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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2025-12-1 Tun crarbu: OpUrHHAIBHAS
VYIK 631.58:632.931.1 Type of article: original

KoMnJiekcHoe mpuMeHeHre OPraHuYecKuX y100peHnii u Ouonpenaparon
B 3€PHONAPOBOM CEBOOOOPOTE B YCJIOBHIX OPraHUYECKOT0 3eMJIeIe sl

<) Oaenun O.A.', 3ynnmmn C.H.!, Cadun X.M.2
'Camapckuii 2ocyoapemeennwlil azpapHulii yHusepcumen
Camapckast obnacte, .I.T. YcTb-Kunenbckuii, Poccust
2Axademus nayk Pecnyonuxu Bawkopmocman

Ya, Poccus

(<)e-mail: agrotonik63@mail.ru

Ha coBpemennom stane B Poccuiickoit dejiepaliny Ha 3aKOHO/IATEIbHOM YPOBHE 3aKpEIIEH CTpa-
ternuecknii Kypc pazsutus AIIK, opneHTHpOBaHHBIN HAa AKTUBHOE MPUMEHEHNE CHCTEMBI OpTaHnYe-
CKOTO 3eMJIeIeNHs. B CBS3M € 3THUM LIEJIhIO MCCIIeIOBAHMS CTalla OIEHKA BIUSHUS OPraHMYECKHUX YI0-
OpeHmif 1 OWOIIpenapaToB B OPTaHUYECKON CHCTEMe 3eMIICACIAS Ha ToKa3aTed (PUTOCAHUTAPHOTO
COCTOSIHUSI M YPOXKaHHOCTb KYJBTYP 3€pHOIIAPOBOIO CEBOOOOPOTA B yCIOBUSX JIECOCTENH 3aBOJIKbS B
CPAaBHEHHMHU C MUHEPAJIBbHBIMHU YJOOPECHUAMH U NECTULUAAMH B TPAIUIIMOHHON CUCTEME 3eMIICIEITHSL.
HVccnenoBanbl pa3jinyHble ClIOCOOBI BHECEHHsI OMOIIPENnaparoB, a TAaK)Ke MHOTOKOMIIOHEHTHBIX Opra-
HUYECKUX yIOOpEeHHUIl Ha OCHOBE JUATOMMTA U LIEOJIUTA IIPU MCIOIb30BaHUN OPraHUYECKOH CUCTEMBbI
3emiefienust. M3ydeHo BiaMsHUE OpraHMYEcKHUX yHOOpeHui M OuompenapaToB Ha PacHpOCTPaHEH-
HOCTB ITOPAKEHHsI KOPHEBBIMU FHUJISIMU M OypOH JTMCTOBOM PKABYMHON M YPOJKAHHOCTD KYJIBTYP 3€p-
HOIIaPOBOT'0 CEBOOOOPOTA B CPABHEHUH C MUHEPAJIBHBIMHU YIOOpEeHUsIMU U nectuiuaamu. [lomyden-
HBIE PE3YJBTaThl IOKA3aJIM, YTO COBMECTHOE IPUMEHEHHE IPAKUPOBAHHS CEMSH U OMOTIPENapaToB 10
BEreTallli COKPALAET PACIPOCTPAHEHHOCTh KOPHEBBIX THUJIEN B cpeiHeM Ha 44,6% 1o 03UMOH pKH,
49,4% mno TBepnoit sipoBoit muenuie, 50,5% Mo SYMEHIO MO CpaBHEHUIO ¢ KOHTposieM. CHuXKEeHHE
pacnpocTpaHeHHOCTH Oypoi JMCTOBOW prkaBUMHBI gocturaio 46,4% mo o3umoit pxu u 57,8% mo
TBEpAOH sipoBoii muieHuie. Hanbonpiryro npubaBKy ypoxkaiilHOCTH 0Oecneyrsii MPUMEHEHUE opra-
HUYECKOTO YAOOPEHHMSI, COCTOSIILETO U3 INaTOMUTA, APEBECHOM 30JIbl M OPraHUYECKOTr0 KaJlHsl, U Mpo-
BeZIeHUE TIPEINIOCEBHOTO Ipa)KUPOBaHMA ceMsiH. B cpeHeM mo mpemnaparam npu JBYKpaTHOH oOpa-
0OTKe 3a BereTaluio ouonpenapar naBai npubaBky ypoxaiiHoctu 8,2—54,4% 1o OTHOLICHUIO K KOH-
Tpouto u 2,5-24,7% 1o oTHOIEeHHIO K ectuiuaaM. Cpen ceabX0o3KyIbTyp Hanboee OT36IBUNBBIMU
Ha GHoIpenapar OKa3ajluch TBep/ias spoBas MIIEHUIA U HYT: IIPEBBIIICHNE T0Ka3aTeNneil KOHTPOJIS Ha
54,4 u 47,6% (0,62 u 0,50 1/ra), nectuimoB — coorBeTcrBenHo Ha 20,2 u 24,7% (0,23 u 0,26 1/ra).
Taxkum 00Opa3oMm, KOMIUIEKCHOE MPUMEHEHHE B CHCTEME OPTaHWYECKOTO 3eMJIeNIeNHs MHOTOKOMIIO-
HEHTHBIX MMONU(YHKIIMOHATIBHBIX OPraHMYECKUX yInoOpeHuil u Ononpenaparos ¢ GyHKIUSIMA OHO3a-
HIATH 00ECIIeUunBACT arpOHOMHYECKUH APPEKT, He yCTYNAOMUH 1m0 YPPEKTUBHOCTH KOMITJICKCHOMY
MIPUMEHEHHUIO CHHTETHYECKUX XUMUYECKNX MUHEPATILHBIX YIOOPEHUH U MTECTUIIIOB.

KuroueBble c10Ba: opraHndeckas cucTemMa 3eMIIeieNiusi, OpraHndecKue ynoopenus u Ononpena-
parbl, 3epHOMAapOBOil CeBOOOOPOT, KOPHEBBIE THHIIH, Oypasi JINCTOBas pPyKaBUMHA, YPOXKAaHHOCTD

Integrated application of organic fertilizers and biopreparations
in grain-fallow crop rotation under organic farming conditions

) Olenin O.A.', Zudilin S.N.!, Safin Kh.M.?

ISamara State Agrarian University
Ust-Kinelsky, Samara region, Russia
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Integrated application of organic fertilizers and biopreparations
in grain-fallow crop rotation under organic farming conditions

Olenin O.A., Zudilin S.N., Safin Kh.M.

2Academy of Sciences of the Republic of Bashkortostan

Ufa, Russia
(<X)e-mail: agrotonik63@mail.ru

At the present stage, the strategic course for the development of the agro-industrial complex, fo-
cused on the active application of the organic farming system, has been enshrine at the statutory level
in the Russian Federation. In this regard, the purpose of the study was to assess the influence of orga-
nic fertilizers and biopreparations in the organic farming system on the phytosanitary conditions and
crop yields of grain-fallow crop rotation in the forest-steppe conditions of the Trans-Volga region in
comparison with mineral fertilizers and pesticides in the traditional farming system. Various methods
of introducing biopreparations, as well as multi-component organic fertilizers based on diatomite and
zeolite, were studied when using an organic farming system. The influence of organic fertilizers and
biopreparations on the prevalence of root rot and brown leaf rust and the yield of grain-fallow crop ro-
tation was studied in comparison with mineral fertilizers and pesticides. The obtained results showed
that the combined use of seed pelleting and biopreparations during vegetation reduces the prevalence
of root rot by an average of 44.6% for winter rye, 49.4% for hard spring wheat, and 50.5% for barley
compared to the control. The reduction in the prevalence of brown leaf rust reached 46.4% for winter
rye and 57.8% for hard spring wheat. The greatest increase in yield was achieved by using organic fer-
tilizer consisting of diatomite, wood ash and organic potassium, as well as pre-sowing seed pelleting.
On average, for preparations, with two treatments during the growing season, the biopreparation gave
an increase in yield of 8.2-54.4% in relation to the control and 2.5-24.7% in relation to pesticides.
Among agricultural crops, hard spring wheat and chickpeas turned out to be the most responsive to
the biopreparation: the control indicators were exceeded by 54.4 and 47.6% (0.62 and 0.50 t/ha),
and pesticides — by 20.2 and 24.7% (0.23 and 0.26 t/ha), respectively. Thus, the integrated use of
multi-component, multifunctional organic fertilizers and biopreparations with bioprotection functions
in the organic farming system provides an agronomic effect that is not inferior in effectiveness to the

integrated use of synthetic chemical mineral fertilizers and pesticides.
Keywords: organic farming system, organic fertilizers and biological products, grain-fallow crop

rotation, root rots, brown leaf rust, yield

s marupoBanus: Onenun O.A., 3younun C.H., Cagun X.M. KoMIIekCHOE NPUMEHCHHE OPraHHYCCKUX YIOOpCHHUH u
OHoIIperapaToB B 3epHONAPOBOM CEBOOOOPOTE B yCIOBHSIX OPraHNIECKOT0 3emienenyst // CHOMPCKUH BECTHHUK CETbCKOX03HCTBEHHOM
Hayku. 2025. T. 55. Ne 12. C. 5-14. https://doi.org/10.26898/0370-8799-2025-12-1
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INTRODUCTION

In Russia, a strategic course for the develop-
ment of the agro-industrial complex is recog-
nized by law and is focused on organic farming,
which is one of the basic elements of the system
for preserving and increasing soil fertility, pro-
ducing environmentally safe products, and de-
carbonizing agriculture as a whole [1, 2].

Samara State Agrarian University (SamSAU)
is developing crop rotations (a set of crops and
methods of their sowing) for organic farming
that provide a bio-protection effect under glob-

al climate change conditions; multi-component
organic fertilizers and biopreparations based on
the processing of various types of organic waste
and raw materials, natural minerals, as well as
new methods of their application to the soil and
during vegetation.

The purpose of the study is to examine the
impact of organic fertilizers and biopreparations
in the organic farming system on the indicators
of phytosanitary condition and crop yield of
grain-fallow crop rotation in the forest-steppe
of Trans-Volga region, compared with mineral

6 Siberian Herald of Agricultural Science ¢ 2025 ¢ 55 ¢ 12
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KommiekcHoe MpUMEHeHNe OpPraHnIeCKUX yIOOpeHHI U OHOIpenapaToB
B 36pHOIIAPOBOM CEBOOOOPOTE B YCIOBHAX OPraHUUYECKOIO 3eMJIeIeI s

Onennn O.A., 3yaunun C.H., Cadpun X.M.

fertilizers and pesticides used in the traditional
farming system.

The research objectives are:

1) the development of methods for applying
organic biopreparations and fertilizers based on
diatomite and zeolite in an organic farming sys-
tem;

2) the development of new methods of sow-
ing crops for organic crop rotation;

3) the study of the effect of organic fertilizers
and biopreparations on the prevalence of root
rots and brown leaf rust, as well as the yield of
crops in comparison with mineral fertilizers and
pesticides.

MATERIAL AND METHODS

The objects of the study were the crops of the
following plants: winter rye of the Bezenchuk-
skaya 110 variety, spring barley of the Orlan va-
riety, hard spring wheat of the Bezenchukskaya
Stepnaya variety (originator — Samara Research
Institute of Agriculture — branch of the Sama-
ra Scientific Center of the Russian Academy
of Sciences); naked oats of the Bekas variety
(originators — FSBSI Federal Agrarian Scientific
Center of the North-East, FSBIS Samara Fed-
eral Research Center of the Russian Academy
of Sciences); safflower of the Ershovsky 4 va-
riety, chickpea of the Galileo variety, phacelia
of the Anastasia variety (originator — OOO “EIE
'Pokrovskoe').

The study was conducted at the experimental
field of the SamSAU in 2017-2022. The soil is a
typical medium-thick heavy loamy chernozem.
Humus content is 5.3%, pHg,;; = 6.9. In the 0-30
cm layer, the concentration of easily hydrolyz-
able nitrogen is 80—120 mg/kg, mobile phospho-
rus is 135-145 mg/kg, and mobile potassium is
150-195 mg/kg.

During the years of the study, from May to
August, precipitation amounted to only 89.6% of
the norm, while the average air temperature for
the same period exceeded the long-term average

by 9.4%. Accordingly, the trend of increasing
aridity during the active growing season of field
crops in the forest-steppe of the Trans-Volga re-
gion due to global climate change is confirmed.

The following indicators were studied during
the experiment: the prevalence of root rot in ce-
real crops (methodology of the All-Russian Re-
search Institute of Plant Protection) and brown
leaf rust (Rusakov scale), yield (GOST 12041
82! and GOST 12037-81?). Methods of disper-
sion and correlation analysis were also used?.

Field stationary two-factor experiment in
crop rotation:

1) phacelia (green manured fallow);

2) winter rye + spring barley (spring mixed
sowing);

3) winter rye;

4) safflower;

5) chickpea + hard spring wheat (cross sow-
ing);

6) naked oats.

Seeding rates: cereal grain crops — 4.5-5.0
million viable seeds/ha (200-220 kg/ha), chick-
peas — 0.80-0.90 million (200-240 kg/ha),
safflower — 0.25-0.30 million (10-12 kg/ha),
phacelia — 4.30-6.00 million (10-12 kg/ha).
Mixed and cross sowing: rye + barley — 50%
each of the standard seeding rate, chickpeas +
wheat — 70% and 50% of the standard seeding
rate, respectively.

There are 21 options in the field, 63 plots,
with triple repetition. The total area of the field
is 0.40 ha, the area of first-order plots is 189 m?,
second-order — 63 m? (4.5 X 14.0 m), the record
area of the plots is 31.5 m?. The arrangement of
the plots is systematic.

Fertilizers (factor A) were applied at sowing
from the seeder into the row on the seedbed,
used for cereal grains, grain legumes, safflow-
er, and mixes (fertilizers were not applied in
the green manured fallow): A; — control; A, —
100 kg/ha of nitroammophoska (NPK 16:16:16);
Az — 150 kg/ha of organo-mineral fertilizer 'di-

!GOST 12041-82. Agricultural crop seeds. Methods for moisture content determination. Moscow: Standartinform, 2011.
2GOST 12037-81. Agricultural crop seeds. Methods for determining seed purity and waste. Moscow: Standartinform, 2011.
3Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow:

Alliance, 2011, 350 p.
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Integrated application of organic fertilizers and biopreparations
in grain-fallow crop rotation under organic farming conditions

Olenin O.A., Zudilin S.N., Safin Kh.M.

atomite + potassium humate + chicken manure
extract + nitroammophoska'; A, — 200 kg/ha of
organic fertilizer 'diatomite + wood ash + organ-
ic potassium'; As — 100 kg/ha of a multi-compo-
nent organic mixture containing trace elements,
with the functions of biofertilizer, biostimulant,
biofungicide, and biobactericide in the form of
pre-sowing seed coating® ’; Ag — 200 kg/ha of
organic fertilizer 'zeolite + effluent + potassium
humate'®; A; — 200 kg/ha of organic fertilizer 'ze-
olite + diatomite + chicken manure + wood ash".

Coating of chickpea seeds was not carried
out for technological reasons: large diameter and
smooth leathery seed coat.

During the growing season, foliar treatment
(spraying) with the preparations (factor B) was
carried out across the direction of sowing and
fertilizer application: B; — control; B, — pesti-
cides in the form of a fungicide and/or insecti-
cide, and/or herbicide; B; — multicomponent
biopreparation with functions of biofertilizer,
biostimulator, antistress, and biofungicide/bio-
bactericide!®.

Treatment with the preparations was carried
out twice (except for the green manured fallow):
cereal grains — at the tillering and stem elonga-
tion stages, chickpea — before the budding stage,
safflower — at the beginning of branching and
beginning of budding stages.

Pesticides were applied at the recommended
rates according to the instructions, and the bio-
preparation — at a rate of 3.0 1/ha with a working
solution volume of 150 1/ha.

Seeds were treated with a chemical seed
treatment only in the variant with mineral fer-
tilizer nitroammophoska (A,) across all B back-
grounds; in variants with organo-mineral (As)
and organic fertilizers (A4—A,), biotreatment of
seeds was carried out by coating the grain (As)
or by applying fertilizers together during sowing
(A3> A4> A6: A7)

Soil treatment: green manure incorporation —
double disking to 68 and 10-12 cm (after 10—
14 days), if weeds regrow — repeat disking to
6—8 cm; for spring mixed sowing — early spring
harrowing, cultivation no earlier than 1-2 days
before sowing; for safflower, cross sowing, na-
ked oats and green manured fallow: primary —
double disking to 6—8 and 10-12 cm (after 10—
14 days), spring — early spring harrowing, culti-
vation no earlier than 1-2 days before sowing.

Sowing was carried out using an Amazone
Primera DMC seeder (working width 4.5 m).
Following sowing, rolling was done with a
KKS-6 roller. For spraying, an Amazone UF 01
sprayer was used (working width 14 m), and for
harvesting, a TERRION SR2010 combine har-
vester was used.

RESULTS AND DISCUSSION

Root rots caused by soil-borne pathogenic
fungi more often affect wheat, rye, and barley,
becoming a cause of deterioration in crop struc-
ture indicators and reducing crop productivity
by up to 40%'" [3, 4].

“Patent (RU) No. 2800714. Complex organomineral fertilizer based on diatomite / Olenin O.A., Zudilin S.N.; submitted 13.03.23;

published 26.07.23, Bulletin No. 30.

SPatent (RU) No. 2756819. Organic complex plant nutrition with soil improver function / Olenin O.A., Zudilin S.N.; submitted

03.22.21; published 10.06.21, Bulletin No. 28.

®Patent (RU) No. 2782430. Method of pelleting seeds of agricultural crops / Chistov A.V., Kutuzov E.L., Kutuzov S.L.,
Olenin O.A., Zudilin S.N.; submitted 01.09.21; publ. 10/26/22, Bulletin. No. 30.

"Patent (RU) No. 2829217. Composition for pelleting seeds of grain and cereal crops / Olenin O.A., Zudilin S.N.; submitted

08.04.24; published 30.10.24, Bulletin No. 31.

8Patent (RU) No. 2781283. Multicomponent organic fertilizer based on nanostructured zeolite with soil improver and biostimulant
functions / Olenin O.A., Zudilin S.N.; submitted 08.04.22; published 11.10.22, Bulletin No. 29.

°Patent (RU) No. 2805874. Complex fertilizer based on diatomite and zeolite / Olenin O.A., Zudilin S.N.; submitted 31.01.23;

published 24.10.23, Bulletin No. 30.

%Patent (RU) No. 2830874. Complex extract from humate-containing substrates and method for its production / Olenin O.A.;

submitted 03/15/24; published 11/26/24, Bulletin No. 33.

"Zudilin S., Olenin O., Vasilisko A., Zudilin A. Application of biotechnologies in production of multifunctional biopreparations
for organic farming // 20th International Multidisciplinary Scientific GeoConference — SGEM 2020. Sophia, 2020, Iss. 6.2, pp.

55-64.
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KommiekcHoe MpUMEHeHNe OpPraHnIeCKUX yIOOpeHHI U OHOIpenapaToB
B 3¢PHONAPOBOM CEBOOOOPOTE B YCIOBUSIX OPraHHMUIECKOIO 3eMIIeIeIINs

Onennn O.A., 3yaunun C.H., Cadpun X.M.

The main elements of integrated biopro-
tection in the organic farming system are the
following: a) crop rotation (phytosanitary and
nectar plants, enrichment with legumes (up to
25-30%), perennial grasses, mixed and joint
sowings); b) seed biotreatment; c¢) seed coating
with biotreatment; d) introducing multi-com-
ponent organic fertilizers and biopreparations
with bioprotection functions into the soil before
and during sowing; e) treatment of crops with
bioprotective biopreparations — on the leaves
(ground sprayers and UAS (unmanned aircraft
system)) and into the soil (multi-injector, up to a
certain phase of crop growth and development);
f) new crops and varieties resistant to bioprotec-
tion under extreme weather conditions and glob-
al climate changes [5-8].

The influence of fertilizers and treatments on
the prevalence of root rots is presented in Table 1
(on average over two surveys in the tillering and
milk ripeness phases of the grain; for winter rye —
in 2017 at the tillering phase and after 30 days).

According to the obtained results, in winter rye,
the greatest reduction in disease incidence was
contributed by the biopreparation (Bs) and organ-
ic fertilizers with a biofungicide function (A4 and
As). Accordingly, the most significant decrease
was noted in the variant 'seed coating + bioprepa-
ration' (AsBj): 44.6% higher compared to the
control (AB,) and 50.6% higher compared to the
variant 'nitroammophoska + pesticides' (A,B,).

The highest effectiveness of the bioprepa-
ration and organic fertilizers was observed on
barley and wheat. Thus, the most significant re-
duction in disease incidence was noted in variant
AS5B3: on barley — by 50.5% compared to the
control and by 52.3% compared to variant A2B2,
on wheat — by 49.4% and 57.2% respectively.

Brown leaf rust, caused by the fungus Puccin-
ia triticina, primarily affects wheat, rye, triticale,
and wild grasses. The occurrence of the disease
is promoted by the use of susceptible varieties
and fertilizers with mineral nitrogen, as well as
prolonged warm weather with high humidity
during the active growing period. The disease
reduces yields by 10-50%, and with significant
infection of crops, total loss is possible [9—11].

The influence of fertilizers and treatments on
the prevalence of brown leaf rust is presented in
Table 1 (on average over two surveys in the til-
lering (spring) and milk ripeness phases of the
grain; for winter rye — not determined in 2017).

In winter rye, the greatest reduction in disease in-
cidence was contributed by the biopreparation and
organic fertilizers. Thus, the biopreparation reduced
the prevalence of brown rust by 25.6% compared
to the control and by 7.7% compared to pesticides.

Similar patterns were observed in wheat. For
example, the biopreparation contributed to a re-
duction in disease incidence by 41.7% compared to
the control and by 17.1% compared to pesticides.
The most significant reduction in the prevalence
of brown leaf rust was noted in the 'seed coating +
biopreparation' treatment (AsB3) — 57,8%.

Thus, in cereal grain crops, the greatest re-
duction in the prevalence of root rots and brown
leaf rust was facilitated by organic fertilizers
with bioprotection functions.

Pre-sowing seed pelleting, in addition to be-
ing an innovative method of introducing organ-
ic fertilizers and biopreparations into the soil,
turned out to be the most effective method of
disease control in an integrated bio-protection
system. When seeds are coated with a shell made
of a complex organic composition containing
ingredients for biofungicidal, biobactericidal,
and bioinsecticidal (if necessary) protection,
biopriming occurs, and microorganisms — an-
tagonists of pathogenic microflora — immedi-
ately enter the potential rhizosphere zone of the
seedlings at sowing, from where the beneficial
microorganisms and their metabolites penetrate
into the above-ground organs of the plants.

Multicomponent biopreparations with bio-
protection functions surpass pesticides in the
effectiveness of reducing the prevalence of the
studied diseases. At the same time, the greatest
synergistic effect of integrated bioprotection was
noted when combining seed coating and the use
of the biopreparation during vegetation.

Yield is the ultimate indicator of the efficien-
cy of the main elements of the farming system,
including the fertilizer system and the integrated
plant protection system [12—14].
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Integrated application of organic fertilizers and biopreparations
in grain-fallow crop rotation under organic farming conditions

Olenin O.A., Zudilin S.N., Safin Kh.M.

Tao6a. 1. PacnpocTpaHeHHOCTh MOPaKEHHUsI KOPHEBBIMH THUIISIMU M OypOH JINCTOBOM prKaBUMHON
pacTeHHii KyJIbTyp 3epHONAapoBoro ceBoobopora (2017-2022 rr.), %

Table 1. The prevalence of root rot and brown leaf rust in crops of grain-fallow crop rotation

(2017-2022), %

Root rots Brown leaf rust
Fertilizer system (A) Winter rye Barley Ha{ghsezrtmg Winter rye Ha{;ihil;rtmg
% to % to % to % to % to
average | the |average| the |average| the |average| the [average| the
control control control control control
Protection system (B)
Control (B))
Control (A) 26,9 | 100,0 | 28,3 | 100,0 | 24,3 | 100,0 | 20,7 | 100,0 | 18,7 | 100,0
NAPK (A)) 28,1 | 104,5 | 28,8 | 101,8 | 26,1 | 107,4 | 21,0 | 101,5 | 19,3 | 103,2
D+ PH + CME + NAPK (A3) | 25,2 93,7 | 26,0 91,9 | 22,8 93.8 17,5 84,5 18,3 97,9
D+ WA+ OP (Ay) 241 85,6 | 26,3 929 | 22,8 93,8 17,7 85,5 18,0 | 96,3
Seed coating (As) 18,2 67,6 17,9 63,3 18,4 | 75,7 16,0 77,3 15,1 80,7
Z+E+PH (Ag) 27,8 | 103,3 | 28,2 99,7 | 253 | 104,1 | 17.8 86,0 19,1 | 102,1
Z+ D+ KII+ WA (A,) 24,1 89,6 | 26,3 929 | 22,6 | 93,0 17,3 83,6 17,8 95,2
Average 249 | 92,6 | 26,0 91,9 | 23,2 95,5 18,3 88,4 18,0 | 96,3
Pesticides (B>)
Control (A) 28,5 | 106,0 | 28,3 | 1004 | 25,6 | 1053 | 22,2 | 107,2 | 16,6 88,8
NAPK (A») 28,5 | 106,0 | 28,8 | 101,8 | 26,2 | 107,8 | 22,9 | 110,6 | 15,9 85,0
D +PH+ CME + NAPK (A3) | 249 | 92,6 | 26,0 92,2 | 22,8 93.8 19.4 93,7 14,3 76,5
D+ WA+ OP(Ay) 243 90,3 26,3 88,0 | 22,2 914 | 20,3 98,1 15,2 81,3
Seed coating (As) 18,3 68,0 17,9 62,2 17,5 72,0 13,5 65,2 10,3 55,1
Z +E + PH (Ay) 28,6 | 106,3 | 28,2 98,6 | 244 | 1004 | 18,4 88,9 13,0 | 69,5
Z+D+CM+ WA (A,) 26,7 | 99,3 26,3 88,7 22,2 91,4 17,0 82,1 134 | 71,7
Average 25,7 | 95,5 26,0 90,1 23,0 | 94,7 19,1 92,3 14,1 75,4
Biopreparation (B3)
Control (A) 26,0 | 96,7 | 24,7 87,3 21,5 88,5 16,1 77,8 11,9 63,6
NAPK (A,) 25,2 | 93,7 | 25,8 91,2 | 22,5 92,6 17,1 82,6 11,7 62,6
D +PH + CME + NAPK (A3) | 22,8 84,8 23,3 82,3 19,6 80,7 16,0 77,3 9,7 51,9
D+ WA+ OP (Ay) 22,4 83,3 22,5 79,5 18,3 75,3 15,7 75,9 10,3 55,1
Seed coating (As) 14,9 55,4 14,0 | 49,5 12,3 50,6 11,1 53,6 7,9 42,2
Z+E+PH (Ag) 23,0 85,5 21,3 75,3 17,0 | 70,0 16,4 79,2 11,6 62,0
Z+D+CM+ WA (A,) 23,1 85,9 | 20,7 73,1 16,1 66,3 15,7 75,9 13,3 71,1
Average 22,5 83,6 | 21,8 77,0 18,2 74,9 15,4 74,4 10,9 58,3

Note. In tables 1, 2: NAPK — nitroammophoska; D + PH + C

ME + NAPK — diatomite + potassium humate + chicken manure

extract + nitroammophoska; D + WA + OP — diatomite + wood ash + organic potassium; Z + E + 'K — zeolite + Effluent + potassi-
um humate; Z + D + CM + WA — zeolite + diatomite + chicken manure + wood ash.

The influence of fertilizers and treatments on
the yield of crops in the grain-fallow crop rota-
tion is shown in Table 2.

According to the received data, in winter
rye, the effectiveness of organic fertilizers and

nitroammophoska on yield turned out to be at
the same level. The greatest increase was pro-
vided by pelleting — 7.0-12.7% (0.23-0.42 t/ha)
compared to the control (3.31 t/ha). The use of
the biopreparation proved to be 8.2% more ef-
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KommiekcHoe MpUMEHeHNe OpPraHnIeCKUX yIOOpeHHI U OHOIpenapaToB
B 36pHOIIAPOBOM CEBOOOOPOTE B YCIOBHAX OPraHUUYECKOIO 3eMJIeIeI s

Onennn O.A., 3yaunun C.H., Cadpun X.M.

Taba. 2. YpokaltHOCTh KyJIBTYp 3epHOIIApOBOTO ceBoobopota (2017-2022 rr.), T/Ta
Table 2. Crop yields of the grain-fallow crop rotation (2017-2022), t/ha

Barley Winter rye Safflower Chickpea Ha{:]ihse};rting Hulless oats

Fertilizer system (A) aver- ?h:—:o aver- ?h:—:o aver- ?h:—:o aver- ?h:—:o aver- ?h:—:o aver- ?h:—:o

age | con- | age | con- | age | con- | age | con- | age | con- | age | con-

trol trol trol trol trol trol

Protection system (B)
Control (B))
Control (A;) 1,26 {100,0| 3,31 [100,0| 1,02 |100,0| 1,05 {100,0| 1,14 {100,0| 2,04 |100,0
NAPK (A,) 1,36 {107,9| 3,48 |105,1| 1,09 |106,9| 1,19 |113,3| 1,33 [116,7| 2,22 | 108,8
D+ PH + CME + NAPK (Aj) | 1,43 |113,5| 3,31 [100,0| 1,11 |108,8| 1,29 |122,9| 1,41 [123,7| 2,20 |107,8
D+ WA+ OP (Ay) 1,37 [108,7| 3,38 [102,1| 1,09 |106,9| 1,25 |119,1| 1,42 |124,6| 2,25 |110,3
Seed coating (As) 1,49 [118,3| 3,54 [107,0| 1,15 | 112,8| - - 1,44 1126,3| 2,25 |110,3
Z+E+PH (A¢) 1,34 {107,1| 3,37 |101,8| 1,10 |107,8| 1,19 |113,3| 1,30 |[114,0| 2,14 |104,9
Z+D+CM+ WA (Ay) 1,38 {109,5| 3,38 [102,1| 1,12 |109,8| 1,23 |117,1| 1,45 [127,2| 2,12 |103,9
Average 1,38 {109,5| 3,40 (102,7| 1,10 |107,8| 1,20 |114,3| 1,36 [119,3| 2,17 | 106,4
Pesticides (B>)
Control (A;) 1,31 {104,0| 3,32 |100,3| 1,03 |101,0| 1,13 |107,6| 1,29 [113,2| 2,11 |103,4
NAPK (A,) 1,45 [115,1| 3,44 |103,9| 1,08 |105,9| 1,25 |119,1 | 1,55 [136,0| 2,22 | 108,8
D+ PH + CME + NAPK (Aj) | 1,49 | 118,3| 3,50 [105,7| 1,08 |105,9| 1,35 |128,6| 1,62 |142,1| 2,34 |114,7
D+ WA+ OP (Ay) 1,48 [117,5| 3,51 [106,0| 1,12 |109,8| 1,33 |126,7| 1,61 |[141,2| 2,29 1123
Seed coating (As) 1,56 [123,8| 3,60 [108,8| 1,20 | 117,7| - - 1,65 [144,7| 2,31 [113,2
Z+E+PH (Ag) 1,42 [ 112,7| 3,48 [105,1| 1,17 | 114,7| 1,28 |121,9| 1,50 |[131,6| 2,16 | 105,9
Z+D+CM+ WA (Ay) 1,51 {119,8| 3,48 [105,1| 1,21 | 118,6| 1,42 |135,2] 1,48 [129,8| 2,28 | 111,8
Average 1,46 [115,9| 3,48 [105,1| 1,13 | 110,8| 1,29 {122,9| 1,53 [134,2| 2,24 |109,8
Biopreparation (B3)

Control (A;) 1,43 [ 113,5| 3,38 [102,1| 1,09 |106,9| 1,47 |140,0| 1,62 |[142,1| 2,15 |105,4
NAPK (A,) 1,61 [127,8| 3,60 [108,8| 1,15 | 112,8| 1,51 |143,8| 1,77 [155,3| 2,29 1123
D+ PH + CME + NAPK (A3) | 1,65 |131,0| 3,67 {110,9| 1,20 | 117,7| 1,55 |147,6| 1,82 |159,7| 2,29 |112,3
D+ WA + OP (Ay) 1,67 [132,5| 3,53 |106,7| 1,16 | 113,7| 1,57 |149,5| 1,79 [157,0| 2,33 | 114,2
Seed coating (As) 1,72 1136,5| 3,73 |112,7| 1,28 | 125,5| - - 1,88 [164,9| 2,41 | 118,1
Z +E+PH (A¢) 1,55 [123,0| 3,53 [106,7| 1,22 | 119,6| 1,54 |146,7| 1,71 [150,0| 2,26 | 110,8
Z+D+CM+ WA (Ay) 1,63 [129,4| 3,65 |110,3| 1,25 |122,6| 1,63 |155,2| 1,76 |154,4| 2,30 | 112,7
Average 1,61 [127,8| 3,58 [108,2| 1,19 | 116,7| 1,55 |147,6| 1,76 |154,4| 2,29 [112,3
2017-0,07 | 2017—-0,21 | 2017-0,05 | 2017 -0,12 | 2017 - 0,15 | 2017 — 0,08

2018-0,08 | 2018 —0,20 | 2018 —-10,06 | 2018 -0,09 | 2018—0,12 | 2018 - 0,12

LSDgst0ta1 2019-0,11 | 2019-0,15 | 2019-0,10 | 2019—-0,14 | 2019—-0,21 | 2019 - 0,14

(by years), t/ha 2020-0,10 | 2020-0,19 | 2020-0,12 | 2020 - 0,18 | 2020 — 0,16 | 2020 — 0,09
2021-0,06 | 2021 -0,18 | 2021 - 0,05 | 2021 - 0,10 | 2021 —-0,11 | 2021 - 0,16

2022-0,10 | 2022-0,24 | 2022 -0,08 | 2022—0,15 | 2022-0,20 | 2022 - 0,11

fective than the control, and pesticides — 3.1%.
The highest yield (3.73 t/ha) was observed in
the variant 'seed pelleting + biopreparations'
(AsB;) — an increase of 12.7% compared to the
control and 4.3% relative to the variant 'nitroam-
mophoska + pesticides' (A,B,).

For barley, the average yield in the variants
with nitroammophoska was roughly at the same

level as with organic fertilizers. Only seed coat-
ing had a significant advantage: for example,
against the B; background, coating increased the
yield by 8.7% (0.11 t/ha) compared to nitroam-
mophoska. Relative to the control (A;By; 1.26 t/
ha), pesticides increased the yield on average by
15.9% (0.20 t/ha), and the bioproduct by 27.8%
(0.35 t/ha).
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Integrated application of organic fertilizers and biopreparations
in grain-fallow crop rotation under organic farming conditions

Olenin O.A., Zudilin S.N., Safin Kh.M.

In safflower, among fertilizers, the greatest
increase in yield was provided by seed coating —
12.8-25.5% (0.13-0.26 t/ha) compared to the
control (1.02 t/ha). When used together with a
biopreparation during the growing season, the
effectiveness of organic fertilizers increased sig-
nificantly: for example, the highest yield was
observed in the option "seed coating + bioprepa-
ration" (As;B;) — 1.28 t/ha. Treatment of crops
with the biopreparation increased the yield by an
average of 16.7% compared to the control and
by 5.9% compared to pesticides.

Organic fertilizers and a biopreparation con-
taining humic substances and a complex of mi-
croelements had a significant effect on chick-
pea yield. Thus, against the B; background,
the application of nitroammophoska increased
yield by an average of 43.8% compared to the
control (1.05 t/ha), while organic fertilizers in-
creased it by 46.7-55.2% (on A;B; — 155.2%, or
1.63 t/ha). Compared to the control, pesticides
increased chickpea yield by an average of 22.9%
(0.24 t/ha), while the biopreparation increased it
by 47.6% (0.50 t/ha).

On wheat, organic fertilizers in terms of yield
increase were scarcely inferior to fertilizers with ni-
troammophoska. Thus, against the B; background,
compared to the control (1.14 t/ha), nitroammo-
phoska contributed to a yield increase of 55.3%,
whereas pelleting — by 64.9%. For pesticide prepa-
rations, pesticides increased crop yields on average
by 34.2% (0.39 t/ha) compared to the control, and
biopreparations — by 54.4% (0.62 t/ha).

And only for oats, no significant differences
were found in the impact on yield between miner-
al, organomineral and organic fertilizers, as well
as between pesticides and the biopreparation.

Thus, organic fertilizers with bioprotection
functions were comparable to or exceeded the
options with organomineral and mineral fertiliz-
ers in terms of effectiveness on yield.

On average, the biopreparation with biopro-
tection functions contributed to a greater yield
increase than pesticides: the excess compared to
the control was 8.2-54.4%, compared to pesti-
cides — 2.5-24.7%. Wheat and chickpeas were
the most responsive to the biopreparation: the in-

crease relative to the control (1.14 and 1.05 t/ha)
was 54.4% and 47.6% (0.62 and 0.50 t/ha), re-
spectively; the increase relative to pesticides
was 20.2% and 24.7% (0.23 and 0.26 t/ha).

CONCLUSIONS

1. Multicomponent organic fertilizers based
on diatomite and zeolite with bioprotection
functions, when applied simultaneously with
sowing, contributed to the greatest reduction in
the prevalence of root rot and brown leaf rust in
cereal crops. Moreover, their application in the
form of pre-sowing seed coating proved to be
the most effective.

2. The multicomponent biopreparation with
bioprotection functions also contributed to a
greater reduction in the prevalence of the studied
disease complex. For example, on hard spring
wheat, compared to the control, the bioprepara-
tion reduced the prevalence of brown leaf rust
by an average of 41.7%, whereas pesticides re-
duced it by only 24.6%.

3. The strongest synergistic effect of the inte-
grated bioprotection system was achieved with
the combined use of the biopreparation and seed
coating. For example, in hard spring wheat, the
reduction of brown leaf rust averaged 57.8%
compared to the control and 42.8% compared to
the combination of pesticides and mineral fer-
tilizer.

4. Multicomponent organic fertilizers, espe-
cially in the form of seed coating, contributed to
yield increase no less than organo-mineral and
mineral fertilizers. Thus, in hard spring wheat
against the background of a biopreparation, the
application of nitroammophoska increased yield
on average by 55.3% (0.63 t/ha) compared to the
control (1.14 t/ha), while coating increased it by
64.9% (0.74 t/ha).

5. The multicomponent biopreparation pro-
vided a greater yield increase than pesticides:
the increase relative to the control averaged
8.5-54.4%, the increase relative to pesticides
was 2.5-24.7%. For example, compared to the
control, pesticides increased the yield of hard
spring wheat by 34.2% (0.39 t/ha), while bio-
preparations increased it by 54.4% (0.62 t/ha).
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KommiekcHoe MpUMEHeHNe OpPraHnIeCKUX yIOOpeHHI U OHOIpenapaToB

B 3¢PHOIIAPOBOM CEBOOOOPOTE B YCIOBHSAX OPraHUYECKOTO 3eMIICICIIHS

Onennn O.A., 3yaunun C.H., Cadpun X.M.

6. The integrated use of multicomponent mul-

tifunctional organic fertilizers and biopreparations
with bioprotection functions in the organic farm-
ing system provides an agronomic effect not infe-
rior in effectiveness to the integrated use of syn-
thetic chemical mineral fertilizers and pesticides.
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I'eonndopmanmonHoe MoaeIMPOBAHUE BECCHHETAJI0M 3PO3UH MOYB
B oaATaekHoi 30He 3anaaHoi Cudupu Ha ocHoBe USLE

) Caseabena [I.A.!, Kanuukun B.K.2, CaiinakoBa A.B.!

'Cubupckuil HayuHO-UCCIe008aAMENbCKUL UHCIMUMYM CElbCKO20 X035Ucmea u mopga — gunuan
Cubupcrozo gedepanvrHoo nayuHo2o yenmpa azpodbuomexuonocuil Poccutickotl akademuu Hayk
Tomck, Poccus

2Cubupckuil pedepanvHuvlil HayuHblll yeHmp azpoouomexnonoeuil Poccuiickou akademuu Hayk
HoBocubupckas o6nacts, p.i. KpacHooock, Poccust

(X)e-mail: daria.a.saveleva@yandex.ru

[IpencraBieHsl UCCIEIOBAHMS IO CO3IAHUIO TeOMH(OPMAIIMOHHON MOJIETTH BECEHHETAION ApO3un
[I0YB TIAIlIHU Ha OCHOBE YHUBEPCAIBLHOTO YpaBHEHHS MOTEph 1mouBbl Yurimeriepa u Cmuta (USLE)
U TIPOBEPKU €€ KauecTBa M TOYHOCTH B YCJOBHUSX MOATAaCkKHOHM 30HBI 3amnagHoi Cubupu. dakrtop
IpOUpYIOIEH CTOCOOHOCTH 0CAKOB R PacCUUTaH HAa OCHOBE TEOMH(POPMAIIMOHHON MOJIENN CHEX-
HOTO TIOKpPOBA, BKJIFOYAIOIIEH CBEJEHHS O 3amacax BOJABI B CHETe, 0COOEHHOCTSAX 3alieTaHusl CHera
Ha CKJIOHAX pa3HOW HKCIO3WIINU, XapaKTePUCTUKAX TIEPUOa CHETOTAsTHUA. YUTEHO TaKKe KOoJInde-
CTBO BBIMABIIKX 32 EPUOJ] CHETOTAsTHUS KUAKUX 0CaIKOB. MonenupoBaHue BBIMOIHSIN B IPOrpaM-
max QGIS, GRASS, SAGA. KadecTBo MO/eH OIICHUBAIN C MTOMOIIBIO OONIETPUHSATHIX ITOKa3aTe-
neil — koapduuuenta xkoppensiiuu CrnupMmena 7, kodhduimeHTa JeTepMuHanui R?, cpeqHell 0THO-
curenbHoOM om0k (Mean Relative Error — MRE), cpenneii abcomorHoit ommbku (Mean Absolute
Error — MAE), cpennexBaapatuanoii ommoku (Mean Squared Error — MSE). CxomumMocTs Mozenn
¢ (aKTOM OIIEHMBAJH C IMOMOIIBIO CTaTHUCTUKH JIMHEHHO-B3BemeHHON Karbl (K) B kiraccax oObeMa
CMbIBa, PACCUMTAHHBIX IO METOJY HATypajbHbIX UHTEpBaIOB JlkeHKca. DaKTUYECKUI CMBIB Ompe-
JIEJIAIIN METOJIOM yueTa cTpyidarsix pa3MbiBoB B 2014—2023 rr. Tounocts Mogenu USLE B nieneBbix
YCIIOBHUSIX HE HMXKE, YeM ATO OMHMCAHO B MUPOBOI inTeparype. Ommdka MO COCTaBIsIeT B CPE-
HeM 44% 3a 10 set. Jlydmne XapakTepUCTHKN KadecTBa MOJAEIH JOCTUTAINCH Ha FOXKHBIX CKIIOHAX
MIPY MUHAMAJIBHOM HaJMY9WUY TTPOMOWH U MUHUMaJIbHOM yBlnaxkHeHuu. Cpemane 3a 10 meT mokazare-
JIM Ka4eCTBA MOJIEIH: I IOKHBIX CKIOHOB — r = (0,76...0,92, R? =0,29...0,81, MRE = 0,39...0,64,
MAE = 0,16...0,93, MSE = 0,07...2,66, k = 0,66...0,91; nns ceBepubix ckinoHoB — » = 0,57...0,79,
R*=0,27...0,60, MRE =0,43...0,45, MAE = 0,20...0,47, MSE = 0,13...1,42, k = 0,46...0,84. USLE
MOXET OBITh MCIIOJb30BaHa B KaU€CTBE MHCTPYMEHTA MEPBUYHON OLIEHKH TOTEHIIMAaja CMbIBA MOYB
TTaITHU TIPY BECEHHEM CHETOTAsHUU B YCIOBHSIX MOATANUTH 3amanHoit CuOupH mpu UCIOIE30BaHUN B
pacueTax R-(hakTopa XapaKTepUCTHUK CHEXHOTO IMTOKPOBA U YCIOBUI CHETOTAsHHS.

KuroueBble ci10Ba: BeceHHeTaas »po3usi, reonHdopmaronHas moaens, USLE, kagecTBo Moje-
mu, 3amagHas Cuoupb

Geoinformation modeling of spring-thaw soil erosion in the subtaiga zone

of Western Siberia based on USLE

C)Savel’eva D.A.!, Kalichkin V.K.?, Saynakova A.B.!

ISiberian Research Institute of Agriculture and Peat - Branch of the Siberian

Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences

Tomsk, Russia

2Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

(><)e-mail: daria.a.saveleva@yandex.ru

The article presents research on the creation of a geoinformation model of spring-thaw erosion of

arable soils based on the universal soil loss equation of Wischmeier and Smith (USLE) and testing its
quality and accuracy in the conditions of the subtaiga zone of Western Siberia. The erosive capacity
factor of precipitation R is calculated on the basis of a geoinformation model of snow cover, which
includes information on water reserves in snow, features of snow deposition on slopes of different ex-
posures, and characteristics of the snowmelt period. The amount of liquid precipitation that fell during
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Geoinformation modeling of spring-thaw soil erosion

Savel’eva D.A., Kalichkin V.K., Saynakova A.B.

in the subtaiga zone of Western Siberia based on USLE

the snowmelt period was also taken into account. Modeling was performed using QGIS, GRASS,
and SAGA. The quality of the model was assessed using generally accepted indicators: Spearman's
correlation coefficient 7, the coefficient of determination R2, the mean relative error (MRE), the mean
absolute error (MAE), and the mean squared error (MSE). The model convergence with the fact was
assessed using the linear-weighted kappa (k) statistic in outwash volume classes calculated using the
Jenks natural breaks method. The actual outwash was determined using the method of recording the
flow erosion in 2014-2023. The accuracy of the USLE model under target conditions is not lower
than that described in the world literature. The model error averages 44% over 10 years. The best
model performance was achieved on southern slopes with minimal gullies and minimal moisture.
Average 10-year model quality indicators: for southern slopes — » = 0,76...0,92, R = 0,29...0,81,
MRE = 0,39...0,64, MAE = 0,16...0,93, MSE = 0,07...2,66, k = 0,66...0,91; for northern slopes —
r=0,57...0,79, R*? = 0,27...0,60, MRE = 0,43...0,45, MAE = 0,20...0,47, MSE = 0,13...1,42,
k=0,46...0,84. USLE can be used as a tool for the primary assessment of the potential for arable soil
loss during spring snowmelt in the subtaiga conditions of Western Siberia when using the R-factor of

snow cover characteristics and snowmelt conditions in the calculations.
Keywords: spring-thaw erosion, geoinformation model, USLE, model quality, Western Siberia
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INTRODUCTION

For drafting projects of on-farm adaptive
landscape agriculture systems (ALAS), the
methodology of agri-ecological land assess-
ment is used, the formalized digital foundation
of which is a software and hardware complex
in the form of AgroGIS with digital maps and
attribute databases. The number of electronic
thematic map layers depends on the complexity
of landscape-ecological conditions. By mutual-
ly overlaying thematic electronic map layers, a
comprehensive map of agroecological groups
and land types (mesorelief, soil-forming rocks,
hydrological conditions, soil cover structures,
soil properties, etc.) is formed. This map, along
with its database and explanatory note, is the
main document for ALAS design [1, 2].

In accordance with the ALAS formation
methodology, eroded lands belong to a separate
agro-ecological group and require a specialized
approach in their agricultural use. For eroded
lands, various options for soil protection farming

systems and anti-erosion land organization are
developed, taking into account the local agro-
landscape conditions [3—5]. Areas similar in the
intensity of erosional processes and soil cover
are combined into agrolandscape strips, which
in turn serve as working plots with approximate-
ly the same set of soil protection technologies,
ensuring control over erosion processes [6]. As
the risk of erosion increases, the use of complete
fallow and arable crops is reduced or eliminated,
and the role of soil conservation measures in-
creases. The application of deep no-till soil cul-
tivation with crop residues and straw left on the
surface is of particular importance [7]. To devel-
op and implement such systems, it is necessary
to have information about permissible losses and
the actual amount of soil washouts due to ero-
sion at comparable levels of temporal and spatial
resolution of assessments [8]. Currently, geo-
graphic information systems are widely used for
calculating erosion-related soil losses, allowing
for the processing of large volumes of data with
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TeonH(OPMALHOHHOE MOACIUPOBAHNE BECEHHETANION 3PO3UHU [I04B
B HojTaexkHoM 30He 3ananHoit Cubupu Ha ocHoBe USLE

Casenbea J[.A., Kammukun B.K., Caiinakosa A.B.

acceptable accuracy and spatial detail of wash-
out estimates [9, 10].

Geoinformation modeling of the process of
water erosion of the soil cover is a complex and
not yet fully resolved problem; however, this
modeling is one of the recognized effective tools
for assessing the erosion hazard of soils. Soils
are considered erosion-hazardous where combi-
nations of natural conditions (relief, soil-forming
and underlying rocks, precipitation) create the
possibility of soil erosion when used for agricul-
tural purposes' [11]. Erosion risk is assessed by
the magnitude of a potential washout. Currently,
there are a number of soil cover erosion models,
one of which is the empirical USLE model (Uni-
versal Soil Loss Equation)?. This model is based
on dividing the watershed into individual cells
of a regular grid and assigning each cell a set
of attributes, such as slope value, slope length,
runoff erosion intensity, soil erodibility factor,
and others.

At the Global Symposium on Soil Erosion,
held in 2019 in Rome, USLE and its modifica-
tions were recognized as the most commonly
used equations in the world for modeling soil
erosion washout [12]. The main focus was on
RUSLE — the revised universal soil loss equation
as a model with more elaborated P and R factors.
However, RUSLE still retains the basic structure
of USLE, just like the equation presented in the
State Standard of the USSR (GOST 17.4.4.03—
86), which is currently in force on the territory
of the Russian Federation. Despite the presence
and recognition of ongoing problems with the
use of the USLE-based approach at the level of
global soil erosion monitoring, this model re-
mains a priority, used at the international level.

The question of the applicability of the univer-
sal soil loss equation on the territory of Russia has
been raised repeatedly, and the verdict of the as-
sessment has not always been satisfactory, since
for the conditions of Russia and the CIS countries,
the necessary data to verify this equation are lack-
ing, both in terms of erosion factors and in terms
of the magnitude of soil loss [13]. In the litera-
ture, the description of the result of modeling soil
erosion potential is most often observed without
its comparison with actual washout [9, 14], which
does not allow for the assessment of the quality of
the output data. There are studies in which the au-
thors state a good agreement between the model
and actual data, but do not indicate the magnitude
of deviations and do not provide information on
the assessment of the level of agreement™ 4. Pub-
lished results of the validation of the USLE mod-
el are rare; as an example, one can refer to the
work [15]. For the territory of the subtaiga zone
of Western Siberia, they are not found at all.

Within the sub-taiga of Western Siberia, the
main problem is the small amount of up-to-date
comprehensive information on soil erosion for
most of the arable land. Here, the main soil ero-
sion occurs during the spring snowmelt. The
volume of erosion during this time can reach
80-90% of the annual volume and causes the
greatest damage to the arable soil cover’ [16]. In
this regard, it is critically important to accumu-
late many years of continuous data on the actual
washout of arable soils specifically during the
snowmelt period and to use them to check the
quality and accuracy of the mathematical mod-
els used, which will ultimately ensure the effec-
tiveness of designing soil protection measures,
saving time and resources.

\Fetyukhin LV., Chernenko V.V. Factors of development, modeling and forecasting of soil erosion // International Agricultural
Journal, 2018, N 1, pp. 11-13. DOI: 10.24411/2587-6740-2018-11003.

*Wischmeier W.H., Smith D.D. Predicting rainfall erosion losses: A guide to conservation planning. Washington: U.S. Govern-

ment Printing Office. 1978, 58 p.

3Gorbacheva E.N. Application of the universal soil loss equation (RUSLE) in assessing the intensity of water-erosion processes
based on GIS // Soil Science and Agrochemistry, 2011, N 2, pp. 42-51.

4Gitas 1.Z., Douros K., Minakou C., Silleos G.N., Karydas C.G. Multi-temporal soil erosion risk assessment in N. Chalkidiki
using a modified USLE raster model // EARSel eProceedings, 2009, vol. 8, N 1, pp. 40-52.

SGerasimenko V.P. Average long-term soil loss in arable land under various natural and agricultural conditions // Eurasian Soil

Science, 1995, N 5, pp. 608—616.

3emiieienue U XUMH3aIvs

CubupcKuii BECTHHUK CEITbCKOX035CTBEHHOM Hayku ® 2025 ¢ 55« 12 17



Geoinformation modeling of spring-thaw soil erosion
in the subtaiga zone of Western Siberia based on USLE

Savel’eva D.A., Kalichkin V.K., Saynakova A.B.

A significant contribution to the acquisition
of information on soil washout from arable land
and the characteristics of the snow cover in the
study area is made by specialists such as Evse-
eva N.S., Kashiro M.A., Kvasnikova Z.N., and
others. However, the issue of the practical ap-
plication of the obtained and published data has
still not been resolved.

The aim of the work is to create a geoinfor-
mation model of spring snowmelt soil erosion
on arable land based on the Universal Soil Loss
Equation (USLE) by Wischmeier and Smith, and
to verify its quality and accuracy in the sub-taiga
zone of Western Siberia.

The results of geoinformation modeling of
springtime thaw soil erosion of arable land using
an original approach to calculating the R-factor
are considered; and, for the first time for the
sub-taiga zone of Western Siberia, analysis of
the convergence of actual and predicted washout
data was carried out.

MATERIAL AND METHODS

Modeling and field studies were carried out in
2014-2023 in the Tomsk region on a total area
of 53.4 ha at the Luchanovskaya scientific and
production site of the Siberian Research Insti-
tute of Agriculture and Peat — a branch of the
Siberian Federal Scientific Centre of Agro-Bio-
Technologies. The lands have been under agri-
cultural use for more than 85 years. The soils
are agro-gray and agro-dark-gray, medium- and
heavy-loamy. Studies were conducted on the
slopes of two main exposures in the area (north
and south). The average slope length is 100.2 m
(31.6% of slopes are more than 120 m), and the
average slope steepness is 1.36° (ranging from
0.24° to 3.87°).

The entire territory was divided into 534 sur-
vey plots with an area of 0.1 ha on the southern
slopes (208 plots) and northern slopes (326).
The plots are grouped into sites, which represent

cascades of survey plots down the slope, 100 m
wide and with a total length equal to the length
of the slope. In total, 12 sites were analyzed
(5 with southern exposure and 7 with northern
exposure). The number of survey plots per site
ranges from 37 to 48. Within all sites, the for-
mation of temporary watercourses was observed
annually during the snowmelt period. Based on
this characteristic, the sites were divided into
two types:

—type A —with moderate concentration of rain
rills (presence of a single unbranched rain rill);

—type B — with high concentration of rain rills
(presence of single or two and more branched
rain rills on the site).

The calculation of the slope length and steep-
ness factors LS, soil erodibility K, and vegeta-
tion cover factor C was carried out as in [16].
The values of the anti-erosion measures factor
P were obtained from GOST 17.4.4.03—86. The
erosive capability of precipitation factor R was
calculated based on a snow cover geoinforma-
tion model. The model included calculations of
the volume of water reserves in the snow, the
snow accumulation coefficient on the slopes
with different exposures, the washout intensity
coefficient during snowmelt on the slopes with
different exposures, and the amount of liquid
precipitation that fell during the snowmelt peri-
od. For snow cover modeling, data presented in
the works of N.S. Evseeva et al. [17], data from
the open weather archive (https://rp5.ru), and the
SRTM digital elevation model were used (http://
srtm.csi.cgiar.org).

Based on the DEM, an electronic map of
geomorphological phonotypes was created us-
ing a machine vision approach® to identify the
main archetypes of terrain morphology in the
area, which are associated with changes in snow
cover thickness, and to create a general geomor-
phometric map. To obtain a power grid of the
snow cover, on the basis of which an electronic

¢Jasiewicz J., Stepinski T. Geomorphons — a pattern recognition approach to classification and mapping of landforms // Geomor-
phology, 2013, vol. 182, pp. 147-156. DOI: 10.1016/j.geomorph.2012.11.005.
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map of water reserves in the snow was created, a
multi-level B-spline method” was applied. Next,
the R-factor calculation method was used, based
on the modified Fourier index as in the work
[16]. Modeling was carried out in the programs
QGIS, GRASS, SAGA. Measurements of the
actual washout volume were carried out using
the method of recording for rill washes by S.S.
Sobolev.

To assess the quality and accuracy of the
model, the Spearman correlation coefficient, the
coefficient of determination R?, the mean relative
error (Mean Relative Error — MRE), the mean
absolute error (Mean Absolute Error — MAE),
and the mean squared error (Mean Squared Er-
ror — MSE) were calculated.

The level of convergence between the mod-
el data and the actual data was checked using
the coefficient of linear-weighted kappa (Kappa
with Linear Weighting — k) based on the clas-
sification of the washout intensity in units of
measurement —m>*/0.1 ha (the size of one plot of
record), created using the Jenks Natural Breaks
method. The level of convergence (m?/ha) was
also determined.

RESULTS AND DISCUSSION

As aresult of the research, a long-term dataset
of actual soil washout during the spring snow-
melt period was obtained, and a geoinformation
model of spring thaw erosion for the studied
area was developed. A classification of lands
was developed based on the amount of washout
in cubic meters per survey plot and cubic meters
per hectare. Analysis of the quality and accuracy
of the obtained model was carried out. The main
indicators of wash and the magnitudes of model
deviations from reality are presented in Table 1.

The washout indicators from a single record
plot on the southern slopes ranged from 0.01 to
2.73 m? for the model and from 0 to 7.22 m? ac-
cording to actual measurements. On the north-
ern slopes, the model showed washout values of
0.01-1.92 m3, while actual measurements were
0-12.05 m?. In 82.0% of cases for the southern
slopes and 71.4% for the northern slopes, the
sets of predicted data did not have statistically
significant differences (p > 0.05) from the terri-
torially corresponding sets of actual values, re-
gardless of the magnitude of the R-factor and the
condition of the arable surface.

Taoxa. 1. [lokasarenu cMbIBa M OTKJIOHEHHH TaHHBIX MozenH oT Qakra (cpenuee 3a 20142023 rr.)

Table 1. Indicators of the outwash and deviations of the model data from the actual data (average for

2014-2023)
Indicator Plot type Southern slope Northern slope
A 0,28-0,82/0,27-0,92* 0,22-0,80/ 0,24-0,84
Washout from one plot, m?
B 0,35-1,79/0,29-0,50 0,45-1,81/0,32-0,56
A 2,8-8,2/2,7-9,0 2,2-7,9/2,3-7,4
Soil erosion, m3/ha
B 3,6-17,9/2,8-4,8 3,4-15,0/3,0-5,2
All lands —19,9 £3,65 -20,8 +£3,65
Deviation of the model from the A From -8,1 + 3,84 From -10,5 + 2,90
fact, % To +9,1 +2,16 To +11,1 £4.,41
B —-67,3+7,73 —45,5+5,79

*Fact / model.

"Lee S., Wolberg G., Shin S.Y. Scattered Data Interpolation with Multilevel B-Splines // IEEE transactions on visualisation and
computer graphics, 1997, vol. 3, N 3, pp. 228-244. DOI: 10.1109/2945.620490.
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Within the plots, the average gross soil wash-
out on the southern slopes according to the mod-
el was 10.4—41.2 m? along the entire slope, or
2.7-9.2 m3/ha. The actual washout here ranged
from 10.4-66.3 m?, recalculated per 1 ha —2.8—
17.9 m?/ha. On the northern slopes, the model
showed an average washout of 10.6-38.5 m?
along the entire slope, or 2.4-8.4 m?*/ha. The
actual gross washout from plots on the northern
slopes was 10.0-83.3 m?, which corresponds to
2.2-18.1 m*/ha.

When moving down the slope, the absolute
values of washout intensity varied on the south-
ern slopes from 0.05 to 21.83 m*ha according
to the model and 0—47.0 m*/ha in reality, on the
northern slopes — 0.08—17.77 m3/ha according to
the model and 0—57.4 m*/ha in reality.

The absolute values of deviations of the mod-
el values from the actual values range from —1.2
to 11.8 m? per one record plot, or from —4.9 to
48.9 m*/ha. On Type A plots on southern and
northern slopes, the deviations of the model
from the actual values are close: from —1.1 to
+2.7 and from —1.2 to +3.0 m? per one account-
ing plot, or from —3.7 to +9.4 and from —4.9 to
+11.1 m*/ha, respectively.

Exceeding of actual values over modeled
ones is mainly characteristic of arable land areas
with developed erosion forms, predominantly in
the lower halves of slopes. Exceeding of model
data over actual values is noted on subhorizontal
surfaces and, in some cases, at the foot of slopes.
The deviation of model data reaches up to 78.6%
(on average 8.6% for type A areas and 67.3%
for type B) on southern slopes and up to 75.8%
on northern slopes (on average 10.7% for type A
areas and 45.5% for type B). On average, for the
entire studied territory over 10 years, the model
shows soil erosion amounts underestimated by
20.4 £+ 3.30%.

In type A areas, at minimum R-factor values,
the model predicted the closest washout val-
ues. No statistically significant differences were
noted between the deviations of the model data
from actual values for slopes of different expo-

sures on average and for areas of type A. The
average deviation from actual values on type B
sites (statistically significant with p < 0.001) is
higher on the southern slopes than on the north-
ern slopes.

The presented diagrams illustrate the change
in actual and predicted washout values when
moving down the slope (see Fig. 1). The graphs
reflect the impact of the most and least favor-
able conditions for erosion development on the
slope on the amount of runoff from a single ex-
perimental plot. This combination of conditions
(the magnitude of the R-factor, the expression of
temporary watercourses on arable land and their
nature, vegetation and the condition of the ar-
able surface) corresponds to the maximum and
minimum actual soil erosion. It has been shown
that high values of the rainfall factor in the pres-
ence of rills on the plot cause an increase in ac-
tual erosion in the middle and lower third of the
slope. The nature of the change in the model data
is close to the actual one under conditions of low
moisture and the absence or slight expression of
rills on the site. It was also noted that even in the
absence of autumn soil treatment, the difference
in the model's deviation from reality increases.

The nature of the changes in the predicted
washout values with movement down the slope
is in good agreement with the changes in the
actual values in the same direction. For south-
ern slopes, the 10-year average Spearman cor-
relation coefficient was r = 0.67-0.98 and r =
0.27-0.93 for northern slopes (see Table 2).
The coefficient of determination R? varied from
0.07 to 0.93 depending on the morphometry of
the slopes, the condition of the cultivated land
surface, and the magnitude of the R-factor. On
southern slopes, it was higher than on northern
slopes for type A plots. Type B plots had low R?
values. A decrease in the R-factor values deter-
mined an increase in the R*> magnitude on both
northern and southern slopes for plots of both
types.

The mean relative error (MRE) ranged from
0.003 to 7.74, i.e., 0.3-774% (MAPE) of the
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1 2 3 4

"""""" IIpenckazannsrii cMbiB (predicted washout)

daxTudeckuit cMbIB (actual washout)

Puc. 1. ]luramuka o0beMa BECEHHETO CMbBIBA MTOYBHI MPU JBHKCHUH BHU3 IO CKJIIOHY IPH Pa3HBIX COYETa-
HHUSX YCIOBUI:

0Cbh y — M> Ha YUYETHYIO JICJISTHKY; OCb X — M3MEHEHHEe (haKTUUECKUX U MPEe/ICKa3aHHbIX 3HAYCHUH NIPU IBIYKCHUHM BHU3
T10 CKJIOHY; YCIIOBHS: [ — y4acTOK TUIa A, HU3KHI R-(paktop, 310b; 2 — y4acToK THHa A, BEICOKHH R-(akTop, cTepHs
SIPOBBIX 3JIAKOB; 3 — y4acTok Tuma b, Huskuit R-¢pakrop, 310b; 4 — ygactok tuna b, Beicokuit R-pakrop, cTepHs
SIPOBBIX 3JIAKOB

Fig. 1. Dynamics of the volume of spring soil erosion when moving down a slope under different combina-
tions of conditions:

axis y — m? per plot; axis x — change in actual and predicted values when moving down the slope; conditions: / — type
A plot, low R-factor, autumn plowing; 2 — type A plot, high R-factor, spring cereal stubble; 3 — type B plot, low
R-factor, autumn plowing; 4 — type B plot, high R-factor, spring cereal stubble

Ta6a. 2. Ilokazarenu kagectBa Moxenu (cpemnee 3a 2014—2023 rT.) (min — max)
Table 2. Model quality indicators, (average for 2014-2023) (min — max)

Indicator Plot type Southern slope Northern slope

Spearman's correlation A 0,92 (0,69-0,98) 0,79 (0,48-0,93)
coefficient r 0,76 (0,67-0,89) 0,57 (0,27-0,79)

A 0,81 (0,36-0,93) 0,60 (0,22-0,84)
R2

b 0,29 (0,13-0,68) 0,27 (0,07-0,58)

A 0,39 (0,21-0,65) 0,45 (0,24-0,81)
MRE

b 0,64 (0,35-0,86) 0,43 (0,26-0,64)

A 0,16 (0,08-0,29) 0,20 (0,07-0,53)
MAE

b 0,93 (0,17-1,48) 0,47 (0,19-1,35)

A 0,07 (0,01-0,36) 0,13 (0,01-0,73)
MSE

b 2,66 (0,06-4,83) 1,42 (0,16-7,33)

A 0,78 (0,49-0,93) 0,67 (0,40-0,85)
Linearly weighted kappa (k)

b 0,36 (0,15-0,69) 0,49 (0,23-0,71)
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output variable. Overall, for the model, it is
quite high and amounted to 0.44, or 44% over
10 years. The magnitude of the error varied de-
pending on the slope exposure and the degree
of moisture (see Fig. 2). For comparison, let
us consider prediction errors under conditions
of minimal and maximal moisture on plots of
type A and B. The MRE value increases with
increasing R-factor values, as well as with the
increased prominence of erosion forms on ara-
ble land surfaces. Under calm relief conditions,
with increasing R-factor values, the southern
slopes were characterized by a smaller increase
in the number of data points with high (greater
than 0.5) MRE values compared to the northern
slopes. At the same time, southern slope areas
with developed erosion forms showed the high-
est increase in the number of data points with

high MRE values under unfavorable conditions,
compared to the northern slopes.

The lowest mean absolute error (MAE) was
observed in areas with a minimal number of wa-
ter galls and rill erosion — 0.14-0.18. This error
increased in the areas with pronounced rain rills
— 0.44-0.93. Given the linear nature of this as-
sessment, it can be stated that, on average, the
resulting model is more accurate on 'simple’ ter-
rain, i.e., on this terrain the model is 4.13 times
more accurate than under conditions with gully
erosion and rills on arable land, and 1.6 times
more accurate under conditions of moderate ero-
sion concentration. The MAE maxima occurred
in the years with the highest R-factor values.
They amounted to 0.2-0.29 in sections of type
A and 1.21-1.48 in type B. Under conditions of
"simple" terrain and at low R-factor values, the

. MRE class
100% - 5w 1,62 1,58 e
2,12 . 0,59 ,
© 90% -0, ’ 0.65| | 0.74 D
2 533 | 0.62 ; >1,0
o 80% .
R 0,66
< 70%
83 60% 027 0.26 0,5-1,0
% = 50% 0,79 0,28 0.28
S 3 0.27 933 | :
B I 40% 0,09-0,5
58 0,30
S 3 30%
28
S 20%
S |00 0,047 0,053 ] <o
g ° |0,051| 0,031 0,42 l0.02] |0,031|
E 0% 19,0721 .
S 1 2 3 4 5 6 7 8

Variants of combinations of relief and moisture conditions (see the legend)
and the corresponding average MRE* values

Puc. 2. CoorHo1eHNEe 00beMa IIPEACKa3aHHbIX JAHHBIX C PA3HON BEIMUMHON CpeHeN OMMOKHU allpOKCH-
Mauuu MRE B yCloOBHSX MUHUMAJIbHOIO U MAaKCHMAJIbHOTO YBIQXXKHEHMSI HA y4acTKax TUIIOB A U b:

1 — YOXKHBII CKIIOH, y4acTKu Tuna A, R-(hakTop MUHUMAJIBHBII; 2 — IOKHBIN CKJIOH, Y4acTKH THNa A, R-paktop
MaKCHMAaJbHBIN; 3 — FOXKHBIN CKIIOH, Y9acTKU THIA b, R-(pakTop MUHUMABHBIN; 4 — FOXKHBIN CKJIOH, Y9aCTKH TUMa b,
R-daxTop MaKkCHUMabHEIN; 5 — CeBEPHBII CKIIOH, YIacTKH THMA A, R-(hakTOp MUHUMABHBIN; 6 — CEBEepHBIN CKIIOH,
y9acTKH Tuma A, R-(hakTop MaKCHMaJbHEIN; 7 — CeBEPHBII CKIIOH, Y9acTKHU Thma b, R-pakTop MUHUMAIIEHBIN;

8 — ceBepHBIH CKIIOH, y9acTKH Tumna b, R-pakrop MakcuMambHBIH

Fig. 2. The ratio of the predicted data volume with different values of the mean approximation error MRE
under conditions of minimum and maximum moisture in the areas of types A and B:

1 — southern slope, type A plots, R-factor is minimal; 2 — southern slope, type A plots, R-factor is maximal; 3 — south-
ern slope, type B plots, R-factor is minimal; 4 — southern slope, type B plots, R-factor is maximal; 5 — northern slope,
type A plots, R-factor is minimal; 6 — northern slope, type A plots, R-factor is maximal; 7 — northern slope, type B
plots, R-factor is minimal; § — northern slope, type B plots, R-factor is maximal
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model also produced fewer large errors.

The number of major errors increased against
the background of fallow and fiber flax, espe-
cially in the presence of washouts. This is clearly
visible from the values of the mean squared er-
ror MSE (see Table 2). The nature of the changes
in the values of MAE and MSE in sections of
type A and B is similar to MRE.

Analysis of the convergence of predicted
and actual data in the classification calculated
by the natural intervals method (0-0.32; 0.32—
0.80; 0.80-1.36; 1.36-2.17; 2.17-3.20; 3.20 and
above; the units of measurement (cubic meter/
record plot) showed complete convergence for
72.4% of record plots in the first five classes.
The volume of predicted data that deviated from
the target class by one class was 21.1%, by two
classes — 3.3%, by three — 2.0%. The contingen-
cy table for calculating the average coefficient
of the linear-weighted kappa is presented below
(see Table 3). The 10-year average for the en-
tire territory of the k coefficient was 0.6424 +
0.0078, which characterizes the level of conver-
gence of the model with the actual data as stable.

Deviations in the direction of underestimat-
ing the model results relative to the fact corre-
sponded to 16.9% of data pairs, 10.7% of data
pairs — in the direction of overestimation. The
number of data underestimated and overestimat-
ed by one class is close — 11.0% and 10.1%, re-
spectively; more than one class deviated in 5.9%

of data pairs in the direction of underestimation
relative to the fact and in 0.5% — in the direction
of overestimation. It was established that the
model tends to predominantly show underesti-
mated predicted values at high values of actual
washout.

Against the background of low R-factor val-
ues in type A areas on the southern slopes, the co-
efficient of the linearly weighted Kappa showed
a near-complete (k = 0.82-0.91) agreement of
the model with the real data in the specified clas-
sification; on the northern slopes — a stable and
near-complete agreement (k = 0,72-0,84). On
plots of type B, under conditions of low R-fac-
tor values or medium R-factor values against
the background of fallow or cereal stubble, on
the southern slope k = 0.66-0.69 (stable, close
to moderate emergence) was observed, on the
northern slope k = 0.46-0.71 (moderate and sta-
ble emergence). The minimum coefficient values
are noted in sections of type B at R-factor values
above average regardless of the background: on
the southern slope k = 0.15-0.48 (predominant-
ly weak and satisfactory convergence), on the
northern slope — k = 0.23-0.62 (predominantly
moderate).

When converted to cubic meters per hectare
(m*/ha), classifications for the results of ground
measurements and modeling, obtained by the
natural breaks method (0-0.95; 0.95-2.12; 2.12—
4.50; 4.50-8.12; 8.12-13.17; 13.17 and above),

Tab6a. 3. Tabmuma conpsHKEHHOCTH (PAKTHICCKUX U MPEACKA3aHHBIX TaHHBIX CMBIBA IS 534 YICTHBIX
JCIISTHOK KO3 GHUIIMeHTa JTMHEeHHO-B3BeIIeHHON Kanibl k (cpennee 3a 2014-2023 rr.), M3/aensaHKy

Table 3. Contingency table of actual and predicted outwash data for 534 plots of the linear-weighted
kappa coefficient k (average for 2014-2023), m3 per plot

Data Forecasted (model)

Class 0-0,32 0,32-0,80 0,80-1,36 1,36-2,17 2,17-3,20 >3.20

0-0,32 2392 269 15 0 0 0

0,32-0,80 214 915 207 14 0 0

Actual 0,80-1,36 46 184 420 63 0 0

1,36-2,17 27 45 157 128 2 0

2,17-3,20 6 26 56 31 11 0

>3.20 5 49 55 1 2 0

Kappa k = 0,6424 + 0,0078; k., = 0,8512. k=6

N=15340
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the linearly weighted kappa coefficient averaged
k=0.7077 = 0.0055; k,.x = 0.8370. The pattern
of change in the coefficient value is similar to
that described above.

A common feature of all the studied account-
ing plots is that most of the deviations of the
simulation results from the actual washout val-
ues and the increase in forecast errors are associ-
ated with the presence of rain rills on the arable
land and the density of the temporary erosion
network during the spring snowmelt period. It is
obvious that rain rills and rill washouts, as for-
mations whose width is less than the cell width
of a digital elevation model, cannot affect the fi-
nal modeling result. In the studied area, active
development of temporary streams during the
spring period was observed in the middle and
lower thirds of the slopes. An increase in actual
washout is noted here; however, the model data
turned out to be lower. This was especially no-
ticeable in the years with high levels of mois-
ture. The influence of moisture levels on the ac-
curacy and quality of the model is clearly visible
regardless of the background, and is also statis-
tically confirmed.

The connection with the type of vegetation
and the condition of the arable surface was not
always obvious. It was found that on the areas
under autumn plowing, the model was con-
sistently more accurate and had fewer errors,
whereas against the background of fiber flax,
black fallow, and cereal stubble, the model
showed a decrease in accuracy and an increase
in errors, including large errors in areas of type
B. From this, it can be concluded that at the cur-
rent scale, the model tends to underestimate the
washout magnitude.

In the literature regarding the quality of fore-
casts based on USLE, authors® [18] point to a
large variability in simulation results when us-
ing the same approach. It has been noted that the
models tend to underestimate washout results,
especially when using a coarse-meshed digital

model, which is confirmed by the results of using
new approaches in USLE-based modeling. The
global experience of USLE validation shows
that the average error is on average around 60%.
Christine Alewell et al. noted that '...in all cases,
relative errors tended to be greater for lower val-
ues of soil loss, with overestimation in the areas
with low erosion rates and underestimation in
the areas with high erosion rates. Although de-
viations from modeled and measured data may
seem significant in absolute numbers, the de-
viation between modeled and observed erosion
rates is no greater than the variability within the
actual data...' [19]. We observe a similar depen-
dence for the sub-taiga territory of Western Sibe-
ria according to the results of the present study.

The described experience of geoinformation
modeling of the volumes of spring snowmelt soil
washout based on the Universal Soil Loss Equa-
tion (USLE) showed that its use in the sub-taiga
conditions of Western Siberia makes sense. The
accuracy of the model in the target conditions is
no lower than that described in the global litera-
ture, and the applied forecasting approach based
on the geoinformation model of the snow cover
allowed reducing the model error to an average
of 44% over 10 years.

The best model quality characteristics were
achieved on the southern slopes with minimal
presence of rills and minimal moisture. The
lowest values of mean relative error (MRE),
mean absolute error (MAE), mean squared error
(MSE) were noted here, and the highest values
for the Spearman correlation coefficient and the
coefficient of determination R?. The convergence
of the simulation data with the actual washout
values was characterized as stable (k = 0.6424 +
0.0078; kpax = 0.8512) in the described classes
of washout in cubic meters with plot recording,
as well as when recalculating cubic meters per
hectare (k = 0,7077 + 0,0055; k,,.x = 0,8370).

8Borrelli P, Robinson D.A., Fleischer L.R., Lugato E., Ballabi C., Alewell C., Meusburger K., Modugno S., Schiitt B., Ferro V.,
Bagarello V., van Oost K., Montanarella L., Panagos P. An assessment of the global impact of 21st century land use change on soil
erosion // Nature Communications, 2017, N 8 (1), pp. 1-13. DOI: 10.1038/s41467-017-02142-7.

24 Siberian Herald of Agricultural Science * 2025 » 55 « 12

Agriculture and chemicalization



TeonH(OPMALHOHHOE MOACIUPOBAHNE BECEHHETANION 3PO3UHU [I04B
B HojTaexkHoM 30He 3ananHoit Cubupu Ha ocHoBe USLE

Casenbea J[.A., Kammukun B.K., Caiinakosa A.B.

CONCLUSIONS

1. USLE can be used as a tool for the pri-
mary assessment of the potential for arable soil
erosion during spring snowmelt in the sub-taiga
area of Western Siberia.

2. The accuracy of the model in the target soil
and climatic conditions depends on the presence
or absence, as well as the number of temporary
watercourses and erosion forms on arable land
smaller than the cell of the digital elevation
model.

3. In the sub-taiga zone of Western Siberia,
including GIS modeling data of snow water re-
serves in the calculation of the USLE R-factor
allows achieving a stable level of convergence
between predicted and actual data on the volume
of spring snowmelt runoft from arable soils.

We believe that in the future, the accuracy of
the developed geoinformation model of spring
snowmelt soil erosion of arable land can be in-
creased by using a number of topographic indi-
ces and taking into account the influence of ter-
rain morphometry.
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N3meHeHne (POTOCMHTETUYECKOM AKTUBHOCTH MHOTOJICTHUX TPaB
B 3ABHUCHUMOCTH OT 00padOTKH MOYBbI M Y100peHH I

C<)Boponun A.H., Korsik I1.A.

Apocnasckuii 2ocyoapcmeennviii azpapHulil YHUGEPCUMem
Spocnasnb, Poccust

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

MHoOroseTHHE TPaBhI CIIy>KaT OCHOBHBIM MCTOYHMKOM KOpMa 151 )KUBOTHBIX. OHU MMEIOT BaXKHOE
arpoTeXHUYECKOE U HKOJIOTHYECKOE 3HaUeHHEe. BbIcOKne 1 cTabuiIbHBIE YPOXKau JOCTUTAIOTCS 3a CUET
CO3JJaHHsI [IOCEBOB C UICaTbHBIMU XapaKTEPUCTHUKAMU JTUCTOBOW MOBEPXHOCTH, BBICOKOW YHCTOMU MPO-
JQYKTUBHOCTBIO ()OTOCHHTE3a, MAKCUMAIBLHBIM (POTOCHHTETHYECKUM MOTEHIHATIOM U 3(P(eKTUBHON
paboToli acCUMUIMPYIOIIEH MOBEPXHOCTH, YTO B UTOTe 00ECIIEUMBACT ITOJTyUeHHE 3aIUTAHUPOBAHHOTO
o0bema ypoxasi. B crarbe npencraBieHbl pe3ysbTaThl HCCIIENOBAHUI 110 U3yUEHHUIO CUCTEM OTBAJIb-
HOH, TOBEPXHOCTHO-OTBAJIbHOI 1 IOBEPXHOCTHOI 00paOOTKH, a TAKKE CUCTEM yIOOPEHHUS HA OCHOBE
COJIOMBI KaK OT/EIbHO, TAK U B COYETAHUHU C TIOJIHBIM MUHEPaJIbHBIM yaoOpeHueM. [IpuBenens! nan-
HBIE TIO0 TUIOLIA/IU JIUCTHEB, HAKOIJICHUIO CYXOT0 BEIIECTBa, (DOTOCMHTETHYECKOrO OTeHIHAIA U YH-
CTOH MPOIYKTUBHOCTH (POTOCUHTE3A, a TAKXKE M0 YPOKaHHOCTH MHOTOJIETHUX TpaB 3a 2023-2024 rr.
HccnenoBanusi MpOBOJMINCH Ha JIEPHOBO-TIOJ30JUCTHIX TIIEEBATHIX CPEAHECYITTMHUCTBIX MOYBaX
SpocnaBckoit o0macTr. 3a BpeMs OTBITOB UCIIOIB30BaHNE CHCTEM pecypcocOeperaromieit 00padoTku
MOYBBI CITIOCOOCTBOBAJIO CHUKEHHUIO (DOTOCMHTETHYECKHX ITOKa3aTesel KiIeBepa JIyroBOro 1 TuMode-
€BKU JIyTOBOH. DTO MOXHO OOBSCHHUTH YTHETCHHEM KYJBTYPHBIX PACTEHHH COPHBIMU NPH MUHHMa-
nu3anru 00paboTKH 1ouBkl. [IprMeHeHne NoNMHOM HOPMBI MUHEPAJIBHBIX YAOOPEHUH KaK OTJENbHO,
TaK U COBMECTHO C COJIOMOH BBI3BAJIO YBEJIIMUCHHUE TUIOIIA/IN JIMCTHEB, HAKOIUIEHHUS CyXOTO BEIIESCTBA
1 (POTOCHHTETUYECKOTO IMOTEHIMAa O3HAYCHHBIX BBIIIE KYJIBTYpP IMPH MAKCHMAJIBHBIX 3HAYCHUSX I10
¢ony SNPK. HanbombImas ypokaitHOCTh 3€JIEHOM MacChl MHOTOJICTHHX TPaB OTMEUaIach IMPU CUCTE-
M€ MOBEPXHOCTHO-OTBAJIbHON 00paOOTKH M BapuaHTE COBMECTHOTO MCIIOJIb30BAHUS COJIOMBI U I10JI-
HOW HOPMBI MHUHEPAJIbHBIX YI0OpeHHi. B cpeHeM 3a roapl ncciieioBanuil mokas3arenb OTMedasIcs Ha
yposae 218-226 w/ra.

KaroueBsbie ciioBa: GpoTocHHTE3, TUIOMAL JUCTOBOW MOBEPXHOCTH, HAKOIUIEHHE CYXOTO Bellle-
CTBa, (POTOCHHTETHYECKUH MOTEHIIHAN, YUCTas MPOAYKTUBHOCTh ()OTOCHHTE3d, MHOTOJICTHUE TPABHI,
YPOXKailHOCTh

Changes in photosynthetic activity of perennial grasses depending
on soil treatment and fertilizers

(<) Voronin A.N., Kotyak P.A.
Yaroslavl State Agrarian University
Yaroslavl, Russia

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

Perennial grasses are the main source of animal feed. They have important agronomic and ecolo-
gical significance. High and stable yields are achieved by creating crops with ideal characteristics of
the leaf surface, high net productivity of photosynthetic processes, maximum photosynthetic potential
and efficient work of the assimilating surface, which ultimately ensures the planned harvest volume is
obtained. The article presents the results of the studies of moldboard, surface-moldboard and surface
cultivation systems, as well as straw-based fertilization systems both separately and in combination
with complete mineral fertilization. Data are provided on the leaf area, dry matter accumulation, pho-
tosynthetic potential and net productivity of photosynthetic processes, as well as the yield of perennial
grasses on average for 2023-2024. The studies were carried out on sod-podzolic gleyic medium loamy
soils of the Yaroslavl region. During the experiments, the use of resource-saving soil cultivation sys-
tems contributed to a decrease in the photosynthetic indices of red clover and timothy grass. This can
be explained by the suppression of cultivated plants by weeds with minimal soil cultivation. The use
of a full rate of mineral fertilizers both separately and together with straw caused an increase in the
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leaf area, accumulation of dry matter and photosynthetic potential of the above-mentioned crops with
maximum values for the SNPK background. The highest yield of green mass of perennial grasses was
noted with the surface-moldboard cultivation system in the variant of combined use of straw and a full
rate of mineral fertilizers. On average, over the years of research, the indicator was noted at the level

of 218-226 c/ha.

Keywords: photosynthesis, leaf area, dry matter accumulation, photosynthetic potential, net pho-
tosynthetic productivity, perennial grasses, crop yield
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INTRODUCTION

The main component of the assimilatory ap-
paratus is the leaf cover. The size of the leaves
is an indicator of the photosynthetic activity of
plants, which varies depending on the level of
moisture, the presence of minerals, and the agri-
cultural cultivation methods used [1, 2].

The process of photosynthesis plays a key role
in the life of plants, determining the yield of agri-
cultural crops and ensuring the accumulation of a
sufficient amount of nutrients [3, 4]. The efficien-
cy of photosynthesis in plants is best assessed by
the increase in their dry mass, expressed per unit
leaf area over a given period of time. It is these
quantities that are used to characterize the net
productivity of photosynthesis (NPP) [5]. This
parameter is quite variable and depends on many
environmental factors, as well as on the avail-
ability of mineral nutrients for plants.

An important component of agricultural tech-
nology is soil cultivation, which affects the effi-

Siberian Herald of Agricultural Science, 2025, vol. 55, no. 12,

ciency of photosynthesis. In the studies of T.P.
Sabirova et al.!, when using moldboard soil till-
age, a mixture of vetch and oats demonstrates
improved leaf area characteristics and photosyn-
thetic activity. The highest level of NPP was ob-
served during surface soil treatment — 4.1 g/ m?
per day. According to E.D. Adinyaev and LI.
Tomaeva?, compared to chisel plow treatment,
moldboard plowing contributed to an increase in
the photosynthetic potential of plants growing in
a mixture of vetch with oats, winter rye, and on
potato plantations.

B.G. Magaramov and K.U. Kurkiev?® believe
that the best photosynthetic potential of naked
oats is manifested with subsurface tillage. Ac-
cording to A.Yu. Batrakova and A.N. Kryukov,
the use of subsurface tillage resulted in higher
leaf area values of corn plants compared to mold-
board soil tillage. According to A.V. Mishchen-
ko’, the use of chisel soil cultivation contributes
to an increase in leaf area and photosynthetic

'Sabirova T.P, Shchukin S.V., Sabirov R.A., Noskova E.V. Photosynthetic potential and productivity of the vetch-oat mixture
depending on tillage and fertilizers in the North-West region // Herald of Agroindustrial complex of Upper Volga region, 2019, N 1,

pp. 16-21.

2Adinyaev E.D., Tomaeva LI. The effect of the agrobackground on soil fertility indicators and the productivity of agricultural
crops in mountain farming // Proceedings of the Gorsky State Agrarian University, 2016, N 3, pp. 27-34.

3SMagaramov B. G., Kurkiev K. U. Photosynthetic activity and leaf surface of oat plants with various methods of tillage// Scien-

tific life, 2019, N 6, pp. 844-852.

4Batrakova A.Yu., Kryukov A.N. The influence of soil treatment and sowing methods on the leaf area of maize plants // Gorinsk
Readings. Innovative Solutions for Agriculture: Proceedings of the International Scientific Conference, 2023, vol. 1, pp. 11-12.

SMishchenko A.V. Dependence of the photosynthetic potential of soybeans on soil treatment and sowing method on an ero-

sion-prone slope in the Rostov region // Actual issues in the development of agricultural sectors: theory and practice: materials of the
IIT All-Russian (with international participation) scientific-practical conference of young agricultural scientists (Rassvet, May 14-15,
2021). Rostov-on-Don, 2021, pp. 62—-67.
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potential of soybeans compared to mouldboard
soil tillage. Research by E.A. Bildieva et al. [6]
showed that when using No-till technology, win-
ter wheat plants develop a more advanced photo-
synthetic apparatus, which functions for a longer
period, allowing them to create more biomass by
the end of the growing season, which ultimately
leads to an increase in grain yield.

Meanwhile, E.M. Titova® found that surface
soil treatment contributed to an increase in the
formation of leaf area of barley plants by 4%
compared to moldboard plowing.

Fertilizers also have a significant impact on
photosynthesis indicators. In the experiments of
V.A. Isaichev et al.’, the use of mineral fertil-
izer ensured the acceleration of plant biomass
accumulation and the intensity of photosynthe-
sis. According to D.A. Kuznetsov et al.?®, the
use of nitrogen fertilizers had a significant ef-
fect on the formation of the assimilating surface
of oat plants. According to E.A. Bildieva and
co-authors [7], the application of high doses of
fertilizers contributes to the activation of photo-
synthetic activity (increases the photosynthetic
potential) of plants grown using no-till technol-
ogy. As a result, they consume nitrogen more in-
tensively during the reproductive period, which
leads to an increase in yield. Other authors’ share
the same point of view [8—11].

At the same time, V.I. Nikitishen et al.!° es-
tablished that under the influence of increasing
doses of mineral fertilizers, the NPP decreased in
all crops, despite the active formation of above-
ground biomass in these variants. This is prob-

ably due to the increasing expenditure of ener-
gy resources on respiration and transpiration by
crops with a more developed leaf surface.

Organic fertilizers also play a significant role
in the formation of photosynthetic indicators.
In the experiments of A.S. Nikulina, the use
of sapropel caused an increase in the leaf area
and height of barley and oats [12]. According
to M.R. Musaev et al.!!, the leaf area, photosyn-
thetic potential, and NPP significantly increased
with the application of manure and plowing in
green manure.

In the work of I.V. Satunkin'?, the application
of mineral and organic fertilizers increased the
maximum leaf area of sugar beet by 12.8% com-
pared to the control.

Thus, the question of the impact of various
systems of primary soil cultivation and fertiliza-
tion is very complex and insufficiently studied.
Many aspects require detailed clarification. In
this regard, the aim of our study was to assess
the impact of different systems of soil cultivation
and fertilization on the photosynthetic param-
eters of perennial grass crops under the condi-
tions of the Central Non-Black Earth Zone. The
objectives of the study included determining the
influence of different systems of soil cultivation
and fertilization on the photosynthetic activity of
perennial grass crops and identifying the effect
of the studied agricultural practices on the yield
of perennial grasses.

MATERIAL AND METHODS

The research was carried out in 2023-2024
on sod-podzolic gleyey loamy soil in a long-

¢Titova E.M. Efficiency of various barley cultivation technologies in the conditions of the Central region of Russia: abstract of
the dissertation for the degree of the Candidate of Science in Agriculture. Orel, 2000, 19 p.

"Isaichev V.A., Plechov D.V., Andreev N.N. Influence of growth regulators and fertilizers on photosynthetic parameters and yield
of winter wheat variety Biruza in the conditions of forest-steppe of the middle Volga region // Volga Region Farmland, 2015, N 4

(37), pp. 53-61.

8Kuznetsov D.A., Ibragimova G.N., Kalinina A.D. The effect of nitrogen fertilizer application methods on the development of leaf
surface of oat plants // Agricultural Science Euro-North-East, 2019, N 20 (6), pp. 623-631.

°Gnennny E.Yu., Tkachenko M.A., Mazyukina E.A. The influence of mineral fertilizer standards on stand density and leaf area of
winter wheat // Actual directions of scientific research: theory and practice: materials of the International (correspondence) scientif-
ic-practical conference (Minsk, February 9, 2022). Neftekamsk, 2022, pp. 35-38.

YNikitishen V1., Terekhova L.M., Lichko V1. Formation of the assimilative apparatus and photosynthetic productivity of plants
under various mineral nutrition conditions // Agricultural Chemistry, 2007, N 8, pp. 35-43.

"Musayev M.R., Ramazanov A.V., Klyushin P.V., Savinova S.V. Forage crop productivity in the Tersko-Sulak subprovince of the
Republic of Dagestan with the application of various forms of fertilizers // International Journal of Applied Sciences and Technolo-

gies INTEGRAL, 2017, N 4, p. 39.

2Satunkin I.V. Influence of calculated fertilization rates and primary soil tillage depth, under different irrigation regimes, on
photosynthetic activity of sugar beet / Izvestia Orenburg State Agrarian University, 2014, N 5, pp. 40-43.
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term field two-factor experiment established at
the experimental field of the Yaroslavl State Ag-
ricultural Academy.

The characteristics of soil conditions and the
experimental scheme are given in [13].

In 2023 and 2024, research was conducted on
the plantings of a clover-timothy mixture in the
Ist and 2nd year of use.

The leaf area was determined by the meth-
od of punches, dry matter — by the thermo-
stat-weight method with drying of plants to con-
stant mass at a temperature of 105 °C, photosyn-
thetic potential was calculated by the method of
A.A. Nichiporovich, NPP — by the Kidd, West,
and Briggs formula. Crop yield was determined
by the continuous fractionation method taking
into account moisture and contamination.

The studies were conducted on the process-
ing options MP, SP, and ST, with the nutrient
backgrounds FO, S, SNPK, and NPK. The exper-
imental field in the crops of agricultural plants
was examined.

In 2023, the average air temperature in May
was 12.6 °C, which is close to the long-term
average values. The total precipitation for the
month was 50 mm. In June and July, the tem-
perature was below the long-term values. The
total precipitation in June amounted to 53%
of the long-term average. In July, 165% of the
monthly norm fell. On average, in August, the
air temperature was 18.3 °C, which is 1.8 °C
above the long-term average values. In August,
38 mm of precipitation fell.

In 2024, the average air temperature for May
was 9.5 °C, which is 2.9 °C below the long-term
average. The total precipitation for the month
was 52 mm. In June, the temperature was 5.4 °C
below the long-term average. The total precipi-
tation for June was only 25% of the long-term
average. In July, the temperature was at the level
of the average values. At the same time, 307%
of the monthly norm fell. On average, in August,
the air temperature was 20.6 °C, which is 4.1 °C
above the long-term average. In August, 72 mm
of precipitation fell.

RESULTS AND DISCUSSION

On average, over the years of research, the
maximum leaf area of clover was observed un-
der the moldboard plowing system — 5.45 m?*/m?
(see Fig. 1). The use of surface tillage resulted in
a decrease of the above-mentioned indicator by
1.0 m?»/m?. A similar pattern was observed regard-
ing dry matter accumulation and photosynthetic
potential. The minimum NPP was noted under
moldboard plowing and amounted to 0.73 g/m?
per day. The use of the surface-moldboard and
surface tillage systems led to an increase in the
studied indicator by 0.11 and 0.13 g/m? per day,
respectively.

The application of fertilizers across different
soil cultivation systems led to a significant in-
crease in the leaf areca of meadow clover, with
the maximum values observed in the variant
with straw and the full rate of mineral fertiliz-
ers — 5.93 m?*m?. The combined use of organic
and mineral fertilizers resulted in a statistically
significant increase in dry matter accumulation,
from 120.53 g/m? in the control to 181.71 g/m?.
The use of the studied fertilizers contributed
to the growth of photosynthetic potential, with
the highest values for the SNPK background —
2006.83 thousand m*ha x days. The application
of straw caused an increase in net photosynthetic
productivity by 0.24 g/m2 per day.

The use of resource-saving soil treatment
systems caused a decrease in leaf area, dry mat-
ter accumulation, and photosynthetic potential
of timothy grass (see Fig. 2).

The lowest NPP on average across fertiliz-
ers and years of research was observed with the
surface-moldboard system — 1.48 g/m? per day.
The use of the surface treatment system caused
an increase in the studied indicator by 0.13 g/
m? per day. The application of the full rate of
mineral fertilizers, both separately and together
with straw, caused a significant increase in the
leaf area of timothy grass. The application of all
the studied fertilizers led to an increase in dry
aboveground biomass and photosynthetic poten-
tial of the crop, with the highest values observed
when straw and mineral fertilizers were used as
a background. The highest net photosynthetic
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Fig. 1. Effect of soil treatment and fertilizers on the photosynthetic performance of red clover, averaged

over 2023-2024:

a — leaf surface area; 6 — dry aboveground mass; 6 — photosynthetic potential; 2 — net photosynthetic productivity

productivity of timothy grass was observed with the
SNPK variant and amounted to 1.73 g/m? per day.

On average, over the years of research and
across fertilizers, the use of a surface tillage sys-
tem contributed to a significant reduction in the
yield of perennial grasses by 19.45 c/ha (see Fig.
3). The use of fertilizers resulted in a statisti-
cally significant increase in this indicator, with
the maximum values observed under the SNPK
background — 212.02 c/ha.

CONCLUSION

On sod-podzolic gleyey loamy soil, the main
recommended system is surface- moldboard
soil treatment (SP), as well as the application of
straw together with the full rate of mineral fertil-

izers (SNPK). These agro-practices contribute to
an increase in photosynthetic indicators, as well
as to obtaining high yields of perennial grasses.
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Fig. 2. The effect of soil treatment and fertilizers on the photosynthetic performance of timothy grass, aver-
aged over 2023-2024:
a — leaf surface area; 6 — dry aboveground mass; 6 — photosynthetic potential; 2 — net photosynthetic productivity
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AnpoOanusi OMonpenapara ¢ HAHOYACTHULIAMM OKCH/IA KeJle3a
HA cCeMeHAaX JIbHA Pa3JIMYHOH CKOPOCHEJIOCTH
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B pamkax mpoBeJeHHOTO HMCCIIeIOBaHUS HaHOUACTUIBI OKcuaa xenesa Fe;O4, cuHTe3npoBaHHbIC
C UCIOJI30BAHUEM DKCTPAKTa 3€JICHOTO Yasi U pacTBopa xkene3Horo kynopoca (FeSO, - 7H,0) B kon-
nentpanuu 0,1 MOJIB/I, BBOIWIIM B PA3IIMUHBIX J103aX B TOTOBBIN uIKo(hazHbil Ouomnpenapar (JKDB)
Ha cTaguu ero mo3peanus. dpdexTuBHOCTE TUHEIHKN OnonpernaparoB )KDb-Fe uzydena B xone na-
0OopaTopHOTO PKCIIEPHMEHTa Ha CeMEeHax JIbHA-IoNTyHIa copToB Hanexna u [lummomar paznmuaHon
ckopocrenoctd. [lomydeHHbie pe3yabTaThl IOKa3ald, YTO HCIONb30BaHKe HaHOYacTuI] Fe;O, sBis-
etcst 9(h(heKTUBHBIM MPHEMOM MOJICPHHU3ALUU UCXOJHOTo Onorpenapara. Bo Bcex BapuanTax omnbITa
npu anpoOaruu ouonpenaparos JKXDb-Fe orMedeHO NOBBILIIEHNE YHEPTUU POPACTAHUS U BCXOKECTH
cemsH Ha 10-20%, a Tak)ke yBeNIU4YeHNE cpeiHel JUTMHBI IPOPOCTKOB HA 4—5 cM, UX CpeHeNH MacChl —
Ha 5-26 mr. [{7s Oosiee TIOTHOTO TTOHMMAHWS BIUSHUAS OMOIPENapaToB Ha PACTHTEIBHBIN OpraHu3M
MpOM3BeIIeH pacyeT Kod(duimeHTa KOppensun (r) MeXIY MUKPOOHOIOTHIECKUMHU U OHOXUMUYE-
CKHMMHU TTapaMeTpaMu MOydeHHBIX OMOIPENapaToB U CPEIHUMHU IO BAPHAHTY TIOKA3aTeISIMHA SHEPTUN
MPOPACTaHUsl, BCXOKECTH U OMOMETPHUYECKUX AaHHBIX IPOPOCTKOB. BhIsiBICHAa yMepeHHast oOparHast
B3aMMOCBSI3b MEX]y BCXOXKECTBIO CeMsH JibHa copTa Hamexna 1 YMCIeHHOCTbI0O MUKPOOPTaHH3MOB,
MCIOJIB3YIONUX Opranndeckue Gopmal azota (r =—0,64). Takke BIIBICHA yMEPEHHAS MIPsIMast 3aBH-
CHMOCTbB MEXIY aKTUBHOCTBIO (DEPMEHTOB KaTasla3bl U IETUPOTEHA3bI U CPETHEH JITMHON TPOPOCTKa
(r=10,56 u 0,66 coorBeTcTBeHHO). Torma kKak Mmpu UCCIEIOBAaHUU CEMSH copTa JuIrmoMar cpemHss
Macca CBIPOTO TMPOPOCTKA CHIIBHO KOPPEIHpOBalia ¢ YHUCIEHHOCTHIO MHKPOOPTaHW3MOB, UCIIONb-
3yIOIMX MUHepasibHble (opMbl azota (7 = 0,85), 1 cyMMapHBIM KOJIMYECTBOM MHUKPOOPTaHH3MOB,
UCTIONIB3YIOIIMX MUHEpPaIbHBIE U Opranndeckue Gopmsr azora (= 0,91).

KuroueBnie ciioBa: ouonpenapar XXdb-Fe, nen, copr Hanexna, copt Juruiomar, sHeprusi mpo-
pacTaHus, BCXOXKECTb, CPEAHSS UIMHA TIPOPOCTKA, CPETHSS Macca MPOPOCTKa

Testing of a biopreparation with iron oxide nanoparticles
on flax seeds of varying prematurity

(<) Lyubimova N.A., Rabinovich G.Yu.

Federal Research Center "V.V. Dokuchaev Soil Science Institute"”
Moscow, Russia

(<X)e-mail: n.nemygina@gmail.com

In the study, iron oxide Fe;0,4 nanoparticles synthesized using green tea extract and a solution of
ferrous sulfate (FeSO, - 7H,0) at a concentration of 0.1 mol/l were introduced in various doses into a
finished liquid-phase biopreparation (LPB) at the maturation stage. The efficiency of the LPB-Fe line
of biopreparations was studied in a laboratory experiment on flax seeds of the Nadezhda and Diplomat
varieties of varying prematurity. The obtained results showed that the use of Fe;O4 nanoparticles is an
effective method for upgrading the original biopreparation. In all experimental variants, when testing
the LPB-Fe biopreparations, an increase in germination energy and seed viability by 10-20% was

36  Siberian Herald of Agricultural Science » 2025 « 55 « 12 Plant growing and breeding
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noted, as well as an increase in the average length of seedlings by 4—5 cm and their average weight
by 5-26 mg. For a more complete understanding of the effect of biopreparations on the plant orga-
nism, the correlation coefficients () between the microbiological and biochemical parameters of the
obtained biopreparations and the average values for the variant of germination energy, viability and
biometric data of flax seedlings were calculated. A moderate inverse relationship was found between
the germination of flax seeds of the Nadezhda variety and the number of microorganisms using orga-
nic forms of nitrogen (» = —0.64). A moderate direct relationship was also found between the activity
of catalase and dehydrogenase enzymes and the average length of one seedling (» = 0.56 and 0.66,
respectively). Whereas when studying the seeds of the Diplomat variety, the average weight of one
raw sprout strongly correlated with the number of microorganisms using mineral forms of nitrogen
(r = 0.85) and the total number of microorganisms using mineral and organic forms of nitrogen
(r=0.91).

Keywords: biological product LPB-Fe, flax, variety Nadezhda, variety Diplomat, germination
energy, viability, sprout average length, sprout average weight
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INTRODUCTION ture of plants [5]. For example, the formation of
chlorophyll in plants depends on the iron they
receive. A deficiency of this element reduces the
intensity of photosynthesis, and consequently,
the growth and development of plants, which
ultimately leads to a decrease in yield. Iron de-
ficiency manifests itself in the form of chlorosis
(yellowing between the veins of the leaves). [ron
is also involved in other important biochemical
processes, such as respiration, symbiotic nitro-
gen fixation, electron transport, cytochrome bio-
synthesis, nutrient absorption, DNA and protein

Flax (Linum usitatissimum L.) is one of the
traditional crops that has long been cultivated in
the territory of Russia. This crop has found its
application in the food, textile, and chemical in-
dustries, as well as in medicine and the produc-
tion of modern composite materials [1]. In 2022,
fiber flax was grown in 22 regions of the Rus-
sian Federation, with the area under long-staple
flax cultivation in the Tver region amounting to
2,000 hectares [2].

One of the ways to increase the yield of fiber
flax, as well as the quality of the fiber obtained
from it, is the use of modern fertilizers, such as
bio-preparations and microelements in nano-
form [3, 4]. Microelements are substances that
are necessary for plants in small quantities, but
their deficiency disrupts the physiological struc-

synthesis [6]. In this regard, iron can be classi-
fied as an element that determines the productiv-
ity level and quality of agricultural crops.
Among all iron-based nanomaterials, the
most promising in plant cultivation as fertilizers
are nano zero-valent iron Fe (0), as well as iron
oxide nanoparticles Fe,O5 and Fe;O4 [7]. Thus,
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foliar feeding of cucumber (Cucumis sativus L.)
with Fe;O,4 nanoparticles (200 mg/l) contribut-
ed to an increase in vine length, number, size,
and mass of fruits both in open and protected
ground. In addition, the weight of 1000 seeds,
their germination energy, and germination rate
increased compared to the control [8]. M. Li et
al. [9] noted in their work that due to the use of
Fe (0) and Fe;0O,4 nanoparticles at a concentration
of 50-500 mg/l when growing rice in hydropon-
ic solution with iron deficiency, root length and
volume increased by 16—41% and 13-32%, re-
spectively. The use of Fe,O5 nanoparticles at the
same concentration, on the contrary, inhibited
root growth by 25%.

The use of various biopreparations contrib-
utes to an increase in the number of beneficial
microorganisms in the rhizosphere. When in-
teracting with plants, they enhance the absorp-
tion of nitrogen and phosphorus, improve the
efficiency of macro- and micronutrient utiliza-
tion from fertilizers and soil, and stimulate plant
growth and development. In addition, microbial
preparations help suppress the growth of phyto-
pathogenic organisms and increase plant stress
resistance [10]. Despite the fact that the use of
both iron nanoparticles and biopreparations in
crop production is a promising direction, there
is no data in the literature on the results of their
combined application. For example, it is known
that rhizobacteria facilitate the absorption of
iron by thale cress (4rabidopsis thaliana) under
conditions of its deficiency [11]. In addition, the
combined use of rhizobacteria (strain legumino-
sarum CF1) and Fe;O,4 nanoparticles for treat-
ing bean seeds contributed to an increase in root
and shoot length, as well as leaf area, compared
not only to the control but also to the variants
where nanoparticles and bacteria were applied
separately [12].

The purpose of the study is to investigate in
laboratory conditions the effect of a liquid-phase
biopreparation (LPB) enriched with iron oxide
(Fe;04) nanoparticles on the germination and

biometric parameters of fiber flax seedlings of
different maturity rates with initially low germi-
nation.

MATERIAL AND METHODS

The study used two varieties of flax — Nade-
zhda (medium-maturing) and Diplomat (late ma-
turing). Both varieties are included in the State
Register for the North-Western region!. The
seeds were obtained from the FSBSI "Federal
Research Center for Bast Fiber Crops" (Tver).

Fe;04 nanoparticles were synthesized using
green tea extract and a FeSO, - 7H,O solution at
a concentration of 0.1 mol/l. A detailed synthesis
method is described in [13].

The used liquid-phase biopreparation is a de-
velopment of the scientific team of the Biotech-
nology Department of the All-Russian Research
Institute of Reclaimed Lands and represents a
dark brown liquid obtained from a mixture of
peat and livestock by-product (cattle manure)
by the fermentation-extraction method [14].
A powder containing nanoparticles was added to
the finished LPB to enhance its multifunctional
properties at a dose of 25-500 mg/I. In both the
original and nanoparticle-modified iron oxide
LPB, the number of mesophilic microorganisms
was determined by the standard microbiologi-
cal method of serial dilutions on solid nutrient
media: those using mineral forms of nitrogen
were counted on starch-ammonium agar (SAA),
and those using organic forms of nitrogen were
counted on meat-peptone agar (MPA). In addi-
tion, in all LPB variants, the activity of catalase
and dehydrogenase was determined by gasomet-
ric and photocolorimetric methods, respectively.
All determinations were performed in triplicate
analytical repetition.

Seed germination was carried out according to
GOST 12038-842 for 7 days in glass Petri dish-
es at a temperature of 22 = 1 °C in the dark. The
seeds were placed in Petri dishes on filter paper
moistened with water (control) or a solution of
the studied biopreparations in a volume of 5 ml.

'FSBI 'State Commission for Selection Achievements': official site. URL: https://gossortrf.ru.
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The concentration of the preparations was 0.1—
1.4%. Each variant included four repetitions (35
seeds each). The evaluation of effectiveness was
carried out by determining the germination ener-
gy on the 3rd day and seed germination, as well
as measuring the length and mass of the seed-
ling on the 7th day. Distilled water was used as
a control. It should be noted that seeds with low
germination were used during the experiment in
order to most fully assess the effectiveness of the
biopreparations.

For a more complete understanding of the
effect of biopreparations on the plant organism,
correlation coefficients () were calculated be-
tween the microbiological and biochemical pa-
rameters of the biopreparations and the average
values of germination energy, seedling emer-
gence, and biometric data of the sprouts.

The statistical processing of the results was
carried out using Microsoft Office Excel 2007.
The data in the tables are presented as the mean
+ confidence interval.

RESULTS AND DISCUSSION

A range of biopreparations obtained by adding
Fe;0,4 nanoparticle powder to LPB was studied
for the content of microflora that primarily uti-
lizes organic (ammonifiers on MPA) and mineral

forms of nitrogen (on SAA), as well as for the
degree of oxidoreductase activity (see Table 1).

The analysis showed that the addition of
Fe;0,4 to LPB in the form of nanoparticle pow-
der contributed to the acidification of the base
biopreparation only when high doses of iron ox-
ide (250 and 500 mg/1) were introduced, which
is due to its strong oxidizing properties. It should
be noted that this level of acidification is quite
safe, as it remains within a pH range close to
neutral.

Increasing the powder dose to 250 and 500
mg led to a sharp decrease in the number of mi-
croorganisms using mineral forms of nitrogen:
by 2.2 and 48.0 times, respectively, compared
to the initial LPB, in which the number of mi-
croorganisms using organic and mineral forms
of nitrogen amounted to 20.2 x 10'" and 14.4 x
10" CFU/ml, respectively. As for microorgan-
isms that utilize organic nitrogen, their number
decreased by 1.3-2.6 times upon the addition
of Fe;0, nanoparticles compared to LPB with-
out additives, ranging from 8.0 - 10" to 15.6 -
10" CFU/ml depending on the powder dose. At
the same time, when the powder was added in
doses of 25 to 100 mg/1, the number of microor-
ganisms utilizing mineral nitrogen increased by
2.7-3.5 times compared to LPB.

Taba. 1. Pe3ynsraTel MUKpOOHOJIOTHIESCKOTO U OMOXUMHUUECKOTo aHanm30B JKDb ¢ HaHo9acTHIIaMH

OKCHaa XKEJie3a

Table 1. Results of microbiological and biochemical analyses of LPB with iron oxide nanoparticles

The number of microorganisms, x 10! CFU/ml Activity
. . Powder

Biopreparation dose, mg/l PH | using organic forms | using mineral forms of catalases, dehydrogenases,
of nitrogen nitrogen cm*0,/g/min mg TFF/g/24 h

LPB - 6,3 20,2 14,4 2,6 +0,03 1,7+0,2

LPB -Fe-1 25 6,4 15,6 49.8 2,6 0,4 2,1+£0,2

LPB -Fe-2 50 6,3 14,0 49,8 2,4+0,3 2,0+£0,2

LPB -Fe-3 100 6,4 8,0 39,5 2,7+0,3 2,5+0,3

LPB -Fe-4 250 6,2 10,1 6,5 2,7+0,3 1,7+0,2

LPB -Fe-5 500 6,1 9,9 0,3 1,6 £0,5 1,3+0,2

2GOST 12038-84. Seeds of agricultural crops. Methods for determining germination. Moscow: Standartinform, 2011.
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As for catalase activity, the addition of Fe;04
nanoparticles to LPB had practically no effect on
it, except at the maximum concentration of the
powder: in this case, catalase activity decreased
significantly compared to LPB without addi-
tives. A similar trend was observed for dehydro-
genase: when the powder with nanoparticles was
introduced at a dose of 500 mg/l, its activity de-
creased by 1.3 times compared to LPB.

The obtained results indicate that Fe;O,
nanoparticles in large quantities possess OXi-
dative and antimicrobial activity, as previously
mentioned by other authors. For example, in
[15] it is shown that Fe;O4 nanoparticles syn-
thesized using Melia azedarach leaf extract and
a solution of FeCl; - 6H,0 demonstrated clear
antimicrobial activity against the pathogenic
bacteria Escherichia coli, Vibrio cholerae, and
Salmonella enterica.

The results of the laboratory experiment on
flax seeds of the Nadezhda variety showed that
when irrigated with the base LPB preparation,
the germination energy increased by 10—16%,
and germination — by 2—-10% compared to the
control variant (see Fig. 1).

When using the range of LPB-Fe bioprepara-
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seed germination rate were higher than in the
control in almost all variants. The use of LPB-
Fe-1 with a minimal dose of powder containing
nanoparticles and at a concentration of 0.1-0.8%
increased the germination energy by 5-8% com-
pared to the control. While with an increase in
concentration to 1.4%, this parameter decreased
to values equal to the control. Seed germina-
tion in the LPB -Fe-1 and LPB -Fe-2 variants
increased by 1-7% and 6-10%, respectively.
The maximum values of germination energy
and germination were observed in the LPB-Fe-3
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and the abundance of microorganisms that use
organic forms of nitrogen (r = —0.64).

|

Water LPB LPB- LPB-
Fe-1 Fe-2

Viability, %

LPB-
Fe-3

LPB- LPB-
Fe-4 Fe-5

Concentration of the biopreparation, %

ol

W04

08 W14

Puc. 1. DHeprus npopacTaHus 1 BCXOKECTb CEMsH JIbHA copTta Hanexna
Fig. 1. Germination energy and viability of flax seeds of the Nadezhda variety
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The addition of Fe;O,4 nanoparticles to the
prepared LPB practically did not affect the aver-
age seedling length and average seedling mass,
unlike the germination energy and germination
rate (see Table 2). Thus, when watering with the
original LPB, the average seedling length ranged
from 13 to 16 cm, which is 1-3 cm longer than
the control. In contrast, when using LPB-Fe with
powder doses from 25 to 250 mg/l, the average
seedling length in all variants was 15—-17 cm, i.e.,
3—-5 cm longer relative to the control and only
1-2 cm longer compared to the variant without
nanoparticles. In addition, in the variant with
the maximum concentration of nanoparticles
(powder dose of 500 mg/l), the average seedling
length decreased, reaching 14—15 cm. It is likely
that a further increase in the dose of nanopar-
ticles would lead to even greater inhibition of
plant growth due to toxic effects caused by high
concentrations. At the same time, a moderate
direct correlation is observed between catalase
and dehydrogenase activity (see Table 1) and the
average length of a single seedling (» = 0.56 and
0.66, respectively).

The average mass of the seedling practically
did not depend on the quantity of nanoparticles

and the concentration of the studied preparations
(see Table 2). Thus, when using the original LPB
for irrigation, the average mass of the seedling
exceeded the control values by 2—7 mg, and this
result is not statistically significant. Meanwhile,
the most significant differences in average seed-
ling mass were observed in the LPB-Fe-3 and
LPB-Fe-4 variants, in which the average seed-
ling mass was higher than the control by 10-15
and 14-18 mg, respectively.

Watering with LPB and LPB-Fe bioprepa-
rations with different concentrations of Fe;O4
nanoparticles mainly had a positive effect on
the germination energy and seed germination of
the late-maturing Diplomat variety (see Fig. 2).
Thus, when using the original LPB, the germi-
nation energy increased by 6—13% compared to
the control, as was the case with LPB-Fe at a
powder dose of more than 50 mg/l. As for seed
germination, it was almost the same in all the
variants studied, with rare exceptions. The most
noticeable effect on germination was exerted by
the biopreparation LPB-Fe-3, which increased
it by 4-9% compared to the control. In addi-
tion, a strong correlation was found between
catalase and dehydrogenase activity in the bio-

Taodua. 2. Pe3ynbraTsl onbiTa [0 NpOPALIMBAHUIO CEMSIH JibHA copTa Hanexna
Table 2. Results of the experiment on germination of flax seeds of the Nadezhda variety

Concentration, %
Biopreparation
0,1 0,4 0,8 1,4
Average sprout length, cm
Control (water) 123+1,2
LPB 142+2,1 159+1,5 153+22 132+1,1
LPB -Fe-1 15,0+£0,8 16,1 £0,8 15,3+0,8 15,4+0,8
LPB -Fe-2 16,6 = 0,6 17,0+ 0,6 17,0+0,7 15,7+0,9
LPB -Fe-3 16,4 +0,8 17,1+ 1,1 16,8 + 1,4 16,0 +0,7
LPB -Fe-4 16,2+0,8 17,4+0,8 16,3+0,9 153+0,9
LPB -Fe-5 14,4+0,7 14,3+0,7 14,5+0,8 15,2+0,7
Average raw sprout mass, mg
Control (water) 43,6 3.8
LPB 452 +32 49,8 £ 0,9 474+23 50,6 0,1
LPB -Fe-1 54,6 £3,8 51,9+£2.8 51,6 £3,8 542+29
LPB -Fe-2 46,6 +2.5 51,0+3,5 51,5+1,2 458 +2.6
LPB -Fe-3 52,9+0,9 58,3+4,1 55,1+43 52,1+0,9
LPB -Fe-4 57,1+£24 57,715 61,6 +1,7 60,6 0,5
LPB -Fe-5 49,6 +33 46,3 +2.1 539+1,7 494 +2.1
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Fig. 2. Germination energy and viability of flax seeds of the Diplomat variety

preparations (see Table 1) and seed germination
(r=0.66 and 0.89, respectively).

The use of LPB and LPB-Fe biopreparations
with different concentrations of nanoparticles
affected the average length and average mass
of the seedling (see Table 3). Thus, the average
seedling length generally increased by 2-5 cm
compared to the control. At the same time, the
maximum values were obtained in the LPB-Fe-2
variant: exceeding the control figures by 4.0-5.5
cm. In addition, when germinating flax seeds of
the Diplomat variety, unlike the Nadezhda va-
riety, no negative effects of high concentrations
of nanoparticles on the growth and development
of plants were observed. The average mass of
the fresh sprout was generally greater than in
the control in all experimental variants. As with
the average length, the maximum average mass
was recorded in the LPB -Fe-2 variant: exceed-
ing the control values by 10-26 mg. It should
be emphasized that the average mass of the raw
sprout was strongly correlated with the number
of microorganisms using mineral forms of nitro-
gen (r = 0.85) and the total number of micro-
organisms using mineral and organic forms of
nitrogen (= 0,91).

It should be noted that in all the studied vari-
ants, the germination energy and seed germi-
nation of both varieties were quite low. On the
one hand, this may be associated with their va-
rietal characteristics, and on the other hand, the
cause could be an incorrectly chosen watering
volume (5 ml). It is reliably known that during
a three-year field experiment, the germination
of flax seeds of various varieties significantly
decreased in the year characterized by relative
moisture availability during the seed formation
period (July — August) [16]. Nevertheless, in our
experiment, the biopreparations with iron oxide
nanoparticles used for irrigation positively influ-
enced all the studied parameters.

The positive effect of iron oxide in nanoform
has also been confirmed by other authors. For
example, in [17] it is noted that foliar feeding
of the medicinal plant Pseudostellaria hetero-
phylla with a solution of Fe;O,4 nanoparticles at
a concentration of 20-50 mg/l stimulated an in-
crease in the length and diameter of shoots and
the dry mass of the root tuber, contributing to
the growth of root tuber yield per unit area. At
the same time, a further increase in concentra-
tion to 100 mg/1 caused the opposite effect. The
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Taoua. 3. PCSy.l'ILTaTLI OIIbITa MO IpOpalIMBaHNUIO CEMSH JIbHA COPTa I[I/IHJ'IOM&T

Table 3. Results of the experiment on germination of flax seeds of the Diplomat variety

Concentration, %
Biopreparation
0,1 0,4 | 0.8 1,4
Average sprout length, cm
Control (water) 11,3+04
LPB 13,4+13 143+1,6 145+1,2 14,1+1,1
LPB -Fe-1 14,6 £1,3 142 +0,9 12,9+ 1,0 13,0+ 0,8
LPB -Fe-2 16,2 +£0,6 16,1 £0,7 15,0 £ 0,8 16,5+ 0,6
LPB -Fe-3 13,5+0,7 13,3+£0,8 13,1 +£0,7 14,0 +£0,7
LPB -Fe-4 152+1,0 149+0,9 149+1,0 16,2 £0,8
LPB Fe-5 16,1 £0,7 15,1 +£0,6 14,0+ 0,8 14,7+ 0,6
Average raw sprout mass, mg
Control (water) 48,1 +3.,0
LPB 532+1,0 66,3 +3,3 47,7+0,8 61,5+2,7
LPB -Fe-1 59,2 +2,1 64,8 + 3,6 60,0+ 1,4 67,8 +4,0
LPB -Fe-2 74,6 £2,8 73,5+ 6,8 58,3+3,1 59,1+22
LPB -Fe-3 51,8 +2,8 54,5+2,1 54,1+1,5 60,0 +£2,1
LPB -Fe-4 55,3+3,0 53,7+2,9 48,7+ 1,2 57,0+4,7
LPB Fe-5 46,4 +2,1 53,2+4)5 53,8+ 5,1 48,0+ 3,0

positive effect of nanoparticles on crop yield is
attributed by the authors to the improvement of
photosynthetic activity, as well as the stimula-
tion of organic matter synthesis and its distri-
bution within the plant body [17]. D.B. Dola et
al. [18] found that foliar treatment of soybeans
with Fe;O,4 nanoparticles at a concentration of
200 ppm under dry conditions positively affects
plant growth, which is reflected in an increase in
their height, fresh leaf and stem mass, as well as
total fresh and dry mass by 21, 31, 46, 33, and
48% respectively compared to the control.

CONCLUSION

The results of the laboratory experiment on
flax seeds of the Nadezhda and Diplomat vari-
eties showed that the bio-preparations LPB -Fe
with different concentrations of Fe;O,4 nanopar-
ticles had a positive effect on all the parameters
studied.

Thus, when germinating the seeds of the me-
dium-maturing variety Nadezhda, the energy
of germination and seed germination rate in-
creased by 15-20% and 13-16%, respectively,
compared to the control when irrigated with the

biopreparation LPB-Fe-3 at a powder dose con-
taining nanoparticles of 100 mg/l. In addition,
in almost all cases, except for LPB-Fe-5 with
a powder dose of 500 mg/l, the average seed-
ling length ranged from 15 to 17 cm, i.e., it was
3-5 cm longer than in the control. A moderate
inverse relationship was found between seed
germination and the number of microorganisms
using organic forms of nitrogen (» = —0.64), as
well as a moderate direct relationship between
catalase and dehydrogenase activity and the av-
erage length of the seedling (» = 0,56 and 0,66
respectively).

When germinating seeds of the late-maturing
flax variety Diplomat, the greatest effect of the
studied biopreparations on increasing the aver-
age length and average mass of the seedling was
noted. Thus, the maximum increases relative to
the control in seedling length and mass were ob-
served in the LPB-Fe-2 variant (powder dose 50
mg/l) — 4.0-5.5 cm and 10.0-26.0 mg, respec-
tively. It is important to note that the average
mass of the raw sprout was strongly correlated
with the number of microorganisms using min-
eral forms of nitrogen (» = 0.85) and the total
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number of microorganisms using mineral and
organic forms of nitrogen (» = 0,91).
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CpaBHHUTE/IbHAA OLICHKA KJIOHOBBIX NOABOEB A0JI0HU Pa3JIM4HOIO
MPOUCXO0KACHUS JJIA UCNO0JIb30BaHus B UpKyTCKOI 00/1acTH

Pagenko A.M."2, (X)Pauenko M.A.!, MokmonoBa N.M.!, Pauenko JI.M.?
'Cubupcruti uncmumym ¢puzuonoeuu u 6uoxumuu pacmernuti Cubupckoeo omoenenust
Poccuiickoii akademuu nayx

Wpxkyrck, Poccus

2Upkymckuil eocyoapcmeennvlil acaphviil ynueepcumem um. A.A. Esiceéckoco

noc. Monozaexusiid, UpkyTckas obnacts, Poccus

(<) e-mail: bigmks73@rambler.ru

Hcnonp30oBaHne KIOHOBBIX TIO/IBOEB SIOJIOHM TMPEACTABISAET MOTEHIUATBHYIO MEPCIEKTUBY IS
CaJIOBOJICTBA B I0KHOM 4acTu MpkyTckoil obnactu. B nanHol paboTe oTpaskeHbl pe3ylbTaTbl MHO-
TOJIETHUX HCCleoBaHni Ha Tepputopun Oxuoro [Ipenbaiikanbs. Bee uccnenoBanus mpoBOIUIHCH
B 2018-2024 1T. Ha KOJUICKIIMOHHBIX ydacTkax CHOMPCKOTO WHCTUTYTa (U3HOJOTHH W OHMOXUMHH
pactenuii Cubupckoro otaenenus Poccuiickoit akageMuu Hayk, pacroiokeHHbIX B UpkyTcke u Up-
KyTCKOM paiione MpkyTckoii obonactu. M3yueHue moiBoeB B MAaTOUHUKE M COPTO-TTOJIBOMHBIX KOMOH-
Haluui B caay nposoawiu o IIporpamMmme 1 METOAMKE COPTOU3YUEHMSI TUIOOBBIX, ATOJHBIX U OPEXO-
TUIOAHBIX KYIBTYp. B pe3ynbrare OleHKH KIOHOBBIX OABOEB TeHOTHITh ApM-18 1 K-2 mpu Bo3memnsi-
BaHNM B ycnoBusx Wpkytckoii odmactu ¢ 2018 o 2024 r. ObuM OLICHEHBI KaK Cl1a003uMOCTOHKUE,
OCTaJbHbIE TEHOTUIIBI — KaK 3UMOCTOMKHE. K BBICOKO3UMOCTOMKHUM KIIOHOBBIM ITOJIBOSIM Mbl OTHECJIU
KJIOH CHOMPCKOH sTOHON s1070HH, Ypan, Ypain 2, 4-12 (Bonra 12) u E-56. [ns onieHkn copTo-1of-
BOMHBIX KOMOMHALMH HECKOJIBKO T€HOTUIIOB KJIOHOBBIX ITOJBOEB ObLTH IPUBUTHI COPTAMH 3UMOCTOM-
KHX SOJIOHB-TTONYKYJIBTYPOK. Bce KIIOHOBBIE TIOABOM, UCTIONB3YeMbIE IS IIPUBUBKH, KPOME KOHTPO-
751, KJIIOHA CUOMPCKOH STOMHOHN sI0JIOHHU, OBLIM OIICHEHBI KaK 3MMOCTOWKHE, KIOH CHOUPCKON STOM-
HOM SI0JIOHM — KaK BBICOKO3UMOCTOMKHIA. BeTymenne B miofoHomeHne Y S0I0Hb-MOTYKYIBTYPOK,
MIPUBHUTHIX HA KIIOHOBBIE TIOAIBOM, HACTYTAJIO HA TOJ] PaHBIIE, YeM y IIPUBUTHIX HA CHOMPCKYIO SITOA-
HYIO S0JIOHIO, TIPY 3TOM OOJBIINX PA3TUYUNA B MIPOLYKTHBHOCTH M3YYE€HHBIX JE€PEBbEB OTMEUEHO HE
0bU10. MHOTOJIETHHE UCCIIEJOBAHHS TTOKa3aJIi, YTO OCHOBHAS YaCTh M3Y4YCHHBIX KIIOHOBBIX MOJIBOCB
MEePCIEKTUBHA JIsl TaJbHEHIIEro U3yYeHUsl.

KuioueBble c1oBa: s0I0HS, KJIOHOBEIC ITOABOU, TIOJIEBAs 3MMOCTOMKOCTh, COPTO-TIOBOMHBIC KOM-
OMHAIUU

Comparative evaluation of clonal apple rootstocks of various origin
for use in the Irkutsk region

Rachenko A.M."2, (x<)Rachenko M.A.!, Mokshonova I.M.!, Rachenko D.M.?
ISiberian Institute of Plant Physiology and Biochemistry, Siberian branch

of the Russian Academy of Sciences

Irkutsk, Russia

Yrkutsk State Agrarian University named after A.A. Ezhevsky

Molodezhny, Irkutsk region, Russia

(<)e-mail: bigmks73@rambler.ru

The use of clonal apple rootstocks represents a potential prospect for horticulture in the south-
ern part of the Irkutsk region. This paper presents the results of long-term research in the Southern
Cis-Baikal region. All studies were conducted in 2018-2024 at the collection sites of the Institute of
Physiology and Biochemistry of the Siberian Branch of the Russian Academy of Sciences, located in
Irkutsk and the Irkutsk district of the Irkutsk region. The study of rootstocks in the nursery planta-
tion and variety-rootstock combinations in the garden was carried out according to the Program and
methodology for variety study of fruit, berry and nut crops. As a result of the evaluation of clonal root-
stocks, the Arm-18 and K-2 genotypes were assessed as slightly winter-hardy when cultivated in the
conditions of the Irkutsk region in the period from 2018-2024, the remaining genotypes were assessed
as winter-hardy. We classified the Siberian berry apple clone, Ural, Ural 2, 4-12 (Volga 12) and E-56
as highly winter-hardy clonal rootstocks. To evaluate the variety-rootstock combinations, several gen-
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otypes of clonal rootstocks were grafted with the varieties of winter-hardy semi-cultivated apple trees.
All clonal rootstocks used for grafting, except for the control, the Siberian berry apple clone, were
assessed as winter-hardy, the Siberian berry apple clone as highly winter-hardy. The semi-cultivated
apple trees grafted onto clonal rootstocks began to bear fruit a year earlier than those grafted onto the
Siberian berry apple tree, while no significant differences in the productivity of the trees studied were
noted. Long-term studies have shown that most of the clonal rootstocks studied are promising for

further study.

Key words: apple tree, clonal rootstocks, field winter hardiness, variety-rootstock combinations

Jast umtupoBanus: Pauenxo A.M., Pauenxo M.A., Moxwonosa U.M., Pauenko /].M. CpaBHUTEIIbHAS OLIEHKA KJIOHOBBIX [T0JIBOCB
SIOJIOHH PA3IUYHOTO TIPOMCXOMKACHHUS ISl HCIONb30Banust B pkyTckoit obnactu // CHOMPCKHUA BECTHHK CEIbCKOXO3SIHCTBEHHON
Hayku. 2025. T. 55. Ne 12. C. 47-55. https://doi.org/10.26898/0370-8799-2025-12-5

For citation: Rachenko A.M., Rachenko M.A., Mokshonova [.M., Rachenko D.M. Comparative evaluation of clonal apple root-
stocks of various origin for use in the Irkutsk region. Sibirski ivestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2025, vol. 55, no. 12, pp. 47-55. https://doi.org/10.26898/0370-8799-2025-12-5

Kondgaukr nurepecon

ABTODBI 3asBIIAIOT 00 OTCYTCTBUU KOH()IUKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

BaarogapHocTs

Pabora BbINONHEHA Ha OOOPYIOBAHMH IIEHTpa KOJUICKTUBHOro moisb3oBanus (LIKIT) «buoaHanuTHKa» C HCMONB30BAHHEM
koiutekimii IKIT «Buopecypcenbiii ientp» CHOUPCKOro MHCTUTYTa (HH3HOJIOTUH U OHOXUMHU pacTeHuit CHOMPCKOro OTASNCHHUS

Poccwuiickoit akanemun Hayk, UpkyTck.

HccnenoBanue BBITOTHEHO B paMKax roCy1apCTBEHHOTO 3a1anust MunoOpHaykn Poccrn it CHOnpeKoro HHCTHTYTA (GU3HOIOTUH
n Onoxumuu pactenuit Cubupckoro oraenenust Poceuiickoit akanemun Hayk (per. Homep HUOKTP — 125021902487-9).

Acknowledgements

The work was carried out using the equipment of the “Bioanalytics” Shared Use Center (SUC) using the SUC collections of the
“Bioresource Center” of the Siberian Institute of Plant Physiology and Biochemistry of the Siberian branch of the Russian Academy

of Sciences, Irkutsk.

The research was carried out within the state assignment of Ministry of Science and Higher Education of the Russian Federation
for the Siberian Institute of Plant Physiology and Biochemistry of the Siberian Branch of the Russian Academy of Sciences (R&D

project registration No. — 125021902487-9).

INTRODUCTION

Irkutsk region is a risky agricultural zone,
especially for the horticultural sector. Harsh
climatic conditions of the Irkutsk region, with
a short frost-free period, late return frosts, and
critically low temperatures in the winter period,
create a need for new adaptive crops and variet-
ies capable of yielding high harvests to provide
the local population with fresh fruits and berries.
An important crop that can be considered for in-
dustrial purposes is the apple tree [1]. The most
favorable areas for the development of horticul-
ture are the southern regions of Irkutsk region.

At present, the assortment of apple trees in
the region is mainly represented by hybrid apple
varieties, which are grafted onto seedling root-
stocks — Siberian crab apple (Malus baccata)

seedlings. However, these seedlings are of vary-
ing quality, each possessing only its inherent he-
redity, and exerting its own specific influence on
the grafted variety. In general, clonal rootstocks
are characterized by genetic uniformity and
therefore affect the grafted variety in the same
way' [2]. The introduction of clonal rootstocks
as a crop in the territory of Southern Pre-Baikal
is possible only with the use of the genotypes
with high adaptability and winter hardiness of
the root system.

Research by modern breeders indicates a
number of advantages of using dwarf clonal
rootstocks for apple cultivation: high compati-
bility with promising apple varieties, high frost
resistance of the root system (modern genotypes
are able to withstand soil temperatures of —16...

'Bochkarev E.A. Preliminary assessment of new forms of clonal rootstocks of apple trees in the mother plantation // Selection and
variety study of fruit and berry crops: collection of scientific papers, Kinel, 2025, pp. 97-103.
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—18 °C). In addition, trees on clonal rootstocks
are generally more resistant to diseases and pests
[3-5].

It is believed that the introduction of clon-
al rootstocks will significantly reduce the time
from obtaining the rootstock to harvest, change
the habit of the fruit tree (dwarf trees are easi-
er to care for), increase yield due to the greater
number of plants per unit area, and reduce the
time to fruiting due to scion-rootstock interac-
tions [5, 6].

In general, thanks to their characteristics, the
adaptive capabilities of clonal apple seedlings of
different geographical origins represent a poten-
tial prospect for horticulture in the southern part
of the Irkutsk region. Variety study, as one of the
stages of breeding, involves a long-term study
of new crops for the region and an analysis of
factors affecting their successful development
and growth.

In connection with the above, the purpose of
this work was a comparative evaluation of apple
clonal rootstocks of various origins for use in the
Irkutsk region.

MATERIAL AND METHODS

The study used a collection of vegetative-
ly propagated apple rootstocks of various geo-
graphical origins of breeding:

— Michurinsk State Agrarian University
(Michurinsk);

— Armenian Scientific Research Institute of
Viticulture, Winemaking and Fruit Growing;

— Estonian Scientific Research Institute of
Agriculture and Land Reclamation;

— Federal Horticultural Center for Breeding,
Agrotechnology and Nursery (Moscow) and Re-
search Institute of Horticulture and Medicinal
Plants (Samara);

— Crimean Experimental Breeding Station
(Krymsk).

A clone of the Siberian crab apple tree was

used as a control (Malus baccata (L.) Borkh.)
(CSCAT).

All studies were conducted in 2018-2024 at
the collection sites of the Siberian Institute of
Plant Physiology and Biochemistry of the Sibe-
rian Branch of the Russian Academy of Sciences
(SIPPB SB RAS), located in Irkutsk and the Ir-
kutsk district of the Irkutsk region. The soil type
at the sites is gray forest soil, and in terms of
granulometric composition, it is loam of medi-
um texture.

For collection study, a mother plantation was
established in 2016 on a plot with artificial irri-
gation, located in the Irkutsk district. Between 4
and 10 mother bushes of each studied form were
planted. The plant spacing was 100 x 50 cm. In
the collection mother plantation, they studied
the survival of rootstocks, the degree of winter
damage to the bush head, the condition of the
bush head, and the overall condition of the plant
at the beginning of the growing season.

To determine the compatibility of rootstocks
with the main half-cultured apple varieties
grown in the region, the quality of seedlings, and
the productivity of variety—rootstock combina-
tions, a collection orchard was established on
the plot in 2018 (with two-year-old seedlings).
Well-studied half-cultured apple varieties were
selected as scions: Katyusha, Prevoskhodnoe,
Rayskoe, Lada. The criteria for selecting the
grafted varieties were the commercial qualities
of the fruits: taste, shelf life, and suitability for
processing.

The study of rootstocks in the nursery and
scion-rootstock combinations in the garden was
carried out according to the Program and meth-
odology for the varietal study of fruit, berry, and
nut-bearing crops?.

RESULTS AND DISCUSSION

Winter hardiness is a complex property of
plants, which is related not only to the conditions

*Program and methodology for the study of varieties of fruit, berry, and nut crops / edited by Academician of RAAS E.N.
Sedov, Doctor of Science in Agriculture T.P. Ogoltsova. Orel: Publishing House of the All-Russian Research Institute of Fruit Crop

Selection, 1999, 608 p.
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of the winter period, but also to the processes oc-
curring in the plant throughout the year.

Particularly important in the comprehensive
assessment of a fruit tree's winter hardiness is
a characteristic such as field winter hardiness.
One of the main causes of damage to fruit
plants is the harsh climatic conditions in the
region of study. A short frost-free period, in-
sufficient positive temperatures, and prolonged
precipitation, which contribute to lowering
temperatures and the spread of diseases, lead
to an incomplete progression of the growing
season. The insufficient duration of the hard-
ening process is caused by the sharp decrease
in temperature at the beginning of October and
has a negative impact on the final phase of
leaf fall. Prolonged periods of extremely low
temperatures in December to February (below
-30 °C), as well as significant temperature
fluctuations at the end of February and the be-
ginning of March (from -25 to +5 °C), along
with a high level of insolation reflected from
the snow cover, exacerbate the negative effects
of the cold. In addition, frequent temperature
changes in April (from +22 to —10 °C) lead to
the death of varieties that do not have sufficient
winter hardiness?.

Assessment of the winter hardiness of clon-
al rootstock plants in the nursery showed that
throughout the entire observation period (2018—
2024), all genotypes of the studied rootstocks
exhibited high field winter hardiness of the root
system and good regenerative capacity. Most
of the studied rootstocks demonstrated average
field winter hardiness of the aboveground part of
the plant (the degree of damage did not exceed
2.5 points), only the clonal rootstocks Arm-18
and K-2 experienced irreversible damage to the
crown of the bush each winter (3.0-3.5 points).

The harshest in all the research years turned
out to be 2023 and 2024. The accumulated win-
ter damage over several years led to many root-

stocks being significantly affected, including
E-56, which had shown high winter hardiness
for many years (see Fig. 1). For most rootstocks,
the condition of the trees was rated at 3 points.
For the K-2 and Arm-18 rootstocks, the over-
all condition of the plants was rated at 2 points.
The only rootstock that came through the winter
without damage was CSCAT.

Over the years of observation, the best indi-
cators of winter hardiness were shown by the
rootstocks CSCAT, Ural, Ural 2, 4-12 (Volga
12), and E-56 — they can be classified as highly
winter-hardy genotypes. The genotypes Arm-18
and K-2, when cultivated under the conditions of
the Irkutsk region in 2018-2024, were assessed
as weakly winter-hardy and were excluded from
further studies. The remaining genotypes were
assessed as winter-hardy.

In 2022, taking into account previous stud-
ies, a new mother plantation of clonal rootstocks
was established. It included those forms of
clonal rootstocks that showed high and medi-
um winter hardiness. In addition, the collection
was supplemented with new genotypes of clon-
al rootstocks, created by Doctor of Science in
Agriculture E.Z. Savin and colleagues [7]. All
rootstocks were planted in quantities of 10 spec-
imens of each genotype in the mother plantation
(see Table 1).

All studied genotypes took root well, sur-
vived the winter of 2022/23, and showed good
growth during the growing season. Harsh con-
ditions of the winter period 2023/24 did not sig-
nificantly affect the condition of the plants in the
new collection mother plantation; the overall
condition of all plants was rated at 4-5 points.
Observations of the rootstocks continue, and at
present all genotypes are considered promising
for further study in the conditions of the mother
plantation and nursery.

In 2023, studies on the laboratory winter
hardiness of clonal rootstocks were conduct-

SRachenko M., Rachenko A., Kiseleva E. Winter hardiness of apple clonal rootstocks in Southern Cisbaikalia // E3S Web of Con-
ferences: IX International Conference on Advanced Agritechnologies, Environmental Engineering and Sustainable Development,
Namangan, Uzbekistan (Oct. 26, 2023), 2024, vol. 486, p. 02031. DOI: 10.1051/e3sconf/202448602031.

50  Siberian Herald of Agricultural Science ¢ 2025 « 55 ¢ 12

Plant growing and breeding



CpaBHUTeNbHAS OLICHKA KJIOHOBBIX TTOJIBOEB 0JI0OHN
Pa3IMYHOrO MPOUCXOXKACHUS ISl HCTIONB30BAHUS
B UpkyTckoii o6mactu

Payenko A.M., Pauenko M.A.,
Mokmonosa .M., Pauenxo /I.M.

Siberian crab apple. 5 S S S s

(clone)

K2 25 3 125 NN
E-56 4 A S s s
Am-18 33 L2 SIS
OB3-4 3 [ 35 4G
8-2(Volga8) 3 [ 3.5 N NS
4-12 (Volga 12) 4 4 S N ——
18-7 (Volga 18) 3 [ 3.5 4 NSNS
Urals 3 0035 A
Ural2 4004 S
Ural 4 004 IS -
62-223 .3 3.5 S5 NSNS

64-143 3
70-6-8 3
70-20-20 3
54-118 3
62-396 X

0 5 10

2019 22020 =2021 w2022 w2023 m2024

15 20 25 30

Year

Puc. 1. O6mee COCTOAHHUEC paCTeHI/Iﬁ KJIOHOBBIX IIOJIBOCB K Ha4YaJ1y BEIr€TallMOHHOIO II€pUoaa, Gan

Fig. 1. General condition of clonal rootstock plants at the beginning of the growing season, point

ed at SIPPB SB RAS according to 4 indicators
of winter hardiness. Experiments on artificial
freezing fully confirmed the data from field tests
(see footnote 3).

It is known that the rootstock must be com-
patible with the scion and provide the grafted
tree with the longest possible economic life [8].
Graft incompatibility is usually referred to as
the inability of the rootstock and scion to join
together and form a successful graft union. Sci-

on incompatibility is a critical problem for the
breeding of fruit tree rootstocks and the longev-
ity of an orchard. This leads to the formation of
unhealthy trees, breaking of the graft union, and
premature death of grafted plants. When joining
the rootstock and the scion, various factors are
important, and signs of incompatibility may ap-
pear, such as poor bud formation, as well as ana-
tomical and morphological anomalies during the
scion union [9—-11].
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Tao6a. 1. CocraB KO/UIEKIIMOHHOIO MAaTOYHHMKA KJIOHOBBIX ITOABOEB, 3aJI0)KeHHOro B 2022 1., 1 ob11ee
COCTOSIHUE PACTeHM K Hayaly BEereTaloHHOro nepuona 2024 r.

Table 1. Composition of the collection nursery of clonal rootstocks laid in 2022, and the general
condition of plants at the beginning of the growing season of 2024

Clonal rootstock Seedling Rating, score
OB 1-15 Unknown 5,0
OB 1-28 Elite dwarf form of unknown origin 5,0
OB 2-15 Ural 5 5,0
OB 2-2 K-2 4,5
OB 2-24 Elite dwarf form of unknown origin 5,0
OB 2-4 71-7-23 5,0
OB 2-6 Ural 5 5,0
OB 2-30 Elite dwarf form of unknown origin 5,0
OB 3-2 The same 5,0
OB 3-4 71-7-23 5,0
OB 3-7 62-396 5,0
OB 3-14 Ural 5 5,0
OB 7-5 Unknown 5,0
OB 7-8 » 5,0
4-5 65-972 5,0
8-8 57-366 5,0
19-10 57-490 5,0
151-1 65-151 5,0
CA-12-2 Ural 5 5,0
CA 12-3 E-56 5,0
CA 14-1 Ural 5 5,0
II Pole Ural 5 5,0
Volga 3 65-972 5,0
Volga 8 57-233 5,0
Volga 12 13-14 5,0
Volga 18 Paradziki Budagovskogo 5,0
Ural 1 49-134 5,0
Ural 2 49-290 5,0
Ural 5 57-469 5,0
Ural 5-4 Elite dwarf form of unknown origin 5,0
62-396 No.13-14xI1B9 4,0
54-118 (B9)x13-14 4,0
70-20-20 57-469x57-344 4,0
64-143 PB9%x49290 4,0
62-223 AnokaxPB9 4,0
E-56 Unknown 5,0

The most significant influence of the root-
stock on the scion variety is the control of tree
size and the corresponding changes in morphol-
ogy [12, 13].

All clonal rootstocks used for grafting, except
for the control (CSCAT), are assessed as win-
ter-hardy, CSCAT — as highly winter-hardy. Trees
of the Katyusha variety in all variants are assessed
as highly winter-hardy. The Rayskoe variety on

clonal rootstocks 70-6-8, 62-396, and CSCAT is
assessed as highly winter-hardy, on rootstocks
70-20-20 and 54-118 — as winter-hardy. The Pre-
voskhodnoe variety on the clonal rootstock CS-
CAT is assessed as highly winter-hardy, on clonal
rootstocks 70-20-20 and 62-396 — as winter-har-
dy, and on clonal rootstocks 70-6-8 and 54-118 —
as medium winter-hardy. The Lada variety in all
variants is assessed as winter-hardy (see Table 2).
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Ta6a. 2. Paznmuuust B mepe3uMOBKe pa3HbIX
COPTOB SIOJIOHU Ha KIIOHOBBIX TIOIBOSIX B YCIIOBHSIX
OxHoTO [Ipendaiikaibsi, CpeIHss CTSIICHb TOBPEXK-
JeHust, Oas

Table 2. Differences in overwintering of different
apple varieties on clonal rootstocks in the conditions
of the Southern Cis-Baikal region, average damage
level, point

. Year
Rootstock Variety
2018 | 2019 | 2020 | 2021
Katyusha 1,0 | 2,0 | 1,0 | 1,00
70-6-8 Prevoskhodnoe | 3,0 | 3,0 | 2,0 |2,00
(semidwarf)
Rayskoe 20120 1,0 [0,75
70-20-20 Katyusha 1,7 1 2,0 | 1,2 10,50
(medium- | Prevoskhodnoe | 2,0 | 3,0 | 2,3 | 2,00
height) Rayskoe 2,0 | 3,0 | 2,5 (2,00
Katyusha 1,0 | 2,0 | 1,3 | 1,33
62-396 Prevoskhodnoe | 2,0 | 3,0 | 2,2 | 2,00
(dwarf) Rayskoe 3,0 [ 20| 1,2 | 1,00
Lada 2,0 | 3,0 | 1,7 |2,00
Katyusha 1,0 | 2,0 | 1,0 | 1,50
>4-118 Prevoskhodnoe | 3,2 | 3,0 | 2,0 | 2,50
(medium-
height) Rayskoe 3,0 | 3,0 | 2,0 2,00
Lada 351201 1,2 |1,25
Control Katyusha 1,0 | 0 0 0
(seedling Prevoskhodnoe | 1,0 | 2,0 | 1,5 | 1,25
of Siberian | Rayskoe 1,0 | 1,0 | 0,2 |0,50
crab apple) [ .4, 1,0 | 3.0 | 2,0 [ 225

In the context of increasing climate fluc-
tuations and a growing risk of weather-relat-
ed stresses, special attention should be paid to
identifying rootstock types with a high intrinsic
adaptive potential that positively affects the re-
silience of grafted plants. Analyzing our obser-
vations, we can speak of the insufficient adap-
tive potential of the clone rootstock 54-118. The
varieties grafted onto this rootstock most often
had an average damage score of 2 or higher.

The onset of fruiting in semi-cultured apple
trees grafted onto clonal rootstocks occurred a
year earlier than in those grafted onto Siberian
crab apple rootstocks, while no significant dif-
ferences were observed in the productivity of the
studied trees or in the influence of the rootstock
on the fruiting periodicity (see Table 3).

Taodn. 3. MakcumanbHasi IPOITYKTUBHOCTh
SIOJIOHB-TIONTYKYJIBTYPOK B 3aBUCIMOCTH OT MOJBOS,
2024 1., kr/nepeBo

Table 3. Maximum productivity of semi-

cultivated apple trees depending on the rootstock,
2024, kg/tree

Rootstock Variety Productivity
Katyusha 15
Siberian crab | Prevoskhodnoe -
apple clone Lada 5
Rayskoe 5
Katyusha 7
70-6-8 Prevoskhodnoe -
Rayskoe 5
Katyusha 5
s4118 Prevoskhodnoe -
Lada 3
Rayskoe 3
Katyusha 10
62-396 Prevoskhodnoe -
Lada 5
Rayskoe 5
Katyusha 12
70-20-20 Prevoskhodnoe -
Rayskoe 7
CONCLUSION

Long-term research on the field winter har-
diness of clonal rootstocks has shown that the
majority of the studied genotypes are win-
ter-hardy and promising for further study. The
studies allowed us to identify the most valuable
clonal rootstocks for gardening in the Southern
Pre-Baikal region and their further use in breed-
ing: E-56, Ural, Ural 2, 4-12 (Volga 12), and a
clone of Siberian crab apple.
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CemenoBoacTBo kaprodenas B Kamuarckom kpae:
OLICHKA U 0TOOP 0Te4eCTBEHHbIX COPTOB

<) Xacouyarauna O.U., Iaiinarynuna B.B., Xaconyyuiun P.A.

Kamuamckuii hayuno-ucciedosamenbCKuil UHCMUMYm CelbCKO20 X0353UCMEd — UL
Dedepanvrozo uccnedoeamenbcko2o yeHmpa «Becepoccutickuii uncmumym cenemuyecKux pecypcos
pacmenuti um. H.H. Basunogay

Kamuarckuii kpaii, c. CocHoBka, Poccus

() e-mail: Khasbiullina@kamniish.ru

B crartbe npencTaBiaeHbl pe3yiIbTaThl OLUEHKH COCTOSHHS OTPaciid KapTo(eneBOACTBA U CUCTEMBI
cemeHoBojicTBa B KamuaTrckom kpae. Ananu3 quHamuku 2020-2024 rr. mokasai, 4To cyMMapHas 1J10-
11a/1b O/ KapTodeneM B X035HCTBaX BCEX KaTerOpuil 3a yKa3aHHBIN MEPHO]] CHU3MIACh HE3HAYNTEIb-
HO (Ha 0,9%; ¢ 1,852 o 1,836 ThIC. Ta), TOTIA KaK CTPYKTYpa MOCEBOB U3MEHIIIACH JI0CTATOYHO CUITh-
HO: B CEIHCKOXO3STCTBEHHBIX MPENNPHUATHAX IO YBETHIiInCh Ha 21,5%, B KpecThsHCKO-(ep-
MEPCKHX X034HiCTBAX COKPATHINCH Ha 16,8%, B TMUHBIX MTOJCOOHBIX XO3SHUCTBAX OCTAINCH Ha TOM )K€
yposae. K 2024 r. BasioBoii co6op kaprodemnst camzuics Ha 10,5% (¢ 39,679 no 35,519 toic. 1), cpenusis
ypoxaiinocts — Ha 15% (no 18,2 1/ra). Hanbosee 3aMeTHOE CHMKEHUE OTMEUEHO Y CElIbX03TOBAPO-
MPOM3BOANTENEH, TOTAA KaK B JIMYHBIX MOJICOOHBIX XO35HCTBaX MoKazaTenu ObLIM ONM3KH K YPOB-
Hio 2020 1. [IpoBenena arpoObroIoruIecKas 1 X03MCTBCHHAS OIIEHKA COBPEMEHHBIX OTEUECTBEHHBIX
COpTOB KapTo(ers, IPEeICTaBICHHBIX B OaHKE 310POBBIX COPTOB B KyJbType in vitro. KoMiuiekcHast
OLIEHKA TI0 YPO)KaHOCTH, CTAaOMJIBHOCTU M YCTOHYMBOCTH K (hUTOnaTroreHaM M HEOIaronpusATHHIM
(axTopam MO3BOJMIIA BBLICIUTE (OPMBI, aIalTUPOBAHHBIE K YCIOBUSM KOPOTKOTO M MPOXJIAJIHOTO
BereTanronHoro nepuona. Cpeau panuecnensix coptoB (BspwiBHoi, Kapmen, Kyneu u ap.) ypo-
JKaHOCTh coctaBmia 24,6-31,8 1/ra, cpenu cpennepannux (Onamunro, EBpasus, Atneruk) — 28,2—
35,7 1/ra, uTO MpeBHIMAcT Mmokazarenyu cranaapra Ha 80% u 6onee. 1o BeIxOMy ceMeHHOMN (pakimn
PEKOMEHIOBaHbI K ceMEeHOBOICTBY copTa B3priBHOi, Kapmen, Kynen, ®namunro, Kanunka, EBpasus,
Atnetuk, Kpaca u Kymau. [lomydeHnHble pe3ybTaThl 1al0T BOSMOXXHOCThH ()OPMHUPOBATH YCTOMYHBYIO
peruoHasbHy0 0a3y CEMEHHOrO Marepuana Ha OCHOBE OTEUECTBEHHBIX COPTOB, 00ECHEUMBAIOLINX
NPEBBILICHNUE CTaHJAPTA MO YPOKAHHOCTH M CTAaOMIBHOCTH, a TaKKe BBIXOLY CEMEHHOH (pakiuu
NpY aJanTUPOBAHHOW TEXHOJIOTHU BO3JeNbIBaHuA (YHHUTOKeHHE 00TBBI 3a 10—14 gHelt no yoopku
JUTSI TIOBBIIIICHNUST BBIXO/Ia CEMEHHOW ()PAKIIMU M CHIKCHUS PUCKA JTATEHTHBIX NHPEKIMA B YCIOBHIX
Kamuarckoro kpas).

KiroueBble ciioBa: kaprodesb, 0TeUeCTBEHHBIE COPTa, arpO3KOJIOrMYECKOE UCIIBITAaHUE, IPOAYK-
TUBHOCTb, TOBAPHOCTH, KauecTBO, KaMuarckuii kpait

Seed potato production in the Kamchatka Territory:
evaluation and selection of domestic varieties

C<p)Khasbiullina O.I., Gainatulina V.V., Khasbiullin R.A.

Kamchatka Research Institute of Agriculture — Branch

of the Federal Research Center "N.1I. Vavilov All-Russian Institute of Plant Genetic Resources"
Sosnovka village, Kamchatka Territory, Russia

(C)e-mail: Khasbiullina@kamniish.ru

The article presents the results of a study on the state of the potato industry and the seed production
system in the Kamchatka Territory. An analysis of the 2020—2024 dynamics showed that the total pota-
to area across all farm categories changed insignificantly (by 0.9 %; from 1.852 to 1.836 thousand ha),
while the crop structure changed quite significantly: the area increased by 21.5 % in agricultural enter-
prises, while in peasant farms it decreased by 16.8 %, and in in private farms remained at the same level.
By 2024, the gross potato harvest had decreased by 10.5 % (from 39.679 to 35.519 thousand tons),
and the average yield declined to 18.2 t/ha (by 15 %). The most significant decrease was observed in
agricultural enterprises, while private farms maintained the 2020 level. An agrobiological and eco-
nomic evaluation of modern domestic potato varieties represented in the in vitro healthy varieties
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bank was conducted. Comprehensive assessment of yield, stability, and resistance to phytopathogens
and adverse environmental factors made it possible to identify the forms adapted to the short and cool
growing season. Among early-maturing varieties (Vzryvnoi, Karmen, Kupets, etc.), yields ranged
from 24.6 to 31.8 t/ha; among the middle-early ones (Flamingo, Evraziya, Atletik) — 28.2-35.7 t/ha,
exceeding the standard by up to 80% and more. Based on the share of seed fraction, the varieties
Vzryvnoi, Karmen, Kupets, Flamingo, Kalinka, Evraziya, Atletik, Krasa, and Kumach are recom-
mended for seed production. The obtained results make it possible to form a sustainable regional seed
base based on domestic varieties that exceed the standard for yield and stability, as well as the yield
of the seed fraction with an adapted cultivation technology (destruction of tops 10—14 days before
harvesting to increase the yield of the seed fraction and reduce the risk of latent infections in the con-
ditions of the Kamchatka Territory).

Keywords: potato, domestic varieties, agroecological testing, productivity, marketability, quality,
Kamchatka Territory
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INTRODUCTION Over the years of work at the Kamchatka NI-

Potatoes are a key food crop of the Kam-
chatka Territory, shaping the resilience of the
regional food system. The extreme soil and cli-
matic conditions in the territory (short growing
season (80-90 days), moderately low tempera-
tures, moisture deficit in the first half of summer
and waterlogging in the second half, increased
phytosanitary pressure) determine the decisive
role of seed quality and correct varietal selec-
tion' [1-4]. Solving food security issues and
maintaining the quality of life of the population
directly depend on stable potato production and
the availability of a self-sustaining seed produc-
tion system [5-7].

ISKh — a branch of VIR, substantial practical
experience in potato seed production has been
accumulated. Until 1985, the health improve-
ment of seed material was carried out through
clonal selection; since 1985, the technology has
been switched to a virus-free basis, which has al-
lowed for a significant improvement in the initial
seed quality. In 2007, the production of healthy
mini-tubers on the KD-10 hydroponic system
was started. The transition to primary seed pro-
duction schemes based on biotechnological
methods (in vitro meristem culture, microclonal
propagation) simplified the control of the phy-
tosanitary status of the starting material and re-

'Ryakhovskaya N.I., Gainatulina V.V., Vlasenko G.P. Agrobiological substantiation of seed potato cultivation in the conditions of
the Kamchatka Territory. Petropavlovsk-Kamchatsky: Kamchatpress. 2016. 240 p.
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duced the risk of reinfection during mini-tuber
production. At the same time, the method used
proved to be costly and low-yielding, which lim-
ited its widespread adoption? [8].

Currently, potato seed production at the Ka-
mchatka Research Institute of Agriculture is
conducted according to a five-year scheme for
growing elite varieties. Disease-free microplants
are obtained from the healthy varieties bank of
the Russian Potato Research Centre, and mi-
croclonal propagation to the required volumes
is carried out in the biotechnology laboratory
of the Federal Scientific Center of Agricultural
Biotechnology of the Far East named after A.K.
Chaiki. For obtaining mini-tubers, plants are
planted in summer greenhouses in vitro. Next,
the mini-tubers, the first field generation, and
the super-super elite are grown in seed-breeding
nurseries with strict adherence to crop rotations,
protective measures, and technological regula-
tions in accordance with the current standard?
(2,9, 10].

From 2001 to 2021, comparative agroeco-
logical trials of the best domestic and foreign
varieties were conducted, based on the results
of which, using a set of economically valuable
traits, the following varieties were recommend-
ed for cultivation under the conditions of the Ka-
mchatka Territory: Fresco, Latona, Sante, Raia,
Red Scarlett, Secura, Rosara, Udacha, Vulkan,
Geyser. For more than 20 years, imported variet-
ies were widely cultivated in the region. In 2019,
two varieties of Kamchatka breeding — Vulkan
and Geyser — were sanitized and introduced into
in vitro culture at the Russian Potato Research
Centre, which made it possible to include them

in the production scheme of original seed breed-
ing.

In the current conditions, the regulatory and
target guidelines are set by the Decree of the
President of the Russian Federation No. 20 dat-
ed 21.01.2020 (Doctrine of Food Security of the
Russian Federation; share of domestic variet-
ies > 75%) and the Decree of the President of the
Russian Federation No. 350 dated 21.07.2016,
in implementation of which the Federal Scientif-
ic and Technical Program for the Development
of Agriculture for 2017-2030 was approved*¢
[11,12].

To achieve the target indicators of this Pro-
gram in 2024, the Kamchatka NIISKh — a branch
of VIR, has begun the selection and testing of
modern domestic varieties to expand their range
and subsequent implementation in production.
Taken together, this defines the current priorities
of regional varietal policy and seed production:
accelerated comprehensive (multi-criteria) eval-
uation and selection of adapted domestic vari-
eties that ensure early formation of marketable
products, stable yields, and resistance to key
diseases; development of specialized links of
primary seed production with modern laborato-
ry, greenhouse, and storage facilities; formation
of a regionally adapted assortment for agricul-
tural producers (AP), peasant farms (PF), and
personal subsidiary plots (PSP); planned variety
rotation and variety renewal; methodological
support for producers, demonstration plantings,
and short-term training (primarily for PSP and
PF) [2, 13].

In this regard, the objectives of this work were
to analyze the problems of the current state of

2Kim LV, Gainatulina V.V., Voznyuk V.P, Volkov D.I., Anikina O.V., Khasbiullina O.I. Directions and main research results in
potato breeding and seed production in the Far East // State and prospects of breeding and seed production of major agricultural
crops: collection of scientific articles based on materials from the scientific-practical conference, Ussuriysk, July 18-19, 2020, pp.

119-125.

3GOST 33996-2016. Seed Potatoes. Technical Specifications and Methods for Quality Assessment. Moscow: Standartinform, 2017.

“Decree of the President of the Russian Federation of January 21, 2020 No. 20 'On approval of the food security doctrine
of the Russian Federation' / Official website of the Administration of the President of Russia. URL: http://www.kremlin.ru/acts/

bank/45106.

SDecree of the President of the Russian Federation dated 21.07.2016 No. 350 (as amended on 28.09.2023) "On measures for
the implementation of state scientific and technical policy in the interests of agricultural development" // Official website of the
Administration of the President of Russia. URL: http://www.kremlin.ru/acts/bank/41139.

°Resolution of the Government of the Russian Federation dated 25.08.2017 No. 996 'On approval of the Federal Scientific and
Technical Program for the Development of Agriculture for 2017-2030' / State System of Legal Information: official Internet portal
of legal information. URL: http://publication.pravo.gov.ru/document/0001201708300023.
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the seed production complex of potato growing
in the Kamchatka Territory, as well as to conduct
a comprehensive assessment and selection of the
promising domestic potato varieties to organize
effective seed production.

Research objectives:

1) analysis of the state of the industry and the
seed fund (2020-2024);

2) ecological and economic testing of the va-
rieties under conditions of a short growing sea-
son;

3) multicriteria assessment based on produc-
tivity, early yield accumulation, disease resis-
tance, technological qualities, and storability;

4) development of practical recommenda-
tions on the structure of the assortment for AP /
PF / PSP and the phased organization of primary
seed production on a virus-free basis.

MATERIAL AND METHODS

The study was conducted at the Kamchatka
Research Institute of Agriculture. Field experi-
ments were laid out at the experimental plot of
the Laboratory of Biotechnology of Field Crops
and Potato Breeding in 2025. The work was car-
ried out using a set of appropriate methods’ .
Laboratory studies were carried out at the lab-
oratory of the Kamchatka Research Institute of
Agriculture using the following instruments:
analytical balances, flame photometer, selective
electrode, ionomer, photo-electrocalorimeter,
and the capillary electrophoresis system 'Kapel-
105M".

Potato varieties of domestic breeding from
different maturity groups were selected as the
objects of study, taking into account the avail-

ability of the source material in the healthy vari-
ety bank of the Russian Potato Research Centre
and the OOO "Doka-Gene Technologies." The
standards adopted were the released varieties
of Kamchatka breeding, differing in maturity:
Zhemchuzhina Kamchatki — early, Vulkan —
middle-early, Kamchatka — medium-maturing.
The technology of potato cultivation is zonal,
mechanized.

RESULTS AND DISCUSSION

Analysis of the structure of potato production
by farm categories in the Kamchatka Territory
shows that small-scale production predominates
in the region. According to the Territorial Body
of the Federal State Statistics Service for the Ka-
mchatka Territory, in 2020-2024 the total area
under potatoes in the farms of all categories was
1,836-2,038 thous. ha'*. At the same time, the
maximum occurred in 2022 (2,038 thous. ha),
after which a moderate reduction was observed:
2023 — 1,967 thous. ha, 2024 — 1,836 thous. ha.
By 2024, the volume of the sown areas decreased
slightly (by 0.9% compared to 2020; from 1,852
to 1,836 thous. ha), however, the production
structure changed quite significantly: in AP, the
areas increased by 21.5%, in PF, on the contrary,
decreased by 16.8%, in PSP remained at the
2020 level (see Table 1).

The presented data indicate significant struc-
tural changes: an increase in the areas in AP, a
decrease in PF, stabilization in PSP.

The total gross potato harvest in the Kamchat-
ka Territory in 2024 amounted to 35,519 thous.
tons, which is 10.5% lower than the 2020 level
(39,679 thous. tons). The dynamics are wave-

"Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow: Kolos,

1985. 416 p.

$Methodology of state variety testing of agricultural crops. Moscow, 2019.
*Milekhin A.V. Methodological recommendations for potato cultivation. Samara, 2005, 21 p.
19Research methods for protecting potatoes from diseases, pests, weeds and immunity / compiled by A.S. Volovik et al., Moscow,

1995, 107 p.

"Methodology for conducting field surveys and post-harvest quality control of seed potatoes / compiled by B.V. Anisimov, A.l.

Uskov, E.A. Simakov et al., Moscow, 2005, 112 p.

2Methods of physiological and biochemical studies of potatoes. Moscow, 1989, 142 p.

3Methodology for conducting agrotechnical experiments, records, observations and analyses on potatoes / compiled by S.V.
Zhevora, L.S. Fedotova, V.I. Starovoytov et al., Moscow, 2019, 120 p.

14Agriculture, hunting and forestry // Territorial body of the Federal State Statistics Service for the Kamchatka Territory: official

website. URL: https://41.rosstat.gov.ru/agriculture.
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Tao6a. 1. Ilnomanu nox kaprodenem B Kamuyarckom kpae, ThIC. Ta

Table 1. Area under potatoes in the Kamchatka Territory, thous. ha

Indicator 2020 2021 2022 2023 2024 2024 in % to 2020
Farms of all categories 1,852 1,909 2,038 1,967 1,836 99,1
AP 0,321 0,356 0,383 0,379 0,390 121,5
PF 0,507 0,560 0,498 0,471 0,422 83,2
PSP 1,024 0,993 1,157 1,117 1,024 100,0

like, with a peak in 2022 (41,089 thous. tons),
after which two consecutive declines are record-
ed: by 6.3% (2023/2022) and 7.7% (2024/2023)
(see Table 2).

The ratio of the contribution of different cat-
egories of households to the total gross harvest
has also changed. In 2020, the share of PSP
was 57%, PF — 24%, AP — 19%. By 2024, the
share of PSP had grown to 62.5%, PF decreased
to 19%, and AP remained approximately at the
same level (around 18.5%). Consequently, under
conditions of a decrease in the total gross yield,
it was PSP that most significantly "sustained"
production, while the main reduction in indica-
tors occurred due to PF. The decrease in gross
yield in 2024 compared to 2020 was formed by

two factors: a reduction in yield (see Table 3)
and a decrease in sowing areas in PF (see Table
1). The increase in areas in AP did not affect the
growth of gross yield due to the decrease in yield
on farms.

The average yield across farms of all catego-
ries decreased over 5 years by 3.2 t/ha (from 21.4
to 18.2 t/ha, or by 15%). This indicator was rela-
tively stable in 2021-2023 (around 19.5-19.6 t/
ha) and decreased most noticeably in 2024 (by
7.1% compared to 2023). At the same time, the
yield for PSP in 2024 was 21.7 t/ha and signifi-
cantly exceeded the indicators for AP and PF
(see Table 3).

The assessment shows that PSP provided the
most stable yields in 2020-2024, whereas AP

Tao6a. 2. Banosoii coop kaprodens B Kamuarckom kpae, ThIC. T

Table 2. Gross potato harvest in the Kamchatka Territory, thous. tons

Indicator 2020 2021 2022 2023 2024 2024 in % to 2020
Farms of all categories 39,679 39,167 41,089 38,496 35,519 89,5
AP 7,434 5,972 7,394 6,645 6,560 88,2
PF 9,609 10,476 8,841 9,145 6,763 70,4
PSP 22,628 22,719 24,854 22,706 22,196 98,1
Taoa. 3. YpoxkaitHocTs kaprodens B Kamuarckom kpae, T/ra
Table 3. Potato yield in the Kamchatka Territory, t/ha
Indicator 2020 2021 2022 2023 2024 2024 in % to 2020
Farms of all categories 21,4 19,5 19,5 19,6 18,2 85,0
AP 23,1 16,8 19,3 17,5 16,8 72,7
PF 18,9 18,7 17,7 19,4 16,0 84,6
PSP 22,0 22,9 21,5 20,3 21,7 98,6
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were characterized by increased variability of
the indicator. Combined with the data in Tables
1 and 2, this explains why, with the expansion
of AP areas, the gross harvest in this category
of farms did not increase: the area growth effect
was offset by a decline in yield. The key con-
straint on final production in 2024 was the de-
crease in yield, primarily in AP and PF. The sta-
bility of PSP in terms of yield largely supported
the overall production level.

The indicated trends, in addition to changes
in weather conditions over the years, reflect a
shortage of high-quality improved seed material,
insufficient speed of variety rotation and renew-
al, as well as inconsistency in the organization of
primary seed production [2, 6].

In the register of breeding achievements for
2024, there were a total of 567 potato varieties.
Of these, 81 varieties were approved for use in
the Far Eastern region, including 62 varieties
of domestic breeding and 19 of foreign breed-
ing. In recent years, thanks to the introduction
of various subprograms for potato breeding and
seed production, there has been an increase in
the number of new domestic varieties in Russia.
This has become possible as a result of increased
funding for scientific research and support for
breeding centers, which allows for the faster
development of varieties that are more resistant
to local conditions, diseases, and pests, as well
as adapted to the modern needs of the process-
ing industry and consumers. The increase in the
number of domestic varieties helps reduce de-
pendence on imported seed material and allows
for ensuring the country's food security by offer-
ing varieties that are more suitable for the Rus-
sian climate and soil [2, 8].

In this regard, work has begun at the Kam-
chatka Research Institute of Agriculture on the
ecological testing of domestic varieties to ex-
pand the existing assortment and subsequently
introduce them into production under the condi-
tions of the Kamchatka Territory. Out of 40 do-
mestic varieties, differing in ripening times, 18
were identified in 2025 as promising in terms of
economically valuable traits, resistant to phyto-
pathogens and extreme conditions of the penin-
sula (see Table 4).

According to phenological observations, the
appearance of mass seedlings in the studied va-
rieties was recorded from the 26th to the 30th
day. The earliest seedlings were observed in
early-maturing varieties: Zhemchuzhina Kam-
chatki, Vzryvnoi, Oskar, Kupets, Carmen, Gul-
liver, Triumph, Arktika, Evraziya. Mid-ripening
varieties emerged on average 4 days later. The
budding and flowering phases occurred on the
46th—51st and 58th—60th days, respectively.
Field germination for all varieties was high —
99.2-100.0%. For the standards, this indicator
was as follows: Zhemchuzhina Kamchatki —
99.0%, Vulkan — 99.2%, Kamchatka — 99.4%.

The yield of early varieties ranged from 24.6
to 31.8 t/ha. The varieties Vzryvnoi, Gulliver,
Carmen, Triumph, and Oscar turned out to be
the most productive: their indicators exceeded
the standard by 4.5-9.5 t/ha, or 20.2-46.2%. The
share of commercial tubers was 52-68%, seed
fraction — 40-48%. The number of tubers per
hill was 11-13 pcs./bush. In the group of mid-
dle-early varieties, the yield ranged from 23.1
to 35.7 t/ha, which is higher than the standard
by 4.0-16.6 t/ha, or 20.9-86.9%. The share of
commercial and seed fractions amounted to 50—
60% and 30-49%, respectively, with the num-
ber of tubers being 8—15 per bush. In the group
of mid-ripening varieties, the following variet-
ies were characterized by high yield: Sarmat —
32.8 t/ha, Prime — 30.2 t/ha, Ariel — 27.3 t/ha,
Krasa — 21.6 t/ha. At the same time, the increase
relative to the standard was 7.0-18.2 t/ha, or
47.9-124.6%. The share of the commercial frac-
tion was 51-67%, the seed fraction 27-47%,
with the number of tubers being 11-14 per bush.

For the pace of harvest accumulation to ob-
tain early production, the Gulliver and Oscar va-
rieties are recommended: by September 1, their
biological yield amounted to 31.0 and 33.9 t/ha
respectively, which is higher than the standard
by 8.4 and 18.5%. The share of marketable tu-
bers is 74% and 70%, the average weight of a
marketable tuber is 102 and 131 g respectively.

According to the results of the biochemical
analysis, the starch content in the tubers of the
studied varieties ranged from 8.0 to 13.4% (min-

PactreHneBoncTBO M ceneKIus

CubupcKuii BECTHHUK CEITbCKOX035CTBEHHOM Hayku ® 2025 ¢ 55« 12 61



Seed potato production in the Kamchatka Territory:
evaluation and selection of domestic varieties

Khasbiullina O.I., Gainatulina V.V., Khasbiullin R.A.

Tao6a. 4. YpoxkallHOCTh U OMOXMMHUYECKHE TOKA3aTeNN KadyecTBa KIyOHel MepCeKTUBHBIX COPTOB

kaprogens (2025 )

Table 4. Productivity and biochemical quality indicators of the promising potato variety tubers (2025)

Marketability, % Content
Variety Yield, t/ha co;;rélgf;ial soed fraction | stazch, % dry r;]atter, . ;sdc’orgiﬂ] nitratﬁ;, mg/
Early varieties
éfjcngkf‘ (‘:tzn};;rz;‘ 22,3 63 31 9,7 14,75 10,7 73,42
Vzryvnoi 27,5 52 48 10,7 15,75 8,7 33,56
Gulliver 27,3 74 24 9,7 14,75 9,1 31,32
Carmen 26,8 54 40 10,5 15,50 6,5 55,70
Triumph 27,1 49 44 9,4 14,30 10,4 65,44
Oskar 31,8 68 30 11,5 16,50 7,2 42,25
Kupets 24,6 55 40 12,9 18,00 11,2 42,25
LSDy;s 2,8
Middle-early varieties
Vulkan (standard) 19,1 50 42 12,0 17,10 10,0 10,37
Flamingo 29,3 56 42 10,5 15,50 7,3 55,70
Konkurent 35,7 60 38 10,7 15,75 12,7 26,66
Kalinka 23,1 50 49 13,4 18,50 10,9 41,29
Arktika 30,9 67 30 8,9 14,00 4,0 62,49
Evraziya 28,2 53 41 11,5 16,50 8,5 47,40
Real 26,6 60 35 10,0 18,54 7,5 26,66
Atletik 30,8 51 46 11,9 17,00 4,5 9,68
LSDy;s 3,5
Medium-maturing varieties

Kamchatka (standard) 14,6 57 40 13,7 18,75 6,9 101,3
Kumach 12,7 51 43 11,0 16,00 7,0 21,67
Ariel 27,3 63 27 10,5 15,50 8,8 47,40
Krasa 21,6 51 47 13,3 18,30 12,3 27,91
Sarmat 32,8 67 30 13,4 18,87 6,3 47,40
Prime 30,2 64 34 8,0 14,31 7,0 27,91
LSDys 2,6

imum — Prime, maximum — Kamchatka), and
dry matter (DM) — from 14.0 to 18.9%.

In the early group, increased starch and dry
matter content was noted in the varieties Car-
men, Vzryvnoi, Oscar, and Kupets (starch —
10.5-12.9%, DM — 15.5-18.0%). The maximum
values in the group were recorded in the variety
Kupets (starch — 12.9%, DM — 18.0%)).

Among the middle-early varieties, the stand-
out ones were Flamingo, Konkurent, Evraziya,
Atletik, and Kalinka (starch — 10.5-13.4%, dry
matter — 15.5-18.5%). In terms of dry matter
content, the absolute maximum was noted in the
Kalinka variety (18.5%).

In the group of mid-ripening varieties, the
starch content of the Ariel, Kumach, Krasa,
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and Sarmat varieties was 10.5-13.4%, and the
dry matter content was 15.5-18.9%. The high-
est values were shown by the Sarmat variety
(starch — 13.4%, dry matter — 18.9%) and the
Krasa (starch — 13.3%, dry matter — 18.3%).

In terms of ascorbic acid content, the early
ripening group was distinguished by the Ku-
pets variety (11.2 mg%, or +10.7 mg% com-
pared to the standard); among the middle-early
varieties — the Konkurent and Kalinka varieties
(12.7 and 10.9 mg%, respectively, or +2.7 and
0.9 mg% compared to the standard); among the
mid-ripening varieties — the Krasa and Ariel va-
rieties (12.3 and 8.8 mg%, respectively, or +5.4
and 1.9 mg% compared to the standard).

The maximum allowable concentration of ni-
trates in potato tubers is 240 mg/kg. In the tubers
of the early varieties, the value of this indicator
ranged from 31.32 to 65.44 mg/kg, i.e., it was
3.7-7.7 times lower than the MAC and 7.98—
42.10 mg/kg below the standard. Varieties of the
mid-early group accumulated 9.68-62.49 mg/kg
of nitrates, which is 3.8-24.8 times lower than the
MAC. The minimum was recorded in the Atletik
(9.7 mg/kg) and Vulkan (10.4 mg/ kg) varieties.
The nitrate content in the tubers of mid-ripening
varieties was the lowest — 21.67-47.40 mg/kg,
which is 192.6-218.3 mg/kg below the MAC,
and 53.90-79.63 mg/kg below the standard.

CONCLUSIONS

1. Early-maturing group. The varieties Vz-
ryvnoi, Gulliver, Carmen, Oscar, and Kupets
demonstrated a yield of 24.6-31.8 t/ha, which
is higher than the standard (Zhemchuzhina Ka-
mchatki) by 2.3-9.5 t/ha, or 10.3-46.2%. The
share of marketable fraction was 52—74%, seed
fraction — 24-48%, number of tubers — 11-13 per
bush. The Gulliver and Oscar varieties are rec-
ommended to obtain early yields: by the begin-
ning of September, their biological yield reached
31.0 and 33.9 t/ha, which exceeds the standard
by 8.4 and 18.5%. The share of marketable tu-
bers is 74 and 70%, and the average mass of a
marketable tuber is 102 and 131 g, respectively.

2. Middle-early group. The yield of varieties
here ranged from 23.1 to 35.7 t/ha, which exceeds

the standard (Vulkan) by 4.0-16.6 t/ha, or 20.9—
86.9%. The share of commercial and seed frac-
tions is 50-60% and 30-49%, respectively, with
the number of tubers being 8—15 pcs per bush.

3. Medium-maturing group. High yields
in this group were shown by the varieties Sar-
mat, Prime, Ariel, and Krasa — 21.6-32.8 t/ha,
which is higher than the standard (Kamchatka)
by 7.0-18.2 t/ha, or 47.9-124.6%. The share of
marketable fraction is 51-67%, seed fraction —
27-47%, number of tubers — 11-14 per bush.

4. Seed-growing potential. For the formation
of the seed fund, it is advisable to use all the
released high-yield varieties, providing for ear-
lier destruction of the tops (desiccation/cutting
10—-14 days before harvest) to increase the out-
put of the seed fraction and reduce phytosanitary
risks. According to the data on the dynamics of
seed yield accumulation, the following varieties
are preliminarily recommended: among the ear-
ly-maturing — Vzryvnoi (48% seed fraction), Tri-
umph (44), Carmen (40), Kupets (40%); among
the middle-early — Kalinka (49%), Atletik (46),
Flamingo (42), Evraziya (41%); among the me-
dium-maturing — Krasa (47%), Kumach (43%).

5. Biochemical indicators of quality. In the
conditions of the northern region, the follow-
ing varieties stood out for their high starch con-
tent (10.5-13.4%) and dry matter: among the
early-maturing varieties — Carmen, Vzryvnoi,
Oscar, Kupets (DM — 15.5-18.0%); among the
middle-early varieties — Flamingo, Konkurent,
Evraziya, Atletik, Kalinka (DM — 15.5-18.5%);
among the medium-maturing varieties — Ariel,
Kumach, Krasa, Sarmat (DM — 15.5-18.9%)).

Varieties with high dry matter and starch con-
tent (Kupets, Kalinka, Real, Sarmat, Krasa) are
promising for processing (puree, fries, chips).
Varieties with moderate starch content and high
marketability (Arctika, Oscar, Gulliver) are for
the 'table' direction and early sale. Such a distri-
bution by technological directions, complement-
ed by low nitrate background and acceptable
levels of vitamin C, allows for forming a set of
varieties for the Kamchatka region with a focus
on domestic seed production and the release of
products with predictable quality parameters.
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6. Thus, the obtained results confirm that a
number of domestic varieties possess high pro-
ductivity, technological suitability, and adapt-
ability to the conditions of the Kamchatka Terri-
tory. The compiled list of 18 promising varieties
provides the basis for subsequent agro-ecologi-
cal trials and the launch of original seed produc-
tion aimed at increasing the region's self-suffi-
ciency with seed material of domestic breeding.
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HleTuHHUKM 3eJIeHbIN U cU3bIH B arpoueHos3ax Ilpumopckoro kpas
U NMOUCK 3P PeKTUBHBIX MOYBEHHBIX repOUIINIO0B 1JI O0PHObI C HUMH
B I10CEBAX COH

(<) bacaii 3.B., Mopoxoseu B.H., Mopoxosen T.B., Boctrpukosa C.C., Mapkopa E.C.
Hanvrueeocmounsvitl HAyYHO-UCCIE008AMENbCKUL UHCIUNTY I 3AUWUMbL PACMEHUN — PUuauan
Deodepanvrozo HayuHo2o yenmpa azpoobuomexnonozuil Janoneeo Bocmoka um. A.K. Yatixu
[Tpumopckuii kpait, Xankaiickuii paiton, c. Kamens-Pri0onos, Poccust

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

B niepuon ¢ 2015 mo 2024 r. 6bUIM M3yYeHBI pacPOCTPAHEHHOCTh U OOMJIHME IIETHHHHUKA 3€JIEHOTO
Setaria viridis (L.) Beauv. n metnHHIKa Majgopocioro (cu3oro) Setaria pumila (Poir.) Schult. B arpo-
nieHo3ax [pumopckoro kpast. O6a Bua Ha mpoTspkeHud 10 JieT cTabMITbHO PUCYTCTBOBAIIN B KAYECTBE
COPHBIX PACTEHHH B [TOCEBAX COM, KYKYPY3bl U PAHHUX 36PHOBBIX KYJIBTYP, IOCTUTas B OTIEIBHBIE TOJIBI
BBICOKHX YpoBHeH BcTpeuaeMoct (60—91%) u ooumnus (9,8—17,9 mit./m?). J1jist KOHTPOJIUPOBAHUS ITUX
BUJIOB B [TOCEBaX COM, HanOosiee BakHo y1st tora JlanpHero BocTtoka KymbsTypbl, OCYIIECTBICH TTOUCK
repOuIuI0B, 00JIAAI0NIUX MTOUBEHHON aKTUBHOCTBIO M CIIOCOOHBIX A(P(PEKTUBHO €€ 3alUTUTh Ha PaH-
HUX CTausX pocTa U pa3BuTHs. C 3TOH LENbIO B YCIOBUIX BEreTallMOHHOro JoMuka B 2021-2022 rr.
OBLTa M3yuYeHa YyBCTBUTEIILHOCTh JBYX BUJIOB IICTUHHHKA K CEMHU IperaparaM, pa3pelieHHbIM s
3alIMTBl COM OT copHbIX pactenuil: [lnemxk, CII (melicTByromiee BemecTBo (1.B.) — QIyMHOKCa3uH,
500 r/kr), 3enkop Yubrpa, KC (1.B. — MeTpu0y3un, 600 1/1), Kommang, KO (1.8, — kitomason, 480 1/7),
I'ezarapn, KC (x.B. — mpometpun, 500 1/71), ['apmo Tona, KC (1.8B. — C-MeTonaxiop + TepOyTHiIas3uH,
312,5+ 187,5 r/n), Ayan F'ona, KO (1n.B. — C-metonaxiop, 960 r/i) u [Tpononut, KD (1.8, — mponu3ox-
sop, 720 1/m). ['epOutinapl B MaKCUMaIbHO JIOIYCTHMBIX HOPMax pPacxofa HAHOCHJIM Ha MTOBEPXHOCTh
MOYBBI B COCYAAX Yepe3 CYTKH MOCIe MoceBa COPHAKOB. 110 CHMKEHHIO CBIPOI HaA3eMHON OMOMAcChI
000MX BHJIOB HIETHHHUKA MaKCUMaIIbHYIO 3 dektruBHOCTD (96—100%) mponeMoHCTpUpOBay Mpera-
parsl [Ipononut B HOpMe pacxoxa 3,0 n/ra, lyan I'ommn — 1,6, I'apmo T'omn — 4,5 u ['ezarapn — 3,5 n/ra.

KioueBble ci10Ba: METHHHUK 3€IE€HBIN, INETHHHUK MalOpPOCIbIi (CU3BIH), BCTPEYaeMOCTh, 00u-
JIe, cosl, TOYBEHHBIN repoutu, 3G(HEeKTHBHOCTD, YyBCTBUTEILHOCTD

Green bristle-grass and yellow foxtail in the agrocenoses
of the Primorsky Territory and the search for effective soil herbicides
to control them in soybean crops

() Basai Z.V., Morokhovets V.N., Morokhovets T.V., Vostrikova S.S., Markova E.S.
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, Khankaysky district, Primorsky Territory, Russia

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

In the period from 2015 to 2024, the occurrence and abundance of green bristle-grass Setaria
viridis (L.) Beauv. and yellow foxtail Setaria pumila (Poir.) Schult. were studied in the agrocenoses
of the Primorsky Territory. Both species have been consistently present as weeds in soybean, corn,
and early grain crops for 10 years, reaching high levels of occurrence (60—91%) and abundance (9.8—
17.9 pcs/m?) in some years. To control these species in soybean crops, the most important crop for the
south of the Far East, a search has been carried out for the herbicides with soil activity and capable
of effectively protecting it at early stages of growth and development. For this purpose, in the condi-
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tions of a vegetation house in 2021-2022, the sensitivity of two types of bristle was studied to seven
preparations approved for the protection of soybeans from weeds: Pledge, WP (active ingredient (a.i.)
flumioxazine, 500 g/kg), Zenkor Ultra, SC (a.i. metribuzin, 600 g/1), Kommand, EC (a.i. klomazon,
480 g/1), Gezagard, SC (a.i. promethrin, 500 g/I), Gardo Gold, SC (a.i. C-metolachlor + terbutylazine,
312.5 + 187.5 g/l), Dual Gold, EC (a.i. C-metolachlor, 960 g/1), and Proponite, EC (a.i. propizochlor,
720 g/1). Herbicides in the maximum allowable rates were applied to the soil surface in vessels a day
after sowing the weeds. In terms of reducing the crude aboveground biomass of both species of bristle
grass, the maximum efficiency (96-100%) was demonstrated by Proponite at a rate of 3.0 I/ha, Dual
Gold 1.6 I/ha, Gardo Gold 4.5 1/ha, and Gezagard 3.5 /ha.

Keywords: green bristle-grass, yellow foxtail, occurrence, abundance, soybean, soil herbicide,
effectiveness, sensitivity

Jas uutupoBanus: bacail 3.B., Mopoxosey B.H., Mopoxogey T.B., Bocmpukosa C.C., Mapxoeéa E.C. llleTHHHUKH 3e7E€HBINA 1
cu3blil B arponenosax I[IpuMopckoro kpast 1 Houck 3(QGEKTUBHBIX MOYBEHHBIX IepOMIIUIOB JUlsi OOPBOBI C HUMH B 110CEBaX COM //
Cubupckuil BECTHHK CeIbCKOX03sicTBeHHOM Hayku. 2025. T. 55. Ne 12. C. 66—74. https://doi.org/10.26898/0370-8799-2025-12-7

For citation: Basai Z.V., Morokhovets V.N., Morokhovets T.V., Vostrikova S.S., Markova E.S. Green bristle-grass and yellow
foxtail in the agrocenoses of the Primorsky Territory and the search for effective soil herbicides to control them in soybean crops.
Sibirskii vestnik sel'skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2025, vol. 55, no. 12, pp. 66—74. https://

doi.org/10.26898/0370-8799-2025-12-7

KonduukT nnrepecon

ABTOpBI 3asBISIIOT 00 OTCYTCTBUU KOH(IIUKTa HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

INTRODUCTION

Under the monsoon climate of the southern
Far East, weed species of the family Poaceae
Barnhart or grasses (Gramineae Juss.), usually
possessing high tolerance to waterlogging and
low temperatures, successfully compete not only
with cultivated plants but also with broadleaf
weeds, which are more thermophilic and often
suffer from excess soil moisture. According to
our data, the density of weed grasses can reach
415-608 pcs./m? (67-82% of the total number
of weeds) in soybean crops during years with
excessive rainfall in the spring-summer period,
and their raw aboveground biomass can reach
16971828 g/m? (53—-59% of the total weed bio-
mass).

Green bristle grass Setaria viridis (L.) Beauv.
and yellow foxtail Setaria pumila (Poir.) Schult
have been consistently present among the weedy

cereal species in the agrocenoses of the Pri-
morsky Territory over the past decade. These
are late spring annuals, widely spread across
the globe. Both species have high ecological
plasticity — they are drought-resistant but also
grow well on waterlogged soils. As weeds, they
are mainly found in row-crop and cereal crops,
and have adapted to waterlogged rice paddies.
In dense grass stands, they heavily deplete the
soil'3[1].

In the Russian Federation, green bristle grass
and yellow foxtail contaminate agricultural
crops in the Pskov, Novgorod, Leningrad, Astra-
khan, Kemerovo, and Orenburg regions, in the
Volga region, in the Krasnoyarsk Territory, Ya-
kutia, and in other regions* [2—7].

In the south of the Far East, these species
were previously found in 50-70% of surveyed
soybean, grain and corn crops [1].

Soybeans (Glycine max (L.) Merr.) remain the

'Vascular Plants of the Soviet Far East: in 8 vols. Leningrad: Nauka, 1985, vol. 1, 398 p.
“Flora of the Russian Far East: Additions and Changes to the Publication 'Vascular Plants of the Soviet Far East. Vladivostok:

Dalnauka, 2006, vol. 1-8 (1985-1996), 456 p.

3Kostylyov P1., Artokhin K.S. Weed plants, diseases and pests of rice agrocenoses in the south of Russia: scientific and reference

textbook. Moscow: Pechatny Gorod, 2010, 368 p.

“Beketova O.A. The analysis of species diversity of weeds in the Sukhobuzimsky District of Krasnoyarsk Region // Bulletin of
the Krasnoyarsk State Agrarian University, 2016, N 1, pp. 108—114.
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main, strategic crop for the Far Eastern region,
the sown area of which in Russia from 2012 to
2021 increased more than twofold and reached
3.07 million hectares. By 2031, gross soybean
harvests in the Russian Federation are projected
to increase to 411 million tons, which will sig-
nificantly exceed the total production volume of
other oilseed crops (188 million tons) [8, 9].

One of the key factors hindering yield in-
creases for agricultural crops in general, and
soybeans in particular, is weed infestation. Due
to competition with weeds for light, water, nu-
trients, and space, yield losses of the main crop
can reach 45-95%. Therefore, weed control has
been and remains one of the most important
components of soybean cultivation technolo-
gies [10, 11]. From the germination stage until
the formation of the main above-ground mass,
soybeans compete weakly with weeds. The use
of soil-applied herbicides significantly reduces
weed infestations during this period and creates
optimal conditions for crop growth and develop-
ment. Soil-applied herbicides are applied before
sowing or immediately after (pre-emergence)
and ensure that agrocenoses are free primarily
of annual grasses and susceptible biennial dicot-
yledonous weeds. For soil-applied herbicides to
work reliably, careful field preparation, uniform
seed placement, and adequate soil moisture in
the topsoil are essential. Under these optimal
conditions and with low infestation of crops, pri-
marily susceptible weeds, a single soil applica-
tion of herbicides may be sufficient to keep crops
clean throughout the growing season. In less fa-
vorable situations, with the abundant presence
of resistant weeds, including perennial weeds, in
the field, the use of soil preparations provides
acceptable conditions for the early growth and
development of the crop and serves as the basis
for the subsequent successful use of foliar herbi-
cides [12—14].

The aims and objectives of the study are to
determine the dynamics of the prevalence and
abundance of green bristle-grass and yellow
foxtail in the Primorsky Territory based on the
analysis of long-term data from herbological
studies of soybean and other crop agrocenoses;
to conduct a study of herbicides with soil activ-
ity used for weed control in soybean crops, and
to identify the products that are most effective in
controlling foxtail species.

MATERIAL AND METHODS

Surveys of agricultural crops in the Primorsky
Territory on weed infestation were carried out
from 2015 to 2024 according to the methodology
set out in the guide “Forecasting and Mapping of
Weeds™. The species membership of the found
weeds was determined according to the publi-
cation "Vascular Plants of the Soviet Far East"
and "Flora of the Russian Far East: Additions
and Changes to the Publication 'Vascular Plants
of the Soviet Far East™ (see footnotes 1 and 2).
The occurrence of each weed species was cal-
culated according to E.N. Mysnik®; the average
weed density taking into account the areas of the
surveyed fields — according to the formula pro-
posed by T.V. Morokhovets and co-authors [1].
The study of the biological activity of herbicides
was conducted in 2021 and 2022 at the vegeta-
tion house site of the Far Eastern Research Insti-
tute of Plant Protection in accordance with the
"Methodical Guide to the Study of Herbicides
Used in Crop Production"”.

The objects of research are harmful and wide-
spread weeds in the Primorsky Territory in soy-
bean and other crop fields — green bristle-grass
and yellow foxtail; as well as herbicides with
soil activity, among those permitted for use in
soybean crops®. The sensitivity of two species
of bristle grass to the following drugs, applied
at the maximum permissible rates, was studied:

SIsaev V.V. Weed forecasting and mapping. Moscow: Agropromizdat, 1990, 192 p.
*Mysnik E.N. To the question of the integrated assessment of the occurrence and abundance of weeds // Plant Protection News,

2012, N 2, pp. 66-67.

'Spiridonov Yu.Ya., Larina G.E., Shestakov V.G. Methodical guide to the study of herbicides used in crop production. Moscow:

Pechatny Gorod, 2009, 252 p.

8List of pesticides and agrochemicals permitted for use on the territory of the Russian Federation. Moscow, 2021, 848 p.
(Appendix to the journal "Plant Protection and Quarantine", 2021, No. 4).
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Pledge, WP (active ingredient (a.i.) flumiox-
azine, 500 g/kg), 0,12 kg/ha; Zenkor Ultra, SC
(a.i. metribuzin, 600 g/I) 1,0 1/ ha; Kommand,
EC (a.i. klomazon, 480 g/1) 1,0 1/ ha; Gezagard,
SC (a.i. promethrin, 500 g/1), 3,5 I/ ha; Gardo
Gold, SC (a.i. C-metolachlor + terbutylazine,
312.5 + 187.5 g/l), 4,5 1/ha; Dual Gold, EC (a.i.
C-metolachlor, 960 g/1), 1,6 1/ha and Proponite,
EC (a.i. propizochlor, 720 g/1) 3,0 I/ha.

As a substrate for growing bristle grasses,
the typical meadow-brown podzol soil of the
Primorsky Territory was used. The soil, sieved
through a 5 mm mesh, was placed in plastic
growth vessels in amounts of 0.5 kg, the sur-
face was compacted, the bristle grass seeds with
pre-determined germination rates were evenly
spread in quantities sufficient to form 10-12
strong seedlings in the control (without herbi-
cides), covered with a 1 cm layer of soil, and wa-
tered. A day after sowing the weeds, solutions of
the tested herbicides were applied to the soil sur-
face using an OP-5 laboratory sprayer designed
by the All-Russian Scientific Research Institute
of Phytopathology (see footnote 7). Soil mois-
ture in the containers was maintained at 60—70%
of field capacity by daily watering. The plants
were not removed until the experiments were
completed. Each experiment was repeated 10
times.

During the research, regular visual observa-
tions were carried out on the control and experi-
mental bristle grass plants, recording all possible
signs of their suppression and damage (growth and
development delays, changes in leaf coloration,
presence of local damage in the form of spots, and
other deviations from the control). After 25-29
days following the application of herbicides, the
weed plants were cut and weighed to determine
the raw aboveground biomass. The degree of tox-
icity of herbicidal preparations for two species
of bristle-grass was judged by the reduction of
the aboveground biomass of experimental plants
compared to the control, using the following gra-
dation of herbicidal activity levels: a reduction of
experimental plant biomass by 91-100% — very
good effect, 76-90% — good, 51-75% — satisfac-
tory, and 0-50% — no effect/weak effect [15].

RESULTS AND DISCUSSION

The average occurrence of green bristle-grass
in the surveyed crops in the Primorsky Territory
from 2015 to 2024 was 31.3%, with a maximum
for early cereal crops — 48.3% — and a mini-
mum — 20.2% — for corn fields (see the table).

The average over 10 years density of green
bristle-grass infestation in soybean, corn, and
early cereal crops was low and ranged from 1.2
to 1.6 plants/m?. The maximum density of green
bristle-grass (9.8 plants/m?) was recorded in
2022 in corn crops. In soybean and cereal crops,
the highest number of plants of this species was
found in 2015 — 6.0 and 5.8 plants/m?, respec-
tively.

The yellow foxtail occurrence in these years
in all the surveyed areas was higher than the
occurrence of green bristle-grass, and approxi-
mately equal in soybean, corn, and early cereal
crops — on average 57.0-66.2% (see table).

In 2022, yellow foxtail was detected in 90.0—
90.9% of the surveyed fields of early cereal
crops and corn. The maximum occurrence of this
weed species in soybean fields—76.3%—was
recorded in 2019. The density of yellow foxtail
on all surveyed areas was also higher than that
of green bristle-grass, averaging 2.7 plants/m?
over 10 years. This species was most abundant
in early cereal crops, averaging 5.8 plants/m?. In
2022, the highest recorded infestation of yellow
foxtail in the years of research was in soybean
fields—3.4 plants/m?, early cereal crops—~8.9,
and corn—9.2 plants/m?.

In 2021 and 2022, under greenhouse condi-
tions, seedlings of green bristle-grass and yellow
foxtail appeared 4-5 days after sowing in the
control (without herbicides) and in the variants
with the use of herbicides Kommand 1.0 I/ ha,
Zenkor Ultra 1.0 1/ha, and Pledge 0.12 kg/ha.
Three days later, visually noticeable symptoms
of herbicide toxicity were observed on plants of
both species. Under the influence of Kommand,
weeds lagged in height compared to the control
and acquired a light, almost white coloration (a
characteristic reaction to the action of cloma-
zone). In the variant using Zenkor Ultra, a weak-
ening of the intensity of the green coloration of
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BCTpC‘{aGMOCTB U oounue HICTUHHHKA 3CJICHOIO U MaJIOPOCIIOrO (CI/I301"0) B ITOCEBAxX

CeNbCKOX03AHCTBEHHBIX KyNIbTyp B [IpuMopckoM kpae

he occurrence and abundance of green bristle-grass in crops in the Primorsky Territoty in

* Wheat, barley, oats.

the leaves was observed. Subsequently, there was
some increase in the phytotoxicity of Kommand
and a weakening of the effect of Zenkor Ultra on
green bristle-grass and yellow foxtail. No notice-
able negative impact of Pledge on the growth,
development, and leaf coloration of the experi-
mental plants of both foxtail species was found.
Bristle grass seedlings in the variants with the
use of herbicides Proponite, 3,0 1/ ha, Dual Gold
1,6 I/ha, Gardo Gold 4,5 I/ha and Gezagard 3,5
I/ha appeared later, 89 days after the sowing.
During the next 5 days, the plants in these vari-

Year Average
Culture over 10
2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 years
Occurrence of green bristle grass, %
In the crops of all cultures, 16,0 | 27,9 | 194 | 43,6 | 38,0 | 26,1 | 51,7 | 42,2 | 27,2 | 21,0 31,3
including:
soybean 16,7 | 21,6 | 20,8 | 444 | 40,7 | 31,0 | 50,7 | 38,7 | 27,4 | 28,6 32,1
corn - 10,0 | 12,5 | 20,0 | 25,0 — 54,5 | 454 | 17,6 | 17,2 20,2
early grain crops * 28,0 | 50,0 | 40,0 | 58,3 | 37,5 | 55,6 | 60,0 | 60,0 | 33,3 | 60,0 48,3
Abundance, pcs/m?
In the crops of all cultures, 4.5 0,4 0,4 0,7 0,4 0,5 1,7 2,0 1,3 0,1 1,2
including:
soybean 6,0 0,4 0,5 0,7 0,4 0,5 1,9 0,6 1,9 0,1 1,3
corn - 0,3 0,3 0,1 0,5 — 0,7 9,8 0,2 0,1 1,2
early grain crops * 5,8 0,8 0,2 1,2 0,2 39 0,8 1,3 1,0 0,8 1,6
Occurrence of yellow foxtail, %
In the crops of all cultures, 48,8 | 62,3 | 40,3 | 43,6 | 73,4 | 51,1 | 61,8 | 72,3 | 62,0 | 66,1 58,2
including:
soybean 433 | 54,0 | 45,8 | 40,7 | 76,3 | 53,4 | 61,6 | 66,1 | 56,9 | 71,4 57,0
corn 50,0 | 70,0 | 25,0 | 40,0 | 75,0 | 28,6 | 63,6 | 90,9 | 70,6 | 82,8 59,6
early grain crops* 71,0 | 75,0 | 30,0 | 50,0 | 50,0 | 88,9 | 60,0 | 90,0 | 66,7 | 80,0 66,2
Abundance, pcs/m?
In the crops of all cultures, 4.0 2.8 1,8 1,3 2,6 3,0 2,7 49 3,1 0,5 2,7
including:
soybean 2,2 2,6 1,1 1,6 3,1 2,4 3,0 34 2,6 0,4 2,2
corn 1,6 2,9 0,2 0,5 1,5 1,1 1,7 9,2 5,5 0,5 2,5
early grain crops* 14,9 | 4,0 6,3 0,9 1,2 17,9 1,1 8,9 1,8 1,6 5,9

ants became chlorotic and began to noticeably
lag behind the control weeds in growth; local
necroses in the form of spots appeared on the
leaves, and drying of the distal edges of the leaf
blades was observed. By the end of the experi-
ments, in the variants with the use of Proponite,
all plants died; as a result of the herbicidal action
of Dual Gold, Gardo Gold, and Gezagard, up to
70-85% of green bristle-grass and yellow foxtail
plants died.

After 25-29 days following herbicide appli-
cation, the control and surviving experimental
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Bacaii 3.B., Mopoxoser B.H., Mopoxosen T.B.,
Bocrpukosa C.C., Mapkosa E.C.

plants were cut and the aboveground part was
weighed. In the control, green bristle-grass and
yellow foxtail plants had reached the 5-leaf
development stage by the time of cutting and
formed a fresh aboveground mass averaging
16.3 and 15.0 g per vessel, respectively.

The absolute result — the death of 100% of
green bristle-grass and yellow foxtail plants —
was achieved using the herbicide Proponite at an
application rate of 3.0 I/ha (see the figure).

Very good herbicidal action (reduction in
plant mass on average in two experiments by
96-99%) was provided by the products Dual
Gold 1.6 1/ha; Gardo Gold 4.5 I/ha and Gezagard
3.5 I/ha. Kommand at a rate of 1.0 1/ha demon-
strated very good effectiveness only against
green bristle-grass (mass reduction by 92%);
on the yellow foxtail plants this herbicide acted
satisfactorily, suppressing their mass on average
by 73%. Control of two types of bristle-grass

100 100

99 93 98 98

100 -

with Zenkor Ultra at the normal rate of 1.0 I/ha
was no more than satisfactory — a reduction in
green mass by 61-67%. Pledge 0.12 kg/ha did
not have a significant effect on the accumulation
of plant biomass of the tested species.

CONCLUSION

Based on the results of herbological studies of
soybean, corn, and early cereal crops conducted
in 2015-2024, the occurrence and abundance
of green bristle-grass and yellow foxtail plants
were determined. In the years most favorable for
the growth and development of cereal weeds,
their occurrence in the crops of certain cultures
reached 60-91%, with a standing density of
9.8-17.9 pcs./m?. Thus, both species are steadi-
ly present in the agrocenoses of the Primorsky
Territory and, as weeds, can be economically
significant. To control them in soybean crops, a

Decrease in green mass of plants, %

Proponit

3,0 /ha 1,6 I/ha 4,51/ha

m Green bristle-grass

96 96 9
90 -
80
73
70 1 67
61
60
50
10 32
30 - 27
20
10 LSD,, = 9%
0 h T T T T T

Dual Gold Gardo Gold Gezagard Kommand Zenkor Ultra
3,5 1/ha

Pledge

1,0 I/ha 1,0 I/ha 0,12 I/ha

m Yellow foxtail

Buonoruueckast 3¢ppeKTHBHOCTH TOUBEHHBIX TEPOULINAOB B OTHOILICHUHN ILIETHHHHUKA 3€JICHOTO ¥ CU30TO
(cpennee 3a 2021 u 2022 rr.) (HCP(5s — HaumeHbI11as1 CyIIeCTBEHHAS Pa3HOCTh IIPH YPOBHE 3HAYMMOCTH

5%)

Biological effectiveness of soil herbicides against green bristle-grass and yellow foxtail (average for 2021
and 2022) (LSDs — least significant difference at a significance level of 5%)
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strategic crop for the south of the Far East, soil
herbicides that have shown maximum effective-
ness (96—100% reduction in raw aboveground
weed biomass) in the experiments conducted
under greenhouse conditions are recommended:
Proponite at a rate of 3.0 1/ha; Dual Gold — 1.6
I/ha; Gardo Gold — 4.5 1/ha; and Gezagard — 3.5
1/ha.
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IMommmopdusm renoB CSN3, BLG, TNF-a-824, Pit-1, SCD1 n ux BiIusinue
HA MOJIOYHYI0 MPOAYKTUBHOCTH KOPOB YE€PHO-MECTPOH MOPOAbI

ABananu [I.A."2, ) 'onuapenko I'M.!, Xopommiosa T.C.!, 'pumuna H.B.!, Xaauna O.J1.!
'Cubupckuii ghedepanvhuiil nayunsiil yenmp azpobuomexronocuti Poccutickoil akademuu nayx
HoBocubupckas obnacts, p.i. Kpacnoo6ck, Poccus,

2Hogocubupckuii 20Cy0apcmeentblil azpaphbvlil YHUBEpCUmen

HoBocubupck, Poccus

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

Wzyuen momumopdusm renoB CSN3, BLG, TNF-a-824, SCD1, Pit-1 v cBsI3u UX TEHOTHUIIOB C MO-
JIOYHOH NMPOAYKTUBHOCTHIO KOPOB YEPHO-TIECTPO OPOALI. MONeKyIsspHO-TeHETUYECKHE HCCIIe10Ba-
HUS TIPOBEJICHBI HAa KOpOBax JaHHOM moposs! (n = 100). BrigneHa yacTora reHOTUIIOB U ajulenel y
KOpPOB YEPHO-TIECTPOI TOPOAbI, 00YCIOBICHHAs MPEIIeCTBYIOMIEH CeIeKIIMOHHO-TIIIEMEHHON pabo-
Toii. CpaBHUTENIbHAs OLIEHKA OIUMOP(PHU3Ma U3YIaeMBbIX ['€HOB C APYTHMMH POCCUHCKUMH MOJIOYHbI-
MU TIOpOJaMH MOKa3aja XOpollee COBMNAACHUE PE3YJIbTaTOB. YCTAHOBICHO, YTO KOPOBBI C TEHOTUIIOM
CSN344 ymenn Oonee Bbicokuil (Ha 707,3 Kr) yooil B CpaBHEHHM C IeT€PO3UTOTHBIM T€HOTHIIOM
CSN348, conmep:kaHue MacCOBOM JIONW XHUpa ObLIO BbIIe Y KOpoB ¢ reHoruriom CSN3Z2 Ha 0,76%
B cpaBHeHuH ¢ reHotunoM CSN348 u nHa 0,69% — ¢ CSN344. CooTBeTcTBEeHHO 0o0Jiee BBICOKOE
(Ha 66,1 Kr) cojep)aHWE MOJIOUYHOTO JKUPAa MMEIH KOPOBbI ¢ reHoturioMm CSN3%2, uem KUBOTHBIC
¢ reHotuniom CSN348. Koposl ¢ reHotunom BLGEE umenu yaoi Ha 944,4 kr Ooiblie, copepikaHue
MOJIOYHOTO JKHpa Bhilie Ha 46,2 KI 10 CPAaBHEHUIO C KUBOTHBIMH reHoTumna BLGA4. Bonee Bbicokas
MOJIOYHAs MPOYKTUBHOCTh OTMEUEHA Y TETEPO3UTOTHBIX KHUBOTHBIX TNF-0-824%, ipeBocxosias
TOMO3HTOTHBIE TEHOTHIIBI IO Y00 Ha 688,7-753,8 kr; copepkanuto MoJIouHOro Oenka Ha 20,7-27,2 xr,
cozepkaHuio MojouHoro kupa Ha 20,6 xr. KopoBsl ¢ reHoTHIIOM SCDC MpeBOCXOIWIN 110 YO0
Ha 511,3 m 792,1 Xr >KMBOTHBIX C aJBTEPHATUBHBLIMU TeHOTHUNAMU. [1o copepkaHWI0 MOJIOYHOTO
JKupa Oelika MPUOPUTETHOE MOJIOKEHHE 3aHUMAI KOPOBBI ¢ reHOTHIIOM SCD ¢, Y KOpoB ¢ pa3HbI-
MU TeHOTUTIaMu Pit- /44 HeOoIbIIIoe IPENMYIIECTBO OTMEUEHO 110 COAepKaHMI0 Oeska. BrIsBieHHBIC
accoluaruBHble cBsi3u reHoTunoB CSN3, BLG, TNF-0-824, SCD1, Pit-1 ¢ ynoem 1 KaueCTBOM MOJIOKa
BO3MOKHO MCIIOJIB30BATh B CEJIEKIUH IIyTeM 0TOOpa 1 oAdopa pOAUTENILCKUX Hap C KeJaTeIbHBIMU
TCHOTHUIIAMH.

KuroueBble cjioBa: yepHO-TIeCcTpas Opoja, MOJIOYHas MPOAYKTUBHOCTh, TEHOTHII, YaCTOTA, TOJH-
MOpGU3M, aCCOLIMATUBHAS CBSA3b, JIAKTALINS
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The polymorphism of the genes CSN3, BLG, TNF-0-824, SCD1, Pit-1 and the relationship of their
genotypes with milk productivity of Black-and-White cows were studied. Molecular genetic studies
were conducted on the Black-and-White cows (n = 100). The genotype and allele frequency in the
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Black-and-White cows which is a consequence of the previous selection and breeding work was iden-
tified. A comparative assessment of the polymorphism of the studied genes with other Russian dairy
breeds showed good agreement of the results. It was found that cows with the CSN344 genotype had a
higher milk yield (by 707,3 kg) compared to the heterozygous genotype CSN345; the fat mass fraction
content was higher in cows with the CSN382 genotype by 0,76% compared to the CSN34% genotype and
by 0,69% with CSN344. Accordingly, cows with the CSN3%2 genotype had a higher milk fat content
(by 66,1 kg) than animals with the CSN342 genotype. Cows with the BLG®2 genotype had a milk
yield of 944.4 kg more and a milk fat content of 46.2 kg higher compared to animals with the BLG*4
genotype. Higher milk productivity was noted in heterozygous animals TNF-a-82491, exceeding ho-
mozygous genotypes in milk yield by 688.7-753.8 kg, milk protein content by 20,7-27,2 kg, milk fat
content by 20,6 kg. Cows with the SCDI¢ genotype exceeded animals with alternative genotypes in
milk yield by 511,3 and 792,1 kg. In terms of milk fat and protein content, cows with the SCD1¢¢ gen-
otype have a priority position. Cows with different Pit- 144 genotypes had a slight advantage in protein
content. The identified associative links of the CSN3, BLG, TNF-a-824, SCD1, Pit-1 genotypes with
milk yield and milk quality can be used in selection by selecting and matching parental pairs with

desirable genotypes.

Keywords: Black-and-White breed, milk productivity, genotype, frequency, polymorphism, asso-

ciative linkage, lactation
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INTRODUCTION

The search for new and the use of the tested
genetic markers that influence the development
of phenotypic traits complement traditional
breeding methods by providing a more accurate
assessment of the genetic potential of animal
productivity. In dairy cattle breeding, genes as-
sociated with milk yield, milk quality, as well as
animal resistance, are of great interest, such as
CSN3, BLG, TNF-0-824, SCDI, Pit-1.

Among the most studied is the CSN3 gene,
the CSN322 genotype of which, as shown by nu-
merous studies, is associated with increased pro-
tein content and cheesemaking properties [1-3].
The milk whey protein BLG is valuable in dairy

cattle breeding due to its influence on cow milk
yield, and the fat and protein content of cow's
milk [4]. The TNF-a (824 A/G) gene arouses a
certain interest, especially when evaluating the
reproductive capacity of cows and their milk
productivity [5—6]. Pit-1 gene participates in the
transcription of several genes GHRH, TSH, PRL,
performing important functions in the body in
the processes of growth, development, milk syn-
thesis, and reproductive ability. In dairy breeds,
the frequency of genotypes of this gene does not
have significant differences [7].

At present, due to the special demand for
product quality, especially their fatty acid com-
position, the SCD/ gene is gaining greater sig-
nificance, as it has been shown to be associated
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with lipogenesis, lipid oxidation, and thermo-
genesis' [8].

The predictive assessment of cow productiv-
ity using genetic markers (SNP) will be more
successful when establishing the links between
genotypes and the main breeding-relevant traits,
confirmed across several breeds or repeated
within a single herd.

The purpose of the study is to examine the as-
sociative connections of genotypes CSN3, BLG,
TNF-a (824 A/G), Pit-1, SCDI1 genes with the
milk yield and quality composition of milk of
the Black-and-White breed cows.

MATERIAL AND METHODS

Molecular genetic studies of black-and-white
breed cows (n = 100) were conducted in the bio-
technology laboratory of the Siberian Research
and Design and Technological Institute of Ani-
mal Husbandry of the Siberian Federal Scientific
Centre of Agro-BioTechnologies of the Russian
Academy of Sciences (SibRDTIAH SFSCA
RAS). Genomic DNA was extracted from blood
using the clinical material extraction kit "Ampli
Prime DNA-Sorb-V" according to the manufac-
turer’s instructions, OOO "NextBio" (Moscow).
The quality and concentration of the extracted
DNA were assessed on a 1% agarose gel using
horizontal electrophoresis with the E-Box-CX35.
TS-20.M gel documentation system under ultra-
violet light by ethidium bromide fluorescence.

Polymorphism of the CSN3 and BLG genes
was determined using the PCR-RFLP method de-
scribed in the methodological manual®. Detection
of the TNF-a-824 A/G gene polymorphism was
conducted according to the methodology?. Geno-
types of the SCD1 gene were identified according
to the protocol®. Pit-1 gene genotypes were iden-
tified according to the methodology [9].

Amplification was carried out in a C1000
thermocycler «BioRad». The obtained gene
amplification products were treated with the re-
striction endonucleases Hind III, EcolCRI, Nae
II1, Rsal (SiIbENZYM, Novosibirsk) according
to the manufacturer's instructions. Visualization
and genotype identification were determined by
electrophoresis in a 3% agarose gel under UV
light.

Statistical processing of the obtained data
was carried out using the computer programs
Microsoft Excel and generally accepted biomet-
ric processing methods in animal science.

RESULTS AND DISCUSSION

Genotypic structure of the Black-and-White
breed by genes CSN3, BLG, TNF-a-824, Pit-1,
SCD1 is shown in Fig. 1.

The Black-and-White breed cows are char-
acterized by almost the same frequency of gen-
otypes CSN344 and CSN342 (44 and 46%). The
share of the homozygous genotype CSN3%E is
only 10%. Such a frequency of genotypes quite
corresponds to the Russian Black-and-White
breed of cattle. So, in the studied [10] lines of
the Black-and-White breed Vis Back Ideal, Re-
flection Sovering, and Montwick Chieftain, the
genotype CSN3%2 is identified from 4,0 to 9,4%.
Frequency of the genotype CSN344 — 37-45%,
and a heterozygous genotype was identified in
51-57% of the animals.

A more even ratio of genotypes is noted in the
BLG gene. The BLG?? genotype was identified in
20.0%, while the other two account for 37.0% and
43.0%, respectively. A similar ratio of genotypes
for this gene (0.331; 0.489; and 0.181) was found
in the Holstein breed herd by the authors [11].

The TNF-L gene is represented by three
genotypes in the studied herd of cows — TNF-

Yulmetyeva Yu.R., Safina N.Yu., Sharafutdinov G.S., Shakirov Sh.K. Polymorphism of the stearoyl-CoA desaturase (SCD1) gene
for loci of quantitative traits of milk productivity// Agrarian Scientific Journal, 2018, N 11, pp. 43—45. DOI: 10.28983/asj.v0il1.416.

2Kalashnikova L.A., Khabibrakhmanova Y. A., Pavlova I.Yu., Ganchenkova T.B., Dudin M.I., Pridanova I.E. Recommendations

for genomic assessment of cattle. Lesnye Polyany, 2015, 33 p.

3SLyukhanov M.P, Korotkevich O.S., Sebezhko O.I., Yudin N.S. Single nucleotide polymorphism in the cattle population of Red
Steppe breed // Modern Problems of Science and Education, 2014, N 1, p. 326.

4Pozovnikova M.V., Serdyuk G.N., Tulinova O.V.,, Terletsky V.P., Dementyeva N.V., Mitrofanova O.V. Association of polymorphic
types of Stearoyl-CoA Desaturase gene (SCD1) with economically valuable traits in Russian population of Ayrshire cows //
Agricultural biology, 2017, vol. 52, N 6, pp. 1139-1147. DOI: 10.15389/agrobiology.2017.6.1139rus.
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Puc. 1. Yactora renotunoB CSN3, BLG, TNF-a-824, Pit-1, SCDI T¢HOB y KOPOB YEePHO-IIECTPOH MTOPOIBI
Fig. 1. Genotype frequency of the CSN3, BLG, TNF-a-824, Pit-1, SCDI genes in cows of the Black-and-

White breed

LA, TNF-L%, TNF-L¢¢ — with the frequency of
41,0; 44,0 and 15,0% respectively. For Black-
and-White cows, a distinctive feature is the low
frequency of the genotype SCDI™" — 6,0%. The
same frequency of this genotype (5.7%) was
found in the Holstein cows in Tatarstan. At the
same time, the heterozygous genotype accounts
for 70.4% [12]. At the same time, in beef cattle
breeds, for example, Hereford, the ratio of geno-
types of this gene is different: SCD1¢ — 22,0%,
SCDI™ — 44,0, SCDI™ — 34,0%. In the Kazakh
White-headed breed, this ratio is represented as
45,6 :36,8 : 17,6 [13].

In the Pit-1 gene in the Black-and-White
cows three genotypes are identified — Pit-144,
Pit-118, Pijt-1%8 — with the frequency of 15,0;
52,0 and 33,0% respectively. A comparative as-
sessment with the literature data showed some
of its differences from other breeds of dairy cat-
tle. Thus, in the Holstein breed, according to [9],
the frequency of the genotypes is: AA — 11,7%,
AB — 40,5, BB — 47,7%. In the dairy breeds of
Kazakhstan, this gene has the following fre-
quency: Red Steppe — 0,092; 0,433 and 0,475,
Simmental — 0,222; 0,476 and 0,302 [7].

Allele frequency of genes CSN3, BLG,
TNF-a-824, SCDI1, Pit-1 of the Black-and-
White cows is shown in Fig.2.

The most common alleles in the Black-and-
White breed include CSN34, BLGE, TNF-L°, SC-
DI€, Pit-1% with the frequency higher than 0,5.
Among the alternative alleles, the Pit-14 — 0,24
allele is the least frequently encountered.

Based on the analysis of genotype and al-
lele frequencies, it can be assumed that those
involved in the selection process are the ones
associated with productivity or qualitative indi-
cators of milk and, accordingly, have a higher
frequency of occurrence.

Studies of the most significant and well-test-
ed gene in dairy cattle, CSN3, have shown that in
the second lactation, Holstein cows with the CS-
N344 genotype had a higher milk yield (by 707.3
kg) compared to the heterozygous CSN342 geno-
type (p <0,05) (see Table 1). Cows with the CS-
N34 genotype also had higher milk fat content
(by 34.7 kg) compared to the CSN348 genotype
(» £0,05). No significant differences were found
in the considered indicators for the first and third
lactations, although the milk yield of cows in the
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Fig. 2. Allele frequency of the CSN3, BLG, TNF-a-824, SCD1, Pit-1 genes in cows of the Black-and-

White breed

Tada. 1. MonouHas npogyKTUBHOCTb KOPOB ¢ TeHoTunamu resa CSN3
Table 1. Milk productivity of cows with the CSN3 gene genotypes

Genotype n Milk yield, kg Fat, % Protein, % Fat, kg Protein, kg
First lactation
CSN344 44 6741,5+165,3 4,08 + 0,05 3,20+ 0,02 275,1+7,9 2174 +£6,0
CSN348 43 6640,6 +161,3 4,06 + 0,05 3,20+ 0,02 268,9 £6,7 214,6 £6,0
CSN388 4 6137,5+4153 4,02+0,15 3,18 £ 0,05 248,8 +£24.8 1954 +15,5
Second lactation
CSN344 28 8159,4+210,7 4,09 £ 0,07 3,20+ 0,02 333,5+9.8 261,6 £7,7
CSN348 25 7452,1 +£288.,5 4,02 + 0,06 3,20+0,02 298,8 £12,2 2444 +£9,6
Third lactation and older
CSN344 30 7708,9 +279,0 4,23 +0,07 3,16 +£ 0,02 3251 +11,8 244.8 £10,0
CSN348 24 72853 +£223,7 4,04 = 0,09 3,16 £0,02 305,3 £ 14,6 236,4+9,7

third lactation with the CSN344 genotype reaches
7708.9 kg, whereas with the heterozygous geno-
type it is 7285.3 kg.

The data we obtained on the priority of the
CSN341 genotype for milk yield coincide with
the results of the studies of the Simmental breed
cows, where animals with this genotype also
had a higher milk yield (by 398.6 kg) compared
to the CSN388 genotype [3]. Slightly different
results were obtained in the Black-and-White
cows [14]. Animals with the CSN358 genotype
had higher milk protein content (by 0.09-0.17%)
compared to alternative genotypes. Researchers

came to similar conclusions when studying the
relationship between CSN3 gene genotypes and
the milk productivity of Holstein cows [15].
When analyzing the associative relationships
of the genotypes of the BLG gene with milk pro-
ductivity, it was found that cows with the BLG?58
genotype in the second lactation had higher milk
yield (by 944.4 kg) and milk fat content (by
46.2 kg) compared to the animals with the BL-
G genotype (p < 0,05) (see Table 2). For other
recorded traits in the first and third lactations,
no significant differences were found among the
cows with different genotypes. At the same time,
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it should be noted that the literature data are con-
tradictory. Higher milk yield (by 694 kg) was
observed in the cows with the BLG* genotype
compared to heterozygotes, while the fat and pro-
tein content in milk was higher by 55.7 and 26.8
kg, respectively, in the animals with the BLG??
genotype’. However, in the studies [16] on the
evaluation of female ancestors of stud bulls, the
complex genotype, consisting of the genotypes
BLG*? and BLG*4, was identified as the priority
for milk yield and milk fat content. In the cows of
the Red Belarusian breed, the best complex gen-
otype was DGATI*X GH': PRL** BLG"5, which
included the genotype BLG*2 [17].

When analyzing the milk productivity of
cows with different TNF-a-824 genotypes it is
shown that the milk yield in the first lactation
of the cows with the genotype TNF-a-824%4
reaches 7073,7 kg, that is 688,7-753,8 kg high-
er than in the animals with alternative homozy-
gous genotypes TNF-a-82444 and TNF-0-824%¢
(p £0,01) (see Table 3). In addition, these cows
also showed an increased (by 20.6 kg) milk fat
content compared to cows with the genotype
TNF-0-82444 (p < 0,05). Heterozygous cows
for this gene also showed a higher (by 20.7—
27.2 kg) milk protein content compared to an-
imals with alternative homozygous genotypes

Tada. 2. IIpogyKTHBHOCTH KOPOB C Y4€TOM T'€HOTHUIIOB 110 reHy BLG
Table 2. Productivity of cows taking into account genotypes for the BLG gene

Genotype | n | Milk yield, kg | Fat, % Protein, % | Fat, kg | Protein, kg
First lactation
BLG 34 6710,7+161,0 4,05+0,07 3,19+0,02 271,4+75 217,1 £5,7
BLG*? 40 6716,5+174,3 4,06 £0,04 3,21 +0,02 272,7+75 217,2+6,6
BLG"”? 17 6464,5 +302,1 4,10+£0,07 3,19+0,03 266,2+ 14,6 206,7 +10,3
Second lactation
BLG™ 22 7408,0 = 374,3 4,01 £0,06 3,18+0,02 296,0 + 14,6 242,5+13,.2
BLG*? 19 7902,0 £+ 161,7 4,15+0,09 3,23+0,02 328,2+10,6 255,4+6,5
BLG?B 14 8352,4+219,5 4,10+0,11 3,19+0,02 3422+ 11,7 266,5+72
Third lactation and older
BLG 23 7231,6 £214.9 4,03 +£0,07 3,15+0,02 295,5+93 231,6 £6,9
BLG*? 20 7453,2+249.4 4,21 +0,09 3,17+0,02 312,4+10,0 236,2+84
BLG?? 12 8079,2 £594,5 4,30+0,14 3,18+0,04 346,9 +£26,3 258,5+21.2

Tao6a. 3. IIponyktuBHOCTH KOpoB 3a 305 THEH JaKTallUK C Y4ETOM TeHOTHUIIOB TI0 TeHy TNF-0-824
Table 3. Productivity of cows for 305 days of lactation taking into account genotypes for the TNF-a-824 gene

Genotype | n | Milk yield, kg Fat, % Protein, % | Fat, kg | Protein, kg
First lactation
TNF-0-824*4 34 6385,0+ 160,16 4,12+0,06 3,20+£0,02 263,0+7.2 207,7+6,1
TNF-0-8244 39 7073,7 + 146,60 4,01 +£0,06 3,21 +0,02 283,6+7.2 228,4+55
TNF-0-824¢ 18 6319,9+314,13 4,08 £0,06 3,18+0,02 2588 +144 201,2+10,7
Second lactation
INF-0-8244 22 7483,1 £233.48 4,1240,06 3,21+0,02 309,0+ 11,1 242,9 £8,1
TNF-0-8244 25 8000,9 +304,9 4,08 +0,08 3,19+0,02 3251130 260,0+10,2
TNF-0-824¢ 8 8174,4 +298.36 3,98 +0,11 3,20 +£0,04 3270+189 261,7+10,9
Third lactation and older

TNF-0-8244 22 7505,1 +369,6 430+0,10 3,18+0,02 3275+16,6 2434+128
TNF-0-8244 29 7464,5 £ 206,59 4,04 £0,06 3,16+0,02 301,3+8,8 236,3+7,2
TNF-0-824¢ 4 76892 + 348,53 4,22+0,11 3,10+£0,03 3243+13,1 238,7+13,5

SRachkova E.N. The heritability of milk productivity depending on polymorphism gene beta-lactoglobulin // Academic Notes of
Kazan State Academy of Veterinary Medicine named after N.E. Bauman, 2016, vol. 226, N 2, pp. 209-213.
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(p <£0,05). No significant differences were found
in the second and third lactations. Other data on
the priority of gene genotypes were obtained in
the studies [5], which showed that higher milk
yield was observed in cows with the genotype
TNF-a-82444, however, these animals have the
highest rate of infertility.

Among cows with different SCDI genotypes,
the SCD ¢ genotype can be distinguished as the
priority genotype for milk yield in the first lac-
tation, with animals having a yield of 6927.4 kg,
which is 511.3 and 792.1 kg higher than cows
with SCD1¢Tand SCDI1™ genotypes, respective-
ly. (p < 0,05) (see Table 4). Significant differ-
ences in milk fat and protein content were found
in these same cows. Thus, in terms of milk fat
content, the superiority reaches 26.7 kg over the
SCDIT genotype and 35.6 kg over the SCDI™"
genotype (p < 0,05). In terms of protein content,
the difference is 21.7 and 30.5 kg, respectively
(» £0.05). The data (see footnote 4) support our
findings on the desirability of the SCDI¢¢ and
SCDIT genotypes in Ayrshire cows, which have
been found to have higher breeding value in
terms of milk yield, milk fat, and milk protein. In
the Holstein breed of the Republic of Tatarstan,
a higher milk yield (by 711.34 kg) was also re-

corded in animals with the SCDI¢ genotype
compared to the heterozygous SCD <7 genotype.
However, in terms of the fat content in milk and
the yield of milk fat, the desirable genotype was
the homozygous genotype SCDI17 [12].

No advantages in terms of milk production
traits were found in the cows with different Pit-1
genotypes, except for the protein mass fraction
in the second lactation, where a higher content
was noted in cows with the genotype Piz-144 —
3,27%, uto Bbimie Ha 0,09%, yeM y KOpoOB C
renotunoM Pit-128 (p < 0,05) (see Table 5).

No link between the Pit-1 gene and milk yield
has been established in the studies [9], howev-
er, the best indicators for fat content, milk fat
yield, and protein were found in the cows with
Pit-18 and Pit-1%? genotypes. In Holstein cows
with different Pit-1 gene genotypes, no signifi-
cant differences were found among the recorded
indicators®.

The identified priority genotypes with higher
milk yield and quality composition will be the
subject of further research with an expanded
sample and the determination of a comprehen-
sive genotype for this herd or in a comparative
assessment with other breeds and herds.

Tab6a. 4. [IpomykTuBHOCTH KOpOB 3a 305 mMHEH JaKTaIlUN C YIYETOM TeHOTHTIOB 110 Teny SCD/
Table 4. Productivity of cows for 305 days of lactation taking into account genotypes for the SCDI gene

Genotype n Milk yield, kg Fat, % Protein, % Fat, kg Protein, kg
First lactation
SCDIic¢ 48 69274 +158,8 4,11 £0,04 3,224+0,02 284,2+6,9 225.4+6,0
SCDI¢cr 37 6416,1 +£162,2 4,01 £0,06 3,18+£0,02 257,5+7,6 204,7+54
SCDI™ 6 6135,3+314,2 4,06+0,18 3,16 £0,03 248,6 £14,2 194,9+13,1
Second lactation
SCDI¢¢ 32 8061,8 +201,9 4,09 + 0,06 3,21+0,02 330,0+9,5 262,6 £ 6,6
SCDI¢T 20 7567,1 £313,7 4,07 +0,09 3,19+0,02 307,5+139 2443 +10,6
SCDI™ 3 6909,0 + 1065,5 4,04 +0,14 3,14+0,04 276,4+352 217,7+£36,1
Third lactation and older

SCDicc 35 7340,8 +176,5 4,19 +£0,06 3,16 0,02 306,7+7,7 232,6+6,1
SCDI¢cr 19 77239 +415,8 4,11 £0,12 3,16 £0,03 323,9+194 250,0 + 14,5

®Pozovnikova M.V, Serdyuk G.N. The relationship of gene polymorphism of Pit-1 with the productive characteristics of
Holsteinized Black-Motley cattle // Genetics and Breeding of Animals, 2017, N 4, pp. 37-41.
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Tabua. 5. IlpogykruBHOCTH KOpOB 3a 305 AHEH JakTalluy ¢ y4€TOM T'€HOTHUIIOB 110 reny Pit-1

Table 5. Productivity of cows for 305 days of lactation taking into account genotypes

for the Pitl gene

Genotype | n | Milk yield, kg | Fat, % Protein, % Fat, kg Protein, kg
First lactation
Pit-144 11 6912,2 +3320,0 4,07+0,11 3,22+0,04 281,7+14.9 2232+132
Pit-1% 43 6768,4+173,8 4,05 +£0,05 3,21+0,02 274,77 +8,1 219,6+63
Pit-1%8 37 6476,9 +159,6 4,08 =0,06 3,18 £0,02 263,6 6,9 207,3+5,5
Second lactation
Pit-144 7 7944.,6 +579,0 4,08 £0,07 3,27 +0,03 325,0£26,2 2753+13,5
Pit-118 29 7729,5+226,3 4,05 +£0,07 3,20+£0,02 314,0+114 247,8+79
Pit]?? 19 7909,5+315,8 4,12 +0,08 3,18 £0,02 3242 +11,6 255,5+10,6
Third lactation and older
Pit-14 11 7505,5+278,5 4,30+0,11 3,17+0,03 321,6 £12,6 237,6+8,6
Pit-118 26 7426,7 +229,8 4,12 £0,07 3,16 £0,02 304,8+9,3 2352+79
Pit-178 18 7593,6 £428,7 4,13£0,12 3,16 £0,03 320,5+20,3 246,4+153
CONCLUSION 3aHCKOTO TOCY/IapCTBEHHOTO arpoTEXHOJIOTH-

The studies conducted showed that Black-
and-White cows have good polymorphism of
the CSN3, BLG, TNF-a-824,SCD1, Pit-1 genes,
which is a result of the selection process, breed-
ing, and selection aimed at increasing milk pro-
ductivity, fat, and protein content in cow's milk.
It has been shown that in terms of genotype and
allele frequencies, the Black-and-White breed is
characterized by a fairly similar profile to other
dairy breeds.

Given the functional role of SNPs in the man-
ifestation of the phenotype, their relationship
with productive traits is of interest. The identi-
fied associations of certain genotypes with milk
yield, fat, and protein content can be used in fur-
ther selection to increase its efficiency.
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MouieKyJISIPHO-TeHeTHYEeCKMI MOHUTOPUHT HACJEACTBEHHBIX AHOMAJIHU A
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Ypanvckoeco omoenenus Poccutickoii akademuu Hayk
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CraThs MOCBAIICHA aKTYaJIbHOHN Mpo0JieMe CHIKCHHSI PEPOYKTUBHOMN (DYHKITUH Y KPYITHOTO PO-
raToro ckoTa repeopaAcKoil 1 Ka3axCKoi OeI0T0JI0BOM MOPOJI, 9TO OKA3IBAET 3HAUNTEILHOE BIHSHIC
Ha SKOHOMHYECKHE IOKa3aTeln XKUBOTHOBO/CTBA. OCHOBHOE BHUMAHHE YJIEICHO TPEM KITFOYEBBIM
TeHeTUYeCKNM HapymieHusM: runorpuxos (HY), manonarnyeckas smunericus (1E) u nuirorop-deno-
tun (DL), KoTopble CyIIeCTBEHHO CHUXKAKOT MPOAYKTUBHOCTh U BOCIPOHM3BOJAUTEIBHBIE CIIOCOOHO-
CTH KHUBOTHBIX. [107p0OHO paccMaTpUBAIOTCSI MOJICKY/ISIPHO-TCHETUYCCKUE MEXaHU3MbI KaXKJIOTO U3
HapymieHui. [ runoTpuxo3a BBISBICHBI KITFOUEBHIC TEHBI, OTBETCTBCHHBIC 32 PA3BUTHE IIEPCTHOTO
nokpoBa (MCIR, PMEL, KRT71). B cmydae narnonaTHIecKoOi dIHICTICHA OCHOBHOE BHUMaHHUE ye-
JIeHO MyTanusM B TeHe DYRKIB, BIusAOUMM Ha HeBposorndeckne GyHKuuu. Jumrorop-deHorur,
TIPOSIBIISTFOIIMIACS B OCITa0JIEHUH MMUTMEHTAIUH, TPEUMYIIIECTBEHHO CBS3aH C MyTanuel B rene PMEL
(p-Leul8del). YcranoBieHo, 4To TMUNOTPHUX03, OOYCIOBICHHBIH MyTalusaMu B renax KRT71 u LYN,
MMeeT HU3KYIO PaclpoCTpaHEeHHOCTh B POCCHICKOHN momyssinuu abepauH-anrycoB (0,02%), Ho BbIco-
KyI0 — cpequ ypyrBaiickux repedopnos (41,2%). Jlaaable 0 pacipoOCTPaHEHHOCTH WINOMATHICCKOM
SIUJICTICHH Y TepeOPIOB U MPEACTABUTEICH Ka3aXxCKOH OEIOTOIOBOM TOPOIBI OTCYTCTBYIOT. JlwiTio-
TOp-(pEHOTHII, ACCOIIMMPOBAHHBIN MPEUMYIIIECTBEHHO C MyTalluIMA B TeHe PMEL, BbIsBIIEH y Tepe-
(opmoB. YCTAaHOBIEHO, YTO JaHHOE TEHETHYECKOE HapYIICHHE OKa3bIBAET IUICHOTPOITHOE BIHSIHHE,
yiydIiasi KaueCTBO MsICa, HO TIOBBIIIAs YyBCTBUTEIBLHOCTD KUBOTHBIX K COJHEUHOU pajuaryu. Co-
BpeMeHHbIe MeToibl reHoMHoro ananu3a (I1L[P, cekBenupoBanue, GWAS) mo3BosisitoT 3pPEeKTHBHO
BBISIBIISITE HOCHUTENEH TeHETUYCCKUX aHoMasuil. [lepCrieKTHBHBIM HAMPaBICHUEM SIBIISICTCS] HCTIONb-
3oBaHne reHoMHOTO penaktupoBanus (CRISPR-Cas9) nis co3manus amanTHpOBaHHBIX K pa3InIHBIM
KITMMAaTHYECKUM YCIIOBHSAM JIMHUN CKOoTa 0e3 moTepr mpoayKTuBHOCTH. CO31aHNe CUCTEM T'eHeTHYe-
CKOTO MOHHTOPHWHTA U celleKinu Ha ocHoBe JJHK-TecTrpoBanns He00X0MMO TSt MUHIMU3AIIAN YKO-
HOMUYECKHUX MOTEPh U MOBBIICHUS 3(P(OEKTUBHOCTH TIeMeHHON paboThl. Ocob0e BHUMAHUE Y/IeIs-
eTCsl HeOOXOMMOCTH KOHTPOJISI UMIIOPTHPYEMOTO TUIEMEHHOTO MaTepuaia u pa3padoTKe CTparerui
YIIPaBJICHUS TCHETHUICCKUMU PUCKaAMHU.

KuroueBble ¢JIoBa: KPYITHBIN pOTaThlii CKOT, TeHETHUECKUE Ne(EKThI, THIIOTPUXO03, HINOTIaTHIC-
CKasl dIWJIETICHS, TUIIOTOP-(eHOTHI, repedopackas mopoaa, Kazaxckas OeroroiioBasi mopoja, TeH
DYRKIB, ren PMEL, ren KRT71, monekynsipHas nuarHoctuka, [1I[P-renotunupoBanue, ceKBeHUPO-
BaHUE, CEICKIIMOHHBIA KOHTPOJIb

Molecular genetic monitoring of hereditary abnormalities in cattle:
hypotrichosis, idiopathic epilepsy and dilutor phenotype (review)

Bezborodova N.A., Sokolova O.V., Martynov N.A.,
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Ural Federal Agrarian Research Center of the Ural Branch of the Russian Academy of Sciences
Yekaterinburg, Russia
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The article describes the urgent problem of reducing reproductive function in cattle of the Here-
ford and Kazakh white-headed breeds, which has a significant impact on the economic performance
of animal husbandry. The main attention is paid to three key genetic disorders: hypotrichosis (HY),
idiopathic epilepsy (IE) and dilutor phenotype (DL), which significantly reduce productivity and re-
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productive abilities of animals. The materials discuss in detail the molecular and genetic mechanisms
of each of the disorders. Key genes (MCIR, PMEL, KRT71) responsible for the development of the
coat have been identified for hypotrichosis. In the case of idiopathic epilepsy, the focus is on mutations
in the DYRK B gene that affect neurological functions. The dilutor phenotype, which manifests itself
in a decrease in pigmentation, is mainly associated with the PMEL mutation (p.Leul8del). It has been
established that hypotrichosis associated with mutations in the KR771 and LYN genes has a low preva-
lence in Russian Aberdeen-Angus populations (0.02%), but a high prevalence in Uruguayan Herefords
(41.2%). There is no data on the prevalence of IE in Herefords and Kazakh white-headed breeds. Di-
lutor-phenotype, associated mainly with mutations in the PMEL gene, was identified in Hereford cat-
tle. It has been established that this genetic disorder has a pleiotropic effect, improving the quality of
meat, but increasing the sensitivity of animals to solar radiation. Modern methods of genomic analysis
(PCR, sequencing, GWAS) allow for the effective detection of carriers of abnormalities. A promising
approach is the use of genomic editing (CRISPR-Cas9) to create climate-adapted cattle lines without
compromising productivity. The development of genetic monitoring and selection systems based on
DNA testing is necessary to minimize economic losses and increase the efficiency of breeding work.
Special attention is paid to the need to control imported breeding material and develop strategies for
managing genetic risks.

Keywords: cattle, genetic defects, idiopathic epilepsy, hypotrichosis, dilutor phenotype, Hereford
breed, Kazakh white-headed breed, DYRKIB gene, PMEL gene, KRT71 gene, molecular diagnostics,
PCR genotyping, sequencing, breeding control
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INTRODUCTION traits that have negative genetic correlations with

The decline in reproductive performance of
farm animals has an adverse effect on the eco-
nomic efficiency of the industry. In recent de-
cades, there has been a steady deterioration in
the natural reproductive capacity of cattle, both
dairy and beef. This trend is due to the following
key factors: intensive selection for productive

fertility indicators; accumulation of inbreeding
depression in populations; spread of hereditary
reproductive anomalies' [1].

Currently, there is a shift in priorities in
breeding practice: increasing attention is being
paid to the balance between productive and re-
productive traits. The development of modern

"Dunin I.M., Butusov D.V., Shichkin G.I. The state of beef cattle breeding in the Russian Federation // Yearbook on breeding work
in beef cattle farms of the Russian Federation (2019), Moscow, 2020, pp. 3-16.
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technologies, such as high-density genotyping,
whole-genome analysis, and molecular genetic
screening, makes it possible to carry out com-
prehensive selection that takes into account not
only economically useful traits but also genetic
markers of fertility, including recessive alleles
associated with reproductive function disor-
ders? [2].

Recessive lethal alleles are one of the caus-
es of reduced reproductive efficiency in cattle
of various breeds, since these genetic disorders
lead to embryonic death if the embryo is homo-
zygous. They can also cause reduced survival of
embryos and live-born animals when their effect
is not fully expressed (incomplete penetrance),
which may manifest as a lower conception rate,
longer calving intervals, or reduced survival of
born calves? [3].

The frequency of recessive lethal alleles in a
population is generally quite low. However, in
the absence of control, the number of homozy-
gous cases among embryos increases, causing
significant economic damage. The reasons for
the increase in the frequency of recessive alleles
in a cattle population can be genetic drift, link-
age with favorable alleles, and heterozygote ad-
vantage [4]. A recessive lethal allele indicates a
heterozygote advantage if it has a positive pleio-
tropic effect on productive traits, thereby provid-
ing an advantage to heterozygous carriers rather
than homozygous embryos. This would lead to
the selection of heterozygous carriers as parents
of the next generation, the spread of the reces-

sive lethal allele throughout the population, and
consequently, a significant impact on reproduc-
tion>”7 [3]. This phenomenon is called 'genetic
hitchhiking," when lethal alleles are maintained
in a population due to the selective advantage
of heterozygous carriers. The described prob-
lem requires the development of special genetic
management strategies in animal breeding [3, 5].

MAIN BODY

The following is an overview of the available
scientific literature on the results of the studies
of hypotrichosis, idiopathic epilepsy, and dilutor,
which are the most significant genetic disorders
identified in Hereford and Kazakh White-headed
breeds of cattle, as well as in crossbred animals.

Hypotrichosis, HY, is a hereditary disease
characterized by abnormal development of the
hair coat of animals (sparse, brittle, or absent
hair). In cattle, it is associated with mutations
in several genes affecting pigmentation (MCIR,
PMEL) and hair shaft structure (KR771). Hypo-
trichosis is inherited in an autosomal recessive
manner [5].

Melanocortin 1 receptor (alpha-melano-
cyte-stimulating hormone receptor) (MCIR)
was the first gene studied in relation to coat col-
or in cattle. Since this gene has only one exon,
its complete coding sequence can be obtained
from a continuous fragment of genomic DNA.
A premature stop codon (p.Tyr155%) leads to
the production of only pheomelanin in the or-
ganism of homozygous cattle®. Earlier, scien-
tists suggested that cattle with at least one ED

2Zimina A.A., Romanenkova O.S. Genetic anomalies of Holsteinized Simmentals // Genetics, Breeding, Biotechnology:
Integration of Science and Practice in Animal Husbandry: Proceedings of the International Scientific and Practical Conference,

Pushkin, 2021, pp. 58-59.

3Cole J.B., Van Raden PM., O'Connell J.R., Van Tassell C.P, Sonstegard T.S., Schnabel R.D., Taylor J.F.,, Wiggans G.R.
Discovery of mutations for recessive lethal genetic defects in cattle using a haplotype-based approach // Journal of Animal Science,

2016, vol. 94, N 1, pp. 21-31.

44dams H.A., Sonstegard T.S., Van Raden PM., Null D.J., Van Tassell C.P,, Larkin D.M., Lewin H.A. Identification of a nonsense
mutation in APAF1 that causes calf death and neonatal loss in cattle / BMC Genomics, 2016, vol. 17, N 542, p. 12.

SMc Clure M.C., Bickhart D., Null D., Van Raden P, Xu L., Wiggans G., Liu G., Schroeder S., Glasscock J., Armstrong J.,
Cole J.B., Van Tassell C.P, Sonstegard T.S. Bovine exome sequence analysis and targeted SNP genotyping of recessive fertility
defects BH1, HH2, and HH3 reveal a putative causative mutation in SMC2 for HH3 // Proceedings of the National Academy of

Sciences, 2014, vol. 111, N 19, pp. 7103-7108.

*Brenneman R.A., Sanders J.O., Davis S.K., Burns B.M. MCI1R and coat defects in cattle // Journal of Animal Science, 2016,

vol. 94, N 5, pp. 789-800.

"Konovalova E.N., Selionova M.1., Romanenkova O.S., Evstafieva L.V. Genetic assessment of the Russian population of beef
cattle breeds // Genetic resources of animal husbandry and crop production: state and prospects in the field of agriculture: collection
of scientific papers of the International Scientific-Practical Conference (Makhachkala, November 3—4, 2022), Makhachkala: ALEF,

2022, pp. 17-25.

8Hauser M., Wolf-Hofstetter S., Acklin-Menzi F., Studer E., Rediger D., Seefried F., Drégemiiller C. Grey, curly and short-haired
Swiss Holstein cattle show genetic traces of the Simmental breed // SAT, 2020, vol. 162 (9), pp. 551-559.
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(p-99Pro) allele could have only eumelanin hair
pigmentation. However, the interaction of this
gene with DEFBI03 allows Holstein individu-
als with the ED/ genotype to have red hair col-
or and a phenotype indistinguishable from the
phenotype of individuals with the e/e genotype®.
Cattle carrying the e+ allele or the wild-type al-
lele are capable of producing either eumelanin
or pheomelanin. Other variants in MCIR have
also been reported, none of which are associated
with phenotypic changes in coat color!®.

The presence of a mutation in the PMEL gene
(p.Leul8del) is associated with the diluter phe-
notype and is not a direct cause of hypotrichosis.
However, in some cases, these traits may appear
together due to the peculiarities of melanogene-
sis and hair follicle development (especially in
homozygous individuals) (see footnote 6) [6—8].

A mutation in the LYN gene (locus on the 23rd
chromosome), which is involved in the devel-
opment of hair follicles!!, is the cause of hypo-
trichosis. This gene encodes a specific hair folli-
cle protein K71, which participates in the forma-
tion of structurally important keratin intermedi-
ate filaments in the inner root sheath of the hair
follicle [7]. Affected calves are born with partial
or complete absence of hair, especially on the
head, neck, and torso. Heterozygous individuals
are carriers but are phenotypically healthy [9].

Modern methods for diagnosing hypotricho-
sis: PCR, sequencing, genotyping, mutation
analysis. Within the framework of studies de-
scribed in the scientific literature aimed at the
study of hypotrichosis, DNA extraction was car-
ried out from blood and sperm samples of ani-
mals [9].

In the study by E.N. Konovalova et al., con-
ducted in 2017-2022, it was shown that among
1,948 heads of Russian beef cattle (nine popula-
tions of the Aberdeen Angus breed), the frequen-
cy of hypotrichosis was 0.02%. This indicates a

low level of prevalence of this anomaly in the
studied herds, but confirms its presence in the
Russian population. The work emphasizes the
importance of genetic monitoring for controlling
hereditary diseases (see footnote 11).

J. Viera [10], in the course of a genetic study
of the Hereford cattle population in Uruguay,
identified a nonsense mutation ¢.658C>T in the
KRT71 gene, which is the cause of the autoso-
mal recessive form of hypotrichosis. Analysis
of 34 animals revealed seven homozygous indi-
viduals with clinical manifestations and 14 het-
erozygous carriers, indicating a high prevalence
of the allele in the studied population (41.2%).
During the study, pedigree analysis, sequencing,
and PCR-based genotyping were performed.
The obtained data emphasize the need for genet-
ic monitoring during international exchange of
breeding material.

Idiopathic epilepsy, IE, is a group of genet-
ically determined neurological disorders with
non-epileptic paroxysms, characterized by spon-
taneous recurrent seizures and associated with a
mutation in the DYRK1B gene. Epilepsy can be
divided into idiopathic (genetic) and structural
[11].

The affected DYRKIB gene encodes the du-
al-specificity  tyrosine-phosphorylation-regu-
lated kinase 1B protein, which has both serine/
threonine and tyrosine kinase activity and plays
a crucial role in the repair of double-stranded
rDNA breaks and in maintaining its copy num-
ber [12]. DNA damage and repair is a continu-
ous process necessary for maintaining genomic
integrity. Double-strand break repair is import-
ant for post-mitotic, non-dividing, long-lived
cells of the central nervous system. A reduction
in these mechanisms leads to disruption of neu-
ral networks due to the loss of neuronal popu-
lations. Thus, they impair vital motor functions
[11,12].

°Dreger D.L., Schmutz S.M. The variant red coat colour phenotype of Holstein cattle maps to BTA27 // Animal Genet., 2010,

vol. 41 (1), pp. 109-112.

0Schmutz S.M., Dreger D.L. Interaction of MCIR and PMEL alleles on solid coat colors in Highland cattle / Animal Genet.,

2013, vol. 44 (1), pp. 9-13.

"Konovalova E.N., Romanenkova O.S., Zimina A.A., Sermyagin A.A. Strategies for Genetic Improvement of Beef Cattle
Breeds // Animal Genomics and Biotechnology: Proceedings of the International Scientific and Practical Conference within the
implementation of the program "Priority — 2030" (Makhachkala, December 23, 2021). Makhachkala, 2021, pp. 69-75.
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Methods used in the study of epilepsy: se-
quencing and genotyping. DNA extraction for
these studies is carried out by standard methods
from blood samples with EDTA (see footnote
11) [5].

At present, there is no information in the in-
ternational scientific literature on the confirmed
cases of idiopathic epilepsy associated with a
mutation in the DYRKB gene in representatives
of the Hereford breed of cattle.

Dilutor, DL, is the dilution of pigmentation of
the hair and skin in cattle, which can be caused
by various genetic mutations. Identified genes
associated with the dilutor are the following:
PMEL (SILV) — the main gene marker, MITF —
regulatory gene, TYRPI — melanogenesis struc-
tural gene, ASIP — pigmentation gene inhibitor.
The following mutations and molecular chang-
es may be observed in the listed genes: PMEL
— TGG deletion (p.Leul8del), MITF — regula-
tory polymorphisms, 7YRPI — missense muta-
tions, ASIP — promoter variations. PMEL carries
a disruption in the formation of melanosomes,
MITF — reduction of expression of melanogenic
genes, TYRPI causes defects in eumelanin syn-
thesis, ASTP — melanin suppression. The muta-
tion is common among the representatives of the
Hereford (by the gene PMEL — 10-18%, inter-
national populations) and Kazakh White-head-
ed breed (by the gene MITF — 1-8%, regional
lines). DL phenotype in the Hereford and Ka-
zakh White-headed breeds requires monitoring
due to risks to animal health. The optimal strat-
egy is genetic testing and careful mate selection
[13-16].

In the study by S. Kimura et al. [14], the anal-
ysis of data from 522 heads of Japanese Brown
cattle of the Kumamoto subbreed revealed
the presence of the p.Leul8del deletion in the
PMEL gene in 277 animals (53.1%), of which 81
individuals (15.5%) were homozygous (del/del),
and 196 individuals (37.5%) were heterozygous
(del/wt). The overall frequency of the reces-
sive allele in the population was 34.2%. Along
with pigmentation changes, the mutation under
consideration significantly improves key meat
quality indicators: marbling, color, firmness,

and texture. The results obtained demonstrate
the pleiotropic effect of the mutation and con-
firm the promising potential of using this allele
in breeding programs to simultaneously improve
the exterior and productive qualities of cattle.

A 1776 study of Reggiana cattle revealed the
genetic basis of the breed's key traits. The inten-
sity of red coat color is controlled by the PMEL
(lightening) and EDN3 (darkening) genes. The
face color is determined by the MCIR gene,
and the brindledness by the KIT gene. Growth
is associated with the NCAPG—LCORL region
on BTA6. Nipple defects are related to 7BX3/
TBX5, MCC and LGRS genes. This scientific
work demonstrates the value of genomic meth-
ods for the selection and conservation of local
breeds, and the possibility of targeted improve-
ment of economically important traits based on
the DNA. [15].

J. Wang et al. [16], based on the results of a
genome-wide association study (GWAS), iden-
tified a significant effect of the PMEL gene on
phenotypic traits in Simmental-Holstein cattle.
The following patterns were established: black-
and-white coloration corresponds to the homo-
zygous genotype for the PMEL mutation, gray-
and-white coloration is associated with the het-
erozygous state, and heterozygous individuals
demonstrate a significantly higher birth weight
(42.58 + 3.09 kg) compared to homozygous in-
dividuals, with the maximum weight observed
in gray-and-white calves (49.40 + 7.11 kg). The
obtained results indicate a pleiotropic effect of
the PMEL gene, affecting both pigmentation and
animal growth. The study data are significant for
the development of breeding programs aimed at
improving the productive qualities of livestock.

In one study, scientists successfully ap-
plied CRISPR-Cas9 technology to introduce
the p.Leul8del mutation into the PMEL gene
in Holstein breed embryos. As a result, calves
with a consistently lightened coat color were ob-
tained, inheriting the modified trait. Key results:
preservation of productive qualities and repro-
ductive function, demonstration of trait inher-
itance in the next generation. This work opens
up prospects for creating breeds with increased
resistance to heat stress without loss of produc-
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tivity. The method used can be adapted for other
types of farm animals [17].

CONCLUSION

Further research in the field of the devel-
opment of diagnostic systems will allow more
effective identification of the carriers of genet-
ic defects and their exclusion from breeding. A
comprehensive approach to genetic monitoring
will help minimize economic losses and increase
the efficiency of breeding work in domestic ani-
mal husbandry. Special attention should also be
paid to the creation of a system of genetic audit
of breeding livestock and the development of a
regulatory framework governing genetic control
in animal husbandry [9, 18, 19].

CIHIUCOK JIMTEPATYPbI

1. Bytov M.V., Zubareva V.D., Volskaya S.V. Asses-
sing the Genetic Diversity of Five Cattle Breeds
Using SNP Markers Associated with Health //
Russian Journal of Genetics. 2024. Vol. 60. N 6.
P. 747-753. DOI: 10.1134/s1022795424700182.

2. Jenko J., Mc Clure M.C., Matthews D. Analy-
sis of a large dataset reveals haplotypes carrying
putatively recessive lethal and semi-lethal alleles
with pleiotropic effects on economically impor-
tant traits in beef cattle // Genetics Selection
Evolution. 2019. Vol. 51. P. 9.

3. Van Raden PM., Tooker M.E., O'Connell J.R.,
Cole J.B., Bickhart D.M. Selecting sequence
variants to improve genomic predictions for
dairy cattle // Genetics Selection Evolution.
2019. Vol. 51. P. 12.

4. bBvimos M.B., Cokonosa O.B., be3oopodosa H.A.
MeToibl TEeHOTUITMPOBAHUS KPYITHOTO POraToro
ckota aist post-GWAS annorupoBanusi SNPs //
Arpapsbiii BecTHuk Ypama. 2023. T. 23. Ne 6.
C. 67-75. DOI: 10.32417/1997-4868-2023-235-
06-67-75.

5. @®@eodopenxo B.D., Muwypos H.II., Kyzemu-
Ha T.H., Tuxomupos A.M. AHanu3 COCTOSIHUSI U
MEPCIEKTUBbI YITyUYIICHHS] TEHETHYECKOrO I0-
TEHIIMANa KPYIMHOTO POraToro CKOTa CIielra-
JIN3UPOBAHHBIX MSCHBIX TIOPOJ OTEUECTBEHHOM
cenekiuu: MoHorpadus. M., 2019. 80 c.

6. Drégemiiller C., Philipp U., Haase B., Giin-
zel-Apel A.-R., Leeb T. KRT71-related hypo-
trichosis in Dexter cattle // PLoS Genetics. 2018.
Vol. 14 (3). P. €1007287. DOI: 10.1371/journal.
pgen.1007287.

7. Jacinto J.G.P, Markey A.D., Veiga 1. M.B., Pa-

10.

I1.

12.

13.

14.

15.

16.

ris J.M., Welle M., Beever J.E., Drogemiiller C.
A KRT71 Loss-of-Function Variant Results in
Inner Root Sheath Dysplasia and Recessive Con-
genital Hypotrichosis of Hereford Cattle // Genes
(Basel). 2021. N 12 (7). P. 1038. DOI: 10.3390/
genes12071038.

Romero-Benavente A., Briano-Rodriguez C.,
Dutra Quintela F. Hypotrichosis congenita
(KRT71 mutation) in Hereford cattle in Uru-
guay // Pesquisa Veterinaria Brasileira. 2023.
Vol. 43. DOI: 10.1590/1678-5150-pvb-7327.
Cmonnosckuii 10.A., Kysneyog C.B., ConooHe-
6éa E.B., lllymos M. J]. HoBas cuctemMa reHOTH-
MUPOBAHUS KPYITHOTO POraTtoro CKOTa Ha OCHO-
Be Texnonorun JJHK-muxpounnos // ['eneruka.
2022. T. 58. Ne 8. C. 857-871. DOI: 10.31857/
S0016675822080094.

Viera J. ldentification of KRT71 mutation in
Hereford cattle with hypotrichosis in Uruguay //
Genes. 2021. Vol. 12 (7). P. 1038.

Kinsey N., Belanger J. M., Mandigers P.J.J. 1dio-
pathic Epilepsy Risk Allele Trends in Belgian
Tervuren: A Longitudinal Genetic Analysis //
Genes. 2024. Vol. 15 (1). P. 114. DOI: 10.3390/
genes15010114.

Charalambous M., Fischer A., Potschka H., Wal-
ker M.C., Raedt R., Vonck K., Boon P, Lohi H.,
Loscher W., Worrell G., Leeb T., Mc Evoy A., Stri-
ano P, Kluger G., Galanopoulou A.S., Volk H.A.,
Bhatti S.F.M. Translational veterinary epilepsy:
A win-win situation for human and veterinary
neurology // Veterinary Journal. 2023. N 293.
P. 105956. DOI: 10.1016/j.tvj1.2023.105956.
Jacinto J.G.P, Bolcato M., Hdfliger .M., Oever-
mann A., Gentile A., Drogemiiller C. DYRK1B
haploinsufficiency in a Holstein cattle with epi-
lepsy // Animal Genetics. 2023. Vol. 54. P. 623—
627. DOI: 10.1111/age.13348.

Kimura S., Hatakeyama T., Koutaka T, Kubo K.,
Morita S., Eguchi K., Saitoh K., Yamauchi K.,
Imai S., Kashimura A., Inenaga T., Matsumoto H.
PMEL p.Leul8del dilutes coat color of Kuma-
moto sub-breed of Japanese Brown cattle / BMC
Genomics. 2022. N 23. P. 694. DOI: 10.1186/
$12864-022-08916-8.

Bovo S., Schiavo G., Kazemi H., Moscatelli G.,
Ribani A., Ballan M., Bonacini M., Prandi M.,
Dall'Olio S., Fontanesi L. Exploiting within-
breed variability in the autochthonous Reggiana
breed identified several candidate genes affecting
pigmentation-related traits, stature and udder de-
fects in cattle / Animal Genetics. 2021. Vol. 52.
P. 579-597. DOI: 10.1111/age.13109.

Wang J., Fan T, Du Z., Xu L., Chen Y., Zhang L.,
Gao H., Li J., Ma Y, Gao X. Genome-wide asso-
ciation analysis identifies the PMEL gene affec-

300TEXHUS U BETEPUHAPHS

CubupcKuii BECTHHUK CEITbCKOX035CTBEHHOM Hayku ® 2025 ¢ 55« 12 91



Molecular genetic monitoring of hereditary abnormalities in cattle:
hypotrichosis, idiopathic epilepsy and dilutor phenotype (review)

Bezborodova N.A., Sokolova O.V., Martynov N.A.,
Zverev A.V., Romanov E.V., Yusupova Ch.R.

17.

18.

19.

ting coat color and birth weight in Simmental x
Holstein // Animals (Basel). 2023. N 13. P. 3821.
DOI: 10.3390/ani13243821.

Wei J., Brophy B., Cole S.A., Leath S., Oback B.,
Boch J., Wells D.N., Laible G. Production of
light-coloured, low heat-absorbing Holstein Frie-
sian cattle by precise embryo-mediated genome
editing // Reproduction, Fertility and Develop-
ment. 2023. N 36. P. 112-123. DOI: 10.1071/
RD23163.

Laible G., Cole S.A., Brophy B., Wei J., Leath S.,
Jivanji S., Littlejohn M.D., Wells D.N. Holstein
Friesian dairy cattle edited for diluted coat co-
lor as a potential adaptation to climate change //
BMC Genomics. 2021. N 22. P. 856. DOI:
10.1186/s12864-021-08175-z.

Knaust J., Weikard R., Albrecht E., Brunner R.M.,
Giinther J., Kiihn C. Indication of premelano-
some protein (PMEL) expression outside of pig-
mented bovine skin suggests functions beyond
eumelanogenesis // Genes (Basel). 2020. Vol. 11.
P. 788. DOI: 10.3390/genes11070788.

REFERENCES

1.

Bytov M.V., Zubareva V.D., Volskaya S.V. As-
sessing the Genetic Diversity of Five Cattle
Breeds Using SNP Markers Associated with
Health. Russian Journal of Genetics, 2024,
vol. 60, no. 6, pp. 747-753. DOI: 10.1134/
$1022795424700182.

Jenko J., Mc Clure M.C., Matthews D. Analy-
sis of a large dataset reveals haplotypes carrying
putatively recessive lethal and semi-lethal alleles
with pleiotropic effects on economically impor-
tant traits in beef cattle. Genetics Selection Evo-
lution, 2019, vol. 51, p. 9.

Van Raden PM., Tooker M.E., O'Connell J.R.,
Cole JI.B., Bickhart D.M. Selecting sequence
variants to improve genomic predictions for
dairy cattle. Genetics Selection Evolution, 2019,
vol. 51, p. 12.

Bytov M.V., Sokolova O.V., Bezborodova N.A.
Cattle genotyping methods for post-GWAS anno-
tation of SNPs. Agrarniy vestnik Urala = Agra-
rian Bulletin of the Urals, 2023, vol. 23, no. 6,
pp. 67-75. (In Russian). DOI: 10.32417/1997-
4868-2023-235-06-67-75.

Fedorenko V.F., Mishurov N.P., Kuzmina T.N.,
Tikhomirov A.l. Analysis of the state and pros-
pects of improving the genetic potential of cattle
of specialized meat breeds of domestic breeding.
Moscow, 2019, 80 p. (In Russian).

10.

11.

12.

13.

14.

Drogemiiller C., Philipp U., Haase B., Giin-
zel-Apel A.-R., Leeb T. KRT71-related hypo-
trichosis in Dexter cattle. PLoS Genetics, 2018,
vol. 14 (3), p. e1007287. DOI: 10.1371/journal.
pgen.1007287.

Jacinto J.G.P.,, Markey A.D., Veiga .M.B., Pa-
ris J.M., Welle M., Beever J.E., Drogemiiller C.
A KRT71 Loss-of-Function Variant Results in
Inner Root Sheath Dysplasia and Recessive Con-
genital Hypotrichosis of Hereford Cattle. Genes
(Basel),2021,no. 12 (7), p. 1038. DOI: 10.3390/
genes12071038.

Romero-Benavente A., Briano-Rodriguez C.,
Dutra Quintela F. Hypotrichosis congenita
(KRT71 mutation) in Hereford cattle in Uruguay.
Pesquisa Veterinaria Brasileira, 2023, vol. 43.
DOI: 10.1590/1678-5150-pvb-7327.

Stolpovsky Yu.A., Kuznetsov S.B., Solod-
neva E.V., Shumov [.D. New cattle genotyping
system based on DNA microarray technolo-
gy. Genetika = Genetics, 2022, vol. 58, no. 8.
pp. 857-871. (In Russian). DOI: 10.31857/
S0016675822080094.

Viera J. Identification of KRT71 mutation in
Hereford cattle with hypotrichosis in Uruguay.
Genes, 2021, vol. 12 (7), p. 1038.

Kinsey N., Belanger J.M., Mandigers P.J.J.
Idiopathic Epilepsy Risk Allele Trends in Bel-
gian Tervuren: A Longitudinal Genetic Analysis.
Genes, 2024, vol. 15 (1), p. 114. DOI: 10.3390/
genes15010114.

Charalambous M., Fischer A., Potschka H.,
Walker M.C., Raedt R., Vonck K., Boon P,
Lohi H., Loscher W., Worrell G., Leeb T.,
Mc Evoy A., Striano P., Kluger G., Galanopou-
lou A.S., Volk H.A., Bhatti S.F.M. Translational
veterinary epilepsy: A win-win situation for hu-
man and veterinary neurology. Veterinary Jour-
nal, 2023, no. 293, p. 105956. DOI: 10.1016/j.
tvj1.2023.105956.

Jacinto J.G.P., Bolcato M., Hafliger I.M., Oever-
mann A., Gentile A., Drogemiiller C. DYRK1B
haploinsufficiency in a Holstein cattle with epi-
lepsy. Animal Genetics, 2023, vol. 54, pp. 623—
627. DOI: 10.1111/age.13348.

Kimura S., Hatakeyama T., Koutaka T., Ku-
bo K., Morita S., Eguchi K., Saitoh K., Yamau-
chi K., Imai S., Kashimura A., Inenaga T., Mat-
sumoto H. PMEL p.Leul8del dilutes coat color
of Kumamoto sub-breed of Japanese Brown cat-
tle. BMC Genomics, 2022, no. 23, p. 694. DOI:
10.1186/512864-022-08916-8.

92

Siberian Herald of Agricultural Science ¢ 2025 ¢ 55 ¢ 12

Zootechnics and veterinary medicine



MosneKysipHO-TeHETHYECKHIT MOHITOPUHT HAC/ICACTBEHHBIX aHOMAJIH
y KPYIIHOTO POraToro CKOTa: FMIOTPUX03, HHONATHIECKast AIUICIICUS
u numoTop-erorur (0030p)

Besboponosa H.A., Cokonosa O.B., MapteinoB H.A.,
3sepes A.B., Pomanos E.B., IOcymnosa Y.P.

15. Bovo S., Schiavo G., Kazemi H., Moscatel-
li G., Ribani A., Ballan M., Bonacini M., Pran-
di M., Dall'Olio S., Fontanesi L. Exploiting wi-
thin-breed variability in the autochthonous Reg-
giana breed identified several candidate genes
affecting pigmentation-related traits, stature and
udder defects in cattle. Animal Genetics, 2021,
vol. 52, pp. 579-597. DOI: 10.1111/age.13109.

16. WanglJ.,FanT.,DuZ.,XuL., ChenY., Zhang L.,
GaoH,,LiJ.,MaY., Gao X. Genome-wide asso-
ciation analysis identifies the PMEL gene affec-
ting coat color and birth weight in Simmental X
Holstein. Animals (Basel), 2023, no. 13, p. 3821.
DOI: 10.3390/ani13243821.

17. Weil., Brophy B., Cole S.A., Leath S., Oback B.,
Boch J., Wells D.N., Laible G. Production of

NH®OPMALNUA Ob ABTOPAX

Be3ooponoBa Haraubsi AJiekcaHaApOBHA, CTap-
UM HAay4YHbIH COTPYINHMK, KAHUIAT BETEPUHAPHBIX
Hayk; SPIN-xoxm 7012-0999, ORCID 0000-0003-
2793-5001

CoxkouioBa Ouibra BacuibeBHa, Beqyluii Hayd-
HBIH COTPYAHUK, JOKTOP BeTepUHApHBIX HayK; SPIN-
Koz 7437-2300, ORCID 0000-0002-1169-4090

MaprtpiHoB HukoJsaii AJsiekcaHIpOBUY, Jia-
oopanT; SPIN-kom 7332-1403, ORCID 0000-0001-
9251-0056

3BepeB AmuHaroqmii BajepbeBuu, mabopaHT-
nccaexoBarens; SPIN-kox 6187-6175, ORCID 0009-
0009-9408-8106

(<) Pomanos Erop BuaagumupoBu4, MIani
Hay4yHbIid coTpyaHuk; SPIN-kox 4108-5689, ORCID
0009-0006-4980-0481; anpec nist nepenucku: Poc-
cusi, 620142, ExarepunOypr, yn. benunckoro, 112A;
e-mail: romanov.egor.2303@gmail.com

IOcynoBa Uyanan PudgoBHa, Benyiuii Hay4HbIil

COTPYIHHK, TIOKTOp Ononorndeckux Hayk; SPIN-kon
3428-7317, ORCID 0000-0003-2970-6528

light-coloured, low heat-absorbing Holstein Frie-
sian cattle by precise embryo-mediated genome
editing. Reproduction, Fertility and Develop-
ment, 2023, no. 36, pp. 112-123. DOI: 10.1071/
RD23163.

18. Laible G., Cole S.A., Brophy B., WeiJ., Leath S.,
Jivanji S., Littlejohn M.D., Wells D.N. Holstein
Friesian dairy cattle edited for diluted coat color
as a potential adaptation to climate change. BMC
Genomics, 2021, no. 22, p. 856. DOI: 10.1186/
$12864-021-08175-z.

19. Knaust J., Weikard R., Albrecht E., Brun-
ner R.M., Giinther J., Kithn C. Indication of
premelanosome protein (PMEL) expression out-
side of pigmented bovine skin suggests functions
beyond eumelanogenesis. Genes (Basel), 2020,
vol. 11, p. 788. DOI: 10.3390/genes11070788.

AUTHOR INFORMATION

Natalia A. Bezborodova, Senior Researcher,
Candidate of Science in Veterinary Medicine; SPIN-
code 7012-0999, ORCID 0000-0003-2793-5001

Olga V. Sokolova, Lead Researcher, Doctor of
Science in Veterinary Medicine; SPIN-code 7437-
2300, ORCID 0000-0002-1169-4090

Nikolay A. Martynov, Laboratory Assistant;
SPIN-code 7332-1403, ORCID 0000-0001-9251-
0056

Anatoly V. Zverev, Research Assistant; SPIN-
code 6187-6175, ORCID 0009-0009-9408-8106

(<) Egor V. Romanov, Junior Researcher; SPIN-
code 4108-5689, ORCID 0009-0006-4980-0481;
address: 112A, Belinskogo St., Yekaterinburg,
620142, Russia; e-mail: romanov.egor.2303@gmail.
com

Chulpan R. Yusupova, Lead Researcher, Doctor
of Science in Biology; SPIN-code 3428-7317,
ORCID 0000-0003-2970-6528

Jama nocmynnenuss cmamou / Received by the editors 29.07.2025
Jlama npunsmus k nyoauxayuu / Accepted for publication 30.09.2025
Jlama ny6nuxayuu / Published 19.12.2025

300TEXHUS U BETEPUHAPHS

CubupcKuii BECTHHUK CEITbCKOX035CTBEHHOM Hayku ® 2025 ¢ 55« 12 93



https://doi.org/10.26898/0370-8799-2025-12-10 Tum craTey: OpUTHHATBHAS
VK 636.234.1:612.017 Type of article: original

NMMyHHBIN CTATYC TOJTIUITHHUZUPOBAHHBIX KOPOB
¢ Pa3HbIM YPOBHEM MOJIOYHOM MPOAYKTUBHOCTH

C<)HoBukona H.H., Biacenko B.C.
Omckuti acpapublil HAYYHbIL YeHmp
Owmck, Poccus

(X)e-mail: novikova@anc55.ru

Lenpro maHHON pabOTHI ABJSIIOCH OMPEeNIeHHe MMMYHHOTO CTaTyca KOPOB KPacHOM CTEITHOW To-
POZIBI ¢ pa3HBIM YPOBHEM MOJIOYHOM MPOIYKTHBHOCTH U PA3TMYHON KPOBHOCTHIO IO YITYUIIAIOIIHM
nopozam. MccnenoBanue npoBoauiu B xozsaicTse OMckoil obnactu. st onpeaeneHus ”UMMYHHOTO
cTaryca JIOMHBIX KOPOB Pa3AeNMiIN Ha TPU TPYIIBI MO MMOKA3aTeNlsIM MOKU3HEHHOTO Y/IO0sl, YPOBHIO
MIPOAYKTUBHOCTH, KPOBHOCTH TIO YIYYIIAIOIIUM TOPOAAM, CPOKAM CTEIIbHOCTH M COCTOSHUIO 3/10PO-
Bbs1. [IepByIo rpyIITy COCTAaBIIIN )KHBOTHEIE ¢ HU3KUM YpoBHEM mpomyKTuBHOCTH (20 000-25 000 KT}
n ="17), Bropyto — co cpenaum (25 000-30 000 xr; n = 10), Tpethio — ¢ BeicokuM (30 000 kr u Gonee;
n = 7). CrarucTuueckyo 00pabOTKy NaHHBIX MPOBOIMIN C MPUMEHEHHEM OIHO(AKTOPHOTO IHC-
nepcuoHHoro anainuza (ANOVA), a Takxke crenualbHON MPOTrpaMMBbl MO oueHKe 3(dekTHBHOCTH
MMMYHHBIX peakluii MEeTO10M HOPMHUPOBAHHBIX OTKJIOHEHHWH, KOTOpas MO3BOJIMIIA ONEPATUBHO MPO-
BECTHU TMArHOCTHUKY HapyIIEHUH HMMMYHOJIOTUYECKON PEaKTUBHOCTH PA3IMUYHBIX MMMYHOKOMITETEHT-
HBIX KJIIETOK U UX (PYHKIIMOHAJIBHOTO COCTOSHU. J0CTOBEPHOCT pazmuyunii ONMPENessiIn Mo KPUTe-
puto CtbrofieHTa mpu BeposiTHOCTH omuoku p < 0,05. B pesynbsrate mpoBeneHHBIX HCCIIETOBAHHHA
YCTaHOBWJIH, YTO TIPY MOBBIIIEHUH KPOBHOCTH MO TONIITHHCKOH mopose (51% u BhIIlie) MPOUCXOTUT
CHIDKEHUE PE3UCTEHTHOCTH OPTaHU3Ma >KUBOTHBIX JI0 BEIPAYKEHHOT0 IMMYyHOAepHINTa O€3 KIMHIYe-
CKuX TposiBieHui. OKa3anoch, YTO BBISIBICHHBIE OTKJIOHEHHUS Y BCEX 0COOEH CBs3aHbl C HApYLICHUEM
UMMYHHOH QyHKIMK HeWTpoduaoB. OTMEUEHO CHIKCHUE aOCONIOTHON KOHIIGHTpAIMH HEHTpou-
JI0B ¥ TUM(ONUTOB B TPYIIE HU3KOMPOITYKTHBHBIX JKHBOTHBIX OTHOCHTEIHHO TPYIIIBI CO CPEeaHEH
MPOAYKTUBHOCTBIO Ha 16,5 1 16,0% COOTBETCTBEHHO, IPU CONOCTABICHUH C KOPOBAMHU C BBICOKUM
yaoem — Ha 20,5 u 21,5%. Takxe B 3TO# rpymnme ObU1a CHUKEHA KOHLEHTpauus: T-mTuMQOIHUTOB Ha
39%, B-mumdonuro — Ha 54%, nurorokcnueckux T-mumpounTtoB — Ha 52%. [ONITHHU3NPOBAHHBIC
KOPOBBI C COZIEPIKaHWEM aHIIIEPCKOM KpoBU Ha ypoBHE 50% 1 OoJiee MMeNH CHIbHBI HIMMYHHUTET MPH
BBICOKOM IIPHKU3HEHHOM YJI0€.

KuroueBble ci10Ba: KpyHHBIN porarbiii CKOT, OPO/ibl, KDOBHOCTb, UMMYHHBIH CTaTycC, MOJIOYHAs
MPOTYKTUBHOCTD

Immune status of Holsteinized cows with different levels
of milk productivity

(<)Novikova N.N., Vlasenko V.S.
Omsk Agricultural Research Center
Omsk, Russia

(X)e-mail: novikova@anc55.ru

The aim of this work was to determine the immune status of Red Steppe cows with different levels
of milk productivity and blood relationship across the upgrading breeds. The studies were conducted
on a farm in the Omsk region. To determine the immune status of dairy cows, they were divided into
three groups based on lifetime milk yield, productivity level, blood relationship across the upgra-
ding breeds, pregnancy period, and health status. The first group consisted of the animals with low
productivity (20,000-25,000 kg; n = 7), the second — with medium productivity (25,000-30,000 kg;
n = 10), and the third — with high productivity (30,000 kg or more; n = 7). Statistical data processing
was performed using one-way analysis of variance (ANOVA), as well as a special program for asses-
sing the effectiveness of immune responses using the normalized deviations method, which allowed
for prompt diagnostics of impaired immunological reactivity of various immunocompetent cells and
assessment of their functional state. The reliability of differences was determined using the Student's
t-test with an error probability of p < 0.05. As a result of the conducted research, it was established
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VIMMyHHBIH cTaTyC TONITHHU3HPOBAHHBIX KOPOB
C pa3HbIM YPOBHEM MOJIOYHOU MPOJYKTUBHOCTH

Hosuxkosa H.H., Bracenxko B.C.

that with an increase in Holstein blood (51% and higher), the resistance of the animal’s body decreases
to a pronounced immunodeficiency without clinical manifestations. It turned out that the deviations
identified in all individuals were associated with a disruption of the immune function of neutrophils.
A decrease in the absolute concentration of neutrophils and lymphocytes was found in the group of
low-yielding animals, compared with the group with average productivity by 16.5 and 16.0%, re-
spectively, and when compared with the cows with high milk yield — by 20.5 and 21.5%. Also in this
group, the concentration of T-lymphocytes was reduced by 39%, B-lymphocytes by 54% and cytoto-
xic T-lymphocytes by 52%. Holsteinized cows with Angler blood content of 50% or more had strong

immunity with high lifetime milk yield.

Keywords: cattle, breeds, blood relationship, immune status, milk production
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INTRODUCTION

Currently, the priority goals of breeding work
in dairy livestock farming are identified as the
detection and consolidation of outstanding indi-
cators for the most significant traits, such as re-
production, productivity, longevity, and health.

As a result of the breeding work carried out
since the 1930s with the Red Steppe cattle breed,
the quantitative and qualitative characteristics of
milk have significantly improved: for example,
its volume increased from 3,000 to 5,700 kg, and
the fat content — from 3.75 to 4.01%, depend-
ing on the type [1, 2]. The introduction of semen
from domestic and imported improvement bulls
has increased productivity by 2.4%. At the same
time, the efficiency of using Russian bulls was
higher in the herds of the Red Steppe cows with
a milk yield of 7000 kg, while imported bulls
were more efficient in the herds with a milk
yield of 8000 kg and above, without inheriting
the trait of productive longevity [3, 4].

Significant success in increasing productive
indicators due to Holsteinization of livestock has
led to the suppression of its immune system, a
decrease in resistance to diseases and a reduc-
tion in the period of economic use to 1.5-2.0
lactations [5]. Studies on the immune status
assessment have shown that among the cows

of indigenous breeds, immunosuppressive con-
ditions and autoimmune diseases are observed
much less frequently than in the Holsteins [6].
With increasing gestation period, indicators of
immunodeficiency increase, which is associated
with the synthesis of immunoglobulin G in the
mammary gland and the development of the fe-
tal immune system [7].

It has been established that the highest aver-
age values of lysozyme and bactericidal activity
are recorded in cows aged 3—4 years [8]. At a
later age (58 years), there is a decrease in the
body's natural resistance and the local immunity
of the udder [9], which leads to the development
of mastitis, which, in turn, negatively affects the
balance of immune cells [10]. Selection based
on the genes CD14, CXCRI, responsible for re-
sistance to mastitis, can improve the situation re-
garding this disease [11, 12]. Identifying benefi-
cial immune traits that correlate with health and
viability indicators (CD4+/CD8+ lymphocytes
and subclinical mastitis, CD8+ lymphocytes and
fertility) will allow patterns for the genetic se-
lection of animals to be discovered [13].

The study of the correlation characteristics of
cellular immunity can serve as a foundation for
the development of breeding strategies in animal
husbandry, based on the use of genetic markers
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Immune status of Holsteinized cows
with different levels of milk productivity

Novikova N.N., Vlasenko V.S.

and immunoprophylaxis methods, which will al-
low improving health and increasing the produc-
tivity of animals [14].

The purpose of the study is to determine the
immune status of Red Steppe cows with differ-
ent levels of milk productivity and varying de-
grees of ancestry from improving breeds.

The research objectives are:

1) distribution of the Red Steppe breed cows
into groups taking into account their productivi-
ty and bloodline with improving breeds;

2) determination of the baseline state of the
indicators of nonspecific resistance of cows de-
pending on the level of milk productivity;

3) study of the nature and frequency of immu-
nological disorders in cows with varying blood-
lines across improved breeds and with different
productivity levels.

MATERIAL AND METHODS

The study was conducted at APC “Rassokhin-
sky” of the Novovarshavsky district of the Omsk
region on the herd of the Red Steppe dairy cows
under tie-up housing and identical feeding. The
zootechnical and breeding record data are based
on the information from the IAS” SELEKS —
Dairy Cattle”.

At first, the livestock presented in the farm
was divided into general groups taking into ac-
count productivity indicators and bloodlines ac-
cording to the first and second improving breeds.

Next, to determine the immune status, three
groups of dairy cows were formed according to
their lifetime milk yield, level of productivity,
pedigree in improving breeds, gestation periods,
and health status (without clinical [subclinical]
signs of mastitis). The first group included an-
imals with a low level of productivity (20,000—
25,000 kg of milk; n = 7), the second group —
with an average level (25,000-30,000 kg;
n 10), and the third — with a high level
(30,000 kg and above; n=17).

Wlasenko V.S., Bazhin M.A., Dudoladova T.S., Novikov A.N.,
leukemia: methodological recommendations. Omsk, 2010, 31 p.

Blood was taken from the tail vein into the
tubes for hematological studies. The quantita-
tive composition of immunocompetent cells (T-,
B-lymphocytes, cytotoxic T-lymphocytes) and
the functional state of neutrophils were deter-
mined in accordance with the methodological
recommendations for assessing immune status'.
The activity of intracellular components of neu-
trophils (myeloperoxidase, cationic proteins)
was assessed using the Graham—Knoll method
with the use of benzidine? and the method of
M.G. Shubich using bromophenol blue’. When
analyzing the smears, the percentage of positive-
ly reacting cells was counted and, according to
the standard methods, the average cytochemical
coefficient was calculated. Statistical processing
of the data was carried out in Microsoft Excel us-
ing one-way analysis of variance (ANOVA), as
well as a specialized program for evaluating the
effectiveness of immune responses by the meth-
od of normalized deviations. The significance of
differences was determined using the Student's
t-test. Differences were considered significant at
an error probability of p < 0.05.

RESULTS AND DISCUSSION

To classify the animals into general groups,
the entire herd analysis was carried out based
on the productivity indicators and the propor-
tion of improved breed bloodlines (see Table 1).
The results showed that with an increase in the
bloodline proportion by 3.2% for the first breed
(Holstein Red-and-White), milk productivity in-
creased by 10,000 kg of lifetime yield. The in-
dicators in this group are statistically significant
(p < 0.05 according to ANOVA). In the groups
for the second improved breed (Angler and Dan-
ish Red), no statistically significant differences
were found.

Many authors in their studies show that Hol-
steinization of the herd leads to a decrease in the
immune responses of dairy cows [5—10], there-
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2Hrycek A. Functional characterization of peripheral blood neutrophils in patients with primary hypothyroidism // Folia Biologica,
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VIMMyHHBIH cTaTyC TONITHHU3HPOBAHHBIX KOPOB
C pa3HbIM YPOBHEM MOJIOYHOU MPOJYKTUBHOCTH

Hosuxkosa H.H., Bracenxko B.C.

Tao6a. 1. CooTHolIEHHE YPOBHS MPOAYKTUBHOCTU U KPOBHOCTH TI0 YITydIatoiuM mopoaam (M = m)

Table 1. The ratio of productivity level and blood relationship across the upgrading breeds (M =+ m)

The first improving breed The second improving breed
Productivity level Holstein Red-and-White Angler Danish Red

heads | % heads | % heads | %

General groups
Low 611 65,1 £0,70* 102 51,8+1,5 21 46,1 £2.9
Medium 377 64,2 + 1,05* 103 351+£1,8 14 48,2+ 3,1
High 389 68,3 + 0,90* 95 33,1+1,9 12 46,4 +3,5
Groups for determining immune status
Low 7 46,7+2.8 4 43,7+6,2 1 25,0+0,0
Medium 10 54,5+ 8,8 8 47,5+6,2 — —
High 7 44,0 +5,7 5 55,6 £4,8 - -
9 <0,05.

fore the groups were formed depending on the
increase in productivity with a decrease in Hol-
stein blood and an increase in Angler blood.
Groups for assessing immune status were
also formed based on the productivity indicators
(see Table 1). Analysis of production indicators
shows that, with an increase in the proportion of
Angler breed, cows with high productivity have
a lifetime milk fat content increase of 0.02%
compared to low-producing animals without a
decrease in lifetime protein content. It should be
noted that cows in this group are 0.3 lactations
younger, yet their lactation stability coefficient is
90.38%, which is an indicator of balanced milk
yield compared to other groups (see Table 2).
Analysis of the parameters of nonspecific re-
sistance shows that low milk productivity is ac-
companied by an unreliable decrease in the num-
ber of white blood cells compared to the identical
indicators in the animals with medium and high

levels of productivity (see Table 3). In particular,
there is a decrease in the absolute concentration
of neutrophils and lymphocytes, although their
number is 16.5% and 16.0% lower, respectively,
compared to individuals with medium produc-
tivity, and 20.5% and 21.5% lower when com-
pared to cows with high milk yield.

The reduction in the number of lymphoid
cells in low-yield cows occurs due to T and B
lymphocytes, as well as cytotoxic lymphocytes,
and shows the most significant difference com-
pared to the group of high-yield cows. Thus, the
concentration of T lymphocytes was reduced
by 39% (p < 0,05), B-lymphocytes — by 54%
(p < 0.05), cytotoxic T-lymphocytes — by 52%
(» < 0,05). It should be noted that, compared to
cattle with an average milk yield, there was also
a decrease in the content of immunocompetent
cells, especially concerning B-lymphocytes, the

Tao6a. 2. CpenHre MpoU3BOJACTBEHHBIE MTOKA3aTENH B TPYIITIAX JJIsl ONPENIeNICHNs] IMMYHHOTO cTaryca (M + m)
Table 2. Average production indicators in groups to determine the immune status (M + m)

Indicator Prod?ctivity level .
low (n=17) medium (n = 10) high (n=7)

Total lactations 4,40 + 0,200 49 +0,300 4,10+ 0,200
Lifetime milk yield, kg 21460,20 £ 1155,800 | 27794,80 £ 1759,200 | 30540,20 + 1363,500
Lifetime fat content, % 3,88 £ 0,002 3,89 + 0,008 3,90+0,010
Lifetime protein content, % 3,46 + 0,005 3,47 £ 0,004 3,47+ 0,002
Lactation stability coefficient, % 80,57+ 3,010 85,36 £ 3,190 90,38 + 1,690
Milk yield for 305 days, kg 5088,70 + 143,700 6085,10 = 119,900 7402,50 = 516,100
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Tao6a. 3. Cpennue 3HauCHHS NIOKa3aTeIel HeCTIEUPUUECKON PE3UCTEHTHOCTH Y KOPOB

C pa3HbIM YPOBHEM NPOAYKTUBHOCTH (M + m)

Table 3. Average values of non-specific resistance indicators in cows with different productivity

levels (M + m)
Productivity level
Indicator
low medium high

Leukocytes, x 10%1 6,94 +0,23 8,17 +0,79 8,63 +1,12
Neutrophils, x 10%1 3,35+0,15 4,02 +0,44 4,22 +0,70
Lymphocytes, x 10%1 3,24 +£0,25 3,86 £ 0,46 4,14+0,51
T- lymphocytes, x 10%/1 0,74 £ 0,07 0,87 £0,14 1,22 +0,16*
B- lymphocytes, x 10%/1 0,58 0,08 0,92 £0,14* 1,26 £ 0,24*
Cytotoxic T lymphocytes, x 10%1 0,56 + 0,09 0,79 +£0,12 1,16 £0,25*
Lysosomal cationic proteins, c.u. 1,05 +0,11 1,05+ 0,04 0,99 +0,10
Myeloperoxidase, c.u. 1,11 +£0,15 1,28 £ 0,13 0,98 +£0,08
NBT stimulation coefficient, c.u. 1,02 £0,03 1,01 £0,06 1,06 £ 0,04

p <0,05.

number of which was 37% lower (p < 0,05) (see
Table 3).

Although there were no significant chang-
es between the average group indicators of the
functional state of aerobic (myeloperoxidase en-
zymatic activity, tetrazolium activity) and anaer-
obic (cationic proteins) bactericidal systems of
neutrophils in all studied groups, nevertheless,
there was some tendency for them to decrease in
high-yielding cows.

At the next stage, in order to determine the
severity of immunodeficiency both on average
for the group and for each individual, a statisti-
cal analysis was conducted using a special com-
puter program.

For this purpose, a calculation of the devia-
tion from the reference values was carried out,
using indicators of nonspecific resistance of
cows with average milk yield as the reference.
The calculations were performed according to
the following formula:

M, - M,

Sa,
where ¢ — deviation from the reference group;
M1 and M2 — the mean of the reference and ex-
perimental groups, respectively; Sd1 — standard
deviation of the reference group.

t:

A critically significant level of deviation, in-
dicating a pronounced immunodeficiency of a
specific component of the immune system, was
considered to be when the studied parameter fell
beyond —1.0 sigma from the average level.

According to the data presented in Table 4,
cows with low milk yield showed a deficiency
of immunocompetent cells, which reaches its
maximum values in populations of B lympho-
cytes (¢ = -0.78) and cytotoxic T lymphocytes
(t=-0,56).

At the same time, in cattle with high produc-
tivity, these indicators, relative to the reference
group, on the contrary, were increased to 0.76
and 0.90, respectively. Nevertheless, a deficien-
cy of certain parameters of the functional state of
neutrophils was noted: myeloperoxidase activity
(t=-0,71) and cationic proteins (¢ = —0,44).

Despite the absence of critically significant
deviations in the group average indicators (¢ >
—1.0), they were detected when analyzing indi-
vidual values of nonspecific resistance parame-
ters (see Table 5).

Analyzing the data for the low productivity
group, it can be noted that only animal No. 5 of
the third lactation with 50% Angler breed ances-
try showed no critically significant deviations in

O8  Siberian Herald of Agricultural Science ¢ 2025 55 ¢ 12

Zootechnics and veterinary medicine



VIMMyHHBIH cTaTyC TONITHHU3HPOBAHHBIX KOPOB

C pa3HbIM YPOBHEM MOJIOUHOM NPOAYKTHUBHOCTH

Hosuxkosa H.H., Bracenxko B.C.

Taoa. 4. OTkiI0oHEHUS MapaMeTPOB Hecnenuu-

YeCKOH PE3UCTCHTHOCTU OT JTaJIOHHOU TpyIIibL
Y KOpPOB C HU3KUM U BBICOKUM YPOBHSMHU IIPOAYK-

THBHOCTH

Table 4. Deviations of non-specific resistance

parameters in cows with high and low productivity
levels from the reference group

Productivity level

Parameter
low high
Leukocytes -0,49 +0,18
Neutrophils —0,48 +0,15
Lymphocytes —0,43 +0,19
T- lymphocytes -0,31 +0,56
B- lymphocytes —0,78 +0,76
Cytotoxic T lymphocytes —0,56 +0,90
Lysosomal cationic proteins +0,01 —0,44
Myeloperoxidase -0,39 0,71
NBT stimulation coefficient +0,03 +0,27

all the studied parameters, indicating high or-
ganism resistance. Animals No. 6 and 7 of the
fourth lactation with 25% ancestry from the sec-
ondary improving breeds (Angler and Danish
Red) exhibited immunodeficiency in at least two
indicators of nonspecific resistance.

Among the highly productive livestock, de-
viations were not registered in the animals No.
1 and 6 of the fifth lactation with 50% and 52%
purity of the Angler breed, as well as in the third
lactation with 50% purity of the Angler breed. In
highly productive cows No. 5 and 7 of the fourth
lactation with 51% and 66% purity of the Hol-
stein breed, without adding the purity of the Red
breeds, immunodeficiency was observed in more
than one parameter of nonspecific resistance. It
should be noted that the identified abnormalities
in all individuals were associated with impaired
neutrophil immune function. Our data are con-

Ta6a. 5. UuauBuayalibHbIe OTKIIOHCHHUS TApaMETPOB HeCIeU(DPUISCKON PE3UCTEHTHOCTH OT 3TaJOHHOM
IPYIIIBl Y KOPOB C HU3KOW U BBICOKOH IIPOJYKTUBHOCTBIO

Table 5. Individual deviations of non-specific resistance parameters from the reference group in cows

with low productivity

Parameter

Animal number in the group

1

2 | 3 | a4 | s | 6 | 7

Low productivity level

Leukocytes —0,47 —0,27 -0,55 —0,47 -0,15 —-0,87 -0,67
Neutrophils —0,47 —0,68 —0,06 —0,78 —0,25 —0,30 —0,83
Lymphocytes -0,39 +0,03 -0,93 -0,15 +0,13 —-1,05 —0,65
T- lymphocytes -0,28 +0,06 -0,33 -0,08 +0,22 -1,00 -0,74
B- lymphocytes -0,39 0,14 -0,39 -0,93 -0,80 —-1,49 -1,36
Cytotoxic T lymphocytes -0,70 +0,17 -0,29 -0,27 -0,27 —-1,01 -1,52
Lysosomal cationic proteins -2,68 +0,60 -1,84 -0,54 -0,85 +4,27 +1,14
Myeloperoxidase -0,54 -1,35 -0,40 -1,07 -0,54 +1,57 -0,38
NBT stimulation coefficient -0,07 +0,55 —-0,07 —-0,07 +0,50 —0,58 -0,07
High productivity level
Leukocytes +0,33 +2,73 —0,67 —0,15 —0,75 +0,05 —0,27
Neutrophils -0,69 +3,15 -0,27 -0,31 -0,49 -0,32 —-0,04
Lymphocytes +1,12 +1,47 —0,96 +0,24 —0,84 +0,60 —0,28
T- lymphocytes +1,79 +1,58 —0,88 +0,98 —0,74 +0,71 +0,45
B- lymphocytes +1,99 +2.,64 —0,86 +1,43 —0,95 +1,20 -0,14
Cytotoxic T lymphocytes +1,48 +3,81 —0,91 +0,45 -1,17 +1,19 +1,76
Lysosomal cationic proteins +2,82 +0,45 -1,23 -1,31 -3,75 +0,91 —1,00
Myeloperoxidase -0,59 —-0,40 —-0,66 -0,12 -1,66 -0,57 -1,00
NBT stimulation coefficient -0,58 +0,50 +0,65 +0,50 -0,07 +0,96 -0,07
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sistent with the findings of other authors, who
also observed a decrease in leukocyte functional
activity with increased animal productivity [15].

CONCLUSIONS

1. An increase in the bloodline of the Red
Steppe breed by 3.2% due to the Holstein Red-
and-White breed contributed to an increase in
milk productivity by 10,000 kg of lifetime yield.

2. With an increase in the degree of in-
breeding in the Holstein breed by 51% and
above, there was a decrease in the animals' resis-
tance leading to pronounced immunodeficiency
without clinical manifestations.

3. Holsteinized cows with Angler blood
content at the level of 50% or more showed
strong immunity with high lifetime milk yield.

4. The detected abnormalities in all the in-
dividuals are associated with impaired neutro-
phil immune function.

5. A decrease in the absolute concentration
of neutrophils and lymphocytes was observed in
the low-productivity animal group compared to
the medium-productivity group by 16.5% and
16.0%, respectively, and when compared with
high-milk-yield cows — by 20,5 and 21,5%.

6. It was determined that low-productive
animals had a 39% decrease in the concentration
of T-lymphocytes (p < 0.05), a 54% decrease in
B-lymphocytes (p < 0.05), and a 52% decrease
in cytotoxic T-lymphocytes (p < 0,05).

7. Thus, in the process of selection, it is nec-
essary to take into account the indicators of
immune status and carry out selection based
on them, as well as to use a second improving
breed, responsible not only for productivity but
also for the health of the animals. This approach
can help in the development of immune pre-
ventive measures aimed at preventing systemic
imbalance in the animals' bodies and increasing
their productivity.
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IPpPeKTUBHOCTH HOBOTO CPEACTBA MPUPOIAHOIO NMPOUCXOKICHUS
MPH JICYCHUH KeJTYI0YHO-KUIIEYHbIX 00JIe3Hell TeJIAT,
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Hayuno-uccreoosamenscruii uncmumym eemepunapuu Bocmounoti Cubupu — ¢unuan
Cubupckoeo ghedepanvroeo HayuHo20 yenmpa azpoouomexuonozuti Poccuiickou akademuu nayk
Yura, Poccus

(<)e-mail: luba.saveleva@mail.ru

B crarbe npesicTaBieHbl pe3ynbTaThl OlleHKH 2P (PEKTUBHOCTH HOBOTO CPEJICTBA HA OCHOBE MPUPO/I-
HOTO CBIPBS JUTS JISYEHUSI MOJIO/IHSKA KPYITHOT'O POTaToro CKOTa OT HKETYJ0YHO-KUIIICUHBIX OONe3HEeH,
COTIPOBOXKArOMMXCS Auapeeir. OObEKTOM MCCIeTOBaHMS TTOCTYKIIIN JIBE€ TPYIIHI HOBOPOKACHHBIX
TeNST ¢ MpU3HaKaMu auaped. JKUBOTHBIE OIBITHON TPYIIBI MOMyYald pa3padOoTaHHOE HAMU CPE-
CTBO (cOCTaB: KOpHEBHUILE Oafana, TUCT (GeHXes, IBETHI KaJCHIYJIbl, CeMEHa aMapaHTa, NPOOUOTHK,
NaCl), koHTpoibHON — GurocOOp xemyaounbiii Ne 1 (coctaB: kopHeBuIle 0ajiaHa, CEMEHa TMUHA,
TpaBa THICSYEIUCTHUKA U COJISIHKU XOJIMOBOH, JIMCT CMOPOJANHBI U TIOIOPOKHUKA). Teparuio Kaxio-
r'o TeJICHKa OCYIISCTRIISJIN 0 CJASAYIOIIeH CXeMe: IBYKpPaTHO (YyTPOM U BEYEPOM) BHYTPhL B (opme
OTBapa B JO3UPOBKE 2 MJI/KT KHUBOW Macchl. B pesynsrare skcriepruMeHTa Ha 3-M CYTKH Tepanuu y
[IpeAcTaBUTENCH ONBITHOHN IpyIbl 3¢ GEeKTUBHOCTD JieueHus: cocTaBuia 90%, B KOHTposie Ha 7-€ CyT-
ku1 — 80%. [Ipu 5TOM nokazaTenu o0ILero aHaau3a KPOBH B OIBITHOM TPyIIIIE COOTBETCTBOBAIH HOPME
Ha 10-e cyTku jeueHus. B KoHTposie ypoBeHb JIEHKOLMTOB U reMaTOKPHUTa MpeBbIIal pedepeHcHbIe
3nauenus Ha 40,4 u 15,7% coorBercTBenHO (p < 0,001). B 6M0oXuMHu4ecKkoM cTaTyce ONbITHOM TPYIIIbI
MOJIO/THSIKA HAOIFOIANN TTOJIOKUTENHHYIO IMHAMHUKY B CTOPOHY HOpMAIIM3allMK 3HaUeHH. B KoHTpoIe
TToKasareian BomHO-cosieBoro oomena (Na, K) 0sumn Hrke HopMb! Ha 41,2 n 20,7% COOTBETCTBEHHO,
ypOBEHb Kanblys Obu1 HIKE Ha 63,1% (p < 0,001), nokazarenu docdopa u xene3a COOTBETCTBOBAIN
HWDKHEMY 1Opory HOpMbl. CTOMMOCTH KyPCOBOT'O JIGUEHHsI ONBITHBIM CPEICTBOM cocTaBmia 123 p.,
KOHTPOJIBHBIM — 260 p. Ha oxHOrO TeneHka. CpeqHeCyTOYHBIH MPUPOCT )KUBOM Macchl B OMBITHON
rpymnme Ha 69,5% npeBocxoamn qaHHbie KOHTPos (p < 0,001). C menbro mpenoTBpamieHus: IKOHO-
MHUYECKOTO yIep0a, CBI3aHHOTO C MaJIekKOM TEISIT U HEeONOIYyYeHHEM NIpUBeca, U3y4eHHbIH (huTo-
MTPOOMOTHYECKHI KOMIUIEKC PEKOMEHYETCsl MPUMEHSTh TIPH TEePBBIX MPHU3HAKAX JHaped B Ka4eCcTBE
0€e30I1acHOT0 BSHKYIIIETO, POTHBOCIAIIMTEIIEHOTO U OOBOJIAKHUBAIOIIETO CPECTBA.

KuroueBsble cioBa: tensita, quapes, GUTOCPEACTBa, TeMaToIorus, OMOXUMUS, TepareBTHYECKas
3¢ (HEeKTUBHOCTD

Efficacy of a new natural remedy in the treatment of calves with
gastrointestinal diseases accompanied by diarrhea

(<)Savelyeva L.N., Bondarchuk M.L., Nekrasova O.S., Bazaron B.Z., Dashinimaev B.Ts.
Research Institute of Veterinary Science of Eastern Siberia — Branch of the Siberian Federal Scientific
Centre of Agro-BioTechnologies of the Russian Academy of Sciences

Chita, Russia

(<) e-mail: luba.saveleva@mail.ru

The article presents the results of an evaluation of the effectiveness of a new product based on
natural raw materials for the treatment of young cattle from gastrointestinal diseases accompanied by
diarrhea. The object of the study was two groups of newborn calves with signs of diarrhea. The expe-
rimental group animals received the product we developed (composition: rhizome of bergenia, fennel
leaf, calendula flowers, amaranth seeds, probiotic, NaCl), the control group received the gastric herbal
collection No. 1 (composition: rhizome of bergenia, caraway seeds, yarrow and saltwort herb, currant
and plantain leaves). The therapy for each calf was carried out according to the following scheme:
twice (morning and evening) orally in the form of a decoction at a dosage of 2 ml/kg of live weight.
As aresult of the experiment, on the 3rd day of therapy, the treatment effectiveness in the experimental
group was 90%, in the control group on the 7th day — 80%. Moreover, the general blood test results
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Efficacy of a new natural remedy in the treatment
of calves with gastrointestinal diseases accompanied
by diarrhea

Savelyeva L.N., Bondarchuk M.L., Nekrasova O.S.,
Bazaron B.Z., Dashinimaev B.Ts.

in the experimental group were within the normal range on the 10th day of treatment. In the control,
the level of leukocytes and hematocrit exceeded the reference values by 40.4 and 15.7%, respectively
(p < 0.001). Positive dynamics towards normalization of values were observed in the biochemical
status of the experimental group of young animals. In the control group, the water-salt metabolism
indicators (Na, K) were below the norm by 41.2 and 20.7%, respectively, the calcium level was lo-
wer by 63.1% (p < 0.001), the phosphorus and iron indicators corresponded to the lower limit of the
norm. The cost of a treatment course with the experimental agent was 123 rubles, and with the control
agent — 260 rubles per calf. The average daily gain in live weight in the experimental group was 69.5%
higher than the control data (p < 0.001). In order to prevent economic losses associated with calf mor-
tality and the loss of weight gain, the studied phyto probiotic complex is recommended for use at the
first signs of diarrhea as a safe astringent, anti-inflammatory and enveloping agent.
Keywords: calves, diarrhea, herbal remedies, hematology, biochemistry, therapeutic efficacy
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INTRODUCTION

The development of beef cattle breeding is of
great importance for ensuring food security in
the Trans-Baikal Territory and the entire coun-
try. According to the scientifically based dietary
standards presented by the specialists from the
Federal Research Center for Nutrition, Biotech-
nology, and Food Safety, a person’s need for
meat products is 86 kg per year. At the same
time, beef in a person’s diet should account for
40—-45% of the total meat consumption'.

Despite the existing achievements in study-
ing the problems of preserving young cattle, the
incidence of gastrointestinal diseases among
calves is 10-70%. Since the neonatal period is a
“transitional link” from intrauterine life to extra-
uterine life, at this stage calves exhibit adaptive
reactions aimed at adjusting the body to new liv-
ing conditions, including acute gastrointestinal
disorders (diarrhea) and, as a result, dehydration
and disruption of the water-salt balance.

According to data from several authors who
study digestive diseases in young animals,
during diarrhea, water and electrolytes (sodium,
chloride, potassium, bicarbonate) are lost from
the body along with liquid stool. Chronic diar-
rhea often causes vitamin deficiency and mineral
deficiency, which can lead to the development
of anemia, as well as dysfunction of the entire
body. At the same time, about 40% of cases end
in death, thereby causing significant economic
damage [1-3].

Currently, pet owners use chemotherapeutic
drugs for therapeutic purposes, which, although
effective, have side effects. A number of special-
ists and our research have confirmed that medic-
inal and prophylactic agents of plant origin have
low toxicity and a wide range of pharmacologi-
cal effects [4—11]. Because of this, herbal reme-
dies are increasingly recommended by scientists
and practicing veterinarians.

The purpose of the study is to evaluate the
effectiveness of the developed remedy based on

'Plyaskina V.A. Meat cattle breeding — the most important element of the region's cultural heritage // Trans-Baikal Village:
yesterday, today, tomorrow: materials of the XVIII regional scientific-practical student conference, dedicated to the 45th anniversary
of the Trans-Baikal Agricultural Institute (Branch of the Irkutsk State Agrarian University named after A.A. Ezhevsky) and the 90th
Anniversary of Doctor of Science in Agriculture, Prof. I.I. Vinogradov. Chita, 2024, 182 p.
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natural raw materials for treating calves from
gastrointestinal diseases accompanied by diar-
rhea.

MATERIAL AND METHODS

During the experiment at the “S.D. Batuev”
farm, two groups of newborn calves were formed
based on the principle of analogues (10 heads in
each group). Signs of diarrhea were noted in all
animals in the groups.

The experimental group was treated with a
remedy developed by us, which includes fennel
leaf (Folia Foeniculum), rhizome of bergenia
(Rhizoma Bergeniae), amaranth seeds (Semen
Amaranthi), calendula flowers (Flores Calen-
dulae), probiotic (Bacillus subtilis, DSM 32424
strain, at least 1x10° CFU/g of live microbial
cells) and NaCl.

The control was served by young animals, for
the treatment of which they used gastric herb-
al collection No. 1 from the company “Biolit”
(Russia). The collection includes caraway fruits
(Fructus Carvi), rthizome of bergenia (Rhizo-
ma Bergeniae), yarrow herb (Herba Achilleae)
and saltwort herb (Herba Salicorniae), currant
leaves (Folia Ribis) and plantain leaves (Folia
Plantaginis).

Both remedies were given in the form of
decoctions orally to each of the animals in the
morning and evening at a dosage of 2 ml/kg of
body weight.

It has been proven that the herbs included
in the studied remedies contain a large number
of minerals (iron, silicon, boron, copper, etc.),
flavonoids, glycosides, ascorbic acid, carotene,
B vitamins, protect the mucous membrane of
the gastrointestinal tract from irritation, have
anti-inflammatory and healing effects, relieve
spasms and pain, eliminate digestive disorders,
improve intestinal microbiota, and have a syn-
ergistic, antibacterial, antitoxic, and astringent
effect [1, 2, 4-6, 10, 11].

The probiotic promotes the strengthening of
the body's defense functions, contributes to the
normalization of the intestinal biocenosis, ab-
sorption and metabolism of iron, calcium, pro-
teins, carbohydrates, restoration of the intestinal
mucosa, normalization of digestive processes,
which is especially important during the adapta-
tion period of newborn calves.

According to the results of in vitro, preclini-
cal, and clinical studies obtained by us, the devel-
oped agent is not toxic to the bodies of animals,
has a pronounced astringent and anti-inflamma-
tory effect, and an antibacterial effect with re-
spect to Escherichia coli and Enterococcus fae-
calis [6].

The assessment of the therapeutic effica-
cy of the investigated agents was carried out
according to a previously developed scheme,
used during the clinical trials of the agent [6].
This scheme included daily recording of vari-
ous physiological indicators: body temperature,
pulse and respiratory rates, condition of visible
mucous membranes, level of body dehydration,
stool consistency (presence of diarrhea), and be-
havioral activity until the recovery period.

For the general and biochemical blood anal-
ysis on the 10th day of the experiment, blood
samples were collected in the morning into tubes
with and without a preservative. To determine
the main clinical parameters of whole blood, a
hematology analyzer PCE 90 Vet (USA) and
special consumable reagents (Clinical Diagnos-
tic Solutions, Russia; TU 9398-001-85747522-
2009) were used; for the study of blood serum for
the main biochemical parameters, a biochemical
analyzer URIT 800 Vet (China) and DiaVetTest
reagents (Russia) were used?.

Laboratory research was conducted at the
scientific laboratory of the Research Institute of
Veterinary Science of Eastern Siberia.

The economic efficiency of the use of drugs
was calculated according to the methodology of
L.N. Nikitin3.

*Methodological recommendations for the use of "DiaVetTest" reagent kits for biochemical studies of animal blood serum
(plasma) on automatic and semi-automatic analyzers. Moscow, 2018.

3Nikitin I.N. Organization of veterinary affairs: Textbook. St. Petersburg: Lan, 2022, 288 p.
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RESULTS AND DISCUSSION

During the clinical examination of calves in
the control and experimental groups before the
start of therapy, diarrhea, an increase in body
temperature up to 41.5 £ 0.13 °C (p < 0.05), de-
pressed condition, decreased appetite and skin
turgor, dry coat, and paleness of the conjunctiva
were recorded.

It should be noted that in this experiment, no
infectious etiology was identified in newborn
calves, and the effects of the studied drugs were
assessed as symptomatic, pathogenetic, and gen-
eral strengthening therapy.

As a result of therapy with the studied herb-
al remedies, in the subjects of the experimental
group the disease proceeded in a milder form,
and clinical indicators normalized. Thus, on the
3rd day of treatment, stool became formed, the
skin more elastic, mucous membranes pink and
shiny, activity and exploratory behavior were
observed. Body temperature, pulse rate, and
respiratory rate were within the physiological
norm: 38.5 + 0.33 °C; 136.4 + 1.73 beats/min;
23.2 £ 1.13 breaths/min, respectively.

During the same period, 70% of the animals
in the control group still had elevated body tem-
perature, shortness of breath, rapid, weak, and
irregular pulse, and loose feces. During treat-
ment, the average physiological constants in the
control group were slightly above normal: body
temperature — 41.0 £ 0.23 °C; pulse — 166.0 £
2.31 beats/min; respiratory rate — 35.0 £ 1.22
breaths/min (p < 0.001). The normalization of
these indicators was recorded on the 7th day.

In the process of raising young animals, one
of the most important factors is weight gain.

The indicators of average daily gain for the
experimental period are presented in Table 1.

Analysis of the dynamics of the average
weight of calves showed that the animals of the
experimental group in terms of average daily
weight gain significantly (p < 0.001) exceeded
the representatives of the control group by 69.5%
during the period from the 2nd to the 12th day.

Based on the obtained results, the econom-
ic efficiency of the therapy course in the studied
groups was calculated (see the figure).

The data in the chart show the low cost of
treatment with both drugs. At the same time,
treatment with the test drug turned out to be
137.56 rubles cheaper, which is an important
factor for pet owners in a market economy.

A significant role in the pharmacological cor-
rection of digestive diseases accompanied by di-
arrhea is played by blood tests [9].

Table 2 presents a comparative analysis of the
main blood indicators of calves in both groups.

The results of the comparative analysis
showed significant differences between the stud-
ied groups. Thus, the number of leukocytes in
the control group was 23.13% (p < 0.001) above
the upper limit of the normal range®, which may
Tao6a. 1. BecoBble moka3arenu TEIAT B UCCICAYyE-
MBIX Tpynmnax (M = m, n = 20)

Table 1. Weight indicators of calves in the study
groups (M + m, n =20)

Indicator - Group
experimental control
Body weight, kg:
at the beginning of the
experiment 294+0,44 | 29,4+0,44
after 10 days of therapy | 33,3+ 1,03 | 31,7+1,14
Average daily weight
gain, g 390+433 | 230+3,62"
*p <0,001.
300
3 260,70
=
g
= 200
Q
g
§ 123,14
< 100
(=]
&
0
Experimental Control
Group

CpaBHI/ITeJIBHLIﬁ aHaJIN3 CTOMMOCTHU KypcCa JICUCHU
HCCICAYCMBIMU JICKAPCTBCHHBIMU CPCACTBAMU

Comparative analysis of the cost of a course of
treatment with the drugs under study

‘Bazhibina E.B., Korobov A.V., Sereda S.V., Saprykin V.P. Methodological foundations for the assessment of clinical and
morphological blood parameters in domestic animals: textbook. Moscow, 2007, 128 p.
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be due to the body's adaptive-response reaction
and the presence of inflammatory processes.

The use of the new remedy normalized he-
moglobin levels, whereas in the control group its
level was 10% below the lower limit of the norm.

In the experimental group, the proportion of
erythrocytes in the total blood volume (hemato-
crit) was within the normal range (45.3%). In the
control group, this indicator was significantly (p
<0.001) higher than the reference values by 19%,
which is characteristic of physiological process-
es in young animals against the background of
dehydration of the body during gastrointestinal
diseases accompanied by diarrhea [3, 6, 11].

The obtained results on the main biochemical
elements of blood are consistent with the data
of the previous studies. It was previously estab-
lished that after therapy with the drug, the base-
line levels of sodium and potassium in the serum
of animals in the control group were below the
physiological norm by 41.2% and 20.7%, respec-
tively, whereas in the experimental group they
corresponded to the physiological norms [6].

After phytocomplex therapy, hypocalcemia
was observed in the young animals of the con-
trol group: calcium content decreased by 63.1%
(» < 0.001). The level of inorganic phosphorus
corresponded to the lower limit of the physio-

logical norm’, and the iron content in the control
had deviations from the lower limit of the norm
by 25%, which in the future may affect enzyme
production and lead to anemia [7—15].

In the calves of the experimental group,
the treatment effectiveness on the 3rd day was
90%, while in the control group on the 7th day
it was 80%. The complete blood count indica-
tors in the experimental group corresponded to
the norm on the 10th day. In the control group
during the same period, the levels of leukocytes
and hematocrit exceeded the reference values by
40.4% and 15.7%, respectively (p < 0,001). In
the biochemical status of the animals in the ex-
perimental group, a positive dynamic with a ten-
dency toward normalization of the values was
observed. In the control group, the indicators of
water-salt metabolism (Na, K) were below the
norm by 41.2% and 20.7%, respectively; the cal-
cium level was lower by 63.1% (p < 0.01); the
phosphorus and iron indicators corresponded to
the lower limit of the norm.

The cost of a course treatment with the ex-
perimental remedy was 123 rubles per calf, and
with the control — 260 rubles. The average dai-
ly weight gain in the calves of the experimental
group exceeded the control data by 69.5%.

Taba. 2. CpaBHUTENbHAS XapaKTePUCTHKA OCHOBHBIX TIOKa3arenel kposu (M + m, n = 20)

Table 2. Comparative characteristics of the main blood parameters (M + m, n = 20)

Indicator Norm Group
experimental control

Leukocytes (WBC), 10%/1 8-16 10,8 +0,71 18,3+1,3™
Erythrocytes (RBC), 10'%/1 6,0-7.,5 7,2+0,89 6,2 +0,64"
Hemoglobin (HGB), g/l 90-110 98,0 +2,42 81,0+2,51
Hematocrit (HCT), % 36-50 453 + 420 64,3 +5,62""
Sodium, mmol/l 135-148 141,6 6,11 95.6+421"
Potassium, mmol/I 3,545 4,0+0,14 2,9+0,22"
Calcium, mmol/I 2,5-3,3 3,1+£0,54 1,9+0,14"
Phosphorus, mmol/l 1,4-1,9 1,7+ 0,80 1,4+0,32
Iron, mmol/l 1,0-3.4 2,8+0,36 0,8+0,11"

*p<0,01.

p<0,001.

SMedvedeva M.A. Clinical Veterinary Laboratory Diagnostics: Reference for Veterinarians. Moscow, 2008, 416 p.
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CONCLUSION

The conducted study allowed us to expand
and deepen the previously obtained results.
Thus, for the first time, the most pronounced
therapeutic effect of the remedy we developed
(90%) was proven compared to gastric collec-
tion No. 1. The therapeutic effect amounted to
80%.

The cost of the course treatment in the expe-
rienced group turned out to be 137 rubles lower
than in the control group, while the average dai-
ly gain, on the contrary, was 160 g higher, which
is economically beneficial.

The total blood count indicators in the exper-
imental group of calves on the 10th day of ther-
apy were within the normal range. In the control
group, the levels of leukocytes and hematocrit
exceeded the reference values by 40.4% and
15.7%, respectively (p < 0,01).

In the biochemical status of the experimental
group of young animals, a more positive trend
toward normalization of the values was also ob-
served. In the control group, the content of Na
and K was below normal by 41.2% and 20.7%,
respectively, and Ca by 63.1% (p < 0,01).

Thus, in order to prevent economic damage
associated with the insufficient weight gain of
calves with digestive organ diseases accompa-
nied by diarrhea, we recommend using the de-
veloped phytobiotic complex at the first signs of
the disease as a safe astringent, anti-inflammato-
ry, and enveloping agent.
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HccnenoBano BIMsSHUE UCIIONB30BaHUS B KOPMax Mpo- U NPEeONOTUKOB Ha HEKOTOpbIE (hU3HOII0-
rudeckue (prI0OBOJHO-OMOIOTHYECKHE M TeMaToJIOrMYEeCKHe) MOoKa3aTesn JUINHOK T, O0b-
€KTOM WCCJICTIOBAHUS SBISTUCH THIHMHKH HUIBCKOW THsue (Oreochromis niloticus), iepemeame
Ha aKTHBHOE NHUTaHue. PpIOy paszaenuy Ha 4 TpyIIbL: KOHTPOJIbHAS — KOpM 0e3 100aBIeHus TPOOHO-
THUYECKOTO Mpernapara u 3 OnbITHBIC: -1 — KOpM ¢ J00aBiIeHHEM MPeOHOTHKA UHYIHHA; 2-1 — KOPM
¢ no0aBJIeHUEM TTPOOMOTHYIECKOTO TIpernapara + UHYIHH; 3-1 — KOPM C JTOOaBICHHEM MPOOHOTHYIEC-
CKOTO Ipernapara. DKCIEPUMEHT TPOBOIUIICS B JIAOOPATOPUH aKBAKYJIBTYPBI M BOIHBIX OHOpECypcoB
O>xHoro Hayuynoro uentpa Poccuiickoil akageMun HayK. DKCIIEpUMEHTAJIbHBIE MTAPTUH KOPMOB, B
TOM YHCJIE KOpMa ¢ TOOaBJIICHHEM MPOOHOTHYECKOTO Iperapara, COACPIKAIIEeTo MTaMMbBI OaKTepHi
Bacillus velezensis u obnanaromero ¢pepMEeHTaTHBHON aKTHBHOCTBIO, & TaKXkKe MPEOUOTHKA HHYINHA
ObUIM M3TOTOBJIEHB! B JIOHCKOM rOCyJapCTBEHHOM TEXHHYECKOM YHHMBEpcUTETe. B TeueHHne mepBbIX
6 HemeNb PKCIIEpUMEHTA TIPUPOCT MacChl OBLT BEIMIE B 3-if rpynme. Ha »ToM 3Tarme MoskHO TOBOPUTH O
paHHEM BO3/ICHCTBUU Ha MUKPOMIOPY JINUMHOK U O MEPCIEKTUBHOCTH TPUMEHEHUS TPOOHOTHYECKO-
o mpemnapara JUis NOBBIIICHNS BBDKMBAEMOCTH M TEMIIa POCTa Ha HAYaJIbHBIX JTanax BbIpalluBaHUs.
3areM IpUPOCT MACCHI B 3-i TpyIITie HE3HAYUTEILHO CHU3UIICS: 9TO MOXET CBUICTEILCTBOBATh O TOM,
YTO MPOOMOTUKU MOTYT MOAYJIHPOBATh MUKPO(IOPY KUILIEYHHKA U CO BpEMEHEM BbI3bIBATh HETaTHB-
HbIe 3()(HEKTHI, OJHAKO 3TU JJTaHHbIC HE OBbUIN MMOATBEPKIACHBI TEMaTOIOTNYECKUMH MOKa3aTeIs MU, KO-
TOpBIE BO BCEX IPyIIax ObUIH B Tipejienax pedepeHCHBIX 3HAYCHNH, XapaKTEePHBIX ISl TAHHOTO BUJIA.
JlocTaroyHo BBICOKHE YPOBHH reMOTIIOONHA, KOJTMYECTBA SPUTPOIIMTOB H TPOMOOIIMTOB, JIEHKOLIUTAp-
HBIA nHAEKC MHTOKcHKamu 1o B.K. OcTpoBckoMy cBHIETENBCTBOBAIH O TOJOKHUTEIBHOM BIHSIHUU
WHYJIMHA W MPOOMOTHUYECKOTO Tperapara Ha COCTOSHUE 3I0POBbS THWIIAMUK. TakuM 00pa3oM, mpu-
MEHEHHUE NMPeOUOTHKA MHYIWHA M MPOOHMOTHYECKOTO IMpernapara, CoAepsKallero mTaMMbl OaKTepHid
Bacillus velezensis, oxa3ajio NoJ0KUTEIbHBIN 3(PEKT Ha 300POBbE  UMMYHHUTET MOJIOAN THIISIIIHU.

KiroueBble c10Ba: mpoOHOTHYECKHIA Tpenapar, IpeONOTUK WHYIIUH, THYWHKH, THIISIITNS, PHIOOBO-
JTHO-OMooTnYeckne 1 (GU3noJ0OrHYecKre MoKazaTeu

The effect of using pro- and prebiotics in feed on the physiological
parameters of tilapia larvae

Ponomareva E.N.!, <) Shirina Yu.M.!, Grigoriev V.A.!, Sorokina M.N.!,
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Rostov-on-Don, Russia

2Astrakhan State Technical University

Astrakhan, Russia
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(<) e-mail: uliabakaneva@yandex.ru

The effect of the use of pro- and prebiotics in feed on some physiological (fish-biological and he-
matological) parameters of tilapia larvae has been studied. The object of the study was the larvae of
the Nile tilapia (Oreochromis niloticus), which switched to active nutrition. The fish were divided into
4 groups: control — feed without the addition of a probiotic drug; experiment 1 — feed with the addition
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The effect of using pro- and prebiotics in feed
on the physiological parameters of tilapia larvae

Ponomareva E.N., Shirina Yu.M., Grigoriev V.A., Sorokina M.N.,
Faizulina D.R., Kovaleva A.V., Mazanko M.S.

of the prebiotic inulin; experiment 2 — feed with the addition of a probiotic drug + inulin; experi-
ment 3 — feed with the addition of a probiotic drug. The experiment was conducted at the Laboratory
of Aquaculture and Aquatic Bioresources of the Southern Scientific Centre of the Russian Academy
of Sciences. Experimental batches of feed, including feed with the addition of a probiotic drug con-
taining strains of Bacillus velezensis bacteria and possessing enzymatic activity, as well as the inulin
prebiotic, were manufactured at the Don State Technical University. During the first 6 weeks of the
experiment, weight gain was higher in the experiment 3. At this stage, we can talk about early effects
on the microflora of larvae and the prospects of using a probiotic drug to increase survival and growth
rate at the initial stages of cultivation. Then the weight gain in the experiment 3 decreased slightly,
which may indicate that probiotics can modulate the intestinal microflora and cause negative effects
over time, but these data have not been confirmed by hematological parameters, which in all groups
were within the limits of the reference values typical for this species. Sufficiently high levels of hemo-
globin, the number of red blood cells and platelets, and the leukocyte intoxication index according to
V.K. Ostrovsky testified to the positive effect of inulin and a probiotic drug on tilapia's health. Thus,
the use of the prebiotic inulin and a probiotic drug containing bacterial strains of Bacillus velezensis
had a positive effect on the health and immunity of juvenile tilapia.

Keywords: probiotic preparation, prebiotic inulin, larvae, tilapia, fish farming biological and phys-
iological indicators
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INTRODUCTION by selectively stimulating the growth and/or ac-
tivity of beneficial bacteria and combating unde-
sirable bacteria in the gastrointestinal tract [3].
The use of pro- and prebiotics in tilapia farming
is considered a viable, safe, and environmentally
friendly alternative that increases growth rates,
improves feed utilization, strengthens immunity,

enhances disease resistance, and survival of fish

Over the past decades, aquaculture as an in-
dustry has begun to develop more rapidly, which
has led to a deterioration of the environment and
a decrease in the productivity of some species.
The need to increase disease resistance, growth
of aquatic organisms, and feeding efficiency has
led to the use of pro- and prebiotics in aquacul-

ture [1].

Probiotics are live microorganisms that,
when used correctly, have a positive effect on the
health of the body [2]. They increase the digest-
ibility of nutrients in farmed fish, which leads to
accelerated growth and improved feed conver-
sion. Prebiotics are indigestible food ingredients
that have a beneficial effect on the host's health

under conditions of pathogens and environmen-
tal stress [4].

Although probiotics represent a promising
alternative for the use of chemicals (for disin-
fection, feed additives, disease treatment in fish,
and water purification) and antibiotics in aqua-
culture and help protect against diseases, it is
necessary to consider the benefits that probiot-
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ics bring to the hosts when used in aquaculture.
Various factors, such as the source, dose, and
duration of administration of pro- and prebiot-
ics, can affect their immunomodulatory activity
[5]. Understanding the mechanisms of action, as
well as the appropriate methods of application,
may be the key to the use of pro- and prebiotics
in aquatic systems [6].

The purpose of the work is to assess the im-
pact of using pro- and prebiotics in feed on cer-
tain physiological indicators of tilapia larvae.

MATERIAL AND METHODS

The experiment was conducted in the labo-
ratory of aquaculture and aquatic biological re-
sources of the Southern Scientific Center of the
Russian Academy of Sciences. Experimental
batches of feed, including feed with the addition
of a probiotic preparation containing strains of
Bacillus velezensis bacteria, which have enzy-
matic activity, as well as the prebiotic inulin,
were produced at the Don State Technical Uni-
versity. The control and experimental batches of
feed included the following components: wheat,
chicken meat and bone meal, pork meat meal,
fish meal, blood meal, feed yeast, corn gluten,
flaxseed cake, dehulled soybean cake, premix,
rapeseed oil, fish oil, experimental probiotic
preparation, prebiotic inulin. The protein/fat ra-
tio in the feed was 45/12. The probiotic prepara-
tion and inulin were added to the feed mixture in
dry form at a rate of 50 g/kg of feed. The pellet
diameter depended on the larva's size (from fine
dust to 1-2 mm).

The object of the study was the larvae of Nile
tilapia (Oreochromis niloticus) that had switched
to active feeding. The transported larvae were
placed in laboratory conditions in aquariums
with a water temperature of 25 + 0.42 °C and
were not fed for 4 hours to allow them to adapt
to the change in the environment.

After adaptation, the larvae were random-
ly distributed into 4 aquariums with a volume
of 50 liters, 58 individuals in each. Fish of the
control group received feed without the addition
of a probiotic preparation; the 1st experimental
group — feed with the addition of the prebiotic
inulin; the 2nd experimental group — feed with
the addition of the probiotic preparation + inu-
lin; the 3rd experimental group — feed with the
addition of the probiotic preparation.

Fish feeding was carried out manually during
the daytime at intervals of every 2 hours until
visible satiety, at a rate of 12% of the total fish
biomass in each aquarium. The duration of the
experiment was 60 days. Lighting was main-
tained on a 12:12 h light/dark cycle under arti-
ficial illumination. KOHTPOJIbHBIC B3BEIIMBAHUS
MPOM3BOIUIIN C TIOMOILBIO JIEKTPOHHBIX BECOB
OHAUS PA-2102 (accuracy class according to
GOST OIML R 76-1-2011" — high), the linear
dimensions of the studied fish were determined
using a millimeter tape. Water quality was as-
sessed daily. Water temperature and dissolved
oxygen were measured using an OxyGuard
Handy Polaris oximeter (accuracy = 0.2 °C), pH
— using a portable Hanna pH meter. At the end
of the experiment, based on biometric measure-
ments, the main growth indicators were deter-
mined: absolute and average daily weight gain,
mass accumulation coefficient, average daily
and specific growth rate> 3. For hematological
analyses in juvenile tilapia, blood was collected
by cutting off the tail stem. In fresh blood sam-
ples, the amount of hemoglobin, erythrocytes,
and the calculated indicator of the mean hemo-
globin content in erythrocytes (MCH) were de-
termined. Prepared blood smears were air-dried
and stained with the eosin-methylene blue fixa-
tive dye according to May-Griinwald. Using an
Olympus BX53 microscope (Japan), the ratio
of erythroid series cells, the types and number

!GOST OIML R 76-1-2011. State system for ensuring the uniformity of measurements. Non-automatic weighing instruments.

Moscow: Standartinform, 2013, 132 p.

2Lugert V. A review on fish growth calculation: multiple functions in fish production and their specific application / Reviews in

Aquaculture, 2016, vol. 8, N 1, pp. 30-42.

3Castell J.D., Tiews K. Report of the EIFAC, IUNS and ICES Working Group on the standardization of the methodology in fish
nutrition research. Hamburg (Federal Republic of Germany, March 21-23, 1979). EIFAC tech. pap., 36, 1979, pp. 1-24.
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of pathomorphological changes in erythrocytes,
the number of platelets, and the leukocyte for-
mula were determined. Calculated indicators
(the coefficient of basophilic normoblasts/poly-
chromatic normoblasts (BN/PN), Krebs index,
Bredeck coefficient, leukocyte intoxication in-
dex (LII) according to V.K. Ostrovsky, leukocyte
abundance index) were determined according to
standard methods and formulas [7, 8].
Statistical data analysis was conducted using
the descriptive statistics method. Data are pre-
sented as mean + standard error (M + m). For
normally distributed data, differences were con-
sidered significant according to Student's para-
metric criterion (p < 0.05); for abnormally dis-
tributed data, differences between the samples
were assessed according to the non-parametric
Mann—Whitney criterion (p < 0,05).

RESULTS AND DISCUSSION

The water temperature during the experiment
in the aquariums was 25-27 °C, the dissolved
oxygen content in the water was 5.66—6.6 mg/l,
and the pH was 4.9-7.1. During the first 6 weeks
of the experiment, the weight gain was higher in

3.0

the 3rd experimental group, where the feed was
supplemented with a probiotic preparation (see
Table 1, Fig. 1). The absolute gain during this
period in the 3rd group was 1.5 g, which is high-
er compared to the control, 1st, and 2nd experi-
mental groups by 0.7, 0.4, and 0.6 g respectively
(see Fig. 1). The average daily gain indicators
did not differ and were 0.034, 0.039, 0.316, and
0.0322 g. At this stage, it is possible to speak
of early effects on the larvae's microflora and
the prospects of using a probiotic preparation to
increase survival and growth rate in the initial
stages of cultivation. Then the weight gain in
the 3rd experimental group decreased slightly:
this may indicate that probiotics can modulate
the gut microflora and over time cause negative
effects, however, these data were not confirmed
by hematological indicators.

At the end of the experiment, the best results
were observed in the first group, where the feed
was supplemented with the prebiotic inulin. The
absolute gain in this group was 2.3 g, which is
higher compared to the control and the second
and third experimental groups by 2.0, 0.5, and
0.4 g, respectively. As can be seen, the differenc-
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Fig. 1. Weight gain of tilapia larvae on control and experimental feeds
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Taoua. 1. PLI6OB0,Z[HO—6I/IOJ]OI‘I/I‘ICCKI/IC IIOKa3aTCjInu JUYWHOK THUJIAIINHA, BLIpaH.[CHHOﬁ Ha KOpMax

C BBCACHUCM IIpC- U HpO6I/IOTI/IKOB

Table 1. Fish farming and biological indicators of tilapia larvae grown on the feed with

the introduction of pre- and probiotics

Indicator Control | Ist Gmrp 2nd | 3rd
Initial mass, g 0,024 + 0,0088
Final mass, g 2086+022 | 237025 | 192022 | 1,96+024
Absolute initial length, mm 1,23 £0,023
Absolute final length, mm 497+0,16 499 +0,21 4,46+ 0,16 4,71 £0,22
Absolute gain, g 2,062 2,346 1,896 1,936
Daily average gain, g 0,034 0,039 0,0316 0,0322
Daily average growth rate, % 7,89 8,12 7,73 7,77
Specific growth rate, % 3,23 3,32 3,17 3,19
Mass accumulation coefficient, units 0,049 0,052 0,047 0,048
Survival rate, % 81 66 78 66
Duration of the experiment, days. 60

es in weight turned out to be insignificant and
cannot directly indicate insufficient effective-
ness of the probiotic preparation, which is fur-
ther confirmed by hematological indicators.

Hematological indicators of Nile tilapia ju-
veniles in control and experimental groups are
presented in Table 2. Significant differences be-
tween hematological indicators were found in
individuals of the 1st and 2nd groups. The he-
moglobin level differed between individuals of
different groups, although not significantly. The
highest indicator was characteristic of the 1st
group of fish, and the lowest — of the 2nd group,
although in all groups the values did not exceed
the reference range typical for tilapia juveniles
(65.8-159.8 g/1) [9].

The fish from the 1st and 3rd experimental
groups are closest to the optimal values [10].
The average number of red blood cells in the
blood of tilapia in all groups was within the ref-
erence range for this species — 0.7-2.8 million/
ul [9]. However, the highest level was recorded
in the fish from the 3rd group, and the lowest in
the control group. The average hemoglobin con-
tent in the erythrocytes of Nile tilapia was nor-
mal only in the fish that received experimental
feeds — 5.0-80.4 pg (according to A.S.H. Hamid

et al.*), while in the control group this indicator
was significantly higher than the reference lim-
its (see Table 2), which is apparently associated
with a compensatory reaction to a low level of
erythrocytes in the blood.

In microscopic examination of blood smears
from juvenile tilapia, basophilic, polychromato-
philic, and oxyphilic normoblasts were detected,
erythroblasts were not observed (see Fig. 2). The
highest erythropoiesis activity was observed in
Group 1: here, the proportion of young erythro-
cyte forms and the BN/PN coefficient were also
the highest (see Table 2). The lowest number of
abnormal erythrocytes was recorded in fish from
the 1st and 2nd experimental groups, the high-
est — in the control group, although, overall, it
was low in all fish. The following erythrocyte
abnormalities were identified: changes in shape
(mainly dacryocytes) and size, micronuclei in
erythrocytes, nuclear invagination, cytoplasmic
vacuolization, erythrocytes with scalloped edg-
es, hypochromia of erythrocytes, hemolyzed
cells and nuclear shadows, agglutination, amito-
sis (see Fig. 2).

As studies have shown, platelets are involved
in the process of hemostasis and play a protec-

‘Hamid A.S.H., Ahmed M.F.A., Mohammed A.M.1., Ali M.S.I. Physical and chemical caracteristics of blood of two fish species
(Oreochromis niloticus and Clarias lazera) // World's Veterinary Journal, 2013, vol. 3 (1), pp. 17-20.
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Taoa. 2. I'emaroiornyeckue mokKa3aTeim MOJIOAH THUIIAIINA

Table 2. Hematological parameters of juvenile tilapia

. Group

Indicator Control 1st 2nd 3rd
Hemoglobin, g/l 73,5+0,35 96,5+ 6,72 52,0+ 3,54 80,0 £ 1,41
Number of erythrocytes, mln/ul 1,06 +£ 0,62 1,53 +£0,34 1,58 £ 0,16 2,18+ 0,20
MCH, pg 165,54 £ 112,33 68,99 + 16,94 33,05+0,84 37,03 £2.23
Immature erythrocytes, % 5,60 £ 1,09 7,63 £ 0,332 5,80 + 0,242 6,05 £ 1,09
Adult erythrocytes, % 94,40 + 1,09 92,38 £ 0,332 94,20 £ 0,241 93,95 £ 1,09
BN/PN coefficient 2,80+0,75 2,86 +£0,43'2 2,35 +£0,30'2 2,40+0,10
Abnormal erythrocytes, % 8,45 +1,09 7,45+ 1,11 7,00 £ 1,26 8,28 £ 1,18
Platelets, pcs./1000 er. 59,00 £ 7,14 50,00 £ 19,58 28,25+2,10 40,00 + 7,07

Leucocytary formula
Myelo- and metamyelocytes, % 5,75 £ 1,31 6,00 £2,12 4,00+ 1,08 3,00 £0,58
Lymphocytes, % 89,00 £ 1,78 88,25 £ 3,61 88,75 +£2,93 93,50+ 1,44
Band eosinophils, % 0,75+ 0,25 0,25+ 0,25 1,50+ 1,19 0,00
Segmented eosinophils, % 0,75+ 0,25 0,25 +0,25 0,50 £ 0,29 0,00
Basophils, % 0,00 0,00 0,00 0,50 + 0,29
Band neutrophils, % 2,00£0,41 3,25+2,29 3,00+ 0,71 1,75+ 0,48
Segmented neutrophils, % 1,75 £ 0,48 2,00+ 1,08 2,254+0,25 1,25+0,25
Leukocyte indices

Krebs index, c. u. 0,04 £ 0,01 0,06 = 0,03 0,06 £ 0,01 0,03 0,01
Bredeck coefficient, c. u. 52,67 + 14,25 48,43 +£23,73 34,54 +7,13 66,96 £ 17,05
LIL c. u. 0,11 +0,02 0,13 +£0,05 0,10+ 0,02 0,06 £ 0,01
Leukocyte abundance index, un. /p.f. 2,23 +0,45 2,49 + 0,39 4,78 + 1,65 1,95 +0,21

Note. MCH —

mean corpuscular haemoglobin; BN/PN — basophilic normoblasts /
polychromatophilic normoblasts; LIl — leukocytal intoxication index; er. — erythrocytes; un. /p.f. — units per field.

* Statistically significant differences between fish groups (' — experiment 1, 2 — experiment 2) (p < 0,05).
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Fig. 2. Tilapia blood cells:

a —red blood cell (normoblast) with a micronucleus; 6 —

abnormal shape of a red blood cell; 6 — neutrophil;

— lymphocytes; 0 — nuclear shadow and lysis of a red blood cell; e — normoblasts; o« — invagination of the red
blood cell nucleus; 3 — hypochromasia of red blood cells; u — platelets; k — fringed edge of red blood cells
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tive role in the bodies of fish’>. Among the exper-
imental groups, the highest level was noted in
the fish from the 1st group, which contributed to
an increase in immunity due to an increase in the
absolute number of platelets.

Microscopic analysis of blood smears from
Nile tilapia juveniles revealed the presence of
lymphocytes (small and large), eosinophilic,
neutrophilic, and basophilic granulocytes, mono-
cytes were not detected (see Table 2, Fig. 2).

The ratio of leukocytes in all groups of fish
was characteristic of the juveniles of this spe-
cies [11]. In the fish of the 3rd group, an increase
in the number of lymphocytes and a decrease in
the relative content of neutrophils were observed
(see Table 2). This turned out to be very typical
for Nile tilapia when using probiotics in feed-
ing, which indicates the activation of the specific
branch of immune defense, primarily provided
by T- and B-lymphocytes.

A lower level of neutrophils and the absence
of eosinophils in the blood of tilapia receiving
only the probiotic, unlike the control and other
groups, indicates an enhancement of the non-
specific branch of cellular immunity, which does
not require its activation [12].

The Krebs index, which indirectly charac-
terizes the activity of phagocytic reactions and
specific immune factors, as well as their in-
volvement in maintaining the overall reactivity
of the organism, was highest in the 1st and 2nd
groups, indicating the activation of a protective
response. The Bredeck coefficient was highest
in fish of the 3rd group. Its increase indicates a
rise in the level of nonspecific resistance, while
a decrease is a sign of the opposite process. [13].
However, in the 3rd group, the lowest survival of
larvae was observed during the experimental pe-
riod, which probably did not depend on feeding
characteristics, and the activation of nonspecific
resistance and the formation of cellular immu-
nity are associated with the mobilization of the
body's defense forces. Meanwhile, the LII was
highest in the fish that were given the prebiotic
inulin in their feed. A decrease in this index may
indicate suppression of leukopoiesis centers, an

immunosuppressive condition. This can also be
evidenced by a reduction in the leukocyte abun-
dance index. It was almost the same in all fish,
except for the fish in the 2nd group, in which it
was higher.

CONCLUSION

The assessment of fish-farming biological
and physiological indicators of tilapia juveniles
fed diets supplemented with pro- and prebiot-
ics allows us to conclude about their favorable
condition. The growth of larvae in all groups
was uniform, differences between the groups in
weight were insignificant (data not significant),
and hematological parameters were within the
reference values characteristic of this species.
Relatively high levels of hemoglobin, red blood
cells, and platelets, as well as the LII, indicated
the positive effect of pro- and prebiotics on the
health status of tilapia. Thus, the use of a pro-
biotic preparation containing strains of Bacillus
velezensis bacteria, as well as the prebiotic inu-
lin, had a positive effect on the health and immu-
nity of tilapia juveniles.
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IHonBeka u3y4yeHus Maoaopoansi YepuosemoB Cudupu
(k 45-s1eTr10 cO AHSA 00pa30BaHMs J1A0OPATOPHUH ILJIOXOPOAUS MOUYB
CuoHUUA xopmo COHIIA PAH)

C<planuaoBa A.A., Tkauenko I'U., Koaoun C.A.

Cubupckuii ghedepanvhulil Hayunslil yenmp azpodouomexnonocuti Poccutickoil akademuu nayx
HoBocubupckas obnacts, p.ii. KpacnooOck, Poccust

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

[peacrasieH kpaTkuii 0030p pe3yabTaToOB UCCIeNoBaHUH Togopoaus nous Cubupu. [Ipoenen
KOJIMYECTBEHHBIN aHAIN3 MPOAYKIIMOHHOTO TPOIIECCca 3ePHOBBIX B TOBI C PA3ITNYHBIMHI TTOTOTHBIMA
YCIIOBUSIMH; SKCTIEPUMEHTAIILHO 00OCHOBAHO OTCYTCTBHE HEOOXOIUMOCTH B CIIEIIHAIEHOM PETYIUPO-
BaHUU COJICPIKAHUS I'yMyca B TO4BE. BCKphITa poib MOOWIBHOM (PpaKIMy OPraHUYECKOTO BEIIECTBA
MOYBBI B CTAOMJIM3AINH 3aIlacOB TyMyca. YCTaHOBIIEHA BO3MOXKHOCTh MHUTPAIIMU a30Ta 3a MPeIebl
KOPHEOOUTAaeMOTO CIIOS IIPH CPETHETOA0BOM OaaHce a30Ta, OMHM3KoM K Oe3nedumutHoMy. [Ipemmoxe-
Ha METOJIMKA pacueTa CPABHUTEIBHON 3(PHEKTUBHOCTH OHOJIOTMUECKOTO U TEXHUUYECKOTO a30Ta B KOH-
KPETHBIX arpOTEXHOJIOTHYECKUX yciaoBHsaX. O00CHOBaHA HEOOXOAMMOCTH pacdeTa 103 (PochOpPHBIX
yI0OpeHNUH 1MoJT 3ePHOBBIC HA OCHOBE BEJTMYNHBI OTYYKICHUS JIEMEHTa ¢ ypoxkaeM 3epHa. [lokazaHo,
41O Ui yciaoBuil Jiecoctenu [IpnoOns no3a Pyy ¢), pekoMenaoBanHast jyist mouB Poccutickont Dene-
parmu, SBIsSeTCS U30BITOYHON W HEe OKymaeTcs ypoxkaeM 3epHa. OTeHeH BKJIaJ KOMIUIEKCA CPECTB
XUMH3AIIH B TPUPOCTE YPOIXKAWHOCTH SPOBOM MIIIEHUIIBI: BKJIA]] TePOUIIUIOB cocTaBisieT okoio 10%,
¢yurununos — 20, MuHepanbHbIX ynoopenuit — 70% npu okynaemocta 1 kr a.8. 12,4 kr 3epHa. [Ipen-
JIOKeHA TUTU3AIUs JIeT 10 MOTOAHBIM YCIOBHSM /ISl pacdeTa SKOHOMHYECKOW IIeTIeCO00pa3HOCTH
MIPUMEHEHUs YIOOpEeHHid B pa3HbIe M0 YCIOBUSAM yBIaXHEHHUs ronel. Cosnana mporpamMma Agroten
JUTSI IPUHSATHUS PEIICHUH 10 TIPUMEHEHHIO CPEJICTB UHTCHCU(UKAIIUU B TEXHOJIOTHSIX BBIPALUBAHHS
KynbTyp. ChopMymrpoBaHbl MTOYBEHHO-MUKPOOHOIOTHIECKAE O0CHOBEI MUHUMHU3AIMH OCHOBHON 00-
pabotku nous B [IpnoOre. 3ammuiiens! nareHTamu Poccuiickoit denepariiyt HOBbIE CITOCOOBI OIICHKH
YCTOHYHMBOCTH MUKPOOHMOMA TIOYB K BO3JICHCTBUIO arpOTreHHBIX cTpecc-hakTopos. [Ipeiokena mika-
Ja JJ1s1 OI[EHKH BEPOSTHOCTH HAKOIUICHUS B TIOYBE OCTATOYHOTO KOJIMYECTBA TIECTUIIUIOB. DKCIIEPH-
MEHTAJIEHO 000CHOBAHO IOJIOKEHHE, YTO COJIOMA SIBIISIETCSI BO3OOHOBIISIEMBIM PECYPCOM arpoIieH03a,
00eCTeunBaIoIIM €ro SKOTOKCHKOJIOIHYECKOe OIarononyydne. 3aBeplicH MepBbIi dTarn MeTareHOM-
HOTO aHaJln3a MUKPOOMOMa YepHO3eMa BHITIEIOueHHOTO [Ipro0bs.

KaroueBbie c10Ba: yepHO3eM BHINIEIOUEHHBIN, TYMYC, a30T, Gocdop, y1oOpeHus, NeCTHIIHIBI,
MHUKPOOHOM TTOYBBI

Half a century of studying Siberian chernozem fertility
(on the 45th anniversary of the foundation of the Soil Fertility Laboratory
of the Siberian Research Institute of Fodder Crops SFSCA RAS)

(C<)Danilova A.A., Tkachenko G.I., Kolbin S.A.

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

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

A brief overview of the results of the studies of soil fertility in Siberia is presented. Quantitative
analysis of grain production processes in the years with varying weather conditions was conducted;
experimental evidence was provided to demonstrate the absence of the need for special regulation of
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INonBeka u3yuenus miogopoaus yepHozeMoB Cubupu
(x 45-netHio co JHsI 00pa3oBaHUs JaOOPATOPHH IIIOJOPOIHS TT0UB
Cu6bHUU xopmor COHIIA PAH)

Janwmnosa A.A., Tkauenko .11, Konbun C.A.

humus content in the soil; the role of the mobile fraction of soil organic matter in stabilizing humus
reserves was revealed. The possibility of nitrogen migration beyond the root zone was established with
an average annual nitrogen balance close to the deficit-free one. The method for calculating the com-
parative efficiency of biological and technical nitrogen under specific agro-technological conditions
was proposed. The necessity of calculating the doses of phosphorus fertilizers for grain crops based
on the amount of element alienation with the grain yield was substantiated. It was shown that for the
forest-steppe conditions of the Ob region, the dose of P, ¢, recommended for the soils of the Russian
Federation is excessive and does not pay off in terms of grain yield. The contribution of a complex of
chemicals to the increase in the yield of spring wheat was estimated: the contribution of herbicides is
about 10%, fungicides — 20%, mineral fertilizers — 70% with a payback of 1 kg of active ingredient of
12.4 kg of grain. Classification of the years based on the weather conditions was proposed for calcu-
lating the economic feasibility of using fertilizers in the years with different moisture conditions. The
Agroten program was created for decision-making on the use of intensification tools in crop cultivation
technologies. Soil microbiological principles for minimizing primary tillage in the Ob region were for-
mulated. New methods for assessing the resilience of soil microbiomes to agrogenic stress factors were
patented by the Russian Federation. A scale for assessing the probability of accumulation of pesticide
residues in soil was proposed. The idea that straw is a renewable resource for agrocenoses, ensuring
their ecotoxicological well-being, was experimentally substantiated. The first stage of a metagenomic
analysis of the microbiome of leached chernozem in the Ob region was completed.

Keywords: leached chernozem, humus, nitrogen, phosphorus, fertilizers, pesticides, soil microbiome
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The beginning of the study of pressing issues
of fertilizer application in Siberia was laid by
the head of the Siberian branch of VASKhNIL,
L.I. Sinyagin. The expansion and deepening of
soil-agrochemical research continued in 1980
with the arrival of V.I. Kiryushin as the head of
the Siberian Research Institute of Agriculture
and Chemization (SibNIIKhim) of the Siberian
Branch of VASKhNIL. Under his leadership, a
laboratory for the cycling of substances in agro-
cenoses was established as part of SibNIIKhim.
Since 2006, it has been called the Soil Fertility
Laboratory. In 2022, it was transferred to the Si-

berian Research Institute of Fodder Crops of the
SFSCA RAS. The heads of the laboratory were
Academician V.I. Kiryushin (1980-1987), Doc-
tor of Science in Biology I.N. Sharkov (1987—
2022), Doctor of Science in Biology A.A. Dani-
lova (since 2022 to the present).

Main results of the study of the fertility
of the chernozems of the Priobye
(the Ob River region)

The main task of the laboratory is to develop
the fundamental principles of intensifying the
cultivation of agricultural crops in Siberia. The
solution to the problem is based on a deep under-
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standing of the characteristics of the production
process in the agrocenosis.

For the first time in Siberia, a quantitative
analysis of the process was carried out in the
years with different weather conditions. As a re-
sult, it was established that:

— its dynamics is determined by the hydro-
thermal conditions of the season;

— mineral fertilizers increase the intensity of
the process, but practically do not affect its dy-
namics.;

— on average, the stocks and growth of all
fractions of the phytomass without fertilizers
are lower, and the amplitude of their interannu-
al fluctuations is wider than in the variants with
fertilizers;

— the primary production of biologically sim-
ilar grain agrocenoses in different regions of the
temperate zone has little if any differences;

— the human-controlled components of the
phytomass balance differ significantly — removal
with the harvest and input into the soil'.

The laboratory staff made a significant con-
tribution to solving the humus problem in the
country's agriculture. At the end of the 20th—21st
centuries, there was a discussion in domestic
agricultural science on the issues of regulating
humus content in the soil, which is of great im-
portance in determining priorities in soil fertili-
ty management. A program was adopted in the
country to increase the humus content in the soil
through the application of organic fertilizers, pri-
marily peat. The process of draining swamps for
raw material extraction began (as is known, later
they had to be re-flooded). Under these condi-
tions, extensive laboratory research was carried
out, based on the results of which the main pat-
terns of change in the relative loss of humus in a
geographical aspect in the chernozems of Trans-
Urals, Siberia, and Kazakhstan under long-term

agricultural use were established. The position
was substantiated that the reduction of humus
content during the plowing of virgin land and
the subsequent stabilization of the indicator is
an inevitable process associated with a decrease
in the input of plant residues?.

In the laboratory, it was experimentally es-
tablished that there is no need for special reg-
ulation of humus content in the soil, since the
equilibrium level of humus can be maintained
through the plant residues of cereal crops in crop
rotations. At the same time, it was found that
when cultivating wheat on old arable chernozem
using intensive technology, the amount of re-
sulting plant residues is sufficient to ensure high
yield and the effectiveness of nitrogen fertilizer
through an increase in grain. Increasing the in-
put of plant residues into the soil (through the
cultivation of cover crops or other crops in crop
rotations) should be justified from the standpoint
of economic feasibility, unless it is related to
preventing soil degradation as a result of wind or
water erosion. The role of the easily mineraliz-
able fraction of soil organic matter in stabilizing
humus reserves has been revealed. The extent of
organic matter mineralization in the main zonal
soils of Siberia has been determined. Methods
for obtaining totally C14-labeled plant residues
for studying soil organic matter transformation
processes have been developed?.

A special section of research is related to
the nitrogen regime of agricultural soils. As is
known, this element is the second factor, after
weather conditions, limiting crop yields. With
the participation of the institute's staff, the bal-
ance and transformation of nitrogen fertilizers in
the soils of southern Western Siberia were stud-
ied. The dynamics of the element in the fertiliz-
er—soil-plant system was studied using labeled
N15 fertilizers. The feasibility of the localized

IShatokhina N.G. Biological productivity and nutrient consumption in high-yielding agrocenoses of spring wheat // Siberian

Herald of Agricultural Science, 1989, N5, pp. 47-54.

2Kiryushin V.I., Ganzhara N.F., Kaurichev LS., Orlov A.A., Titlyanova A.A., Fokin A.D. The concept of optimizing the regime of
soil organic matter in agro-landscapes. Moscow: Publishing House of MSKhA, 1993, 93 p.

3Sharkov I.N., Danilova A.A., Prozorov A.S., Samokhvalova L.M., Bushmeleva TI., Shepelev A.G. Reproduction of humus as a
component of the soil fertility management system: methodological manual. Novosibirsk: RAS, 2010, 36 p. DOI: 10.31251/pos.

v5i2.175.
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method of fertilizer application and the use of
prolonged-release fertilizer forms was justified*.
The relevance of these conclusions is partly re-
lated to the environmental problems arising from
the use of nitrogen fertilizers, in particular with
the migration of nitrates beyond the root zone of
the soil.

Based on the results of route-expedition sur-
veys of soils from long-term stationary experi-
ments in the Krasnoyarsk Territory, Novosibirsk,
Omsk, Kemerovo, Kurgan, and Chelyabinsk re-
gions, it was established that with long-term use
of chernozems in crop rotations with fallow, ni-
trate migration occurs to a depth of 3—5 meters.
In non-fallow crop rotations, nitrate leaching be-
yond the root zone is noted only with long-term
application of high doses of nitrogen fertilizers.
Nitrogen losses due to downward migration in-
crease towards the south of the chernozem zone,
where an excess of mineral nitrogen for plants is
noted with lower crop yields®.

Later, during further research, the possibility
of nitrogen migration beyond the root-zone layer
was established under an annual average nitro-
gen balance close to non-deficit. Thus, over 12
years of experiments in the Priobye under spring
wheat with an annual Ng, application in the
0-200 cm layer, an additional =350 kg N-NO,/
ha accumulated — approximately one-third of
the total amount of nitrogen fertilizer applied to
the soil. At the same time, the majority of ni-
trate nitrogen (=270 kg N/ha) was located in the
soil layer 100-200 cm. It was concluded that the
pursuit of obtaining maximum crop yields on Si-
berian chernozems using intensive technologies
should be justified not only from the standpoint
of economic efficiency but also of environmen-
tal safety [1].

One of the ways to make agriculture more
environmentally friendly is to minimize primary

soil tillage, which significantly reduces nitrate
leaching beyond the root zone by limiting the
rate of mineralization processes®. At the same
time, there are concerns that this process may
lead to a worsening of nitrogen nutrition of cere-
als and, consequently, an increase in the need for
nitrogen fertilizer. We have shown that under the
conditions of the Priobye forest-steppe, when
using intensive technology on stubble fields, the
doses of nitrogen fertilizers that ensure the max-
imum possible wheat yield do not differ from the
plowing background [2].

In connection with the relevance of the prob-
lem of the biologization of agriculture, a com-
parative assessment was carried out of the eco-
nomic effect of using biological and chemical
nitrogen in the cultivation of spring wheat. The
nitrogen uptake coefficient of wheat from am-
monium nitrate averaged 80%, and from legume
biomass — 20%. The cost of biological nitrogen
is 2-5 times lower compared to chemical nitro-
gen. However, due to the low absorption coef-
ficient, in order to achieve the same increase in
wheat yield as from ammonium nitrate, the costs
of applying biological nitrogen were 1.1-1.6
times higher. A calculation method is proposed
for comparing the efficiency of nitrogen forms
under specific agro-technological conditions’.

Further yield increase at the present stage is
impossible without the combined use of nitro-
gen and phosphorus fertilizers. In this regard, the
relevance of rationalizing the use of phospho-
rus fertilizers has increased. The novelty of this
new stage of research lies in the comprehensive
evaluation of the phosphate reserves of leached
chernozem, in the comparative determination of
available phosphorus by four methods, and in
the assessment of the element's uptake by spring
wheat under different hydrothermal conditions
of the growing season.

‘Gamzikov G.P, Kostrik G.I., Emelyanova V.N. Balance and transformation of fertilizer nitrogen. Novosibirsk: Nauka, 1985,

161 p.

*Kiryushin V1., Tkachenko G.I. On the downward migration of nitrates in the chernozems of Siberia under agricultural use //

Eurasian Soil Science, 1986, N 2, pp. 34-44.

Titlyanova A.A., Kiryushin V.I., Okhinko I.P. Agrocenoses of the steppe zone. Novosibirsk: Nauka, 1984, 246 p.

"Bashchuk A.G. Economic assessment of the impact of biological and technical nitrogen on increasing the yield of spring wheat
on leached chernozem in the forest-steppe conditions of Priobye // Bulletin of KrasSAU, 2010, N 3 (42), pp. 57-63.
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For the first time in the Russian Federation,
the number of organic phosphorus compounds
available for enzymatic hydrolysis has been
determined, and the response of the soil bio-
ta to the application of phosphorus fertilizer
has been assessed [3]. On leached chernozems
of the Novosibirsk Priobye region, differing in
phosphate reserves, it was found that for period-
ic soil diagnostics of phosphorus nutrition, the
most sensitive method is the Nikolov method
(ammonium malate). It is advisable to assess the
annual phosphorus availability in soil using the
Karpinsky-Zamyatina method (0.3 N K,SO,).
The method recommended for chernozems by
Chirikov (0.5 N CH;COOH) does not allow an
adequate assessment of the soil's phosphorus
available to plants [4]. Currently, the study of
a biological method for diagnosing phosphorus
nutrition in cereal crops has begun.

The high cost of phosphorus fertilizers neces-
sitates the calculation of economically accept-
able doses for specific conditions. Based on the
analysis of long-term data, the need to calculate
phosphorus fertilizer doses for cereals based
on the amount of the element removed with
the grain yield has been justified. With this ap-
proach, for the conditions of Priobye, a dose of
P40—60, recommended for the soils of the Russian
Federation, is excessive and is not compensat-
ed by the yield [5]. It has been experimentally
substantiated that it is advisable to apply phos-
phorus fertilizers in fractions to each field in the
crop rotation compared to applying the entire
dose at once [6].

Long-term studies continue on the influence
of weather conditions on the productivity of the
grain agrocenosis. A classification of years ac-
cording to the weather conditions of Priobye has
been proposed. It has been shown that the hydro-
thermal conditions formed during the June—July
period have a primary influence on the forma-
tion of spring wheat yield, regardless of the lev-
el of nitrogen nutrition of the plants. The high-
est, and roughly equal, correlation coefficients
(0.7-0.8) of wheat yield were obtained with
the amount of precipitation in June—July, aver-
age daily air temperatures, and the Selyaninov

hydrothermal coefficient. Grain increases from
nitrogen fertilizer significantly increased with
the improvement of hydrothermal conditions
in June—July (increase in the Selyaninov HTC).
The highest average annual return of nitrogen
fertilizer by grain increase was obtained at N3,
(30 kg of nitrogen per 1 ha of crop rotation area)
and amounted to 17.3 kg/kg. At Ngq and Ny, the
indicator decreased significantly [7].

Research continues to assess the contribu-
tion of chemical treatment complexes to wheat
yield. On average, over the years of research, a
13% increase in yield was due to the use of her-
bicides, 18% to fungicides, and 69% to mineral
fertilizers, with a payback of 1 kg of active in-
gredient through 12.4 kg of grain. When calcu-
lated on an annual average, chemical treatments
provided an income even at a minimum grain
price of 10,000 rubles per ton. Income sharply
increased across the range of field experiment
options: herbicides — herbicides + fertilizers —
herbicides + fertilizers + fungicide. However,
when evaluating annual effects, income from
chemical treatment in this range was obtained
in only 42, 75, and 92% of the years, respec-
tively. The probability of losses significantly
decreased with an increase in grain prices. But
even at prices of 13,000 and 16,000 rubles/ton,
the use of the entire chemical treatment com-
plex was unprofitable in 8% of the years due to
severe drought during the growing season. At
current prices for fertilizers and pesticides, the
minimally sufficient grain price can be consid-
ered 13,000 rubles/ton [8].

The Agroten program has been created, de-
signed to assess the economic feasibility of us-
ing intensification means (primarily fertilizers
and pesticides) in crop cultivation technologies.
The reliability of the assessment is based on the
results of long-term field experiments conducted
in the Priobye. The program calculates the min-
imum price of agricultural products that cov-
ers the costs of using an intensification agent.
A farmer will decide to use this agent only if
the market price significantly exceeds this min-
imum price. The program can also be useful at
the industry level for adjusting the prices of ag-
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ricultural products and the intensification agents
purchased for this purpose®.

Systematic research is being conducted on the
testing of various types of fertilizers. At the end
of the 20th century, an assessment was carried
out of the effectiveness of using nitric acid, ob-
tained by the plasma-chemical method, as a fer-
tilizer®. In recent years, due to the expanded use
of liquid fertilizers, the specifics of using UAN
in production conditions have been clarified [9].

The task of the soil biology group is the mi-
crobiological support of comprehensive studies
of the laboratory on the matter cycle in agro-
cenoses. The soil-microbiological foundations
of minimizing primary soil cultivation have
been formulated. Soil properties have been stud-
ied with 24 years of the use of four conservation
tillage methods compared to plowing. The in-
crease in differentiation of the 0—40 cm soil lay-
er, the decrease in the amplitude of the temporal
dynamics of biological activity, and the shift of
its maximum by 30-40 days towards autumn
contributed to the formation of microbiological
prerequisites for the deterioration of nitrogen
nutrition in cereals. The accumulation of mort-
mass on stubble backgrounds combined with the
use of pesticides contributed to a decrease in the
sensitivity threshold of the soil microbial com-
munity to pesticide exposure and an increase in
the phytotoxicity of the microflora. The applica-
tion of fertilizers and clean fallow were effective
measures to overcome these negative processes
[10].

As is known, the main regulator of soil bio-
dynamics is soil organic matter. Research on the
problem in the Priobye conditions has begun

with long-term experiments modeling soil pro-
files with different humus content, where quanti-
tative parameters of the decrease in CFU as soil
humus content decreases have been determined.
It has been shown that against the background of
fertilizers, this process does not affect grain crop
yields'?. Subsequently, this line of research was
continued in long-term field experiments, and it
was shown that a decrease in soil organic mat-
ter content affects the stability of soil microbial
community functioning under conditions of an-
thropogenic stress, which in turn reflects on its
ability to detoxify pesticides.

New methods for assessing the stability of ag-
ricultural soils to the impact of stress factors!!-!3
have been developed and patented in the Russian
Federation. A scale for assessing the likelihood
of residual amounts of pesticides accumulating
in the soil has been proposed. It is justified that
straw is an inherent resource of the agrocenosis,
ensuring its ecotoxicological well-being [11].
At the same time, it is necessary to monitor the
pesticide content in the components of the agro-
Cenosis.

For the first time in Siberia, we have studied
the content of residual amounts of glyphosate in
grain and straw after crop desiccation. A signifi-
cantly higher content of glyphosate residues was
found in straw and weed biomass compared to
grain (up to 9 mg/kg versus 4.4), i.e., post-har-
vest residues can be a significant source of pesti-
cide contamination in the environment [12]. The
next section of the research is related to finding
approaches to assess the contribution of micro-
bial preparations in reducing the residual phyto-
toxicity of pesticides applied to cereal crops.

8Certificate of registration of a computer program RU 2019662573, 26.09.2019. Computer program Agroten for assessing the
feasibility of using intensification means in agrotechnologies / .N. Sharkov, O.D. Sorokin, S.A. Kolbin. Application No. 2019617265

dated 18.06.2019.

Kiryushin V.I., Samokhvalova L.M. The use of nitric acid as a fertilizer on leached chernozem // Methods of fertilizer application
in Siberia: collection of scientific works of the SB VASKhNIL, Novosibirsk, 1985, pp. 47-54.

WLebedeva I.N., Karvan G.V. The influence of humus content on the biogenicity of leached chernozem // Soil fertility manage-
ment in intensive agriculture: collection of scientific papers, SibNIIZKhim, Novosibirsk: EBCA SB VASKhNIL, 1988, pp. 121-131.

"Patent No. 2525677 C1 Russian Federation. The method for assessing the detoxification activity of chernozems in agrocenoses /
Danilova A.A.; filed 20.09.2013; published 20.08.2014; bulletin No. 23.

12Patent No. 2562855 C1 Russian Federation. The method for assessing the functional stability of a saprotrophic soil microbial
community / Danilova A.A., Savvinov G.N., Danilov P.P., Petrov A.A.; filed 22.05.2014; published 10.09.2015; bulletin No. 25.

3Patent for Invention RU 2678876 C2 Russian Federation. The method for assessing the stability of a saprotrophic soil microbial
community using a multisubstrate test / Danilova A.A., Legostaeva Y.B., Sivtseva N.E., Petrov A.A.; filed 03.07.2017; published

04.02.2019; bulletin No. 4.
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At present, a new stage of research is begin-
ning in the laboratory, related to the metagenom-
ic analysis of the microbiome of Siberian soils.
Based on metagenomic sequencing of total DNA
using the shotgun method in a series of options:
long-term continuous pair (20 years) — plowing
— surface treatment, functional genes involved
in metabolic pathways of carbon (accA, argG,
acsA, mphE, miaB), nitrogen (queC, amiF, pyrG,
guaA, guaB, napA) and phosphorus (phoB, ppa,
pstB, pnp, phnJ) have been identified. To account
for changes in the taxonomic structure of the
soil microbiome, both the full 16S rRNA gene
sequence (VI-V9) and its individual regions
(V4, V3—-V4) were studied in these same exper-
imental variants using platforms Pacific Biosci-
ence (PacBi0), Oxford Nanopore Technologies
(ONT) Illumina. Significant differences in the
functional potential and taxonomic composition
of the soil microbiome between land use types
are demonstrated, and approaches to interpreting
these results are being sought [13, 14].

The accumulated experimental material and
ongoing field observations in long-term field ex-
periments will allow transitioning to the assess-
ment of the contribution of agrotechnological
factors (crop rotation, fertilizers, plant protection
products) in ensuring the stability of the cereal
agrocenosis under changing hydrothermal con-
ditions of the growing season. A large amount
of work is ahead in bioinformatic processing of
the already available results of metagenomic soil
analysis in order to develop approaches for us-
ing these data for applied purposes, in particular,
for the search for metagenomic markers of agro-
chemical soil degradation. The difficulty of this
work lies in the fact that there is a shortage of
specialists capable of carrying out such analysis
from the perspective of agrosoil science prob-
lems in the Russian Federation.

CONCLUSION

The founder of the Soil Fertility Laboratory,
Academician V.I. Kiryushin, is an opponent of
ill-conceived short-sighted research and rec-
ommendations in agriculture based on it. This
position remains the foundation of the research

work of the Soil Fertility Laboratory team at the
Siberian Research Institute of Fodder Crops of
the SFSCA RAS. All the provisions formulat-
ed by the laboratory are always based on many
years of systematic, carefully thought-out ex-
periments. The scientists participated in solving
many controversial problems in agro-soil sci-
ence. Often, their conclusions did not coincide
with established views on a particular problem.
For example, this concerns the problem of hu-
mus in agriculture, when they had to defend
their position for many years.

The Soil Fertility Laboratory has always sup-
ported the differentiation of recommendations
depending on the region. According to our data,
the method for assessing plant-available phos-
phorus by Chirikov, which is mandatory for
use in the agrochemical service of the Russian
Federation, does not reflect the situation for the
soils of Western Siberia; the phosphorus fertiliz-
er dose recommended for Russian soils, P4y—,
proved excessive for the cereal agrocenoses of
the Priobye and does not pay off with the yield.

When developing the fundamental principles
of intensive crop cultivation technologies in Si-
beria, consideration of the economic efficiency
of the technologies is always accompanied by an
assessment of environmental risks. For the first
time in Siberia, scientists from the soil fertility
laboratory paid attention to the migration of ni-
trates beyond the root zone. It has been shown
that in the forest-steppe of the Priobye region,
this is possible even with a nitrogen balance
close to non-deficient, especially in dry years.
Priority studies have been conducted in the lab-
oratory to assess the impact of pesticides on the
state of the agrocenosis. An accessible method
for accounting for the dynamics of their decom-
position in the soil has been proposed, based on
which a renewable resource of the agrocenosis
has been established, the proper use of which
ensures the ecotoxicological well-being of the
agrocenosis.

Currently, the Soil Fertility Laboratory at the
Siberian Research Institute of Fodder Crops,
with the financial support of the leadership of
SFSCA RAS, is taking the first steps in a new
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direction of research — in refining and deepening
our knowledge based on metagenomic studies.
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Breeding, selection, genetics, and animal biotechnology
Technologies, machinery and equipment for the agro-industrial complex
Food systems

RECOMMENDATIONS TO THE AUTHOR BEFORE SUBMITTING AN ARTICLE

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

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

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

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

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

correctly.

CuOMpCKHT BECTHUK CETbCKOXO3SICTBEHHOI Hayku » 2025 ¢ 55+ 12 129



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.

130 Siberian Herald of Agricultural Science * 2025 « 55« 12



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. DOI:
10.26898/0370-8799-2018-4-4.

REFERENCES (in English):

References are compiled in the same order as the Russian version, according to the following rules:

Names and surnames of the authors are given in the established way of transliteration, English title of the article,
transliteration of the name of the Russian-language source (for example through the site: https://antropophob.ru/trans-
lit-bsi) = English title of the source. The order of presentation for a monograph is the following: city, English name of
the publisher, year, number of pages; for a journal: year, 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, w, etc.), Russian (A, a, B, b,
etc.) letters and numbers in straight font, Latin letters in italics (W, Z, m, n, etc.). Mathematical signs and symbols should
also be written in straight font. It is necessary to clearly indicate upper and lower superscript characters (W, 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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