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Комплексное применение органических удобрений и биопрепаратов  
в зернопаровом севообороте в условиях органического земледелия

Оленин О.А.1, Зудилин С.Н.1, Сафин Х.М.2

1Самарский государственный аграрный университет
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На современном этапе в Российской Федерации на законодательном уровне закреплен стра-
тегический курс развития АПК, ориентированный на активное применение системы органиче-
ского земледелия. В связи с этим целью исследования стала оценка влияния органических удо-
брений и биопрепаратов в органической системе земледелия на показатели фитосанитарного 
состояния и урожайность культур зернопарового севооборота в условиях лесостепи Заволжья в 
сравнении с минеральными удобрениями и пестицидами в традиционной системе земледелия. 
Исследованы различные способы внесения биопрепаратов, а также многокомпонентных орга-
нических удобрений на основе диатомита и цеолита при использовании органической системы 
земледелия. Изучено влияние органических удобрений и биопрепаратов на распространен-
ность поражения корневыми гнилями и бурой листовой ржавчиной и урожайность культур зер-
нопарового севооборота в сравнении с минеральными удобрениями и пестицидами. Получен-
ные результаты показали, что совместное применение дражирования семян и биопрепаратов по 
вегетации сокращает распространенность корневых гнилей в среднем на 44,6% по озимой ржи, 
49,4% по твердой яровой пшенице, 50,5% по ячменю по сравнению с контролем. Снижение 
распространенности бурой листовой ржавчины достигало 46,4% по озимой ржи и 57,8% по 
твердой яровой пшенице. Наибольшую прибавку урожайности обеспечили применение орга-
нического удобрения, состоящего из диатомита, древесной золы и органического калия, и про-
ведение предпосевного дражирования семян. В среднем по препаратам при двукратной обра-
ботке за вегетацию биопрепарат давал прибавку урожайности 8,2–54,4% по отношению к кон-
тролю и 2,5–24,7% по отношению к пестицидам. Среди сельхозкультур наиболее отзывчивыми 
на биопрепарат оказались твердая яровая пшеница и нут: превышение показателей контроля на 
54,4 и 47,6% (0,62 и 0,50 т/га), пестицидов – соответственно на 20,2 и 24,7% (0,23 и 0,26 т/га). 
Таким образом, комплексное применение в системе органического земледелия многокомпо-
нентных полифункциональных органических удобрений и биопрепаратов с функциями биоза-
щиты обеспечивает агрономический эффект, не уступающий по эффективности комплексному 
применению синтетических химических минеральных удобрений и пестицидов.

Ключевые слова: органическая система земледелия, органические удобрения и биопрепа-
раты, зернопаровой севооборот, корневые гнили, бурая листовая ржавчина, урожайность
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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
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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 
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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%, pHsalt = 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–
821 and GOST 12037–812). Methods of disper-
sion and correlation analysis were also used3.

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 m², 
second-order – 63 m² (4.5 × 14.0 m), the record 
area of the plots is 31.5 m². 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): А1 – control; А2 – 
100 kg/ ha of nitroammophoska (NPK 16:16:16); 
А3 – 150 kg/ha of organo-mineral fertilizer 'di-

1GOST 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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atomite + potassium humate + chicken manure 
extract + nitroammophoska'4; А4 – 200 kg/ha of 
organic fertilizer 'diatomite + wood ash + organ-
ic potassium'5; А5 – 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 coating6, 7; А6 – 200 kg/ha of 
organic fertilizer 'zeolite + effluent + potassium 
humate'8; А7 – 200 kg/ha of organic fertilizer 'ze-
olite + diatomite + chicken manure + wood ash'9.

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: В1 – control; В2 – pesti-
cides in the form of a fungicide and/or insecti-
cide, and/or herbicide; В3 – multicomponent 
biopreparation with functions of biofertilizer, 
biostimulator, antistress, and biofungicide/bio-
bactericide10.

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 l/ha with a working 
solution volume of 150 l/ha. 

Seeds were treated with a chemical seed 
treatment only in the variant with mineral fer-
tilizer nitroammophoska (A2) across all B back-
grounds; in variants with organo-mineral (A3) 
and organic fertilizers (A4–A7), biotreatment of 
seeds was carried out by coating the grain (A5) 
or by applying fertilizers together during sowing 
(A3, A4, A6, A7).

Soil treatment: green manure incorporation – 
double disking to 6–8 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%11 [3, 4]. 

4Patent (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. 

5Patent (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. 

6Patent (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. 

7Patent (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. 

9Patent (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. 

10Patent (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. 

11Zudilin S., Olenin O., Vasilisko A., Zudilin A. Аpplication 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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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 (В3) and organ-
ic fertilizers with a biofungicide function (А4 and 
А5). Accordingly, the most significant decrease 
was noted in the variant 'seed coating + bioprepa-
ration' (A5B3): 44.6% higher compared to the 
control (A1B1) and 50.6% higher compared to the 
variant 'nitroammophoska + pesticides' (A2B2). 

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 
A5B3: 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 (А5В3) – 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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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-

Табл.  1 .  Распространенность поражения корневыми гнилями и бурой листовой ржавчиной  
растений культур зернопарового севооборота (2017–2022 гг.), %
Table 1.  The prevalence of root rot and brown leaf rust in crops of grain-fallow crop rotation  
(2017–2022), %

Fertilizer system (A)

Root rots Brown leaf rust

Winter rye Barley Hard spring 
wheat Winter rye Hard spring 

wheat

average
% to 
the 

control
average

% to 
the 

control
average

% to 
the 

control
average

% to 
the 

control
average

% to 
the 

control
Protection system (В)

Control (В1)
Control (А1) 26,9 100,0 28,3 100,0 24,3 100,0 20,7 100,0 18,7 100,0
NAPK (А2) 28,1 104,5 28,8 101,8 26,1 107,4 21,0 101,5 19,3 103,2
D + PH + CME + NAPK (А3) 25,2 93,7 26,0 91,9 22,8 93,8 17,5 84,5 18,3 97,9
D + WA + OP (А4) 24,1 85,6 26,3 92,9 22,8 93,8 17,7 85,5 18,0 96,3
Seed coating (А5) 18,2 67,6 17,9 63,3 18,4 75,7 16,0 77,3 15,1 80,7
Z + E + PH (А6) 27,8 103,3 28,2 99,7 25,3 104,1 17,8 86,0 19,1 102,1
Z + D + КП + WA (А7) 24,1 89,6 26,3 92,9 22,6 93,0 17,3 83,6 17,8 95,2
Average 24,9 92,6 26,0 91,9 23,2 95,5 18,3 88,4 18,0 96,3

Pesticides (В2)

Control (А1) 28,5 106,0 28,3 100,4 25,6 105,3 22,2 107,2 16,6 88,8
NAPK (А2) 28,5 106,0 28,8 101,8 26,2 107,8 22,9 110,6 15,9 85,0
D + PH + CME + NAPK (А3) 24,9 92,6 26,0 92,2 22,8 93,8 19,4 93,7 14,3 76,5
D + WA + OP (А4) 24,3 90,3 26,3 88,0 22,2 91,4 20,3 98,1 15,2 81,3
Seed coating (А5) 18,3 68,0 17,9 62,2 17,5 72,0 13,5 65,2 10,3 55,1
Z + E + PH (А6) 28,6 106,3 28,2 98,6 24,4 100,4 18,4 88,9 13,0 69,5
Z + D + CM + WA (А7) 26,7 99,3 26,3 88,7 22,2 91,4 17,0 82,1 13,4 71,7
Average 25,7 95,5 26,0 90,1 23,0 94,7 19,1 92,3 14,1 75,4

Biopreparation (В3)

Control (А1) 26,0 96,7 24,7 87,3 21,5 88,5 16,1 77,8 11,9 63,6
NAPK (А2) 25,2 93,7 25,8 91,2 22,5 92,6 17,1 82,6 11,7 62,6
D + PH + CME + NAPK (А3) 22,8 84,8 23,3 82,3 19,6 80,7 16,0 77,3 9,7 51,9
D + WA + OP (А4) 22,4 83,3 22,5 79,5 18,3 75,3 15,7 75,9 10,3 55,1
Seed coating (А5) 14,9 55,4 14,0 49,5 12,3 50,6 11,1 53,6 7,9 42,2
Z + E + PH (А6) 23,0 85,5 21,3 75,3 17,0 70,0 16,4 79,2 11,6 62,0
Z + D + CM + WA (А7) 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 + CME + NAPK – diatomite + potassium humate + chicken manure 
extract + nitroammophoska; D + WA + OP – diatomite + wood ash + organic potassium; Z + E + ГК – zeolite + Effluent + potassi-
um humate; Z + D + CM + WA – zeolite + diatomite + chicken manure + wood ash.
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Табл.  2 .  Урожайность культур зернопарового севооборота (2017–2022 гг.), т/га
Table 2.  Crop yields of the grain-fallow crop rotation (2017–2022), t/ha

Fertilizer system (A)

Barley Winter rye Safflower Chickpea Hard spring 
wheat Hulless oats

aver-
age

% to 
the 

con-
trol

aver-
age

% to 
the 

con-
trol

aver-
age

% to 
the 

con-
trol

aver-
age

% to 
the 

con-
trol

aver-
age

% to 
the 

con-
trol

aver-
age

% to 
the 

con-
trol

Protection system (В)
Control (В1)

Control (А1) 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 (А2) 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 (А3) 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 (А4) 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 (А5) 1,49 118,3 3,54 107,0 1,15 112,8 – – 1,44 126,3 2,25 110,3
Z + E + PH (А6) 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 (А7) 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 (В2)
Control (А1) 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 (А2) 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 (А3) 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 (А4) 1,48 117,5 3,51 106,0 1,12 109,8 1,33 126,7 1,61 141,2 2,29 112,3
Seed coating (А5) 1,56 123,8 3,60 108,8 1,20 117,7 – – 1,65 144,7 2,31 113,2
Z + E + PH (А6) 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 (А7) 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 (В3)
Control (А1) 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 (А2) 1,61 127,8 3,60 108,8 1,15 112,8 1,51 143,8 1,77 155,3 2,29 112,3
D + PH + CME + NAPK (А3) 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 (А4) 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 (А5) 1,72 136,5 3,73 112,7 1,28 125,5 – – 1,88 164,9 2,41 118,1
Z + E + PH (А6) 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 (А7) 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

LSD05total
(by years), t/ha

2017 – 0,07 
2018 – 0,08
2019 – 0,11
2020 – 0,10
2021 – 0,06
2022 – 0,10

2017 – 0,21 
2018 – 0,20
2019 – 0,15
2020 – 0,19
2021 – 0,18
2022 – 0,24

2017 – 0,05 
2018 – 0,06
2019 – 0,10
2020 – 0,12
2021 – 0,05
2022 – 0,08

2017 – 0,12 
2018 – 0,09
2019 – 0,14
2020 – 0,18
2021 – 0,10
2022– 0,15

2017 – 0,15 
2018 – 0,12
2019 – 0,21
2020 – 0,16
2021 – 0,11
2022 – 0,20

2017 – 0,08
2018 – 0,12
2019 – 0,14
2020 – 0,09
2021 – 0,16
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' 
(A5B3) – an increase of 12.7% compared to the 
control and 4.3% relative to the variant 'nitroam-
mophoska + pesticides' (А2В2). 

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 B3 background, coating increased the 
yield by 8.7% (0.11 t/ha) compared to nitroam-
mophoska. Relative to the control (A1B1; 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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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" (A5B3) – 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 B3 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 A7B3 – 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 B3 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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Комплексное применение органических удобрений и биопрепаратов 
в зернопаровом севообороте в условиях органического земледелия

Оленин О.А., Зудилин С.Н., Сафин Х.М. 

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.

СПИСОК ЛИТЕРАТУРЫ 
1. 	 Кундиус В.А. Эффективность органического 

сельского хозяйства в условиях научно-тех-
нологического суверенитета // Russian Journal 
of Management. 2023. Vol. 11. N 4. Р. 125–138. 
DOI: 10.29039/2409-6024-2023-11-4-125-138.

2. 	 Мерзлая Г.Е. Оценка продуктивности агроце-
нозов в органическом и традиционном земле-
делии // Плодородие. 2020. № 6. С. 44–46.

3. 	 Жуковский А.Г., Крупенько Н.А., Буга  С.Ф., 
Поплавская  Н.Г., Жуковская  А.А., Ради-
вон В.А., Халаев А.Н., Жук Е.И., Радына А.А., 
Лешкевич  В.Г., Бурнос  Н.А., Крыжанов-
ская  И.Н. Корневая гниль зерновых культур 
и роль инфицированности семян в ее разви-
тии // Защита растений. 2018. № 42. С. 84–95.

4. 	 Корчагина И.А., Юшкевич Л.В. Особенности 
развития корневой гнили в агрофитоценозе 
пшеницы яровой при различных агротехно-
логиях в лесостепи Западной Сибири // Зер-
новое хозяйство России. 2022. Т.  14. №  6. 
С.  90–96. DOI: 10.31367/2079-8725-2022-83-
6-90-96.

5. 	 Mudarisov S.G., Safin H.M., Farkhutdinov I.M., 
Aminov  R.I. Agrotechnical and energy assess-
ment of strip tillage machine in field condi-
tions // BIO Web of Conferences. 2020. Vol. 17. 
P. 00248. DOI: 10.1051/bioconf/20201700248.

6. 	 Мистратова Н.А., Ступницкий Д.Н., 
Яшин  С.Е. Органическое земледелие в Рос-
сии (обзорная статья)  // Вестник Краснояр-
ского государственного аграрного универси-
тета. 2021. № 11. С. 100–107.

7. 	 Мазалов В.И., Кузнецов М.Н., Жук  Г.П. Ис-
пользование агробиотехнологических при-
емов в органическом земледелии Орлов-
ской области  // Зернобобовые и крупяные 
культуры. 2024. №  3  (51). С.  106–113. DOI: 
10.24412/2309-348X-2024-3-106-113.

8. 	 Савенкова Е.В., Мистратова Н.А., Ступниц-
кий  Д.Н. Фитосанитарный анализ севообо-
рота с использованием принципов органиче-
ского земледелия в условиях Красноярского 
края // Вестник Красноярского государствен-
ного аграрного университета. 2024. №  10. 
С.  68–73. DOI: 10.36718/1819-4036-2024-10-
68-73.

9. 	 Гультяева Е.И., Шайдаюк Е.Л. Идентифика-
ция генов устойчивости к бурой ржавчине у 
новых российских сортов мягкой пшеницы // 
Биотехнология и селекция растений. 2021. 
№ 4 (2). С. 15–27. DOI: 10.30901/2658-6266-
2021-2-02.

10. 	Пономарева М.Л., Пономарев С.Н., Манна-
пова  Г.С., Гильмуллина  Л.Ф., Фомин  С.И., 
Илалова  Л.В. Бурая ржавчина ржи: анализ 
многолетней динамики и источники устой-
чивости // Вестник Казанского государствен-
ного аграрного университета. 2019. №  3. 
С.  53–57. DOI: 10.12737/article_5db94fa6d58
9c6.74857948.

11. 	Козлов А.В., Куликова А.Х., Селицкая  О.В., 
Уромова  И.П. Устойчивость микробиоло-
гической активности дерново-подзолистой 
почвы в условиях применения диатомита и 
цеолита  // Вестник Томского государствен-
ного университета. Биология. 2019. №  46. 
С. 26–47.

12. 	Семинченко Е.В. Урожайность севооборотов 
в зависимости от приемов биологизации  // 
Аграрная наука. 2021. № 1. С. 121–124.

13. 	Лукьянов В.А., Нитченко Л.Б. Влияние сево-
оборотов и минеральных удобрений на пока-
затели экономико-энергетической эффектив-
ности при возделывании озимой пшеницы в 
ЦЧР // Зерновое хозяйство России. 2023. № 6. 
С.  90–98. DOI: 10.31367/2079-8725-2023-89-
6-90-98.

14. 	Мерзлая Г.Е., Афанасьев Р.А. Эффективность 
органического земледелия  // Плодородие. 
2020. № 5. С. 56–60.

REFERENCES

1. 	 Kundius V.A. Efficiency of organic agriculture 
in the conditions of scientific and technolo- 
gical sovereignty. Russian journal of manage-
ment = Russian Journal of Management, 2023, 
vol. 11, no. 4, pp. 125–138. (In Russian). DOI: 
10.29039/2409-6024-2023-11-4-125-138.

2. 	 Merzlaya G.E. Productivity evaluation of agro-
cenoses based on the application of organic and 
mineral fertilizers. Plodorodie  = Plodorodie, 
2020, no. 6, pp. 44–46. (In Russian).

3. 	 Zhukovsky A.G., Krupenko N.A., Buga  S.F., 
Poplavskaya  N.G., Zhukovskaya  A.A., Radi- 
von V.A., Khalaev A.N., Zhuk E.I., Radyna A.A., 
Leshkevich V.G., Burnos  N.A., Kryzhanovska-
ya I.N. Root rot of grain crops and seed affection 
role in its severity. Zashchita rasteniy  = Plant 
Protection, 2018, no. 42, pp. 84–95. (In Russian).



14 Siberian Herald of Agricultural Science • 2025 • 55 • 12 Agriculture and chemicalization

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. 

4. 	 Korchagina I.A., Yushkevich L.V. Features of 
root rot development in the spring wheat agro-
phytocenosis under various agricultural tech-
nologies in the forest-steppe of Western Siberia. 
Zernovoe khozyaistvo Rossii = Grain Economy 
of Russia, 2022, vol.  14, no.  6, pp.  90–96. (In 
Russian). DOI: 10.31367/2079-8725-2022-83-6-
90-96.

5. 	 Mudarisov S.G., Safin H.M., Farkhutdinov I.M., 
Aminov  R.I. Agrotechnical and energy assess-
ment of strip tillage machine in field conditions. 
BIO Web of Conference, 2020, vol. 17, p. 00248. 
DOI: 10.1051/bioconf/20201700248.

6. 	 Mistratova N.A., Stupnitskiy D.N., Yashin S.E. 
Organic farming in Russia (review article). Vest-
nik KrasGAU  = Bulletin of KrasSAU, 2021, 
no. 11, pp. 100–107. (In Russian).

7. 	 Mazalov V.I., Kuznetsov M.N., Zhuk  G.P. The 
use of agrobiotechnological techniques in orga- 
nic farming in the Orel region. Zernobobovye i 
krupyanye kul’tury = Legumes and Groat Crops, 
2024, no. 3 (51), pp. 106–113. (In Russian). DOI: 
10.24412/2309-348X-2024-3-106-113.

8. 	 Savenkova E.V., Mistratova N.A., Stupnits-
kiy  D.N. Crop rotation phytosanitary analysis 
using the organic farming principles in the Kras-
noyarsk region conditions. Vestnik KrasGAU = 
Bulletin of KrasSAU, 2024, no.  10, pp.  68–73. 
(In Russian). DOI: 10.36718/1819-4036-2024-
10-68-73.

9. 	 Gultyaeva E.I., Shaidayuk E.L. Identification 
of leaf rust resistance genes in the new Russian 
varieties of common wheat. Biotekhnologiya i 
selektsiya rasteniy  = Plant Biotechnology and 

Breeding. 2021, no.  4  (2), pp.  15–27. (In Rus-
sian). DOI: 10.30901/2658-6266-2021-2-02.

10. 	Ponomareva M.L., Ponomarev S.N., Mannapo-
va G.S., Gilmullina L.F., Fomin S.I., Ilalova L.V. 
Brown rust of rye: analysis of long-term dyna- 
mics and sustainability sources. Vestnik Ka-
zanskogo gosudarstvennogo agrarnogo univer-
siteta = Vestnik of Kazan State Agrarian Univer-
sity, 2019, no. 3, pp. 53–57. (In Russian). DOI: 
10.12737/article_5db94fa6d589c6.74857948.

11. 	Kozlov A.V., Kulikova A.Kh., Selitskaya  O.V., 
Uromova I.P. Stability of microbiological activity 
of the sod-podzolic soil when applying diatomite 
and zeolite. Vestnik Tomskogo gosudarstvennogo 
universiteta. Biologiya = Tomsk State University 
Journal of Biology, 2019, no. 46, pp. 26–47. (In 
Russian).

12. 	Seminchenko E.V. Crop rotation yield depending 
on from the receptions of biologization. Agrar-
naya nauka  = Agrarian Science, 2021, no.  1, 
pp. 121–124. (In Russian).

13. 	Lukyanov V.A., Nitchenko L.B. The effect of 
crop rotations and mineral fertilizers on econo-
mic and energy efficiency indicators when cul-
tivating winter wheat in the Central Blackearth 
region. Zernovoe khozyaistvo Rossii  = Grain 
Economy of Russia, 2023, no. 6, pp. 90–98. (In 
Russian). DOI: 10.31367/2079-8725-2023-89-6-
90-98.

14. 	Merzlaya G.E., Afanasyev  R.A. Efficiency of 
crop production system based on the application 
of organic fertilizers. Plodorodie = Plodorodie, 
2020, no. 5, pp. 56–60. (In Russian).

ИНФОРМАЦИЯ ОБ АВТОРАХ

Оленин Олег Анатольевич, научный со-
трудник, кандидат сельскохозяйственных наук, 
научный сотрудник; ORCID 0000-0002-8253-
1571; адрес для переписки: Россия, 446442, 
Самарская область, п.г.т.  Усть-Кинельский, 
ул. Учебная, 2; e-mail: agrotonik63@mail.ru

Зудилин Сергей Николаевич, преподава-
тель, доктор сельскохозяйственных наук, профес-
сор; ORCID 0000-0002-6113-5043

Сафин Халил Масгутович, академик-секре-
тарь, доктор сельскохозяйственных наук, профес-
сор; ORCID 0000-0001-8337-4371

AUTHOR INFORMATION

Oleg A. Olenin, Researcher, Candidate of 
Science in Agriculture; ORCID 0000-0002-8253-
1571; address: 2, Uchebnaya St., Ust-Kinelsky, Sa-
mara Region, 446442, Russia; e-mail: agrotonik63@
mail.ru

Sergey N. Zudilin, Lecturer, Doctor of Science in 
Agriculture, Professor; ORCID 0000-0002-6113-5043

Khalil M. Safin, Academic Secretary, Doctor 
of Science in Agriculture, Professor; ORCID 0000-
0001-8337-4371

Дата поступления статьи / Received by the editors 07.08.2025 
Дата принятия к публикации / Accepted for publication 30.10.2025 

Дата публикации / Published 19.12.2025



15Сибирский вестник сельскохозяйственной наyки • 2025 • 55 • 12Земледелие и химизация

Геоинформационное моделирование весеннеталой эрозии почв  
в подтаежной зоне Западной Сибири на основе USLE
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Представлены исследования по созданию геоинформационной модели весеннеталой эрозии 

почв пашни на основе универсального уравнения потерь почвы Уишмейера и Смита (USLE) 
и проверки ее качества и точности в условиях подтаежной зоны Западной Сибири. Фактор 
эродирующей способности осадков R рассчитан на основе геоинформационной модели снеж-
ного покрова, включающей сведения о запасах воды в снеге, особенностях залегания снега 
на склонах разной экспозиции, характеристиках периода снеготаяния. Учтено также количе-
ство выпавших за период снеготаяния жидких осадков. Моделирование выполняли в програм-
мах QGIS, GRASS, SAGA. Качество модели оценивали с помощью общепринятых показате-
лей – коэффициента корреляции Спирмена r, коэффициента детерминации R2, средней отно-
сительной ошибки (Mean Relative Error – MRE), средней абсолютной ошибки (Mean Absolute 
Error – МАЕ), среднеквадратичной ошибки (Mean Squared Error – MSE). Сходимость модели 
с фактом оценивали с помощью статистики линейно-взвешенной каппы (k) в классах объема 
смыва, рассчитанных по методу натуральных интервалов Дженкса. Фактический смыв опре-
деляли методом учета струйчатых размывов в 2014–2023 гг. Точность модели USLE в целевых 
условиях не ниже, чем это описано в мировой литературе. Ошибка модели составляет в сред-
нем 44% за 10 лет. Лучшие характеристики качества модели достигались на южных склонах 
при минимальном наличии промоин и минимальном увлажнении. Средние за 10 лет показате-
ли качества модели: для южных склонов – r = 0,76…0,92, R2 = 0,29…0,81, MRE = 0,39…0,64, 
MAE = 0,16…0,93, MSE = 0,07…2,66, k = 0,66…0,91; для северных склонов – r = 0,57…0,79, 
R2 = 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 
может быть использована в качестве инструмента первичной оценки потенциала смыва почв 
пашни при весеннем снеготаянии в условиях подтайги Западной Сибири при использовании в 
расчетах R-фактора характеристик снежного покрова и условий снеготаяния.

Ключевые слова: весеннеталая эрозия, геоинформационная модель, USLE, качество моде-
ли, Западная Сибирь
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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  
in the subtaiga zone of Western Siberia based on USLE

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

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 r, 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 – r = 0,76…0,92, R2 = 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, R2  =  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

Для цитирования: Савельева Д.А., Каличкин В.К., Сайнакова А.Б. Геоинформационное моделирование весеннеталой 
эрозии почв в подтаежной зоне Западной Сибири на основе USLE // Сибирский вестник сельскохозяйственной науки. 2025. 
Т. 55. № 12. С. 15–27. https://doi.org/10.26898/0370-8799-2025-12-2

For citation: Savel’eva D.A., Kalichkin V.K., Saynakova A.B. Geoinformation modeling of spring-thaw soil erosion in the 
subtaiga zone of Western Siberia based on USLE. Sibirskii vestnik sel'skokhozyaistvennoi nauki = Siberian Herald of Agricultural 
Science, 2025, vol. 55, no. 12, pp. 15–27. https://doi.org/10.26898/0370-8799-2025-12-2

Конфликт интересов
Авторы заявляют об отсутствии конфликта интересов.
Conflict of interest
The authors declare no conflict of interest.

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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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 purposes1 [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)2. 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 agreement3, 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 cover5 [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. 

1Fetyukhin I.V., 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. 

2Wischmeier 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 I.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.

5Gerasimenko 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.
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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 А – 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 approach6 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 

6Jasiewicz 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 β-spline method7 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 R2, 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 – m³/0.1 ha (the size of one plot of 
record), created using the Jenks Natural Breaks 
method. The level of convergence (m³/ha) was 
also determined.

RESULTS AND DISCUSSION 

As a result 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 m³ for the model and from 0 to 7.22 m³ 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 m³. 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. 

7Lee 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.

Табл.  1 .  Показатели смыва и отклонений данных модели от факта (среднее за 2014–2023 гг.)
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

Washout from one plot, m³
A 0,28–0,82 / 0,27–0,92* 0,22–0,80 / 0,24–0,84

B 0,35–1,79 / 0,29–0,50 0,45–1,81 / 0,32–0,56

Soil erosion, m³/ha
A 2,8–8,2 / 2,7–9,0 2,2–7,9 / 2,3–7,4

B 3,6–17,9 / 2,8–4,8 3,4–15,0 / 3,0–5,2

Deviation of the model from the 
fact, %

All lands –19,9 ± 3,65 –20,8 ± 3,65

A
From –8,1 ± 3,84 

To +9,1 ± 2,16
From –10,5 ± 2,90 

To +11,1 ± 4,41

B –67,3 ± 7,73 –45,5 ± 5,79
*Fact / model.
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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 m³ along the entire slope, or 
2.7–9.2 m³/ha. The actual washout here ranged 
from 10.4–66.3 m³, recalculated per 1 ha – 2.8–
17.9 m³/ha. On the northern slopes, the model 
showed an average washout of 10.6–38.5 m³ 
along the entire slope, or 2.4–8.4 m³/ha. The 
actual gross washout from plots on the northern 
slopes was 10.0–83.3 m³, which corresponds to 
2.2–18.1 m³/ha. 

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

The absolute values of deviations of the mod-
el values from the actual values range from –1.2 
to 11.8 m³ per one record plot, or from –4.9 to 
48.9 m³/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 m³ per one account-
ing plot, or from –3.7 to +9.4 and from –4.9 to 
+11.1 m³/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 R2 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 R2 
values. A decrease in the R-factor values deter-
mined an increase in the R2 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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(статистически значимо с p < 0,001) выше на южных склонах, чем на 

северных. 

Представленные диаграммы иллюстрируют изменение фактических и 

предсказанных значений смыва при движении вниз по склону (см. рис. 1). На 

графиках отражено влияние наиболее и наименее благоприятных условий 

для развития эрозии на склоне на величину смыва с одной учетной делянки. 

Это сочетание условий (величина R-фактора, выраженность временных 

водотоков на пашне и их характер, растительность и состояние поверхности 

пашни), в которых отмечен максимальный и минимальный фактический 

смыв почвы. Показано, что высокие значения фактора осадков при наличии 

на участке промоин обусловливают рост фактического смыва в средней и 

нижней трети склона. Характер изменения данных модели близок к 

фактическому при условии малого увлажнения и отсутствии или малой 

выраженности на участке промоин. Отмечено также, что и при отсутствии 

осенней обработки почвы разница в отклонении модели от факта возрастает. 

    

1 2 3 4 

– Предсказанный смыв (predicted washout) 

– Фактический смыв (actual washout) 

 

Рис. 1. Динамика объема весеннего смыва почвы при движении вниз по склону при 

разных сочетаниях условий: 

ось y – м3 на учетную делянку; ось х – изменение фактических и предсказанных 

значений при движении вниз по склону; условия: 1 – участок типа А, низкий R-фактор, 
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Рис. 1. Динамика объема весеннего смыва почвы при движении вниз по склону при разных сочета-
ниях условий:
ось y – м3 на учетную делянку; ось х – изменение фактических и предсказанных значений при движении вниз 
по склону; условия: 1 – участок типа А, низкий R-фактор, зябь; 2 – участок типа А, высокий R-фактор, стерня 
яровых злаков; 3 – участок типа Б, низкий R-фактор, зябь; 4 – участок типа Б, высокий R-фактор, стерня  
яровых злаков
Fig. 1. Dynamics of the volume of spring soil erosion when moving down a slope under different combina-
tions of conditions:
axis y – m3 per plot; axis x – change in actual and predicted values when moving down the slope; conditions: 1 – 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

Табл.  2 .  Показатели качества модели (среднее за 2014–2023 гг.) (min – max)
Table 2.  Model quality indicators, (average for 2014–2023) (min – max)

Indicator Plot type Southern slope Northern slope

Spearman's correlation 
coefficient r

А 0,92 (0,69–0,98) 0,79 (0,48–0,93)

Б 0,76 (0,67–0,89) 0,57 (0,27–0,79)

R2
А 0,81 (0,36–0,93) 0,60 (0,22–0,84)

Б 0,29 (0,13–0,68) 0,27 (0,07–0,58)

MRE
А 0,39 (0,21–0,65) 0,45 (0,24–0,81)

Б 0,64 (0,35–0,86) 0,43 (0,26–0,64)

МАЕ
А 0,16 (0,08–0,29) 0,20 (0,07–0,53)

Б 0,93 (0,17–1,48) 0,47 (0,19–1,35)

MSE
А 0,07 (0,01–0,36) 0,13 (0,01–0,73)

Б 2,66 (0,06–4,83) 1,42 (0,16–7,33)

Linearly weighted kappa (k)  
А 0,78 (0,49–0,93) 0,67 (0,40–0,85)

Б 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 

Линейно-взвешенная 

каппа (k)   

А 0,78 (0,49–0,93) 0,67 (0,40–0,85) 

Б 0,36 (0,15–0,69) 0,49 (0,23–0,71) 

 

Средняя относительная ошибка (MRE) составила от 0,003 до 7,74, т.е. 

0,3–774% (MAPE) от величины выходной переменной. В целом по модели 

она достаточно высокая и составила 0,44, или 44% за 10 лет. Величина 

ошибки изменялась в зависимости от экспозиции склона и степени 

увлажнения (см. рис. 2). Для сравнения рассмотрим ошибки предсказаний в 

условиях минимального и максимального увлажнения на участках типа А и 

Б. Величина MRE растет при увеличении значений R-фактора, а также при 

увеличении на поверхности пашни выраженности эрозионных форм. В 

условиях спокойного рельефа при увеличении значений R-фактора южные 

склоны характеризовались меньшим в сравнении с северными склонами 

ростом количества данных с высокими (более 0,5) значениями MRE. В то же 

время участки южных склонов с развитыми эрозионными формами показали 

наибольший рост количества данных с высокими значениями MRE в 

неблагоприятных условиях, чем северные.  
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Рис. 2. Соотношение объема предсказанных данных с разной величиной 

средней ошибки аппроксимации MRE в условиях минимального и 

максимального увлажнения на участках типов А и Б: 
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Варианты сочетаний условий рельефа и увлажнения (см. 
условные обозначения) и соответствующие им средние 

величины MRE* 

Рис. 2. Соотношение объема предсказанных данных с разной величиной средней ошибки аппрокси-
мации MRE в условиях минимального и максимального увлажнения на участках типов А и Б:
1 – южный склон, участки типа А, R-фактор минимальный; 2 – южный склон, участки типа А, R-фактор 
максимальный; 3 – южный склон, участки типа Б, R-фактор минимальный; 4 – южный склон, участки типа Б, 
R-фактор максимальный; 5 – северный склон, участки типа А, R-фактор минимальный; 6 – северный склон, 
участки типа А, R-фактор максимальный; 7 – северный склон, участки типа Б, R-фактор минимальный;  
8 – северный склон, участки типа Б, R-фактор максимальный
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; 8 – 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 
(m³/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), 

Табл.  3 .  Таблица сопряженности фактических и предсказанных данных смыва для 534 учетных 
делянок коэффициента линейно-взвешенной каппы k (среднее за 2014–2023 гг.), м3/делянку
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)

Actual

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
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; kmax = 0,8512.
K = 6
N = 5340
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the linearly weighted kappa coefficient averaged 
k = 0.7077 ± 0.0055; kmax = 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, authors8 [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 R2. The convergence 
of the simulation data with the actual washout 
values was characterized as stable (k = 0.6424 ± 
0.0078; kmax = 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; kmax = 0,8370).

8Borrelli P., Robinson D.A., Fleischer L.R., Lugato E., Ballabi C., Alewell C., Meusburger K., Modugno S., Schütt 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.
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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 runoff 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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Изменение фотосинтетической активности многолетних трав  
в зависимости от обработки почвы и удобрений

Воронин А.Н., Котяк П.А.
Ярославский государственный аграрный университет
Ярославль, Россия 

е-mail: voronin@yarcx.ru
Многолетние травы служат основным источником корма для животных. Они имеют важное 

агротехническое и экологическое значение. Высокие и стабильные урожаи достигаются за счет 
создания посевов с идеальными характеристиками листовой поверхности, высокой чистой про-
дуктивностью фотосинтеза, максимальным фотосинтетическим потенциалом и эффективной 
работой ассимилирующей поверхности, что в итоге обеспечивает получение запланированного 
объема урожая. В статье представлены результаты исследований по изучению систем отваль-
ной, поверхностно-отвальной и поверхностной обработки, а также систем удобрения на основе 
соломы как отдельно, так и в сочетании с полным минеральным удобрением. Приведены дан-
ные по площади листьев, накоплению сухого вещества, фотосинтетического потенциала и чи-
стой продуктивности фотосинтеза, а также по урожайности многолетних трав за 2023–2024 гг. 
Исследования проводились на дерново-подзолистых глееватых среднесуглинистых почвах 
Ярославской области. За время опытов использование систем ресурсосберегающей обработки 
почвы способствовало снижению фотосинтетических показателей клевера лугового и тимофе-
евки луговой. Это можно объяснить угнетением культурных растений сорными при минима-
лизации обработки почвы. Применение полной нормы минеральных удобрений как отдельно, 
так и совместно с соломой вызвало увеличение площади листьев, накопления сухого вещества 
и фотосинтетического потенциала означенных выше культур при максимальных значениях по 
фону SNPK. Наибольшая урожайность зеленой массы многолетних трав отмечалась при систе-
ме поверхностно-отвальной обработки и варианте совместного использования соломы и пол-
ной нормы минеральных удобрений. В среднем за годы исследований показатель отмечался на 
уровне 218–226 ц/га. 

Ключевые слова: фотосинтез, площадь листовой поверхности, накопление сухого веще-
ства, фотосинтетический потенциал, чистая продуктивность фотосинтеза, многолетние травы, 
урожайность

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  

е-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-

ciency of photosynthesis. In the studies of T.P. 
Sabirova et al.1, 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/ m2 
per day. According to E.D. Adinyaev and I.I. 
Tomaeva2, 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. Kurkiev3 believe 
that the best photosynthetic potential of naked 
oats is manifested with subsurface tillage. Ac-
cording to A.Yu. Batrakova and A.N. Kryukov4, 
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-
ko5, the use of chisel soil cultivation contributes 
to an increase in leaf area and photosynthetic 

1Sabirova 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 I.I. 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. 

3Magaramov 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.

5Mishchenko 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 
III 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. Titova6 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.7, 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.8, 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 authors9 share 
the same point of view [8–11]. 

At the same time, V.I. Nikitishen et al.10 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.11, 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. Satunkin12, 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-

6Titova 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. 

7Isaichev 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. 

9Gnennny 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. 

10Nikitishen V.I., Terekhova L.M., Lichko V.I. Formation of the assimilative apparatus and photosynthetic productivity of plants 
under various mineral nutrition conditions // Agricultural Chemistry, 2007, N 8, pp. 35–43. 

11Musayev 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. 

12Satunkin 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 
1st 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 
А.А. 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 F0, 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 m²/m² 
(see Fig. 1). The use of surface tillage resulted in 
a decrease of the above-mentioned indicator by 
1.0 m²/m². 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/m² 
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/m² per day, 
respectively. 

The application of fertilizers across different 
soil cultivation systems led to a significant in-
crease in the leaf area of meadow clover, with 
the maximum values observed in the variant 
with straw and the full rate of mineral fertiliz-
ers – 5.93 m²/m². The combined use of organic 
and mineral fertilizers resulted in a statistically 
significant increase in dry matter accumulation, 
from 120.53 g/m² in the control to 181.71 g/m². 
The use of the studied fertilizers contributed 
to the growth of photosynthetic potential, with 
the highest values for the SNPK background – 
2006.83 thousand m2/ha × 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/m² per day. 
The use of the surface treatment system caused 
an increase in the studied indicator by 0.13 g/
m² 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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productivity of timothy grass was observed with the 
SNPK variant and amounted to 1.73 g/m² 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-

Рис. 1. Действие обработки почвы и удобрений на фотосинтетические показатели клевера лугового 
в среднем за 2023–2024 гг.:
а – площадь листовой поверхности; б – сухая надземная масса; в – фотосинтетический потенциал; г – чистая 
продуктивность фотосинтеза
Fig. 1. Effect of soil treatment and fertilizers on the photosynthetic performance of red clover, averaged 
over 2023–2024:
а – leaf surface area; б – dry aboveground mass; в – photosynthetic potential; г – net photosynthetic productivity

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:
а – leaf surface area; б – dry aboveground mass; в – photosynthetic potential; г – net photosynthetic productivity
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Апробация биопрепарата с наночастицами оксида железа  
на семенах льна различной скороспелости

Любимова Н.А., Рабинович Г.Ю.
Федеральный исследовательский центр «Почвенный институт им. В.В. Докучаева» 
Москва, Россия 

e-mail: n.nemygina@gmail.com
В рамках проведенного исследования наночастицы оксида железа Fe3O4, синтезированные 

с использованием экстракта зеленого чая и раствора железного купороса (FeSO4 ∙ 7H2O) в кон-
центрации 0,1 моль/л, вводили в различных дозах в готовый жидкофазный биопрепарат (ЖФБ) 
на стадии его дозревания. Эффективность линейки биопрепаратов ЖФБ-Fe изучена в ходе ла-
бораторного эксперимента на семенах льна-долгунца сортов Надежда и Дипломат различной 
скороспелости. Полученные результаты показали, что использование наночастиц Fe3O4 явля-
ется эффективным приемом модернизации исходного биопрепарата. Во всех вариантах опыта 
при апробации биопрепаратов ЖФБ-Fe отмечено повышение энергии прорастания и всхожести 
семян на 10–20%, а также увеличение средней длины проростков на 4–5 см, их средней массы – 
на 5–26 мг. Для более полного понимания влияния биопрепаратов на растительный организм 
произведен расчет коэффициента корреляции (r) между микробиологическими и биохимиче-
скими параметрами полученных биопрепаратов и средними по варианту показателями энергии 
прорастания, всхожести и биометрических данных проростков. Выявлена умеренная обратная 
взаимосвязь между всхожестью семян льна сорта Надежда и численностью микроорганизмов, 
использующих органические формы азота (r = –0,64). Также выявлена умеренная прямая зави-
симость между активностью ферментов каталазы и дегидрогеназы и средней длиной проростка 
(r = 0,56 и 0,66 соответственно). Тогда как при исследовании семян сорта Дипломат средняя 
масса сырого проростка сильно коррелировала с численностью микроорганизмов, исполь-
зующих минеральные формы азота (r  =  0,85), и суммарным количеством микроорганизмов,  
использующих минеральные и органические формы азота (r = 0,91).

Ключевые слова: биопрепарат ЖФБ-Fe, лен, сорт Надежда, сорт Дипломат, энергия про-
растания, всхожесть, средняя длина проростка, средняя масса проростка

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 

e-mail: n.nemygina@gmail.com
In the study, iron oxide Fe3O4 nanoparticles synthesized using green tea extract and a solution of 

ferrous sulfate (FeSO4 ∙ 7H2O) 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 Fe3O4 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 
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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 (r) 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 (r = –0.64). A moderate direct relationship was also found between the activity 
of catalase and dehydrogenase enzymes and the average length of one seedling (r = 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  

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-

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). Iron 
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 
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 Fe2O3 and Fe3O4 [7]. Thus, 
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foliar feeding of cucumber (Cucumis sativus L.) 
with Fe3O4 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 Fe3O4 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 Fe2O3 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 (Arabidopsis thaliana) under 
conditions of its deficiency [11]. In addition, the 
combined use of rhizobacteria (strain legumino-
sarum CF1) and Fe3O4 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 
(Fe3O4) 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 region1. The 
seeds were obtained from the FSBSI "Federal 
Research Center for Bast Fiber Crops" (Tver). 

Fe3O4 nanoparticles were synthesized using 
green tea extract and a FeSO4 ∙ 7H2O 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/l. 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. 

1FSBI '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 (r) 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 
Fe3O4 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 
Fe3O4 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/l) 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 × 10¹¹ and 14.4 × 
10¹¹ CFU/ml, respectively. As for microorgan-
isms that utilize organic nitrogen, their number 
decreased by 1.3–2.6 times upon the addition 
of Fe3O4 nanoparticles compared to LPB with-
out additives, ranging from 8.0 ∙ 10¹¹ to 15.6 ∙ 
10¹¹ CFU/ml depending on the powder dose. At 
the same time, when the powder was added in 
doses of 25 to 100 mg/l, the number of microor-
ganisms utilizing mineral nitrogen increased by 
2.7–3.5 times compared to LPB. 

2GOST 12038–84. Seeds of agricultural crops. Methods for determining germination. Moscow: Standartinform, 2011.

Табл.  1 .  Результаты микробиологического и биохимического анализов ЖФБ с наночастицами 
оксида железа
Table 1.  Results of microbiological and biochemical analyses of LPB with iron oxide nanoparticles

Biopreparation Powder 
dose, mg/l рН

The number of microorganisms, × 1011 CFU/ml Activity

using organic forms 
of nitrogen

using mineral forms of 
nitrogen

catalases, 
cm³O2/g/min

dehydrogenases,
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
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As for catalase activity, the addition of Fe3O4 
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 Fe3O4 
nanoparticles in large quantities possess oxi-
dative and antimicrobial activity, as previously 
mentioned by other authors. For example, in 
[15] it is shown that Fe3O4 nanoparticles syn-
thesized using Melia azedarach leaf extract and 
a solution of FeCl3 ∙ 6H2O 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-

tions for irrigation, the germination energy and 
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 
variant: they exceeded the control indicators by 
15–20% and 13–16%, respectively. At the same 
time, in the variants with high doses of nanopar-
ticles (250 and 500 mg/l), germination energy 
decreased again compared to the LPB-Fe-3 vari-
ant. However, it was higher than in the control 
by 7–12% and 11–14% in the LPB - Fe-4 and 
LPB - Fe-5 variants, respectively. Seed germina-
tion in these variants was higher than in the con-
trol by 6–9% and 5–11%. A moderate inverse re-
lationship was found between seed germination 
and the abundance of microorganisms that use 
organic forms of nitrogen (r = –0.64). 

Рис. 1. Энергия прорастания и всхожесть семян льна сорта Надежда
Fig. 1. Germination energy and viability of flax seeds of the Nadezhda variety
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The addition of Fe3O4 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 (r = 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 Fe3O4 
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-

Табл.  2 .  Результаты опыта по проращиванию семян льна сорта Надежда
Table 2.  Results of the experiment on germination of flax seeds of the Nadezhda variety

Biopreparation
Concentration, %

0,1 0,4 0,8 1,4

Average sprout length, cm
Control (water) 12,3 ± 1,2
LPB 14,2 ± 2,1 15,9 ± 1,5 15,3 ± 2,2 13,2 ± 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 15,3 ± 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 45,2 ± 3,2 49,8 ± 0,9 47,4 ± 2,3 50,6 ± 0,1
LPB -Fe-1 54,6 ± 3,8 51,9 ± 2,8 51,6 ± 3,8 54,2 ± 2,9
LPB -Fe-2 46,6 ± 2,5 51,0 ± 3,5 51,5 ± 1,2 45,8 ± 2,6
LPB -Fe-3 52,9 ± 0,9 58,3 ± 4,1 55,1 ± 4,3 52,1 ± 0,9
LPB -Fe-4 57,1 ± 2,4 57,7 ± 1,5 61,6 ± 1,7 60,6 ± 0,5
LPB -Fe-5 49,6 ± 3,3 46,3 ± 2,1 53,9 ± 1,7 49,4 ± 2,1
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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 (r = 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 Fe3O4 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/l caused the opposite effect. The 

Рис. 2. Энергия прорастания и всхожесть семян льна сорта Дипломат
Fig. 2. Germination energy and viability of flax seeds of the Diplomat variety
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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 Fe3O4 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 Fe3O4 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 (r = –0.64), as 
well as a moderate direct relationship between 
catalase and dehydrogenase activity and the av-
erage length of the seedling (r = 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 (r = 0.85) and the total 

Табл.  3 .  Результаты опыта по проращиванию семян льна сорта Дипломат
Table 3.  Results of the experiment on germination of flax seeds of the Diplomat variety

Biopreparation
Concentration, %

0,1 0,4 0,8 1,4

Average sprout length, cm
Control (water) 11,3 ± 0,4
LPB 13,4 ± 1,3 14,3 ± 1,6 14,5 ± 1,2 14,1 ± 1,1
LPB -Fe-1 14,6 ± 1,3 14,2 ± 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 15,2 ± 1,0 14,9 ± 0,9 14,9 ± 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 53,2 ± 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 ± 2,2
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
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number of microorganisms using mineral and 
organic forms of nitrogen (r = 0,91).
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Сравнительная оценка клоновых подвоев яблони различного 
происхождения для использования в Иркутской области 
Раченко А.М.1, 2, Раченко М.А.1, Мокшонова И.М.1, Раченко Д.М.2
1Сибирский институт физиологии и биохимии растений Сибирского отделения  
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пос. Молодежный, Иркутская область, Россия 

e-mail: bigmks73@rambler.ru
Использование клоновых подвоев яблони представляет потенциальную перспективу для 

садоводства в южной части Иркутской области. В данной работе отражены результаты мно-
голетних исследований на территории Южного Предбайкалья. Все исследования проводились 
в 2018–2024  гг. на коллекционных участках Сибирского института физиологии и биохимии 
растений Сибирского отделения Российской академии наук, расположенных в Иркутске и Ир-
кутском районе Иркутской области. Изучение подвоев в маточнике и сорто-подвойных комби-
наций в саду проводили по Программе и методике сортоизучения плодовых, ягодных и орехо-
плодных культур. В результате оценки клоновых подвоев генотипы Арм-18 и К-2 при возделы-
вании в условиях Иркутской области с 2018 по 2024 г. были оценены как слабозимостойкие, 
остальные генотипы – как зимостойкие. К высокозимостойким клоновым подвоям мы отнесли 
клон сибирской ягодной яблони, Урал, Урал 2, 4-12 (Волга 12) и Е-56. Для оценки сорто-под-
войных комбинаций несколько генотипов клоновых подвоев были привиты сортами зимостой-
ких яблонь-полукультурок. Все клоновые подвои, используемые для прививки, кроме контро-
ля, клона сибирской ягодной яблони, были оценены как зимостойкие, клон сибирской ягод-
ной яблони – как высокозимостойкий. Вступление в плодоношение у яблонь-полукультурок, 
привитых на клоновые подвои, наступало на год раньше, чем у привитых на сибирскую ягод-
ную яблоню, при этом больших различий в продуктивности изученных деревьев отмечено не 
было. Многолетние исследования показали, что основная часть изученных клоновых подвоев  
перспективна для дальнейшего изучения.

Ключевые слова: яблоня, клоновые подвои, полевая зимостойкость, сорто-подвойные ком-
бинации

Comparative evaluation of clonal apple rootstocks of various origin  
for use in the Irkutsk region
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of the Russian Academy of Sciences
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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.
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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 
way1 [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…

1Bochkarev 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 × 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 crops2.

RESULTS AND DISCUSSION  

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

2Program 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 hardiness3.

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-

3Rachenko 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.
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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]. 

Рис. 1. Общее состояние растений клоновых подвоев к началу вегетационного периода, балл
Fig. 1. General condition of clonal rootstock plants at the beginning of the growing season, point
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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).

Табл. 1. Состав коллекционного маточника клоновых подвоев, заложенного в 2022 г., и общее 
состояние растений к началу вегетационного периода 2024 г.
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  К-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
СА-12-2  Ural 5 5,0
СА 12-3  Е-56 5,0
СА 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.13-14×ПБ9 4,0
54-118 (В9)×13-14 4,0
70-20-20 57-469×57-344 4,0
64-143 PB9×49290 4,0
62-223 Anoka×PB9 4,0
Е-56 Unknown 5,0
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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).

Табл.  2 .  Различия в перезимовке разных 
сортов яблони на клоновых подвоях в условиях 
Южного Предбайкалья, средняя степень повреж-
дения,  балл
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

Rootstock Variety
Year

2018 2019 2020 2021

70-6-8  
(semidwarf)

Katyusha 1,0 2,0 1,0 1,00
Prevoskhodnoe 3,0 3,0 2,0 2,00
Rayskoe 2,0 2,0 1,0 0,75

70-20-20 
(medium-
height)

Katyusha 1,7 2,0 1,2 0,50
Prevoskhodnoe 2,0 3,0 2,3 2,00
Rayskoe 2,0 3,0 2,5 2,00

62-396 
(dwarf)

Katyusha 1,0 2,0 1,3 1,33
Prevoskhodnoe 2,0 3,0 2,2 2,00
Rayskoe 3,0 2,0 1,2 1,00
Lada 2,0 3,0 1,7 2,00

54-118 
(medium-
height)

Katyusha 1,0 2,0 1,0 1,50
Prevoskhodnoe 3,2 3,0 2,0 2,50
Rayskoe 3,0 3,0 2,0 2,00
Lada 3,5 2,0 1,2 1,25

Control 
(seedling 
of Siberian 
crab apple)

Katyusha 1,0 0 0 0
Prevoskhodnoe 1,0 2,0 1,5 1,25
Rayskoe 1,0 1,0 0,2 0,50
Lada 1,0 3,0 2,0 2,25

Табл.  3 .  Максимальная продуктивность 
яблонь-полукультурок в зависимости от подвоя, 
2024 г., кг/дерево
Table 3.  Maximum productivity of semi-
cultivated apple trees depending on the rootstock, 
2024, kg/tree

Rootstock Variety Productivity

Siberian crab 
apple clone

Katyusha 15

Prevoskhodnoe –

Lada 5

Rayskoe 5

70-6-8

Katyusha 7

Prevoskhodnoe –

Rayskoe 5

54-118

Katyusha 5

Prevoskhodnoe –

Lada 3

Rayskoe 3

62-396

Katyusha 10

Prevoskhodnoe –

Lada 5

Rayskoe 5

70-20-20

Katyusha 12

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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Семеноводство картофеля в Камчатском крае:  
оценка и отбор отечественных сортов
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растений им. Н.И. Вавилова»
Камчатский край, с. Сосновка, Россия 

e-mail: Khasbiullina@kamniish.ru
В статье представлены результаты оценки состояния отрасли картофелеводства и системы 

семеноводства в Камчатском крае. Анализ динамики 2020–2024 гг. показал, что суммарная пло-
щадь под картофелем в хозяйствах всех категорий за указанный период снизилась незначитель-
но (на 0,9%; с 1,852 до 1,836 тыс. га), тогда как структура посевов изменилась достаточно силь-
но: в сельскохозяйственных предприятиях площади увеличились на 21,5%, в крестьянско-фер-
мерских хозяйствах  сократились на 16,8%, в личных подсобных хозяйствах остались на том же 
уровне. К 2024 г. валовой сбор картофеля снизился на 10,5% (с 39,679 до 35,519 тыс. т), средняя 
урожайность – на 15% (до 18,2 т/га). Наиболее заметное снижение отмечено у сельхозтоваро-
производителей, тогда как в личных подсобных хозяйствах показатели были близки к уров-
ню 2020 г. Проведена агробиологическая и хозяйственная оценка современных отечественных 
сортов картофеля, представленных в банке здоровых сортов в культуре in vitro. Комплексная 
оценка по урожайности, стабильности и устойчивости к фитопатогенам и неблагоприятным 
факторам позволила выделить формы, адаптированные к условиям короткого и прохладного 
вегетационного периода. Среди раннеспелых сортов (Взрывной, Кармен, Купец и др.) уро-
жайность составила 24,6–31,8 т/га, среди среднеранних (Фламинго, Евразия, Атлетик) – 28,2–
35,7 т/га, что превышает показатели стандарта на 80% и более. По выходу семенной фракции 
рекомендованы к семеноводству сорта Взрывной, Кармен, Купец, Фламинго, Калинка, Евразия, 
Атлетик, Краса и Кумач. Полученные результаты дают возможность формировать устойчивую 
региональную базу семенного материала на основе отечественных сортов, обеспечивающих 
превышение стандарта по урожайности и стабильности, а также выходу семенной фракции 
при адаптированной технологии возделывания (уничтожение ботвы за 10–14 дней до уборки 
для повышения выхода семенной фракции и снижения риска латентных инфекций  в условиях 
Камчатского края).

Ключевые слова: картофель, отечественные сорта, агроэкологическое испытание, продук-
тивность, товарность, качество, Камчатский край
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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  

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-
tion1 [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]. 

Over the years of work at the Kamchatka NI-
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-

1Ryakhovskaya 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 adoption2 [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 standard3 
[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 approved4-6 
[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 I.V., 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. 
4Decree 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. 

5Decree 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. 

6Resolution 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 methods7-13. 
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. ha14. 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-

7Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow: Kolos, 
1985. 416 p.

8Methodology of state variety testing of agricultural crops. Moscow, 2019. 
9Milekhin A.V. Methodological recommendations for potato cultivation. Samara, 2005, 21 p. 
10Research methods for protecting potatoes from diseases, pests, weeds and immunity / compiled by A.S. Volovik et al., Moscow, 

1995, 107 p. 
11Methodology for conducting field surveys and post-harvest quality control of seed potatoes / compiled by B.V. Anisimov, A.I. 

Uskov, E.A. Simakov et al., Moscow, 2005, 112 p. 
12Methods of physiological and biochemical studies of potatoes. Moscow, 1989, 142 p. 
13Methodology 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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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 

Табл.  1 .  Площади под картофелем в Камчатском крае, тыс. га
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

Табл.  2 .  Валовой сбор картофеля в Камчатском крае, тыс. т
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

Табл.  3 .  Урожайность картофеля в Камчатском крае, т/га
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-
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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, 

Табл.  4 .  Урожайность и биохимические показатели качества клубней перспективных сортов  
картофеля (2025 г.)
Table 4.  Productivity and biochemical quality indicators of the promising potato variety tubers (2025)

Variety Yield, t/ha

Marketability, % Content

commercial 
fraction seed fraction starch, % dry matter, 

%
ascorbic 

acid, mg %
nitrates, mg/

kg

Early varieties
Z h e m c h u z h i n a 
Kamchatki (standard) 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
LSD05 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
LSD05 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
LSD05 2,6
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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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Plant protection

ЗАЩИТА РАСТЕНИЙ
PLANT PROTECTION

Щетинники зеленый и сизый в агроценозах Приморского края  
и поиск эффективных почвенных гербицидов для борьбы с ними  
в посевах сои

Басай З.В., Мороховец В.Н., Мороховец Т.В., Вострикова С.С., Маркова Е.С.
Дальневосточный научно-исследовательский институт защиты растений – филиал  
Федерального научного центра агробиотехнологий Дальнего Востока им. А.К. Чайки
Приморский край, Ханкайский район, с. Камень-Рыболов, Россия 

e-mail: dalniizr@mail.ru
В период с 2015 по 2024 г. были изучены распространенность и обилие щетинника зеленого 

Setaria viridis (L.) Beauv. и щетинника малорослого (сизого) Setaria pumila (Poir.) Schult. в агро-
ценозах Приморского края. Оба вида на протяжении 10 лет стабильно присутствовали в качестве 
сорных растений в посевах сои, кукурузы и ранних зерновых культур, достигая в отдельные годы 
высоких уровней встречаемости (60–91%) и обилия (9,8–17,9 шт./м2). Для контролирования этих 
видов в посевах сои, наиболее важной для юга Дальнего Востока культуры, осуществлен поиск 
гербицидов, обладающих почвенной активностью и способных эффективно ее защитить на ран-
них стадиях роста и развития. С этой целью в условиях вегетационного домика в 2021–2022 гг. 
была изучена чувствительность двух видов щетинника к семи препаратам, разрешенным для 
защиты сои от сорных растений: Пледж, СП (действующее вещество (д.в.)  – флумиоксазин, 
500 г/кг), Зенкор Ультра, КС (д.в. – метрибузин, 600 г/л), Комманд, КЭ (д.в. – кломазон, 480 г/л), 
Гезагард, КС (д.в. – прометрин, 500 г/л), Гардо Голд, КС (д.в. – С-метолахлор + тербутилазин, 
312,5 + 187,5 г/л), Дуал Голд, КЭ (д.в. – С-метолахлор, 960 г/л) и Пропонит, КЭ (д.в. – пропизох-
лор, 720 г/л). Гербициды в максимально допустимых нормах расхода наносили на поверхность 
почвы в сосудах через сутки после посева сорняков. По снижению сырой надземной биомассы 
обоих видов щетинника максимальную эффективность (96–100%) продемонстрировали препа-
раты Пропонит в норме расхода 3,0 л/га, Дуал Голд – 1,6, Гардо Голд – 4,5 и Гезагард – 3,5 л/га.

Ключевые слова: щетинник зеленый, щетинник малорослый (сизый), встречаемость, оби-
лие, соя, почвенный гербицид, эффективность, чувствительность 

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 

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/m2) 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/l), Kommand, EC (a.i. klomazon, 
480 g/l), Gezagard, SC (a.i. promethrin, 500 g/l), Gardo Gold, SC (a.i. C-metolachlor + terbutylazine, 
312.5 + 187.5 g/l), Dual Gold, EC (a.i. C-metolachlor, 960 g/l), and Proponite, EC (a.i. propizochlor, 
720 g/l). 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 l/ha, Dual 
Gold 1.6 l/ha, Gardo Gold 4.5 l/ha, and Gezagard 3.5 /ha.

Keywords: green bristle-grass, yellow foxtail, occurrence, abundance, soybean, soil herbicide, 
effectiveness, sensitivity
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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./m² (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 
1697–1828 g/m² (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 
soil1–3 [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 regions4 [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 

1Vascular Plants of the Soviet Far East: in 8 vols. Leningrad: Nauka, 1985, vol. 1, 398 p. 
2Flora 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 P.I., 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. 
4Beketova 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”5. 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. Mysnik6; 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"7. 

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 crops8. The sensitivity of two species 
of bristle grass to the following drugs, applied 
at the maximum permissible rates, was studied: 

5Isaev V.V. Weed forecasting and mapping. Moscow: Agropromizdat, 1990, 192 p. 
6Mysnik 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. 
7Spiridonov 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/l) 1,0 l/ ha; Kommand, 
EC (a.i. klomazon, 480 g/l) 1,0 l/ ha; Gezagard, 
SC (a.i. promethrin, 500 g/l), 3,5 l/ ha; Gardo 
Gold, SC (a.i. C-metolachlor + terbutylazine, 
312.5 + 187.5 g/l), 4,5 l/ha; Dual Gold, EC (a.i. 
C-metolachlor, 960 g/l), 1,6 l/ha and Proponite, 
EC (a.i. propizochlor, 720 g/l) 3,0 l/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/m². The maximum density of green 
bristle-grass (9.8 plants/m²) 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/m², 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/m² 
over 10 years. This species was most abundant 
in early cereal crops, averaging 5.8 plants/m². In 
2022, the highest recorded infestation of yellow 
foxtail in the years of research was in soybean 
fields—3.4 plants/m², early cereal crops—8.9, 
and corn—9.2 plants/m². 

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 l/ ha, 
Zenkor Ultra 1.0 l/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 



70 Siberian Herald of Agricultural Science • 2025 • 55 • 12 Plant protection

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 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 l/ ha, Dual Gold 
1,6 l/ha, Gardo Gold 4,5 l/ha and Gezagard 3,5 
l/ha appeared later, 8–9 days after the sowing. 
During the next 5 days, the plants in these vari-

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 

Встречаемость и обилие щетинника зеленого и малорослого (сизого) в посевах  
сельскохозяйственных культур в Приморском крае
he occurrence and abundance of green bristle-grass in crops in the Primorsky Territoty in

Culture 
Year Average 

over 10 
years2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Occurrence of green bristle grass, %

In the crops of all cultures, 16,0 27,9 19,4 43,6 38,0 26,1 51,7 42,2 27,2 21,0 31,3
including:

soybean 16,7 21,6 20,8 44,4 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 45,4 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/m²

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 3,9 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 43,3 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/m²
In the crops of all cultures, 4,0 2,8 1,8 1,3 2,6 3,0 2,7 4,9 3,1 0,5 2,7
including:

soybean 2,2 2,6 1,1 1,6 3,1 2,4 3,0 3,4 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

* Wheat, barley, oats.
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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 l/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 l/ha; Gardo Gold 4.5 l/ha and Gezagard 
3.5 l/ha. Kommand at a rate of 1.0 l/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 

with Zenkor Ultra at the normal rate of 1.0 l/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./m². 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 

Биологическая эффективность почвенных гербицидов в отношении щетинника зеленого и сизого 
(среднее за 2021 и 2022 гг.) (НСР05 – наименьшая существенная разность при уровне значимости 
5%)
Biological effectiveness of soil herbicides against green bristle-grass and yellow foxtail (average for 2021 
and 2022) (LSD05 – 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 l/ha; Dual Gold – 1.6 
l/ha; Gardo Gold – 4.5 l/ha; and Gezagard – 3.5 
l/ha.
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Полиморфизм генов CSN3, BLG, TNF-α-824, Pit-1, SCD1 и их влияние 
на молочную продуктивность коров черно-пестрой породы
Авадани Д.А.1,2, Гончаренко Г.М.1, Хорошилова Т.С.1, Гришина Н.Б.1, Халина О.Л.1

1Сибирский федеральный научный центр агробиотехнологий Российской академии наук
Новосибирская область, р.п. Краснообск, Россия, 
2Новосибирский государственный аграрный университет 
Новосибирск, Россия 

e-mail: gal.goncharenko@mail.ru 
Изучен полиморфизм генов CSN3, BLG, TNF-α-824, SCD1, Pit-1 и связи их генотипов с мо-

лочной продуктивностью коров черно-пестрой породы. Молекулярно-генетические исследова-
ния проведены на коровах данной породы (n = 100). Выявлена частота генотипов и аллелей у 
коров черно-пестрой породы, обусловленная предшествующей селекционно-племенной рабо-
той. Сравнительная оценка полиморфизма изучаемых генов с другими российскими молочны-
ми породами показала хорошее совпадение результатов. Установлено, что коровы с генотипом  
CSN3AA имели более высокий (на 707,3  кг) удой в сравнении с гетерозиготным генотипом 
CSN3AВ, содержание массовой доли жира было выше у коров с генотипом CSN3ВВ на 0,76% 
в сравнении с генотипом CSN3AB и на 0,69% – с CSN3AA. Соответственно более высокое  
(на 66,1  кг) содержание молочного жира имели коровы с генотипом CSN3ВВ, чем животные 
с генотипом CSN3AВ. Коровы с генотипом BLGВB имели удой на 944,4 кг больше, содержание 
молочного жира выше на 46,2 кг по сравнению с животными генотипа BLGAA. Более высокая 
молочная продуктивность отмечена у гетерозиготных животных TNF-α-824GA, превосходящая 
гомозиготные генотипы по удою на 688,7–753,8 кг, содержанию молочного белка на 20,7–27,2 кг, 
содержанию молочного жира на 20,6 кг. Коровы с генотипом SCD1CC превосходили по удою 
на 511,3 и 792,1  кг животных с альтернативными генотипами. По содержанию молочного 
жира белка приоритетное положение занимали коровы с генотипом SCD1CС. У коров с разны-
ми генотипами Pit-1AA небольшое преимущество отмечено по содержанию белка. Выявленные  
ассоциативные связи генотипов CSN3, BLG, TNF-α-824, SCD1, Pit-1 с удоем и качеством молока 
возможно использовать в селекции путем отбора и подбора родительских пар с желательными 
генотипами.

Ключевые слова: черно-пестрая порода, молочная продуктивность, генотип, частота, поли-
морфизм, ассоциативная связь, лактация
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The polymorphism of the genes CSN3, BLG, TNF-α-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 CSN3AA genotype had a 
higher milk yield (by 707,3 kg) compared to the heterozygous genotype CSN3AB; the fat mass fraction 
content was higher in cows with the CSN3BB genotype by 0,76% compared to the CSN3AB genotype and 
by 0,69% with CSN3AA. Accordingly, cows with the CSN3BB genotype had a higher milk fat content  
(by 66,1 kg) than animals with the CSN3AB genotype. Cows with the BLGВB 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 BLGAA 
genotype. Higher milk productivity was noted in heterozygous animals TNF-α-824GA, 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 SCD1CC 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 SCD1CC gen-
otype have a priority position. Cows with different Pit-1AA genotypes had a slight advantage in protein 
content. The identified associative links of the CSN3, BLG, TNF-α-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-α-824, SCD1, Pit-1. 

Among the most studied is the CSN3 gene, 
the CSN3BB 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-α (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 SCD1 gene is gaining greater sig-
nificance, as it has been shown to be associated 
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with lipogenesis, lipid oxidation, and thermo-
genesis1 [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-α (824 A/G), Pit-1, SCD1 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-CX5.
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 manual2. Detection 
of the TNF-α-824 A/G gene polymorphism was 
conducted according to the methodology3. Geno-
types of the SCD1 gene were identified according 
to the protocol4. 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, EcoICRI, Nae 
III, RsaI (SibENZYM, 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-α-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 CSN3AA and CSN3AB (44 and 46%). The 
share of the homozygous genotype CSN3BB 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 CSN3BB is identified from 4,0 to 9,4%. 
Frequency of the genotype CSN3AA – 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 BLGBB 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-

1Yulmetyeva 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.v0i11.416. 

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. 

3Lyukhanov 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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LAA, TNF-LGA, TNF-LGG – 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 SCD1TT – 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: SCD1CC – 22,0%, 
SCD1TC – 44,0, SCD1TT – 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-1AA, 
Pit-1AB, Pit-1BB – 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: АА – 11,7%, 
АВ – 40,5, ВВ – 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-α-824, SCD1, Pit-1 of the Black-and-
White cows is shown in Fig.2. 

The most common alleles in the Black-and-
White breed include CSN3A, BLGB, TNF-LG, SC-
D1C, Pit-1B with the frequency higher than 0,5. 
Among the alternative alleles, the Pit-1A – 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-
N3AA genotype had a higher milk yield (by 707.3 
kg) compared to the heterozygous CSN3AB geno-
type (р ≤ 0,05) (see Table 1). Cows with the CS-
N3AA genotype also had higher milk fat content 
(by 34.7 kg) compared to the CSN3AB genotype 
(р ≤ 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 

Рис. 1. Частота генотипов CSN3, BLG, TNF-α-824, Pit-1, SCD1 генов у коров черно-пестрой породы
Fig. 1. Genotype frequency of the CSN3, BLG, TNF-α-824, Pit-1, SCD1 genes in cows of the Black-and-
White breed
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third lactation with the CSN3AA 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 
CSN3AA 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 CSN3BB genotype [3]. Slightly different 
results were obtained in the Black-and-White 
cows [14]. Animals with the CSN3BB 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 BLGBB 
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-
GAA genotype (р ≤ 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, 

Рис. 2. Частота аллелей CSN3, BLG, TNF-α-824, SCD1, Pit-1 генов коров черно-пестрой породы
Fig. 2. Allele frequency of the CSN3, BLG, TNF-α-824, SCD1, Pit-1 genes in cows of the Black-and-
White breed

Табл.  1 .  Молочная продуктивность коров с генотипами гена 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
CSN3AA 44 6741,5 ± 165,3 4,08 ± 0,05 3,20 ± 0,02 275,1 ± 7,9 217,4 ± 6,0
CSN3AB 43 6640,6 ± 161,3 4,06 ± 0,05 3,20 ± 0,02 268,9 ± 6,7 214,6 ± 6,0
CSN3BB 4 6137,5 ± 415,3 4,02 ± 0,15 3,18 ± 0,05 248,8 ± 24,8 195,4 ± 15,5

Second lactation
CSN3AA 28 8159,4 ± 210,7 4,09 ± 0,07 3,20 ± 0,02 333,5 ± 9,8 261,6 ± 7,7
CSN3AB 25 7452,1 ± 288,5 4,02 ± 0,06 3,20 ± 0,02 298,8 ± 12,2 244,4 ± 9,6

Third lactation and older
CSN3AA 30 7708,9 ± 279,0 4,23 ± 0,07 3,16 ± 0,02 325,1 ± 11,8 244,8 ± 10,0
CSN3AB 24 7285,3 ± 223,7 4,04 ± 0,09 3,16 ± 0,02 305,3 ± 14,6 236,4 ± 9,7
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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 BLGAA 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 BLGBB 

genotype5. However, in the studies [16] on the 
evaluation of female ancestors of stud bulls, the 
complex genotype, consisting of the genotypes 
BLGAB and BLGAA, 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 DGAT1KK GHLL PRLAA BLGAB, which 
included the genotype BLGAB [17].

When analyzing the milk productivity of 
cows with different TNF-α-824 genotypes it is 
shown that the milk yield in the first lactation 
of the cows with the genotype TNF-α-824GA 
reaches 7073,7 kg, that is 688,7–753,8 kg high-
er than in the animals with alternative homozy-
gous genotypes TNF-α-824AA and TNF-α-824GG  
(р ≤ 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-α-824AA (р ≤ 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  

Табл.  2 .  Продуктивность коров с учетом генотипов по гену 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

BLGAA 34 6710,7 ± 161,0 4,05 ± 0,07 3,19 ± 0,02 271,4 ± 7,5 217,1 ± 5,7
BLGAB 40 6716,5 ± 174,3 4,06 ± 0,04 3,21 ± 0,02 272,7 ± 7,5 217,2 ± 6,6
BLGBB 17 6464,5 ± 302,1 4,10 ± 0,07 3,19 ± 0,03 266,2 ± 14,6 206,7 ± 10,3

Second lactation
BLGAA 22 7408,0 ± 374,3 4,01 ± 0,06 3,18 ± 0,02 296,0 ± 14,6 242,5 ± 13,2
BLGAB 19 7902,0 ± 161,7 4,15 ± 0,09 3,23 ± 0,02 328,2 ± 10,6 255,4 ± 6,5
BLGBB 14 8352,4 ± 219,5 4,10 ± 0,11 3,19 ± 0,02 342,2 ± 11,7 266,5 ± 7,2

Third lactation and older
BLGAA 23 7231,6 ± 214,9 4,03 ± 0,07 3,15 ± 0,02 295,5 ± 9,3 231,6 ± 6,9
BLGAB 20 7453,2 ± 249,4 4,21 ± 0,09 3,17 ± 0,02 312,4 ± 10,0 236,2 ± 8,4
BLGBB 12 8079,2 ± 594,5 4,30 ± 0,14 3,18 ± 0,04 346,9 ± 26,3 258,5 ± 21,2

Табл.  3 .  Продуктивность коров за 305 дней лактации с учетом генотипов по гену TNF-α-824
Table 3. Productivity of cows for 305 days of lactation taking into account genotypes for the TNF-α-824 gene

Genotype n Milk yield, kg Fat, % Protein, % Fat, kg Protein, kg

First lactation
TNF-α-824AA 34 6385,0 ± 160,16 4,12 ± 0,06 3,20 ± 0,02 263,0 ± 7,2 207,7 ± 6,1
TNF-α-824GA 39 7073,7 ± 146,60 4,01 ± 0,06 3,21 ± 0,02 283,6 ± 7,2 228,4 ± 5,5
TNF-α-824GG 18 6319,9 ± 314,13 4,08 ± 0,06 3,18 ± 0,02 258,8 ± 14,4 201,2 ± 10,7

Second lactation
TNF-α-824AA 22   7483,1 ± 233,48 4,12 ± 0,06 3,21 ± 0,02 309,0 ± 11,1 242,9 ± 8,1
TNF-α-824GA 25 8000,9 ± 304,9 4,08 ± 0,08 3,19 ± 0,02 325,1 ± 13,0 260,0 ± 10,2
TNF-α-824GG 8   8174,4 ± 298,36 3,98 ± 0,11 3,20 ± 0,04 327,0 ± 18,9 261,7 ± 10,9

Third lactation and older
TNF-α-824AA 22 7505,1 ± 369,6 4,30 ± 0,10 3,18 ± 0,02 327,5 ± 16,6 243,4 ± 12,8
TNF-α-824GA 29   7464,5 ± 206,59 4,04 ± 0,06 3,16 ± 0,02 301,3 ± 8,8 236,3 ± 7,2
TNF-α-824GG 4   7689,2 ± 348,53 4,22 ± 0,11 3,10 ± 0,03 324,3 ± 13,1 238,7 ± 13,5

5Rachkova 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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(р ≤ 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-α-824AA, however, these animals have the 
highest rate of infertility.

Among cows with different SCD1 genotypes, 
the SCD1CC 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 SCD1CT and SCD1TT genotypes, respective-
ly. (р ≤ 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 
SCD1CT genotype and 35.6 kg over the SCD1TT 
genotype (р ≤ 0,05). In terms of protein content, 
the difference is 21.7 and 30.5 kg, respectively 
(p ≤ 0.05). The data (see footnote 4) support our 
findings on the desirability of the SCD1CC and 
SCD1CT 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 SCD1CC genotype 
compared to the heterozygous SCD1CT genotype. 
However, in terms of the fat content in milk and 
the yield of milk fat, the desirable genotype was 
the homozygous genotype SCD1TТ [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 Pit-1AA – 
3,27%, что выше на 0,09%, чем у коров с 
генотипом Pit-1BB (р ≤ 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-1AB and Pit-1BB genotypes. In Holstein cows 
with different Pit-1 gene genotypes, no signifi-
cant differences were found among the recorded 
indicators6. 

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.

Табл.  4 .  Продуктивность коров за 305 дней лактации с учетом генотипов по гену SCD1
Table 4.  Productivity of cows for 305 days of lactation taking into account genotypes for the SCD1 gene

Genotype n Milk yield, kg Fat, % Protein, % Fat, kg Protein, kg

First lactation
SCD1CC 48 6927,4 ± 158,8 4,11 ± 0,04 3,22 ± 0,02 284,2 ± 6,9 225,4 ± 6,0
SCD1CT 37 6416,1 ± 162,2 4,01 ± 0,06 3,18 ± 0,02 257,5 ± 7,6 204,7 ± 5,4
SCD1TT 6 6135,3 ± 314,2 4,06 ± 0,18 3,16 ± 0,03 248,6 ± 14,2 194,9 ± 13,1

Second lactation
SCD1CC 32 8061,8 ± 201,9 4,09 ± 0,06 3,21 ± 0,02 330,0 ± 9,5 262,6 ± 6,6
SCD1CT 20 7567,1 ± 313,7 4,07 ± 0,09 3,19 ± 0,02 307,5 ± 13,9 244,3 ± 10,6
SCD1TT 3 6909,0 ± 1065,5 4,04 ± 0,14 3,14 ± 0,04 276,4 ± 35,2 217,7 ± 36,1

Third lactation and older
SCD1CC 35 7340,8 ± 176,5 4,19 ± 0,06 3,16 ± 0,02 306,7 ± 7,7 232,6 ± 6,1
SCD1CT 19 7723,9 ± 415,8 4,11 ± 0,12 3,16 ± 0,03 323,9 ± 19,4 250,0 ± 14,5

6Pozovnikova 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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CONCLUSION 

The studies conducted showed that Black-
and-White cows have good polymorphism of 
the CSN3, BLG, TNF-α-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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Молекулярно-генетический мониторинг наследственных аномалий  
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Статья посвящена актуальной проблеме снижения репродуктивной функции у крупного ро-

гатого скота герефордской и казахской белоголовой пород, что оказывает значительное влияние 
на экономические показатели животноводства. Основное внимание уделено трем ключевым 
генетическим нарушениям: гипотрихоз (HY), идиопатическая эпилепсия (IE) и дилютор-фено-
тип (DL), которые существенно снижают продуктивность и воспроизводительные способно-
сти животных. Подробно рассматриваются молекулярно-генетические механизмы каждого из 
нарушений. Для гипотрихоза выявлены ключевые гены, ответственные за развитие шерстного 
покрова (MC1R, PMEL, KRT71). В случае идиопатической эпилепсии основное внимание уде-
лено мутациям в гене DYRK1B, влияющим на неврологические функции. Дилютор-фенотип, 
проявляющийся в ослаблении пигментации, преимущественно связан с мутацией в гене PMEL 
(p.Leu18del). Установлено, что гипотрихоз, обусловленный мутациями в генах KRT71 и LYN, 
имеет низкую распространенность в российской популяции абердин-ангусов (0,02%), но высо-
кую – среди уругвайских герефордов (41,2%). Данные о распространенности идиопатической 
эпилепсии у герефордов и представителей казахской белоголовой породы отсутствуют. Дилю-
тор-фенотип, ассоциированный преимущественно с мутациями в гене PMEL, выявлен у гере-
фордов. Установлено, что данное генетическое нарушение оказывает плейотропное влияние, 
улучшая качество мяса, но повышая чувствительность животных к солнечной радиации. Со-
временные методы геномного анализа (ПЦР, секвенирование, GWAS) позволяют эффективно 
выявлять носителей генетических аномалий. Перспективным направлением является исполь-
зование геномного редактирования (CRISPR-Cas9) для создания адаптированных к различным 
климатическим условиям линий скота без потери продуктивности. Создание систем генетиче-
ского мониторинга и селекции на основе ДНК-тестирования необходимо для минимизации эко-
номических потерь и повышения эффективности племенной работы. Особое внимание уделя-
ется необходимости контроля импортируемого племенного материала и разработке стратегий 
управления генетическими рисками.

Ключевые слова: крупный рогатый скот, генетические дефекты, гипотрихоз, идиопатиче-
ская эпилепсия, дилютор-фенотип, герефордская порода, казахская белоголовая порода, ген 
DYRK1B, ген PMEL, ген KRT71, молекулярная диагностика, ПЦР-генотипирование, секвениро-
вание, селекционный контроль
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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 (MC1R, 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 DYRK1B gene that affect neurological functions. The dilutor phenotype, which manifests itself 
in a decrease in pigmentation, is mainly associated with the PMEL mutation (p.Leu18del). It has been 
established that hypotrichosis associated with mutations in the KRT71 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, DYRK1B gene, PMEL gene, KRT71 gene, molecular diagnostics, 
PCR genotyping, sequencing, breeding control
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INTRODUCTION  

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 

traits that have negative genetic correlations with 
fertility indicators; accumulation of inbreeding 
depression in populations; spread of hereditary 
reproductive anomalies1 [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 

1Dunin 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-
ders2 [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 calves3 [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-
vantage4 [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-
tion5-7 [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 (MC1R, 
PMEL) and hair shaft structure (KRT71). Hypo-
trichosis is inherited in an autosomal recessive 
manner [5].

Melanocortin 1 receptor (alpha-melano-
cyte-stimulating hormone receptor) (MC1R) 
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 cattle8. 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 P.M., 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. 

4Adams H.A., Sonstegard T.S., Van Raden P.M., 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. 

5Mc 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. 

6Brenneman R.A., Sanders J.O., Davis S.K., Burns B.M. MC1R and coat defects in cattle // Journal of Animal Science, 2016, 
vol. 94, N 5, pp. 789–800. 

7Konovalova E.N., Selionova M.I., 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., Drögemüller 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 DEFB103 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 genotype9. 
Cattle carrying the e+ allele or the wild-type al-
lele are capable of producing either eumelanin 
or pheomelanin. Other variants in MC1R have 
also been reported, none of which are associated 
with phenotypic changes in coat color10.

The presence of a mutation in the PMEL gene 
(p.Leu18del) 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 follicles11, 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 c.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 DYRK1B 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].

9Dreger 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. 

10Schmutz S.M., Dreger D.L. Interaction of MC1R and PMEL alleles on solid coat colors in Highland cattle // Animal Genet., 
2013, vol. 44 (1), pp. 9–13. 

11Konovalova 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 DYRK1B 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, TYRP1 – 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.Leu18del), MITF – regula-
tory polymorphisms, TYRP1 – missense muta-
tions, ASIP – promoter variations. PMEL carries 
a disruption in the formation of melanosomes, 
MITF – reduction of expression of melanogenic 
genes, TYRP1 causes defects in eumelanin syn-
thesis, ASIP – 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.Leu18del 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 MC1R gene, 
and the brindledness by the KIT gene. Growth 
is associated with the NCAPG–LCORL region 
on BTA6. Nipple defects are related to TBX3/
TBX5, MCC and LGR5 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.Leu18del 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].
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Целью данной работы являлось определение иммунного статуса коров красной степной по-

роды с разным уровнем молочной продуктивности и различной кровностью по улучшающим 
породам. Исследование проводили в хозяйстве Омской области. Для определения иммунного 
статуса дойных коров разделили на три группы по показателям пожизненного удоя, уровню 
продуктивности, кровности по улучшающим породам, срокам стельности и состоянию здоро-
вья. Первую группу составили животные с низким уровнем продуктивности (20 000–25 000 кг; 
n = 7), вторую – со средним (25 000–30 000 кг; n = 10), третью – с высоким (30 000 кг и более; 
n  =  7). Статистическую обработку данных проводили с применением однофакторного дис-
персионного анализа (ANOVA), а  также специальной программы по оценке эффективности 
иммунных реакций методом нормированных отклонений, которая позволила оперативно про-
вести диагностику нарушений иммунологической реактивности различных иммунокомпетент-
ных клеток и их функционального состояния. Достоверность различий определяли по крите-
рию Стьюдента при вероятности ошибки р  <  0,05. В  результате проведенных исследований 
установили, что при повышении кровности по голштинской породе (51% и выше) происходит 
снижение резистентности организма животных до выраженного иммунодефицита без клиниче-
ских проявлений. Оказалось, что выявленные отклонения у всех особей связаны с нарушением 
иммунной функции нейтрофилов. Отмечено снижение абсолютной концентрации нейтрофи-
лов и лимфоцитов в группе низкопродуктивных животных относительно группы со средней 
продуктивностью на 16,5 и 16,0% соответственно, при сопоставлении с коровами с высоким 
удоем – на 20,5 и 21,5%. Также в этой группе была снижена концентрация Т-лимфоцитов на 
39%, В-лимфоцитов – на 54%, цитотоксических Т‑лимфоцитов – на 52%. Голштинизированные 
коровы с содержанием англерской крови на уровне 50% и более имели сильный иммунитет при 
высоком прижизненном удое.

Ключевые слова: крупный рогатый скот, породы, кровность, иммунный статус, молочная 
продуктивность

Immune status of Holsteinized cows with different levels  
of milk productivity

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

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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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 (5–8 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, CXCR1, 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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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 = 7).

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 status1. 
The activity of intracellular components of neu-
trophils (myeloperoxidase, cationic proteins) 
was assessed using the Graham–Knoll method 
with the use of benzidine2 and the method of 
M.G. Shubich using bromophenol blue3. 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-

1Vlasenko V.S., Bazhin M.A., Dudoladova T.S., Novikov A.N., Mironenko V.A. Assessment of the immune status in cattle with 
leukemia: methodological recommendations. Omsk, 2010, 31 p. 

2Hrycek A. Functional characterization of peripheral blood neutrophils in patients with primary hypothyroidism // Folia Biologica, 
1993, vol. 39, N 6, pp. 304–310. 

3Shubich M.G. Detection of cationic protein in the cytoplasm of leukocytes using bromophenol blue // Cytology, 1974, vol. 16, 
N 10, pp. 1321–1322.
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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% (р < 0,05), B-lymphocytes – by 54%  
(p < 0.05), cytotoxic T-lymphocytes – by 52% 
(р < 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 

Табл.  1 .  Соотношение уровня продуктивности и кровности по улучшающим породам (M ± m)
Table 1.  The ratio of productivity level and blood relationship across the upgrading breeds (M ± m)

Productivity level
The first improving breed The second improving breed

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 35,1 ± 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 – –

*р ≤ 0,05.

Табл. 2. Средние производственные показатели в группах для определения иммунного статуса (M ± m)
Table  2 .  Average production indicators in groups to determine the immune status (M ± m)

Indicator
Productivity level

low (n = 7) medium (n = 10) high (n = 7)

Total lactations 4,40 ± 0,200 4,9 ± 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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number of which was 37% lower (р < 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:

t = 
M2 – M1

Sd1

,

where t – deviation from the reference group; 
М1 and М2 – the mean of the reference and ex-
perimental groups, respectively; Sd1 – standard 
deviation of the reference group.

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 (t = -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 (t = –0,44). 

Despite the absence of critically significant 
deviations in the group average indicators (t ˃ 
–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 

Табл.  3 .  Средние значения показателей неспецифической резистентности у коров  
с разным уровнем продуктивности (M ± m)
Table 3.  Average values of non-specific resistance indicators in cows with different productivity  
levels (M ± m)

Indicator
Productivity level

low medium high

Leukocytes, × 109/l 6,94 ± 0,23 8,17 ± 0,79 8,63 ± 1,12
Neutrophils, × 109/l 3,35 ± 0,15 4,02 ± 0,44 4,22 ± 0,70
Lymphocytes, × 109/l 3,24 ± 0,25 3,86 ± 0,46 4,14 ± 0,51
Т- lymphocytes, × 109/l 0,74 ± 0,07 0,87 ± 0,14 1,22 ± 0,16*
В- lymphocytes, × 109/l 0,58 ± 0,08 0,92 ± 0,14* 1,26 ± 0,24*
Cytotoxic T lymphocytes, × 109/l 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

*р ≤ 0,05.
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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-

Табл.  4 .  Отклонения параметров неспецифи-
ческой резистентности от эталонной группы  
у коров с низким и высоким уровнями продук-
тивности
Table 4.  Deviations of non-specific resistance 
parameters in cows with high and low productivity 
levels from the reference group

Parameter
Productivity level

low high

Leukocytes –0,49 +0,18
Neutrophils –0,48 +0,15
Lymphocytes –0,43 +0,19
Т- lymphocytes –0,31 +0,56
В- 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

Табл.  5 .  Индивидуальные отклонения параметров неспецифической резистентности от эталонной 
группы у коров с низкой и высокой продуктивностью
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 4 5 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
Т- lymphocytes –0,28 +0,06 –0,33 –0,08 +0,22 –1,00 –0,74
В- 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
Т- lymphocytes +1,79 +1,58 –0,88 +0,98 –0,74 +0,71 +0,45
В- 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 (р < 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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Эффективность нового средства природного происхождения  
при лечении желудочно-кишечных болезней телят, 
сопровождающихся диареей

Савельева Л.Н., Бондарчук М.Л., Некрасова О.С., Базарон Б.З., Дашинимаев Б.Ц.
Научно-исследовательский институт ветеринарии Восточной Сибири – филиал  
Сибирского федерального научного центра агробиотехнологий Российской академии наук 
Чита, Россия 

e-mail: luba.saveleva@mail.ru
В статье представлены результаты оценки эффективности нового средства на основе природ-

ного сырья для лечения молодняка крупного рогатого скота от желудочно-кишечных болезней, 
сопровождающихся диареей. Объектом исследования послужили две группы новорожденных 
телят с признаками диареи. Животные опытной группы получали разработанное нами сред-
ство (состав: корневище бадана, лист фенхеля, цветы календулы, семена амаранта, пробиотик, 
NaCl), контрольной – фитосбор желудочный № 1 (состав: корневище бадана, семена тмина, 
трава тысячелистника и солянки холмовой, лист смородины и подорожника). Терапию каждо-
го теленка осуществляли по следующей схеме: двукратно (утром и вечером) внутрь в форме 
отвара в дозировке 2 мл/кг живой массы. В результате эксперимента на 3-и сутки терапии у 
представителей опытной группы эффективность лечения составила 90%, в контроле на 7-е сут-
ки – 80%. При этом показатели общего анализа крови в опытной группе соответствовали норме 
на 10-е сутки лечения. В контроле уровень лейкоцитов и гематокрита превышал референсные 
значения на 40,4 и 15,7% соответственно (р < 0,001). В биохимическом статусе опытной группы 
молодняка наблюдали положительную динамику в сторону нормализации значений. В контроле 
показатели водно-солевого обмена (Na, K) были ниже нормы на 41,2 и 20,7% соответственно, 
уровень кальция был ниже на 63,1% (р < 0,001), показатели фосфора и железа соответствовали 
нижнему порогу нормы. Стоимость курсового лечения опытным средством составила 123 р., 
контрольным – 260 р. на одного теленка. Среднесуточный прирост живой массы в опытной 
группе на 69,5% превосходил данные контроля (р < 0,001). С целью предотвращения эконо-
мического ущерба, связанного с падежом телят и недополучением привеса, изученный фито-
пробиотический комплекс рекомендуется применять при первых признаках диареи в качестве 
безопасного вяжущего, противоспалительного и обволакивающего средства.

Ключевые слова: телята, диарея, фитосредства, гематология, биохимия, терапевтическая 
эффективность

Efficacy of a new natural remedy in the treatment of calves with 
gastrointestinal diseases accompanied by diarrhea
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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 a result 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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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.
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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 consumption1. 

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 

1Plyaskina 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 1×106 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), rhizome 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 used2. 

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 
I.N. Nikitin3.

2Methodological 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 range4, which may 

4Bazhibina 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. 

Табл.  1 .  Весовые показатели телят в исследуе-
мых группах (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
   after 10 days of therapy

29,4 ± 0,44
33,3 ± 1,03

29,4 ± 0,44
31,7 ± 1,14

Average daily weight 
gain, g 390 ± 4,33 230 ± 3,62*

*р < 0,001.

Сравнительный анализ стоимости курса лечения 
исследуемыми лекарственными средствами
Comparative analysis of the cost of a course of 
treatment with the drugs under study
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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% 
(p < 0.001). The level of inorganic phosphorus 
corresponded to the lower limit of the physio-

logical norm5, 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 (р < 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%.

Табл.  2 .  Сравнительная характеристика основных показателей крови (М ± m, n = 20)
Table 2.  Comparative characteristics of the main blood parameters (M ± m, n = 20)

Indicator Norm
Group

experimental control

Leukocytes (WBC), 109/l 8–16 10,8 ± 0,71 18,3 ± 1,3**

Erythrocytes (RBC), 1012/l 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 45,3 ± 4,20 64,3 ± 5,62**

Sodium, mmol/l 135–148 141,6 ± 6,11 95,6 ± 4,21*

Potassium, mmol/l 3,5–4,5 4,0 ± 0,14 2,9 ± 0,22*

Calcium, mmol/l 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**

*р < 0,01.
**р < 0,001.

5Medvedeva 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 (р < 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% (р < 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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на физиологические показатели личинок тиляпии
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Исследовано влияние использования в кормах про- и пребиотиков на некоторые физиоло-

гические (рыбоводно-биологические и гематологические) показатели личинок тиляпии. Объ-
ектом исследования являлись личинки нильской тиляпии (Oreochromis niloticus), перешедшие 
на активное питание. Рыбу разделили на 4 группы: контрольная – корм без добавления пробио-
тического препарата и 3 опытные: 1-я – корм с добавлением пребиотика инулина; 2-я – корм 
с добавлением пробиотического препарата + инулин; 3-я – корм с добавлением пробиотиче-
ского препарата. Эксперимент проводился в лаборатории аквакультуры и водных биоресурсов 
Южного научного центра Российской академии наук. Экспериментальные партии кормов, в 
том числе корма с добавлением пробиотического препарата, содержащего штаммы бактерий 
Bacillus velezensis и обладающего ферментативной активностью, а также пребиотика инулина 
были изготовлены в Донском государственном техническом университете. В течение первых 
6 недель эксперимента прирост массы был выше в 3-й группе. На этом этапе можно говорить о 
раннем воздействии на микрофлору личинок и о перспективности применения пробиотическо-
го препарата для повышения выживаемости и темпа роста на начальных этапах выращивания. 
Затем прирост массы в 3-й группе незначительно снизился: это может свидетельствовать о том, 
что пробиотики могут модулировать микрофлору кишечника и со временем вызывать негатив-
ные эффекты, однако эти данные не были подтверждены гематологическими показателями, ко-
торые во всех группах были в пределах референсных значений, характерных для данного вида. 
Достаточно высокие уровни гемоглобина, количества эритроцитов и тромбоцитов, лейкоцитар-
ный индекс интоксикации по В.К. Островскому свидетельствовали о положительном влиянии 
инулина и пробиотического препарата на состояние здоровья тиляпии. Таким образом, при-
менение пребиотика инулина и пробиотического препарата, содержащего штаммы бактерий 
Bacillus velezensis, оказало положительный эффект на здоровье и иммунитет молоди тиляпии.

Ключевые слова: пробиотический препарат, пребиотик инулин, личинки, тиляпия, рыбово-
дно-биологические и физиологические показатели
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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 
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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 еxperiment 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  

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 

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 
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. контрольные взвешивания 
производили с помощью электронных весов 
OHAUS PA-2102 (accuracy class according to 
GOST OIML R 76-1–20111 – 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 rate2, 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-Grünwald. Using an 
Olympus BX53 microscope (Japan), the ratio 
of erythroid series cells, the types and number 

1GOST 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 (р < 0,05).

RESULTS AND DISCUSSION  

The water temperature during the experiment 
in the aquariums was 25–27 ºC, 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 

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-

Рис. 1. Прирост массы личинок тиляпии на контрольном и опытных кормах
Fig. 1. Weight gain of tilapia larvae on control and experimental feeds
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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/l) [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/
μl [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.4), 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-

Табл.  1 .  Рыбоводно-биологические показатели личинок тиляпии, выращенной на кормах  
с введением пре- и пробиотиков
Table 1.  Fish farming and biological indicators of tilapia larvae grown on the feed with  
the introduction of pre- and probiotics

Indicator
Group

Control 1st 2nd 3rd 
Initial mass, g 0,024 ± 0,0088
Final mass, g 2,086 ± 0,22 2,37 ± 0,25 1,92 ± 0,22 1,96 ± 0,24
Absolute initial length, mm 1,23 ± 0,023
Absolute final length, mm 4,97 ± 0,16 4,99 ± 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

4Hamid A.S.H., Ahmed M.F.A., Mohammed A.M.I., 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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Табл.  2 .   Гематологические показатели молоди тиляпии
Table 2.  Hematological parameters of juvenile tilapia

Indicator
Group

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/µl 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 ± 0,331–2 5,80 ± 0,241–2 6,05 ± 1,09
Adult erythrocytes, % 94,40 ± 1,09 92,38 ± 0,331–2 94,20 ± 0,241–2 93,95 ± 1,09
BN/PN coefficient 2,80 ± 0,75 2,86 ± 0,431–2 2,35 ± 0,301–2 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 2,25 ± 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
LII, 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; LII – leukocytal intoxication index; er. – erythrocytes; un. /p.f. – units per field.

* Statistically significant differences between fish groups (1 – experiment 1, 2 – experiment 2) (р < 0,05).

Рис. 2. Клетки крови тиляпии: 
а – эритроцит (нормобласт) с микроядром; б – аномальная форма эритроцита; в – нейтрофил; г – лимфоциты; 
д – ядерная тень и лизис эритроцита; е – нормобласты; ж – инвагинация ядра эритроцита; з – гипохромазия 
эритроцитов; и – тромбоциты; к – фестончатый край у эритроцитов
Fig. 2. Tilapia blood cells: 
a – red blood cell (normoblast) with a micronucleus; б – abnormal shape of a red blood cell; в – neutrophil;  
г – lymphocytes; д – nuclear shadow and lysis of a red blood cell; е – normoblasts; ж – invagination of the red  
blood cell nucleus; з – hypochromasia of red blood cells; и – platelets; к – fringed edge of red blood cells
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tive role in the bodies of fish5. 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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Представлен краткий обзор результатов исследований плодородия почв Сибири. Проведен 

количественный анализ продукционного процесса зерновых в годы с различными  погодными 
условиями; экспериментально обосновано отсутствие необходимости в специальном регулиро-
вании содержания гумуса в почве. Вскрыта роль мобильной фракции органического вещества 
почвы в стабилизации запасов гумуса. Установлена возможность миграции азота за пределы 
корнеобитаемого слоя при среднегодовом балансе азота, близком к бездефицитному. Предложе-
на методика расчета сравнительной эффективности биологического и технического азота в кон-
кретных агротехнологических условиях. Обоснована необходимость расчета доз фосфорных 
удобрений под зерновые на основе величины отчуждения элемента с урожаем зерна. Показано, 
что для условий лесостепи Приобья доза Р40–60, рекомендованная для почв Российской Феде-
рации, является избыточной и не окупается урожаем зерна. Оценен вклад комплекса средств 
химизации в приросте урожайности яровой пшеницы: вклад гербицидов составляет около 10%, 
фунгицидов – 20, минеральных удобрений – 70% при окупаемости 1 кг д.в. 12,4 кг зерна. Пред-
ложена типизация лет по погодным условиям для расчета экономической целесообразности 
применения удобрений в разные по условиям увлажнения годы. Создана программа Agroten 
для принятия решений по применению средств интенсификации в технологиях выращивания 
культур. Сформулированы почвенно-микробиологические основы минимизации основной об-
работки почв в Приобье. Защищены патентами Российской Федерации новые способы оценки 
устойчивости микробиома почв к воздействию агрогенных стресс-факторов. Предложена шка-
ла для оценки вероятности накопления в почве остаточного количества пестицидов. Экспери-
ментально обосновано положение, что солома является возобновляемым ресурсом агроценоза, 
обеспечивающим его экотоксикологическое благополучие. Завершен первый этап метагеном-
ного анализа микробиома чернозема выщелоченного Приобья.

Ключевые слова: чернозем выщелоченный, гумус, азот, фосфор, удобрения, пестициды, 
микробиом почвы
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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 P40–60 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, 
I.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 soil1.

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 residues2.

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 developed3.

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 

1Shatokhina 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 I.S., 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 T.I., 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 justified4. 
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 yields5. 

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 N90 application in the 
0–200 cm layer, an additional ≈350 kg N-NO3/
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 processes6. 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 conditions7. 

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. 

4Gamzikov G.P., Kostrik G.I., Emelyanova V.N. Balance and transformation of fertilizer nitrogen. Novosibirsk: Nauka, 1985, 
161 p.

5Kiryushin V.I., 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. 

6Titlyanova A.A., Kiryushin V.I., Okhinko I.P. Agrocenoses of the steppe zone. Novosibirsk: Nauka, 1984, 246 p. 
7Bashchuk 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 K2SO4). 
The method recommended for chernozems by 
Chirikov (0.5 N CH3COOH) 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 N30 
(30 kg of nitrogen per 1 ha of crop rotation area) 
and amounted to 17.3 kg/kg. At N60 and N90, 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 purpose8.

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-
tilizer9. 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 
yields10. 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 factors11–13 
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 / I.N. Sharkov, O.D. Sorokin, S.A. Kolbin. Application No. 2019617265 
dated 18.06.2019.

9Kiryushin 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. 

10Lebedeva 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. 

11Patent 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. 

13Patent 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 (V1–V9) and its individual regions 
(V4, V3–V4) were studied in these same exper-
imental variants using platforms Pacific Biosci-
ence (PacBiO), 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, P40–60, 
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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Полвека изучения плодородия черноземов Сибири  
(к 45-летию со дня образования лаборатории плодородия почв 
СибНИИ кормов СФНЦА РАН)

Данилова А.А., Ткаченко Г.И., Колбин С.А.

Из истории сельскохозяйственной науки

direction of research – in refining and deepening 
our knowledge based on metagenomic studies.
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