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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2026-3-1 Twrr cTaThu: OpUTHHATIBHAS
VIK 631.861:631.95 Type of article: original

IMonyyenue u anpodanus Ouonpenapara JJjs pacTeHueBOACTBA
HAa OCHOBE KYPHHOI'O NOMeTAa

(<)BacuaneBa E.A., PabunoBuu I'.10.

Dedepanvhblii ucciedosamenvckuti yeump «llousennviti uncmumym um. B.B. Jlokyuaesar
Mocxksa, Poccus

(<)e-mail: 2016vniimz-noo@list.ru

Crarbs mocBsimeHa npobiemMe mepepadoTKH MTHYBETO IMoMeTa. PaccMOTpeHbl OMOTEXHOIOTHYE-
CKHE IPUEMBbI MTOTYUYEHHUS KHUIKOro OHonpenapara AJisl pacTeHUH Ha OCHOBE KypuHOro nomera. Mc-
CJICZIOBaHUS NPOBEJCHBI Ha 0a3e Bcepoccuilckoro HayyHO-HMCCIIEA0BATEICKOIO HHCTHTYTA METHO-
pupoBaHHbIX 3eMenb (TBepckast obnacts). [To uToram skcriepuMeHTOB MOI0OPaHbl ONITUMAJIBHBIC T1a-
pameTphl Ipoliecca NoxydeHus Ouornpenapara ¢ HCIoJIb30BaHUEM IIpUeMa MSITKOH dKcTpakuuu. Tak
KaK MHOTHE COEJIMHEHHUsI NPUCYTCTBYIOT B KYPHHOM IMOMETE B BOJOPACTBOPUMON (hopme, TIpU IKC-
Tpakuuu OOJbINAS UX YaCTh IEPEXOMUT B pacTBOp. lIpu MCIIOIB30BAaHUM KUIKUX MOJKOPMOK pac-
TEHMS IOJY4aloT MUTAaHUE B BUJE KOHLEHTPUPOBAHHOIO PAcTBOPA, U TAKYI0 MX CTUMYJISLUIO IPU
HEOOXOIMMOCTH MOKHO OCYIIECTBIISITh HA MMPOTSDKEHUU BCETO BETETAMOHHOTO CE30HA. DKCTParupo-
BaJIM MOACTHJIOYHBIM KYPHUHBIA IOMET TOOUYHON AaBHOCTH Ipu Temieparype 70 °C BOAHBIM pacTBO-
POM XJIOPHCTOTO HATPUs B pa3HbIX KOHLEHTpauusax (3, 5 u 7%) u npu pazHOM Ipo0HKUTEIBHOCTH
Bo3zelcTBusA (2, 4 u 6 4). MccnenoBaB MONMy4eHHBIE BBITSKKH, OTMPEACTIIIN ONTUMAIBHBIN peXuM
9KCTPAKLMH: COOTHOILEHHE HCXOMHOTO ChIPbsl M 3KcTparenTa — 1 : 10, KoHIeHTpa1us pacTBopa XJIOpH-
cToro Hatpus — 5%, Bpemst SKco3uuy — 6 4. [Ipu coOmonennn yka3aHHbIX TapaMeTpOB B IIOTY4EH-
HOM Omornpenapare HabIoganach BEICOKast (pepMEHTAaTHBHAS aKTUBHOCTD: y KaTaja3bl OHa COCTaBUIIA
2,45 E/mn, y nemmonassl — 0,28 mkr mmoko3bl/0,2 1/cyT, y nHBepTassl — 168 Mr rimoko3sl/r/cyT. Tak-
ke 3auKcupoBaHO HAMOOJIBIIEE COACPIKAHUE YITICBOMIOB: peaylupyomue caxapa — 0,20%, riroko-
3a— 0,10, ppyxrosza — 0,23%. Onpenensiics OIaronpUsATHBIA KOHCOPITYM MUKPOQIOPHI: KOITHYECTBO
cMelaHHbIX MUKpoopranu3moB — 4,0x107 KOE/mi1, Mosounokucibix Oakrepuit — 2,6x105 KOE/mit.
D¢ pexTUBHOCTH OMOTIpenapara ONpeAessUIN B 1a00paTOPHOM HKCIIEPUMEHTE 10 BCXOXKECTH CEMSIH U
pa3BuTHIO pacTeHUH JbHa copTa Hagexna. [Ipu oO6paboTke cemsiH OnompenaparoM JOCTOBEPHO yBe-
JMYUIIAch AJTMHA TPOPOCTKOB (Ha 19,3% mpu noze 5 M/, Ha 16,9% npu noze 10 mi/n, va 21,5% npu
no3e 15 mit/im), Macca cyXux MPOPOCTKOB yBEJIMYMIIACH OoJiee ueM B 2—3 pa3a (BO BCEX pa3BelCHUSIX),
YTO JJOKa3bIBaeT 3((HEKTHBHOCT MPUMEHEHHSI HOBOTO OHOTIpenapara.

KiroueBble ci10Ba: KypuHBIN IOMET, SKCTPaKLMs, OMONpenapar, yrieBobl, pepMeHTaTUBHAS aK-
THUBHOCTb, MUKPOQIIOpa

Production and testing of a biopreparation for plant growing based
on chicken manure

<) Vasilyeva E.A., Rabinovich G.Yu.

Federal Research Center "Soil Institute named after V.V. Dokuchaev"
Moscow, Russia

(C<)e-mail: 2016vniimz-noo@list.ru

The article focuses on the problem of poultry manure processing. Biotechnological methods for
obtaining a liquid biopreparation for plants based on chicken manure are considered. All studies were
conducted at the All-Russian Research Institute of Reclaimed Lands (Tver Region). Based on the
results of the experiments, optimal parameters for the process of obtaining a biopreparation using
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Production and testing of a biopreparation

Vasilyeva E.A., Rabinovich G.Yu.

for plant growing based on chicken manure

a soft extraction technique were selected. Since many compounds are present in chicken manure in
water-soluble form, most of them go into solution during extraction. When using liquid fertilizers,
plants receive nutrition in the form of a concentrated solution and such stimulation can be carried out,
if necessary, throughout the entire growing season. Chicken manure from a year ago was extracted at
a temperature of 70 °C with an aqueous solution of sodium chloride in different concentrations (3, 5
and 7%) and for different durations of exposure (2, 4 u 6 hours). Having studied the obtained extracts,
the optimal extraction mode was determined: the ratio of the initial raw material and extractant is 1:10,
the concentration of the sodium chloride solution is 5%, the exposure time is 6 hours. When the
specified parameters were met, high enzymatic activity was observed in the resulting biopreparation:
catalase (2.45 U/ml), cellulase (0.28 pg glucose/0.2 g/day) and invertase (168 mg glucose/g/day). The
highest carbohydrate content was also recorded: reducing sugars (0.20%), glucose (0.10%) and fructose
(0.23%). A favorable microflora consortium was identified: the number of mixed microorganisms was
4.0x107 CFU/ml, lactic acid microorganisms — 2.6x105 CFU/ml. The biopreparation effectiveness
was determined in a laboratory experiment on seed germination and development of flax plants of the
Nadezhda variety. When the flax seeds were treated with the biopreparation, the length of the sprouts
reliably increased (by 19.3% at a dose of 5 ml/l, by 16.9% at a dose of 10 ml/1), and by 21.5% at a dose
of 15 ml/l), the mass of dry sprouts increased more than 2—-3 times (in all dilutions), which proves the

effectiveness of the new biopreparation.

Keywords: chicken manure, extraction, biopreparation, carbohydrates, enzymatic activity,

microflora

Jos uutupoBanus: Bacunvesa E.A., Pabunosuy I FO. TlonyueHue u anpoOarius Ouonpenapara Jjisi paCTeHHEBOICTBA Ha OCHOBE
KypuHOTro riometa // CHOMpCKHit BECTHHUK celbckoxo3siictBenHoM Hayku. 2026. T. 56. Ne 3. C. 5-13. https://doi.org/10.26898/0370-
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INTRODUCTION

Being a by-product of the poultry industry
and widely used as fertilizer, chicken manure
has a rich composition: total nitrogen — 3.0%,
calcium — 6.5%, phosphorus — 2.0%, potassi-
um — 2.0%, magnesium — 0.6%, lysine — 0.22%,
aspartic acid — 0.48%, threonine — 0.17%, ser-
ine — 0.19%, glutamic acid — 0.69%, glycine —
0.23%, alanine — 0.30%, leucine — 0.21%, tryp-
tophan — 0.84% (relative to air-dry matter). In
addition, the following trace elements were
found in chicken manure: copper — 0.008%,
manganese — 0.004%, zinc — 0.0026%, cobalt —
0.08%, sulfur — 0.14%, boron — 0.005% [1, 2].

It's important that it contains humic substanc-
es, which can specifically affect plant growth

because they have a hormone-like effect simi-
lar to auxin. In terms of how it affects crop pro-
ductivity, manure is close to mineral fertilizers.
However, most of the nitrogen and phosphorus
in it is in organic form. The phosphorus in chick-
en manure hardly binds in the soil as insoluble
phosphates, so when it mineralizes, plants use
it much more efficiently than phosphorus from
mineral fertilizers' [3, 4].

According to M.V. Semenov and co-authors
[5], using chicken manure as compost helps im-
prove the porosity and aeration of the soil, re-
duce its density, and increases the pH on aver-
age by 0.2-0.4 units. Using compost made from
chicken manure helps boost biological activity,
microbial diversity, increases carbon content in
microbial biomass (by 25-75%), and also boosts

ISchmidt A.G. Using chicken manure to optimize the nutrition of agricultural crops in the southern forest-steppe of Western
Siberia: Extended abstract of a candidate’s thesis in agricultural sciences. Omsk, 2020, 24 p.
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Tomy4enune u anpobanus 6uonpenapara s pacTeHHEBOACTBA
Ha OCHOBE KypHHOIO ITOMeTa

Bacunbesa E.A., Pabunosuu I"10.

soil enzyme activity (phosphatases and catalases
by 5-7 times, ureases by 3—5 times).

Since all minerals, including most macro-
and microelements, are present in manure in a
water-soluble form, and therefore easily acces-
sible to plants, it's clear that a significant portion
of them goes into the solution during extraction.
In addition, it is known that liquid fertilizers are
often preferable, since using them allows plants
to get nutrients in the form of a concentrated
solution of macro- and micronutrients, and they
can be fed throughout the growing season.

Some researchers who developed methods
for producing liquid fertilizers and preparations
using biotechnological techniques extracted bio-
logically active substances from bird droppings
specifically in liquid form?*. At the same time,
the specifics of the methods for extracting them
vary. For example, A.A. Sboev and others sug-
gest obtaining a solution of biologically active
substances through hydrolysis in the presence
of an alkaline solution and subsequent meso-
philic anaerobic fermentation (see footnote 4).
This solution, containing humic acids and bi-
ologically active substances, is recommended
for use not only in crop production but also in
animal husbandry. The product has been tested
both as a seed germination activator and as a bi-
ologically active supplement for broiler chicks.
At the same time, this method of producing the
bioproduct is quite complex and labor-intensive,
which leads to its higher cost. The study by M.S.
Yesenamanova and co-authors deserves atten-
tion [6], as part of which, by extracting nutrients
into a water solution from poultry manure, they
obtained not only a complete biofertilizer but
also biogas.

Research results from various authors con-
firm that liquid biopreparations and biofertilizers
made from chicken manure contain a complex

of valuable organic compounds, macro- and mi-
croelements necessary for the normal life pro-
cesses of plants and help stimulate their growth.
At the same time, the most important factors are
the accessibility and low cost of biotechnolog-
ical processes related to extraction. These are
exactly the factors we considered when carrying
out a series of experiments in this area.

The purpose of the study is to find the best pa-
rameters for producing a bioproduct from chick-
en manure using a gentle extraction method to
increase the amount of biologically active and
physiologically beneficial substances that can be
obtained.

MATERIAL AND METHODS

They used bedding chicken manure (bed-
ding — sawdust) that was a year old from a dump
near the "Verkhnevolzhskaya' poultry farm in the
Tver region for the extraction. This raw material
had basically undergone natural composting and
fermentation. The extraction of the initial litter
was done using an aqueous solution of sodium
chloride (NaCl) at different concentrations (3, 5,
and 7%), with the optimal concentration deter-
mined experimentally.

To choose the most optimal extraction mode,
the effect of the interaction duration between
chicken manure and the extractant was stud-
ied. Extracts obtained after 2, 4, and 6 hours of
extraction were examined. The temperature re-
gime was the same in all cases and was 70 °C.
The extraction of biologically active substances
from chicken manure was done at a raw material
to extractant ratio of 1:10 based on absolutely
dry matter. In the resulting extracts, they deter-
mined: the acidity of the medium (pH), carbo-
hydrate content (the Issekutz method), enzyme
activity (catalase — according to Bach and Opa-

Patent 2523839 Russian Federation, IPC CO5F3/00. A method for preparing liquid organic fertilizer / Kovalev F.M.; applicant
and patent holder the OOO “Voronezh Environmental Company”’; applied 16.12.11; published 27.07.14, Bulletin No. 21. 1 p.

SPatent 2051591 Russian Federation, IPC A23K 1/00, CO5F 3/00. A method for preparing feed or fertilizer from bird droppings /
Malofeev V.I.; applied 11.10.90; published 10.01.96, Bulletin No. 1. 5 p.

“Patent 2687452 C1 Russian Federation, IPC COSF 3/00. A method for obtaining a solution of biologically active substances
from bird droppings / Sboev A.A., Shuverov V.M., Doctor B.U.; applicant and patent holder OOO “Plaza-City”; applied 09.28.18;

published 05.13.19, Bulletin No. 13. 7 p.

3emiieienue U XUMH3aIvs
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Production and testing of a biopreparation
for plant growing based on chicken manure

Vasilyeva E.A., Rabinovich G.Yu.

rin, cellulase and invertase — by the colorimetric
method), total microbial count, and the number
of lactic acid bacteria (the Koch method).

The effectiveness of the biopreparation was
studied in a lab experiment on the germination
of seeds and the growth of flax plants of the
Nadezhda variety. The doses of the preparation
were: 0.5; 1.0; 3.0; 5.0; 7.0; 10.0; 15.0; 20.0 ml
per liter of water. The control used only water.
For each test, 25 flax seeds were taken. The ex-
periment was done in triplicate. They measured
germination energy, as well as the length and
mass of the test plant seedlings.

RESULTS AND DISCUSSION

Aqueous sodium chloride solution was cho-
sen as the extractant because of its stabilizing
properties for most microorganisms, since it is
known that bird droppings are highly populated
with various microflora [7]. At the same time, it
was necessary to preserve most of the native mi-
croflora and inhibit the rapid growth of unwant-
ed microorganisms during extraction to reduce
nutrient loss.

The pH in the tested extracts didn’t depend
on the duration of the extractant exposure (see
Table 1). There was a tendency for the pH to
slightly decrease as the NaCl concentration in-
creased up to 7%. The alkaline reaction of the
biopreparation suggests that it contains humic
acid, which is soluble in water at neutral and al-
kaline pH, and fulvic acid, which is soluble in
water regardless of the pH level [8].

As the exposure time increased, catalase ac-
tivity went up. The highest catalase activity was
observed across all exposure durations (2, 4,
6 hours) at a 5% NaCl solution concentration.
This finding aligns with the results of other stud-
ies, which show that catalase activity increases
when a mild salt stress is present®. In our case,
when the salt solution concentration increased
to the highest value (7%), the process was sup-
pressed and the enzyme activity decreased.

As the extraction time increased, cellulase ac-
tivity went up: the highest value was recorded
after a 6-hour exposure. It's known that cellu-
lase is resistant to the effects of salts®. However,
within the experiment we conducted, this state-
ment was confirmed only with a 6-hour expo-

Taoxa. 1. Bausaue KOHICHTPALIMU paCTBOpA HATPUA XJIOPpUJa U BPEMCHU 3KCITIO3UINU HAa KUCIIOTHOCTD

CpeZbl U aKTUBHOCThH ()epMEHTOB

Table 1. Effect of sodium chloride solution concentration and the exposure time on the environment pH

and enzyme activity

Exposure NaCl, CON- | Variant H Catalase activity, | Cellulase activity, pg | Invertase activity,
time, h centlr;tlon, number p U/ml glucose/0.2 g/day mg glucose/g/day

3 1 8,4+0,16 1,29 £ 0,66 0,21 £0,05 258 £ 1,15

2 5 2 8,6 0,14 1,67 £ 0,29 0,20+£0,03 214 +4,33

7 3 8,5+0,15 1,26 £ 0,46 0,17 £ 0,06 190 £ 7,32

3 4 8,6 £ 0,20 1,07 £0,32 0,23 £0,03 262+ 1,15

4 5 5 8,6 0,14 1,77+ 0,25 0,20 £ 0,05 187+2,35

7 6 8,5+0,17 1,82 +0,37 0,16 +0,03 115 +2,87

3 7 8,5+0,15 1,22 +£0,30 0,24 + 0,07 247 + 3,05

6 5 8 8,6 £0,20 2,45+ 1,20 0,28 0,05 168 + 6,93

7 9 8,3+0,11 1,67 £ 0,44 0,29 +£0,03 175 £+ 8,66

*Alieva D.R., Babaev G.G., Azizov L.V, Effect of increasing NaCl concentration on photosynthesis and catalase activity of

Dunaliella salina cells // Bulletin of Dnepropetrovsk University.

Biology. Ecology, 2009, Issue 17, vol. 1, pp. 3-9.

°4sha B.M., Sakthivel N. Production, purification and characterization of a new cellulose from Bacillus subtilis, that exhibit
halophilic, alkalophilic and solvent-tolerant properties // Annals of microbiology, 2014, vol. 64, pp. 1839-1848.
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sure, while with 2- and 4-hour exposures there
was a tendency for the activity of this enzyme to
decrease. The difference could be related to the
thermophilic nature of cellulase, which showed
increased activity when chicken manure was ex-
posed to heat for a longer period.

In all exposure scenarios, there was a clear
decrease in invertase activity as the concentra-
tion of saline solution increased. The reason sa-
linity negatively affects invertase is that it's an
extracellular enzyme, so the destruction of some
of the bacterial cells that produce invertase, un-
der the influence of the pollutant (sodium chlo-
ride in this case), can lead to a drop in its pro-
duction [9].

The presence of available forms of carbo-
hydrates indicates the biological value of the
preparation. It is known that monosaccharides
stimulate the development of microflora, help
transform humic substances, and catalyze seed
germination and seedling growth’ [10].

In the bird droppings extract, reducing sug-
ars (0.13-0.22%), glucose (0-0.12%), fructose
(0.15-0.26%), and sucrose (0.06-0.26%) were
found (see Table 2). There was no clear relation-

ship between sugar content and extraction time
or salt solution concentration. Regarding glu-
cose, it’s worth noting that the amount increased
in all exposure variations at a 7% sodium chlo-
ride concentration.

Looking at the extraction process from a mi-
crobiological point of view, you can see that in-
creasing the exposure time from 2 to 4 hours led
to a rise in the total amount of mixed microflo-
ra, but with further extraction (6 hours), it de-
creased. This can be explained by the prolonged
effect of high temperature (70 °C) and, as a re-
sult, the suppression of the microflora (see Table
3). Lactic acid microorganisms reacted weakly
to changes in extraction time, while increasing
the salt solution concentration only positively
affected their growth with a 2-hour exposure.

Considering the growth of microorganisms
in the obtained extracts, the optimal options
should be considered 3 and 7-9, since here, in
the overall mix of microflora, the largest share
was made up of lactic acid bacteria, which are
more desirable and beneficial. Lactic acid bac-
teria show competitive and antagonistic activity
against many pathogenic microorganisms and

Taoa. 2. Biuusaue KOHLICHTPALIUU paCTBOPA HATPHA XJIOpUJa U BPECMCHH SKCIIO3ULINHU HA COACPIKAHUC

AOCTYIIHBIX YTJICBOAOB

Table 2. Effect of sodium chloride solution concentration and the exposure time on the content of

available carbohydrates

R
time, h o, | number glucose fructose sucrose reducing sugars
3 1 Traces 0,26 £0,11 0,17 +0,08 0,22 +0,09
2 5 2 » 0,17+ 0,06 0,08 + 0,03 0,14 + 0,06
7 3 0,12+ 0,05 0.23 + 0,08 0.11 = 0,06 0.20 0,07
3 4 0,03 £ 0,01 0.21 + 0,09 0,26 + 0,07 0.18 + 0,08
4 5 5 Traces 0,23 +£0,06 Traces 0,19 +0,05
7 6 0,05 +0,03 0,15+0,05 0,16 £ 0,08 0,13 +0,04
3 7 Traces 0,22 + 0,06 0,04 + 0,03 0,19 + 0,07
6 5 8 0,10 £ 0,04 0,23 +£0,08 0,06 + 0,03 0,20 +0,07
7 9 0,10 £ 0,06 0.25+0.10 0,10 £ 0,05 0,22 £ 0,09

'Kireycheva L.V., Peregudov S.V,, Shilova E.Yu. The use of a fertilizer-ameliorating mixture based on sugar production waste to
improve the fertility of low-productivity soils // Agrochemical Herald. 2010, No. 1, pp. 22-24.
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can produce antibiotics, proteins, acids (both or-
ganic and fatty), phenols, and other compounds.
They can also colonize plant root systems, there-
by preventing them from being infected by phy-
topathogens [11-13].

Based on the results obtained, the optimal
extraction mode for chicken manure was cho-
sen: exposure time — 6 hours, temperature — 70
°C, NaCl concentration — 5-7%. To determine
its effectiveness under laboratory conditions, an
experiment was conducted on seed germination
and flax plant development. The study was car-
ried out with different doses of the preparation
(see Table 4, the figure).

According to the data in the figure, treating
flax seeds with the tested preparation didn’t af-
fect their germination (no significant difference
was found). At the same time, the length of the
seedlings increased significantly: by 16.9% at a
dose of 10 ml/1, by 19.3% at 5 ml/l, and by 21.5%
at 15 ml/l (compared to the control). There was
also an increase in the dry weight of the seed-
lings in all cases (more than 2-3 times), except
at the 5 ml/l dose.

Ta6a. 3. Biusiare KOHIIEHTPAINH PACTBOPA
HATPHSL XJIOPHJIA U BPEMEHH DKCITO3UIINU
Ha YUCICHHOCTh MUKPOOPTaHU3MOB

Table 3. Effect of sodium chloride solution
concentration and the exposure time on the number
of microorganisms

CONCLUSION

In the study, a method of producing a plant bi-
opreparation from chicken manure using gentle
extraction was investigated. Based on a series of
experiments, the most optimal extraction condi-
tions were chosen: the raw material to extractant
ratio (aqueous NaCl solution) — 1:10, tempera-
ture — 70 °C, salt solution concentration — 5%,
exposure time — 6 hours. In this extraction mode,
the extract showed high catalase activity (2.45
U/ml), cellulase (0.28 pg glucose/0.2 g/day)
and invertase (168 mg glucose/g/day), the high-
est content of reducing sugars (0.20%), glucose
(0.10%) and fructose (0.23%) with favorable
microbial levels (total microbial count —4.0x107
CFU/ml, lactic acid bacteria — 2.6x10° CFU/ml).

Treating flax plants with the obtained prepa-
ration showed its effectiveness: the length of the
sprouts increased significantly (by 19.3, 16.9,
and 21.5% at doses of 5, 10, and 15 ml/I respec-
tively), and the dry weight of the sprouts also
grew more than 2-3 times in almost all cases.

Ta6a. 4. Bimsnue npenapara Ha BCXOXKECThb
CeMSH U pa3BUTHE pacTeHui ibHa (M + m, n = 3)

Table 4. Effect of the preparation on seed
germination and development of flax plants
M=Em,n=73)

) ) Weight of sprouts, g
Expo- NC?)E_I’ Variant miz(r)(t)?)lial Lactic acid bacte- Experiment option o ary
t_sureh centra- | number count, rch[(J);m{, W 1
1me, B on, o CFU/ml m ater (control) 0,92+ 0,03 0,10+ 0,01
3 1 4,2%108 7,5%10° Preparation, ml/I:
0,5 0,78 + 0,07 0,23 + 0,04*
9
2 > 2 | L75x10 3,0x107 1,0 0,89+£0,02 | 022+0,01%
7 3 2,4x108 1,15%10° 3,0 1,03 + 0,08 0,32 + 0,03%*
3 4 1,2x10° 3,08x103 5.0 0,96 + 0,03 0,09 + 0,02
4 5 5 4,8x10° 2,0%10° 7,0 0,88 +0,07 0,21 +0,03**
- P 5,010 1.82%10° 10,0 1,00+ 0,11 0,29 + 0,03%*
15,0 0,94+0,18 0,27 +0,01%*
3 7 6,0x107 1,8x105
20,0 0,98 + 0,26 0,27 + 0,02%*
6 5 8 4,0x107 5,5%10°
7 9 3,2x107 2,6x10° *p <0,10.
*#kp < 0,05.

10  Siberian Herald of Agricultural Science ¢ 2026 « 56 + 3

Agriculture and chemicalization



Tony4enne u anpobanus Guonpenapara s paCTeHUEBOICTBA
Ha OCHOBE KyPHHOTIO [OMETa

Bacunbesa E.A., Pabunosuu I"10.

b 12533 18.67 18.67 18,67 19:33 19,0 19,0 19,0 19,0

3 15701 15;30—f 115,67 15;35 1325

16 ) 14,22 2 13,82 14,46

u 13,13

12

10

8

6

4

2

0' Control '05m/ " Imyl ' 3mM ' Smyl " 7m1 " 1om1 ' 15mid ' 20min
Experimental variant

B Germination energy, pcs.

BrusiHue npemnapara Ha BCXOXKECTh U pa3BUTHE JIbHA

m Length of sprouts, cm

Effect of the preparation on the germination and development of flax

CIIUCOK JIMTEPATYPbI

1. Pabunosuu I'IO., Tpewkun M.A. Tlepepabot-
Ka Pa3HOBO3PACTHOTO KypHUHOTO TOMETa MyTeM
Mo U(UKaIK 0a30BOi TEXHOJIOTHH B OMOKOM-
MOCT U ero anpoodanus Ha kaptodene // Arpap-
HBI Hay4dHBIN KypHaiL. 2024. Ne 2. C. 45-54.
DOI: 10.28983/asj.y2024i2pp45-54.

Ilomanoe M.A., ®ponos /].U. TlepcneKTUBHI
MIPUMEHEHUS ITUYhETO IOMETA B BHUJIC OpPraHU-
YECKOTO YIOOpEHUs B CEIBCKOM XO3UCTBE //
WnHoBanmoHHass TEXHUKA W TexHomorus. 2024.
T. 11. Ne 2. C. 34-38.

Caooxuna TA., /lanunos B.11., [lempog A.D.,
Mamenvrosa E.A., Taspuney T.B., Pwibako-
6a K.H. BrusiHue opraHu4ecKnx ynoOpeHuil Ha
OCHOBE NTHYBEIO IOMETa Ha MPOAYKTHBHOCTH
KOPMOBBIX KYJIBTYD U MHUKPOOHOJOTHYECKHE
nokaszarenu moussl // BectHuk HoBocubOupcko-
TO TOCYIapCTBEHHOTO arpapHOro YHUBEpPCHTE-
Ta. 2021. Ne 4. C. 62-72. DOI: 10.31677/2072-
6724-2021-61-4-62-72.

Yexaes HII., Ianuyniun A.A. JleiictBue u mo-
CIIEZICUCTBHE TTHYBETO IOMETa Ha arpoXuMU-
YECKHE CBOWCTBA YEPHO3EMa BBIIICIOUEHHOTO U
MIPOYKTUBHOCTh CEITbCKOXO3SHCTBEHHBIX KYJIh-
Typ // ArpapHas Hayka. 2022. Ne 1. C. 102-105.
DOI: 10.32634/0869-8155-2022-355-1-102-105.
Cemenos M.B., JKenesosa A.J]., Kcenogpon-
moea H.A., Heanosa E.A., Hukumun J[.A. Ky-

PUHBIH TIOMET KakK OpraHM4YecKoe YHOoOpeHHe:
TEXHOIIOTUM KOMITOCTHPOBAHWS W BIUSHHE HA
MOYBEHHBIE CBoiicTBa (0030p) // Bromnerens
IlouBenHoro muctutyTa UM. B.B. JlokyuaeBa.
2023. Ne 115. C. 160-198. DOI: 10.19047/0136-
1694-2023-115-160-198.

Ecenamanoea M.C., Kycnaneanuesa A.I, /Jtoce-
xkenosa T.C., Ecenamanosa JK.C., Thenbepeeno-
6a A.E. Buonormueckas nepepaboTka NTHYBETO
MoMeTa C IoJlyudeHHueM Ouoraza u Omoymoope-
HUs // MeXITyHapOIHBIN KypHAN TMPUKIAIHBIX
u  QyHAaMeHTaJ bHBIX ucciaenoBanmid. 2018.
Ne 11-1. C. 85-89.

Hukugpoposa A.Il., Xazacaesa C.H., Xama-
eaesa M.C. UVccnemoBaHwe yCTOHYHMBOCTH
Lactobacillus sakei x ocMoTH4YecKOMy CTpec-
cy // TexHuKa ¥ TEXHOJOTHS MHUIIEBBIX MPOU3-
BojcTB. 2021. T. 51. Ne 3. C. 574-583. DOI:
10.21603/2074-9414-2021-3-574-583.
3aeapsuna A.I., [anuenxo H.H., /lemun B.B.,
Apmemvesa 3.C., Kocym b.M. ['yMUHOBBIE Be-
IECTBa — THUIIOTE3bl M peabHOCTh (0030p) //
ITouBoBenenue. 2021. No 12. C. 1449-1480.
DOI: 10.31857/S0032180X21120169.

Kysuna E.B., Paguxosea [I.®., Myxamam-
ovaposa C.P, lapunosa FO.FO., KopuiyHo-
eéa TIHO. buonormdyeckas aKkTUBHOCTh dHep-
HO3€Ma BBIIICJIOYCHHOTO MPH HEPTIHOM H
XJIOPUTHO-HATPUEBOM 3arpsi3HCHUU W BIUSHHUC
Ha Hee 00pabOTKM TaJOTOJIEPAHTHBIMH OaKTe-

3emiieienue U XUMH3aIvs

11

Cubupckuii BECTHHK CEIbCKOXO3SHCTBEHHON HayKH * 2026 ¢ 56 ¢ 3



Production and testing of a biopreparation
for plant growing based on chicken manure

Vasilyeva E.A., Rabinovich G.Yu.

10.

11.

12.

13.

pusimu-uedreaectpykropamu  //  IlouBoBene-
aue. 2023. Ne 1. C. 89-101. DOI: 10.31857/
S0032180X22600718.

bposaposa O.B. Tpanchopmanus TyMyCOBBIX
BEIIECTB JICPHOBO-NOA30JIMCTON MOYBBI IPH
arporeHHbIx Bo3zjuedcTBusix //  Ilimomoposue.
2021. Ne 6 (123). C. 17-22. DOI: 10.25680/
S19948603.2021.123.05.

Pocesckaa B.C., Tenmuyxaa JILM., Cemeno-
6a E.@. DpdekTuBHOCTH accolMauu MoJI04-
HOKHCJIBIX OaKTepHi C APOXKIKAMH B OTHOILICHHH
(DUTOTIATOTEHHBIX MHIICTHATBHBIX TPUOOB //
AxtyanpHas OuorexHomorus. 2020. Ne 3 (34).
C. 149-153.

Eeceesa E.A., ITonos B.U., 3axaposa E.b., Ila-
nacrox A.H. Bmustaue 3(pPeKTUBHBIX MUKPOOP-
TaHW3MOB Ha CHIDKEHHE TaTOTEHHOCTH TOYB B
Pa3HBIX MOYBEHHO-KIMMATHYECKHUX YCIOBUSIX //
JlanbHeBOCTOUHBIN arpapHblii BecTHHK. 2023.
T. 17. Ne 4. C. 25-38. DOI: 10.22450/1999-
6837-2023-17-4-25-38.

3azvikuna J1.A., I'ycee B.A. Bnusinue npenapara,
COZIepIKaIllero MOJIOYHOKHUCIIbIE OakTepuH, Ha
po1ecc KOMIOCTUPOBAaHUS 0€CIOACTHIOYHOTO
nomerta // [Ituna u nrunenpoayktel. 2024, Ne 6.
C. 64-66. DOI: 10.30975/2073-4999-2024-26-
6-64-60.

REFERENCES

1.

Rabinovich G.Yu., Treshkin I.A. Processing of
chicken manure of different ages by modify-
ing the basic technology into bio-compost and
testing it on potatoes. Agrarnyi nauchnyi zhur-
nal = Agrarian Scientific Journal, 2024, no. 2,
pp. 45-54. (In Russian). DOI: 10.28983/as;j.
y2024i2pp45-54.

Potapov M.A., Frolov D.I. Prospects for the use
of poultry manure as an organic fertilizer in ag-
riculture. Innovatsionnaya tekhnika i tekhnolo-
giva = Innovative Machinery and Technology,
2024, vol. 11, no. 2, pp. 34-38. (In Russian).
Sadokhina T.A., Danilov V.P., Petrov A.F,
Matenkova E.A., Gavrilets T.V., Rybakova K.N.
The impact of organic fertilizers based on poul-
try manure on fodder crop productivity and soil
microbiological parameters. Vestnik Novosibir-
skogo gosudarstvennogo agrarnogo universite-
ta = Bulletin of NSAU, 2021, no. 4, pp. 62-72.
(In Russian). DOI: 10.31677/2072-6724-2021-
61-4-62-72.

Chekaev N.P., Galiullin A.A. The effect and
aftereffect of bird manure on the agrochemical

10.

11.

properties of leached chernozem and produc-
tivity of agricultural crops. Agrarnaya nauka =
Agrarian science, 2022, no. 1, pp. 102—-105. (In
Russian). DOI: 10.32634/0869-8155-2022-355-
1-102-105.

Semenov M.V., Zhelezova A.D., Ksenofonto-
va N.A., Ivanova E.A., Nikitin D.A. Chicken
manure as an organic fertilizer: composting
technologies and impact on soil properties (a re-
view). Byulleten' Pochvennogo instituta im.
V.V. Dokuchaeva = Dokuchaev Soil Bulletin,
2023, no. 115, pp. 160-198. (In Russian). DOI:
10.19047/0136-1694-2023-115-160-198.
Yesenamanova M.S., Kuspangalieva A.G., Dy-
usekenova T.S., Yesenamanova Zh.S., Tlep-
bergenova A.E. Biological processing of bird’s
litter with receiving biogas and bio-fertilizers.
Mezhdunarodnyi zhurnal prikladnykh i funda-
mental'nykh issledovanii = International Jour-
nal of Applied and Fundamental Research,
2018, no. 11-1, pp. 85-89. (In Russian).
Nikiforova A.P., Khazagaeva S.N., Khama-
gaeva L.S. Tolerance of Lactobacillus sakei to
osmotic stress. Tekhnika i tekhnologiya pish-
chevykh proizvodstv = Food Processing Tech-
niques and Technology, 2021. vol. 51, no. 3,
pp- 574-583. (In Russian). DOI: 10.21603/2074-
9414-2021-3-574-583.

Zavarzina A.G., Danchenko N.N., Demin V.V.,
Artemyeva Z.S., Kogut B.M. Humic substan-
ces — hypotheses and reality (review). Pochvo-
vedenie = Eurasian Soil Science, 2021, no. 12,
pp. 1449-1480. (In Russian). DOI: 10.31857/
S0032180X21120169.

Kuzina E.V., Rafikova G.F., Mukhamatdyaro-
va S.R., Sharipova Yu.Yu., Korshunova T.Yu.
Biological activity of leached chernozem under
oil and sodium chloride pollution and the influ-
ence of treatment with halotolerant oil-distrac-
ting bacteria. Pochvovedenie = Eurasian Soil
Science, 2023, no. 1, pp. 89—-101. (In Russian).
DOI: 10.31857/50032180X22600718.
Brovarova O.V. Transformation of humus sub-
stances of sod-podzolic soil under agrogenic
influences. Plodorodie = Plodorodie, 2021,
no. 6 (123), pp. 17-22. (In Russian). DOI:
10.25680/519948603.2021.123.05.
Rzhevskaya V.S., Teplitskaya L.M., Semeno-
va E.F. Efficiency of the association of lactic
acid bacteria with yeast against phytopathoge-
nic mycelial fungi. Aktual’'naya biotekhnolo-

12

Siberian Herald of Agricultural Science * 2026 « 56 « 3

Agriculture and chemicalization



Tomy4enune u anpobanus 6uonpenapara s pacTeHHEBOACTBA
Ha OCHOBE KypHHOIO ITOMeTa

Bacunbesa E.A., Pabunosuu I"10.

giva = Topical Biotechnology, 2020, no. 3 (34),
pp- 149-153. (In Russian).

Evseeva E.A., Golov VI., Zakharova E.B.,
Panasyuk A.N. Impact of effective microor-
ganisms on reduction of soil pathogenicity in
different soil and climatic conditions. Dal'ne-

12.

vostochnyi agrarnyi vestnik = Far Eastern Agra-
rian Herald, 2023, vol. 17, no. 4, pp. 25-38. (In

NH®OPMAILINSA Ob ABTOPAX

(<)BacuabeBa Enena AsiekcanapoBHa, cTap-
MM HAydHBIH COTPYIHHUK, KaHIUAAT OHONOTHYC-
ckux Hayk; SPIN-xoxg 5859-2999, ORCID 0000-
0001-9108-8885; agpec anst mepenucku: Poccus,
170530, Teepckas obnacth, . Immayce, 27; e-mail:
2016vniimz-noo@list.ru

Padunosnu I'anmuna FOpbeBHa, miaBHBIN Ha-
YUHBIH COTPYAHHK, 3aBeIyroIlas OTIEJIOM, JOKTOP
Ouonorunueckux Hayk, npodeccop; SPIN-kon 1437-
3617, ORCID 0000-0002-5060-6241

Russian). DOI: 10.22450/1999-6837-2023-17-
4-25-38.
13. Zazykina L.A., Gusev V.A. Preparation with
lactobacilli influence on litterless litter compos-
ting process. Ptitsa i ptitseprodukty = Poultry
and Chicken Products, 2024, no. 6, pp. 64—66.
(In Russian). DOI: 10.30975/2073-4999-2024-

26-6-64-66.

AUTHOR INFORMATION

(<)Elena A. Vasilyeva, Senior Researcher,
Candidate of Science in Biology; SPIN-code 5859-
2999, ORCID 0000-0001-9108-8885; address: 27,
Emmaus, Tver Region, 170530, Russia; e-mail:
2016vniimz-noo@list.ru

Galina Yu. Rabinovich, Head Researcher, De-
partment Head, Doctor of Science in Biology, Pro-
fessor; SPIN-code 1437-3617, ORCID 0000-0002-
5060-6241

Jama nocmynnenusi cmamou / Received by the editors 30.10.2025
Jama npunsmus k nyénuxayuu / Accepted for publication 12.12.2025
Hama nyonuxayuu / Published 10.04.2026

3emiieienue U XUMH3aIvs

13

Cubupckuii BECTHHK CEIbCKOXO3SHCTBEHHON HayKH * 2026 ¢ 56 ¢ 3



https://doi.org/10.26898/0370-8799-2026-3-2 Tt cTaTei: OpUTHHATBHAS
VIK 631.8:633.112.1 Type of article: original

CoproBas cnenu¢puKka MUHEPAJIbHOIO0 MUTAHUSA
HOBBIX COPTOB SIPOBOM TBEPAOM MILEHHUIBI

C<)banadanosa H.®., Bopoukosa H.A., BosikoBa B.A.
OmcKutll azpapHulil HAY4YHbIL YeHmp

Owmck, Poccus

(><X)e-mail: natascha.balabanowa@mail.ru

Uzyuena coproBas crenuduka sipoBoil TBepaoi mieHunsl OMckuid Tona3, OMCKHN MajaxuT Ha
TIpUMEHEHNE MIUHEpaTbHBIX ynoopenui (0; Pys; P45+ HekopHEBas mogkopmka B a3y KoJomeHnus Nig;
N3oPyss; Py mpu mocese) B ycnoBusix Omckoro [Ipuupteimbs. [louBa myroBo-depHO3eMHas CpeaHe-
MOIIHAS TSHKENOCYNIMHUCTAsI, coaepkanue rymyca 6,3—6,5% (o Tropuny), noxsmxHoro dochopa u
oomenHoro kanust — 101-120 u 350—420 mr/kr nouss (1o YupukoBy) cootBeTcTBeHHO, pH — 6,5-6,7.
YcraHoBIIeHO, 4TO HOBBIE copra OMCKui Toma3, OMCKHII MaJlaxWT, 3asBICHHBIE KaK COpTa C MOBBI-
MIEHHBIM HHIIEKCOM TiroTeHa (0oiee 50%), yeTymaau Mo ypoKaiHOCTH COPTY-CTaHAapTy JKeMayKu-
Ha Cubupu Ha HeynoopeHHOM (oHe Ha 19 u 11% cooTBeTcTBeHHO. MakcumalbHas prbaBKa 3epHa
(0,35-0,37 T/ra) y HCTIBITYEMBIX COPTOB IOTy4YeHA B BapHaHTE BHECEHHUS MUHEPATBHBIX YI0OpeHUH
B 03¢ N3oP45 mpu arpoHoMuueckoil okynaemMoctu He Oojiee 5 Kr 3epHOM. Y copTa-CTaHAapTa OKy-
rmaeMocTh coctaBmia 10,4 xr 3epHa. BEISBICHO, 9TO comepkaHne BAIOBEIX (opM a3ota, ¢pochopa u
KaJiisl B 3epHE M COJIOME MIIIEHUI[bl aHAJIOTHYHO COPTYy-CTaHAapTy. Pacxon a3ora u Kajmus y copToB
OmMckuii Tona3z 1 OMCKUN MallaxUT IPEBBILIAT PACXOA 3THX JIEMEHTOB COpTa-cTaHaapra Ha 4,5-8,3
n 5,0-13,4 kr coorBercTBeHHO. KoadduuumeHTs! ucnonb3oBanust U3 nousbl U ynodpenuit (KUIT u
KNY) NPK y HOBBIX COPTOB HE OTIAMYAIUCH OT CTAHJApTa, 3a UCKII0UeHueM copTa OMCKHI MaJaxur:
KNY — 62%, na 11% abc¢. en. Hmxke, 9eM y copTa-cTanaapra. HanbomeInee conepskanne 6eka B 3epHe
06110 Y copTa OMckuii Manaxut —16,4 (HeynoOpeHHbIi (hoH), HHIEKC TItoTeHa y copra OMCKU# Tonas
monry4deH Ha ypoBHe 76,1%, y copra Omckuit Mmamaxut — 58,4%.

KitioueBble c1ioBa: spoBasi TBepAasi MIISHUIA, COPT, MUHEPaJbHbIE yI0OpEeHUs, ypOKaHHOCTh, Ka-
YEeCTBO 3epHA

Varietal specificity of mineral nutrition of the new varieties of spring
durum wheat

(<) Balabanova N.F., Voronkova N.A., Volkova V.A.
Omsk Agricultural Research Center

Omsk, Russia

() e-mail: natascha.balabanowa@mail.ru

The varietal specificity of spring hard wheat Omsky Topaz, Omsky Malachite was studied in re-
sponse to the use of mineral fertilizers (0; P4s; P45 + foliar feeding in the heading phase Nsq; N3oPus;
P,y at sowing) in the conditions of the Omsk Irtysh region. The soil is meadow-chernozem, medi-
um-deep, heavy loamy, with a humus content of 6.3-6.5% (according to Tyurin), mobile phosphorus
and exchangeable potassium of 101-120 and 350—420 mg/kg of soil (according to Chirikov), respec-
tively, and a pH of 6.5-6.7. It was found that the new varieties Omsky Topaz and Omsky Malachite,
declared as the varieties with an increased gluten index (more than 50%), were inferior in yield to the
Pearl of Siberia standard variety on an unfavorable background by 19 and 11%, respectively. The max-
imum increase (0.35-0.37 t/ha of grain) in yield in the tested varieties was obtained in the application
of mineral fertilizers at a dose of N3yP,s, with an agronomic payback of no more than 5 kg of grain. In
the standard variety, the payback was 10.4 kg of grain. It was revealed that the content of gross forms
of nitrogen, phosphorus and potassium in wheat grain and straw is similar to the standard variety. The
consumption of nitrogen and potassium in the Omsky Topaz and Omsky Malachite varieties exceeded
the consumption of these elements of the standard variety by 4.5-8.3 kg; 5.0-13.4 kg, respectively.
The coefficients of use of NPK from soil and fertilizers (CUN and CUF) of the new varieties did not
differ from the standard, with the exception of the Omsky Malachite variety: CUF — 62%, 11% ab.
units lower than that of the standard grade. The highest protein content in the grain was in the Omsky
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Malachite variety —16.4 (unfertilized background), the gluten index in the Omsky Topaz variety was
obtained at 76.1% and in the Omsky Malachite variety — 58.4%.
Keywords: spring durum wheat, variety, mineral fertilizers, yield, grain quality
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INTRODUCTION

Among the many natural and agrotechnical
factors that help improve fertilizer efficiency
and increase crop productivity, the variety plays
a big role' [1, 2]. An integral feature of the new
variety is its high yield with improved quality
parameters of crop products, making it popular
among producers.

Studies on the genotypic responsiveness of
agricultural plants have shown that the variety
accounts for 25 to 67% of the yield®. In this
regard, it's really possible to fully unlock the
crop's genetic production potential when it's
grown taking into account the methods of va-
rietal technology. These adaptive technologies,
in addition to the set of standard technological
practices, provide the plants with an optimally
balanced level of mineral nutrition throughout
the growing season.

There are quite a few studies showing that it’s
important to take a differentiated approach when
choosing the level of mineral nutrition, depend-
ing on the crop variety. Researchers have found
that the ability to significantly improve the use
of nutrients from fertilizers, and thus their re-
turn in the yield, is linked to the variety’s effect,
with the specifics of root nutrition being genet-
ically controlled?® [3, 4]. There are varieties that

can not only absorb significantly more nitrogen,
phosphorus, and potassium from the soil and
fertilizers, but also produce more organic mat-
ter per unit of absorbed element. Knowing the
nutritional characteristics of a particular variety
is an important way to increase the efficiency of
the mineral fertilizers used for that crop. On the
other hand, ignoring the traits of new varieties
can lead to a situation where a large part of the
fertilizers added to the soil ends up being useless
for the plants, and the costs of applying them are
not adequately compensated by increased yields.
Therefore, when introducing new varieties, it
makes sense to develop specific variety-focused
farming practices for the particular soil and cli-
mate conditions.

The purpose of the study is to look at how
new varieties of hard wheat respond to miner-
al nutrition conditions in the black soils of the
Omsk Irtysh region.

The research objectives are:

— set the qualitative and quantitative param-
eters for the removal and consumption of the
main nutrients;

— determine the responsiveness of spring du-
rum wheat varieties to doses and methods of ap-
plying mineral fertilizers;

— to identify the impact of the studied factors
on the formation of yield and grain quality.

IKrivobochek V.G., Semina S.A., Ostroborodova N.I. The response of spring soft wheat Arkhat variety to the introduction of
complex fertilizers / Volga Region Farmland, 2017, No. 2 (43). pp. 24-29.

2Voronkova, N.A. Biological resources and their importance in preserving soil fertility and increasing the productivity of
agrocenoses of Western Siberia. Omsk: Omsk State Technical University, 2014 p.

3Gamzikova O.I. Studies on plant physiology, agrochemistry and genetics of mineral nutrition. Novosibirsk: Agros, 2008, 372 p.
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The scientific novelty lies in the fact that for
the first time, under the conditions of the Omsk
Irtysh region on chernozem soils, the specifics
of mineral nutrition of new spring durum wheat
varieties with an increased gluten index have
been studied.

MATERIAL AND METHODS

The subject of the study is spring durum wheat
varieties Omsky Topaz, Omsky Malachite:

— Omsky Malachite: submitted for state va-
riety testing in the Russian Federation in 2022.
The variety was included in the State Register of
Breeding Achievements of the Russian Federa-
tion in 2025. It combines high yield and grain
quality (with a good gluten index);

— Omsky Topaz: submitted for state vari-
ety testing in the Russian Federation in 2023.
It combines adaptability, high yield, and grain
quality (with a good gluten index).

The research was conducted in 2021-2023 at
the experimental plot of the agrochemistry labo-
ratory of the Omsk Agricultural Science Center,
located in the southern forest-steppe zone of the
Omsk region.

Two-factor experiment design (3 x 5):

— factor A — variety: Pearl of Siberia (stan-
dard), Omsky Topaz, Omsky Malachite;

— factor B — mineral fertilizers: control (with-
out applying mineral fertilizers); P45 (main ap-
plication); P45 (main application) + foliar feed-
ing NP N3, (heading stage); N3yP45 (main appli-
cation); P, (pre-sowing application).

The experimental plot area was 20 m?, with
triple repetition, and systematic placement. The
forecrop was complete fallow. The seeding rate
was 5 million viable seeds per hectare. Mineral
fertilizers (ammonium nitrate, ammophos) were
applied manually during pre-sowing cultivation
according to the research design, P,y applied
locally at sowing. The sowing was done using
a SS-11 seeder. Non-root nitrogen fertilization
was carried out at the heading stage with urea,
using 200 liters of working solution per hectare.
During the tillering phase, the crops were treat-
ed with herbicide against weeds. Harvesting was
done with a Wintersteiger Quantum Plus com-
bine.

Laboratory and analytical studies of the soil
and plant samples were carried out using the stan-
dard methods. Nitrate nitrogen content was de-
termined using disulfo phenol acid according to
Grandval-Lajoux, available phosphorus and ex-
changeable potassium — from a single extract ac-
cording to Chirikov in the CINAO modification,
GOST 26204-91, with the final determination of
potassium by atomic absorption and phosphorus
colorimetrically, staining — according to Denig-
es. Plant samples for total nitrogen, phosphorus,
and potassium content were analyzed from a sin-
gle sample (V.V. Pinevich, 1955), and the gluten
index was determined according to GOST ISO
21415-2-2019. Data processing was done using
analysis of variance (B.A. Dospekhov, 2014).

The soil of the experimental plot was medi-
um-thick meadow-chernozem heavy loam, with
a humus content of 6.3—-6.5% (according to Tyu-
rin), pH 6.5-6.7, and mobile phosphorus and ex-
changeable potassium of 101-120 and 350420
mg/kg of soil (according to Chirikov), respec-
tively.

The weather conditions during the years of
research were characterized by not particular-
ly high air temperatures and extremely uneven
rainfall. The hydrothermal coefficient for May to
August averaged 0.76—1.02.

RESULTS AND DISCUSSION

The responsiveness of new spring durum
wheat varieties, whose grain gluten is character-
ized by a high gluten index, to the use of mineral
fertilizers has been studied. The pasta produc-
tion industry currently has special requirements
for gluten quality, assessed by the gluten index
(GI). Raw materials with a high index make it
possible to use high-temperature drying technol-
ogy for pasta, which helps increase productivity
and efficiency in pasta production. On the global
market, gluten quality is assessed by SDS-sedi-
mentation values (>40.0 ml) and the gluten in-
dex (>65.0%) [5-7].

The productivity of a variety is one of the main
indicators of how its genotype shows up when
interacting with the environment. Testing vari-
eties on different mineral nutrition backgrounds
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allows you to determine the genotype's response
norm to the level of nutrition. In this case, yield
is the main indicator of how the variety responds
to mineral nutrition conditions. Research results
showed that the yield of the Omsky Topaz and
Omsky Malachite varieties was 19% and 11%
lower than the Pearl of Siberia standard, respec-
tively, in the control version (see Table 1).

On average, for this factor, the yield of the
Pearl of Siberia standard (3.15 t/ha) exceeded
the yield of the tested varieties by 0.50-0.67 t/
ha. It can be assumed that, while lagging behind
the standard in productivity, the Omsky Topaz
and Omsky Malachite varieties, declared as the
varieties with improved grain quality character-
istics, compensated for this decrease with en-
hanced technological traits. The Pearl of Siberia
variety responded best to fertilizer application,
with an additional yield of 0.36-0.78 t/ha de-
pending on how it was applied. The yield of the
new varieties on fertilized backgrounds did not
exceed 0.37 t/ha. Yield analysis based on differ-
ent fertilizer applications showed that applying
a phosphorus fertilizer at a dose of P45 increased
the yield of Pearl of Siberia by 0.43 t/ha, while
the yield increase of the new varieties in this
option was almost half as much, at 0.25-0.26 t/
ha. With a binary combination of nutrients in the
fertilizer (N3yPys), the yield of the Pearl of Sibe-
ria variety was 3.49 t of grain/ha, which is 29%
higher than in the unfertilized variant. Applying

Nj3o on a P45 background gave a grain increase
of 0.35 t/ha. The response of the new varieties
to the application of nitrogen-phosphorus fertil-
izers (N3oP4s5) was lower than the standard. The
yield of the Omsky Topaz and Omsky Malachite
varieties in this case was at the level of applying
phosphorus fertilizer (P45), meaning the variet-
ies responded very weakly to additional nitro-
gen feeding (N3g). Similarly, all three varieties
behaved the same way when using foliar nitro-
gen feeding at a dose of N3, during the head-
ing phase. No significant increase in yield was
noted, which is quite natural since foliar feeding
is mainly aimed at improving the quality traits
of the grain [8, 9]. When applying phosphorus
fertilizers (P,( in rows at sowing), the yield of
the Pearl of Siberia variety was 0.62 t/ha higher
compared to the control. For the new varieties,
in the same setup, the additional grain obtained
was almost 3 times less (0.21-0.24 t/ha).

When calculating the fertilizer response co-
efficient (FRC), it was found that the standard
variety was the most sensitive (FRC — 129%) to
improved mineral nutrition conditions (it can be
classified as an intensive variety). For the new
varieties, the FRC did not exceed 115%. It was
found that only with a balanced nitrogen and
phosphorus mineral nutrition (variant N3oPys)
did durum wheat plants demonstrate maximum
response: from 114 to 115% for the new variet-
ies and 129% for the standard. On average, the

Taoa. 1. Brusaue MuHepanbHBIX YIOOpeHHUH HAa ypOXKaHOCTh COPTOB TBEPOW MILEHUIIBI, T/Ta

Table 1. Effect of mineral fertilizers on the yield of durum wheat varieties, t/ha

Variety (A)
ke alc:teizitgiiiegjrsefiri?rﬂ/elt ®) Pearl of Siberia (standard) Omsky Topaz Omsky Malachite

Yield FRC Yield FRC Yield FRC
Control (without fertilizers) 2,71 - 2,27 - 2,44 -
Pys 3,14 116 2,53 111 2,69 110
P45+ FA N3, in heading 3,07 113 2,51 111 2,64 108
N3g Pys 3,49 129 2,60 114 2,81 115
Pygin rows 3,33 123 2,48 109 2,68 110
On average by the variety factor 3,15 120 2,48 111 2,65 111

LSDOS A= 0,24, LSD05 B= 0,20, LSD05 AB = 0,28

Note. FRC — fertilizer response coefficient.
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FRC variety for Omsky Topaz and Omsky Mal-
achite achieved 111% of this factor, 9% lower
than the standard variety.

In order to establish standard parameters for
the content, removal and consumption of nitro-
gen, phosphorus and potassium by wheat plants,
plant samples of grain and straw were analyzed
in full. The chemical composition of grain and
straw did not differ significantly between the
experimental variants, so only two variants are
presented: without fertilizers and variant N;(Pys,
which yielded the highest wheat grain yield (see
Table 2).

It was found that the content of essential min-
eral nutrients in grain and straw was indepen-
dent of crop genotypic characteristics and fer-
tilizer application. The chemical composition of
plant samples from the new varieties was virtu-
ally identical to that of the standard variety. For
the nitrogen content in the grain of durum wheat
varieties, the confidence interval was 2.67 +
0.14%, in the straw — 0.52 £ 0.06%; phosphorus:
in the grain 0.74 £+ 0.02%, in the straw 0.10 +
0.01%; potassium: in the grain 0.54 + 0.04%, in
the straw 1.39 + 0.04%.

Nutrient removal depended largely on yield.
In an unfertilized environment, the crop required
95.0-95.8 kg of nitrogen, 21.9-24.6 kg of phos-

phorus, and 79.2-88.3 kg of potassium to form a
yield (see Table 3). In a fertilized environment,
wheat yield exceeded the control variant (as not-
ed previously). Removal is a calculated value,
so the numerical data is naturally higher in the
N3(Py4s5 variant.

We believe that the consumption of miner-
al nutrients to produce 1 ton of grain with the
corresponding amount of by-products is an im-
portant agrochemical standard indicator. This
information determines the correct calculation
of mineral fertilizer rates for a given crop and
the development of a fertilizer system within the
overall crop rotation. While no significant differ-
ences were noted when analyzing the crop's nu-
trient content and removal, consumption should
be examined in more detail. Nitrogen consump-
tion for the standard variety was 35.3 kg/t of
wheat grain in the control and 34.3 kg/t in the
fertilized condition.

The Omsky Topaz and Omsky Malachite
varieties differed from the standard variety in
that they consumed 6.5 and 4.5 kg more nitro-
gen in the control and 8.3 and 6.9 kg more ni-
trogen in the fertilized variety, respectively. If
converted to the Pearl of Siberia variety, these
nitrogen consumption rates (4.5-8.3 kg) would
have provided an additional grain yield of 0.13

Ta6a. 2. BausHue MUHEpalIbHBIX yI0OpeHui Ha coaepkanue BajaoBbix popm NPK B ocHOBHOIM
Y I0OO0YHOM NPOAYKLIUY COPTOB TBEPOM MIIEHUIb, Yo
Table 2. Effect of mineral fertilizers on the content of gross NPK forms in the main products and by-

products of durum wheat varieties, %

Variety (A)
kg a]zfiizt;hiiegfrseg?gﬁi (B) Pearl of Siberia (standard) Omsky Topaz Omsky Malachite
Grain | Straw Grain | Straw Grain | Straw
Gross nitrogen content

Control (without fertilizers) 2,67 0,43 2,56 0,52 2,88 0,56
N3oPss 2,47 0,48 2,63 0,54 2,80 0,62

Gross phosphorus content
Control (without fertilizers) 0,72 0,10 0,73 0,10 0,73 0,10
N3Pys 0,72 0,11 0,78 0,10 0,75 0,11

Gross potassium content
Control (without fertilizers) 0,60 1,34 0,58 1,41 0,50 1,37
N3oPys 0,55 1,36 0,55 1,38 0,49 1,46

LSDys A = F, < Fy; LSDgs B = F, < Fy; LSDgs AB = F, < F,
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Taoxa. 3. Bausaue MunepanbHBIX yI0OpeHHid Ha BRIHOC U pacxon BasnoBbiX ¢popm NPK ocHoBHOM
1 TOOOYHOM MPOAYKIMEH COPTaMH TBEPAOH MIICHHIIBI

Table 3. Effect of mineral fertilizers on the removal and consumption of the gross NPK forms of the
main products and by-products of durum wheat varieties

Variety (A)
Fertilizers applied, Pearl of Siberia (standard) Omsky Topaz Omsky Malachite
kg active ingredient/ha (B) . Consamp-
Removal * Consumption ** Removal tion Removal Consumption
Nitrogen
Control (without fertilizers) 95,8 35,3 95,0 41,8 97,2 39,8
N3oPys 120,0 343 111,0 42,6 116 41,2
Phosphorus
Control (without fertilizers) 24,6 9,1 21,9 9.6 233 9,5
N3oPas 31,3 9,0 28,4 10,9 30,0 10,6
Potassium
Control (without fertilizers) 88,3 32,5 85,3 37,5 79,2 29,4
N3oPys 97,6 29,3 106,0 42,7 87,3 31,0

*Removal, kg/ha.
**Consumption, kg/t of grain.

to 0.24 t/ha. Phosphorus consumption by durum
wheat plants to produce 1 ton of grain with a
corresponding amount of by-products varied
from 9.0 to 10.9 kg/t, with no clear patterns de-
pending on the factors studied. Potassium, like
nitrogen, showed varietal differences: potassium
consumption for the standard variety and Omsky
Malachite was approximately the same — from
29.3 to 32.5 kg/t of grain. For the Omsky To-
paz variety, this requirement ranged from 37.5
to 42.7 kg/t of grain, depending on the fertiliza-
tion background. Compared to Pearl of Siberia,
potassium consumption for this variety was 15%
higher in the unfertilized state and 46% higher
in the fertilized state. Established agrochemical
characteristics in qualitative and quantitative pa-
rameters for each variety determine their indi-
vidual fertilizer requirements.

Statistical processing of paired features of
gluten index, protein content, grain unit and 1000
grain weight with the content of gross forms
of nitrogen and phosphorus in grain showed
their correlation from weak to strong positive
(r=0,13-0,99) (see Table 4). A correlation anal-
ysis revealed that for gluten-rich varieties, grain
unit weight, gluten index, and 1,000-kernel

weight were more dependent on grain nitrogen
content than for the Pearl of Siberia standard.
Phosphorus was also important for these variet-
ies: the correlation between grain unit weight,
gluten index, and grain protein content with
grain phosphorus concentration was moderate to
high, with the standard's correlation being some-
what weaker than that of the Omsky Topaz and
Omsky Malachite varieties.

New varieties of spring durum wheat utilize
soil nutrients similarly to the standard variety
(see Table 5). The utilization rate of soil nutri-
ents was 65-68% for nitrogen, 6—7% for phos-
phorus, and 12—13% for potassium.

Varietal differences emerged in the utilization
of nutrients from fertilizers. The Pearl of Siberia
and Omsky Topaz varieties achieved nitrogen
utilization rates of 73% and 76%, respectively,
while Omsky Malachite achieved nitrogen utili-
zation rates of 62%. The CUF of phosphorus in
the varieties is 10—-14% when applied together
with nitrogen (N3(Pys), slightly lower when ap-
plying only phosphorus fertilizer (P45) —3—-11%,
the CUF 19-24% — when applying phosphorus
in rows during sowing (P5).

Protein content is an important quality indi-
cator of grain. Our experiment yielded grain that
met this criterion as first-class (see Table 6).
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Taoa. 4. KoppensuuoHnHas cBs3b OTAEIBHBIX JIEMEHTOB KaueCTBA 3€PHA U CTPYKTYPBI ypoKas pOBOH
TBEPJOH MIICHUIIBI C COAEPIKaHUEM BaJIOBBIX opM a3oTa u pocdopa B 3epHE

Table 4. Correlation of individual elements of grain quality and yield structure of spring durum wheat
with the content of gross forms of nitrogen and phosphorus in grain

Variety (A)
Indicator
Pearl of Siberia (standard) Omsky Topaz Omsky Malachite
Total nitrogen content in grain, %
Gluten index 0,19 0,39 0,53
Protein 0,97 0,99 0,74
Grain unit 0,39 0,84 0,77
Weight of 1000 grains, g 0,53 0,79 0,66
Total phosphorus content in grain, %
Gluten index 0,13 0,39 0,83
Protein 0,38 0,87 0,42
Grain unit 0,39 0,87 0,82
Weight of 1000 grains, g 0,83 0,58 0,51

Ta6a. 5. Koapdummentsr ncnonpizoanns nutarenbHbix (KWIT) anemMenToB 13 MOYBH U y100peHUN
(KNY) copramu sipoBO# TBepAOH MIIEHUIIHI B 3aBUCKIMOCTH OT PUMEHEHUS yI0OpeHuit, %

Table 5. Coefficients of utilization of nutrients from soil (CUN) and fertilizers (CUF) by the varieties
of spring durum wheat depending on the application of fertilizers, %

Utilization Pearl of Siberia Omsky Topaz Omsky Malachite
coefficient Option Nitro- | Phos- | Potassi- | Nitro- | Phos- | Potassi- | Nitro- | Phos- | Potassi-
() gen phorus um gen phorus um gen phorus um
CUN Without fertilizers 68 6 13 65 7 12 67 7 12

» » — — — — — — — — —
Pys 11 - — 5 - - 3 —
CUF
N30Pys 73 14 - 76 10 - 62 14 -
P, in rows 21 - - 19 — - 24 -

It was found that in unfertilized conditions,
the leader in grain protein content was the
Omsky Malachite variety (16.4%), while the
Omsky Topaz variety had this indicator at the
level of the standard variety — 14.5 and 15.2%,
respectively. The variability of protein content
in the grain of new durum wheat varieties de-
pending on fertilizer use was insignificant. On
average, by the variety factor, the protein yield
for the standard variety was 0.46 t/ha, a similar
result was obtained for the Omsky Malachite va-
riety (0.43 t/ha). The lowest protein yield (0.37 t/
ha) was for the Omsky Topaz variety.

The basis of vegetable gelatin is gluten,
which is a complex of glutenin and gliadin [10,

11]. Determination of the gluten index in grain
revealed clear varietal specificity (see Table 7).

The gluten index of Pearl of Siberia grain
ranged from 19.2% to 23.4%, with the new vari-
eties having a gluten index 2.3-3.6 times higher.
The gluten index of Omsky Topaz ranged from
68.0% to 76.1%, while that of Omsky Malachite
ranged from 50.2% to 58.4%. Modification of
gluten content depending on fertilizers was ob-
served in both new durum wheat varieties. The
highest gluten content was observed in the vari-
ant with the primary nutrient application and the
binary nutrient combination (N3oP45) — 76.1%
for the Omsky Topaz variety and 58.4% for the
Omsky Malachite variety.
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Ta6a. 6. Biusaue muHepanbHbIX ynoOpeHuii Ha conepkanue (%) u coop Oenka (T/ra) HOBBIX COPTOB

TBGp,Z[Oﬁ MNIIICHUIBI

Table 6. Effect of mineral fertilizers on the content
varieties

(%) and protein yield (t/ha) of the new durum wheat

Variety (A)
Fertilizers applied, Pearl of Siberia (standard) Omsky Topaz Omsky Malachite
kg active ingredient/ha (B) Protein, % Protein yield, Protein, % Protein yield, Protein, % Protein yield,

t/ha t/ha t/ha
Control (without fertilizers) 15,2 0,41 14,5 0,32 16,4 0,40
Pys 14,1 0,44 15,0 0,38 16,3 0,44
P45+ FA N; in the heading phase 15,6 0,47 15,0 0,37 16,7 0,44
N3oP4s 14,0 0,49 15,0 0,39 15,9 0,45
Pygin rows 14,5 0,48 15,6 0,38 16,3 0,44
On average by the variety factor 14,7 0,46 15,0 0,37 16,3 0,43

LSDys A = Fy, < Fy; LSDys B = Fyy < Fy; LSDys AB = Fyy < F,

Ta6a. 7. Biusaue MuHepanbHBIX YIOOpeHUH Ha MHJEKC IIIOTEHA B 3€pHE HOBBIX COPTOB

TBEpAOU MIICHUIIBI, %0

Table 7. Effect of mineral fertilizers on the gluten index in the grain of the new durum wheat varieties, %

Variety (A)
Fertilizers applied,
kg active ingredient/ha (B) Pearl of Siberia (standard) Omsky Topaz Omsky Malachite
Control (without fertilizers) 21,0 68,0 52,3
Pys 23,4 74,0 55,6
P45 + FA N3 in the heading phase 21,8 71,7 50,2
N3oP4s 20,6 76,1 58,4
Py in rows 19,2 70,0 51,1

LSDys A = 12,2; LSDys B = 15,8; LSDys AB = 15,8

CONCLUSION

Research examining the responsiveness of
new spring durum wheat varieties to fertilizers
on chernozem soils in the Omsk Irtysh region
revealed that the tested varieties possess distinct
genotypic characteristics. The new varieties
were found to be inferior to the Pearl of Siberia
standard in terms of yield and fertilizer respon-
siveness. In the unfertilized variant, the yield of
the standard variety was 11% and 19% higher
than that of the test varieties. The agronomic re-
turn on mineral fertilizer in the highest-yielding
variant (N3oP4s) did not exceed 5 kg of grain.
The NPK content of the grain and straw of the
new varieties was similar to that of the standard
variety. The nitrogen and potassium consump-

tion per ton of grain, with the corresponding
amount of by-products, exceeded the standard. It
was found that Omsky Topaz grain has a gluten
index of 68—76%, while Omsky Malachite has a
gluten index of 50-58%, which is 2.3-3.6 times
higher than the standard variety.
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Bansinue OMonpenaparoB Ha NPOAYKTUBHOCTh M KA4eCTBO MUHU-KJIYOHeH
kaprodesst B ycJaoBusXx jJecocrenu Ky3Henkoi KOTJIOBHHBI

(<) CamobL1a U.H., XonaeBa B.IIl., Ilo3nusakoa WU.B.

Kemeposckuii Hayuno-uccieoosamenbcKkutl UHCIMUmMym celbCKo20 X03AUCMea — uaual
Cubupckoeo hedepanrbhoco Hayuno2o yeumpa azcpoouomexnonocuti Poccuiickoil axademuu Hayx
Kemeposckas obmacts — Kys0acc, . HoBoctpotiika, Poccus

(<X)e-mail: sambylacn@sfsca.ru

B ycnoBusix necocrenu Kysnenxoii korioBunsl B 2023 1 2024 IT. H3y4eHO BIUSIHUE OHONIPEnapaToB
Ha MPOXYKTHUBHBIC M Ka4yeCTBEHHbIC MTOKa3aTenu kaproders. MaTepuanamu Aj1sl HCCIEIOBaHUM CTa-
71 03[0POBJICHHbIE MUKPOPACTEHHsI PAHOHUPOBAHHBIX COPTOB KapTodes pasHbIX IPYIIl CIIEJIOCTH:
Jlro6aBa (pannecnensrii), KemepoBuannn n HeBckuit (cpenaepannue), TyneeBCkuid (CpeIHECIICIIBIN),
a Taxke ononpenaparsl Putocnopun-M, [1C (macta) u @urosepm, KO (koHneHTpar smynbcun). B ka-
YeCcTBE UCXOIHOTO MaTepHralia u3 OaHKa 3J0POBBIX COPTOB KapTodes B3sThl 768 MHUKpOpPAacTeHHI 1O
192 pactenus kaxaoro copra u BeicakeHsl B 111 nekazne amperst Ha Topdsinoii cyoctpar Arpodant-C B
paccannble 64-sueeunble KacceTbl. Hopmy OnomnpenapaToB 11 BHEKOPHEBBIX 00padOTOK ONpenesiin
COIVIACHO PEKOMEHAALMAM 110 UX IpuMeHeHnto. OOpabOTKH MPOBOAMIN IIPU BBIPAIIMBAHUN Paccal-
HBIX pacTeHH KapTodens (KyIbTypa in vivo) B alpelie — Mac U B MUTOMHUKE MIUHH-KITyOHEH B HIOHE —
aBrycTe. YCTaHOBJIEHO, YTO OMoTnpenaparsl ClIoCOOCTBOBAIM YBETUUYEHUIO BBICOTHI paccaIHbIX pacTe-
Huil. [To Mepe yBenn4yeHus: KpaTHOCTH BHEKOPHEBBIX 00pa0OTOK JI0JIS BEIXO/A CTaHAApTHOH (pakiun
MUHH-KIYOHEH y ncciienyeMblx coproB (kpome copra JloOaBa) moBbimaercsi B cpeqHeM Ha 2—6%
IpU ABYKpaTHOM oOpabotke u Ha 1-4% npu TpexkpaTHOH. [Ipu 3TOM KOIMUECTBO HECTaHAAPTHOU
(paxmun cHmkaercs Ha 1-10%. O6paboTka pacTeHuit OHoIpernaparaMu P BBIPAITUBAHUN PACCa/IbI
B KYJBTYpPE in Vivo U IIPU JaJIbHEUIINX 00paOO0TKax B MUTOMHUKE PA3MHOXKEHHS I103BOJISIET CHU3UTh
pa3BUTHE aJbTEPHAPHO3a M PU3AKTOHMO3a Ha 3—8% M OrpaHUYMTh pacrpocTpaHeHue GuTodhToposa.
[lonmy4eHHbIe pe3ynbTaThl MO3BOJISIOT CYMTATh BIMSHUE OMONpENaparoB HA MPOAYKTHBHBIC U Kade-
CTBEHHBIE MOKa3aresu KapTodens 3hPEeKTUBHBIM U MEPCIICKTHBHBIM.

KitroueBble ciioBa: xaprodeins, copt, MUHH-KIyOHH, Putocnopun-M, I1C, durtosepm, K3, mpo-
INYKTUBHOCTb, KQUECTBO

Influence of biopreparations on the productivity and quality of potato
mini tubers in the forest-steppe conditions of the Kuznetsk Basin

(<)Sambyla Ch.N., Khodaeva V.P., Pozdnyakova L.V.

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

Novostroyka, Kemerovo region — Kuzbass, Russia

(X)e-mail: sambylacn@sfsca.ru

In the forest-steppe conditions of the Kuznetsk Basin, the influence of biopreparations on the productivity
and quality indicators of potatoes was studied in 2023 and 2024. The materials for the research were im-
proved micro plants of the released potato varieties of different maturity groups: Lyubava (early-maturing),
Kemerovochanin and Nevsky (middle-early), Tuleyevsky (medium-maturing), as well as the bioprepara-
tions Phitosporin-M, PS (paste) and Phytoverm, EC (emulsion concentrate). As a source material, 768 micro
plants (192 plants of each variety) were taken from a bank of healthy potato varieties and planted in the
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BuusiHne Grompernaparos Ha IPOLYKTHBHOCTD
1 Ka4yeCTBO MUHHU-KITyOHEH kapToderst
B yCIIOBHSIX JtecocTeny Ky3HenKkoi KOTIOBUHBI

Camb6puta Y.H., Xomaesa B.I1., [To3ausikosa 1.B.

third ten-day period of April on Agrobalt-S peat substrate in 64-cell seedling cassettes. The dosage of bio-
logical preparations for foliar treatments was determined according to the recommendations for their use.
Treatments were carried out during the cultivation of potato seedlings (in vivo culture) in April — May and
in the mini-tuber nursery in June — August. It was established that biopreparations contributed to an increase
in the height of seedling plants. As the frequency of foliar treatments increases, the share of the yield of the
standard fraction of mini-tubers in the studied varieties (except for the Lyubava variety) increases by an
average of 2—6% with two treatments and by 1-4% with three treatments. At the same time, the amount of
non-standard fraction is reduced by 1-10%. Treatment of plants with biopreparations during in vivo seedling
cultivation and subsequent treatments in the propagation nursery reduces the development of Alternaria and
Rhizactonia blight by 3—8% and limits the spread of late blight. The results demonstrate that the impact of
biopreparations on potato productivity and quality is effective and promising.
Keywords: potato, variety, mini tubers, Phytosporin-M, PS, Phytoverm, EC, productivity, quality
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INTRODUCTION increased productivity and resistance to adverse
biotic and abiotic factors [11, 12], and limiting
the spread and growth of fungal diseases [13].
However, there is very little research on the im-

pact of biopreparations in original potato grow-

Potatoes have long remained one of the most
important crops, providing food security, eco-
nomic growth, and job opportunities around
the world [1]. Because of this, a lot of attention

in the Russian Federation is being given to de-
veloping the potato-growing industry to reduce
import dependence by increasing the productiv-
ity and quality of potatoes' [2, 3]. It's important
to develop and implement scientifically based
technologies for growing regional and newly
created varieties, taking into account the vari-
ety-specific characteristics and optimizing their
seed production [4-6]. In the end, the quality
of seed potatoes should meet the standards, so
there is often a need to carry out protective mea-
sures using chemical treatments [7, 8]. As an
alternative to pesticides in seed production, bio-
logical products (bioproducts) are widely used?
[9, 10]. Some authors note that biopreparations
have a significant range of action, allowing for

ing in Siberia. Therefore, studying the effects of
biopreparations on the quantitative and quali-
tative indicators of potato seedlings is relevant
and helps improve the methods for producing
mini-tubers in original seed production.

The purpose of the work is to study the effect
of biopreparations on the productivity and qual-
ity of seedling plants and mini-tubers of adapted
potato varieties in the forest-steppe conditions of
the Kuznetsk Basin in the Kemerovo region —
Kuzbass.

MATERIAL AND METHODS

The research materials were improved
micro plants of the released potato varieties
of different maturity groups: Lyubava (early-

'Subprogram of the comprehensive scientific research plan "Development of potato breeding and seed production in the Russian
Federation" of the Federal Scientific and Technical Program for the Development of Agriculture for 2017-2025 (as amended by
the RF Government Resolution No. 559 of 05.05.2018). URL: https:/files.stroyinf.ru/Data2/0/4294796/4294796031.pdf (date of

reference 23.11.2025).

2Chebotarev N.T., Tulinov A.G. Influence of biologically active substances on the productivity and quality of potato tubers in the
Komi Republic // Agrarian Bulletin of the Urals, 2011, vol. 83, No. 4, pp. 76-78.
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maturing), Kemerovochanin and Nevsky
(middle-early), Tuleyevsky (medium-maturing);
biopreparations Fitosporin-M, PS (paste) and
Fitoverm, EC (emulsion concentrate).

The influence of biopreparations on the
productivity and quality indicators of potato
seedlings was studied in 2023 and 2024 in the
Laboratory of potato breeding, biotechnology
and agricultural engineering of the Kemerovo
Research Institute of Agriculture — a branch of
the Siberian Federal Scientific Centre of Agro-
BioTechnologies of the Russian Academy
of Sciences in accordance with potato seed
production methods?.

Fitosporin-M, PS is a microbiological
product with biofungicidal activity. The product
is based on aerobic spore-forming bacteria
Bacillus subtilis 26D (100 million/g), whose
mechanism of action is to prevent the penetration
of pathogens into plants and suppress their
development. The product also helps increase
resistance to adverse environmental factors. The
biofungicide's protective action period is 10-15
days. Fitoverm, EC with the active ingredient
aversectin C 1.0%, is a biological insecticide
and acaricide with a protective action period of
7-20 days.

The application rates of biopreparations for
foliar treatments were determined according to
the recommendations for their use. Treatments
were carried out during the cultivation of potato
seedlings (in vivo culture) in April — May and in
the mini-tubers nursery in June — August.

As a source material, 768 micro plants (192
plants of each variety) were taken from a bank
of healthy potato varieties and planted in the
third ten-day period of April on Agrobalt-S
peat substrate in 64-cell seedling cassettes. The
treatment of potato seedlings with preparations
Fitosporin-M, PS and Fitoverm, EC in the in

vivo culture were carried out in three variants:
1 (control) — treatment with water; 2 —
double treatment with biopreparations with a
frequency of 15 days; 3 — triple treatment with
biopreparations with a frequency of 10 days.
The consumption of working fluid for 64 plants
was: Fitosporin-M, PS — 10,5 ml, Fitoverm, EC
- 6,5 ml.

Seedlings were planted in the mini-tuber
propagation nursery in the second ten-day
period of June. The experiment was conducted
in three sets of two replicates, with systematic
placement. Each replicate area was 4.8 m?
for a total experimental area of 115.2 m? The
treatment of seedlings with biopreparations
was carried out in three variants: 1 (control) —
treatment with water; 2 — double treatment with
Fitosporin-M, PS during the period of budding
and the beginning of flowering, Fitoverm, EC
— the first treatment during the period of mass
emergence of Colorado potato beetle larvae of
the first and second instars, the next one — after 7
days; 3 —three-fold treatment with Fitosporin-M,
PS during the period of the beginning of
budding, the beginning of flowering, and full
flowering, Fitoverm, EC — treatment during the
period of mass emergence of Colorado potato
beetle larvae, subsequent treatments after 7 and
14 days. Working fluid consumption — 300 1/ha.
Harvesting mini-tubers is carried out in the third
ten-day period of August.

Initial meteorological data for the growing
season from May to August* in the Kemerovo
region — Kuzbass are presented separately for
each study year. The hydrothermal coefficient
(HTC) according to G.T. Selyaninov was used
to estimate moisture availability during the
growing season’. Counts and observations were
carried out using the generally accepted methods:
phenological observations®, diagnostics of
plants for damage by hidden pathogens using

SResearch methodology for potato cultivation. Moscow: Kolos, 1967, 263 p.
“The weather in Kemerovo by month in 2023 and 2024. URL: https://world-weather.ru/pogoda/russia’kemerovo/2023/ (date of

reference 05.07.2025).

3Selyaninov G.T. Origin and dynamics of droughts // Droughts in the USSR, their origin, recurrence and impact on harvest. L.:

Gidrometeoizdat, 1958, pp. 5-30.

®Methods for evaluating improved varieties and meristem lines in elite potato seed production. Moscow, 1991, 39 p.
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the ELISA method’, visual recording of fungal
and viral diseases®, pests’, during the flowering
period, the height of plants and the number of
stems of seedlings were determined by variants
and varieties; during the harvesting of mini-
tubers, the number of tubers and the average
weight of tubers per bush, the average weight
of 1 tuber, and the fractional composition of
the harvest were determined. The research
results were processed using the analysis of
variance method according to the method of
B.V. Dospekhov!? and in the Snedekor computer
application program!!.

The soil of the mini-tubers propagation
nursery is leached chernozem with heavy loamy
granulometric composition!? [14, 15].

Agrochemical characteristics of the arable
soil layer (0-30 cm): humus — 8-10%",

phosphorus — 230-342 and potassium — 214—
387 mg/kg of soil'4, pH of salt — 4,9-5,0'5. Data
from weather stations showed that the average
annual temperature ranged from + 0,7 to + 3,3 °C
(-19,5 °C — January, +18,5 °C — July). Annual
precipitation varies from 255 to 1700 mm, on
average less than 400 mm'¢. The growing season
during the study years was characterized by
significant fluctuations in the air temperature
and uneven precipitation (see Table 1).

In 2023, the average temperature during the
growing season was 18.9 °C (18.5 °C in June,
20.4 °C in July, 17.7 °C in August), which
is 1.8 °C lower than the long-term average
(20.7 °C). HTC = 0,9. In 2024, the average
temperature during the growing season was
20.6°C, which corresponds to the average long-
term temperature, HTC = 1,5.

Ta6a. 1. MeTeoycinoBus BEreTalliOHHOTO TIEPHUOJIA B TOBI MCCIenoBanmid o KemepoBckoi oomacTu —

Kysbaccy (2023 u 2024 1)

Table 1. Meteorological conditions of the growing
region — Kuzbass (2023 and 2024)

season during the research years in the Kemerovo

Month, ten-day period
Indicator May June July August
n | oI 1 | u | 1 | u | 1 | u | m
2023.
Air temperature, °C 8,0 133 | 22,5 | 17,2 | 157 | 20,1 | 20,9 | 20,2 | 20,2 | 14,6 | 184
Precipitation, mm 1 2 3 9 11 14 29 44 6 50 4
2024
Air temperature, °C 13,6 | 10,8 | 13,2 | 30,3 | 23,8 | 20,1 | 22,0 | 20,7 | 20,3 | 18,5 | 16,3
Precipitation, mm 17 33 73 1 12 40 15 14 16 25 30
Average long-term values
Air temperature, °C 10,8 | 12,1 | 17,9 | 23,8 | 19,8 | 20,1 | 21,5 | 20,5 | 20,3 | 16,6 | 17,4
Precipitation, mm 9 18 38 5 12 27 22 29 11 38 17

"Instructions for the use of an enzyme-linked immunosorbent assay diagnostic kit for the detection of potato viruses. Korenevo,

2016, 8 p.

8GOST 59551-2021. Seed potatoes. Sampling and methods for diagnosing phytopathogens. Moscow, 2021. 20 p.
°GOST 33996-2016. Seed potatoes. Specifications and methods for determining quality. Moscow, 2017. 31 p.
YDospekhov B.A. Methods of field experiment. Moscow: Agropromizdat, 1985, 351 p.

Sorokin O.D. Applied statistics on a computer. Novosibirsk,

2004, 162 p.

2Trofimov S.S. Soil ecology and soil resources of the Kemerovo region. Novosibirsk: Nauka (Siberian Branch), 1975, 299 p.
BGOST 26213-91. Soils. Methods for determining organic matter. Moscow, 1992, 8 p.
4GOST 26204-91. Soils. Determination of mobile phosphorus and potassium compounds using the Chirikov method as modified

by the Central Information Scientific and Analytical Association.

Moscow, 1992, 8§ p.

ISGOST 26483-85. Soils. Determination of pH of salt extract, exchangeable acidity, exchangeable cations, nitrate content,
exchangeable ammonium, and mobile sulfur by the methods of the Central Information Scientific and Analytical Association.

Moscow, 1985, 6 p.

1Climate. Kemerovo region. URL: https://www.nbcrs.org/regions/kemerovskaya-oblast/klimat (date of reference 05.07.2025).
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RESULTS AND DISCUSSION

At the stage of planting mini-tubers in the
nursery, the height of seedlings of the studied
potato varieties varied between 10-15 cm. The
survival rate of seedlings across the treatments
was 77.6-81.4%. For the Lyubava and
Kemerovchanin (control) varieties, the treatments
with biopreparations showed an increase in
survival rate by 1.2-4.1% (treatment 2) and 1.8—
7.7% (treatment 3).

Observations of the growth and development
of seedlings throughout the growing season
showed, for all experimental variants, the
stability of varietal characteristics in terms of
morphological indicators of the bush, stem, leaf
and flower in the studied potato varieties and the
absence of significant differences between all
plants during the planting-budding and planting-
flowering periods.

At the full flowering stage, the height and
number of potato stems were determined (see
Table 2).

In the studies, three-fold treatment with
biopreparations contributed to a significant
increase in the height of plants of all studied
potato varieties by an average of 2.9-4.6 cm
(the smallest significant difference for the 5%
significance level LSDy5 = 2,56).

A reliable positive relationship  was
established between the treatment options
with biological preparations and the height of
seedlings (R* = 0,98-0,99). Share of influence of
factors: variety — 69,1%, variant — 2,9%.

With the use of biopreparations, the number
of stems per bush increased by an average of 0.1—
0.7 (variant 2) and 0.1-0.6 (variant 3) compared
to the control. However, a two-way analysis of
variance revealed no effect of biopreparations on
the number of stems in seedlings of the studied
potato varieties. Consequently, the number of
aboveground shoots was 58.3% determined by
varietal characteristics.

Ofinterestarethe dataonseedling productivity
and the dynamics of changes in these indicators
depending on the use of biological products.
The number of tubers per bush increases on
average by 0.2-2.0 pieces/bush (variant 2) and
0.6-2.6 pieces/bush (variant 3) compared to the
control (LSDys = 0,81). A strong correlation was
established between the frequency of application
of preparations and the number of tubers per
bush (R?> = 0,97-0,99). Share of influence of
factors: variety — 63,6%, variant — 15,2%.

Analysis of the change in the number of
tubers by year showed an increase in 2023 by

Tao6a. 2. Bausaue 6uomnpemnapaToB Ha BEICOTY M KOJIMYECTBO HAA3EMHBIX MTOOETOB paccaaHbIX pacTeHUN
kaprodens B muTOMHUKe pasMHOKeHMst 32 2023 u 2024 1T (B cpeiHEM Ha OJIMH KYCT)

Table 2. The effect of biological preparations on the

height and number of above-ground shoots of

potato plants in a propagation nursery for 2023 and 2024 (on average per bush)

Option 1 (control) Option 2 Option 3
Copr A B average A B average A B average
value value value

Plant height, cm
Kemerovchanin (control) 71,7 | 60,7 66,2 74,3 | 58,3 66,3 75,3 65,0 70,2
Lyubava 60,7 | 60,5 60,6 58,3 | 61,6 60,0 65,0 62,0 63,5
Nevsky 56,0 | 60,3 58,2 58,0 | 61,0 59,5 58,7 64,0 61,4
Tuleevsky 78,0 | 76,0 77,0 78,6 | 78,8 78,7 84,0 79,1 81,6
LSDys (share of influence): variety — 2,95 (69,1%); option — 2,56 (2,9%); year — 2,09 (2,7%)

Number of stems
Kemerovchanin (control) 7,3 7,0 7,2 8,3 6,8 7,6 7,7 7,1 7,4
Lyubava 6,0 73 6,7 6,3 7,0 6,7 7,0 7,3 7,2
Nevsky 6,7 6,2 6,5 6,3 6,2 6,3 7,3 6,4 6,9
Tuleevsky 8,3 8,3 8,3 8,7 8,0 8,4 9,7 7,9 8,8

LSDys (share of influence): variety — 0,53 (58,3%); year — 0,37 (3,7%)
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0.1-3.4 pcs./bush (except for the Tuleevsky
variety) and in 2024 by 1.0-2.3 pcs./bush,
however, these differences are not significant
(see Table 3).

The weight of tubers per bush was
504.0-666.0 g (variant 2) and 512.0-698.0
g (variant 3), which is 12-108 and 41-140
g more than the control at LSDys = 51,2. The
biological preparations had the greatest impact
on the weight of tubers of the Nevsky variety,
exceeding the control by 108.0 g (variant 2) and
by 140.0 g (variant 3) (LSDy5; =51,2). The results
obtained revealed a close relationship between
the experimental variants and the average weight
of tubers per bush: R?> = 0,95 (variant 2), R*> =
0,99 (variant 3). The influence of the variety on
the weight of tubers per bush was 32.0% of the
experimental variants — 16,6%.

The formation of the average weight of tubers
per bush is also influenced by the year of the
research, the share of influence — 6,0%. Thus,

the average weight of tubers per bush in 2023
is 12-229 g more, in 2024 — 51-106 g more (at
LSDys =41,8).

Studies have not established the effect of
biopreparations on the weight of a single tuber.
A tendency toward a decrease in the weight of a
single tuber by 1.6-8.3 g (variant 2) and by 4.0—
4.7 g (variant 3, except for the Kemerovchanin
(control) and Lyubava varieties) was observed.
Varietal characteristics had the greatest influence
on the average weight of a single tuber—34%.

Based on the conducted surveys and analysis
of the structure of the tuber yield, it was revealed
that the quantitative yield of tubers of the
standard fraction (9-60 mm) was 57.0-73.0%
(see Table 4).

Based ontwo-year studies, two- and three-fold
treatments with biopreparations Fitosporin-M,
PS and Fitoverm, EC increased the yield of
standard mini-tubers in the Kemerovchanin
variety (control) by 0.8-5.7%, Nevsky by 2.7—

Ta6a. 3. Biusane OnonpenapaToB Ha MPOAYKTUBHOCTH PaccaHbIX pacTeHUH kaprodens B 2023

1 2024 rT. (B cpenHeM)

Table 3. The impact of biological preparations on the productivity of potato seedlings in 2023 and 2024

(on average)

Option 1 (control) Option 2 Option 3
Varlety A B average A B average A B average
value value value
Number of tubers, pcs./bush
Kemerovchanin (control) 5,8 6,0 5,91 5,2 7,0 6,1 59 7,0 6,5
Lyubava 7,5 6,4 7,0 7,9 8,3 8,1 8,4 7,9 8,2
Nevsky 7,6 8,5 8,1 9,3 10,8 10,1 11,0 10,3 10,7
Tuleevsky 7,6 6,8 7,2 8,0 8,5 8,3 7,3 9,1 8,2
LSDy; (share of influence): copt — 0,93 (63,6%), option — 0,81 (15,2%)
Tuber weight, g/bush

Kemerovchanin (control) 409 491 450 428 580 504 468 555 512
Lyubava 631 524 578 679 638 659 732 630 681
Nevsky 597 519 558 712 620 666 826 570 698
Tuleevsky 578 530 554 571 561 566 590 600 595
LSDys (share of influence): variety — 59,1 (32,0%); option — 51,2 (16,6%); year — 41,8 (6,0%)

Tuber weight, g
Kemerovchanin (control) 70,5 81,8 76,2 82,3 82,9 82,6 79,3 79,3 79,3
Lyubava 84,0 81,9 83,0 85,9 76,9 81,4 87,1 79,7 83,4
Nevsky 78,6 61,1 69,9 76,6 57,4 67,0 75,1 55,3 65,2
Tuleevsky 76,0 77,9 77,0 71,4 66,0 68,7 80,8 65,9 73,0

LSDys (share of influence): variety — 3,6 (34,0%); year — 2,57 (17,1%)
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Taoxa. 4. Bausaue OnomnpenapaToB Ha CTPYKTYpPY ypokas MUHH-KITyOHel kaprodens B 2023 n 2024 rr.

(B cpennem), %

Table 4. The effect of biological preparations on the crop structure of potato mini tubers in 2023 and

2024 (on average), %
Option 1 (control) Option 2 Option 3
A e [ [ [ A [ e [

Fraction <9 mm
Kemerovchanin (control) 27,6 19,8 23,7 15,4 12,1 13,8 19,5 20,5 20,0
Lyubava 16,1 14,6 15,4 22,4 13,9 18,2 27,8 11,5 19,7
Nevsky 22,8 | 21,7 22,3 19,0 234 21,2 16,4 | 24,2 20,3
Tuleevsky 1,4 | 11,9 11,7 10,8 13,6 12,2 11,9 14,0 13,0
LSDys (share of influence): variety — 5,58 (30,8%); option — 4,83 (0%)

Fraction 9-60 mm
Kemerovchanin (control) 58,6 | 583 58,5 65,4 62,9 64,2 59,6 59,0 59,3
Lyubava 60,7 | 63,4 62,1 55,7 68,4 62,1 51,6 | 723 62,0
Nevsky 579 | 51,5 54,7 59,9 54,9 57,4 61,2 56,1 58,7
Tuleevsky 69,7 | 70,2 70,0 71,7 73,9 72,8 67,9 | 74,0 71,0
LSDys (share of influence): variety — 4,22 (47,8%); Bapuant — 3,65 (1,2%)

Fraction > 60 mm
Kemerovchanin (control) 13,8 21,8 17,8 19,2 25,0 22,1 20,9 20,5 20,70
Lyubava 232 | 22,0 22,6 21,9 17,7 19,8 20,6 16,2 18,4
Nevsky 19,3 | 26,8 23,1 21,1 21,7 21,4 22,4 19,7 21,1
Tuleevsky 18,9 | 17,9 18,4 17,5 12,5 15,0 20,2 12,0 16,1

LSDy;s (share of influence): variety — 1,82 (19,7%); option — 1,57 (1,2%)

4.0% and Tuleyevsky by 1.0-2.8% (at LSDys =
3,65). Based on the results, it is clear that there
is no consistent increase in the standard fraction
due to the use of biological products or the
frequency of treatments. Consequently, the
analyzed indicator is by 47.8% determined by
varietal characteristics.

The fractional composition of the yield
shows some stability in the amount of fine
(12.0-24.0%) and coarse fractions (15.0—
23.0%), on average, of the total yield. In the
variants with biopreparations, the amount of
fine fraction decreases by 1.0-10.0% (variant 2)
and 1.0-5.0% (variant 3) (LSDs = 4,83), large
fraction - by 2.0-4.0% (variant 2) and 2.0-5.0%
(variant 3) (LSDgs = 1,57). In this context,
the Lyubava and Tuleevsky (<9 mm) and
Kemerovchanin (control) (>60 mm) varieties

were the exceptions. It was noted that the
influence of varietal traits in the formation of the
small fraction was significantly higher (30.8%)
than in the large fraction (19.7%).

An important parameter that determines the
quality of the obtained original seed material is
the diagnosis and assessment of the presence
of hidden infection by phytopathogens, since,
according to V.N. Zeyruk, S.V. Zhevor and S.V.
Vasiliev [4], the annual loss of potato crops due
to pathogens, depending on the variety, annually
ranges from 10 to 30%.

Leaf sampling during the potato flowering
period revealed no viral or bacterial pathologies.
Fungal disease monitoring during harvesting
revealed alternaria leaf spot (Alternaria solani
Sorauer.) in the form of isolated spots on the
leaf surface of individual potato plants. The
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exception was the Tuleevsky variety, which
showed no signs of Alternaria blight in all
experimental treatments. After three applications
of the biopreparation, Alternaria leaf damage
decreased by 5% in Lyubava plants. In the
Kemerovchanin (control) and Nevsky varieties,
Alternaria leaf damage remained at the control
level in all experimental treatments, but no signs
of disease spread were observed (see Table 5).

After applying the biopreparations, the
incidence of rhizoctonia (Thanatephorus
cucumeris (A.B.Frank) Donk.) in the Lyubava,
Tuleevsky, and Nevsky varieties decreased by an
average of 3—5%, while in the Kemerovchanin
variety (control), it remained at 2% (variant 2).
With increasing frequency of application of the
biopreparations, the incidence of rhizoctonia in
the Nevsky and Lyubava varieties decreased by
4% and 8%, respectively, while no incidence
was detected in the remaining studied varieties
(variant 3).

Visual monitoring during budding, flowering,
and early harvest revealed no symptoms of

late blight (Phytophthora infestans) in all
experimental treatments. The exception was the
Nevsky variety, which showed a 1% incidence
of late blight (variant 1); no symptoms were
observed in the treatments treated with biological
products. The effectiveness of Fitosporin-M, PS
against late blight has also been established by
other authors. According to I.N. Aminev and
M.M. Khaibullin, the use of Fitosporin-M, PS
reduced the incidence of potato plants affected
by late blight by 13—14%!7, increased resistance
to late blight to 65.3—77.2% with a significant
increase in yield by an average of 23.4%!%.

During the seedling establishment period
and the initial budding phase (second ten-day
period of June — third ten-day period of July), no
ingestion of Colorado potato beetle larvae was
observed due to early treatment with Fitoverm,
EC. After the emergence of first- and second-
instar larvae, treatment with an insectoacaracide
was applied. A slowdown in ingestion was
observed within 3—4 days.

Tao6a. 5. Bausaue OuornpenapaToB Ha IOpa)KeHUE PACCAJAHBIX pacTEHHH TPHOHBIMHI OOJIE3HIMHU

322023 u 2024 rt., %

Table 5. The effect of biological preparations on th
in 2023 and 2024, %

e damage of seedling plants by fungal diseases

Option 1 (control) Option 2 Option 3
Variety Disease
A B X+ A B X+ A B X+

Alternaria leaf spot 0 2 1+1 0 2 1+1 0 2 1+1
Kemerovehanin [ ppioctoniose 0o | 3 [ 2¢1 [ o] 3 [ 2¢1 [0 0] o0xo

(control)
Late blight 0 0 0+0 0 0 0+0 0 0 0+0
Alternaria leaf spot 13 9 11+1 13 9 11+1 7 6 6+0
Lyubava Rhizoctoniose 20 13 16+3 7 16 I1+3 7 9 8=x1
Late blight 0 0 0+0 0 0 0+0 0 0 0+0
Alternaria leaf spot 7 6 6=0 7 6 6=0 7 5 6=0
Nevsky Rhizoctoniose 13 6 9+3 7 6 60 7 4 5+1
Late blight 0 2 1+1 0 0 0+0 0 0 0+0
Alternaria leaf spot 0 0 0+0 0 0 0£0 0 0 0+0
Tuleevsky Rhizoctoniose 7 2 4+2 0 0 0+0 0 0 0+0
Late blight 0 0 0+0 0 0 0+£0 0 0 0+0

Y Aminev I.N., Khaibullin M.M. Influence of biological preparations on susceptibility, yield and quality of potatoes // Achievements
of science and technology of the agro-industrial complex. 2011, No. 3, pp. 30-32.

BUromova I.P, Sultanova L.R., Dedyura I.S. Biopreparations as a factor in increasing the yield and quality of potatoes //

Advances in current natural sciences, 2016, No. 12, pp. 117-121.
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Tuber analysis revealed no pest damage.
Tuber tests for scab (Streptomyces spp.) in the
experimental variants showed its absence in
the Kemerovo and Nevsky potato varieties
and a presence of up to 0.2 and 0.4% in the
Tuleyevsky and Lyubava varieties, respectively.
According to V.N. Zeyruk, S.V. Zhevoraya, and
S.V. Vasilyeva [4], the presence of lesions of up
to 0.4% is within the permissible limits.

CONCLUSION

The use of biopreparations in the original
seed production of potatoes when growing
mini-tubers increased the height of seedlings by
0.1-4.6 cm, the number of stems per bush by
0.1-0.5, the number of tubers per bush by 0.2—
2.6, the weight of tubers per bush by 12-140 g,
reduced the development of alternaria blight and
rhizoctoniose by 3-8%, limited the spread of
late blight and ensured the yield of the standard
fraction to 57.0-73.0%. Consequently, the use of
biopreparations in the forest-steppe conditions
of the Kuznetsk Basin limits the spread and
development of fungal diseases and allows for
an increase in the productivity and quality of the
original potato material.
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Coaep:xanue caJaupo3nia B KyJbTHBUPYEMbIX KJIOHOBbIX PACTEHHSIX
Rhodiola rosea L.
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Canmuapo3u — TIHKO3U I THPO30Jia, KOTOPBIM MPEHMYIIECTBEHHO COAEPIKUTCS B MOJI3EMHBIX Ya-
CTsIX pacTeHuit poxa Rhodiola L., Bxirodast poguoiy po3oByto (Rhodiola rosea L.). Dtot Ouonoruye-
CK{ aKTHBHBIN KOMIIOHEHT M3BECTEH Pa3HOOOpA3HBIMH TOJE3HBIMU CBOMCTBAMH: MPOTHBOPAKOBBIM,
AHTHOKCHUIaHTHBIM, aHTHBO3PACTHBIM, TPOTHBOANA0CTHYECKIAM, aHTUJICTIPECCUBHBIM, aHTHTUIICPIIH-
MHUJIEMHUYECKUM, [TPOTHBOBOCHAIUTEIBHBIM U UMMYHOMOAYIHpYOMHUM dddexrom. [Ipoananuzupo-
BaHO COZIEpIKaHUE CATTUIPO3H/Ia B KOPHEBHIAX M KOPHAX R. 70Sed TOPHOANTANCKOTO TIPOUCXOKICHHS,
BBIPAIMBACMBIX B HHTPOAYKIIUH B JIECOCTEITHOM 30He 3arnaaHoi Cubupu. [locanounsiii MaTepuat 1yis
9KCIEPUMEHTA TIOIYYEeH METOJIOM i1 Vitro. JIisl OMOXMMHUYECKOTO aHaN3a UCIOIb30BAHBI KIIOHOBBIE
pacTeHust BO3pacToM oT 2 110 6 JIEeT, a TAK:KE OAHO PACTEHHE, BHIPAILICHHOE B MHTPOAYKLMU B TCUCHHE
20 net. MakcumanbpHOE cojiepyKaHue CalTuIPO3nia B KOpHeBHIIE U KopHsix (2,33 u 1,04 Mr/T cooTBeT-
CTBEHHO), a TAK)Ke HAaMOOIBIIIHIA €XKErOIHBIA IPUPOCT OMOMACCHI ITOJI3EMHBIX OpraHoB (OoJee 4yem B 3
pasa) OTMEUEHBI Y KIIOHOBBIX 00pa3IioB Ha 6-if roj KyibTuBUpoBanus. C 2-10 1o 5-i ToJ] collepKaHue
camuaposnaa Bapsuposaio oT 1,04 mo 1,83 Mr/r m He 3aBHCEN0 OT Bo3pacTa pacTeHuid. Pactenue,
BBIPALIEHHOE B HHTPOAYKLUH B TeueHue 20 JIeT, I0Ka3ajJ0 caMoe BBICOKOE COAECPKAHNE CATUPO3UAA
B KOpHeBHIIe — 12,25 MI/T, YTO COOTBETCTBYET IMOKA3aTeIIsSIM MPUPOIHBIX 00pa3iioB U3 ['opHoro Anras
wiu npeBbItiaetT ux. Cieayer OTMETHTb, 9To JIHIIL 20-71eTHee pacTeHHEe COOTBETCTBYET TPEOOBAHHUIM
(hapmakorien Poccuiickoit denepanuu 1Mo ypoBHIO HAKOIUICHHUs canuapo3uaa. CrueiaH BbIBOI, YTO
6-7eTHUH TUKI KyJITUBUPOBAHUS TIPU HHTPOAYKIIMHU B JIECOCTETHOM 30He 3amagHor Cubupu Hemo-
CTaTOYCH JIJIS MTOJTyYSHHSI CTAHJIAPTHOTO ChIPbs R. rosea. B nanpHeliem 3aruianHnpoBaHo pa3padoTarh
arpoTeXHUYECKUE METO/IBI, KOTOPHIE TTO3BOJIST MOBBICUTD COIEPKaHUE CATHIPO3N/a U OTHOBPEMEHHO
COKpaTUTb BpeMs KyJIbTUBUPOBAHUS PACTCHUM.

KuroueBble cj10Ba: 30J0TOH KOPEHb, pa3MHOXKEHUE in Vitro, canuapo3ua, BOXKX, nuarpoxgykuuns

Salidroside content in cultivated clonal plants of Rhodiola rosea L.

) Erst A.A.!, Tomoshevich M.A.2

'Ningbo Osaki Biotech Co., Ltd.

Ningbo, China

2Central Siberian Botanical Garden of the Siberian Branch of the Russian Academy of Sciences
Novosibirsk, Russia

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

Salidroside is a glycoside of tyrosol, which is mainly found in the underground parts of plants of
the genus Rhodiola L., including Rhodiola rosea L. This biologically active component is known
for its various beneficial properties: anticancer, antioxidant, anti-aging, antidiabetic, antidepressant,
antihyperlipidemic, anti-inflammatory and immunomodulatory effects. In this work, the content of
salidroside in the rhizomes and roots of Rhodiola rosea of Altai Mountains origin, grown in introduc-
tion in the forest-steppe zone of Western Siberia, is analyzed. Planting material for the experiment
was obtained by the in vitro method. Clonal plants aged 2 to 6 years, as well as one plant grown in
introduction for 20 years, were used for biochemical analysis. The maximum salidroside content in
the rhizome and roots (2.33 and 1.04 mg/g, respectively), as well as the highest annual increase in
the biomass of underground organs (more than 3 times) were observed in clonal samples in the 6th
year of cultivation The maximum salidroside content in the rhizome and roots (2.33 and 1.04 mg/g,
respectively), as well as the highest annual increase in the biomass of underground organs (more than
3 times) were observed in clonal samples in the 6th year of cultivation. In the period from the 2nd to
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Salidroside content in cultivated Erst A.A., Tomoshevich M.A.

clonal plants of Rhodiola rosea L

the Sth year, the salidroside content varied from 1.04 to 1.83 mg/g and did not depend on the age of
the plants. The plant grown in an introduction for 20 years showed the highest salidroside content in
the rhizome — 12.25 mg/g, which corresponds to or exceeds the indicators of natural samples from the
Altai Mountains. It is important to note that only the 20-year-old plant meets the requirements of the
Russian Pharmacopoeia for the level of salidroside accumulation. It was concluded that a 6-year cul-
tivation cycle during introduction in the forest-steppe zone of Western Siberia is insufficient to obtain
standard Rhodiola rosea raw materials. In the future, it is planned to develop agricultural methods that
will increase the content of salidroside and simultaneously reduce the time of plant cultivation.
Keywords: golden root, in vitro propagation, salidroside, HPLC, introduction
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INTRODUCTION ti-osteoporotic effects! [2—8]. The main sources
of salidroside are representatives of the genus

Salidroside is a phenylpropanoid glycoside,
PIERY PIop 8y Rhodiola — R. rosea, R. crenulata, R. sachalin-

the main active component of plants of the ge-

nus Rhodiola L. Modern research confirms that
salidroside is a promising drug with low toxicity
and minimal side effects [1]. It has a wide range
of pharmacological effects: it improves the con-
dition of the cardiovascular and central nervous
systems, has antihypoxic, tonic, rejuvenating,
anti-cancer, anti-inflammatory, antioxidant, an-
tiviral, immunostimulating, antidiabetic and an-

ensis and R. kirilowii [4]. Phytochemical studies
show that salidroside content varies depending
on plant part, sex and age [2, 9]. The collection
period and the geographical origin of the plant
are also important’*, as well as the soil composi-
tion®. Modern research shows that wild-harvest-
ed R. rosea plants tend to contain higher levels
of salidroside than the farm-grown ones®.
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Salidroside is currently widely used in phar-
maceuticals, but its content in R. rosea is rela-
tively low — 0.8-1.0%. Furthermore, reserves
of natural raw materials are limited due to the
difficulty of propagation, specific growing con-
ditions, and large-scale illegal harvesting of
plants. Due to the depletion of natural resourc-
es of R. rosea, the development of technologies
for in vitro cultivation of promising clones, as-
sessment of their biosynthetic potential (includ-
ing salidroside content), and study of biological
productivity during introduction are particularly
relevant.

The purpose of the study is to determine the
dynamics of salidroside accumulation in clonal
plants of R. rosea cultivated in the forest-steppe
zone of Western Siberia.

MATERIAL AND METHODS

The starting material for this study was R. ro-
sea seeds from the Altai Republic, which grows
on the southern slopes of the Iolgo Range (Kara-
kol Lakes). The altitude is 1800—2000 m above
sea level. In vitro cultivation of R. rosea and its
adaptation to ex vitro conditions were carried out
using a previously developed method [10].

After adaptation to ex vifro conditions, the
plants were transplanted into 7 x 7 x 9 cm con-
tainers in a soil mixture consisting of a peat nu-
trient substrate (pH 5.5-6.5) and sand in a ratio
of 4:1 and grown for two years in a nursery in
containers.

Next, two-year-old plants were planted in the
introduction area in ridges with a distance of 20-
25 cm between plants. To protect against weeds,
the soil was covered with black plastic film.

The introduction site is located on the terri-
tory of the Central Siberian Botanical Garden
(CSBG) of the Siberian Branch of the Russian
Academy of Sciences, located on the right bank
of the Novosibirsk Reservoir, 25 km from the
center of Novosibirsk. Geomorphologically, the
territory of the Central Siberian Botanical Gar-
den occupies the second and third floodplain
terraces of the Ob River, composed of ancient
alluvial sandy and sandy loam deposits. The ter-
races average 150—-200 m above sea level. The

soils are sod-podzolic, with a pH ranging from
5.5t06.9.

The harvest was collected at the end of the
growing season: late September — early October
in 2019-2023, during years 2 (nursery) and 3—6
(introduction site) of cultivation. The experi-
ment also analyzed the R. rosea plant imported
from Gorny Altai and cultivated for 20 years at
the Central Siberian Botanical Garden. The rhi-
zomes and roots were shaken free of soil and
washed. The roots were then separated from the
rhizomes, and the plant parts were cut into slic-
es. The fresh and dry weights of the roots and
rhizomes were recorded for each plant before
and after drying using warm air ventilation in a
thermostat at 45°C (LIOP, Russia) for 5 days.
The dried samples were stored in paper bags in
dark, dry conditions at a temperature of 22°C.

Extracts from 1 g of rhizomes and roots were
obtained by triple extraction with a 70% ethanol
solution in an ultrasonic bath for 30 min at room
temperature, followed by concentration to 2 ml
using an “IKA HB 10 digital” rotary evaporator
(Germany).

HPLC analysis was performed using an Agi-
lent 1200 system with a diode array detector and
an autosampler, with ChemStation data process-
ing software (Agilent Technologies, Santa Clara,
CA, USA). The chromatography column was
Perfect Sil Target ODS-3; 4.6 x 250 mm. The
mobile phase was methanol: water = 40:60. The
elution rate was 1 ml/min. The injection vol-
ume was 5 pL. The analytical wavelength was
Amax = 254 nm. Chromatographic analysis was
performed in 3-5 replicates. Salidroside stan-
dard samples were purchased from Sigma-Al-
drich (St. Louis, MO, USA).

Statistical processing and analysis of the re-
sults were performed using Microsoft Excel 7.0
and Statistica 6.0 (Duncan's test, factorial ANO-
VA, p < 0.05). Data are presented as mean val-
ues and standard deviations. A total of 10 plants
from each cultivation year and one 20-year-
old plant were analyzed. Data are presented in
milligrams per gram of air-dried raw material

(mg/g).
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RESULTS AND DISCUSSION

Rhodiola rosea, when introduced into the for-
est-steppe zone of Western Siberia, demonstrat-
ed high resistance: it is not susceptible to dis-
eases and pests, and annually produces mature
and viable seeds (see the figure). The dynamics
of the biomass growth of underground organs
(rhizomes and roots) are presented in the table.
The annual growth varied in different years, with
the maximum values observed in the 4th and 6th
years of cultivation, increasing by 3.6 and 3.2
times, respectively.

Salidroside content in rhizomes was signifi-
cantly higher than in roots: in clonal plants, the
difference ranged from 1.7 to 5.4 times, and in
the 20-year-old sample, it was up to 7.1 times
(see table). The 20-year-old sample had the
highest biomass and salidroside concentrations
in underground organs—up to 12.25 mg/g (see
the figure). The maximum salidroside content
among clonal plants was recorded in the sixth
year of cultivation: 2.33 mg/g in rhizomes and
1.04 mg/g in roots. During this same period, a
significant annual increase in the biomass of

underground organs was also observed—more
than threefold.

Previously published data demonstrate sig-
nificant variations in phenylethanoloid content
in Rhodiola rosea depending on its geographical
origin and growing conditions. In samples col-
lected in two mountainous regions of Austria,
salidroside content ranged from 0.9 to 1.4 mg/ g’;
in the samples from different regions of China,
the concentrations of salidroside and tyrosol
were 1.3—11.1 and 0.3-2.2 mg/g, respectively?;
In natural samples from Bulgaria, the salidroside
content was 0.81-1.65% [11]. In the rhizomes
of Rhodiola rosea from the Altai Mountains, the
salidroside content was in the range of 0.98-3.53
mg/g, and tyrosol — from 0.10 to 0.70 mg/g [12].
In addition, a high coefficient of variability of
salidroside content in R. Rosea plants upon in-
troduction was shown — 61.85% [13].

The highest salidroside content, 51.0 mg/g,
was found in a 16-year-old cultivated sample
from Norway”.

According to our data, the 20-year-old in-
troduced R. rosea plant has a high content of

KionoBeie 6-netnue pactenus (a) u kopaeBuie 20-IeTHETO p

eHust R. rosea (0), KylnbTUBUPYC

Clonal 6-year-old plants (@) and thizome of a 20-year-old R. rosea plant (), cultivated in the Central Sibe-

rian Botanical Garden

"Alperth F., Turek I., Weiss S., Vogt D., Bucar F. Qualitative and quantitative analysis of different Rhodiola rosea rhizome extracts
by UHPLC-DAD-ESI-MSn // Sci. Pharm., 2019, vol. 87, pp. 8. DOI: 10.3390/scipharm87020008.

8Linh P.T., Kim Y.H., Hong S.P, Jian J.J., Kang J.S. Quantitative determination of salidroside and tyrosol from the underground
part of Rhodiola rosea by high performance liquid chromatography // Arch Pharm. Res., 2000, vol. 23, pp. 349-352. DOI: 10.1007/

BF02975446.

‘Elameen A., Kosman V.M., Thomsen M., Pozharitskaya O.N., Shikov A.N. Variability of major phenyletanes and phenylpropanoids
in 16-year-old Rhodiola rosea L. clones in Norway // Molecules, 2020, vol. 25, p. 3463. DOI: 10.3390/molecules25153463.
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[Ipupoct Ouomaccel u cogepkaHue Caauapo3uIa

B TIO/I3EMHBIX OpraHax 2—0-JIETHUX KJIOHOBBIX
20-neTHero pacTeHus R. rosea, KylIbTUBUPYEMBIX B
HCBC

Biomass growth and salidroside content in under-
ground organs of 2-6 year old clonal and 20 year
old R. rosea plants cultivated in the Central Siberian
Botanical Garden

Year of | Dry mass of Salidroside content, mg/g
cultiva- | underground
tion organs, g rhizome root
2 2,93 +£0,35f | 1,61+0,11d | 0,63 +£0,04d
3 421+0,46e | 1,04+0,07¢ | 0,61 £0,04d
4 1522+ 1,37d | 1,83+0,13¢c | 0,34+0,02¢
5 22,74 £2,86¢c | 1,54+0,10d | 0,82 +0,06¢c
6 71,56 +£6,49b | 2,33 +0,16b | 1,04 +0,07b
20 110,35a 12,25+ 0,61a | 1,73+0,12a

Note. Values followed by the same letter(s) in columns
are not significantly different at p < 0.05 according to the
Duncan's test.

salidroside in the rhizome, comparable to or
exceeding the content in natural samples from
the Altai Mountains. According to Zibareva et
al. [14], the underground organs of cultivated
Rhodiola rosea plants contained higher levels of
salidroside compared to plants grown in natural
conditions. Elameen et al. (see footnote 9) noted
that long-term cultivation promotes the accumu-
lation of rosavins and salidroside in R. rosea.

The highest salidroside content in the rhi-
zome and root of clonal material is achieved
in the sixth year of cultivation — 2.33 and 1.04
mg/g, respectively. Moreover, from the second
to fifth years, salidroside content varied from
1.04 to 1.83 mg/g and was independent of the
plant age. E.F. Kim!? also showed that in seed-
lings under cultivation conditions, salidroside
content is low during the first three years, re-
maining at 0.4—0.6%.

CONCLUSION

According to the State Pharmacopoeia of the
Russian Federation!!, the content of salidroside
should be at least 0.8%. Ajdert et al. [15] pro-

pose to consider a minimum limit of 0.3% for
the content of salidroside as a quality standard.
We have shown that when growing clonal plants
in the forest-steppe zone of Western Siberia, a
6-year cultivation cycle is not sufficient to ob-
tain standard R. rosea raw materials. Among the
studied samples, only the 20-year-old introduced
plant meets the pharmacopoeia's salidroside ac-
cumulation standards. Previously, soil compo-
sition has been shown to significantly influence
salidroside accumulation in another species (R.
sachalinensis). It has been noted that rich organ-
ic matter, low pH, and high levels of exchange-
able and total nitrogen in the soil ensure high
salidroside productivity (see footnote 5). To eco-
nomically viable cultivate Rhodiola rosea using
the plantation method, it is necessary to shorten
the cultivation period. Developing agronomic
practices aimed at increasing the yield and pro-
ductivity of R. rosea is becoming a priority.
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'Cubupckuil HayuHo-ucc1e008amenscKull UHCIMUmym pacmenueso0cmsd U celekyuu —
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Cubupckoeo omoenenus Poccutickou akademuu Hayk»

HoBocubupckas obnacts, p.i. KpacHooo6ck, Poccust

2Cubupckuii ghedepanbHulll HAYUHbIL Yenmp azpodouomexnonoeuti Poccuiickoil akaoemuu Hayk
HoBocubupckas obnacts, p.i. KpacHooo6ck, Poccust

(<) e-mail: sotnik@bionet.nsc.ru

[IpencraBneHsl JaHHbBIE HCCICAOBAHUHN O BIUSHUHM THAPOTEPMUUYECKUX (PAKTOPOB HA YPOBEHB YPO-
XKAWHOCTHU SIMMEHS PAa3HBIX PYII CIEJIOCTH B KOHTPACTHBIX YCJIOBHSX cpelsl. [IpoaHanu3upoBaHsbl
3aBUCUMOCTH YPOXXallHOCTH SIUMEHSI OT KOJIMYEeCTBA aTMOC(EpHBIX 0CaIKOB, CPEAHECYTOYHON TeM-
neparypsl Bo3lyxa U THApoTepMuueckoro ko3 gunuenta B ycnosusx IIpuobekoit necocrenu. Hc-
cnenoBauus npoBonuiau B 2014-2023 rr. 8 CuoHUNPC — dunmmane ®ULL UL ul" CO PAH. Matepuan
uccnenoBanusi — 51 copt sSlUMeHsl, CO3AaHHbIN B CENEKIMOHHBIX LeHTpaXx CHOUpH U BKIIIOYCHHBIH B
locynapcTBeHHBIN peecTp CeNEeKUMOHHBIX AOCTHKEHUH, JOMYLICHHBIX K MCHONb30BaHui0. Onpene-
JIEHO, YTO CTaOMIBHOCTH (DOPMUPOBAHUS YPOXKAMHOCTH TI0 TpyTIaM cocTaBmia: «panaue» — 0,82%,
«cpennepannue» — 0,79% u «cpemuecnensie» — 0,80%, 4TO yKa3pIBae€T HA CUHXPOHHYIO PEAKIIMIO
COPTOB pa3HbIX I'PYIIII CHEJIOCTH Ha KOHTPACTHBIE YCIOBHA cpelbl. [Ipy 3ToM Mexay rpynmnaMu cre-
JIOCTH YCTaHOBJIEHAa OMOJIOTHYECKH OOYCIIOBIEHHAS 3aKOHOMEPHOCTH: YeM KOpOYe BETeTaI[MOHHBIN
MEPUOA, TEM HWKE MOTEHIMAJ MPOAYKTHBHOCTH. YCTaHOBIECHO, YTO B ycCioBHsX [IprnoOckoii eco-
CTeNH YPOBEHb YPOXKAWHOCTH SYMEHS 3aBUCUT OT CyMMBI OCaJIKOB 3a Maii — utonb (7 = 0,37-0,44 —
JUTST HEONMaronprsITHRIX ycioBuid u » = 0,63—0,68 — i O1aronpusATHRIX) W TIOKA3aTeNsl TUAPOTEP-
Muueckoro kospdunuenra (r = 0,45-0,58 — mis HebnaronpuATHBIX ycnoBui u r = 0,62-0,64 — mus
OnaronpusTHBIX). Takke ycTaHOBJIEHA JOCTOBEPHAs BBICOKAsl KOPPEISALUS MEKAY YPOKAHHOCTBIO U
TEeMIIEpaTypoi BO3yXa B MIOHE JUIs BceX Tpymn crenoctH 3a 10-netnuii nepuox (= 0,70; 0,72; 0,69).
KoppensuuonHas cBs3b ypoKaiiHOCTH STUMEHSI C KIMMAaTHUYECKUMHE (paKTopaMy pa3iudanach Mo Tec-
HOTE B 3aBUCUMOCTH OT (hakTopa (Biara, TeMIeparypa) U OT KOHTPACTHOCTH yCJIOBHII.

KuroueBble ci10Ba: KOppeIsIMOHHBIE CBSI3U, OCAIKHU, CPeTHECYTOUHAs TEMIIEpaTypa BO3AyXa, TH-
JpoTepMuYecKuil kKodhduuent
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The paper presents research data on the influence of hydrothermal factors on the yield level of
barley of different maturity groups under contrasting environmental conditions. The dependence of
barley yield on the amount of precipitation, average daily air temperature and hydrothermal coefficient
in the conditions of the Ob forest-steppe were analyzed. The research was conducted from 2014 to
2023 at the Siberian Research Institute of Plant Production and Breeding (SibNIIRS) — Branch of the
Scientific Research Institute of Cytology and Genetics of the Siberian Branch of the Russian Academy
of Sciences. The study material included 51 varieties of barley included in the State Register of the
Varieties and Hybrids of Agricultural Plants Approved for Use in the West Siberian and East Siberian
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Regions. It was determined that the stability of the yield formation by groups was as follows: "ear-
ly" —0.82%, "middle-early" — 0.79% and "medium-maturing" — 0.80%, which indicates a synchronous
response of the varieties of different maturity groups to contrasting environmental conditions. It has
been established that in the conditions of the Ob forest-steppe, the level of barley yield depends on
the amount of precipitation for the period May — July (» = 0.37-0.44 for unfavorable conditions and
r=0.63—-0.68 for favorable conditions) and the hydrothermal coefficient (» = 0.45-0.58 for unfavor-
able conditions and » = 0.62—0.64 for favorable conditions). A reliable high correlation has also been
established between the yield and air temperature in June for all maturity groups over a 10-year period

(r=10.70; 0.72; 0.69).

Keywords: correlation links, precipitation, average daily air temperature, hydrothermal coefficient

Jas uuruposanusi: Comuux AA., Kpvinosa O.C., [pucopves FO.H. Biusaue noronHsix ycnosuit [IpnoGckoii necoctenu Ha
YPOXKAHHOCTD staMeHst sipoBoro // CHOMPCKUN BECTHHK CelibCKoXo3siiicTBeHHO# Hayku. 2026. T. 56. Ne 3. C. 42-50. https://doi.

org/10.26898/0370-8799-2026-3-5

For citation: Sotnik A.Ya., Krylova O.S., Grigoriev Yu.N. Influence of weather conditions in the Ob forest-steppe region on
spring barley yield. Sibirskii vestnik sel skokhoozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2026, vol. 56, no. 2,

pp. 42-50. https://doi.org/10.26898/0370-8799-2026-3-5

Kondumkr unrepecon

ABTOpBI 3asBISIFOT 00 OTCYTCTBUM KOH()IUKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

Bbaaronapuocts

Pabora nopnepxana oromkerHbiMu npoektamu ULul" CO PAH: Ne FWNR-2024-0013, Ne FWNR-2026-0033.

Acknowledgements

The work was supported by the IC&G SB RAS budget projects: No. FWNR-2024-0013, No. FWNR-2026-0033.

INTRODUCTION

Climate change could negatively impact
global agricultural yields. A report by the Orga-
nization for Economic Cooperation and Devel-
opment and the Food and Agriculture Organi-
zation of the United Nations predicts that 79%
of the global agricultural yield will be achieved
through increased crop yields'. Changes in crop
yields by year and zone depend on prevailing
meteorological factors: the amount of precipita-
tion and the nature of its distribution, the type
of drought [1, 2]. The priority issue is to reduce
the negative impact of these factors in order to
increase the stable yield of grain products per
unit area [3]. The yield of a variety, formed un-
der the influence of contrasting environmental
conditions, characterizes the degree of its adapt-
ability to changing weather conditions [4]. To
determine the dependence of crop yield on en-
vironmental factors, methods of mathematical
modeling and mathematical statistics are used,

with the help of which a connection between
crop yield and growing conditions is established,
which increases the probability of predicted crop
yield [5].

The purpose of the study is to investigate the
influence of hydrothermal factors (precipitation,
air temperature) on the yield of spring barley un-
der contrasting conditions.

MATERIAL AND METHODS

The research was conducted from 2014 to
2023 at the SibNIIRS (Siberian Research Insti-
tute of Plant Cultivation and Breeding), a branch
of the Federal Research Center Institute of Cy-
tology and Genetics of the Siberian Branch of
the Russian Academy of Sciences. Agricultural
practices: plot area — 1 m?, sowing time — early
second ten-day period of May, sowing was car-
ried out with an SSFK-7 seeder, seeding rate —
550 viable seeds per 1 m?, preceded by complete
fallow.

'OECD-FAO Agricultural Outlook 2023-2032, OECD Publishing, Paris, https://doi.org/10.1787/08801ab7-en.
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The research material used was 51 variet-
ies of spring barley, developed in the breeding
centers of Siberia’. The varieties were sown in
a demonstration nursery without replication ac-
cording to the VIR methodology®. The experi-
ments were conducted at a test site located in the
Novosibirsk District of the Novosibirsk Region,
in the forest-steppe soil-climatic zone. The pri-
mary soil type is leached, medium-deep, medi-
um-humus chernozem?*.

Meteorological conditions varied significant-
ly during the years of research (see Table 1)°.
The hydrothermal coefficient (HTC) varied over
the years from low to excess moisture supply
(0.61-1.75) according to the gradation of E.K.
Zoidze [6].

Statistical and correlation analysis was per-
formed in the Google Colab® environment us-
ing standard Python libraries’. To interpret the
strength of the connection, we used the Chad-
dock scale as presented by A.A. Orlov and A.lL
Orlov [7].

RESULTS AND DISCUSSION

During the study period, the average daily air
temperature for each month exceeded the long-
term average by 1.0-1.6 °C (see Table 1), which
is consistent with the trend of increasing air tem-
perature noted in other studies conducted in dif-
ferent regions of the Russian Federation [8§—10].
The 10-year average precipitation in May and
July exceeded the long-term average by 10%,

Taoda. 1. Mereoponoruueckue nokazarenu u [ 'TK 3a mait — utons, 2014-2023 T
Table 1. Meteorological indicators and the HTC for May — July, 2014-2023

Average daily air temperature, °C Amount of precipitation, mm HTC

e May | June July 1\3[3{{ May | June July NJ[{ali]yf May | June July NJIE%:
2014 10,0 17,4 | 20,2 159 | 50,5 17,4 | 76,9 | 1448 | 2,99 | 0,37 1,23 1,15
2015 12,9 19,2 19,6 17,2 | 71,7 | 31,9 | 112,7 | 216,3 | 2,06 | 0,55 1,86 1,41
2016 105 | 197 | 202 | 168 | 31,6 | 377 | 76,7 | 1460 | 128 | 066 | 122 | 1,01
2017 12,6 19,3 18,5 16,8 | 33,9 | 71,9 | 99,5 | 205,3 | 1,01 1,24 1,73 1,38
2018 7,0 19,1 18,5 149 | 80,5 | 70,2 | 64,6 | 2153 | 0,47 1,23 1,13 1,75
2019 109 | 164 | 192 | 155 | 432 | 252 | 97.6 | 1660 | 1,60 | 051 | 1,64 | 1,23
2020 15,5 16,6 19,7 17,3 53,7 | 23,8 | 84,9 | 1624 | 1,19 | 0,50 1,39 1,06
2021 14,3 16,2 19,7 16,7 | 25,1 73,1 224 | 120,6 | 0,60 1,51 0,37 | 0,79
2022 15,4 17,3 18,9 17,2 2,5 58,8 47,8 | 109,1 | 0,06 1,22 0,81 0,73
2023 11,8 19,0 | 21,6 17,5 5,5 26,1 62,3 | 939 | 0,18 | 0,46 | 0,93 0,61
Average 12,1 18,0 19,6 16,6 | 39,8 | 43,6 | 74,5 | 157,9 | 1,16 | 0,87 1,23 1,11
g\gage long= 1105 | 170 | 194 | 156 | 37,0 | 450 | 61,0 | 1430 | 1,05 | 094 | 1,14 | 1,05

2State Register of Breeding Achievements Approved for Use. Plant Varieties. (Official Publication). Moscow: Rosinformagrotekh,

2023, vol. 1, 634 p.

3Guidelines for the study and preservation of the world collection of barley and oats. St. Petersburg: State Scientific Institution

VIR Russian Agricultural Academy, 2012. 63 p.

“Adaptive landscape farming systems of the Novosibirsk region / Russian Academy of Agricultural Sciences, Siberian Branch of
the Siberian Research Institute of Plant Protection. Novosibirsk, 2002, 38 p.

SPogodaiklimat.ru http: //www.pogodaiklimat.ru
‘https://colab.research.google.com
"https://docs-python.ru/standart-library
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while in June, precipitation was 3% below the
long-term average. Other studies have recorded
a 25.6% reduction in summer precipitation [9].
Changes in average long-term indicators of av-
erage daily air temperatures and precipitation, as
well as the nature of their distribution, pose the
challenge for breeders to create varieties that are
better adapted to environmental conditions.

The date of wax ripeness for varieties with the
longest growing season (Signal, Aley and Buy-
an) was noted on August 1-6, except for 2018,
when, due to heavy rainfall in the second ten-
day period of May, sowing was carried out on
May 21; accordingly, the ripening dates of the
varieties were noted later. For the vast majority
of varieties, the wax ripeness phase occurred be-
fore August 1, so the influence of environmental
factors was examined for May—July. Plant mois-
ture availability during this period was as fol-
lows: low in 2022 and 2023; insufficient in 2016
and 2021; sufficient in 2014, 2017, 2019, and
2020; increased in 2015; and excessive in 2018.

The highest yields among all barley varieties
were recorded in 2019 and 2020 under optimal
moisture conditions. The variety showed lower
yields in 2021. This year there was significantly
less precipitation, but it was distributed evenly
throughout all ten days of June and the first ten
days of July, which contributed to the formation
of a high level of harvest compared to years with
sufficient (optimal) moisture supply. In 2022,
low moisture availability was observed during
the barley plant development period (precipita-
tion: May — 15%, June — 107%, July — 70%).
However, thanks to the even distribution of pre-
cipitation across all ten-day periods of June and
July, the yield in 2022 was above the 10-year
average. A similarly even distribution of precip-
itation across the June and July ten-day periods
was observed in 2023, with a deficit in June
(47% in June, 92% in July). The 2023 crop yield
was consistent with 2022 levels. In 2015, in-
creased moisture availability was observed over
the three months overall, but precipitation was
distributed unevenly. At the beginning of May
(before sowing), precipitation was almost twice
the long-term average. In June, precipitation was

70% of the long-term average, with very high
average daily temperatures. At the end of July,
precipitation was 1.5 times higher than the long-
term average, but this moisture was no longer
used by the plants, as the leaves had dried out.
As a result, in 2015 (with increased moisture
availability in May—July), the varieties yielded
below the 10-year average. In 2014 and 2018,
precipitation in early May (before planting) con-
tributed to a high hydrothermal coefficient over
three months, but insufficient precipitation in
June contributed to a decrease in yield. In 2017,
a large amount of precipitation fell at the end of
July, when the plants were no longer able to uti-
lize it. Under 2016 conditions, insufficient mois-
ture supply was due to a precipitation deficit in
June (86%) coupled with high air temperatures
in May and June (averaging 2.3°C above the
long-term average), resulting in very low yields
from the varieties.

Of the entire set of varieties, 12 belong to
the “early” group (with the shortest period from
germination to wax ripeness), 20 varieties are
included in the “middle-early” group, and 19
belong to the “medium-maturing” group (see
Table 2).

The difference between the varieties in terms
of "minimum yield of a variety over 10 years"
was 375 g/m? (75-450 g/m2), and in terms of
"maximum yield of a variety over 10 years" —
537 g/m? (598-1135 g/m?). These values are due
to varietal properties and indicate a significant
influence of the genotype on yield variation,
which is consistent with the opinion of other re-
searchers [11]. The difference between the av-
erage minimum and average maximum yields
for all varieties over 10 years, due to contrasting
environmental conditions, was 733 g/m? (180—
913 g/m?), significantly exceeding the range of
variation due to genotype. This indicates the pre-
dominant influence of environmental factors in
variability in spring barley yield.

A biologically determined pattern was estab-
lished between the maturity groups: the shorter
the growing season, the lower the productivity
potential (“early” — 817, “middle-early” — 914
and “medium-maturing” — 971 g/m?). The dif-
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Tabua. 2. YpoxaiiHoCTh copToB gumens, 2014-2023 rr.

Table 2. Yield of barley varieties, 2014-2023

Variety, origin Yield, g/m’ Variety, origin Yield, g/m’
X* | min | max x* | min | max
Early (6668 days)
Omsky 89, Omsk region 545 | 100 | 798 |Kazminsky, Primorsky Territory 532 | 100 | 1053
Omsky 96, Omsk region 540 | 150 | 1043 | Chervonets, Irkutsk region 609 | 350 | 839
Nevan, Irkutsk region 575 | 100 | 875 |Bagan, Novosibirsk region 490 | 125 | 766
Zalarinets, Irkutsk region 456 | 125 | 634 | Tanay, Novosibirsk region 602 | 212 | 839
Nepolegayushchy, Irkutsk region 477 | 100 | 736 |Simon, Kemerovo region 594 | 175 | 929
Aykhal, Yakutia 385 | 100 | 598 |Altan-Bulag, Buryatia 466 | 75 694
Average (n=12) 523 | 143 | 817
Middle-early (69—71 days)
Ranny 1, Novosibirsk region 414 | 100 | 843 |Zolotnik, Novosibirsk region 643 | 275 | 962
Biom, Novosibirsk region 599 | 200 | 1009 | Talan, Novosibirsk region 658 | 225 | 979
Omsky 13709, Omsk region 543 | 150 | 844 |Kolchan, Altai Territory 680 | 450 | 1077
Novo-Omsky, Omsk region 550 | 100 | 895 |Omsky 80, Omsk region 568 | 300 | 886
Omsky 86, Omsk region 638 | 300 | 905 |Omsky 88, Omsk region 644 | 100 | 942
Sasha, Omsk region 696 | 350 | 1053 | Narymchanin, Tomsk region 559 | 125 | 1078
Agul 2, Krasnoyarsk Territory 550 | 100 | 835 |Kedr, Krasnoyarsk Territory 591 | 100 | 853
Pallidum 394, Buryatia 602 | 250 | 774 |Bakhus, Krasnoyarsk Territory 575 | 125 | 882
Monsoon, Primorsky Territory 518 | 100 | 831 | Abalak, Krasnoyarsk Territory 664 | 325 | 938
Aua, Novosibirsk region 584 | 100 | 929 |Primorsky 44, Primorsky Territory 518 | 100 | 775
Average (n = 20) 590 | 189 | 914
Medium-maturing (71-74 days)
Obskoi, Novosibirsk region 604 | 200 | 863 Sibirsky avangarq, Omsk region + 682 | 150 | 1061
Krasnoyarsk Territory
Omsky 85, Omsk region 698 | 100 | 1135 | Vorsinsky, Altai Territory 726 | 375 | 957
Enisey, Krasnoyarsk Territory 574 | 125 | 826 | Vorsinsky 2, Altai Territory 702 | 125 | 1108
Ef;snoya“ky 80, Krasnoyarsk Terri- | o0 | 100 | 884 | Omsky 95, Omsk region 692 | 400 | 958
Sobolek, Krasnoyarsk Territory 604 | 175 | 908 |Barkhatny, Tomsk region 551 | 100 | 1052
Novosibirsky 80, Novosibirsk region 604 | 175 | 889 |Krasnoyarsky 1, Krasnoyarsk Territory | 614 | 250 | 806
Salair, Altai Territory 725 | 275 | 1097 | Signal, Novosibirsk region 617 | 105 | 959
Nikita, Kemerovo region 590 | 100 | 969 | Alei, Altai Territory 681 | 175 | 962
Omsky 87, Omsk region 654 | 250 | 990 |Buyan, Krasnoyarsk Territory 570 | 125 | 989
Omsky 90, Omsk region 689 | 325 | 1039 | Average (n=19) 641 | 191 | 971
Average (n=151) 477 | 180 | 913

*X —10-year average.
min —minimum yield of the variety over 10 years.
max — maximum yield of the variety in 10 years.

ference from the minimum to maximum yield by
maturity group was: “early” — 674, “middle-ear-
ly” — 725 and “medium-maturing” — 780 g/m?.
Absolute values showing the difference between
limiting values for maturity groups cannot serve
as a criterion for comparing the response of the
varietal population of the group. Let us con-
sider the stability of yield formation (range of

variation) by maturity groups as the ratio of the
difference between the maximum and minimum
values to its maximum value, proposed by V.A.
Zykin et al. [12]. The stability of yield formation
by groups was: “early” — 0.82%, “middle-ear-
ly” — 0.79% and “medium-maturing” — 0.80%,
which indicates a synchronous response of vari-
eties of different maturity groups to contrasting
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environmental conditions.

Crop yield is determined by the combination
of many environmental factors affecting plants
throughout their growth and development.
Therefore, crop yield can be considered an indi-
cator of favorable or unfavorable environmental
conditions. Based on this, all years were divided
into two scenarios (unfavorable and favorable).
The “unfavorable years” category (yields below
the 10-year average) included 2014-2018, while
the “favorable years” category (yields above the
10-year average) included 2019-2023.

The correlation between barley yield and cli-
matic factors varied in strength depending on the
factor (moisture, temperature) and the contrast
of conditions (see Table 3).

A significant correlation was found between
yield and air temperature in June for a 10-year
sample for all maturity groups (» = 0.70; 0.72;
0.69), which is consistent with the results ob-
tained by R.D. Kamaleev et al. [13] in the cen-

tral zone of the Orenburg region. Other studies
have obtained opposite results. Thus, in the ex-
periments of I.V. Lyskova et al. [8] in the Kirov
region, strong inverse correlations were noted
between the yield of grain crops and the air tem-
perature in June. These differences between the
experiments are explained by the fact that the in-
crease in yield is influenced by all environmental
factors in combination and throughout the entire
period of plant growth and development.

In contrasting conditions with a 5-year sam-
ple, the correlation between the variables under
consideration is expressed weaker, since the
variation of characteristics over 5 years (of one
category) is manifested to a lesser extent. The
relationship between air temperature for the en-
tire period (May — July) and crop yield is moder-
ate in both unfavorable (»=0.25; 0.31; 0.43) and
favorable conditions (= 0.48; 0.42; 0.45), while
no significant differences were noted between
maturity groups. In a 10-year sample, a weak

Ta6a. 3. KoadduumeHTsl KOppessiuu ypoKaHHOCTH ¢ KIMMATUICCKUMU (PAKTOPAMU B KOHTPACTHBIX

YCIIOBHSIX
Table 3. Correlation coefficients of crop yield with climatic factors in contrasting conditions
10-year average Unfavorable years Favorable years
Period tec | Predpia-|oppe | e | Precipite-)ype | e | Predpit- - pre
Early (n = 12; 5 % threshold of significance r = 0,58)
May 0,30 0,04 0,10 0,01 0,47 0,26 0,13 0,62* 0,65*
June 0,70* 0,14 0,05 0,50 0,01 0,02 0,51 0,20 0,17
July 0,08 0,05 0,04 0,28 0,17 0,22 0,28 0,37 0,40
May — July 0,09 0,08 0,08 0,25 0,37 0,45 0,48 0,63* 0,62*
Middle-early (n = 20; 5 % threshold of significance r = 0,44)
May 0,35 0,01 0,11 0,09 0,56* 0,36 0,07 0,73* 0,70%
June 0,72% 0,12 0,02 0,41 0,06 0,08 0,54* 0,23 0,20
July 0,03 0,14 0,12 0,33 0,13 0,18 0,21 0,36 0,38
May — July 0,04 0,14 0,15 0,31 0,44* 0,53* 0,42 0,68* 0,64*
Medium-maturing (n = 19; 5 % threshold of significance r = 0,46)
May 0,27 0,01 0,06 0,18 0,51 0,43 0,20 0,66* 0,68*
June 0,69%* 0,11 0,02 0,46* 0,17 0,20 0,43 0,33 0,30
July 0,06 0,13 0,11 0,43 0,02 0,10 0,16 0,45 0,47*
May — July 0,11 0,13 0,11 0,43 0,43 0,58* 0,45 0,64* 0,63*

*Significant at p = 0,05.
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relationship was observed between tempera-
ture increase and yield increase (» = 0.04—0.11).
This is explained by the fact that very high air
temperature affects both the acceleration of de-
velopment phases and a decrease in productiv-
ity, which is consistent with the results of A.A.
Bisharev et al. [14], who, under the conditions
of the Middle Volga region, recorded a negative
effect of average air temperature on barley yield
during the vegetative and generative periods of
plant development.

The impact of precipitation on crop yield
growth varied by month and depending on the
contrasting conditions (see Table 3). In a 10-year
sample, the relationship between May precipi-
tation and crop yield was weak, but in contrast-
ing conditions, it was noticeable due to crowd-
ing. Thus, for all maturity groups, a noticeable
relationship was noted between the amount of
May precipitation and yield both in favorable
(r = 0.62—-0.73) and unfavorable conditions (r =
0,47-0,56). These indicators are determined by
the moisture reserves in the soil due to precipi-
tation before sowing and atmospheric moisture
after sowing, which ultimately ensures the sur-
vival of emerging plants and ear productivity.
Similar results on the importance of May pre-
cipitation for the formation of spring barley pro-
ductivity were obtained by R.D. Kamaleev et al.
[13] in the central zone of the Orenburg region.

June and July precipitation did not correlate
with yield. Thus, over a 10-year period, the cor-
relation between yield and precipitation in June
and July was weak across all varietal groups
and equally strong across all maturity groups (»
= 0,11-0,14 for June, » = 0,05-0,14 for July).
Under favorable conditions, the correlation be-
tween July precipitation and crop yield is mod-
erate (= 0,36; 0,37; 0,45).

The highest correlation values were observed
between the amount of precipitation for May —
July and crop yield in the variant with favorable
conditions (» = 0,63; 0,68; 0,64), and in unfavor-
able conditions, the connection is moderate (» =
0,37; 0,44; 0,43). The relationship between pre-
cipitation during the growing season of plants
and crop yields is consistent with the results

obtained by A.P. Solodovnikov et al. [15] in the
conditions of the Trans-Volga region.

The HTC indicator reflects the combined ef-
fects of precipitation and average daily air tem-
perature. The highest correlation values were ob-
served between the HTC for May and crop yield
in the "favorable years" scenario (= 0,65-0,70).
A similarly strong correlation was observed be-
tween the HTC for May—July and the yield in the
“favorable years” variant (» = 0,62-0,64), and in
the “unfavorable years” variant — from moderate
to noticeable (» = 0,45-0,58). The relationship
between these indicators in the 10-year period
is weak (» = 0,08-0,15). These differences in the
strength of the relationship over a 10-year peri-
od, as in the case of precipitation, are explained
by the asynchronous variation of the indicators
under consideration, since the variation in yield
also depends on other environmental factors.

Thus, the most significant influence on the
formation of barley grain yield in the conditions
of the Ob forest-steppe is exerted by the air tem-
perature in June, the amount of precipitation and
the HTC index for May — July. The established
dependence of barley yield on the growing con-
ditions will allow us to calculate, for specific
conditions, predicted yield values based on em-
pirical and calculated values of precipitation and
air temperature.

CONCLUSION

A reliable high correlation was established
between yield and air temperature in June for
all maturity groups over a 10-year period (r =
0,70; 0,72; 0,69). The yield of barley depends
on the amount of precipitation for May — July
(r = 0,37-0,44 — for unfavorable conditions and
r =0,63-0,68 — for the favorable ones), and the
HTC values for May-July (» = 0,45-0,58 — for
unfavorable conditions and » = 0,62-0,64 — for
the favorable ones).
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B crarpe mpeacTaBieHbl pe3ynbTaThl OUEHKH 3Q(QEKTUBHOCTH MPUMEHEHHUS Pa3IMYHbIX CPEIICTB
WHTEHCU(PHKALUH TIPH pa3MHOKEHHH UCXOIHOTO MaTepuaia TpeX cOpToB KapTodess cubupckoi ce-
nexuuu (FOna, JIuna, 3narka) B ycnosusx secocrenu HoBocubupcekoro [1pro6ss. Liens uccnenoBanus
3aKIJII0YaNIach B OTPENIEICHNN ONITUMAIBHBIX COYETAaHUN 7103 MMPOTPABUTENS], TyMHHOBBIX IpENapaToB
Y MUHEPAITbHOTO YIOOPEHNUS AJIsl CHIDKEHHS pa3BUTHS PU30KTOHNO03a Ha cTeOIsIX Kaprodens. B ombi-
Tax Mcnoib30Bainu nporpasutens Cenect Ton (Hopma pacxona 0,2 u 0,4 1/T), r'yMUHOBBIE ITpeNaparsl
Bepec-8 (Hopma pacxona o kiyonsm 0,2 11/T, mo Bereraruu — 0,2 1/ra) u Penukt (Hopma pacxona mo
kinyonsm 0,01 n/t, mo Bereraumu — 0,2 n/ra) Ha IBYX ypoBHSAX MuHepanbHOTro nuTanus (NioP40Ksgg
U ecTeCTBEeHHOE Iiofopoane). M3yuenue BIMAHNS KOMIUIEKCHOTO MPUMEHEHHUS MUHEPAJIbHOTO YI0-
OpeHusi, IPOTPABUTENS W SKOJOTHYECKH Oe30TMacHBIX MpenapaToB Ha OCHOBE TyMaToB Ha (uTOCa-
HUTApHYIO CUTYAIMIO B TIOCAKaX KapTodes moKa3ajio, YTO BHECEHHE MPH MOCaIKe MUHEPAILHOTO
yaoopenust B 103e NyoP4oKgg CrTocOOCTBYyeT CHYDKEHHIO MOpa)KeHUs PAaCTeHH PU30KTOHHO30M Ha
5,0-7,6%. PamxupoBaHue KOMIUIEKCA MOITYYEHHBIX MOKa3aTeslel BBIABUIIO, YTO HAUMEHbIIEE MOpa-
JKEHUE PACTeHUH KapToQesi pu30KTOHHO30M Y BCEX COPTOB 00ECIIEUMIIO BO3/ICIBbIBAHUE KYIBTYPBI C
MCTIOJIH30BAaHNEM MHHEPAJIBLHOTO YAOOPEHHUS B COUYETAHUH C MPOTPABIUBAHMEM ITOCAJ0YHOTO Mare-
puana Cenect Tormom ¢ HOpMmoi#t pacxoma 0,4 i/t mis copta FOHa; 00pabOTKOM CEMEHHBIX KITyOHEH
cmechio Cenect Tom, 0,4 /T + Penukt, 0,01 1/T u onpbICKHBaHWEM PACTCHHUH B ITEPHOJ] BETeTaIlNN
npenaparoM PenukT ¢ Hopmoii pacxona 0,2 si/ra aist coptoB Jluna u 3nartka.

KiroueBble cioBa: Kaprodenb, IPyIIbl CIEIOCTH, IPOTPABUTENb, TYMaThl, YI0OpEHHS, PU3OK-
TOHHO3

Influence of the intensification agents on the infestation of Siberian potato
varieties by rhizoctoniose
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The article presents the results of assessing the effectiveness of using various means of intensifica-
tion when propagating the source material of three potato varieties of Siberian selection (Yuna, Lina,
Zlatka) in the forest-steppe conditions of the Novosibirsk Ob region. The purpose of the study was to
determine the optimal combinations of the doses of disinfectant, humic preparations and mineral fer-
tilizer to reduce the development of rhizoctoniose on potato stems. In the experiments, the disinfectant
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Influence of the intensification agents

Malyuga A.A., Batov A.S., Gureeva Yu.A.

on the infestation of Siberian potato varieties by rhizoctoniose

Celest Top (consumption rate 0.2 and 0.4 1/t), humic preparations Beres-8 (consumption rate for tubers
0.2 1/t, during the growing season — 0.2 1/ha) and Relict (consumption rate for tubers 0.01 I/t, during
the growing season — 0.2 1/ha) at two levels of mineral nutrition (N4P4,Kg, and natural fertility) were
used. Study of the effect of the combined use of mineral fertilizers, fungicides, and environmentally
friendly humic-based preparations on the phytosanitary situation in potato crops showed that the ap-
plication of mineral fertilizer at a dose of NyoP4(Kgo during planting helps reduce plant damage by
rhizoctoniose by 5.0—7.6%. Ranking of the complex of obtained indicators revealed that the least da-
mage to potato plants with rhizoctoniose in all varieties ensured the cultivation of crops using mineral
fertilizers in combination with treatment of the planting material with Celest Top with a consumption
rate of 0.4 1/t for the Yuna variety; treatment of the seed tubers with a mixture of Celest Top, 0.4 1/t +
Relict, 0.01 1/t and spraying the plants during the growing season with Relict with a consumption rate

of 0.2 1/ha for the Lina and Zlatka varieties.

Keywords: potato, maturity groups, seed dressing, humates, fertilizers, rhizoctoniose
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INTRODUCTION

Currently, a necessary condition for intensi-
fying the production of seed potatoes is the use
of environmentally safe means and technologies
that increase yield and reliably guarantee the
production of the required volumes of seed mate-
rial even under unfavorable weather conditions.
The key tasks of original potato seed breeding
are obtaining the initial material in the quantity
required for elite seed production; improving its
quality by reducing disease incidence; and en-
suring the environmental safety of cultivation
technologies.

One of the most common and harmful pota-
to diseases in all regions where it is grown is
rhizoctoniose (the causative agent — Rhizoctonia
solani Kiihn) [1-5]. In Western Siberia, with its
sharply continental climate characterized by low
temperatures and high humidity in the spring,
as well as high temperatures and low humidity
in the summer, there is a significant spread of
this disease in potato crops. This is because the
planting material used is infected with rhizocto-

niose sclerotia by at least 20%, soil infestation —
at least 20 propagules per 100 g of soil (econom-
ic damage threshold — 0.2 propagules per 100
g of soil)! [1]. As a result, seedling emergence
reaches 27%, and damage to sprouts and stems
is 40% or more [1]. Crop losses in the region
amount to 45-50% [6].

Rhizoctoniose poses a serious problem for
potato seed growing too. Under favorable con-
ditions, it can attack most of the sprouts even
before they appear on the surface and later form
a pathogen population on the surface of the new
crop's tubers, which in the first case reduces the
crop yield, and in the second — affects the seed
quality of the tubers due to an increase in the
sclerotial form of the disease and deeper spot-
ting [7-9].

So, one of the main factors for successfully
growing seed potatoes is having healthy planting
material. Since it easily gets infected by various
disease pathogens and, along with the soil, serves
as a source and transmitter of the most harmful
and dangerous plant diseases (30 to 60% of all

'"Malyuga A.A., Enina N.N., Scheglova O.V. Agrotechnical and chemical methods of combating rhizoctonia: recommendations.

Novosibirsk, 2010, 24 p.
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BuusiHne cpecTB MHTCHCH(HUKALIMI HA IOPAKCHHE
COpTOB KapTodesss CHOMPCKOi CEeIEKIUN PU3OKTOHHO30M

Mautora A.A., baros A.C., I'ypeepa FO.A.

crop diseases are spread through seeds and soil),
to increase the viability of seed tubers, reduce
potato plants’ rhizoctonia infection, lower the
spread of this disease in the new crop tubers, and
improve the quality of the harvested product, the
seed tubers should be treated with fungicidal
seed treatments and various biologically active
substances? [5, 10-12].

For these purposes, both natural and synthet-
ic physiologically active substances are used,
whose mechanism of action is connected not
only with adjusting the hormonal balance in cells
but also with the ability to indirectly protect the
plant by increasing its disease resistance?.

One of the substances that increase the yield
of potato crops for any purpose and stimulate
plant immunity are humates. Humic substances
boost the stress-resistance of plants, enhancing
their natural immunity to diseases. Currently,
the most widely known are sodium humate and
potassium humate, which help increase crop
yields by speeding up plant growth and trans-
ferring nutrients to tubers earlier. The use of the
above-mentioned drugs shortens the growing
season, increases the yield of marketable tubers
and their starch content (by 20-50%), boosts the
potato's resistance to fungal diseases, and im-
proves its storage life**[13].

In addition, the development and spread of
rhizoctoniose on potatoes can be reduced by ap-
plying mineral fertilizers [14-16].

Thus, protective measures against diseases
of this crop that are transmitted through soil and
tubers, including rhizoctoniose, should primar-
ily aim at reducing the initial population of the
pathogen to a level below the harmful threshold.

Achieving this goal is possible by implementing
environmentally safe and cost-effective methods
of phytosanitary improvement, among which
one of the most important is the introduction of
intensification tools (fungicides, growth stim-
ulants, mineral fertilizers) into the cultivation
process, which not only help fight diseases but
also effectively improve the quality of the har-
vest.

In light of the above, the goal of the work was
to determine the optimal combinations of seed
treatment doses, humic preparations, and miner-
al fertilizer to reduce the development of rhizoc-
toniose on the stems of Siberian breeding potato
varieties.

MATERIAL AND METHODS

The study was carried out from 2022 to 2024
in the Novosibirsk region, in soil and climate
conditions typical for the forest-steppe zone of
Western Siberia. The objects of study were po-
tato varieties of Siberian breeding: Yuna (early),
Lina (middle-early), and Zlatka (medium-ma-
turing).

The methodological basis was a system-alter-
native approach’, implemented in the form of a
two-factor field experiment (factor A — level of
mineral nutrition, factor B — plant protection).

The soil cover of the station is represented
by drained leached chernozem of medium thick-
ness. The depth of the humus horizon is about
40 cm. The agrochemical characteristics of the
arable layer (0-30 cm) are as follows: humus
content (according to Tyurin) — 5.0%, total ni-
trogen (according to Kjeldahl) — 0.34%, total
phosphorus — 0.30%, available phosphorus and

*Malyuga A.A., Enina N.N., Burmistrova T.I. Application of peat-humic preparations and mineral fertilizers in potato cultivation:

recommendations. Novosibirsk, 2009. 22 p.

3Agricultural Biotechnology: Textbook for Universities / V.S. Shevelukha, E.A. Kalashnikova, S.V. Degtyarev, et al.; edited by

V.S. Shevelukha. Moscow, 1998, 415 p.

*Larina V.A. Coal-humic fertilizers in the soil and climatic conditions of Eastern Siberia / Humic fertilizers: theory and practice
of their application: collection of articles. Kyiv, 1968, vol. 3, pp. 339-348.

*Nosova O.V. On stimulation of potato growth // Humic fertilizers: theory and practice of their application: collection of articles.

Dnepropetrovsk, 1980, vol. 7, pp. 254-258.

®Zolotareva E. V., Fedotova O.V., Oshlakova Z.V., Anisimov M.M., Logachev V.V. Increasing the anti-stress activity of potatoes and
tomatoes under the influence of phytoregulators // Actual problems of immunity, health improvement and protection of agricultural
plants in the Russian Urals: collection of scientific papers of the Far Eastern Research Institute of Agriculture. Khabarovsk, 2000,

pp- 79-89.

"Kiryushin V.I. Methodological concept of agricultural development in Siberia / Agriculture, 1989, No. 12, pp. 7-14.

3amuTa pacTeHui

Cubupckuii BECTHHK CEIbCKOXO3SHCTBEHHON HayKH * 2026 ¢ 56 ¢ 3 53



Influence of the intensification agents
on the infestation of Siberian potato varieties by rhizoctoniose

Malyuga A.A., Batov A.S., Gureeva Yu.A.

potassium (according to Chirikov) — 29 and
13 mg/100 g of soil, respectively, pH = 6.7-6.8.

The growing season in 2022, in terms of tem-
perature, was close to the long-term average.
It’s worth noting that the third ten-day period of
May and the second ten-day period of June were
slightly warmer than usual. Rainfall during this
growing season was distributed very unevenly.
In the third ten-day period of May, the first and
second ten-day periods of July, and the first and
third ten-day periods of August, there was insuf-
ficient moisture, with precipitation being 16.3,
2.6, 26.0, 6.5, and 4.0 times less than the long-
term average. In other cases, the amount of rain-
fall was close to the climate norm (see Table 1).

The weather conditions during the 2023
growing season were marked by a lack of rain-
fall and higher air temperatures. May stood out
in terms of dryness: in the third ten-day period of
May, precipitation was 8.6 times lower than the
long-term average. In the first ten-day period of
June, the air temperature was 7.9 °C above the
long-term average, and in the second and third
ten-day periods, the amount of rainfall was 2.6
and 50 times below normal. Over the course of

the month, the amount of atmospheric moisture
turned out to be 31.6 mm below the long-term
average (2.2 times less). In the second ten days
of July, temperatures were 4.1 °C above the
norm, while in the first and third ten-day periods
they were 1.9 °C above the long-term averages.
Overall, during the month, the air temperature
was 2.6 °C above the long-term average. The
amount of precipitation that fell over the month
was close to normal. In August, the temperature
was almost in line with the long-term averages.

At the same time, in the first and second
ten-day periods of August, the temperature was
above normal by 2.9 and 4.2 °C respective-
ly, while in the third period it was close to the
long-term average. Overall, the month received
1.7 times more precipitation than normal. In the
first ten-day period of August, the precipitation
was 30 times below normal, while in the second
and third periods it was 3.3 and 2 times higher,
respectively.

The weather data for the 2024 growing sea-
son differed greatly from the long-term averag-
es, especially in terms of moisture levels. There
were heavy rains throughout the season, often

Ta6a. 1. MereoycnoBusl BereTallnOHHBIX TiepronoB 2022-2024 rr. (arpomeTteocTtaniys OrypIiioBo,

HoBocubupckas obmacts)

Table 1. Meteorological conditions for the growing seasons of 2022-2024 (AMS Ogurtsovo,

Novosibirsk region)
Month, ten-day period
Indicator May June July August
I 1 | 1I | I 1 | II | I 1 | II | 111
2022
Air temperature, °C 19,0 12,0 19,5 |120,2| 18,5 | 18,1 | 20,0 18,8 15,2 | 15,7
Precipitation, mm 1,0 16,4 20,5 [21,9| 74 1,0 | 20,4 3,7 13,6 | 5,5
2023
Air temperature, °C 15,2 23,3 17,7 1 16,0 | 21,0 |23,0| 20,8 20,8 14,8 | 17,7
Precipitation, mm 1,5 5,0 0,4 [21,0] 13,0 | 150 32,0 0,8 67,0 | 45,0
2024
Air temperature, °C 10,3 14,3 19,3 | 24,6 | 20,3 |22,1| 22,3 20,6 18,6 | 16,1
Precipitation, mm 25,0 25,0 51,0 | 10,0 | 19,0 |34,0| 27,0 38,0 28,0 | 66,0
Average long-term values
Air temperature, °C 13,2 15,4 16,7 | 18,1 | 19,1 [18,9| 18,9 17,9 16,0 | 13,5
Precipitation, mm 13,0 13,0 20,0 25,0 19,0 |26,0| 27,0 24,0 20,0 | 22,0
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in the form of downpours. In May, June, and
August, there was a significant excess of atmo-
spheric moisture: 70 mm of rainfall fell in May,
113 mm in June, and 133 mm in August (which
1S 94.4%, 94.8%, and 201.5% above the norm,
respectively). In July, their number was within
the normal range. Heavy rains and high tem-
peratures created stressful conditions for potato
growth. The total precipitation for the growing
season was 396 mm, which is 1.7 times higher
than the long-term average. The 2024 growing
season is considered moderately waterlogged.
The average daily air temperature exceeded the
long-term average from May to August by 1.1,
2.8, 2.6, and 2.6 °C, respectively.

The experiment was carried out on a natural
infection background under a crop rotation of
potato — green manure fallow (rapeseed) — po-
tato. All technological operations in growing the
crops, if they were not the subject of the study,
were carried out according to the accepted rec-
ommendations®.

The repetition is double, the number of plants
per repetition is 24. Planting density is 57.1
thousand plants/ha, with a spacing of 0.25 x
0.7 m. The experiment layout was designed ac-
cording to B.A. Dospekhov's methodology® (see
Table 2).

Each of the three potato varieties was grown
on natural fertile soil and on soil with mineral
fertilizer (N4oP40Kgp). The effectiveness of pro-
tection was evaluated in several setups, includ-
ing pre-plant treatment of seed tubers with the
fungicide Celest Top, SC, and humate-based
complexes (Beres-8 and Relict), as well as spray-
ing plants with Beres-8 and Relict (the treatment
was done once during the budding phase).

Taoa. 2. Cxema onbiTa
Table 2. Experimental design
treaIt)rrng iacl)lffitrtll%)ers Vegetative treatment
CTO04 -
CT04+B0.2 B0,
CT0,2+B0,2 »
CT0,4+R 0,01 R 0,2
CT0,2+R 0,01 »

Note. Here and further in the tables, the follow-
ing symbols are used to indicate the treatment op-
tions: CT 0.4 — Celest Top (consumption rate 0.4 1/t);

CT 0.4 + B 0.2 — Celest Top (consumption rate
0.4 1/t) + Beres-8 (consumption rate 0.2 1/t);

CT 0.2 + B 0.2 — Celest Top (consumption rate 0.2
1/t) + Beres-8 (consumption rate 0.2 1/t); ST 0.4 + R
0.01 — Celest Top (application rate 0.4 1/t) + Relict
(application rate 0.01 1/t); CT 0.2 + R 0.01 — Celest
Top (application rate 0.2 1/t) + Relict (application
rate 0.01 1/t); B 0.2 — Beres-8 (application rate

0.2 1/ha); R 0.2 — Relict (application rate 0.2 1/ha).

Taking care of the crops included pre-emer-
gence harrowing, inter-row cultivation, and
hilling. To fight weeds, they used the herbicides
Boxer, EC (prosulfocarb, 800 g/l) at a rate of
3 I/ha and Fusilade Super, SC (fluazifop-P-butyl,
125 g/1)!°. The tops were removed using mech-
anized mowing with a KIR-1.5 mower-chop-
per, and the experimental plots were harvested
with a two-row KTN-2V mounted potato digger.
To study the effect of intensification methods
on stem and stolon infection by rhizoctoniose,
the plants were examined 4, 6, and 10 weeks
after planting. Crenenp pa3Butusi Oo0Je3HU
omnpeaensun 1o meronuke J. Frank!!, konmuectBo
MOBPEXXICHHBIX CTOJIOHOB — IO OOIICTIPHHATON
MeToauke' 13,

$Vegetable crops and potatoes in Siberia: recommendations / compiled by G.K. Mashyanova, E.G. Grinberg, T.V. Steinert.

Novosibirsk, 2010, pp. 496-507.

°Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results): textbook for

universities. Moscow, 2012, 351 p.

19State catalog of pesticides and agrochemicals permitted for use in the Russian Federation (as of April 11, 2022) / Ministry of
Agriculture of the Russian Federation. Moscow, 2022. URL:https://mcx.gov.ru/search/?q=karanor+mnecTuinaoB++u+arpoxumMukar

oB&test=test.

"Frank J., Leach S.S., Webb R.E. Evaluation of potato clone reaction to Rhizoctonia solani // Plant disease reporter, 1976,

vol. 60, N 11, pp. 910-912.

2Research Methodology for Potato Cultivation. Moscow, 1967, 264 p.

3Zhevora S.V., Fedotova L.S., Starovoytov V.I. et al. Methodology for conducting agrotechnical experiments, records, observa-
tions and analyses on potatoes: method. instructions. Moscow, 2019, 120 p.
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The assessment of the degree of potato stem
damage by rhizoctoniose was done using a five-
point scale:

0 — signs of damage are absent;

1 — brown streaks or spots up to 25 mm long;

2 —a spot or ulcer up to 50 mm long;

3 —a 50 mm long spot that doesn't encircle
the sprout (stem);

4 — large sores, almost encircling the sprout
(stem), possible constriction;

5 — the sprout (stem) is completely ringed or
has broken.

The intensity of rhizoctoniose development
on the stems was calculated using the formula

a-b

= . 0,
R NK 100%,

where R — prevalence, %; a — prevalence score;
b — number of sprouts (stems) with this score,
pcs.; X a - b — the sum of the product of the num-
ber of diseased plants by points; N — total num-
ber of recorded stems, pcs.; K — the highest score
on the scale.

At the same time, the number of affected and
fallen stolons was counted.

The results were processed using the Snede-
cor software package'“.

RESULTS AND DISCUSSION

Yuna variety

The study showed that, on average, the min-
eral nutrition factor has a significant effect on
the development of rhizoctoniose. For exam-
ple, applying mineral fertilizer during planting
reduced stem infection by 7.6% (see Table 3).
The most effective way to protect potato plants
from rhizoctoniose was also the pre-plant treat-
ment of tubers with the Celest Top composition,
0.2 1/t + Relict, 0.01 1/t, combined with spray-
ing the plants with Relict at a rate of 0.2 1/ha. In
this case, the disease development decreased by
2.5%.

Analysis of the averages for the factors of pro-
tection and mineral nutrition showed that all the
studied options reduce the development of rhi-

zoctoniose by 1.8-15.9% compared to the con-
trol. This indicator decreased significantly (by
9.2%) under natural fertility in the Celest Top
0.4 1/t + Relict 0.01 1/t (tuber treatment) + Relict
0.2 1/ha (plant spraying) option. When optimiz-
ing mineral nutrition with Celest Top at 0.4 L/t,
as well as Celest Top at 0.4 1/t + Beres-8 at 0.2 1/t
(treatment) + Beres-8 at 0.2 I/ha (spraying), rhi-
zoctoniose infection decreased by 15.3—-15.9%,
while with Celest Top at 0.2 1/t + Relict at 0.01
1/t (treatment) + Relict at 0.2 I/ha (spraying), it
decreased by 13.1%.

The least development of rhizoctoniose at the
seedling stage was observed when seed tubers
were treated with the fungicide Celest Top (0.4
1/t) and plants were grown using mineral fertil-
izers — significantly lower by 19.5% compared
to the control. The studied indicator was also
slightly lower (by 17.9% and 15.8% compared
to the control) when optimizing mineral nutri-
tion and treating tubers with a mix of Celest Top
(0.4 1/t) with Beres-8 (0.2 I/t) or Relict (0.01 I/t).

At the budding stage, the least development
of rhizoctoniose on the stems was observed with
mineral fertilizer in the Celest Top option, 0.4
1/t, as well as in the options Celest Top, 0.4 and
0.2 1/t + Relict, 0.01 1/t (seed treatment) + Relict,
0.2 I/ha (spraying). In these cases, disease infec-
tion was 15.3%, 14.1%, and 12.7% lower than
the control.

By the ripening phase, in all the variants (ex-
cept Celest Top, 0.2 I/t + Beres-8, 0.2 I/t (seed
treatment) + Beres-8, 0.2 1/t (spraying) with op-
timized mineral nutrition), disease development
was significantly lower than in the control. So,
under natural fertility conditions, this indicator
ranged from 40.2 to 47.5%, while with the appli-
cation of mineral fertilizers to the crop, it ranged
from 34.2 to 38.2%.

The use of mineral fertilizer helped reduce
stolon damage from rhizoctoniose by 2.1%. The
lowest damage was seen with two options: Ce-
lest Top, 0.4 I/t; and Celest Top, 0.4 I/t + Relict,
0.01 I/t (seed treatment) + Relict, 0.2 I/ha (spray-
ing). In these cases, the number of damaged sto-

14Sorokin O.D. Applied statistics on the computer. Novosibirsk, 2012, 282 p.
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Taoxa. 3. Bausnue cpencts MHTCHCH(UKAIIMY Ha OPaXKEHHOCTD KapTrodess copra FOHa pU30KTOHHO30M

(2022-2024 1), %

Table 3. Influence of the intensification agents on the infestation of the Yuna potato variety with

rhizoctoniose (2022-2024), %

Treatment option Phase Average by factors
Mir}eral nutri- protection + ) )
tion level tubers plants | full sprouts| budding | ripening | mineral nutri- protec- | mineral nutri-
tion level tion tion level
Progress of the disease
CT 0,4 (control) - 24,0 32,0 51,3 35,7 27,7
CT0,4+B0,2 B 0,2 16,8 40,3 44,7 33,9 27,1
%‘i]l'“i‘tt;‘ral fer- CT0,2+B0,2 » 19,0 34,9 413 37,3 32,5 31,1
CT0,4+R0,01 R 0,2 11,7 20,3 47,5 26,5 29,3
CT 0,2+R 0,01 » 17,6 25,5 40,2 27,8 25,2
CT 0,4 - 4,5 16,7 38,1 19,8
CT0,4+B0,2 B 0,2 6,1 20,8 342 20,4
NaoP40Ksgo CT0,2+B0,2 » 22,0 23,7 54,5 33,4 - 23,5
CT 0,4+R 0,01 R0,2 8,2 17,9 38,2 32,1
CT0,2+R 0,01 » 12,6 19,3 36,0 22,6
LSD 5 (for quotient averages) 1,6 2,3 1,7
LSD, s (by factors) 8,0 5,6 3,6
Number of damaged stolons
CT 0,4 (control) - 0 2,5 233 8,6 8,6
CT04+B0,2 B 0,2 2,2 8,0 14,5 8,2 8,2
E‘i‘gral fer- | cro2+B02 | » 3,0 40 | 364 14,5 14,5 9.7
CT 0,4+R 0,01 R0,2 0,6 3,2 15,1 6,3 6,3
CT0,2+R 0,01 » 2,1 16,0 14,4 10,8 10,8
CT 0,4 - 0 5,6 9,6 5,1 5,1
CT0,4+B0,2 B 0,2 1,4 4,5 14,9 6,9 6,9
NaoPaoKso CT0,2+B0,2 » 0,5 8,3 23,0 10,6 10,6 7,6
CT 0,4 +R 0,01 R 0,2 0 2,6 19,9 7,5 7,5
CT 0,2+ R 0,01 » 1,7 3,0 18,6 7,8 7,8

lons was 6.3—6.9%. The analysis of averages for
the factors of protection and mineral nutrition
showed that not all studied options reduce the
level of stolon infection by the fungus R. sola-
ni. A decrease of 2.3% was noted under natu-
ral fertility with the Celest Top variant, 0.4 1/t +
Relict, 0.01 1/t (seed treatment) + Relict, 0.2 1/
ha (spraying). In addition, rhizoctonia infection
decreased by 1.7-3.5% when mineral nutrition
was optimized in the Celest Top options at 0.4
1/t, as well as Celest Top 0.4 I/t + Beres-8 0.2 I/t

(seed treatment) + Beres-8 0.2 1/ha (spraying).
In the Celest Top 0.4 and 0.2 1/t + Relict 0.01
1/t (seed treatment) + Relict 0.2 1/ha (spraying)
options, the indicator decreased by 0.8—1.1%. In
other cases, the values were close to the control
option.

A complete absence of damaged stolons by
rhizoctoniose at the sprouting stage was ob-
served on both mineral nutrition backgrounds
when seed tubers were treated with Celest Top
(0.4 1/t), as well as when the full-rate seed treat-
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ment included the addition of Relict (0.01 I/t).
Slight (0.5-0.6%) damage to the stolons was
found with the Celest Top treatment, 0.4 1/t +
Relict, 0.01 I/t (seed dressing) + Relict, 0.2 I/ha
(spraying) under natural fertility, and with the
Celest Top treatment, 0.2 1/t + Beres-8, 0.2 1/t
(seed dressing) + Beres-8, 0.2 l/ha (spraying)
with optimized mineral nutrition.

At the budding stage, the lowest levels of sto-
lon damage by rhizoctoniose (2.5-3.2%) were
observed: under natural fertility conditions with
Celest Top at 0.4 1/t, as well as Celest Top 0.4 I/t +
Relict 0.01 1/t (seed treatment) + Relict 0.2 I/ha
(spraying); under mineral fertilizer conditions
with Celest Top 0.4 and 0.2 1/t + Relict 0.01 1/t
(seed treatment) + Relict 0.2 I/ha (spraying).

At the maturation stage, the least damage to
stolons from rhizoctoniose was observed in the
option where the seed tubers were treated with
pure Celest Top (0.4 1/t) while optimizing miner-
al nutrition: the resulting value was 13.7% lower
than the control. In the other cases, except for the
Celest Top 0.2 1/t + Beres-8, 0.2 1/t (treatment) +
Beres-8, 0.2 1/t (spraying) option in both back-
grounds, the disease development was lower
than in the control, ranging from 14.4 to 19.9%.

Ranking the obtained results showed that the
least damage to Yuna potatoes from rhizocto-
niose was achieved when the crop was grown
using mineral fertilizer (N4oP40Kgo) and the seed
material was treated with Celest Top at a rate of
0.4 1/t — in this case, the sum of ranks was the
lowest among all the protection options (see Ta-
ble 4).

In addition, the group of “best” objects against
the background of mineral fertilizer included
options that involved treating seed tubers with
Celest Top (0.4 1/t) in a mix with humic prepa-
rations Beres-8 (0.2 1/t) and Relict (0.01 I/t),
followed by spraying the plants with Beres-8
(0.2 1/ ha) and Relict (0.2 1/ha), respectively.

Lina variety

According to the results obtained, on average,
optimizing mineral nutrition reliably reduced
stem infection of the Lina potato variety by rhi-
zoctoniose by 5% (see Table 5). Also, the most
effective option for protecting potatoes from
this disease turned out to be Celest Top, 0.4 1/t +
Relict, 0.01 I/t (seed treatment) + Relict, 0.2 1/ha
(spraying). In this case, the disease development
decreased by 4.4%. Analysis of the averages for

Taobxa. 4. PamxupoBaHue UCCIETyEMbIX IPU3HAKOB (Pa3BUTHE PU3OKTOHNO3a, KOTMYECTBO MOPAKEHHBIX

CTOJIOHOB) AJist KapTodenst copra FOna (20222024 1)

Table 4. Ranking of the studied characteristics (development of rhizoctoniose, the number of affected

stolons) for the Yuna potato variety (2022-2024)

Object’s Mineral nutrition level Treatment option Sum of ranks
place tubers plants
“Best” objects
1 NuoP4oKso CTo4 - 18,0
2 » CT 0,4 +R 0,01 R 0,2 23,0
3 » CT0,4+B0,2 B 0,2 28,0
“Average” objects
4 NaoP1oKso CT0,2+R0,01 R 0,2 30,0
5 Natural fertility CT0,4+R0,01 » 34,0
6 » » CT0,2+R 0,01 » 43,0
7 » » CT 0,4 (control) - 45,0
“Worst” objects
8 Natural fertility CT0,4+B0,2 BO0,2 49,0
9 N4oP10Ksgo CT0,2+B0,2 » 52,0
10 Natural fertility CT02+B0,2 » 56,0
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protection and mineral nutrition factors showed
that for this variety, a significant (10.5%) reduc-
tion in rhizoctoniose infestation was achieved
using the Celest Top variant, 0.4 1/t + Relict,
0.01 1/t (seed treatment) + Relict, 0.2 1/ha (spray-
ing) along with mineral fertilizer.

In the other cases, these values were at the
control level. The exception was the Celest Top
option, 0.2 I/t + Beres-8, 0.2 I/t (treatment) +
Beres-8, 0.2 1/ha (spraying).

In the Lina variety, the minimum develop-
ment of rhizoctoniose at the seedling stage was
observed when seed tubers were treated with the

composition Celest Top, 0.4 I/t + Relict, 0.01 I/t
and when the plants were grown using mineral
fertilizers (significantly 19.2% less compared to
the control). Treating potato tubers with a mix of
Celest Top (0.4 and 0.2 1/t) and Relict (0.01 1/t)
significantly reduced plant infection with rhi-
zoctoniose under natural fertility, as did using
Celest Top alone and Celest Top (0.4 and 0.2 1/t)
with Beres-8 (0.2 I/t) when mineral nutrition
was optimized. In the first case, rhizoctoniose
infection was 5.4—10.7% lower compared to the
control, and in the second case, it was 4.5-8.9%
lower.

Tao6a. 5. Biusaue cpeacTB HHTEHCH(UKAIIMN Ha TIOPAKEHHOCTh KapTodens copra JImHa pu30KTOHHO30M

(2022-2024 ), %

Table 5. Influence of the intensification agents on the infestation of the Lina potato variety with rhizoctoniose

(2022-2024), %

Treatment option Phase Averages by factor
Mineral nutri- . . .
Progress of the disease
Natural fer- CT 0,4 (control) - 23,2 38,9 40,4 34,2 33,0 36,8
tility CT04+B02 |B02| 203 | 489 | 492 39,5 36,7
CT0,2+B0,2 » 25,7 493 58,6 445 40,7
CT04+R0,01 |RO2 12,5 435 444 33,5 28,6
CT0,2+R 0,01 » 17,8 37,9 41,0 32,2 32,5
CTO0,4 - 14,3 38,4 425 31,7 31,8
CT04+B02 | BO0,2 16,3 33,4 51,9 33,9
NaoP40Kso CT0,2+B0,2 » 18,7 34,2 57,8 36,9
CT04+R0,0l | RO,2 4,0 31,5 35,7 23,7 -
CT0,2+R 0,01 » 25,9 33,8 38,9 32,9
LSD 5 (for quotient averages) 3,8 2,2 2,5
LSD s (by factors) 7,6 5,4 34
Number of damaged stolons
Natural fer- CT 0,4 (control) - 7,0 13,0 23,5 14,5 12,0 11,6
tility CT04+B02 |B02| 0l 1,0 | 235 11,5 114
CT0,2+B0,2 » 2,2 13,7 26,2 14,0 16,0
CT04+R0,01 |RO2 2,3 9,2 19,7 10,4 8,4
CT0,2+R 0,01 » 0 12,9 15,2 9,4 8,5
NaoP0Ksgo CTO0,4 - 1,6 8,7 18,5 9,6 10,8
CT04+B02 | B02 0,4 8,8 24,9 11,4
CT0,2+B0,2 » 5,8 9,6 38,9 18,1 -
CT04+R0,0l | RO,2 0 34 15,7 6,4
CT0,2+R 0,01 » 0 6,5 16,7 7,7
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At the budding stage with mineral fertilizer,
all studied combinations of seed treatment with
humic complexes significantly reduced stem
disease development by 4.7-7.4%. Under nat-
ural fertility, in all protection options (except
Celest Top, 0.2 1/t + Relict, 0.01 1/t (seed treat-
ment) + Relict, 0.2 I/ha (spraying)), there was a
significant increase in plant disease incidence by
3.1-10.4%.

A significant reduction in disease develop-
ment by 4.7% was observed only at the ripening
stage with the Celest Top option, 0.4 1/t + Relict,
0.01 1/t (seed treatment) + Relict, 0.2 1/ha (spray-
ing) on the background of mineral fertilizer. In
other cases, either there was a notable increase
in disease incidence (4.4—18.2%), or the figures
were at the control level.

Applying mineral fertilizer slightly reduced
the damage to stolons from rhizoctoniose. The
lowest stolon infection (3.5-3.6%) was achieved
with two options: Celest Top, 0.4 and 0.2 L/t +
Relict, 0.01 L/t (seed treatment) + Relict,
0.2 I/ ha (spraying).

Analysis of the averages by the factors of
protection and mineral nutrition showed that
all studied options (except Celest Top, 0.2 1/t +
Beres-8, 0.2 I/t (seed treatment) + Beres-8, 0.2 1/
ha (spraying)) on both mineral nutrition back-
grounds reduce stolon damage by the fungus
R. solani by 0.5-8.1%. The lowest values were
noted when optimizing mineral nutrition in the
Celest Top options, 0.2 and 0.4 1/t + Relict, 0.01
1/t (seed treatment) + Relict, 0.2 1/ha (spraying).
In these options, disease development was 6.8—
8.1% lower than the control.

A complete absence of rhizoctonia-damaged
stolons at the sprouting stage was observed
when seed tubers were treated with Celest Top
(0.4 1/t) in combination with Relict (0.01 1/t) un-
der natural fertility conditions, as well as in the
options of Celest Top, 0.4 and 0.2 I/t + Relict,
0.01 1/t when mineral nutrition was optimized.
A small number of damaged stolons (0.1-0.4%)
were found when the tubers were treated with
the Celest Top mixture, 0.4 1/t + Beres-8, 0.2 1/t
on both mineral nutrition backgrounds. In the

other options, the development of rhizoctoniose
was 1.2-5.4% lower than the control.

At the budding stage, the lowest infection
of stolons by rhizoctoniose (15.2% and 15.7%)
was observed under natural fertility with Celest
Top, 0.2 1/t + Relict, 0.01 1/t (seed treatment) +
Relict, 0.2 I/ha (spraying), as well as with min-
eral fertilizer using Celest Top, 0.4 1/t + Relict,
0.01 1/t (seed treatment) + Relict, 0.2 1/ha (spray-
ing). Against the backdrop of natural fertility, in
the Celest Top option, 0.4 1/t + Relict, 0.01 1/t
(seed treatment) + Relict, 0.2 I/ha (spraying), the
infestation of stolons was 3.8% lower than in the
control. When applying mineral fertilizer in the
version with treatment of tubers with pure Ce-
lest Top at the full application rate, as well as in
the version Celest Top, 0.2 1/t + Relict, 0.01 1/t
(seed treatment) + Relict, 0.2 I/ha (spraying), the
incidence of rhizoctoniose was 5.0% and 6.8%
lower compared to the control. In other cases,
this indicator was either at the control level or
exceeded it.

Ranking the obtained data showed that the
least damage to the Lina potato variety from
rhizoctoniose was achieved by growing the crop
using mineral fertilizer (N4oP40Kgo) in the Ce-
lest Top variant, 0.4 1/t + Relict, 0.01 I/t (seed
treatment) + Relict, 0.2 1/ha (spraying). The sum
of ranks in this case was the lowest among all
protection options (see table 6).

Also, the “best” group of treatments included
the Celest Top option, 0.2 1/t + Relict, 0.01 1/t
(seed treatment) + Relict, 0.2 1/ha (spraying). In
this case, the treated tubers were planted with
the use of mineral fertilizer.

Zlatka variety

Studies have shown that, on average, opti-
mizing mineral nutrition significantly reduced
stem damage by rhizoctoniose in Zlatka pota-
toes by 6.3% (see Table 7). The most effective
protection against this disease was provided by
pre-plant treatment of the tubers with a mixture
of Celest Top at 0.4 1/t + Beres-8 at 0.2 1/t, com-
bined with spraying the plants with Beres-8 at
0.2 1/ha. In this case, the development of rhizoc-
toniose was 4.5% lower than the control. In the
other variants, this figure was 1.4-2.9%.
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Taoa. 6. P AHXXHUPOBAHUC UCCIICAYCMbIX IMTPU3HAKOB (paSBI/ITI/IC PU30KTOHHO34a, KOTMYCCTBO MMOPAKCHHBIX

CTOJIOHOB) AJ1s KapTodenst copra Jluna (2022-2024 rr.)

Table 6. Ranking of the studied characteristics (development of rhizoctoniose, the number of affected

stolons) for the Lina potato variety (2022-2024)

Object’s Mineral nutrition level Treatment option Sum of ranks
place tubers plants
“Best” objects
1 N4oP40Kso CT 0,4+R 0,01 RO0,2 8,0
2 » CT0,2+R 0,01 » 24,0
“Average” objects
3 Natural fertility CT0,2+R 0,01 RO0,2 30,0
4 NaoP40Ksgo CTo04 - 32,0
5 » CT04+B0,2 B 0,2 38,0
6 Natural fertility CT0,4+R0,01 R 0,2 41,0
7 » » CT 0,4 (control) - 42,5
“Worst” objects
8 Natural fertility CT04+B0,2 BO0,2 48,5
9 N4oP40Kso CT0,2+B0,2 » 51,0
10 Natural fertility CT02+B0,2 » 68,0

Analysis of the averages for the protection
and mineral nutrition factors showed that for this
variety, the development of the disease is signifi-
cantly reduced by all the studied combinations
of seed treatment and humic preparations when
the crop is grown using mineral fertilizers. The
reduction in stem infection by rhizoctoniose in
these variants ranged from 4.6-9.6% compared
to the control. Under natural soil fertility, only
treating the tubers with a mixture of Celest Top,
0.4 I/t + Beres-8, 0.2 1/t, combined with spray-
ing the plants during the growing season with
Beres-8 at a rate of 0.2 1/ha, made it possible to
noticeably (by 6.2%) reduce the intensity of the
disease. In the other variants, the values of this
indicator were at the control level.

At the sprouting stage, minimal rhizoctonia
development was noted against the background
of natural fertility when seed tubers were treat-
ed with the Celest Top composition, 0.4 1/t +
Beres-8, 0.2 1/t, as well as when mineral fertiliz-
ers were applied to the crop and planting materi-
al was treated with a mixture of Celest Top, 0.4
1/t + Relict, 0.01 1/t. In these options, the rhizoc-
toniose infection was significantly lower than
the control by 11.8% and 11.9%, respectively.

In the other options, with both types of mineral
nutrition, all studied combinations of seed treat-
ment with humic preparations also significantly
reduced the disease development (by 4.3—-10.6%
compared to the control).

At the budding stage, against the background
of mineral fertilizer, all the studied combinations
of seed treatment with humic complexes signifi-
cantly reduced the development of rhizoctoniose
on the stems by 4.8-8.1% compared to the con-
trol. The lowest observed value was in the Celest
Top variant, 0.2 I/t + Relict, 0.01 I/t (seed treat-
ment) + Relict, 0.2 I/ha (spraying). Against the
background of natural fertility, only the Celest
Top option, 0.4 I/t + Beres-8, 0.2 1/t (seed treat-
ment) + Beres-8, 0.2 I/ha (spraying) contributed
to a significant (by 5.1%) reduction in disease
incidence in Zlatka variety plants. In the other
options, the values of this indicator were at the
control level.

At the ripening stage, only in the case of the
Celest Top variant, 0.4 1/t + Beres-8, 0.2 1/t (seed
treatment) + Beres-8, 0.2 1/ha (spraying) against
the background of natural fertility, a significant
reduction in disease development was observed
(by 1.7%). In other cases, against this nutrient
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Taon. 7. Bausnue cpencts MHTEHCH(UKAIMU Ha TOPAKEHHOCTD KapToderns copra 31maTka pu30KTOHHO30M

(2022-2024 1), %

Table 7. Influence of the intensification agents on the infestation of the Zlatka potato variety with

rhizoctoniose, % (2022-2024)

Treatment option Phase Averages by factor
Mineral nutrition ) protection + )
level tubers plants full budding PN hineral nutrition protec- rr'l{neral
sprouts ing level tion | nutrition level
Progress of the disease

Natural fertility CT 0,4 (control) - 13,9 16,4 25,2 18,5 16,2
CT0,4+B0,2 BO0,2 2,1 11,3 23,5 12,3 12,0
CT0,2+B0,2 » 5,1 18,8 27,9 17,3 14,0 17,2
CT0,4+R0,01 RO0,2 9,6 24,3 26,6 20,2 14,8
CT0,2+R0,01 » 8,7 16,7 27,7 17,7 13,3

NaoP40Kso CT 0,4 - 3,3 15,6 22,8 13,9
CT04+B0,2 B 0,2 4,6 10,4 20,3 11,8
CT0,2+B0,2 » 5,4 11,6 15,2 10,7 - 10,9
CT0,4+R0,01 R 0,2 2,0 11,1 15,4 9,5
CTO0,2+R 0,01 » 5,4 8,3 12,9 8,9

LSD, s (for quotient averages) 0,6 1,2 1,5

LSD, s (by factors) 6,2 4.4 2,8

Number of damaged stolons

Natural fertility CT 0,4 (control) - 0,8 6,2 20,0 9,0 7,4
CT04+B0,2 B 0,2 0 4,2 12,6 5,6 5,7
CT0,2+B0,2 » 1,2 4,6 20,3 8,7 6,8 7.9
CT0,4+R0,01 RO0,2 0 3,6 17,3 7,0 5,5
CT0,2+R0,01 » 0 11,1 17,0 9,4 7,4

N4oP40Kso CT 0,4 - 0 5,4 12,1 5,8
CT04+B0,2 B 0,2 0 0,9 16,9 5,9
CT0,2+B0,2 » 0 3,2 11,6 4.9 - 5,2
CT0,4+R0,01 RO0,2 0 1,5 10,9 4,1
CTO0,2+R 0,01 » 0 0,8 15,3 5,4

background, there was either a reliable increase
in disease incidence (by 2.5-2.7%) or the indica-
tors were at the level of the control values. Opti-
mizing mineral nutrition made it possible to sig-
nificantly (by 2.4—12.3%) reduce stem infections
by rhizoctoniose. The lowest level was observed
in the Celest Top variant, 0.2 1/t + Relict, 0.01 1/t
(seed treatment) + Relict, 0.2 I/ha (spraying).
Adding mineral fertilizer helped reduce sto-
lon damage from rhizoctoniose by an average of
2.7%. The lowest stolon damage was seen with
the following treatments: Celest Top, 0.4 1/t +
Beres-8, 0.2 1/t (seed treatment) + Beres-8,
0.2 1/ ha (spraying); Celest Top, 0.4 1/t + Relict,
0.01 1/t (seed treatment) + Relict, 0.2 1/ha (spray-

ing). In these treatments, the percentage of dam-
aged stolons was 5.5-5.7% (1.7-1.9% less than
the control).

Analysis of the averages for protection and
mineral nutrition factors showed that all the test-
ed options (except Celest Top, 0.2 I/t + Relict,
0.01 I/t (seed treatment) + Relict, 0.2 1/ha (spray-
ing)) reduce stolon damage by the fungus R. so-
lani under both mineral nutrition backgrounds
by 0.3—4.9% compared to the control. When
optimizing mineral nutrition, the lowest values
were observed in the options Celest Top, 0.2 1/t +
Beres-8, 0.2 1/t (seed treatment) + Beres-8,
0.2 1/ ha (foliar application), as well as Celest
Top, 0.4 1/t + Relict, 0.01 I/t (seed treatment) +
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Relict, 0.2 I/ha (foliar application). In these op-
tions, disease development was 4.1-4.9% lower
than the control.

At the sprouting stage, there were no stolons
damaged by rhizoctoniose in any of the experi-
mental options (except for the Celest Top 0.4 1/t
options, as well as Celest Top 0.2 1/t + Beres-8
0.2 I/ha, where this figure was insignificant —
only 0.8-1.2%).

During the budding phase, the least damage
to stolons by rhizoctoniose (0.8-0.9%) was ob-
served on the optimized mineral nutrition back-
ground in the Celest Top, 0.4 1/t + Beres-8, 0.2 I/t
(seed treatment) + Beres-8, 0.2 1/ha (spraying)
and Celest Top, 0.2 I/t + Relikt, 0.01 1/t (seed
treatment) + Relict, 0.2 I/ha (spraying) options.
In other cases, on both mineral nutrition back-
grounds, there was a decrease in the number of
damaged stolons by 0.8-4.7% (except for the
Celest Top option, 0.2 1/t + Relict, 0.01 1/t (seed
treatment) + Relict, 0.2 I/ha (spraying) without
using fertilizer, where there were 4.9% more
damaged stolons than in the control).

At the ripening stage, the lowest number of
stolons affected by rhizoctoniose (7.4% less than
in the control) was observed under natural fertil-
ity with the Celest Top variant, 0.4 1/t + Beres-8,
0.2 1/t (seed treatment) + Beres-8, 0.2 l/ha
(spraying); with optimized mineral nutrition, the
lowest infection was seen in the variants Celest
Top, 0.4 1/t; Celest Top, 0.2 1/t + Beres-8, 0.2 I/t
(seed treatment) + Beres-8, 0.2 1/ha (spraying)
and Celest Top, 0.4 1/t + Relict, 0.01 I/t (seed
treatment) + Relict, 0.2 1/ha (spraying). In these
cases, the number of stolons affected by rhizoc-
toniose was 7.9, 8.4, and 9.1% lower compared
to the control. In the other options, this figure
was either at the control level or 2.7-3.1% lower.

Ranking the results showed that the potato
variety Zlatka had the least damage from rhi-
zoctoniose when grown using mineral fertiliz-
er (N4oP40Kgo) in the Celest Top 0.4 1/t + Relict
0.01 1/t (seed treatment) + Relict 0.2 I/ha (spray-
ing) variant. The sum of ranks in this case was
the lowest among all the protection options (see
Table 8).

In addition, the “best objects” group included
options like Celest Top, 0.2 1/t + Relict, 0.01 1/t
(seed treatment) + Relict, 0.2 I/ha (spraying),
as well as Celest Top, 0.4 and 0.2 1/t + Beres-8,
0.2 1/t (seed treatment) + Beres-8, 0.2 1/ha
(spraying). In all these cases, the treated tubers
were planted with the use of mineral fertilizers.

It is worth noting the effective reduction of
the pathological process of rhizoctoniose when
using half the recommended dose of Celest Top
in combination with humates, which allows for
a decrease in pesticide load on the potato agro-
cenosis of the Lina and Zlatka varieties.

CONCLUSION

For the Yuna potato variety, the least damage
to stems and stolons from rhizoctoniose was ob-
served when growing the crop using mineral fer-
tilizer and treating the planting material with the
insect-fungicide Celest Top at a rate of 0.4 1/t.

Applying mineral fertilizer at a rate of
NyoP40Kgo during planting reduced the infec-
tion of this variety by rhizoctoniose by 7.6%
compared to the control. Under natural fertility
conditions, the development of the disease was
reduced by 9.2% with the Celest Top option,
0.4 1/t + Relict, 0.01 1/t (seed treatment) + Rel-
ict, 0.2 I/ha (spraying). When optimizing min-
eral nutrition with tuber treatment using Celest
Top (0.4 1/t) alone and in the version Celest Top,
0.4 1/t + Beres-8, 0.2 1/t (treatment) + Beres-8,
0.2 I/ha (spraying), plant infection with rhizoc-
toniose decreased by 15.3—15.9% compared to
the control. In the same context, in the version
Celest Top, 0.2 1/t + Relict, 0.01 1/t (treatment) +
Relict, 0.2 1/ha (spraying), it was possible to re-
duce the rate by 13.1%.

Adding mineral fertilizer helped reduce sto-
lon damage in the Yuna potatoes by 2.1%. The
lowest stolon damage (6.3—6.9%) was achieved
with two options — Celest Top, 0.4 I/t, and Celest
Top, 0.4 L/t + Relict, 0.01 1/t (seed treatment) +
Relict, 0.2 1/ha (spraying).

For the Lina potato variety, the least damage
to stems and stolons from rhizoctoniose was ob-
served when the crop was grown using mineral
fertilizer (N4oP40Kgo) combined with Celest Top,
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Table 8. Ranking of the studied characteristics (development of rhizoctoniose, the number of affected
stolons) for the Zlatka potato variety (2022-2024)

Object’s Mineral nutrition level Treatment option Sum of
place tubers plants ranks
“Best” objects

1 NaoP40Ksgo CT 0,4+ R 0,01 R 0,2 16,5
2 » CT0,2+R 0,01 » 20,0
3 » CT0,2+B0,2 B 0,2 21,0
4 » CT04+B0,2 » 23,5

“Average” objects
5 Natural fertility CT04+B0,2 B 0,2 26,5
6 NaoP10Ksgo CT 0,4 - 29,5
“Worst” objects
7 Natural fertility CT0,4+R 0,01 RO0,2 48,5
8 » » CT0,2+R 0,01 » 52,5
9 » » CT 0,4 (control) - 57,0
10 » » CT0,2+B0,2 B 0,2 59,0

0.4 I/t + Relict, 0.01 I/t (seed treatment) + Relict,
0.2 1/ha (spraying).

Optimizing mineral nutrition reliably reduced
the infection of this variety of plants with rhi-
zoctoniose by 5%. The most effective protection
turned out to be the Celest Top option, 0.4 1/t +
Relict, 0.01 I/t (seed treatment) + Relict, 0.2 1/ ha
(spraying). In this case, disease development de-
creased by 4.4% compared to the control.

In potato plantings of the Lina variety, a sig-
nificant (by 10.5%) reduction in disease devel-
opment was observed with the Celest Top treat-
ment, 0.4 1/t + Relict, 0.01 1/t (seed treatment) +
Relict, 0.2 I/ha (spraying) combined with miner-
al fertilizer.

The lowest stolon infection was achieved
with two options — Celest Top, 0.4 1/t + Relict,
0.01 1/t (seed treatment) + Relict, 0.2 1/ha (spray-
ing) and Celest Top, 0.2 1/t + Relict, 0.01 1/t
(seed treatment) + Relict, 0.2 l/ha (spraying).
The number of infected stolons in these options
was 3.5-3.6%.

For the Zlatka variety potatoes, the lowest
damage to stems and stolons from rhizoctoniose

was recorded when grown using mineral fer-
tilizer (N4oP40Kgp) combined with Celest Top,
0.4 1/t + Relict, 0.01 1/t (seed treatment) + Relict,
0.2 I/ ha (spraying).

For the Zlatka variety, optimizing mineral nu-
trition reliably reduced stem infection by rhizoc-
toniose by 6.3% compared to the control. The
most effective option was Celest Top, 0.4 1/t +
Beres-8, 0.2 1/t (treatment) + Beres-8, 0.2 1/ha
(spraying). In this case, disease development de-
creased by 4.5%.

For this variety, all studied combinations of
seed treatment and humic preparations signifi-
cantly reduced disease development (by 4.6—
9.6%) when the crop was grown using mineral
fertilizer. Among them, the Celest Top option
stood out: 0.4 I/t + Beres-8, 0.2 I/t (seed treat-
ment) + Beres-8, 0.2 /ha (spraying). In this case,
rhizoctoniose infection decreased by 5.9%.

Adding mineral fertilizer helped reduce sto-
lon damage in Zlatka potatoes by 2.7%. The
lowest stolon infestation was achieved with two
options — Celest Top, 0.4 1/t + Beres-8, 0.2 1/t
(treatment) + Beres-8, 0.2 I/ha (spraying) and
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Celest Top, 0.4 1/t + Relict, 0.01 1/t (treatment) +
Relict, 0.2 I/ha (spraying). In these options, the
number of affected stolons was 5.5-5.7%, which
is 1.7-1.9% less than the control.
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P PeKTHBHOCTH CIIOCOOOB 3aANUTHI ATPOINEH032 TEXHUYECKOM KOHOILIH
OT COPHBIX PACTeHUI

D Inyxnaunkosa U.N., Kpuymun H.B., bakyiosa U.B.
Deodepanvhblil HAYUHDBILL YeHmp JTYOSIHLIX KYIbMYD

Tseps, Poccust

(xpe-mail: i.pluzhnikova.pnz@fnclk.ru

B crarhe npencTaBieHbl pe3yasTaThl HCCIIEI0BAHMS 110 OIIEHKE BIUSHUS arPOXUMHYECKHUX CPEICTB,
MIPUMEHSEMBIX JUIsl 3all[UTHl TTOCEBOB KOHOIUIM OT COPHSKOB, Ha 3aCOPEHHOCTh W XO3SHCTBEHHO
MOJIE3HbIE MPU3HAKH KYJIBTYpPHBIX pacTeHHi. DKCIEPUMEHT IPOBOIMIN Ha TeppuTopuu llensenckoit
obmactu B 2021-2024 rr. Ha TEXHUYECKOW KOHOIUIC CPEIHEPYCCKOro 3KoTwia copra Hajexna.
buonoruyeckass >(QGEKTHBHOCTh 3alllUTHBIX MEPONPHUATHH TIPU OINPBICKMBAHUK TepOUIUIAMH
JlonTpen I'parn m Muypa coctaBumna 59-77 n 54-86%. Ilpy COBOKYITHOM NEHCTBUM BCEX U3y4aEMBIX
(haKkTOPOB JaHHBIN TTOKA3aTeh HAXOMMIICS B Tipenenax 64—89 u 77-98% coorsercTBeHHO. OOpadoTKa
CEeMSH BEIECTBaMH, OOJIAAAOIIUMHU POCTOCTHMYIUPYIOIIMMU CBOHCTBAMHM, TTO3BOJIAJIA YBEIMYHUTh
TMIOJIEBYIO BCXOXKECTh HA 5—7%. ATPOXUMHUECKUE CPEICTBA, IPUMEHIEMbIC B Pa3IMYHbIX BapUaHTax
3alIUTBl OT COPHSKOB, OOECIEUYMIIM MOBBIIICHHE COXPaHHOCTH PACTEHHH KOHOIUIM K yOOpke Ha
10-16%. OcnaGrnenue KOHKYPEHIIMH MEXJIY KYJIbTYPHBIMM W COPHBIMH PAcCTEHHUSMH OKa3bIBaJIO
JTOCTOBEPHOE MOJIOKHUTEIHHOE BIUSHUE HAa MOp(hoMeTpraeckre mokazarenu. [IpoTpaBnuBanue ceMsH
CMOCOOCTBOBAJIO YBEIMYECHUIO [UTHHBI colBeTHsl Ha 6—10%, nuctoBas momkopmka — Ha 3,7%. Ilpu
3TOM OIPBICKMBAHUE I10 JIUCTY TpenaparoM M3zarpu Bura BbI3Bano yBenmudeHue auaMeTpa cTedmst Ha
2,4%. ®opmupoBaHue BEICOKOH prubaBku ypoxkas crebdmeii (1,47 u 1,50 1/ra) nponsonuto Gnarogaps
repOUIMIHON MPOTOJIKE HM3yYyaeMbIMH TpernaparaMu Ha (oHe 00padOTOK CeMEHHOro marepHhaia
(Apradut, ArpoBepm Dxpan) u Beretupyronmx pacrenuii (Mzarpu Bura). [Ipencraiennas cxema
3alIUTHI, BKITIOYAronas o0padOTKy CeMSH M MOAKOPMKY KHJIKHM KOMIUIEKCHBIM YIOOpEHHEM IO
JUCTY B 3aBUCUMOCTHU OT THIA TepOuIuaa (MpOTUB IBY- WM OJHOMOJBEHBIX COPHSKOB), oOecreuna
npubaBKy ypoxas cemsiH koHorw Ha 0,33-0,40 u 0,29-0,41 1/ra.

KnioueBble cj10Ba: KOHOIUISL TEXHUYECKAas, 3aCOPEHHOCTh IIOCEBOB, CIOCOOBI 3allIWTHI,
MOppOMETpHUECKHUE [TOKA3ATENH, YPOKAHHOCTh

The effectiveness of the methods for protecting industrial hemp
agrocenosis from weeds

(<) Pluzhnikova LI., Kriushin N.V., Bakulova L.V.
Federal Research Center for Bast Fiber Crops

Tver, Russia

(X)e-mail: i.pluzhnikova.pnz@fnclk.ru

The article presents the results of research on the effect of agrochemical agents used in the crop
hemp agrocenosis to protect against weeds on the contamination and economically useful signs of
cultivated plants. The experiments were conducted in the Penza region on technical hemp of the Central
Russian ecotype of the Nadezhda variety in 2021-2024. The biological effectiveness of protective
measures when sprayed with Lontrel Grand and Miura herbicides was 59-77 and 54-86%. With the
combined effect of all the factors studied, this indicator was within the range of 64—89 and 77-98%,
respectively. Treating seeds with the substances that have growth-stimulating properties allowed for
an increase in field germination by 5-7%. Agrochemicals used in various weed control methods have
increased the survival rate of hemp plants by 10—16% by harvest time. The weakening of competition
between cultivated and weed plant shad a significant positive effect on morphometric parameters. Seed
treatment contributed to an increase in the length of the inflorescence by 6—10%, leaf top dressing —
by 3.7%. Moreover, spraying the leaves with Izagri Vita caused an increase in stem diameter by
2.4%. The formation of a high increase in the yield of stems (1.47 and 1.50 t/ha) occurred due to
herbicide weeding with the studied preparations against the background of treatments of seed material
(Artafit, AgroVerm Ekran) and vegetative plants (Izagri Vita). The presented protection scheme, which
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includes seed treatment and fertilization with a liquid complex fertilizer per leaf, depending on the
type of herbicide (against dicotyledonous or monocotyledonous weeds), provided an increase in seed

yield of 0.33-0.40 and 0.29-0.41 t/ha.
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INTRODUCTION

One of the main factors negatively affecting
crop yields is weeds, which cause about 10-15%
of global crop losses each year!. In Russia, due
to significant crop contamination, an average of
20 to 30% of the potential harvest is systemati-
cally lost, and the technological and sowing pa-
rameters of agricultural products are significant-
ly reduced [1].

In crop fields, they compete with weeds for
light, water, and nutrients. During these process-
es, there are changes in the ontogeny of both cul-
tivated and weed plants. At the same time, cul-
tivated plants are more susceptible to the effects
of unfavorable factors. Their competitive abil-
ity is mainly influenced by their genotype and
growing conditions. Weeds are characterized by
greater resistance to stress factors? 3 [2—6].

Distinctive features of technical hemp devel-

opment include uneven growth and a weak root
system (8—13% of the plant's mass). It is known
that cultivated plants grow fairly slowly during
the initial phases of vegetation. This period is
herbocritical for hemp®. It has been experimen-
tally proven that for industrial hemp, seed yield
losses due to weediness in the crops can reach
from 32 to 64%, and stem losses — 43%. In addi-
tion, weediness in hemp fields is a cause of soil
depletion, which can lead to reduced yields of
subsequent crop rotations> °.

Weeds affect the growth of crops at the be-
ginning of their development and, as a result,
the biomorphometric indicators of plants. Con-
trolling weeds in the agroecosystem should be
done before the start of interspecies competition
between crops and weeds (for crops, this is the
stage when the second pair of leaves appears)

[7].

'Gupta P. Pesticide Exposure-Indian Scene // Toxicology, 2004, vol. 198, pp. 83—90.

*Dmitriev N.N., Solodun V.I., Sultanov F.S. Innovative technologies in agriculture and crop production in the Irkutsk region:
scientific and practical. recommendations. Irkutsk: Irkutsk State Agrarian University, 2021. 216 p.

3Wilson J., Steel J., Steel S.-L. Do plants ever compete for space? // Folia Geobot, 2007, N 42, pp. 431-436.
*Taranukho V.G., Kamasin S.S., Pugach A.A. Plant growing. Spinning crops: a teaching aid. Gorki: BGSKhA, 2020, 51 p.
SGalieva G.R., Korepanova E.V., Goreeva V.N. Weed infestation of Central Russian monoecious hemp crops at different seed-

ing rates in fiber cultivation technology // Century-old plant growing: Proc. of the All-Russian scientific and practical conference
dedicated to the 100th anniversary of the Department of Plant Growing. Perm: Udmurt State Agrarian University, 2023, pp. 45-50.

°Rostovtsev R.A., Ushchapovsky 1.V., Novikov E.V. Actual problems of production and primary processing of industrial hemp //
State and prospects of development of the agro-industrial complex: collection of scientific papers of the XII International scientific
and practical conference within the framework of the XXII Agro-industrial Forum of the South of Russia and the Interagromash
exhibition. Rostov on Don, 2019, pp. 421-424.
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Using certain agricultural techniques helps
reduce weediness in hemp crops. However, the
most effective way to protect against weeds is
still using herbicides’ [8—10].

Improving the competitiveness of crops
against weeds is made possible by enhancing
plant growth and development through the use
of stimulative agents and chelated fertilizers.

So, over the past decade, the use of various
types of growth biostimulants has increased sig-
nificantly, which can boost crop productivity,
improve harvest quality, and increase resistance
to biotic and abiotic stresses®[11-14].

Using special types of agrochemicals as seed
treatments and foliar fertilizers allows you to
fully tap into the potential of modern crop vari-
eties. Thanks to their content of macro- and mi-
croelements combined with amino acids, these
products positively affect plant development
throughout the entire growth period, increasing
their yield and the quality of agricultural pro-
duce’ [15].

So, to improve the effectiveness of techno-
logical methods for protecting hemp crops from
weeds, it's relevant to study the impact of bio-
stimulants (as foliar feeding) and agrochemicals
(for seed treatment) on hemp plants and their
competitiveness against weeds when herbicides
are used.

The goal of the study is to justify the effective-
ness of using herbicides combined with modern
farming techniques involving various types of
growth-stimulating drugs and agrochemicals, as
well as to assess their impact on crop weediness,
morphometric indicators, and the yield of indus-
trial hemp.

MATERIAL AND METHODS

The study was conducted from 2021 to 2024
at the Penza Research Institute of Agriculture on

crops of industrial hemp of the Central Russian
ecotype, Nadezhda variety. The experiment, de-
signed as a three-factor experiment, included as-
sessing crop weediness, the biological effective-
ness of protective measures, as well as analyzing
seed germination, plant survival up to harvest,
and their morphometric traits depending on the
factors studied. For seed treatment, they used
products that stimulate growth processes and in-
crease plant resistance to adverse environmental
factors: Artafit, AgroVerm Ekran, Lignogumat
(factor A). Herbicide protection was provided by
Lontrel Grand and Miura (factor B). Foliar feed-
ing was done using the liquid complex fertilizer
Izagri Vita (factor C) (see Table 1).

The experimental design included two con-
trols: 1 — seed treatment with water; 2 — plants
without treatment with agrochemicals and her-
bicides. The data were compared with the con-
trol for the factor being analyzed and with the
control without any agrochemicals or herbicides
(absolute control).

The working fluid rate when treating seeds
was 10 liters per ton, and when spraying the test
plots — 200 liters per hectare.

The agrochemical composition of the soil
is represented by heavy loamy medium-thick
leached chernozem (pHg,; = 5,4). The humus
content in the soil is 5.6% (according to Tyurin),
easily hydrolyzable nitrogen — 130.0 mg/kg of
soil, available phosphorus — 172.0 mg/kg, ex-
changeable potassium — 201.4 mg/kg.

The setup of the field experiment and re-
cord-keeping were carried out according to the
methodological guidelines for conducting field
and vegetation experiments with hemp, conduct-
ing registration tests of herbicides, and based on

"Kulikova N.A., Lebedeva G.F. Herbicides and environmental aspects of their use: a textbook for university students. Moscow,

2010, 152 p.

8Nikolaev A.V., Apaeva N.N. The effect of herbicide mixed with growth stimulants on weed infestation of barley crops // Current
issues of improving the technology of production and processing of agricultural products: materials of the international. scientific

and practical. conf., Yoshkar-Ola, 2023, vol. 25, pp. 14-18.

Sazhina K.A. General aspects of choosing the type of fertilizer for cultivating industrial hemp // Achievements and prospects of
scientific and innovative development of the agro-industrial complex: collection of articles based on the materials of the V All-Rus-
sian (national) scientific and practical conference. Kurgan, 2024, pp. 21-24.
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Ta6ua. 1. I[IpumensBimnecs npenaparsl
Table 1. The preparations used

Brand name, dosage form, manufacturer Cpnsump ) Active ingredients
tion rate

Artafit, WSC (water-soluble concentrate), 0,15 kg/t | Polydiallyldimethylammonium chloride (100 g/1)
00O NPIC BioGradis, Russia
AgroVerm Ekran, AS (aqueous suspension), 1,01/t |Live cells, spores and metabolite complex
BioEraGroup, Russia of Bacillus subtilis (2x10° CFU/ml)
Lignogumat, A (powder), OOO "NPO "Implemen- | 0,12 kg/t |Fulvic (29%) and humic (58%) acids
tation of Environmental Technologies", Russia
Lontrel Grand, WDG (water-dispersible granules), | 0,08 kg/ha | Clopyralid (750 g/kg)
Dow AgroSciences, Austria
Miura, EC (emulsion concentrate), 0,8 /ha | Chisalofop-P-ethyl (125 g/I)
August JSC, Russia
Izagri Vita, concentrated solution, 1,0 Vha |A complex of amino acids, macro-
1ZAGRI, Russia and microelements

B.A. Dospekhov's field experiment methodolo-
gyl0-11,

The weather conditions during the growing
periods while the experiment was conducted
were not favorable for crop growth. The hydro-
thermal coefficient (HTC) for the entire hemp
development period corresponded either to in-
sufficient moisture (2021 — 0.97; 2023 — 0.85;
2024 — 0.76) or weak moisture (2022 — 0.39).

The treatment of plots with herbicides at the
three-leaf stage in 2021 and 2023 was done un-
der dry conditions (HTC for the period between
sprouting and the appearance of three leaf pairs
was 0.13 and 0.26, respectively), in 2024 — with
insufficient moisture (HTC = 0.50). More favor-
able conditions for hemp plant growth occurred
in 2022 (HTC = 0.80).

The interphase period from the appearance of
three pairs of leaves to budding in 2021-2023
was not wet enough for the crop to grow (HTC =
0.53-0.74). In 2024, the HTC was higher (0.79),
but there was still a lack of moisture.

At the beginning of the interphase period
from budding to flowering, we did a foliar feed-
ing of the plants. During the years of the study,
the moisture level at that time varied: in 2021 it

was optimal (HTC = 1.09), in 2022 and 2024 it
was insufficient (HTC = 0.72 and 0.74), and in
2023 it was excessive (HTC = 2.44).

The interphase period of flowering to seed
ripening in 2021 was characterized as optimal-
ly humid (HTC = 1.11), in 2022 — dry (HTC =
0.16), and in 2023 and 2024 — insufficiently hu-
mid (HTC = 0.55 and 0.80).

Weather conditions affected the species com-
position of weeds, the level of infestation in the
agrocenosis, the implementation of protective
measures, and the morphogenesis of cultivated
plants.

RESULTS AND DISCUSSION

During the survey of weed vegetation in
experimental fields of industrial hemp, it was
found that in terms of numbers, cereals are in the
first place (35.9%), represented by yellow fox-
tail (Setaria glauca (L.) Beauv.) and barnyard
grass (Echinochloa crusgall (L.) Beauv.) from
the Poaceae family. Among the dicotyledonous
weeds, species such as lamb's-quarters (Cheno-
podium album L.) and many-seeded goosefoot
(Chenopodium polyspérmum L.) from the Che-
nopodiaceae family (on average 13.8%)), as well

YBedak G.R. Methodological guidelines for conducting field and vegetation experiments with hemp. Moscow: VASKhNIL,

1980, 34 p.

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

ance, 2014, 349 p.
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as redroot amaranth (Amaranthus retroflexus L.)
from the amaranth family (9,9%) predominated,
which significantly exceeded the parameters of
representatives of other families (see Fig. 1).

Among the weed community (the group of
weed plants in a field of industrial hemp), the
most dangerous was the Canada thistle (Cirsi-
um arvense L.), field sow thistle (Sonchus ar-
vensis L.), corn bindweed (Convolvulus arven-
sis L.), as well as wintering species — narrowleaf
hawk's beard (Crepis tectorum L.), field pansy
(Viola arvensis Murr.), field pennycress (Thlaspi
arvense L.), German camomile (7ripleurosper-
mum inodorum (L.) Sch. Bip.).

In the hemp agrocenosis, at different levels
of weed infestation, the constant component
was the pigweed species described above: red-
root amaranth, wild buckwheat, curltop ladyfly,
hedgenettle betony, drug fumitory. In the ear-
ly growth stages of the crop, if the cultivation
technology is disrupted, redroot amaranth and
lamb's-quarters can significantly reduce the
competitiveness of hemp plants.

During the weed assessment carried out 30
days after spraying with the herbicide Lontrel
Grand, a fairly high effectiveness of the protec-
tive measure was observed — 76.5% (see Fig. 2).
With herbicide protection in place, using growth
stimulants Artafit, AgroVerm Ekran, Lignogu-
mat as seed treatments, and the agrochemical

Pink family
Cabbage family
Labiate family
Madder family
Bindweed family
Aster family
Buckwheat family

m 08

mm 15

mm 15

mm 15

s 23

e 5.4
s 6,1
meessssss 6,9
e 6.9
s 9.9

Violet family
Mint family
Amaranth family
Goosefoot family
Grass family

0 5 10 15

e I kR
. 35,9

Izagri Vita for foliar feeding increased the bio-
logical effectiveness of protective measures to
82.3%, 88.5%, and 86.2%, respectively.

The effectiveness of protecting crops from
grass weeds 30 days after applying the herbi-
cide Miura was 86.3%, and when this product
was combined with growth stimulants and agro-
chemicals, it increased to 91-98%. At the same
time, the biological efficiency of weed suppres-
sion by the end of the growing season in these
cases ranged from 93.9-95.0%, compared to
54.1% when only the grass herbicide was used.

The analysis of field germination and the sur-
vival of hemp plants showed that the weather
conditions and the chemicals used affected the
indicators in question (see Fig. 3).

Over the years of the experiment, using drugs
that stimulate growth processes allowed field
seed germination to increase from 4.9% (Ar-
tafit) to 6.5% (Lignogumat). The greatest effect
(78.8%) was achieved when using the Lignogu-
mat seed treatment combined with spraying
plants with the herbicide Lontrel Grand and the
liquid fertilizer Izagri Vita.

Before harvesting, an increase in plant surviv-
al was noted in the treatments using herbicides
by 2.1% and 4.4% compared to the control.

Reducing the weediness of the agrocenosis
helped create better conditions for the growth
and development of hemp. The highest plant

20 25 30 35 40

Proportion of weed families, %

Puc. 1. CopHblif KOMITOHEHT TTOceBOB KoHOITH (2021-2024 1)

Fig. 1. Weed component of hemp crops (2021-2024)
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Puc. 2. Bnusiaue arpoXuMHUIECKUX CPEICTB Ha 3aCOPEHHOCTH TToCeBOB KoHOTUTH (2021-2024 1T

Fig. 2. The effect of agrochemicals on the contamination of hemp crops (2021-2024)

survival until harvesting was promoted by treat-
ment with Lignogumat and the herbicide Miura
(90.6%).

Using herbicides together with various types
of stimulating substances when treating seeds, as
well as using the agrochemical as a feed during
vegetation, affected the quantitative characteris-
tics of cannabis plants, except for the number of
internodes (see Table 2).

Seed treatment contributed to an increase
compared to the control in overall plant height
by 3.2% (Artafit), inflorescence length by 10.3%
(Artafit), 5.5% (AgroVerm Ekran), and 8.3%
(Lignogumat), and internode length by 1.7%
(Artafit). Herbicide treatment increased the
technical stem length by 1.1% (Miura), while
foliar feeding stimulated growth of the technical
length by 1.4%, inflorescence length by 3.7%,

and stem diameter by 2.4%. The best option for
boosting the morphometric parameters of hemp
plants was a protection method that included the
combined use of Artafit, Lontrel Grand, and Iza-
gri Vita.

The factors we studied had less effect on the
plants' morphometric traits than on their yield.

As a result of the correlation analysis, mod-
erate negative correlations were found between
the protection variants 30 days after treatment
with the herbicide Lontrel Grand and both crop
weediness and seed and stem yields (-0.554 +
0.18 and —0.621 = 0.17, respectively), as well as
a negative correlation between crop weediness
after treatment with the herbicide Miura and
seed yield (—0.568 + 0.18).

In the control version, stem yield was 5.64 t/
ha (see Fig. 4). The increase in stem yield com-
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Ta6a. 2. Biusiaue crioco0oB 3ammThl Ha MOPGHOMETPHIECKHE TIOKa3aTeny pacTeHuit koo (20212024 rr)

Table 2. The influence of protection methods on the morphometric parameters of hemp plants (2021-2024)

Option Pl Technical Inflores- . Number of
Plant length of cence Stem diam- | Internode internodes
Factor A Factor B Factor C height, cm stem, cm | length, cm eter, mm | length, cm pcs.
Control 219.,5 173.3 543 7,9 16,7 10
Control
Treatment 2223 183,8 57,1 8,2 17,2 11
Lontrel Control 223,6 178,3 51,9 8,0 17,1 11
Control
Grand Treatment 232,1 186,0 55,0 8,3 17,4 11
. Control 2292 186,0 52,2 8,3 17,7 10
Miura
Treatment 228,0 186,8 56,7 8,3 17,6 10
Control 2343 181,3 54,5 8,3 17,5 10
Control
Treatment 2353 182,8 63,0 8,7 17,3 10
Lontrel Control 2294 187,0 55,7 8,3 17,8 10
Artafit
Grand Treatment 238.3 187,8 63,1 8,9 17,8 10
. Control 2329 178,0 61,6 8,6 17,5 10
Miura
Treatment 228.5 180,0 62,6 8,6 17,5 10
Control 2354 185.3 59.6 8,6 17,3 10
Control
Treatment 230,4 1843 56,6 8,5 17,4 10
AgroVerm Lontrel Control 229,8 183,8 59,5 8,4 17,2 10
Ekran Grand Treatment 230,0 186,0 57,9 8,6 17,4 10
. Control 226,9 1823 53,9 8,1 17,0 10
Miura
Treatment 2244 180,0 56,9 8,1 17,7 10
Control 225,7 181,3 58,5 8,0 16,9 11
Control
Treatment 227,8 185,8 553 8,1 17,6 10
. Lontrel Control 226,2 181,0 60,7 8,2 17,5 10
Lignogumat Grand
ran Treatment 227,1 183,8 60,0 8,5 17,0 11
. Control 223,0 177,8 57,9 8,1 17 10
Miura
Treatment 231,3 178,8 61,4 8,4 17,4 10
LSD, s to compare the quatients 9,4 5,5 5,7 0,29 0,55 NS*

*NS — the differences are insignificant at p = 0,05.

pared to the control was promoted by the action
of all the factors studied: factor A — an increase
of 4.1% (Artafit), 7.2% (AgroVerm Ekran), and
2.9% (Lignogumat); factor B — by 8.1% (Lontrel
Grand) and 7.1% (Miura); factor C — by 3.9%.
The formation of a high yield increase compared
to the control without the use of agrochemical
products was facilitated by herbicidal weed-
ing with Lontrel Grand and Miura combined
with seed treatment with Artafit and AgroVerm
Ekran, respectively, and treatment of growing
plants with Izagri Vita (1.47 and 1.50 t/ha, or
26.1% and 26.6%).

Seed yield was around 1.52 t/ha. The increase
in this parameter compared to the control was
achieved thanks to the effect of seed treatments
(3.54.0%), herbicides (3.5 and 7.0%), and foliar
feeding (5.8%). Over the years of research, high in-
creases in seed yields compared to the control with-
out the use of agrochemicals have been achieved
by controlling the growth of broadleaf weeds with
the herbicide Lontrel Grand (0.33-0.40 t/ha, or
21.7-26.3%) and grasses with the herbicide Miura
(0.29-0.41 t/ha, or 19.1-27.0%) against the back-
drop of using various stimulants as seed treatments
and agrochemicals as foliar fertilizers.
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D PEeKTHBHOCT CIOCOOOB 3aLIUTHI arpoleHO3a
TEXHUYECKOI KOHOIIM OT COPHBIX PACTEHUI

ITnyxuukosa M.H., Kpuymun H.B., baxynosa 1.B.

CONCLUSIONS

1. Using herbicides in industrial hemp crops
to suppress weeds, combined with modern agri-
cultural techniques, the use of various types of
stimulants, and agrochemicals, allows the crop
to stay competitive against weeds.

2. The reduction in weediness of hemp crops
compared to the control when spraying only
with the herbicides Lontrel Grand and Miura
was 59-77% and 54-86%, respectively, while
with the combined effect of all studied factors,
this figure decreased by 64—89% and 77-98%.

3. Reducing competition between hemp plants
and weeds led to higher field emergence of seeds
and better survival of crops until harvest, as well
as positively affecting their morphological traits.

4. The protective measures carried out helped
increase stem yields significantly with herbicide
weedings using Lontrel Grand and Miura in
combination with seed treatments using Artafit
and AgroVerm Ekran, and for growing plants —
with Izagri Vita (+1.47 and 1.50 t/ha). The pre-
served seed yield in the Lontrel Grand herbicide
variants combined with seed treatments and ag-
rochemical was 0.33-0.40 t/ha, while in the Mi-
ura herbicide variants with the mentioned agro-
technical measures, it was 0.29-0.41 t/ha.
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OuneHkKa NPOAYKTUBHBIX KAYeCTB KOMOMKOpPMA NPOU3BOACTBA
000 «bUDD» nas rudpuna «PyKam» oceTpoBbIx pbid

IMonomapes C.B.2, TypuanunoB E.A.!, JleBuna O.A.!, <) Axmen:xanoBa A.B.!,
®enoposrix 10.B.!, Tepranosa H.B.!

'Acmpaxanckuii 2ocyoapcmeeHnuviil mexnuueckKutl yHusepcumen

Actpaxanb, Poccus
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B crarbe npezcTaBieHbl pe3yabTarbl KOMIICKCHOW OIIEHKH BIIHSTHUS 9KCIIEPUMEHTAIBHOTO KOMOU-
rxopma nipon3BoacTBa OO0 «BU DDy Ha MPOAYKTUBHBIE KauyecTBa U (PU3HOIOTO-OMOXUMUYECKHI CTa-
TyC MIEPCIEKTUBHOTO 00BEKTa aKBAKYIBTYyPHI — THOpHIa pyccKoro oceTpa (Acipenser gueldenstaedtii)
U JIGHCKOTO oceTpa (Acipenser baerii), m3BectHoro kak «PyKamy». MccnemoBanue mpoBoamd B KOH-
TPOJMPYEMBIX YCIOBHSIX YCTAHOBKU 3aMKHYTOTO BOJOCHAOXKEHHUs B TeueHHe 56 cyT. Llens paboTel —
MpoaHaIM3uPOBaTh YPPEKTUBHOCTh BIHSHHUS OIMBITHOIO KOPMa Ha POCTOBBIC TIOKA3aTENIH, BHIKHUBA-
€MOCTh U KIIIOUEeBBIE MapaMeTpbl KPOBH, OTpakaroliue olriee (GU3MOIOrHYECKOE COCTOSHHE PBIO.
Pesynbrarsl 3KCIiepUMEHTa MPOAEMOHCTPUPOBAIIN BBHICOKYIO TPOJAYKTHBHOCTh W OTJIMUYHYIO aJarTa-
U0 THOpH/IA K TIPe/IJIaraeMoMy parrony. AOCONIOTHBIM IPUPOCT MACCHI 32 TIEPHOJT OITBITA COCTABHII
106,17 1, a cpennecytounbiii ipupoct goctur 1,90 r/cyt. 3adukcupoana 100%-s BBDKHBAEMOCTb,
K02(GUIHEHT yIUTAaHHOCTH N0 DYIBTOHY JOCTOBEPHO yBEIHUYMICS. [ eMaToIornyecKuii aHau3 Bbl-
SBUJI TTOJIOKHUTEIHHYIO JUHAMHUKY: YPOBEHb IeMOITIO0MHA TOBBICHICS Ha 9,7%, 4TO yKa3bIBaeT Ha
YCUJICHUE KUCIIOPOATPAHCHOPTHON (DYHKIIMU KPOBH, a KOHIICHTpAIHMs OOIIero Oenka B CHIBOPOTKE
Bo3pocia a0 28,15 1/, 4To CBUAETEIBCTBYET 00 aKTHBU3AILMHU IIACTHYECKOr0 ooMmeHa. [lpu atom
MOKAa3aTeN YIJIeBOJHOTO M JIMIHUIHOTO OOMeHa (TIFOKO3a U XOJISCTEPHH) OCTaBAINChH CTaOWIIbHbI-
MU ¥ COOTBETCTBOBAIH (DU3NOJIOTHMYECKOM HOPME LISl OCETPOBBIX pbi0. Takum 00pa3zom, KOMOHKOPM
000 «BU®®D» mokazan BbICOKYI 3(h(EKTUBHOCTD, 00eCIeurnBas UHTEHCHBHBIA POCT, BBICOKYIO
BBDKHUBAEMOCTh U (DOPMHUPOBAHHE ONTUMAILHOTO (PU3UOIOTO-OMOXMMHUYECKOTO CTaryca y rudpuia
«PyKam» B ycloBHsIX YCTaHOBKHM 3aMKHYTOTO BOJloCHa0XeHus. [1omydeHHbIe JaHHble 000CHOBBIBAIOT
MEPCIEKTUBHOCTh IPUMEHEHHSI JAHHOTO KOpMa B IMMPAKTUKE TOBAPHOTO OCETPOBOJICTBA JIJIsI TOBBIIIIC-
HUS €r0 SKOHOMUYECKOH 3(H(HEKTUBHOCTH.

KiroueBsble cioBa: KopMIIeHHE, OCETPOBbIC, THOPH], KOMOUKOPM, TPOIYKTUBHOCTh, POCT, (PHU3HO-
JIOTO-OMOXUMHUYECKHUE MTOKA3aTeNId KPOBH, YCTAHOBKA 3aMKHYTOTO BOIOCHAOKEHHUS

Evaluation of the productive qualities of compound feed produced
by the OOO "BIFF" for the "RuKal" hybrid sturgeon fish

Ponomarev S.V.":2, Turchaninov E.A.!, Levina O.A.!, 0X)Akhmedzhanova A.B.!,
Fedorovykh Yu.V.!, Terganova N.V.!

YAstrakhan State Technical University
Astrakhan, Russia

2Moscow State Academy of Veterinary Medicine and Biotechnology — MVA named after K.I. Skryabin
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The article presents the results of a comprehensive assessment of the impact of experimental com-
pound feed produced by OOO "BIFF" on the productive qualities and physiological and biochemical
status of a promising aquaculture facility — Russian sturgeon hybrid (Acipenser gueldenstaedtii) and
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Onenka MPOAyKTHBHBIX KaueCTB KOMOMKOpMa IPON3BOJICTBA
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TTonomapes C.B., Typuanusos E.A., JleBuna O.A.,
AxmemkanoBa A.b., ®enopossix 10.B., Tepranosa H.B.

Lena sturgeon (Acipenser baerii), known as "RuKal". The study was conducted under controlled con-
ditions of a recirculating aquaculture system for 56 days. The purpose of the work was to analyze the
effectiveness of the experimental feed on growth rates, survival, and key blood parameters reflecting the
general physiological state of the fish. The results of the experiment demonstrated high productivity and
excellent adaptation of the hybrid to the proposed diet. The absolute weight gain during the experiment
period was 106.17 g, and the average daily gain reached 1.90 g/day. A 100% survival rate was recorded,
and the Fulton fatness ratio increased significantly. Hematological analysis revealed positive dynamics:
hemoglobin level increased by 9.7%, which indicates an increase in the oxygen transport function of the
blood, and the concentration of total protein in the serum increased to 28.15 g/I, which indicates the ac-
tivation of plastic metabolism. At the same time, the parameters of carbohydrate and lipid metabolism
(glucose and cholesterol) remained stable and corresponded to the physiological norm for sturgeon fish.
Thus, the OOO "BIFF" compound feed has shown high efficiency, providing intensive growth, high
survival rate and the formation of optimal physiological and biochemical status in the "RuKal" hybrid
in the conditions of ultrasound. The data obtained substantiate the prospects of using this feed in the
practice of commercial sturgeon breeding to increase its economic efficiency.

Keywords: feeding, sturgeon, hybrid, compound feed, productivity, growth, physiological and
biochemical parameters of blood, installation of a closed water supply
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INTRODUCTION in recirculating systems plays a leading role [6,
7]. Another promising direction is interspecies

Fish products remain one of the main sources S : >
hybridization, which allows combining valuable

of complete protein and biologically active sub-

stances in the human diet [1-3]. The sturgeon
family (Acipenseridae), which includes species
like beluga, Russian sturgeon, Siberian sturgeon,
kaluga, and others, has traditionally been valued
for the high taste quality of their meat and cav-
iar. However, natural populations of most stur-
geon species are in a sorry state, making the
development of their commercial cultivation in
aquaculture an important task [4, 5].

The dynamic growth of global aquaculture
requires the adoption of intensive technologies,
among which year-round industrial fish farming

commercial traits of the parent forms (growth
rate, disease resistance, and adaptive potential)
[8-10]. The key factor in the economic efficien-
cy of aquaculture is optimizing feeding [11-13].
Developing and implementing new feed formu-
lations that ensure high productivity while re-
ducing costs is a relevant scientific and practical
challenge [14-17].

The aim of the study is to examine the effect
of the experimental compound feed produced
by the OOO “BIF” on the growth, survival, and
physiological condition of the Russian sturgeon

300TEXHUS U BETEPUHAPHS
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Evaluation of the productive qualities of compound feed produced
by the OOO "BIFF" for the "RuKal" hybrid sturgeon fish

Ponomarev S.V., Turchaninov E.A., Levina O.A.,
Akhmedzhanova A.B., Fedorovykh Yu.V., Terganova N.V.

(Acipenser gueldenstaedtii) x Siberian sturgeon
(Acipenser baerii) hybrid (“RuKal”), as well as
to analyze the efficiency of commercial cultiva-
tion of the hybrid under recirculating water sys-
tem conditions.

MATERIAL AND METHODS

The experimental work was carried out at the
Innovation Center “BioAquapark — Aquaculture
R&D Center” and in the research laboratory
“Sturgeon breeding and promising aquaculture
facilities” at the Astrakhan State Technical Uni-
versity. The study focused on the “RuKal” year-
lings (see Fig. 1).

During the experiment, fish were kept in
ICA-1 fiberglass tanks with rounded edges, mea-
suring 1x1x0.8 m, with a constant flow, forced
aeration, and filtration (see Fig. 2).

Throughout the entire research period, the
main hydrochemical indicators, as well as the
water temperature and flow rate, were kept at the
levels optimal for fish life. The fish were raised
at a constant water temperature of 20-22 °C.
The dissolved oxygen content was maintained
at 8-10 mg/l (80-90% saturation). The hydro-
chemical conditions complied with OST 15.372-
871

The feed was provided by the OOO “BIFF”
for evaluating its quality and safety. The young
fish were raised at the same stocking density and
according to the species' biological characteris-

Puc. 1. OObeKT HcCIea0BaHNS
Fig. 1. Object of research

tics, following daily norms and feed tables [9].
Fish farming and biological indicators were
evaluated based on a set of indicators (taking
into account LF. Pravdin's recommendations)
and were determined using the following formu-
las?3:
absolute gain (P,g) = m, — my;
Fulton’s condition factor
(Qp) = (WX100)/1%;
mass accumulation coefficient
Ky) = ((m” —mg'?)*3) / 1;
average daily gain
(PcplcyT) = (mK - mO)/t;
average daily growth rate
(A)= [(mg/mg)"" 1] x 100%;
specific growth rate
log(my) — log(mo) ., 00,
t

where m, and m — final and initial fish mass (T),
L — absolute fish length (cm), ¢ — research dura-
tion (days).

Fish survival was measured individually.
A range of physiological and biochemical blood
parameters was determined to compare feed ef-
ficiency. Heparin was used as an anticoagulant
for hematological analysis. The concentration of
hemoglobin in the blood was determined photo-
metrically* using a reagent kit from Agat-Med
(Russia), the erythrocyte sedimentation rate

AT e

"Water for fishery reservoirs. General requirements and standards. — Introduced on 01.01.88. Moscow: USSR Ministry of

Fisheries, 1987, 12 p.

2Vinberg G.G. Metabolic intensity and food needs of fish. Minsk: Belarusian University, 1956, 253 p.

3Kupinsky S.V. Rainbow trout — preliminary parameters of the standard model of mass accumulation / S.V. Kupinsky, S.A.
Baranov, V.F. Reznikov // Collection of scientific papers: Industrial fish farming in closed systems. Moscow: VNIIPRKh, 1985,

Issue 46, pp. 109-115.

4Van Kampen E.J. Standardization of hemoglobinometry. The hemiglobincyanide method / E.J. Van Kampen, W.G. Zjilstra //

Clin. Chim. Acta, 1961, pp. 538.
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Puc. 2. 1] «buoaxBanapk — HTL] akBakynsTypb»:

a) 6acceita (1x1 M) A moxpanIBaHUs MOJIONH; 6) YCTAHOBKA 3aMKHYTOTO BOJIOCHAOKEHHUS

Fig. 2. 1C "Bioaquapark — RDC of aquaculture™:

a) swimming pool (1x1 m) for rearing juveniles; 6) recirculating aquaculture system

(ESR) was determined using the method of G.I.
Panchenkov’.

Blood samples were collected in heparin-free
tubes and allowed to coagulate to obtain serum.
Serum protein levels were determined in the lab-
oratory using the biuret method® using reagents
from the company "Agat-med".

The level of cholesterol, which plays an im-
portant role in the immune system and is in-
volved in plastic and energy metabolism, was
determined by an enzymatic method’. Glucose
levels were determined using an enzymatic col-
orimetric method® without deproteinization. In
both cases, reagents from the company "Olvex
Diagnosticum" were used.

To determine the concentration of solutions
during physiological and biochemical blood
analysis, a UNICO 2100 spectrophotometer was
used.

The obtained data were statistically processed
using the Excel software package, including
calculation of the mean, error of the mean, and
assessment of the level of significance of differ-
ences using Student's #-test.

RESULTS AND DISCUSSION

A pilot batch of feed from the OOO “BIFF”
demonstrated high protein and fat content. The
composition met the physiological needs of stur-
geon and the requirements of nutritional stan-
dards and other technological parameters (see
Fig. 3). The fish were noted to consume the feed
well.

The fish's condition was monitored visually
throughout the entire rearing period. No signs of
hyperemia were recorded.

A fish-farming and biological assessment of
the “RuKal” hybrid at two consecutive stages of

SLimansky V.V. Instructions for physiological and biochemical analysis of fish / V.V. Limansky, A.A. Yarzhombek, E.N. Bekina,

S.B. Andronnikov. Moscow: VNIIPRKh, 1984, 59 p.

Filippovich Yu.B. Practical training in general biochemistry / Yu.B. Filippovich, T.A. Egorova, G.A. Sevast'yanova. Moscow:

Prosveshchenie, 1975, 318 p.

"Fishbach F. A manual of laboratory diagnostic tests 7thed / F. Fishbach, M. Dunning. — Lippincott Williams & Wilkins, 2004,

1291 p.

8Trinder P. Determination of glucose in blood using glucose oxidase with an alternative oxygen acceptor / P. Trinder / Ann

ClinBiochem., 1969, pp. 24-25.
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cultivation (28 days each) with 100% survival
revealed positive dynamics of key growth and
development indicators (see Table 1).

By the end of stage II, a statistically signifi-
cant (p < 0.05) increase in average body weight
by 19.3% was recorded — from 303.69 +25.28 to
362.19 £20.89 g.

Absolute body length also tended to increase
(from 44.01 = 1.07 to 44.88 £+ 1.41 cm), but the
differences did not reach statistical significance.
A significant increase in growth and body con-
dition indicators was noted. The parameters re-
flecting the growth rate in relative terms (aver-
age daily growth rate, specific growth rate, mass
accumulation coefficient) remained consistently
high and did not show significant changes be-
tween stages, being in the range of 0.26-0.63%.

11,8

50

= Protein
= Fat

" Carbohydrates
(nitrogen-free
extractive
substances)

m Fiber
® Crude ash

152
Puc. 3. CocTaB KOpMa 10 OCHOBHBIM IUTATEIbHBIM
BemecTBaMm, %

Fig. 3. Feed composition by main nutrients, %

Fulton’s condition factor significantly increased
from 0.35+0.03 to 0.42 £+ 0.03 units, which indi-
cates an improvement in the general physiolog-
ical state and accumulation of energy reserves.
Weight gain indicators also demonstrated reli-
able positive dynamics: absolute gain increased
from 47.67 to 58.50 g, and average daily gain
from 1.70 to 2.09 g.

Thus, over the 56-day observation period,
the “RuKal” hybrid demonstrated high viability
(100% survival rate), stable linear growth and
reliable intensive weight gain, accompanied by
a significant increase in the Fulton's condition
factor. The functional state of cultured fish was
assessed based on the analysis of the metabolic
function of the blood according to the data of
hematological and biochemical studies (see Ta-
ble 2).

A positive dynamic of hemoglobin level was
observed from 50.97 + 2.77 g/l at the start of
the experiment to 55.96 + 2.83 g/l by the end
of stage II, while the difference between the ini-
tial and final values is statistically significant
(» <0,05).

A significant increase was also noted for the
erythrocyte sedimentation rate (ESR), the value
of which increased from 0.77 + 0.11 to 1.15 +
0.11 mm/h at stage II (p < 0,05).

Total plasma protein concentrations also
showed a steady upward trend. By the end of the
study, this indicator reached 28.15 + 2.63 g/l,

Ta6a. 1. PeiboBonHo-Ononorunyeckue nokaszarenu rudpuaa «PyKam» (n = 25)
Table 1. Fish-breeding and biological parameters of the "RuKal" hybrid (n = 25)

Indicator I stage 1I stage
Weight, g 303,69 + 25,28 362,19 +20,89*
Absolute length, cm 44,01 1,07 44,88 + 1,41
Fulton's condition factor, units 0,35+0,03 0,42 +£0,03*
Absolute gain, g 47,67 58,50*
Average daily gain, g 1,70 2,09%
Average daily growth rate, % 0,61 0,63
Specific growth rate, % 0,26 0,27
Mass accumulation coefficient, units 0,04 0,04
Survival rate, % 100,00 100,00
Duration, days 28 28

Note. *Atp <0,05 the differences are significant.
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Taoa. 2. [unamuka Gu3noI0ro-0MOXMMHUYECKHX IOKa3arenel kposu rudpuaa «PyKamy (n = 25)

Table 2. Dynamics of physiological and biochemical parameters of blood of the hybrid "RuKal" (n = 25)

Indicator The start of the research I stage 1I stage
Hemoglobin, g/l 50,97 +£2,77 54,90 + 4,62 55,96 +2,83*
ESR, mm/h 0,77 £ 0,11 0,89 +0,20 1,15+ 0,11%*
Total protein, g/l 22,06 + 18,65 25,70 = 1,10 28,15 +2,63*
Cholesterol, mmol/l 2,62 +0,.23 2,84 +0,39 2,07 + 0,41
Glucose, mmol/l 3,85+0,14 3,14+ 0,31 3,56 £ 0,27

Note. *At p <0,05 the differences are significant; n the number of individuals in each group.

significantly exceeding the baseline level of
22.06 + 18.65 g/l (p <0,05).

Plasma cholesterol and glucose levels did not
undergo significant changes during the experi-
ment (p > 0,05). The concentration of cholester-
ol fluctuated in the range of 2.07-2.84 mmol/I,
glucose — 3.14-3.85 mmol/l, remaining within
the physiological norms for sturgeon fish.

Thus, during the growing period, the hybrid
“RuKal” showed a significant increase in the
content of hemoglobin, total protein and ESR
with stable indicators of lipid and carbohydrate
metabolism.

Growth rates of cultured fish in the first stage
of the study were good. In the second stage of
cultivation, growth rates increased by 22.0% for
absolute and average daily growth, and by 3.2—
3.8% for average daily and specific growth rates.
The mass accumulation coefficient remained un-
changed. The survival rate was 100% through-
out the entire study period.

A marker of the state of the fish body is the
dynamics of biochemical blood parameters,
which characterize the quality and quantity of
nutrition, stocking density, adaptive abilities of
fish, and the intensity of the impact of anthropo-
genic factors [8, 10].

An important diagnostic indicator of changes
in oxygen content in the blood is hemoglobin.
During the study period, an increase in this in-
dicator by 9.9% was noted, which indicates an
increase in the oxygen transport capacity of the
blood, necessary to maintain increased metab-
olism with intensive growth. This is a classic
adaptive response that ensures adequate oxygen
supply to tissues.

The erythrocyte sedimentation rate was below
normal levels. However, over the study period,
the rate changed by 49.3%. An increase in ESR
in fish is often interpreted as a nonspecific indi-
cator of changes in plasma protein composition
(particularly an increase in fibrinogen or glob-
ulin levels) and may also be related to changes
in blood flow properties and red blood cell size
during growth. The observed increase in ESR,
along with the rise in total protein, probably re-
flects physiological shifts in the plasma protein
spectrum related to developmental growth and
metabolic activity, rather than a pathological
process, given the high survival rate and positive
growth trends.

A reliable increase in the concentration of
total protein in blood plasma by stage II is an
overall indicator of intensified biosynthesis
processes, which directly correlates with the
recorded significant increase in body mass and
condition factor. The level of total serum protein
was within the range described for this species
under similar rearing conditions, but below the
standard values. However, when using the feed
being studied, at Stage I, this indicator increased
by 16.5% (coefficient of variation of the trait =
18.0%), and at Stage II, it increased by anoth-
er 9.5% (coefficient of variation of the trait =
20.0%). The increase in protein concentration
reflects a positive trend in anabolic metabolism,
which aligns with the results of the calculation
of fish farming biological indicators.

Cholesterol levels were within the reference
range. The decrease in this indicator was 20.9%
over the entire study period.
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Since an increase in blood cholesterol affects
its viscosity and disrupts active metabolism in
the body, it can be assumed that the dynamics
of lipid metabolism in fish mainly supported the
normal process of energy resource accumula-
tion. This is confirmed by the favorable condi-
tions for keeping the fish, as blood cholesterol
levels are primarily influenced by the living con-
ditions and feeding technology.

One of the informative biochemical indica-
tors of the physiological state of living organ-
isms is the glucose content in the blood. This
important measure of carbohydrate metabolism
directly depends on the activity level of fish, and
a sharp increase in glucose levels can indicate
stress [11]. The glucose level in the farmed fish
remained within the physiological norm through-
out the study. The observed trend (a slight dip
followed by a return to the original level) isn’t
statistically significant. This suggests that the
experimental conditions or stages of the study
didn’t have a major stressful or negative effect
on the carbohydrate metabolism of this group of
fish. The lack of pronounced hyperglycemia is
a good sign, indicating that the sturgeon hybrid
was relatively well during the experiment.

The lack of statistically significant changes in
glucose and cholesterol levels points to a steady
balance of energy and lipid metabolism through-
out the experiment. The stability of cholesterol
levels reflects a well-balanced process of its syn-
thesis, transport, and use in the growing body [4,
8, 11].

Thus, the combination of the obtained data
(weight gain, fattening, increased levels of to-
tal protein and hemoglobin with stable glucose
levels and high survival rates) allows us to con-
clude that the “RuKal” hybrid has adapted well
to the conditions of recirculating water systems
and feeding with the experimental feed from
the OOO “BIFF”. The observed hematological
changes are compensatory and adaptive in na-
ture, aimed at meeting the metabolic needs of a
actively growing body. This physiological and
biochemical profile confirms the potential of this
hybrid form for aquaculture.

CONCLUSIONS

1. The “RuKal” hybrid shows high growth
potential and excellent viability in a recirculat-
ing water system. Over a 56-day observation
period with 100% survival, there was positive
weight gain: both the absolute and daily aver-
age gain increased by 22%, and the mass and
Fulton’s condition factor went up significantly.
This indicates effective adaptation and favorable
growing conditions.

2. The observed changes in the hematological
profile are adaptive and compensatory in nature
and correlate with rapid growth. The significant
increase in hemoglobin concentration (by 9.9%)
reflects an enhanced oxygen-transport function
of the blood to support the increased metabo-
lism. The rise in total serum protein levels (by
27.6% by the end of the experiment) serves as
an overall marker of boosted biosynthesis pro-
cesses, which is directly linked to the increase
in body mass.

3. The dynamics of biochemical indicators
suggest a balanced metabolism and no chron-
ic stress. Stable glucose and cholesterol levels,
which are within the physiological norms for
sturgeon, indicate steady energy and lipid me-
tabolism. The absence of statistically significant
hyperglycemia rules out prolonged stress from
the experimental conditions. A 20.9% decrease
in cholesterol may indicate its active use in
growth and energy processes.

4. The change in ESR is not pathological. Al-
though the ESR value remained below the nor-
mal range for sturgeons, its significant increase
(49.3%), along with higher total protein and ex-
cellent aquaculture characteristics, most likely
reflects physiological shifts in plasma protein
composition related to growth and development,
rather than an inflammatory process.

5. The collected data confirm the successful
adaptation of the “RuKal” hybrid to the condi-
tions of experimental cultivation in recirculating
water systems using feed from the OOO “Bift”.
The observed physiological and biochemical
changes are a natural response of a actively
growing organism and indicate favorable condi-
tions for care and feeding. The results support
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the promising potential of using this hybrid form
in commercial sturgeon farming.
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[NornManue (PU3MOIOTHYECKUX CTPATETHH, JIEKAITNX B OCHOBE BBICOKOW MOJIOYHOH MPOTYKTHB-
HOCTH, TpeOyeT AeTaIbHOIO aHaJIM3a HE TOJIBKO CPEIHUX IMOKa3aTesieil o rpymie, HO U Bapuadesb-
HOCTH BHYTPH T€HETUYECKN OHOPOIHBIX )KUBOTHBIX. OCOOEHHO aKTyaIbHO M3Y4YEHHE B3aUMOCBSI3Ei
MEXJIy KOJHYECTBOM CHHTE3UPYEMBIX KOMIIOHEHTOB MOJIOKA W YPOBHEM IPOAYKTUBHOCTH B 3aBU-
CHUMOCTH OT TeHOTHUIIA 110 KITFOYEBBIM FeHaM MOJIOUHOTo Oenka. Llenbio JaHHON paboTHI CTaIo BBISIB-
JICHWE TeHOTHIT-CIeNM(PUIECKUX 0COOEHHOCTEH B3aMMOCBSI3M MEX/Y BBIXOJOM MOJIOYHOTO XHpa U
CHHTE30M JPYTUX KOMIIOHEHTOB MOJIOKA Y KOPOB-TIEPBOTEIOK TOJIIMITHHCKON TOPOABI C Pa3IMIHBIMU
TeHOTHUIIaMU 10 Karma-ka3zenHy (CSN3) Ha OCHOBe MeTo/a POLEHTUIBHOM cTpatudukannu. Hayd-
HO-XO3STHCTBEHHBIN OMBIT BHIMOMHSIN B 2023-2025 1T. Ha 6a3¢ CeTbCKOXO3SHCTBEHHOTO TIPEATIPHSI-
Tusl B Boponexckoit o6nmactu. OObEKTOM HCCICIOBAHHS CTANHM KOPOBBI-IEPBOTEIIKH TOJNITHHCKON
nopojs! (n = 166), reHoTunMpoBaHHbIe 10 JIoKycy CSN3. BHyTpu kaxnoro renoruna (44, AB, BB)
METOJIOM TIPOIEHTIIIBHON CTpaTH(HUKAIINN IO MTOKA3aTeII0 «BBIXOJ MOJIOUHOTO kupa 3a 305 mHeit
JIAKTaII» ObLIH COPMHUPOBAHBI TPU CTPATHI (HWXKHSIS, CpEHsIsl, BepXHsisi). [[poBeeH aHann3 uHTer-
paNbHBIX TOKa3aTesel 3a MONHYIO0 JIAKTAIMIO: Y05, BBIX0O/a ¥ MAaCCOBOM JOJM *KHpa U Oeka, mpo-
JIOJDKUTEBHOCTH JIakTaruu. [lomydeHHsie qaHHbIe BaKHBI 18 auddepeHnnpoBaHHOTO MOaXoaa B
CEeJIeKIIMM M YTIpaBJIEHUU KOPMJIEHHEM B 3aBHUCHUMOCTH OT N€HETHYECKOTro MOTEHIMasla KUBOTHBIX.
YcTaHOBIIEHBI TEHOTHUTI-CTIENN()UIECKHE OCOOCHHOCTH PEaTN3aIliil BEICOKOH MOJIOYHOW MPOAYKTHB-
HocTH. [lokazaHo, YTO yBEJNMYEHHE BBIXOJA MOJIOYHOTO JKHpa MPEUMYIIECTBEHHO 00eCIIeunBaeTCs
POCTOM YOSl i COTIPOBOXKAAETCS CHIYKECHUEM MaCcCOBOM 10NN O€JKa, YTO CBUJICTEIbCTBYET O HATMYHH
MeTab0INYECKOr0 KOMITPOMHICCA MEXKIY KOJIMYECTBEHHBIMH M KadeCTBEHHBIMU XapaKTEePHUCTUKAMHU
MoJjioka. [lomydeHHble pe3yabTaTbl HMEIOT MPaKTUYEeCKOe 3HaueHue Ui pa3pabotku auddepenu-
POBaHHBIX CEJIEKIIMOHHBIX U TEXHOJIOTMYECKUX TOIX0/IOB K YIPABICHHUIO MPOJYKTHBHOCTHIO KOPOB C
Pa3IMYHBIM T€HETHIECKUM MTOTEHITHAIOM.

KaroueBble cJioBa: TONITUHCKAS TIOPOAa, Karma-ka3euH (CSN3), MeTaboInyecKuii KOMIIPOMHCC,
MIPOIEHTHIIbHAS CTpaTU(UKAIUS, BBIXOJ MOJIOYHOTO KHpa, KOMIIOHEHTHBIM COCTaB MOJIOKa

Influence of kappa-casein genotype on the milk component composition
in high-yielding first-calf heifers of the Holstein breed
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Understanding the physiological strategies underlying high milk productivity requires a detailed
analysis not only of group averages but also of the variability within genetically homogeneous an-
imals. It is especially important to study the relationship between the amount of synthesized milk
components and the level of productivity depending on the genotype of key milk protein genes. The
purpose of this work was to identify the genotype-specific features of the relationship between milk
fat yield and the synthesis of other milk components in Holstein first-calf heifers with different kap-
pa-casein (CSN3) genotypes using the percentile stratification method. The scientific and production
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Bnusiare reHoTHNa Karma-kKa3enHa Ha KOMIOHEHTHBINM COCTaB MOJIOKA

Anryxosa B.B., Boctpounos A.B., Caponos B.A.

Y BBICOKOIIPOAYKTHBHBIX KOPOB-IIEPBOTEIIOK TOJIIITHHCKON TIOpOAbI

trial was conducted from 2023 to 2025 at the agricultural enterprise in the Voronezh region. The study
subjects were Holstein first-calf heifers (n=166) genotyped for the CSN3 locus. Within each genotype
(44, AB, BB), three strata (low, medium, high) were formed using the percentile stratification meth-
od based on the indicator "milk fat yield per 305-day lactation". Integral indicators for the complete
lactation were analyzed: milk yield, yield and mass fraction of fat and protein, and lactation length.
The obtained data are important for a differentiated approach to selection and feeding management
depending on the genetic potential of animals. Genotype-specific features of the implementation of
high milk productivity have been established. It has been shown that an increase in milk fat yield is
mainly ensured by an increase in milk yield and is accompanied by a decrease in the mass fraction of
protein, which indicates the presence of a metabolic compromise between the quantitative and qual-
itative characteristics of milk. The obtained results have practical significance for the development
of differentiated selection and technological approaches to managing the productivity of cows with

different genetic potential.

Keywords: Holstein breed, kappa-casein (CSN3), metabolic compromise, percentile stratification,

milk fat yield, milk component composition
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INTRODUCTION

Milk productivity in cattle is a classic exam-
ple of a complex quantitative trait formed under
the influence of many genetic and paratypic fac-
tors [1, 2]. Nowadays, the economic efficiency
of dairy farming is determined not just by the
amount of milk produced, but also largely by the
quality of the milk itself, especially its fat and
protein content [3]. These components directly
affect the nutritional value, technological prop-
erties of milk during processing, and, as a result,
the cost of the final product [4].

One of the key genetic markers used in
breeding to improve milk protein content is the
kappa-casein gene (CSN3) [5, 6]. The polymor-
phism of this gene (alleles 4 and B) is associated
with amino acid changes in the protein, which
affects the size of casein micelles and cheese
yield. Numerous studies confirm the advantage
of allele B and the BB homozygous genotype in
milk protein content [7, 8]. However, the phe-
notypic expression of a genotype often shows a
lot of variation between individuals, even within

genetically uniform groups. The traditional ap-
proach of comparing average values between
genotypes doesn’t reveal the range of physio-
logical strategies that individual animals use to
achieve high values in complex selection traits.

Productivity is a dynamic process. The lacta-
tion curve, which shows the change in average
monthly milk yield from calving to drying off,
is an overall indicator of the udder's functional
state and the cow's metabolic adaptation. Ana-
lyzing the shape of the curve (peak height and
timing, rate of decline) in groups of animals that
have reached different productivity levels can
provide important insights into energy efficien-
cy and the stability of lactation across different
genetic variants [9, 10].

Lactation curve parameters have moderate
heritability and are genetically correlated with
overall milk production, milk component con-
tent, and health indicators, which makes it pos-
sible to consider them as independent selection
traits [10, 11]. Selective breeding based on lacta-
tion curve traits helps change the frequencies of
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alleles associated with productivity and lactation
resilience, which reflects the targeted microevo-
lutionary changes in the dairy cattle population
[11,12].

The purpose of the study is to identify gen-
otype-specific features of the relationship be-
tween milk fat yield, the component composi-
tion of milk, and the dynamics of the lactation
curve in first-calf Holstein cows.

MATERIAL AND METHODS

The work was done in 2023-2025 at the ag-
ricultural enterprise OOO “Don” in the Khok-
holsky District, Voronezh Region. The study fo-
cused on first-calf Holstein cows (n = 166), kept
under identical feeding and housing conditions.
The animals were genotyped for the kappa-ca-
sein (CSN3) locus in an accredited laboratory.
Based on the results, three genetic groups were
formed: A4 (n=59), AB (n=179), BB (n =29).

For a detailed analysis within each genotype,
a percentile stratification method was used based
on the "milk fat yield over 305 days of lactation"
indicator. Animals of each genotype were ranked
by the value of this trait and then divided into
three strata of approximately equal numbers.
The lower stratum (1) included animals whose
trait values corresponded to the lower percentile
interval of the sample, the middle stratum (2)
included animals with average trait values, and
the upper stratum (3) included animals with the
highest milk fat yield values. This approach al-
lowed forming groups of comparable size within
each genotype and conduct a reliable compar-
ison of milk production indicators. Statistical
processing was performed using standard soft-
ware packages. The significance of differences
between strata within a genotype was assessed
using parametric and nonparametric criteria.
The differences were considered significant at
p < 0.05. The lactation curves were visualized
based on the average monthly values.

RESULTS AND DISCUSSION

Percentile stratification based on milk fat
yield over 305 days of lactation resulted in the
formation of three differentiated production

groups (lower, middle, and upper strata) with-
in each CSN3 genotype. This allowed for a de-
tailed comparison of milk production indicators
and the monitoring of lactation dynamics within
genetically homogeneous groups. When inter-
preting the obtained data, special attention was
paid to the mass fraction of fat and protein as
key indicators of the qualitative composition of
milk, determining its technological value during
processing.

It should be noted that the actual lactation du-
ration in the studied herd exceeded the standard
305 days, averaging 349 days across the herd.
This is due to the farm's production process, in
which cows are started individually, taking into
account the animals' physiological condition
and productivity level. In this case, the indicator
“milk fat yield for 305 days of lactation” was
used as a standardized selection criterion for an-
imal stratification, while the analysis of integral
indicators was carried out based on data from a
fully completed lactation.

When analyzing the productivity indicators
for the entire lactation, a pronounced extensive
strategy was noted in the animals during the
transition from the lower to the upper stratum
(see Table 1). A highly reliable increase in milk
yield per lactation of 2740.7 kg was observed
(p <£0,001), while the fat mass fraction remained
statistically unchanged. Thus, the high fat yield
(+116.6 kg, p <0.001) was achieved due to the
increased volume of milk produced. A critical
consequence of this strategy was a significant
decrease in protein mass fraction by 0.11%
(p <0.01). Variability in quantitative traits (milk
yield, fat and protein yield) in the upper stratum
did not decrease, and for some indicators, it in-
creased (milk yield from 17.83 to 20.34%), in-
dicating high heterogeneity in high-yielding an-
imals with the 44 genotype at the kappa-casein
locus.

Heterozygous animals demonstrated a mixed
(intensive-extensive) strategy (see Table 2). Fat
yield in the upper stratum increased by 102.9 kg
(» <0.001). This increase was achieved not only
due to an increase in milk yield (by 2291.6 kg,
p < 0.001), but also due to a statistically sig-
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sence of a direct relationship between milk yield
and fat content in this genotype. Critical is the
identified reliable decrease in the mass fraction
of protein from 3.54% in the lower stratum to
3.43% in the upper stratum (p < 0.01), which
indicates the possible existence of a metabolic
compromise: an increase in quantitative indi-
cators of productivity in the A4 genotype is ac-
companied by a deterioration in the protein qual-
ity of milk. The coefficients of variation (Cv) for
the main quantitative traits (milk yield, fat and
protein yield) remained at a high level (17.8—
20.6%) in all strata, and even increased in some,
indicating significant individual variability and
heterogeneity of highly productive animals of
the A4 genotype.

The duration of lactation tended to in-
crease with increasing stratum (from 343.9 to
358.3 days), although inter-stratal differences
did not reach the level of statistical significance
(p =0,05).

When analyzing the productive indicators
for the entire lactation (see Table 2), in first-calf
heifers with the heterozygous AB genotype for
kappa-casein, a clear gradation of all quantita-
tive traits was revealed depending on the stra-
tum formed by the yield of milk fat. Thus, the
milk yield in group 3 (11835.6 + 221.63 kg)
significantly exceeded the milk yield in group
1 by 2291.6 kg (p < 0.001), and in group 2 by
1290.1 kg (p < 0.01). A similar picture was
noted for the yield of milk fat: the indicator of
the upper stratum (493.36 + 8.94 kg) was reli-
ably higher than in the lower one, by 102.93 kg
(» £0.001), and in the middle one — by 58.4 kg
(p £0.001). The yield of milk protein also pro-
gressed, reaching 408.48 + 6.79 kg in stratum 3,
which is 67.72 kg (p <0.001) and 37.23 kg (p <
0.01) more than in strata 1 and 2, respectively.

The qualitative composition of milk exhibited
specific dynamics. Fat content showed positive
dynamics, consistently increasing from 4.08%
in the lower stratum to 4.17% in the upper stra-
tum, but interstratal differences did not reach
statistical significance (p > 0,05). This pattern
of changes qualitatively distinguishes heterozy-
gous animals from the A4 genotype, which had
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stable fat content, and may indicate the ability
of AB cows to slightly increase fat content in re-
sponse to increasing milk yield. Consistent with
the general pattern, this genotype also showed a
significant decrease in protein content by 0.11%
(p £0.01) when comparing the lower and upper
strata.

The most significant distinguishing feature
of the AB genotype is a sharp reduction in the
phenotypic variability (Cv) of productive traits
in high-yielding animals. The coefficient of vari-
ation for milk yield in the upper stratum is only
9.73% versus 20.82% in the lower stratum, and
for fat yield, it is 9.42% versus 22.3%. This indi-
cates possible genetic homogeneity, stability, and
predictability of productive traits in high-yield-
ing carriers of the AB genotype. The duration of
lactation in this genotype showed an inverse, al-
beit statistically insignificant (p > 0.05), trend: a
decrease from 353.7 days in the lower stratum to
332.6 days in the upper stratum.

Thus, within the 4B genotype, the upper stra-
tum demonstrates the highest productivity in all
quantitative indicators (milk yield, fat and pro-
tein yield) compared to the lower and middle
strata of the same genotype.

The results presented in Table 3 characterize
the milk productivity of first-calf heifers with
the homozygous BB genotype and reveal its
controversial breeding potential. Quantitative
indicators in animals of the upper stratum (milk
yield 11,712.3 + 286.39 kg, fat yield 492.37 +
11.81 kg) significantly (p < 0.001) exceed those
in the lower stratum by 3,309.9 and 140.22 kg,
respectively. However, the increase in milk pro-
tein yield (by 94.84 kg) was less pronounced
and did not reach significance when comparing
the middle and upper strata. Qualitative indica-
tors demonstrate dissociation: the mass fraction
of fat remains consistently high (approximate-
ly 4.2%) and does not change significantly be-
tween strata (p > 0.05), while the mass frac-
tion of protein undergoes the sharpest decrease
among all genotypes — from 3.60% in the lower
stratum to 3.38% in the upper stratum (p < 0,01).
This 0.22% drop represents a potentially serious
technological risk, as it significantly worsens the
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Influence of kappa-casein genotype
on the milk component composition
in high-yielding first-calf heifers of the Holstein breed

Altukhova V.V., Vostroilov A.V., Safonov V.A.

protein-fat balance of milk and its cheese-mak-
ing properties. An important positive character-
istic of the BB genotype, like that of the 4B, is
the high homogeneity of high-yielding animals,
as evidenced by the lowest coefficient of varia-
tion among all groups for milk yield (7.73%) and
fat yield (7.59%) in the upper stratum. This indi-
cates consolidated genetic control of productiv-
ity traits. Lactation duration in the BB genotype
showed no consistent relationship with stratum
level, varying between 327 and 342 days with-
out statistically significant differences (p > 0.05).
Thus, the BB genotype has the greatest potential
for increasing milk yield and fat yield with out-
standing stability, but its key limiting factor is a
significant decline in milk protein yield at high
productivity levels.

The Russian scientific literature has accu-
mulated significant data on the impact of kap-
pa-casein on milk productivity. A study™® on five
domestic breeds demonstrated that the B allele
of the CSN3 gene correlates with economical-
ly useful milk productivity indicators, protein
content, and milk yield. However, within-breed
diversity at this locus is significantly higher than
between-breed differences. These results are
consistent with the conclusion that the CSN3
genotype determines not so much the average
level of productivity as the physiological strate-
gy for achieving it.

In the study [13], it was found that milk from
cows with the CSN3BB genotype contains more
fat, protein, calcium, and phosphorus, which is
consistent with the results of the analysis. How-
ever, our study showed a significant decrease
in the mass fraction of protein with high milk
yields, whereas the authors [13] associated the
BB genotype with an increased protein content
at a lower level of productivity.

When analyzing the results of the studies [14],
it was found that the daughters of bulls with the
CSN3AB genotype were significantly superior to
cows from bulls with the CSN344 genotype in
milk yield by 10%, milk fat and protein yield by

12.4 and 9.8%, respectively, and milk fat content
by 0.09%, which is consistent with the results
of our studies, where the 4B genotype demon-
strates better balance and predictability.

The results support the idea of a metabolic
trade-off between the quantity and quality of
milk production. Increasing milk yield and fat
content was often accompanied by a decrease in
protein percentage, which might be due to the
redistribution of the body's energy and building
resources under high production demands. Sim-
ilar trends have been noted before in the studies
focused on the genetic control of milk composi-
tion in Holstein cows.

The results also show the differences in the
level of phenotypic variation between the gen-
otypes. The lowest variation coefficients in the
high-producing animal genotypes AB and BB
may point to a more consolidated genetic con-
trol of productivity traits and potentially a higher
predictability of the breeding response.

CONCLUSIONS

1. The effectiveness of the percentile stratifi-
cation method for forming genetically homoge-
neous groups (44, AB, BB) within differentiated
productivity strata (lower, middle, upper) has
been confirmed. The method provided a clear
and statistically significant separation of animals
by productivity level, allowing for a detailed
comparative analysis.

2. Genotype-specific patterns of achieving
high productivity have been identified: geno-
type A4 follows an extensive strategy, showing
a sharp increase in milk yield (by 2740.7 kg,
p <0.001) and fat output at a stable fat content,
but this comes with a significant decrease in pro-
tein content (—0.11%, p <0.01) and maintaining
high individual variability (milk yield Cv ~20%).

3. Genotype AB shows a mixed (inten-
sive-extensive) strategy: the increase in fat yield
(+102.9 kg, p < 0.001) is driven by both higher
milk yield and a trend towards higher fat con-
tent. The decrease in protein content (—0.11%,

* Sulimova G.E., Akhani Azari M., Rostamzadeh D., Mohammad Abadi M.R., Lazebny O.E. Allelic polymorphism of the kappa-
casein gene (CSN3) in Russian cattle breeds and its informativeness as a genetic marker // Genetics, 2007, vol. 43, No. 1, pp. 88-95.
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p <0.01) is moderate. A critical difference is the
sharp reduction in variability in highly produc-
tive animals (the coefficient of variation of milk
yield decreases from 20.82 to 9.73%), which in-
dicates genetic predictability and homogeneity.

4. The BB genotype also implements an ex-
tensive strategy with the highest milk yield in-
crease (+3309.9 kg, p <0.001). However, its key
negative feature is the most pronounced decrease
in protein content (-0.22%, p < 0.01), which rep-
resents a technological risk. At the same time,
highly productive animals of this genotype are
also distinguished by minimal variability of pro-
ductive traits (milk yield Cv — 7.73%, milk fat
yield — 7.59%).

5. Percentile stratification has proven its val-
ue as a tool for identifying hidden relationships
and metabolic tradeoffs within genotypes. The
data obtained indicate the priority of the hetero-
zygous AB genotype in breeding for balanced,
high productivity while maintaining milk quali-
ty and predictability. Selection of animals of the
BB genotype must be carried out with caution
due to the risk of deterioration of milk protein
production, and the selection of A4 animals re-
quires additional criteria to reduce their high
phenotypic heterogeneity.
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P PeKTUBHOCTH 0TOOPA OBIKOB-NIPOU3BOANTEIEH
B MONMYJISIIIAN FOJIITHHUZHPOBAHHOTO CKOTA

C)Xpomona O.JI., Aopamona H.U., Cearumsan M.O., 3enxoBa H.B.
Bonoeoockuti nayunsiii yenmp Poccutickoti akademuu HayK

Bonorna, Poccust

(<X)e-mail: khromova olenka@mail.ru

I'eneTnueckoe yiny4ieHne NomyIsIiuii MOJIOYHOTO CKOTa OCHOBAHO B IIEPBYIO OYepelb HA HCIONb-
30BaHMU JYUIINX OBIKOB-IIPOU3BOIUTENCH, YCTOWYMBO MEPEAAIOIINX CBOM KauecTBa MOTOMCTBY. Llens
MIPOBEJICHHOTO MCCIIEAOBAaHHS — ONPEACIUTh dPHEKTUBHOCTE 0TOOpA JTyUIINX OBIKOB-IIPOU3BOIUTE-
Jiell B MOMYJISIIMK TOJNITHHU3UPOBAHHOTO YEPHO-TIECTPOTo CKOTa Bororozckoii o0mactu Ha 0CHOBE
TUIEMEHHOW IIEHHOCTH, PACCUNTAHHOW Pa3HBIMU MeTofaMu. B mccnenoBarenbekyto 0a3zy BKITFOUHIIH
nmauHbie 10 8812 xopoBaM mepBoro orena U 171 OBIKY, KOTOpPEIE SBISIOTCS OTIIaMH 3THX KOopoB. [1e-
MEHHYIO LIEHHOCTb OBIKOB ONPENeIsUIN 110 OKa3aTessIM Hal05, KAK OCHOBHOMY CEJIEKLIHOHHOMY IIpH-
3HaKy B MOJIOYHOM CKOTOBOJICTBE, HA OCHOBE pacyeTa FeHeTHYEeCKOr0O MOTeHIMAIa U €ro peaan3anin
1 METOZIOM «JI04epH-CBEpCTHULB. [0 pe3ynpraTam pacuera Npou3BOAUTENCH 0TOOpaIn B 1BE IPyII-
1161 110 40 ToJ1. ¢ TyYIINMU [TOKa3aTeIsIMH [IJIEMEHHOM IEHHOCTH, OTPe/IeTIeHHON pa3HbIMU METOJIaMH.
D dexTHBHOCTE 0TOOpa TIO Ka)XJIOMy M3 METOJIOB ONPENENSIM Ha OCHOBE pacdera CeJIeKIMOHHO-
ro auddepeHnmana KaK pasHOCTH NMPOAYKTHBHOCTU «104Yb — MaTby». 110JIOXKUTENbHBIN [TOKA3aTeNh
ceneknroHHoro muddepeHimana moarsepxaact 3HGEeKTHBHOCTL UCTIOIB30BAHUS TTPOU3BOIUTEIIS B
nonyysiuuu. B ucenenyemsix rpynmnax y 0onpiirHCTBa npousBoauTeneit (36 u3 40, wiu 90,0%) ycra-
HOBJICH MOJIOKUTEIILHBIN CEJIEKIMOHHBIN An(depeHIra o MoJIouHON NPpOoayKTUBHOCTH (0T +218 1o
+2684 xr). Takxke B Kax101 TpyIie ObIKOB BBISIBICHO TI0 YETHIPE MTPOU3BOAMUTEIIS C OTPULATEIILHBIM
cenekiuoHHbIM auddepennmanom ot —25 1o —297 kr. [IpeBOCXOACTBO MOTOMCTBA 3TUX OBIKOB Hajl
CBEPCTHULIAMU 00ECIIEUYEHO HE TOJIBKO BIMSHUEM OTLOBCKOM I€HETHKH, HO ¥ UCIIOJIb30BaHUEM BBICO-
KOITPOLYKTHBHOI'O MAaTOYHOTI'O [IOTOJIOBBsI. B pe3ynbprare mpoBeJeHHOrO HCCIEN0BaHNS YCTAaHOBIICHO,
4T0 3¢ PEKTUBHOCTH OTOOPaA OBIKOB-NIPOU3BOANTENCH MOBBIIIACTCS, €CIH OLIEHKY P JIFOOOM METOIEe
JOMOJHUTH PACUYeTOM CelleKUHMOHHOTO auddepennnana. KommiekcHoe UCMONb30BaHUE Tpenjiarae-
MBIX METOJIOB Oy/IeT CIIOCOOCTBOBATH MOBBIIICHHIO HAJIS)KHOCTH OIICGHKHU MJIEMEHHON HEHHOCTH ObI-
KOB ¥ 9 PEKTHUBHOCTH 0TOOpA MYUIINX MPOU3BOTUTEICH B MTOMYIISIIHH.

KuaroueBble €j10Ba: MOJIOYHOE CKOTOBOICTBO, OTOOpP, OBIKH-TIPOM3BOAMTENH, dPPEKTUBHOCTD,
IUIEMEHHAs [ICHHOCTh, TeHETHUECKUI OTEeHINA, CEJIeKIMOHHbIN auddepenHuan

The effectiveness of stud bull selection in the Holstein cattle population

C<)Khromova O.L., Abramova N.I., Selimyan M.O., Zenkova N.V.
Vologda Scientific Center of the Russian Academy of Sciences
Vologda, Russia

(><)e-mail: khromova_olenka@mail.ru

The genetic improvement of dairy cattle populations is based primarily on the use of the best stud
bulls that sustainably transmit their qualities to their offspring. The purpose of the conducted study
was to determine the effectiveness of the selection of the best stud bulls in the population of Holstein
Black-and-White cattle of the Vologda region based on the breeding value calculated by different
methods. The research database included data on 8812 cows of the 1st calving and 171 bulls, which
are the fathers of these cows. The breeding value of bulls was determined by milk yield indicators, as
the main selection trait in dairy cattle breeding, based on the calculation of genetic potential and its
realization, and using the "daughter-peer" method. According to the calculation results, the stud bulls
were chosen in groups of 40 heads with the best breeding value indicators determined by different
methods. The effectiveness of selection for each of the methods was determined based on the calcu-
lation of the selection differential, as the difference in productivity "daughter-mother". The positive
indicator of the selection differential confirms the effectiveness of using the stud bull in the population.
In the studied groups, the majority of the stud bulls (36 out of 40 or 90.0%) have a positive selection
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differential in milk productivity (from +218 to +2684 kg). Also, 4 stud bulls with a negative selec-
tion differential from —25 to —297 kg were identified in each group of the bulls. The superiority of
the offspring of these bulls over their peers is ensured not only by the influence of paternal genetics,
but also by the use of highly productive breeding stock. As a result of the conducted research, it was
found that the effectiveness of the selection of stud bulls increases if the assessment with any method
is supplemented by the calculation of the selection differential, and the integrated use of the proposed
methods will help to increase the reliability of the assessment of the breeding value of bulls and the
effectiveness of the selection of the best stud bulls in the population.

Keywords: dairy cattle breeding, selection, stud bulls, efficiency, breeding value, genetic potential,
selection differential
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INTRODUCTION

In dairy farming, selective breeding of ped-
igree populations is based on the targeted, sys-
tematic selection of the best animals and their
rational use to increase the number of desirable
genotypes. Timely identification of animals with
high genetic potential and their optimal use are
the keys to effective selective breeding [1-3].

G.V. Yeskin notes that with the introduction
of artificial insemination in dairy cattle breed-
ing, the role of breeding bulls in improving
breed populations has increased significantly,
since each of them can produce thousands of
offspring annually'.

According to scientists and practitioners, stud
bulls are the primary genetic resource for further
improvement of dairy cattle. Careful selection of
stud bulls based on their ability to transmit desir-
able economically beneficial traits ensures posi-

tive dynamics in breeding and selection work in
dairy breed populations [4-6].

The significant influence of stud bulls on
the selection traits of offspring has been estab-
lished by many researchers. For example, Uly-
anovsk State Agricultural Academy scientists
V.P. Gavrilenko and G.A. Bushova determined
that the most significant genetic factor in dairy
cattle selection is the "sire" factor, which had a
significant effect (p < 0.001) on milk production
and daughter fertility. The "genotype" and "line"
factors had a lesser influence?.

Scientists from the Oryol State Agricultural
University, V.S. Buyarov and A.l. Shendakov,
established a reliable influence of the “sire-bull”
factor on the phenotypic variability of the live
weight of heifers from birth to 18 months, on
milk yield, and the fat and protein content in the
milk of daughters?.

\Eskin G.V., Plemyashov K. V., Turbina I.S., Anistenok S.V. The state of the domestic gene pool of Ayrshire bulls // Dairy and meat

cattle breeding, 2015, No. 5, pp. 5-8.

2Gavrilenko V.P, Bushova G.A. Genetic factors, their role in the selection of dairy cattle // Vestnik of Ulyanovsk state agricultural

academy, 2010, No. 1, pp. 36-39.

3Buyarov V.S., Shendakov A.1., Shendakova T A. Efficiency of dairy cattle selection / Animal Husbandry of Russia, 2011, No. 1,

pp. 41-42.
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Employees of the South Ural State Agrarian
University have proven the significant superior-
ity in lifetime productivity of daughters of indi-
vidual stud bulls in a herd of Holsteinized Black-
and-White cattle in the Chelyabinsk region [7].

The selection of sires begins with an assess-
ment and selection based on ancestry. This is a
predictive criterion that allows determining the
likely breeding value of an animal, primarily its
genetic potential based on the productivity of its
female ancestors [8].

The Federal Law "On Breeding Livestock"
states that the level of genetic potential and its
influence on the economically useful traits of the
offspring determine the breeding value of dairy
cattle*.

The rate at which a sire's genetic potential is
realized by his daughters indicates the degree to
which the bull's genotype influences the traits of
the offspring. The combination of genetic poten-
tial and its realization can serve as an estimate
of the breeding value of bulls used in the popu-
lation [9, 10].

Officially, domestic dairy farming practices
use progeny quality assessment, based on a direct
comparison of the productivity of the daughters
of the tested bulls with their peers. O.G. Loretts,
V.S. Mymrin, I.LN. Yanchukov, and other scien-
tists believe that progeny quality testing of stud
bulls is the most objective method for assessing
an animal's genetic value>°[11].

According to R.V. Tamarova, this method
remains a key link in breeding work and deter-
mines not only the breeding value of stud bulls,
but also the effectiveness of their use in the pop-
ulation’.

Accurate evaluation of sires is important for
selection and subsequent use to improve the
breeding traits of the population. Many scientists
believe that in today's large-scale breeding envi-

“Federal Law "On Breeding Livestock" of August 3, 1995 No.

ronment, a comprehensive evaluation of sires is
essential to identify the best ones and maximize
the use of high-value bulls in the breeding pro-
cess [12-15].

In this regard, research aimed at improving
the efficiency of evaluation and selection of the
best breeding bulls is relevant.

The purpose of the study is to determine the
effectiveness of selecting the best stud bulls in
the population of Holsteinized Black and White
cattle based on the breeding value calculated by
different methods.

The objectives of the study included:

— determination of the breeding value of stud
bulls used in the population of Holsteinized
Black and White cattle by two methods: by the
level of genetic potential and its realization by
daughters and by the difference between the pro-
ductivity of the bull's daughters and their peers;

— selection of bulls into two groups of 40
heads each with the best breeding value indica-
tors, calculated using different methods;

— identification of the selection efficiency for
each of the methods based on the calculation of
the selection differential for bulls that were in-
cluded in the groups with the best breeding val-
ue indicators.

MATERIAL AND METHODS

The research database was compiled using
the “Seleks. Dairy Cattle” information and anal-
ysis system. It included data on 8,812 first-calv-
ing cows and 171 sires of these cows, from
the Vologda Oblast population of Holsteinized
Black-and-White cattle. To ensure the reliability
of the results, the database also included data on
sires with at least five daughters.

The breeding value of bulls was determined
based on milk yield indicators (as the main se-
lection trait in dairy cattle breeding) based on

23-FZ (as amended on March 23, 2024). URL: https://legalacts.

ru/doc/federalnyi-zakon-ot-03081995-n-123-fz-o/ (date of reference July 25, 2024).

SLoretts O.G., Likhodeevskaya O.E., Barashkin M.I., Mymrin V.S., Sevastyanov M.Yu. Evaluation of foreign and domestic
breeding bulls used in breeding farms of the Sverdlovsk region // Agrarian Bulletin of the Urals, 2012, No. 4 (96), pp. 14-17.

*Yanchukov 1., Ermilov A., Kharitonov S., Glushchenko M. The role of genomic assessment in dairy cattle breeding // Dairy and

meat cattle breeding, 2013, No. 8, pp. 6-8.

"Tamarova R.V,, Zyryanova S.V. Evaluation of the quality of the offspring of Mikhailovsky-type bulls of the Yaroslavl breed with
different Holstein bloodlines // Agrarian Journal of Upper Volga Region, 2014, No. 4, pp. 93-97.
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the calculation of genetic potential and its im-
plementation and the “daughter-peer” method.

The genetic potential of breeding bulls was
calculated using the formula
M+ MF
—
where GP — genetic potential; M and MF — indi-
cators of productive traits for the highest lacta-
tion of the mother and mother of the bull's father.

The realization of the genetic potential of
breeding bulls was determined as the ratio of
the average productivity of the bull's daughters
during the first lactation to his genetic potential,
expressed as a percentage.

To compare the evaluation methods, two
groups of 40 stud bulls with the best breeding
values were formed. The breeding values were
calculated using different methods: based on the
level of genetic potential and its realization by
daughters, and based on the difference between
the productivity of a bull's daughters and their
peers.

The selection efficiency was assessed by the
selection differential, which was calculated as
the difference between the average productivity
of the bulls' daughters and their mothers during
the first lactation.

GP =

22 000

Statistical, biometric and graphical data pro-
cessing was performed using Microsoft Excel
2010.

RESULTS AND DISCUSSION

At the initial stage of the study, the genetic
potential of the stud bulls was calculated based
on the milk productivity of their maternal ances-
tors and the degree to which their daughters real-
ized this potential during their first lactation. The
calculations revealed a high level of productivity
in their maternal ancestors. Genetic potential for
milk yield ranged from 9,200 to 19,580 kg (see
Fig. 1). Most bulls (77.6%) had a genetic poten-
tial for milk production exceeding 12,000 kg.

Calculation of the realization of the genetic
potential of bulls by daughters during the first
lactation revealed an inverse relationship be-
tween the level of genetic potential and its reali-
zation. The correlation coefficient between them
was 7 = —0.65. For individual bulls, the realiza-
tion of the genetic potential in milk yield ranged
from 44.5% to 88.8%.

To determine the effectiveness of this selec-
tion using the rating method, 40 stud bulls with
a genetic potential level of at least 12,000 kg of
milk and its sale by daughters during the first
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Fig. 1. The distribution of bulls by the level of genetic potential and the degree of its realization
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lactation of at least 60% were selected as the
best. The average genetic milk production po-
tential of the maternal ancestors of the selected
bulls was 13,811 kg, with a milk yield of 65.6%.
The number of first-calving cows sired by the
selected bulls totaled 3,313, or 37.6% of the total
number of animals studied.

The average milk yield of first-calving
cows—the daughters of the evaluated sires and
their peers—was also calculated. Based on the
data obtained, the deviation in the productivity
traits of the bulls' daughters from that of their
peers was determined and the significance of the
difference was calculated.

Based on the results of the evaluation of stud
bulls using the “daughter-peer” method, it was
found that the daughters of 79 stud bulls, or
46.1% of the number of the bulls included in the
analysis, surpass their peers in milk yield from
37 to 2298 kg (see Fig. 2).

From these bulls, stud bulls whose daugh-
ters significantly (p < 0.05-0.001) outperformed
their peers in milk yield were identified. To cal-
culate the effectiveness of selection using this
method, 40 sires with the highest daughter-to-
peer milk yield were selected.

The total number of daughters of bulls
amounted to 2,643 heads, or 30.0% of the total
number of cows included in the study. The off-
spring of the selected sires significantly outper-
formed their peers in first-lactation milk yield,
ranging from 273 to 2,298 kg.

A comparative analysis of the composition of
the studied groups of sires revealed that 28 sires
(70.0% of the 40 heads) were included in both
groups selected for their genetic potential and its
realization, and those selected using the "daugh-
ter-peer” method. Accordingly, the qualitative
composition of the selected groups of bulls was
largely similar.

The selection efficiency for each method was
determined by calculating the selection differen-
tial as the difference in daughter-to-mother pro-
ductivity. As a result, a high degree of variability
in the selection differential was observed in the
groups of bulls selected by different methods:
from -297 to +2,296 kg in the first group, and
from -297 to +2,684 kg in the second. The av-
erage value of the selection differential in bulls
selected based on the level of genetic potential
and its implementation was +930 kg, according
to the results of the “daughter-peer” method of
assessment +935 kg.
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Fig. 2. Distribution of stud bulls by breeding value, calculated by the "daughter — peer" method
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In both groups, the majority of producers (36
out of 40, or 90.0%) showed a positive selection
differential for milk productivity, which in the
first group varied from +218 to +2296 kg, and in
the second — from +117 to +2684 kg. This con-
firms the improving effect of bulls on the pro-
ductivity of daughters.

Of the bulls with a positive selection differ-
ential, 25 sires were included in both the group
selected for genetic potential and its realization,
and the group selected for the difference in milk
yield between daughters and their peers (see Ta-
ble 1). Accordingly, these bulls have an accurate,
reliable estimate of their improving effect on off-
spring productivity in the controlled population.

In each studied group of bulls, four sires with
a negative selection differential were identified,
three of which are included in both the first and

second groups (see Table 2). These are Zlatoy
834, Smirny 5477, and AltaSkaykrest 70541411.
The bull Chadwick 11011994 is included in the
first group, and Milord 417 is included in the
second.

Daughters of these bulls yield between 25
and 297 kg of milk less than their mothers in
their first lactation. Consequently, the realization
of the genetic potential for milk production and
the superiority of these bulls' offspring over their
peers are due not so much to the influence of
paternal genetics, but rather to the fact that the
bulls were used on high-yielding breeding stock.

Thus, the average milk yield for 305 days of
the first lactation of mothers of the offspring of
the bulls with a negative selection differential
was 10,040 kg for the bull Milord 417, 9419
for Smirny 5477, 9129 for Chadwick 11011994,

Taba. 1. BeIKU-TIPON3BOANTENH, OKA3aBIITHE TOCTOBEPHOE TTOJIOKUTEITHFHOE BIUSHIC
Ha MOJIOYHYIO TPOYKTHUBHOCTH JI0Uepent

Table 1. Stud bulls that had a significant positive effect on their daughters' milk production

Nickname Inventory num- | Herd of daugh- Genqtic poten- geeliléitizft];gltleﬁf Breeﬁi;lf val- Selecti.on differ-
ber ters tial, kg tial, % relative to peers ential, kg
1 2 3 4 5 6 7
AltaAlpha 70346650 96 15041 60,8 T01%** 1306
AltaLeiker 69990160 17 14967 60,5 604* 1075%**
Blues 7774 16 14830 64,4 11047 1540%*
Monoserotis 56350339 12 14797 61,4 641%* 1435%%*
AltaRoboto 71588445 17 14745 60,6 496* 470
Juror 7783 9 14469 69,8 1653%#* 856*
AltaShelby 70625905 68 14343 62,8 576%** 1403%%%
AltaSuperior 66133538 37 14205 65,1 800*** 1816%+*
Justin 4240504592 159 14147 61,7 293%* 463%*
Gusar 363 300 14124 62.8 440 756w
AltaRazzle 70215869 46 14055 62,2 297* 219
Rabel 1958 71 14011 62,6 330%* 1177%%*
Trubach 174 158 13966 64,8 611%* 1092
Morko 98114 19 13824 69,9 125474 486
Mishret 106070030 26 13725 75,5 1917%*%* 218
AltaDelcampo 880372082 118 13619 64,0 2773%%% 919
Versal 5442 62 13430 68,9 720%** 560*
Kleik 11471420 15 13414 71,1 1100%3* 1315%**
Lenok 3019 323 13398 67,0 550%*%* 1773 %%
Suares 519550898 14 13289 74,7 1485%* 687
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OxoHuanue Tadm. 1

1 2 3 4 5 6 7

Miksi 98117 177 13277 65,9 279k 1035%%%
Ralli 111 202 13035 69,3 593%% 864H
Tor 69701703 51 13032 68,4 477** 2296%**
Klad 3124 38 12947 75,4 1323 196
AltaTsar 72189851 39 12937 68.8 456* 7575

*p <0,05.

**p<0,01.

k5 < 0,001

Tab6a. 2. [lmemMeHHas IEHHOCTH OBIKOB-TIPOM3BOAMTENIEH C OTPHUIIATEILHBIM CEIICKITHOHHBIM

muddepeHInaIoMm
Table 2. Breeding value of stud bulls with a negative selection differential
. Realization Breeding .
Nickname Tnventory Herd of daugh- GenF: tic of genetic value + relative | . Selectllon
number ters potential, kg . differential, kg
potential, % to peers
AltaSkycrest 70541411 12 14932 60,0 507* -25
Smirny 5477 30 12902 71,6 753%* —224
Milord 417 30 12531 78,3 1370%** -230
Chadvik 11011994 21 13248 66,8 19 —280
Zlatoi 834 118 13664 63,9 283%* —297*
*p <0,05.
**p <0,01.
*ikp <0,001.

9022 for Zlaty 834, 8977 kg for AltaSkaykrest
70541411, with an average productivity of
mothers for the studied herd of 7606 kg.

CONCLUSIONS

1. The study revealed a high level of genetic
productivity potential in the maternal ancestors
used in the bull population. 77.6% of the bulls
had a genetic potential for milk production ex-
ceeding 12,000 kg.

2. Evaluation of stud bulls using the daugh-
ter-peer method showed that the daughters of
46.1% of bulls outperform their peers in milk
yield from 37 to 2298 kg.

3. Selecting the best sires into groups based
on genetic potential and its degree of realization,
as well as the difference in milk yield between
daughters and peers, revealed that the methods
used were equally effective. This is evidenced
by the 70.0% similarity in the qualitative com-
position of the bull groups and the similar aver-

age selection differentials in these groups—930
and 935 kg.

4. The efficiency of selection of stud bulls
increases if the assessment using any method is
supplemented by the calculation of the selection
differential, reflecting the degree of improve-
ment of the offspring in milk productivity in
comparison with their mothers.

5. The integrated use of the proposed meth-
ods will contribute to increasing the reliability
of assessing the breeding value of bulls and the
efficiency of selecting the best stud bulls in the
dairy cattle population.
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PoGoTn3upoBanHoe BHECEHHE HAHOOKCH/IA IMHKA MPHU JIUCTOBOM
MOJAKOPMKE CAXaAPHOM CBEKJIbI
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CaxapHas cBeKJia SIBJISIETCS OJHON U3 BaXKHEHIINX TEXHUUECKUX KYJIBbTYp, YPOKAHHOCTh KOTOPOH
9acTO CHIKAeTCs M3-3a Ae(UuuTa HUHKA B MOYBe. TpaJAnOHHOE TIOYBEHHOE BHECCHUE YIOOPEHUM
XapaKTepU3yeTcsl HU3KON JOCTYITHOCTBIO 3TOI0 MUKPOJIEMEHTA [yl pacTeHuil. B crarbe 000cHOBaHa
MEPCIEKTUBHOCTh MPUMEHEHUS] POOOTU3MPOBAHHOIO KOMILIEKCA JUIS TMPEUU3MOHHOW JIMCTOBOM
MOAKOPMKH CaxapHOH CBEKJIbI HAHOPa3MEPHBIM OKCHIOM [HKa (nZnO). OnpeneseHsl NpeuMyIecTBa
HaHO(GOPMbI OKCHIA LUHKA II0 CPaBHEHUIO C TPAAULHUOHHBIMH (OPMaMH, 3aKIIOUYArOIUecs B
MOBBIILICHHOW CIOCOOHOCTH K NMPOHMKHOBEHHIO Yepe3 YCTHbHYHBIM amnmapar JUcTa M MOCIeIyoIeH
TpaHCIOKanuu 1o ¢uosme K KopHemoay. [lokasaHo, 4TO a’po30ibHBIA CHOCOO BHECEHHUS C
MEKTPOCTATUYECKOM 3apsiIKOM YacTHUll MO3BOJISET MUHMMU3UPOBATh MX arperamnuo, odecrneunnas
nocraBky nZnO pazmepom 30-50 HM 1 moBbIIIast 3G HEeKTUBHOCTH MOMIOMIEH! TMHKA B 2,0-2,5 pa3za
M0 CPaBHEHHIO C KalleJIbHBIM OIpbICKMBaHuEeM. [IprBeeHb! SKCTIepUMEHTaIbHbIEC JaHHbIE, COITIACHO
KOTOpBIM JcTOBass oOpabotka nZnO B kormentpanun 200-300 ppm coCOOCTBYET YBEIHUCHHUIO
ypoxkaliHOCTH KOpHemo00B Ha 10—17%, BamoBoro coopa caxapa Ha 15-20%, conep:kaHus caxapo3bl
Ha 1,0-1,5%. IlpencraBneHa apXuTeKTypa pPOOOTH3MPOBAHHOIO KOMILIEKCA, HWHTETPUPYIOLIETO
ABTOHOMHYIO IJ1aTGOPMY, THIIEPCIEKTPAIbHYIO CUCTEMY TEXHUYIECKOTO 3pEHUs I UACHTH(DUKAIY
neunuTa UHKA M0 CIIEKTPATbHBIM MHACKCAM M a3pPO30JIbHBIN TeHepaTop sl TOYEYHOTO BHECEHUS
HaHO-MUKpOyaoOpeHus. TeXHUKO-9KOHOMHYECKOe 000CHOBaHNE JEMOHCTPHUPYET, YTO, HECMOTPS Ha
Oosiee BBICOKUE II€PBOHAYAJIbHBIE 3aTPaThl, pacCMaTpUBaeMasi TEXHOJIOIUsl 0OecleunBaeT NpruoaBKy
ypoxkast 0 8—12 T/ra W 4YUCTBIN JOMOJHUTENBHBIA A0x07 50—80 ThiC. p./ra 3a CUET SKOHOMHH
npenapara Ha 30-50% 1 3HAYUTENBHOTO MOBBIIIEHUS Bbixoaa caxapa (1,2—1,8 1/ra). 1o pesynsratam
IIPOBEJCHHOIO aHaJIN3a MOJKHO CAEJaTh BBIBOJ 00 SKOJIOTMYECKON 0€30I1aCHOCTH, IEPCIIEKTUBHOCTH
Y TIOTEHIMATIbHON PEeHTA0EIbHOCTH U3Y4aeMON TEXHOJIOTHH.

KiroueBble ci10Ba: caxapHas CBEKJIa, JIMCTOBAs MOAKOPMKA, HAHOOKCH IIMHKA, pOOOTHU3UPOBAH-
HBII KOMIUIEKC, a9P030JIbHOE BHECEHHE, YPOXKAHHOCTb, KA94ECTBO KOPHEILIOIOB

Robotic application of nanozinc oxide for foliar application to sugar beet
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Sugar beet is one of the key industrial crops, the productivity of which is often limited by
zinc deficiency in the soil. Traditional soil fertilization is characterized by low availability of this
micronutrient to plants. The article substantiates the prospects of using a robotic complex for the
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Robotic application of nanozinc oxide

Petrov S.M., Podgornova N.M., Sapalev V.I.

for foliar application to sugar beet

precision foliar fertilization of sugar beet with zinc oxide nanoparticles (nZnO). The advantages of the
nanoform of zinc oxide compared to traditional forms have been determined, consisting in an increased
ability to penetrate the stomatal apparatus of the leaf and subsequent translocation along the phloem to
the root crop. It is shown that the aerosol application method with electrostatic charging of particles
minimizes their aggregation, ensuring the delivery of nZnO sized 30-50 nm and increasing zinc
absorption efficiency by 2.0-2.5 times compared to droplet spraying. Experimental data are presented,
according to which foliar treatment with nZnO at a concentration of 200-300 ppm increases root yield
by 10-17%, gross sugar yield by 15-20%, and sucrose content by 1.0—1.5%. The architecture of a
robotic complex is presented, integrating an autonomous platform, a hyperspectral vision system for
identifying zinc deficiency based on spectral indices, and an aerosol generator for targeted application
of nano-microfertilizers. The technical and economic assessment demonstrates that, despite higher
initial costs, the proposed technology provides a yield increase of up to 8—12 t/ha and a net additional
income of 50-80 thousand rubles/ha due to a 30—50% saving in the preparation and a significant
increase in sugar yield (1.2—1.8 t/ha). Based on the results of the analysis, a conclusion can be drawn
about the environmental safety, prospects and potential profitability of the technology being studied.

Keywords: sugar beet, foliar fertilization, zinc nanooxide, robotic complex, aerosol application,

yield, root quality
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INTRODUCTION

Sugar beet (Beta vulgaris L.) is a key indus-
trial crop in Russia's agro-industrial complex.
Improving its productivity and root crop quali-
ty is a strategic objective. Traditional plant nu-
trition systems based on soil-applied fertilizers
are often ineffective due to the low mobility and
availability of their micronutrients (particularly
zinc). Zinc deficiency negatively impacts plant
metabolism, auxin synthesis, and, consequently,
yield formation and sucrose accumulation.

Micronutrient deficiencies in the soil are the
main limiting factor in beet production. The use
of nanomicrofertilizers on various crops has pro-
moted plant growth and development, increased
yields and the quality of agricultural products,
and has the potential to improve plant productiv-
ity and nutrition. Nanofertilizers can be used as
an alternative to mineral fertilizers, as they help
increase the efficiency of nutrient use by plants
[1]. Foliar application of nanoforms of zinc,
manganese, iron, and boron plays a significant

role in improving growth, yield, and quality of
sugar beets. Nanoforms help gradually supply
plants with essential nutrients. Nanofertilizers
offer greater economic efficiency and are more
environmentally friendly than chemical fertiliz-
ers [2-4].

Recently, foliar application technologies us-
ing nanoscale micronutrients have attracted the
attention of researchers. Nanoparticles possess
unique physicochemical properties: increased
reactivity, increased specific surface area, and
the ability to more effectively penetrate leaf cuti-
cles and stomata. When combined with precision
farming methods, such as autonomous robotic
platforms, this technology opens up new possi-
bilities for production process control [5, 6].

The results of the studies by H.H. Amin et al.
[7] show that nano zinc oxide (nZnO) at concen-
trations of 50 and 100 ppm can be used for foliar
spraying of sugar beet plants to reduce the harm-
ful effects of powdery mildew caused by Erysip-
he betae by inducing resistance to the pathogen.
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In addition, nZnO reduces the impact of abiotic
stressors [6]. J. Hong et al. [5] not only confirm
that endocytosis is one of the mechanisms of
nanoparticle uptake during foliar application,
but also point out the role of this process in the
subsequent transport of nanoparticles within the
plant (entry into the phloem and movement to
the roots).

The aim of this study is to substantiate the
prospects of using a robotic complex for foliar
aerosol fertilization of sugar beets with nanozinc
oxide based on the analysis of modern scientific
data and technical solutions.

Research objectives are:

1) to analyze the mechanisms of action of
nano zinc oxide in foliar treatment;

2) to evaluate the effectiveness of the aerosol
delivery method;

3) to propose the architecture of a robotic
complex with a hyperspectral diagnostics sys-
tem;

4) to carry out a feasibility study of the tech-
nology being studied.

SCIENTIFIC BACKGROUND TO THE
EFFECTIVENESS OF ZINC NANO OXIDE

Experimental data obtained in various re-
search centers convincingly demonstrate the ad-
vantages of zinc nanoforms compared to tradi-
tional salts and macro-sized oxides.

Domestic research in the field of robotic plat-
forms for precision farming, in particular the
work of V.K. Abrosimov and V.V. Eliseev [§],
confirm the promise of using autonomous sys-
tems for the care of row crops. However, the
issues of integrating such platforms with hyper-
spectral monitoring systems and aerosol appli-
cation of nanofertilizers remain insufficiently
studied, which determines the relevance of this
study.

Increasing the yield and quality of root crops

Two-year field trials in Egypt demonstrated
the high efficiency of foliar application of nZnO
to sugar beet [9]. Treatment of plants with a 300
ppm nZnO solution, coupled with optimal nitro-
gen nutrition (100 kg/ha), significantly increased
root weight by 12—17%, yield by 10—15%, gross
sugar yield by 15-20%, and sucrose content by
1.0-1.5%. Moreover, the maximum effect in
terms of quality indicators (juice purity, pro-
portion of extracted sugar) was achieved with

a combination of nZnO in the amount of 200
ppm and a moderate dose of nitrogen (60 kg/ha),
which indicates the possibility of optimizing re-
source consumption.

Mechanism of action

The high efficiency of nZnO is explained by
its ability to more easily penetrate the leaf bar-
rier. Studies on other agricultural crops have
shown that nanoparticles smaller than 100 nm
can penetrate the leaf primarily through the sto-
matal pathway and are then transported via the
phloem to other plant organs, including the root
system. For sugar beet, where the root is the pro-
ductive organ, targeted delivery of zinc specifi-
cally to the sugar accumulation zone is critically
important.

MECHANISM OF TARGETED AEROSOL
DELIVERY OF NZNO TO FOLIAGE

Traditional spraying with aqueous suspen-
sions has a significant drawback: the tendency
of nanoparticles to aggregate, which increases
their effective size and reduces their penetra-
tion. The solution is to use aerosol technology,
in which sprayers are equipped with electrostat-
ic charging systems. Special electrodes in the
spray nozzles create a strong electric field that
ionizes the air and transfers a negative charge to
each aerosol particle during spraying. The use
of electrostatics solves the problem of targeted
nZnO spraying on beet tops and reduces losses
due to attraction to the target and envelopment
of the leaves.

Particle size control

E.R. Carmona et al. [10] demonstrated that
an aerosol generator using the principle of col-
lision dispersion allows the creation of particles
of a given size (e.g., 30—50 nm for ZnO) while
avoiding their aggregation. This ensures maxi-
mum bioavailability of the active substance.

Delivery efficiency

A comparison of the aerosol method with
droplet application of the suspension showed
that the proportion of zinc reaching the beet root
system was 2.0-2.5 times higher in the former
case. Small particles in aerosol form more easily
penetrate the stomata along with the gas flow,
unlike large droplets, which can be retained by
the waxy cuticle layer [5, 10].

MexaHu3a1wst, aBTOMATH3ALsl, MOZIC/IMPOBAHHE
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The results of the studies indicate that neg-
atively charged particles are more effective for
transport through plant vascular tissues.

The primary route of nanoparticle penetration
is stomatal. The stomatal size (several microm-
eters) allows ZnO nanoparticles (~28—47 nm) to
penetrate the leaf. Direct penetration through the
cuticle is limited for particles larger than 5 nm
[10].

Environmental safety

Point aerosol application (robotic patch
sprayer) minimizes product loss and eliminates
its direct entry into the soil, reducing the poten-
tial impact on soil biota [11].

MOVEMENT OF NZNO WITHIN THE
PLANT TO THE ROOT CROP

1. Leaf entry. After penetrating through the
stomata, nZnO enters the intercellular spaces
and the apoplast.

2. Intracellular uptake (optional). Nanoparti-
cles can be taken up by cells via endocytosis or
through pores in the cell wall.

3. Further transport via the phloem. The main
route of nZnO delivery to the root crop is phlo-
em transport [5, 10]:

—once in the phloem sieve tubes, the nanopar-
ticles move along with the flow of photosynthates
(sugars, primarily sucrose) from the leaves to the
root crop, where the sugars are stored;

— this process occurs due to the pressure dif-
ference (Munch's mass flow hypothesis).

4. Accumulation in the root. Nanozinc ox-
ide accumulates in the root cells of sugar beets.
Studies on other plants (watermelon) using the
aerosol method confirm that metal nanoparticles
can reach the roots [10]. A significant increase
in the yield and quality of sugar beet roots with
foliar treatment with nZnO is also indirectly
confirmed by E.A. Teama et al. [9], indicating
successful absorption and translocation of zinc.

CONCEPT OF AROBOTIC COMPLEX FOR
PRECISION FEEDING

The integration of aerosol technology into
an autonomous robotic complex allows for the
transition from continuous application of nZnO
to precision application, taking into account the
heterogeneity of the field (differences in soil,
microrelief, uneven emergence and plant de-

velopment) and the phytosanitary condition of
the crops [12—14]. This solution involves the
creation of a digital control loop: sensors — al-
gorithms — actuators. This transforms agricul-
tural technology from an "art" into a controlled,
high-precision engineering system that doesn't
struggle with heterogeneity, but rather works
with it, extracting maximum efficiency and sav-
ings from every section of the field.

Architecture of the complex

The complex includes:

1. An autonomous, electric-powered wheeled
platform. This platform could be similar, for ex-
ample, to robots with a variable track width, a
multiple of 0.45 m (see Fig. 1, 2). The following
devices based on standardized and unmanned
approaches are also applicable in unstructured
agricultural environments: the Robotics Plus au-
tonomous spraying robot [15], the BoniRob ro-
bot [16], and the specialized SugaRob robot on
a caterpillar track with a 1.8 m track width [8].

2. A vision system based on multi- and hy-
perspectral cameras for plant identification, as-
sessment of their nitrogen status (NDVI, Nor-
malized Difference Vegetation Index) and signs
of micronutrient deficiency [17-19].

3. An aerosol generator with a high-precision
nZnO dosing system, controlled by an onboard
computer. The intelligent, selective precision
spray system includes servo-driven nozzles, flow
control systems, and ultrasonic sensors [20-23].

4. A navigation system (RTK-GPS, lidars) for
navigation along a given trajectory and position-
ing. The Real-Time Kinematic (RTK) method
enables centimeter-level positioning accuracy.

Operating algorithm

For early detection of zinc deficiency, the
classic NDVI index is insufficient, as it only
reflects overall photosynthetic activity. Hyper-
spectral sensing, which records reflectance in
narrow spectral ranges sensitive to changes in
trace element content, is more informative [17,
19]. Based on such data, specialized vegetation
indices are calculated (for example, a normalized
difference index correlating with zinc concentra-
tion in leaves). Several studies confirm the pos-
sibility of spectral differentiation of plants with
different zinc contents, including its nanoform,
which allows the use of hyperspectral cameras
for early stress detection [9, 10].
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The robotic system scans sugar beet crops
in real time (agro-scouting). Upon detecting an
area with signs of growth inhibition or changes
in spectral characteristics indicating a potential
zinc deficiency or nutritional imbalance, the sys-
tem activates an aerosol generator. The nZnO is
applied specifically to specific plants or groups
of plants, rather than to the entire field. This re-
duces the application rate by 30-50% compared
to traditional spraying.

Practical implementation for sugar beet

To assess zinc deficiency in sugar beet tops,
one will need:

1. Calibration. This requires field studies:
taking plant samples from different parts of the
field, laboratory analysis of leaf tissue for zinc
content, and simultaneously capturing their hy-
perspectral "signature."

2. Modeling. Using machine learning or re-
gression analysis methods, a model should be
built that links specific spectral characteristics
(or combinations of indices) to the zinc concen-
tration in the plant.

3. Monitoring. After calibrating the data ob-
tained with a drone's hyperspectral camera, it's
possible to create a potential zinc deficiency
map rather than an NDVI map.

Puc. 1. O6masi KOHCTPYKLUSI poOOTa-OMPbICKUBATE-
751 ¢ GOPCYHKaMHU, OPUEHTHUPOBAHHBIMHU ISl PACTIbI-
JICHUS NEPIECHIUKYIIAPHO psLy pacTeHuil [14]

Fig. 1. General design of a sprayer robot with nozzles
oriented for spraying perpendicular to the plant row [14]

FEASIBILITY STUDY (FS)

An approximate estimate of the economic ef-
ficiency of the technology under consideration is
given in the table.

Despite the high cost of nanozinc oxide and
the depreciation costs of robotic equipment, as a
result of a significant increase in yield [24] and
savings in the preparation due to targeted appli-
cation, the net economic efficiency of the tech-
nology under study is 2—3 times higher than that
of the traditional approach.

CONCLUSIONS

Based on the analysis performed, the follow-
ing conclusions can be formulated:

1. Foliar treatment of sugar beet with nanoz-
inc oxide increases root crop yield by 10-17%
and sucrose content by 1.0-1.5% due to more
efficient penetration of nanoparticles through
stomata and their transport along the phloem to
the root crop [5, 9, 10].

2. Aerosol application with electrostatic
charging allows for the delivery of particles 30—
50 nm in size, minimizing their aggregation and
increasing the efficiency of zinc absorption by
2.0-2.5 times compared to drip spraying [10].

3. The use of hyperspectral vision systems in

Puc. 2. AsroHOMHBIN poOoT Rippa, ocHameHHBII
WHTEJUICKTYalIbHBIM alUIMKaTOpoM AJIsl ObICTpOit
00pabOTKH pacTeHUH U a3p0O30JbHOI0 BHECEHUsI Ha-
HOyH0OpeHu (BHEKOpHeBast moakopMka) [13]

Fig. 2. Autonomous robot Rippa equipped with an in-
telligent applicator for rapid plant treatment and aero-
sol application of nanofertilizers (foliar application)
[13]
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combination with vegetation indices sensitive
to trace element content makes it possible to
detect zinc deficiency at early stages, which is
confirmed by experimental data on the spectral
differentiation of plants [9, 19].

4. The developed architecture of the robotic
complex, including an autonomous platform, a
hyperspectral diagnostic system, and an aero-
sol generator, ensures targeted application of
the preparation, reducing its consumption by
30-50%, and increasing net additional income
to 50—80 thousand rubles/ha.

5. For the successful implementation of this
approach, further applied research is needed
aimed at adapting the modes of aerosol appli-
cation of nZnO specifically for sugar beet in
various soil and climatic conditions, as well as
the development and testing of prototypes of
robotic systems. This direction, increasing the
sustainability and productivity of sugar beet, ap-
pears to be extremely promising for investment
and innovative development of the sugar beet
sub-complex of the agro-industrial complex.
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HaHOOKCHUJIOM U cynbdartom nunka (Ha 100 ra)

Comparative assessment of costs and economic efficiency of feeding sugar beet with zinc nanooxide

and zinc sulfate (per 100 ha)

Indicator

Traditional spraying

Robotic complex

Preparation costs

150 rub. /ha (1 kg/ha of zinc sulfate)

600 rub../ha (0,2 kg/ha nZnO)

Working fluid consumption

200 1/ha (drip spraying)

5-10 1/ha (aerosol)

Application costs

500 rub. /ha (sprayer)

800 rub../ha (depreciation and
maintenance of the robot)

Reducing the drug dosage - Up to 50% (through targeted
application)

Expected increase in root crop yield |3-5 t/ha 8—12 t/ha

Expected increase in sugar yield 0,5-0,7 t/ha 1,2-1,8 t/ha

Additional income

(at a sugar price of 50 rub/kg)

25-35 thous. rub./ha

60-90 thous. rub./ha

Net extra income

20-30 thous. rub./ha

50-80 thous. rub./ha
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KauyecTBO pacnpeneseHus ;kuIKMX MUHEPAJIbHBIX y100peHUH
MPHU UX OBEPXHOCTHOM BHECEHUM

(C<)Hazapos H.H., Hexpacosa N.B.
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HoBocubupckas obnacts, p.ii. KpacnooOck, Poccust
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[TpeacraBieHbl HUCCIIEIOBAHMUS IO OLIEHKE M BHIOOPY PACHbLIMTENEH MPHU MOBEPXHOCTHOM BHECE-
HUM B TOYBY HJKAX MHUHEPAIBHBIX YIOOPEHHN MO KPUTCPHUIO MHUHUMH3AIUU MOIIHOCTH Ha JIUC-
MIEPTUPOBAHKE CIMHMIIBI MX 00beMa U KaueCTBY PaCIpe/ICICHHS 10 TOACTUIAIOIIEH TOBEPXHOCTH.
VYcraHoBiIeHa 11€1eco00pa3HOCTh MPUMEHEHUST KOMOMHHPOBAHHOTO THAPOITHEBMOMEXaHHUYECKOTO
pacibUIMTEIA, COUCTAOMIETO MPOCTOTY M HAACKHOCTH B BBIIIOJHCHUMN TEXHOJIOIT'MYCCKOTO ITPpOILCC-
ca, MPHCYIIHE MHEBMATUYCCKOMY CIIOCO0Y JMCIIEPTHPOBAaHMS, HU3KUE 3aTPaThl MOIIHOCTU Ha JTOT
nporecc (He G6omee 4 kBT/T), a Takke BO3MOXKHOCTH HCIIOJNIB30BAaHUS CKATOTO BO3MyXa IJIsI ITHEB-
MOMEXaHWYECKOTO pacmbuinBanusi. OO0CHOBaHA MEPCIIEKTUBHOCTH NCIIOIB30BAHUS ISl TIOBEPXHOCT-
HOTO BHECCHHSI KHUJIKHX MUHEPAIBHBIX yAOOPEHUI BpAINAIOUIMXCS PACIBUIMTENICH JICTIECTKOBOTO
W Tapespuaroro TUIOB, 00ECHEeYNBAIOLUINX HEPAaBHOMEPHOCTh paclpeelieHns, He MPEBbIMAIONIYI0
8%, BeIpakeHHYIO KO3 duimeHToM Bapuaiui. OnpeesieHo, YTO He3aBUCUMO OT THIIA PACIIBLIUTEIS
pu 3a7aHHbIX 00opoTtax (1700 MuH ') 30HA yCTOHYMBOIO PacHpe/Ie/ICHUsI PaCIbUICHHOM HIKOCTH
(mupunHa Qakena pacmbuia) onpeaensercs 3HaueHueM 2,2 M. [lonydeHHbIe XapaKTepUCTUKU Kaue-
CTBa pacrpeseNieHusi paboueit KUIKOCTH B (akese pachblia MO3BOJSIOT CIENATh BBIBOJ O TOM, YTO
IIPH TTOBBIIICHUH JIABJICHUS B CHCTEME YBEIUYHUBACTCS PACXO0]] paboUeil )KUKOCTH, HO CaM XapakTep
ee OCaKACHUS Ha YJIABJIMBAIOIIYIO MOBEPXHOCTh MOAYMHEH 3aKOHY HOPMAJILHOTO PaCIpeAesICHUsI.
YcTaHOBJIEHO, YTO MakCHMAallbHOE BIUSHHE HAa KAUECTBEHHBIN MMOKa3aTellb pacrpe/esieHus padodei
KHJKOCTH OKa3bIBACT UAMETD PACIBUIMTENS W JaBJICHUE B CHCTEME, TP 3TOM 3HAYCHUS JAHHBIX
(haKTOpPOB HAXOIATCS HA MUHUMAIILHOM ypoBHE. [Tockonbky 3HaueHMs KO3 PHUIMEeHTOB mpu X; (HOp-
MUPOBAHHOE 3HAYCHHUEC JIABJICHUS JKUJKOCTH B CHUCTEME) U X, (HOPMUPOBAHHOE 3HAUCHHE JUaAMETpa
OTBEPCTHSI PACIIBLUIUTEIIS) OTPUIIATEIIBHBIC, TO UX YBEIUYCHUE MTPUBOJAUT K CHUYKCHUIO HEpaBHOMED-
HOCTH pacrpezaeseHus: pabodell KUIKOCTH Ha MOACTHIIAIOIIEH MOBEPXHOCTH. B aTOM cnyyae MuHu-
MaJIbHOE 3HaueHHe HEepaBHOMEPHOCTH — 3,6% — nocTUraeTcs Torja, Korjaa 3Ha4eHus BceX (pakTopoB
HaXOJIATCS] HA MAKCUMAIIbHOM YPOBHE.

KawueBble clioBa: XHIKHE MUHEpAIbHBIC YIO0OpEHUS, TIOBEPXHOCTHOE BHECEHHE, paBHOMED-
HOCTb, BPAIAIOIIUECS PACTIBLTUTEIH

Quality of the distribution of liquid mineral fertilizers in case
of surface application

(<)Nazarov N.N., Nekrasova L.V.

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

(X)e-mail: nazarovnn@sfsca.ru

The article presents research on the evaluation and selection of the sprayers for surface application
of liquid mineral fertilizers to the soil based on the criterion of minimizing the power to disperse a
unit of their volume and the quality of their distribution over the underlying surface. The expedien-
cy of using a combined hydro-pneumatic-mechanical sprayer has been established, which combines
simplicity and reliability of the technological process execution inherent in the pneumatic method
of dispersion, low power costs for this process (no more than 4 kW/t), as well as the possibility of
using compressed air for pneumatic-mechanical spraying. The prospects of using rotating petal and
plate-type sprayers for surface application of liquid mineral fertilizers, ensuring uneven distribution
not exceeding 8%, expressed by the variation coefficient, have been substantiated. It has been deter-
mined that, regardless of the type of the atomizer, at a given speed (1700 min™'), the zone of stable
distribution of the sprayed liquid (spray pattern width) is determined by the value of 2.2 m. The ob-
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tained characteristics of the quality of the distribution of the working fluid in the spray pattern allow
concluding that as the pressure in the system increases, the flow rate of the working fluid increases,
but the pattern of its deposition on the collecting surface follows the law of normal distribution. It has
been established that the diameter of the sprayer and the pressure in the system exert the maximum
influence on the quality indicator of the distribution of the working fluid, while the values of these
factors are at a minimum level. Since the values of the coefficients for X; (the normalized value of the
liquid pressure in the system) and X, (the normalized value of the nozzle hole diameter) are negative,
their increase leads to a decrease in the uneven distribution of the working liquid on the underlying
surface. In this case, the minimum value of unevenness — 3.6% — is achieved when the values of all

factors are at the maximum level.

Keywords: liquid mineral fertilizers, surface application, uniformity, rotating sprayers
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INTRODUCTION

The basis for the development of work on the
application of liquid complex fertilizers (LCF)
was the recommendations of V.M. Klechkovsky
and A.V. Peterburgsky. These authors clearly
state that "based on international experience, lig-
uid complex fertilizers can be applied in the same
ways as solid ones: by continuous distribution
over the field surface before plowing or cultiva-
tion, local application during sowing, inter-row
fertilization of row crops, or surface application
of close-growing crops." Under such conditions,
some farms may rely solely on liquid fertilizers
and purchase a set of appropriate machines."! To
date, a significant number of methods for spray-
ing liquid media have been identified, but for
surface application of liquid fertilizers, hydrau-
lic dispersion is most in demand, including the
use of deflector, slot, injector, cone, tangential
and other types of sprayers, as well as mechan-
ical dispersion, which ensures the dispersion of

liquid using rotating disks. All the above-men-
tioned types of sprayers can be recommended
for surface application of liquid fertilizers, but
it is necessary to select the most effective ones
in terms of minimizing power consumption for
dispersing a unit volume of liquid medium and
to evaluate the possibility of using new types of
sprayers for these purposes.

The purpose of the work is to evaluate the
quality of distribution of liquid forms of miner-
al fertilizers during their surface application by
sprayers of various types.

The objective of the work is to determine the
influence of the main factors on the quality of
distribution of liquid mineral fertilizers during
their surface application using rotating hydro-
pneumatic-mechanical sprayers.

MATERIAL AND METHODS

To justify the use of distribution devices for
surface application of liquid complex fertilizers,

TAgrochemistry / edited by V. M. Klechkovsky and A. V. Peterburgsky. 2nd edition, corrected and enlarged. Moscow: Kolos,

1967, 683 p.
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a four-stage scientific research procedure was
applied.

In the first stage, a promising method for dis-
persing the working fluid was identified, with
the aim of minimizing the power consumption
per ton of liquid medium (kW/t). A variety of
sources were used to obtain the necessary infor-
mation: catalogs, brochures, statistical data, ref-
erence books, recommendations, books, journal
articles, the internet, and others. After analyzing
and evaluating the information, the material is
presented in the form of a logically justified dia-
gram of power costs for dispersing 1 ton of lig-
uid medium (kW/t) and a promising method is
selected according to the specified criterion® 3.

In the second stage, the fluid flow rate through
nozzles with different hole diameters (1/min)
was determined. The fluid flow rate was mea-
sured over 60 s and then converted to liters per
hour (I/h). Nozzles with hole diameters of 1.5
x 1073; 2.5 x 1073 and 3.5 x 10 m were used
for the study, and the system pressure was 0.02;
0.03 and 0.04 MPa.

Based on the research results, the range of
possible use of sprayers with a given hole di-
ameter for the implementation of the starting or
main dose of liquid mineral fertilizers was deter-
mined [1-6].

In the third stage, the distribution of sprayed
liquid within the work area by a single sprayer
was examined. This determined the spray width
and the distribution of the working fluid (WF)
across the spray width (B, m) (see Fig. 1).

Based on the obtained data, the spray pattern
spacing on the boom was determined using the
spray pattern overlap method. It is taken into ac-
count that the spray pattern overlap of individu-
al sprayers must be at least 30% of their width
[7-9].

To conduct the research, two types of hy-
dropneumatic mechanical sprayers using com-
pressed air were adopted for implementation
(see Fig. 2).

- - s / NN < O~
7 e 7/ / I \ N S \\\
e - v ~
4 -~ / A \ N\ N
- \ N ~ N
— /7 / | N ~
~7 7 / \ AN ~
~~~~ S IS U S
|

Puc. 1. K onpenenenuto mypuHsl akena pacrblia
OJIMHOYHBIM PACIBUIMTEIIEM

Fig. 1. Determining the spray pattern width by a
single sprayer

At the fourth stage of the research the qual-
ity of deposition of the sprayed preparation on
the underlying surface by the sprayers was as-
sessed. The following parameters were adopted:
the number of disk revolutions per unit of time
n = 1700; the spacing of the sprayers on the
boom B =0.5;0.7; 0.9 m; the pressure in the sys-
tem P = 0.02; 0.03; 0.04 MPa; the diameter of
the sprayer hole 1.5 10; 2.5 103 and 3.5 10 m.

To assess the quality of deposition of the
sprayed preparation onto the underlying sur-

Puc. 2. TunponHeBMOMEXaHUUECKUE PACTIBUIUTENN:
@ — TIETIECTKOBEII; 6 — TapenbIaThIid

Fig. 2. Hydropneumatic-mechanical sprayers:
a — leaf-type; 6 — disk

2Vasiliev A.G., Gretsov V.K. Methods of analysis of scientific and technical information. Moscow: IPKIR, 1989, 9 p.
3Guidelines for conducting patent research. Moscow: VNIIPI, 1983, 193 p.
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face, a factorial experiment was conducted with
the specified factors varied at three levels. A
three-level symmetrical composite design, No.
34, was chosen for the experiment* 3 [10]. The
output parameter is the uneven distribution of
the working fluid on the underlying surface, ex-
pressed by the variation coefficient V, %.

The studies were conducted on a specially de-
signed laboratory setup (see Fig. 3). Each exper-
iment was structured as follows:

The working fluid from the LCF tank, at the
required pressure, regulated by a shut-off valve
and displayed by a pressure gauge, is supplied
through hoses to the pneumatic-mechanical
sprayers for dispersion. Simultaneously, com-
pressed air, forced by a fan, is supplied through

a central air duct via a distributor to the work-
ing fluid delivery area. Upon contact with the
rotating surfaces of the sprayers, it disperses, is
ejected into the air, and settles on the underlying
surface, where it flows into measuring contain-
ers. A pressure gauge and shut-off and control
equipment are used to control the pressure sup-
ply of the working fluid.

The experiment lasted 120 seconds. After
the specified time, the incoming liquid was cut
off. The liquid in the beakers was weighed on a
VK-600 scale with an accuracy of 0.1 g, and the
results were recorded in a log. After the exper-
imental plan was implemented, the results were
processed in accordance with the recommenda-
tions® 7 and the influence of the indicated factors

15

15

Puc. 3. JlaboparopHasi yCTaHOBKa JUIS OIIEHKH KadecTBa pacrpenenenus XKKY rugporHeBMoMexannde-
CKMMM PacCHbUIUTEISIMU 110 MOJICTUIAIOIICH TOBEPXHOCTHU:

a — o0 BUA; 6 — cucTeMa MOJBO/A M YIPABICHHUS paclpeieneHus pabodei KUIKOCTH:

1 — nenTpanpHbIil Bo3ayxoBon; 2 — 6ak st )KKVY; 3 — pacnipeaenurens KKY; 4 — muanr nogaun JKKY k pacnbutire-
J5IM; 5 — pama; 6 — BEHTHWIIATOP; 7 — PacIpeAeIuTeNb CXKAaToro BO3Ayxa; § — MOJCTaBKa AJIs paclpeieUTeNs CKaToro
BO37yXa; 9 — MHEBMOMEXaHUYECKHN PacHbLINTENb; /() — IOACTUIIAIONIAs IOBEPXHOCTD; /] — OTCEUHON MEXAHU3M;

12 — mepHble eMKOCTH; /3 — MAaHOMETp; /4 — epxarenb MaHOMETpa; /5 — 3alOpHbIe BEHTHIIN

Fig. 3. Laboratory setup for assessing the quality of liquid complex fertilizer distribution by hydro-pneu-

matic mechanical sprayers on the underlying surface:

a — general view; 6 — a system for supplying and controlling the distribution of the working fluid:

1 — central air duct; 2 — tank for LCF; 3 — LCF distributor; 4 — LCF supply hose to the sprayers; 5 — frame; 6 — fan;
7 — compressed air distributor; § — stand for the compressed air distributor; 9 — pneumatic mechanical sprayer;

10 — underlying surface; 7/ — cut-off mechanism; /2 — measuring containers; /3 — pressure gauge; /4 — pressure

gauge holder; /5 — cutoff valves

4Tables of experimental plans for factorial and polynomial models: reference ed. / V.Z. Brodsky et al.; edited by V.V. Nalimov.

Moscow: Metallurgy, 1982, 751 p.

SPatent No. 2790977 C1 Russian Federation, IPC A01C 23/02, A01C 23/04, BO5B 7/24. Multi-flow liquid distributor /
N.N. Nazarov, .V. Nekrasova, I.V. Kopteva; No. 2022112099; applied 04.05.2022; published 01.03.2023.
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on the qualitative indicators of the distribution of
the working fluid across the width of the tool’s
grip was established.

RESULTS AND DISCUSSION

The process of atomization (dispersion) of
a liquid jet is a complex physical phenomenon,
which consists of breaking up a jet (or film) of
liquid into a large number of droplets in space.
Currently, many methods of liquid dispersion
have been developed, each with its own ad-
vantages and disadvantages, determined by the
quality of spraying, the cost of production of the
equipment used, the power required to disperse
a unit volume of liquid medium, operational re-
liability and other important indicators of the
technological process under consideration [11,
12].

Analysis of the methods under consideration
shows that hydraulic spraying is the most eco-
nomical in terms of power consumption (2—4
kW) per ton of liquid dispersed. However, the
resulting spray is rather coarse and non-uniform,
yet this method is widely used for applying lig-
uid fertilizers to the soil surface, as surface ap-
plication involves large-droplet dispersion of
the liquid medium. In mechanical atomization,
where the working element is typically a rap-
idly rotating working element, a monodisperse
spray is achieved by fragmenting the liquid as it
is ejected from the atomizer by centrifugal force.
The advantage of this method is that it allows
for the atomization of highly viscous and con-
taminated liquids and the ability to regulate flow
rates without significantly altering dispersion.
Disadvantages include the high cost of spray-
ers and the relatively high power consumption
of the dispersion process (approximately 15 kW
per ton of liquid). Pneumatic dispersion of liquid
fertilizers provides operational reliability and
the ability to spray highly viscous liquids, but
requires increased spray power (50-60 kW per
ton of liquid).

From the analysis of the presented material
it was established that in a comparative assess-
ment of the values of the power expended for
dispersing 1 ton of liquid medium, it is possible
to use a combined hydropneumatic-mechanical
sprayer, which combines simplicity, reliability
in the implementation of the technological pro-
cess, inherent in the pneumatic method of dis-
persion, and low power costs for this process, as
well as the possibility of using compressed air
for mechanical atomization. In this regard, the
use of a hydropneumatic-mechanical method for
dispersing liquid mineral fertilizers during their
surface application can be considered quite ac-
ceptable in terms of power consumption for dis-
persing a unit volume of a liquid medium (see
Fig. 4).

In accordance with the methodological ap-
proaches, the flow rate of liquid through nozzles
with different hole diameters (I/min) was deter-
mined (see the table).

The given liquid consumption values allow
to cover the required application rates of liquid
mineral fertilizers when applied superficially as
a starting dose.

In the third stage, the distribution of the
sprayed liquid within the working area by a sin-
gle atomizer was examined. The following spray
pattern characteristics were determined: spray
pattern width and the distribution of the working
fluid across the spray pattern (b, mm).

It has been established that, regardless of the
type of atomizer, at a given speed (1700 min!),
the zone of stable distribution of the atomized
liquid (spray width) is determined by the value
of 2.2 m. The presented characteristics of the
quality of distribution of the working fluid in
the spray cone allow us to conclude that with an
increase in pressure in the system, the consump-
tion of the working fluid increases, but the na-
ture of its distribution itself is subject to the law
of normal distribution (see Fig. 5).

In the fourth stage, the quality of spray

*Mosteller F., Tukey D.W. Data Analysis and Regression; translated from English by Yu.N. Blagoveshchensky / edited and with
a foreword by Yu.P. Adler. Moscow: Finance and Statistics, 1982, 239 p.

"Melnikov S.V., Aleshkin V.R., Roshchin PM. Experimental Design in Agricultural Process Research; 2nd ed., revised and

enlarged. Leningrad: Kolos, 1980, 168 p.

122  Siberian Herald of Agricultural Science * 2026 « 56 « 3

Mechanisation, automation, modelling and dataware



Weight of liquid, g

KagecTBo pacnpeneneHus JKHIKAX MUHEPATbHBIX yI0OpeHHit
MIPU UX TOBEPXHOCTHOM BHECEHHHU

Hasapos H.H., Hexpacosa 11.B.

*N
=

W
<

o

N W
o O

of liquid, kW

—_
<o

Power for dispersing 1 ton

<
I

2 3 4

Methods of dispersing liquid media

| .
1

Puc. 4. MomHocTs, TpeOyemast AJsl JUCTIeprupoBa-
HUs | T KUAKOU cpenbl.

Crioco0BI IMCTIePTUPOBAHUS KUAKUX cpef: [ — THApaB-
JUYeCKUi; 2 — TUAPOITHEBMOMEXaHHIECKU; 3 — MeXaHu-
YECKUM; 4 — MHEBMaTUUECKUHN

Fig. 4. Power required to disperse 1 t of liquid
medium.

Methods of dispersion of liquid media: / — hydraulic;
2 — hydropneumatic-mechanical; 3 — mechanical;

4 — pneumatic

deposition onto the underlying surface was as-
sessed using two types of pneumatic-mechani-
cal atomizers—petal and disc. In both cases, a
factorial experiment was adopted, varying the

Pacxon paboueii KUIKOCTH Yepes3 KUKIIEPBI, J/MUH (J1/9)
Flow rate of the working fluid through jets, I/min (I/h)

Juamerp
orBepctust | P=0,02 MIla | P=0,03 MIla | P = 0,04 MIla
JKHUKIIepa, M
1,5-1073 0,3/18,0 0,36/21,6 0,4/24.,0
2,510 2,0/120,0 2,5/150,0 2,8/168,0
3,510 4,15/249,0 | 4,34/260,4 | 4,56/273,6

above-mentioned factors at three levels. The
output parameter was the unevenness of the
working fluid distribution on the underlying sur-
face, expressed as the variation coefficient v, %.
After implementing the experimental plan
and processing its results, the regression coeffi-
cients were calculated taking into account their
significance and a regression model of the pro-
cess of dispersing the liquid over the collecting
surface of a petal-type sprayer was obtained:

V=9,75-1,66 X —2,85 X35> — 1,63X, —

~2,39 X, + 0,53 X3+ 0,64 X,.Xo, (1)

45

40

% Trend lines
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Liquid collection tanks

Puc. 5. Pacnpeznenenue padoueii )KUAKOCTH T10 MUPHHE (Bakesa paciblia THAPOITHEBMOMEXaHUYCSCKUM

PaCIbUIMTEICM JICTIECTKOBOI'O THUIIA:

psan 1— P= 0,02 MIla; psn 2 — P = 0,03 MIla; psn 3 — P= 0,04 MIla; D=2,5-10" m
Fig. 5. Distribution of the working fluid along the width of the spray torch by a hydro-pneumatic mechani-

cal sprayer of the petal type:

row 1 — P=0.02 MPa; row 2 — P =0.03 MPa; row 3 —P=0.04 MPa;D=2.510"m
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where X; — normalized value of liquid pressure
in the system (Xu =—1; X, = 0; X, =+ 1) (P,
MPa —0,02; 0,03; 0,04); X, — standardized value
of the nozzle orifice diameter (X, = —1; X, = 0;
X,=+1) (D, m—1,51073; 2,5-107; 3,5-1073);
X; — standardized value of the spacing of nozzles
on the boom (Xu=-1; X;=0; X, =+ 1) (B, m -
0,5; 0,7, 0,9).

Analysis of the regression equation made it
possible to establish the ambiguous influence of
the studied factors on the quality of distribution
of the working fluid over the underlying surface
(see Fig. 6).

It was found that the nozzle diameter and
system pressure have the greatest impact on the
quality indicator, assessed by the uniformity of
the working fluid distribution over the underly-
ing surface, expressed by the variation coeffi-
cient, with the values of these factors being at
a minimum. These factors are highly correlated,
as they determine the flow rate of the working
fluid supplied to the rotating nozzle.

Since the values of the coefficients for X; and

X, are negative, their increase leads to a decrease
in the uneven distribution of the working fluid
on the underlying surface. In this case, the max-
imum effect is achieved when X; and X, — max.
It is important to note that the minimum value
of unevenness — 3.6% — is achieved when the
values of all factors are at the maximum level.

The influence of the mixed product of factors
is also assessed by the significance and sign of
the coefficient b;;. Because b;; > 0, then the mini-
mum value of unevenness can be achieved if the
designated factors are at the minimum and max-
imum levels.

In general, it is necessary to note the high
quality of distribution of the working fluid by
the petal distributor over the underlying surface:
the average unevenness, estimated by the varia-
tion coefficient, does not exceed 8%.

Similarly, after implementing the experimen-
tal plan and processing its results, the regression
coefficients were calculated taking into account
their significance and a regression model of the
process of dispersed liquid distribution over the

v, %
.. D
A 12
~~~..... B
P | T
INPE T I L R B ) /
K = b
8 "\y.\
NN
Q\ .
I 6 *: X
-1 _0;5 0 0’5 1
D,m
[1510° 2.5-10° | 3.5:10° |
- P, Mpa
l0,02 0,03 | 0,041
B,Mm
lo,5 071 091

Puc. 6. I'padmieckast HHTEPIIPETANNS PETPECCUOHHOTO ypaBHeHus (1)
Fig. 6. Graphical interpretation of the regression equation (1)
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collecting surface of a plate-type sprayer was
obtained:

V=72+1,09 X2+ 1,11 X2~ 0,76X, — 1,85 X,
+1,14 X, + 1,65 XX, + 085X, X5, (2)

The normalized values of the factors are sim-
ilar to those presented above.

Based on the analysis of the obtained regres-
sion equation, an ambiguous influence of factors
on the quality of distribution of the working fluid
over the underlying surface was also established
(see Fig. 7).

As with the previous option, when using a
plate-type sprayer, the sprayer diameter and
system pressure have the greatest impact on the
quality indicator, measured by the uniformity of
the working fluid distribution over the underly-
ing surface, expressed by the coefficient of vari-
ation. The values of these factors are also min-
imal.

To determine the influence of the coefficient
values for X and X,, the same reasoning applies
as in the previous discussion. The coefficient
values for X; and X, are negative, and increas-
ing them leads to a decrease in the uneven dis-
tribution of the working fluid on the underly-
ing surface. In this case, the maximum effect is
achieved when X; and X, — max. The minimum
value of unevenness — 4.1% — is achieved when
the values of all factors are at the maximum lev-
el.

A distinctive feature from the previous scien-
tific study is that there is a double interaction of
factors: X1X, and X X5 (system pressure — noz-
zle diameter; system pressure — nozzle spacing).
Because b;; > 0, then the minimum value of un-
evenness can be achieved if the indicated factors
are at the minimum and maximum levels.

It is worth noting the high quality of distri-
bution of the working fluid by the disc distribu-
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Fig. 7. Graphical interpretation of the regression equation (2)
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tor over the underlying surface: the average un-
evenness, estimated by the variation coefficient,
is within 7%.

CONCLUSIONS

1. When comparing the values of power con-
sumed to disperse 1 ton of liquid medium, the
use of a hydropneumatic-mechanical method for
dispersing liquid mineral fertilizers during their
surface application can be considered promising
(about 4 kW/t).

2. The feasibility of using rotating petal and
plate type sprayers for surface application of lig-
uid mineral fertilizers has been established, en-
suring uneven distribution of no more than 8%,
expressed by the variation coefficient.

3. It has been established that the maximum
influence on the quality indicator, assessed by
the uniformity of distribution of the working flu-
id over the underlying surface, expressed by the
variation coefficient, is exerted by the diameter
of the sprayer and the pressure in the system,
while the values of these factors are at a min-
imum level, as well as when the values of all
factors are at a maximum level.
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4.2.3. Infectious diseases and animal immunology
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products
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an article has not been published before in any other journal;

an article is not subject to review in any other journal;

all co-authors agree with the publication of the current version of the article.

Before submitting an article, it is necessary to make sure that the file (files) contains all the information required
in Russian and English, tables and figures provide the source of the information presented, all references are written

correctly.
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PROCEDURE FOR SENDING MANUSCRIPTS OF ARTICLES
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will be automatically notified of the receipt of the new manuscript.
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a scanned copy of a letter from the organization confirming authorship and permission to publish (sample cover letter);

a scanned copy of the author’s note in the form provided (sample author’s note), in which consent must be expressed
for the open publication of the article in the printed version of the journal and its electronic copy in the Internet;

a scanned copy of the manuscript with the authors’ signatures. The author, by signing the manuscript and sending it
to the editorial office, thereby transfers the copyright for the publication of this article to SFSCA RAS;

author questionnaires in Russian and English (sample author questionnaire);

a scanned copy of your post-graduate school transcript (for full-time postgraduate students).

2. All manuscripts received by the editorial board are registered via the electronic editorial system. The author’s
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3. Non-reviewed materials (scientific chronicles, reviews, book reviews, materials on the history of agricultural
science and activities of institutions and scientists) are sent to the e-mail: sibvestnik@sfsca.ru and are registered by the
executive secretary.

ARTICLE DESIGN PROCEDURE

The text of the manuscript is printed in Times New Roman font, type size 14 with 1.5 spacing, all margins 2.0 cm,
page numbering at the bottom. The size of a manuscript should not exceed 15 pages (including tables, illustrations and
bibliography); the articles placed in the sections “From dissertations” and ““ Brief reports” should not exceed 7 pages.

Article design structure:

UDC

2. Title of an article in Russian and English (no more than 70 characters).

3. Surnames and initials of the authors, full official name of the scientific institution where the research was con-
ducted in Russian and English.

If authors from different institutions took part in the preparation of the article, it is necessary to indicate the affilia-
tion of each author to a particular institution using the superscript index.

4.  Abstract in Russian and English. The size of the abstract should not be less than 200-250 words. The abstract is
a brief and consistent presentation of the material of the article on the main sections and should reflect the main content,
follow the logic of the presentation of the material and description of the results in the article with the provision of specific
data. The abstract should not include the newly introduced terms, abbreviations (with the exception of common knowl-
edge), references to the literature. The abstract should not emphasize the novelty, relevance and personal contribution of
the author; the place of research should be indicated to the district (region), specific organizations should not be mentioned.

5. Keywords in Russian and English. There should be up to 5-7 words by the topic of the article. It is desirable
that the keywords support the abstract and the title of the article.

6.  Information on the conflict of interests or its absence. The author should notify the editor on the real or po-
tential conflict of interests by including the information in the appropriate section of the article. If there is no conflict of
interests, the author should also inform the editor about it.

Example wording: “The author declares no conflict of interest”.

7. Acknowledgements in Russian and English. This section lists all sources of funding for the study, as well as
acknowledgements to people who contributed to the article but are not the authors.

8. The main body of the article. When presenting original experimental data, it is recommended to use subheadings:

INTRODUCTION (problem statement, goal and tasks of the study)

MATERIAL AND METHODS (conditions, methods (methodology) of research, object description, place and
time of research)

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES. The number of sources must be at least 12. The list of references includes only peer-reviewed
sources: articles from scientific journals and monographs. Self-citation of no more than 10% of the total number. The
bibliography list should be designed as a general list in the order of mention in the text, it is desirable to refer to sources
2-3 years old. The rules for the list of references are in accordance with GOST R 7.05-2008 (requirements and rules for
compiling a bibliographical reference). In the text the reference to the source is marked by a serial number in square
brackets, for example [1]. Literature in the list is given in the languages in which it was published. In the bibliographic
description of the publication, it is necessary to include all authors, without abbreviating them by one, three, etc. It is
unacceptable to abbreviate the names of articles, journals, publishing houses.
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1. Ifitis necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manu-
als, GOSTs, information from websites, statistical reports, articles in socio-political newspapers, etc., such information
should be placed in a footnote at the end of the page. Footnotes are numbered in Arabic numerals and placed page by
page through continuous page numbering.

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, keywords,
list of references.
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10.26898/0370-8799-2018-4-4.

REFERENCES (in English):
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Names and surnames of the authors are given in the established way of transliteration, English title of the article,
transliteration of the name of the Russian-language source (for example through the site: https://antropophob.ru/trans-
lit-bsi) = English title of the source. The order of presentation for a monograph is the following: city, English name of
the publisher, year, number of pages; for a journal: year, volume, number, pages. (In Russian).

Example: Author A.A., Author B.B., Author C.C. Title of article.

Transliteration of the authors. English title of the article.

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.
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Monograph

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture

in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990,
pp- 230-235. (In Russian).

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2018, vol. 48, no. 4, pp. 27-35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4.

FOOTNOTES:

Quated text;.

1Klimova E.V., Andreeva O.T., Temnikova G.P. Ways to stabilize food production in Transbaikalia // Problems and
prospects of perfecting zonal farming systems in modern conditions: materials of the scientific and practical conf.
(Chita, October 16-17 2008). Chita, 2009, pp.36-39.

Digital Object Identifier — DOI (when the cited material has it) should be indicated at the end of the bibliographic
reference.

Example:

Chu T., Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize

(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923.

The DOI of the article should be checked on the website http://search.crossref.org/ or https://www.citethisforme.
com. To do this, enter the title of the article in English in the search bar.

FIGURES, GRAPHS, TABLES, SCREENSHOTS, PHOTOGRAPHS AND FORMULAS

The figures must be of good quality, suitable for printing. All figures must have captions. The caption must be trans-
lated into English. Figures should be numbered in Arabic numerals according to the order in the text. If there is only
one figure in the text, it is not numbered. References to figures should be formatted as follows: “Fig. 3 indicates that
.7 or “It is indicated that ... (see Fig. 3)”. The caption under the figure includes a figure number and its title. “Figure 2.
Description of vital processes.” The translation of the figure caption should be placed after the figure caption in Russian.

Tables should be of good quality, suitable for printing. Tables suitable for editing are preferred, not scanned or
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as figures. All tables should have headings. The title of the table should be translated into English. Tables should be
numbered in Arabic numerals according to the order in the text. If there is only one table in the text, it is not numbered.
References to tables should be formatted as follows: “Table 3 states that ...” or “It is stated that ... (see Table 3)”. The
title of the table includes a table number and its title: “Table 2. Description of Vital Processes.” The translation of the
table title should be placed after the table title in Russian.

Photos, screenshots must be uploaded separately as files of the following format*.jpeg files (*.doc and *.docx if the
image has additional marks). The resolution of the image should be >300 dpi. The image files should be given a name
corresponding to the figure number in the text. In the description of the file a caption should be given separately, which
should correspond to the name of the picture placed in the text.

Graphs, charts, histograms, etc. should be attached as a separate file in Microsoft Excel program.

Attention should be paid to the spelling of formulas in the article. All formulas must be editable, i.e. it must be
possible to make changes to them. To avoid confusion, it is necessary to write Greek (a, B, w, etc.), Russian (A, a, B, b,
etc.) letters and numbers in straight font, Latin letters in italics (W, Z, m, n, etc.). Mathematical signs and symbols should
also be written in straight font. It is necessary to clearly indicate upper and lower superscript characters (W, F, etc.).

INTERACTION BETWEEN THE JOURNAL AND THE AUTHOR

The Editorial Board asks the authors to be guided by the above stated rules when preparing the article.

All the articles submitted to “Siberian Herald of Agricultural Science” go through preliminary check for compliance
with formal requirements. At this stage the Editorial Board reserves the right to:

* accept the article for review;

* return the article to the author (authors) for revision with a request to correct the mistakes or add the missing data;

* return the article which is designed not according to the journal’s requirements to the author (authors) without
consideration;

« reject the article due to its inconsistency to the journal’s goals, lack of originality and little scientific significance.

Correspondence with the authors of the manuscript is maintained through a key contact mentioned in the manuscript.

All scientific articles submitted to the editorial board of the journal “Siberian Herald of Agricultural Science” un-
dergo obligatory double-blind reviewing (author and reviewer do not know about each other). Manuscripts are sent in
accordance with their research profile for reviewing to the members of the Editorial Board.

In controversial cases, the editor may involve several specialists in the review process, as well as the Editor-in-Chief.
If the reviewer’s opinion is positive, the article is submitted to the editor for preparation for publication.

In case a decision is made to have the manuscript revised, reviewer’s comments and remarks are passed to the au-
thor. The latter is given two months to make amendments. If, within this period, the author has not notified the editors
about the actions planned, the article is removed from the publication waiting list.

In case there is a decision to reject the article, the notification with the editorial decision is sent to the author.

The designated author (contact author) is sent the final version of the manuscript accepted for publication, which
he/she must check.

REVERSAL OF EDITOR/ REVIEWER’S DECISION

In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision
made. In order to do this, the author should:

 amend the manuscript in compliance with the comments substantiated by reviewers and editors;

* clearly outline their stance on the issue under question.

The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected due
to the need of significant amendments or collection of the additional data, and are ready to clearly explain what must be
rectified in the manuscript for it to be accepted for publication.

ACTIONS OF THE EDITORIAL BOARD IN CASE OF PLAGIARISM AND DATA
FALSIFICATION DETECTION

The Editorial Board of the “Siberian Herald of Agricultural Science” follows the conventional ethical principles for
scientific periodicals and guidelines of the “Publication Ethics Code” developed and approved of by the Committee on
Publication Ethics (COPE) and demands that all those involved in the publishing process should obey these principles.

ERRORS RECTIFICATION AND ARTICLE WITHDRAWAL

In case of error detection that affect understanding of an article but do not distort the results of research, they can
be rectified by replacing the pdf-file of an article. In case of error detection that distort the results of research or in case
of plagiarism or misconduct of the author (authors) connected with data falsification, the article can be withdrawn. The
withdrawal can be initiated by the editors, the author, organization or private individual. Such article is marked with the
note “Article withdrawn”, the page of the article gives the reason for withdrawal. Information about the article with-
drawal is sent to data bases where the journal is indexed.
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