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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2023-6-1 Twur cTaTbu: OpUTHHATIBHAS
YJK: 631.81:631.559:631.582(571.11) Type of article: original

SOPEKTUBHOCTH YIOBPEHUM HA IOCEBAX INIIEHUIIBI
B CEBEPO-3AIIAJTHOM 30HE KYPTAHCKOM OBJACTH

HNonuna H.B., X)Boasinkuna O.B.

VYpanvckuui ghedepanvnwiii acpapnvlii nayuno-ucciedosamenbcKuil yenmp
Ypanvckoeo omoenenus Poccutickoii akademuu Hayk

ExkarepunoOypr, Poccus

()e-mail: volynkina.o@bk.ru

[IpencraBnens! pe3ynsraTsl AMUTEIbHOrO (1968-2021 rT.) SKCIIepUMEHTa MO TPUMEHEHUIO YA00-
pennii 32 10-10 u 11-10 poTanmu 3epHOIApOBOro ceBOOOOPOTa Ha ONMBITHOM Toje KypraHnckoi o6ia-
cti. CeBOOOOPOT BKIIOYAJ AP ¥ TPU MIIEHULBI. D(HPHEKTUBHOCTD YI0OPEHHs Pa3Inyaach B 3aBUCHU-
MOCTHU OT KOMOMHAIIUH 3JIEMEHTOB [TUTAHUS, MECTA MIICHUIBI B CEBOOOOPOTE M YCIOBHH YBIaXXHEHUS
neprojia BereTanuu. Ha TsoKeJioCyIIMHICTOM BBIIIEIIOYCHHOM Y€PHO3EME OIBITHOTO TOJISI B 3THUX PO-
TalMIX OPOSBUIOCH YMEpEHHOE AercTBrE (ochOpHOro ynoOpeHHs U BHICOKOE — a30THOTO Ha I10Ce-
Bax, ylajeHHbIX oT napa. Codyeranue a30THOTO U pochopHOro ynodpeHuil maBaio 0ojiee BHICOKYIO
npuOaBKy YpOKaHHOCTH. A30THOE YJOOpeHHEe OKa3bIBallo MOJOKUTEIBHOE BIMSHUE W Ha KaueCTBO
MIIEHULBI, MOBBIIIAs coaepxkaHue KieikoBuHbl U Maccy 1000 3epeH. C yBeIMUYEHHEM HAKOIUICHUS
KJICHKOBHHBI B 3€pHE MIICHUIBI HA (POHE a30THOTO yAOOPEHHUs MOBBIIIAIACH TOBTOPSIEMOCTh COOT-
BETCTBUS Ka4eCTBa MIICHUIIBI TPEOOBAHUSAM K 3-My Kiaccy 3epHa. [IposBuiocs neiicTBue ynoopeHwuit
U JUINTENIFHOCTH WX NPUMEHEHHs Ha arpOXMMHUYECKUE CBOWCTBA MOYBBI. 3aMETHEE C MPUMEHEHUEM
yAOOpEeHUH MOBBIIATIOCH COIEPIKAHNE TIOIBMYKHBIX MMUTATENbHBIX BELIECTB B TIOUBE, TyMyca, 00IIero
coztepkanus azora M pochopa, HO TIPU STOM CHU3WIIOCH 3HadeHue pH . BbICOKas S5KOHOMHYECKas
3¢ $EeKTUBHOCTH OTHOCHUIIACH K a30THOMY YI0OPEHHUI0, BHOCUMOMY Ha BTOPOM M TPEThEH MILIEHULIE [10-
clie mapa ¢ oKkynaeMmoctbto 1 kr azora 12—19 kr 3epna. [eiictBue pocdoprHoro ynodpeHus 6bu10 yme-
PEHHBIM, NOCKOJIBKY COZIEPKaHHE TOABHKHOTO P O, B TaXOTHOM CJIO€ TOYBBI OCTABAIOCH BBHICOKHM.
CunbHee npuMeHeHre aMModoca BIHSIIO Ha yPOXKaHOCTh MILEHHLIBI IIPU XOpOoLIel 00eCIe4eHHOCTH
pacTeHuii a30TOM Ha TIEPBOM ITOCEBE O Tapy.

KuroueBble cjioBa: ceBepo-3anagHas 30Ha Kyprauckoi 00JacTH, BEIIIETOYSHHBIA YePHO3EM, CO-
CTaB yIoOpeHus, 3epHONapOBOil CEBOOOOPOT, YPOXKAaHHOCTD MIIEHHIIbI, KAYECTBO 3epHa

FERTILIZER EFFICIENCY ON WHEAT CROPS
IN THE NORTHWESTERN ZONE OF THE KURGAN REGION

Ionina N.V., <) Volynkina O.V.

Ural Federal Agrarian Scientific Research Centre, Ural Branch of the Russian Academy of Sciences
Ekaterinburg, Russia

()e-mail: volynkina.o@bk.ru

The results of long-term (1968-2021) experiment on the use of fertilizers for the 10th and 11th ro-
tations of grain and fallow crop rotation in the experimental field of the Kurgan region are presented.
Crop rotation included fallow and three crops of wheat. Fertilizer efficiency varied depending on the
combination of the nutrients, the place of wheat in the rotation, and the moisture conditions of the
growing season. Moderate effect of phosphorus fertilizer and high effect of nitrogen fertilizer on heavy
loamy leached chernozem of the experimental field in these rotations was observed on the crops distant
from the fallow. The combination of nitrogen and phosphorus fertilizers gave a higher yield increase.
Nitrogen fertilizer also had a positive effect on the quality of wheat, increasing the gluten content and
the thousand-kernel weight. With the increase of gluten accumulation in wheat grain against the back-
ground of nitrogen fertilizer, the repeatability of wheat quality compliance with the requirements for
the 3rd class of grain increased. The effect of fertilizers and the duration of their application on the ag-
rochemical properties of soil became visible. The content of mobile nutrients, humus, total nitrogen and

3emienenne U XUMHU3aIus CHOMpPCKHUiT BECTHUK CEITbCKOXO03sHCTBEHHOM HayKH * 2023 ¢ 53 ¢ 6 5



Fertilizer efficiency on wheat crops in the northwestern zone Tonina N.V., Volynkina O.V.
of the Kurgan region

phosphorus increased more noticeably with the use of fertilizers, but the pH_ value decreased. High
economic efficiency related to nitrogen fertilizer applied on the second and third wheat after fallow with
a payback of 1 kg of nitrogen 12-19 kg of grain. The effect of phosphorus fertilizer was moderate, since
the content of mobile P,O, in the topsoil remained high. The use of ammophos had a stronger effect on
the yield of wheat when the plants were well supplied with nitrogen in the first fallow crops.

Keywords: northwestern zone of the Kurgan region, leached chernozem, fertilizer composition,
grain fallow crop rotation, wheat yield, grain quality
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INTROUCTION ited horizon. The action of nitrogen and phos-
phorus is closely linked. Adequate phosphorus
supply in plants enhances the positive effect of
nitrogen fertilizer [2—4].

In the Ural region, 50-60% of the soils in ar-
able lands have a low content of mobile phos-
phorus [5, 6], necessitating the combined ap-
plication of nitrogen and phosphorus fertilizers
in such conditions. There is a sufficient amount
of mobile potassium in the soils of the Kurgan
region, but against the background of systemat-
ic application of nitrogen and phosphorus, the
addition of potassium fertilizer brings a small
additional increase in crop yields, especially
in tilled crops. The efficiency of even optimal
doses of fertilizers largely varies depending on
the prevailing meteorological conditions'™ [7].
As noted by O.V. Melnikov and T.M. Mazhu-

Spring soft wheat is the main crop in the ag-
riculture of the Kurgan region. Most of its plant-
ings in the region are located on leached cherno-
zem (black earth) and ordinary solonized soils.
In chernozem soils, unlike other soil types, more
nitrates accumulate, providing a favorable ni-
trogen regime for spring wheat. Among the two
subtypes of chernozem, more nitrates form in
ordinary solonized compared to the leached one.

With prolonged use of nitrogen fertilizers,
not only does the amount of mobile nitrogen
compounds in the soil increase, but the content
of total nitrogen also changes, increasing by
4-16% [1]. The importance of clarifying the op-
timal doses of nitrogen fertilizer is justified by
eliminating or reducing nitrogen losses through
leaching into soil layers below the root-inhab-

'Fatykhov I.Sh., Kolesnikova V.G., Korepanova E.V., Islamova C.M. Environmental problems in agronomy // Modern agroindus-
trial complex - effective technologies: proceedings of the international scientific-practical conference dedicated to the 90th anniver-
sary of V.M. Makarova (December 11-14, 2018). Izhevsk: Izhevsk State Agricultural Academy, 2019, Vol. 1, pp. 445-447.

*Volkova L.V. Yield of spring soft wheat and its relationship with the elements of productivity in different meteorological years //
Agricultural Science Euro-North-East, 2016, No. 6, pp. 9-15.

3Melnikov O.V., Mazhugo T.M. Yield and grain quality of spring soft wheat varieties depending on growing conditions // Bulletin
of the Kursk State Agricultural Academy, 2015, No 8, pp. 123-125.
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go (see footnote 3), “crop yield is a result of a
compromise between plant productivity and its
resilience to adverse environmental conditions.”
By shifting the sowing date, there is an oppor-
tunity to adjust crop yields considering the dis-
tribution of precipitation and variability of other
weather indicators based on long-term climatic
data. There are instances when, under conditions
of reduced solar activity, early sowing dates for
wheat were advantageous, and during increased
solar activity, late sowing* was beneficial.

Wheat grain yield and quality also vary in re-
lation to other agronomic elements: selection of
intensive type varieties [8], sowing of valuable
or strong wheat [9], the place in the crop rota-
tion, and the type of soil treatment. Regarding
the influence on wheat yield, no-till and tradi-
tional farming converge in the steppe zones of
many regions’. Fertilizers increase the amount
of primary production and the total sum of plant
residues, gradually increasing the humus con-
tent® due to this. Under the influence of fertiliz-
ers, the content of mobile nutrients in the soil in-
creases, significantly improving plant nutrition
conditions’ [10].

MATERIAL AND METHODS

A long-term experiment was conducted at
the experimental field of the Kurgan Agricultur-
al Research Institute in the village of Maltsevo
(Kurgan region) in three setups starting from
1968, 1969, and 1971. Initially, this department
was known as the Shadrinsk Experimental Sta-
tion, led by T.S. Maltsev for 35 years, followed
by V.B. Sobyannin. Since 2010, the station has
been annexed to the Kurgan Agricultural Re-
search Institute, operating as the T.S. Maltsev
Laboratory. For most of the years, the experi-
ments were conducted by B.N. Sobyanin, P.Z.
Sobyanina, V.B. Sobyanin, and O.B. Sobyanina,

and from 2011 onwards by N.V. Ionina. From
2011, A.N. Kopylov led the research. The analy-
sis of this experiment was performed by the au-
thors of this article.

The experimental data studying fertilizers
were published in 2019 in the “Agricultural
chemistry” journal, where a summary of the
results of the experiments with fertilizers from
1968 to 2017 was made [11]. The present article
discusses the data obtained during the 10th and
11th rotations (2014-2021).

The soil type is heavy loamy leached cher-
nozem. The crop rotation is expanded both spa-
tially and temporally, meaning records were
kept for the first to third wheat after fallow in
three experimental fields. The agrochemical
properties of the soil in the initial years of the
experiment were as follows: humus across the
three plots — 6.18-6.48-6.33%, total nitrogen —
0.308-0.314-0.339%, gross phosphorus — 0.145-
0.118-0.153%, pH, ., — 5.8-6.2, mobile P,O, and
K,O according to Chirikov — 54-61 and 159-
196 mg/kg of soil. The content of mobile phos-
phorus in the control began to increase from the
7th rotation due to systematic soil cultivation
across plots, although each plot had a protec-
tive zone of 2.11 m on both sides. In the control
during the 4th rotation, this indicator was main-
tained at the initial level of 54 mg/kg; in the 7th
rotation (1999-2005) it equaled 74 mg/kg, and
by 2011, it reached 93 mg/kg. Even against the
backdrop of nitrogen-potassium fertilization,
this value for the mentioned rotations changed
from 43 to 60 mg/kg. Consequently, the usu-
ally well-manifested effect of fertilizers in the
PK combination on wheat sowing after fallow,
ranging from 2 to 5 centners of grain per hectare,
was observed only in the 1st to 5th rotations. In
the 6th and 8th rotations, the yield increase from
PK on the first wheat decreased to 1.1-1.3 c¢/ha,

“Vasilevsky V.D. Response of soft spring wheat of different ripeness groups to sowing time in the southern forest-steppe of
Western Siberia depending on solar // Modern agro-industrial complex - effective technologies: materials of the international sci-
entific-practical conference dedicated to the 90th anniversary of V.M. Makarova (December 11-14, 2018). Izhevsk: Izhevsk State

Agricultural Academy, 2019, Vol. 1, pp. 90-94.

SPasynkov A.V., Pasynkova E.N. Method of tentative determination of crude gluten content in wheat grain// Modern agro-industri-
al complex - effective technologies: materials of the international scientific and practical conference dedicated to the 90th anniversary
of V.M. Makarova (December 11-14, 2018). Izhevsk: Izhevsk State Agricultural Academy, 2019, Vol. 1, pp. 348-352.

SKarpukhin M.Y,, Grinets L.V. Resource-saving technologies in the steppe zone of Northern Kazakhstan and their advantages and
problems // Agrarian Bulletin of the Urals, 2016, No. 4, (146), pp. 13-17.

'Sharkov I.N. Humus and soil fertility management // Agrarian sector, 2016, No. 4 (38), pp. 126-135.
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and in the 7th rotation, there was no addition. It
was decided to suspend the use of phosphorus
fertilizer for 8§ years (2003-2010). After the hia-
tus, from 2011, phosphorus was applied locally
with the SZ-3.6 seeder before sowing, unlike the
previously used scattered uniform method. With
localized application of phosphorus fertilizer in
the 10th rotation, the yield increase from P, on
wheat after fallow amounted to 2.6 c/ha.

In the initial years, the crop rotation was five-
field: fallow, two wheat crops, corn (oats since
1997), and wheat. From 2011, it became a four-
field rotation: fallow and three wheat crops. The
main soil treatment in the initial rotations was
plowing, and from 2011, it became superficial.
The plot area was 221 m? (34 x 6.5), with a reg-
istration plot of 68.4 m? (30 x 2.28), and the rep-
etition of the variants was done four times.

The doses of all the nutrients varied. The
tables show their average amount for 53 years
of the experiment. The action of fertilizers was
studied using the scheme: control (without fer-
tilization), PK, NK, NPK. Nitrogen was applied
in the form of ammonium nitrate, and phospho-
rus in the form of superphosphate. Potassium
chloride was used in the experiment for 32 years
(up to 2000). Afterwards, potassium had only a
slight residual effect, as the K O content in the
soil of the plot was high - 172-200 mg/kg.

In the 10th and 11th rotations, wheat varieties
“Iset 45 and “Raduga” were sown. Sowing was
carried out using the “Kuzbass” sowing complex
to a depth of 6 cm at a rate of 4 million germi-
nated grains per hectare. Sowing was done be-
tween May 25 and June 3, as the heavy loamy
soil reached physical maturity and the air tem-
perature rose to 15-17°C. The soil was rolled on
the day of the sowing.

For plant care, a tank mixture of Explorer was
used, 1/ha: Oprichnik (0.4), Toptun (0.6), and the
insecticide Aivengo (0.1). In the years of stem
rust spread, the crop was sprayed with the fungi-
cide Falcon. The harvest was collected directly
using the Sampo-500 combine with a sample of
grain taken to account for bunker mass moisture
and impurity content.

In the grain-fallow crop rotation with plow-
ing, droughts occurred 10 times over 24-26 years
of wheat plantings. Over 7-8 years of grain-fal-

low crop rotation with surface treatment, it oc-
curred once in 2021. The total precipitation for
May-August during the analyzed period (2014-
2021) averaged 192 mm, with fluctuations be-
tween 36 and 281 mm.

The purpose of the research was to continue
studying the effects of fertilizer composition un-
der changed agronomic and agrochemical con-
ditions of wheat cultivation.

RESULTS AND DISCUSSION

Effect of fertilizers on wheat yield. The
weather conditions in the 10th and 11th rotations
for six sowings of the first wheat after fallow fa-
vored the formation of high yields five times.
The exception was 2021 with a severe drought
that lasted in May, June, and early July, which
led to a decline in the yield of both unfertilized
and fertilized wheat, previously ranging from
26-35 to 8-9 centners per hectare, respective-
ly. Nitrogen was not applied to the first wheat,
but its use in the following crop rotation fields
had an aftereffect, which was positive only in
2019, explained by the heat deficiency in the
previous year during fallow and also in May and
June 2019. On the fertilized wheat after fallow,
significant effects on yield were observed with
the phosphorus-potassium and complete miner-
al fertilizer variants, with yield increases of 1.6
and 2.0 centners per hectare (see Table 1). The
phosphorus action was low due to the aforemen-
tioned gradual increase in mobile P O (accord-
ing to Chirikov) on the experimental site. By
2011, it reached 93 mg/kg in the control, 62 mg/
kg in the N, K, variant, and 108 and 118 mg/kg
in the phosphorus-fertilized backgrounds.

The yield of the second wheat after fallow
decreased to 10-13 centners per hectare in some
years, averaging 14.8 centners per hectare over
5 years of the 10th and 11th rotations. Yield im-
provement in this crop rotation field was ensured
by nitrogen fertilizer and its combination with
phosphorus, where the yield reached the level of
the first wheat after fallow. In the final crop rota-
tion field due to the drought of 2021, the lowest
grain harvest was achieved - 5-12 centners per
hectare. On average, over 5 years in the control,
13.4 centners per hectare were harvested. Nitro-
gen fertilizer had the strongest effect on yield in
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this field. However, increased weed infestation
at the end of the rotation, even with fertilization,
limited grain yield to 21.8 centners per hectare
on the N, K, background and 23.4 centners per
hectare with the application of full mineral fer-
tilizer (see Table 1).

Comparing the effectiveness of fertilizers
over two experimental periods with different soil
treatments showed that the pattern of the effect
of different fertilizer compositions was consis-
tent. For example, in the first wheat after fallow
in the variants 1-4 (see variant names in Table 1),
the yield during plowing was 21.0; 23.5; 21.8,
and 23.0 c/ha, during the years with superficial
treatment, it was 25.4; 27.4; 26.1, and 28.0 c/ha.
For the second wheat, the yields were 11.5; 11.8;
16.1; 17.7 and 14.2; 16.2; 24.9; 27.8 c/ha, re-
spectively. The yield and its increase were lower

during the plowing years, as the first experiment
period had more drought-affected years.

Effect of fertilizers on grain quality. The
fertilizer had a positive effect on the quality of
wheat grain. Without fertilization, in the condi-
tions of the northwestern zone, it is not always
possible to simultaneously increase both the
yield of wheat and the protein content in the
grain. Thus, in the 10th and 11th rotations, even
for the first wheat after fallow, the grain quality
met the requirements for the 3rd class in terms
of gluten content only in 50% of the years. The
nitrogen-potassium background in the first sow-
ing after fallow increased the repeatability of
the 3rd class to 67% of years. In the second and
third sowings after fallow, without fertilization,
the gluten content in wheat grain was signifi-
cantly lower, but with the addition of nitrogen,

Taoua. 1. YpoxaliHOCTb NepBOii — TpeTheil MieHuLIb ocie napa B 10—11-ii porauusx, u/ra
Table 1. Yield of the first - third wheat after fallow in 10-11th rotations, c/ha

Option
Year
Control P, K, A*NK AN, P K LSD,,, c/ha
First wheat after fallow
2014 31,3 33,2 30,0 34,0 0,9
2015 32,9 34,8 30,2 34,8 2,2
2017 30,5 32,2 29,9 32,0 1,3
2018 28,0 30,0 28,4 30,3 1,1
2019 26,5 27,0 28,2 30,3 0,7
2021 8,1 9,4 8,0 8,1 1,5
Average 26,2 27,8 25,8 28,2
+— to the control — 1,6 -0,4 2,0
Second wheat after fallow
2015 20,1 23,8 31,4 32,4 2,1
2016 19,5 21,0 31,0 36,2 3,0
2018 10,4 10,7 15,9 17,8 2,7
2019 13,0 15,5 28,3 33,6 3,1
2020 11,0 11,1 18,9 19,3 4,2
Average 14,8 16,4 25,1 27,9
+-— to the control - 1,6 10,3 13,1
Third wheat after fallow
2016 18,6 20,0 29,8 28,7 2,7
2017 16,9 18,0 27,6 29,6 2,5
2018 14,5 16,1 22,1 23,9 2,1
2020 11,6 11,0 19,3 22,2 2,9
2021 5,7 5,6 10,4 12,5 1,7
Average 13,4 14,1 21,8 23,4
+-— to the control — 0,7 8,4 10,0

Note. Nitrogen fertilizers were not applied to the first wheat, but their application in subsequent fields of the crop rotation had

an aftereffect. Here and in Tables 2 and 6 A - aftereffect.
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it increased by 5-11% in absolute terms. Phos-
phorus-potassium fertilizer slightly changed the
gluten content in the grain (see Table 2).

For the unfertilized third wheat, only 2 out
of 5 years marked a gluten level of no less than
23%. Against the background of fertilization,
including nitrogen, a significant increase in glu-
ten was detected for three years. The average
increase compared to the control was 5-6% in
absolute terms. The decrease in gluten content in
the grain in 2016 and 2017 was due to achieving
a sufficiently high yield. The plants’ affliction
with stem rust also mattered.

Another important quality trait of wheat is
grain plumpness (weight of 1000 grains). Under
the conditions of the experiment, this indicator
varied by year and option from 24.4 to 42.7 g.
The use of fertilizers had a positive effect on the
weight of 1000 grains mainly in options with ni-
trogen, especially against the background of a

complete mineral fertilizer N,,P, K, by which

the value increased by 2-4-6 g for the second and
third wheat after fallow.

The impact of fertilizers on the agrochemical
properties of the soil. The effect of fertilizers on
many soil properties occurs slowly and gradual-
ly, so we should refer to the initial soil analysis
results in the 1st rotation and compare them with
the data obtained 30 years later in the 6th rota-
tion. Even for such slowly changing soil proper-
ties as humus, the total of absorbed bases, gross
nitrogen, and phosphorus content, the fertilizers
had an impact. Over 30 years, the amount of mo-
bile phosphorus increased noticeably, and soil
acidity also increased (see Table 3).

The relationship between the variability of
wheat yield for the 1st to 6th rotations and the
humus content in each subsequent rotation is of
interest. The sum of plant residues is directly de-
termined by the yield level of crop rotation crops;
we considered wheat yield. Straw has been left
in the field since 1978 (with the introduction of

Taoa. 2. CoaepxaHne KIEHKOBUHBI B 3¢pHE NIEPBOI — TpeTheil miueHunsl nocie napa B 10—-11-it poranu-

s1x, %

Table 2. Gluten content in the grain of the first - third wheat after fallow in the 10th-11th rotations, %

Option Year Average 3rd grain class, %
2014 | 2015 | 2017 | 2018 | 2019 | 2021 & of years
First wheat after fallow
Control 26,7 18,7 20,7 24,3 17,9 29,1 22,9 50
P, K, 27,0 19,5 20,0 24,5 17,4 28,9 22,9 50
AN, K, 28,0 19,0 23,0 23,0 19,6 28,8 23,6 67
AN, P K 28,0 19,0 24,5 22,2 20,6 29,0 23,9 50
LSD,, % 1,44
Second wheat after fallow

Option 2015 2016 2018 2019 2020

Control 13,2 15,2 24,5 19,9 22,6 19,1 40
P, K, 14,0 14,0 24,5 22,3 20,0 19,0 20
N, K 16,0 16,5 30,0 31,4 27,3 24,2 60
NP K, 14,0 16,5 32,0 30,0 30,6 24,6 60
LSD,,, % 3,32

Third wheat after fallow

Option 2016 2017 2018 2020 2021

Control 15,5 21,5 26,1 21,0 28,3 22,5 40
P, K, 16,0 22,0 29,4 23,2 26,0 23,3 60
N K, 17,0 21,5 41,0 34,2 29,0 28,5 60
NP, K, 17,0 22,0 36,4 31,3 32,0 27,7 60
LSD,,, % 4,63
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the Sampo-500 combine). Soil analysis was con-
ducted at the beginning of the rotation for each
experimental setup. In this complex relation-
ship, there isn’t a complete match, but in most
comparisons, an increase in humus content was
found after the rotations with higher yields (see
Table 4).

The calculations are made on average for
three experimental setups. It is clear that after
achieving yields within 18-22 tons/ha in the Ist

rotation, the humus content in the 2nd was high-
er than in the 3rd after 16-20 tons/ha in the 2nd.
The humus content increased even more signifi-
cantly in the 4th rotation due to a larger amount
of plant residues at a yield of 17-27 tons/ha. A
decrease in productivity in the 4th rotation to 12-
18 tons/ha led to a reduction in humus in the 5th
rotation to 5.63-6.61% (see Table 4).

Even without considering the expected plant
residues in the forecrop wheat field based on

Taoxa. 3. l3meHenue ArpoOXuMHUYCCKUX MOKa3aTeyei BHIIECIOUEHHOTO 4YCpHO3C€Ma 3a 30 ner ombiTa

B ¢. ManbIieBo (cpeHee 1o TPeM 3aKJIaIKaMm)

Table 3. Changes in agrochemical indicators of leac
village of Maltsevo (average of three establishments)

hed chernozem over 30 years of experience in the

Option  |Humus,% | pH, | pH | . trz(g’tei 0, pho;g/ltfgms, mg_ae ; /1\1/10% . PO, r;g/lOO N ;21(36 .
Ist rotation
N,P K, 6,30 6,6 6,1 0,288 0,134 36,4 0,175 13,8
PK 6,57 6,6 6,0 0,292 0,135 36,4 0,177 13,8
NK 6,66 6,5 6,2 0,321 0,138 37,2 0,176 13,3
NPK 6,68 6,5 6,2 0,321 0,139 37,2 0,176 133
After 30 years, 6th rotation
NP K, 6,43 6,3 52 0,290 0,148 38,4 0,645 13,6
PK 7,28 6,2 52 0,346 0,170 39,0 1,456 13,9
NK 7,41 6,2 52 0,321 0,161 38,6 0,469 14,0
NPK 7,34 6,2 52 0,310 0,179 37,2 1,954 13,0

Note. P,O, - according to Franceson, K,O - according to Brovkina.

Taoxa. 4. Brusaue xonebaHuii MPOIYKTUBHOCTH IIICHUIIBI 10 POTALMSM CEBOOOOPOTa HA N3MEHYH-
BOCTh COZIEpKaHus TyMmyca B ciioe nouBbl 0—20 cm
Table 4. The effect of fluctuations in wheat productivity by rotation of crop rotation on the variability of

humus content in the soil layer 0-20 cm

Rotation, years
Option Ist 2nd 3rd 4th 5th 6th
1968—-1975 1974-1980 1979-1985 1984-1990 1989-1995 1994-2000

Wheat yield, c/ha
Control 18,6 16,0 17,4 12,9 10,3 13,1
PK 19,6 17,2 18,7 14,2 12,1 13,9
NK 21,2 17,4 24,5 16,2 14,1 17,6
NPK 22,6 20,0 27,6 18,0 16,0 19,0

Humus content, %
Option 2nd 3rd 4th 5th 6th 9th
1974-1977 1979-1981 1984-1987 1989-1992 1994-1997 2011
Control 6,72 6,24 6,55 5,63 6,43 6,90
PK 7,21 6,81 7,39 6,43 7,28 7,10
NK 7,12 6,72 7,84 6,61 7,41 7,10
NPK 6,86 6,85 7,39 6,30 7,34 7,33
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the yield, the discussed relationship is evident.
Since 1997, the yield of oats, which averaged
9-22-25 tons/ha in the 6th-8th rotations based on
three experimental setups, has been significant
for the sum of residues, so elevated values were
noted in the 9th rotation in 2011.

The experiment extensively studied the con-
tent of mobile PO, in the soil using the Frances-
son method, which changed both over time and
under the influence of fertilizers. These data are
presented in Table 5 for the 1968 setup. The ma-
terials obtained annually for 37 years are divided
into seven periods, with an average calculated
for 2 years.

Annual application of phosphate fertilizer sig-
nificantly enriched the soil with mobile phospho-
rus. Its content also increased in the variants with-
out phosphorus, explained by the transfer of soil
from one area to the adjacent ones during process-
ing at the experimental site across the variants.
Until 2011, autumn plowing, spring harrowing,
and pre-sowing cultivation were carried out.

Economic efficiency of different fertilizer
compositions. Are fertilizers profitable in the
new agrotechnical and agrochemical conditions
of the experiment? The payback of nitrogen and
phosphorus should be at least 8-10 kg/kg. Ac-
cording to Table 6, phosphate feed efficiency
with grain additions is below the norm. In con-
trast, the nitrogen payback significantly exceed-
ed it and equaled 16-19 kg/kg for the second
wheat after fallow and 12-15 for the third.

Calculations of payback in rubles also showed
that the most profitable was the use of nitrogen
fertilizer. In 2020, 2021, the price of 1 centner of
nitrate was 1800 rubles, 3rd class grain 1600 ru-
bles/ centner; the dose of N, in the form of am-

monium nitrate - 2772 rubles/ha, with the cost
of application and harvesting of additional yield
4822 rubles/ha. Addition from nitrogen 8-10 c/
ha at a price adjusted on the basis of repeatability
of obtaining 3rd class grain costs 12,480-15,600
rubles/ha, i.e. high profit is obvious.

Regarding ammophos, it is important to de-
cide whether to introduce it under wheat after
fallow in the conditions that have developed in
the experiment: a high content of mobile P O,
and a small average grain increment - 1.6 c/ha.
Currently, 1 centner of ammophos costs 5400-
5700 rubles, the P, dose is 2916-3078 rubles/
ha, with costs for the application and harvesting
of grain increment - 3966-4063 rubles/ha. An in-
crease of 1.6 c/ha with a repeatability of 3rd class
grain for 50% of the years is worth 2480 rubles/
ha. Expenses for the purchase and application of
fertilizer are not covered by the increase in the
yield value. The best increment from phospho-
rus added to nitrogen (2.8 c/ha) is valued at 4368
rubles/ha, but this slightly exceeds the cost of
ammophos. Consequently, as long as the elevat-
ed content of mobile phosphorus in the soil is
maintained, the grain and fallow crop rotation
can be satisfied with the use of only nitrogen fer-
tilizers. When the content of mobile phosphorus
decreases to 40-60 mg/kg of soil, it is necessary
to apply expensive ammophos.

When considering the effects of phosphorus
on the first wheat, a significant increment was
noted: 11 times in 26 years of plowing (2-3 c/ha)
and 6 times in the following 7 years with surface
soil treatment (2-7 c/ha). When adding phospho-
rus to nitrogen on the second and third sowings
after fallow, increments of 2-7 c¢/ha were noted
8 times during plowing years. After an §-year

Ta6a. S. WsmenuuBocts conepskanust P,O; o @panuecony B cinoe noussbl 020 cM B Teuenue 37 et

ombiTa, Mr/100 T

Table 5. Variability of the content of P O, according to Franceson in the soil layer of 0-20 cm during

37 years of experience, mg/100 g

. Years
Option 1969, 1970 | 1974,1975 | 1979,1980 | 1987,1988 | 1993,1994 | 1998,1999 | 2003, 2005

Control 0,136 0,151 0,270 0,368 0,482 0,672 0,545
PK 0,170 0,314 0,492 0,815 1,137 1,703 1,186
NK 0,164 0,165 0,244 0,275 0,272 0,442 0,485
NPK 0,222 0,314 0,634 0,722 1,446 1,641 1,396
LSD,, 0.27
12 Siberian Herald of Agricultural Science * 2023 ¢ 53 « 6 Agriculture and chemicalization



DddexTHBHOCTD YIOOPEHHI Ha MOCEBaX MIIEHHIIBI B CEBEPO-
3anaHoi 30He KypraHckoit oonactu

Wonuna H.B., Bosasiakuna O.B.

Tao6a. 6. OxkynaemocTs a3oTa u Gocdopa 1Mo nmoceBam sPOBOH MIICHUIIBI B 36PHOIIAPOBOM CEBOOOOPOTE

B 10-ii u 11-i poranusx, Kr/Kr

Table 6. Nitrogen and phosphorus profitableness for spring wheat in the grain and fallow crop rotation in

the 10th and 11th rotations, kg/kg

Wheat after fallow
first second third
Control - Control — Control -
P,AK 5.9 P_AK 6,7 P_AK 2,6
AN, ,AK - N_AK 19,4 N_AK 15,6
AN, P, AK 2.4 NP, AK 16,4 N_P,AK 12,3

break in the application of phosphorus, when it
was introduced during the years of surface soil
treatment, a yield increase of 2-5 tons/ha was
obtained on the second crop 4 times in 7 years
and 5 times in § years - 2-3 c/ha on the third.
Considering the manifestation of higher incre-
ments than the average effects, you can switch
to the application of a smaller dose (P ;) and in-
troduce it during sowing, which will increase the
increment and payback of phosphorus.

CONCLUSION

Studying the effectiveness of different fertiliz-
er compositions on wheat sowing in a grain-fal-
low rotation in the 10th and 11th rotations on
heavy loamy leached chernozem, rich in mobile
phosphorus, in the northwestern zone of the
Kurgan region showed that the primary factor in
improving plant nutrition was the application of
nitrogen fertilizer. The same trend characterized
the action of different compositions earlier, on
average, in the 1st-9th rotations of the grain-fal-
low rotation during the years of plowing. In the
10th and 11th rotations, nitrogen provided high
increments on wheat sowings, distant from fal-
low — 8-10 and 10-13 c/ha in combination with
phosphorus, respectively. The average effect of
nitrogen for the 1st-9th rotations is lower - 6-7
c/ha, possibly due to the improvement of nutri-
tion conditions directly from plowing, as well
as the influence of frequent droughts. The yield
increment from the application of phosphorus in
the first sowing after fallow was low - 1.6 c/ha,
but in the initial period of the experiment, while
the soil was poorer in phosphorus, in some years
there was a very high effect of phosphorus fer-
tilizer with obtaining increments of wheat after

fallow up to 7 c/ha. Later, both with plowing and
surface soil treatment, the yield increment from
phosphorus was limited on average to 2 c/ha,
which meant a low payback of expensive phos-
phorus fertilizer. Considering the higher effects
obtained from phosphorus in some years, you
can switch to the application of a smaller dose
(P,;) and introduce it during sowing. This can
increase the increment and ensure a decent pay-
back of phosphorus fertilizer. In the following
fields, an increment from phosphorus was more
often noted only against the background of ni-
trogen fertilizer.
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AJAIITUBHOCTD U OKOJIOI'MYECKASA INNIACTHYHOCTD AYMEHSA
B YCJIOBUAX JIECOCTEIIN KPACHOSAPCKOI'O KPASA

Cypun H.A., (xxpT'epacumon C.A., JIsixopa H.E.

Kpacnospckuil nayuno-ucciedosamenvckuil UHCMUMYMm CelbCKO20 X03AUcmea — 000Cco0eHHoe
noopasoenenue PedepanbHoeo ucciedosamenbcko2o yenmpa « Kpacnoapckuii HayuHvlil yeHmp
Cubupcroco omoenenus Poccutickotl akademuu HayKy»

Kpacnosipck, Poccus

(xpe-mail: g-s-a2009@yandex.ru

[IpencraBieHs! pe3ynbTaThl OIIEHKH SPOBOTO SYMEHSI B TUTOMHUKE KOHKYPCHOTO COPTOHMCITBITAHHSA
10 TIapaMeTpaM aJIalTUBHOCTH M SKOJIOTHYECKOH IIACTHYHOCTH B YCIOBHSIX KpacHosipckoii ecocte-
. O0beKTaMu HcciIeoBans, mpoBoauBIerocs B 2020-2022 rT., SBISUTHCH pafOHUPOBAHHBIE COpTa
1 JIMHUW MECTHOH celeKInu. B kauecTBe cTanmapra npuHAT copT Ada. [louBa OmbITHOTO OIS — OOBIK-
HOBEHHBII MaJIOMOITHBIN YepHO3eM. I[OBTOPHOCTH YeThIpeXKpaTHas, METO/I CpaBHEHUS mapHbIi. [Toce
MIPOBEJICH B ONITUMAJTbHBIE CPOKH — 20—25 Mast, HopMa BBICEBa — 5,5 MITH BCXOXKHUX ceMstH/Ta. [1o peskumy
yBiaxxaerns 2020 u 2021 rr. 6pum n30srTouHo Brakaevu (I'TK = 1,84-1,89), mpu stom 2021 1. oka-
3aJICsl TOCTATOYHO YBIAKHEHHBIM. B 2022 1. Habmomanack Maiickas 3acyxa (I'TK = 0,27). [To uroram
MIPOBEIICHHBIX MCCIICIOBAHN BBIICIICH IICHHBIN CEIEKITMOHHBIN MaTepral. HanbobImei mpomyKTHBHO-
cThIO (43,2 11/Ta) TI0 OTHOIICHHIO K CTaHAApTy oTiamdaiach maus 1-7-7057 (JI-11-38 x BysH). Copra
Aua, Kpacuospckuit 80, muaus J1-7-7057 1Mo 3KOJIOTHIECKOH TIIACTHIHOCTH OBITH OTHECEHBI K HHTCH-
cuHomy Tumy (b= 1,17-1,21), copr Kenp MenbIe Beero pearnpoBai Ha yiTy4qIIEHUE YCIOBUH BbIpa-
uBanus (b= 0,86). Cenexunonnas muaus B-56-6885 (bruom x Cubupsk) okaszanach caMO¥ CTaOWIb-
HOH, OTINYaiach MOBBIIIICHHBIME TIOKa3aTeIIMA CpefaHell ypokaitHoctr (41,3 11/ra), 3KOJIOTHIEeCKOM
CcTaOMIIBHOCTH (SI.2= 417,1, SF = 2,82), ceneKUMORHOM LEHHOCTH TeHoTHUMNa (S, = 6,73), MMena CpeHIor0
3KOJIOTUMECKYHO TIaCTHYHOCT (b, = 1,01). Cpemu cOpTOB MHTEHCMBHOTO TUIA HAMOOJIBIIMI MHTEPEC
npenctasisieT uaus [1-7-7057 (JI-11-38 x bysH) ¢ camoii BEICOKOH ypoxkaitHOCTEIO (43,2 11/Ta), cpen-
HUMH MTapaMeTpamMu CTabuIbHOCTH (S = 723,9, SF = 4,02) u nopeimenHoi miactuunoctsio (b= 1,17).
B xone akcriepuMenTa ycTaHOBIIEHO, YTO OCHOBHOH BKJIa B (DOPMHUPOBAHHE ypOXkKast BHOCST CEIEKIIU-
OHHBIE TIPU3HAKH, CBS3aHHBIE C TUNIOTHOCTHIO TTOCEBA (UMCIIO pacTeHH Tiepel YOOPKOH, TTPOAYKTHBHBIH
CTEONIECTON 1 KyIIEeHHEe) W MPOAYKTUBHOCTHIO OT/IEIFHOTO pacTeHHs (Macca 3epHa C OTHOTO PacTEeHHs,
macca 1 TeIC. 3epeH).

KuioueBbie ci10Ba: ;’AMEHB, COPT, CENEKITMOHHAS JINHUS, YPOXKaHHOCTb, SKOJIOTHIECKas MIacTHd-
HOCTb, CTAOUIILHOCTH, CENIEKIINOHHAS IIEHHOCTh

ADAPTABILITY AND ECOLOGICAL PLASTICITY OF BARLEY UNDER FOREST-
STEPPE CONDITIONS OF THE KRASNOYARSK TERRITORY

Surin N.A., (XX)Gerasimov S.A., Lyakhova N.E.

Krasnoyarsk Research Institute of Agriculture - Division of Federal Research Center «Krasnoyarsk
Scientific Center of the Siberian Branch of the RAS»

Krasnoyarsk, Russia

<)e-mail: g-s-a2009@yandex.ru

The results of spring barley assessment by the parameters of adaptability and ecological plasticity
in the Krasnoyarsk forest-steppe conditions are presented. The objects of the study, conducted in
2020-2022, were the released varieties and lines of local breeding. The Acha variety was adopted as the
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Adaptability and ecological plasticity of barley under forest-steppe Surin N.A., Gerasimov S.A., Lyakhova N.E.
conditions of the Krasnoyarsk Territory

standard. The soil of the experimental field is ordinary low-power chernozem. Repetition is fourfold,
and the comparison method is paired. Sowing was carried out in optimal time - May 20-25, the seeding
rate - 5.5 million germinated seeds/ha. In terms of moisture regime, 2020 and 2021 were excessively
wet (HTC = 1.84-1.89), while 2021 was sufficiently wetted. May drought was observed in 2022 (HTC =
0.27). As a result of the research, valuable breeding material was selected. The highest productivity
(43.2 c/ha) in relation to the standard showed the line D-7-7057 (L-11-38 x Buyan). The varieties Acha,
Krasnoyarsk 80, line D-7-7057 on environmental plasticity were attributed to the intensive type (b, =
1,17-1,21), the variety Kedr reacted the least to improvement of the growing conditions (b, = 0,86).
The breeding line B-56-6885 (Biom x Sibiryak) was the most stable, characterized by high indices
of average yield (41.3 c/ha), environmental stability (S[2 =417,1, SF = 2,82), breeding value of the
genotype (S, = 6.73), and had average environmental plasticity (b, = 1.01). Among the varieties of the
intensive type, the line D-7-7057 (L-11-38 x Buyan) with the highest yield (43.2 c/ha), medium stability
parameters (S>= 723,9, SF = 4,02) and increased plasticity (b, = 1.17) is of greatest interest. During
the experiment it was found that the main contribution to the formation of the yield is made by the
breeding traits associated with crop density (the number of plants before harvesting, productive stem
and tillering) and the productivity of individual plants (grain weight per plant, thousand-kernel weight).
Keywords: barley, variety, line, yield, ecological plasticity, stability, selection value
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INTRODUCTION region’s low bioclimatic potential. For instance,
while this indicator is 1.0 for Russia as a whole,
it stands at 0.52-0.54 for Eastern Siberia, and
0.46-0.48" for areas like Transbaikal, Khakas-
sia, and Tyva. Under these conditions, choos-
ing a particular variety becomes a critical task.
As N.A. Rodina® believes, any farming system
starts with a variety, and essentially, a variety
serves as the biological foundation of the yield.
According to A.A. Zhuchenko®, P.L. Goncharov
(see footnote 1), N.A. Rodina (see footnote 2),
the contribution of the variety to increasing the
yield amounts to 50-70%.

Spring barley is the most in-demand and
widespread crop in the Krasnoyarsk Territory. In
2020-2022, the area of spring barley cultivation
in the region amounted to about 160 thousand
hectares. Barley is widely used as both fodder
and cereal crop. It is characterized by higher
yields and a shorter growing season compared
to wheat and oats.

Currently, cultivating varieties adapted to
local conditions and having high yields is be-
coming increasingly relevant [1-3]. The com-
plexity of addressing this issue is related to the

'Goncharov P.L. Methodology of selection of forage grasses in Siberia. Novosibirsk, 2003, 396 p.
’Rodina N.A. Barley breeding in the North-East of the Non-Black Earth Region. Kirov, 2006, 486 p.
3Zhuchenko A.A. Adaptive potential of cultivated plants and problems of agrosphere. Moscow, 2004, Vol. 1, pp. 49-63.
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A,HaHTI/IBHOCTI) 1 OKOJIOTHYCCKas MIIACTUYHOCTD TUYMCHSA
B YCJIOBHUAX JICCOCTEIIN KpaCHOXpCKOl"O Kpas

Cypun H.A., I'epacumos C.A., JIsxosa H.E.

In breeding for productivity, it’s essential to
achieve a positive combination of high yield, its
stability, and the responsiveness of plants to an
intensive background [4, 5]. Given the climate
peculiarities of the Krasnoyarsk Territory, new
varieties should simultaneously possess good re-
sistance to external environmental stress factors,
high grain yield, and quality [6].

During the research, it was determined that
the potential productivity and ecological resil-
ience of plants are controlled by different sets
of genes. Thus, there is a genuine possibility of
combining these characteristics in one variety.
It is acknowledged that breeding is the prima-
ry method for enhancing plant adaptability and
crop quality [7].

Assessing ecological adaptability based on
productivity parameters allows for more tar-
geted use of the initial material and efficiently
selecting varieties for different soil and climatic
conditions to maximize their potential yield.

The purpose of the study is to assess barley
varieties and breeding lines in terms of yield and
adaptability indicators in the conditions of the
Krasnoyarsk forest-steppe.

MATERIAL AND METHODS

The research was conducted from 2020 to
2022 in the open forest steppe of the Krasnoyarsk
Territory. The soil of the experimental site is
typical light chernozem. The forecrop was com-
plete fallow. The humus content in the plowing
horizon ranged from 4.2% to 7.0%. The nitrate
nitrogen (N-NO,) content was 6.8-13.4 mg/kg of
soil, phosphorus content was 17.5-22.2 mg/100g
of soil, and potassium was 12.3-19.0 mg/100g
of soil. The soil solution reaction (pH_ ) ranged
from 6.1 to 6.6.

The weather conditions during the barley
growing season varied in terms of average daily
air temperature and the amount of precipitation

from the average long-term values (see Table
1). In May and August of 2020, with elevated
average daily temperatures, excessive moisture
was recorded, leading to lodging of crops before
harvest. In 2021, July was excessively humid,
while August was warm and moderately humid.
In 2020 and 2021, the hydrothermal coefficient
(HTC) was 1.84-1.89, with 2021 being charac-
terized as sufficiently humid. In 2022, May and
June were warm, with June experiencing heavy
rainfall.

The registration area of plots in the com-
petitive variety test was 37-40 m?. There was a
fourfold repetition, and the comparison method
was pairwise. The standard variety was “Acha”.
Sowing was done in optimal times, from 20th to
25th of May, with a seeding rate of 5.5 million
germinated seeds per hectare.

Statistical data processing was performed ac-
cording to B.A. Dospekhov [8]. To characterize
adaptive potential, we calculated the ecological
plasticity index (b,) and stability (S?°) according
to S.A. Eberhart and W.A. Russel, as present-
ed by V.Z. Pakudin*. Genetic flexibility of the
variety (GF) was determined according to A.A.
Goncharenko’, homeostasis (Hom) was deter-
mined using the methodology of V.V. Khangil-
din and S.V. Biryukov®, the phenotypic variabil-
ity indicator (SF) was based on D. Lewis’, and
the breeding value of genotypes (S) was as per
A.V. Kilchevsky and L.V. Khotyleva®.

RESULTS AND DISCUSSION

The yield of the varieties usually consists of
individual productivity elements that mutually
influence each other [9].

One of the essential factors associated with
high yields is the duration of vegetation. Based
on this parameter, all the varieties and lines dis-
cussed in this article were similar to the standard
and were classified as medium-maturing, except

*Pakudin V.Z. Parameters for assessing the ecological plasticity of varieties and hybrids: the theory of selection in plant popula-

tions. Novosibirsk, 1976, 189 p.

SGoncharenko A.A. On adaptability and ecological stability of grain crop varieties // Bulletin of the Russian Academy of Agri-

cultural Sciences, 2005, No. 6, pp. 49-53.

®Khangildin V.V, Biryukov S.V. The problem of homeostasis in genetic and breeding studies // Genetic and cytological aspects in

agricultural plant breeding. 1984, No. 1, pp. 67-76.

"Lewis D. Gene-environment interaction: a relationship between dominance, heterosis, phenotypic stability and variability //

Heredity. 1954. Vol. 8. P. 333-356.

SKilchevsky A.V., Khotyleva L.V. Genotype and environment in plant breeding. Minsk: Science and Technology, 1989, 191 p.
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for the “Takmak” variety, which practically ma-
tured 1-4 days later than other varieties (see Ta-
ble 2).

The number of plants before harvest for the
studied varieties was the same as for the stan-
dard “Acha” variety or lower. The maximum
productive tillering (1.63-1.67 units) was ob-
served in the “Olenek” variety and the D-7-7057
line, developed under the adaptive breeding pro-
gram, as well as the breeding line D-39-7318.
The highest number of productive stems (39-48
stems/m* more than the standard) was identified
in the breeding lines D-7-7057 and D-39-7318.
In terms of the number of grains per ear, the
“Buyan” variety, identified by us as a donor in
diallel crosses, as well as the varieties “Olenek”
and “Takmak,” and the breeding lines B-56-
6885 and D-39-7318, had an advantage of 1.3-
3.8 grains.

The weight of 1,000 grains is a leading breed-
ing trait, especially when grown in drought con-
ditions, which is typically characteristic of early
ripening varieties [10]. The “Kedr” and “Aba-
lak” varieties and the breeding lines D-7-7057
and D-55-7455 had an advantage in the weight
of 1,000 grains (+3.3-4.8 g).

In breeding to increase the productivity of
grain crops, an important role is given to in-
creasing productivity and the yield of grain from
a single plant [11]. In terms of grain weight per
plant, the “Buyan” variety and the breeding lines
D-7-7057 and D-39-7318 showed an advantage
over the standard (+0.15-0.20 g). The higher in-
dicators of productive stem stand of the promis-
ing lines D-7-7057 and D-39-7318 had a posi-
tive impact on the yield size.

Based on the assessment of the adaptive po-
tential, it was found that the “Takmak™ variety
and the D-7-7057 line have the highest genet-
ic flexibility (GF = 40.4-42.2), indicating their
ability to resist adverse factors while also pos-
itively responding to improved conditions. In
optimal and limited conditions, these samples
demonstrated the highest yield (41.5-43.2 c/ha).
The combination of high genetic flexibility and
a lower coefficient of variation (CV) indicates
the real ability of the “Takmak” variety and the
breeding lines D-7-7057 and D-39-7318 to pro-
duce higher yields (see Table 3).
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Ta6a. 2. BereranoHHBIN TIEpHO] U AJIEMEHTHI IPOYKTUBHOCTH COPTOB U CEJIEKIIMOHHBIX JIMHUNA SIMe-
H$l, Y4aCTBOBABIIMX B KOHKYPCHOM copToucnbITannu (cpennee 3a 2020-2022 rr)

Table 2. Growing season and productivity elements of barley varieties and breeding lines that

participated in competitive variety trials (average for 2020-2022)

Growing pﬁirtrsltl)aegfgrfe Productive | Froductive | Number of Weightof | 5 i weight
Y, y oS’ P P grains, g

Xl cvw| X [cvw| X | CV%| X Cr%| X Cr%| X | Ch%| X | CV.%
Acha 77| 9.8 419 11,5 | 1,40 | 7,0 | 585 | 159 | 184 | 174 | 399 | 93 | 1,05 | 70,5
K-80 78| 92 343 182 | 1,57 | 184 | 542 | 122 | 188 | 169 | 42,7 | 104 | 1,09 | 64,0
Kedr 790 87 320 12,8 | 1,60 | 12,5 | 510 | 7.6 | 18,0 | 244 | 439 | 72 | 0,97 | 69,8
Bakhus | 78| 10,0 | 348 | 9,1 | 1,60 | 25,0 | 547 | 22,8 | 18,0 | 23,3 | 429 | 7,5 | 0,95 | 653
Buyan 78| 94 319 10,8 | 143 | 224 | 450 | 14,7 | 222 | 20,8 | 393 | 174 | 120 | 83.6
Olenek 79| 9.6 306 20,8 | 1,67 | 250 479 | 102 | 197 | 233 | 39,5 | 7.4 | 091 | 693
Abalak 77) 10,5 1396 | 25,1 | 143 | 14,5 | 569 | 31,5 | 18,7 | 21,5 | 44,1 | 122 | 097 | 63,1
Takmak 80| 10,5 | 367 | 10,0 | 140 | 7,1 | 551 | 10,8 | 21,0 | 18,1 | 40,6 | 84 | 1,03 | 53,1
B-56-6885 | 78| 9,0 |394| 13,5 | 137 | 152 | 524 | 41 | 20,6 | 232 | 419 | 133 | 1,00 | 61,2
D-7-7057 77| 94 1395|249 | 1,63 | 27,6 | 633 | 21,1 | 179 | 16,6 | 447 | 10,1 | 125 | 86,5
D-39-7318 |77 11,5 | 394 | 31,9 | 1,63 | 19,7 | 624 | 203 | 20,5 | 184 | 389 | 17,8 | 1,23 | 952
D-55-7455 |76 9,8 |404| 11,7 | 1,50 | 133 | 596 | 3,3 | 182 | 194 | 432 | 103 | 1,04 | 68,5
LSD,, | 46 0,20 47 0,5 3,0 0,10

In terms of ecological plasticity, the varieties
Acha, Krasnoyarsky 80, and the line D-7-7057

combining a higher average yield (41.3 c/ha),

ecological stability (S =

417.1, SF = 2.82),

were classified by us as of the intensive type.
This means that in favorable years, these vari-
eties can yield the maximum harvest, but under
stress conditions, they might yield lower than
other varieties. The “Kedr” variety showed a
weak response to varying growing conditions,
as evidenced by its low ecological plasticity val-
ue (b, = 0.86), yield variation coefficient (CV =
52.3%), and the highest phenotypic stability
(87 = 285.8). The varieties “Bakhus”, “Buyan”,
“Olenek”, “Abalak™, and the lines D-39-7318
and D-55-7455 had a medium level of ecologi-
cal plasticity (b, = 0.92-1.10) and showed better
adaptability to environmental factors with yields
at the standard level.

In breeding for stable productivity, the line
B-56-6885 is of particular practical interest,

semi-intensive response to the optimal back-
ground (b, = 1.01), and an increased breeding
value of the genotype (Sc = 6.73). For the cre-
ation of intensive-type varieties, it’s crucial for
them to have, above all, high yields, a medium
level of ecological stability, and a high response
level to an intensive background. The D-7-7057
line meets these criteria, combining a high yield
(43.2 c/ha) and medium stability (S = 723.9,
SF =4.02). This line is promising and is planned
for further study and propagation.

To determine the influence of individual
breeding characteristics on the formation of the
yield of the studied varieties and breeding lines,
the varimax rotation method was used based on
the Statistica program’. As a result of the analy-
sis, considering the mutual influence of individ-

°Khizhnyak S.V., Puchkova E.P. Mathematical methods in agroecology and biology: textbook. Krasnoyarsk: Publishing house of

Krasnoyarsk State Agrarian University, 2019, 240 p.
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Tao6a. 4. Marpuna GpakTopHBIX HArpy30K (BpalieHue BapuMaKc) JUIsi U3yYeHHBIX MIEPEMEHHBIX Y COPTOB

U JIMHUN STUMEHS

Table 4. Factor load matrix (varimax rotation) for the studied variables in barley varieties and lines

, , 2020 2021 2022
Selection trait Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2
Duration of the growing season —0,035 —0,622 0,400 —0,677 -0,891" 0,087
Number of plants before harvesting 0,324 0,818" —0,034 0,874" 0,401 —0,854
Productive tillering -0,896" 0,0001 0,726 0,170 0,142 0,896"
Productive plant stand -0,020 0,813" 0,375 0,837" 0,813" 0,064
Number of grains in the main ear 0,880" 0,011 0,742* 0,243 -0,907" 0,095
Weight of 1 thousand grains -0,276 0,583 —-0,155 -0,418 0,719* 0,117
Grain weight per plant 0,724" 0,352 0,922* —-0,084 0,147 0,738"
Factor contribution, % 32,62 31,18 32,21 31,34 42,80 30,16

%p > 0,700.

6885 and D-7-7057. As a result, the varieties
Acha, Krasnoyarsky 80, and the line D-7-7057
were also classified as of the intensive type (b,=
1.17-1.21), while the early-bred “Kedr” variety
was of the extensive type (b, = 0.86).

3. In breeding for stable productivity, the
line B-56-6885 of the semi-intensive type is
of particular interest, combining a higher aver-
age yield (41.3 c/ha), ecological stability (S’ =
417.1, SF = 2.82), an average response to the
optimal background (b, = 1.01), and an increased
breeding value of the genotype (Sc = 6.73).

4. For breeding varieties responsive to im-
proved conditions, the promising line is D-7-
7057 with high yield (43.2 c/ha) and medium
stability parameters (S’ = 723.9, SF = 4.02).

5. The leading breeding traits during the re-
search years were yield structure elements re-
sponsible for forming the sowing density and
productivity of individual plants.
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W3YUYEHUE UCXOJHOI'O MATEPUAJIA O3UMOM MATKOM MIEHUIbI
JJI51 CEJIEKIIUU HA KAYHECTBO 3EPHA
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[IpeacraBieHbl HCTOYHUKY LIEHHBIX IPU3HAKOB JJIS LIEJICHAIIPABICHHOTO HCIIONb30BaHHUs B CEJICK-
LUK HOBBIX COPTOB O3MMOM MIICHUIBI C YITyUYIICHHBIMH NMPU3HAKaMU KadecTBa. [IpuBeeHb! pesynb-
TaThl OLICHKU UCXOJHOT0 MaTeprasa Mo BbIPAKEHHOCTH X03HCTBEHHO IICHHBIX [TPU3HAKOB Y KOJIJICK-
LIUOHHBIX 00pa3loB 03UMOW MATKOH MieHHIBl. B paboTe npencrasnensl ganHbie mo 31 copry pas-
JIMYHOTO 3KoJIoro-reorpaduyeckoro mpoucxoxaeHus. [lonessie onbiTel mpoBoauan B 2018-2020 rr.
B CEJICKIIMOHHOM CEBOOOOPOTE B yCIIOBUSIX I0’KHOH 30HBI PocToBCkoii 0bnactu. [lokazarenu kauectsa
copros: Maccy 1000 3epeH, conepxanue OenKa, KOJIM4eCTBO M Ka4eCTBO KJICHKOBUHBI B 3€pHE, HATYPY
3epHa, 0OLIYI0 CTEKJIOBUAHOCTD, XJI€OONEKapHbIE CBOMCTBA — ONPENEIISIIN IO CTAHAAPTHBIM METOIM-
kam 1 ['OCTam. B pesynbsrare npoBeJeHHON KIacTepU3alMKd COPTOB MOKA3aHO, YTO CEJEKIMOHHAsS
nporpaMma Mo CO3IaHHIO aJIallTUBHBIX COPTOB C BBICOKMM Kau€CTBOM 3€pHA JOJDKHA BKIIOYATH B
KauecTBe 0a30BOr0 MCXOIHOIO MaTepualia copra, BXoasumue B 5-i u 6-ii knacrepsl, — JI-19578 (Poc-
cus), Drana (I'epmanus), Warwick (Kanana), Akter (I'epmanust), MV-15-09 (Benrpus), Cumonua
(Cep6us), GK Hollo (Benrpus), Webster (Kanana), Wisdom (Kanana), Ne 42 CIMMYT (CLHA) u KS
96 WGRC 37 (CILIA). lanHble copTa IMOKa3ajll XOPOIINE PE3YNbTaThl B YCIOBUAX FO’KHOM 30HBI Po-
CTOBCKOH oOnactu. OcTajbHble cCOpTa KOJJIEKIIMOHHOTO MMTOMHHUKA PEKOMEH/IYEeM BKIIIOYATh B CEJICK-
LIUOHHYIO padOTy B COOTBETCTBHHU C MPUHIMIIOM KOMIUIEMEHTAPHOCTH, KaK B3aUMHO JOTOJIHSIONINE
COpTa MO BBIPAXCHHOCTH TOTO MJIM MHOTO MPHU3HAKA MM CBOMCTBA.

KaroueBbie cjioBa: o3rMast MIICHUIA, MAcCOBasi OIS OejKa, KICHKOBUHA, HATypa 3epHa, CTEKIIO-
BUJIHOCTH, Macca 1000 3epen

STUDY OF THE PARENT MATERIAL OF SOFT WINTER WHEAT FOR
BREEDING FOR GRAIN QUALITY

x)Kravchenko N.S., Podgorny S.V., Ignatieva N.G., Chernova V.L.
Agricultural Research Center “Donskoy”

Zernograd, Rostov region, Russia

())e-mail: ninakravchenko78@mail.ru

The sources of valuable traits for targeted use in the breeding of new winter wheat varieties with
improved quality traits are presented. The results of the evaluation of the parent material on the ex-
pression of economically valuable features in the collection samples of soft winter wheat are present-
ed. The paper presents data on 31 varieties of different ecological and geographical origin. Field ex-
periments were conducted in 2018-2020 in the breeding rotation under the conditions of the southern
zone of the Rostov region. Quality indicators of the varieties: thousand grain weight, protein content,
quantity and quality of gluten in the grain, grain unit, total vitreousness, baking properties were deter-
mined by standard methods and GOSTs. As a result of the clustering of varieties, it is shown that the
breeding program to create adaptive varieties with high grain quality should include as basic parent
material the varieties which are included in the 5th and 6th clusters - L-19578 (Russia), Etana (Germa-
ny), Warwick (Canada), Akter (Germany), MV-15-09 (Hungary), Simonida (Serbia), GK Hollo (Hun-
gary), Webster (Canada), Wisdom (Canada), No. 42 CIMMYT (USA), and KS 96 WGRC 37 (USA).
These varieties showed good results in the southern zone of the Rostov region. The other varieties of
the collection nursery are recommended to be included in the breeding work in accordance with the
principle of complementarity, as mutually complementary varieties in the expression of a particular
trait or property.

Keywords: winter wheat, mass fraction of protein, gluten, grain unit, vitreousness, thousand
grain weight
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INTRODUCTION

Winter soft wheat is a crop with a high bio-
logical potential for productivity and grain qual-
ity in the southern zone of the Rostov region [1,
2]. Creating new varieties of winter soft wheat
largely depends on the proper selection of start-
ing material as an initial and crucial stage of the
breeding process [3—6]. For successful wheat
breeding, it’s essential to identify and compre-
hensively study genetic sources and donors of
valuable traits directly in the breeding regions
[7, 8].

The purpose of the study is to identify the
sources of valuable traits for targeted use in
breeding new varieties with improved quality
characteristics.

The research objectives are:

— selection of the most productive samples
from the collection nursery for comprehensive
study of grain and flour quality;

— carrying out variance and cluster analyses
of experimental data;

— selection of the best varieties that signifi-
cantly exceed the standard by the studied traits
and properties for use in crossbreeding to create
new genotypes with high grain quality.

MATERIAL AND METHODS

The study of collection varieties took place in
field conditions from 2018 to 2020 at the labo-
ratory of selection and seed production of inten-
sive-type winter wheat and in the biochemical,
technological, and agrochemical assessment lab-
oratory of the Agrarian Scientific Center “Don-
skoy” (ASC “Donskoy”).

The research object for determining the tech-
nological properties of grain and flour was 31

varieties of winter wheat of various ecologi-
cal-geographical origins. The Ermak variety was
used as a standard. The plot area was 3 m?, with
a two-time repetition, and the forecrop was au-
tumn fallow. The test field soil was a powerful
carbonated heavy loamy chernozem.

In the 2017/18 agricultural year, drought was
noted during the active vegetation period of
wheat (April - June). Precipitation during this
period was 25.9 mm compared to the long-term
norm of 165.3 mm. Daily average air tempera-
tures exceeded long-term values in April by 0.8
°C, in May by 2.7 °C, and in June by 3.4 °C.

In the 2018/19 agricultural year, quality for-
mation occurred under conditions of insufficient
moisture, especially in June (10.8 mm, standard
- 71.3 mm), and elevated temperatures (in May
by 2.5 °C, in June by 4.7 °C). Moreover, a short-
age of precipitation was noted in June compared
to the long-term average by 100.3; 61.5, and
32.5 mm, respectively.

The grain quality formation period in the
2019/20 agricultural year was characterized by a
large amount of precipitation in May (155.7% of
the standard) and an optimal temperature (15.4
°C). It was favorable for the growth and devel-
opment of soft winter wheat, despite the precip-
itation shortage (54.4% of the standard) and an
elevated temperature regime (by 2.6 °C) in June.

The main quality characteristics of grain and
flour were determined in the biochemical assess-
ment laboratory of breeding material and grain
quality of ASC “Donskoy”. Grain nature was
studied in accordance with GOST 10840-2017',
overall grain vitreousness — according to GOST
R 70629-20232. The protein mass fraction in
grain was determined using the infrared ana-

!GOST 10840-2017 Grain. Method for determining the natural weight. Moscow: Standardinform, 2019, 19 p.
2GOST R 70629-2023 Wheat. Determination of vitreousness by the optical-computer method. Moscow: Standardinform, 2023, 5 p.
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lyzer SpektraStar 2200, the quantity and quality
of gluten in the grain — according to GOST R
54478-2011°, the falling number — in accordance
with GOST 27676-88". A trial laboratory baking
was carried out using the remix method with
re-kneading. Bread quality was assessed accord-
ing to the methodological guidelines of the state
commission for crop variety testing®. Data math-
ematical processing and cluster analysis were
carried out using Microsoft Office Excel and
Statistica 10 software. Euclidean distance was
used as a similarity measure.

RESULTS AND DISCUSSION

The weight of 1000 grains is an essential el-
ement of productivity and a significant selection
trait for yield selection. It also significantly af-
fects the grain’s appearance and milling prop-
erties. Breeders pay attention to this trait as it
allows them to select not only sources of large
grains but also varieties well-adapted to specif-
ic soil and climatic conditions; moreover, this
trait is inherited well [9, 10]. It was found that,
on average, over the years of study, the weight
of 1000 grains ranged from 33.2 g (GK Hollo,
Hungary) to 44.8 g (Eistanzuelo Benteveo, Uru-
guay), which according to the CMEA® classifi-
er, characterizes varieties from small-grained to
large-grained. Varieties like Eistanzuelo Bente-
veo (Uruguay) (44.8 g), Ling Xing 99 (China)
(44.7), and Akter (Germany) (44.7 g) showed
high values of this trait on average over 3 years
of study, significantly exceeding the standard
LSD,, = 1.5 g (see Table 1).

These samples are recommended to be used
as sources of large grains.

In determining the quality of wheat grain, vit-
reousness is one of the most critical class-form-
ing indicators, also characterizing its milling
properties. The higher the grain’s vitreousness,
the higher its technological properties [11].
The overall vitreousness of the studied variet-
ies ranged from 50% (Bombus, France) to 74%

Ta6a. 1. Ilokazarenu kauecTBa 3epHa COPTOB 03U-
MOM MSTKOH B IIHICHUIIBI B KOJUDICKITMOHHOM ITUTOM-
Huke, 2018-2020 rr.

Table 1. Grain quality indicators of soft winter
wheat varieties in the collection nursery, 2018-2020

. . Weight Vitreous- Grain
Variety Origin of .1000 ness. % unit,
grains, g ? g/l
Ermak, standard Russia 2.8 57 804
L-19578 » 42,0 57 799
Vinnichanka Ukraine | 385 58 815
Shestopalivka » 41,0 53 805
Slavna » 40,3 73 814
Chornyava » 41,1 73 810
Simonida Serbia 38,0 66 824
Zlatka » 37,2 72 835
NS 405/00 » 35,8 54 786
Ne42 CIMMYT | USA | 376 | 74 | 809
KS 96 WGRC 37 » 34,8 68 816
Warwick Canada | 373 51 817
Webster » 36,1 55 811
Wisdom » 33,7 52 807
Zhong Ping 1597 China 41,8 57 812
Fuimai 5 » 41,5 55 797
Ling Xing 99 » 44,7 74 809
Akter Germany | 44,7 57 814
Etana » 36,6 58 786
Cubus » 35,0 63 785
MV-15-04 Hungary | 39,8 63 | 823
GK Cipo » 39,7 63 818
GK Hollo » 33,2 55 830
Ne71 CIMMYT | Romania | 40,6 56 809
Fidelius Austria | 38,6 57 801
Tatsitus » 37,4 62 804
CO 911 France 36,7 59 794
Seilor » 38,3 74 811
Bombus » 35,6 50 759
Dagmar » 39,9 57 822
Eistanzuelo Uruguay | 44,8 55 809
Benteveo
LSD,, - 1,5 7 |13

3GOST R 54478-2011 Grain. Methods for determining the quantity and quality of gluten in wheat. Moscow: Standardinform,

2012, 23 p.

4GOST 27676-88 Grain and products of its processing. Method for determining the fall number. Moscow: Standardinform, 2009, 5 p.
*Methodology of the state variety testing of agricultural crops. Technological evaluation of grain, groat and leguminous crops.

Under the general editorship of M.A. Fedin. Moscow, 1988, 121 p.

“International CMEA Classifier of the genus Triticum L. L., 1984, 86 p.
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(Sailor, France), (No. 42 CIMMYT, USA), and
(Ling Xing 99, China). The maximum expres-
sion of the trait (> 70%) was noted for the fol-
lowing varieties: Slavna, Chornyava (Ukraine)
(73%), Zlatka (Serbia) (72%), No. 42 CIMMYT
(USA) (74%), Ling Xing 99 (China) (74%),
Sailor (France) (74%). The selected varieties for
grain vitreousness exceeded the Ermak variety
(LSD,, = 7%) and can be used in breeding to
improve this trait.

Grain nature is also an indicator of grain size
and plumpness. The values of the nature of the
studied varieties were established from 759 g/l
(Bombus, France) to 835 g/l (Zlatka, Serbia). On
average, over the years of the study, all studied
varieties were characterized by high nature val-
ues and corresponded to the 1st quality class ac-
cording to the GOST for wheat. The maximum
values, which significantly exceeded the stan-
dard (LSD, = 13 g/l) for this trait, were noted in
the varieties, g/l: Warwick (Canada) (817), GK
Cipo (Hungary) (818), Dagmar (France) (822),
MV-15-04 (Hungary) (823), Simonida (Serbia)
(824), GK Hollo (Hungary) (830), and Zlatka
(Serbia) (835). These varieties are recommend-
ed for use as sources to improve the “natural
weight” trait.

The problem of protein content in wheat
grain as a breeding trait is complicated by the
negative correlation with grain yield, making it
challenging to select for both traits simultane-
ously. The protein content in the grain signifi-
cantly influences baking properties, the biolog-
ical value of the grain, and processed products
[12, 13]. The average protein mass fraction
in grain over the research years varied from
12.66% (Bombus, France) to 15.05% (L-19578,
Russia) (see Table 2).

According to GOST 9353-20167, strong
wheats are varieties with protein content not less
than 14%. Based on this criterion, the following
samples stood out significantly (LSD = 0.52%),
%: L-19578 (Russia) (15.15), Zhong Ping 1597
(China) (14.48), Akter (Germany) (14.28), Eta-
na (Germany) (14.16), Sailor (France) (14.24),
No. 42 CIMMYT (USA) (14.15), KS 96 WGRC
37 (USA) (14.01), and Zlatka (Serbia) (14.08).

Taoa. 2. KauecTBO KIIEHKOBHHHO-0OEIKOBOI'O KOM-
IJIEKCa U XJIeOOMeKapHbIe CBOMCTBA MYKH U3
COPTOB 03UMOM MSATKOM MIIEHUIbI B KOJIJIEKI[UOH-
HoM nutomHuke, 2018-2020 .

Table 2. The quality of the gluten-protein
complex and the baking properties of flour from
soft winter wheat varieties in the collection nursery,
2018-2020

Protein | Gluten g;ﬁ?;
vy | Do 0t VB TBS
tion, % | % | device

Ermak, standard | 13,88 | 24,7 71 600 | 3,8
L-19578 15,05 | 31,6 76 670 4,1
Vinnichanka 13,76 | 26,6 84 593 3,6
Shestopalivka 13,71 | 26,5 81 610 3,7
Slavna 13,75 | 24,2 81 613 | 3,7
Chornyava 13,43 | 24,4 81 583 3,5
Simonida 13,57 | 29,1 86 687 | 4,4
Zlatka 14,08 | 26,7 84 607 | 3.8
NS 405/00 13,46 | 22,5 69 563 | 3,3
Ne 42 CIMMYT | 14,15 | 30,8 90 693 | 4,2
KS 96 WGRC 37 | 14,01 | 30,0 85 693 | 4,3
Warwick 13,28 | 25,6 88 657 4,1
Webster 13,09 | 22,9 87 690 | 4,2
Wisdom 13,24 | 23,9 84 673 | 4,1
Zhong Ping 1597 | 14,48 | 30,9 105 |600| 3.4
Fuimai 5 12,69 | 22,8 79 593 | 3,5
Ling Xing 99 13,93 | 28,6 99 620| 3.7
Akter 14,28 | 27,6 87 643 | 4,1
Etana 14,16 | 25,1 89 670 4,1
Cubus 13,61 | 244 84 563 | 3,1
MV-15-04 13,64 | 25,5 84 647 | 3,8
GK Cipo 13,54 | 27,8 81 630| 3.8
GK Hollo 13,60 | 30,4 87 683 | 4,1
Ne 71 CIMMIT 13,91 | 25,7 81 610| 3.6
Fidelius 13,29 | 23,4 68 590| 3,6
Tatsitus 13,76 | 25,2 73 530 3,0
COo911 13,54 | 24,1 84 617| 3.8
Seilor 14,24 | 27,9 82 587 3,4
Bombus 12,66 | 25,1 79 637 | 3,9
Eistanzuelo
Benteveo 13,22 | 25,3 87 610| 34
Dagmar 13,30 | 24,5 75 613 3.6
LSD,, 0,52 1,1 5 251 0,1

Note. VB - volumetric yield of bread, ml; TBS - total
baking score, score.

"GOST 9353-2016 Wheat. Technical conditions. Moscow: Standardinform, 2019,12 p.
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These samples can be used as parental forms for
crossbreeding.

Seven varieties were characterized by max-
imum gluten content in grain, meeting the re-
quirements for the 2nd quality class (not less
than 28.0%). The varieties with the highest
values of this trait (> 30%) were, %: L-19578
(Russia) (31.6), No. 42 CIMMYT (USA) (30.8),
Zhong Ping 1597 (China) (30.9), and GK Hollo
(Hungary) (30.4). These varieties significantly
exceeded the standard (LSD, = 1.1%). These
collection samples are recommended for use
as sources to improve the “amount of gluten in
grain” trait.

The Gluten Deformation Index (GDI) de-
scribes physical and rheological properties of
gluten (elasticity, stretchability). Among the
studied varieties in the collection nursery, GDI
values varied widely — from 68 units (Fidelius,
Austria) to 105 units (Zhong Ping 1597, China).
This corresponded to the 1st-3rd quality groups.
For producing quality bread products, the opti-
mal gluten quality in grain for baking is 70-90
GDI units, i.e., the satisfactory upper range of
the 1st group and the lower range of the 2nd
group [14, 15].

Conducting trial laboratory baking is the fi-
nal stage in determining the baking properties of
winter soft wheat varieties. Based on the con-
ducted studies, varieties have been identified
that have fully realized baking properties and
were characterized by the maximum volumet-
ric yield of bread and overall bread rating, ml,
score: L-19578 (Russia) (670, 4.1), Simonida
(Serbia) (687, 4.4), No. 42 CIMMYT (USA)
(693, 4.2), KS 96 WGRC 37 (USA) (693, 4.3),
Webster (Canada) (690, 4.2), Wisdom (Canada)
(673, 4.1), Etana (Germany) (670, 4.1), and GK
Hollo (Hungary) (683, 4.1). These standout sam-
ples are recommended for use as parental forms
for creating baking-type varieties.

To identify the genotypes possessing a combi-
nation of economically valuable traits affecting
baking properties, with their subsequent inclu-
sion in hybridization, cluster analysis of winter
soft wheat collection samples was conducted. It
was based on yield, grain weight, vitreousness,
weight of 1000 grains, protein content, quantity
and quality of gluten, bread volume yield, and

overall bread baking assessment.

As a result of the analysis, a dendrogram was
constructed with the distribution of samples into
7 clusters (see the figure, Table 3).

The first cluster included 6 varieties charac-
terized by large grain (44.0 g), high grain density
(808 g/l), GDI of 78 device units (1st group).
However, their baking properties were marked
at the level of valuable wheat (see table 3).

The second cluster represented 7 samples
characterized by large grains (weight of 1000
grains 44.5 g), high grain density (810 g/l), and
high gluten content (25.4%). The Gluten Defor-
mation Index for this group of the varieties was
82 device units (2nd group), which influenced
the increased bread volume yield (615 ml) (see
Table 4).

The third cluster consisted of 3 wvarieties,
which formed maximum values for weight of
1000 grains (45.7 g), grain density (818 g/l),
protein content (14.16%), and gluten content in
grain (28.7%). These samples can be used for
hybridization as sources to improve the glu-
ten-protein complex.

The fourth cluster was represented by one
variety, Bombus (France), which had high yield
(12.2 t/ha) but low protein content (12.66%)
and the following physical quality traits: grain
density of 759 g/l, vitreousness of 57%, and the
weight of 1000 grains of 38.2 g.

The fifth cluster included 5 varieties with the
weight of 1000 grains (44.3 g), high grain densi-
ty (808 g/1), maximum protein content (14.08%),
high gluten content in grain (27.1%), and good
baking properties (bread volume yield of 657 ml
and overall bread rating of 4.0 points).

The sixth cluster included 6 varieties, where
all the studied traits and properties were best ex-
pressed, affecting bread quality.

The seventh cluster consisted of 3 varieties
with a low gluten content (24.0%). The Gluten
Deformation Index was 75 device units, result-
ing in a low bread volume (552 ml) and an over-
all score of 3.2 points.

The varieties of the collection nursery, in-
cluded in the 5th and 6th clusters, are of greatest
interest for the development of baking varieties.

28  Siberian Herald of Agricultural Science * 2023 * 53 « 6

Plant growing and breeding
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Distribution of soft winter wheat varieties into clusters according to productivity and a set of traits which
characterize quality, 2018-2020

Taba. 3. Pacupenenenue cOpTOB KOJUIEKIIUH 11O KJIACTEpaM
Table 3. Distribution of soft winter wheat varieties according to clusters

Cluster Variety

Ist | Ermak (Russia), Fidelius (Austria), Fuimai 5 (China), Vinnichanka (Ukraine), Chornyava (Ukraine), Seilor
(France)

2nd | Shestopalivka (Ukraine), 71 CIMMYT (Romania), Eistanzuelo Benteveo (France), CO 911 (France), Slavna
(Ukraine), Dagmar (Uruguay), GK Cipo (Hungary)

3rd |Zlatka (Serbia), Zhong Ping 1597 (China), Ling Xing 99 (China)
4th | Bombus (France)
S5th | L-19578 (Russia), Etana (Germany), Warwick (Canada), Akter (Germany), MV-15-04 (Hungary)

6th | Simonida (Serbia), GK Hollo (Hungary), Webster (Canada), Wisdom (Canada), Ne 42 CIMMYT (USA), KS
96 WGRC 37 (USA), KS 96 WGRC 37 (USA)

7th | NS 405/00 (Serbia), Cubus (Germany), Tatsitus (Austria)

CONCLUSION it is believed that the breeding program for cre-
ating adaptive varieties with high grain quality
should include the varieties from the 5th and 6th
clusters as the basic starting material. These are
L-19578 (Russia), Etana (Germany), Warwick
(Canada), Akter (Germany), MV-15-09 (Hun-
gary), Simonida (Serbia), GK Hollo (Hungary),

When creating varieties of winter soft wheat
adapted to the climatic conditions of the south-
ern zone of the Rostov region, an important step
is the most comprehensive study of the sources
of useful traits and properties for use as start-
ing material. As a result of the cluster analysis,
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Study of the parent material of soft winter wheat for breeding

for grain quality

Kravchenko N.S., Podgorny S.V., Ignatieva N.G., Chernova V.L.

Tada. 4. XapakTepucTHKa KJIaCTEPOB 110 YPOXKAWHOCTH 1 KaueCTBY 3epHa

Table 4. Characteristics of clusters according to productivity and grain quality

Cluster
Trait

Ist 2nd 3rd 4th Sth 6th 7th
Grain unit weight, g/ 806 810 818 759 808 816 792
Vitreousness, % 62 59 68 50 57 62 60
Weight of 1000 grains, g 44,0 445 457 38,2 443 37,5 38,8
Protein mass fraction, % 13,55 13,57 14,16 12,66 14,08 13,61 13,61
Gluten content, % 25,0 25,4 28,7 25,1 27,1 27,8 24,0
Gluten deformation index, units
of the device 78 82 96 79 85 86 75
Volumetric yield of bread, ml 591 615 609 637 657 687 552
Total baking score, score 3,6 3,6 3,6 3,9 4,0 42 3,2
Yield, t/ha 11,2 11,5 10,1 12,2 11,5 11,1 11,5

Webster (Canada), Wisdom (Canada), No. 42
CIMMYT (USA), and KS 96 WGRC 37 (USA).
These varieties have shown the highest results
in the conditions of the southern zone of the
Rostov region. Other varieties from the collec-
tion nursery are recommended to be included in
the breeding work according to the principle of
complementarity, complementing the basic vari-
eties by expressing a particular trait or property.
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AHAJIN3 AKTUBHOCTHU OKUCJIUTEJBbHbBIX ®PEPMEHTOB
METOJI0OM MHOI'OMEPHOMI PET'PECCHM B TIPUCYTCTBUU MG**
MUILEJINA T'PUBA BEHIEHKA

<)JloBuosa JLI.!, 3ad6eanna M.B.!, Maiiopo A.B.!, Yckos K.10.!, Tiopun U.10O.!, Mas3oBun B.C.2
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[IpoBeseHbI HCCIeIOBaHUS 110 ONITUMHU3AIUMH MIPOLIECCa TIYOUHHOTO KYJIBTUBUPOBAHMS MUIICIIHS
rpuda BellleHKa. YCOBEPIICHCTBOBAH MPOIECC MOMYYCHUS] MUIEIUS KaK MOCEBHOTO Marepualia Jiist
BBIPAIIMBAHUS TUIOJIOBBIX TEJ IPpUOOB. M3yueHO BIHsHUE pa3TUYHBIX KOHIIEHTpAIlUil KapOoHaTa Mar-
Hus (Magnesium carbonates) Ha pOCTOBBIC XapaKTePUCTUKK MULIEHs Tpuda Pleurotus ostreatus npu
IyOMHHOM KYJbTHBHPOBAaHUH. BhISBICHA 3aBUCHMOCTh aKTHBHOCTH ()EPMEHTOB OT KOHIICHTPAIIUH
MeTaJljla B TUTATSIBHON Cpejie MpOopacTaHusl MHIICIVs BEIICHKH. AanTHPOBaHA METOJIUKA OIpe-
JICJICHUSI aKTHMBHOCTU Karajia3bl CHEKTPO(OTOMETPUUESCKHM METOJOM JUISl M3y4aeMbIX OOBEKTOB.
BriepBbie noy4eHbl JaHHbIC aKTHBHOCTH (DEPMEHTOB KaTalla3bl M CYNEPOKCHITUCMYTA3bl MUTICIIHSI
B IPUCYTCTBUH JJ0OABKH KapOOHaTa MarHus. YCTAaHOBJICHO, YTO IPUMEHEHHE KapOOHATa MarHus B Ma-
JIBIX KOHIIEHTPALUSIX MOJIOKUTEIBHO BIUSET HA pOCT OMoMacchl MuLenusi rpuda Pleurotus ostreatus,
MOCKOJIbKY C YBEJIMUEHUEM KOHIICHTpAIMd Mg*" 0TMEYEHO YMEHBIIIEHHE CKOPOCTH POCTa OMOMACChI
W aKTHBHOCTH Karaja3bl, PEAIIOIOKUTEIBHO, 32 CYET YYacTUs MarHUs B CO3JaHUH ONPEICICHHON
WOHHOM KOHIICHTpAIlMU, IPU KOTOPOM HAUMHACTCSI MHAKTUBAIUS Karajiasbl. V3ydyeHa BO3MOXXHOCTh
MIPUMEHEHHUST METOIa MHOTOMEPHOM perpeccuu B BHIE MeTona NaBHBIX komroHeHT (MI'K). IIpose-
JICH aHaJIU3 PEJIOKC-COCTOSIHUS KYIBTYPhI Pleurotus ostreatus Ha ypoBHE (DEpPMEHTHBIX KOMIIOHEHTOB
CUCTEMbI aHTHOKCHJIAHTHOW 3aIlUThI TPU MOTPYKEHHOM KYJIBTHBHUPOBAHUU 0a3UOMHUIICTOB, KOTO-
pbIii TIOKA3aJ1, KaK B3aMMOCBSI3aHbI MEKTy COOOM TMONyUYEHHbBIC TIEPEMEHHBIC C PA3HBIMU SIUHUIIAMH
u3MepeHnil. [ paduku cueTOB Takke HATVISIIHO YKa3bIBAIOT HA 3aBUCHMOCTh POCTa MHUIIEIHS OT KOH-
LEHTPAIUHU PUMEHsIEMOH 100aBKH. BBeieHUe NpeyioxKeHHBIX B pad0Te YCIOBUN KyJIbTHBUPOBAHUS
B TPaKTHKY IPUOOBOJICTBA MOTEHIMAIBLHO CIIOCOOCTBYET OOJIee YCIENIHOMY POTHBOCTOSTHHIO MaK-
POMUIIETOB OMOTUYECKOMY M aOMOTHYECKOMY CTpeccy. PesynbraTsl MccieoBaHUN aKTyaabHbBI IS
pa3ButHs QyHIAMEHTAIbHBIX OCHOB HAyKH O rpudax.

KiroueBble cjioBa: MUIENHUi, KaTanasa, CylepOKCHIMCMYTa3a, aKTUBHOCTh (DEPMEHTOB, HOHBI,
MarHui, rpu0 BellleHKa

ANALYSIS OF THE ACTIVITY OF OXIDATIVE ENZYMES BY MULTIVARIATE
REGRESSION IN THE PRESENCE OF MG* OYSTER MUSHROOM MYCELIUM

) Lovtsova L.G.!, Zabelina M.V.!, Mayorov A.V.!, Uskov K.Yu', Tyurin I.Yu.!, Mavzovin V.S.?
!Saratov State University of Genetics, Biotechnology and Engineering named after N.I. Vavilov
Saratov, Russia

’Moscow State University of Civil Engineering

Moscow, Russia

(<)e-mail: lauisalovtsova2018@mail.ru

Studies have been conducted to optimize the process of deep cultivation of the Oyster mushroom
mycelium. The process of obtaining mycelium as a seed for cultivation of fruiting bodies of mush-
rooms has been improved. The effect of different concentrations of magnesium carbonate (Magnesium
carbonates) on the growth characteristics of mycelium of the fungus Pleurotus ostreatus during deep
cultivation has been studied. The dependence of enzyme activity on the concentration of metal in the
nutrient medium of germinating mycelium of oyster mushrooms has been revealed. The method for
determining the activity of catalase by spectrophotometric method has been adapted for the studied
objects. For the first time the data on the activity of mycelium catalase and superoxide dismutase
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Analysis of the activity of oxidative enzymes by multivariate
regression in the presence of Mg?* oyster mushroom mycelium

Lovtsova L.G., Zabelina M.V., Mayorov A.V.,
Uskov K.Yu., Tyurin I.Yu., Mavzovin V.S.

enzymes in the presence of magnesium carbonate additive have been obtained. It has been found that
the application of magnesium carbonate in low concentrations has a positive effect on the growth of
mycelial biomass of the fungus Pleurotus ostreatus, since with increasing concentration (Mg2+) a
decrease in biomass growth rate and catalase activity has been observed, presumably due to the partic-
ipation of magnesium in creating a certain ionic concentration at which catalase inactivation begins.
The possibility of applying the method of multivariate regression in the form of the principal com-
ponents analysis (PCA) has been studied. The redox state of Pleurotus ostreatus culture at the level
of enzyme components of the antioxidant defense system during submerged cultivation of basidomy-
cetes has been analyzed, which showed how the obtained variables with different measurement units
are interconnected. The account graphs also clearly indicate the dependence of mycelial growth on
the concentration of the additive used. The introduction of the cultivation conditions proposed in this
work in the practice of mushroom production potentially contributes to a more successful resistance of
macromycetes to biotic and abiotic stress. The results of the research are relevant to the development

of the fundamentals of the science of fungi.

Keywords: mycelium, catalase, superoxide dismutase, enzyme activity, ions, magnesium, oyster

mushroom
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INTRODUCTION

The question of the possibility of artificial
cultivation of edible and medicinal mushrooms
has occupied mankind for over two millennia.
More than 100,000 species are subjects of scien-
tific research worldwide. The functional impor-
tance of fungi in various biogeocenoses is well-
known, where, due to their wide range of en-
zymes, they actively participate in the processes
of organic matter destruction and mineralization
[1]. Although fungi are a very intriguing group
of living organisms, both theoretically and prac-
tically, they remain relatively under-researched
to date. Macromycetes produce biologically ac-
tive substances, such as polysaccharides, gly-
coproteins, terpenes, sterols, and carotenoid
pigments, which can demonstrate antibacterial,
antiviral, anticancer, antiparasitic, and immuno-
modulatory properties.

Significant research into the physiology
of higher fungi began between the 1980s and

2020s. The complex physiological and bio-
chemical processes occurring during the growth
and development of a fungal organism, their in-
tensity, determined by the hereditary and poten-
tial qualities of the organism itself and external
environment factors, require further study [2].
The study of basidiomycete growth in liquid
environments focuses on understanding the nu-
tritional needs and physiology of the species in
pure culture and developing submerged myce-
lium cultivation techniques to obtain feed and
food biomass. Deep cultivation is also proposed
as a quick and effective method for producing
seeding material for mushroom cultivation. Sig-
nificantly fewer works focus on the biochemis-
try of deep cultivation, its relationship with the
physiology of growth and development of the
fungal organism in submerged culture. In par-
ticular, the antimicrobial activity of higher fungi
is clearly understudied, and only a few studies
address this activity in relation to physiological
aspects, mushroom morphogenesis issues [3-
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15]. Research aimed at creating growing condi-
tions for basidiomycetes, to achieve maximum
biomass yield, reduce cultivation time, reduce
seeding material, etc., is actively developing.
Analyzing the change in the enzymatic activi-
ty of basidiomycetes during varying cultivation
conditions is one of the main effective indica-
tors of the competitiveness of mycelial biomass
growth [16].

In the world of higher plants, enzymes act
as antioxidants, protecting cellular components
from oxidation by reactive oxygen species
(ROS). Primarily, these include the enzyme su-
peroxide dismutase (SOD), catalase, and glu-
tathione peroxidase. Superoxide is one of the
most common ROS produced by mitochondria,
while SOD converts superoxide anions into hy-
drogen peroxide, thus serving as a central reg-
ulator of ROS levels. The enzyme catalase is a
hemin enzyme. The biological role of catalase is
to catalyze the decomposition of hydrogen per-
oxide. In vivo (in the cell), most enzymes are
spatially organized into so-called “multienzyme
systems.” They are either associated with cellu-
lar structures or are free in various cell organ-
elles.

The practice of adding nutrient supplements
for mushroom cultivation during spawning or
casing to maximize yield emerged in the 1960s
[17] and has been widely recognized and dis-
seminated, but its use may be limited in some
sectors due to technical and economic factors.
Additives, as a nutrient substance, are defatted
plant flour obtained from soybean meal and also
bran, which is an organic source of protein en-
riched with minerals or vitamins, often used for
growing Agaricus and Pleurotus species.

Higher fungi’s growth and development are
favorably influenced by trace elements in small
quantities. Absence of trace elements causes
various developmental disturbances in the or-
ganism. At specific concentrations of zinc, iron,
manganese, copper, calcium, and some other
trace elements, there is a stimulation of myce-
lium formation and growth. For nutrition, i.e.,
for the main metabolism of fungi, about 17-18
elements are needed, including nitrogen, car-
bon, oxygen, hydrogen, sulfur, phosphorus, po-

tassium, magnesium, iron, copper, zinc, manga-
nese, molybdenum, calcium. Fungi require the
following main elements in large amounts: ni-
trogen, carbon, oxygen, hydrogen, phosphorus,
potassium, sulfur, and magnesium. Therefore,
nutrient media with sufficient trace elements, in
addition to sources of nitrogen and carbon, add
potassium and magnesium. Magnesium plays a
significant role in carbohydrate metabolism and
all syntheses based on the use of phosphorus
bond energy. About 50 enzymatic reactions in
fungi involve magnesium.

The purpose of the research is to analyze
the redox state of the mycelium of the Pleuro-
tus ostreatus culture at the level of enzymatic
components of the antioxidant defense system
during cultivation with different concentrations
of magnesium carbonate MgCO, using multi-
variate regression and to determine the activity
of catalase and superoxide dismutase in extracts
from mycelial biomass.

MATERIAL AND METHODS

The chosen strain for the research was Pleu-
rotus ostreatus strain NK-35 from the collection
of the agrochemical laboratory of TRPC “Ag-
rocenter” of the Vavilov University. This strain
has the following characteristics: during matu-
ration, fruiting waves are roughly uniform - 10-
12% for the first wave, 7-10% for the second,
and 5-7% for the third. The optimal growing pa-
rameters are temperature of 16-17°C; humidity
at the time of primordia formation is 90%, af-
ter massive formation it decreases to 88%, and
during fruiting it is maintained at 85-87%; the
level of carbon dioxide should not exceed 850
ppm.

Magnesium carbonate is used as a food addi-
tive E 504. In Russia, additive E 504 is permit-
ted for the production of cocoa and chocolate
products, cheeses, and other products accord-
ing to the technical requirements of production.
Magnesium is an element required for oxidation
processes, which does not form stable organic
compounds in mushroom mycelium.

In Russia, the largest share in the range of
magnesium fertilizers is attributed to lime-mag-
nesium and potassium-magnesium fertilizers.
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The use of organic fertilizers, the chemical com-
position of which contains magnesium within
0.01-0.09% (according to GOST R 58658-2019
Agricultural products, raw materials, and food
with improved environmental characteristics),
is notable (see Table 1).

Cultivation was performed periodically us-
ing a deep method at a temperature of (28 =+
1)°C from 6 to 14 days with continuous stirring
(rotation frequency of 200 rpm) in the dark on
a shaker-incubator in flasks with a capacity of
750-1000 ml. Cultivation was carried out in lig-
uid nutrient media containing different concen-
trations of magnesium carbonate, in a 2% solu-
tion of first-grade flour. The nutrient media were
autoclaved at 1.2 atm for 0.5 hours.

Total activity of superoxide dismutase was
determined by the enzyme’s ability to inhibit
the photochemical reduction of nitro blue tetra-
zolium (NBT), according to Giannopolitis and
Ries!, with some modifications as described by
0O.G. Poleskaya et al.? The amount of soluble
protein in the supernatant was determined by
the Bradford method. Superoxide dismutase
activity was expressed in arbitrary units per
milligram of protein. The activity of catalase in
liquid samples was measured by the decrease
in the concentration of H,O, upon contact with
protein extracts from the mycelium. Catalase

Ta6ua. 1. /Iuzaiin skcriepuMeHTa
Table 1. Experiment design

Initial concentration Desienation
No Group of MgCO, in nutrient &
. color
medium, mol/l
1 Control - Green©
2 1st 1-10°¢ Lilac©
3 2nd 1-10°° Red©
4 3rd 1-10+ Yellow©
5 4th 1-1073 Blue©

activity was determined by the spectropho-
tometric method at a wavelength of 240 nm.
The amount of soluble protein in the super-
natant was determined by the Bradford meth-
od?. Catalase activity was expressed in units of
mM-min'-mg" of protein. The analysis of the
kinetic curves of catalase activity was carried
out using the UVWin5 program. Growth char-
acteristics (growth rate) during deep cultivation
were determined in accordance with the recom-
mendations* based on the accumulation of dry
biomass per unit of time depending on the du-
ration of cultivation.

Biomass measurement experiments were
conducted in 5-10 repetitions, all others in 3
repetitions. For quantitative data processing,
the principal component analysis (PCA) meth-
od was used, with particular attention paid to
score plots. On the score plot, each sample is
depicted in coordinates (7, ¢,), denoted by GC1
and GC2. An essential property of PCA is the
orthogonality (independence) of the princi-
pal components. The proximity of two points
indicates their similarity, i.e., a positive cor-
relation. The dependence of the average value
of the quantity on some other quantity or sev-
eral other quantities is considered. Unlike the
purely functional dependence y = f{x), where
each value of the independent variable x cor-
responds to one specific value of the depen-
dent variable y, with regression linkage, the
same value of the independent variable (factor)
x can correspond to different values of the de-
pendent variable (response) y depending on the
specific case. If at each value x = x, there are

ni values of y,;j = I, n, then the dependence
n.

of arithmetic mean values: y. = % Xy, onx

1 -:1 1) 1

i ]

'Giannopolitis C. N., Ries S.K. Superoxide Dismutases: I. Occurrence in Higher Plants // Plant Physiology. 1977, Vol. 59,

pp- 309-314.

*Polesskaya, O.G., Kashirina, E.I., Alekhina, N.D. Changes in the activity of antioxidant enzymes in wheat leaves and roots
depending on the form and dose of nitrogen in the medium // Plant Physiology. 2004, No. 5, P. 686—691.

3Bradford GPM.1.2.3.0012.15. Determination of protein, GENERAL PHARMACOPEIAN MORNING, Instead of Art. GF XII,

part 1.

*Dudka I.A., Vasser S.P, Ellanskaya I.A. and others. Methods of experimental mycology: a Handbook // Pod. ed. IN AND. Bilay.

Kyiv: Naukova Dumka, 1982. 549 p.
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and is regression in the statistical sense of the
term> ©.

RESULTS AND DISCUSSION

To determine the possibility of using the
principal component method for processing
data on the activity of the enzyme catalase and
superoxide dismutase, experimental studies
were conducted on the cultivation of mycelium
in the media containing different concentrations
of magnesium carbonate, as indicated in Table
1, in a 2% solution of first-grade flour. The nu-
trient media were autoclaved at 1.2 atm for 0.5
hours.

Figure 1 shows score plots based on catalase
activity data with several variables, including
mass (m) of protein in mg, X (total protein mass
in the sample); catalase activity per milligram
of protein (cat/mg protein); catalase activity per
microgram of protein (cat/pg protein); error for
activity per 1 mg of protein; error for activity
per 1 ug protein; AD/min — measurement weight
errors). The data obtained by the spectrophoto-
metric method at a wavelength of 240 nm for
catalase activity, for V" sample — 2 ml; € — molar
extinction coefficient of H,O, —0.039 mol™'; / -
optical path length — 1 cm; # — 1 min.

The obtained data are well modeled by the
PCA method with two main components. In this
analysis, the indicator of the sample and variable
dependencies, representing catalase activity and
its spectral range, is essential. Analysis of the
score plots in Figure 1 shows a clear dependence
of catalase activity on the concentration of mag-
nesium carbonate in the nutrient medium. The
proximity of the points highlighted in red (with
MgCO,; in the nutrient medium of 1-10~° mol/l)
and purple (1-10° mol/l) demonstrates rapid
mycelial biomass growth and a high catalase
activity indicator compared to the green points
(control). When constructing regression depen-
dence by the least squares method (LSM), it is
required that the sum of the squares of the exper-
imental values deviations from those calculated
by the approximating dependence be minimal.

1,44 K2

1.2 4

Puc. 1. I'paduxu cuetoB (I'K1 u ['K2) mo akTus-
HOCTH KaTajnasbl mMM- MUH ' - M~ Oejika (KoH-
Tpoitb — 3e1eHbIO; 1-10°° — cupeneBpii©; 1-107° —
kpacHbI©; 110~ — xenteii©;1-107 — cuumii©)
Fig. 1. Score plots (GS1 and GS2) for catalase
activity mM-min—1-mg-1 of the protein (con-
trol-green©; 1-10°— lilac©; 1-10°—red©; 1-10* —
yellow©; 1-107° — blue©)

Hence, it is clear how the points highlighted in
yellow and blue are scattered, with higher mag-
nesium concentrations in the nutrient medium
(from 1-10* to 110 mol/l). This indicates a
decrease in catalase activity and mycelial mass
growth, which may be caused by damage to the
enzyme structure or disruption of the catalase
biosynthesis pathway in the presence of a high
magnesium concentration. Toxins entering plant
cells can bind to -SH, -NH,, -COOH groups of
amino acids that are part of the enzyme, which
can lead to the suppression of enzyme activi-
ty. The concept of the coordinated action of
active forms of oxygen (AFO) and metabolites
essential for regulating growth, development,
and stress tolerance of plant organisms is well
known [18-20]. AFOs are multifunctional sig-
naling molecules that contribute to adaptability,
and the effect of any compound - a pronounced
antioxidant - leads to weak oxidative stress de-
velopment. Likely, counteracting AFO, agents

SPomerantsev A.L. Chemometrics in Excel: textbook. Tomsk, TPU Press. 2014, 435 p.
®Pomerantsev A.L. Chemometrics in Excel, John Wiley and Sons, 2014, 336 p.
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with antioxidant properties — metal-containing
additives — influenced the biochemical process-
es of macromycetes, could be one of the rea-
sons for the decrease in growth indicators due
to the absence of stress-dependent activation of
some antioxidant enzymes in fungi. Moreover,
catalase is a chromoprotein and has an oxidized
heme as a non-protein group. One catalase mol-
ecule can cause the decomposition of 6 x 106
molecules of H,O, per second. However, cata-
lase has low affinity for hydrogen peroxide, so
it starts to function only at its high content in the
cell. Increasing the concentration of catalase in
cells enhances the decomposition of hydrogen
peroxide, which, in turn, positively affects the
speed of redox reactions. Possibly, the increase
in enzyme activity accelerates cell metabolism
processes, affecting growth rate. Therefore, an
increase in magnesium concentration leads to a
decrease in the growth rate of biomass and cat-
alase activity due to the cells’ response at the
level of enzyme components of the antioxidant
defense system during mushroom cultivation.

Key antioxidant enzymes in cells are SOD,
catalase, and peroxidase. SOD provides the
“first line” of cell protection against AFOs, cat-
alyzing the dismutation reaction of the super-
oxide radical in various cell compartments. The
hydrogen peroxide formed as a result of super-
oxide reduction, whose molecule also belongs
to AFOs, is neutralized in turn by catalase and
PO. It is known from the literature that plants
resistant to various adverse environmental fac-
tors are characterized by higher antioxidant en-
zyme activity compared to susceptible ones [20,
21]. In our studies, the determination of super-
oxide dismutase activity was carried out by the
spectrophotometric method at a wavelength of
560 nm; to plot scores based on SOD activity
(c.u./mg protein), the above variables were also
involved.

The significant increase in SOD activity
observed at magnesium concentrations in the
nutrient medium (from 1-10° to 1-10~° mol/l),
marked on the graph in purple and red points,
obviously provides protection of cells from the
increasing amount of superoxide radicals. The
analysis results in Figure 2 indicate that differ-

ent concentrations of magnesium carbonate dif-
ferently affect the protein concentration during
the cultivation of the Pleurotus ostreatus fun-
gus.

From the score plots, it’s evident that con-
centrations of 1-10* and 1-10° had a negative
impact on the superoxide dismutase (SOD) ac-
tivity of the mycelium of the fungus Pleurotus
ostreatus. A low level of SOD when increas-
ing the magnesium concentration in the nutri-
ent solution indicates that the intensification of
oxidative processes in their cells doesn’t occur.
Presumably, the reduction in the intensity of the
SOD enzyme and biomass growth in this case
may be associated with a decrease in the num-
ber of active forms of oxygen (AFO). This, on
the one hand, is related to the interaction of met-
al ions with SH-groups of membrane proteins,
causing a change in their properties and, on the
other hand, with the ability of the metal to in-
directly influence the generation of excessive
amounts of AFO.

Analysis of the biomass growth of basidio-
mycetes, cultivated by immersion in the pres-
ence of magnesium carbonate at different con-
centrations 14 days after sowing nutrient media,
revealed a noticeable increase in growth at con-
centrations of 1-10° and 1-10° of magnesium
carbonate, amounting to 120.5% and 112.9%,
respectively, compared to control indicators
(see Table 2).

However, higher concentrations, on the con-
trary, showed a decrease in biomass in percent-
age terms compared to the control. It’s known
that increasing the content of metals in nutri-
ent media leads to inhibition of physiological
processes, and the degree of inhibition largely
depends on the metal resistance of the species
[20, 21].

The conducted research showed that different
concentrations of magnesium differently affect
the protein concentration of this type of fungus.
Analysis of the results indicates that antioxidant
enzymes play an important role in accelerating
the growth of Pleurotus ostreatus mycelium
biomass when using magnesium carbonate in
the nutrient solution at concentrations of 1-10°°
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03+ K2

0,3 -

400 600

800 1000
K1

Puc. 2. I'papuxu cuero (I'K1 n 'K2) no axrus-
noctu CO/I, yci. ef1. /Mr Oenka (KOHTPOJIb — 3eJie-
HeIi©; 1-107°— cupeneBpiii©; 11075 — kpacHBINHO);
1-10*— xenteii©; 1-107° — cuuit©)

Fig. 2. Score plots (GS1 and GS2) by SOD activity,
c. u. per mg of protein (control-green©; 1-10°—
lilac©; 1-10°—red©; 1-10* — yellow©; 1-103—

blue©)

and 1-107. Their activity is well modeled by the
multivariate regression method.

The data obtained show that the increase in
enzyme activity under the influence of metal
ions, in particular, in our study of magnesium
carbonate can occur in the following ways:

— metal ions directly constitute the active
center of the enzyme (catalase, peroxidase);
— metal ions participate in the formation of

Taoxa. 2. buomacca munenust Pleurotus ostreatus,
KyIBTUBHPYeMOro B nipucyTcTBrn MgCO,

Table 2. Biomass of mycelium Pleurotus
ostreatus cultivated in the presence of MgCO,

Concentration in the Biomass. % to the
nutrient medium (C), Biomass, mg E li*
mol/l contro
Control* 836,6 100
1-10°¢ 1008,4 120,5
1-10°7 9447 112,9
1-10* 825,1 98,6
1107 785.,9 93,9

*Absence of MgCO, in the nutrient medium.

the enzyme-substrate complex (alcohol dehy-
drogenase);

— metal ions contribute to maintaining the
specific catalytically active conformation of the
enzyme molecule, primarily its active center,
etc. Specificity is explained by the correspon-
dence of the structure of the enzyme’s active
center and the substrate.

Thus, for the first time, we processed absorp-
tion spectrum data for catalase and superoxide
dismutase activity using multivariate regres-
sion, depending on the growth factor of myce-
lial biomass. As the results of this study show,
a different metabolic status of the studied mag-
nesium concentrations is formed at the earliest
stages of ontogenesis, and this is expressed in
different values of enzyme activity indicators
and different directions of metabolic strategies.
Changes in the activity of catalase, as an im-
portant enzyme involved in forming donor-ac-
ceptor relationships, also reflect the different
metabolic growth status of the fungus myceli-
um. The results provide a basis for considering
the multivariate regression method as a promis-
ing approach for the rapid assessment of spec-
trophotometric data.

CONCLUSIONS

1. Based on the conducted research, it can be
concluded that the use of magnesium carbon-
ate in the nutrient medium at concentrations of
1-105 and 1-10°¢ not only influences the enzy-
matic activity of the basidiomycete Pleurotus
ostreatus, but also the growth characteristics,
as well as the protein concentration in mycelial
cells.

2. The use of multivariate regression shows
the interrelationships of the obtained variables.
Score plots clearly indicate the dependence of
mycelium growth on the concentration of the
applied additive.

3. Introducing the cultivation conditions pro-
posed in this work into mushroom cultivation
practice could potentially lead to more success-
ful resistance of basidiomycetes to biotic and
abiotic stress and make a significant contribu-
tion to the development of the fundamental ba-
sics of mycology. Cultivated higher fungi are
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known as a natural biofactory of biologically
active compounds, including antioxidant com-
positions. The research shows the possibility of
increasing the yield of basidiomycete biomass
by changing their cultivation conditions.
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BETEPUHAPHOE OBECIIEYHEHUE TABYHHOI'O KOHEBOIACTBA:
INPOBJIEMbBI U ITYTU PEHIEHUSA

Jdonuenko A.C.,! (x)Heycrpoes M.II.,> Tapadyxkuna H.II1.

'‘Cubupcruii pedepanvivlii HAyuHbLIL yeHmp azpobuomexnonocuil Poccutickou akademuu nayx
HoBocubupckas obmnacts, p.n. KpacHoo0Ock, Poccust

ZHKYMCKULL HAYYHO-UCCe008AMENbCKULL UHCMUMYm celbckoeo xosstcmea um. M.I. Cagpponosa —
noopasoenenue HAxkymckoeo Hayunoeo yeumpa Cubupckozo omoenenus Poccutickou akademuu Hayk
Poccus, Sxyrck

() e-mail: mneyc@mail.ru

[IpeacraBnensl pazpaboTaHHbIE UMMYHOOHOJIOIMYECKUE NMpenaparsl Al MPOQUIAKTUKN HWH(EK-
[IMOHHBIX 00JIe3HEH Jomaaei TabyHHOTO cofepkanus. MHpEKInOHHbBIe O0Ie3HN JIOMIAeH PETHCTPU-
PYIOT OYTH BO Bcex cTpaHax Azuu, EBponsl 1 AMepuku. B Poccun, Kazaxcrane, Kupruzun u Mos-
TOJIMM HaumOoliee pacipOCTPAHEHHBIMH OOJIE3HSIMHU SIBISIFOTCS MBIT, PUHOITHEBMOHHUSI U CAJbMOHEI-
JIe3HBIH a0OpT, KOTOPbIE HAHOCAT 3HAYUTEIbHBIA SKOHOMHUYECKUH yIiepO TaOyHHOMY KOHEBOJICTBY.
B 3apy0OexHBIX cTpaHax pa3padarbhiBalOT M MPOU3BOAAT Pa3IHYHbIe MOHOBAKI[MHBI, OOJBIIMHCTBO U3
HUX npuMeHeHus B Poccun He nMeroT. Hamu ycTaHoBIeHO 0HOBpEMEHHOE 3a001eBaHue KOObUT pH-
HOITHEBMOHHEW ¥ CaJbMOHEIJIE30M, a TAaKKe€ MOJIOHSKA JIOMIaJAed pUHOITHEBMOHNEH, CaIbMOHEIN-
JIe30M U MBITOM. B ¢BsI3M ¢ 3THM akTyaqbHOH NpoOIeMO CTaHOBHUTCS pa3pabOTKa MOHOBAaKLUMH H
KOMOWHUPOBAHHBIX UMMYHOOHOJIOTHYECKUX MpernapaToB. IMMYHOTreHHOCTh HH(MEKITMOHHBIX BAKIHH
ClIelyeT YCUIMBAaTh UIMMYHOMOIYJIITOPAMHU, OCOOEHHO B SKCTPEMAJIbHBIX YCIOBHSX BEICHHS TaOyH-
HOTO KOHEBOJICTBa. B mepuon mpoOieMbl MosiBIEHUST aHTHOMOTHKOPE3UCTEHTHBIX ITaAMMOB MHUKPO-
OPTraHU3MOB CIielyeT pa3padarbiBaTh aJbTEPHATHBHBIE aHTHOAKTEPUAIbHBIE CPEICTBA: MPOONOTHKU
u Oakreprodaru. Beiienensl, HICHTU(DHUIIMPOBAHBI U IETOHUPOBAHBI BO BCEPOCCUICKHIX KOJUIEKITUSIX
BOCEMb HOBBIX IITAMMOB MHKpOOpranu3mMoB. Pazpaboran npoOuotuk CaxabakTHCyOTHII, KOTOPBIN
WCTIONIB3YIOT JUIsl MPOQUIAKTHKH U JICYCHUS TUCOAKTEPHO30B, MUKOTOKCHKO30B, MBITA, JIETITOCIHPO-
3a, o0e33apakuBaHusl HaBo3a. Pa3zpaboTanbl HOBbIE 3()(heKTHBHBIC BAaKIIMHHBIE ITPETAPaThl U 3aKBAcKa
«SIKyTCKas KyMmbICHas», KOTOPbIE MOXKHO YCIIEITHO HCIIOJIb30BaTh IS TOBBIMICHUS MPOTyKTHBHO-
CTH KOHEBOJICTBA B Jpyrux cyowbekrax Poccuiickoii @enepanmu u 3a pyoexom. [loaroroBnena nayu-
HO-TEXHWYECKas IOKyMEHTAIMsI Ha WHAKTHBUPOBAHHYIO BAKIMHY NMPOTHUB PUHOITHEBMOHHH, KOMOH-
HUPOBaHHBIE IBYX- M TPEXBaJICHTHbIC BAaKIMHbI. PazpaboTaHnHbie IMMYHOOMOJIOTHYECKHE IPENapaThl
3amuieHs! 48 mareHTaMu Ha U300peTeHre M MOTYT OBITh UCTIONB30BAaHBI B IPYTUX CTPaHAX.

KitroueBble cjioBa: jomany, BakuHa, IPOOUOTHK, KyMbIC, OakTepruodaru

VETERINARY SUPPORT OF THE HERD HORSE BREEDING: PROBLEMS
AND SOLUTIONS

Donchenko A.S.!, =<)Neustroev M.P.2, Tarabukina N.P.2

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
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‘M.G. Safronov Yakut Scientific Research Institute of Agriculture — Division of the Yakut Scientific
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Developed immunobiological preparations for the prevention of infectious diseases in herd horses
are presented. Infectious diseases of horses are registered in almost all countries in Asia, Europe and
America. In Russia, Kazakhstan, Kyrgyzstan, and Mongolia, the most common diseases are strangles
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Veterinary support of the herd horse breeding: problems and solutions

Donchenko A.S, Neustroev M.P., Tarabukina N.P.

of horses, rhinopneumonia, and salmonella abortion, which cause significant economic damage to
herd horse breeding. Various monovaccines are developed and produced in foreign countries, most
of them have no use in Russia. We have found a simultaneous disease of mares with rhinopneumonia
and salmonellosis, as well as young horses with rhinopneumonia, salmonellosis and strangles. In this
regard, the development of monovaccines and combined immunobiological preparations is becoming
an urgent problem. Immunogenicity of infectious vaccines should be enhanced by immunomodula-
tors, especially in the extreme conditions of herd horse breeding. At a time when antibiotic-resistant
strains of microorganisms are a problem, alternative antibacterial agents should be developed: probi-
otics and bacteriophages. Eight new microbial strains have been isolated, identified, and deposited in
all-Russian collections. Sahabaktisubtil probiotic has been developed, which is used to prevent and
treat dysbacteriosis, mycotoxicosis, strangles, leptospirosis, decontamination of manure. New effec-
tive vaccine preparations and “Yakutskaya Koumissnaya” starter culture have been developed that
can be successfully used to increase the productivity of horse breeding in other regions of the Russian
Federation and abroad. Scientific and technical documentation was prepared for inactivated vaccine
against rhinopneumonia, combined bivalent and trivalent vaccines. The developed immunobiological

preparations are protected by 48 patents for invention and can be used in other countries.
Keywords: horses, vaccine, probiotic, koumiss, bacteriophages
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In Asian and African countries, Europe, the
USA [1, 2], the Russian Federation, the Repub-
lic of Kazakhstan, Kyrgyzstan and Mongolia
[3, 4], the prevention of some mass infectious
diseases, including rhinopneumonia (equine
viral abortion), salmonella abortion and horse
strangles, remains an unsolved problem of herd
horse breeding. As a result of these diseases, the
yield of foals per 100 breeding mares decreases
to 45% [4]. However, in Russia and global prac-
tice, there are few effective immunobiological
preparations for the prevention and treatment of
infectious diseases.

For the prevention of equine rhinopneumoni-
tis, a live virus vaccine and an inactivated one
with an immunomodulator have been developed
[4]. In various countries, live and inactivated
monovaccines against strangles are developed
and applied [5-7].

As our research and other authors’ results
show, mares often simultaneously suffer from
rhinopneumonitis and salmonella abortion. It
is known that about 20-30% of mares are carri-

ers of the strangles-causing streptococcus. They
serve as sources of infection and facilitate the
spread of strangles among foals [8, 9]. Among
young horses, there are instances of simultane-
ous illness from rhinopneumonitis, salmonel-
losis, and strangles. With such complications,
mortality can reach up to 22% [3].

The purpose of the study is to introduce the
developed immunobiological preparations for
the prevention of infectious diseases in horses of
herd breeding.

The genus and species identification of mi-
croorganisms were conducted according to the
“Reference for Microbiological and Virological
Studies” (1982), the “Identifier of Zoopathogen-
ic Microorganisms” (1995), and the “Bergey’s
Manual of Determinative Bacteriology” (1997).
The survivability of infectious disease patho-
gens was studied according to commonly ac-
cepted veterinary sanitation methods.

Preclinical and clinical trials, and the devel-
opment of dossiers were conducted according
to the Federal Law of 12.04.2010 (Ne 61-FL),
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Betepunaproe obecredenne TaOyHHOTO KOHEBOICTBA: IPOOIEMBI
IIYTH PELICHUSI

Jonuenxo A.C., HeyctpoeB M.IL., TapaOykuna H.II.

orders of the Ministry of Agriculture of the Rus-
sian Federation from 06.03.2018 (Ne 101), from
22.08.2017 (Ne 430). The strains are deposited
in the Russian State Center for Animal Feed and
Drug Standardization and Quality (VGNKI).

To study the antagonistic properties of bac-
teria, passported strains were tested: Staphy-
lococcus aureus (strain 209 R) obtained in the
VGNKI, Staphylococcus equi H-34, Salmonella
abortus equi BN-12 - YSRIA, Escherichia coli
(strain 1257) - ARRIVSHE; Salmonella pullo-
rum (strain 10b), Brucella abortus (in-82) - AR-
RIEVM, as well as local strains: St. aureus K-1,
Sal. typhymurium, Sal. dublin, Pseudomones,
Micobacterium, Rajendra soloni, Streptomyces,
Fusarium.

We have isolated, identified, and deposited
the following strains in the All-Russian State
Collection of Strains of Microorganisms used
in Veterinary Medicine and Animal Husbandry
(VGNKI): Sal. abortus. equi BN-12, Str. equi
H 5/1, Bacillus subtilis TNP-3, Bacillus subtilis
TNP-5.

Deposits have been made in the State Col-
lection of Microorganisms of Normal Micro-
flora (GKNM) “ MRIEM “ named after G.N.
Gabrichevsky of the Russian Consumer Protec-
tion Agency: Lactobacillus acidophilus K 1901,
L. acidophilus K 1902, L. delbrueckii subsp.
Bulgaricus K 1903. The strain Clavispora lu-
sitaniae 1D (U-4861) is deposited in the Biore-
source Center of the All-Russian Collection of
Industrial Microorganisms (BRC ARCIM), SRC
“Kurchatov Institute” (GosNIIGenetika). Mo-
lecular-genetic identification of microorganisms
was carried out by SKC “Genomics” and VGN-
KI[3].

The studies conducted showed that the sur-
vival rates of some microorganisms on external
environment objects in permafrost conditions are
2-3 times longer than the life preservation peri-
ods of similar microorganisms in the southern
and European territories of Russia and abroad.
During the study of microbial contamination and
survival rates of microorganisms, a significant
content of aerobic spore-forming bacteria (more
than 2 x 106 CFU/g) was found in the perma-
frost soils of Central Yakutia. The isolation of
viable Bacillus bacteria from the representatives

of mammoth fauna preserved in permafrost soils
(aged 30-40 thousand years) proves the role of
permafrost in preserving Pleistocene-era bac-
teria. Permafrost contributes to the prolonged
preservation of foci and transmission factors of
infectious disease agents. The isolation of patho-
gens from glacier surfaces and from wild ani-
mals indicates the danger of food contamination
during storage and consumption. The circulation
of viral disease agents among northern reindeer
and horses suggests the role of migratory birds in
spreading infectious diseases. The study of epi-
zootology of anthrax remains relevant. Knowl-
edge of microorganism survival rates in extreme
conditions of the Far North and the study of the
microbiota of wild animals and migratory birds
is essential for optimizing anti-epizootic and
epidemiological measures to ensure biological
safety. The problem is of global significance.

The strain of bacteria B. subtilis TNP-3 has
more pronounced antagonistic activity against
pathogenic microorganisms for humans and an-
imals, B. subtilis TNP-5 — against plant disease
agents (rhizoctonia, fusarium, and potato scab).
Bacterial strains do not have pathogenic proper-
ties for laboratory and agricultural animals.

As a result of the studies conducted, the pro-
biotic Sahabactisubtil has been developed and
introduced for the prevention of dysbiosis, in-
creasing the immunobiological reactivity of ag-
ricultural animals. Instructions for use have been
approved (from 06.06.2012). The drug has been
registered (71-111.12-0850 Ne SLA-1.6/01632).

It has been found that in the conditions of
Yakutia, composting of poultry litter, manure
with various substrates, sawdust, sapropel, peat,
straw, zeolite does not always produce a posi-
tive sterilization result. The most reliable steril-
ization method is adding an antagonist microbe
B. subtilis TNP-3 in the form of a 1 billion sus-
pension or B. subtilis adsorbed on zeolite (0.5%
of the compost mass) with an exposure of 80
days during the summer period.

Studies of the gut microbiota of young horses
showed a decrease in the content of lactobacil-
li, bifidobacteria, lactopositive Escherichia, and
fungi in the winter period (December — March).
During this period, an increase in the number
of opportunistic microflora — lactose-negative
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Escherichia and staphylococci was noted. The
results obtained indicate the development of
dysbiosis in young horses. As is known, when
the ratio of opportunistic and normal microbiota
is disturbed, the digestibility of feeds and the im-
munobiological reactivity of the body decrease.

It should be noted that the intestines of young
horses are colonized by spore-forming aerobic
bacteria from the first days of life. The dom-
inance of these microorganisms in the gut mi-
crobiota of horses persisted throughout the study
period. The obtained data confirm the results of
previous studies showing that during the forma-
tion of the normal flora of foals, calves, piglets,
birds, and cell animals, spore-forming aerobic
bacteria perform an active protective function
against pathogenic and opportunistic microor-
ganisms and are representatives of the normal
microbiota of the animal’s body in the condi-
tions of the Far North.

The development of intestinal dysbiosis, re-
duced immunobiological reactivity of the body,
and the spread of helminthiasis, rhinopneumo-
nia, strangles, and salmonellosis are facilitated
by weaning foals from their mothers, inadequate
and insufficient feeding, prolonged low tempera-
tures (—43 ... 45 °C), and absence of planned
preventive measures.

We have found that the use of the probiotic
Sahabactisubtil with zeolite when feeding young
horses in winter corrects the disturbed gut mi-
crobiota, stimulates immunobiological reactivi-
ty, and increases average daily gains. The pos-
itive effect of the probiotic on the body of the
young is explained by the ability of bacterial
strains B. subtilis TNP-3 and B. subtilis TNP-5
to stimulate the development of normal micro-
flora, suppress the development of toxin-produc-
ing mold fungi, produce enzymes. Proteolytic,
gelatinase, amylolytic, cellulolytic, B-glucanase,
fructosyltransferase, and xylanase activity of
bacterial strains contributes to increased digest-
ibility and assimilation of nutrients.

Dehelminthization of young animals of 8-9
months of age after weaning from their mothers,
practiced in almost all horse breeding farms of
the Republic of Sakha (Yakutia), exacerbates the
phenomenon of dysbiosis, leading to decreased
growth and development rates. The drug Saha-

bactisubtil should be prescribed for the treat-
ment and prevention of parasitic diseases of
horses with any anthelmintic drugs.

Feed supplement based on local raw materi-
als with the drug Sahabactisubtil, when fed to
in-foal mares, increases the digestibility of dry
matter by 5.14%, organic matter by 2.29%, raw
protein by 26.05%, raw fiber by 3.95%, and raw
fat by 4.74%. The metabolic energy level of the
mares in the control group was lower by 6.30 MJ
or 6.54%. The probiotic also has a positive effect
on the business output of foals compared to the
control group of animals (increased by 10%).

According to the instructions, when leptospi-
rosis is detected, infected animals are isolated
and treated with antibiotics, and then vaccinated.
However, it is known that the use of antibiotics
causes intestinal dysbiosis, decreases immuno-
biological reactivity and vaccine immunogenici-
ty, and promotes the emergence of antibiotic-re-
sistant strains of leptospira. We have found that
the drug Sahabactisubtil in laboratory conditions
causes lysis of leptospires serogroups Pomona,
Tarassovi, Grippotyphosa, Hebdomadis, Sejroe,
Icterohaemorrhagiae, Canicola. Laboratory
studies have shown the resistance of bacterial
strains B. subtilis TNP-3 and B. subtilis TNP-5
to the effects of a wide range of antibiotics (kana-
mycin, rifampicin, levomycetin, furadoxin, am-
picillin, neomycin, eryprim, and kinoex), low re-
sistance to cefuroxime, cefatoxin, ciroperazine,
gentamycin, sensitivity to ciprofloxacin. The
probiotic Sahabactisubtil is recommended to be
used in combination with antibiotics to suppress
the causative agent of leptospirosis, increase im-
munobiological reactivity, eliminate dysbiosis,
and disinfect the external environment.

One of the promising measures to combat
mycotoxicosis is considered to be the biological
method using aerobic spore-forming bacteria of
the genus Bacillus. We have found that bacterial
strains B. subtilis TNP-3 and B. subtilis TNP-5
have a pronounced fungicidal effect against mi-
croscopic fungi Aspergillus niger, Mucor ramo-
sissimus, Candida albicans, Fusarium semitec-
tum. The probiotic Sahabactisubtil, adsorbed on
oats, can be used as a remedy to combat mold
fungi in feeds. Treating oats with the Sahabacti-
subtil probiotic reduces the number of mold fun-
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gi by 40 times, normalizes intestinal microbio-
cenosis, stimulates immunobiological activity,
and increases the live weight of the young.

In the system of measures for the treatment
and prevention of strangles in horses, conduct-
ing therapeutic measures is of great importance.
In laboratory conditions, a pronounced antag-
onistic activity of the B. subtilis TNP-3 strain
against the causative agent of horse strangles
was established. The possibility of using a sus-
pension of the B. subtilis TNP-3 bacterial strain
for the treatment of horse strangles has been
proven, with its relatively high therapeutic effec-
tiveness, especially in mixed viral-bacterial dis-
eases (strangles and rhinopneumonia). Adding
strains of bacteria B. subtilis TNP-3 to the com-
position of inactivated vaccines against stran-
gles and salmonella abortion in horses enhances
their immunogenicity. The immunomodulatory
ability is due to the immune-stimulating and
interferon-inducing activity of bacterial strains
B. subtilis TNP-3 and B. subtilis TNP-5.

For the specific prevention of salmonel-
la abortion in horses, an inactivated vaccine
has been developed from the Sal. abortus equi
BN-12 strain with the fugate of the B. subtilis
TNP-3 strain as an immunomodulator. Preclin-
ical trials were conducted on laboratory white
mice, clinical trials on horses. The absence of
toxicity of the drug was established. The immu-
nogenicity in white mice was 90%, in mares -
100%. Production tests of the vaccine showed
that after immunization, the business yield of
foals increased by 13.8%. The economic effec-
tiveness of using the vaccine with the fugate of
the B. subtilis TNP-3 strain for every 1 ruble of
costs amounted to 14.1 rubles. Instructions for
the use of the vaccine were approved and a reg-
istration certificate was obtained (71-1-10.19-
4495 No. SLA -1-1.6/01631 dated 10.06.2019).

We have developed a new inactivated vaccine
against horse strangles with an immunomodula-
tor made from the bacterial strain Str. equi H-5/1
with the fugate of the bacterial strain B. subtilis
TNP-3 added as an immunomodulator. Preclin-
ical trials on laboratory animals (white mice,
rabbits) showed that the vaccine protects against
experimental infection with a pathogenic strain

of the strangles streptococcus in up to 90% of
white mice and does not have a toxic effect on
the organism of laboratory animals.

Clinical trials were conducted on 6-8-month-
old foals. The effectiveness of immunization is
97.6%. The economic effect per head amounted
to 3.99 thousand rubles, and the profit for every
1 ruble of costs was 6.65 rubles. The vaccine is
registered in the registry of medicinal products
for veterinary use (Rosselkhoznadzor RF) under
the registration number 71-1-27.21-4828 No.
SLA -1-27.21/03691 dated 08.12.2021.

The combined vaccine against rhinopneumo-
nia and strangles in young horses is made from
inactivated strains of the rhinopneumonia virus
CV/69, the bacteria St7. equi H-5/1, and an immu-
nomodulator from the strain of bacteria B. sub-
tilis TNP-3. Preclinical testing showed no acute
toxicity, allergenic, or pyrogenic properties. The
combined vaccine protects against experimental
infection by the rhinopneumonia virus in 75%
of vaccinated animals, and against the strangles
agent in 80%. Production trials confirmed the re-
sults of preclinical research.

Preclinical and clinical trials of the inactivat-
ed vaccine against rhinopneumonia have been
completed. The protective effect from experi-
mental VGL-1 infection regarding morbidity in
linear mice with one and two administrations of
the vaccine was 60%, and regarding mortality
was 100%. The inactivated vaccine against rhi-
nopneumonia, with the culture fluid of the bacte-
rial strain B. subtilis TNP-3, is as effective as the
live virus vaccine with a single administration.
Immunizing breeding mares in areas affected by
rhinopneumonia increases the business yield of
foals by 10.9-33.3%.

The combined vaccine is made from the
CV/69 strain of the rhinopneumonia virus and
the bacterial strain Sal. abortus equi BN-12, with
the addition of an immunomodulator — a culture
fluid (fugate) from the bacterial strain B. subti-
lis TNP-3. The vaccine protects against experi-
mental infection by the rhinopneumonia virus in
87.5% of vaccinated horses and from salmonella
abortion infection in 100%. Immunization with
the vaccine in affected areas increases the busi-
ness yield of young horses up to 24.1%.
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We have developed a trivalent vaccine, made
from the CV/69 strain of the rhinopneumonia vi-
rus (ARRIEVM)), strains of bacteria Sal. abortus
equi BN-12 causing salmonella abortion, and
Str. equi H-34. The drug protects against experi-
mental infection with the rhinopneumonia virus
in 88.8% of laboratory mice, and against salmo-
nella abortion and strangles in 100%.

The trivalent vaccine stimulates immunobio-
logical reactivity, induces the synthesis of spe-
cific antibodies in high titers, and increases the
business yield of foals from 18 to 38%. Clinical
trials of the combined trivalent vaccine in young
horses (657 heads) demonstrated high effective-
ness: it protects 94-100% of the animals vacci-
nated from the disease.

The developed vaccines in terms of immuno-
genicity, harmlessness, and eco-friendliness not
only match but also surpass known global vac-
cines [2, 10]. It should be noted that antibiotics
in the composition of the vaccine disrupt the de-
velopment of humoral immunity [11].

High efficacy of the inactivated vaccines can
be explained by the antigenic activity of the vac-
cine strains and the immunomodulatory compo-
nent — the culture fluid (fugate) of the bacterial
strain B. subtilis TNP-3. According to our pre-
vious research results, it can induce interferon
synthesis and stimulate the immunobiological
reactivity of the organism, enhancing the im-
munogenicity of inactivated bacterial and viral
vaccines [3, 4].

Kumys — a traditional fermented milk prod-
uct of the Turkic peoples — has been known
since ancient times. However, in the production
of kumys, as in any fermented milk products, a
starter culture is necessary. For the first time in
Yakutia, we developed a starter culture called
“Yakut Kumys” using epy strains of bacteria
Lactobacillus acidophilus K 1901, L. acidoph-
ilus K 1902, L. delbrueckii subsp. bulgaricus K
1903, and the yeast culture Clavispora lusitani-
ae 1 D, intended for mass production.

The search for new strains of microorgan-
isms - producers of biologically active substanc-
es used in the development of immunobiological
preparations continues. As an alternative to anti-
biotics, new probiotic preparations and bacterio-
phages are being developed.

To commercialize the developments, a li-
censed enterprise “Khoto-Bakt” Scientific Pro-
duction Center was established and operates.
Vaccines are marketed in the regions of Russia
and Kazakhstan. The plan includes entering the
Mongolian market.

CONCLUSIONS

1. Eight new strains of microorganisms
have been isolated, identified, and deposited
in the all-Russian collections. The long surviv-
ability of microorganisms, conditioned by the
permafrost of the region, complicates the epi-
demiological and epizootic situation, but it is of
interest to microbiologists.

2. A probiotic called “Sahabaktisubtil” has
been developed, which is used for the prevention
and treatment of dysbacteriosis, mycotoxicosis,
strangles, leptospirosis, and for disinfecting ma-
nure.

3. New effective vaccine preparations and
the “Yakut Kumys” starter culture have been
developed, which can successfully be used to
increase horse breeding productivity in other re-
gions of the Russian Federation and abroad. The
scientific novelty of the developments is con-
firmed by 48 invention patents.
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[Ipencrarien 0030p OCHOBHBIX MUPOBBIX JIOCTUKECHUN PEIAaKTUPOBAHUSI TEHOMA CBUHEH C UCTIONb-
3oBanueM cucteMbl CRISPR/Cas9, B uactHoct moaudukanuu resos (MSTN, IGF2, ZBED6, UCP1,
LGALS12, APOE, vWF), nns moBsIeHus! MPOAYKTUBHBIX XapaKTEPUCTHUK M XO3AWCTBEHHO TIOJIE3-
HBIX CBOWCTB, a TaK)Ke T€HOB YCTOHYMBOCTH XHBOTHBIX K 3a0omeBanusiM (APN, CD163, SRCRS,
RSAD2). bonbuioli nHTEpEC MPEACTABISIET N3YyUCHUE OIBITA MPUMEHEHHUS] 3TOT0 MHHOBALIMOHHOTO
MHCTPYMEHTA ISl TIOMYUYEHUs CBUHEH C 3aJaHHBIMHU IpU3HaKaMd. Pa3BuTHE MOJEKYISIpHO-TCHETH-
YECKUX UCCIICIOBAHUHN, OTKPBITHE B3aUMOCBs3el T'eH — (DeHOTUIT 00ecIerio mathopmy, HEOOX0 -
MYFO JJ1s1 MOIU(UKAIIUK KOHKPETHBIX T€HOB, YTOOBI 3HAYUTEIIHBHO COKPATUTH PEITPOTYKTUBHBIC IIUKJIIbI
U MOBBICUTH d(D(PEKTUBHOCTEL pa3BeneHus cBUHEH. [osSBUBIIASCS OTHOCHTEIHHO HENABHO CHCTEMA
CRISPR/Cas9 yxe Hamnuia mpuMeHEHHE BO MHOTHX IIEPEIOBBIX 007aCTAX WCCIEOBaHUH, OHAKO B
3a/1auax pa3BUTHs CBHHOBOJCTBA, B TOM YHCJIE 32 CUET IMONYYCHHUS TPAHCTEHHBIX ITOPOJ CBUHEH, TPH-
MEHEHHUE 3TON TEXHOJOTUU OTPAHUYEHO. DTO CBS3aHO C TEM, UTO CYIIECTBYIOT 3THUECKUE BOMPOCHI
U 1Ipo0OJIeMbl HOPMATUBHO-TIPABOBOTO YPETYJIUPOBaHMUsI, CBSI3aHHBIE C T€HHO-OTPEAAKTUPOBAHHBIMU
NPOIYKTAMH U NMOTEHIIHATBHBIMU HelelieBbIMU dpdexramun CRISPR/Cas9, kotopsie He00X0MuMO Hc-
CJenoBaTh. TeXHOIOTHS TEHOMHOTO PEIaKTUPOBAHUS aKTHBHO pa3BuBaeTcs B Mupe. B Poccuu peanu-
3yeTcsl IporpaMma pa3BUTHSI TEHETUYECKUX TEXHONOTrUH, paccuntanHas Ha 2019-2027 rr. OcHOBHast
[eJIb TIPOTPAMMBI COCTOUT B KOMITJICKCHOM PEIISHUH 3a7[ad YCKOPEHHOTO Pa3BUTHUSI T€HETUYECKUX
TEXHOJOTUH, B TOM YHCIIC TEXHOIOTUN TeHETUYECKOTO pefakTupoBanus. [lonydyenue pe3ynbraToB mo-
CPEICTBOM T€HOMHOTO PEIAKTUPOBAHUS JTUHUI CEIhCKOX03IMCTBEHHBIX KUBOTHBIX C HOBBIMH YITy4Y-
IICHHBIMH CBOMCTBaMHU — OJIMH U3 IIEJIEBBIX UHAMKATOPOB nporpaMmsbl. C ucnons3oBanuem CRISPR/
Cas9 MOTyT OBITH YIIy4YIIIEHBI TaKWE MPOAYKTHBHBIC XapaKTEPUCTUKH CBUHEH, KaK YCTOWIUBOCTH K
00Ie3HIM, TEPMOPETYIISAIINS, TIOBBIIIIEHIE BHIXOJa U KaueCcTBa Msica.

KuaroueBsie cioBa: CRISPR/Cas9, penaktupoBanue reHoma, TeH, MyTallisi, CBUHbU

GLOBAL ADVANCES IN GENOMIC EDITING IN PIG BREEDING

<)Kolosova M.A.!, Romanets E.A.!, Kolosov A. Yu.!, Getmantseva L.V.2

'Don State Agrarian University

Rostov region, Russia

’Centre for Strategic Planning and Management of Biomedical Health Risks of the Federal Medical
Biological Agency

Moscow, Russia

(<)e-mail: m.leonovaa@mail.ru

An overview of the main world advances in editing the pig genome using the CRISPR/Cas9 system,
in particular the modification of the genes (MSTN, IGF2, ZBED6, UCP1, LGALS12, APOE, vWF) to
improve productivity and economic properties as well as the disease resistance genes (APN, CD163,
SRCRS, RSAD?2) in pigs is presented. It is of great interest to study the experience of using this inno-
vative tool to produce pigs with specified traits. The development of molecular genetic research and
the discovery of gene-phenotype relationships has provided the platform needed to modify specific
genes to significantly shorten the reproductive cycles and improve the efficiency of pig breeding. The
relatively recent CRISP/Cas9 system has already found use in many advanced fields of research, but
its application is limited in the challenges of pig breeding, including the production of transgenic
pigs. It is due to the fact that there are ethical and regulatory issues associated with genetically-edited
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products and the potential non-target effects of CRISPR/Cas9 that need to be investigated. Genomic
editing technology is actively developing worldwide. Russia is implementing the 2019-2027 genetic
technology development program. The main goal of the program is to comprehensively address the
problems of accelerated development of genetic technologies, including genetic editing technologies.
Obtaining results through genomic editing of farm animal lines with new, improved properties is one
of the program’s target indicators. CRISPR/Cas9 can be used to improve pig performance characteris-
tics such as resistance to disease, thermoregulation, improved meat yield and quality.
Keywords: CRISPR/Cas9, genome editing, gene, mutation, pigs
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Using selective breeding, people have de-
veloped breeds of pigs with beneficial char-
acteristics for agriculture, although traditional
selection is a lengthy process. However, this
process can now be accelerated through ge-
netic modification, including random trans-
genesis, gene knockouts, and knock-ins [1, 2].
Enhancing productivity traits and the quality
of the products contributes to the efficient de-
velopment of pig farming. Yet, alongside this,
there are significant challenges related to pigs’
susceptibility to diseases. Commercial pig
farming has suffered massive economic losses
due to various diseases such as African swine
fever, classical swine fever, porcine reproduc-
tive and respiratory syndrome, among others.
Modern molecular-genetic technologies allow
us to identify specific causes that significant-
ly contribute to the health and productivity
traits of farm animals. One of the approaches
for further use of this data is local DNA-level
changes - genome editing. The ability to gener-
ate specific changes in the genome enables re-
searchers to pose fundamental questions about
gene functions, transfer allele variants between
breeds or species, or create new phenotypes.
Current achievements in this area show prom-
ising results related to enhancing productivi-
ty traits [3]. Moreover, it is believed that ge-
nome editing is one of the effective solutions
to counter infectious diseases and reduce the

heavy reliance on pharmaceutical drugs for
treating pigs [4, 5].

The purpose of this article is to review the
main global achievements in pig genome editing
using the CRISPR/Cas9 system.

CRISPR/Cas9 is a component of the adap-
tive immunity of bacteria against phages and
other invasive nucleic acids. The RNA-guided
CRISPR/Cas system consists of a CRISPR re-
peat-spacer array and the Cas nuclease, which
cleaves foreign viral DNA. The Cas9 nuclease,
together with a single guide RNA (sgRNA),
induces targeted and efficient double-strand
breaks (DSBs) in the DNA. CRISPR/Cas9 is a
relatively inexpensive system and offers means
for broad application in various fields due to its
simplicity and efficiency [6]. Mammalian cells
were first subjected to gene editing using CRIS-
PR/Cas9 in 2013, and by 2014 the technology
was applied to pigs. Since then, CRISPR/Cas9
has found applications in livestock research, in-
cluding in pigs [7].

Modification of specific genes to enhance
the productive characteristics and economical-
ly beneficial properties of pigs. The demand for
high-quality, low-fat pork is growing worldwide.
The CRISPR/Cas9 system serves as a valuable
tool for improving the quality of pork through
gene manipulations aimed at increasing muscle
mass and reducing fat tissue in commercial pigs.
One of the achievements in molecular breeding
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is pigs with a knockout of the myostatin (MSTN)
gene. The MSTN gene inhibits the development
of skeletal muscles, making it a suitable target
to increase the muscle mass of livestock. Nu-
merous studies have documented an increase
in muscle mass with a reduction in fat tissue in
pigs with the MSTN gene knockout, resulting in
high-quality lean pork. However, a problem en-
countered with European commercial breed pigs
with the MSTN knockout was the low survival
rate of piglets after birth. In contrast, Chinese
pig breeds carrying homozygous MSTN gene
mutations exhibited good survivability. The sec-
ond obstacle to creating transgenic pigs with a
deficiency of the MSTN gene was the biological
risks associated with selectable marker genes,
such as the green fluorescent protein (EGFP)
gene. Chinese scientists hypothesized that mod-
ifying the non-coding regions of the MSTN
gene could be beneficial in promoting muscle
development without significantly affecting the
expression of MSTN and its related biological
functions [8].

The insulin-like growth factor 2 (IGF2) gene
has been successfully used as a regulator of
muscle development in Chinese pig breeds [9,
10]. This gene activates a cascade of signaling
pathways that regulate cellular proliferation,
differentiation, and apoptosis during both intra-
uterine and postnatal growth. The transcription
and expression of the IGF2 gene are suppressed
by the ZBEDG6 protein, which contains a BED
domain with zinc fingers. ZBED®6 is a transcrip-
tion factor in mammals that can combine with
the IGF2 gene, increasing its expression level,
thereby reducing subcutaneous fat deposition
[11]. It’s shown that this transcription factor is
closely associated with muscle growth and de-
velopment and can inhibit the formation of mus-
cle tubes during cell differentiation. Xiang G.
et al. [9] were the first to demonstrate the im-
provement of the economic traits of livestock
by genetically modifying non-coding regions in
the genome. Mutations in the intron of the IGF2
gene significantly improved the meat productiv-
ity of the Bama pig breed [10].

Pigs are susceptible to various diseases in cold
weather. Throughout evolution, these animals
have almost lost the key element of non-shiv-

ering thermogenesis - the thermogenin protein
(UCP1). Rodent studies have shown that mice
have the UCP1 protein, and they use brown fat
to maintain internal body temperature through
non-shivering thermogenesis [12]. A group of
Chinese scientists led by Q. Zheng demonstrated
the possibility of creating a UCP1 gene knock-
out in pigs via CRISPR/Cas9-mediated insertion
of mouse UCP1 into the pig’s endogenous locus
[13]. Mating of the male obtained in this way
with wild-type females confirmed the Mende-
lian segregation rule of transgenes among the F,
offspring and also showed no impact of CRIS-
PR/Cas9 elements on fertility. The resulting pigs
exhibited improved thermoregulation and a re-
duction in the deposition of white adipose tis-
sue, a priority in some countries’ pig breeding
programs. It’s also reported that a total of 2,553
cloned embryos were transferred to the oviducts
of 13 surrogate recipients. Three pregnancies
were established, which reached term. Twelve
male piglets were born naturally from three lit-
ters [14].

Adipose tissue performs various physiolog-
ical functions, including storing excess energy
as fat, protecting internal organs from physical
impact, retaining heat, and secreting adipokines.
Due to their well-developed adipose tissue, pigs
are considered an ideal model for studying ad-
ipogenesis. A group of scientists has presented
new data on fat deposition and a fat tissue-spe-
cific promoter element in genetically modified
pigs. The galectin 12 gene (LGALS12) showed
the highest specificity in pig adipose tissue.
However, literature on the pig LGALS12 gene is
scarce. According to bioinformatic analysis, five
truncated fragments of the LGALS12 promoter
were cloned. A 4 bp fragment (L-4 bp) exhibit-
ed promoter activity specific to adipose tissue.
In these studies, it was shown that L-4 bp could
control the expression of the apolipoprotein E
(APOE) gene to perform its function in adipo-
cytes. This data confirms the idea that LGALS12
is a candidate gene for genetic improvement of
obesity-related traits in pigs [15].

Chinese scientists have used the CRISPR/
Cas9 technology to create pigs with a knockout
of the von Willebrand factor (vVWF) gene. In hu-
mans, mutations in this gene cause Willebrand’s

300TEXHUS U BETEPUHAPHS

CHOMPCKHIA BECTHHK CENBCKOXO3AHCTBEHHOM Haykn * 2023 536 53



Global advances in genomic editing in pig breeding

Kolosova M.A., Romanets E.A., Kolosov A.Yu., Getmantseva L.V.

disease, which is characterized by spontaneous
bleeding. To endow pigs with an economically
beneficial trait, which entails active bleeding of
the animal after slaughter, the authors introduced
genetic constructs using cytoplasmic injection of
CAS9 mRNA and shRNA (small hairpin RNA)
into zygotes. This was followed by transplanta-
tion to surrogate sows, leading to the desired de-
letion in the vVWF gene area in 62% of the piglets
born. From a perspective of creating a large ani-
mal model for studying human genetic diseases,
this research is useful and promising. However,
from a food safety perspective, a problem arises:
out of 76 embryos injected into five surrogate
sows, only three pregnancies were successful.
Only 16 piglets were born (2 of which died after
birth), and only 10 had the economically valu-
able gene deletion [15]. It seems that these an-
imals would have required special care, which
would increase the cost of their maintenance,
casting doubt on the profitability of the obtained
beneficial trait.

Modification of specific genes to enhance
pig resistance to infectious diseases. Suscepti-
bility to infectious diseases in animals is one of
the most serious problems in livestock farming.
Many viral infections are associated with sec-
ondary bacterial infections, significantly con-
tributing to the use of antimicrobial drugs in
agriculture. The use of CRISPR/Cas9 is crucial
for producing pigs resistant to coronaviruses.
Coronaviruses are single-stranded RNA viruses
found worldwide. They include viruses such as
transmissible gastroenteritis (TGEV), porcine
epidemic diarrhea virus (PEDV), and porcine
deltacoronavirus (PDCoV) [16]. These corona-
viruses cause significant losses in pig farming,
as they result in high mortality rates in piglets
due to malabsorptive diarrhea and dehydration.
Research using CRISPR/Cas9 has confirmed
that the aminopeptidase protein N (APN), pres-
ent on the surface of intestinal villi, is the prima-
ry receptor for establishing a transmissible gas-
troenteritis infection in pigs. Newborn piglets
with an APN deficiency are resistant to TGEV
infection. However, an APN deficiency does not
provide protection against PEDV infection [17].
Thus, there’s an urgent need to identify the rec-
ognizing receptor for PEDV.

One of the essential receptors for infecting
with the porcine reproductive and respiratory
syndrome virus (PRRSV) is the cluster of dif-
ferentiation antigen 163 (CD163). The CD163
protein performs several critical biological func-
tions, including the recycling of hemoglobin/
haptoglobin. CD163 has nine extracellular do-
mains on the surface of monocytes and macro-
phages, and the virus specifically interacts with
the fifth domain. By deleting exon 7, which
encodes the entire fifth domain, it was possible
to obtain expressing a modified protein CD163
that retains these functions. Pigs with knock-
out of the CD163 gene proved to be resistant
to the PRRS virus [18]. However, the PRRSV
virus has two forms: PRRSV-1 (European) and
PRRSV-2 (Asian). PRRSV-1 and PRRSV-2
CD163 use different CD163 sites, so further re-
search is needed.

Researchers aim at producing pigs with
multiple resistances to viral pathogens. Oh J.
et al. [19] developed a multi-resistance strate-
gy for pseudorabies and PRRS using CRISPR/
Cas9-mediated deletion of the CD163 gene and
the integration of a small hairpin shRNA in pig
fibroblasts. The integrated shRNA targets genes
of the pseudorabies virus and PRRSV. Howev-
er, pigs with dual resistance to the pseudorabies
virus and PRRSV still need testing, as further in
vivo studies are required.

Guo C. et al. [20] performed a specific dele-
tion of a fragment from 41 amino acids contain-
ing a lipopolysaccharide-binding protein (LBP)
in the cysteine-rich area phagocytic receptor 5
(SRCRS5) CD163 in two breeds of pigs (small
spotted Liang-Guang and Large White pigs).
Then, the Large White pigs with modified genes
in the F| generation were used for virus infec-
tion. These pigs with an edited genome were
resistant to the porcine reproductive respiratory
syndrome virus 2 (PRRSV 2).

Classical swine fever (CSF) is a viral disease
in pigs characterized by fever, damage to blood
vessels and hematopoietic organs, and diphthe-
ritic inflammation of the mucous membranes of
the colon. It causes tremendous economic dam-
age to farms, with a mortality rate of 80-100%.
The CSF virus induces immunosuppression,
predisposing domestic and wild boars to sec-
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ondary opportunistic infections of the gastro-
intestinal and respiratory systems. The use of
CRISPR/Cas9 combined with RNA interference
resulted in transgenic pigs resistant to the CSF
virus. Through a CRISPR/Cas9 knock-in strate-
gy, a specific antiviral shRNA was inserted into
the Rosa26 locus of the pig to degrade the RNA
of the CSF virus. Infection results in these pigs
showed a significant reduction in CSF replica-
tion, clinical symptoms, mortality, and the trans-
mission of CSF resistance to the first-generation
piglets [21]. The Radical S-adenosylmethionine
domain-containing protein 2 (RSAD2) is a cel-
lular protein that exhibits broad antiviral activ-
ity against DNA and RNA viruses. Due to the
broad antiviral activity exhibited by the RSAD2
gene, it was considered a potential candidate for
CRISPR/Cas9 knock-in for developing virus-re-
sistant transgenic pigs. The specific introduction
of the RSAD2 gene into the pig’s ROSA26 lo-
cus allowed for the creation of transgenic pigs,
which exhibited a reduction in ASF and pseudo-
rabies virus (PRV) upon infection [21]. Conse-
quently, using several critical genes may lead to
the emergence of multi-resistant pigs. However,
limited knowledge of the interaction of these
genes with receptors in many viral diseases may
partially hinder the widespread adoption of this
strategy.

Consideration of off-target effects. The
off-target effect, which represents unintended
DNA changes in non-target gene sites, poses
a major problem for CRISPR/Cas9-mediated
formation of genetically modified organisms
(GMOs). Adverse changes can affect not only
the phenotype of the parent animal but also the
phenotype of subsequent generations. Off-target
effects can be assessed by genome sequencing.

CONCLUSION

CRISPR/Cas9 generates significant public
interest within the global community, but there
are opposing views that will likely vary con-
siderably depending on societal perspectives,
including wealth, age, and religion of people.
This affects the development and speed of im-
plementation of these innovations in the agri-
culture of individual countries. Currently, Chi-
na is the leader in the development of genome

editing in the field of pig breeding. In Russia,
a genetic technology development program is
being implemented, scheduled for 2019-2027.
The primary goal of the program is a compre-
hensive solution to the challenges of accelerated
development of genetic technologies, including
genetic editing technologies. In the near future,
we can expect the emergence of the promising
Russian developments in genome editing of var-
ious farm animals, including pigs. It should be
acknowledged that gene editing can also cause
unexpected side effects. Therefore, researchers
must plan their experiments carefully. Howev-
er, overall, the CRISPR/Cas9 system is being
refined, becoming more accessible for use, of-
fering unlimited possibilities and prospects for
broader application in the future.
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COBEPIHIEHCTBOBAHUE KPACHOI'O CTEITHOTO CKOTA TEHO®OH/I0OM
T'OJIITHHCKOM MOPObI
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[IpencraBieHsl pe3ynbTaTbl CPaBHUTEIHHON OIEHKHA MPOTYKTHBHOCTH, BOCHPOW3BOIUTEIHHON
CIIOCOOHOCTH ¥ PEHTA0EIbHOCTH MPOU3BOACTBA MOJIOKA MTPH MCIIOIE30BaHIH KOPOB KPACHOW CTEITHOW
MIOPOJIBI ¥ TIOMECEH pa3HOW KPOBHOCTH IO TONIUTHHCKOM mopoze KpacHo-necTpoi Mmactu. Mccneno-
BaHMS XO3IHCTBEHHO TOJIE3HBIX MTPU3HAKOB M peHTa0ebHOCTH poBoaminch B 2019-2022 rr. O0bek-
TOM HCCJIEZIOBAaHUH SBISIIUCH MPEACTaBUTENBHUIIBI KPACHOW CTEMHON MOPOb! (KOHTPOJIB), TIOMECH C
50% (1-s ompITHAS Tpy™Ia) U 75% KPOBU TOIMTHHOB KPACHO-TIECTPOH MAcTH (2-51 ONBITHAS TPYIIIA).
[To BenwmumHE YOS YCTAHOBJIEHO MTPEBOCXOICTBO IIOMECHBIX TIEPBOTEINIOK HAJI CBEPCTHUIIAMH KPAcHOM
CTETHOH MOPO/IbI, KOTOpOE 3a 1-10 makraruio coctaBmio 605-673 kr (p > 0,999), 3a 2-10 — 714788 kr
(»>0,999), 3a 3-t0 — 817-868 kr (p > 0,999). HauGonbimmm ko3 HUIUESHTOM MOJIOYHOCTH XapaKTe-
PH30BATUCH TOMUTHHCKKE TTIoMecH F| u F, (9,4-9,7 Kr), IpeuMyIeCTBO KOTOPBIX B CPEJIHEM 3a BCE
JaKTaluy BapbupoBayo B npenenax 0,9—1,2 kr (p > 0,95-0,99). Bo Bce ananu3upyembie cepBUC-TIe-
PHOBI HANOOBITYTO OTLIOAOTBOPSAEMOCTD TOCIE TIEPBOTO OCEMEHEHUS IEMOHCTPHUPOBAIIH KIUBOTHBIE
KpacHOM CTEIHOH IMOPOJIbI, B Pe3yJIbTaTe Yero 3aTpaThl CEMEHH B WX Cydae OKa3ajlCh B CPEHEM Ha
0,2-0,5 o3 HMXKe, YeM y TIoMecel pa3HOil KpOBHOCTH 1O ToimTHHaM. CaMblil BBICOKHH KO3 ¢uLu-
€HT BOCIIPOU3BOAUTEIBHON CIOCOOHOCTH UMEINM KOPOBBI KpacHOU crenHou rmopossl — 0,98—1,01 ex.
npotuB 0,85-0,95 en. y momeceil. AHaiu3 omjarel KOpMa MOJIOKOM CBHUJETENBCTBYET O MEHBIIUX
3arparax Ha MPOM3BOJICTBO €AMHHUIIBI MPOAYKIIMH KOPOBAaMH IEPBOTO M BTOPOTO MOKOJIEHHH, y KO-
Topbix oHM coctaBmwiu 0,95-0,98 OKE, uTo HIXKE, YeM Y CBEPCTHHII KPACHOM CTEITHOM IMOPOIRI, Ha
1,11-1,12 OKE. bonee peHTaOeNbHBIM OKa3aJI0Ch MPOU3BOJICTBO MOJIOKA MOTYKPOBHBIMU TTOMECS-
mu — 30,8-32,9% npu HECYIIECTBEHHBIX PA3INUMIX MEXKIY KPACHBIMHU CTEITHBIMU U BBICOKOKPOBHBI-
MH TI0 TOJILITHHAM OCOOSIMHU.

KuroueBble cjioBa: KOPOBBI, KpacHasl CTENHast, TONIUTHHCKAs TOPOAa, ITOMECH, MOJIOYHas POIYK-
TUBHOCTb, BOCIIPOU3BOUTENIbHAS CIIOCOOHOCTD, PEHTA0ETHLHOCTh

IMPROVEMENT OF THE RED STEPPE CATTLE BY
THE HOLSTEIN BREED GENE POOL

Bogatyreva I.A.-A.', Krasnova O.A.%, Konik N.V.3, =) Ulimbashev M.B.*

!North Caucasus State Academy

Cherkessk, Russia

2Udmurt State Agricultural University

Izhevsk, Russia

ISaratov State University of Genetics, Biotechnology and Engineering named after N.I. Vavilov
Saratov, Russia

“North Caucasus Federal Scientific Agrarian Centre

Mikhailovsk, Russia

(<) e-mail: murat-ul@yandex.ru

The results of the comparative assessment of productivity, reproductive ability and profitability

of milk production when using cows of the Red Steppe breed and the crossbreeds of different blood

300TEXHUS U BETEPUHAPHS CHOUPCKHUI BECTHHK CEITbCKOXO3STHCTBEHHOM HayKH * 2023 53 « 6

59



Improvement of the Red Steppe cattle by the Holstein breed gene

pool

Bogatyreva .A.-A., Krasnova O.A., Konik N.V., Ulimbashev M.B.

relationship by the Holstein breed of the Red-and-White color type are presented. The studies of eco-
nomically useful traits and profitability were conducted in 2019-2022. The objects of the research were
representatives of the Red Steppe breed (control), mixtures with 50% (1st experimental group) and 75%
of the blood of the Holstein Red-and-White color type (2nd experimental group). The superiority of the
crossbred heifers over their herd mates of the Red Steppe breed in terms of milk yield was established:
for the 1st lactation it was 605-673 kg (p > 0.999), for the 2nd lactation it was 714-788 kg (p > 0.999),
for the 3rd lactation it was 817-868 kg (p > 0.999). The highest coefficient of the milk yield was ob-
served in Holstein /| and F, crossbreeds (9.4-9.7 kg), whose average advantage during all lactations
ranged from 0.9-1.2 kg (p > 0.95-0.99). In all analyzed service-periods, the highest fertilization rate
after the first insemination was demonstrated by the Red Steppe breed animals; as a result, their semen
consumption was on average 0.2-0.5 doses lower than that of the Holstein crossbreeds of different
blood relationship. Cows of the Red Steppe breed had the highest reproductive ability coefficient -
0.98-1.01 units vs. 0.85-0.95 units for crossbred cows. The analysis of the feed efficiency shows lower
costs per unit production by cows of the first and second generations, in which they were 0.95-0.98
EFU, which is lower than in the Red Steppe breed peers, by 1.11-1.12 EFU. Milk production by
half-blooded crossbreeds was more profitable - 30.8-32.9% with no significant differences between

the Red Steppe and high-blooded Holstein individuals.
Keywords: cows, Red Steppe, Holstein, crossbreeds, milk productivity, reproductive capacity,

profitability
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INTRODUCTION

The Red Steppe breed was one of the most
widespread and adapted to natural-climatic, fod-
der and technological conditions in the southern
regions of our country before the beginning of
mass Holsteinization of the Russian breeds of
dairy cattle. Despite a significant reduction in the
specific weight of animals of this breed, at pres-
ent the work on improvement of its breeding and
productive qualities with the use of gene pool
of improving breeds - Holstein Red-and-White,
Angler and Danish Red continues. The change
in the breed composition towards the increase of
highly productive herds of dairy cattle in most
cases has led to a decrease in productive lon-
gevity and reproduction at the expense of local
genetic resources, which ultimately reduced the
profitability of the dairy cattle breeding industry.

Improvement of the Red Steppe breed, aimed

at the combination of high milk yields with fat
and protein-milk yield, allowed to create the
Kulunda type in Western Siberia, the representa-
tives of which surpass the animals of the parent
breed by 0.37-0.43% by the main distinguishing
feature - fat-milk yield [1]. Along with high milk
yields, this type is characterized by excellent re-
productive functions: 86 calves can be obtained
from 100 cows, which is 11 calves more than
from the representatives of the Kuban type, but
lower than the level of the Siberian type - 95
calves from 100 cows'.

In the Rostov region the use of the Holstein
Red-and-White and the Ayrshire bulls’ semen
provided the first-generation littermates with
449.7-518.1 kg increase in milk productivity
in comparison with their counterparts of Red
Steppe breed in the 1st lactation, with insignifi-
cant differences in the 2nd lactation. Milk quali-

'Knyazeva T., Tyurikov V. Exterior features of the types of the Red Steppe breed of cattle // Dairy and Beef Cattle Farming, 2012,

No. 2, pp. 14-16.
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ty parameters also had no significant intergroup
differences [2].

Application of the semen of the Russian and
German stud bulls in the herd consisting of the
animals of the Siberian type of the Red Steppe
breed provided production of the daughters with
duration of economic use of 36,25-38,2 months,
which is by 3,0-6,4 months more than the peers
obtained from the bulls of Canadian and Danish
origin. In the Red Steppe herds of the Omsk re-
gion, the best indicators were demonstrated by
the daughters of the Angler breed bulls - their
period of economic use was 0.29-0.50 lactations
longer in comparison with the descendants of the
Danish Red and Swedish Red breeds. Although
the profitability of the Swedish Red and Danish
Red bull daughters was higher by 8.5-10.1% [3].

In the Kabardino-Balkar Republic, F, cross-
bred cows, obtained as a result of crossing the
breeding stock of the Red Steppe breed with the
Holstein Red-and-White cows, were superior
to purebred Red Steppe cows in terms of milk
productivity, udder morphofunctional properties
and milk feed conversion. The advantage in the
milk yield was 465 kg, milk flow rate - 3.6%,
feed costs for the production of 1 kg of milk -
0.15 EFU (energy feed units) [4].

Evaluation of stud bulls on the quality of the
progeny (comparing the productivity of daugh-
ters with their mothers and with their peers)
has shown the inexpediency of using purebred
Red-and-White Holstein bulls to improve the
domestic Red Steppe breed in the farms with
average herd milk yield up to 5000 kg per cow
per year. The use of the Angler breed bulls gene
pool, except for Dax 21699, is also of no breed-
ing interest neither on productive qualities, nor
on the type of the progeny physique. The use
of crossbred stud bulls of the Red-and-White
Holstein breed proved to be a more effective
technique [5].

The most suitable for breeding in the condi-
tions of the plains zone of the Kabardino-Balkar

Republic are three-breed crosses obtained by
crossing half-breed Holstein-Red Steppe cows
with the Angler breed bulls. The superiority
of such cows in milk yield over purebred Red
Steppe cows and half-bloods of the genotypes
“Red Steppe x Angler”, “Red Steppe x Red Es-
tonian” and “Red Steppe x Holstein” averaged
6.6-20.4% [6].

A single use of the Holsteins on the breeding
stock of the Red Steppe breed contributed to the
production of the daughters exceeding purebred
peers of the Red Steppe breed in milk yield for
the 1st lactation by 568 kg, for the 2nd lactation -
by 710 kg with lower fat content in milk by 0.05
and 0.04 abs.%, respectively [7].

The effectiveness of Holsteinization of the
Red Steppe cattle under creation of proper envi-
ronmental conditions is evidenced by the studies
conducted in different regions of our country?
[8-10].

The use of bulls of the Swedish Red breed
in the herds of the Red Steppe cattle allowed
to increase the milk yield of their daughters in
comparison with their peers from producers of
the Danish Red and Angler breeds by 219 and
569 kg, respectively, to increase the fat content
in milk by 0.03 and 0.25 abs.%, protein - by 0.07
and 0.25 abs.%, to improve reproductive func-
tions and udder health, which had a positive ef-
fect on the profitability of dairy cattle breeding
[11].

The need for selection and appropriate match-
ing of production types of cows to increase the
economically useful traits of the Red Steppe cat-
tle is noted by many domestic scientists, but on
the Red Steppe breed such studies are extremely
limited** [12].

The study of the possibility of further increase
in the volume of milk produced in the conditions
of the south of our country is topical and of great
national and economic importance.

For the first time in the Kabardino-Balkar Re-
public in the framework of industrial production

2Ulimbashev M.B. Features of Holsteinized Red Steppe cattle of Kabardino-Balkaria // Agrarnaya Rossiya, 2010, No. 3, pp. 23-24.
3Ulimbashev M.B. Productive and ethological features of cows of different production types // Reports of the Russian Academy

of Agricultural Sciences, 2007, No. 5, pp. 35-36.

*Pisarenko A.V. Economically useful traits of the Red Steppe cows of different constitutional and production types in the
conditions of gene pool conservation // Scientific support of livestock breeding in Siberia: Proceedings of the III International
Scientific and Practical Conference (Krasnoyarsk, May 16-17, 2019). Krasnoyarsk, 2019, pp. 209-213.
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comparative data on economically useful traits
and efficiency of milk production using the Red
Steppe and Holsteinized cattle of different gen-
erations have been obtained.

The purpose of the research is a comparative
assessment of productivity, reproductive ability
and profitability of milk production when using
cows of the Red Steppe breed and the crossbreds
of different bloodlines on the Holstein Red-and-
White breed.

MATERIAL AND METHODS

The study of economically useful traits and
profitability of milk production was conducted
in 2019-2022. The object of research were cows
of Red Steppe breed (control), crossbreds with
50% (1st experimental group) and 75% (2nd
experimental group) blood of the Holstein Red-
and-White cows. Formation of the experimental
groups of first heifers was carried out taking into
account the origin, age, live weight and physio-
logical condition of animals. Each group includ-
ed 30 heifers.

All groups were in the same conditions of
care, housing and feed supply. The structure of
the diet of the experimental herd in winter was
as follows: roughage - 18%, haylage - 22, silage
- 25, concentrated fodder - 35%. The technology
of dairy herd maintenance is stall-pasture. In the
pasture period green conveyor was used with the
use of village pastures.

Cows were milked in the milk pipe using
ADM 8§ unit, control milking was carried out
once a month. Milk quality parameters were de-
termined using analyzer “Lactan 1 4M”. Milk
yield (milk protein and milk fat) and milking ca-
pacity coefficient were calculated according to
the formulas generally accepted in zootechnical
practice. Live weight of animals was determined
according to the Kluver-Strauch table, for which
the following body measurements were taken:
chest circumference behind the shoulder blades
and oblique body length.

Reproductive ability of experimental stock
was studied on the basis of zootechnical and vet-
erinary records on such indicators as fertilization
rate after insemination, insemination frequency,
duration of service and inter-mating periods.
The reproductive capacity coefficient was calcu-

lated as the ratio of days in a calendar year to the
duration of the inter-breeding interval.

The amount of feed eaten was determined as
a group by the difference between the amount of
feed given and the uneaten residues. Costs for
production of 1 kg of milk were calculated as
the ratio of milk yield to the volume of feed con-
sumed.

Biometric processing of the obtained data
was carried out by methods of variation statis-
tics, the reliability of intergroup differences on
the analyzed indicators was determined by the
Student’s criterion at three levels of reliability
of difference.

RESULTS AND DISCUSSION

Productive qualities of cows of different gen-
otypes during the first three lactations are pre-
sented in Table 1.

The superiority of crossbred first calvers in
terms of milk yield over their peers of the Red
Steppe breed was established, which amounted
to 605-673 kg (p > 0.999) in the Ist lactation,
714-788 kg (p > 0.999) in the 2nd lactation, and
817-868 kg (p > 0.999) in the 3rd lactation. The
greatest growth of milk yield with age (752 kg)
was observed in half-blooded littermates, which
is probably due to the effect of heterosis. In-
creasing the bloodlines of Red-and-White Hol-
stein breed up to 75% did not have such a sig-
nificant effect on milk yield compared to the in-
dicators of half-blooded stock. If milk yields of
3/4 Holstein-blooded crossbreds in the first two
lactations tended to be superior to half-blooded
animals, then in the 3rd lactation the picture was
the opposite.

Regardless of the blood on Holsteins, the
litters of both groups were inferior to the cows
of the Red Steppe breed on the content of the
main components in milk - fat and protein. De-
spite this, due to significant superiority in milk
yield, the highest yield of milk fat and protein
was characterized by the groups of Holsteinized
cows, whose advantage in the 1st lactation was
35.6-37.7 kg (p > 0.99), in the 2nd lactation -
41.6-42.9 kg (p > 0.99), in the 3rd lactation -
43.7-51.5 kg (p > 0.99-0.999).

As a result of calculating the ratio of the milk
yield to the live weight, it was found that Hol-
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Taoa. 1. M3MeHenue npoayKTHBHBIX OCOOEHHO-
cTeil KpaCHOTO CTEIHOTO CKOTa PAa3HOTO FeHOTHIA C
BO3pacToM (T10 JAHHBIM TpeX JIAKTAIHHN )

Table 1. Changes in productive characteristics of
the Red Steppe cattle of different genotypes with
age (based on three lactations)

Lacta- Group
tion control Ist 2nd
experimental | experimental
Number of cows, heads
Ist 30 30 30
2nd 29 27 26
3rd 27 25 23
Milk yield for 305 days, kg
Ist 3856 £96 | 4461 +124™" | 4529 £ 131"
2nd 4079 £ 119 | 4793 £ 144™" | 4867 £ 156™
3rd 4345+ 128 | 5213 +£163™ | 5162+ 174"
Fat mass fraction, %
Ist 3,83+0,02 | 3,74+0,03" | 3,71 +0,03"
2nd 3,88+0,02 | 3,77+0,03™ | 3,73 £0,04™
3rd 3,90+£0,02 | 3,78+0,04" | 3,75+0,04™
Protein mass fraction, %
Ist 3,31 +0,02 3,23+0,03 3,20+ 0,03
2nd 3,35+0,02 3,25+0,03 321+0,03
3rd 3,35+ 0,02 3,25+0,03 3,20+ 0,03

Total yield of milk fat and milk protein, kg

Ist 2753+6,6 | 310,9+8,3" | 313,0+8,9"
2nd 2949+82 | 336,5+9,7" |337,8+104"
3rd 315,0+8,7 |366,5+10,8" | 358,7+11,5"
Live weight at 2-3 months, kg
Ist 456,0£3,7 | 476,0£3,5" | 481,0+£3,2™
2nd 482,0+4,0 | 510,0+3,7"" | 518,0+ 3,5
3rd 509,0+4,4 | 537,0£4,1™ | 549,0+4,0
Milk yield ratio
Ist 8,4+ 0,20 9,4+0,25" | 9,4+0.27"
2nd 8,4+ 0,24 9,4+0.27" | 9,4+0,29"
3rd 8,5+0,23 9,7+ 0,28" 9,4+ 0,30

Note. Here and in Table 2:
p>0,95; "p>0,99;"p>0,999.

stein | and F, littermates had the highest milk
yield ratio (9.4-9.7 kg), the advantage of which
varied between 0.9-1.2 kg on average over all
lactations (p > 0.95-0.99).

The results of evaluation of the reproductive
qualities of experimental stock are presented in
Table 2.

In all the analyzed service-periods, the great-
est fertilization after the first insemination was
demonstrated by the cows of the Red Steppe
breed, as a result of which their semen expen-
diture was on average 0.2-0.5 doses lower than
that of the Holstein littermates of different
bloodlines.

Longer period from calving to fruitful in-
semination was characterized by crossbred an-
imals, in which it exceeded 100 days and after
the third calving reached 127-144 days, which
is more than the values obtained for the cows of
the Red Steppe breed on average by 35-52 days
(p>0.999).

In all the periods compared, the longer in-
ter-breeding interval was characterized by the
cows of 3/4 blooded Holstein Red-and-White
cows - 392-426 days, which is higher than the
values of the Red Steppe cows on average by
31,50 (p > 0.95) and 53 days (p > 0.95), respec-
tively.

During the study, the maximum values of the
reproductive ability coefficient were recorded in
the Red Steppe cows - 0.98-1.01 units against
0.85-0.95 units in the crossbreds.

The efficiency of milk production by the Red
Steppe cows of different origins can be judged
by the materials presented in Table 3.

Analysis of the milk feed conversion indi-
cates lower costs per unit of production by cows
of'the first and second generations, in which they
amounted to 0.95-0.98 EFU, which is lower than
the values obtained for peers of the Red Steppe
breed - 1.11-1.12 EFU.

Taking into account the actual costs of milk
production and the revenue received from its re-
alization, the most profitable was the exploita-
tion of crossbreds of the genotype “1/2 Red
Steppe + 1/2 Red-and-White Holstein”. In this
connection, milk production by half-blooded
littermates can be considered more profitable
- 30.8-32.9% with insignificant differences be-
tween the Red Steppe and high-blooded Hol-
stein animals. Also, the age-related decrease of
milk production profitability values in all groups
of cows should be noted.

CONCLUSION

The greatest increase in milk productivity
and profitability of milk production at the low-
est feed costs are characterized by the first-gen-
eration littermates, obtained as a result of us-
ing the gene pool of the Holstein breed of the
Red-and-White breed on the mother stock of
the Red Steppe cattle, while the coefficients of
reproductive ability in this case are practically
at the same level with the representatives of the
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Ta6a. 2. BocrpousBoauTenbHbIe Ka9eCTBA MOJOMBITHBIX TPYIIT )KUBOTHBIX

Table 2. Reproductive qualities of the experimental groups of animals

Period

Group

control

‘ Ist experimental

2nd experimental

Fertilization rate after the first insemination, %

After the st calving 66,7 60,0 56,7
After the 2nd calving 62,1 55,6 53.8
After the 3rd calving 59,3 52,0 47.8
Insemination index, doses
After the Ist calving 1,6 £ 0,03 1,8 +0,05™ 1,9+0,07"
After the 2nd calving 1,9+ 0,04 2,2+0,07" 2,3+£0,10™
After the 3rd calving 2,2+0,05 2,5+0,09" 2,7+£0,12"
Service period duration, days
After the Ist calving 82,0+27 103,0 £4,0™ 112,0+4,9"
After the 2nd calving 85,0+3.,0 118,0 £5,2™ 133,0 £ 6,8™
After the 3rd calving 92,0+3,4 127,0 £ 5,5 144,0 £ 7.4™
Duration of the calving interval, days
Between the 1st and the 2nd calvings 361,0+ 12,1 383,0+15,0 392,0+ 16,4
Between the 2nd and the 3rd calvings 365,0+12,8 400,0 £ 16,3 415,0+ 18,7
Between the 3rd and the 4th calvings 373,0£ 14,2 410,0+ 194 426,0 + 22,0
Reproductive capacity ratio
Between the 1st and the 2nd calvings 1,01 £0,032 0,95 +0,036 0,93 +0,038
Between the 2nd and the 3rd calvings 1,00 £ 0,034 0,91 £0,037 0,88 +0,039"
Between the 3rd and the 4th calvings 0,98 + 0,037 0,89 + 0,040 0,85 £ 0,042"

Red Steppe breed and littermates of the second
generation. Increase of blood on Holsteins up
to the second generation is inexpedient, as in
these animals productive qualities and efficien-
cy of milk production in comparison with half-
blood stock increase insignificantly, and the in-
dicators of fertility and qualitative composition
of milk are much lower than in the purebred
Red Steppe and F1 litters. Based on the results
obtained, the use of the seed of Holstein bulls
of the Red-and-White breed for obtaining the
first generation of litters can be considered as
an effective method of improving herds of the
Red Steppe breed.
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COBepIHBHCTBOBaHI/IC KpaCHOro CTEIMHOIro CKOoTa I‘BHOQJOHHOM
TOJIIITUHCKOW TIOpOAbI

BorareipeBa 1.A.-A., Kpacunosa O.A., Konuk H.B., Yaumbames M.b.

Ta6a. 3. DPPeKTUBHOCTD TPOU3BOJICTBA MOJIOKA

KOpPOBAaMH PA3HOTO MPOUCXOKACHNUS (110 TaHHBIM
TpeX JIaKTalui)

Table 3. Efficiency of milk production by cows of

different origin (based on three lactations)

Lacta- Group
tion control I.St 2_n d
experimental experimental
Milk yield for 305 days, kg
Ist 3856 4461 4529
2nd 4079 4793 4867
3rd 4345 5213 5162
Volume of energy feed unit consumption
Ist 4289 4361 4450
2nd 4568 4684 4745
3rd 4872 4950 4936
Energy feed unit inputs for production of 1 kg of milk
Ist 1,11 0,98 0,98
2nd 1,12 0,98 0,97
3rd 1,12 0,95 0,95
Cost of 1 kg of milk, rubles
Ist 20,34 19,20 19,56
2nd 22,53 20,89 21,44
3rd 23,79 22,31 22,58
Production costs, rubles
Ist 78 431,04 85 651,20 88 587,24
2nd 91 899,87 100 125,77 104 348,48
3rd 103 367,55 116 302,03 116 557,96
Cost of sales of 1 kg of milk, rubles
Ist 26 26 26
2nd 28 28 28
3rd 29 29 29
Revenue from milk sales, rubles
Ist 112 944 127 582 128 492
2nd 130 340 148 792 149 492
3rd 144 536 168 055 165 097
Profit (+) / loss (-), rubles
Ist 34 512,96 41 930,80 39 904,76
2nd 38 440,13 48 666,23 45 143,52
3rd 41 168,45 51 752,97 48 539,04
Profitability, %
Ist 30,5 32,9 31,1
2nd 29,5 32,7 30,2
3rd 28,5 30,8 29,4
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PE3YJIBTATBI PEAJIM3ALIUN
0310POBUTEJIbHBIX MEPOITPUSITUI B XO3SMCTBAX,
HEBJIAT'OITOJIYUYHBIX IO JEHKO3Y KPYITHOI'O POTATOI'O CKOTA

)ABoeriazoB H.I'., ArapkoBa T.A., Ocunoa H.A., Marep C.H.

Cubupcruil pedepanvhwviil HayuHbLL Yermp azpobuomexnonocuti Poccutickou akademuu Hayk
HoBocubupckas oomacts, p.i. KpacaooOck, Poccust

(<)e-mail: lableucosis@ngs.ru

W3yyena auHamMMKa MPOBEACHUS O30POBHUTENILHON paboThl HA MpUMEpE IBYX aHAJIOTHYHBIX I10
9KOHOMHMYECKHUM U IPOU3BOACTBEHHO-TEXHOJIOTHUECKUM XapaKTepuCcTUKaM X03sicTB HoBocubupckoit
obnactu. [IpuBeieHb! TaHHBIE OOCTAHOBKH 10 JICWKO3y Ha MOMEHT Hauyasla akKTHBHOW O3710pPOBUTEIh-
HOM paOOThI U PEe3yNbTaThl Yepe3 HECKOIbKO JieT. [IpoaHanu3upoBaHbl OKa3zaTenn HHGUIUPOBAHHO-
CTH TIOTOJIOBBSI IO PAa3HBIM BO3PACTHBIM IPYIIIAM U HA Pa3HBIX OTJAEJIEHHUSIX M3y4aeMbIX XO3SICTB 3a
2017-2022 rr. YpoBeHb HHPHUIIUPOBAHHOCTH KOPOB B X03sicTBax ¢ 2017 mo 2019 . uMen TeHICHITUIO
K HE3HAYUTEIHbHOMY CHIDKEHHUIO U HaXOMUIICS B nana3one 8—4%. YpoBeHb HHOUITMPOBAHHOCTH TEIOK
coctaBui 5—12%. Peructpanus HOBBIX CITy4yaeB pearupoBaHUs 110 CEPOJIOTUH B TPYIIIE TEIAT B XO35H-
ctBe Ne 1 cam3uiacek ot 9,9 10 4,9%, B xo3siictBe Ne 2 — ot 14,2 no 7,1%. IlokazaHa mojaoKUTENbHAS
JUHAMUKA Pean3aliy IUIaHa 0 030POBICHUIO C IPUMEHEHUEM JUTS CEPOIIOTMYECKO THarHOCTHKH
nmmyHogpepmenTHoro anaiuza (M®DA). [Tocne nepexona ¢ peakunu uMMyHHOIU(Qy3Hun B reine arapa
(P1]JI) na DA 1 nepBOro ero mpuMEHEHHs YHCIIO BHOBD BBISBJICHHBIX KUBOTHBIX YBEITHMUMIOCH BO
BCEX BO3PACTHBIX IPyMNIax B 000MX X03sICTBaX MO CPaBHEHHUIO C MpeablIyIuM nepronoMm. B noce-
JYIOLMX MCCIIEAOBAHUSIX MPOLEHT HOBBIX CIIy4aeB 3HAUNUTENBHO cHU3MWICA. Pu3nueckoe paszescHue
TPYMIT )KUBOTHBIX C PAa3HBIM CTaTyCOM, Pa3MEIIeHNEe MX Ha Pa3HbIX OT/AENEHUSAX U YETKUH KOHTPOJIb
C MOMEHTQJIBbHBIM HCKJIIOUCHHEM M3 HPOU3BOIACTBEHHOIO Ipolecca MH(PUIMPOBAHHBIX KXMBOTHBIX
MIPUBEJTIO K 3aMETHOMY YIYYILEHHIO SIM300TUYECKOM CUTyaluu B Xo3sicTBe. OTMEUEHBI acleKThl,
BBI3BIBAIOIINE 3aMEJIEHHE O370POBUTEIHHON PabOThl, B YACTHOCTH, HECBOEBPEMEHHOE pa3/ieiieHre
JKUBOTHBIX Ha TPYTIIBI TOCIIE IPOBEACHUS CEPOIOTMUECKON TNarHOCTUKH U YCTAHOBIIEHHSI HX CTaTyca
o uadexuun. [IpoBenenne noaHo# 3aMmeHbl HHPUIMPOBAHHOTO KPYITHOTO POTraToro ckota B HeOmaro-
MOJTYYHBIX CTa/laX WK OTJCJICHUSAX TPYIINaMH )KUBOTHBIX, OTPHUIIATENILHBIX 110 CEPOJIOTHH, TTO3BOJISET
3HAUUTENIBHO COKPALIATh CPOKH O3J0POBIICHUS, 0OCOOEHHO Ha 3aBEPLLIAOLIEM 3Talle.

KuroueBble ci10Ba: j1eiiko3, KpyMHBIM poraTblii CKOT, 0310poBUTENbHbIE Meponpustus, MDA, PUJL,
UH(UITMPOBAHHOCTD

RESULTS OF THE IMPLEMENTATION OF SANITATION MEASURES
IN THE FARMS UNFAVORABLE FOR BOVINE LEUKEMIA

x)Dvoeglazov N.G., Agarkova T.A., Osipova N.A., Mager S.N.

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

(<)e-mail: lableucosis@ngs.ru

The dynamics of recuperation work on the example of two farms similar in economic and produc-
tion and technological characteristics of the Novosibirsk region were studied. The data on leukemia at
the time of the beginning of active recuperation work and the results after several years were presented.
The infection rates of the livestock by different age groups and in different parts of the studied farms
were analyzed for 2017-2022. The infection rate of cows on the farms tended to decrease slightly from
2017 to 2019 and was in the range of 8-4%. The infection rate of the heifers was 5-12%. Registration
of new cases of serology response in the group of the calves in the farm No. 1 decreased from 9.9 to
4.9%, in the farm No. 2 - from 14.2 to 7.1%. The positive dynamics of implementation of the recovery
plan using enzyme-linked immunosorbent assay (ELISA) for serological diagnosis was shown. After
switching from the immunodiffusion in agar gel reaction (AGID) to ELISA and its first use, the number
of newly detected animals increased in all age groups in both farms compared to the previous period.
In subsequent studies, the percentage of new cases decreased significantly. Physical separation of the
groups of animals with different statuses, placing them in different sections and clear control with the
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Results of the implementation of sanitation measures in the farms
unfavorable for bovine leukemia

Dvoeglazov N.G., Agarkova T.A., Osipova N.A., Mager S.N.

immediate exclusion of infected animals from the production process led to a noticeable improvement

in the epizootic situation on the farm. Aspects causing delay in sanitation work were noted, in partic-

ular, untimely separation of animals into groups after serological diagnosis and establishment of their

infection status. Complete replacement of infected cattle in unhealthy herds or wards by groups of

serology-negative animals can significantly reduce the recovery period, especially at the final stage.
Keywords: leukemia, cattle, recreational activities, ELISA, AGID, infection
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IUNTRODUCTION

Leukosis of cattle remains a pressing issue in
a large part of the territory of the Russian Fed-
eration (RF), accounting for over 40% of the
main infectious diseases in cattle. In 2021, 2070
unfavorable points were identified for leukosis
in cattle, and 1398.704 thousand heads of cattle
were examined (hematological test), revealing
15,096 positively responding heads, with 15,611
heads sent for slaughter'. The situation in the Si-
berian Federal District (SFD), particularly in the
Novosibirsk region, remains steadily tense. The
SFD ranks second in Russia in the number of
unfavorable points [1, 2].

Currently, serological (AGID and ELISA),
gene-molecular (PCR) [3] and hematological
methods are mainly used for the diagnosis of
cattle leukosis. In the absence of specific meth-
ods of treatment and prevention, timely diagno-
sis and removal from the herd of sick and in-
fected animals are the only effective measure to
improve the population from leukosis. Existing
methods and techniques yield positive results
when implementing health improvement mea-
sures [4-7].

In the farms conducting improvement, three
groups of animals can be conditionally identi-
fied, usually related to separate farms or herds.

"Epizootic situation in the Russian Federation 2022 (Quarter

iac/o 31 03 2022 otchet iac 1 kv.pdf.

The first one comprises healthy animals, nega-
tive according to serological studies. This group
is usually replenished only by serologically
negative young animals, typically obtained
from healthy cows. The second one is at an in-
termediate stage of recovery, with most animals
also being serologically negative (conditionally
healthy), but there is a small proportion of re-
sponders. This is due to the need to maintain a
certain number in the department for its normal
functioning and the limitation of the reserve of
young animals for replacement. This group is
primarily replenished with healthy young stock,
as far as the agricultural enterprise can afford.
The terms of recovery often directly depend on
these opportunities. The third group comprises
the remaining responding (infected) herds, de-
partments, flocks. They concentrate cattle from
the first two groups, generally suitable, except
for the presence of the leukemia virus, for fur-
ther exploitation. This group is mainly replen-
ished with infected young stock, and the recov-
ery process in it will proceed only after the com-
plete recovery of the first two.

An important characteristic of health im-
provement activities is the terms of herd (farm)
recovery from infection. They can be very short
with a radical way of recovery (complete or par-

1). URL: https://fsvps.gov.ru/sites/default/files/files/

2Order of the Ministry of Agriculture of Russia from 24.03.2021 Ne 156 “On Approval of Veterinary Rules for the implementation
of preventive, diagnostic, restrictive and other measures, the establishment and lifting of quarantine and other restrictions aimed at
preventing the spread and elimination of foci of bovine leukosis” https:/fsvps.gov.ru/ru/fsvps/laws/150301.html.
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tial replacement of the animal population with
animals from favorable agricultural enterpris-
es for leukosis), or they can last for years and
even decades. The second variant of events has
its reasons, which mainly consist of non-compli-
ance with the regulations of prescribed measures
for various reasons. A systematic, comprehen-
sive approach helps increase the efficiency of
anti-epizootic measures [8—10].

The purpose of the study is to examine the
dynamics and analyze the effectiveness of health
improvement measures in agricultural enterpris-
es unfavorable for leukosis based on epizooto-
logical indicators.

MATERIAL AND METHODS

The study analyzed the experience of con-
ducting health-improvement work for bovine
leukosis in two commercial dairy farms with
similar production and economic conditions.
Farm No. 1 consists of two farms and six depart-
ments, while Farm No. 2 consists of two farms
and five departments.

The study was conducted by the employees
of the leukosis laboratory based at the Institute
of Experimental Veterinary Medicine of Siberia
and the Far East, and by the staff of the Sibe-
rian Research and Technological Design Insti-
tute of Animal Husbandry of the SFSCA RAS.
The serological diagnosis was conducted using
ELISA test systems to detect antibodies to the
gp51 glycoprotein of bovine leukosis (IDEXX
Leucosis Blocking Ab Test). In the first stage
(2020), a diagnostic study in ELISA of the entire
livestock older than 6 months was conducted,
except for the departments with AGID-positive
cows, which are examined only by hematologi-

cal method twice a year, with the culling of sick
animals.

Plans for carrying out health improvement
measures were then developed, involving full
coverage of the livestock with serological stud-
ies (in this variant - ELISA), dividing the herd
into groups with conditionally healthy and in-
fected animals, raising repair young stock free
from the virus, and introducing them into the
herd in groups. Strict control and registration for
all animals was a mandatory condition.

RESULTS AND DISCUSSION

For a primary analysis of the epizootic situ-
ation, a comparison of veterinary reporting data
for the three previous years (2017-2019), relative
to the beginning of active health-improvement
work, was conducted. The data are presented in
Tables 1 and 2.

Given that the livestock population did not
change significantly over the study period and
the coverage of studies of different age groups
in separate years was incomplete (see Tables 1
and 2), the situation with the registration of new
cases of infection did not change fundamentally
over the years.

The level of cow infection in Farm No. 1
slightly decreased during the study period and
ranged from 6.6 to 4.3%; in Farm No. 2, it
ranged from 8.4 to 6.4%. The level of infection
of heifers in Farm No. 1 varied from 8.7 to 4.8%,
while in Farm No. 2, a slight increase in newly
identified responding animals was noted (from
9.4% in 2017 to 12.0% in 2019). The registra-
tion of new cases of serological response in the
calf group in Farm No. 1 decreased from 9.9 to
4.9%, in Farm No. 2 — from 14.2 to 7.1%. Some

Taoua. 1. Pesynbrarel ceposnornyeckux uccnenosanuii B PUJI B xo3siicree Ne 1 3a 2017-2019 rr.

uB MDA B 2020 1.
Table 1. Results of serological studies in AGID in farm No. 1 for the period 2017-2019, and in ELISA in 2020
Age groups
Cows Heifers Calves
Year Number of Number Number of Number Number of Number
examined of reacting % examined of reacting % examined of reacting %
animals, heads | animals, heads animals, heads | animals, heads animals, heads | animals, heads

2017 2645 176 6,6 583 51 8,7 373 37 9,9

2018 4196 248 5,9 1046 74 7,1 885 105 11,8

2019 2784 120 43 1126 55 4,8 714 35 4,9

2020 2653 188 7,1 1209 73 6,0 902 87 9,6
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Taba. 2. Pesynsrarel cepomornueckux nccienoBanuii B PUJL B xo3siictee Ne 2 32 2017-2019 rr.

uB MDA B2020 T
Table 2. Results of serological studies in AGID in farm No. 2 for the period 2017-2019, and in ELISA in 2020
Age groups
Cows Heifers Calves
Year Number of Number Number of Number Number of Number
examined of reacting % examined of reacting % examined of reacting %
animals, heads | animals, heads animals, heads | animals, heads animals, heads | animals, heads
2017 2234 189 8,4 689 65 9,4 190 27 14,2
2018 1890 155 8,2 810 91 11,2 358 30 8,3
2019 1703 109 6,4 583 70 12,0 212 15 7,1
2020 2465 204 8,2 775 109 14,1 437 90 20,6

increase in values in 2020 can be explained by
the higher sensitivity of ELISA compared to
AGID. A significant increase in the percentage
of infected was noted only in the calf group in
Farm No. 2. All positively responding calves
were transferred to the fattening group, positive
heifers, and cows - to groups for replenishing the
herd with infected cows.

It is important to note that specific work to-
wards health improvement was carried out in
the farms. Over several years, “clean” groups,
designated as AGID-negative animals, were
formed on two departments in Farm No. 1 and
one department in Farm No. 2 (see Tables 3, 4).
These departments housed cows, and the heif-
ers obtained from them mainly served as the
replacement base for these herds. Heifers from
the departments where both AGID-negative and
positive cows were kept were also introduced.
Since the percentage of responders was relative-

ly low, they began to form new departments in
addition to these improved ones, concentrating
healthy animals from the herds where groups of
animals responding in serology were identified.
Positively responding animals were transferred
to the second farms in the departments where
only infected cows are kept, and also to the sec-
ond stage departments, which were replaced by
heifers after restoring the number of “clean” de-
partments.

The physical separation of animal groups
with different statuses, placing them in different
departments, and strict control with the instant
exclusion of infected animals from the produc-
tion process led to a noticeable improvement in
the epizootic situation in the farm.

By the beginning of 2023, the health improve-
ment work in Farm No. 1 is being completed.
Departments 3 and 4 have obtained the first ful-
ly negative results according to the serological

Taoa. 3. Pesynsrarel ceponornyeckux uccnenoBanuii B MDA B xo3siicTBe No 1 «4MCTBIX)» OTAENEHHMA
(1,2 u 5), u otnenenwmii Bropoit ouepenu (3 u 4) 3a 2021-2022 rr.

Table 3. Results of serological tests in ELISA in farm No. 1 for the period 2021-2022 “clean” herds - 1,

2 and 5, and the herds of the second stage - 3 and 4

Age groups
Cows Heifers Calves
Number of Number Number Number of
Department
P examined of reacting o Numbg rof of reacting | , examined Numbgr o
. . % examined . % . of reacting %
animals, animals, imals. head animals, animals, imals. head
heads heads animais, heads heads heads animais, heads
2021
"Clean" 1613 2 0,12 720 3 0.4 536 6 1,2
Other 890 16 1,8 415 4 0,9 638 21 3,3
2022
"Clean" 1804 0 0 693 1 0,1 204 0 0
Other 801 5 0,6 350 1 0,3 310 10 3,2
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Taobxa. 4. Pe3ynsrarsl ceponoruueckux uccienoBanuii B DA B xo3siicTBe No 2 «IHCTBIXY OTICICHHIMA
(1 u 3) u ornenenus Bropoit ouepenu (5) 3a 2021-2022 rr.

Table 4. Results of serological tests in ELISA in farm No. 2 for the period 2021-2022 “clean” herds - 1

and 3, and the herds of the second stage - 5

Age groups
Cows Heifers Calves
Depart; t!
ebp;ay;r:‘zl ° Numbp r of Number Number of Numbf:r Number of Numbc.sr
examined . . of reacting . of reacting
. of reacting % examined . % examined . %
animals, . . animals, . animals,
animals, heads animals, heads animals, heads
heads heads heads
2021
"Clean" 1127 20 1,7 487 5 1,0 302 2 0,7
Other 800 33 4,1 198 12 6,0 150 48 32,0
2022
"Clean" 1309 8 0,6 355 56 15,7 171 3 1,7
Other 652 15 2.4 220 27 12,3 113 23 20,3

study. In Department 6, where about 400 infect-
ed cows were kept, a one-time replacement of
livestock with animals purchased from a healthy
farm was carried out.

In the first stage, after a full examination
using ELISA of the entire population and iso-
lation of positively responding individuals, the
epizootic picture in Farm No. 2 noticeably im-
proved. However, while the recovery dynamics
are positive in “clean” departments with cows,
an increase in the number of infected animals
is noted in the groups of heifers and calves.
Upon detailed study, it was found that in the calf
group, ELISA-negative animals were kept to-
gether with ELISA-positive ones for a long time
after establishing the serological status for leu-
kosis, and some seropositive calves remained in
the group until the next study and were re-exam-
ined. A similar situation occurred with the heifer
group — the studied and ELISA-negative heif-
ers, formed into a group for sending to another
department, remained in the former for several
months. During this time, they were kept in one
yard with ELISA-positive ones. From earlier
studies, it is known that the joint maintenance
and grazing of healthy and infected animals sig-
nificantly affects the high indicator of infection
among heifers [11].

CONCLUSION

Analyzing the epizootic dynamics in two
farms with initially similar situations regard-
ing bovine leukosis, it was found that strict ad-

herence to all the points prescribed by the plan
plays a significant role in successful health im-
provement. In Farm No. 1, all prescriptions were
strictly followed, and the dynamics of eliminat-
ing the leukemia virus from the herd were pro-
nounced and predictable. Visible results were
achieved in relatively short terms. After carry-
ing out a one-time replacement of the remaining
infected cows in one department with a group
of healthy animals regarding leukosis, they
reached the final stage of improving the health
of the farm as a whole. In Farm No. 2, the recov-
ery was slow. The established dynamics contra-
dicted expectations justified by the logic of the
measures outlined in the plan. Upon additional
analysis, violations of the execution of recom-
mended measures were identified, which did not
allow achieving the expected result.
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PaccmoTtpen Bompoc NpoU3BOIUTEILHOCTH COBPEMEHHBIX MOJIEIel 3epHOYOOPOYHBIX KOMOAHHOB
npomsBonctBa OO0 «Pocrcenmsmanm u OAO «l'oMcensMary B CBA3KE ¢ HOMEHKIIATYPOU ITOCTABIIS-
€MBIX K HHM YaTOK JUIsl IPSIMOTO KOMOAWHUPOBAHUS W B 3aBUCUMOCTH OT YPOXXKAHHOCTH 3€PHOBBIX
KYJIbTYp, TUIWYHOH [yt Cubupckoro peruoHa. st onpezeneHus paiMoHaIBHOTO COCTaBa yOOpOU-
HOTO arperara u3 CIIcKa pacCMaTpUBaEMbIX MOJICJICH pacueTHO-TpapUIECKIUM METOIOM OTIPEICICHBI
MOJIeTT KOMOAIfHOB, 3arpy3ka KOTOPBIX MOXeET ObITh oOecrieueHa B CHOMPCKOM pEeTHOHE Ha YPOBHE,
OIM3KOM HMJTM PABHOM MaKCHUMAaJIbHOW MMPOU3BOAUTEIHHOCTH. YCTAHOBIIEHO, YTO IIPH YCIOBUU HCIIOIb-
30BaHMS JKaTOK MUPUHON 3axBara 9,0 M ¢ pOCCHHCKUMH MOAETIIMU KOMOalHOB 1 9,2 M — ¢ Genopyc-
CKHMH TSl IPOBENICHUST YOOPOUHBIX padoT paroHaIbHO HCIIONB30BaTh Vector 410 mpu ypoBHE ypo-
xaitroctu 1,8-2,4 1/ra, GS 10 PRO — 2,45-3,00 1/ra. [Ipn 3TOM MOXET OBITH IIOJIHOCTHIO PEA30BaH
WX TEXHHYCCKUH TIOTSHIIMAT M 00ecleueHa MaKCHMallbHas MPOU3BOAUTEIBHOCTh KaK Mo yOpaHHO!
IJIONIA/IU, TAK U TI0 HAMOJIOTY 3epHa. Vcnonb3oBanue 0ojiee MPONU3BOIUTEILHBIX KOMOAHOB Ha yOOP-
K€ 3€pPHOBBIX MPSMBIM KoMbOaliHupoBanueMm B Cubupu He BCerna ONpaBaaHo, MOCKOIBKY MIPU CyIIIe-
CTBYIOIIEM 3/IeCh B HACTOSAIIECE BPeMs YPOBHE YPOKaHOCTH 3€pHA WX TEXHWYECKHUI MOTEHIIHAN He
MOXKET OBITH B IOJIHOW Mepe peann3oBaH. Ha oCHOBe MpOBENEHHBIX WCCIIEIOBAaHUH TTOyYEHBI JHa-
IPaMMBI, C TIOMOIIBI0 KOTOPBIX MOXKHO TIPOBECTH MOI00P YOOPOUHOTO arperara «KoMOaiH + jxaTkay,
C YYE€TOM YPOBHSI YPOXKAWHOCTH U KOHTYPHOCTH ITOJICH B KOHKPETHOM XO3SHCTBE, BapbUPYs INIUPHHON
3axBaTa *KaTKH.

KuroueBble cjioBa: 3epHOBBIE KYJIBTYphI, YPOXKAWHOCTH 3€pHA, KOMOAWH, IMPON3BOAUTEIBHOCTh
KoMOaifHa, IMpUHA 3aXBaTa KATKH

ON THE RATIONAL CHOICE OF A COMBINE HARVESTER AND A REAPER
FOR GRAIN HARVESTING IN CONDITIONS OF SIBERIA

x)Mikhaltsov E.M., Chekusov M.S., Kem A.A., Schmidt A.N., Damansky R.V.
Omsk Agrarian Research Center

Omsk, Russia

(<)e-mail: mihalcov@anc55.ru

The issue of productivity of modern models of grain harvesters produced by OOO Rostselmash
and OAO Gomselmash in connection with the nomenclature of reapers supplied to them for direct
harvestering and depending on the grain crop yields typical for the Siberian region was considered. To
determine the rational composition of the harvesting unit from the list of models under consideration,
the models of combines, the loading of which can be provided in the Siberian region at a level close to
or equal to the maximum productivity, were determined by calculation and graphical method. It was
found that on condition of using 9,0 m wide reapers with Russian models of combine harvesters and
9,2 m with Byelorussian models, for harvesting works it is rational to use Vector 410 with the yield
of 1,8-2,4 t/ha and GS 10 PRO with the yield of 2,45-3,00 t/ha. In this case, their technical potential
can be fully realized and the maximum productivity in terms of both harvested area and threshed grain
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can be ensured. The use of more productive combine harvesters for direct harvesters in Siberia is not
always justified, because at the current level of grain yields here their technical potential cannot be
fully realized. On the basis of the research, diagrams were obtained, which can be used to select the
harvesting machine “combine harvester + reaper”, taking into account the level of yield and the con-
tour of fields in a particular farm, varying the coverage of the reaper.

Keywords: grain crops, grain yield, combine, combine performance, reaper coverage
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INTRODUCTION

The cultivation of cereal crops remains a
fundamental and traditional activity in the agri-
culture of the Russian Federation. Many studies
are dedicated to the development of cultivation
and harvesting technologies for grains in Russia.
The organization and technology of conducting
harvesting operations hold a significant place
in grain production technology [1-3]. They ac-
count for 25-45% of the direct technical costs
associated with the entire technology of cereal
crop production [4]. Therefore, the efficiency
of investment in grain production by a farm is
largely determined by the rational choice of a
combine harvester and an accompanying reaper.

The question of rational choice of harvesting
equipment is becoming especially relevant un-
der conditions of its total reduction in the agri-
cultural sector [5, 6]. Hence, the choice of the
harvesting unit’s composition (combine + reap-
er) for a specific agricultural producer should be
justified and rational, taking into account the pe-
culiarities of the cultivated crops and their yields
in the farm over several past years.

Currently, most industries in Russia are under
the conditions of sanction pressure. Agriculture
is no exception. The purchase of foreign agricul-
tural equipment has become impractical due to
its unjustifiably high cost and the unpredictabil-
ity of future deliveries of spare parts and con-
sumables. Under the prevailing conditions of
reducing the number and aging of the machine
and tractor fleet, Russian agricultural producers

are constrained to choose harvesting equipment
primarily from the model range of the combines
produced in the Russian Federation and the Re-
public of Belarus [7].

The purpose of the study is to determine the
rational composition of the harvesting units,
consisting of modern models of grain harvest-
ers produced by LLC “Rostselmash” and JSC
“Gomselmash” and accompanying direct com-
bining reapers to them. With these, the maxi-
mum loading of the threshing and separating de-
vice and the maximum productivity per harvest-
ed area in the conditions of the Siberian region
would be achieved.

To achieve the set goal, it is necessary to
solve the following tasks:

1. Identify the component of the harvesting
unit that limits its productivity at the yield of ce-
real crops typical for Siberia.

2. Based on the solution of the first task,
determine the rational composition of the har-
vesting unit, which will ensure the maximum
loading of the harvesting unit at the maximum
productivity per the harvested area.

MATERIAL AND METHODS

Modern grain harvesters produced by LLC
“Rostselmash” and JSC “Gomselmash” have
been examined. Tables 1 and 2 present the per-
formance indicators of the grain harvesters man-
ufactured by these enterprises, the width of the
reapers recommended for use with them, and the
power of the installed engines.

MexaHu3a1wst, aBTOMATH3ALsl, MOZIC/IMPOBAHHE
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Ta6a. 1. XapakTepuCTUKH OCHOBHBIX MoJieneit
3epHOYOOPOYHBIX KOMOAHOB, MPOU3BOAMMBIX

B Poccuiickoit @enepaiuu

Table 1. Characteristics of the main models

of combine harvesters produced in the Russian
Federation

Width of

Maximum the reapin Engine

Combine model capacity, t/h machilr)l esg power,

’ used, m kW/hp.
Nova 10 4:5;6;7 132/180
Vector 410 12 5:6;7;,9 154/210
Acros 550 (585) 25 5.6:7:9 ég?ggg)
T-500 30 7,9 264/360
RSM 161 36 7,9 294/400
Torum 785 45 7;9 383/520

Taba. 2. XapakTepuCTUKA OCHOBHBIX MOJIEICH
3epHOYOOPOYHBIX KOMOAHHOB, IPOM3BOAUMBIX

B PecniyOnuke benapych

Table 2. Characteristics of the main models of
combine harvesters produced in the Republic

of Belarus

Maximum capacity Width
C . (determined at grain | of the Engine
ombine . .
model weight to straw reaping power,
ode weight ratio of 1.0 : | machines | kW/hp.
1.2), t/h used, m
GS 812 PRO 13,0 4;5;6;7| 169/230
GS 10 PRO 16,3 6;7;9,2 | 184/250
GS 12A1 19,6 6;7;9,2 | 243/330
GS 2124 26,2 9,2 390/530

The data in Tables 1 and 2 indicate that mod-
ern grain harvesters of domestic production and
those produced in the Republic of Belarus have
high productivity and engine power with a reap-
er width not exceeding 9.0-9.2 m. However, the
characteristics of a combine’s high productivity
should not be dominant when a consumer choos-

es the harvesting equipment. In practice, it often
happens that even the largest reaper width from
the produced range, combined with the recom-
mended speed of movement during harvesting
and the ordinarily not high yield in local condi-
tions, does not provide machine loading close to
nominal. In this case, the efficiency of using a
high-performance combine becomes lower than
the efficiency of a less productive combine se-
lected according to the criteria of ensuring opti-
mal loading.

According to the Ministry of Agriculture and
Food of the Omsk Region for 2020, 2021, and
9 months of 2022, agricultural organizations in
the region purchased 619 units of various brands
of grain harvesters. Among them, the most pro-
ductive ones were Acros, of which 182 units (or
29.4%) were purchased. The study examined the
question of their characteristics corresponding
to the working conditions in Siberia.

In the Siberian Federal District, the highest
yield of grain crops for the 2010s was obtained
in 2021. In this year, the highest level of average
grain yield was recorded in the Krasnoyarsk Ter-
ritory - 2.88 t/ha. The lowest was 1.65 t/ha in the
Republic of Altai. Based on these two boundary
values, the choice of the reapers and combines
from the assortment produced by LLC “Rostsel-
mash” and JSC “Gomselmash” is determined by
the criteria of loading close to optimal and high
productivity per harvested area.

It is noted that the issue of the effective use of
the fleet of grain harvesters and the formation of
its optimal model composition in the economy
has been worked out by a number of studies and
has several solutions 2 [8—14].

However, the use of most of the proposed
methods is complicated in the conditions of
farms due to the complexity of the calculations
performed, which take into account a large num-
ber of criteria and factors, which can be quite
challenging to consider and calculate in practice.
When determining the advisability of applying a
particular combine model, the calculations took
the header width, yield, and maximum combine

IShchitov S.V,, Kidyaeva N.P. Selection of combines by importance coefficients // Technics and equipment for rural areas, 2014,

No. 5, pp. 24-26.

Kidyaeva N.P, Shchitov S.V. Optimization of the choice of combine harvesters by weather conditions // Mechanization and elec-
trification of technological processes in agricultural production. Collection of scientific papers, Blagoveshchensk, 2013, pp. 80-87.
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productivity declared by their manufacturers as
the initial data. It was assumed that in the mode of
optimal loading of the engine and threshing-sep-
arating device, the economic efficiency of using
the combine would be a priori maximum, and
losses - within permissible limits. Other opera-
tional characteristics were not considered in the
calculations.

RESULTS AND DISCUSSION

The productivity of a combine harvester is
conventionally measured by the amount of crop
mass processed by the threshing-separating de-
vice per unit of time. The ratio of grain to straw
in this crop mass can vary widely, depending on
factors such as the cutting height, and the spe-
cies and varietal characteristics of the harvested
crops. For instance, this ratio can reach 1.0:1.2
for barley and 1:2 for winter rye. For most grain
crop varieties cultivated in Siberia, the grain to
straw mass ratio falls within this range.

In calculating the grain yield during the har-
vest, we used the formula:

Max. performance RSM161

V., xVxB xk,
10

where J'p is the working speed of the combine
in km/h, V is the yield per grain part in t/ha, Bx
is the constructive cutting width of the reaper in
meters, and i is the coefficient accounting for
the overlap between the adjacent reaper passes
(taken as 0.95 for calculations).

Figures 1-4 show diagrams constructed for the
mass of threshed grain per hour of pure combine
operation at working speeds from 6 to 8 km/h,
corresponding to the real operating conditions
of grain harvesters in Siberia, at various reaper
cutting widths in direct combining. The green
shading on the diagrams marks the productivity
interval falling within the range of the working
speeds from 6 to 8 km/h and yields from 1.65 to
2.90 t/ha. The diagrams consider that under real
field conditions, not all of the constructive cut-
ting width of the reaper is used, but only about
0.95 of its size.

>

H =

Max. performance T 500

B

~ Max. performance GS 2124

/

__Max. performance Acros

/ _ g

//

|
Max. performance GS 12A]1

Max. performance GS 10

Max. performance Vector 410

Threshing weight for 1 hour of clean work, t

O—=NWEREUNANI0O

mmm= 6 km/h
mmm= 8 km/h

0,507 09 1,1 13 1,5 1,7 1,9 2.1 23 25 27 29 3,1 33 35 37 39 41 43 45 47 49

Yield, t/ha

Puc. 1. luarpamma ajsi onpeiesieH s pallioHaIbHOTO COCTaBa yOOPOUHOro arperara npu padbote ¢ xKaTkoi
HIMPUHOMN 3axBaTa 9 M B 3aBUCHMOCTH OT yPOXXaHOCTH M CKOPOCTH ABMKECHUS KOMOaiiHa

Fig. 1. Diagram for determining the rational composition of the harvesting unit when working with a reaper
with a coverage of 9 m, depending on the yield and speed of the combine
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Puc. 2. Jlnarpamma 115 OTIpEAeTICHUS PAOHAIFHOTO COCTaBa yOOPOTHOTO arperara rmpu padoTe ¢ )Kar-
KOW IMUPUHON 3aXBaTa 7 M B 3aBUCUMOCTH OT YPOXKaHHOCTH M CKOPOCTH JIBIDKEHUS KoMOaitHa

Fig. 2. Diagram for determining the rational composition of the harvesting unit when working with a reap-
er with a coverage of 7 m, depending on the yield and speed of the combine

25 Max. performance Acros

20 Max_performance GS 12A1

. Max. performance GS 10

13 Max. performance GS 812
15— Max. performance Vector 410

Max. performance Nova
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Puc. 3. luarpamma aj1sl onpeieNieH s paioHaIbHOIO COCTaBa yOOPOUHOIo arperara nmpu padboTe ¢ Kar-
KO IIMPUHOM 3axBaTa 6 M B 3aBUCUMOCTH OT YPOJKallHOCTH M CKOPOCTH JBIKCHMS KoMOaiiHa

Fig. 3. Diagram for determining the rational composition of the harvesting unit when working with a reap-
er with a coverage of 6 m, depending on the yield and speed of the combine
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35 Max. performance Acros

Threshing weight for 1 hour of clean work, t

(=T S I T L L VRN )

05 07 0% 11 13 15 17 19 21 23 25

27 29 31 33 35

== 8 km/h

37 39 41 43 45 47 49

Yield, t/ha

Puc. 4. Jlnarpamma i1 onpezieNieH s pariioHaIbHOTO COCTaBa YOOPOUHOTO arperara rnpu padboTe ¢ )KaTKon
IMTUPUHON 3aXBaTa 5 M B 3aBUCUMOCTH OT YPOXKAaHHOCTH M CKOPOCTH IBMKEHUS KOMOaitHa

Fig. 4. Diagram for determining the rational composition of the harvesting unit when working with a reap-
er with a coverage of 5 m, depending on the yield and speed of the combine

For clarity, the diagrams are marked with hor-
izontals corresponding to the maximum grain
productivity for each of the considered combine
models. Considering that it’s advisable to start
equipping the harvesting unit with the selection
of the reaper with the maximum possible cutting
width, the diagrams in the text are arranged in
descending order from 9 to 5 meters.

The calculations assume a stand of crop with-
out lodging, not requiring a reduction of the
harvesting unit’s working speed from nominal
values.

Analysis of the presented diagrams shows
that at a yield lower than 1.75 t/ha, it is im-
possible to ensure the loading of the combines
from the considered list, even when using reap-
ers with a cutting width of 9.0 and 9.2 m (see
Fig. 1). For the harvest of grains with a yield
from 1.75 to 2.88 t/ha, several models of mod-
ern combines can be used, whose optimal load-
ing can be ensured by equipping them with the
reapers of corresponding width: GS 12A1, GS
10 PRO - with a reaper cutting width of 9.2 m;
Vector 410 - with a reaper cutting width of 9

m; GS 10 PRO, Vector 410, GS 812 PRO, and
Nova - with reapers cutting width of 7 m; Vec-
tor 410, GS 812 PRO, and Nova - with reapers
cutting width of 6 m. Clearly, to reduce the du-
ration and cost of harvesting, it is rational to
use combines with wider headers. Preference
should be given to harvesting units with small-
er cutting width only in cases where the use of
wider machines is hampered by the terrain and
field configuration.

It is impractical to use reapers with a S5m cut-
ting width at the corresponding yield range as
they are low-productive, lead to prolonged har-
vesting times, and require a larger number of
harvesting units. In this case, even the least pro-
ductive combine from the considered list (Nova)
achieves loading only at speeds ranging from 7
to 8 km/h.

Reviewing the diagrams also allows for a
graphical method to obtain data characterizing
the optimal loading of various harvesting units
for grain harvesting with a yield ranging from
0.5 to 5.0 t/ha. However, at a yield less than 1.75
t/ha and a speed up to 8 km/h, any of the consid-
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ered harvesting units will operate under partial
loading conditions.

The results of calculations to determine the
rational composition of the harvesting unit at
various yield levels are summarized in Table 3.

The results of the calculations presented in
Table 3 indicate that in the conditions of the Si-
berian region, characterized by grain yields rang-
ing from 1.65 to 2.9 t/ha, it is advisable to carry
out the grain harvest with GS 10 PRO combines
with a 9.2m cutting width and Vector 410 with a
9m cutting width. In this case, higher productivi-
ty will be ensured when using GS 10 PRO. More
productive machines in this yield range will not
receive loading close to the maximum.

Guided by the data in Table 3 on the “min-
imum-maximum yield” range and productivity
per harvested area, a rational composition of the
harvesting unit (combine + reaper) can be select-
ed. In addition to the yield level, the features of
the terrain and field configuration in a particular
farm should be considered, which may require
the use of reapers with a smaller cutting width
and a less productive combine.

CONCLUSION

In the conditions of Siberia, with the current
level of grain yield, the factor limiting the use
of high-performance grain harvesters is the cut-
ting width of the reaper. For grain harvesting
with a yield typical for Siberia (1.65-2.90 t/ha),
considering the loading conditions of the com-
bine’s engine and threshing-separating device, it
is advisable to use combines with a maximum
productivity from 12 to 16 t/h and reapers with
a cutting width of 9.0-9.2 m. The use of more
productive combines under such conditions is
economically unjustified since their technical
potential under partial loading conditions of the
main units remains unrealized. However, such
machines can be used in farms where a higher
level of applied technologies ensures a higher
yield level, and also in the selection of paired
rolls during two-phase harvesting.

It has been established that when using 9m
cutting width reapers with Russian combine
models and 9.2m with Belarusian ones for har-
vesting works on crops with a yield typical for
Siberia, it is rational to use Vector 410 at a yield

Tao6a. 3. PanmonansHble cOCTaBbl YOOPOUHBIX
arperaroB Npu yOOpKe 3epHOBBIX C Pa3IUIHON
YPOXKalHOCTBIO MPSIMBIM KOMOAHHUPOBAaHUEM U
COOTBETCTBYIOIIASI UM MPOU3BOJUTEIBHOCTD TI0
yOpaHHO TToIa TN

Table 3. Rational compositions of harvesting
units when harvesting grain crops with different
yields by direct combining and the corresponding
productivity for the harvested area

Combine model Mir.n'mal Maximum .
combine; (hailxlif:lsczing yield i\;[;;é?tl;glf
rf;cp}:ﬁ at the speed t(}?:rsvzsgzin(%faé the harvested
coverage of St/l;I:/h), kml/ah), tha area, ha/h

Reaping machine with a coverage of 9,2 m

GS 10 PRO 2,4 3 5,2-7,0

GS 12A1 2,85 3,8 5,2-7,0

GS 2124 3,85 5,0 5,2-7,0

Reaping machine with a coverage of 9 m

Vector 410 1,75 2,35 5,1-6,8

Acros 3,65 4,85 5,1-6,8

Reaping machine with a coverage of 7 m

Nova 1,9 2,5 4,0-5,3

Vector 410 2,25 3,0 4,0-5,3

GS 812 PRO 2,45 3,25 4,0-5,3

GS 10 PRO 3,1 4,1 4,0-5,3

GS 12A1 3,7 4,9 4,0-5,3

Reaping machine with a coverage of 6 m

Nova 2,2 2,9 3,4-4,6

Vector 410 2,65 3,5 3,446

GS 812 PRO 2,85 3,8 3,4-4,6

GS 10 PRO 3,6 4,8 3,4-4,6

Reaping machine with a coverage of 5 m

Nova 2,65 3,5 2,9-3,8

Vector 410 3,15 4,2 2,9-3,8

GS 812 PRO 3.4 4,6 2,9-3,8

level of 1.8-2.4 t/ha, GS 812 PRO — 1.95-2.6 t/
ha, GS 10 PRO —2.45-3.0 t/ha.
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BJIUSIHUE COOTHOIEHUS MOMOJBHOM CMECH 3EPHA INIINEHUIIBI
N AMAPAHTA HA XUMHUYECKHUE U ®PU3NKO-XUMNYECKHUE ITOKA3ATEJIN
NMIIEHUYHO-AMAPAHTOBOM MYKHN

<) Kanapoxos P.X., Kupromun B.A., [Ipynnukosa A.C.
Poccuiickuii buomexnonocuseckuil yHusepcumen

Mocksa, Poccust

(<)e-mail: nart132007@mail.ru

Ha poccuiickoM pbIHKE MOSBUJICS HOBBIH MCTOUYHUK PACTHTEIBHOTO CHIPbS JAJS MUILIEBON MpO-
MBILJICHHOCTH — 3€PHO amMapaHTa W MPOAYKTHI €ro mepepaboTKH, oOnajaromie NeHHbIM XUMHUYe-
CKHMM COCTaBOM, BBICOKOW MUINEBOI M OMOIOrMYECKON HEHHOCTHIO, COIeprKallie MIUPOKUI CTIEKTP
(bm3nonornyecku PyHKIIMOHAIBHBIX MUIIEBHIX BelecTB. [IpeacTaBnens! uccue oBaHus 10 BIUSHUIO
Pa3IMYHOTO COOTHOMICHHUS TOMOJIFHOW CMECH 3epHa TIIESHUIIB U aMapaHTa Ha XUMHYecKue u (puzu-
KO-XMMHYECKHE CBOMCTBA MIIIEHUYHO-aMapaHTOBON MYKH B PE3yJIbTaTe MX COBMECTHOM NepepadOTKH.
OOBEKTOM HCCIIEAOBAHNS MOCITYKHIIU 3¢6pHO 03UMOI mieHunbl HeMunHoBCKas 85 u 3epHO amapaHTa
Boponexckuii. [lepepaboTky KOHTPOJIILHOTO 00pa3iia MSITKOW MIICHUIbI U TOMOJIbHBIX MMIIEHUYHO-
aMapaHTOBBIX CMeCeH Pa3JINYHOTrO MPOIIEHTHOTO OTHOIIEHHUS MPOBOAWIM Ha MEJbHUIAX jadopa-
topHoro momoiia (MJII1-4) ¢ Hape3HBIMU (IS APAHBIX CUCTEM) M TIQAKUMU MUKPOIIEPOXOBATHIMH
BaJbIIaMH (IJIs1 Pa3MOJIBHBIX CUCTEM). YCTAaHOBJICHO, YTO B KOHTPOJIBHOM 00pasiie MIIIEHUIHON MyKH
CpPEeIHEB3BEIICHHOE CoAepkaHue xupa 1 Oenka coctasuio 1,12 u 11,57% cooTBeTCTBEHHO, IPH J10-
OaBieHnu 5% aMapaHTa B OMOJIBHYIO MIICHUYHO-aMapaHTOBYIO 3€PHOBYIO CMECh CPETHEB3BEILICH-
HOE COZICpKaHUE KUpPA B MIICHUYHO-aMapaHTOBOW Myke coctaBwmio 2,47%, Oenka — 12,55%, npu
nobasnennu 10% amapanrta — 3,13 u 12,66%, npu nobasienuu 15% amapanrta — 3,88 u 13,34%, npu
nmobasnennu 20% amapanta — 4,29 u 13,78% cooTBeTcTBeHHO. BBIsBIEHO, 9TO MOOaBIICHNE 3epHA
amapaHTa B IIOMOJIBHYIO NIIIIEHUYHO-aMapaHTOBYIO cMech 110 20% 3epHa amapaHTa CyIIECTBEHHO TI0-
BBIIIAET BBIXOJ[ MIIIEHUYHO-aMapPaHTOBOH MYKH. YCTaHOBIIEHO, YTO JT0OaBJICHHE B TIOMOIBHYIO 3ep-
HOBYIO CMECh 3€pHA amMapaHTa MO3BOJISET MOBBICUThH COZIEP’KAHUE JKUPA B MIIEHUYHO-aMapaHTOBOM
Myke Ha 282,1% u Ha 18,4% coneprkanue Oeika 1o CpaBHEHHIO C KOHTPOJIbHOW MIIEHUYHON MYKOM.

KuroueBble c/10Ba: MIIIeHUIIA, aMapaHT, TOMOJIbHAS CMECH, BBIXOI, IIIIEHNYHO-aMapaHTOBas MyKa,
XUMHYECKHE U PU3UKO-XUMHUYECKUE CBOHCTBA

INFLUENCE OF WHEAT AND AMARANTH GRAIN MIXTURE RATIO
ON CHEMICAL AND PHYSICOCHEMICAL PARAMETERS
OF WHEAT-AMARANTH FLOUR

(<)Kandrokov R.Kh., Kiryushin V.A., Prudnikova A.S.
Biotech University

Moscow, Russia

(xpe-mail: nart132007@mail.ru

A new source of vegetable raw materials for the food industry has appeared on the Russian mar-
ket - amaranth grain and products of its processing, which have a valuable chemical composition, high
nutritional and biological value, containing a wide range of physiologically functional nutrients. The
studies on the effect of different ratios of the grinding mixture of wheat and amaranth grains on the
chemical and physico-chemical properties of wheat-amaranth flour as a result of their joint processing
are presented. The object of the study was the grain of winter wheat of the variety Nemchinovskaya
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Influence of wheat and amaranth grain mixture ratio on chemical
and physicochemical parameters of wheat-amaranth flour

Kandrokov R. Kh., Kiryushin V.A., Prudnikova A.S.

85 and the grain of amaranth of the variety Voronezhsky. Processing of the control sample of common
wheat and milling wheat-amaranth mixtures of various ratios was carried out in the laboratory grind-
ing mills (LGM-4) with threaded (for break systems) and smooth microroughened rollers (for grinding
systems). It has been found that in the control sample of wheat flour, the weighted average content of
fat and protein was 1.12% and 11.57%, respectively, with the addition of 5% amaranth to the grinding
wheat-amaranth grain mixture, the weighted average fat content in wheat-amaranth flour was 2.47 %,
and the protein content - 12.55%, with the addition of 10% amaranth to the grinding wheat-amaranth
grain mixture, the weighted average fat content of wheat-amaranth flour was 3.13%, and the protein
content - 12.66%, with the addition of 15% amaranth in the milled wheat-amaranth grain mixture, the
weighted average fat content in wheat-amaranth flour was 3.88%, and the protein content was 13.34%,
with the addition of 20% amaranth to the milled wheat-amaranth grain mixture, the weighted average
fat content in wheat-amaranth flour was 4.29%, and the protein content was 13.78%, respectively. It
has been found that the addition of amaranth grain to the milled wheat-amaranth mixture up to 20%
of amaranth grain significantly increases the yield of wheat-amaranth flour. It has been established
that the addition of amaranth grain to the grinding grain mixture makes it possible to increase the fat
content in wheat-amaranth flour by 282.1% and the protein content by 18.4% compared to the control
wheat flour.

Keywords: wheat, amaranth, grinding mixture, yield, wheat-amaranth flour, chemical and physi-
cochemical properties
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INTRODUCTION

Over the last 30 years, there has been a re-
duction in the balanced animal proteins by 20-
25%, overall caloric content of food products by
10-15%, animal fats by 65-70%, and high-pro-
tein plant-based foods by 25-30%' in the dietary
structure of the population of the Russian Fed-
eration.

A relatively new source of plant raw materi-
als for the food, oil extraction, and pharmaceu-
tical industries has appeared on the global and
Russian markets — amaranth grain and its pro-
cessed products. They boast a valuable chemi-
cal composition, high food and biological value,
containing a wide range of physiologically func-

tional food substances, which defines the pros-
pects of their use in food production technology?
[1-3].

Amaranth grain surpasses many traditional
crops, including wheat grain, in protein, ami-
no acids, vitamins, macro and microelements,
biologically active substances, and fat content
[4—6]. Amaranth has a valuable chemical com-
position with an increased content of the es-
sential limiting amino acid - lysine, high food
and biological value, making it a promising
raw material for use in the food and process-
ing industry [7, 8]. Amaranth flour contains
essential amino acids, insoluble dietary fibers,
PP group vitamins, mineral substances, and is

'Litvinova O.S. Nutrition structure of the population of the Russian Federation. Hygienic assessment // Population health and

habitat, 2016, No. 5 (278), pp. 11-14.

*Medvedeva A.A., Nevskaya E.V. Study of the influence of amaranth meal on the properties of dough and quality of bakery
products from wheat flour // Scientific Works of the Kuban State Technological University: Electronic network polythematic journal,

2019, No. S9, pp. 406-413.
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HIHCHH‘IHO-aMapaHTOBOﬁ MYKH

Kannpoxos P.X., Kuprommn B.A., IIpynnukosa A.C.

balanced in macroelement content of Ca and
P3[9-11].

Analysis of various literary sources indicates
the feasibility of using amaranth processing
products as an enriching additive in various food
products*3[12-15].

Special mention should be made of the fact
that amaranth meal includes a unique substance
— squalene, which is a powerful (effective) anti-
oxidant’.

Studies to determine the milling and baking
properties of wheat-amaranth grinding mix com-
pared to the grinding mix from wheat grain have
not been conducted either in Russia or abroad. In
this regard, the composition of wheat-amaranth
grinding mixes for obtaining wheat-amaranth
flour of increased food and nutritional value is
relevant.

The purpose of the study is to examine the
influence of different ratios of grinding mix of
wheat and amaranth grains on the chemical and
physical-chemical properties of the streams of
wheat-amaranth flour obtained as a result of
their joint processing.

Research tasks are as follows:

— develop a laboratory technological scheme
for processing the wheat-amaranth grinding mix;

— conduct laboratory grindings of a control
sample of soft wheat, as well as grinding mixes
of wheat and amaranth grains in a percentage ra-
tio of 95:5, 90:10, 85:15, 80:20 according to the
developed technological scheme;

— determine the influence of the amaranth
content in the wheat-amaranth grinding mix on
the chemical and physical-chemical properties

of individual streams of wheat-amaranth flour
and compare with control wheat flour obtained
by all technological systems.

MATERIAL AND METHODS

The objects of the studies were winter wheat
grain Nemchinovskaya 85 and amaranth Vorone-
zhsky of domestic selection [3]. Table 1 presents
a comparative characteristic of the chemical
composition of amaranth and soft winter wheat
grain.

The control sample of soft wheat and differ-
ent ratios of wheat-amaranth grinding mixtures
were processed on laboratory milling machines
(MLP-4) with serrated (for break systems) and
smooth micro-rough rolls (for reduction sys-
tems) [14].

The grinding parameters and modes on roller
mills remained unchanged during the process-
ing of all samples of wheat-amaranth grinding
mixtures, including the control sample of wheat.
Sifting and selection of intermediate grinding
products of wheat-amaranth mixtures of differ-
ent percentage ratios and flour milling were car-
ried out on the sifters of MLP-4 mills, consisting
of a set of three sieves, including two for groats
and one for flour with a total sieving surface of
720 cm?.

Chemical and physicochemical indicators
of streams of wheat-amaranth flour and control
wheat flour, obtained in all break and reduction
systems, were determined on the SpectraStar
2500 XL infrared grain and flour analyzer (made
in the USA).

3Roslyakov, Y.F., Shmalko N.A., Bochkova L.A. Prospects for the use of amaranth in the food industry // Proceedings of Universities.

Technical Sciences, 2004, No. 4, pp. 92-95.

4Shmalko N.A., Uvarova A.L, Roslyakov Y.F. Amaranth flour - antioxidant additive for pasta enriched with beta-carotene //

Izvestiya Vuzov. Food technology, 2004, No. 5-6, pp. 39-41.

SJurko Yu. A., Parfenov A.A., Korenskaya I.M. Chromato-mass spectrometric analysis of fatty acid composition of seed meal
amaranth seeds of the variety Voronezhsky // Bulletin of the Perm State Pharmaceutical Academy, 2012, No. 9, pp. 167-168.

®Khandaker L., Ali M.B., Oba S. Total polyphenol and antioxidant activity of red amaranth (Amaranthus tricolor L.) as affected
by different sunlight level // J. Jap. Soc. Hort. Sci. 2008, Vol. 77, No. 4, pp. 395-401.

"Gorinstein S., Vargas O.J., Jaramillo N.O., Salas I.A., Ayala A.L., Arancibia-Avila P, Toledo F., Katrich E., Trakhtenberg S. The
total polyphenols and the antioxidant potentials of some selected cereals and pseudocereals // Eur. Food Res. Techn. 2007, Vol. 225,

No. 3-4, pp. 321-328. DOI: 10.1007/s00217-006-0417-7.

$Gorinstein S., Lojek A., Ciz M., Pawelzik E., Delgado-Licon E., Medina O.J., Moreno M., Salas I.A., Goshev 1. Comparison of
composition and antioxidant capacity of some cereals and pseudocereals // Int. J. Food Sci. Techn. 2008, Vol. 43, No. 4, pp. 629-637.

DOI: 10.1111/5.1365-2621.2007.01498 x.

°Gamel TH., Linssen J.P. Nutritional and medicinal aspects of amaranth // Recent Progress in Medicinal Plants, 2006, Vol. 15,

No. 5, pp. 347-361.
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Ta6a. 1. XuMudeckuii cocTaB 3epHa amapaHTa
¥ TIeHuns, %

Table 1. Chemical composition of amaranth
and wheat grains, %

P Car- Fi
Culture ™" | Fats | bohy- | . | Ash | Water
tein ber
drates
Amaranth
Voronezhsky 17,6 | 6,8 | 56,2 | 6,2 | 2,6 | 10,6
Wheat Nemchi-
novskaya 85 12,3 1,7 | 68,4 | 2,0 |1,73| 14

RESULTS AND DISCUSSION

In the first stage of the study, laboratory
grindings of the control sample of soft wheat, as
well as grinding mixtures of wheat and amaranth
grain in a percentage ratio of 95:5, 90:10, 85:15,
80:20 were conducted according to the devel-
oped technological scheme. In total, 11 streams
of wheat-amaranth and control wheat flour were
obtained, including five from break systems and
six from reduction systems.

The obtained results of laboratory grindings
on the influence of the content of the amaranth
grain in the wheat-amaranth grinding mixture on
the yield of wheat-amaranth flour compared to

the yield of control wheat flour are presented in
Table 2.

It was found that the addition of amaranth
grain to the grinding mix significantly increas-
es the yield of wheat-amaranth flour. When
adding 5% of amaranth grain to the grinding
mixture, the yield of wheat-amaranth flour was
72.2%, 10% of amaranth grain - 73.7%, 15%
of amaranth grain - 80.2%, 20% of amaranth
grain - 82.7%, which is 8.4% higher compared
to the flour yield from the control wheat sam-
ple. Thus, the highest yield of wheat-ama-
ranth flour is obtained by grinding a mixture
of wheat and amaranth grains in a percentage
ratio of 80:20.

In the second stage of the study, the influ-
ence of amaranth content in the wheat-ama-
ranth grinding mix on the chemical and phys-
icochemical properties of individual streams
of wheat-amaranth flour was determined, com-
pared with control wheat flour obtained from all
technological systems (see Table 3).

Taking into account the total yield of wheat
flour, the average weighted fat content in all
streams was 1.13%, protein - 11.61%. In the
streams of wheat flour on break systems, the av-
erage weighted content of fat and protein was

Tao6a. 2. Bexoq co BceX TEXHOIOTHYECKUX CUCTEM TIICHUYHO-aMapaHTOBONW MYKH Pa3IMIHOTO COOTHO-

IICHNS U KOHTPOJIBHON MIICHUYHON MYyKH, %o

Table 2. Yield from all technological systems of wheat-amaranth flour of different ratios and control

wheat flour, %

Wheat-amaranth flour yield
Technological system of the Wheat-amaranth milling mixture in percentages
laboratory scheme 80 : 20 Control sample of soft wheat grain
95:5 90:10 85:15 )
Break system:
1 1,7 2,9 2,0 1,3 2,7
II 2,1 2,9 2,2 1,6 3,4
11 5,3 3,1 7,8 3,0 4,4
v 2,1 2,3 2,6 1,7 2,6
v 0,7 0,8 0,7 0,9 1,3
Break system flour 11,9 12,0 15,2 8,5 14,4
Reduction system: 19,2 20,7 256 22,7 25,6
2nd 14,2 17,8 19,4 20,1 15,9
3rd 11,7 10,7 12,8 14,1 8,2
4th 7,2 6,6 3,1 9,4 7,3
5th 4,9 2,5 2,2 5,5 1,5
6th 3,1 3,4 1,8 2,4 1,4
Reduction system flour 60,3 61,7 64,9 74,2 59,9
Total flour 72,2 73,7 80,2 82,7 74,3
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1.14 and 11.94%, on reduction systems - 1.12
and 11.53% respectively.

The average weighted fat content in the streams
of wheat-amaranth flour in a 95:5 percentage ra-
tio, taking into account the total yield, was 2.47%,
protein - 12.55%. The average weighted fat and
protein content in the streams of wheat-amaranth
flour in the break systems for this variant was
2.45% and 12.53%, in reduction systems - 2.48%
and 12.56% respectively (see Table 4).

The average weighted fat content in the
streams of wheat-amaranth flour in a 90:10 raw
material ratio, taking into account the yield on
break and reduction systems, was 3.12% and
3.14%, protein - 12.77% and 12.64% respective-
ly. The average weighted fat and protein content
in the streams of wheat-amaranth flour for all
systems in this variant - 3.13% and 12.66% re-
spectively (see Table 5).

The average weighted fat content in the
streams of wheat-amaranth flour in an 85:15

Tab6a. 3. Xumudeckue U GU3NKO-XUMHUYECKIE TOKA3aTeTH TOTOKOB KOHTPOIHHON TIIIICHUYHON MYKH,

TTOJIYYEHHBIX CO BCEX TEXHOJIOTUYCCKUX CUCTEM

Table 3. Chemical and physicochemical parameters of control wheat flour streams obtained from all

technological systems

o Break system Reduction system
Flour indicator I I I v \ Ist | 2nd | 3rd | 4th | Sth+6th
Lipids, % 1,01 1,03 1,11 1,09 1,14 1,12 1,08 1,17 1,15 1,22
Ash content, % 0,58 0,56 0,57 0,65 0,67 0,50 0,52 0,60 0,71 0,90
Fiber, % 1,20 1,22 1,06 1,10 1,18 1,12 1,15 1,33 1,46 1,61
Protein, % 11,39 | 11,20 | 11,89 | 12,15 | 12,42 | 11,41 | 11,45 | 11,60 | 11,76 12,32
Moisture, % 13,54 | 13,21 | 14,21 | 14,05 | 13,75 | 13,94 | 13,33 | 12,84 | 12,17 11,99
Starch, % 64,62 | 64,43 | 63,64 | 63,22 | 62,20 | 64,65 | 65,30 | 65,24 | 65,55 64,42
Whiteness, device units | 67,72 | 68,95 | 65,16 | 62,00 | 55,99 | 66,06 | 59,39 | 54,36 | 48,27 40,79
GDI, units 60,20 | 59,42 | 59,89 | 61,88 | 66,56 | 59,34 | 66,12 | 69,15 | 75,62 81,14
Gluten, % 24,39 | 22,19 | 26,52 | 27,32 | 28,23 | 25,52 | 25,35 | 25,10 | 24,87 25,25
General fibers, % 2,88 3,31 2,61 2,96 3,25 2,68 3,08 3,40 3,64 4,00
Falling number, s 310,5 | 292,5 | 316,8 | 307,1 | 299,8 | 317,9 | 303,3 | 305,2 | 299,7 283,6

Taoa. 4. Xumuyeckue u (I)I/I3I/IKO-XI/IMI/I‘ICCKI/IC IMoKa3aTeju IIOTOKOB HHIeHH‘lHO—aMapaHTOBOﬁ MYKH
B MPOLICHTHOM OTHOLICHUHN 95 : 5, MOJYHYCHHBIX CO BCCX TCXHOJIOTMYCCKUX CUCTCM

Table 4. Chemical and physicochemical parameters of wheat-amaranth flour streams as a percentage

of 95 : 5 obtained from all technological systems

Break system Reduction system

Flour indicator I 1 I v v Flour indicator Lst ond ad | 4th 5;1t1h+
Lipids, % 2,37 | 2,41 | 2,46 | 2,51 | 2,57 | Fat, % 241 | 245 2,51 12,53 | 2,61
Ash content, % 0,73 | 0,89 | 0,9 | 1,0 | 1,02 | Ash content, % 1,03 | 1,12 | 1,32 1,48 | 1,55
Fiber, % 1,51 | 1,66 | 1,45 | 1,58 | 1,57 | Fiber, % 1,4 | 1,43 [1,55] 1,62 | 1,66
Protein, % 12,24 12,91 12,32 12,73 | 13,04 | Protein, % 12,32 |12,42(12,57/12,91| 13,07
Moisture, % 12,28 12,24 12,33 12,11 12,15 | Moisture, % 12,27 [12,05(11,63| 11,3 | 11,23
Starch, % 64,32 61,26 | 63,5 |63,06/62,39| Starch, % 63,22 162,98 61,91/ 61,1 | 60,67
Whiteness, device units| 49,21 | 41,66 | 42,1 | 7,73 |36,99| Whiteness, device units| 3586 |32,08 23,71/17,12| 14,17
GDI, units 71,71 | 78,03 | 73,66 | 78,03 | 79,01 | GDIL, units 74,78 | 77,83 |82,75/87,73| 90,08
Gluten, % 25,58 27,58 | 24,91 25,65 26,22 | Gluten, % 23,84 |23,01(22,6 |22,27| 22,44
General fibers, % 3,95 | 4,02 | 3,81 | 4,04 | 4,19 | General fibers, % 3,73 | 3,74 3,96 | 4,15 | 4,16
Falling number, s 293,28(279,66|298,93|281,79|275,95  Falling number, s 307,6 |304,38/29841|287.62 | 280,69

IepepaboTka cembCKOX03sHCTBEHHO IIPOLYKINH
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Taba. 5. Xumudeckue u GU3NKO-XUMHUUSCKUE CBOMCTBA MOTOKOB MIIICHUYHO-aMapaHTOBON MYKH B TIPO-
1eHTHOM oTHomeHUH 90 : 10, MOTYYEHHBIX CO BCEX TEXHOJIIOTHUECKUX CUCTEM
Table 5. Chemical and physicochemical properties of wheat-amaranth flour streams in the percentage
ratio of 90 : 10 obtained from all technological systems

Flour indicator Break system Reduction system
1 11 111 v \' 1st 2nd 3rd 4th 5th + 6th
Lipids, % 3,09 3,12 3,10 | 3,14 | 3,18 3,11 3,15 3,14 | 3,18 3,22
Ash content, % 1,27 | 0,87 0,9 0,98 1,04 1,05 1,14 1,29 1,41 1,56
Fiber, % 1,59 1,47 1,49 1,52 1,58 1,37 1,4 1,48 1,54 1,65
Protein, % 12,83 | 12,4 | 12,77 | 13,0 13,2 | 12,64 | 12,53 | 12,52 | 12,78 13,04
Moisture, % 11,75 | 12,3 | 12,39 | 124 12,3 | 12,51 | 12,18 | 11,74 | 11,47 11,21
Starch, % 61,7 63,7 63,1 624 | 61,3 | 61,67 | 61,57 | 61,64 | 61,15 60,12
Whiteness, device units 26,5 433 41,3 37,5 34,5 344 | 30,69 | 24,6 | 19,07 13,1
GDI, units 84,5 74,7 75,7 78,6 81,3 75,8 | 78,05 | 80,8 | 85,01 89,9
Gluten, % 24,0 | 25,1 26,3 27,1 27,7 | 24,7 | 23,57 | 22,6 | 22,4 22,5
General fibers, % 4,15 3,86 3,9 4,0 4,05 3,49 3,55 3,84 4,0 4,12
Falling number, s 2774 | 291,2 | 285,0 | 276,5 | 273,0 | 305,0 | 304,4 | 304,3 | 298,2 287,5

Taoa. 6. Xumudeckne U GU3HKO-XUMHUISCKUE CBOMCTBA ITOTOKOB MIIICHUYHO-aMapaHTOBOH MYKH B TIPO-
[IEHTHOM OTHOIIEHUH 85 : 15, MOTyUEeHHBIX CO BCEX TEXHOJIOTHUCCKUX CHCTEM
Table 6. Chemical and physicochemical properties of wheat-amaranth flour streams in the percentage
ratio of 85 : 15 obtained from all technological systems

Flour indicator Break system Reduction system

1 11 111 v \' Ist 2nd 3rd 4th 5th + 6th
Lipids, % 3,63 | 3,59 | 3,68 | 3,77 | 3,79 | 3,85 | 3,89 | 3,92 | 3,87 3,97
Ash content, % 1,14 1,07 1,15 1,25 1,31 1,46 1,53 1,64 1,74 1,95
Fiber, % 1,67 1,49 1,38 1,39 1,49 1,41 1,01 1,52 1,62 1,81
Protein, % 13,14 | 12,95 | 13,07 | 13,34 | 13,66 | 13,26 | 13,45 | 13,24 | 13,32 13,65
Moisture, % 11,28 | 12,13 | 12,52 | 12,55 | 12,26 | 11,89 | 11,26 | 11,21 | 10,76 10,15
Starch, % 62,2 | 62,89 | 61,06 | 59,77 | 59,45 | 60,88 | 61,99 | 61,04 | 61,28 61,35
Whiteness, device units 20,31 | 34,97 | 31,06 | 26,3 | 23,5 | 16,45 | 13,05 | 8,74 | 4,09 0,0
GDI, units 90,82 | 8/0,49 | 79,92 | 83,6 | 87,42 | 23,17 | 92,92 | 93,39 | 97,27 105,84
Gluten, % 23,62 | 24,43 | 25,09 | 25,79 | 26,45 | 23,17 | 22,13 | 21,66 | 21,08 20,8
General fibers, % 433 | 398 | 3,69 | 3,78 | 4,01 3,82 | 4,79 | 3,98 4,1 4,44
Falling number, s 265,4 | 273,7 | 282,3 | 270,4 | 259,5 | 276,7 | 271,1 | 278,4 | 274,8 260,2

Taoa. 7. Xumudeckue U GU3NKO-XUMHUSCKIE CBOMCTBA MTOTOKOB MIIEHUIHO-aMapaHTOBON MYKH B TIPO-
1eHTHOM oTHomeHUH 80 : 20, MOTYYEHHBIX CO BCEX TEXHOJIIOTHUECKUX CHCTEM
Table 7. Chemical and physicochemical properties of wheat-amaranth flour streams in the percentage
ratio of 80 : 20 obtained from all technological systems

Flour indicator Break system Reduction system
1 11 11T v \' st 2nd 3rd 4th 5th + 6th
Lipids, % 4,07 4,17 421 4,35 4,47 4,12 4,29 4,32 441 4,58
Ash content, % 1,44 1,48 1,51 1,49 1,55 1,62 1,96 2,08 2,34 2,73
Fiber, % 1,67 1,5 1,49 1,58 1,69 1,55 1,64 1,8 1,91 2,15
Protein, % 12,51 | 12,54 | 13,02 | 13,44 | 13,81 | 13,46 | 13,79 | 13,70 | 14,21 14,26
Moisture, % 10,65 | 11,67 | 12,08 | 11,97 | 11,72 | 11,75 | 11,01 | 10,47 | 10,06 9,43
Starch, % 64,82 | 64,3 | 62,22 | 60,86 | 59,81 | 59,08 | 58,39 | 58,15 | 57,21 56,23
Whiteness, device units | 18,35 | 34,27 | 32,32 | 25,04 | 17,51 11,0 10,0 0,0 0,0 0,0
GDI, units 94,95 | 83,04 | 81,98 | 87,24 | 93,15 | 90,4 | 99,52 | 102,8 | 110,4 124,4
Gluten, % 23,54 | 24,76 | 25,57 | 26,19 | 26,88 | 23,41 | 21,15 | 20,58 | 20,42 20,84
General fibers, % 4,62 4,26 4,11 4,21 4,39 3,97 4.2 4,21 4,35 4,81
Falling number, s 265,1 | 269,6 | 267,1 | 255,9 | 2453 | 273,3 | 265,2 | 271,3 | 258,1 226,9
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3aBUCUMOCTD COJIEPKAHUS 3epHA aMapaHTa B IIOMOJIEHON CMECH Ha KOJTMYECTBO KUpa U OeNIKa B MIIEHUY-
HO-aMapaHTOBOU MYKE Pa3IMIHOTO IMPOIICHTHOTO OTHOIICHS B CPABHEHHUH ¢ KOHTPOJIBHON TIIIICHIYIHOMN

MyKoH, %

Dependence of amaranth grain content in the milling mixture on the amount of fat and protein in
wheat-amaranth flour of different percentages compared with the control wheat flour, %

ratio, taking into account the yield, was 3.84%,
protein - 13.30%. The average weighted fat and
protein content in the streams of wheat-amaranth
flour in the break systems - 3.71% and 13.22%,
in reduction systems - 3.88% and 13.34% re-
spectively (see Table 6).

The average weighted fat content in the
streams of wheat-amaranth flour in an 80:20
ratio, taking into account the yield, was 4.28%,
protein - 13.70%. The average weighted fat and
protein content in the streams of wheat-amaranth
flour in the break systems - 4.24% and 13.02%,
in reduction systems - 4.29% and 13.78% re-
spectively (see Table 7).

The figure shows the dependence of the ama-
ranth grain content in the grinding mix on the fat
and protein content in the wheat-amaranth flour
of different ratios compared to the control wheat
flour. The graph shows that adding amaranth
grain to the grinding mix allows increasing the
fat content in wheat-amaranth flour by 282.1%
and the protein content by 18.4% compared to
control wheat flour.

CONCLUSIONS

1. Adding amaranth grain to the grind-
ing mix has a positive effect on the granulating
ability and leads to an increase in the yield of

wheat-amaranth flour. When adding 5% of ama-
ranth grain to the wheat-amaranth grinding mix,
the flour yield was 72.2%, 10% of amaranth grain
- 73.7%, 15% of amaranth grain - 80.2%, 20%
of amaranth grain - 82.7%. The highest yield of
wheat-amaranth flour is obtained by grinding
wheat and amaranth grain in a percentage ratio
of 80:20, which is 8.4% higher compared to the
flour yield from the control wheat sample.

2. Adding amaranth grain to the wheat-am-
aranth grinding mix increases the fat and protein
content in all streams of wheat-amaranth flour
obtained from both break and reduction sys-
tems. Compared to the control sample of wheat
flour, the fat and protein content was 1.12% and
11.57% respectively; when adding 5% of am-
aranth, the average weighted fat content was
2.47%, protein - 12.55%; 10% of amaranth,
the fat content - 3.13%, protein - 12.66%; 15%
of amaranth, the fat content - 3.88%, protein
- 13.34%; 20% of amaranth, the fat content -
4.29%, protein - 13.78%.

3. Adding amaranth grain to the grind-
ing mix allows increasing the fat content in
wheat-amaranth flour by 282.1%, protein - by
18.4% compared to control wheat flour.

IepepaboTka cembCKOX03sHCTBEHHO IIPOLYKINH
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OILIEHKA TEHETUYECKHUX PA3JIMYUI ¥ JKUBOTHBIX
HA IIPUMEPE NIPEJCTABUTEJIEA POJIA CAMELUS

Teimenko B.U., <) Tepaeuxnii B.I1.

Bcepoccuiickuii Hayuno-uccieoosamenbeKutl UHCIMumym 2eHemuKy

U pazeedeHust CelbCKOXO3AUCMBEHHBIX HCUBOMHBIX — hunuan Beepoccutickoeo uncmumyma
arcugomnoeoocmea um. akaoemuxa JIL.K. Ipucma

Cankr-IletepOypr, n. Tapneso, Poccus

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

IIpencrarieHbl qaHHBIE O TEHETUYCCKOW M3MEeHINBOCTH TeHOMHOM JIHK nByX BHIOB BepOIt0n0B
(mpomenap u 6akTpuan). OTMEUCHO, UTO YKa3aHHBIC BUIBI UMEIOT OOJIBINIOE 3HAYCHUE B PSJIC IOKHBIX
CTpaH — HCIONB3YIOTCS KaK CelIbCKOXO3SHCTBEHHBIE, TATIIOBBIE, BEPXOBHIE H CIIOPTUBHBIC KHUBOTHBIE.
B nacrosiiee BpeMs U3y4eHHUIO BEPOIIOOB yEIsAETCsl OOJIBIIOE BHUMAHUE C LIEJIBIO BBISIBICHUS UX
TEHETHYECKUX OCOOCHHOCTEH, KOTOPhIE MOYKHO HCIIONB30BaTh B CEJEKIMOHHOM pabore. OqHUM U3
METO/IOB MCCIIEI0OBaHMS SBISETCS MYJABTUIOKYCHBIN aHaJIN3 C IPUMEHEHHEM MEUEHBIX OJTUTOHYKJIeO-
TUIHBIX 30H10B. [locnenune n30uparenbHO THOPUANIYIOTCS B OTACIBHBIX yaacTkax renomaon JIHK,
MPUBOAS K (POPMHPOBAHUIO CTIENN(DUISCKUX TEHETHUECKUX MPOpUIIe, XapaKTepHbIX IS KaXIoh
ocobu. MeueHue 30H1a JI€30KCUTEHUHOM TO3BOJISIET JETEKTHPOBATh PE3yJabTaThl THOPHIN3AIMN Ha
¢unerpe. [locne mpoBeneHus peakuyu MOJIEKYJISIpHOM TnOpuan3anuu 3ou1a ¢ reromuoit JJHK Bep-
0:1r0710B OBLIO BBIsIBIEHO OT 3 110 15 ¢parmentoB JJHK, npu sTOM KapTuHa THOpUAN3ALNH CHIIBHO OT-
Jryaach y ApoMeaapoB M OaKTPHAHOB, YTO CBUIETEIBCTBYET O 3HAYUTEIHHON TeHETHUECKOM pa3HuUIe
B OpraHm3aruy ux reaoMoB. KoaddumuenT cxonctpa ocodeit BHYTPH MOMYISAINHA Y OAKTPHAHOB OBLIT
CYIIECTBEHHO BBIMIE, YeM y apomenapoB (0,48 mpotus 0,39), ko3P PUITHEHT MEKBHIOBOTO CXOICTBA
10 ATOMY napameTrpy cocraBui Bcero 0,13. PacueT reHeTHIeCKOTO PacCTOSTHUS MEXKTY MOMYIISIIUIMHU
Jlaj JOBOJBHO BbICOKOE 3HaueHue — 0,305, 4To HAMHOIO BBIIIE, YEM paHEEe MOTYYCHHbIC JAHHBIC 110
KpynHoMmy poraromy ckoty (ot 0,05 mo 0,10). BHyTpunonynsiuoHHOe TeHeTH4Yeckoe pazHoobOpasue
OLICHUBAJIM TI0 KPUTEPHIO CPEeIHEH IreTepo3UrOTHOCTH. Pacdersl mokazaiu Oolbliee FeHeTHUECKOe
paszaoobpaswue B momyssiuu npomenapos (H = 0,72), 9To KOCBEHHO IMMOATBEPKAAIOCH B 00JIee HU3KUM
3HaYeHNEM KO3 (UIMEHTa CXOACTBA B ATOM IPyNIe KUBOTHBIX.

KuaroueBble ci1oBa: OakTpuaH, IpoMenap, TeHeTHIeCKOe pasHO00pa3ue, OJUTOHYKIICOTHTHBIH 30H]]

ASSESSMENT OF GENETIC DIFFERENCES IN ANIMALS AS EXEMPLIFIED BY
REPRESENTATIVES OF THE GENUS CAMELUS

Tyshchenko V.1., (<) Terletskiy V.P.

Russian Research Institute of Farm Animal Genetics and Breeding -
Branch of the L.K. Ernst Federal Research Center for Animal Husbandry
Tyarlevo, Saint Petersburg, Russia

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

Data on the genetic variability of genomic DNA from two species of camels (Dromedary and
Bactrian) are presented. It is noted that these animal species are of great importance in a number
of southern countries, they are used as farm animals (milk, meat, wool), as draft, riding and sports
animals. At present, much attention is paid to the study of camels in order to identify their genetic
characteristics that can be used in breeding work. One of the research methods is multilocus analysis
using labeled oligonucleotide probes. The latter selectively hybridize in separate regions of genomic
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npezcraButenei poga Camelus

DNA, leading to the appearance of specific genetic profiles characteristic of each individual. Labe-
ling the probe with digoxigenin makes it possible to detect the results of hybridization on the filter.
After the reaction of molecular hybridization of the probe with genomic DNA of camels, from 3 to 15
DNA fragments were detected, while the pattern of hybridization was very different in Dromedaries
and Bactrians, which indicates a significant genetic difference in the organization of genomes. The
coefficient of similarity of individuals in Bactrians was significantly higher than in Dromedaries (0.48
versus 0.39); interspecific similarity coefficient in this parameter was only 0.13. The calculation of the
genetic distance between populations gave a rather high value of 0.305, which is significantly higher
than the previously obtained data on cattle (from 0.05 to 0.10). Intrapopulation genetic diversity was
assessed by the criterion of average heterozygosity. Calculations showed greater genetic diversity in
the dromedary population (H = 0.72), which was indirectly confirmed by a lower similarity coefficient
in this group of animals.
Keywords: Bactrian camel, Dromedary camel, genetic diversity, oligonucleotide probe

Jas uutupoBanus: Toiyenxo B.U., Tepneykuii B.11. OuieHKa FeHETHYECKUX PA3IMYUM y )KUBOTHBIX Ha IpUMepe MIPeACTaBUTEICH
pona Camelus /| Cubupckuii BECTHUK ceibckoxo3sicTBeHHON Hayku. 2023. T. 53. Ne 6. C. 92-97. https://doi.org/10.26898/0370-
8799-2023-6-11

For citation: Tyshchenko V.I., Terletskiy V.P. Assessment of genetic differences in animals as exemplified by representatives of
the genus Camelus. Sibirskii vestnik sel’skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2023, vol. 53, no. 6,
pp. 92-97. https://doi.org/10.26898/0370-8799-2023-6-11

KonduukT nnrepecon

ABTOPBI 3asBISIFOT 00 OTCYTCTBUH KOH(MITHKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

baaropapuocrts

Pabora BBEIIIONHEHO B paMKax rocyaapcTBeHHOro 3aganus (tema Ne 0445-2021-0010). ABTOpBI BBIpa)KaroT OJIAaroJapHOCTb
COTPYAHUKAaM Ka(eapsl aKyImIepcTBa, XUPYPTHH M OMOTEXHOJIOTHH BOCHPOM3BOJCTBA KMBOTHBIX Ka3aXxCKoro HaIMOHAIBLHOTO
arpapHoro uccienoBareinbckoro ynusepcurera (Pecnyoinka Kazaxcran), B ocobeHHocTH 3aBenytomemy kadeapoii E.C. Ycenoekony,
3a IpeoCTaBlICHNe OroMaTepralla XXHBOTHBIX.

Acknowledgements

The work was accomplished with the support of the state task 0445-2021-0010. The authors express their gratitude to the staff
of the Department of Obstetrics, Surgery and Biotechnology of Animal Reproduction of KazNARU (Republic of Kazakhstan), in
particular to the Head of the Department Ussenbekov E.S., for taking biomaterial from animals.

INTRODUCTION In modern animal husbandry, the achieve-
ments of molecular genetics are actively ap-
plied. Genomic selection, in particular, has been
adopted in many countries. To date, phenotypic
breed standards for camels have yet to be estab-
lished [4]. This fact underscores the importance
of implementing genetic approaches in studying
these animals to lay the groundwork for further
genomic selection. Research is being conduct-
ed on the influence of polymorphic variants of
individual genes on various economically use-
ful traits for application in breeding. Such genes
include kappa-casein, diacylglycerol acyltrans-
ferase 1 (DGATI), lactoglobulin, myostatin,
etc’. For example, it has been established that

Currently, it is believed that there are three
types of camels in nature - the single-humped
(Dromedary), the double-humped (Bactrian),
and the wild camel. The first two types are wide-
ly used in many southern countries, especially in
Arab nations, for agricultural production (milk,
meat, wool) and have significant social impor-
tance for the population [1, 2]. Shubat, a fer-
mented milk beverage with many valuable prop-
erties, is made from camel milk. Unlike kumis,
shubat is thicker and has a white color. Despite
their scant diet, camels’ milk productivity can
reach 2000 liters per season [3]. Global interest
in camel milk and its products is growing'.

'Rahman N., Xiaohong C., Meigin F., Mingsheng D. Characterization of the dominant microflora in naturally fermented camel
milk shubat // World Journal of Microbiology and Biotechnology. 2009. Vol. 25. P. 1941-1946.

*Pauciullo A., Giambra 1.J., lannuzzi L., Erhardt G. The B-casein in camels: molecular characterization of the CSN2 gene, pro-
moter analysis and genetic variability // Gene. 2014. Vol. 547. N 1. P. 159-168.
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the CSN2 gene of kappa-casein in camels is the
most polymorphic in the entire family of casein
genes, having 91 variants [5]. In some cases, as-
sociations between genetic polymorphism in in-
dividual genes and economically useful traits are
identified. Such works exist for variants of the
kappa-casein gene and the FGF5 gene, associ-
ated with the formation of hair length in camels.
A single missense mutation (C > T substitution)
led to a statistically significant change in hair
length [6].

Special attention in animal husbandry is giv-
en to studying population genetic parameters to
refine the history of breed creation and popula-
tions, reconstruct extinct breeds, determine the
direction of current breeding work, and genet-
ic diversity in populations for use in genome
conservation programs [7, 8]. In some instanc-
es, clear genetic distinctiveness of camel pop-
ulations is found depending on the country of
breeding. As noted by M.A. Homas et al. [9], a
multilocus approach revealed the differentiation
of camel populations in Saudi Arabia compared
to animals from other countries.

Genomic DNA is studied by various meth-
ods, including sequencing (whole-genome or
specific regions) [10], using polymorphism in
microsatellite DNA?® [11], and chip technologies
for screening the genome at many loci simul-
taneously (SNPs). DNA level polymorphism is
well-studied, as revealed by point mutations in
various genes. Much more useful for studying
DNA sequence polymorphism at the population
level are hypervariable regions of the genome,
characterized by the presence of different allelic
variants (high frequency of occurrence) in dif-
ferent individuals in the population and a signif-
icant mutation rate (see footnote 3).

Studies are conducted on polymorphism in
mitochondrial DNA. In the Indian camel popu-
lation, a high level of diversity of mitochondrial
genome regions was found, exceeding the indi-
cators of other populations [12].

The existence of different camel species
raised questions about their genetic closeness.
This issue can be resolved by genetic methods. It

is known that the two-humped camel (Bactrian)
and one-humped camel (Dromedary) are classi-
fied as different species, despite their ability to
interbreed. Therefore, some researchers consid-
er them representatives of one species but differ-
ent breeds.

The purpose of the research is a comparative
assessment of the genetic diversity of two camel
species.

The tasks are:

1) collection of the biomaterial (blood) from
camels of both species;

2) extraction of high-molecular-weight ge-
nomic DNA from available samples;

3) conducting a multilocus genetic analysis to
calculate the basic population genetic parame-
ters characterizing the experimental animal sam-
ples;

4) evaluation of the obtained results.

MATERIAL AND METHODS

The objects of the study are single-humped
and double-humped camels (18 individuals in
each group), bred at the “Daulet-Beket” farm,
located in the Ilisky district of the Almaty region
of the Republic of Kazakhstan. DNA was ex-
tracted from the venous blood of animals using
standard methods, including the precipitation of
the leukocyte fraction, cell lysis with detergent
(sodium dodecyl sulfate), and phenolic depro-
teinization. DNA precipitation was performed
with ethanol. The precipitate was washed again
in 70% ethanol, dried, and dissolved in 400 pl of
TE buffer (10 mM Tris + 1 mM EDTA, pH 8.0).
The quantity and quality of DNA were assessed
using a NanoDrop2000 spectrophotometer.

A labeled oligonucleotide (GTG)5 contain-
ing a digoxigenin mark was used as a molecular
probe. Genomic DNA was cleaved with Haelll
restriction endonuclease, electrophoresis was
performed in tris-acetate buffer, and DNA frag-
ments separated by size were transferred to a
nylon filter. After fixing the DNA on the filter,
it was placed in a tray for molecular hybridiza-
tion. The DNA probe complementarily bound
to corresponding sections of genomic DNA on

3Kiseleva T.Yu., Kantanen J., Vorobyev N.I., Podoba B.E., Terletsky V.P. Imbalance in the linkage disequilibrium of microsatellite
loci in six local populations of cattle // Genetics, 2014, Vol. 50, No. 4, pp. 406-414.
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the filter. After washing off the unincorporated
label, a solution for immunohistochemical de-
tection of digoxigenin was added to the tray. De-
veloped DNA fragments with a label appearing
as dark bands were visualized, and the number
of common and differing bands (pairwise on all
electrophoretic tracks) was counted. Population
genetic parameters (heterozygosity, genetic dis-
tance, allele frequencies) were calculated using
the GelStats computer program.

RESULTS AND DISCUSSION

During the experiment, after the molecular
hybridization reaction, 5 to 12 DNA fragments
were detected on the filter, the number and dis-
tribution of which are characteristic of each in-
dividual (see the figure). Tracks 2—11 and 13-20
are the results of analyzing Dromedary camels;
22-31 and 33-40 are Bactrian camels. On tracks
1, 12, 21, 32, and 41, a DNA fragment length
marker is shown. The range of the marker DNA
fragments lengths ranged from 500 to 23,000
base pairs of the DNA. It was found that a sig-
nificantly larger number of DNA fragments were
identified in the Bactrian group.

Pairwise comparison of the number of com-
mon DNA fragments between populations
showed an extremely low value of the interpop-
ulation similarity coefficient (0.13), while the in-
trapopulation similarity coefficient reached 0.39
for Dromedaries and 0.48 for Bactrians (see Ta-
ble 1). The calculated genetic distance between
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DNA fingerprinting of the genomic DNA of camels
of two groups

Tab6a. 1. IlomynsanoHHO-TEHETHYECKHUE TapaMe-
TPBI HCCIIETYEMBIX MOMYJISIINAN BEpOITIOI0B

no nanHbM JIHK-dunrepnpunTiHra

Table 1. Population and genetic parameters

of the studied camel populations according to DNA
fingerprinting data

Number of
Type n | bands per one P BS'| BS*| D
lane (X £ m)
Dromedary
camel 18| 3,44+0,27 |3,81x1072/0,39
Bactrian
camel 18] 7,61+0,34 |3,55x10730,48 0,13 | 0,305

Note. P - probability of occurrence of an identical set of
all DNA fragments in the compared pairs of individuals; BS1
- intrapopulation similarity coefficient; BS2 - interpopulation
similarity coefficient; D - genetic distance between populations.

the populations gave a rather high value — 0.305,
which is much higher than the previously ob-
tained indicators when comparing different
breeds of cattle.

The calculation of average heterozygosity
showed greater genetic diversity in the Drome-
dary population (H = 0.72), which was indirectly
confirmed by the low value of the similarity co-
efficient in this group of animals (see Table 2).
Bactrians were characterized by greater homo-
geneity according to genetic parameters.

CONCLUSION

Thus, the obtained data show that the two
compared camel populations are character-
ized by significant genetic differences. Sin-
gle-humped camels have greater diversity by
genetic criteria within their population. As we
can see, DNA fingerprinting with a labeled DNA
probe can be used to assess genetic diversity in

camels.
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PABPABOTKA ATPOTEXHOJIOTMYECKUX TPEBOBAHUI
JIJISI ITIPOU3BOJIUTEJIENA TEXHUYECKUX CPE/ICTB,
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[TpuBeneHB! pe3ynbraThl UCCIENOBAHUS 110 pa3padoOTKe M (POPMUPOBAHUIO ArpOTEXHOJIOTHYECKUX
TpeOOBaHU JUIsl TPOM3BOIUTENCH CENTbCKOXO3IHCTBEHHON MPOAYKIMHA M TEXHHYECKHUX CPEICTB, HC-
TI0JIb3yEeMbIX B TOYHOM 3emienenuu Ha teppuropun PecryOmuku Kasaxcran. CymecTByromme arpo-
TEXHUYECKUE TPEOOBAHNUS HE YUNUTHIBAIOT BIMSIHIE CHCTEM TOYHOTO 3€MJICICIUS HA TEXHOJIOTHIECKHE
napaMeTpbl IIPY BBINOJIHEHUH TEXHOJIIOTMYECKUX onepaiuii. B mporecce nmpoBeneHus: uccienoBaHus
chopMupoBaHbl 0a3bl JAHHBIX 110 arpOTEXHOJIOTMYECKUM MapaMeTpaM TEXHOJIOTHYECKHUX OIepaluii,
a TakoKe MalvH 1 000pyI0BaHus, HCIOIB3YyEeMbIX B CHCTEME TOYHOTo 3emienenus. Ha ocnoBanmu cdop-
MHPOBAHHBIX 0a3 JaHHBIX C(hOPMYIHPOBAHBI arpOTEXHONOTMYECKUE TPEOOBAHMUS IS IPOU3BOAUTENCH
CeNTbCKOXO3HCTBEHHON TPOAYKIIMU ¥ TEXHHYECKUX CPEICTB CUCTEMBI TOYHOTO 3eMJIeIeinsl. ATrpOTeX-
HOJIOTHYECKHE TPeOOBAHNUS K MPOBECHHUIO MAIIMHHOM TEXHOJIOTHYECKON OTEpaliy COCTOST U3 CIIey-
foux pasznenos: «Hasnauenue», « Yenosus npumeHenus», «lIpenmectsenankny, «[Ipeamectsyromnme
U TIOCJIENTYIOIINE OTIepanni», « ATPOTEXHOJIOIHYECKUE TPEOOBAHMUS K Ka4€CTBY BBIIOIHEHUS», «ATpPO-
TEXHHYECKUE TPeOOBaHUS K TEXHHUKE». B mepBoM paszene mpencraieHa HHPOPMAIHs, TTOSCHSIONIAs,
JUISL 4ero MpeAHa3HaueHa JaHHAs TeXHOJOrWYecKasi Orepanys; BO BTOPOM — IPUBOAATCS KIMMaTH4e-
CKHE M TIOYBCHHBIC YCJIOBHS, BIaKHOCTh CEMSH, yIOOpEHHH, COCTOsSIHIE YOMpaeMoro Marepuana; B
TPEThEeM — pa3IndHasl HeoOXoaquMast HHpOPMAIKs; B Y4ETBEPTOM — TPEOOBaHMS K KaUeCTBY BBITIOJTHEHUS
TEXHOJIOI'MYECKOTO TMpOoIIecca; B ISITOM — TUI pabodyero oprana, pabodas CKOpocTh, KO3)(PHUINECHT Ha-
JICKHOCTH TEXHOJIOTHYECKOTO Tpoliecca, KOdQQUIIMEHT UCTIONb30BaHI BPEMEHH CMEHBI, KO HUITH-
SHT TOTOBHOCTH, TOYHOCTH BOXK/ICHUSI arperara (OTKJIOHEHHE OT 33IaHHOTO HAIpPaBJICHMS JIBIKCHHMS)
0e3 CpelCcTB HaBUTAMM, CUCTEMbI NMApaJUICIBHOIO U aBTOMAaTHYECKOTO BOXKICHUS C OTKIIOHEHUEM OT
3a7]aHHOTO HATPaBJICHUSI ABWYKEHHS M IPYTUE CHCTEMBI TOYHOTO 3eMIISIIEITHSI IS OoJiee Ka4eCTBEHHOTO
1 3()(HEeKTHBHOTO BBIMOJIHEHHS TEXHOIOTHIECKOTO IPOIecca, JOPOKHBINH MPOCBET, TPAHCIIOPTHAS CKO-
POCTb IBWKEHHUSI U TpeOOBaHMSI K KOHCTPYKTHBHOMY HCIIOJHEHMIO CEJIBCKOXO3SHCTBEHHOW MAallIMHBI
(opyzmmsi).

KroueBble cjI0Ba: arpoTEeXHOJIOTHH, TEXHOJIOTHYECKUE ITapaMeTpPhl, TOYHOE 3eMIIE/ICNNE, CHCTe-
MBI aBTOMAaTHYE€CKOTO BOKJICHHUSI, TUCTAHIIHOHHBI MOHUTOPUHT

DEVELOPMENT OF AGROTECHNOLOGICAL REQUIREMENTS FOR
MANUFACTURERS OF TECHNICAL TOOLS AND AGRICULTURAL PRODUCTS
USED IN PRECISION FARMING
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The results of research on the development and formation of agro-technological requirements for
producers of agricultural products and technical means used in precision farming in the Republic of
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Pa3paboTka arpoTeXHOIOTHYECKUX TPEOOBAHUIT AT IPOU3BOIUTEICH
TEXHUYECKUX CPEICTB, UCIIOIb3YEMbIX B TOUHOM 3EMJIEAEIUI
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Kazakhstan are presented. The existing agrotechnical requirements do not take into account the influence
of precision farming systems on the technological parameters when performing technological operations.
In the course of the research, databases were formed on agrotechnological parameters required for techno-
logical operations, as well as on the machines and equipment used in the precision farming system. Based
on the generated databases, agrotechnological requirements were developed for the producers of agricul-
tural products and technical means used in precision farming systems. Agrotechnological requirements
for a machine technological operation consist of five sections: “Purpose”, “Conditions of use”, “Fore-
crops”, “Previous and subsequent operations”, “Agrotechnological requirements for the quality of perfor-
mance”, “Agrotechnological requirements for the equipment”. The first section provides information ex-
plaining what this technological operation is intended for; the second section tells about climatic and soil
conditions, moisture content of seeds, fertilizers, the condition of the material being harvested; the third
section gives various necessary information; the fourth section presents the requirements for the quality of
the technological process; the fifth section provides the following information: type of the working body,
working speed, process reliability coefficients, shift time utilization coefficient, readiness coefficient, unit
driving accuracy (deviation from a given direction of movement) without navigation aids, parallel and
automatic driving systems with deviation from a given direction of movement and other precision farming
systems for better and more efficient execution of the technological process, road clearance, the transport
speed of movement and the requirements for the design of an agricultural machine (tool).

Keywords: agricultural technologies, technological parameters, precision farming, systems auto-
matic driving, remote monitoring
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INTRODUCTION

Agrotechnological requirements for the tech-
nological process consist of a set of rules for
the impact of agricultural machines on the en-
vironment being treated, aiming to produce a
specified quality of products at the lowest costs.
These requirements form the basis for develop-
ing a system of technologies and machines, ini-
tial requirements, and technical tasks in creating
new equipment, technological maps, and other
technological documentation.

In Kazakhstan, as part of the implementation
of soil conservation technology, methodological
recommendations and agronomic and soil con-
servation requirements for soil treatment have
been prepared. The main task of mechanical soil
treatment is to create optimal conditions within
the treated layer for the normal growth, devel-
opment, and formation of crops yield!. Consid-
ering the requirements for soil treatment quality,
agrotechnical requirements have been formu-

'Gossen E.F.,, Dvornikova T.N., Vogel V.T. To the methodology of determining the parameters of soil tillage quality for specifica-
tion of soil-protective technology of cultivation of field crops. Tselinograd, 1979. 45 p.
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lated, and anti-erosion complex machines have
been created> .

At the initial stage of economic reforms in the
agricultural production of the republic, simpli-
fied cultivation technologies for grain and fod-
der crops were applied due to emerging econom-
ic difficulties. The traditional soil conservation
technology reduced the number of mechanical
treatments, and in minimal and zero technolo-
gies, only the most necessary technological op-
erations remained.

Currently, there are no agrotechnological
requirements for technological operations in
the cultivation of agricultural crops of domes-
tic development in the Republic of Kazakhstan.
Existing agrotechnical requirements and initial
requirements for basic machine technological
operations in crop production are outdated both
technically and technologically**. These regula-
tory documents were adopted in 2001 and 2005
respectively. Over the past 15-20 years, new
crop cultivation technologies have been intro-
duced in the agricultural sector of Kazakhstan,
and modern high-performance agricultural ma-
chinery equipped with digital technologies and
precision farming systems have been used. The
use of new technologies and new equipment has
contributed to improving the quality of work,
productivity, and production efficiency.

The purpose of the study is to formulate agro-
technological requirements that meet modern
realities for performing mechanized agricultural
work, forming technological maps, and techni-
cal tasks in the field of designing agricultural
machines.

The novelty of the conducted research lies
in the fact that in formulating agrotechnologi-

cal requirements for performing technological
operations in the conditions of the northern re-
gion of the Republic of Kazakhstan, indicators
of the technological process were used, taking
into account the influence of precision farming
systems.

MATERIAL AND METHODS

Parameters and agrotechnical requirements
for technological processes in the cultivation
of agricultural crops in the system of precision
farming were established for three main tech-
nologies: soil conservation, minimal, and zero
tillage. The requirements were compiled based
on the recommendations of the Scientific Re-
search Institute of Agriculture and experimental
stations, data from monographs, and other mate-
rials®®*[1].

In addition, zonal characteristics of culti-
vating agricultural crops, as well as existing
requirements and recommendations for the use
of agricultural machinery in the northern region
of Kazakhstan (see footnotes 2-5), were taken
into account. When developing agrotechnical
requirements for basic technological processes,
features and advantages of using agricultural
machinery in the system of precision farm-
ing were considered” '° [2-6]. In particular, the
ability to equip machinery with elements of the
precision farming system: remote monitoring
systems with GPS trackers installed on tractors,
fuel consumption sensors, navigation systems,
etc. [7, 8].

Requirements for each technological process
should consist of the following sections:

2Baraev A.1L, Zaitseva A.A., Gossen E.F. Agrotechnical requirements for a set of tillage implements and seeding machines for
areas with soils unstable to wind erosion // Improvement of tillage machines, Moscow, 1963. pp. 34-54.

3Gribanovsky A.P, Bidlingmeyer R.V., Revyakin E.P. Complex of anti-erosion machines (device, adjustments, operation). Mos-

cow: Agropromizdat, 1989. 152 p.

*Aniskin V.I., Artyushin A.A. Initial requirements for basic machine technological operations in crop production. Moscow, 2005.

270 p.

SAgrotechnical requirements for the main technological operations in adaptive technologies of cultivation of winter spikelets and
corn, and new technical means for their implementation in the Krasnodar Territory: methodical instructions. Krasnodar: Agroprom-

polygraphist, 2001. 144 p.

®Alabushev A.V. State and ways of efficiency of crop production industry. Rostov-on-Don: Book, 2012. 384 p.

'Bessonova E.A. Energy and resource saving - the most important factor of agrotechnologies and soil fertility improvement //
Bulletin of the Kursk State Agricultural Academy, 2010, No. 1, pp. 44-49.

8Belyaeva B.I., Mandzhieva T.V. Treatment of soils subject to wind erosion // Bulletin of the Institute for Integrated Research of

Arid Territories, 2011, Vol. 2, No. 2, pp. 62-66.

Shpaara D., Zakharenko V., Yakusheva V. Precision agriculture. St. Petersburg: Pushkin, 2009, 397 p.
Yakushev V.V. Precision farming: theory and practice. St. Petersburg, 2016, 364 p.
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1) a list of technological processes performed
in the cultivation of basic agricultural crops for
various soil treatment technologies;

2) technological parameters and special re-
quirements for technological processes;

3) general requirements for the technological
process and machinery;

4) timing of technological processes;

5) a list of technical means required for their
implementation.

As practice has shown, the adoption of irra-
tional decisions is often associated with the spe-
cialist lacking necessary information. The first
step in updating agrotechnological requirements
for manufacturers of technical means used in
precision farming is the formation of a database
of machines and equipment for the implementa-
tion of promising technologies.

The structural scheme of the database of agro-
technological parameters and requirements for
the technological process is presented in Fig. 1.

A database is a collection of information
(about real objects, processes, events, or phe-
nomena) related to a specific topic or task, orga-
nized in such a way as to provide a convenient
representation of this collection as a whole and
in parts.

The process of developing a database con-
sists of several formalized stages'! ':

1) study of the subject area, object of activity,
functions, the performance of which should be
based on the materials of the base, determination
of goals;

2) creation of the database structure based on
the analysis of the subject area and relationships
between information objects;

3) collection of factual material and filling the
database;

4) information filtering, exclusion of unreliable
data, filling gaps, evaluating informativeness.

The construction of the database is based on
the application of a systematic approach, which

Data base
N ‘1’ b A4
' Technological Timeframe List of technical
List of technological T;Z?’Z%gtgel:f : process Jor work mean{ necessary
processes performed of the process and equipment execution Jor the
during the cultivation of cultivation and requirements implementation
of crops under different harvesting of C of the technological
technologies agricultural crops | [ overage Start process
Operating ] of works
A month
| device type ( )
| Conditions ] —1 L) Name
of use | 5|  Operating Completion of equipment
speed Ly of works
. - month
] Secding Requirements Technological ( )
) f[lh ol —>Iprocess reliability —> Brand
: >{ (o the quality coeffcient
> Harvesting of performance
—|  Shift time
- utilization rate
N First fallow
processing | [ Availability
factor

Puc. 1. CTp}/KTypHaSI cxema 0a3bl JAaHHBIX arpOTEXHOJIOTMYCCKUX MapaMETpPOB U Tpe60BaHHI71 K TEXHOJIO-

THYECKOMY MPOLIECCY

Fig. 1. Block diagram of the database of agrotechnological parameters and requirements for the technolo-

gical process

"Fufaev E.V. Databases. Moscow: Academia Publishing Center, 2008. 320 p.

2Fedorenko V.F., Buklagin D.S., Chavikin Y.I, Nino T.P. Engineering and technical databases in the system of scientific and
information support of innovative development of the agricultural complex. Moscow: Rosinformagroteh, 2013. 128 p.
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involves considering the base as a large system
consisting of a certain set of interconnected and
interacting elements [9, 10].

The creation of the database is guided by the
following rules:

1) taking into account the interests of all po-
tential users;

2) modular principle of development - the in-
dependence of developing each module relative
to others;

3) standardization of information support -
maintaining the unity of terminology used in re-
lation to machines and equipment.

One of the most energy-intensive stages of
creating a database is filling it with relevant
information. The search for information was
carried out in materials presented by machine
testing stations, in catalogs and reference books,
scientific and technical literature, on the web-
sites of equipment manufacturers.

The database of machines and equipment
contains reference information about machinery
and equipment used for the implementation of
promising technologies for cultivating basic ag-

ricultural crops by the system of precision farm-
ing (see Fig. 2).

To accomplish the set task, it is logical to
present the structure of the database in a form
of a network data model. This model is a set of
elements arranged in order from general to spe-
cific, forming a graph - a tree with a hierarchical
structure. Each element can be connected with
any other element in the base.

The database consists of three blocks:

1) technologies for cultivating basic agricul-
tural crops;

2) machinery used for cultivation and har-
vesting of agricultural crops;

3) digital systems and equipment for precision
farming.

Each of the blocks contains in its struc-
ture a number of modules, in which machines,
equipment, and other components are grouped
by functional purpose. Modules from different
blocks and within one block can have a func-
tional connection with another module.

Among the indicated information the follow-
ing are presented: the name and brand of the

equipment

Data base
Main agricultural Machinery for Digital systems
crops cultivation cultivation and harvesting and equipment for precision farming
technologies of agricultural crops
> Decision-making support systems
> Traditional l»{  Energy tools & Support sy
> Parallel and automatic driving systems
- Seeding and Equi t
i Minimum N ; . quipmen
harvesting equipment | 1% for differentiated fertilizer application
[, Systems for remote monitoring
> Null { Soil tillage technology of the position and operation of machinery
N Quality control systems for soil-tillage implements
— and seeding machines
N Fertilizer and crop
protection equipment [, Equipment for differentiated application
of plant protection products
in cleani . . .
Grain cleaning > Yield-mapping equipment

Puc. 2. CtpykrypHas cxema 0a3bl JaHHBIX MAIIUH U 000PYIOBaHMUSI

Fig. 2. Block diagram of the machinery and equipment database
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machine or equipment, photograph, description,
technical specifications, type of aggregation,
and manufacturer.

RESULTS AND DISCUSSION

In the course of the research, databases on
agrotechnological parameters and requirements
for the cultivation technologies of agricultural
crops, as well as on agricultural machinery and
equipment for precision farming, were formed
using Microsoft Office Access.

Databases on agrotechnological parameters
and requirements for the cultivation of wheat,
barley, corn for silage, soy, sunflower, and flax
using traditional, minimal, and zero tillage tech-
nologies have been compiled for all technolog-
ical operations. Table 1 presents a fragment of
the database on agrotechnological parameters
and requirements for the “Early Spring Harrow-
ing” technological process when cultivating soy
using minimal technology.

A database has been developed for machines
and equipment used in the precision farming sys-
tem. The tractor database consists of 236 units,
grain and forage harvesters with headers — 54
and 58 respectively, seeders and seeding com-
plexes — 245, soil cultivation equipment — 599,
plant protection and fertilizer application equip-
ment — 223, grain cleaning equipment — 82, sys-
tems and equipment for precision farming — 84
units. Table 2 presents a fragment of the tractor
database, and Table 3 presents a fragment of the
systems and equipment used in the precision
farming system.

In the process of research, agrotechnologi-
cal requirements for manufacturers of technical
means used in the precision farming system in
the conditions of the Republic of Kazakhstan
were developed. The creation of agrotechnolog-
ical requirements was based on the database of
agrotechnological parameters and requirements
for the cultivation technologies of agricultural
crops, as well as on the database of machines
and equipment. In formulating agrotechnologi-
cal requirements, agrotechnological parameters
recommended by the Scientific Research Insti-
tute of Agriculture and experimental stations,
published in the works of research and educa-
tional institutes, and obtained during the testing

of machine-tractor units equipped with precision
farming systems in the northern region of the
Republic of Kazakhstan were used.

Agrotechnological requirements for machine
technological operations in crop production
have the following parts: title page, content, in-
troduction, and the agrotechnological require-
ments themselves.

These requirements consist of five sections:

1) purpose — information explaining the in-
tended use of a particular technological opera-
tion;

2) conditions of use — climatic and soil condi-
tions, seed moisture, fertilizers, the state of har-
vested material;

3) forecrops, preceding and subsequent oper-
ations;

4) quality requirements for the performance
of the technological process;

5) requirements for the technological process
and machinery — the type of the working organ,
working speed, reliability coefficient of the tech-
nological process, time utilization coefficient of
the shift, readiness coefficient, driving accuracy
of the unit (deviation from the specified direction
of movement) without navigation means, paral-
lel and automatic driving systems with deviation
from the specified direction of movement, and
other precision farming systems for more quali-
ty and efficient performance of the technological
process, ground clearance, transport speed, and
requirements for the design execution of agricul-
tural machinery (implement).

CONCLUSIONS

1. An information database has been formed
on agrotechnological parameters and require-
ments for the cultivation technologies of wheat,
barley, corn for silage, soy, sunflower, and flax
for all technological operations, as well as a
database on agricultural machinery and equip-
ment for precision farming (for tractors, grain
and forage harvesters, headers, seeders, seed-
ing complexes, soil cultivation equipment, plant
protection and fertilizer application, grain clean-
ing equipment, systems and equipment used in
precision farming).

2. Based on the indicated databases, agro-
technological requirements for manufacturers of
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Pa3paboTka arpoTeXHOIOTHYECKUX TPEOOBAHUIT AT IPOU3BOIUTEICH
TEXHUYECKUX CPEICTB, UCIIOIb3YEMbIX B TOUHOM 3EMJIEAEIUI

THomumyxk 10.B., Jlantes H.B., Komapos A.II.,
Mypzab6ekos T.A., I'pebentox K.B.

technical means used in precision farming have
been developed.
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INPABUJIA JJISA ABTOPOB

TIpaBuna njst aBTOPOB COCTABIIEHBI HA OCHOBE STHYECKUX NMPHUHIUIIOB, OOIIMX JUIS YWICHOB HAy4yHOro cooliiecTsa,
[PaBWII MyOIMKAIMK B MEX/YHAPOAHBIX U OTEYECTBEHHBIX HAYUYHBIX NMEPUOJUUECKUX U3AHUAX, & TAKXKE B COOTBETCTBUH C
TpeboBanusiMu BAK nist nepronnueckux u3naHuid, BKIIOUEHHBIX B [lepeueHb poccHiCKUX peleH3NpyeMbIX HAyUHBIX JKyp-
HAJIOB, B KOTOPBIX TOJDKHBI OBITH OITyOJIMKOBaHBI OCHOBHBIE HAYYHBIE PE3YIIbTaThl IUCCEPTAlUil Ha COMCKaHHE YUSHOH CTe-
[IEHU JOKTOPa M KaHAKATa HayK.

}KypHan Hy6J’II/IKyeT OPUTMHAJIbHBIC CTAaThH 110 (I)yH,HaMeHTaJ'ILHI)IM 1 IIPUKIIaTHBIM npoGneMaM I10 HaIllpaBJICHUSAM:

* oOulee 3eMile/ieNIue U PACTEHUEBOJICTBO;

*  CeJIeKIHs], CEMEHOBOJICTBO ¥ OMOTEXHOJIOTHSI PACTECHUI;

*  arpOXMMHMs, arpOTIIOYBOBENICHUE, 3aIUTA U KAPAHTHH PaCcTeHUIT;

*  KOPMOIIPOHM3BOJICTBO;

*  UH(EKIMOHHBIC 0OJIE3HU U UMMYHOJIOTHUS JKUBOTHBIX;

*  YacTHas 300TEXHHUs, KOPMIICHHE, TEXHOJIOT MU IIPUTOTOBJICHUS! KOPMOB U IPOU3BOJICTBA MPOAYKIIMH KHUBOTHOBOJICTBA;
*  pa3BeJCHHUE, CEJICKIUS, TeHETHKA U OMOTEXHOJIOT S JKUBOTHBIX;

*  TEXHOJIOTHH, MAIIMHbI U 000PYAOBaHKE JUIs arPOIIPOMBIIIEHHOTO KOMIUIEKCa,

*  IUIIEBBIE CHCTEMBIL.

CT&TBH, HarrpaBJjsieMas B peaaxkuuro, JOJIKHa COOTBETCTBOBATH TEMATUYCCKUM pasaciam XKypHaja
((CPI6I/I})CKI/II71 BECTHHUK CEJIbCKOXO3SIHCTBECHHOMN HayKn»:

Mudp u HauMeHOBaHHe HAYYHOI CllelHaIbHOCTH B cooTBeTcTBUM ¢ HoMeHnkaTypoii

HaumeHnoBanue pyopuku .
HAYYHBIX CIIEHHAILHOCTEl, 10 KOTOPBIM MPHCY:KIAIOTCS YUeHbIe CTeneHn

3emMiienenye 1 XUMHU3aIus 4.1.1. OOuiee 3emiieneNine U paCTCHHUEBOCTBO
4.1.3. Arpoxumusi, arporo4BOBeICHUE, 3aLUTa U KAPAaHTUH paCTeHUH

PacTeHHEBONCTBO U CEICKITUS 4.1.1. OOuiee 3emiienieNine U paCTCHHUEBOICTBO
4.1.2. Cenekuusi, CEMCHOBOJICTBO M OMOTEXHOJIOTHUS PACTCHUIN

3amura pacTeHUH 4.1.3. Arpoxumus, arporno4BOBEICHUE, 3aLUTa U KAPAHTUH pacTeHUN

Kopmonpoussoncrtso 4.1.1. Obmiee 3emiiesienie 1 PaCTCHUEBOJICTBO
4.1.2. Cenexuusi, CEMCHOBOJICTBO M OHOTEXHOJIOTUSI PACTCHHIT
4.1.3. Arpoxumusi, arporoYBOBEICHHE, 3alUTA U KAPAaHTUH paCTCHUN

300TeXHHS U BETCPUHAPHS 4.2.3. NudexkunonHble 00Te3HN M MMMYHOJIOTHSI dKHBOTHBIX
4.2.4. YacTHas 300TeXHHUS, KOPMIICHUE, TEXHOJIIOTHU MPUTOTOBICHHUSI KOPMOB M IIPOU3BOJICTBA
MPOJYKIIUH KUBOTHOBOJICTBA
4.2.5. Pa3Benenue, CEIEKIUs, TEHETUKA U OMOTEXHOIOTUS YKUBOTHEIX

Mexanuzanust, agromaruzanus,  4.3.1. TeXHOIOTHH, MAIIMHBI K 000PYI0BAHHUE JUISt ATPONPOMBIIILIEHHOTO KOMILIEKCA
MOJIeJIMPOBaHKe U HH(OpMaIH-
OHHOE O0ecreueHme

IlepepaboTka cenbCKOXO0351i- 4.3.3. [TumeBble CUCTEMBI
CTBEHHOH MPOIYKIMU

4.1.1. OOuiee 3emiienieNine U PpaCTCHHUEBOICTBO

4.1.2. Cenekuusi, CEMCHOBOJICTBO M OMOTEXHOJIOTHUS PACTCHUIN

4.1.3. Arpoxumusi, arporoYBOBEICHAE, 3alIUTA U KAPAaHTUH pacTCHUN

4.2.3. ndexkunonHble 001€3HN 1 UMMYHOJIOTHSI dKMBOTHBIX

4.2.4. YacTHast 300TeXHHUSI, KOPMIICHUE, TEXHOJIOTUHU IIPUTOTOBJICHHS KOPMOB U IIPOM3BOJCTBA
MPOIYKIINHU KUBOTHOBOJICTBA

4.2.5. Pa3Benenue, CEIEKIHs, TEHETUKA U OMOTEXHOIOTUS YKUBOTHBIX

4.3.1. TexHOJOTUH, MALIMHBI U 000PYIOBaHHUE AJISI arPOIIPOMBILIUICHHOTO KOMILIEKCa

4.3.3. IIuieBnle CUCTEMBI

IIpo6nemsr. CyxaeHus
Hayunble cBs3u

W3 ucropuu ceabCKOXo3stii-
CTBEHHOU HayKu

Kparxue coobmenust

W3 auccepTannoHHBIX paboT

B xxypHate Taxxe myOnuKyroTcest 0030pbl, KpaTkre COOOIIEHUs, XPOHHUKA, PELIEH3UH, KHIKHbBIE 0003pEHUS, MaTepHAaIIbI 110
MCTOPHH CEJIBCKOXO3SIMCTBEHHONW HAYKH M AESTEIHHOCTH YUPEKICHHN 1 YICHBIX.

Yucno myOnuKauii OJHOTO aBTopa B HOMEpe JKypHalla He IOJDKHO MPEBBIIATh ABYX, IPH ATOM BTOPast CTaThsl JOITyCTUMA
JIIb B COABTOPCTBE.

K paccMoTpeHHI0 NpUHHMAIOTCS MaTepuaibl OT pa3IMYHbIX KaTeropHil MCCIlieloBaTelNei, acClMPaHTOB, JOKTOPAHTOB,
CHELMAINCTOB M HKCIIEPTOB B COOTBETCTBYIOLIMX 00JIaCTIX 3HAHUH.

Bce crartbu pelieH3upyIOTCsT ¥ UMEIOT 3apeructpupoBannbiii B cucteme CrossRef manexc DOIL.

ITyOnukanmm uist aBTOPOB 0ecnIaTHBI.

[Tpu HampaBlICHUU CTAaThbH B peakimio xypHaita « CHOMPCKUN BECTHUK CEIIbCKOXO3SHCTBEHHOW HAYKH» PEKOMCHIyEeM
PYKOBOZICTBOBATHCS CIIEAYIOLIMMH ITPABUIAMHU.
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PEKOMEHJAIIUU ABTOPY J1O OJAYU CTATBU

[IpencraBnenue crarteu B xKypHain «CHOMPCKNI BECTHUK CEJIbCKOXO35AHCTBEHHOI HAyKU» MOpa3yMEeBaeT, YTo:
e crarhs paHee He ObUIa OIyOJIMKOBaHA B IPYTOM JKypHAJIE,
*  CTaThs HE HAXOIUTCS HA PACCMOTPEHUH B APYTOM XKYpPHAJIE;
*  BCE COAaBTOPBI COTIACHBI C ITyOIMKaluel TeKyield BEpCUH CTaThU.

Iepen ormpaBKoii CTaTbU Ha PacCMOTPEHHE HEOOXOAMMO YOeauThes, uto B (aiine (daitnax) comepKuTcs BCsi HEOOXO-
JMasi HHPOPMAIHsI Ha PYCCKOM 1 aHIIIMICKOM sI3bIKaX, YKa3aHbl HICTOYHUKH HH(OpPMAIHHY, pa3MeIeHHON Ha PUCYHKAX U B
TabNuIax, Bce CChUIKH 0(hOPMIIEHBI KOPPEKTHO.

MOPSIIOK HAIIPABJIEHUS PYKOIIUCEM CTATEM

1. OtmpaBka CTaTbH OCYMIECTBISIETCS Yepe3 AIEKTPOHHYIO PeJakInio Ha caiTe xypHaina https://sibvest.elpub.ru/jour/
index. ITocne mpeaBapuTENbHONW PErHCTpAIMK aBTOPa B MPABOM BEPXHEM YINIy CTpPaHHIIBI BBIOpaTh omiuioo «OTIpaBUTh
PYKOITUCHY. 3aTeM 3arpy3uTh pyKomuch cratbu (B (opmare *.doc mwim *.docx) U cOmpoBOAMTENLHBIC JOKYMEHTHI K HEH.
[Mocne 3aBepuIeHHs 3arpy3KH MaTepHaioB 00sA3aTeIbHO BBIOpaTh om0 «OTIPaBUTh MHCHMO», B 3TOM Cilydae pelaKiys
ABTOMATHYECKH OyJeT YBeJOMJICHA O MMOJTYYSCHUH HOBOW PYKOIIHCH.

ComnpoBOIUTENIbHBIE JOKYMEHTBI K PYKOIIHCH CTaThH:

*  CKaH-KOIMJ ITHMCbMa OT OPTaHU3aLMH C OATBEP)KACHUEM aBTOPCTBA U pa3pelieHreM Ha myonukarmio (oopasen Ha http://
sibvest.elpub.ru/);

*  CKaH-KOITUS aBTOPCKOHM CIpaBKH IO TpecTaBieHHOH dpopme (oOpaser; Ha http://sibvest.elpub.ru/), B koTopoii 10mKHO
OBITH BBIPAYKEHO COIVIACHE HAa OTKPBITOE OIMyOIMKOBAHHE CTaThM B IEUYATHOM BapHaHTE KypHaja U €ro JIEKTPOHHOM
Komuu B ceTu MHTepHeT;

*  CKaH-KOIHMS PYKOIIHCH C MOAMHUCSIMH aBTOPOB. ABTOD, MOAMHUCHIBAsI PYKONUCH U HANPABISSA €€ B PENAKIHIO, TEM CaMbIM
nepeaaeT aBTopckre mpasa Ha uznanue 3toi cratb COHIIA PAH;

*  QHKEThI aBTOPOB HAa PYCCKOM M aHIIMHACKOM si3bIKax (oOpaserr Ha http://sibvest.elpub.ru/);

*  CKaH-KOIMS CIIPAaBKU M3 aCIIUPAHTYPHI (U1 OUHBIX aCHIHUPAHTOB).

2. Bce nocTynaronye B peJakLuuio pPyKOIUCH CTaTel PErUCTPUPYIOTCS Uepe3 CUCTEMY 3JIEKTPOHHOH penakuuu. B mnunom
KaOuHeTe aBTOpa OTPasKAETCsl TEKYILU CTaTyC PyKOIIHMCH.

3. Hepeuensupyemble MaTepuaibl (MaTepuaibl HayYHOH XPOHUKH, PELEH3UH, KHIDKHbIE O0O3pEHUs, MaTepHaibl I10
UCTOPUU CEJIbCKOXO3SIMCTBEHHON HAayKU U JEATEIbHOCTH YUPESKACHUN U YUeHbIX) HaNpaBisAloTca Ha e-mail: sibvestnik@
sfsca.ru 1 perucTpupyroTcsi OTBETCTBEHHBIM CEKPETAPEM.

HOPAAOK O®OPMJIEHUSA CTATbU

Texcr pykormcu odopmisercs mpudrom Times New Roman, kerniem 14 ¢ uarepsanom 1,5, Bee mons 2,0 cMm, HyMeparus
ctpanul BHU3y. O0beM crarbu He Oosee 15 crpanull (BKItoUas TabIuIbl, WILTIOCTpanuu 1 Oubnuorpaduio); crarei, pazme-
maeMsbIx B pyopukax «M13 nuccepraunonnsix pabor» u «Kparkue cooduienus», — He 6onee 7 cTpaHul.

CTpykTypa opopmiIeHUs CTATbU:

1. VIK

2. 3aro/i0BOK CTAThH Ha PYCCKOM M aHIVIMIiCKOM si3bIKaXx (He 0oJiee 70 3HAKOB).

3.  @®aMuJIuM ¥ HHUIHAJbI ABTOPOB, NOJIHOE 0UIHAIbLHOE HA3BAHHE HAYYHOI0 YUpe:K/AeHHsl, B KOTOPOM IIPOBe-
JAeHbI HCCIeJ0BAHMS, HA PYCCKOM M AHIVIMICKOM fI3bIKAX.

Ecnu B moaroroBke craTby MpUHUMAIHN y4acTUE aBTOPBI U3 PA3HBIX YUPEKACHUH, HEOOXOIMMO yKa3aTh IPUHAIICKHOCTh
Ka)KJIOTO aBTOpa K KOHKPETHOMY YUPEXKJICHUIO C IIOMOILBI0 HaJICTPOYHOTO MHJIEKCA.

4.  Pedepar Ha pycckoM H aHINIMIICKOM si3bIKax. O0beM pedepara He meHee 200—250 cnoB. Pedepar sipsiercst kpat-
KHUM U IIOCIICIOBATENIbHBIM U3JI0KEHHEM Marepuala CTaTbi [0 OCHOBHBIM pa3JieliaM U JJOJDKEH OTpakaThb OCHOBHOE COJIEp-
JKaHME, CJIEIOBATH JIOTUKE U3JIOKEHUsI MaTeprala U ONHMCAHUs PE3yJIbTaTOB B CTAaThe C MPUBEACHUEM KOHKPETHBIX JaHHBIX.
He cnenyer Bkitouars BrepBbIC BBEACHHBIC TEPMHUHBI, a00peBHATYPHI (32 UCKIIOYCHUEM OOIIEN3BECTHBIX), CCHUIKU HA JIU-
Teparypy. B pedepare He cieayer moquepkuBaTh HOBU3HY, aKTYAIbHOCTD M JIMYHBIA BKIIAJl aBTOPA; MECTO MCCICIOBAHUS
HEOOXOMMO yKa3bIBaTh 10 00acTH (Kpast), He YIOMHHATh KOHKPETHBIE OpraHU3aluy.

5. KuroueBble cjI0Ba Ha PyCCKOM M AHIVIMIICKOM SI3BIKAX. 5—7 CJIOB 110 TeMe cTaThu. JKenarenbHO, 4TOObI KITI0UeBbIe
CJIOBA JIOTIOJHSUTH pedepar u Ha3BaHUE CTATHU.

6. Hudopmanus o KOHPIMKTe HHTEPeCOB JTU00 ero 0TCYTCTBHU. ABTOp 0053aH YBEIIOMUTH PEAAKTOPA O PEaIbHOM
WU TIOTEHIUATLHOM KOH(IIMKTE HHTEPECOB, BKIIIOUMB HHPOPMALIUIO O KOH(OIMKTE HHTEPECOB B COOTBETCTBYIOLIMI pa3ziel
ctatbu. Eciii KOH(IIMKTa HHTEPECOB HET, aBTOP JOJDKEH TaK)Ke COOOIIUTE 00 3TOM.

[Mpumep GOPMYITHPOBKH: «ABTOp 3asBISIET 00 OTCYTCTBUHM KOH(IMKTA HHTEPECOBY.

7.  BJaarogapHoCTH Ha PYCCKOM M aHIVIMICKOM si3bIKaX. B 3TOM paszerne ykas3bIBarOTCs BCe UCTOYHUKU (PHHAHCH-
pOBaHMS UCCIICIOBAHNUS, a TAKXKE OJIarolapHOCTH JIIOASM, KOTOPbIE Y4aCcTBOBAIM B paboTe Ha/l CTaTheil, HO HE SBISAIOTCA ee
aBTOPaMH.

8. OcHOBHOIi TekeT cTaThbu. [Ipy H310)KEHNH OPUTHHAIIBHBIX SKCIIEPUMEHTAIBHBIX JAHHBIX PEKOMEH]IyeTCs UCTIOJIb-
30BaTh I0/13arOJIOBKU:

BBEJIEHUE (rmocTaHoBKa MPOOIIEMBI, TSN, 33a9H UCCICTOBAHMS)

MATEPUAJI U METOJBI (ycnoBusi, MeToab! (METOIMKA) HCCIIEA0BAHNH, OIICAaHUEe O0BEKTa, MECTO U BPEMs IIPOBe-
JIeHUSs)

PE3VYJIBTATHBI 1 OBCYXKJAEHUE

3AKIIOYEHME unu BBIBO/IbI
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CITUCOK JIMTEPATYPBI. KonuecTBO HCTOUHUKOB He MeHee 15. B criucok ureparypsl BKIIIOYAIOTCS TOJIBKO PEIeH-
3UpyeMble HCTOYHUKH: CTaTbU U3 HAYYHBIX KypHanI0B U MoHorpaduu. Camouutuposanue He 6osee 10% ot obiiero konuue-
ctBa. bubnuorpaduueckuii Ciucok J0HKeH ObITh 0pOPMIIEH B BHJIE OOLIETO CIMCKA B MOPSIIKE YIIOMUHAHUS B TEKCTE, JKella-
TENbHBI CCHUIKM HAa HCTOYHUKH 2—3-JICTHETO CpoKa JaBHOCTH. [IpaBuina oopMiIeHHs CIMCKA JINTEPATyPhl — B COOTBETCTBUH
¢ 'OCT P 7.05-2008 (TpeboBaHMs 1 MpaBHiia COCTABICHHUs ONOIHOrpaduuecKoil CChUTKM). B TekcTe cChlika Ha HCTOUHUK
OTMeYaeTcst MOPSAKOBOH (PO B KBaJApaTHBIX cKoOKax, Hanmpumep [1]. JInuTepatypa B criicke naeTcs Ha TeX sS3bIKax, Ha
KOTOPBIX OHA M37aHa. B 6ubnmorpaduaeckoe omucanne MyOIUKaIHN HE0OXOMMO BHOCUTE BCEX aBTOPOB, HE COKpaIast X
OZHUM, TpeMs U T.II. HemomycTuMo cokpallleHue Ha3BaHUN cTaTeil, 5KypHanIoB, U31aTeIbCTB.

Ecnu HeoO6xoauMo cociaTbest Ha aBTropedeparsl, Auccepranny, COOPHUKY cTarel, yueOHUKH, PEeKOMEHIalluy, yueOHbIe
nocobust, FOCTsl, nH(pOpPMALIUIO C CAHTOB, CTATUCTHYECKHE OTYETHI, CTaThH B OOIIECTBCHHO-TIOJMTHYECKUX Ia3eTax U mpo-
qee, TO TaKylo HH(OpMaImio ciexyeT ohOpPMHUTE B CHOCKY B KOHIIE cTpaHHIBI. CHOCKH HyMepyIoTcs apaObckumu udpamu,
Pa3MeIaroTcs MOCTPAaHUIHO CKBO3HON HyMepalne.

Buumanue! Teopernueckue, 0030pHbIE H IIPOOIEMHBIE CTAaTHH MOTYT UMETh IIPOU3BOJIBHYIO CTPYKTYPY, HO 00513aTeIIbHO
JIOJDKHBI COZIepIKaTh pedepat, KITIOUeBbIe CII0Ba, CIIUCOK JINTEPATYPHI.

HPUMEPBI O®OPMJIEHUSA CIIMCKA JIMTEPATYPbBI, REFERENCES U CHOCOK

CIIMCOK JIMTEPATYPBI:

Monozpagusn

Knumosa O.B. Tlonesbie KynbTypsbl 3a0aiikanbs: MmoHorpadus. Yura: [Touck, 2001. 392 c.

Yacme Knuzu

Xonmos B.I' MuHuManbHast 00paboTka KyJIMCHOTO Tapa MO SPOBYIO IMIICHHILYy MPU MHTCHCH()UKAIUK 3eMIICISIUS B
IOKHOH JtecocTenu 3ananHoit Cubupu // Pecypcocdeperaromnye cucteMbl 00paboTku mouBbl. M.: Arponpomusaat, 1990. C.
230-235.

Ilepuoouueckoe uzoanue

IHaxyne A.JL., Jlanwunoe H.A., booicanoea I'B., [laxkyne B.H. TexHonornueckue KauecTa 3epHa MITKOW SPOBOH MILIEHU-
1Bl B 3aBUCUMOCTH OT CUCTEMbI 00pab0TKH 10uBkI // CHOMPCKUIT BECTHHK CeNTbCKOX03s1icTBeHHON Hayku. 2018. T. 48. Ne 4.
C. 27-35. DOI: 10.26898/0370-8799-2018-4-4.

REFERENCES:

CocraBnsieTcsi B TOM K€ MOPSIIKE, YTO U PYCCKOS3BIYHBINA BAPUAHT, MO CISTYIOIINM MPaBHIaM:

@ammnn 1.0. aBTOPOB B YCTOSIBIIEMCS CIOCO0E TPAHCIUTEPALINH, AHIIOS3BIYHOE HA3BAHHUE CTaThH, MPAHCAUMEPAYUsL
HA36aHUSL PYCCKOAZBIYHO20 UCHOYHUKA (Hanpumep, yepes caum: https://antropophob.ru/translit-bsi) = anenoaszviunoe Ha-
36anue ucmounuxa. Jlanee opopmieHue 1t MOHOTpadUH: TOPOJ, AaHIIOSA3bIYHOE HAa3BaHUE M3JAaTeIbCTBA, TOM, KOJINIECTBO
CTpaHUIL; ISl )KypHaja: T, ToM, Homep, cTpaHubl. (In Russian).

Mpumep: Avtor A.A., Avtor B.B., Avtor C.C. Title of article.

TpaHcIuTepaIys aBTOPOB. AHIIION3BIYHOE HA3BAaHUE CTAThH

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.

Tpancrumepayusa ucmounuxa = Anzn0s3v14H0e HA36AHUE UCTMOYHUKA

Momnozpaghua

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

Yacmb Knucu

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).

Ilepuoouueckoe uzoanue

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.

CHOCKMU:

Iutupyemsrii TekeT'.

'Knumosa 3.B., Anopeesa O.T., Temnuxosa I'11. TIyTn cTabuimm3anui KOPMOTPOU3BOACTBA 3abaiikains // [IpobiaeMsl u
MIePCIIEKTHBBI COBEPLICHCTBOBAHMSI 30HAIBHBIX CHUCTEM 3EMIICCNHUS B COBPEMEHHBIX YCIOBHSAX: MaTepUalibl Hayd.-IIPaKT.
xoH(. (Huta, 16—17 okta6ps 2008 r.). Yura, 2009. C. 36-39.

Hugposoit uoenmugpuxamop Digital Object Identifier — DOI (xoraa oH €CTb y HTUTHPYEMOI'0 Marepuaa)

HEOOXOJIMMO YKa3bIBaTh B KOHIIE OMOIHOTrpaguuecKOi CChUIKH.

IIpumep:

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.

Hamnuue DOI cratbu ciienyeT mpoBepaTh Ha caifte http://search.crossref.org/ wmu https://www.citethisforme.com.
J1s1 3TOr0 Hy’)KHO BBECTH B IOUCKOBYIO CTPOKY Ha3BaHME CTAaTbU HA aHIIIMICKOM SI3BIKE.

PUCYHKMU, TABJIULBI, CKPUHIIOTHI U ®OTOT'PAOUN

PucyHku JOMKHBL OBITH XOPOLIETro KauecTBa, IPUrOHbIE IS IIedaTu. Bee pUCyHKU HODKHBI UMETh IOJPUCYHOUHBIE IO/
nucu. IlonpucyHouHyo OAIUCh HEOOXOIMMO IEPEBECTU Ha aHIIUIICKU A3bIK. PUCYHKH HyMepyIoTCs apabckuMu U pamMu
110 NOPSLIKY CIEJOBaHUs B TeKcTe. Eciiu pucyHOK B TEKCTE OJMH, TO OH HE HyMepyeTcs. OTChUIKY Ha PUCYHKH 0(OPMIIAIOTCA
cienyromum oopaszom: «Ha puc. 3 yka3aHo, 4to ...» Win «YKa3aHo, 4to ... (cM. puc. 3)». IlonpucyHodHas NOAIKUCh BKIOUAET
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MOPSI/IKOBBIM HOMEpP PUCYHKa U ero Ha3BaHue: «Puc. 2. Onucanue )U3HEHHO BaXKHBIX IIporieccoBy. [lepeBoa moxpucyHouHoi
TIOZIIIMCH CIIEIYET pacroiararh Imocie MOAPUCYHOUHO MOAIICH Ha PYCCKOM SI3BIKE.

TabnuIbl TOIDKHBI OBITH XOPOLIETO KauyecTBa, MPUTOIHbBIE I IedaTy. [IpeamouTuTenbHbl TaOIHIbl, IPUTOAHBIC UL pe-
JAKTUPOBAHMS, @ HE OTCKAHUPOBAHHbIC WM B BUJIC PUCYHKOB. Bce TaOMuIbl JOKHBI IMETh 3arofioBku. Ha3Banue TaOmuis!
JIOJDKHO OBITH MEpeBeeHO Ha aHmIMickuil s3bIk. TaOmunel HyMepyroTcs: apabckuMu nudpamMy 10 HOPSIKY CICIOBAHUS B
Tekcre. Eciu Tabnuia B TEKCTE 0/IHA, TO OHA He HyMepyeTcsl. OTChUIKY Ha TaOnu1bl 0(hOPMIIIOTCA CIeAyoIUM o0pasom: «B
Tal. 3 yKazaHo, 4To ...» WIH «YKa3aHo, 4To ... (CM. Ta0i1. 3)». 3arosoBOK TaOJNHUIIEI BKITIOYAET MTOPSIIKOBBIN HOMEp TaOIHIIbI
u ee Ha3Banue: «Tabm. 2. Onucanue )KM3HEHHO Ba)KHBIX IpoIieccoBy. [lepeBoa 3aroyioBka TaOIUIBI CIIEIYeT pacroiararh
TIOCJIE 3ar0JI0BKA TAOIUIIBI HA PYCCKOM SI3BIKE.

®dotorpadun, CKPUHIIOTE U APYTHe HEPUCOBAHHBIC WILTIOCTPAIMM HEOOXOAUMO 3arpy’kaTh OTAEIBbHO B BHIE (ailnoB
(dopmara *.jpeg (*.doc u *.docx — B ciyyae, eciiv Ha M300paKeHUE HAHECEHBI JOIOJHUTEIbHBIC TOMETKH). Paspeienue
n300paxeHus nomkHo 0bITh >300 dpi. Paiinam n300pakeHuii He0OOXOIUMO NPUCBOUTH Ha3BaHHE, COOTBETCTBYIOLIEE HOMEPY
pucyHKa B Tekcte. B onmcanuu ¢aiina cienyer oTAeIbHO NPUBECTH MOAPUCYHOUHYIO MOIIKNCH, KOTOpast J0JKHA COOTBET-
CTBOBAaTh Ha3BaHHIO (POTOrpaduH, MOMEIIAEMOI B TEKCT.

Crnenyer oOpaTuTh BHUMaHHE HA HalUCcaHue GOpMyJ1 B cTaThe. Bo n30exaHue myTaHuIbl HeoOXoaumo rpeueckue (o, B,
7 U ap.), pycckue (A, a, b, 0 1 ap.) OykBbI U U PBI TKUCATH MPSAMBIM HIPUPTOM, JIATUHCKUE — KYpCUBHBIM (W, Z, m, n v Ap.).
Maremariueckue 3HaKi U CUMBOJIBI HY)KHO MHUCATh TaKKe NMpsMbIM mpudToM. HeoOXonumMo 4eTKo ykas3blBaTh BEPXHHE U
HIDKHHE HAJICTPOYHbIE CUMBONLI (W', F, u z1p.).

B3AUMOJENCTBHUE MEXY )KYPHAJIOM 1 ABTOPOM

Penakiust IpoCcHT aBTOPOB ITPH MOATOTOBKE CTATEHl PyKOBOICTBOBATHCS M3JIOKCHHBIMH BBIIIE IIPABUIIAMIL.

Bce nocrynaromue B xypHan « CHOUPCKHI BECTHUK CEITbCKOXO3SIHCTBEHHOW HAYKM» CTaThU MPOXOIAT IPEIBAPHTEID-
HYIO TIPOBEPKY Ha COOTBETCTBUE (hOpMaNBLHEIM TpeGoBaHMsIM. Ha 3TOM 3Tane penakiys ocTaBiseT 3a CoOOH MpaBo:

* TPHHATH CTATHIO K PACCMOTPEHHIO;

*  BEpHYTb CTaThIO aBTOPY (aBTOpaM) Ha JOPabOTKY € IPOCKOOH yCTPaHUTh OLIMOKU WM J00aBUTH HEIOCTAIOIINE JaHHbIC;
*  BEpHYTb CTaThlO aBTOPY (aBTOpam) Oe3 paccMOTpeHUst, 0OPMIICHHYIO HE 110 TPEOOBaHUAM KypHAIa;

*  OTKJIOHHUTH CTaThIO U3-3a HECOOTBETCTBHUS €€ LeIIIM JKyPHAIa, OTCYTCTBHS OPUTHHATBHOCTH, MaJIOi HayYHOH IEHHOCTH.

[Mepernucka ¢ aBTOpaMy PyKOITUCH BEIETCS Yepe3 KOHTAKTHOE JIUI0, YKa3aHHOE B PYKOIIHCH.

Bce HayuHbIE CTAaThH, MOCTYNHUBIINE B PEAAKINIO )KypHaIa « CHOMPCKHI BECTHUK CEIbCKOXO3SICTBEHHOM HAYKM», MTPO-
XOJISIT 00sI3aTENIbHOE JIByXCTOPOHHEE «cienoey perensuposanue (double-blind — aBTop 1 perieH3eHT He 3HAKOT APYT O IPYTE).
Pyxonucu HanpapisiioTCsl O MPOGHIII0 HAYYHOTO UCCIIEA0BAHHS HA PELICH3HUIO WICHAM PEAAKIMOHHON KOJUIETHH.

B cnopHbIX Cltydasx pefakTop MOXET IIPUBJIEUb K IIPOLECCY PELIEH3UPOBAHUSI HECKOIBKUX CIELMAICTOB, a TAKKe [JIaBHO-
ro peakropa. [IpH IoIoXKUTETEHOM 3aKIIFOUCHHIHN PEIICH3CHTA CTaThs IIepeacTCs PEIaKTopy IS MOTOTOBKH K IICUaTH.

[Tpu npuHATHU pemeHus 0 J0paboTKe CTaThH 3aMeYaHHs 1 KOMMEHTapHH PEleH3eHTa IepeaaloTcs aBTopy. ABTOpyY Ja-
eTcs 2 Mecsila Ha yCTpaHeHWs 3aMedaHuid. Eciii B TeueHne 3TOro Cpoka aBTOp HE YBEJAOMHJ PENAaKIUIO O IUIAHHPYEMbIX
JIEWCTBHSAX, CTAThsl CHUIMAETCSI C Ouepey Iy OnruKauy.

ITpu npuHsATHM peneHus 00 OTKa3e B IMyOIMKALUK CTaTbH aBTOPY OTIPABIISAETCSI COOTBETCTBYIOIIEE PEIICHHUE PEAAKIINY.

OTBETCTBEHHOMY (KOHTAKTHOMY) aBTOPY IPHUHATOM K IMyOJIMKallUK CTaTbU HaNpasiseTcs (UHAIbHAS BEPCUS BEPCTKH,
KOTOPYIO OH 00sI3aH IIPOBEPUTH.

MOPSAJOK NEPECMOTPA PEIIEHUM PEJAKTOPA/PEIIEH3EHTA

Ecnu aBTOp HE COMTaceH ¢ 3aKIIOUCHUEM PELICH3CHTA U/HIIH PeJaKTOpa HiIH OTJCIbHBIMI 3aMEUaHHSMH, OH MOYKET OCIIO-
PHUTB MPUHSTOE perenue. st 5Toro aBTopy HeOOXOIUMO:
*  HCHPaBHUTh PYKOIUCH CTATbU COITIACHO 0OOCHOBAaHHBIM KOMMEHTAPHSM PELIEH3EHTOB U PEIaKTOPOB;
*  SICHO M3JIOKUTbH CBOIO MO3UIIMIO TI0 PACCMATPUBAEMOMY BOIIPOCY.

Penakropsl cOACHCTBYIOT MOBTOPHOM IOJIa4e PYKOMUCEH, KOTOpPBIE MOTEHIIMAIBHO MOIIN Obl OBITH HPUHSTHI, OIHAKO
OBUIM OTKJIOHEHBI M3-32 HEOOXOIMMOCTH BHECEHUS CYIIECTBEHHBIX U3MEHEHUH MM cOOpa IOMOJHUTENBHBIX TaHHBIX, U I0-
TOBBI TIONPOOHO OOBSCHUTD, YTO TPEOYETCS HCIPABUTH B PYKOIMCH JUISl TOTO, YTOOBI OHA ObLIA MPUHSTA K Ty OJIMKALHH.

JEVICTBUS PEJAKIIMU B CJIYUAE OBHAPYXXEHUSA IIJIATUATA, PABPUKAIIUA
NJIN PAJTBCUDPUKALIMU JAHHBIX

Penaxuus HaygHoTO *XypHata «CHOMPCKHUN BECTHHK CETbCKOXO3SHCTBEHHON HAyKW» B CBOEH paboTe PyKOBOICTBYETCS
TPaIMIHOHHBIMH THYECKIMH IPUHIUIIAMH HAYYHOH MEPHOIUKH M CBOIOM NMPUHIMIOB «Komekca 3THKHM HayYHBIX Ty OnInKa-
11, pa3pabOTaHHBIM 1 YTBEPXkKIACHHBIM KOMHUTETOM 110 3THKE Hay4YHBIX ITyOIUKAMi, TpeOys COOMIONeHNS 9THX IPaBUI OT
BCEX YUaCTHHMKOB M3[aTeIbCKOT0 Mpolecca.

HUCITPABJIEHUE OIIIUBOK U OT3bIB CTATbU

B ciyuae oOHapy)KeHHSI B TEKCTE CTaThbH OMIMOOK, BIUSIONIMX HA €€ BOCIPUSATHE, HO HE HUCKAKAIOIINX H3JIOKECHHBIC
Pe3yNbTaThl UCCIICAOBAHUS, OHH MOTYT OBITh HCIIPABJICHBI IyTeM 3aMeHbl pdf-daitna crateu. B ciydae oOHapyKeHHUS B TEK-
CT€ CTaThH ONIMOOK, MCKAXKAIOIINX Pe3yIIbTaThl HCCISIOBAaHYS, TMOO B Cilydae Iuiarnara, 00Hapy>KeHus! HeoOPOCOBECTHOTO
MOBEICHHUS aBTOpa (aBTOPOB), CBS3aHHOTO ¢ (hanbcudukanueit u/umu Gpadpukaren JaHHbIX, CTaThsi MOXKET ObITh OTO3BaHA.
MHumaTopoM OT3bIBa CTaThH MOXKET OBITH PEAAKIHS, aBTOP, OPraHu3aLus, YacTHOe IUI0. OTO3BaHHAS CTAThsI IOMEYACTCS
3HakoM «CTaThsi 0TO3BaHay», Ha CTPAHUIIE CTAThU pa3MeliaeTcsi MHPOpMAaIKs O IPUUMHE ee 0T3bIBa. MIH(popmaius 00 oT3biBe
CTaThU HANPABISIETCsI B 0a3bl TAHHBIX, B KOTOPBIX HHICKCUPYETCS KypHAIL.
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YBA’KAEMBIE TIOJITHCYHUKH!

[Tonnucky Ha xypHan «CHOUPCKUN BECTHUK CEITbCKOX03HCTBEHHON HAYKI»
(kKaK Ha ro0BOM KOMILIEKT, TaK U Ha OTACJIbHbIC HOMEPA)
MOXHO O()OPMUTH OJTHUM U3 CIEIYIOLINX CIIOCOO0B:

— B arentcrBe noamucku 'K «Ypan-Tlpece» no unnexcy 014973. Cepuika Ha uznanue https:/ www.
ural-press.ru/catalog/97210/8707659/?sphrase_1d=392975. B pa3nene KOHTAaKTbl 3alTH 10
ccruike http://ural-press.ru/contact/, Tae MOXHO BBIOpaTh (PUIIHAI 110 MECTY JKUTEIHCTBA;

— B penakimu xypHana (tenedon 7-383-348-37-62; e-mail: sibvestnik@sfsca.ru).

[TonHOTEKCTOBASI BEpCUS KypHaJa
«CunbupcKnii BECTHUK CEIBCKOX03HCTBEHHON HAYKI»
pasmMelneHa Ha caiite HayuHol a5ekTpoHHOM OMOIHOTEKH:
http://www.elibrary.ru.
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