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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2026-2-1 Tun crarbu: OpUrHHAIBHAS
VIK 577.114:631.465 Type of article: original

HaxonsieHue KpuONPOTEKTOPHBIX CAXapoOB U MEpPe3MMOBKA
03MMOI1 TPUTHKAJIE MO BIUMSHUEM ACCOMUATHBHBIX PU300aKTEePH

TI'am3aena P.C.!, ) bexum JI.I1.?

'Canxm-Ilemepbypeckuii 20Cy0apcmeeHublll a2papHblil YHUSepCUmen

[Tymkun, Cankt-IlerepOypr, Poccus

2Jlenunepadckuil HaAy4HO-UCCAE008AMENLCKUL UHCIMUMYM CelbCKo2o Xosslicmea «berocopray —
Puruan @edepanbHo2o ucciedosamenbcko2o yeumpa kapmogens um. A.I° Jlopxa
Jlenunrpasackast obnacts, 1. benoropka, Poccus

(<)e-mail: melinda 08@mail.ru

B Hacrosiiiee Bpemsl akTyalibHOM 3aa4eit sBisieTcs pa3padoTka 3(h()EKTUBHBIX METO/IOB MOBBIIIC-
HUSl YCTOWYMBOCTH O3MMBIX 3€PHOBBIX K 3200JIEBAHUSIM H CTPECCOBBIM (haKTOpaM CpeJIbl C ONIOPOH Ha
aKTUBAIMIO COOCTBEHHBIX 3aIIMTHBIX MEXaHM3MOB pacTeHHH. B craThe mpepcTaBiIeHbl pe3ylbTaThl
MOJIEBBIX HCcaenoBanui, npoBoauBIIuXcs B 2021-2024 IT. ¥ NOCBSIICHHBIX OIICHKE BIUSHUS TPEI-
ITOCEBHOW MHOKYJISAIMHA CEMSH MUKPOOHBIMH TpeTapaTaMy Ha aJIanTalliio K HU3KUM TeMIieparypam
Y 3MMOCTOHKOCTh O3MMOM TPUTHKAJIE. DKCTIEPUMEHT MTPOXOFII Ha OTBITHBIX MMOJISAX JIeHMHTpacKoro
Hay4YHO-HCCJIeI0BATEIbCKOTO MHCTUTYTA CEJICKOTO X03s11cTBa «benoropkay. O0bEKT UCCIIe0BAHUS —
copT o3uMoi Tputukane bunmuama. [lomeBoil ombIT BKIIOYAT CEMb BapHAHTOB: KOHTPOJIb M IIECTh
BAapUAHTOB C 00pabOTKOI CEMSH TperapaTaMu Ha OCHOBE aCCOITMATHBHBIX pH300aKTepwii: ATpodui
(Agrobacterium radiobacter, mramm 10), Muzopus (Arthrobacter mysorens, mramm 7), @naBobakTe-
puH (Flavobacterium sp., mramm 30), Puzo6axt mapku PXK® (Corynebacterium sp., mramm I15T 7),
Pmzobakt mapku MX® (Enterobacter sp., mramm 15T 3), Puzo6akxt mapku ©XKD (Pseudomonas sp.,
mramMm [1BT 4). M3yuanu conepkaHue pacTBOPUMBIX YTJIEBOJOB (MOHOCAXapOB U caxapo3bl) B y3iax
KYIICHUs B TPEA3UMHHUIA 1epuos (HOsIOph — J1eKaOdpb) W WX B3aUMOCBS3b C IOPAKEHUEM CHEXHOUN
meceHbo (Microdochium nivale), a Takke COXpaHHOCTBIO PACTECHUH TOCIIE TIEPE3UMOBKH. YCTAaHOB-
JICHO, uTO 00paboTka ceMsiH npenaparamu Puzobakr @K, dnaBodakreprs 1 MU30pHH 10CTOBEPHO
MOBBIIIAET HAKOIJICHUE MOHOCAXapoB U caxaposbl B 1,45—1,55 paza oTHOCUTENBHO KOHTPOIIA. Takxke
ObLTa BBISBIICHA YCTOWYHMBAS TTOJIOKUTENbHAS KOPPEISAINS MEXTy YPOBHEM HAKOIICHHS CaxapO3bl
(r=10,96) u monocaxapos (» = 0,93) u rycTOTO# CTOSIHHSI paCTEHUI TIOCIIE TEPEe3UMOBKHU. B BapuanTax
¢ 00paboTKO# ATHMHU TIpenapaTamMy HaONFOIAI0TCS MUHIMAIBLHOE TIOPAKEHIE CHE)KHOW TUICCEHBIO H
MaKCHMaJlbHas ipruOaBKa 1o rycTtore ctosHus pacternii (31,5-47,0% mo cpaBHEHUIO C KOHTPOJIEM).

KuroueBble cjioBa: 03uMasi TPUTHKAJIE, aCCOIIMATUBHBIC PU300AKTEPUH, y3€ KYIICHHsI, PACTBO-
puMBbIe caxapa

Accumulation of cryoprotective sugars and overwintering
of winter triticale under the influence of associative rhizobacteria

Gamzaeva R.S.!, <)Bekish L.P.?

ISt. Petersburg State Agrarian University

Pushkin, St. Petersburg, Russia

2Leningrad Research Institute of Agriculture "Belogorka" — Branch of the "Federal Potato Research
Center named after A.G. Lorkh"

Belogorka, Leningrad region, Russia

(<X)e-mail: melinda_ 08@mail.ru

Currently, the development of effective methods for increasing the resistance of winter cereals to
diseases and environmental stress factors based on the activation of plants own protective mechanisms
is an urgent task. The article presents the results of field studies (2021-2024) aimed at assessing the im-
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Accumulation of cryoprotective sugars and overwintering

Gamzaeva R.S., Bekish L.P.

of winter triticale under the influence of associative rhizobacteria

pact of pre-sowing seed inoculation with microbial preparations on the adaptation to low temperatures
and winter hardiness of winter triticale. The experiment was conducted on the experimental fields of
the Leningrad Research Institute of Agriculture "Belogorka". The object of the study was the Bilinda
variety of winter triticale. The field experiment included 7 variants: control and six variants involving
seed treatment with the preparations based on the associative rhizobacteria: Agrophil (Agrobacterium
radiobacter, strain 10), Mizorin (Arthrobacter mysorens, strain 7), Flavobacterin (Flavobacterium sp.,
strain 30), Rizobact brand RZhF (Corynebacterium sp., strain PBT 7), Rizobact brand MZhF (En-
terobacter sp., strain PBT 3), Rizobact brand FZhF (Pseudomonas sp., strain PBT 4). The content of
soluble carbohydrates (monosugars and sucrose) in tillering nodes was studied during the pre-winter
period (November — December), and their relationship with snow mold damage and plant survival
after overwintering. It has been established that seed treatment with the preparations Rizobact FZhF,
Flavobacterin and Mizorin significantly increases the accumulation of monosaccharides and sucrose
by 1.45-1.55 times relative to the control. A stable positive correlation has been found between the
level of sucrose accumulation (r = 0.96) and monosaccharides (r = 0.93) and the plant density after
overwintering. In the variants treated with these preparations, minimal damage by snow mold and

maximum increase in plant density (31.5-47.0% compared to the control) are observed.
Keywords: winter triticale, associative rhizobacteria, tillering unit, soluble sugars

s uuruposanus: [ amzaesa P.C., bexuw JI.I1. HaxoneHne KpHONPOTEKTOPHBIX CaXapoB U MEPE3UMOBKA 03UMOM TPUTHKAJIE
IO/ BJIMSTHUEM aCCOLMATUBHBIX pu3obakrepuii // Cubupckuil BeCTHHK cellbekoxossiicTBeHHOH Hayku. 2026. T. 56. Ne 2. C. 5-14.

https://doi.org/10.26898/0370-8799-2026-2-1

For citation: Gamzaeva R.S., Bekish L.P. Accumulation of cryoprotective sugars and overwintering of winter triticale under
the influence of associative rhizobacteria. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science,
2026, vol. 56, no. 2, pp. 5—14. https://doi.org/10.26898/0370-8799-2026-2-1
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INTRODUCTION

In recent years, there has been a consistent
global trend towards reducing the use of mineral
fertilizers and pesticides, as well as expanding
the production of environmentally friendly prod-
ucts [1-4]. These changes stimulate the wide-
spread introduction of microbial preparations
in agriculture. One of the modern and effective
ways to increase the yield of agricultural crops
is the inclusion of microbiological preparations
in the technology of their cultivation [5-8].
Such preparations have a positive effect on plant
growth processes and contribute to their adapta-
tion to various adverse factors without negative-
ly affecting the environment' [9-11].

The effectiveness of biopreparations depends
on their composition and method of application.

Thus, in various regions of the Russian Federa-
tion, the use of biological preparations in the cul-
tivation of winter triticale has led to an increase
in yield from 0.14 to 1.10 t/ha [12]. The present-
ed data confirm the promising potential of using
microbiological preparations in the technology
of winter triticale cultivation, especially under
the conditions of the Northwestern region.

An important problem in growing winter
crops remains the increase of their frost resis-
tance, winter hardiness, and disease resistance.
The adaptive processes that occur in plants
during the winter period are accompanied by
significant changes in metabolism and depend
on species and varietal characteristics.

It has been established that there is a positive
correlation between the level of frost resistance

'"Maisak G.P, Startseva A.B. Science for production. Winter triticale for forage and grain // Multifunctional adaptive fodder:
collection of scientific works. Moscow, 2023, Iss. 30 (78), pp. 92-97.
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HaxkoruieHre KpHOIPOTEKTOPHBIX CaXapOB U HEPE3UMOBKa
03UMOM TPUTHKAJIE ITOJ] BIMSHUEM aCCOLMATUBHBIX PU300aKTepHid

T'am3aesa P.C., bexum JLIT.

of winter crops and their sugar content. The
main volume of soluble sugars (about 90%) is
concentrated in the cytosol, vacuoles, and other
cell organelles, and only about 10% is located in
the intercellular space, which prevents the for-
mation of intracellular ice and increases resis-
tance to low temperatures?.

The degree of accumulation of water-solu-
ble carbohydrates in cells depends on the type
of plant. Symplastic species are characterized
by the transport of substances through the cyto-
plasm and high sensitivity to low temperatures,
whereas apoplastic species have greater cold
resistance due to the high sugar content in the
intercellular space (see footnote 2).

In the formation of cold and frost resistance in
plants, sugars not only play the role of osmotic
regulators but also perform cryoprotective and
protective functions. The formation of glycopro-
tein complexes prevents protein denaturation and
the reduction of their activity, which contributes
to an increase in the overall resistance of the cell.
In addition, sugars serve as the main substrate
for the synthesis of lipids and stress proteins nec-
essary for carrying out adaptive processes and
repairing cells after the cessation of exposure to
low temperatures (see footnote 2) [13].

Among the lipid components that maintain
the integrity of cell membranes under low tem-
perature conditions, phytochelatins and digalac-
tosyl-diacylglycerols occupy a special place, as
they provide a lower membrane phase transition
temperature.

Antifreeze proteins, which prevent the growth
of ice crystals to sizes capable of causing cell
death, are also of great importance. Antifreeze
proteins have been found in the intercellular
space of winter rye and some wheat varieties.
Certain low-molecular-weight glycoproteins
and galactose-specific lectins, whose accumula-
tion is closely associated with plant resistance to
low temperature exposure (see footnote 2), are
also considered cryoprotectants [13].

Thus, the use of microbiological preparations
aimed at activating the natural mechanisms of
plant resistance opens up additional opportu-
nities for increasing the productivity of winter
crops in northern regions. Of particular inter-
est in this context are associative rhizobacteria
capable of influencing key adaptive processes,
including the accumulation of cryoprotective
sugars.

However, there is currently insufficient ex-
perimental data quantitatively confirming the di-
rect connection between inoculation with specif-
ic strains of rhizobacteria, the dynamics of sugar
accumulation, and the actual winter hardiness of
winter triticale.

In this regard, the objectives of our study were
to assess the effect of pre-sowing inoculation of
winter triticale seeds with strains of associative
rhizobacteria on the accumulation of cryopro-
tective sugars in the tillering nodes, as well as to
establish the quantitative relationship of this in-
dicator with plant density and the level of snow
mold infestation (Microdochium nivale).

MATERIAL AND METHODS

The study was conducted on the experimen-
tal field of the Leningrad Research Institute of
Agriculture "Belogorka" — Branch of the "Fed-
eral Potato Research Center named after A.G.
Lorkh". The object of the study was the winter
triticale variety Bilinda.

The soil of the experimental plots is sod-
podzolic, light and medium loamy. The humus
content in the arable layer is 2,60-2,80%, P,O5—
202-208 mg/kg of soil, K,O — 97— 102 mg/kg,
pHKCI1 =4,7-5,2.

Pre-sowing treatment of seeds with microbial
preparations was carried out on the day of sow-
ing. The working suspension was prepared based
on preparations with a titer of 5x10° CFU/ml.
The application rate of the preparation is 1 liter
per 1 ton of seed (equivalent to 100 ml/ha at a

2Koshkin E.I. Physiology of the resistance of agricultural crops: a textbook for universities. Moscow, 2010, 640 p.

3emiieienue U XUMH3aIvs
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Accumulation of cryoprotective sugars and overwintering
of winter triticale under the influence of associative rhizobacteria

Gamzaeva R.S., Bekish L.P.

seeding rate of 300 kg/ha), the total application
rate of the working fluid is 10 liters/t. The trial
was conducted with a randomized plot layout.
The experimental plot area was 10 m?, and the
trial was replicated four times.

Experimental design:

1. Control (treatment with water).

2. Agrophil (Agrobacterium radiobacter,
strain 10).

3. Mizorin (Arthrobacter mysorens, strain 7).

4. Flavobacterin (Flavobacterium sp., strain 30).

5. Rizobact RZhF (Corynebacterium sp.,
strain PBT 7).

6. Rizobact MZhF (Enterobacter sp., strain
PBT 3).

7. Rizobact FZhF (Pseudomonas sp., mramm
[1BT 4).

Samples for sugar determination were collect-
ed in the first ten days of November and the first
ten days of December. For biochemical analysis,
plants were selected diagonally from each exper-
imental plot. An average sample was formed for
each experimental treatment. The total number
of plants in each sample was 100—150 pcs.? The
tillering nodes were dried to a completely dry
state and crushed. A 2-g sample was collected
for analysis. The soluble sugar content of the til-
lering nodes was determined using the Bertrand
method.

After the resumption of vegetation, the den-
sity of overwintered plants was counted and the
crops were assessed for snow mold damage.

The degree of snow mold infestation was as-
sessed on a four-point scale, where 0 — healthy
plants; 1 — sporadic spots on the lower and upper
leaves, total infection up to 10% of leaves; 2 —
lower leaves completely affected, upper leaves
have spots (2-3 per leaf), total infection up to
30% of all leaves; 3 — lower and upper leaves
affected, side shoots dying, total infection up

to 70% of all leaves; 4 — all leaves and shoots
affected, total infection 100%* [14]. Statistical
data processing was carried out using the anal-
ysis of variance method according to the field
experiment methodology of B.A. Dospekhov>.

The analysis of weather conditions during the
research period revealed significant interannual
variability in both temperature patterns and pre-
cipitation levels, which substantially affected
the overwintering conditions of winter triticale.
During the experiments, weather conditions in
the key period for plant adaptation varied sig-
nificantly. In the 2021/22 season, November was
wet (46.4 mm of precipitation) with a positive
average air temperature of 3.5 °C, while Decem-
ber was cold (—13.2 °C). In the 2022/23 season,
there was contrasting weather: a relatively dry
November (21.6 mm) with a sharp cold spell at
the end of the month (—5.8 °C). The most stress-
ful conditions were observed in the 2023/24 sea-
son, when a warm (5.2 °C) and wet (29.5 mm)
November was followed by a cold December
(=12.1 °C) with a low moisture level (8.3 mm)
(see Fig. 1).

RESULTS AND DISCUSSION

The research results showed that pre-sowing
inoculation of winter triticale seeds with asso-
ciative rhizobacteria significantly affects the in-
tensity of accumulation of cryoprotective sugars
in the tillering nodes during the period of active
preparation for winter (see Table 1).

A general trend for all variants was an in-
crease in the content of monosaccharides and
sucrose, which depended on the microbial strain
used and the conditions of the specific year.

Based on the stability and pronounced effect,
all the studied drugs were divided into groups.
The most effective included Rizobact FZhF,
Flavobacterin, and Mizorin, which provided the

3Sapunko V.L., Solonkin A.V., Belyaev A.I., Pugacheva A.M., Guzenko A.Yu., Guzenko A.V. Recommendations for the organiza-
tion of experimental plots of agricultural crops. Volgograd, 2022, 44 p.

“Methodical guidelines for registration testing of fungicides in agriculture. Nesvizh, 2007, 511 p.

SDospekhov B.A. Methodology of field experience (with basics of statistical processing of research results). Moscow: Agro-

promizdat, 1985, 352 p.
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Fig. 1. Average monthly air temperature and precipitation distribution for the growing season of winter triticale
Compiled on the basis of the data from the meteorological station Belogorka (Gatchina District of the

Leningrad Region)

Ta6a. 1. Biusaue MEKpOOHBIX IPENapaTroB Ha COJEPKAHUE CaXapoB B y3JIe KyIICHHUS
Table 1. The effect of microbial preparations on the sugar content in the tillering node

Experiment option

Monosaccharides, %

Sucrose, %

November December November December
2021
Control (water) 13,6 £ 1,1 22,0+£0,9 8,8+0,7 17,2+1,2
Agrophil (Agrobacterium) 13,5+0,8 245+1,1 11,1 £0,6 19,1 +£1,3
Mizorin (Arthrobacter) 24,0+ 1,1 31,0+0,7 20,1 +1,2 30,1 £1,2
Flavobacterin (Flavobacterium) 22,6 +1,3 32.8+1,1 24,1 +1,2 26,2+ 0,6
Rizobact RZhF (Corynebacterium) 21,9+0,8 22,8 +1,1 22,6 1,0 239+ 1,0
Rizobact FZhF (Pseudomonas) 21,8+t 1,4 31,7+1,1 214+1,2 273+1,2
Rizobact MZhF (Enterobacter) 234+1,1 279+1,3 20,7+0,8 24,4+ 1,0
LSDys 1,5 2,2 1,0 2,7
2022
Control (water) 13,7+1,2 22,5+ 1,0 7,4+0,9 16,0+ 1,0
Agrophil (Agrobacterium) 212+1,4 252+1,4 129+1,0 17,8+ 1,1
Mizorin (Arthrobacter) 25,5+0,9 30,4+ 1,4 233+1,4 33,6 1,1
Flavobacterin (Flavobacterium) 31,3+0,8 324+1,3 252+1,0 273+1,2
Rizobact RZhF (Corynebacterium) 24,4+ 1,3 27,5+ 1,0 21,2+ 1,0 24,8 +1,3
Rizobact FZhF (Pseudomonas) 26,3+1,1 33,0+1,0 28,1+1,2 30,2+0,9
Rizobact MZhF (Enterobacter) 203+1,4 26,9+ 1,0 22,1+£0,9 26,3+1,1
LSDys 1,8 1,5 2.4 2,1
2023
Control (water) 16,4+ 1,4 233+ 1,2 10,4 +1,0 19,6 £1,2
Agrophil (Agrobacterium) 20,8+ 1,3 26,4+ 1,1 109+ 1,0 19,8+ 0,8
Mizorin (Arthrobacter) 30,0+ 1,3 31,7+ 1,4 21,8+0,9 24,7+ 1,3
Flavobacterin (Flavobacterium) 28,3+ 1,0 31,8+ 1,1 245+ 1,4 25,5+ 1,1
Rizobact RZhF (Corynebacterium) 25,7+0,8 25,6 1,2 21,6 £1,3 25,1+ 1,4
Rizobact FZhF (Pseudomonas) 32,8+1,3 34,7+ 1,1 22,2+1,0 27,7+0,8
Rizobact MZhF (Enterobacter) 23,8+ 1,0 28,0+ 1,0 232+1,2 243 +1,1
LSDys 2,0 1,7 2,3 2,6
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maximum and stable accumulation levels of
both sugar fractions. Rizobact FZhF increased
the monosaccharide content by 1.49 times, and
sucrose — by 1.41 times compared to the con-
trol variant. Flavobacterin was distinguished by
exceptional stability, maintaining a high level
of monosaccharides throughout all years of the
study (up to 28.3-32.8%). Rizobact RZhF and
Rizobact MZhF were classified into the group
with a moderate but reliable effect. Their char-
acteristic feature was a smooth dynamic, where
the difference between the sugar content in
November and December was often minimal,
indicating an earlier and more gradual adapta-
tion of the plants to low temperatures. Agrophil
showed the least pronounced and unstable ef-
fect. Its key disadvantage was a weak influence
on sucrose accumulation, the level of which in
December 2023 was 19.8%, comparable to the
control and 1.4 times lower than that of effec-
tive preparations.

A comparative year-by-year analysis re-
vealed not only the stability of the action of ef-
fective drugs but also their critically important
protective role in extreme conditions. Plants that
had not been treated with microbial preparations
demonstrated a basic sugar increase, whereas
the most effective preparations contributed to
an increase in monosaccharide and sucrose con-
tent by 1.45—-1.55 times compared to the control.
However, the most indicative year turned out
to be 2022, which was stressful for the plants,
as confirmed by the abnormally low initial su-
crose level in the control in November (7.4%).
By December, the level had risen to 16%, but it
remained significantly lower than in other years.
Under these conditions, the Rizobact FZhF and
Mizorin treatments not only compensated for
the stress but also ensured sucrose accumulation
up to 30.2% and 33.6%, respectively, which is
1.7-2.1 times higher than the control level in
December.

From a physiological point of view, the ob-
served effects are explained by several interre-
lated mechanisms. Effective microbial prepara-

tions stimulate autumn photosynthetic activity
and enhance the transport of assimilates to the
tillering nodes. The ability of Flavobacterin and
Rizobact FZhF to provide a high level of sugars
in November indicates an earlier initiation of the
plant adaptation process to low temperatures.
Particular importance is attached to the targeted
accumulation of sucrose, which acts not only as
the main storage substance but also as an osmot-
ic protector.

Thus, pre-sowing inoculation of seeds with
microbial preparations is an effective method of
biochemical modulation of the winter triticale
condition, aimed at enhancing the natural mech-
anisms of adaptation to low temperatures.

The integral indicators of the effectiveness
of pre-sowing seed inoculation were the preser-
vation of plants after wintering and their resis-
tance to snow mold. A visual scoring assessment
conducted after the resumption of spring veg-
etation revealed clear differences between the
variants. In the control, the plants exhibited the
most pronounced symptoms of damage. While
in the options with seed treatment using Mizo-
rin, Flavobacterin, and Rizobact FZhF, minimal
symptoms of infection were noted, indicating
that these inoculants induce increased resistance
to the pathogen (see Fig. 2).

Quantitative data on the standing density
of surviving plants in spring fully confirmed
visual observations. Compared to the control
(190 pcs./m?), all the studied microbial prepa-
rations provided a significant increase. The
most effective of them were Rizobact FZhF and
Flavobacterin (+47.0 and 42.0%, respectively)
(see Table 2).

Mizorin also showed a good result, increas-
ing plant survival by 31.5%. The drugs Rizobact
RZhF (+15.7%) and Rizobact MZhF (+10.5%)
exhibited a moderate but statistically significant
effect on plant survival. Agrophil demonstrated
a slight positive effect (+7.8%).

Thus, the pre-sowing treatment of winter
triticale seeds with preparations based on Pseu-
domonas (Rizobact FZhF), Flavobacterium
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Puc. 2. Bnusinne MUKpOOHBIX TIpENaparoB Ha MOPayKeHHE PACTEHUH CHEKHOH TIJIECEHBIO

Fig. 2. The effect of microbial preparations on the damage of winter triticale plants by snow mold

(Flavobacterin) and Arthrobacter (Mizorin) is a
highly effective method for enhancing cold ad-
aptation. A key element in their mechanism of
action is the induction of active accumulation of
cryoprotective sugars in the tillering nodes.

The statistical confirmation of this causal re-
lationship is provided by the identified strong
positive correlations (= 0,93, = 0,96) between
the content of soluble sugars (monosaccharides,
sucrose) and the density of plant stands, as well
as a strong negative correlation (» = —0,9) be-
tween the level of sucrose and the degree of
snow mold damage. The accumulated reserve

of sugars provides osmotic protection for cells
against freezing, serves as a resource for spring
regeneration, and, consequently, determines
the maximum increase in the preservation of
productive stems (+31.5-47.0% relative to the
control), which is a determining factor for yield
formation.

The obtained data are in good agreement with
the known mechanisms of interaction between
associative bacteria and plants. The observed
physiological effect is the result of the combined
action of bacteria synthesizing phytohormones
that stimulate the outflow of assimilates, the in-

Taoa. 2. Bousaue o0paboTku ceMssH MEKPOOHBIMHE ITperapaTaMy Ha TYCTOTY CTOSIHUSI paCTEHHH

(cpennee 3a 2022-2024 rr.)

Table 2. The effect of seed treatment with microbial preparations on the density of winter triticale plants

(average for 2022-2024)

Gain
Experiment option Plant density, pcs/m?

+ %
Control (water) 190 - -
Agrophil (Agrobacterium) 205 15 7,8
Mizorin (Arthrobacter) 250 60 31,5
Flavobacterin (Flavobacterium) 270 80 42,0
Rizobact RZhF (Corynebacterium) 220 30 15,7
Rizobact FZhF (Pseudomonas) 210 20 10,5
Rizobact MZhF (Enterobacter) 280 90 47,0
LSDys - 9,8 -
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duction of systemic resistance leading to the ac-
cumulation of protective sugars, as well as the
improvement of phosphorus and micronutrient
nutrition due to the solubilizing activity of the
bacteria.

CONCLUSION

During the conducted studies, it was estab-
lished that pre-sowing treatment of winter tritica-
le seeds with microbial preparations is an effec-
tive method for managing the adaptation process
to low temperatures. The use of the preparations
Rizobact FZhF (Pseudomonas), Flavobacterin
(Flavobacterium) and Mizorin (Arthrobacter)
contributes to a significant increase in the con-
tent of cryoprotective sugars. Variants with the
highest sugar content showed the least damage
from snow mold and the greatest preservation of
plants after wintering, demonstrating an increase
in stand density from 31.5 to 47.0%. In addi-
tion, strong positive correlations were identified
(r=0,93, r=0,96) between the content of soluble
sugars (monosaccharides, sucrose) and the den-
sity of plant stands, as well as a strong negative
correlation (»=-0,9) between the level of sucrose
and the degree of downy mildew infection.
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BuinsiHue npsiMoOro nocesa U HOPMbI BbICEBA HA Pa3BUTHE
CUMOHOTHUYECKOT0 annapara cou

C)T'ermanckuii B.B., Tuxonuyk I1.B., 3axaposa E.b., Hembixkun A.A.
JlanvHesocmounbili 20CY0apCmMBEeHHbI A2PapHbILL YHUSEpCUmem
bnarosemenck, Poccust

e-mail: getmanskiy.agrosanta@gmail.com

B crarpe mpuBeneHbI pe3ysbTaThl HCCIEOBAHUS 110 OIEHKE CTETEHH BIUSHHS TEXHOJOTHH IIps-
MOTO TTOCEBA U PAa3ITMYHBIX HOPM BBICEBA CEMSIH Ha OOIINH CHMOMOTHYECKHH TIOTEHITHAI COU U MacCy
kiyOeHpkoB. [lomeBoii onbiT poBoaman B 2022-2024 rT. Ha TeppuTopun AMypcKoii odnactu. Brice-
Baemasl KyneTypa — cosi copra J[e0roT. B pamkax AByX(aKTOpPHOTO SKCIIEPHIMEHTA M3Yy4all BIUSHHE
JIBYX TEXHOJIIOTHH 1oceBa: 0e3 mpenBapuTebHOW 00padOTKH IMOYBHI (IIPSIMOM 1TOCEB) B ¢ 00pabOTKOM
(paxrop A), a Taxxke gersipex HOpM BbiceBa: 400, 500, 600 u 700 Teic. miT./Ta (dakTop B). [lomy-
YeHHbIE Pe3yJIbTaThl TIOKa3alH, YTO B MEPHUOJ OT BCXOJOB 0 Hayalla IBETEHHs pacTeHHUil rmoceB 0e3
00pabOTKM TTOYBBI CITOCOOCTBOBANI 00JIe€ aKTWUBHOMY DPa3BHTHIO KOPHEBOW CHCTEMBI M KIYOCHBKOB.
B nepuop ot Hauana nBeteHus 10 0Opa3oBaHMs O0O0OB cyxas Macca KOpHEH ocTaBajach CYIIECTBEH-
HO BHIIIE Tpu mpsimoM 1ioceBe (Ha 115 kr/ra, nim 11,1%). Pa3Butne kiryOEeHBKOB Mallo pa3indaioch
MexXy TexHonorusimu roceBa. K (asze HanmBa ceMsiH MpsMOii TIOCEB OIIYTHMO TPEBOCXOIHIT TIOCEB C
00pabOTKOH MTOYBHI 110 CYX0i Macce HajgzeMHol yact (Ha 502 kr/ra, wmu 5,2%), kopHeit (Ha 178 kr/ra,
i 16,0%) u kiyOenpkoB (Ha 27 kr/ra, wiu 8,8%). 3a Bce BpeMs MPOBENECHUS HCCIENOBAHUS TTPsi-
MOI1 TIoceB co rmoka3zan ceost 2pexTnBHee TPaAUIIMOHHON TEXHOJIOTHH B TUTAHE HAKOTUICHHSI MACCHI
KITyOSHBKOB 1 O0IIIEH MPOAYKTUBHOCTH CUMOMOTHYECKOTO anmapara. OnTUMalbHON OKa3ajach HOpMa
BbiceBa 500 ThIC. mIT./Ta, IPH KOTOPOH OBLT JOCTHUTHYT MaKCHMAJIBHBIA OajlaHC MEXIy Maccoil Kiry-
OEHBKOB M OOIIUM CHMOHMOTHYECKUM IOTEHIMAIOM. KoppensiroHHbIN aHamn3 MmoKasal, 9To B ¢asy
Havaja [BETCHHs HAaOItoAaeTCs OTpUIaTeNbHas koppemsius (» = —0,36, 3aBUCUMOCTD CpenHss), B ¢a-
3y oOpazoBaHusi 6000B — mojokuTenbHas (7 = 0,38, 3aBUCIMOCTB CpenHss), a B (pa3y HAJIMBA CEMSH —
MTOJIOKUTENbHAS Koppersnus (r = 0,125) npu cnaboii 3aBHCHMOCTH.

KuroueBble cjioBa: cosi, MPSIMOM ITOCEB, HOPMa BBICEBA, CHMOMOTHICCKUH armapar, OO cuM-
OMOTHYECKHUH TTOTEHITHAI

Influence of direct sowing and sowing rates on the development
of the symbiotic apparatus of soybean

<) Getmanskiy V.V., Tikhonchuk P.V., Zakharova E.B., NemyKkin A.A.
Far Eastern State Agrarian University

Blagoveshchensk, Russia

e-mail: getmanskiy.agrosanta@gmail.com

The article presents the results of a study assessing the effect of direct seeding technology and
different seeding rates on the overall symbiotic potential of soybeans and nodule mass. The field
experiment was conducted in 2022—-2024 in the Amur Region. The sown crop was the soybean variety
Debut. In a two-factor experiment, the influence of two seeding technologies was studied: without
preliminary soil cultivation (direct seeding) and with cultivation (factor A), as well as four seeding
rates: 400, 500, 600 and 700 thousand units/ha (factor B). The results obtained showed that in the period
from germination to the beginning of flowering of plants, sowing without tillage contributed to more
active development of the root system and nodules. During the period from the beginning of flowering
to the formation of beans, the dry mass of roots remained significantly higher with direct seeding (by
115 kg/ha, or 11.1%). Nodule development differed little between the sowing technologies. By the
seed-filling stage, direct seeding significantly exceeded tillage seeding in terms of dry mass of the
aboveground portion (by 502 kg/ha, or 5.2%), roots (by 178 kg/ha, or 16.0%), and nodules (by 27 kg/ha,
or 8.8%). Over the entire period of the study, direct sowing of soybeans has proven to be more effective
than traditional technology in terms of accumulation of nodule mass and overall productivity of the
symbiotic apparatus. The optimal seeding rate turned out to be 500 thousand pieces/ha, which achieved
the maximum balance between the mass of nodules and the overall symbiotic potential. The correlation
analysis showed that in the early flowering phase there is a negative correlation (» = —0.36, average
dependence), in the bean formation phase there is a positive correlation (= 0.38, average dependence),
and in the seed filling phase there is a positive correlation (» = 0.125) with a weak dependence.

Keywords: soybean, direct sowing, seeding rate, symbiotic apparatus, total symbiotic potential
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INTRODUCTION

Nodular bacteria in symbiosis with legumi-
nous plants are capable of fixing molecular ni-
trogen from the air and accumulating it in the
arable layer. In terms of the ability to accumu-
late nitrogen, soybeans occupy one of the lead-
ing positions among leguminous crops: they can
accumulate from 40 to 180 kg/ha of nitrogen,
and their potential nitrogen fixation productiv-
ity is 390 kg/ha. After harvest, 19-63 kg/ha of
nitrogen remains in the stubble and root residues
and can be used by subsequent crops in the crop
rotation [1].

The effectiveness of nitrogen fixation de-
pends on soil and climatic conditions, agricul-
tural practices, and the genetic characteristics
of the variety and strain of rhizobia. Currently,
scientists are conducting studies on the impact
of inoculants [2—8], fertilizers [9—12], as well as
their combined use [13—15] on the number and
mass of nodules, and the overall and active sym-
biotic potential. However, against the backdrop
of the introduction of new soybean cultivation
technologies, the question of their impact on the
indicators of symbiotic activity of this crop re-
mains poorly studied.

In connection with the above, the purpose of
our study is to assess the impact of direct sowing
and seeding rate on the development of the soy-
bean symbiotic apparatus and the overall symbi-
otic potential.

The research objectives are:

1) to study the effect of soybean cultivation
technology at different seeding rates on the fresh
and dry mass of nodules during vegetation;

2) to conduct correlation and regression anal-
yses to determine the relationship between the
mass of nodules on a single plant at different
stages of development and soybean yield;

3) to determine the optimal agricultural tech-
niques (seeding rate, sowing technology) to in-
crease the symbiotic potential of soybeans.

MATERIAL AND METHODS

Field trials were conducted in 2022-2024 in
the Amur Region at the experimental plot of the
peasant farm “Serdyukov A.N.”. The trial design
involved the use of various cultivation technolo-
gies, as well as different seeding rates:

1) direct sowing (without preliminary soil
treatment) and traditional technology (with soil
treatment) (factor A);

2) seeding rates: 400, 500, 600, and 700 thou-
sand pcs./ha (factor B).

The sown crop is soybean of the Debut va-
riety. Grain corn was used as the forecrop. The
soil of the plot is meadow chernozem-like. The
humus content in the arable layer is average
(4.15%), available phosphorus elements are low
(33.0 mg/kg of soil), and available potassium
compounds are high (250.5 mg/kg).
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The traditional technology included spring
double disking to a depth of 16—18 and 68 cm.

The evaluation of the soybean symbiotic ap-
paratus was carried out according to the method
of G.S. Posypanov* based on the following in-
dicators: fresh and dry mass of the nodules, and
the total symbiotic potential. Fresh and dry mass
of the nodules was determined at three stages —
beginning of flowering, pod formation, and seed
filling. The total symbiotic potential was deter-
mined by calculation.

Mathematical processing of the data was car-
ried out using the analysis of variance with the
Microsoft Excel program, and the calculation of
the correlation of soybean yield was performed
using the Statistical correlation coefficient cal-
culator program.

RESULTS AND DISCUSSION

During the years of the study, the meteorolog-
ical conditions during the soybean growing sea-
son differed from the long-term average data for
the Amur region. In 2022, the total precipitation
for the entire growing season was 38.1 mm lower,
and in 2023 — 3.8 mm higher than the long-term
average data. The average daily air temperature
exceeded the long-term average by 0.8 °C.

In the specified years, the average mass of the
nodules on a single soybean plant over the entire
growing season was higher with direct sowing
than with the use of traditional technology: in
2022 — by 0.12 g (8.2%), in 2023 — by 0.08 g
(9,1%).

The maximum deviation in precipitation was
observed in 2024: only 401.9 mm fell during
the year (80.7% of the long-term average), and
during the entire soybean growing season —
281.7 mm (65.5%). The average daily air tem-
perature during the growing season exceeded
the long-term average by 0.9 °C, and for the
calendar year — by 3.3 °C. Thus, 2024 was char-
acterized by the most difficult meteorological
conditions of all the years under study due to the
precipitation deficit.

This affected the development of the nodules.
In 2024, their average fresh mass was lower than
the indicators of 2022 and 2023 by 0.56 and
0.25 g/plant, respectively. The recommended
soybean cultivation technology (with soil treat-
ment) and direct sowing in the dry 2024 had an
equivalent impact on the fresh and dry mass of
nodules on a single plant (on average over the
entire growing period).

On average for 20222024, at the first time
of the tuber mass determination (flowering initi-
ation stage), direct sowing and traditional tech-
nology had a proportionate effect on the fresh
mass of the tubers per plant (see Table 1). At the
same time, the dry mass of the tubers was high-
er with direct sowing (by 0.03 g/plant, LSDy5 =
0.01). The value of this indicator at a sowing
rate of 400 and 500 thousand pcs./ha exceed-
ed the options with a rate of 600 and 700 thou-
sand pcs./ha. The maximum fresh mass was ob-
served at a sowing rate of 400 thousand pcs./ha
(0.50 g/plant). In the options with a sowing rate
of 500 and 700 thousand pcs./ha, it decreased,
amounting to 0.45 and 0.46 g/plant, respective-

Taoda. 1. Ceipas u cyxas Macca KIyOCHbKOB
(daza nayana userenusi, 20222024 rr.), r/pacr.
Table 1. Fresh and dry weight of nodules
(beginning of the flowering phase, 2022-2024),
g/plant

Factor A Factor B (seeding rate,
(soil treatment) thousand pcs./ha) Average by
factor A

No treatment 400 | 500 | 600 | 700

. 0.50 | 0,42 | 0.41 | 0.47 0.45
With treatment | %56 | 958 | 028 [ 027 | 0,28
Average by 0,50 | 0,47 | 0,37 | 0,44 0.44
factor B 0,29 | 0,28 | 0,22 | 0,21 0,25
Cpensnee o 0,50 | 0,451 0,39 | 0.46 0.45
¢daxTopy B 0,29 [ 0,28 | 0,25 | 0,24 0,27

Wet weight: LSDys A = F, < Fs(,), LSDys B = 0,03,
LSDys = 0,04 (for quotient differences)

Dry weight: LSDys A = 0,01, LSDgs B = 0,02,

LSDys == 0,02 (for quotient differences)

Note. In tables 1-3: the numerator is the wet weight; the
denominator is the dry weight.B 3Hamenarene — cyxas.

*Posypanov G.S. Methods for studying biological nitrogen fixation in air: reference manual. Moscow: Agropromizdat, 1991, 299 p.
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ly. At a sowing rate of 600 thousand pcs./ha, the
fresh mass was the lowest — 0.39 g/plant.

It should be noted that at a seeding rate of
500,000 pcs/ha, the greatest differences in the
fresh mass of the tubercles were observed in
favor of the soil treatment option. At the same
time, the dry mass did not differ significantly
between the sowing technologies. With seeding
rates of 600,000 and 700,000 pcs/ha, the differ-
ence was more significant: with direct sowing,
both fresh and dry mass were higher than with
the traditional technology.

At the pod formation stage, the average raw
mass of nodules per soybean plant increased
from 0.47 to 0.70 g, and the dry mass from 0.27
to 0.34 g. At the same time, the raw mass was
greater with direct sowing, and the dry mass was
greater with soil cultivation (see Table 2).

With a seeding rate of 500 thousand pcs/ha,
the most favorable conditions for nodule devel-
opment are created, since maximum indicators
of fresh and dry mass were obtained at this rate,
particularly in the soil treatment variant. How-
ever, increasing the seeding rate to 600 and 700
thousand pcs/ha using the same technology led
to a significant decrease in fresh (to 0.61 and
0.38 g/plant, respectively) and dry mass (to 0.26
and 0.18 g/plant).

Taoda. 2. Ceipas u cyxas Macca KIIyOCHbKOB
(daza obpazoBanust 60008, 2022-2024 rr.), r/pacrt.

Table 2. Fresh and dry weight of nodules
(bean formation phase, 2022-2024), g/plant

It should be noted that during the pod for-
mation phase, when sown using the traditional
technology with a seeding rate of 700 thousand
units/ha, the indicators of raw and dry nodule
mass decreased by 0.06 and 0.03 g/plant, respec-
tively, compared to the data from the beginning
of flowering phase.

By the stage of seed filling, the raw and dry
mass of tubers increased 2-fold and on aver-
age per the experiment amounted to 1.47 and
0.62 g/plant, respectively (see Table 3). In the
variant with soil treatment, the highest tuber
mass was observed only at the seeding rate of
400 thousand pcs/ha.

Further increasing the seeding rate led to a
significant decrease in the raw and dry mass of
the nodules. These indicators were best when
soybeans were grown using the no-till technol-
ogy in all variants. They reached maximum val-
ues at a rate of 400 and 500 thousand units/ha,
significantly surpassing the other variants. At
the same time, the best development of nod-
ules was observed in the variant with a seed-
ing rate of 500 thousand units/ha. The increase
in dry mass during the period from the begin-
ning of flowering to seed filling was the great-
est at a seeding rate of 500 thousand units/ha

Taoa. 3. Ceipas u cyxas macca KIyOCHbKOB
(daza nanusa cemsin, 2022-2024 rr.), r/pact.

Table 3. Fresh and dry weight of nodules
(seed filling phase, 2022-2024), g/plant

Factor A Factor B (seeding rate, Factor A Factor B (seeding rate,
(soil treatment) thousand pcs./ha) Average by (soil treatment) thousand pcs./ha) Average by
factor A factor A
No treatment 400 | 500 | 600 | 700 No treatment 400 | 500 | 600 | 700
. 0.74 1 0,70 | 0,69 | 0.78 0,73 . 1,66 | 1,65 | 1,43 | 1.34 1.52
With treatment | 535 | 8 | 032 | 0,39 |  0.33 With treatment | 5°0| 567 [ 0,66 | 0.55 | 0,64
Average by 075 | 0.90 | 0,61 | 038 |  0.66 Average by 1,60 | 1,39 | 1,37 | 1.27 1.41
factor B 0,40 | 0,56 | 0,26 | 0,18 0,35 factor B 0,66 | 0,53 0,62 | 0,55 0,59
Average by 0,75 | 0,80 | 0,65 | 0.58 0,70 Average by 1,63 | 1,52 11,40 | 1,31 147
factor B 0,36 | 0,42 | 0,29 | 0,29 0,34 factor B 0,68 10,590,064 | 0,55 0,62

Wet weight: LSDys A = 0,03, LSDys B = 0,04,

LSDys = 0,06 (for quotient differences)

Dry weight: LSDy5 A = 0,02, LSDys B =0,02, LSDys =
0,03 (for quotient differences)

Wet weight: LSDys A = 0,03, LSDys B = 0,04,

LSDys = 0,06 (for quotient differences)

Dry weight: LSDys A = 0,02, LSDys B= 0,03, LSDy5 =
0,04 (for quotient differences)
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(1.23 g/plant), whereas in the variant with a
seeding rate of 400 thousand units/ha it was
1.16 g/plant.

Observing the development of the entire soy-
bean plant at various stages, it should be noted
that before the beginning of flowering, direct
sowing and soil cultivation had an equivalent
effect on the development of the above-ground
part of the plant (F, < Fs,). However, the root
system and nodules developed better in the di-
rect sowing variant, since in this case their mass
was significantly higher than in the variant with
soil treatment: dry root mass — by 26 kg/ha
(LSDgs = 18), dry mass of the tubers — 17 kg/ha
(LSDgys = 7).

By the pod formation phase, a noticeable in-
fluence of the sowing technology on the develop-
ment of the aboveground part of soybean plants
was recorded. The increase in the aboveground
part with direct seeding was 6316 kg/ha, whereas
with the use of traditional technology — 6688 kg/
ha, i.e., soil cultivation provided more intensive
growth of the aboveground biomass during the
period from the beginning of flowering to pod
formation. However, the root system developed
better with direct sowing, as the increase in root
dry mass in this option was 762 kg/ha, compared
to 673 kg/ha in the soil cultivation option. No

significant differences were found in the devel-
opment of the nodules (F), < Fys,).

At the seed filling stage, the dry matter indi-
cators of all parts of the plants were significantly
higher under direct sowing, since the amount of
aboveground dry matter exceeded the soil treat-
ment option by 502 kg/ha (LSDys = 282), root
dry matter by 178 kg/ha (LSD s = 40), and nod-
ule dry matter by 27 kg/ha (LSDs = 10).

Correlation and regression analyses showed
the relationship between the mass of nodules on
a single plant at different stages of development
and yield (see the figure).

At the beginning of the flowering phase, a
negative correlation is observed (»=—-0.36, mod-
erate relationship). At the same time, the p-value
is below the conventional significance threshold
(p = 0.0207), which provides grounds to reject
the null hypothesis and recognize the presence
of a significant negative correlation. The nega-
tive slope of the straight line (—4.8685) confirms
the inverse relationship between nodule mass
and yield. Therefore, an increase in the tuber
mass is associated with a decrease in the yield,
but the relationship is average. The coefficient
of determination R? is 0.1308, so only 13.08% of
the yield variation is due to fluctuations in tuber
mass, with other factors having a greater influ-
ence.

a 0 8
29.2 29.2 29.2
29.0 ¢ 29.0 29.0 o
288 28.8 . 28.8 o
28.6 28,6 28,6 .
284 284 o¢ 284 @ o9
282 282 282 e
28.0 28.0 . 280 e,
27.8 27.8 * 273 _/”‘:::’
27.6 27.6 27.6
274 274 274
272 y=-4,8775x + 29,994 272 y=-17985x+26,573 272 y=-0,593x+26.951
27.0 27.0 27.0
%g:g eev® *, 26:8 coq® g *° %g:g"' o
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B3anmocBs3b Mex 1y Maccoil KilyOeHbKOB Ha OJIHOM PAaCTCHUU M YPOXKAHHOCTHIO CEMsH coH (110 (azam

pa3BuUTHA):

a — HadaJo IBETEHIsI, 6 — 00pa3oBaHue 0000B; 6 — HAJTUB CEMSH

Relationship between the mass of nodules on a single plant and the yield of soybean seeds (by development

phases):

a — beginning of flowering; 6 — formation of beans; 6 — seed filling
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Tao6a. 4. O0muit cHMOMOTHYECKUH TOTEHITMAN COU 3a BereTaruto (cpemHee 3a 20222024 rr.), KrX qHeii/ra

Table 4. Total symbiotic potential during soybean vegetation (average for 2022-2024), kgxdays/ha

Factor B (seeding rate, thousand pcs./ha)
Factor A A by factor A
(soil treatment) verage by
400 500 600 700
No treatment 24 931 30355 33028 38 905 31805
With treatment 24 669 30 128 30 141 31506 29 111
Average by factor B 24 800 30 242 31585 35206 30458

LSDys A =527, LSDys B =745, LSDy5 = 1053 (for quotient differences)

In the pod formation phase, a positive cor-
relation was noted (r = 0.38, the relationship is
moderate). The p-value is below the traditional-
ly accepted significance threshold (p = 0.0149),
which indicates a statistically significant positive
correlation. Therefore, an increase in the nodule
mass on a single plant is accompanied by an in-
crease in the yield. As R?> = 0,1466, therefore,
only 14.66% of the variation in soybean yield is
due to the variation in the nodule mass; the re-
maining 85.34% of the yield variability depends
on other factors.

In the seed filling phase, the dependence is
weak (» = 0.125), the p-value is above the stan-
dard significance threshold (p = 0.2478), which
confirms the hypothesis of no significant cor-
relation. The positive slope of the line (+0.5925)
implies some increase in yield with the growth
of tuber mass; however, the coefficient of deter-
mination is low (R? = 0,0158), which indicates
a weak dependence between the tuber mass and
the yield.

An indicator that characterizes the magni-
tude and activity of the symbiotic apparatus of
legume crops, including soybeans, is the overall
symbiotic potential (OSP). On average, in the
experiment, it was significantly higher in the no-
till variant (by 2694 kgxdays/ha, LSDy; = 527)
than in the variant with traditional cultivation
technology (see Table 4). It should be noted sep-
arately that the higher the seeding rate, the more
pronounced the advantage of direct sowing. The
greatest increase is observed when moving from
the rate of 600 thousand to the rate of 700 thou-
sand units/ha.

CONCLUSION

According to field trial results, under the
conditions of the Amur region on meadow cher-
nozem-like soil, the overall symbiotic potential
of soybeans was higher with direct sowing at
a seeding rate of 700 thousand units/ha. At the
same time, the best development and accumu-
lation of fresh and dry nodule mass on a single
plant were recorded at a seeding rate of 500
thousand units/ha. The greatest significance in
the relationship between nodule mass on a sin-
gle plant and yield occurs at the pod formation
stage, while the seed filling and maturing stages
show a less pronounced effect.
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OueHka nMepBUYHBIX OTBETHBIX PeAKIMd JUCTBEHHUIIBI CHOUPCKOM
HA MCI0JIb30BaHMEe OHONPENnapaToB B JIECHBIX MATOMHUKAX
CrepajioBckoii 00s1acTH

C<)Aunapeea E.M., Crenenko C.K., Tepexos I'.I'.

Bbomanuuecxuii cad Ypanrockoeo omoenenus Poccutickoti akademuu HayK
ExarepunOypr, Poccus

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

BoccranoBneHre TECHBIX YYaCTKOB C ITOMOIIIBIO MTOCAIKH JINCTBEHHUIIBI CHOUPCKOI Ha Ypaje 3a-
TPYIHEHO U3-3a CIIOKHOCTHU TIOTYYCHHUSI CEMSTH M UX HU3KHX TOCEBHBIX KauecTB. OJTHUM M3 CIIOCOOOB
MOBBIIICHUS Y(PPEKTUBHOCTH BhIPAIMBAHUS KAYECTBEHHOTO MMOCAJ0YHOIO MarepHualia sBJISeTCs UC-
T0JIB30BaHME OMOIIPETIApPaTOB C POCTOCTUMYIIUPYIOIIAM ACHCTBHEM. B CBSI3H C 3TUM OBLIO TTPOBEICHO
HCCIICIOBAHNE 10 OMPEICSIICHUIO BIUSHUS MPENapaToB U3 IKCTPAKTa APEBECHOW 3€ICHH €A M €TO
KOMITOHEHTOB (HEHUTpaIbHBIX U KUCIBIX) HA POCT |-JIETHUX CESHIIEB JIMCTBEHHUIIBI CHOMPCKON B IBYX
MMMTOMHUKAX, PACIIOJIOKEHHBIX Ha Tepputopuu CBepAIoBCKoi o0nacTu. YcraHoBieHo, uto B OOpo-
ITMHCKOM TUTOMHHUKE COXPAHHOCTh |-JISTHUX CESHIIEB B OMBITHBIX BapuaHTax Obuia HUxe Ha 16—28%
0 CPAaBHEHUIO C KOHTPOJIEM, a B bepe30BCKOM MUTOMHHUKE OHA MPEBHIIIAIa KOHTPOJIbHBIC 3HAUCHUS
Ha 11-30%. Taxxe ObITM M3y4eHBI OCOOEHHOCTH Pa3BUTHSA KOPHEBOW CHCTEMBI (IJIMHA TJIABHOTO U
OOKOBOTO KOpHEH, IJIOTHOCTh pa3MeleHuss OOKOBBIX KOpHeH u ap.). IlokazaHo, 9TO y CESHIICB U3
OOpOMMHCKOTO MMTOMHUKA JUTHHA TIIABHOTO KOPHS MEHbIIIE ¥ 00JIee BBIPAKEH POCT OOKOBBIX KOPHEH
B JIaTepaJIbHOM HAIIPaBIICHUH, YeM y pacTeHuid u3 bepe3oBckoro nutoMHuka. M3yuensr Mopdonoru-
YECKUE NapaMeTphl HaJI3EMHOM YaCTH CESIHIICB, BBISBICHBI Pa3IHMUMs KaK MEXy BapUaHTaMH B TIpe-
Jierax OHOTO MUTOMHHKA, TaK i MEXKIY Pa3HBIMU MUTOMHUKaMH. OTieHeHa CTENeHb BIUSHUS TTOYBCH-
HBIX YCJIIOBHM Ha POCT CESHIIEB. YCTAHOBIICHO, UTO CTEIICHD MPOSIBICHUS CTUMYIIUpYIotIero dddexra
3aBHCesIa OT BUA Mperapara, €ro JO3UPOBKU W YCIOBHH pocTa pacTeHmid. CreaHo 3aKIIOUueHHE O
TTOJIOKUTEITFHOM BJIMSTHUH OMOIIPEriapaToB Ha COXPAaHHOCTh M OMOMETPUYECKHE XapaKTEPUCTUKHU Ce-
SIHIIEB JIMCTBEHHUIIBI CHOUPCKOH B MEPBBIN TOJl pOCTA B YCIOBUSIX OTKPHITOTO IPYHTA.

KuroueBbie cjI0Ba: JIMCTBEHHHIIA CUOUPCKAsl, YMYJIbCUOHHBIA JKCTPAKT, KUCIIBIE KOMIIOHCHTHI,
HEHTpaIbHBIC KOMIIOHEHTHI, IMTOMHUKU

Estimation of the early responses of Siberian larch to the use of
biopreparations in forest nurseries of the Sverdlovsk region

(X)Andreeva E.M., Stetsenko S.K., Terekhov G.G.

Botanical Garden of the Ural Branch of Russian Academy of Sciences
Ekaterinburg, Russia

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

Reforestation by planting Siberian larch in the Urals is complicated due the difficulty of obtaining
seeds and their low sowing qualities. One of the ways to increase the efficiency of growing high-qua-
lity planting material is to use biopreparations with growth-stimulating action. In this regard, a study
was conducted to determine the effect of preparations from the extract of spruce wood greenery and
its components (neutral and acidic) on the growth of 1-year-old seedlings of Siberian larch in two
nurseries located in the Sverdlovsk region. It was found that in the Obroshinsky nursery, the survival
rate of 1-year-old seedlings in the experimental variants was 16-28% lower than in the control, while
in the Berezovsky nursery it exceeded the control values by 11-30%. The developmental features of
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Estimation of the early responses of Siberian larch
to the use of biopreparations
in forest nurseries of the Sverdlovsk region

Andreeva E.M., Stetsenko S.K., Terekhov G.G.

the root system (length of the main and lateral roots, density of lateral roots, etc.) were also studied.
It was shown that the seedlings from the Obroshinsky nursery had a shorter main root and more pro-
nounced lateral root growth in the lateral direction than the plants from the Berezovsky nursery. The
morphological parameters of the above-ground part of the seedlings were studied, and differences
were identified both between the variants within the same nursery and between different nurseries. The
influence of soil conditions on seedling growth was assessed. It was found that the degree of the stimu-
lating effect depended on the type of preparation, its dosage, and plant growth conditions. A conclusion
was made about the positive effect of biopreparations on the safety and biometric characteristics of
Siberian larch seedlings in the first year of growth in open ground conditions.
Keywords: Siberian larch, emulsion extract, acidic components, neutral components, nurseries
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INTRODUCTION

Siberian larch (Larix sibirica Ledeb.) and Su-
kachev's larch (L. sukaczewii Dylis) are the most
promising coniferous species for artificial refor-
estation and forestry in the Urals. The main limit-
ing factors for their widespread introduction into
cultivation are the difficulties in providing seeds
for forestry production, as well as the low sowing
quality of the seeds, whose germination signifi-
cantly decreases in subsequent years of storage!
[1]. Despite this, larch planting material is wide-
ly used both in urban landscaping and in artifi-
cial reforestation when creating pure and mixed
stands. Larch can be planted with large seedlings
as well as 2-year-old propagula. Characterized
by rapid growth in its early years, larch can form
highly productive pure stands in plantations.

When growing larch planting material in a
nursery, one of the possible ways to increase

growth efficiency (achieving standard morpho-
metric indicators by most 2-year-old seedlings)
is the use of various agricultural techniques and
additional measures to increase seed germina-
tion — flotation, snow treatment, and treatment
with growth stimulants? [2]. Currently relevant
are the development, testing, and implementa-
tion in practice of growth-stimulating prepara-
tions obtained by environmentally safe methods
from plant raw materials. These preparations
can not only positively affect seed germination,
seedling survival, and growth, but also increase
the stress resistance of plants [3—5]. For the im-
plementation of drugs in forestry practice, it is
necessary to study the regional characteristics of
their use.

Previously, a method for isolating extractive
substances from plant materials (in particu-
lar, from logging waste) was developed. Based
on the obtained emulsion extracts of conifer-

'Chernov N.N. Features of the creation of larch culture in the Urals// Forests of the Urals and agriculture in them, 2005, Iss. 26,

pp. 111-115.

2Gribov S.E., Karbasnikov A.A., Karbasnikova E.B., Korchagov S.A. Prospective Assessment of Siberian Larch (Larix sibirica)
in the Landscaping of the City of Vologda. Forestry journal, 2017, no. 2, pp. 95-106.
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OreHKa NEPBUYHBIX OTBETHBIX PEaKIMil TUCTBEHHHUIIBI CHOMPCKON
Ha UCIOJIb30BaHNE OHOIPENapaToB B JICCHBIX MTUTOMHUKAX
CBep/UI0BCKOM 001acTH

Amngnpeesa E.M., Crenenxo C.K., Tepexos I'I.

ous greenery (fir, spruce), preparations with
growth-regulating properties have been created
[6]. These preparations have been successfully
tested in growing Scots pine and Siberian spruce
seedlings in forest nurseries in the Sverdlovsk
region [7, 8]. However, we have not found any
information in the domestic scientific literature
on the use of such preparations in growing larch
seedlings.

The purpose of this work is to study the effect
of a preparation made from the extract of fir tree
greenery and its components on the growth of
1-year-old Siberian larch seedlings at the initial
stage of development in the nursery conditions
of the Sverdlovsk region.

MATERIAL AND METHODS

The cultivation of Siberian larch seedlings
was carried out on the territory of production
nurseries located in the vicinity of Yekaterin-
burg: Berezovsky (SPI SR "Berezovsky Forest-
ry") and Obroshinsky (MSAI "Yekaterinburg
Forestry").

The analysis of soil parameters was carried out
in the Ecoanalytical Laboratory of the Institute of
Biology of the Komi Scientific Center of the Ural
Branch of the Russian Academy of Sciences using
standard methods?. According to the obtained re-
sults, in the soils on the territory of the Berezovsky
nursery the content of P,Os was 1.1 mg/100 g,
K,0 — 8.4 mg/100 g, Ny — 1.05 mg/100 g, hu-
mus content — 5.15%, pHg, = 3.90, on the terri-
tory of the Obroshinsky nursery — respectively
0.8; 11.1 and 3.6 mg/100 g; 4.50%; pHgy; = 4.59.
From the data provided it follows that the amount
of organic matter in the arable layer meets the re-
quirements of well-cultivated soil, while for other
elements there is an insufficient supply to maintain
the necessary soil nutrition*>.

According to the granulometric composition,
the soil in both nurseries is a medium sandy

loam. At the same time, the ratio of sand to clay
fractions in the Obroshinsky nursery was 68.6%
and 31.4%, and in the Berezovsky nursery —
60.5% and 39.5%, i.e., in the second case, the
soil is characterized by a heavier granulometric
composition.

For the study, an emulsion extract of spruce
wood greenery was used — a spruce preparation
(SP), as well as fractions of its acidic and neu-
tral components. The acidic components (AC)
are dominated by phenolic acids (paracoumaric,
vanillic, caffeic, ferulic). The main component —
para-hydroxyacetophenone — is known for its
bactericidal and fungicidal activity. Neutral
components (NC) contain essential oils, poly-
prenols, carotenoids, and other biologically ac-
tive substances [9].

In the field experiment, seeds of Siberian
larch of the 1st quality class were used. Before
sowing, the seeds were soaked for 6 hours in
a solution of fir preparation (0.01; 0.05; 0.10;
0.25 ml/kg of seeds), neutral (0.0012; 0.012;
0.12 g/kg) and acidic components (0.05; 0.5;
5.0 g/kg). In the control, the seeds were soaked
in distilled water. Six-row seed sowing was car-
ried out on experimental plots measuring 1.5 x
1.0 m. The sowing rate was 3.0 g/linear meter.
Agrotechnical care of the crops (soil loosening,
weed removal, watering if necessary) was car-
ried out timely in full amount. At the end of the
first growing season, the larch seedlings were
dug up to study the main biometric parameters
(height and stem diameter, length of the main
and lateral roots). For the seedlings, the number
of lateral absorbing and conducting roots was
taken into account, and their density per unit
length of root (pcs./10 cm) was determined.

The weather conditions during the experiment
are presented according to the data from the web-
site “Weather and Climate™ (see Table 1).

3Agrochemistry Workshop: A Textbook for Universities / Edited by V.G. Mineev. Moscow: Moscow State University Publishing

House, 1989, 304 p.

4Soil Science: Textbook for Universities / edited by V.A. Kovda, B.G. Rozanov. Moscow: Higher School, 1988. Part 1: Soil and

Soil Formation, 400 p.

*Instructions for growing planting material of trees and shrubs in forest nurseries of the Ural region. Moscow,1998, 172 p.

‘http://www.pogodaiklimat.ru/climate/28440.htm
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The statistical processing of the obtained
materials was carried out using the Statistica
10.0 program. The figures and tables present the
mean values of the indicators and the standard
error. The significance of differences in mean
values was determined using Student's #-test.

RESULTS AND DISCUSSION

At the end of the growing season at the
Obroshinsky nursery, the highest survival rate
of seedlings was recorded in the control group
(about 240 pcs./linear meter). Its superiority over
the experimental variants was as follows: with
seed treatment using the AC preparation — 20%,
NC - 16%, SP —28% (see Fig. 1).

In the Berezovsky nursery, the situation turned
out to be different. The highest seedling survival
was observed in the variant with SP treatment
(220 pcs/m; plus 30% compared to the control).
In the AC variant, survival was 11% higher than
the control, and in the NC variant — 14% higher.

Data on the height and stem diameter of
seedlings are shown in Figures 2 and 3. Figure
2 presents the absolute values of the studied
parameters, while in Figure 3, the X-axis (zero
value of the Y-axis) is taken as the control, and
the value of each studied indicator is presented
as a deviation from the control, expressed as a
percentage.

Ta6a. 1. Temneparypa Bo3yXxa 1 KOTHYECTBO
0CaJIKOB

Table 1. Air temperature and amount of preci-
pitation

Month

Indicator

Vil VI IX

Air temperature,
°C:
in the year
of the
experiment
average long-
term value

Amount of
precipitation,
mm:
in the year
of the
experiment 73 85 11 23 54
average long-
term value 47 73 93 75 45

10,9 | 15,7 | 20,9 | 20,6 | 10,9

12,2 1 16,9 | 189 | 16,2 | 10,4

k
Q
£ 200 -
2
£ 150, -
£
2 100. -
2,
£ 50 -
=
= 04 .

Control AC NC SP

B Obroshinsky nursery

O Berezovsky nursery
Puc. 1. CoxpaHHOCTD |-JIETHUX CESHIICB B Pa3HBIX
BapUaHTaX dKCIIEPUMEHTA

Fig. 1. Survival of 1-year-old seedlings in different
experimental variants

In the Obroshinsky nursery, the height of
I-year-old seedlings exceeded the control in
the variants treated with AC (doses of 0.05 and
5.0g/ kg) and NC (dose of 0.12 g/kg, significant-
ly at p < 0,05). The stem diameter in these vari-
ants was predominantly smaller than the control
value. In the variants with SP seed treatment, the
indicators exceeded the control both in height
(by 3.5-10.0%, except for the dose of 0.1 ml/kg)
and in stem diameter (by 4.5-12.5%).

In the Berezovsky nursery, in the version
with acidic components at a dose of 0.05 g/kg,
the height and diameter of the seedlings' stems
were significantly higher than the control val-
ues. In the other experimental variants with
components, the differences from the control
were weakly expressed or absent. When using
the spruce preparation at the doses of 0.05 and
0.25 ml/kg, the height of the seedlings was sig-
nificantly higher than the control.

When comparing 1-year-old larch seedlings
grown with the same doses of treatments in the
Berezovsky and Obroshinsky nurseries, it was
found that the seedlings from the first nursery
were larger. In addition, in the Berezovsky nurs-
ery, there was a tendency for a positive correla-
tion between changes in height and stem diame-
ter, whereas in the Obroshinsky nursery no clear
pattern was observed.

The root system plays an important role in
the development of seedlings and their adapta-
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MTUTOMHUKaX (0)
*Ilo3a npenapara

mmm Height == Diameter

eHnnuibl B OOponmHackoM (a) u bepezoBckom

Fig. 2. Height and diameter of 1-year-old larch seedlings in the Obroshinsky (@) and Berezovsky nurseries (6)

*Drug dosage

tion during planting’. Analysis of the main in-
dicators of root system formation in 1-year-old
larch seedlings, presented in Table 2, indicates
that their root system consists of a taproot and
lateral roots (first-order roots) developing on it.
The length of the taproot in the control variant in
both nurseries was similar. In the Obroshinsky
nursery, the length of the taproot in the control
seedlings was greater than in the experimental
ones, and in most cases the differences were sig-

nificant. In the Berezovsky nursery, the opposite
pattern was observed — in the experimental vari-
ants, the seedlings had a longer taproot than the
plants in the control.

In seedlings from the Obroshinsky nursery,
the density of lateral roots varies. Compared to
the control, it is lower in the NC variants, but
higher when using AC, and changes ambigu-
ously when seeds are treated with SP. In seed-
lings from the Berezovsky nursery, the density

"Grossnickle S.C. Importance of root growth in overcoming planting stress // New Forest, 2005, vol. 30, pp. 273-294.
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BapuanTtax B O6pomuHckoM (a) u bepe3oBckoM mMUTOMHUKAX (6)
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Fig. 3. Relative values of height and diameter of 1-year-old larch seedlings in experimental variants
in the Obroshinsky (a) and Berezovsky nurserys (6)
*Drug dosage

Tada. 2. XapakTepucTUKNA KOPHEBOH CUCTEMBI |-JIETHUX CESTHIICB JIMCTBCHHUIIBI
Table 2. Characteristics of the root system of 1-year-old larch seedlings

Obroshinsky nursery Berezovsky nursery
Dose of the Density of 1 p -0 of the length Density of lateral Ratio of the
PO oot e | placement, | OFthelteral and | SEESHIT oot placement, | GO T
pes./10 cm main root pcs./10 cm root

Control (0,0) 12,9+ 0,56 | 15,7+0,66 0,37+0,03 12,9 +0,60 14,7 +0,74 0,27 £ 0,05
Neutral components, g/kg of seeds

0,0012 10,0 £0,42* | 14,0+£0,67 0,36 + 0,03 13,6 + 0,82 16,9 + 0,94 0,32+ 0,04

0,012 12,3+0,66 | 13,8+0,99 0,39 +£0,03 17,2 £0,56%* 17,9 £0,57* 0,34 +0,03

0,12 10,0+ 0,71*% | 15,7+1,07 0,47 £0,06 16,7 £ 0,54* 16,9 £0,77 0,25+0,03
Acidic components, g/kg of seeds

0,05 11,7+0,50 | 16,1 +0,67 0,36 + 0,05 14,8 £ 0,87 14,5+ 0,58 0,23 £0,03

0,5 12,6 £0,63 16,5+0,71 0,32 +£0,03 15,8 £0,50%* 15,2+0,84 0,24 +0,02

5,0 9,9+£0,44%| 16,2+ 0,67 0,46 +£0,03* 15,9 +£0,48* 14,7 £ 0,67 0,25+0,03
Spruce preparation, ml/kg of seeds

0,01 10,8 £ 0,54* | 17,6 £0,76 0,39+ 0,03 15,9 £ 0,54* 15,6 £0,77 0,23 +0,02

0,05 11,4+0,57 | 155+0,74 0,55+ 0,05%* 15,1 £0,54%* 16,8 £0,73 0,23 £0,02

0,10 11,0£0,45% | 16,9+0,75 0,36 + 0,04 15,3 +£0,59%* 13,3+0,59 0,38 +£0,05

0,25 10,7+ 0,49*% | 15,9+0,86 0,39+ 0,04 14,6 £ 0,53* 17,0 £ 0,62%* 0,24 + 0,03

* The differences are significant at p < 0,05.
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of lateral roots was generally higher in the ex-
perimental variants, with significant differences
observed only in the NC (dose 0.012 g/kg) and
SP (dose 0.25 ml/kg) variants.

The formation of the root system in differ-
ent nurseries when using biopreparations had a
varied character (see Fig. 4). In the Obroshin-
sky nursery, the number of lateral roots and the
share of conductive roots were higher in the con-
trol variant compared to the experimental ones,
while in the Berezovsky nursery, these indicators
in the control group of seedlings were signifi-
cantly lower than in the experimental variants.
In addition, the absolute number of conductive
roots was significantly higher in the seedlings
of the experimental variants of the Berezovsky
nursery.

Comparing seedlings grown in different
nurseries, it can be noted that plants from the
Obroshinsky nursery have a shorter main root,
while the ratio of lateral root length to main root
length is higher. This indicates that in the Obro-
shinsky nursery, with a shorter main root, lateral
root growth in the lateral direction is more pro-
nounced, and the root system of the seedlings as
a whole is more compact compared to the root

Obroshinsky nursery
25,0
20,04
c‘é 4,1
« 15,0 5,1 3,9
2 4,0
e
& 10,0 .
=
@ ? 13.1 13,5
'g 5,0_ 2 11,5
=
Z
0,0
Control AC NC Sp

system of plants from the Berezovsky nursery.

The growth and development of larch seed-
lings occurred under extremely heterogeneous
weather conditions. During the experiment, in
the period of sowing, seed germination, and
seedling emergence, favorable microclimat-
ic conditions were noted, when the average air
temperature was slightly below the long-term
average with a sufficient amount of precipitation
(see Table 1). The subsequent summer months
were extreme: at the temperatures above the
long-term averages, a very significant moisture
deficit was observed. But, as a rule, it is pre-
cisely during this period that there is intensive
consumption of mineral nutrition elements from
the soil to ensure the linear accelerated growth
of seedlings and the beginning of their accumu-
lation of dry organic matter. Therefore, during
this period, soil moisture for larch seedlings,
obtained not only from natural precipitation
but also through artificial watering, is extreme-
ly necessary® ° [10]. Manual watering, carried
out in hot and dry weather conditions, primar-
ily contributed to the preservation of the crops,
but could not have a significant impact on the
growth of the plants' root system.

Berezovsky nursery

30,0-

250 41

4.4 5,7

[\
S
i

>

150 |1

23,2

10.,0- 18.3 18

>

13,7

Number of roots, pcs

0,0

Control AC NC SP

[ Adductor roots  Sucking roots

Puc. 4. KonnuecTBo 1 COOTHOIIEHUE KOpHEH 1-To mopsaka y 1-1eTHUX CeSHIEB JIMCTBEHHUIIBI

Ha ONBITHBIX Y4aCTKax

Fig. 4. The number and ratio of the 1st order roots in 1-year-old larch seedlings in experimental plots

8Pak L.N., Bobrinev V.P. Peciliarities of larch tree seedling growth in the Baikal basin arboreta// Bulletin KrasSAU, 2013, N 12,

pp- 157-161.

*Churagulova Z.S., Ishbulatov M.G., Murzabulatov B.S. The role of water-physical properties of soils in growing seedlings for
forest reclamation of disturbed lands // Vestnik of the Bashkir State Agrarian University, 2016, N 4 (40), pp. 130-135.
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The data obtained on the survival and growth
of larch seedlings showed that soil conditions in
the nurseries influenced the effectiveness of the
treatments. Considering that the nurseries are lo-
cated not very far from each other (about 40 km
apart) and that the seedlings were grown at the
same time, it can be concluded that weather con-
ditions are not the main reason for the observed
differences, although their indirect influence can-
not be ruled out. It is known that soil conditions
have a significant impact on seedling growth. The
granulometric composition of the soil affects its
water-physical and agrochemical properties, as
well as its thermal regime. It has been established
that soils rich in silt particles are better supplied
with nutrients (see footnote 3).

It has also been shown that as the granu-
lometric composition becomes heavier, the
amount of adsorbed moisture and the water-re-
taining capacity of the soil increase'®. According
to the analysis results, the soil in the Berezovsky
nursery has a heavier granulometric composi-
tion than in the Obroshinsky nursery and retains
moisture better, which has a beneficial effect on
plants under drought conditions. There is litera-
ture indicating that when moisture is present in
the lower part of the root system (bottom water-
ing), a larger root mass is formed, which ensures
better survival of seedlings when planted in a
forest plantation area [1]. Based on the above,
it can be assumed that in this nursery these cir-
cumstances had a significant impact on the pa-
rameters of 1-year-old seedlings (in particular,
on seedling height and seedling tree diameter).

It should also be noted that the Obroshinsky
nursery had not been in operation for more than
20 years and was only restored in 2021. Some
factors that could have a background effect on
the growth of larch (pesticides, soil microbio-
logical status) may be absent in the soil here.

CONCLUSION

Growing Siberian larch seedlings using
preparations obtained from spruce conifer green
extracts in two nurseries of the Sverdlovsk re-

gion showed the following: the survival rate of
1-year-old seedlings in the Obroshinsky nursery
in the control was 16-28% higher than in the
experimental variants; in the Berezovsky nurs-
ery, different results were noted — in the exper-
imental variants, the survival rate of seedlings
exceeded the control values by 11-30%. In ad-
dition, it was found that in certain experimental
variants, the height and diameter of the seed-
ling trees of 1-year-old seedlings grown in both
nurseries exceeded the control. Thus, for plants
from the Obroshinsky nursery, the seedling tree
height was higher than the control value in the
experimental variants using the spruce prepara-
tion (except for the dose of 0.1 ml/kg of seeds),
acidic (doses of 0.05 and 5.0 mg/kg) and neutral
components (dose of 0.12 mg/kg), and the di-
ameter was greater by 4.5-10.4%. For seedlings
from the Berezovsky nursery, the seedling tree
height was approximately equal to the control
values or exceeded them in almost all variants
(the exceptions were variants with SP treatment
at the doses of 0.05 and 0.25 ml/kg).

Complex weather conditions during the ex-
periment, various soil conditions, and the history
of nursery management can affect the manifesta-
tion of the stimulating effect of biopreparations
on larch, which needs to be clarified in further
studies.
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B cernekiuy HOBBIX BRICOKOTIPOYKTUBHBIX COPTOB BaXKHASI POJIb OTBOAUTCS MPABUIIBHOMY BBIOOPY
MCXOIHOTO Marepuaia. B CBsI3M ¢ 5TUM IENbI0 HACTOSIIETO UCCIETOBAHMS CTAIO N3ydeHNE KOJIIeK-
[IMOHHOTO MaTepHualia Topoxa IMMOCEBHOTO PA3IMYHOTO SKOJIOTO-Te0TrpadruuecKoro MPOUCXOKICHHS 110
BaXXHEUITUM MOP()OOHOIIOTUYECKUM M XO3HCTBEHHO IICHHBIM MpU3HaKaM B yciioBusx [Ipenypaiib-
CKOM jecocTemHol 30HBI PecnyOmuku bamkoprocTan. [lomeBbie ONBITH OBUTH 3a0KEeHBI B 2022—
2024 rr. O0bekTOM HccnenoBanus nocayxum 150 coproobpasnos ropoxa. KonrpactHsle moroansie
ycioBus B ronel u3ydenus (I'TK ot 0,51 mo 1,30) nanu Bo3MOXKHOCTH BCECTOPOHHE OLIEHHUTH KOJI-
JIEKITMOHHBIA MaTepraj Mo CTEIEH! YKOJIOTHYECKON aanTainuy K YCJIOBHAM pernoHa. B pesymerare
MIPOBEICHHOTO UCCIIEIOBAHUS BBIICTICHBI COPTOOOPA3Ibl — NCTOYHUKH cKopoctienocTu: [lamsaru Xan-
runbauHa, Yummuackuii 80, 95, 75, Ynagosckuii 303, [uxan, JI-26665, JI-31969, JI-31970, K-8720
(Opanmus), K-6363 (I'epmanwmst), K-8717 (AHTIHS) ¢ TPOIOIDKATEIHFHOCTHIO BETETAIIMOHHOTO TIEPHO-
na ot 58,0 £4,2 no 64,3 + 6,2 cyt. KommuiekcoM X034iCTBEHHO LIEHHBIX TPU3HAKOB OTIIMYAIUCH COP-
T000pa3ubl YnmmuHckuit 75, 95, 229, ITamsaru onoga, JI-31969, Kopmosoii 23, Tomac, Akcalickuii
ycaThIid 55 ¢ GOTBITNM KOJIM4eCcTBOM 0000B Ha pacteHuu (ot 4,50 + 0,14 10 5,17 £ 0,15 mT.), cemsH ¢
pacrenus (ot 18,4 + 0,6 1o 22,2 + 0,7 mT.), BEICOKOH 03epHEHHOCTHIO 000a (0T 4,19 + 0,08 mo 4,51 +
0,09 1mIT.) ¥ cCeMeHHO MPOAYKTUBHOCTHIO (Macca ceMsiH ¢ pactenus —oT 4,13 £ 0,24 10 4,91 £ 0,30 ).
B xauecTBe HCTOYHMKOB BBICOKOTO cofiepkanus Oenka B 3epHe (ot 23,5 + 0,4 10 26,1 + 0,5%) BeIsBIIE-
HBI cieayromue coproodpasnsl: [lamarn Xanrunpauna, Ynmmuackwii 229, [ltamO6oBEIi Masbiiesa,
Aganc, Dddexrabiii, K-9457 (Tromenckas obmnacte, Poccust), K-9425 (®panuus), Open-326, -332,
CesepstauH, Akcarickuit ycarerit 55, K-6109 (Hunepnanasr). BergeneHHbie copTooOpas3Isl peKOMEH-
JTyeTCsl UCTIONB30BaTh B CENIEKIINY TOpOXa MPHU CO3JJaHIH HOBBIX BBICOKOIIPOIYKTHBHBIX TEXHOIOTHY-
HBIX COPTOB, aJIaITUBHBIX K ycioBusiM [Ipemypabsi.

Kurwuesble caoBa: Pisum sativum L., UCXOAHBIM MaTepuas, CKOPOCIEIOCTb, YPOKalHOCTb,
aJIaTUBHOCTH
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Studying a pea collection in the Cis-Ural region
of the Republic of Bashkortostan

Davletov F.A., Gainullina K.P., Mustafin .G.
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of the Russian Academy of Sciences
Ufa, Russia
(XDe-mail: karina28021985@yandex.ru

In breeding of new high-yielding cultivars, an important role is given to the source material. In
this regard, the purpose of the work was to study the pea collection material of different ecological
and geographical origin according to the most important morphobiological and economically valuable
traits in the conditions of the Cis-Ural forest-steppe zone of the Republic of Bashkortostan. Field
experiments were conducted in 2022-2024. The object of the study came to be 150 pea cultivars.
Contrasting weather conditions during the years of the study (HTC from 0.51 to 1.3) made it possible
to comprehensively evaluate the collection material according to the degree of ecological adaptation
to the conditions of the region. As a result of the study, the sources of early maturation were identified:
Pamyati Khangildina, Chishminsky 80, 95, 75, Uladovsky 303, Shikhan, L. 26665, L-31969, L-31970,
K-8720 (France), K-6363 (Germany), K-8717 (England) with a growing season duration from 58.0 +
4.2 to 64.3 + 6.2 days. The following varieties were distinguished by a complex of economically valu-
able traits: Chishminsky 75, 95, 229, Pamyati Popova, L-31969, Kormovoy 23, Thomas, Aksaysky
Usaty 55 with a large number of beans per plant (from 4.50 + 0.14 to 5.17 £ 0.15 pcs.), seeds per plant
(from 18.4 + 0.6 to 22.2 + 0.7 pcs.), high grain content per bean (from 4.19 = 0.08 to 4.51 + 0.09 pcs.)
and seed productivity (seed weight per plant — from 4.13 + 0.24 to 4.91 + 0.30 g). The following va-
rieties were identified as sources of high protein content in grain (from 23.5 + 0.4 to 26.1 + 0.5%):
Pamyati Khangildina, Chishminsky 229, Shtambovy Maltseva, Avans, Effektny, K-9457 (Tyumen
region, Russia), K-9425 (France), Orel-326, -332, Severyanin, Aksaysky Usaty 55, K-6109 (Nether-
lands). The selected variety samples are recommended for use in pea breeding to create new highly

productive technological varieties adaptable to the conditions of the Cis-Urals.
Keywords: Pisum sativum L., source material, early maturation, yield, adaptability
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INTRODUCTION

Pea (Pisum sativum L.) is a valuable legume
crop cultivated for grain, green fodder, hay, and
silage [1]. Pea seeds contain 20-35% protein,
0.7-1.5% fat, 20-48% starch, 5.2-7.7% fiber
[2]. Peas provide highly nutritious green fodder,
hay, and straw. Pea straw contains 6—8% protein
and up to 34% nitrogen-free substances [3]. As a
legume crop, peas are a good forecrop for win-
ter and spring cereals, row crops, and other crop
rotation plants [4]. The growing deficit of digest-
ible protein in feed requires a significant expan-
sion of pea sowing and an increase in its yield.

In order to increase the gross grain harvest and
improve product quality, it is necessary, along
with the improvement of cultivation technology
and the complex of sowing and harvesting ma-
chines, to create and introduce into agricultural
production more high-yielding and adaptive pea
varieties that meet the requirements of modern
intensive agriculture [5]. The successful breed-
ing of new varieties is facilitated by the scien-
tifically based selection of initial material [1]. In
this regard, the study and identification among
the collection pea samples of lines and variet-
ies possessing a certain set of economically
valuable traits, for the purpose of creating new
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high-yielding and technologically valuable vari-
eties based on them, remain relevant.

The purpose of the study is to evaluate the
collected material with the subsequent identifi-
cation of valuable sources for the breeding of
highly productive, technologically advanced,
and most valuable in quality pea varieties under
the conditions of the Cis-Urals of the Republic
of Bashkortostan.

The following tasks were formulated in order
to achieve the set goal:

1) to study the duration of the phases of pea
plant development;

2) to evaluate pea varieties by the yield struc-
ture elements;

3) to determine the protein content in the
seeds of varietal samples;

4) to identify the promising sources from a
breeding perspective, possessing a set of eco-
nomically valuable traits and properties.

MATERIAL AND METHODS

The study was conducted in 2022-2024 at the
experimental field of the Laboratory of Breeding
and Primary Seed Production of Grain Legumes
and Cereals of the Bashkir Research Institute
of Agriculture — Subdivision of the Ufa Federal
Research Centre of the Russian Academy of Sci-
ences (BashNIISKHh UFRC RAS). The objects
of the study were 150 pea varieties and lines
of various ecological and geographical origins
from the collection of world genetic resources of
the Vavilov All-Russian Institute of Plant Genet-
ic Resources (VIR), BashNIISKhh UFRC RAS,
and other research institutions.

The soils of the experimental plot are medi-
um-thickness calcareous chernozems. The hu-
mus content in the top layer is 8.1%, phosphorus
oxide — 23.5 mg, available potassium — 42.1 mg
per 100 g of soil. The sum of absorbed bases is
48.5 mg-eq per 100 g of soil, soil solution pH
6.8-7.0.

Weather conditions in the years of field exper-
iments were contrasting: from dry-hot in 2023
(HTC = 0.51) to relatively favorable in terms
of the hydrothermal regime in 2022 and 2024
(HTC = 1.30 and 0.71, respectively). This made
it possible to comprehensively assess the stud-
ied collection material in terms of its ecological
adaptability to the conditions of the region.

Sowing was carried out using the SKS-6-10
breeding seed drill. The plot area was 2 m?. Rep-
lication was threefold. The early-ripening vari-
ety Pamyati Khangildina was used as a standard.
Winter rye was used as the forecrop. Harvesting
was done manually at full maturity. The sheaves
were threshed using the MZB-1 breeding thresh-
er. Sowing and crop maintenance followed the
generally accepted practices for the growing
zone.

For structural analysis, 30 plants were se-
lected from the test plot allocated in each sec-
tion. The plants were analyzed for the following
traits: stem length, number of pods and seeds per
plant, weight of 1000 seeds, number of seeds per
pod, seed weight per plant (yield). The evalua-
tion of the pea collection material was carried
out in accordance with the Methodology of the
State Variety Testing of Agricultural Crops'.
To determine the protein content in seeds, the
M.M. Bradford method was used?. The statisti-
cal processing of experimental data was carried
out according to B.A. Dospekhov?, as well as in
the MS Excel program.

RESULTS AND DISCUSSION

The duration of the growing season of ag-
ricultural crops is an important characteristic,
largely determining their suitability for cultiva-
tion in particular soil and climatic conditions [6,
71]. This characteristic depends on the combina-
tion of the amount of heat and moisture, as well
as on the individual response of the variety to
these factors, determined by the features of the

"Methodology of state variety testing of agricultural crops / edited by M.A. Fedin. Moscow: Kolos, 1985, 269 p.

’Bradford M.M. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of
protein-dye binding // Analytical Biochemistry, 1976, vol. 72, pp. 248-254.

3Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow:

Agropromizdat, 1985, 351 p.
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genotype [8, 9]. In our study, the average dura-
tion of the growing season of the best pea va-
rieties selected from the collection ranged from
60.0 £ 4.6 to 80.7 = 5.5 days (see Table 1).

Depending on the length of the growing sea-
son, the 150 studied cultivar samples were di-
vided into three groups: early-, medium- and
late-maturing (see the figure).

As can be seen from the diagram, the main
part of the collection material (84.0%) consists
of medium-maturing cultivar samples. The share
of early- maturing cultivar samples was 9.3%,
and late- maturing ones accounted for 6.7% of
the total number of studied varieties and lines.
The variability of the vegetative period duration

[ early-maturing
B medium-maturing
[ 1ate-maturing

Pacnipenenenue coprooOpasoB ropoxa Mo rpynmam
C YYETOM INIPOJIOIDKUTENIBHOCTH BET€TAllMOHHOTO
neproaa

Distribution of the pea cultivar samples into groups
depending on the duration of the growing season

Taoda. 1. [IponomKuTenbHOCTh BEreTalIMOHHOTO IEpHO/ia COPTOOOPA3LIOB ropoxa

(B cpenneM 3a 2022-2024 T.)

Table 1. Duration of the growing season of the pea cultivar samples (average for 2022-2024)

Duration of the .
Variety specimen Origin growing f Deviation
period, days rom standard, days
Early-maturing
Pamyati Khangildina Bashkortostan, Russia 60,0 £4,6 —
(standard)
Chishminsky 75 » 60,3 +4,7 +0,3
Chishminsky 80 » 58,3+4,1 -1,7
Shikhan » 58,7+4,1 -1,3
Chishminsky 95 » 59,0+ 4.4 -1,0
L-26665 » 58,0+4,2 -2,0
Uladovsky 303 Ukraine 60,3 +4,7 +0,3
K-6363 Germany 64,0 £ 6,0 +4,0
K-8717 England 64,3 +£6,2 +4,3
K-8720 France 61,3+4,7 +1,3
L-31969 Bashkortostan, Russia 62,3+4,4 +2,3
L-31970 » 61,7+4,6 +1,7
Medium-maturing
Chishminsky 229 Bashkortostan, Russia 66,0 £4,6 +6,0
Pamyati Popova » 66,3 +4,7 +6,3
Tomas Tyumen region, Russia 67,0£5,0 +7,0
Velvet Czech Republic 68,3 +4,6 +8,3
Flagman 9 Samara region, Russia 66,3 £4,0 +6,3
Omsky 9 Omsk region, Russia 68,3 +£6,0 +8,3
Omsky 18 » 68,7+5,9 +8,7
Kormovoy 23 Bashkortostan, Russia 67,7+4,5 +7,7
K-6753 Czech Republic 69,0+5,2 +9,0
K-8750 Portugal 68,7 +4,9 +8.7
Late maturing
Aksaisky usaty 55 Rostov region, Russia 79,0 £ 5,6 +19,0
Shrek Tyumen region, Russia 80,7 +£5,5 +20,7
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was low: the coefficient of variation of this trait
in the group of early- maturing cultivar samples
ranged from 2.7 to 7.2%, in the medium- matur-
ing ones — from 6.0 to 8.8%, and in the late- ma-
turing ones — from 6.6 to 14.8%.

Stem length is an important morphological
trait closely associated with plant resistance to
lodging and their productivity. According to
the classifiert, the studied pea varieties were
divided into the following groups: dwarf (stem
length less than 30 cm), semi-dwarf (stem length
31-60 cm) and medium-sized (stem length 61—
100 cm). The majority of the collection materi-
al (60.5%) is represented by semi-dwarf forms,
33.5% are medium-sized forms, and 6.0% are
dwarf. For breeding purposes, semi-dwarf cul-
tivars such as Pamyati Khangildina, K-6363,
K-8720 (early-maturing), Omsky 9 and 18,
Thomas, Velvet, Flagman 9, K-6753, K-8750
(medium-maturing) with stem lengths ranging
from 52.9 £ 1.7 t0 59.6 = 1.9 cm are of particular
value (see Table 2).

One of the most significant traits in the struc-
ture of pea yield is the number of pods per
plant [10]. In our experiments, on average for
2022-2024, depending on varietal characteris-
tics and growing conditions, the number of pods
per plant in the selected cultivar samples ranged
from 4.09 + 0.15 to 5.17 £ 0.15 pcs. (see Ta-
ble 2). Based on this characteristic, promis-
ing breeding varieties have been selected with
the maximum number of pods per plant (from
4.50 £ 0.14 to 5.17 £ 0.15 units): Chishmin-
sky 75, 95, 80, Pamyati Khangildina, K-6363,
L 26665, L-31969 (early-maturing), Pamyati
Popova, Feed 23, Thomas, Velvet, Omsky 9 and
18, Chishminsky 229, K-6753 (medium -matur-
ing), Shrek, Aksaysky Usaty 55 (late-maturing).

The number of seeds per plant is an integral
value determined by the number of pods on the
plant and the seeds in a pod, as well as an import-
ant component of yield®. In the pea varietal sam-
ples we selected, over three years, the number of
seeds per plant ranged on average from 16.2 +

0.5 to 22.2 + 0.7 pcs. (see Table 2). The vari-
etal samples Chishminsky 75, 95, 80, Pamyati
Khangildina, L-31969, K-6363 (early-matur-
ing), Chishminsky 229, Kormovoy 23, Thomas,
Pamyati Popova, Omsky 18 (medium-matur-
ing), Aksaysky Usaty 55, Shrek (late-maturing)
with the highest values of this trait (from 18.2 +
0.6 to 22.2 £ 0.7 pcs.) are recommended for use
in breeding as sources of high plant yield.

The trait “number of seeds per pod” in peas
depends on the genetic characteristics of the va-
riety and environmental factors [11]. In our ex-
periments, on average for 20222024, in terms
of pod fullness, the standard variety Pamyati
Khangildina significantly (p < 0.05) exceeded
the varieties Chishminsky 75 and 95 (early-ma-
turing), Chishminsky 229, Pamyati Popova,
Thomas, Kormovoy 23 (medium-maturing),
Shrek (late-maturing) (see Table 2).

The weight of 1000 seeds (seed size) plays an
important role in the formation of pea yield [12].
In our study, averaged over three years, the ear-
ly-maturing varieties Shikhan, Chishminsky 95,
and the lines L-26665, L-31969, as well as the
medium-maturing specimens K-6753, K-8750,
significantly exceeded the standard variety at the
5% significance level in this trait (see Table 2).
These specimens are recommended for use in
breeding work as sources of seed size.

The mass of seeds per plant (productivi-
ty) consists of individual elements of the yield
structure: the number of pods per plant, seeds
per pod, and the mass of 1000 seeds [13]. Ac-
cording to the results of the study, the following
varieties and lines showed the highest average
productivity in 2022—-2024 under the conditions
of the Republic of Bashkortostan: Chishmin-
sky 75, 80, 95, Pamyati Khangildina, L-31969
(early-maturing), Chishminsky 229, Pamya-
ti Popova, Kormovoy 23, Thomas, K-6753,
K-8750 (medium-maturing), Aksaysky Usaty
55 (late-maturing). For the listed breeding lines,
the seed mass per plant ranged from 4.10 £ 0.25
to 4.91 £ 0.30 g (see Table 2). The highest yield

“International classifier of the CMEA genus Pisum L. L.: VIR Publishing House, 1986, 54 p.

SErmolova O.V., Korotkova O.V. Study of genetic diversity of collection material of pea (Pisum sativum L.) in the conditions of
the Rostov region // Grain Economy of Russia, 2015, N 6, pp. 124-134.
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Ta6a. 2. Ilokazatenu MOPPOOUOTOTHUSCKHUX U XO3IUCTBEHHO IICHHBIX MTPU3HAKOB COPTOOOPA3IIOB

ropoxa (B cpenuem 3a 20222024 rr.)

Table 2. Indicators of morphobiological and economically valuable traits of the pea cultivar samples

(average for 2022-2024)

Vi _ Stem length, Quantity, pcs. Weight, g
ariety specimen beans on a ]
cm plant seeds in a bean | seeds per plant | seeds per plant 1000 seeds
Early-maturing
Pamyati Khangildina
(standard) 59,6+1,9 | 4,72+0,14 | 4,11 +£0,08 19,1 +£0,5 4,10+ 0,25 215,553
Chishminsky 75 62,0+1,8 | 4,70+0,14 | 4,30+0,10* 20,1 £0,6 4,32 +£0,27 215,9+5.,6
Chishminsky 80 655+2,0 | 455+0,12 | 4,08+0,08 182+0,5 4,10+£0,26 225,0+7,1
Shikhan 653+1,9 | 433+£0,13 | 4,05+0,09 17,0+ 0,5 4,08 £0,26 240,8 + 7,5*
Chishminsky 95 70,1+2,0 | 4,71 £0,15 | 4,33 £0,09* 20,0+ 0,6 4,67+0,29* | 234,1 £6,3*
L-26665 72,7+2,0 | 458+0,14 | 3,74+0,07 16,7+ 0,5 3,84 + 0,24 232,6 £6,2%*
Uladovsky 303 712+1,9 | 427+0,13 | 3,92+0,08 16,2+ 0,5 3,40 £ 0,22 2104+54
K-6363 598+ 1,8 | 4,66+0,13 | 4,07+0,09 182 +0,6 3,28+0,23 180,7+4.,9
K-8717 614+1,7 | 409+0,15 | 4,16+0,10 16,2+0,5 3,08 £0,22 190,2 £4,8
K-8720 580+1,7 | 434+0,13 | 3,90+0,09 16,9 + 0,6 3,13+0,23 185,5+4.,5
L-31969 656+1,9 | 450=+0,14 | 4,19+0,08 18,4 +0,6 4,23 +£0,26 230,3 +£6,3*
K-31970 65,1+1,8 | 441+£0,14 | 3,84+0,07 16,8 £0,5 3,70 £ 0,24 220,8 £5,8
Medium-maturing
Chishminsky 229 80,0+2,2 [5,16+0,16%| 446+0,08% | 222+0,7* | 491 +0,30% 220,5+5,5
Pamyati Popova 68,5+1,9 | 452+0,13 | 4,51 £0,09* 20,1 £0,6 4,12+0,24 205,4£5,2
Tomas 57,3+ 1,7 | 475+0,14 | 4,30+0,09* | 20,4+ 0,6* 4,18 +0,25 205,2+4,8
Velvet 557+1,8 | 467+0,13 | 3,82+0,07 16,9 +0,5 3,21 £0,24 190,6 £4.,9
Flagman 9 551+1,7 | 443+£0,12 | 3,74+0,08 16,4 +0,5 3,61 £0,25 220,0 £ 6,0
Omsky 9 56,2+ 1,7 | 471+£0,14 | 3,79+0,07 17,5+ 0,6 3,68 £ 0,25 210,3+£5.3
Omsky 18 59,0+ 1,8 | 4,68+0,15 | 4,10+£0,10 18,8+ 0,6 3,76 £ 0,24 200,8 £ 4,6
Kormovoy 23 65,6 +1,9 [5,04+0,15%| 4,33+0,10* | 21,3+0,7* 4,37+0,26 205,1 +4,7
K-6753 529+1,7 | 452+0,14 | 4,06+£0,10 17,8+ 0,6 4,18 £0,26 235,7+6,5*%
K-8750 564+1,8 | 429+0,13 | 4,00+0,08 17,0+ 0,5 4,15+0,27 2443 +7,3%
Late maturing
Aksaisky usaty 55 78,2+2,0 [517+0,15%| 4,25+0,09 21,7+ 0,7* 4,34+ 0,28 200,9 + 4,9
Shrek 85,0+22 | 493+0,14 | 431+0,10% | 20,4 =+0,6* 3,94+ 0,26 190,5 +£4.,5

* Statistically significantly exceeds the standard (p < 0,05).

was characteristic of breeding lines from the me-
dium-maturing group: their seed yield per 1 m?
was 222-230 g, while for breeding lines from
the early- and late- maturing groups it was 180—
210 and 190-224 g, respectively.

One of the main directions of breeding work
with peas is the creation of high-protein variet-
ies [14]. In peas grown in most regions of the
Russian Federation, the seeds contain on aver-
age 22-26% protein. For example, in pea seeds
cultivated in the Ural economic region, the con-
tent of storage proteins reaches 20.9-24.2%
[15]. Analysis of the protein content in the seeds

of the varieties we studied revealed significant
diversity among them in this characteristic. De-
pending on the genetic features of the variety
and weather conditions, the content of storage
proteins in the seeds varied from 18.0 £ 0.3 to
26.1 = 0.5%. The fluctuation of this trait over
the years within the variety ranged from 0.3 to
5.3%. The characteristics of high-protein variety
samples, which significantly (p <0.05) exceeded
the other varieties and lines we studied in seed
protein content, are presented in Table 3. These
variety samples are recommended for use in pea
breeding as a source of high protein content.
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H3yuenne xomieKnuy ropoxa B ycnoBusix [Ipexypanbst

Pecnyonuku bamkoprocran

Hasnero ®.A., Taitnyanuna K.I1., Mycrapun U.T.

Taoa. 3. COZ[ep)KaHI/IG MpoOTeHHAa B CCMCHAxX BBICOKOOEITKOBEIX copToo6pa3L1013 ropoxa

(B cpeanem 3a 2022-2024 rT.)

Table 3. Protein content in the seeds of high-protein pea cultivar samples (average for 2022-2024)

Variety specimen Origin Content of storage proteins, %
Pamyati Khangildina Bashkortostan, Russia 23,5+0,4
Chishminsky 229 » 23,5+0,4
Standard Maltsev Voronezh region, Russia 23,7+0,3
Avans Altai Territory, Russia 23,7+0,4
Effektny Ukraine 26,1 +0,5
K-9457 Tyumen region, Russia 24,1 +0,4
K-9425 France 25,0+0,3
Orel-326 Oryol region, Russia 23,704
Orel-332 » 23,7+0,3
Severyanin Kirov region, Russia 23,8+0,4
Aksaisky usaty 55 Rostov region, Russia 23,5+0,3
K-6109 Netherlands 25,5+0,5
CONCLUSION Khangildina, L-31969, from the medium- matur-

As a result of studying 150 collection sam-
ples of pea by economic and biological charac-
teristics and properties under the conditions of
the Cis-Urals of the Republic of Bashkortostan,
the following varieties and lines were identified:

1) earliness: Pamyati Khangildina, Chish-
minsky 75, 80, 95, Shikhan, Uladovsky 303,
L-26665, K-6363 (Germany), K-8717 (En-
gland), K-8720 (France), L-31969, L-31970;

2) the highest number of beans per plant:
from the early- maturing group — Chishminsky
75, 95, 80, Pamyati Khangildina, K-6363 (Ger-
many), L-26665, L-31969; from the medium-
maturing group — Chishminsky 229, Kormovoy
23, Thomas, Omsky 9 and 18, Velvet, K-6753
(Czech Republic);

3) the largest number of seeds per plant: from
the early-maturing group — Chishminsky 75, 80,
95, Pamyati Khangildina, K-6363 (Germany),
L-31969; from the medium- maturing group —
Thomas, Chishminsky 229, Kormovoy 23,
Omsky 18, Pamyati Popova,

4) large-seededness: from the early- matur-
ing group — Shikhan, Chishminsky 95, L-26665,
L-31969, from the medium- maturing group —
K-8750 (Portugal), K-6753 (Czech Republic);

5) high seed productivity: from the early-ma-
turing group — Chishminsky 75, 80, 95, Pamyati

ing group — Chishminsky 229, Thomas, Pamyati
Popova, Kormovoy 23, K-6753 (Czech Repub-
lic), K-8750 (Portugal);

6) high protein content in seeds: from the ear-
ly-maturing group — Pamyati Khangildina, from
the medium- maturing group — Chishminsky
229.
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K OCHOBHBIM I'PHOHBIM NATOT€HAM
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[IpuBeneHb! aHHBIE UCCIEIOBAHUI THOPUIOB KyKYPy3bl Ha YCTOHUMBOCTH K TPHOHBIM MaTOreHaM
B ycnoBusix tora Jlanmenero Boctoka. Lllupoko pacnpocTpaHeHHBIMH 3a00I€BaHUSIMH, KOTOpPBIC Ha-
HOCSIT CYLIECTBEHHBII Bpes KyJIbType, SBISIOTCS CeBEPHBIN reibMuHTOCIIopno3 (Helminthosporium
turcicum Pass) u ¢py3apno3 mouatkos (Fusarium moniliforme Scheldon). YacTto npu GraronpusiTHBIX
YCIIOBHUSIX CTENEHb Pa3BUTHA TPHOHBIX 3a00JEBAHUN MOXKET JOCTHTaTh cBbimie 50%. Hamnawme wH-
(hopmaru 1o CTEeTeHN MOPaKeHHUs KyKypy3bl TAaTOT€HAMH JacT BO3MOKHOCTh BBISIBUTh HCTOYHHKHU
YCTOWYMBOCTH U1 ceneKuuu. Llens paboThl — BBIAETUTD YCTOMUMBBIE THOPUABI KYKYpPYy3bl K OCHOB-
HBIM TPUOHBIM 3a00J1€BaHUsIM. MaTepraoM JUIs IOJIEBBIX ONBITOB CIYXHUIH 182 rudpuaa KOHTPOIb-
HOTO TIMTOMHHKA, KOTOPBIE OTHOCSITCSI K YeTBIPEM IPyIIIaM CIIEIOCTH: paHHecnenoi — 10 o0pa3ios,
cpennepanHeit — 79, cpemnecnienoir — 70 u cpemueno3gHeit — 23. OTeHKY TEHOTUIIOB Ha CTETICHB
MTOPaXEHUsT BO3OYIAUTEISIMI CEBEPHOTO TeITbMHUHTOCTIOPHO3a 1 (hy3apro3a MOYaTKOB MPOBOIMIN Ha
€CTECTBEHHOM (DOHE B YCIIOBHUSX MYCCOHHOTO Kiumara [Ipumopckoro kpas. BeisBieHo, 4To B cpe-
HEM 3a 2 rozia NoKaszaTeIl CTEIICHN NOPaKeHUs! CEBEPHBIM T'€IbMUHTOCIIOPUO30M B 3aBUCHMOCTH OT
reHoTuna kojiedanuch ot 7 10 35%, dysapuozom — ot 2 10 23%. Bricokoii moneBoii yCTOHYNBOCTHIO
(creniens nopaxenus — 10 10%) k H. turcicum obdnanarot 9,9% rerotunos (18 o0pasion), k £ monili-
forme — 69,8% (127). I1o xoMIUIEKCY YCTOHYMBOCTH K JAHHBIM 3a00JIEBaHUSAM XapaKTepU3YIOTCS 00-
pasusr [Ipumopckuit 547, 580, 583, 587, 588, 589, 597, 612, 660, 665, 666, 677, 679, 683, 685, 686.
CHMITTOMBI TTy3bIPYaTOH TOJIOBHU OOHAPY)KEHBI y IIECTH TEHOTUTIOB. YacToTa BCTpeYaeMOCTH JaHHO-
ro 3aboneBanus coorsercrBoBaina 1,8 (Ilpumopckuii 587) — 4,5% (IIpumopckuii 524).

KiioueBble ciioBa: KyKypy3a, TeHOTUII, TpHOHBIE 3a00neBanst, Helminthosporium turcicum Pass,
Fusarium moniliforme Scheldon, crenenp pa3BuTHs

Field evaluation of corn hybrids for resistance
to major fungal pathogens
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The data of the research of corn hybrids for resistance to fungal pathogens in the conditions of
the southern Far East are presented. Helminthosporium turcicum Pass (Northern corn leaf blight) and
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TToneBas oneHka THOPHIOB KYKypPy3bl
Ha YCTOHYUBOCTh K OCHOBHBIM IPUOHBIM MATOr€HaM

Temmuxo O.H., Kpackosckas H.A.

Fusarium moniliforme Scheldon (Fusarium ear rot) are the widespread corn pathogens causing sig-
nificant damage to the crop. Often, under favorable conditions, the degree of development of fungal
diseases can reach over 50%. Presence of information on the extent of corn infestation by pathogens
will help identify the sources of resistance for breeding. The purpose of this study is to identify the
corn hybrids resistant to major fungal diseases. The material for the field experiments consisted of 182
hybrids from the control nursery, which belong to four maturity groups: early-maturing — 10 samples,
middle-early — 79, medium-maturing — 70 and middle-late — 23. The evaluation of the genotypes for
the degree of damage by the pathogens of the Northern corn leaf blight and Fusarium ear rot was
carried out against a natural background in the monsoon climate of the Primorsky Territory. It was
found that, on average, over 2 years, the incidence rates of the Northern corn leaf blight, depending
on the genotype, ranged from 7 to 35%, and Fusarium ear rot — from 2 to 23%. 9.9% of the genotypes
(18 samples) have high field resistance (damage level —up to 10%) to H. turcicum, and 69.8% (127) to
F. moniliforme. The following samples are characterized by a complex of resistance to these diseases:
Primorsky 547, 580, 583, 587, 588, 589, 597, 612, 660, 665, 666, 677, 679, 683, 685, 686. Symptoms
of corn smut virus were detected in six genotypes. The incidence rate of this disease was 1.8 (Pri-
morsky 587) — 4.5% (Primorsky 524).

Keywords: corn, genotypes, fungal diseases, Helminthosporium turcicum Pass, Fusarium monili-
forme Scheldon, degree of development
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INTRODUCTION imately 80,000 hectares. However, the region's

Corn (Zea mays) is an ancient crop native to climatic conditions favor the development of

South and Central America. It is one of the most
productive agricultural crops in the world! [1-5].
Recently, thanks to selective breeding, the corn
cultivation zone has significantly expanded into
the northern regions of the Russian Federation
[6]. Corn grain, which is used to prepare feed and
food products, is rich in starch, fat, and other nu-
trients [7, 8]. Corn has also become widely used
as a cereal component in the creation of mixed
crops [9]. In addition, it is a universal forecrop
for other agricultural crops, since it does not have
common pathogens and pests with them. [10].

In the Primorsky Territory, corn is one of the
leading crops, with a cultivated area of approx-

fungal diseases?, which negatively affect the
sowing quality of seeds and the overall yield of
corn.

Every year, this crop is significantly affected
by pathogens such as Northern corn leaf blight
and Fusarium ear rot (caused by an imperfect
fungus Helminthosporium turcicum Pass and
Fusarium moniliforme Scheldon) [11-14]. Of-
ten, under favorable conditions, the degree of
development of fungal diseases can reach over
50% [15, 16].

The purpose of the study is to identify the
sources of resistance to the most common corn
diseases for further use in the breeding process.

'Rahayu H. Sp., Saidah Risna, Nirma Wahyuni A., Purna Raharjo Y. Preference level for glutinous corn and sweet corn as local
food in sigi regency // E3S Web of Conferences, 2022, vol. 361, p. 01017.

2Telichko O., Belova T, Syrmolot O., Lastushkina E. Field evaluation of specimens from a corn collection for resistance to
Helminthosporium turcicum Pass and Fusarium moniliforme Scheldon // E3S Web of Conferences, PA COURTABOEUF, 2024, vol.

480, Art. 3008.
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Field evaluation of corn hybrids
for resistance to major fungal pathogens.

Telichko O.N., Kraskovskaya N.A.

MATERIAL AND METHODS

The field experiments were carried out using
182 hybrids from the control nursery, which be-
long to four maturity groups: early-maturing —
10 samples, middle-early — 79, medium-matur-
ing — 70 and middle-late — 23. The genotypes
were assessed for the degree of damage by the
pathogens of Northern corn leaf blight and Fu-
sarium ear rot against a natural background in
the monsoon climate of the Primorsky Territory.

Growing season weather conditions for 2023
and 2024 were as follows: the sum of active
temperatures above 10°C from May to Sep-

tember was 2788-2926°C, precipitation for the
same period was 529.5-833.5 mm, which is
69.5-373.5 mm more than the long-term aver-
age. A significant amount of precipitation fell in
August 2023 (HTC = 6.6), and the minimum — in
September 2023 (HTC = 0.1) (see Fig. 1).

The soil of the experimental plot is mead-
ow-brown bleached soil of heavy mechanical
composition. The thickness of the arable horizon
is 22-25 cm. The humus content in the soil is
3.47-3.55 £ 0.51%, the pH of the salt extract is
5.0-5.4+0.1, the available phosphorus is 60—-64 +
12 mg/kg of soil, the exchangeable potassi-
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Fig. 1. Meteorological conditions in 2023 (a) and 2024 (0)

3Grisenko G.V., Dudka E.L. Methodology of phytopathological research on corn // VASKhNIL, All-Russian Research Institute

of Corn, Dnepropetrovsk, 1980, 62 p.

Vilkova N.A., Ivaschenko V.G., Frolova A.N. Methodological recommendations for assessing corn for complex resistance to

pests and diseases. Moscow: VASKhNIL, 1988, 43 p.
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um is 63-68 + 11, and the nitrogen is 60—65 +
5 mg/kg of soil.

The degree of development of the pathogens
was assessed visually according to the methodol-
ogy of phytopathological research on corn® and
methodological recommendations for assessing
corn for comprehensive resistance to pests and
diseases*.

The assessment of infection with Northern
corn leaf blight was carried out using a five-
point scale (see footnotes 3, 4):

0 — absence of lesion;

1 — a few spots scattered on the lower leaves
(weak);

2 — moderate lesion of the lower leaves
(slight);

3 —multiple spots on the lower leaves, spread-
ing to the leaves of the middle tier (medium);

4 — numerous spots spreading from the lower
and middle leaves to the upper ones (severe);

5 — multiple lesions on all leaves, possible
premature death of plants (very severe).

The degree of damage to ears by Fusarium
ear rot was calculated using a five-point scale
(see footnotes 3, 4):

1 —up to 2.0% (up to 5 grains) are affected;

2 —from 2.1 to 5.0% (6—15 grains) are affect-
ed;

3 — from 5.1 to 10.0% (1630 grains) are af-
fected;

4 —over 10.1% of'the surface is affected (more
than 30 grains of local type of manifestation);

5 — over 10.1% of the surface is affected
(more than 30 grains scattered across the cob).

The prevalence of the disease (incidence) was
determined according to the formula

P=(n-100)/N, %, (1)

where P — prevalence of the disease; n — number
of affected corn plants; N — total number of the
plants studied.

The degree of development (degree of damage)
of the disease was calculated using the formula

R=(Z(a-b) 100)/(N-K),%, (2)

where R — development of the disease; X (a - b) —
the sum of the products of the number of dis-
eased plants (a) by the corresponding damage
score (b); N — total number of the plants studied,
K — the highest score on the record scale.

s
)

Puc. 2. PacteHus KyKypy3bl, IOpakeHHble H. turcicum

Fig. 2. Corn plants infected by H. turcicum
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Field evaluation of corn hybrids
for resistance to major fungal pathogens.

Telichko O.N., Kraskovskaya N.A.

RESULTS AND DISCUSSION

Like all grain crops, corn is susceptible to
fungal diseases, the most common of which is
Northern corn leaf blight (see Fig. 2). Initially,
the leaves become covered with small brown-
ish-gray spots, which then enlarge as the disease
progresses.

Figure 3 presents data on the extent of North-
ern corn leaf blight in a control corn nursery. In
2023 and 2024, the extent of H. turcicum infes-
tation on corn ranged from 0 to 58%, depend-
ing on the genotype. In 2023, excessive rainfall
(461.7 mm) in August contributed to a signifi-
cant spread (70-100%) of this disease. In 2023,
0 samples had the lowest degree of H. turcicum
development (0—10%), 30 samples had 11-20%,
70 samples had 21-30%, 60 samples had 31—
40%, 19 samples had 41-50%, and 3 hybrids
(Primorsky 638, Primorsky 647, Primorsky 655)
had over 50%. The prevalence of the disease in
the standard Slavyanka sample was 94%, and
the degree of development was 25%.

Meteorological conditions in 2024 were most
favorable for corn growth and development.
As a result, the incidence of Northern corn leaf
blight was low. 96.7% of the studied genotypes
had a disease prevalence of 0-10% (see Fig. 3).
Of these, 46 accessions demonstrated immunity
(incidence and prevalence of 0%) to H. turcicum
in 2024: Primorsky 505, 506, 507, 509, 510,
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Puc. 3. PezynbraTsl OlIeHKH 00pa3IoB KyKypy3bl Ha
CTereHb pa3BuTus H. turcicum

Fig. 3. Results of the evaluation of corn specimens
for the progression of H. turcicum

512, 516, 521, 527, 538, 539, 541, 552, 564,
565, 566, 573, 574, 575, 580, 583, 587, 588,
594, 597, 612, 637, 649, 671, 673, 675, 677,
679, 683, 685, 686, 696, 719, 721, 722, 729,
738, 745, 757, 764, 786. The prevalence of this
pathogen in the standard was 20%, the degree of
development was 6% (see Fig. 4).

The dominant type of smut disease of corn in
the southern Far East is Fusarium wilt F. monili-
forme (see Fig. 5).

Research in 2023 identified 129 corn geno-
types characterized by low (0-10%) suscepti-
bility to fusarium ear rot, accounting for 70.9%
of the total number of samples studied in the
nursery (see Fig. 6). Among these, two hybrids
(Primorsky 576 and Primorsky 730) exhibited
immunity to this disease (see Fig. 4).

According to 2024 data, 72.4% of the geno-
types (131 samples) have a minimum degree of
development of F. moniliforme, of which 6.9%
are characterized by immunity (Primorsky 527,
533,562, 565, 566, 567, 571, 608, 633). Hybrids
Primorsky 527, Primorsky 565, and Primorsky
566 are characterized by complex resistance to
Northern corn leaf blight and Fusarium ear rot.
In the standard variety-population Slavyanka,
the prevalence of F. moniliforme in 2023 and
2024 was at the level of 34-36%, the develop-
ment index was 8%.

In total, over 2 years of research, 18 hybrids
were slightly affected (up to 10%) by Northern

60

40
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) o 2. s
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Number of samples

Puc. 4. Iloxazarear IMMYHHOCTH T€HOTHIIOB KyKY-
Py3bl K TPUOHBIM ITaTOrCHAM

Puc. 4. Parameters of the immunity of corn geno-
types to fungal pathogens
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Puc. 5. Ilogatox KyKypy3bl, TOpakeHHBIN F. moniliforme (opuruHam)

Fig. 5. Corn ear infected by F. moniliforme (original)
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Puc. 6. Pe3ynbrarsl OLIEHKH 00Pa3IoB KyKypy3bl Ha
CTeICHb pa3BuTHsl F. moniliforme

Fig. 6. Results of the evaluation of corn specimens
for the degree of development of F. moniliforme

corn leaf blight, and 127 by Fusarium ear rot. Pri-
morsky 547 and Primorsky 660 samples, which
belong to the middle-early maturity group, are
characterized by a complex of resistance to
these diseases; Primorsky 580, 583, 588, 589,
597, 612 — middle-late group; Primorsky 587,
665, 666, 677, 679, 683, 685 and 686 — medi-
um-maturing group (see Fig. 7). The maximum

(30-35%) degree of development of H. turcicum
was noted in the hybrids Primorsky 638, 643,
647, 655 and 656, F. moniliforme (20-27%) in
the hybrids Primorsky 502, 649, 742, 767 and
786. In the standard sample, the degree of devel-
opment of H. turcicum corresponds to 15%, F.
moniliforme — 8%.

The grain yield of the selected hybrids var-
ied from 4.2 (Primorsky 683) to 11.4 t/ha (Pri-
morsky 589) (see Fig. 7). The genotypes Pri-
morsky 583, Primorsky 588, and Primorsky 589
are characterized by the highest yield, exceeding
the standard (6.5 t/ha) by 3.7-4.9 t/ha (LSDs =
1,15 t/ha).

Another of the most damaging diseases of
cobs is smut (Ustilago zeae Unger). This dis-
ease manifests itself on all above-ground parts
of the plant as blister-like swellings of varying
shapes and sizes (see Fig. 8). Infection with this
pathogen can occur throughout the entire corn
growing season. Symptoms of smut were detect-
ed in 2023 in the Primorsky 520, 524, and 551
hybrids, and in 2024 in the Primorsky 524, 587,
589, and 795 hybrids. The incidence rates were
1.8% (Primorsky 587) to 4.5% (Primorsky 524).
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Field evaluation of corn hybrids Telichko O.N., Kraskovskaya N.A.
for resistance to major fungal pathogens.
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Fig. 7. Parameters of the yield of corn hybrids and the degree of the damage caused by fungal pathogens

Puc. 8. Crebenb (a) u mouatok KyKypy3sl (0), mopakennsie U. zeae (OpUrHHAI)

Fig. 8. Corn stalk (a) and ear (b) infected by U. zeae (original)
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CONCLUSIONS

1. The conducted studies to assess the
degree of damage of corn hybrids by fungal
pathogens made it possible to isolate samples
for further use in breeding for resistance to
Helminthosporium turcicum Pass and Fusarium
moniliforme Scheldon.

2. According to our data, on average over 2
years, the incidence rates of Northern corn leaf
blight, depending on the genotype, ranged from
7 to 35%, and fusarium ear rot — from 2 to 23%.
High field resistance (development level — up
to 10%) to H. turcicum is characteristic of 18
genotypes (9.9% of the total number of studied
samples), and to F. moniliforme — 127 (69.8%).
The Primorsky samples 547, 580, 583, 587, 588,
589, 597, 612, 660, 665, 666, 677, 679, 683, 685
and 686 stood out for their resistance to these
diseases.

3. Symptoms of corn smut were detected
in six genotypes. The frequency of U. zeae oc-
currence varied from 1.8% (Primorsky 587) to
4.5% (Primorsky 524).

4. Selective material of corn distinguished
by its resistance to fungal diseases is promising
for the creation of new genotypes.
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MukpoOHbIi 0eJIOK B KOPMJICHHMH THJISIIIMU: pacipeaeicHue
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B ycioBHAX COBPEMEHHOIO pa3BUTHsI aKBaKyJbTYpbl 0CO00€ BHUMAaHHUE YIENSETCS BOMPOCaM
NOBBIMICHNS YPPEKTUBHOCTH KOPMIJICHHUS M YIy4YIIEeHUs 340pOBbs pbI0. [IpuMeHeHne crnienuanus3u-
POBaHHBIX KOPMOBBIX J00ABOK, OOOTAICHHBIX OCJIKaAMU ¥ MHUKPOAJIEMEHTAMH, SIBJISICTCSI OJIHUM M3
MEePCIEKTUBHBIX HampaBlieHuid. B nanHO# paboTe paccMaTpuBaeTcs BIUsSHIE OSIKOBO-MHHEPAIbHOM
kopmoBoi o6aBki DREAMFEED® (OO0 «['MITPOBMOCHHTE3») Ha pocT U (HU3HOIOrHIECKOES
COCTOSTHUE HIIIbCKOH Tuisiiuu (Oreochromis niloticus), a Takyke 0COOCHHOCTH HAKOTUICHUS U pe30po-
UM BKHBIX MUKPOAJIEMEHTOB B TKaHSIX M opraHax pbi0. B xone nccnenoBaHus CeroaeTku HUIbCKOH
TWJISTIUY OBUTH pa3JesieHbl Ha ABE rpynbl. [IpeacTaBuTeny onbITHON TPYMIIIBI TOTyYaliid KOPM, BKITIO-
yapmuii 94% kopmoBoit o6asku DREAMFEED®, 5% poiobero xupa u 1% npemukca. B kKoHTpoIb-
HOU TpyIine Uucnoiab3oBajics koMoukopM npousBonctsa OO0 «BUDPDy» (pridnas myka — 35%, mie-
HUYHASA MyKa — 22, MsicHas Myka — 20, KyKypy3HbIi TiroTeH — 10, peiOuii sxup — 7, KpoBsiHast MyKa — 5,
npeMukc — 1%). ONbITHBIA KOPM XapaKTepu30Bajcs Ooliee BRICOKUM cojiepkanueM Oenka (64,3%)
Y CHJKEHHBIM YpOBHEM kupa (8,9%) 1o cpaBHEHHUIO ¢ KOHTPOJIBHBIM KOPMOM. PrI00BOAHO-0MOIOTH-
YECKUH aHaJIN3 MPOAEMOHCTPUPOBAI 00JIee BEICOKHH MTPOTHO3UPYEMBII POCT y SKCIIEPUMEHTAIbHON
TPYIIIBL, 9TO MOATBEPKAANOCh Kodddunnentom anmnpokcumanuu (0,981 nporus 0,963 y KoHTpOIIS).
Konnenrpanus remorioOMHa B ONBITHOW TPYIIE HA BCEX dTarax MpeBblliaia M0Ka3aTeIn KOHTPOIIb-
Hoi Tpyrnmsl Ha 10,1-14,2 1/71. B SKCcnieprMeHTaIBHONW TPyIINe HaOII0MaI0Ch CHIYKEHHE CKOPOCTH
OCeJIaHus SPUTPOIIUTOB 10 ONTHMAJIBLHBIX YpOBHEH (He Oosiee 2,5 MM/4). B TedeHue Bcero mnepuoja
MCCIIeIOBaHUs KOHLIEHTpaIHs o0miero 0enka B CbIBOPOTKE KPOBH Y TPEACTaBUTENEH OIBITHON TPyI-
bl COXPAHsJIach Ha ypOBHE BhIlIE 29,2 T/11, B TO BpeMsI KaK Y KOHTPOJIBbHBIX 0c00el JaHHBIN MOKa3a-
TeJIb OCTaBaJICS HUKE 26,2 T/11. AHAU3 TMHAMUKY HaKOTUICHUS] ME/IM B TKAHSIX M OpraHax pblo 00enx
TPYTIII TOKa3all CXOAHbIE TeHACHIINH, OTHAKO OBbUIH BBISIBIICHBI OTAEIIbHBIEC Pa3IHymsl, 00yCIOBICHHBIE
cocTtaBoM KOMOMKOpMOB. IIpoBenenHoe ucciaeqoBaHue MOATBEP)KAAET 3(HEKTUBHOCTD MCIIOIb30Ba-
Hust kopmoBoi 1o6aBku DREAMFEED® niist ynmydineHus npofyKTUBHBIX U (PU3HOIOTHYECKUX TTOKa-
3areaei HUIbCKOM TUIIAIUN.

KiroueBble ciioBa: 0esiok, KOpMOBast 100aBKa, MUKPOOPTaHU3MbI, Meb, IPUPOCT, (PU3UOIOTHS,
KOpMJIIEHHE
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In the context of the modern development of aquaculture, special attention is paid to improving the
efficiency of feeding and improving the health of fish. The use of specialized feed additives enriched
with proteins and trace elements is one of the promising directions. This paper examines the effect
of the protein-mineral feed additive DREAMFEED® OOO "GIPROBIOSINTEZ" on the growth and
physiological condition of the Nile tilapia (Oreochromis niloticus), as well as the features of accumu-
lation and resorption of important trace elements in the tissues and organs of fish. During the study,
Nile tilapia fingerlings were divided into two groups. The experimental group received feed contai-
ning 94% DREAMFEED® feed additive, 5% fish oil and 1% premix. In the control group, compound
feed produced by the OOO "BIFF" was used (fish meal — 35%, wheat flour — 22, meat meal — 20, corn
gluten — 10, fish oil — 7, blood meal — 5, premix — 1%). The experimental feed was characterized by a
higher protein content (64.3%) and a reduced fat level (8.9%) compared to the control feed. Fish-far-
ming and biological analysis demonstrated higher predicted growth in the experimental group, which
was confirmed by the approximation coefficient (0.981 versus 0.963 in the control). The hemoglobin
concentration in the experimental group at all stages exceeded the control group by 10.1-14.2 g/l. In
the experimental group, a decrease in the erythrocyte sedimentation rate to optimal levels (no more
than 2.5 mm/h) was observed. Throughout the study period, the concentration of total protein in the
blood serum of the experimental group remained above 29.2 g/I, while in the control individuals this
figure remained below 26.2 g/l. Analysis of copper accumulation dynamics in the tissues and organs
of fish from both groups revealed similar trends, but some differences were identified due to the feed
composition. This study confirms the effectiveness of the DREAMFEED® feed additive in improving
the performance and physiological parameters of the Nile tilapia.
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Microbial protein in tilapia feeding:
distribution of minerals in organs and tissues
and their impact on metabolism

Ponomarev S.V., Fedorovykh Yu.V., Akhmedzhanova A.B.,
Levina O.A., Nunkov P.A., Terganova N.V., Dutikov E.A.

INTRODUCTION

In modern aquaculture, special attention is
paid to the use of biologically active substanc-
es in the feeding of fish and other cultivated or-
ganisms in order to optimize growth indicators,
strengthen immunity, and increase resistance to
diseases [1-5]. Domestic scientists are actively
developing new approaches to feed production,
focused on the use of biologically active sub-
stances and adapted to the conditions of the Rus-
sian market, which is confirmed by a number of
scientific studies [6—10].

In recent decades, the development of aqua-
culture has required the search for new, effective,
and environmentally safe sources of protein for
feeding fish. One of the promising areas in this
field is the production of microbial protein based
on natural gas. Microbial protein can serve as
a complete and high-quality component of feed
[11, 12]. Its use allows not only to increase the
nutritional value of feed, but also to reduce de-
pendence on traditional sources of protein (for
example, fish meal), which is relevant in condi-
tions of limited natural resources [13, 14].

In the Russian Federation, the previously
existing capacities of the microbiological in-
dustry, focused on the production of microbial
protein from hydrocarbon raw materials, were
lost. Nevertheless, the scientific and technologi-
cal groundwork in this area has been preserved,
which allowed research and development to be
resumed.

One of the most successful projects in restor-
ing the industrial technology for producing mi-
crobial protein from natural gas is the work of
specialists at the OOO "GIPROBIOSINTEZ".
As a result of directed auto-selection of obligate
methane-oxidizing bacteria (Methylococcus
capsulatus) under continuous cultivation condi-
tions, the GBS-15 strain, suitable for industrial
application, was obtained. This strain has been
deposited in the All-Russian Collection of In-
dustrial Microorganisms, is not pathogenic, does
not contain genetically modified elements, and
does not include genes from other organisms.
Based on it, the feed additive DREAMFEED®
was created at the OOO "GIPROBIOSINTEZ",

representing a concentrate of microbial protein
from the inactivated culture of Methylococcus
capsulatus cells.

The objectives of the study are to assess the
impact of the feed additive DREAMFEED® as
a protein-mineral component on the productiv-
ity and physiological condition of Nile tilapia
(Oreochromis niloticus), as well as to study the
processes of accumulation and resorption of
copper, potassium, and other trace elements in
the organs and tissues of fish.

The following tasks were formulated to
achieve the stated objectives:

1) production of an experimental batch of
compound feed with 94% replacement of fish
meal by the feed additive DREAMFEED® and
conducting experimental trials on tilapia finger-
lings;

2) assessment of productive indicators and
survival of fish during cultivation using exper-
imental feed;

3) analysis of the dynamics of copper content
in tilapia during the cultivation process.

MATERIAL AND METHODS

The study examined the effect of various
feeding regimes on juvenile Nile tilapia under
controlled conditions. The experiment was con-
ducted in the aquarium complex and laboratory
of the Scientific Research Laboratory “Sturgeon
Breeding and Advanced Aquaculture Objects™
at the Astrakhan State Technical University. The
test subjects were 100 Nile tilapia fingerlings per
aquarium in the control and experimental groups
(with two repetitions). The duration of the ex-
periment was 120 days.

Glass aquariums with a volume of 400 liters,
equipped with aeration, filtration, and thermo-
static systems, were used to create controlled
conditions. Daily monitoring of environmental
parameters included measuring temperature and
oxygen (manual thermo-oximeter OxyGuard
Handy Polaris), as well as the concentration of
nitrogen-containing compounds (nitrate tests by
Aquarium Pharmaceuticals).

The experimental feed was produced in lab-
oratory conditions using pressing, drying, and
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sieving methods. The content of the feed addi-
tive DREAMFEED® in the experimental feed
was 94%. The recipe also included 1% premix
and 5% fish oil. As a control, a compound feed
produced by the OOO “BIFF” was used: fish
meal — 35%, wheat flour — 22%, meat meal —
20%, corn gluten — 10%, fish oil — 7%, blood
meal — 5%, premix — 1%. Fish feeding was car-
ried out in accordance with daily standards and
feed tables, taking into account body weight and
water temperature (25-26 °C).

For the purpose of comparative assessment
of feed efficiency, a set of physiological and
biochemical blood parameters was determined.
Blood samples for analysis were collected in
vivo from the tail vein into the Eppendorf tubes
before the start and at the end of the experiment.
Heparin was used as an anticoagulant for he-
matological studies. Hemoglobin concentration
was determined photometrically using “Ag-
at-Med” reagent kits (Russia), and the erythro-
cyte sedimentation rate (ESR) was measured
using the Panchenkov method. For biochemical
analysis, blood serum was obtained by coagu-
lating blood samples in test tubes without hep-
arin. Serum protein content was determined by
the biuret method using the “Agat-Med” reagent
kits. Quantitative determination of copper ions
in the tissues of the liver, muscles, bones, and
head was carried out by atomic absorption spec-
trometry using a “Kvanr-2A” spectrometer.

To assess growth characteristics, the average
daily growth rate (using the compound interest
formula), average daily gain, and mass accumu-
lation coefficient were calculated. The assess-
ment of growth intensity was carried out in du-
plicate.

The obtained data were subjected to statisti-
cal processing using the Excel software pack-
age, including the calculation of the mean, the
standard error of the mean, and the assessment
of the significance level of differences using the
Student's #-test.

RESULTS AND DISCUSSION

DREAMFEED® is produced using a miner-
al medium containing salts of various trace el-

ements, including copper, the concentration of
which in the finished product can reach 200-300
mg/kg. Considering the lower concentration of
copper in traditional feed components and its
ability to accumulate in tissues, it was necessary
to assess the effect of this supplement on the
bodies of fish.

The composition and nutritional value of the
feed used are shown in the table, and the macro-
element content is shown in Figure 1. Accord-
ing to the data, the experimental feed has higher
protein content (64.3%), copper (299 mg/kg),
and potassium (7290 mg/kg), as well as lower
fat content (8.9%) compared to the control feed.

The dynamics of changes in the body weight
of fish in the experimental and control groups
are shown in Fig. 2.

Data analysis showed that in the experimental
group, which received feed with a 94% replace-
ment of fish meal with the DREAMFEED® pro-
tein feed additive, there was a more even growth
trajectory without sharp fluctuations. This is
confirmed by a higher coefficient of determina-

CocraB ONMBITHOTO ¥ KOHTPOJIILHOTO KOMOMKOPMOB, %
The composition of experimental and control feed, %

. Protein
Compound Crude protein (according Crude
P Moisture | Ash | (according to fat
feed R to ..
Kjeldahl) Barnstein) (lipids)
Control 4,63 |9,82 447 39,10 13,1
Experi- | 441 |s584] 689 64,30 | 89
ment
8000
7000
an 6000
5000
— 4000
g 3000
=
S 2000
1000
[ E—
Co Zn Mn K Co Mg Fe Cr

Mineral substances
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Puc. 1. Coneprxannie MUKPOJIEMEHTOB B KOMOMKOpMaX
Fig. 1. The content of trace elements in animal feed
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Fig. 2. Dynamics of changes in the body weight of tilapia

tion (R* = 0,981) compared to the control (R* =
0,963), which indicates a greater predictive val-
ue of the growth model and suggests that higher
growth rates may be maintained with continued
use of the experimental feed.

Even though the differences in absolute and
relative growth, average daily growth rate, and
mass accumulation coefficient between the ex-
perimental and control groups were not statisti-
cally significant, there is a positive trend in favor
of the experimental group (see Fig. 3). Accord-
ing to the analysis results, the absolute biomass

increase in the experimental group exceeded the
control value by 6.41 g, and the relative increase
by 0.05%. At the same time, the average daily
growth rate in the control group was slightly
higher than the corresponding value in the ex-
perimental group (by 0.1 g/day).

It’s worth noting that fish survival in both
groups remained at 100% throughout the entire
experimental period when optimal cultivation
conditions were maintained. The condition of
tilapia in the studied cultivation conditions was
assessed based on physiological and biochemi-
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Fig. 3. Growth rates of the experimental and control groups:

a — absolute gain; 6 — relative and average daily gain
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cal blood indicators, which are sensitive markers
of physiological and pathological changes.

The study results showed that in the control
group, which received the feed produced by the
00O “BIFF,” hemoglobin levels were 10.1—
14.2 g/l lower than in the experimental group
throughout the experiment. In the experimental
group, hemoglobin concentration ranged from
68.0 to 72.3 g/l, staying within the borderline
values typical for tilapia (75-80 g/1).

An increased ESR indicates the presence of
a pathological process in the body (for example,
with inflammation or anemia), while a sharp de-
crease in this indicator is observed in processes
that lead to blood thickening (fluid loss). At the
first stage, the ESR was higher than the normal
values for fish (2.0-2.5 mm/h). As tilapia fed
with DREAMFEED® protein feed supplement
grew, their ESR dropped to normal levels and
did not exceed 2.5 mm/h. In the control group,
this indicator remained high, peaking in the 3rd
month of growth at 4 mm/h.

The total protein content in blood serum is
an important indicator that reflects the over-
all metabolic processes happening in the body.
During the experiment, it was found that the
concentration of total protein in the blood serum
of fish in the experimental group was statistical-
ly significantly higher than in the control group,
reaching a maximum difference of 13.5 g/l in
the 3rd month of cultivation. There was a trend
of decreasing total protein concentration in both
groups by the end of the experiment. In the con-
trol group, the decrease was 22.14% (from 26.2
to 20.4 g/1), while in the experimental group it
was 4.24% (from 33.0 to 31.6 g/1). It is assumed
that the decrease in total protein levels may be
related to the lower water temperature during the
winter growing period.

Analysis of copper content in individual or-
gans and tissues of the fish was also conducted
(see Fig. 4). At the initial stage of cultivation, the
copper concentration in the liver of tilapia in the
experimental group exceeded that in the control
group by 1274 mg/kg. During further observa-
tion, the copper level in the liver ranged between
631-780 mg/kg. By the end of the experiment,

the copper concentration in the liver of the ex-
perimental group was 1275 mg/kg, which is
272 mg/kg (21.41%) higher than in the control.

The copper concentration in muscle tissue
decreased in both groups: in the experimental
group — from 2.62 to 1.62 mg/kg, and in the con-
trol group — from 2.53 to 1.84 mg/kg. The val-
ues obtained correspond to the permissible level
of copper in food products (< 10 mg/kg) [11].
The copper content in the head tissues increased
slightly: in the experimental group by 0.22 mg/
kg, and in the control group by 0.18 mg/kg. In
the fish bone tissue, the copper concentration
decreased during the cultivation period: in the
experimental group, from 3.91 to 1.58 mg/kg
(59.59%), and in the control group, from 2.43 to
1.50 mg/kg (38.27%).

Thus, the level of copper in the muscle tissue
of fish in both groups is within acceptable lim-
its for food. Despite the relatively high copper
content in the liver (the main storage of this el-
ement), no negative effects on tilapia growth or
physiological condition were observed. The fish
survival rate was 100%, and hematological indi-
cators remained within the normal range.

CONCLUSIONS

1. The experimental feed containing the
DREAMFEED® additive had a higher protein
content (64.3% vs 35.0%) and a lower fat con-
tent (8.9% vs 13.1%) compared to the control
feed (produced by the OOO “BIFF”). A compar-
ative analysis of the trace element composition
showed that the experimental and control feeds
differed significantly in the content of certain el-
ements. The experimental feed had higher levels
of copper (299 mg/kg) and potassium (7290 mg/
kg), while the control feed was richer in zinc,
magnesium, iron, and chromium.

2. Modeling fish growth dynamics revealed a
potentially higher and more stable growth rate in
the experimental group, which is supported by a
higher coefficient of determination (R? = 0,981)
compared to the control group (R* = 0,963).

3. The growth dynamics analysis showed that
the experimental group displayed a more sta-
ble growth pattern, marked by uniformity and
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no sharp fluctuations. At the same time, despite
similar growth rates in both groups, the experi-
mental group had a higher determination coeffi-
cient compared to the control group. This indi-
cates better predictability of the growth model
for the experimental group and suggests the po-
tential for maintaining stable, or even increased,
growth rates with prolonged use of feed supple-
mented with DREAMFEED®.

4. A study of the physiological and biochem-
ical indicators of blood showed that adding
DREAMFEED® to the feed has a positive effect
on the fish's physiological condition. In the ex-
perimental group compared to the control group,
the following changes were noted: an increased
hemoglobin concentration (10.1-14.2 g/1 higher
than the control values); a decrease in the eryth-
rocyte sedimentation rate to optimal values, not
exceeding 2.5 mm/h; an increase in the total
serum protein concentration (values exceeded
29.2 g/l).

5. Analysis of copper content in the tissues
and organs of tilapia revealed a general pattern

of changes in both the experimental and control
groups. The copper concentration in muscle tis-
sue did not exceed the allowable limits for food
products (10 mg/kg). Despite the increased cop-
per content in the liver, which is the main store
of this trace element, no negative effects on
growth rates or the overall condition of the fish
were observed.
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ro1mTuHCKO| nmopoasl B yeJaoBusix OO0 «CIIK “MexkeHUHOBCKHH >

CeimanoBuu O.B.!, (<) Xpamuona U.A.!2, ®axpyraunosa P.II1.},

XoxJsoB U.H.3, IToabinsinkuna E.A 4

'Hayuonanvuoiii uccnedosamenvckuti Tomckuii 20cyoapcmeenHulil yHusepcumem
Tomck, Poccust

2Cubupckuii pedepanvHulii Hayumblll yeHmp azpobuomexnonouii Poccutickou akademuu nayxk
HoBocubupckas obmnacts, p.n. KpacHoooOck, Poccust

3000 «CIIK “Medxcenunosckuii”»

Tomck, Poccus

‘Hayuonanvuoii ucciedosamenbckuti TomcKkuti noaumexnuieckKull yHusepcumem
Tomck, Poccus

(X)e-mail: khramtsova-1975@]list.ru

Crarbst IOCBSIIICHA aKTYyalIbHON TeMe — N3yUSHHIO BIHMSHUS TEHETUYECKUX (haKTOPOB Ha MPOIYK-
TUBHbIE KauecTBa KPYIHOIO POraToro CKoTa MOJIOYHOIO HampasieHUs. B xoxe Hay4yHO-McciienoBa-
tenbekor padbotel B OO0 «CIIK “MexennHoBckuii”» ToMcKo# o0macT mpoBelieHa OlleHKa KOpOB
TOJIITHHCKOM mopob! inHui Buc bak Aiinnan u Pedurekura CoBEpHHT C 1ENBI0 ONpeeNIeHUs BIIH-
STHAS TIPOUCXOKACHHUS KUBOTHBIX Ha MX MOJIOYHYIO MPOJYKTUBHOCTbH, TAK)KE PACCUMTAHBI OCHOBHBIE
CEJICKIMOHHO-TeHETHUECKUE TapaMeTpbl: KO3 QHUIUEHTHI BApHALUH, KOPPEISILIUU U PETrPECCUN U3Y-
YaeMBbIX IIPU3HAKOB. YCTAaHOBIICHO, YTO KOPOBBI THHUH Pedrexin CoBepuHT XapaKTepHu3yroTcs 0ojee
BBICOKMM YPOBHEM MOJIOYHOH HNPOJYKTUBHOCTH M B CPEAHEM IO CTaay MPEBOCXOIAT CBEPCTHUIL: IO
Y010 3a BCIO JakTanuio — Ha 1519,1 k1, conepkanuto MosoyHoro xupa — Ha 151,9 kr, coneprkanuio
MoJiouHoro Oenka — Ha 127,6 xr. IIpu ananusze koadduureHTa HacIeLyeMOCTH OTMEYEHO HanOOIb-
1iee BIMSHUE Ha JKUBYIO Maccy notomctBa — 32%. Jlons BIUSHHS HA KOJMYECTBO MOJIOYHOTO Oenka
cocrasisieT 28%, Ha ynoil — 14%, Ha copepkaHHe MOJIOUHOTO Xupa — §%. YCTaHOBICHO, YTO 0OJIb-
1iee BIMSHNE Ha MPOAYKTUBHBIE KadeCTBa MEPBOTEIOK OKa3bIBAIOT F€HOTUIT OTIIOB-IIPOU3BOIUTENEH
U ycnoBus conepykanusi. Paccuntanuslil 3h(exT celeKuy mokasai, YTo Ipu JaJlbHEHIIEeM HCIIOb-
30BaHMU KOpoB imHUI Buc bok Aiianan u Peduexiin CoBepuHT MOXKHO JTOOUTHCS YBETUUCHHS CIIe-
IYIOIIUX MTOKa3aresel (1o OTHOIIEHHUIO K TPYIIe KOpoB o0mIero cTaaa): ynoit 3a 305 mgHel 3a mepBoe
nokojieHue — Ha 223,9 kT, 3a oguH rog — Ha 49,7 Kr, comep:kaHue MoJIouHOTro kupa — Ha 4,5 u 1,1 kT,
MoJIo4HOTO Oenka — Ha 17,4 u 3,7 KT cooTBeTCTBeHHO. [10ATOMY U1l TOITy4YeHNsT Ka4eCTBEHHOM TPO-
IOYKIUU ¥ YBEJIHMUYCHUsSI ¢ 00bEMOB B YCIIOBHUS X035HCTBA SKOHOMHUYECKH 1eNIecO00pa3HO UCTIONb30-
BaTh KOpoB JinHUI Buc bok Aiinuan u Peduexkurn CoBepuHr. PeHTa0ensHOCTh OMyYeHHsI TOBAPHOTO
MOJIOKA OT JJAHHBIX ’KUBOTHBIX MPEBBINIACT MTOKA3ATENH 10 BceMy ctaay Ha 39,5%.

Ki1roueBble ci10Ba: (eHOTHII, TEHOTHII, MOJIOYHAS IPOLYKTUBHOCTH, KO3()(HUIIMEHTH! KOPPEIALUH,
BapHalliu, PErpeCcCUM U HACIICAYEMOCTH, CEJICKIIMOHHBIN Tuddeperiua, 3PPeKT CeaeKIUuu

Analysis of the influence of the genotype on the dairy productivity
of Holstein cows in the conditions of the OO0 APC ""Mezheninovsky"
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Khokhlov I.N.3, Polynyankina E.A.*

'National Research Tomsk State University

Tomsk, Russia

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

3000 APC "Mezheninovsky"

Tomsk, Russia

4National Research Tomsk Polytechnic University

Tomsk, Russia

(X)e-mail: khramtsova-1975@]list.ru

The article focuses on a topical issue — the study of the influence of genetic factors on the produc-
tive qualities of dairy cattle. During the research work at the "Mezheninovsky" Agricultural Produc-
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AHaiu3 BIHSHUS TCHOTHITA
Ha MOJIOYHYIO ITPOAYKTHBHOCTbH KOPOB I'OJIIITHHCKOH ITOPOJIBI
B ycnoBusix OO0 «CIIK “MeeHHHOBCKHIA”»

CeivanoBud O.B., Xpammnosa 1.A., ®axpyraunosa P11,
Xoxnos U.H., [Tonssakuna E.A.

tion Cooperative, Tomsk Region, an evaluation of Holstein cows of the Vis Back Ideal and Reflection
Sovereign lines was conducted to determine the influence of the animals' origin on their milk produc-
tivity. The main selection and genetic parameters were also calculated: the coefficients of variation,
correlation, and regression of the studied traits. It has been found that cows of the Reflection Sovereign
line are characterized by a higher level of milk productivity and, on average, surpass their peers in the
herd: in milk yield for the entire lactation — by 1519.1 kg, milk fat content — by 151.9 kg, milk protein
content — by 127.6 kg. When analyzing the heritability coefficient, the greatest influence on the live
weight of the offspring was noted being at the level of 32%. The influence on the amount of milk pro-
tein is 28%, on milk yield — 14%, on milk fat content — 8%. It has been established that the genotype
of the fathers and the conditions of keeping have a greater influence on the productive qualities of
first-calf heifers. The calculated selection effect showed that with further use of cows of the Vis Back
Ideal and Reflection Sovereign lines, it is possible to achieve an increase in the following indicators (in
relation to the group of cows of the general herd): milk yield in 305 days for the first generation — by
223.9 kg, in one year — by 49.7 kg, milk fat content — by 4.5 and 1.1 kg, milk protein — by 17.4 and
3.7 kg, respectively. Therefore, to produce high-quality milk and increase its production under farm
conditions, it is economically feasible to use cows of the Vis Back Ideal and Reflection Sovereign
lines. The profitability of commercial milk production from these animals exceeds the herd average
by 39.5%.

Keywords: phenotype, genotype, milk production, correlation coefficients, variations, regressions
and heritability, breeding differential, breeding effect
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INTRODUCTION proving the genetic resources of domestic cattle

The main problem in dairy farming remains breeds and increasing their productive longevity?

increasing the productivity of animals by breed- [2]. Because of this, domestic dairy breeds need

ing the most valuable breeds, genotypes, and
lines of cattle. The most effective method for
improving livestock breeds is line breeding' [1].

Currently, in the structure of livestock prod-
ucts, the issue of increasing milk production is
quite pressing, and solving it is linked to im-

to be improved to increase their milk productiv-
ity. Using the world's genetic resources for this
purpose, which involves importing animals with
different genetic selection, comes with certain
adaptation problems, including adjusting to new
natural and climatic conditions®4[3].

'Krestyaninova E.I., Solovieva O.1. Variability of milk productivity in cows of the Vis Back Ideal line during three lactations //
Proceedings of the International Scientific Conference of Young Scientists and Specialists dedicated to the 160th anniversary of V.A.

Mikhelson, Moscow, 2020, vol. 1, pp. 137-140.

2Kostomakhin N.M., Voronkova O.A., Gabedava M.A. Productivity and terms of economic use of Holsteinized cows of different
lines // Scientific support for the safety and quality of livestock products: collection of articles based on the materials of the All-
Russian (national) scientific and practical conference / edited by S.F. Sukhanova, Kurgan, 2018, pp. 86—89.

3Fedorenko V.F., Mishurov N.P., Marinchenko T.E., Tikhomirov A.I. Analysis of the state and prospects for improving the genetic
potential of dairy cattle: a scientific and analytical review: textbook. Manual, Moscow, 2019, 108 p.

*Kostomakhin N.M., Safronov S.L. Reserves for increasing milk production in agricultural enterprises / Current problems of the
agro-industrial complex and innovative ways to solve them: collection of articles based on the materials of the International scientific

and practical conference. Kurgan, 2021, pp. 201-204.
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Khokhlov I.N., Polynyankina E.A.

At this stage, the goal of breeding work is
to fix positive traits in the offspring. Breeding
under proper feeding, control, and regulation of
cows' reproductive function, along with creating
suitable living conditions, helps develop cattle
with high milk productivity, strong constitution,
and good reproductive ability for long-term pro-
ductive use [4-6].

Taking the above into account, a scientific and
practical experiment was conducted at the OOO
APC “Mezheninovsky” in the Tomsk region, for
the first time to assess the impact of genotype on
the productive qualities of cattle.

It should be noted that using higher-potential
animals helps increase milk production profit-
ability and speeds up the breeding process in the
population.

The purpose of the study was to examine the
impact of genetic potential on the milk produc-
tivity of Holstein Black-and-White cows of the
Vis Back Ideal and Reflection Sovereign lines
used at the OOO APC “Mezheninovsky”.

The research objectives were:

1) to conduct a comparative analysis of milk
productivity in the first lactation of cows of the
specified lines;

2) to identify the level of influence of moth-
ers' genotype on the offspring productivity;

3) to predict the economic efficiency of milk
production using Vis Back Ideal and Reflection
Sovereign lines.

MATERIAL AND METHODS

The research was conducted in 2023.

In the studied farm, they used semen from
purebred Holstein bulls of the Vis Back Ideal
and Reflection Sovereign lines to inseminate
cows and heifers. Nowadays, most of the dairy
herd on the farm comes from the offspring of
these lines.

For the study, they selected Holstein Black-
and-White cows with high milk production in
their first lactation.

The experiment was carried out according to
the scheme shown below (see the figure).

Analysis of the studied indicators was car-
ried out based on primary and final livestock
records for the period from 2021 to 2023. The
breeding-genetic productivity parameters were
determined according to the results of biometric
processing using the N.A. Plokhinsky's method.
The level of statistical significance was p > 0.95.

RESULTS AND DISCUSSION

Milk production is one of the most import-
ant economically useful traits of cattle, so when
evaluating dairy cattle as a whole, it’s crucial
to first consider their ability to produce milk,
which is especially important when comparing
the productive qualities of animals from differ-
ent groups [7].

The main indicators characterizing milk pro-
ductivity are the amount of milk per lactation,

Object of research

/

Cows of the Vis Back Ideal line

/

\

Cows of the Reflection Sowering line

\

Analyzed parameters

Milk productivity

Breeding and genetic parameters of productivity

Economic efficiency

CxeMa HaOIroneHnit
Observation scheme
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and the fat and protein content in the milk [8].
The milk productivity of the experimental cow
groups is shown in Table 1.

As you can see from the data, cows of the
Reflection Sovereign line have higher milk
productivity and on average exceed their peers
across the herd: by 1,519.1 kg in total milk yield
per lactation, by 151.9 kg in milk fat, and by
127.6 kg in milk protein.

Evaluating animals based on breeding and
genetic traits is an important part of breeding
work, as it helps determine the potential for in-
creasing livestock production. The most import-
ant breeding traits for dairy cattle are milk yield,
the fat and protein content in the milk, and body
weight [9, 10]. The listed breeding and genetic
parameters for the herd under study are present-
ed in Table 2.

The correlation between economically use-
ful traits in breeding work with dairy cattle is
extremely important. The correlation coefficient
shows the degree of connection between traits.
Equally important is the regression coefficient,
which shows how the value of economically
useful traits changes as the level of relatedness
increases® [9, 10].

When looking at the main breeding-genetic
parameters of productivity, it was found that all

groups of cows are uniform, as the coefficient of
variation is less than 15% (for milk yield over
305 days, milk fat and protein content). For live
weight, the selected groups show an average
level of variability.

The correlation coefficient for all the studied
parameters in the groups is low, so there is a low
connection between mothers and daughters in
terms of productive traits.

During the analysis of the regression coeffi-
cient, it was found that when the milk yield in the
mothers' group increases by 1 kg, the milk yield
in the daughters' group of both lines increases
by 0.09 kg, milk fat content by 0.04 kg, milk
protein by 0.13 kg, and body weight by 0.15 kg.

When analyzing the heritability coefficient,
the biggest impact on the offspring's live weight
is observed at 32%. The share of influence on the
amount of milk protein is 28%, on milk yield —
14%, and on milk fat content — 8%. So, the gen-
otype of the sire bulls and the living conditions
have a greater influence on the productive traits
of first-calf heifers.

The selection effect shows that if cows from
the Vis Back Ideal and Reflection Sovereign
lines continue to be used, the following indica-
tors will increase compared to the general herd:
milk yield over 305 days for the first generation

Taoa. 1. XapakTepucTrka KOpPOB 110 MOJIOYHON TPOAYKTUBHOCTH (TIepBast JTAKTALIHS)

Table 1. Cow characteristics by milk production (first lactation)

Line
Indicator : : On average across | On average across
Vis Back Reflection the lines the rest of the herd
Ideal Sovereign
Live weight, kg 415,5+20,8 401,1 £ 20,1 408,3 £ 20,4 418,2+20,9

Milk yield for 305 days, kg 9056,1 + 452,8
315

9352,9 + 467,6

Duration of lactation, days

Milk yield for the entire lactation, kg

Milk fat content:
% 3,8+£0,19
KT 291,5 + 14,6
Milk protein content:
% 3,2+0,16
kg 2456 +12,3

8949,9 +447.,5
322
9447,8 £ 4724

3,8+0,19
3106+ 15,5

3,2+0,16
261,0+ 11,9

9003,0 +450,2
320
9445,8 £472,3

3,8+0,19
297,8 £ 14,9

3,2+0,16
250.5+ 12,5

7701,5 + 385,1
314
7928,7 + 396,4

3,8+0,19
158,7+7,9

3,2+0,16
133,6 = 6,7

SZavertyaev B.P. Prospects for the development of marker and genomic selection in dairy cattle breeding: teaching aid. St.

Petersburg, 2020, 240 p.
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Ta6a. 2. OcHOBHBIE CEIEKIIMOHHO-TEHETHYECKIE
napaMeTpbl

Table 2. Main breeding and genetic parameters

Line on On
. average average
Coeflicient | vjis Back | Reflection across | 2€TOSS the
Ideal | Sovereign | the Jines | "5t ©f the
herd
Milk yield for 305 days, kg

Variation 1,10 1,10 1,50 1,10

Correlation 0,08 0,12 0,07 0,01

Regression 0,09 0,10 0,09 0,01

Heritability 0,16 0,24 0,14 0,02

Milk fat content, kg

Variation 6,10 5,90 8,50 6,20

Correlation 0,08 0,12 0,04 0,01

Regression 0,07 0,09 0,04 0,01

Heritability 0,16 0,24 0,08 0,02

Milk protein content, kg

Variation 6,60 6,50 9,40 6,80

Correlation 0,08 0,12 0,14 0,01

Regression 0,07 0,09 0,13 0,01

Heritability 0,16 0,24 0,28 0,02

Live weight, kg

Variation 17,00 17,40 23,80 16,40

Correlation 0,08 0,11 0,16 0,01

Regression 0,08 0,08 0,15 0,01

Heritability 0,16 0,22 0,32 0,02

by 223.9 kg, for one year by 49.7 kg, milk fat
content by 4.5 and 1.1 kg respectively, and milk
protein by 17.4 and 3.7 kg (see Table 3).

Based on the data received, we can conclude
that to increase production volumes, it makes
sense to use cows from the Vis Back Ideal and
Reflection Sovereign lines.

An important factor for successful dairy
farming is the economic efficiency of milk pro-
duction. To determine the practical significance
of using Black-and-White Holstein cows of the
Vis Back Ideal and Reflection Sovereign lines,
the economic efficiency of milk production was
calculated (see Table 4).

The economic efficiency analysis of Hol-
steinized cows of the specified lines was carried
out based on milk productivity.

Since the amount of milk produced per lacta-
tion, adjusted to a standard fat content of 3.40%,
from cows of the Vis Back Ideal and Reflection
Sovereign lines is 1,695.6 kg higher compared
to the average for the whole herd, the revenue
from selling milk from these lines will be 417.7
thousand rubles, which is 67.1 thousand rubles
more than the average herd revenue. Therefore,
the profit and profitability level from using cows
of these lines are higher by 67.1 thousand rubles
and 39.5%, respectively.

Thus, in order to get high-quality products
and increase production volumes at the OOO
APC “Mezheninovsky”, it is economically rea-
sonable to use cows from the Vis Back Ideal and
Reflection Sovereign lines.

CONCLUSIONS

1. The group of first-calf heifers of the Re-
flection Sovereign line is characterized by the
highest milk productivity, with indicators that
are higher than those of their peers in milk yield
over the entire lactation by 1519.1 kg, milk fat
content by 151.9 kg, and milk protein content by
127.6 kg.

2. When analyzing the main breeding-genet-
ic parameters of productivity, it was found that:
first-calf heifers are uniform in the studied pa-
rameters; the most significant influence on cows'
productive qualities comes from the genotype
of the sire and the conditions of keeping; using
cows from the Vis Back Ideal and Reflection
Sovereign lines made it possible to increase the
following indicators (compared to cows of the
general herd): milk yield over 305 days of lacta-
tion — by 223.9 kg, milk fat content — by 4.5 kg,
milk protein content — by 17.4 kg.

3. To get high-quality products and increase
their volume at the OOO APC ‘“Mezheni-
novsky”, it makes economic sense to use cows
from the Vis Back Ideal and Reflection Sover-
eign lines. The profitability of producing mar-
ketable milk from these animals is 39.5% higher
than the average for the whole herd.
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Tabda. 3. Dbdexr cenexnmm
Table 3. Breeding effect

Indicator . bne . On average across | On average across
Vis Back Reflection the lines the rest of the herd
Ideal Sovereign
Milk yield for 305 days, kg
Selection differential of mothers 1532,1 1874,4 1641,0 1636,4
Selection differential of fathers 2003,0 1562,5 2225,5 2854,6
General selection differential 1767,5 1718,5 1919.,8 2245,5
Selection effect for the first generation 282,8 412,4 268,8 449
Selection effect in one year 62,8 91,6 59,7 10,0
Milk fat content, kg
Selection differential of mothers 57,7 56,8 57,3 67,3
Selection differential of fathers 93,9 35,6 100,1 116,4
General selection differential 75,8 46,2 78,7 91,9
Selection effect for the first generation 12,1 11,1 1,8
Selection effect in one year 2,7 2,5 1,4 0,4
Milk protein content, kg
Selection differential of mothers 533 50,7 529 60,4
Selection differential of fathers 67,0 26,2 76,3 93,4
General selection differential 60,2 38,5 64,6 76,9
Selection effect for the first generation 9,6 9,2 18,9 1,5
Selection effect in one year 2,1 2,0 4,0 0,3
Taba. 4. DxoHomuueckas 3pGHEeKTUBHOCTH MPOM3BOICTBA MOJIOKA B pacueTe Ha 1 TOoL.
Table 4. Economic efficiency of milk production per 1 head
Line On average On average
Indicator Vis Back | Reflection | across the | across the rest
ldeal | Sovereign | lines of the herd
Milk yield for the entire lactation, kg 9352,9 9447,8 9445,8 7928,7
Milk fat content, % 3,8 3,8 3,8 3,8
Milk yield in terms of basic fat content (3,40%), kg 10453,2 10559,3 10557,1 8861,5
Total costs for feeding and maintenance, thous. rubles 169,9 169,9 169.,9 169.,9
Production cost of 1 kg of milk, rubles 16,3 16,1 16,1 19,2
Selling price of 1 kg of milk, rubles 39,57 39,57 39,57 39,57
Revenue, thous. rubles 413,6 417,8 417,7 350,6
Profit, thous. rubles 2437 247.,9 247.,8 180,7
Production profitability level, % 143,5 145.9 145.9 106,4
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Analysis of the influence of the genotype
on the dairy productivity of Holstein cows in the conditions
of the OO0 APC "Mezheninovsky"

Symanovich O.V., Khramtsova [.A., Fakhrudinova R.Sh.,
Khokhlov I.N., Polynyankina E.A.

4. To prevent inbreeding, dairy farms are rec-

ommended to introduce new animal lines into
the herd (Siling Trijun Rockit and Roseif Cita-
tion, Pabst Governor).
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Bpyueasies KpynmHoro poraroro cKora
Ha Tepputopuu Pecnydiuku ToiBa 3a 1975-2024 rr.

) Jloncan 4.0.

TysuncKuil HAYYHO-UCCAE008AMENbCKULL UHCIMUMY N CEbCKO20 XO3SAUCMEd — uaual
Cubupcrozo gedepanvHo2o nHayuHo2o yenmpa azpodouomexuonocuil Poccutickotl akademuu Hayk
PecnyOnuka TeiBa, Poccus

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

[IpencraBnensl AMHAMHUKA U (HAKTOPBI BAMSHUS Ha 3MU300THYECKYIO CUTYaLUIO 110 OpyLeiesy
KPYITHOTO poraTroro ckota Ha reppuropun Pecriyonuku TriBa 3a 1975-2024 rr. Dnim3zooTndeckas CuTy-
alys B peTHOHE CTallMOHAPHO HeONaronoay4Has. bpynesnies KpymHOro poratoro cKoTa 3a nocieIHue
50 net 3apeructpupoBaH B 17 pailonax u mpuieraromei Tepputopuu K I. Keeury y 54 101 rod.
KPYITHOTO POTaroro ckota B 532 HeOJaromnoiyyHbIX IMyHKTaX. JlaHHbIE MyHKTHI B OCHOBHOM CKOH-
LIEHTPUPOBAHbI HA PABHUHHBIX TEPPUTOPHUSIX € O0siee MATKUM KJINMAaTOM U OTHOCUTEIBHO XOPOILINM
TPaBOCTOEM, OJaronpHUsATHBIMU JUIsl Pa3BUTUS MSCHOIO U MOJIOYHOTO CKOTOBOACTBA. bpynennes
KpYTHOT'O poraToro CKoTa He 3aperMCTpUpOBaH TOJIBKO Ha Tepputopun Tepe-Xombsckoro paiiona. Jlo
1995 . oTMedeHo yBearueHHE OOJIBHBIX OpyIEIe30M KUBOTHBIX. [lociie TMKBUAaMY HA TEPPUTO-
pUH peruoHa COBXO30B, IIEPEXoja CKOTa B MHOTOYHCJICHHbIE JTMYHBIE MOJICOOHBIE XO3sHCTBa C Tpa-
JUIIMOHHBIM OTTOHHO-NIACTOMIIHBIM BEJCHUEM JKUBOTHOBOJICTBA HA MOJHOXKHOM KOPME C YaCTBIMH
CMEHAaMH MECT CTOSTHOK U pa300II€HHOMY COZIEPKaHUIO )KUBOTHBIX 3a00J1€Ba€MOCTh KPYITHOIO pora-
TOTO CKOTa 3HaYMTEJILHO CHU3WIACh. B 1enom 3a uccnenyemslii nepuoa no Pecny6nuke ToiBa uH-
JeKkc HeOmarononyuust coctaBui 7,2%, uHAeKCe 04aroBocTh — 102 OONBHBIX JKUBOTHBIX HA OJIUH
HeOJIaromoayyHbIi MyHKT, HHIEKC dMU300THYHOCTH — 1064%. Hanbosee HanmpsikeHHast 3H30-
OTHYECKas CUTyalus Mo Opyleisie3y oTMedueHa B NEepBbIE JBa JACCATHUIETHS aHAIM3UPYEMOTO
nepuona (1975-1994 rr.) mpu oOIIECTBEHHOM BEISHHUH XKUBOTHOBOJICTBA C KOMIAKTHBIM U CKY-
YEHHBIM COZIEPKaHMEM OOJIBIIOrO KOJIMUYECTBA IIOT0JIOBbS B OHUX CTaJax M IoMelleHusX. B mocie-
nytomue tpu aecsatunetus (1995-2024 rr.) ¢ HauajaoM JTUKBUAJAIIMHA COBX030B, MOJIOUHO-TOBAPHBIX
KOMIUIEKCOB M PECTPYKTYPH3aLU COOCTBEHHOCTH C CO3JaHHEM MHOTOUMCIICHHBIX YaCTHBIX XO3SHCTB
C OTTOHHO-TIACTOWIIHBIM (KOYEBBIM) BEIEHHEM >KHBOTHOBOJCTBA Ha MOAHOKHOM KOPME C YacCTBIMH
CMEHAaMH MECT CTOSHOK W MAacTOMIL], MPUBEIIEMY K HEKOTOPOMY Pa3pbIBy KOHTAKTOB MEKIY CTaja-
MH, COKPaTUiIOCh MacCOBOE 3apa’kKeHHE KUBOTHBIX M 3HAUYUTENIHPHO YIYUIINUIACh 3TTU300THYECKAs
CUTyalMsi, KOTOpasi ocTaBajgach CTaOMIbLHO HEOIAronoaydHOH.

KitroueBble cioBa: Opyuesie3, HeOIaronoIyYHblid MyHKT, MHACKC HeOIaromnoayyusi, 04aroBocTh,
3MU300THYHOCTb

Brucellosis of cattle on the territory
of the Republic of Tuva for the period of 1975-2024

<) Lopsan Ch. O.

Tuvan Research Institute of Agriculture — Branch of the Siberian Federal Scientific Centre of Agro-
BioTechnologies of the Russian Academy of Sciences

Republic of Tuva, Russia

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

The dynamics and factors influencing the epizootic situation of bovine brucellosis in the Republic
Tuva for the period of 1975-2024 are presented. The epizootic situation in the region is permanently
unfavorable. Over the past 50 years, bovine brucellosis has been registered in 17 districts and the sur-
rounding area of Kyzyl in 54,101 heads of cattle in 532 affected areas. These areas are mainly located
in flat areas with a milder climate and relatively good herbage, favorable for the development of meat
and dairy cattle breeding. Brucellosis of cattle has not been registered only in the territory of the Tere-
Kholsky district. Until 1995, there was an increase in the number of animals identified as sick with
brucellosis. After the liquidation of state farms in the region, the transfer of livestock to numerous
personal subsidiary farms with traditional distant-pasture keeping of farm animals put to grass with
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frequent changes of cattle camps and separated animal husbandry, the incidence of cattle diseases has
decreased significantly. In general, during the study period in the Republic Tuva, the index of unfavor-
ability amounted to 7,2 %, the focality index showed 102 heads of sick animals per one contamination
zone, the epizooticity index was at the level of 1064%. The most intense epizootic situation for brucel-
losis was observed in the first two decades of the analyzed period (1975-1994) under public livestock
management, with compact and crowded keeping of a large number of livestock in the same herds and
premises. In the next three decades (1995-2024), with the beginning of the liquidation of state farms,
dairy and commodity complexes and the restructuring of ownership with the creation of numerous
private farms with distant-pasture keeping of farm animals (nomadic) livestock farming put to grass
with frequent changes of cattle camps and pastures, which led to a certain break in contacts between
herds, the mass infection of animals decreased and significantly improved the epizootic situation,
which, however, remained consistently dysfunctional.
Keywords: brucellosis, contamination zone, index of unfavorability, focality, epizooticity
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Brucellosis is a chronic infectious disease
common to animals and humans. Clinically,
brucellosis is characterized by polymorphism, a
long latent course, and joint damage, abortions,
retained placenta, orchitis, bursitis, endometri-
tis, and mastitis [1, 2]. Brucellosis is caused by
small, polymorphic, non-motile, Gram-negative
rods, Brucella abortus, measuring 0.3—0.5 pm.
They are highly invasive and are considered in-
tracellular parasites, but can also be found out-
side the cell. Brucella bacteria survive in food
products for a long time—milk for up to 10 days,
meat for up to 100 days, and butter, cheese, and
feta cheese for up to 80 days. However, they are
very sensitive to high temperatures and are in-
stantly killed by boiling in milk. The source of
the causative agent is animals infected with bru-
cellosis. Infection occurs through food, sexual
contact, and airborne transmission [3].

Brucellosis in cattle was first recorded in Rus-
sia in 1900-1901, its emergence being linked to
the import of breeding cattle from abroad. The
epizootic situation for brucellosis in cattle in the
Russian Federation remains tense, including in
the Siberian Federal District. In the Republic of
Tuva, the average long-term incidence rate ex-

ceeds the national average by 11.19 times [4].
Brucellosis causes economic losses in livestock
production, negatively impacting the country's
food security [5-7].

Until 1952, vaccination was not used to pre-
vent brucellosis in the Soviet Union. Brucellosis
was controlled through research and culling of
infected animals from herds. In the Tuva Auton-
omous Region, the brucellosis vaccine was in-
troduced in 1956.

The purpose of the study is to examine the
epizootic situation of bovine brucellosis in the
Republic of Tuva for the period 1975-2024.

For a retrospective analysis, they used materi-
als from the State Archive, Tuvastat, the Ministry
of Agriculture and Food, the Veterinary Service
of the Republic of Tuva, district branches of the
Veterinary Center, republican and inter-district
laboratories, as well as results from their own
research and observations. The epizootic anal-
ysis of the brucellosis situation was conducted
according to the commonly accepted method-
ological recommendations in epizootiology.

The dynamics of the number of unfavorable
locations was considered as an indicator of the
decline or expansion of brucellosis areas. For
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this purpose, the epizootic indicator of the index
of unfavorability (IU) was calculated using the
formula

_ Number of unfavorable locations

U x 100"

Number of settlements

In this study, the number of troubled years
over ten-year observation periods characterizes
the intensity of the epizootic situation over time
and is expressed as the epizooticity index (EI)
according to the formula

Number of years the disease has

been recorded

El = x 1002

Number of years of observation

The average number of infected animals
found at one unfavorable location is one of the
indicators of the intensity of the epizootic pro-
cess and is calculated as the focality index (FI)
using the formula

Number of sick animals

FI= x 1003

Number of unfavorable
locations

The work was carried out at the Tuvan Re-
search Institute of Agriculture, which is a branch
of the Siberian Federal Scientific Centre of
Agro-BioTechnologies of the Russian Academy
of Sciences. Overall, over 50 years (from 1975
to 2024), bovine brucellosis was recorded in 17
districts, including the territory of the capital
Kyzyl, in 532 affected settlements. The index
of unfavorability for the Republic of Tuva was
7.2%, the focality index was 102 sick animals
per registered problematic spot, and the epizo-
oticity index was 1064%, indicating a high prev-
alence, intensity, and persistent problems with
brucellosis in the region throughout the period
under review.

Most of the animals that tested positive for
brucellosis during the study period were found
in the central, western, and southern regions,
where, due to natural and geographical condi-

tions (flat areas with a milder climate) and the
availability of feed resources (relatively rich
grasslands, developed crop production), indus-
trial dairy farms are concentrated and meat and
dairy cattle farming is well developed (see Table
1).

From 1975 to 1984, out of 1,470 settlements,
a total of 116 unfavorable locations (districts)
and the highest number of sick animals (30,832
heads) were recorded over 10 years, indicating
a very high level of epizootic tension. The in-
dex of unfavorability is 7.9% — the highest of all
periods, as well as the focality index being the
highest with 266 sick animals per one unfavor-
able location, also the epizooticity index is very
high — 1160% (see Table 2).

Brucellosis in cattle was detected every year
for all 10 years in 14 districts. The highest num-
ber of sick animals was found in the Tandinsky
(6,386 heads), Kaa-Khemsky (5,025), Ulug-
Khemsky (4,665), and Dzun-Khemchiksky
(3,720 heads) districts. The smallest number of
sick animals was recorded in remote areas: in
the Mongun-Tayginsky district, 96 animals were
detected over 5 years, and in the Todzhinsky
district, 19 animals were detected over 3 years.
In the newly established Sut-Kholsky district in
1983, based on the problematic state farm “Sut-
Khol” of the Dzun-Khemchiksky district, 196
animals were detected in 1984.

In the years 1985—-1994, there was an increase
in the number of troubled districts for cattle bru-
cellosis up to 17, and unfavorable sites up to 140
(which is 24 more than in the previous period, or
20.7%). However, the detection of sick animals
decreased to 18,771 heads (down by 12,061
heads, or 39.1%), indicating a reduction in the
intensity of the epizootic situation. As the epi-
zootic boundaries expanded, the index of unfa-
vorability increased from 1.6% to 9.5%. The fo-
cality index, conversely, decreased to 134, with
one unfavorable site fewer sick animals detected
than in the previous period, almost half that of

'Dzhupina S.1., Kolosov A.A. Methods of epizootological research: method. recommendations. Novosibirsk, 1991, 56 p.
2Sidorchuk A.A., Voronin E.S., Glushkov A.A. General epizootology. Moscow: Kolos, 2005, 176 p.
3Dzhupina S.1. Methods of epizootological research and theory of the epizootic process. Novosibirsk: Nauka, 1991, 142 p.
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Taoa. 1. KoauuectBo Hebmar OIOJYYHBIX JICT U BBISABJICHHBIX OOIIBHBIX 6pyuenne30M JKHBOTHBIX

3a 1975-2024 rr.

Table 1. Number of unfavorable years and animals identified as sick with brucellosis for the period

of 19752024

Sick animals

District U“f;‘;;)rr:‘ble idenified, District Unf;‘:;’rr:ble i di‘lﬂ‘fé%”?laef "
eads

Kyzylsky 45 4763 Kaa- Khemsky 33 8340
Bay-Tayginsky 44 2720 Ovyursky 30 1563
Eig‘;;‘éhiksky 43 2049 Sut-Kholsky 24 1336
Dzun-Khemchiksky 43 5413 Mongun-Taiginsky 19 1114
Tes-Khemsky 42 2428 The city of Kyzyl 18 70
Erzinsky 42 2456 Chedi-Kholsky 16 201
Tandinsky 39 8538 Chaa-Kholsky 15 233
Ulug-Khemsky 35 6804 Todzhinsky 9 79
Piy- Khemsky 35 5994 Tere-Kholsky 0 0

the previous period. However, in terms of en-
zooticity, due to the expansion of the number of
unfavorable areas, the epizooticity index was the
highest ever observed—1400%.

From 1985 to 1994, brucellosis was detect-
ed every year in the same problem areas as in
the previous period. The highest number of
sick animals was recorded in Kaa- Khemsky
(3,241 heads), Piy- Khemsky (2,562), Kyzylsky
(2,309), and Ulug- Khemsky (2,063 heads).
There was a sharp increase in the number of
detected sick animals: in the Mongun-Taigin-
sky district by 10.4 times — up to 995 heads, in
Sut-Kholsky by 5.2 times — up to 1,014 heads,
in Todzhinsky by 3.1 times — up to 59 heads, as
well as in Kyzyl by 44.2% and Bay-Taiga by
22.4%. In other regions, a decrease in the num-
ber of sick animals was noted, especially in Dz-
un-Khemchiksky (by 3.54 times) and Tandinsky
(by 3.27 times). While brucellosis hadn’t been
recorded in the area near the city of Kyzyl in the
previous period, between 1985 and 1994 it was
observed in 5 years in 9 animals among live-
stock owned by residents who had moved from
affected areas. Because of this, the territory of
Kyzyl also gained an unfavorable status. In the
newly formed Chedi-Kholsky District, created
from the subdivisions of Tandinsky and Ulug-
Khemsky districts in 1983, 11 animals were
found with brucellosis in 1993 and 1994. Also,

in the Chaa-Kholsky district, established in 1993
based on the unfavorable “Druzhba” state farm
of the Ulug-Khemsky district, 7 animals with
brucellosis were identified in 1994.

From 1995 to 2004, the epizootic situation at
the district level remained the same. Sick ani-
mals were recorded in 17 administrative units,
but the number of unfavorable sites decreased
by 5 (down to 135). There were 11.4 times fewer
sick animals detected (1,651 head), the index of
unfavorability dropped to 9.2%, and the focality
index sharply fell—almost 11 times—to 12.2,
showing positive trends in the epizootic situa-
tion of bovine brucellosis in the republic. The
epizooticity index decreased slightly since there
were still many unfavorable locations (135),
standing at 1,350%: brucellosis epizooticity re-
mained high.

Brucellosis was detected every year for 10
years in two districts: Barun-Khemchiksky (190
heads) and Dzun-Khemchiksky (325 heads). One
of the highest rates was also in the Sut-Kholsky
district — over 9 years, 293 cases of brucellosis
in cattle were reported there. In other districts,
brucellosis was recorded over different numbers
of years — from 9 to just 1 year, but there was a
general trend of a sharp decrease in the number
of sick animals. An increase in the number of de-
tected cases was only noted in Chede-Kholsky,
Chaa-Kholsky districts, and Kyzyl, by 11.5, 8.4,
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and 4.9 times, respectively. Thus, unlike previ-
ous years, when hundreds of animals with bru-
cellosis were detected annually, during this peri-
od brucellosis started to be detected from single
cases to a few dozen. Despite this, problem areas
still remained numerous.

From 2005 to 2014, the trend in brucellosis
continued in a positive direction, with only 14
unfavorable districts and 93 unfavorable sites
identified (less than in the previous period by
1.5 times — 42 points). However, the number of
infected animals found increased by 245 — up
to 1,896, raising the epizootic pressure in the
unfavorable sites. The index of unfavorability
dropped to 6.3%, but despite this, the focality in-
dex rose to 20.4 (compared to 12.2 for one prob-
lem district in the previous period). The epizo-
oticity index went down to 930% from 1350% in
the previous period, or 1.5 times, which shows
positive progress and a reduction in brucellosis
cases in the region. By the end of the decade in
2014, there were only seven unfavorable dis-
tricts left, with 110 brucellosis-infected animals
identified.

An increase in the number of detected sick
animals over the study period was noted in five
districts of the republic. In three of them, brucel-
losis was registered throughout all 10 years, and
the largest number of sick animals was found:
in Kyzylsky district — 389 animals, an increase
of 4.5 times; in Bay-Tayginsky — 350 animals,
an increase of 5.0 times; in Barun-Khemchik-
sky — 333 animals, an increase of 1.8 times. The
number of sick livestock also increased in the
Tes-Khemsky district by 2.1 times (up to 234
heads) and in the Chaa-Kholsky district by 2.6
times (up to 152 heads), where brucellosis had
been recorded for 9 and 4 years, respectively.
In the other districts of the republic, the num-
ber of sick animals continued to decrease. In the
Mongun-Tayginsky, Ovyursky, and Todzhinsky
districts, where the disease had appeared in pre-
vious periods, no cases of cattle illness were de-
tected.

From 2015 to 2024, the positive trend of de-
creasing brucellosis continued, with 13 districts
identified, and the number of problem areas (48)

and sick animals (951) was halved. The index
of unfavorability was 32.7%, the focality index
remained almost at the level of the previous de-
cade (19.8), and the epizooticity index dropped
by half (to 480%), indicating a continuing posi-
tive trend toward improving the region's health
regarding cattle brucellosis.

During this period, no cases of brucellosis
were found in cattle in the Sut-Kholsky and
Kaa-Khemsky districts, where it had appeared
before. The Mongun- Tayginsky and Todzhinsky
districts also remained unaffected. The number
of sick animals increased compared to the previ-
ous period in the Tandinsky, Piy-Khemsky, Che-
di-Kholsky, and Erzinsky districts, as well as in
the city of Kyzyl. There have been new cases of
brucellosis in livestock reported in the Ovyursky
district. However, it's worth noting that the num-
ber of years during the study period when sick
animals were found has significantly decreased:
for 8 years brucellosis was reported only in the
Kyzylsky district, while in other districts it was
recorded from one year up to six years.

The appearance of private small-scale farms
with a small number of livestock, separate hous-
ing of animals, no contact with animals from
other farms, and the shift of livestock farming
to the traditional seasonal grazing system with
frequent changes of pastures all played a posi-
tive role in reducing the incidence of brucellosis
in cattle at the time, which helped improve the
epizootic situation.

The most effective method for preventing and
combating brucellosis is specific immunization
of animals using vaccines [8—10]. Different vac-
cines have been used at various times for this
purpose. For the first time, in 1956, as part of
special anti-brucellosis measures for preventing
brucellosis in cattle in the Tuva Autonomous Re-
gion, a vaccine from the Br abortus 19 strain
was used, along with the slaughter of all com-
promised livestock and the implementation of a
set of anti-brucellosis measures. This led to an
improvement in the epizootic situation; howev-
er, due to the vaccine's reactogenicity and the
persistence of post-vaccination reactions, there
were some difficulties in differential diagno-
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sis and assessing the epizootic situation, which
caused some confusion. With the introduction of
the live low-agglutinating vaccine from the Br.
abortus 82 AB strain for immunization in 1974,
which does not cause post-vaccination seroposi-
tivity, it became possible to use serological stud-
ies to identify animals sick with brucellosis that
were being sent to slaughter, along with carrying
out veterinary-sanitary and organizational-man-
agement measures. However, due to its aborto-
genic properties, from 2003 to 2006 they par-
tially switched, and later completely, to the live
low-agglutinating vaccine from the Br. abortus
75/79 AB strain, which is still used today for
the specific prevention of brucellosis in cattle.
Only the breeding stock of cattle (heifers, young
cows, cows) is vaccinated.

The vaccination rate for the entire period ana-
lyzed, 1975-2024, is 0.1% of the total livestock,
and 26.1% of the breeding stock (see Table 3).

The highest vaccination rates (21% of the to-
tal livestock and 56.2% of breeding stock) were
recorded between 1985 and 1994. In industrial
livestock farming, each division of state farms
had dairy-production farms. The livestock was
separated by sex and age and kept isolated from
each other in separate herds. Once the animals
reached a certain age, sexual maturity, insemi-
nation, and gave birth, they were moved to milk-
ing herds. From 1995 to 2004, vaccination rates
dropped by almost half. In the past two decades
(2005-2024), vaccination levels have been ex-
tremely low, especially in 2015-2024 (2% of the

total livestock and 4.6% of the breeding stock),
only in problem farms, even with the switch to
immunizing breeding stock with Br. abortus 82
AB, Br. abortus 75/79 AB vaccines, which do
not cause post-vaccination seropositivity.

Along with vaccinating animals only in prob-
lem farms in the region, sick animals are identi-
fied through serological testing of the breeding
herd to fight brucellosis. The level of testing
of cattle from 1975 to 2024 was 37.5% of the
total herd and 90% of the breeding herd; from
1975 to 1984, it was 36.1% and 95.6%, respec-
tively. During 1985-1994, while dairy farms
in state farms were still operating, there was a
slight increase in the level of inspections (38%
of the total livestock and 101.6% of the breeding
stock), linked to a 1.4-fold increase in the cattle
population. In 1995-2004, the overall livestock
inspection rate dropped 1.6 times, and the breed-
ing stock rate fell by nearly half. The level of
research from 2005 to 2014 increased 1.7 times
for both total and breeding stock. Sick animals
were detected 11.3 times less, which confirms
a positive trend toward improving the epizootic
situation in the republic regarding brucellosis.
In 2015-2024, the level of research on breeding
stock increased to 105%.

Despite this, measures to combat brucellosis
by vaccinating the breeding herd only in prob-
lematic farms, along with the increasing level of
research showing positive trends and a decrease
in detected sick animals, do not improve the
persistently unfavorable epizootic situation of

Tao6a. 3. ypOBCHB BaKIIMHAIIUKU U I/ICCJ'ICI[OBaHI/Iﬁ MAaTO4YHOT'O ITOI'0JIOBbS KPYITHOI'O pOraroro CKoTa

Ha Opyuemes 3a 1975-2024 rr.

Table 3. Level of vaccination and testing of the breeding stock of cattle for brucellosis for the period

of 19752024

Years Breeding Vaccinated, heads The proportion Researched, Theo?rt%r;c;;tion

stock strain 19 strain 82 strain 75/79 | of vaccines,% heads studied, %
1975-1984 640 995 30 840 136 731 167 571 26,1 612 859 95,6
1985-1994 713 967 10 921 390 345 401 266 56,2 725 126 101,6
1995-2004 599 485 - 157 119 161 107 26,9 316 152 52,7
2005-2014 580 145 - 5563 100 684 18,3 507 815 87,5
2015-2024 789 492r 271 - 36 577 4,6 829 761 105
1975-2024 3324 084 42 032 6 89 758 867 205 26,1 2991713 90
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brucellosis in cattle across the Republic of Tuva,
since relapses and acute outbreaks due to the in-
troduction of the pathogen from outside cannot
be ruled out [11].

CONCLUSION

Under the current socio-economic conditions
in the Republic of Tuva, one of the factors con-
tributing to the region's problems with cattle
brucellosis is keeping different species and age-
sex groups of animals together, having breeding
bulls in the same herd, as well as uncontrolled
natural mating, which spreads out calving over a
long period, making it difficult to carry out time-
ly preventive immunization, blood sampling for
testing, and other veterinary-sanitary and an-
ti-brucellosis measures according to the official
established procedures.

An important factor (feature) of the region's
long-term problems was the unauthorized move-
ment of animals with an unfavorable brucello-
sis status of their products, as well as exchanges
between producers for breeding and improving
offspring in different administrative districts and
settlements, and violations by livestock owners
of veterinary and sanitary rules for keeping and
moving animals, which led to the spread of bru-
cellosis to various areas, which became a char-
acteristic feature of this infection in the Republic
of Tuva.

In the current epizootic situation regarding
brucellosis in cattle in the territory of the Repub-
lic of Tuva, for effective management and con-
trol of the epizootic situation in unfavorable and
threatened areas, it is necessary:

— to provide the entire breeding population
of cattle with long-lasting, sufficiently strong
immunity against brucellosis using live, weakly
agglutinating vaccines (Br. abortus 75/79 AB)
[12];

— conduct timely and comprehensive system-
atic planned studies to identify sick animals and
brucellosis carriers in accordance with the Veter-
inary Rules approved by the Order of the Minis-
try of Agriculture and Food of the Russian Fed-
eration No. 703 of November 22, 2024, as well
as the Guidelines for the Use of the Br. abortus

75/79 AB vaccine and the Interstate Standard
GOST 34105-2023, with full implementation
of the entire set of veterinary-sanitary, organiza-
tional, and anti-epizootic measures;

— ensure labeling and recording of all types of
farm animals according to the Horriot Program
(Federal Law of 28.06.2023), which came into
effect in the Russian Federation on March 1,
2024, which will make it possible to keep track
of all livestock in farms, monitor the movement
and exit of animals, quickly identify the source
of infection, improve the biological safety of an-
imal husbandry, and also trace the movement of
animal products to prevent the spread of infec-
tious diseases, including bovine brucellosis.
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/lo6aBKka Ha OCHOBE COCBOI0 ChIPbH KAK 000ralal0 Uil KOMIIOHEHT
KOPMOBOHM CMeCH

<) Tapoepr E.C., [len3un A.A., Ycanos B.C., Boakosa O.B.

Dedepanvhblil HayyHbL YeHmp « Bcepoccutickutl HayuHO-UCc1e008amenbCKUll UHCMUNYm cou»
baarosemnienck, Poccust

(<X)e-mail: ses@vniisoi.ru

ITpuunHOl HU3KOU MPOTYKTUBHOCTH CEIHCKOXO3SUCTBEHHBIX JKUBOTHBIX SIBIISIETCS HEIOCTATOK
MIPOTENHA B PAIMOHE KOPMIIEHUS. YCTPAaHUTH ATy MPOOIEMy MOXHO 33 CYET YBEIWYSHHS 00BEMOB
MTOTPEOJICHNSI KUBOTHBIMH BBICOKOOEITKOBEIX KOpMOB. Llens nccnenoBanus — pa3padorars odoraria-
IOIIYI0 KOPMOBYIO JI00aBKY Ha OCHOBE COEBOTO ChIpbsl. IIpecTaBieHa TEXHOIOT sl OIyUYeHHs 000-
ramaromieil 700aBK1 U Pe3yNIbTaThl UCCIICAOBAHUS €€ XUMUYECKOTO cocTaBa. JJoOaBka moiydeHa Ha
ocHoBe cou copra CeHTsiOpuHKa. Ee XuMHdeckuii cocTaB 1 MUKPOOHOIOTHYECKHE TIOKa3aTeN! OIpe-
JICJICHBI CTAHIAPTHBIMU OOMICTIPUHSATHIMI METOJJAMHU UCCIICIOBAHUS. YCTAaHOBIICHO, YTO T0OAaBKa CO-
JEepKUT B 3HauMTeNbHOM KoimuecTBe (Ha 100 r) 6enku (41,67 1), xupst (19,87), yresonsr (19,60),
nuIieBble BosokHa (7,8 T), MUHEpasbHbIe BemecTBa (5,66 mr), a Taxke putamuH C — 2,11 mr, BuTa-
muH E — 20,85 u B-kaporun — 3,58 mr. [IpoBenen aHainm3 BO3MOXXHOCTH HCITOIB30BAHUS TOOABKH IS
oborareHus paroHa Kyp-HECyIIeK U YIYUIICHISI XUMUISCKOTO COCTaBa KOMOMKOpMa. X UMUYECKHIA
COCTaB KOPMOBOW CMECH, IPUTOTOBJICHHOH 10 Pa3pad0TaHHON pelenType, yIydIuics MPaKTHISCKA
10 BCEM HanmOoJee BaKHBIM HOPMHUPYEMBIM ITOKA3aTelsiM, OCTABIIACh B PEKOMEH/IYEMBIX ITpe/Ieiax.
ConeprkaHue ChIPOTO JKHpa YBEIHIMIOCh Ha 58,6%, ChIporo mpoTenHa — Ha 5,8, CBIpON KIIETYaTKH —
5,1%. Yaanoch UCKIIOUNTH JOTTOJTHUTEIFHOE BHECEHHE aMUHOKUCIOT (JIN3UH, METHOHHUH ), KOTOPBIMHU
Oorara coeBas qo0aBka. J[0 MakCHMaJIBHO JOMYCTUMOTO TMpejiesa MyTeM 00OTalleHHs YBeIHIMIOCh
conepxanne BuramuHa E — o 2,45 Bmecro 1,01 mr/100 1. McciienoBanHbIe 00pasiibl IO MEKPOOHOIIO-
THYECKHUM ITOKa3aTessiM B TEUCHHE OHOTO TOfla XpaHEHHs HaXOIWIHNCh B TIpeieNiax HopMbl. Jnnamu-
Ka M3MECHCHUS TIEPEKUCHOTO YMCIIa B MPOIIECCe XPAaHSHHUS JIOOABKU CBUJICTEIIBLCTBYET O (DEPMEHTATHB-
HOM TIPOIIECCEe OKUCIICHUS €€ JIMMUIHON (DpaKIuu, MPEBHIIAONIeM J0MyCTUMYI0 HOPMY TIPH CPOKE
xpanenus 12 mec (10,8 MMOIb aKTHUBHOTO KHCTIOPOAA/KT upa). CpoK TOAHOCTH KOPMOBOH T00aBKH
npunaT 11 mec. Pa3paborannast mo6aBka MOXKET OBITH HCIIOIB30BaHA TSI 0OOTAIICHHS €KETHEBHOTO
palnroHa KopMa CeNbCKOX03SICTBEHHBIX )KUBOTHBIX U MITUIIBL.

KuaroueBsbie cioBa: 1o0aBka, 3pHO COH, KOPM, 00OTaIleHHe, XUMHUECKUN COCTaB, MEKPOOHOIIO-
THYECKHE TTOKa3aTelH, CPOK TOTHOCTH

Soybean-based additive as an enriching component of feed mixtures

(<)Shtarberg E.S., Penzin A.A., Usanov V.S., Volkova O.V.

Federal Research Center All-Russian Scientific Research Institute of Soybean
Blagoveshchensk, Russia

(X)e-mail: ses@vniisoi.ru

The reason for the low productivity of farm animals is the lack of protein in the diet. This problem
can be solved by increasing the consumption of high-protein animal feed. The purpose of the study
was to develop an enriching feed additive based on soybean raw materials. The technology for pro-
ducing an enriching additive and the results of its chemical composition are presented. The additive is
obtained on the basis of the Sentyabrinka soybean variety. Its chemical composition and microbiolog-
ical characteristics are determined by standard conventional methods of investigation. The additive is
found to contain a significant amount (per 100 g) of proteins (41.67 g), fats (19.87 g), carbohydrates
(19.60 g), dietary fibers (7.8 g), minerals (5.66 mg), as well as vitamin C — 2.11 mg, vitamin E —
20.85 mg and B-carotene — 3.58 mg. Analysis of the possibility of using additives to enrich the diet of
laying hens and improve the chemical composition of the combined feed was carried out. The chem-
ical composition of the feed mixture, prepared according to our formulation, has improved in almost
all the most important standardized indicators remaining within the recommended limits. The content
of crude fat increased by 58.6%, raw protein — by 5.8% and crude fiber — by 5.1%. It became possible

80  Siberian Herald of Agricultural Science ¢ 2026 « 56 ¢+ 2 Zootechnics and veterinary medicine



Jlo6aBKka Ha OCHOBE COEBOTO CBIPbSI
Kak 000ralfaonmii KOMIOHEHT KOPMOBOH CMECH
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to eliminate the additional application of amino acids (lysine, methionine), which the soy additive
is rich in. Vitamin E content was increased to the maximum permissible limit of 2.45 instead of
1.01 mg/100 g through enrichment. The samples tested for microbiological indicators were within
normal limits during one storage year. The evolution of the peroxide number during storage indicates
an enzymatic oxidation process of its lipid fraction, exceeding the acceptable standard for 12-month
storage (10.8 mmol active oxygen/kg fat). The shelf life of the feed supplement is 11 months. The
developed additive can be used to enrich the daily ration of feed for farm animals and poultry.
Keywords: additive, soybean, feed, enrichment, chemical composition, microbiological indica-

tors, shelf life
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INTRODUCTION

Soybeans are a highly effective feed product.
They are rich in protein, essential amino acids,
and energy, which help ensure high productivity
in farm animals and poultry. You can use whole
soybeans as well as meal, cake, pressed meal,
and other processed products. Soy is used as
feed on its own or mixed with corn, sorghum,
oats, peas, and other raw materials. Its green
mass has high nutritional value for 20-30 days
after flowering begins [2, 3].

According to scientists, a common reason for
low productivity in farm animals is a protein de-
ficiency in their diet. You can fix this problem by
increasing the amount of high-protein feed they
eat by at least 1.5 times. The best approach here
is to use soy as one of the main components of
the animals' diet [4].

Soybeans are rich in vitamins A, D, C, and E.
They contain three times more vitamin B1 than
dry cow’s milk and six times more vitamin B2
than wheat. Soy also has 19-22% oil and up to
30% carbohydrates. The carbohydrates in soy-
beans are mainly sugars. They also contain a
large amount of macro- and microelements, as

Grant No. 23-26-00071, https://rscf.ru/project/23-26-00071/.

well as mineral salts [6]. Soy is used in mak-
ing balanced feed for all types of farm animals.
Many animal feed producers create nutrient
mixes based on soybeans that are balanced in
vitamins and minerals. This product is in high
demand among farmers who want to give their
animals everything they need for growth and de-
velopment, improving productivity, and boost-
ing health [7, 8]. When feeding animals natural
soy or untreated soybean meal, it's important to
remember that they contain a number of toxic
substances that reduce the nutritional value of
the feed and suppress animal growth (trypsin in-
hibitor, saponins, urease, hemagglutinin, lipox-
idase, etc.). The enzyme urease, for example,
converts urea into ammonia, and if there’s too
much of this enzyme in the feed, it can cause
ammonia poisoning in the body. Because of this,
you can only feed soy grain and soybean meal
to monogastric animals and poultry after it has
been heat-treated [4, 9].

Full-fat soy is a processed soy product (usu-
ally through extrusion) made without removing
the oil. It's an important and valuable component
of animal diets and feed mixes. After extrusion,
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full-fat soybean meal becomes a highly nutri-
tious, safe, and cost-effective feed product. Its
use helps increase productivity, improve animal
health, and reduce production costs. However,
it's important to monitor the quality of heat treat-
ment to preserve the nutritional properties and
avoid secondary spoilage of the product [2, 9].

Soybean oil meal is a product obtained from
processing soybean seeds during the chemical
production of soybean oil. Soybean meal is pro-
duced in large amounts on an industrial scale: up
to 80% of the world's and Russia's total soybean
production is processed. It contains a lot of min-
erals, amino acids, and proteins, and is used as a
base for various animal feeds, being one of the
highest quality plant-based products for feeding
farm animals [4]. Soybean oil meal is easily di-
gestible and, in terms of its biological value, is
close to animal proteins. You can add soybean
meal to the main diet (the recommended inclu-
sion rate is up to 35%) for any farm animals and
poultry [10-12].

Soybean oil cake is an eco-friendly product
obtained after mechanically pressing oil from
soybean seeds during extrusion-press process-
ing. It comes in full-fat and semi-defatted variet-
ies. Full-fat cake is made without removing the
oil (full-fat soybeans), while semi-defatted cake
(residual oil content 6-14%) is produced by
pressing the full-fat cake on a mechanical press.
It is used in compound feeds and feed mixes
as a high-quality protein ingredient for fatten-
ing farm animals and poultry [13]. Protein has
high biological value and digestibility, making
it indispensable in livestock farming. In addition
to protein, it contains trace elements — calcium,
iron, phosphorus, manganese, and zinc. The
presence of fats increases the caloric content of
the diet [14-16].

Recent studies have shown that soybean hulls
are used as an additional roughage during the
dry season when pasture availability and nutri-
ent quality are lower in milk production. Soy-
bean hulls improve feed intake, milk production,
and nitrogen utilization in dairy cows, which
supports their use as an alternative to silage in
various feeding systems [17].

A review of the literature reveals the existing
range of soybean processing products for feed
purposes. However, one of the current priority
areas for processing agricultural raw materi-
als is the development of new resource-saving
technologies to improve the efficiency of bio-
tech feed production. Works on the development
of technologies that ensure the comprehensive
processing of plant raw materials, reduction in
the consumption of raw materials and thermal
energy resources, improvement in the quality
and competitiveness of products, and reduction
of the man-made impact on the environment are
highly relevant.

The purpose of the study is to develop an ef-
fective fortifying feed additive based on soybean
raw materials.

MATERIAL AND METHODS

The content of moisture, proteins, essential
amino acids, fats, fatty acids, dietary fibers, ash,
and macroelements (potassium, calcium, magne-
sium, phosphorus) was determined using near-in-
frared spectroscopy with a “FOSS NIRSystem
5000” infrared scanner. To determine the content
of raffinose, stachyose, and sucrose, a Capillary
Electrophoresis system "Kapel" was used. The
content of phospholipids was determined by in-
organic phosphorus, vitamin E by a color reac-
tion with Fe3+ ions and dipyridyl, vitamin C ac-
cording to GOST 24556-89, and the content of
B-carotene by spectrophotometric method. Mi-
crobiological analysis of feed was carried out in
accordance with the “Rules for Bacteriological
Examination of Feed” (1975), GOST 25311-82
and TR 201/00/CU. The peroxide value in the
supplement was determined according to GOST
34118-2017. The chemical composition of the
feed for 21-week-old laying hens when adding
a soy enrichment supplement was calculated ac-
cording to GOST 18221-2018.

We have developed a technology for produc-
ing a nutritious feed supplement, which is based
on thermo-acid coagulation (see the figure). The
supplement is made from the Sentyabrinka va-
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Process scheme for the production of enriching additives

riety of soybeans, bred by the Federal Scien-
tific Center "All-Russian Research Institute of
Soybeans" (FSC VNIISoy) (GOST 17109-88),
grown in the breeding nurseries of the All-Rus-
sian Research Institute of Soybeans (Sadovoe
village, Tambov district, Amur region).

When obtaining the enriching additive, the
soybeans were soaked and ground in water after
inspection and washing, then heated to 98—100
°C and extracted with thorough mixing. Next,
the aqueous suspension was coagulated with a
pre-prepared hibiscus infusion at a temperature
of at least 90 °C. The resulting mass was then fil-
tered and pressed [18]. To improve the chemical
composition and quality characteristics of the

finished pellets, whole wheat flour was added to
the mixture at 5.5% of the total mass. To better
achieve a uniform mixture, prevent crumbliness
of the finished pellets, and also to enrich them
with vitamins, minerals, and improve the struc-
tural properties of the final supplement, 0.5% of
kelp powder was added to the wet mixture. After
stirring the mass to a uniform consistency, it was
granulated, frozen at a temperature of —70 °C,
and freeze-dried until reaching 5.4% moisture.

Laminaria powder was obtained by crushing
dried leaves in a laboratory mill. Hibiscus infu-
sion was used as a coagulant for the soy suspen-
sion, which was prepared by steeping dried pet-
als in hot water for 1 hour.
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RESULTS AND DISCUSSION

The chemical composition of the developed
feed additive has been studied, including the
content of amino acids and fatty acids (see ta-
bles 1-3).

The data from the tables show that the supple-
ment is rich in proteins (41.67 g), fats (19.87),
carbs (19.60), sugars, and dietary fiber (7.8 g).
The enriching supplement also contains a sig-
nificant amount of essential amino acids, fatty
acids, and minerals at 5.66 mg/100 g, including
potassium, calcium, magnesium, and phospho-
rus. The supplement contains 2.11 mg of vita-
min C, 20.85 mg of vitamin E, and 3.58 mg of
beta-carotene. Thanks to this composition, it can
be included in the feed formulas for all types of
farm animals and poultry to enrich them with
valuable nutrients and boost their nutritional
value.

The daily feed ration for replacement pullets
aged 21 weeks was studied. The control was a
SK PK-1 compound feed, the formulation of
which is shown in Table 4. In this feed formula,
the total amount of soybean meal, soybean oil,
methionine, and lysine monohydrochloride was
replaced with an equal amount of soybean-en-
riching additive.

The chemical composition of the feed with
the soy-enriching additive was studied in com-
parison with the control according to the main
indicators regulated by GOST 18221-2018
(see Table 5).

Table 5 shows that the chemical composition
of the feed mixture prepared according to our
developed recipe has improved in almost all the
most important regulated indicators, while re-
maining within the recommended limits. For ex-
ample, the crude fat content increased by 58.6%,
crude protein by 5.8%, and crude fiber by 5.1%.
In addition, it was possible to remove synthetic
amino acids (lysine, methionine) from the rec-
ipe, which are abundant in the added soy sup-
plement. The vitamin E content increased to the
maximum allowable limit — up to 2.45 instead of
1.01 mg/100 g through enrichment.

Tada. 1. XuMudyeckuil cocTaB U SHEpreTuyecKas
1eHHOCTh 100aBku (B 100 r)

Table. 1. Chemical composition and energy value
of the additive (in 100 g)

Indicator ((;\?[rj:e;;

Proteins, g 41,67 £ 0,45
Carbohydrates, g: 19,60 + 0,6

sucrose 0,95+0,01

raffinose 0,10+ 0,001

stachyose 0,47 £ 0,01
Fats, g 19,87 £ 0,6
Phosphatides, g 1,05 £0,02
Dietary fibers, g 7,8 £0,05
Mineral substances, g 5,66 £0,1
Potassium, mg 2536 + 46,57
Calcium, mg 574 £ 4,62
Magnesium, mg 479 + 2,69
Phosphorus, mg 650 +11,93
Vitamin C, mg 2,11 +0,02
[-carotene, mg 3,58 £0,02
Vitamin E, mg 20,85 £0,23
Energy value, kcal 42391

Tao6ua. 2. ConepkaHue HE3aMEHUMbBIX aMHUHOKHC-
JIOT B COEBOM oboramaromei 1o0aske, %o

Table 2. Essential amino acid content
in a soybean enrichment additive, %

Amino acid Content (M + m)
Lysine 6,99 +0,1
Phenylalanine 5,13+£0,1
Leucine 10,25 +£0,2
Isoleucine 3,19+0,05
Valine 7,17+0,1
Threonine 3,91 +0,06
Methionine + cystine 3,65 +0,05

Taoa. 3. CogepxaHue KUPHBIX KUCIOT
B COEBOM oOoramarorieii qodaske, %

Table 3. Fatty acid content in a soybean

enrichment additive, %

Fatty acid Content (M + m)
Palmitinic 11,68 £ 0,1
Stearic 3,97+0,1
Linoleic 55,34+ 0,5
linolenic 0,51 +0,01
Oleinic 21,07 +£0,2
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The shelf life of the developed enriching ad-
ditive was determined using microbiological
indicators. For this, the additive under study
was produced and stored for the necessary pe-
riod of time (every month) at a temperature not

Tab6a. 4. Penenrypa kombuxopma [1K-1 s
Kyp-HecyIeK (KOHTPOIb) U OTBITHASA PenenTypa, %
Table. 4. Formula for the compound feed PK-1
for laying hens (control) and the experimental
formula, %

Content
Component
control experiment
Wheat 45 45
Corn 17 17
Soy enriching additive — 22,35
Soybean meal (SP 44) 19 -
Lime meal 6 6
Soy oil -
Defluorinated phosphate 1,5 1,5
Methionine 98,5% 0,23 -
L-lysine monohydrochloride 012 _
98% ’
Table salt 0,15 0,15
Gravel 7 7
Premix 1 1
Total 100 100

exceeding 20°C and an air relative humidity of
75%. According to GOST 3898-56 and earlier
studies, dried soy-based products are stored for
an average of 9—12 months. Because of this, it
was decided to study the samples that have been
stored for this period of time.

All foods that contain lipids are prone to ox-
idative changes (rancidity) when stored for a
long time. This process negatively affects the
product's consumer qualities. Lipid oxidation
products also have carcinogenic effects and pose
health risks (like cancer and others), so the per-
oxide value is an important factor when deter-
mining shelf life.

Microbiological indicators and peroxide val-
ue were studied in the samples stored for 9—12
months. The research results are shown in Ta-
ble 6.

The samples tested for microbiological indi-
cators stayed within normal limits throughout
the entire storage period. The change in perox-
ide value during storage of the additive shows an
enzymatic oxidation process of its lipid fraction,
exceeding the allowable limit after 12 months of
storage (10.8 mmol of active oxygen/kg of fat).
At the same time, the additive turns a darker col-
or and develops a slight bitter taste. Based on
this, we consider the maximum shelf life to be
11 months.

Ta6a. 5. Xumuyeckuit coctaB komOukopma [1K-1 mmst kyp-Hecymiek Bozpactom 21 Hen (KOHTPOITB)

1 pazpaboranHoro komo6ukopma (8 100 )

Table 5. Chemical composition of the compound feed PK-1 for laying hens aged 21 weeks (control)

and the developed compound feed (in 100 g)

Content, %
Component
GOST standard 18221-2018 Control Experience

ME, kcal — 275 —

Crude fat, % 3,50-5,00 2,80 4,44
Crude protein, % 16,50-18,00 17,30 18,30
Crude fiber, % 2,50-5,50 4,70 4,94
Lysine, % 0,70-0,86 and more* 0,70 1,72
Methionine + cystine, % 0,60-0,73 and more * 0,60 1,20
Calcium, % 3,00-3,60 3,34 3,37
Phosphorus, % 0,60-0,70 0,81 0,84
Sodium, % 1,16-0,20 0,32 0,28
Vitamin E, mg 1,00-2,50 1,01 2,45

* When producing compound feed for chickens without the use of synthetic amino acids, it is permissible to increase the
mass fractions of lysine, methionine and cystine above the specified limits..
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Tab6a. 6. MukpoOuonorudeckuii mpouib U MoKa3areilb MEPEKUCHOTO YUCIIa CBEKEH U XpaHsIIeHcs
B TeueHue 9—12 mec coeBoii odoramaromei 100aBKu

Table 6. Microbiological profile and peroxide number of the fresh and stored for 9—12 months soybean

enriching additive

Determined indicator Permisﬁ(i)brlz ;fevf}llsa’ nmg kg, Shelf life of the additive, months
Fresh 9 10 11 12

S. aureus Not acceptable in 0,1 g Not detected

QMAFAnM, CFU/g Not more than 5-10* Less than 1-10!

Yeast, CFU/g Not more than 100 Less than 10

Molds, CFU/g Not more than 10 Less than 10

Sulfite-reducing clostridia | Not acceptable in 0,1 g Not detected

Peroxide value, mol/kg Not more than 10,0 23+0,04 |6,2+0,10|7,0+0,11 | 8,6+0,12 | 10,8 0,20

CONCLUSION

A nutritional supplement based on high-qual-
ity soybean raw materials has been developed,
which can increase the feed's nutritional value.
The chemical composition of the feed mixture
made with the developed supplement has im-
proved in almost all the most important regu-
lated indicators, while still staying within the
recommended limits. The content of crude fat
increased by 58.6%, crude protein by 5.8%, and
crude fiber by 5.1%. It was possible to eliminate
the need for additional amino acids (lysine, me-
thionine) in the formula, which are abundant in
the soybean supplement. By enriching it to the
maximum allowable level, the vitamin E content
increased (2.45 instead of 1.01 mg/100 g). The
shelf life of the feed additive is 11 months. It can
be used to enrich the daily diet of livestock and
poultry feed.
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IIpumMeHeHNe aITOPUTMOB KOMIILIOTEPHOI0 3peHUs
U [1y00KOro o0y4eHusi 1Jisi MHBEHTAPU3ALMHU 1ePeBbeB
B €Ca/1aX HHTEHCUBHOI0 THIIA

) KytsIpéB A.HU.

Deodepanvhulil HAYUHBLIL a2poundIcenepHblil yeump BUM
Mocksa, Poccust

(<) e-mail: alexeykutyrev(@gmail.com

[IpeacraBiieH METO MOHUTOPHHTA BBITIAI0B (TOTHOLINE JIEPEBBS C MPU3HAKAMH yChIXaHUs! KPOHBI
W CTBOJIa) B MHTCHCHUBHBIX CaJlaX Ha OCHOBE adpO(OTOCHEMKHU JIEPEBLEB C OCCIMIIOTHOTO JIeTaTeINb-
Horo anmapara DJI Mavic 3 Multispectral B Mexaypsizibsix (BbicoTa chbeMKH 1,5-2,0 M) U anropuTMoB
KOMITHIOTEPHOTO 3peHHS 1 TTy0oKoro 00yueHus1. CoOpaH OpUTHHAIBHEIN maTaceT u3 5366 nzobpaxe-
HUH S0JOHEBBIX CaJI0B, pa3MEUEHHBIH M0 TPeM KilaccaM: morudmme nepesbs (kmace «Deady), kanan-
narel Ha Beiman (kinacce «Candidate») u Mmosnoapie mocanku (kimacc «Newly»). AyrMeHTanus TaHHBIX
(cuHTEeTHYECKas TeHepanys HOBBIX M300pakeHHid Ha OCHOBE CYIIECTBYIOIIMX ) BKIIOYala MOJIEINPO-
BaHUE U3MEHEeHUI ocBelieHHOCTH (£15%), iBeToBOTO TOHA (—20° 110 hue), rayccosckoro nryma (0,5%)
1 pa3MbITus (6 = 0,5 TUKCENs), 9TO MOBBICHIIO YCTOHYMBOCTH MOJIETH K paboTe B YCIIOBHUSIX CaJ0BBIX
HacaxaeHui. [IpoBemeno cpaBHeHuE IITH Bepcuil apxutekTypsl Y OLOV12; onTuMansHO#M Tpu3HaHa
monenb YOLOvVI2lI (mAP@5S0(B) = 0,810; Precision = 0,820; Recall = 0,831), obecneunBaromas
OanaHCc TOYHOCTU U MPOU3BOAUTENBHOCTH (9,58 Mc/kaap). Pazpaborano cnenuanuzuposantoe [10 ¢
rpaduueckuM nHTepdeiicoM, peanusyomiee mocToopadoTKy BUAEONOTOKA, TPEKHHT (OTCIIeKUBAHHE)
00BEKTOB M BH3yalM3alHuIo pe3ynsraToB. Vcmonb3oBanue anroputma ByteTrack (c xommeHcanmeit
JIBUYKEHUSI KaMePbl) MTO3BOJIMIIO CHU3UTD YHCIIO MepekiTtoueHnit D pacro3HaHHBIX KJIACCOB JIEPEBHEB
1o 2,3 ma 1000 xagpoB 1 MOBBICHTH TOYHOCTH pacto3HaBaHus 10 92,4%, uto Ha 41% mpeBbImaeT pe-
3yJBTaTHl pacro3HaBaHus 0e3 TpekuHra. [IporpamMma mojiepkuBaeT HaCTPOHKY 30HBI aHAIH3A KaIpa
B 3aBUCUMOCTHU OT MapaMeTpoB cajia (MIMPUHA MEXTYPSAHiA, YTOJl CheMKH) U COBMECTHMA C TEOHH-
(opMaOHHBIMH T1aT(HOPMaMH, UTO TTO3BOJISIET POPMHUPOBATH HUPPOBHIE KAPTHI BHINAI0B C IPHUBSI3-
koi k koopaunataM GNSS-RTK. [IpakTudeckas 3HaYMMOCTh MOTYYCHHBIX PE3YIBTATOB 3aKII0UACTCS
B YMEHBIIIEHUH TPYI03aTpaT Ha MHBEHTAPHU3AIIHIO, TOBBIIIEHINH TOYHOCTH U CKOPOCTH MOHUTOPHHTA
COCTOSIHUSL HACAKICHUI.

KiaroueBble cj10Ba: MHTEHCHMBHOE CaJIOBOJICTBO, MOHHTOPWHI, WHBEHTAPHU3AIUS HACAKICHHIA,
KOMIIBIOTEPHOE 3pEHUE, MAIIMHHOE 00y4YeHne

Application of computer vision and deep learning algorithms
for tree inventory in intensive orchards

X Kutyrev A.L

Federal Scientific Agroengineering Center VIM
Moscow, Russia

(C)e-mail: alexeykutyrev@gmail.com

A method for monitoring plant extinction (dead trees with signs of crown and trunk drying) in
intensive orchards is presented based on aerial photography of trees from a DJI Mavic 3 Multispectral
unmanned aerial vehicle in row spacing (shooting height 1.5-2.0 m) and computer vision and deep
learning algorithms. An original dataset of 5,366 images of apple orchards was compiled, labeled
into three classes: dead trees (class "Dead"), candidates for plant extinction (class "Candidate"), and
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HpI/IMeHeHI/IC AJITOPATMOB KOMIIBIOTCPHOTO 3PCHUA
n FJTy6OKOF0 06yqum| JUIsL MTHBEHTapu3aluu 1EPEBLEB
B cagaX MHTCHCUBHOI'O THUIIA

Kyteipés A.U.

young plantings (class "Newly"). Data augmentation (synthetic generation of new images based on
the existing ones) included modeling of the changes in illumination (+£15%), color tone (-20° in
hue), Gaussian noise (0.5%), and blur (¢ = 0.5 pixels), which increased the model’s robustness to
work in garden planting conditions. Five versions of the YOLOv12 architecture were compared; the
YOLOVI12I model was recognized as optimal (mAP@50(B) = 0.810; Precision = 0.820; Recall =
0.831), providing a balance between accuracy and performance (9.58 ms/frame). Specialized
software with a graphical interface was developed that implements video stream post-processing,
object tracking, and visualization of results. The use of the ByteTrack algorithm (with camera motion
compensation) allowed reducing the number of ID switches of the recognized tree classes to 2.3
per 1000 frames and increasing the recognition accuracy to 92.4%, which is 41.0% higher than the
recognition results without tracking. The program supports customization of the frame analysis zone
depending on garden parameters (row spacing, shooting angle) and is compatible with geoinformation
platforms, allowing the creation of digital maps of crop losses referenced to GNSS-RTK coordinates.
The practical significance of the obtained results lies in the reduction of labor costs for inventory, and
the increase in the accuracy and speed of monitoring the condition of the plantings.

Keywords: intensive horticulture, monitoring, plantation inventory, computer vision, machine
learning
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Modern unmanned aerial vehicles (UAV)
filming technologies combined with computer
vision methods make it possible to automate
monitoring and reduce the time needed for crop

INTRODUCTION

One of the main factors for productivity and
efficiency in intensive orchards with a planting

density of up to 2-3 thousand trees per hectare
is keeping the rows full. Dyewood of plants
(dead trees showing signs of crown and trunk
drying) disrupt the even distribution of plants,
the structure of the rows, reduce the efficiency
of mechanized operations, increase operating
costs, and can lead to a 15-20% crop loss [1, 2].
At the same time, traditional methods of inven-
torying plantations, which are based on agron-
omists inspecting them, are highly subjective,
require a lot of work, and don’t scale well to
large areas [3].

surveys. In most studies, RGB cameras are used
for monitoring crops, which, unlike LiDAR or
multispectral systems, provide enough useful
information while being much simpler to pro-
cess [4]. The study [5] proposed a system using
images captured by UAVs and methods for rec-
ognizing and analyzing the condition of trees.
Similar approaches are described in works [6,
7], where the use of UAVs with RGB cameras
and deep learning algorithms made it possible
to count and classify trees, as well as accurately
detect gaps in the rows.
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Despite the existing developments, key sci-
entific problems remain unsolved, which makes
this research relevant:

— the lack of specialized methods for accu-
rately recording dyewood of trees using UAVs.
Most of them use remote sensing data (at a sur-
vey altitude of 20-100 m) [5, 6], where the reso-
lution is insufficient to recognize visual signs of
tree shrinkage. These methods are also aimed at
counting gaps in rows of garden plants. The pro-
posed method is based on photographing trees
in the rows (camera height 1.5-2.0 m), which
makes it possible to diagnose individual plants;

— the lack of effective methods for tracking
trees in video data obtained from UAVs. Film-
ing between rows from a low height for tree rec-
ognition involves using a video stream. At the
same time, current methods of processing im-
ages from UAVs are focused on single (static)
shots, high-resolution orthophotos [8], and don’t
address the problem that comes up when analyz-
ing consecutive frames: the same tree in different
frames is recognized as different objects, which
leads to significant errors in the final quantitative
assessment of the dyewood of trees;

— insufficient adaptability to changing con-
ditions when shooting garden plants. Existing
computer vision algorithms show a drop in accu-
racy with variations in natural lighting and over-
lapping tree canopies in dense plantings. This
limits their practical use in real-world settings,
where the visual characteristics of fruit trees can
vary significantly [9]. In the proposed method,
this problem is solved through a set of measures
to increase robustness, including data augmen-
tation and the use of a modern neural network
architecture optimized to work with variable vi-
sual features.

The goal of the study is to develop a meth-
od for monitoring the dyewood of fruit trees in
rows of intensive orchards.

The proposed method combines high-preci-
sion tree recognition based on the modern con-
volutional neural network model YOLOvI12,
robust tracking to minimize recognition errors,
and specialized software (SW) adapted for gar-
den plant inventory tasks.

MATERIAL AND METHODS

Modern convolutional neural network mod-
els trained on diverse datasets show high accu-
racy and performance in recognizing biological
objects [10, 11]. Some of the most common ar-
chitectures include Faster R-CNN, RetinaNet,
EfficientDet, and the YOLO (You Only Look
Once) family of models. Analysis shows that
YOLOvV12 eliminates the key shortcomings
of well-known architectures by using the Area
Attention module and the optimized R-ELAN
(Residual Efficient Layer Aggregation Network)
feature aggregation network; the model adjusts
the lighting, improving object recognition accu-
racy. Using 7 x 7 convolutions and multi-scale
features makes it possible to significantly im-
prove the accuracy of recognizing objects of dif-
ferent sizes and shapes [12, 13]. For the experi-
ments, various YOLOvVI12 model configurations
were chosen, from nano (n) to extra (x), differ-
ing in computational complexity and the number
of trainable parameters. To optimize the training
process, the transfer learning method was used
[12]. The initial setup of the weight coefficients
was done using YOLOv12 models trained on
the COCO dataset (over 330k labeled images,
80 categories).

When taking aerial photos of the rows of gar-
den plants, they used the RGB camera of the DJI
Mavic 3 Multispectral drone, flying along the
rows at a height of 1.5-2.0 meters under various
natural lighting conditions (see Fig. 1).

For training the model, a collected represen-
tative dataset was used, including 5,366 labeled
images, created in industrial intensive apple
orchards (OOO “Zorinsky Sad”, Kursk region,
Oboyansky district, Zorino village) (see Fig. 2).

The original images for labeling had a res-
olution of 4032 x 3024 pixels, which provided
a high level of detail for accurately recognizing
the characteristic signs of crown and trunk dry-
ing.

Image labeling (highlighting trees with
bounding boxes) was done using the RoboFlow
platform. Three object classes are labeled in the
images:
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— “Dead”, dead trees with signs of crown and
trunk drying out (5547 annotations);

— “Candidate”, trees with borderline signs of
life, requiring additional monitoring (1720 an-
notations);

— “Newly”, newly planted young trees, dis-
tinguished by their morphological features and
sizes (711 annotations).

Labeling multiple classes made it possible
to move from binary classification 'tree/back-
ground' to a multifactor analysis of the plant-
ings’ conditions.

To improve the model's adaptability to differ-
ent operating conditions and expand the training
dataset, data augmentation was done (synthet-
ic generation of new images based on existing
ones) (see Fig. 3).

It included adjusting brightness (+15%), color
hue (-20°), adding Gaussian noise (0.5%), and
blurring (¢ = 0.5 pixels). These transformations
mimicked different lighting conditions, seasonal
changes, and hardware inaccuracies, which al-

Puc. 1. Tiposeenne adpo)OTOCHEMKH B MEKILY - lowed the original dataset to grow from 5,366 to
IbAX cana ¢ ucnonb3osanueM BITJIA DJI Mavic 3 11,865 images and improved the model's gener-

Multispectral alization ability. The resulting dataset was split
Fig. 1. Conducting aerial photography in the into training (70%), validation (15%), and test
orchard rows using the DJI Mavic 3 Multispectral (15%) sets while maintaining class balance.
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C(i)OpMI/IpOBaHHOI‘O B YCJIOBUSX MMPOMBIINIJICHHBIX SIOJIOHEBBIX Ca0B UHTCHCHUBHOI'O TUIIA

Fig. 2. Distribution of the images according to annotation count and frame examples from a dataset
captured in industrial-scale intensive type apple orchards
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To evaluate the performance of the models,
commonly used metrics like mean Average Pre-
cision for bounding box detection (mAP@50(B))
were used, along with Recall and Precision. Ad-
ditionally, the F1 score (the harmonic mean value
of Precision and Recall), IoU (Intersection over
Union) to assess the overlap between predicted
and true boxes, and FPS (Frames Per Second) —
the processing speed of frames — were calculat-
ed. To analyze training convergence, the values
of the loss function (prediction and classification
errors for object presence) were tracked over the
training epochs [14].

The experiments were carried out on a com-
puting system with two NVIDIA GeForce RTX
2080 Ti graphics cards. We used the PyTorch
framework and the Ultralytics library to imple-
ment deep learning algorithms, and for data pro-
cessing and visualization, we used the OpenCV,
NumPy, and Matplotlib libraries.

RESULTS AND DISCUSSION

As a result of the experiments, YOLOvI12
models were trained in five versions: YOLOv12n
(nano), YOLOV12s (small), YOLOv12m (medi-
um), YOLOvI2I (large), and YOLOvI2x (ex-
tra-large). The change in the mAP@50(B) met-

+15% 15%
ApkocTtk / Brighthess

0,53%
Noise / LLUym

ric during the training process of the models is
shown in Fig. 4.

A comparison was made of five versions of
YOLOvVI12 (n, s, m, 1, x). The highest accuracy
(mAP@S50 = 0.811) was shown by YOLOv12x,
but its resource demands (199.0 GFLOPs) limit
practical use. The YOLOv12n and YOLOvI12s
models offered high inference speed (3.34-3.85
ms/frame), but with lower accuracy. At the same
time, the lowest error value (Box Loss = 1.51)
was shown by the YOLOv12n model, which can
be explained by its less complex architecture.
The YOLOvV12] model showed the optimal bal-
ance between accuracy (mAP@50 = 0.810, Pre-
cision = 0.820, Recall = 0.831) and performance
(9.58 ms/frame). The loss function analysis
showed that the lowest error values were reached
by the 45th epoch, after which overfitting start-
ed. Additional calculated metrics (mAP@50-95,
F1-score, IoU, and FPS) confirmed the identi-
fied trends, so the YOLOv121 model was chosen
as the most reasonable for post-processing video
material.

As a result of the research, Python software
with a graphical interface was developed, im-
plementing the full cycle of video data post-pro-
cessing using the YOLOv12] model: from load-

-20° 20°
LiseToBoin ToH / Hue

05px
PazmbiTe / Blur

Puc. 3. HCHOJ’IIByeMLIe MCTOAbI ayTMCHTALIUN Ha60pa JaHHBIX

Fig. 3. Methods used for dataset augmentation
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ing the original video files obtained with the
RGB camera of the DJI Mavic 3 Multispectral
drone to analysis, visualization, and exporting
results (see Fig. 5).

The developed software supports the full
video data processing cycle, including object
recognition with tracking, filtering results by
confidence threshold, suppressing duplicate de-
tections (Non-Maximum Suppression), and ad-
justing the frame analysis zone (row spacing,
shooting angle, etc.). It also features automatic
selection of computing resources (CPU/GPU),
saving results to a database (SQLite), and ex-
porting to various formats (.txt and .xlsx) with
logging of all parameters.

Stable tracking of objects between frames
is provided by tracking algorithms (ByteTrack,
BoT-SORT, OC-SORT) that use objects' kine-
matic and visual features (see Fig. 6).

The program's interface lets you adjust track-
ing settings: confidence threshold for initializing
anew ID (new_track thresh), how long to keep
an ID when the object temporarily disappears
from the frame (track buffer), matching thresh-
olds for overlap and object proximity (match
thresh, proximity thresh), and the camera mo-
tion compensation method (gmc method) for
stabilizing tracking. Setting these parameters

minimizes the frequency of ID switching and
ensures stable tracking of the trees in the video
frames along the row. Based on the video pro-
cessing results, the program automatically saves
images with detected losses and generates a re-
port.

An experimental evaluation of object track-
ing algorithms was carried out on video record-
ings at 1920 x 1080 resolution and 60 fps, cap-
tured from a UAV in the rows under different
lighting conditions. For each tracking algorithm,
we adjusted the parameters, and then recorded
the stability metrics for following objects in the
frames: the number of ID switches per 1000
frames, the share of correctly maintained IDs
over the sequence, as well as the share of cor-
rectly recognized dyewoods of trees (accuracy
and completeness metrics per frame), and the
average processing speed (frames/sec).

Figure 7 shows an example of the program
at work: in a row of 224 trees (row length 216
m), 27 dyewoods of trees were identified, in the
classes “Dead” and “Candidate”.

During the experimental evaluation of the
tracking algorithms, it was found that the ByteT-
rack algorithm shows the best results for key
inventory-related parameters, ensures the mini-
mum number of ID switches (on average 2.3 per
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1000 frames), and has the highest tracking sta-
bility (95.7% of IDs maintained) (see the table).

It turns out that the main classification mis-
takes (~15% of cases) are due to the similarity in
visual features between dead trees (the "Dead"
class) and trees with borderline signs of life (the
"Candidate" class).

For a comprehensive assessment of perfor-
mance, a calculation of an integrated metric was
carried out, combining recognition accuracy and
the stability of tree tracking in the frame using a
formula
P
Atmck = (

TP + FR

(]
N, obj
where A, — overall recognition accuracy tak-

ing tracking into account, 7P — number of true
positive detections (correctly recognized trees);

FR — number of false positive detections (trees
incorrectly identified); N, — number of ID
switches for the analyzed video segment, N, —
the total number of unique objects (trees) in-
volved in tracking.

Using this metric made it possible to more
reliably assess the impact of tracking on the fi-
nal inventory accuracy. Applying the ByteTrack
algorithm with global motion compensation
(GMC) allowed achieving a recognition accura-
cy of 92.4%. This result is 41% higher than the
recognition accuracy without using tracking al-
gorithms. This confirms its significant role in im-
proving the reliability of the developed method.

The method we developed based on
YOLOvI121 and ByteTrack has shown high effi-
ciency for monitoring fruit drop in intensive or-
chards. A key advantage was its integration with

MpocmoTp cCHUMKOB

}

I

" -
id:11 Dead 0.51

1
id:12 I?ead 0.57

Puc. 7. [Tpumep paboThl IPOTpaMMEI: pe3ybTaThl PACIIO3HABAHMSA BBITIA/IOB B PSAAAaX CaJIOBBIX HACAKIACHUN

Fig. 7. Example of program operation: results of recognition of plant extinction in the rows of orchard

plantings

Pe3y_HBTaTI)I IIPOBCIACHUA 3KCHCpHMeHTaJ’IBHOI7[ OLICHKHM Pa3JIMYHbIX aJITOPUTMOB TPEKUHT A
Results of conducting an experimental evaluation of various tracking algorithms

Average number | Saved IDs (persistence Accuracy of Fullness of Frame processing
Algorithm | of ID switches per | of object tracking in | recognizing outliers by | detecting attacks by speed, FPS,
1000 frames video frames), % the Precision metric, % | the Recall metric, % frames/sec
ByteTrack 2.3 95,7 92,4 89,1 102
BoT-SORT 3,1 93,2 90,8 87,5 96
OC-SORT 5,8 88,4 85,6 84,9 110
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geoinformation systems [15]: using the Mav-
ic 3 Multispectral drone with a GNSS receiver
allows for precise geotagging of detected fruit
drop and creating digital maps for import into
QGIS or ArcGIS.

CONCLUSIONS

1. Asaresult of the study, a method was de-
veloped to monitor dyewood of trees in intensive
orchards using low-altitude RGB aerial photog-
raphy (1.5-2.0 m) and deep learning algorithms.
A comparison of five versions of the YOLOv12
architecture showed that the YOLOv12l model
offers the best balance of computational effi-
ciency and recognition accuracy (mAP@50(B)
= 0.81; Precision = 0.82; Recall = 0.83) and can
be recommended for post-processing video data
obtained from drones between rows, allowing
the condition of individual plants to be diag-
nosed.

2. The developed software with a graphical
interface provides a full data analysis cycle —
from video upload to visualization and exporting
results. Using the YOLOv12]l model combined
with the ByteTrack tracking algorithm ensured
stable tracking of trees between frames, which
helped increase the accuracy of detecting loss-
es to 92.4% and minimize errors related to ID
switching.

Using data augmentation during the model
training phase made it possible to create a sys-
tem that is highly adaptable to different lighting
conditions and planting densities, which proves
its usefulness for monitoring crops in real-world
conditions.
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YupasieHue arpoueHo3aMu:
METOH0JIOTUsl IPUHATHS PEelICHUH B TEXHOJIOTUAX

<) ¥Y1enkos I.JI., I'njaoxBact K.C., YTenkoa T.U.

Cubupckuii ghedepanvhwiii HayuHblll YyeHmp azpoouomexnonozuti Poccutickou akademuu Hayk
Hosocubupckast oo6nacts, p.im. KpacHooOck, Poccus

(<)e-mail: utenkov1951@mail.ru

B Hacrosmmee Bpems 3amada obecrieueHus mpomoBoisCcTBHEeM Poccuiickoit demepariii 0COOSHHO
aKTyaJIbHa, IOCKOJIbKY YPOBEHb 3aBUCHMOCTH HAIlIE CTpaHbl OT UMIIOPTA MUUIEBBIX IPOAYKTOB IIpe-
BBICHJI TOPOT HALMOHAIBHON 0e30macHOCTH. [ TaBHBIM (PaKTOPOM MMEIOLIETOcs MOTEHLIMAIA CTPaHbI
SIBIISIETCSI OMOJIOTU3AIMS M SKOJIOTU3ALHsI HHTCHCH(DUKAIIMOHHBIX POILIECCOB C BEICOKON TEXHOT€HHOM
OCHAIICHHOCTHI0. Bee pa3paboTku B CEIbCKOM XO3SIHCTBE JOJKHBI OBITh HAIIPABJICHBI HA MAKCUMAIIb-
HOE OCBOEHHE MPHUPOIHO-KIMMATHYECKOTO MOTEHIIMATa CTPaHbl. YPOBEHb AYIIEBOTO MOTpeOIeHus
3epHa KaK OJMH M3 OCHOBHBIX KPUTEPHEB MUPOBOW M HAIIMOHAIEHOM TIPOIOBOIBCTBEHHON Oe3omac-
HocTH coctaBisieT 1,0—1,2 1/gen. Jlns mpomsBozcTBa 1 kr msica Tpedyercs 3 kr 3epHa. CoxpaHsro-
L1asACsl OTHOCUTENBHO BBICOKAs J10JIsI UMIIOPTHOM MSICHOM M OCOOEHHO MOJIOYHOM MPOAYKLHUH Cy’Ka-
€T pecypchl pelHKa (DypaskHOTO 3€pHA JJIsl Pa3BUTHSI OTEUECTBEHHOTO KUBOTHOBOACTBA U B MEPBYIO
odepeab CKOTOBOACTBA. OTMeYeH JIeUIUT OETKOB PACTUTEIBHOTO W KHUBOTHOTO MPOUCXOMKICHUSI.
OpHako o0mIMe YCIOBUS BEACHUS 3€MJIENIENHs, PACTEHUEBOACTBA M YKMBOTHOBOJICTBA 3aKOHOMEPHO
CONPOBOXKIAIOTCS POCTOM YACJBHBIX 3aTpaT U 3HEPro3arpar Ha MOJIy4eHHE TOTIOJHUTEIBHON eMHU-
bl npoaykuuu. 3emienenne CuOupy HE COOTBETCTBYET CBOEeMY MoTeHnuany. [[peodnanaror skcTeH-
CUBHBIE arpoTexHoJoruu. lmeercsa BO3MOXKHOCTD JIByX- WM TPEXKPATHOTO YBEIMUYEHUS TPOU3BOJI-
CTBa 3epHa B cTpaHe. {Jisl KOHKPETHBIX YCIOBUI OTpedyeTcsi 000CHOBAHME BENUYHHBI YPOIKAHHOCTH
KaK MHTErPaIbHOTO TIOKA3aTes sl 3eMJIeIeNUs JIJIsl BBIOOpa arpOTEXHOJIOTHI BO3/ICIIBIBAHNUS 3E6PHOBBIX
KylbTyp. B cBsizu ¢ 3TuM KapauHaiabHble nocTixeHus: B AITK Bo3MOXKHBI TOJIBKO HAa OCHOBE CO3/IaHMs
Y BHEAPEHUS] MHHOBAIIMOHHBIX TEXHOJIOTHIA, KOTOPHIE BO3HUKAIOT B CIIOKHBIX MPOIIECcCcax, 00eCTIedn-
BAaIOIINX CTA0MILHOCTh MX BBIXOJHBIX MTOKa3aresieid, TPeOYymnuX MHOTOIUCITUILTMHAPHBIX UCCIIE0-
BaHM. JTO BBI3bIBAET HEOOXOAUMOCTD /1715l MHHOBAILIHOHHBIX IPOLIECCOB CO3JaHMsI HOBOM METO0JI0-
rudeckoit 0a3el. HyKHBI cuCTeMaTn3npoBaHHbIC TEOPETHUECKUE 3HAHUS U3 PA3IMUHBIX TEXHOIOTHH,
CIIOCOOHBIE TEHEPUPOBATH HEOPAMHAPHBIE PEIICHHUS TEXHOJOTHYECKUX M TEXHUUECKHX 3a/1a4. Bo3Hu-
KaeT He0OX0IMMOCTh CMEHBI TapaUTrMbl UCCIIETOBAHMH.

KuroueBble cjioBa: 3emiiefieNnye, )KUBOTHOBOICTBO, arpOTEXHOJIOIUS, 3€PHOBBIE KYJIBTYPHhI, YPO-
JKaHOCTh, HEPrOEMKOCTb, 3aTPAThI

Agrocenoses management:
methodology of decision-making in technologies

(<) Utenkov G.L., Golokhvast K.S., Utenkova T.I.

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

(<)e-mail: utenkov1951@mail.ru

The task of providing Russia with food is currently especially relevant, since the level of our
country's dependence on food imports has exceeded the thresholds of national security. And the main
factor in the existing potential of the country is the biologization and ecologization of intensification
processes with high technogenic equipment. All developments in agriculture should be aimed at maxi-
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of decision-making in technologies

mum reclamation of the natural and climatic potential of the country. The level of per capita grain con-
sumption as one of the main criteria of world and national food security is 1.0 — 1.2 tons / person. 3 kg
of grain are required to produce 1 kg of meat. The remaining relatively high share of imported meat
and especially dairy products narrows the resources of the feed grain market for the development of
domestic animal husbandry and, first of all, cattle breeding. A deficiency of plant and animal proteins
has been noted. However, the general conditions of farming, crop production and livestock farming
are naturally accompanied by an increase in specific costs and energy costs to obtain an additional unit
of output. Siberian agriculture does not meet its potential. Extensive agricultural technologies prevail.
There is an opportunity to increase grain production in the country by 2 or 3 times. For specific con-
ditions, it will be necessary to justify the yield value as an integral indicator of agriculture for the se-
lection of agricultural technologies for cultivating grain crops. Therefore, fundamental achievements
in the agro-industrial complex are possible only on the basis of the creation and implementation of
innovative technologies that arise in complex processes ensuring the stability of their output indicators
which requiring multidisciplinary research. And this causes the need for the creation of a new meth-
odological base for innovative processes. Systematized theoretical knowledge from various technolo-
gies is needed, capable of generating extraordinary solutions to technological and technical problems.
There is a need to change the research paradigm.

Keywords: agriculture, animal husbandry, agricultural technology, grain crops, yield, energy in-
tensity, costs
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INTRODUCTION A feature of grain production in Siberia is the
almost complete exhaustion of extensive farm-
ing techniques and the stabilization of their pro-
ductivity over the last 2025 years at around 1.2
tons per hectare in the steppe zone and 1.5 tons
per hectare in the southern forest-steppe. Grain
production remains not only largely extensive

and energy-intensive, but also environmentally

Wheat production is the backbone of the
country's grain-product complex, and its devel-
opment determines the country's food security.
The per capita grain consumption level is one
of the main criteria for global and national food
security.

Currently, the Russian Federation's agro-in-
dustrial complex faces the following main prob-
lems: technical and technological lag in food
production compared to developed countries
due to the low-income levels of producers, stag-
nation in machinery production for agriculture
and the food industry, decreased competitive-
ness of food and raw materials in domestic and
international markets, and low natural fertility of
arable soils.

unbalanced. Shortcomings in the development
of livestock and crop production create a prob-
lem with animal and plant-based protein. This
situation doesn’t match the potential resources
of the region's agricultural landscapes [1]. Anal-
ysis shows that agriculture, both in Siberia and
in Russia as a whole, is not reaching its potential.
However, there is a chance to double or even tri-
ple yields in both the Siberian Federal District
and Russia [2—4]. To make major progress in the
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agribusiness sector, innovative development is
needed — it's one of the key drivers for boosting
the national economy.

Special attention should be paid to the main
soil treatment — an important method for regu-
lating the water, air, and temperature conditions
of the soil to boost plant biological activity and
ensure environmental safety. The effects of soil
treatment are long-lasting [5]. At the same time,
management is seen as the process of shaping
purposeful behavior of a system. Management
refers to the processes of technological and tech-
nical influence on the subsystems and elements
of a system using the system's target functions.
The results of these interconnections are im-
plemented in resource-saving technologies that
ensure the efficiency of growing agrocenoses. If
technology doesn't change, production and the
economy are at a standstill. Any technology in-
cludes a sequence of technological operations,
and the problem of managing the choice of the
optimal number, size, and timing of operations
isn't solved even in modern precision farming
systems [6].

A key aspect of technological and technical
updates in production is justifying the productiv-
ity levels of crop products for which new equip-
ment needs to be developed [7]. It is precisely
with the rational selection and combination of
mechanization tools that the efficiency of agri-
cultural production technologies is increased.
However, farmers are interested in the price of
the equipment they buy. There is a clear link
between the average price of a tractor and its
traction class as well as the fuel and lubricants
it consumes during use [8]. To get the necessary
output parameters, it’s important to optimize
processes in terms of material, energy, and labor
resources. However, up to now there is no single
methodological approach to developing technol-
ogies for cultivating agrocenoses. The issue of
developing scientific principles, methodologi-
cal approaches to technology development, and
choosing energy resources for different condi-
tions is still relevant [9, 10].

There’s a contradiction between the desired
economic efficiency and the environmental sus-
tainability of agro-landscapes. This problem
arises from the conflict between the need to in-
crease the efficiency of cultivating agrocenoses
through management techniques and technical
means, and the insufficiency of available re-
sources to achieve this. When choosing options
from the system, a criterion is applied that shows
how well the goal is being met. The criteria cho-
sen for each level of the hierarchy are basically
mathematical models of preference.

The goal of the study is to establish the re-
lationship between the main indicators of man-
agement impacts on technological and techni-
cal processes and soil parameters as a dynamic
system, based on the development of a research
methodology. This system takes into account the
existing diversity of soil conditions, allowing
the creation of the desired properties as a whole,
which achieves the necessary conditions for the
growth and development of agrocenoses.

The research objectives are:

— to establish the main directions of innova-
tive development of energy-intensive technol-
ogies for cultivating agrocenoses (using grain
crops as an example);

— to develop a methodology for managing
energy-intensive technologies to ensure the in-
creased efficiency of cultivated agroecosystems.

The subject of the study is a system of meth-
ods for controlling the effects of technologies
and technical tools on soil as a dynamic system
by creating the required properties in it, ensuring
the efficiency of cultivating agrocenoses in spe-
cific conditions.

MATERIAL AND METHODS

The research methodology is based on the
methods from efficiency theory, hierarchy anal-
ysis, analysis and synthesis, probability theory
and mathematical statistics, optimization, exper-
imental studies, and methods of mathematically
approximating experimental data.
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RESULTS AND DISCUSSION

The level of development of agricultural pro-
duction is determined by the efficiency of using
mechanized processes, which reduce the com-
petitiveness of the produced goods. High energy
intensity of the technologies used is due to the
presence of irregularities that create heteroge-
neity of the structure of the soil cover (HSSC),
leading to oscillatory processes. To quantitative-
ly assess the soil cover heterogeneity, they use a
contrast coefficient, which has a correlation with
crop yields!. HSSC registering can boost crop
yields by up to 56% [11]. According to?, for nat-
ural systems, it’s not the magnitude that matters,
but the proper shape of the spatial distribution of
energy impact.

Because of this, the new approach to man-
agement is focused on the system's own laws of
evolution and self-organization. The methodolo-
gy is part of economic research, including both
theoretical and empirical levels of understand-
ing. It helps to develop a logical framework and
the sequence of research to get specific results.
So, choosing technological priorities requires
uniting technical, social, environmental, organi-
zational, technological, and other requirements.
Increasing grain production is possible either by
extensive or intensive use of the resources ap-
plied [12]. The primary requirement for assess-
ing the minimum necessary grain production is
its break-even point (revenue from sales equals
total costs) [13]. The possibilities and needs for
technological changes are determined by the
structure of the allocated capital and technol-
ogies. The priority in economic development
choices comes from the principle of minimiz-
ing the cost of attracting a unit of production
resource. The current level of economic devel-
opment is determined by technological innova-

tions and management flexibility [14]. Using
flexible technological systems leads to a twofold
or greater increase in productivity. To boost the
efficiency of agricultural production, it's neces-
sary to create a value-added chain: profitability
— yield — processes — properties.

The optimal properties of soils are a func-
tion of a number of independent variables and a
combination of soil properties. The dependence
of one indicator on others most often follows an
exponential relationship. The way soils are used
is determined by the set level of profitability of
the cultivated crop, and profitability is deter-
mined by the level of yield, which defines the
optimal soil properties. It is the soil properties
that drive the processes [15]. However, domes-
tically produced equipment doesn’t take into ac-
count the statistical specifics of the conditions in
which it’s used. It’s outdated not just physically,
but morally too: the principles for evaluating
technical equipment parameters are outdated.
What’s needed isn’t averaging, but functional
connections, because that requires more invest-
ment. Reducing the energy intensity of agricul-
tural production is the key factor that ensures the
competitiveness of its products?’.

Any technology for growing crops, consid-
ering the requirements for it, should be seen as
a system [16, 17]. The integrity of technology
as a system is a necessary property for its stable
existence and the creation of an effect [18]. With
a systems approach, data and information are
defined by a set of models for decision-making.
Because of this, the systems approach is always
comprehensive.

The technical base helps increase crop yields
in less time, while smart machinery reduces the
need for resources and costs [19]. Because of
this, to improve the efficiency of machine tech-

'Dobrotvorskaya N.I. The structure of the soil cover in the system of agroecological land assessment in the forest-steppe of
Western Siberia: extended abstract of Doctor’s thesis in Agriculture, Barnaul, 2009, 40 c.

2Knyazeva E.N., Kurdyumov S.P. Laws of evolution and self-organization of complex systems. Moscow: Science, 1994, 236 p.
3Fedorenko V.F. Information support for resource conservation issues in the engineering and technical sphere of the agro-indus-
trial complex // Machine-technological support for increasing labor productivity in crop production and animal husbandry: collection

of scientific documents. XIII International scientific and practical conf. "New technologies and equipment for resource conservation
and increasing labor productivity in agricultural production". Moscow, 2005, vol. 1, pp. 272-283.
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nologies, it’s necessary to change the principles
behind how machines are designed. Changing
the operating principle means a new techni-
cal system emerges. From a systems approach,
evaluating a technical tool should be done by
looking at the growth in crop yields for the grain
complex, as well as the reduction in losses and
resource intensity. The output of the system is
the function of the system's impact on the envi-
ronment with lower costs, and eliminating losses
is an economic task. The usefulness of a product
is assessed taking into account negative conse-
quences [20]. All developments and innovations
should ensure the maximum use of the country's
natural and climatic potential, so knowledge of
their characteristics is needed (see Table 1).

For a competitive grain-product complex
(3.0 t/ha — average global yield), intensive tech-
nologies are needed, which corresponds to the
accepted classification [2]. Yield forecasts in the
EU and Russia are presented in [21] (see the fig-
ure).

The development of the economy in the
Russian Federation is in stagnation [22]. In-
tensive-type technology is used by 10-15% of
farms [23, 24]. Forecasts of cereal crop yields
in the Russian Federation and resource costs for
the period up to 2020 are shown in Table 2, the
methodology algorithm is based on the hierar-
chy method* — in Table 3.

Data analysis [2] allows us to conclude: in
the European Union, grain production yields are

Taoa. 1. [IpousBoactBo u noTpedieHNe 3ePHOBBIX KYJIBTYp Ha Ty HACEICHHS

B CubupckoM ¢enepanbHoM okpyre u Cubupu

Table 1. Production and consumption of grain per capita in the Siberian Federal District and Siberia

Production of grains and Grain production o k
legumes, thousand tons rain proguction per captta, kg P . . £
The Siberian region er capita consumption o
cereals and legumes, kg
2020-2024 (on 2024 2020-2024 (on 2024 2024, % to the
average) average) average

Republic of Altai 10,0 9,3 47 44 93,6 192
Republic of Tuva 14,9 5,6 44 17 38,6 150
Republic of 152,7 123.,6 287 234 81,5 245
Khakassia

Altai Territory 5048,5 5565,7 2357 2631 111,6 1053
Krasnoyarsk Territory 2511,7 1930,2 881 678 77,0 527
Irkutsk Region 830,8 632,5 354 271 76,6 481
Kemerovo Region 1389,9 1130 540 444 82,2 468
Novosibirsk Region 2789,9 24127 998 865 86,7 686
Omsk Region 3043,8 3819,9 1655 2101 127,0 957
Diberian Federal 16169.6 | 159123 969 960 99.0 646

istrict

Republic of Buryatia 115,6 108,8 118 112 95,0 356
Transbaikal Territory 143,0 96,6 144 98 68,0 428
Siberia 16428,1 16117,7 881 870 98,8 619

4Saati T. Decision making. The analytic hierarchy process. Moscow: Radio and Communications, 1993, 320 p.
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Yield, ¢/ha
Yield, c/ha — )
Intensive
Folk, simple —
110
21st century technologics
and crop yields based on the level 50
of knowledge embedded in them 20 30 70
10 12 30 >0
20
12
Years

> 1910-1919 1920-1939 1940-1959 1960-1979 1980-2000 2050

Peasnmsanus TexHosmornueckux pecypcon B XX B. Ha puMepe EBpornsl
The implementation of technological resources in the 20th century: the case of Europe

Ta6a. 2. IIporao3 pacnpocTpaHeHHs U 3aTpaThl MaTePHAIbLHO-TEXHUUECKUX PECYpCOB ISl TPOU3BO/I-
CTBa 3EPHOBBIX U 3epHOO000BBIX KyIbTYp Poccuiickoit @enepannn ua 2020 .

Table 2. Forecast of distribution and costs of material and technical resources for the production of grain
and leguminous crops in the Russian Federation for 2020

. Application Productivity (by Resource costs per 1 ha of crops
Indicator volume, min main zones), c/ha
ha, % ’ motor fuel, kg | fertilizers, kg a. i. | pesticides, kg
Grain crops 64 27
Normal technologies: 32/50 23
mouldboard 7 25 120 Jo 80 Ho 1
non-mouldboard 4 24 105 o 85 Jo 1,1
minimal 12 21 90 1o 90 Jo 1,5
null 9 20 75 Jo 100 Ho 3
Intensive technologies:
mouldboard 10 34 130 >140 Jo 2,5
non-mouldboard 5 32 115 >140 Jo3
minimal 10 29 105 >160 Ho 3.5
null 7 27 95 >180 Ho 4,5

guided by long-term forecasts, while in the Rus- the Russian Federation, they will be 27 c/ha until
sian Federation they rely on medium- or short- 2020 (see Table 2); S-shaped curves are used to
term forecasts; in the European Union, grain describe innovative developments as well as the
production yields will reach 110 c¢/ha by 2050; in  yields of agrocenoses (GC)°. In the work [32],

SKushnarev A.S., Ignatiev E.I., Utenkov G.L., Utenkova T.1. Environmental problems of MTA application // Actual problems of
agriculture in mountain territories: Proc. of the VI International scientific-practical conf. Gorno-Altaisk, 2017, pp. 352-357.

¢Foster R. Innovation: the attacker$ advantage; trans. from English / general. ed. by V.I. Danilov-Danilyan. Moscow: Progress,
1987, 272 p.
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five laws of progress are formulated. The mean-
ing of progress lies in the possibility of saving
both living and materialized labor, reducing the
cost of produced goods, increasing human life
expectancy, and moving toward social progress.
It's necessary to meet the conditions for sustain-
able and balanced development, so the function-
al relationships obtained reveal the existing re-
serves of agroecosystem efficiency and serve as
a basis for digitalization.

CONCLUSION

The conducted literature analysis makes it
possible to identify existing reserves, outline
the problem, and synthesis helps to solve it.
The methodology determines the directions of
growth and development of agrocenoses through
a system of management impacts of technologies
and their technical support on the soil, taking
into account multidisciplinarity, and allows
identifying the main reasons for the increase in
energy intensity of crop production technologies,
caused by HSSC; justify the rational structure
of crop and livestock industries; justify the
yield size of the grain product complex as an
integral indicator of agriculture and determine
the necessary level of technologies and
their technical support; argue for a rational
structure of technology intensification levels
and the structure of primary soil cultivation;
develop a flexible automated soil cultivation
technological complex for complex systems;
for diagnosing soil properties, use its hardness,
and use the obtained functional relationships for
digitalization. At the same time, yield should be
described by the B-distribution, and S-shaped
Foster curves should be used to describe
innovative developments (see footnote 6).
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