r.). YUura, 2009. C. 36-39.

Hughposoii uoenmughuxamop Digital Object Identifier — DOI (xorga oH €CTbh y IUTHPYEMOTO MaTepHaa)
HEeoOXOIMMO yKa3blBaTh B KOHIIE OMOIMOrpaduuecKoil CChbUIKH.

IIpumep:

Chu T., Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize
(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923.
Haymmuue DOI cratbu cneqyet npoBepsTh Ha caiite http://search.crossref.org/ mmm https://www.citethisforme.
com. J[JIs 5TOr0 Hy’KHO BBECTH B IOUCKOBYIO CTPOKY Ha3BaHHE CTATHH Ha aHIIIHHCKOM SI3BIKE.

PUCYHKMU, TABJINLbI, CKPUHIHOTHI U ®OTOI'PA®OUN

PucyHk# TOIKHBI OBITH XOPOIIET0 KauecTBa, IPUTOJHbIC Ul NIeYaT. Bce pUCYHKH TOJDKHBI UMETh TIOPUCYHOYHBIE
noarmucy. [oIprcyHOUHYO MOAITUCH HEOOXOMUMO TEePEeBECTH Ha aHIIMHCKHN S3bIK. PHCYHKH HyMepyroTcsi apaOCKHUMHU
nudpaMu 10 TOPSIKY CIeIOBaHuUs B TeKcTe. Ecii prCyHOK B TEKCTE OIUH, TO OH He HyMepyeTcs. OTCBUIKM Ha PHCYHKH
odopmitsirores cnenyronM oopasom: «Ha puc. 3 ykaszaHo, 4to ...» win «YKaszaHo, uTo ... (cMm. puc. 3)». [logpucyHouHas
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MIOAITUCH BKIIIOYAET ITOPSIKOBBI HOMEp PHCYHKa U ero Ha3BaHue. «Puc. 2. Onncanne KM3HEHHO BayKHBIX IPOIIECCOBY.
[epeBon moapHCYHOUHOH MOANUCH CIEAYET PACTIONaraTb HOCHe MOAPHCYHOUHON MONUCH Ha PYCCKOM SI3BIKE.

Tabauisl JOJIKHBL OBITH XOPOLIEro KayecTBa, IPUTOAHBIC AU HedaTd. [IpennouTuTenbHbl TabIuIbl, TPUTOJHbIE JUIs
PEIaKTUPOBAHMUS, @ HE OTCKAHUPOBAHHBIC WM B BUJE PUCYHKOB. Bee TaOmuLbl JOIKHBEI HMETh 3aronoBku. Ha3paHue Ta-
OIMIBI TOMKHO OBITH EPEBENEHO Ha aHNIUMCKuUil s3bIk. Tabnuubl HymMepyroTcsa apaOCKUMU LudpaMu 110 MOPSIKY CIEN0-
BaHHMs B TekcTe. Ecin Tabnuna B TekcTe oJjHa, TO OHA He HyMepyeTcst. OTCBHUIKH Ha TaOIHIBI 0)OPMIISIOTCS CIIETYIONINM
obpaszom: «B Tabi. 3 ykazaHo, 4TO ...» HIH «YKa3aHo, 4To ... (CM. TaOMI. 3)». 3arosoBOK TaOIHIbI BKIFOYAET TOPSIKO-
BBIif HOMEp TaOnuIIbl U ee Ha3zBaHue: «Tabu. 2. OnrcaHue )KU3HEHHO BaXKHBIX MPOIieccoBy. [lepeBo 3aronoBka TaOIuIbl
ClIe[lyeT pacroararh 11ocje 3arojJoBka TaOIMIBI HA PYCCKOM S3bIKE.

dotorpaduu, CKPUHIIOTH U JPYrHe HEPUCOBAHHBIE MILIIOCTPALMKY HEOOXOAUMO 3arpyaTh OTIEIbHO B Buje (haiiios
¢dopmara *.jpeg (*.doc u *.docx — B ciydae, eciu Ha M300paKCHUE HAHECEHBI JOMOMHUTEIbHBIC TTOMETKH). Pa3perie-
HUE U300pakeHust T0IKHO ObITh >300 dpi. Paitiam n300paskeHUi HEOOXOMMO PHUCBOUTH HAa3BaHKME, COOTBETCTBYHOIIECE
HOMEpY PUCYHKa B TeKkcTe. B omucanuu ¢aiina ciemyer OTAeIbHO MPUBECTH OIPUCYHOUHYIO ITOIUCH, KOTOpast JOJKHA
COOTBETCTBOBATh Ha3BaHUIO PpoTorpaduu, MoMEImaeMoi B TEKCT.

Cnenyet oOpaTuTh BHUMaHKE Ha HanMcaHue GopMyI B cTaThe. Bo n3bexxanue myTaHUIbl He0OOX0AUMO rpedeckue (o, f,
T U Ip.), pycckue (A, a, b, 6 u 1p.) OykBbI ¥ 1udpb! MUCATh IPIMBIM IIPUDTOM, JIATUHCKUE — KypCUBHBIM (W, Z, m, n u 1p.).
Maremaruueckue 3HaKi ¥ CUMBOJIbI HYKHO IHCATh TAKXKe MpsiMbIM mpupToM. HeoOXommMo 4eTKO yKa3bIBaTh BEPXHUE U
HIDKHHE HaJICTpOuHble cuMBoIbl (W', F) u ap.).

B3AUMOJENCTBUE MEXIY )KYPHAJIOM U ABTOPOM

Penmaknust mpocuT aBTOPOB MPH MOATOTOBKE CTaTel PyKOBOACTBOBATHCS M3JI0)KEHHBIMH BBIIIE TIPABUIIAMH.

Bcenocrynarorue B xxypHas « CHOMPCKUI BECTHHK CEITbCKOX035HCTBEHHOM HAYKNY CTAThU TPOXO/ISAT PEABAPUTEIILHY IO
IIPOBEPKY HA COOTBETCTBHE (OpMaIbHBIM TpeOoBaHUsIM. Ha 9TOM 3Tane pegakuus OCTaBiIseT 3a cOO0H Mpago:

* MPHUHATH CTATHIO K PACCMOTPEHHUIO;

*  BEpHYTb CTaTbiO aBTOPY (aBTOpaM) Ha JOpabOTKY ¢ IPOCHOOH yCTPAHUTH OIMOKU WK J00ABUTH HEJOCTAIOLINE JAHHBIE,
*  BEpHYTb CTaTbO aBTOPY (aBTOpam) O3 paccMOTpeHHUs1, OOPMIIEHHYIO HE 110 TPeOOBaHUAM >KypHaa;

*  OTKJIOHHUTB CTaThIO M3-3a HECOOTBETCTBHS €€ IIEJISIM )KypHalla, OTCYTCTBHSI OPUTHHATIBHOCTH, MaJIOH HayYHOH IIEHHOCTH.

[epenncka ¢ aBTOpaMu PyKOIIUCH BEAETCS Yepe3 KOHTAKTHOE JIUI0, YKa3aHHOE B PYKOIIHCH.

Bce HayuHble CTaTbH, MOCTYNUBIIME B PeNakIUIo xkKypHaia « CHOMPCKUH BECTHHK CENbCKOXO3SIMCTBEHHOM HAayKmy,
MIPOXOAAT 00sI3aTENIbHOE ABYXCTOPOHHEE «ciernoey» pereHsupoBanue (double-blind — aBTop U perieH3eHT HE 3HAIOT JPYT O
Jpyre). Pykonucy HarpasIsitoTes 110 Ipo(UIII0 HayYHOro UCCISOBAHUS Ha PELICH3UIO WIEHAM PEJaKIIUOHHOM KOJLIeruy.

B cropHbIX cily4asix peJakTop MOKET [IPUBJIEUb K IIPOLIECCY PELIEH3UPOBAHUS HECKOIBKUX CHELHAIUCTOB, a TAKXKE [T1aB-
HOTO penakTopa. [Ipu MoNoKUTETLHOM 3aKITIOYEHIN PELIEH3EHTa CTaThs IIepeIaeTcsl PEAaKTopy ISl HOATOTOBKH K IT€YaTH.

[Ipu mpuHATHH pelIeHns 0 T0padoTKe CTaThH 3aMEUaHMs U KOMMEHTapHH PEleH3eHTa MePeatoTCsl aBTOPY. ABTOPY
JaeTcs 2 Mecsla Ha yCTpaHeHUs 3aMedanuid. Eciiu B TeueHne 3Toro cpoka aBTop He YBEJOMUI PEAAKIHIO O IIIAHUPYEMbIX
NEUCTBUSIX, CTaThsl CHUMAETCS C OYepen HyGHMKaLII/II/I.

ITpu npunsTUM peleHus 00 OTKa3e B My OJINKAIMU CTaTbH aBTOPY OTIPABIISAETCS] COOTBETCTBYIOLIEE PEIICHUE PEJAKIUU.

OTBeTCTBEHHOMY (KOHTaKTHOMY) aBTOPY IPUHATOH K IMyOIMKAIlUU CTaThH HALIPaBIIETCS (pUHAIbHAS BEPCUSI BEPCTKH,
KOTOPYIO OH 00s13aH IIPOBEPUTb.

HOPSJTOK IEPECMOTPA PEIIEHUI PEJAKTOPA/PEIIEH3EHTA

Ecnu aBTOp HE COMIACeH C 3aKIIOYCHHEM PEICH3CHTa M/HIH PENaKTOpa WITH OTACIbHBIMU 3aMCYaHHUSIMU, OH MOYKET
OCIOPHTH NPHHSTOE perieHne. JJist IToro aBTopy HeoOX0AUMO:
° HCTIPAaBUTD PYKOIIMCH CTAaTbU COITIACHO O6OCHOBaHH])IM KOMMCHTAapUsAM PEUCH3CHTOB U PEAAKTOPOB;
*  SICHO U3JIOKHTH CBOIO IO3HIIHIO [0 PACCMATPUBAEMOMY BOIIPOCY.

PenmakTopbl COAEHCTBYIOT IIOBTOPHOH IMOfIaue PYKOIUCEH, KOTOPbIC MOTEHIUAIBHO MOTIH ObI OBITH TIPHHSATHI, OHAKO
ObLIM OTKIIOHCHBI U3-32 HEOOXOIMMOCTH BHECCHUSI CYIICCTBEHHBIX M3MECHCHHUN WM COOpa JOIOIHUTEIBHBIX JAaHHBIX, U
TOTOBBI TIOIPOOHO OOBSICHUTB, YTO TPEOYETCS UCTIPABUTH B PYKOIIUCH ISl TOTO, YTOOBI OHA ObLTA TIPUHSTA K ITyOIHKAIIUH.

JEUCTBUS PEJAKIIMA B CIYUAE OGHAPY KEHUS IVIATUATA, PABPUKALIAN
NN PANBCUPUKALINN JAHHBIX

Penakums HaydHoro )xypHasia «CHOMPCKUI BECTHUK CENbCKOXO3SIHCTBEHHOM HAYKM» B CBOCH PabOTE PYKOBOJICTBYETCS
TPpaAUIIMOHHBIMU JTHYCCKUMH NPUHIUIIAMU Hay‘lHOﬁ NEpUOAUKHA U CBOAOM IPHUHIHUIIOB «KOI[GKCB. OTHKH HAYYHBIX
myOnuKanuii», pa3paboTaHHBIM U YTBEPKIEHHBIM KOMUTETOM 110 3THKE HaY4HBIX ITyOIUKaIMid, TpeOys COOMIONEHHS ATHX
MIPaBUJI OT BCEX YYACTHUKOB M3/IaTENILCKOTO Mpoliecca.

HUCITPABJIEHUE OLLINBOK U OT3bIB CTATBHU

B cnydae oOHapyKeHHUs] B TEKCTE CTAaThbU OIIMOOK, BIMSIOIINX HA €€ BOCHPHUSITHE, HO HE MCKAKAIONINX U3JI0KEHHBIE
Pe3yIBTaThl UCCIICOBAHMs, OHH MOTYT OBITh HCIIPaBICHBI myTeM 3ameHbl pdf-haiina crateu. B ciydae oOHapyxeHUs B
TEKCTE CTAaThH OIIMOOK, NCKAKAIOIIMX PEe3yJIbTaThl MCCIICAOBAHMUS, JTMOO B Cilydae mjaruara, oOHapyKeHHs Helo0poco-
BECTHOTO TIOBE/ICHHsI aBTOpa (aBTOPOB), CBA3AHHOTO C (aibcupuKanuei n/umm padpukanneil JaHHbIX, CTaThs MOXKET ObITh
OTO3BaHa. I/IHI/ILlI/IaTOpOM OT3bIBA CTATbU MOXXET 6])IT]> peaakuus, aBToOp, OpraHusanus, 4aCTHOC JIMIIO. OTOSBaHHaﬂ CTaTrbAa
romevaeTcst 3HakoM «CTaThsi 0TO3BaHay, Ha CTPAHUIIE CTAThU pa3MelaeTcsi HHPOPMAIHs O MPUINHE OT3bIBa CTaThi. MH-
(dopmanus 00 0T3bIBE CTAThU HANPABISIETCS B 0a3bl JaHHBIX, B KOTOPBIX HHICKCHPYETCS JKYPHAIL.
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YBAKAEMBIE THO/JITHCYUKH!

IMoanucky Ha xxypHan « CHOMPCKHIA BECTHHUK CEJILCKOXO3SIMCTBEHHOM HayKm
(kKak Ha TOAOBOM KOMIUIEKT, TaK ¥ Ha OTACIIbHBIC HOMEPA)
MOXHO 0()OPMUTH OJTHUM U3 CIEAYIOUINX CIIOCOOOB:

— Ha caiite [loura Poccun. 3aiitu B paznen «OnnailiH-cepBUCHI», 3aTeM — «llognucarbes Ha
raszety win xxypHamn». [lognucnoit unaexc uzganus [IM401;

— B arenrctBe noamucku 'K «VYpan-Ilpecc» mno wunnexkcy 46808. Ccpuika Ha wu3gaHue
http://ural-press.ru/catalog/97210/8656935/?sphrase 1d=319094. B pa3nene KOHTaKThI 3alTH
o cceuike http://ural-press.ru/contact/, rae MOXKHO BBIOpaTh (pUIHAI IO MECTY JKUTEIBCTBA;

— B penakimu xypHana (tenedon 7-383-348-37-62; e-mail: sibvestnik@sfsca.ru).

[TonHoTekcTOBast BepCcusi KypHasa
«CuOupCKU BECTHUK CEITbCKOXO35HCTBEHHON HAYKH»
pa3mMeieHa Ha caiite Hayunoit anekTpoHHOM OUOIMOTEKH:
http://www.elibrary.ru.
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