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S 3EMJIEJIEJINE U XUMW3AL[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2022-5-1 Tun crarey: OpUrHHAIBHAS
VIK: 632.937:633.11«321» Type of article: original

IODPEKTUBHOCTh OBPABOTKH CEMSIH SIPOBOM IMIITEHUIILI
TPUXOAEPMHUHOM U CIIOPOBAKTEPUHOM

(<)Bmacenko H.I'., Bypaakosa C.B., Eropbiuesa M.T.

Cubupckuii ¢hedepanvhviili Hayuuslil yenmp azpobduomexnonoutl Poccutickotl akademuu Hayk
Hosocubupckast 06:., p.im. Kpacaoo6ck, Poccust

(<De-mail: nvlasenko@sfsca.ru

IIpencraBieHbl pe3yIbTaThl UCCICIOBAHUS TI0 OMPEISICHHUIO d(PPEKTUBHOCTU TPEAITOCEBHON
00paboTKK ceMsiH cpeaHepaHHero copta Hoocubupckas 31 Ouonpenaparamu. Hayunbiidi omsiT
mpoBezieH B ycinoBusx secocrenu [IpuoOes B 2019-2021 rr. M3yueHo BimsHUE OMOIpenapaTroB
Ha pa3BUTHE TPUOHBIX 3a00JIEBaHUI MIICHUIIEI 1 OCHOBHBIE TTApAMETPhI TIOCEBA: TYCTOTY CTOSHUS
pacTeHuii, UX BbICOTY U OHOMAcCy, IO b (JIaroBoro JHUCTa, CTPYKTYPY KOJIOCa U YPOXKAHHOCTD
3epHa. [Ipn HapacTaHuM pa3BUTHsI KOPHEBOM THWIIM B TeyeHue Bererauuu ot 1,3 1o 3,4% x daze
kymmenns u 10 10,0% x xoHiry Beretanuu 3pGeKTUBHOCTb 00pabOTKH ceMsiH Ouorpenaparamu Tpu-
xonepmuH, Criopobakreput u nporpasutenemM Ckapnet coctaBuia 32, 53 u 56% B Hauane Bere-
tauu 1 21, 27 u 36% — B (aze MOIOUHO-BOCKOBOH crienocTH 3epHa. [Ipenaparsr TpuxomepMuH,
Criopo6akTeprH MpOSIBIISIIN CPEAHIO0 3((EeKTUBHOCTH B OTHOIIEHUH cenToprosa — 40 u 34%, mpo-
THUB MYYHHCTOH pockl — 29 u 24%, nporpaButenb CKapieT MOJaBIsil JIMCTOBbIE HHPEKINU Ha 51
u 43% npu ux pazButuu B KouTpoiue 9,3 u 9,0%. lnnHa pocTKOB MiIeHuIp! B daze 2-ro JIucTa B
BapuaHTax npuMmenenus Tpuxonepmuna, Criopodakreprna, Ckapier Obiia 0oJbIle, 9eM B KOHTPO-
ne, Ha 7,6; 11,1 u 4,6%. HaubGonpmuit pocrocTumynupyrommii 3pGexT HadIroaamu npu oopadoTke
cemsiH Criopo6akrepruHoM. B (haze MOII0YHO-BOCKOBOI CIIETIOCTH 3€pHA I'yCTOTA CTOSIHUS pacTeHUN
TMIIICHUITHI YBETMYHUIIACh B CPAaBHEHHUH ¢ KOHTposieM Ha 8,3; 21,7 u 15,2% cooTBETCTBEHHO, MPOTYK-
TUBHBII cTebnecTol ObUT BBILIE TP IPUMEHEHUH Ononpenaparos Ha 15,2%, nporpaBurens Ckap-
net —Ha 17,4%. COop 3epHa yBeTUUMIICS OTHOCUTEIBHO KOHTpous (2,31 T/ra) B Bapuanrtax Tpuxo-
nepmuH U Criopob6aktepur Ha 0,30 n 0,37 1/ra, Cxapner — Ha 0,22 T/ra. B pe3ynsrare 00paboTku
cemsiH miperiaparoM CkaplieT MOJIydeHO 3epHO ¢ cojepxanueM Oenka 13,25%, npu npuMeHeHUH
ounodynrunmnaos Tpuxoaepmus, Crnopobdakrepun oHo nosbimanocsk Ha 0,14 u 0,28% oTHOCHTENB-
Ho KoHTpous (13,3%). B pe3ynbraTe mpoBeACHHBIX MCCICIOBAHIM MMOKa3aHO, YTO OMOIpenaparsl
Tpuxonepmun u CriopoOakTeprH MPHU OTHOCHUTEIFHO HEBBICOKOM Pa3BUTHH 00Je3HEH CHOCOOHBI
CIEPKUBATh UX Pa3BUTHE, HEMHOTO YCTylasi XUMU4eckoMy npenapary. O0naznas pocToOCTUMYIUPY-
IOIIUMH CBOHCTBAMH, OHH MOTYT 00ECIEUNTh YPOXKaHOCTh 3epHa JIaXKe BBIIIE, YeM MPH ITPHUMEHe-
HUU TPOTPABUTEIIS.

KuiroueBble cioBa: sipoBas MIIeHHLA, OMoNpenaparsl, 00padoTKa ceMsiH, OO0JIe3HU, POCTOBbIE
3¢ (heKThI, ypoXKANHOCTH

EFFICIENCY OF SPRING WHEAT SEEDS TREATMENT WITH
TRICHODERMIN AND SPOROBACTERIN

(X)Vlasenko N.G., Burlakova S.V., Egorycheva M.T.

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
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The results of the study to determine the effectiveness of pre-sowing treatment of seeds of
medium-early variety Novosibirskaya 31 with biopreparations are presented. The scientific
experiment was conducted in the forest-steppe conditions of the Priob'ye region in 2019-2021. The
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effect of biological preparations on the development of fungal diseases of wheat and on the main
parameters of sowing: the density of plants, their height and biomass, flag leaf area, ear structure
and grain yield were studied. With the increase of root rot during the growing season from 1,3 to
3,4% to the phase of bushing and up to 10,0% by the end of the growing season the efficiency of
seed treatment with Trichodermin, Sporobacterin and Scarlet bio-detergent was 32, 53 and 56%
at the beginning of the growing season and 21, 27 and 36% - in the phase of milk-wax ripeness of
grain. Trichodermin and Sporobacterin preparations were moderately effective against septoriosis
(40 and 34%), against powdery mildew (29 and 24%), and the disinfectant Scarlet suppressed leaf
infections by 51 and 43% against 9.3% and 9.0% of the control. The length of the wheat sprouts in
the phase of the 2nd leaf in the variants of Trichodermin, Sporobacterin, Scarlet was greater than the
control by 7.6; 11.1 and 4.6%. The greatest growth-stimulating effect was observed when the seeds
were treated with Sporobacterin. In the phase of milk-wax ripeness the density of the wheat plants
increased compared to the control by 8,3, 21,7 and 15,2% respectively, the productive stem structure
was higher when using biopreparations by 15,2%, Scarlet dressing - by 17,4%. The grain harvest
increased relative to the control (2.31 t/ha) in Trichodermin and Sporobacterin variants by 0.30 and
0.37 t/ha, Scarlet - by 0.22 t/ha. As a result of seed treatment with Scarlet the grain was obtained
with protein content of 13,25%, while application of biofungicides Trichodermin, Sporobacterin
increased it by 0,14 and 0,28% relative to the control (13,3%). As a result of the studies, it has been
shown that the biopreparations Trichodermin and Sporobacterin are able to contain the development
of diseases at a relatively low level, slightly inferior to the chemical preparation. With their growth-
stimulating properties, they can provide grain yields even higher than when using a dressing.

Keywords: spring wheat, biological preparations, seed treatment, diseases, growth effects, yield
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INTRODUCTION

The orientation of crop production on
resource-energy saving and environmental
safety involves the reduction of pesticide load
in agrocenoses [1]. The main task of modern
agriculture is to obtain high crop yields us-
ing biotechnology, creating conditions for
the preservation of ecologically pure fertile
soils. In order to preserve and reproduce soil
fertility, biological agro-technologies with a
consistent replacement of energy-intensive
agrochemicals and pesticides by new genera-
tion biopreparations are being developed [2,
3]. The main advantage of biological prepa-
rations is environmental friendliness, safety
for humans and the environment. Biological
preparations have an extended period of appli-
cation, they can be used at almost any stage of

plant development, as they have a short safety
interval after treatment [4]. Environmentally
safe biopreparations when used competently
(systemic treatments, timely application, etc.)
not only ensure a high yield, but also increase
its quality. Interest in biological preparations
is also increasing due to the fact that many of
them have an anti-stress effect, increasing the
resistance of plants to abiotic environmental
factors [5, 6]. Despite the significant advan-
tages of the biological method of disease con-
trol, its widespread and effective use in crop
cultivation is limited by a number of factors.
Living organisms form the basis of most bio-
preparations, so in order to obtain the desired
effect it is necessary to consider the shelf life
of biopreparations, strictly follow the instruc-
tions for their storage, use biopesticides only
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by results of phytosanitary monitoring, con-
sider that under adverse weather conditions
(drought, cold rainy weather) the effectiveness
of biopreparations is reduced by 20-50% [7].

Pre-sowing treatment of cereal crops seeds
is recognized as one of the effective ways to
increase grain yield. It also contributes to seed
disinfection from fungal and bacterial diseas-
es, provides increased immunity and energy
of plant germination [8]. Currently, to protect
crops from diseases, preparations based on
fungi of the genera Trichoderma, Streptomy-
ces, different species and strains of bacteria
of Bacillus and Pseudomonas and others are
most widely used [9]. Unfortunately, biologi-
cal preparations are often of low quality and
low efficiency due to rapid loss of bioagent
activity in the natural environment because of
the negative effect of environmental factors or
changes in the properties of microorganisms.
In the case of biopreparations, accelerated
growth of root system, secondary root forma-
tion, increased germination, germination en-
ergy and bushiness were noted. Some of them
increase the drought and heat-resistance of
plants and activate the activity of useful mi-
crobial community of the rhizosphere. They
induce natural resistance of plants to diseases,
which provides an increase in grain yield [10].

The purpose of the study is to evaluate the
protective and growth-stimulating effect of
treatment of spring wheat seeds with biologi-
cal preparations based on Ttichoderma viride
and Bacillus subtilis when growing crops in
the Priob'ye forest-steppe.

MATERIAL AND METHODS

The studies were conducted in 2019-2021
in the experimental field of the plant protection
department of the Siberian Federal Scientific
Center of Agro-BioTechnologies of the Rus-

sian Academy of Sciences (SFSCA RAS) un-
der the conditions of the northern forest-steppe
of the Priob'ye region. The growth-stimulating
and protective effect of seed pre-sowing treat-
ment was studied on the crops of mid-early
wheat variety Novosibirskaya 31. Bioprepa-
rations Trichodermin, P (7Trichoderma viride,
titer more than 6 billion spores/g, 80 g/t) and
Sporobacterin, WP (Bacillus subtilis + Tricho-
derma viride, strain 4097, 0.5 kg/t) were used
for the seed treatment. Scarlet, ME (imazalil
(100 g/1) + tebuconazole (60 g/1), 0.3 1/t) dress-
ing was used as a reference. Seed treatment
was carried out with wetting, the rate of work-
ing solution consumption was 10 1/t seed. In
a single-factor field experiment spring wheat
was placed on fallow preceding, plot area 44.1
m? (2.1 x 21), arrangement sequentially in one
tier, fourfold repetition, the seeding rate of 6
million germinated grains/ha. Seeding was
done by SZS-2.1 seeder with anchor coulters,
and ammonium nitrate was applied at the rate
of Ny, per 1 ha. Background spraying against
cereal and dicotyledonous weeds was carried
out in the phase of wheat tillering with a tank
mixture of herbicides Axial, EC (1 I/ha) + Pri-
madonna, SE (0.4 I/ha) + Hextar, WDG (10
g/ha). The working fluid consumption rate is
270 I/ha. The effect of biofungicides on the
development and prevalence of common root
rot during the phases of the third leaf, tiller-
ing, and milk-wax maturity of grain, as well as
leaf infections - septoriose, powdery mildew,
and brown leaf rust - during the phase of the
beginning of milk maturity of grain were stud-
ied"?. The parameters of sowing were taken
into account: plant density, total and produc-
tive bushiness, biomass, plant height, flag leaf
area, ear structure, grain size**. The yield was
counted by direct harvesting with Sampo har-
vester, the grain was reduced to 14% moisture

'Chulkina V.A., Toropova E.Yu., Stetsov G.Ya., Marmuleva E.Yu., Kirichenko A.A., Grishin V.M. Phytosanitary diagnostics
of agroecosystems: tutorial. Ed. by E.Yu. Toropova. Novosibirsk. 2010. 127 p.

2Sanin S.S., Sokolova E.A., Cherkashin V.I. Diseases of grain crops (recommendations on phytosanitary monitoring). Mos-

cow: Rosinformagrotech. 2010. 137 p.

*Toropova E.Yu., Kirichenko A.A. Phytosanitary ecological monitoring: method. instructions for laboratory and practical

exercises and control work. Novosibirsk: NSAU, 2012. 38 p.

“Valeeva A.A., Sakhabiev I.A. Diary of training practice in agrocenology. Kazan: Kazan University, 2017. 26 p.
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content and 100% purity, the amount of pro-
tein in the grain was determined. Statistical
data processing was performed using Snede-
cor and Excel applications®.

Weather conditions varied significantly in
the years of study. In general, according to me-
teorological indicators, 2019 was unfavorable
for the formation of high plant productivity. A
total of 189 mm of precipitation fell during the
growing season, less than the norm by 43 mm,
with 43 mm of atmospheric moisture coming
in May, 26 mm in June, 98 mm in July, and
22 mm in August. Average daily temperatures
were 10.9, 16.4, 19.2 and 18.3 °C, respective-
ly. According to meteorological indicators, the
vegetation period of 2020 was characterized
by high heat supply and sufficient moisture
content. The sum of precipitation for vegeta-
tive period from May till August amounted to
245 mm, their distribution on months was ex-
tremely irregular: in May it was 54,0 mm, in
June - 24,0 mm, in July - 85,0 mm, in August -
82,0 mm. Average daily air temperatures were
16.5; 16.6; 19.6 and 18.6 °C, respectively. In
2021 air temperatures were close to average
annual values: in May, June, July and August
they were 14.3; 16.2; 19.6 and 18.1 °C. Pre-
cipitation was 45 mm less than the long-term

average, with a total of 187 mm during the
growing season. Precipitation was 25.0 mm in
May, 73.0 mm in June, 22.0 mm in July and
67.0 mm in August.

RESULTS AND DISCUSSION

Root rot development both at the beginning
of vegetation and by the phase of milk-wax
maturity of grain was not high and averaged
for 3 years 1.3% in the phase of 3-4 leaves,
3.4% - in tillering and 10% - in the phase of
milk-wax maturity of grain, varying by years
from 1.1-1.5; 2.7-4.8 and 8.9-11.6%, respec-
tively. Treatment of spring wheat seeds had
an effect on plant infestation of root rot (see
Fig. 1). Biological efficacy of Sporobacterin
averaged 38.5 and 52.9% by year, Trichoder-
min 23.1 and 32.3% in the first two phases of
recording, decreasing to 27.0 and 21.0% by
the end of the crop vegetation, being inferior
to Scarlet, 46.1; 55.9 and 36.0% respectively.
Biological preparations did not suppress dis-
ease incidence, which was 98-100%, Scarlet
chemical reference reduced this indicator only
in the phase of the 4th leaf up to 88% and had
almost no effect on it in subsequent phases.

The studied agents also suppressed leaf in-
fections. In the phase of the beginning of milk

55,9
10 46,1 52,9 - 60
8 | 38,5 - 50
32,3 - 40
6 23,1
il o - 30
2,3 - 20
210 08 07 13 76 3 3.4 100 | 1o
0 1 } 1 —r— r 1 1 } r ] } |— —l } | | 1 } | | 0
1 2 3 C 1 2 3 C C
Option
Phase of the 4th leaf Tillering Milky-wax ripeness
1 —Trichodermin; 3 — Scarlet; — Disease development, %
2 — Sporobacterin;  C— Control —m= Biological effciency, %

Puc. 1. DpdextuBHOCTS 0OPaOOTKM CeMsiH OHoNpenaparaMy MPOTUB KOPHEBOW THUIIN SIPOBOM MILICHULIBI

(2019-2021 rr.), %

Fig.1. Effectiveness of seed treatment with biopreparations against spring wheat root rot (2019-2021), %

SSorokin O.D. Applied statistics on computer; 2nd ed. Novosibirsk, 2012. 282 p.
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ripening of grain with septoriose development
in the control, the efficiency of Trichodermin
and Sporobacterin biofungicides was 9,3%
(14,2; 8,4 and 5,4% respectively, in 3 years
of research); the efficiency of Scarlet dressing
was 40 and 34%. At 97% septoriose preva-
lence in the control, it was reduced in the vari-
ants with bioformulations to 91 and 95%; the
lowest was in the Scarlet variant - 88% (see
Fig. 2).

The efficacy of the preparations Trichoder-
min, Sporobacterin and Scarlet against pow-
dery mildew in the development of the dis-
ease in the control at an average of 9.0% for 3
years (10.8; 5.6 and 10.5% respectively years
of research) was 29, 24 and 43%, the develop-

ment was reduced to 5.1-6.8%. The efficacy of
seed treatment with Trichodermin and Scarlet
was 22% and Sporobacterin 9% against leaf
rust with a 2.3% control (6.1; 0.4 and 0.5%,
respectively, in the years of the study). Preva-
lence of powdery mildew and leaf rust in the
control were 75 and 34%; in the experiment it
varied from 71 to 77% and from 38 to 47%,
respectively.

The effect of the preparations on the for-
mation of wheat sprouts was observed in the
experiment (see Table 1). In the variants with
treatment of seeds with Trichodermin and
Sporobacterin, the leaf length significantly in-
creased relative to the control by 9.3; 12.3%,
while with Scarlet dressing application - by

1 60
43
1 40
29 24
1 20
6,4 6,8 5,1 9,0 2,3
] ' | ] | | ] | 1 | 1 ] I | 0
1 2 3 C 1 2 3 C | 1 2 3 C
Septoriosis Powdery mildew Brown leaf rust Option
1 — Trichodermin 3 — Scarlet — Disease development, %
2 — Sporobacterin C — Control == Biological efficiency, %

Puc. 2. OpdexTuBHOCTL 00PaOOTKU CEMsIH OUOIIpenapaTaMy IPOTHUB JTUCTOBBIX OOJIE3HEH SIPOBOIA IIIe-

HUIBI B (ha3e Havasa MoJIOYHOH crienoctu 3epHa (2019-2021 rr), %

Fig. 2. Efficiency of seed treatment with biopreparations against leaf diseases of spring wheat in the
phase of the beginning of milk maturity of grain (2019-2021), %

Ta6a. 1. Mopdonorudeckue rmokasaresiu npopocTkos mieHuibl HoBocubupcekast 31 B ase 2-ro nucra

npu o0padoTke cemsH Ouomnpenaparamu (2019-2021 rr.), cm

Table 1. Morphological indices of Novosibirskaya 31 wheat seedlings in the phase of 2nd leaf when

treated with biopreparations (2019-2021), cm

Length
Option .
leave stem sprout germinal roots
Control 11,41 4,63 16,04 5,31
Trichodermin 12,12 5,14 17,26 4,52
Sporobacterin 12,82 5,00 17,82 4,76
Scarlet 11,78 5,00 16,78 4,48
LSDs 0,32 0,18 0,50 1,30
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3.2%. Stem length increased by 11.0; 7.9 and
7.9%, sprout length by 7.6; 11.1 and 4.6%.
The greatest growth-stimulating effect was
observed when the seeds were treated with
Sporobacterin, the smallest - when a chemical
dressing was used.

The inhibition of root system growth in
the variants with biopreparations by 14.9 and
10.4%, and even greater - in the Scarlet variant
by 15.6% relative to the control index was not-
ed. The degree of inhibition of the root system
of the seedlings at the level of 10-16% is an
indicator characterizing the level of phytotox-
icity of the soil, which in this case is low (in-
hibition is less than 21-30%). Seed treatment
with biofungicides had a positive effect on the
density of productive plant stand. On the aver-
age for the years of study, the variants Tricho-
dermin, Sporobacterin and Scarlet increased
the latter by 9,7%, 21,9% and 16,5% relatively
to the control in the phase of the third leaf, and

by 8,3%, 21,7% and 15,2% respectively in the
phase of milk-wax ripeness of grain. The num-
ber of surviving plants in these variants was
78-79% (see Table 2).

The number of plants per unit area for har-
vesting by 87-93% determined the density of
the productive plant stand, which increased
with the use of biopreparations by 15.2%, and
Scarlet dressing - by 17.4%.

Of all seed treatments, the most active
above-ground biomass of the crop by the end
of the growing season was accumulated when
treating the seeds with Scarlet fungicide - by
15.2% relative to the control, the root bio-
mass - by 22.6% respectively (see Fig. 3, 4).
No increase in the above-ground biomass was
observed in Sporobacterin and Trichodermin
treatments relative to the control until the
flowering phase, the root mass increased only
when Sporobacterin was used by 4.3%.

Seed treatment had little effect on such in-

Taoa. 2. Bausaue o0paboTku ceMsiH OnonpenapaTaMy Ha IyCTOTY CTeOJIeCTOs IpOBOM MIIIEHHIIBI

(2019-2021 rr.)

Table 2. Effect of seed treatment with biopreparations on the stem density of spring wheat (2019-2021)

3 3 2
Option Standing density, plants/m Plants viability, % Productive stems, pcs/m?
3rd leaf phase Milky-wax ripeness of grain
Control 473 373 78,9 402
Trichodermin 519 404 77,9 463
Sporobacterin 577 454 79,2 463
Scarlet 551 430 78,1 472
LSDs 11 33 - 47
250 1 211,93
200 183,87 177,20 177,43
150
100
B 8
O 9272 21172415 30 58750 251909 733
0 T L 22 5 2 LT L a2 )
Control Trichodermin Sporobacterin Scarlet Option

[ ] Phase of the 2-nd leaf  [[[[] Phase of the 3-rd leaf Tillering Flowering

Puc. 3. Bnusinue 00paboTKy ceMsiH TpernaparaMy Ha HaJ3eMHYO BO3IYITHO-CYXYI0 OroMaccy

(2019-2021 rr.), /100 pactennii (HCPy5 =

0,5; 2,4; 3,5, 4,7)

Fig.3. Effect of seed treatment on the aboveground air-dry biomass (2019-2021), g/100 plants

(LSDys = 0.5; 2.4; 3.5; 4.7)

10  Siberian Herald of Agricultural Science ¢ 2022 « 52 ¢ 5

Agriculture and chemicalization



DddexTHBHOCTE 00pabOTKU CEMSH SIPOBOH MIICHHUIIBI
TpuxonepmunoM u CriopobaKTepuHOM

Buracenxo H.I',, Bypnakosa C.B., Eropsiuesa M.T.

25 20,72
20 16,90 16,07 17,62
15
10
5r 0,771,231.98 0,68 1,08 1,86 0,731,311,93 0,711,302,04
Control Trichodermin Sporobacterin Scarlet

[ ] Phase of the 2-nd leaf [[[[] Phase of the 3-rd leaf

Option
Tillering Flowering

Puc. 4. Bmusare 00paboTKH ceMsH IpernaparaMi Ha KOPHEBYIO BO3IYIITHO-CyXyto oromaccy (2019—

2021 rr.), /100 pactenuit (HCPys = 0,7; 1,3; 2,0; 2,1)

Fig.4. Effect of seed treatment with preparations on the root air-dry biomass (2019-2021), g/100 plants

(LSDys = 0.7; 1.3; 2.0; 2.1)

dicator as plant height (see Table 3). In Tricho-
dermin, Sporobacterin and Scarlet the plants
height increased by 2,7; 2,2 and 3,6% relative-
ly to the control. Thickening of the stems was
noted in Trichodermin and Scarlet - by 4.4 and

Ta6a. 3. Biusaue o0paboOTKH CeMsIH mperapara-
MU Ha IIapaMeTpbl [T0CEBa SIPOBOH MIIEHULIBI
B (haze userenus (2019-2021 rr.)

Table 3. Effect of seed treatment with
preparations on sowing parameters of spring wheat
in the flowering phase (2019-2021)

2.2% relative to the control, in the variant with
Sporobacterin thinning was noted by 4.4%,
probably due to the higher density of standing
plants in this variant.

Growth-stimulating effect of the prepara-
tions on the flag leaf area index was observed
(see Fig. 5). In the experiment, the growth
relative to the control was 9.8; 8.8 and 4.8%
in the Trichodermin variant, according to the
years of research, Scarlet - 11.4 and 15.2% in
2019 and 2020, the treatment of seeds with
Sporobacterin increased the flag leaf area by

Option Plant height, cm Stetn thickness, 17.1% Only in 2019.
mm Seed treatment had an effect on the ear
Control 82,6 4.5 f t . ioht and wheat vield
Trichodermin 84.8 47 ormation, grain weight and wheat yield (see
Sporobacterin 84,4 43 Table 4). ) ) ) )
Scarlet 85.6 4.6 The largest increase in comparison with the
LSD,s 2.9 0,2 control was in the variant with Trichodermin
2
CM
15F
10
13,5] 14.4[13.7] 12,3 13.6] 12,3 14.4| 12,5 10,9] 8.9 | 104|104
-1 2 3 C 1 2 3 C 1 2 3 C
2019 2020 2021 Option
1 — Trichodermin; 2 — Sporobacterin; 3 — Scarlet; C-Control

Puc. 5. Bnusiare 00pabOTOK CEeMsIH U TIOCEBOB TperaparaMu Ha IIoniab ¢uarosoro ymcra (2019—

2021 rr), em* (HCP(s = 2,20; 1,62; 1,28)

Fig. 5. Effect of seed and crop treatments on the flag leaf area (2019-2021), cm? (LSD,)s = 2.20; 1.62; 1.28)
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Ta6a. 4. Bimsaue 00paboTku ceMsH OMOo(QyHTUITIaMU Ha CTPYKTYPY ypOXKasi U ypOXKaiHOCTh SPOBOM

mmmreHuItsr (2019-2021 rr)

Table 4. Effect of seed treatment with biofungicides on the yield structure and spring wheat yield (2019-2021)

Spike ]
Option I number of | number of . TKW, g Yield, t/ha Proteln(ycontent,
ength, cm : . grain mass, g 0
spikelets grains
Control 8,77 15,37 30,20 0,90 29,36 2,31 13.40
Trichodermin 9,69 16,41 35,92 1,12 30,27 2,61 13.54
Sporobacterin 8,92 15,77 30,66 0,94 30,52 2,68 13.68
Scarlet 9,21 15,69 33,29 1,01 30,40 2,53 13.25
LSDs 0,39 1,02 4,17 0,17 0,49 0,12 122

- by 10,5; 6,8; 18,9; 24,4%, respectively, the
smallest - in the variant with Sporobacterin
- by 1,7; 2,6; 1,5; 4,4%, in the variant with
Scarlet - by 5,0; 2,1; 10,2; 12,2%. Seed treat-
ment with the studied preparations contributed
to the formation of larger grains. The highest
thousand kernel weight was obtained when
Sporobacterin was used - 1.16 g higher than
in the control.

A significant increase in wheat yield was
observed in all variants of the experiment.
Seed treatment with biological preparations
provided an average of 0.3-0.37 t/ha additional
grain yield; with a chemical dressing - by 0.22
t/ha. The highest yield was obtained when the
seeds were treated with Sporobacterin.

Grain protein content was higher relative to
the control when using Trichodermin and Spo-
robacterin by 0.14 and 0.28%, in the Scarlet
variant it decreased by 0.15%.

CONCLUSIONS

1. In cases of weak disease development,
typical for the forest-steppe zone of Priob'ye
region, chemical fungicides can be replaced
by the biological ones. It has been established
that the efficacy of the preparations Trichoder-
min, Sporobacterin, Scarlet in the phase of til-
lering reduces the development of root rot by
32, 53, 56% and by 21, 27, 36% respectively
in the phase of milk-wax maturity of grain
when treating the seeds of spring wheat of
Novosibirskaya 31 variety placed on a fallow
forecrop. In the earing phase of wheat Tricho-
dermin and Sporobacterin reduce the develop-

ment of septoriose by 40 and 34%, powdery
mildew by 29 and 24%, and Scarlet by 51 and
43%.

2. The growth stimulating effect on the de-
velopment of the crop was manifested in the
increase of plant stand density in Trichoder-
min, Sporobacterin and Scarlet variants by
9.7; 21.9 and 16.5% relative to the control.
Seed treatment had a growth stimulating effect
on the flag leaf of wheat. An increase in the
leaf area index relative to the control was ob-
served when seeds were treated with the above
preparations by 7.9; 1.7 and 8.6%.

3. The protective effect of biological prepa-
rations and their growth-stimulating effect on
wheat plants provided a significant increase in
the yield when seeds were treated with Tricho-
dermin and Sporobacterin by 0.30 and 0.37 t/
ha; when using Scarlet dressing the yield in-
creased by 0.22 t/ha.
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COILEP KAHUE AMUHOKUCJIOT B 3EPHE I'OJIOBEPHOT'O OBCA
ITPU PA3JIMYHBIX YCJIIOBUAX BO3AEJIBIBAHUSA

C<DHcauxona O.A.!, JJorunosa A.O.', Kopkuna B.1.2

'Kemeposckuil HayuHO-UCCIe008AMENbCKULL UHCMUMYN CelbCK020 Xo3aticmea — ¢unuanr Cubupckoco
pedepanvroeo nayunozo yenmpa azpobuomexnonocutl Poccutickoti akademuu Hayk

Kewmepogsckas obmacts, moc. HoBocTpoiika, Poccus

2Cubupckuil pedepanvhulil Hayunwlill yenmp azpobuomexnonocuil Poccuiickou akademuu nayk

HoBocubupck, Poccust
(XDe-mail: isachkova2410@mail.ru

[IpencraBnensl pe3ynbTaThl U3ydeHUsT (POPMHUPOBAHUS YPOXKAWHOCTH U COAECPKAHUS aMUHO-
KHCJIOT B 3€pHE COPTOB I'OJIO3EPHOI0 OBCa Pa3HBIX TPYII CIEIOCTH MO/ BIUSHUEM Pa3IUUYHBIX
cpokoB nocesa. MccnemoBanus nposeaeHsl B 2018-2020 rT. B TOJIEBOM M 1a00PATOPHOM OIIBITAX
Ha cpenHepanHneM copte ['aBpomr u cpemuecnenom copte Odens B yenmoBusix 3amanuoit Cuoupu.
BrIsiBIIEHO TOCTOBEPHOE MPEUMYIIIECTBO PAHHUX CPOKOB ITIOCEBA COPTOB TOJI03€PHOTO OBCA: y CO-
pra I'aBpowr B cpeguem Ha 25,9-29,6%, y copra Odens Ha 16,2-21,6% oTHOcHUTenbHO Oonee
Mo3AHUX CpokoB. [Ipu 3TOM mocToBepHO OO0JIee BHICOKAs ypOXKaifHOCTH ()OPMUPOBANIaCh y Cpe-
Hecrenoro copra Odens (Ha 0,1-0,4 1/ra). bonbliiee KOJIMYSCTBO HE3AMEHUMBIX aMHUHOKHUCIIOT
y copra ['aBpom oTMeueHo IpH Mo3aHeM cpoke nocesa — 4,51% (npu paHHeM U CpeaHEM Cpo-
kax — 4,39 u 4,45% COOTBETCTBEHHO), 3aMEHUMBIX aMHHOKHCJIOT — TIPH paHHEM cpoke — 8,83%
(npu cpennem u nozaueM — 7,80 u 8,46% coorBercTBeHHO). Y copra OdeHs cojepkaHue He3a-
MEHHUMBIX aMHUHOKHUCIOT cocTaBuio 4,82—-6,49%, 3amenumbix — 7,28-9,49%. YV pannoro copra
OTMEYEeHa TEeHCHITNS YBEIMYCHNUS KOJMYECTBEHHOTO COCTaBa aMUHOKHMCIIOT B 3€pHE OT PaHHETO
CpOKa IMoceBa K MO3AHEMY. BBISBICHBI pa3inuus MO BIMSHUIO YCIOBUH BIarooOecrnedeHHOCTH
Ha HAKOIUICHHE aMHUHOKHCJIOT B COPTax rojo3epHoro oBca. Hambomee BbICOKOE cozepikaHue He-
3aMEHMMBIX U 3aMEHUMBIX aMHHOKHCIIOT y cpenHecnesnoro copra Odens popmupyercs mpu mo-
BBIIICHHBIX 3HAYCHHSIX THIpoTepMudeckoro kodgduuuenta (I'TK) B mepruon BCXoasl — KyLieHHE
(r=0,9467...0,9999 npu R = 0,6660), MOHNKEHHBIX 3HAYSHUAX B IEPUOJ] BBIXOJ B TPYOKY — I[Be-
teraue (r =-0,9338...—-0,9987 nmpu R = 0,6660), mpu nmossimennn [ TK B meproa Hanmus — co3peBa-
nue (r=0,4335...0,7888 pu R = 0,6660). Y panHecnenoro copra ['aBpoi OoJibliiee coepkanme
HE3aMEHUMBIX aMHHOKHCIIOT OTMEUYEHO TIPU paHHEM CPOKe IoceBa MpHu HU3KuX 3HadeHusx [ TK
B MEPHO]] BCXOJIbI — KYIIIEHHE, TIOBHIIICHHBIX — B TIEPHO/] BBIXO] B TPYOKY — IIBETEHHE U B 3aCyIII-
JUBBIX YCIOBMSIX Mepuoaa HanmuB — co3peanue (r = —0,8812, 0,8626, —0,6087 npu R = 0,6660
COOTBETCTBEHHO). BBIcOKO€ coJepikaHne 3aMEHUMbBIX aMUHOKHCIIOT y copTa ['aBpomr ¢popmupo-
BaJIOCh MPH TO3JHUX CPOKAX B TOJIbI C TTOHMWKEHHBIMU 3HaueHus MU [ TK B miepros BCXopl — Ky-
IIeHHe, HaJUYUKU OCAJKOB B MEPHO LIBETEHUS U UX OTCYTCTBUHU B MEPHUOJ HAJIUB — CO3PEBAHUE
(r=-0,8287, 0,8068, —0,6860 mpu R = 0,6660 COOTBETCTBEHHO).

KuroueBblie ¢ji0Ba: rojlo3epHbIN OBEC, YPOKAUHOCTH, CPOK MOCEBA, AMUHOKHUCIIOTHI
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Amino acid content in the grain of naked oats under various Isachkova O.A., Loginova A.O., Korkina V.I.
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AMINO ACID CONTENT IN THE GRAIN OF NAKED OATS UNDER VARIOUS
CULTIVATION CONDITIONS

(<DIsachkova O.A.!, Loginova A.O.', Korkina V.I.2

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

Novostroyka, Kemerovo Region, Russia

Siberian Federal Scientific Centre of Agro-Bio Technologies of the Russian Academy of Sciences

Novosibirsk, Russia
(<De-mail: isachkova2410@mail.ru

The results of studying the formation of yield and amino acid content in the grain of naked oats
varieties of different ripeness groups under the influence of different sowing dates are presented.
The research was carried out in 2018-2020 in field and laboratory experiments on the medium early
Gavroche variety and the mid ripening Ofenya variety in Western Siberia. A significant advantage
of early sowing dates of naked oats varieties has been revealed: the Gavroche variety has an aver-
age of 25.9-29.6%, the Ofenya variety has 16.2-21.6% relative to later dates. At the same time, a
significantly higher yield was formed in the mid ripening variety Ofenya, by 0.1-0.4 t/ha. A greater
number of essential amino acids in the Gavroche variety was noted at a late sowing period — 4.51%
(at an early and average term of 4.39 and 4.45%, respectively), and interchangeable amino acids — at
an early term — 8.83% (at an average and late — 7.80 and 8.46%, respectively). In the Ofenya variety,
the content of essential amino acids was 4.82-6.49 g/kg, interchangeable 7.28-9.49%. At the same
time, this variety has a tendency to increase the quantitative composition of amino acids in the grain
from the early sowing period to the late one. Differences in the influence of moisture conditions on
the accumulation of amino acids in the varieties of naked oats were revealed. The highest content
of essential and interchangeable amino acids in the medium-ripened variety Ofenya is formed at
elevated values of the hydrothermal coefficient (HTC) in the period of seedling — tillering (» =
0.9467 ... 0.9999 at R = 0.6660), reduced values in the period of booting — flowering ( =-0.9338...-
0.9987 at R = 0.6660), with an increase in HTC during the filling — ripening period (» = 0.4335...
0.7888 at R = 0.6660). In the early-maturing Gavroche variety, a higher content of essential amino
acids was noted at an early sowing period under conditions of low values of HTC during the period
of seedling —tillering, increased - during the period of booting-flowering and arid conditions of the
period of filling—ripening - » = -0.8812, 0.8626, -0.6087 at R = 0.6660, respectively. The high con-
tent of interchangeable amino acids in the Gavroche variety was formed at late periods in the years
with reduced values of HTC during the period of seedling -tillering, the presence of precipitation
during flowering and their absence during the period of filling-ripening (» = -0.8287, 0.8068, -0.6860
at R = 0.6660, respectively).

Keywords: naked oats, yield, sowing period, amino acids
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COZ[ep)KaHI/Ie AMHUHOKHCJIOT B 3€pHE T'OJIO3EPHOIO OBCA
TIpU Pa3IMIHBIX YCIOBHUAX BO3AEIIbIBAHUA

HcaukoBa O.A., Jlorunosa A.O., Kopkuna B.1.

INTRODUCTION

Naked oats are a unique crop with unique
properties. Rich biochemical composition of
the grain, which determines its dietary and
therapeutic and preventive properties, deter-
mines the possibility of its use in the devel-
opment of products for children's, functional
and specialized purposes [1, 2]. Naked oats
grains are rich in proteins (up to 18-20%), oil
(up to 8-12%) and water-soluble beta-glucans
(up to 6-8%). Oats are also rich in micro- and
macroelements (potassium, magnesium, cal-
cium, silicon, phosphorus, sodium, etc.). The
content of vitamins A, B, E, K of naked oats
grains is high [3-8].

Naked oats contain an almost complete bal-
anced complex of essential and non-essential
amino acids [9-11]. Amino acids are present
in all plant tissues. They play an important
role in metabolism, many of them are activa-
tors of enzymes and vitamins. The composi-
tion of amino acids affects the quality of food
and feed. Their deficiency causes serious dis-
eases in humans and animals. Amino acids are
the end product of protein breakdown in the
digestive tract. They are the structural mate-
rial for the formation of proteins in the human
and animal body. Eight amino acids - valine,
isoleucine, leucine, lysine, methionine, threo-
nine, tryptophan and phenylalanine - are es-
sential and in the absence of at least one of
them protein synthesis is impossible. These
amino acids are not synthesized in the body
and must be supplied in sufficient amounts
with food. Lysine, methionine and tryptophan
are basic or critical, since they limit the use of
other amino acids for protein molecule synthe-
sis [12]. Histidine and arginine are condition-
ally essential, they are formed in humans and
animals, but in small quantities, and most of
the need for these amino acids must be cov-
ered by food sources. Histidine is essential for
the development and maintenance of healthy
tissues; isoleucine contributes to normal blood
clotting and muscle repair; leucine enhances
the production of growth hormone and pro-
motes muscle growth; lysine is involved in the
production of collagen, which is crucial for

bone health; Methionine is a powerful antioxi-
dant; phenylalanine helps produce stress and
relaxation hormones; threonine is necessary
for bone and cartilage formation; tryptophan
is necessary for serotonin and melatonin pro-
duction; valine prevents muscle breakdown
and removes excess protein from the liver
arginine is responsible for muscle repair, fast
healing of wounds and injuries, removes tox-
ins, strengthens the immune system; alanine is
responsible for blood sugar levels; asparagine
helps the immune system function; glutamine
is "fuel" for the body during especially high
loads, it strengthens memory, increases atten-
tion glycine - "raw material" for creating cre-
atine, important for maintaining vitality; pro-
line is necessary for connective tissue, fuels
the body during exercise; serine is important
for the nervous system, supplies cells with
energy; tyrosine is able to adjust neurophysi-
ological processes, such as attention, energy,
mood, memory, vigilance [13]. The composi-
tion of amino acids in grain depends on the
variety, farming technique, and growing con-
ditions.

The purpose of the research is to study the
composition of amino acids in the grain of
naked-grain oats under different cultivation
conditions in the northern forest-steppe of the
Kemerovo region.

MATERIAL AND METHODS

The field studies were conducted in the ex-
perimental field of the Kemerovo Scientific-
Research Institute of Agriculture - branch of
the Siberian Federal Scientific Center of Agro-
BioTechnologies of the Russian Academy of
Sciences (Kemerovo NIISKh - branch of SF-
SCARAS) in 2018-2020. The research objects
were varieties of naked oats: medium-early
variety Gavrosh and medium-maturing variety
Ofenya.

The forecrop was pure fallow. Sowing was
conducted in three periods: the first (early)
period - upon the appearance of soil physi-
cal ripeness (27.04-14.05), subsequent with
an interval of 8-10 days: medium (09-21.05)
and late (21-28.05). Sowing was carried out
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using a CH-10 Ts seeder, the plot area 10 m? in
fourfold repetition. Arrangement of the plots
was randomized. Record-keeping, observa-
tions, and statistical processing of data were
conducted in accordance with the approved
guidelines'.

Meteorological conditions in 2018 were
characterized by low air temperatures and
a large amount of precipitation during the
seedling-ear formation period (HTC = 2.0).
Excessive moisture and lack of sunshine dur-
ing the tillering - flowering period contributed
to significant development of leaf diseases.
Grain ripening and maturing took place un-
der optimal moisture supply and elevated air
temperatures (HTC = 1.4-1.9). Weather condi-
tions at the middle and late sowing dates were
relatively favorable for the growth and devel-
opment of naked oat plants. Grain filling and
ripening at all terms of sowing took place at
elevated air temperatures and lack of moisture
(HTC = 0.3-0.7).

Weather conditions of the vegetation period
of plants of the first sowing term 2019 were
characterized by sufficient moisture supply.
The vegetative phase of vegetation (seedling -
ear formation) took place under sufficient
moisture supply and elevated air temperatures
(HTC = 1,1-1,3). Grain filling and ripening
took place under favorable conditions (HTC =
1,1-1,2), which contributed to the formation
of high yield. Water and temperature regimes
at mid- and late sowing were characterized by
lower air temperatures against the background
of high precipitation (HTC = 1.7 and 1.8, re-
spectively). Vegetative and generative subpe-
riods were relatively favorable for growth and
development of naked oat plants (HTC = 1.2-
1.3).

The first half of vegetation of plants of the
first sowing term 2020 took place under insuf-
ficient moisture supply and increased air tem-
peratures (HTC = 0.7). Grain filling and ripen-
ing took place under drought conditions (HTC

= 0,2). Meteorological conditions during sow-
ing - seedling and seedling - ear formation at
the average sowing period were characterized
by insufficient moisture supply (HTC = 1,1 and
0,9 accordingly), the ear formation - ripening
period took place under excess moisture con-
ditions (HTC = 1,8), which affected the reduc-
tion of the yield of variants. Water and tem-
perature regimes of late period during sowing
- seedling and seedling - ear formation were
characterized by low air temperatures on the
background of large amount of precipitation
(HTC = 2,4 and 2,0 respectively), during the
ear formation - ripening period increased air
temperatures and the lack of moisture (HTC =
0,8) were noted.

Determination of amino acids in the grain
of naked oats was carried out in the SFSCA
RAS laboratory of biochemistry using capil-
lary electrophoresis system "KAPEL" accord-
ing to the M 04-87-2016 method. The method
is based on sample decomposition by acid or
alkaline hydrolysis with conversion of amino
acids into free forms, obtaining FTC-deriva-
tives and their further separation and quanti-
fication.

RESULTS AND DISCUSSION

In the formation of quantitative and qualita-
tive indicators of the naked oat grain the con-
ditions of plant growth which can be leveled
by such element of cultivation technology as
the sowing period are of paramount impor-
tance. The results of the study noted a higher
yield of the studied varieties Gavrosh and Ofe-
nya in 2019 - 2.89 and 3.07 t / ha at the opti-
mum moisture supply (HTC = 1.2). The low-
est yield is formed in 2020 (HTC = 1.0) - 2.37
and 2.74 t/ha, respectively.

The advantage of early sowing in both va-
rieties in all years of the study was noted in
grain productivity: in the Gavrosh variety on
average by 25,9-29,6%, in the Ofenya variety
by 16,2-21,6% relative to later dates (see Ta-

"Methodology of state variety testing of agricultural crops. M., 1985. 270 p.
“Dospekhov B.L. Methodology of field experiment. Moscow: Agropromizdat, 1985. 352 p.
*Sorokin O.D. Applied statistics on computer. Krasnoobsk: SUE RPA SB RAAS, 2004. 162 p.
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ble 1). At the same time, significantly higher
yield was formed in the medium-ripening va-
riety Ofenya (by 0.1-0.4 t/ha).

The value of naked oat genotypes is deter-
mined by the quality indicators of grain. Thus,
according to the total content of amino acids
in grain in the Gavrosh variety higher rates
were found at the early sowing date - 13.22%,
but differences in the essential and non-essen-
tial amino acids were observed. The greater
amount of essential amino acids was observed
at a late sowing date - 4,51% (at early and me-
dium sowing dates 4,39 and 4,45% respective-
ly), and the non-essential amino acids - at an
early date - 8,83% (at a medium and late date -
7,80 and 8,46% respectively) (see Table 2).

Medium-maturing variety Ofenya differs
from the medium-early variety Gavrosh by a
higher content of both essential (4.82 - 6.49%)
and non-essential (7.28-9.49%) amino acids.
At the same time in this variety there was a
tendency to increase the quantitative composi-
tion of amino acids in the grain from the early
sowing date to the late sowing date. As for the
sum of critical amino acids, large values were
recorded for the late sowing period in both
varieties - 0,69 g/kg in the Gavrosh variety,
0,95% in the Ofenya variety. From the group
of essential amino acids in the variety Gavrosh
high values were noted for arginine at the mid-
dle sowing date - 0.92%, valine at middle and
late sowing dates - 0.53%, leucine + isileu-
cine at a late sowing date - 1.23% and phenyl-

alanine at an early sowing date - 0.68%. The
variety Ofenya had high content of arginine,
valine, leucine + isoleucine and phenylalanine
at a late date - 1.05, 0.83, 1.89, 0.95% respec-
tively.

In the group of nonessential amino acids,
the best values in the variety Gavrosh were
observed at an early sowing date (asparagine
- 1.19%, glutamine - 4.21% and cysteine -
1.11%). Higher content of alanine, glycine,
proline, serine and tyrosine was at the late
sowing date and amounted to 0.46 to 0.59%.
In the variety Ofenya the highest indicator is
characteristic of glutamine - 3.50%. The con-
tent of other nonessential amino acids was
0,63 to 0,99%. At the same time, the maxi-
mum values of all amino acids were formed at
a late sowing date.

The studies have established the influence
of the formation of quantitative and qualita-
tive indicators of the yield from the conditions
of moisture supply during the growing season
of plants. The tendency of formation of higher
crop capacity at lower conditions of mois-
ture supply during sprouting and flowering of
plants (» = -0,2647...-0,3258 at R = 0,5760)
and higher - during tillering and ripening (r =
0,1250...0,1571 at R = 0,5760) has been noted.
At the same time, differences in the influence
of moisture conditions on the accumulation
of amino acids in the varieties of naked oats
were revealed. Such dependencies were most
clearly manifested in the mid-season variety

Ta6a. 1. YpoxaiftHOCTh COPTOB royio3epHOro osca, 2018-2020 rr., T/ra
Table 1. Yield of naked oats varieties, 2018-2020, t/ha

' Sowing date Average by the
Variety Year of study A .
early medium late experiment
Gavrosh 2018 3,11 2,51 2,45 2,69
2019 4,19 2,52 1,97 2,89
2020 2,43 2,16 2,43 2,37
Average for the
period 3,24 2,40 2,28 2,64
Ofenya 2018 3,70 2,81 2,33 2,97
2019 3,53 3,13 2,54 3,07
2020 2,78 2,47 2,98 2,74
Average for the
period 3,34 2,80 2,62 2,92

Note. LSD,s factor A (year) = 0.09; factor B (variety) = 0.04; factor C (sowing date) = 0.07.
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Taoua. 2. Coaep:xaHne aMUHOKHCIIOT B 36pHE COPTOB roio3epHoro osca, 2018-2020 rr., %
Table 2. Amino acid content in grain varieties of naked oats, 2018-2020, %

Gavrosh | Ofenya
Indicator Sowing date LSDy;s
early medium late early medium late
Arginine 0,88 0,92 0,85 0,81 0,97 1,05 0,07
Valine 0,50 0,53 0,53 0,59 0,71 0,83 0,10
Histidine 0,22 0,21 0,22 0,22 0,26 0,29 0,02
Isoleucine + leucine 1,16 1,19 1,23 1,36 1,67 1,89 0,24
Lysine 0,38 0,38 0,42 0,44 0,55 0,60 0,07
Methionine 0,13 0,14 0,14 0,17 0,21 0,22 0,03
Threonine 0,29 0,31 0,32 0,37 0,45 0,53 0,08
Tryptophane 0,15 0,13 0,13 0,17 0,12 0,13 0,02
Phenylalanine 0,68 0,64 0,67 0,69 0,82 0,95 0,10
Alanine 0,48 0,48 0,52 0,55 0,71 0,84 0,12
Asparagine 1,19 1,06 1,06 0,80 0,98 0,99 0,10
Glycine 0,50 0,51 0,55 0,59 0,72 0,90 0,12
Glutamine 4,21 3,43 3,70 2,82 3,20 3,50 0,38
Proline 0,52 0,54 0,59 0,66 0,73 0,90 0,10
Serine 0,48 0,47 0,54 0,65 0,76 0,89 0,13
Tyrosine 0,34 0,41 0,46 0,45 0,53 0,63 0,08
Cysteine 1,11 0,90 1,04 0,76 0,88 0,84 0,10
Total sum of amino acids 13,22 12,25 12,97 12,10 14,27 15,98 1,17
Sum of critical amino acids 0,66 0,65 0,69 0,78 0,88 0,95 0,10
Sum of essential amino acids 4,39 4,45 4,51 4,82 5,76 6,49 0,69
Sum of non-essential amino acids 8,83 7,80 8,46 7,28 8,51 9,49 0,62

Note. LSD s factor A (variety) = 0,05; factor B (sowing date) = 0,06.

Ofenya in all the variants of the experiment.
The higher content of both essential and non-
essential amino acids in this variety is formed
at higher values of hydrothermal coefficient in
May (sprouting - tillering period) (» =0,9467...
0,9999 at R = 0,6660), lower values in June
(booting - flowering) (r = -0,9338 ... -0,9987
at R = 0,6660), and then with increasing HTC
in August, when the variety Ofenya had its
filling-ripening period (= 0,4335 ... 0,7888 at
R =0,6660) (See Table 3).

In contrast to the medium ripening variety
Ofenya in the early maturing variety Gavrosh
differences in the correlation dependence of
the formation of the content of amino acids on
the growing conditions were observed. Thus,

the highest content of essential amino acids
was noted at an early sowing date with low
HTC values in May (sprouting - tillering pe-
riod) (» = -0,8812 at R = 0,6660), higher - in
June, i.e. during booting - flowering period
(r=0,8626 at R = 0,6660), and droughty con-
ditions of the filling - ripening period (July)
(r=-0,6087 at R = 0,6660). Medium and late
sowing dates were more influenced by flow-
ering-filling period conditions (June) (r =
0.7731...0.9495 at R = 0.6660), and ripening
(August) (r=-0.8138...-0.9683 at R = 0.6660).

When analyzing the content of amino ac-
ids at early sowing dates in the variety Gav-
rosh the inverse relationship was noted: the
increased values of amino acids were formed
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Taoa. 3. 3aBUCUMOCTDH HAaKOIUICHUS aMUHOKHCIIOT B 3CPHE I'OJIO3CPHOTO OBCA OT yCHOBI/Iﬁ BJIaro-

00ecrneueHHOCTH B pa3lIUdHbIe eprobl Beretanuu, 2018-2020 .

Table 3. Dependence of the accumulation of amino acids in the grain of naked oats on the conditions
of moisture supply in different periods of vegetation, 2018-2020.

Gavrosh | Ofenya
Sowing date HT? of the. Sum of amino acids
vegetation period essential non-essential essential non-essential

Early May —0,8812 0,7460 0,9914 0,9619
June 0,8626 —-0,7201 —0,9956 —-0,9508

July -0,6087 0,7775 0,0305 0,4251

August —0,2811 0,0486 0,7888 0,4797

Medium May -0,5013 -0,6827 0,9718 0,9700
June 0,5339 0,6544 —0,9621 —-0,9600

July 0,7731 -0,8312 0,3895 0,3965

August —0,9683 0,0419 0,5135 0,5069

Late May —0,1565 —0,8287 0,9467 0,9999
June 0,1940 0,8068 —0,9338 —0,9987

July 0,9495 —0,6860 0,4705 0,1731

August —0,8138 —0,1823 0,4345 0,6928

Note: R = 0,666 when n =9, significant at the 5% significance level.

in the years with high moisture supply in
May, dry conditions in June and the presence
of precipitation in July (» = 0,7460, -0,7201
and 0,7775 with R = 0,6660 respectively). The
high content of non-essential amino acids at
middle and late terms was influenced by the
lowered HTC values during the sprouting - til-
lering period (May) (r = -0,6827... -the pres-
ence of precipitation during flowering (June)
(r = 0,6544 ... 0,8068 with R = 0,6660) and
its absence during the ripening period (July
- August) (r = -0,1823 ... - 0,8312 with R =
0,6660).

CONCLUSION

The study of the naked oats varieties Gav-
rosh and Ofenya under different conditions
of cultivation revealed differences in the for-
mation of quantity and quality of yield. The
higher values of yield were recorded at early
sowing terms. High content of essential amino
acids in the variety Gavrosh was recorded at
a late sowing date - 4.51%, and the content of

non-essential amino acids - at an early sowing
date - 8.83%. The variety Ofenya had a high-
er content of both essential and non-essential
amino acids at a late sowing date (6.49 and
9.49%, respectively).

CIIMCOK JIMTEPATYPbI

1. Aunosa M.A., ILlyenunox I'H., Heanosa T.C.
Hcnonp3oBanne roio3epHbIX (HOpM SUMEHS U
OBCa B MPOU3BOACTBE MHIIEBBIX MPOIYKTOB //
BectHuk KpacHospckoro rocyaapcTBEHHOIO
yHuBepcutera. 2012. Ne 4. C. 203-205.

2. Ilonos B.C., Cepeeesa C.C., bapcyxosa H.B.
OyHKIMOHABFHBIE U TEXHOJIOTHYECKUE CBOM-
CTBa 3€pHAa OBCA M TEPCIEKTUBHBIA acCOPTH-
MEHT TPOAYKTOB THTaHHS Ha €ro OocHoBe //
BecTHUK TEXHOJIOTHUYECKOTO YHHBEPCUTETA.
2016. Ne 16. C. 147-151.

3. Kyopawosa T.P, Heanuenxo O.b., Jlocky-
moe M.I" OueHka KadecTBa TOJO3EPHOTO
oBca HOBOHM cenekiuu // U3Bectuss CaHKT-
[leTepOyprckoro rocynapcTBEHHOTO arpapHo-
ro yamsepcurera. 2021. Ne 1 (62). C. 50-58.
DOI: 10.24412/2078-1318-2021-1-50-58.

4. Abyeanuesa A.U., Jlockymos U.I", Casun T.B.,

PacTeHneBONCTBO U CEITEKITHS

CuOHPCKHii BECTHHK CEIbCKOXO3SHCTBEHHOM Hayku » 2022 ¢ 525 21



Amino acid content in the grain of naked oats under various
cultivation conditions

Isachkova O.A., Loginova A.O., Korkina V.I.

10.

11.

12.

13.

Yyounos B.A. VzyueHue ToI03epHOTO OBCa U3
kosutekuuu BHMP Ha kauecTBEHHbIE TOKa3aTen
B ycnoBusix Kasaxcrana // Tpyubl 1o npukiai-
HOM OoTaHuKe, reHeTuke u cenekmuu. 2021,
Ne 1. C. 9-21.

bamanosa I'A. ®opmupoBaHue ypoxas 1 Ka-
gecTBa 3epHa oBca // JIOCTWKEHWS HayKd H
texauku AIIK. 2010. Ne 11. C. 10-13.
Kourimska L., Pokhrel K., Bozik M., Tila-
mi S.K., Horcicka P. Fat content and fatty acid
profiles of recently registered varieties of naked
and hulled oats with and without husks // Jour-
nal of Cereal Science. 2021. Vol. 99. P. 103216.
DOI: 10.1016/j.jcs.2021/103216.

Biel W., Bobko K., Maciorowski R. Chemical
composition and nutritive value of husked and
naked oats grain // Journal of Cereal Science.
2009. Vol. 49.1s. 3. P. 413-418. DOI: 10.1016/j.
j€s.2009.01.009.

Antonini E., Lombardi F., Alfieri M., Diaman-
tini G., Redaelli R., Ninfali P. Nutritional char-
acterization of naked and dehulled oat cultivar
samples at harvest and after storage // Journal
of Cereal Science. 2016. Vol. 72. P. 46-53.
DOI: 10.1016/j.jcs.2016.09.016.

Thies F., Masson L.F., Boffetta P, Kris-Ether-
ton P. Oats and CVD risk markers: a systematic
literature review // British Journal of Nutrition.
2014. Vol. 112. N 2. P. 19-30. DOI: 10.1017/
s0007114514002281.

Schuster J., Beninca G., Vitorazzi R., Morelo
Dal Bosco S. Effects of oats on lipid profile,
insulin resistance and weight loss // Nutricion
Hospitalaria. 2015. Vol. 32. N 5. P. 2111-2116.
Boye J., Wijesinha-Bettoni R., Burlingame B.
Protein quality evaluation twenty years after
the introduction the protein digestibility cor-
rected acid score method // British Journal of
Nutrition. 2012. Vol. 108. N 2. P. 183-211.
DOI: 10.1017/s00071145112002309.
Mapkesuy /.B., I[lymamun FO.B., Taspuvixu-
na O.M. CpaBHUTEIHHBIA aHAIN3 COCTaBa He-
3aMEHMMBIX aMHUHOKHCIIOT B OCHOBHOM MpO-
JYKIIMU 3epHOBBIX KynbTyp // [louBOBeneHE N
arpoxumus. 2013. Ne 1 (50). C. 178-185.
Oenes C.M. AMAHOKHCTIOTHI, TIETITUBI U OCITKH:
MoHorpadusi. M.: Beicmas mkona, 2005. 365 c.

REFERENCES

1.

Yanova M.A., Tsuglinok G.I., Ivanova T.S. Use
of the hull-less barley and oats cultivars in the
process of food production. Vestnik Krasnoyar-

10.

skogo gosudarstvennogo agrarnogo univer-
siteta = The Bulletin of KrasGAU, 2012, no. 4,
pp. 203-205. (In Russian).

Popov V.S., Sergeeva S.S., Barsukova N.V.
Functional and technological properties of oat
grain and a promising range of food products
based on it. Vestnik tekhnologicheskogo univer-
siteta = Bulletin of the Technological Univer-
sity, 2016, no 16, pp. 147-151. (In Russian).
Kudryashova T.R., Ivanchenko O.B., Losku-
tov 1.G. Evaluation of the grain quality of new
naked oat cultivar. Izvestiya Sankt-Peterburg-
skogo gosudarstvennogo agrarnogo universite-
ta = Izvestiya Saint Petersburg State Agrarian
University, 2021, no. 1 (62), pp. 50-58. (In Rus-
sian). DOI: 10.24412/2078-1318-2021-1-50-58.
Abugalieva A.l., Loskutov 1.G., Savin T.V.,
Chudinov V.A. Evaluation of naked oat acces-
sions from the VIR collection for their quali-
tative characteristics in Kazakhstan. Trudy
po prikladnoi botanike, genetike i selektsii =
Proceedings on applied botany, genetics and
breeding, 2021, no. 1. pp. 9-21. (In Russian).
Batalova G.A. Formation of the yield and qual-
ity of oat grain. Dostizheniya nauki i tekhniki
APK = Achievements of Science and Technology
of AIC, 2010, no. 11, pp. 10—-13. (In Russian).
Koutrimska L., Pokhrel K., Bozik M., Tila-
mi S.K., Hor¢icka P. Fat content and fatty acid
profiles of recently registered varieties of naked
and hulled oats with and without husks. Journal
of Cereal Science, 2021, vol. 99, pp. 103216.
DOI: 10.1016/j.jcs.2021/103216.

Biel W., Bobko K., Maciorowski R. Chemi-
cal composition and nutritive value of husked
and naked oats grain. Journal of Cereal Sci-
ence, 2009, vol. 49, is. 3, pp. 413—418. DOL:
10.1016/].jcs.2009.01.009.

Antonini E., Lombardi F., Alfieri M., Diaman-
tini G., Redaelli R., Ninfali P. Nutritional char-
acterization of naked and dehulled oat cultivar
samples at harvest and after storage. Journal of
Cereal Science, 2016, vol. 72, pp. 46-53. DOL:
10.1016/j.jcs.2016.09.016.

Thies F., Masson L.F., Boffetta P., Kris-Ether-
ton P. Oats and CVD risk markers: a systematic
literature review. British Journal of Nutrition,
2014, vol. 112, no. 2, pp. 19-30. DOI: 10.1017/
s0007114514002281.

Schuster J., Beninca G., Vitorazzi R., Morelo
Dal Bosco S. Effects of oats on lipid profile,
insulin resistance and weight loss. Nutricion

22

Siberian Herald of Agricultural Science » 2022 « 52 « 5

Plant growing and breeding



COZ[ep)KaHI/IC AMHUHOKHCJIOT B 3€pHE T'OJIO3EPHOIO OBCA
TIpU Pa3IMIHBIX YCIOBHUAX BO3AEIIbIBAHUA

HcaukoBa O.A., Jlorunosa A.O., Kopkuna B.1.

Hospitalaria, 2015, vol. 32, no. 5, pp. 2111-
2116.

11. Boye J., Wijesinha-Bettoni R., Burlingame B.
Protein quality evaluation twenty years after
the introduction the protein digestibility cor-
rected acid score method. British Journal of
Nutrition, 2012. vol. 108, no. 2, pp. 183-211.
DOI: 10.1017/s00071145112002309.

NH®OPMAILINA Ob ABTOPAX

XD)UcauxoBa O.A., KaHAUIAT CETBCKOXO3SH-
CTBEHHBIX HAayK, BEAYIIMH Hay4YHBIH COTPYIHUK;
agpec nasi mepenmcku: Poccus, 650510, Kewme-
poBckasi obmacth, KemepoBckuii paiion, moc. Ho-
BoCTpolika, yn. Llentpanbnas 47; e-mail: isachko-
va2410@mail.ru

JlormnoBa A.O., Hay4YHBII COTPYAHHUK

Kopkuna B.W., kangumar OHOIOTHMYECKUAX
HayK, CTapIIN{ HAyYHBIA COTPYTHUK

12. Markevich D.V., Putyatin Yu.V., Tavryki-
na O.M. The comparative analysis of composi-
tion of essential amino acids in basic productions
of cereals. Pochvovedenie i agrokhimiya = Soil
Science and Agrochemistry, 2013, no. 1 (50).
pp. 178-185. (In Russian).

13. Ognev S.I. Amino acids, peptides and proteins.
Moscow, Higher School, 2005, 365 p. (In Rus-
sian).

AUTHOR INFORMATION

(<DOlga A. Isachkova, Candidate of Science
in Agriculture, Lead Researcher; address: 47,
Tsentralnaya street, Novostroika settl., Kemerovo
district, Kemerovo region, 650510, Russia; e-mail:
isachkova2410@mail.ru

Anastasia O. Loginova, Researcher

Valentina I. Korkina, Candidate of Science in
Biology, Senior Researcher

Hama nocmynnenus cmamwu / Received by the editors 16.08.2022
Jlama npunamus k nyonuxayuu / Accepted for publication 07.10.2022
Jlama ny6auxayuu / Published 25.11.2022

PacTeHneBONCTBO U CEITEKITHS

CuOHPCKHii BECTHHK CEITbCKOXO3SHCTBEHHOMN Hayku ® 2022 ¢ 525 23



https://doi.org/10.26898/0370-8799-2022-5-3 Tum crareu: 0630pHas
VYIK: 631.527:634.75 Type of article: review

IPU3HAKHN KAUECTBA IIJIOJOB 3EMJISTHUKH CAJIOBOM U CEJIEKIUS
HA UX YIYUIIEHUE

(G<)Mapuenxo JLA.

Dedepanvhblil HAYYHbILL CENEKYUOHHO-TMEXHOLOSUECKUL YEeHMP CA00B0OCMBA U NUMOMHUKOBOOCEA
Mocksa, Poccust

(<De-mail: Lamarch@yandex.ru

Ha ocHoBe aHain3a OTEUECTBEHHBIX M 3apYyOEKHBIX JINTEPATYpPHBIX MCTOUYHHKOB OOOOIICHBI
cBelleHHs 00 OCHOBHBIX IIPH3HAKaX KauyecTBa IJIOAOB 3E€MIITHUKHM CaJOBOM (KPYHMHOIUIOAHOCTb,
TBEPAOCTb WM MPOYHOCTH TIOA0B, OMOXMMHUYECKHI COCTAB) U CENEKIMOHHBIX BO3MOXXHOCTSIX MX
YIYYIICHHUS] HA COBPEMEHHOM JTarie celieKIin. KauecTBeHHbIe XapaKTePUCTHKH TI0JI0B 36 MIISTHUKH
Ca/IoBOH pa3nnuvaroTcs 1O rpyImiiaM: TOBapHbIE, IOTPEOUTENbCKIE, ONOXUMUYECKHE, (PU3NKO-MeXa-
HUYECKUE, TeXHOIornueckue. I1pu BeipaliuBaHuy 3eMJISIHUKY CaZ0BOM JUTS TIOTPEOICHUS B CBEKEM
BUJIC BBIJICJICHBI clieayolue KpynHomoansie copra: Clery (Mranus), Florence (Bennkoopuranusi),
Alba (Utamus), Roxana (Uramus), Vima Xima (Hunepnanner), Vima Tarda (Hunepnaamer), Vima
Kimberly (Hunepnanaer), Maya (Mtanus), San Andreas (CLLIA), Taupa, Hennu, Kemusi, Dnerus,
Annda, bepernns, Llapuma, Kpsimuanka 87, Apocca, 3apsi, KpsimMckas pannsis, FOumon, Slntapras.
[Ipu3Hak TBEpAOCTH IJIOAOB OTHOCUTCS K TEXHOJIOTMYECKUM XapaKTEPUCTHKAM, OIHAKO OT HETro
3aBUCUT W BHEIIHHMU BUJ IUIOJOB NpH cOOpe M TPaHCIOPTHPOBKE, YTO OOYCIOBIMBACT TOBAPHBIN
BUJI. BBICOKOIT cTeneHbIo TBEpIOCTH TI0A0B obnanatoT copra: Lapuna, Cropnpus onumnuane, Py-
OomHOBHII KyioH, DeliepBepk, AkBapenb, AnmHa, Hemmun, Induka (Hunepmangsr), Clery, Darselect
(®pannyst), Tenira (Hunepnangsr), Selekta (Kanana), Polka (Hunepnaunner), Irma (Uranust), Alba,
Asia (Mranus), Syria (Mranus), Onda (Mramus), Vivaldi (Hunepnaunsr). [Tnomns 3emissHuky xa-
PaKTEpHU3YIOTCS YHUKAJIBHBIM COCTaBOM OMOJIOTMUECKH AKTUBHBIX COEIMHEHUH, ONpeessIomnX
MUILEBYI0 IIEHHOCTh KYJNBTYphl KaK MCTOYHHMKA AMETHYECKOTO U JIE4eOHO-NPOPHIAKTHIECKOTO
nutanus. McenenoBanusi CBUIETENBCTBYIOT O MPEUMYIECTBEHHON POJIM T€HOTHIIA B HAKOTUICHHH
AQHTHOKCUAAHTOB B IUIOJAX 3E€MJITHUKH CaJOBOM, a TaKKe O BIMSHUM YCJIOBUI BBIPAILMBAHUS HA
peanu3anyio reHeTHYECKOTO MOTeHIInaNa COPTOB. B CB3M ¢ pa3BUTHEM TEXHOJIOTUH BO3/EIIbIBA-
HUS U PACIIMPEHUEM 3HAHMM O HYTPULIEBTUUYECKON LIEHHOCTH 3€MJITHUKH CaJ0BOM OIHOM U3 IIpU-
OPHUTETHBIX 3aJa4 CEJICKLMOHHBIX MIPOrpaMM BO BCEM MHpPE CTal0 YIydlleHHE KauecTBa IUIOJOB.
J111st MOBBIIEHUS YPOBHS IPU3HAKOB KaueCTBa IUIOJ0B Y 3€MIISTHUKH CaJ0BOM HAaUOOIbIIUI 3P PeKT
MOXKET OBITh JIOCTHI'HYT IPH HCIIOJIb30BAHUHU B CEJICKIIMU MCXOHBIX (JOPM C TIONTBEPIKICHHBIMU
JOHOPCKMMH CBOMCTBAaMH I10 JAHHBIM IPU3HAKAM.

KuiioueBble ciioBa: 3eMJIsIHUKA CaloBas, MPU3HAK, KPYIMTHOIUIOAHOCTD, TBEPAOCTD IJI00B, OHO-
XHUMHYCCKHI COCTaB, CCICKIIMS

QUALITY ATTRIBUTES OF GARDEN STRAWBERRY FRUITS AND BREEDING
FOR THEIR IMPROVEMENT

(<)Marchenko L.A.

Federal Horticultural Center for Breeding, Agrotechnology and Nursery
Moscow, Russia

(<De-mail: Lamarch@yandex.ru

Based on the analysis of domestic and foreign literary sources the information about the main
quality attributes of garden strawberry fruits (large fruit size, hardness or firmness of fruits, biochem-
ical composition) and breeding possibilities of their improvement at the present stage of breeding is
summarized. Quality characteristics of garden strawberries are differentiated by groups: commercial,
consumer, biochemical, physical and mechanical, technological. When growing garden strawber-
ries for fresh consumption, the following large-fruited varieties were identified: Clery (Italy), Flor-
ence (UK), Alba (Italy), Roxana (Italy), Vima Xima (Netherlands), Vima Tarda (Netherlands), Vima
Kimberly (Netherlands), Maya (Italy), San Andreas (USA), Taira, Nelly, Kemiya, Elegy, Alpha,
Bereginya, Tsaritsa, Krymchanka 87, Arossa, Zarya, Krymskaya rannaya, Uniol, Jantarnaja. The
trait of fruit hardness refers to the technological characteristics, but it also depends on the appear-
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ance of fruits during harvesting and transportation, which determines the commercial appearance.
The following varieties have a high degree of fruit hardness: Tsaritsa, Surprise olympics, Rubinovy
kulon, Feyerverk, Aquarelle, Alina, Nelli, Induka (Netherlands), Clery, Darselect (France), Tenira
(Netherlands), Selekta (Canada), Polka (Netherlands), Irma (Italy), Alba, Asia (Italy), Syria (Italy),
Onda (Italy), Vivaldi (Netherlands). Strawberry fruits are characterized by a unique composition of
biologically active compounds that determine the nutritional value of the crop as a source of dietary
and therapeutic and preventive nutrition. Studies indicate a predominant role of genotype in the
accumulation of antioxidants in garden strawberry fruits, as well as the influence of growing condi-
tions on the realization of the genetic potential of the varieties. Due to the development of cultivation
technologies and the expansion of knowledge about the nutraceutical value of garden strawberries,
improving the quality of fruits has become one of the priority objectives of breeding programs
around the world. To increase the level of fruit quality traits in garden strawberry, the greatest effect
can be achieved by using the original forms with proven donor properties on these traits in breeding.

Keywords: garden strawberry, trait, large fruit size, fruit hardness, biochemical composition,
breeding
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INTRODUCTION tions, responsiveness to the intensification of
production, the degree of development of cul-

constantly growing. According to FAOSTAT, tivation 'tecfhnology and the pace of'creation of
6.4 million tons of strawberries were produced 1EW varieties [1]. Strawberry is a dietary food,
in 2011 and 8.9 million tons in 2020. The in- 1ts fruits have high nutraceutical value, and are

widely used both fresh and in various processed

Production of strawberries in the world is

crease in production is due to both the increase
in acreage cultivated (from 324,085 ha in 2011 products ,[2]' _
to 384,668 ha in 2020) and the increase in yields Breeding programs on strawberries were

(from 19.68 t/ha in 2011 to 23.04 t/ha in 2020)1 lnltlally focused on the Creation Of Varieties
The interest in garden strawberry among that are highly adaptable to different soil and

producers is due to high profitability, adapt- climatic conditions of growth, increasing their
ability of the crop to different growing condi- yield and resistance to diseases ** [1, 3].

'FAO. FAOSTAT — Food and Agriculture Organization Corporate Statistical Database. URL: http://www.fao.org/faostat/
en/#data/QC (reference date April 11, 2022).

2Zubov A.A. Genetic features and breeding of strawberry: method. instructions. Michurinsk: All Russian Research Institute for
Genetics and Breeding of Fruit Plants named after I.V. Michurin, 1990. 81 p.

3Zubov A.A., Popova L.V. Strawberry breeding. Program and methods of breeding of fruit, berry and nut crops. Ed. by Sedov
E.N. Orel: VNIISPK, 1995. pp. 387-416.
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The purpose of the research is to summa-
rize the current information published in do-
mestic and foreign literature on the main qual-
ity characteristics of garden strawberry fruits
(large fruit size, fruit hardness, vitamin C and
anthocyanins content), their inheritance and
sources for breeding.

MATERIAL AND METHODS

The method of analysis of modern literary
sources published by Russian and foreign sci-
entists on the issues of strawberry breeding for
improvement of fruit quality, the peculiarities
of inheritance of these features and identifica-
tion of new sources for breeding was applied
during the research.

RESULTS AND DISCUSSION

With the development of growing technolo-
gies, logistics systems, and expanding knowl-
edge about the nutritional and medicinal value
of the crop, great importance in breeding pro-
grams is now given to the creation of varieties
with high quality fruits [4]. Quality character-
istics of garden strawberries are differentiated
by groups: commercial, consumer, biochemi-
cal, physical and mechanical, technological®.
Requirements for fresh strawberry fruits in-
clude characteristics of appearance, taste and
odor, color, maturity, size by the largest trans-
verse diameter, content of toxic elements and
pesticides®. Fruit size in strawberries refers to
both consumer and commercial and techno-
logical characteristics. The feature of large-
fruitedness closely and positively correlates
with plant productivity [5], determines the va-
riety of commercial products, and ultimately
affects the profitability of production. When
growing garden strawberries for fresh con-
sumption, preference is given to large-fruited
varieties [5]. In most berry-growing zones of

Russia, varieties with average berry weight of
9-12 g and more are considered to be large-
fruited [6, 7]. For the southern region this cri-
terion is within the range of 20 g and more
[5]. It follows from the publications of foreign
researchers that varieties with an average fruit
weight of more than 20 g also belong to large-
fruited [1, 8].

Involvement of large-fruited varieties in the
breeding process is the most frequently used
method of increasing productivity in strawber-
ries. It was found that crossing of large-fruited
varieties with each other is effective for in-
creasing the level of the trait [5].

The following modern foreign strawberry
varieties of commercial importance are char-
acterized by high large-fruitedness: Clery
(24.5-30.98 g), Florence (14.7-17.9) [9], NF
311 (Alba) (19.7), NF205 (Roxana) (18.2),
Vima Xima (11.0-14.5), Vima Tarda (14.3),
Vima Kimberly (15.9) [7, 9], Maya (15.7-
18.1), San Andreas (21.1 g) [9].

Among domestic varieties, the high degree
of manifestation of signs of large berry size
was noted in the varieties Taira (16.0 g), Nelli
(13,5-15,9), Kemia (15,7), Elegia (15,0) [10],
Alpha (16-17), Bereginya (9-12), Tsaritsa
(16-20)° [10]; Krymchanka 87 (13.5), Aros-
sa (10.6), Zarya (11.1), Krymskaya rannaya
(11-15), Uniol (10.5-12.5), Yantarnaya (15.6
d) [11]. Inheritance of such trait as fruit size
in garden strawberry occurs according to the
type of quantitative traits with predominance
of small-fruitedness [5]. However, taking into
account that the first commercial cultivars of
strawberry had average fruit size from 6 to 10
g, and modern cultivars - from 16 to 20 g’, it
can be concluded that selection for a larger
fruit size has positive dynamics.

The hardness of strawberry fruits is of great
importance for preserving the marketable ap-

“Shokaeva D.B., Zubov A.A. Wild strawberry, garden strawberry, zemklunika. Program and methods of varietal study of fruit,
berry and nut crops. Ed. by Sedov E.N., Ogoltsova T.P. Orel: VNIISPK, 1999. pp. 417-443.

SGOST 6828-89 Fresh strawberry. Requirements for procurement, supply and sale. URL: http://www.gostedu. ru/11092.html.

(reference date April 12, 2022).

®Andronova N.V. Garden strawberry varieties for industrial cultivation. Agrarian Science to Agriculture: Proceedings of the
XIII International Scientific and Practical Conference: in 2 vols. 2018. Book 1. pp. 214-216.

"URL: https://reestr.gossortrf.ru/ (reference date April 12, 2022).
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pearance of products and their transportation
over long distances [1, 5].

"Hardness" is a term that characterizes
structural and mechanical properties of fruits.
Fruit hardness correlates with the concept
of fruit strength and is expressed in units -
kg/ cm?. However, the existing difference
in the ways of defining the above properties
(hardness - the property of a body to prevent
penetration of another, a harder body into it;
mechanical strength - the property of a body to
resist destruction (splitting into parts) as well
as irreversible change of shape (plastic defor-
mation) under the action of external loads) in-
dicates the need for a clear choice of the term
used. In most scientific publications of domes-
tic researchers, the concept denoting hardness
or strength of fruits is replaced by the term
"density" [5, 9]. [5, 9]. The sign of fruit hard-
ness refers to technological characteristics,
but it also determines the appearance of fruits
during harvesting and transportation, which
ultimately determines the commercial appear-
ance. Many factors, including genetic char-
acteristics of the variety, growing conditions,
and the degree of maturity, affect the hardness
and firmness of strawberry fruits [12]. It is im-
portant to base the determination of biometric
indicators on the most accurate data. In the
case of determining the strength (by crushing
force to the appearance of a drop of juice) it is
difficult to maintain a fixed area of impact on
the strawberry fruit. In this regard, the use of
a penetrometer with a given area fitting seems
to be the most optimal.

According to the existing criteria for evalu-
ation of domestic garden strawberry varieties
for industrial production in the Nonchernozem
belt, fruit strength (crushing force) must be at
least 10.0 H; berry pulp strength in the Central
Black Earth Region and the southern regions -
380 g and above® [6, 7].

Of the strawberry assortment, the follow-
ing garden fruit varieties have hardness (9.8 H
and more) in the conditions of the south of the

Nonchernozem belt: Tsaritsa, Surprise Olym-
piade, Induka, Ruby Pendant and Fireworks
[13], Clery, Darselect, Tenira, Selekta, Polka,
Irma, Aquarelle [14]. In our studies in the con-
ditions of the Nonchernozem belt, the high-
est hardness of fruits was noted in the variety
Nelli (10.758 H), the high level of the trait
was shown by the varieties Alba, Asia, Syria
(8.895-9.316 H). Varieties with high fruit pulp
strength in the conditions of the Krasnodar
Territory include: Clery, Syria, Onda, Vivaldi,
Nelli, Alba, Alina (over 400 g) [15].

According to the literature data, non-addi-
tive genetic interactions have a predominant
influence on the inheritance of berry pulp
strength trait. At the same time, there are also
facts of additive summative effect in crossing
combinations, when individual varieties show
their donor potential [16]. According to An-
dronova N.V. and Tumaeva T.A., the study of
inheritance of fruit strength in garden straw-
berry hybrids revealed a wide amplitude of
trait variation as well as its significant vari-
ability within combinations of crosses and
populations from free pollination. Intermedi-
ate succession of the fruit hardness trait with
deviation towards the good parent has been
established [14]. Thus, to increase the level of
fruit hardness in garden strawberry, the great-
est effect can be achieved by using in breeding
the original forms with proven donor proper-
ties on this trait.

Strawberry fruits are characterized by a
unique composition of biologically active
compounds that determine the nutritional val-
ue of the crop as a source of dietary and thera-
peutic and preventive nutrition [1-3]. Interest
in healthy lifestyles and constantly growing
base of knowledge about the nutritional value
of strawberry fruits increases the importance
of selection of culture for a rich biochemi-
cal composition. The results of domestic and
foreign studies indicate the high antioxidant
potential of strawberry, which is due to the in-
creased accumulation of vitamins, anthocya-

$The program of the North Caucasus Center for the selection of fruit, berry, flower and ornamental crops and grapes for the

period up to 2030. Krasnodar: SKZNIISiV, 2013. 202 p.
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nins, ellagic, ascorbic, folic acids and other
bioactive compounds in its fruits [1, 2].

Biochemical composition of strawberry
fruits in the whole crop is sufficiently studied,
but the features of accumulation of valuable
nutrients in specific varieties depend on both
their genotype and growing conditions. Vari-
eties having high degree of manifestation of
this trait are of significant interest for breeding
as regards vitamin C content, anthocyans and
other groups of compounds. According to Rus-
sian researchers, the domestic varieties with
the highest ascorbic acid content in fruits are
Alpha (85.6 mg%), Kokinskaya Zarya (83.0),
Tsaritsa (77.3), Solovushka (74.3)°, Pamyati
Zubova (92.7), Privlekatelnaya (88.7) [7]; As-
sol (85.4), Bagryana (84.0), Krymchanka 87
(83.4), Zarina (79.9), Prezent (79.9), Aidari-
na (77.6), Atlantida (76.1), Yantarnaya (74.2
mg%) [17], as well as the varieties of foreign
selection Vima Tarda (73.1 mg%) [17], Flora
(65.0-68.0), Red Gautlet (60.0-62.0 mg%) [7].
The Russian varieties Solovushka (80.0 mg%),
Alpha (75.0), Kokinskaya Zarya (75.0), Tsar-
itsa (70.0), Fireworks (112, 2 - 119,8), Priv-
lekatelnaya (87,6-115,2), Memory of Zubova
(96,9-110,7), Kemia (80,0), Nelly (79,7), Hera
(78,5 mg%), the variety of foreign selection
Flora (67,0-78,4 mg%) [7] are characterised
by a high content of anthocyans. Foreign sci-
entists distinguish Albion [18] and Romina
[19] by the anthocyanin content in strawberry
fruits.

Recent studies indicate the predominant
role of genotype in the accumulation of anti-
oxidants in garden strawberry fruits, as well as
significant influence of the growing conditions
(temperature and light conditions, crop load,
dates of fruit picking) on the realization of the
genetic potential of the varieties [20]. Stud-
ies on the type of inheritance of biochemical
composition of fruits in garden strawberry are
insufficient, which is caused by both the large
spectrum of studied substances and the impos-

sibility at the present stage of breeding in this
limited direction. At the same time, the study
of nutraceutical value of strawberry fruits
continues. It is believed that the inheritance of
genes responsible for the production of valu-
able compounds is of the quantitative type.
Currently, for breeding to improve the bio-
chemical composition of fruits, the method of
inclusion in crosses of varieties with increased
content of the complex of valuable substances,
1.e. sources and donors for the selected trait is
used. Positive results to improve the biochem-
ical composition of strawberry fruits were
obtained by foreign scientists using three gen-
erations of inverse crosses (BC1, BC2, BC3)
from F1 Fragaria x ananassa (Fxa) x F. vir-
giniana glauca (FVG) [4].

CONCLUSIONS

1. Improving the quality of strawberry
fruits is one of the priority objectives of the
breeding programs around the world due to
the development of cultivation technologies
and increasing knowledge about the nutraceu-
tical value of the crop.

2. The results achieved indicate the positive
dynamics of the breeding to increase the level
of traits of quality indicators of garden straw-
berry fruits.

3. To increase the level of fruit quality
traits, the greatest effect can be achieved by
using in the breeding of original forms with a
high level of manifestation of these traits.
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®A30BAA YYBCTBUTEJIBHOCTb HEKOTOPBIX BUOB
I POKOJIMCTHBIX COPHBIX PACTEHUM K TEPBULINY DJIEKC

Mopoxosen T.B., ©<)Mopoxosen B.H., Mapkosa E.C., Bacaii 3.B., Bocrpuxosa C.C., Cxopux H.C.
JlanbHe8ocmoyHblll HAYYHO-UCCE008AMENbCKUL UHCIMUMYM 3auumbol pacmenuti — guauan Pede-
PAbHO20 HAYHHO20 YeHmpa azpobuomexnonoutl /larvueeo Bocmoxa um. A.K. Yaiiku
[Tpumopckwuii kpaii, c. Kamens-Pri6onos, Poccust

<De-mail: dalniizr@mail.ru

Uzyueno peiictBue repounmaa dnexc, BP (aelicTyromee BemectBo ¢omecaden 250 r/m) Ha
pacmnpocTpaHeHHbIE B IOCEBaX COM OJHOJIETHUE BHIIBI COPHBIX pacTeHuit. MccnenoBanust mposere-
HEI B YCJIOBHSX BereTanmnoHHOTO gomuka B 2019-2021 rr. Onpenenena 9yBCTBUTEIHFHOCTH aMOpO-
3UH TOJBIHHONMCTHON Ambrosia artemisiifolia L., akamudwl 1oxu0M Acalypha australis L., Mmapu
oenoii Chenopodium album L., xomMmenuHbl 00bIKHOBeHHON Commelina communis L., KaHaTHUKa
Teodpacra Abutilon theophrasti Medik., ruduckyca tpoiuaroro Hibiscus trionum L., curezoexun
nymucTol Sigesbeckia pubescens Makino, mupuIiel 3anpoKkunyToit Amaranthus retroflexus L., 31b-
CTOJIBITUH JIOKHOTpeOeHuaTol Elsholtzia pseudocristata Levl. et Vaniot u qypHUIITHEKA CHOUPCKOTO
Xanthium sibiricum Patrin ex Widd. O6paboTky copHsikoB npernaparom dDiiekc B HOpMax pacxoja
0,75; 1,0; 1,25 u 1,5 n/ra mpoBOIHIN TPIKIIBI 32 CE30H B pa3HbIE a3kl pOCcTa U pa3BUTHS PACTCHUI.
OO0 ypoBHE UyBCTBUTEILHOCTH COPHBIX BHJIOB K TEPOUITUTY CY/IMIH MO CHIKCHHUIO BBICOTHI M Mac-
CBI HAJI3¢MHBIX OPTaHOB OMBITHBIX PACTEHUI B CPABHEHHUH C KOHTPOJIEM. YCTaHOBIICHO, YTO TepOu-
] Driekc MOTHOCTHIO YHUUYTOXKAET PACTCHHS BCEX MCITBITAHHBIX BUIOB, HAXOASIIUXCS HA PAaHHHUX
cTagusax pocta u pa3putus (1-4 Hactosmux smcta). [Ipu 06paboTke COpPHSIKOB, CHOPMUPOBABIIIX
3—10 nucTheB, BRICOKYIO UyBCTBUTEIBHOCTh K JICHCTBUIO MperapaTa (CHUKEHUE HA/I36MHON MacChl
10 94-100%) coxpaHsroT aMOpO3Us TONBIHHONIUCTHAS, ITUPHUIA 3aIPOKUHYTas!, akanuda roKHas,
THOUCKYC TpOHUaThIi U TypHUITHUK cuOupckuii. [IpuMenenne drekca mo nepepociimM pacTeHUSIM
MIPUBOANT K 3HAYUTEIILHOMY CHIDKCHHIO €0 aKTHBHOCTU B OTHOIIICHUU BCEX U3yUYEHHBIX COPHBIX
BuOB. [Ipu ucnonb30BaHUM B TPETUH CPOK TepOrun 3()(HEKTHBHO ACHCTBYET TOJIBKO HA IIUPUILY
3alpOKUHYTYIO, TIOAABIISAS Maccy pacTeHuit Ha 76—86%.

KiroueBsble ciioBa: repOuUIHI, COPHSIK, BU, (haza pocTa v pa3BUTHUS, YyBCTBUTEIBHOCTh

PHASE SENSITIVITY OF SOME BROAD-LEAVED WEED SPECIES TO THE
HERBICIDE FLEX

Morokhovets T.V., ) Morokhovets V.N., Markova E.S., Basai Z.V., Vostrikova S.S., Skorik N.S.
The Far Eastern Research Institute of Plant Protection — Branch of Federal Scientific Center of
Agricultural Biotechnology of the Far East named after A.K.Chaiki

Kamen-Rybolov, Primorsky Territory, Russia

(XDe-mail: dalniizr@mail.ru

The effect of herbicide Flex, AS (active ingredient fomesafen 250 g/l) on annual weed species
common in soybean crops was studied. The studies were conducted under greenhouse conditions
in 2019-2021. The sensitivity of ragweed Ambrosia artemisiifolia L., Asian copper leaf Acalypha
australis L., common lamb's quarters Chenopodium album L., common dayflower Commelina com-
munis L., China jute Abutilon theophrasti Medik, trailing hollyhock Hibiscus trionum L., St.-Paul’s-
wort Sigesbeckia pubescens Makino, green amaranth Amaranthus retroflexus L., elsholtzia Elsholt-
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zia pseudocristata Levl. et Vaniot, and Siberian cocklebur Xanthium sibiricum Patrin ex Widd was
determined. Weed treatment with Flex at rates of 0.75, 1.0, 1.25 and 1.5 I/ha was carried out three
times a season at different stages of plant growth and development. The level of sensitivity of weed
species to herbicide was judged by the decrease in height and weight of the aboveground organs
of the experimental plants compared to the control. It was found that Flex herbicide completely
destroys plants of all tested species in the early stages of growth and development (1-4 true leaves).
When treating weeds that have formed 3-10 leaves, ragweed, green amaranth, Asian copper leaf,
trailing hollyhock and Siberian cocklebur remain highly sensitive to the drug action (reduction of the
aboveground weight up to 94-100%). Application of Flex on overgrown plants leads to a significant
decrease in its activity against all studied weed species. When used in the third term, the herbicide is
effective only on the green amaranth, suppressing the mass of the plants by 76-86%.

Keywords: herbicide, weed, species, growth and development phase, sensitivity
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INTRODUCTION to increase gross soybean production in the Far
East to 3 million tons by 2024 [3].

Effective measures to control diseases, plant
pests and weeds are necessary to obtain high
and stable yields of grown crops. Soybean yield
losses caused by weeds vary from 25 to 80%
depending on the varietal characteristics of the
crop, species diversity and number of weeds,
density and duration of crop infestation, as well
as environmental conditions [4-6]. In the early

Soybean is one of the key crops of the world
agriculture. The use of soy in modern Russian
agriculture as an agricultural crop with high
protein content makes it possible to solve the
problem of its deficit for humans and animals
and to provide industry and medicine with stra-
tegic raw materials'. Soybean seeds contain 16-
20% vegetable oil and 37-42% protein contain-
ing essential amino acids [1].

The Far Eastern Federal District (FEFD) is stages of ontogenesis, soybean is characterized
a traditional soybean growing area in Russia, by weak competitive ability due to its relatively

which is due to the optimal agroclimatic con- SIOW growth. Therefore, even low weediness
ditions for the crop in the region [2]. Accord- leads 'to 51gn1ﬁf:ant yield losses, and meql‘%m
ing to Rosstat (Russian Federal State Statistics and hlgh weediness reduces crop productivity
Service), the sown area of soybean in 2021 in 0Y 3-5 times [7, 8].

Russia was 3.068 mln ha. in the FEED - al- Species composition of weeds, their number
i and distribution in agrocenoses are in constant

most 1.2 mln ha; the average yield across Rus- i ; s
dynamics determined by climatic changes, and

sia was 15.9 c/ha of the harvested area, in the *- -
FEFD - 14.8 c/ha, in the Primorsky Territory - dlrec‘Fly depend on weather conditions of the
growing season, as well as on the features of

agricultural crops cultivation technologies. The

14.0 c/ha’. Given the need to restore the ratio-
nal and efficient use of arable land, it is planned

Tnnovative views on the modern technology of soybean cultivation in the Kursk region. Practical guide. Ministry of Science
and Higher Education of the Russian Federation, FSBSI "Kursk Federal Agrarian Scientific Center". Kursk, 2019. 43 p.

Bulletin "Gross yields and crop yields in the Russian Federation in 2021". (P. 2). URL: https://rosstat.gov.ru/compendium/
document/13277 (reference date 2022-03-28).
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Phase sensitivity of some broad-leaved weed species
to the herbicide Flex

Morokhovets T.V., Morokhovets V.N., Markova E.S., Basai Z.V.,
Vostrikova S.S., Skorik N.S.

monitoring of soybean agrocenoses in the Pri-
morsky Territory conducted by the staff of the
Far Eastern Research Institute of Plant Protec-
tion (DVNIIZR) from 2016 to 2020 revealed
108 species of weeds belonging to 31 botani-
cal families. Of these, dicotyledonous weeds
greatly outnumbered monocotyledonous weeds
- 89 (54 short-lived and 35 perennial) species
versus 19 (10 short-lived and 9 perennial)® [9].
Among the dicotyledonous short-lived plants,
the maximum 10-year average frequency of
occurrence in soybean crops (84-99%) was
characteristic of Asian copper leaf Acalypha
australis L, ragweed Ambrosia artemisiifolia
L. and common lamb's quarters Chenopodium
album L. China jute Abutilon theophrasti Me-
dik., trailing hollyhock Hibiscus trionum L.,
St.-Paul’swort Sigesbeckia pubescens Makino
were detected in 35-54% of the surveyed crops.
This index was 12-25% for the green amaranth
Amaranthus retroflexus L., elsholtzia Elsholt-
zia pseudocristata Levl. et Vaniot, and Siberian
cocklebur Xanthium sibiricum Patrin ex Widd.
The frequency of occurrence of the short-lived
weed common dayflower Commelina commu-
nis L. was on average 56%.

Mean stand density in soybean crops in
2010-2020 was 71.8 plants/m? for Asian cop-
per leaf, 20.1 for common lamb's quarters, 17.8
for common ragweed, 3.3 for green amaranth,
2.4 for common dayflower, 1.3 for trailing hol-
lyhock and St.-Paul’swort, and 1.2 plants/m?
for China jute. The average number of Siberian
cocklebur and elsholtzia per 1 m? of soybean
area during the last 10 years was less than 1
plant.

The biological threshold of harmfulness* of
annual dicotyledonous weeds in soybean crops
is 2-6 pcs/m?. According to our data, the av-
erage total weed infestation of soybean in the
control variants on the experimental fields of

DVNIIZR in 2016-2020 ranged from 178 to
640 pcs/m?, the crude aboveground weight of
weeds was 2125-4797 g/m?, soybean yield loss-
es depending on the level of weeding reached
0.36-1.83 t/ha (29-96% of the yield in variants
with manual weeding) [10]. In 2021 in the ex-
perimental soybean crops the average standing
density of all weeds in the variants without the
use of herbicides was 1132 pcs/m?, their crude
aboveground mass was 2656 g/m?. The pro-
portion of cereal annual species reached 73%
of the total number of weeds, dicotyledonous
annual and common dayflower - 22%, and pe-
rennial dicotyledonous species - 5%, which re-
sulted in a decrease in soybean yield by 44%
(0.68 t seeds/ha).

The most effective method of reducing the
negative effects of pests on crops remains the
use of chemical means of protection, provided
that the basic agrotechnical measures are car-
ried out. When implementing the chemical
method, it is necessary to minimize environ-
mental risks, exclude the toxic effects of pesti-
cides on protected crops and non-target objects
[11, 12]. The list of chemical and biological
preparations is constantly updated, new plant
protection agents enter the market, requiring
a comprehensive study in the soil and climatic
conditions of the region, for subsequent regula-
tion of their effective and safe use in the agri-
cultural production.

Currently, 227 herbicides based on 34 active
substances (active substances)’ have been ap-
proved for use in soybeans in the Russian Fed-
eration. In February 2021, the selective post-
emergent herbicide Flex, WS (v. fomesafen
250 g/l), designed to control a wide range of
annual dicotyledonous weeds in soybean crops,
was registered in the Russian Federation; its
comprehensive study has begun in the Far East,
Krasnodar Territory, Leningrad, Tambov and
Astrakhan Regions® [13-16]. The effectiveness

3Vostrikova S.S., Morokhovets V.N., Morokhovets T.V., Basay Z.V., Shterbolova T.V. Dynamics of weed component in soybean

agrocenoses of the Primorsky Territory. Scientific support of soybean production: problems and prospects: Collection of scientific
articles on materials of the International scientific conference devoted to the 50th anniversary of the All-Russian Soybean Research
Institute. Blagoveshchensk April 18, 2018 / FSBSI VNII soybean. Blagoveshchensk: LLC "IPK "ODEON", 2018. pp. 131-140.
“Biological (economic) thresholds of harmfulness of pests, diseases and weeds in crops. Reference book. Priluki, 2018. 27 p.
SList of pesticides and agrochemicals permitted for use in the Russian Federation. 2022 M., 2022. 879 p.
®Morokhovets V.N., Morokhovets T.V., Shterbolova T.V., Basay Z.V., Baimukhanova A.A., Skorik N.S. Evaluation of the ef-
fectiveness of a tank mixture of new herbicide Flex with graminicide Fusilad Forte in soybean crops. Agrarian Science: Special

issue for the International Scientific and Practical Conference "Plant Immunity to infectious diseases", dedicated to the 100th an-
niversary of the monograph by N.I. Vavilov. 2019. Vol. 2. pp. 150-155. DOI:10.32634/0869-8155-2019-326-2-150-155.
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®DazoBas UyBCTBHTEILHOCTh HEKOTOPBIX BUIOB ITHPOKOIMCTHBIX
COPHBIX PacTeHUH K repounury dnexc

Mopoxogen T.B., Mopoxoser; B.H., Mapxkosa E.C., bacaii 3.B.,
Boctpuxosa C.C., Cxopux H.C.

of selective herbicides largely depends on the
species composition of the weed component
of the protected agrocenosis and the stage of
development of controlled weeds during treat-
ment [17].

The purpose of the study is to investigate the
species and phase sensitivity to Flex herbicide
of annual broadleaf weeds common in soybean
crops in the south of the Far East.

The objective of the study is to determine
the level of herbicidal activity of the prepara-
tion Flex against annual weed species at differ-
ent stages of growth and development.

MATERIAL AND METHODS

Experimental work was performed in 2019-
2021 at the experimental base of DVNIIZR un-
der the conditions of a greenhouse, according to
the generally accepted methodology’. Latin and
Russian names of the weed species are given
according to the publication "Vascular Plants of
the Soviet Far East. [18-20].

The weeds were grown in 500 cm® growing
vessels in a mixture of meadow-brown podzol-
ized soil (according to its texture, average clay
containing 3.8% organic matter (GOST 2621-
91), 16 and 120 mg/kg of mobile phosphorus
and exchangeable potassium (GOST 54650-
2011), respectively, and pHg,;,, (GOST 26483-
85) - 5.3) and rotted compost in the ratio of 1
: 1, sifted through a sieve with a hole size of 5
mm. The resulting substrate was placed in ves-
sels, compacted, moistened, and evenly covered
by the weed seeds on its surface in an amount
sufficient to produce 10-15 plants, covered with
soil and compost mixture with a layer of about
1 cm, tamped down and watered.

Before applying the drug to vegetating
weeds in the vessels, excess plants were re-
moved, leaving specimens close in height and
phase of the development. Weed plants of the
test species were treated in three periods with
herbicide Flex, WS at the rates of 0.75; 1.0;
1.25 and 1.5 1/ha with the addition of surface
acting agent (SAA) Trend 90, W (e.g. isodecyl

alcohol ethoxylate, 900 g/l) 0.2 1/ha using a
stationary sprayer OP-5 designed by the All-
Russian Research Institute of Phytopathology.
The repetition of the experiment was 10-times.
Data on the growth and development of weeds
before the treatments are given in Table 1.

During the experiments by daily watering the
soil humidity in vessels was maintained at an
optimum level for plants (60-70% of full mois-
ture capacity). Plant growth and development
in control and experimental (with herbicide ap-
plication) variants were regularly monitored,
the following symptoms of herbicide toxic ef-
fect on the weed species under study were re-
corded: delayed growth and development of
plants; changes in leaf coloration, deformation
of leaf plates, appearance of burns, necroses;
other changes and deviations from the control
variant without treatment.

In 14-21 days after the treatment the weed
plants were cut, their height was measured and
the raw above-ground biomass was weighed.
The level of herbicide toxicity for the studied
weed species was judged by the decrease in
height and weight of the above-ground organs
of experimental plants compared to the control.
For the evaluation of herbicidal activity our
own adaptation of the efficiency levels grada-
tion was used: reduction of heights and weights
of experimental plants by 91-100% - very good
effect, 76-90% - good, 51-75% - satisfactory
and 0-50% - no effect/weak effect.

RESULTS AND DISCUSSION

Visually noticeable symptoms of the toxic
effect of Flex on the studied weed species were
observed one day after the treatment. When ap-
plying the herbicide in the first term, the loss
of turgor, deformation and dieback of the upper
point of growth, withering of leaves was noted
in ragweed, Asian copper leaf, China jute and
Siberian cocklebur. In trailing hollyhock, green
amaranth and elsholtzia burns in the form of
light and brown spots on the leaf plates, curl-
ing and wilting of leaves, and dieback of the

"Spiridonov Y.Y., Larina G.E., Shestakov V.G. Methodological guide for the study of herbicides used in crop production.

Moscow: Pechatny gorod, 2009. 252 p.
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Tao6a. 1. ®a3sl pa3BUTHS 1 BBICOTA COPHBIX PAcTeHUH 10 00padboTku repourmaom dnexc, 2019-2021 rr.
Table 1. Phases of development and height of weeds before treatment with Flex herbicide, 2019-2021

First treatment period |  Second treatment period Third treatment period
Devel- Hilr%]ht’ Height, cm Height, cm
Type of weed . Development | min—max min—max
opment | min—max : Development phase :
. phase (variant av- (variant aver-
phase (variant erage) age)
average) g g
Rasweed 1-2 pairs | 2,0-5,0 3—4 pairs of 5,5-13,0 9-11 leaves, 11,0-25,5
g of leaves (3,3) leaves (8,7) start of budding (17,8)
Asian copper leaf 12 1,5-4,5 4-5 leaves, 6,5-15,5 6-7 12,0-23,5
PP leaves 3.D branching start (10,2) leaves, branching (18,8)
Common lamb's 1-2 pairs | 2,0-7,0 le‘a‘l;gsp%ﬁn?i— 8,0-21,0 | 10-14 leaves, branch-| 14,0-28,0
quarters of leaves (4,6) - (12,0) ing, flowering (20,0)
ing start
Common davflower 1-2 1,5-4,5 3.5 Jeaves 6,0-12,5 6-7 leaves, 12,0-25.,5
y leaves 2.,7) (10,4) branching start (20,5)
oo 1-2 3,5-7,5 9,0-17,5 67 leaves, 17,0-30,5
China jute leaves |  (5,6) 34 leaves (13,1) start of budding (23.6)
- 1-2 3,0-6,5 6,0-12,0 67 leaves, 13,5-29,5
Trailing hollyhock leaves (4,3) 35 leaves 9,2) branching, flowering (22,6)
St -Paul’s wort 1-2 pairs | 1,0-3,5 2-3 pairs of 3,5-10,0 3—4 pairs of leaves, 12,5-18,0
raus w of leaves 2,1 leaves (6,0) branching start (15,6)
1-2 1,5-5,5 3,0-13,0 7-11 leaves, 11,0-21,0
Green amaranth leaves | (3.8) 4-6 leaves 8.1) start of budding (15.4)
. 3—4 pairs of .
Elsholizia 1-2 pairs 2-35 leaves, branch- 7,0-11,5 45 pairs of leaves, 11,0-17,0
of leaves (2,6) . (8,9) branching (14,0)
Ing start
a 1 pair of | 3,5-8,0 2-3 pairs of 6,0-17,5 3—4 pairs of leaves, 24,0-35,0
Siberian cocklebur | oo Vot | 7 (5,6) caves (13,0) start of budding (27.8)

single upper growth points were noted. For
common lamb's quarters, St.-Paul’s wort and
elsholtzia the suppressive herbicidal effect
was expressed in extensive leaf chlorosis and
leaf wilting, stem necrosis and dieback of the
growth points. Local light spots of different siz-
es (burns) on leaves, damage (withering) of the
upper growth point were recorded on common
dayflower plants. It should be noted that the in-
tensity of the weeds damage by herbicide was
very high, up to 90-100%, and in the variants
from the minimum to the maximum the rates
of consumption differed slightly. One hundred
percent death of all experimental plants of the
studied species was recorded as early as 5 days
after the treatment, which fully agrees with our
earlier experimental data [10]. It was found that
the most common and/or harmful dicotyledon-
ous annual weeds typical of the Primorsky Ter-
ritory agrocenoses in the early stages of growth

and development exhibit extremely high sensi-
tivity to herbicide Flex.

After treatment in the second term, the her-
bicides were effective against ragweed, green
amaranth, Asian copper leaf, trailing holly-
hock, Siberian cocklebur, elsholtzia and China
jute. The plants wilted, curling and desiccation
of leaves, deformation and dieback of growth
points, formation of numerous burns in the
form of light and brown spots on the leaf plates
were noted. For common lamb's quarters and
St.-Paul’s wort the toxic effect of the prepara-
tion was expressed in chlorosis and wilting of
upper leaves, deformation of the growth point;
for common dayflower it was expressed in for-
mation of scattered spots on the leaf plates,
drying and dying of the leaf buds in the upper
growth points, in a lag in growth of experimen-
tal plants from the control specimens (without
treatment).
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After the application of herbicide Flex in
the third term, the same signs of suppression
were observed in the studied weed species as in
the second term, but they were expressed much
weaker. The plants of green amaranth and trail-
ing hollyhock showed only curling and wilting
of the upper and some lateral leaves, and slight
damage (deformation) of the points of growth.
Light and brown spots on the leaf plates, curl-
ing and withering of leaves at the upper point
of growth were observed in ragweed and Asian
copper leaf; curling and withering of upper
leaves were observed in China jute, St.-Paul’s
wort, common lamb's quarters, elsholtzia, Sibe-
rian cocklebur and common dayflower - upper
leaf curling and withering.

High herbicidal activity of Flex at the sec-
ond treatment term in all tested rates was dem-
onstrated against ragweed, green amaranth,
Asian copper leaf and trailing hollyhock reduc-
ing plant biomass by 93-100% and plant height
by 84-100% (see Tables 2, 3). Siberian cockle-
bur, elsholtzia and China jute were highly sus-
ceptible to the herbicide, reducing their above-
ground mass by 77-94%. The preparation was
less effective on common lamb's quarters, com-
mon dayflower and St.-Paul’s wort (55-75%
weight reduction).

Only green amaranth showed good sensitiv-

ity (suppression by weight by 76-86%) to Flex
herbicide when treated in the third term. The
preparation showed satisfactory effectiveness
against ragweed, Asian copper leaf, trailing
hollyhock and common dayflower suppressing
their recruitment of the above-ground mass by
51-70%. Siberian cocklebur, China jute, com-
mon lamb's quarters and St.-Paul’s wort lost
28-50% of the biomass and 18-44% of the
height compared with the control, demonstrat-
ing relative resistance to herbicide treatment in
the third term. The drug had a satisfactory ef-
fect on elsholtzia only in the application rates
of 1.25 and 1.5 1/ha.

CONCLUSION

As a result of the studies conducted in the
greenhouse conditions, it was found that the
herbicide Flex at post-emergence application
at a rate of 0.75-1.5 1 / ha completely destroys
plants of ragweed, Asian copper leaf, green am-
aranth, trailing hollyhock, Siberian cocklebur,
elsholtzia, China jute, common lamb's quarters,
St.-Paul’s wort and common dayflower, which
are in the early stages of growth and develop-
ment.

When weeds are treated in the second term,
in the later stages of growth (10-21 cm) and de-
velopment (3-10 true leaves), ragweed, green

Ta6a. 2. CHwKeHNE HAJ3eMHON MacChl COPHBIX PaCcTEHUI Mpu 00paboTke repouiuoM dieke,

% ¥ koHTpOIIO (cpennee 3a 2019-2021 rr.)

Table 2. Reduction of the aboveground mass of weeds when treated with Flex herbicide,

% to the control (average for 2019-2021)

Treatment time
first | second | third
Type of weed Consumption rate of the preparation, 1/ha

075 | 1,0 | 1,25 | 1,5 | 0,75 | 1,0 [ 125 | 1,5 | 075 | 1,0 | 1,25 | 1,5
Green amaranth 100 | 100 | 100 | 100 | 99 100 | 100 | 100 | 76 78 79 86
Ragweed 100 | 100 | 100 | 100 | 99 100 | 100 | 100 | 57 61 64 66
Asian copper leaf 100 | 100 | 100 | 100 | 94 95 97 99 54 60 63 66
Trailing hollyhock 100 | 100 | 100 | 100 | 93 95 95 96 56 63 66 70
Siberian cocklebur 100 | 100 | 100 | 100 | 82 88 91 94 32 36 40 44
Elsholtzia 100 | 100 | 100 | 100 | 80 84 88 90 46 50 62 67
China jute 100 | 100 | 100 | 100 | 77 81 83 84 32 35 37 46
Common lamb's quarters 100 | 100 | 100 | 100 | 61 62 67 68 28 32 49 50
Common dayflower 100 | 100 | 100 | 100 | 55 66 69 75 51 54 58 58
St.-Paul’s wort 100 | 100 | 100 | 100 | 55 55 62 66 36 37 43 46

Note. Here and in Table 3: 91-100% - very good action; 76-90% - good; 51-75% - satisfactory; 0-50% - no action/weak

action.
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Ta6a. 3. CHmKeHNE BRICOTHI COPHBIX pacTeHUH Tpu 00padoTke repourumaom drekc,

% x xoHTpOmo (cpenHee 3a 2019-2021 rr)

Table 3. Reduction of weed height when treated with Flex herbicide,

% to the control (average for 2019-2021)

Treatment time
first ‘ second third
Type ofweed Consumption rate of the preparation, I/ha

0,75 1,0 1,25 1,5 0,75 1,0 1,25 1,5 0,75 1,0 1,25 L5
Ragweed 100 | 100 | 100 | 100 | 99 100 | 100 | 100 | 44 48 48 50
Green amaranth 100 | 100 | 100 | 100 | 98 98 99 100 | 54 60 62 69
Asian copper leaf 100 | 100 | 100 | 100 | 91 92 94 96 42 42 43 44
Trailing hollyhock 100 | 100 | 100 | 100 84 88 90 94 38 42 44 50
China jute 100 | 100 | 100 | 100 68 72 74 82 19 22 27 38
Elsholtzia 100 | 100 | 100 | 100 67 74 80 85 32 42 47 54
Siberian cocklebur 100 | 100 | 100 | 100 62 72 79 80 18 23 28 32
Common dayflower 100 | 100 | 100 | 100 61 71 74 80 56 58 62 62
Common lamb's quarters| 100 | 100 | 100 | 100 | 55 58 60 60 24 30 42 44
St.-Paul’s wort 100 | 100 | 100 | 100 | 45 48 56 60 28 29 32 36

amaranth, Asian copper leaf, trailing hollyhock
and Siberian cocklebur remain highly sensitive
to the action of the drug Flex. When used in
the second term, the drug is also quite effective
against elsholtzia and China jute.

When Flex is used in the third term, for
overgrown weeds (plant height - up to 17-35
cm, the phase of development - from branching
to flowering (formation of 6-14 true leaves)),
herbicidal activity of the preparation as com-
pared with the effectiveness of the treatment in
the first term is reduced by 1.2-3.6 times.

Of the studied weed species, high sensitivity
to the studied herbicide in all tested treatment
rates and timing was revealed only in green am-
aranth. Regarding ragweed, Asian copper leaf,
trailing hollyhock, Siberian cocklebur, elsholt-
zia and China jute good efficiency of Flex can
be achieved only when using it before the for-
mation of 4-8 true leaves by the weeds. For the
destruction of common lamb's quarters, com-
mon dayflower and St.-Paul’s wort the herbi-
cide should be used only in the earliest stages
of their growth (3.5-7.0 cm) and development
(1-4 true leaves).

The experimental data are a convincing ar-
gument in favor of using Flex herbicide in the
earliest phases of growth and development of
weeds.
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O30HHASA AESUHCEKIUA 3EPHA OT AMBAPHOT O JOJITOHOCHUKA
N BYJIABOYCOI'O XPYIIAKA

(<)Backakos U.B., Opodunckuii B.W., Bacuiaenko B.B., l'uesckuii A.M.
Boponescckuii 2ocyoapemeennviil azpaphviil ynusepcumem um. umnepamopa Iempa I
Boponex, Poccust

(De-mail: vasich2@yandex.ru

W3yuens! criocobsr 60psOBI ¢ HanboJee pacIpoCTPAHEHHBIMU B IEHTPAIbHBIX pernoHax Poc-
cutickoit denepanu BpeIHBIMU HACEKOMBIMH, KOTOPhIE HAHOCST YIIEPO CEJIbCKOXO3SHCTBEHHOM
MPOAYKLUHU B MEPHOA XPaHEHUsS. DKCIIEPUMEHT MPOBEACH B JIAOOPATOPHBIX YCIOBUAX MyTEM Je-
3MHCEKIIMH 030HUPOBAHUEM 3€PHOBOI0 BOpOXa 03MMOH MIIeHUIBl. OObEKT HCCIEIOBAHUN — aM-
OapHbIe TONTOHOCUKH (Sitophilus granaries L.) u OynaBoyceie Xpymak# (Tribolium confusum L.).
OTMe4YeHO, YTO PEKOMEHAYEMbIE€ B HACTOSIIEE BpeMs AJs IE3MHCEKLHU KOHIEHTpAalUM O30Ha
MOTYT OBITH OTMACHBI JJIS1 37I0POBbsl 0OCITYKMBAIOIIEro nepconana. McciemoBana BO3MOXHOCTD
IPOBE/ICHUSI 030HHON 00paOOTKH MPH MEHBIIUX 3HAUCHHUSX (10 5 Mr/m?). YCTaHOBICHO, YTO IS
MTOJTHOTO YHUUYTOXKEHHUSI aMOapHOTO JOJITOHOCHKA AOCTAaTOUYHA KOHLEHTPALUsl 030HA B IMANIa30HE
3-5 mr/m® npu sxcnosuiuu 300 MuH. [ToCKONBKY MOAACPKUBATH MOCTOSHHOE COICPIKaHUE ra3a
CJIOKHO, CJIEJIyeT OPHCHTUPOBATHCS Ha J103y 030HHOW 00paboTku cBbime 1315 mr-mun/m®. s
IIOJIHOTO YHUYTOXKEHUs! Oy/1aBOyCcOro Xpylaka clleAyeT 030HHUPOBATh IIPU 3aJaHHBIX ITapaMeTpax
He Menee 460 muH. J[03a 030HHON 00pabOTKK JOIDKHA MpeBHIIaTh 1935 mr.mun/m®. O30HHPO-
BaHHUE CJICAYET NPOBOJUTH 0 MOMEHTA T'MOeNH MPUMEPHO TOJIOBHHBI HaceKOMbIX. OcTaBuIas-
CSl 4acTh BpeAMTENeH NOrudaeT B TEUCHUE CIEAYIOMINX CYTOK TMocie 00paboTKH, Tak Kak 030H,
BO3ACHCTBYsl Ha reMonuM(Qy, MPaKTHUYECKH HCKIIIOYAET BEPOSATHOCTH BBDKMBAHMSA JKYKOB I1OCIIE
ux napanuzauuu. I[IpuMeHeHne nuccae10BaHHbIX MOKa3aTeel KOHIEHTPALK ra3a Coco0CTByeT
ITOBBILICHUIO KaU€CTBA CEMSIH 36pHOBBIX KyIbTyp. O30HHAas N€3UHCEKLHUS C YKa3aHHBIMU I1apame-
TpaMHu MOXKET OBITh 00bEINHEHa C OTiepaluel IPeI0CEeBHOM MOATOTOBKH TOCEBHOTO MaTepHaia.
3a cyeT BHICOKOH aKTHBHOCTH 030HA TaKWE KOHIIEHTPALUHU JOCTaTOYHO OBICTPO pacmajaloTcs Ha
MOJIEKYJISIPHBIN KUCIOPO/], UTO 3HAUUTEIBHO CHUXKAET PUCK OTPaBJICHMSI YEJIOBEKa.

Ki1roueBble cjioBa: 030HUPOBaHUE, CEMEHA, 36PHO, O30HHAS AE3MHCEKLUS 3epHa, BPEAUTENH 3ep-
Ha

OZONE DISINFECTION OF GRAIN FROM GRANARY WEEVIL
AND CONFUSED FLOUR BEETLE

(<)Baskakov 1.V., Orobinsky V.I., Vasilenko V.V., Gievsky A.M.
Voronezh State Agrarian University n.a. Emperor Peter the Great
Voronezh, Russia

(<De-mail: vasich2@yandex.ru

The methods of combating the most common harmful insects in the central regions of the
Russian Federation, which cause damage to agricultural products during storage, were studied. The
experiment was carried out in laboratory conditions by ozonation disinsection of a grain heap of
winter wheat. The object of research is granary weevils (Sitophilus granaries L.) and confused flour
beetles (Tribolium confusum L.). It is noted that the currently recommended ozone concentrations
for disinfection can be dangerous for the health of service personnel. The possibility of ozone
treatment at lower values (up to 5 mg/m?®) was investigated. It was found that ozone concentration
in the range of 3-5 mg/m® at an exposure of 300 min is sufficient for the complete destruction
of the granary weevils. Since it is difficult to maintain a constant gas content, it is necessary to
focus on the dose of ozone treatment over 1315 mg-min/m®. For the complete destruction of the
confused flour beetles, at least 460 min should be ozonated at the specified parameters. The dose
of ozone treatment should exceed 1935 mg-min/m?®. Ozonation should be carried out until about
half of the insects die. The remaining part of the pests dies within the next day after the treatment,
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since ozone, acting on the hemolymph, practically eliminates the possibility of survival of beetles
after their paralysis. The use of the studied gas concentration indicators contributes to improving
the quality of grain seeds. Ozone disinfection with the specified parameters can be combined with
the operation of pre-sowing preparation of the seed material. Due to the high activity of ozone,
such concentrations quickly decompose into molecular oxygen, which significantly reduces the

risk of human poisoning.

Keywords: ozonation, seeds, grain, ozone disinfection of grain, grain pests
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INTRODUCTION

During storage, insect pests may multiply
in the grain, which destroy a significant part
of the crop. In this regard, there is not only a
decrease in the physical weight of the grain,
but also an increase in the toxicity of the grain
pile due to the increased content of products of
pests in it. Contaminated grain cannot be used
for fodder to avoid reduced animal productiv-
ity or mortality. Because of pests about 15% of
the world's crops are spoiled every year [1-4].
In Russia, a significant part of grain is infested
by weevils and flour beetles. According to the
State Standard 13586.6-93 these pests have
the coefficient of harmfulness from 0.4 to 1.5
depending on their type. Infestation of grain
by granary weevil and confused flour beetle in
Russia amounts to about 40% in total. How-
ever, even low levels of pests are dangerous
because they develop quickly and the quality
of grain and its products is greatly reduced.
Currently, to combat grain pests mostly vari-
ous expensive chemical preparations are used
which are dangerous for both humans and the
environment. Therefore, there is an active
search for new, environmentally safe methods
of desinsection [5- 10]. The most promising
in this direction is considered the process of
ozonation [11-15]. Ozone treatment does not
require pre-production of gas because the

ozone-air mixture can be obtained from the air
by using special equipment - ozonators. In this
case after the desinsection ozone turns into
oxygen, without polluting the atmosphere,
but even enriching it. In this regard, research
aimed at studying the process of ozonation to
prevent the development of grain pests or their
destruction is relevant.

The purpose of the research is to determine
the regimes of ozone treatment of grain pests
that provide effective destruction of granary
weevil and confused flour beetle during desin-
section and under laboratory conditions.

MATERIAL AND METHODS

Earlier studies allowed us to determine
the effectiveness of ozone treatment against
grain pests. However, ozone concentrations in
ozone-air mixture used in these experiments
are significant (from 70 to 2000 mg/m?). Such
gas content is not only destructive for insects,
but also very dangerous for humans. The use
of ozone-air mixtures at these concentrations
can be dangerous for the operating person-
nel. High gas content in the ozone-air mix-
ture negatively affects the sowing qualities of
the grain. Therefore, it is necessary to deter-
mine the effectiveness of ozone desinsection
of grain pests under laboratory conditions at
ozone concentrations up to 5 mg/m?. This gas
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content contributes to improvement of qual-
ity indicators of seeds of cereal crops, such as
germination energy, germination rate, growth
force, etc. Consequently, if ozone desinsection
with the above parameters is sufficiently effec-
tive, it can be combined with the operation of
seed pre-sowing preparation. In addition, due
to the high activity of ozone, such concentra-
tions decompose quite quickly into molecular
oxygen, which significantly reduces the risk of
human poisoning.

To determine the efficiency of different
ozone treatment modes, the insects were di-
vided into five groups, each of which was
placed in an individual air-permeable contain-
er. Four samples were subsequently ozonized
in quadruplicate, and the fifth variant was left
in natural conditions and served as a control.
Beetles unable to move were considered dead,
because no return of paralyzed individuals to
life was recorded. The effectiveness of ozone
treatment, expressed as a percentage, was de-
termined by dividing the number of dead pests
by their total number before the experiment.

Ozonation was carried out in a sealed glass
container, which has supply and return lines
of ozone-air mixture. Ozone concentration
was determined at the output by means of gas
analyzer "Sigma-03" equipped with two elec-
trochemical sensors "Sigma-03. DE", one of
which determined the gas level in the working
area, the other - in the exhaust gas. Four con-
tainers with pests were placed inside the tank.
The first sample was ozonized for 5 hours.
Subsequently, the samples were removed from
the container after 50-60 min. The ozone con-
centration in the exhausted ozone-air mixture
varied from 3.3 to 5.0 mg/m?, and was deter-
mined every 10 min with the error of 0.02 mg/
m’ (see Table 1).

The data in Table 1 show that it is difficult
to maintain a given value of ozone concentra-
tion in the ozone-air mixture for a fairly long
period of time. In addition, not all ozonators
have the ability to adjust this parameter. That
is why the "ozone treatment dose" is of great
importance that can be obtained by multiply-
ing the ozone concentration by the exposure

Ta6a. 1. [lapamerps! 030HHON 00pabOTKH
BpeanTeNel 3epHa

Table 1. Parameters of ozone treatment of grain pests

Ozone o
Ozonation time, min | concentration, zone'dose;,
me/m? mg-min/m
0-10 4,82 48,2
11-20 5,0 50,0
21-30 5,0 50,0
31-40 3,34 33,4
41-50 4,0 40,0
51-60 4,23 423
61-70 5,0 50
71-80 3,96 39,6
81-90 4,02 40,2
91-100 5,0 50,0
101-110 3,48 34,8
111-120 5,0 50
121-130 4,62 46,2
131-140 4,0 40,0
141-150 43 43,0
151-160 5,0 50,0
161-170 4,2 42,0
171-180 3,98 39,8
181-190 4,52 452
191-200 4,34 43,4
201-210 4,65 46,5
211-220 4,58 458
221-230 4,72 472
231-240 4,43 443
241-250 4,21 42,1
251-260 4,14 41,4
261-270 4,28 42,8
271-280 4,42 442
281-290 3,96 39,6
. 291-300 4,37 43,7
Ist batch extraction
Average for 300 min 4.386 Totally 1316
301-310 3,88 38,8
311-320 3,94 39,4
321-330 4,21 42,1
331-340 4,1 41,0
341-350 4,17 41,7
2-nd batch extraction
Average for 350 min 4,339 Totally 1519
351-360 3,52 35,2
361-370 3,78 37,8
371-380 2,98 29,8
381-390 5,0 50,0
391-400 5,0 50,0
3-rd batch extraction
Average for 400 min 4,304 Totally 1722
401-410 2,76 27,6
411-420 3,51 35,1
421-430 3,84 38,4
431-440 3,68 36,8
441-450 3,75 37,5
451-460 3,89 38,9
4-th batch extraction
Average for 460 min 4,208 Totally 1936
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time. This parameter is easier to control dur-
ing disinfestation. The same dose can be ob-
tained at high ozone concentration, but a small
time of the experiment, or at low ozone con-
centration, but a large exposure. All ozonators
are individual and they cannot maintain the
specified mode of gas content in the work-
ing mixture. Termination of the process when
reaching a certain dose of ozone treatment is
possible by simple calculations. MAC level of
ozone in the working zone was continuously
monitored, its exceedance in the course of the
experiment was not observed. Consumption of
the ozone-air mixture throughout the experi-
ment was constant and amounted to 1 m*h.
Ambient air temperature was in the range of
22-24 °C, relative humidity of the working
mixture varied from 55 to 60%.

RESULTS AND DISCUSSION

The experiment was carried out in the labo-
ratory of the Voronezh State Agrarian Univer-
sity n.a. Emperor Peter the Great. The results
of ozone disinfestation treatment of granary
weevils and confused flour beetles develop-
ing in grain of winter wheat are presented in
Tables 2 and 3.

Analysis of Tables 2, 3 shows that ozone
treatment against the considered grain pests
is quite effective. Moreover, granary weevil
beetles were more susceptible to the effects
of ozone-air mixture. Within 300 minutes of
ozone treatment at the average ozone concen-
tration of 4.386 mg/m’ and the dose of 1316
mg-min/m’® 60% of the insects were killed. In
5 h after the treatment, this rate increased by
10%; after 12 h, the mortality rate was 100%.

Tab6a. 2. DbhHeKTHBHOCTH 030HHOH 00PaOOTKH P 030HUPOBAHUN aMOApHOTO JTOJTOHOCHKA

Table 2. Efficiency of ozone treatment during ozonation of granary weevil

Ozone dose, mg-min/m3

Indicator
1316 1519 1722 1936
Overall effectiveness of ozone disinsection, %: 100 100 100 100
Including dead beetles, number:
during treatment 60 60 70 80
after treatment:
after 5h 70 80 80 90
after 12 h 100 100 100 100
Tada. 3. DPppexTHBHOCTH 030HHOI 00PaOOTKH MTPH 030HUPOBAHNH OYyITaBOYCOTO XpyIIaKa
Table 3. Efficiency of ozone treatment during ozonation of confused flour beetle
Ozone dose, mg-min/m?
Indicator
1316 1519 1722 1936
Overall effectiveness of ozone disinsection, %: 30 40 50 100
Including dead beetles, number:
during treatment 20 30 30 30
after treatment:
after 5 h 20 30 40 60
after 12 h 30 30 40 90
after 24 h 30 40 50 100
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At the same time, 30% of the confused flour
beetles died after 24 hours of observation.

Over the next 50 minutes of ozone treat-
ment the dose of ozone treatment reached
1519 mg-min/m’. At the same time, the effect
of ozone-air mixture on the granary weevil re-
mained practically unchanged. Immediately
after treatment, 60% of the beetles died. In 5
hours of observation, this indicator increased
by 20%. The rest of the pests died in 12 hours
after the treatment. At the same parameters,
30% of the confused flour beetles died during
ozone treatment, and 10% died after one day
of observations. Therefore, the effectiveness
of ozone desinsection under these conditions
against this pest was only 40%.

Further 50 min of ozonation allowed to
reach the ozone treatment dose of 1722 mg/
m?®. Under these conditions the effectiveness
of disinfestation against granary weevil was
similar to the previous parameters, i.e., 70%
of the beetles were killed immediately, and the
remaining ones were killed after 12 h of obser-
vation. The same dynamics was observed in
the experiment with the confused flour beetle.
Thirty percent of individuals were paralyzed
or dead right after ozonation. Another 10%
of the beetles died during the next 5 hours of
observation. One day after ozonation, the ef-
fectiveness of the process against the confused
flour beetle reached 50%.

The next hour of ozone treatment made it
possible to reach the ozone treatment dose
of 1936 mg-min/m*. The effect of ozone-air
mixture on granary weevil beetles increased.
Immediately after ozone treatment 80% of the
pests were killed, and the remaining part was
killed within 12 h of observations. Under the
same conditions, the effectiveness of the ozo-
nation process for disinfestation of confused
flour beetles also increased. Thirty percent of
individuals were paralyzed right after ozone
treatment and then died. This indicator in-
creased twofold in 5 hours after ozone treat-
ment and threefold in 12 hours. One day after
the observations, the mortality rate of con-
fused flour beetles reached 100%. The general
effectiveness of ozone disinfestation in the

given regime one day after the treatment was
100% against both granary weevils and con-
fused flour beetles.

CONCLUSION

To kill the granary weevil, the ozone con-
centration in the ozone-air mixture in the range
of 3.3-5.0 mg/m? requires 300 minutes of
treatment and a dose of 1316 mg-min/m°. The
death of all pests occurs after 12 h. To destroy
the confused flour beetle at the ozone-air mix-
ture ozone concentration in the range of 3.3-
5.0 mg/m’® requires 460 minutes of disinfesta-
tion and a dose of 1936 mg-min/m’. Complete
death of insects occurs 24 h after ozonation.

In case of high ozone capacity of ozona-
tor it is necessary to calculate the desinsection
time by dividing the recommended doses of
ozone by current concentration in a particular
experiment. It is not recommended to ozone
until the complete extermination of grain
pests, because ozone treatment has an after-
effect, which contributes to the extinction of
beetles in the next day after desinsection. To
stop the process of desinsection of grain heap,
you can focus on the paralysis of half of the
number of beetles.
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BJIUSAHUE TEMIIEPATYPBI U BJIA’KHOCTHU HA COCTAB ®UTOINATOI'EHOB
MNIMEHULBI TPU XPAHEHUU 3EPHA

Cypnauesa B.B., Kazanues M.II., KopoGeitnukos A.C., ©<) Ammapuna JL.®.
Cubupckuii ghedepanvhwiii HayuHbll YeHmp azpoouomexnonozuti Poccutickou akademuu Hayk

HoBocubupckast o6macts, p.im. KpacnooOck, Poccus
(<De-mail: alf8@yandex.ru

Bricokast BIa)XKHOCTh, HU3Kas TeMIepaTypa U OOJIE3HETBOPHBIE MUKPOOPTaHU3MBI CIOCOOHBI
3HAUUTEJIbHO CHU3UTh Ka4€CTBO CEMSH 3€PHOBBIX KYJIBTYp IPU UX XpaHeHuH. V3yueHo BiusHHE
TEMIIEPATyPbl ¥ BIAXKHOCTH HA MOPA)KaeMOCTb CEMSH IILIEHUIBI (UTONATOreHAMHU IPU XPaHEHUH.
BrusiBrieHO cHIDKEHHE 3apaKEHHOCTH CEMEHHOTI0 MaTepraia BCeMU BHIaMH TPHOOB B TEIIOM CKJIa-
ne nipu 14%-ii BnaskHocTH. [Ipu noBeienny BiaxxHOCTH 10 20% NpOoUCXOANIIO yBeTHUeHHE 00LIen
3apakeHHOCTH. [lokazaHa 3aBHCHMOCTH MOPakaeMOCTH BCXO/IOB 3€PHOBBIX KYJIBTYp OT YCIOBHH
xpaHeHus ceMsH. [lpu Terom pexume XpaHeHHs CeMsTH IPY HOpMabHOI BiakHOCTH (14%) BBIIB-
JIeH HanboJiee BEICOKUI HHIEKC Pa3BUTHS 00JIe3HEH — B 2,9 pa3a BHIIIIE 10 CPAaBHEHUIO C XOJIOIHBIM
PEKUMOM XPaHEHUs], HO C aHAJOTMYHOH BIIAXKHOCTHIO. AHAJIOTHYHBIC JaHHBIC MOJIYYEHBI U NPH
OIIPEJENICHUN PacPOCTPAaHEHHOCTH KOpHEBOW rHmwiM. Hanbomnbiuumii mokasarens pacnpocTpaHeH-
HOCTH OOJIE3HU OTMEUEH y paCTEHHi, BHICESTHHBIX CEMEHAMU, XpaHIIUMHCS pU BiaxHocTH 20%
B TEILJIOM CKJIaJie, uTo B 1,5 pa3a BbIIlIe 110 CPABHEHUIO C CEMEHAMM, BHICETHHBIMU NTPH CTaHIapPTHOM
BiaxkHocTH (14%). Ilpu X0om0qHOM XpaHEHWU CEMSH PacIpOCTPAHEHHOCTh KOPHEBOM THWIN IMPH
BbICOKOM BiakHOCTH (20%) cocraBuia 63% — Ha 7% BbIme, ueM npu ctanmaptaoit (14%). Ilpu
MOBBIILIEHHOH BiakHOCTH (20%) Kak B TEIUIOM, TaK U B XOJOAHOM CKJIaJe PaclpoCTPaHEHHOCTb
KOPHEBOM T'HWJIM BBIIIE, YEM NPU CTAHAAPTHOH BIaKHOCTH. OTMEUEHO, YTO MPH TEIJIOM PEKUME
XpaHEHUs! CeMsIH IpH BiakHOCTH 20% OopraHoTponHas crieluain3anus XapakTepu3yeTcsi Ipruypo-
YEHHOCTBIO TAaTOT€HOB KO BCEM OpraHaM pacTeHMS.

KuroueBble ci10Ba: spoBas MIISHHUIA, PEKUM XpaHEHH, (DUTOMATOTeHbI, 3apaKeHHOCTh, CeMe-
Ha, BCXOXKECTh, Pa3BUTHE OOJIE3HU

EFFECT OF TEMPERATURE AND HUMIDITY ON THE COMPOSITION OF
WHEAT PHYTOPATHOGENS DURING GRAIN STORAGE

Surnacheva V.V., Kazancev M.P., Korobejnikov A.S., CX)Ashmarina L.F.

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia
(<De-mail: alf8@yandex.ru

High humidity, low temperature and pathogens can significantly reduce the quality of cereal
crop seeds during storage. The effect of temperature and humidity on the infestation of wheat seeds
by phytopathogens during storage was studied. A decrease in infestation of seed material with all
types of fungi in a warm warehouse at 14% humidity was found. When humidity increased to 20%,
there was an increase in total infestation. The dependence of seedling infestation on seed storage
conditions is shown. Warm storage mode of seed storage at normal humidity (14%) revealed the
highest index of disease development — 2.9 times higher compared to cold storage mode, but with
similar humidity. Similar data were obtained when determining the prevalence of root rot. The high-
est incidence of the disease was noted in plants sown with seeds stored at 20% humidity in a warm
warehouse, which is 1.5 times higher compared to the seeds sown at standard humidity (14%). When
seeds were stored cold, the prevalence of root rot at high humidity (20%) was 63% — 7% higher
than at standard humidity (14%). At higher humidity (20%) in both warm and cold storage, the
prevalence of root rot is higher than at standard humidity. It was noted that under warm seed storage
conditions at 20% moisture content, organotropic specialization is characterized by allocation of
pathogens in all plant organs.

Keywords: spring wheat, storage mode, phytopathogens, infestation, seeds, germination, dis-
ease development
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INTRODUCTION

Currently, the seeds of agricultural crops in
the conditions of Western Siberia are affected
by a whole complex of pathogens [1-3]. This
leads to a number of negative factors: reduc-
tion of sowing qualities, germination, germi-
nation energy, etc. [4-6]. The main indicators
of grain freshness change under the influence
of microorganisms: color, gloss, odor and taste
[6-9]. Mycotoxins are products of molds that
are extremely toxic to animals and humans.
More than 200 toxic substances released by
mold fungi have been found: aflatoxins, ochra-
toxins, patulin, zearalenone and others, among
which aflatoxins released by 4. flavus are the
most dangerous due to their particular toxicity
and carcinogenicity [10].

Treatment of seeds with various substanc-
es to protect them from diseases and pests is
one of the most targeted, cost-effective and
environmentally friendly measures to protect
plants [11]. Chemical dressing agents, which
disinfect seeds quite effectively, have a num-
ber of negative properties: the high cost of
treatment and environmental risks associated
with their use [12].

One effective way to improve the health of
seed is to optimize storage conditions with the
necessary levels of temperature and humidity
in the storage rooms.

The purpose of the study is to examine the
effect of temperature and humidity on the in-
festation of wheat seeds by phytopathogens
during storage.

The research objectives are to:

- determine the effect of temperature and
moisture factors on the total infestation of
wheat seeds with a complex of phytopatho-
gens;

- identify the degree of influence of temper-
ature, humidity and infestation of wheat seeds
on field germination;

- determine the degree of influence of grain
storage conditions on the infestation of seed-
lings in the field conditions.

MATERIAL AND METHODS

The studies were carried out at the research
and experimental base of the Siberian Research
Institute of Fodder Crops, SFSCA, RAS. The
influence of various factors (temperature, hu-
midity) on the infestation of wheat seeds was
evaluated in a laboratory experiment. The aim
of the experiment was to identify the degree of
influence of temperature, humidity and infes-
tation of wheat seeds on the field germination.

Wheat seeds were stored under natural con-
ditions, previously placed in storage contain-
ers (bags). Seeds were sampled to monitor
their phytosanitary status and changes in the
seed quality every 30 days of storage'. Along
with this, samples were taken to determine
initial seed infestation. Mycological analysis
of seeds was carried out according to the gen-
erally accepted method based on creation of
optimal conditions that stimulate growth and
development of pathogens in order to obtain
spore formation?. To study the composition of

'GOST R 52325-2005. Seeds of agricultural plants. Variety and sowing qualities. Moscow: Standartinform, 2006.
“Naumov N.A. Analysis of seeds for fungal and bacterial infection. Moscow; L.: Selkhozgiz, 1951. 137 p.
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mycoflora, seeds (10 pieces each) were placed
on prepared sterile Chapek's agarized medium
to study seed infestation by phytopathogens (n
=50). The observations and records were made
in 7-14 days. For this purpose, each colony of
fungi was viewed under a microscope and the
percentage of seed microbial infestation was
calculated. Species identification of fungi was
performed according to the identifiers™* [13].
For more detailed identification, the colonies
were cast on agarized medium in test tubes for
subsequent identification of species.

The effect of wheat seed storage conditions
on plant infestation by root rot was evaluated
under field conditions in a microfield experi-
ment [10]. The repetition of the experiment
was three times. Sampling for root rot in-
festation was carried out during the tillering
phase of grain crops according to generally
accepted methods. For this purpose, all plants
were washed under running water and visual
analysis was carried out. During the vegeta-
tion period the record of leaf-rolling infections
in grain crops was carried out in dynamics.
Mathematical processing was performed us-
ing Statistica software.

RESULTS AND DISCUSSION

Phyto-examination of spring wheat seeds
for their initial infestation was carried out be-
fore starting the experiment (see the table).

At 20% moisture content in seeds, the ten-
dency to higher infection by phytopathogenic

fungi of genera Alternaria, Fusarium and Bi-
polaris was noted, although it is statistically
unreliable. Associated fungi, represented by
species of genera Aspergillus and Mucor, had
a low level of infestation (up to 6%).

Next, seeds with different moisture content
were stored at different temperature regimes
(warm and cold storage).

The studies conducted on the 136th day of
the experiment showed that the highest infes-
tation with phytopathogens was found when
storing grain at 20% moisture content under
both cold and warm storage regimes (see Fig.
1). The level of infection with one of the main
root rot pathogens by Bipolaris sorokiniana
(Sacc.) Shoemaker exceeded the threshold of
harmfulness (TH 15%) and was 16 and 32%,
respectively. Representation of species of the
genus Fusarium was significant in these sam-
ples and reached, respectively, 52 and 26%,
Alternaria species -76 and 68%.

The highest total infection with root rot
pathogens was found in samples of wheat
grain stored at high humidity of cold storage
(194%) and warm storage (178%) (see Fig. 2).
Common mycoflora, represented by Penicil-
lium and Aspergillus species, was also higher
at humidity of 20%.

Literature data indicate [5, 8, 9] that at
higher humidity the number of phytopatho-
gens increases, since more favorable condi-
tions are created for their development. This
agrees with the results we obtained. At high-

Hcxonnas 3aceeHHOCTh CeMsIH MIIEHUIBI TPHOaMHy Tiepe]] 3aKIaKoH 1a00paTopHOTro OIbITa
Initial infestation of wheat seeds with fungi before the laboratory experiment

Average number of fungi colonies in Petri dishes *

Alternaria | Fusarium | Bipolaris | Aspergillus | Mucor
Humidity 14%

6.8+ 1,1 | 3+1,22 | 14208 |  04+08 |  06%0,89
Humidity 20%

86114 | 52+179 4813 | 0 | 0

* Mann-Whitney U-test difference (p < 0,05) in comparison with the control.

3Bilai V.I. Fusariums. Kiev: Naukova Dumka, 1977. 442 p.

“*Pidoplychko N.M. Fungi parasites of cultivated plants: Identifier in 3 volumes. Kiev: Naukova Dumka, 1977. Vol. 1.
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B Alternaria W Fusarium W Cladosporium W Bipolaris W Penicillium W Aspergillus W Mucor

Puc. 1. 3apakxeHHOCTb CEMSH TMIICHUIIBI:

I — 3HAYUMOCTb paznnyuus 1o tecty Janna (p < 0,05) M0 CpaBHEHHIO C COOTBETCTBYFOIIIUM BapHAHTOM;

31ech U Ha puc. 2—4: 1 — BnaxuocTb 14%, Terblii ckian; 2 — BiaxxHOCTb 20%, Teribli cKiaa; 3 — BIaKHOCTh
14%, xomonusIii ckitam; 4 — BIaxHOCTb 20%, XOJIOMHBIN CKIIa]

Fig. 1. Infestation of wheat seeds;

r - significance of the difference by Dunn's test (p < 0.05) compared to the corresponding variant;

here and in Figs. 2-4: 1 — 14% moisture content, warm storage; 2 — 20% moisture content, warm storage; 3 — 14%
moisture content, cold storage; 4 — 20% moisture content, cold storage

e 250 er humidity (20%), the level of infection of
ogn 200 178 150 194 wheat seeds with representatives of genera 4/-
£ }38 116 I ternaria, Fusarium, Bipolaris was higher than
é 50 I at 14% humidity.
= 0 ‘ , , To find out the effect of seed storage re-
1 2 3 4 gimes on the development of wheat diseases,
Puc. 2. CyMMa 3apaskeHHOCTH TIICHAIH duToma- @ microfield experiment was carried out. The
TOTEHHBIMU Ipubamu pona Fusarium, Alternaria, seeds under study were sown in the field. In
Bipolaris the phase of full tillering, plants were analyzed

Fig._ 2. Sum of infestation of wheat by phytopatho-  for intensity of development and prevalence
genic fungi of Fusarium, Alternaria, Bipolaris of root rot on various underground organs of

genera spring wheat (see Fig. 3, 4).
It was found that the disease development
30 A
25 A
.20 -
=N
A 15 A
210 -
5 -
0 -
1 2 3 4
B Primary Roots B Epicotyle M Secondary Roots B Stem base

Puc. 3. lnexchl pa3BUTHS KOPHEBOH THUIIN TIIIICHUIIBI:

B — 3HAUUMOCTH pasznuyumst o tecty Jlanna (p < 0,1) Mo cpaBHEHHUIO ¢ COOTBETCTBYIOIIUM BapUAHTOM
Fig. 3. Indices of wheat root rot development;

B — significance of Dunn's test difference (p < 0.1) compared to the corresponding variant
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Puc. 4. PacnpoCcTpaHEHHOCTh KOPHEBOU I'HUJIU MILIEHULIB;

B — 3HAYMMOCTH pa3nuuus o tecty anna (p < 0,1) mo cpaBHEHHIO ¢ COOTBETCTBYIOIINM BapHAHTOM

Fig. 4. Prevalence of wheat root rot;

B - significance of Dunn's test difference (p < 0,1) compared to the corresponding variant

was greatest when sowing wheat seeds stored
at high humidity (20%), compared with the
variants where the seeds were sown with the
standard humidity (14%). The level of root rot
development was generally low; only in the
variant with 20% humidity during warm stor-
age it exceeded the threshold of harmfulness
(TH 15%). It was 17,3% on the average per
plant, which was 2,4 times higher compared
to the variant with the humidity of 14% during
the warm storage. Consequently, the moisture
factor contributes to a more significant devel-
opment of pathogens. This is confirmed by the
fact that at the same humidity (20%) and cold
storage the index of disease development was
respectively 3.8 times higher compared to the
variants with the same storage temperature re-
gime, but at standard humidity (14%)).

Warm storage mode of seed storage at nor-
mal humidity (14%) revealed the highest in-
dex of disease development - 2.9 times higher
compared to the cold storage mode, but with
similar humidity. This indicates that warm
storage mode is more favorable for the devel-
opment of pathogens, in particular root rot.

Similar data were obtained when determin-
ing the prevalence of root rot. The highest prev-
alence of the disease was noted in the plants
sown with the seeds stored at 20% humidity in
warm storage, which is 1.5 times higher com-
pared with the plants from the seeds stored at
standard humidity (14%). When seeds were

stored cold, the prevalence of root rot at high
humidity (20%) was 63%, 7% higher than at
standard humidity (14%). The main infes-
tation was noted at the stem base. When the
seeds were stored in cold storage at standard
humidity (14%), the other plant organs were
weakly affected by root rot.

The obtained data indicate that under in-
creased humidity (20%) in both warm and
cold storage the prevalence of root rot is high-
er than under standard humidity. It should be
noted that organotropic specialization is char-
acterized by confinement of pathogens to all
plant organs in warm storage at 20% humidity.

CONCLUSIONS

1. Reduced infestation of seed material of
cereal crops with all types of fungi in warm
and cold storage at 14% humidity was detect-
ed. The highest values of total infestation were
observed at humidity of 20% in a warm ware-
house, indicating the importance of moisture
and storage temperature factor for the devel-
opment of mycoflora.

2. Dependence of wheat seedlings infesta-
tion on grain storage conditions was shown.
The lowest values of wheat root rot prevalence
and development were found in seedlings ob-
tained from the seeds stored at normal humid-
ity (14%) in a cold store. Thus, one of the
significant factors for seedlings infestation is
storage temperature and humidity of the seed
material.
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3KCTEPBLEPHBII NPO®WJIb 3AAHEHCKHUX KO3JIOB
C PA3JIMUHBIMU 'EHOTUIIAMMU I'EHA SPAG17

C<)T1o30BHUKOBa M.B., JleiiooBa B.B.

Bcepoccutickuil HayuHo-ucciedo8amenbCKutl UHCIMUmym 2eHemuKu

U PazeeoeHuUst CelbCKOXO3AUCMEEHHBIX HCUBOMHBIX — unuan DedeparbHo2o
UCCIe008amMeNbCKO20 YEHMPA HCUBOMHOBOOCMEA UM. akademuka JIL.K. Opncma
Cankrt-IletepOypr, Poccus

(<De-mail: pozovnikova@gmail.com

OkcTepbep GOPMUPYETCSl B MPOLECCE POCTA M PA3BUTHUS )KUBOTHOTO M SIBISIETCSl OTPaKEHUEM
BHEIITHETO BUJA M MPOMOPLUI Tesna. 3HAYMMYIO pojib B JOPMUPOBAHUH DKCTEPhEpa UTPAET TeHe-
tuaeckuil (akrop. benok criepmo-acconnnpoBaHHbId aHTHTeH 17, kopupyemblid reHom SPAGI7,
BBITIOJTHACT PSIJT BXKHBIX OMOJIOTMYECKHUX (PYHKIMH B TIPOIIECCEe POCTA U Pa3BUTHS OpraHU3Ma Mile-
KOIIUTAIOLIMX, B TOM YHCIIE BIUSET HAa POCT U pa3BuTue kocreil. Llenbio Hawell paboTh! OblI aHAIN3
nonumopdHbIX BapuaHnToB (indel) rena SPAGI7 B cBs3H C TIOKa3aTesIMH IIPOMEPOB Tella MOJI0BO-
3pEIIBIX KO3JIOB 3aaHEHCKOM Mopobl. B BEIOOPKY BKIiIIOUeHB! 43 Ko3I1a B Bo3pacTte 3—5 JeT, NpuHaj-
JISKAIIMX OJIHOMY M3 IieMxo3s1iicTB JIeHnHrpaackoit oonacru. s Beienenus oopasnos JJHK uc-
MOJIb30BaNIM MeTOJT (DEHOJIBHOM dKCTpaKiuu. [ eHoTHIIMpOBaHKEe MPOBOIMIIH 110 1$659761737 (indel
14 n.H., uaTpon 22) u no rs647063466 (indel 17 n.1., untpon 47) rena SPAG17 meromom AC-ITLP.
[lepen HayasOM CIy4YHOTO CE30HA OJHOKPATHO NMPOBOAMIN OOMEP IOJIOBO3PETBIX KO3JIOB 3aaHEH-
CKOH MOpObI C BEIYUCICHUEM MHICKCOB TEIOCIIOKECHUS. AHAIN3 YaCTOTHl TCHOTUIIOB U ajllesen
rokasain, 4to 1o rs659761737 (indel 14 n.1.) renorun DD onpenenen Ha yposae 0,186, ID — 0,419
u Il - 0,395. [is rs647063466 (indel 17 n.1.) rena SPAG 17 oTMeueHa POTUBOIIONOXKHASI KAPTHHA.
Yacrora rerorurnoB DD, ID u II cocraBmma 0,326; 0,512 u 0,163 coorBeTcTBeHHO. JKHBOTHBIE C
reqorunioMm II o rs659761737 (indel 14 n.1.) rera SPAGI7 uMenu JOCTOBEPHO BBICOKHE 3HAYCHIUS
obxgara msicta (p < 0,01), ocodu ¢ renoruriom ID 1o rs647063466 (indel 17 m.H.) oIHYaTUCH BBI-
COKMMH 3HaUEHUSIMH WHEKca BeIcokoHOTOCTH (p < 0,05) 1 rpyaHoro uaaekca (p < 0,05). [lomyden-
HBIE IaHHBIE TTO3BOJISIOT MTPENOTI0KHUTD, UyTO n3ydaeMble SNP rena SPAG /7 BHOCAT CyIIECTBEHHBIN
BKJIaJl B JOPMHUPOBAHUE HIKCTEPHEPHOTO MPOQHUIISI KO3JIOB 3aaHEHCKON TTOPOIBI.

KuroueBble cj10Ba: 3aaHeHCKas Opojia ko3, indel-nonumopdusm, uHaeKe, mpoMepsl Tela

EXTERIOR PROFILE OF SAANEN GOATS
WITH DIFFERENT GENOTYPES OF THE SPAG17 GENE

Pozovnikova M.V., Leibova V.B.

(XD Russian Research Institute of Farm Animal Genetics and Breeding — Branch of the L.K. Ernst
Federal Research Center for Animal Husbandry

Saint Petersburg, Russia

(<De-mail: pozovnikova@gmail.com

The exterior is formed in the process of growth and development of the animal and is a reflec-
tion of the appearance and proportions of the body. Genetic factors play a significant role in the
formation of the exterior. The protein sperm-associated antigen 17, encoded by the SPAG17 gene,
performs a number of important biological functions in the process of growth and development of
the mammalian organism, as well as affecting the growth and development of bones. The aim of our
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DKCTepbepHbIii MPO(UII 3aaHEHCKHX KO3JI0B TTo3oBHukoBa M.B., JleiiboBa B.b.
C pa3yIMuHbIMU TeHoTHnamu reia SPAG17

work was to analyze the polymorphic variants (indel) of the SPAG17 gene in connection with the
body measurements of mature Saanen goats. The sample included 43 goats aged 3-5 years from one
of the breeding farms of the Leningrad region. Phenol extraction was used to isolate DNA samples.
Genotyping was performed for rs659761737 (indel 14 bp, intron 22) and rs647063466 (indel 17 bp,
intron 47) of the SPAG17 gene by AS-PCR method. Before the start of the breeding season, sexually
mature goats of the Saanen breed were once measured with the calculation of body built indices. The
analysis of the genotypes and alleles frequency showed that, according to rs659761737 (indel 14 bp), the
DD genotype was determined at the level of 0.186, ID - 0.419, and II - 0.395. For rs647063466 (indel 17
bp) of the SPAG17 gene, the opposite pattern was observed. The frequency of DD, ID, and II genotypes
was 0.326, 0.512, and 0.163, respectively. Animals with genotype II for rs659761737 (indel 14 bp) of the
SPAG17 gene had significantly high metacarpus girth values (p<0.01), and the individuals with genotype
ID for rs647063466 (indel 17 bp) were distinguished by high values of the index of leg height (p<0.05)
and chest index (p<0.05). The obtained data suggest that the studied SNPs of the SPAG7 gene make a
significant contribution to the formation of the exterior profile of the Saanen goats.

Keywords: Saanen goats, indel-polymorphism, index, body measurements
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INTRODUCTION Among many paratypic factors, genetic fac-

Dairy goat breeding in Russia is a success- tor play§ a key regulatory role in the formation
fully developing and promising branch of dairy of exteriors. Curreptly, research on Fhe searph
cattle breeding. In 2020, the Saanen breed ac- and study of candidate genes associated with

counted for 82.8% of all goat breeds with a to- different phenotypes of ‘animals is relevagt,
tal herd of 17,901 heads'. Exteriors are impor- because the use of effective DNA markers in
tant for breeding animals and are formed in the brgedlng can help breeders n the selection of
process of growth and development of the ani- himals with high genetic potential [1].

mal and reflect the appearance and proportions Sperm-associated antigen 17 protein, en-
of the body. The exterior is determined by the coded by the SPAGI7 gene, performs many

breed peculiarities and productive qualities of biological functions in the process of grqwth
the animal, as well as a reflection of the biologi- and development‘ of the mammalian organism.
cal adaptation of the organism to environmen- A number of studies have shown that it is essen-

tal conditions. A breeding animal must have a tial for male fertility, as homozygous mutations

correct exterior shape and have a strong body in its exons are reliably associated with severe
composition? asthenozoospermia [2]. It also plays a signifi-

'Safina G.F., Chernov V.V., Khatataev S.A., Khmelevskaya G.N., Stepanova N.G., Pronin A.V., Baglay .M. Yearbook on
breeding work in sheep and goat breeding in the farms of the Russian Federation (2019). Lesnye Polyany: All-Russian Research
Institute of Breeding, 2020. 344 p.

*Tsaregorodtseva E., Toschev V. Goat breeding. Textbook for Higher Education Institutions. Litres, 2021. 361 p.
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cant role in the survival of newborn individuals
and influences bone growth and development
[3]. Some SNPs of SPAG17 gene have been as-
sociated with idiopathic low growth in humans
[4]. Recent studies confirm that some polymor-
phic variants of this gene are associated with
the body measurements [5] and goat fertility
[6]. Thus, the SPAGI7 gene can be considered
as a promising candidate gene in the selection
of farm animals.

The purpose of this work is to analyze the
polymorphic variants (indel) of the SPAGI17
gene in relation to the body measurements of
sexually mature Saanen breed goats.

Research objectives are:

- to measure sexually mature goats of the
Saanen breed and calculate body indices for
sexually mature goats;

- to do the genotyping of animals by indel
polymorphic variants of the SPAG/7 gene, and
estimate the frequency of genotypes and alleles;

- to study the relationship between different
genotypes of the SPAGI7 gene and the param-
eters of body measurements and body mass in-
dexes of animals.

MATERIAL AND METHODS

The material for the study was DNA isolated
from the venous blood of sexually mature goats
aged 3-5 years (n = 43) belonging to one of the
breeding farms of the Leningrad Region. Phe-
nolic extraction method was used to isolate the
DNA samples. Genotyping of the SPAG17 gene
by rs659761737 (indel 14 bp) and rs647063466
(indel 17 bp) was performed by AS-PCR (see
Table 1) [5]. PCR was performed on a Thermal
Cycler T100 amplifier (Bio-Rad, USA).

Body measurements of goats were measured
once before the start of the breeding season
(July). The measurements were taken in cen-
timeters: height at the withers, height at hips,
chest depth, chest width, chest girth, cannon
bone girth, and oblique body length. In addi-
tion, basic body mass indices were calculated
as a percentage’. All animals were kept in the
same housing and feeding conditions at the
time of the study.

STATISTICA 13 from Dell Inc (2016, soft-
ware.dell.com) was used to process the obtained
numerical data. Significance of the difference
between the compared values was assessed us-
ing the Kruskal-Wallis test.

RESULTS AND DISCUSSION

Information on animal genotypes was ob-
tained from the analysis of electrophoregram
data (see Fig. 1, 2).

In the analyzed group of animals, three
genotypes were determined for the two SNPs
studied. A 183-bp fragment was determined
for the Ins variant (allele I) and a 169-bp frag-
ment for the Del variant (allele D) according
to 15659761737 (indel 14 bp). A 241-bp frag-
ment corresponded to allele I according to
rs647063466 (indel 17 bp), for allele D - 224
bp long. Analysis of the frequency of geno-
types and alleles for the SPAG17 gene showed
that 1s659761737 revealed a low frequency of
allele D and only 18.6% of animals had the
homozygous genotype DD (see Table 2). For
1s647063466 of the SPAG17 gene, the opposite
picture was observed and only 16.3% of the in-
dividuals had homozygous genotype II.

Taoa. 1. Xapakrepuctuka npaiimeposn, ycnosust [1L[P

Table 1. Characterization of primers, PCR conditions

Primer an-
SNP Primer Position nealing tem- | Allele PCR product size
perature
1s659761737 F:GAGGGAATGTGAGCAGGAT |Intron 22 58-60 °C I 183 p.o.
(indel 14 bp) R:TTTGATGACAAGGAAGGGA D 169 p.o.
1s647063466 F:AAGTTCAGGGAGTGTTAAGGA | Intron 47 I 241 p.o.
(indel 17 bp) R:CTGTGCCAGACAGATGGTC D 224 p.o

*Kulikova N.I. Sheep and goat breeding: textbook. Krasnodar: KubSAU, 2017. 193 p.
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Puc. 1. Dnexrpodoperpamma parmentoB JIHK o
15659761737 rena SPAG17 (indel 14 m.1.). M-mapkep
BIORON GmbH JIHK-mapxep 100bp + (100bp plus
DNA Ladder ready-to-use, MeaureH)

Fig. 1. Electropherogram of DNA fragments at
15659761737 of the SPAG 17 gene (indel 14 bp). M-
marker BIORON GmbH DNA marker 100bp+ (100bp
plus DNA Ladder ready-to-use, Medigen)

A comparative analysis of the mean values
of the rs659761737 measures of the SPAGI7
gene showed that animals with genotype II
were significantly superior to animals in the
other groups in terms of metacarpal girth (p <
0.01, p <0.05) (see Table 3).

Analysis of rs647063466 of the SPAGI7
gene showed that animals with the ID genotype
were characterized by lower breast depth (p <
0.01) but were characterized by higher breast
and high-legged indices (p < 0.05) compared
with individuals with the DD genotype (see
Table 4).

The results of our research showed that in
the analyzed sample of goats of the Saanen
breed there was a high frequency of allele I
by rs659761737 (indel 14 bp) and allele D by
rs647063466 (indel 17 bp) of the SPAG17 gene.
The available literature data indicate that the
distribution of allele frequencies depends on

ID DD DD ID

m ol ID ID DD DD ID 1

Puc. 2. Dnexrpodoperpamma pparmentoB JJHK mo
15647063466 rena SPAG17 (indel 17 n.H.). M-mapkep
50 + bp DNA Ladder (EBporen)

Fig. 2. Electropherogram of DNA fragments
at rs647063466 of the SPAG17 gene

(indel 17 bp). M-marker 50 + bp DNA Ladder
(Evrogen)

the breed and the direction of goat productivity,
which may indicate a significant contribution
of the analyzed polymorphic variants of the
SPAG17 gene in shaping the exterior of animals.
In a study by S. Zhang et al (2019) two local
goat populations were analyzed, such as white
cashmere goats of meat-wool type and Hainan
black goats of meat type. The results showed
that the white cashmere goat group had a high
frequency of allele D and genotype DD in both
indel 14 bp and indel 17 bp of the SPAG17 gene
(0.917 and 0.847; 0.787 and 0.610, respective-
ly). However, the animals with genotype II by
two indel polymorphisms reliably differed by
a larger build and had high values of height at
the withers, width at the chest, and body length.
Hainan black goats were distinguished by uni-
form distribution of alleles at the analyzed in-
del-polymorphic loci. Animals with different
genotypes did not differ significantly in the ana-

Taoua. 2. Pacnpenenenue yacToT reHOTUNOB U ajuenel reHa SPAG 17 B aHamM3UpyeMoi TpyTITe JKUBOTHBIX

Table. 2. Frequency distribution of SPAG17 genotypes and alleles in the analyzed group of animals

SNP n Genotype frequency Allele frequency
1659761737 (indel4 bp) 8 DD 0,186 I 0,605
18 ID 0,419 D 0,395
17 II 0,395
rs647063466 (indel17 bp) 14 DD 0,326 I 0,419
22 ID 0,512 D 0,581
7 II 0,163

300TeXHUs U BETEPUHAPHS
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Taoda. 3. CpenHue 3HaYCHUS IPOMEPOB TENIA KO3JIOB C PAa3IUUYHBIMU FeHOTUNIAMu TeHa SPAG17

(rs659761737, indel 14 bp)

Table 3. Mean measurements of the goats body with different genotypes of the SPAG17 gene

(rs659761737, indel 14 bp)

Genotype
Indicator (Mean =+ Std.Err) DD 1D I
n=38 n=18 n=17

Height, cm:
at the withers 84,06 + 2,00 89,10 £ 1,32 87,56 + 1,87
at hips 84,06 + 2,00 87,17 +0,81 88,11 +1,38
Oblique body length, cm 98,31 £2,60 100,53 + 1,17 101,59 + 1,56
Chest depth, cm 41,88 1,59 42,50 + 0,59 41,79 £ 0,49
Chest width, cm 26,81 +0,70 26,88 + 0,60 27,47+ 0,52
Girth, cm:

chest 112,75 + 2,60 115,0 +£ 1,088 114,18 £ 1,24

cannon bone

Index, %:
stretchiness

chest
high-legged
boniness
compactness
massiveness

Note. a, b when p <0,01; ¢, d when p <0,05.

11,50 £ 0,19%°

117,12 £2,71
64,31 + 1,40

49,96 + 2,36

13,73+ 0,38
114,97 + 2,68
134,56 + 4,14

12,03 +0,15¢

113,00 = 1,07
63,26+ 1,06

52,18 + 0,80
13,56 4 0,30
114,66 + 1,37
129,52 + 1,81

12,39 £0,19°

117,05 + 3,71
65,90+ 1,51

51,85+ 1,41
14,25+ 0,36
112,65 + 1,47
131,31 £ 3,07

Tab6a. 4. Cpennne 3HaYCHHSI IPOMEPOB KO3JIOB C PA3TMYHBEIMU TeHOTHITAMu TeHa SPAG 17

(15647063466, indel 17 bp)

Table 4. Mean measurements of the goats body with different genotypes of the SPAG17 gene

(rs647063466, indel 17 bp)

Genotype
Indicator (Mean + Std.Err) DD ID I
n=14 n=22 n="17
Height, cm:
at the withers 86,75+2,22 87,97 £ 1,22 87,86 £ 2,43
at hips 87,11 £1,10 86,50 £ 1,12 88,11 £ 2,30
Oblique body length, cm 102,21 + 1,49 100,09 + 1,36 98,57 £2,09
Chest depth, cm 43,35+ 0,83° 41,02 + 0,49° 43,01 +£ 0,89
Chest width, cm 26,90 = 0,44 26,99 + 0,43 27,86 + 1,45
Girth, cm:
chest 114,07 £ 1,62 114,45+ 1,12 114,21 £ 1,76
cannon bone 11,93 £ 0,22 12,21 £0,16 11,93 £ 0,23
Index, %
stretchiness 119,02 £4,23 113,96 = 1,35 112,49 + 2,61
chest 62,23 +£1,13¢ 65,90 = 1,07¢ 64,64 £2,46
high-legged 49,59 +1,69¢ 53,20 £ 0,844 50,82 £ 1,65
boniness 13,89 +£ 0,49 13,92 £ 0,21 13,65 + 0,50
compactness 111,75+ 1,61 114,61 £ 1,27 116,12 £ 2,60
massiveness 132,57 £ 3,84 130,46 + 1,66 130,58 £ 4,03

Note. a, b when p <0,01; ¢, d when p < 0,05.
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lyzed indices. The data obtained in our study on
the body measurements of mature Saanen goats
indicate that the animals are properly developed
and correspond to the dairy type of productiv-
ity. Based on the 14 bp of the SPAGI7 gene,
the animals with genotype II were character-
ized by reliably high values of the metacarpal
girth. This indicator is used to judge the overall
strength of the animal's constitution, which to
some extent can be associated with the fertility
and viability of individuals. According to the
data of the work [ 7], the metacarpal girth of
bulls had a significant genetic correlation with
the milk yield of the daughters in 305 days of
lactation (r = 0.460), which, according to the
author, indicates that animals with a strong con-
stitution have a high adaptive capacity.

In our study, animals with genotype ID by
indel 17 bp of the SPAG17 gene were distin-
guished by high values of chest and high-
legged indices, which indicates that the animals
are large and have a well-developed chest. The
chest measurements are primarily a reflection
of the intensity of development of the animal's
axial skeleton. For goats of dairy breeds a devel-
oped rib cage indicates the potential of animals
for high milk productivity [8]. In studies [7],
the chest girth indicator of bulls had a positive
correlation with the milk yield of the daughters.

In goat breeding, exterior performance is
a reflection of breed standards and an integral
part of breeding in the development of selection
and breeding criteria. According to the research
[9], the main indicators of measurements have
a reliably positive relationship with the milk
yield of animals in Saanen goats. Similar data
were obtained in other goat breeds. Linear body
measurements were positively correlated with
the milk productivity in Indonesian Etawa goats
[10], native Turkish Kilis goats [11], and in
Bedouin goats of the Sahara Desert [12]. In this
regard, selecting large individuals for breeding
will improve the milk productivity of herds.

CONCLUSION

Indel polymorphism variants of the SPAG17
gene are associated with some indicators of the
exterior of sexually mature goats of the Saa-
nen breed. The animals with genotype II by

rs659761737 (indel 14 bp) of SPAG17 gene had
reliably high values of metacarpal girth, the
individuals with genotype ID by rs647063466
(indel 17 bp) had high values of high-legged
and chest indices. The data suggest that indel
mutations in the SPAGI7 gene can be used as
a DNA marker in marker-assisted selection in
goat breeding to produce large animals with
high milk production potential. However, these
data are preliminary, as they were obtained on
a small herd of goats and require further study.
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OIIEHKA MOJIOYHOM MPOAYKTUBHOCTH U KAYECTBA MOJIOKA KO3
PA3HBIX TEHOTUIIOB B 3ABUCUMOCTHU OT YUCJIA JAKTALIUIA

(<)3ageamna M.B.!, Jlensies T.B.!, Kopuuiosa B.A.2, Jlosuosa JLI.!, [Ipeoopaskenckas T.C.!
'Capamosckuii eocyoapcmeennulil acpaphbiil yhusepcumem um. H.U. Basunosa

Caparos, Poccus

2Camapckuti 20cyoapcmeenuvlil azpapHwlil yHUGepcument

Camapckas o6mactb, T. Kunens, Poccus

(><De-mail: mvzabelina@mail.ru

IIpuBeneHs pe3ynbTaThl ONEHKH JHHAMHUKHA MOJIOYHON MPOTYKTUBHOCTH KO3 Pa3HBIX TCHOTH-
OB B 3aBUCUMOCTH OT uMciia Jlaktanui 3a 305 nHeil. V3ydyeH ypoBeHb CpPEIHEMECSUHBIX YIO0EB.
Juisg poBeieHus ombITa COPMHUPOBAIIN YETHIPE TPYIITHI KO3 3aaHEHCKOW M HYOMICKO# mOpo 1Mo
10 ron. B kaxkoil. Haunnas ¢ 1-ro mecsina nakranuy Bo BCeX Ipynnax yAoH IUIAaBHO yBEJINYHBAI-
cs 10 4-ro MecsIa, 3aTeM K 3aBEpIISHUIO JIAKTAl[MM yMEeHbIIancs. MakcuMallbHble CpeHeMecs -
HBIC YIOU MPUXOIWINCH HA 2—4-1 MECAIBI JJAKTallMh BO BCEX YETHIPEX TPyIax Ko3omarok. Ham-
OoJTBIITHE TTOKA3aTeNN TI0 CPETHEMECSIYHBIM HAZ05M ObUTH y KO3 BCEX T€HOTHUIIOB U JIAKTAINH B 4-M
Mecsre. Ko3bl 3aaHeHCKO TOPOIBl JOMUHUPOBAIN HaJ KO3aMU HYOWHCKOH IO TIEpBOM JIAKTAITHH
Ha 14,43 xr, wnu 15,96%, mo tpetheii — Ha 4,23 xr, wim 4,48%. ccnenoBansl okazarenu Gu3u-
KO-XHMHYECKOr0 U MUKPOOMOJIOrMYECKOro COCTaBa MOJIOKA KO3 3aaHEHCKOW M HyOMiicKoi mopon
pasHoro uucna jgakranuid. CopepikaHue OCHOBHBIX MUTATEbHBIX BELIECTB MOJIOKA: OeJKa, KHupa
U MOJIOYHOTO caxapa, a TakKe MUHEpaJIbHBIX BEIIECTB — BbIIIE Y KO3 HYOUHCKOH MOpOAbI B 00e-
nx nakranusax. [lokazaTenu IIOTHOCTH M KUCIOTHOCTH K03bero Mosioka coorBeTcTBoBasin ['OCTy.
Touka 3amMep3aHust 00pa3IOB KO3BETO MOJIOKA KO3 00EHX IMMOPOJI M JTAKTAINH Koslebanach B Ipezenax
0,50-0,57 °C. ConmepkaHue COMaTHUECKHUX KIETOK B MOJIOKE KO3 OOOMX T€HOTHIIOB HAXOIWJIOCH B
npenenax ot 128 no 1500 Teic./cM® 1 cooTBeTCcTBOBaNIO HOpMaM. bakrepuanbHas 00CEMEHEHHOCTh
MOJIOKA KO3 00CHX TIOPOJI U JIAKTAIIUH HE MPEBbIIIalia IOMYCTUMBIX CAHUTAPHBIX HOPM.

KuroueBble ci10Ba: K03bl, 3aaHEHCKas 1Opo/ia, HyOUKCKas IOpoja, MOJIOYHAs IPOyKTUBHOCTH,
JaKTanys, 6eI0K, MOJIOYHBIN JKUP, JTAKTO3a

EVALUATION OF MILK PRODUCTIVITY AND MILK QUALITY OF GOATS
OF DIFFERENT GENOTYPES DEPENDING ON THE NUMBER OF LACTATIONS

(<) Zabelina M.V.!, Ledyaev T.B.', Kornilova V.A.%, Lovtsova L.G.!, Preobrazhenskaya T.S.!
ISaratov State Vavilov Agrarian University

Saratov, Russia

‘Samara State Agrarian University

Kinel, Samara region, Russia

(<De-mail: mvzabelina@mail.ru

The results of assessing the dynamics of milk productivity of goats of different genotypes de-
pending on the number of lactations in 305 days are presented. The level of average monthly milk
yields was studied. Four groups of Saanen and Nubian breed goats of 10 animals each were formed
for the experiment. Starting from the 1st month of lactation in all groups, milk yield increased con-
tinuously until the 4th month, and then went down by the end of lactation. The maximum average
monthly milk yields were in the 2nd-4th months of lactation in all four groups of female goats. Av-
erage monthly milk yields were highest for goats of all genotypes and lactations in the 4th month.
Saanen goats dominated over Nubian goats in the first lactation by 14.43 kg, or 15.96%, in the third
by 4.23 kg, or 4.48%. The parameters of physicochemical and microbiological composition of the
milk of Saanen and Nubian goats of different lactation numbers were studied. The content of the
main milk nutrients: protein, fat and milk sugar, as well as minerals is higher in the Nubian goat
breed in both lactations. The density and acidity of goat milk were in accordance with the GOST (All
Union State standard). The freezing point of goat milk samples of both breeds and lactations ranged
from 0.50-0.57 °C. The somatic cell content in the milk of goats of both genotypes ranged from 128
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to 1500 thousand/cm?® and conformed to the standards. Bacterial contamination of milk of the goats
of both breeds and lactations did not exceed permissible sanitary standards.
Keywords: goats, Saanen breed, Nubian breed, milk productivity, lactation, protein, milk fat,

lactose
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INTRODUCTION

Goat breeding is a traditional source of high-
quality milk and a wide range of processed
products. The most numerous and widespread
dairy goat breed in the Russian Federation is
the Saanen, and recently the Nubian breed as
well. Goats of these breeds, genotypes and pop-
ulations have unequal indicators of milk pro-
ductivity and quality characteristics of milk, so
there is a question of conducting a comprehen-
sive assessment of these indicators in order to
a more detailed and comprehensive application
in the livestock industry [1-3].

Currently, goat milk is in high demand in the
world, due to the high demand for ecologically
pure and natural nutritional products. Numer-
ous studies have established and proved the
high biological value of goat milk, because in
many of its properties it is the closest to wom-
en's milk, therefore, it is beneficially absorbed
not only by adults, but also by children [4-8].

The purpose of the study is to study milk
productivity, physical and chemical and micro-
biological parameters of goat milk of different
genotypes according to the number of lacta-
tions.

MATERIAL AND METHODS

The work was performed from 2020 to 2022
at Saratov State Agrarian University named af-
ter N.I. Vavilov. The studies were carried out on
the basis of LLC "ZooCenter Harmonia" (Sara-
tov region). Four groups of 10 goats of Saanen

and Nubian breeds were formed. All animals
were at the end of the 1st and at the beginning
of the 2nd month of lactation. Feeding and
housing conditions of the goats were identical.
Feeding rations were made taking into account
live weight and productivity of the goats ac-
cording to the norms of the Stavropol Research
Institute of Animal Husbandry and Forage Pro-
duction. The physical and chemical composi-
tion of milk, as well as its properties, were stud-
ied according to generally accepted methods in
the training research and testing laboratory for
determining the quality of food and agricultural
products at Saratov State Agrarian University
named after N.I. Vavilov.

RESULTS AND DISCUSSION

Milk productivity, physical, chemical and
microbiological composition, as well as the
properties of milk are influenced by such fac-
tors as breed, age, lactation period, composition
of diets, etc.

Data on milk productivity of goats of dif-
ferent genotypes given by L.N. Grigoryan and
other authors [9] show that goats of the Saa-
nen breed type had high milk yield per lacta-
tion - 663 kg, goats of the Nubian breed type
were characterized by high fat content in milk -
5.68%. Goats of Alpine and La Mancha breeds
had intermediate value.

S.A. Khatatayev et al. [10] point out that the
milk productivity, composition and properties
of goats' milk, in addition to the breed, are in-
fluenced by the lactation period, on which the
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Evaluation of milk productivity and milk quality
of goats of different genotypes depending on the number of lactations

Zabelina M.V, Ledyaev T.B., Kornilova V.A.,
Lovtsova L.G., Preobrazhenskaya T.S.

yield and quality of finished dairy products de-
pend. In their studies, the analysis of the milk
productivity of goats showed that the milk yield
for 305 days of lactation in Saanen goats aver-
aged 630 kg with an average daily milk yield of
2.15 kg, which is quite satisfactory for animals
of this breed.

The results of the experiment on milk pro-
ductivity of goats are given by [.V. Zasemchuk
and M.V. Berdanova. In their work they note
that according to the milk yield for 305 days
of lactation the goats of Saanen breed exceeded
their counterparts of Alpine and La Mancha
breeds by 78.61 and 23.87 kg respectively [7].

In our studies, the dynamics of milk produc-
tivity of Saanen and Nubian goats of different
lactations over 305 days showed different levels
of average monthly milk yields (see Table 1).

Saanen goat females were the leaders in the
amount of milk yielded in both first and third
lactations over Nubian goats. The difference
was 86.81 kg in the first lactation and 24.86 kg
in the third (p > 0.999).

Starting from the 1st month of lactation to
the 4th month of lactation, the milk yield gradu-
ally increased in all groups and gradually de-
creased towards the end of lactation. The maxi-
mum average monthly milk yields were in the
2nd-4th months of lactation in all four groups
of female goats. The highest average monthly
milk yields were observed for the goats of all
genotypes and lactations in the 4th month. At
the same time Saanen breed goats dominated
over Nubian goats in the first lactation by 21.54
kg or 25.05%, in the third by 7.23 kg or 6.68%
(p=>0.999).

Average monthly milk yields in 8-10 months
of lactation were significantly lower and prac-
tically the same in all groups. The minimum
value of average monthly milk yields was ob-
served at the 10th month of lactation in goats of
both genotypes, which is explained by the ges-
tation period of the experimental animals, but
the indicators of Saanen goats were better than
those of the Nubian goat breed. Their difference

Taoa. 1. /lunamuka cpeHEMECSUHBIX YA0EB KO3 pa3HbIX TEHOTHUIIOB M JIaKTaluid, Kr (7 = 10)

Table 1. Dynamics of average monthly milk yields of goats of different genotypes and lactations, kg (n = 10)

Indicator Breed

Lactation Saanen Nubian

month: First lactation Third lactation First lactation Third lactation
I-st 48,46 + 0,46%** 54,51 + 0,50 4423 £0,35 53,48 + 0,49
2-nd 61,57 + 0,65%** 67,62 + 0,62* 51,00 + 0,60 65,25+ 0,58
3-rd 95,42 + 0,81 %** 100,31 + 0,99 ** 76,83 + 0,76 96,15+ 0,78
4-th 107,53 + 1,50%%* 115,47 + 0,67 *** 85,99 + 0,91 108,24 + 0,61
5-th 63,14 + 0,66%** 70,23 + 0,63* 55,86 + 0,65 67,94 + 0,59
6-th 56,12 + 0,60%** 62,17 £0,51* 47,42 0,57 60,67 + 0,48
7-th 47,64 + 0,63%%* 53,67 + 0,40 4525+ 0,56 52,54 + 0,41
8-th 43,34 + 0,58%** 49,41 +0,34 * 38,00 + 0,46 48,26 + 0,36
9-th 30,27 + 0,59%** 36,15 4 0,30%** 26,16 + 0,45 34,41 +0,32
10-th 22,12 + 0,42%% 26,57 + 0,31 **x 18,06 + 0,41 24,31 +0,29
8:12;%;1;‘5 575,61 4 2,84%%* 636,11 + 2,59 *#* 488.80 + 2.50 611,25 + 2,44

*p>0,95.
*%p > 0,99,
%D > 0,999,
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was 4.06 kg or 22.48% in the first lactation and
2.26 kg or 4.85% in the third (p > 0.999).

Saanen goats of both lactations exceeded
Nubian goats in average monthly milk yield in
the 1st month of lactation by 9.56 and 1.93%,
in the 2nd - by 20, 73 and 3.63%, in the 3rd
by 24.20 and 4.33%, in the 5th by 13.03 and
1.87%, in the 6th by 18.35 and 2.47%, in the
7th by 5.28 and 2.15%, in the 8th by 14.05 and
2.38%, in the 9th by 15.71 and 5.06%, in the
10th by 22.48 and 9.30% respectively.

During the whole 9 months of the first lacta-
tion the reliable superiority (p > 0,999) of Saa-
nen breed goats over their Nubian counterparts
was noted which was 86,81 kg according to the
results of the first lactation (p > 0,999). A simi-
lar pattern was observed in the third lactation,
but at the 7th month of lactation no reliable dif-
ference between the milk yields of goats of both
breeds was observed. But at the end of the third
lactation the Saanen goats had an advantage
over their Nubian counterparts by almost 25
kg (p > 0.999). It should be noted that Nubian
goats in this farm are well enough matured by
the third lactation, then their productivity is less
inferior to Saanen goats.

A number of authors: 1.V. Zasemchuk and
M.V. Berdanova [7], A.M. Karpenya et al. [1],
A. Orazov et al. [11], A. B. Ospanov et al. [12],
E. L. Revyakin et al. [13], A.V. Tkachev [3],
N.G. Chamurliev et al. [14], A.P. Nikitina et al.
[15], N.G. Chamurliev et al. [16] believe that
when studying the milk productivity of goats,
it is extremely important to take into account
the indicators of the physical, chemical, micro-
biological composition and properties of their
milk, since the nutritional value and quality
of dairy products prepared from it depend on
them.

E.M. Shchetinina and Z.R. Khodyreva [17]
cite studies on goat milk quality and note that
Nubian goats have the highest protein content
in milk as compared to Czech, Saanen and
Toggenburg breeds.

V.V. Brunchugin and A.S. Shuvarikov. [18]
note that the highest content of milk solids in
their experiment was in the goats of Nubian
breed. They explain this by the fact that the ani-
mals of this breed compared to Saanen breed

have higher level of nonfat milk solids, fat and
lactose mass fraction in the milk.

When determining the nutritional value and
technological properties of goat milk, the high-
est content of the mass fraction of fat, protein,
casein, dry matter, milk sugar, minerals and
nonfat milk solids was found in the milk of
goats of the Nubian breed (see Table 2).

The milk of the Nubian goat breed contains
more dry matter than its Saanen counterparts in
both lactations studied (see Table 2). Accord-
ingly, the content of the main nutrients in milk:
protein, fat and milk sugar, as well as minerals,
is higher in Nubian goats. However, these dif-
ferences are not significant. Nevertheless, they
are consistent with the studies of other scien-
tists confirming the higher fat content and pro-
tein content in milk of the Nubian goat breed.

The nutrient content of the milk of the Saa-
nen and Nubian goats is shown in the figure.

The milk density of the studied goat breeds
was from 1027.5 to 1029.0 kg/m?3, which meets
the requirements of the GOST 32940-2014
"Goat milk. Technical conditions", with the
Nubian breed having higher data on this indica-
tor than the Saanen goats.

The highest indicator of titratable acid-
ity was also found in Nubian goats, which is
explained by the high content of proteins and
minerals in their milk.

The freezing point is an important indicator
in determining the quality of milk. The standard
for cattle milk is a freezing point of -0.52 to
-0.55 °C. When the freezing point is within 0
°C, there is reason to believe that it is diluted
with water and can be classified as adulterated.
When determining the freezing point of goat
milk samples of both breeds and lactations it
ranged from 0,50-0,57 °C. It should be noted
that the milk of Nubian goats had a slightly
lower freezing point than that of Saanen goats.

Numerous studies have established [1, 19]
that goat milk contains an increased number
of somatic cells in contrast to cow milk. It is
known that this peculiarity is related to the pecu-
liar excretion of milk from goats' udders. When
milk is excreted, parts of cell membranes are
excreted together with it, so if the test for cow's
milk is applied, it will reveal them additionally
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Tao6a. 2. OuU3NKO-XUMUYECKUE U CAHUTAPHO-TUTUEHNIECKUE TIOKa3aTe Il MOJIOKA MOIONBITHRIX KO3 (77 = 10)

Table 2. Physico-chemical and sanitary-hygienic parameters of milk of experimental goats (n = 10)

Breed
Indicator Saanen Nubian

First lactation Third lactation First lactation Third lactation
Dry matter, % 11,85+ 0,17 12,34 +0,14 12,86 0,19 13,39 +0,20
MSNEF, % 8,20+ 0,11 8,45+ 0,09 8,61 £0,12 8,77+ 0,10
Fat mass fraction, % 3,65 +0,08 3,89 + 0,04 4,25+ 0,05 4,62 +0,07
Protein mass fraction, % 3,04 £ 0,08 3,21 +0,09 3,39 +£0,07 3,45 +0,06
Caseine, % 2,28 +0,07 2,41 +0,09 2,42 £ 0,06 2,68 +0,07
Milk sugar, % 4,42 +0,17 4,49 +0,15 4,43 +0,15 4,51+0,18
Minerals, % 0,74 + 0,06 0,75+ 0,04 0,79 £+ 0,05 0,81 £ 0,03
Calories, kcal/100 g 64,53 67,75 68,93 74,23
Milk density, kg/m? 1027,5+0,11 1028,3+0,13 1028,6 + 0,12 1029,0 £ 0,13
Milk acidity, ° T 18,02 £ 0,36 18,34 £ 0,41 17,79 £ 0,38 18,36 £ 0,42
Freezing temperature, °C -0,50 -0,52 -0,55 -0,57
Somatic cells, thous. /cm? 4384 £ 102%** 1442 6 £ 10,6*** | 515,3 £ 13,6%** | 5246+ 14,2%**
Bacterial infestation, thous. /cm? Up to 300 Up to 300 Up to 300 Up to 300

x5 > 0,999,

Nutrients, %

%

Nubian breed
(third lactation)

Nubian breed
(first lactation)

Saanen breed
(third lactation)

Saanen breed
(first lactation)

P22 . . .
.| Protein mass fraction |:| Caseine

[43] Minerals

4 Fat mass fraction
Milk sugar

Conepn(aHHe MUTATCJIBHBIX BEHICCTB B MOJIOKC KO3 Pa3HLIX 'CHOTUIIOB, %
The ratio of nutrients in the milk of goats of different genotypes, %
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as somatic cells. Our research showed that the
content of somatic cells in the milk of goats
of both genotypes was 128 - 1500 thousands/
cm’® (p > 0,999) and met the sanitary norms and
requirements of the Technical Specifications
9837- 001 for the highest grade of goat milk.

All world standards for assessing the qual-
ity of milk regulate the level of the index of
infestation with various forms of microorgan-
isms, which is informative enough to show in
what sanitary and hygienic conditions milk is
obtained [20].

The norm for bacterial insemination is from
100 to 500 thousand/cm?®. Our studies have
shown that bacterization of milk of goats of
both breeds and lactations does not exceed the
acceptable sanitary standards.

CONCLUSIONS

1. Dairy productivity of Saanen goats in the
first and third lactations in 305 days is higher
than that of the Nubian goat breed by 15.08 and
3.91%, respectively.

2. The milk of Nubian goats, depending on
the number of lactations, prevails over the milk
of Saanen goats in terms of physical and chemi-
cal composition: the content of the mass frac-
tion of fat, protein, casein, dry matter, milk sug-
ar and minerals. The indicators of density and
acidity of goat milk corresponded to the GOST.
The freezing temperature of milk in goats of
both breeds and lactations was within the ac-
ceptable values for milk of the highest category.
Somatic cells and bacterial contamination were
within the sanitary norm limits.
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MAPA3UTOLIEHO3BI JUKOW CBUHBM (SUS SCROFA)
HA TEPPUTOPHUM 3ABAMKAJILCKOTI'O KPASI

XD Tperbsakos A.M.
Hayuno-uccnedosamenvckuti uncmumym eéemepurapuu Bocmounoi Cubupu — gpunuan
Cubupcroeo pedepanvroco HayuHo2o yenmpa azpobuomexnonoeuti Poccutickoil akademuu HayK

3abaiikanbckuit kpaid, Yura, Poccus
(<De-mail: tretyakoff752015@yandex.ru

[TpoBeneHo KOMITJIEKCHOE BETEPHHAPHOE HCCIICIOBAHUE MOIYJISIIIAN JIMKOH CBHHBH Ha TEPPUTO-
pun 3a0aiikabCKOTO Kpasi Ha TeJIbMUHTO3bI I MUKPOOOHOCHTEIHCTBO. M3ydeHa renpMuHTO(DayHa
JIUKUX CBUHEH, YCTAHOBICHA IUPKYIAIHS BO30YIUTENCH OakTeprualbHbIX O0ONC3HEH B MOMYISAIMN
9THX KXUBOTHBIX. OOBEKTOM MCCIIEOBAaHUI CTAIH MaTepHallbl, OJyYSHHBIC B ITOJIEBBIX UCCIIEI0Ba-
HUSIX B paiioHax 3a0aiikaibCKoro Kpasi. M3yueHue nopaxkeHHOCTH SHI0NIapa3uTaMu POBEICHO y 37
JIUKUX CBUHEU B Bo3pacte oT 6 Mec 110 3 neT B Teuenue 2019-2021 rr. Ha repputopun 3abaiikans-
CKOTO Kpasl 3aperUCTPHPOBaHA 3apPaKCHHOCTh JIMKUX CBUHEW BOCEMBIO BHJAMH PA3IHUHBIX TeJb-
MUHTOB. MakcuMaibHasi SKCTEHCUBHOCTh MHBa3HH (32,4%) 3apeructpupoBana y Sefaria labiato-
papillosa. Jlukue cCBUHBY 3apakeHbl KaK HMarnHAJIbHBIMU TeIbMHUHTAMU Setaria labiato-papillosa,
Metastrongylus elongatus, Ascaris suum, Trichocephalus suis, Oesophagostomum dentatum, Tax u
JTUYUHKaMUu reibMUuHTOB Cysticercus tenuicollis u Cysticercus cellulosae. V3yuenue mopdosoruu
MIOJIOBO3PEIIBIX BO3OYAHUTENEH CBHUIICTEIBCTBYET O Mapa3UTHUPOBAHUU y CBUHEW TeIbMHHTOB POJia
cerapusi, Buna Setaria labiato-papillosa. VI3 37 uccnemoBaHHBIX TUKUX CBUHEH y 12 )KMBOTHBIX 3a-
(uKcHpoBaHa accONMATUBHAS MHBA3HS CETAPUO03 + aCKapuI03, y TPEX CBUHEH OJTHOBPEMEHHO Tapa-
3UTUPOBAITH aCKapHIbl + Tpuxoue(habl, y TBYX )KUBOTHBIX 3aPETUCTPUPOBAHA ACCOIUAIINS CETapH-
03 + METacTpOHTHIIE3. Y TIOPaKEHHBIX ACCOLMAaTUBHON MHBAa3UEH CBUHEH MPU OPraHOJICNTHYECKOM
HCCIIeIOBAaHUM TYIIM OTMEUEHO YMEHBILEHHE B 2 pa3a u 0osee TONIIMHBI XPeOTOBOrO U GOKOBOTO
HINTUKa B CPAaBHEHHH C areJIbMUHTHBIMU KHBOTHBIMHU. Y CBHHEH, 3apaK€HHBIX aCKapUI030M U Me-
TACTPOHTUIIE30M, U3 TTAPEHXUMATO3HBIX OPTaHOB BIICICHBI MUKPOOHBIC KYIBTYPHI S. typhimurium
u E. rhusiopathiae. B opranu3Me TUKUX CBUHEH 3aQMKCUPOBAHBI APA3UTOIICHO3bI, COYICHAMU KO-
TOPBIX SIBJISIOTCS pa3Hble BU/bI T€JIBMUHTOB U TEJIBMUHTHI + BBICOKOIIATOTCHHBIE OAKTEPUH.

KiiroueBble cjioBa: TuKasi CBUHbSI, T€IIEMUHTO3bI, TATOT€HHbIC OAKTEPUH, TAPA3UTOLIEHO3

PARASITE CENOSES OF THE WILD PIG (SUS SCROFA)
ON THE TRANS-BAIKAL TERRITORY

(<DTretyakov A.M.
Research Institute of Veterinary Science of Eastern Siberia - Branch of the Siberian Federal
Scientific Centre of AgroBioTechnologies of the Russian Academy of Sciences

Chita, Trans-Baikal Territory, Russia
(XDe-mail: tretyakoff752015@yandex.ru

A comprehensive veterinary study of the wild pig population on the territory of the Trans-Baikal
Territory for helminthiasis and microbial transmission was carried out. The helminth fauna of wild
pigs was studied and the circulation of bacterial pathogens in the population of these animals was
established. The object of the research were materials obtained in the field studies on the Trans-
Baikal Territory districts. The study of endoparasite infestation was conducted in 37 wild pigs aged 6
months to 3 years during 2019-2021. Infestation of wild pigs with eight different types of helminths
was registered on the Trans-Baikal Territory. The maximum extent of infestation (32.4%) was re-
corded in Setaria labiato-papillosa. Wild pigs are infected with both imaginal helminths Setaria la-
biato-papillosa, Metastrongylus elongatus, Ascaris suum, Trichocephalus suis, Oesophagostomum
dentatum, as well as with helminth larvae Cysticercus tenuicollis and Cysticercus cellulosae. The
study of the morphology of sexually mature pathogens indicates parasitization of helminths of the
genus Setaria labiato-papillosa in pigs. Out of 37 wild pigs studied, the association infestation of
setariosis + ascaridosis was recorded in 12 animals, three pigs were simultaneously parasitized by
ascaridosis + trichocephalus, and two animals had the association of setariosis + metastrongylosis.
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Organoleptic examination of carcasses of pigs affected by associative infestation showed a 2-fold or
more reduction in the thickness of the backbone and side fat in comparison with helminth-free ani-
mals. In pigs infected with ascaridosis and metastrongylosis, microbial cultures of S. typhimurium
and E. rhusiopathiae were isolated from paraenchymatous organs. Parasite ecosystems with differ-
ent types of helminths and helminths + highly pathogenic bacteria have been recorded in the body

of wild pigs.

Keywords: wild pig, helminthiasis, pathogenic bacteria, parasitocenosis
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INTRODUCTION

The wild pig (Sus scrofa) is widespread
in the Trans-Baikal Territory and is a com-
mon species of its fauna. Wild pigs are distin-
guished from other game animals inhabiting
the territory of the region by their pantophagy,
high fecundity, and wide ecological plastic-
ity [1-3]. Wild pigs are the main commercial
species for many hunting farms in the Trans-
Baikal Territory.

Many scientific works in different natural
and climatic zones of the Russian Federation
and beyond are devoted to the study of the hel-
minth fauna of wild pigs as one of the valu-
able game animals' [1, 4-8]. In Kazakhstan, 15
helminth species have been registered in wild
boars: three species of trematodes, two of ces-
todes, nine of nematodes, and one of scrapie
species [9]. T.G. Melnikova established that
in Kyrgyzstan, wild boar are hosts of 21 hel-
minth species. V.A. Strelchik et al. observed
11 species of parasitic worms in wild boar in
the Primorsky Territory. Studies on helminth
infestations of wild boar were also carried out
in the middle belt of Russia. V.A. Romashov
analyzed the helminth fauna of wild boar in
the Voronezh Nature Reserve. In the Usmans-
kiy pine forest, he found 12 helminth species
in wild boar. Two species of trematodes, five

species of nematodes and three species of pro-
tozoa were found in wild boars in the territory
of the National Park "Losiny Ostrov" with an
extensiveness of infestation of 59% [10].

A number of authors [2, 11] point out® that
72 helminth species parasitize in wild pigs
and 98 in domestic pigs. A.l. Mozgovykh's
monograph (see footnote 1) states that the
world fauna includes 139 species of swine
helminths. Besides, 78 parasitic worm species
were registered in the territory of the former
USSR in domestic and wild pigs: 53 species
in domestic pigs and 33 in wild boar by 1967.

At the same time, it should be noted that there
is almost no information in the scientific litera-
ture on the taxonomic association (viruses, bac-
teria, protozoa, helminthes) of parasites in wild
pigs. The departure from the monistic point of
view on infectious and invasive diseases and
transition to the concept of associative dis-
eases allows to significantly accelerate further
development and widespread implementation
of various means and methods of combating
infectious and invasive diseases (see footnote
1) [12]. All this requires a comprehensive ap-
proach and the development of fundamentally
new methods to ensure rapid and accurate diag-
nosis of diseases caused by the participation of
different species of organisms at different levels
of the hierarchical ladder.

"Mozgovoy A.I. Helminths of domestic and wild pigs and diseases caused by them. Moscow: Nauka, 1967. pp. 129-164.
“Parasitocenosis and associative diseases: collection of articles. Moscow: Kolos, 1984. 302 p.

300TeXHUs U BETEPUHAPHS

CuOHPCKHii BECTHHK CEITbCKOXO3SHCTBEHHOMN Hayku ® 2022 ¢ 525 73



Parasite cenoces of the wild pig (Sus scrofa)
on the Trans-Baikal Territory

Tretyakov A.M.

The above indicates that the problem of par-
asitocenosis in the pathology of wild animals
is very relevant, since the data obtained as a
result of a comprehensive study of associative
members can be used for new approaches to
the deciphering of pathogenesis, timely diag-
nosis, specific prevention and treatment of as-
sociative diseases of animals.

The purpose of the study is to give a com-
prehensive helminthological and microbiolog-
ical assessment of the infestation of wild pig
populations in the Trans-Baikal Territory.

The objectives of the study are to study the
helminth fauna of wild pigs; to establish the
circulation of bacterial pathogens in the popu-
lation of wild pigs.

MATERIAL AND METHODS

The work was carried out at the Research
Institute of Veterinary Sciences of Eastern
Siberia, branch of the Siberian Branch of the
Russian Academy of Sciences. The work is
based on the materials obtained in the field
studies in the Trans-Baikal Territory. The
study of endoparasite infestation was carried
out in 37 wild pigs aged from 6 months to 3
years during 2019-2021.

Helminthological studies were performed
using generally accepted parasitological meth-
ods (Darling, Fulleborn, PGV by K.I. Skry-
abin, Berman helmintholarvoskopy method)*.

Microbial cultures were cultured in a ther-
mostat (dry-air electric thermostat cabinet 2C-
405M) at 37 °C with daily viewing for the first
5 days. After culture isolation, the morpholog-
ical properties of the colonies were described:
shape, type of edges, colony profile, and size.
The mobility of the colonies was examined by
the crushed drop method, stained again with
Gram stain, and microscopically examined.
The isolated cultures were identified by their
cultural and biochemical, tinctorial, and sero-
logical properties.

Microscopic examination was carried out
on smears, imprints of internal organ samples,
which were obtained after 3-4 times touch-

ing the surface of an organ slice with a slide.
Smears were prepared directly from the native
material and stained according to Gram, Ro-
manowsky-Giemsa, Kozlowsky, Peshkov and
Trujillo.

Virulence and pathogenicity of cultures
were studied by infecting laboratory animals
(white mice): 1 cm® of freshly prepared sus-
pension was injected intraperitoneally.

When isolating a pure culture, the identifi-
cation of the pathogen by motility, enzymatic
properties, catalase test, agglutination reaction
with sera, sensitivity to bacteriophages, and
seeding on elective media was performed.

Mobility was determined by the hanging
and crushed drop method, as well as by inocu-
lation in semi-liquid meat-and-peptone agar.
For this purpose, an 18-h broth culture grown
at room temperature was used.

To determine the enzymatic properties, the
pure broth culture was transferred to a mottled
row (11 sugars). The cultures were incubated
in an incubator at 37 °C.

The isolated culture was identified on the
basis of its cultural, morphological, biochemi-
cal, serological, and biological properties.

RESULTS AND DISCUSSION

To determine the circulation of infestation
agents, 37 wild pigs aged from 6 months to 3
years old that were hunted in the Trans-Baikal
Territory were subjected to complete helmin-
thological autopsy (CHA). Among them 17
animals were infected with different helminths
species (Al 46%). Since in most cases only
pieces of diaphragm were used for trichinel-
losis tests, the number of examined carcasses
was much greater (272) than in full autopsy.
A total of 272 carcasses were examined for
trichinellosis, of which 2 (0.7%) were found
to be infected with larvae.

As can be seen from the table, Setaria la-
biato-papillosa has the highest distribution
of helminths in the wild pig population in
the Trans-Baikal Territory, the extensiveness
of which is 32.4%. In our opinion, the main

3Kotelnikov G.A. Helminthological studies of animals and the environment. Moscow: Kolos, 1983. 208 p.
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CucremMaTn4eCcKuil COCTaB reJIbMUHTOB HHKOﬁ CBUHBU Ha TCPPUTOPHUUN 3abaiikaIbCKOro Kpast

Systematic composition of wild pig helminths on the territory of the Trans-Baikal Territory

Type of helminth Location The number of examined/affected animals,

Prevalence, %

Trichinella native Thoracic diaphragm 272/2 (0,7)

Metastrongylus elongatus Bronchi 37/4 (11,4)

Setaria labiato-papillosa Abdomen 37/12 (32,4)

Ascaris suum Small intestine 37/4 (10,8)

Trichocephalus suis Large intestine 37/3 (8,1)

Cysticercus tenuicollis Veil fat, pleura 37/2 (5,4)

Cysticercus cellulosae Muscles 37/1 (2,7)

Oesophagostomum dentatum Large intestine 37/2 (5,4)

source of infection of wild pigs with setariosis
is agricultural animals, in particular cattle, in
the population of which there is a persistent
vulnerability to setariosis in the territory of the
region. Although in the available literature,
we found no information on the disease of
wild pigs setariosis, but our research, namely
the study of morphology of sexually mature
pathogens, indicates parasitization of pig hel-
minths of Setaria labiato-papillosa species.
Nematodes Metastrongylus elongatus were
found in bronchi of more than 10% of wild pigs
examined. Metastrongylus elongatus was de-
tected in animals under one year of age, which
coincides with the data of other researchers on
the age dynamics of metastrongylosis.
Ascarids were found in the small intestine
in 10.8% of the examined animals. The age of
animals affected by ascariasis ranged from 4
to 8 months, no ascarids were found in older
pigs. It should be noted that investigations of
piglets younger than 4 months of age were not
carried out due to lack of material. In our opin-
ion, a certain role in the spread of ascariasis is
played by feeding grounds where animals are
concentrated. Besides, helminth eggs were re-
peatedly found in soil from these sites. Given
the ability of eggs to remain viable for a long
time (years), hunting farms should deworm
these areas and change their locations.
Trichocephalus suis was detected in the
large intestine of three pigs older than one

year, the intensity of trichocephalus infesta-
tion was 8.1%.

Infestation of wild pigs with Cysticercus
tenuicollis amounted to 5.4%, the same number
of animals was infected with intestinal stron-
gylates Oesophagostomum dentatum (see table).

The larvae of the swine chain Cysticercus
cellulosae were found in the heart muscle and
skeletal muscle of one pig. It can be concluded
that there are people infected with taeniasis.

The infestation of wild pigs with trichinel-
losis in the region is rather low and does not
exceed 0.7%. Out of 272 examined carcasses,
trichinella larvae were found in two animals.
However, the risk of human infection with
trichinellosis remains even in this case, taking
into account the fact that several hundred wild
pigs are harvested in the region annually.

Out of 37 wild pigs studied, the association
infestation of cetariasis + ascariasis was re-
corded in 12 animals, three pigs were simulta-
neously parasitized by ascariasis + trichoceph-
alus, two animals had association of cetariasis
+ metastrongylosis. Organoleptic examination
of carcasses of pigs affected by associative in-
festation showed a 2-fold or more reduction
in the thickness of the backbone and side fat
compared to those of helminthic animals.

Along with the study of helminth infesta-
tion, the microbial infestation of wild pigs was
studied. As a result, a number of bacteria were
isolated, including pathogenic agents.
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A culture of Erysipelothrix rhusiopathiae
was isolated from the lung tissue and medi-
astinal lymph nodes of a pig (age 2 years) in-
fected with metastrogilus.

Morphological properties. Gr+ polymor-
phic, thin, slightly curved rods, immobile. Ar-
ranged singly and in short chains.

Cultural properties. On MIB it caused
slight turbidity and grayish sediment. On MPA
it formed small dewy colonies.

Biochemical properties. Lactose, glucose,
maltose, sucrose, rhamnose fermented with
formation of acid without gas. The catalase re-
action was negative; reaction with methylroth,
neutralroth was negative. It formed hydrogen
sulfide.

Biological test. The death of white mice
was observed on day 3.

A culture of E. coli (serotype 08) was iso-
lated from the contents of the gastrointestinal
tract of a pig (6 months old) infected with as-
carids.

Morphological properties. Microscopy of
smears revealed polymorphic Gr+bacilli, soli-
tary, mobile.

Cultural properties. Large, white, grayish-
white colonies with smooth edges on MPA,
uniform turbidity on MIB, and crimson-red
colonies with metallic luster on Endo medium.

Biochemical properties. Fermented with
the formation of acid and gas glucose, lactose,
mannitol, sucrose, did not decompose urea. It
formed indole, didn't secrete hydrogen sulfide,
the test on Voges-Proskauer was negative.

Biological test. 1t did not cause the death
of mice.

Serodiagnosis. Reaction with polyvalent
group O coli serum I positive.

A culture of S. typhimurium was isolated
from parenchymatous (lungs, spleen) organs of
a boar (8 months old) infected with ascariasis.

Morphological properties. Gr- rods, with
rounded ends, were arranged individually, less
often in pairs.

Cultural properties. When sown on MPA, it
formed tender, smooth, juicy colonies, in MIB
it caused uniform turbidity, on Endo medium -
transparent bluish colonies.

Biochemical properties. Fermented glu-
cose, maltose, sucrose, did not ferment lac-
tose and sucrose. Emitted hydrogen sulfide. It
didn't form indole, didn't curdle milk, didn't
decompose gelatin.

Serodiagnosis. Reaction with salmonellosis
serum is positive (see footnote 1) [12].

Biological test. The death of laboratory
mice was noted on the 3rd day.

Thus, associations of helminths and bacte-
ria, including pathogenic ones, have been reg-
istered in wild pigs inhabiting the territory of
the Trans-Baikal Territory. The pathogens of
salmonellosis, escherichiosis, swine eruption,
and potentially dangerous pathogens have
been isolated.

The causative agents of swine eruption
were isolated from the pulmonary tissue, me-
diastinal lymph nodes of pigs infected with
metastrongylus, and from the causative agents
of metastrongylosis. According to Y. F. Petrov
[12], swine eruption pathogens can persist
in metastrongylosis for a long time, without
changing the morphological structure, cul-
tural properties. However, as the defenses of
the animal organism decrease under the action
of nematodes, the virulence of Erysipelothrix
rhusiopathiae and their number can increase
sharply to the level of pathogenicity. In pigs
infected with ascariasis, a microbial culture
of S. typhimurium was isolated from the lungs
and spleen.

In our opinion, the entry of bacteria into the
lungs, lymph nodes and other parenchymatous
organs occurs on the surface of helminth lar-
vae bodies, in our case - ascarids or metastron-
gylus from the intestines. A parasitocenosis
is formed in the animal organism, whose co-
members are helminths and highly pathogenic
bacteria. Their synergistic action leads to focal
or diffuse purulent-catarrhal bronchopneumo-
nia with high mortality of animals.

CONCLUSIONS

1. In the Trans-Baikal Territory, infesta-
tion of wild pigs with eight species of various
helminths has been registered. The maximum
extent of infestation (32.4%) was recorded for
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Setaria labiato-papillosa. Wild pigs were in-
fected with both imaginal helminths (Setaria
labiato-papillosa, Metastrongylus elongatus,
Ascaris suum, Trichocephalus suis, Oesopha-
gostomum dentatum) and helminth larvae of
Cysticercus tenuicollis and Cysticercus cellu-
losae.

2. The study of the morphology of sexu-
ally mature pathogens of infestations indicates
parasitization of helminths of Setaria labiato-
papillosa genus in pigs. In the available litera-
ture no information on the disease of wild pigs
setariarhiosis was found.

3. Of 37 wild pigs studied, the association
infestation of cetariasis + ascariasis was re-
corded in 12 animals, three pigs were simulta-
neously parasitized by ascariasis + trichocepha-
lus, two animals had association of cetariasis +
meta-strongylosis. Organoleptic examination
of carcasses of pigs affected by associative in-
festation showed a 2-fold or more reduction in
the thickness of the backbone and side fat com-
pared to those of helminthic animals.

4. In pigs infected with ascariasis and
metastrongylosis, microbial cultures of S. #y-
phimurium and E. rhusiopathiae were isolated
from parenchymatous organs.

In the body of wild pigs, parasitocenoses
have been recorded, whose co-members are
different types of helminths and helminths +
highly pathogenic bacteria.

CIIUCOK JIMTEPATYPbI

1. Toseopka A., Maxknaxosa JLII., Mumyx . T'enb-
MUHTBI JUKHX KOIBITHBIX BoctouHoli EBpomnsl:
MoHorpadusa. M.: Hayka, 1988. 209 c.

2. Kupunvyos E.B. PacmpocTpaHeHne 300aHTPO-
TTOHO3HBIX TEIIEMUHTO30B JIMKUX YKUBOTHBIX Ha
Tepputopun 3a0aliKanbCKoro Kpas // MexayHa-
POIHBIN HAYYHO-UCCIEIOBATEILCKUN SKypHAIL.
2018. Y. 2. Ne 1 (67). C. 9—-12. DOI: 10.23670/
IRJ.2018.67.011.

3.  Yepnvix B.I, Kupunvyos E.B., Kupunvyosa B.A.
['eTbMUHTO3BI IUKUX W JOMAIIHUX CBUHEH 3a-
OaiiKaIbCKOro Kpasi 1 Mepbl OOpbObI ¢ HUMH //
CuOupckuii  BECTHHUK  CEJIbCKOXO35HCTBEH-
Ho#t Hayku. 2020. T. 50. Ne 6. C. 75-82. DOI:
10.26898/0370-8799-2020-6-9.

4. Topoxos B.B., Camotinosckaa H.A., Cxupa B.H.
[Iporuo3 smuzoornyeckoi cutyauuu B Poccuii-

ckoii Dezepaiy 10 OCHOBHBIM I'€IIbMHHTO3aM
KMBOTHBIX // Poccuiickuil mapa3uToiornaecKkui
xkypHai. 2013. Beim. 4. C. 57-59.

5. Topoxos B.B. CoBpeMeHHass 3MHM300THYECKAs
CHUTYyallMsi ¥ TIPOTHO3 MO OCHOBHBIM T€JIbMHH-
TO3aM KUBOTHBIX B Poccun Ha 2015 rog // Poc-
CUICKUI mapazuTonornyeckuil >xypnain. 2015.
Beim. 1. C. 41-45. DOI: 10.12737/10225.

6. Jlumeunos B.®. IlapazutorieHo3bl U 0OONE3HH
JIMKHX YKUBOTHBIX bBepe3nHCcKoro 3amoBenHH-
ka // [1apa3uTOICHO3bI TUKUX U JJOMAIITHUX MJIe-
konuTaromnx benopyccun. MuHck: VYpaxai,
1984.

7. Yooiemaoocypuoze JIM., Iloyxsepus I.O.,
Mumuuaweunu P.C., Kurnunmapu 1].B. O6 3mu-
300TUYECKOM CUTYAIHH [0 OCHOBHBIM I'€JIbMHH-
TO3aM CBHHEH pa3HbIX nopoj B ['pysun // Poc-
CUHCKHUI MmapasuTonorndecknii xypran. 2018.
Ne 4. C.77-83. DOIL: 10.31016/19988435-2018-
12-4-77-83.

8. Opnosa U.U., Benoycosa U.H., Bypenox A.C,
Ihaskoea E.B. Pe3ynbrarbl MOHMTOpPUHIA IIa-
pa3uTapHOl CHTyallnd Ha 0Cc000 OXpaHsIEeMbBIX
IIPUPOIHBIX TEPPUTOPUSIX LEHTPAIBHOTO pe-
ruona Poccum (2014-2016 1) // Poccuiickuii
napasutosiorndeckuii  xypHai. 2017. Ne 2.
C. 139-145.

9. Jhynuyen B.I, Muxaiinos B.U., Tuwxos M.IO.,
Imaxosa O.H. Ananu3 31TM300THYECKON CHUTY-
alliy [0 MHBA3MOHHBIM OOJIE3HSAM KOIBITHBIX
OXOTHHYBETO X03sWcTBa // CHMOWpCKHA BecT-
HUK CEIbCKOXO3sICcTBEHHON Hayku. 2016. Ne 3.
C. 55-59.

10. Camotinosckast H.A. IMapasutodayna kabaHoB
B HallMOHAJIBHOM napke «JIocuHBIA OCTpPOB»
(Mocksa) // Poccuiickuii mapa3uToIOTHIeCKuit
xKypHai. 2011. Ne 3. C. 17-19.

11. Apxunoe U A., Emenvanosa H.b. IlpousBon-
CTBEHHBIC MCIIBITAHMSI BUTHCOJA MPU HEMAaro-
no3ax kabaHoB // Poccuiickuii mapasurtonorude-
ckuit xyprai. 2009. Ne 2. C. 97-100.

12. Ilempos FO.®. [Tapa3uToueHO3bl U aCCOLUATUB-
Hble OOJIE3HH CEIbCKOXO3SMCTBEHHBIX JKHBOT-
HbIX: MOHOrpadus. JI.: Arpornpomuszar, 1988.
176 c.

REFERENCES

1. Govorka Ya., Maklakova L.P., Mitukh Ya. Hel-
minths of wild ungulates of Eastern Europe.
Moscow, Nauka Publ., 1988, 209 p. (In Rus-
sian).

2. Kiril'tsov E. V. Spreading of zooantroponoze hel-
minthiases of wild animals on Transbaikal Terri-

300TeXHUs U BETEPUHAPHS

CuOHPCKHii BECTHHK CEIBCKOXO3SHCTBEHHOM Hayku * 2022 ¢ 52«5 77



Parasite cenoces of the wild pig (Sus scrofa)
on the Trans-Baikal Territory

Tretyakov A.M.

tory. Mezhdunarodnyi nauchno-issledovatel'skii
zhurnal = International Research Journal, 2018,
part 2, no. 1 (67), pp. 9-12. (In Russian). DOI:
10.23670/IRJ.2018.67.011.

Chernykh V.G., Kiril'tsov E.V., Kiril'tsova V.A.
Helminthiases of wild and domestic pigs of the
Trans-Baikal Territory and measures to control
them. Sibirskii vestnik sel'skokhozyaistvennoi
nauki = Siberian Herald of Agricultural Science,
2020, vol. 50, no. 6, pp. 75-82. (In Russian).
DOI: 10.26898/0370-8799-2020-6-9.
Gorokhov V.V., Samoilovskaya N.A., Ski-
ra V.N. The forecast of epizootic situation on
the main helminthosis of animals in the Russian
Federation. Rossiiskii parazitologicheskii zhur-
nal = Russian Journal of Parasitology, 2013,
release 4, pp. 57-59. (In Russian).

Gorokhov V.V. Current epizootic situation and
forecast for 2015 about main helminthosis in
animals on the territory of Russia. Rossiiskii
parazitologicheskii zhurnal = Russian Journal
of Parasitology, 2015, release 1, pp. 41-45.
(In Russian). DOI: 10.12737/10225.

Litvinov V.F. Parasitocenoses and diseases of
wild animals of the Berezinsky Reserve. Para-
zitotsenozy dikikh i domashnikh mlekopitayush-
chikh Belorussii = Parasitocenoses of wild and
domestic mammals of Belarus, Minsk, Uradzhai
Publ., 1984. (In Belarus).

Udzhmadzhuridze L.M., Potskhveriya Sh.O.,
Mitichashvili R.S., Kiliptari Ts.V. About epizo-

NHO®OPMAILINA Ob ABTOPE

C<)TperbsikoB A.M., TOKTOp BETEPHUHAPHBIX

HayK, AUPEKTOp; ajpec AJas mepemucku: Poccns,
672039, 3abaiikanbckmii kpaid, Yuta, yin. Kuposa,
49; e-mail: tretyakoft752015@yandex.ru

10.

11.

12.

otic situation on major helminthoses of different
breeds of pigs in Georgia. Rossiiskii parazito-
logicheskii zhurnal = Russian Journal of Para-
sitology, 2018, no. 4, pp. 77-83. (In Russian).
DOI: 10.31016/19988435-2018-12-4-77-83.
Orlova 1.1., Belousova I.N., Burenok A.S, Glaz-
kova E.V. The results of monitoring of parasitic
situation in the specially protected natural terri-
tories of the Central Region of Russia. Rossiiskii
parazitologicheskii zhurnal = Russian Journal
of Parasitology, 2017, no. 2, pp. 139-145. (In
Russian).

Lunitsyn V.G., Mikhailov V.I., Tishkov M.Yu.,
Shmakova O.N. Analysis of the epizootic situa-
tion for invasive diseases of ungulates at a hunt-
ing farm. Sibirskii vestnik sel'skokhozyaistvennoi
nauki = Siberian Herald of Agricultural Sci-
ence, 2016, no. 3, pp. 55-59. (In Russian).
Samoilovskaya N.A. Fauna of parasites of wild
boars in national park “Losinyj Island” (Mos-
cow). Rossiiskii parazitologicheskii zhurnal =
Russian Journal of Parasitology, 2011, no. 3,
pp- 17-19. (In Russian).

Arkhipov [.A., Emel'yanova N.B. Testing of Vi-
gisol at nematodosis of wild bour in field trial.
Rossiiskii parazitologicheskii zhurnal = Russian
Journal of Parasitology, 2009, no. 2, pp. 97—
100. (In Russian).

Petrov Yu.F. Parasitocenoses and associative
diseases of farm animals. Leningrad, Agro-
promizdat Publ., 1988, 176 p. (In Russian).

AUTHOR INFORMATION

(<) Alexei M. Tretyakov, Doctor of Science in

Veterinary Medicine, Director; address: 49, Kirova

St.

, Chita, Trans-Baikal Territory, 672039, Russia;

e-mail: tretyakoff752015@yandex.ru

Jama nocmynaenuss cmamou / Received by the editors 29.07.2022

Jlama npunamus k nyonuxayuu / Accepted for publication 12.10.2022

Jlama ny6auxayuu / Published 25.11.2022

78

Siberian Herald of Agricultural Science » 2022 « 52 « 5

Zootechnics and Veterinary Medicine



https://doi.org/10.26898/0370-8799-2022-5-10 Turm cTaTthy: OpUTHHATBHAS
VIIK: 619:616:981.51 Type of article: original

JJUHAMUWKA U OCOBEHHOCTH ITPOSIBJIEHUS CUBUPCKOM SI3BbI
HA TEPPUTOPUU PECITYBJIUKU ThIBA

< JIoncan 4.0.

TysuncKull HaQyY¥HO-UCCIE008AMENbCKULL UHCIMUMYN CENbCKO20 XO3AUCMEA
Pecrry6muka TeiBa, Ke3bin, Poccust

(<De-mail: lopsan_chechek@mail.ru

[IpencraBiensl pe3yabTaThl U3YYEHUS SMTU300THUECKOTO OJIaronoaydHs B YCIOBHUSAX PE3KO KOH-
THHEHTAJILHOTO KimMara Bocrounoit Cubupu. J[7s1 mpoBeneHus UCCIIeIOBAaHUI NCTIONBE30BAHEI MaTe-
pHabl CTATUCTUYECKUX OTYETHOCTEH yNpaBlIeHUH BeTepHHApHX paiioHoB 1 Ciry>KObl IO BETEpHHAP-
HoMy Han3opy PecnyOnuku TeiBa, mndopmanus [ockomcTara. OTMEUEHO, YTO B TCUCHUE H3Y4CH-
Horo niepuosa (19332022 rr.) peruoH oUIIUATBHO CYMTACTCS CTAIMOHAPHO HEOIAronoay4YHbIM,
cuOupckas s3Ba 3aperucTpupoBana B 199 HeOmaromoidy4yHbIX MyHKTax Ha TeppUTOpuu 13 agmu-
HUCTPAaTUBHBIX pailoHOB U I. KbI3bul. [IpnunHON pacrpoCTpaHEeHUs AIU300TUI SIBIISIETCSI HAJTUUKE
OO0JIBIIOTO KOIMYECTBA IIOUYBEHHBIX 04aroB HH(QEKINY B PerHOoHE. B pesynbprare peTpocrneKTUBHOIO
aHaJI3a IMHAMUKH U 0COOEHHOCTEH MPOSBICHHSI CHOMPCKOM SI3BBI 110 PECITyONHKeE 32 JECSATUIETHHE
MIEPHO/IbI YCTAHOBJIEHO, YTO SMU300THH MAaKCUMAJIBHOTO YPOBHSI HANPSKEHHOCTH NPOUCXOIWIN B
1933-1982 rr. B nocnenyromue asa aecsarunerus (1983-2002 rr.) 3aperucTpupoBaHbl STU300THH
CPEHEro ypoBHs HAINPsHDKEHHOCTH. MUHUMAJIBHBIN XapakTep MPOsSBISHHS SMTM300THYECKOH crTya-
L[UH 110 CUOMPCKOIA s13Be 0OTMeueH B nociieanue apa aecsatuietus (¢ 2003 mo 2022 1.), 4To JeMOHCTPH-
PYET BBIPA)KEHHYIO TOJIOKATENBHYIO0 TUHAMHUKY K TCHICHIIMH CHIKEHHS HAMPSKEHHOCTH JITU300-
THYeCKor cutyanuu. CropaauuecKkue BCIBIIIKHA CUOMPCKO SI3BbI MPOUCXOST B HACTOALIECE BPEeMs
13-32 aKTUBALMH TOUYBEHHBIX 04aroB MHAEKLUH, YTO YKa3bIBacT HA CTALIMOHAPHOE HEOIAronoayyue
peruona. IIpu paiionupoBanuu tepputopun PecryOnuku TriBa M0 3MU300THYECKON aKTUBHOCTH
cubupckoit s13BbI 32 1933-2022 1T K mepBOi rpyrmire padloHOB (MAaKCHMAaTbHOW 3MU300THYECKON
aKTUBHOCTH) OTHOCATCS bapyH-Xemunkckuii, J[3yH-Xemunkckuit, Ymyr-Xemckuii, Tec-XeMckui,
Tannprackui, Dp3uHckui, Yaa-Xonckuit, OBypckuii paitonsl u Tepputopus . Ke3pit. Ko BTopoii
rpymre (Co CpeTHUM YPOBHEM 3IHU300THYECKON akTHBHOCTH) — baii-Taiirnnckuii, Kaa-Xemckui,
[Mun-Xemckuit, Ke3buickuit, Tomxuackuit paiionsl. K TpeThbeil rpymie (¢ MUHUMAaIbHBIM PUCKOM
SMHU300TUYECKON aKTHBHOCTH) OTHOCATCSI CBOOOIHBIE OT CHOMPCKOHM 53BbI MOHTYH-TalrHHCKUH,
Cyt-Xonckuit, Yenu-Xomnckuii u Tepe-Xonckuii paifoHbI.

KiroueBsle ciioBa: cuOupcKas si3Ba, HeOIAronoayYHbIe ITyHKThI, CTENICHb HeOIaronoiayyus, iH-
JEKC DMU300TUYHOCTH, AU300THS, CIIOPATNIECKUE CITydaH

DYNAMICS AND PECULIARITIES OF ANTHRAX OCCURRENCE ON THE
TERRITORY OF THE REPUBLIC OF TYVA

(<) Lopsan Ch.O.

Tuvinian Scientific Research institute of Agriculture
Kyzyl, Republic of Tyva, Russia

(><De-mail: lopsan_chechek@mail.ru

The results of the study of epizootic welfare in the sharply continental climate of Eastern Siberia
are presented. Materials of statistical reports of the District Veterinary Departments and the Veteri-
nary Supervision Service of the Republic of Tyva, and the information from the Goskomstat (State
Statistics Committee) were used for the research. It was noted that during the period under study
(1933-2022) the region was officially considered stationary unfavorable, anthrax was registered
in 199 unfavorable points on the territory of 13 administrative districts and Kyzyl. The reason for
the spread of epizootics was the presence of a large number of soil foci of infection in the region.
As a result of a retrospective analysis of the dynamics and peculiarities of anthrax occurrence in
the republic over the ten-year periods, it was established that the epizootics of maximum intensity
occurred in 1933-1982. In the next two decades, 1983-2002, epizootics of medium intensity were
recorded. Minimum character of anthrax epizootic situation is observed in the last two decades
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Dynamics and peculiarities of anthrax occurrence
on the territory of the Republic of Tyva

Lopsan Ch.O.

from 2003 to 2022, which demonstrates a pronounced positive tendency to reduce the tension of the
epizootic situation. Sporadic outbreaks of anthrax are currently occurring due to the activation of
soil foci of infection, which indicates a stationary problem of the region. When zoning the territory
of Tuva Republic according to anthrax epizootic activity for 1933-2022 the first group of districts
(maximum epizootic activity) includes Barun-Khemchiksky, Dzun-Khemchiksky, Ulug-Khemsky,
Tes-Khemsky, Tandinsky, Erzinsky, Chaa-Kholsky, Ovursky districts and the territory of Kyzyl. The
second group (with an average level of epizootic activity) includes Bai-Taiginsky, Kaa-Khemsky,
Pii-Khemsky, Kyzylsky and Todzhinsky districts. The third group (with minimal risk of epizootic
activity) includes anthrax-free Mongun-Taiginsky, Sut-Holsky, Chedi-Holsky and Tere-Holsky dis-

tricts.

Keywords: anthrax, permanently disadvantaged points, degree of distress, epizootic index, epi-

zootic, sporadic cases
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INTRODUCTION

The current state of anthrax in the world re-
mains unstable, anthrax is observed in many
countries of Asia, South America and Central
Africa [1-3]. In Russia in 2013-2022 this dis-
ease was registered in the North Caucasian,
Southern, Volga, Ural and Siberian federal dis-
tricts (SFD). In SFD the anthrax was registered
in the southern part. The Siberian region can be
conventionally divided into three groups of epi-
zootic unfavorable conditions according to the
registered cases of the disease. Altai and Trans-
Baikal Territories, the republics of Buryatia and
Tyva, Omsk and Novosibirsk Regions, the Re-
public of Khakassia and Krasnoyarsk Territory,
Irkutsk and Tyumen Regions, and the Republic
of Altai and Tomsk Region are considered to be
relatively free of disease [4, 5].

Anthrax is a dangerous infectious disease
common to animals and humans [6]. The caus-
ative agent of Bacillus anthracis exists in two
main forms: bacillary and spore forms. The
source of the infectious agent is a sick animal.
Bacilli with biomaterial of sick animals in the
external environment in the presence of oxygen
turn into spores, are preserved in the soil, being
soil foci and factors of animal infection, which
makes anthrax a soil-focal stationary infection

[7]. The main route of infection of animals is
nutritional, through feed and water. Humans be-
come infected through direct or indirect contact
with sick animals during maintenance, slaugh-
tering, carcass cutting, and various professional
activities [8, 9].

The purpose of the research is to study the
dynamics and characteristics of anthrax in the
territory of the Tyva Republic for 1933- 2022.

The research objectives are to conduct a
retrospective analysis of the anthrax epizootic
situation with the identification of the degree of
vulnerability and the epizootic index.

MATERIAL AND METHODS

The object of the research is anthrax in the
territory of the Tyva Republic. Materials of sta-
tistical reports of the district veterinary depart-
ments and the Veterinary Surveillance Service
of'the Tyva Republic, information from the State
Statistics Committee were used for the studies.
For a comprehensive study of the dynamics and
peculiarities of anthrax manifestation, the data
on the number of populated and active station-
ary contaminated sites (SCS), administrative
districts where epizootics took place were used.
The data on the number of unfavorable years
and epizootic recurrences (from 1933 to 1972
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in the census of the populated areas 1970, from
1973 - in the census of 2010 which remained
unchanged since 2001) were analyzed by
chronological reflection method, using which
the indicators of unfavorability were revealed.
The proportion of active SCSs (UNF - un-
favorability)? characterizes the spread of the
disease as a percentage, expressed as a ratio of
the number of all registered SNPs to the total
number of available settlements in the admin-
istrative territory, is calculated by the formula

The number of active SCSs

UNF = % 100.

Number of settlements

Index of epizooticity (IE)’ characterizes the
severity of the epizootic situation over time, ex-
pressed as a ratio of the number of years during
which the disease was observed to the number
of years of observation and is calculated by the
formula

where N is the number of years during which
the disease was registered; 7" is the number of
years of observation.

The work was conducted at the Tuvan Re-
search Institute of Agriculture in 2022.

RESULTS AND DISCUSSION

The climate of Tyva is sharply continental.
The main natural and climatic zones are tun-
dra plateaus with permafrost, taiga massifs,
connecting with steppe and desert. The soils of
Tyva are mountain-taiga-derived permafrost,
mountain-forest-taiga, brown mountain-forest,
peat-marsh, chernozem-steppe, chernozem
forest-steppe, etc. Chernozems are most fa-
vorable for preservation of anthrax activity in
soil. Anthrax outbreaks are often noted in dark
chestnut, chestnut and loam soils. The persis-
tence of anthrax spores in soil depends on its
composition and properties; a moist alkaline

and calcium-rich soil environment is the most
favorable [10].

According to the administrative-territorial
structure, the Republic of Tyva, with Kyzyl
as its capital, includes 18 administrative units
with 147 settlements. Anthrax in the analyzed
90 years (1933-2022) was registered on the ter-
ritory of 13 administrative districts and the city
of Kyzyl, which makes up 77.8% of the admin-
istrative territory of the Tyva Republic. On the
scale of the republic, active manifestations of
anthrax were recorded in 56 unfavorable years
(atotal of 126 in districts) in 199 active unfavor-
able sites. The degree of unfavorability (UNF)
was 135.4% (see Table 1), index of epizooticity
(IE) 0.622 for the republic, 1.4 for the districts
in total (see Table 2). 2), whose indexes divided
the ten-year periods into three levels: maximum
severity, where there are 8 to 11 unfortunate ar-
eas, 20 to 60 unfavorable sites, with epizootic
recurrences of 8 to 10 unfavorable years for the
region, 18 to 26 for the districts, the UNF de-
gree of 13.6 to 40.8%, the IE of 0.8 to 1.0 for
the region, 0.2 to 0.288 for the districts-the first
five ten-year periods from 1933 to 1982.

The peculiarity of anthrax epizootics during
these periods is that the dynamics of epizootic
indicators was uneven. In the same period the
number of active SCSs and the degree of the
UNF decreased, gaining positive dynamics,
and the number of unfavorable years and the
IE asymmetrically this had negative dynamics,
rising to marginal negative indicators (11 dis-
tricts, the IE - 1,0 for the region, 0,288 - for dis-
tricts) or vice versa. This led to their association
and characterization of epizootic situation as
the maximum degree of tension. The next two
periods (from 1983 to 2002) are characterized
as a medium degree of epizootic tension with
positive dynamics, with the number of: 3 to 6
unfavorable districts, 3 to 4 unfavorable years
per region, 6 to 8 per districts, 8 unfavorable
sites; with equal degree of the UNF (5.4%)), the
IE - 0.3 to 0.4 per region, 0.066 to 0.088 per

'Register of populated areas of the RSFSR, unfavorable for anthrax. Methodical recommendations. M., 1976. Vol. 4. pp. 194-200.
’Dzhupina S.I., Kolosov A.A. Methods of epizootological studies. Methodological recommendations. Russian Academy of

Agricultural Sciences. Siberian Branch, Novosibirsk, 1991. 61 p.

3Sidorchuk A.A., Voronin E.S., Glushkov A.A. General epizootology. Moscow: KoloS, 2005. 176 p.
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Dynamics and peculiarities of anthrax occurrence
on the territory of the Republic of Tyva

Lopsan Ch.O.

districts. The last two periods (2003-2022) are
characterized as below average, when 1 to 2 un-
fortunate sites with recurrent outbreaks of 1 to
2 unfortunate years, with the UNF degree of 0.7
to 2.0%, the IE of 0.1 to 0.2 per region, 0.011 to
0.022 per region, were registered in one district.
There were no favorable periods for anthrax in
the territory of the Republic of Tyva for 1933-
2022; the situation remains unfavorable for an-
thrax.

The retrospective analysis of the epizootic
situation in the Republic of Tyva during each
10-year period showed that during the first pe-
riod (from 1933 to 1942) anthrax epizootics
were registered in 9 districts (50% of the ad-
ministrative territory of the region), 9 unfavor-
able years on a regional scale, 26 unfavorable
years in total by districts, with the maximum
number of unfavorable sites (60), the UNF
- 40.8% and high IE (for the region - 0.9, for
districts - 0.288). In 1943-1952 negative dy-
namics was outlined with the expansion of the
administrative territories covered by anthrax
to 11 districts, 11% more than in the previous
period, accounting for 61.1% of the administra-
tive units of the region. However, the number
of unfavorable years covered by the epizootic
did not change (9 for the region, 26 for the dis-
tricts), but the number of unfavorable sites de-
creased by 16.7% (to 50 units), in connection
with this the degree of UNF decreased by 6.8%
(to 34.0%), but the IE remained as high (0.9 for
the region and 0.288 for the districts). In 1953-
1962 positive dynamics towards narrowing the
territories of unfavorable districts to 6, which
was 1.8 times fewer than in the previous period,
covering 33.3% of administrative units of the
region, with epizootic recurrence on a regional
scale of 10; at the regional level there were 18
epizootics with a reduction of the number of the
unfavorable sites 1.9 times to 26, the UNF - 1.8
times (to 17.7%) and inconsiderable decrease
of the IE (0.8 for the region, 0.2 for the dis-
tricts).

In the next 10-year period (1963 - 1972)
negative epizootic dynamics was recorded with
expansion of territory coverage by 11,1% (up to
8 districts), 44.4% of administrative units of the
region with an increase in the number of dis-

eased years to 10 for the region, 21 in total for
districts, but with a slight decrease (2,1%) in
the number of unfavorable sites to 23 units and
a decrease in the UNF by 2,1% (to 15,6%). The
increase in the number of unfavorable years in
the region affected the tension of the epizootic,
respectively, the IE rose to 0.1 in the region, to
0.233 in the districts. Compared to the previous
period (1973-1982) the dynamics of the number
(8), the percentage of districts (44.4%) covered
by the epizootic, and the number of years af-
fected (10) remained unchanged in the region.
However, the number of years by districts was
insignificantly decreased (to 18 units), unfavor-
able sites to 20, the degree of the UNF by 2%
(to 13.6%) correspondingly insignificantly de-
creased, so the IE remained at 1.0, and by the
districts decreased to 0.2.

In 1983-1992 positive dynamics to the de-
cline of epizootic boundaries by 11,1% (to
33,3%) was observed, administrative units - to
6 districts, the number of unfavorable years de-
creased almost 2,5 times (to 4 on the region,
8 - to districts), the number of unfavorable sites
decreased 2,5 times (to 8), respectively the
UNF - to 5,4%, IE - 0,4 for the region, 0,088
- for districts, showing a sharp decrease of epi-
zootic tension on the anthrax. Between 1993
and 2002, the number of districts covered by
the anthrax epizootic was halved (to 3 districts),
covering 16.6% of administrative units in the
region. Epizootic outbreaks were observed
3 years in the region, 6 years in the districts,
but the number of active SCSs remained at the
same level (8), resulting in a 1.3-fold increase
in tension in the 3 districts affected. Overall, the
UNF rate remained at 5.4%, while the IE de-
creased slightly (to 0.3 for the region, 0.066 for
the districts).

In 2003-2012 there was a positive trend with
a 3-fold decrease in the number of unfavorable
areas (up to one Tes-Khemsky district), which
equals 5.5% of the administrative units of the
region, 1 unfavorable site was registered, 1 un-
favorable year, the UNF decreased by 7.7 times,
or 0.7%, the IE by region decreased 3 times, to
0.1 in the region, the IE by districts - 6 times, to
0.011. In 2013-2022 anthrax was registered in
one Barun-Khemchiksky district, but the num-
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ber of active SCSs increased 3 times (to 3), re-
spectively, the degree of the UNF - 2.9 times to
2.0%, the IE - 2 times (to 0.2 and 0.022).

The dynamics of epizootic situation com-
pared to previous periods gradually and steadily
acquired a positive trend with some transition to
the negative side in some years. However, the
tension of epizootic situation decreased with
favorable periods of 7-8-9 years. This was in-
fluenced by the transfer of cattle breeding to an
industrial basis with the construction of dairy-
commodity farms and industrial complexes.
Enforced immunization of animals against an-
thrax by Cenkovsky's vaccine was carried out in
Tyva until 1955. Since 1955, annual scheduled
preventive immunization with STI and GNKI
(All-Russian State Research Institute of Con-
trol, Standardization, and Certification of Vet-
erinary Preparations) vaccine, and since 1986,
with more effective and harmless vaccines,
such as live dry vaccine from the 55-VNIIVIiM
strain, etc. [11]. There was a positive impact
on the improvement of the situation, the ban
on burial of the corpses of fallen animals intro-
duced in 1953, construction of burial grounds
and their arrangement with a sanitary protec-
tion zone.

However, despite the positive dynamics of
the epizootic situation, sporadic outbreaks of
anthrax are still observed. This confirms the
high degree of stationary ill-health and the
spread of soil anthrax foci in the burial sites
of anthrax-dead animals, cattle graves without
sanitary and protective solid fences, identifi-
cation signs, which retain epizootic potential
for tens, and even hundreds of years [12]. Soil
types are of great importance, where the spores
of the infectious agent can not only persist but
also accumulate, increasing the epizootic dan-
ger of the soil focus, which, in turn, affects the
confinement of anthrax to a particular territory.
The probability of animals becoming infected
increases with free and uncontrolled grazing of
animals in private farms and subsistence farms
with large herds under traditional nomadic ani-
mal husbandry in Tyva, most of the time be-
ing on grazing and watering from reservoirs.
It is known that the peculiarities of epizootic
activity of anthrax infection in the stationary

contaminated sites are to a greater extent as-
sociated with the influence of different natural
and geographical environmental conditions, in
particular climatic, soil and landscape and oth-
ers, typical for the Tyva Republic. Morbidity in
animals is noted from early spring to late au-
tumn in lowlands and swampy areas, during
snow melting, mudflows, river floods, abundant
rainfall, alternating floods and drought, when
pathogen spores are washed from the soil, as
well as low poor coarse dry grass, while eating
which animals injure the mucous membrane of
the mouth.

Epizootic zoning for anthrax showed that
there are three groups of districts in the territory
of the Republic of Tyva according to the degree
of risk of epizootic activity: the first group of
districts with the maximum risk level - from 11
to 32 registered unfavorable sites, the degree
of UNF - from 169.2 to 357.1%, unfavorable
years - from 11 to 21, the IE - from 0.122 to
0.233 - includes 9 administrative units: Barun-
Khemchik, Dzun-Khemchik, Ulug-Khemsky,
Tes-Khemsky, Tandinsky, Erzinsky, Chaa-Hol-
sky, Ovursky districts and the city of Kyzyl.

The second group with an average risk of
epizootic activity - from 1 to 10 unfavorable
sites, the degree of UNF - from 28.6 to 50.0, the
IE - from 0.022 to 0.055 - includes 5 districts:
Kaa-Khemsky, Pii-Khemsky, Bay-Taiginsky,
Kyzylsky, Todzhinsky districts.

The third group with minimal risk of epizo-
otic activity includes 4 districts free of anthrax:
highland Mongun-Taiginsky, Tere-Holsky, Sut-
Holsky and Chedi-Holsky districts. However,
epizootological zoning shows that the districts
with a real risk of anthrax activation of the
epizootic situation with stationary soil foci of
infection on the territory of the Tyva Republic
prevail and make up 77.8% of the available 18
administrative districts, which can affect the
situation in districts with a minimum risk of an-
thrax manifestation. This situation is condition-
ally safe, since during the reorganization of the
administrative structure of the region at differ-
ent times the districts were either merged into
one district or separated into several districts.
The settlements were transferred to one and an-
other district, so it is inexpedient to categori-
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cally assess these 4 districts as safe without the
risk of anthrax outbreak episodes.

CONCLUSION

The territory of the Tyva Republic is station-
ary anthrax-unfavorable to a high degree. The
risk of anthrax outbreaks remains high, espe-
cially in the unfavorable areas with abundant
stationary soil foci of infection, unrecorded,
abandoned, without established sanitary pro-
tection zones of cattle burial grounds [13].
The risk increases with the traditional trans-
humance grazing, and free-range farming of
large herds of cattle with uncontrolled grazing
on grazing forage.

Epizootological zoning of the territory of
the region allows differentiated implementation
of managerial measures to supervise livestock
burial grounds, burial places of animals dead
of anthrax, input of lands for livestock stables,
premises, residential buildings, to perform vet-
erinary and sanitary control of cattle slaughter-
ing, sale of animal products, grazing and cattle
driving to seasonal stables and pastures. It is
necessary to pay special attention to the main
tool of anthrax prevention and control - an-
nual qualitative total immunization of animals
against anthrax [14].
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PACIIPOCTPAHEHUE I'EJIBMUHTOB KEJYIOYHO-KUIIEYHOI'O TPAKTA
JIOIAIEA B IEHTPAJIBHOM AJITAE

CXDE¢ppemona E.A.!, Mapuenko B.A.2, Cmepruna M.A.!

ICubupckuil pedepanvhviit nayunwlii yenmp azpoduomexnonocutl Poccutickoil akademuu HayK
HoBocubupckas obmacts, p.i. Kpacnoobck, Poccust

2Dedepanvuviii Anmatickuil HAyYHbIIL YeHmMp a2pooUomexHon02ull

bapnayn, Poccns

(><De-mail: alfa_parazit@mail.ru

[IpencraBnens! pe3ynbrarsl uccnepoBanuii (2021, 2022 rr.) pacipocTpaHeHHsS B KOHEBOAUECKHUX
X03siicTBax BO30ynuTeNeH IelIbMUHTO30B. B (dopMupoBaHMN TeJIbMUHTOKOMIUIEKCA >KHBOTHBIX
LentpanpHoro Antast y4acTBYIOT lapa3uTHUECKUE YepBU ABYX KiaccoB — Nematoda u Cestoda.
3aperucTpupoBaHbl HEMaToAbl AByX monotpsinos Strongylata u Ascaridata (Parascaris equorum).
VY mecron, mpeAcTaBICHHBIX JICHTOYHBIME 4epBSIMHU mogoTpsaaa Anoplocephalata, BoiaeneHo asa
Buga: Anoplocephala perfoliata, Paranoplocephala mamillana. VIHBa3upOBaHHOCTH OJHOKOIIBIT-
HBIX CTPOHTHJISITAMH KETyI0YHO-KUIIIEYHOTO TPaKkTa Kak B MpoBUHINH (87,8%), TaK U B OTACITBHBIX
aJIMUHHCTPATUBHBIX palloHaX CYIIECTBEHHO IIPEBBIIIAECT 3aPAKCHHOCTh JKUBOTHBIX I'€JIbMUHTaMU
nopotpsina Ascaridata (14,1%) n necronamu nonorpsiza Anoplocephalata (10,9%). B dopmupo-
BaHUM HO30JIOTUUECKOTO MPOQMIIS KUIICUHBIX FeIbMUHTO30B OCHOBHYIO POJIb UTPAIOT HEMAaTO/bI
nofoTpsiaa Strongylata. CTpOHTHIISATBI COCTABISIOT SAPO TEIBMUHTOKOMIIEKCA THILEBAPHTEIbHON
CUCTEMbI, @ UHBA3UPOBAHHOCTh OJHOKOTBITHBIX MU U UX J0JIA B CTPYKTYpE TeIbMUHTOKOMITIIEKCA
KaK B IPOBHUHIINH, TaK M B OT/IEIBHBIX aIMUHICTPATUBHBIX paifoHax Hanbomee Bbicoka. [lokazarenu
OU (’KCTEHCUBHOCTEL WHBa3WN) 1 3HaueHU I (MHIeKC Mapa3uTokoMIIeKca) CTPOHTHIIAT BapbHpy-
I0T B pa3pe3e aIMUHUCTPATUBHBIX PalloHOB COOTBETCTBEHHO OT 53,3 1 69,1% 1o 95,2 u 80,8% u B
cpenrem 1o LlertpansHomy Anrato coctaBistor 87,8 u 77,8%. YCTaHOBIIGHO, YTO B OOJBIIUHCTBE
palioHOB 3apayKEHHOCTh OHOKOIBITHBIX T€IbMUHTAMHU MUIIEBAPUTEIBHON CUCTEMBI B 11€JIOM U HE-
MaTofaMu MoAOTpsiAa Strongylata oTiMyaeTcsi He3HAYUTENbHO. IHBa3UPOBaHHOCTH OJJHOKOIBITHBIX
Parascaris equorum n necronamu nogotpsna Anoplocephalata B perrone 3apernctpupoBaHa cooT-
BETCTBEHHO Ha ypoBHE oT 14,1 u 10,9% ¢ UI1 12,5 u 9,7, uto B 6—8 pa3 MeHbIIIE, UeM aHAJIOTHIHbIC
[10Ka3aTeNH IPHU CTPOHTWIATO3aX KUBOTHBIX. YCTAHOBJIEHA JOCTOBEPHAS MPsIMasi 3aBUCUMOCTD BbI-
JIEJIEHUS SIUL] CTPOHTUJIAT BO BHEITHIOIO CPEAy OT IMOKa3aTenel 3apaXKeHHOCTH KUBOTHBIX. C MOBBI-
LIEHUEM 3Ha4eHHUH 3apakeHHOCTH KUBOTHBIX CTPOHTUIISITAMH YBEIMUMUBAETCS KOJIMYECTBO MpOoTIa-
TaTUBHBIX (POPM, BBIACTSIOIINXCS B OKPYKAIOIIYIO CPELY.

KuroueBble cjioBa: TETbMUHTHI TUIIEBAPUTEILHONW CHCTEMBI, JIOMAAH, CTPYKTypa TeIbMUHTO-
KOMIUIEKCA, AMHAMMKA BBIJEJICHUS SIULI, PeIrHOHAIbHBIE 0COOEHHOCTH MM300THUECKOTO Ipolecca

DISTRIBUTION OF HELMINTHS OF THE GASTROINTESTINAL TRACT OF
HORSES IN CENTRAL ALTAI

C<DEfremova E.A.!, Marchenko V.A.2, Smertina ML.A.!

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

’Federal Altai Scientific Center of Agrobiotechnology

Barnaul, Altai region, Russia
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The results of the studies (2021, 2022) on the spread of helminth infectious agents in horse breed-
ing farms are presented. Parasitic worms of two classes Nematoda and Cestoda participate in the
formation of the helminthic complex of Central Altai animals. Nematodes of two suborders Stron-
gylata and Ascaridata (Parascaris equorum) were recorded. Two species Anoplocephalaperfoliata
and Paranoplocephalamamillana were identified in cestodes represented by the tapeworms of sub-
order Anoplocephalata. In the province (87.8%) and in some administrative districts, infestation of
whole-hoofed animals with gastrointestinal strongylates is much higher than infection with helmin-
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Distribution of helminths of the gastrointestinal tract Efremova E.A., Marchenko V.A., Smertina M.A.
of horses in Central Altai

thes of suborder Ascaridata (14.1%) and cestodes of suborder Anoplocephalata (10.9%). Nematodes
of suborder Strongylata play the main role in forming the nosological profile of intestinal helminth
infections. Strongylates form the core of the helminthocomplex of the digestive system, and the
infestation of whole-hoofed animals with them and their share in the structure of the helmintho-
complex both in the province and in individual administrative districts is the highest. The values of
IP (invasion prevalence) and PCI (parasite complex index) of strongyloides vary by administrative
regions from 53,3 and 69,1% to 95,2 and 80,8%, respectively, and amount to 87,8 and 77,8% on
average in the Central Altai. It was found that in most areas, the infestation of whole-hoofed animals
with helminths of the digestive system in general and nematodes of suborder Strongylata differs in-
significantly. Infestation of whole-hoofed animals by Parascaris equorum and cestodes of suborder
Anoplocephalata is registered in the region at 14,1 and 10,9% with PCI 12,5 and 9,7 respectively,
which is 6-8 times lower than analogous indices for strongylatosis of animals. Reliable direct cor-
relation between the release of strongylate eggs into the external environment and the index of
animal infestation was established. The number of propagative forms released into the environment
increases with increasing values of animal infestation with strongylates.

Keywords: helminths of the digestive system, horses, structure of the helminthocomplex, dy-
namics of egg release, regional features of the epizootic process
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INTRODUCTION by a chronic course without significantly pro-
nounced clinical manifestations [2-8]. Howev-
er, helminth infestants affecting all parts of the
digestive system, with a high degree of infesta-
tion are the cause of mass diseases not only in
young animals, but also in adult animals. These
diseases are manifested by colic, diarrhea, ner-
vous manifestations, decreased performance
and all kinds of productivity [9-11].

The results of studies demonstrate that the
species composition of the parasitic worm
community depends on the conditions of horse
keeping and the use of anthelmintics from the
group of macrocyclic lactones and benzimid-

Horse breeding, being an important part of
cattle breeding in the Altai Republic, plays a
significant role in meeting the region's needs
for specific types of raw materials and food-
stuffs. Currently, there is a tendency to increase
the number of horses in the farm segment [1].
The restraining factor in increasing the number
of animals and their productivity is diseases, in-
cluding those of parasitic etiology.

According to the results of studies of do-
mestic and foreign scientists, helminth infec-
tions of the gastrointestinal tract of horses are
widespread and in most cases are characterized
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azoles in horse breeding, on the natural and cli-
matic characteristics of the area and other biotic
and abiotic factors [6, 7, 12].

The information on the species diversity of
multicellular parasites, their spatial distribution
in the context of the administrative division and
with regard to natural and climatic zones, the
peculiarities of the epizootic process in the Si-
berian region is limited and requires clarifica-
tion '* [13-17], given the considerable study of
helminths of the European part of the Russian
Federation.

The purpose of the research is to character-
ize the structure of the helminth complex and
the epizootic situation of gastrointestinal hel-
minthiasis of horses in the Central Altai.

MATERIAL AND METHODS

The researches were carried out in 2021,
2022 in 13 farms of 5 administrative regions of
Central Altai (Shebalinsky, Chemalsky, Ongu-
daysky, Ust-Kansky, Ust-Koksinsky). To study
the infestation of animals with helminths, fecal
samples obtained from spontaneously infested
horses were examined by the helminth copro-
ovoscopic flotation method according to Fiil-
lerborn with subsequent counting of eggs per
gram of feces [18].

Taking into account that the dam of anoplo-
cephalids is of a closed type, and cestodes ex-
crete segments into the external environment,
their dispersal forms in fecal samples were not
counted. Taxonomic differentiation of nema-
todes was performed taking into account the
morphometric features of the eggs; cestodes
were identified by the size and shape of the
pear-shaped apparatus [19]. A total of 719 sam-
ples of biomaterial were examined.

According to the results of the ovoscopy the
indices of the intensity of infestation were cal-
culated: IE (infestation extensity) is the propor-

tion of infected animals in percentage, IEam is
the arithmetic mean of the IE indices in samples
(surveys) in percentage, [IEgm is the geometric
mean of the IE indices in samples. The indica-
tors of the infestation intensity: II is the arith-
metic mean of the number of eggs per one in-
fected animal in a gram of feces in specimens,
ITam is the arithmetic mean of the II indices
in samples in percentage, IIgm is the geomet-
ric mean of the II indices in samples. Signifi-
cance of differences in infestation indices was
established according to the geometric mean of
IEgm and IIgm with calculation of Student's t
test (p < 0.05, df = nl+n2 - 2).

Since helminth infections have an associa-
tive form of progression, it is necessary to con-
sider peculiarities of the whole parasitic com-
plex formed in a particular territory, taking into
account its ecological characteristics, when
forming the systems of treatment and prophy-
lactic measures. In this regard, the determina-
tion of peculiarities of the helminth complex
structure of the gastrointestinal tract of horses
and the significance of individual taxons in it is
an important component in the development of
programs to control the number of animal para-
sites. For this purpose, for a formalized descrip-
tion at the cenotic level of the parasite commu-
nity, an indicator such as the parasite complex
index (PCI), which reflects the value of a spe-
cies, genus, or other taxon in its structure, was
additionally used [20].

RESULTS AND DISCUSSION

In helminth ovoscopic examinations of hors-
es, nematode eggs of two suborders Strongylata
and Ascaridata (Parascaris equorum) were de-
tected in fecal samples. Cestodes represented
by tapeworms of suborder Anoplocephalata
include two helminth species - Anoplocephala
perfoliata and Paranoplocephala mamillana.

"Machulsky S.N., Bogdanov A.G., Shabaev V.A. Helminthofauna of the Buryat ASSR horse. Proceedings of the Buryat Insti-
tute of Natural Sciences of the BBSB USSR. 1977. Vol. 15. pp. 20-28.

*Gabrus V.A. Entomoses and helminthiasis of horses in the south of the Tyumen region. Collection of scientific papers. "Para-

sites and parasitosis". Novosibirsk, 1999. pp. 67-69.

‘Ponamarev N.M. Species composition of helminths of horses in the Altai Territory. Collection of scientific papers "Parasites
in natural complexes and risk situations". Novosibirsk, 1998. pp. 90-93.

*Sivkov G.S., Gabrus V.A., Polkov V.V. Associative invasions of horses in the south of the Tyumen region. Collection of sci-

entific papers VNIIVEA. Tyumen, 1999. Vol. 41. pp. 125-130
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The widespread distribution of helminth in-
festants in Central Altai horse breeding farms
has been revealed. In the province as a whole
(87.8%) and in some administrative districts
the invasiveness of whole-hoofed animals is
much higher than infestation with helminths of
the suborder Ascaridata (14.1%) and with ces-
todes of the suborder Anoplocephalata (10.9%)
(see Table 1). Minimum and maximum values
of horse infestation by strongylates were reg-
istered in Ust-Kansky and Chemalsky regions.
They are 53.3 and 95.2%, respectively, with II

at 174.0 and 467.5 eggs/g (eggs per gram of fe-
ces) (see Tables 1, 2).

According to the data of ovoscopy, the rates
of infestation of horses with digestive system
helminths by districts are differentiated into two
groups: Ongudaysky and Ust-Kansky regions
(IE =79,3 and 56,3%), other regions (IE = 93,3
-95,8%) (see table 1). Indicators of intensity of
infection are similarly distributed: Ongudaysky
and Ust-Kansky districts (I = 326.9 and 186.7
e/g), other districts (Il = 455.8-464.7 e/g) (see
Table 2).

Taoxa. 1. UnBazuposanHocts (OW) nomazeii LientpanbHoro Anrtasi relTbMUHTAMH KETYI0YHO-KHIIICY-

HOTO TpakTa (OBOCKOIIHS)

Table 1. Infestation (IP) of Central Altai horses by gastrointestinal helminths (ovoscopy)

.. . . Number | Num- 1P, %
Administrative Dis- . [Pam
. of sam- | ber of IP total, %
trict ples tests ST PAR ANOPL IPga
. 953+£1.9
Shebalinsky 20 417 | 93,0+1,2 13,4+£0,4 9,8+ 1,4 933+1,2
1,9+0,01
963 +£2.1
Chemalsky 4 48 | 95,2+8,1 0 23,8+9,3 95.8£8,3 1,9+0,01
79.1£3.9
Ongudaysky 4 72 1 794+69 | 14,7+6,1 8,8+4,8 792+4.8 1,9+ 0,02
64.6 +9.9
Ust-Kansky 6 78 | 533+£57 | 102+3,4 | 128+38 | 563+5,6 1.8+ 0.01
Ust-Koksinsky 4 104 | 93,5+£2,3 | 22,1+4,1 11,5£3,1 94.2£23 9? g i 3 gl
Total 38 719 | 87,8+1,2 14,1 +1,3 10,9+1,2 892+1,2 —

Note. ST — helminths of the suborder Strongylata; PAR — nematodes Parascaris equorum; ANOPL — cestodes of the

suborder Anoplocephalata.

Ta6a. 2. UarencuBHocTh 3apakenus (M) nomaneii LlenTpanbHoro AnTas HeMaToIaMH JKEITyJ0YHO-

KHIIEYHOTO TPaKTa (OBOCKOITHS)

Table 2. Intensity of infestation (II) of Central Altai horses with gastrointestinal nematodes (ovoscopy)

Administrative Dis- | Number of | Number

11, egg/g

Ilam

trict samples of tests ST

II total, egg/g

PAR Iiga

436.2 + 36.1

Shebalinsky
Chemalsky
Ongudaysky
Ust-Kansky
Ust-Koksinsky

Total

20

38

417

48

72

78

104

719

430,6 + 36,0
467,5 + 37,1
402,8 + 71,1
174,0 + 49,1
432,9+ 102,1

405,9 + 28,1

59+1,5
0
30,7+ 17,7
12,7+5,5
0

75+1,6

464,7 £37,8
4583 + 37,8
326,9 42,3
186,7 51,5
4558 £ 413

431,5+31,2

Note: ST- helminths of the suborder Strongylata; PAR — nematodes Parascaris equorum.

2,35+ 0,06

467.5+£37,1
2,59 + 0,05

433.6 + 67.9
2.04+0,19

186.7£51.6
1,64 = 0.26

4329+102.1
2,51 +0,03

4133 +28.2
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In most cases, differences in infestation rates
between groups of districts are statistically reli-
able and are caused mainly by climatic condi-
tions of the territories of Ongudaysky and Ust-
Kansky districts, unfavorable for the develop-
ment of propagative forms of parasites in the
environment (low temperatures, levels of pre-
cipitation, etc.) (see Table 3).

Infestation of animals by Parascaris equo-
rum of the suborder Ascaridata varies respec-
tively from 10.2 (CI=12.7 e/g) in Ust-Kansky
District to 22.1% in Ust-Koksinsky District and
averages 14.1%. In the fecal samples of Che-
malsky District horses the representatives of as-
caridata were not isolated, which is associated
with the insufficient volume of material taken
for the study.

Cestodes of the suborder Anoplocephalata
are represented by two species - Paranoplo-
cephala-mamilana and  Anoplocephalaper-
foliata. 1t should be noted that 4. perfoliata
is registered in all administrative areas and is
the dominant species among tapeworms. This
is consistent with the results of the studies of
foreign and domestic researchers indicating its
ubiquitous distribution and prevalence among
other cestode species [11, 21].

Paranoplocephala mamilana is rare and iso-
lated in horses of Shebalinsky district (Diktiek
village). Infestation of horses by anoplocepha-
lids was registered as minimal in Shebalin-
sky (9,8%) and Ongudaysky (8,8%) districts,

the greatest one was registered in Chemalsky
(23,8%) with the average value for the Central
Altai of 10,9%.

There is a significant direct correlation be-
tween the number of strongylate eggs excreted
with feces in the external environment, and the
rate of extensiveness of infection (» = 0,97).

The number of propagative forms released
into the environment increases with increasing
values of Strongylates infestation in animals
(see Tables 1, 2, and the Fig.).

In the Altai Mountains, helminth infections
occur in the form of mixed infestations with
diverse variations in both helminth complex
components and their quantitative characteris-
tics (see Table 4).

It was found that in Central Altai, the para-
sites of two classes Nematoda and Cestoda
form the helminth complex of the gastrointes-
tinal tract of ungulates, with a clear dominance
of nematodes (PCI = 90,3, Il =431,5 y/y). The
ratio of nematode and cestode representatives
in helminthological complex was expressed as
9,3: 1,0. In administrative areas this tendency is
preserved. The group of helminths of the Stron-
gylata suborder is the most numerous in the
Nematoda class. The PCI of Strongylata ranges
from 69.1 to 80.8 and averages 77.8 (Il =405.9
y/y). Parascaris are the subdominant element of
the helminth complex in both the province and
the districts. The PCI of P. equorum varies from
11.5 to 17.3, which is 4-7 times lower than that

Taoa. 3. Kpurepuu 10CTOBEPHOCTH pa3Inumil MOKa3areaeil 3apakeHHOCTH JIOMIAaIel TeIbMUHTAMHU 10
CpeIHEereOMEeTPUYECKUM 3HAUEHUSAM oBocKoru (#/p < 0.05)

Table 3. Criteria of reliability of differences in indicators of helminth infestation in horses by geomet-

ric mean values of ovoscopy (t/p < 0.05)

Shebalinsky Chemalsky Ongudaysky Ust-Kansky Ust-Koksinsky

Administrative District

n=20 n=4 n=4 n==6 n=4
Shebalinsky 0 0 4,5"<0,01 2,18 2,14
Chemalsky 3,07" 0 4,09 2,1 1,43
Ongudaysky 1,51 4,09 0 1,27 3,18"
Ust-Kansky 2,73 2,39% 1,25 0 1,91
Ust-Koksinsky 2,39" 1,38 2,47 3,34" 0

Note. Data above zero series — geometric mean values of the IP, below zero series - geometric mean values of the I1.

*p<0,01;
**p < 0,05,

n —number pf samples.
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of suborder Strongylata nematodes and aver-
ages 12.5.

Variation of the PCI values of flatworms of
the suborder Anoplocephalata (Cestoda, Cyclo-
phyllidea) within regions is more pronounced
(from 8.6 to 19.2 with average value 9.7),
which is probably caused by intrazonal diver-
sity of natural and climatic conditions and oro-
graphic features of mountain territories deter-
mining population density of intermediate host
oribatid mites.

500
450
400
350
300

4675

430,6

250
200

150
o |93 95,2 794

50

In general, the ratio of Strongylidae, Paras-
caris and Anoplocephalata suborder cestodes in
the helminthic complex of the digestive system
of ungulates in Central Altai is expressed as 8 :
6 : 1. The ubiquitous distribution of nematodes
of Strongylata suborder, their maximal indexes
of IE, II and PCI, both in the province and in
administrative regions are conditioned by the
expressed species diversity, their development
in the environment without an intermediate
host and the high adaptability of propagative
forms to unfavourable environmental factors.

4329

402.8

174

93.5

533

Shebalinsky Chemalsky

Ongudaysky

Administrative District
Ust-Kansky  Ust-Koksinsky

e IE. % % I, egg/g

CBs13b oKa3areae SKCTCHCUBHOCTH 3apaXCHUA HOHIa,Z[Gﬁ KHUIICYHBIMU CTPOHTHUIIATAMU C UH-
TCHCUBHOCTLIO BBIACIICHUSA WLl HEMATO/A BO BHCHIHIOKO CPCAY

Correlation of extensibility indicators of equine infection with intestinal strongylatesand inten-
sity of nematode eggs release into the external environment

Tao6a. 4. CTpykTypa reTbMIHTOKOMIUIEKCA JKeTyTOTHO-KHAIIIETHOTO TpaKTa jomasei LlenTpanrsaoro

AmnTas (110 pe3yasTaraM OBOCKOITHHN)

Table 4. Structure of the helminth complex of the gastrointestinal tract of horses in the Central Altai

(based on the results of ovoscopy)

Administrative District ST pARI : Anoplocephalata |
Shebalinsky 80,1 11,5 8.4
Chemalsky 80,8 0 19,2
Ongudaysky 77,1 14,3 8,6
Ust-Kansky 69,1 13,7 17,2
Ust-Koksinsky 73,7 17,3 9
Central Altai 77,8 12,5 9,7

Note. ST — helminths of the suborder Strongylata; PAR — nematodes Parascaris equorum; ANOPL — cestodes of the

suborder Anoplocephalata.
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PacnipocTpaneHne reJbMHUHTOB KETyA0YHO-KUILIEYHOIO TPAKTa
nourazeit B LlenTpanbHom Antae

Edpemona E.A., Mapuenko B.A., Cmepruna M.A.

CONCLUSION

The results of the studies testify to the ubig-
uitous distribution of helminthiasis of the gas-
trointestinal tract of horses in Central Altai.
Infestation of unimpaired horses by helminths
of different taxonomic groups forming the hel-
minth complex of the gastrointestinal tract,
including strongylates, parascaris and anoplo-
cephalids, both in the province and within ad-
ministrative districts, differs significantly. The
analysis of the infestation indices of IE and PCI
indicates that everywhere the nematodes of
Strongylata suborder were dominant with PCI
of 77.8 (IE = 87.8%, II = 405.9 e/g), parascaris
being the subdominants (PCI = 12.5; IE and 11
respectively 14.1% and 7.5 e/g). The infesta-
tion of horses with cestodes is 10.9% with PCI
of 9.7. There was a direct reliable dependence
of the number of propagative forms of stron-
gylates isolated in the external environment on
the level of infection of animals.
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BJIUSAHUE ®PUTOBUOTUHYECKUX ITPEITAPATOB HA MOP®OXUMHUNYECKHUE
INOKA3ATEJIX KPOBU TEJIAT IIPU TIUCIHEIICUHN

(<) CaseaneBa JI.H., Bongapuyk M.JL.

Hayuno-uccnedosamenvckuti uncmumym semepunapuu Bocmounoii Cubupu — gpunuan
Cubupckoeo edepanvo2o HayuHo2o yenmpa azpobuomexnoio2uti Poccutickoil akademuu Hayk
3abaiikanbckuit kpaid, Yura, Poccus

(<De-mail: luba.saveleva@mail.ru

[IpencraBnensl pe3ynbTaThl BIUSHIS KOMITIEKCHBIX (DUTOIIPErapaToB Ha IOKAa3aTeId KPOBH MTPH
JICYCHUH AWCIETICUM MOJIOJHSIKA KPYITHOTO POTraToro ckora. MaTepuaaoM UCCIeIOBaHUN CIIy>KUIN
TPH TPYyNIIbl HOBOPOXKICHHBIX TEJSAT repedopAcKoi Mopoabl ¢ mpu3Hakamu gucrencuu. [lepoit
OTBITHOM rpynme 3anaBanu npenapar Ne 1 (mmogsl yepeMyxH, KOPHEBHILE 2J1€yTEPOKOKKA, IIBETHI
poMarku, npoOHOTHK) 2 pa3za B CyTKH ¢ MHTEpBAIOM 12 4 o 2 MII/KT KUBOH Macchl; 2-il — BbI-
nauBaJid paspaboraHHbii npenapar Ne 2 (kopHeBuile OajaHa, JIUCT (EHXEIs, [[BEThl KaJICHIYIIbI,
MPoOUOTHK) 2 paza B CyTKH C HHTEPBaIoM 12 4 1o 2 MII/KT )KUBOI Macchl. JKUBOTHBIM KOHTPOJIBEHOM
IpYIIIBI HE 3aJaBaJI U3y4aeMble [IPEapaThl, JICUUIIU [10 CXEME, IPUHSTON B XO3sCTBE (BbIIIAUBAIN
kursiaenyro Bogy ¢ NaCl 9 r/in kunsiueHo# BOzbl, HaHKpEaTHH, TeTpaurking). [lo Hayana skcnepu-
MEHTa y 3a00JIeBLIMX TENSAT OTMEUAIHN BCe KIMHUYECKUE MPU3HaKu auctencuu. [locie npuMmenenns
¢uTonpenaparoB B OMBITHBIX IPyINax 4yepe3 7 AHEH HaOII0Aany HOPMAaIH3alUIO JEHKOIMTOB Ha
60,4 u 48,7% cooTBeTcTBeHHO. KOMMUeCcTBO 3pUTPOIMTOB BO BCEX UCCIIEYEMBIX TPYINax HaXOH-
JIOCh B Tpeneiax HOPMBI, YPOBEHb TeéMOTIIOONHA B KOHTPOJIBHOM TPYIIE 3apETUCTPUPOBAH HIDKE
Ha 10% B cpaBHeHHH ¢ HOpMOi 1 Ha 20,5% MO CpPaBHEHHUIO C TMOKa3arejeM 2-il TPYIIbI KUBOT-
HBIX. [ €MaTOKpHUT B ONBITHBIX IPyMIiax cooTBeTcTBOBAN HOpMeE (35,2 1 38,7% COOTBETCTBEHHO), B
KOHTPOJIHOM — IpeBbIIan HopMy Ha 26% (p < 0,01). ConepxaHue HaTpus U KaJlusl B CHIBOPOTKE
KPOBH B KOHTPOJIBHOH IpyIire Obu1o CHUKEHO Ha 44 1 17,1% COOTBETCTBEHHO, B OIBITHBIX IPYIIIIax
HaXOJIMJIOCh B Mpejeniax pedepeHCHbIX 3HaueHHH. B ONBITHBIX TpyIax OTMEYeHa TOJIOKHUTEIbHAS
JTUHAMHKA HOPMAaJIN3alliu KaJbIIHeBO-(h0oCc(hOPHOTO COOTHOIIEHUS 1 KeJie3a. YPOBEHb IITFOKO3BI J0-
ctoBepHO (p < 0,05) B 1-if onpITHOU Tpymrie yBenuumics Ha 2,7%, Bo 2-it — Ha 3,9%. Ilony4yennbie
JaHHBIE CBUJETENBCTBYIOT O BBICOKOH adexruBHOCTH mpenaparos (90 u 100% cooTBeTCTBEHHO) 1
MOJIOKUTEITLHOM BIMSHUM Ha (PU3HOJIOTHUECKUE MTOKA3aTeNN TEIST, a TAaKXKe Ha MOTPEOUTEIbCKHE
Ka4yecTBa MPOIYKIIUH.

KiroueBble cioBa: TensiTa, TUCTICTICHSL, ICHKOIUTHI, JPUTPOLUTHI, TEMATOKPHUT, OMOXUMHUSI ChI-
BOPOTKH KPOBHU

THE EFFECT OF PHYTOBIOTIC PREPARATIONS ON MORPHOCHEMICAL
BLOOD PARAMETERS OF CALVES WITH DYSPEPSIA

(<)Savelyeva L.N., Bondarchuk M.L.

Research Institute of Veterinary Science of Eastern Siberia - Branch of the Siberian Federal
Scientific Centre of AgroBioTechnologies of the Russian Academy of Sciences

Chita, Trans-Baikal Territory, Russia

(<De-mail: luba.saveleva@mail.ru

The results of the effect of complex phytopreparations on blood parameters in the treatment of
dyspepsia in young cattle are presented. Three groups of newborn Hereford calves with signs of
dyspepsia were used as the research material. The first experimental group was given the developed
preparation Ne 1 (bird cherry fruit, eleutherococcus rhizome, camomile flowers, probiotic) 2 times
a day at 12-hour intervals at the rate of 2 ml/kg of live weight; the 2nd - was given the developed
preparation Ne 2 (bergenia rhizome, fennel leaf, calendula flowers, probiotic) 2 times a day at 12-
hour intervals at the rate of 2 ml/kg of live weight. Animals of the control group were not given
the studied preparations and were treated according to the scheme adopted at the farm (they were
given boiled water with NaCl 9 g/boiled water, pancreatin, tetracycline. Prior to the experiment, all
clinical signs of dyspepsia were noted in sick calves. After the application of herbal preparations
in the experimental groups in 7 days normalization of leukocytes by 60.4 and 48.7%, respectively,
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Binsinue GpuToOHOTHYECKUX MpernapaToB

Cagenbena JI.H., bonnapuyk M.JL

Ha MOp(bOXI/IMI/I‘{GCKI/Ie TIOKAa3aTeId KPOBU TEIIAT NPU AUCTICTICUA

was observed. The number of erythrocytes in all studied groups was within the normal range, the
level of hemoglobin in the control group was registered 10% lower than normal and 20.5% lower
than in the second group of animals. Hematocrit in the experimental groups corresponded to the
norm (35.2 and 38.7%, respectively), in the control group it exceeded the norm by 26% (p < 0.01).
The content of sodium and potassium in the blood serum in the control group was reduced by 44
and 17.1%, respectively, and in the experimental groups it was within the reference values. In the
experimental groups, positive dynamics of normalization of calcium-phosphorus ratio and iron was
noted. Glucose level significantly (p < 0.05) increased by 2.7% in the 1st experimental group and
by 3.9% in the 2nd group. The data obtained indicate high effectiveness of the preparations (90 and
100% respectively) and a positive effect on the physiological parameters of the calves, as well as on
the consumer qualities of the products.
Keywords: calves, dyspepsia, leukocytes, erythrocytes, hematocrit, serum biochemistry
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INTRODUCTION

Diseases of the digestive organs account for
70% of the total number of diseases in young
cattle, of which about 40% end in death, causing
economic losses to the livestock industry. Dys-
pepsia (enzymatic diarrhea) disease of newborn
cattle is registered in all periods of the year both
on farms with high and low livestock breeding
levels. This pathology is registered mainly in
the period of mass calving of the dairy period
calves (the first 2-5 days of life). The disease
is accompanied by acute digestive disorders,
indigestion, diarrhea, metabolic disorders and
dehydration [1-4].

Various factors can be the causes of dysbacte-
riosis in the first days of life of young animals, so
an important aspect in determining the etiology
of dyspepsia is the simultaneous study of gastro-
intestinal tract microflora composition and blood
parameters in newborn animals' [2, 3].

Chemotherapeutic drugs used in livestock
farms are not always effective and may have
adverse effects on calves. Drugs of plant origin

have low toxicity, high bioavailability, a wide
range of regulatory effects and polyvalence of
therapeutic action. They are increasingly used
in medical and veterinary practice and are an
important link in the prevention and treatment
of diseases of young animals [2, 4].

The purpose of the study was to evaluate the
effect of phytobiotic preparations on blood pa-
rameters of calves with dyspepsia.

MATERIAL AND METHODS

To achieve this goal, experimental studies
were carried out in the training and experimen-
tal farm of the Trans-Baikal Agrarian Institute.
Laboratory research was carried out in the lab-
oratory of laboratory and analytical studies of
the East-Siberian Research and Development
Institute of Veterinary Science - branch of SF-
SCA RAS. Before setting up the experiment
a complex of well-known diagnostic methods
was used: analysis of clinical and epizootologi-
cal data of the farms; conditions of intake, feed-
ing and housing of newborn animals; examina-

'Abramov S.S., Belko A.A. Dietary preparations for the prevention of dyspepsia of newborn calves. All-Union Scientific
Conference, dedicated to the 140th anniversary of the Kharkov Zoovet Institute. Kharkov, 1991. pp. 170-171.
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tion of the clinical and physiological status of
cows and calves, their feeding and housing.

The preparations developed by us are phy-
tocomplexes (with the addition of probiotic) in
the form of solutions obtained by extraction,
having a synergistic, antibacterial, antitoxic,
anti-inflammatory, astringent effect [5, 6]. Sam-
ple preparation Ne 1 includes bird cherry fruit,
rhizome of eleutherococcus, chamomile flow-
ers, probiotic (Bacillus amyloliquefaciens RN-
CIM B-10642 strain (Russian National Collec-
tion of Industrial Microorganisms) not less than
1 x 106 CFU of live microbial cells). Sample
preparation Ne 2 contains Bergenia rhizome,
fennel leaf, calendula flowers, probiotic (Bacil-
lus amyloliquefaciens strain RNCIM B-10642
at least 1 x 106 CFU live microbial cells).

Three groups of newborn Hereford breed
calves with dyspepsia signs, 10 animals in each
group at the age of 2-5 days, were formed to
approve complex preparations according to the
principle of analogues.

Experimental group (1-st) - animals were
given preparation Ne 1 (fruit of bird cherry, rhi-
zome of eleutherococus, chamomile flowers,
probiotic) 2 times a day at 12-hour intervals for
2 ml/kg of the body weight.

Experimental group (2nd) - animals were
fed the developed preparation Ne 2 (Bergenia
rhizome, fennel leaf, calendula flowers, probi-
otic) 2 times a day with an interval of 12 hours
at 2 ml/kg of live weight.

Control group - animals were not given
any drugs, they were treated according to the
scheme adopted by the farm (they were given
boiled water with NaCl 9 g/l of boiled water,
pancreatin, tetracycline).

In animals of all groups the clinical status of
animals (temperature, pulse, breathing, exami-
nation of visible mucous membranes, level of
dehydration by skin turgor, fecal state, general
condition of the animal) was evaluated daily
until the period of animal recovery. Feeding
of calves was carried out as usual. To evaluate
blood parameters when using the drug in calves
on day 7 of the experiment, blood samples

were taken in Vacutainer vacuum tubes with
K2EDTA for hematology and with clot activa-
tor for biochemistry. A PCE 90 Vet hematology
analyzer with a set of special reagents was used
for the hematological analysis?. The blood se-
rum was examined with the help of URIT 800
Vet biochemical analyzer with the use of Dia-
VetTest consumables. The efficacy of the drug
was evaluated according to the general state of
the animals, taking into account clinical, hema-
tological and biochemical parameters.

Biometric processing of the obtained results
was performed by the method of variation sta-
tistics with the Student’s test of significance on
a personal computer using Microsoft Office Ex-
cel XP programs.

RESULTS AND DISCUSSION

Analysis of clinical and laboratory data
showed that the incidence of dyspepsia in
newborn calves on the farm varies from single
cases to 15-30%, mortality reaches 10-45% of
the number of diseased, in addition, the over
diseased animals are characterized by a de-
crease in meat productivity within 10-27% |2,
3]. All experimental calves at the beginning of
the experiment had signs of acute gastrointes-
tinal tract disorder in a mild form, recovery in
the 1st and 2nd groups occurred on the 4th and
3rd day, respectively. The animals in the 1st
and 2nd experimental groups at the end of the
experiment were more mobile, reflexes were
well expressed, there were no signs of diarrhea,
pulse rate and respiration rate were within the
physiological norm (see Table 1).

Animals of the control group suffered from
the disease in a severe form (20% of calves
died), fell behind in weight compared to the
experimental groups by an average of 17.5%.
Signs of dyspepsia ceased on the 7th day. The
main results of the experiment are shown in
Tables 1, 2.

Clinical analysis of dyspeptic newborn
calves showed an increase in the body tem-
perature of 41,5 + 0,13 °C (p <0,05), decreased
appetite, depression, decreased skin turgor, dry

2"A set of diagnostic reagents for hematological analyzers according to TS 9398-001- 85747522-2009" produced by "Clinical

Diagnostic Solutions" LLC (Russia).
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hair, anemic conjunctivitis, diarrhea. After ap-
plication of phytobiotic preparations clinical
parameters in the experimental groups were
normalized, the feces on the 3-4-th day of treat-
ment became formed, the disease in young ani-
mals was milder. In 70% of the animals of the
control group there was still high temperature
and dyspnea, the pulse was rapid, feces were
liquid.

To assess the effect of the drug on blood pa-
rameters of the experimental groups of calves
after 7-day treatment, a comparative evaluation
of some of its parameters was carried out (see
Table 2).

Analysis of morphological blood parameters
made it possible to estimate physiological state

of animals. The number of leucocytes in the
control group was registered 23,13% higher (p
< 0,01) compared to the upper threshold of the
normative range® (leucocytosis). Since the leu-
kocyte index serves as an indicator of pathol-
ogy, the presence of an inflammatory process
was noted in this group. The use of phytobiotic
preparations #1 and #2 contributed to the de-
crease in the number of white blood cells in the
blood by 60,4% and 48,7% respectively, which
indicates a decrease in the level of the disease
in the examined animals. The number of eryth-
rocytes in all groups under study was within the
normal range, the level of hemoglobin in the
control group was 10% lower than the lower
threshold of normal and 20.5% lower than that

Taba. 1. Knuanueckue nokazaTein HOBOPOXKJICHHBIX TENAT B ONBITHBIX rpymmnax (n = 30, M + m)

Table 1. Clinical indicators of newborn calves in the experimental groups (n = 30, M + m)

Group Body temperature, °C Pulse rate, bpm Respiratory rate per minute
Norm 38,5-40,0 120-160 12-30
Experimental

1-st 40,7 £ 0,34 159,1 £2.,82 27,1 £0,83%
2-nd 37,4 +£0,23" 127,6 = 1,87 20,3 £1,16%*
Control 41,5+0,13 165,2+2,11 33,4+1,42
Here and in table 2.
' <0,05.
“p<0,01.
“p<0,001.

Taodua. 2. CpaBHuTenbHas XapaKTEPUCTHKA FEeMaTOJIOIMYECKIX 1 OMOXUMHYECKHIX ITOKa3aTeell KpOBH
TEJAT ONbITHBIX rpyni (n = 30, M + m)

Table 2. Comparative characteristics of hematological and biochemical parameters of blood of calves
of experimental groups (n = 30, M + m)

Indicator Norm Experimental group of animals Control group
1-st 2-nd

Leukocytes (WBC, 10°/1) 8-16 11,9+ 0,6 9,6 £ 0,40 19,7 £ 0,4™
Erythrocytes (RBC, 10'2/1) 6-7,5 6,8 £ 0,89 7,2+ 0,90 6,9 £0,79
Hemoglobin (HGB, g/1) 90-110 95,0 £2,50 102,2 +2.45* 81,0 £ 2,63
Hematocrit (HCT, %) 36-50 35,2+ 5,30 38,7 + 4,66 63,3 £ 5,80%*
Potassium, mmol/l 3,5-4,5 3,9+0,20 4,4+0,51 2,9+£0,32
Sodium, mmol/l 135-148 141,1 +£7,13 1542+ 6,21 75,6 £3,23™
Calcium, mmol/l 2,5-33 2,1+0,44 2,7+0,40 1,4 +£0,14
Phosphorus, mmol/l 1,4-1,9 1,3+0,80 1,7+0,74 1,2+£0,22
Ferrum, mmol/l 1,0-3.4 1,9+ 0,36 2,5+£1.24" 0,7+0,14
Glucose, g/1 2,232 2,5+0,64 2,9+0,.22" 1,2+ 0,83"

*Bazhil
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in the 2nd group of animals. Hematocrit value
in the experimental groups corresponded to
normal values, it was 35.2 and 38.7%, respec-
tively. In the control group this index was 26%
higher than the norm (p < 0.01), indicating cell
dehydration, characteristic of dyspeptic states
of the body due to water loss [6, 7].

The results of the obtained biochemical tests
showed that the sodium and potassium content
in the blood serum of the control group animals
were below the normal physiological values by
44,0 and 17,1% respectively, while in the experi-
mental groups they were within the reference
values. In calves of the control group there was
low calcium content 1,4 + 0,14 mmol/l (p <0,05)
as a result of disturbed absorption in the intestine
while developing dyspepsia. Concentrations of
inorganic phosphorus and iron corresponded to
the upper limit of the physiological norm®.

It is known that iron deficiency in young
animals is the trigger mechanism of impaired
erythrocyte metabolism and reduction reactions
in tissues, leading to profound anemia [8-11]. In
young animals of the experimental groups this
element was within the physiological norm, in
the control group it was reduced by 30%.

The glucose level in animals of the control
group decreased by 45.5%. Such changes occur
due to disorders of lipid peroxidation leading
to the accumulation of unoxidized metabolic
products [9-13]. After application of phytobi-
otic preparations in the experimental groups
after 7 days, the blood serum glucose content
increased significantly (p < 0,05) by 2,7% in
the 1st experimental group and by 3,9% in the
2nd group. When comparing the indices of the
control and the 2nd experimental groups - by
12,1% (p < 0,001).

CONCLUSION

The use of drugs developed by us contrib-
utes to the normalization of morphological
blood parameters (leukocytes, hemoglobin, he-
matocrit) and biochemical parameters of blood
serum of calves (sodium, potassium, calcium-

phosphorus ratio, iron, glucose). Application of
phytobiotic compositions positively affects the
regulation of redox processes, metabolism, wa-
ter-salt metabolism, the overall clinical condi-
tion of the animals. The preparation Ne 2 (Ber-
genia rhizome, fennel leaf, calendula flowers,
probiotic) proved to be the most effective (by
10% compared with preparation Ne 1 and by
40% compared with the control).

Timely complex therapy of calves dyspepsia
by the given preparation at a dose of 2 ml/kg
2 times a day will reduce the level of the dis-
ease in young animals by 40% and the terms
of therapy up to 3 days. Livestock farms will
be able to reduce losses from lost weight and
young cattle mortality without losing the con-
sumer qualities of livestock products.
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[Tokazana HEOOXOAMMOCTh ONPEACICHHS 110j1a IMOPHOHOB B sIiflie MTUILI HCMHBA3UBHBIMU MeE-
TOZIaMU JI0 MHKYOAIMK U B ee nepuo. [IpuMeHeHne Hepa3pymaroiuX METOIOB OI[CHKH MOJIOBOTO
JUMOp(U3Ma Ha MPAKTHKE CYIICCTBEHHO YMEHBIIUT 3aTPaThl HA TPOU3BOJCTBO SIMII U MsCa CEllb-
CKOXO3SIUCTBEHHOM NTHIbI. BHEApEHHE TaKMX METOI0B TaK)Ke CHHU3UT HPABCTBEHHBIC ITPOOJICMBI,
CBSI3aHHBIC C (PU3UUCCKUM YHUUTOKECHUECM BHUTYTUBIIMXCS IBITUIST B 3aBUCUMOCTH OT SIMYHOTO HITH
OpoitsiepHOTO HaIpaBiieHUs poduiis ntuiedadpuk. PaccMOTpeHbl OCHOBHBIC METOJIBI U TEXHHUYC-
CKHE CPEICTBA ONPEACICHHS TOJIOBOr0 TUMOP(HU3Ma, IPUMEHIEMbIC B MUPOBOM IIPAKTHKE, OCHOB-
HBIM HEJJOCTATKOM KOTOPBIX SIBIISICTCS CJIOKHOCTh pealiM3allii U CBsA3aHHAsi ¢ HEW BbICOKAs IeHA
proOpeTeHMs TakuX cpeacTB. [IpoBesicH aHaN3 CyIIEeCTBYIONUX MUPOBBIX TCHJICHIIHIA 110 OTIpe-
JICJICHHUIO TI0JIOBOTO AUMOP(H3Ma SMOPHOHOB B siilie NTHIIBI. BBISBICHBI MEHEE 3aTPaTHBIE METOIbI
OLICHKHU MX TI0JIa JI0 MHKYOallMd U BO BpeMs ¢¢ MmpoBeneHus. [IpoaHanin3upoBaHbl OCHOBHBIC HE-
WHBA3UBHBIC METOJIbI OI[CHKH TIOJI0BOTO IUMOp(hH3Ma SMOPHOHA sIiIa U TTOKAa3aHbl IPEUMYIIECTBA
1 HEJOCTATKU 3TUX METOM0B. HayuHas HOBHM3HA MCCIICIOBAHUN 3aK/IFOYACTCSI B TOM, YTO BIICPBBIC
MPE/TIOKEHO UCIONB30BaTh MPHU OLIEHKE MOJOBOTO JUMOP(hU3Ma Bce mapaMeTpsl HOPMbI, BKITIOUAS
ACUMMETPHIO SIHIIa TI0 TPEM MPOCTPAHCTBEHHBIM KOOPJMHATAM, OMPEACISIEMbIM METOJaMH KOM-
MbIOTEPHOTO 3peHus. I[IpeiokeHa sKCrIepUMEHTaIbHAS KOJIOPUMETPHUYECKAsl YCTaHOBKA SIS OLICH-
KH MOJIOBOTO TUMOP(H3Ma SMOPHUOHOB SIMII 10 U BO BPEeMsi HHKYOAIIMOHHOTO MPOIIecca Ha OCHOBE
KOMITBFOTEPHOTO 3peHusl. Cronb30BaHue SKCIIEPUMEHTAILHOM YCTAHOBKH ITPY UCCIICIOBAHUSIX T10-
3BOJIMT OLECHUTHh 3PPEKTUBHOCT, HE MEHEE TPEX METOJOB OINPEICIICHHUs MOJIOBOrO aumMopdu3Ma
SMOPHOHORB B sIiflle KYPHUI[BI MO CJICAYIOIIUM MapameTpamM: MPOCTPAHCTBECHHOW aCHMMETPHH sHIIa,
CTPYKTYPHBIM H3MECHEHHUSM Pa3BUTHSI SMOPHUOHA M YaCTOTE €r0 CeP/ICYHBIX COKPAIICHUN.

KuroueBble cj10Ba: 110, HHKYOAITHs, SMOPHOH, TUMOP(I3M, HENHBa3UBHEIC METOIBI, KOMITHIO-
TEpHOE 3peHUE

METHODS FOR NONINVASIVE ASSESSMENT OF SEXUAL DIMORPHISM OF
EMBRYOS IN THE POULTRY EGG
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The necessity of determining the sex in the bird's egg by non-invasive methods before incubation
and during the incubation period is shown. The use of non-destructive methods for assessing sexual
dimorphism in practice will significantly reduce the cost of producing eggs and poultry meat. The
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of embryos in the poultry egg

introduction of such methods will reduce the moral problems associated with the physical destruc-
tion of hatched chickens, depending on the egg or broiler direction of the poultry farm profile. The
main methods and technical means for determining sexual dimorphism, used in world practice, are
considered, the main disadvantage of which is the complexity of implementation and the associated
high cost of acquiring such tools. Analysis of current world trends in the determination of sexual
dimorphism of embryos in the poultry egg was carried out. Less costly methods of estimating their
sex before and during incubation were identified. The main noninvasive methods for assessing the
sexual dimorphism of the egg embryo are analyzed and the advantages and disadvantages of these
methods are shown. The scientific novelty of the research lies in the fact that for the first time it was
proposed to use all shape parameters, including egg asymmetries in three spatial coordinates, deter-
mined by computer vision methods, when assessing sexual dimorphism. An experimental colorimet-
ric apparatus for assessing the sexual dimorphism of egg embryos before and during the incubation
process based on computer vision was proposed. The use of an experimental setup in research will
allow evaluating the effectiveness of at least 3 methods for determining the sexual dimorphism of
chicken eggs in terms of parameters: spatial asymmetry of the egg, structural changes in the devel-

opment of the embryo and its heart rate.

Keywords: egg, incubation, embryo, dimorphism, noninvasive methods, computer vision
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INTRODUCTION

Poultry eggs contain a large number of valu-
able micronutrients and nutrients, so they are
among the most popular and essential foods.
They are the main source of protein and are
used to prepare a large number of traditional
dishes, indispensable for dietary and sports
nutrition.

There is a gender preference in chicken
production, where the male is preferable for
broiler production and the female for egg pro-
duction. For broiler production, hens are infe-
rior to cockerels due to their lower growth rate
compared to their peers [1, 2]. Cockerels re-
quire additional feed expenses to gain weight.
The use of hens in broiler farms is not eco-
nomically justified because of the lower body
weight gain compared to cockerels. However,
cockerels cannot be used in the production of

eggs, the only product that is 97-98% digest-
ible by the human body.

Because of gender-oriented production,
more than 7.0 billion day-old cockerels are
destroyed each year worldwide, resulting in
significant economic losses [3, 4].

Many researchers have tried different
strategies to determine the sex of an embryo
before the chicks leave the egg and even be-
fore incubation based on differences in DNA
content in the blastoderm, hormonal differ-
ences (estrogens) in the allantois fluid and
the fluorescent properties of embryonic blood
[5]. It is accurately established that sex dif-
ferences exist in the composition of organic
substances of embryos during incubation, in
egg odor, DNA content, blood fluorescence
intensity and in Raman scattering. However,
these methods are rarely used in practice be-

106 Siberian Herald of Agricultural Science ¢ 2022 « 52 ¢ 5

Mechanisation, automation, modelling and dataware



MeTo/bI HeMHBAa3UBHOI OLIEHKH T10JI0BOr0 AUMOp(U3Ma IMOPHOHOB
B SIHMIIE ITHIIBI

AneitnnkoB A.®D.

cause they destroy the integrity of the egg
structure.

A promising and effective method for deter-
mining the sex of an embryo in an egg should
not affect the integrity of the egg shell or the
embryo inside and have a negative impact on
embryo development after the hatching and
development process. The method must be
fast-acting so that it can be applied to a large
number of eggs, economically feasible in
terms of application not only in large poultry
farms of the country, but also in the farms of
the Russian Federation, and also be acceptable
from an ethical point of view.

The purpose of the study is to analyze cur-
rent world trends in determining the sex di-
morphism of poultry eggs and to identify less
costly methods of sex estimation before and
during incubation.

Existing methods and tools for assessing
sexual dimorphism

In the study [6], a method of gender identi-
fication on the 9th day of incubation was pro-
posed and tested by measuring estrone sulfate
in the product of metabolism in the embryo -
allantois fluid. Holes were drilled in the egg
shell and 20-50 ml of this fluid were taken out
with an insulin syringe. The research revealed
that female embryos had a higher level of hor-
mones in the allantois fluid than male embry-
os. The method was used to destroy eggs with
male embryos on day 9 of incubation and was
only economically advantageous compared to
the traditional daily culling of male chicks.
However, using this manual method to collect
embryo biomaterial can damage embryonic
structures and even lead to embryo death of
the test egg.

In the study [7], a small hole was burned
into the egg shell using a laser during the 8th
to 10th day of the incubation period. Then, a
small amount of the egg contents solution was
extracted and the estrogen content was deter-
mined.

The German company Seleggt developed
in 2017 the first functional and sought-after
technology for determining gender using a
hormone test'. This technology uses a laser
that also burns a hole no larger than 0.3 ml
into an eggshell.

This method is based on endocrinological
process and allowed to determine the sex of
the future chick 8-10 days after oviposition
with 98% reliability. The productivity with
this method was 3600 eggs per hour.

Fluorescence [8, 9] and Raman spectros-
copy [10, 11], named after the Nobel Prize-
winning Indian physicist Chandrasekhara
Venkata Raman, are widely used in the stud-
ies of embryonic sex determination. Raman
spectroscopy is based on inelastic scattering
of photons, known as Raman scattering, ac-
companied by a noticeable change in the fre-
quency of radiation.

Researchers at the University of Leipzig
put into practice a combination of fluorescence
and Raman spectroscopy methods [12]. The
studies were performed at the early stages of
embryonic development, when the embryo is
not yet sensitive to pain [13, 14]. Indeed, when
a chicken egg is incubated up to 5 days old,
the embryo has a primitive blood flow provid-
ing gas exchange through the extra-embryonic
vascularized area of the yolk sac. The diam-
eter of this area is about 30 mm.

During the study, the egg was placed in a
vertical position with the blunt end of the egg
facing upwards (see Fig. 1). The embryo in
this case was in the center of the vascularized
area below the air chamber at the blunt end
of the egg. In this case, the air chamber is lo-
calized between the inner shell, which direct-
ly contacts the protein, and the outer shell,
which adjoins the shell. At the blunt end of
the egg the outer shell was opened together
with the shell. When a window is formed in
the shell at the blunt end, the inner membrane
of the embryo remains intact. Given that it is

'1In-ovo sexing URL: https://en.wikipedia.org/wiki/In-ovo_sexing#:~:text=In%20poultry%20farming%2C%20in-0v0%?20
sexing,company%20Seleggt%20in%20November?%202018 (reference date 25.04.2022).
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quite thin, an embryo with yolk circulation can
be seen through the membrane (see Figure 2).

This fact made it possible to identify ves-
sels under a Raman microscope, irradiate cir-
culating blood with a near-infrared laser, and
obtain a backscatter spectrum.

The laser-induced infrared radiation spec-
tra obtained from embryonic blood vessels
consisted of Raman scattering bands. The
scattering bands were biased with the fluores-
cence arising from the laser radiation. As the
researches have shown, at excitation by infra-
red radiation with wave length =910 nm, the
intensity of fluorescence of eggs of females /f
appeared lower in comparison with the inten-
sity of fluorescence of eggs of males /m (/f =
91, Im = 68). According to the authors of this

Puc. 1. CTpyKTypa U pacrloioXKeHHE siIa Mpu ero
MpENapUpOBaHUH:
1 — cxopryma; 2 — Hapy>KHasl TOACKOPIYIOBast 000I0UKa;
3 — Bo3aymIHas Kamepa (myra); 4 — BHyTPEHHSS MTOACKOP-
JIyTIoBasi 000JI0UKa; 5 — KENTOK; 6 — OCJIOK; 7 — SMOPHOH
Fig. 1. The structure and arrangement of the egg in
its dissection:

1 — shell; 2 — outer shell membrane; 3 — air cell; 4 — in-
ner shell membrane; 5 — yolk; 6 — protein; 7 — embryo

study, the reliability of gender determination
using this method was 93%.

It should be noted that this method is inva-
sive and has a negative effect on the growth
and development of hatchlings.

In Ovo company together with the Uni-
versity of Leiden, has created an automated
method for micro-sampling fluid from an egg
at a sampling rate of three samples per second.
Using a fast-acting mass spectrometer Sciex
Echo® MS, a robotic system has been created
that can sort embryos by gender on day 9 of
their development?.

However, such a technological complex for
sorting eggs by gender is not available to do-
mestic consumers because of its complexity of
implementation and high cost.

Puc. 2. BuenmHU BT KPOBEHOCHBIX COCYIIOB
SMOpHOHA Ha 5- IeHb WHKYOAITUH TIPH BCKPBITHH
HapyXKHOU 000IOUKH SHIIA

Fig. 2. The appearance of the blood vessels of the
embryo on the 5th day of incubation when opening
the outer shell of the egg

In Ovo URL: https://www.cbinsights.com/company/in-ovo. Peebles E.D. In ovo applications in poultry: A review 2018. Vol.

97.1s. 7. P. 2322-2338. DOI: 10.3382/ps/pey08.
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Analysis of promising low-cost methods for
assessing sexual dimorphism

Currently, intensive research is underway
to develop relatively uncomplicated methods
for assessing the sex of embryos in a poultry
egg.

The mystery of the beginnings of the chick-
en was attempted by the eminent ancient sci-
entist Aristotle’. He assumed that oblong eggs
would produce cockerels and rounded eggs
would produce hens. Although this fact was
not confirmed in practice, his idea of the dif-
ference in shape and geometric parameters of
the egg in determining the sex finds its way in
domestic and foreign studies. Thus, a number
of Russian scientists believe that the sex can
be determined before hatching by the shape
index*, which is a ratio of the longitudinal /
and transverse b geometrical size of the egg.
The authors have stated by measuring this
size with a laser interferometer that if the ratio
I/b = 1,2-1,3, these are the future hens, I/b =
1,4-1,5, the future cockerels.

Considering that the volume and the surface
area of eggs are reliable prognostic parameters
of the quality characteristics of hatching hen
eggs, many researchers suggest performing a
geometric transformation of the actual con-
tour of the egg into a known geometric figure
whose shape most closely resembles the egg
under study [15-19].

As a rule, four geometric figures were used
in the analysis of all egg shapes: sphere, ellip-
soid, ovoid and pear-shaped [20].

If the first three figures had a clear mathe-
matical definition, each of which was obtained
from the expression of the previous one, the
formula for the pear-shaped profile was de-
rived quite recently. In this case, in addition to
the parameters of the shape index, the values
of the shift of the vertical axis of the egg and
the diameter of the pointed end of the egg at
the length of //4 were used. Consideration of

these four parameters allowed scientists V.G.
Narushin, M.N. Romanov (Ukraine) and D.K.
Griffin (Great Britain) to derive a universal
equation for determining the contours of bird
eggs existing in nature [21]. It can be expected
that the analytical equations obtained in the
studies will not only be the basis for research
in evolutionary biology, but will also be used
to predict the sex of an egg before its incuba-
tion.

Computer vision systems are intensively
used to control all technological processes in
poultry farming [22], the structural diagram of
which is shown in Fig. 3.

Application of computer vision reduces the
cost of labor-intensive processes associated
with the increasing intensification of produc-
tion of poultry farms, the need to create ac-
ceptable conditions for the welfare of animals.
Computer vision systems can provide reli-
able, non-invasive and precision technology
for probing and monitoring various aspects of
poultry production processes. They will pro-
vide a large variety of data on the assessment
of the vital functions and prognosis of the
sexual characteristics of embryonic eggs for
further analysis. Since computer vision uses a
mathematical apparatus in image acquisition,
it will be effective in developing the methods
for predicting sex traits by shape parameters,
including asymmetry of eggs by three spatial
coordinates, before or during their incubation.

It is extremely difficult to make such predic-
tions, despite the fact that computer methods
perform identification, image classification,
semantic segmentation, detection and recogni-
tion of the structural elements of the studied
objects using machine learning methods based
on deep neural networks [23].

The results of studies of the relationship be-
tween linear egg size in wild birds (sparrow,
lapwing, canary, European thrush, lark, etc.)
and sexual dimorphism are rather pessimistic

3Aristotle (384-322 BC). On the Origin of Animals, translated from Greek, Moscow; L.: USSR Academy of Sciences, 1940.

252 p.

“Patent (RN) Ne 2238643. Method of automated sorting chicken eggs by gender. N.V. Vasilenko, E.N. Ivashov, V.V. Protsenko,
Stepanchikov S.V.; Application. 07.05.2002; publ. 27.10.2004; Bul. no. 30.
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Puc. 3. CtpykTypHas cxeMa dKCIIepUMEHTaIbHON
YCTaHOBKH KOMITBIOTEPHOTO 3pEHUS:

1 — remuas komHara; 2 — RGB-ocBeturens; 3 — sifo;
4 — dotoamnmapar; 5 — HOyTOyK

Fig. 3. Structural diagram of the experimental
setup for computer vision:

1 — dark room; 2 — RGB illuminator; 3 — egg;
4 — camera; 5 — laptop

and do not give an unequivocal answer [24].
In this case it is proposed to determine the
asymmetry of linear dimensions of an egg rel-
ative to three spatial coordinates. The aspira-
tion for shape symmetry in living organisms is
a well-known fact, which is explained by the
decrease of entropy in regulated systems [25].
As a scientific hypothesis, it is assumed that
the nature of asymmetry in spatial coordinates
in male and female embryos of hen eggs is dif-
ferent. Confidence in the confirmation of the
hypothesis is provided by the preliminary re-
sults of predicting the sex of chicken eggs by
the distributed parameters of the shape index
in two spatial coordinates [26]. In this study,
all eggs were set in the same spatial position.
The distributed parameters of the egg shape
index were determined on a contrasting white

and black image of the egg. The background of
the egg was transformed into black. All trans-
formations were performed using the standard
MATLAB?® image processing library. The val-
ues of shape index distributions for each egg
from the selected batch were transferred to the
database as pixels. The results were obtained
by intelligent data analysis using the Random-
Fofest machine learning algorithm.

A batch of 262 chicken eggs was examined.
After incubation, 116 females and 106 males
were hatched; 40 eggs were rejected. Accord-
ing to the authors of the study, the reliability of
prediction of male and female chicks was 93
and 100%, respectively.

Computer vision methods for predicting the
sex of chicks are also used during the incu-
bation period. For example, in the work [27],
using LED-type light sources in the computer
vision unit, images of two batches of chicken
eggs on the 3rd-6th, 8th, and 10th days of in-
cubation, respectively, were obtained.

In Fig. 4, blood vessels are clearly enough
visible in the obtained images during the ini-
tial period of incubation. In the images, 11 re-
gions of features characterizing embryo sexual
dimorphism are highlighted. After processing
these feature parameters, which display the
texture features of blood vessels depicting a
chick embryo, a genetic algorithm was devel-
oped to optimize the initial weights and back-
propagation thresholds of neural networks
with different hidden layers.

Machine learning was based on the Back
Propagation Neural Network (BPNN) algo-
rithm.

The authors claim that machine vision tech-
nology provides a realistic method of deter-
mining the chicken egg sex on day 4 of incu-
bation with a prediction accuracy of 89.74%.

Differences in the shape of hatching eggs,
changes in the ambient temperature and hu-
midity, the presence of calcium spots on the
shell, etc., have an impact on the reliability of
sex determination.

*ImageProcessingToolbox-The MathWorks-PDF Catalogs pdf.directindustry.com https://www.mathworks.com/help/images/
functionlist.html?requestedDomain =www.mathworks.com#btvphx9-1.
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There are studies on assessing the viability
of bird embryos by measuring the heart rate
[28-30]. For example, in the work [30] a meth-
od of assessing the activity of chicken embry-
os was described using near-infrared (870 nm
wavelength) imaging of the egg, obtaining the
embryo heart rate signal and its further pro-
cessing. The heart rate during the incubation
period varied from 3.8 to 4.8 Hz. Moreover,
during the incubation first there was an in-
crease in the heart rate, on the 15th day there
was a decrease.

Considering that cardiac activity in the em-
bryo is detected on the 2nd day of incubation
[28], it is possible to develop a new method
for early assessment of the sexual dimorphism
in the incubated egg based on the hypothesis
of the difference of heart rate in cockerel and
hen embryos. Such method of sex dimorphism
estimation was not found in the analyzed
sources. The fact of the difference in the car-
diac activity of the two sexes of embryos can
be refuted or proved only by applying modern
methods and computer vision tools.

In accordance with the structural scheme
(see Fig. 3), a synthetic vision unit was created
to conduct research on the selection and justi-
fication of a relative cheap method for deter-
mining the sexual dimorphism of embryos in
a chicken egg both before their incubation and

M oHC

Puc. 4. N300pakeHne 3apo/sIia KyprHHOTO SiTia
Ha 4-11 1eHb MHKYOaInu:
M — TIETYIIOK; /¢ — KypouKa
Fig. 4. Image of a chicken egg embryo on the 4th

day of incubation:
M - cockerel; orc — female chicken

during the first days of the incubation period.

Digital camera Canon EOS 2000D EF-S
18-55 HI Kit with modern CMOS-matrix
(22,3 x 14,9 mm) and a powerful processor
was used to obtain images in the synthetic vi-
sion unit. The maximum resolution of the ma-
trix is 6000 x 4000 pixels, color depth is 42
bits per pixel. The range of sensitivity of the
sensor is from 100 to 6400 ISO, the crop fac-
tor is 1.6. Exposure is automatic with aperture
and shutter priority. The viewfinder is a reflex
(TTL) with a 95% field of view. Fast shooting
speed is three frames per second.

All components of the camera work togeth-
er to produce sharp images with minimal noise
and bright, saturated colors.

The digital device is attached by a threaded
connection to the removable head of the Ray-
lab Travel telescopic tripod. The position of
the tripod head is adjustable in three spatial
planes. The tripod is made as three sections
- supports with adjustable movable legs and
a sliding central post. This design makes im-
aging easier and more productive. The sliding
central pole guarantees the process of shooting
from the right angle. The adjustable working
height of the camera ranges from 0.56 to 1.6 m
to the floor. The camera is mounted on a tripod
on which the slide with the object under study
is fixed.

The digital device is paired with a lap-
top model ASUS VivoBook 17 K712EA-
BX467W, running the operating system Win-
dows 11 Home Single Language. The charac-
teristics of its screen: the diagonal of 17.3";
resolution of 1600 % 900 pixels; brightness of
200 Cd/m?.

The laptop is equipped with an Intel Pen-
tium Gold 7505 processor with 8 GB of RAM.
It provides powerful performance and wide
viewing angles.

When determining the geometric param-
eters and asymmetry of the shape of an incu-
bated egg there is a light kit for Raylab RL-
LEDI10 Kit 3200-6500K laptop and IEK IO
spotlights with halogen light sources. The kit
light allows you to smoothly change the power

MexaHn3a1ys1, aBTOMATH3ALIHSL, MOZIETTMPOBAHNE
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from 1 to 100%, as well as the color tempera-
ture in the range of 3200-6500K. It is equipped
with a swinging bracket that helps to create the
necessary light and eliminate shadows on the
object of study or illuminate it.

When determining the sexual dimorphism
in the first days of incubation, the Falcon Eyes
ML-09 RGB LED lamp with infrared remote
control is used as an illuminator. Power of the
lamp is 9 W. Taking into consideration that a
standard egg weighing 58 g has cross and lon-
gitudinal diameters of 42 and 57 mm respec-
tively, the matte bulb with a diameter of 60 mm
illuminates the egg with uniform white light of
maximum brightness. In addition to the basic
colors, the RGB mode offers 12 presets of dif-
ferent color shades, which are set with the con-
trol panel.

The LED lamp is placed in a light-tight cy-
lindrical aluminum housing, which is fixed in
the geometrical center on the inner side of the
stage table top. A round hole 80 mm in diameter
is made in advance in the table top, in which the
bulb of the LED lamp enters. A removable thin
black plate with a cut out oval ellipse is placed
on the outer side of the table top with a pre-
made round hole. Thus, when you turn on the
LED lamp in a dark room a contrast illumina-
tion of the incubated egg throughout its incuba-
tion period is carried out.

The object of research (egg) is set in this
oval, which limits the movement of the egg on
the plane of the plate, and also gives the possi-
bility to fix the egg when it turns along its lon-
gitudinal axis from 0 to 360 °.

A series of experimental studies are planned
using this unit to identify a least-cost noninva-
sive method for assessing sexual dimorphism
in the egg.

It should be noted that not all possible meth-
ods of sex determination in bird embryos, such
as methods of hyperspectral imaging [31], im-
pedance spectroscopy [32], etc., are considered
in this article. The reason for this is the lack of
information in the analyzed sources on the ef-
fectiveness of the practical implementation of
these methods in the developed countries of the
world.

CONCLUSIONS

1. Existing methods of determining dimor-
phism in poultry eggs are invasive and are
usually carried out after the process of their
incubation when the chicks are at least one
day old.

2. Lack of nondestructive methods and
means of determining the sexual dimorphism
of embryos in a poultry egg raises a serious
ethical problem associated with the destruc-
tion of live chicks by maceration or suffoca-
tion with carbon dioxide, and leads to signifi-
cant economic losses in the poultry industry.

3. The use of the In Ovo's foreign technol-
ogy, in which a micro-hole in the egg shell
is burned out with a laser and the sex of the
future chick is determined using the Sciex
Echo® mass spectrometer, is impossible be-
cause of its high cost, despite the creation of
high-performance robotic complexes using
this technology, capable of sorting embryos by
sex on day 9 of their development.

4. Analysis of the main promising methods
for assessing the sex of embryos in a chicken
egg before and during the incubation period,
based on the application of vision techniques,
using machine learning has been carried out.

5. An experimental unit of vision designed
for further research to scientifically substanti-
ate and create a low-cost, non-invasive meth-
od of assessing embryo sex dimorphism in a
chicken egg has been manufactured and de-
scribed.

6. The application of the experimental unit
in the research will provide reliable results to
assess the effectiveness of the method of de-
termining the sex dimorphism by the spatial
asymmetry of hen eggs before incubation. In
addition, the minimum days of the incubation
period for predicting the sex of embryos by
their structural changes will be established,
and the probability of such prediction by the
heart rate of the developing egg in the embryo
will be determined.
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MHNPOBJIEMbBI 1 TIEPCHEKTUBBI HU®POBU3ALIUNU CEJBCKOI'O
X031 CTBA B PECIIYBJIUKE ThIBA

CDYpicpima P.B.!, Camobl1a Y. H.2

ITyeuHCKULL UHCIUNYM KOMIIEKCHO20 OCB0EHUsI NPUPOOHBIX PECyPCos
Pecrry6muka TeiBa, . Ke13bur, Poccus

*TyeuncKuil HayuHblll YyeHmp
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W3ydensl mpoOaemMbl ¥ TEPCTIEKTUBEI Pa3BUTHS U(POBBIX TEXHOJIOTHH B arpapHoM cektope Pe-
crryonmuku TeiBa. B TeiBe mcmonb3oBanue IMUGPOBBIX TEXHOIOTHI OCTaeTCsl KpaifHe HU3KuM. [lo
Pa3BUTHIO IPOLIECCOB HU(PPOBU3ALNHI PETHOH CYILIECTBEHHO OTCTAET KakK OT Mokasareneit Poccuu B
1esioM, Tak 1 Cubupcekoro ¢enepaibHOro okpyra. BezoBamu, cAepKUBAIOLIMMHU pa3BUTHE HHPOP-
MalMoOHHOTO ob1ecTBa B PecryOnuke ThiBa, SBISIOTCS HANWYHE TPYIHOAOCTYITHBIX HACEICHHBIX
IYHKTOB CO CJIIOKHBIMHU TeorpapuuecKuMH O0COOCHHOCTSIMH; HH(PACTPYKTYpHBIE OTpaHHYCHHUS B
gacTh o(opMIICHHUS (COTIaCOBaHMSI) HEOOXOMUMBIX JOKYMEHTOB W B3aMMOJCHCTBHS C CETEBHIMHU
OpPraHM3aLMsAMH B PAMKax 3aKIIOYEHUS JOTOBOPOB HA TEXHOJIOTMUYECKOE NMPHCOEANHEHUE K DIICK-
TPOCETSM; OTCYTCTBUE MOKPBITUSI M HEYBEPEHHbIH NpUeM HOABMXHON paguoreneoHHOH CBsI3U B
yAAJCHHBIX CEJIbCKUX HaceJleHHBIX MyHKTax PecmyOmukn ThiBa; HexBaTka KBalM()UIMPOBAHHBIX
CTHECHHAINCTOB 10 HH(OPMALMOHHO-TEJICKOMMYHHUKAIIMOHHBIM TEXHOJIOTHSM, Cl1aboe pa3BUTHE Ha-
YUYHO-UHHOBAIIMOHHOI'O MOTCHIIMAJIa; HU3KUC HABBIKKW HMCIIOJIb30BaHUSA I/IH(bOpMaHI/IOHHI)IX TEXHO-
JIOTH; IMITOPTO3aBHCUMOCTH OT 3apyO0eXKHOTO MPOrpaMMHOTO 0oOecrieueHus], TEXHOIOTHH 1 000-
pynoBaHMs; LH(POBOE HEPABEHCTBO MEXKAY MyHHLIUIAIBHBIMU 00pa30BaHUsIMH. J1JIs1 OBBIICHUS
3¢ PEKTUBHOCTH CEIBCKOTO XO3sIHCTBA B PETHOHE HEOOXOANMO BHEPEHHE B CEIILCKOXO3IHCTBEHHOE
MIPOM3BOACTBO LU(PPOBBIX TEXHOJOTHH: COOp JaHHBIX O MOCEBHBIX IUIOLIAJIX W MacTOMIIAx, Co-
CTaBJieHHEe U(POBBIX KapT 3eMeIb CEIbCKOXO3IHCTBEHHOTO Ha3HAYCHUS, NCIIONb30BaHNE AUCTaH-
[MOHHO YIPAaBJIACMbIX JATUYMUKOB 10 MOHHUTOPUHIY 3a Ka4€CTBOM IIOCEBOB CEJILCKOXO03SICTBEHHBIX
KYJIBTYpP, HaJl MEPEABUKCHUEM CEIbCKOXO3MCTBEHHOIO TPAHCIIOPTa U XUBOTHBIX U 1p. [Ipume-
HeHHEe HNU(POBBIX TEXHOIOTHH OyIeT CIIocOOCTBOBATH MPOABIKCHHUIO MPOAYKIMH CEIIbX03TOBAPO-
MIPOM3BOAUTEIICH 10 MOTPEOUTEIIS, YTO PACIIUPUT AOCTYH K (PUHAHCOBBIM pecypcaM M PhIHKaM 3a
CUET COITIaCOBAaHHOI'O JEHCTBUS BCEX 3BEHBEB arpapHOro Npon3BojacTBa. HameueHsl OCHOBHBIE Ha-
MpaBJiIeHUs] TU(PPOBU3ALUKN OTPACIN U 0003HAUCHBI MEPCIICKTUBHBIC MU(PPOBBIC TEXHOJIOTHU IS
IIPUMEHEHHs B OTPACIIM CEIbCKOTO X03sicTBa Pecybnmku TriBa.

KuioueBble ciI0Ba: CeNbCKOXO3SHCTBEHHOE TMPOM3BOACTBO, Hu(poBbie TexHomorunu, [MC-
TEXHOJIOTUU

PROBLEMS AND PROSPECTS OF DIGITALIZATION
OF AGRICULTURE IN THE REPUBLIC OF TYVA

(<) Chysyma R.B.!, Sambyla Ch.N.?

"Tyvinian Institute for Exploration of Natural Resources
Kyzyl, Republic of Tyva, Russia

’Tyvan Scientific Center

Kyvzyl, Republic of Tyva, Russia

(<De-mail: chysyma@mail.ru

The problems and prospects of development of digital technologies in the agricultural sector of
the Tyva Republic were studied. The use of digital technology remains extremely low in Tyva. The
region significantly lags behind Russia as a whole and the Siberian Federal District in the develop-
ment of digitalization processes. Challenges hindering the development of the information society
in the Republic of Tyva are the presence of hard-to-reach settlements with complex geographical
features; infrastructure restrictions in terms of registration (approval) of necessary documents and
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Problems and prospects of digitalization of agriculture
in the Republic of Tyva

Chysyma R. B., Sambyla Ch.N.

interaction with network organizations in the conclusion of contracts for technological connection
to the power grid; lack of coverage and uncertain reception of mobile radio telephone communica-
tions in remote rural settlements of the Tyva Republic; lack of qualified specialists in information
and telecommunication technologies, poor development of scientific and innovation potential; low
skills in using information technologies; import dependence on imported software, technologies and
equipment; digital inequality between municipalities. To improve the efficiency of agriculture in the
region, it is necessary to introduce digital technologies into agricultural production: collecting data
on sown areas and pastures, making digital maps of agricultural land, using remote-controlled sen-
sors to monitor the quality of crops, the movement of agricultural vehicles and animals, etc. The use
of digital technologies will promote the products of agricultural producers to the consumer, which
will expand access to financial resources and markets due to the coordinated action of all parts of ag-
ricultural production. The main directions of digitalization of the industry were outlined and promis-
ing digital technologies for application in the agricultural sector of the Tyva Republic were specified.
Keywords: agricultural production, digital technologies, GIS-technologies
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INTRODUCTION T
Digitalization has affected not only the IT

Currently, one of the most important fac-
tors in the strategic development of agricul-
tural production is the introduction of digi-
tal technologies in agricultural production.
Digital transformation of agriculture and
the planned technological breakthrough is a
key factor in the development and one of the
main trends in the agricultural industry in the
coming years [1].

Information and digital technologies in ag-
riculture, contribute to the formation of sus-
tainable development of not only the agro-in-
dustrial complex, but also the development of
rural areas. Thanks to these technologies, it is
possible to obtain data on each agricultural ob-
ject and its environment, calculate mathemati-
cally accurate algorithm of action and predict
the result'.

sector, retail, financial institutions and social
networks, where its level reaches 70-80%, but
also sectors of the real economy [2]. Agricul-
ture is no exception, because the organization
of highly profitable production already objec-
tively involves its digitalization®.

The Government of the Russian Federation
recognizes the need for digitalization of the
agro-industrial complex, aimed at increasing
agricultural production and profitability of the
industry. The programs adopted by the state
see their task as the consolidation of the ef-
forts of science, federal and regional executive
authorities and business for the development
of domestic technologies that help to reduce
import dependence and ensure sustainable de-
velopment of the agro-industrial complex of
the country [3].

IShpedt A.A., Zlotnikova V.V. Application of information and digital technologies in the agroindustrial complex of the
Krasnoyarsk region. Information technologies, systems and devices in the agroindustrial complex: materials of the 7th International
Scientific and Practical Conference "Agroinfo-2018". Krasnoobsk, 2021. pp. 22-25.

2Smyshlyaev A.A., Medvedeva Zh.V. Digitalization of cattle breeding in the Altai Territory. Economic and mathematical
methods of analyzing the activities of enterprises of the agroindustrial complex. pp. 260-266.
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The government has developed a depart-
mental project "Digital Agriculture", which
provides for the implementation of a num-
ber of important areas to improve agriculture
through the implementation of information
technology in various constituent entities of
the Russian Federation.

The purpose of the study is to examine the
problems and prospects of digitalization in the
agricultural sector of the economy of the Re-
public of Tyva.

MATERIAL AND METHODS

The study used information from the Minis-
try of Digital Development of the Republic of
Tyva on the implementation of the state pro-
gram "Development of Digital Society in the
Republic of Tyva in 2014-2020", information
from the department of organizational, docu-
mentary and information support of the Min-
istry of Agriculture of the Republic of Tyva
as of 01.07.2022, the information is from the
Krasnoyarskstat, as well as our own research
data.

RESULTS AND DISCUSSION

The Republic of Tyva is part of the Sibe-
rian Federal District. One of the main sectors
of the regional economy is agriculture. There
are 327.38 thousand people, of which 149.6
thousand (45.7%) live in rural areas®. In this
regard, the state of this industry largely prede-
termines the economic and social situation of
the region as a whole.

The main direction of agricultural produc-
tion is cattle breeding, which accounts for
83.32% of agricultural production. The Re-
public of Tuva has large areas of natural pas-
tures, which allows to develop distant-pasture
cattle breeding. Sheep breeding, meat herd
horse breeding, cattle breeding and yak breed-
ing are of great importance.

The region is located in the zone of risky
agriculture. Here crop farming is conduct-

ed on the verge of possible farming, which
makes it difficult to conduct this industry.
With 2653 thousand hectares of agricultural
land in Tyva only 135.5 thousand hectares is
arable land, and currently a significant part of
it is not cultivated. The average yield of grain
crops in the last 5 years is about 13.1 cwt/ha
(see footnote 4).

There are also a number of problems that
hinder the development of cattle breeding.
Despite the positive dynamics of growth of
livestock, there is low productivity of animals
and, as a consequence, the decline in livestock
production.

One of the key factors in improving the ef-
ficiency of agriculture can be the introduction
of digital technologies in agricultural produc-
tion of the republic, which will improve the ef-
ficiency of agricultural production through the
coordinated action of all parts of agricultural
production. These include the introduction of
elements of digital inventory of cultivated ar-
eas and pastures, making digital maps of agri-
cultural land, etc. In the future it is possible to
use remotely controlled sensors to monitor the
quality of crops, the movement of agricultural
vehicles and animals. In addition, agricultural
producers with the introduction of digital tech-
nology will be able to trace the progress of their
products to the consumer, which will increase
access to financial resources and markets.

The use of digital technology in the Re-
public of Tyva remains extremely low. The re-
gion significantly lags behind both Russia as a
whole and the Siberian Federal District in the
development of digitalization processes.

Tyva ranks 78th according to the rating of
the regions for the development of the infor-
mation society in the Russian Federation. Ac-
cording to the survey, the number of house-
holds with personal computers was 58.1%, in-
cluding 66% in urban areas and 47.4% in rural
areas’.

In October 2013, the Resolution of the
Government of the Republic of Tyva approved

SDepartmental Project "Digital Agriculture": Official publication. Moscow: Rosinformagrotech, 2019. 48 p.

“Krasnoyarskstat. URL: https://krasstat.gks.ru/folder/95045.

*Program "Development of Information Society in the Republic of Tyva in 2014-2020": URL: https://docs.cntd.ru/

document/460195149/titles/133MPTQ.
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the state program "Development of Informa-
tion Society and Mass Media in the Republic
of Tyva for 2014-2020. (see footnote 5).

The main goals of the state policy in the
sphere of information and telecommunication
technologies in the Republic of Tyva are®:

— improving the well-being and quality of
life of citizens by increasing the availability
and quality of goods and services produced in
the digital economy using modern digital tech-
nologies, increasing the degree of awareness
and digital literacy, the quality of public and
municipal services;

— modernization and development of the
print and electronic media infrastructure,
book publishing and printing activities in the
Republic of Tyva to ensure the constitutional
rights of citizens to access to information;

— introduction of digital technologies in the
economy, including tourism, urban planning,
housing and public utilities, and agriculture.

The challenges hindering the development
of the information society in the Republic of
Tyva, according to the developers of the pro-
gram, are:

— availability of hard-to-reach settlements
with complex geographical features;

— infrastructural constraints with regard to
the execution (approval) of necessary docu-
ments and interaction with grid operators as
part of the conclusion of contracts for techno-
logical connection to electrical grids;

— lack of coverage and uncertain reception
of mobile radio telephone communications in
the remote rural settlements of the Republic
of Tyva,;

— lack of qualified specialists in the field of
information and telecommunication technolo-
gies (ITT), and poor development of scientific
and innovation potential;

— low skills in the use of information tech-
nologies;

— import dependence on foreign software,
technology and equipment;

— digital divide between municipalities.

In our opinion, the implementation of the
program for the development of the informa-
tion society and mass media in Tyva in 2014-
2020 has not had a significant impact on the
level of development of digital technologies
directly in the agro-industrial complex of the
republic. However, there is a trend in the re-
gion to improve the information and digital in-
frastructure for the provision of public services
in electronic form by the authorities of the re-
public, which has contributed to the awareness
and digital literacy of the local population.

In this regard, the public authorities of the
republic need to pay attention to the develop-
ment of a separate regional program for the
development of the digital economy in agri-
culture, which includes measures to support
the entities involved in agricultural production
for the implementation of information sys-
tems, the purchase of server equipment, ad-
vanced training, etc.

One of the most promising areas in the dig-
italization of agriculture in Tyva for the first
time could be the use of information systems
based on geoinformation technology. The in-
troduction of such a system in agriculture will
serve as the first step towards the creation of
a regional GIS, which will increase the effi-
ciency of agricultural production in the region.

GIS technologies in the field of crop pro-
duction would make it possible to centrally
maintain a register of cultivated areas of crops,
monitor agronomic operations, digitize crops,
make crop yield forecasts, etc.

In cattle breeding, GIS-technologies can
be used to select feed rations, monitor feeding
and housing, and control the quality of agri-
cultural products.

In the Republic of Tyva, where cattle breed-
ing is the native occupation of the population
of the region, the software product "Horse
Breeders Assistant", information retrieval sys-
tems "IRS Kony", "IRS Kony 2", "IRS Kony
3"7 can be recommended for conducting meat
herd horse breeding.

‘Decree No. 482 of the Government of the Republic of Tyva dated 27.10.2017.
7 Assistant horse breeder. URL: http://horsemate.narod.ru/index/0-2.
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The program "Coral" and its software prod-
ucts: "Coral - Cattle Farm", "Coral - Feed-
ing", "Coral - Feed base" and others, aimed
at optimizing the issues of feeding, housing
and creating veterinary welfare of animals us-
ing information technology, appeared in the
register of complex programs of the Russian
Federation®.

Currently, in our country there are exam-
ples of successful use of GIS-technologies in
the field of veterinary medicine as well, which
allows to conduct epizootological monitoring,
forecast and control the epizootic process in a
particular territory by promptly influencing it
through GIS-technologies [4-6].

Scientists from the Institute of Experimen-
tal Veterinary Science of Siberia and the Far
East and the Siberia Physical and Engineering
Institute of Agrarian Issues SFSCA RAS cre-
ated a computer system "Leukosis" using GIS-
technology to analyze the epizootic situation
on leukosis.

The developed system is intended for ac-
cumulation, systematization and subsequent
analysis of epizootic and background infor-
mation in order to determine the patterns of
epizootic process development, on the basis
of which managerial decisions for localization
and elimination of bovine leukosis with the
least economic and time losses will be elabo-
rated [7].

For example, the use of the MaplInfo sys-
tem makes it possible to form electronic car-
tographic databases for creating systems of
forecasting, distribution and circulation of
helminth infestations of farm animals [8, 9].

The introduction of information technolo-
gies (GIS-technologies) in forecasting the epi-
zootic process in the border territories of Tyva
is also relevant. The state border between
Russia and Mongolia runs through the south-
ern territory of the republic. The length of the
Tuvan section of the border is more than 1,300
km, or about 38% of the Russian-Mongolian
border [10]. The successful development of

cattle breeding in this territory depends to a
large extent on the epizootic welfare of the
border area for infectious and invasive ani-
mal diseases. According to the veterinary ser-
vice of the Republic of Tuva, for a long time
in Mongolia there has been a tense epizootic
situation on infectious animal diseases, where
cases of unfavorable sites for anthrax, pasteu-
rellosis, rabies, horse strangles, rinderpest,
foot and mouth disease and other were regis-
tered in different years.

In this regard, the introduction of digital
information technology in the practical work
of veterinary professionals can provide a rapid
exchange of information and create a common
database for effective anti-epizootic measures
in the border territories.

In the territories of the Republic of Tyva
bordering Mongolia, the border service often
has to stop cattle from entering "foreign" ter-
ritory, which can lead to conflicts related to
grazing. Here an example of successful intro-
duction of information technology could be
the procedure of implanting microchips under
the skin of animals. Microchip allows to trace
the movement of the animal and conduct their
identification within hours, which excludes
the theft and replacement of the animal.

CONCLUSION

Currently, the effective development of ag-
riculture is impossible without the formation
and implementation of elements of modern
digital technologies in agricultural produc-
tion. Their development in the region requires
state support for agricultural producers, re-
gardless of their form of ownership, as well
as the inflow of investment in agriculture at
the expense of agricultural producers them-
selves and other entities of agricultural busi-
ness through investment funds. The creation
of a digital economy in Tyva can ensure the
sustainable development of the agricultural
sector and increase its competitive advantage.

$Lukyanov B.V., Lukyanov P.B. User's Manual for the CORAL Computer Programs. URL: https://www. korall-agro.ru/KO-

RALL pdf.
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IIpuBeneHsI cBeIEHUS O CKPYUCHHUKE KUTacKoM Spiranthes sinensis (Pers.) Ames (Orchidace-
ae Lindl.) — mepcriekTnBHOM BUjIe [IJIsl UCTIONB30BaHUS B IIBETOBOACTBE B ycnoBHsix [Ipumopckoro
Kpas. B naHHOM permone ckpy4eHHUK KUTAaHCKUI BCTpeyaeTcs MPakTHUECKH BO BCEX palloHax, oJl-
HAKO M3BECTHHIE COBPEMEHHBIE MECTOHAXOKICHHSI UMEIOT HU3KYIO YHCICHHOCTh MOMYIIAINNA. JTO
JIEKOPATUBHOE, JUTUTEIHFHO IBETYIIEEe OPXHUIHOE PACTEHHE XOPOIIO Pa3MHOXKAETCS BEreTaTHBHO,
MIEPEHOCUT 3acyXy, CUIbHOE YIUIOTHEHHE TOYBHI U JAOJITOBEYHO B TpaBocToe. Kak u apyrue myro-
BbI€ BHU/BI OPXUJEH, CKPYUEHHUK KMTAWCKUH MOXKET PacTH Ha COJHEYHBIX MECTaxX M B IOJTYTEHH,
B COUETAHWH C COMYTCTBYIONUMH HEKPYITHBIMH pacTeHHIMA. K TUMUTHpYONMM (paKkTopaM OTHO-
CUTCS HapyIllIEHHE ECTECTBEHHBIX MECT IPOU3PACTAHUS B PE3ybTaTe SKCTPEMANIBHBIX MPUPOJHBIX
SIBIICHUW W aHTPOIIOTEHHOTO BO37eHCTBUA. ONMCaHbl HOBBIC MECTOHAXOXKACHUS S. sinensis B [1pu-
MopckoM kpae. [ToneBbie uccnenoBanus nposeneHbl B 2018—2021 rr. MmapuipyTHO-PEKOTHOCIIUPO-
BOYHBIM MeTofoM. OCYIIECTBICHO ONMHMCAaHUE MECTOOOMTAaHUH, a TakkKe MOP(HOMETPUIECKUX II0-
Kazaresiell CKpydeHHHKa KHTaWCKOTo, MPOBEACH aHanu3 repoapubix oopasuos (VLA, VBGI, MW,
MHA, LE) storo pacterns Ha Jlansaem Boctoke Poccun. Ha tepputopun [Tpumopckoro kpast BbI-
SIBJICHbI HOBBIE MECTOOOMTaHUs CKPYUEHHHKA KUTAMCKOT0, OMUCAHBI MAThH eHonomy siunid. [Tno-
I1a/1b YYaCTKOB COCTABIISUIA OT 8 10 936 M2, UnCITO TIBETYIMX 0c00ei — oT 12 10 28 9K3., MIOTHOCTH
MOMYJISIIAU ToCTUTana 5 9k3./M2. BbIcoTa IBETYIIETO pacTeHUsI MOXKET JTocTUraTh 64 cM. Bun He
BkioueH B Kpacnyro kaury Poccuiickoit @enepanmu (2008 1), a Takxke B Kpacayto kaury [Ipumop-
ckoro kpas (2008 r.), T03TOMY MOYKHO HCITOJIB30BATh €T0 B PETHOHE JIJIsl IPUMEHCHUS B 03CJICHCHUH
B Ka4eCTBE KPACHBO IBETYIIETO TPABIHUCTOTO PACTECHUS.

KuaroueBsie cioBa: Spiranthes sinensis, Orchidaceae, [Ipumopckuii kpaii, Mecroobutanue, co-
MyTCTBYIOIINE BU/IbI, IEKOPATUBHOE OPXHIHOE

NEW LOCATIONS OF THE DECORATIVE ORCHID SPIRANTHES SINENSIS
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Vladivostok, Russia
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The information is given about the Chinese ladies'-tresses Spiranthes sinensis (Pers.) Ames (Or-
chidaceae Lindl.), which is a promising species for use in the floriculture under conditions of the
Primorsky Territory. In this region, the Chinese ladies'-tresses is found in almost all areas, but the
known present-day locations have low number of populations. This decorative, long-blooming orchid
propagates well vegetatively, tolerates drought, severe soil compaction, and is long-lived in grasses.
Like other meadow species of orchids, the Chinese ladies'-tresses can grow in sunny places and in the
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penumbra, in combination with accompanying small plants. Limiting factors include disturbance of
natural habitats as a result of extreme natural phenomena and anthropogenic impact. New locations
of S. sinensis in the Primorsky Territory are described. Field studies were conducted in 2018-2021 by
route reconnaissance method. Description of habitats and morphometric parameters of Chinese ladies'-
tresses, analysis of herbarium specimens (VLA, VBGI, MW, MHA, LE) of this plant in the Russian
Far East was carried out. In the Primorsky Territory, new habitats of the Chinese ladies'-tresses have
been identified and five cenopopopulations have been described. The area of the plots ranged from
8 to 936 m?, the number of flowering individuals was from 12 to 28 specimens, and the population
density reached 5 specimens/m?. The height of a flowering plant can reach 64 cm. The species is not
included in the Red Book of the Russian Federation (2008) or in the Red Book of the Primorsky Ter-
ritory (2008), so it can be used in the region for landscaping as a beautiful flowering herbaceous plant.

Keywords: Spiranthes sinensis, Orchidaceae, Primorsky Territory, habitat, related species, decora-

tive orchid
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INTRODUCTION rial. As a result of long-term studies of vegeta-
tive and seed reproduction of some representa-
tives of genera Cremastra Lindl., Cypripedium
L., Dactylorhiza Nevski, Epipactis Zinn., Gym-
nadenia R. Br., Oreorchis Lindl., Platanthera
Rich. from different geographical areas, many
authors noted that a large number of temperate
orchid species can grow in gardens as ornamen-
tal plants '~ [2].

At present, about 15 species of the genus
Cypripedium are cultivated in the nurseries
and gardens of Northern and Central Europe,
the USA and Canada (see footnotes 2, 3) [3].
From the orchids of the Primorsky Territory, C.

The Orchidaceae Lindl. is one of the largest
plant families on Earth. The number of known
species includes about 30 thousand, of which
129 grow in Russia. At present, only 40 orchid
species are known in the Primorsky Territory
[1]. Many outdoor orchids are rare protected
plants. At present, winter-hardy orchids are cul-
tivated by collectors for commercial purposes,
besides, samples of different species are tested
in botanical gardens. Specialists note difficul-
ties with their breeding associated with narrow
specialization to habitat conditions, as well as
obtaining a sufficient amount of planting mate-

'Konovalova T.Yu. Species of natural orchids, the most promising for floriculture in the midland of Russia. Floriculture:
History, Theory, Practice: Proceedings of the VII International Conf. (May 24-26, 2016. Minsk, Belarus). Minsk: Confido, 2016.
pp. 141-143.

2Chu C.C., Mudge K.W. Propagation and conservation of native Lady’s Slipper Orchids (Cypripedium acaule, C. calceolus,
C. reginae) // North American terrestrial orchids. Propagation and production. Conference proceedings. Germantown, Maryland,
1996. P. 107-112.

*Cribb P. The Genus Cypripedium. Portland, 1997. 301 p.
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guttatum Sw., which is considered one of the
most resistant in culture, was tested in the Mos-
cow Region [4-6]. Introduction of natural or-
chid plants into culture will greatly enhance the
aesthetic perception of the surrounding world.
Specialists are interested in the introduction of
as many species of these ornamental plants as
possible and in the development of their agro-
technics.

Chinese ladies'-tresses is a herbaceous plant
up to 50 cm in height, a short-rhizomatous
polycarpic with thickened adventitious roots
[7]. Decorative, long-blooming orchid with un-
usual twisted inflorescence. According to our
data, the height of a flowering plant in the Pri-
morsky Territory can reach 64 cm.

Chinese ladies'-tresses is one of the most
widespread species of terrestrial orchids, grow-
ing in various ecotopes, often found in disturbed
habitats. Usual locations of the plants are low
grass meso- and xerophytic meadows, road-
sides of field roads and coastal areas, less often
found in sparse woodland, on forest edges and
wetlands. It survives drought and strong soil
compaction well [1]. It is a hygromesophytic,
light-loving, meadow-burrowing (meadow)
species.

Limiting factors are the disturbance of natu-
ral habitats as a result of extreme natural phe-
nomena and anthropogenic impact.

According to the International Union for
Conservation of Nature, S. sinensis has no
threats to extinction, but is included in the re-
gional Red Books of Russia: in the Far East -
in the Republic of Sakha (Yakutia), the Jewish
Autonomous Region, Kamchatka Territory *°.

S. sinensis has status 3, a rare species with a
significant overall range, within which it occurs
sporadically with small populations.

It is widespread in the All-Asian region
(East and South Asia with penetration to Aus-
tralia). In the Russian Far East, it grows in the
Primorsky and Khabarovsk Territories, the

Amur Region, the Jewish Autonomous Region,
Sakhalin, Kamchatka, and the Kuril Islands [1].

In the Primorsky Territory, the Chinese la-
dies'-tresses is found practically in all areas, but
the known modern locations have low popula-
tions. It is found on the territories of the V.L.
Komarov Ussurisky Nature Reserve, the Ke-
drovaya Pad (now «Land of the Leopard» Na-
tional Park»), and Sikhote-Alin Biosphere Re-
serve [8-10].

The purpose of the study is to describe new
locations of S. sinensis in the Primorsky Terri-

tory.

MATERIAL AND METHODS

The field studies were carried out by the tra-
ditional route-reconnaissance method. Descrip-
tion of the identified habitats of S. sinensis, as
well as the morphometric parameters of the
plant were carried out. Analysis of herbarium
specimens (VLA, VBGI, MW, MHA, LE) of
Chinese ladies'-tresses in the Russian Far East
was carried out.

RESULTS AND DISCUSSION

Over the period of 2018-2021, three new
habitats were discovered and five S. sinensis
cenopopopulations were described in the Pri-
morsky Territory (see Fig. 1).

Mikhailovsky district. The vicinity of the
village Otradnoe, Ryabokon cl. (43°73'74" N,
132°47'87" E); 22.08.2019; mesophytic mead-
ow. There were 25 individuals of S. sinensis, in-
cluding 12 flowering plants, in the 936 m? plot.
Aralia elata (Miq.) Seem., Populus maximow-
iczii A. Henry, P. tremula L., Fraxinus mandsh-
urica Rupr. and a single stand of Pinus koraien-
sis Siebold et Zucc. are also observed on this
territory. Associated plants of the herbaceous
layer are Kalimeris incisa (Fisch.) DC, Conyza
canadensis (L.) Cronq., Gentiana zollingeri
Fawcett, Ambrosia artemisiifolia L., masses of
Ambrosia artemisiifolia L.

“The Red Book of the Republic of Sakha (Yakutia). Rare and endangered species of plants and fungi. Ed. by N.S. Danilova.

Moscow: Reart, 2017. Vol. 1. pp. 159.

*The Red Book of the Jewish Autonomous Region. Rare and threatened species of plants and fungi. Ed. by T.A. Rubtsova.

Novosibirsk: ARTA, 2006. p. 106.

°The Red Book of the Kamchatka Territory. Plants. Ed. by O.A. Chernyagina. Petropavlovsk-Kamchatsky: Kamchatpress,

2018. Vol. 2. p. 54.
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Puc. 1. HoBble MecTooOUTaHUS S. sinensis B
[IpumopckoM kpae

Fig. 1. New habitats of S. sinensis in the Pri-
morsky Territory

Ussuriysk city district. The vicinity of the
village Kaimananka (43°3723" N, 132°13'50"
E); 15.08.2010; 13.08.2019; agrocenosis, eco-
tone. Three cenopopulations of S. sinensis were
found.

1. Absinthian grass meadow. There were 12
flowering specimens growing on an area of 25.5
m?. Associated herbaceous plants — Agrimonia
striata Michx., masses of — Artemisia rubripes
Nakai, 4. stolonifera (Maxim.) Kom., 4. sco-
paria Waldst. et Kit., Trifolium lupinaster L.,
T. repens L., Hypericum ascyron L., H. gebleri
Ledeb.

2. A cereal-grass meadow. There were 28
flowering specimens on an area of 16.5 m?’
Plant height did not exceed 35 cm and popu-
lation density reached 5 specimens/m?®. Single
small woody plants were observed on this area
Ulmus japonica (Rehd.) Sarg. Associated her-
baceous plants — Asterager atoides Turcz., Mis-
canthus sacchariflorus (Maxim.) Benth., Phle-
um pratense L., Poa nemoralis L., P. ochotensis
Trin., P. compressa L., Conyza canadensis (L.)
Crong.

3. Absinthian grass-forb meadow. There
were 20 flowering specimens growing on an
area of 8 m?. The plants reached a height of 50-

64 cm (see Fig. 2), with a leaf length of 17 cm
and a width of 1.2 cm. Associated herbaceous
plants — the above-mentioned plants from the
second cenopopulation, as well as masses of
Ambrosia artemisiifolia L., Amphicarpaea ja-
ponica (Oliv.) B. Fedtsch.

CATU Fokino ( Closed Administrative-
Territorial Unit). Near Fokino settlement
(42°5822" N, 132°24'31" E), 18.08.2018; areca
of the beach "Sandbox", a section of a sodded
lawn experiencing intensive trampling. Grass
stand is low, total projective cover is no more
than 35%. There were 13 flowering specimens
on an area of 26 m? Associated herbaceous
plants — Festuca extremiorientalis Ohwi, F.
pratensis Huds., Seseli seseloides (Turcz.) Hi-
roe, Plantago depressa Willd., Carex arnellii
Christ, C. bostrychostigma Maxim., Cyperus
orthostachyus Franch. et Savat., Eriophorum
polystachyon L.

CONCLUSION

New habitats of the Chinese ladies'-tresses,
which is relatively resistant to permanent tram-
pling and is long-lived in herbage, were re-
vealed in the Primorsky Territory. S. sinensis is
very ornamental, has a long blooming period,
and propagates vegetatively well. It is not listed

Puc. 2. S. sinensis B €CTECTBEHHBIX YCIOBHSX.
IIpumopckuii kpaii, okpecTHocTH ¢. KalimaHoBKa
(43°37'23" N, 132°13'50" E):

a — BUJ COLBETHA, 06— 3aMEphbl paCTCHUA

Fig. 2. S. sinensis in vivo. Primorsky Territory,
Kaimanovka (43°3723" N, 132°13'50" E):

a — type of inflorescence; 6 — measurements of the plant
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in the Red Book of Endangered Species of the
Russian Federation (2008) or in the Red Book
of Endangered Species of the Primorsky Terri-
tory (2008), thus it may be used as an ornamen-
tal plant in the region. Like other meadow spe-
cies of orchids, the Chinese ladies'-tresses can
grow in sunny places and in the half-shade in
combination with accompanying small plants.
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AMUJIOJIMTUYECKASI AKTUBHOCTH U30JIITOB BAKTEPUM BACILLUS
SUBTILIS, BBIAEJIEHHBIX U3 MUKPOBUOTbI AUKUX ) KUBOTHbIX*

DTasaos A.T.

AKymcKuil HayyHO-UCCIe008AMENbCKULL UHCMUMYM celbcko2o xosaticmea um. M.I" Caghponosa
PecnyOnuka Caxa (SIkytus), Skytck, Poccust

(<De-mail: agronii@mail.ru

B nacrosmee BpeMst nzyueHue GepMEHTAaTUBHOTO MOTeHIMana Oakrepuit Bacillus subtilis siB-
JsieTcsl BOCTPEOOBAHHBIM B CHIIY TOTO, YTO HA UX OCHOBE CO3JAIOTCS MPOOHOTHYECKHE U (pepMeH-
TaTUBHBIE MIperaparhl A UCIOIb30BaHMs UX B KUBOTHOBOJCTBE. IIpencraBnens! pesyiabraTsl Uc-
CJICJIOBAHUSI aMUJIOIMTUYCCKONH akTUBHOCTH 10 u30ssTOB Oaktepuil B. subtilis, BbIICICHHBIX U3
MUKpPOOMOTHI JUKUX JKMBOTHBIX, Ha aMWIONEKTHH. OmpeneneHre aKTUBHOCTH OaKTepHaTbHBIX
hepmenToB npousBommin MeTonoM lllomonn — Hembcona. B xadectBe hepmeHTHOTO mperapara
B3SIThl CyIIEPHATAHThI KyJIbTYPalbHOU XKUAKOCTU OCEBOB 1, 2, 3 u 7-r0 nHs. I30514THI C BBICOKUMHU
KaueCTBEHHBIMHU MOKA3aTEJISIMUA UCCIIEIOBAIM KOJIMYECTBEHHO C MCIIOIb30BaHUEM CIEKTpodoToME-
Tpa. OTOOpaHbI ABa M30JIAATA C JYUIIMMHU MOKa3aressiMi. KoHIeHTpauio OenKoB opeaessia Me-
togpom bpandopna. Kpome u3ydenust cyrnepHaTaHTOB U30JISITOB, KOTOPBIE TMTOKA3aJId BHEKIICTOUHYIO
(hepMEHTATHBHYIO aKTHBHOCTH, IPOBEJCHBI MCCIIEIOBAHNS Ha BHYTPUKIETOUHbIE (hepMeHTHI. Pa3-
pYLIEHHE KJIETOK MPOM3BOAMIOCH C MIOMOILBIO YIBTPA3BYKOBOIO JE3MHTErPaTopa, B KOTOPOM pac-
TBOPEHHBIN 0Ca/I0K COAEPIKANICS B CTEKISIHHOM (pIakoHe, HaxoxsmeMcsi B koji0e co baoM. Hanmyu-
[IMe Ka4eCTBEHHBIE TOKA3aTeNn BhISIBIICHbI Y M3051s1TOB B. subtilis 2CI1 u B. subtilis SCI1, umeromumx
BBICOKYIO aKTHBHOCTH 10 aMWJIONIEKTHHY HauMHas ¢ MEPBOTO JHA, 03TOMY JajbHEeHIne Koauye-
CTBEHHBIE HCCIICIOBAHMS IPOJOIDKEHBI ¢ HUMHU. KOoHIIeHTpanus 0eKa y yKa3aHHBIX H30JITOB IPO-
rpeccrupoBaia Mo JHSM MOCEBOB. YieNbHas aKTUBHOCTh TOYKE COOTBETCTBEHHO YBEIMYMBAJach U Ha
7-it nenpb y m3onsta B. subtilis 2CII cocraBuna 2,75 en./mr, y B. subtilis SCII — 2,67 en./mr. Uzyue-
HUE aKTUBHOCTH BHYTPHKJIETOUHBIX (DEPMEHTOB y JAHHBIX M30JIATOB MOATBEPIMIN aHAIOTUYHBIC
KauecTBEHHBIC Moka3zarenu. [lo pesynbraram ucciaeqoBaHH OTOOpaHBI MEPCIEKTUBHBIE IS pa3-
paboTKu (pepMEHTHBIX IPErnaparoB JiBa u3oista B. subtilis, BbIICICHHBIC U3 MUKPOOHOTHI JIUKHX
*uBOTHBIX Kpaiinero Cesepa.

KiioueBble cjioBa: IUKWE XUBOTHBIE, MUKpoOWoTa, Bacillus subtilis, ammmonextuH, dep-
MEHT, CyllepHaTaHT

AMYLOLYTIC ACTIVITY OF BACILLUS SUBTILIS ISOLATES OBTAINED
FROM WILDLIFE MICROBIOTA*

XDPavlov A.G.

Yakut Scientific Research Institute of Agriculture named after M.G. Safronov
Yakutsk, Republic of Sakha (Yakutia), Russia

(><De-mail:agronii@mail.ru

At present, the study of the enzymatic potential of Bacillus subtilis bacteria is in demand due to
the fact that probiotic and enzymatic preparations are created on their basis for their use in animal
husbandry. The results of the study of amylolytic activity of 10 isolates of B. subtilis bacteria iso-
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BBIJICIICHHBIX U3 MI/IKp06I/IOTLI JUKHUX JKUBOTHBIX

lated from wildlife microbiota for amylopectin are presented. Determination of bacterial enzyme
activity was performed by the Schomodi-Nelson method. The supernatants of the culture liquid of
the 1st, 2nd, 3rd, and 7th day cultures were taken as enzyme preparation. Isolates with high quali-
tative indices were examined quantitatively using a spectrophotometer. The two isolates with the
best performance were selected. Protein concentration was determined by the Bradford method.
In addition to studying supernatants of isolates that showed extracellular enzymatic activity, stud-
ies were performed on intracellular enzymes. Cell destruction was performed using an ultrasonic
disintegrator, in which the dissolved sediment was contained in a glass vial in a flask with ice. The
best qualitative indicators were found in B. subtilis 2SP and B. subtilis 5SP isolates, which had high
amylopectin activity from day one, so further quantitative studies were continued with them. Protein
concentrations in the above isolates progressed by the days of seeding. The specific activity also
increased accordingly and on day 7, the B. subtilis 2SP isolate was 2.75 units/mg, B. subtilis 5SP
2.67 units/mg. The study of the activity of intracellular enzymes in these isolates confirmed similar
qualitative indicators. Two B. subtilis isolates were selected as promising for the development of

enzyme preparations isolated from the microbiota of wild animals of the Far North.
Keywords: wild animals, microbiota, Bacillus subtilis, amylopectin, enzyme, supernatant
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INTRODUCTION

Bacillus subtilis is an aerobic gram-positive
soil bacterium used for the production of heter-
ologous proteins. It secretes numerous enzymes
to degrade various substrates, which allows the
bacteria to survive in the soil environment as
well as in the plant rhizosphere [1]. This species
and some of its closely related bacterial species
have an excellent ability to secrete proteins,
making them important producers of medicinal
proteins and industrial enzymes. In addition, it
has excellent physiological characteristics and
a highly adaptable metabolism which makes it
easy to cultivate on cheap substrates. B. sub-
tilis grows rapidly and the fermentation cycle
is short (usually about 48 h), whereas the fer-
mentation cycle of Saccharomyces cerevisiae is
about 180 h [2].

B. subtilis is used as a probiotic preparation
in Russia and abroad [3]. The Yakut Scientific
Research Institute of Agriculture (YaNIISKh)

developed the preparation "Sakhabaktisub-
til" based on B. subtilis strains "TNP-3 DEP"
and B. subtilis "TNP-5 DEP" isolated from the
frozen soils of Yakutia. This preparation has a
pronounced antagonistic effect against many
pathogenic and opportunistic microorganisms,
normalizes the intestinal microbiocenosis of
animals, and exacerbates the immunobiological
reactivity of the organism [4]. According to the
literature, the microbiota of wild animals of the
North is dominated by bacteria of the Bacillus
genus [5-7].

Bacteria of the genus Bacillus are promis-
ing microorganisms that are widely used in
animal husbandry. They are used to create feed
additives in which Bacillus acts as a source
of hydrolases. At present time to increase the
nutritive value of feed, to increase its digest-
ibility the enzyme preparations amylosubtilin,
protosubtilin, monosporin and others are used.
Bacillus-based enzyme preparations have a
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positive effect on digestion and metabolism in
farm birds and animals [8].

The industrial use of B. subtilis has devel-
oped rapidly in recent decades. It is one of the
main microorganisms for the production of
many industrial products. The chemicals pro-
duced by B. subtilis also play an important role
in various fields such as food, feed additives,
cosmetics, chemicals, and pharmaceuticals [9].
B. subtilis is classified as a Generally Recog-
nized as Safe bacterium (GRAS), which can be
used as a safe food product [10].

Deciphering the genomic determinants of
starch hydrolysis based on computer modeling
showed that amylolytic activity in Gram-posi-
tive bacteria depends on a complex transforma-
tion of the cell's genetic program. At the same
time, it was reliably confirmed that the ability
of a bacterium to break down starch depends
not on the presence of the a-amylase gene in its
genome but on the amylase activity [11].

The purpose of this work is to study the en-
zymatic activity of B. subtilis bacterial isolates
isolated from wildlife microbiota for amylo-
pectin.

MATERIAL AND METHODS

The studies were carried out in 2022 in the
laboratory of the development of microbial
preparations at YaNIISKh and in the laboratory
of enzyme chemistry at the G.B. Elyakov Pacif-
ic Institute of Bioorganic Chemistry (PIBOC).
Isolates of B. subtilis - 3,4, 5, 8, 11, 16, 24, 25,
2sp and Ssp isolated from wild animal micro-
biota were taken from the working collection of
the YaNIISKh microorganisms. Meat-peptone
broth was used to inoculate the bacteria. It was
incubated on a shaker in flasks with a cotton-
gauze plug at room temperature to oxygenate it.

The Schomodi-Nelson method was used
when conducting the studies to determine the
activity of bacterial enzymes. Protein concen-
tration was determined by the Bradford method.

The aliquots selected from the inoculum
were centrifuged at 4500 rpm for 15 min. Mix-
tures of E + S (enzyme-substrate), E + H,O (en-
zyme-control), S +H,O (substrate-control), 100
and 200 pl, respectively, were made from the
obtained supernatants. The mixture of distilled

water with the supernatant shows the intensity
of cleavage of its own sugars, with the substrate
the possible cleavage of sugars without enzyme
participation. The fermentation time in the ther-
mostat at 37 °C was ~18 h. After fermentation,
the Schomodi - Nelson method was used to
determine the activity of bacterial enzymes by
adding 300 pl of Nelson A + B solution in a
mixture of E + S, E + H20 and S + H20. Next,
they were placed in a thermostat at 99 °C for 15
min, added 300 pl of the Nelson C solution and
500 pl of distilled water. Qualitative parameters
of the isolates were determined by the Nelson's
method. High-value proteins were examined
quantitatively using a spectrophotometer at a
wavelength of 750 nm. Protein concentration
was determined by the Bradford method at 595
nm. A solution of amylopectin in succinate buf-
fer solution (pH 6.0) at a concentration of 1 mg/
ml was used as a substrate. In addition to study-
ing supernatants of the isolates, which showed
extracellular enzymatic activity, studies were
performed for intracellular enzymes. For this
purpose, after centrifugation of a one-day cul-
ture, a precipitate was taken and dissolved in
succinate buffer solution (pH 6.0). Destruction
of cells was performed using an ultrasonic dis-
integrator in which the dissolved sediment was
contained in a glass vial in a flask with ice. The
disintegrator was switched off at 2 min inter-
vals for 20 min.

RESULTS AND DISCUSSION

The amylolytic activity of supernatants of B.
subtilis isolates on days 1, 2, 3, and 7 of amylo-
pectin seeding was detected (see table). Control
substrates were transparent, had no blue stain-
ing, which confirms the reliability of the results.

According to the results of our studies, the
best qualitative parameters were found in B.
subtilis 2SP and B. subtilis 5SP isolates. They
had high amylopectin activity from the first
day, so further quantitative studies were contin-
ued with them.

As shown in Figs. 1 and 2, the qualitative
values of the isolates were confirmed by quanti-
tative studies. Protein concentration of isolates
progressed by days of seeding (see Fig. 1). The
specific activity also increased accordingly and
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was 2.75 units/mg for B. subtilis 2SP and 2.67
units/mg for B. subtilis 5SP at day 7 (see Fig.
2).

In intracellular enzyme studies, no enzyme-
control activity was observed, so we can as-
sume that isolates of B. subtilis 2SP and B. sub-
tilis 5SP strains cleaved exactly the amylopec-
tin substrate without impurities of their sugars.
This method proved to be of little informative
value, except for the fact that the isolates had
no activity in the enzyme control, when the

qualitative Nelson values for amylopectin were
comparable to those of the supernatants on the
spectrophotometer.

CONCLUSION

Two promising isolates of B. subtilis were
selected for further research and development
of enzyme preparations B. subtilis 2SP and B.
subtilis 5SP isolated from the microbiota of
wild animals of the Far North with amylolytic
activity of 2.75 and 2.67 units/mg, respectively.

KayecTBeHHBIC MTOKa3aTENIN aMIJIONUTHYCCKON aKTUBHOCTH CyIIEPHATAHTOB B. subtilis 0 THSIM TIOCEBOB
Qualitative indices of amylolytic activity of B. subtilis supernatants by days of planting

Puc. 1. Konnenrparus 6emka u3omsToB B. subtilis
2CII u B. subtilis SCII o gHsIM IIOCEBOB, MI/MII

Fig. 1. Protein concentration of B. subtilis 2SP and
B. subtilis 5SP isolates by days of planting, mg/ml

Amylopee- | |y o | Amylopec-| g,y o | Amylopee- |y o | Amylopee- | gy o
Isolate tin tin tin tin
1-st day 2-nd day 3-rd day 7-th day
11 - - - - + + +
25 - - - - + - + +
3 _ — - - + - + +
5 _ — - - + - + +
16 - - + — ++ — + +
2SP +++ + +++ + +++ + -+ +
24 - - - - + - +
8 — - - — ++ — +
4 + - + - +=+ - + +
5SP +++ + +++ + +++ + -+ +
Control-substrate - - - —
Note. «—» — no activity, «+» — little activity, «+» — average activity, «++» — low activity, «+++» — high activity.
0,7
20.6 2,75
g 2,67
‘E 0,5 //
50,4 155
20,3 /1,51
Q b
g .g /
.£0,2 = 1,00
=h —=2-SP £ / /0,56
0.1 sop oS0 048 050 ——2-SP
0 = 0.00 “031 —=- 5-SP
Isolate seeding day e ' ' Isolate seeding d'ay
0 2-nd 4-th 6-th 8-th 0 2-nd 4-th 6-th 8-th

Puc. 2. YienbHast akTUBHOCTD JIM3aTOB Ha aMHUJIO-
[IEKTHH TI0 JTHAM ITOCEBOB, €11./MTI OeIKa

Fig. 2. Specific activity of lysates for amylopectin
by days of planting, units/mg protein
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HCIIOJIb30BAHUE JHK-MAPKEPOB B CEJIEKIIUU COU JJIS1 OTBOPA
®OTONEPUOINYECKH HEUTPAJIBHBIX IMHUN

XDEp:kedaesa P.C., Baducexona JI.U., Tuxopenko C.B.

Kaszaxcrxuii nayuno-ucciredosamenbckuil UHCIMUNym 3emaeoenus U pacmenuesoocmea
AnmatuHckas 061acTh, moc. Anmansioak, Pecyonuka Kazaxcran
(<De-mail: raushan_2008@mail.ru

[IpencraBnens! pesynbrartel npuMeneHust JJHK-MapkepoB B celeKLMOHHOM MPOLECCE COU IS
otOopa (oroneproauuecKn HeHTpabHBIX JIMHUNA. VccrienoBanus MpoBeCHbI B IPEATOPHOI 30HE
1oro-soctoka Pecryonuku Kazaxcran Ha 6aze Hay4HO-IIONIEBOTO cTanMoHapa B ycioBusix 2020 r.
Marepuansl uccnenoBanus — 22 obpasna cou ot ynsrpackopocnensix (MG000) no cpegne-mo3a-
necnensix (MGIID) rpynm crienocTw, UCMOMB30BAHHBIX B KQUECTBE POAUTENBCKHUX (HOpM UIA CKpe-
LIMBAaHUM, a Takke 67 TMOPUAHBIX NOMYNIALUN U3 HuX (noxonenue F,—F,). JHK-unentupukanus
ajuiensHOM Bapuauuu reHoB E/, E3, E7 nposeneHa metogoM [P ¢ ucnonszoBanuem SSR mapke-
pos. Ilo pesynsraram JIHK-unentuduxanmu onpenenensl 10 oOpa3noB Hanbosiee HEHHBIX POIU-
TeNbCKUX (HOpM cou (HOCUTENel JBYX PELECCHBHBIX ajliejeld B TOMO3UTOTHOM COCTOSIHUM ele7)
u 1 oOpaserr (copt Manera), Hecyuuii Tpu perieccuBHbIe ayuienu ele3e’/. Ha ocHoBaHuu Mapkep-
ACCOLMUPOBAHHOTO 0TOOpa M3 355 OTHENbHBIX pacTeHUH 67 THOPHUIHBIX MOMYINISINN BBISIBICHBI 9
pacTeHui, HECYIUX PELEeCCUBHBIE ailienu ele3e7, U3 TaKuX THOPHUIHBIX MOMYIANNHN, Kak 3apa X
Manera (Homepa TuOpuaHBIX momyssiiuit: 1, 2, 7, 15) u bipnix x Rana (II-1), u 107 pactennii ¢
pelecCUBHBIME alIeNsiMU el e’ u3 nomymauuii: 3apa x Manera (HoMepa THOPUIHBIX TOIMYIISLUIH:
1,9, 7, 13), Bipnix x Hilario (I1-10), Bipaix x Toury (I1-6), Bipnik x ITamsare FOT'K (I1-5, M15/2,
M15/3, M15/4 u M20), bBipnik x [punsate (I1-2), Jlacrouka x 234 (JIT44/11, JIT44/12). Jlannsie
00pasIpl MOTYT OBITH HAITPABIICHBI [Tl UCIIBITAHUS B CEBEpHBIE perrnoHbl Pecnyonukn Kazaxcran
Kak cJ1a004yBCTBUTEIbHBIE K (DOTONIEPUOY JIMHUH.

Ku1roueBble cj10Ba: cosi, TeH 4yBCTBUTENILHOCTH K oTonepuony, JJHK-mapkep, mapkep-accouu-
HUPOBaHHBINA OTOOP, CENEeKUMS, TMHUS

THE USE OF DNA MARKERS IN SOYBEAN BREEDING TO SELECT
PHOTOPERIOD-NEUTRAL LINES

(<)Yerzhebayeva R.S., Babissekova D.I., Didorenko S.V.
Kazakh Research Institute of Agriculture and Plant Growing

Almalybak, Almaty Region, Republic of Kazakhstan
(>De-mail: raushan_2008@mail.ru

The results of using DNA markers in the soybean breeding process to select photoperiod-neutral
lines are presented. The studies were carried out in the foothill zone of the south-east of the Republic
of Kazakhstan on the basis of the scientific field station of the Kazakh Research Institute of Agri-
culture and Plant Growing in the conditions of 2020. The material for the study was 22 samples of
soybean from ultra-early ripening (MGO000) to middle late ripening (MGIII) groups used as parental
forms for crosses and their 67 hybrid populations (generation F2-F4). DNA identification of the al-
lelic variation of the £/, E3, E7 genes was carried out by PCR method using SSR markers. Accord-
ing to the results of DNA identification, ten samples of the most valuable parental forms of soybeans
(carriers of two recessive alleles in the homozygous state e/e7) and 1 sample (the Maleta variety)
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carrying three recessive alleles e/e3e7 were identified. Based on the marker-associated selection
from 355 individual plants of 67 hybrid populations, 9 plants carrying valuable recessive alleles
ele3e7 were isolated from such combinations as Zara x Maleta (hybrid population numbers: 1, 2, 7,
15) and Birlik x Rana (P-1) and 107 plants carrying valuable recessive ele7 alleles from such popu-
lations as: Zara x Maleta (hybrid population numbers: 1, 9, 7, 13), Birlik x Hilario (P-10), Birlik %
Toury (P-6), Birlik x Memory YuGK (P-5, M15 /2, M15/3, M15/4 and M20), Birlik x Pripyat (P-2),
Lastochka x 234 (LT44/11, LT44/12). These samples can be sent for testing to the northern regions
of the Republic of Kazakhstan as the lines that are weakly sensitive to the photoperiod.

Keywords: soybean, photoperiod sensitivity gene, DNA marker, marker-associated selection,
selection, line
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INTRODUCTION

Soybean (Glycine max (L.) Merr.) is the
world's leading oilseed crop. Soybeans are a
rich source of vegetable oil and protein. It is
a multi-purpose crop for food, forage, medical
and technical uses. Global soybean production
was 353.4 million tons in 2020. The leading
producer of soybeans in the world is the United
States with 86.6 million tons, followed by Bra-
zil (62.8 million tons) and Argentina (36.8 mil-
lion tons)'.

Soybean is a photoperiodic, highly sensitive,
short-day crop [1]. Increasing the duration of
daylight hours to 16-17 h has a significant im-
pact on the growing season, plant height and
productivity, significantly limiting the latitudi-

'FAO data. http://www.fao.org/faostat

nal range of cultivation of certain soybean vari-
eties? [2-6]. Plant breeders note that under long
day conditions, photosensitive varieties bloom
later, prolonging the growing season and fail
to mature in time (before the autumn frosts).
If the long day requirements of a variety dif-
fer very sharply from the conditions in which
it is placed, the variety does not proceed to
flowering and fruiting at all [7-9]. For this rea-
son, soybean varieties, unlike cereal varieties,
are confined to a narrow range of geographic
latitudes. The annual expansion of the soybean
growing range increases the urgency of creat-
ing varieties capable of producing high yields
in conditions with limited thermal resources,
to mature in more northern latitudes, where the

2Savelyev A.A. Methods of genotypes identification in the selection of soybean varieties with reduced photoperiodic sensitiv-
ity: Ph. D. thesis in Biology,06.01.05. V.S. Pustovoit All-Russian Research Institute of Oil Crops. Krasnodar. 2009. 24 p. (date of

reference: 01.05.2022).
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duration of daylight hours between mid-May
and the end of July exceeds 16 hours.

Molecular and genetic basis of soybean ad-
aptation to different cultivation zones is pro-
vided by genes designated as E. Twelve major
soybean genes are known to control flowering
time, ripeness, and photoperiod sensitivity: £/,
E2, E3, E4, ES5, E6, E7, ES, E9, E10, E11 and
J [10]. Of the genes listed above, EI, E2, E3,
E4, and E7 have been described as quantitative
photoperiodic genes [11, 12], whose recessive
alleles lead to photoperiodic neutrality, while
the dominant alleles delay the transition to the
reproductive phase and the onset of ripeness.
The wide adaptability of the crop is caused by
different variations of allelic combinations of
El, E2, E3, E4, E7 loci [13, 14]. The use of
knowledge of the genetics of flowering, ripe-
ness and sensitivity to photoperiod in the breed-
ing process allowed the creation of soybean va-
rieties that are currently cultivated in a variety
of climatic zones [3, 15].

The basis for selection is the presence of do-
nors and sources of early maturity and photope-
riod neutrality in the soybean gene pool. Based
on the phenotypic evaluation of the collection
(2300 samples) in different regions of the Rus-
sian Federation, scientists from the N. I. Vavilov
All-Russian Institute of Plant Genetic Resourc-
es (VIR) selected 340 ultra-ripening and early
maturing varieties that reached full seed ripen-
ing in the northernmost point of experiments,
the Leningrad region (59°44' N, 30°23' E). This
is the most northern point of the world soybeans
[8, 16]. The use of such varieties in the breed-
ing process allows breeders to create domestic
varieties of the northern ecotype.

In the Kazakh Research Institute of Agricul-
ture and Crop Production (KazNIIZiR), located
in the south-east of the Republic of Kazakhstan
at 43°N, together with the agricultural research
stations the breeding of ultra-ripening MGO000
(maturity group) and fast-maturing MGOO soy-
bean ripeness groups for the northern (53°N)
and eastern (49°N) regions started in 2008 [17].
Currently, only one variety Ivushka (MGO000)
is approved for use in Pavlodar and Kostanay
regions, and four soybean varieties (Zhalpak-
say, Birlik KV, Vostochnaya krasavitsa, Alua)

of KazNIIZIR selection in the East Kazakhstan
region. Selection for photoperiodic neutrality
is complicated by the fact that phenotypic de-
tection of the trait is possible only under long
day conditions, as a result of testing in northern
ecological points. The selection of the trait of
photoperiod neutrality requires the use of DNA
markers to track recessive alleles of the gene in
splitting generations. In this regard, KazNIIZiR
has begun work on the introduction of marker-
associated selection in the selection process of
soybean on the trait of sensitivity to the pho-
toperiod to promote soybeans in the northern
regions of the Republic of Kazakhstan.

The purpose of the research is to identify the
allelic variation of £/, E3, E7 genes in soybean
varieties and lines used as parental forms and in
individual plants in hybrid populations to select
photoperiod insensitive lines.

MATERIAL AND METHODS

The material for the studies was 22 parental
forms of soybean MGO000 - MGIII (II) of ripe-
ness groups and 67 hybrid populations (F2-F4)
obtained using them.

For reliability of the study, DNA samples of
soybean - carriers of recessive alleles of E1, E7,
E3 genes - as positive controls: Maple Amber
(el), Harosoy OT94-47 (e3), Harosoy (e7), as
well as carriers of the dominant alleles as nega-
tive controls: Harosoy OT89-5 (E7), Swallow
(E1), Harosoy (E3) were included in the ex-
periment. Harosoy lines were provided by Be-
larusian scientist O.G. Davydenko (Soya-North
LLC).

Research Methodology. Plants of the studied
hybrid soybean populations F2-F4 were grown
in 2020 in the field breeding plot of KazNIIZIR
located in the foothill zone of the South East of
Kazakhstan (Almaty region) at 740 m above sea
level (geographical location 43°15'N, 76°54'E).
Sowing of 25 seeds at a depth of 4 cm at a plot of
1 linear meter. The replication is single. When
making crossing schemes, flower corolla color
of parental forms was considered as a marker
trait: the paternal form had purple color, and the
maternal form had white color. For cultivation
and selection of elite hybrid plants the pedigree
method was used in the soybean breeding pro-
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cess. F'1 hybrid seeds were sown separately by
combinations according to the scheme: ¢: F1:
d. F1 hybrids were rejected according to co-
rolla flower color, removing plants with white
flowers. Harvesting of F1 plants was carried
out strictly individually. The seeds collected
from each plant, starting from F2 generation,
were sown separately into families (offspring
from each plant). Phenological observations
of growth and development of soybean plants
were carried out during the growing season. At
the end of the growing season the most produc-
tive plants were selected. The field rejection on
the signs of cracking, lodging, propensity to
diseases was carried out. The number of select-
ed plants in different combinations of crosses
depended on the percentage of F'1 hybridity and
rejection of low-value forms.

The best hybrid populations of F3-F4 gen-
eration were selected for DNA identification,
except for Zara x Major and Zara x Hilario
(F2). Five healthy plants were numbered and
labeled from each hybrid soybean population.
After reaching the phase of the 3rd pair of true
leaves, DNA was extracted from each labeled
plant (from leaves) using the CTAB method
[18]. PCR analysis was performed in an Eppen-
dorf Mastercycler amplifier (Germany). The
following molecular markers were used: Satt
100 and Satt 319 to the E7 gene [19]; Satt 557

[13] and Satt 365 [19] to the E1 gene; Satt 229
[19] to the E3 gene. The nucleotide sequence
and PCR conditions are presented in Table 1.

The composition of the reaction mixture for
PCR analysis was as follows: 100 ng (nano-
grams) of genomic DNA, 1 x PCR buffer, 2.5
mM MgCI2, 200 uM of each dNTP, 0.5 uM of
each primer, 0.5 units of Taq polymerase (Bio-
san LLC, Novosibirsk, Russia), BSA - 1 pg.
Detection was performed by electrophoresis of
amplification products in 8% polyacrylamide
gel (Sigma Life Science, China). DNA marker
Step 100 (Biolabmix LLC, Novosibirsk, Rus-
sia) was used as a marker of molecular weights.
Elite plants were selected based on the com-
parison of productivity, precocity, and PCR-
analysis data.

RESULTS AND DISCUSSION

Identification of allelic variation in El, E3,
E7 genes in soybean varieties and lines used
as parental forms in hybridization. To obtain
soybean lines oriented to the northern regions
of Kazakhstan, varieties and lines were selected
from the working collection according to such
important traits as early maturity and high pro-
ductivity. In order to identify parental forms of
soybean by allelic variation of genes sensitiv-
ity to photoperiod £/, E3, E7 the PCR analysis
was carried out. Using Satt 557 and Satt 365

Taoa. 1. [lepeuens mapkepoB u ycnosust [P, ncronszyeMsix 11t uaeHTH(OUKAIMN TEHOB 4yBCTBU-

TENBHOCTH K (POTOMIEPHOILY

Table 1. List of markers and PCR conditions used to identify photoperiod sensitivity genes

Molecular marker
Gene
Name Nucleotide sequence PCR conditions
El | Satt 557 |F: GCGGGATCCACCATGTAATATGTG 95 °C — 5 min, 35 cycles (92 °C —
R: GCGCACTAACCCTTTATTGAA 30s,53°C—-30s,72°C -
45s), 72 °C — 7 min
Satt 365 |F: TGCTCCCCTCTGCCTTTTTTTCTATTTT
R: AAGGATGAGTTTGATAAACATGAATGAAGAA
E7 | Satt 100 |F: ACCTCATTTTGGCATAAA 95 °C — 5 min, 35 cycles (92 °C —
R: TTGGAAAACAAGTAATAATAACA 455,53 °C -1 min, 72 °C —
80s), 72 °C — 7 min
Satt 319 |F: CAACTCAGTAGGGGTCAATAACAA 95 °C — 5 min, 35 cycles (92 °C —
R: TGAAATAGGGAAAATAAGGGAACA 255s,53°C—-25s,72°C —
355s), 72 °C — 10 min
E3 | Satt 229 |F: TGGCAGCACACCTGCTAAGGGAATAAA 95 °C — 5 min, 35 cycles (92 °C —
R: GCGAGGTGGTCTAAAATTATTACCTAT 30s,53°C—45s,72°C—455),
72 °C — 7 min
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markers to £/ gene, the amplification of two
fragments was recorded, which were identified
as A and B alleles according to Molnar S. et al.,
2003 [19]. As a result of DNA identification of
22 varieties and lines used as parental forms, 11
varieties (234, 470, 583583, Birlik KV, Ustya,
Khorol, Yaselda, Pripyat, Toury, Maleta) car-
rying recessive allele £/ were identified (see
Table 2).

Identification of allelic variation in the E3
gene of parental forms allowed us to identify 2
specimens with the valuable recessive allele e3
(cultivars Rana and Maleta) (see Table 2, Fig.
1).

In an experiment to determine the allelic
variation of the E7 gene, three fragments were
amplified and identified as 4, B, and C accord-
ing to Rosenzweig et al. [20]. £7 and e7 alleles
correspond to the designations 4 and B. An
unknown allele with a 154 bp fragment corre-
sponding to C was also detected in the Satt 100
locus. Based on the identification, 11 samples
(234, 470, 583583, Birlik KV, Ustya, Khorol,
Yaselda, Pripyat, Toury, Maleta, Jhony) carry-
ing the recessive allele €7 of photoperiod insen-
sitivity were identified (see Table 2). Thus, 10
soybean parental forms carrying two recessive
alleles of e/e7 and the variety Maleta carrying
all three recessive alleles of e/e3e7 were select-
ed from the chosen 22 parental forms.

Marker-associated selection for E1, E3, and
E7 genes in hybrid soybean populations ob-
tained from targeted crosses. Ildentification of
E1 gene allelic variation. Based on the PCR-
analysis of 335 individual plants of 67 hybrid
populations, 126 plants (37.6%) were identified
as carriers of the valuable recessive allele e].
They were identified from the following hybrid
populations of F3-F4 generations: Birlik KV
(el) x Memory of UKG (£1), Birlik KV (el)
x Toury (el), Birlik KV (el) x Soer 345 (EI)
(see Fig. 2), Lastochka (el) x 234 (el), Zara
(el) x Chorol (el), Birlik SW (el) x Pripyat
(el), Birlik SW (el) x Gignon 5 (EI), Birlik
EF (el) x Hilario (el), Zara (el) x Maleta (el),
Zara (el) x Soer 5 (el), Zara (el) x Major (el)
(see. Table 3). The highest percentage of se-
lected plants with recessive allele el was noted
for combinations: Birlik KV (e/) x Hilario (E7)

(80%) and Birlik KV (e/) x Memory of UKG
(E1) (77%). For such hybrid combinations as
Zara x Choral, Birlik KV x Toury, Birlik KV x
Pripyat, where both parental forms are carriers
of el recessive allele, 100% occurrence of the
sought el allele among the studied plants was
recorded (see Table 3).

Identification of the allelic variation of the
E3 gene. Based on the PCR-analysis of 335 in-
dividual plants of 67 hybrid populations (5 in-
dividual plants each), 23 plants (6.9%) with the
valuable allele e3, obtained from combinations
of crosses Zara x Maleta (1, 2, 3 (see Fig. 3),
7, 10, 12, 15) and Birlik x Rana (P- 1) were
identified and selected. From 23 selected plants
of Zara x Maleta hybrid populations, 22 speci-
mens (95.7%) were identified.

Identification of the E7 gene. PCR analysis
to identify allelic variation of E£7 gene in 335
individual plants of 67 hybrid populations al-
lowed to identify 135 individual plants (40.3%)
carrying recessive allele e7 from the follow-
ing hybrid combinations: Birlik x Rana (P-1),
Birlik x Pripyat (P-2), Birlik x Gignon 5 (P-3)
(see Fig. 4), Birlik x Hilario (P-10), Birlik x
Toury (P-6), Birlik x Memory of UGK (P-5, M
15/2, M 15/3, M 15/4, M 15/5, M 20), Zara x
Khorol (H10/1, H10-2), Zara x Ustya (L4/34),
Zara x 470 (L11/4), Zara x Bara (P-12), Zara
x Jhony (P-13), Zara x Maleta (P-19, 1, 2, 5,
6,7, 8,9, 13, 15), Lastochka x 234 (LT44/11,
LT44/12). The highest percentage (80%) of se-
lected plants with recessive allele e7 was ob-
served in the combinations: Birlik KV (e7) %
Memory of UGK (e7), Birlik (e7) x Hilario
(e7), Zara (e7) x Ustya (€7), Zara (e7) x 470
(e7).

According to the results of the research, 7 out
of 355 studied plants were identified that have
all three valuable recessive alleles of e/e3e7 in
the genotype in the homozygous state. Testing
of these samples will be continued in order to
obtain constant photoperiod-neutral lines for
the northern regions of the Republic of Kazakh-
stan.

CONCLUSION

The allelic variation of E1, E3, E7 genes in
22 parental forms of soybean used in the cre-
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Table 2. Results of identification of photoperiod sensitivity genes (E1, E7, E3) in soybean samples
used as parental forms in hybridization

. Ma- good | San | Sar | 9| san | 9| san | San | 9
Sample Origin ;‘rlgﬁ parent | 557 | 365 alge 229 a%e;e 100 | 319 alli?;e
Control lines
Harosoy OT89-5 E7 |Japan 00 - B B el B e3 A A E7
Harosoy OT 94-47 | Japan 00 - B B el B e3 B B e’
Harosoy Japan 0 — B B el A E3 A A E7
Maple Amber Canada 000 - B B el B e3 B B e’
Lastochka Kazakhstan I Q A A El A E3 A A E7
Seed parents
470 Not known 00 3 B B el C — B B e’
583583 Not known 00 3 B B el C - B B e’
Birlik KV Kazakhstan 00 Q B B el A E3 B B e7
Zara Kazakhstan I Q A A El A E3 A A E7
Soer 3 Russia 00 3 A A El C - A A E7
Soer 5 Russia 0 3 A A El A E3 A A E7
Soer 345 Russia 0 3 A A El C — A A E7
Bara Russia 000 48 A A El A E3 C A E7
Maleta Russia 000 3 B B el B e3 B B e7
234 Russia 000 3 B B el C — B B e’
Ustya Ukraine 00 3 B B el A E3 B B e’
Khorol Canada - o | ¢ | B | B | e | 4| E3| B | B | e
Yaselda Belarus 00 3 B B el A E3 B B e’
Prypyat Belarus 00 3 B B el A E3 B B e7
Toury Czech Republic| 0 3 B B el A E3 B B e’
Rana Czech Republic | 00 3 A A El B e3 C A E7
Hilario Italy 111 3 A A El A E3 A A E7
Jhony Not known 00 3 A A El A E3 B B e’
Major France 0 3 B B el C - A A E7
Gignon 5 France I 3 A A El A E3 A A E7
Memory YuGK Kazakhstan 1 3 A A El A E3 A A E7

1000
500

300
200

M E3 e3 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Puc. 1. Pesynprarsr [11[P o naentndrkanmm amiensHON Bapualini reHa £3 y COPTOB U JIMHUAN COH, HIC-
MTOJTE3YEMBIX B KaueCTBE POTUTENHCKUX (POPM C HcTIONb30BaHNEeM Mapkepa Satt 229

M — mapxkep Step 100, E3 — Harosoy (E3), e3 — Harosoy OT94-47 (e3), 1- 3apa, 2 — bipnik KB, 3 — Rana, 4 — [1pu-
Tk, 5 — Toury, 6 — Coep 345, 7 — Hilario, 8§ — bapa, 9 — Jhony, /0 — Coep 5, 1/ —Major, 12— Coep 3, 13 — Maie-
ta, 14— Yers, 15 — Gignon 5, 16 — [amsats FOT'K

Fig. 1. PCR results for the identification of the allelic variation of the £3 gene in soybean varieties and
lines used as parental forms using the marker Satt 229

M - Step 100 marker, E3 - Harosoy (E3), e3 - Harosoy OT94-47 (e3), I — Zara, 2 — Birlik KV, 3 — Rana, 4 — Pripyat,
5 —Toury, 6 — Soer 345, 7 — Hilario, 8§ — Bara, 9 — Jhony, /0 — Soer 5, 11 — Major, 12 — Soer 3, /13 — Maleta, 14—
Ustya, /5 — Gignon 5, /16 — Memory YuGK
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Fig. 2. PCR results for identification of the allelic variation of the £/ gene in hybrid soybean popula-

tions using the Satt 365 marker
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Fig. 3. Results of PCR for identification of the allelic variation of the £3 gene in hybrid combinations of

Zara x Maleta using the Satt 229 marker
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Fig. 4. PCR results for the identification of the allelic variation of the £7 gene in hybrid populations us-
ing the Satt 100 marker (178 bp E7 allele, 145 bp e7 allele)

ation of early maturing lines for the northern re-
gions of the Republic of Kazakhstan was iden-
tified. Ten forms carrying two recessive alleles
of Ele7 and Maleta variety carrying all three
recessive alleles of E/e3e7 were identified. The
results of the study of 355 plants from 67 hybrid
populations (F2-F4), based on marker-associat-
ed selection from combinations of Zara x Male-

ta (1, 2, 7, 15) and Birlik x Rana (P-1) showed
that 9 plants carrying the complex of valuable
recessive alleles of e/e3e7 were identified. 107
plants carrying valuable recessive ele7 alleles
were identified from the combinations: Zara
x Maleta (1, 9, 7, 13), Birlik x Hilario (P-10),
Birlik x Toury (P-6), Birlik x Memory of UGK
(P-5, M15/2, M15/3, M15/4 and M20), Birlik x
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Pripyat (P-2), and Lastochka x 234 (LT44/11,
LT44/12). These specimens are recommended
for testing in the northern regions of the Repub-
lic of Kazakhstan as poorly sensitive to photo-
period lines.
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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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PEKOMEHJALIMU ABTOPY J10 ITIOJAYUN CTATbU

IpencraBienue cratby B )KypHan « CHOUPCKUI BECTHHK CENIbCKOXO3IHCTBEHHON 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 PYKOIIMCEM CTATEM

1. OtmpaBka cTaThy OCYIIECTBISIETCS Uepe3 AMEKTPOHHYIO PeaKInIo Ha caiite xypHaia https://sibvest.elpub.ru/jour/
index. [Tocne npenBapuTeNbHON PETHCTPALMK aBTOPA, B IPABOM BEPXHEM YINIy CTPAaHHIBI BEIOpaTh oniuio « OTHpaBUTh
PYKOIHCBY». 3aTeM 3arpy3uTh pyKomHch cTaThu (B Gopmare *.doc mim *.docx) u conmpoBOAUTENbHBIE JOKYMEHTHI K HEll.
[Mocxe 3aBepueHus 3arpy3Ku MaTepHaIoB 00s3aTeIbHO BEIOpaTh onuuio «OTIPaBUTh ITHCHMOY», 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 Gpopme (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 siBistercs
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 AaHIVIMHCKOM fI3bIKaX. 5—7 CJIOB IO TeMe cTaTbu. JKenaresibHo, 4TOObI KiTtoue-
BbIE CJIOBA JIOMOJHSAIM pedepar u Ha3BaHUE CTAThU.

6. Hudopmanus 0 KOH(PJIUKTE HHTEPECOB JIM0O €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 MCTOYHUKH (PUHAHCH-
pOBaHUS UCCIIEIOBAHUS, a TAKXkKe OJ1aroJlapHOCTH JIFO/ISIM, KOTOPBIE Y4aCTBOBAIM B pabOTe HaJI CTaThel, HO HE SIBJISIOTCS e
aBTOPAMH.

8. OcHOBHOIi TekcT cTaTbu. [Ipy M30KEHUM OPUTHHAIIBHBIX IKCIIEPUMEHTAJIBHBIX JaHHBIX PEKOMEHIYETCsl MC-
I10JIb30BaTh MOA3ArOJIOBKU:

BBEJIEHME (nocranoBka npo0aeMsbl, e, 3aja41 UCCIIeIOBAHMS)

MATEPUAJ U METO/IbI (ycnoBusi, MeTozpl (METOIMKA) HCCIIEAOBAaHUHN, ONTUCaHNE 00BEKTa, MECTO U BPeMs Ipo-
BEJICHYISI )

PE3VYJIBTATBI U OBCYXKJIEHUE

3AKJIFOYEHME nnu BBIBO/IbBI

148 Siberian Herald of Agricultural Science ¢ 2022 « 52 ¢ 5



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 THO/JITHCYUKH!

IMoanucky Ha xxypHan « CHOMPCKHIA BECTHHUK CEJILCKOXO3SIMCTBEHHOM HayKm
(kKak Ha TOJOBOM KOMIUIEKT, TaK ¥ Ha OTACJIbHBIC HOMEPA)
MOXHO O()OPMUTH OJTHUM U3 CIEAYIOUINX CIIOCOOOB:

— Ha caiite [loura Poccun. 3aiitu B paznen «OnnailiH-cepBUCHI», 3aTeM — «llognucarbes Ha
raszery win xypHamn». [lognucuoit unaexc uzganus [IM401;

— B arenrctBe noamuckun 'K «VYpan-Ilpecc» mno wunnexkcy 46808. Ccpuika Ha wu3gaHUe
http://ural-press.ru/catalog/97210/8656935/?sphrase 1d=319094. B pa3nene KOHTaKThI 3alTH
1o ccwike http://ural-press.ru/contact/, rae MOXXHO BBIOpaTh (pUITHAI IO MECTY KUTEIBCTBA;

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

ITonHOTEKCTOBAS BEpcus XKypHala
«Cubupckuii BECTHUK CETCKOX03HCTBEHHOM HAYKI»
pa3mMereHa Ha caiite HaydHoi amekTpoHHO# OMOIHOTeKH:
http://www.elibrary.ru.
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