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S 3EMJIEJIEJINE U XUMW3AL[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2023-1-1 Tun crarby: OpUrHHANBHAS
VIK: 631.51:633.853.483 Type of article: original

ANOPEPEHIIMPOBAHHASA CUCTEMA OBPABOTKH ITIOYBbI
B JIECOCTEINHOM 30HE CPEJJHEI'O MOBOJI’KbA

X Ky3una E.B.

Vavsanoeckuil nayuno-ucciedosamenscKull uHCmumym cenbckoeo xossaucmea um. H.C. Hemyesa —
Gunuan Camapcroeo gedepanbHozo ucciedosamensbckozo yenmpa Poccutickotl akademuu HayK
VibsiHOBCKast 00sacTh, moc. TumupsizeBckuii, Poccust

) e-mail: elena.kuzina@autorambler.ru

IIpencraBiena oreHka arpodKOHOMUYIECKON YPPEKTUBHOCTH PA3TMIHBIX CHCTEM 00pa0OTKH T0Y-
BBl T0J] TOPYMILY, BO3/IEIBIBAEMYIO B 3€PHOMAPOBOM CEBOOOOPOTE CO CIIEAYIOIIMM YepeOBaHUEM
KyJIBTYp: YHCTBIM Map — O3uMasi MIIeHUNA — sPOBasi MIIEHUIA — FOpUULa. DKCIEPUMEHTHI 3aI0Ke-
HBI B TI0JIEBOM OIbITE B jiecocTenHoi 30He Cpennero IloBomxbs B 2019-2021 rr. Ilousa onbITHOrO
y4JacTKa — 4YepPHO3EM CJIa00BBIIIETOYECHHBIH CPEAHEMOIIHBIN TSHKeNoCyMIMHUCTBIH. [1axoTHbII ropu-
30HT XapaKTepU3yeTcs CIIENYIOUIMMH arpOXUMUYECKUMH [I0Ka3aTeJIsIMU: COAEPkKaHUe rymyca ot 5,8
10 6,1%, 00ecriedeHHOCTh TOBIKHBIM (ochOopoM Bbicokast (226 Mr/kr), KainueM cpenHsis (92 Mr/kr),
peaxius MoYBEHHOTO pacTBoOpa Onu3kas K HeltpanbHoil (pH 6,6). OObEKT UCCIe0BaHUS — TOPUUIIA
copra Panconusi, mpeaMeT ucciaen0BaHus — CUCTEMbI 00pabOTKH MOYBHI. YCTaHOBJIEHA Liefiecoodpas-
HOCTb 3aMEHbI €KETOJHOM KJIaCCHUECKOW BCHAIIKK Ha IU(QepeHunpoBaHHYIO B CEBOOOOPOTE 00-
pabOTKY, OCHOBAaHHYIO Ha YEPEAOBAHUM IIIyOOKOM BCIAIIKK M TOBEPXHOCTHOM MCKOBOI 00pabOTKH.
OHa MOJIOKUTENFHO BIHSIET Ha TIporiecc GopMHUpoBaHus arpohu3nIeCKuX, OMOIOTHIECKUX U arpo-
XUMHAYECKHX CBOWMCTB MOYBHI, CIOCOOCTBYET COXPAHEHMIO 3allacOB MPOIYKTUBHOMN BJIard, IOMOTAeT
CHM3MTB 3aCOPEHHOCTH MT0CeBOB. [laHHas 00paboTKa MPUBOAUT K JOCTOBEPHOMY POCTY YPOXKaHHOCTH
Ha 0,11 T/ra, MO3BOJISET MOTYYUTH MPOLYKLHUIO C HAUBBICIIEH peHTabenbHOCTIO 199% (B cpeaHem mo
(oHam) 1 HaHOONBILIMM PHEpreTHdecKuM ko3 uumentom 1,33, uto Ha 71 u 22% BbIle, YeM Ha Ba-
pPHaHTE C €KErOJHOM OTBAJIbHOM 00paboTKoil. OTMEUEHO, YTO MPUMEHSIEMbIe MUHEpaJIbHbIE yIo0pe-
Hust B 103¢ N3P K5, He manu nomkHoro a¢dexra. OTcyTcTBHE pocTa yposkaliHOCTH IPUBENO K (op-
MHPOBAHUIO OTPUIATENIEHBIX IKOHOMUYECKHX TTOKa3aTeliell Mpyu BHECEHNH MUHEPAIbHBIX yI0OpEeHUH
Ha BCEX MU3y4aeMbIX BapUaHTaX, 3a UCKIFOYCHUEM TU(QEePeHIIMPOBAHHON B CEBOOOOPOTE 00pabOTKH.
B nanHOM BapuaHTe OTMEYEHO MaKCMMaJIbHOE yBEJIMUeHHE ypoxkaiiHocTH Ha 0,25 T/ra 1 CTOMMOCTH
BasIoBOM mpoxykuuu Ha 7500 p./ra, uto Ha 1521 p./ra BbllIe BO3POCIINX NPOU3BOACTBEHHBIX 3aTpPaT.
Ha BapmanTe ¢ exeromHoi oTBajJbHON 00paOOTKOW BHECEHHE YOOPEHHH COTIPOBOXKAATIOCH CHUKE-
HHUEM YHCTOTO JIOXOJa M YPOBHS peHTabenbHOCTH Ha 965 p./ra u 75% oTHOCHUTENHFHO HEYTOOPEHHOTO
(hoHa, 9TO CBUICTENBCTBYET 00 YOBITOUHOCTH NPUMEHEHHS YIOOPCHUIA.

KuroueBble cjioBa: ropuniia, 0opadoTka MOYBBI, MJIOTHOCTH CIOKEHHSI, 3arachl MPOTYKTUBHOMN
BJIard, ypOXKaitHOCTh, PEHTA0EIEHOCTD

DIFFERENTIATED TILLAGE SYSTEM IN THE FOREST- STEPPE ZONE
OF THE MIDDLE VOLGA REGION

(X)Kuzina E.V.

Ulyanovsk Research Institute of Agriculture n.a. N.S. Nemtsev —

Branch of the Samara Federal Research Center of the Russian Academy of Sciences
Timiryazevsky settl., Ulyanovsk Region, Russia

(<) e-mail: elena.kuzina@autorambler.ru

Evaluation of agroeconomic efficiency of different tillage systems for mustard, cultivated in a
grain fallow rotation with the following alternation of crops: complete fallow - winter wheat - spring

3emiiezienue U XUMHU3aLus CubHPCKHii BECTHHK CEITbCKOXO3SHCTBEHHON Hayku ® 2023 ¢ 531 5



Differentiated tillage system in the forest-steppe zone Kuzina E.V.

of the Middle Volga region

wheat - mustard is presented. The experiments were made in a field experiment in the forest-steppe
zone of the Middle Volga region in 2019-2021. The soil of the experimental plot is slightly leached
medium-powered heavy loamy chernozem. Tillage horizon is characterized by the following
agrochemical parameters: humus content of 5.8 to 6.1%, the provision of mobile phosphorus is high
(226 mg/kg), the potassium is medium (92 mg/kg), the reaction of the soil solution is close to neutral
(pH 6.6). The object of the study is the mustard variety Rhapsody, the subject of the study is soil tillage
systems. The expediency of replacing the annual classic plowing with a differentiated treatment in
the rotation, based on the alternation of deep plowing and surface disc cultivation is established. It
positively affects the process of formation of agrophysical, biological and agrochemical properties
of soil, contributes to the conservation of productive moisture reserves, and helps to reduce weed
infestation of crops. This treatment leads to a significant increase in the yield by 0.11 t/ha, allows
for the highest yields of 199% (on average for the backgrounds) and the highest energy factor of
1.33, which is 71 and 22% higher than on the option with the annual mouldboard plowing. It was
noted that the used mineral fertilizers at a dose of N3,P;,K;, did not produce the desired effect.
Lack of yield growth led to the formation of negative economic indicators when making mineral
fertilizers in all the variants studied, with the exception of differentiated treatment in the rotation.
In this variant, the maximum increase in the yield by 0.25 t/ha and the cost of gross output by 7500
rubles/ha, which is 1521 rubles/ha higher than the increased production costs is noted. In the option
with annual mouldboard plowing fertilization was accompanied by a decrease in the net income and
profitability levels by 965 rubles/ha and 75% relative to the non-fertilized background, indicating
that the unprofitable use of fertilizers.
Keywords: mustard, tillage, bulk density, productive moisture reserves, yield, profitability
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INTRODUCTION decrease in crop yields [9-11]. In this regard,
the most coordinated system of tillage is dif-
ferentiated, consisting of various combinations

of mouldboard and non-mouldboard methods

Tillage affects all properties of the soil and
regulates most factors of plant life. Its incorrect
application can cause great damage to the soil

[1-3]. The choice of tillage system has always
been the most controversial and relevant in the
process of agronomic practice. Various opin-
ions on the necessity of deep and active loosen-
ing, especially with a layer turnover, nowadays
lead in practice to minimization of tillage with
reduction of depth and number of tillings [4-8].
However, the transition from plowing to long-
term application of loosening and especially to
surface or minimum tillage generates negative
phenomena. These include: increased weed in-
festation of crops, decreased water permeabil-
ity of the top layer, etc. All this can lead to a

[12, 13]. The problems of increased weeding
of fields and deterioration of agrophysical soil
properties after abandoning intensive mechani-
cal intervention are solved by periodic use of
plowing for the most demanding crops [14-16].

The great diversity of soil cover has not al-
lowed so far to give an accurate agro-economic
characteristic of different methods and depth
of main tillage used in agricultural production.
Therefore, the development of resource-saving
tillage systems that ensure the optimization of
soil properties, soil regimes, phytosanitary state
and fertility reproduction is relevant.
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The purpose of the research is the compara-
tive agrotechnological and economic evalua-
tion of tillage systems on the chernozems of the
Middle Volga region.

MATERIAL AND METHODS

The research was conducted in a field ex-
periment at the Ulyanovsk Research Institute
of Agriculture - branch of the Samara Fed-
eral Research Center of the Russian Academy
of Sciences (Ulyanovsk NIISKh - branch of
the Samara Research Center RAS) in 2019-
2021The research objects were white mustard
Rhapsody and leached chernozem. The soil of
the experimental plot was medium-low leached
heavy loam chernozem with the following ag-
rochemical parameters: humus content from
5.8 to 6.1%, very high mobile phosphorus con-
tent (226 mg/kg), medium potassium content
(92 mg/kg), the reaction of the soil solution is
close to neutral (pH 6.6).

The subject of the research is six tillage sys-
tems (factor 4):

— mouldboard (control): plowing at 20-22
cm PLN-4-35;

— differentiated multidepth: alternation of
plowing at 25-27 cm PLN-4-35 and discing at
6-8 cm;

— without basic fall tillage, in spring - shal-
low mulching treatment: at 10-12 cm APK-3;

— ridge-coulisse tillage: OP-3C at 13-15 cm;

— discing: BDMu at 6-8 cm;

— flat cutter: KPSh-3 at 13-15 cm.

The main tillage methods were applied sys-
tematically from 2015 for each variant.

Efficiency of different systems of main till-
age was studied on two backgrounds (factor B):

— without fertilizers (control);

— background (N;,P;,K;).

Azophoska (nitrogen-phosphorus-potassi-
um fertilizer) brand N: P: K - 15: 15: 15: 15 was
used as mineral fertilizer, which was introduced
by surface spreading method under pre-sowing
cultivation.

Pre-sowing tillage consisted of early spring
harrowing in April and pre-sowing cultivation.
Sowing was carried out in the I ten-day period
of May by a disk seeder SZ-5,4 by continu-
ous seeding method with a row spacing of 15

cm, seeding rate of 1.5-2.0 million germinated
seeds/ha at a depth of 3-4 cm. Adjustment of
the depth of seeding into the soil in all the stud-
ied variants was carried out by changing the
depth of the coulter stroke with the help of the
depth control screw, located on the bottom of
the seeder. The minimum penetration (about 4
cm) was achieved with the screw completely
unscrewed, while the hydraulic cylinder rod
was completely retracted.

The location of plots in the experiment was
systematic, the size of variants for the main soil
treatment was 500 m?, the size of the sowing
area of the plot was 250 m? (10 x 25), the re-
cording area was 125 m? (5 x 25). Fourfold rep-
etition was used.

Tillage systems were studied in a cereal fal-
low rotation with the following crop rotation:
1 - complete fallow; 2 - winter wheat; 3 - spring
wheat; 4 - mustard; 5 - winter wheat; 6 - barley.

Observations, determinations and record-
ings were made according to generally ac-
cepted methods. Counting of weed infestation
was carried out on 0,25 m? areas by 8 pieces
on the first and third replications in three terms,
the method of recording - quantitative-weight,
the indicators were converted to 1 m* The re-
cording was carried out in the period of appear-
ance of mass shoots in the middle of the crop
vegetation and before harvesting. Soil moisture
was determined by a drying method. Samples
were taken in two non-adjacent replications of
two boreholes in layers 10 cm deep up to 1 m
in spring and in autumn after harvesting. The
samples taken were placed in weighting bot-
tles, weighed, and dried at 140 °C for 6 h. The
moisture content in the soil was calculated as
a percentage of absolutely dry soil and in mil-
limeters of productive moisture. Soil density
was determined by the cutting-ring method, by
sampling with undisturbed complexity (g/cm?)
in the first and third replications, the samples
were taken in the middle of the crop vegetation
in the soil layers 0-10, 10-20 and 20-30 cm. The
structural and aggregate composition of the soil
was determined before harvesting according
to the method of N.I. Savinov. Soil was frac-
tionated on sieves in air-dry state (dry sieving).
The average sample (2.5 kg) was divided into
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fractions: 10, 10-7, 7-5, 5-3, 3-2, 2-1, 1.0-0.5,
0.5-0.25, and 0.25 mm. Each fraction was col-
lected, weighed separately, and its percentage
was calculated. The fraction less than 0.25 mm
was calculated from the difference between the
soil taken for analysis and the sum of fractions
greater than 0.25 mm. The entire sample taken
for analysis was taken as 100%.

N-NO; content was determined by disulfo-
phenol method according to Grandval-Lajoux
method (GOST 26951-86) in the soil samples
taken in arable layer with Malkov's drill at the
following dates: in spring (sowing-sprouting),
at flowering and before harvesting in the soil
layers 0-10, 10-20 and 20-30 cm.

Biological activity of the soil was determined
by the linen cloth method - "applications" ac-
cording to Vostrov and Petrova during the in-
cubation period (sowing - harvesting) in triple
replication on the layers 0-10, 10-20, 20-30 cm
(application size 8 x 8 cm). Yield of crops was
recorded by threshing the entire mass from the
accounting plot with SK-5 combine. The re-
cording data were adjusted to 100% purity and
8% moisture content (GOST 10856). Statistical
processing of experimental data was carried out
by methods of variance and correlation analysis
using Agros, Microsoft Office Excel, Statistica.

The economic efficiency of various tech-
nologies of main tillage and plant protection
systems was analyzed by the calculation-nor-
mative method and conducted according to
the methodological recommendations of the

Ministry of Agriculture of the Russian Federa-
tion. The energy assessment of cultivation was
carried out in accordance with the methodol-
ogy for the energy assessment of crop rotations
and crop growing technologies (E.N. Bazarov,
E.V. Glinka, 1983).

RESULTS AND DISCUSSION

The results showed that differential tillage
was superior to other compared types of basic
tillage in all parameters. It formed the optimal
compaction density for growth and develop-
ment of mustard plants before sowing 1.07 g/
cm’ (see Table 1). The treatment created favor-
able conditions for the formation of agronomi-
cally valuable structure, the content of which
increased by 2.1% compared with the tradition-
al annual plowing, increased the microbiologi-
cal activity and the provision of nitrate form
of nitrogen in the arable soil layer by 5.4 and
20.0%, provided better conditions of moisture
accumulation and storage during the entire veg-
etation of mustard (see figure).

Also due to the alternation of modes of
mouldboard and non-mouldboard disc treat-
ments at different depths there was a decrease in
the potential stock of weed seeds and improved
phytosanitary condition in the agro-ecosystem.
The development of weeds in mustard crops in
terms of total number of weeds was reduced by
7%, in terms of their air-dry mass - by 17% in
comparison with the subsurface tillage. This is
very important, as when choosing systems of

Tada. 1. V3MeHeHne cBOMCTB MOUBHI B 3aBUCHMOCTHU OT €€ 00paboTKu

Table 1. Changes in the soil properties depending on its processing

Soil layer 0-30 cm

Treatment option ) Structure, fraction Biological )

Density, g¥/cm 10.0-0.25 mm, % activity, % N-NO;, mg/100 g of soil
1. Moldboard at 20-22 cm 1,09 77,1 41,0 4,41
2. Differentiated 1,07 79,2 46,4 5,30
3. Mulching at 10-12 c¢m (in spring) 1,24 76,3 34,6 2,23
4. Ridge-coulisse at 13-15 cm 1,17 78,5 372 4,55
5. Discing at 6-8 cm 1,25 79,3 35,8 3,01
6. Flat cutter at 13—15 cm 1,13 79,4 40,7 3,06
LSD, g5 (4B factors) 0,05 1,36 2,05 0,23
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main tillage, the increase of their anti-weed ef-
ficiency plays a decisive role and is one of the
main objectives in agriculture.

The variants with flat-cut, ridge-coulisse and
surface tillage with disc harrow were charac-
terized by higher weed infestation compared to
the mouldboard tillage. On these variants the
increase in the total number and mass of weeds
on average was respectively 45-57-42 and 34-
20-28% relative to the control.

The level of mustard seed oil productivity
varied significantly both by years of research
and by variants of experience. The maximum
crop productivity was formed on the variants
with disc and differentiated tillage respective-
ly 1.08-1.09 t/ha, which exceeded the yield in-
dicator on the control by 0.10-0.11 t/ha. At the
same time, all ploughless tillage on the value
of the mustard seed yield was not inferior to
the control (mouldboard tillage on 20-22 cm),
except for shallow spring tillage, where the
yield was lower by 0.18 t/ha (at NSR o5 4B =
0.049 t/ha).

As is known, the basic elements of plant nu-
trition have a significant influence on the bio-
chemical and physiological processes occur-
ring in plants throughout the growing season,
and, consequently, on the size and quality of the
crop. The effectiveness of the fertilizers used is
determined by the level of nutrients in the soil,

a
1
6 1 113,5
F 36.3
5 ) 115,4
— 353
1141,4
4 F 38
J 1088
3 F 33,1
J 143,5
2 — 45.5
| ) 140,3
I— 44 4
Layer Soil

0-100 cm ®m 0-30 cm

moisture conditions, temperature regimes and
biological characteristics of mustard varieties.

Application of mineral fertilizers under
pre-sowing cultivation on different variants
of the main cultivation had ambiguous effect
on the yield. Fertilizer application gave a reli-
able increase in the yield of the studied crop.
The average yield of mustard on the natural
background of fertility was 0.90 t/ha. When
applying N;,P;,K;, productivity increased
relative to the natural background by 0.19 t/ha
(see Table 2).

The greatest responsiveness in the collec-
tion of seeds from fertilizers was noted on the
variant with differential treatment, where the
increase was 0.25 t/ha relative to the unfertil-
ized background of the appropriate treatment
and 0.33 t/ha in comparison with the unfertil-
ized version of the plowing. On the control with
N;oP50K5, application the crop yield increased
by 0,18 t/ha. On the remaining variants the ef-
fectiveness of the application of mineral fertil-
izers was 0,13-0,22 t/ha with respect to natural
background.

The best economic performance was
achieved in the technology based on differenti-
ated in rotation tillage, which allowed to signif-
icantly reduce labor, energy and material costs
of basic tillage and still get a higher yield than
when using plowing. The total cost of mus-

0

6 18,7 TS
5 0 V76,7
4 208 ¥ 84,5
3 193 b 74,8
2 253 ¥ 93,0
| — J77.6

Layer Soil

00-100 cm ®0-30 cm

Brusiaue crioco6oB 06pabOTKH MOYBHI HA 3aMachl IPOyKTHUBHOM BIIaTH B ITOCEBaX TOPYHLIBI,

2019-2021 rr., MM:

a — BeCHOM; 6 — B yOopKy; 1—6 — BapuanTsel 00padoTku (cM. Tadm. 1)
Influence of tillage methods on the reserves of productive moisture in mustard crops, 2019-2021, mm
a - in spring; 6 - during harvesting; 1-6 - treatment options (see Table 1)
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tard seed production at the annual mouldboard
treatment averaged 12,875 rubles/ha, the cost
of 1 ton of seeds - 11,913 rubles, in the variant
with differentiated treatment these indicators
were lower by 15-25%, respectively. The con-
ventional net income and profitability on the
mouldboard tillage were 16,524 rubles/ha and
128%, on the variant with differentiated tillage
these indicators were higher by 32 and 71%.
Variants of ridge-coulisse, flat-cut and surface
treatment with disc harrow were inferior to dif-
ferential treatment in terms of efficiency, but
had better performance than the control. They
provided the reduction of production costs in
comparison with the mouldboard cultivation
by 12-13-15% that allowed to decrease the cost
of the obtained production by 15-16-24% and
increase the profitability of production by 39-
66%. With the same selling price, the cost of
production is in direct dependence on the value
of the yield. Reducing the mustard yield in the
variant with shallow spring tillage led to a de-
crease in profits from one hectare of arable land.
In this regard, the cost of seed oil increased by
6%, and the profitability of their production de-
creased by 17% compared with the control.
Due to the low productive moisture in the
soil, mineral fertilizers did not give the proper
effect. The use of mineral fertilizers allowed to
increase the yield of seeds per unit area on aver-

age by only 0.19 t/ha for the variants of treat-
ment, which increased the cost of production by
21% compared with unfertilized background.
At the same time, the cost of production on
the fertilized background increased by 77%,
so the level of profitability in this option was
lower by 105% compared with the unfertilized
background. On average for the background
N;P30K; yield increase from the use of fertil-
izers was 0.95 kg of seed oil per kilogram of
fertilizer and did not recoup the cash expendi-
tures spent on the purchase and application of
fertilizers.

Since on different treatment variants fer-
tilizers provided unequal additional yield in-
crease, they differed in the recoupment of the
unit of fertilizers applied with additional yield
increase received. The greatest responsiveness
in the collection of seeds from fertilizers, noted
on the option with differentiated treatment, pro-
vided the maximum yield increase from the use
of fertilizers in the amount of 1.25 kg of seeds
for every kilogram of fertilizer. This recouped
the cash expenditures spent on the purchase and
application of fertilizers, respectively, by 126%
against the control, where the recoupment did
not exceed 90%.

Costs of total man-made energy in the culti-
vation of mustard on the variants of the experi-
ment varied on average by background from 35

Ta6a. 2. V3MeHeHne ypokallHOCTH TOPYHIIBI B 3aBUCIMOCTH OT CIIOCOO0B 00paOOTKH TIOYBHI,

u BHeceHus ynoopenunit (2019-2021 rr.), T/ra

Table 2. Change in the yield of mustard depending on the methods of tillage and fertilization

(2019-2021), t/ha

Background

Treatment option N,PoK, NyoPaoo, Average for the option
Moldboard at 20-22 cm 0,89 1,07 0,98
Differentiated 0,97 1,22 1,09
Mulching at 10-12 cm (in spring) 0,69 0,91 0,80
Ridge-coulisse at 13-15 cm 0,95 1,08 1,01
Discing at 6-8 cm 1,01 1,15 1,08
Flat cutter at 13—15 cm 0,90 1,10 1,00
Average 0,90 1,09 —
LSDy g5 4 — 0,035 (treatments) B — 0,020 (fertilizers) AB — 0,049
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320 MJ/ha (in the variant of surface treatment
with a disc harrow) to 38 600 MJ/ha (by plow-
ing). The difference between these variants was
3280 MlJ/ha, or 9%. The maximum amount of
biogenic energy accumulated in the economi-
cally valuable part of the crop was noted in the
variant with differentiated treatment (47,143
MlJ/ha). Differences in the accumulation of
biogenic energy between the annual plowing
and no-tillage treatments were in the range of
3-10%. Shallow spring tillage, despite the low-
er energy inputs for the cultivation technology,
reduced the energy efficiency compared with
the mouldboard tillage, which is explained by
the under-accumulation in the energy accumu-
lation of the obtained products by 18%.

The coefficient of energy efficiency of mus-
tard cultivation taking into account the cost of
technogenic energy for the variants of the ex-
periment varied from 0.95 to 1.33. The highest
values were obtained on the variant with disc
and differentiated tillage, which exceeded its
performance in comparison with the mould-
board tillage by 21-22%. The difference be-
tween moldboard, ridge-coulisse and flat-cut
was 10% in favor of the latter.

CONCLUSION

According to the research results, the most
favorable conditions for growth and develop-
ment of mustard were noted on the background
of differentiated in the rotation tillage with ele-
ments of minimization (application after deep
mouldboard tillage under winter wheat, surface
disc tillage - under spring wheat and mustard).
Its use has provided not only a sufficient ac-
cumulation of productive moisture, improved
agro-physical properties and increased biologi-
cal activity of the soil, but also a low degree
of crop infestation, which contributed to the
highest crop yield and the best economic and
bioenergetic indicators. The greatest respon-
siveness in the collection of seeds from fertil-
izers, noted on the variant with differentiated
treatment, provided the maximum increase in
yield from the use of fertilizers in the amount of
1.25 kg of seeds for each kilogram of fertilizer.
In this variant recoupment of cash expenditures

for the purchase and application of fertilizers
was 126% against the control, where it did not
exceed 90%.
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PE3YJBTATbI CAMBUOTUYECKOM CEJEKIUU JIOLEPHBI

<) Crenanosa I'.B.

Dedepanvbhblil HAYYHbILL YEeHMP KOPMONPOU3800CMEd U azposkonocuu um. B.P. Bunvamca
MockoBcKas 001acTh, I. JIooHs1, Poccus

2D e-mail: gvstep@yandex.ru

[IpencraBiensl pe3ynsrarbl UCCICAOBAHUM (PQPEKTHBHOCTH CUMOMO3a COPTOB IIFOIIEPHBI, CO3-
JAHHBIX Pa3HBIMU criocoOamu. BEISBIEHBI HEKOTOpBIE OCOOEHHOCTH PaCTUTEIHHO-PH300HaTbHBIX
B3auMofieicTBUi. [Ipy BbIpalBaHuy JIOLEPHBI Ha CIA0OKUCIION 1 OMM3KON K HEHTPalbHOW MOYBE
(pH 5,1-6,0) HanGonee BrICOKKE MPHOABKU YPOXKAHHOCTH IO CyXOMY BeILIECTBY 0OecreunBaia npe-
roceBHas MHOKyAnus mrammoM CXM 41206, Ha cunbHO- U cpexnekucion mouse (pH 4,1-5,0) —
mrammoM CXM 4046. B rox nmocea 3pQeKTHBHOCTE cMOMO03a cOCTaBisiIa He MeHee 25%, cHu-
JKEHHE YPOXKaWHOCTH JI0 YPOBHS KOHTPOJISI IPOUCXOAMIIO B TeueHre 3—4 set monb3oBanud. LlItamm
CXM 4046 obnamaer yHHKaIbHOW CIIOCOOHOCTBIO TOBBIIIATh CEMEHHYIO MPOIYKTUBHOCTH COPTOB
B pa3HbIX YCIOBHAX BbIpammBaHus Ha 23-56%, apyrue mrammsl — Ha 3—-32%. YCTaHOBIEHO, UTO
NPOAYKTUBHOCT COPTO-MHKPOOHBIX CHCTEM B OCHOBHOM OINpPEACISETCS INTaMMOM KITyOSHBKOBBIX
Oaxrepuii (BmustHIE WHOKYISIMK 60—62%). He BBIABIEHO CBSA3M MEXIY YPOXKAMHOCTHIO HAA3EMHOM
Ouromaccel M copepKaHueM B Hel cblporo nporenHa. KoadduimenTsr koppemsiun, moaydeHHbIe B
Ppa3HBIX TOJEBBIX ombITax, coctaBmin —0,41 + 0,34 — 0,26 £ 0,39. [IpenmnoceBHass HHOKYJISIIHS BHICO-
KOAKTHBHBIMH IMTaMMaMH PH300HMH CEMSH JIIOLICPHBI M3MEeHYNBOW copToB Cenena, Araus, Tancus,
CO3IaHHBIX C MCIONB30BaHUEM METO/IOB CONPSHKEHHON CUMOMOTHYECKOH CEJIeKLUH, OBBICHIIA YPO-
JKaltHOCTB B rof moceBa Ha 26—35% 1o cyxoMy BemiecTBy U Ha 44-56% mo cemeHaM. YpOKaifHOCTh
coptoB Bera 87, Jlyrosas 67, Ilacroummnas 88, Haxomka, CO3MaHHBIX TPaAUIIMOHHBIME METOIAMH,
Bo3pacTana Ha 3—20% 1o cyxoMy BemiecTBy U Ha 23—29% no cemeHaM. [IpeanoceBHas HHOKYIALUSA
AKTUBHBIMH IITAMMaMH PU300UH COPTOB JIIOLIEPHBI, CO3IAHHBIX CHMOMOTHYECKUMH METOJIAMH CEJICK-
LMY, TIOBBICHIIA YPOXKAHOCTD B TIEPBBIN TOJ TOIB30BaHUs Ha 46—128% Ha ydacTkax, Iie JIOIEepHY
MpeX/e He BeIpaIIuBaiy, U Ha 32—-35% B ceBOOOOPOTE C BHICOKUM HACHIILICHUEM [T0CEBaMU JIIOLIEPHEI.

KioueBble ci10Ba: JTroLiepHa, ITAMMBIL, KITyOSHBKOBBIE OaKTepHH, CHMOHO03, COMTPSKEHHAsT CeJIeK-
ysl, ypoKaiHOCTb

RESULTS OF SYMBIOTIC BREEDING OF ALFALFA

(<) Stepanova G.V.

Federal Williams Research Center of Forage Production and Agroecology
Lobnya, Moscow region, Russia

2 e-mail: gvstep@yandex.ru

The results of the studies on the effectiveness of alfalfa symbiosis varieties created by different
methods are presented. Some peculiarities of plant-rhizobial interactions are identified. When alfalfa
was grown in low- and near-neutral soils (pH 5.1-6.0), the highest increase in dry matter yield was
achieved by pre-sowing inoculation with the CXM 412b strain, and on strongly and moderately acidic
soils (pH 4.1-5.0) by the CXM 404b strain. In the year of sowing, the efficiency of symbiosis was
at least 25%, and the yield reduction to the control level occurred during 3-4 years of use. Strain
CXM 404b has the unique ability to increase the seed productivity of different varieties under different
growing conditions by 23-56%, other strains - by 3-32%. It was found that the productivity of variety
microbial systems is mainly determined by the strain of nodule bacteria (the effect of inoculation was
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60-62%). No relationship between the yield of the aboveground biomass and its crude protein content
was found. The correlation coefficients obtained in the different field experiments were -0.41 £ 0.34
to 0.26 £ 0.39. Pre-sowing inoculation with highly active rhizobia strains of alfalfa variegated seeds
of Selena, Agnia, Taisia, created using the methods of conjugate symbiotic breeding, increased the
yield in the year of sowing by 26-35% in dry matter and by 44-56% in seeds. The yield of Vega 87,
Lugovaya 67, Pastbishnaya 88, and Nakhodka varieties created by traditional methods increased by
3-20% in dry matter and by 23-29% in seeds. Pre-sowing inoculation with active rhizobia strains of
alfalfa cultivars created by symbiotic breeding methods increased the yield in the first year of use by
46-128% in plots where alfalfa was not grown before and by 32-35% in the crop rotation with high
alfalfa crop saturation.
Keywords: alfalfa, strains, nodule bacteria, symbiosis, conjugate breeding, yield
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INTRODUCTION (2015) with high nitrogen-fixing capacity, yield
and adaptability due to the use of renewable
resources of plant-microbe symbiosis were
created. Varieties of this type are necessary to
create ecologically sustainable agrophytoceno-
ses, high productivity of which is achieved with
minimal use of agrochemicals [2, 3].

Studies using N isotope showed that highly
complementary plant-microbe systems are able
to accumulate 140-210 kg/ha of bound nitro-
gen in the field during the season. The coef-

Since 1990, a new stage of alfalfa breeding
began at the Federal Williams Research Cen-
ter of Forage Production & Agroecology: cre-
ation of new generation varieties capable of
ensuring sustainably high dry matter and seed
yields through the use of renewable resources
of alfalfa-rhizobial symbiosis. The beginning
of this research was the result of theoretical and
experimental work of a number of domestic
and foreign scientists!”. In view of this work, ) S EERE X
the Federal Williams Research Center of For- ficient of symbiotic nitrogen fixation reaches
age Production & Agroecology proposed the 9.88, the average yield incregse is 25% [4].. It
"Method of alfalfa breeding "®. Then this meth- Is possible to increase the ylelfi qf thg variet-
od was optimized and the "Biotechnology of 18 due to plant-microbe symbiosis using pre-

conjugate symbiotic breeding" was developed sowing inoculat'ion with nitrogen-fixing bio-
[1]. Using new methods of breeding, alfalfa logical preparations. For example, alfalfa hay

varieties Selena (2007), Agnia (2012), Taisia yield increased by 1.2 t/ha in the Tomsk region

'Barnes D.K., Heichel G.H., Vance C.P. A multiple-trait breeding program for improving the symbiosis for N2 fixation be-
tween Medicago sativa L. and Rhizobium meliloti / Plant and Soi. 1984. Vol. 82. P. 303-312.

*Phillips D.A., Teuber L.R. Plant genetics of symbiotic nitrogen fixation // Biological Nitrogen Fixation. New York, 1992. P.
625-647.

3Provorov N.A., Simarov B.V. Genetic variation of alfalfa, sweet clover and fenugreek for the activity of symbiosis with Rhi-
zobium meliloti // Plant Breeding. 1990. Vol. 105. P. 300-310.

*Provorov N.A., Saimnazarov U.B., Tanriverdiev T.A., Simarov B.V. The contributions of plant and bacterial genotypes in the
growth and nitrogen accumulation of inoculated alfalfa // Plant and soil. 1994. Vol. 164. P. 213-219.

SProvorov N.A. Relationship between symbiotic and combined nitrogen assimilation in leguminous plants: genetic and breed-
ing aspects // Russian Journal of Plant Physiology. 1996. T. 43. N 1. C. 111-118.

®Patent 2077190 C1 Method of alfalfa breeding (Russian Federation) / G.V. Stepanova; application. 25.07.94; publ. 20.04.97;
Bul. no. 11.
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[5]. In the Moscow and Leningrad regions, pre-
sowing inoculation of different alfalfa varieties
with rhizobia strains A5, A6, A8 increased the
yield by 27-36% in dry matter and by 7-109%
in seeds [6, 7]. The yield of 73 alfalfa-rhizobia
pairs was analyzed in the system of the Geo-
graphical Network for biopreparation evalu-
ation at the All-Russian Research Institute for
Agricultural Microbiology (St. Petersburg). It
was found that inoculation with active rhizobia
strains increased the yield of the varieties cre-
ated by traditional methods by 6-84%, created
by the methods of conjugate symbiotic breed-
ing - by 33-198% [8].

High efficiency of symbiosis was noted
when growing legume crops on new soils [9],
as well as when there is a high "specificity of
partner interaction" [5]. [5]. High "partner
specificity" can be achieved only by conjugate
selection of plants and microorganisms. Micro-
organisms, actively interacting with the plant,
optimize the endogenous hormonal balance of
plants, nitrogen and phosphorus nutrition, acti-
vate the mechanisms of systemic resistance to
stress. Resistance to soil salinity and acidifica-
tion, temperature shock and phytopathogens in-
creases [9, 10].

The purpose of the study was to compare the
symbiosis efficiency of alfalfa varieties created
by different methods and to identify some fea-
tures of plant-rhizobial interactions.

The research objectives are:

— to study the efficiency of alfalfa variet-
ies symbiosis, created by traditional breed-
ing methods with active rhizobia strains when
grown in different soil conditions;

— identify the effect of inoculation on the
accumulation of dry matter and nitrogen (pro-
tein);

— develop a method of conjugate symbiotic
breeding and use it to create varieties of the var-
iegated alfalfa.

MATERIAL AND METHODS

Field experiments were carried out in the
experimental field of the Federal Williams Re-
search Center of Forage Production & Agro-
ecology located 30 km north of Moscow. Soil
of the experimental plots was sod-podzolic
medium-loamy, pH 4.99-5.91, humus content
by Tyurin 1.62-2.10%, total nitrogen 0.161-
0.174%, labile phosphorus 194.9-289.3 mg/kg
soil, exchangeable potassium 107.7-184.1 mg/
kg. Varieties of variegated alfalfa (Medicago
varia, Mart.) selected by V.R. Williams All-
Russian Research Institute of Plant Breeding
were used in the work, created by traditional
breeding methods: Vega 87, Lada, Pastbishnaya
88, Nakhodka, as well as Selena, Agnia, Taisia,
created using the methods of conjugate symbi-
otic breeding, and preparations (rhizotorfin) of
strains of nodule bacteria (Sinorhizobium meli-
loti) created in the All-Russian Research Insti-
tute for Agricultural Microbiology (Saint-Pe-
tersburg). A total of 33 strains were studied. In
addition, CXM 48 strain with Nod+ fix- muta-
tion, which blocks symbiotic nitrogen fixation
and switches alfalfa plant to soil nitrogen nutri-
tion, was used as a control. Seeding was con-
tinuous row, plot area was 4 m?* (control nurser-
ies), 10 m? (competitive variety trial), repetition
was four times. Before the sowing, alfalfa seeds
were sprayed with a biological preparation at
the rate of 400 g of nodule bacteria prepara-
tion per 1 ha of sowing. The drug consumption
was 10 g per 100 g of seeds. The control was
the variant without inoculation. Observations,
records, statistical processing were carried out
according to the conventional methods 7.

RESULTS AND DISCUSSION

Over 7 years of research (1990-1997) strains
were matched to the varieties Pastbishnaya 88
(CXM 415b), Lada, Vega 87 and Meadow 67

"Methodical guidelines for the selection of perennial grasses. Moscow: All-Russian Williams Fodder Research Institute, 1985.

190 p.

8Alfalfa breeding for increasing efficiency of symbiosis with nodule bacteria: methodological recommendations. SPb.:

VNIISKhM, 1990. 50 p.

® Dospekhov B.A. Methodology of Field Experience. Moscow: Kolos, 1973. 335 p.
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(CXM 412b), Nakhodka (T 482). On moder-
ately acid (pH 4,5-5,0) and strongly acidic (pH
4,1-4,4) soils the best results with all varieties
provided the strain CXM 404b. Strain CXM
412b had the advantage on slightly acidic and
near neutral soil (pH 5,1-6,0). The yield of
Vega 87, Lada, Pastbishnaya 88, Meadow 67,
and Nakhodka varieties inoculated with the
CXM 4120 strain in the year of sowing was on
average 25% higher than in the variant without
inoculation (see Fig. 1).

In the next years of life of the plants of va-
riety-microbial systems the average yield de-
creased to 119, 112% and by the 4th year of
life was equal (101%) to the yield of the variant
without inoculation. The line of symbiosis ef-
ficiency change of the above five varieties in-
oculated with mutant strain CXM 48 looks like
a mirror reflection on the graph. In the year of
sowing, the average yield was 22% lower than
the variant without inoculation. This can be ex-
plained by the fact that the CXM 48 strain is
highly competitive and quickly forms numer-
ous small inactive nodules (Nod+ gene) on al-
falfa roots, which do not fix air nitrogen (fix-
gene). Alfalfa shifts to soil mineral nitrogen nu-
trition, and the average yield decreases to 78%
to the control level. In the 2nd year it increases
to 88%, in the 3rd year to 95 and in the 4th year
to 98% to the control level (see Fig. 1). The rea-

._.
S
)

son is the formation of a secondary symbiotic
complex of alfalfa plants with nodule bacteria
living in the soil. After each mowing or win-
ter dormancy, the nodules on alfalfa roots die
off and the bacteria enter the soil. After plant
growth resumes, new nodules are formed by
the races (strains) of nodule bacteria most ge-
netically related to alfalfa plants. Most often
these are local races of bacteria in the presence
of which the variety was created. As a result,
the level of symbiotic nitrogen fixation and the
yield of variety-microbial systems after one or
two years of herbage life is equal to the variant
without inoculation. If the inoculant has high
competitive ability and genetic complementar-
ity to the host plant, this strain will form highly
efficient symbiotic systems from time to time
when the secondary symbiotic apparatus is
formed. The decrease in the yield will be de-
layed. CXM 412b strain seems to belong to this
category, the decrease of average yield of five
variety-microbial systems to the level of the
variant without inoculation lasted for 4 years
(see Fig. 1).

The second important question is the effect
of pre-sowing inoculation on the raw protein
content of alfalfa dry matter.

Let us consider this by the example of the
varieties Pastbishnaya 88 (Rhizome x Syn
7008) and Nakhodka (Syn 7008 x Rhizome).

—

—
O O
o O
.

N 0
o O
>

Symbiosis effectiveness, %

(o))
[l

Herbage life cycle per year

CXM 4126 == e+ CXM 48

Puc. 1. ]Tlunamuka cpenneit apdekrnBHOCTH CMOMO3a MSATH COPTOB JIFOLIEPHBI (3aKJIaIKa OTIbI-
ToB 1991, 1992, 1993 1., cpennee 3a 1991-1996 1T.)

Fig. 1. Dynamics of the average efficiency of symbiosis of five alfalfa varieties (sowing years

1991, 1992, 1993, average 1991-1996)
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The studies were conducted on a plot where al-
falfa has been grown for more than 50 years.
The effect of inoculation was weakly expressed.
Only 8 of 13 strains significantly - by 23-65 g/
m2 (+7-20%) - increased the productivity of the
variety Pastbishnaya 88 and 4 strains - by 28-56
g/m2 (+9-18%) of the variety Nakhodka (see
Table 1).

The average crude protein content in dry
matter of the varieties Pastbishnaya 88 and
Nakhodka without inoculation was 19.1 and
20.0%, inoculation increased the protein con-
tent by 0.8 and 0.6% in absolute value. A sig-
nificant increase in protein content in the dry
matter of the variety Pastbishnaya 88 was pro-
vided by five strains, the variety Nakhodka - by
four. And the strain T 482 significantly - by 8
and 11% - increased the dry matter content, by
1.3 and 1.4% - the protein content of both va-
rieties. The CXM 71 strain increased the dry
matter yield by 12% and the protein content of
the variety Pastbishnaya 88 by 1.7%. In the va-
riety Nakhodka, the best performance (+18 and
1.3%) was provided by the CXM 425a strain
(see Table 1).

Analysis of variance showed that the pro-
ductivity of alfalfa plants of the varieties Past-
bishnaya 88 and Nakhodka was determined by

the variant of inoculation by 60 and 62%. The
content of crude protein in the dry matter of the
plant-microbial systems with the variety Past-
bishnaya 88 was 42% dependent on the vari-
ant of inoculation, with the variety Nakhodka
- 28%.

Correlation and regression analysis revealed
no relationship between the accumulation of
dry matter of the above ground biomass and
its content of crude protein. In the variety Past-
bishnaya 88 the correlation coefficient () was
0,05 £ 0,29, the coefficient of significance ¢, =
0,18 <t,;=2,45. For the variety Nakhodka: r =
0.18+£0.28;¢,=0.64 <t,5=2.45.

Somewhat different results were obtained
when determining the dependence of the crude
protein content on the productivity of plant-mi-
crobe systems formed by the strains with sym-
biosis efficiency of 7% and higher. There were
eight of them in each variety. The average pro-
ductivity of the best plant-microbial systems
with the variety Pastbishnaya 88 reached 362
g/m?, 18 g/m? more, the average crude protein
content was 19.88%, 0.03% less; r = -0.34 +
0.38; b, =-0.01; 7,=-0.90 <7,;=2.45. There is
a tendency of decreasing crude protein content
on average by 0.01% in absolute terms with in-
creasing productivity of plant-microbial system

Taoa. 1. [IpogykTUBHOCTH 1 COAEPIKAHNE CHIPOTO MPOTENHA; TIEPBBIN IIUKII ITOJI30BAHMS B T'OJI ITOCE-

Ba, Hauaso nsereHus (cpemuee 3a 1991 u 1993 rr.)

Table 1. Productivity and crude protein content; the first cycle of use in the year of sowing, the
beginning of flowering (the average of 1991 and 1993)

Inoculation option Dry matter, g/m? Crude protein, %
Pastbishnaya 88 Nakhodka Pastbishnaya 88 Nakhodka

CXM 226 347%* 324 19,7 21,0%*
CXM 4126 342 295 20,2%* 20,7
CXM 214 349%* 312 19,7 20,2
CXM 126 382% 331 19,6 19,8
CXM 239 336 347* 19,5 20,2
CXM3 389%* 319 19,4 21,0%
CXM 425a 351%* 359%* 19,7 21,3*
T 482 350%* 335% 20,4%* 21.,4*
T 798 339 333* 20,7* 20,5
CXM 105 341 300 20,4* 20,6
CXM 71 362%* 293 20,8* 20,9%*
Average value 344 322 19,9 20,6
Control 324 303 19,1 20,0
LSDs 23 24 1,0 0,8

* Statistically significant, p < 05.
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per 1 g dry matter/m?. In the variety Nakhodka
the average productivity of eight plant-microbe
systems was 335 g/m? (+13 g/m?). The aver-
age crude protein content (20.66%) increased
by 0.06%. There was a slight increase in crude
protein content with increasing productivity;
r=026+0.39; b, = 0.01; 7. = 0.65 < 1); =
2.45. Consequently, pre-sowing inoculation of
different varieties of alfalfa with preparations
of active strains of nodule bacteria differently
affects the yield and crude protein content in
dry matter of these varieties. Preparations of
nodule bacteria can be selected for each variety
to increase yield and protein content or one of
these traits. The disadvantage of such variety-
microbial systems is the relatively low genetic
complementarity of macro- and microsymbi-
onts and, consequently, the rapid repopulation
of alfalfa roots by inactive local races of nodule
bacteria.

Apparently, in order to realize the possibil-
ity to manage the metabolism of plant-micro-
bial systems and use the renewable resources
of alfalfa-rhizobial symbiosis, it is necessary to
create varieties and genetically related strains
of nodule bacteria that provide high efficiency
of symbiosis for three years and more. One
of such varieties is Selena. Table 2 shows the
dynamics of productivity of the above-ground
biomass of plant-microbial systems of the Sele-
na variety by years of use. In the year of sow-
ing one harvesting in the phase of full flowering
was carried out. All plant-microbial pairs (with

the exception of inoculation with CXM 425a
strain) were significantly - by 0,5-0,9 kg/m?
(+14-26%) - more productive than the variant
without inoculation. In the 2nd year of herbage
life, 1.70-2.08 kg of dry matter/m* were har-
vested in three hayings.

Inoculation with CXM 415b, CXM 404b,
CXM 412b and T 4 strains significantly in-
creased the crop yield compared to the control
by 16-22%. The growing season of 2002 was
hot and dry, and the hydrothermal coefficient
was 0.62 (the norm was 1.58). One harvest-
ing in the phase of the beginning of flowering
was carried out. Plant-microbial systems with
strains CXM 412b, CXM 415b and CXM 404b
were 11-18% higher than the Selena variety
without inoculation (see Table 2).

Inoculation with active strains decreased
the content of crude protein to 20.00-21.38%
(except for variety-microbial systems with
strains CXM 415b and T 2 (23.0 and 24.06%)).
A negative correlation was found between the
yield of plant-microbial systems and crude pro-
tein content: » = -0.41 + 0.34; byx =-7.6;tr=
1.18; t)5 = 2.37. The exception was CXM 415b
strain, which provided yield increases by years
of life of 26, 16, and 13%, with a crude protein
content of 23.0% in the 3rd year of life.

In 2003, alfalfa grass was used for seed pro-
duction. Weather conditions were unfavorable,
and seed collection was low: from 8.5 to 12.2
g/m?. Inoculation with CXM 412b and CXM
404b strains increased the seed yield by 31 and

Taba. 2. DbdhekTHBHOCTH CIMOMO03a JTIONIEPHO-PHU300HabHEIX crucTeM copra Cenena. [Toces 2000 1.
Table 2. Efficiency of symbiosis of alfalfa-rhizobial systems of the Selena variety. Sowing in the year 2000.

Inoculation option Dry mater. ke/m” Crude protein, % Seeds, g/m?
2000 2001 2002** (1-st cut) (1-st cut 2002) ’
CXM 4126 0,40* 2,06* 0,88* 20,56 11,2*
CXM 425a 0,39 1,85 0,86 20,31 10,0
CXM 4046 0,41* 2,03%* 0,93* 20,94 12,2%
T8 0,43* 1,87 0,79 20,00 9,4
T4 0,41* 2,08%* 0,78 21,38 10,5
CXM 4156 0,44* 1,98%* 0,89* 23,00 9,3
T2 0,42* 1,89 0,75 24,06 9,7
Control 0,35 1,70 0,79 22,38 8,5
LSD;s 0,05 0,21 0,08 2,5

* Statistically significant, p < 05.

*#2002 — due to prolonged drought (from 22.06 to 17.09.2002) one full harvest of green mass was obtained.
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44% (see Table 2). Thus, pre-sowing inocula-
tion of the Selena variety with CXM 415b strain
can be recommended to obtain dry matter with
high protein content, and the seeds - with CXM
404D strain.

The next stage in the development of conju-
gate symbiotic breeding was the development
of'a method called "Biotechnology of conjugate
breeding of varieties with high adaptive capac-
ity". Using this method, the varieties of the
variegated alfalfa Agnia (2012), Taisia (2015)
were created and included in the State Regis-
ter of breeding achievements. Agnia VIK vari-
ety has been in variety trials since 2021. New
"Biotechnology" allows to reduce the breeding
process by 5-7 years and ensures the creation of
varieties (variety-microbial systems) with high
symbiotic nitrogen fixation, yield and adaptive
capacity.

The essence of the method: selection of pa-
rental plants with very high adaptive ability is
carried out on a special selective background,
the selected plants are crossed with each other,
and form the varieties with desired properties
of the obtained hybrids.

The Agnia variety was formed on medium-
cultivated soil (pH 5,0-5,8) under inoculation
with CXM 412b, CXM 415b, CXM 425a strains.
As a result, the variety with high responsive-
ness to inoculation with CXM 412b and CXM
415b strains was obtained. The increase of pro-

ductivity of the above-ground biomass was 30-
40% and higher, and of the seeds - 40-60% and
higher in comparison with the cultivation with-
out inoculation. Flowers with lilac coloration
predominate in the variety population.

The variety Taisia was formed on acidic
soil (pH 3.9-4.5) by inoculation with the strain
CXM 404b. The variety is highly resistant to
excessive moisture during the growing season
and dormancy, as well as to cultivation on acid-
ic soil (pH 4.4 and above). Flowers with varie-
gated coloration prevail in the population.

Figure 2 shows the productivity of the plant-
rizobial systems of the variety Taisia in the first
year of herbage use. The variety was tested on
an area with acidic soil, where alfalfa had not
been grown before. To demonstrate the poten-
tial of the new variety the first year of use was
chosen, firstly, because in the year of sowing
and the first year of use inoculants are most ef-
fective, and secondly, during this period young
alfalfa plants are most sensitive to the negative
effects of soil acidity.

In the first year of use, 0.54 kg of dry mat-
ter/m?in the control and 0.79-1.23 kg/m? in the
variants with pre-sowing inoculation with 10
rhizobia strains were obtained. Plant-microbial
systems with strains A6 and A9 were significant-
ly - by 0.25-0.27 kg/m? (LSD5 = 0.24 kg/m?) -
higher than the variety Taisia without inocula-
tion. The remaining strains highly significantly

L41
1,24
e
2 08+ - i
=
g 0,6 =
g
0.4
o
Q 02
0 = 7
A2 A3 A4 A5 A6 A8 A9  Al0 404 415b Control

Nodule bacteria strain

Puc. 2. ITpogyKTUBHOCTB JIOLEPHO-PHU300HATBLHBIX CUCTEM copTa Taucusi; Bo3IeIbIBAaHUE
Ha kucyioi mouse (pH 4,36). Jlannsie 2018 ., moces 2017 1.

Fig. 2. Productivity of alfalfa-rhizobial systems of Taisia variety, cultivation on acidic soil

(pH 4.36). Data 2018, seeding 2017
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- by 0.43-0.69 kg/m* (LSD,, = 0.34 kg/m?) - in-
creased the dry matter yield. The most productive
were the variety-microbial systems with strains
A10 and CXM 404b. The gain was 0.67 and
0.69 kg/m? (+124 and 128%) (see Fig. 2).

The economic value of the alfalfa varieties
created in different ways was tested in the 2018
sowing nursery. Alfalfa has been grown peri-
odically at this site since 1975. There are na-
tive races of nodule bacteria in the soil, so high
yield increases from inoculation were not ob-
served. In the variant without inoculation, the
average yield for 3 years of use (2019-2021) of
Agnia and Taisia varieties was 10.0 and 10.3 t
dry matter/ha, while Vega 87 and Meadow 67
varieties were only 8.0 and 8.9 t/ha. Inoculation
with the CXM 404b strain increased the yield
of the first group varieties to 13,2 and 13,9 t/ha
(+32 and 35%), the second to 9,1 and 9,2 t/ha
(+14 and 3%)).

Seed productivity is one of the adaptive
traits of plants: the more seeds a plant produces,
the higher the ability of this genotype to survive
and expand its range. In the control, the aver-
age yield for 2 years of use (2019 and 2020) of
Agnia and Taisia varieties was 85.3 and 82.8
kg/ha, Vega 87 and Meadow 67 varieties were
48.2 and 59.1 kg/ha. Inoculation with the CXM
404b strain increased the seed yield of the first
two cultivars to 132,9 and 119,4 kg/ ha (+56
and 44%); for the second group cultivars it was
59,2 and 76,3 kg/ ha (+23 and 29%).

CONCLUSIONS

1. The productivity of variety-microbial
systems is mainly determined by the strain of
the nodule bacteria (effect of inoculation 60-
62%). When cultivating alfalfa on slightly
acidic and close to neutral soils (pH 5,1-6,0)
the best results are obtained by pre-sowing in-
oculation with CXM 412b strain, on strongly
and moderately acidic soils (pH 4,1-5,0) - with
CXM 404b strain, when cultivating alfalfa for
seeds - with CXM 404b strain.

2. No relationship between the yield of the
above-ground biomass and its content of crude
protein was found: the correlation coefficients
obtained in different field experiments were
-0.41 £0.34 - 0.26 = 0.39.

3. The symbiosis efficiency of alfalfa cul-
tivars created by symbiotic breeding methods
with active rhizobia strains was 26-35% in dry
matter and 44-56% in seeds; the efficiency of
the cultivars created by traditional methods was
only 3-20 and 23-29% respectively.
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HOBBI PAHHECIEJIBI COPT COU CEBEPHOI'O SKOTHUIIA [IUBUJIb

<) danees A.A.

Yyeawickuii HayyHO-UCCIe008amenbCKUll UHCIMUMYM CelbCKo2o Xo3atcmea — (unuan PedepanbHoco
azpaproeo nayunozo yeunmpa Cegepo-Bocmoxa um. H.B. Pyonuykoeo

HuBwmiibckuit paiion, moc. OneITHBIN, YyBamickas Pecmyommka

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

[Ipencrasnens! naHHbIE 0 MOP(HOONOIOrHIECKIX OCOOCHHOCTSIX M OCHOBHBIX IOKa3aTelsix Ka-
yecTBa 3epHa copta L{uBuib. [IpuBeneHs! pe3ynbrarel KOHKYPCHOTO HMCIIBITaHUS, IIOKa3aHa ajall-
TUBHOCTBH COPTa K Pa3JIMUYHBIM YCIOBHUSIM Bo3JeibiBaHMsl. OTMEUeHAa HEOOXOAMMOCTD BBIBECHHUS
paHHECTENBIX COPTOB COM AJIS CEIBCKOX03SIICTBEHHOTO MPOU3BO/ICTBA B CEBEPHBIX pernoHax Poc-
CHUH, TaK KaK COpTa C BEereTanuoHHbIM repuogoM 110—125 nueii e Bei3peBatoT. CeleKInOHHBIC pa-
OOTBHI 110 CO3JAHHIO COPTOB COM MPOBOJMIIN HA SKCIIEPUMEHTAILHOM YYaCTKE B IMOJICBBIX yCIOBUSX.
[ToyBa onbITHOTO TOJISI cepast JieCHas TSHKEIOCYIIIMHUCTAS ¢ collepanueM rymyca 4,1, onuskas K
HEHUTpaJIbHBIM (C peakiiel MOYBEHHOro pacTBopa 5,7), C MOBBILIEHHBIM COEPKAHUEM MTOJIBUKHOTO
(dhocdopa u oomennoro kanus. Hoewiii copt [luBuibs umeer BererannonHslil niepuos 83—105 nHei.
Copr cou cesepHoro skotuna Llusune (cenekunonubid HoMep 116,47 ;) BBIBEAEH METOAOM MHO-
TOKpPaTHOTO MHAMBUIYaIbHOIO 0TOOpa B TMOPUIAHBIX HNOMyISUUSAX F3—F, TOMYy4YEHHBIX OT IOTOM-
ctBa Yepa-1 x FOI' 30. Copr BritoueH B [0cynapCTBEHHBIN peecTp CENeKIIMOHHBIX JTOCTHKEHHH
Poccuiickoit ®enepanun ¢ 2022 r. mo Llenrpansromy peruony (3). HoBelii copt xapakrepusyercs
PaHHECIIENOCThIO, MOBBIIIEHHOW YPOKaHOCTBIO, €r0 MOTEHIUAIBHASL YPOKAMHOCTD IIPEBBIILIACT
3,8 1 3epna/ra. Copt LluBuib oTiaMyaeTcs OT paliOHHPOBAHHBIX COPTOB MOBBIIMICHHBIM CONEpPXKa-
nueM macina. ConeprkaHue KUpa B CEMEHaX COM TAaHHOTO copTa gocturaet 24%, 4To BBIIIEC aHAJIO-
TUYHOTO Tokazarens copra-crannapra CuoHUUK 315 na 1,8%. Brirouenue B mpon3BOICTBEHHEIE
IIOCEBBI HOBOT'O PaHHECTIETIOr0 COPTa COM CEBEPHOI0 3KoTUMA [{MBUIIL B TOYBEHHO-KIMMATHUECKUX
YCIOBHUSIX CPEIHEH MOIOCH OyAeT clocOOCTBOBATh MPOABMKCHUIO KYJIBTYPBI B CEBEPHBIC PAaHOHBI
Poccun.

KuroueBble ci10Ba: cosi, CEBEpHBIN 3KOTHII, COPT

A NEW EARLY-RIPENING SOYBEAN VARIETY
OF THE NORTHERN ECOTYPE CIVIL

(<) Fadeev A.A.

Chuvash Research Agricultural Institute — Branch of the Federal Agrarian Research Center of the North-
East named N.V. Rudnitsky

Tsivilsky district, Opytny settlement, Chuvash Republic

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

The data on morphobiological features and the main indicators of quality of the grain variety
Civil are presented. The results of competitive testing are given, and the adaptability of the variety
to different conditions of cultivation is shown. The need to develop early-ripening soybean varieties
for agricultural production in the northern regions of Russia is noted, since the varieties with a
growing season of 110-125 days do not ripen. Breeding work on soybean varieties was carried
out at the experimental site under field conditions. The soil of the experimental field is gray forest
heavy loam with a humus content of 4.1, close to neutral (with a soil solution reaction of 5.7), with
a high content of mobile phosphorus and exchangeable potassium. The new variety Civil has a
growing season of 83-105 days. The soybean variety of the northern ecotype Civil (breeding number
116 47.,4) Was bred by multiple individual selection in a hybrid population of F;-F obtained
from the offspring of Chera-1 x SOUTH 30. The variety has been included in the State Register of
Breeding Achievements of the Russian Federation since 2022 for the Central region (3). The new
variety is characterized by early maturity, high yield, its potential yield exceeds 3.8 tons of grain/
ha. The Civil variety differs from the zoned varieties by an increased oil content. The fat content
in soybean seeds of this variety reaches 24%, which is 1.8% higher than that of the SibNIIK 315
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standard variety. The inclusion of a new early maturing soybean variety of the northern ecotype
Civil in the soil and climatic conditions of the midland will contribute to the promotion of the crop

in the northern regions of Russia.
Keywords: soy, northern ecotype, variety
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INTRODUCTION

Soybean (Glycine max (L.) Merr.) is a uni-
versal food, fodder and technical crop. It is the
most common leguminous crop of global im-
portance. The seeds contain on average 36-42%
high-grade protein with a high-quality amino
acid composition. Protein is characterized by
high digestibility and good water solubility.
The seeds' content of high-grade vegetable oil
i1s 17-25%, suitable for use in food, feed and
technical purposes. Favorable combination of
nutrients allows soybean to be widely cultivat-
ed as a food, fodder and technical plant [1-4].
The advantage of soybean is the formation of
two harvests of protein and fat in 100-120 days,
enrichment of the soil with nitrogen (up to 80-
100 kg/ha), which increases its fertility and the
yield of crops grown after soybean [5, 6].

Regardless of the fact that soybean by its
biological characteristics is characterized by
high demand for light, heat and moisture, it
belongs to those crops that are the basis of
"northering" of agriculture and expand the ar-
eas of effective cultivation due to resistance to
abiotic and biotic stressors [7]. Soybean has a
high degree of adaptability to various soil and
climatic conditions, which, when using early-
ripening varieties, makes its cultivation pos-
sible in large areas with a temperate climate
(up to the southern regions of the Ryazan and
Tula regions) [8-10]. Breeding of early-ripen-
ing varieties of the northern ecotype in the soil
and climatic conditions of the middle belt will
contribute to the promotion of soybean in the

northern regions of Russia. For this reason, the
creation of new early maturing varieties of the
northern ecotype for cultivation in temperate
climates is relevant.

The purpose of the research is to create a
new high-yielding, medium early-ripening,
technologically advanced, high-protein soy-
bean variety of the northern ecotype for the
Central region of Russia.

MATERIAL AND METHODS

The geographical location of the Chuvash
Republic determines the climate as moderately
continental. Climatic conditions are favorable
for growth and development of all regionalized
crops, although the territory of Chuvashia be-
longs to the zone of risky agriculture and is not
a soybean-producing region. However, thermal
resources of the climate allow the cultivation of
soybeans due to the appearance of the northern
ecotype varieties [11, 12].

Duration of the vegetational season of ag-
ricultural crops is 170-175 days, the sum of
active temperatures above 10 °C reaches up
to 2100-2300 °C, the average annual rainfall
1s 450-550 mm, including during the growing
season 250-300 mm. In terms of heat supply the
territory of the republic belongs to the temper-
ate zone, in terms of moisture it belongs to the
slightly arid subzone of the arid zone (HTC 1.1-
1.2) [13]. In 2010-2021 the sum of active tem-
peratures during the vegetational season was
from 1790° (2017) to 2925° (2010), i.e. early
maturing varieties with accumulation of this
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sum of active temperatures have time to form a
complete seed yield.

The main limiting factor for high yields of
soybeans is moisture supply. During the grow-
ing season, moisture deficit was observed in
2010, 2014, 2016, 2018, 2021, that is, 5 of the
12 years were dry, and the HTC was 0.5; 0.8;
0.8; 0.7; 0.7, respectively. The longest air and
soil drought in 2010 had a negative impact not
only on the yield but also on the quality of soy-
bean seeds [14].

Breeding work on soybean varieties was car-
ried out at the experimental plot of the Chuvash
Research Institute of Agriculture (NIISKh).
The soil of the experimental field is gray forest
heavy loam with a humus content of 4.1, close
to neutral (with a soil solution reaction of 5.7),
with a high content of mobile phosphorus and
exchangeable potassium.

In recent years, the Chuvash Research Insti-
tute of Agriculture has created soybean variet-
ies adapted to the conditions of growing in the
territory of 56°N. [15]. The following varieties
were included in the State Register of Breed-
ing Achievements approved for use: the vari-
ety Chera-1 for cultivation in the Volga-Vyatka,
Sredne-Vyatka, West Siberia, Central Russia;
the variety Memory of Fadeev - in the Middle-
Vyatka, Volga-Vyatka, Central Russia, Central
Chernozem, West Siberia; the variety Lumaria
- in the Central Russia, Volga-Vyatka and Mid-
dle-Vyatka regions. In 2022, a new early ma-
turing variety of soybean Civil for cultivation
in the Central region of the Russian Federation
was included in the Register.

RESULTS AND DISCUSSION

Civil variety belongs to the Manchurian sub-
species, approbation group Ukrainka (accord-
ing to Yenken). Quality created by a team of
authors of the group of soybean breeding and
seed production of the Chuvash Research In-
stitute of Agriculture by crossing the varieties
Chera-1 and Yug 30 and multiple individual
selection in a hybrid population F; - F. Early
maturing, the sum of active temperatures above
10 ° C ranging from 1800 to 2000 ° is sufficient
for the formation of full beans.

The plants have complete type of develop-
ment, light gray pubescence of medium thick-
ness, medium height (65-85 cm). The bush is
compact, erect, branching is weak (2-3), flow-
ers are white, seeds are globular, yellow, mat
of medium size, the scar is short light brown.
Table 1 shows morphobiological features of the
variety Civil.

The period from sprouting to full maturity
of seeds in warm dry years was 83-85 days, in
wet cool years - 95-105 days. In the conditions
012020, full maturation of soybean was record-
ed on September 10, when the sum of active
temperatures was 1950°, and in 2021, hot dry
weather accelerated the development phase,
and the soybean was ready for harvesting on
August 23 (the sum of active temperatures dur-
ing the vegetation period was 2472°). In the
conditions of Chuvashia, sowing of soybean
in the middle of May and harvesting at the end
of August or at the beginning of September are
sufficient for accumulation of the sum of active
temperatures within 2000°.

Taba. 1. Xapakrepuctuka copta cou LIUBHIIb M0 HEKOTOPBIM KOJIMYECTBEHHBIM TOKA3aTelsIM (CpemHee

3a 20182021 rr)

Table 1. Characteristics of the Civil soybean variety according to some quantitative indicators (average

for 2018-2021)

Variet Vegetation| Seed yield, Weight of Plant Lower bean I\ggg;zere(;f Protein Fat content,
y period c/ha 1000 seeds, g| height, cm | height, cm p content, % %
plant, pcs.
Civil 98 28,9 131 88 13,5 75 38,7 20,4
1v1

(83-105) | (24,1-32,5) | (125-140) | (67-92) (11-16) | (45-110) | (36,1-42,4) |(18,7-24,0)

SibNIIK 315 102 26,8 165 73 13.1 (9-17) 56 38,3 18,6
(standard) (90-106) | (19,3-30,6) | (150-173) | (57-82) ’ (35-71) | (36,7-41,8) |(16,6-20,7)
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The plants of this variety have a fairly strong
stem and during the years of testing lodging
has not been observed. Beans do not open, the
strong attachment of seeds to the bean pods
prevents them from shattering. The height of at-
tachment of the lower legume was within 11-16
cm (see Fig. 1), and losses at combine harvest-
ing did not exceed 5-7% of the biological yield
of seeds.

At a pre-harvest density of 35-40 plants per
square meter, the bush had 60 to 100 beans,
and the beans were mostly three-seeded (see
Fig. 2). This peculiarity was noted on sparse
crops, denser crops of more than 60 plants per
unit area leads to a decrease in the number of
branches, the number of beans per plant and
seeds in the pod.

In Chuvashia, the seed yield of the variety
Civil was from 24.1 to 32.5 c/ha (with LSD,, 5 =
0.78 c/ha) by years in competitive variety trials
and in breeding nurseries. The excess over the
standard variety SibNIIK 315 was on average
2.1 ewt/ha. In 2020, according to SCTS (state
crop testing sites) data, yields above 30 cwt/ha
in the dry-farming land were in Tula (33.5 cwt/
ha), Orel Region (33.8), Mordovia Republic
(38.1 cwt/ha).

Protein content averaged 38.7%, which is at
the level of the standard variety, the fat content
Civil surpassed the released variety by 1.8%.
This was especially observed in the dry year of
2021, when the fat content of the new variety
was 24%. During the years of testing at an aver-

T I C B S E (A
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Puc. 1. Bun 6000B 1 ceMsiH copTa COU CEBEPHOTO
skotuna L{usmib

Fig. 1. Type of beans and seeds of the soybean
variety of the northern ecotype Civil

age yield of 28.9 c/ha the collection of protein
and fat per hectare was 1118.4 and 589.6 kg,
respectively, which has an excess over the stan-
dard variety by 9.0 and 18.3%, respectively.

CONCLUSION

Advantages of the new soybean variety of
the northern ecotype Civil compared to the
standard are:

— ultra-early maturity, vegetation period 83-
85 days (sum of active temperatures 1800°);

— technological efficiency in harvesting (no
lodging, cracking or shattering). Losses during
combine harvesting do not exceed 5-7% of the
biological seed yield;

— high productivity potential (under optimal
conditions, the yield reached 38.1 cwt/ha);

— high protein (38.7%) and fat content
(20.4%).

Puc. 2. PacteHus copTa COM CEBEPHOT0O 3KOTHIIA
[uBunp

Fig. 2. Soybean plants of the northern ecotype
Civil
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Inclusion of a new early maturing soybean
variety of the northern ecotype Civil into the
production sowings in the regions of the Cen-
tral region will allow to obtain a stable yield of
soybeans and eventually solve the problem of
protein in the livestock industry.
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BJIMSAHUE SJIEMEHTOB TEXHOJIOI'MH BO3JAEJIBIBAHUSA
HA COPHBI KOMIIOHEHT ATPO®UTOILIEHO3A
B ITOCEBAX APOBOI'O PAIICA
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IIpencraBnensl ganuble moyieBbIX onbIToB 3a 2019-2021 rr., mpoBeneHubie B ycnoBusix Cee-
po-Kazaxcranckoii oonactu. [lokazaHbl mpreMbl COBEPILIEHCTBOBAHUSI HIEMEHTOB TEXHOJIOTHH BO3-
JIeNBIBAaHUS COPTOB M THOPHOB SIPOBOTO parica, HANpaBJICHHBIX HA ONTHMU3AIMIO MOKazaTeien
nponyKTuBHOCTH. OnpesieseHpl BUI0BOW COCTaB, OMOIOTHYECKHUE TPYIITBI COPHBIX PACTECHHH, KOM-
TTOHEHTHI arpo(UTOIIEHO3a U CTETICHh 3aCOPESHUSI COPTOB U THOPUIOB spoBOTO parica. OCHOBHEIE
y4eThl U HAOJIIOACHUS TPOBEICHBI COITIACHO METOANKE FOCCOPTOUCTIbITaHus. B nccnenoBanne 6pun
BKJIIOUEHBbI copra FOOuneinsiii, ['epoc, Maiikynpik, Xanrep, Maxaon u rudbpunsl Kanubp, bungep,
GENO0009. N3yuenue copToB U rHOpUI0B MPOBEACHO IO JBYM OIBITaM: Ha (DOHE IABYX MpEALIe-
CTBEHHMKOB (YHUCTHII Map W ApoBas MIIEHUIA); 1o HopMaM BeiceBa (2,0; 2,5 u 3,0 MIH BCXOXKHX
cemsia/ra). Pesynbrarel uccnenoBanuii 2019—-2021 rr. moKa3bIBarOT, YTO CTENIEHB 32COPEHHMS 3aBUCE-
Jla 0T 0COOEHHOCTEN copTa Wiy rudpuja. BeIsIBIeHO, YTO B ONBITE IO IPEALIECTBEHHUKAM I10CEBbI
SPOBOTO parca Mo YUCTOMY Mapy HE3HAUNTEJbHO YHINE. 3a CUET MPOBEACHHON arpOTEXHUKHU YH-
CTBIH Iap MO3BOJISIET 0CBOOOANUTH OUBY OT COPHBIX PACTCHUI U HAKONIUTH BJIary B KOPHEOOUTaeMOM
clloe, HO CTaTUCTUYECKH JIOCTOBEPHBIC paszianyus He oOHapy:keHbl. Hanbonee yncTIMU OBUIH 110-
ceBbl copta Maiikysik (2,6%) u rubpuna bunaep (2,8%). Bo BTopoM onbITe yCTaHOBIEHO, YTO yBE-
JaudeHue HopM BbiceBa oT 2,0 10 3,0 MJIH BCXOXKUX CEMsIH/Ta IIPUBOUIIO MOCTEIICHHO K CHIDKECHUEO
3acopeHHOCTH. HanMeHbIel 3aCOpeHHOCTRI0 B 9TOM OIIBITE 00Jafai copT MalKynbIk (CTeTIeHb
3acopenus 13,9%) u rubpun bunnep (14,7%).

Ki1roueBble cjioBa: CTEIEHb 3aCOPEHHUSI, COPHBIE PACTEHHUSI, SIPOBOM paric, copTa, THOPHUIbI

INFLUENCE OF CULTIVATION TECHNOLOGY ELEMENTS
ON THE WEED COMPONENT OF AGROPHYTOCENOSIS
IN SPRING RAPE CROPS

<) Cherkasova E.A.

Northern Trans-Ural State Agricultural University
Tyumen, Russia

(XD e-mail: evgeniyacherkasova92@mail.ru

Data from field experiments for 2019-2021 conducted under conditions of the North Kazakhstan
region are presented. The methods of improving the elements of cultivation technology of spring
rape varieties and hybrids aimed at optimizing the indicators of productivity are shown. The species
composition, biological groups of weeds, components of agrophytocenosis and the degree of weed
infestation of spring rape varieties and hybrids were determined. Basic recordings and observations
were made in accordance with the methodology of state variety testing. The following varieties
were included in the study: Jubilee, Geros, Maikudyk, Hunter, Mahaon and hybrids: Caliber, Bilder,
GENO0009. The study of varieties and hybrids was conducted in two experiments: on the background
of two forecrops (complete fallow and spring wheat); by seeding rates (2.0; 2.5 and 3.0 million
germinated seeds/ha). The 2019-2021 results show that the degree of infestation depended on the
characteristics of the variety or hybrid. It was found that in the experiment on the forecrops the
crops of spring rape on complete fallow were slightly cleaner. Due to the implemented agrotechnics,
complete fallow allows you to clean the soil from weeds and accumulate moisture in the root layer, but
statistically significant differences were not detected. The cleanest crops were the variety Maikudyk
(2.6%) and the hybrid Bilder (2.8%). In the second experiment, it was found that increasing seeding
rates from 2.0 to 3.0 million germinated seeds/ha led to a gradual decrease in weediness. The variety
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Maikudyk (degree of weeding 13.9%) and the hybrid Bilder (14.7%) had the lowest weediness in

this experiment.

Keywords: degree of weed infestation, weedage, spring rape, varieties, hybrids
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INTRODUCTION

Over the past few decades, many positions
in the technology of cultivation of spring rape
have changed: every year there are innovations
in the technology of sowing and maintenance of
crops. Its varietal composition has also changed
prompting trials for further zoning under the
changing sharply continental climate [1, 2].

The right choice of a variety or hybrid al-
lows to increase significantly the crop yield,
cost recovery and to use the soil-climatic po-
tential more effectively [3]. In this regard, the
task is to select the best rape varieties and hy-
brids of domestic and foreign breeding for each
soil and climatic zone, which fully meet the re-
quirements of production [4].

The purpose of the study is to present the
elements of spring rapeseed cultivation tech-
nology aimed at optimizing the indicators of
productivity of spring rapeseed varieties and
hybrids in the conditions of the North Kazakh-
stan region.

The objective of the research is to assess the
impact of cultivation technology elements of
spring rape varieties and hybrids on the species
composition, biological groups of weeds, com-
ponents of agrophytocenosis and the degree of
weed infestation.

MATERIAL AND METHODS

The studies were conducted in 2019-2021 in
Esil district of the North Kazakhstan region of
the Republic of Kazakhstan. The main records
and observations were carried out according to

the methodology of the state variety trials. Em-
pirical and theoretical research methods based
on field experiment, laboratory research, anal-
ysis and statistical methods were used in the
work. Experiments were made on the type of
nursery of competitive variety testing. Fourfold
repetition, placement of plots is consecutive,
the area of the accounting plot is 25 m?,

The study of the varieties and hybrids was
carried out in two experiments:

— on the background of two forecrops (com-
plete fallow and spring wheat);

— in terms of the seeding rates (2.0; 2.5 and
3.0 million germinated seeds/ha).

The studied varieties were Geros, Mai-
kudyk, Hunter, Makhaon, hybrids - Caliber,
Bilder, GEN0009. Spraying of crops was car-
ried out by the herbicide Galion (0.27 I/ha) in
the phase of the 3rd-6th leaves of the crop. Dur-
ing the growing season, to control the complex
of pests, double treatment with systemic insec-
ticides Biskaya and Decis Profi (0.03 1/ha) was
carried out [5].

RESULTS AND DISCUSSION

Rapeseed plants form a large above-ground
mass during vegetation, so later they are able
to suppress weeds themselves [6]. However,
in order for this above-ground mass to be suc-
cessfully formed, rapeseed crops must be prac-
tically clear of weeds during the initial phases
of development' [7]. Weed control is effective
and its results are stable if it is based on the
knowledge of their species composition in each
specific natural and agricultural region [8, 9].
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Weeds of two biological types were en-
countered in rape cultivation during the years
of research: short-lived perennial and peren-
nial dicotyledons. Among short-lived perennial
dicotyledons, the most widespread are lady's
purse, field pennycress, mayweed, lamb's quar-
ters, cleavers, and redroot pigweed; among the
short-lived monocotyledons, yellow foxtail and
barnyard grass; among the perennials, yellow
sow thistle, field bindweed, winter cress, and
common dandelion are the most common. Ac-
cording to our data, depending on the weather
conditions of the year, the species composition
of the dominant weeds in the variants changed,
but insignificantly. Minor weeds accounted for
71% of the total species composition, while pe-
rennial weeds accounted for 29%.

Two components of agrophytocenosis -
spring rape plants and weeds - were determined
in spring rape crops. It was noted that weed
infestation in the experiment on the forecrops
before herbicide application was at the level of
11.1-14.2% and corresponded to the average
degree of weed infestation. On complete fallow
it was 1,6-1,7% lower than on spring wheat and
amounted before herbicide use to 11,1-12,5%
on complete fallow and 12,7-14,2% on spring
wheat. A month after herbicide application,
the degree of infestation in the experiment de-
creased by 8.5-10.5%, while for complete fal-
low it was in the range of 2.6-3.7%. By har-
vesting spring rape due to the appearance of
such winter weeds as lady's purse, field pen-
nycress, mayweed, the degree of contamination
increased by 15.6-16.4% and was 18.2-23.7%.
Before harvesting on complete fallow, this in-
dicator was lower by 3.1-3.6% than on spring
wheat - 18.2- 20.1%. For spring wheat, it was
21,3-23,7%. Comparing the degree of weeding
of varieties and hybrids, it should be noted that
this indicator for varieties before herbicide use
was slightly lower - 11,1-14,2%. A month after
herbicide use the degree of weed infestation in
the varieties was also slightly less - 2.6-3.4%.
Before harvesting it was 18.2-23.7% for these
varieties.

The degree of contamination of 11.1% was
noted in the cultivation of the variety Maikudyk
on the forecrop complete fallow before the ap-
plication of the herbicide. In a month after its
application, this figure decreased by 8.5% and
amounted to 2.6%. The lowest indicator before
harvesting was 18.2%, which is slightly less
than the standard (see Table 1).

In the second experiment, the tendency to
increase the degree of contamination of spring
rape crops with a decrease in the seeding rate
was maintained for each year, being slightly
corrected by the weather conditions of a par-
ticular year. The varieties and hybrids with the
seeding rate of 3.0 million germinated seeds/
ha had the lowest degree of infestation. Their
degree of weeding was 7,9-8,9%, which is low-
er than the other tested variants by 3,2-3,6%.
Thanks to herbicide use, the degree of infesta-
tion decreased by 8.0-8.8% and was 1.9-3.7%
a month after application. Before harvesting,
this figure was 13.9-15.5% at a seeding rate of
3.0 million germinated seeds/ha: lower by 4.3-
4.6% compared with other seeding rates.

The degree of infestation of the varieties
before herbicide application was slightly less
compared with the hybrids and was at the lev-
el of 7.9-12.2%. A month after herbicide ap-
plication in the varieties it was slightly lower
- 1.9-3.3%, before harvesting also slightly less
- 13.9-20.1%.

Seeds of the Maikudyk and Jubilee varieties
were marked by the degree of 7.9% weed infes-
tation. In a month after herbicide application, the
degree of infestation decreased to 1.9% with a
seeding rate of 3.0 million germinated seeds/ha
in the variety Maikudyk and the hybrid Bilder.
Before harvesting, the degree of contamination
0f 13.9% was observed in the variety Maikudyk
with a seeding rate of 3.0 million germinated
seeds/ha, which is slightly less than the stan-
dard (see Table 2). Decrease of the seeding rate
led to an increase of the degree of infestation of
spring rape crops. There were dead instances of
weeds, apparently, which could not withstand
the competition of spring rape at a seeding rate

1
Danilov V.P, Polyudina R.I. Assortment of crop varieties for fodder production / My Siberia for animal breeders (special
issue of the agrarian business magazine "My Siberia"). December 2017. pp. 8-11.
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of 3.0 million germinated seeds/hectare.

N.Z. Milashchenko called the ratio of the
weight of the above-ground part of weeds to the
total above-ground mass of agrophytocenosis,
expressed as a percentage, the share of weeds,
or their harmfulness [10]. It was found that it is
possible to conclude that the weed infestation
within one field is not the same by the number
and species composition of weeds in the ac-
counting framework [11-14].

CONCLUSION

Over the years of our research, it was found
that in the experiment on the forecrops sowing
of spring rape on complete fallow is insignifi-
cantly cleaner. Due to the carried out agrotech-
nics, complete fallow allows to free the soil
from weeds and to accumulate moisture in the
root layer, but statistically reliable differences
were not found. The cleanest were the crops
of the variety Maikudyk (2.6%) and the hybrid
Bilder (2.8%). In the second experiment it was
found that increasing seeding rates from 2.0 to
3.0 million germinated seeds/ha gradually led
to a decrease in weediness. The lowest weedi-
ness in this experiment occurred in the variety
Maikudyk (degree of weediness 13.9%) and the
hybrid Bilder (14.7%).

CIIUCOK JIMTEPATYPbI

1. Hockosa E.B., [L[yxun C.B. Ponb cuctem sHEp-
rocOeperarorieii 00pabOTKH ITOYBHI B yIIpaBIIe-
HUH 3aCOPEHHOCTHIO IIOCEBOB U YPOKANHOCTHIO
sipoBoTrO parnca // ['maBHeIid arporom. 2018. Ne 4.
C.29-32.

2. Hypnvieasnos P.b., Kapoma A.H., Kapoma H.A.,
Qunumonos A.JI. 1lepcreKTHBBI BO3ICIBIBAHUS
sipoBOTO parica B KemepoBckoit 06acT B ycio-
BUSIX MMIOpTO3amerieHus // MexITyHapoaHbIi
CEJIbCKOXO3AMCTBeHHbIN kypHasl. 2015. No 5.
C.22-23.

3. Hypavieasnos P.b., @unumonos A.JI. IlpousBoj-
CTBO CEMsIH sIpoBOrO parica B 3amaaHoit Cubu-
pu // MexmyHapOIHBIN CeTbCKOXO3IHCTBEHHBIN
xKypHai. 2018. Ne 4. C. 20-22.

4. bBeoapesa O.M., @panyesa A.b., [opowuna I’ B.
BinusiHue arposkosorn4eckux ycjaoBUiM Ha ypo-
YKAHOCTH CEMSH COPTOB SIPOBOTO parica B ycjo-
Busix Kanmuunrpanckoir obmactu // M3sectus
KanuHUHTpa cKOTO TOCYNapCTBEHHOTO TEXHU-
yeckoro yHuepcutera. 2017. Ne 44. C. 174—

182.

5. UYepxacosa E.A., P3aeséa B.B. CpaBHUTEIbHAS
MPOIYKTUBHOCTh COPTOB M THOPHIOB SIPOBOTO
parica B ycnoBusix CeBepo-Kazaxcranckoi o6ia-
ctu // ArpapHblii HayuHbIH KypHai. 2021. Ne 4.
C. 34-36. DOI: 10.28983/asj.y2021i4pp34-36.

6. Iywuna B.A., Ynonoenuxos /[.A., Jlvikosa A.C.,
Jlemyuuti A.B. TIponyKTHBHOCTb M KOHOMHYE-
ckasi (G HEKTUBHOCTh BO3/ICBIBAHHS SIPOBOIO
parica mpu pazIMYHBIX HOpMax ero BbiceBa //
ArpapHblii HayuHbIH kypHa. 2017. Ne 3. C. 3-8.

7. Eeywosa E., Hypnvieasnoe P. Bnusxue kinu-
MaTH4eCKUX W3MEHEHWH Ha TPOU3BOACTBO
MPOAYKIIMK PACTEHHWEBOACTBA (HA TIpUMEpe
KemepoBckoit obnact) // MexayHapomHblit
CEeJIbCKOXO3IMCTBEHHBIN >KypHal. 2015. Ne 3.
C. 45-49.

8. Kysueyoea I'H., llonaxosa P.C., Jlowxomouinu-
ko6 U.A. IIponyKTUBHOCTb U )KUPHO-KUCIOTHBII
COCTaB MacJia parica M CyperuIlbl B yCIOBHSX 3a-
nagHo Cubupu // MexIyHapoIHbIH CENbCKO-
x03sticTBeHHbIH KypHaL 2017. Ne 6. C. 42-44.

9. Hypnwieasnoe P.b., Kapoma A.H., Meoice-
suy A.JI. 3HaueHue y4eHUH O CeIbCKOM XO3sM-
ctee M.T. Bappona B 3emnenenuu 3anaaHoi
Cubnpu (Ha mpumepe Kemeposckoii obmactn) //
MexayHapoIHbIN CeNbCKOX03SIMCTBEHHBIN KYP-
Hait. 2013. Ne 5-6. C. 91-94.

10. Munawenxo H.3., Cokonos O.A., Bpaiicon T,
Yepnurxoe B.A. YcroiumBoe pa3BUTHE arpo-
nmaaamadToB: MoHorpadus. IlymuHo: MCXA
M. K.A. Tumupsizesa, 2000. 282 c.

11. Hypavieaanos P.b., @urumonos A.J1. Ilponzsoa-
CTBO CEMsIH SIpOBOTO parica B 3amaaHoit Cubu-
pu // MexIyHapOIHBIN CEeIIbCKOX03HCTBEHHBIN
KypHai. 2018. Ne 4. C. 20-22.

12. Moucees A.H., Moucees E.A. 3acOpeHHOCTb Tpa-
BOTIOJIIBHOTO CeBOOOOpOTa B ycioBusax Cesep-
HOU Jlecocreny TromeHcKo# obacTh / BecTHHK
MUUYypHHCKOTO TOCYJapCTBEHHOTO arpapHoro
yauBepcutera. 2022. Ne 4 (71). C. 121-124.

13. @amvixos U111, Baguna 2.D., Meosedes B.B.
[Tprembr 00pabOTKH TIOYBHI B TEXHOJIOTHH BO3-
JIENTBIBAHMS SPOBOTO parica AKKOPJ B YCIIOBHSIX
Cpennero [Ipenypanbs: moHorpadus. VxeBck:
N3pnarensctBo  VDKEBCKOM  rocyAapCTBEHHOMN
CENbCKOX03sIMCTBEHHOM akagemuu, 2021. 124 c.

14. Momopun A.C., Manviuuxun H.I, Cannuxo-
6a H.B., Konuwesa B.A. BpelioHOCHOCTb COPHO-
TO KOMITOHEHTa B arpodutorieHo3ax CeBepHOTro
3aypanbsi: MoHorpadwus. Tiomens: M3nmarens-
cTBO l'oCymapcTBEeHHOrO arpapHoro yHHMBEPCHU-
teta CeBepHoro 3aypaibs, 2018. 362 c.

34  Siberian Herald of Agricultural Science ¢ 2023 53 « 1

Plant growing and breeding



BuusiHHE JIEMEHTOB TEXHOIOTHH BO3/ICIIBIBAHHS
Ha COPHbIif KOMIIOHEHT arpoMTOIEHO03a B TOCEBAX SPOBOIO parica

Yepkacosa E.A.

REFERENCES

1. Noskova E.V., Shchukin S.V. The role of ener-
gy-saving tillage systems in crop weed and yield
management of spring rape. Glavnyi agronom =
Chief Agronomist, 2018, no. 4, pp. 29-32. (In
Russian).

2. Nurlygayanov R.B., Karoma A.N., Karoma [.A.,
Filimonov A.L. Prospects for the cultivation of
spring rape in the Kemerovo region in condi-
tions of import substitution. Mezhdunarodnyi
sel'skokhozyaistvennyi zhurnal = International
agricultural journal, 2015, no. 5, pp. 22-23. (In
Russian).

3. Nurlygayanov R.B., Filimonov A.L. Production
of spring rape seeds in Western Siberia. Mezh-
dunarodnyi sel'skokhozyaistvennyi zhurnal =
International agricultural journal, 2018, no. 4,
pp. 20-22. (In Russian).

4. Bedareva O.M., Frantseva A.B., Goroshina G.V.
Effect of agro-ecological conditions on seed
yield of spring rape varieties under conditions of
the Kaliningrad region. Izvestiya Kaliningradsk-
ogo gosudarstvennogo tekhnicheskogo univer-
siteta = KSTU News, 2017, no. 44, pp. 174-182.
(In Russian).

5. Cherkasova E.A., Rzaeva V.V. The compara-
tive productivity of spring rape varieties and hy-
brids in the conditions of the North Kazakhstan
region. Agrarnyi nauchnyi zhurnal = Agrarian
Scientific Journal, 2021, no. 4, pp. 34-36. (In
Russian). DOI: 10.28983/asj.y2021i4pp34-36.

6. Gushchina V.A., Upolovnikov D.A., Lyko-
va A.S., Letuchii A.V. Productivity and eco-
nomic efficiency of spring rape cultivation at the
different seeding rate. Agrarnyi nauchnyi zhur-
nal = Agrarian Scientific Journal, 2017, no. 3,
pp. 3-8. (In Russian).

7. Egushova E., Nurlygayanov R. The impact of
climate change on crop production (the exam-
ple of the Kemerovo region). Mezhdunarodnyi
sel'skokhozyaistvennyi zhurnal = International
agricultural journal, 2015, no. 3, pp. 45-49. (In
Russian).

NHO®OPMALINA Ob ABTOPE

(<)Yepkacopa E.A., couckarens; aapec aJsi
nepenucku: Pecriyonmuka Kazaxcran, 150513, Ce-
Bepo-Kazaxcranckass ob6macts, Ecunbcknii paii-
oH, c. IlokpoBka, yn. CrpoutenbHas, 49; e-mail:
evgeniyacherkasova92@mail.ru

8. Kuznetsova G.N., Polyakova R.S., Loshko-
moinikov [.A. Productivity and fatty acid
composition of rapeseed and turnip oil in
Western Siberia conditions. Mezhdunarodnyi
sel'skokhozyaistvennyi zhurnal = International
agricultural journal, 2017, no. 6, pp. 42—44. (In
Russian).

9. Nurlygayanov R.B., Karoma A.N., Mezhev-
ich A.L. Significance of M.T. Varron's teachings
concerning agriculture in the farming of Western
Siberia (on the example of the Kemerovo Re-
gion). Mezhdunarodnyi sel'skokhozyaistvennyi
zhurnal = International agricultural journal,
2013, no. 5-6, pp. 91-94. (In Russian).

10. Milashchenko N.Z., Sokolov O.A., Braison T.,
Chernikov V.A. Sustainable development of
agrolandscapes. Pushchino: MSKhA named af-
ter K.A. Timiryazev, 2000, 282 p. (In Russian).

11. Nurlygayanov R.B., Filimonov A.L. Spring
rapeseed production in Western Siberia. Mezh-
dunarodnyi sel'skokhozyaistvennyi zhurnal =
International agricultural journal, 2018, no. 4,
pp- 20-22. (In Russian).

12. Moiseev A.N., Moiseev E.A. Weed infestation
in a grass-field crop rotation in the Northern for-
est-steppe of the Tyumen region. Vestnik Mich-
urinskogo gosudarstvennogo agrarnogo univer-
siteta = Bulletin of Michurinsk State Agrarian
University, 2022, no. 4 (71), pp. 121-124. (In
Russian).

13. Fatykhov L.Sh., Vafina E.F., Medvedev V.V.
Methods of tillage in the technology of cultiva-
tion of spring rape Accord in the conditions of
the Middle Cis-Ural region. 1zhevsk: Izhevsk
State Agricultural Academy Publisher, 2021.
124 p. (In Russian).

14. Motorin A.S., Malyshkin N.G., Sannikova N.V.,
Konishcheva V.A. Harmfulness of the weed
component in agrophytocenoses of the Northern
Trans-Urals. Tyumen: Publishing house of the
State Agrarian University of the Northern Trans-
Ural, 2018, 362 p.

AUTHOR INFORMATION

(<DEvgenia A. Cherkasova, External
Doctorate Student; address: 49, Stroitelnaya St.,
Pokrovka vil., Esilsky District, North-Kazakhstan
Region, 150513, Republic of Kazakhstan; e-mail:
evgeniyacherkasova92@mail.ru

Jlama nocmynnenusi cmamou / Received by the editors 05.12.2022
Jlama npunamus k nyonukayuu / Accepted for publication 17.01.2023
Hama nybnurxayuu / Published 20.02.2023

PacTeHneBONCTBO U CEITEKITHS

CuOHMpPCKHii BECTHHK CELCKOXO03SMCTBEHHON Hayku » 2023 53«1 35



KOPMOIIPOU3BO/[CTBO
FODDER PRODUCTION
https://doi.org/10.26898/0370-8799-2023-1-5 Turm cTaTthy: OpUTHHATBHAS
VIK: 633.26/29:633.311 Type of article: original

IOPOEKTUBHOCTDb U KOHKYPEHTHAS CIIOCOBHOCTbDb ®ECTYJIOJINYMA
B CMECH C JIIOLIEPHOM ITPU BBIPAIIIUBAHUU HA KOPM

(<) Bakmaes JI.IO.

Cubupcxuil ghedepanvhvlil HaAYYHbII YeHmp azpodbuomexnonocull Poccutickotl akademuu Hayk
HoBocubupckas obnacts, p.i. KpacHooo6ck, Poccust
(<) bakshaevd@mail.ru

[IpencraBnensl pe3ynpraThl aHan3a ypOXXaMHOCTH MU OMonornueckoi 3((EKTUBHOCTH COB-
MECTHOTO BO3JEJbIBaHMs (PECTYIONMYMa U JIIOLEPHBI MPH PA3IUYHBIX CIIOCO0aX IMOceBa U BHECe-
HUS Q30THBIX YIOOpEHHH B YCIOBUSX JiecOCTenHOoW 30HbI 3anaanoi Cubupu. CoBMecTHBIH TOCeB
(decTynonnymMa c JIOLEPHON MPH Pa3InNUHOM YepEeIOBAHUH PSJIOB CHIKAET YPOXKAWHOCTh 3€IeHON
macchl Ha 8,9—15,1% 10 CpaBHEHHIO C OIMHOBUIOBBIM TIOCEBOM (ecTynonmyMa. BHecenue azora
B 703¢ 30 Kr/ra JOCTOBEPHO YBEIMYMIIO YPOXKAMHOCTh cMecel (ecTylionmyMa C JIOIEpHOH B Ba-
puaHTax uepespsaaHoro nocesa Ha 21,2% u B BapuaHTe noceBa cMechblo ceMsaH Ha 20,2% 3a cuer
yBEIMUEHHS KoJn4ecTBa no0eros Ha pactennu Qecrynonuyma Ha 11,1%, maccel mobera — Ha 12,5—
17,8%. YBenuvyenue 103bl a30Ta 10 60 Kr/ra 10CTOBEPHO MOBBICHIO YPOKAWHOCTD (DECTyI0NnyMa
Ha 16,13 1 3eneHoit Maccwi/ra (74,1%) 10 cpaBHEHUIO C HEYTOOPEHHBIM (DOHOM 3a CUET yBeIHue-
HUS KOJTUYECTBA IMOOETOB HA pacTeHUU Ha 26,6% ¥ yBeIMUeHHUS Macchl ogHoro mobdera Ha 30,1%.
B cmecsax ormeueno ymenbienne Ha 21,0-30,2% dnciaeHHOCTH MOOETOB 371aKOBOTO KOMITOHEHTA U
Ha 76,7-82,1% — 6060Boro. [Ipu 3ToM y dectynonnyma macca nodera ysennuuiach Ha 8,3-42,5%,
y JoLepHbI — cHU3Mack Ha 54,3-81,5%, uto cBuaerenbeTByeT 00 ee yrHeteHuH. [lokazarens 3¢-
(dexTrBHOCTH Hcionb3oBanus namHu (LER) oTMeueH Boilie B BapuaHTax ¢ BHECEHUEM YI0OPEHHI.
be3 ucronp3oBaHus a30Ta OCHOBHAs IOJs (pakTopa MPUHAISKUT PecTyaonnymy. C BHECEHHEM
HEOOIBIIUX /103 a30Ta BO3PACTAET BIUSHUE 00O0BOTO KOMITOHEHTA 3a CUET MOBHIINIEHUS KOHKYPEH-
tocriocobnoctu (CR). Ilpn 3TOM monoxuTenbHOE 3HadeHne kKoddurmenta arpeccuBHOCTH (CA)
OTMEYEHO Y 3JIaKOBOTO KOMIIOHEHTA, YTO XapaKTEPHU3YeT €ro Kak JOMUHHUPYIOLUIUNA BUI.

KiroueBble ciioBa: ¢ectynonnym, JIOLEpHA, CIOCOObI MOCEBa, a30THBIE YAOOpPEHHMS, KOHKY-
pPEHTHAs CIOCOOHOCTh

EFFICIENCY AND COMPETITIVE ABILITY OF FESTULOLIUM MIXED WITH
ALFALFA WHEN GROWN FOR FEED

(<) Bakshaev D.Yu.

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia
(<) bakshaevd@mail.ru

The results of yield analysis and biological efficiency of joint cultivation of festulolium and alfalfa
with different methods of sowing and nitrogen fertilizers in the forest-steppe zone of Western Siberia
are presented. The joint sowing of festulolium with alfalfa at different alternation of rows reduces
the yield of green mass by 8.9-15.1% compared to the single-seeded festulolium sowing. Nitrogen
application at a dose of 30 kg/ha significantly increased the yield of festulolium mixtures with alfalfa
in the variants of inter-row sowing by 21.2% and in the variant of sowing by seed mixture by 20.2%
due to the increase of shoots on festulolium plant by 11.1%, and the shoot weight - by 12.5-17.8%.
An increase in nitrogen dose to 60 kg/ha significantly increased the yield of festulolium 16.13 t/ha
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green mass (74.1%) compared with unfertilized background due to an increase in the number of
shoots on the plant by 26.6% and an increase in weight per shoot by 30.1%. There was a 21.0-30.2%
decrease in the number of shoots of the cereal component in the mixtures and a 76.7-82.1% decrease
in the number of shoots of the legume component. At the same time, the shoot mass of festulolium
increased by 8.3-42.5%, while that of alfalfa decreased by 54.3-81.5%, indicating its depression.
Land equivalent ratio (LER) is higher in the variants with the application of fertilizers. With no
nitrogen use, the major share of the factor belongs to festulolium. With the application of small
doses of nitrogen, the impact of the legume component increases through increased competitive
ratio (CR). At the same time, a positive value of the coefficient of aggressivity (CA) was noted in the
cereal component, which characterizes it as the dominant species.
Keywords: festulolium, alfalfa, sowing methods, nitrogen fertilizers, competitive ability
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INTRODUCTION

Perennial grasses occupy the leading posi-
tion in solving the problem of obtaining nu-
tritious fodder, balanced by protein, essential
amino acids and vitamins. They serve as the
basis for biological farming, increase soil fertil-
ity, protect it from wind and water erosion, in-
crease environmental safety and sustainability
of cheap fodder production [1-5].

Traditional grasses used in meadow farming
(common timothy, cock's-foot grass, meadow
fescue, awnless bromegrass, etc.) are charac-
terized by insufficient content of water-soluble
carbohydrates, extensive regrowth rate after
regular exclusion cycles, and summer growth
depression. In this regard, it is important to ex-
pand the assortment of fodder crops by creat-
ing, introducing and adapting in production
conditions new species and varieties with better
economically useful properties' [6].

One such promising fodder crop is Festulo-
lium (Festulolium F. Aschers. Et Graebn.) - an
artificially bred fodder crop, which was ob-
tained using methods of interspecific hybrid-

ization of genera Lolium sp. and Festuca sp.
Festulolium inherited excellent fodder quali-
ties from ryegrasses (high sugar, protein and
metabolic energy content), good edibility and
fodder digestibility, the ability to intensively
form a large number of well-vegetated veg-
etative shoots, and from fescue - good winter
hardiness, drought resistance, resistance to pro-
longed trampling and trampling [7-9].

Grass mixtures with festulolium are mostly
studied in the European part of Russia, while
in Western Siberia such data are currently in-
sufficient. In this regard, the need for scientific
development of festulolium cultivation and im-
plementation methods in fodder production in
Western Siberia aimed at full realization of the
biological potential and obtaining sustainable
yields of this crop is overdue.

The purpose of the research is to develop
methods of cultivation of single-species and
mixed crops of festulolium Izumrudny variety
with alfalfa in the forest-steppe conditions of
Western Siberia.

The research objectives are to establish the
feasibility of joint sowing of festulolium Izum-

'Perepravo N.I, Ryabova V.E., Kulikov Z.A. Agrobiological features of seed production of interspecific hybrids Festulolium
(Festulolium) // Prospects of development of adaptive forage production: Proceedings of the scientific-practical conf. Moscow,

Astana: GSU VIC Rosselkhozacademy, 2011. pp. 96-100.
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rudny variety with alfalfa; and to determine the
optimal sowing method when applying small
(starter) doses of nitrogen.

MATERIAL AND METHODS

The studies were carried out at the Siberian
Research Institute of Fodder Crops of the Sibe-
rian Federal Research Centre of Agro-BioTech-
nologies of the Russian Academy of Sciences
located in the northern forest-steppe of Western
Siberia (Russia).

The soil type is moderately deep middle-
loamy leached chernozem with humus con-
tent of 4.3-6.5% in the layer 0-40 cm, which
characterizes it as medium-supplied. The soil
of the experimental plot is relatively well pro-
vided with mobile forms of phosphorus and
exchangeable potassium. The reaction of soil
solution pH = 7.4.

In terms of climatic resources, it is a mod-
erately warm insufficiently humid agrocli-
matic region with average annual precipitation
of 350-450 mm (254 mm in the period April
- September, 113-130 mm in June - August).
Hydrothermal coefficient according to Selyani-
nov is 1.0-1.2. Weather conditions in the years
of research can be characterized as close to the
climatic norm for the place of research: 2019 -
HTC - 1,15; 2020 - 1,29; 2021 - 1,0.

Experiment scheme.

Seeding methods (factor A):

1) festulolium (control);

2) alfalfa (control);

3) festulolium 1 row + alfalfa 1 row;

4) festulolium 2 rows + alfalfa 1 row;

5) festulolium 3 rows + alfalfa 1 row;

6) festulolium + alfalfa (sowing with a mix-
ture of seeds).

Nitrogen fertilizer application options (fac-
tor B):

1) without N, fertilizers (control);

2) N5, application;

3) Ny, application.

4-fold repetition of experiments with a sys-
tematic arrangement of variants. Sown area of
the plots was 36 m?. Sowing was carried out in
IT ten-day period of July.

In 2021 the obtained yield results are ana-
lyzed through the "land equivalent ratio"
(LER), "competitiveness ratio" (CR) and "coef-
ficient agressivity" (CA) [10]. These indicators

are calculated by the formula
LER = (Y, 5/ Y4) + (Y34/ Ypp),

where LER is the ratio of land equivalents,
Y, is the yield of crop 4 in a mixed sowing
with crop B, t/ha; Yy, is the yield of crop Bin a
mixed sowing with crop 4, t/ha; ¥, , and Y5 are
the yield of crops 4 and B respectively in pure
sowing, t/ha.

CR, 3= (LER,: LERy)(Zg,: Z4p),
CRy,=(LERy : LER )(Z,5: Z3,),

where CR ,; 1s the coefficient of competitiveness
of culture 4 in a mixture with culture B; CRy, is
the coefficient of competitiveness of culture B in
a mixture with culture 4; Z, 5 and Zj, is the ratio
of cultures 4 and B in a mixture, %.

CAAp= Yup: (Y Zap) — Ypa: (Ypp Zpy)s

where CA is the coefficient of aggressiveness
of crop 4 in a mixed sowing with crop B; Yz 1s
the yield per unit area of crop 4 in a mixed sow-
ing with crop B; Y, is the yield per unit area of
crop 4 in a pure sowing; Z,z and Zj ; is the ratio
of cultures 4 and B in a mixture, %.

Agrotechniques in the experiment: early
spring moisture closure in two tracks by tooth
harrows BZSS-1,0; pre-sowing cultivation
KPS-4,2 with harrowing; rolling by ring roll-
ers ZKKSh-6 before and after sowing. Sowing
with a seeder CH-16 to a depth of 2-3 cm. Rates
of festulolium sowing: in one-species sowing
16 kg/ha; in a mixture with alfalfa 8, 6 and 4 kg/
ha; in mixed sowing 8 kg/ha. Seeding rates of
alfalfa: in pure form 12 kg/ha, in mixtures 6, 4
and 2 kg/ha, in mixed sowing 6 kg/ha.

Festulolium Izumrudny and variegated al-
falfa Vega 87 were used in the experiment.
Ammonium nitrate (N) was used as a fertilizer;
it was applied in spring at the beginning of re-
growth with subsequent incorporation with a
tooth harrow.
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RESULTS AND DISCUSSION

Emergence of the first shoots was recorded
after 7 days, mass shoots - on the 15th day. In
joint crops the highest density of cereal grasses
was noted in the variant of alternating two rows
of festulolium and one row of alfalfa, legume
grasses - the variant of intercropping of festu-
lolium and meadow clover (Table 1). In mixed
crops the highest density of cereal grasses was
observed in the variant of the mixture of fes-
tulolium and alfalfa, leguminous grasses in the
same variant.

The reserves of water-soluble sugars in the
roots of plants before they go into winter are
used to judge about their winter-hardiness.
The maximum content of water-soluble sug-
ars in festulolium roots is 7.11-7.94%, which
can characterize it as winter-hardy species (see
Table 2). In alfalfa their content was minimal
and decreased from single-species sowing to
mixtures from 5.14 to 3.77%.

Survival of festulolium plants after winter-
ing was 84.2-97.4% (see Table 1). In alfalfa
in single-seeded crops, survival rate was the
highest, while in mixtures it decreased to 46.4-

74.3%. Thus, the assumption of poor wintering
of legumes is confirmed by plant survival data.

At different levels of mineral nutrition, the
share of festulolium in herbage was 86.5-100%,
suppressing the development of alfalfa (see Ta-
ble 3). High values of the share of cereal com-
ponent are due to weak development of legume
and its low competition in the 2nd year of use.
At the same time, the number of plants was al-
most within the optimal limits.

There was a decrease in the share of festulo-
lium in the first cut in the variant of intercrop-
ping with alfalfa as the herbage ages regardless
of the level of nitrogen application (see Fig.
1), which was 3.7-10.6%. In similar studies by
V.N. Obraztsov [11], the reduction in the 4th
year of herbage life reached 51.2%, which con-
firms our data.

When summarizing the results of the study
of the yields of festulolium grass herbage with
alfalfa it was found that on average for 3 years
there was an increase in green mass by 5% in
the variant of inter-row sowing and a decrease
- by 11.9-20.1% when alternating rows of fes-
tulolium with 2 and 3 rows of alfalfa (see Table

Taoua. 1. FYCTOTa BCXOJOB U BEIDKMBACMOCTDH B OJHOBHJJOBBIX U CMCIIAHHBIX ITOCEBAX, mT./m?

Table 1. Germination density and survival in single-species and mixed crops, pcs/m?

Before wintering, pcs./m? | After overwintering, pcs./m? Survival Rate, %
Option Cereal L Cereal L Cereal L
crop egumes crop egumes crop egumes

Festulolium 156 - 152 - 97,4 -
Alfalfa - 82 - 75 - 91,5
Festulolium 1 row + alfalfa 1 row 189 74 170 55 89,9 74,3
Festulolium 2 rows + alfalfa 1 row 196 70 183 45 93,4 64,3
Festulolium 3 rows + alfalfa 1 row 180 74 166 36 92,2 48,6
Festulolium + alfalfa (mixed sowing) 181 84 168 39 92,8 46,4

Taodua. 2. Coxepx)aHue BOIOPACTBOPUMBIX CaxapoB B KOPHAX MHOTOJIETHHUX TPaB MEPel YXOJIOM B 3UMY,

noces 2018 ., % B cyxoMm BelliecTBe

Table 2. Water-soluble sugars content in perennial grass roots before wintering, sowing 2018, % in dry matter

. Type of herbs
Option
Cereal crop Legumes
Festulolium 7,11 -
Alfalfa - 5,14
Festulolium (mixed sowing with alfalfa) 7,94 3,77

Kopmonpon3ssoacTso
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Taoda. 3. ConepxaHue 371aKOBOTO KOMIIOHEHTa B CMELIAHHBIX OCEBaX (PECTYIONNYMA C JTIOLEPHOH
B 3aBHCHMOCTH OT YPOBHSI MUHEPAJIBHOTO MUTaHus B cpenHeM 3a 2019-2021 rr, %

Table 3. Cereal component content in mixed crops of festulolium with alfalfa as a function of mineral

nutrition levels on average for 2019-2021, %

Nitrogen dose, kg a.i./ha
Option N, N3 Nigo
I-stcut | 2-nd cut | 1-stcut | 2-nd cut | 1-stcut | 2-nd cut
Festulolium 1 row + alfalfa 1 row 93,6 100 94,5 100 96,5 100
Festulolium 2 rows + alfalfa 1 row 100 100 100 100 100 97,6
Festulolium 3 rows + alfalfa 1 row 100 100 100 98,3 100 100
Festulolium + alfalfa (mixed sowing) 100 96,5 100 92,8 100 86,5

98,3977

N,, kg/ha N,, kg/ha Ny, kg/ha
Fertilizers
W 2019 m 2020 2021

Puc. 1. ConepxaHue 371aKOBOr0 KOMIIOHEHTA B
BapuaHTe «pectynommym 1 psg + motepHa 1 psmo»
B [IEPBOM YKOCE B 3aBHCHMOCTH OT JJO3bI BHECEHUS
a30Ta W ToJa NCIIOIB30BAHMS TPABOCTOA, %o

Fig. 1 Cereal component content in the variant
"Festulolium 1 row + alfalfa 1 row" in the first cut
depending on the dose of nitrogen application and
the year of herbage use, %

4). The share of factor A (mixture) was only
11%, which is insignificant.

Nitrogen doses of 30 kg/ha significantly
increased the yield of mixtures of festulolium
with alfalfa at inter-row sowing and sowing
with a seed mixture by increasing the propor-
tion of cereal component in the mixture by
11.1% and the weight of shoots by 12.5-17.8%.
The yield increased by 5.49-5.77 t/ha.

Increasing the dose of nitrogen to 60 kg/ha
significantly increased the yield of festulolium
by 16.13 t green mass/ha (74.1%) due to an
increase in the number of shoots on the plants
by 26.6% and an increase in the weight of one
shoot by 30.1%. In the mixtures, the yield de-
creased to 28.2-36.75 t/ha due to a 21.0-30.2%
decrease in the number of shoots of the cereal
component and a 76.7-82.1% decrease in the

number of shoots of the legume component. At
the same time, if the decrease in the number of
festulolium was accompanied by an increase in
its shoot mass by 8.3-42.5%, the alfalfa had a
decrease of 54.3-81.5%, indicating its depres-
sion. Our data are confirmed by the studies of
E.R. Klyg[12] and S.T. Esedullaev [13], where
nitrogen application on festulolium grass stands
with alfalfa is not economically justified and in-
significant.

Nitrogen application significantly increases
the yield compared with the unfertilized back-
ground. The share of the factor is 61%, which
is confirmed by the data in Table 4. At the same
time, if on the unfertilized background and with
an application of nitrogen dose of 30 kg/ha, the
maximum yield was observed in the 2nd year
of grass use both in pure form and in the variant
of intercropping, in other variants the yield re-
duction occurs with the age of the herbage (see
Fig. 2).

Atanitrogen dose of 60 kg/ha, the maximum
yield is achieved in the 2nd year of use, and in
the 3rd year it stabilizes by variants (see Fig. 3).

The LER of arable use efficiency without
fertilizer is significantly higher on row crops
and mixed crops, with the major share of the
factor belonging to festulolium due to its in-
creased competitiveness (CR) - 1.19 and 1.18,
respectively (see Table 5).

The application of small doses of nitrogen
(30 kg/ha) does not reduce the efficiency of ar-
able land use, but the proportion of alfalfa in
the herbage increases. Its competitive ability
increases in comparison with festulolium from

40 Siberian Herald of Agricultural Science * 2023 « 53 « 1

Fodder production



D} PHEKTUBHOCTD M KOHKYPEHTHASI CIIOCOOHOCTH (PeCcTyI0IImyMa Bakmaes /1.1O.
B CMECH C JIIOLIEPHOIT IPH BBIPAIMBAHUY HAa KOPM

Taoa. 4. YpoxallHOCTb OJIHOBUIOBBIX U CMEIIIAHHBIX TOCEBOB MHOTOJIETHUX TPaB B CPEIHEM 3a
2019-2021 rr., T 3eJ€HOM Macchl/Ta

Table 4. Single and mixed crops yield of perennial grasses on average for 2019-2021, t green mass/ha

Dose of applied nitrogen, kg a.i./ha Increase, + t/ha
Option . fertilizer
N N N mixture
0 30 60 Ny Ngo
Festulolium 21,76 27,13 37,89 +5,37 +16,13
Alfalfa 25,70 30,81 31,21 - +5,11 +5,51
Festulolium 1 row + alfalfa 1 row 22,86 32,9 28,20 +1,1 +10,04 +5,34
Festulolium 2 rows + alfalfa 1 row 19,17 23,02 36,75 -2,59 +3,85 +17,58
Festulolium 3 rows + alfalfa 1 row 17,38 23,19 29,95 —4,38 +5,81 +12,57
Festulolium + alfalfa (mixed sowing) 21,20 32,62 29,96 -0,56 +11,42 +8,76
LSDys A (mixture) 0,65
b (fertilizer) 0,46
Ab 1,12
a
39,9
34,5
32,0 31,24 31.2
27.7
24,69 25 =7
20,01 20,52
14,53
11,89
9,64 9,8,0 9,06 9,18
6,11
1 2 3 4 5 6
W2019 2020 2021
o
50,53
42.81 403 0 042,83
25,64
24.0 22,18
16,17
11,01 12,17 13,28 13,11 13,04
1 2 3 4 5 6
H2019 M 2020 2021

Puc. 2. YpokaitHOCTb TpaB B 3aBUCHMOCTH OT TOJ[a ITOJIL30BAHISI 1 BHECEHUS a30Ta, T 3€JICHOW MacChl/Ta:
a — 6e3 ynoOpeHwuii; 6 — BHeceHHE Nj.
3neck 1 Ha puc. 3 BapHaHThI TOCEBOB: / — ecTynonuym; 2 — monepHa; 3 — dectynommym 1 psn + mouepra 1 psin; 4 — decty-
nonuyM 2 psiaa + mouepHa 1 psin; 5 — dectynonunym 3 psima + smoriepHa 1 psam; 6 — decTymoninyM + JTronepHa (CMech CEMsIH)
Fig. 2. Yield of grasses depending on the year of use and nitrogen application, tons of green mass/ha:
a — without fertilizer; 6 — application of N,

Here and in Fig. 3 the sowing options: / — festulolium; 2 — alfalfa; 3 — festulolium 1 row + alfalfa 1 row; 4 — festulolium 2
rows + alfalfa 1 row; 5 — festulolium 3 rows + alfalfa 1 row; 6 — festulolium + alfalfa (seed mixture)
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0,87 (on mixed sowing) to 2,64 (on the vari-
ant of alternating rows 3 : 1), but the number
of plants per unit area is still small. When the
dose of nitrogen is increased to 60 kg/ha, the
overall arable efficiency decreases, as does the
contribution of each crop. Advantageous com-
petitiveness is higher for alfalfa (1.20-3.60),

55,07

but the aggressiveness coefficient (CA) is high-
er for festulolium.

The data obtained confirm the effectiveness
of applying starting doses of nitrogen when
growing legumes, which positively affects their
competitiveness in the herbage in the neighbor-
hood of a more aggressive species.

54,22
50,51
4485
38,9 38,59
‘ 35.8 37,02
- 34,1
26,6
23,1
15,12 16,52 16,66 17,15 17,04 17,21
2 3 4 5 6
MW 2019 M 2020 2021

Puc. 3. YpoxaifHOCTb TPaB B 3aBUCUMOCTH OT I'0J1a TIOJIb30BAHMS IIPH BHECEHNH Ny, T 3eJIEHOH Macchl /ra
Fig. 3. The yield of herbs depending on the year of use when applying N, tons of green mass/ha

Taodua. 5. Ouenka >3QPpeKTUBHOCTH, KOHKYPEHTOCITIOCOOHOCTH U arpECCUBHOCTH KYJBTYP B LIEHO3€E
Table 5. Evaluation of the effectiveness, competitiveness and aggressiveness of crops in cenosis

et | e [ [l o [ [ oo |
and alfalfa (festulolium) (alfalfa) (festulolium) (alfalfa) (festulolium) (alfalfa)
Application N,
1:1 1,05 0,88 1,93 1,19 0,83 0,017 —-0,017
2:1 0,88 0,74 1,18 0,59 1,68 0,012 -0,012
3:1 0,79 0,67 1,46 0,38 2,52 0,010 -0,010
Mixed sowing 0,97 0,82 1,79 1,18 0,84 0,017 -0,017
Application Ny,
1:1 1,21 2,09 3,30 0,57 1,72 0,020 -0,020
2:1 0,84 0,74 1,58 0,56 1,76 0,011 —-0,011
3:1 0,85 0,75 1,60 0,37 2,64 0,010 -0,010
Mixed sowing 1,20 1,05 2,25 0,95 0,87 0,020 —-0,020
Application Ny,
1:1 0,74 0,90 1,64 0,82 1,21 0,013 —0,013
2:1 0,96 1,17 2,13 0,41 2,43 0,013 -0,013
3:1 0,79 0,95 1,74 0,27 3,60 0,009 —-0,009
Mixed sowing 0,79 0,95 1,74 0,83 1,20 0,010 -0,010
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CONCLUSIONS

1. The survival rate of festulolium plants in
the first year of life after wintering in a single-
crop sowing is 97.4% and decreases in the mix-
ture with alfalfa to 89.9-93.4%. At the same
time, the legume component suffers more from
a joint sowing, in which the survival rate de-
creases to 46.4-74.3%.

2. It was found that without the use of ni-
trogen fertilizers on a single-crop sowing festu-
lolium yield was 28.92 tons of green mass/ha.
The joint sowing with alfalfa at intercropping
either increased the yield insignificantly (by
5%) or reduced it by 8.9-15.1%.

3. The maximum efficiency in the experi-
ment was obtained by applying nitrogen at a
dose of 30 kg/ha. It significantly increased the
yield of mixtures of festulolium with alfalfa
in the variants of intercropping by 21.2% and
in the variant of sowing with seed mixture by
20.2% due to the increased proportion of the
cereal component. At the same time, the num-
ber of shoots on the plant increased by 11.1%
and the shoot weight by 12.5-17.8%.

4. Increasing the nitrogen dose to 60 kg/ha
significantly increased the yield of festulolium
by 16.13 tons of green mass/ha (74.1%) com-
pared with the unfertilized background by in-
creasing the number of shoots on the plant by
26.6% and increasing the mass of one shoot by
30.1%. In the mixtures there was a 21,0-30,2%
decrease in the number of shoots of the cereal
component and a 76,7-82,1% decrease in the
legume component, which was accompanied
by an increase in the shoot mass of festulolium
by 8,3-42,5%; in alfalfa there was a 54,3-81,5%
decrease, which indicates its depressions. The
yield of green mass was 28.2-36.75 t/ha.

5. The index of efficiency of arable land use
(LER) is higher on the variants with fertilizer
application. Without the use of nitrogen, the
main share of the factor belongs to festulolium,
with the application of small doses of nitrogen
the influence of legume component increases at
the expense of increased competitiveness (CR).
At the same time, positive value of aggressive-
ness coefficient (CA) was in the cereal compo-
nent, which characterizes it as a more aggres-
sive species.
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IOPEKTUBHOCTh ®YHI'MIIUJTHOM 3AIUTHI APOBOM MIIIEHUIIBI
OT MYUHUCTOM POCHI U TUPEHO®OPO3A

<) Kekaao A.FO., 3aprapsu H.YO., Hemuenko B.B.

Ypanvcxuii ghedepanvhviii acpapHulii HAYUHO-UCCTE008AMENLCKUL YeHMD
VYpanvckoco omoenenus Poccutickou akademuu nayx

ExarepunOypr, Poccus

(<) e-mail: alena.kekalo@mail.ru

[IpencraBnens! pe3yabTaTbl HCCIEAOBaHUS 3PPEKTUBHOCTH CPEICTB 3aIUTHl PACTEHUH IPOTHB
MYYHUCTOH pockl (Blumeria graminis) u nupenodoposa (Pyrenophora tritici-repentis) 1yist SpoBoi
nieHuIbl. OTMEYeHO, YTO BEPOSTHOCTH MAacCOBOTO TIOPAYKECHUS TOCEBOB (PUTOMATOTCeHAMHE OTIpE/e-
JsieTcs 3amacoM HH(EKIIMOHHOTO Havyaia Bo30yauTenel 6o1e3Hel, BOCIPUUMYHBOCTHIO PACTEHUS-
XO035IMHA U OJIaroNpUsATHOCTBIO HOTOIHBIX YCIIOBUH [UIS UX PAa3BUTHSI U PaCIPOCTPAHEHUS. DKCIEpH-
MEHT IPOBEEH C HCIONIb30BaHKNeM 00IIenpuHATHIX B Poccuiickoii @enepanuy METOANK. 3a HEPHO
HaOMIOAEHUH cTeneHb nopaxenus pactenuil 6onee 20% B a3y xonouieHus: orMeueHa B 46% mer
Haomonenuii (8 2009, 2013, 2014, 2016, 2017 rr.). OnudUTOTHITHOE Pa3BUTHE MYYHUCTOH POCHI CO-
BMECTHO C Oypo¥l TUCTOBOM prkaBunHOU (Puccinia triticina Eriks.) 3apeructpuposano B 2013-2014
u 20162017 rr. 3a 2009-2019 rT. creniens nmopaxkeHus pacteHuii conee 20% B hazy KosomeHus
orMedeHa B 46% net Habmonenuit (B 2009, 2013, 2014, 2016, 2017 rr.). DddexruBHyIO 3amUTy
IIIIEHUIBI OT MyYHHCTON pochl (75-87%) obecneunBanyu GpyHruuuapl Ha OCHOBE 2—3 ACHCTBYIO-
mux BemiecTB. buonornyeckas sddexruBHoCcTs OMopyHTUIUAA (Bacillus subtilis) nposBisiiach
TOJIBKO B TOJIbI C YMEPEHHBIM MMOPAKEHHEM IMIICHUIIB U HE MPEBbIIIana CPeAHUN ypoBeHb — 58%.
OmnepaTuBHBIN KOHTPOJIb JKEJITON MSTHUCTOCTH JIMCTHEB MILIEHHIIBI [Iesieco00pa3Hee 0CyeCTBISTh
mperaparaMy Ha OCHOBE TAKHX JIEHCTBYIOMIMX BEHIECTB, KaK «a30KCHCTPOOMH + SMOKCHKOHA30ID»,
«TeOyKOHA30J1 + HNPONUKOHA301». YPOBEHb CTAaTUCTUUECKU AOCTOBEPHOIO COXPAHEHHOTO 3a CHET
(YHIUIUIHON 3alMTHl ypoXasi B TOAbI IEHPECCHH COCTaBIsLT 5—60%, Ipu yMEPEHHOM pa3BUTHU
OoJie3Hel TUCThEB 3a cUeT XMMUYecKuX (GyHrunuaoB — 18%, a Ouomnpenapar obecrednBain Mpu-
0aBKy npoayKTUBHOCTH 9%. B roapl snuduTOTHII XMM3alIuTa IIOCEBOB COXpaHsiia B cpeaneM 24%
YPOXKaHOCTH TIIECHHIIBL, JTyYIIeH Pe3yabTaTUBHOCTBIO U CTA0MIILHOCTBIO ACHCTBHS 00Nagany mo-
JIMKOMITOHEHTHBIC TIperaparhl, a OMOJIOrnyecKas 3aliuTa PaCTeHUH B ATHX YCIOBHUSX OblIa Majo-
s dexTuBHA.

Ki1roueBble cjioBa: MydHHUCTas poca, TUPeHOGOPO3, sIpoBasi MILECHULA, ()YHTULIUIbI

EFFECTIVENESS OF FUNGICIDAL PROTECTION OF SPRING WHEAT
AGAINST POWDERY MILDEW AND TAN SPOT

(<) Kekalo A.Yu., Zargaryan N.Yu., Nemchenko V.V.

Ural Federal Agrarian Research Center of the Ural Branch of the Russian Academy of Sciences
Ekaterinburg, Russia
(<) e-mail: alena.kekalo@mail.ru

The results of the study of the effectiveness of plant protection products against powdery mildew
(Blumeria graminis) and tan spot (Pyrenophora tritici-repentis) for spring wheat are presented. It
has been noted that the probability of mass destruction of crops by phytopathogens is determined
by the stock of the infectious beginning of pathogens, the susceptibility of the host plant and the

3amumTa pacTeHui CubHPCKHii BECTHHK CEITbCKOXO3SHCTBEHHON Hayku ® 2023 ¢ 53¢ 1 45



Effectiveness of fungicidal protection

Kekalo A.Yu., Zargaryan N.Yu., Nemchenko V.V.

of spring wheat against powdery mildew and tan spot

favorable weather conditions for their development and spread. The experiment was carried out using
the methods generally accepted in the Russian Federation. During the observation period, the degree
of plant damage of more than 20% in the heading phase was noted in 46% of the years of observation
(in 2009, 2013, 2014, 2016, 2017). Epiphytotic development of powdery mildew together with brown
leaf rust (Puccinia triticina Eriks.) was registered in 2013-2014 and 2016-2017. For 2009-2019 the
degree of plant damage of more than 20% in the heading phase was noted in 46% of the years of
observation (in 2009, 2013, 2014, 2016, 2017). Effective protection of wheat against powdery mildew
(75-87%) was provided by fungicides based on 2—3 active ingredients. The biological effectiveness
of the biofungicide (Bacillus subtilis) was manifested only in the years with moderate wheat damage
and did not exceed the average level of 58%. It is more expedient to carry out operational control of
yellow spotting of wheat leaves with preparations based on such active substances as "azoxystrobin +
epoxiconazole", "tebuconazole + propiconazole". The level of statistically significant yield preserved
due to fungicidal protection during the years of depression was 5-6%, with a moderate development
of leaf diseases due to chemical fungicides - 18%, and the biological product provided an increase
in productivity of 9%. During the years of epiphytoties, the chemical protection of crops retained an
average of 24% of the wheat yield, polycomponent preparations had the best performance and stability

of action, and the biological protection of plants under these conditions was ineffective.
Keywords: powdery mildew, tan spot, spring wheat, fungicides
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INTRODUCTION

Significant damage to the yield and quality
of spring wheat grain is caused by infectious
diseases, mainly of fungal etiology. Losses of
grain crops from their influence can reach 30%
[1]. An operational method of controlling phy-
topathogens feeding on leaves is the use of fun-
gicides that inhibit and (or) stop the develop-
ment of microorganisms. However, the inten-
sive use of pesticides of biocidal nature leads
to chemical pollution of ecosystems, as well as
to the emergence of pesticide-resistant forms of
pathogens. The use of this method in the plant
protection system should be justified [1-3].

The causative agents of such cereal diseases
as powdery mildew and tan spot or yellow leaf
spot are harmful infections that can cause yield

losses ranging from 5-10% during moderate de-
velopment of infections to 35-50% in the years
of epiphytotics [1, 2]. All bread and many fod-
der and wild cereals are affected by powdery
mildew. Blumeria graminis (DC.) Speer f. sp.
Tritici March is a complex fungus species that
includes specialized forms capable of infecting
one or more cereal species [2-4].

The distribution of powdery mildew is quite
wide: Europe, Asia, Africa, America, and Aus-
tralia. In Russia, the disease is observed every-
where, but it is particularly harmful in the Ural
and Volga-Vyatka regions, the North Caucasus,
the Volga region, and the Central Black Earth
region [3, 4]. It has economic importance in
Belarus, Kazakhstan, Ukraine, the Baltic coun-
tries, Transcaucasia, as well as in other grain-
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D dexTHBHOCTS QYHTHIIMAHO 3aLUTHI IPOBOIT MILICHULII
OT MYYHHCTOH POCHI U NUPeHO(OPO3a

Kekano A.1O., 3aprapsu H.1O., Hemuenxo B.B.

growing regions of Eurasia [4]. Areas with the
cultivation of winter and spring cereal crops are
in a special zone of phytosanitary risk, because
fungi build a highly effective "food conveyor".
The harmfulness of powdery mildew is mani-
fested primarily in the reduction of the assimi-
lating surface and in the destruction of chloro-
phyll and other pigments [2, 5]. Based on prac-
tical experience, it should be noted that agrono-
mists often do not perceive the infestation of
plants by this pathogen as a threat to crops, un-
like, for example, rust. As a result, timely pro-
tection measures are not taken, which leads to
the loss of wheat yield and reduction of grain
quality, accumulation of inoculum on the fields.

Powdery mildew can only feed on living
green plants, that is, as long as the host plant
is green, so long as the fungus lives. It does not
produce toxins and does not quickly try to kill
the plant. The agent of pyrenophorosis, which
is a necrophyte and produces host-specific tox-
ins, has a different attitude toward the host plant
[2, 5-8]. These toxins induce symptoms of ne-
crosis or chlorosis when interacting with their
corresponding susceptibility genes [9].

Yellow leaf spot is a relatively new wheat
disease for the Ural region. The causative agent
is ascomycete fungus Pyrenophora tritici-re-
pentis (Died.) Drechsler. In North America and
Australia, it appeared at the epiphytotics level
as early as in the 70s of the XX century; in Eu-
rope (including Russia) - in the 80s. Epiphy-
toties of this disease are periodically observed
in different countries of the world; grain losses
in susceptible varieties reach 65% [5, 7-10]. It
should be remembered that excessive attention
to the creation of varieties resistant to one of
the diseases can lead to genetic vulnerability to
other diseases as it occurred earlier in Canada.
The spread of yellow spot disease could also
be promoted by the modern system of tillage
(mini-till, no-till), which leaves a large amount
of crop residues on its surface, where P. tritici-
repentis pseudoperithecia inhabit [11, 12].

Operational control of leaf infections is car-
ried out by treating plants with fungicides. The
question of their justified use is not easy to an-
swer, since the use of plant protection products
is an investment in an often-unpredictable fu-

ture. For the effectiveness of protective mea-
sures, fungicides should be applied in a targeted
manner, taking into account the level of tension
of the phytosanitary situation, the spectrum of
the drug, the price categories for grains and
pesticides. Numerous scientific (own and lit-
erature) data show that one or another stock of
infection may not always lead to massive dis-
ease development. It is important to monitor the
development of phytopathogens and weather
conditions of the growing season [13, 14].

The issues of leaf spot control are relevant
almost in every crop season. In the present re-
alities, when traditional tillage technologies
are replaced by resource- and moisture-saving
systems (mini-till, no-till), the stubble resi-
dues in the field successfully retain the stock
of infectious origins of such plant diseases as
powdery mildew, tan spot, septoriose, fusari-
um disease, etc.

The purpose of the research is to determine
the level of powdery mildew and tan spot devel-
opment on spring wheat (7riticum aestivum L.)
under Trans-Ural conditions and the effective-
ness of fungicide preparations for phytopatho-
gen control.

MATERIAL AND METHODS

The research was conducted in 2009-2019 in
the experimental field of the Kurgan Research
Institute of Agriculture - a branch of the Ural
Federal Agrarian Research Center of the Ural
Branch of the Russian Academy of Sciences
(UrFARC UB RAS) under the State assignment
of the Ministry of Science and Higher Educa-
tion on "Improvement of adaptive landscape
agriculture for the Ural region and creation
of new generation agro-technology based on
minimization of tillage, diversification of crop
rotations, rational application of pesticides and
biopreparations, preservation and improvement
of soil fertility and development of informa-
tion-analytical complex of computer programs,
providing innovative management of farming
system". Spring wheat (7riticum aestivum L.)
of Omskaya 36 variety was used in the experi-
ments. Pure early fallow was the forecrop. The
soil of the experimental plot was medium-hu-
mic middle-loamy leached chernozem. Crop
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treatment with fungicides was carried out in
the phase of flag leaf emergence (phase 37 ac-
cording to Tsadok) with a Solo 456 sprayer
equipped with a meter boom, the working so-
lution consumption of 300 1/ha. The plot area
was 20 m2, 4-fold repetition, and the placement
of plots was systematic. Background treatment
with a tank mixture of herbicides was carried
out to eliminate the influence of weeds. Obser-
vations and records were made by the methods
generally accepted in the Russian Federation
I3, Calculation of biological effectiveness of
preparations was carried out according to Ab-
bott's formula.

The experiment scheme included the follow-
ing foliar fungicides: propiconazole 250 + cip-
roconazole 80 g/L (Alto Super), spiro xamine
250 + tebuconazole 167 + triadimenol 43 g/L
(Falcon), propiconazole 300 + tebuconazole
200 g/L (Colosal PRO), thiophanamethyl 310
+ epoxiconazole 187 g/L (Rex Duo), propicon-
azole 140 + tebuconazole 140 + epoxiconazole
72 g/L (Triad), tebuconazole 225 + flutriafol 75
g/l (Strike Forte), propiconazole 390 g/l (Title
390), ciproconazole 400 g/l (Recruit), tebuco-
nazole 250 g/l (Chancil), azoxystrobin 240 +
epoxiconazole 160 g/l (Spirit), Bacillus subti-
lis, strain 26D (Fitosporin-M, Zh), and control
without fungicide protection.

RESULTS AND DISCUSSION

Monitoring of fungal infections on the
leaves of spring wheat showed that powdery
mildew fed on them almost annually, the pri-
mary symptoms of the lesion were noted, as a
rule, at the end of the phase of emerging into the
tube (phenophase 34- 36 according to Tsadoks).
Epiphytotic development of powdery mildew
in combination with brown leaf rust (Puccinia
triticina Eriks.) was recorded in 2013, 2014
and 2016, 2017. In 2015-2017 during flower-
ing - grain ripening period, straw and stem rust
(Puccinia graminis Pers. f. sp. tritici Erikss. et
Henn.) lesions were also observed. For 2009-

2019, the degree of plant infestation over 20%
in the earing phase was observed in 46% of the
years of observations (in 2009, 2013, 2014,
2016, 2017).

The results of field experiments on de-
termining the protective effect of fungicides
showed that the high biological efficacy (more
than 80%) against tan spot was provided by the
combinations of fungicide active substances,
such as "azoxystrobin 240 + epoxiconazole 160
g/1", "propiconazole 300 + tebuconazole 200
g/1", "thiophanate-methyl 310 + epoxiconazole
187 g/1", and also by the preparation on the te-
buconazole base (see Table 1). Weak control of
Pyrenophora tritici-repentis fungus was noted
in the variants with single-component fungi-
cides based on cyproconazole and propicon-
azole (38.0-45.6%) (see Table 1). Only Spirit
preparation based on azoxystrobin and epoxi-
conazole reduced the prevalence of infections
up to 45%.

Initial signs of wheat powdery mildew were
recorded mainly in the phase of leaf-tube forma-
tion. The further rate of infection development
directly depended on hydrothermal conditions.
Long-term data indicate that the development
of Blumeria graminis was significantly nega-
tively related (r = -0,65-0,70) to the tempera-
ture during the periods from tillering to flag leaf
emergence and from earing to flowering, and
also strongly positively related (r = 0,77-0,82)
to precipitation during the period of wheat stem
formation.

In the years with moderate and mass plant
infestation, good (more than 70%) biological
effectiveness of chemical fungicides was noted.
Biological fungicide under epiphytotics and de-
pression conditions failed to cope with the pro-
tective function (33-35% technical efficiency)
(see Table 2).

In 2011 and 2015, the degree of plant infes-
tation was characterized as moderate develop-
ment (10% in p. 51-61). Biological effective-
ness of the studied chemical fungicides was

"Ecological monitoring and methods to improve protection of grain crops from pests, diseases and weeds: guidelines / edited

by V.I. Tansky. SPb.: VIZR, 2002. 76 p.

“Methods of State Variety Testing of Agricultural Crops. Moscow: Kolos, 1989. 239 p.
*Methodological guidelines for registration testing of fungicides in agriculture. SPb.: VIZR, 2009. 378 p.
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Taoa. 1. [Hopaxenue NEHULBI SPOBOH MUPEHO(POPO30M B 3aBUCUMOCTH OT IPUMEHEHUsI (DyHIMLUA-

HbIX npenaparos, 2018, 2019 rr.

Table 1. Damage to spring wheat by Pyrenophora tritici-repentis depending on the use of fungicides,

2018, 2019
Disease de- Biological
velopment 113? O8I | Disease preva-
. during grain | © ective- 1 once during the
Option .o ness of the S
ripening preparation, grain _rlpef)ung
(ph. 71-73), ok period, %
% 0
Control without fungicide treatment 3,89 - 75,0
Propiconazole 390 g/1 (Titul 390 0.26 I/ha) 2,12 45,6 72,5
Cyproconazole 400 g/l (Recruit 0.2 1/ha) 2,41 38,0 75,0
Tebuconazole 250 g/l (Chancil 1 1/ha) 0,60 84,5 80,0
Propiconazole 250 + cyproconazole 80 g/l (Alto Super 0,4 1/ha) 1,17 69,9 76,5
Propiconazole 300 + tebuconazole 200 g/l (Kolosal PRO 0,4 1/ha) 0,62 84,2 63,5
Thiophanat-methyl 310 + epoxiconazole 187 g/l (Rex Duo 0.5 1/ha) 0,73 81,2 67,5
Tebuconazole 225 + flutriafol 75 g/1 (Strike Forte 0.5 1/ha) 1,00 74,4 75,5
Azoxystrobin 240 + epoxiconazole 160 g/l (Spirit 0.6 1/ha) 1,00 94,4 45,0
Spiroxamine 250 + tebuconazole 167 + triadimenol 43 g/l (Falcon 0.6 1/ha) 1,83 53,0 82,5
Propiconazole 140 + tebuconazole 140 + epoxiconazole 72 g/l (Triada 0.6 I/ha) 0,79 79,7 71,0
Bacillus subtilis, strain 26D (Phytosporin-M 1 1/ha) 4,14 5,4 70,0

* The calculation is carried out according to Abbott's formula.

77-79%, which is almost at the level of effec-
tiveness in the years of mass development of
infections. The biological preparation reduced
the degree of plant infestation by 58% in mod-
erate powdery mildew development. In these
years less drought phenomena were observed
in the second half of the vegetation period and
the effectiveness of bacteria inoculation on
wheat leaves increased significantly. In years
of mass development of aerogenic infections,
timely fungicide treatments preserved a signifi-
cant part of the wheat yield. At the same time,
the correlation relationship between the yield
and the degree of disease infestation was char-
acterized as strongly negative (r = -0.94). With
moderate plant infestation, the close correlation
decreased (r = -0.85).

The biological efficacy of fungicidal prepa-
rations with respect to total lesions of all leaf
infections was characterized as good (66-68%)
for Titul 390 and Recruit variants and reached
80-90% for treatments with preparations based
on 2-3 active substances. The biological fungi-
cide Fitosporin-M provided leaf disease con-

trol by an average of 40% over the years of
research. Yield capacity of spring wheat in the
experiment was on average 21.9 c/ha (from 10
c/ha in very dry years 2010 and 2012 to 39 c/ha
in favorable 2011), which is a good productiv-
ity for conditions with moisture supply during
growing season of 175-200 mm.

The level of the yield saved by fungicide
protection was 5-6% in the years of depression.
Application of chemical fungicides with mod-
erate development of leaf diseases saved 18%
of the yield, and the biopreparation provided
an increase in productivity of 9% compared to
the control, which was statistically reliable in
all cases. In the years of epiphytotics, chemical
protection of crops saved an average of 24% of
the wheat yield; polycomponent preparations
had the best efficiency and stability of action.

CONCLUSIONS

1. Monitoring of fungal infections on
leaves of spring wheat showed that powdery
mildew fed on them almost every year, the pri-
mary signs of lesions were noted, as a rule, at
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Taoda. 2. buonornueckas 3¢pGeKTUBHOCTD (PYHTULUIHBIX IPENApaToB MIPU PA3HBIX YPOBHSIX MOpPaKe-

HUS MIIEHUIBI MyYHUCTOH pocoi, 2009-2017 rr.

Table 2. Biological effectiveness of fungicidal preparations at different levels of wheat damage by

powdery mildew, 2009-2017

Epiphytoty of leaf | Moderate development Depression
infections (2009, 2013, of infections 0 ]p 8, 2019)
Option 2014, 2016, 2017) (2011, 2015) >

R, % BE, % R, % BE, % R, % BE, %
Control without fungicide treatment 38,9 - 10,0 - 3,4 -
Propiconazole 250 + cyproconazole 80 g/l
(Alto Super 0,4 1/ha) 9,9 75 2,3 77 1,1 68
Propiconazole 300 + tebuconazole 200 g/l
(Kolosal PRO 0,4 1/ha) 9,1 77 2,2 78 0,9 74
Thiophanat-methyl 310 + epoxiconazole 187
g/l (Rex Duo 0.5 I/ha) 8,6 78 2,1 79 1,6 53
Spiroxamine 250 + tebuconazole 167 + triadime-
nol 43 g/l (Falcon 0.6 I/ha) 5,1 87 2,3 77 1,7 50
Bacillus subtilis, strain 26D (Phytosporin-M
1 I/ha) 25,9 33 4,2 58 2,2 35

Note: R - disease development during earing - flowering period (ph. 55-65 according to Tsadoks); BE - biological efficacy of

the preparation according to the Abbott formula.

the end of the leaf-tube formation phase (phe-
nophase 34-36 according to Tsadoks). For
2009-2019, the degree of plant infestation more
than 20% in the earing phase was noted in 46%
of years of observations (in 2009, 2013, 2014,
2016, 2017).

2. Effective protection of wheat against
powdery mildew (75-87%) was provided by
fungicides based on 2-3 active substances. Bio-
fungicide showed medium biological effective-
ness only in the years with moderate infestation
of wheat.

Prompt control of yellow leaf spot disease
(tan spot) in wheat is more appropriate to car-
ry out with preparations based on such active
substances as "azoxystrobin + epoxiconazole",
"propiconazole + tebuconazole". Biological
fungicide had weak control over this type of
phytopathogen.
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KOIIIeK Ha Tepputoprn Poccrn. MoneKkyasipHO-TeHeTHYEeCKUE UCCIISI0BAHNS, BUIOBAs HICHTH(QUKAIHS
U OTIpe/ieTIeHHE CBOIMCTB BBIICIICHHBIX KYIIBTYP IIPOBEJICHBI C IIOMOIIBIO YTBEPKICHHBIX METOIMYECKUX
pPEKOMEHIALMK U OMpeAeUTeNield TATOTEHHBIX U YCIIOBHO-NIATOTEHHBIX TPHOOB. V3ydeHsl kepaThHO-
JUTHYECKass U OMOXMMHMYECKash aKTHMBHOCTB, KyJbTypalbHO-MoOpgonornieckue (PEeHOTUNNYECKUe) U
MOJIEKY/IIpHO-TeHEeTHYeCKUe cBoicTBa 1. benhamiae. O6a mramma rprda XapaKTepH30BAIUCH Pa3HO-
00pa3ueM (peHOTUITMIECKUX CBOMCTB: (JOPMUPOBAIIM Ha TUTATEIIBHBIX CPeax KOJOHUH, OTINYAOIINeCs
10 MOP(OJIOTUH ¥ OKPACKE BO3IYIITHOTO ¥ CYOCTPATHOTO MUIICNHUS. Y HUX BBISIBIICHO CXOJICTBO MHUKPO-
MOpP(OJIOTHH: HAJIMYKe CENTHPOBAHHOTO 0aMOYyKOOOPa3HOTO MHIIEIHSI C XapaKTepPHBIM BETBICHHEM
JIByXCIIOWHBIX MaKpOKOHHIMH W MUKPOKOHUIIMHA. M3ydeHHbIe ITaMMbl XapaKTepU30BaJIHCh CXOKUMHU
OMOXMMHUYECKUMH CBOMCTBAMHU (BBIPKCHHAS CaXapoMTHUYECKas M ypea3Hasi aKTHBHOCTb) M KePaTUHO-
JIMTUYECKON aKTUBHOCTBIO. BBISIBIICHHAs! KepaTMHOIUTHYECKasi aKTUBHOCTD y IITaMMOB 1. benhamiae
CBUETENBCTBYET 00 MX STUOIOIMYECKON POJIN B Pa3BUTUH JEPMATOMHUKO30B y JOMAIIHNX Komek. MDe-
HOTUTIMYECKHE XapaKTEPUCTUKU TIOTHOCTHIO COOTBETCTBOBAIM KYJIBTYPE MHUKPOCKOITMUYECKOTO IprOa
T benhamiae. B pe3ynbrare MONEKyJISPHO-TEHETHIECKUX HCCIICIOBAHUH BBISBICHO, YTO BBIJCICHHbBIC
OT KOIIEK MUKPOCKOUYECKHE TPUOBI TpUHaIeKanu pony Trichophyton, Buny Benhamiae. Monexyssip-
HO-T€HETHYECKHE NCCIICIOBAHMS YCTAHOBIIIN HACHTHYHOCTD ITOCIIEI0BATEIbHOCTEH MOy YeHHBIX HAMU
mrammoB OVB_T.b-19 1 OVB_T.b-20. O0a mramma BHeceHsI B 0a3y maHHbIX GenBank ¢ nprucBoeHu-
€M HHANBHAYAJILHBIX HOMEPOB B M myHaponHoi 6a3ze manabix NCBI — ON479483 u ON479484.

KuroueBble ¢J10Ba: IepMaTOMULICTHI, Trichophyton, eHOTUTTHYECKIE CBOWCTBA, MITAMMBI, MH-
LEUi, MAaKPOKOHUIMH, MUKPOKOHUIUU

BIOLOGICAL AND MOLECULAR GENETIC PROPERTIES OF TRICHOPHYTON
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The results of isolation of two strains OVB_T. b-19 and OVB_T. b-20 of a new microscopic
fungus species Trichophyton benhamiae from the samples of biological material from cats with
clinical signs of dermatomycosis are presented.
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Biological and molecular genetic properties
of Trichophyton benhamiae,
a new pathogen of dermatomycoses in cats

Smagulova A.M., Kukhar E.V., Glotova T.I., Glotov A.G.

This type of fungus was isolated from domestic cats for the first time in Russia. Molecular ge-
netic studies, species identification and determination of the properties of the isolated cultures were
carried out using approved methodological recommendations and determinants of pathogenic and
opportunistic fungi. The keratinolytic and biochemical activity, cultural-morphological (phenotypic)
and molecular-genetic properties of 7. benhamiae were studied. Both strains of the fungus were
characterized by a variety of phenotypic properties: they formed colonies on the nutrient media that
differed in morphology and color of aerial and substrate mycelium. They revealed the similarity
of micromorphology: the presence of a septate bamboo-like mycelium with characteristic branch-
ing of two-layer macroconidia and microconidia. The studied strains were characterized by similar
biochemical properties (pronounced saccharolytic and urease activities) and keratinolytic activity.
The identified keratinolytic activity of the 7. benhamiae strains indicates their etiological role in
the development of dermatomycoses in domestic cats. The phenotypic characteristics fully corre-
sponded to the culture of the microscopic fungus 7. benhamiae. Molecular genetic studies revealed
that microscopic fungi isolated from cats belonged to the genus Trichophyton, species Benhamiae.
Molecular genetic studies established that the sequences of OVB_T. b-19 and OVB_T. b-20 strains
that had been obtained were identical. Both strains are listed in the GenBank database with indi-

vidual numbers in the international NCBI database, ON479483 and ON479484.
Keywords: dermatomycetes, Trichophyton, phenotypic properties, strains, mycelium, macroco-

nidia, microconidia
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INTRODUCTION

Trichophyton benhamiae is a new species of
microscopic fungus capable of causing lesions
of the skin and its derivatives in humans and
various species of domestic and wild animals
[1]. Over the past 15 years, the prevalence of
zoonotic infectious diseases in animals caused
by T benhamiae has been steadily increasing
worldwide [2]. Cases of T. benhamiae isolation
from humans and animals in the Czech Repub-
lic, Poland, Germany, Italy, Finland, Switzer-
land, Iran, Egypt, Taiwan, Japan, the United
States, and Russia have been described [3, 4].

T. benhamiae was most often isolated from
samples of biological material from humans
[5]. In cases of its isolation from animals, guin-
ea pigs, foxes [1], rabbits [6], and dogs were the
main hosts of pathogenic strains [7]. Cases of
isolation of the fungus from domestic and stray
cats have been described. Most cases of isola-
tion of 7. benhamiae pathogen from cats have

been described in the example of stray animals.
The authors put forward the assumption that
wild rodents were the source of their infection
(8, 9].

Many researchers misdiagnosed 7. benhami-
ae as Microsporum canis [10, 11] or T. menta-
grophytes var. porcellae [2] because of similar
phenotypic features or similar micromorphol-
ogy [10].

Given the morphological features of the
colonies, two phenotypes have been described
for T benhamiae strains: yellow and white [3,
12-15]. The yellow phenotype is the most com-
mon. This phenotype forms flat colonies with
aerial mycelium of beige to yellow velvety ap-
pearance with substrate mycelium of bright yel-
low, ochre to brown or reddish color. The white
colony phenotype is characterized by powdery,
granular, radiate, and flat aerial mycelium,
sometimes slightly yellowish at the edges. This
phenotype is characterized by a rapid growth
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rate, the formation of numerous spherical and
club-shaped microconidia, and single club-
shaped and cigar-shaped macroconidia [10, 13,
16]. This phenotype of T. benhamiae is mor-
phologically very similar to 7. mentagrophytes,
which may well have caused errors in its iden-
tification and establishment of its role in the de-
velopment of dermatomycoses.

Strains with the white phenotype described
by some authors account for about 20% of the
cases and can be confused with the 7. mentag-
rophytes complex (T. mentagrophytes, T. inter-
digitale) [10, 13].

T. benhamiae has not previously been regis-
tered as a causative agent of feline dermatomy-
coses in the Russian Federation.

The purpose of this work is to study the bio-
logical and molecular genetic properties of two
strains of 7. benhamiae isolated for the first
time in Russia from biomaterial samples from
cats with clinical signs of dermatomycoses.

MATERIAL AND METHODS

The studies were conducted in 2021, 2022 in
the Laboratory of Biotechnology - Diagnostic
Center of the Institute of Experimental Veteri-
nary Sience of Siberia and the Far East SFSCA
RAS and in the Laboratory of Collective Use
of the Research Platform of Agricultural Bio-
technology.

Surface cultivation and isolation of fungal
monocultures and study of their phenotypic
properties were performed in Petri dishes and
Kaden blocks with Sabouraud, Czapek, honey,
corn and potato agar media at 28 °C. For de-
tailed characterization of 7. benhamiae cultures
and study of biochemical properties, they were
surface cultured on Hiss media with maltose,
mannitol, lactose, sucrose, and glucose, Chris-
tensen's medium, and modified nutrient medi-
um with keratin.

The micromorphology of 7. benhamiae was
studied in a light microscope at x400. For this
purpose, Kaden agar blocks were prepared after
24, 48, 72 h or more of growth. Species identi-
fication of isolated cultures was performed ac-
cording to the methods described in the litera-
ture [3, 17].

Amplification of the internal transcribed re-
gion (ITS) DNA marker genes was performed
in a 25 pl final reaction volume containing 1x
Phusion HF buffer, 2.5 mM MgCI2, 1U Phu-
sion DNA polymerase, and 200 uM dNTP
(New England BioLabs Inc.), 25 pmol of each
primer, and 20 ng of extracted DNA from a sin-
gle sample. PCR was performed under the fol-
lowing thermocycling conditions: 95°C for 30
s, 52°C for 40 s, 72°C for 50 s, and final elon-
gation for 5 min at 72°C. The amplified DNA
products were analyzed by horizontal electro-
phoresis in 1% agarose gel using 1xTAE buffer
solution and EtBr. Electrophoresis parameters
were 120 V, 250 mA, 50 W, and reaction time
was 30 min.

The amplified DnA fragments were se-
quenced using the Sanger method using the
BigDye terminator sequencing kit according
to the manufacturer's specifications. To ensure
sequencing accuracy, the amplified fragments
were sequenced with two primers: forward
(ITS 4 TCCT-CCGC-TTAT-TGAT-ATGC) and
reverse (ITS5 GGAA-GTAA-AAGT-CGTA-
ACAA-GG). Sequencing products were stud-
ied on an ABI 3130XL genetic analyzer (Ap-
plied Biosystems). The chromatograms were
analyzed and edited using Sequencing Analy-
sis 5.2, Patch 2 (Applied Biosystems). The se-
quences of 7. benhamiae strains KU257463,
LN874020, LC388864, AB458143,KU496914,
MT261760,JN134088, AB458165, MF152781,
L.S444190, and OK376997 published in Gen-
Bank were used for comparative analysis.

The sequences obtained were deposited in
the GenBank international database.

RESULTS AND DISCUSSION

Mycological examination of biomaterial
samples obtained from cats with a preliminary
diagnosis of microsporiasis resulted in the iso-
lation of two dermatomycete strains. The study
of their cultural and morphological properties
showed their difference from the classical cul-
tures of the fungus M. canis. A more detailed
study of the cultural and morphological and
molecular genetic properties of the isolated der-
matomycete cultures identified a new species of
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the causative agent of feline dermatomycosis
that had not previously been found in Russia.

The cultural and morphological studies es-
tablished that they differed in a variety of phe-
notypic traits (see Fig. 1).

Strain 7. benhamiae OVB_T.b-19 formed
floury round colonies with a crater-shaped cen-
ter and a steppling beige-cream colored slightly
powdery mycelium on Sabouraud agar. The re-
verse side of the colony and the substrate my-
celium on Sabouraud agar were stained brown
and wine-colored. The formation of fluffy my-

celium in the form of thin threads both on the
surface and in the depth of the agar was noted
along the edge of the colony.

Strain 7. benhamiae OVB_T.b-20 grew as
powdery, white, in some places creamy, round-
ed colonies with pronounced zoning. The re-
verse side of the colonies was orange in color.
The growing edge of the 7. benhamiae colony
was flat.

Microscopy revealed the presence of sep-
tate bamboo-like mycelium with characteristic
branching and similar microstructures: abun-

Puc. 1. Kononun mrammoB 7. benhamiae, arap Calypo; 28 °C, 20 cyT:

a —mramm 1. benhamiae OVB_T.b-19: | — nunieBas cropoHa; 2 — oOpaTHas CTOPOHA;
6 —mram™m 7. benhamiae OVB_T.b-20: 3 — numieBast ctopoHa; 4 — oOpaTHas CTOpOHa
Fig. 1. Colonies of 7. benhamiae strains, Saburo agar; 28 °C, 20 days:

a — strain T benhamiae OVB_T.b-19: I — front side; 2 — reverse side;

0 — strain 7. benhamiae OVB_T.b-20: 3 — front side; 4 — reverse side

56  Siberian Herald of Agricultural Science * 2023 ¢ 53 « 1

Zootechnics and Veterinary Medicine



Buonornueckne 1 MOJIEKY/ISIPHO-TEHETHIEKHE CBOICTBA
Trichophyton benhamiae — HOBOTO BO30yaMTENS
JIEPMAaTOMHKO30B KOILIEK

Cwmarynosa A.M., Kyxap E.B., I'torosa T.1., I'noros A.T.

OVB_Tb-19

Puc. 2. Ctpoenne murienust y mraMMoB 1. benhamiae: Ha arapoBbIxX O0J0Kax ¢ arapom Cadypo; 28 °C;
%400, 3 cyT:
a — CenTUPOBaHHBIA 0aMOYKOOOPa3HBI MUIIENIUI; 6 — BETBICHUE; 8 — MUKPOKOHUIUH;
2 — MaKpOKOHHJINH; 0 — apTPOCTIOPHI
Fig. 2. Mycelial structure of 7. benhamiae strains: on agar blocks with Saburo agar; 28 °C; x400, 3 days:
a — septated bamboo-like mycelium; 6 — branching; ¢ — microconidia; ¢ — macroconidia; 0 — arthrospores

dant microconidia, single macroconidia with char-
acteristic constrictions of forming arthrospores in
both strains of 7" benhamiae (see Fig. 2).

The strains differed in some morphological
features: 7. benhamiae OVB_T.b-19 revealed
a septate branching colorless mycelium, and
T benhamiae OVB_T.b-20 showed a color-
less septate bamboo-like mycelium with pro-
nounced branching. In both strains, characteris-
tic macroconidia with a two-loop cell wall and
a prominent constriction and microconidia sit-
ting on hyphae were found (see Fig. 3).

The study of biochemical properties re-
vealed pronounced urease activity in the T
benhamiae fungus strains tested. Both strains
actively digested sucrose, maltose, and lactose,
weakly cleaved glucose, and practically did not
ferment mannitol on Hiss media.

T. benhamiae strains showed keratinolytic
properties in the hair perforation test. These
were expressed in abundant growth and the ap-
pearance of fairly prominent "pegs" and hair
surface pitting (see Fig. 4).

For the detection of keratinolytic properties,
Sabouraud media with the addition of keratin
hydrolysate from human hair and finely ground
cat hair were prepared. On the media with kera-
tin addition of human and feline hair, the strains
formed spores faster than on the control medium
without hair addition. The surface of the colo-
nies on the control medium was more delicately
structured and velvety; on the medium with kera-
tin, it was more granular and denser (see Fig. 5).

AN RS VAR
7 WA VHE %
2 : X o] ok ‘.‘ F .
) i) b@ T ‘ ° \
S a7 AR O
OVB_Tb-20

Puc. 3. Mopdonorust MaKpoKOHHIHH (a) 1 MHKPO-
kouuauii (0) T. benhamiae; cpena Calypo, arapo-
BbIe Osioku; 28 °C, x400, 7 cyT; CTpEIKON yKa3aHbI
MIEPETSHKKU

Fig. 3. Morphology of 7. benhamiae macroconidia
(a) and microconidia (6); Saburo medium, agar
blocks; 28 °C, x400, 7 days; the arrow indicates
constrictions

Also, during the growth and formation of
colonies, a more pronounced zone of transpar-
ency around each strain was noted, which was
manifested by a more intense colored back-
ground. We believe that this phenomenon is as-
sociated with thinning and destruction of hair
under the influence of keratinolytic enzymes.

Genotyping confirmed a 98-99% match in
649 nucleotide sequences of the two isolated
fungal strains with the sequences of strains
KU257463,L.N874020, LC388864, AB458143,
KU496914,MT261760,JN134088, AB458165,
MF152781, LS444190 and OK376997 of T.
benhamiae published in the GenBank.

Both strains have been systematized and
deposited in the NCBI international database.
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Puc. 4. Pazpyiienue Bosioca 1o JISHCTBUEM KEPATUHOIUTHUSCKUX pepMeHTOB 1. benhamiae:
a —mramm Ne 19; 6 — mramm Ne 20

Fig. 4. Hair destruction under the action of 7 benhamiae keratinolytic enzymes:

a — strain No. 19; 6 — strain No. 20

Puc. 5. Ocobernoctu pocta mrammoB 7. benhamiae Ha MOTU(DUITUPOBAHHON cpejie

¢ mobaBIeHIEM KepaTHHa BOJIOC:

a — KepaTHH U3 BOJIOC YEIIOBEKA; O — KEPATHH KOIIAYBHX BOJIOC

Fig. 5. Peculiarities of 7. benhamiae strains growth on a modified medium with hair keratin addition:
a — keratin from human hair; 6 — keratin from feline hair
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They are assigned the inventory number 7. ben-
hamiae OVB_T.b-19 (ON479483) and T. ben-
hamiae OVB_T.b-20 (ON479484).

CONCLUSIONS

1. The study of the cultural and morpho-
logical properties of two fungus cultures iso-
lated from domestic cats established their dif-
ferences from the main causative agent of feline
dermatomycosis M. canis. Molecular genetic
studies revealed that the microscopic fungi iso-
lated from cats belonged to the genus Tricho-
phyton, species Benhamiae. The nucleotide se-
quences of 7. benhamiae strains OVB_T.b-19,
OVB_T.b-20 were deposited in the GenBank
under the numbers ON479483 - ON479484.

2. T benhamiae strains have characteris-
tic cultural and morphological features widely
described in the scientific literature [3, 14]. The
strains were also distinguished by high saccha-
rolytic activity and the ability to break down
urea. Both strains actively digested sucrose,
maltose, and lactose, weakly digested glucose,
and practically did not ferment mannitol on
Hiss media.

3. The revealed keratinolytic activity of
T. benhamiae strains indicates their etiological
role in the development of dermatomycoses in
domestic cats.

The study of phenotypic and molecular ge-
netic properties of the isolated cultures of mi-
croscopic fungi made it possible to identify two
strains of 7. benhamiae, a new causative agent
of dermatomycosis in cats in Russia.
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METOA HOBBIINEHUSA PESBUCTEHTHOCTHU MOJIOJHAKA
KPYIIHOI'O POI'ATOI'O CKOTA

) Kyspmuna U.1O.

Mazaoanckuil HayuHO-UCCIe008AMENbCKUL UHCTNUMYM CEbCKO20 XO3SUCTMEA
Maranan, Poccns

(<) e-mail: irina.kuzmina07.10@yandex.ru

B ycnoBusx Maraganckoid 0o6iacTd MPOBEACHBI HCCIENOBAHMS I10 HCIOIB30BAHUIO KOP-
MOBOH TOOAaBKM Ha OCHOBE MOPCKHX Bojopocieu (Laminaria Bullatelancet-likelargekelp, dy-
kyc Fucusevanescens C. Agardh) B coueranun ¢ numaiinukamu (Cladonia alpestris n Cetraria
islandica) B panyioHax KOPMIIEHHUS TIOMECHOTO MOJIOJHSIKA KPYITHOTO pOraroro ckorta. OmbITHAS U
KOHTpOJIbHAsI TPYIIIBI MOJIOHSKA B Bo3pacTe oT 15 1o 17 mMec Oblin omoOpaHsl IO METOLy Hap-
aHAJIOTOB. B rpymmbl BOIUIM TTOMECHBIC OBIYKHU repedopIcKol 1 abepAMH-aHTyCCKOM MopoJ Tep-
BOTO TTOKOJICHHsI. MOJIOJHSIK OTBITHOW TPYNIBI B JOOABICHNE K OCHOBHOMY PAllMOHY €XKEJHEBHO
TToJTyJaJI KOPMOBYIO J00aBKy: JaMuHapuio B komudectBe 120 r/ron. ¢ numaitaukamu 50 1/Toi. B
cytku. CTUMyIHUpyroliee JIeHCTBIE J0OaBKH Ha OpraHu3M 00YyCIIOBIEHO CO/Ep)KaHHUEeM B HE IIu-
POKOTO CHEKTpa OMOJOTHYECKH aKTHBHBIX BEIECTB, SBISIOMIMXCS (PAKTOPOM, CIOCOOCTBYIOIIAM
POCTY U Pa3BUTHUIO CEIBCKOXO3SIHCTBEHHBIX JKUBOTHBIX U OKa3bIBAIOIIMX MOJIOKUTEFHOE BIHSHUE
Ha X UIMMYHHYIO CHCTeMy. BKilloueHHe B paliMoHbl KOPMOBOM JOOABKH IOBIIUSUIIO HA MOBHIIICHHE
abCOIIOTHOTO MPUPOCTA MACCHI OTBITHOTO MOJIOAHAKA HA 5,62 KT, OTHOCHTENBHOTO MPUPOCTA — HA
12,53%, cpennecyrouHoro npupocrta — Ha 93,8 1 (12,55%) oTHOCHTENBHO KOHTPOJIBHBIX OBIYKOB
(p» £0,001). OtHOCHTENBHAS cKOpOCTh pocTa 1o C. bpoau Obla BhIIIE Y OMBITHOTO MOJIOTHSIKA B
BO3pacTe oT poxjeHus 1o 17 mec Ha 1,31% oTtHOcHTenbHO KoHTpoud. [IpuMenenue kopmoBoii 10-
0aBKH yIy4minio (pU3NOJOrHYECKOe COCTOSHUE U PE3UCTEHTHOCTH MOJIOJHSIKA OMBITHON TPYIIIBL.
ConeprxaHue 3pUTPOIIMTOB B €10 KPoBH MoBbIcHIOCh Ha 0,32 mua/MKi (5,18%), remorioOnHa — Ha
1,1 o/ (11,48%), kanbimst — Ha 0,06 mmos/i (2,37%).

KuroueBble cj10Ba: JaMHUHAPHS, JTHIIAHHAK, KOPMOBas J00aBKa, KPyITHBIA POTaThIid CKOT, parly-
OH KOPMJICHUS

THE METHOD OF INCREASING THE RESISTANCE OF YOUNG CATTLE

(<) Kuzmina L. Yu.

Magadan Research Institute of Agriculture
Magadan, Russia

(<) e-mail: irina.kuzmina07.10@yandex.ru

In the conditions of the Magadan region researches on the use of a feed additive based on sea-
weeds (Laminaria Bullatelancet-likelargekelp, fucus Fucusevanescens C. Agardh) in combination
with lichens (Cladonia alpestris and Cetraria islandica) in the diets of young cattle of mixed cattle
were conducted. Experimental and control groups of 15-17-month-old young animals were matched
by the pairwise method. The groups included first-generation crossbred Hereford and Aberdeen
Angus steers. Young animals of the experimental group received daily feed supplement in addition
to the basic diet: kelp in an amount of 120 g/head with lichens 50 g/head/day. The stimulating effect
of the supplement on the body is due to the content of a wide range of biologically active substances
that are a factor in the growth and development of farm animals and have a positive effect on their
immune system. Inclusion of the feed additive into the diets increased the absolute weight gain of
the experimental bulls by 5,62 kg, the relative gain by 12,53%, and the average daily gain by 93,8
g (12,55%) as compared to the control bulls (p < 0,001). The relative growth rate according to S.
Brody was 1.31% higher in experimental young animals from birth to 17 months of age compared
to the control. The use of the feed additive improved the physiological condition and resistance of
the young animals of the experimental group. The content of erythrocytes in their blood increased by
0.32 million/pL (5.18%), hemoglobin by 1.1 g/dL (11.48%), and calcium by 0.06 mmol/L (2.37%).

Keywords: kelp, lichen, feed additive, cattle, feed ration
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INTRODUCTION

According to the results of 2018 the number
of beef cattle in the Russian Federation amount-
ed to 2.26 million heads. Beef production in-
creased by 1.9% (by 31.5 thousand tons) rela-
tive to 2017 and amounted to 1645.1 thousand
tons in 2018 [1]. Special importance of beef
as the main source of protein of animal origin
in the human diet is confirmed by the order of
the Ministry of Health of the Russian Federa-
tion from August 19, 2016 Ne 614 "On approval
of recommendations on rational norms of food
consumption that meet modern requirements of
a healthy diet".

It is impossible to increase the meat herd
and the production of high-quality ecologically
pure beef in the Magadan region only by im-
porting to the region a small number of animals
of specialized meat breeds. The main solution
of this problem can be the creation of mixed
meat herds. The most popular meat breeds used
for industrial crossbreeding of dairy cattle in
our country are Hereford and Aberdeen Angus.
Animals are distinguished by their early matu-
rity, good meat qualities and fodder payment,
and have a high adaptive ability to acclimatize
to all zones of the country.

Recently, scientists have increased their in-
terest in feed additives that increase produc-
tivity, immunity of animals, acclimatization to
new conditions and reduce the effects of stress
factors on them. Aminova A.L. used a water-
dispersed extract from birch and larch wood
that allowed to activate metabolic processes in
the body of calves and increase the live weight
gain by 20.3 and 34.5% respectively [2]. The
search for new unconventional solutions led
V.E. Beldin to the wide use of Fulvate feed ad-
ditive based on humic and fulvic acids from
lowland peat as a substitute for antibiotics for

body detoxification and disease prevention of
animals [3]. A mineral and vitamin fodder ad-
ditive was introduced into the rations of the
Black and White breed calves. Its use improved
hematological indicators of young animals.
The number of erythrocytes increased by 6,6-
16,75%, hemoglobin by 6,93-15,27, protein by
1,99-3,58, calcium by 16,02-27,07, carotene by
10,92-20,21% [4]. Under the conditions of Ya-
kutia, the positive effect of feed additive from
local resources on the digestibility of nutrients
and milk productivity of cows has been experi-
mentally proved [5, 6].

The system of feeding young cattle is deter-
mined by natural and climatic conditions, pecu-
liarities of the local forage base and economic
factors. Purchase and delivery of special vita-
min-mineral supplements and premixes to the
Magadan region entails additional costs. At the
same time, there is an opportunity to eliminate
deficiencies in feeding young animals through
the use of feed additives based on regional
plant resources: regional lichens and seaweeds,
the stocks of which are rich in the coastal wa-
ters of the Sea of Okhotsk. The use of seaweeds
(Laminaria Bullatelancet-likelargekelp, Fucus
Fucusevanescens C. Agardh) eliminates the
need to import mineral and iodine preparations
from the central regions of the country.

In our experiment with cows receiving the
feed additive from kelp with salts of trace ele-
ments (cobalt chloride, zinc sulfate), the fat con-
tent of milk increased by 0.21%, the cost of feed
per 1 liter of milk decreased by 0.03 cfu relative
to control. The economic effect was 14.4% with
a base fat content of milk of 3.6% [7].

Amino acids contained in algae have an ac-
tive influence on all vital functions of cattle
organism: formation of structural and protec-
tive tissues, regulation of metabolism. They
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carry out a role of precursors of many impor-
tant non-protein components of an organism,
and also influence productive and reproductive
functions [8]. The composition of kelp includes
antioxidants that slow down the oxidation of
unsaturated fatty acids .

Iodine is an important element in the me-
tabolism of the animal body. Its deficiency is
manifested by joint pathology, pregnancy pa-
thology and impaired reproductive function. In
kelp plants iodine is contained in the mineral
form. The composition of kelp includes iodo-
amino acids: mono- and diyodthyrazine, diyod-
thiranine and diyodthyroxine. Significant con-
tent of such organic compounds makes the use
of seaweeds as iodine supplements in animal
husbandry extremely effective [7, 9, 10]. Ear-
lier studies of plant raw materials showed that
non-traditional components of the diet have an-
timicrobial, antioxidant and anti-inflammatory
properties’.

P. Nival Colen found that algae saccharides
have immunostimulating, antioxidant and anti-
thrombic properties and slow down the devel-
opment of viruses and carcinogenesis. He rec-
ommends including algae in animal diets in an
amount of 2-4% [11].

Lichens include vitamins B12, C and E,
which are necessary for the vital activity of
the body. Lack of vitamin B12 causes anemia
in animals, reducing productivity. Some poly-
saccharides contained in lichens increase the
production of nitrous oxide by macrophages,
change the levels of anti-inflammatory cyto-
kines production by macrophages and dendritic
cells. The high content of biologically active
substances in lichens allows their use in medi-
cine*. Vitamins C and E have been proven to
have a synergistic effect of biologically active

substances. Vitamin C contained in lichens in-
creases gastric juice secretion and significantly
increases the digestive power of pepsin, con-
trols the release of corticosterone by the adrenal
glands, reducing its production and secretion.
However, during stress, endogenous vitamin C
is depleted in the adrenal glands, causing sys-
temic secretion of this powerful adrenal gluco-
corticoid. Supplementation of vitamin C from
an exogenous source helps to reduce the effects
of stress and minimizes its negative effects on
productivity [12].

Biochemical blood analysis is one of the
main methods that characterize the functional
state of the animal's organism. Research results
of A.A. Lamanov et al. [13] found changes in
hematological blood parameters of animals de-
pending on genotype, age, physiological state,
feeding and housing conditions [2, 13]. L.A.
Pushkarev and others studied the effect of tis-
sue biostimulator on biochemical blood serum
indices of young cattle. Application of bio-
stimulator improves the content of total protein
in blood serum by 1,4 % (p < 0,05), glucose
by 22,6 % (p < 0,05) and lowers the content of
cholesterol by 12,3 % (p < 0,05) [14].

In the Magadan region since 2018, research
work on the feeding of crossbred young cattle
of Hereford and Aberdeen-Angus breeds has
been carried out.

The purpose of the research is to study the
effect of the feed additive of kelp and lichens
on hematological parameters, and the overall
resistance of the crossbred young cattle.

The objectives of the study included:

- preparation of the feed additive;

- study of chemical composition of fodder
and additive;

'Balina K., Romagnoli F., Blumberga D. Chemical Composition and Potential Use of Fucus Vesiculosus from Gulf of Riga//
Energy Procedia. 2016. Vol. 95. P. 43—49. DOI: 10.1016/j.egypro.2016.09.010.

*Moubayed N.M.S., Jawad Al Ho uri, H., Al Khulaifi M.M., Al Farrari D.A. Antimicrobial, antioxidant properties and chemical
composition of seaweeds collected from Saudi Arabia (Red Sea and Arabian Gulf) // Saudi Journal of Biological Sciences. 2017.

Vol. 24 (1). P. 162-169. DOI: 10.1016/].sjbs.2016.05.018.

3Gheisar M.M., Kim I. H. Phytobiotics in poultry and swine nutrition e a review // Italian Journal of Animal Science. 2017. Vol.

17. P. 92-99. DOI: 1080/1828051X.2017.1350120.

Shrestha G., Clair L.L.St., O’Neill K.L. The immunostimulating role of lichen polysaccharides: a review // Phytotherapy

Research. 2015. Vol. 29 (3). P. 317-322. DOI: 10.1002/ptr.5251.
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- research of feed additive influence on live
weight, growth rate and hematological indices
of young pigs at the age of 15-17 months.

MATERIAL AND METHODS

We have conducted studies on the inclusion
of a feed additive consisting of laminaria meal
(Laminaria) and lichens - Cladonia alpestris
and Cetraria islandica in the ration of cross-
bred steers of the first generation at the age of
3 to 6 months. It is proved that the application
of this additive affects the growth and devel-
opment, contributes to improving the physi-
ological state, resistance of steers of the experi-
mental group. Blood serum of the experimental
group steers increased by 9,8 g/l (14,37%), he-
moglobin - by 0,2 g/dl (1,86%), lymphocytes
- by 1,2%, leukocytes - by 1,02 thousand/ml
(9,57%) compared to young animals of the con-
trol group.

Generally accepted methods were used for
the research’. Laboratory studies of the chemi-
cal composition of feed and feed additive were
performed at the agrochemical service station
"Magadanskaya" and in the Magadan Research
Institute of Agriculture. The results of the ex-
periments were statistically processed accord-
ing to the method of N.A. Plokhinsky .

Determination of mineral content in feeds
and kelp was performed in the laboratory of X-
ray spectral analysis of the N.A. Shilo North-
East Interdisciplinary Scientific Research Insti-
tute FEB RAS according to the methods devel-
oped in this institute. Atomic emission spectral
analysis with arc excitation (AESA) was per-
formed on an atomic emission spectrograph
DFS-13 (Russia) [15].

The object of the research was young cross-
bred cattle. The scientific and production ex-
periment to study the effect of the feed additive
on the physiological condition of the crossbred

young cattle was carried out during 60 days in
the production conditions of the "Komarova"
farm in 2021. The experimental and control
groups of 10 young cattle aged from 15 to 17
months were selected by the paired-analog
method. The groups included crossbred steers
of the first generation of Hereford and Aber-
deen-Angus breeds. The animals of the ex-
perimental and control groups were kept in the
same conditions and received the same ration.
The youngsters of the experimental group got
the following daily addition to the main ration:
kelp 120g/head with lichen 50g/head/day. The
norm of the supplement was calculated accord-
ing to the norm of the young animals' need for
trace elements in the diet.

For the experiment 75 kg of kelp flour and 30
kg of lichen flour were prepared. The technol-
ogy of obtaining it consists of drying raw ma-
terials in a specially equipped storage room on
mesh racks, and then preparing flour with par-
ticle size of 0.5-1.5 mm. The flour was stored in
craft bags in storage-type rooms.

The growth and development of young ani-
mals were studied by live weight on the basis
of monthly weighings in experimental bulls.
Average daily and absolute growth was calcu-
lated on the basis of weighing results. Relative
growth rate was calculated according to the for-
mula of S. Brody

B = [(W, — Wy) x 100] : [(W, + Wy) x 0.5],

where W, and W, are the final and initial live
weight, respectively.

Hematological analyses of the calves were
performed according to the methods of veteri-
nary clinical laboratory diagnostics by [.P. Kon-
drakhin'.

SKuzmina I.Yu., Kuzmin A.M. Methods of correcting stress adaptation of young cattle / BIO Web of Conferences. 2021. Vol. 36.
‘Methodological recommendations on the organization and conduct of research on cow feeding on industrial farms and

complexes. Dubrovitsy, 1983. 55 p.

"Methodological instructions for calculating the total nutrition of forages. M, 1981. 24 p.

8State Standards (GOST) Catalog. M., 2011.

Plokhinsky N.A. Guide to biometrics for zootechnicians. Moscow: Kolos, 1969. 256 p.
Methods of veterinary clinical laboratory diagnostics: handbook / edited by I.P. Kondrakhin. Moscow: Kolos, 2004. 520 p.
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RESULTS AND DISCUSSION

Evaluation of their nutritive value was car-
ried out based on the results of the analysis of
the chemical composition of the main fodder
and the feed additive from kelp in combina-
tion with lichens (see Table 1). The compo-
sition of fodder in the farm is typical for the
Priokhotskaya zone of the Magadan region.
The established type of feeding of young cat-
tle when growing and fattening cattle for meat
in the autumn-winter period in the farm "Ko-
marova" is silage-concentrate. Concentrates
account for 31.84% and silage for 66.42% of
the young cattle feeding structure. The basic
ration of young stock consisted of silage (oats,
peas) and mash (barley, corn, peas). The diet
contained 91.51% of the normal energy feed
units, 90.22% dry matter, 84.13 digestible pro-
tein, and 99.81% crude fiber. The diet lacked
100 g of sugars (15.76%), which is typical for
the Magadan Region and negatively affects
protein assimilation. Sugar-protein ratio is low
-0.17.

The concentration of energy feed units in 1
kg of dry matter was 0.97 g (80.665% of the
norm). The digestible protein per 1 energy feed
unit was 82.7 g (59% of the norm).

In order to study the nature of the feed addi-

tive effect on the health of experimental steers
their blood was examined. The hematological
data show that for the period of the experiment
the indicators of physiological condition of
steers of the experimental group in comparison
with the control analogues have improved (see
Table 2).

Administration of the feed additive reduced
the content of leukocytes in the blood of the
steers of the experimental group by 0.56 thou-
sand/pl (5.75%). These data testify to the fact
that supplementation restrains leukocytosis and
has a beneficial effect on the body of young
bulls. During the experimental period there was
a decrease in lymphocytes by 7.4% and in eo-
sinophils by 0.8% relative to control. The ratio
of different forms of leukocytes in the experi-
mental group calves was as follows. During the
experimental period the number of segmented
neutrophils increased by 7,2%, stab neutrophils
- by 0,4, basophils - by 0,2, monocytes - by
0,4% compared to the control group. Higher
content of neutrophils and monocytes indicates
an increase of protective functions of the body
of the animals, since this group of cells are
phagocytes and have high activity. Moreover,
neutrophils produce enzymes that activate bac-
tericidal action.

Taoda. 1. Xumuueckuii coctaB u nutarenbHOCTh KOpMoB B KOX «KomapoBa» 1 kopMoBoii 100aBKH
(B 1 Kr HaTYpaJbHOH BIa>KHOCTH) B CTOMJIOBBINA IIEPHOJ

Table 1. Chemical composition and feed nutrition in the AE "Komarov" and the feed additive
(in 1 kg of natural humidity) during the housing period

Sum of
Metaboliz- Crude | Digest- . Phos- . .| digestive
Type of feed | EFU | able energy, Dtry mkat- protein, |ible pro- ﬁCbrude (Er:lde Calcium, pho- Sodi- Potas- Car(;lt(ln, nutrients
M er, kg g tein g er, g at, g g rus, g um, g | stum, g | mg/kg (SDN), g
in 1 kg
Wild herbs
dry fodder | 0,73 7,25 0,92 | 41,2 | 21,84 | 345 | 11,8 | 5,84 | 1,1 | 0,51 | 1,92 | 2,3 | 467,8
Oat-pea
silage 0,26 2,66 0,28 | 64,8 | 47,3 | 88,1 | 10,6 | 1,19 [0,64] 1,59 | 3,18 | 11,8
Grinding | 0,7 | 6,99 | 0,76 | 102,6 |67.72| 42,5 | 278 | 0,9 |06 | 03 | 42 | 025 | 478,74
Feed sup-
plement 0,88 8,76 0,93 | 68,2 | 5047 | 263 | 664 | 2,1 |1,11]048 | 39 | 24 | 476,28
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MeTo/| HOBBIIIEHHUSI PE3UCTEHTHOCTH MOJIOJHSIKA
KPYITHOTO POraToro CKoTa

Kysbmuna 1.1O.

Application of the feed additive contributed
to a more intense increase in the number of red
blood cells and their saturation with hemoglo-
bin. The erythrocyte content in the blood of
the young animals of the experimental group
increased by 0.32 miIn/ul (5.18%), hemoglobin
by 1.1 g/dl (11.48%) compared with the control
group. Sedimentation rate of the erythrocytes in
the blood of young animals of both groups dur-
ing the experiment was within normal limits.

The calcium content in the blood serum of
the experimental calves increased slightly by
0.06 mmol/l (2.37%) and phosphorus by 0.06
mmol/l (2.43%) in relation to the control group
calves.

The protein content in the blood serum of
the experimental group calves decreased by 2.0
g/1 (2.92%) compared to the control group ani-
mals, remaining within the physiological norm.

The indices of absolute growth increased
in the mixed young cattle receiving the feed-
ing additive in addition to the diet by 5,62 kg,
relative growth by 12,53%, and average daily
growth by 93,8 g (12,55%) (p < 0,005) during
the period of the experiment (from 15 to 17

months of age) relative to the analogues of the
control group. The average daily growth rate of
the control group calves was 747.6 g, while that
of the experimental calves increased to 841 g
(p < 0.001). Relative growth rate according to
S. Brody in the experimental young calves was
1.31% higher relative to the control group.

Protein consumption of feed per 1 kg of
live weight gain in the experimental group was
86.67 g (9.95%) less than in the control group;
reduction of metabolic energy consumption of
feed was 10.3 MJ (3.42%), respectively.

CONCLUSIONS

1. Raw material for the preparation of
feed additive refers to wild fruits, growing in
nature in sufficiently large quantities. It does
not require significant costs for procurement
and preparation for feeding. In this connection
its application is a cost-effective way to enrich
the diets with biologically active substances.
Introduction of the additive from kelp and li-
chen in the ration of crossbred young Hereford
and Aberdeen-Angus breeds at the age of 15-17
months when growing for meat has a positive

Tab6a. 2. I'emMaTonorudeckre MOKa3aTeIN MTOMXONBITHBIX OBIYKOB (M + m)

Table 2. Hematological indicators of experimental bulls (M + m)

Indicator Control group Experimental group Norm

Erythrocytes, mln/pl 6,18 £0,27 6,50 £ 0,19%** 5-7,50
Hb, g/dL 9,58 0,29 10,68 £ 0,34 9,9-12,90
ESR, mm/h 0,50 + 0,00 0,50 + 0,00 0,5-1,50
Leukocytes, th/ul 9,74 £ 0,96 9,18 £0,84 4,5-12,00
Nggrc‘i’ﬁgri;“: 2,80+ 0,86 3,20+ 0,58 25

segmentonuclear 21,40 £2,11 28,60 £2.40 20-35
Eosinophils, % 1,80 £ 0,20 1,00 £ 0,32%** 3-8
Basophils, % 0,00 + 0,00 0,20 £ 0,20%** 0-1
Monocytes, % 3,60 + 0,40 4,00 + 0,32* 2-7
Lymphocytes, % 70,40 +2.20 63,00 + 1,87 40-75
TP (total protein), g/l 68,60 = 1,57 66,60 = 1,17 58-80
Ca, mol/L 2,53+0,10 2,59 £ 0,09%**
P, mmol/L 2,47+0,17 2,53+£0,19

*p < 0,05.
#ip < 0,001,
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effect on the absolute and average daily gain,
relative growth rate, blood parameters of young
cattle.

2. Inclusion of the feed additive into the
diets of young animals increased the abso-
lute weight gain by 5,62 kg, the relative gain
by 12,53%, the average daily gain by 93,8 g
(12,55%) relative to steers of the control group
(p < 0,001). Relative growth rate according to
S. Brody was 1,31% higher in the experimental
bulls at the age from birth to 17 months com-
pared to the control. Application of the feed
additive improves the resistance of the experi-
mental calves. The content of erythrocytes in
the blood of young calves of the experimental
group increased by 0.32 million/ul (5.18%), he-
moglobin by 1.1 g/dl (11.48%), calcium by 0.06
mmol/l (2.37%), phosphorus by 0.06 mmol/l
(2.43%) as compared with the control group.

3. The results confirm the feasibility of
using the developed feed additive to enrich the
diet of young cattle with enzymes, antimicrobi-
als and vitamins in order to increase the overall
resistance of the body.
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HEPCIIEKTUBA TIPUMEHEHUSA ITPUPOTHOI'O AJAIITOI'EHA
U3 JINYUHOK BOJIBILIOH BOCKOBOM MOJIM B BETEPUHAPUU
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'Yomypmcekuil (hedepanvHuvlil UcCcied08amenbCKull YeHmp
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2 Vomypmekuil 2ocydapemeenmvlil azpapHulil yHusepcumem
Wxesck, Poccust

(<) e-mail: Anastasia.osokina2017@yandex.ru

[IpoBeneH cpaBHUTENIBHBIN aHAIU3 aJaNTaluoOHHbIX 3G dexToB TectoM «IIpunynurensHoe mia-
BaHME» (PPAKIHOHUPYEMBIX PACTBOPOB, IOJIYUYEHHBIX U3 IPOAYKTOB )KU3HEACATEIbHOCTH JTMUNHOK
Oonbmoit BockoBoit Monu (Galleria mellonella) Ha Onomornveckue cucteMbl. MeTOIOM PEHTTEHO-
(hOTOIIEKTPOHHOM CHEKTPOCKONUHU OMPEAETICHO, YTO B MOJYYCHHOU JIETKOM (hpakmuu MpOAYKTOB
JKU3HEISATEILHOCTH JIMUYNHOK BRICOKOdHEpreTrueckas coctapistonias N1s cnekrpos (~402,0 3B)
U dHeprus cBsa3u s yriepona B C-N cBszu (~286,0 3B) cBumeTenbCcTBYIOT O IPUCYTCTBUHU B 00-
pasnax IpOTOHUPOBAHHBIX aMuHOTpymIl. [Tornomenne mpu 1700 cM ' MOXKHO CBSI3aTh ¢ HATMIHEM
JUKapOOHOBBIX AMHUHOKHUCIIOT (INIyTaMUHOBOW M aclapriHOBON) M JPYTUX OPraHMYECKHX KHCIOT,
KOTOPBIX 3HAYUTEIIFHO MEHBIIE B TsDKENOW Qpakuuu. [Ipu nepopaibHOM BBEACHUH HCCICIYEMbBIX
9KCTPAKTOB YCTAHOBJICHO MX PAa3HOHAIIPABICHHOE BO3ACHCTBHE Ha KMUICYHUK JIAOOPATOPHBIX MBbI-
mieid. BrisiBieHO HeraTuBHOE BIMSHUE TSDKENON (PPaKIIMU Ha MEKPOOHOIICHO3 KUIIIEUHHUKA 0 Kaye-
CTBEHHOMY cocTaBy MHUKpodiopsl. [Ipu npumMeHeHnn Jerkod Gppakinuu MUKpoQIopa KHIICYHUKA
OnM3Ka K KOHTPOJIIO. AHAIN3 KOJUYECTBA JIEHKOLMTOB TOHKOIO KHUIIEYHUKA IIPU BBEAECHUH (paK-
LU OTpa3uia OTBETHYIO MECTHYIO MMMYHHYIO peakiuio opranusma. Conep:kaHue 3THUX KIJIETOK
Ha cOOCTBEHHOW IUIACTHHKE CIM3MCTOH OOOIOYKH MBILIEH, KOTOPHIM BBOAWIIM JIETKYIO (DpaKIHIo,
BbIe Ha 67,2%, yeM y KOHTpOoJbHBIX Mblei (p < 0,05). Conepxanue JEHKOIUTOB Ha COOCTBEHHON
IJTACTUHKE CJIM3UCTON 00OJI0OYKU MBIIICH, KOTOPHIM BBOJIMIIM TSKEIYIO (ppakiiuio, Beiiie B 2,7 pa3a
110 CPaBHEHUIO C KOHTPOJIEM, YTO CBHJIETENICTBYET O BOCHAIUTENBHON peakiuu. PazHuma Mexmy
OTIBITHBIMH TpyTiaMu goctoBepHa (p < 0,001). CpaBHUTENBHBIN dPPEKT Dpakinii moka3aj, 9To uxX
[IEpOpaIbHOE BBEACHUE Pa3HOHANPABICHHO MOBJIMSIIO HA BPEMS IJIaBaHUSI B CPAaBHEHUH C KOHTPO-
aeM. Yepes 20 nHeid SKCTIEpUMEHTa y MBILIEH, KOTOPBIM BBOAMIIM TSDKEIYIO (PpaKimio, J0CTOBEPHO
YBEIMYMWIOCH BpEMsI IJIaBaHMsI B CPaBHEHHUH C TIEpBBIMU cyTKaMu (p < 0,05). OpHako npu 3ToM 3a-
METEH OTpUIATENILHBIN aganToreHHbIH d3QEeKT B CpaBHEHHH C KOHTPOJIBHOH rpymnmnoi. BeisiBnena
JIOCTOBEpHAs pa3HUIlA MEXKIY pe3yabrataMu Ha 30-e CyTKH MEX/Ty ONBITHBIMU IPYIIIaMH, YTO CBU-
JETENbCTBYET O BBIPAKCHHOM PAa3HULIC NTOJyUEHHBIX PE3YJIbTaTOB.

KuiroueBble ciioBa: Gosblias BOCKOBask MOJIb, IMUMHKH, MPOLYKTHI JKU3HEACATEILHOCTH, TECT
«[IpuHynuTeNnpHOE MIaBaHUE)», MUKPOOUOIIEHO3 KUIIIEYHHKA, JiehkonnTsl, UK-Dypbe

THE OPPORTUNITIES OF USING A NATURAL ADAPTOGEN
FROM THE GALLERIA MELLONELLA LLARVAE IN VETERINARY MEDICINE

<) Osokina A.S.!, Mikheeva E.A.2, Maslennikov 1.V.!

'Udmurt Federal Research Center of the Ural Branch of the Russian Academy of Sciences
Izhevsk, Russia

2Udmurt State Agricultural University

Izhevsk, Russia

(<) e-mail: Anastasia.osokina2017@yandex.ru

A comparative analysis of the adaptation effects of the Porsolt test of fractionated solutions
obtained from the products of the larvae of the large wax moth (Galleria mellonella) on biological
systems was performed. The method of X-ray photoelectron spectroscopy determined that in the
obtained light fraction of the products of larval life there is a high-energy component of N1s spectra
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(~402.0 eV) and bond energy for carbon in the C-N bond (~286.0 eV), which indicates the presence
of protonated amino groups in the samples. Absorption at 1700 cm™ can be attributed to the presence
of dicarboxylic amino acids (glutamic and aspartic) and other organic acids, which are much less
in the heavy fraction. During oral administration of the studied extracts, their multidirectional
effect on the intestines of laboratory mice was found. The negative effect of heavy fraction on the
microbiocenosis of the intestine by the qualitative composition of the microflora was detected. When
the light fraction is used, the intestinal microflora is close to the control. Analysis of the number
of leukocytes of the small intestine when the fractions were injected reflected the local immune
response of the body. The content of these cells on the mucosal plate of mice injected with the lung
fraction was 67.2% higher than that of the control mice (p < 0.05). The content of leukocytes on the
own plate of the mucosa of mice injected with the heavy fraction was 2.7 times higher compared to
the control, indicating an inflammatory reaction. The difference between the experimental groups is
significant (p < 0.001). The comparative effect of the fractions showed that their oral administration
had a different effect on the swimming time compared to the control. After 20 days of the experiment,
mice injected with the heavy fraction had significantly increased their swimming time compared to
the first day (p < 0.05). However, a negative adaptogenic effect compared to the control group is
noticeable. A significant difference was found between the results on the 30th day between the
experimental groups, which indicates a pronounced difference in the results obtained.

Keywords: Galleria mellonella, larvae, waste products, Porsolt test, intestinal microbiocenosis,
leukocytes, Fourier transform infrared spectroscopy
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INTRODUCTION Traditionally, the larva of large bee moth
(G. mellonella L.) is a pest in beekeeping. It eats
wax and bee bread, destroying the integrity of
bee families, gnawing through the honeycomb
and disrupting the molting process of bees [3].

Stress is a set of unspecific reactions of the
body to various stimuli. According to the results
of many studies 70-80% of stress comes from
improper feeding and housing of animals, 20-

30% - due to other factors' [1]. When stressed, 2 large-scale study of G. mellonella larvae
animals get serious psycho-emotional stress, 5 currently underway, confirming their versa-

lose weight, the body's resistance to infections tility as an al'temative model for'toxicological,
decreases, which ultimately leads to economic pharmacological, and other studies [4]. It was
losses [2]. The effect of stimulants with adap- revealeq that the larvae are ca.p.able of eating
togenic effect, increasing the body's resistance: Synthetic polymers [5]. In addition, the larvae
the extract of spiny Eleutherococcus, ascorbic ©f O- mellonella have a high nutritional value
acid, fumaric acid and succinic acid has been and are considered an altematlye source of
proved®. From this point of view, it is interest- proteins and fats [6]. In alternative medicine,

ing to study the larva of large bee moth (Gal- a0 extract based on the larvae of G. mellonella
leria mellonella) as an adaptogen. is used which has multidisciplinary properties

"Tostopyatova E.P. Influence of stress on the productivity of farm animals // Scientific Proceedings of students of the Izhevsk
State Agricultural Academy. Izhevsk, 2021. pp. 1390-1392.

*Sedoshkina K.A., Filioglo S.V. The use of adaptogens under stress in farm animals // International scientific review of the
problems and prospects of modern science and education. Collection of scientific articles LXIII International correspondence
scientific and practical conference. Boston: Problems of sciences, 2019. pp. 92-94.
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(anti-tuberculosis, cardiotropic, immunopro-
tective, etc.) [7].

Three groups of biologically active com-
pounds of flavanoid, irioid and steroid nature
were identified in the larvae activity products.
Based on the results obtained, it was concluded
that the products of vital activity are no less
promising medicinal raw materials than the
larva itself*.

A group of scientists led by S.V. Savchuk
(2018) conducted studies on the effect of lar-
val products on the hematological parameters
of Japanese quail, proving that the feeding of
G. mellonella larvae had a positive effect on
the hemoglobin content in birds. There was
a tendency of increased leukocyte content in
the blood of quail that received the addition of
products of larvae to the basic diet, so one can
assume their higher protective immune mecha-
nisms [8].

In 2019 S.V. Savchuk and others conducted
morphofunctional studies of the gastrointes-
tinal tract of quails with the addition of larval
products. It was found that the greatest changes
were in the submucous membrane of the bird's
stomach - an increase in its thickness, which
is characteristic of the consumption of high-
protein and hard-to-digest fodder. The authors
suggest that in this case beeswax, which is the
main component of larvae products, played a
role. The duodenal villi of the birds that con-
sumed this supplement were longer than in the
control group, indicating the possibility of in-
creasing the intensity of absorption [9].

Thus, the obtained studies on the effect of
the products of the G. mellonella larvae vital
activity on the organism allow us to assert their
positive effects. Nevertheless, there are still
many questions about the mechanism and sys-
temic effect on animal organism.

The relevance of the research is to find a nat-
ural substance as a natural adaptogen that in-
creases the stress resistance of the body for the
rational and effective breeding of farm animals
and obtain high quality products.

The purpose of the study was to conduct a
comparative analysis of the products of light
(LF) and heavy fraction (HF) of the G. mel-
lonella L. larvae in the Porsolt test as a natural
adaptogen.

The research objectives are:

- to determine the physicochemical compo-
sition of the investigated fractions of life prod-
ucts;

- to estimate the level of adaptogenicity ac-
cording to swimming time of laboratory mice
with oral administration of the fractions in the
Porsolt test;

- to establish the impact of the fractions on
the qualitative composition of the intestinal mi-
crobiota on the background of stress;

- to identify the features of cell morphology
of the small intestine wall of laboratory mice
when injected with different fractions of prod-
ucts of vital activity of the large wax moth lar-
vae.

MATERIAL AND METHODS

The experiments were performed in ac-
cordance with the ethical standards of animal
handling, observing the recommendations and
requirements of the European Convention for
the Protection of Experimental Animals (Stras-
bourg, 1986)*. The work was performed at the
Udmurt State University in 2020. Mice were
kept in the vivarium in standard cages on an
ordinary food ration in accordance with GOST
R-50258-92 "Full-fed compound feeds for lab-
oratory animals". The animals had free access
to food and water.

White unilinear mice at 9 weeks of age were
tested. Three groups of 10 animals each were
formed:

— control: plain water;

— 1st experimental group: 10% aqueous so-
lution of LF products of G. mellonella larvae's
vital functions;

— 2-nd experimental group: 10% aqueous
solution of HF products of G. mellonella lar-

3Gromovoy V.N. About the product of vital activity of wax moth larvae // Advances in apitherapy: materials of the XIII All-
Russian scientific-practical conference (11-13 October 2007). Rybnoe: Publishing house of the Research Institute of Beekeeping,

2008. pp. 134-137.

*European convention for the protection of vertebrate animals used for experimental and other scientific purpose: Council of

Europe 18.03.1986. Strasbourg, 1986. p. 52.
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vae's vital functions at a dosage of 0.5 ul/g live
weight.

Mice were force-fed daily from a micropi-
pette of a certain dosage according to the solu-
tion delivery scheme.

The level of adaptive abilities of mice was
determined by the duration of swimming with
a load of 10% of the animal's body weight us-
ing the Porsolt test. During the experiment, the
animals were tested every 10 days - on days 1,
10, 20, and 30. The mouse was lowered into a
30-cm-high vessel with warm water (27 £ 1 °C)
poured into it. The test was terminated when
the animal dipped to the bottom of the vessel
for more than 5 s at the end of the experiment.
The duration of animal swimming was record-
ed with a stopwatch with an accuracy of 1 s.
The test was performed at the same time - from
11 to 13 h. Deprivation of food was performed
2 h before the experiment.

To confirm the effect of the fractions on
microbiocenosis at the end of the experiment,
the feces of mice were collected for microbio-
logical analysis. The studies were conducted
in accordance with the Methodological Rec-
ommendations of the Ministry of Agriculture
of the Russian Federation No. 13-5-02/1043
dated 11.05.2004. 10-fold dilutions of feces on
sterile saline were prepared. Plants were made
on meat-peptone agar by deep-seeding, Endo
medium, yolk-salt agar, sulfite agar for clos-
tridium isolation, and bifidum medium. Klieg-
ler's medium was used for primary identifica-
tion of E. coli microorganisms. Morphology of
microorganisms was studied by microscopy of
Gram-stained smears. Identification of E. coli
bacteria was performed using the test kit "DS-
DIF-Entero-24" [10].

The qualitative composition was evaluated
at the Department of Epizootology and Vet-
erinary and Sanitary Expertise of the Izhevsk
State Agricultural Academy. The obtained
smears were stained by Gram stain. Evalua-
tion of microorganism occurrence was carried

out at X900 using oil immersion on a 4-point
scale. More than 1 x 10'° colonies of aerobic
and anaerobic bacilli were determined on meat-
peptone agar (MPA); on Endo medium, the
prevalence of lactose-negative colonies and a
moderate content of lactose-positive colonies
were determined.

In order to prove the effect of different frac-
tions of vital products on the main systems of
the body, histological structures of the ileum of
mice were studied. The obtained histological
material was fixed in a 10% solution of buffered
formalin for 24 h, washed with running water
and embedded in paraffin according to the stan-
dard procedure. Histological preparations were
prepared according to the standard convention-
al technique.

Microsections were made on a CM-1 micro-
tome. Sections 4-7 um thick were stained with
hematoxylin and eosin. Morphometry was per-
formed using a QImaging MicroPublisher 3.3
RTV digital camera on a Nikon Eclipse E200
microscope, 4x, 10x/0.20, and 40x/0.65 objec-
tives. Image Pro Insight software was used for
measurements of cells of the studied organs.

Absolute number of mononuclear and poly-
morphonuclear cells in the proper mucous plate
of the ileum (PMP) was determined by apply-
ing Avtandilov grid by direct cell counting in
each square. The level of significance between
the formed groups was assessed using Mann-
Whitney criterion. At the 95% level, the values
were considered statistically significant as dis-
tinct (p < 0.05).

The samples of fractions pre-plated on cop-
per substrates were studied by X-ray photoelec-
tron spectroscopy (XRFES) on a SPECS elec-
tron spectrometer (SPECS GmbH, Germany)°.
FTIR studies were performed on a Varian Ex-
calibur 3100 spectrometer in KBr tablets (2 mg
of the test substance + 300 mg KBr). Spectra
were obtained in the range of 400-4500 cm™!
with a resolution of 1 cm™°.

’Beamson G., Briggs D. High Resolution XPS of Organic Polymers. The Scienta ESCA300 Database, Wiley&Sons, Chichester

etc., 1992.

*NIST Chemistry WebBook, National Institute of Standards and Technology. Gaithersburg, 2011. URL: http:webbook.nist.

gov/chemistry.

74 Siberian Herald of Agricultural Science ¢ 2023 53 « 1

Zootechnics and Veterinary Medicine



TlepcriexkTrBa MPUMEHEHUS IPUPOAHOTO /1A TOreHa
13 TMIUHOK OONBIIOI BOCKOBOI MO B BETePHHAPUI

Ocoxuna A.C., Muxeepa E.A., Macnennuko 1.B.

RESULTS AND DISCUSSION

X-ray photoelectron spectroscopy method
showed that for the studied fractions the main
maximum was at Ecv ~400 eV, which is typical
for a number of organic substances, as well as
for the salts of ammonium bases. The second
maximum with Ecv ~402 eV is characteristic of
protonated amino groups (containing an addi-
tional hydrogen atom); its intensity is 1.5 times
higher for the light fraction (see Fig. 1).

The heavy fraction contains the maximum
amount of oxygen in two non-equivalent chem-
ical states. Also, this fraction contains the maxi-
mum number of compounds of carbon with ox-
ygen, the maximum amount of nitrogen of po-
tassium (or compounds with its participation).
The light fraction has a higher concentration
of potassium (or compounds with its participa-
tion) and a higher content of protonated amino
groups.

The IR study showed that the spectra of the
samples are similar and characterized by broad
absorption bands (see Fig. 2). The most char-
acteristic of all spectra is a wide absorption
band at 1640 cm™ where peaks at 1700, 1550
and 1515 cm™ are visible. Their intensity varies
depending on the sample. Another band with
1400 cm™ with an arm about 1450 cm™ is char-
acteristic for all spectra, which suggest that the
main components of the extracts are polypep-
tides and amino acids.

IR spectra for different amino acids differ
significantly, but, as a rule, they are character-
ized by absorption around 1600 and 1400 cm-1,
associated with the formation of zwitter ions.
The latter is in good agreement with the XR-
FES data, since the high-energy component of
the N1s spectra (~402.0 eV) and the bond ener-
gy for carbon in the C-N bond (~286.0 eV) in-
dicate the presence of protonated amino groups
in the samples. These results may indicate that
nitrogen is mainly a part of polypeptides. Thus,
polypeptides are the main components of HF
and amino acids to a lesser extent. Sugars and
phosphate derivatives are also present. Changes

N 1S
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Amino acids (-NH,)
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Fig. 1. N1s-spectra of samples:

a — heavy fraction; 6 — light fraction

in XRFES and FTIR depending on the type of
sample indicate that there are more amino ac-
ids in LF and less in HF where there are more
polypeptides.

During the experiment, observations were
made on the general condition of the experi-
mental animals. The feces of control mice and
those injected with LF had a dense consistency
and were formal. When HF was injected, the
character of feces in mice changed. They had a
smeary consistency, and were unformed.
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Z 20 \\/
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Puc. 2. UK-Dypbe crieKTpbl NcciIeayeMbIX 00pasIioB
Fig. 2. IR-Fourier spectra of the studied samples

"Arslanova N.A., Rudich M.P, Novoselova V.A., Aleksandrova A.V., Yarullina D.R., Yakoviev O.V. Study of the effect of
lactobacilli on the cognitive functions of mice in disordered gut microflora // Hippocampus and memory: norm and pathology:
proceedings of the conference (25-29 June 2018). Pushchino: Synchrobook Publishing House, 2018. pp. 31-32.
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Control specimens had a variety of microflo-
ra typical of laboratory mice: a significant num-
ber of anaerobic non-sporulating bacilli (bifido-
bacteria, lactobacilli) and a sufficient number of
typical enterobacteriaceae and enterococci.

The number of Enterobacteriaceae (giving
lactose-positive colonies) decreased when LF
was used. The number of anaerobic non-spor-
ulating bacilli remained quite high. There is no
E. coli, which has hemolytic properties. The
content of clostridia, staphylococci, and molds
is low.

The number of anaerobic non-sporulating
bacilli and enterococci sharply decreased with
the introduction of HF. A large number of both
lactose-positive and lactose-negative colonies
were determined on Endo medium (along with
typical E. coli, variants with pathogenic prop-
erties appeared). The number of conditionally
pathogenic microflora - St. aureus, Klebsiella,
Proteus vulgaris, as well as yeast fungi - in-
creased. Thus, a picture of dysbacteriosis was
observed when using HF.

A comparative analysis of the experimental
groups against the background of normal gut
microflora of the control group showed a nega-
tive impact of HF on the gut microbiocenosis
in terms of the qualitative composition of the
microflora, while the application of LF gut mi-
croflora is close to the control.

It is known that the Porsolt test is indicative
in determining the performance capacity and
development of adaptive mechanisms in ex-
treme conditions (see the table).

Analysis of the data obtained showed that
the oral administration of the studied solutions
had a different effect on the swimming time
compared with the control. In spite of the fact
that after 20 days of the experiment the mice
injected with HF significantly increased the
swimming time in comparison with the first
day (p < 0,05), a negative adaptogenic effect
was observed in comparison with the control
group. There were statistically significant dif-
ferences between the results on the 30th day be-
tween the experimental groups, which indicates
a pronounced difference in the results obtained.
Introduction of a light fraction is the most in-
dicative: a reliably increasing effect of adapta-
tion to the load on the 30th day (p <0,001) was
revealed.

Changes in the intestinal microflora of mice
injected with HF allow to indirectly judge
about the possible influence on the border
structures (epithelium) by the response of the
local immune system and the possible poten-
tial impact on the peripheral immune system by
increasing the lymphobhistiocytic infiltration of
the immune response cells. Against the back-
ground of control histological sections, a slight
leukocyte infiltration into the mucosa and sub-
mucosa of mice injected with LF is noticeable.
No leukocyte release was detected in the lumen
of the blood vessel. Histological studies of the
small intestine of mice injected with HF con-
firm changes in the epithelial layer against the
background of developing dysbacteriosis. The
capillaries of the blood and lymphatic systems

Pesynbrars! sxciepumenTa «l[puHynnTenbHOE MIaBaHUE» TPU BBEIEHUH PA3HBIX (PAKIHA TPOITYKTOB

JKUBHENEATENbHOCTH MTNUUHOK G. mellonella L.

Results of the "Porsolt test" experiment with the introduction of different fractions of the waste products

of G. mellonella L.

24 hours
Group

1-st 10-th 20-th 30-th
Control 147,8 3,14 242,2+ 10,80 230 + 19,22 216,8 + 33,29
Cv, % 4,74 9,97 18,69 34,33
1-st experimental 129,4 + 3,14* 216,4 +10,80* 258,4+19,22 272,6 + 33,29%%*
Cv, % 10,01 1,92 20,14 6,81
2-nd experimental 133,8 £ 3,14 185,2** + 10,80 177,4 £ 19,22 200,2 £ 33,29
Cv, % 17,06 24,64 40,45 24,15

At a credible difference from the control *p < 0,05; **p < 0,001.
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of mice were found to be dilated. The walls of
the submucosal base vessels were in the state
of plasmatic swelling with the phenomena of
perivascular lymphoid infiltration.

To confirm the changes observed, morphom-
etry of the small intestine lumen was carried
out. In the control group it showed that the con-
tent of mononuclear and polymorphonuclear
cells was 5.8 cells per unit area (see Fig. 3).

Analysis of the number of small intestinal
leukocytes during fraction administration re-
flected the local immune response of the body.
The content of the same cells in the PMP of mice
injected with LF was 67.2% higher than that of
controls (p < 0.05). The content of leukocytes in
PMP of mice injected with HF was significantly
higher by 2.7 times compared to the control, in-
dicating an inflammatory reaction.

Thus, in the control group of mice, the leu-
kocyte output in PMP was within normal limits.
When the light fraction was injected, activation
of mononuclear and polymorphonuclear cells
of the intestine was noted. When the heavy
fraction was injected, a significant number of
leukocytes outside the circulatory system was
detected. Infiltration of PMP indicates an in-
flammatory response which disrupts the integ-
rity of the epithelium, which is often seen in
dysbacteriosis. Disruption of the barrier integ-
rity of the intestinal lumen, which entails im-
mune activation of mononuclear and polymor-
phonuclear cells, strains the overall immune
response.

It is known that microbiota disorder levels
off with changes in cognitive functions 7, which
suggests that the introduction of HF decreased
this function on the background of dysbacterio-
sis. When administering LF, the opposite effect
was noted: the adaptogenic properties of the
body increased.

CONCLUSIONS

1. Physicochemical analysis of the frac-
tions of larval products showed that the light
fraction contained 1.5 times more amino acids
than the heavy fraction, which contained more
polypeptides.

2. Analysis of the physical abilities of the
animals in the Porsolt test with oral administra-

tion of the fractions of vital products showed
that the light fraction significantly increased
the level of adaptation by the end of the experi-
ment. When introducing a heavy fraction, no
such effect was noted.

3. Against the background of stress when
the light fraction was injected, anaerobic bacilli
and enterococci (resident microflora) domi-
nated in the intestinal microflora of mice. An
increase in the species diversity of microorgan-
isms, i.e. a picture of dysbacteriosis developed,
was observed after the introduction of HF.

4.  Morphometry of the small intestine wall
of mice injected with the light fraction revealed
activation of mononuclear and polymorpho-
nuclear cells, which reflects the activation of
immunity within the normal range. Administra-
tion of the heavy fraction increases the level of
leukocytes outside the bloodstream, indicating
an inflammatory response and strain of the im-
mune response.

5. The isolated fractions have differently
directed influence on systems of an organism.
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Fig. 3. Comparative analysis of the absolute
number of mononuclear and polymorphonuclear
cells of the small intestine per unit area

At significant difference from the control
**p <0,05;
*kEp < 0,01
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The studied phenomena of heavy fraction influ-
ence make it possible to state the decrease of
adaptogenicity to stress factors. Light fraction,
on the contrary, increases the level of adapto-
genic properties of the organism, which sug-
gests that it is promising for further study and
use as a natural adaptogen in veterinary medi-
cine.
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BJIUAHUE YPOBHSA KOPMJUIEHUSA HA IIOKA3ATEJIN
TEHETUYECKOK U3BMEHYUBOCTU CAMOK HOPOK

Jloenko H.H., ©<) Kyaunkos B.H., Troanos W.IL., Kocosckuii I.1O.
Hayuno-uccredosamenvckuil uHcmumym nyuno2o 36epo6o0cmaed
u kpoauxogoocmea um. B.A. Agpanacvesa

MockoBckast 001acTh, moc. Poguuku, Poccus
(<) e-mail: khl-2022god@yandex.ru

[IpencraBieHs! pe3ynbTaThl ONEHKH WHAWBUIYAIbHON T€HETHYECKOH N3MEHYMBOCTH Y MOJIOJIBIX
CaMOK KOPOTKOBOJIOCOM HOPKU B Pa3inyYHbIC OMOJOTMYECKUE TEPUOAbL. DKCIIEPUMEHTHI IPOBE/e-
HBI B YCJIOBUSIX CYIIECTBYIOIIEH TEXHOJIOTUH cofep:kanus u kopmienus B 2019, 2020 rr. J{ist onbiTa
chopmupoBaii e Tpynnsl 10 40 peMOHTHBIX caMOK (B BO3pacte 2 Mec) KOPOTKOBOJIOCOW HOPKH
CTaH/apTHOM 4epHOH nopousl (Neovison vison). KoHTposbHYIO IpyIiy caMoK B Bo3pacte 2—4 mec
KOPMIJIM TIO PEKOMEHyeMbIM 3HepreTudecknuM HopMaMm. OTBITHOM Tpyrme caMOK OTrpaHuYMIIH
ypoBeHb KopmiieHus (1o sHeprun) Ha 10,0%. YcTaHoBIEHa 3aBHCHMOCTh YaCTOTHI BCTPEYAEMOCTH
SPUTPOLIMTOB, COACPKALIMX MHUKPOSIPa, B epruepruueckoil KpOBU CaMOK OT YPOBHSI KOPMJICHUS B
pa3IuuHbBIe MMEPUONBI OHTOTeHe3a W (a3bl PENpONyKTHBHOTO IHMKJIA. JJaHHBIH CIIOCOO MOXKET OBITH
WCTIOJIB30BaH IS IPOTHO3a YCIIEITHOCTHA BOCIIPOM3BOACTBA CAMOK HOPOK. Y PEMOHTHBIX CAMOK KOH-
TPOJIBHOM TPYMITBI YACTOTA BCTPEYAEMOCTH 3PUTPOLIMTOB C MUKPOSIIPAMHU B BO3pacTe 4 Mec B IEPHO]
(hopMupOBaHHs Y HUX PENPONYKTUBHBIX (DyHKIMI Oblia B 2 pasa BhIIIE, YeM B ONbITHOH (2,97 = 0,42
mpotuB 6,01 + 2,75%o0). B momoBo3pesnom Bozpacte (10 Mec) gacToTa BCTPEUaeMOCTH SPUTPOIIUTOB C
MHUKpPOSIIPAMH Y PEMOHTHBIX CAMOK CTaTHCTUUECKH A0CTOBepHO Bhime 14,36 + 1,87-14,89 + 3,67%o
(» < 0,05, p <0,01), uem B Bo3pacte 4 mec. [lomydeHs cnemyronpe moka3arean MPOayKTUBHOCTH
Yy HCCIEIYEMbIX CAMOK B KOHTPOJIBHOM M OIBITHOM Ipynnax: MIOAOBUTOCTh caMOK — 5,63 + 0,64 u
5,67 = 0,77 1eHKa, BBIXOA MOJIOHSIKA HA OCHOBHYIO caMKy —4.,4 £ 0,77 u 4,67 £ 0,85 1mieHka cooTBeT-
CTBEHHO. B OmBbITHOI rpyTiTie He ObUIO HEMOKPBITHIX M IPOIYCTOBABIINX CAMOK, BBIXO/I MOJIOTHSIKA Ha
caMKy 3apeructpuposat Ha 0,27 meHka 0ombie. MUKpOSIEpPHBIA TECT MOXKET OBITh HCIIOIB30BaH JUIS
OLICHKH CTa0MJIbHOCTH T€HETHUECKOTO amiapara B pa3indHble (a3bl penpoayKTUBHOTO [UKIIA CAaMOK
HOPOK U ITPOTHO3a YCIIEIIHOCTH BOCIPOU3BOICTBA CAMOK.

KuroueBble ¢/10Ba: HOpKa, TeHOMHAsI CTAOMIIBHOCTD, MUKPOSIIEPHBIN TECT, PEMOHTHBIE CAMKH, 00-
MEHHasl SHEPTHsl, OHTOI€HE3, BOCIIPOU3BOJICTBO

THE EFFECT OF FEEDING LEVEL
ON THE GENETIC VARIABILITY OF FEMALE MINKS

Loenko N.N., <) Kulikov V.N., Lyudnov L.P., Kosovsky G.Yu.
Scientific Research Institute of Fur - Bearing Animal Breeding
and Rabbit Breeding named after V.A. Afanas ev

Rodniki, Moscow region, Russia
(<) e-mail: khl-2022god@yandex.ru

The results of the assessment of individual genetic variability in young female short-haired mink
at different biological periods are presented. The experiments were conducted under the conditions of
the existing technology of housing and feeding in 2019, 2020. For the experiment, two groups of 40
rearing females (at the age of 2 months) of the short-haired mink of the standard black breed (Neovi-
son vison) were formed. The control group of females at the age of 2-4 months was fed according to
the recommended energy standards. The experimental group of females was limited in the level of
feeding (in terms of energy) by 10.0%. The frequency of erythrocytes containing microkernels in the
peripheral blood of females was found to depend on the level of feeding during different periods of
ontogenesis and the reproductive cycle phases. This method can be used to predict the reproductive
success of female minks. The frequency of erythrocytes with microkernels in the rearing female minks
of the control group at the age of 4 months during the formation of their reproductive functions was 2
times higher than in the experimental group (2.97 + 0.42 vs. 6.01 & 2.75%o). At the age of puberty (10
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Brunsinue ypoBHs KOpMIIEHHs HA IIOKa3aTellH
TeHETHYECKOH N3MEHYHBOCTH CaMOK HOPOK

Jloenko H.H., Kynukos B.H., Jlronnos N.I1., Kocosckuit I'1O.

months) the frequency of erythrocytes with microkernels in rearing females is statistically significantly
higher - 14,36 + 1,87-14,89 £ 3,67%o (p < 0,05; p < 0,01), than at the age of 4 months. The following
productivity indices were obtained in the studied females of the control and experimental groups: the
fertility of females - 5,63 + 0,64 and 5,67 + 0,77 pups, the yield of pups per a main female - 4,4 + 0,77
and 4,67 + 0,85 pups respectively. There were no unbred females and those which mated with males
but did not have a litter in the experimental group, and the yield of pups per a female was 0,27 more.
The microkernel test can be used to assess the stability of the genetic apparatus during different phases
of the reproductive cycle of female minks and predict the reproductive success of females.
Keywords: mink, genomic stability, micronucleus test, replacement females, metabolizable en-

ergy, ontogenesis, reproduction
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INTRODUCTION

Feeding of fur-bearing animals, in particular
breeding female minks, must meet the needs of
animals in nutrients and energy, ensuring the
realization of their genetic potential and growth
of productivity. The stability of the genetic ap-
paratus of animals must be evaluated in the
process of adaptation of short-haired mink to
the keeping and feeding technology currently
existing in fur farming. Studies are carried out
in order to predict the stability of functional
systems of the animals' organism and to find
out the efficiency of application of the existing
technology of mink breeding and rearing. To
solve this problem, we can use a micronucleus
test - the index of the frequency of erythrocytes
with micronuclei (EMN) in blood to assess the
stability of the genetic apparatus of animals.
This method is widely used in the assessment
of organism homeostasis and is used to char-
acterize individual genetic variability (genomic
instability) in poultry and industrial fish farm-
ing' [1, 2]. The frequency of nuclear anomalies
is influenced by biological processes of the or-
ganism itself. It is necessary to know how the
frequency of nuclear anomalies can change

Siberian Herald of Agricultural Science, 2023, vol. 53, no. 1,

depending on endogenous factors: species and
breed affiliation, age and physiological state of
clinically healthy animals. The stability of the
genetic apparatus to the influence of natural and
anthropogenic factors including the unbalanced
nutrition was estimated by means of the micro-
nucleus test in different breeds of cattle, sheep
and goats, horses, birds and fish. A comparative
analysis of micronucleus test results was per-
formed in connection with the peculiarities of
animal origin (belonging to different breeds and
species, hybrid populations), the age of animals
and birds, and the physiological state of healthy
animals and birds [3-11].

The purpose of the study was to examine the
indicators of genetic variability in female short-
haired mink during different periods of onto-
genesis and phases of the reproductive cycle
under changing levels of feeding.

MATERIAL AND METHODS

The first scientific and economic experiment
was carried out at the "Saltykovsky" state fur
breeding farm in the Moscow Region on a mink
farm. In June 2019, two groups of 40 repair fe-
males (at the age of 2 months) of short-haired

"Patent 2014144153 RF. T.T. Glazko, V.I. Glazko, A.M. Zubali, M.K. Chugreev, 1.S. Tkacheva. Method for determining the
expression of genomic stability (instability), genetic variability in groups, populations of fish and their individuals. 2016. Bulletin.

no. 15. 6 p.
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mink of the standard black breed (Neovison
vison) were formed taking into account their
average live weight, date of birth and origin.
In the experiment on adaptation of breeding fe-
male short-haired mink to the existing housing
and feeding technology, the control group of fe-
males at the age of 2-4 months, in the period of
formation of their reproductive functions, were
fed according to the recommended energy stan-
dards? [12]. The experimental group of females,
similar in age and origin, was limited in the
level of feeding (in terms of energy) by 10.0%.
The amount of fodder was dosed by groups.
After the end of the experiment (late August),
the minks were transferred to a diet based on
energy standards? [12].

According to the results of the valuation of
experimental replacement females in Novem-
ber according to the type of their feeding in Ju-
ly-August, two groups were formed for further
evaluation of their reproductive performance.
In the second scientific and economic experi-
ment, the reproductive ability of breeding fe-
male minks at the age of puberty (10 months)
that received different energy levels of feeding
during the formation of their reproductive func-
tions was studied. During the experiments, fe-
male minks received a general farm diet. At the
end of the experiments, the reproductive indi-
ces of females were recorded (number of cov-
ered, littered females; fertility; yield of young
animals per the main female).

In August 2019, at 4 months of age, and in
February 2020, at 10 months of age (before es-
trum), in 10 female siblings from each group,
the degree of genomic stability (instability)
was determined using a micronucleus test. The
blood smears were prepared as follows: a drop
of peripheral blood was spread evenly over a
slide, dried under room conditions and stained
with May-Grunwald test (1st method); washed
with distilled water after 3 minutes and dried;
the EMN were counted (not less than 3000
cells) and the data were expressed in ppm (%o).
The preparations were examined using a Mi-
cros binocular microscope with a built-in digi-
tal camera at 1000 magnification. The results

were processed by methods of variation sta-
tistics using Microsoft Office Excel computer
program and Student's ¢-criterion.

RESULTS AND DISCUSSION

At 4 months of age, the degree of genomic
stability (instability) in females was determined
using a micronucleus test. At this period, the
live weight of the females in both groups was
practically the same (1242.0 and 1266.5 g). The
incidence of EMN in animals of the control
group at the age of 4 months was 2 times higher
than in the experimental group (when feeding
with energy restriction by 10%) - 6,01 £ 2,75%o
against 2,97 £ 0,42%o. Among the individuals
of the control group this index was registered
in the range from 0 to 21,7%o, genomic instabil-
ity being expressed to a greater extent. Among
the females of the experimental group, it var-
ied within a narrow range from 2.0 to 3.77%o.
After transferring the experimental animals to
rationed feeding in September-October, the fe-
males had a higher growth rate and reached a
higher live weight (by 11.2%) by November 1,
2019 at the age of 6 months: 1610.0 = 64.1 g vs.
1439.0 £ 55.1 g in the control (p < 0.1). Dur-
ing the rearing period (June - November) of re-
placement females, the actual nutrient content
in the feed mixture per 100 kcal of metaboliz-
able energy (ME) was: protein, 7.6-9.9 g; fat,
3.7-4.9; carbohydrates, 2.9-5.1 g.

The lowered level of energy supply of fe-
male short-haired replacement minks (10%
below the recommended norms (see the foot-
note 2)) in July-August (220-260 kcal per head/
day) provided the receiving of the planned live
weight (1,5 kg) by November 1. The depen-
dence of the frequency of EMN in the blood
of female short-haired mink in different periods
of ontogenesis on the level of feeding has been
established, which agrees with the data of other
researchers on the relationship between the in-
fluence of various environmental conditions on
this indicator [9, 13].

At the age of puberty (10 months) the re-
productive ability of breeding female minks
that received different energy levels of feed-

’Feeding standards and feed consumption standards for fur-bearing animals and rabbits / Edited by N.A. Balakirev, V.F.
Kladovschikov. Reference manual. Moscow: Russian Agricultural Academy, 2007. 185 p.
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ing during the formation of their reproductive
functions was studied. The possibility of using
the micronucleus test to predict the probability
of decreased reproductive functions in females
was assessed.

The need of females for nutrients during
reproduction and lactation was provided at
the expense of the following contents of nutri-
ents in feeding stuff according to the accepted
norms (see footnote 2), on average (g/100 kcal
ME): in January - March - protein - 10,6, fat -
4,2, carbohydrates - 3,2; in April - May - 10,1;
4,1; 4,0 accordingly. The average daily caloric
intake by females in January-March 2020 was
240.0 kcal ME per head, in April-May 430.0
kcal ME. At sexually mature age the frequency
of EMN in blood of breeding females was sig-
nificantly higher: 14,36 + 1,87-14,89 + 3,67%o
(» <0,05, p <0,01) than at the age of 4 months.
At this age, genomic instability was more
pronounced in females, since all of them had
erythrocytes containing micronuclei in blood.
Perhaps, such an increase is associated with
the accumulation of spontaneous mutations in
somatic cells of animals with age. There is evi-
dence in the literature that in black and white
cattle the frequency of EMN?® was found to in-
crease with age [3]. It has been established that
high somatic chromosomal instability leads to
impaired reproductive function of animals and
may serve as a marker of increased probability
of decreased reproductive function®.

The fertility of females in the control and ex-
perimental groups was 5,63 + 0,64 and 5,67 +
0,77 pups, the yield of young animals per a main
female was 4,40 = 0,77 and 4,67 + 0,85 pups re-
spectively. There were no unbred females and
those which mated with males but did not have
a litter in the experimental group, due to which
the yield of the young per female was 0.27 pups
more. The increased incidence of EMN seems
to be related to the different level of feeding of
females during the rearing period.

A similar trend of increasing the number of
females without litter was established in the
control group in the scientific and economic ex-
periment during the reproduction period, where
similar data on productivity of females were
obtained (see table).

According to the data of the scientific and
economic experiment, the following indica-
tors of female productivity were obtained in the
control and experimental groups respectively:
35 and 36 females were pregnant in total, the
number of barreners was 2.63 and 0%; the
number of those which mated with males but
did not have a litter was 5.26 and 0%, cases of
dysfunctional delivery were 0 and 2.70%, the
number of stillborn pups was 2.39 and 1.35%
and the fertility of females was 5.97 £ 0.28 and
6.37 + 0.44 pups, the yield of young per a main
female was 5.13 = 0.40 and 5.24 + 0.43 pups.

It is known that a moderate energy level
of feeding during the growth period in July-

Pe3ynbraTel BOCIIPON3BOACTBA MOJIOABIX CAMOK KOPOTKOBOJIOCOW HOPKU
Reproduction results of young female short-haired mink

Indicator
Females leapt % The yield of the
Group n fe]r)neaﬁgs Barreners. % by males but fle) r]rjlale(:sf Stillborn kits, Fertileness, young on the main
o ’ > 7% | did not have Y > % heads, M +m female, heads,
¢ litter, % ¢ M+m

Control 38 - 2,63 5,26 - 2,39 5,97 £0,28 5,13 £0,40
Experi- | 37| 570 = = 2,7 1,35 6,37 £ 0,44 5.24+0,43
ment

*DD — dysfunctional delivery.

3Semenova O.N. Changes in hematological, cytogenetic and immunological parameters in cattle with leukemia on the
background of anaplasmosis invasion: Ph. Novosibirsk, 2004. 137 p.

4Semenov A.S. Cytogenetic screening in different populations of Holstein cattle. M., 2010. 28 p.
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September best meets the needs of the breed-
ing growing females and ensures the forma-
tion of their good reproductive qualities and
contributes to an increase in the reproductive
performance of replacement females and males
of mink and foxes® [12, 14, 15]. In the autumn
period, moderate restriction of the diet of fe-
male minks eliminates extreme fluctuations in
body weight throughout the reproduction pe-
riod, increases the number of pups in a litter
and improves weight recovery after lactation;
in young females, it reduces DNA damage [16].
Using the micronucleus test it is possible to
predict the increased probability of decreased
reproductive functions of farm animals [3, 13],
which is consistent with the data obtained. The
method is used to compare experimental mod-
els of rat ovarian deficiency [17].

Reduced level of energy nutrition of short-
haired mink reproductive females during the
growth period in July-August (by 10% below
the recommended rates), their subsequent trans-
fer to feeding according to the recommended
rates in September and subsequent months sat-
isfy the needs of breeding growing females and
provide formation of their high reproductive
ability. With a decrease in the level of energy
nutrition in July-August, the cost of feed in this
period was reduced by 10.3%.

CONCLUSION

As aresult of the experiments, the frequency
of erythrocytes with micronuclei in the blood of
female short-haired mink in different periods of
ontogenesis depends on the level of feeding. An
increase in the occurrence of EMN during the
formation of reproductive functions in females
at the age of 4 months in the range from 3.77%o
to 21.7%o predicts an increased probability of
a decrease in their reproductive functions. The
decrease of energy supply to replacement fe-
males during the growth period in July-August
(by 10% lower than the recommended norms)
meets the demand of females and provides the
formation of their high reproductive ability:
fertility of females - 5,63 £ 0,64 and 5,67 + 0,77

pups, yield of cubs per a main female - 4,4 +
0,77 and 4,67 + 0,85 pups, it reduces feed ex-
penses during this period by 10,3%.

When using the intensive breeding technol-
ogy of female short-haired mink and adapting
to the conditions of modern fodder base, the
micronucleus test can be used to assess the sta-
bility of the genetic apparatus during different
periods of ontogenesis and phases of the repro-
ductive cycle of female mink, characterize the
physiological state of the organism, predict the
increased probability of reduction of reproduc-
tive functions in females and clarify the effec-
tiveness of the used mink breeding technology.
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[IpencraneHs! pe3ynbTaThl HCCIEAOBAHMUS [10 ONPEACIICHUIO BUPYIEHTHOCTH IIPOU3BOICTBEHHBIX
LITaMMOB U 3ITU300TUYECKUX U30JIATOB Escherichia coli, BblAEICHHBIX Ha TEPPUTOPUH MOCKOBCKOM
u Tynbckoit obnactel B )KMBOTHOBOTYECKHX XO35iCTBaX M B 4aCTHOM cekrope ¢ 2016 mo 2022 r.
B omnbiTe BUPYIEHTHOCTD 3LIEPUXUI U3ydanu myTeM onpeneneHust LD, H30i4ToB suepuxuil 1s
ouosormueckux Tect-cucteM. CaMbIM BHPYJICHTHBIM IITAMMOM U3 MY3€HHON KOJUIEKIIMU OKa3aJics
E. coli Ne TII-85; aBupynentasiMu — E. coli Ne 727 n E. coli Ne J1616. BrinencHabIe HAMH H30II5I-
THI TIOKa3aJIu CJIETYIOIINE Pe3yIIbTaThl: Hanboliee BUPYICHTHBIMU OblH E. coli 22/20, E. coli 3/16,
E. coli 20/20, E. coli 24/21 — E. coli 7/16, E. coli 19/2, E. coli 18/20, E. coli 9/17, E. coli 5/16,
E. coli28/21, E. coli 29/21. ABupyneHTHBIMU ObIIM U30MATH E. coli 25/21 u E. coli 17/20. LDy, nns
HUX cocTaBmia 22,36 x 10%. MccnenoBanue My3eiHBIX IITAMMOB U30JATOB E. coli B cpaBHEHHH C
noxy4eHHbIME B MockoBcko#t 1 TylbCKol 005acTsIX M30JIATaMH TIO3BOJIUIIO CIIENIATh 3aKIII0UYEHHE,
YTO MPH JUIUTEIHHOM XPaHEHWU KOJUICKIIMOHHBIX ITAMMOB CHU)KAETCS WX BHPYJICHTHOCTh. Tak-
K€ OTMEYCHA TEHICHITUS YTpaThl (GU3HKO-XUMHUIECKUX CBOUCTB (CTAOMILHOCTH) Y IITAMMOB TIPH
modunuzanmu. [IpuanH 3TOMy MOXKeT OBITh HECKOJIBKO: HECOBEPIIEHCTBO KOHTPOJISI U XPaHEHHUS
Ha pa3HBIX dTalax >KU3HEHHOTO IMKJIA KYJIBTYphl; HEIPaBUILHO NPOBEACHHAS THODMIN3AHOHHAS
CYIIKa, KOT/Jja ITaMMbI He TIOIBEPIIMCH MITYOOKOH 3aMOpO3Ke; HecOOIIOIeHHE 3TATIOB CYIIKH, YTO
CO BpEMEHEM IPUBEJIO K N3MEHEHHUIO T€HETUYECKON CTPYKTYPhI IITaMMa.

KuroueBble cioBa: smepuxud, E. coli, naToreHHbIe OMOIOTHYECKHE areHThl, YHTEPOOaKTepHH,
KOJIMOAKTEPHO3, BUPYJICHTHOCTD, SITU300THYECKNE H30JIATHI

COMPARATIVE VIRULENCE PROPERTIES OF EPIZOOTIC STRAINS OF
ESCHERICHIA COLI BACTERIA
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The results of the study to determine the virulence of production strains and epizootic isolates of
Escherichia coli isolated in the Moscow and Tula regions in livestock farms and in the private sector
from 2016 to 2022 are presented. In the experiment, the virulence of Escherichia coli was studied
by determining the LDs, of Escherichia coli isolates for biological test systems. The most virulent
strain from the museum collection was E. coli No. TP-85; the most avirulent were E. coli No. 727
and E. coli No. D616. The isolates selected by us showed the following results: the most virulent
were E. coli 22/20, E. coli 3/16, E. coli 20/20, E. coli 24/21 — E. coli 7/16, E. coli 19/2, E. coli 18/20,
E. coli 9/17, E. coli 5/16, E. coli 28/21, E. coli 29/21. Avirulent were the isolates E. coli 25/21
and E. coli 17/20. LDy, for them was 22,36 x 10*. The study of museum strains of E. coli isolates
compared with the isolates obtained in the Moscow and Tula regions led to the conclusion that
during long-term storage of collection strains, their virulence decreases. The tendency of strains to
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Comparative virulence properties of epizootic strains
of Escherichia coli bacteria

Galiakbarova A.A., Pimenov N.V.

lose their physicochemical properties (stability) during lyophilization has also been noted. There
could be several reasons for this: imperfect control and storage at different stages of the culture
life cycle; improper lyophilization drying when strains were not deep-frozen; and failure to follow
drying steps, which over time led to a change in the genetic structure of the strain.

Keywords: Escherichia, E.
colibacillosis, virulence, epizootic isolates

coli, pathogenic biological agents (PBA), enterobacteria,
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INTRODUCTION

Escherichia coli is a conditionally patho-
genic microorganism, a Gram-negative ba-
cillus, whose species can lead to severe toxic
infections with fatal outcome in humans and
animals. Colibacillosis is an acute infectious
disease of young animals of all types of farm
animals caused by pathogenic E. coli [1-3].
Vaccine prophylaxis is a preventive measure to
avoid this disease in animals. It is recommended
to immunize pregnant females to protect new-
borns. Immunity in young animals initially de-
pends on antibodies obtained from the mother's
colostrum for early protection against infec-
tions, since immune mechanisms are not ready
for normal functioning. Vaccination against co-
libacillosis is carried out in all countries [4-18].

Technology for developing immunobiologi-
cal preparations is constantly improving. In
this regard, the principle of designing vaccines
against escherichiosis has changed in recent
years, taking into account the role of protec-
tive antigens of the pathogen. Vaccines made
or enriched with protective bacterial cell com-
ponents are more effective and less reactogenic
than those consisting only of bacterial cells. The
addition of an adhesive antigen to the vaccine
ensures the formation of antibodies delivered
with the colostrum into the intestines of new-
borns, which prevent the attachment of patho-
genic escherichia to the intestinal epithelium.

The purpose of the study was to determine
the virulence of production strains and epizo-

otic isolates of Escherichia coli isolated in the
territory of Moscow and Tula regions.

MATERIAL AND METHODS

The work was carried out at the Moscow
State Academy of Veterinary Medicine and
Biotechnology named K.I. Skryabin. Separate
studies were performed at the Laboratory of
Quality and Standardization of Bacterial Drugs
of the All-Russian State Center for Quality and
Standardization of Veterinary Drugs and Feed.

Species diversity of epizootic Escherichia
strains was studied in cattle farms and in the
private sector in the Moscow and Tula regions.
Laboratory conditions were used to study path-
ological and biological material to find the most
virulent strains. 31 E. coli isolates from 27 ani-
mals were isolated from 100 samples of biolog-
ical material. In addition to E. coli, represen-
tatives of other genera of Enterobacteriaceae
were also found, but their further identification
was not the purpose of our studies. Escherich-
iae were isolated from the liver, small and large
intestine, and spleen of 7- to 20-day-old calves
and piglets.

RESULTS AND DISCUSSION

According to the literature, one of the indi-
cators of virulence is the formation of toxins.
Virulence is a quantitative measure of patho-
genicity measured most often in specific units.
LDs, is the minimum lethal dose equal to the
smallest amount of the pathogen that would
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cause the death of 50% of infected animals in
a given mode of infection. Virulence is also re-
lated to toxigenicity - the ability of the organ-
ism to produce a toxin that negatively affects
the functions of the susceptible organism.

In our experiment, the virulence of Esche-
richia coli was studied by determining the LDy,
of Escherichia coli isolates for biological test
systems. For this purpose, the culture of the iso-
late under study was grown on MPA, incubated
after 24 h, then washed with sterile physiologi-
cal solution (pH 0.9) from the beveled MPA,
suspended in a test tube, and the concentration
was adjusted to 1 billion microbial cells (m.c.)
per 1 cm?® using an optical turbidity standard.
White mice were infected intraperitoneally
with 0.5 cm? of prepared culture. The obser-
vation was carried out within 7 days from the
moment of infection. The diagnosis in case of
death was confirmed by bacteriological tests.

The virulence of an isolate was judged after
calculating the LDs,: if no mice died in the ex-
periment, it was considered avirulent; if at least
one animal died, it was considered virulent.
Cultures that caused death of all experimental
animals were considered highly virulent.

LDs, was calculated according to the Kerber
formula modified by Ashmarin-Vorobyov

Ig LDy, =1IgD — o (L, - 0,5),

where IgD is the maximum infectious dose in
the experiment; o is the logarithm of the mul-
tiplicity of the tested dilutions; XL, is the sum
of L, values, the ratio of the number of animals
that died from administration of a given dose
to the total number of animals in the group (see
the table).

The most virulent strain in the collection
was E. colino. TP-85:4.47 x 108 (447 million);
avirulent were E. coli No. 727 and E. coli No.
D616: 11.7 x 108 (1 billion 17 million) each.

The isolates we isolated showed the follow-
ing results: E. coli 22/20, E. coli 3/16, E. coli
20/20, E. coli 24/21 - E. coli 7/16, E. coli 19/2,
E. coli 18/20, E. coli 9/17, E. coli 5/16, E. coli
28/21, E. coli 29/21 were the most virulent. The
E. coli 25/21 and E. coli 17/20 isolates were
avirulent. The LDy, for them was 22.36 x 10®
(see the table).

For Escherichiaceae, the most virulent strain
had an LDs, of 47 million germ cells, which is
a very good value.

Due to the fact that E. coli is a commensal
(saprophyte), it is difficult to select animals
for the experiment (laboratory model) that will
most accurately demonstrate the results of the
experiment. In this case, an experiment was ob-
served where the toxic effect was pronounced:
white mice in the experiment died from ex-
posure to the toxins released by E. coli. The
pathogenicity of the strain would be in the dis-
ease of the animals and in the manifestation of
the clinical picture.

CONCLUSION

A study of the virulence of museum strains of
E. coli isolates in comparison with the isolates
obtained in Moscow and Tula regions allowed
us to conclude that the virulence of strains de-
creases during long-term storage. The tendency
of strains to lose physicochemical properties
(stability) during lyophilization was also noted.
There may be several reasons for this: imper-
fect control and storage at different stages of the
culture life cycle; improper lyophilization dry-
ing when strains were not deep frozen; failure
to observe the drying stages, which eventually
led to a change in the genetic structure of the
strain.
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BupyrneHTHOCTD My3€eiHBIX IITAMMOB U BBIZICIEHHBIX Ha TeppuTOpuU MockoBckoii 1 Tymbckoii oOmacreit
n30mAToB E. coli

Virulence of museum strains and E. coli isolates isolated in the Moscow and Tula regions

Strain Dose, m.k. | Alive | Dead LDs, Strain Dose, m.k. | Alive | Dead LDs,
mln M.K. mln M.K.
E. coli museum strains E.coli 5/16 2,0 bln 1 4 1,2 x 108
E. coli Ne 727 2,0 bln 5 0 9 x 108 I'p.Moc 400,0 min 1 4
400,0 min 4 1 80,0 min 4 1
80,0 min 4 1 16,0 min 5 0
16,0 min 5 0 E.coli7/16 2,0 bln 0 5 0,89 x 10®
LT Tyn 400,0 min 1 4
E. coli w/o No. 2,0 bln 4 1| 851x10¢ 80,0 min 4 1
0101 400,0 min 4 1 16,0 min 5 0
80,0 mln 4 1 E.coli 17/20 2,0 bln 5 0 [22,36x10%
16,0 min 5 0 la.Tyn 400,0 mln 5 0
80,0 min 5 0
E. coli 2,0 bln 4 1 ]9,10x 108 16,0 mln 5 0
Ne 1616 400,0 min 5 0 E.coli 24/21 2,0 bln 0 5 0,65 x 10®
80,0 min 4 1 I"II.Moc 400,0 min 0 5
16,0 min 5 0 80,0 min 4 1
16,0 min 5 0
E. coli T]IP 2,0 bln 3 2 6,17 x 108 E.coli 18/20 2,0 bln 1 4 0,89 x 10®
400,0 min 4 1 I'I'"Moc 400,0 mln 1 4
80,0 min 4 1 80,0 min 3 2
16,0 min 5 0 16,0 min 5 0
E.coli 19/20 2,0 bln 0 5 0,89 x 10®
E. coli w/o No. 2,0 bln 4 1 6,17 x 108 L. Tyn 400,0 min 1 4
09 400,0 min 4 1 80,0 min 4 1
80,0 mln 3 2 16,0 min 5 0
16,0 min 5 0
E.coli 25/21 2,0 bln 5 0 22,36 x 108
E. coli 2,0 bln 4 1 8,51 x 10% LILTyn 400,0 min 5 0
Ne 397-37/14 400,0 mln 3 2 80,0 mln 5 0
80,0 mln 5 0 16,0 min 5 0
16,0 min 5 0
E.coli 20/20 2,0 bln 0 5 0,47 x 108
E. coli 2,0 bln 3 2 8,51 x 10% I'T.Moc 400,0 mln 0 5
Ne 398-37/14 400,0 mln 5 0 80,0 min 3 2
80,0 min 4 1 16,0 min 5 0
16,0 min 5 0
E.coli 28/21 2,0 bln 3 2 3,2 % 108
E. coli 2,0 bln 2 3 4,47 x 108 I"I1.Moc 400,0 min 3 2
Ne T- 85I1-85 400,0 mln 5 0 80,0 mln 0 5
80,0 min 3 2 16,0 mln 0 5
16,0 min 5 0
E.coli 21/20 2,0 bln 4 1 8,5 x 108
E. coli 2,0 bln 4 1 8,51 x 108 I'I"Moc 400,0 min 4 1
Ne 2005 400,0 mln 3 2 80,0 mln 4 1
80,0 min 5 0 16,0 min 5 0
160min | 5 0 E.coli 29/21 2,0 bln 3 2 [ 61x10°
LILTyn 400,0 mln 3 2
Selected isolates of E. coli 80,0 min 5 0
16,0 min 5 0
E.coli 3/16 2,0 bln 0 5 0,47 x 108
Ta.Tyn 4800060 min |1 4 E.coli 22120 2,0 bn 5 0 | 0,46x10°
,0 min 3 2
16.0 mln 4 1 I'I'"Moc 400,0 min 5 0
’ 80,0 mln 2 3
E.coli 9/17 2,0 bl 1 4 1,2 x 108 16,0 mln 0 2
. o . E.coli 23/20 2,0 bln 1 4 | 85x10°
a.Moc 400,0 mln 1 4
80,0 mln 4 1 I'I'"Moc 400,0 mIn 2 3
16.0 min 5 0 80,0 min 0 5
’ 16,0 min 0 5
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BA30BAS KOHIENITYAJIBHASA CXEMA
MOJIOTHWJIBbHO-CEITAPUPYIOIUIEIO YCTPOMUCTBA
HOABOPIIUKA-OYECBIBATEJIA JIBHA-JOJTI'YHIA

(<) Bypaaxos 10.B., Yemonanos C.U., Bypiakosa C.B.

Cubupckuii ghedepanvhwviii HayuHbll YeHmp azpoouomexnonozuti Poccutickou akademuu Hayk
HoBocubupckast oo6macts, p.im. Kpacnoo6ck, Poccus

(<) e-mail: yura01l@yandex.ru

YOopKy JibHA-IOATYHIIA IS MOJYYSHHsI BOJIOKOHHOW W CEMEHHOM MPOAYKIIUU OCYIIECTBIISIOT
B 3aBUCUMOCTH OT KOHKPETHBIX yCHOBI/Iﬁ 10 Pa3JIMYHBIM TEXHOJIOTUAM: HpHMOfI, pa3zxenLHof/'1 u
3aBojickoi. [IpencraBneHO TEXHUKO-TEXHOIOTHMYECKOE MCCIIEOBAaHUE pa3lelbHONW yOOpKH JIbHA-
JIOJTYHIIA ITyTeM COBEPIIIEHCTBOBAaHUS 0a30BOIM KOHIIENTYAIBHOM CXeMbI MOJ00PIIUKA-0deChIBaTe-
ns. PaccMOTpeHBI TpauIIMOHHBIC TEXHOJOTHH YOOPKH JIbHA-JIONTYHIIA U TEXHUYECKUE CPEJICTBA,
O6eCHe‘-II/IBaIOIHI/Ie BBIIIOJTHEHUEC TCEXHOJIOI'MYCCKUX onepauﬂﬁ, CBA3aHHBLIX C pa3HCHbHOﬁ TEXHO-
noruedl yoopku. BBISIBICHBI HEJJOCTATKM TEXHUUYECKUX CPEICTB, UCIIONB3YEMbIX MPH pa3ielbHON
TEXHOJIOTUU YOOpKH JibHA-HONTYHIA. OHHM 3aKITIOYAI0TCS B PA3IMYHON CTETICHH BO3JEHCTBUS MO-
JIOTHIIBHO-CETIAPUPYIONIUX OYECHIBAIOIINX OPTraHOB yOOPOYHBIX MAIllMH KaK I'pa0elbHOro, Tak U
POTOPHOTO THITAa Ha CTEOH, YTO BBI3bIBAET HEPABHOMEPHOCTh MX BBIJISKKH IO JUTMHE W TPUBOJIUT K
YXYAIICHUIO KaYeCTBa BOJIOKHA, YMEHBIIICHHIO HOMEPa BBIX0J1a 0CO00 IIEHHOTO JUIMHHOTO BOJIOKHA U
IOTepsIM CEMEHHOM YacTu ypokas. [IpeinioxkeHa KoHIenTyaabHasi cxema 6a30BOro MOJIOTHIILHO-Ce-
NapUPYIOIIEro YCTPOMCTBA BaJbIIOBOTO THIIA JUIS PAa3elbHON TEXHOJIOTHH YOOPKH JbHA-IONTYHIIA
IyTEM COBEPIICHCTBOBAHUS MOJ0OPIIHKa-ouechiBaTesl. [IpemraracMerii BapuaHT yCTpoicTBa o0e-
CIIEYUBAET OJJHOBPEMEHHBIH 00MOJIOT JICHT JIbHA-IONTYHIIA H CO3/IAeT OJIarOMPUSTHBIE YCIOBUS IS
Ka4eCTBEHHOW BBUICKKH COJIOMKH JIO COCTOSIHHS TPECThI OJHOBPEMEHHO IO BCEH uIMHE CcTeOmns
IyTeM €€ PaBHOMEPHOTO IUIIONICHUS B 3a30paX MeXy 0Ope3nHeHHBIMU Baibliamu. [logdopiik-
OYechIBaTeNb, 000PYAOBAaHHbIH MOJIOTHIIbHO-CETIAPUPYIOIIMM YCTPOHCTBOM BaJbIIOBOTO THIIA, IO-
3BOJIACT NPOU3BOAUTH BbIACIICHUE CEMSAH U3 HEOYeCaHHOM JIEHTHI JIbHa-A0JT'YHIIa BHC 3aBUCUMOCTH
OT pPaCIIOJIOKCHUA CEMEHHOM YacTH OTHOCHUTEIILHO HaIpaBJICHUA OBUKXCHUS y60pOT-IHOFO arperara.
YHUBEpCaTbHOCTh, MPOCTOTA M IIUPOKUN AMANa30H MPUMEHEHUS MOJIOTHIHHO-CETaphpyIOIIero
YCTpPOMCTBA BaJBIIOBOTO THIA IEIeCO00pPa3HO MCIOIB30BaTh MPHU MPOSKTHPOBAHUN MAIWH IS
yOOpKH JThbHA-JIOATYHIIA JJIs IPSIMOH, pa3ieIbHON 1 3aBOACKOHN TEXHOIOTUH YOOPKH.

KuaroueBble cjioBa: JbHOYOOpPOYHAs MallluHA, BaJbIIOBOC MOJIOTHIILHOE YCTPOWCTBO, JICH-
JONITYHETI, PABHOMEPHOCTH BBUICKKHU, TPECTA

BASIC CONCEPTUAL SCHEME OF THE THRESHING
AND SEPARATING DEVICE OF THE FLAX FIBER COMBING MACHINE

() Burlakov Yu.V., Chemodanov S.I., Burlakova S.V.

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia
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Harvesting of flax for fiber and seed production is carried out depending on the specific condi-
tions by different technologies: direct, separate and factory. A technical and technological study of
separate harvesting of flax fiber by improving the basic conceptual scheme of the picker-combing
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MOJIOTHIIBHO-CETIAPUPYIOIIEro yCTPOcTBa
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machine is presented. The traditional technologies of harvesting flax fiber and technical means that
ensure the implementation of technological operations related to the separate technology of harvest-
ing are considered. Disadvantages of the technical means used in the separate harvesting technology
of flax fiber are revealed. They consist in varying degrees of impact of threshing and separating
combing bodies of harvesting machines of both rake and rotor type on the stems, which causes un-
even curing along their length and leads to the deterioration of fiber quality, reduction of the number
of extra valuable long fiber and losses of the seed part of the crop. A conceptual scheme of the basic
threshing and separating device of a roll-fulling type for separate technology of flax fiber harvesting
by improving the picker- combing machine is proposed. The proposed device variant provides si-
multaneous threshing of flax fiber strips and creates favorable conditions for quality curing of straw
to the state of flax straw simultaneously along the entire stalk length by its uniform conditioning in
the gaps between the rubberized rollers. The combing header equipped with a threshing and separat-
ing device of the roll-fulling type allows to separate the seeds from the uncombed flax strip regard-
less of the location of the seed part relative to the movement direction of the harvesting machine.
Versatility, simplicity and wide range of application of the threshing and separating device of the
roll-fulling type are reasonable to use when designing machines for harvesting flax fiber for direct,
separate and factory harvesting technologies.

Keywords: flax puller, roll-fulling threshing device, flax fiber, uniformity of maturation, flax straw
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INTRODUCTION

Fiber flax is cultivated for fiber and seeds.
World flax fiber production, according to FAO-
STAT, exceeded 330 thousand tons per year. In
the Russian Federation the harvest of flax fiber
is 38.8 thousand tons. In the Siberian Federal
District, the sown areas of flax fiber decreased
from 16.1 thousand hectares in 1990 to 11.1
thousand hectares in 2019.

The main biological contradiction in har-
vesting is that different phases of maturity and
harvesting at the appropriate calendar dates
are appropriate for obtaining quality fiber and
seeds. Fibre flax harvested in the early yellow

ripeness phase provides the highest fiber yield,
and the seeds ripened in the bolls are suitable
for sowing purposes. In order for the flax mill
to make a profit and carry out equipment up-
grades, it is necessary that the flax straw com-
ing in for processing is not lower than number
1.5. Harvesting of fibre flax for fiber and seed
production is carried out depending on specific
conditions by different harvesting technologies:
direct, separate and factory [1, 2]'2.

The purpose of the study is to present a tech-
nical and technological study of the separate
harvesting of fiber flax by improving the basic
conceptual scheme of the picker-combing ma-
chine.

'Rozhmina T A., Ponazhev V.P. State and prospects of development of the flax sector in Russia // Globalization and environmental
and economic development of regions: proceedings of scientific and practical conference. Moscow, 2015. pp. 181-190.

2Kovalev M.M., Kolchina L.M. Technologies and equipment for the production and primary processing of flax and hemp:

handbook. Moscow: Rosinformagrotech, 2013. 184 p.

MexaHp3armsi, aBIOMATH3aLIS, MOICTHPOBAHIC
1 UH(POPMALMOHHOE obecreueHe

CuOHMpPCKHii BECTHHK CETLCKOXO03SMCTBEHHON Hayku » 2023 53«1 95



Basic conceptual scheme of the threshing
and separating device of the flax fiber combing machine

Burlakov Yu. V., Chemodanov S.I., Burlakova S.V.

The research tasks included analysis of in-
formation resources on technical and techno-
logical support of flax harvesting and search for
conceptual scheme of threshing and separating
device (TSD) of basic harvesting tool for real-
ization of separate harvesting technology.

MATERIAL AND METHODS

The search for technical solutions and test-
ing of experimental samples of threshing and
separating devices for the implementation of
separate and factory harvesting technologies to
improve the quality of flax products was con-
ducted from 2001 to 2020. The research was
conducted in the laboratory of the Siberian Re-
search Institute of Mechanization and Electri-

Scientific works and information resources
related to the improvement of the working bod-
ies of flax harvesting machines for the imple-
mentation of direct, separate and factory har-
vesting technologies of fibre flax, as well as
specialized multifunctional units for seed pro-
duction are used in the work.

The main method of identifying and evaluat-
ing the factors determining the improvement of
flax production quality and related to the nature,
intensity and uniformity of the impact of the
working elements of flax harvesting machines
by the length of the stalk is an expert-logical
analysis of information resources related to the
improvement of the working elements of TSD
flax harvesting machines when implementing

direct, separate and factory technologies of fi-

fication of Agriculture and in the farms of the )
ber flax harvesting.

Novosibirsk region: OJSC "Bugotaksky flax
plant" and OJSC "Legostaevsky flax plant®!4.

3Glants V.V., Kuznetsov A.V., Burlakov Yu.V. Influence of combing bodies type and their kinematic modes on completeness of
flax-fibre seeds combing at separate harvesting method // Mechanization and electrification of agricultural production: materials of
international scientific and practical conference (Novosibirsk, April 22-23, 2003). Novosibirsk. 2003. pp. 62-63.

“Patent Ne 2243643, A01D45/06 "Device for flax stalk combing" (Russian Federation) / V.P. Bekasov, Yu.V. Burlakov, V.V.
Glants, A.V. Kuznetsov, G.E. Chepurin; application dated 10.07.2002; published 10.01.2005; Coll. no. 1.

SPatent Ne 2243644, A01D45/06 "Device for flax stalk combing" (Russian Federation) / V.P. Bekasov, Yu.V. Burlakov, V.V, V.
V. Glants, A.V. Kuznetsov, G.E. Chepurin, [.N. Petryagin; applied December 30, 2002; publ. 10/01/2005; bul. no. 1.

*Kuznetsov A.V., Surilova G.V., Burlakov Yu. V. Prospective technologies of separate harvesting of fiber flax seeds in Siberia //
Modern and advanced technologies of the agro-industrial complex in Siberia: materials of the international scientific and practical
conference (Novosibirsk, July 8-9, 2006). Novosibirsk. 2006. pp. 47-48.

"Burlakov Yu. V., Nikolashkin V.I. The results of the study of the effect of the type of combing bodies and their kinematic
modes on the completeness of combing flax seeds with separate harvesting method // Modern and advanced technologies of the
agro-industrial complex in Siberia: materials of the international scientific and practical conference (Novosibirsk, July 8-9, 2006).
Novosibirsk. 2006. pp. 49-50.

8Burlakov Yu.V., Kuznetsov A.V,, Surilova G.V., Nikolashkin V.I. The results of the study of experimental flax thresher work
// Engineering and technical support of technological processes in the agro-industrial complex of Siberia: collection of scientific
papers / Siberian Branch of the Russian Academy of Agricultural Sciences, SibIME. Novosibirsk. 2007. pp. 38-46.

°Kysneyos A.B., Cypunoea I'B., Bypnaxos FO.B. Kuznetsov A.V., Surilova G.V., Burlakov Yu.V. Influence of fibre flax harvest-
ing methods on the sowing qualities of seeds // Engineering and technical support of technological processes in the agro-industrial
complex of Siberia: Collection of scientific papers / Siberian Branch of Russian Academy of Agricultural Sciences, SibIME.
Novosibirsk. 2007. pp. 47-51.

WKuznetsov A.V., Surilova G.V., Burlakov Yu.V. The quality of harvesting of fibre flax seeds in Siberia // Machine-technolog-
ical, energy and service support of agricultural producers in Siberia: materials of the international scientific and practical confer-
ence (Krasnoobsk, June 9-11, 2008) / Siberian Branch of the Russian Academy of Agricultural Sciences, SIbREME. Novosibirsk.
2008. pp. 495-499.

"Burlakov Yu.V. Technology of harvesting fibre flax seeds in Siberia // Machinery in agriculture. 2013. Ne 4. pp. 3-4.

2Burlakov Yu.V. The choice of the combing apparatus type for stationary thresher of fiber flax // Scientific and technical sup-
port of the Siberian agro-industrial complex: proceedings of the international scientific and technical conference (Krasnoobsk,
June 7-9, 2017) / SFSCA RAS, SibIME. Novosibirsk, 2017. T. 1. pp. 83-89.

BBurlakov Yu.V. Performance of a stationary laboratory installation of roller type for threshing fibre flax // Scientific and
technical support of the agro-industrial complex of Siberia: materials of the international scientific and technical conference (Kras-
noobsk, October 3-4, 2019) / SFSCA RAS. SibIME. Novosibirsk, 2019. pp. 23-28.

Y Burlakov Yu.V., Chemodanov S.I. Threshing and separating device of roller type for threshing flax tapes with factory
harvesting technology // Agrarian science to agriculture: materials of the XVII international scientific and practical conference
(February 9-10, 2022) in 2 books Barnaul: RIO Altai State Agricultural University, 2022. pp. 18-19.
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RESULTS AND DISCUSSION

During direct harvesting of fiber flax in the
Russian Federation flax harvesters LK-4D,
LEN-4, KL-1,5 Rusich, KL-1,5 Seliger, KL-
1,5 "Valday" with rake combing bodies are
used that separate seeds from stems at different
moisture content [3-5]. Foreign manufacturers
of flax harvesting machinery Union, Depoortere
(Belgium), Dehondt (France), Gomselmash
and Bobruiskagromash (Belarus) also produce
a wide range of highly productive specialized
trailed and self-propelled flax harvesters, such
as flax-cutters, flax harvesters, flax pickers, flax
balers. The main disadvantage of these known
technical means is that on different parts of the
flax stalk along its length the combing working
bodies of harvesting machines of both rake and
rotor type have different deforming influence
[6]. As a result, flax stems have different sea-
soning stages along their length. If the apex part
of the stem has already reached normal season-
ing, the middle part has already over-ripened,
its quality has deteriorated; while the trunk part
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Over-seasoning -
the middle part
of the stem

has not yet reached optimal quality (see Fig. 1).

In the process of dew retting, pectin-degrad-
ing bacteria and fungi, which are part of the
microflora, penetrate through the tiny cracks
in the fiber flax stalk, which are caused by the
working bodies of flax harvesting machines. In
this case the straw changes its original color,
covered with small gray specks and eventual-
ly turns dark gray, turning into flax straw. On
those parts of the stalk where there are no dam-
ages or they are minimal, the process of flax
straw formation is slower, and where there was
a penetration by flattening the stalks, seasoning
of straw is accelerated by 15-20%.

The implementation of the above-described
harvesting technology leads to a decrease in the
amount of fiber due to unevenly matured along
the length of the stalk of the flax straw fiber and
a decrease in the yield of especially valuable
long fiber. Therefore, flax farms aiming for high
profits pay special attention to the monitoring
of seasoning. For example, the average number
of long fiber in normal maturing in dew retting

Normal seasoning -
the apex part of the stem

Under-seasoning -
the butt end part
of the stem

G

Puc. 1. XapakTepHbIil BUI TPECTHI B pE3YJIbTaTe 3aBEPIICHUS BBUICKKH CTEOICH ThHA-TO0NTYHIIA B TIPO-

11lecce POCSIHONW MOYKHU

Fig. 1. Characteristic appearance of flax straw as a result of flax fiber stalks ripening in the process of

dew retting
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conditions of fiber flax tape may correspond to
16, in under-maturing - only to 12, in its over-
maturing - only to 10 and below'>.

Farm technologists have an opportunity to
influence the general terms of flax straw prepa-
ration by implementing such technological op-
erations with fiber flax tapes as wrapping and
fluffing, which help to equalize the uniformity
of flax seasoning in the upper and lower parts of
the flax stalk. It is not possible to influence the
uniformity of seasoning along the length of the
stalk, since the situation is already inherently
laid by the different nature of the impact of the
working bodies of flax harvesting machines.

The most active deformation effect on the
flax stems in their middle part is produced by
the clamping conveyor of the flax mill, which
has a complex profile and wavy relief. It de-
forms the middle part of the flax stalk, where
later a characteristic, lighter color of the trust is
observed, as this part of the stalk matures much
faster than the apex and butt end parts [7].
The main advantage of the separate harvesting
technology compared to combine harvesting is
the use of solar energy potential for drying the
stems and maturation of seeds in the seed bolls,
as well as the ability to start harvesting earlier,
which ultimately results in fiber and seeds of
higher quality. Flax straw maturation periods as
a result of using the technological process of
conditioning and wrapping can reduce the time
of harvesting by 14 days, provide a higher num-
ber of flax straw, increase the germination en-
ergy of seeds and their germination ability [8].

The harvesting of fibre flax by machines
with rake implements is widely used for direct
harvesting in both single- and double-threaded

machines. However, they are practically un-
acceptable for implementation of the separate
harvesting technology by both single-flow and
double-flow schemes, since the fibre flax tapes
during their stacking, tedding and wrapping due
to wind load and violation of technological pro-
cesses do not always have a straight direction
1618 [9]. One of the significant disadvantages of
seed heap received from flax harvesters with
rake combing bodies is the difficulty of its fur-
ther processing in order to obtain seeds'. There
are various types of working bodies suitable for
the process of separating the seed part of prod-
ucts from fibre flax tapes in field conditions®
[10, 11]. The situation on separation of the seed
part by working bodies is complicated by the
growth of negative indicators influencing on the
fiber flax tape at different stages of its seasoning
from straw to flax straw in the process of dew
retting. For example, the stalks extension in the
flax tape after flax-combing is 1.09 times, and
after its wrapping it increases up to 1.21 times.
A similar situation for the stalk: the stalks at the
root have a coefficient of variation of 3.44%,
and after the flax harvester - 19.30% or more.
After the technological operation of wrapping,
this index increases to 28.61% [12].

Selection of such a tape and combing of seed
bolls by the rake working tools when imple-
menting the separate harvesting technology is
also complicated by the fact that the boll loca-
tion area is on one side of the belt. The operator
of a flax harvester has to control the combing
machine so that the combing device is on the
side of the seed boll location, which requires a
high level of skill and great concentration, since

15 Obyedkov M.G. Fiber flax. Moscow: Rosselkhozizdat, 1979. 223 p.

Loyko S.F., Perechaev A.N., Starosotnikov S.V. Machines for cultivation and harvesting of fibre flax // Scientific and techno-
logical progress in agricultural production: proceedings of the international scientific and technical conference. 2015. Vol. 2. pp.

138-146.

"Rostovtsev R.A., Shishin D.A. To the question of separating the seed part of the crop from the stems // Machine-technological
modernization of flax agro-industrial complex on the basis of innovation: collection of scientific works of VNIIML. Tver, 2014.

pp.100-103.

8Smirnov N.A., Lobachev A.A., Rymar O.N., Vakarchuk S.I. Analysis of the devices for the separation of seeds from the stems
in the implementation of harvesting technologies of fiber flax // Innovative developments for the production and processing of bast
crops: materials of the international scientific and practical conference. Tver, 2017. pp. 213-216.

YPerepechaev A.N., Karpunin V.I. On the expediency of developing a machine for pre-combing of seeds // Scientific and
technological progress in agricultural production: materials of the international scientific and technical conference dedicated to the
70th anniversary of the RUE "NPC NAS Belarus on Mechanization of Agriculture". 2017.pp. 126-129.
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the width zone of seed bolls with seeds does not
exceed 30 cm [13, 14].

The current situation is the conceptual and
technological scheme of the known devices
of the combers with different working bodies,
potentially used for the implementation of the
separate technology of fibre flax harvesting
(see Fig. 2). According to the established tech-
nological scheme of the devices, the uncoated
flax-fibre tape is picked up by the device I and
delivered to the zone of the clamping conveyor
II, which brings the uncoated part of the tape to
the zone of the combing bodies III. The work-
ing bodies have a deforming and detaching ef-
fect on the bolls and separate the seed part of
the crop from the stem part. Then, the stem part
of the crop is transported by the clamping con-
veyor to the wrapper-tape stacker V for laying
it on the field surface and further seasoning to
the condition of flax straw under the dew ret-
ting conditions. During the implementation of
combing the stalks are damaged and deformed
due to the impact of the working bodies, which
leads to accelerated seasoning up to the condi-
tion of flax straw of only that part of the stalk
which fell into this zone. In this case, the stem
butt end part either does not receive any de-

forming effects in the area of its location IV, or
receives them by crushing or squeezing one or
two pairs of roller working tools, which are in-
stalled additionally. It is necessary to ensure the
operation of an additional drive of these condi-
tioning pairs coordinating their linear velocity
with the linear velocity of the working surface
of the clamping conveyor. As a result, the stems
along the length receive different in nature me-
chanical impact, which leads to a decrease in
the quality of the fiber obtained from such flax
straw during its further processing.

The most interesting of all working tools,
along with the rake ones, are the roller working
tools. For realization of the separate technology
of the fiber flax harvesting the mounted picker-
combers with the roll working bodies were used,
for example, the pick-up thresher MLN-1,0 de-
signed by VISKhOM (All-Russian Research
Institute of Agricultural Machinery named after
V. P. Goryachkin) and the flax pick-up thresher
LMN-1,0. When operating machines with rub-
berized roll working bodies the stems are not
pulled out into the clumps and the stems are
well flattened between the roll pairs, forming
favorable conditions for seasoning the stems to
a flax straw state?'. However, the rollers do not

v

Location area

Butt end area of the stem: no impact
I on the stalks or additional flattening rolls are installed

v

Location area

of the flax strip turner
of the non-combed

I _

Clamping conveyor

of the flax strip turner
of the threshed flax strip

flax fiber strip from

111
the field surface

Seed boll location and combing organs: rake,
roller, drum-type, floral, rotary-beater,
rotary-slatted, rotary, beater, disc, slot-type,
drum-beater, roller-ridge

after threshing it
on the surface of the field

Puc. 2. CnoxuBiiascs KOHICHTyaJIbHas CXeMa HO,Z[60pH_[I/IKOB—O‘-ICCI:IBaTeJIeﬁ C MOJIOTWJIBHO-CCIIapUPYIO-

M yCTpOI;'ICTBaMPI PAa3JIMYHbIX TUIIOB

Fig. 2. The established conceptual scheme of pickers-combers with threshing and separating devices of

various types

X Fadeev D.G. Classification and analysis of combing apparatus schemes of flax harvesting machines // Innovative developments
for the production and processing of bast crops: proceedings of the international scientific and practical conference. pp. 224-235.

Y Kasparova S.A. Separate harvesting of fiber flax // Proceedings of the All-Union Research Institute of Agricultural

Engineering. Moscow: VISKHOM, 1961. Issue. 32. pp. 129-152.
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flatten the stem along its entire length; as a re-
sult, seasoning in the apical part is completed
earlier than in the butt end part.

The proposed conceptual technological
scheme of the roller threshing and separating
device could be the solution to this problem
(see Fig. 3)*.

The device operates as follows: after 7-10-
days of maturing in the field, the unbleached
flax tape (in accordance with the separate har-
vesting technology) is lifted by the pick-up
device I and delivered to the zone of the roll
type I TSD, where during its passage between
the rubberized rollers 1 and 2 it is flattened and
threshed 4 times evenly by destruction of seed
bolls throughout the width of the tape in the
gaps between the upper and lower rollers. Sta-
bility of uniform band flattening between the
rubberized rollers is ensured by its compression
force (not less than 16 kN) with self-centering
device 6 [15].

On the whole way of the tape between rub-
berized rollers it is securely held between upper
and lower rubberized endless tapes 5, 7. The
tape is blown in the gaps between the rollers by
directed air flow along the direction of stems
from nozzles 4 in the direction from the butt
end part of the plants to the apex part. Endless
upper and lower rubberized tapes are equipped
with tensioning mechanisms 3 and 8 to adjust
their tension. After threshing, the tape is deliv-
ered to the wrapper-tape stacker III and laid on
the surface of the field for further seasoning un-
til it becomes a flax straw. The threshed seed
straw from the threshing and separating device
is sent to the seed stacker I'V.

The proposed basic conceptual technologi-
cal scheme of realization of the threshing and
separating device of the roller type for the bal-
ing machine implies threshing of the bolls in
the fiber flax tape with simultaneous uniform
flattening of the stems along their entire length
during threshing between the rubberized roll-
ers. This scheme forms a favorable situation
for further uniform seasoning of the stems dur-
ing the dew retting and creates conditions for a
higher quality fiber yield. This makes it possible

to select the tapes and to thresh them indepen-
dently of the box area and the direction of the
machine's movement on the tape. In addition, it
also allows the threshing of disoriented tapes,
i.e. those which rake and rotor tools are unable
to thresh due to a disturbance in the techno-
logical process. The resulting seed clumps are
practically free of clutter, and the stalks are not
shortened or damaged.

CONCLUSIONS

1. When implementing the separate fibre flax
harvesting technology, the proposed version of
the basic threshing and separating device of
roller type forms favorable conditions for fur-
ther uniform seasoning of straw as a result of
dew retting to the state of flax straw along the
entire width of the threshing belt by evenly flat-
tening the stems over the entire length.

2. The proposed variant of rubberized roller
working tools provides a stable technological
process of threshing of fiber flax tape with min-
imal damage to the stem part of the crop and
their withdrawal into the waste.

3. Picker-combing machine with the pro-
posed basic conceptual scheme of the threshing
and separating device of the roller type allows
to pick up and thresh regardless of the orienta-
tion of the seed part of the crop in the belt rela-
tive to the direction of the harvesting machine
movement.
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Puc. 3. l[Ipeanaraemas KOHIETITyaJIbHas cxeMa 0a30BOr0 MOJIOTHIIBHO-CETIAPUPYIOIIETO YCTPOHCTBA
BaJIbLIOBOT'O THUIIA AJIS TOAOOPIIHNKA-04eChIBATEIS:

a — Buz cOOKY; 6 — BUJ CBepXy: / — HIUKHUE 00pe3NHEHHBIE BANIBIIB]; 2 — BEPXHHE OOPE3MHEHHBIE BaJIbIIbI;

3 — HaTSHKHOM MEXaHU3M BepxHel OeCKOHEUHON 00pe3NHEHHO JICHTHI; 4 — COIUIa /ISl HallpaBJIEHHON Moaun
BO3/yXa BIOJH cTeOIel; 5 — OeCKOHEeUHAass 00pe3nHEHHAs JICHTA, 00BETUHSIIONAS BEpXHIUE 0OPE3NHEHHBIEC BAJIBIIEI,
6 — TOIPY>)KNHEHHBI CaMOIIEHTPUPYIOIINICS NPIKUMHON MEXaHH3M BEpXHUX OOPE3MHEHHBIX BAJIBIOB;

7 — OeckoHe4yHasi 00pe3MHEHHas JICHTa, OObEIUHAIONIAsI HHKHUE 00PE3NHEHHBIE BANIBIbI; § — HATSHKHOW MEXaHH3M
HWKHEW O€CKOHEYHOH 00pe3HMHEHHOM JICHTHI; 9 — COOPHUK CEMEHHOTO BOpoxa; /() — JeHTa JIbHa-J0JITYHIIA

Fig. 3. The proposed conceptual scheme of the basic threshing and separating device of the roller type
for the picker-comber, where: a) - side view; 6) top view):

1 - lower rubberized rollers; 2 - upper rubberized rollers; 3 - tension mechanism of the upper infinite rubberized tape;
4 - nozzles for directional air supply along the stems; 5 - infinite rubberized tape uniting the upper rubberized rollers;
6 - spring-loaded self-centering clamping mechanism of the upper rubberized rollers; 7 - infinite rubberized tape unit-

ing the lower rubberized rollers, § - tension mechanism of the lower infinite rubberized tape; 9 - seed pile collector;
10 —flax fiber tape
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Basic conceptual scheme of the threshing
and separating device of the flax fiber combing machine
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O EHKA BJIMAHUA BJIAYKHOCTH ITIOYBbI
ITPU INOCEBE HA ITTYBUHY 3AJIEJIKU CEMSH 3EPHOBBIX KYJIBTYP

<) SAxosaes 1.A.!, Beasies B.1.!, Moasixos I'.H.2

!Anmauickuii 20cy0apcmeenHblil acpapHblil YHUSEpCUnmem

bapnayin, Poccus

?Uprymckuii 2ocyoapcmeennuiii azpaphwiii yuusepcumem um. A.A. Excesckoco
Wpkytck, Poccus

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

[IpuBenena oreHka MTyOMHBI 3a7IeIKM CEMSH 3€PHOBBIX KYJIBTYp IOCIE MOCEBa arperaramw,
000pyTOBaHHBIMU aHKEPHBIMHU H JIAIOBBIMU THITAMU COILTHHWKOB, B YCIOBHUSIX PA3IWYHON BIIAXKHO-
CTH TIOYBHI cTenHon 30HbI Cubupu. MccnenoBanus nposenensr ¢ 2018 mo 2021 1. B cTEmHOM 30He
Anraiickoro kpas. BiaXHOCTb MOYBBI OMpPEEINAIN MPH TOMOIIX 3EKTpOoHHOTro Biaromepa HH-2
¢upmel Delta-T Devices, mpuHIUT paOb0OTHI KOTOPOTO OCHOBAH Ha U3MEPEHUU JIEKTPOIPOBOTHOCTH
NOYBEI. [ TyOUHY 3a/1€IKH CEMSTH OTIPEISIISIITH 110 dTHOJIMPOBAHHON (OCBETIIEHHO ) YaCTH paCTEHHH.
IIpu cpaBHEHHUH PE3yABTATOB MPUHSTA BEITNINHA CTAHIAPTHBIX OTKJIOHCHHUA OT CPETHETO 3HAYCHIUS
TTyOMHBI 33JIEJIKH CEMsTH, TIOCKOJIBKY 110 MPUHIIMITY OIEHKH OHAa COOTBETCTBYET arpOTEXHUYECKUM
TpeOoBaHMAM K moceBy. [IpoaHanm3upoBaHbl HalileHHbIE B JHANa30HE BIAKHOCTH TOYBHI OT 12
1o 40% craHmapTHBIC OTKIOHEHUS OT MIyOWHBI 33JeNIKA CEMSH IOCIe TT0CeBa OPYAUIMU, 000PY-
JIOBAaHHBIMU aHKEPHBIMU U JIATIOBBIMH THUIIAMHU COIIHUKOB. CTaHAAPTHBIC OTKJIOHEHUS OT CpeaHEH
OTIpE/ICNICHHON ITyOWHBI 33/IeJIKM CeMSTH CBEICHBI B JIMarpaMMbI paccesHusl. Bee OTKIOHEHHs OT
DTyOMHBI 33JIEJIKH TIOCTIe TTOCeBa JAHHBIMU COITHWKAMU HAaXOIWJINCh B JOMYCTUMBIX Tpeenax u3-
MEHEHHH arpoTeXHUYECKUX TPEOOBAHNH, KOTOPBIEC COCTABIAIOT =10 MM. YcTaHOBIIEHA B3aUMOCBSI3h
OTKIIOHEHUH OT CpeHel IIyOMHBI 3aJIeIKK CEMSH U BI&KHOCTH ITOYBHI HA MOMEHT ITOCeBa. YpaB-
HEHHUS CBSI3U JAHHBIX MOKA3aTeNed UMEIOT BBICOKYIO 3HAYMMOCTbD, UTO MOATBEPKAACTCS BEICOKMMU
ko3 dunrenTamu nerepMuHanuu. J[aHHBIC ypaBHEHUS MO3BOJST CEIbXO3TOBAPOIIPOU3BOIUTEIISIM
CTETHOM 30HbI ANTaliCKOTo Kpas MU 3HAHUH BIAKHOCTH ITOYBBI HA MOMEHT TI0CEBa CIIPOTHO3UPO-
BaTh €0 Ka9YeCTBEHHYIO COCTABIISIONIYIO TOCTIE BCXOAOB, MOCKOIBKY PABHOMEPHOCTH paciperere-
HUS CEMSH T10 TITyOWHE 3a/IeIKU BIUSAET Ha YPOKANHOCTD KYIBTYP.

KuaroueBble c10Ba: TiryOWHA 3aJeNIKH, aHKEPHBIA COIIHUK, JIAMTOBBIA COUTHHK, BIAYKHOCTH I10-
YBBI, CTEIHAs 30Ha Cubupu

EVALUATING THE EFFECT OF SOIL MOISTURE DURING SOWING ON THE
DEPTH OF CEREAL CROPS SEEDING

<) Yakovlev D.A.!, Belyaev V.I.!, Polyakov G.N.?

!Altai State Agricultural University

Barnaul, Russia

Irkutsk State Agrarian University named after A.A. Ezhevsky
Irkutsk, Russia

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

Evaluation of the depth of seeding cereal crops after sowing by units equipped with tyne coulters
and tine cultivators under different soil moisture conditions in the steppe zone of Siberia is given.
The studies were conducted from 2018 to 2021 in the steppe zone of the Altai Territory. Soil moisture
was determined using an HH-2 electronic moisture meter from Delta-T Devices, the principle of
operation of which is based on measuring the electrical conductivity of the soil. The depth of seed
placement was determined by the etiolated (clarified) part of the plants. When comparing the results,
the value of standard deviations from the average value of seed placement depth was taken, because
according to the principle of evaluation it corresponds to the agrotechnical requirements for sowing.
The standard deviations from the seed placement depth after sowing by the machines equipped with
tyne coulters and tine cultivators found in the soil moisture range from 12 to 40% were analyzed.
Standard deviations from the average defined seed placement depth are summarized in scatter
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OleHKa BIMSHUS BJIAXHOCTH MOYBBI IIPH IIOCEBE
Ha NIyOHHY 3aJeNKH CEeMSH 3epPHOBBIX KyIBTYD

Skosne [I.A., benses B.U., [Tonsikos I.H.

diagrams. All deviations from the depth of placement after sowing with these coulters were within
the acceptable limits of changes in agrotechnical requirements, which are + 10 mm. The relationship
between deviations from the average depth of seeding and soil moisture at the time of sowing was
established. Relationship equations of these indicators are highly significant, as evidenced by high
coefficients of determination. These equations will allow agricultural producers of the steppe zone
of the Altai Territory with knowledge of soil moisture at the time of sowing to predict its quality
component after sprouting, since the uniformity of seed distribution on the depth of seeding affects

the crop yield.

Keywords: sowing depth, tyne coulter, tine cultivator, soil moisture, Siberian steppe zone
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INTRODUCTION

Currently, agricultural enterprises of the
steppe zone of Siberia, engaged in crop pro-
duction, use a variety of seeders and seeding
complexes for sowing crops. The fundamental
difference between these machines is the type
of the main working tools - coulters, which are
most often of the disk, tyne and tine type. Ac-
cording to the widespread data confirmed by
the Ministry of Agriculture of the Altai Terri-
tory, in connection with the mass transition of
farmers to resource-saving sowing technolo-
gies, sowing machines equipped with tyne
and tine coulters which implement no-till and
minimum sowing technologies are more often
used, respectively. In this regard, it is these
types of working tools that are considered in
this article [1, 2].

There are different opinions and disputes
among farmers about the preference for using
each type of coulter in certain operating con-
ditions of sowing machines. One of the main
selection criteria in this case are such indica-
tors as draught resistance, respectively, and fuel
consumption of the sowing units [3-6].

For example, when working in the condi-
tions of increased soil moisture, the tine coult-
ers experience more draught resistance due to a
larger resistance area, while the anchor coulters
experience less resistance due to a smaller area,

which is also reflected in the quality of seeding.
According to numerous data, it is known that
moisture is one of the most important soil prop-
erties affecting the quality of seeding, which
can vary in a wide range during the sowing sea-
son [7-14].

To objectively assess the quality of sowing,
there are many indicators specified in the agro-
technical requirements for sowing. Uniformity
of seed distribution by depth of seeding is one
of the most important requirements that affect
the final yield of grain crops.

The purpose of the study is to justify the
choice of the coulter type in terms of unifor-
mity of seed depth distribution in the work of
seeding units under the conditions of different
soil moisture.

MATERIAL AND METHODS

To estimate soil moisture before sowing
grain crops from 2018 to 2021, soil moisture
measurements were carried out on a large
number of fields (about 300) in the farms lo-
cated in the steppe zone of the Altai Territo-
ry. The soil type on which the research was
conducted was southern chernozem. After the
sowing season, in those fields where soil mois-
ture was measured, the depth of seed place-
ment was checked to determine the qualitative
component of sowing.

MexaHp3armsi, aBIOMATH3aLIS, MOICTHPOBAHIC
1 UH(POPMALMOHHOE obecreueHe

CuOHMpPCKHii BECTHHK CELCKOXO03sMCTBEHHON Hayku » 2023 « 53 « 1 105



Evaluating the effect of soil moisture during sowing
on the depth of cereal crops seeding

Yakovlev D.A., Belyaev V.I., Polyakov G.N.

The studies were conducted in the fields af-
ter sowing by seeding machines and seeding
complexes equipped with tyne and tine coulters
(see Fig. 1). Most often seeding was carried out
with such seeding machines as PK Kuzbass and
PK Kuzbass-A, SZS 2.1, SKP 2.1 "Omichka",
PK FeatAgro L and A series, Agromaster Agra-
tor and Agrator Ancer, Amazone Primera DMC
and Condor, John Deere 1830 and 1870, Morris
Concept 2000, etc.

Soil moisture in the layer from 0 to 100 mm
was determined with an electronic moisture me-
ter HH-2 from Delta-T Devices, which operates
based on measuring the electrical conductivity
of the soil (see Fig. 2).

The depth of seed embedding was deter-
mined by the etiolated (lightened) part of the
plants (see Fig. 3)' [15].

The seeding depth after sowing with tools
with tyne coulters and tine cultivators was de-
termined under conditions of a wide range of
soil moisture from 10 to 40%.

RESULTS AND DISCUSSION

The value of standard deviations is adopted
to trace the logic of the process and to find out
how much the values differ from the average,
allowing for an objective comparison of this
indicator in accordance with the agronomic re-
quirements.

\

X
%,
s,

o

Puc. 1. Bua ucciieyeMbIX aHKEPHBIX U JIAIIOBBIX TUIIOB COLLIHUKOB
Fig. 1. Type of researched tyne coulters and tine cultivators

b
s

Puc. 2. Dnexrponnslii Bnaromep noussl HH-2 Delta-T Devices
Fig. 2. Electronic soil moisture meter HH-2 Delta-T Devices

i
Puc. 3. Uccnenyemble pacTeHus
Fig. 3. The plants under study

'Gataulina, G.G., Obyedkova M.G. Practical work on plant growing. Moscow: Kolos, 2000. 215 p.
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When analyzing the experimental data ob-
tained, standard deviations from the average
value of the seed embedment depth for each
case corresponding to a particular field and
seeding unit were found.

The sample was quite extensive and consist-
ed of about 300 values, so the standard devia-
tions from the average defined seed placement
depth are summarized in scatter diagrams (see
Figs. 4 and 5).

The points showing the value of the stan-
dard deviation from the average seed place-
ment depth on the diagrams correspond to the
soil moisture at the time of sowing in the given
field, where the plants were selected.

These diagrams show that sowing was car-
ried out in a wide range of soil moisture. The
greater number of points on the diagram with
tyne coulters indicates that within this sample
the seeding machines with these coulters pre-
vailed (see Fig. 5).

These diagrams will make it possible in the
future to determine the soil moisture range for
sowing with tyne coulters or tine cultivators in
which sowing is most often carried out. The
optimum range for sowing, from the point of
view of agronomic compliance, will be where
the standard deviations from the seeding depth
are lowest.

[\
(=

—
(9]

Standard deviation from
the embedding depth, mm
w =

0

10 15 20 25 30 35 40
Soil humidity, %

Puc. 4. [luarpamma paccessHUsSI CTaHIAPTHBIX
OTKJIOHCHUH OT TITyOWHBI 33JICJIKH CEMSH TT0CIe
IMoCCBa aHKCPHBIMU COLITHUKAMU

Fig. 4. Scatter diagram of standard deviations
from the seed placement depth after sowing with
tyne coulters

The entire range of soil moisture from 10 to
40% included in our study was divided into six
intervals, the value of each interval being 5%.
The values of deviations from the seed place-
ment depth and their corresponding soil mois-
ture values falling in each of the intervals were
averaged to facilitate the data analysis proce-
dure (see Figs. 6 and 7).

For seeding machines with tyne coulters, the
relationship between the deviation of the seed-
ing depth (y) and soil moisture (x) is described
by the following equation:

y=0,0119x* - 0,4979x + 11,641. (1)

Equation (1) has high significance, which
corresponds to the coefficient of determination
R*=10,95.

After sowing with tyne coulters in the soil
moisture range from 12 to 39%, the standard
deviations of the embedment depth varied from
6 to 10 mm. The smallest standard deviation
from the embedment depth at an average depth
of 44.7 mm was recorded as 6.4 mm, obtained
when sowing in a soil moisture of 21%, the
largest (9.25 mm) - moisture of 38%.

For seeding machines with tine cultivators,
the interrelation of the deviations from the
depth of seed placement and soil moisture is
described by the following equation:

N
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Puc. 5. Ilnarpamma paccestHusl CTaHIAPTHBIX
OTKJIOHEHUU OT IIyOWHBI 33ICTTKH CEMSTH TTOCIIe
IIO0CEBa JIAlIOBBIMH COIITHUKaAMUN

Fig. 5. Scatter diagram of standard deviations from
the seed placement depth after sowing with tine
cultivators
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Fig. 6. Dependence of seeding depth deviations
on soil moisture after sowing with tyne coulters

y=0,001x> — 0,009 1x + 8,2782. (2)

Equation (2) is also highly significant with
a fairly high coefficient of determination R*> =
0,84.

After sowing with tine coulters in the soil
moisture range from 12 to 39%, the standard
deviations of the embedment depth varied from
8 to 10 mm. The smallest standard deviation
from the embedment depth at an average depth
of 44.9 mm was recorded as 8.15 mm, obtained
when sowing in a soil moisture of 14%, the
largest (9.35 mm) - moisture of 37%.

It also follows from these graphs that the
standard deviation of the embedment depth in
these cases is within the limits of acceptable
changes in agronomic requirements for sowing
cereals — +£10 mm.

CONCLUSIONS

1. The obtained scatter diagrams create pre-
requisites for determining the agronomically
optimal soil moisture level for sowing with
tools equipped with tyne coulters and tine cul-
tivators.

2. The equations of correlation between
deviations from the depth of seeding and soil
moisture during seeding grain crops obtained
for seeding machines equipped with tyne coult-
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Puc. 7. 3aBUCUMOCTb OTKJIOHEHHUH TITyOUHBI
3aJIeTIKM CEMSTH OT BJIaKHOCTH MOYBHI ITOCIIE
MOCEeBa JIATIOBBIMU COITHUKAMU

Fig. 7. Dependence of seeding depth deviations
on soil moisture after sowing with tine cultivators

ers and tine cultivators will allow agricultural
producers of the steppe zone of the Altai Terri-
tory to predict its quality component after sow-
ing in the future if they know the soil moisture
at the time of seeding.

3. The quality of sowing can greatly influ-
ence the final yield of crops, so future research
in this area in the context of regions with other
soil and climatic conditions will continue to be
of interest.
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NCTOPUSA PABPABOTKH JOKYMEHTOB 11O IIEPEBOAY
BETEPUHAPHOM CJIYKXEbI HA IIJIATHBIE BETEPUHAPHBIE YCJIYTH

<) ¥Omxkosa JI.SL.!, lonuenko H.A.!, lonuenko A.C.!, Po:xxkos O.A.?

'Cubupckuil pedepanvubviil Hayunbvlil yenmp acpobuomexnono2uti Poccutickoil akademuu Hayk
HoBocubupckast oo6macts, p.im. KpacHooOck, Poccus

?Vnpasnenue semepunapuu Hosocubupckoti obnacmu

Hosocubupck, Poccus

(<) email: iushkowa.l@yandex.ru

[IpencraBnensl MaTepualibl O UCTOPUM Pa3pabOTKU JOKYMEHTOB U OIBIT pabOThI BeTEpUHAp-
HOM CITyOBI TI0 COBEPILIEHCTBOBAHUIO TOCYIAPCTBEHHOTO BETEPUHAPHOIO HAA30pa 3a 0e30I1acHO-
CTBIO MIPOIYKIIUH )KMBOTHOTO TIPOMCXOXKICHHS B HOBBIX 3KOHOMHUYECKHX yCIOBHSIX. MHOTOIETHHH
OTIBIT BETEPUHAPHOTO 00ECICUCHHS )KUBOTHOBOJCTBA BBISIBIII PsAJ] CYLICCTBEHHBIX HEJOCTAaTKOB B
[IOCTaHOBKE BETEPUHAPHOTO Jieja: OTCYTCTBUE HAIUIEKAIIUX YCIOBUHM 171l pabOThl BETEpUHAPHBIX
CHEIMAIUCTOB TOCBETCETH U XO3SIMCTB; HECOBEPIIEHCTBO OILIATHI TPY/AA, 3apIllaTa BETEPHHAPHBIX
CIECLUAIINCTOB HE 3aBUCUT OT YPOBHS MX NPO(hecCHOHAIBHON MOATOTOBKH, CIOKHOCTH U KadecTBa
BBIMOJTHEHUS] paOOThI; HEIOCTaTOUHAsI MAaTepPHUATbHO-TEXHIUUECKasi 00ECIIEYeHHOCTR; caaldas mpaBo-
Basl 3aIIMIIEHHOCTh; HECOBEPIIEHCTBO 3aKOHO/IATEILCTBA 110 BETEPUHAPHH; OTBIICUEHHUE CIIEI[HAIIU-
CTOB JJIS1 BBIITOJIHEHUSI APYTUX HE CBOMCTBEHHBIX UX PO eccu X035HCTBEHHBIX PadOT; OTCYTCTBHE
HOPMaJIbHBIX COLMAIbHO-OBITOBBIX YCIOBHM. Bce 3T0 mpHBOOUT K moTepe mpecTwxka npodeccun
BETCPUHAPHOTO Pa0OTHHKA, OTTOKY BETCPHHAPHBIX CIICIIUAIUCTOB B JIpyrue cdepbl IPOU3BOJICTBA.
Otcrona HU3Kast 00ECIIEYeHHOCTh KapaMi BETCPUHAPHBIX YUPEKICHUN U XO3SIMCTB. YUEHBIMHU U
BETepUHAPHBIMH crienuanucTamu HoBocuOupcka npoxaenana pabora Mo MOUCKY Takux (GopM op-
TaHW3alMK BETEPUHAPHOTO 0OCITYyKMBaHUS KUBOTHOBOACTBA. [IpemnokeHa cuctemMa opraHnmu3aiuu
X03PaCUETHBHIX 00BETUHEHUH, KOTOPbIe MOTYT 3 (GEeKTUBHO (PYHKLIIMOHUPOBATH BO BCEX KATETOPHUSIX
x03s1cTB. Pa3zpaboTanbl HEOOXOAMMBIE PYKOBOASIINE JOKYMEHTHI JJ151 OPraHU3aluK U UX IO CIIEAYIO-
el MpakTHUecKoi aesTenbHOCTH. OnBIT padoThl X03pAaCUETHBIX BETEPHHAPHBIX OOBEANHEHUH B
psine palilOHOB MOKa3all, YTO MPOM3BOAMTENILHOCTE Tpyaa Bo3pocaa B 1,5-2,0 pasa, yBeanuuiach
Harpy3ka Ha OJHOTO BETEPHUHAPHOTO CIIELUANIMCTa, COOTBETCTBEHHO BO3pOCia 3apadoTHas Iuia-
ta. [IpoBenennast pabora 0ka3zana HEOOXOAUMOCTh COBEPIICHCTBOBAHUS JEATEIBHOCTH TOCYAAp-
CTBEHHOH BETEPUHAPHOU CITYObI B YCIIOBHSIX SKOHOMHUUECKUX pedopm.

KiioueBble ci10Ba: HayYHO-TEXHUYECKUH COBET, BETEPUHAPHBIE CIICLUAINCTHI, HOBBIE (DOPMBI,
9KOHOMHUYECKUE B3aUMOOTHOLLICHUS

HISTORY OF DOCUMENT DEVELOPMENT ON THE TRANSFER OF ANIMAL
HEALTH OFFICE TO FEE-BASED VETERINARY SERVICES

() Yushkova L.Ya.', Donchenko N. A.!, Donchenko A.S.', Rozhkov O.A.

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

’The Veterinary Department of the Novosibirsk Region

Novosibirsk, Russia

(<) e-mail:iushkowa.l@yandex.ru

The materials on the history of the development of documents and the experience of the veterinary
service to improve the state veterinary inspection over the safety of products of animal origin in the
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History of document development on the transfer of Animal Health
Office to fee-based veterinary services

Yushkova L.Ya., Donchenko N.A., Donchenko A.S., Rozhkov O.A.

new economic conditions are presented. Many years of experience in veterinary support of cattle
breeding revealed a number of significant shortcomings in the organization of veterinary business:
lack of adequate conditions for the work of veterinary specialists of the state veterinary network and
farms; imperfect remuneration of labor, veterinary specialists' salary does not depend on the level of
their professional training, complexity and quality of work; lack of material and technical support;
weak legal protection; imperfect legislation on veterinary services, diversion of specialists to perform
unrelated to their profession labor activities, and lack of normal social and living conditions. All this
leads to the loss of prestige of the veterinary profession, the outflow of veterinary professionals to
other areas of production. Hence the low staffing of veterinary institutions and farms. Scientists and
veterinary specialists of Novosibirsk have done work on the search for such forms of organization
of veterinary services for cattle breeding. The system of organization of self-supporting associations
which can effectively operate in all categories of farms is proposed. The necessary guiding documents
for the organization and their subsequent practice have been developed. The experience of self-
supporting veterinary associations in a number of districts showed that labor productivity increased
by 1.5-2 times, the workload per veterinary specialist increased and the salary increased accordingly.
The work carried out has proved the need to improve the activities of the state veterinary service in
the context of economic reforms.

Keywords: scientific and technical council, veterinary specialists, new forms, economic relations
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At the meeting of Scientific Council of the
Institute of Experimental Veterinary Science
of Siberia and the Far East (IEVSS&FE) (No-
vosibirsk) on 10 May 1990 the development of
the system and normative documents on trans-
ferring veterinary institutions and veterinary
services to full cost accounting and self-financ-
ing were discussed. It was decided to approve
the regulation and regulatory documents for
the transfer of veterinary and sanitary exper-
tise laboratories in markets and submit them
to the Main Veterinary Administration under
the State Commission of the USSR Council of
Ministers on Food and Procurement'.

The meeting of the Scientific and Techni-
cal Council of the State Commission of the
USSR Council of Ministers for Food and Pro-
curement in the Veterinary Section (Minutes
Ne 4 of 21.09.90)* was attended by G.F. Ko-
romyslov, V.P. Shishkov, A.S. Bessonov, D.F.
Osidze, A.D. Tretyakov, V.P. Karev, F. Kurch-
enko, MA Sidorov, V.I. Kostyrin, A.I. Maly-
gin, MG Tarshis, Ch.I. Dulinets, as well as by
well-known scientists and specialists from the
organizations under the State Commission:
O.Z. Iskhakov, Y. E. Shatokhin, E.G. Andre-
eva ("Head Veterinary Office of the Minis-
try of Agriculture and Food of the RSFSR"),

Tmplement new forms of veterinary services for animals on five farms in three districts of the Novosibirsk Region: 1995
research report, Siberian Branch of the Russian Academy of Agricultural Sciences, IEVSS&FE. Novosibirsk. 1995. 43 p.

2 Minutes of the meeting of the Scientific and Technical Council of the State Commission of the USSR Council of Ministers
for Promotion and Procurement (Veterinary Section) Ne 4 of 21.09.90. Moscow.
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S.I. Dzhupina, L.Y. Yushkova (IEVSS&FE),
A.l. Lapshin, V.P. Yazhmin (Souzovetsnab-
prom), V.A. Garkavtsev (journal "Veteri-
nary Science"), V.V. Vinokurov (All-Russian
Research Institute of Veterinary Sanitation,
Hygiene and Ecology (ARRIVSHE)), P.A.
Chulkov (The Russian State Center for Ani-
mal Feed and Drug Standardization and Qual-
ity (VGNKI of the Federal Service for Vet-
erinary and Phytosanitary Surveillance)), V.F.
Voskoboynik (Moscow Veterinary Academy
(MVA)), V.M. Puchov (All-Russian Scien-
tific Research Institute for Fundamental and
Applied Parasitology of Animals and Plant
named after K. I. Skryabin).

We elaborated on those present to empha-
size the importance of the meeting and the de-
cision of the documents discussed.

The director of IEVSS&FE, Doctor of Sci-
ence in Veterinary Medicine S.I. Dzhupina
spoke on the issue of organization of service
for livestock veterinary self-supporting asso-
ciations in the Novosibirsk region, the co-re-
porter was the head of the Novosibirsk region
Veterinary Association A.l. Lapshin.

The report stated the following.

Many years of experience in veterinary
support of livestock has revealed a number of
significant shortcomings in the organization of
veterinary affairs:

— lack of proper conditions for the work of
veterinary specialists of the state veterinary
network and farms;

— remuneration imperfections;

— salary of veterinary specialists does not
depend on the level of their professional train-
ing, complexity and quality of work;

— insufficient material and technical provi-
sion;

— weak legal security;

— imperfect veterinary legislation;

— diversion of specialists to perform other,
not inherent in their profession labor activities;

— lack of normal social and living condi-
tions.

All this leads to the loss of prestige of the
profession of veterinary worker, the outflow

of veterinary professionals in other areas of
production. This leads to low staffing levels
on veterinary institutions and farms. In con-
nection with the adoption of a number of laws
in the USSR (on cooperation, on state enter-
prises, on individual labor activity, on small
enterprises, etc.), the creation in the country
of multiform agro-industrial production, the
transition to market relations, the formation of
free enterprise zones, the expansion of foreign
economic relations, it became necessary to
find new forms of economic relations between
veterinary services and serviced farms. The
Institute of Experimental Veterinary Science
of Siberia and the Far East has done work on
the search for such forms of organizing veteri-
nary services for livestock. A system of orga-
nizing self-supporting associations, which can
function effectively in all categories of farms,
was proposed. Necessary guiding documents
for organization and their further practical ac-
tivity are developed. The experience of self-
supporting veterinary associations in a num-
ber of districts of Novosibirsk, Kuibyshev and
other regions of the RSFSR showed that labor
productivity increased by 1,5-2,0 times, the
load on one veterinary specialist increased and
the salary increased accordingly.

0O.Z. Iskhakov, V.P. Shishkov, V.V. Vinoku-
rov, A.D. Tretiakov, V.I. Kasyuk spoke on the
issue under discussion. In the course of opinion
sharing, they spoke in favor of broader devel-
opment of various forms of veterinary activity
including self-supporting associations, estab-
lishments and organizations of state veterinary
service, privately practicing veterinarians with
individual licenses or engaged in medical care
combined into cooperatives, small enterprises
or other associations. At the same time the par-
ticipants of the meeting paid special attention
to the need to preserve the state veterinary ser-
vice and giving it special powers in solving
all-union tasks, as well as in exercising state
supervision over compliance with veterinary
legislation in all parts of the agro-industrial
complex by departmental veterinary services,
self-supporting associations, cooperatives and
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private practitioners with the establishment of
licensing their activities.

The Section of the Scientific and Technical
Council decided to:

— approve the materials presented by
IEVSS&FE on organization of self-supporting
veterinary associations for servicing farms,
as well as the experience of their work in a
number of districts of Novosibirsk and other
regions of the RSFSR;

— recommend to veterinary services of
the Union republics, regions, territories and
districts to study the proposed experience of
these associations to serve farms, as well as
the district veterinary associations operating
in the Kuybyshev region of the RSFSR;

— Create model districts in each oblast, krai
and ASSR and on their basis organize training
for veterinary specialists of all levels to fur-
ther implement it in practice;

— ask IEVSS&FE (S.I. Dzhupina, L.Ya.
Yushkova), ARRIVSHE (V.V. Vinokurov) to
submit comments and recommendations to the
Main Veterinary Administration on the current
laws of the USSR until 01.12.90 (on coopera-
tion, on self-employment, on small enterprises
etc.) on their use in the organization of various
forms of veterinary activity;

— ask the VASKHNIL Department of Vet-
erinary Medicine to form the composition of
the section on economics and organization of
veterinary science;

—recommend that the veterinary services of
the Union republics hold meetings and semi-
nars to improve the structure of the state vet-
erinary service and create self-supporting vet-
erinary institutions.

In 1993, a meeting of the Scientific and
Technical Council of the Ministry of Agri-
culture and Food of the Russian Federation
was held on January 12. The Council meeting
was attended by the representatives of about
70 organizations and well-known scientists®:
V.M. Avilov, V.I. Antonov, Ch.K. Avylov, L.P.

Bashkatov, N.V. Blynskaya, LLE. Williams,
A.S. Gerasimov, S.V. Zakharov, B.A. Kobzev,
V.A. Nikitenko, V.P. Novgorodov, V.F. Pyli-
nin, O.I. Sukharev, Y.E. Shatokhin (Ministry
of Agriculture and Food of the Russian Fed-
eration); A.T. Boldyrev (Republican Epizootic
Unit of the Main Veterinary Administration
of the Ministry of Agriculture of the Russian
Federation); T.I. Kozyrenko, V.I. Kosenko
(Republican Scientific Production Veterinary
Laboratory); V.K. Shcherbinin (Rossvino-
prom); O.A. Budko (V/O "Roszovetsnab");
V.P. Tischenko (Rosselkhozakademy); A.lL
Shurygin (Rosagrobioprom Group); I.F. Vish-
nyakov (All-Russian Scientific Research In-
stitute of Veterinary Virology and Microbiol-
ogy); A. Gusev (All-Russian Research Insti-
tute for Animal Protection); G.F. Koromyslov
(All-Russian Research Institute of Experimen-
tal Veterinary Medicine); A.N. Panin (All-
Russian State Scientific Research Institute for
Control, Standardization and Certification of
Veterinary Preparations); A.M. Smirnov (All-
Russian Research Institute of Veterinary Sani-
tation, Hygiene and Ecology); V.V. Sochnev
(Research Veterinary Institute of the Non-
Chernozem Zone of the Russian Federation);
V.P. Urban (Veterinary Association of Rus-
sia); V.V. Usha (Moscow Institute of Applied
Biotechnology); L.Ya. Yushkova (State Enter-
prise SPS "Orgvetkhoz", Novosibirsk); E.A.
Marinin (Vologda Veterinary Research Sta-
tion); V.M. Barannikov (AIC "Ramenskoye",
Moscow Region); V.G. Merman (Veterinary
Association of the Kemerovo Region Admin-
istration); E.F. Zhdanov (Department of Ag-
riculture, Belgorod Region); A.L. Yatsyuta
(Moscow meat processing plant).

Some of those present at the Scientific and
Technical Council have passed away, some
have been out of work for a long time. Let's
remember them by describing that important
meeting of this council...

3Protocol of the meeting of the Scientific and Technical Council of the Ministry of Agriculture of the Russian Federation Ne

23 0f 12.01.93. Moscow.
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The agenda of the meeting included a dis-
cussion of reforming the structure of the State
Veterinary Service and new forms of veteri-
nary services for farm animals.

The speaker was L.Ya. Yushkova, PhD in
Veterinary Science, Senior Researcher at the
IEVSS&FE, Director of the State Enterprise
SPS "Orgvetkhoz"; the co-reporter was Y.E.
Shatokhin, Deputy Head of the Department of
Veterinary Medicine of the Ministry of Agri-
culture and Food of the Russian Federation.

Having heard and discussed the report and
the co-report, as well as the reports of the of-
ficial opponents (V. V. Sochnev, Director of
the Research Veterinary Institute of the Non-
Chernozem Zone of the Russian Federation,
Doctor of Science in Veterinary Medicine,
Corresponding Member of RAAS, V. G. Mer-
man, Head of the Veterinary Association of
the Kemerovo Administration), scientific and
technical council noted that years of experi-
ence of the veterinary livestock support re-
vealed several significant drawbacks in the
veterinary case: imperfections of labor, load,
diversion of professionals, insufficient materi-
al and technical support, lack of normal social
and living conditions.

In connection with the adoption of a num-
ber of laws in the Russian Federation, in ac-
cordance with the assignment of the RF Min-
istry of Agriculture to conduct research "On
reforming the structure of the State Veterinary
Service and new forms of veterinary services
for farm animals" and at the request of region-
al agricultural departments and departments of
agriculture and land reform (Saratov, Kemero-
vo, Novosibirsk, Rostov and other regions; to-
tal - 20) the need to find new forms of organi-
zation of veterinary affairs and veterinary and
sanitary services for livestock arose. The work
on solving this problem was carried out on the
basis of farms, state veterinary institutions of
veterinary agencies of 20 regions and repub-
lics of the Russian Federation, the state enter-
prise of scientific-production system organiza-
tion of veterinary self-support "Orgvetkhoz",
the Institute of Experimental Veterinary Sci-

ence of Siberia and the Far East (IEVSS&FE),
the Research Veterinary Institute of the Non-
Chernozem Zone of the Russian Federation
(RVINChZ RF), the Department of Veterinary
Medicine Ministry of Agriculture and Food of
the Russian Federation.

The work has been carried out since 1986:

— studies have been conducted to find forms
of organization of veterinary services for live-
stock breeding;

—the system of organization of self-support-
ing associations which can effectively operate
in all categories of farms has been proposed;

— together with the Ministry of Agriculture
of the Russian Federation the necessary guid-
ing documents for the organization and their
subsequent practical activities have been de-
veloped.

During the exchange of opinions, the par-
ticipants of the Council expressed their support
for the broad development of various forms of
veterinary activities. At the same time, spe-
cial attention was paid to the need to preserve
the state veterinary service and give it special
powers in solving problems, as well as in exer-
cising state supervision over compliance with
veterinary legislation by departmental vet-
erinary services, self-supporting associations,
cooperatives and private practitioners with the
establishment of licensing their activities.

Positive experience was also noted in the
work of the veterinary service in the Kemero-
vo region (V.G. Merman) and the organization
of all forms of livestock veterinary services
IEVSS&FE (L.Ya. Yushkova).

The Scientific and Technical Council de-
cided to:

— approve the recommendations "On re-
forming the structure of the State Veterinary
Service and new forms of veterinary services
for farm animals" prepared by the specialists
of research institutes (IEVSS&FE, RVI NChZ
RF, etc.) together with the state enterprise of
research and production system "Orgvetkhoz",
agro-industrial associations of several regions
of Russia, as well as the Main Veterinary Ad-
ministration;
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—recommend that the veterinary services of
the republics, territories, regions of the Rus-
sian Federation should implement the pro-
posed recommendations for reforming the
structure of the state veterinary services de-
veloped with the experience of the 20 regions
of the republic and the state veterinary asso-
ciations operating in the Kemerovo region, St.
Petersburg, Moscow, Samara and other cities;

— consider it advisable to create model
districts with the organization in them self-
supporting associations to serve farms and or-
ganize training for veterinary specialists at all
levels for further implementation in practice
on their basis;

— instruct the group of authors to finalize
the recommendations, taking into account the
comments made at the meeting of the Council
and submit them for approval to the Main Vet-
erinary Administration by March 1, 1993;

— to create a commission consisting of V.M.
Avilov, Y.E. Shatokhin, Ch.K. Avylov, L.Y.
Yushkova, V.V. V.Ya. Yushkova, A.T. Stadnik,
V.G. Merman. The recommendations finalized
and prepared for publication should be sub-
mitted to the Department of Veterinary Medi-
cine of the Ministry of Agriculture and Food
of the Russian Federation for inclusion in the
publication plan 1993;

— instruct the Chief Veterinary Administra-
tion to work with the Main Science Depart-
ment to find a way to continue funding this
development.

The protocol was approved by the First
Deputy Minister of Agriculture and Food of
the Russian Federation V.N. Shcherbak.

We show the way of approval and imple-
mentation of our elaboration. We present the
main provisions of the Protocol Ne 28 of the
Scientific and Technical Council of the Min-
istry of Agriculture and Food of the Russian
Federation of November 22, 1995.

There were representatives of about 50
organizations*: Ministry of Agriculture and

Food, heads of regional and republican vet-
erinary departments (Sverdlovsk region, Ko-
ryak District of the Kamchatka region, Altay
Territory, Khakassia, Astrakhan, Novosibirsk
region, Yamal-Nenets region, Yekaterinburg,
Moscow region, Udmurt Republic, Barnaul,
Belgorod region ("Interzoovetservice"), Uly-
anovsk, Novgorod and Kemerovo regions,
Grozny region, Rostov-on-Don, Republic of
Kalmykia, Bryansk, Tyumen regions, Nizhny
Novgorod State Agricultural Academy, Kalu-
ga, Tula, Irkutsk regions, Krasnoyarsk region,
Saint Petersburg, Ust-Ordyn Buryat Autono-
mous District, Tatarstan, Ingushetia, Chechen
Republic, Bashkortostan, specialists of the
Veterinary Department of the Ministry of Ag-
riculture and Food of Russia, Jewish Autono-
mous Region, IEVSS&FE, Novosibirsk) etc.

Meeting agenda: consideration of the reg-
ulatory framework for veterinary support of
enterprises and institutions for the production,
processing, storage and sale of animals and
livestock products in a market economy on the
example of Novosibirsk and the Novosibirsk
region.

Head of the laboratory of the IEVSS&FE,
Doctor of Science in Veterinary Medicine
L.Ya. Yushkova made the report "New ap-
proaches in the organization of veterinary sup-
port in a market economy enterprises and in-
stitutions associated with the production, pro-
cessing, storage and transport of animals and
livestock products".

Co-reporters:

— A.S. Bogomolov, Head of the Veterinary
Department and Veterinary Sanitary Inspec-
tion of the Novosibirsk Mayor's Office: "Orga-
nization, structure and information about the
work of the Veterinary Department and Vet-
erinary Sanitary Inspection of the Novosibirsk
Mayor's Office";

— O.A. Rozhkov, Deputy Head of the Vet-
erinary Department and Veterinary Sanitary
Inspection of the Novosibirsk Mayor's Office:

“Minutes of the meeting of the Scientific and Technical Council of the Ministry of Agriculture and Food of the Russian

Federation Ne 28 of 11.1995, Moscow.
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"Improvement of state veterinary supervision
over the safety of products of animal origin
(sources of funding; registration of enterprises
and citizens engaged in harvesting, processing,
storage and sale of products and raw materials
of animal origin; veterinary and sanitary con-
trol in trade and public catering enterprises)".

V. Stadnik, T.A. Aleksandrova, L.S. Trubit-
syna, and N.T. Pontiushenko were the official
opponents. The speakers at the debate were
V.V. Sochnev, V.A. Apalkin, L.Ya. Yushkova,
Yu.E. Shatokhin.

Having heard the report, co-reports, re-
ports of the official opponents, speeches of
the participants of the meeting, the Scientific
and Technical Council decided that the work
prepared by the authors' team L.Ya. Yushkova,
V.V. Sochnev, Yu.E. Shatokhin, A.S. Bogomo-
lov, A.I. Lapshin and others, is relevant and
has an important practical value. The cur-
rent system of state veterinary monitoring in
urbanized areas, especially in large industrial
centers, under conditions of liberalization of
procurement, storage, simplified technology
of processing and sale of livestock products,
despite the law "On Veterinary Medicine"
does not meet the needs of a modern city to
strengthen control over the supply of high-
quality food products. There is a need to cre-
ate new structural forms of organization of
veterinary affairs in the formation of market
relations and different forms of ownership. In
this regard, work to improve the veterinary
case for the safety of animal products in the
new economic conditions has been carried out
in Novosibirsk. The Novosibirsk Mayor's Of-
fice of Veterinary Affairs with Veterinary and
Sanitary Inspection has been organized, which
includes the following structural units:

— veterinary and sanitary inspection (vet-
erinary and sanitary inspection laboratories
of markets, units of state veterinary inspec-

tion at enterprises for processing and storage
of products of animal origin, departments of
veterinary and sanitary control districts, cit-
ies, service veterinary and sanitary inspectors
(veterinary and sanitary inspectors), quaran-
tine stations for small animals, birds, fish and
bees);

— city service for the prevention and treat-
ment of animal diseases (city veterinary clin-
ic, district departments for the prevention and
treatment of animal diseases; anti-epizootic
unit, veterinary pharmacies);

— shop for the processing of conditionally
approved products;

— housekeeping department;

— finance department.

A feature of this reorganization was that the
issues of veterinary and sanitary expertise of
animal products and issues of prevention and
treatment of animal diseases are not mixed to-
gether, as it was before, but entrusted to the
Veterinary Department and Veterinary Sani-
tary Inspection of Novosibirsk two structures:
Veterinary and Sanitary Inspection and the
city service for the prevention and treatment
of animal diseases °.

The decision to create a veterinary and
sanitary inspection of the city was due, above
all, to the fact that products began to arrive at
trade and catering enterprises not centralized,
as before, but uncontrolled, since stores, can-
teens, cafes, restaurants have become the same
markets with the only difference that in offi-
cial markets there is veterinary and sanitary
control, and in trade and catering it is virtually
absent. The first days of the state veterinary in-
spection showed that every second enterprise
of trade and catering did not comply with vet-
erinary and sanitary requirements and prod-
ucts did not meet safety requirements. During
10 months of this year during 5515 inspection
inspections at 1944 controlled objects revealed

SManaging means anticipating: monograph / V.M. Avilov et al. Novosibirsk, 1996. 280 p.

¢Functional-cost method in assessing the optimal forms of veterinary structures // Methodology of prevention and elimination
of diseases of farm animals: collection of scientific papers / Siberian Branch of the Russian Academy of Agricultural Sciences,

IEVSS&FE. Novosibirsk, 1995. pp. 235-238.
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1644 violations of veterinary legislation, fines
were imposed in excess of 137 million rubles,
360 tons of meat of all kinds, 15 - meat prod-
ucts, 9 - fish and fish products, 27 tons of dairy
products as not conforming to veterinary and
sanitary requirements. The facts of storage in
public catering enterprises of meat obtained
from dead animals or from animals that were
in the agonal state were established. Meat
from animals sick with tuberculosis, leukosis,
phinosis, staphylococcosis and other infec-
tious diseases was taken off sale. The facts of
storage of livestock products in basements,
garages and other unsettled places were re-
vealed and suppressed.

During the work of the new structure of
the Novosibirsk State Veterinary and Phytos-
anitary Service the following documents have
been developed and approved:

— Regulation "On the order of charging
fees for licensing. Carrying out veterinary and
sanitary examination and certification of agri-
cultural products and raw materials of animal
origin". Approved by the decision of the small
council of the Novosibirsk city council of peo-
ple's deputies (Ne 61 from 30.03.93);

— Resolution of the Novosibirsk City Ad-
ministration (Ne 12 of 12.01.94) "On the struc-
ture and staffing of the Veterinary Administra-
tion with the Veterinary and Sanitary Inspec-
tion of the Mayor's Office of Novosibirsk";

— Resolution of the Novosibirsk City Ad-
ministration (Ne 1358 of 13.12.93) "On the
reorganization of the city veterinary service”;

— Order of the Department of Social Policy
of the Novosibirsk City Administration (Ne
154 of 01.11.94) "On compulsory veterinary
and sanitary inspection of agricultural prod-
ucts in the markets of the city”;

— Resolution of the Novosibirsk City Ad-
ministration (Ne 715 of 13.07.95) "On the
establishment of state veterinary inspection
units at enterprises for processing and storage
of livestock products”;

— Resolution of the Novosibirsk City Ad-
ministration (Ne 714 of 13.07.95) "On mea-
sures to protect the population from diseases

common to humans and animals, and food
poisoning”;

— Resolution of the Novosibirsk City Ad-
ministration (Ne 578 of 15.06.93) "On the in-
troduction of recording of incoming products
and accompanying documents at enterprises”.

The conducted work has proved the need to
improve the activities of the state veterinary
service in the context of economic reforms. At
the same time the most urgent problems facing
the state veterinary service have been identi-
fied:

— the procedure for issuing veterinary docu-
ments (certificates, veterinary certificates) ap-
proved by the Chief State Veterinary Inspector
of the Russian Federation and registered by
the Ministry of Justice has not been devel-
oped. Many owners of livestock products have
recently refused to follow the requirements
coming from the Department of Veterinary
Medicine without registration with the Minis-
try of Justice;

— there are no rules stipulated by the Rus-
sian Federation Law "On Veterinary Medicine"
for the provision of paid and free services by
state veterinary services to non-state and state-
financed enterprises. Government Decree No.
815 "On Approving the Rules for Providing
Veterinary Services" provides for payment for
veterinary services only for citizens;

— no legal mechanism has yet been estab-
lished for the seizure of products that do not
meet veterinary and sanitary safety require-
ments, and no list of diseases in which the
alienation of animals or the seizure of live-
stock products is allowed, as provided for in
the Russian Federation Law "On Veterinary
Medicine", has been approved;

— there is no state protection for employ-
ees of state veterinary inspection in the perfor-
mance of their official duties, as is customary
for other bodies of state control (in particu-
lar for Gossanepidnadzor (State Sanitary and
Epidemiological Surveillance Department))
by the Federal Law "On State Protection of
Judges, Law Enforcement and Supervision
Officials";
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— a government document has not been ad-
opted on the division of product quality con-
trol functions between state supervision ser-
vices (Gosanepidnadzor, Gosvetnadzor, Gos-
standart and Gostorginspektsiya));

— in order to strengthen the service of the
Novosibirsk state veterinary inspection it is
necessary to organize training and retraining
of veterinary specialists.

IEVSS&FE has prepared the following
documents to address these problems:

— draft decree of the Government of the
Russian Federation "On the assignment of
types of products to state supervision bodies”;

— draft agreement "On interaction and de-
limitation of functions of territorial bodies
of state sanitary and veterinary inspection in
carrying out their control over procurement,
processing, transportation, storage and sale of
products of animal origin";

— draft resolution of the Government of the
Russian Federation "On approval of the rules
for the provision of paid and free services by
state veterinary service institutions to non-
state and budgetary enterprises";

—regulation "On the fund of the state veter-
inary service of the city (district) to protect the
population from diseases common to humans
and animals, and food poisoning" (using the
example of Novosibirsk).

Scientific novelty of the work lies in the fact
that for the first time in the Russian Federation
a model of an institution to monitor the safety
of products has been created; the payment for
veterinary and sanitary expertise by non-state
enterprises has been worked out.

The practical value of the project is that it
can be used for implementation in other re-
gions of the Russian Federation.

Research materials and the main provisions
of the work were published in scientific arti-
cles, methodological recommendations, nor-
mative documents, discussed in IEVSS&FE,
Nizhny Novgorod Agricultural Institute, at
the meetings of veterinary specialists in Mos-
cow, Novosibirsk, Rostov-on-Don, Kaluga, Ir-
kutsk. Specialists from Chita, Yekaterinburg,

Magadan, Kemerovo, Irkutsk and other cities
were already working following the example
of Novosibirsk. Positive results have been ob-
tained. The participants of the Council meet-
ing welcomed the efficient experience of the
Novosibirsk veterinary services and at the
same time made a number of suggestions and
wishes for further improvement and enhance-
ment of this important work.

Conclusions of the Scientific and Technical
Council

1. Approve the experience of the State Vet-
erinary Service of the city of Novosibirsk in
the organization of veterinary and sanitary
monitoring of the safety of products of animal
origin. Recommend the developed and tested
documents on improvement of work of the
State Veterinary Service of the city of Novosi-
birsk for management and introduction.

2. Recommend to the Novosibirsk City Ad-
ministration on the basis of the interregional
association "Siberian Agreement" and the De-
partment of Veterinary and Sanitary Inspec-
tion of the Novosibirsk City Administration to
organize a Center for training and retraining
of veterinary and sanitary inspectors of Sibe-
ria and the Far East regions.

3. Veterinary services of republics, territo-
ries, regions should use the experience of the
Novosibirsk Veterinary Service to improve the
state veterinary monitoring over the safety of
animal products in the new economic condi-
tions.

The Chief Veterinary Administration of the
RSFSR Ministry of Agriculture (O.Z. Iskha-
kov), the magazine "Veterinary Medicine"
(V.A. Garkavtsev) were instructed to prepare
and publish materials on the experience and
have a column in each issue on the results of
the veterinary service.

It should be noted that all 85 (formerly 89)
subjects of the Russian Federation and the CIS
used the described experience in their organi-
zations.
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BJIMSAHUE BUOIIPEITAPATOB HA PA3BBUTUE
NEPBUYHOM KOPHEBOM CUCTEMBI JIbHA MACJIUYHOT' O

) Macaunckas M.E.
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Butebckas o0mactb, arporopofiok Yerbe, Pecryonuka benapych
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Wzyueno BnusiHME OMOJIOTMUECKUX HpenaparoB Ha HavdajbHBIE POCTOBBIC NPOLECCH CEMSH
JbHA MacIUYHOTr0. DKCIIEPUMEHT MPOBE/IEH B 1a00PaTOpHBIX YCIoBHsIX B 2022 1. OObEKTHI Ucclie-
JIOBaHHS — COPT JibHa MaciuuHoro Jap, 6unonpenaparsl ArpoMuk, XK (HopMa pacxona npu mpen-
noceBHol obpabotke cemsH 1,0 n/T), [opaedak, XK (1,0 i/t), bakropum, XK (1,0 /1), bakromnuH,
K (2,0 n/1), Bepmuxce, XK (2,0 1/1). VccnenoBansl mokazaTesy JIMHBI 3apO/IBIIIEBOTO KOPEIIka Ha
3-u cytku (9,29-14,95 mm B pysnonax, 20,59-23,33 mm B wamkax llerpm), Ha 5-e cytkm (39,52—
50,50 mm B pynonax, 40,38-54,48 MM B wamkax Ilerpu), va 7-e cytku (92,42—-103,15 MM B pyrio-
Hax, 60,36—76,64 MM B vamkax Ilerpu). AHamu3 cyMMapHOH JUIMHBI 3apPOIBIIIEBBIX KOPEIIKOB Ha
3-u, 5-¢ u 7-e cyTKU MpopalivBaHus MO3BOJIMI BRIICIUTD npenapaTsl [opaedak, XK (4687,75 mm),
ArpoMuk, XK (4712,50 mm) u bakrodumr, XK (4953,75 mm) kak Haubonee 3h(heKTHBHBIE ITPH MTPO-
pammBanuu B pynoHax; l'opaedaxk, XK (3389,25 mm) u ArpoMuk, XK (3546,25 MM) — ipu mipoparim-
BaHuU B yaiikax [lerpu. [Ipu B3BeIMBaHUN MaCChl 3apO/IBIIIEBOTO KOpPEIIKa U CeMsi0eN 7-T1HEB-
HBIX IPOPOCTKOB Hambojiee BHICOKHE 3HAUCHMS IOJYUYEeHbl B BapUaHTaX C MPUMEHEHHEM IIpera-
paroB ArpoMuk, XK (0,0345 u 0,0220 1; 0,0108 u 0,0074 r) u bakrodwumr, XK (0,0341 u 0,0211 r;
0,0106 u 0,0067 r). Pe3ynbprarsl nccineqoBaHuil CBUAETENBCTBYIOT O TOM, YTO pa3BUTHE MPOPOCTKA
B PYJIOHE TPOXOIUT OoJiee MHTEHCUBHO, YeM IPU TpopaiiuBaHni B yamkax [lerpu. OpHako npu
9TOM OTMEYeHa CXOXKasi JUMHAMHUKA: TIPETapaThl, Y KOTOPBIX 3apETUCTPUPOBAH BHICOKHUH A (heKT mpu
[IPOpAILMBAaHUY B PYJIOHAX, HOATBEPXKIAIOT ero U B yamkax [lerpu. IlosToMy npu ucnoiab30BaHUN
T000T0 M3 M3YYEHHBIX METOJOB JaHHbBIE OynyT oObekTuBHBIME. Kak Hambonee apekTuBHBIN BO
BCEX BapHaHTax BBIABIEH Npenapar ArpoMuk, K.

KuiroueBble ci10Ba: IeH MaCIMYHBINA, OMOOTHUECKUE TIPENapaThl, IEpBUYHAS KOPHEBAs CHCTEMa
JIbHA, TPOPOCTKHU, CEMSI 10NN

INFLUENCE OF BIOLOGICAL PREPARATIONS
ON THE DEVELOPMENT OF OIL FLAX PRIMARY ROOT SYSTEM

(<) Maslinskaya M.E.
Institute of flax

Ustje agro-town, Vitebsk region, Republic of Belarus
<) e-mail: mme-83@tut.by

The effect of biological preparations on the initial growth processes of oil flax seeds was studied.
The experiment was conducted under laboratory conditions in 2022. Subjects of the study were oil
flax variety Dar, biopreparations AgroMik, L (consumption rate for seed pre-sowing treatment 1.0
1/t), Gordebak, L (1.0 1/t), Bactofish, L (1.0 l/t), Bactopin, L (2.0 1/t), Vermix, L (2.0 1/t). Embryonic
root length values were examined on day 3 (9.29-14.95 mm in rolls, 20.59-23.33 mm in Petri
dishes), day 5 (39.52-50.50 mm in rolls, 40.38-54.48 mm in Petri dishes), and day 7 (92.42-103.15
mm in rolls, 60.36-76.64 mm in Petri dishes). Analysis of the total length of embryonic roots during
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the 3rd, 5th and 7th days of germination made it possible to identify the preparations Gordebak, L
(4687.75 mm), Agromik, L (4712.50 mm) and Bactofish, L (4953.75 mm) as the most effective for
germination in rolls; Gordebak, L (3389.25 mm) and Agromik, L (3546.25 mm) for germination in
Petri dishes. When measuring the weight of the embryonic root and cotyledons of seven-day-old
seedlings, the highest values were obtained in the variants with Agromik, L (0.0345 and 0.0220 g;
0.0108 and 0.0074 g) and Bactofish, L (0.0341 and 0.0211 g; 0.0106 and 0.0067 g). The results show
that a seedling development in a roll is more intense than when germinating in Petri dishes. However,
similar dynamics was observed: the preparations with a high effect registered when germinating in
rolls confirmed it in Petri dishes as well. Therefore, the data will be objective when using any of the
methods studied. As the most effective in all variants the preparation Agromic, L. was identified.
Keywords: oil flax, biological preparations, flax primary root system, seedlings, cotyledons
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INTRODUCTION

In plant life the initial stage of ontogenesis,
specifically the process of seed germination, is
the most critical period, which ensures the sur-
vival of plants in the process of vegetation and
affects the final result both in quantitative and
qualitative terms [1]. Creation of effective bio-
logical pre-sowing methods of cultivated plants
seed treatment on the background of modern
absolutely "chemical" farming conditions has
theoretical and practical importance in the de-
sign of agrobiocenoses on biological platform
[2]. In order to maintain the current potential of
agricultural production, biopreparations should
replace and then, perhaps, displace chemical
fertilizers, pesticides, growth regulators, etc.
[3]. Worldwide interest in the problems of mi-
crobiology in agriculture has recently increased
significantly [4, 5].

Microbiological preparations are based on
live cultures of microorganisms and products
of their metabolism. Technologies are mainly
based on the use of microbiological prepara-
tions representing living cells of microorgan-
isms selected for their useful properties. Such
a preparation makes it possible to create a high

concentration of useful forms of microorgan-
isms (one gram of the preparation contains up
to 1.0-1.5 billion bacterial cells) in the right
place and at the right time. Due to this, the in-
troduced forms can successfully compete with
native microflora and capture the ecological
niches provided to them by the plant [6].

In this regard, pre-sowing treatment of seeds
and vegetative plants with biological prepara-
tions is very promising from the environmental
point of view and can become an essential and
valuable part of modern effective technological
systems of crop cultivation, including flax [7-
11]. The use of biological preparations makes it
possible to better realize the potential of variet-
ies and hybrids, as well as to improve the qual-
ity of the obtained products [12-16].

The purpose of the research is to study the
effect of preparations of biological origin on the
initial growth processes of oilseed flax under
laboratory conditions.

The objectives are:

— to study the dynamics of germinal root
system formation at the initial stages of oilseed
growth, conduct a comparative analysis of the
results obtained when germinating seeds in
rolls and Petri dishes;
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— to study changes in the weight of germinal
roots and cotyledons of 7-day-old flax seedlings
under the influence of biological preparations;

— identify the most effective preparations of
biological origin and recommend them for use.

MATERIAL AND METHODS

The research was conducted in 2022 under
laboratory conditions. The parent materials
were: oilseed flax variety Dar, biopreparations
AgroMik, L (the consumption rate for seed
pre-sowing treatment 1.0 1/t), Gordebak, L (1.0
1/t), Bactofish, L (1.0 1/t), Bactopin, L (2.0 1/t),
Vermix, L (2.0 1/t). Untreated seeds and seeds
treated with Vitaros, WSC pretreater were used
as a control (the consumption rate for seed pre-
treatment 1.5 1/t). Germination was carried out
in rolls and Petri dishes at constant temperature
20 °C for 7 days according to GOST'. The fol-
lowing morphometric parameters were deter-
mined: root length, weight of roots and seed-
lings. Number of seeds per repetition - 50 pcs,
number of repetitions - four.

RESULTS AND DISCUSSION

When tested in rolls during the first 3 days
the plants formed germinal root length of 9.27-
14.95 mm. The minimum values of 9.29 and
9.27 mm were observed in the variants with
Vitaros, WSC and Vermix, L, respectively

(see Table 1). Maximum values of the length
were 14.13 and 14.95 mm when using Ag-
roMik, L and Gordebak, L.

On the 5th day, the minimum length of ger-
minal root was 39.52 mm in the variant with the
preparation Vitaros, WSC, maximum - 50.50
mm with the preparation AgroMik, L. Maxi-
mum growth of the root length in the analyzed
period was 35.46-35.55 mm in experiments
with Vermix, L and AgroMik, L respectively.

Analysis of the plants on the 7th day found
the average length of germinal roots in this pe-
riod at 97.06 mm with a variation of this indica-
tor ranging from 92.42-103.15 mm. The maxi-
mum length, as well as the maximum growth
- 68.85 mm, was observed in the variant with
the preparation Bactofish, L.

Fig. 1 shows the dynamics of germinal root
growth when using the preparations AgroMik,
L and Bactofish, L. With a slight difference in
the plant growth observed on day 3 of the study
with the preparation Vitaros, WSC, by day 5
a delay in growth was observed, resulting in
lower values on day 7 of the study. It should
be noted that the use of biological preparations
contributes to stimulation of seed germination.

When analyzed in Petri dishes, the germinal
root length on the 3rd day of germination was
20.14-23.33 mm, which exceeded the values
obtained in the experiments with rolls (see Ta-
ble 2).

Ta6a. 1. /lunamuka pocta NepBUYHON KOPHEBOM CHCTEMBI COpPTA JIbHA MAaCIMYHOTO IPU UCIIOJIB30Ba-
HUM OMONpenaparoB Npy NPOPALIMBAHUH B PYIOHAX, MM

Table 1. Growth dynamics of primary root system of oilseed flax cultivar with the use of

biopreparations in bale germination, mm

Biopreparation Embryonic root length Growfh Embryonic root Growt.h
on day 3 on day 5 dynamics length on day 7 dynamics

AgroMik, L 14,95 50,50 35,55 97,94 62,39
Gordebak, L 14,13 45,28 31,16 95,68 64,52
Bactofish, L 13,82 48,12 34,30 103,15 68,85
Bactopin, L 11,52 45,94 34,42 98,87 64,46
Vermix, L 9,27 44,74 35,46 95,90 60,44
Vitaros, WSC 9,29 39,52 30,23 92,42 62,19
Control (distilled water) 11,35 45,28 33,93 95,45 61,51
LSDs 0,87 1,28 0,78 1,28 1,06

'GOST 12038-84 Seeds of agricultural crops. Methods of germination. Date of entry: 01.07.1986. 47 p.
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The maximum length was observed in the
variants with AgroMik, L (22.86 mm) and Vita-
ros, WSC (23.33 mm).

Analysis of data for 5 days of germination
showed that the average length of germinal root
was 48.77 mm, the maximum values, as well
as the maximum growth in this period were
observed in the experiments with AgroMik, L
(54.48 and 31.62 mm respectively) and Gorde-
bak, L (54.81 and 33.25 mm respectively). On
average, the results for the variants exceeded
those of the cultivation in rolls.

The maximum length of the germinal root on
the 7th day of the study was 76.64 mm and was

110

noted in the variant with the use of AgroMik, L.
The maximum growth dynamics in this period
was 23.02 mm and was noted when using the
preparation Bactopin, L.

Fig. 2 shows the dynamics of root growth
during germination in Petri dishes.

On the 3rd day of germination almost equal
values were observed, as in the case of germi-
nation in rolls. By the 5th day, differences were
established due to more intensive growth in Ag-
roMik, L. By the 7th day, the smallest germinal
root length was observed in the control variant,
Bactofish, L showed the values of this indicator
at the control level. The results obtained testify
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Puc. 1. [luHamMuKa pocTa 3apoJIbIIICBOr0 KOpEIKa MPH UCIOL30BaHUH OHOTIPENapaTtoB B PyIOHAX, MM
Fig. 1. Dynamics of embryonic root growth when using biopreparations in rolls, mm

Taoua. 2. JluHamuka pocta nepBUYHON KOPHEBOM CHCTEMBI COPTA JiIbHA MACITUYHOTO MPU UCTIOJb30Ba-
HUU OWOTIpenapaToB Py NpopaliiBaHuy B yamkax [letpu, Mmm

Table 2. Growth dynamics of the primary root system of oilseed flax cultivar when using

biopreparations in Petri dishes, mm

Embryonic root length Growth Embryonic Growth
Biopreparation . root length on .
on day 3 on day 5 dynamics day 7 dynamics

AgroMik, L 22,86 54,48 31,62 76,64 22,15
Gordebak, L 21,56 54,81 33,25 73,18 18,37
Bactofish, L 20,14 47,09 26,95 67,01 19,93
Bactopin, L 21,05 40,38 19,33 63,40 23,02
Vermix, L 21,58 50,73 29,15 69,36 18,63
Vitaros, WSC 23,33 43,87 20,54 66,14 22,27
Control (distilled water) 20,59 50,04 29,44 60,36 10,32
LSD;s 0,44 2,02 2,02 2,11 1,64
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to the different influence of the preparations on
the germinal root system development in oil-
seed flax plants.

A comparative analysis of the experiments
in Petri dishes on the 3rd day showed signifi-
cantly longer germinal root length than in rolls,
the excess was 6.32-14.04 mm (see Fig. 3).

At the same time, the interval of variation
of the index in germination in rolls was signifi-
cantly higher and was 5.69 mm, while the value
of this index in Petri dishes was 3.20 mm.

On the 5th day of germination in rolls and
in Petri dishes an alignment of the germinal
root length was observed, and in some variants
(Bactopin, L, Bactofish, L) a slight excess of
the analyzed index was noted in the germina-
tion in rolls. Thus, the length of roots on the 5th
day in rolls was 39,52-50,50 mm, in Petri dishes
- 40,38-54,81 mm. The range of variation was
10,99 mm (in rolls), 14,43 mm (in Petri dishes).
The most intensive growth of plants in germi-
nation in rolls was observed for 5-7 days.

During this period, plants formed a germinal
root length of 92.42- 103.15 mm and signifi-
cantly exceeded similar samples in Petri dishes,
where a germinal root length of 60.34- 76.64
mm was noted. On average, the excess was
29.05 mm.

Then, analysis of the total length of germinal
roots on the 3rd, 5th, and 7th days of germi-
nation in Petri dishes and rolls was carried out
(see Table 3).

The total length of germinal roots of 408.0-
732.0 mm was formed in 3 days of germination
of seeds in rolls. The maximum values were
noted in the variant with AgroMik, L. On the
5th day of the research the seeds formed the to-
tal length of roots of 1891,5-2481,0 mm. Maxi-
mum values were also recorded in the variant
with AgroMik, L. Dynamics of growth during
this period was 1451.5 mm (Vitaros, WSC) -
1748.5 mm (AgroMik, L). Total length of ger-
minal roots on the 7th day was 4294,75-4953,75
mm. During this period, the greatest increase in
length was also observed, averaging 2,414.64
mm. The smallest increase was observed in the
variant with AgroMik, L (2231.50 mm), the
maximum with Bactofish, L (2652.50 mm).
As the most effective, according to the formed
total length of the germinal root, the prepara-
tions Gordebak, L (4687.75 mm), AgroMik, L
(4712.50 mm) and Bactofish, L (4953.75 mm)
were selected.

It was found that on the 3rd day of germina-
tion in Petri dishes the total length of germinal
roots was from 910,0 to 1087,0 mm. The low-
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Fig. 2. Dynamics of embryonic root growth when using biopreparations in Petri dishes, mm
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Fig. 3. Comparative analysis of the effect of biological products during germination in rolls and Petri

dishes, mm

est values were recorded in the control variant
(931,75 mm) when seeds were treated with
Bactopin, L (910,0 mm) and Bactofish, L (931,0
mm), the highest - when seeds were treated
with AgroMik, L (1084,5 mm) and Vermix, L
(1087,0 mm). On the 5th day of the study, the
lowest dynamics of growth was recorded in the

variants with Bactopin, L (876.75 mm) and Vi-
taros, WSC (975.0 mm), while the variants with
AgroMik, L and Gordebak, L showed growth
of 1505.0 and 1596.75 mm respectively. The
total length of germinal roots during this pe-
riod ranged from 1786.75 mm (Bactopin, L) to
2616.0 mm (Gordebak, L). Analysis of the re-

126  Siberian Herald of Agricultural Science ¢ 2023 « 53 1

Scientific relations



Bunsinne GuonpenapaToB Ha pa3BUTHE TIEPBUYHOI KOPHEBOM
CHCTEMBI JIbHA MACITHYHOTO

Macnunckas M.E.

Taoda. 3. CymmapHas AjilMHa KOpHEH JIbHA MACIUYHOIO IIPU IPOPALIUBAHUU, MM
Table 3. The total length of the oil flax roots during germination, mm

. . Total embryonic root length Growth Total embryonic Growth
Biopreparation dynamics root length dynamics
on day 3 | on day 5 on day 7
Rolls
AgroMik, L 732,50 2481,00 1748,50 4712,50 2231,50
Gordebak, L 688,25 2218,00 1529,75 4687,75 2469,75
Bactofish, L 689,00 2301,25 1612,25 4953,75 2652,50
Bactopin, L 531,00 2134,25 1603,25 4497,00 2362,75
Vermix, L 408,00 2003,50 1595,50 429475 2291,25
Vitaros, WSC 440,00 1891,50 1451,50 4425,00 2533,50
Control (distilled water) 533,00 2125,25 1592,25 4486,50 2361,25
LSD;s 48,9 73,13 34,03 83,08 55,22
Petri dishes
AgroMik, L 1084,50 2589,50 1505,00 3546,25 956,75
Gordebak, L 1019,25 2616,00 1596,75 3389,25 773,25
Bactofish, L 931,00 2188,00 1257,00 3087,50 899,50
Bactopin, L 910,00 1786,75 876,75 2905,75 1119,00
Vermix, L 1087,00 2390,75 1303,75 3291,75 901,00
Vitaros, WSC 1055,00 2030,00 975,00 2916,00 886,00
Control (distilled water) 931,75 2276,25 1344,50 2764,75 488,50
LSD;s 29,10 112,78 98,85 108,88 73,34

sults at day 7 revealed a decrease in root length
gain in all variants, the lowest value of this
indicator was noted in the control variant and
amounted to 488.5 mm, the maximum value -
1119.0 mm when using the preparation Bacto-
pin, L.

The maximum total mass of germinal roots
(3546,25 mm) was formed in the seeds treated
with AgroMik, L, the minimum (2764,75 mm)
in the control variant. As the most effective for
the total length of germinal roots during germi-
nation in Petri dishes, the preparations Gorde-
bak, L (3389,25 mm) and AgroMik, L (3546,25
mm) were selected. Diagrams were plotted and
analyzed to identify the differences in the for-
mation of total root length (see Fig. 4).

It was noted that during the first 3 days of
germination the seeds in rolls formed shorter
roots, the average values of the total length of
germinal roots were 2 times lower than in Petri
dishes, and were 574,54 and 1002,64 mm, re-
spectively. By day 5, the alignment of values
was observed due to higher dynamics of growth

in rolls, the average values were 2164.96 mm
in rolls and 2268.18 mm in Petri dishes at this
stage. The growth of the root length in the rolls
continues intensively, and by the 7th day, the
average value of their total length is 4579.61
mm with the value of this indicator in Petri
dishes 3128.75 mm.

Then the weight of germinal root and cotyle-
don of 7-day-old seedlings was weighed. When
germinating in rolls the interval of variation of
germinal root weight was 0,0280-0,0345 g, the
highest weights were observed in the variants
with AgroMik, L, Bactofish, L and Bactopin, L
and were 0,0345; 0,0341 and 0,0329 g respec-
tively (see Table 4).

The values of this indicator in Petri dish-
es were significantly lower and amounted to
0.0163-0.0220 g. However, the highest ger-
minal root mass was in the variants with Ag-
roMik, L (0,0220 g) and Bactofish, L (0,0211
g). When analyzing seedling weight, the same
pattern was observed in Petri dishes: the values
obtained were lower than in the rolls. However,
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the maximum values in all variants were re-
corded with AgroMik, L (0.0108 and 0.0074 g,
respectively), Bactofish, L (0.0106 and 0.0067
g, respectively) and Gordebak, L (0.0103 and
0.0064 g, respectively). Seeds treated with Ag-
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Taoda. 4. Macca 3aponplIeBOro KOpeuika u IpopoCTKOB JIbHA, T
Table 4. The mass of the embryonic root and flax seedlings, g

Weight
. . embryonic root cotyledon
Biopreparation Germination in Germination in Germination in Germination in
rolls Petri dishes rolls Petri dishes
AgroMik, L 0,0345 0,0220 0,0108 0,0074
Gordebak, L 0,0315 0,0174 0,0103 0,0064
Bactofish, L 0,0341 0,0211 0,0106 0,0067
Bactopin, L 0,0329 0,0171 0,0089 0,0055
Vermix, L 0,0286 0,0205 0,0085 0,0068
Vitaros, WSC 0,0280 0,0164 0,0086 0,0062
Control (distilled water) 0,0282 0,0163 0,0087 0,0062
AgroMik, L 0,0311 0,0187 0,0095 0,0064
LSD;s 0,0011 0,0009 0,0004 0,0002
CONCLUSION indicate that the development of seedling in a

As a result of the research, the dynamics
of primary root system development of oil-
seed flax when using microbiological prepara-
tions has been determined, and a comparative
analysis of seed germination in rolls and Petri
dishes has been carried out. It was found out
that the use of biological preparations leads to
the stimulation of seed germination. The dif-
ferent influence of preparations on germinating
root length can be proved by the values of this
index on the 3rd day (9,29-14,95 mm in rolls,
20,59-23,33 mm in Petri dishes), on the 5th day
(39,52-50,50 mm in rolls, 40,38-54,48 mm in
Petri dishes), on the 7th day (92,42-103,15 mm
in rolls, 60,36- 76,64 mm in Petri dishes). Anal-
ysis of total germinal root length on 3, 5 and
7 days of germination showed that Gordebak,
L (4687,75 mm), AgroMik, L (4712,50 mm)
and Bactofish, L (4953,75 mm) were the most
effective for germination in rolls, Gordebak, L
(3389,25 mm) and AgroMik, L (3546,25 mm)
for germination in Petri dishes. Weighing of
germinal root and cotyledon weights of seven-
day-old seedlings showed the variation interval
of this parameter in the range of 0,0280-0,0345
g in rolls and 0,0163-0,0220 g in Petri dishes.
The highest values were obtained in the vari-
ants with AgroMik, L (0,0345 and 0,0220 g;
0,0108 and 0,0074 g) and Bactofish, L (0,0341
and 0,0211 g; 0,0106 and 0,0067 g). The results

roll is more intense than when germinating in
Petri dishes. However, a similar dynamics was
noted: the preparations with high effect regis-
tered during germination in rolls confirmed it in
Petri dishes as well. Therefore, when using any
of the studied methods, the data will be objec-
tive. The preparation AgroMik, L was found to
be the most effective in all the variants. The ob-
tained results will be used for the development
of effective biological methods of pre-sowing
treatment of oilseeds in the technology of their
cultivation.
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S HIAMATH YYEHOI' O
IN COMMEMORATION OF SCIENTIST

BACWJIMI 3AXAPOBHY SIMOB
(1933-2014)

AxanemMuky Poccuiickoil akaieMuu Hayk, akaJeMUKy POCCUICKOW akaJeMHH CEIbCKOXO3sil-
CTBEHHBIX Hayk, MexayHaponHOU akanemMuu uHpopmaruzauuu, Poccuiickoil akanemMuun ecte-
CTBEHHBIX HayK, JJOKTOPY OHMOJOTHYECKHX HayK, mpodeccopy, 3aciry:keHHOMY JEsATETI0 HayKH
Poccuiickoit ®enepannu Bacunuio 3axaposuuy SIMoBy B 2023 1. ucnonaunocs 01 90 ner.

Bacunuii 3axapoBuu SIMOB poauicsi B KpecTbsiHCKOM cembe 4 situBaps 1933 r. B TromeHCKoM
obnactu. B 1954 r. okonunn ¢ omimuneM ToOOIBCKUI 300BETEPUHAPHBIN TEXHUKYM, B 1959 1. —
OMcKuil TOCyITapCTBEHHBIN BEeTEpUHAPHBIN HHCTUTYT U 10 1968 T. 3aHUMAaCs XO35HCTBEHHON U
COBETCKO-MapTHIHON pabotroil. B 1966 . oH ycnemHo 3ammTuiI KaHAUJATCKYI0 TUCCEPTAaLIUIO.
B 1968 r. B.3. SImoB B Tromenu opranuzosai Bcecorosznsiii (¢ 1990 1. Becepoccuiickuii) HayuHo-
WCCIIE0BATEIBLCKUM HHCTUTYT BETEPUHAPHOM YHTOMOJIOTHH U apaxXHOJIOTHH, TUPEKTOPOM KOTO-
poro 6611 6ostee 30 JieT.

Pesynbrarom Hay49HO-HCCIENOBATENHLCKON M OPTraHU3aTOPCKOM paboThI cTala MoAroToBKa U 3a-
nmTa AoOKTopcKoi auccepranuu B 1982 . B 1983 1. ona Obuta yTBep)k/IeHA, U B ATOM e IOy
B.3. fImoBy npucBoeHo 3Banue mpodeccopa no crneuuaabHocTu «llapazuronorusy.

HayuHo-nipon3BoicTBeHHAs IeATENbHOCTh Bacuus 3axapoBuya mocBsiieHa mpobiemam ooe-
CTIICUYCHHS BETEPHUHAPHOTO OJIAronoyqrsi CAOMPCKOTO KUBOTHOBOJICTBA, ITPOBEICHUIO HCCIIEIO-
BaHUI MO BaXHEUIIMM BompocaMm (yHIaMEHTAJIbHOTO W MPHUKIAJHOTO XapakTepa, HalpaBJeH-
HBIM Ha pa3paboTKy U BHEJIPEHHE B CEbCKOXO3HCTBEHHOE MPOU3BOACTBO HOBBIX CPEJICTB, Me-
TOJIOB U TEXHOJIOTHI OOPHOBI C OOJIE3HIMU KUBOTHBIX. B pesynbrare HayqHBIX MCCIEIOBAHUMA U
pazpabotok B.3. SIMoBa 1 ero yueHUKOB CO3[JaHO U BHEJPEHO B BETEPUHAPHYIO MPAKTHKY OoJiee
30 BbICOKOA((EKTUBHBIX BETEPUHAPHBIX MPENapaToB AJisl MPOPIIAKTUKH U TEPAITUN apaxHOIH-
TOMO30B JKUBOTHBIX.
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HAMATH YYEHOT'O

3a pa3paboTKy U BHEApEeHUE OMOJIOTMYECKUX OCHOB, HOBBIX CPEACTB U METOJI0B OOPHOBI € I'H-
M0JIEpMaTO30M KpPYyIHOTo poratoro ckora B 1981 r. Bacumnuii 3axapoBuu ObLI YIOCTOEH IPEMUU
Cosera Munuctpos CCCP.

3a 3acimyru B BeTepuHapHO# Hayke B 1985 r. B.3. SIMoB Ob11 M30paH 4jieHOM-KOPPECTIOH ICH-
toM BACXHWJL, B 1990 1. — nelicTBUTENbHBIM WieHOM (akageMukoMm) Poccenbxo3akaieMun.

B.3. SIMoBbIM co31aHa cuOupcKasi IIKOJIa 3HTOMOJIOTOB-I1apa3UTOJIOTOB, HAyUYHbIM HalpasJe-
HUEM KOTOpOM siBiseTcs pa3paboTka U BHEAPEHUE OMOJIOTMYECKUX OCHOB, CPEJICTB U METOIOB
60pbOBI ¢ APaXHOIHTOMO3AMHU CETbCKOX03HCTBEHHBIX KHMBOTHBIX. [10/1 €ro pykoBOCTBOM MMOJ-
TOTOBJICHBI 18 TOKTOPOB M 35 KaHAMIATOB HayK. YueHUKN Bacwmms 3axapoBruda paboTaroT Mpax-
TUYECKH BO Bcex cTpanHax CHI.

C 1993 r. B.3. SImoB — 3aciyxeHHbIN fesaTens Hayku Poccuiickont @enepanuu. B 1995 1. us3-
OpaH NEeHCTBUTEILHBIM YWICHOM MEXITYHAPOIHOMN akageMuu nHdopmarusaiuu u B 1996 1. — Poc-
CUICKOI aKaJeMUU €CTECTBEHHBIX HayK.

Bacunuto 3axapouuy npuHaanexut 6onee 200 HayuyHBIX paOOT, HayYHasi HOBU3HA KOTOPBIX
MOATBEPIKICHA 25 aBTOPCKUMHU CBHICTEIILCTBAMH, 6 TTATEHTaMU Ha M300peTeHust. MaTrepuaisl Ha-
YUHBIX MCCIIEIOBaHUI BOILIN B 7 MOoHOTrpaduii: «IlonkoKHbIE OBOJIBI — BPEIUTENN KUBOTHBIXY,
«Bonwdaptuos oseny, «CnpaBouHUK BETEPHUHAPHOTO Bpayay U JAPYTHUE, a Takxke Oonee uem 85
YTBEP>KJICHHBIX HOPMATHBHO-TEXHUYECKUX TOKYMEHTOB.

B.3. SImoB BHec GonbIiol Bkiiaa B BerepuHapHoe obecrieueHue AIIK pernonos Ypana, Cu-
6upu u lansHero Bocroka. Kak TananTnuBelil yueHslid 1 opranuszarop, B.3. SIMoB kputuuecku
[IEPEOCMBICIINBAJ TPAJIULMOHHBIE B3Il U MOAXO/AbI B COBPEMEHHON NMPAKTHUYECKOW BETEpu-
HapHu, TeHEPUPOBaAJ HOBbIE UJIEU M HAay4yHbIe HampasieHus. Bacuiuii 3axapoBuy ObLT HAcTaB-
HUKOM M BOCIIMTATEIEM MOJOAEKH, MHOTO BHUMAHHUS Y/EJISI Mepeade CBOErO ONbITa U 3HAHUI
ctyneHtam locynapcTBeHHOro arpapHoro yHuBepcutera CeBepHOro 3aypaibs, riue Omaromaps
eMy B 1992 . opranu3oBaH ¢akyJbTeT BETEPUHAPHON MEIUIIMHBI, KOTOPBIN OH BO3IIIABIISI OoJee
10 ner.

Ha npotsoxkenun psiga iet B.3. SIMoB sBisiics npeacenaresemM yueHoro coBera Beepoccwii-
CKOI'0 Hay4YHO-HCCJIEA0BATEIBCKOTO HHCTUTYTA BETEPUHAPHON SHTOMOJIOTMH U apaxHojoruu Poc-
CeNbX03aKaJeMUH, IIpecenaTesieM aucceprauonHoro cosera npu BHUMBOA, npunnMan yya-
CTHE B PEIAKIIMOHHOM COBETE KypHaloB « CHOMPCKHUI BECTHUK CEIbCKOXO3SIMCTBEHHON HAYKI»
CO PACXH u «ArpapHblii BECTHUK Ypasay.

Hayunsie 3acinyru Bacunusa 3axapoBuya oTMeueHbl 14 mpaBUTEILCTBEHHBIMU HArpalaMu: Op-
neHoM TpynoBoro Kpacnoro 3namenu, opaenom Ilouera, MenansiMu, MHOTUMU IOYETHBIMU T'pa-
MOTaMU CEJIbCKOXO35IMCTBEHHBIX U HAYUYHBIX OPTaHU3aLUN CTPaHBL.

Bacunuit 3axapoBud ObUT M3BECTEH B HAIIEH CTpaHe W 3a €€ MpeesiaMd KaK KPYIHBIN HC-
cjeioBaTeNib B 00JIACTH apaxHOPHTOMO30B YKMBOTHBIX, KAaK IMEIAror, BBICOKOMICHHBIA YUEHBIMH,
KOTOPBIH ObIT MPUMEPOM MPEAAHHOTO CITY>KEHUS CEJIbCKOX03SIICTBEHHOM HayKe.

Ceemnas namsth 0 Bacuiuu 3axapoBuue SIMOBe, IPEKPACHOM YUEHOM, HIUPOKO 3PYAUPOBAH-
HOM, 00aATeIbHOM, 100pOKEIATEIBHOM U UHTEJUNIMTEHTHOM YEJIOBEKE, HABCEIa COXPAHUTCS B
cepauax ero KoJler, y4YeHUKOB U BCEX, KTO €ro 3Hall.

AxanemMuku Poccuiickol akaieMun HayK:

I A. Pomanenxo, B.U. @ucunun, A.C. [lonuenxo, B.B. Anom,

@.U. Bacunesuu, A.H. Bracenxo, H.I. Bracenxo,

Il I'amzukos, H.U. Kawesapos, B.A. Conowenxo, U.®. Xpamyos;
YJICHBI-KOPPECIIOHCHTHI:

H.A. Jlonuenxo, KA. Momosunos, P.U. Pymy, H.B. l[yenenox
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HHPABUJIA JIUISI ABTOPOB

IpaBuna a1 aBTOPOB COCTABIICHBI HA OCHOBE 3THYECKUX MPHHIINIOB, OOIHUX JUI WIEHOB HAYYHOTO COOOIIECTBA, U
TPaBUII MyOMMKAINH B MEKTyHAPOTHBIX U OTEIECTBEHHBIX HAYTIHBIX MEPHOJUICCKAX U3AHUAX, 4 TAKKE B COOTBETCTBHU
¢ TpeboBanusmMu BAK ni1s nepuoandecknux M3gaHUM, BKIIOUCHHBIX B [lepedeHb pOCCHHCKHUX PELEH3UPYEMBIX HAayUYHBIX
JKYPHAJIOB, B KOTOPBIX JOJDKHBI OBITH OIIyOINKOBAHbI OCHOBHBIE HAy4HBIE PE3YJIBTAThl JUCCEPTALUM Ha COUCKAHUE YIEHOH
CTENeHH JOKTOPA U KaHJHaTa HayK.

XKypnan myOnuKyeT OpuruHaIbHbIE CTAaThH M0 (YHIAMEHTAJIbHBIM U MIPUKIIAJHEIM IPOOIEMaM 10 HaIlPaBIICHUSIM:

e o0ree 3emiie/ieNine U PACTCHUEBOJICTRO;

°  CeJICKIIUS, CEMCHOBOJICTBO U OMOTEXHOJIOTHUS PACTCHHIA;

*  arpoxXMMHUsi, arporoYBOBE/ICHHE, 3AIUTA U KAPAHTUH PACTEHHIA;

*  KOPMOIIPOU3BOJICTBO;

*  HHQEKIMOHHBIE OOJIE3HH K UMMYHOJIOTHSI )KUBOTHBIX;

*  YacTHas 300TEXHHS, KOPMIICHHE, TEXHOJOTHH MPUTOTOBJICHUS KOPMOB U MPOU3BOJICTBA MPOAYKIHH KHUBOTHOBOJICTBA;
*  pa3BeJCHHUE, CEICKIIUs, TCHETHKA U OMOTEXHOJIOTHUS JKUBOTHBIX;

°  TEXHOJIOTHH, MAIIUHBI U 000PYI0BAaHHE JJISl arPONIPOMBIIIIIICHHOTO KOMILIEKCA;

*  IHIICBbIC CUCTEMBI.

Crarps, HampaBisieMas B pPEJaKLUWIO, JIOJDKHA  COOTBETCTBOBaTh  TEMAarH4YEeCKMM  pasfeiaM  JKypHaia
«Cubupckuil BECTHUK CEIbCKOXO35IHCTBEHHON HAYKI»:

llh/l(l)p U HAUMECHOBAaHHE Hay'—lHOﬁ CHeuaJbHOCTH B COOTBETCTBUH C HOMemmaTypoii

HaumeHoBaHne pyOpHuKH .
HAYYHBIX CNIeHHAJbHOCTEI, 10 KOTOPBIM NPHCYKIAIOTCSA YYeHbIe CTeNeHH

Semienenne U XuMu3aus 4.1.1. OOmee 3emieneniic U pacTCHHEBOACTBO
4.1.3. Arpoxumusi, arporo4BOBEICHNE, 3aIUTa U KApAaHTUH PACTCHUI

PacTeHneBONCTBO U CeNEeKIHS 4.1.1. OOmee 3emieneniic ¥ pacTCHHEBOACTBO
4.1.2. Cenekuusi, CECMEHOBOJCTBO U OMOTEXHOJIOTHS PACTCHUI

3amuTa pacteHuit 4.1.3. Arpoxumusi, arporo4BoBeICHUE, 3alIUTa U KAPAHTUH PACTCHUI

Kopmomnpon3zBoactso 4.1.1. OOmee 3emieneniic 1 pacTCHHEBOACTBO
4.1.2. Cenexiysi, CEMEHOBOJICTBO M OMOTEXHOJIOTHS PaCTeHUIT
4.1.3. Arpoxumusi, arpornoyBOBeICHNE, 3alUTa U KAPAHTUH PACTECHHH

300TeXHUS U BETEpUHAPUS 4.2.3. NudexkunoHHbie 60IE3HN K UMMYHOJIOTHSI )KHMBOTHBIX
4.2.4. YacTtHast 300T€XHHsI, KOPMJIEHUE, TEXHOJIOTUU TPUTOTOBIICHUSI KOPMOB U IPOU3BO/I-
CTBa MPOIYKIUH KHBOTHOBOJICTBA
4.2.5. Pa3BeneHue, CEIEKIHUs, TeHETUKA U OMOTEXHOJIOTUS KUBOTHBIX

Mexanuszanus, apromatuzanusi, 4.3.1. TexHomoruu, MamuHbl 1 000PYLOBaHUE ISl arPONIPOMBIIUIEHHOTO KOMITJIEKCa
MOJIeJIUpOBaHUe ¥ HH(OpMaLH-
OHHOE o0ecrieueHue

[epepaboTka cembCKOXO03sTii- 4.3.3. Ilumessie cUCTEMBbI
CTBEHHOW TPOYKI[HH

4.1.1. OOmee 3emieeniic 1 pacTCHHEBOACTBO

4.1.2. Cenekuusi, CCMEHOBOJCTBO U OMOTEXHOJIOTHS PACTCHUI

4.1.3. Arpoxumusi, arpornoyBOBECHNE, 3aIIUTA U KAPAHTUH PACTECHHH

4.2.3. NudexnmronHsie 00JI€3HN U HMMYHOJIOTHS )KUBOTHBIX

4.2.4. YacTHas 300TeXHUs, KOPMJIIEHHE, TEXHOJIOTHH MPUTOTOBICHHUS KOPMOB H IIPOHM3BOJI-
CTBa MPOIYKLUH KUBOTHOBOJICTBA

4.2.5. PasBenenue, ceJeKIysl, TEHETUKA U OMOTEXHOIOIUS KUBOTHBIX

4.3.1. TexHONOTWY, MAIIMHBI U 000PYIOBAaHKE JJIsl arPOITPOMBIIIICHHOTO KOMILIEKCa

4.3.3. TIumeBble CUCTEMBI

[Ipobnemsl. Cyxaenus
Hayunesle cBs3u

W3 ucropuu ceabcKoXo3sii-
CTBEHHON HayKH

Kparkue coobuienus

U3 muccepTaiioHHBIX paboT

B sxypHaie Takxke myOauKyTCst 0030pbl, KpaTKue COOOIICHNUS, XPOHUKA, PEIICH3UH, KHW)KHBIC 0003pPEHUS, MaTepHAIIbI
10 UCTOPHUH CEJIbCKOXO3HCTBEHHOW HAYKHU U JIEATEbHOCTU YUPEKICHUN U YUCHBIX.

Yuciio myOnukanuii OJHOTO aBTOpa B HOMEPE SKypHasla HE JOJDKHO INPEBBIIIATh IBYX, HPU 3TOM BTOpas CTAThs
JIOIyCTUMA JIUIIb B COABTOPCTBE.

K paccMOTpeHHIO MPUHUMAIOTCSI MaTepHajbl OT Pa3lHYHBIX KaTerOPH HCCleoBaTelNel, aClIMPaHTOB, TOKTOPAHTOB,
CIICIIHAJIMCTOB U OKCIIEPTOB B COOTBETCTBYIOMINX O0TACTAX 3HAHUI.

Bce crarbu pelieH3upyrOTCs U MMEIOT 3apeructprpoBaHHblil B cucteme CrossRef nanexc DOI.

[Ty6nukanuu Uit aBTOPOB GecIIaTHBI.

ITpu HampaBIeHUU CTATbU B PEAAKLMIO XKypHaIa « CHOUPCKUI BECTHUK CENbCKOXO3SIHCTBEHHON HAYKH» PEKOMEHAYEM
PYKOBOZCTBOBATbCS CIAEAYIOLMMU [IPABUIIAMU.
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PEKOMEHJIALIMU ABTOPY 10 ITIOJAYUN CTATbU

Ipencrasienue cratby B )KypHai1 « CHOUPCKUI BECTHHK CEIIbCKOXO3IHCTBEHHON HAyKM») MOIPa3yMeBaeT, uTo:
e cTarbs paHee He ObuIa OIMyOIMKOBAaHA B IPYIOM >KypHAJIE;
*  CTarhs HE HAXOIUTCS HAa PACCMOTPEHUH B JPYTOM XKYypHaJe;
*  BCE COaBTOPHI COINIACHBI C IMyOJIMKALMEH TEKyIel BEpCUH CTaThH.

Iepen oTpaBKOil cTaThl HA PACCMOTPEHUE HEOOXOMUMO YOSIUThCs, 4To B (aiiie ((aiinax) comepurcs Besi He0OX0-
JMast HHGOpMaIHs Ha PyCCKOM M aHIIMHCKOM SI3bIKaX, YKa3aHbl HCTOYHHKH HH(POPMAIINH, Pa3MENICHHOH Ha PUCYHKAX U
B TaOIHIIaX, BCE CCHUTKU OQOPMIICHBI KOPPEKTHO.

HOPSIJIOK HATIPABJIEHUSI PYKOIIUCEMN CTATEM

1. OTmpaBka cTaThy OCYIIECTBISIETCS Uepe3 AMEKTPOHHYIO pelaKInio Ha caiite xypHaia https://sibvest.elpub.ru/jour/
index. [Tocne npenBapuTeNbHON PETHCTPALUK aBTOPA, B IPABOM BEPXHEM YINIy CTPAaHHIBI BEIOpaTh onuio «OTHpaBUTh
PYKOIHCBY». 3aTeM 3arpy3uTh pyKomHch cTaThu (B Gopmare *.doc mim *.docx) u conmpoBOAUTENbHBIE JOKYMEHTHI K HEll.
[Mocxe 3aBepIeHus 3arpy3Ku MaTepHaIoB 00s3aTeIbHO BEIOpaTh onuuio «OTIPaBUTh THCHMOY», B 3TOM CIIy4ae peJaKius
aBTOMaTHYeCKU OyJeT yBeJOMJICHA O MOTyYSHUH HOBOH PYKOTIHCH.

CompoBoIUTEIbHBIE JOKYMEHTHI K PYKOIIHCH CTaThH:

* CKaH-KOIMS MHChMa OT OPraHHM3alllM C MOATBEP)KACHHEM aBTOPCTBA M Pa3pelleHHEM Ha MyOnMKamuio (oOpaser Ha
http://sibvest.elpub.ru/);

°  CKaH-KOITMS aBTOPCKOM CITPaBKH TI0 MpejcTaBieHHon Gopme (oOpaser Ha http://sibvest.elpub.ru/), B koTopoii 10KHO
OBITH BBIPAKEHO COIIACHE Ha OTKPBITOE OIYOJIMKOBAaHME CTAaThU B TIEYATHOM BapHaHTE >KypHAJIA U €ro dIEKTPOHHOH
KonuH B ceTu VHTEpHeT;

*  CKaH-KOIHS PYKOIMCH C MOAMHUCSIMH aBTOPOB. ABTOD, MOANHUCHIBAsI PYKOIMCH U HAIIPABIISS €€ B PENAKIHIO, TEM CAMBIM
TepeaeT aBTopcKue mpasa Ha u3nanue 31oi cratbt COHIIA PAH;

°  aHKEThl aBTOPOB HAa PYCCKOM U aHIIMHACKOM si3bIkax (oOpaserr Ha http://sibvest.elpub.ru/);

*  CKaH-KOIHS CIIPABKU M3 ACIUPAHTYPHI (U1 OYHBIX aCIIHPAHTOB).

2. Bce mocrynaromye B pPENaKIMIO0 PyKONUCH CTaTedl PErucTPUPYIOTCS 4€pe3 CHUCTEMY JJIEKTPOHHOM pelaKLMu.
B nuuHOM KabuHeTe aBTOpa OTPaXKaeTcsl TEKYIIUH CTaTyc PyKOICH.

3. Hepeuensupyemble MaTepuaibl (MaTepuaibl HAyYHOH XPOHUKH, PELEH3UHU, KHIDKHBIE 0003pEHUs], MaTepUabl 10
HCTOPUHU CEIbCKOXO3SIHCTBEHHOH HayKU U JeATEIbHOCTH YUPEXKICHUH U yUSHbIX) HaNpasiaioTcs Ha e-mail: sibvestnik@
sfsca.ru u perucTpUpyroTCst OTBETCTBEHHBIM CEKPETAPEM.

HOPAAOK O®OPMJIEHUSA CTATbU

Tekct pyxonucu opopmisiercs mpudrom Times New Roman, keriiem 14 ¢ unrepsainom 1,5, Bce mons 2,0 oM, Hymeparnus
crpanull BHu3y. OObeM crarbi He Oosee 15 cTpanun (BItouas TaOIULbl, WLTIOCTpaluy U 6ubauorpaduio); crareil, pas-
MelaeMbIX B pyopukax «M3 nucceprannoHHbIX pabot» u «Kparkue cooOleHus», — He 6oiiee 7 CTpaHuLL.

CrpykTypa odopmiIeHHs CTATbH:

1. VYIK
2. 3aro/i0BOK CTAaThbH HA PyCCKOM U aHIVIMIiCKOM fI3bIKaX (He Oosiee 70 3HAKOB).
3. ®aMuIuU U MHUIHAJbI ABTOPOB, 0JIHOE 0(pULHATBLHOE HA3BAHHE HAYYHOI0 yUpe:KIeHHsl, B KOTOPOM IIPO-

BeJleHbl HCCIeTOBAHUS HA PYCCKOM M AHIVIMIICKOM SI3bIKaX.

Ecin B moaroroBke craThbi NPUHUMANIN Y4acTHE aBTOPHI U3 Pa3HbIX YUPEXKICHHUH, HEOOXOIMMO yKa3aTh MPUHAIJIEK-
HOCTb KaXX/JIOTO aBTOPa K KOHKPETHOMY YUPEXK/CHHUIO C TOMOIILIO HaJCTPOUYHOIO MHEKCA.

4. Pedepar Ha pycckoM H aHIIHiicKoM si3bIkax. O0beM pedepara He menee 200-250 cios. Pedepar sBistercs
KpaTKUM M TOCJIE0BATEIbHBIM H3JI0KEHUEM Marepuana CTaTby 110 OCHOBHBIM pa3/ieliaM M JIOJDKEH OTpakaTb OCHOBHOE
coziepKaHKe, CIe0BaTh JIOTUKE M3JIOKEHHsI Marepraia 1 ONHUCAHUs Pe3yJIbTaToOB B CTAaThe C IPUBEACHUEM KOHKPETHBIX
naHHbIX. He cienyer BKiI04aTh BIiepBbIe BBEICHHbBIE TEPMHUHBL, a00peBHATYPhI (32 HCKITFOYEHUEM O0IIEU3BECTHBIX), CChLI-
KM Ha Juteparypy. B pedepare He ciienyer noqdepkuBaTh HOBU3HY, aKTyaJIbHOCTh M JIMYHBIA BKJIaJl aBTOPA; MECTO HCCIIe-
JIOBaHHsI HEOOXOMMO YKa3bIBaTh 710 00JacTH (Kpast), He YIIOMUHATh KOHKPETHbIE OPraHU3alllu.

5. KuiodeBble €10Ba HA PyCCKOM U AHIVIMHCKOM fI3bIKaX. 5—7 CJIOB IO TeMe cTaTbu. JKenaresibHo, 4TOObI KiTtoue-
BbIE CJIOBA JIOMOJHSAIM pedepar u Ha3BaHUE CTAThU.

6. Hudopmanus 0 KOHPJIUKTE HHTEPECOB JIMOO €ro OTCYTCTBUH. ABTOp 0053aH YBEJOMUTH PEIAKTOPa O peallb-
HOM WJTH TMOTEHIUATHLHOM KOH(IMKTE HHTEPECOB, BKIIOYUB HHPOPMALNIO O KOH(IUKTE HHTEPECOB B COOTBETCTBYIOLIMI
pasnen cratby. Eciin KOHQIMKTA HHTEPECOB HET, aBTOP JOJDKEH TAKKEe COOOIIUTE 00 ITOM.

Ipumep HOpMYITHPOBKH: «ABTOp 3asBISET 00 OTCYTCTBUHM KOH(IUKTA HHTEPECOBY.

7. baarogapHOCTH Ha PYCCKOM M aHIVIMHCKOM si3bIKaxX. B 3TOM pasjerne yka3bIBalOTCSl BCe MCTOUYHUKH (DUHAHCH-
pOBaHUS UCCIIEIOBAHUS, a TAKXkKe OJ1aroJlapHOCTH JIFO/ISIM, KOTOPBIE Y4aCTBOBAIM B pabOTe HaJI CTaThel, HO HE SIBJISIOTCS e
aBTOPAMH.

8. OcHOBHOIi TekcT cTaTbu. [Ipy U30KEHUN OPUTHHAIIBHBIX SKCIIEPUMEHTAJIBHBIX JaHHBIX PEKOMEHIYETCs UC-
I10JIb30BaTh MOA3ArOJIOBKU:

BBEJIEHME (nocranoBka npo0OaeMsbl, e, 3aja41 UCCIIeIOBaHMS)

MATEPUAJI U METO/bI (ycnoBusi, MeTozpl (METOIMKA) UCCIIEAOBAaHUHN, OMTUCaHUE 00BEKTa, MECTO U BPeMs Ipo-
BEJICHYISI )

PE3VYJIBTATBI U OBCYXKJIEHUE

3AKJIIOYEHME nnu BBIBO/IbBI
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CIIUCOK JIMTEPATYPbBI. KonmmuecTtBo ncToOUHUKOB HE MeHee 15. B cmmcok nurepaTypsl BKIFOYAIOTCS TOJBKO
peLeH3UpyeMble HCTOUHHKHU: CTaTbU M3 HAyYHBIX JKYpHAIOB U MoHOTpaduu. CamouutupoBanue He 6oree 10% ot obOmie-
ro Konm4ectBa. bubnuorpaduueckuii cnucok 1omKeH ObITh 0(OpMIICH B B/ OOIIEro CIKCKa B MOPSIKE YIOMUHAHUS B
TEKCTE, JKeJIaTeIbHbI CChIIKM Ha MICTOUHUKU 2—3-JIETHET0 CpoKa JaBHOCTH. IIpaBuiia opopMiIeHUs ClIMCKa JIUTEPATyphl — B
coorBercTBuu ¢ TOCT P 7.05-2008 (TpeboBanus 1 IpaBuiia COCTaBIeHUs Oubanorpaduaeckoil cehlikn). B Tekcre ceblika
Ha HCTOYHHMK OTMEUAETCs MOPSAKOBOM IIU(POIi B KBaApaTHBIX CKOOKax, Harpumep [ 1]. JIuteparypa B CriMcKe AaeTcs Ha TEX
sI3BIKAX, HA KOTOPBIX OHA W3/1aHa. B Oubiuorpaduyeckoe onrcanue myOiIuKaiuy HeoOX0MMO BHOCHTh BCEX aBTOPOB, HE
COKpaIlasi uX OJHUM, TpeMs U T.I. HeomycTuMo cokpaiieHie Ha3BaHui CTaTei, )KypHaJIOB, H3IaTeIbCTB.

Ecnu HeoOX0aMMO cocaThesi Ha aBTopedeparsl, AUCCepTalii, COOPHUKY CTaTel, yIeOHUKH, PEKOMEHAAINH, yIeOHbIe
nocobus, I'OCTsl, undopMaluio ¢ caiiToB, CTATUCTUYECKUE OTUETHI, CTAaTbU B OOLIECTBEHHO-IIOIUTUUECKHUX ra3eTax U
npouee, TO TaKkyto HH(GOpMAIMIO clienyeT 0pOPMUTH B CHOCKY B KOHLIE CTpaHUIBI. CHOCKH HyMEpYIOTCs apadckumu 1ud-
pamu, pa3MenaroTcs MOCTPAHNIHO CKBO3HOW HyMepaIuei.

Buumanue! Teopetnueckue, 0030pHbIE U IPOOIEMHBIE CTaTbH MOTYT UMETH IIPOU3BOJIBHYIO CTPYKTYPY, HO 00513aTelIb-
HO JIOJDKHBI COepKaTh pedepar, KIIFoUeBble CIIOBa, CIIUCOK JIUTEPaTyphI.

HNPUMEPBI O®OPMJIEHUS CIITUCKA JIUTEPATYPbBI, REFERENCES U CHOCOK

CIIMCOK JIMTEPATYPbI:

Monozpagusn

Knumosa 3.B. Tlonessie KynbTypsl 3a0alikanbs: MmoHorpagus. Yura: [Touck, 2001. 392 c.

Yacmb Knucu

Xonmos B.I” MunumanbHasi 00paboTKa KyJIMCHOTO Hapa MO sIPOBYIO IMIIEHUIY MPU MHTEHCH(UKAINK 3eMIIeACNs B
FOKHO# Jtecoctenu 3ananHoi Cubupu // PecypcocOeperaroiue ciucteMbl 00paboTku mouBbl. M.: Arponpomusaar, 1990.
C. 230-235.

Ilepuoouueckoe uzdanue

Haxyno A.JL, Jlanwunos H.A., boscanosa I'B., ITakyne B.H. TexHonoruueckyue KauecTsa 3epHa MIrKoi spoBoil mite-
HHUIBI B 3aBUCHMOCTH OT CHCTEMBbI 00paboTKH mouBbI // CHOMPCKUI BECTHHUK CENbCKOXO03sHcTBeHHOM Hayku. 2018. T. 48.
Ne 4. C. 27-35. DOI: 10.26898/0370-8799-2018-4-4.

REFERENCES:

CocraBinsieTcsi B TOM K€ MOPSIIKE, YTO U PYCCKOS3BIYHBIN BAPUAHT, IO CIETYIOMINM MPaBHIaM:

@amunnu W.0. aBTOPOB B YCTOSIBIIEMCSI CIIOCO0E TPAHCIUTEPAIIMH, aHTIION3BIYHOE HA3BAHUE CTAThH, MPAHCAUMEDPA-
Yusi HA36aHUSL PYCCKOAZBIYHO20 UCMOYHUKA (Hanpumep depe3 caum. https.//antropophob.ru/translit-bsi) = anenoaszviunoe
Hazearue ucmoynuka. Jlanee opopmiIeHre st MOHOrpadum: TOPO, aHIIOSA3BIYHOE Ha3BaHHUE W3/IATeIbCTBA, TOJI, KOJIHYe-
CTBO CTPaHUIL; JUTsl XKYpHaa: Toj, Homep, ctpanulibl). (In Russian).

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

TpancnuTepanus aBTOpOB. AHIIOA3BIYHOE HA3BAHUE CTATHU

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

Tpancrumepayus ucmounuxa = Anenoa3viuHoe Ha3eanue UCMOYHUKA

Monozpagus

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

Yacme Knuzu

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.

CHOCKU:

Lutupyemslii TekcT'.

'Knumosa 3.B., Anopeesa O.T., Temnuxosa I'I1. TIyTu cTabUIM3aIiiu KOPMOTIpOU3BoACcTBa 3abaiikanbs // [IpobaeMsr 1
MIEPCTIEKTHBEI COBEPLICHCTBOBAHMS 30HAIBHBIX CHCTEM 3€MJIC/ICIIUS B COBPEMEHHBIX YCIOBHSX: MaTepHajbl Hayd.-TIPaKT.
koH(. (Yuta, 16—17 okts16pst 2008 r.). YUura, 2009. C. 36-39.

Hughposoii uoenmughuxamop Digital Object ldentifier — DOI (xorja OH €CTh y LUTHPYEMOIO MaTepHaa)
HEeoOXOIMMO yKa3bIBaTh B KOHIIE OMOINOrpaduuecKoil 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.
Hanmuue DOI cratbu ciieyeT npoBepsiTh Ha caiite http://search.crossref.org/ wiu https://www.citethisforme.
com. J[J1st 5TOro Hy’KHO BBECTH B IOUCKOBYIO CTPOKY Ha3BAaHHE CTATHU Ha aHIIIHHCKOM SI3BIKE.

PUCYHKMU, TABJINLbI, CKPUHIHOTHI U ®OTOI'PA®OUN

PucyHk# TOIKHBI OBITH XOPOIIET0 KauecTBa, IPUTOJHbIC Ul NIeYaT. Bce pUCYHKH TOJDKHBI UMETh TIOPUCYHOYHBIE
noarmucy. [1oIprcyHOUHYIO MOAITUCH HEOOXOMUMO TEPEeBECTH Ha aHIIMHCKHN S3bIK. PHCYHKH HyMepyloTcsi apaOCKHMHU
mudpaMu 1o TOPSIKY CIeIOBaHuUs B TeKcTe. ECii prCyHOK B TEKCTE OUH, TO OH He HyMepyeTcs. OTCBUIKM Ha PHCYHKH
odopmitsiroTes cnenyronM oopasom: «Ha puc. 3 ykazaHo, 4to ...» win «YKaszaHo, uTo ... (cM. puc. 3)». [logpucyHouHas
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MIOAITUCH BKIIIOYAET ITOPSIKOBBI HOMEp PHCYHKa U ero Ha3BaHue. «Puc. 2. Onncanne KM3HEHHO BayKHBIX IPOIIECCOBY.
[epeBon moapHCyHOUHOH MOANUCH CIEAYET PACTIoNaraTb HOCie MOAPHCYHOUHON IONUCH Ha PYCCKOM SI3BIKE.

Tabauisl JOJKHBI OBITH XOPOLIEro KayecTBa, IPUTOAHbIC AU HedaTd. [IpennouTuTenbHbl TabnuIbl, TPUTOJHbIE JUIs
PEOaKTUPOBAHMUS, @ HE OTCKAHMPOBAHHBIC WM B BUJE PUCYHKOB. Bee TaOmuLbl JOIKHBEL HMETh 3aronoBku. Ha3paHue Ta-
OIUIBI TOMKHO OBITH EPEBENEHO Ha aHNIUMcKuil s3bIk. Tabnuubl HyMepyloTcsa apaOCKUMU LudpaMu 110 MOPSLIKY CIEN0-
BaHMs B TekcTe. Ecii Tabnuna B TekcTe oJjHa, TO OHA He HyMepyeTcst. OTCBUTKH Ha TaOIHIBI 0)OPMIISIOTCS CIIETYIONINM
obpaszom: «B Tabi. 3 ykazaHo, 4TO ...» HIH «YKa3aHO, 4TO ... (CM. TaOiI. 3)». 3arosoBOK TaOIHIbI BKIFOYAET TOPSIKO-
BBIil HOMEp TaOnuIbl U ee Ha3zBaHue: «Tabu. 2. OnrcaHue )KU3HEHHO BaXKHBIX MPOIieccoBy. [lepeBos 3aronoBka TaOIuIbl
ClIe[lyeT pacroararh 11ocje 3arojJoBka TaOIMIBI HA PYCCKOM S3bIKE.

dotorpaduu, CKPUHILIOTH! U JPYrHe HEPUCOBAHHBIE MILIIOCTPALMKY HEOOXOAUMO 3arpyaTh OTIEIbHO B Buje (dailioB
¢dopmara *.jpeg (*.doc u *.docx — B ciydae, eciu Ha M300paKEHNUE HAHECEHBI JOMOMHUTEIbHBIC TIOMETKH). Pa3perie-
HUE U300pakeHus T0IKHO ObITh >300 dpi. Paitiam n300paskeHU HEOOXOMMO PHUCBOUTH HAa3BaHKME, COOTBETCTBYHOIIECE
HOMEpY PUCYHKa B TekcTe. B omucanuu ¢aiina ciemyer OTAeIbHO MPUBECTH TOIPUCYHOUHYIO ITOIUCH, KOTOpAst JOJKHA
COOTBETCTBOBATh Ha3BaHUIO (GpoTorpaduu, MoMeIaeMoi B TEKCT.

Cnenyet oOpaTuTh BHUMaHKE Ha HanMcaHue GopMyIl B cTaThe. Bo n3bexxanue myTaHuIbl He0OOX0AUMO rpedeckue (o, f,
T U Ip.), pycckue (A, a, b, 6 u 1p.) OykBbI ¥ LuGpPbI MUCATH IPIMBIM IIPUGTOM, JIATUHCKUE — KypCUBHBIM (W, Z, m, n u 1p.).
Maremaruueckue 3HaKi ¥ CUMBOJIbI HYKHO ITHCaTh TakXKe MpsiMbIM mpudToM. HeoOXommMo 4eTKo yKa3bIBaTh BEPXHUE U
HIDKHHE HaJICTpOUHble cuMBoIbl (W', F) u ap.).

B3AUMOJENCTBUE MEXIY )KYPHAJIOM U ABTOPOM

Penmaknust mpocuT aBTOPOB MPH MOATOTOBKE CTaTel PyKOBOACTBOBATHCS M3JI0)KEHHBIMH BBIIIE TIPABUIIAMH.

Beenocrynarorue B xxypHas « CHOMPCKUI BECTHHK CEITbCKOX035HCTBEHHOM HAYKNY CTAThU TPOXO/ISAT PEABAPUTEIILHYIO
IIPOBEPKY HA COOTBETCTBHE (hOpMaIbHEIM TpeOOBaHUsIM. Ha 9TOM 3Tane pegakuus OCTaBiIseT 3a cOO0H Mpago:

* MPHUHATH CTAThIO K PACCMOTPEHHUIO;

*  BEpHYTb CTaThbiO aBTOPY (aBTOpaM) Ha JOpabOTKY ¢ IPOCHOOH yCTPAHUTH OLIMOKU WM J00ABUTh HEJOCTAIOLINE JAHHBIE,
*  BEpHYTb CTaTbO aBTOPY (aBTOpaMm) O3 paccMOTpeHHUs1, OOPMIIEHHYIO HE 110 TPeOOBaHUAM >KypHaa;

*  OTKJIOHHUTB CTaThIO M3-3a HECOOTBETCTBHS €€ IIEJISIM )KypHalla, OTCYTCTBHSI OPUTHHATIBHOCTH, MaJIOH HayYHOH IIEHHOCTH.

[epenncka ¢ aBTOpaMu PyKOIIUCH BEAETCS Yepe3 KOHTAKTHOE JIUI0, YKa3aHHOE B PYKOIIHCH.

Bce HayuHble CTaTbH, MOCTYNUBIIME B PeNaKkIUIo xKypHaiaa « CHOMPCKUM BECTHHK CENbCKOXO3SIMCTBEHHOM HAayKm»,
MIPOXOAAT 00sI3aTENIbHOE ABYXCTOPOHHEE «ciernoey» pereHsupoBanue (double-blind — aBTop U perieH3eHT HE 3HAIOT JPYT O
Jpyre). Pykonucy HarpasIsitoTes 10 IpoQUIIl0 HayYHOro UCCIEJOBAHUS Ha PELICH3UIO WIEHAM PEJaKIIUOHHOM KOJLIeruy.

B cropHbIX cily4asx peJakTop MOKET [IPUBJIEUb K IIPOLECCY PELIEH3UPOBAHUS HECKOIBKUX CHELHAINCTOB, a TAKXKE [T1aB-
HOTO penakTopa. [Ipu MoNoKUTETFHOM 3aKITIOYEHIN PELIEH3EHTa CTaThs IepefaeTcsl peAaKTopy ISl HOATOTOBKH K ITeYaTH.

[Ipu mpuHATHH pelIeHHs 0 TOpadOTKE CTaThH 3aMEUaHMs U KOMMEHTapHH PELeH3CHTa MePeIatoTCsl aBTOPY. ABTOPY
JaeTcs 2 Mecsla Ha yCTpaHeHUs 3aMedanuid. Eciiu B TeueHne 3Toro cpoka aBTop He YBEJOMMI PEAAKIMIO O MIIAHUPYEMbIX
JNEeHCTBUSX, CTaThsl CHUMAETCSI C OUepey My OnuKauy.

ITpu npuHATUM peleHus 00 OTKa3e B My OJIMKALMU CTaTbH aBTOPY OTIPABIISAETCS] COOTBETCTBYIOLIEE PEIICHUE PEJAKIUU.

OTBeTCTBEHHOMY (KOHTAKTHOMY) aBTOPY NPUHATOHN K MyOJIMKAIIMU CTaThH HANIPABIIseTCsl (PUHANBHAS BEPCHUSI BEPCTKH,
KOTOPYIO OH 00s513aH IIPOBEPUTb.

HOPSJTOK IEPECMOTPA PEIIEHUI PEJAKTOPA/PEIIEH3EHTA

Ecnu aBTOp HE COMIACeH C 3aKIIOYCHHEM PEICH3CHTa M/HIH PENaKTOpa WITH OTACIbHBIMU 3aMCYaHHUSIMU, OH MOYKET
OCIIOPHUTH NPHHSATOE perieHne. JJist 3Toro aBTopy HeoOX0AUMO:
° HCTIPAaBUTD PYKOIIMCH CTATbU COITIACHO O6OCHOBaHH])IM KOMMCHTAapUsAM PELCH3CHTOB U PEAAKTOPOB;
*  SCHO U3JIOKHTH CBOIO IO3MIIHIO [10 PACCMATPUBAEMOMY BOIIPOCY.

PenmakTopbl COAEHCTBYIOT IIOBTOPHOH IMOfIaue PYKOIUCEH, KOTOPbIC MOTEHIUAIBHO MOTIH ObI OBITH TIPHHSATHI, OHAKO
ObLIM OTKIIOHCHBI U3-32 HEOOXOAMMOCTH BHECCHUSI CYIICCTBEHHBIX M3MECHCHHUI WM COOpa JOIOIHUTEIBHBIX JaHHBIX, U
TOTOBBI TIOIPOOHO OOBSICHUTB, YTO TPEOYETCS UCTIPABUThH B PYKOIIUCH ISl TOTO, YTOOBI OHA ObLIA TIPUHSTA K ITyOIHKALIMH.

JEUCTBUS PEJAKIIMA B CIYUAE OGHAPY KEHUS IVIATUATA, PABPUKALIAN
NJIN PANBCUPUKALINN JAHHBIX

Penakuus HaydHoro )xypHasia «CHOMPCKUI BECTHUK CENbCKOXO3SIHCTBEHHOM HAYKW» B CBOCH PabOTE PYKOBOJICTBYETCS
TPpaAUIIMOHHBIMU JTHYCCKUMH NPUHIUIIAMU Hay‘lHOﬁ NEpUOAUKHA U CBOAOM IPHUHIHUIIOB «KOI[GKCB. OTHKH HAYYHBIX
myOnukanuiiy», pa3paboTaHHBIM U YTBEPKICHHBIM KOMUTETOM 110 3THKE HaY4HBIX ITyOIUKaIMid, TpeOys COOMIONEHHS ATHX
MIPaBUJI OT BCEX YYACTHUKOB M3/IaTENILCKOTO Mpoliecca.

HUCITPABJIEHUE OLLINBOK U OT3bIB CTATBHU

B cnydae oOHapyKeHHUs] B TEKCTE CTAaThbU OIIMOOK, BIMSIOIINX HA €€ BOCHPHUSITHE, HO HE MCKAKAIONINX U3JI0KEHHBIE
Ppe3yIbTaThl UCCIEIOBAHMS, OHH MOTYT OBITh UCIIPaBIEHBI IyTeM 3aMeHbl pdf-¢aiina crareu. B ciyuae oOHapyKeHUs B
TEKCTE CTAaThH OIIMOOK, NCKAKAIOIIMX PE3yJIbTaThl MCCIICAOBAHMUS, JTMOO B Cilydae mjaruara, oOHapyKeHHs Helo0poco-
BECTHOTO TIOBE/ICHHSI aBTOpa (aBTOPOB), CBA3AHHOTO C (asibcupuKanueit n/umm padprKanneil JaHHbIX, CTaThs MOXKET ObITh
0TOo3BaHa. IHUIIMATOPOM OT3bIBA CTATHH MOKET OBITh PEAAKIIHsI, aBTOP, OPTraHU3aIns, YacTHOe Jui0. OTO3BaHHAS CTaThs
romMevaeTcst 3HakoM «CTaThs 0TO3BaHay, Ha CTPAHUIIE CTAThU pa3MelaeTcsi HHPOpMaIHs O MPUIMHE OT3bIBA cTaThi. MH-
(dopmanus 00 0T3bIBE CTAThU HANPABISIETCS B 0a3bl JaHHBIX, B KOTOPBIX HHICKCHPYETCS Ky PHAIL.
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YBAKAEMBIE NOJITUCYUKH!

[Toanucky Ha >xypHan «CUOMPCKHUI BECTHUK CENTbCKOXO3IHCTBEHHOM HAYKN
(kKak Ha TOOBOM KOMIUIEKT, TaK ¥ Ha OTACIbHBIC HOMEPA)
MOXHO 0()OPMUTH OJTHUM U3 CIEAYIOUINX CIIOCOOOB:

— Ha caiite Iloura Poccun. 3aiitn B paznen «OHiaiiH-cepBUCH», 3aTeM — «llonmucarbca Ha
razeTty wim xxypHam». [lognucHoi unneke nznanus [IM401;

— B arenrctse noanucku I'K «Ypan-Ilpecce» no nnnexcy 014973. Cebika Ha uznanue https://www.
ural-press.ru/catalog/97210/8707659/?sphrase 1d=392975. B paznene KOHTAKThl 3alTH TIO
ccoiike http://ural-press.ru/contact/, Tae MOKHO BBIOpATh (QUITHAI TIO MECTY JKUTEIIbCTBA;

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

[TonHoTEKCTOBAS BEpcus XKypHala
«Cubupckuii BECTHUK CETCKOX03HCTBEHHOM HAYKID»
pasmMeieHa Ha caiite HayuHoit anekTpoHHOM OUOIHOTEKH:
http://www.elibrary.ru.



	обложка_1_2023_англ_Л
	Сиб-вест_1_2023_англ+обл
	обложка_1_2023_англ_Л
	Сиб_вест_1_2023_англ


