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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2026-4-1 Twrr cTaThu: OpUTHHATIBHAS
VIK 633.85/631.461 Type of article: original

Bausinue TexHoJI0TMi 00PadOTKH MOYBbI
Ha epMEHTATHBHYI0 AKTUBHOCTb B pu3ocgepe JIbHA MACTUYHOIO

)Topryasko T.B., Innosuu C.B., [lacs A.H.
Hayuno-uccredosamenscruii uncmumym cenbcko2o xossiicmea Kpvima
Cumdepomnons, Poccust

(<X)e-mail: t.gorgulko@gmail.com

Crennoit Kppim xapakteprsyeTcs apuIHbIM KINMAaTOM C BBICOKUMH TeMIIepaTypaMu B HEIOCTa-
TOYHOCTBIO BJIATH, TIOATOMY TIOAJIEpP’)KaHUE MTOYB U TIOBBIINIEHUE WX TUIOIOPOIUS CTAHOBSITCS KITFOUe-
BBIMH 3a/1a49aMU JIJIsl 00ECIIEYCHHS yCTOMYMBOTO Pa3BUTHSI CEITBCKOTO X03siicTBa. B craThe mpencras-
JICHBI PE3YJIBTAThl SKCIIEPUMEHTAIBHOTO U3yUSHUS BO3ICHCTBUS PA3JIMYHBIX TEXHOJIOTUN 00pabOTKU
MOYBHI M MPUMEHEHUS MHUKPOOHOIOTHYECKOTO Tpernapara MUKpOOHMOKOMOM-ATPO Ha aKTUBHOCTh
OKCHAOpENyKTa3 B pu3ochepe JpHa MacITUIHOTO B yciaoBmsix Kpeima. [loneBbie ncciaenoBanus mpo-
Bomwn B 2023, 2024 rr. Ha 6a3e oTaeNa MOJIEBhIX KyIbTyp HaydHo-mccme0BaTeIhCKoro HHCTUTYTa
cenbckoro xo3siiictBa Kpeima. B paboTe mcmnonp3oBamy CopT JIbHA MaCIUYHOTO MHUKC, KOTOPBI BbI-
palIHMBaiy 10 IBYM TEXHOJOTHSIM: TPAJAUIIMOHHON [ pETHOHA BCHAIIIKE Ha IIyOuHy 22—24 cM U pe-
cypcocOeperarolieMy IpsMOMY MOCEBY 0e3 MpeaBapUTeNIbHON 00paboTku mouBkl. [lepen moceBoM
NPUMEHSIIH TPEIIIOCEBHYI0 OaKTepH3alnio ceMsiH MUKpOOHOKOM-ATPO, B KOHTPOJIBHBIX BapUaHTaX
HCIIONIB30BaAIA 00pabOTKy BoAOW. Pe3ynmbraTs! uecnenoBannii mokazanu, yto B 2023 . ipu Tpaauiu-
OHHOM crcTeMe 3eMIIeIENNS U TIPSIMOM TI0CEBE OTMEUYEHO TOBHIIIIEHHE TEPMOIa0MITBHON KaTana3Hou
aktuBHOCTH 110 21,1-31,9 M O,/MHH/T aOCONIOTHO CyXO# ToYBHI, 4TO Ha 8,1-14,5% mpeBbImiano
IoKa3aTell BapUaHTOB C NMpHMEHeHueM Ouorpenapara. [Ipu sTom oOpaboTka cemssH MukpooOwo-
KOMOM-ATPO TpHU TPATUIUOHHONW TEXHOJIOTMH TMpPHUBEIA K CHUKCHHUIO TMEPOKCUIA3HON aKTUBHOCTH
B 3 pa3za oTHOCUTEIBHO KOHTpois. B 2024 r. mpuMmeHeHHUe Mpenapara B yCIOBUAX MPSMOTO TOCe-
Ba CTMIOCOOCTBOBAJIO YBEIMUYEHHIO KaTaja3HOW aKTUBHOCTH 10 25,2 Mi O,/MUH/T aOCOIIOTHO CYXOH
ITOYBHI, 4TO Ha 25,8% BHIIIe KOHTPOJIBHBIX 3HaYCHWN. B BapuaHTe C TpaJUIIMOHHON TEXHOJIOTHEH
00paboTKH MMOYBHI OMOIIperapar CoKpalial NepOKCHIa3Hy0 aKTHBHOCTh B 6,6 pa3a 1o CpaBHEHHUIO
C KOHTPOJIEM.

KuroueBbie cjI0Ba: JieH MAacIMYHBIA, MEKPOOUOJIIOTUYECKHUI ITpernapar, (JepMEeHTaTUBHAS aKTHB-
HOCTb, pu3ochepa, 00pabOTKa MOYBBI

Influence of tillage technologies on the enzymatic activity
in the rhizosphere of oilseed flax

<) Gorgul'ko T.V., Didovich S.V., Pas' A.N.
Research Institute of Agriculture of Crimea
Simferopol, Russia

(<) e-mail: t.gorgulko@gmail.com

The steppe Crimea is characterized by an arid climate with high temperatures and a lack of moisture,
so maintaining soils and increasing their fertility are becoming key tasks for ensuring the sustainable
development of agriculture. The article presents the results of an experimental study on the impact of
various soil treatment technologies and the use of the microbiological product Microbiocom-Agro on
the activity of oxidoreductases in the rhizosphere of oilseed flax in the conditions of Crimea. The field
studies were conducted in 2023—-2024 based on the Department of Field Crops at the Research Insti-
tute of Agriculture of Crimea. The study used the Mix variety of oilseed flax, which was grown using
two technologies: traditional ploughing to a depth of 22-24 cm, and resource-saving direct sowing
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Influence of tillage technologies on the enzymatic activity
in the rhizosphere of oilseed flax

Gorgul'ko T.V,, Didovich S.V., Pas' A.N.

without pre-treatment of the soil. Before sowing, the seeds were pre-treated with Microbiocom-Agro
and water was used in the control variants. The research results showed that in 2023, when using the
traditional farming system and direct sowing, there was an increase in thermolabile catalase activity to
21.1-31.9 ml O,/min/g of absolutely dry soil, which was 8.1-14.5% higher than in the variants using
the biological product. However, when using the traditional technology, seed treatment with Micro-
biocom-Agro resulted in a 3-fold decrease in peroxidase activity compared to the control. In 2024,
the use of the product under conditions of direct sowing contributed to an increase in catalase activity
to 25.2 ml O,/min/g of completely dry soil, which was 25.8% higher than the control values. In the
variant with traditional soil treatment technology, the biopreparation caused a decrease in peroxidase

activity by 6.6 times compared to the control.

Keywords: oilseed flax, microbiological preparation, enzymatic activity, rthizosphere, soil treatment

s uutupoBanus: [opeynvro T.B., Juoosuu C.B., [lacy A.H. Bausaue TexXHONIOTHI 00paOOTKH MOYBHI Ha (DEPMEHTATHBHYIO
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INTRODUCTION

Nowadays, a lot of different indicators are
used to assess the biological state of soils,
which is due to the many functions of soil mi-
croorganisms. Their life activities are based on
the work of enzymes — biological catalysts that
are responsible for biochemical reactions and
are an integral part of the nutrient cycles in the
soil, such as oxygen and nitrogen.

Enzymes form a natural reserve that gradual-
ly accumulates in the soil thanks to the activity
of soil microorganisms, the work of land and
underground animals, and also due to plant root
secretions [1-3]. These enzymes keep their bi-
ological activity for a long time under optimal
environmental conditions, like moisture, tem-
perature, and soil acidity. Unlike the fluctuating

numbers of microorganisms, enzymatic activity
is more stable [4-7]. Enzymes play a key role
in breaking down organic matter, turning plant
residues into nutrients and taking part in bio-
chemical cycles.

The activity of soil enzymes in natural eco-
systems is a sensitive indicator of the biochem-
ical activity of soil microbial communities, as
well as the rate of mineralization, humification,
and accumulation of organic carbon in the soil.
It can vary a lot depending on the type of crop
grown, the method of soil treatment, and the
level of fertilization [8, 9]. Long-term use of di-
rect seeding, as well as the introduction of mod-
ern soil cultivation and sowing technologies on
chernozems, does not lead to a decrease in soil
enzymatic activity compared to traditional tech-
nologies [10, 11].
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Brnsaue Texuonoruit 00paboTKY IOYBEI HA (PEPMEHTATUBHYIO
aKTHBHOCTb B pu3ocdepe JbHa MaCINYHOTO

Toprynsko T.B., lunosuu C.B., Ilacs A.H.

All the enzymes studied play an important
role in the biodynamic processes of the soil
ecosystem. Oxidoreductases (catalases, perox-
idases, and polyphenol oxidases) are especially
important in metabolism and energy exchange.
These enzymes catalyze key redox reactions,
regulating the biochemical transformations of
organic and inorganic substances in the soil
[12—15]. Studying enzyme activity in the plant
rhizosphere helps determine the speed and na-
ture of biochemical reactions in the soil. This
kind of analysis is an important tool for objec-
tively evaluating the biological effectiveness
of modern farming technologies, including the
use of microbial products and biological plant
protection methods. The data gathered makes it
possible to draw scientifically backed conclu-
sions about how different agricultural practices
affect soil communities and crop productivity.

The purpose of this work is to assess the ef-
fect of different soil treatments and seed bac-
terization with the microbiological preparation
Microbiocom-Agro on enzyme activity in the
rhizosphere of oil flax when grown in the steppe
Crimea.

MATERIAL AND METHODS

Experimental studies in 2023 and 2024 were
conducted on a test plot in the steppe zone of
Crimea (Klepinino village, Krasnogvardeisky
district) on oil flax of the Mix variety using
two soil cultivation systems: traditional mold-
board plowing (22-24 cm) and direct seeding
without preliminary cultivation in combination
with the use of the complex microbial prepa-
ration Microbiocom-Agro according to the fol-
lowing scheme: traditional technology — control
(without treatment with Microbiocom-Agro),
traditional technology — seed treatment with
Microbiocom-Agro, direct seeding — control
(without treatment with Microbiocom-Agro);

direct seeding — seed treatment with Microbio-
com-Agro.

The soil cover of the experimental plot is
southern chernozem with a low humus con-
tent. In the arable layer, the humus content is
2.4-2.6% (according to the Tyurin's method),
mobile P,Os is 1.0-2.5 mg/100 g of soil, and
mobile K,O is 18-28 mg/100 g of soil (accord-
ing to the Machigin's method)!.

The soil particle-size distribution is coarse
silty-clayey, light loamy. Before sowing oil
flax, the content of agronomically valuable ag-
gregates (0.25-10.00 mm) in the 0—10 cm soil
layer was 72.6—79.1% using traditional technol-
ogy, and 73.0-82.1% using direct seeding.

The steppe area of the Crimean Peninsula
has a continental dry climate, with sharp daily
and seasonal temperature changes and uneven
rainfall. According to long-term observations,
the average annual temperature reaches +10.8
°C.

In 2023, the air temperature during the sow-
ing and harvesting of oil flax was 1.4-2.5 °C
above the average, and in 2024 it was 3.6-4.2
°C higher. The annual amount of precipitation
averages 383-448 mm, but it falls unevenly?.
In 2023, 219.7 mm of precipitation fell, and in
2024 — 46.6 mm.

Pre-sowing seed preparation included treat-
ment with the complex biological product Mi-
crobiocom-Agro, which contains a combina-
tion of beneficial microorganisms with various
functional properties, including strains with
nitrogen-fixing and phosphate-mobilizing ac-
tivity, as well as microorganisms that produce
growth substances and antagonize pathogenic
microflora. To compare the effectiveness of the
treatment, water-treated seeds were used as a
control.

Soil samples were collected during the flow-
ering phase. The activity of oxidation-reduction

'Polovitsky I.Ya., Gusev P.G. Soils of the Crimea and the increase of their fertility. Simferopol: Tavria Publ., 1987, 152 p.
2Agro-climatic handbook of the Autonomous Republic of the Crimea (1986-2005): references / edited by A.l. Prudko and T.I.

Adamenko. Simferopol: TsGM in ARC, 2011, 344 p.
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enzymes (polyphenol oxidase and peroxidase)
in the rhizosphere soil was determined using ti-
tration and photo-electro-colometry methods™ 4.
The activity of catalase enzymes was measured
using the Galstyan’s gasometric method> ¢. Soil
respiration was measured by the rate of CO, re-
lease over 24 hours of incubation at 27°C’.

For statistical processing of the data, Micro-
soft Excel 2007 and Statistica 10.0 programs
were used, which made it possible to analyze
the results with the calculation of mean values
and standard errors®.

RESULTS AND DISCUSSION

According to the data of field experiments in
2023, a significant impact of pre-sowing seed
inoculation and soil cultivation methods on the
activity of oxidoreductase enzymes in the rhizo-
sphere of oil flax was established.

As the results presented in Table 1 show, the
use of traditional farming technology contrib-

uted to an increase in the total catalase activity
by 1.7 ml O,/min/g a.d.s. (absolutely dry soil),
in the variant with direct seeding, an increase in
thermolabile catalase by 4.6 ml O,/min/g a.d.s.
was observed, which is 8.1-14.5% more com-
pared to the treatment with Microbiocom-Agro.

The analysis revealed a 65.1% reduction in
polyphenol oxidase activity (20.3 ml KJO5/100
g a.d.s.) with the traditional technology com-
pared to the microbiological preparation. Fur-
thermore, a trend toward decreased polyphenol
oxidase activity was noted with direct seeding
compared to the use of Microbiocom-Agro.
In particular, the activity decreased by 8.8%
(4.4 ml KJO5/100 g a.d.s.), which may be due
to extreme weather conditions that led to rapid
depletion of available nutrients and oxygen in
the soil.

Carbon dioxide emissions were found to de-
pend on the farming technology and Microbio-
com-Agro application. When using traditional
tillage technology in combination with Micro-

Taoa. 1. Biusane MukpoOnokoma-Arpo 1 TEXHOJIOTHI BO3ZIENBIBAHNS HA (PEPMEHTATUBHYIO aKTHB-
HOCTB ¥ BBIJICJICHHE YITICKKCIIOTO ra3a B puzocdepe JibHa MacluuHOro B (pasy 1BEeTeHUs (IIOJICBOMH OIIBIT,

yepHo3eM [0KHBIN, 2023 1)

Table 1. Influence of Microbiocom-Agro and cultivation technologies on enzymatic activity and carbon
dioxide release in the rhizosphere of oilseed flax during the flowering phase (field experiment, southern

chernozem, 2023)

Enzyme activity
Experiment option . . CO, emission,
p p Total catalase, Thermolabile catalase, ml | Polyphenol oxidase, | mg/ g a.d.s./days
ml O,/min/g a.d.s. O,/min/ g a.d.s ml KJO3/100 g a.d.s

Traditional technology 11,70 £ 0,90 21,10+ 0,70 31,20 + 8,40 0,46 + 0,05
Traditional technology
with Microbiocom-Agro 10,00 + 0,40 19,40 £ 0,80 51,50 + 3,70 0,46 + 0,05
Direct sowing 12,20 + 0,20 31,90 + 4,30 49,80 + 3,80 0,47 = 0,001
Direct sowing with Microbio-
com-Agro 12,50 + 0,30 27,30 = 0,90 54,20 £ 1,40 0,18 + 0,02

3SKhaziev F.Kh. System-ecological analysis of soil enzymatic activity), Moscow: Nauka, 1982, 204 p.

4Titova V. I. and Kozlov A. V., Methods for assessing the soil microbe cenosis functioning involved in the organic matter
transformation: scientific and methodological manual (Nizhny Novgorod: The Nizhny Novgorod Agricultural Academy, 2012), p. 64.

SGalstyan A.Sh. Unification of the methods to study soil enzymatic activity// Eurasian Soil Science. 1978, N 2, pp. 107-113.
®Methods of soil microbiology and biochemistry. Ed. by D.G. Zvyagintsev. Moscow: Moscow State University Press, 1991, 304 p.
"Methodological guidelines for assessing the toxic effect of pesticides on soil microflora / under the general guidance of Yu.V.

Kruglov. 1981. 43 p.

8Dospekhov B.A. Methodology of field experience (with the basics of statistical processing of research results). Moscow:

Alliance, 2014, 351 p.
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biocom-Agro, the rate of carbon dioxide emis-
sion increased by 0.28 mg/g a.d.s./day (60.9%)
compared to direct seeding with Microbio-
com-Agro. This indicates accelerated decom-
position and oxidation of organic matter due to
soil fauna.

According to the data presented in Fig. 1,
the peroxidase activity during traditional soil
treatment in the control variant was 1.22 pmol
guaiacol/g, which is 1.6 times higher than the
values for direct seeding technology. The use
of Microbiocom-Agro in traditional cultivation
technology reduced peroxidase activity by 3
times compared to the control. A decrease in the
activity of this enzyme may indicate that the mi-
crobial preparation helps reduce stress caused
by adverse factors such as drought and heat.

The results of biometric measurements of oil
flax, carried out in 2023, showed the absence of
reliable differences between the compared ex-
perimental variants (see Fig. 2).

During the 2024 research it was established
that the use of traditional cultivation technol-
ogy without treatment with a biopreparation
contributed to an increase in the activity of to-
tal catalase in the rhizosphere of oil flax by 4.9
ml O,/min/g a.d.s. (15.0%) compared to the
option using Microbiocom-Agro. Under direct
seeding conditions using this preparation, an in-

crease in catalase activity by 6.0 ml O,/min/g
a.d.s. (16.0%) was observed relative to control
values. The study of thermolabile catalase re-
vealed significant positive dynamics: with the
traditional farming system with treatment with
a biopreparation, the enzyme activity increased
by 1.8 ml O,/ min/g (9.8%), in the variant with
direct sowing it was 6.5 ml O,/ min/g (25.8%)
compared to the untreated variants. The ob-
tained data suggest that the microorganisms
included in the preparation stimulate the anti-
oxidant system of plants, which contributes to
increasing their resistance to oxidative stress in
unfavorable growing conditions.

Polyphenol oxidase activity was higher in the
direct seeding and conventional technologies by
1.9 and 6.1 ml KJO;/100 g a.d.s., respectively,
which is 1.1 and 1.2 times higher than with
Microbiocom-Agro. Analysis of 2024 data re-
vealed no significant differences in the intensity
of carbon dioxide emission in the rhizosphere of
oil flax under different cultivation technologies.

Studies have shown that with traditional
technology, peroxidase activity increased by
2.46 pumol guaiacol/g a.d.s. (6.6 times) com-
pared to the traditional technology variant with
Microbiocom-Agro. In direct sowing, bacter-
ization with the preparation increased perox-
idase activity by 2.21 pmol guaiacol/g a.d.s.

1.40 1,22

1.20

1.00

0,76 0,76

0.80

0.60

0.40

umol of guaiacol /g a.d.s

0.20

0,04

0.00

Control

Traditional technology

| Microbiocom-Agro

‘ Microbiocom-Agro

Control

Direct sowing

Puc. 1. Bmusane MukpoOrokoMa-Arpo ¥ TEXHOJIOTUH BO3/IEIBIBAaHIS Ha TIEPOKCHJIA3HYIO aKTHBHOCTh
B pu3ocdepe JIbHa MacIuIHOTO B (pasy mBeTeHus (TI0JIeBOH OMBIT, YepHO3eM IOKHEIH, 2023 1)

Fig. 1. Influence of Microbiocom-Agro and cultivation technologies on peroxidase activity
in the rhizosphere of oilseed flax during the flowering phase (field experiment, southern chernozem, 2023)
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Puc. 2. Bnusiane MukpoOrokoMa-Arpo ¥ TEXHOIIOTHUH BO3JIENBIBAHIS HA OMOMETPUYECKIE MTOKa3aTeIn
pacTeHui JIbHa MaCIUYHOTO B (ha3y 1BEeTEHUS (ITOJIEBOM OTIBIT, YePHO3EM FOKHBIHA, 2023 T.)

Fig. 2. Influence of Microbiocom-Agro and cultivation technologies on the biometric indicators
of oilseed flax plants during the flowering phase (field experiment, southern chernozem, 2023)

(3.99 times) relative to the control (see Fig. 3).

In 2024, a trend of decreasing shoot length
was established in the traditional technology
variant with Microbiocom-Agro by 2.2 cm/
plant, or 7.3%, and a trend of increasing in di-
rect sowing with Microbiocom-Agro by 2.9
cm/plant, or 9.7%, compared to the control
(see Fig. 4). A significant difference was noted
in the dry mass of plants in traditional technol-
ogy, which was 0.59 g/plant (107.3%) higher
compared to direct sowing.

CONCLUSION

As a result of two years of observations, it
was found that with traditional farming technol-
ogy, catalase activity increased by an average
of 14.9% (3.3 ml O,/min/g a.d.s.) compared to
the use of the biopreparation. When using direct
seeding technology with the biological product
Microbiocom-Agro, this indicator exceeded
the control by 3.2 ml O,/min/g a.d.s., which is
12.7%. This may indicate that the traditional

Taona. 2. Brusane MukpoObuokoma-Arpo 1 TEXHOJIOTHI BO3/IENIbIBAHUS Ha (PepMEHTATHBHYIO
aKTHBHOCTD U BBIJICJICHUE YIIIEKUCIIOTO ra3a B pu3ocgepe JibHa MacIu4HOro B (pasy BETCHUS

(moseBoil OMBIT, YepHO3eM F0KHBIHN, 2024 1)

Table 2. Influence of Microbiocom-Agro and cultivation technologies on enzymatic activity and carbon
dioxide release in the rhizosphere of oilseed flax during the flowering phase (field experiment, southern

chernozem, 2024)

Enzyme activity
E i t opti CO, emission,
Xperiment option Total catalase, ml | Thermolabile catalase, ml | Polyphenol oxidase, ml | mg/ g a.d.s./days
O,/min/ g a.d.s O,/min/ g a.d.s. KJO5/100 g a.d.s

Traditional technology 32,70 +£ 0,30 16,40 + 0,40 32,90 £ 1,90 0,14 £ 0,01
Traditional technology
with Microbiocom-Agro 27,80 £ 0,60 18,20 + 0,50 26,80 + 1,60 0,16 £0,01
Direct sowing 37,40 + 0,80 18,70 = 0,80 26,60 £+ 1,60 0,15+0,02
Direct sowing
with Microbiocom-Agro 43,40 +0,11 25,20+ 2,50 24,70 £ 1,30 0,14+ 0,02
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Fig. 3. Influence of Microbiocom-Agro and cultivation technologies on peroxidase activity

(field experience, southern chernozem, 2024)
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Fig. 4. Influence of Microbiocom-Agro and cultivation technologies on the biometric indicators

(field experiment, southern chernozem, 2024)

technology creates stressful conditions for soil
biota, causing increased activation of catalases.
Direct seeding with the biological product cre-
ates a more stable and balanced environment.

It was found that with traditional soil cultiva-
tion, peroxidase activity increased by 4.9 times,
while with the use of direct seeding technology
with a biopreparation, this indicator increased
by 2.5 times compared to the control. This cir-
cumstance may indicate that traditional treat-
ment increases oxidative stress and disrupts

the soil structure, while the biological product
Microbiocom-Agro reduces this load in direct
sowing.
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Knaccupuxauust 3acCOpeHHOCTH MMOCEBOB BLIOHKOM I0JI€BbIM
C HCII0JIb30BaHHUEM HelpoceTeBbIX apxuTeKTYp ResNet

(<) Puxcen B.C., llIlmak B.A., Ilodenenckass A.A.

Cubupckuii ghedepanvhwiii HayuHblll Yyeump azpobuomexnonozuti Poccutickoil akademuu Hayk
Hosocubupckas oonacts, p.im. KpacHooOck, Poccus
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Pazpabotka 3((eKTHUBHBIX METOOB aBTOMATHYECKOTO MOHUTOPUHIA COPHBIX PACTCHUH — OfIHA U3
KITIOUEBBIX 3374 AJIS [TOBBIICHHS YCTOHYUBOCTH, IPOLYKTUBHOCTH U PEHTA0EIBHOCTH COBPEMEHHO-
IO CEJIbCKOTO XO3AWCTBa. BHeapeHne MogoOHBIX TEXHOJIOTHH JIKUT B OCHOBE KOHLEHIIMUA TOYHOTO
3eMJIeIeIsI, KOTOPOE HAIpaBIEHO HA ONTUMH3ALMIO PECYPCOB U MUHHMH3AIMIO aHTPOIOI€HHOTO
BO3JICHCTBHUST HA arpodKocucTeMbl. KiloueBylo poib B PEHICHUH 3TOW 3aJadd MIPAIOT TEXHOJIOTHH
HMCKYCCTBEHHOTO MHTEJUICKTa, B YACTHOCTH MeToABI Tiryookoro obydenus (Deep Learning). Hacros-
LIe€ UCCIICI0OBAHNE TOCBSIICHO CPABHUTEILHOMY aHAJIN3y NPUMEHUMOCTH CBEPTOYHBIX HEHPOHHBIX
cereii (CNN) apxurektyp ResNet-18, ResNet-34 u ResNet-50 ans pemenns 3aaaun knaccuukanim
IIOCEBOB IISITH CEJIbCKOXO3IUCTBEHHBIX KYJIBTYp (MIICHULBI, SIMEHS, [PEUYNXH, parica u JIbHa) 110 Ipu-
3HaKy 3aCOPEHHOCTH BBHIOHKOM IIOJIEBBIM. Bce mpoTecTHpoBaHHbIE apXUTEKTYPhl IPOJEMOHCTPHPO-
BaJIM BBICOKYI0 3()(heKTHBHOCTb, IOCTUTHYB TOUHOCTH (accuracy) 6onee 91% u F1-mepsl B tnamnazone
0,85-0,90, 9TO CBHAETETLCTBYET O XOpoIIeM OajaHCe MEXIY TOYHOCTHIO W IOJTHOTOM TIpeacKasa-
HUH. BEIsSBIEHO, YTO HaWy4IIne pe3yibTaThl MoKa3ana He camas TiryOokas monenb — ResNet-18,
KOTOpast, HECMOTPS Ha MEHBIIYIO BEIYUCIUTEIBHYIO CIOKHOCTD, IPEB301ILIA 00JIee MOIHBIC AHAJIOTH
ResNet-34 u ResNet-50 o cTrabuabHOCTH B 001IEH TOUHOCTH porHo3a. JanHbli (hakT HOATBEpkKICH
aHaJIM30M MaTpHIl OIIMOOK, KOTOPHIE MMOKa3aJl MUHUMAIBHOE KOJIUYECTBO JIOKHBIX CpadaThIBaHHH
U TIPOITYCKOB IIeJH Y JaHHOW apXUTEKTyphl. [lomydeHHbIE JaHHBIE CBUICTENBCTBYIOT O TIEPCIICKTHB-
HOCTHU HCIIOJIb30BAaHUSI PACCMOTPEHHBIX aPXUTEKTYP AJI 3a/1a4 MOHUTOPUHIA 3aCOPEHHOCTH, OJIHAKO
VIS IPAKTUYECKOT0 BHEIPEHUS B MOOMIIbHBIE MIIM CTALIMOHAPHBIE CUCTEMBI TOYHOTO 3eMJIeIeIIUS Tpe-
OyeTcs najbHeliIee UCCIea0BaHNe, BKIIIOYAsk CPAaBHEHHUE CO CICIMATN3UPOBAHHBIMU JIETKOBECHBIMU
HEHpOoCeTeBbIMU aPXUTEKTYpaMy M OLICHKY Ha PaclIMPEHHBIX HA00Pax JaHHBIX.

KuroueBble ci10Ba: cBepTOUHbIC HelipoHHbIE ceTh, ResNet, mybokoe o0yueHue, uACHTU(UKATOD,
BBIOHOK TIOJICBOM, IIICHUIIA MSITKasl, STYMEHb OOBIKHOBEHHBIN, Ipeyrxa OOBIKHOBEHHAs, paric, JIeH
OOBIKHOBEHHBIH

Classification of crop infestation with field bindweed using
ResNet neural network architectures

()Riksen V.S., Shpak V.A., Pobelenskaya A.A.

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

(<X)e-mail: Riclog@mail.ru

The development of effective methods for automatic weed monitoring is one of the key tasks for
improving the sustainability, productivity, and profitability of modern agriculture. The introduction of
such technologies underlies the concept of precision farming, which aims at optimizing resources and
minimizing anthropogenic impact on agroecosystems. The key role in solving this problem is played
by artificial intelligence technologies, in particular Deep Learning methods. The study is devoted to a
comparative analysis of the applicability of convolutional neural networks (CNNs) with ResNet-18,
ResNet-34, and ResNet-50 architectures for solving the problem of classifying crops of five agricul-
tural species (wheat, barley, buckwheat, rapeseed, and flax) based on the sign of infestation with field
bindweed. All the tested architectures demonstrated high efficiency, achieving accuracy of more than
91% and an F1-score in the range of 0.85-0.90, which indicates a good balance between the accuracy
and completeness of predictions. It was found that the best results were achieved by not the deepest
model — ResNet-18, which, despite having lower computational complexity, outperformed the more
powerful counterparts ResNet-34 and ResNet-50 in stability and overall prediction accuracy. This fact
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is confirmed by the analysis of error matrices, which showed the minimum number of false activations
and target drop-outs for this architecture. The obtained data indicate the promising potential of using
the considered architectures for weeding monitoring tasks; however, for practical implementation in
mobile or stationary precision agriculture systems, further research is required, including comparison
with specialized lightweight neural network architectures and evaluation on expanded datasets.

Keywords: convolutional neural networks, ResNet, deep learning, identifier, field bindweed, soft
wheat, common barley, common buckwheat, rapeseed, common flax
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INTRODUCTION

Nowadays, the need for larger and larger
amounts of agricultural products is increasing
every year. To ensure a yield increase of crops,
new approaches to intensification are used. One
of these approaches is the implementation of
smart systems [ 1-3].

In Russia, various agricultural crops are
grown. Grain crops like wheat, barley, and buck-
wheat are considered traditional food crops,
while flax and rapeseed are technical crops.
Depending on the region, the average yield for
wheat is 33.7 c/ha, for barley — 32.7, and for
buckwheat — 17.2 c/ha. In 2025, the average
yield is 8.38 c/ha for flax and 21.1 c/ha for rape-
seed!.

Besides the impact of climate and soil fac-
tors, one of the serious problems in getting high
yields is the heavy weed infestation of fields.
Weeds are strong competitors for crops, taking
away their nutrients, light, and moisture [4, 5].

Plant protection is necessary to minimize the

impact of harmful factors that hinder the growth
of crops. To deal with weeds, a set of agricul-
tural practices is used, as well as special chemi-
cal products. Agrotechnics includes a system of
soil cultivation throughout the entire agricultural
season, following crop rotation?, optimal sowing
times, sowing depth, as well as seeding rates and
plant density [6]. Besides farming techniques,
using herbicides — chemical plant protection
products aimed at slowing down the growth and
killing weeds — is also really important. Using
herbicides makes it a lot easier to take care of
crops® and can also increase the yield of culti-
vated plants*.

To use herbicides effectively, one need to ac-
curately identify the species of weeds, which re-
quires a lot of human resources. Automated rec-
ognition can help reduce these costs. This will
help reduce the time spent identifying weeds,
speed up the use of herbicides in the early stages
of their growth, ensure more precise treatment
of the areas with the most weeds, allow for re-
ducing the pesticide load on the agro-ecosystem,

"Unified Interdepartmental Information and Statistical System (EMISS): indicator "Crop yield (per harvested area)."

2Kosenko T.G. Influence of agrotechnical practices on crop weediness // Innovative Technologies in the Agro-Industrial Complex:
Proceedings of the International Scientific and Practical Conference (Michurinsk, November 21-23, 2018). Michurinsk: Michurinsk

State Agrarian University, 2018, pp. 167-170.

3Bakaeva N. P. Effectiveness of herbicide application in spring wheat cultivation technology // Proceedings of the Samara State

Agricultural Academy. 2018, N 4, pp. 16-21.

4Toloraya TR., Laskin R.V., Patskan V.Yu. Effect of pre-sowing tillage systems on maize yield under different primary tillage
methods and herbicide application regimes / Zemledelie, 2018, N 1, pp. 23-26.
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and also cut down on the economic costs of ag-
ricultural production [7-10].

Artificial intelligence technologies, espe-
cially deep learning methods, play a key role
in solving this problem. Among them, convolu-
tional neural networks (CNNs) show the greatest
effectiveness for analyzing visual data and are
successfully used for plant classification and
weed identification from digital images [15-17].
Many effective architectures have been devel-
oped for classification tasks, such as AlexNet>,
GooglLeNet® and ResNet’.

The ResNet architectural system is widely
used for image processing. It works well for
handling soil images [18] and vegetation cover.
This architecture allows achieving acceptable
results using a relatively small amount of train-
ing data, but it has the potential for more accu-
rate detection when a larger number of images is
used® [19].

The goal of the study is to assess the appli-
cability of the ResNet-18, ResNet-34, and Res-
Net-50 architectures and to carry out a compar-
ative analysis of them for classifying crop imag-
es based on the level of contamination by field
bindweed.

MATERIAL AND METHODS

As the source information for training convo-
lutional neural networks (CNNs), a dataset was
used, formed based on the results of phytosan-
itary diagnostics of crops of five agricultural
plants: soft wheat (7riticum aestivum), common
barley (Hordeum vulgare), common buckwheat
(Fagopyrum esculentum), rapeseed (Brassica
napus), common flax (Linum usitatissimum).
The diagnostics were mostly carried out during
the tillering phase of the crops on 74 monitoring

plots of 1 m? each, using a quantitative method
forrecording weed vegetation. On each plot, pho-
tos with a resolution of 3470 x 4640 pixels were
taken using a mobile digital camera. For further
work, we only selected images that showed the
economic threshold of harm (ETH) being ex-
ceeded by field bindweed (Convolvulus arven-
sis), which means herbicide treatment is need-
ed. Each type of planting was given a numerical
label if there were weeds: Brassicanapus-conv
— 0, Fagopyrumconv — 1, Hordeum-conv — 2, Li-
num-conv — 3, Triticum-conv — 4.

One of the successful algorithms for building
such classifiers is convolutional neural networks.
Nowadays, they play a key role in modern com-
puter vision systems, especially in the field of
recognizing spatial objects in images.

To identify field bindweed in an image and
the intensity of weed infestation, we used one of
the most popular convolutional neural network
architectures — ResNet (or Residual Network),
which is a neural network architecture that uses
special blocks called residual blocks (see foot-
note 7).

To build the classifiers, we used convolu-
tional neural network architectures ResNet-18,
ResNet-34, and ResNet-50, implemented in the
PyTorch library. As a starting point, we used
models pretrained on the large-scale ImageNet
dataset (over 1.2 million images, 1000 classes).
This approach (transfer learning) lets you use
previously learned general visual features (edg-
es, textures, shapes) and fine-tune the model on
the target task with a limited amount of data.
During the fine-tuning stage, the classification
heads of the original models (fully connect-
ed layers) were replaced with new ones corre-
sponding to the five classes of the crops being

SKrizhevsky A.L, Sutskever 1., Hinton, G. E. ImageNet classification with deep convolutional neural networks // Advances in
Neural Information Processing Systems, 2012, Curran Associates.

8Szegedy C., Liu W., Jia Y., Sermanet P, Reed S., Anguelov D., Erhan D., Vanhoucke V., Rabinovich A. Going deeper with
convolutions // IEEE Conference on Computer Vision and Pattern Recognition CVPR, 2015, pp. 1-9.

"He K., Zhang X., Ren S., Sun Proc J. Deep residual learning for image recognition // IEEE Conference on Computer Vision and
Pattern Recognition CVPR, 2016, pp. 770-778. DOI: 10.1109/CVPR.2016.90.

8Suriyage H. G., Rathnayake H. Weed detection in agriculture using end-to-end object detection with transformers in resnet-50 //
International Research Conference on Smart Computing and Systems Engineering (SCSE). IEEE, 2024, vol. 7, pp. 1-6.
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studied, which were affected by field bindweed.
The training was carried out using the Adam
optimizer with a learning rate set at 0.001; the
weights of the pre-trained convolutional layers
were adjusted during training (updated along-
side the new layers).

A convenient wrapper called FastAi has been
built for PyTorch, making it easy to work with
the components of this framework [20]. In ad-
dition, FastAi has a technique for artificially in-
creasing the volume and variety of the original
data, called augmentation, which is especially
useful when the amount of original data is lim-
ited.

The way the classifier based on ResNet mod-
els works is as follows. The original photo goes
through alternating convolutional layers, acti-
vation functions, and pool layers. The ResNet
output is represented as a 5-dimensional vector,
where each component describes the probability
estimate of a particular type of weed in the field
crop. Weedness is predicted if its probability ex-
ceeds 50%.

RESULTS AND DISCUSSION

To improve the efficiency of training the
neural network with a limited amount of orig-
inal data, the original images were augmented
in advance. It's assumed that there should be
at least eight relevant images for each type of
crop. Additional images were obtained using the
Python Pillow library by applying various trans-
formations: rotation, cropping, brightness and
contrast adjustments. These operations created
extra variations of the images that look different
but retain the key feature — the presence of field
bindweed contamination. As a result, the total
size of the original dataset was expanded to 84
samples.

Next, the entire dataset was split into train-
ing and test sets in an 80 to 20% ratio, which is
standard practice for evaluating a model's gener-
alization ability. The test set is formed in such a
way that it includes at least two samples of each
type of crop.

Before starting the training, the key hyperpa-
rameters are set: number of epochs, batch size,
and learning rate.

During training and testing, model param-
eters are chosen to minimize training errors,
which represent measures of the difference be-
tween actual and predicted data attributes. Cate-
gorical cross-entropy is used as such a measure.

Various models — from the simplest ResNet-18
to the deeper ResNet-34 and ResNet-50By —
were received by setting up different numbers of
convolutional layers.

To further improve the model's reliability and
stability during training, an augmentation proce-
dure from the FastAi framework was used. This
technique dynamically generated new variations
of images, effectively increasing the diversity of
the training and test sets by at least 5 times. As a
result, the working size of the dataset used was
at least 420 images.

After determining the initial model parame-
ters, the training was resumed using the Adam
optimizer, which is used to achieve better train-
ing results. The training was done for 100 ep-
ochs. One epoch means an iteration over all
the images used, which are fed sequentially for
training in batches of 16 images (see the table).

Train_loss describes the errors calculated
on the training dataset and shows how well the
model predicts on the training images. At the fi-
nal stage, values between 0.01 and 0.20 are con-
sidered acceptable.

Valid loss describes errors on test images
that the model doesn't see during training, and
it assesses the quality of predictions on the data
that isn't used for training. Low valid loss val-
ues just above the 0.01-0.20 range indicate the
model has good generalization ability.

The overall final accuracy (multi accuracy)
of the selected models describes the share of the
images that are classified correctly almost equal-
ly, and is at least 91%.

The balanced measure — F1 — captures the
trade-offs between precision and recall (their
harmonic mean), and usually ends up between
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0.85 and 0.90. Precision is the classifier’s ability
not to label a negative sample as positive, and
recall is its ability to find all the positive sam-
ples.

The obtained results indicate that all classifi-
ers are of fairly high quality and are suitable for
use in deciding whether herbicide treatment of
weeds is necessary. The best results are shown
by the ResNet-18-based classifier.

The effective performance of the classifiers is
shown in Fig. 1, which illustrates the successful
recognition of field bindweed by the models on
test images. The top label describes the sowing
sample with the true types of weeds, while the
label below shows the predicted weed labels for
this sample according to the classifier.

Another tool for evaluating the quality of
classification is the confusion matrix. In our
case, considering the multi-class nature of the
task, the matrix is built for each class using the
'one-vs-rest' approach, which allows us to pin-
point exactly which classes are the hardest to
classify.

Pesynbrare! 00ydenus HelipoceTeit ResNet
IO AIIOXaM
Training results of ResNet neural networks
by epochs

Epoch train_loss | valid loss accuracy_ F1
multi
ResNet-18
1 1,02 1,07 0,28 0,32
30 0,43 0,26 0,82 0,61
60 0,16 0,20 0,93 0,88
100 0,10 0,15 0,95 0,90
ResNet-34
1 0,98 0,86 0,32 0,30
30 0,42 0,29 0,73 0,54
60 0,15 0,20 0,90 0,79
100 0,08 0,17 0,92 0,85
ResNet-50
1 0,92 0,78 0,35 0,36
30 0,32 0,55 0,76 0.57
60 0,13 0,34 0,91 0,80
100 0,06 0,30 0,92 0,87

Figures 2—4 show the confusion matrices
obtained for ResNet models based on data of
weedy crops with the corresponding labels.
Each 2 x 2 matrix corresponds to one class and
is interpreted as follows: the rows represent the
true labels, where Y stands for instances of the
selected target class, and N for all other classes.
The columns show the model's predictions: the
Y column contains objects that the model classi-
fied as the target class, N — as other classes.

The elements on the main diagonal of the ma-
trix (from left to right) correspond to correct pre-
dictions — true positives and true negatives. All
the elements off the diagonal represent classifi-
cation errors: false positives and false negatives.
This approach clearly shows which classes the
model most often confuses with each other.

The ResNet-18 model showed high efficien-
cy in classifying most categories. Classes 0, 1,
2, and 3 were recognized with 100% accuracy,
confirmed by 85 correct predictions, and only
one mistake was recorded for class 4 (Triti-
cum-conv) (see Fig. 2).

The ResNet-34 model, like ResNet-18,
showed a similar classification: four classes (0,
1, 2, 3) were recognized with 100% accuracy,
except for class 4 (Triticumconv) with one mis-
take (see Fig. 3).

The ResNet-50 model correctly classified
only two classes (0 and 4) (see Fig. 4). The other
three classes (1, 2, and 3) were classified with
a minimal number of errors, indicating that the
model performs really well, but not perfectly, on
this dataset.

The study showed that deep learning-based
classifiers like ResNet, especially ResNet-18,
are very accurate and efficient at recognizing
types of weed-infested crops.

Flexibility and adaptability make them ap-
pealing for tackling the task of detecting crop
weediness and making decisions on herbicide
treatment. Further work will focus on addressing
these tasks with the aim of creating practically
useful tools for resource-saving and environ-
mentally oriented farming.
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Fig. 1. Classification results for nine images using the ResNet-18 neural network

CONCLUSIONS

1. Preliminary conclusions have been made
about the applicability of ResNet convolution-
al neural networks for the task of classifying
cereal crop plantings based on the presence of
field bindweed. Using transfer learning and data
augmentation methods allowed all tested archi-
tectures (ResNet-18, ResNet-34, ResNet-50) to
achieve an accuracy of over 91% with an F1
score ranging from 0.85 to 0.91 on the available
dataset.

2. In a comparative analysis, it was found
that the ResNet-18 model, which has the low-
est computational complexity, showed results
comparable to deeper architectures, and slight-
ly outperformed them in terms of stability and
classification accuracy. This fact may suggest
that a relatively shallow architecture is enough
to solve the task on the current dataset, but con-
firming this conclusion requires additional vali-
dation on a larger and more diverse sample.
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Knaccudukanus 3acCOpeHHOCTH MOCEBOB BHIOHKOM TTOJICBBIM Pukcen B.C., llImak B.A., TTo6enenckas A.A.
C MCTIONB30BaHUEM HeifpoceTeBbIX apxuTekTyp ResNet

- A
Puc. 2. Confusion matrix 3acopeHHbIX moceBoB st ResNet-18
Fig. 2. Confusion matrix of weedy crops for ResNet-18

& 4

Puc. 3. Confusion matrix 3acopeHHBIX MOceBOB 11 ResNet-34
Fig. 3. Confusion matrix of weedy crops for ResNet-34
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Puc. 4. Confusion matrix 3acopeHHbIX 11oceBoB st ResNet-50

Fig. 4. Confusion matrix of weedy crops for ResNet-50

3. The obtained results indicate the potential
of using the approaches discussed for monitor-
ing crop weed infestations. For the practical im-
plementation of the developed methods in preci-
sion farming systems (including mobile ones), a
number of additional studies are needed: a sig-
nificant expansion of the training set to include
the "clean crops" class (absence of weeds); a
transition from scene classification to semantic
segmentation or object detection, which will
enable quantitative assessments of weed infes-
tation (density, coverage area) and the informed
application of targeted control measures.
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JKCIepUMeHTAJbHOE HCC/IeJOBAHUE TEPMOTPAIMEeHTHOM
MUTPAIUM BJIATH B TPYHTE

<) Kpasuos 10.B.

Hosocubupckutl cocyoapcmeennbiii nedazoeudeckutl YHugepcumem
Hosocubupck, Poccus

(<X)e-mail: Kravtsov60@mail.ru

[lepenBuxeHue BIaru Mo BIMSHUEM TEMIEPaTypHOTO IPaJUEHTa — BAKHBIA JIEMEHT BOAHOTO
pekuMa CHOMPCKUX CTEMHBIX MOYB. J{JIsl MPOrHO3a 3TOM MUIPALlMK B €CTECTBCHHBIX YCIOBUSAX BaXKHO
9KCIIEPUMEHTANILHOE M3yUeHHE NepeIBUKEHUS Biaru B rpyHte. Llens paboTsl — uccnenoBars B 1a6o-
PaTOPHBIX YCIOBUSIX MIepeIBMKEHHE BJIark B TPyHTE MO/ BIUSHUEM TeMIepaTypHOro rpaanenTa. Tep-
MOTPaIMEHTHOE TIepeIBIKEHNE BJIATW B HACBHIMHBIX KOJOHKaX IPyHTa BBISBICHO IyTEM CPaBHEHUS
HX UCXOAHBIX M UTOTOBBIX Npoduiieil BraxxHocTH. KOJIOHKN IpyHTa ¢ paBHOMEPHO paclpee/iCHHbIM
110 IpO(UIIIO BIarocoAep>KaHUEM BblAEpKaHbl 14 CyT B XOJOAWIBHONW YCTaHOBKE IPU TEMIIEpaType
—6 °C y moBepXHOCTH KOJOHOK U He Oonee 3 °C —y ocHOBaHHUs. Bra)xHOCTh TPYHTOB ompesesieHa
TEPMOCTaTHO-BECOBBIM MeToJoM. Temmeparypy ¢ukcupoBaiu Tepmomerpamu CaBuHoBa. [T1yOuna
MIPOMEP3aHUs MEeCUaHbIX U CYIVIMHUCTBIX TPYHTOB OKa3ajach MPSMO MPOMOPHUOHATIBLHON X HCXOJ-
HO# Bnaxkaoctu — 10,0-19,5 cM. B UTOTOBBIX MPOGUISX BIAKHOCTH B BEPXHEH MpoMep3IIieit 4acTu
OTMEYEHA 30HA aKKYMYJISLUU BJIATH, 10J HEH — 30Ha OAMEP3JIOTHOTO UCCYIIEHUS, IPOCIe)KUBaeMas
JI0 OCHOBaHUS KOJIOHOK. O0beM MUIPHPOBABILEH BIaru HaIPsIMYO CBA3aH C UCXOTHOH BJIAYKHOCTBIO
IPYHTOB (B CPEAHEM CYITIMHKE MPH UCXOIHOU BIAXXHOCTH 5,9% Macchl OTMEUeHO HaMep3aHue 7,7 MM
Biaru, npu BiaxHoctu 17,4% — 44,4 mm). [IpocTpaHcTBEeHHOE pa3MelleHne HaMep3lIel Biaru 3a-
BHCHUT OT TPaHyJOMETPUUYECKOr0 COCTaBa IPyHTOB. B CYyINIMHUCTBIX BapHaHTaX OTMEUEHO YMEHbIIIe-
HUE ee Co/lepKaHus OT TTOBEPXHOCTH J0 HWKHEH TpaHUIlbI TPOMEP3IIEro CJI0s; B IECYaHOM T'PyHTE
OCHOBHYIO IIpHOaBKy Biaru HaOJIrogajlu B HWXKHEH 4acTu ciost npomep3anus. IlonmyueHHsle skcme-
PUMEHTaJIbHbIC JaHHbIC TI0 HAMEP3aHWIO BJIArM B HACBIIHBIX I'PYHTaX aKTyaJIbHBI Ul Pa3pabOTKH
MaTeMaTHYECKUX MOJENEH TepMOrpaAuEeHTHON MHUTPALlMK BJIard B MAaXOTHBIX MOYBAX HOXKHOW yacTu
Cubupu. Ha ocHOBe Takux Mozeieii BO3MOKEH HE TOJIBKO MIPOTHO3 HAMEP3aHUsl BIIard B IOYBaxX Mpu
Pa3IMYHBIX MPUPOTHO-KIUMATHUECKUX YCIOBUAX, HO M CO3/1aHNE PEKOMEH IalUil 110 BO3AEHCTBUIO HA
(akTOphl BHEITHEW Cpe/Ibl /Uil ONTUMH3AINN [TPOIIECCOB KPHOTEHHOM aKKyMYJISIIIUK BIIATH B TAXOT-
HBIX [10YBaXx.

Ki1roueBble ¢j10Ba: KOJIOHKHM HACBITHOTO IPYHTA, I'PaHYJIOMETPHUECKUI COCTaB, NPO(PUIIbL BIaXK-
HOCTH, ITyOMHa MpoMep3aHus, IIFICHOYHAs Blara, KanwsipHasi Boaa

Experimental study of thermogradient migration of moisture in soil

C)Kravtsov Yu.V.

Novosibirsk State Pedagogical University
Novosibirsk, Russia

(<) e-mail: Kravtsov60@mail.ru

The movement of moisture under the influence of a temperature gradient is an important element
of the water regime of Siberian steppe soils. It is important to experimentally study the movement of
moisture in soil in order to predict this migration in natural conditions. The purpose of the work is to
study in laboratory conditions the movement of moisture in soil under the influence of a temperature
gradient. Thermal gradient movement of moisture in bulk soil columns was identified by comparing
their initial and final moisture profiles. Soil columns with moisture content uniformly distributed along
the profile were kept for 14 days in a refrigeration unit at a temperature of —6 °C at the surface of the
columns and no more than 3 °C at the base. Soil moisture was determined by the thermostatic-weight
method. The temperature was recorded with the Savvinov thermometers. The freezing depth of sandy
and loamy soils turned out to be directly proportional to their initial moisture content — 10.0-19.5
cm. In the final moisture profiles in the upper frozen part, a zone of moisture accumulation is noted,
beneath it — a zone of sub permafrost drying, traceable down to the base of the columns. The volume
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Experimental study

Kravtsov Yu.V.

of thermogradient migration of moisture in soil

of migrated moisture is directly related to the initial soil moisture (in an average loam with an initial
moisture content of 5.9% by mass, an ice formation of 7.7 mm of moisture was observed; with a
moisture content of 17.4%, it was 44.4 mm). The spatial distribution of frozen moisture depends on
the granulometric composition of soils. In loamy variants, a decrease in its content from the surface
to the lower boundary of the frozen layer was noted; in sandy soil, the main increase in moisture was
observed in the lower part of the freezing layer. The experimental data obtained on moisture accretion
in loose soils are relevant for the development of mathematical models of thermogradient moisture
migration in arable soils of the southern part of Siberia. Based on such models, it is possible not only
to predict the icing of moisture in soils under various natural and climatic conditions, but also to create
recommendations on influencing environmental factors to optimize the processes of cryogenic mois-

ture accumulation in arable soils.

Keywords: columns of bulk soil, granulometric composition, moisture profile, freezing depth, film

moisture, capillary water
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INTRODUCTION

The movement of moisture in soil and ground
layers under the influence of a temperature gra-
dient is an important part of the water regime in
Siberian steppe soils [1]. The accumulation of
this moisture determines the formation of mod-
ern hydromorphic features in the subsoil layers,
delays the spring warming of the lower horizons
of steppe soils, and reduces aeration porosity in
these horizons. In the southern regions of Si-
beria, due to human activity, the groundwater
level is currently above the critical depth [2, 3].
Primarily automorphic soils began developing
with additional moisture from groundwater, in-
cluding water that comes from the underground
layers that don't freeze during the winter mois-
ture redistribution. Because of this, the topic of
thermogradient moisture movement in the soil
and ground layers of Siberia is relevant.

Changes in soil moisture profiles due to sea-
sonal freezing have been studied in various re-
gions of Siberia [4]. The probable mechanisms
of moisture movement driven by temperature
gradients have been identified. The dependence

of moisture freezing volumes in Siberian soils
on environmental factors has been shown [5].
Models of moisture movement have been
developed to predict moisture accumulation in
seasonally frozen soils. A review of methods for
characterizing heat and moisture movement in
soils has been done [6, 7]. A program for soil
moisture transport under climate fluctuations
has been created [8, 9]. A model of moisture mi-
gration in the freezing zone under the influence
of a temperature gradient has been proposed. A
program has been created to assess the regional
impact of seasonal freezing and thawing of soils
on their moisture distribution [10, 11]. A model
of heat and moisture movement in partially fro-
zen soils over a large area has been presented
[12, 13]. However, these models were created
using different parameters and turn out to be ap-
plicable only to specific areas. For creating nu-
merical models of thermogradient moisture mi-
gration in the southern regions of Siberia, there
isn’t enough field observation data. It needs to be
supplemented through laboratory experiments.
The purpose of the work is to investigate in
laboratory conditions the movement of moisture
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in the soil under the influence of a temperature
gradient.

MATERIAL AND METHODS

The study focused on the moisture profiles
of soil fill columns. The soil columns measured
7 x 7 x 20 cm. The thermogradient movement
of moisture is evident in the highly wet layers,
which in the arable soils of the steppe are located
below the layer of summer evapodesiccation, so
for the research, samples were taken from the
soil horizon C at a depth of 0.9-1.5 m. They
were collected from an upland area of the Ishim
steppe. For comparison, samples from the same
layer in the watershed area of the Novosibirsk
Priobye and from fresh alluvial deposits in the
Ob River valley were used. The grain size com-
position of the samples was determined using
the method of N.A. Kachinsky [14] (see Table
1).

To verify the results obtained in the experi-
ment, three identical columns of fill-up soil were
used in each case. The columns being tested
were given a moisture content ranging from 4.2
to 19.3% of their mass. To prevent water move-
ment due to moisture gradients, the initial mois-
ture content was distributed evenly along the
vertical. The columns were protected on all sides
to prevent moisture loss through evaporation.

The prepared columns were placed in a re-
frigeration unit for 14 days. The tops of the
columns were kept at a temperature of -6 °C,
which is enough to freeze the soil (that is, un-

til some of the moisture in it turns solid and ice
crystals appear). At the base of the columns, the
temperature was no more than 3 °C. The cooling
element is located above the columns, so the soil
only froze from the top. The conclusion about
the movement of moisture under the influence of
the temperature gradient was made based on the
comparison of the initial and final moisture pro-
files. The final vertical distribution of moisture
was determined immediately after the soil cores
were taken out of the freezer, while their top
parts were still frozen. Soil moisture was mea-
sured using the thermostat-weighing method
[15], with each 2-centimeter layer tested twice.
The temperature in the soil was recorded using
the Savvinov thermometers placed in the cores
when they were put in the freezer.

RESULTS AND DISCUSSION

The indicators of thermogradient moisture
movement are related to the depth of soil freez-
ing (see table 2).

The frost penetration depth was 10-19.5 cm
and turned out to be directly proportional to the
initial soil moisture (see Fig. 1).

It’s noticeable that the freezing depth of san-
dy soil is quite large at initial moisture levels of
13.4% and 14.4%. This is probably due to the
increased thermal conductivity of soils with a
lighter grain composition when their moisture is
higher (somewhere between the lowest and full
water capacity). According to our calculations,
the thermal conductivity in sandy soil with 110%

Ta6a. 1. ['panynoMeTprdecknii COCTaB HACBIITHBIX KOJIOHOK rpyHTOB (110 H.A. Kaunnckomy)
Table 1. Granulometric composition of bulk soil columns (according to N.A. Kachinsky)

Losses from Particle size, mm

Depth, m HClprf,’/ieSSing’ 1,00-0,25 | 0,25-0,05 | 0,05-0,01 | 0,01-0,005 |0,005-0,001| <0,001 | <0,01 | >0,01
Number of particles, %
Ishim Steppe. Heavy loam

09-13 | 10,8 | 00 | 108 | 184 [ 122 | 129 | 349 | 60,0 | 292

Novosibirsk Ob region. Medium loam
1,4-1,5 | 0,0 | 03 | 223 | 463 | 124 | 131 | 56 | 31,1 | 689
Novosibirsk Ob Region. Sand
0,1-0,4 | 0,0 | 376 | 46 | 89 | 1,7 | 34 | 48 | 99 | 9.1
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Taoa. 2. O0beM nepepacnpeAeIMBLICHCS BIArK NP IPOMEP3aHUK BEPXHEH YacTH KOJIOHOK IPyHTa

Table 2. Volume of redistributed moisture during freezing of the upper part of the soil columns

" . Volume of redistributed moisture
Initial moisture Frost penetration
Soil particle-size distribution content, % of the d P th. cm
mass P, € mm % of initial moisture content
5,5 10 15,5 16,1
I | 10,5 14 14,1 7,7
cavyjoam 15,7 18 26,2 9,5
19,3 16,5 26,4 7.8
5,9 14 7,7 7,4
. 11,6 17 23,6 11,6
Medium loam 14,4 12 28,7 114
17,4 10 44.4 14,6
42 12 15,0 20,3
Sand 8,7 16 16,0 10,5
an 134 19,5 7,0 2,9
14,4 19,5 8,0 3,2
. the columns, there's a zone of frost-dried soil,
220 y =0.7557x +9,0604 extending from the freezing front down to the
S R?=0,9874 =70
5 1s . 4 base of the columns.
kS oo’ . . . .
£ 16 . -~ A special pattern of moisture distribution was
§ 4 et observed in sandy soil with moisture levels of
g 1> ‘,.—“" 13.4% and 14.4%. Here, moisture accumulation
o, .
z was recorded only in the 0—4 cm layer. The small
i3 104 6 8 10 12 14 16 vertical thickness of the frost layer in these cases

Moisture, % of the mass

Puc. 1. IIponopiinoOHAIBHOCTD MEXKIY UCXOTHOM
BII2YKHOCTBIO [IECUYAHOT0 IPYHTA U TIIyOHHOM ero
IpOMep3aHus

Fig. 1. The proportionality between the initial
moisture content of the sandy soil and the depth of
its freezing

moisture at the minimum water capacity reaches
2 W/(m-K) compared to 1.33 W/(m-K) in heavy
loam with similar moisture content. This might
explain the rapid and deep cooling of the moist-
ened sandy soil.

Thermal gradient redistribution of moisture
was recorded in all experimental samples (see
Fig. 2).

In the final moisture profiles of the soil col-
umns, two zones stand out. At the top of the col-
umns, there's a moisture accumulation zone. Its
lower boundary corresponds to the depth that
freezing temperatures reach. At the bottom of

is due to the fact that the soil columns froze al-
most to the bottom during the first 4 days, which
stopped the movement of moisture in them.

The amount of redistributed moisture directly
depends on the initial moisture content (see Fig.
3). With low initial moisture (less than 10%), the
largest share of migrated moisture was observed
in sandy soil — 10.5-20.3%. In the loamy variet-
ies, the share of redistributed moisture reached
7.4-11.6%. With high initial moisture (over
10%), the most noticeable movement of water
was recorded in medium loams — 11.4-14.6%.

Thus, the amount of redistributing moisture
turned out to depend primarily on the initial
moisture content of the soils, and secondly on
their grain-size composition. With low and high
initial moisture reserves, the volume of its mi-
gration into the freezing layer increases as the
soil's grain-size composition becomes lighter.

The granulometric composition is also re-
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a 0 8
Moisture, % of the mass Moisture, % of the mass Moisture, % of the mass
0 0 20 30 0 10 20 30
0-2 0-2 0-2
24 24 24
4-6 4-6 4-6
6-8 6-8 6-8
8-10 8-10 8-10
10-12 10-12 10-12
12-14 12-14 12-14
14-16 14-16 14-16
16-18 16-18 16-18
1820 1820 1820

Depth, cm Depth, cm Depth, cm

Puc. 2. Iamenenne npohuisl BIAKHOCTH HACBITHBIX KOJIOHOK BCJICICTBUE TIPOMEP3aHMsI HX BEPXHEH JacTH:
a — TSDKETOCYTIIMHUCTOTO COCTaBa; 6 — CPENHECYIIMHUCTOTO; 8 — IeCYaHOoro: a. I — MCXOmHas BIAXKHOCTH 5,5%;
2 — UTOrOBas BIAXKHOCTh, IyOuHa npomep3anus 10 cMm; 3 — ucxonHas BiaxHocts 10,5%; 4 — uroroBas BIaKHOCTbD,
m1yOuHa mpoMep3anus 14 cM; 5 — ucxomHas BIKHOCTh 15,7%; 6 — UTOroBasi BIQKHOCTb, ITyOMHA ITPOMEp3aHHs
18 cM; 7 — ucxomHast BIaXHOCTH 19,3%; § — uToroBas BIakHOCTh, ITyOWHA mpoMep3anus 16,5 cM; 6: | — ucxomHas
BJIQXKHOCTH 5,9%); 2 — UTOrOBasi BIaXXHOCTh, IIyOWHa rpoMep3anus 14 cM; 3 — ucxoaHas BlaxxHocTb 11,6%; 4 — uro-
TOBasi BIAXKHOCTh, TNIyOMHA mpoMep3anus 17 cM; 5 — ucxomHas BIaxHOCTh 14,4%; 6 — WTOTOBask BIAXKHOCTD, TITyOH-
Ha mpomep3anust 12 cM; 7 — ucxomHast BIaxHocTs 17,4%; 8§ — urorosast BIaKHOCTb, TIyOuHa mpomepsanns 10 cm;
6: 1 — ucxonHas BIaxHOCTh 4,2%; 2 — UTOrOBasi BIAXKHOCTb, NITyOMHa Tipomep3anust 12 cM; 3 — HCXOIHasl BIaKHOCTh
8,7%; 4 — uToroBas BIAKHOCTh, ITyONHA MpoMep3aHust 16 cM; 5 — ucxomHas BIaXHOCTH 13,4%); 6 — HTOTOBask BIAYKHOCTH,

nyouHa npomepsanus 19,5 cMm; 7 — ucxoaHast BIaxHocTh 14,4%; 8 — UTOroBast BIaXHOCTh, ITyOHHa pomep3anust 19,5 cm
Fig. 2. Changes in the moisture profile of bulk columns due to freezing of their upper part:

a —heavy loamy composition; 6 — medium loam composition; ¢ — sand: a: I — initial humidity 5,5%; 2 — final moisture
content, freezing depth 10 cm; 3 — initial humidity 10,5%; 4 — final moisture content, freezing depth 14 cm; 5 — initial
humidity 15,7%; 6 — final moisture content, freezing depth 18 cm; 7 — initial humidity 19,3%; 8 — final moisture con-
tent, freezing depth 16,5 cm; 6: 1 — initial humidity 5,9%; 2 — final moisture content, freezing depth 14 cm; 3 — initial
humidity 11,6%; 4 — final moisture content, freezing depth 17 cm; 5 — initial humidity 14,4%; 6 — final moisture content,
freezing depth 12 cm; 7 — initial humidity 17,4%; 8 — final moisture content, freezing depth 10 cm; 6: / — initial humidity
4,2%; 2 — final moisture content, freezing depth 12 cm; 3 — initial humidity 8,7%; 4 — final moisture content, freezing
depth 16 cm; 5 — initial humidity 13,4%; 6 — final moisture content, freezing depth 19,5 cm; 7 — initial humidity 14,4%;
8 — final moisture content, freezing depth 19,5 cm

é 15 . lated to the features of the vertical distribution
g 40 y=15871 x+3.7944 of frozen moisture. In the loamy variants, the
& 35 R?=0,6449 - . . . .
5 30 o " largest increase in moisture in the frozen layer
Q Q-2 . . .
QS) %(5) I T © is noted at depths of 0-2 cm (see Fig. 2). This
é 15| © ® _.-- -t"'". increase can reach up to 70% of the total rise
g 10 =77 in moisture content in the frozen layer. As the
33 8 13 18 depth increases, the amount of frozen moisture

Moisture, % of the mass
Puc. 3. [TponopLUHuOHAIBHOCTh MEXKTY UCXOIHOU
BJI&YKHOCTBIO KOJIOHOK TpyHTa (% Macchl) ¥ ipudas-
KOH BJIary B ClI0€ Hamep3aHus (MM)

Fig. 3. The proportionality between the initial moisture
content of the columns of the soil (% by weight) and
the increase in moisture in the freezing layer (mm)

decreases. This water distribution is due to the
high specific weight of film water in loamy soils.
In sandy soils, the maximum increase in mois-
ture is observed in the lower part of the freezing
zone because of the migration of mainly capil-
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lary water (see Fig. 2). The height of capillary
rise in sandy soils is measured in centimeters,
which matches the moisture concentration at the
bottom of the frozen layer.

The initial moisture content is also associated
with the uneven change in the humidity of the
sub-permafrost drying zone: with an increase
in humidity, this decrease with increasing depth
becomes more pronounced (see Fig. 2).

This work is the first step in selecting experi-
mental data for developing mathematical models
of moisture freezing in soils. Further studies are
planned for moisture migration under the influ-
ence of temperature differences in undisturbed
soils.

CONCLUSIONS

1. Moisture movement in seasonally frozen
soil layers under the influence of a temperature
gradient is a significant element of the water re-
gime of Siberian steppe arable soils. Therefore,
it is important to develop numerical models of
moisture movement to predict the parameters of
its cryogenic migration. To create mathematical
models, it is necessary to accumulate quantita-
tive data on this process, including laboratory
experiments.

2. A series of experiments was conducted to
identify the characteristics of moisture migra-
tion under the influence of a temperature gra-
dient in sandy and loamy varieties of bulk soil
with initial moisture contents ranging from 4.2
to 19.3% by weight. It was found that at a tem-
perature of —6°C at the surface of the bulk soil
columns and no more than 3°C at their base, the
freezing depth of the columns over the 14-day
experiment was 10.0-19.5 cm and was directly
proportional to the initial soil moisture content.

3. Changes in moisture profiles were record-
ed in all experimental columns. An increase in
moisture content was observed in the freezing
zone, while a corresponding decrease was ob-
served in the lower subpermafrost zone. The
freezing values were directly proportional to the
initial soil moisture content.

4. The vertical distribution of moisture mi-
grating into the freezing layer depends largely
on the soil's particle size distribution. In loamy
soils, the amount of frozen moisture gradually
decreases from the surface of the soil column to
the lower boundary of the frozen zone, due to
the high content of film moisture in the water
phase of such soils, which is uniformly distrib-
uted across the profile. In sandy soil variants, a
distinct maximum of frozen moisture is found in
the lower part of the frozen zone. This moisture
distribution is due to the large amount of cap-
illary water in the sandy soil, which, under the
force of gravity, is quickly redistributed to the
lower part of the fill column and, when it freezes,
migrates in large volumes into the frozen zone.
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TO.]'IepaHTHOCTb MaJIMHbI Rpacnoﬁ K nmecruuauaiaM 1 HOHaAM HUKeEJIA
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[IpencrapieHsl pe3yabTaTbl UCCIEA0BAaHMS TOJIEPAHTHOCTU K MOHAM HUKENSI PaCTeHUN Ma-
JuHBl KpacHOU (Rubus idaeus L.), 0oTOOpaHHBIX Ha YCTOWYMBOCTB K necTUiuaam (mmdoca-
Ty, OEHOMIJTY U MajaTHOHY). MHUKpOYepeHKH MaJIMHbl KyJbTUBUPOBAJIN HA MUTATEIILHON cpe-
ne, coxepxamei 0,25 MM xnopuaa nHukens. C ucnonb3zoBaHueM XjiopoduiuidiayopuMeTpa
LPT-3 (Poccust) peructpupoBaiu yaeiabHYIO (POTOCMHTETHUECKYI0 akTUBHOCTH TKaHeu (Kf).
CpaBHuBanu ypoBeHb najaeHus Kf mox BiavsHueM coiau TSKENIOro MeTajula Ha KOHTPOJIb-
HOW U coJepKalllell aHTUOKCUAAHTHI cpefax. PeructpupoBaiiv Takke BIUSHUE HOHOB HUKE-
751 Ha n3MeneHne Kf ¥ ckopocTh HEKPOTH3aLUM JIUCTHEB Y KOHTPOJIBbHBIX M MECTULUATOIE-
paHTHBIX pacTeHui. Xjopul Hukens Ha 10-e cyTKM KyJIbTMBUPOBAaHUS CHMKal (POTOCHHTE-
THUUYECKYIO aKTUBHOCTH TKaHell ot 0,531 no 0,12. Buecenue B cpeny ackopOMHOBOW KHCIOTHI
YMEHBIIIAJI0O HETAaTUBHOE JCMCTBHE TOKCHMYHOTO BemecTBa Ha 37,84% (Kf = 0,26), BHecenue
NIyTaTHOHA BoccTaHoBIeHHoro — Ha 77,80% (Kf = 0,44). D10 cBUIETENBCTBYET O POJIHU aH-
TUOKCHJAHTOB B peaIM3alliK TOJIEPAHTHOCTU PACTEHUM K TSKEIbIM MeTajjaM. YCTaHOBJIEHBI
Pa3IUUUs MEXIY KOHTPOJIBHBIMM M YCTOWYMBBIMU K IMECTUIMIAM PACTEHUSIMM IO M3MEHe-
Huto Kf u ckopocty HekpoTu3alu JUCTHEB MIPU CTPECCOBOM Bo3JeicTBUU. B mpucyrcrBun
TOKCHMYHOI'O BELIECTBA Yy KOHTPOJBHBIX pacTeHui Ha 10-e CyTKM KyJbTUBHPOBAHMS CHUKCHHE
Kf cocraBuno 51,74% (ot 0,172 mo 0,083), y mecTummaroiaepanTHeix pacteHuit — 32,20%
(010,172 10 0,117). Ha cpene, conepaxaiiieii cosb TSHKEIO0ro MeTasia, y KOHTPOJIbHBIX pacTeHUN
in vitro Ha 30-¢ CyTKHM KyJbTHBHUPOBAHHS 3aperucTpupoBana Hekpotuzaus 51,33% nucThes,
y NeCTHLUAYCTOWYMBBIX — 35,65%. D10 cBUAETENbCTBYET O 00Jee BBICOKOW TOJIEPAaHTHOCTH
K XJIOPHJly HUKEJIS yCTOWYMBBIX K NECTULUAAM PACTEHUI 110 CPABHEHUIO C KOHTPOJIbHBIMH.

KnioueBble ciioBa: ManuHa KpacHas, in vitro, TKaHeBas CEJIeKLUs, yaeslbHas (OTOCHHTe-
TUYECKasi aKTUBHOCTb, XJIOPU] HUKEJIS, IECTULU/IbI, TOJIEPAHTHOCTh

Tolerance of red raspberry to pesticides and nickel ions

C<X)Solovykh N.V.!, Budagovsky A.V. 2, Budagovskaya O.N. !:?
'LV, Michurin Federal Scientific Center

Michurinsk, Russia

*Michurinsk State Agrarian University

Michurinsk, Russia

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

The results of a study of nickel tolerance in red raspberry (Rubus idaeus L.) plants selected for
resistance to pesticides (glyphosate, benomyl and malathion) are presented. Raspberry micro cuttings
were cultivated on a nutrient medium containing 0.25 mM nickel chloride. Using a chlorophyll fluoro-
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meter LPT-3 (Russia), the specific photosynthetic activity of tissues (Kf) was recorded. The level of Kf
drop under the influence of heavy metal (HM) salt on the control medium and the medium containing
antioxidants was compared. The effect of nickel ions on the change of Kf and the rate of leaf necroti-
zation in control and pesticide-tolerant plants was also recorded. Nickel chloride reduced the Kf of the
tissues from 0.531 to 0.12 on the tenth day of cultivation. Adding ascorbic acid to the medium reduced
the negative effect of the toxic substance by 37.84% (Kf=0.26), and adding reduced glutathione re-
duced it by 77.80% (Kf=0.44). This indicates the role of antioxidants in the implementation of plant
tolerance to heavy metals. Differences were established between control and pesticide-resistant plants
in terms of the magnitude of Kf change and the rate of leaf necrotization under stress. In the presence
of a toxic substance, the Kf of control plants decreased by 51.74% (from 0.172 to 0.083) on the tenth
day of cultivation, while that of the pesticide-tolerant plants decreased by 32.20% (from 0.172 to
0.117). On a medium containing heavy metal salt, 51.33% of the leaves of control plants in vitro were
necrotized on the thirtieth day of cultivation, while 35.65% of the leaves of pesticide-resistant plants
were necrotized. This indicates that pesticide-resistant plants are more tolerant to nickel chloride than
control plants.

Keywords: red raspberry, in vitro, tissue selection, specific photosynthetic activity, nickel chloride,
pesticides, tolerance

Jas uuruposanusi: Conogvix H.B., Byoazosckuii A.B., byoazoseckas O.H. TonepaHTHOCTh MalHMHBI KPaCHOH K MECTHIUAAM U
noHaM Hukens // CHOMPCKHUI BECTHHK CENbCKOX03sicTBeHHON Hayku. 2026. T. 56. Ne 4. C. 33-41. https://doi.org/10.26898/0370-
8799-2026-4-4

For citation: Solovykh N.V., Budagovsky A.V., Budagovskaya O.N. Tolerance of red raspberry to pesticides and nickel ions.
Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2026, vol. 56, no. 4, pp. 33—41. https://doi.
org/10.26898/0370-8799-2026-4-4

KondaukTt naTepecon

ABTOpBI 3asBISIFOT 00 OTCYTCTBUH KOH(IMKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

INTRODUCTION effects, also have general ways of acting. They

The productivity of agricultural crops is sig- disrupt the balance between the production of

nificantly reduced by negative abiotic environ-
mental impacts. The most harmful of these are
extreme temperatures, insufficient or excessive
moisture, high soil salinity, pollution with heavy
metal compounds (HM), and a high pesticide
load. These effects disrupt the normal flow of
physiological processes in plant tissues, which
leads to reduced photosynthesis, slower plant
growth, and lower yields [1].

The problem can be solved by developing tol-
erant varieties ' [1]. However, breeding for resis-
tance to each of the stress factors is a long and
laborious process.

Abiotic stressors, besides having specific

reactive oxygen species (ROS) and their detoxi-
fication by the antioxidant system, leading to the
accumulation of ROS. Superoxide anion — radi-
cal (O,"), hydrogen peroxide (H,0,), hydroxyl
radical ("OH), singlet oxygen ('O,), hypogaloids
(HOCI, HOCI, HOBr, HOI, HOSCN), nitric
oxide (NO") and other radicals act as signaling
molecules, but their excess activates oxidative
processes that cause changes in the structure of
lipids, proteins, and nucleoproteins. The degree
of impairment depends on the intensity of the ef-
fects and their duration [2].

Oxidative stress in plants can be caused by
extreme temperatures, drought [2, 3], pesticides

Dragavtsev V.A., Dragavtseva I.A., Efimova I.L., Morinets A.S., and Savin .Yu. Management by "genotype-environment"
interaction - most important level for increase of cultivated plants yields // Proceedings of the Kuban State Agrarian University, 2016,

vol. 59, N 2, pp. 105-121.
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[4], excessive soil salinity [5], heavy metal ions?
[6], and more. Because of this, selecting plants
that can significantly boost their antioxidant sys-
tem under negative conditions could increase
their ability to adapt to stress.

The process of developing tolerant varieties
can be sped up using a method of cell or tissue
selection, which involves selecting resistant cells
or tissues in a selective in vitro environment and
then regenerating plants from them. There are
reports of successfully using this cell selection
method to produce plants with increased re-
sistance to lead [7] and copper ions. Using the
method of measuring lipid peroxidation inten-
sity in the presence of HM, it was shown that
tolerance to copper ions is linked to the activity
of the plant's antioxidant system. Flax cell lines
selected for paraquat tolerance (a pesticide that
causes ROS formation) also showed increased
resistance to copper ions [8].

Considering the role of the antioxidant sys-
tem in achieving tolerance, methods have been
developed to assess plant resistance to heavy
metals based on measuring the activity of anti-
oxidant system enzymes and the intensity of lip-
id peroxidation (LPO) in the presence of heavy
metals [9].

In plant tissues, the balance between the produc-
tion and inactivation of ROS is maintained by enzy-
matic and non-enzymatic antioxidant mechanisms.
The main enzymatic antioxidants are ascorbate
peroxidase, superoxide dismutase, catalase, and
glutathione reductase. The main non-enzymatic
antioxidants include fat-soluble ones (a-tocopherol
and B-carotene) as well as water-soluble ones (glu-
tathione, ascorbic acid, etc.) [10].

At the [.V. Michurin Federal Scientific Cen-
ter, the effect of reduced glutathione (GSH) and
ascorbic acid (AsA) on the growth and repro-
duction of red raspberry plants in vitro was stud-
ied in the presence of sodium chloride and pes-
ticides at toxic concentrations. A decrease in the
negative effects of the mentioned toxic substanc-

es on the reproduction rate and average length of
microshoots in the presence of antioxidants has
been shown, which confirms the role of the latter
in enabling tolerance to salinity and pesticides.
During the research, methods for diagnosing in
vitro plant resistance to stress were optimized by
looking at the changes in morphometric indica-
tors and the rate of change in fluorescence indi-
cators in the presence of stressors [11].

From 2017 to 2024, the 1.V. Michurin Fed-
eral Scientific Center worked on developing se-
lective systems to produce plants of the Rubus
genus that are resistant to excessive chloride
salinity and pesticides. Using tissue selection,
they developed blackberry plants with increased
tolerance to glyphosate and chloride salinity, as
well as red raspberry plants resistant to benomyl,
malathion, glyphosate, and chloride salinity.

The goal of the study is to prove the role of
the antioxidant system in how red raspberry
plants tolerate nickel chloride.

The research objectives are:

— to study the effect of heavy metals on the
physiological state of plant tissues in control
media (without antioxidants) and in the media
containing ascorbic acid or reduced glutathione;

— to compare the resistance to nickel chloride
ions of control and pesticide-resistant raspberry
plants to show the possibility of developing vari-
eties with increased tolerance to various abiotic
stressors.

MATERIAL AND METHODS

Control and pesticide-tolerant red raspber-
ry (Rubus idaeus L.) plants of the Oranzhevoe
Chudo variety, cultivated in vitro, were used as
the research material. The resistant plants were
developed using the tissue selection method. Ini-
tially, plants that showed increased tolerance to
the fungicide benomyl from the benzimidazole
group and at the same time to the insecticide
malathion from the organophosphate chemicals
(OPC) group were selected. Later, the selected

2Mohnish P, Kumar N. Effect of heavy metals on plants: an overview // International Journal of Application or Innovation in
Engineering and Management, 2016, vol. 5, Iss. 3, pp. 56-66. DOI: 10.13140/RG.2.2.27583.87.204.
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plants were also proven to be more resistant to
the herbicide glyphosate (N-(phosphonomethyl)
glycine) from the OPC group.

The microcuttings were grown on the MS
medium containing 0.5 mg/l 6-benzylamino-
purine (6-BAP), 0.1 mg/l indole-3-butyric acid
(IBA), and 0.5 mg/I gibberellic acid (GA). The
culture vessels were kept under a light intensity
of 2500 lux, with a 16-hour photoperiod and a
temperature of 23 + 2 °C.

To test how plants tolerate heavy met-
als, 0.25 mM of nickel chloride hexahydrate
(NiCl,-6H,0) was added to the growth medium.
Plant tolerance was assessed based on the per-
centage of necrotic leaves after 15, 30, 45, and
60 days from the start of the experiment. The
rate of change in this parameter was compared
between control and pesticide-resistant plants in
a medium containing heavy metals. Five biolog-
ical replicates, with six microcuttings in each,
were used in each experiment.

To determine the effect of heavy metals on
chlorophyll fluorescence in the tissues of con-
trol plants and those selected for pesticide resis-
tance, specific photosynthetic activity (Kf) was
recorded using an LPT-3C chlorophyll fluoro-
meter (Russia), which allows measurements to
be taken without compromising in vitro sterility.
Measurements were taken 10 days after micro-
cuttings were planted on media. Before mea-
surements, plants were kept in the dark for an
hour.

In order to study the effect of exogenous anti-
oxidants on the intensity of the damaging effect of
heavy metals on plants, ascorbic acid (C4HgOy)
was added to nutrient media containing a toxic
substance at a concentration of 0.75 mM or re-
duced glutathione (y-glutamyl-cysteinylglycine,
C0H17N304S) at a concentration of 0,5 mM (the
concentrations were selected experimentally). A
medium without antioxidants served as a control.
After 10 days of cultivation, Kf was measured.
The decrease in specific photosynthetic activity
under the influence of nickel ions was compared
with that in a medium without heavy metals in

the presence and absence of antioxidants.

Data processing included calculating mean
values, their errors, and the significance of dif-
ferences between means across experimental
variants. This was performed using the Micro-
soft Excel statistical package.

RESULTS AND DISCUSSION

The effect of nickel chloride on the physio-
logical condition of tissues in control raspber-
ry plants (which hadn’t previously been select-
ed for resistance to any abiotic stressors) was
studied. It was found that this toxic substance
reduced the specific photosynthetic activity in
all experimental setups. Adding antioxidants to
the growth medium lessened the harmful impact
of heavy metals. In a medium containing 0.25
mM nickel chloride, by the 10th day of cultiva-
tion, Kf decreased by 77.22% in the absence of
antioxidants. In the presence of ascorbic acid, it
decreased by only 48.90%, and in the presence
of reduced glutathione — by 17.14% (see Fig. 1).
The differences between the variants are statisti-
cally significant (p < 0,05).

The explanation for the reduction in the
harmful effects of heavy metals when adding ex-
ternal antioxidants to the nutrient medium could
be their ability to neutralize ROS. Ascorbic acid
restores the superoxide radical, hydrogen per-
oxide, and regenerates tocopherol from the to-
copheroxyl radical. In turn, tocopherols quench
various ROS, prevent lipid oxidation, and sta-
bilize membranes [12]. Reduced glutathione
neutralizes a number of oxygen radicals and re-
generates ascorbic acid [13]. In nature, adverse
effects lead to an increase in the concentration of
these antioxidants in plant cells [12, 13].

Tolerance to abiotic stressors is directly linked
to how well the antioxidant system works, so it's
interesting to study the resistance to other harm-
ful effects (like heavy metals) in plants that are
tolerant to pesticides.

In the medium without heavy metals, no sig-
nificant differences were observed in the specif-
ic photosynthetic activity between the control
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Specific photosynthetic activity, Kf

Medium without HM

Without antioxidant

With reduced
glutathione

With ascorbic acid

Medium with nickel chloride

Puc. 1. CHrxenue yaeiabHON (HOTOCHHTETHYECKON aKTUBHOCTH B TKAHSIX MaJIMHbI KPACHOM in vitro
0J] IEHCTBUEM XJIOpUA HUKEISI HA KOHTPOJIBHOM cpejie U cpefiaxX, COAep KaIUX aHTHOKCHIaHTBI

Fig. 1. Reduction of specific photosynthetic activity in raspberry tissues in vitro under the influence
of nickel chloride on control medium and medium containing antioxidants

plants and the pesticide-resistant ones. Adding
0.25 mM nickel chloride to the cultivation me-
dium caused a statistically significant (p < 0.05)
decrease in the specific photosynthetic activity
of the tissues in all experiment variants. How-
ever, in the control plants, the decrease in Kf
compared to this indicator in the medium with-
out nickel salt was 55.97%, while in the pesti-
cide-tolerant plants it was 33.42% (see Fig. 2).
The differences in this indicator in the medium
with nickel ions between the control and pesti-

cide-resistant plants are statistically significant
(p <0,05).

The results show that plants selected for pes-
ticide resistance have higher tolerance to nickel
salt.

Testing nickel salt tolerance by measuring the
rate of leaf necrosis also confirmed that pesti-
cide-resistant plants are more tolerant to heavy
metals compared to the controls. In the medium
without nickel chloride, leaf necrosis was al-
most absent. It didn't exceed 4-5% throughout
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Puc. 2. CHMKeHUE yIenbHON ()OTOCHHTETHYECKOW aKTUBHOCTY TKAHEH KOHTPOJIBHBIX U YCTOWIMBBIX
K MECTUIMAAM PAaCTCHUI MaJIUHEI in vitro of nevicreuem TM

Fig. 2. Reduction of the specific photosynthetic activity of the tissues of control and pesticide-resistant

raspberry plants in vitro under the influence of HM
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the entire cultivation. There were no significant
differences between the control plants and the
pesticide-resistant ones in this regard when the
stressor was absent.

The presence of heavy metal salt in the nutri-
ent medium causes leaf necrosis. In pesticide-re-
sistant plants, this process occurs more slowly
compared to the control plants. After 15 days of
cultivation, the percentage of dead leaves in the
control plants was 4.8 times higher than in those
selected for pesticide resistance. After 30—60
days, the number of necrotized leaves in the con-
trol plants exceeded that of the pesticide-tolerant
forms by 38.01-51.28% (see Fig. 3).

The differences between the control plants
and those resistant to pesticides in the given in-
dicator at 15, 30, 45, and 60 days of cultivation
are statistically significant (p <0.05). In the con-
trol plants, leaves completely died after 70 days
in the presence of nickel chloride, while in the
pesticide-resistant plants, this occurred after 85
days.

The slower necrosis of leaves in pesticide-re-
sistant plants compared to the control indicates
their higher tolerance to nickel ions. This aligns
with data from testing heavy metal tolerance in
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control and pesticide-resistant forms based on
changes in the specific photosynthetic activity
of the tissues.

Besides the general damaging mechanisms
common to various stressors, associated with
the accumulation of ROS, there are a number of
specific ones. Because of this, in addition to the
antioxidant system, there are other protection
mechanisms. For example, heavy metal ions can
be bound even before entering the cell, either in
the extracellular matrix or by cell walls. Plants
can release metal-chelating ligands or iron-con-
taining proteins that bind HM ions?. Resistance
to pesticides can be achieved by reducing cuticle
permeability, speeding up the breakdown of pes-
ticides in tissues, and getting rid of them from
the tissues.

Because of this, selecting crop varieties with
highly efficient antioxidant systems can't pro-
duce varieties with maximum tolerance to all
abiotic stress factors. However, relatively in-
creasing and expanding the adaptation potential
of varieties to negative impacts can make gar-
dening more resilient amid the ever-growing in-
stability of environmental conditions.
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Puc. 3. HexpoTtu3zaius JIUCTHEB KOHTPOJIbHBIX U YCTOMUMBBIX K TIECTUIIMIAM PACTEHUN MaJIMHbI KPaCHOU

O/ IEUCTBUEM XJIOpUJIa HUKEJIS in Vitro

Fig. 3. Necrotization of the leaves of control and pesticide-resistant raspberry plants under the influence of

nickel chloride in vitro

3Pishchik V.N., Vorobyov N.I., Provorov N.A., Khomakov Y.V. Mechanisms of plant adaptation to heavy metals // Agrophysics,

2015, N 2, pp. 38-49.
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CONCLUSIONS

1. In red raspberry tissues, a decrease in spe-
cific photosynthetic activity was detected in vi-
tro in the presence of a toxic concentration of
nickel chloride (0.25 mM). Adding reduced glu-
tathione or ascorbic acid to the nutrient medium
reduced the negative effect of the heavy metal
salt by 37.84-77.80%, indicating the role of the
plant's antioxidant system in developing toler-
ance to the toxic substance.

2. Pesticide-resistant red raspberry plants
demonstrated higher tolerance to nickel ions.
This was confirmed by a lower rate of leaf ne-
crosis and a smaller decrease in specific photo-
synthetic activity in vitro in the presence of the
heavy metal salt in pesticide-resistant plants
compared to control plants.

3. Higher resistance to nickel chloride in pes-
ticide-tolerant plants obtained by tissue selection
confirms the possibility of breeding for complex
resistance to abiotic stressors by selecting forms
that can effectively activate the antioxidant sys-
tem under negative environmental influences.
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CopHble pacTeHusi, 3aCOpPAIOIIAE CEMEHA JbHA-T0JTYHIA BbICIIHAX
penpoayKuuii, BeipamuBaemMoro B Tomckoii o0s1actu

IMomosa I''A.!, MuxaiisoBa C.1.2, Hlyaeiiko B.P.">2, ) lllyaeiiko A.A."?

'Cubupcruil nayyHo-uccie008amenbCKuti UHCIMUNMYm CelbCKo20 X03AUcmea u mopgha — ghunuan
Cubupckoeo gpedepanbHo2o HayuHo2o yeHmpa azpodouomexnonocuti Poccuiickoii akaoemuu nayk
Tomck, Poccus

2Hayuonanvuwiii uccieoosamenbckutl TomMckutl 20cy0apcmeenHulii yHugepcument

Tomck, Poccus

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

B crarbe npencTaBiaeHbl pe3yabTaThl TepOOIOTHYecKOro aHaIn3a MapTH CeMSH COPTOB JIbHA-101-
TYHIIa TOMCKOM CeJeKIuH, BhipalieHHbix B 2024 u 2025 rr. B nofTaekHo 30He ToMCcKoli 00JIacTH.
Onpenenensl BUIOBON COCTaB M YMCICHHOCTh CEMSH COPHBIX pacTeHuil. CocTaBleH nepeueHb TPYI-
HOOTJICTIMMBIX COPHSIKOB, CIIOCOOHBIX PAacCIpOCTPAHSATHCS MYTEM CIEHPOXOPHH C CEMEHAMH JIbHa-
JnoiryHia. B oOpasnax ceMsiH JIbHA-JONTYHIA, MMOJYYCHHBIX TOCHE MPSIMOTO KOMOAaWHUpPOBAaHUS,
BBISIBIICHBI THACTIOPBI (TUTOJBI U ceMeHa) 33 BUAOB OJHO- U JBYAOJBHBIX COPHBIX pacteHuid. ITpo-
BE/ICH CPAaBHUTEJIBbHBINA aHAIN3 3aCOPEHHOCTH COPTOBBIX CEMSIH JIbHA-IOJTYHIIA ITOCIIE MPOMBIIICH-
HOW OYMCTKU. BBISBICHO ceMb BHIIOB OIHOAOJIBHBIX (3IAKOBBIX) COPHSKOB: €KOBHHUK OOBIKHOBEH-
Helii (Echinochloa crus-galli), oBec niyctoui (Avena fatua), npoco copuoe (Panicum miliaceum ssp.
ruderale), eipeit monsyuwnii (Elytrigia repens), MepCTHIK MOXHATHIN (Eriochloa villosa), meTHHHUK
3eNeHbIN (Setaria viridis), MeTHHHUK HU3KWH (Setaria pumila), a Takke MECTb BUIOB JBYIOJIbHBIX
COpHSIKOB: auCTHHK IIMKYTOBBIN (Erodium cicutarium), ropen pa3Becuctolil (Persicaria lapathifolia),
rpeunitka BeloHKoBast (Fallopia convolvulus), mukynsHUK nByHaape3anublil (Galeopsis bifida), mon-
MapeHnuk Baiiana (Galium vaillantii), mupuua sxmunnoBuinas (Amaranthus blitoides). Bee niepe-
YHCIICHHBIE BUJIBI SABJSIFOTCS OOBIYHBIMU 3aCOPUTEISIMU ITOCEBOB CEJIHCKOXO3SMCTBEHHBIX KYJIBTYDP B
pasHbIx peruonax Poccun. Kpome Toro, B 00pasnax ceMsiH JibHa-JJOITYHIIA ONPeAeICHO HalTnIue clie-
JYIOIIHUX TPYITHOOTJACTHUMBIX CEMSIH COPHBIX PACTECHHIA: OJJHOMOIbHBIC BH/BI — CKOBHHUK OOBIKHOBEH-
HBI{, IIEPCTHSAK MOXHATBIH U METUHHUK HU3KUH, TBYOIBHBIC — TOPEIl PA3BECUCTHII U TTOIMAPEHHUK
Baitana. Oco60 0TMETHM MOSIBICHHE B CEMEHOBOIUYECKHX TOCEBax JIbHA-0ATyHIA peakoro ais Cu-
OMpH COPHSIKA BOCTOYHOA3MATCKOTO MMPOUCXOKACHUS — IIEPCTHSIKA MOXHATOTO. JlaHHBIN BU SIBISIETCS
HanOoJiee 3II0CTHBIM COPHSIKOM, OBICTPO PacrpoCTPaHSIOIUMCS Ha CETbCKOX03HCTBEHHBIX 3EMIISIX
Onmarogaps BEICOKOW HKOJIOTUYECKOH alanTalliid U YCTOWIMBOCTH K TepOUIHIaM.

KuroueBble cj10Ba: JICH-TONTYHEI, CEMEHA, COPHBIC pacTEeHUs, TepOOTOTHICCKHA aHamu3, Tom-
cKast 00JIacTh

Weeds contaminating fiber-flax seeds of higher reproductions grown
in the Tomsk Region

Popova G.A.!, Mikhailova S.1.2, Shuleiko V.R."2, (:3)Shuleiko A.A.!2

ISiberian Research Institute of Agriculture and Peat — Branch of the Siberian Federal Scientific
Centre of AgroBioTechnologies of the Russian Academy of Sciences

Tomsk, Russia

’National Research Tomsk State University

Tomsk, Russia

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

The article presents the results of a herbological analysis of fiber flax seed batches of the Tomsk
selection, grown in 2024 and 2025 in the sub-taiga zone of the Tomsk region. The species composition
and number of weed seeds have been determined. The species composition and number of weed seeds
in flax seed batches have been identified. A list of difficult-to-separate weeds capable of spreading by
speirochory with flax seeds has been compiled. In the samples of fiber flax seeds obtained after direct
combining, diaspores (fruits and seeds) of 33 species of mono- and dicotyledonous weeds have been
identified. A comparative analysis of the contamination of fiber flax seeds after industrial cleaning was
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carried out. 7 species of monocotyledonous (cereal) weeds: barnyard grass (Echinochloa crus-galli),
wild oat (4vena fatua), weed broomcorn millet (Panicum miliaceum ssp. ruderale), devil's grass
(Elytrigia repens), hairy cupgrass (Eriochloa villosa), green foxtail (Setaria viridis), yellow foxtail
(Setaria pumila) and 6 species of dicotyledonous weeds: redstem filaree (Erodium cicutarium), pale
smartweed (Persicaria lapathifolia), wild buckwheat (Fallopia convolvulus), bifid hemp-nettle (Ga-
leopsis bifida), catchweed bedstraw (Galium vaillantii), prostrate amaranth (4Amaranthus blitoides)
have been identified. All the listed species are common contaminants of agricultural crop plantings
in various regions of Russia. In addition, the fiber flax seed samples have been found to contain the
following difficult-to-separate weed seeds: monocotyledonous species — barnyard grass, hairy cup-
grass and yellow foxtail, and dicotyledonous ones — pale smartweed, catchweed bedstraw. Particularly
noted is the appearance in fiber flax-seed crops of a weed rare for Siberia, of East Asian origin — hairy
cupgrass. This species is the most pernicious weed, spreading rapidly on agricultural lands due to its
high ecological adaptability and herbicide resistance.
Keywords: fiber-flax, seeds, weeds, herbological analysis, Tomsk region
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INTRODUCTION developing seed production of this crop. Breed-
ing work on linen flax beyond the Urals has a
long history'. Since 2005, the work on breeding
and seed production of linen flax in the Tomsk
region has been carried out by the Siberian
Research Institute of Agriculture and Peat — a
branch of the Siberian Federal Scientific Centre
‘ _ o ' of Agro-BioTechnologies of the Russian Acade-
flax fiber are in demand in strategic industries, my of Sciences (SRIAT — branch of the SFSCA
such as the production of carbon composites — RAS). Over 89 years, Tomsk breeders have de-
lightweight and super-strong materials [1-4]. veloped 27 varieties of linen flax, 11 of which

Linen flax is a traditional agricultural crop gare included in the State Register of Breeding
that has long been grown in Russia. The Tomsk  Achievements of the Russian Federation. Along-
region, due to its soil and climate conditions, is  side the breeding work, they also carry out initial
considered one of the favorable areas for grow- seed production for new varieties and maintain
ing flax for industrial purposes, as well as for those already listed in the State Register.

Fiber flax (Linum usitatissimum L.) is an im-
portant industrial crop in both global and Russian
agriculture. The technical fiber from fiber flax is
used as raw material for making a wide range
of fabrics, industrial products, and other goods
with high consumer value. Products made from

'Krepkov A.P. Selection of fiber flax in Siberia. Tomsk, 2000, 186 p.
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Weeds contaminating fiber-flax seeds
of higher reproductions grown in the Tomsk Region

Popova G.A., Mikhailova S.I., Shuleiko V.R., Shuleiko A.A.

Seeds of the Tomsk linen flax varieties are
in demand in the regions of Siberia and the Eu-
ropean part of Russia [5, 6]. According to the
Department of Primary Processing of Flax and
Hemp at the Rosselkhozcenter, in 2024, 31 va-
rieties of linen flax were sown in the Russian
Federation on an area of 40.6 thousand hectares.
The top six varieties in terms of the sowing area
include the following Tomsk-bred sorts: Tomsky
17 (4.14 thousand ha; 10.2%), Tomich 2 (3.10
thousand ha; 7.6%), Tomsky 18 (2.87 thousand
ha; 7.1%). SRIAT has the capacity to produce
8—18 tons of elite breeder seeds of high-yield
early-maturing flax varieties annually, which in
some years makes up 20-23% of the total simi-
lar seeds produced across Russia.

A limiting factor for the development of flax
growing in our country is the lack of seeds of do-
mestic varieties with high sowing qualities [1].

There are special requirements for the sowing
qualities of high-reproduction flax seeds (breed-
ing nurseries of the 1st and 2nd generations,
super-elite), including the absence of contami-
nation by diaspores (fruits and seeds) of weeds.
According to GOST R 52325-2005, in high-re-
production flax seeds intended for sowing, the
content of weed diaspores should not exceed 320
pieces per kilogram of seeds’. What's important
here is not only the number of weed fruits and
seeds but also their species composition.

Linen flax is a small-seeded agricultural crop,
the cultivation of which requires strict adherence
to all elements of zonal technology, including
the use of herbicides?® [7-10]. Seed farms using
modern chemical plant protection products are
not always able to achieve absolute purity of
flax seeds. Therefore, the issue of phytosanitary
monitoring of flax crops and the seed material
used is quite pressing.

The relevance of this study is due to the emer-
gence of weeds resistant to the preparations used
in flax crops for herbicidal weed control, and, as
a consequence, changes in the species composi-
tion of weed vegetation [11-13].

Considering the demand and significant eco-
nomic importance of original seeds of linen flax
varieties of the Tomsk selection for the further
development of flax growing in Russia, it is nec-
essary to keep track of the weediness of crops
and seeds.

The purpose of the study is to identify the
weeds and hard-to-separate plant species that
contaminate batches of linen flax seeds during
industrial cleaning in the Tomsk region.

MATERIAL AND METHODS

The study focused on the samples of flax seed
varieties of the highest reproductions, obtained
from seed-growing plots of the Bogashevsky
Scientific Department of SRIAT in 2024 and
2025.

In 2024, analysis of seed lots from nurseries
propagating the 1st and 2nd generations of the
varieties Tomich, Tomsky 17, Tomich 2, Tomsky
18, Tomich 3, and the super-elite variety TOST
3 was conducted. In 2025, analysis of seed lots
from nurseries propagating the 1st and 2nd gen-
erations (mother elite of the 1st and 2nd years)
of the varieties Tomich 2, Tomich 3, TOST 3,
TOST 4, TOST 5, and Pamyati Krepkova was
carried out.

The samples were taken from seed lots be-
fore industrial cleaning and after the processing
of finished products on sorting machines.

For each variety, two seed samples were an-
alyzed:

1) obtained after direct combining, uncleaned
(grain chaff and weed seeds);

2) industrially purified.

During industrial cleaning, fiber flax seeds
collected by direct combining were dried in a
Petkus container-drying complex (Germany) at
a temperature of 38—40 °C for 8-24 hours to a
moisture content of 10-12%. The seeds were
then processed using a Petkus K541 seed clean-
ing and sorting machine (Germany) in two stag-
es. In the first stage, cleaning was performed

2GOST R 52325-2005. Agricultural crop seeds. Varietal and sowing qualities. General specifications. Moscow: Standartinform,

2009, 20 p.

3Popova G.A. Effect of chemical and agrotechnical weed control measures on fiber flax yield / 60 Years of Research on Fiber
Flax at the Tomsk State Agricultural Experimental Station of the Siberian Branch of the Russian Academy of Agricultural Sciences:

Collection of Scientific Papers. Tomsk, 1997, pp. 108—113.
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with a 17 mm upper screen and a 1.5 mm lower
screen, and in the second stage, with a 14.0 mm
screen and a 1.5 mm lower screen, respectively.
This method allows flax seeds to be cleaned of
easily separated weeds.

To identify weed diaspores, a herbological
analysis method was used. For this purpose,
weed fruits and seeds were manually isolated
from batches of flax seeds. Species identification
was carried out according to standard guidelines
for identifying weed seeds* using the samples
stored in the carpological collections of the
Tomsk branch of the Federal State Budgetary In-
stitution “All-Russian Plant Quarantine Center”.

The number of weed diaspores was deter-
mined based on the degree of infestation of the
samples and the purpose of our research. To de-
termine the number of weeds in a flax grain chaff
and weed seeds, ten 5-g samples were taken from
an average batch weighing 1 kg. All seeds were
then isolated, identified to species level, and the
number was counted.

To determine the species composition and
abundance of hard-to-separate weeds, all fiber
flax seed samples were analyzed after final (in-
dustrial) cleaning. Ten 50-g samples were taken
from an average 1-kg seed sample of each flax
variety, from which all weed diaspores were
isolated and counted. Table 1 presents a sample

herbological analysis report for a TOST 3 flax
seed sample from the 2024 harvest.

To determine the number of diasporas (pcs/g),
the arithmetic mean and the error of the mean
were calculated (M + m). Statistical data pro-

cessing was carried out using Microsoft Excel
2016.

RESULTS AND DISCUSSION

A herbological analysis of flax seeds ob-
tained after direct harvesting revealed diaspores
of 33 species of mono- and dicotyledonous
weeds. The following weed seeds were most
frequently found in the grain heap of all stud-
ied samples: barnyard grass, pale smartweed,
lamb's-quarters, bifid hemp-nettle, catchweed
bedstraw, common bedstraw, weed broomcorn
millet, hairy cupgrass, green foxtail, and yellow
foxtail (see Table 2).

After industrial cleaning of flax seeds, the
number of identified species decreased by
3 times. Of these, seven species are monocot-
yledonous (cereal) weeds (barnyard grass, wild
oats, weed broomcorn millet, devil's grass, green
foxtail, yellow foxtail and hairy cupgrass), six
species — dicotyledonous weeds (redstem fila-
ree, pale smartweed, wild buckwheat, bifid

hemp-nettle, catchweed bedstraw, prostrate am-
aranth) (see Table 2).

Tao6a. 1. YncneHHOCTh TUACTIOpP COPHSIKOB, BBISIBICHHBIX 110 pe3yJbTaTaM repOoJorHyecKoro aHaans3a
B Iipo0ax ounIIeHHbIX ceMsiH ibHa-noarynua (TOCT 3, 2024 1)

Table 1. The number of weed diaspores identified based on the results of the herbological analysis in the

samples of cleaned fiber flax seeds (TOST 3, 2024)

Sample number
Species
1 2 3 4 5 6 7 8 9
Echinochloa crus-galli (L.) Beauv. 0 0 0 0 0 0 0 1 0
Eriochloa villosa (Thunb.) Kunth 4 1 5 4 2 2 1 2 1
Galeopsis bifida Boenn. 1 0 0 0 0 0 0 0 1
Panicum miliaceum ssp. ruderale (Kitag.) Tzvelev 0 1 0 0 1 0 1 0 0
Persicaria lapathifolia (L.) Delarbre s.1. 4 1 1 2 3 5 9 6 8
Setaria pumila (Poir.) Schult. 4 6 4 11 8 4 5 5 8
Total species 4 4 3 2 4 3 4 4 4
Number of diasporas in a trial batch, pcs./50 g 13 9 10| 17 | 14| 11 16 | 14 | 18

*Dobrokhotov V.N. Weed Seeds. Moscow, 1961, 414 p.
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of higher reproductions grown in the Tomsk Region

Taoa. 2. BHHOBOﬁ COCTaB CEMAH COPHBIX paCTeHI/Iﬁ B 3CpHOBOM BOPOXE U OUMIICHHBIX CEMCHAX

JTHEHA-JTONTYHIIA

Table 2. Species composition of weed seeds in grain heap and cleaned fiber flax seeds

Detections (before/after

Latin name Russian name Life form industrial cleaning)
2024 | 2025
Monocotyledons
Avena fatua L. Wild oats Annual plant +/— +/+
Echinochloa crus-galli (L.) Beauv. | Barnyard grass, barnyard millet | Annual plant +/+ +/+
Elytrigia repens (L.) Nevski Devil's grass Perennial plant +/+ +/—
Eriochloa villosa (Thunb.) Kunth Hairy cupgrass Annual plant +/+ +/+
Panicum miliaceum ssp. ruderale Weed broomcorn millet Annual plant ++ +/+
(Kitag.) Tzvelev
Phleum pratense L. Timothy grass Perennial plant +/— -
Setaria pumila (Poir.) Schult. Yellow foxtail Annual plant +/+ +/+
Setaria viridis (L.) P. Beauv. Green foxtail Annual plant +/+ +/—
Dicotyledons
Amaranthus blitoides S. Watson Prostrate amaranth Annual plant - +/+
Amaranthus retroflexus L. Redroot amaranth Annual plant +/— +/—
Arctium tomentosum Mill. Cotton burdock Biennial plant +/— +/—
Chenopodium album L. Lamb's-quarters Annual plant +/— +/—
Cirsium arvense (L.) Scop. s.l. Canada thistle Perennial plant +/— -
Erodium cicutarium (L.) L’Hér. Redstem filaree Annual plant +/+ +/+
Fallopia convolvulus (L.) A. Léve | Wild buckwheat Annual plant +/+ +/—
Fumaria officinalis L. Common fumitory Annual plant +/— +/—
Galeopsis bifida Boenn. Bifid hemp-nettle Annual plant +/+ +/+
Galium vaillantii DC. Catchweed bedstraw Annual plant +/+ +/+
s Annual plant /
Lappula squarrosa (Retz.) Dumort. | Squarrose sticktight biennial plant - +/—
Linaria vulgaris Mill. Common toadflax Perennial plant +/— +/—
. . . . : Annual plant / » _
Myosotis arvensis (L.) Hill Field scorpion grass perennial plant +/
Neslia paniculata (L.) Desv. Ball mustard Annual plant +/— +/—
Oberna behen (L.) Ikonn. Bladder campion Perennial plant +/— +/—
Persicaria lapathifolia (L.) Pale smartweed Annual plant +H+ +/+
Delarbre s.1.
Polygonum aviculare L. Knotgrass Perennial plant +/— +/—
Silene noctiflora L. Night-flowering campion Annual plant +/— +/—
Spergula arvensis L. Common spurrey Annual plant +/— +/—
Stachys palustris L. Clown's woundwort Perennial plant +/— —
Stellaria graminea L. Lesser starwort Perennial plant +/— +/—
Thlaspi arvense L. Field pennycress Annual plant +/— +/—
Trifolium pratense L. Meadow clover Perennial plant +/— —
Vicia cracca L. Bird vetch Perennial plant +/— —
Viola arvensis Murray Field pansy Annual plant / bi- +/— +/—
ennial plant
Total species 31/11 27/10
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A comparative analysis of the contamination
of varietal seeds after industrial cleaning made it
possible to identify a group of dominant species
among weeds that are difficult to separate from
fiber flax seeds (see Table 3). In 2024, the main

Taoa. 3. UncneHHOCTD Anacrop TPyAHOOTACIMMBIX COPHAKOB B IaPTUAX CEMAH JIbHA-AOJTYHIA,
npomeamux O4YUCTKY

Table 3. The number of difficult-to-separate weed diaspores in the batches of cleaned fiber flax seeds

weeds were yellow foxtail, pale smartweed, and
hairy cupgrass. If the cultivation area is con-
taminated with couch grass, a rhizome weed, its
seeds can also create a problem when cleaning
flax seeds, which we observed when analyzing

Dominant weeds

Varie Number of Number of weed -
ty weed species seeds, pes/kg species proportion of the total
number of weeds, %
2024
Hairy cupgrass 50,0
Tomich 6 128,0+ 11,0 Pale smartweed 20,3
Yellow foxtail 18,8
i Devil's grass 51,9
Tomich 2 6 154,0£22.3
Pale smartweed 11,7
Yellow foxtail 47,6
Tomich 3 4 126,0 + 12,0 Hairy cupgrass 27,0
Pale smartweed 22,2
Tomsky 17 1 14,0 £4,9 Pale smartweed 100,0
Yellow foxtail 45,6
Tomsky 18 5 114,0 £13,7
Pale smartweed 42,1
Yellow foxtail 435
TOST 3 9 262,0+21,3 Pale smartweed 32,8
Hairy cupgrass 19,1
2025
Yellow foxtail 34,0
P ti
K?I;)}I?oi/a 6 100,0 + 19,1 Barnyard grass 32,0
Catchweed bedstraw 26,0
Yellow foxtail 28,3
Tomich 2 9 318,0+ 12,8 Catchweed bedstraw 27,0
Barnyard grass 25,8
Yellow foxtail 273
Tomich 3 6 88,0+ 13,6 Barnyard grass 22,7
Catchweed bedstraw 15,9
Pale smartweed 47,8
TOST 3 6 268,0 + 22,0 Hairy cupgrass 17,9
Yellow foxtail 14,9
Barnyard grass 62,8
TOST 4 5 188,0 £ 13,6
Catchweed bedstraw 28,7
Barnyard grass 64,0
TOST 5 5 50,0 £6,5
Pale smartweed 16,0
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a batch of seeds of the Tomich 2 variety. The
following hard-to-remove weed species were
prevalent in the 2025 flax seed samples: barn-
yard grass, yellow foxtail, pale smartweed and
catchweed bedstraw.

The study identified weed species that are
difficult to separate from flax seeds grown in
experimental fields at the Bogashevsky Sci-
entific Department of SRIAT. These include:
barnyard grass yellow foxtail, hairy cupgrass
(monocotyledons), pale smartweed, catchweed
bedstraw (dicotyledons). These species are com-
mon weeds of agricultural crops in various re-
gions of Russia®. Particular attention should be
paid to the appearance of such a rare weed of
East Asian origin in fiber flax seed crops, such
as hairy cupgrass. In European countries, hairy
cupgrass is an invasive species that spreads rap-
idly on agricultural and disturbed lands due to
its high ecological adaptation and resistance to
herbicides [14]. In Russia, hairy cupgrass can be
found, for example, in the Primorsky Territory,
where this species is the most malicious weed
in grain and oilseed (soybean) crops [15]. It is
also occasionally found in the southern regions
of the European part of the country. In Siberia,
E. villosa is still a relatively rare alien species
[16]. However, in recent years it has begun to
spread in Siberia, including in the agrocenoses
of the Tomsk region [16, 17]. An interesting fact
is its appearance in fiber flax crops of the Bo-
gashevsky Scientific Department of SRIAT, as
well as its ability to contaminate the seeds of this
crop and spread further by speyrochory (with the
seeds of the main crop).

CONCLUSION

Herbological analysis of flax seeds after di-
rect harvesting, as well as those subjected to in-
dustrial cleaning, made it possible to establish
the species composition of weeds that most of-
ten contaminate the seeds of this crop. The main
difficult-to-remove weeds in the studied lots of
fiber flax seeds grown in the experimental fields

of the Bogashevsky Scientific Department of
SRIAT are: barnyard grass, yellow foxtail and
hairy cupgrass (monocotyledons), pale smart-
weed and catchweed bedstraw (dicotyledons).
Separately, it should be noted that a rare weed
species, hairy cupgrass, has appeared in fiber
flax seed crops. Its fruits can spread by speyro-
chory, as evidenced by its discovery in flax seed
crops in the Tomsk region.
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CKpHMHMHI COPTOB M COPTOOOPA3LOB JIIONMHA Y3KOJIUCTHOIO
10 MOKAa3aTe/ M KauyecTBa 3epHa

Konnoga JI.B., AreeBa IL.A., [Touyruna H.A., Auumko M.IO., <) Mucnukoa H.B., 3aiinesa H.M.
Bcepoccuiickuii nayuno-ucciedosamenbekull UHCMumym Jar0nuHa — QUaAUaN

DedepanbHo2o HayuHO20 YEeHmpa KOpMONpou3eo0cmsa u azpodxonocuu um. B.P. Bunvamca

Bbpsinckas obnacts, n. Muuypunckuit, Poccust

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

B crarbe chenaH akIeHT Ha XapaKTEPUCTUKY KadecTBa 3€pHA JIIOMHMHA Y3KOJIUCTHOTO (Lupinus
angustifolius L.), NCTIOIB3yeMOTO B KOPMOTIPOM3BOZCTBE. B KOHKYpCHOM COPTOWCIIBITAHUN B bpsH-
CKOM 00JIacTH M3Y4IJIU 3 copTa U § COPTOOOPA3IIOB JIFOMMHA Y3KOIUCTHOTO (CTaHAapT — cOpT BUTs3b),
10 MIPOOIKUTEIIEHOCTH BETETAIIMOHHOTO TIEPHOA OTHOCSIIHAECS K TpyTIe «odeHb paHHux» (70—100
nHeit). CpeHuii Ieproj] BereTalluy 3a BpeMst UCCIIeIoBaHui — 89 mHeH. YpoKailHOCTh 3epHa B OTIBITE
B cpeqiHeM cocTtaBuia 2,82 T/ra, 1o copty-crannapry — 2,49 1/ra. MakcuMasbHbIC 3HAYCHUS OTMEYC-
HEI y coprooOpasitoB CbC 56-15-1 u Y3komuctaerit 53-02 YO. Cpennee 3HaueHNE yPOKAWHOCTH 3€-
JICHOW MaccChI 3a IepHoJT HaOItoIeHus cocTaBmwio 39,7 1/ra, o crannapry — 33,6 T/ra. CTarucTuuecku
3HAYMMBIC TAHHBIE TI0 ATOMY TI0Ka3aTelio0 BEISIBICHBI Y copTooOpas3ioB [mbpun 1314, I'nbpun 1246,
CBC 56-15-1 u Y3komuctabrii 53-02 YO. [IpubaBka kK cTaHIapTy MO YPOKAWHOCTH 3€JI€HON MacChl
BapbupoBasia B mpeaenax ot 8,4 no 14,1 1/ra. B 3epHe uM3ydaeMbIX COPTOB M COPTOOOPA3LOB ChI-
poii IpoTenH coaepkaics B nuana3one 29,2—-35,6%. MakcuManbHBIH YPOBEHB 110 CHIPOMY TIPOTEUHY
(35,6%) ormeuen y coproobpasma ChC 56-15-1. [1o comepikanuto Oenka BbIeleH oOpaser] Y3ko-
suctHbIi 53-02 YO (1435 kr/ra). Bee u3ydeHHbIe copTa U COPTOOOPA3IIBI 110 COJACPIKAHUIO AJIKaJIO-
unoB B 3epHe (0,034-0,062%) oTHeceHsl K MaoankaaouaHoi rpymnme. [lo conepxanuto 1nM3nHa -
muposaiu coproodpaszer; CBC 56-15-1 u copt beno-pozoserit 144 (2,3 u 2,27%). Haubonee Bbicokoe
coJiepKaHMe JKUpa BBISBIEHO Y copTa bpstHCKHiT KopMoBoii (5,29%). Hanbomnbiieii sHepreTuyeckon
LEHHOCThI0 00nanarT coproodpasusl CbC 56-15-1 u BCs 51-19 (11,48 u 11,33 M/Ix). Beigenenst
niepcrektuBHbie copToodpasibl ChC 56-15-1 u Y3konuctHbidd 53-02 YO, koTOpBIE MOTYT OBITH HC-
TTOJTb30BAHBI B TaJIbHEHIIIEH CEJIeKI[UH HOBBIX KOPMOBBIX COPTOB.

KuaroueBble c10Ba: JIONUH Y3KOJIUCTHBIN, COPT, YPOXKANHOCTh 3€pHA M 3€JIEHOW MAaCChI, ChIPOU
MIPOTEHH, KHP, TU3NH, aJTKATOUIbI, 0OMEHHAs SHEPTUs

Screening of the narrow-leafed lupine varieties and variety specimens
according to grain quality indicators

Konnova L.V., Ageeva P.A., Potchutina N.A., Anishko M.Yu., &<)Misnikova N.V., Zaytseva N.M.
The All-Russian Research Institute of Lupine — Branch of the Federal Williams Research Center of
Forage Production and Agroecology

Michurinsky, Bryansk region, Russia

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

The article focuses on the characteristics of the grain quality of narrow-leaved lupine (Lupinus
angustifolius L.), used in forage production. In a competitive variety trial in the Bryansk region,
3 varieties and 8 variety specimens of the narrow-leaved lupine (the standard is the Vityaz variety)
were studied, which, according to the length of the growing season, belong to the “very early” group
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(70-100 days). The average vegetation period during the research made 89 days. Grain yield in the ex-
periment averaged 2.82 t/ha, for the standard variety — 2.49 t/ha. The maximum values were observed
in the variety specimens SBS 56-15-1 and Uzkolistny 53-02 UF. The average value of green mass yield
for the period of observation was 39.7 tons/ha, the standard — 33.6 tons/ha. Statistically significant data
for this indicator were found in the variety specimens Hybrid 1314, Hybrid 1246, SBS 56-15-1 and
Uzkolistny 53-02 UF. The increase in the standard for green mass yield varied from 8.4 to 14.1 t/ha.
The crude protein content in the grain of the studied varieties and variety specimens was in the range
of 29.2-35.6%. The maximum level of crude protein (35.6%) was observed in the variety specimen
SBS 56-15-1. The Uzkolistny 53-02 UF variety specimen stood out for protein content (1435 kg/ha).
All studied varieties and variety specimens are classified as low-alkaloid group according to the level
of alkaloid content in grain (0.034-0.062%). The leading varieties for lysine content were SBS 56-15-
1 and Belo-rozovy 144 varieties (2.3 and 2.27%, respectively). The highest amount of fat was found
in the Bryansky fodder variety (5.29%). The SBS 56-15-1 and BSv 51-19 variety specimens had the
highest energy value (11.48 and 11.33 MJ, respectively). The promising variety specimens SBS 56-
15-1 and Uzkolistny 53-02 UF were identified which can be used for further breeding to develop new
fodder varieties for forage production.

Keywords: narrow-leafed lupine, variety, grain and green mass yield, crude protein, oil, lysine,
alkaloids, metabolic energy
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INTRODUCTION culture, which leads to increasing imports from

For the successful development of the live- the USA, Brazil, and Argentina, and its anti-nu-

stock industry amid a shortage of feed plant pro-
tein, the key factor for fully balanced nutritious
feeding of farm animals is the quality of the feed
material. The productivity of feed is determined
by its protein content [1, 2].

To reduce costs in producing protein feed,
among the grain and legume crops, soy and lu-
pine are highlighted first of all, as they are adapt-
ed to specific soil and climate conditions. How-
ever, the amount of soy grown in Russia does

not meet the needs of the feed supply in agri-

tritional components — pectins, protease inhibi-
tors, allergens, and others — limit its use without
special heat treatment [3, 4]. The cost of import-
ing soybeans is pushing domestic producers of
cattle, poultry, and aquaculture feed to take a
closer look at lupine and its processing products,
since thanks to the grain's nutritional value, high
yield of green mass and groats, lupine can large-
ly meet the needs of modern animal husbandry
for plant-based protein [5—7]. The high protein
content (in the grain — 32—37%, in the dry matter

KopmornponssoacTso
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of green mass — 20%) allows lupine to be used
as a high-protein base for making various pro-
tein-vitamin-mineral supplements’.

Narrow-leafed lupine, thanks to its early ma-
turity and fast growth, is adapted to a wide range
of soil and climatic conditions. Its northern limit
for stable seed production runs through the terri-
tories of Leningrad, Vologda, Kirov regions, and
the Perm Territory, and it can be grown for green
fodder and silage in Karelia, the Komi Repub-
lic, and Murmansk region. As an early-maturing,
fairly cold-resistant, high-protein crop, it is of
great interest for cultivation both in the Europe-
an part of our country and in the Siberian regions
and the Primorsky Territory [8, 9].

The level of alkaloid content limits the use
of lupine in feeding farm animals [10]. Modern
forage varieties of lupine are considered low-al-
kaloid? and are allowed in feeding all kinds of
animals and birds [11-13].

The goal of the study is to identify promising
varieties and breeding lines of narrow-leafed lu-
pine based on key indicators considered when
creating animal feed rations: grain and green
mass yield, crude protein, carotene, fat, lysine
content, metabolizable energy level, and protein
yield per unit area.

The scientific novelty lies in evaluating va-
rieties and new breeding lines of narrow-leafed
lupine for nutritional productivity in the condi-
tions of the southwestern Non-Black Earth re-
gion.

MATERIAL AND METHODS

Field studies were conducted at the All-Rus-
sian Research Institute of Lupin (Bryansk re-
gion) from 2021 to 2023 on sod-podzolic soil
with 2.1-2.5% humus in the arable layer, 16.1—
18.2 mg/100 g of available phosphorus, 14.5—

16.0 mg/100 g of exchangeable potassium, and
a salt extract pH of 5.4-5.6. The object of study
is presented by three zoned varieties (Vityaz,
Belorozovy 144, and Bryansky Kormovoy) and
eight new narrow-leafed lupine breeding lines in
a competitive variety trial.

The competitive variety trial sowing was car-
ried out at the end of April or in the first ten days
of May, the plot area was 16.5 m?, with four-
fold repetition. The setup of the experiments
and phenological observations were conducted
according to commonly accepted methods in
breeding work?; biochemical tests were carried
out according to the methods of plant biochem-
ical research®.

The statistical processing of yield data was
done using the analysis of variance’.

The weather conditions during the years
of the experiment varied. The growing sea-
son in 2021 was characterized by high humid-
ity (HTC = 1.95), 2022 by moderate humidity
(HTC =1.43), and 2023 by dry conditions (HTC
= 1.15). The amount of rainfall and tempera-
ture patterns during the growth stages of lupine
plants also varied. The contrasting weather con-
ditions allowed for a more objective assessment
of the grain quality indicators of narrow-leafed
lupine varieties.

RESULTS AND DISCUSSION

Narrow-leafed lupine is the fastest-maturing
(on average 70—100 days) and most adaptable
of the species grown in our country. The studied
varieties and breeding lines belong to the very
early group. In the trial for the competition test,
the average growing period was 89 days (see
Table 1). The shortest ripening time was noted
for the Bryansky Kormovoy variety (85 days),

YArtyukhov A.1., Vashchekin E.P, Efimenko E.A. Recommendations on the practical use of lupin-based feeds in farm animal diets.
SSI VNII Lupina, FSEI HPE "Bryansk State Agricultural Academy", 2009. 80 p.

2Stepanova S., Nazarova N., Korneychuk V., Lehmann Chr., Mikolajczyk J. Broad unified CMEA classifier and international
CMEA classifier for the genus Lupinus L. Leningrad: VIR, 1983, 39 p.

3Methodology for State Variety Testing of Agricultural Crops. Moscow, 1985, 269 p.
“Yermakov A.1. Methods of biochemical analysis of plants. Leningrad: Agropromizdat, 1987, 456 p.
*Dospekhov B.A. Methodology of field experiments. Moscow, 1985, 351 p.
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Taoda. 1. XapakrepucTruka COpTOB M COPTOOOPA3LOB JIIONKUHA Y3KOJIUCTHOTO TI0 YPOXKAHHOCTH U Ka4eCTBY

3epHa B KOHKYpPCHOM HcnbITanuu, 2021-2023 T

Table 1. Characteristics of the varieties and variety specimens of narrow-leafed lupine for yield and

grain quality in a competitive trial, 2021-2023

Grain yield, t/ha Content in grain, % . .
Variety, cultivar ' i the st ' Growing sea- | Protein yield,
variety dard CpP alkaloids son, days kg/ha
Vityaz, standard 2,49 — 29,2 0,057 87 907
Bryansky Kormovoy 2,87 +0,38 31,3 0,062 85 713
Belorozovy 144 2,25 -0,24 31,0 0,040 92 1056
Hybrid 1314 2,73 +0,24 32,5 0,034 93 1120
SN 78-07 2,85 +0,36 33,1 0,057 90 926
Hybrid 1246 2,92 +0,43 34,8 0,040 87 1207
SN 39-20 2,98 +0,49 32,6 0,046 90 1040
G-1031 2,97 +0,48 333 0,043 89 1234
CBS 56-15-1 3,17 +0,69 35,6 0,043 90 1322
Uzkolistny 53-02 UF 3,04 +0,55 33,7 0,042 89 1435
BSv 51-19 2,76 +0,27 31,1 0,041 86 894
LSDys 0,18

which is two days shorter than the standard Vi-
tyaz — an early-ripening, indeterminate variety
that is moderately resistant to pests and diseases.
The tall varieties with intensive side branching,
Belorozovy 144 and hybrid 1314, had a longer
growing period — 92 and 93 days.

In the experimental material, grain yield and
the content of key organic substances that reflect
the nutritional value of the varietal material were
considered. Over the years of research, with fa-
vorable moisture levels during flowering and
pod setting, the yield turned out to be 9.6-27.3%
higher than that of the Vityaz variety (2.49 t/ha)
(see Table 1). The highest yield in the trial was
recorded for the variety SBS 56-15-1 (3.17 t/ha).
The increase over the standard was 0.69 t/ha.
The second highest yield (3.04 t/ha with an in-
crease of 0.55 t/ha) was achieved by the variety
Uzkolistny 53-02 UF. According to statistical
analysis, nine out of ten options showed a yield
increase. Based on the results of the three-year
study, the new varieties SBS 56-15-1 and Uzko-
listny 53-02 UF were identified.

The protein content and its essential amino
acids, which are needed for a balanced diet, de-
termine the nutritional properties of feed. The
L. angustifolius gene pool includes the biotypes
with protein content in seeds of more than 38%.
Varieties developed by the All-Russian Research
Institute of Lupin breeding program, such as
Bryansky Kormovoy, Belorozovy 144, Vityaz,
and others, showed high crude protein content in
the grain (33.7-39.2%) under the conditions of
the Kirov region [14].

Over the years of competitive variety trials
esting, the grain protein content ranged from
29.2% to 35.6%. The raw protein content of the
Vityaz variety was 29.2%, with a protein yield
from the grain harvest of 907 kg/ha. The highest
level of raw protein was recorded in the variety
sample SBS 56-15-1 (35.6%). In terms of pro-
tein yield from the grain harvest, the Uzkolistny
53-02 UF sample stood out with 1,435 kg/ha.

The acceptable level of alkaloids in lupine
grain and green mass® ranges from 0.03-0.1%,
and when fed in mixtures — up to 0.3%. The share

°GOST R 54632-2011 Fodder lupin. Specifications. Moscow: Standartinform, 2020, 8 p.
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of lupine grain in animal diets should be 10—
30%. The feed varieties of narrow-leafed lupine
developed by the All-Russian Research Institute
of Lupin breeding program are characterized by
low alkaloid content. With the acceptable level
being 0.1%, in our experiments the lowest alka-
loid level was observed in hybrid 1314 (0.034%)
(see Table 1). In the six samples we studied, the
alkaloid content from 2021 to 2023 ranged from
0.040% to 0.046%.

The assessment of the feed value of nar-
row-leafed lupin grain takes into account the
content of major organic substances and metab-
olizable energy. The grain quality indicators —
lysine, fat, and crude fiber — have been analyzed.
Lysine is a limiting essential amino acid in the
diet of farm animals and poultry. Its deficiency
leads to disrupted protein metabolism and re-
duced productivity. The average lysine content
during the study period for the studied varieties
and breeding lines ranged from 1.68% in the Vi-
tyaz standard to 2.36% in hybrid 1031 (see the
figure). Samples SBS 56-15-1 and the Beloro-

16

zovy 144 variety had lysine levels close to the
maximum (2.30% and 2.27%).

The fat content determines the energy poten-
tial of the material used for making animal feed
[15—-17]. Lupine seed fat contains essential fatty
acids that animals' bodies cannot produce. Alack
of them or an imbalance can lead to metabolic
disorders, infectious diseases, and reduced pro-
ductivity.

The fat content in the grains of the lupine
samples studied ranged from 4.49 to 5.29% (see
the figure). The highest amount (5.29%) was
found in the Bryansky Kormovoy variety, while
the standard Vityaz variety had 5.17%. Among
the studied samples, hybrid 1246 stood out with
5.01%. As part of joint research, the All-Russian
Research Institute of Lupin and the All-Russian
Research Institute of Fat (St. Petersburg) deter-
mined the fatty acid composition of the seeds of
the Vityaz and Bryansky Kormovoy varieties.
The oil of narrow-leafed lupine consists mainly
(over 70% of the total amount) of unsaturated

14

12

10

Vityaz  Bryansky Beloro- Hybrid SN Hybrid SN G-1031 CBS Uzkolistny BSv
(standard) Kormovoy  zovy 1314 78-07 1246 39-20 56-15-1 53-02 UF 51-19
144

mlysine, % ®Fat,% = Crude fiber, %

[Toka3zarenu kadecTBa 3epHa COPTOB U COPTOOOPA3IIOB Y3KOIHMCTHOTO JIFOTIMHA B KOHKYPCHOM COPTOUCTIBI-
tanuu, 2021-2023 rT.

Seed quality indicators of narrow-leafed lupine varieties and variety specimens in competitive variety trial,
2021-2023

® Merabolizable energy, MJ
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fatty acids, oleic and linoleic, which is close to
their content in soybean oil.

The fiber content in lupine grains is quite
high — 12-16%. This amount can be significant-
ly reduced by using dehulled grains instead of
native ones, meaning without the husk. It has
been found that in native white lupine grains,
the crude fiber content ranged from 12.25 to
17.50%, while in the seed kernel it was 2.49%
[18]. The fiber content in narrow-leafed lupine
grain is relatively low, ranging from 11.0% to
13.31% (see the figure). The highest amounts
of crude fiber (over 14%) were found in hybrid
1314 (14.81%), the variety Belorozovy 144
(14.41%), and hybrid SN 39-20 (14.12%).

In terms of metabolizable energy, the highest
energy value per 1 kg of dry matter was noted
for the varieties SBS 56-15-1 and BSv 51-19 —
11.48 and 11.33 MJ. A negative correlation was
found between the level of metabolizable energy
and the content of crude fiber (» = —0,44), that
means at a higher fiber level, the energy value of

the grain goes down. At the same time, a positive
relationship has been noted between the content
of crude protein, fat, and metabolizable ener-
gy, with correlation coefficients of » = 0,87 and
r = 0,52. Increasing the levels of crude protein
and fat boosts the energy value of narrow-leafed
lupine feed grain.

The biological value of lupine as a forage
crop is also determined by the fact that its green
mass can make up to 35-40% of the nutritional
content in the annual feed balance for all types of
farm animals. During the summer, it can serve as
the only feed, on which, for example, ruminants
grow and develop well, reproduce normally, and
give maximum productivity’. In the dry matter
of narrow-leafed lupine green mass, there is 16—
20% crude protein, up to 14% sugar, 60 mg/kg
of carotene, and 0.005-0.012% alkaloids.

In our experiments, the green mass yield of
the CBS 56-15-1 and Uzkolistny 53-02 UF vari-
eties was higher than that of the Vityaz standard
(see Table 2) —the increase was 14.1 t/ha (41.9%)

Tada. 2. XapakrepucTuka 3eJIeHOH Macchl COPTOOOPa3LOB B KOHKYPCHOM ucnbiTanuu, 2021-2023 rr.

Table 2. Characteristics of the green mass of variety specimens in competitive testing, 2021-2023

Yield, t/ha Dry matter content of green

] ] mass, % Protein Carotene
Variety, cultivar variety Lto g:: dstan_ dry matter aloids pcrgi an ywl}(li; kg/ contelilgt, mg/
Vityaz (standard) 33,6 - 5,54 0,021 14,1 781 31,46
Bryansky Kormovoy 36,0 +2,4 9,43 0,020 14,3 911 34,32
Belorozovy 144 33,0 0,6 6,48 0,012 15,0 1062 38,32
Hybrid 1314 43,5 +9,9 8,43 0,009 15,6 1118 30,32
SN 78-07 40,0 +6,4 9,30 0,006 12,4 915 36,61
Hybrid 1246 42,0 +8.,4 8,11 0,016 14,7 1001 40,04
SN 39-20 37,3 +3.7 6,90 0,014 15,2 1035 39,81
G-1031 38,7 +5,1 7,74 0,019 14,8 1145 45,76
CBS 56-15-1 47,7 +14,1 6,48 0,018 16,4 1371 50,34
Uzkolistny 53-02 UF 45,7 +12,1 5,83 0,019 15,8 1225 31,46
BSv 51-19 33,0 0,6 6,10 0,002 14,0 909 34,32
LSDys 3,1

"Tokarev V.S., Lisunova L.I. Feeding Farm Animals. Feedstuffs (characteristics and use): a teaching and methodological manual
for students majoring in veterinary medicine. Vitebsk: VSAVM, 2023, 195 p.
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and 12.1 t/ha (36.0%). The most productive in
terms of green forage yield were Hybrids 1314
and 1246 (43.5 and 42.0 t/ha), with an increase
of 9.9 and 8.4 t/ha, which is 25.0-29.4% high-
er than the standard. The highest yields of dry
matter in green mass and protein harvested per
unit area were noted in the varieties Bryansky
Kormovoy and SBS 56-15-1: 9.43 t/ha and 1371
kg/ha.

During the research years, the crude protein
content in the dry matter of green mass was
higher than the standard in 8 out of 10 varieties
and breeding lines. The highest value of this in-
dicator was observed in the breeding line SBS
56-15-1(16.4%). The yield of crude protein with
a green mass harvest of 15.0% was recorded for
the variety Uzkolistny 53-02 and the breeding
lines SN 39-20 UF and hybrid 1314.

The alkaloid content in the green mass is
quite low. The highest level of alkaloids was
observed in the Vityaz standard — 0.021% (see
Table 2). Only the Bryansky Kormovoy variety
came close to this value — 0.020%. In the oth-
er samples studied, the alkaloid content ranged
from 0.002 to 0.019%.

Lupiny is rich in carotene, which determines
the quality of the feed. Its content depends on
the plant's stage of development. The highest
level of carotene accumulates in the green mass
of lupin before it flowers; in the later stages of
vegetation (flowering, seed formation), the car-
otene content in the leaves drops sharply. The
content of this substance is influenced by weath-
er and agricultural conditions. For example, car-
otene breaks down easily under the effects of
moisture, sunlight, an acidic environment, and
high temperatures. According to the literature,
the amount of carotene in green lupine mass av-
erages 35-50 mg/kg (1.8-2.0%), which is 1.4
times higher than in cereal grasses (25-35 mg/
kg) [19]. In our studies, the highest carotene
content was observed in the hybrid forms SBS
56-15-1 and G-1031 (50.34 and 45.76 mg/kg,
respectively) (see Table 2).

CONCLUSION

As aresult of research on the main indicators
considered when compiling feed rations, new
promising breeding varieties from the All-Rus-
sian Research Institute of Lupin have been iden-
tified — SBS 56-15-1 and Uzkolistny 53-02 UF.
These varieties are characterized by high grain
yield, crude protein content, and protein harvest
per unit area. It should be noted that the SBS 56-
15-1 sample also performed well in terms of ex-
change energy, which indicates its high potential
for developing new high-yielding lupine variet-
ies adapted to specific conditions. Hybrid 1314
stood out for its green mass yield (43.5 t/ha) and
crude protein content in the green mass (15.6%).

Creating high-protein feed varieties devel-
oped domestically will help provide our coun-
try's feed base with affordable plant protein,
which will lower its cost and allow for more
effective development of the livestock industry.

CIIUCOK JIUTEPATYPbI

1. Huxonaes C.HU., Kapanemsn A.K., KopHe-
esa O.B., bopooun C.M. DdPekTuBHOCTH
NMpUMEHEHUs 3epHa JonuHa copra [leko
B CBHHOBOJICTBE W NTHIEBOACTBe // M3Bectus
HuKHEBOJKCKOTO arpOyHHUBEPCHUTETCKOIO KOM-
TUIeKca: Hayka M BbICIIee MPOdeCCHOHAThHOS
oOpazosanue. 2023. Ne 3 (71). C. 289-297. DOL:
10.32786/2071-9485-2023-03-29.

2. Kyoaun UM., Ipywax O.B., Canunckuii C.A.
JlronuH: TIepeBOpOT B MPOU3BOJCTBE OCIKOBBIX
KOPMOB JUIsl CEJTbCKOXO3SHCTBEHHON oTpaciu //
Arpapublii HaydHbIH KypHaI. 2024. Ne 6. C. 32—
39. DOI: 10.28983/asj.y2024i6pp32-39.

3. Huxonaes C.HU., [anunenxo H.IO., Kapane-
man A.K., bByoyéx A.B. CpaBHUTENbHAs OIICH-
Ka XUMHUYECKOTO W aMHHOKHCIOTHOTO COCTaBa
MOJTHOKMPHOH COM U 3epHa JitonuHa // 3Bectust
HuKHEBOIDKCKOTO arpOyHHBEPCUTETCKOTO KOM-
TUIeKca: Hayka M BbICIIee MpodecCHOHAIhHOE
obpazosanue. 2024. Ne 5 (77). C. 196-201. DOLI:
10.32786/2071-9485-2024-05-21.

4. Munywes PK., Illyraee I'M. KoHueHTpaTsl 13
PaCTHTEIBHOTO CBHIPbS Ui OaJlaHCUPOBAHHS
KOPMOB: TEOpHUSI U MPAaKTUKa UCIIOIB30BaHUs //
CsunoBoacto. 2022. Ne 3. C. 40-43. DOL:
10.37925/0039-713x-2022-3-40-43.

58  Siberian Herald of Agricultural Science ¢ 2026 « 56 « 4

Fodder production



CKpI/IHI/IHI‘ COpPTOB U COpTOOGpaBHOB JIOTIMHA Y3KOJIUCTHOI'O
I10 IMOKasaTeJIIM Ka4eCTBa 3€pHa

Konnoga JI.B., AreeBa I1.A., [Touytuna H.A., Anumixo M.IO.,
MuchukoBa H.B., 3aiiniea H.M.

10.

11.

12.

13.

Tamaynuna ['I’ JI'ONMH ITOMOXET JTUKBUIUPO-
BaTh Je(UIMT pacTuTenbHOro Oenka // Arpap-
Has Hayka. 2021. Ne 9. C. 73-75.

Aeeesa II.A., Ilouymuna H.A., Kounosa JIB.
Arpoburonorndeckasi OIEHKa COPTOB U COPTO-
00pa3IoB  Y3KOJIMCTHOTO KOPMOBOTO JIFOTIH-
Ha // CHOUPCKUl BECTHHK CEIIbCKOXO3SHCTBEH-
ot Hayku. 2024. T. 54. Ne 1. C. 71-81. DOLI:
10.26898/0370-8799-2024-1-8.

Tanonoe H.B., IlImam E.B., Amupoxose M.A.
buomerpudeckue M THCTONMATONOTHYECKUE II0-
Kazarenu paayXHOH ¢openn TpH CHIKEHHH
COZIepKaHHUs JKUBOTHOTO IIPOTEMHA B PaIlHO-
He // VIHHOBamM® W TPOIOBOJHCTBEHHAs 0€3-
omacHocTh. 2024. Ne 4 (46). C. 74-81. DOI:
10.31677/2311-0651-2024-46-4-74-81.
Buwinarxosea M.A., Bnacosa E.B., Ecoposa 11
I'enernyeckue pecypchl JIIOMKUHA y3KOIHUCTHOTO
(Lupinus angustifolius L.) 1 ©X poib B TOMECTH-
Kalldd W CeJIeKIIMH KYJIbTypbl // BaBumoBckwii
JKypHaj reHeTuku u cenekuuu. 2021. T. 25. Ne 6.
C. 620-630. DOI: 10.18699/V1J21.070.
Aeceesall A.,IlouymunaH.A.,I pomosa O.M., 3aii-
yesa H.M. J1oniMH y3KOJUCTHBIM — PE3yNbTaThl
M3y4YeHUS COPTOB U COPTOOOPA3IIOB 110 aJIaNTHB-
HOCTH M KOMIUIEKCY XO3SIiCTBEHHO-OHOIOTHYE-
CKUX Ipu3HaKoB // Arpapnas Hayka EBpo-Cese-
po-Boctoka. 2022. T. 23. Ne 2. C. 211-220. DOI:
10.30766/2072-9081.2022.23.2.211-220.
Ilonos B.C., Canuxosa A.B., Ilepuyx H.H.,
Konvkosa H.I', Ecopoea I'1l., Buwnsaxoea M.A.,
Llenenca T.B. Dkcrpecc-olleHKa OCHOBHBIX MO-
KazaTeJiel XO3SHCTBEHHOH IIGHHOCTH B 00pas-
ax MYKH JIIONMHA Y3KOJMCTHOTO C TOMOIIBIO
UK-cnekrpockonuu // Tpyabl 1o mpuKIagHON
Ooranuke, renetuke u cenekuun. 2024. T. 185.
Ne 1. C. 99-108. DOI: 10.30901/2227-8834-
2024-1-99-108.

Osorio C.E., Till B.J. A bitter-sweet story: un-
raveling the genes involved in quinolizidine
alkaloid synthesis in Lupinus albus // Frontiers
in plant science. 2022. Ne 12. C. 795091. DOI:
10.3389/1pls.2021.795091.

Caramona A., Martins A., Seixas J., Marto J.
The use, reuse and valorization of lupin and its
industry by-products for dermocosmetics appli-
cations // Sustainable chemistry and pharmacy.
2024. Ne 38 (17). C. 101477. DOI: 10.1016/].
scp.2024.101477.

Pyykas B.H1., Tumowenxo E.C. OcobeHHOCTH
JIIOTNIMHA U TIEPCIEKTUBBI €0 HCIOJIBb30BaHUS B
MUILEBON MpoMbIIeHHoCTH // M3Bectust Huxk-
HEBOJKCKOTO arpOyHUBEPCHUTETCKOTO KOMILIEK-

14.

15.

16.

17.

18.

19.

ca: Hayka M BbIcliee MpoQeccroHaIbHOE 00-
pazoBanue. 2025. Ne 4 (82). C. 183—-191. DOI:
10.32786/2071-9485-2025-04-19.

Kyzaxuna JILU., Jlvibenko E.C., Emenes C.A.
OrneHka THUTATENBHOCTH 3€pHA Y3KOJIMCTHOTO
monuna OHIT BUK, BeIpaliieHHOT0 B YCIOBHUSIX
Kuposckoit o0nactu // TexHOIOrWU MUIICBON U
nepepabarsiBatonieit npompiieHHoctd AITK —
OpOAYKTHl 370poBoro nutanusi. 2022. Ne 4.
C. 195-199. DOI: 10.24412/2311-6447-2022-4-
195-199.

Haymxun B.H., Jlykawesuu M. 1., Kucenesa C.I,
Bnunnux A.C., Apmemosa O.FO. YpoxalHOCTb
M Ka4eCTBO HOBBIX COPTOB M COPTOOOPA3IOB
JIFOTIHA OEJIOTO B YCIIOBUAX benropoackoit 00-
nacty // 3epHOO00OBBIC U KPYIISTHBIE KYJIBTYPBHI.
2023. Ne 3 (47). C. 90-95. DOI: 10.24412/2309-
348X-2023-3-90-95.

Hmawnux  O.I1. VI3ydenue NPOTyKTUBHOCTH
W KauecTBa 3epHa COPTOB W COPTOOOPA3IoB
monuHa oenoro (Lupinus albus L.) // TaBpuue-
CKHUH BecTHHK arpapHoi Hayku. 2021. Ne 3 (27).
C. 155-163. DOI: 10.33952/2542-0720-2021-3-
27-155-163.

3ybosa E.B., 3aremosa T.B., Kanumanosa I 1.,
Tepexosa O.b., Poovieuna H.B. Tlumiesas 1eH-
HOCTH O€JIoTo IJIFOTIMHA U TIEPCIEKTHBBI €ro MC-
MOJIb30BaHMS B IIPOU3BOJICTBE MPOJYKTOB MUTA-
HUS U3 PACTUTEIBHOTO ChIPbst // ArpapHas HayKa.
2023. Ne 4. C. 137-144. DOI: 10.32634/0869-
8155-2023-369-4-137-144.

Lvicymkun  A.C. ComepkaHWe TTHTATEIHHBIX
BEIICCTB B 3epHE Oeyoro JonuHa // Arpoxu-
muueckuil BectHuk. 2024. Ne 4. C. 55-60. DOLI:
10.24412/1029-2551-2024-4-011.

Mypasvés A.A., Kaovipos C.B., Mypasvésa U.C.
dopmupoBanue TPOAYKTHBHOCTH U 3hdek-
TUBHOCTH BO3JICNIBIBAHMS JIFOTIMHA OEJNoro pas-
JUYHBIX copToB B ycnoBusax LIUP // BectHuk
BopoHekckoro TocymapcTBEHHOTO —arpapHoro
yuauBepcuteta. 2023. T. 16. Ne 4 (79). C. 22-30.
DOI: 10.53914/issn2071-2243 2023 4 22-30.

REFERENCES

1.

Nikolaev S.I., Karapetyan A.K., Korneeva O.V.,
Borodin S.M. The effectiveness of the use of lu-
pin grain of the Deco variety in pig and poultry
breeding. [zvestiya Nizhnevolzhskogo agrouni-
versitetskogo kompleksa: nauka i vysshee pro-
fessional'noe obrazovanie = Izvestia of the
Lower Volga Agro-University Complex, 2023,

KopmornponssoacTso

Cubupckuii BECTHHK CEIbCKOXO3SIHCTBEHHON HayKH * 2026 ¢ 56 « 4

59



Screening of the narrow-leafed lupine varieties
and variety specimens according to grain quality indicators

Konnova L.V., Ageeva P.A., Potchutina N.A., Anishko M.Yu.,
Misnikova N.V., Zaytseva N.M.

vol. 3 (71), pp. 289-297. (In Russian). DOI:
10.32786/2071-9485-2023-03-29.

Kublin .M., Prushchak O.V., Saninsky S.A.
Lupine: a revolution in the production of pro-
tein feeds for the agricultural industry. Agrarnyj
nauchnyj zhurnal = Agrarian Scientific Jour-
nal, 2024, no. 6, pp. 32-39. (In Russian). DOI:
10.28983/asj.y2024i6pp32-39.

Nikolaev S.I., Danilenko I.Yu., Karapetyan A.K.,
Bubuyok A.V. Comparative assessment of the
chemical and amino acid composition of full-fat
soybeans and lupine grain. Izvestiya Nizhnevolz-
hskogo agrouniversitetskogo kompleksa: nauka
i vysshee professional'noe obrazovanie = Izves-
tia of the Lower Volga Agro-University Complex,
2024, no. 5 (77), pp. 196-201. (In Russian).
DOI: 10.32786/2071-9485-2024-05-21.
Milushev R.K., Shulacv G.M. Concentrates
from vegetative components for balancing of
mixed fodders: theory and use practice. Svino-
vodstvo = Industrial & Pure-bred pig-breed-
ing, 2022, no. 3, pp. 40-43. (In Russian). DOI:
10.37925/0039-713x-2022-3-40-43.

Gataulina G.G. Lupine will help to eliminate the
deficiency of vegetable protein. Agrarnaya nau-
ka = Agrarian science, 2021, no. 9, pp. 73-75.
(In Russian).

Ageeva P.A., Potchutina N.A., Konnova L.V.
Agrobiological evaluation of the varieties and
cultivars of narrow-leafed fodder lupine. Si-
birskij vestnik sel'skokhozyajstvennoj nauki =
Siberian Herald of Agricultural Science, 2024,
vol. 54, no. 1, pp. 71-81. (In Russian). DOI:
10.26898/0370-8799-2024-1-8.

Gaponov N.V., Shmat E.V., Amirokov M.A.
Biometric and histopathological parameters of
rainbow trout with a decrease in animal protein
content in the diet. Innovatsii i prodovol'stven-
naya bezopasnost' = Innovations and Food Safe-
ty, 2024, no. 4 (46), pp. 74-81. (In Russian).
DOI: 10.31677/2311-0651-2024-46-4-74-81.
Vishnyakova M.A., Vlasova E.V., Egorova G.P.
Genetic resources of narrow-leaved lupine (Lu-
pinus angustifolius L.) and their role in its do-
mestication and breeding. Vavilovskij zhurnal
genetiki i selektsii kultury= Vavilov Journal of
Genetics and Breeding, 2021, vol. 25, no. 6,
pp. 620-630. (In Russian). DOI: 10.18699/
VJ21.070.

Ageeva P.A., Pochutina N.A., Gromova O.M.,
Zajceva N.M. Blue lupin (Lupinus angusti-

10.

11.

12.

13.

14.

15.

folius L.) — the results of varieties and acces-
sions study according to adaptivity and a set of
commercialbiological traits. Agrarnaya nau-
ka Evro-Severo-Vostoka = Agricultural Sci-
ence Euro-North-East, 2022, vol. 23, no. 2,
pp- 211-220. (In Russian). DOI: 10.30766/2072-
9081.2022.23.2.211-220.

Popov V.S., Salikova A.V., Perchuk I.N., Konko-
va N.G., Egorova G.P.,, Vishnyakova M.A.,
Shelenga T.V. Rapid assessment of the main eco-
nomic value indicators in lupine flour samples
using infrared spectroscopy. Trudy po prikladnoj
botanike, genetike i selektsii = Proceedings on
applied botany, genetics and breeding, 2024,
vol. 185, no. 1, pp. 99—108. (In Russian). DOLI:
10.30901/2227-8834-2024-1-99-108.

Osorio C.E., Till B.J. A bitter-sweet story: un-
raveling the genes involved in quinolizidine al-
kaloid synthesis in Lupinus albus. Frontiers in
plant science, 2022, vol. 12, p. 795091. DOI:
10.3389/1pls.2021.795091.

Caramona A., Martins A., Seixas J., Marto J.
The use, reuse and valorization of lupin and its
industry by-products for dermocosmetics appli-
cations. Sustainable chemistry and pharmacy,
2024, no. 38 (17), p. 101477. DOI: 10.1016/j.
scp.2024.101477.

Rutskaya V.I., Timoshenko E.S. Features of lu-
pine and prospects for its use in the food industry.
Izvestiya Nizhnevolzhskogo agrouniversitetsk-
ogo kompleksa: nauka i vysshee professional'-
noe obrazovanie = Izvestia of the Lower Volga
Agro-University Complex, 2025, no. 4 (82),
p. 183-191. (In Russian). DOI: 10.32786/2071-
9485-2025-04-19.

Kuzyakina L.I., Lybenko E.S., Emelev S.A.
Evaluation of nutritional grain of narrow-leaved
lupine bred by FNC VIK grown in the conditions
of'the Kirov region. Tekhnologii pishchevoj i per-
erabatyvayushchej promyshlennosti APK — pro-
dukty zdorovogo pitaniya = Technologies for the
food and processing industry of AIC — healthy
food, 2022, no. 4, pp. 195-199. (In Russian).
DOI: 10.24412/2311-6447-2022-4-195-199.
Naumkin V.N., Lukashevich M.1., Kiseleva S.G.,
Blinnik A.S., Artemova O.Yu. Yield and quality
of new varieties and cultivars of white lupine
under conditions of Belgorod oblast. Zernobo-
bovye i krupyanye kul'tury = Legumes and Groat
Crops, 2023, no. 3 (47), pp. 90-95. (In Russian).
DOI: 10.24412/2309-348X-2023-3-90-95.

60

Siberian Herald of Agricultural Science * 2026 « 56 « 4

Fodder production



CKpI/IHI/IHI‘ COpPTOB U COpTOOGpaBHOB JIOTIMHA Y3KOJIUCTHOI'O
I10 IMOKasaTeJIIM Ka4eCTBa 3€pHa

Konnoga JI.B., AreeBa I1.A., [Touytuna H.A., Anumixo M.IO.,
MuchukoBa H.B., 3aiiniea H.M.

16. Ptashnik O.P. Yield and grain quality of vari-
eties and cultivars of white lupine (Lupinus al-
bus L.). Tavricheskij vestnik agrarnoj nauki =
Taurida Herald of the Agrarian Sciences, 2021,
no. 3 (27), pp. 155-163. (In Russian). DOI:
10.33952/2542-0720-2021-3-27-155-163.
Zubova E.V., Zaletova T.V., Kapitanova G.I.,
Terekhova O.B., Rodygina N.V. Nutritional
value of white lupin and prospects of its use in
the production of food from vegetable raw ma-
terials. Agrarnaya nauka = Agrarian science,
2023, no. 4, pp. 137-144. (In Russian). DOI:
10.32634/0869-8155-2023-369-4-137-144.

17.

NH®OPMALUA Ob ABTOPAX

Konnosa Jlio0oBp BuxtopoBHa, crapmmii Ha-
YUHBII COTPYAHUK, KaHAUAAT OHONOTMYECKUX HAyK;
SPIN-koz 8627-5909, ORCID 0000-0002-4527-0309

AreeBa IIpackoBbsi AjlekceeBHA, BEIyIIUi Ha-
YYHBIM COTPYIHMK, KaHIUAAT CEIbCKOXO3SMCTBEH-
HbIx Hayk; SPIN-kox 6051-0692, ORCID 0000-0001-
5928-5168

IMouyrnna Haranpsi AjlleKcaHApPOBHA, CTapLINi
HayuHbli cotpynnuk; SPIN-kon 3203-0795, ORCID
0000-0002-8285-4880

Anumko Mwuxana KOpbeBu4, IUPEKTOp, MPO-
teccop; SPIN-kox 6110-9056, ORCID 0000-0002-
5803-0507

C<X)MucuukoBa Hane:xna BukropoBHa, yuye-
HBIA CEKpeTaphb, KaHAMAAT CEbCKOXO035HCTBEHHBIX
Hayk; SPIN-kon 1045-6982, ORCID 0000-0001-5746-
6539; anpec st mepenmucku: bpsiHCKas o0sacTh,
bpsinckuii padion, n. Mudypunckuii, yi. bepesosasi,
2; e-mail: lupin_nvmisnikova@mail.ru

3aiineBa Haraabss MuxailjioBHa, cTapiiuii Ha-
yunbiii cotpyaauk; SPIN-xox 7357-0282, ORCID
0000-0003-4952-529X

18. Tsygutkin A.S. Nutrients content in white lupine
grain. Agrokhimicheskij vestnik = Agrochemical
Herald, 2024, no. 4, pp. 55-60. (In Russian).
DOI: 10.24412/1029-2551-2024-4-011.
Muravyov A.A., Kadyrov S.V., Muravyova LS.
Formation of productivity and efficiency of
cultivation of white lupine varieties in the con-
ditions of the Central Chernozem Region. Vest-
nik Voronezhskogo gosudarstvennogo agrar-
nogo universiteta = Vestnik of Voronezh State
Agrarian University, 2023, vol. 16, no. 4 (79),
pp. 22-30. (In Russian). DOI: 10.53914/
issn2071-2243 2023 4 22-30.

19.

AUTHOR INFORMATION

Lyubov’ V. Konnova, Senior Researcher, Candi-
date of Science in Biology; SPIN-code 8627-5909,
ORCID 0000-0002-4527-0309

Praskov’ya A. Ageeva, Lead Researcher, Can-
didate of Science in Agriculture; SPIN-code 6051-
0692, ORCID 0000-0001-5928-5168

Nataly A. Potchutina, Senior Researcher, SPIN-
code 3203-0795, ORCID 0000-0002-8285-4880

Michael Yu. Anishko, Director, Professor; SPIN-
code 6110-9056, ORCID 0000-0002-5803-0507

(X)Nadezhda V. Misnikova, Scientific Sec-
retary, Candidate of Science in Agriculture; SPIN-
code 1045-6982, ORCID 0000-0001-5746-6539;
address: 2, Berezovaya St., Mitchurinsky, Bryansk
District, Bryansk Region, 241524, Russia; e-mail:
lupin_nvmisnikova@mail.ru

Nataly M. Zaytseva, Senior Researcher, SPIN-
code 7357-0282, ORCID 0000-0003-4952-529X

Jlama nocmynnenus cmamou / Received by the editors 13.11.2025
Jama npunsmus k nyénuxayuu / Accepted for publication 19.01.2026
Hama nyonukayuu / Published 12.05.2026

KopmornponssoacTso

61

Cubupckuii BECTHHK CEIbCKOXO3SIHCTBEHHON HayKH * 2026 ¢ 56 « 4



3ALIUTA PACTEHUH
PLANT PROTECTION

https://doi.org/10.26898/0370-8799-2026-4-7 Turr cTaThy: OpUTHHATBHAS
YIK 632.95.025.8.954:633.18 Type of article: original

MOHMTOPHHI Pe3UCTEHTHOCTH COPHAKOB poaa Echinochloa x repouumnay
Huragens, M/, npumensieMomy B nocesax puca B IIpumopckom Kkpae

) KocTtiok A.B., JIamenko E.B.

Hanvresocmounsiii HayuHO-UCCIE008AMENLCKUN UHCTIUMYM 3AUUMbl PACEHUU — PUAUAT
Deoepanvrozo Hayunoeo yenmpa acpobuomexnonozuti [lanvneco Bocmoka um. A.K. Yaiiku
[Mpumopckwuii kpaii, c. Kamens-Pribomos, Poccust

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

Uccnenosanme BeimonnaeHo B 2013-2024 rr. B xo3aiicTBax [IpuMopckoro kpast, 3aHUMAIOLTIXCS
BBIpAIIBAHUEM pHCa, a TaK)ke Ha OMBITHOH 0Oaze JlambHEBOCTOYHOTO HAyYHO-HCCIIEOBATENIHCKO-
TO MHCTUTYTA 3alIUTHl pacTeHnit — ¢punnana dexepansbHOTO HAYYHOTO IIEHTPa arpoOHOTEXHOIOTHI
Hanbuero Boctoka um. A K. Yaiiku. OOciieioBaHbl ToceBbl puca B 12 X03s1iicTBax, pacloNIOKeHHBIX B
CTEITHOM, JIECOCTEMHOM U F’KHOM TaeKHOM MOYBEHHO-KIMMaTudeckux 30Hax [Ipumopsns. C pacteHutd,
YIEJEBIINX TOCe 00paboTKU repOuIuaaMu, ObUIM COOpaHbl ceMeHa TpexX OuoTunoB Echinochloa:
E. crusgalli (e>koBHUK OOBIKHOBEHHBIN, MM KypHHOE MPOCo), E. occidentalis (€>KOBHUK 3ama HBIN
WU CTIHPaBHEIN) U E. phyllopogon (exoBHUK Oopomdarsrii). CeMeHa TyBCTBUTEIBHBIX (TIPUPOTHBIX,
HaTHBHBIX) MTOMYISAIUN COOpPaHBI C yYacTKOB, TJe TepOUIAbl paHee HUKOTNAa He MPUMEHSIIH. BbI-
palieHHbIe W3 COOPAaHHBIX CEMsH pacTeHus B a3y 2—3 JIHCTheB 00padarkiBaiid pactBopoM llura-
nenb, M/] B pa3Hbix HOpMax pacxona. [{ist 00paboTku NCIoIb30BaIN TA0OOPATOPHBIN OMPBICKUBATEIH
OJI-5 xoHcTpyKIuu Beepoccuiickoro HayqHo-MCCIIeI0BaTEIbCKOTO MHCTUTYTa (utonaroioruu. Cre-
MIeHb YCTOMIMBOCTH oMY Echinochloa x repoutnny Lutanens, M/l onieHIBaMM IO CHUKSHHUIO
HaJ3¢MHOW MacChl paCTEHHH B MPOIEHTaxX K Oe3repOHITMIHOMY BapHaHTY (KOHTPONIO), a TaKkKe K
stanony. [lo JaHHBIM perpeccuoHHOTO aHamM3a «103a — 3pdext» onpenensn C/ s, ns oOmagarommx
Y He 00NIaJarIIUX YCTOHYUBOCTHIO BUIOB, PACCYMTHIBAIIN TIOKA3aTeNlh PE3UCTEHTHOCTH (OTHOIIICHUE
CIsoR ycroitunBoro Buaa x Cl1soS uyBcTBUTENBEHOTO BUAR). [loKa3aress pe3CTEHTHOCTH MOMYJISIIUI
Echinochloa x repoutuny [uranens, M/l B cpeiHeM 10 prucoBOYECKUM X03siicTBaM [IpuMopckoro
kpas B 2024 r. npubnuznics xk 100, 9To CBUAETENBCTBYET O BHICOKOH CTETIEHH YCTOMYMBOCTH K JaH-
HOMY TIperapary. Panee HaOIOqanoch 60IBIIOe KOIUIECTBO OMOTHTIOB Echinochloa, pe3nCTEHTHBIX
K ITPUMEHSBIIIEMYCS TIPOJIOJKATENBHOE BpeMsi Ha TioceBax puca repounuay damner, KC, kotopsiii Tak
ke, kak u [{uranens, ”HrUOUpyeT aneronakrarcuHTaly. Ha ocHOBe pe3ysibTaToB MHOTOJIETHETO OTIbITa
MOKHO TIPEATIOJIOKUTH HATMYUE TIEPEKPECTHON PE3UCTEHTHOCTH Y BCEX (hOPM €KOBHUKOB K FepOUIIH-
ny Huranens, M/] unu ero anajgoram.

KuarueBble cioBa: Echinochloa, repoumua, mpemapar, pe3uCTeHTHOCTh, YCTOWIUBOCTE TTOITYJIs-
LU, OMOTHUIIBI

Monitoring the resistance of weeds of the genus Echinochloa to the
herbicide Citadel, OD used in rice crops in the Primorsky Territory

) 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

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

The studies were carried out in 2013-2024 at the farms of the Primorsky Territory engaged in grow-
ing rice and at the experimental base of the Federal Scientific Center of Agricultural Biotechnology
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of the Far East named after A.K. Chaiki. Rice crops of 12 farms located in three soil and climatic
zones of Primorye were examined. Seeds of three Echinochloa biotypes were collected from the plants
that survived herbicide treatment: E. crusgalli (barnyard grass or barnyard millet), E. occidentalis
(occidental or spiral barnyard grass) and E. phyllopogon (bearded barnyard grass). Seeds of sensitive
(natural, native) populations were collected from the areas where herbicides had never been used be-
fore. The plants grown from the collected seeds were treated with Citadel, OD solutions at different
consumption rates in the phase of 2-3 leaves. A laboratory sprayer OL-5 designed by the All-Russian
Research Institute of Phytopathology was used for the treatment. The degree of resistance of Echi-
nochloa populations to the herbicide Citadel, OD was assessed by the reduction in the aboveground
mass of plants as a percentage of the herbicide-free variant (control), as well as the standard. Based on
the dose-effect regression analysis, SDs, was determined for resistant and non-resistant species, and
the resistance index was calculated (RI) (the ratio of SD5yR of the resistant species to SDs,S of the sen-
sitive species). The resistance rate of Echinochloa populations to the herbicide Citadel, OD on average
in rice-growing farms of the Primorsky Territory approached 100 in 2024, this indicated a high degree
of resistance to this drug. Previously, a large number of Echinochloa biotypes were observed that were
resistant to the herbicide Facet, SC, which, like Citadel, inhibits acetolactate synthase and was used for
a long time on rice crops. Based on the results of many years of experience, it can be assumed that all
forms of barnyard grasses have cross-resistance to the herbicide Citadel, OD or its analogues.
Keywords: Echinochloa, herbicide, preparation, resistance, stability populations, biotypes
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INTRODUCTION

Rice is one of the oldest and most important
crops in the modern world. Its grain is the main
food for half of the world's population. Today,
rice is grown on every continent except Antarc-
tica[1, 2].

The Primorsky Territory is one of the few re-
gions in Russia where large-scale cultivation of
this crop is possible. At the moment, Far Eastern
rice farming is in a crisis, but it is still seen as
a promising area not just for meeting domestic
needs, but also for exporting agricultural prod-
ucts [3]. In 2024, 8.88 thousand hectares of rice
were sown in the Primorsky Territory. During
the most favorable periods in history, the Pri-
morsky Territory became the second region in

the country for rice production after the Krasno-
dar Territory.

The reasons for the decrease in rice planting
areas are heavy weed infestation and the devel-
opment of herbicide resistance in Echinochloa
(barnyard grass) weeds. For instance, research
conducted by the staff of the Far Eastern Scien-
tific Research Institute of Plant Protection found
that a significant reduction in rice yield of 10.2—
15.0 c¢/ha (33—41%) was observed when the barn-
yard grass density reached 80 plants/m?. When
this number increased to 160240 plants/ m?, the
yield loss reached 19.0-24.1 c/hal.

Five species belonging to the genus Echi-
nochloa grow in the southern part of the Russian
Far East: caudate barnyard grass (E. caudate

'Kostyuk A.V., Lukacheva N.G., Ginevsky N.K. Harmfulness of weeds in rice crops in the Primorsky Territory // Zemledelie,

2006, N 2, pp. 42-43.
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Roshev.), occidental or spiral barnyard grass (£.
occidentalis (Wiegand) Rydb.), barnyard grass
or barnyard millet (E. crusgalli (L.) Beauv.),
bearded barnyard grass (E. phyllopogon (Staps)
Kossenko), rice barnyard grass (E. macrocarpa
Vasing)?.

Monitoring and forecasting the spread of
weeds across administrative regions are tasks
assigned to the regional branches of the Russian
Agricultural Centre and agricultural research in-
stitutes. These entities are also responsible for
developing regional strategies to protect crops
from weed infestation, including recommenda-
tions on the use of various chemical agents [4].

The uncontrolled use of herbicides in crop
production in general, and in rice cultivation in
particular, leads to serious problems, including
the emergence of resistant weed populations [5].
In developed countries, this issue is considered
so serious that it is compared to the development
of multidrug resistance to antibiotics in human
pathogens®. In Primorye, cases of resistance in
Echinochloa weeds to the herbicide Facet, SC
(active ingredient: quinclorac)—which had been
used for a prolonged period in rice crops—were
observed in 2005. Its annual application relative-
ly quickly increased the level of tolerance and
raised the resistance of the weeds*. The emer-
gence of herbicide-resistant weed populations is
a serious agricultural problem, although in Rus-
sia it is currently less acute than abroad [6, 7].

The long-term use of quinclorac-based herbi-
cides has led to the development of resistance in
Echinochloa biotypes in various countries [8, 9].
To overcome resistance to these products, herbi-

cides with a different mode of action—Citadel
(OD), Nominee (SC), and Segment—which are
acetolactate synthase inhibitors, have been em-
ployed. However, after prolonged use, reports
emerged regarding the development of resis-
tance to the herbicide Citadel OD in three spe-
cies of the genus Echinochloa in both Primorye
and the Krasnodar Territory [10].

Foreign publications contain a great deal of
information regarding Echinochloa populations
resistant to penoxsulam-based herbicides (Cita-
del OD, Tsitata OD, Kreposhans OD). For ex-
ample, C.A. Damalas and S.D. Koutroubas re-
port that a large number of cases of resistance
in plants of the genus Echinochloa to herbicides
used in crops—including penoxsulam—are cur-
rently being recorded worldwide [11]. Cross-re-
sistance to this herbicide has been observed in 29
populations of E. phyllopogon in Greece®, and in
Uruguay — in three [12]. A population of E. crus-
galli was discovered in the United States; eradi-
cating 50% of the plants required four times the
standard application rate of the herbicide®. Cases
of cross-resistance to penoxsulam in E. crusgalli
and E. phyllopogon have been recorded in South
Korean rice fields’. A similar situation prevails
in most of China's rice-growing provinces. In
some cases, the application rate had to be in-
creased more than tenfold to eliminate 50% of
E. crusgalli plants [13, 14]. In India, herbicides
based on bispyribac-sodium and pendimethalin
have demonstrated high efficacy in controlling
weeds of the genus Echinochloa [15-17].

The purpose of the study is to monitor the
resistance of Echinochloa species weeds to the

2Probatova N.S. Family Poaceae // Vascular Plants of the Soviet Far East: in 8 vols. / ed. S.S. Kharkevich. Leningrad: Nauka,

1985, vol. 1, pp. 89-382.

3Bragina O.A. On weed resistance to herbicides // Rice Growing, 2016, N 1-2 (30-31), pp. 46—49.

4Lukacheva N.G., Kostyuk A.V. Resistance of barnyard grass species in rice crops and the origins thereof // Problems of
Agroecosystem Ecology: Ways and Methods of Solution: Proceedings of the All-Russian Scientific Conference (Novosibirsk, Dec.

3,2009). Novosibirsk, 2009, pp. 70-73.

SKaloumenos N.S., Chatzitazaridou S.L., Mylona P.V., Polidoros A.N., Eleftherohorinos I.G. Target-site mutation associated with
cross resistance to ALS — inhibiting herbicides in late water-grass (Echinochloa oryzicola Vasing) / Pest management science, 2013,

vol. 69, pp. 865-873.

*Norsworthy J.K., Wilson M.J., Skott R.C., Gbur E.E. ALS — resistant barnyard grass // Weed biology and management, 2014,

vol. 14, pp. 50-58.

"Song J.-S., Lim S.-H., Yook M.-J., Kim J.-W., Kim D.-S. Cross — resistant of Echinochloa species to acetoacetate synthase
inhibitor herbicides // Weed biology and management, 2017, vol. 17, pp. 91-102.

64  Siberian Herald of Agricultural Science ¢ 2026 « 56 « 4

Plant protection



MOHHUTOPHHT PE3UCTEHTHOCTH COPHSKOB pona Echinochloa
k repounuy Luragens, M/, npuMeHseMoMy B IOCEBaX puca
B [Ipumopckom kpae

Kocrtiok A.B., JIsimenko E.B.

herbicide Citadel, OD, used in rice crops in the
Primorye region.

It should be noted separately that similar
studies had not previously been conducted in the
southern part of the Russian Far East.

MATERIAL AND METHODS

The research was conducted from 2013 to
2024 in the rice fields of the Primorsky Territory,
as well as in a vegetation house at the Far East
Research Institute of Plant Protection.

Seeds of resistant Echinochloa populations
(barnyard grass, western barnyard grass, and
bearded barnyard grass) were collected from
rice fields that had been treated for many years
with the herbicide Citadel OD or its analogues.
The monitoring covered 12 rice-growing farms.
Applications of the herbicide Citadel, OD, were
carried out at the early developmental stage of
Echinochloa species (2—4 leaf stage). N.S. Pro-
batova’s identification key was used to identify
plants of the genus Echinochloa. Seeds from
native and reference populations were collected
from the sites where the herbicide under study
had never previously been applied.

The bioassay is the most accessible method,
involving the testing of various herbicide dos-
es under growing conditions. For this purpose,
meadow-gley soil was sieved (5 mm) and placed
into 300 g plastic cups. Seeds of the Echinochloa
biotypes under study were pre-germinated and
then planted in the cups (five plants per cup). At
the same time, seeds of pure populations were
sown to serve as reference standards in the ex-
periments. The soil was moistened to 60—70%
of field capacity. The experiment was conduct-
ed with five replicates. When the plants reached
the 2-3 leaf stage, they were treated with the
herbicide Citadel, OD. In the initial stages of
the study, the product was applied at rates of
0.8, 1.0, 1.6, and 2.0 l/ha, and subsequently at
1.0, 2.0, 4.0, and 8.0 1/ha. An OL-5 laboratory
sprayer, designed by the All-Russian Research
Institute of Phytopathology, was used to treat

the plants. The day after treatment, the plant
containers were filled with water to a level of
1.0-1.5 cm, which was maintained until the end
of the experiment.

To determine the level of resistance devel-
opment in Echinochloa biotypes to the herbi-
cide Citadel, OD, studies were conducted under
greenhouse conditions starting in 2014, using
both 3 kg pots and, in parallel, plastic cups. Three
weeks after the treatment of actively growing
plants in small containers, the plants were cut
and weighed. Barnyard grass plants in pots that
survived the herbicide application were grown
until their seeds fully matured; these seeds were
subsequently collected separately for each treat-
ment variant and stored for further study.

The level of resistance of Echinochloa popu-
lations to the herbicide Citadel, OD, was evalu-
ated based on the reduction in plant fresh weight
expressed as a percentage of the herbicide-free
variant (control) and the reference standard. The
SDs, was determined using "effect—dose" re-
gression analysis According to the “effect-dose”
regression analysis, SDs, was determined (the
amount of the drug that reduces plant weight by
50%) for species with and without resistance,
and the resistance index (RI) was calculated, i.e.
the ratio of SD5oR of a resistant species to SD5,S
of a sensitive species.

RESULTS AND DISCUSSION

Phytosanitary monitoring of rice fields is
conducted on a regular basis to determine the
ecological damage threshold of weeds and to
develop economically sound measures in order
to control their population levels, prevent resis-
tance, select appropriate herbicides, and estab-
lish the frequency of chemical treatments [5].

Rice cultivation in the Primorsky Territo-
ry is concentrated in three soil-climatic zones:
the steppe zone (Khankaysky and Khorolsky
districts), the forest-steppe zone (Spassky and
Chernigovsky districts), and the southern taiga
zone (Anuchinsky district). Research has shown
that the first cases of Echinochloa biotypes de-
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veloping resistance to the herbicide Citadel, OD,
were recorded in 2014 in the rice fields of the
000 “AgroDesun-Khanka” in the Khankaysky
district and the Lugovoe agricultural cooperative
in the Khorolsky district. In the Primorye region,
the use of this product began in 2011, replacing
the herbicide Facet SC, which had been used
for a long time. On average across the region in
2014, the RI was 5, which is approximately at
the tolerance level (4) (see Fig. 1).

In 2015, two additional cases of resistance in
Echinochloa biotypes were identified. Insuffi-
cient efficacy of the herbicide Citadel, OD, was
observed in rice fields belonging to the OOO
"Vladimiro-Petrovskoye" in the Khankaysky
District and the OOO "Devichanskoye" in the
Khorolsky District. In 2016, the geographical
spread of Echinochloa populations resistant to
the herbicide expanded. Resistance was detect-
ed in the fields of the ZAO “Novoselskoye”
(Spassky District), OOO “Saturn” (Khankays-
ky District), and OOO “SangSeng” (Anuchin-
sky District). In 2017, the OOO “Petrovi-
chanskoye” (Khorolsky District) and “Smena”
(Chernigovsky District) were added to the list.
By 2024, the resistance index of Echinochloa
populations to the herbicide Citadel, OD had
risen to 100; specifically, it was 83 for E. crus-
galli, 136 for E. occidentalis, and 81 for E.
phyllopogon (see Fig. 2).
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Complete eradication of E. crusgalli and E.
occidentalis biotypes was achieved in only a
few fields using 4 I/ha of the product (the rec-
ommended application rate is 1.0-1.6 1/ha),
whereas application of the solution at 8.0 1/ha
resulted in only 26-96% mortality of the E.
phyllopogon biotype.

Three-year studies (2013-2015) aimed at
identifying the onset of resistance development
in Echinochloa populations to the herbicide Cit-
adel, OD with clean (native) seeds that had nev-
er been exposed to the chemical before, didn't
show anything. No resistance buildup occurred.
Starting in 2016, experiments began using seeds
of resistant forms that carried genes for resis-
tance to the herbicide Facet, SC. In the very first
year of the study, resistance was observed in the
Echinochloa population: the RR averaged 14,
including 21 for E. crusgalli, and 10 for E. occi-
dentalis and E. phyllopogon (see Fig. 3).

In the following years, it continued to grow
and by 2023 and 2024 reached 284-293. Treat-
ment with the product at a rate of 8 1/ha had no
effect on the plants of the studied Echinochloa
biotypes, and their aboveground mass in some
cases even exceeded the control levels. At the
same time, plants grown from native seeds were
killed by the recommended doses of the herbi-
cide.
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Puc. 1. YcTotuMBOCTb COPHAKOB poaa Echinochloa x repouunay Luranens, M/l B moceBax puca
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Fig. 1. Resistance of Echinochloa weeds to the herbicide Citadel, OD in rice crops in the Primorsky Territory
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Fig. 2. Resistance index of Echinochloa biotypes to the herbicide Citadel, OD rice crops in the Primorsky

Territory (2024)
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Fig. 3. Building resistance of Echinochloa populations to the herbicide Citadel, OD (long-term experience)

Some of the main reasons for the emergence
of herbicide-resistant forms of Echinochloa
weeds in rice crops are poor field leveling, un-
timely water supply to the paddies after applying
herbicides, an insufficient water layer to boost
the effectiveness of the chemicals, as well as a
limited range of herbicides.

CONCLUSION

Monitoring studies have revealed the ex-
istence of Echinochloa populations that show
resistance to the herbicide Citadel, OD, which
has been used for a long time in rice fields in
the Primorsky Territory. The accumulation of re-

sistance in Echinochloa forms occurred rapidly
in those farms where previously resistant bio-
types were found, which were initially resistant
to the herbicide Facet, SC. Years of experience
show that populations of Echinochloa can have
cross-resistance to the herbicide Citadel, OD.
This has also been observed on the farms grow-
ing rice in the Primorsky Territory, since seeds
of the E. crusgalli, E. occidentalis, and E. phyl-
lopogon biotypes were originally collected from
fields where the studied forms might have car-

ried genes for resistance to the herbicide Facet,
SC.
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Crenenusi 0 putodarax peaKoro 1eKOPATUBHOTO PaCcTEeHMSI
Alangium platanifolium (Siebold et Zucc.) Harms (Alangiaceae DC.)
B IlIpumopckom Kkpae

(<)Mapkosa T.O., Macaos M.B.

Dedepanvublil HAYUHLIL YeHmp OuopasHoodpasus Hazemuou buomel Bocmounoi Azuu
Hanvnesocmounozo omoenenus Poccutickotll akademuu HayK

BnaauBoctok, Poccus

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

OfHUM U3 PEIKUX JECKOPATUBHBIX BOCTOYHOA3MATCKUX BHUJIOB, YKOJIOI0-OHMOJIOTHUECKUE OCOOCH-
HOCTH KOTOPOI'O TO3BOJISIFOT PEKOMEH/I0BATh €r0 I 03€JICHEHUS TOPOJIOB, SIBIISICTCS aJlaHTUyM I1j1a-
TaHOJHUCTHBIN. EcTeCTBEeHHOE MECTOHAXOKACHNE ITOTO JINCTOMATHOTO KyCTapHUKA, PACTIOIOKEHHOE
B I0TO-3aIafHON JacTH Xpedra Cuxor3-AnnHb Ha Tepputopuu [IpuMopckoro Kpast, sSBISIETCS €IUH-
cTBeHHBIM B Poccum. [[yisi mOAroTOBKM MpOrpaMMbl MHTPOIYKIIMOHHBIX MCCIICIOBAHHUI U O3CJICHH-
TENBHOM MPAaKTUKKU HEOOXOIMMO U3YYUTh OMOIOTHYECKUE U (PUTOIIEHOTUYESCKUE CBOMCTBA, 0COOCHHO-
CTH Pa3BUTHS M Pa3MHOXKCHHSI KYCTAPHHUKA, OIICHUTh CTEIICHb BO3ICHCTBUS PA3JIMYHBIX HETATUBHBIX
(hakropos (B ToM uncie Bpenuteeit). Mupopmariiust 0 HacekoMbIX-(puTodarax, CBI3aHHBIX C aJIaHIH-
YMOM IITaTaHOIMCTHBIM, /IO HACTOSIIETO BPEeMEHHU OTCYTCTBOBaA. Llens nccinenoBanns — momydeHue
CBEJICHWI O TUTAaHWU TOMYKeCTKOKPhUTBIX (Heteroptera) Ha amaHTHyMe IJIaTaHOIMCTHOM, IIPOU3pac-
tatomem B [Ipumopckom kpae. MccnenoBanust mpoBoaniu ¢ Masi o okTsiops B 2013, 2024 u 2025 T
B MapIIpyTHBIX MTOE3/IKaX U HA MOJICBOM cTannoHape. [IpuMeHsin Bu3yanbHOE HAOMIOCHHE, PyYHOM
cOOp HacekoMbIX U (oTrocheMKy. Tpoduueckue CBSI3M U3ydaad B MOJCBBIX YCIOBHIX M CTAI[HOHAP-
HBIX CajlKaX Ui KPaTKOBPEMEHHOTO U JUIUTEIBHOTO COEPKaHUsI HaceKOMbIX. Ha anmaHruyme ruiara-
HOJIUCTHOM OBIJIO BBISIBIIEHO IIECTH BUIOB KIIOMOB-TIONN()AroB, MpUHAISKAIINX K TPEM CEMEHCTBAM
(Miridae, Scutelleridae, Pentatomidae): Neolygus aceris, Poecilocoris lewisi, Palomena viridissima,
Eurydema dominulus, Plautia stali, Lelia decempunctata. Ha craguu 1iBeTeHUs pacTeHHs HaOIona-
€TCsl MUTaHUE HACEKOMBIX Ha JIUCTBSX WM IBETKAX, HA CTaJMH IUIOJOHOIICHHUS U OKOHYAHHs BEereTa-
UM — COCAHME KJICTOYHOTO COKa Ha CTeOJsIX, YepelllKax, JUCTOBbIX IUIACTUHKAX W Iuionax. [locie
OILICHKH IMOJIyYCHHBIX JaHHBIX CJEJaH BBIBOJ O HEraTMBHOM BO3JCHCTBHM BBISBICHHBIX HACEKOMBIX
Ha (hM3HONIOTHIO pacTeHus (HapylleHNe Pa3BUTHS JUCTOBBIX TIOYEK, 3aBsA3eH, TUI0I0B). B ciydae uc-
TIOJIb30BaHHH aJJAHTUYMa TUIATAHOJIMCTHOTO B 03€JIEHEHUH HACEICHHBIX MYHKTOB [IpuMopckoro kpas
HeoOXOAMMO JajbHeIee HaOMoIeHUE 32 pa3HOO0Opa3HeM U pacpoCTpaHeHHEM ero GUTodaros.

KuaroueBsie cioBa: Heteroptera, mumaro, nuuuHku, nutanue, Alangiaceae, Alangium platanifo-
lium, Tlpumopckuii kpait

Information on phytophages of the rare ornamental plant
Alangium platanifolium (Siebold et Zucc.) Harms (Alangiaceae DC.)
in the Primorsky Territory

(<)Markova T.O., Maslov M.V.

Federal Scientific Center of the East Asia Terrestrial Biodiversity
of the Far Eastern Branch of the Russian Academy of Sciences
Vladivostok, Russia

(<X)e-mail: martania@mail.ru

One of the rare ornamental East Asian species whose ecological and biological characteristics
make it suitable for landscaping is Alangium platanifolium (Alangiaceae). The natural habitat of this
deciduous shrub, located in the southwestern part of the Sikhote-Alin ridge in the Primorsky Territory,
is the only one in Russia. To prepare a program for introductory studies and landscaping practice, it
is necessary to study the biological and phytocenotic properties, features of development and repro-
duction of the shrub, and to assess the degree of impact of various negative factors (including pests).
Information about phytophagous insects associated with 4. platanifolium has been lacking until now.
The purpose of the study was to obtain information about the nutrition of Heteroptera on the 4. plata-
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Caenenus o puTodarax peikoro 1eKOPaTHBHOTO PACTCHHS
Alangium platanifolium (Siebold et Zucc.) Harms (Alangiaceae DC.)
B [Ipumopckom kpae

Mapxkosa T.O., Macos M.B.

nifolium growing in the Primorsky Territory. The study was conducted from May to October in 2013,
2024 and 2025 during field trips and at a field station. Visual observation, manual collection of insects,
and photography were used. Trophic relationships were studied in the field and in stationary cages for
short- and long-term maintenance of insects. Six species of polyphagous bugs belonging to three fa-
milies (Miridae, Scutelleridae, Pentatomidae) were identified on A. platanophyllum: Neolygus aceris,
Poecilocoris lewisi, Palomena viridissima, Eurydema dominulus, Plautia stali, and Lelia decempunc-
tata. At the flowering stage, insects feed on the leaves and flowers; at the fruiting stage and at the
end of vegetation, they suck cell sap from the stems, petioles, leaf blades, and fruits. After evaluating
the collected data, a conclusion was made about the negative impact of the identified insects on the
plant's physiology (disruption of the development of leaf buds, ovary, and fruits). In the case of using
A. platanifolium in the landscaping of settlements in the Primorsky Territory, further observations are
necessary regarding the diversity and distribution of its phytophages.

Keywords: Heteroptera, imago, larvae, nutrition, Alangiaceae, Alangium platanifolium, Primor-

sky Territory
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INTRODUCTION

The development of industry and agriculture
leads to an increase in human impact on natural
ecosystems and worsens environmental condi-
tions in residential areas. Well-designed land-
scape compositions can significantly reduce the
negative effects of both natural and man-made
factors on people!.

The selection of trees and shrubs for urban
landscaping is carried out according to various
criteria, the main ones being winter hardiness
and frost resistance [1-3]. The relevance of in-
troducing new species with decorative and eco-

nomically valuable traits is due to the expansion
of the range of tree and shrub species used in
landscaping towns in the Russian Far East. The
researchers' works include a floristic analysis,
an assessment of decorative qualities, informa-
tion on reproductive biology, adaptive potential,
and possible pests of plants used in landscaping
[4-8].

For example, employees of the Moun-
tain-Taiga Station of the Far Eastern Branch of
the Russian Academy of Sciences (MTS FEB
RAS) carried out an assessment of the long-term
cultivation of East Asian plants in the introduc-

'Bunkova N.P, Zalesov S.V. Forest management in recreational forests: a study guide. Yekaterinburg, 2024, 129 p.

3amuTa pacTeHui

CubHpCKHUil BECTHIK CEIBCKOXO3SIICTBEHHOM Hayku * 2026 * 56«4 71



Information on phytophages of the rare ornamental plant
Alangium platanifolium (Siebold et Zucc.) Harms (Alangiaceae DC.)
in the Primorsky Territory

Markova T.O., Maslov M.V.

tion nurseries and in the arboretum. The most
promising East Asian species, whose ecologi-
cal adaptability allows them to be cultivated in
various areas of the Primorsky Territory, include
Catalpa ovata G. Don., Cotoneaster dielsianus
E. Pritz. ex Diels, Ginkgo biloba L., Exochorda
giraldii Hesse, Lonicera demissa Rehder, Mag-
nolia sieboldii K. Koch, Rhododendron japoni-
cum (A. Gray) etc. [6].

Other East Asian types of woody shrubs are
less commonly used for landscaping because
they are less widespread. One of these types
is Alangium platanifolium (Siebold et Zucc.)
Harms (Alangiaceae DC.) (plane-tree-leaved al-
angium). In Russia, this species is the only rep-
resentative of the genus Alangium Lam. Plane-
tree-leaved alangium is common in China, Ko-
rea, and Japan; in northeastern Asia, its range
goes far beyond the tropical zone, reaching the
southern borders of the Manchurian floristic
province. This plant became known to Russian
science from the collections of the well-known
scientist-botanist V.L. Komarov?. For the first
time in the flora of Russia, this deciduous shrub
was recorded in 2001 — the plants were found in
the southwest end of the Sikhote-Alin ridge, in
the Nadezhdinsky District of the Primorsky Ter-
ritory [9]. This location is the only one in Russia
and is 300400 km away from the main range.
This species is listed in the Red Book of the
Russian Federation and the International Union
for Conservation of Nature as “vulnerable” (see
footnote 2).

Plane-tree-leaved alangium is highly deco-
rative, very unusual and original. Lemon-yel-
low coloration in autumn, bizarre flowers with
twisting petals and lobed large leaves give it a
special attractiveness (see Fig. 1). The plant is

undemanding to soil conditions, shade tolerant
and frost-resistant, which opens up the possibil-
ity of its use in urban landscape design®*. As an
ornamental plant, 4. platanifolium is cultivated
in botanical gardens in America and Europe (see
footnote 4). In Russia, the species' gene pool is
grown in the botanical gardens of Novosibirsk
and Perm, and it has been introduced into cul-
tivation in Moscow (see footnote 2). In the ar-
boretum of MTS FEB RAS in 2022, several
specimens were planted to preserve and further
introduce this rare species into cultivation.
Thanks to the presence of glycoside com-
pounds and terpenoids, Alangium is used for
medicinal purposes in East and Southeast Asia
[10, 11, etc.]. There is information about the
toxicity of its chemical components and the po-
tential insecticidal activity of Alangium species

Puc. 1. KycT ananrnymMa 1iaTaHOJIHCTHOTO B €CTe-
CTBEHHBIX ycnoBusx (28.09.2025, IIpumopckuit
kpaii, Hanexxauackuii paiion). ®oro M.B. Maciosa
Fig. 1. A. platanifolium bush in natural conditions
(28.09.2025, Primorsky Territory, Nadezhdinsky
District). Photo by M. V. Maslov

2Prokopenko S.V. Alangium platanifolium (Siebold et Zucc.) Harms // Red Data Book of the Russian Federation: Plants and
Fungi / Ministry of Natural Resources and Environment of the Russian Federation et al.; Ed.-in-Chief D.V. Geltman. 2nd ed.

Moscow: VNII "Ekologiya", 2024, pp. 70.

3Barnes H.W. Propagation of Alangium platanifolium and Alangium platanifolium var. macrophyllum // Combined Proceedings
International Plant Propagators’ Society, 2004, vol. 54, pp. 510-511.

4Schulz B. Alangium Lam. (Cornaceae) species cultivated in central Europe // Yearbook of the International Dendrological
Society, 2011, pp. 72—86. URL: https://www.dendrology.org/publications/dendrology/alangium-lam-cornaceae-species-cultivated-

in-central-europe/.
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against insects in both adult and larval stages’.
The insecticidal and larvicidal properties of
the organic compounds found in the leaves of
these plants serve as a potential defense against
phytophagous insects. It has been noted that A.
platanifolium does not have any serious pests,
at least in the northeastern part of the USA (see
footnote 3). Therefore, information about possi-
ble pests that could threaten this species (aphids,
spider mites, scale insects) is general, occasion-
al, and only published in popular science sourc-
es®. By now, there is data showing active visiting
and pollination of 4. salvifolium flowers by hy-
menopteran insects in India [11 et al.] and 4. pla-
tanifolium in Japan’. We have previously noted
the bug Poecilocoris lewisi (Distant, 1883) (Het-
eroptera, Scutelleridae) as an insect sucking and
damaging the leaves of 4. platanifolium [12]. To
date, there has been no information about other
insects associated with A. platanifolium.

The goal of the study is to get information
about the feeding of hemipterans (Heteroptera)
on A. platanifolium in the Primorsky Territory
(Russian Far East).

MATERIAL AND METHODS

The research was conducted from May to Oc-
tober in 2013, 2024, and 2025 during route trips
in the Nadezhdinsky District of the Primorsky
Territory (around the village of Alekseevka,
43°33'30" N, 131°59'03" E) and at a field sta-
tion in the Ussuriysk Urban District (village of
Kaimanovka, 43°3829” N, 132°15'19" E). Vi-
sual observation, hand collection of insects, and
photography were used.

Trophic relationships were studied in the field
and in stationary enclosures for short-term and
long-term insect keeping. During the research,
more than 150 insects (adults and larvae of stag-
es [I-V) were collected or recorded. Below is a

summary of information about the insect species
collected from A. platanifolium and mentioned
by the authors for the first time.

RESULTS AND DISCUSSION

In the Primorsky Territory, there have been
cases of bugs feeding on A. platanifolium: suck-
ing sap from the vegetative parts, flowers, and
fruits of the plant (see table). Such species as Le-
lia decempunctata, Palomena viridissima (see
Fig. 2, a, 6), Plautia stali, Eurydema dominulus
(see Fig. 3, a, 6) in the larval and imaginal stag-
es, they use both the vegetative and reproductive
parts of the plant for feeding, Poecilocoris lewisi
(see Fig. 3, 6) in the larval stage — only vege-
tative, Neolygus aceris in the imaginal stage —
only the reproductive organs (see Fig. 4).

According to data from the period of July 11 to
August 20, 2025, 4. platanifolium goes through
developmental stages from young larvae to adult
winged forms for two species of hemipterans: E.
dominulus (10 specimens) and P. stali (15 spec-
imens). The signs of negative effects on the
plant from sucking cell sap by hemipterans are:
1) disruption of normal leaf bud development;
2) dropping of flower buds; 3) stunted growth,
development issues, and dropping of ovary af-
ter fertilization; 4) slow growth of the fruit tis-
sue; 5) problems in development and dropping
of fruits. Tiny punctures on the leaves and fruits
can be visually seen (see Fig. 2, a, 6).

Nymphs of P. lewisi of V age were collect-
ed from A. platanifolium in September 2024 in
their natural habitats (Nadezhdinsky District)
and were transferred to a station (Kaimanovka
village). The bugs were kept on A. platanifolium
in cages under natural conditions and fed on the
leaf blades from mid-September to mid-October
2024. The insects that survived the winter con-
tinued feeding on the budding shoots until mid-

Srinivasan P, Ponsankar A., Edwin E.S., Pradeepa V. Toxicity of Alangium salvifolium Wang. chemical constituents against the
tobacco cutworm Spodoptera litura Fab. // Pesticide Biochemistry and Physiology. 2016. Vol. 126. P. 92-101.

‘Flat-leaved alangium // Plant Encyclopedia. URL: https://www.picturethisai.com/wiki/Alangium_platanifolium.html.

"Kasagi T. The relationship between pollinator insect diversity and plant mating patterns in the Daisen region. 2019. P. 47-52.
URL: https://www.kankyo-u.ac.jp/f/introduction/research/innovation/business-report/2019/07.pdf.
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Information on phytophages of the rare ornamental plant

Alangium platanifolium (Siebold et Zucc.) Harms (Alangiaceae DC.)

in the Primorsky Territory

Markova T.O., Maslov M.V.

Buapl monmy)ecTKOKpBUIBIX, 0OHAPYKEHHBIX Ha A. platanifolium B eCTECTBEHHBIX yCIOBHUSIX
W cTanroHapHbIX caakax (2013, 2024, 2025 rr)
Types of Hemiptera on A. platanifolium in natural conditions and stationary cages

(2013, 2024, 2025)

Insect develop-

Duration of presence

Part of the plant

Family, species mental stage on the plant Vegetative phase used for food
Miridae, Neolygus | Imago The third ten-day period |Flowering Pedicels and flowers: se-
aceris Kerzhner of June — the second ten- pals, petals (sterile parts),

day period of July stamens (fertile parts)
Scutelleridae, Sth-instar The first ten-day period of | Fruiting, end of the | Leaf blades,
Poecilocoris lewisi | nymphs September — the third ten- | growing season; unfolding buds
(Distant) day period of October, bud break (the fol-
The second ten-day period | lowing year)
of May next year
Pentatomidae, Nymphs of | The first ten-day period Fruiting, end of the | Leaf blades, fruits
Plautia stali Scott*  |instars [I-V, |of July — the third ten-day |growing season
imago period of September
Pentatomidae, Sth-instar The first ten-day period Fruiting, end of the | Leaf blades, fruits
Palomena viridissi- |nymphs, of July — the third ten-day | growing season
ma (Poda) imago period of September
Pentatomidae, 4th and The first ten-day period Fruiting Stems, petioles, leaf blades,
Lelia decempunctata | 5th instar of July — The first ten-day fruits
(Motsch.) nymphs, period of August
imago
Pentatomidae, Nymphs of | The first ten-day period of | Fruiting, end of the | Leaf blades, fruits
Eurydema dominulus |instars [I-V, |July — the third ten-day growing season
(Scop.)* imago period of September

*Complete development on the plant is possible. *Complete development on the plant is possible.

Puc. 2. Ilutanue oIy)eCTKOKPBUIBIX, IIOBPEKICHUS JIUCTOBBIX TUIACTUHOK U TUIONOB A. platanifolium
(10-20.07.2025, ITpumopckuit kpai, c. KaiimaHoBKa, cTamioHap):
a —umaro L. decempunctata (Pentatomidae) Ha JTMCTOBOH IJIACTHHKE U CJIEIBI TPOKOJIOB B pE3yJIbTare COCaHUs

KJIETOYHOTO COKa; 6 — nutanue umaro P, viridissima (Pentatomidae) Ha mione; 6 — ciiebl MUTaHKUS KIIONA Ha IUIOAaX.

doro M.B. Macnosa

Fig. 2. Feeding of Hemiptera and damage to leaf blades and fruits of A. platanifolium
(10-20.07.2025, Primorsky Territory, Kaimanovka village, station):
a — L. decempunctata (Pentatomidae) adult on a leaf blade and puncture marks from sucking cell sap; 6 — feeding
of the adult P. viridissima (Pentatomidae) on the fruit; 6 — traces of bug feeding on fruits. Photo by M.V. Maslov
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Caenenus o puTodarax peikoro 1eKOPaTHBHOTO PACTCHHS Mapxkosa T.O., Macos M.B.
Alangium platanifolium (Siebold et Zucc.) Harms (Alangiaceae DC.)
B [Ipumopckom kpae

a 0 8

Puc. 3. Humdst nomyxecTkoKpsUTbIX [V 11 V Bo3pactoB Ha A. platanifolium:

a — P, stali (Pentatomidae) Ha rutone (11.07.2025, Ilpumopckuii kpaii, ¢. KaiimaHoBka, craiuonap); 6 — E. dominulus
(Pentatomidae) Ha mucroBoit macturke (11.07.2025, ITpumopckwuii kpaii, c. KalimanoBka, cranuonap); ¢ — P. lewisi
(Scutelleridae) na nucroBoit macturke (16.09.2024, Ipumopckuii kpaid, okpecTHOCTH ¢. AjiekceeBka). PoTo

M.B. Macnosa

Fig. 3. 4th—5th instar hemipteran nymphs on A. platanifolium:
a — P stali (Pentatomidae) on the fruit (11.07.2025, Primorsky Territory, Kaimanovka village, station); 6 — E. dominu-
lus (Pentatomidae) on a leaf blade (11.07.2025, Primorsky Territory, Kaimanovka village, station); ¢ — P. lewisi
(Scutelleridae) on a leaf blade (16.09.2024, Primorsky Territory, near the village of Alekseevka). Photo by
M.V. Maslov

May 2025. We weren't able to raise P. lewisi to

adulthood on this same plant.

CONCLUSION

The ecological and biological character-
istics of A. platanifolium (being mesophytic,
shade-tolerant, and long-lived) make it suitable
for landscaping in both sunny and shady areas.
To prepare a program for introduction research
and landscaping practice, it is necessary to study
the biological and phytocoenotic traits of this
rare ornamental plant, identify its growth and re-
production patterns, and monitor damaging fac-
tors (including regular checks for the presence
of herbivorous pests).

Our research found six species of polypha-
gous bugs on the plane-tree-leaved alangium,
belonging to three families. During the flower-
ing stage from the end of June, adults of N. ac-
eris were seen feeding on both the sterile and
fertile parts of the flowers. During the fruiting
Puc. 4. N. aceris (Miridae) Ha yaleyke 1BETKa stage and the end of vegetation, from mid-July

(23.06.2025, TIpumopcxknid Kp)aI:’II’) yccﬁlgc&ﬂﬁ to mid-September, there were cases of sucking
TOpOACKOM OKpPYI, CTalloOHap ). 0TO b. acJioBa .
oA Py 8 P cell sap from stems, petioles, leaf blades, and

Fig. 4. N. aceris (Miridae) on a flower calyx . o
(23.06.2025, Primorsky Territory, Kaimanovka fruits by adult P. viridissima, as well as adults

village, station). Photo by M.V. Maslov and larvae of L. decempunctata, P. stali, and E.
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Markova T.O., Maslov M.V.

dominulus. P. lewisi nymphs fed on the leaves
of A. platanifolium from mid-September to
mid-October, and the overwintered individuals
continued feeding on the budding shoots until
mid-May of the following year. Thus, hemipter-
ans can negatively affect plants: they cause dis-
ruption in the development of leaf buds, growth
and development of ovaries, and fruits, which
their larvae damage before softening and ripen-
ing. When using plants for landscaping in the
Primorsky Territory, it is necessary to continue
monitoring for phytophagous insects.
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OueHka BJIUSIHUSI KOMILJIEKCA BPEAHBIX OPraHUu3MOB HA YPOKAWHOCTD
SIPOBO MSITKOM MIIIeHUIbI B JiecocTenu 3anagHoi Cudbupn

C<)YepemuoBa B.A., I'anees P.P.

Cubupckuii 20cyoapcmeeHHblil YHUGepCUmenm uHiCeHepuu U OUOMexHoN02Ul
HoBocubupck, Poccust

()e-mail: cool.valentinal 23@yandex.ru

[IpencraBieHs pe3yabTaThl ONIEHKN BIMSHUS KOMILIEKCA BPEIHBIX OPTaHU3MOB Ha YPOXKaHOCTD
M Ka4eCTBO COPTOB SPOBO MATKOW MIIEHHUIBI B YCIOBHSAX JIECOCTENH HOBOCHOMpckoro IlpnoOps
¢ 2009 mo 2011 ., a Takxe 3a 2021 u 2023 rT. DKCTIEpUMEHTALHBIC HCCIIEAOBAHUS TTPOBEICHBI HA
MIECTH PAOHUPOBAHHBIX COPTAaX SPOBOW MATKOW IMIIIEHUIIBI pa3HOU crienocTh: cpeanepannne (Ho-
BocuOupckas 29 u Omckast 36), cpeqaecnensie (HoBocubupckas 89 m OMckast 29), cpeaHeno3name
(baranckas 95 u OMmckas 28). Hebonpmme cymMmMapHbIe TIOTEPH ypokas OT KOMIUIEKCa BPEAHBIX Op-
TaHU3MOB MMENH MecTo Ha coprax Omckas 29 u baranckas 95. MuHUMaIbHBIC TIOTEPH TTPOIYKTHB-
HOCTH OTMEUCHBI Ha OoJiee yposkaiiHOM copTe Omckas 36. AHaIN3 MHOXECTBEHHOW PEerpecCHy 10
JTAHHBIM Pa3BUTHS 00JIe3HEH ¢ ypOyKaliHOCTBIO CBUIETEIHCTBYET O TOM, YTO U3yUEHHBIE COPTa IPOBO
MSATKOH MIIIEHUIIBI TI0-Pa3HOMY PEarupoBai Ha TOPAKEHHOCTh PACTEHHH JTUCTOCTEONEeBRIMI HH(EK-
rusMu. OTMedeHa OTPHUIIATENbHAS CBA3h YPOKAHHOCTH C IOPaKEHHOCTHIO PACTEHUH MYYHHUCTOH po-
coit. HamGompImasi TyBCTBUTEIFHOCTS K JaHHOMY 3a00JICBaHMIO yCTaHOBIIEHA y copra Omckas 36.
B menmom 1Mo koMrmiekcy JIHCTOCTEONEBRIX MHGEKIHMA (MydHUCTass poca U Oypas pkaBUMHA) MEHEe
BBEIHOCTHB copT Omckas 36. Ilpu m3ydeHnHn peakiuu Ha CENTOPHO3 MPH HAOIIOAABIIEMCS YPOBHE
MMOPAYKEHHOCTH PACTEHUH HE YCTAHOBICHO CTAaTHCTUYECKH JIOCTOBEPHOHN OTPHUIIATEIFHON CBA3H MEXK-
Iy Oomne3Hbio U ypoxkaeM. OTMETHM OmNpezesieHHYI0 TeHACHIIMIO K Takoi CBs3HM y copToB HoBocu-
oupckas 89 n OmMckast 29, 9To CBUIACTEIBCTBYET 00 WX OTHOCUTEIBHON YCTOWIHUBOCTH K CETITOPHO3Y.
MaxkcuMansHyI0 9yBCTBUTENBHOCTD K TIOPAKEHHIO KOMIUIEKCOM BPETHBIX OPTaHW3MOB HMEJH COpPTa
Hosocubupckas 89, Omckas 36 u Omckas 28. MuHUMaIbHAs 9yBCTBUTEIHLHOCTD BBISIBIICHA Y COPTOB
Hosocubupckas 29 u Omckas 29. OTMeUeHO, 4To JaHHBIC COPTa B OOJBITICH CTEIIEHN pearnpoBaiy Ha
00JIe3HN B CPAaBHEHHUH C BPEIAUTEIISIMH.

KuroueBbie cjioBa: spoBast MATKas MIIISHAIA, COPT, BPEIHBIE OPTaHU3MBI, YCTOHYHBOCTH, ypOXKaii-
HOCTb, CTPYKTYpa yporkasi, Ka4eCTBO 3epHa

Assessment of the impact of a complex of harmful organisms
on the spring wheat yield in the forest-steppe of Western Siberia

C<x)Cheremnova V.A., Galeev R.R.

Siberian State University of Engineering and Biotechnology
Novosibirsk, Russia

(><)e-mail: cool.valentinal 23@yandex.ru

The results of assessing the impact of a complex of harmful organisms on the yield and quality of
spring soft wheat varieties in the forest-steppe zone of the Novosibirsk Ob region from 2009 to 2011,
as well as in 2021 and 2023 are presented. Experimental studies were conducted on six zoned varieties
of spring soft wheat of different maturity: middle-early (Novosibirskaya 29 and Omskaya 36), me-
dium-maturing (Novosibirskaya 89 and Omskaya 29), and middle-late (Baganskaya 95 and Omska-
ya 28). Small total crop losses from a complex of harmful organisms occurred on the medium-ma-
turing variety Omskaya 29 and the middle-late variety Baganskaya 95. Minimal productivity losses
were noted on the more productive middle-early variety Omskaya 36. The multiple regression analysis
based on the disease development and yield indicates that the studied varieties of spring soft wheat re-
acted differently to leaf-stem infections. A negative correlation between yield and plant infection with
powdery mildew has been noted. The highest susceptibility to this disease has been established in the
middle-early variety Omskaya 36. Overall, in terms of the complex of leaf-stem infections (powdery
mildew and brown rust), the middle-early variety Omskaya 36 is less resistant. When studying the
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reaction of the varieties to septoria leaf spot disease, no statistically significant negative relationship
between the disease and the yield was found at the observed level of plant infection. One can only
speak of a certain tendency toward such a connection in the varieties Novosibirskaya 89 and Omskaya
29, which indicates their relative resistance to septoria leaf spot disease. The varieties Novosibirskaya
89, Omskaya 36, and Omskaya 28 were the most sensitive to the complex of harmful organisms. The
varieties Novosibirskaya 29 and Omskaya 29 were the least sensitive. It has been noted that these
varieties responded more to diseases compared to pests

Keywords: spring soft wheat, variety, harmful organisms, resistance, yield, crop structure, grain

quality
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INTRODUCTION

Currently, there is an urgent problem with
rational land use. In the existing conditions of
import substitution, the country's food security
is necessary, and the optimal use of agricultur-
al land is a factor for the stable development of
territories' [1-3]. According to statistics, over
the past 10 years, sown areas in Russia have de-
creased by 326,000 hectares. In Western Siberia,
most of the crops are grown in the forest-steppe
and steppe zones, where the climate is extreme
and weather conditions fluctuate a lot, which no-
ticeably affects the variability of crop yield and
grain quality? 3[4, 5].

In this regard, it is necessary to optimize
technology elements, primarily soil cultivation,
fertilizer application, and especially the use of

protection means for spring soft wheat variet-
ies adapted to the extreme climate conditions of
Western Siberia [6—9], in order to improve yield
and grain quality* . The use of mineral fertiliz-
ers also plays an important role in the cultiva-
tion of crops — it is known that they have a great
impact on the productivity and quality of spring
wheat grain [10].

An important role is given to the variety — it
is one of the key factors in increasing yield and
total grain harvest [11-14]. It is necessary to
study the resistance of wheat varieties to various
harmful organisms [15].

The goal of the study is a comprehensive as-
sessment of the impact of harmful organisms on
the yield and quality of spring soft wheat variet-
ies in the forest-steppe of Western Siberia.

'Galeev R.R. Adaptive technology for cereal crop cultivation in Western Siberia. Novosibirsk: Agro-Sibir, 2015, 176 p.

2Slobodchikov A.A. Phytosanitary situation in spring wheat crops and the role of plant protection products in stabilizing grain
productivity and quality: Abstract of a Candidate of Science in Agriculture dissertation. Novosibirsk, 2010, 18 p.

3Korobov V.A., Vlasenko N.G. Protection of soft spring wheat against a complex of specialized pests in Western Siberia:

recommendations. Novosibirsk, 2007, 24 p.

4Pozdnyakov S.P. Spring wheat in the Non-Black Earth Region. Kirov: Knigoizdat, 2016, 129 p.
SLoktionov S.P, Galeev R.R. Prospects for grain crop production in Western Siberia. Novosibirsk: Ritm Information Center,

2016, 212 p.
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MATERIAL AND METHODS

The research was carried out in 2009-2011
and 2021-2023 on experimental fields of the
Novosibirsk State Agrarian University’s “Tu-
linsky” farm in the Novosibirsk district of the
Novosibirsk region. For the research, Siberi-
an-bred spring soft wheat varieties were used:
middle-early Novosibirskaya 29 and Omskaya
36, medium-maturing Novosibirskaya 89 and
Omskaya 29, and middle late Baganskaya 95
and Omskaya 28. The plot size is 80 m?, with a
fourfold repetition. At the beginning of vegeta-
tion, 12 permanent observation plots measuring
50 x 50 cm were set up on the plots, and during
the grain filling phase, leaf and stem infections
were recorded.

The soils of the experiment site are leached
chernozems with a humus content of 6.27%, a
cation exchange capacity of 478 mmol/kg of
soil, pH of 6.3. Agrochemical characteristics of
soils: the content of easily hydrolyzable nitrogen
1s 92.6 mg/kg, mobile phosphorus is 139 mg/kg
and exchangeable potassium is 193 mg/kg of
soil. The weather conditions during the years
of the experimental work varied in terms of
temperature and total precipitation. In terms of
weather, 2011 was more favorable, with a total
precipitation of 339 mm during the growing sea-
son and an average daily temperature above the
long-term average. In 2021-2023, the precipita-
tion during the growing season ranged from 327
to 389 mm.

On the designated plots, during the growing
season of spring wheat, diseases were monitored
using the method of the All-Russian Research
Institute of Plant Protection according to Zub-
kove. At the end of the tillering phase, the num-
ber of plants damaged by hidden stem pests and

their susceptibility to root rot was counted using
the method of the All-Russian Research Institute
of Plant Protection’.

Observations of plant growth and develop-
ment were carried out according to the generally
accepted methodology of the State variety test-
ing of agricultural crops®. The yield was taken
into account based on the methodological guide-
lines of B.A. Dospekhov®. The quality of the
grain was determined according to the relevant
GOST standards based on the methodological
guidelines of the All-Russian Research Institute
of Grain Crops!’. For statistical processing, the
Snedecor VS application package according to
0O.D. Sorokin!! was used.

RESULTS AND DISCUSSION

In the experiments from 2009-2011, the va-
rietal characteristics of the productive develop-
ment process of spring soft wheat were evaluat-
ed. The studied varieties, belonging to different
maturity groups, had varying effects on the for-
mation of yield structure elements. On average,
the lowest number of seedlings was observed in
the sowings of the Novosibirskaya 29 and No-
vosibirskaya 89 varieties, with the minimum
value recorded for the Baganskaya 95 variety.
It should be noted that for the Baganskaya 95
variety, the number of spikelets — 60.2 pcs — had
a significant impact. The formation of the tiller-
ing phase was more influenced by the manifes-
tation of biological traits in the Omskaya 36 and
Omskaya 29 varieties.

The total number of stems varied from 0.01
to 44.8 units depending on the year. The highest
number of stems was recorded for the Omska-
ya 28 (44.8) and Omskaya 36 (30.4) varieties. It
was found that the grain weight varies depending

°Zubkov A.F. Methodological guidelines for collecting field biocenotic data to assess the harmfulness of a pest complex.

Leningrad: VIZR, 1978, 18 p.

"Environmental Monitoring and Methods for Improving the Protection of Cereal Crops Against Pests, Diseases, and Weeds:
Methodological Recommendations / V.I. Tansky, M.M. Levitin, V.A. Pavlyushin, V.N. Burov, N.R. Goncharov. St. Petersburg—

Pushkin: VIZR, 2002, 76 p.

$Methodology for State Variety Testing of Agricultural Crops. Moscow: Selkhoziz, 1986, 329 p.
°Dospekhov B.A. Methodology of Field Experiments. Moscow: Alliance, 2014, 348 p.

YGrain Quality Assessment: Methodological Guidelines. Krasnodar, 2017, 72 p.

"Sorokin O.D. Applied Statistics on the Computer. Novosibirsk: EPA RAAS, 2009, 222 p.
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on the variety, with the highest value observed in
the Omskaya 36 variety — 50.9 g (see Table 1).
To assess the impact of the set of harmful
organisms on yield, the partial correlation pa-
rameters were calculated. The analysis of the
resulting values shows that the studied varieties
showed weak to medium sensitivity to root rot
(r = 0,10-0,68). Varietal differences were not-
ed in susceptibility to septoriose: the Baganska-
ya 95 variety showed a strong correlation
(r = —0,97) and weak — Novosibirskaya 29
(r = —0,09). The susceptibility of the Novosi-
birskaya 89 variety was positively correlated
with yield. The Baganskaya 95, Novosibirskaya
89, and Omskaya 28 varieties showed a weak
negative response to powdery mildew, while
the other varieties were positively correlated
with yield. Regarding competition with weeds,
the studied varieties showed a sensitivity rang-
ing from weak to strong (r = from —0,92 up to
—0,11). The Baganskaya 95 variety is highly
sensitive to damage from hidden-stem pests (r

= —0.92), while the other varieties showed only
a low level of sensitivity. For wheat thrips dam-
age, the varieties were sensitive from medium
to low levels (» = from —0.11 to —0.46). Two
varieties, Novosibirskaya 89 and Omskaya 36,
responded negatively to infestation by the cereal
striped flea beetle. The other varieties were posi-
tively correlated with yield (see Tables 2 and 3).
No rust was recorded in the plots.

In terms of grain quality and technological
parameters, the varieties Novosibirskaya 29 and
Omskaya 36 stood out, having the highest levels
of raw gluten, protein, and vitreousness.

We have determined the dependence of
spring wheat variety yields on various diseases
(see Table 4).

The analysis of multiple regressions of dis-
ease development with yield showed that the
studied spring wheat varieties responded differ-
ently to leaf-stem infections. Almost all varieties
showed a statistically significant negative rela-
tionship between yield and powdery mildew in-

Ta6a. 1. Bxian aneMeHTOB CTPYKTYpBI ypOXKasi COPTOB B OOIIYHO YPOKaHOCTh

Table 1. Contribution of crop structure elements to total yield

Variety Sowing density, pcs. Producti;:stillering, Ear grain size, g Caryopsis weight, g
Novosibirskaya 29 86,8 0,01 12,2 1,0
Omskaya 36 12,0 30,4 6,7 50,9
Novosibirskaya 89 86,4 0,9 12,6 0,1
Omskaya 29 30,3 0,1 53,4 16,2
Baganskaya 95 10,0 22,1 60,2 7,7
Omskaya 28 36,2 44,8 0,5 18,5

Tao6a. 2. KoppensaimoHHas CBsI3b BPEIHBIX OPTAHU3MOB C YPOKaeM Ha CTAIIMOHAPHBIX TUIOIIAIKAX

Table 2. Correlation of harmful organisms with yield at the stationary plots

Partial correlation (7)

Variew root rot septoriose powc(lieerv}:] mil- weeds celr;:lltg ca ster;;l;)sring wheat thrips
Baganskaya 95 -0,51 -0,97 -0,34 0,92 1,00 -0,92 —0,11
Novosibirskaya 29 —0,68 —-0,09 0,33 -0,15 0,30 -0,18 —0,26
Novosibirskaya 89 —0,46 0,45 -0,34 -0,55 —0,06 -0,24 0,18
Omskaya 28 0,18 025 0,27 0,72 0,57 0,34 042
Omskaya 36 —0,10 -0,99 0,93 —0,50 1,00 -0,39 —0,46
Omskaya 29 ~0.26 0,38 0.20 0.11 0.01 0,16 031
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Taba. 3. YpoxallHOCTh U €€ CTPYKTypa pPa3INIHbIX COPTOB SIPOH MILIEHUIIBI B TIOJIEBOM OIBITE

Table 3. Yield and its structure of different spring wheat varieties in a field experiment

Productive | Number of | 1000-ker- Gr.ain . . . Vitreous-
. O . . weight, Crude glu- | Protein, | Grain unit,

Variety tillering, | grains per | nel weight, biological % o " ness,

cs. spike, pcs. ¢ 10 oglca2 ten, % 0 g A
p ’ yield, g/m

Novosibirskaya 29 1,0 16,6 34,7 182,0 30,4 13,9 728 82
Omskaya 36 1,1 16,9 38,3 273,0 28,2 13,2 706 76
Novosibirskaya 89 1,1 18,5 344 227,0 26,8 12,9 684 74
Omskaya 29 1,2 21,8 36,7 263,0 25,7 13,0 690 72
Baganskaya 95 1,0 19,5 34,5 226,0 27,2 12,1 701 70
Omskaya 28 1,3 19,0 35,2 240,0 27,0 11,8 656 69

LSDys 0,17 1,7 2,1 11,5 0,34 0,25 12,1 1,23

Taon. 4. PerpeccrnonHast 3aBUCHMOCTb MEXJTy Pa3BUTHEM JIHCTOCTEOIEBBIX HHDEKIUH U YPOKAHOCTHIO
COPTOB SAPOBOM MIIEHUIIbI

Table 4. Regression relationship between the development of leaf-stem infections and the yield of spring

wheat varieties

Variety Septoriose Powdery mildew Brown rust Yield, t/ha
Novosibirskaya 29 0,358 £ 0,790 —0,845 £ 0,220%** 0,088 = 0,303 2,05
Omskaya 36 0,021 £ 0,651 —1,602 £ 0,326*** 0,598 + (0,258%* 2,87
Novosibirskaya 89 -0,545 £ 0,461 —0,652 £ 0,201 ** -0,335+0,172* 2,13
Omskaya 29 -0,509 + 0,560 0,602 + 0,324* 0,333 + 0,398 2,48
Baganskaya 95 1,294 + 0,564** 0,860 + 0,285%** 0,242 £0,221 2,76
Omskaya 28 1,192 £ 0,685* 0,862 + 0,257%%* -0,256 + 0,208 2,41

*p>0,90.
**p>0,95.
% p > 0,99,

fection. According to the regression coefficients,
the variety Omskaya 36 was the most sensitive
to the disease. The least affected by the drop in
yield caused by disease were the Novosibirskaya
89 and Omskaya 29 varieties. The other varieties
are about equally sensitive to powdery mildew.
As for brown rust, just like with powdery mil-
dew, Omskaya 36 is the most sensitive variety.
Novosibirskaya 89 reacted to it more weakly,
but still negatively. At the observed level of
plant infection with  septoriose, no statistically
significant negative correlation between the dis-
ease and yield was found. There may be a certain
trend towards such a connection in the Novosi-
birskaya 89 and Omskaya 29 varieties, which

indicates their relative resistance to septoriose.
Overall, the Omkskaya 36 variety turned out to
be the least resistant to leaf and stem infections
(powdery mildew and brown rust). At the same
time, it showed the highest yield, which makes
it promising to expand its cultivation in Western
Siberia, provided it is actively protected against
leaf and stem infections.

The three-year studies showed that none of
the regional varieties studied showed strong re-
sistance to leaf and stem infections. However,
the varieties differed significantly in this regard,
which is obviously something that needs to be
taken into account when developing their dis-
ease protection strategies (see Table 5).
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The Novosibirskaya 89 variety is the most
sensitive to damage by the complex. According
to A.A. Slobodchikov'?, in field trials, this vari-
ety showed the highest responsiveness to plant
protection products among the mid-maturing va-
rieties. The varieties Omskaya 36 and Omskaya
28 also showed fairly high sensitivity to them.
The least sensitive to the treatment were the vari-
eties Novosibirskaya 29 and Omskaya 29. Over-
all, they reacted more to diseases than to pests.

At the experimental fields of the education-
al and research farm "Praktik" (Novosibirsk
region), we studied the adaptability of spring
soft wheat varieties (see Table 6). It was shown
that the highest response to intensive cultivation
technology, which includes a full cycle of plant

protection measures, was observed in the Ba-
ganskaya 95 variety (yield increase — 42%) and
with traditional technology using minimal plant
protection, in the Omskaya 29 variety — 34%, as
well as in the Novosibirskaya 29 variety — 23%.
However, for the Omskaya 36 variety, the in-
crease under intensive technology was only 7%,
which points to its overall resistance to pests.
Almost all varieties of different maturity groups
showed an increase in raw gluten and protein
content when grown using intensive technology.
The grain weight and vitreousness indicators are
higher when using intensive cultivation methods
for spring soft wheat varieties.

The overall resistance of varieties to harm-
ful organisms is an important factor for making

Tada. 5. M3MeHUMBOCTb ypOXKaiHOCTH SIPOBOM MIIEHUIBI B 3aBUCUMOCTH OT BPEIHBIX OPraHU3MOB, %

Table 5. Variability of spring wheat yield depending on harmful organisms, %

Varcts Discases Pests The entire g;)sr:ef;l:s (pests and

2009 2010 2009 2010 2009 2010
Novosibirskaya 29 49 10,6 2,4 1,0 7,3 11,6
Omskaya 36 39,0 36,0 0,8 13,7 39,8 49,7
Novosibirskaya 89 49,7 57,3 0,1 20,8 49,8 78,1
Omskaya 29 0,1 12,2 8,5 0 8,6 12,2
Baganskaya 95 0,9 0 6,6 21,0 7,5 21,0
Omskaya 28 4,7 18,7 7,8 19,6 12,5 38,3

Tabda. 6. Cpennue 3HaYCHUS YPOKANHOCTH U KAYECTBA 3€pHA SIPOBOI MATKOHN MIIICHUIIBI B 3aBUCUMOCTH

OT uHTeHcupuKauu npoussoacTaa (2021-2023 rr.)

Table 6. Yield and quality of spring soft wheat grain, depending on production intensification (2021-

2023)
Yield
Variety ha Gain Protein, % Grain unit, g/l | Vitreousness, %
t/ha %
Novosibirskaya 29 3,20/3,92 0,72 23 13,4/13,7 779/782 76/80
Omskaya 36 3,56/3,80 0,234 7 12,8/13,2 760/767 74/78
Omskaya 29 2,82/3,79 0,97 34 11,5/11,4 7271725 69/72
Baganskaya 95 2,67/3,80 1,13 42 12,8/13,4 748/762 75179
Omskaya 28 3,15/3,84 0,69 22 11,4/11,6 729/742 67/74
LSDys 0,15/0,24 — - 0,10/0,14 15,6/11,8 1,85/2,2

Note. In the numerator—traditional technology; in the denominator—intensive technology.

12Slobodchikov A.A. Phytosanitary situation in spring wheat crops and the role of plant protection products in stabilizing grain
productivity and quality. Abstract of a Candidate of Science in Agriculture dissertation. Novosibirsk, 2010, 18 p.
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farming more eco-friendly and for the wider
adoption of organic farming. We have studied the
regional and promising varieties of spring soft
wheat from Siberian breeding, covering three
maturity periods — middle-early, medium-matur-
ing, and middle late. The elements of spike pro-
ductivity serve as key factors affecting the yield
of different spring soft wheat varieties. Our data
indicate that among the varieties studied from
different maturity groups, the Omskaya 36 va-
riety showed the greatest resistance to harmful
organisms. At the same time, it was shown that
against the background of intensified farming
with optimal mineral nutrition and a set of plant
protection measures, there was an increase in
yield, as well as in the quality indicators of the
raw product — gluten, protein, and grain unit.

CONCLUSIONS

1. In the forest-steppe conditions of Western
Siberia (the northern forest-steppe of the Novo-
sibirsk Priobye), the specificity of spring soft
wheat varieties for resistance to various patho-
gens and pests has been determined on leached
chernozem soils in different years with varying
meteorological conditions.

2. In a comprehensive evaluation of six spring
wheat varieties (middle-early, medium-matur-
ing, and middle late), they were ranked by their
resistance to diseases and pests in order of in-
creasing resistance: Omskaya 29, Baganska-
ya 95, Novosibirskaya 29, Novosibirskaya 89,
Omskaya 28, Omskaya 36.

3. The use of intensive farming technology
increased the yield of Baganskaya 95 by 42%
compared to traditional methods (with minimal
use of pesticides and fertilizers), Omskaya 29 by
34%, Novosibirskaya 29 by 23%, Omskaya 28
by 22%, Omskaya 36 by 7%, which indicates the
overall resistance of the latter variety to harmful
organisms.

CIIMCOK JIUTEPATYPbI

1. Anvbepm M.A., I'anees P.P., Kosanes E.A. Co-
BEpIIICHCTBOBAHNE TEeXHOJIOTUN IuddepeHI-
POBaHHOTO BHECECHHUS YAOOPCHHUN B JIECOCTEITH

HoBocubupckoro IIpno6ss // Bectnux HI'AY
(HoBocubupckwmii rocynapcTBEHHBINH arpapHbIi
yauBepeuter). 2022, Ne 2 (63). C. 4-10. DOI:
10.31677/2072-6724-2022-63-2-4-10.

2. Amvbepm M.A., Ilempos A.®@., [lyrwea M.C.,

Tanees P.P, Koganes E.A. OcoOeHHOCTH WC-
IMOJIb30BaHUs HWHHOBAIIMOHHBIX PETYIIATOPOB
pocta HpU BO3JEIBIBAHUU KapTodens H CoH
B necoctenu [Ipno6ns // iHHOBaMM ¥ mpoo-
BOJIBCTBEHHAs Oe3omacHOCTh. 2022. Ne 2 (36).
C. 45-51. DOI: 10.31677/2311-0651-2022-36-
245-51.

3axwesckas E.B., Kyxcun C.B. TenneHuuu u
MIPOTHO3HBIE MapaMeTPbl Pa3BHTHUS TPOHU3BOJI-
CTBa, MOTpeOJIeHUsI U IKCHOpTa 3epHa B Poc-
cun // Hayunoe o6o3peHHe: Teopus M Ipak-
tuka. 2021. T. 11. Ne 8. C. 2314-2326. DOL:
10.35679/2226-0226-2021-11-8-2314-2326.

4. Aceesa E.B., Jleonosa M.H., Jluxenxko HU.E.,

Cosemos B.B. Macca 3epHa Kojoca W Macca
TBICSIYU 3€PEH KaK MPU3HAKU MPOAYKTHBHOCTH
Y COpPTOB SIPOBOM MSTKOW TMIIEHHUIIBI Pa3HBIX
IPYII CHENOCTH B YCIOBUSX Jiecoctenu [lpu-
00bs1 // Ilucema B BaBWitoBCKuil XypHam re-
getuku u ceneknuu. 2021. T. 7. Ne 1. C. 5-11.
DOI: 10.18699/LettersVJ2021-7-01.

Chai Y, Senay S., Horvath D., Pardey P.
Multi-peril pathogen risks to global wheat
production: A probabilistic loss and invest-
ment assessment // Frontiers in Plant Science.
2022. Vol. 13. P. 1034600. DOI: 10.3389/
pls.2022.1034600.

6. Del Ponte EM., Moriera G.M., Ward TJ.,

O'Donnell K. et al. Fusarium graminearum
species complex: a bibliographic analysis and
web-accessible database for global mapping of
species and trichothecene toxin chemotypes //
Phytopathology. 2022. Vol. 112. P. 741-751.
DOI: 10.1094/PHYTO-06-21-0277-RVW.

7. Hossain A., Skalicky M., Brestic M., Maitra S

et al. Consequences and Mitigation Strategies
of Abiotic Stresses in Wheat (Triticum aes-
tivum L.) under the Changing Climate // Agro-
nomy. 2021. No. 11 (2). P. 241. DOI: 10.3390/
agronomy11020241.

8. Aoun M., Rouse M.N., Kolmer J.A., Kumar A.,

Elias E.M. Genome-Wide Association Studies
Reveal All-Stage Rust Resistance Loci in Elite
Durum Wheat Genotypes // Frontiers in Plant
Science. 2021. Vol. 12. Pp. 1-20. DOI: 10.3389/
pls.2021.640739.

9. Li H., Hua L., Zhao S., Hao M. et al. Cloning

84  Siberian Herald of Agricultural Science « 2026 * 56 « 4

Plant protection



OmeHKa BIUSIHIS KOMILIEKCA BPEIHBIX OPraHU3MOB
Ha ypOXXaifHOCTh APOBOIl MATKOH MILEHULIBI
B siecocrern 3anagaolt Cubupu

YepemuoBa B.A., I'anees P.P.

10.

11.

12.

13.

14.

15.

of the wheat leaf rust resistance gene Lr47 in-
trogressed from Aegilops speltoides // Nature
Communications. 2023. Vol. 14. P. 6072. DOI:
10.1038/s41467-023-41833-2.

Coiueg B.I., Ipeuuwkuna FO.U., Bypnai A.B.,
Mameuenko A.B. AHanu3 MCHIONB30BaHUS MU-
HEpaNbHBIX YAOOpPEHHMH MO O3UMYIO TIIle-
Huyy B CraBpomonsckoMm kpae // Ilmomo-
poaue. 2021. Ne 2. C. 3-5. DOIL: 1025680/
S19948603.2021.119.01.

I'pabosey A.HU., D@omenxo M.A., Onetinuxo-
6a T'A. HoBble copra 03UMOI MSTKOW MILIEHU-
Bl — UTOT peanu3aluy pa3padoToK MO CeJeK-
UM Ha TPOAYKTHBHOCTb M aJalTUBHOCTH //
BecTHUK pOCCUICKON CEJIbCKOXO35CTBEHHOM
Hayku. 2021. Ne 2. C. 19-23. DOI: 10.30850/
vrsn/2021/2/19-23.

Canoyxaosze b.H., Mameoos P.3., Kpaxmane-
6a M.C., byeposa B.B. Hayunas cenexuus o3u-
MOW MSTKOW mieHulpl B HeuepHozeMHoOl 30-
He Poccum: ucropus, MeToibl U pe3ysabTaThl //
BaBunoBckuil *KypHaja I'E€HETHKU U CEJIEKLUH.
2021. T. 25. Ne 4. C. 367-373. DOI: 10.18699/
VIJ21.53-0.

Jlesakosa O.B., [nhaoviwesa O.B., Kocma-
noany M.M. CpaBHUTENbHBIA aHAN3 3€PHOBOM
YpOXKaMHOCTH ¥ OMOMETPUYECKUX DIIEMEHTOB
COPTOB TIIEHHIBI O3UMOH B 3aBHCHMOCTH OT
MIEPUOJIOB COPTOCMEHBI // 3epHOBOE XO3siii-
ctBo Poccun. 2023. T. 15. Ne 3. C. 42—47. DOL:
10.31367/2079-8725-2023-86-3-42-47.
Usanucosa A.C., Mapuenxo J{.M. Vcnonb3o-
BaHHME CEJICKIIMOHHBIX HMHICKCOB IPH OICHKE
MPOIYKTUBHOCTH O3MMOW TBEPJIOW MIICHUIIBI //
Arpapnas Hayka. 2024. Ne 8. C. 150-154. DOLI:
10.32634/0869-8155-2024-385-8-150-154.
Hlamanun B.I1., [lomoykas U.B., Yypcun A.C.,
llenenes C.C., Hapoun JI.C., I[loxcepyko-
6a B.E., Kéxcenv X., Mopeynos A.U. Cenexuust
COpPTOB SIpOBOW MsTKOW mmeHuns! (Triticum
aestivum L.) ¢ pyHKIIMOHATLHBIMH CBOMCTBAMH
3epHa ISl OKOJIOTUYECKH YHCTOTO BBIpaIlInBa-
Hus B 3anaqHoi Cubupu // CenbcKoX03sicTBEH-
Has Omomorusa. 2024. T. 59. Ne 3. C. 492-506.
DOI: 10.15389/agrobiology.2024.3.492rus.

REFERENCES

1.

Albert M.A., Galeev R.R., Kovalev E.A. Im-
provement of differentiated fertilizer application
technology in the forest-steppe of Novosibirsk
Priobye. Vestnik NGAU (Novosibirskij gosu-

darstvennyj agrarnyj universitet) = Bulletin of
NSAU (Novosibirsk State Agrarian University),
2022, no. 2 (63), pp. 4-10. (In Russian). DOI:
10.31677/2072-6724-2022-63-2-4-10.

Albert M.A., Petrov A.F., Shul'ga M.S.,
Galeev R.R., Kovalev E.A. Peculiarities of the
use of innovative growth regulators in potato
and soybean cultivation in the forest-steppe of
the Priobye area. Innovatsii i prodovol'stven-
naya bezopasnost' = Innovations and Food
Safety, 2022, no. 2 (36), pp. 45-51. (In Russian).
DOI: 10.31677/2311-0651-2022-36-245-51.
Zakshevskaya E.V., Kuksin S.V. Trends and
forecast parameters of grain production, con-
sumption, and export development in Russia //
Nauchnoe obozrenie: teoriya i praktika = Scien-
tific Review: Theory and Practice, 2021, vol. 11,
no. 8, pp. 2314-2326. (In Russian). DOI:
10.35679/2226-0226-2021-11-8-2314-2326.
AgeevaE.V,, Leonova l.N., Likhenko L.E., Sove-
tov V.V. The ear grain weight and the thousand
grain weight as productivity traits in varieties of
spring bread wheat of different ripening groups
in the conditions of the Priob’e steppe. Pis'ma
v Vavilovskij zhurnal genetiki i selektsii = Let-
ters to Vavilov Journal of Genetics and Breed-
ing, 2021, vol. 7, no. 1, pp. 5-11. (In Russian).
DOI: 10.18699/LettersVJ2021-7-01.

Chai Y., Senay S., Horvath D., Pardey P.
Multi-peril pathogen risks to global wheat
production: A probabilistic loss and invest-
ment assessment // Frontiers in Plant Science,
2022, vol. 13, p. 1034600. DOI: 10.3389/
pls.2022.1034600.

Del Ponte E.M., Moriera G.M., Ward T.J.,
O'Donnell K. et al. Fusarium graminearum
species complex: a bibliographic analysis and
web-accessible database for global mapping of
species and trichothecene toxin chemotypes //
Phytopathology, 2022, vol. 112, pp. 741-751.
DOI: 10.1094/PHYTO-06-21-0277-RVW.
Hossain A., Skalicky M., Brestic M., Maitra S.
et al. Consequences and Mitigation Strategies
of Abiotic Stresses in Wheat (Triticum aes-
tivum L.) under the Changing Climate // Agro-
nomy, 2021, no. 11 (2), p. 241. DOI: 10.3390/
agronomy11020241.

Aoun M., Rouse M.N., Kolmer J.A., Kumar A.,
Elias E.M. Genome-Wide Association Studies
Reveal All-Stage Rust Resistance Loci in Elite
Durum Wheat Genotypes // Frontiers in Plant
Science, 2021, vol. 12, pp. 1-20. DOI: 10.3389/
fpls.2021.640739.

3amuTa pacTeHui

Cubupckuii BECTHHK CEIbCKOXO3SIHCTBEHHON HayKH * 2026 ¢ 56 « 4 85



Assessment of the impact of a complex
of harmful organisms on the spring wheat yield
in the forest-steppe of Western Siberia

Cheremnova V.A., Galeev R.R.

9. Li H., Hua L., Zhao S., Hao M. et al. Cloning
of the wheat leaf rust resistance gene Lr47 in-
trogressed from Aegilops speltoides // Nature
Communications, 2023, vol. 14, p. 6072. DOI:
10.1038/s41467-023-41833-2.

10. Sychev V.G., Grechishkina Yu.l., Burlai A.V.,
Matvienko A.V. Analysis of the use of mi-
neral fertilizers for winter wheat in the Stav-
ropol Territory // Plodorodie = Plodorodie, 2021,
no. 2, pp. 3-5. (In Russian). DOIL: 10.25680/
S19948603.2021.119.01.

11. Grabovets A.I., Fomenko M.A., Oleinikova T.A.
New varieties of winter soft wheat results from
selection in adaptability and productivity. Vestnik
Rossiiskoi sel'skokhozyaistvennoi nauki = Vest-
nik of the Russian agricultural science, 2021,
Ne 2, pp. 19-23. (In Russian). DOIL: 10.30850/
vrsn/2021/2/19-23.

12. Sandukhadze B.I., Mamedov R.Z., Krakhma-
leva M.S., Bugrova V.V. Scientific breeding
of winter bread wheat in the Non-Chernozem
zone of Russia: the history, methods and results.
Vavilovskii zhurnal genetiki i selektsii = Vavilov
Journal of Genetics and Breeding, 2021, vol. 25,

NHO®OPMALIA Ob ABTOPAX

(X)YepemnoBa Banentuna AJiekceeBHA,
[IaBHBIA JTAHTIIA(THBIN apXUTEKTOp; aapec s
nepenucku: Poccus, 630039, HoBocuOupck, yi.
Ho6ponrobora, 1. 160; e-mail: cool.valentinal23@
yandex.ru

I'anees Punar PaudoBuu, npodeccop kade-

JPBI, TOKTOP CEILCKOXO035HCTBEHHBIX HAYK, Ipodec-
cop; ORCID 0009-0005-1785-2976

no. 4, pp. 367-373. (In Russian). DOI: 10.18699/
VJ21.53-o.

13. LevakovaO.V.,GladyshevaO.V.,Kostan'yants M.1.
Comparative analysis of grain productivity and
biometric elements of winter wheat varieties de-
pending on the variety change periods. Zernovoe
khozyaistvo Rossii = Grain Economy of Russia,
2023, vol. 15, no. 3, pp. 42-47. (In Russian). DOI:
10.31367/2079-8725-2023-86-3-42-47.

14. Ivanisova A.S., Marchenko D.M. The use of
breeding indices when estimating winter durum
wheat productivity. Agrarnaya nauka = Agrarian
science, 2024, no. 8, pp. 150-154. (In Russian).
DOI: 10.32634/0869-8155-2024-385-8-150-154.

15. Shamanin V.P., Pototskaya 1.V., Chursin A.S.,
Shepelev S.S., Nardin D.S., Pozherukova V.E.,
Koksel Kh., Morgunov A.l. Breeding spring
bread wheat varieties (Triticum aestivum L.) with
functional properties of grain for environmental-
ly friendly growing in Western Siberia. Sel'skok-
hozyajstvennaya biologiya = Agricultural Biolo-
2v,2024,vol. 59, no. 3, pp. 492-506. (In Russian).
DOI: 10.15389/agrobiology.2024.3.492rus.

AUTHOR INFORMATION

(<) Valentina A. Cheremnova, Chief Landscape
Architect; address: 160, Dobrolyubova St., Novosi-
birsk, 630039, Russia; e-mail: cool.valentinal23@
yandex.ru

Rinat R. Galeev, Chair Professor, Doctor of Sci-
ence in Agriculture, Professor; ORCID 0009-0005-
1785-2976.

Hama nocmynnenus cmamou / Received by the editors 13.03.2026
Hama npunsimus x nyéauxayuu / Accepted for publication 02.04.2026
Jama ny6auxayuu / Published 12.05.2026

86  Siberian Herald of Agricultural Science « 2026 * 56 « 4

Plant protection



300TEXHUA U BETEPUHAPUA
ZOOTECHNICS AND VETERINARY MEDICINE

https://doi.org/10.26898/0370-8799-2026-4-10 Tum crareu: 0030pHas
YIK 619:616.155:595.42 Type of article: review

Posib KpoBOCOCYIIMX HACEKOMBIX M MKCOIOBBIX KJeled B BO3MOKHOM
nepeaave BUPyca JieMK03a KPYIMHOI0 poraroro cCKora
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Habmromaemoe B HacTosiiee BpeMsi IUPOKOE pacpoCTpaHEHHE JIEHK03a KPYITHOTO POraTtoro cKo-
Ta, 0COOEHHO B PErMOHAX C Pa3BUTHIM MOJIOYHBIM KMBOTHOBOACTBOM, OCTA€TCSI OJHOM U3 aKTyaib-
HeHImmx npoOiieM BeTepuHapHOH HayKu. CellbCKOXO3IHCTBEHHBIE IPEIIPUSITHS, HE TOIBKO KPYITHBIE
KOMIIAHWH, HO U HeOonbIIMe (epMepcKue X035HCTBA, HECYT OrPOMHBIC SKOHOMUYECKUE TTOTEPH, CBSI-
3aHHBIE C BUPYCOM JIEHKO3a KPYIHOTO POraTtoro ckora. Pa3BuTue jeliko3a B CTaJie MOKET IPUBECTH K
CHIDKCHHUIO OOIIETO 310pOBbs U MPOJYKTUBHOCTH BCETO TIOrOJIOBbSI, YTO CKA3bIBAETCsI HA peHTa0elb-
HOCTH XO3SHCTBa B JOJTOCPOYHOH NepcreKkTuBe. JIeiKko3 MpUBOINT K CHUKEHUIO TIPOTYKTUBHOCTH,
YXYALICHHUIO 340POBbA M COKPAILEHUIO MTEPHOIA UCIIOIb30BAHNSA BBICOKOIIPOLYKTUBHBIX KOPOB. JIei-
KO3 KaK BTOPUYHBIH HIMMYHOIE(HUIUT BBICTYIIACT IPHYMHOM COKPAILEHNUS IUIOJIOBUTOCTH Y KOPOB, PO-
CTa 4yHciaa abOPTOB, CHUYKEHHIO MTPOLICHTA BBKMBAEMOCTH TEJIST, PA3BUTHS PA3IHUHBIX COMTYTCTBYIO-
X 3aboneBanuii. OCcoOBIH HHTEPEC B pacpOCTPpaHCHUN HHQEKITUN MPEACTABIISIOT IYTH TIepeaadn
BHUpyca. Hennoxo u3ydeHsl TpU U3 HUX: BEPTUKAIIBHBII, TOPU30HTAIbHBIA U ATPOreHHBbIN. TpaHcMmuc-
CHBHBIH ITyTh Niepeaad HHPEKIMU B HACTOSILEEe BpeMsl OCTAaeTCsl 1oJ] BonpocoM. B nociennee necs-
TUJIETHE aKTUBHO M3Y4alOTCsl KPOBOCOCYIIIME HACEKOMBIE M KJICIHU KaK IOTCHINAIbHBIE IEPEHOCUH-
KM BO30ymuTesell BUPYCHBIX OOJNE3HEH Yy CEebCKOXO3SHCTBEHHBIX )KUBOTHBIX, B TOM YHCIIE JIEHKO3a
KPYITHOTO POraToro ckora. Bo3Mo)kHO, HaceKoMble BBICTYNAIOT Kak (hakTop, CIOCOOCTBYIOMINI pac-
IIPOCTPAHEHUIO BUPYCa, OCOOCHHO B IIEPUObI MACCOBBIX BCIIBIILIEK U IIPU HAJIMYUHU OOJIBIIOIO YUCIIa
WHOHUIMPOBAaHHBIX JKUBOTHBIX. B cTarhe mpeacTaBieH oOIMpPHBINA CHCTEMaTHYECKUH aHallN3 TUTepa-
TYPHBIX JJaHHBIX U3 aBTOPUTETHBIX HAyYHBIX M3AaHUI 00 yyacTuu cienHeil u3 cemeiictBa Tabanidae,
300MIBHBIX MyX Stomoxys calcitrans, a Taxxke Kiemel u3 cemeiictpa Ixodidae B TpaHCMUCCHUBHOM
nepeiade Bo30yauTeneil 0oe3Hel y CelbCKOXO3IHCTBEHHBIX )KUBOTHBIX, B YACTHOCTH BO30YIUTEIS
JIeK03a KPYITHOTO pOraToro CKoTa.

KiroueBble cioBa: uH(ekuus, BUPyC JelKo3a KPyIHOIO POraToro CKOTa, OaKkTepuu, BUPYCHI,
TpPaHCMHCCUBHBIN Iy Th Tiepenayn, Ixodidae, Tabanidae, Stomoxys calcitrans
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The currently observed widespread prevalence of bovine leukemia, especially in the regions with
developed dairy farming, remains one of the most pressing problems in veterinary science. Agricul-
tural enterprises, not only large companies but also small farms, bear huge economic losses associ-
ated with bovine leukemia virus. The development of leukemia in a herd can lead to a decrease in
the overall health and productivity of the entire livestock, which affects the profitability of the farm
in the long term. Leukemia leads to decreased productivity, poor health, and a shortened lifespan
of highly productive cows. Leukemia, as a secondary immunodeficiency, leads to reduced fertility
in cows, an increased incidence of abortions, a decreased calf survival rate, and the development of
various associated diseases. Of particular interest in the spread of the infection are the routes of virus
transmission. Three of these have been extensively studied: vertical, horizontal, and iatrogenic. Vec-
tor-mediated transmission remains questionable. Over the past decade, bloodsucking insects and ticks
have been actively studied as potential vectors of pathogens causing viral diseases in farm animals,
including bovine leukemia. Insects may act as a factor facilitating the spread of the virus, especially
during periods of mass outbreaks and when large numbers of infected animals are present. The article
presents an extensive systematic analysis of literature from reputable scientific publications on the in-
volvement of gadflies from the Tabanidae family, zoophilous flies Stomoxys calcitrans, as well as ticks
of the family Ixodidae in the vector-mediated transmission of pathogens in farm animals, particularly

the bovine leukemia pathogen.

Keywords: infection, bovine leukemia virus, bacteria, viruses, vector-borne transmission, Ixodi-

dae, Tabanidae, Stomoxys calcitrans
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INTRODUCTION

Currently, cattle leukemia remains a relevant
issue. This disease is widespread in many coun-
tries around the world, especially in those where
dairy and beef farming are well developed. In
the Russian Federation, cattle leukemia is the
predominant infection in most regions and holds
a leading position among infectious diseases in
this type of livestock [1, 2].

Agricultural businesses (both large hold-
ings and small farms) are facing huge econom-
ic losses due to bovine leukemia virus (BLV).
The spread of leukemia in a herd can lead to a

decline in the overall health and productivity
of the entire livestock, which affects the farm's
profitability in the long run. Leukemia causes
reduced productivity, worsening health, and a
shorter lifespan for high-yield cows. The eco-
nomic costs include loss and deterioration of
milk quality, slower weight gain, and expenses
for treatment and preventive measures.
Leukemia, as a secondary immunodeficiency,
leads to reduced fertility in cows, an increase in
the number of abortions, a lower survival rate
of calves, and the development of various other
related diseases. There is no specific treatment
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for leukemia. Farms have to spend significant
amounts on diagnostics, isolation, and culling
of sick animals, as well as other veterinary and
zootechnical measures aimed at eliminating
BLV. Killing infected and sick animals, in turn,
leads to losses in genetic diversity and the herd's
potential. Livestock products from infected ani-
mals may have a lower market value. On top of
that, a ban is put in place on selling such animals
[3,4].

Bovine leukemia is a chronic infectious dis-
ease caused by the bovine leukemia virus (fami-
ly Retroviridae). Leukemia is part of a group of
malignant blood diseases. The virus mainly in-
fects B-cells in the blood, leading to their over-
growth and the development of lymphocytosis.
These cells are usually found in the blood and
lymphoid organs. The virus can also be present
in endothelial cells and epithelial cells of the
mammary gland, which explains the presence of
viral particles in milk. The main cellular targets
of BLV are B-lymphocytes. Other types of cells,
like monocytes (a virus reservoir), CD8 T-lym-
phocytes, and granulocytes, can also get infect-
ed. In Russia, cattle leukemia is classified as a
quarantine animal disease.

Without carrying out health measures, the
virus continues to spread throughout the entire
herd. In the context of intensive dairy cow farm-
ing, only 5% of infected animals develop leuke-
mia or lymphoma, which leads to the disposal of
the carcass. The remaining 95% of infected an-
imals show no clinical signs or changes in their
bloodwork [5, 6].

BLV is able to cross species barriers both in
natural conditions and in experiments. It is re-
lated to human T-cell leukemia viruses (HTLV
I-1IT) and simian T-cell leukemia viruses (STLV).
Animals closely related to cattle (Asian buffa-
lo, sheep, alpacas) get infected with BLV under
natural conditions. In experiments, the virus was
able to infect rabbits, rats, pigs, goats, and sheep
[7-9].

There are several known ways of transmit-
ting BLV: vertical, horizontal, and iatrogenic.

The vector-borne transmission route of the in-
fection is still in question. In the past decade,
bloodsucking insects and ixodid ticks have been
actively studied as potential carriers of viral
pathogens in farm animals, including BLV. It is
possible that bloodsucking insects and ticks act
as a factor that helps spread the virus, especial-
ly during major outbreaks and when there are
many infected animals.

The purpose of the study is to analyze and
summarize the literature on the involvement of
ixodid ticks (family Ixodidae) and blood-sucking
insects, particularly horseflies (family Tabani-
dae) and the zoophilic fly Stomoxys calcitrans
(stable fly), in the spread of pathogens of farm
animals, including the bovine leukemia virus.

MATERIAL AND METHODS

The study analyzed data from domestic and
international publications over the past decades,
indexed in RSCI, PubMed, Crossref, Web of
Science, and Scopus, about representatives of
the Ixodidae and Tabanidae families, as well as
S. calcitrans flies, as potential carriers of patho-
gens of farm animals. Special attention was giv-
en to the Ixodidae family as a possible carrier of
BLV [10-12].

RESULTS AND DISCUSSION

Bloodsucking insects, like flies (Siphona cal-
citrans, Stomoxys calcitrans, Haematobia irri-
tans), mosquitoes, horseflies, and ticks are not
only a serious stress factor for animals, causing
restlessness and skin damage, but also an im-
portant way to spread infectious agents. Most
researchers consider blood-sucking insects to
be vectors of viral infections. They help spread
viral, bacterial, and parasitic diseases widely.
At the same time, information about the role of
blood-sucking insects and ixodid ticks in trans-
mitting BLV remains contradictory or prelimi-
nary and needs further research.

Horseflies belong to the suborder Brachy-
cera (Short-horned), in the group Orthorapha
(Straight-seamed). They are the largest members
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of the biting fly fauna in Western Siberia. Horse-
flies are widespread in the taiga, forest, and for-
est-steppe zones. Russia has over 100 species of
horseflies, with 89 found in Siberia. Members of
the family Tabanidae cause significant economic
losses in livestock farming due to reduced milk
production and weight gain [13].

Horseflies actively attack sick and weakened
animals, and they also suck blood from fresh
carcasses, which plays a big role in spreading
infections. Only the females attack animals,
as they are facultative hematophags. Many re-
searchers point out the significant role of horse-
flies as carriers of various disease pathogens. In
particular, it has been proven that horseflies play
a role in spreading tularemia in natural foci of
this infection and anthrax from infected animals
or carcasses [14]. Horseflies retain the ability
to transmit the infection with a proboscis punc-
ture for up to 5 days after an infective feeding.
Also, due to the feeding habits of the females
and the potential for long-term retention of the
pathogen, members of the Tabanidae family play
a significant role in the spread of leptospirosis,
anaplasmosis, equine infectious anemia, necro-
bacillosis in reindeer, cattle besnoitia, horse fi-
larid, blackleg, trypanosomiasis, hemosporidial
infection, and more [15].

Currently, the possibility of transmitting BLV
by horseflies has not been proven. This is due
to the difficulty of creating conditions for feed-
ing the insects in experiments. But it's not worth
ruling out the Tabanidae family from the list of
potential carriers of this virus.

In recent years, researchers have been focus-
ing on a member of the genus — the stable fly
(S. calcitrans) — as an important factor in me-
chanically transmitting infections to cattle. This
blood-sucking insect is widespread in livestock
facilities around the world. S. calcitrans plays an
important role in the chain of disease transmis-
sion. So, in France, outbreaks of such a highly
contagious disease as bovine nodular dermatitis
are directly linked to S. calcitrans [16]. With S.
calcitrans involved, the African Swine Fever

Virus (ASFV) can also be transmitted. Accord-
ing to K.A. Olesen et al. [17], the presence of
ASFV in these flies after feeding on infected
blood means they are capable of carrying the vi-
ral infection. Studies by Russian scientists have
also confirmed the persistence of the virus in the
bodies of autumn stable flies and demonstrated
the possibility of infecting pigs via the parenter-
al administration of a fly suspension containing
virus-contaminated blood.[18].

In the territory of the Russian Federation, S.
calcitrans is one of the main types of zoophilic
flies found on livestock farms [18, 19]. The sta-
ble fly can travel several hundred meters, which
makes it a serious disease vector [20]. The size of
the fly population is closely linked to the condi-
tion of the environment: humidity, temperature,
and availability of blood sources. Some experts
note an increase in the number of S. calcitrans in
pastures, which is most often related to the use
of organic fertilizers and storing manure in piles
near livestock grazing areas [21].

The stable fly is active in warm climates,
especially during the summer months. The in-
tensity of its bites increases the risk of patho-
gen transmission. Feeding on the blood of vari-
ous types of farm animals (cattle, sheep, goats,
horses), S. calcitrans serves as a carrier of many
viral, bacterial, and parasitic diseases of cattle.
Infectious agents have been found in the intes-
tines, oral cavity, and saliva of S. calcitrans. In
addition to lumpy skin disease of cattle and Af-
rican swine fever, autumn burner is a vector for
the spread of anthrax, sepsis, tularemia, trypano-
somiasis, etc. [22].

Several foreign authors have established the
role of horseflies and stable flies in transmitting
BLV under experimental conditions. In these
studies, S. calcitrans were fed in vitro with blood
from a cow infected with bovine leukemia virus.
Sequencing results confirmed the presence of
the provirus in S. calcitrans. Based on the data
obtained, scientists concluded that leukemia vi-
rus transmission is possible, at least experimen-
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tally! [23]. However, the role of stable flies as
carriers of BLV in the natural animal husbandry
system is still being discussed and requires fur-
ther study.

Ixodid ticks are of particular interest among
the many blood-sucking parasites because they
are widespread around the world, highly adapt-
able, come in a variety of species, and can carry
dangerous infections.

There are over 700 species of ixodid ticks in
the world. They are widely spread across Eur-
asia, especially in forests, pastures, and fields.
In Russia, there are about 60 species of ixodid
ticks belonging to five genera, and 12 species
live in Western Siberia [24]. In the commonly
accepted classification, ticks are divided into two
main orders — Acariformes and Parasitiformes,
which are grouped into the subclass Acari. Ixo-
dic ticks belong to the order Parasitiformes, the
suborder Metastigmata (Ixodides), the super-
family Ixodoidea, and the family Ixodidae. Ac-
cording to the latest taxonomy data, the family
Ixodidae is divided into several subfamilies, of
which four subfamilies parasitize mammals and
birds: Ixodinae (genus Ixodes), Amblyomminae
(genus Amblyomma), Haemaphysalinae (genus
Haemaphysalis), Rhipicephalinae (includes five
genera — Rhipicephalus, Boophilus, Dermacen-
tor, Anomalohimalaya, Hyalomma). Ticks of the
Ixodidae family belong to the ecological group
of temporary parasites with long feeding periods.
All ixodids without exception are highly special-
ized parasites of terrestrial vertebrate animals?.

Ticks have a huge variety of shapes and ways
of life. Most ixodid ticks in Western Siberia be-
long to the pasturing group, where hungry indi-
viduals attack hosts outside of shelters, lurking
among the vegetation [25]. However, in recent
years near Tomsk and Novosibirsk, the appear-
ance of the Pavlovsky tick has been noted, even
to the point of complete dominance. According
to scientists, the high abundance of the Pavlov-

sky tick, which is more drought-resistant than
the taiga tick and can successfully survive out-
side the favorable urban and suburban habitats
of the taiga tick, may increase the persistence of
natural tick-borne encephalitis foci [26].

The life cycle of the Ixodidae family includes
the following developmental stages: egg, larva,
nymph (one or several stages), and adult. There
are one-, two-, and three-host life cycles. Fe-
males can pass pathogens of dangerous diseases
to their offspring even at the stage of egg for-
mation inside their own bodies. This is a typical
development and feeding cycle for many spe-
cies of ixodid ticks, which is important to keep
in mind when studying their role in spreading
infections and developing prevention measures.
The larvae and nymphs usually live in the low-
er layers of plants and feed on small mammals
and birds. This feeding pattern helps spread ticks
among small animals and, indirectly, among
their hosts. Adult ticks feed on larger mammals
(cattle, horses, sheep, deer) and medium-to-large
birds. The large blood volume of these animals
increases the likelihood of successful repro-
duction for ixodid ticks. It should be noted that
prolonged feeding on the host is characteristic
only of females; males of Ixodes pasture ticks
are facultative hematophages, whereas males of
other genera are obligate hematophages. The bi-
ological characteristics of ixodid ticks—includ-
ing their camouflage tactics and feeding habits
across various developmental stages—make
them highly effective vectors of infection.

Ixodid ticks are natural vectors for many pro-
tozoal, bacterial, viral, and rickettsial diseases
affecting humans and animals. It is known that
ixodid ticks transmit the causative agents of
tick-borne encephalitis, borreliosis (Lyme dis-
ease), tularemia, anaplasmosis, piroplasmosis,
and others. They may also play a role in trans-
mitting certain types of fungi, toxoplasma spe-
cies, and flagellates. Such close and diverse as-

'Foil L.D., Gorham J.R., French D.D. Mechanical transmission of bovine leukaemia virus by horse flies (Tabanidae: Diptera) //

Veterinary microbiology, 1988, vol. 16 (3), pp. 253-258.

2Saitov V.R., Salnikova M.M. Ixodid Ticks: general and specific aspects of studying the family: a teaching and methodological

manual. Kazan, 2019, 28 p.
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sociations between blood-feeding ticks and var-
ious microorganisms are typically attributed to
the long evolutionary history of their parasitism
and the variety of ecological relationships with
their hosts—terrestrial vertebrates. Furthermore,
blood-feeding parasites of the family Ixodidae
can serve as natural reservoirs for diseases [27,
28].

Experts have suggested that ixodid ticks act
as a factor contributing to the spread of the leu-
kemia virus, particularly during periods of tick
activity and in the presence of a large number
of animals infected with the bovine leukemia
virus. For instance, Italian scientists conduct-
ed a study on 1,200 Rhipicephalus bursa and
Rhipicephalus sanguineus ticks collected from
farms with BLV-positive cows. Viral DNA was
detected in 8.4% of the ticks, and the gene se-
quence matched the BLV strain circulating on
the farm. Laboratory studies have demonstrated
the virus's ability to persist across developmen-
tal stages: larva — nymph — adult. According
to available data, 30% of nymphs derived from
larvae that had fed on BLV-positive blood tested
positive by PCR [29].

Japanese scientists concluded that the me-
chanical transfer of infected blood residues on
the chelicerae is possible during brief but deep
bites. They conducted an experiment using a
sterile colony of Haemaphysalis longicornis.
The ticks fed on seropositive calves for 30 min-
utes and were then immediately transferred to
seronegative calves. After 16 weeks, two of the
ten healthy calves were found to be infected with
the leukemia virus [30].

T.R. Machado et al. [31] established that
BLV-infected lymphocytes survive in tick he-
molymph for up to 48 hours. A.M. Sato et al.
[32] detected the gp51 protein in the gut of H.
longicornis 24 hours after a blood meal, con-
firming the preservation of the virus's antigenic
integrity within the tick.

In a study on the susceptibility of Dermacen-
tor reticulatus ticks to bovine leukemia virus
(BLV), Yu.V. Glazunov et al. [33] determined

that BLV proviral DNA can persist in the bod-
ies of adult ixodid ticks for up to one year. PCR
analysis of samples from ixodid ticks collected
from BLV-infected animals confirmed the pres-
ence of BLV DNA in 87.7 + 2.3% of cases, in-
dicating the potential for the virus to be main-
tained within the bodies of ixodid ticks.

CONCLUSION

Numerous studies conducted by scientists
worldwide have confirmed the role of blood-suck-
ing insects and ixodid ticks in the transmission
of viruses, bacteria, and parasites. It has been
demonstrated that the bovine leukemia virus can
persist in ixodid ticks throughout their develop-
mental stages, from larva to adult. Vector-borne
diseases—including viral ones transmitted by
blood-feeding insects—require continuous mon-
itoring, preventive measures, and control efforts
to protect cattle from blood-feeding parasites in
both housing and pasture environments, thereby
preserving herd productivity.

Nevertheless, the role of blood-feeding in-
sects in the transmission of viral infections such
as BLV requires further research, as the data re-
main contradictory or preliminary. The question
of whether ixodid ticks can transmit the bovine
leukemia virus from infected to susceptible ani-
mals remains a subject of debate.
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MoJsiouHasi MPOAYKTUBHOCTH U BOCIIPOM3BOANTE/IbHbIE KAUeCTBA KOPOB
CUMMEHTAJIbCKOM MOPOAbI ¢ pasHbiMu renorunamu CSN3, BLG, SCD1,
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[IpencraBneHsl pe3yabTaThl UCCAEIOBAaHUM MO BBIABICHHUIO aCCOLMATUBHBIX CBsi3el reHoB CSN3,
BLG,SCD1, PITI c MONOYHOM MTPOAYKTUBHOCTHIO M BOCIIPOM3BOIUTEILHBIMU Kau€CTBAMHU KOPOB CUM-
MEHTAIbCKOW Topoabl. MosodHasi MpOAYKTUBHOCTD M3Y4YeHAa 110 TPEM U CTapIle JAKTalusM B CTajie
KopoB Aunraiickoro kpas (n = 86). [lokazano nmonoxkurensHoe Bnusane renotuna CSN344 n CSN3AB
Ha yZIOi, cofep)KaHhe MOJIOYHOTO KUpa U Oeika. MakcuMaslbHbIE Pa3Iuyuus B CPABHEHUU C T€HOTU-
oM CSN3BB nocturanu no yaoro 1971,2 xr, MoouHoMy xupy — 84, MonodHoMy Oenky — 63,6 kr
(Bropas nakranus). OnpeseneHsl xenaTeabHble BapuanTel reHa BLG. KopoBsl ¢ renotunom BLGAA
MIPEBOCXO/IMIIN CBEPCTHHII C aJIbTePHATUBHBIMUA T€HOTHUIIAMH T10 Y010 B 3aBUCHMOCTH OT JIAKTaLlUU
Ha 1132,2-1209,7 xr. KopoBs ¢ renotunamu BLGAA u BLGAB umenn 6051ee BEICOKOE COIEpIKaHme
MOJIOYHOTO XHupa 1 Oenka Ha 42,8-53,4 u 36,4-39,0 kT, 9eM KUBOTHBIC ¢ TeHOTUTIOM BLGBB, cOoOoT-
BeTcTBeHHO. [lo reny SCDJ no TpeTbel JIakTalluu U crapuie KopoBbl ¢ reHotunoM SCDITT umenu
MIPEUMYIIECTBO HAJl CBEPCTHUIIAMH C aJbTEPHATUBHBIMHI I€HOTHIIAMHU 10 yao10 Ha 1271,9—-1349,7 xr,
MaccoBoii ione xkupa Ha 0,03 u 0,04%, monounoro xupa Ha 54,9-58,5 kr, MmonouHoro Oenka Ha 41,0—
43,6 xr. [Ipu aHanu3e accOIMaTUBHBIX CBSA3€H I'€HOTUIIOB TeHa Pit/ MoKa3aHo, YTO IO BTOPOH U Tpe-
ThEH JTAKTAIUSIM JTYUIIHM ObLT TOMO3UTOTHBIN BapuaHT 3Toro reHa Pit/AA. IIpeBocxoncTBo ynos Hax
reHoTHnoMm Pit/AB 6w110 Ha ypoBHE 2451,8 KT, MaccoBoii moine xupa Ha 0,06%, MOIIOYHOTO XHpa Ha
106,7 xr, moiouHoro Oenka Ha 79,2 xr. CyXOCTOWHBIH U CEPBHUC-TIEPUO]] Y KOPOB CHMMEHTAIIbCKON
MOPOABI aHATTM3UPYEMOT'0 CTaJa COOTBETCTBOBAIM (PU3HOJIOTHIECKAM HOPMaM: CyXOCTOMHBIN PO
coctanist 57,7-61,3 aHs, cepBUC-TIEPUO MEXTY JTaKTalusiMu — 73,8—124,6 nus.

KiroueBble cjioBa: reH, TeHOTHIT, CHMMEHTAJIBCKAS TTOPOJIa, JIAKTAIIHS, YO, XKHP, OSIIOK

Milk productivity and reproductive traits of the Simmental cows with
different genotypes of CSN3, BLG, SCD1, PITI genes

Avadani D.A.12, ) Goncharenko G.M.!, Khoroshilova T.S.!, Khalina O.L.!

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

2Siberian State University of Engineering and Biotechnology

Novosibirsk, Russia

(<) e-mail: gal.goncharenko@mail.ru

The results of the studies aimed at identifying associations between the CSN3, BLG, SCD1, and
PIT1 genes and milk productivity and reproductive performance in the Simmental cows are presented.
Milk productivity was studied for the third and older lactations in the herd of cows in the Altai Krai
(n=86). A positive effect of the CSN344 and CSN3A4B genotypes on milk yield, milk fat and milk
protein content was demonstrated. Maximum differences compared to the CSN3BB genotype were
1971.2 kg in milk yield, 84 kg in milk fat, and 63.6 kg in milk protein (second lactation). Desirable
variants of the BLG gene were identified. Cows with the BLGAA genotype outperformed their peers
with alternative genotypes in milk yield by 1132.2 kg to 1209.7 kg, depending on the lactation. Cows
with the BLGAA and BLGAB genotypes had higher milk fat and protein content by 42.8-53.4 kg and
36.4-36.9 kg, respectively, than animals with the BLGBB genotype. According to the SCDI gene, in
the third lactation and later, cows with the SCDITT genotype had an advantage over their peers with
alternative genotypes in milk yield by 1271.9-1349.7 kg, fat mass fraction by 0.03 and 0.04%, milk fat
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by 54,9-58,5 kg, and milk protein by 41.0-43.6 kg. Analysis of the associations between the Pit/ gene

genotypes revealed that the homozygous Pit/4A variant of this gene was superior in the second and

third lactations. The superiority of milk yield over the Pit/4B genotype was at the level of 2451.8 kg,

fat content by 0.06%, milk fat by 106.7 kg, milk protein by 79.2 kg. The dry stage and service stage

between lactations in the Simmental cows in the analyzed herd correspond to physiological norms: the

dry stage was 57.7-61.3 days, and the service stage between lactations was 73.8-124.6 days.
Keywords: gene, genotype, Simmental breed, lactation, milk yield, fat, protein

Jns wurapoBanusi: Aeadanu J[.A., Tonuapenrxo I'M., Xopowwunoséa T.C., Xaruna O.JI. Mono4yHas TpPOTYKTUBHOCTh H
BOCITIPOM3BOANTENBHBIC KaueCTBa KOPOB CHMMEHTAJIBCKOW TOPOIBI ¢ pasHbIMHU reHotunamu CSN3, BLG, SCDI, PITI teHoB //
Cubupckuii BECTHUK cellbekoxossiiicTBenHo# Hayku. 2026. T. 56. Ne 4. C. 97-106. https://doi.org/10.26898/0370-8799-2026-4-11

For citation: Avadani D.A., Goncharenko G.M., Khoroshilova T.S., Khalina O.L. Milk productivity and reproductive traits of
the Simmental cows with different genotypes of CSN3, BLG, SCD1, PIT1 genes. Sibirskii vestnik sel skokhoozyaistvennoi nauki =
Siberian Herald of Agricultural Science, 2026, vol. 56, no. 4, pp. 97-106. https://doi.org/10.26898/0370-8799-2026-4-11

Kondguaukr nurepecon

ABTODBI 3asBJIAIOT 00 OTCYTCTBUU KOH(INKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

BuarogapHocts

HccnenoBanus BEITIOTHEHBI B paMKaxX TOCYAapCcTBEHHOTO 3aaHus o TeMe FNUU-2024-0009.

Acknowledgments

The research was conducted within the framework of the State Assignment on the theme FNUU-2024-0009.

INTRODUCTION

The Simmental breed population, despite
high-quality milk indicators, especially its pro-
tein content, decreased by 6.88% compared to
2010. However, milk yield increased by 2,298
kg and reached an average of 6,089 kg in Rus-
sia in 2024, with fat content of 4.0% and protein
of 3.27%'. The preservation of a breed depends
on increasing its productivity, improving repro-
ductive traits, and resistance to various diseas-
es. Along with traditional methods of selecting
animals for these traits, using DNA markers is
a more effective way to quickly achieve the de-
sired result. For this purpose, this study used the
most significant genes CSN3, BLG, SCD1, PIT1,
whose expression is associated with milk pro-
ductivity and reproductive abilities.

In dairy cattle farming, the CSN3 gene has
not lost its value and informativeness. As numer-
ous studies have shown, it is associated with the

technological properties of milk, especially its
suitability for cheese-making [1, 2]. At the same
time, studies have noted the priority of certain
genotypes of this gene for milk yield and fat con-
tent, but the data are contradictory [3—6]. Whey
protein BLG affects milk yield, fat, and protein
content in cows of different breeds, but the con-
clusions aren't always clear-cut [5-8]. Lately,
when looking for gene markers, the SCD1 gene
has been getting attention, as it's involved in
regulating saturated and unsaturated fatty acids.
Because of this, it can be considered a potential
marker for the quality of milk. However, there
is information about this gene affecting other
important breeding traits as well. According to
reports> 3 [9, 10], his genotypes are linked to
milk yield, fat and protein content, as well as the
reproductive traits of cows and heifers [11]. The
Pit] gene (pituitary-specific transcription factor)

Yearbook on breeding work in dairy cattle farming in the Russian Federation. Moscow: VNIIplem, 2024, 274 p.

2Yulmetyeva Yu.R., Safina N.Yu., Sharafutdinov G.S., Shakirov Sh.K. Polymorphism of the stearyl-CoA desaturase gene (SCD1)
for loci of quantitative traits of milk productivity // Agricultural Scientific Journal, 2018, N 11, pp. 43—45. DOI: 10.28983/as;.

v0ill.416.

3Pozovnikova M.V., Serdyuk G.N., Tulinova O.V, Terletsky V.P, Dementyeva N.V., Mitrofanova O.V. Association of stearoyl-
CoA desaturase (SCD1) gene polymorphic variants with economically important traits in the Russian Ayrshire cattle population //
Agricultural Biology, 2017, vol. 52, N 6, pp. 1139-1147. DOI: 10.15389/agrobiology.2017.6.1139rus.
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CHUMMEHTaJIbCKOW 1Opojibl ¢ pasHbiMu reHotunamu CSN3, BLG, SCD1,
PIT] renos

Asananu JI.A., Tonuapenxo I'M., Xopoumosa T.C., Xanuna O.JI.

is a marker of the quality composition of milk
and meat productivity*.

The goal of the work is to determine the influ-
ence of CSN3, BLG, SCD1, PITI genotypes on
the milk productivity of the Simmental cows and
their reproductive abilities.

MATERIAL AND METHODS

Molecular-genetic research on SNP mark-
ers was carried out in the biotechnology lab of
the Siberian Research and Design and Techno-
logical Institute of Animal Husbandry of the
SFSCA RAS. The study focused on Simmental
cows from a herd in the Altai Territory (n = 109).
Genomic DNA was extracted from the animals'
blood using the clinical material extraction kit
“Ampli Prime DNA-Sorb-V” according to
the instructions from the manufacturer, OOO
“NextBio” (Moscow). PCR-PDRF reactions
were carried out in a programmable amplifier
DRAWELL NC 1000-S. The quality and con-
centration of the extracted DNA, as well as the
identification of genotypes, were evaluated on
an agarose gel using the E-Box-CX5 TS-20.M
gel documentation system under UV light with
ethidium bromide fluorescence.

Polymorphism of the CSN3 and BLG genes
was determined using the method described in
the recommendations of the All-Russian Re-
search Institute of Animal Breeding’. The gen-
otypes of the SCDI gene were determined ac-
cording to protocol [11]. The genotypes of the
Pitl genes were identified following the method
(see footnote 4). The obtained gene amplifica-
tion products were treated with the restriction
endonucleases Hind III, EcolCRI, Nae III, Rsal
(SibENZYM, Novosibirsk) according to the
manufacturer's instructions.

The milk productivity of cows was evaluat-
ed over 305 days of lactation separately for the
first, second, third, and subsequent lactations

based on livestock records. When assessing the
reproductive performance of cows, factors like
the length of the dry period and service period
were taken into account.

The statistical processing of the collected
data was carried out using Microsoft Excel and
generally accepted biometric methods in animal
husbandry.

RESULTS AND DISCUSSION

The associative links of genetic markers with
productive traits have some features related to
breed and previous selection. Because of this,
our research focused on identifying them in a
herd of Simmentals, formed using German and
Austrian breeding material. The CSN3 gene,
which is significant for protein content and
cheese-making quality, is especially important
for the Simmental breed. In the first lactation,
we did not identify any priority genotypes for
any of the traits considered (see Table 1).

Inthe second lactation, cows with the CSN3BB
genotype produced 1,521.6 and 1,971.2 kg less
milk compared to CSN344 and CSN3AB cows,
respectively (p < 0,001). The pattern was con-
firmed for the third lactation and older. Cows
with the CSN34A4 and CSN3AB genotypes had
milk yields 1936.8 and 1387.3 kg higher com-
pared to the CSN3BB genotype (p < 0,001, p <
0,01).

There were no significant differences in the
overall fat content between these genotypes, but
when it came to milk fat in the second and third
lactations, the differences reached the threshold
of significance. Milk fat content in cows with
CSN3A4A and CSN3A4B genotypes was higher by
64.1 and 84 kg (second lactation), 83.5 and 60.5
kg (third lactation and beyond) compared to
cows with the CSN3BB genotype (p < 0,001). A
similar situation was observed with protein. The
protein percentage in the herd didn't vary, but in

*Drozdov E.V., Zayakin V.V, Nam I.Ya. Allelic polymorphism of the PIT-1 gene in cattle herds of the Bryansk region and its
association with milk production // Izvestia of Samara Scientific Center of the Russian Academy of Sciences, 2011, vol. 13, N 5-3,

pp. 235-240.

SKalashnikova L.A., Khabibrakhmanova A. Ya., Pavlova I. Yu., Ganchenkova T.B., Dunin N.M., Pridanovich I.E. Recommendations

on the genomic evaluation of cattle / Lesnye Polyany, 2015, 33 p.
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terms of total amount, the heterozygous and ho-
mozygous CSN344 genotypes were in the lead.
Cows with these genotypes had higher totals in
their second lactation by 49.2 and 63.6 kg, re-
spectively (p <0,001). By the third lactation, the
differences between them were 62.5 and 44.7 kg,
respectively (p < 0,001, p <0,01).

Similar conclusions were reached in studies
[12] on cows of several groups: purebred local
and Austrian Simmentals, as well as those im-
proved with the Holstein breed. Jersey cows
with the CSN3BB genotype stand out for their
higher protein-milk content (3.93%), while het-
erozygous cows have the highest milk yield [5].
In a comparative analysis of several breeds,
no clear results were obtained, but an increase

Tao6a. 1. [IpogyKTHBHOCTE KOPOB CHUMMEHTAJIb-
cKkoif mopoasl 3a 305 nHel JaKTaluu B 3aBUCUMOCTH
OT HOCHUTENbCTBA TeHoTnna 1no reny CSN3

Table 1. Productivity of Simmental cows over
305 days of lactation depending on the genotype
carrier status for the CSN3 gene

in milk yield in Holstein cows was influenced
by the CSN34A genotype, while in Simmental
cows, the CSN3BB genotype had a positive ef-
fect on milk fat content [13].

When analyzing the associative link of BLG
gene genotypes, it was also found that cows with
the BLGAA genotype had higher milk yield, total
fat, and protein content in both the first and third
lactations (see Table 2). In the first lactation,
cows with the BLGAA genotype outperformed
BLGBB animals by 1,132.2 kg (p < 0,01). Het-
erozygous cows for this gene also outperformed
the homozygous ones for the BLGB allele by
1054.4 kg (p <0,05). The fat and protein content
in cows with different genotypes didn't show any
significant differences, but the amount of milk

Taobua. 2. IIponyKTUBHOCTb KOPOB CUMMEHTAJIb-
ckoit mopozsl 3a 305 AHEH naKkTauuy B 3aBUCUMOCTH
OT HOCUTEJIBbCTBA F€HOTHUIIA 10 reHy BLG

Table 2. Productivity of cows over 305 days of
lactation depending on the genotype carrier status
for the BLG gene

Genotype
Indicator . Genotype
CSN344 CSN3AB CSN3BB Indicator BLGAA | BLGAB BLGBB
First lactation First lactation
n 36 41 9 n 34 42 10
Yield, kg |6558,5+194,5|6819,0+ 183,1 |6480,8 +623,0  Yield, kg | 6844241728 | 67664+ 1974 | 5712,0+484,0
Fat, % 4,17 +0,01 4,16+ 0,01 4,17 +0,02 Fat, % 4,18 £0,01 4,16 +0,01 4,19+ 0,04
Fat, kg 273,7+8,1 | 283,9+7,57 | 270,6 + 26,6 Fat, kg 2858+72 | 281,5+83 | 238,7+19,3
Protein, % | 3,22+0,00 | 3,22+0,00 | 320+0,02  Protein, %| 3,22+£0,00 | 3,22+0,00 | 321+0,02
Protein, kg| 211,4+6,3 222,0+£5,6 | 208,2+20,4 Protein, kg | 220,6 +5,6 220,1 £6,1 183,7+ 15,7
Second lactation Second lactation
n 25 24 5 n 19 25 10
Yield, kg |7007,0 +208,0|7456,6 + 303,8|5485,4 + 339,1 Yield, kg | 7460,5+359,7 | 6908,5+220,8 | 6709,8+436,0
Fat, % 4,13+0,01 4,14+ 0,01 4,11 £0,02 Fat, % 4,14+0,01 4,13 +0,01 4,12+0,02
Fat, kg 289,6 8,7 | 309,5+12,8 | 225,5+15,1  Fat kg 3095+ 15,1 | 2857+93 | 2772+18,8
Protein, % | 3,22 +0,00 | 3,22+0,00 | 3,22 +0,00 Protein, % | 3,22 +0,00 3,22 +0,00 3,22+ 0,00
Protein, kg| 225,8+6,7 | 2402+98 | 176,6+11,0  Protein, kg| 2404+ 11,6 | 2225+72 | 2162+ 14,1
Third lactation and older Third lactation and older

n 32 29 15 n 15 38 23
Yield, kg [8313,3 £255,3|7763,8 £391,2(6376,5+260,9  Yield, kg | 8453,1+400,6 | 7721,9+3074 | 72434 +349,5
Fat, % 4,16 £0,01 4,16+ 0,01 4,12+0,02 Fat, % 4,17 +0,01 4,16+ 0,01 4,13 +0,02
Fat, kg 3464109 | 323,44+ 16,6 | 262,9+11,1  Fat kg 353,04 16,9 | 321,6+ 12,9 | 299.6+ 152
Protein, % | 3,22 +0,00 | 3,22+0,00 | 3,22 +0,00 Protein, % | 3,22 +0,00 3,22 +0,00 3,22 +0,00
Protein, kg| 268,0+8,2 | 250,2+ 12,6 | 205,5+8,4 Protein, kg | 272,5+12,9 | 2489+99 | 233,5+11,3
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fat and protein varied by 42.8-47.1 and 36.4—
36.9 kg in favor of the BLGAA and BLGAB gen-
otypes, respectively (p < 0,05).

In the third lactation, differences in milk yield,
total fat, and protein content were found only be-
tween the BLGAA and BLGBB genotypes. Cows
with the BLGAA genotype outperformed those
with the BLGBB genotype by 1,209.7 kg in milk
yield, 53.4 kg in milk fat, and 39.0 kg in milk
protein (p < 0,05).

Comparison with the literature data showed
some contradictions. According to [5], higher
milk yield in Jersey cows was noted in animals
with the heterozygous BLGAB genotype, while
the lowest was in those with the BLGBB gen-
otype. Cows with the BLGBB genotype were
characterized by high milk fat, whereas the high-
est protein content was in cows with the BLGAB
genotype. The same dependence has been found
in the Holstein breed. Higher levels of fat, pro-
tein, SOMO, and dry matter were observed in
Holstein cows with the BLGAB genotype [14].
It's worth noting that study [15] didn't find any
significant differences between BLG gene gen-
otypes in the milk quality of Black-and-White
COWS.

The SCDI gene, which is linked to choles-
terol levels in cow blood, had a weak effect on
milk production and milk quality during the first
and second lactations, except for the fat content.
Higher levels were noted in cows with the SC-
DITT genotype —4.15%, which is 0.03% higher
than in cows with the SCDICC genotype (p <
0.05) (see Table 3). It should be noted that in the
third lactation and beyond, cows with the SC-
DITT genotype outperformed their peers with
other genotypes in milk yield by 1271.9-1349.7
kg (p < 0.05), fat content by 0.03 and 0.04% (p
<0.05), milk fat by 54.9-58.5 kg (» <0.01), and
milk protein by 41.0-43.6 kg (p < 0,05).

The association between SCDI gene gen-
otypes and milk production and quality hasn’t
been studied as much as protein metabolism
genes, probably because they have a weaker ef-
fect on these traits. However, it has been found

Tabua. 3. [IpogyKTHBHOCTh KOPOB CUMMEHTAb-
ckoif mopozs 3a 305 AHEH nakTaluy B 3aBUCUMOCTH
OT HOCHUTEJBLCTBA FeHOTHIIa 0 Teny SCD/

Table 3. Productivity of cows over 305 days of
lactation depending on the genotype carrier status
for the SCD1 gene

Indicator Cenofype
SCDICC SCDITC SCDITT
First lactation
n 26 42 18
Yield, kg | 6531,5+2294 | 6690,1+£216,7 | 6844,9+229,6
Fat, % 4,17+0,01 4,17+0,01 4,17+0,01
Fat, kg 272,4+9,7 278,689 285,7+9,7
Protein, % | 3,22+0,00 3,22+£0,00 3,22+0,00
Protein, kg | 213,7+6,9 215,5+7,0 220,6 +£7,4
Second lactation
n 16 27 11
Yield, kg | 7213,1+£339.3 | 6853,7+£250,6 | 7372,8+438,5
Fat, % 4,12+0,01 4,14+ 0,01 4,15+0,01
Fat, kg 298,0+£14,5 | 283,6+104 | 306,5+ 18,8
Protein, % | 3,2240,00 3,22+0,00 3,22+0,00
Protein, kg | 2322+11,0 | 220,8+8,1 | 237,6+14,1
Third lactation and older
n 25 36 15
Yield, kg | 7507,2+355,7 | 7429,4+280,2 | 8779,1+467,1
Fat, % 4,15+0,01 4,14+0,01 4,18 +0,01
Fat, kg 312,0£149 | 3084+12,1 | 366,9+19,6
Protein, % | 3,2240,00 3,22+0,00 3,22+0,00
Protein, kg | 242,0+11,5 2394+9,0 | 283,0+15,0

that the C alleles of the SCD/ gene have a big-
ger impact on milk fat and fatty acid content.
Holsteinized Black-and-White cows with the
CT and CC genotypes of the SCDI gene outper-
formed those with the 77 genotype [16].

When analyzing the associative links of the
Pit] gene with major economically valuable
traits, the results for lactations were mixed (see
Table 4). In the first lactation, higher milk yield
was observed in cows with the Pit/ BB genotype
— 6,931.9 kg, which is 716.8 kg more than in
first-calf heifers with the Pit/AB genotype (p <
0,05). The milk fat content was also higher in
these animals by 30.2 kg (p < 0.05). In addition,
first-time heifers with the Pit/BB genotype had
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Taoa. 4. IIponyKTUBHOCTb KOPOB CUMMEHTAJIb-
ckoif mopozs 3a 305 AHeH nakTaluuy B 3aBUCUMOCTH
OT HOCUTEJIBCTBA TEHOTHUIIA 110 Teny Pitl

Table 4. Productivity of Simmental cows over
305 days of lactation depending on the genotype
carrier status for the Pit/ gene

Indicator Genotype
Pitl1AA PitlAB PitIBB
First lactation
n 5 31 50
Yield, kg [6949,8+334,5(6215,1+231,26931,9+169,1
Fat, % 4,18+0,02 | 4,16+0,01 | 4,17+0,01
Fat, kg 290,6 + 14,5 | 258,8+9,6 | 289,0+7,0
Protein, % | 3,22+0,00 | 3,22+0,00 | 3,22+0,00
Protein, kg | 223,9+ 10,8 | 202,4+7,4 | 2234+54
Second lactation
n 4 22 28
Yield, kg |7795,0 +443,1{6735,5 £256,3|7221,4 +275,9
Fat, % 4,18+0,02 | 4,12+0,01 | 4,14+0,01
Fat, kg 325,8+19,4 | 277,9+10,8 | 2992+ 11,6
Protein, % | 3,22+0,00 | 3,22+0,00 | 3,2+0,00
Protein, kg | 251,2 + 14,4 | 216,9+8,3 | 232,7+89
Third lactation and older
n 5 45 26
Yield, kg {9694,4 + 642,0(7242,6 + 236,3|8170,6 £367,5
Fat, % 4,20+0,01 | 4,14+0,01 | 4,18+0,00
Fat, kg 406,7 £ 26,3 | 300,0 £ 10,1 | 341,3+15,4
Protein, % | 3,23 +£0,00 | 3,22+£0,00 | 3,22+0,00
Protein, kg | 312,6 £ 20,6 | 233,4+7,6 | 2634+ 11,8

a higher milk protein content by 21.0 kg com-
pared to their peers with the Pit/AB genotype (p
<0,05).

In the second and third lactations, the homo-
zygous variant of the Pit/A4 gene became the
priority genotype, outperforming the heterozy-
gous PitlAB genotype in milk yield by 1,059.5
kg (p < 0.05). The superiority over heterozy-
gotes of this gene was also noted in fat content
by 0.06%, milk fat by 47.9 kg, and milk protein
by 34.3 kg (p < 0,05).

In the third lactation, the established pattern
persisted. Cows with the Pit/AA genotype had

higher values for all the traits considered com-
pared to the Pit/AB heterozygotes. For exam-
ple, milk yield was higher by 2,451.8 kg, fat
content by 0.06%, milk fat by 106.7 kg, protein
content by 0.01%, and milk protein by 79.2 kg
(p <0,001). It was also found that cows with the
Pit1 BB genotype exceeded those with Pit/AB in
these indicators: by 928.0 kg in milk yield, by
41.3 kg in milk fat content, and by 30 kg in milk
protein (p < 0,05).

Similar results were obtained in Jersey cows.
Higher milk yield and fat content were found
in cows with the Pit/4A4 genotype, but for pro-
tein content and milk protein, the Pit/AB gen-
otype was the most favorable [17]. Research®
conducted on the Black-and-White breed in the
Stavropol region also supports the priority of the
Pit1AA and PitlAB genotypes.

Our study found the influence of certain gen-
otypes on the reproductive traits of Simmental
cows (see Table 5). For instance, a shorter dry
period (45 days) was observed in cows after their
first lactation with the CSN3BB genotype, which
is 13.8-14.7 days shorter than in animals with
other genotypes (p < 0,05). The shortest service
period was also noted in cows with the CSN3BB
genotype, while, on the contrary, the longer ser-
vice period was in heterozygotes — 124.6 days.
The 43-day difference reaches the threshold of
significance (p < 0,05).

Cows with the BLGAB genotype had the lon-
gest service period after their first lactation —
107.2 days, which is 32.2 days longer than cows
with the BLGBB genotype (p < 0.01). Variation
in the dry period was noted among cows with
different Pit! genotypes. A shorter dry period
was observed in cows with the Pit/ BB genotype
— 60.5 days compared to 67.6 days in cows with
the PitlAA genotype (p < 0,05). At the same
time, the service period for the third lactation
and older was shortest in cows with the Pit/A4A
genotype — 73.8 days, while for Pit/BB it was
around 116 days, and a bit less — 101.8 days — for

*Mikhailenko T'N., Selionova M.1., Surzhikova E.S. Milk productivity of Black-and-White cows with different genotypes at the
PIT-1 and PRL gene loci // News of Science in the Agro-Industrial Complex, 2018, N 2, pp. 190-194. DOI: 10.25930/e31p-8q49.

102 Siberian Herald of Agricultural Science * 2026 * 56 « 4

Zootechnics and veterinary medicine



Moro4Hast IPOYKTUBHOCT M BOCIIPOU3BOIUTENBHBIE Ka4eCTBA KOPOB
CHUMMEHTaJIbCKOW 1Opojibl ¢ pasHbiMu reHotunamu CSN3, BLG, SCD1,
PIT] renos

Asananu JI.A., Tonuapenxo I'M., Xopoumosa T.C., Xanuna O.JI.

Taba. 5. BocnpousBoguTenbHbIE Kaue€CTBa KOPOB B 3aBUCUMOCTH OT reHotunoB reHoB CSN3, BLG, LEP,

ORL, SCD1, Pitl

Table 5. Reproductive traits of cows depending on the genotypes of the CSN3, BLG, LEP, ORL, SCD1,

Pitl genes
Dry period, days | Service period, days
Genotype Lactation
Second Third and older First Second Third and older

CSN344 59,7+23 60,6 £ 1,4 929+74 102,8 £ 12,1 99,7+9,7
CSN3AB 58,8 £1,0 63,1£1,2 107,0 £ 8,9 103,4+ 9.8 124,6 £ 14,5
CSN3BB 45,0+ 6,9 64,7+1,9 88,9+ 14,3 88,2 +21,5 81,6 £10,7
BLGAA 58,6 2,1 62,0£1,7 96,6 + 8,1 103,3+12,3 113,4+ 18,9
BLGAB 58,3+1,5 62,8 +1,1 107,2 £ 8,7 95,6 £ 10,5 102,2+7,6
BLGBB 57,7+5,3 61,5+2,1 75,0 £8,0 115,9+ 19,6 104,4+ 15,9
Schicc 61,3+2,8 61,8+1,4 88,3 +£8,2 109,6 + 15,5 92,7+9,1
SCDICT 57,8+ 1,6 61,8+1,4 103,1 £ 8,0 100,8 £ 10,5 119,0 £ 12,3
SCDITT 55,6 £2,5 64,2 £ 1,7 104,0 13,5 93,5+12,7 88,7+ 10,6
PitlAA 57,8+ 1,3 67,6 £3,1 119,6 + 25,6 108,5 +29,3 73,8 £8,6
PitIAB 59,2+2,8 629+14 89,0 + 8,6 109,0 £13,1 101,8 £9.4
PitiBB 57,8+ 1,27 60,5+ 0,9 103,1+7,2 96,6 £9,4 116,0 £ 13,1

heterozygotes of this gene. The difference was
28.0-42.2 days (p < 0,05, p <0,01).

Comparing our results with the literature
shows that they are contradictory. For instance,
researchers considered the Pit/AB genotype of
the Pitl gene to be the desirable one, as cows of
the Holstein breed with this genotype have the
shortest calving interval and dry periods com-
pared to the alternative genotypes [18].

CONCLUSIONS

1. In the Simmental herd, for each of the stud-
ied genes CSN3, BLG, SCDI, and Pitl, geno-
types were identified that have a positive effect
on milk productivity, the quality composition of
milk, and some reproductive performance in-
dicators. Cows with the genotypes CSN3AA,
CSN3AB, BLGAA, BLGAB, SCDITT, PitlAA
showed higher milk yields, with differences be-
tween individual lactations for alternative gen-
otypes reaching 2,451.8 kg. The highest milk
yield was observed in full-grown cows (third
lactation and older), among which the top per-
formers were animals with the genotypes CS-
N3A4A — 8,313.3 kg, BLGAA — 8,453.1 kg, SC-

DITT - 8,779.1 kg, and PitlAA — 9,694.4 kg.
The obtained data can be used when selecting
animals for the breeding group.

2. The variability in the fat content of milk
is small: 4.12-4.20%. The highest levels were
observed in cows with the BLGBB and SC-
DITT genotypes — 4.19% and Pit1AA — 4.20%.
There’s also low variability in protein content
in milk among cows with different genotypes —
3,20-3,22%.

3. The dry period and service period in the
Simmental cows of the analyzed herd corre-
sponded to physiological norms. Cows with
lower milk production had the shortest dry pe-
riod — 45 days — and the service period between
lactations 81,6— 88,9 days (CSN3BB). More
productive cows had longer rest periods — from
107.2 (BLGBB) to 119.6 days (Pit1AA).
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AHTUMHKPOOHAS Pe3UCTEHTHOCTh M YYBCTBUTEJIbHOCTD
K 0akTrepuodaram mramMmMoB 3o0onaroreHubix Moraxella spp.,
Bble/IeHHBIX B LleHTpaabHoM pernone Poccun

Mumenos H.B., byamakosa H.A., <) 3yabkapueeB J.P.

Mockoeéckas eocyoapcmeennas akaoemus 6emepuHapHol MeOUYUHbl U OUOMEXHOL02UU —
MBA um. K.U. Ckpabuna

Mocksa, Poccus

<)e-mail: Elzz89@mail.ru

WH}eKunoHHbIH KePaTOKOHBIOHKTUBUT KPYITHOTO POTaTOTO CKOTA, BBI3BIBAEMBIN ITPEUMYIIIECTBEH-
HO 6aktepusimu pona Moraxella spp., TPENCTaBISIET CEPHE3HYIO0 YKOHOMHUYECKYIO ITPOOJIEMY B YKHBOT-
HOBOJCTBE. [ T06aTBHOM YTPpOo30ii SBISIETCS pOCT aHTUMHUKPOOHOM PE3NCTEHTHOCTH BO3OYIUTENICH, UTO
camxaet 3¢ pexruBHOCTH Tepanuu. B Poccuiickoii @enepanun qanHbe 0 TPoQMISLX PE3UCTEHTHOCTH
Moraxella spp. orpaHMYeHBI, YTO 3aTPyAHSET pa3pabOTKy aleKBaTHBIX MPOTOKOJIOB jeueHus. Llens
HCCIIeJOBAHMS — OXapaKTepH30BaTh PO aHTUMUKPOOHOH PE3UCTEHTHOCTH U OLIEHUTH YyBCTBU-
TENBHOCTH K OakTeprodaraM KIMHUYECKUX MTaMMOB Moraxella spp., BBIIEIECHHBIX OT KPYITHOTO PO-
raTtoro CKoTa ¢ NMpu3HaKaMu MHQEKIIMOHHOTO KepPaTOKOHBIOHKTHBUTA B LleHTpansHOM peruoHe Poc-
cun. B mepron ¢ anpenst mo wrons 2025 T B X03sicTBax MOCKOBCKO# 1 BimamuMupckoit oomacTeit Ob110
0T0OpaHo 35 NpoO KOHBIOHKTUBAIBLHBIX CMBIBOB OT 26 )KHBOTHBIX € KIIMHUYECKUMHU MPOSIBICHUAMHU 3a-
OoneBanusi. Beinenenue Kynsryp npooauian Ha 10%-m kpoBsHOM arape. aeHTH(UKaINIO H30IATOB
OCYIIECTBIISIIM HA OCHOBAHWH KYJBTYPaIbHO-MOP(OIOTHYECKUX CBOWCTB, OMOXMMHYECKUX TECTOB
(oxcupaasa, karanasa) U Macc-ceKTpoMeTpur. YyBCTBUTENBHOCTD K 11 aHTUMHUKPOOHBIM TpernapaTam
OTIPEACISLTH JUCKO-TUPPY3HOHHBIM METOIOM. JINTHUECKYI0 aKTHBHOCTB YETHIPEX IITAMMOB OaKTEPHO-
(haroB OIICHWBAIN METOJOM CITOT-TeCTa. V3 MCClIleoBaHHBIX MTPOO OBLIO BHIACIICHO W WACHTH(UIIH-
poBaHo n1Ba m3oisita — M. bovis u M. bovoculi. O6a mtamMmma poAeMOHCTPUPOBaH (PEHOTHUTT MHOXKE-
CTBEHHOM JIEKapCTBEHHOH YCTOMYMBOCTH, POSBUB MOJIHYIO PE3UCTEHTHOCTS K -TakTamam (IeHULHII-
JIVH, aMITUIMIIINH, KIOKCAUWUINH, 1e(anoTHH), TeTPAUKINHAM (TETPAMKINH, OKCUTETPALIUKIINH),
cynbhanuiamuiam (Cyiabhaanasnt) 1 Makposuaam (3purpomuiiut). CoXpaHuIach 4yBCTBUTEILHOCTh
K (TopxuHOIOHAM (IUMPOGIIOKCAIIMH) U aMUHOTITUKO3MIaM (KaHAMHIIMH, TeHTaMHIH). B oTHOIIE-
HuM mrtamma M. bovis THTHYECKY0 aKTUBHOCTD IPOSBIIIM TPHU U3 YETHIPEX HCCIIEIOBAaHHBIX OakTe-
puodaros (vB_Mboc M3; vB Mbo W17; vB Mbo R2), mramm M. bovoculi Obin qyBCcTBUTENICH
K 1ByM (aram (vB_Mboc M3; vB Mbo W17). Pe3synbrarsl nuccieqoBaHus yKa3blBaOT HA UPKYIIsi-
uuto B LlentpanbHoii Poccnu mrammos Moraxella spp. ¢ MHOXXECTBEHHOH JIEKapCTBEHHOH yCTOHYUBO-
CTBIO K aHTHOMOTHKAM TIEPBOH JIMHUH, YTO MOXKET SIBIATHCS MPHYUHON HEd(H(HEKTHUBHOCTH CTaHAAPT-
HOU sMIpHuecKoi Teparuu. [IposiBieHnast in vitro 3pQEeKTUBHOCTD crienuduyeckux dakrepuodaros
B OTHOILCHUU MYJIBTHPE3UCTEHTHBIX U30JITOB CBUICTEILCTBYET O MIOTEHIHANE (ParoTepanun Kak ajib-
TEpHATUBHOM CTpaTeruu JJisi KOHTPOJISI JAHHOTO 3a00JI€BaHMUSI.

KiroueBble cioBa: HMH()EKUMOHHBIH KEPAaTOKOHBIOHKTHBHT, AHTHOMOTHKOPE3HUCTEHTHOCTD,
Moraxella bovis, Moraxella bovoculi, parorepanus

Antimicrobial resistance and sensitivity to bacteriophages
of zoopathogenic Moraxella spp. strains isolated
in the Central region of Russia

Pimenov N.V., Buzmakova N.A., <)Zulkarneev E.R.

Moscow State Academy of Veterinary Medicine and Biotechnology —
MVA named after K.1. Skryabin

Moscow, Russia

)e-mail: Elzz89@mail.ru

Infectious keratoconjunctivitis in cattle, primarily caused by the bacteria from the genus Mo-
raxella spp., poses a significant economic challenge in the field of animal husbandry. A glo-
bal threat is the growth of antimicrobial resistance in pathogens, which reduces the effectiveness of
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Antimicrobial resistance and sensitivity to bacteriophages
of zoopathogenic Moraxella spp. strains isolated
in the Central region of Russia

Pimenov N.V., Buzmakova N.A., Zulkarneev E.R.

therapy. In the Russian Federation, data concerning the resistance profiles of Moraxella species are
limited, which hinders the development of adequate treatment protocols. The objective of the study
was to characterize the antimicrobial resistance profiles and evaluate the sensitivity to bacteriophages
of the clinical strains of Moraxella spp. isolated from cattle with signs of infectious keratoconjuncti-
vitis in the Central region of Russia. From April to July of 2025, a total of 35 conjunctival lavage sam-
ples were collected from 26 animals exhibiting clinical indications of the disease on the farms located
in the Moscow and Vladimir regions. Isolation of the cultures was carried out on 10% blood agar.
Identification of the isolates was conducted through the examination of cultural and morphological
characteristics, the implementation of biochemical tests (e.g., oxidase, catalase), and mass spectrome-
try. The degree of sensitivity to 11 antimicrobial agents was ascertained by the disc diffusion method.
The lytic activity of four bacteriophage strains was evaluated by the spot test method. Two isolates
were identified from the samples studied: M. bovis and M. bovoculi. Both strains exhibited a multi-
drug resistance (MDR) phenotype, indicating complete resistance to B-lactams (penicillin, ampicillin,
cloxacillin, cephalothin), tetracyclines (tetracycline, oxytetracycline), sulfonamides (sulfadiazine),
and macrolides (erythromycin). Sensitivity to fluoroquinolones (ciprofloxacin) and aminoglycosides
(kanamycin, gentamicin) was preserved. Three of the four bacteriophages studied (vB_Mboc M3;
vB Mbo W17; vB_Mbo R2) exhibited lytic activity against the M. bovis strain; the M. bovoculi
strain was sensitive to two phages (vB_Mboc_M3; vB_Mbo W17). The findings of the study suggest
the circulation of Moraxella spp. strains with MDR to first-line antibiotics in the Central region of
Russia, which may be the underlying cause of the ineffectiveness of standard empirical therapy. The
demonstrated in vitro efficacy of specific bacteriophages against multidrug-resistant isolates indicates
the potential of phage therapy as an alternative strategy for controlling this disease.

Keywords: infectious keratoconjunctivitis, antibiotic resistance, Moraxella bovis, Moraxella
bovoculi, phage therapy
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INTRODUCTION The main causative agents of IKC are recog-
nized as bacteria of the genus Moraxella spp. [3].

M. bovis 1s considered the primary pathogen, ca-

Infectious keratoconjunctivitis (IKC) is one
of the most common and economically signifi-

cant diseases of cattle worldwide. The disease
causes considerable economic damage to the
livestock industry, leading to reduced weight
gain in young animals, decreased milk produc-
tion in cows, and sometimes culling of animals
due to irreversible eye damage (up to blindness),
and so on [2].

pable of causing the disease on its own due to
virulence factors like type IV pili for adhering to
the cornea and the RTX cytotoxin, which causes
lysis of epithelial cells and neutrophils, leading
to the characteristic corneal ulceration [4—6]. The
role of M. bovoculi in the pathogenesis of IKC
is not fully understood. Although bacteria of this
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species are often isolated from the eyes of not
only sick but also healthy animals, their presence
1s associated with more severe disease [4, 7].

Traditionally, the IKC therapy has been
based on the use of broad-spectrum antimicro-
bial drugs—mainly B-lactams and tetracyclines
[8]. However, in recent decades, there has been
a worrying global trend of increasing antibiotic
resistance among the pathogens that cause this
disease. For example, studies conducted in the
USA, Brazil, and other countries show the emer-
gence and spread of Moraxella spp. strains that
are resistant to one or more classes of antibiotics"
2, The development of multiple drug resistance
(MDR) reduces the effectiveness of standard
treatment regimens, slows down the recovery
of animals, and contributes to the further spread
of resistant pathogens in populations [9]. In the
Russian Federation, systematic studies of antibi-
otic resistance profiles of Moraxella spp. are lim-
ited, which creates a 'blind spot' in understanding
the epidemiological situation and makes it harder
to choose the right empirical therapy.

In light of the global antibiotic resistance cri-
sis, finding and developing alternative ways to
fight bacterial infections is one of the top priori-
ties in modern microbiology and veterinary sci-
ence [10]. Among the most promising areas, one
can highlight phage therapy—that is, the use of
viruses that specifically infect and lyse bacterial
cells [11, 12]. Due to their high specificity, ability
to self-replicate at the site of infection, and a fun-
damentally different mechanism of action, bacte-
riophages are capable of effectively eliminating
multidrug-resistant (MDR) bacterial strains [13,
14]. The potential of phage therapy against infec-
tious keratoconjunctivitis (IKC) has been little
studied, and data on the lytic activity of bacterio-
phages against clinical isolates of Moraxella spp.
remain scarce in the scientific literature.

Thus, studying the antibiotic resistance pro-
files of Moraxella species as IKC causative
agents in Central Russia and evaluating the po-

tential of bacteriophages for their elimination
constitute an important scientific and practical
issue.

The purpose of the study was to characterize
the antimicrobial resistance profiles and evalu-
ate the bacteriophage susceptibility of clinical
Moraxella spp. strains isolated from cattle ex-
hibiting signs of infectious keratoconjunctivitis
in the Central region of Russia.

MATERIAL AND METHODS

Sampling and objects of study

The study was conducted from April to July
2025 in the Moscow and Vladimir regions. To
this end, 35 samples of biological and clinical
material—specifically conjunctival sac swabs
collected using standard methods into trans-
port media for bacteriological analysis—were
obtained from cows (n = 16) and from sheep
(n=15) and goats (n = 5) exhibiting clinical signs
of infectious keratoconjunctivitis.

Isolation and identification of bacteria

Under laboratory conditions, the samples
were plated on 10% blood agar and incubated at
37°C for 24 hours. Colonies exhibiting morphol-
ogy characteristic of Moraxella spp. (small, with
a zone of hemolysis) were selected for further
analysis.

Identification involved Gram staining and
biochemical tests (oxidase and catalase). Species
identity was conclusively confirmed using MAL-
DI-TOF mass spectrometry on a BactoSCREEN
analyzer (OOO RPC “LYTECH”). Sample
preparation for analysis was performed accord-
ing to the standard protein extraction protocol.

Antibiotic susceptibility testing
The susceptibility of the isolated strains was
determined using the disk diffusion method.
A 100 pL volume of a bacterial suspension equiv-
alent to a turbidity standard of 1 x 10® CFU/ml
was evenly distributed over the surface of Muel-

Loy J.D., Brodersen B.W. Moraxella spp. isolated from field outbreaks of infectious bovine keratoconjunctivitis: a retrospective
study of case submissions from 2010 to 2013 // Journal of Veterinary Diagnostic Investigation, 2014, vol. 26, N 6, pp. 761-768.

*Maboni G., Gressler L.T., Espindola J.P, Tasca C., de Vargas A.C. Differences in the antimicrobial susceptibility profiles of
Moraxella bovis, M. bovoculi and M. ovis // Brazilian Journal of Microbiology, 2015, vol. 46, N 2, pp. 545-549.
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ler-Hinton agar to create a confluent lawn.

Discs containing the following antibiotics
were used: penicillin, ampicillin, gentamicin, ci-
profloxacin, erythromycin, kanamycin, sulfadi-
azine, cloxacillin, cephalothin, oxytetracycline,
and tetracycline. The results were interpreted
based on the measurement of growth inhibition
zone diameters in accordance with standard clin-
ical criteria.

Assessment of sensitivity to bacteriophages

The lytic activity of four previously char-
acterized bacteriophages (vB_Mboc M3; vB
Mbo W17; vB Mbo R2; vB Mboc (G9) [15,
16] against the isolated Moraxella strains was
evaluated using the spot test method.

RESULTS AND DISCUSSION

The obtained isolates

From 35 samples obtained from 26 animals
with clinical signs of IBK, two isolates of the
genus Moraxella—DM. bovis and M. bovoculi—
were isolated and identified. All other isolated
cultures consisted of Gram-negative rods and
coccobacilli identified via MALDI-TOF; these
were not the subject of the present study: Staph-
vlococcus, Streptococcus, Pseudomonas spp.,
Klebsiella spp., Acinetobacter spp., Corynebac-
terium spp.

Sensitivity to antimicrobial drugs

The results of the analyses revealed an alarm-
ing level of multidrug resistance in M. bovis and
M. bovoculi strains isolated within the Russian
Federation (see Table 1).

Both strains demonstrated complete resis-
tance to most B-lactam antibiotics (penicillin,
ampicillin, cloxacillin, cephalothin), as well as
to tetracycline, sulfadiazine, and erythromy-
cin. Ciprofloxacin, kanamycin, and gentamicin
showed the greatest efficacy.

The observed resistance of Moraxella to
B-lactams and tetracyclines sharply contrasts
with the data from other geographic regions. For
example, in a large retrospective study conduct-
ed in the US from 2010 to 2013, both M. bovis
and M. bovoculi showed high sensitivity (>95%)
to ampicillin, penicillin, and oxytetracycline (see

footnote 1). Similarly, in a study by J.A. Angelos
et al. among 57 M. bovoculi isolates from Cal-
ifornia, no resistance to ampicillin was found,
and only 12.3% of the strains were resistant to
penicillin, while 3.5% were resistant to oxytetra-
cycline®. Research in South America also shows
significantly lower levels of resistance. For ex-
ample, V. Sosa and P. Zunino found that M. bo-
vis circulating in Uruguay is more resistant to
cloxacillin (14%) and tetracycline (6%) than M.
bovoculi (3% and 0%, respectively)*. But these
figures are far from the 100% resistance shown
in our work.

Even in the study by G. Maboni et al. in Bra-
zil, where some of the highest rates were noted
(40% resistance to penicillin and 20% to oxy-
tetracycline in M. bovis), the resistance level
turned out to be significantly lower (see footnote
2). It's also worth noting that the high resistance
to cloxacillin observed in the study by G. Ma-
boni et al. may indicate that Moraxella spp. have
mechanisms of resistance to penicillinase-stable
penicillins, which aligns with our findings on
broad B-lactam resistance.

A similar situation is seen with sulfonamides.
In our case, the strains were completely resistant
to sulfadiazine, whereas in the study by J.A. An-

Ta6a. 1. UyscTBUTENBHOCTH ITAMMOB Mora-
xella spp. Kk aHTHOAKTEpUAIILHBIM IIpeTapaTam

Table 1. Sensitivity of Moraxella spp. strains to
antibacterial drugs

Antibiotic M. bovis M. bovoculi
Penicillin R
Ampicillin R R
Gentamycine I S
Ciprofloxacin S S
Erythromycin R R
Kanamycin S S
Sulfadiazine R R
Cloxacillin R R
Cefalotin R R
Oxytetracycline I R
Tetracycline R R

Note. S — sensitive; I — moderately sensitive (intermediate
sensitivity); R — resistant.
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gelos et al., resistance to sulfadimethoxine was
19.3% (see footnote 3). Such a discrepancy may
reflect intense selective pressure linked to the lo-
cal practice of using antibiotics. As G. Maboni
et al. suggested, the irrational use of oxytetracy-
cline over many years could have contributed to
the selection of resistant Moraxella spp. strains.
High genetic variability within Moraxella spp.,
shown by V. Sosa and P. Zunino (see footnote
4), provides a basis for the rapid adaptation of
bacteria and the spread of resistance genes in
populations.

Unlike resistance to traditional drugs, the
high effectiveness of fluoroquinolones and ami-
noglycosides in our study fully agrees with inter-
national data. J.D. Loy and B.W. Brodersen, as
well as J.A. Angelos et al., report almost 100%
sensitivity of M. bovis and M. bovoculi to fluoro-
quinolones and gentamicin (see notes 1, 3). Sim-
ilarly, in the study by K. Karthik et al., conducted
in India, the isolated M. bovoculi was sensitive
to ciprofloxacin and gentamicin [17]. This sug-
gests that these classes of antibiotics still remain
reliable therapeutic options of choice for treating
IKC.

Our data indicate that empirical treatment of
IKC using penicillins and tetracyclines—drugs
of choice in the farms across Russia’s Central
region—may prove ineffective, leading to eco-
nomic losses due to a lack of therapeutic re-
sponse and exacerbating animal suffering. It is
also worth noting the need for antimicrobial sus-
ceptibility testing of circulating clinical strains
to select appropriate initial therapy.

Sensitivity to bacteriophages

Given the antibiotic resistance we observed
in clinical Moraxella spp. strains—specifically
to first-line antibiotics—identifying alternative
therapeutic strategies has become a priority. In
this context, phage therapy emerges as a promis-
ing approach for combating IKC caused by mul-
tidrug-resistant (MDR) pathogens.

The results of the study demonstrate the sig-
nificant potential of this approach: three of the
four bacteriophages investigated showed lytic
activity against clinical isolates of multidrug-re-
sistant moraxella. Given the differences in the
mechanisms of action of phages and antibiotics,
bacteriophages can effectively eliminate even
those bacteria that have developed resistance to
traditional drugs. The results are presented in
Table 2.

The bacteriophages used successfully lysed
moraxella isolates in vitro. Against M. bovis,
three of the four phages demonstrated lytic ac-
tivity, whereas against M. bovoculi— only vB_
Mboc M3 and vB_ Mbo W17.

CONCLUSION

The study revealed the emergence of M. bo-
vis and M. bovoculi strains exhibiting multidrug
resistance to most first-line antibiotics, a situa-
tion that differs significantly from that in other
countries. This trend could make traditional IKC
treatment plans less effective and will require
a review of therapeutic approaches, definitely
taking antibiotic sensitivity data into account.
Fluoroquinolones and aminoglycosides are still
effective drugs, but they should be used wisely
to prevent resistance from developing to these
classes as well.

Against this background, one promising di-
rection is phage therapy. Our in vitro studies
have shown that specific bacteriophages can
effectively lyse multi-resistant Moraxella spp.
strains. Phages with a broad spectrum of action,
active against both M. bovis and M. bovoculi,
are particularly valuable, making them ideal for
treating mixed infections that are often found in
the field.

Further research should focus on the molecu-
lar-genetic characterization of resistance mech-
anisms and monitoring their spread in popula-
tions of IKC pathogens.

34ngelos J.A., Ball L.M., Byrne B.A. Minimum inhibitory concentrations of selected antimicrobial agents for Moraxella
bovoculi associated with infectious bovine keratoconjunctivitis // Journal of Veterinary Diagnostic Investigation, 2011, vol. 23,

N 3, pp. 552-555.

4Sosa V., Zunino P. Diversity of Moraxella spp. strains recovered from infectious bovine keratoconjunctivitis cases in Uruguay //
Journal of infection in developing countries, 2013, vol. 7, N 11, pp. 819-824.

300TEXHUS U BETEPUHAPHS

Cubupckuii BECTHHK CEIbCKOXO3SIHCTBEHHON HayKH * 2026 ¢ 56 « 4

111



Antimicrobial resistance and sensitivity to bacteriophages
of zoopathogenic Moraxella spp. strains isolated
in the Central region of Russia

Pimenov N.V., Buzmakova N.A., Zulkarneev E.R.

Taoda. 2. Crnekrp IMTHYECKON aKTUBHOCTH OaKTe-
puogaros
Table 2. Spectrum of lytic activity of
bacteriophages
Bacteriophage
Pathogen vB_ |vB Mbo_ |vB Mbo | VvB_

Mboc M3 W17 R2 Mboc G9
M. bovis + + + -
M. bovoculi + + - -
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OueHka cpeaHeii NOTEHIIMAJIBLHOM MJI0IOBUTOCTH
TalMBIPCKHUX TYHIAPOBBIX JUKUX oJieHell (Rangifer tarandus L. 1758)
B penpoayKTUBHbIe HUKJIbI 1987-2006 rr.

) Manknn A.M.

Hayuno-uccreooeamenbckutl uHCmMumym cenbCKo20 Xo3atcmed u 9Kono2uu Apkmuku — unuan
Kpacnospckozo nayunoeo yenmpa Cubupckozo omoenenus Poccutickotl akademuu Hayk
Kpacnosipckuii kpaii, Hopuibsck, Poccust

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

UccnenoBanbl mapaMmeTpbl CpeIHEN MOTEHUMAIbHOW IUIOJOBUTOCTH TAWMBIPCKOM MOMYJISLUU
nukux onenedt B 1987-2006 rr. Cpennuii B3BEUICHHBIN MOKA3aTeNb B JTAHHBIA MPOMEKYTOK MOHH-
TopuHra omnpenaeneH B 0,399 mioma-caMku Ha OIHY B3pOCHyI0 caMKy. Cpeau pernpoayKTHBHBIX TI0-
KOJICHUH MaKCHUMaJbHOHM MOTEHIMAJIbHOM IJIOZOBUTOCTHIO 0ONajana BO3pacTHasl Tpymna 6-JIeTHUX
camok (0,451 moga-caMKH Ha OAHY B3POCIYIO CAMKY), MUHMMAJIBbHOW — MOJIOABIE 2-JIETHHE CAMKU
(0,117 nnoma-caMKu Ha OIHY B3pPOCIYIO CaMKYy). Y 3TOM jk€ BO3PACTHOM IPYMITbI BBISBICHBI U HAUOO-
Jiee BBICOKME 3Ha4eHUs AI0BOCTH — 76,1%. B kaxaplii penpolyKTUBHBIN CE30H CPeaH BCEX MOKOJIe-
HUI B3POCIBIX CAMOK TaMBIPCKHUX AUKUX OJIEHEH BCTPEYAIOTCs KUBOTHBIC, B3SIBIINE PETIPOAYKTHB-
HYIO Tlay3y B pasmHoxenuu (/im 9,87-76,10%). Hanbonpimmii cyMMapHBIA penpoTyKTHBHBIN BKIIAT
B OTCHLUAJIEHOM Pa3MHOKEHHH 3a()UKCUPOBAH CPEU MOKOJICHUH 3—5-1eTHUX JKUBOTHBIX — 63,7%,
CaMbIX MHOTOYHCJIEHHBIX TPYMN B MOMYJISLUN HA TOM MOHMTOPHMHIOBOM MHTepBaie. [IpenenbHbril
BO3pAcT y4yacTHs B MOTEHIMAIbHON penponyKuuu — 15 netT. Pe3ynsTarsl nccieqoBaHus CBUIETENb-
CTBYIOT: B NE€PHO/I XO3SICTBEHHOTO MCIOIB30BAHUS OXOTHHUBUX PECYpCOB TAMMBIPCKUX TYHAPOBBIX
oneHeit B 1987-2006 IT. MOTroI0BRE B3POCIBIX CAMOK TAaHMBIPCKOHM MOIYJSIMH eIe 001anano Be-
COMBIM PEIPOLYKTUBHBIM MOTCHIIUAIOM, IOKPBIBAsi HHTEHCUBHYIO IIPOMBICIIOBYIO Harpy3Ky Y rofio-
BYIO JIMMHUHALIUIO OT APYTUX (DaKTOPOB Cpelbl, yPaBHOBEIINBASL YObUIb CTAOMIIBHBIM PA3MHOXKECHUEM.
CyMMapHbI€ MOKa3aTelu cpeiHed MOTeHINAIbHOMN MJIOJOBUTOCTH B BECEHHHME MEPUObI COCTABHUIIN
JUISL HACEJICHUSI B3POCIBIX CaMOK TalMBIPCKOH momyssiuuu 79,95 sMOpuoHoB oboux monoB Ha 100
MIOJIOBO3PEIIBIX CAMOK MpH cpeaHeit suioBoctr 20,1%. B HacTosmee BpemMst TalMBIpCKasi MOMYJISAIUSA
JTUKUX OJIEHEH He 00JamaeT mofoOHBIMH BEICOKHMH TTOKA3aTeNIMU TIOTEHIIMAIBHON TTOJJOBUTOCTH,
YTO HE MO3BOJISIET €M NOAAEPKUBATh IPOMBICIOBYIO UHCIIEHHOCTb Ha JOCTATOYHO YCTOHYMBOM YpPOB-
HE [IPU CYIIECTBYIOIIEH IPOMBICIIOBOI HAarpy3Ke Ha €€ OXOTHUYbU PECYPCHI.

KuroueBble cioBa: TaliMbIpcKasi MOMYJIALUS, CaMKa, BO3PACTHBIE TPYIIIIEL, sSTIOBOCTh, Pa3MHOXKeE-
HUE, MJI0I0BUTOCTh, PEMPOLYKTHUBHBIN yCIex

Assessment of the average potential fertility
of Taimyr wild tundra reindeers (Rangifer tarandus L. 1758)
in the reproductive cycles of 1987-2006

C<)Shapkin A.M.

Research Institute of Agriculture and Ecology of the Artic — Brach of the Federal Research Center

"Krasnoyarsk Science Center" of the Siberian Branch of the Russian Academy of Sciences
Norilsk, Krasnoyarsk Territory, Russia
(<X)e-mail: anatoliy-shapkin@rambler.ru

Parameters of the average potential fertility of the Taimyr wild reindeer population were studied in

the period 1987-2006. The average weighted indicator for this monitoring period was determined to
be 0.399 fetuses per adult female. Among the reproductive generations, the maximum potential fer-
tility was demonstrated by the age group of 6-year-old females (0.451 fetuses per adult female), and
the minimum by young 2-year-old females (0.117 fetuses per adult female). The highest values of bar-
renness were also revealed in this age group — 76.1%. In general, in each reproductive season, among
all generations of sexually mature female Taimyr wild reindeer, there are animals that have taken a
reproductive pause in reproduction (/im 9.87-76.10%). The highest total reproductive contribution to
potential reproduction was recorded among the generations of 3-5-year-old animals — 63.7%, the most
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Assessment of the average potential fertility
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numerous groups in the population in that monitoring interval. The maximum age for participation in
potential reproduction is 15 years. The results of the study show that during the period of economic
use of the hunting resources of Taimyr tundra reindeer in 1987-2006, the population of adult females
of the Taimyr population still had significant reproductive potential, covering the intensive commer-
cial load and annual elimination from other environmental factors, balancing the decline with stable
reproduction. The total indicators of average potential fertility in spring periods for the population of
adult females of the Taimyr population were 79.95 embryos of both sexes per 100 sexually mature
females, with an average infertility of 20.1%. Currently, the Taimyr wild reindeer population does not
have such high rates of potential fertility, which does not allow it to maintain commercial numbers at
a sufficiently high level given the existing commercial pressure on its hunting resources.

Keywords: Taimyr population, female, age groups, barrenness, reproduction, fertility, reproduc-
tive success
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INTRODUCTION ticular natural population, and the selectivity of
commercial hunting make it impossible to accu-
rately predict reproduction rates and population
growth in each yearly biological cycle.

It’s worth noting that in practice, the self-re-
covery potential of a species population of
hoofed animals is most often determined through
aerial surveys, during which the demographic
structure of herds, current replenishment, spatial
cohesion, and the decline or maintenance of lo-
cal group numbers that make up a given natural
population are identified. Moreover, this kind of
monitoring needs to be done regularly for com-

To effectively manage hunting resources of
commercial animal populations while ensuring
their viability, you need accurate information
on the species' fertility rates across different
reproductive cycles. In other words, ecological
monitoring of hunting resources in a managed
population largely relies on identifying the lev-
els of seasonal and multi-year reproduction and
how this affects overall population numbers over
time. Nevertheless, the complexity of the age
structure of a natural population, the different
times it takes animals to reach sexual maturity,

the fact that not all adults of the same genera-
tion participate in reproduction (reproductive
pauses), the varying lifespans, the timing and
intensity of commercial exploitation of a par-

mercially valuable species. On the other hand,
figuring out the exact number of mature females
and the population of juvenile offspring in a spe-
cific area is only possible roughly, so in many
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cases, people also rely on extrapolation and ex-
pert estimates [ 1]. Meanwhile, the Taimyr popu-
lation of wild reindeer belongs to long-exploited
hunting populations, which have been closely
monitored for resources for many decades, and a
lot of empirical data has been gathered on their
reproduction [2-7].

The goal of the study is to assess the aver-
age potential fertility parameters of Taimyr wild
reindeer from 1987 to 2006, during the final
phase of the Soviet planned model of controlled
hunting and under the market-based model of
wildlife management that replaced it. At this
time, both legal and “shadow” fishing pressures
on the population were steadily increasing. So,
it's necessary to mark the point where the pop-
ulation's resources are overexploited, which in
the 21st century is undermined by unsustain-
able commercial fishing, and the population size
keeps declining, approaching a critical level.

MATERIAL AND METHODS

The average potential fertility of reproductive
females of wild reindeer in the Taimyr popula-
tion during periods of intensive use of hunting re-
sources of this commercial population (planned
and market models of commercial reindeer herd-
ing) was studied based on materials from L.A.
Kolpashchikov' and A.M. Shapkin [7]. The total
number of commercial samples was 1,491 indi-
viduals aged 2 to 15 years.

Fertility is measured by the number of off-
spring per adult female’. During the spring
migration of animals from their wintering ar-
eas to calving grounds (April-May) within the
population range of the species on the Taymyr
Peninsula (northern Central Siberia), scientific
spring culls were conducted from 1987-1990
and 1996-2006, during which 1,491 female

wild reindeer from the spring migration of the
Taymyr population were examined [7]. Upon
dissection, pregnant and dry (embryo-free) fe-
males were identified. Each collected specimen
was assigned an identification number, and its
lower incisors were removed for subsequent age
determination. The reproductive success of adult
females from different age groups was assessed
based on potential fecundity values.

When calculating the average reproductive
success of females (before calving) based on the
collected commercial samples from 1987-2006,
the sex ratio in these samples between male and
female fetuses of pregnant females was taken as
1:13-4. The proportion of non-pregnant females
in age groups was calculated using percentag-
es [8], where the number of pregnant and dry
females (animals without offspring) makes up
100%, so the infertility will be x% of the number
of females in that age group.

The average fertility (potential) by age co-
horts during the reproductive seasons was calcu-
lated using G. Koli's? proposed method with data
from females older than two years.

The errors of the obtained age-specific fertil-
ity values from these materials (average poten-
tial) were calculated using the formula for the
standard deviation of the “successes” proportion
for n trials in a binomial distribution:

D(proponions) =pq / n, (1)

where p — probability of success (the chance
that the female will produce a female offspring),
q = 1-p — the probability of failure, i.e., the fe-
male won't produce a female offspring; n — sam-
ple size. So, the error (standard deviation) is the
square root of the variance [9]:

o=+D. 2

'Kolpashchikov L.A. Taimyr wild reindeer population: biological foundations for management and sustainable resource use:
Doctoral Dissertation (Biological Sciences): 11.00.11. Norilsk, 2000, 379 p.

2Caughley G. Analysis of Vertebrate Populations. Moscow: Mir, 1979, 362 p.
3SMichurin L.N. Wild reindeer of the Taymyr Peninsula and the rational use of their stocks: Candidate of Science in Biology

Dissertation / Norilsk, 1964. 227 p.

*Bolshakov V.N., Kubantsev B.S. Sexual structure of mammal populations and its significance. Moscow, Nauka Publ., 1984, 233 p.
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The reproductive contribution for each age
class of females is found using the formula:

my, = fymy, 3)
[+ — size of the age group; m, — the number of
females born to each female in the age interval x.
The average potential fertility for sexually
mature females of different ages in the repro-
ductive cycles of 1987-1990, 1996-1998, and
19992007 for this part of the Taimyr popula-
tion was calculated using a weighted average by
age according to the Koli? formula:

Ny +ny+n, ...
m =
YN, +N N+

4

where n — the number of newborn female off-
spring, N — the number of females of this age.

The individual age of the females was deter-
mined under laboratory conditions based on the
layered structures of the incisors’, specifically,
the formed layers of incisor cementum I;, pre-
liminarily decalcified with a 5% nitric acid solu-
tion. Sections of the incisors from females were
prepared using a domestic MRTU-12 rotary mi-
crotome. To count the annual rings, the samples
were stained with Ehrlich's hematoxylin. N.F.
Arsentyeva determined the age of the female
Taimyr wild reindeer [7].

All observations and the collection of prima-
ry data on the reproductive capabilities of female
wild reindeer were conducted using standard zo-
ological research methods®.

RESULTS AND DISCUSSION

The results regarding the average potential
fecundity of Taimyr wild reindeer during the
1987-2006 biological cycles are presented in
the table.

During this period, the Taymyr population
still possessed a reproductive core of adult fe-
males spanning 14 reproductive generations—
aged 2 to 15 years—that, despite intensive har-

vesting and other elimination factors, managed
to offset herd losses and maintain the biological
productivity of the population’s local migratory
flows at a reasonably stable level. Moreover,
given the current level of commercial harvest-
ing, animals in the 3- and 4-year-old age groups
continued to constitute the largest segment of
the adult female population in the Taymyr herd;
data from harvest samples collected between
1987 and 2006 indicate that they accounted for
43.06% of the total. According to our data, the
potential reproductive contribution of these two
age groups to herd replenishment (specifically,
female offspring) amounted to nearly 45%. To-
gether with the 5-year-old group—which still
constitutes a significant portion of the popula-
tion—adult females from these three reproduc-
tive classes could produce 63.7% of the poten-
tial offspring.

Young two-year-old females exhibited both
the lowest potential fecundity—0.117 female
offspring per female in this age group—and
the highest rate of barrenness among all age
groups (76.1%; see table). This indicates that
the majority of female Taimyr tundra reindeer
reach sexual maturity in their third year of life
(only 15.9% of animals in this group showed
signs of barrenness; see table). The 6-year-old
age group exhibited the highest average poten-
tial fecundity: 0.451 female fetuses per female.
This group also recorded the lowest rate of
barrenness among the cohorts of adult females
(9.87%), meaning 90.13% of the animals in this
age group were pregnant. According to the col-
lected data, 6-year-old females accounted for
10.2% of the population's reproductive core;
consequently, their reproductive contribution to
the population's growth is effectively lower than
that of the more numerous 3—5-year-old female
cohorts. In other words, after reaching the age of
six, females exhibit a decline in potential fecun-
dity with each subsequent reproductive year due

*Klevezal G.A., Kleinenberg S.E. Age determination of mammals by layered structures in teeth and bones. Moscow: Nauka,

1967, 144 p.

*Novikov G.A. Field studies on the ecology of terrestrial vertebrates. Moscow: Sovetskaya Nauka, 1953, 502 p.

118  Siberian Herald of Agricultural Science ¢ 2026 « 56 « 4

Zootechnics and veterinary medicine



OneHka cpeHel MOTeHINATEHOH IIIOTOBUTOCTH TaiiMBIPCKHX
TYHIPOBBIX TUKUX ojieHeit (Rangifer tarandus L. 1758)
B PEHpOAyKTUBHBIC UKL 19872006 rT.

ITamkua A.M.

CpeL[HSIFI NOTCHIHAJIbHAA IIOAOBUTOCTb BO3PACTHBIX KJIIACCOB TaﬁMBIpCKHX TYHAPOBLIX NTUKUX CCBEPHBIX

oneneii B mepuos 1987-2006 rr. (n = 1491 camka)

Average potential fertility of age classes of the Taimyr tundra wild reindeer in the period 1987-2006

(n=1491 females)

Size of Number of the offspring Barrenness Reproductive contribution
Age, years, x ize of the age | Number of (m, + 0) per female across age of the age group

group, f; pregnant, By (B,/2f,) groups, % (offspring-female), (f,) m,

2+ 117 28 0,117 0,029 76,10 13,70

3+ 327 275 0,420 + 0,027 15,90 137,34

4+ 315 262 0,416 + 0,028 16,80 131,04

5+ 255 222 0,435 +0,031 12,94 110,93

6+ 152 137 0,451 £ 0,040 9,87 68,60

7+ 119 103 0,433 £0,045 13,40 51,53

8+ 81 68 0,420 + 0,055 16,05 34,02

9+ 45 36 0,4+0,073 20,00 18,00

10+ and older 80 61 0,381 £ 0,054 23,70 30,50

Total 1491 1192 0,399 £0,013 20,10 595,61

to fishing and natural mortality resulting from
various abiotic and biotic environmental factors.
Furthermore, the survival function decreases
with age [10]. On the other hand, among old-
er animals (over 10 years of age), females with
high potential fecundity—ranging from 0.402 to
0.437 fetuses per adult female [7]—are still en-
countered during certain reproductive seasons;
this can likely be attributed to favorable summer
foraging and overwintering conditions for these
animals. The upper age limit for potential repro-
duction among adult female Taimyr wild rein-
deer is 15 years. However, evidence of actual re-
production has been observed at the age of 16 (in
a single individual) within the herds comprising
the population's local migratory groups [7].
Aggregate indicators of average potential fe-
cundity for adult females of the Taymyr popu-
lation during the spring periods of 1987-2006
amounted to 79.95 embryos (of both sexes) per
100 sexually mature females, with an average
barrenness rate of 20.1%. These figures repre-
sent a high reproductive potential for the migra-
tory segments of this natural population, given
the combined legal and "shadow" harvesting
pressure on their resources in northern Central
Siberia. The weighted average potential fecun-
dity was 0.399 female offspring per adult fe-

male. Thus, during that period of exploitation,
the Taimyr wild reindeer population possessed
a sufficient number of adult females to main-
tain reproductive rates and preserve an effective
population size for harvesting. Based on the data
regarding realized reproduction (aerial survey
monitoring), the number of young-of-the-year
offspring in July 1990 was estimated at 75.31
calves per 100 sexually mature females [7]. The
average figures for realized reproduction (Au-
gust—October)—accounting for juvenile mor-
tality—during the 2002-2007 period stood at
59.03 calves of both sexes per 100 adult females
(lim 49-76).

CONCLUSION

An assessment of the status of the Taimyr
wild reindeer population—based on the results
of conducted research—indicates that between
1987 and 2006, the exploited segments of this
natural population maintained a reliable level
of effective recruitment despite existing har-
vest levels: fourteen generations of females of
various reproductive ages contributed to re-
production. The total number of adult females
in the herds of this natural population (/im:
189.8-201.5 thousand) offset the demographic
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of Taimyr wild tundra reindeers (Rangifer tarandus L. 1758)

in the reproductive cycles of 1987-2006

consequences of continuous annual commercial 5. Axywxun I’ /., Koxopes A.1., Kornawuxog JI.A.

harvesting. The mean potential fecundity among
reproductive age classes (animals aged 2 to 15
years) fluctuated between 0.117 and 0.451 fe-
male fetuses per sexually mature female. The
potential of the Taymyr population remained in-
tact during the 2006-2007 reproductive season
as well: monitoring of realized fecundity under
natural field conditions—conducted within the
autumn migration flows of animals in the Pya-
sina area—revealed 64 calves of both sexes per
100 adult females [7]. However, by the summer
0f 2009, the realized fertility rates of the Taymyr
population had dropped significantly: aerial sur-
veys recorded 54.12 calves per 100 sexually ma-
ture females, while the post-harvest size of the
reproductive core stood at 165.2 thousand fe-
males. By the summer of 2021, there were only
15.6 calves per 100 adult females, and the size
of the population's reproductive core had fallen
to just 132.9 thousand females [7]. Thus, the
hunting seasons from 2007-2009 to the present
can be considered the starting point of overhar-
vesting and excessive, unsustainable pressure on
the hunting resources of the Taymyr population
in northern Central Siberia. To conserve the re-
sources of this natural population, the question
of imposing a total ban on the hunting of Taymyr
tundra reindeer for all categories of hunters in
the Yenisei North is now being raised.
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an article has not been published before in any other journal,

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

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

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

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

Accompanying documents to the manuscript of an article:

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

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

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

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

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

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

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

ARTICLE DESIGN PROCEDURE

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

Article design structure:

uDC

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

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

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

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

5. Keywords in Russian and English. There should be up to 5—7 words by the topic of the article. It is desirable
that the keywords support the abstract and the title of the article.

6.  Information on the conflict of interests or its absence. The author should notify the editor on the real or po-
tential conflict of interests by including the information in the appropriate section of the article. If there is no conflict of
interests, the author should also inform the editor about it.

Example wording: “The author declares no conflict of interest”.

7. Acknowledgements in Russian and English. This section lists all sources of funding for the study, as well as
acknowledgements to people who contributed to the article but are not the authors.

8. The main body of the article. When presenting original experimental data, it is recommended to use subheadings:

INTRODUCTION (problem statement, goal and tasks of the study)

MATERIAL AND METHODS (conditions, methods (methodology) of research, object description, place and
time of research)

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES. The number of sources must be at least 12. The list of references includes only peer-reviewed
sources: articles from scientific journals and monographs. Self-citation of no more than 10% of the total number. The
bibliography list should be designed as a general list in the order of mention in the text, it is desirable to refer to sources
2-3 years old. The rules for the list of references are in accordance with GOST R 7.05-2008 (requirements and rules for
compiling a bibliographical reference). In the text the reference to the source is marked by a serial number in square
brackets, for example [1]. Literature in the list is given in the languages in which it was published. In the bibliographic
description of the publication, it is necessary to include all authors, without abbreviating them by one, three, etc. It is
unacceptable to abbreviate the names of articles, journals, publishing houses.
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1. Ifitis necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manu-
als, GOSTs, information from websites, statistical reports, articles in socio-political newspapers, etc., such information
should be placed in a footnote at the end of the page. Footnotes are numbered in Arabic numerals and placed page by
page through continuous page numbering.

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, keywords,
list of references.

EXAMPLE OF REFERENCES IN RUSSIAN AND ENGLISH AND FOOTNOTES

REFERENCES (in Russian):

Monograph

Klimova E.V. Field crops of Zabaikalya: monograph. Chita: Poisk, 2001. 392 p.

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture in
southern forest-steppe of Western Siberia// Resource-saving tillage systems. Moscow: Agropromizdat, 1990. pp. 230-235.

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage // Siberian Herald of Agricultural Science. 2018. vol. 48. Ne 4. pp. 27-35. DOL:
10.26898/0370-8799-2018-4-4.

REFERENCES (in English):

References are compiled in the same order as the Russian version, according to the following rules:

Names and surnames of the authors are given in the established way of transliteration, English title of the article,
transliteration of the name of the Russian-language source (for example through the site: https://antropophob.ru/trans-
lit-bsi) = English title of the source. The order of presentation for a monograph is the following: city, English name of
the publisher, year, number of pages; for a journal: year, volume, number, pages. (In Russian).

Example: Author A.A., Author B.B., Author C.C. Title of article.

Transliteration of the authors. English title of the article.

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.

Transliteration of the source = English name of the source

Monograph

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture

in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990,
pp- 230-235. (In Russian).

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2018, vol. 48, no. 4, pp. 27-35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4.

FOOTNOTES:

Quated text;.

1Klimova E.V., Andreeva O.T., Temnikova G.P. Ways to stabilize food production in Transbaikalia / Problems and
prospects of perfecting zonal farming systems in modern conditions: materials of the scientific and practical conf.
(Chita, October 16-17 2008). Chita, 2009, pp.36-39.

Digital Object Identifier — DOI (when the cited material has it) should be indicated at the end of the bibliographic
reference.

Example:

Chu T., Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize

(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923.

The DOI of the article should be checked on the website http://search.crossref.org/ or https://www.citethisforme.
com. To do this, enter the title of the article in English in the search bar.

FIGURES, GRAPHS, TABLES, SCREENSHOTS, PHOTOGRAPHS AND FORMULAS

The figures must be of good quality, suitable for printing. All figures must have captions. The caption must be trans-
lated into English. Figures should be numbered in Arabic numerals according to the order in the text. If there is only
one figure in the text, it is not numbered. References to figures should be formatted as follows: “Fig. 3 indicates that
.7 or “It is indicated that ... (see Fig. 3)”. The caption under the figure includes a figure number and its title. “Figure 2.
Description of vital processes.” The translation of the figure caption should be placed after the figure caption in Russian.

Tables should be of good quality, suitable for printing. Tables suitable for editing are preferred, not scanned or
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as figures. All tables should have headings. The title of the table should be translated into English. Tables should be
numbered in Arabic numerals according to the order in the text. If there is only one table in the text, it is not numbered.
References to tables should be formatted as follows: “Table 3 states that ...” or “It is stated that ... (see Table 3)”. The
title of the table includes a table number and its title: “Table 2. Description of Vital Processes.” The translation of the
table title should be placed after the table title in Russian.

Photos, screenshots must be uploaded separately as files of the following format* jpeg files (*.doc and *.docx if the
image has additional marks). The resolution of the image should be >300 dpi. The image files should be given a name
corresponding to the figure number in the text. In the description of the file a caption should be given separately, which
should correspond to the name of the picture placed in the text.

Graphs, charts, histograms, etc. should be attached as a separate file in Microsoft Excel program.

Attention should be paid to the spelling of formulas in the article. All formulas must be editable, i.e. it must be
possible to make changes to them. To avoid confusion, it is necessary to write Greek (a, B, 7, etc.), Russian (A, a, B, b,
etc.) letters and numbers in straight font, Latin letters in italics (W, Z, m, n, etc.). Mathematical signs and symbols should
also be written in straight font. It is necessary to clearly indicate upper and lower superscript characters (W5, F, etc.).

INTERACTION BETWEEN THE JOURNAL AND THE AUTHOR

The Editorial Board asks the authors to be guided by the above stated rules when preparing the article.

All the articles submitted to “Siberian Herald of Agricultural Science” go through preliminary check for compliance
with formal requirements. At this stage the Editorial Board reserves the right to:

* accept the article for review;

* return the article to the author (authors) for revision with a request to correct the mistakes or add the missing data;

* return the article which is designed not according to the journal’s requirements to the author (authors) without
consideration;

* reject the article due to its inconsistency to the journal’s goals, lack of originality and little scientific significance.

Correspondence with the authors of the manuscript is maintained through a key contact mentioned in the manuscript.

All scientific articles submitted to the editorial board of the journal “Siberian Herald of Agricultural Science” un-
dergo obligatory double-blind reviewing (author and reviewer do not know about each other). Manuscripts are sent in
accordance with their research profile for reviewing to the members of the Editorial Board.

In controversial cases, the editor may involve several specialists in the review process, as well as the Editor-in-Chief.
If the reviewer’s opinion is positive, the article is submitted to the editor for preparation for publication.

In case a decision is made to have the manuscript revised, reviewer’s comments and remarks are passed to the au-
thor. The latter is given two months to make amendments. If, within this period, the author has not notified the editors
about the actions planned, the article is removed from the publication waiting list.

In case there is a decision to reject the article, the notification with the editorial decision is sent to the author.

The designated author (contact author) is sent the final version of the manuscript accepted for publication, which
he/she must check.

REVERSAL OF EDITOR/ REVIEWER’S DECISION

In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision
made. In order to do this, the author should:

 amend the manuscript in compliance with the comments substantiated by reviewers and editors;

* clearly outline their stance on the issue under question.

The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected due
to the need of significant amendments or collection of the additional data, and are ready to clearly explain what must be
rectified in the manuscript for it to be accepted for publication.

ACTIONS OF THE EDITORIAL BOARD IN CASE OF PLAGIARISM AND DATA
FALSIFICATION DETECTION

The Editorial Board of the “Siberian Herald of Agricultural Science” follows the conventional ethical principles for
scientific periodicals and guidelines of the “Publication Ethics Code” developed and approved of by the Committee on
Publication Ethics (COPE) and demands that all those involved in the publishing process should obey these principles.

ERRORS RECTIFICATION AND ARTICLE WITHDRAWAL

In case of error detection that affect understanding of an article but do not distort the results of research, they can
be rectified by replacing the pdf-file of an article. In case of error detection that distort the results of research or in case
of plagiarism or misconduct of the author (authors) connected with data falsification, the article can be withdrawn. The
withdrawal can be initiated by the editors, the author, organization or private individual. Such article is marked with the
note “Article withdrawn”, the page of the article gives the reason for withdrawal. Information about the article with-
drawal is sent to data bases where the journal is indexed.
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