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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2023-11-1 Tun crarbu: OpUrHHAIBHAS
VIK: 631.81:631.89:633.854.78 Type of article: original

BJIMSIHUE MMOCJEJIEVCTBUSI MUHEPAJIbHBIX YIOBPEHUI
IIPU BO3AEJBIBAHUU AYMEHS ITOCJIE HOACOJITHEYHUKA

X)Hukudoposa C.A.
Vavsanosckuii Hayuno-uccied08amensbCKull uHCmumym ceibcekoeo xossucmea um. H.C. Hemyesa —
Gunuan Camapckoeo gedepanbHo2o ucciedo8amenbckozo yewmpa Poccutickoti akademuu HayK

VYnbstHOBCKast o0acTh, moc. TumupsizeBckuid, Poccus
(<) e-mail: nikiforovall @yandex.ru

[IpencraBnens! pesynsTarsl uccieaoBanuii 3a 2021, 2022 1. mo BAMSHHUIO TOCTENEHCTBHS pas-
JMYHBIX O3 MUHEPAJIbHBIX YIOOPEHUH, BHOCUMBIX I10[] IIOICOITHEUHHUK, Ha IIPOIYKTUBHOCTh U Kade-
CTBO sipoBorO s'uMeHs copta Kamamesckuil. [loneBble OMBITHI 3a7105KEHBI B YCIOBUAX YIIBSHOBCKON
00J1acTH Ha YEPHO3EME BBILIETIOUEHHOM TSKEIOCYIIMHUCTOM. M3ydanu yeTblpe poHa MUHEPATbHBIX
yno6penuit: N, N, . N, P, K, . N P, K ~xr n.B./ra. MeTeoycnoBust ObLIM KOHTPACTHBIMH B TOJIbI
MCCIIeIOBaHUM, YTO TO3BOJIIO OoJiee MOITHO OLEHUTH 3(PPEKTUBHOCTH MOCHeNeHCTBUS YI0OPEHHH.
TexHomoTua BO3JENBIBAHNAS STUMEHS BKIIOYAjia BECEHHIOIO Pa3/ielKy PAacCTHTEIBHBIX OCTAaTKOB IMOJ-
COJTHEYHMKA JAMCKATOPOM W MOIYJTHHON OOPOHOM, IMOCEB 3epHOBOM CESJIKOM W MpHKaThiBaHWE. S4-
MEHb NPOSBUI HauOOJBLIYIO OT3BIBYMBOCTH Ha IMOCIENCHCTBUE MUHEpaIbHBIX yHOOpeHuil B m03e
N,,P,,K,, Kr 1.B./Ta. YpOsKaliHOCTh 3¢pHa Ha JaHHOM BapuaHte cocrasuna 2,11 1/ra, uro Ha 1,05 1/ra
BBIIIIE 110 CPABHEHHIO ¢ HEYAOOpEeHHBIM BapuaHToM. Ha qanHoM arpodoHe monydyeHo 0ojee KpynHoe
3epHo (Macca 100 3epen cocraBmia 48,4 1, Ha KOHTpoJe — 44,4 T) ¢ BBICOKAM COJIEp)KaHUEeM Oelika
12,7% (na xoutpone — 11,5%). IIpoBenenre KOppensIMOHHO-PETPECCHOHHOTO aHaN3a TTO3BOJIHIIO
BBISIBUTDH HPSMYIO ITOJIOKHUTEIbHYIO B3aUMOCBSI3b MEXKY HAKOIUIEHHMEM CYXOrO BEIIEeCTBA U IPOIYK-
THBHOCTBIO stuMeHst (R? = 0,96). YCTaHOBJIEHO, YTO C YBEJIWYEHHEM JI03bI a30THBIX YAOOpEHH Ha
kaxxapie 10 Kr j1.B./ra HaOMOMASTCS MOBBINIEHUE COMEpKaHus chiporo Oenka B 3epHe Ha 0,2%. Co-
Jepkanue Oellka B 3epHE 3aBUCEINI0 OT YCIOBHHU BIaroo0ecreueHHOCTH rojia. BosaensiBanue ssaMeHs
nocJie MOACONTHEYHUKA arpOHOMHYECKH 11eJIeco00pa3Ho Ha (OHE MOCIIeICHCTBHS MUHEPAIbHBIX Y10~
Openwuii. [Ipu oTcyTCTBHM yIOOpEeHUH MPOAYKTUBHOCTD STIMEHS ITOCIIE TIOACOIHEYHNKA PE3KO CHIKA-
ercst. Kpome Toro, HeoOXonnuMBbI TIIATEIbHbBIN KOHTPOJIb 3@ 3aCOPEHHOCTHIO II0CEBOB SUMEHS (B TOM
YHCJIe B CBS3U C MOSIBICHUEM OOJIBIIOr0 KOJIMYECTBA MAAAIHIbI OACOTHEYHNKA) U CBOEBPEMEHHOE
MIPOBEICHNE XUMUYECKOH MPOTIOJIKH.

KnioueBbie ci10Ba: suUMeHb SpOBO, MUHEPaJIbHbIEC YIOOpEHHS, TOCIIEeACHCTBUE, TPOLYKTUBHOCTS,
CBIpOIt OeToK

INFLUENCE OF MINERAL FERTILIZERS AFTER-EFFECT
WHEN CULTIVATING BARLEY AFTER SUNFLOWER

(<) Nikiforova S.A.

Ulyanovsk Research Institute of Agriculture named after N.S. Nemtsev —

Branch of the Samara Federal Research Center of the Russian Academy of Sciences
Timiryazevsky, Ulyanovsk region, Russia

(<De-mail: nikiforoval l @yandex.ru

The results of research for 2021, 2022 on the impact of the after-effect of different doses of mineral
fertilizers applied to sunflower on productivity and quality of spring barley of the Kamashevsky vari-
ety are presented. Field experiments were laid in the conditions of the Ulyanovsk region on chernozem

leached heavy loamy soil. Four backgrounds of mineral fertilizers were studied: N, N, N, P, K_ |
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Influence of mineral fertilizers after-effect when cultivating barley

Nikiforova S.A.

after sunflower

N,,P,K,, kg a.i/ha Meteorological conditions were contrasting in the years of research, which al-
lowed a more complete assessment of the effectiveness of fertilizer after-effect. Barley cultivation
technology included spring cutting of sunflower crop residues with a discator and a modular harrow,
sowing with a grain drill and rolling. Barley showed the greatest responsiveness to the after-effect of
mineral fertilizers at a dose of N, P, K, kg a.i./ha. Grain yield in this variant was 2.11 t/ha, which is
1.05 t/ha higher compared to the unfertilized variant. On this agricultural background, a larger grain
was obtained (the weight of 100 grains was 48.4 g, on the control - 44.4 g) with a high protein content
of 12.7% (on the control — 11.5%). Correlation and regression analysis revealed a direct positive rela-
tionship between dry matter accumulation and barley productivity (R? = 0,96). It was found that with
an increase in the dose of nitrogen fertilizers for every 10 kg a.i./ha, an increase in the crude protein
content of grain by 0.2% was observed. Protein content in grain depended on the moisture conditions
of the year. Cultivation of barley after sunflower is agronomically expedient on the background of
mineral fertilizers aftereffect. In the absence of fertilizers, the productivity of barley after sunflower
sharply decreases. In addition, it is necessary to carefully control the weediness of barley crops (in-

cluding the emergence of large amounts of sunflower fallen seed) and timely chemical weeding.
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INTRODUCTION

Spring barley is the most important fodder
crop occupying annually about 10% of the sown
area in the Ulyanovsk region (95-104 thousand
hectares) withayield of 15-20 c/ha. It is important
to cultivate it according to adaptive technology,
taking into account the responsiveness of the
crop to various agronomic practices — forecrops,
doses and types of applied mineral fertilizers,
crop protection system, etc. [ 1-4].

The role of a forecrop in crop cultivation
technology is difficult to overestimate [5-9].
Studies [6] on leached chernozem showed that
spring wheat and oats are the worst forecrops
for barley due to the increase in weediness
of crops, plant infestation by diseases and,
as a consequence, a decrease in crop Yyields.
Placement of barley on spring wheat and oats
reduced the crude protein content by 0.8-0.9%.

Widespread sunflower crops and late dates
of its harvesting do not always allow to till the
soil in the autumn, which requires the study of
the effectiveness of sunflower as a forecrop for
grain crops from an agronomic point of view.
Often agricultural producers practice cultivation
of barley after sunflower. As experience shows,
barley gives the same yield in direct sowing after
sunflower with a stubble seeder as in traditional
cultivation technology’.

It is known that barley shows increased
requirements to the level of mineral nutrition,
because of this it is responsive to the direct action
of mineral fertilizers and, first of all, starting
doses [10-13]. Feeding during the growing
season is ineffective due to the short growing
season of the crop.

Applying mineral fertilizers to the preceding
crop allows providing barley with accessible
elements of mineral nutrition in the early

Pat. No. 2714706 C1 Russian Federation, MPK A01C 7/00, No. 2019124821. Method of spring barley cultivation by direct
sowing / A.L. Toigildin, D.E. Ayupov, A.S. Galkin; applicant — Ulyanovsk State Agrarian University named after P.A. Stolypin;

applied 02.08.2019; published 19.02.2020.
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BO3JICJ/IBIBAHUM SUMEHS 110CIIE TOJICOJIHEUHUKA

Huxudoposa C.A.

development period [14—16]. However, in this
case, it is important to assess the productivity
of the crop depending on the background of
mineral fertilizers of the preceding crop. With
the high cost of mineral fertilizers, this issue
becomes particularly relevant.

The purpose of the research is to present a
comprehensive assessment of the after-effect of
mineral fertilizers when cultivating barley after
sunflower.

MATERIAL AND METHODS

In 2020 and 2021, studies were conducted
to develop elements of sunflower cultivation
technology using various doses of mineral
fertilizers, then assessing the after-effect of the
studied factors on the productivity of spring
barley. Sunflower harvesting was carried out
late (October — December). The field was not
tilled in autumn. Soil preparation for sowing
was done in the spring period: the first treatment
with a disk harrow BDM 3 x 4, the second with a
modular harrow BM-4.5. The beginning of crop
germination was noted on May 18-25. Care for
the crops during vegetation included protection
from weeds in the tillering phase with the Balet,
EC (in a dose of 0.4 1/ha) preparation.

The field experiment studied four
backgrounds of mineral fertilizers in after-
effect: N, N,, N, P, K,, NP, K, . The

experiment was repeated three times, with
systematic placement of the plots. The
accounting area of the plot was 15 x 224 =
336 m®. Barley sowing in 2021 was carried
out on May 17, in 2022 — on May 9 with a
grain seeder SZ-3.6 across the sowing of the
previous crop without fertilizers, at a depth
of 5-6 cm with a seeding rate of 4.5 million
germinating seeds/ha. The harvest was carried
out with a selective combine Sampo-500 at the
stage of full ripeness, with further translation
of the data to 100% purity and 14% moisture.
As mineral fertilizers, azophoska with a
content of N P K and ammonium nitrate

15715
with a nitrogen content of 34.4 kg a.i./ha were

used. Fertilizers were applied before sowing
sunflower in the previous year.

The object of the study was a promising,
zoned in the Middle Volga region medium-ripe
variety of spring barley (Hordeum vulgare L.)
grain-forage direction Kamashevsky. The variety
is a steppe morpho-biotype, moderately resistant
to fungal diseases, resistant to loose smut. It is
prone to lodging with the application of high
rates of nitrogen fertilizers and an excessive
seeding rate. The protein content in the grain
reaches 14%. The variety is valuable for quality?.

Before sowing, the reserves of productive
moisture were unsatisfactory (in the layer 0-10
cm — 4.7-6.5 mm, 0-30 cm — 17.9-21.5 mm).
The low moisture reserve was also due to the
fact that spring mechanical soil treatments were
carried out for the disintegration of sunflower
plant residues, which led to additional loss of
moisture reserves.

From May to July, the sum of active
temperatures amounted to 1947°, with the norm
being 1600°. The intensely high temperature
regime in June contributed to the accelerated
pace of barley development. During the plant
development period from the third ten-day
period of May to the first ten-day period of
August, 105.5 mm of precipitation fell, with the
norm being 166 mm.

The vegetation period of 2022, on the
contrary, was characterized by cool and rainy
weather in May, moderate temperature regime
and precipitation in June, intensive torrential
rains in July, and hot, dry weather in August.
The amount of precipitation in May was
65.7 mm with a norm of 39.0 mm (168% of the
norm). The rains were significant, so early in
the second ten-day period of May, a dangerous
phenomenon was noted — soil overmoisture.
In June, the weather was unstable: periods of
warm, and on some days hot weather alternated
with short periods of cooling. In July, the
weather was predominantly very warm with
rains of varying intensity.

“New super variety of barley Kamashevsky — what is its strength, the scientists are explaining. URL: https://www.agroxxi.ru/zhurnal-agromir-
xxi/stati-rastenievodstvo/novyi-super-sort-jachmenja-kamashevskii-v-chem-ego-sila-rasskazyvayut-uchenye.html (accessed on 05.07.2023).
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after sunflower
The maximum air temperature on the warmest The research results revealed a high

days rose to 30-32 °C. The showers were local,
accumulating 140 mm over the month (the long-
term average norm is 69 mm). The sum of active
temperatures from May to July was 1544°, with
the norm being 1600°. During the development
period of the plants from May to July inclusive,
250 mm of precipitation fell. In 2021, the HTC
was 0.5, in 2022 — 1.6, with the norm being 1.0.

All registrations, observations, and analyses
were conducted according to generally accepted
methods and corresponding GOST standards.
Mathematical processing of experimental data
was carried out using methods of dispersion and
correlation analysis.

RESULTS AND DISCUSSION

In all years of research, sunflower harvesting
took place late (October — December) due to
the prolonged ripening of the crop caused by
prolonged precipitation in the autumn period.
Consequently, the chopping of sunflower stubble
was carried out in the spring period. It should be
noted that shallow soil tillage (8—10 cm) caused
the growth of sunflower volunteers, as well as
weeds. Conducting chemical weeding with a
tank mixture against perennial and annual weeds
became a mandatory and effective agricultural
practice.

responsiveness of the spring barley variety
Kamashevsky to the after-effect of mineral
fertilizers applied under sunflower in the
preceding year, the effectiveness of which
primarily depended on the moisture conditions
of the year.

Depending on the background of mineral
fertilizers, barley sowing significantly differed
in the rates of biomass accumulation and
in the content of nutrients in the plants (see
Fig. 1, Table 1). The highest accumulation of
dry matter was noted in the N, P, K. variant
(56 c/ha), which was 1.9 times higher than the
control (30 c/ha).

Due to insufficient moisture, the plants were
in a suppressed state, with accelerated passage
of interphase periods observed. For instance, the
total nitrogen content in barley plants during the
shooting stage varied from 2.32 to 2.66% and
was assessed as low. By the end of vegetation, in
terms of total nitrogen content in the vegetative
mass of barley, the advantage was with the
experimental variants — 1.27-1.37% (on the
control — 1.16%). No clear dependence on the
after-effect of mineral fertilizers was found for
the total phosphorus and potassium content in
the green mass of plants.

The after-effect of mineral fertilizers
manifested in the improvement of nitrogen
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Fig. 1. Effect of mineral fertilizers on dry matter accumulation in barley crops
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Taoua. 1. [lunamuka 31€MEHTOB MUHEPAJIBLHOTO MUTAHUS B PACTCHUAX SUMEHS 10 (a3aM Pa3BUTHUSA
Table 1. Dynamics of mineral nutrition elements in barley plants by phases of development

Barley development phase
Experiment booting earing filling
option N P,0, K0 N PO, K,0 N PO, K,0
N, 2,32 1,48 5,59 1,47 1,06 2,58 1,16 1,11 1,68
N,, 2,66 1,24 5,42 1,37 0,95 2,66 1,37 0,89 1,50
N, P, K, 2,42 1,37 4,56 1,57 1,02 2,42 1,33 0,98 1,63
N, P, K, 2,43 1,2 4,59 1,30 0,93 2,63 1,27 0,96 1,47

nutrition in barley and, consequently, contributed
to the formation of a larger above-ground mass
compared to the unfertilized variant already at the
initial stages of barley development (see Fig. 2).

Barley sowings on the variants with the
application of mineral fertilizers had more
intense coloration and stem density.

At the beginning of barley vegetation, a
higher nitrate content was noted in the soil
compared to the control (+2—-5 mg/kg of soil
to the control). The trend of increased nitrogen
provision remained before the barley harvest.

Correlation-regression analysis showed a
strong relationship between the accumulation
of dry matter in plants (y) and the dose of
nitrogen fertilizers (x) in after-effect. The linear
dependence is described by equations of the type:

shooting y=0,17x+ 9,31 (R>=0,90); (1)

Equation (3) shows that for every 10 kg a.i./ha
of applied nitrogen in after-effect, there was an
average increase in the dry matter accumulation
in plants of 4.2 c/ha.

The productivity of barley significantly
depended on the after-effect of mineral fertilizers
applied under sunflower in the previous year,
proportionally to the level of mineral nutrition
(see Table 2).

Despite the fact that barley sowing in 2022
was carried out 8 days earlier than in 2021, the
crop reached full ripeness 9 days later (August 5)
due to increased precipitation.

In 2021, due to the late sowing date and dry
conditions in June, low productivity of barley
was formed. Nevertheless, a significant after-
effect of mineral fertilizers was observed. The
grain yield increase compared to the control
was 0.24-0.33 t/ha (20.7-28.5%), with no

earing y=0,19x +24,27 (R* = 0,93); (2) significant differences between the fertilized
filling  y=0,42x + 30,0 (R*=0,99). (3) variants. In 2022, a reliable increase in barley
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Fig. 2. Nitrate content in soil depending on the after-effect of mineral fertilizers, mg/kg of soil
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Taoa. 2. Brusaue nocineaedcTBUs MUHEPAIbHBIX YIOOPEHUH HA MPOLYKTUBHOCTD M KaU€CTBO SUMEHS

(2021, 2022 rr.)

Table 2. Impact of the mineral fertilizers after-effect on productivity and quality of barley (2021, 2022)

. . Grain yield, t/ha Weight of Crude Gr. 0SS pro-
Experiment option 1000 erains rotein. % tein yield,
2021 2022 | Average | =t/ha grams, & | protein, 7o kg/ha

Control 1,16 0,95 1,06 - 44,4 11,5 122
N,, 1.4 1,31 1,36 +0,3 46,0 11,8 161
N, P, K, 1,43 1,45 1,44 +0,38 45,9 11,9 172
N, P, K, 1,49 2,72 2,11 +1,05 48,4 12,7 268
LSD . 2021 p = 3,05%,
20220 = 3,95% 0.14 0,19

yield was also observed at all levels of mineral
nutrition. The greatest responsiveness of barley
was shown to the after-effect of N, P, K, kg
a.i./ha (+1.77 t/ha).

On average, over the years of research,
cultivating barley after sunflower, depending on
the doses of mineral fertilizers in after-effect,
allowed to obtain an additional 0.30-1.05 t of
grain/ha compared to the unfertilized variant.

A direct positive correlation was established
between the accumulation of dry biomass in
plants and the productivity of barley, which is
described by a linear equation of the type

y=0,42x-2,97 (R* = 0,96),

where y — barley yield; t/ha, x — dry biomass of
plants, c/ha.

The application of mineral fertilizers
contributed to the improvement of quantitative
and qualitative indicators of the grain. For
instance, the weight of 1000 grains on the
control was 44.4 g, on the fertilized variants —
46.0-48.4 g. The largest grain was obtained in
the variant with the after-effect of an increased
dose of mineral fertilizers (N, P, K., ).

On average for 2021 and 2022, in terms of
raw protein content in the grain, the advantage
was also with the experimental variants. A
direct positive correlation was found between
the content of raw protein in barley grain and
the dose of mineral nitrogen. The equation is as
follows

y=0,02x + 11,36 (B> = 0,91),

where y — raw protein content in grain, %;
x — dose of nitrogen fertilizers, kg a.i./ ha

(the equation is valid for raw protein content
of 11.5-12.7% and nitrogen doses of 0-60 kg
a.i./ha). The equation shows that with an
increase in the dose of nitrogen fertilizers by
every 10 kg a.i./ ha, there is a 0.2% increase in
the protein content.

Under the influence of the after-effect of
mineral fertilizers, significant changes were
observed in the structure of the barley yield (see
Table 3).

The after-effect of fertilizers manifested in
the formation of a greater number of productive
stems in the experimental variants (25—
98 pcs./m? higher than the control). An increase
in the length of the ear by 0.4-2.4 cm, the grain
weight per ear by 0.08-0.18 g, and the ear grain
content by 1.4-3.3 pcs./plant were noted. An
increase in plant height was directly proportional
to the doses of mineral fertilizers applied under
sunflower (44 cm in control, 48-59 cm in the
experimental variants).

Correlation analysis of productivity elements
revealed a direct positive relationship between
barley yield and the number of productive stems
(r=0.99), length of the ear (» = 0.98), and the ear
grain content ( = 0.97), as well as the weight of
grain from one ear (r = 0.96) (see Table 4). The
grain weight directly depended on its quantity
from one ear (» = 1.0).

CONCLUSIONS

1. Thestudiesrevealedahighresponsiveness
of the spring barley variety Kamashchevsky
when cultivated on leached chernozem to the
after-effect of mineral fertilizers applied under
sunflower.
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Ta6a. 3. Crpykrypa ypoxasi SYMEHS B 3aBUCHMOCTH OT MOCIIECHCTBHS MUHEPAIbHBIX yI0OpEeHUH

Table 3. Barley yield structure depending on the after-effect of mineral fertilizers

Barley yield structure indicator
Experiment
(r))ption Number of produc- | Tillering coef- | Ear length, | Grain weight Ij;f:erczt; Straw weight, | Plant height,
tive stems, pcs./m? ficient cm per ear, g & pla’nl'z ’ g/plant cm
Control 330 1,26 4,7 0,46 9,9 0,43 44
N,, 355 1,30 5,1 0,54 11,3 0,52 50
N, P, K, 375 1,43 5,0 0,57 11,8 0,56 48
NP, K, 428 1,47 6,3 0,64 13,2 0,59 59

Taoxa. 4. Marpuna kod3pPUIHEHTOB KOPPEISUHA MEKIY TPOAYKTHBHOCTBIO U 3JIEMEHTaMHU CTPYKTYPBI

ypoxast

Table 4. Matrix of correlation coefficients between productivity and elements of the yield structure

. Yield, t/ha 1\(1132?:2 :tiﬁlr: Ear length, Grair;greight Number of grains St;?ymvi)erifht hzliz;ltt,

Indicatoe pes./m? om plant, g per plant, pes. plant, g cm
1 2 3 4 5 6 7

1 1,0

2 0,99* 1,0

3 0,98%* 0,95% 1,0

4 0,96* 0,97* 0,89 1,0

5 0,97* 0,98%* 0,91 1,0%* 1,0

6 0,87 0,9 0,77 0,97* 0,96* 1,0

7 0,98* 0,95 0,99* 0,92 0,94 0,82 1,0

* Significant at the level of p = 0,05.
** Significant at the level of p=0,01.

2. Barley sowing on the background of
fertilizers formed 11-26 c of dry matter/ha more
than the control. Experimental plants throughout
the vegetation period had a higher content of
total nitrogen in the green mass.

3. The highest productivity of barley was
found in the after-effect of N, P, K. kg a.i./ha,
which provided an increase of 1.05 t/ha compared
to the unfertilized variant. In the experimental
variants, larger grains were obtained (weight of
1000 grains 46-48.4 g, in the control — 44.4 g)
with a high protein content of up to 11.8-12.7%
(in the control 11.5%).

4. The correlation-regression  analysis
revealedadirect positiverelationship between the
accumulation of dry matter and the productivity
of’barley (R?=0.96). It was established that with
an increase in the dose of nitrogen fertilizers by
every 10 kg a.i./ha, there is an increase in the
raw protein content in the grain by 0.2%.

5. Cultivating barley after sunflower is
effective against the background of the after-
effect of mineral fertilizers in the dose of N,

P, K,, kg ai/ha, which is reflected in the

60" 30
increase in productivity and quality of the grain.
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BNOJIOTI'UA U DKOJIOI'US FORESTIERA NEO-MEXICANA A. GRAY
N INEPCIHIEKTUBBI UCITOJIB3OBAHUA B HUKHEM ITOBOJI’KBE

Kaambixosa E.B., [lepenpuenko A.HU.

DedepanbHblii HAYUHBIL YEHMP A2POIKONOUU, KOMNIEKCHbIX METUOPAYULL
u 3awummnoeo necopassedenus Poccuiickoti akademuu Hayk

Bonrorpan, Poccust

e-mail: kalmukova-ev@vfanc.ru

W3ydeHbl BOITPOCHI paCHIMPEHUS aCCOPTUMEHTA JAPEBECHBIX U KyCTAPHUKOBBIX JICCHBIX HACAXKIC-
HUH B JIeCOpa3BEeHUH 3aCYIINTUBBIX PETUOHOB. Forestiera neo-mexicana A. Gray sSBIsieTCS HHTPO-
JyIIAPOBAaHHBIM M MaJIOBCTPEYAEMbBIM IK30THUYECKUM TPOIMTUYECKHM PACTEHHEM B arpoyieCoMeInopa-
uuu Bonrorpasnckoii oonactu. MecTo mpoBeeHus UCCIEeI0OBaHUs — KOJUICKIIMOHHBIE y4acTku Boi-
TOTPaJICKOTO CEJIEKIIMOHHO-CEMEHOBOIUECKOT0 KOMITICKca B KHPOBCKOM y4acTKOBOM JISCHUYECTBE
Bonrorpana, rie npouspacraer Forestiera neo-mexicana. [IpoBenena 6Mo3KkoIoruyeckast oleHKa 1uc-
TIOJIB30BAHMSI KyCTapHUKA Forestiera neo-mexicana A. Gray B 03€JIEHEHUN W 3alIATHOM JIECOpa3Be-
nennu Hmxaero [ToBomwkbs. C MOMOIIBEIO METONUKH (eHOTOTHICCKUX HAOMIONCHUM, pa3paboTaHHOM’
corpynaukamu [nmaBaoro 6oranmueckoro cana PAH (I'bC PAH), onpenenens! obmas Macca ceMsH,
Mop(hOMeTpUYECKHe TMOKa3aTeay IUIOA0B, JTUHAMHKA (PH3MOIOTHYECKOTO COCTOSHUS KyCTapHHKA.
Buoskonorunyeckue cBOMCTBA OIICHUBAIIH 10 IIATH MTPU3HAKAM: 3aCYX0yCTONYNBOCTH (IIECTHOATUTbHAS
mkaya C.C. [IsaTHUIKOT0), 3MMOCTORHKOCTh (cemubabHas mkaia ['6C PAH), olileHka HHTEHCUBHO-
CTH IBETCHMS U TUTomoHOmeHust MeToaoM B.I%. Kammepa (msstnbaisHas mKasa), )KU3HEHHOCTD (Tpex-
OammpHas mkana). ComracHo (hEeHOIIOTHUSCKUM HaOMIONeHUsIM, Forestiera neo-mexicana A. Gray
B KJIMMAaTHYECKHUX YCIOBHUSAX Bonrorpanckoit obmactu mpoxomuT Bce (penomornveckue ¢asbl. lpu
OMOAKOJIOTHUECKHUOM OIIEHKE CBOMCTB (POPECThEPHI 1O ISATH MPU3HAKAM PACTCHHE MMEET BBICOKHUU
0aJiJ1 IO MHTEHCUBHOCTH [IBETEHHUSI U TUIOIOHOIICHUS (5 0aJUT0B), )kU3HeHHOCTH (5 0ayioB). PacTenue
sumocToiiko (1 0amr) u 3acyxoycroiiuuBo (1 6ain). Forestiera neo-mexicana A. Gray MOXeT BO3J1e-
JIBIBAaThCSl HA Y4acTKax, HEMPUIOAHBIX JJIsl OOIIEro 3eMJICHOIb30BaHUs, Ha MACTOUIIIHBIX YTOABIX M
WCTIOJTH30BATHCS B 3AIIMTHOM JIECOPa3BEICHHUH.

KuaroueBbie ciioBa: Forestiera neo-mexicana A. Gray, FHTpOAYKIIUs, OMOIKOIIOTHS, JIecopa3Beie-
HUE, aCCOPTUMEHT, IEPCIIEKTUBHOCTh

BIOLOGY AND ECOLOGY OF FORESTIERA NEO-MEXICANA A. GRAY
AND PROSPECTS FOR USE IN THE LOWER VOLGA REGION

Kalmykova E.V., Peredrienko A.I.

Federal Scientific Centre of Agroecology, Complex Melioration and Protective Afforestation
of the Russian Academy of Sciences

Volgograd, Russia

e-mail: kalmukova-ev@vfanc.ru

The issues of expanding the assortment of tree and shrub forest plantations in afforestation of arid
regions are studied. Forestiera neo-mexicana A. Gray is an introduced and under-recognized exotic
tropical plant in the agroforestry of the Volgograd region. The study site was the collection plots of
the Volgograd breeding and seed production complex in the Kirovsky district forestry of Volgograd
where Forestiera neo-mexicana grows. Bioecological assessment of the use of Forestiera neo-mexi-
cana A. Gray shrub in landscaping and protective afforestation of the Lower Volga region was carried
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Buonorus u sxonorusi Forestiera neo-mexicana A. Gray
U TEPCIEKTHBbI ucronb3oBaHus B HukHeM [ToBomkbe

Kanmsikosa E.B., [lepenpuenko A.W.

out. Using the methodology of phenological observations developed by the staff of the Main Botan-
ical Garden of the Russian Academy of Sciences (MBG RAS), the total seed weight, morphometric
indices of fruits and the dynamics of the physiological state of the shrub were determined. The bio-
ecological properties were evaluated according to five traits: drought resistance (six-point scale of
Pyatnitsky S.S.), winter hardiness (seven-point scale of the MBG RAS), evaluation of flowering and
fruiting intensity by the method of V.G. Kapper (five-point scale), vitality (three-point scale). Accord-
ing to phenological observations, Forestiera neo-mexicana A. Gray passes all phenological phases
in climatic conditions of the Volgograd region. In bioecological evaluation of the Forrestiera prop-
erties for five traits, the plant has a high score for flowering and fruiting intensity (5 points), vitality
(5 points). The plant is winter hardy (1 point) and drought tolerant (1 point). Forestiera neo-mexicana
A. Gray can be cultivated on the areas unsuitable for general land use, on pasture lands and can be
used in protective forestry.

Keywords: Forestiera neo-mexicana A. Gray, introduction, bioecology, afforestation, assortment,
prospects
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INTRODUCTION Forestiera neo-mexicana A. Gray presents

Works on green construction and agroforest-
ry reclamation in the Lower Volga region are in-
separably linked with the use of a diverse assort-
ment of woody plants [1-3]. Introducing new
long-lived tree and shrub species into protective
afforestation is a current task and requires a deep
study of their biology, economic value, methods
of reproduction, and implementation [4—6].

In the conditions of water resource scarcity in
the dry steppe and semi-desert, the assortment
of tree species for creating anti-erosion and pas-
ture-protective strips can be expanded through
the introduction of shrubs for greening and
improving the ameliorative condition of urban
landscapes [7-11].

theoretical and practical interest regarding its re-
silience to the challenging forest-growing condi-
tions of this region due to its morphophysiologi-
cal features and economic-biological properties.

The genus Forestiera Poir. of the Oleaceae
Lindl. family includes about 20 species, spread
in the North and Central America. Forestiera
neo-mexicana A. Gray is a multi-stemmed shrub
reaching up to 3.5 m in height with an invert-
ed-ovoid crown. The leaves are simple, elongat-
ed or inverted-ovoid, leathery, gray-green, up
to 40 mm long and 8-18 mm wide. An interest-
ing feature of forestiera is the orientation of its
leaves relative to the sun: they turn following the
sun so that the sun's rays glide along the surface

PactreHneBoncTBO M ceneKIus
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pects for use in the Lower Volga region
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of the leaf laminas, preventing them from over-
heating'2[12].

The bioecology of Forestiera neo-mexicana
A. Gray in the area of insufficient moisture is
poorly studied. The shrub is quite rare in den-
drological collections. In the North Caucasus,
it is found only in Rostov-on-Don, in Sochi* 4,
in the Lower Volga region — in the collections
of the FSC Agroecology RAS, Volgograd®. It is
occasionally cultivated as an ornamental shrub
in household plots and gardens in the territory of
the "Nizhnekhopyorsky" natural park [13].

The purpose of the study is to conduct a bio-
ecological assessment of the shrub Forestiera
neo-mexicana A. Gray to determine its potential
for use in greening and improving the amelio-
rative condition of the urban landscapes in the
Lower Volga region.

The research objectives are:

— to conduct a bioecological assessment of
Forestiera neo-mexicana A. Gray based on five
characteristics adopted in the study of the intro-
duced species;

— to identify the dynamics of the physiologi-
cal condition of the shrub during the vegetation
period.

MATERIAL AND METHODS

The objects of the study were plants of For-
estiera neo-mexicana A. Gray. Long-term intro-
duction testing of this species was conducted in
the collection plots of the Volgograd Selection
and Seed Production Complex in the Kirov For-
estry of Volgograd. The region is characterized
by a sharply continental climate, distinguished
by aridity, sharp fluctuations in air temperature
(annual temperature amplitude — 32.0 °C, aver-

age annual — 7.6 °C), unstable moisture regime
and its high variability (average annual precip-
itation — 350 mm). The summer period is char-
acterized by low relative air humidity (down to
12-16%) with strong winds and dry winds (up
to 55 days per year). The soils of the collection
plots are light-chestnut medium-loamy with low
humus content (0.54—0.94%). The combination
of these factors hinders the introduction of many
tree and shrub plants.

In 1998, 54 plants were planted, 53 survived,
with a survival rate of 98.1%. The planting sites
were spaced at 5 X 5 m. As of May 2023, over
78% have been preserved. The age of the plants
is currently 24 years. The methodology of phe-
nological observations of the Main Botanical
Garden of the Russian Academy of Sciences
(1975) was applied in the research. The aver-
age fruit weight was determined by weighing
100 fruits in triplicate on the VK-300 scales.
Morphometric indicators of fruits — length and
width — were determined with an accuracy of
0.01 mm (100 measurements for each type). Ac-
cording to GOST 13056.4—67 "Tree and shrub
seeds. Methods for determining the weight of
1000 seeds" by weighing a sample of 250 seeds
on the VK-300 electronic scales in two repeti-
tions, the weight of 1000 seeds was determined.

The bioecological properties of the select-
ed objects were visually assessed based on five
characteristics traditionally used in the evalu-
ation of the introduced species: drought resis-
tance (S.S. Pyatnitsky six-point scale), winter
hardiness (seven-point scale of the Main Botan-
ical Garden of the Russian Academy of Scienc-
es), assessment of the intensity of flowering and
fruiting using the method of V.G. Kapper (five-
point scale), vitality (three-point scale).

'0Ogorodnikova TK., Fedorinova O.I, Kozlovsky B.L., Kuropyatnikov M.V. Features of growth and development of Forestiera neo-mexicana

Gray at introduction in Rostov-on-Don // Theoretical and applied aspects of plant introduction as a promising direction of development of science
and national economy: Proceedings of the International Scientific Conference on the 75th anniversary of the Central Botanical Garden of the National
Academy of Sciences of Belarus. In 2 volumes. (Minsk, June 12-15,2007), vol. 1. Minsk: Limited Liability Company "Edith BB", 2007, pp. 256-258.

2Guy L. Nesom Taxonomy of Forestiera pubescens and Forestiera neo-mexicana (Oleaceae) // Lundellia. 2009, vol. 12, pp. 8—14, (1 December
2009) https://doi.org/10.25224/1097-993X-12.1.8.

3Karpun Yu.N. et al. Catalog of cultivated woody plants of the North Caucasus. Sochi, 2002, 98 p.

“Plant collections of the Botanical Garden of SFU: catalog of plants that have passed the introduction test / edited by V.V. Fedyaeva; Southern
Federal University. Rostov on Don: Publishing house of the Southern Federal University, 2014, 436 p.

SSemenyutina A.V. Recommendations on enrichment of agroforestry complexes with multipurpose shrubs / A.V. Semenyutina, T.I. Ostraya,
A.A. Dolgikh, V.A. Shutilov. Moscow: Russian Academy of Agricultural Sciences, State Scientific Institution Research Institute of Agriculture,
1999, 63 p.
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The dynamics of the physiological state of
the shrub during the vegetation period in terms
of the pigment system of the green leaf (chloro-
phyll, flavonoids, anthocyanins) was determined
using the DUALEX SCIENTIFIC device [14].

The obtained data from field and laboratory
studies were statistically processed according to
the methodology of G.N. Zaytsev and using the
Microsoft Excel 2023 analysis package.

RESULTS AND DISCUSSION

The maximum temperature in 2023 was re-
corded in August (+38 °C), and the minimum
in January (20 °C). During the summer, air
temperatures varied from +38 to +16 °C. In the
winter months of 2023, the thermometer scale
dropped to —20 °C and rose to +9 °C. The rel-
ative humidity in 2023 ranged from 38 to 87%.
A drop to 38% was recorded in August, with
the highest rate in January and February 2023
(87%). The total precipitation for the first half
of 2023 amounted to 228 mm. The highest cu-
mulative amount of precipitation fell in May
(51.5 mm), with the least in June (27.5 mm). The
average wind speed for the first half of the year
was 4.9 m/s.

The data on the growth and condition of the
plants testify to their high resistance to extreme
environmental factors. The plants complete a
full development cycle. The timing of the phe-
nological phases is presented in Table 1.

The start of vegetation (mass swelling of
buds) occurs in the first and second ten-day pe-
riods of April, early in spring, when there is no
threat of early spring frosts. Leafing begins in
the second ten-day period of April, simultane-
ously with shoot growth, which continues until
the end of June. After the bush is covered with
leaves, flowering is observed: male transpar-
ent-yellowish flowers bloom 2-3 days earlier
than the female ones.

The flowering period varies from 15 to 20
days: it lengthens in cool weather and shortens
in dry sunny conditions.

The plant is dioecious, with flower buds
formed on shortened two-year shoots (see
Fig. 1). Autumn leaf fall is recorded in mid-Oc-
tober. The introduced forestiera blooms and

Taoa. 1. [lanusie ce3oHHOrO pa3Butus Forestiera
neo-mexicana A. Gray

Table 1. Data on the seasonal development of
Forestiera neo-mexicana A. Gray

. Mean annual pheno-
Phenological phase phase onset dates

Massive swelling of buds 05.04 42
Bud bursting 11.04 £3,8
Full foliation 17.04 £4,0
End of shoot growth 25.06 + 3,9
Full maturation of shoots 23.07 £4,1

male 12.04 + 3,6
Start of flowering

female 15.04 £ 4,0

male 26.04 +3,9
End of flowering

female 30.04 + 3,7
Mass ripening of fruits 27.07 +3,8
Massive foliage fall 11.10£4,1
Duration of vegetation, days 189

bears fruit abundantly, has good shoot-forming
ability. Thus, the annual growth for 2023 aver-
aged about 120 mm. Drought-resistant tree spe-
cies never have large leaves and dense crowns.

Forestiera neo-mexicana 1is relatively con-
sistent in diagnostic characteristics of the leaf
structure and shape over most of its range in
the southwestern United States, from Califor-
nia to New Mexico and in Western Texas (see
footnote 2). In the conditions of the research re-
gion, the leaves are non-pubescent, round-oval
to elongated, 1040 mm in length and 5-18 mm
in width (see Fig. 2).

Growth intensity is primarily related to soil
and air humidity and the biological characteris-
tics of the species. In 2023, the fruits of the stud-
ied shrub formed larger in size compared to the
average multi-year data due to favorable condi-
tions during the vegetation period. The mass of
1000 fruits was 55.6 g, which is 3.2 g higher than
the average multi-year indicators (see Table 2).
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Puc. 1. I'eHepaTuBHBIE OpraHbI
Fig. 1. Generative organs

A

Average leaf length
—26, 1 mm

Average leaf width — 11.6 mm

Puc. 2. JIucroBble IaCTUHEI
Fig. 2. Laminas

The ecological and biological study of the in-
troduced Forestiera neo-mexicana A. Gray indi-
cates that this multi-purpose subtropical culture
has successfully acclimatized due to its resilience
to biotic and abiotic factors. Overall, the shrub is
quite winter-hardy (1 point) and drought-resis-
tant (1 point), which suggests the possibility of
its use in protective afforestation and greening
of the region (see Table 3). Thus, the degree of
adaptation of this shrub to climatic conditions is
high. The seeds do not require special pre-treat-
ment for growing seedlings in autumn and can
be sown in the ground in late autumn or early

spring. It also propagates well vegetatively by
summer cuttings and hardwood cuttings.

One of the valuable economic qualities of
Forestiera neo-mexicana A. Gray is the absence
of root suckers (see footnote 5).

When selecting an assortment of economical-
ly valuable multi-purpose woody plants for cre-
ating agroforestry complexes and multifunction-
al greening plantations in the dry steppe zone,
special attention is given to decorative charac-
teristics (see Table 4).

Decorative features of Forestiera neo-mexi-
cana A. Gray begin to appear during the period of
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Tada. 2. XapakTepucTuka 1aoa0B
Table 2. Characteristics of the fruits

Weight of 1000 grains, g

Fruit size, mm

fruits seeds
Average 2023
Average 2023 Average 2023 length width length width
52,4+0,06 | 55,6+0,04 | 8,8+0,03 8,9+0,02 5,8+0,02 3,7+0,03 6,1 £0,01 4,2+0,02
Tab6a. 3. Dxojoro-6mojorndeckas XapakTepucTuka F. neo-mexicana
Table 3. Ecological and biological characteristics of F. neo-mexicana
Height, Winter Drought . -, -
o hardiness | resistance Flowering Fruiting Viability
2,5-3,0 | Doesnot | Doesnot | Abundant- 100% | Full, abundant - after | Good, the plant is well developed,
frostover | reactto | of flowers or inflo- | abundant flowering, |has a healthy appearance, well-de-
(1 point) | drought |rescences bloomed | almost all 100% of the | veloped shoots, buds and leaves,
(1 point) on the plant (5 flowers set fruit that | normalizes their coloration, abun-
points) matured dant or good flowering and fruit-
(5 points) ing (5 points)

mass flowering of male inflorescences of bright
yellow color. The greatest decorative effect is
observed as numerous bluish spindle-shaped
fruits mature. At the end of the vegetation peri-
od, before leaf fall, forestiera plantings acquire
bright yellow shades.

The preservation of plant vitality under in-
sufficient water supply is closely related to the
functioning of pigment systems (see Fig. 3).

Plants with high drought resistance lose less
water and have a more stable chlorophyll — a
protein-lipoid complex of plastids.

Seasonal changes in the content of chloro-
phylls, carotenoids, and anthocyanins confirm
the above. Towards the end of the vegetation
period, there is a decrease in the content of the

sum of chlorophylls a + b and the level of the ni-
trogen balance index (NBI). An increase in Flav
values by 10.9% and Anth by 57.7% indicates
a specific protective response to a complex of
unfavorable growing conditions.

CONCLUSION

The results of the study and analysis of the
long-term introduction of the introduced species
Forestiera neo-mexicana A. Gray allow deter-
mining a high degree of decorativeness, noting
the plant's resistance to drought, high and low
temperatures. The dynamics of the physiologi-
cal state of the shrub during the vegetation peri-
od in terms of the pigment system of the green
leaf indicates pronounced protective reactions

Taoua. 4. Ouenka nekopaTUBHOCTH Forestiera neo-mexicana A. Gray

Table 4. Assessment of decorativeness of Forestiera neo-mexicana A. Gray

. Leaves Stem and
Flowers Fruits - Crown
Shape Coloring branches
Gathered in short clusters Small gray- Plain, not pubes- | Green in Multi- Sprawling,

4-5, female — inconspicuous ish-blue spin- cent, leathery, the sum- stemmed | rounded shape,

greenish with reduced stamens, dle-shaped roundish- mer, yel- | shrub with | medium dense
male — distinguished by long sta- oval to elongated, | low in the obovate

mens with bright yellow anthers gray-green autumn crown
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DTN

10 AN
2\

ba

Chl Flav

Anth

Puc. 3. lunamuka GU3H0IOrHIECKOTO COCTOSHHS KyCTapHUKA B TEYSHHE BEreTallHOHHOTO Mepruoaa Mo
MoKa3aTelsiM MUTMeHTHON crcteMbl 3enieroro sucta (Chl — xmopodwmn, Flav — daBononiel, Anth — anTo-

nmanbl, NBI — uaekc a3otHoro OamaHca)

Fig. 3. Dynamics of the physiological state of the shrub during the growing season according to the indi-
cators of the pigment system of the green leaf (Chl — chlorophyll, Flav — flavonoids, Anth — anthocyanins,

NBI — nitrogen balance index)

of self-regulation due to features of water ex-
change — maintaining high absorptive capacity
of root cells for water, economical use of mois-
ture for transpiration, and rapid restoration of
physiological functions under normalization of
environmental conditions. All this has an adap-
tive value for increasing resistance to extreme
environmental factors.

The analysis of the long-term introduction of
the introduced species Forestiera neo-mexicana
A. Gray allows recommending the shrub for use
in green construction to strengthen the resilience
of agroforestry landscapes with the aim of eco-
logical optimization of protective afforestation
in the Lower Volga region, as well as expanding
the diversity of vegetation cover.
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BJIMSAHUE CPOKOB ITOCEBA HA ®EHOJIOI'MYECKOE PAZBUTHE
U YPOKAMHOCTD JEKAPCTBEHHBIX KYJIBTYP B 3ABAVKAJIBE

) Angpeena O.T.
Hayuno-uccreoosamenvckuil uncmumym semepunapuu Bocmounoii Cubupu — gpunuan Cubupckoeo
Gedepanvroeo nayunozo yenmpa azpoouomexuonozuti Poccutickoil akademuu nayx

Yura, Poccus
(>X)e-mail: chita@sfsca.ru

[IpencraBiensl pe3ynbTaThl MOJNEBBIX U J1a00paTOpHBIX MccienoBanuil 3a 2020-2022 rr. o co3-
JAHUIO arpo(UTOLEHO30B LIEHHBIX U MEPCIEKTUBHBIX JIEKAPCTBEHHBIX PACTCHUN: PACTOPOIIIIHN IIAT-
Huctol (Silybum marianum), henxenst 0OBIKHOBEHHOTO (Foeniculum vulgare) n CKOpLIOHEPHI NCTIAH-
ckoli (Scorzonera hispanica L.). ViccinenoBanus BEITIONHEHBI HA JIyTOBO-YEPHO3EMHON MYYHHCTO-Kap-
OoHATHOI TOYBE (110 TPAaHYIOMETPUYECKOMY COCTaBY — JIETKHI CYIIMHOK) Ha OIMBITHOM TOJ€ MpHU
Pa3HBIX CPOKaxX IOCEBa B YCIOBUSAX JIECOCTEITHOM 30HBI 3adaiikannsa. PaboTa mocBsiieHa n3yd4eHnIo
BrusiHUS cpokoB moceBa (II mexama mas, Il nexana wrons, Il mexana uross) Ha MPOAOIDKUTETFHOCTD
MeX(a3HBIX IEPUOJOB PA3BUTHUS PACTCHUIM, JIMHEHHBINA POCT, OOIMCTBEHHOCTb, MOJIEBYIO BCXOKECTD,
COXPaHHOCTh PACTEHUH M YPOKAHHOCTH JIEKAPCTBEHHOTO CHIPhSl. YCTaHOBJIEHAa BO3MOKHOCTBH (Op-
MHPOBaHUS Pa3IMYHON ypOXKANHOCTH JIEKaPCTBEHHBIX KYJIBTYp 32 CUET pa3lMYHBIX CPOKOB MOCEBA.
Haubonpimas ypoxailHOCTh JISKAPCTBEHHOTO ChIPbsi chOpMUpOBaHa B rocesax 15 mast u 15 urons.
Y pacTopomniy MATHACTON ypOXKaiHOCTE 3eJIeHO# Macchl coctaBmia 15,4—16,0 1/ra, cyxoi Macchl —
2,46-2,56 1/ra, cemsH — 1,69—1,71 1/ra; penxens oOBIKHOBEHHOTO — 3e1eHOI Macchl — 43,0-43,2 T/ra,
cyxoi maccel — 6,66—6,71 T/ra; CKOpLIOHEPHI HCIIAHCKON — € CBIPO Maccoi KopHerionoB — 32,1 1/ra,
mucteeB — 10,7 T/ra. Beicora pacTeHnii K MOMEHTY YOOPKH DPAacTOpPOINIIM ISTHUCTOH Oblna 163—
166 cM, 00mucTBEHHOCTD — 54—57%; penxens oObikHOBeHHOTO — 144—147 cM 1 50-54%); cKopLOHEPHI
ucnaackoit — 39 cm u 98% coorBeTcTBeHHO. OTMEUEHO OTCYTCTBHE MTOPAKEHHOCTH JIEKAPCTBEHHBIX
pacTeHuit 00JIE3HIMH B BPEIUTEIIMU. Bee KymbTyphl YCTOMYHBEI K TIOJIETAHHIO U 3acyxe (5 OaJIoB)
B yCIIOBUSX 3a0aiikabsi.

Ki1roueBble c/10Ba: IeKapCTBEHHBIE PACTEHHUS, PACTOPOIILLIA ISTHUCTAS, (DeHXeNIb OOBIKHOBEHHBIH,
CKOPLIOHEpa MCIaHCKasi, MexX(a3Hble MEPUOAbI, YPOXKAHHOCTD, aJlallTUBHOCTD, Pa3BUTHE PACTCHUH,
CPOKH ToceBa

INFLUENCE OF SOWING DATES ON THE PHENOLOGICAL DEVELOPMENT
AND YIELD OF MEDICINAL CROPS IN TRANSBAIKALIA

(<)Andreeva O.T.

Scientific Research Institute of Veterinary Medicine of Eastern Siberia — Branch of the Siberian
Federal Scientific Centre of Agro-BioTlechnologies of the Russian Academy of Sciences

Chita, Russia

(<)e-mail: chita@sfsca.ru

The results of field and laboratory studies for 2020, 2022 on the creation of agrophytocenosis of
valuable and promising medicinal plants: milk thistle (Silybum marianum), common fennel (Foeni-
culum vulgare) and scorzonera (Scorzonera hispanica L.) are presented. The studies were carried out
on meadow-chernozem mealy carbonate soil (light loam by granulometric composition) in the ex-
perimental field at different sowing dates in the conditions of the forest-steppe zone of Transbaikalia.
The work is devoted to the study of the sowing dates influence (I ten-day period of May, Il ten-day
period of June, II ten-day period of July) on the duration of the interphase periods of plant develop-
ment, linear growth, foliage, field germination, plant safety and yield of medicinal raw materials. The
possibility of formation of different yields of medicinal crops due to different sowing dates has been
established. The highest yield of medicinal raw material was formed in the crops of May 15 and June
15. Milk thistle had the yield of the herbage of 15.4-16.0 t/ha, dry mass — 2.46-2.56 t/ha, seeds —
1.69—1.71 t/ha; common fennel herbage — 43.0-43.2 t/ha, dry mass — 6.66—6.71 t/ha; scorzonera — with
wet weight of root crops — 32.1 t/ha, leaves — 10.7 t/ha. Plant height by the time of harvesting of milk
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Influence of sowing dates on the phenological development
and yield of medicinal crops in Transbaikalia

Andreeva O.T.

thistle was 163—166 cm and 54—57%; common fennel — 144—147 ¢cm and 50-54%; scorzonera — 39 cm
and 98%, respectively. There was no infestation of medicinal plants by diseases and pests. All crops
were resistant to lodging and drought (5 points) in the conditions of Transbaikalia.

Keywords: medicinal plants, milk thistle, common fennel, scorzonera, interphase periods, yield,

adaptability, plant development, sowing dates
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INTRODUCTION

Medicinal plants hold significant importance
in the national economy. Due to their widespread
occurrence and valuable properties, medicinal
plants have been used since ancient times. The
arsenal of medicinal plant-based drugs has been
created as a result of the long historical expe-
rience of peoples around the world and the re-
search efforts of numerous scientists [1-5].
Compared to synthetic drugs, plant-based prepa-
rations possess a broader and gentler therapeutic
action, lower toxicity, and minimal side effects.
Eco-products based on medicinal plants are
used not only in the production of medical and
veterinary drugs but also in the food industry,
cosmetology, perfumery, etc. The huge demand
for medicinal raw materials in China is due to
the fact that this method of treatment is "in the
blood" of the Chinese people, as the country
has existed for many millennia and traditional
medicine has become part of Chinese philoso-
phy. The book on medicinal plants "Ben Cao",
dated 2600 BC, describes 900 plants, many of
which are still widely used in many countries
today. The global market for medicinal drugs
and dietary supplements is worth hundreds of
billions of dollars and its capitalization volumes
are growing every year. In global medical prac-
tice, there is a steady trend towards the use of
therapeutic and prophylactic drugs of plant ori-

gin. In Russia, the domestic pharmaceutical in-
dustry's need for medicinal raw materials is not
fully met. Significant volumes of plant medici-
nal raw materials are imported, although many
species were previously grown and harvested in
our country, particularly in Transbaikalia. In this
context, the revival and development of medic-
inal plant cultivation in the Russian Federation
at the current stage and in the future is a rele-
vant task. Cultivating medicinal crops has great
national economic significance, as it not only
addresses the pharmaceutical industry's supply
issues but also has social importance related to
employment and import substitution [4].
Among the promising sources of medicinal
remedies are lady's thistle (Silybum marianum),
common fennel (Foeniculum vulgare), and
Spanish salsify (Scorzonera hispanica L.). The
medicinal raw materials of these plant species
have healing properties for many diseases. For
instance, lady's thistle (Silybum marianum) is
used for liver diseases, gallbladder issues, im-
proving metabolism, and in cases of poisoning.
Therapeutic properties are not only in the fruits
but also in the leaves, stems, and roots of the
plant. Lady's thistle fruits contain about 3% sily-
marin, which is also present in the stems, roots,
and leaves' 2 [6, 7]. Spanish salsify (Scorzonera
hispanica L.) is beneficial and medicinal. Its
healing properties include calming the nervous

'Kshnikatkina A.N., Alenin P.G., Kshnikatkin S.A., Voronova I.4. Milk thistle: Issues of biology, cultivation, application. Penza: EPD PSAA, 2016, 325 p.

2Alenin P.G., Kshnikatkin S.A., Voronova I.A. Productive process of seed agrophytocenoses of milk thistle, burnet polygam in the conditions of
the forest-steppe of the Middle Volga region // Volga Region Farmland, 2017, N 1 (42), pp. 2-9.
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system, alleviating insomnia, normalizing blood
sugar levels, regulating heart rhythm, stopping
the development of osteoarthritis and gout, and
being useful in oncological diseases, liver cir-
rhosis, and atherosclerosis. The medicinal raw
materials of black salsify (roots, leaves) are a
source of antioxidants® [8—12]. Common fennel
(Foeniculum vulgare) helps eliminate toxins and
harmful substances from the body. Preparations
made using common fennel are widely used in
medicine. Various forms are used: infusions, de-
coctions, powder, oil. Crushed dry leaves serve
as an effective expectorant* [13].

The content of biologically active substanc-
es in plant organs significantly depends on the
growing conditions, the duration of vegetation,
and the mass and size of these organs. In the
complex of technological practices for cultivat-
ing medicinal crops, the timing of sowing plays
a significant role. Sowing dates influence the
yield and quality of the product to the extent that
they coincide with favorable environmental con-
ditions (in terms of moisture and heat supply) for
plant growth, development, and crop formation.
Through different sowing dates, it is possible to
reduce the plants' dependence on unfavorable
environmental factors and form a good yield of
medicinal raw materials.

In the conditions of the Transbaikalia region,
the sowing dates for medicinal plants have not
been previously studied. Therefore, research to
determine the optimal sowing dates for medic-
inal crops - lady's thistle, common fennel, and
Spanish salsify - is timely, relevant, and has sci-
entific and practical value.

The purpose of the research is to determine
the optimal sowing dates that allow for high
yields of medicinal raw materials (lady's this-
tle, common fennel, Spanish salsify) in the for-
est-steppe zone of Transbaikalia.

MATERIAL AND METHODS

The research was conducted from 2020 to
2022 at the experimental field of the East Sibe-
ria Research Institute of Veterinary Science - a
branch of the Siberian Federal Scientific Centre
of Agro-BioTechnologies of the Russian Acad-
emy of Sciences, located in the Ingodinska-
ya-Chita forest-steppe. The study examined the
influence of the sowing dates on the growth, de-
velopment, and yield of medicinal plants such
as lady's thistle (Silybum marianum), common
fennel (Foeniculum vulgare), and Spanish salsi-
ty (Scorzonera hispanica L.).

The soil at the experimental site is mead-
ow-chernozem sandy loam with carbonate con-
tent, granulometric composition — light loam.
The soil solution of the arable horizon is slightly
acidic, while the subsoil horizon is neutral. The
organic matter content in the 0—20 cm soil lay-
er is 3.67%, with total nitrogen at 0.21%. The
availability of mobile phosphorus is low, and
exchangeable potassium is medium. The sowing
area of each plot is 20 m?, with an accounting
area of 10 m? and a four-fold repetition of the
experiments. The layout is systematic.

Mineral fertilizers were applied before sow-
ing at the rate of N, P, K . Sowing was carried
out mechanically using a CH-16 seeder in a row
method with 30 cm spacing between rows at
three different times: in the second ten-day pe-
riod of May, the second ten-day period of June,
and the second ten-day period of July. The seed-
ing rate for lady's thistle was 18 kg/ha, for com-
mon fennel 10 kg/ha, and for Spanish salsify
12 kg/ha, with a seed planting depth of 3—4 cm.
For uniform sowing, the seeds were mixed with
granulated superphosphate (at a ratio of 1:3). All
registrations and observations were carried out
in accordance with methodological guides>°.

3Galyuk, N.G. Processing of inulin-containing raw materials for inulin and its derivatives / N.G. Galyuk, N.D. Lukin, T.S. Puchkova, D.M.
Pihalo // Achievements of science and technology of AIC, 2017, vol. 31, N &, pp. 76-79.

‘Karomatov 1.D., Muzaffarova S.K., Turaev P.T. Therapeutic properties of fennel // Biology and Integrated medicine, 2017, N 9, pp. 23-43.

*Methodological instructions for conducting field experiments with forage crops. Moscow, 1983, 197 p.

°Experimental work in field farming. Leningrad, 1982, 190 p.

"Dospekhov B.A. Methodology of field experiment. Moscow, 1985, 357 p.
8Methodology of state variety testing of agricultural crops. Moscow, 1985, 267 p.

“Instruction for zonal agrochemical laboratories on fodder and plant analysis. Moscow, 1968, 56 p.
"GOST 34221-2017 Seeds of medicinal and aromatic crops. Sort and sowing qualities. Technical conditions. Moscow: STANDARDINFORM, 2017, 23 p.
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The climate of the area is sharply continental
with a cold, low-snow winter, a hot summer, and
a lack of atmospheric precipitation. The average
annual precipitation is 330-380 mm, with the
majority (85-90%) falling in the warm period,
the maximum in July-August, and the minimum
in May-June. Overall, the regime is character-
ized by variability in moisture. Years with good
moisture are followed by satisfactory and often
dry ones. The sum of temperatures above 10 °C
during the summer months is 1500...1800°,
with a high average daily temperature in July of
19.1 °C.

The weather conditions during the vegetation
periods of 2020-2022 were mainly rainy and
warm. From April to September, precipitation
totaled 320.2; 349.0 and 406.0 mm against the
long-term average norm of 276.0 mm. Exceed-
ing the long-term average was 44.2; 73.6; 130
mm, or 16.0; 26.6; 47.0%. The average daily air
temperature for this period exceeded the norm
by 0.7; 0.9 and 1.9 °C with a long-term average
of 11.2 °C. Hydrothermal coefficients (HTC) for
the months of the vegetation periods on aver-
age were: in May — 1.0, June — 1.2, July — 2.6,
August — 1.1, September — 2.4 units. According
to these coefficients, May, June, and August are
characterized as sufficiently moistened, while
July and September — as excessively moistened.

Overall, the weather conditions that devel-
oped during the vegetation period contributed to
the timely emergence of seedlings, good plant
development, and the formation of sufficiently
high yields of the studied crops in agro-phyto-
cenoses.

The studied medicinal crops were resistant
to diseases and pests. No diseases or damage
caused by pests and diseases were noted.

RESULTS AND DISCUSSION

The research established that the hydrother-
mal conditions and biological characteristics of
the culture significantly influenced the develop-
ment of the studied crops, the timing of pheno-
logical phases, and their duration.

For the spring sowing date of May 15th, the
average daily air temperature during the sow-
ing-emergence period was 8.8 °C, significantly

affecting soil warming and the emergence of
seedlings. Seedlings of medicinal plants in the
May 15th sowings appeared on the 23rd-25th
day after sowing. June sowings of medicinal
herbs accelerated the emergence of seedlings
by 8-9 days, and July sowings by 16-18 days
(see Table 1). The period from emergence to
budding (branching) for lady's thistle was 50 to
55 days, and for common fennel 52 to 62 days.
The duration of the emergence-flowering period
for May and June sowings for lady's thistle was
70-73 days, for common fennel 77-81 days; in
June sowings, this period for lady's thistle was
3 days shorter, for common fennel 4 days. In
July sowings, the plants did not reach the flow-
ering phase. Seed ripening in lady's thistle was
achieved only in May and June sowings, with a
period of 91—95 days.

The interphase period from emergence to
root formation in Spanish salsify in May sow-
ings was 118 days, in June sowings 110 days.
In July sowings, harvesting was carried out 55
days after emergence (at the stage of plant row
closure — beginning of root crops formation).

In sowings of lady's thistle and common
fennel, field germination ranged from 77-78 to
86—87%, and for Spanish salsify from 75 to 81%
(see Fig. 1), increasing from the early sowing
date (May 15th) to the later ones (June 15th by
3-4% and July 15th by 6-9%). Plant survival in
medicinal herb crops was quite high, at 98-99%.

Weed infestation in spring sowings during
emergence (with one pre-sowing cultivation)
was high, at 97-114 plants/m?; June 15th (with
two pre-sowing cultivations) at 73-80 plants/m?;
July 15th (with three pre-sowing cultivations) at
32-37 plants/m?. Before harvesting, the overall
level of weed infestation in sowings was low,
ranging (depending on sowing dates) from 15-
16 to 2-8 plants/m?, decreasing from early to lat-
er sowing dates.

The maximum height of medicinal plants at
the time of harvesting was reached in sowings
of May 15th and June 15th: for lady's thistle
163-166 cm, for common fennel 144-147 cm,
for Spanish salsify 39 cm, which was higher
than in the July 15th sowings by 97-100, 82-
85, and 12—13 cm respectively for the crops; the
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Taoa. 1. [IponomkuTenbHOCTh MEX(a3HBIX MEPHOIOB JIEKAPCTBEHHBIX PACTCHUM, HU (CpeaHee 3a

2020-2022 rr.)

Table 1. Duration of the interphase periods of medicinal plants, days (average for 2020-2022)

Periods
. Sprouting . Sprouting — . .
.| Sprouts —4 | Sprouting | ~ . Sprouting .2 Sprouting — leaf | Sprouting
Culture SSOV::;%S — 6 pairs of | — closing (E;ii?_g — flower- S;Zdirrllfiimz% rosette, root | — harvest-
P true leaves | of crop ing) ing frui% formgtion formation ing
Sowing May 15
Lady's thistle 23 - - 55 73 95 - 95
Common fennel 25 - - 62 81 85 - 85
Spanish salsify 25 26 48 - - - 118 118
Sowing June 15
Lady's thistle 14 - - 51 70 91 - 91
Common fennel 17 - - 52 77 81 - 81
Spanish salsify 17 22 44 - - - 110 110
Sowing July 15
Lady's thistle 7 - - 55 - — - 55
Common fennel 7 - - 55 - - - 55
Spanish salsify 7 21 41 - - 55 - 55

leaf coverage was 54-57%, 50-54%, and 98%
respectively. In the late sowing date (July 15th),
the height of the plants was the lowest, being 66,
62, and 27 cm for the respective crops, with high
leaf coverage — 64, 61, and 98% (see Fig. 2).

In assessing the plants' response to drought,
where the methodology is based on the yellow-
ing of basal leaves and loss of turgor, it was
noted that the studied crops did not suffer from
drought (drought resistance — 5 points).

The assessment of medicinal crops showed
that under the conditions of the vegetation peri-
ods, lady's thistle and common fennel in the May
15th and June 15th sowings formed maximum
productivity: herbage — 15.40-16.00; 43.00—
43.20 t/ha; dry matter — 2.46-2.56; 6.66—6.71
t/ha; seeds (for lady's thistle) — 1.69—1.71 t/ha,
with good qualities — 1000 seed weight — 31-32
g, fat content in seeds — 23.6-25.2% (see Tables
2,3).

In the July 15th sowings, the yield of medici-
nal raw materials was less: herbage by 12.5-13.1
t/ha (or 81.7-81.9%); dry matter by 2.00-2.10 t/
ha (or 81.3-82.0%); seeds did not form in this
sowing period for lady's thistle.

In agro-phytocenoses of Spanish salsify, root
crops and leaves were accounted for (see Ta-
ble 3). The highest total yield of medicinal raw

materials (42.8 t/ha) of Spanish salsify was
formed in the spring sowing (May 15th): includ-
ing root crops — 32.1 t/ha, leaves — 10.7 t/ha, to-
tal biomass 42.8 t/ha, exceeding the later sow-
ings by 9.5-29.0 t/ha (or 22.2-68.0%).

Important indicators of the yield structure of
Spanish salsify root crops are their diameter and
length. The largest (18.5 mm in diameter) and
longest (28 cm) root crops were formed in the
May 15th sowings (over 118 days of vegetation)
(see Table 3).

In the May 15th sowings, the highest yield
of root crops was 32. 1 t/ha, which was 22.4%
higher than in the June 15th sowings, and 95%
higher than in the late (July 15th) sowing, con-
firming the yield structure. A close positive cor-
relation (» = 0.98) was noted between the yield
and the diameter of the root crops, and the yield
and the length of the root crops.

CONCLUSIONS

1. In the forest-steppe zone of Transbaika-
lia, the most favorable conditions for the growth,
phenological development, and formation of
medicinal raw material yields — for lady's thistle
(Silybum marianum) and common fennel (Foe-
niculum vulgare) — are the second ten-day period
of May (May 15th) and the second ten-day pe-
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Puc. 1. IToneBasi BCX0KECTh, COXPAHHOCTb U 34COPEHHOCTh IMOCEBOB JIEKAPCTBEHHBIX PACTEHUN B Pa3HbIE
cpoku moceBa: 15 mas, 15 utons, 15 nrons (cpeqnee 3a 2020-2022 rr)

Fig. 1. Field germination, safety and contamination of medicinal plant crops at different sowing dates:
May 15, June 15, July 15 (average for 2020-2022)
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Puc. 2. BoicoTa 1 00JIMCTBEHHOCTD JICKAPCTBCHHBIX PACTEHHUH B pa3HbIe CPOKM moceBa: 15 mast, 15 urons,
15 wtons (cpennee 3a 2020-2022 rT.)

Fig. 2. Height and foliage of medicinal plants at different sowing dates: May 15, June 15, July 15 (average
for 2020-2022)
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Taoda. 2. YpokallHOCTb JI€KapCTBEHHOTO CHIPbS PACTOPOIIIH MATHUCTON U (PeHXEISI OOBIKHOBEHHOTO
(cpemnee 3a 2020-2022 11.)

Table 2. Yield of medicinal raw materials of milk thistle and fennel (average for 2020-2022)

Culture Sowing date Yield, tha Weight of Fat content
Herbage Dry matter Seeds 1000 seeds, ha | in seeds, %
Lady's thistle 15 May 15,40 2,46 1,69 32,0 25,2
15 June 16,00 2,56 1,71 31,0 23,6
15 July 2,89 0,46 - - —
LSDO’5 2,22 0,28
Common fennel 15 May 43,00 6,66 - — —
15 June 43,20 6,71 - — —
15 July 10,47 1,54 - - —
LSDoﬁ5 1,88 0,96

Ta6a. 3. Crpykrypa u yporkallHOCTh OMOMacChl CKOPIIOHEPHI NCTIaHCKOi (cpeqHee 3a 2020-2022 rr.)

Table 3. Structure and yield of scorzonera biomass (average for 2020-2022)

Culture Sowing date Root crops Yfel:g;z:/sh - Total weight f;r?;tthfrgrll)l digr?lg:ecrf(;ﬁm
Spanish salsify May 15 32,1 10,7 42,8 28 19,0
June 15 249 8,4 333 25 17,2
July 15 1,6 12,2 13,8 10 7,0
LSD, 1,42

riod of June (June 15th), and for Spanish salsify
(Scorzonera hispanica L.) — the second ten-day
period of May (May 15th). These sowing dates
ensure the highest yields of medicinal raw mate-
rials for lady's thistle — herbage 15.4—-16.0 t/ha,
dry matter — 2.46-2.56 t/ha, seeds — 1.69—-1.71
t/ha; for common fennel — herbage — 43.0-43.2
t/ha; dry matter — 6.66—6.71 t/ha; for Spanish
salsify yield with raw mass of root crops — 32.1
t/ ha, leaves — 10.7 t/ha.

2. The duration of interphase periods for
medicinal plants at these sowing dates was for
lady's thistle: sowing — emergence — 14-23
days, emergence — budding — 51-55 days, emer-
gence — flowering — 70-73 days, emergence —
seed ripening (harvesting) — 91-95 days. For
common fennel, the respective durations were
17-25 days from sowing to emergence, 52—62
days from emergence to budding, and 77-81
days from emergence to flowering. For Spanish
salsify, the intervals were 17 days from sowing
to emergence, 21 days until the formation of 46

pairs of true leaves, 41 days until plant closure in
rows, and 118 days from emergence to the for-
mation of root crops (harvest).

3. The height of lady's thistle plants at the
time of harvest was 163—-166 cm, with a leaf
coverage of 54-57%; for common fennel, it was
144-147 cm and 50-54%; and for Spanish sal-
sify, it was 39 cm with a leaf coverage of 98%.

4. The medicinal plants were not affected
by diseases or pests. All crops were resistant to
lodging and drought (5 points) under the condi-
tions of Transbaikalia.

5. Weed infestation in the crops (depending
on the sowing dates) ranged from 15-16 to 2—8
plants/m?, decreasing from the early sowing date
to the later ones.
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IIpencraBneHsl pe3yabTaThl H3yUEHUsI XapaKTepa HAacJIel0BaHNsI LIEHHBIX [IPU3HAKOB THOPUIOB I1ep-
BOT'O ITOKOJIEHUS], TIOJIydEHHbBIX OT CKPELIMBAHNS MHOCTPAHHBIX M OTEYECTBEHHBIX COPTOB OBCA B yCJIO-
Busix CeBepHoro 3aypabs. DKCIIEPUMEHT MPOBOJMIIN Ha OMBITHOM Tose Hay4uHo-mccnenoBaTenbeko-
T0 UHCTUTYTa ceNbckoro xo3stiictBa CeBepHoro 3aypanbs B 2019 u 2020 rr. O0beKTOM HCCIeIOBAHUS
aBysich 18 ruOpuanbix nonyasiuuii F1 u mects ponurensckux copros: Tamucman, Otpana, @oma,
Sang, Solidor u Ensiler. OrieHKy 351eMeHTOB IPOLYKTUBHOCTH OCYILECTBIISIM COINIacHO MeTotuke Bee-
POCCHUICKOTO MHCTUTYTA FeHETUYECKUX pecypcoB pactenuil um. H.W. Bapunosa. s ctarucTuueckoit
00pabOTKM TaHHBIX UCTIONB30BaIN MeTomuKy b.A. JlocmexoBa. Xapakrep HaclenoBaHMs (CHOTHITHYC-
ckux npusHakoB onpenenstiu o G.M. Beil, R.E. Atkins. AHanu3 3JeMEHTOB CTPYKTYpPhI YpOKasi TIpo-
JIEMOHCTPHPOBAJI OTCYTCTBHE NPEUMYIIIECTBA COPTOB HHOCTPAHHOM CENEKIIMH Mepel TeHOTUIIaMHU, TI0-
nmy4eHHbIMU B CeBepHOM 3aypalibe. YCTaHOBJIEHO, UYTO IO 03epHEHHOCTH MeTenku 1 Macce 1000 3epen
copt Otpana He yctymnaet copram Sang, Solidor u Ensiler, a @oma — npeBocxomut ux. OnpeneneHo, 4ro
CKPELIMBAHUS MEKAY COPTAaMHM MECTHOM M MHOCTPAHHOW CEJIEKLIMH MMEIOT BBICOKMH MPOLEHT ylauH
(42—-68%), uTO OOYCIOBIHMBAET UX TIEPCIIEKTHBHOCTD B CEIEKIIMOHHOM Tiporiecce. BersiBieno, ato 50%
THOPHTHBIX KOMOMHAIMN XapaKTepU3yloTCsl ISpecChell Mo MPU3HAKY «BBICOTA PACTCHUI» — CTEIICHb
(PEeHOTUMUYECKOTO JOMHUHUPOBAHUS B TAHHOM cliy4ae BapsupyeT oT —22,2 no —3,1 en. CkpemiBaHue
®DOMBI C THOCTPaHHBIMU COPTAMH 00ECIIEUMIIO CBEPXIOMHUHUPOBAHHKE IO BEICOTE METEIIKH, €€ 03epHEH-
HoctH ¥ Macce 1000 3epen. Ilo crenenn GpeHOTHITMYECKOTO JOMUHUPOBAHUS AIEMEHTOB POAYKTUBHO-
CTH BBIZICTICHBI CIIEYOIINE TIepCIIeKTUBHBIE THOpUAHBIe komOnHaIwn: Ensiler x Orpama, Sang % Ot-
pana, @oma x Sang. ¥V nepeurcieHHbIX KOMOMHALNI 0TOOpP BBICOKOIPOAYKTUBHBIX T€HOTUIIOB MOXKHO
MPOBOJIMTH CO BTOPOTO TMOKOJNEHHsI. OCYIIECTBIATh OTOOP MEPCIIEKTUBHBIX JTMHUHN Cped THOPUIHBIX
KOMOMHAIHUH, TIIe OAHOU U3 POIUTENBCKUX (hopM sBIsIIcs copT Doma, peKoMeHayeTcst B Ooliee MO3THUX
NoKoJIeHHsIX. [ MOpUIbI IepBOTO MOKOJIEHHMS, IOJTyYEHHBIE OT CKpEeIMBaHK copTa TamrcMaH ¢ copTaMu
Ensiler, Sang u Solidor, He UMEIOT TpenMyIIECTB Nepe]] POIUTEILCKIMHU (POPMaMH U HEEPCIIECKTUBHEI
IUISL CENIEKLIMOHHOTO IpoLecca.

KonroueBble cioBa: ruOpuanzanys, Xapakrep HacaeI0BaHUs, JEMEHThI IPOIYKTUBHOCTH, TeTepo-
31C, TeHeTHYecKas JACTPeccusi, MOAEIb CopTa
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The results of studying the character of inheritance of valuable traits of the first-generation hy-
brids obtained from crossing foreign and domestic varieties of oats in the conditions of the Northern
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HacnenoBaHue [EHHBIX IPU3HAKOB IPOAYKTHBHOCTU
rHOPUIHBIX KOMOMHALMIT MECTHBIX U HHOCTPAHHBIX COPTOB OBCa
B YCIIOBHSX 3aypaibs

JIrooumona A.B., Epémuna J1.B.

Trans-Urals are presented. The experiment was conducted on the experimental field of the Scientific
Research Institute of Agriculture for Northern Trans-Ural Region in 2019 and 2020. The object of the
study were 18 F1 hybrid populations and 6 parent varieties: Talisman, Otrada, Foma, Sang, Solidor
and Ensiler. Productivity elements were evaluated according to the methodology of the N.I. Vavilov
All-Russian Institute of Plant Genetic Resources. B.A. Dospekhov's methodology was used for sta-
tistical data processing. Inheritance of phenotypic traits was determined according to G.M. Beil and
R.E. Atkins. Analysis of the yield structure elements demonstrated the lack of advantage of foreign
selection varieties over the genotypes obtained in the Northern Trans-Urals. It has been established
that the Otrada variety is not inferior to Sang, Solidor and Ensiler varieties in terms of panicle ear
grain content and the thousand-kernel weight, and Foma is superior to them. It has been determined
that crosses between the varieties of local and foreign selection have a high percentage of success
(42—68%), which makes them promising in the breeding process. It has been revealed that 50% of
hybrid combinations are characterized by depression in the trait "plant height" — the degree of pheno-
typic dominance in this case varies from —22.2 to —3.1 units. Crossing of Foma with foreign varieties
ensured overdominance in the panicle height, its grain content and the thousand-kernel weight. Ac-
cording to the degree of phenotypic dominance of the productivity elements, the following promising
hybrid combinations have been identified: Ensiler x Otrada, Sang x Otrada, Foma % Sang. In the
above combinations, selection of high-yielding genotypes can be carried out from the second genera-
tion onwards. It is recommended to select promising lines among hybrid combinations, where one of
the parental forms is the Foma variety, in the later generations. Hybrids of the first generation obtained
from crossing the Talisman variety with Ensiler, Sang and Solidor varieties have no advantages over

the parental forms and are unpromising for the breeding process.
Keywords: hybridization, nature of inheritance, elements of productivity, heterosis, genetic de-

pression, variety model
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INTRODUCTION

The foundation of any country's food securi-
ty lies in the adequate provision of agricultural
produce, including feed for livestock and poul-
try farming. Therefore, grain forage crops are
currently as significant as wheat, rice, soy, and
corn. In the last 70 years, the yield of agricultural
crops has increased more than threefold thanks
to the implementation of a scientifically based
system of agriculture. Such significant achieve-

ments in the agro-industrial complex were only
possible with the transition to modern intensive
varieties, whose genetic potential for productiv-
ity is incomparably higher.

According to Rosstat (Russian Federal State
Statistics Service), in 2022, the sown area of
oats in the Russian Federation was 2.16 million
hectares, including 235.5 thousand hectares in
the Ural Federal District. To meet the growing
needs of livestock and poultry farming, it is
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necessary to significantly increase the gross oat
harvest. Consequently, an increase in sown ar-
eas and enhancement of agricultural crop yields
will be required. However, the most fertile fields
are currently occupied by strategic or marginal
crops, and reducing their sown areas is imprac-
tical. Therefore, the expansion of oat sowing ar-
eas or other grain forage crops is possible only
through the plowing of less fertile lands. In-
creasing yields through the use of agrochemicals
(including mineral fertilizers) is the most prom-
i1sing approach in the modern world. The solu-
tion to increasing grain harvest lies in creating
new varieties capable of forming high yields and
utilizing the bioclimatic potential of the region.

In the State Register of Breeding Achieve-
ments, foreign oat varieties account for 10%.
These varieties are characterized by high yield
and grain quality. Modern domestic oat vari-
eties also possess high potential productivity,
almost equal to that of foreign varieties. How-
ever, the actual yield in different regions of the
country remains quite low, not to mention the
quality of the harvested grain. There are many
reasons for this, but overall they boil down to
non-compliance with cultivation technology and
the lack of variety plasticity to a wide range of
soil and climatic conditions. According to G.A.
Batalova et al.!, the reason for the low produc-
tivity of modern oat varieties also lies in their
incorrect zoning by admission regions. One way
to solve the problem of low oat yields is to use
local breeding varieties as parental forms, which
are characterized by good resistance to unfavor-
able soil and climatic conditions, high ecolog-
ical plasticity, as well as high-yielding foreign
varieties possessing the necessary economically
valuable properties (high ear grain content of the
panicle and grain size, short-stemmedness, etc.).

A modern variety should effectively realize
its genetic potential under various natural and
anthropogenic environmental factors, possess-
ing significant resistance to stress of both abiotic
and biotic nature [1].

The purpose of the research is to create prom-
ising hybrid populations by crossing oats of for-
eign and domestic breeding, followed by their
evaluation for key economically valuable prop-
erties.

MATERIAL AND METHODS

The study was conducted at the Research In-
stitute of Agriculture for Northern Trans-Ural
Region, in the forest-steppe zone of the Trans-
Urals, according to the methodology of state
varietal testing®>. The soil of the experimental
site was dark gray forest podzolized, with typ-
ical regional morphological characteristics and
primary physical-chemical properties [2, 3]. The
soil and climatic conditions of the site closely
resemble the agricultural zone of the Ural Fed-
eral District, allowing for an assessment of the
potential of hybrid combinations and oat variet-
ies involved in the breeding work.

Six varieties of local and foreign breeding
were used in the experiment (see Table 1). The
combinations for crossings were selected based
on the principle of eco-geographical remoteness
of the parent forms.

Hybridization was conducted in field condi-
tions. During the beginning of the panicle emer-
gence phase (when two to three spikelets appear
from the leaf sheath), mechanical castration was
performed. The upper and lower spikelets were
removed from the panicle, leaving four to six of
the most developed spikelets in the middle part.
Castration was done in the morning, from 5 to
8 a.m. local time. On the 4th to 5th day, forced
pollination was carried out according to the hy-
bridization scheme. Pollen was collected on the
day of pollination, from 9 a.m. to 12 p.m. Three
mature anthers were placed in each flower. The
panicle was then enclosed in a paper isolator.
Crossing was carried out on ten panicles of each
variety. The seeds of hybrid combinations were
sown the following year according to the scheme
Q — F1 — & in three replications. Ten seeds of
parent varieties and hybrids were placed on each

'Batalova G.A., Lisitsyn E.M., Changzhong Ren, Andreev N.P,, Tuliakova M.V., Shevchenko S.N., Malco A.M. Breeding oats in the European
North-East of Russia // Achievements of science and technology of AIC, 2016, vol. 30, N 1, pp. 21-24.

2Methodology of state variety testing of agricultural crops. Moscow, 1985, Issue 1, 270 p.
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Ta6a. 1. Copra oBca OTE€UECTBCHHON U HHOCTPAHHOM CEIIEKIIUH, HCIIONIb3yEeMbIe B THOPUIN3AIINN

Table 1. Oat varieties of domestic and foreign selection used in hybridization

Ngg‘:ﬂgg;{le Variety Sort Country of origin Source of description
1 Ensiler mutica USA 4
2 Sang » Sweden 4
3 Solidor » Germany 4
4 Otrada » Russia 5
5 Talisman » » 6
6 Foma » » 7

row. The distance between the rows was 20 cm,
and the sowing depth was 5—6 cm. The sowing
period was the second ten-day period of May.
Agronomic practices in the experiments were
standard for the northern forest-steppe of the
Trans-Urals [8].

Phenological observations, assessment of
crop condition, and recording of yield structure
elements were conducted according to method-
ological instructions for studying the world col-
lection of barley and oats>.

The inheritance of traits was calculated using
the formula by G.M. Beil, R.E. Atkins:

hp =(F1 — MP)/(HP — MP),

where /p is the degree of phenotypic domi-
nance; F1 is the trait expression in F1 plants; MP
is the average trait expression of both parental
forms; HP is the most expressed trait of the pa-
rental form.

Hybrid grouping according to the degree of
phenotypic trait expression was done using the
classification by G.M. Beil, R.E. Atkins*, ac-
cording to which the following types of gene in-
teractions are possible: #p > 1 — heterosis (posi-
tive over-dominance); 0.5 < Ap < 1.0 — positive
dominance; -0.5 < hp < 0.5 — intermediate in-
heritance; -1 < hp <-0.5 — negative dominance;
hp <-1—depression (negative over-dominance).

For statistical analysis of the research results,
the method of variance analysis was used in ac-

cordance with the methodology of B.A. Dos-
pekhov?.

RESULTS AND DISCUSSION

The hybridization of domestic and foreign
oat varieties was conducted in 2019, a year
characterized by favorable weather conditions
throughout the entire vegetation period. As a re-
sult, 18 hybrid combinations were obtained (see
Table 2). The success rate was quite high for
oats, varying from 42% (Solidor x Talisman) to
68% (Otrada x Solidor).

It was noted that when using the Ensiler va-
riety as the maternal plant in crossing with lo-
cal varieties, the formation of hybrid seeds was
maximal (61-68%), while using the same vari-
ety as the paternal plant resulted in a significant-
ly lower outcome of 51-57% (F, > F, ). The
lowest success rate (42-48%) was recorded in
the combinations where the Solidor variety was
used as the maternal plant. However, when used
in combinations with Talisman and Otrada as
the paternal plant, the seed setting increased to
60 and 68%, respectively. In the Foma X Solidor
combination, the success rate remained low.

The highest seed set (55-68%) was observed
in the combinations where local varieties served
as maternal plants. However, varietal character-
istics were evident: Foma (9) when pollinated
by foreign varieties had a lower seed set (47—
51%), while Otrada's rate varied from 55 to 68%.

3Methodological guidelines for the study of the world collection of barley and oats. St. Petersburg, 2012, 64 p.

*Beil G.M., Atkins R.E. Inheritance of guantitative characters in grain sorghum // lowa State Journal Science, 1965, vol. 39, N 6, pp. 165-179.

*Dospekhov B.A. Methods of field experiment (with the basics of statistical processing of research results). 5th ed., supplemented and revised.

Moscow: Agropromizdat, 1985, 351 p.
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Ta6a. 2. [ubpuaasie KOMOMHAIIUU
Table 2. Hybrid combinations

Crossbreeding Hybrid combination Percentage
catalog @x3) of luck
1x4 Ensiler x Otrada 65
1 x5 Ensiler x Talisman 68
1x6 Ensiler x Foma 61
2 x4 Sang x Otrada 54
2x5 Sang x Talisman 51
2%x6 Sang x Foma 60
3x4 Solidor x Otrada 45
3x5 Solidor x Talisman 42
3x6 Solidor x Foma 48
4x1 Otrada x Ensiler 57
4 x2 Otrada x Sang 55
4x3 Otrada x Solidor 68
5x1 Talisman X Ensiler 56
5x2 Talisman x Sang 52
5x3 Talisman x Solidor 60
6x1 Foma x Ensiler 51
6x2 Foma x Sang 47
6x3 Foma x Solidor 50

There are many reasons for the reduction in hy-
brid seed set. Primarily, this includes unsuitable
weather conditions: during the flowering period
of oats in Siberia, the weather is usually hot and
dry, leading to premature pollen sterilization. In
our case, hybridization occurred within short
periods, neutralizing the weather differences.
According to G.L. Petrov and E.Y. Petrova®, the
success of oat hybridization also depends on the
anatomical features of the flower structure.

Plant height is an important phenotypic trait
used in the breeding of cereal crops. For oats, this
trait is significant, as it affects the plants' resis-
tance to lodging [9]. Modern research has shown
a direct correlation between short-stemmedness
and grain productivity [10]. Therefore, breeders
need to balance between resistance to lodging
and oat yield.

The average height of the local varieties was
77-80 cm, with significant variation: Otrada
ranged from 72 to 98 cm, Talisman from 75 to
85 cm (see Fig. 1). The Foma variety had the
smallest height range, from 74 to 80 cm.

Foreign varieties did not significantly differ
in height from local genotypes. Average heights
were as follows: Ensiler — 82 c¢cm, Solidor — 85
cm, and Sang — 87 cm. However, the range of
height variation in the experiment was signifi-
cantly smaller, being + 5% of the average values.

The first-generation hybrid populations (F1)
exhibited varying heights relative to each other
and to the parent forms. The tallest were hybrid
combinations 6 X 3; 4 x 1;4x3;6x1;3x6;2
X 6; 5 x 3; 1 x 6, where the inheritance of this
trait followed the pattern of over-dominance (4
> 1.0). The height of such hybrids ranged from
88 cm (Otrada x Solidor) to 105 cm (Talisman
x Solidor), with the degree of phenotypic domi-
nance being 3.4 and 7.8 units, respectively.

Depression, caused by the effect of negative
over-dominance (2 <-1), was noted in F1 of the
following hybrid combinations: 1 X 5; 2 x 5; 3
X5;5x2;4x2;6x2;5x 1, which could in-
dicate the expression of the short-stemmedness
gene. In the crosses of Ensiler X Talisman and
Sang x Talisman, the highest degree of depres-
sion was observed: 2, was equal to -5.0 and -3.5
units, respectively. The height of these hybrids
was 70 and 78 cm, respectively.

Hybrids obtained by crossing local varieties
(Q) with the Sang variety (3') maintained height
at the level of the maternal forms, making them
promising for further breeding in the conditions
of Western Siberia [11]. A similar effect was
noted in combinations 1 x 4 and 2 x 4, where
Otrada served as the male parent. The height of

Petrov G.L., Petrova E.Yu. Study of flowering biology and pollination methods of oats in the conditions of the Northern Trans-Urals // Natural

and Technical Sciences, 2017, N 2 (104), pp. 13-14.
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Fig. 1. Plant height of the parent varieties and hybrids of the first generation of oats at a 5% error limit

these hybrids was 77 and 82 cm, respectively.
The degree of phenotypic dominance was —0.4
and —0.2 units, which corresponds to interme-
diate inheritance and makes these combinations
promising for the breeding process.

The panicle length of the Talisman variety
varied from 23 to 27 cm (average in the exper-
iment — 25 cm), which was the maximum re-
sult among the studied local varieties (see Fig.
2). The Otrada and Foma varieties had shorter
panicle lengths — from 17 to 20 cm (average in
the experiment — 19 cm). The Ensiler variety, in
terms of the phenotypic trait "panicle length,"
was close to Talisman: the indicator ranged from
20 to 25 cm, with an average panicle length in
the experiment of 22 cm. The Sang variety re-
corded the maximum average panicle length of
25 cm, varying from 23 to 27 cm, identical to the
local variety Talisman. Solidor differed signifi-
cantly in panicle length variation — from 18 to 24
cm, which is undesirable for modern intensive
varieties. The average panicle length was 21 cm.

The first-generation hybrids obtained in the
study exhibited a wide range of panicle lengths.
The minimum length (16 cm) was observed in
the hybrids of Solidor x Talisman, where the ef-
fect of negative over-dominance was manifest-
ed. A similar expression of depression (hp <-1)
was noted in the hybrid combinations 3 X 5; 5 x
1;5x2;5x%3; 6 x 3. Hybrids with a heterosis ef-

fect (hp > 1), whose panicle length significantly
exceeded that of the parent varieties (F, > F,
.»)» included combinations 1 x 4; 3 x 4;2 x 4; 4
x1;3%x6;6x2;6x%1;2x6;1 % 6. The greatest
phenotypic over-dominance effect was observed
in hybrid combinations where Foma was one of
the parents — 6 x 1; 2 x 6 and 1 x 6, with panicle
lengths ranging from 24 to 28 cm.

Intermediate inheritance of panicle length
was identified in hybrids resulting from crosses
of Ensiler x Talisman, Sang % Talisman, Otra-
da x Solidor, and Otrada % Sang. The panicle
length of these hybrids varied from 21 to 25 cm,
which was comparable to the Talisman variety.

M.N. Fomina et al. [11] have proven that oat
yield is closely correlated with the “ear grain
content of the main panicle” indicator. There-
fore, breeders pay significant attention to this
trait in creating new varieties for Western Sibe-
ria [12].

The average ear grain content of the main
panicle of Talisman in the experiment was 33
pcs., with a variation range of 28-38 pcs. The
modern variety Otrada showed higher values:
the ear grain content of the main panicle reached
35-42 pcs., with an average value of 39 pcs. The
maximum ear grain content of the main pani-
cle among the local varieties was recorded for
Foma — 43 pcs., with a value range from 38 to 47
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Fig. 2. Panicle length of the parent varieties and hybrids of the first generation of oats at a 5% error limit

pcs., which was significantly higher than Otrada
(LSD,, = 3 pcs.).

Foreign selection varieties in the for-
est-steppe conditions of Zauralye did not have
an advantage over local genotypes in terms of
ear grain content in the panicle. The minimum
grain count was noted for Ensiler and Sang —
34 and 32 grains, respectively. These varieties
also stood out for their large range of variation
in grain count in the panicle — 8 and 12 grains,
respectively. The Solidor variety was at the level
of Otrada in terms of ear grain content, both in
average value and in the range of variation.

Regarding the “ear grain content of the main
panicle” trait, more than half of the hybrids
showed over-dominance (4, > 1). The maximum
degree of phenotypic dominance was noted in
combinations 2 x 6; 3 x 4 and 6 x 3 (see Fig. 3).
The ear grain content of the main panicle of
these hybrids varied from 44 to 57 pcs. The hy-
brid population resulting from the cross of En-
siler and Foma was particularly interesting, as
it managed to maintain the ear grain content of
the panicle at the level of the local variety. The
degree of phenotypic dominance was equal to
1.0 units.

First-generation hybrids of combinations 5 x
1; 3 x5;2x5;5x3,and 4 x 3 were charac-
terized by negative over-dominance (hp < 1.0).
The maximum effect of genetic depression was
recorded in hybrids of Talisman x Ensiler, So-

lidor x Talisman, and Sang x Talisman, with h,
values of -4.31 and -3.91, respectively. It's im-
portant to note the combination 4 x 3, where
Otrada and Solidor were used as parent forms:
in this case, the ear grain content of the panicle
remained at the level of the local variety.

First-generation hybrids obtained from cross-
ing Otrada and the foreign variety Sang (4 X 2;
2 x 4) were characterized by positive dominance
(0.5<h,<10) and intermediate inheritance of
the trait (-0.5 < &< 0.5), allowing their inclu-
sion in the breeding process from the second
generation [13].

Similarly, the combination 5 % 2, where Tal-
isman was used as the female parent, produced
hybrids that had the same ear grain content as
the parent forms.

Grain weight per panicle, a trait directly cor-
related with productivity, is always considered
in developing models for cereal and legume
varieties [14, 15]. Among the studied oat vari-
eties, Talisman had the lowest grain weight per
panicle (1.0 g) with good uniformity of values
(see Fig. 4).

The difference between the minimum and
maximum was 0.2 g. Otrada and Foma had high-
er values — 1.5 and 1.8 g, respectively (LSD, =
0.2). The average grain weights per panicle for
the foreign varieties varied slightly — from 1.4
(Sang) to 1.6 g (Ensiler). They also differed in a
larger range of values — a variation range of 0.5 g.
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Fig. 3. Grain content of the main panicle of parent varieties and hybrids of the first generation of oats at a

5% error limit

Inheritance of the “grain weight per main
panicle” trait in 11 out of 18 F1 hybrid popula-
tions followed a pattern of over-dominance — h
ranged from 1.0 (2 x 5; 3 x 4) to 7.0 (1 x 6)
It's noteworthy that true heterosis was observed
when crossing any foreign variety with Foma:
the degree of phenotypic dominance varied from
3.0 to 7.0 units.

Additionally, three hybrid combinations (4 x
3; 5 x 3; 3 x 5) with negative dominance were

Grain weight per panicle, g

)

>

identified, where hp ranged from —1.00 to —2.12
units. In these combinations, the variety Solidor
was used as one of the parental forms. Negative
dominance was also observed in hybrids from
combinations 5 X 1; 1 x 5, and 5 x 2, where the
local variety Talisman was one of the parental
forms.

In oat breeding, it's important to use geno-
types with large grains. According to several
scientists’ [16, 17], grain size and its geometri-

3x4 3x53x6 4x14x2 4x35x]1 5x2 5><3 6X16X2 6x3

Hybrid combination
BYERAI

Puc. 4. Cpenusisi Macca 3epHa C METEIIKH Y POAUTEIILCKUX (POPM M THOPHIOB MIEPBOTO TTOKOJICHHS
Fig. 4. Average grain weight per panicle in parental forms and hybrids of the first generation

"Ivanova Yu.S., Fomina M.N., Loskutov I.G. Source material for the creation of high-protein varieties of oats in the zone of the Northern Trans-
Urals // Proceedings on applied botany, genetics and breeding, 2017, vol. 178, N 2, pp. 38-47.
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cal characteristics are 70-75% dependent on the
genotype. The weight of 1000 grains not only
determines the feed value of a variety but also
its food value for humans. Moreover, cultivating
large-grain oat varieties significantly reduces
harvest and sorting losses [18]. In risky farming
conditions, sowing oats with a weight of 1000
grains more than 35 g ensures uniform germi-
nation, helping to mitigate the negative impact
of abiotic factors [19, 20]. This is particularly
relevant for the Ural Federal District, where oat
acreage is gradually increasing.

The variety Talisman used in the experiment
was characterized by a low weight of 1000 grains
(see Fig. 5). On average, this indicator was
29.1 g, varying from 27.3 to 30.4 g. Although
Talisman had a consistent weight of 1000 grains,
Otrada, despite having a higher weight (35.3 g),
had a wider range between its minimum and
maximum values.

Among the local varieties, Foma was the larg-
est-grained — the average weight of 1000 grains
was 40.7 g with minor variation (39.5-42.0 g).
Such outstanding indicators characterize Foma
as an intensive type variety.

The grain of foreign varieties was larger than
that of the local genotypes. In the forest-steppe
conditions of the Trans-Urals, the Solidor vari-
ety had an average weight of 1000 grains of 36.9

=~
<

1000 grains weight, g
\-] (9%}
S [}

—
f=

g, varying from 36.9 to 38.1 g. Sang and Ensiler
belong to large-grained oat varieties: in their
case, the average weight of 1000 grains was 43.4
and 46.2 g. The identified variability of values is
considered low, so these varieties can be classi-
fied as intensive types.

First-generation hybrids, which showed clear
signs of heterosis and a high degree of phenotyp-
ic dominance (hp > 1.0), had a very large weight
of 1000 grains — ranging from 43.7 (6 x 3; 3 x
6) to 48.7 g (6 x 2; 2 x 6). These hybrid combi-
nations involved the local variety Foma and two
foreign varieties — Sang and Solidor.

During hybridization, populations (4 x 3; 3 x
4; 5 x 1; 5 x 2) were obtained, which exhibited
the effect of negative overdominance (hp <-1).
Their weight of 1000 grains was initially lower
than the values of the parent forms — from 27.4
to 33.9 g. Maximum depression was noted in the
offspring of the varieties Otrada and Solidor. In
the hybridization of Otrada (9) with Solidor and
Sang (&), hybrids with intermediate inheritance
were obtained, caused by the additive effect of
genes: hp was —0.4 and 0.18 respectively. Hybrid
combinations 1 x 5; 5 x 3; 3 x 5 were charac-
terized by negative dominance — the weight of
1000 grains of first-generation hybrids was close
to the paternal parental forms (Talisman and So-
lidor).

Hybrid combination
F C BFIAS

Puc. 5. Macca 1000 3epeH y poaUTEIbCKUX COPTOB M THOPHUAOB MEPBOTO MOKOJICHUS ITpU 5%~ MOrpetHOCTH
Fig. 5. Thousand kernel weight of the parent varieties and hybrids of the first generation of oats at a 5%

error limit
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The conducted studies showed that the most
valuable combinations in oat breeding are those
where the first-generation hybrids dominate
traits related to productivity and plant height.

According to the correlation analysis of the
degree of phenotypic dominance, the main pro-
ductivity indicators of oats (weight of 1000
grains, ear grain content per panicle, weight of
grain per panicle) do not have a close depen-
dence on plant height — » = 0.19...0.33 (see Ta-
ble 3).

Therefore, the selection of hybridological
material can be guided by productivity elements,
taking into account their potential short-stemmed
shape. Hybrids of the first generation obtained
by crossing foreign and local oat varieties were
selected based on a complex of traits. The most
promising for the selection process were: Ensiler
x Otrada (1 x 6), Sang x Otrada (2 x 4), Foma

x Sang (6 x 2). These hybrid combinations had
a lower height compared to the parental forms
and predominantly showed a heterosis effect on
productivity elements. Hybrid populations from
the crossings Solidor x Foma (3 X 6), Foma x
Ensiler (6 x 1), Foma x Solidor (6 x 3), Solidor
x Foma (3 % 6) and Sang x Foma (2 X 6) were
significantly taller than the parental forms, but
also characterized by positive overdominance of
yield structure elements, making them promis-
ing for breeding in the forest-steppe conditions
of the Trans-Urals.

Other first-generation hybrids obtained during
the study can be considered as sources of indi-
vidual economically valuable traits. The least
valuable were the hybrids obtained by crossing
Otrada (Q) with the Solidor (&) variety, as well
as Talisman with all foreign varieties.

Taoxa. 3. CrencHb q)CHOTHHI/I‘leCKOFO JAOMHWHHPOBAHUS IO HEKOTOPBIM MOKA3aTCJIAM IMPOAYKTUBHOCTU Yy

FI/I6pI/I,I[OB OBCa IICPBOT'O ITOKOJICHUS

Table 3. The degree of phenotypic dominance for some indicators of productivity in the hybrids of the

first-generation oats

Crotrsin | i comiwion | P, | P sl s s |G s per | Wi 100
1x6 Ensiler x Otrada -0,4 1,0 2,3 3,0 11,0
1x5 Ensiler x Talisman -5,0 -0,3 2,7 -0,2 -0,3
1 x4 Ensiler x Foma 8,2 7,0 1,0 7,0 8,8
2 x4 Sang x Otrada -0,2 1,8 0,6 5,0 2,0
2x%x5 Sang x Talisman -3,5 -0,3 -1,9 1,0 -10,3
2x6 Sang x Foma 7,4 6,0 5,0 3,0 11,7
3 x4 Solidor x Otrada 0,6 1,3 5,0 1,0 2,5
3x5 Solidor x Talisman -2.5 -7,0 -39 -1,0 -8,7
3x6 Solidor x Foma 4.6 2.2 4.0 4,0 2.9
4 x1 Otrada x Ensiler 3,0 2,0 23 6,1 3,7
4x2 Otrada x Sang -1,4 0,2 0,0 0,3 -0,4
4 %3 Otrada x Solidor 3,4 0,1 -1,0 2.1 1,9
5x1 Talisman x Ensiler -1,3 -7,0 473 -0,6 -3,0
5x2 Talisman x Sang -1,7 -6,0 0,3 -0,1 —4.6
5x3 Talisman x Solidor 7,8 -3,7 -1,2 -1,6 -0,1
6x1 Foma x Ensiler 4.4 5,7 4.9 3,0 2,1
6x2 Foma x Sang -1,4 2,6 2,6 4,5 8,2
6x3 Foma x Solidor 2,4 -1,0 5,3 4.4 3,7
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CONCLUSION

It was established that the foreign and local
varieties used in the study cross well and pro-
duce viable seeds. The overall success rate was
45-65%. The most successful crosses occurred
when using Ensiler and Otrada as the female
parent — 65% and 60%, respectively. The lowest
success rate was noted when using Solidor and
Foma as the female parent variety — 45% and
49%, respectively. As a result, the most prom-
ising hybrid combinations for further breeding
work were identified: Ensiler x Otrada, Sang x
Otrada, Foma % Sang, where selection of high-
ly productive genotypes can be carried out from
the second generation. The degree of phenotypic
dominance of these hybrids varied in the range
0f'3.0to 5.0, corresponding to positive overdom-
inance. The number of grains per main panicle
was 40-48, with a weight of 1000 grains being
45.7-47.4 g. In combinations such as Ensiler x
Foma, Foma x Ensiler, Solidor x Foma, Sang x
Foma, selection would be more effective in lat-
er generations. The hybrids obtained exhibited a
pronounced heterosis effect only for individual
yield structure elements. The weight of grain per
main panicle in these hybrids varied from 1.9 to
2.4 g, and the number of grains from 44 to 55.
Crossbreeding Talisman with foreign varieties
(Ensiler, Sang, Solidor) is not promising, as the
F1 hybrids obtained do not demonstrate an effect
of improving economically valuable properties
in the first generation. In hybrid combinations
where Talisman was one of the parental forms,
negative overdominance was observed for the
main productivity indicators: number of grains,
weight of grain per plant, and weight of 1000
grains. Other hybrid oat combinations can be
used only in breeding for individual traits and

properties.

CIIMCOK JIMUTEPATYPbI

1. Caneeza B.A., Typcymbexosa ['Ill. Ypoxaii-
HOCTh W aJallTUBHOCTH COPTOB SIPOBOM IIIIe-
HUIIBI Pa3IMYHBIX TPYIII CHEIOCTH B YCIOBHSIX
necoctrenmn CeBepHoro 3aypanbsi // BectHuk

HoBocubupckoro rocynapcTBEHHOTO arpapHOro
yauBepcutera. 2022. Ne 3 (64). C. 67-75. DOL:
10.31677/2072-6724-2022-64-3-67-75.
Kaweuna C.M., Epevun J{. . ®uzuko-xumuye-
CKHE CBOMCTBA CEpbIX JIECHBIX MOYB BOCTOYHOM
OKpauHbl 3aypanbckoro 1uiato // XKypran Cu-
oupckoro ¢enepanabHOro ynusepcutera. Cepusi:
buonorus. 2022. T. 15. Ne 4. C. 471-490. DOLI:
10.17516/1997-1389-0399.

Kaweuna C.M., Epemun /.M. T'ymycoBoe co-
CTOSTHHE TEMHO-CEepBIX JIeCHBIX Mo4YB CeBepHO-
ro 3aypanes // Bectauk KpacHosipckoro rocy-
JTApCTBEHHOIO arpapHoro yHuBepcutera. 2022.
Ne 10 (187). C. 35-42. DOI: 10.36718/1819-
4036-2022-10-35-42.

Axaoosa D.T., bamawesa b.A., baunosa E.B.,
Jlockymoe HM.I! Karanor MHpOBOHN KOJUIEKLIUU
BUP. CII6., 2019. Bem. 897: OBec: arpobwuo-
TEXHOJIOTUYECKas XapaKTepPUCTHKa 00pas3IloB B
ycioBusix Jlarecranckoro dunuana BUP. 36 c.
DOI: 10.30901/978-5-907145-27-6.

Jlrooumosa A.B., Epemun J[.U., Mamaesa B.C.,
bpacun H.A., benoycoe C.A., bpacuna M.B.,
Kounesa /[.A., Taymexenosa A.K. Karanor 6mo-
XUMHUYECKHX MTACIIOPTOB COPTOB OBCA MIOCEBHOTO
cubupckoii cenekunu // Bectauk KpacHosipcko-
IO TOCY/IapCTBEHHOTO arpapHOTO YHUBEPCUTETA.
2022. Ne 5(182).C.73-83.DOI: 10.36718/1819-
4036-2022-5-73-83.

Jloobumosa A.B., Heanenxko A.C. Osec B Tro-
MeHCKo obnactu: MoHorpadus. Tiomens, 2021.
172 c.

Haymos U.B., Ilonxkosckas M.H. Ananu3 cop-
TOWCIIBITAHUN SIPOBOTO OBca B MpKyTCKo#l 00-
nactu // BectHuk HpkyTckod rocynapcTBeH-
HOH CeJIbCKOXO3sIMCTBEHHON akagemuu. 2021.
Ne 102. C. 3544. DOIL: 10.51215/1999-765-
2021-102-35-44.

Ilepgpurves H.B., Boiowuna O.A. Biusane cu-
cTeM 00pabOTKH Ha arpoU3MYECKUE MapamMeT-
pBl TeMHO-cepoil jecHOW mouBbl B CeBepHOM
3aypanbe // 3emnenenue. 2023. Ne 1. C. 27-31.
DOI: 10.24412/0044-3913-2023-1-27-31.
Mouceesa M.H., Epemun J[.U. Tlpobnema mo-
JIETaHUSI U YPOXKAaHOCTH OBCa MPH Pa3TUIHOM
YPOBHE MHHEPAJIBHOTO IMUTAHUS B JIECOCTEIH
3aypanbs // W3Bectuss OpeHOyprckoro rocy-
JIApCTBEHHOIO arpapHoro yHusepcutera. 2022.
Ne 4 (96). C. 46-50.

42 Siberian Herald of Agricultural Science *» 2023 « 53 » 11

Plant growing and breeding



HacnenoBaHue [EHHBIX IPU3HAKOB IPOAYKTHBHOCTU
rHOPUIHBIX KOMOMHALMIT MECTHBIX U HHOCTPAHHBIX COPTOB OBCa
B YCIIOBHSX 3aypaibs

JIrooumona A.B., Epémuna J1.B.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Loskutov 1.G. Advances in cereal crops bree-
ding // Plants. 2021. Vol. 10. N 8. P. 1705. DOI:
10.3390/plants10081705.

@omuna M.H., Usanosa FO.C., bpacun H.A.,
bpacuna M.B. KayecTBO 3€pHa IEpCHEKTHB-
HBIX JIMHUHA OBCAa Ha 3aKIIOYUTEIBHOM STare
CEJIEKIMOHHOr0 mpolecca B ycnoBusx Cesep-
Horo 3aypanbst // JIOCTUXKECHHS HAyKd U TeX-
nuku ATIK. 2023. T. 37. Ne 3. C. 34-38. DOLI:
10.53859/02352451 2023 37 3 34.
Tononcxuit B.U., I'epacumos C.A., Cymuna A.B.,
3iome C.A. AmanTHBHBIN ITOTEHITHAT OOpa3IoB
OBCa 0 XUMHUYECKUM U (PU3NICCKUM XapaKTepH-
ctukaM 3epHa // Tpy/pl 1o IpUKIIaHON OOTaHUKE,
reHetuke U cenexuuu. 2022. T. 183. Ne 1. C. 57—
75. DOI: 10.30901/2227-8834-2022-1-57-75.
Lyubimova A.V., Tobolova G.V., Evemin D.1., Lo-
skutov 1.G. Dynamics of the genetic diversity of
oat varieties in the Tyumen region at avenin-co-
ding loci // Vavilov Journal of Genetics and
Breeding. 2020. Vol. 24. N 2. P. 123-130. DOL:
10.18699/V120.607.

Taymexenosa A.K., Mamaesa B.C., Epemun JI. 1.
Mopnenb copTa Kak 0OCHOBa MapKEpHOU CeJIeKIUU
OBca MoceBHOTOo st 3anaaHoit Cubupu (aHanu-
THYECKUH 0030p) // Dmoxa Hayku. 2022. No 31.
C. 188-194. DOI: 10.24412/2409-3203-2022-
31-188-194.

Kasax A.A., Jloeunos FO.Il. Hayunbie OCHOBBI
pa3pabOTKH MOAEIH COopTa SIPOBOM MSTKOM Iiire-
Hunpl A 3anagHod Cubupu // Bectnuk Kyp-
TaHCKOM TOCYIapCTBEHHOM CENbCKOXO3SIICTBEH-
Ho¥t akagemun. 2019. Ne 3 (31). C. 9-12.
Epemun JLU., Jlwbumosa A.B., Taymexero-
6a A.K., Kounesa J][.A. DnaeMeHTHI TPOAYK-
TUBHOCTH W XapakTep WX HACICeIOBaHUS T'H-
opunamu F1 oBca sipoBoro (Avena sativa L.) B
3anaguoi Cubupu // JIOCTHKEHUS HAYKH U TEX-
nuku ATIK. 2022. T. 36. Ne 7. C. 25-30. DOL:
10.53859/02352451 2022 36 7 25.

Hsanosa 10.C., ®omuna M.H., Ilaii O.A. Mop-
(hosormueckrue 0COOEHHOCTH B TeOMETpHUIECKast
XapaKTEPUCTUKA 3€pHA TOJO03EPHBIX 00pa3IoB
oBca // MomnekysipHasi TeHETHKa, MUKPOOHOIIO-
rust u Bupycosorus. 2019. T. 37. Cneusblnyck.
C. 29.

Tynaxosa M.B., bamanosa I’ A., [lepmsaxosa C.B.
ATanTUBHBIN TTOTEHIIHAJ TeHO(OHIa OBCa IIJICH-
yaroro 1o macce 1000 3epen // 3epHOBOE XO-

19.

20.

3siictBOo Poccun. 2021. Ne 5 (77). C. 3-8. DOI:
10.31367/2079-8725-2021-77-5-3-8.
Crnueupesa O.M., Bedepuuxos FO.E. BrnusHue
CPOKOB CceBa M yOOpPKM Ha YpOXKaWHOCTh M TIO-
CEBHBIC KauecTBa ceMsiH sipoBoro oBca Caricas //
Arpapnas Hayka EBpo-Ceepo-Bocroka. 2019.
T. 20. Ne 3. C. 230-237. DOI: 10.30766/2072-
9081.2019.20.3.230-237.

Epemun /. 1., Mouceesa M.H., Jltobumosa A.B.
eHernyeckue W arpoTEXHOJOTHYECKHE OCO-
OeHHOCTH (DOPMHUPOBAHUS TOCEBHBIX KaueCTB
OBCa TIPH pa3IMYHOM YpPOBHE MHHEPAIHLHOTO
nutanus // ArpapHblii BecTHHK Ypama. 2022.
Ne 8 (223). C. 27-38. DOI: 10.32417/1997-
4868-2022-223-08-27-38.

REFERENCES

1.

Sapega V.A., Tursumbekova G.Sh. Yield
and adaptability of spring wheat varieties
of different maturity groups under forest-
steppe conditions of the Northern Trans-Urals.
Vestnik ~ Novosibirskogo  gosudarstvennogo
agrarnogo universiteta = Bulletin of NSAU,
2022, no. 3 (64), pp. 67-75. (In Russian). DOI:
10.31677/2072-6724-2022-64-3-67-75.
Kayugina S.M., Eremin D.I. Physicochemical
properties of gray forest soils on the eastern
outskirts of the Trans-Ural Plateau. Zhurnal
Sibirskogo federal'nogo universiteta. Seriya:
Biologiva = Journal of Siberian Federal
University. Biology, 2022, vol. 15, no. 4,
pp. 471-490. (In Russian). DOI: 10.17516/1997-
1389-0399.

Kayugina S.M., Eremin D.I. Dark gray forest
soils humus state of the Northern Trans-Urals.
Vestnik  Krasnoyarskogo
agrarnogo universiteta = Bulletin of KrasSAU,
2022, no. 10 (187), pp. 35-42. (In Russian).
DOI: 10.36718/1819-4036-2022-10-35-42.
Akhadova E.T., Batasheva B.A., Blinova E.V.,
Loskutov 1.G. Catalogue of the VIR global
collection. St. Petersburg, 2019, Is. 897: Oats:
agrobiological characteristics of accessions for
the environments of the Dagestan branch of
VIR, 36 p. (In Russian). DOI: 10.30901/978-5-
907145-27-6.

Lyubimova A.V., Eremin D.I., Mamaeva V.S.,
Bragin N.A., Belousov S.A., Bragina M.V.,

gosudarstvennogo

PactreHneBoncTBO M ceneKIus

CHOMPCKHUIT BECTHHK CEIIbCKOXO3SIHCTBEHHOM HayKH © 2023 « 53 « 11

43



Inheritance of valuable productivity traits of hybrid combinations
of local and foreign oat varieties in the conditions
of the Trans-Ural region

Lyubimova A.V., Eremina D.V.

10.

11.

12.

13.

Kochneva D.A., Tautekenova A.K. Siberian
oat varieties' biochemical passports catalog.
Vestnik ~ Krasnoyarskogo  gosudarstvennogo
agrarnogo universiteta = Bulletin of KrasSAU,
2022, no. 5 (182), pp. 73—-83. (In Russian). DOI:
10.36718/1819-4036-2022-5-73-83.
Lyubimova A.V., Ivanenko A.S. Oats in the
Tyumen region. Tyumen, 2021, 172 p. (In
Russian).

Naumov [.V., Polkovskaya M.N. Analysis
of variety testing of spring oats in the Irkutsk
region. Vestnik I[rGSKhA = Vestnik IrGSHA,
2021, no. 102, pp. 35-44. (In Russian). DOI:
10.51215/1999-765-2021-102-35-44.

Perfil'ev N.V., V'yushina O.A. Influence of
tillage systems on agrophysical parameters
of dark grey forest soil in the Northern Trans-
Urals. Zemledelie = Zemledelie, 2023, no. 1,
pp- 27-31. (In Russian). DOI: 10.24412/0044-
3913-2023-1-27-31.

Moiseeva M.N., Eremin D.I. The problem of
lodging and productivity of oats at different
levels of mineral nutrition in the forest-steppe
of the Trans-Urals. Izvestiya Orenburgskogo
gosudarstvennogo agrarnogo universiteta =
Izvestia Orenburg State Agrarian University,
2022, no. 4 (96), pp. 46-50. (In Russian).
Loskutov 1.G. Advances in cereal crops bree-
ding. Plants, 2021, vol. 10, no. 8, P. 1705. DOI:
10.3390/plants10081705.

Fomina M.N., Ivanova Yu.S., Bragin N.A.,
Bragina M.V. Grain quality of promising oat
lines at the final stage of the breeding process
in the conditions of the northern Trans-Urals.
Dostizheniya nauki i tekhniki APK = Achieve-
ments of Science and Technology of AIC, 2023,
vol. 37, no. 3, pp. 34-38. (In Russian). DOI:
10.53859/02352451 2023 37 3 34.

Polonskiy V.I., Gerasimov S.A., Sumina A.V.,
Zute S.A. Adaptive potential of oat accessions
in the context of their chemical and physi-
cal grain characteristics. Trudy po prikladnoi
botanike, genetike i selektsii = Proceedings on
applied botany, genetics and breeding, 2022,
vol. 183, no. 1, pp. 57-75. (In Russian). DOI:
10.30901/2227-8834-2022-1-57-75.
Lyubimova A.V., Tobolova G.V., Eremin D.I.,
Loskutov 1.G. Dynamics of the genetic diver-
sity of oat varieties in the Tyumen region at

14.

15.

17.

18.

19.

20.

avenin-coding loci. Vavilov Journal of Genetics
and Breeding, 2020, vol. 24, no. 2, pp. 123—-130.
DOI: 10.18699/VJ20.607.

Tautekenova A.K., Mamaeva V.S., Eremin D.I.
The model of the variety as the basis of mar-
ker selection of oats for Western Siberia (ana-
lytical review). Epokha nauki = Era of Science,
2022, no. 31, pp. 188—194. (In Russian). DOI:
10.24412/2409-3203-2022-31-188-194.

Kazak A.A., Loginov Yu.P. Scientific areas of
spring soft wheat for Western Siberia. Vestnik
Kurganskoi GSKhA = Bulletin of the Kurgan
State Agricultural Academy, 2019, no. 3 (31),
pp. 9-12. (In Russian).

. Eremin D.I., Lyubimova A.V., Tautekeno-

va A.K., Kochneva D.A. Elements of producti-
vity and the nature of their inheritance by F1 hy-
brids of spring oat (Avena sativa L.) in Western
Siberia. Dostizheniya nauki i tekhniki APK =
Achievements of Science and Technology of AIC,
2022, vol. 36, no. 7, pp. 25-30. (In Russian).
DOI: 10.53859/02352451 2022 36 7 25.
Ivanova Yu.S., Fomina M.N., Pai O.A. Morpho-
logical features and geometric characteristics
of grain of naked oat samples. Molekulyarnaya
genetika, mikrobiologiya i virusologiya = Mole-
cular genetics, microbiology and virology, 2019,
vol. 37, special edition, p. 29. (In Russian).
Tulyakova M.V., Batalova G.A., Permyako-
va S.V. Adaptive potential of the hulled oats
gene pool according to 1000-grain weight. Zer-
novoe khozyaistvo Rossii = Grain Economy of
Russia, 2021, no. 5 (77), pp. 3—8. (In Russian).
DOI: 10.31367/2079-8725-2021-77-5-3-8.
Snigireva O.M., Vedernikov Yu.E. Influence
of sowing and harvesting time on producti-
vity and sowing qualities of spring oat Sapsan
seeds. Agrarnaya nauka Evro-Severo-Vostoka =
Agricultural Science Euro-North-East, 2019,
vol. 20, no. 3, pp. 230-237. (In Russian). DOI:
10.30766/2072-9081.2019.20.3.230-237.
Eremin D.I., Moiseeva M.N., Lyubimova A.V.
Genetic and agrotechnological features of the
formation of sowing qualities of oats at diffe-
rent levels of mineral nutrition. Agrarnyi vest-
nik Urala = Agrarian Bulletin of the Urals,
2022, no. 8 (223), pp. 27-38. (In Russian). DOI:
10.32417/1997-4868-2022-223-08-27-38.

44

Siberian Herald of Agricultural Science ¢ 2023 « 53 « 11

Plant growing and breeding



HacnenoBaHue [EHHBIX IPU3HAKOB IPOAYKTHBHOCTU
rHOPUIHBIX KOMOMHALMIT MECTHBIX U HHOCTPAHHBIX COPTOB OBCa
B YCIIOBHSX 3aypaibs

JIrooumona A.B., Epémuna J1.B.

NH®OPMALINSA OB ABTOPAX

(<) JIrooumoBa A.B., KaHauaaT OMOJOTHYECKHUX
HayK, 3aBejyrolias J1abopaTopueii; aapec JJs me-
pemncku: Poccus, 625501, TromeHckas 0o0nacTb,
. MockoBckuid, yn. bypnaku, 2; e-mail: ostapen-
koav88(@yandex.ru

Epémuna JI.B., kaunugar ceabCKOXO3sIICTBEH-
HBIX HayK, OIIEHT

AUTHOR INFORMATION

(><)Anna V. Lyubimova, Candidate of Science
in Biology, Laboratory Head; address: 2, Burla-
ki St., Moskovsky, Tyumen Region, 625501, Russia;
e-mail: ostapenkoav88@yandex.ru

Diana V. Eremina, Candidate of Science in
Agriculture, Associate Professor

Jama nocmynaenuss cmamwu / Received by the editors 08.08.2023
Jama npunamus k nyénuxayuu / Accepted for publication 25.09.2023
Jlama ny6auxayuu / Published 15.12.2023

PactreHneBoncTBO M ceneKIus

CuOHpPCKUiT BECTHHK CEITbCKOX03HCTBEHHOM Hayku * 2023 ¢ 53 « 11 45



3ALIUTA PACTEHUH
PLANT PROTECTION

https://doi.org/10.26898/0370-8799-2023-11-5 Tun crarbu: OpUrHHaIbHAS
VIK: 633.853.52:632.7:632.951:632.937 Type of article: original

3AIIIUTA PACTEHUIA COU OT ®PUTODAIOB
B YCJIOBUSAX ITIPUMOPCKOI'O KPASA

(<) Koasenko T.K.!, 'pumeuxuna C./.%, KoueBa H.C.3

U Tanbnesocmounwiil HAyUHO-UCCIE008AMENbCKULL UHCIMUMYM 3aUUNbl PACMEHUN — QUIUA
DedepanvHozo HayyHo2o yenmpa azpobuomexnonocui Janoneco Bocmoka um. A.K. Yaiiku
[Tpumopckwmii kpai, c. Kamens-Pri6onoB, Poccust

’Beepoccutickutl HayuHO-UCCIe008amMeNbCKULL UHCMUNTY CElbCKOXO3SUCIBEHHOU MUKPOOUOLIO2UU
Cankr-IlerepOypr, Ilymkun, Poccus

SDeodepanvubiil nayunwvlil yenmp azpobuomexrnonozuil Janrvrneeo Bocmoxa um. A.K. Yatiku
[Tpumopckuii kpali, Yccypuiick, Poccust

(<De-mail: tatyana_kovalenko55@mail.ru

Nzydena 23 peKTHBHOCTH MTPEIITOCEBHON 00pabOTKH CEMSTH COHM U PUMEHEHHS OMOpaIOHaTHHBIX
WHCEKTHIIMOB B CHIDKEHUY YUCIICHHOCTH OCHOBHBIX BpeAHTENel con B ycnoBuax [ Ipumopckoro kpast.
[IpencraBnensl pe3ynbTaThl HCIIOIB30BAHNS HHCEKTHIIMOB U OMOTIPENapaToB TS PETYIISIINN YHCIICH-
HOCTHU JIOMUHAHTHBIX Bpenuteneit cou. Mccnenoranus nposeneHsl B 2020 1 2021 rr. B moneBbIx 3Kc-
MIepUMEHTax u3ydeHa 3(h(EeKTUBHOCTh WHCEKTUITMAHBIX mpoTpasutene Mmmmop [po, KC (2,0 1/T)
u Taby, BCK (1,0 n/t), ononncektrmmmoB ®urosepm, K3 (0,16 n/ra), IIpoxmsiim, BPT" (0,3 kr/ra),
bammxon, XK (15 n/ra), buocnun bB, XK (2 n/ra), buociumn BT, IT (2 kr/ra) mpoTuB rcTOENa COSBOTO
nonocaroro (Medythia nigrobilineatus Motsch.) u Tutomoskopku coeBoit (Leguminivora glycinivorella
Mats.). [IpenmoceBHas o0padoTka ceMsiH nHcekTuIMaamMu munop IIpo n Taby cHmkaza moBpekacH-
HOCTh pacTeHHUH cou B (ha3y BCXOMOB XykamMu Medythia nigrobilineatus 110 CpaBHESHHUIO ¢ KOHTPOJIEM
Ha 94,0-98,2%. IIpoTpaBnuBaHne ceMsH TpenaparaMd Ha OCHOBE MMHUIAKIIONPHAA 00eCTIeYrBajIo0
3 PEeKTUBHYIO 3aIUTy MMOCEBOB KYJIBTYpHI MMPOTHB BPEAHUTENS B (pa3bl BCXOABI — BETBIECHHE. BrIco-
Kyto Omonorndeckyro 3¢dexrnBaocTs (71,1-98,8%) Ha 5-10-e cyTkn mocie 0OpabOTKH MPOTHB JIH-
CTOE/1a COEBOTO TTOJIOCATOTO TIOKa3ai OMoparoHalbHbIe MHCEKTHITUIBI Ha OCHOBE aBepcekTrHa C 1
Bacillus thuringiensis. I10BpeXIeHHOCTb CEMSH COH TIPU MCTIONH30BAHUHA OMOMHCEKTHUITUIOB TIPOTHB
Leguminivora glycinivorella coctaBuna 1,9-3,0% B cpaBHeHun c 5,6% B koHTpone. [IpoBeneHHbIE
WICCIIE/IOBAHUS CBHJIETEIHCTBYIOT O MIEPCTIEKTUBHOCTH ITPHMEHEHHSI IPENapaToB OMOIOTUIECKOTO TPO-
WCXOXKJICHHS JUTSL KOHTPOJISI YUCIIEHHOCTH IOMUHAHTHBIX BPEINUTENEH B TOCEBAX COM.

KuroueBrble cjioBa: cosi, HaceKkoMble-(putodark, ”HCEKTUIINABI, OMOPAIOHATHHBIE HHCEKTUITH/IBI,
ouomnornaeckas 3pPeKTHBHOCTD

PROTECTION OF SOYBEAN PLANTS FROM PHYTOPHAGES UNDER
CONDITIONS OF THE PRIMORSKY TERRITORY

<) Kovalenko T.K.!, Grishechkina S.D.2, Kocheva 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
’All-Russian Research Institute for Agricultural Microbiology
St. Petersburg, Russia
SFederal Scientific Center of Agricultural Biotechnology of the Far East named after A.K. Chaiki
Timiryazevsky stl., Ussurysk, Primorsky Territory, Russia
(<De-mail: tatyana_kovalenko55@mail.ru

The effectiveness of pre-sowing treatment of soybean seeds and application of biorational insec-
ticides in reducing the number of major pests of soybean in the conditions of the Primorsky Territo-
ry have been studied. The results of using insecticides and biopreparations to regulate the number
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of dominant pests of soybean have been presented. The studies were conducted in 2020 and 2021.
The efficiency of insecticidal protectants Imidor Pro, SC (2 I/t) and Tabu, WSC (1.0 1/t), bioinsecti-
cides Fitoverm, EC (0, 16 I/ha), Proclaim, WSG (0.3 kg/ha), Batsikol, L (15 I/ha), Biosleep BW, L
(2 I/ha), Biosleep BT, P (2 kg/ha) against two-striped leaf beetle (Medythia nigrobilineatus Motsch.)
and soybean pod borer (Leguminivora glycinivorella Mats.) were studied. Pre-sowing seed treatment
with insecticides Imidor Pro and Tabu reduced damage of soybean plants in the sprouting phase by
Medythia nigrobilineatus beetles compared to the control by 94.0-98.2%. Seed dressing with imida-
cloprid-based preparations provided effective protection of crops against the pest in the sprouting —
branching phase. Biorational insecticides based on avermectin C and Bacillus thuringiensis showed
high biological efficacy (71.1-98.8%) on the 5-10th day after treatment against the two-striped leaf
beetle. Soybean seed damage when bioinsecticides were used against Leguminivora glycinivorella
was 1.9-3.0% compared to 5.6% in the control. The conducted studies testify to the prospect of using
the preparations of biological origin to control the number of dominant pests in soybean crops.

Keywords: soybean, phytophagous insects, insecticides, biorational insecticides, biological effec-

tiveness
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INTRODUCTION

Soybean (Glycine max (L.) Merrill) is the
dominant agricultural crop in the Primorsky Ter-
ritory. The sown areas in the region are gradually
increasing: in 2021, they amounted to 277,000
hectares, and in 2022 — 345,000 hectares.

The main factors limiting the yield growth of
this crop are harmful organisms: phytophages
of various families, phytopathogens of fungal,
bacterial, and viral nature, and weeds. The fauna
of soybean pests in the region is represented by
polyphagous species. These include sod web-
worm, noctuid moths, soybean yellow butterfly,
aphids, bugs, and polyphagous soybean leaf bee-
tle. Among the dominant and most widespread
are specialized pests of the crop: two-striped
leaf beetle (Medythia nigrobilineatus Motsch.
(= Paraluperodes suturalis nigrobilineatus
Motsch.)), soybean pod borer (Leguminivora
glycinivorella Mats.)'. In other regions of Russia
and abroad, the dominant soybean pests include

the cotton budworm (Helicoverpa armigera
Hbn.), lima-bean pod borer (Etiella zinckenella
Tr.), and dusky stink bug (Nezara viriduta L.)
[1-3].

Two-striped leaf beetle causes significant
damage to the crop's seedlings. Both larvae and
adult beetles are harmful. The beetles gnaw pits
on the lower side of the cotyledons and some-
times damage young stems. Harmfulness of the
phytophage increases in dry warm weather. The
damage caused by the pest during this phase
can lead to plant death. The larvae live in the
soil, penetrate the nodules, and feed on their
contents. Damage to the nodules reduces soil
nitrogen enrichment, decreasing soy's role as a
forecrop in crop rotation. The damage caused to
soybean plantings by the soybean pod borer re-
sults in not only yield losses but also a reduction
in seed quality. Inside the pods, caterpillars eat
the seeds, and damage to the hilum and embryo
often leads to a complete loss of germination [4].

'Mashchenko N.V. The most common pests of soybean in the Amur region and measures to combat them: method. manual. Blagoveshchensk:

Publishing house DEI "Zeya", 2012, 32 p.
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Protection of soybean plants from phytophages under conditions
of the Primorsky Territory

Kovalenko T.K., Grishechkina S.D., Kocheva N.S.

Increasing soybean productivity and improv-
ing crop quality depend on the effectiveness of
protecting the crop from harmful organisms.
Therefore, the issue of protecting soybeans from
pests remains relevant. Most protective measures
for soybean crops are based on chemical means,
the range of which is constantly being improved,
and the share of combined preparations is in-
creasing [5—7]. Pre-sowing seed treatment is the
most environmentally safe and effective way to
use pesticides for regulating the numbers and
reducing the harmfulness of phytophages at the
early stages of plant development [8—10]. Using
biological means of protection is one way to re-
duce the pesticide load on the agroecosystem.
Research conducted in our country and abroad
shows the prospects of using bioinsecticides
based on actinomycetes, Bacillus thuringiensis,
Beauveria bassiana against pests in soybean
crops [1, 8, 11-12].

Research is needed to assess their effective-
ness in specific agroclimatic conditions to in-
clude biological-origin products in the soybean
plant protection system.

The purpose of the study is to investigate the
effectiveness of pre-sowing soybean seed treat-
ment and the use of bio-rational insecticides in
reducing the number of main soybean pests in
the Primorsky Territory.

MATERIAL AND METHODS

Research on protecting soybean crops from
key phytophages was carried out at the Federal
Scientific Center of Agricultural Biotechnology
ofthe Far East named after A.K. Chaiki. The sub-
jects of the study were Medythia nigrobilineatus
Motsch. (Coleoptera: Chrysomelidae) and Legu-
minivora glycinivorella Mats. (Lepidoptera: Tor-
tricidae). The study examined the influence of
pre-sowing treatment of soybean seeds with the
products Imidor Pro, SC (imidacloprid, 200 g/1;
AO "Shchelkovo Agrokhim") and Tabu, WSC
(imidacloprid, 500 g/l; AO "August") at usage
rates of 2.0 and 1.0 I/t on the phytosanitary state

of soybean crops. During vegetation, the plants
were treated in the first ten-day period of June in
the full emergence phase and in the first ten-day
period of August in the flowering — bean forma-
tion phases. The following means of protecting
soybean crops from phytophages were studied:
Batsikol, L (Bacillus thuringiensis, FSBSI VNI-
ISKhM), Biosleep BW, L (Beauveria bassiana,
00O "Organic Park"), Biosleep BT, P (Bacillus
thuringiensis, OOO "Organic Park"), Fitoverm,
EC (avermectin C, 50 g/l, OOO SBC "Farmbi-
ometservice"), Proclaim, WSG (amamectin ben-
zoate, 50 g/kg, OOO "Syngenta"), Biokill, EC
(abamectin, 10 g/, OOO "Vashe Khozyaistvo").

The effectiveness of bioinsecticides was
studied in comparison with the use of the in-
secticide Espero, SC (imidacloprid, 200 g/l +
alpha-cypermethrin, 120 g/l; AO "Shchelkovo
Agrokhim"). The Primorskaya 86 soybean va-
riety was used in the experiment. Sowing was
carried out in the third ten-day period of May in
2020 and 2021. The forecrop was cereal crops,
with a four-fold repetition, and the plot area was
10.8 m?. The working fluid usage rate for seed
treatment was 10 1/t, and for spraying vegetating
plants, it was 400 l/ha. Counts of the number of
two-striped leaf beetle and the damage caused
by soybean pod borer to the soybean pods were
carried out in accordance with the guidelines’.
The biological effectiveness was calculated us-
ing the Abbott formula. The harvest was manu-
ally collected in the first ten-day period of Octo-
ber. The biological yield of soybean seeds (g/m?)
was determined in four samples from an area of
0.25 m? in each repetition of all the variants of
the experiment and recalculated per hectare. Sta-
tistical data processing was conducted according
to B.A. Dospekhov?.

RESULTS AND DISCUSSION

The settlement of soybean crops by two-
striped leaf beetle was noted in the early first
ten-day period of June in 2020 and 2021. The
conducted counts showed that the pre-sowing

*Methodological guidelines for registration tests of insecticides, acaricides, molluscicides and rodenticides in agriculture / edited by

V.I. Dolzhenko. SPb.: VIZR, 2009, 321 p.

3Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow: Kolos, 1985, 336 p.
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treatment of soybean seeds with Tabu and Im-
idor Pro preparations contributed to a decrease
in seedling damage by the pest by 94.0% and
98.2% respectively, compared to the control (see
Table 1).

High temperature regime and periodic pre-
cipitation in the second ten-day period of June in
the years of research contributed to the activity
and harmfulness of the phytophage.

The degree of leaf damage to soybean plants
in the control group was 1.7 points, while in the
variants with seed treatment, this indicator was
significantly lower by 1.4 points. The biologi-
cal effectiveness of insecticides against the pest
ranged from 81.0% to 83.7%. In 2020, heavy
rains at the end of the third ten-day period of
June restrained the activity of the phytophage
in the soybean crops, while hot, dry weather in
2021 was favorable for the development of two-

striped leaf beetle. The effectiveness of the in-
secticides 14-21 days on average was at the lev-
el of 73.2% to 76.0%. No significant differences
between the variants were noted.

The conducted assessments of soybean
plant damage by the two-striped leaf beetle
have shown that seed treatment with imidaclo-
prid-based preparations provides effective pro-
tection for crop plantings against the pest from
the germination to branching stages.

When treating mature soybean plants in the
full emergence stage, bioinsecticides Batsikol
and Fitoverm, applied on the 5th day after treat-
ment, exhibited effectiveness against M. nigro-
bilineatus at the level of the chemical pesticide
Espero (see Table 2). In the variants using the
Biosleep product based on B. bassiana and B.
thuringiensis, the effectiveness was significant-
ly lower, ranging from 61.7% to 76.2%. On the

Ta6a. 1. buonornueckas 3pPpeKTHBHOCTH 00PaOOTOK CEMSH COU MPOTPABUTENISIMHU IPOTHUB
M. nigrobilineatus Motsch. (cpemgnee 3a 2020, 2021 tT.)

Table 1. Biological effectiveness of soybean treatments by protectants against M. nigrobilineatus

Motsch. (average for 2020 and 2021)

Average score of plant damage after Decrease in damage relative to the
. . adult emergence in the control by days of counting control by days of registration, %
Experiment option

3rd 7th 14th 21st 3rd 7th 14th 21st

Control 1,1 1,7 0,5 0,7 - - - -
Imidor Pro, SC 2,0 I't 0,05 0.3 0.1 0.2 940 | 83,7 | 760 | 740
Tabu, WSC, 1,0 I/t 0,03 0.3 0,2 0,1 982 | 81,0 | 732 | 759
LSD, 0.4 0,5 0.1 0,1 a7 | 38 | 7.1 7.1

Ta6a. 2. buonornyeckas 3pPeKTUBHOCT OMOMHCEKTULIUIOB NIPOTUB M. nigrobilineatus Motsch. B

noceax cou (cpenuee 3a 2020, 2021 rr.)

Table 2. Biological effectiveness of bioinsecticides against M. nigrobilineatus Motsch. on soybean

sowings (average for 2020 and 2021)

. . Preparation consumption Reduction of pest population relative to the0 control
Experiment option rate, I/ha, kg/ha after treatment by days of counting, %
Sth 10th 15th
Espero, SC 0,2 100+ 0 92,4+1,2 63,1+1,7
Biosleep BW, L 2,0 61,7+1,0 54,3 +4,0 26,8+ 1,5
Biosleep BT, P 2,0 76,2 £2,5 71,1 £1,2 46,3 +0,9
Batsikol, L 15,0 98,8+ 0,7 75,5+2,6 46,2+ 1,4
Fitoverm, EC 0,16 96,7+ 1,0 849+ 1,1 41,5+ 1,1
LSD - 4,5 6,3 4,0
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Taoa. 3. buonornueckas 3¢ GeKTUBHOCTD NpenaparoB B 60psOe C COEBOI MIIO0KOPKOH (CpeaHee 3a

2020, 2021 rr.)

Table. 3. Biological effectiveness of preparations against Leguminivora glycinivorella Mats. (average for

2020 and 2021)

Experiment option Prepz;::;i’olr/lhz(,)rlisgl}lription ls:;?]zjgs/f Reduced bearé (ﬁlﬁgﬁg;} relative to the Yield, t/ha
Control - 5,6 - 1,6
Biosleep BW, L 2,0 3,0 46,4+1,1 1,8
Biosleep BT, P 2,0 2,6 53,6 £1,6 1,8
Proclaim, WSG 0,3 2,0 64,3+1,2 1,9
Biokill, EC 0,4 1,9 66,0+ 0,4 2,0
Espero, SC 0,2 0,9 83,9 £1,3 2,2
LSD,, - 0,3 2,6 0,2
10th day after treatment, Fitoverm demonstrated CONCLUSIONS

relatively high effectiveness (84.9%), while the
reduction in pest population in variants using the
Biosleep BT and Batsikol products was 71.1%
and 75.5%, respectively. The lowest effective-
ness (54.3%) was observed when using Biosleep
BW. The conducted assessments have shown that
the application of the above-mentioned prepara-
tions provides effective protection for soybean
plants at the vulnerable emergence stage.

Treating soybean plants with preparations
during the flowering and pod formation stages
aims to reduce damage by the soybean pod bor-
er. As the research has shown, when using bio-
insecticides, the number of damaged soybean
pods (1.9-3.0%) by soybean pod borers was sig-
nificantly lower compared to the control (5.6%)
(see Table 3). The highest effectiveness (64.3%
and 66.0%) was observed with the preparations
based on amamectin benzoate (Proclaim) and
abamectin (Biokill). There were no significant
differences between these variants. The effec-
tiveness of Biosleep based on B. bassiana and B.
thuringiensis was lower. Significant differences
were observed in the reduction of soybean pod
damage when using these two preparations. The
use of the chemical pesticide Espero reduced
pod damage by the pest by 83.9% compared to
the control.

The use of bioinsecticides ensured the preser-
vation of grain yield, with yield increases rang-
ing from 0.2 to 0.4 tons per hectare.

1. Asaresult of the conducted research, the
effectiveness of insecticidal and bioinsecticidal
seed treatments in reducing the population of the
two-striped leaf beetle and soybean pod borer
damage has been established.

2. The use of Imidor Pro, SC, Tabu, WSC
preparations contributed to reducing soybean
emergence damage by M. nigrobilineatus com-
pared to the control by 94.0-98.8%. Imidaclo-
prid-based seed treatments provided effective
protection for crop plantings against the two-
striped leaf beetle in the germination to branch-
ing stages.

3. A single spraying of mature soybean
plants with Fitoverm, Batsikol, Biosleep BT, and
Biosleep BW preparations resulted in a reduction
in the population of M. nigrobilineatus by 5—10
days compared to the control by 54.3-98.8%.
Under the influence of Biosleep BW, Biosleep
BT, Proclaim, and Biokill preparations, soybean
pod damage by soybean pod borer decreased by
46.4-66.0%. The flight of butterflies and egg
laying by soybean pod borers were delayed, and
the protective effect of bioinsecticides lasted up
to 14 days. Therefore, when using bio-rational
insecticides, it is necessary to increase the fre-
quency of treatments: the first treatment against
L. glycinivorella should be carried out in the first
ten-day period of August, and the second one af-
ter 2 weeks.

4. The results of the conducted research
indicate the potential for using bio-preparations
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3ammura pacTeHuii cou ot purodaros B ycnoBusax [Ipumopckoro kpast

Kosanenko T.K., I'pumeukuna C./1., Kouera H.C.

based on actinomycetes B. bassiana and B.
thuringiensis against pests in soybean crops to
reduce the pesticide load on agroecosystems.
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CPABHUTEJIbBHOE U3YYEHUE IIPUMEHEHUA HPA C MOJIOKOM
N CbIBOPOTKOM KPOBH JJIAA AJUAT'HOCTHUKHU BPYIEJIVIE3A
KPYIIHOI'O POT'ATOI'O CKOTA

Jonuenxo H.A.!, <) Kypenckas H.I.', CuzoB A.A.!, CtrediaeBa I.M.!, Cuzo /I.A.', Bopoonses B.1.
ICubupcruit pedepanvuviii nayunviti yenmp azpobuomexnono2uti Poccutickotl akademuu nayk
HoBocubupckas obnacts, p.i. KpacnooOck, Poccust

’Kazaxckutl Hay4Ho-uccie008ameibCKuil emepUHapHbLLl UHCIUNLYm

Anmarsl, Pecrry6nuka Kazaxcran

(<)e-mail: kurenskaya-nat@mail.ru

NnmmyHODEpMEeHTHBIN aHaTN3 Kak 0oJiee TyBCTBUTEIBHBIN METO/I TIO3BOJISIET BBIIBUTH CrieTi(uye-
CKHE aHTUTeJa B Mpobax cOopHOro Monoka. C yu4eToM JIOCTYITHOCTH U MTPOCTOTHI BHITIOIHEHHS IAHHO-
ro Meroja uccienopanue MetogomM MDA cOOpHOro MOJIOKa B XO3SHCTBAX MOXKET CTAaTh BaXKHEUIIIMM
3NIEMEHTOM B CHCTEME MPOTHUBOOPYLEIUIC3HBIX MEPOIIPUSATHIA IO YaCTH KOHTPOJIS 32 3MTU300THIECKUM
COCTOSIHHMEM B X03siiicTBax. sl CKpHHHHTOBOM 3KCIpecc-AUarHOCTUKY Opy1iesie3a KpyIHOTO poraro-
r'o CKOTa pa3paboTaHa METOIMKa IOCTAHOBKH MMMYHO(DEPMEHTHOIO aHajIn3a ¢ MOJIOKOM KOpoB. MM-
MyHO(EPMEHTHBIH aHAIN3 C CHIBOPOTKOM MOJIOKA SIBIISIETCS CIEIM(PHIHBIM, YyBCTBUTEIBLHBIM, TIPO-
CTBIM B IIOCTAHOBKE, Y4ETE U UHTEPIIPETALUN PE3YJIBTATOB METOAOM. YCTAHOBIIEHO, YTO YCIIOBUSI Xpa-
HEHHS U TPAHCIIOPTUPOBKH MPOO MOJIOKA, COOTBETCTBYIOIHE 3HAUYCHNUSIM KOMHATHOW TeMIlepaTypbl U
MPUBOASIINE K CKBAILIMBAHHIO, HE OKA3bIBAIOT BIMSHUS Ha YPOBEHb CIIEHU(PHUECKUX ITPOTUBOOPYLIEI-
JIE3HBIX UMMYHOIJIOOYJIMHOB B TEYCHHUE 8 CYT, YTO CHUMAET BONPOC O NPUMEHEHUH XOJOI0BOM LEMH
IIPY TPAHCIIOPTUPOBKE O MECTa INPOBEACHUS aHAJIM3a MPOO MOJIOKA, MOJICKAILUX HCCIECIOBaHUIO.
[Ipu orpaboTke onTUMaTHEHON MPOOOTIOITOTOBKHM pa3HUIlA B CIIEIIM(PUIECKOM CHUTHAJIE MTPH MTOCTAHOB-
ke MDA MexIy CHIBOPOTKOM MOJIOKA, TIOIYUYEHHOW MPH BHICOKOCKOPOCTHOM HEHTPU(QYTHPOBAHUH, H
CBIBOPOTKOM MOJIOKA, MOJTYYEHHOW METOJ0M CKBalllMBaHUA B TedeHue 24 4, cocrasisuia Menee 10%.
B cBs3u ¢ 3TUM U1 IOATOTOBKK NPOO CHIBOPOTKM MOJIOKa MpH uccienoBannu MDA BeIOpaHo cKo-
poctHOe neHTpudyruposanue. M3ydeHsl BO3MOKHOCTH ITpuMeHeHHst IDA ¢ chIBOPOTKOH MOJIOKA Ha
BaKLMHUPOBAHHOM U HE BaKLIMHUPOBAHHOM IIPOTHUB OpyLiesuie3a [10r0JI0BbE KPYITHOTO POraToro CKoTa.
Mortoko u KpoBb utst uccaenoBanus B DA HeoOxoammo OpaTh uepe3 6 Mec u 0ojiee mocie BaKIInHa-
UM (B MHCTPYKTHUBHBIE CPOKH). YCTAHOBJIEH BBICOKHI YPOBEHb KOPPENSAINH MEXTy NaHHBIMU DA
¢ MoJIoKkoM U JTaHHBIMH DA ¢ ChIBOPOTKONH KPOBM BHE 3aBHCHUMOCTH OT 3MHM300THYECKOTO MM MM-
MYHHOTO cTaryca (0aromnoiay4Hsle 1 HeOIaronoyqyHble CTajga, IPUBUTHIC U HEMPUBHUTHIC )KUBOTHEIE),
KOTOpbIH cocTaBui 86,8—92,0%.

KitroueBble ciioBa: Opylesie3, KpyIHbIA poraTblii CKOT, HOCTBAKIMHAIBHAS TUATHOCTHKA, ChIBO-
pOTKa KPOBH, MOJIOKO, UMMYHO()EpPMEHTHBIHN aHaIN3

COMPARATIVE STUDY OF THE ELISA USE WITH MILK AND BLOOD SERUM
FOR BOVINE BRUCELLOSIS DIAGNOSIS

Donchenko N.A.!, <) Kurenskaya N.L!, SizovA.A.!, Stebleva G.M., Sizov D.A.!, Vorobyov V.12

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

’Kazakh Scientific Research Veterinary Institute
Almaty, Republic of Kazakhstan

(<)e-mail: kurenskaya-nat@mail.ru

Enzyme immunoassay, being a more sensitive method, makes it possible to identify specific an-
tibodies in samples of combined milk. The ELISA study of harvested milk in farms can become an
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Comparative study of the ELISA use with milk
and blood serum for bovine brucellosis diagnosis

Donchenko N.A., Kurenskaya N.I., Sizov A.A.,
Stebleva G.M., Sizov D.A., Vorobyov V.I.

important element in the system of anti-brucellosis measures regarding the control of the epizootic
state in farms taking into account the availability and ease of implementation of this method. For
screening express-diagnostics of bovine brucellosis the method of enzyme immunoassay with milk
of cows has been developed. ELISA with milk serum is specific, sensitive, easy to formulate, account
for and interpret the results. It has been found that the conditions of storage and transportation of
milk samples corresponding to room temperature values and leading to fermentation do not affect the
level of specific anti-viral immunoglobulins for eight days, and the question of the use of a cold chain
during transportation of milk samples to be examined to the place of analysis can be withdrawn from
the agenda. When working out the optimal sample preparation, the difference in the specific signal
when setting the ELISA between the milk serum obtained by high-speed centrifugation and the milk
serum obtained by fermentation for 24 hours was less than 10%. Therefore, high-speed centrifugation
was chosen for the preparation of milk serum samples during the ELISA study. The possibilities of
using ELISA with milk serum on vaccinated and non-vaccinated cattle against brucellosis have been
studied. Milk and blood for testing in the ELISA should be taken 6 months or more after vaccination
(within the instructional time frame). A high level of correlation was established between ELISA data
with milk and ELISA data with blood serum, regardless of epizootic or immune status (satisfactory
and unfavorable herds, vaccinated and unvaccinated animals), which amounted to 86.8-92.0%.

Keywords: brucellosis, cattle, post-vaccination diagnostics, blood serum, milk, enzyme immunoassay
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INTRODUCTION

Brucellosis in agricultural animals still pre-
vails in our country. There is still a risk of human
infection, making the problem of completely
eradicating this infection relevant.

Multiple vaccinations pose a challenge for
post-vaccination diagnosis. Therefore, a com-
plex of tests is used for brucellosis diagnosis,
including agglutination reaction (AR), comple-
ment fixation test (CFT), indirect hemaggluti-
nation reaction (IHA), immunodiffusion reac-
tion (IDR) with O-PS antigen, enzyme-linked
immunosorbent assay (ELISA), and others. The
subject of research is blood serum [1-3]. It is
important to find simple, easily accessible ex-
press methods for monitoring the well-being of
farms regarding brucellosis [4]. Tests using milk

can be one such method'. Studying milk using
the ring test (RT) and IHA allows for a simple
sample collection method for brucellosis diag-
nosis, which does not cause stress to animals. It
also involves the examination of the mammary
gland, which is one of the sites of entry, local-
ization, and spread of the infection in brucellosis
[5, 6].

The most promising research methods are the
ring test and enzyme-linked immunosorbent as-
say with milk, which have received high praise
from domestic and foreign researchers [7-9].
The ring test is the most widely used method for
preliminary examination of brucellosis in cattle
herds and individual animals. Titre fluctuations
in individual udder quarters indicate brucellosis
infection, while identical titres in all udder quar-
ters are more likely post-vaccination titres. The

!Popova T.G. Diagnostic value of research methods for brucellosis of milk of cows reimmunized with brucellosis vaccines (strain 19 and strain
82): Extended abstract of candidate’s thesis in Veterinary Medicine, Novosibirsk, 1990, 16 p.
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CpaBHutenbHOe n3ydenue npumenernst UOA ¢ momoxom
U CBIBOPOTKOW KPOBH JUIsl IMArHOCTUKK Opylesie3a KpyInHoro
pOraToro ckora

Jonuenko H.A., Kypenckas H.., CuzoB A.A.,
Crebnesa I'M., Cuzos /I.A., Bopo6ses B.1.

FAO/WHO Expert Committee on Brucellosis
recommends this reaction for widespread use in
all countries as an additional method [5, 6, 10].

ELISA can be used for mass screening of
cattle herds and for making a final diagnosis in
individual animals®. Compared to other meth-
ods for detecting antigens and antibodies, en-
zyme-linked immunosorbent assays have sev-
eral advantages: high sensitivity, specificity,
reproducibility of results, stability when storing
all necessary reagents (up to a year or more),
ease of conducting the reaction, and the abili-
ty to use minimal volumes of the material be-
ing tested, as well as instrumental (qualitative
and quantitative) recording of the reaction and
the possibility of automating all its stages [11,
12]. The material for examination by the en-
zyme-linked immunosorbent assay can be udder
secretion from dry cows, colostrum, and milk®.
ELISA with milk is conducted in the same way
as with blood serum [13].

It has already been proven that the use of
ELISA for diagnosing brucellosis in agricultural
animals is quite effective. In a comparative study
of cows using this test, antibodies were detected
in blood serum 50-72% more than in AR, CFT,
AR with rivanol, and RBT (Rose Bengal Test)
combined, and in milk 5-6 times more than in
the ring test [8, 13].

ELISA can determine antibody titres, which
is especially important when examining vacci-
nated animals, as it is necessary to distinguish
post-vaccination reactions from those occurring
during natural brucellosis [11, 14, 15].

Enzyme-linked immunosorbent assay is a
more sensitive method, allowing the detection
of specific antibodies in bulk milk samples.
Considering the accessibility and simplicity of
this method, research using ELISA with bulk
milk on farms can become a crucial element in
the brucellosis control system regarding the ep-
idemiological status in farms [11, 14].

The purpose of the study is the comparative
examination of the developed ELISA test with

milk and with blood serum in brucellosis of
cattle.

MATERIAL AND METHODS

The studies were conducted in the laboratory
of optimization of anti-epizootic systems of the
Institute of Experimental Veterinary Science of
Siberia and the Far East of the SFSCA RAS.

To develop a methodology for obtaining milk
serum for setting up milk-based enzyme-linked
immunosorbent assay (ELISA) for the diagnosis
of brucellosis in cattle, milk samples were col-
lected from vaccinated and unvaccinated cows.
Blood samples were simultaneously collected
from the same animals for comparative analysis.

Milk serum was obtained from milk through
high-speed centrifugation and clotting, which
was used for the ELISA. Blood serum was ob-
tained using traditional methods. ELISA with
milk serum and blood serum was carried out in
the classical manner. The reaction results were
recorded using a spectrophotometer, and optical
density was measured at a wavelength of 450 nm.

In parallel with the serum milk and blood se-
rum research, a mandatory complex of serologi-
cal tests for brucellosis diagnosis was conducted,
including agglutination reaction, complement
fixation reaction with S antigen, and immuno-
diffusion reaction with O-PS antigen.

The epizootological analysis of bovine bru-
cellosis was carried out on the basis of statistical
data, materials of veterinary records and reports,
results of laboratory studies conducted in veteri-
nary laboratories, and literature data.

RESULTS AND DISCUSSION

During the optimization of sample prepa-
ration, it was found that the difference in spe-
cific signal in the ELISA between milk serum
obtained through high-speed centrifugation and
milk serum obtained by clotting for 24 hours was
less than 10%, which is not essential for analysis
(see Table 1).

*Verkovsky O.A. Laboratory diagnostics of infectious diseases of cattle using immunoenzyme analysis (leukosis, foot-and-mouth disease,

brucellosis) // Veterinaria Kubani, 2007, N 2, pp. 11-12.

3Vanzini V.R., Aguirre N., Lugaresi C.I., Echaide S.T., Canavesio V.G., Guglielmone A.A., Marchesino M.D., Nielsen K. Evaluation of an indirect
ELISA for the diagnosis of bovine brucellosis in milk and serum samples in dairy cattle in Argentina / Preventive veterinary medicine, 1998, N 3,

pp. 211-217. DOI: 10.1016/s0167-5877(98)00080-4.
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Taoa. 1. Yposens curnana B UOA crenuduye-
CKUX TPOTHUBOOPYLIEIIIC3HBIX UMMYHOIJIOOYTHHOB
MOJIOKa MPH PA3TUYHBIX TUIIAX MPOOOTIOATOTOBKI

Table 1. The signal level in the ELISA of specific
anti-brucellosis immunoglobulins of milk in various
types of sample preparation

Sample | e type Hi}&g"td Forptaton
1 Negative 0,154 0,168
2 » 0,122 0,136
3 » 0,126 0,132
4 » 0,137 0,144
5 Positive 1,857 1,890
6 » 0,560 0,578
7 » 0,823 0,843
8 » 0,455 0,623
9 » 2,216 2,237
10 » 0,445 0,534
11 » 1,235 1,362
12 » 1,583 1,603
13 » 1,129 1,341
14 » 1,529 1,627
15 » 0,481 0,503
16 » 0,639 0,681
17 » 0,885 0,912
18 » 2,251 2,282
19 » 0,772 0,781
20 » 0,981 0,923
21 » 1,112 1,182
22 » 0,991 1,121
23 » 1,651 1,668
24 » 1,225 1,284

Research on the duration of the preserva-
tion of specific immunoglobulins in milk serum
during transportation and storage at room tem-
perature was conducted. It was established that
the level of the specific signal in positive milk
serum in the ELISA remained unchanged for
7-8 days, after which a decrease was observed,
leading to non-reactivity in low-titer samples
(see Table 2).

Research was also conducted to study the cor-
relation between ELISA with milk and ELISA
with blood serum. Previously, it was established
that ELISA is a specific and sensitive method for
diagnosing brucellosis in cattle. The results of
the mandatory complex of serological tests were
also taken for comparison.

In the first group of animals from a dis-
ease-free farm, 50 cows that had been repeated-
ly vaccinated against brucellosis were selected.
Samples of milk and blood were simultaneously
taken from them shortly after the latest revacci-
nation (1.5 months after).

In the analysis of vaccinated animals using
milk-based ELISA, positive results were ob-
tained in 46 samples (92%), while in ELISA
with blood serum, positive results were obtained
in all 50 samples (100%). Only in four milk sam-
ples, the results were questionable, with positive
results in the blood serum samples, resulting in
a correlation of 92.0% of the examined samples
(see Table 3).

When comparing the results obtained with
traditional blood serum tests, it was found that
only 16 animals showed low titers in the agglu-
tination reaction (AR), which is characteristic of
post-vaccination reactions. The results of com-
plement fixation tests with S antigen and immu-
nodiffusion with O-PS antigen were negative.

This group of animals was vaccinated against
brucellosis, and blood and milk were collect-
ed from them at early non-standard intervals.
Therefore, the positive results in both milk-
based ELISA and blood serum ELISA can be
attributed to the higher sensitivity of the meth-
od. It also becomes evident that milk and blood
from vaccinated animals for immunoenzyme
analysis should be collected after 6 months or
more following vaccination.

39 cows were selected in the second group
of animals, and samples of milk and blood were
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Taoda. 2. Yposens curnana B UOA crenuduieckux npoTHBOOPyLEIUIE3HBIX MIMMYHOITIOO0YIMHOB

MOJIOKA B Pa3JIMYHBIC CPOKU I/IHKY68,I_[I/II/I

Table. 2. Signal level in the ELISA of specific anti-brucellosis immunoglobulins of milk at different

incubation periods

Incubation, Sample number
days 1 2 3 4 5 6 7 8 9 10 11 12
1 1,857 | 0,560 | 0,823 | 0,455 | 2,216 | 0,445 | 1,235 | 1,583 | 1,129 | 1,529 | 0,481 | 0,639
2 1,861 | 0,564 | 0,818 | 0,455 | 2,231 | 0,443 | 1,238 | 1,579 | 1,220 | 1,534 | 0,501 | 0,649
3 1,868 | 0,568 | 0,842 | 0,458 | 2,239 | 0,454 | 1,309 | 1,603 | 1,258 | 1,561 | 0,534 | 0,651
4 1,867 | 0,561 | 0,839 | 0,463 | 2,225 | 0,461 | 1,287 | 1,591 | 1,129 | 1,553 | 0,498 | 0,648
5 1,849 | 0,571 | 0,835 | 0,458 | 2,258 | 0,449 | 1,277 | 1,599 | 1,209 | 1,549 | 0,511 | 0,643
6 1,872 | 0,567 | 0,846 | 0,465 | 2,256 | 0,462 | 1,289 | 1,584 | 1,131 | 1,551 | 0,489 | 0,650
7 1,864 | 0,564 | 0,829 | 0,467 | 2,273 | 0,458 | 1,301 | 1,595 | 1,142 | 1,521 | 0,490 | 0,649
8 1,853 | 0,569 | 0,801 | 0,461 | 2,254 | 0,449 | 1,278 | 1,601 | 1,132 | 1,499 | 0,488 | 0,647
9 1,812 | 0,559 | 0,811 | 0,435 | 2,234 | 0,438 | 1,263 | 1,584 | 1,113 | 1,541 | 0,485 | 0,635
10 1,801 | 0,551 | 0,802 | 0,448 | 2,012 | 0,421 | 1,235 | 1,579 | 1,108 | 1,488 | 0,451 | 0,621
11 1,785 | 0,502 | 0,783 | 0,425 | 1,983 | 0,398 | 1,176 | 1,521 | 0,961 | 1,112 | 0,455 | 0,599
12 1,631 | 0,463 | 0,731 | 0,385 | 1,832 | 0,335 | 0,890 | 1,381 | 0,633 | 0,899 | 0,401 | 0,457
13 1,402 | 0,364 | 0,632 | 0,322 | 1,788 | 0,301 | 0,670 | 1,278 | 0,563 | 0,654 | 0,378 | 0,384
14 1,299 | 0,320 | 0,554 | 0,301 | 1,701 | 0,256 | 0,598 | 1,012 | 0,488 | 0,599 | 0,322 | 0,341

Note. Samples with an ELISA result as unreactive are marked in bold type.

taken simultaneously. This group of animals had
never been vaccinated against brucellosis. As
the research showed, a significant number of dis-
eased animals were detected in the herd, which
was considered unfavorable for brucellosis.

In the unvaccinated population of cattle, pos-
itive results were obtained in 34 out of 39 milk
samples (87.2%) in milk-based ELISA and in 37
out of 38 blood serum samples (97.2%) in ELI-
SA with blood serum. A correlation of 86.8%
was registered in 33 out of 39 examined samples
(see Table 4).

Analyzing the results obtained, it can be con-
cluded that regardless of the epizootic or im-
mune status (disease-free and unfavorable herds,

vaccinated and unvaccinated animals), the cor-
relation between milk-based ELISA and blood
serum ELISA ranges from 86.8% to 92.0%.

CONCLUSIONS

1. It has been established that the en-
zyme-linked immunosorbent assay (ELISA) di-
agnostic test system developed by the Institute
of Experimental Veterinary Science of Siberia
and the Far East (SFECA RAS) in collaboration
with OOO RPC Sibbiotest is suitable for deter-
mining specific anti-brucellosis immunoglobu-
lins in milk serum.

2. It is shown that storage and transportation
conditions of milk samples that result in clotting
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Ta6ua. 3. Pesynprarsl nccie0BaHUS MOJIOKA M CHIBOPOTKH KPOBH Ha BaKIIMHUPOBAHHOM ITPOTHB
Opy1uesesa MoroJioBbe KPYIMHOTO POraToro cKoTa (0aromnonyyHoe cTajo)

Table 3. Results of milk and blood serum testing on brucellosis-vaccinated cattle (healthy herd)

Itl\?(r)n Inventory No. ELISA with milk ELIS[ze\:&Eﬁ blood Other serologic tests
’ Indicator Result Indicator Result AR CBR-S IDR
1 |KZF192340333| 2,272 Positive 1,861 Positive Negative Negative |Negative
2 |KZF191261907| 1,744 » 2,011 | The same » The same |The same
3 |KZF192340331| 2,232 » 2,288 » 50 ME* » »
4 |KZF192340343| 1,565 » 1,960 » Negative » »
5 |KZF192340386| 2,302 » 1,561 » 50 ME* » »
6 |KZF192340334| 1,852 » 2,080 » Negative » »
7 |KZF192359717| 1,828 » 2,148 » » » »
8 |KZF192037298| 0,830 » 2,210 » » » »
9 |KZF192340335| 1,527 » 2,040 » 50 ME* » »
10 |KZF192340328| 1,017 » 2,088 » Negative » »
11 |[KZF192359715| 1,619 » 1,913 » 50 ME* » »
12 |KZF192340382| 0,897 » 1,419 » Negative » »
13 |[KZF191088986| 1,428 » 1,875 » » » »
14 |[KZF191088635| 2,113 » 2,424 » 50 ME* » »
15 |[KZF191088978| 0,770 » 1,866 » 50 ME* » »
16 |KZF192340348| 1,290 » 1,415 » Negative » »
17 |KZF189138202| 1,393 » 2,036 » » » »
18 |[KZF192359721| 2,283 » 2,016 » » » »
19 |[KZF192340395| 1,604 » 2,294 » » » »
20 |KZF191261835| 2,296 » 1,898 » » » »
21 |KZF191089174| 1,342 » 1,874 » » » »
22 |KZF191261922| 1,016 » 2,108 » » » »
23 |KZF190473568| 2,191 » 2,181 » 50 ME* » »
24 |KZF192340332| 0,540 Doubtful 1,558 « Negative « «
25 |KZF189857819| 1,196 Positive 1,771 « 50 ME* « «
26 |KZF192340392| 0,906 » 1,647 » 50 ME* » »
27 |[KZF189211198| 1,959 » 2,191 » Negative » »
28 |[KZF191089171| 1,898 » 2,023 » 50 ME* » »
29 |KZF191089163| 1,001 » 1,536 » 50 ME* » »
30 |[KZF189857842| 0,946 » 2,126 » 50 ME* » »
31 |KZF190096431| 1,729 » 1,935 » 50 ME* » »
32 |[KZF190121536| 2,113 » 2,086 » Negative » »
33 |KZF191261920| 1,955 » 2,364 » 50 ME* » »
34 |KZF192340369| 1,897 » 1,931 » Negative » »
35 |KZF192340387| 1,367 » 1,951 » » » »
36 |KZF192359725| 0,843 » 1,502 » » » »
37 |KZF191089025| 1,615 » 1,900 » 50 ME* » »
38 |[KZF191126039| 1,529 » 2,089 » Negative » »
39 |KZF192367987| 1,908 » 2,258 » » » »
40 |KZF192340381| 0,923 » 1,112 » » » »
41 |KZF189429652| 0,648 Doubtful 1,969 » » » »
42 |KZF192340337| 2,074 Positive 2,223 » » » »
43 |KZF190096491| 1,161 » 1,512 » » » »
44 |KZF191261908| 0,373 Doubtful 1,409 » » » »
45 |KZF191261840( 1,975 Positive 1,914 » » » »
46 |KZF190096500| 1,084 » 2,264 » » » »
47 |KZF189429656| 0,317 Doubtful 1,525 » » » »
48 |KZF190096419| 0,720 Positive 2,043 » » » »
49 |KZF192340336| 0,987 » 1,499 » 50 ME* » »
50 |KZF192368020| 2,212 » 1,967 | No serum Negative » »

* The result of AR 50 IU on brucellosis vaccinated cattle (in a healthy herd) is considered doubtful.

58

Siberian Herald of Agricultural Science ¢ 2023 « 53 « 11

Zootechnics and veterinary medicine



CpaBHuTenpHOE n3y4eHue npumenenns MDA ¢ Mmonokom Jonuenko H.A., Kypenckas H.., CuzoB A.A.,
1 CBIBOPOTKOH KPOBH /7151 IMarHOCTUKM OpyIieiesa KpyImHoro Crebnesa I'M., Cuzos JI.A., BopoGses B.1.
poraroro ckoTa

Taoua. 4. PCSyJ'ILTaTLI HCCJICAOBAaHUS MOJIOKA U CBIBOPOTKH KPOBU HA HC BAKIIMHUPOBAHHOM IIPOTHUB
6pyuenne3a IIOT'OJIOBBC KPYITHOI'O pOraTtoro CKoTa (He6narononquoe CTa,[[O)

Table 4. Results of milk and blood serum testing on bovine cattle not vaccinated against brucellosis
(unfavorable herd)

Sam- ELISA with milk ELISA with blood serum Other serologic tests

ple Inventory No. . .

geL; m- Indicator Result Indicator Result AR CBR-S IDR
1 90097334** 2,139 Positive 2,275 Positive Negative 1:10+++ Negative
2 90097053** 2,292 The same 2,321 The same | 200 ME* 1:20++++ +48 gy
3 90633070** 2,193 » 2,317 » Negative 1:5+++ Negative
4 90097363** 2,274 » 2,357 » 200 ME* 1:20++++ +24 g
5 90097050** 2,146 » 2,322 » 200 ME* 1:20++++ +24 4
6 90097064 ** 2,165 » 2,107 » 50 ME 1:5+++ Negative
7 90097056** 2,132 » 2,151 » 200 ME* 1:10++ »
8 90321543 0,142 Negative 1,208 » Negative Negative »
9 90097357** 2,235 Positive 2,112 » 50 ME 1:20++++ »
10 | 90097337** 2,310 The same 2,401 » 200 ME* 1:20++ +48 u
11 | 90097095%* 2,100 » 2,276 » Negative 1:20++++ Negative
12 | 90097324** 2,293 » 2,311 » 50 ME 1:5++++ «
13 | 90097078** 2,369 » 2,391 » 200 ME ** 1:20++++ +24 g
14 | 90097089** 0,458 Doubtful 1,553 » 50 ME 1:20++++ Negative
15 | 90097079** 2,364 Positive 2,382 » 200 ME* 1:20++++ +24 4
16 90324551 0,072 Negative 0,241 Negative Negative Negative Negative
17 | 90097371%* 2,214 Positive 2,361 Positive 100 ME* 1:20++++ +24 4
18 | 91073268** 0,018 Negative 2,252 The same 50 ME* 1:10++++ +48 gy
19 90097372 1,658 Positive 2,151 » Negative Negative Negative
20 | 90097039** 2,098 The same 2,344 » 100 ME* 1:20+++ »
21 | 90097355%** 2,417 » 2,334 » 200 ME * 1:20++++ »
22 | 90097336%** 2,172 » 2,352 » 200 ME* 1:20++++ +24 4
23 | 90097076** 2,390 » 2,453 » 200 ME* 1:20++++ +24 4
24 | 90633071** 2,178 » 2,372 » 200 ME* 1:20+++ +24 4
25 | 90097331** 2,035 » 2,450 » 50 ME 1:20+++ +24 4
26 | 90097342%%* 2,207 » 2,208 » 50 ME 1:5++++ Negative
27 | 90097333** 2,259 » 2,405 » 100 ME* 1:20++++ +24 g
28 | 90097062** 2,285 » 2,322 » 100 ME** 1:20+++ +48 u
29 | 90097325%** 2,232 Positive 2,358 Positive 50 ME 1:20++++ Negative
30 | 90321801%** 2,302 The same 2,361 The same 50 ME 1 5++++ The same
31 | 90097055** 2,167 » 2,156 » 100 ME* 1:10++ »
32 | 90097362** 2,291 » 2,301 » 50 ME 1:20+++ »
33 | 90321768** 1,903 » 2,325 » 100 ME* 1:10+++ +48 4y
34 | 90097351%** 2,203 » 2,260 » 200 ME* 1:20+++ +24 4
35 90097356 0,670 Doubtful 1,189 » Negative Negative Negative
36 | 90097048** 2,102 Positive 2,325 » 50 ME 1:10++ To xe
37 | 97073220%** 2,207 The same 2,421 » 100 ME* 1:20++++ +24 g
38 | 91073265** 2,238 » 2,322 » 100 ME* 1:20++++ +48 4
39 | 89202667** 2,330 » 2,347 | Not studied | Negative 1:10+++ Negative

* The result of AR 100 IU and above and/or CBR 1 : 5 and above on unvaccinated against brucellosis cattle (in an
unfavourable herd) is considered positive..
** The animals were recognized as sick and sent to slaughter.
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at room temperature do not affect the level of
specific anti-brucellosis immunoglobulins for at
least 8 days. This eliminates the need for a cold
chain during transportation of the milk samples
to the testing site.

3. It has been found that in a vaccinated pop-
ulation of cattle against brucellosis, the cor-
relation between milk-based ELISA and blood
serum ELISA is 92.0%. It should be noted that
milk and blood for ELISA analysis should be
collected after 6 months or more following vac-
cination (according to the instructions).

4. In an unvaccinated population of cat-
tle against brucellosis, the correlation between
milk-based ELISA and blood serum ELISA is
86.8%, with results matching in 33 out of 39
samples.

5. Regardless of the epizootic or immune sta-
tus (disease-free and unfavorable herds, vacci-
nated and unvaccinated animals), the correlation
between milk-based ELISA and blood serum
ELISA ranges from 86.8% to 92.0%.

6. The high correlation percentage provides
grounds for using milk initially for brucellosis
diagnosis, and if positive results are obtained,
then blood can be collected from such animals
for comprehensive brucellosis testing.
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IOOEKTUBHOCTDb IPUMEHEHUA TKAHEBOI'O BUOCTUMVYJIATOPA
INPU BBIPAIIUBAHUHA TEJIOK

<) ITymkapeB U.A., Kypenunosa T.B.

Dedepanvuviii AimaticKkuil HAyYHbllL YyeHmp azpoouomexHoI0cull
bapnayn, Poccus

(<) e-mail: pushkarev.88-96@mail.ru

[IpencraBnensl MaTepuanbl uccienoBanus 3QPEKTUBHOCTH MPUMEHEHHS TKAHEBOTO OHO-
CTUMYJIATOpa B TEXHOJIOTHH BBIPAIIMBAHNS PEMOHTHBIX TEJIOK. DKCIIEPHUMEHT IIPOBENICH B yCIOBHSIX
AnTaiickoro Kpasi Ha YeThIpeX TPYIaxX TeJIOUeK MPHOOCKOTO THIA YePHO-TIECTPOH MOPOIBI KUBOH
maccoit 51,3 &+ 1,48 kr B Bo3pacre 1 mec. B kaxmoit rpymme 0suto o 10 romn. [IpomomkurensHOCTD
ombiTa coctaBuia 18 mec. JKMBOTHBIM KOHTPOJIBHOM IPYIIIBI KaX bl MECSLl BBOAWIN MTOJKOKHO (H-
3HOJIOTMYECKUH pacTBOp: ¢ 1-ro mo 5-it mecsi — B go3e 3,0 mu/ros., ¢ 6-ro mo 11-i mecsity — 6 MI/Tod.,
¢ 12-ro no 15-# mecsi — 12,0 mn/ron. u ¢ 16-ro o 18- mecsiiy — 15,0 mut/roin. Teskam ONBITHBIX TPYIIIT
JIeJTaTi MHBEKIINY TKaHEBOTO OMOCTUMYISATOPA 110 CIEAYIONUM cXeMaM: B 1-i OIBITHOM Tpymie — ¢
1-ro mo 5-i mecsi — B no3e 2,0 Mit/roi., ¢ 6-ro nmo 11-i mecsiy — 4 mir/roin., ¢ 12-ro mo 15-i mecsiig —
8,0 mur/rou. u ¢ 16-ro mo 18-it mecsiiy — 10,0 Mu/Toun.; Bo 2-i ONBITHOM TpyTTie — ¢ 1-T0 10 5-# Mecs — B
no3e 3,0 mi/roi., ¢ 6-ro o 11-# mecsi — 6 Mi/roi., ¢ 12-ro mo 15-i1 mecarn — 12,0 mu/roi. u ¢ 16-ro
o 18-it mecsiy — 15,0 mur/ron.; B 3-it onbITHOM rpymme — ¢ 1-ro mo 5-it mecsiiy — B no3e 4,0 mi/rod.,
¢ 6-to mmo 11-i1 mecsir — 8,0 mur/roi., ¢ 12-ro mo 15-i mecsity — 16,0 mi/roi., ¢ 16-ro mo 18-t mecsiy —
20,0 Mi1/Ton. BHOCTUMYIIATOP U3TOTOBJICH U3 OOCHCKUX OTXOJO0B M CYOTIPOMYKTOB AHTOBBIX OJICHEH.
CxeMa ero MCTOIb30BaHMs, IPUMEHsIeMast BO 2-i OMBITHOW T'PYTINE JKHBOTHBIX, OKa3aJlach Hanboee
3¢ deKTUBHON 1 cIOCOOCTBOBANA TOBBILICHUIO MACCHI Te€a y PEMOHTHBIX TeJIOK 110 14% (p < 0,001),
cpeanecytouHoro npupocta — 10 33% (p < 0,001), abcomorHoro npupocrta — 110 23% (p < 0,001) u
OTHOCUTEIBHOTO mpupocTta — 110 2% (p < 0,05).

KuroueBbie c10Ba: KPYIHbIIA pOraThlil CKOT, pPEMOHTHBIE TEJIKU, TKAHEBBII Mperapar, )KuBas Mac-
ca, abCOIOTHBIN MPUPOCT, CPEAHECYTOUHBII IPUPOCT, OTHOCUTEIBHBII TPHUPOCT, HHTEHCUBHOCTH PO-
cTa

EFFICIENCY OF TISSUE BIOSTIMULANT APPLICATION IN GROWING
HEIFERS

(<)Pushkarev I.A., Kureninova T.V.

Federal Altai Scientific Centre of Agro-BioTechnologies
Barnaul, Russia

(<De-mail: pushkarev.88-96@mail.ru

The materials of research on the effectiveness of tissue biostimulant application in the technology
of breeding replacement heifers are presented. The experiment was conducted in the conditions of the
Altai Territory on four groups of heifers of the Priobsky type of the Black-and-White breed with a live
weight of 51.3 = 1.48 kg at the age of 1 month. Each group had ten heads. The experiment lasted for
18 months. Animals of the control group were injected subcutaneously with physiological solution
every month: from the 1st to the Sth month — at a dose of 3.0 ml/head, from the 6th to the 11th month —
6 ml/head, from the 12th to the 15th month — 12.0 ml/head and from the 16th to the 18th month —
15.0 ml/head. Injections of tissue biostimulant were given to the heifers of the experimental groups
according to the following schemes: in the 1st experimental group — from the 1st to the Sth month — at
a dose of 2.0 ml/head, from the 6th to the 11th month — 4 ml/head, from the 12th to the 15th month —
8.0 ml/head and from the 16th to the 18th month — 10.0 ml/head; in the 2nd experimental group — from
the st to the 5th month — at a dose of 3.0 ml/head, from the 6th to the 11th month — 6 ml/head, from
the 12th to the 15th month — 12.0 ml/head and from the 16th to the 18th month — 15.0 ml/head; in the
3rd experimental group — from 1st to 5th month — at a dose of 4.0 ml/head, from the 6th to the 11th
month — 8.0 ml/head, from the 12th to the 15th month — 16.0 ml/head, from the 16th to the 18th month —
20.0 ml/head. Biostimulant is made of slaughter house tankage and by-products of the antler deer.
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Efficiency of tissue biostimulant application in growing heifers

Pushkarev I.A., Kureninova T.V.

The scheme of its application, used in the 2nd experimental group of animals, was the most effective and
contributed to the increase in body weight in replacement heifers up to 14% (p < 0.001), average daily
gain—up to 33% (p <0.001), absolute gain —up to 23% (p < 0.001) and relative gain —up to 2% (p < 0.05).

Keywords: cattle, replacement heifers, tissue preparation, live weight, absolute gain, average daily

gain, relative gain, growth intensity
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INTRODUCTION

Increasing the growth rate of replacement
heifers allows for a significant reduction in the
time it takes to raise cows, increases the live
weight of first-calving heifers, and results in
higher milk yields in their first lactation. In prac-
tical farming, it is essential to plan for the in-
tensity of heifer growth, which ensures that the
animals achieve live weights corresponding to
breed standards at all age periods [1].

The organization of the replacement heifer
rearing process, where animals are inseminated
at a younger age, and calving occurs at 23-24
months, is a necessary condition for intensive
milk production technology, which enhances
milk productivity and economic indicators of
the farm [2].

The technology for raising replacement heif-
ers, which promotes the expression of the ani-
mals' inherited productive traits, must be eco-
nomically viable. An essential condition for
realizing the genetic potential of animals is the
intensity of their growth [3].

In industrial livestock production, animals
of modern dairy breeds and types are character-
ized by genetically determined high productiv-
ity. At the same time, this makes them excep-
tionally susceptible to the influence of adverse
environmental factors. Therefore, when raising
replacement young stock, it is necessary to cre-
ate optimal conditions for their maintenance and
feeding [4, 5].

Enhancing metabolic processes opens up re-
serve opportunities for increasing agricultural
production without raising feed costs by iden-
tifying factors that contribute to the better uti-
lization of the genetic potential. In this regard,
methods related to the use of biologically active
preparations as means of reducing the adverse
effects of external factors on the organism and
acting as regulators of metabolism to improve
the efficiency of using the basic diet are used.
This approach ensures the development of the
feed base, selection, and genetic engineering [6].

Tissue preparations are among the biological
growth stimulators. The use of biostimulants
has a positive effect on animals (from immune
system correction to stimulation of the body's
enzymatic and hormonal systems). The use of
biogenic stimulants in raising young livestock
contributes to a reduction in feed costs, a de-
crease in the duration of rearing, an increase in
herd survival, and an increase in the industry's
profitability [7-9].

The purpose of the study is to investigate the
effectiveness of using a tissue biostimulator in
the technology of raising replacement heifers.

MATERIALS AND METHODS

The scientific and economic experiment was
conducted in 2020 and 2021 at the Uchhoz Prig-
orodnoe AO in the Industrial District of Barnaul,
Altai Territory, Russia. The experiment scheme
is presented in the table.
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To conduct the experiment based on the
principle of analogs, four groups of replace-
ment heifers were formed, each consisting of 10
heads. When selecting, age (1 month) and live
weight (51.3 £ 1.48 kg) were taken into account.
The duration of the experiment was 18 months.

The material for the tissue biostimulator was
obtained from: uteri with fetuses (2—3 months),
placenta, liver, spleen, mesenteric lymph nodes
and interpleural space, collected under aseptic
conditions during slaughter. The animals were
healthy.

The live weight of replacement heifers was
determined by individual weighing on VEP-X-N
scales with an accuracy of 1 kg, starting from
the 1st month, and then every month during the
growth period, until the replacement young cat-
tle reached the age of 18 months. Based on the
live weight data of heifers in the age dynamics,
the average daily, absolute, and relative weight
gain for each month of growth were calculated
using the generally accepted formula.

The obtained data were subjected to biomet-
ric processing using Microsoft Excel 2016 soft-
ware. The reliability of the experiment results
compared to the control group was calculated
using the #-Student criterion for independent
samples.

CxeMma Hay4HO-XO03SICTBEHHOTO 3KCIIEPUMEHTA
Scheme of the scientific and economic experiment

RESULTS AND DISCUSSION

Rearing replacement young cattle is one of
the most important technological moments in
the dairy cattle industry, as successful rearing
of young cattle is the basis for high production
performance [10]. The dynamics of live weight
of replacement young cattle of the experimental
groups are presented in Fig. 1.

From the analysis of the data presented in
Fig. 1, it can be concluded that the introduction
of a tissue biostimulator in different doses to
replacement young cattle contributed to an in-
crease in live weight at the age of 2 months in
the 1st experimental group by 3.7%, in the 2nd
group by 5.0%, in the 3rd group by 4.9% (p <
0.05). At the age of 3 and 4 months, the heifers
of the 3rd experimental group showed the high-
est live weight, surpassing the control by 7.8%
(» < 0.01) and 9.8% (p < 0.001), respectively.
Animals in the Ist and 2nd experimental groups
in the considered age periods also outperformed
the control by 5.6-9.6% (p < 0.001). At the age
of 5—6 months, the highest live weight was ob-
served in the calves of the 2nd experimental
group, to which the tissue biostimulator was ad-
ministered at a dose of 3 ml/head. By this value,
they exceeded the control by 11.4% (p < 0.001)
and 12.6% (p < 0.001). Heifers of the 1st exper-

Age of replacement heif- | Dose of subcutane- Frequency and interval
Group n Preparation ers at drug administra- | ous injection of the 9 y anc .
. of drug administration
tion, months drug, ml/goal.
Control 10 | Physiological solu- 1-5 3,0 18 times with an inter-
tion 6—11 6,0 val of 30 days
12-15 12,0
16-18 15,0
Experimental:
1-s 10 | Tissue biostimulant 1- 2,0 The same
6-1 4,0
12-15 8,0
16-18 10,0
2-51 10 The same 1-5 3,0 »
6—11 6,0
12-15 12,0
16-18 15,0
3-5 10 » 1-5 4,0 »
6-11 8,0
12-15 16,0
16-18 20,0
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Fig. 1. Dynamics of the live weight of replacement young animals, kg

imental group in terms of live weight at the age
of 5 and 6 months exceeded the animals of the
intact group by 8.8% (p <0.001) and 10.1% (p <
0.001), respectively. The analogs of the 3rd ex-
perimental group exceeded by 11.2% (p <0.001)
and 11.9% (p < 0.001), respectively.

In the age periods of 7-11 months of growth,
the young cattle of the 2nd experimental group
showed the highest live weight, exceeding the
control counterparts by 12.0-13.2% (p < 0.001).
Heifers of the 1st and 3rd experimental groups in
the same age periods had a live weight greater by
9.3-12.8% (p < 0.001) compared to the control.

Animals in the experimental groups at the
age of 12 months exceeded the control group
by 10.2% (p < 0.001), 13.2% (p < 0.001), and
13.4% (p < 0.001), respectively.

The live weight of replacement heifers in the
experimental groups at the age of 13—14 months
was at a higher level compared to similar val-
ues in the control group. In the 1st experimental
group, it was higher by 9-10% (p < 0.001), in
the 2nd group by 13% (p <0.001), and in the 3rd
group by 12% (p < 0.001).

The highest live weight from the 15th to the
18th month of growth was observed in the heif-

ers of the 2nd experimental group, which was
13% (p < 0.001) higher than in the control. In
these age periods, the replacement young cattle
of the 1st and 3rd experimental groups in terms
of live weight exceeded the intact group by
8-13% (p < 0.001).

The indicators for average daily weight gain
of replacement young cattle are presented in
Figure 2. The analysis of the dynamics of aver-
age daily weight gains (see Fig.2) shows that in
the 1-3-month period, the highest average daily
weight gain was observed in the young cattle of
the 3rd experimental group, which was 20% and
16% (p < 0.001) higher than in the control.

For replacement heifers of the 1st and 2nd ex-
perimental groups, daily weight gains during the
1-2-month period increased by 11% and 18%
(p <0.05), and during the 2—3-month period, by
11% and 16% (p < 0.001), respectively, com-
pared to the control. In the 3—4-month period,
the average daily weight gains of replacement
young cattle in the 1st, 2nd, and 3rd experimen-
tal groups exceeded the control by 16-17% (p <
0.001), respectively. The highest growth intensi-
ty in the age periods of 4-5 and 5-6 months was
observed in the heifers of the 2nd experimental
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Fig. 2. Dynamics of average daily increases in the live weight of replacement young animals, g

group, which exceeded the control counterparts
by 21% (p <0.001) and 20% (p < 0.001), respec-
tively. The young cattle of the 1st and 3rd exper-
imental groups also showed the highest average
daily weight gain values, by 15% and 19% (p <
0.001), compared to the control animals.

In the growth periods of 6—8 months, the
highest indicators of average daily weight gain
were observed in the young cattle of the 2nd ex-
perimental group, which exceeded the control
group by 7-33% (p < 0.001). Replacement heif-
ers of the 1st and 3rd experimental groups also
outperformed the intact animals by 4-29% (p <
0.001) in terms of these indicators. In the growth
periods of 7—12 months, the animals of the 3rd
experimental group showed the highest growth
intensity, surpassing the control by 11-22% (p <
0.001). Animals of the 1st and 2nd experimental
groups also outperformed the control by 9-17%
in the same age periods.

The value of average daily weight gain for
heifers of the 2nd and 3rd experimental groups
at the age of 12 to 14 months was 8-17% (p <
0.001) higher compared to the control. For the
young cattle of the Ist experimental group, the
average daily weight gains in the considered age

periods were at a higher level, up to 12% (p <
0.001), than in the control group. From the 14th
to the 18th month of growth, the average daily
weight gains in the animals of the experimen-
tal groups exceeded the control by 2-18% (p <
0.01).

The mechanism of action of the obtained bio-
genic stimulators is based on the biological activ-
ity of the substances they contain (amino acids,
peptides, nucleic acids, polysaccharides, phos-
pholipids, vitamins, microelements, etc.). They
stimulate the reactions of cellular and humoral
immunity, increase non-specific resistance of the
body, activate metabolic processes, and have an-
tioxidant and stress-protective effects. The main
role in the mechanism of action of tissue prepa-
rations is assigned to the neurohumoral and hu-
moral systems, the basis of which is the central
nervous system and the hypothalamic-pituitary
complex. It has been established that the main
role in changing the body's resistance to exter-
nal influences belongs to the nervous system,
its adaptive-trophic function. The hypothalam-
ic-pituitary complex regulates neuroendocrine
activity and maintains the body's homeostasis
[11,12].

300TEXHUS U BETEPUHAPHS

CuOHpPCKUiT BECTHHK CEITbCKOX03HCTBEHHOM Hayku * 2023 ¢ 53 « 11 67



Efficiency of tissue biostimulant application in growing heifers

Pushkarev I.A., Kureninova T.V.

The anabolic nature of metabolism during
the period of rapid growth leads to changes and
redistribution of major metabolic flows towards
tissue-building processes [13, 14]. When tissue
biostimulators are used, there is an activation
of metabolic processes. This occurs because the
primary point of action of tissue preparations
is the reception of conversion of mechanical,
chemical, and other irritants into nervous sig-
nals, directly related to the central nervous sys-
tem and all links of the neurohumoral apparatus,
which determine the diversity of physiological
manifestations of the stimulating substrate's ac-
tion [15].

CONCLUSION

The use of tissue biostimulators in the tech-
nology of rearing replacement heifers contribut-
ed to the increase in their growth intensity. The
best results were achieved by the heifers of the
2nd experimental group, to which the tissue bio-
stimulator was administered at a dose of 3.0 ml/
head from the 1st to the Sth month of growth,
6.0 ml/head from the 6th to the 11th month, 12.0
ml/head from the 12th to the 15th month, and
15.0 ml/head from the 16th to the 18th month.
This led to an increase in live weight by 14% (p
<0.001), average daily weight gain by 33% (p <
0.001), absolute weight gain by 23% (p <0.001),

and relative weight gain by 2% (p < 0.05).
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BUOTEXHOJIOTAH TYTOBOTO IIEJKOMPSIIA KAK BA3UC
BUOWHYCTPUAJLHOMN MJIAT®OPMBIL. YYUIIEHUS HA DTANE
BOCXOJSIIEIO IMPOLIECCA (USP)
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MortekynsipHast HHXCHEPHUS — 9TO METOJI HHKEHEPUH «CHU3Y BBEPX» JUIsl CO3/1aHusl (YHKIIMOHAIIb-
HBIX MaTe€pHajoB U YCTPOICTB C MCIIOIb30BAHNEM MOJIEKYJI M aTOMOB B KA9€CTBE CTPOUTEIHHBIX OJI0-
xoB. B 2000 r. SlmoHms crana mepBoi CTpaHO# B MUpE, KOTOpas TeHeTHYECKH MOIU(DUITUpOBAIa Ty-
ToBOTO menkonpsifaa (Bombyx mori, nanee B. mori). llocnenyroriee 3a 3TUM pa3BUTHE UCCIIETOBAHHHA
B 001acTH pa3pabOTKH HOBBIX MaTepUalIOB PACIIMPUIA BO3MOXKHOCTH HCIIOJIB30BAHUS MPOLYKLUU
LIETIKOBOJICTBA, XapaKTepu3ys 3Ty CUTYyallMIO KaK «PEBOJIIOLIMA B 1IENKOBOACTBEY. B Poccuiickoi ®e-
JIepaliui MOJIEKYIISIpHAs MHKEHEpHsI B HayKax O KM3HU HaIlpaBJieHa Ha pelIeHne 3a1a4 1o pa3paboTke
TEXHOJIOTHIECKUX TIaT(hOpM MHPOBOTO YPOBHS C LEIBIO CO3JaHMSI HHCTPYMEHTOB ISl TIOJTYYCHHS
HOBBIX MOJIEKYIN (OHMOITOIUMEPOB, OEIKOB, (DEPMEHTOB), OMOMIPOAYKTOB, KIIETOK U OpraHn3MOB. M3y-
YeHBI OCHOBHBIC ITOJIXO/IbI «CHH3Y BBEPX», MPUMEHsSEMbIe Ha dTare Bocxossmiero mporecca (USP)
B IIEJIKOBOJCTBE JJISl YAyUIIEeHUs] POU3BOJCTBEHHO-3KOHOMUYECKHX MOKa3aTeNle U KaueCTBEHHBIX
XapaKTEePHUCTHK ChIPbs. Pa3HOOOpa3ue croco0oB ymydlleHus BKIIOYAET: NCTIOJIb30BAHNUE HCKYCCTBEH-
HOW TUTATeNLHON CpeNbl; MOJICKYIISIPHYIO WH)KCHEPHIO, OCHOBAHHYIO Ha METOJaX TPaH3WEHTHOM
9KCIPECCHH W CTaOMIBHOM TpaHC(OpMaIu 3apOABIIIEBOI JTHHNN; TECHETHYECKHUE METO/IbI CEeNeK-
[MHW; yOpaBJeHHe pasMHOXeHneM u jap. [IpenMyimmectsa TyToBoro menkonpsiga (B. mori): HU3Kas
CTOMMOCTPH pa3BeCHUS, 3HAYUTEIBHO 0OJIee BBHICOKHIA BBIXOJ MPOMYKIIUH TI0 CPABHEHUIO C JIPYTH-
MH CHCTEMaMH JKCIIpecCcuH Oelika — CIOCOOCTBYIOT €ro HCIIOIb30BaHHIO B KadecTBe d(PQeKTUBHO-
rO MPOAYICHTa PEKOMOMHAHTHBIX OCJIKOB, aHTUMHKPOOHBIX MENTHIO0B U OHOJOTMUECKH aKTHBHBIX
BeriecTB. bruorexnonoruu stana USP mo3BoMSIOT MOMyYaTs HOBBIE BUABI CHIPHS /TS TIOCTIEIYIOIIETO
npeoOpazoBanus B HUCXomsmeM mporiecce (DSP) mis momydeHuss TImpoKoTo CIEeKTpa MPOTyKTOB,
CIOCOOCTBYIOIINX YITYYIIEHUIO Ka4eCcTBa XU3HM Jrofei. Komriekc OMOTEXHOMOTHIECKUX PEelIeHN
COCTaBIISIET COBPEMEHHBII 0a3UC OMOWHAYCTPHUATHHON TIATQOPMBI TYTOBOTO HISITKOIPSIIA.

KiiroueBble cji0Ba: TyTOBBII HISTKONPS, HCKyCCTBEHHAS MUTAaTEIbHAS CPEAa, MOJICKYJIIpHAs MH-
JKEHEpUsl, PEeKOMOMHAHTHBIC OCIKH, aHTUMUKPOOHBIE TTETITH/IbI

MULBERRY SILKWORM BIOTECHNOLOGY AS THE BASIS
OF A BIOINDUSTRIAL PLATFORM. IMPROVEMENTS
ON THE UPSTREAM PROCESSING STAGE (USP)

<) Yumatov E.N.!, Evlagina E.G.!, Deyev L.E.%, Evlagin V.G.!, Leinweber E.F.!

IScientific and Research Station of Silkworm Breeding —
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Zheleznovodsk, Stavropol Territory, Russia

2Shemyakin—Ovchinnikov Institute of Bioorganic Chemistry of the Russian Academy of Sciences
Moscow, Russia

(<)e-mail: trast1207@mail.ru

Molecular engineering is an upstream engineering method for creating functional materials and
devices using molecules, and atoms as building blocks. In 2000, Japan became the first country to
genetically modify silkworms (Bombyx mori, hereinafter referred to as B. mori). The subsequent
research in the development of new materials expanded the possibilities of using sericulture products,
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characterizing this situation as a "sericulture revolution". In the Russian Federation, molecular
engineering in life sciences is aimed at solving the tasks of developing world-class technological
platforms to create tools to produce new molecules (biopolymers, proteins, enzymes), bioproducts,
cells and organisms. The main "bottom-up" approaches applied in the upstream process (USP) stage
of silk production to improve the production and economic performance and quality characteristics
of raw materials have been studied. The variety of improvement methods includes: the possibility of
using artificial nutrient medium, molecular engineering based on transient expression techniques or
stable germline transformation, genetic selection methods, breeding management, etc. The advantages
of the mulberry silkworm (B. mori) such as low breeding costs, significantly higher production yield
compared to other protein expression systems, favor its use as an effective producer of recombinant
proteins, antimicrobial peptides and biologically active substances. USP stage biotechnologies enable
the production of new raw materials for downstream processing (DSP) to produce a wide range of
products that contribute to improving the quality of human life. A set of biotechnological solutions
forms the modern basis of the mulberry silkworm bioindustrial platform.

Keywords: mulberry silkworm, artificial nutrient medium, molecular engineering, recombinant
proteins, antimicrobial peptides
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INTRODUCTION sented®. The analysis of the mulberry silkworm
genome project systematically demonstrated
key genes related to economic traits, growth,
development, sex regulation, and mulberry silk-
worm disease resistance. An international re-
search group led by Southwest University (State

Key Laboratory of Silkworm Genome Biology,

Being the only fully domesticated species of
invertebrate, B. mori has the potential to help
understand the similarities and differences in
numerous processes, including domestication in
vertebrates and plants. Domestication of mul-
berry silkworm has affected various characteris-

tics, such as the cocoon shell weight: in B. mori,
it is 0.5 g, which is 10 times more than in B.
mandarina (wild mulberry silkworm) — 0.04—
0.07 g'[1].

In 2004, a preliminary genome sequence of
the domesticated mulberry silkworm was pre-

Chongqging Engineering and Technology Re-
search Center for Novel Silk Materials, Chongq-
ing 400716) completed an accurate mulberry
silkworm genome map in 2008° and a map of
genetic information variability in 40 silkworm
genomes in 2009*as part of international coop-

'Omura S. Research on the behavior and ecological characteristics of the wild silkworm, Bombyx mandarina // Bull. Seric. Exp. Sta. Jpn. 1950,

vol. 13, pp. 7-130.

“Xia Q. et al. A draft sequence for the genome of the domesticated silkworm (Bombyx mori) // Science. 2004. DOI: 10.1126/ science.1102210.

’International Silkworm Genome Consortium et al. The genome of a lepidopteran model insect, the silkworm Bombyx mori // Insect biochemistry
and molecular biology, 2008, vol. 38, N 12, p. 1036-1045. DOI: 10.1016/j.ibmb.2008.11.004.

‘Xia Q., Guo Y, Zhang Z., Li D., Xuan Z., Li Z., Wang J. Complete resequencing of 40 genomes reveals domestication events and genes in
silkworm (Bombyx) // Science, 2009, vol. 326, N 5951, pp. 433—436. DOI: 10.1126/science.1176620.
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eration implementing the "Three-step Silkworm
Genome Project."

Transgenic technology has been widely used
in fundamental research on mulberry silkworms
and in the creation of industrial materials, espe-
cially in improving silk production and quality,
enhancing antiviral genetic characteristics, and
in research and development of bioreactors,
which accelerated the introduction of genetical-
ly modified materials [2].

The "bottom-up" materials design opens up
significant possibilities for creating predictable
functional results. Recombinant DNA technolo-
gy provides a systematic approach to replicating,
modifying, and evaluating peptide combinations
of silk core structure, and then to biosynthesiz-
ing polymers based on silk according to a given
design. Post-biosynthesis processing allows for
the use of another dimension of material design
through controlled or auxiliary assembly. Inte-
gration of biosynthesis, processing, multiscale
modeling, and experimental testing provides
a path to creating de novo silk-based materials
with individual properties [3].

The research goal is to systematize current
information on a set of improvements used in
the upstream processing stage (Upstream Pro-
cessing — USP) to obtain new options for silk
production raw materials and products.

MATERIAL AND METHODS

Derived products of B. mori (larvae (caterpil-
lars), cocoon shells, pupae) include antimicrobi-
al peptides (AMP); chitin and chitosan; various
silk variants: with improved characteristics (a
combination of reliable mechanical properties
and high biocompatibility), recombinant silk (re-
combinant spidroin), and artificial super-strong
silk (superior to natural spider silk). The mulber-
ry silkworm itself serves as a platform for a fast
and cost-effective process of obtaining recom-
binant proteins, including monoclonal antibod-
ies and vaccines. These products will find wide
application in Russia as a functional biomaterial
for drug and gene delivery, chemotherapy drug
delivery, wound healing, tissue engineering,
flexible electronics, bio-inks for 3D bioprint-
ing, cosmetics and nutraceuticals, catalysts, and

morc.

RESULTS AND DISCUSSION

Methods of improvement

Baseline improvement —
artificial nutrient medium

The development of B. mori biotechnologies
currently cannot proceed without the use of arti-
ficial nutrient medium (ANM or artificial diet),
which allows for the mitigation of seasonality
factors in the cultivation of silkworms using
mulberry leaves. For countries with a temperate
climate, including the Russian Federation (RF),
this improvement is crucial, as the traditional
method of silkworm rearing only allows for two
rounds of feeding during the summer-autumn
period. The population density of silkworms
grown on ANM is almost 2-3 times higher than
when cultivated on mulberry leaves, significant-
ly reducing the total production area required for
cultivation. Substantial reduction in labor costs
for cultivation significantly improves production
process indicators, and further scale-up allows
for achieving economies of scale. In the scien-
tific field, ANM intensifies research work with
subsequent commercialization of its results.

In 2023, the Silkworm Research Station is
working on developing its own composition of
an artificial diet, which includes mulberry leaf
powder, as well as other components from plant
raw materials. Susceptibility to the artificial diet
was tested on over 40 strains of nine geographi-
cal groups from the living collection of the Silk-
worm Research Station of domestic and foreign
collections. Test feedings of caterpillars, origi-
nally planned as screening for susceptibility to
ANM for silkworm strains and for subsequent
work with selected strains, showed that most
strains exhibited a pronounced response to this
type of nutrient medium. High viability rates
during cultivation on ANM were demonstrated
by 60% of the strains in the biocollection.

Solving one of the fundamental key tasks in
developing and creating a functional ANM that
allows for year-round scientific research work
with mulberry silkworms and, with subsequent
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optimization of the cultivation process, signifi-
cantly reduces the gap between Russia and lead-
ing countries in the field of mulberry silkworm
biotechnology: Japan, China, and the USA.

Molecular engineering. B. mori transgenesis

Transient (viral) expression

The domesticated silkworm B. morirepresents
an insect model of great scientific and economic
value. Besides establishing stable transformation
of the embryonic line using the PiggyBac vector,
technically feasible methods for gene delivery
in vivo and transient gene expression using viral
vectors, especially Sindbis viruses and baculo-
viruses, have been developed. The recombinant
baculovirus, the multiple nucleopolyhedrovirus
Autographa californica (AcMNPV), typically
used for large-scale protein production in per-
missive cell lines or insects, was used for trans-
ferring foreign genes into specific peptidergic
cells of B. mori in vivo’. However, a drawback
of using in vivo AcMNPV is its pathogenic ef-
fects on mulberry silkworms. Larvae or pupae
of sensitive strains usually die within 1-2 weeks
after AcCMNPYV injection. These developmental
changes in larvae were prevented by disrupting
the nonessential early gene encoding ETG®’. As
targeted gene expression is essential for func-
tional analysis of neuropeptide genes and their
receptors, baculovirus-mediated gene transfer
can serve as a reliable approach in reverse ge-
netic studies of mulberry silkworms. Gene trans-
fer methods and other reverse genetics methods
provide powerful tools for functional analysis of
genes and their products, as well as for eluci-
dating the molecular mechanisms underlying a
wide range of biological processes. Successful

transgenesis of an additional insect species, B.
mori, opens up new prospects in fundamental
and applied research. One of the promising ap-
proaches to studying gene functions is transient
expression of foreign genes using viral vectors.
In these cases, somatic transformation, trans-
genes do not stably integrate into the host ge-
nome, and the successful gene transfer depends
on the virus's ability to infect target tissues of the
permissive host. Simple injection of a viral con-
struct into the host at any stage of development
provides excellent opportunities for introducing
various genes or molecular markers into target
cells or tissues and studying the functional out-
comes of their expression. Thus, viral systems
are relatively simple and efficient tools for re-
porter analysis or physiological and behavioral
analyses (see footnote 5).

Sindbis Virus (SINV) is currently used as a
highly effective transducing agent in insect bi-
ology. However, SINV-mediated expression of
ectopic genes or RNA interference may be lim-
ited by tissue tropism during viral infection. For
example, some organs in B. mori, such as the
gonads, Malpighian tubules, and larval epider-
mis, are resistant to SINV infection®. There are
also limitations to SINV-based vectors, includ-
ing instability of recombinant clones after multi-
ple passages in cultured cells’. Furthermore, the
virus infects mammalian cells, making SINV in-
fection potentially hazardous to humans.

The first successful introduction of genes into
B. mori was achieved using recombinant BmSN-
PV-mediated in vivo expression of genes. The
expression of the chorion genes (BmSNPV - B.
morinuclear polyhedrosis virus) is controlled by
their own regulatory elements. Infection of mul-
berry silkworm pupae with a recombinant virus

SDaubnerovd ., Roller L., Zititan D. Transgenesis approaches for functional analysis of peptidergic cells in the silkworm Bombyx mori // General
and comparative endocrinology, 2009, vol. 162, N 1, pp. 36-42. DOI: 10.1016/j.ygcen.2008.11.028.

SShikata M., Shibata H., Sakurai M., Sano Y., Hashimoto Y., Matsumoto T. The ecdysteroid UDP-glucosyltransferase gene of Autographa
californica nucleopolyhedrovirus alters the moulting and metamorphosis of a non-target insect, the silkworm, Bombyx mori (Lepidoptera,
Bombycidae) // Journal of general virology, 1998, vol. 79, N 6, pp. 1547-1551. DOI: 10.1099/0022-1317-79-6-1547.

"Guo T.Q., Wang J.Y., Guo X.Y., Wang S.P,, Lu C.D. Transient in vivo gene delivery to the silkworm Bombyx mori by EGT-null recombinant
AcNPV using EGFP as a reporter / Archives of virology, 2005, vol. 150, pp. 93-105. DOI: 10.1007/s00705-004-0383-y.

SUhlirova M., Foy B.D., Beaty B.J., Olson K.E., Riddiford L.M., Jindra M. Use of Sindbis virus-mediated RNA interference to demonstrate a con-
served role of Broad-Complex in insect metamorphosis // Proceedings of the National Academy of Sciences, 2003, vol. 100, N 26, pp. 15607-15612.

DOI: 10.1073/pnas.2136837100.

°Foy B.D., Myles K.M., Pierro D.J., Sanchez-Vargas 1., Uhlifova M., Jindra M., Olson K.E. Development of a new Sindbis virus transducing
system and its characterization in three Culicine mosquitoes and two Lepidopteran species // Insect molecular biology, 2004, vol. 13, N 1, pp. 89-100.

DOI: 10.1111/1.1365-2583.2004.00464..x.
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led to transient and tissue-specific chorion ex-
pression'’. I. Daubnerova et al. (2009) used the
convenient Bac-to-Bac ® baculovirus expres-
sion system (Invitrogen) to introduce genes and
transient genetic manipulations into permissive
strains of mulberry silkworm to elucidate ques-
tions regarding neuropeptide signaling required
for normal development and behavior (see foot-
note 5).

B. mori larvae have been used for decades as
bioreactors for producing recombinant proteins.
In 1985, S. Maeda et al. reported the production
of human alpha-interferon (IFN-a) in the hemo-
lymph of mulberry silkworm larvae using BmN-
PV (Bombyx mori nucleopolyhedrovirus) con-
taining the gene encoding human alpha-inter-
feron, controlled by the polyhedrin promoter!'.
Many eukaryotic proteins have been expressed
in B. mori larvae and purified. In general, the
level of expression of recombinant proteins in
silkworm larvae is higher than in insect and ani-
mal cell cultures.

The BmNPV bacmid system, constructed by
Motohashi et al. in 2005'2, requires only the in-
jection of BmNPV bacmid DNA into mulberry
silkworm larvae and pupae, which provides rap-
id expression of recombinant proteins as it elim-
inates the need to prepare a baculovirus solution
by transfection compared to the baculovirus
expression system using cultured cells. Further-
more, this BmNPV bacmid system significantly
reduces the time required for recombinant pro-
tein production through expression in mulber-
ry silkworms. To improve protein expression,
modified BmNPV bacmids were constructed:
the BmNPV-CP bacmid, a hybrid nucleopolyhe-
drovirus (HyNPV)" bacmid.

Among the available expression systems
are Escherichia coli (E. coli), eukaryotic cells,

including mammalian cells (e.g., human 293
cells, CHO hamster cells, etc.), and yeast (e.g.,
Pichia pastoris, Saccharomyces cerevisiae,
etc.). The baculovirus expression vector system
(BEVS) has many advantages for expressing
these proteins, including high expression levels
using strong promoters (polyhedrin and P10),
post-translational modifications similar to those
generated in mammalian cell expression sys-
tems, and lower costs compared to them.

The B. mori expression system is a BEVS
in which silkworms are used as bioreactors for
producing recombinant proteins instead of cell
lines. However, the construction, amplification,
and purification of recombinant BmNPV virus
using silkworm cell lines require a lot of time
and specialized methods, as well as the AcNPV
system (Autographa californica nucleopolyhe-
drovirus, a hybrid virus AcMNPV). As a solution
to this problem, virus-free transgenic silkworm
technology is available for stable expression of
recombinant proteins'.

A. Usami et al. (2011), using a hybrid bacu-
lovirus system, compared the expression of 45
recombinant proteins from six categories using
two models: mulberry silkworm (larvae and pu-
pae) and the Sf9 cell line. In total, 45 proteins
were successfully expressed; obtaining a hybrid
baculovirus was unsuccessful for one protein,
and two proteins did not express. A similar ex-
pression pattern was observed in both mulberry
silkworm cells and Sf9 cells, with double and
multiple bands detected in immunoblotting of
precipitates from both hosts. Degraded proteins
were only found in the mulberry silkworm sys-
tem, especially in the larvae. Obtaining mul-
berry silkworm larvae (caterpillars) was more
efficient, with one silkworm producing approxi-

atrou K., Meidinger R.G. Tissue-specific expression of silkmoth chorion genes in vivo using Bombyx mori nuclear polyhedrosis virus as a
transducing vector // Proceedings of the National Academy of Sciences, 1990, vol. 87, N 10, pp. 3650-3654. DOI: 10.1073/pnas.87.10.3650.

"Maeda S., Kawai T., Obinata M., Fujiwara H., Horiuchi T, Saeki, Y., Furusawa M. Production of human a-interferon in silkworm using a

baculovirus vector // Nature, 1985, vol. 315, N 6020, pp. 592-594.

2Motohashi T., Shimojima T., Fukagawa T., Maenaka K., Park E.Y. Efficient large-scale protein production of larvae and pupae of silkworm by
Bombyx mori nuclear polyhedrosis virus bacmid system // Biochemical and biophysical research communications, 2005, vol. 326, N 3, pp. 564-569.

DOI: 10.1016/j.bbrc.2004.11.060.

BKato T., Kajikawa M., Maenaka K., Park E.Y. Silkworm expression system as a platform technology in life science //Applied microbiology and
biotechnology, 2010, vol. 85, pp. 459-470. DOI: 10.1007 / s00253-009-2267-2.

“Kajikawa M. Silkworm Baculovirus expression system for molecular medicine //Journal of Biotechnology & Biomaterials, 2012, vol. 9, N 01,

p. 1. DOI: 10.4172/2155-952X.59-005.
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mately 70 times more protein than 106 Sf9 cells
in 2 ml of culture medium®.

The development and improvement of bac-
ulovirus-based expression systems continue
to this day. For example, H. Yagi et al. (2020)
presented data on the development of a previ-
ously established method for isotopic labeling
of glycoproteins for nuclear magnetic resonance
(NMR) studies using mulberry silkworm larvae
raised on an artificial diet [4]. J. Wei et al. (2022)
presented the results of creating a new baculo-
virus expression system — mulberry silkworms,
in which the inoculation of purified occlusion
bodies was proposed by direct spraying them
onto mulberry leaves for large-scale industrial
production [5].

Stable transformation of the embryonic line
(transgenesis)

The PiggyBac transposon-based vector has
been successfully used for the transformation of
B. mori. The transgene was stably transmitted to
the next generation through normal Mendelian
inheritance'é. One popular method for obtain-
ing transgenic mulberry silkworms is injection,
obtained from a PiggyBac transposon plasmid
with a target construct into silkworm eggs. Sev-
eral recombinant proteins are expressed in the
mulberry silkworm's silk gland and produced in
cocoons at levels ranging from one to several
hundred milligrams per microgram of cocoon
mass. Transgenic silkworm technology can be
used to modify host strains for the baculovirus
expression system. There are two different meth-
ods for using transgenic silkworms. One is the
expression of beneficial genes for the produc-
tion of recombinant proteins, such as molecular
chaperones and enzymes that modify proteins,
regardless of their origin. The other method is
the suppression or knockout of harmful genes

using RNA interference or gene targeting (see
footnote 13).

Mulberry silkworm has the ability to synthe-
size a large amount of silk proteins in its silk
gland. The mechanism of silk protein synthesis
has been widely studied at the molecular level'”
18 Silk consists of two proteins called fibroin
and sericin. Fibroin is the main component of
silk fibers, while sericin is a kind of sticky pro-
tein that covers the surface of the fibers. Fibroin
accounts for about 75% of all silk proteins and is
produced in the posterior silk gland (PSG). The
remaining 25% is sericin, which is synthesized
in the middle silk gland (MSG). Fibroin con-
tains three different proteins, called heavy (H)
and light (L) chains of fibroin, as well as fibro-
hexamerin (FHX), produced in a molar ratio of
6:6:1, respectively'’. The character of silk as a fi-
ber is determined by the large H-chain of fibroin,
with a molecular weight of 350-400 kDa. The
L-chain of fibroin and FHX are small proteins
with a molecular weight of about 25 kDa.

The system for obtaining recombinant pro-
teins in transgenic mulberry silkworms utilizes
the silk synthesis system in the silk gland and
the silk genes, which are highly expressed in
the silk gland. So far, for the production of PSG
(posterior silk gland), production systems using
the L- and H-chains of fibroin and FHX genes
have been used. In MSG (middle silk gland),
two different systems using the sericin 1 gene
have been developed, each with its own advan-
tages and disadvantages depending on the pur-
pose of protein production. Proper selection of
the production system for recombinant protein
is required for the appropriate use of transgenic
silkworms. The systems can be categorized as
follows: recombinant protein production system
using the L-chain of fibroin gene, GAL4/UAS
binary transgene expression system, FHX gene

SUsami A., Ishiyama S., Enomoto C., Okazaki H., Higuchi K., Ikeda M., Nagaya H. Comparison of recombinant protein expression in a
baculovirus system in insect cells (Sf9) and silkworm // The journal of biochemistry, 2011, vol. 149, N 2, pp. 219-227. DOI: 10.1093/jb/mvq138.

YTamura T., Thibert C., Royer C., Kanda T., Eappen A., Kamba M., Couble P. Germline transformation of the silkworm Bombyx mori L. using
a PiggyBac transposon-derived vector // Nature biotechnology, 2000, vol. 18, N 1, pp. 81-84. DOI: 10.1038/71978.

"Mizuno S. Regulation of fibroin gene expression and secretion of fibroin in the silk gland //Seikagaku. The Journal of Japanese Biochemical

Society, 1987, vol. 59, N 12, pp. 1308-1320.

" Julien E. Silk gland development and regulation of silk protein genes /Comprehensive molecular insect science, 2005, vol. 2, pp. 369-384.

YInoue S., Tanaka K., Arisaka F., Kimura S., Ohtomo K., Mizuno S. Silk fibroin of Bombyx mori is secreted, assembling a high molecular mass
elementary unit consisting of H-chain, L-chain, and P25, with a 6: 6: 1 molar ratio //Journal of Biological Chemistry, 2000, vol. 275, N 51, pp.

40517-40528. DOI: 10.1074/jbc.M006897200.
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expression system, recombinant protein produc-
tion system using the H-chain of fibroin gene,
expression system involving the sericin 1 gene
promoter, BmNPV iel gene, and hr enhancer se-
quence?®.

Transgenic mulberry silkworms can be used
as bioreactors for the production of recombi-
nant proteins. They can be easily obtained by
using the PiggyBac DNA transposon as a vec-
tor through the injection of helper and vector
plasmid DNA into eggs immediately after egg
laying. Recombinant protein production sys-
tems have been constructed using silk genes
expressed in the silk gland. The PSG expres-
sion system is suitable for producing genetical-
ly modified silk. Silk obtained from transgenic
silkworms can be used to produce tissues and
biomaterials for medical purposes. The MSG
system is suitable for the production of recom-
binant proteins that can be used for pharmaceu-
tical purposes. The latter system can yield up
to 4 mg of recombinant protein per silkworm.
Transgenic silkworms have several important
properties that make them good candidates for
use as bioreactors. Silk glands represent a high-
ly efficient system for producing large quantities
of proteins, with a production capacity of over
500 mg of silk protein per larva. In addition, the
larval fat body can synthesize about 100 mg of
hemolymph/larva protein. Other advantages in-
clude the low cost of raising silkworms in a short
time, which is required to obtain transgenic silk-
worms (60 days) [6].

B. mori genetic manipulation technologies
include transposon-based technologies, gene in-
tegration technologies (insect DNA-type trans-
posons and site-specific recombination), gene
expression technologies (heat-inducible expres-
sion system), Gal4/upstream activating sequence
expression system, tetracycline-inducible/tet-
racycline-off expression system, gene silencing
technologies based on transgenic RNA interfer-
ence, and trap gene and enhancer technologies.
Genome editing technologies include zinc finger

nucleases (ZFNs), transcription activator-like
effector nucleases (TALENs), and clustered
regularly interspaced short palindromic repeats
(CRISPR)/CRISPR-associated 9 (CRISPR/
Cas9) [7].

Y. Wang et al. (2015) successfully construct-
ed the MGES (multigene expression system),
which allows the generation of silk with two
or more additional valuable functions, such as
wound healing and antibacterial activity, bio-
compatibility and tissue regeneration, or high
strength and durability due to the co-expres-
sion of multiple functional genes [8]. Z. Li et
al. (2022) presented data on the creation of a
targeted expression system using targeted inser-
tion mediated by a transcription activator-like
effector nuclease (TALEN), which allows the
production of up to 3.1% (mass/mass) EGFP
protein in the cocoon shell. Using this strategy,
the production of an important human epider-
mal growth factor (hEGF) was significantly in-
creased in both middle silk glands and cocoon
shells, more than 15 times higher than canonical
PiggyBac-based transgenesis [9].

The gene that needs to be introduced into the
mulberry silkworm is injected into the egg imme-
diately after the butterfly lays the eggs. Upon in-
jection, it integrates into the chromosomal DNA
of the mulberry silkworm. Larvae hatched from
the eggs reproduce into adult individuals, and
inheritance occurs in the next generation after
mating and egg laying with injected silkworms.
Selected transgenic silkworms are used to repro-
duce new lines of transgenic animals capable
of passing on genetic information. Offspring of
recombinant silkworms can be obtained indef-
initely. For this reason, a single injection into
silkworm eggs (germs) is sufficient?’. N. Yama-
da et al. (2023) developed a gene engineering
injection method for diapausing strains of silk-
worms using dimethyl sulfoxide (DMSO). The
method is easy to perform and reliable, allowing
its application to various diapausing strains of
silkworms, including hybrid combinations of

NTatemastu K., Sezutsu H., Tamura T. Utilization of transgenic silkworms for recombinant protein production //J Biotechnol Biomaterial S, 2012,

vol. 9, pp. 1-8. DOI: 10.4172/2155-952X.S9-004.

2Nobuo Kuwabara. Breeding of Genetically Modified Silkworms by Sericulture Farmers /Bulletin of the" SEKAITO"-Silk Powered Innovation
Incubator of the Gunma Prefectural World Heritage Center / Gunma Prefectural World Heritage Center "The power of raw silk to change the world"
Institute, 2022, N 2, pp. 25-34. https://www.sbj.or.jp/wp-content/uploads/file/sbj/9306/9306  tokushu_2.pdf.
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Japanese, Chinese, European origins, and mu-
tant bivoltine and polyvoltine strains [10].

Genetic methods of selection
and sex regulation

Reproduction management of B. Mori

By using parthenogenetic clones as mothers
and crossing them with strains marked by sex,
clonal-breed hybrids with 100% purity can be
obtained. In Uzbekistan, hybrids of strains APK
x C-5, 9PK x C-5, 9PK x C-10, parthenogenet-
ic clones, and sex-determined color egg strains
of mulberry silkworms, created artificially as a
means of silkworm reproduction management,
outperformed control hybrids in terms of repro-
ductive parameters and viability [11].

Ablation

For the genetic engineering of mulberry silk-
worms, microinjection of genetic material into
eggs without diapause is required. Besides the
fact that diapause can be useful for maintaining
transgenic lines, a drawback of this technology
is that most standard silkworm strains and ex-
perimental lines produce diapausing eggs. N.
Yamada et al. (2022) investigated ablation (re-
moval of a biological structure or functionality,
genetic ablation being another term referring to
the suppression of gene expression, where gene
expression is canceled by changing or deleting
genetic sequence information) of the subesoph-
ageal ganglion (SG) in female pupae, which
is the source of the hormone necessary for ini-
tiating egg diapause as a means of canceling
diapause®. It was shown that SG ablation is
a reliable method for obtaining diapause-free
eggs. Additionally, the issue of lower fecundity
in females with SG ablation was resolved by
injecting pilocarpine into mating females. The
suitability of diapause-free eggs laid by females
with SG ablation for transgenesis, targeted
mutagenesis, and induction of parthenogenetic

development was also investigated. The results
demonstrated that SG ablation is a useful and
straightforward method for expanding the pos-
sibilities associated with silkworm genetic engi-
neering [12].

Genetic hybridization
of transgenic silkworms

D. Long et al. (2021) proposed a strategy,
called "light clothing" based on pruning redun-
dant additive structural domains, to genetically
hybridize a highly active functional fusion POI
to silk-based materials using transgenic mulber-
ry silkworm-based biosynthesis platforms. The
process of genetic hybridization from transfor-
mation of the germline of B. mori, generation,
backcrossing, screening and molecular identi-
fication of transgenic mulberry silkworms al-
lowed, compared to conventional expression
systems, a significant increase in the activity of
fusion POIs without compromising the genetic
hybridization process. This increased activity of
fused POIs may be due to the removal of un-
necessary post-translational modifications and
increased structural similarity to native POls.
Compared to the direct incorporation of com-
mercially available POIs into silk-based materi-
als, these genetically hybridized silk-based ma-
terials not only have comparable POI activity,
but also provide additional advantages, particu-
larly in logistics and in the absence of the need
for cold chain storage [13].

Pathogen infection and transgenesis

for obtaining antimicrobial peptides (AMPs)

Some authors have described over 30 AMPs
in silkworms, classified into groups such as ce-
cropins, attacins, moricins, gloverins, lebocins,
enbocins, and defensins; most of these AMPs
are effective against both gram-positive and
gram-negative bacteria, as well as other micro-

ZHeritage Center "The power of raw silk to change the world" Institute. 2022, N 2, pp. 25-34. https://www.sbj.or.jp/wp-content/ uploads/file/

$bj/9306/9306_tokushu_2.pdf.

BTanaka H., Ishibashi J., Fujita K., Nakajima Y., Sagisaka A., Tomimoto K., Yamakawa M. A genome-wide analysis of genes and gene families
involved in innate immunity of Bombyx mori // Insect biochemistry and molecular biology, 2008, vol. 38, N 12, pp. 1087-1110. DOI: 10.1016/j.

ibmb.2008.09.001.

#Tanaka H., Yamakawa M. Regulation of the innate immune responses in the silkworm, Bombyx mori // Invertebrate Survival Journal, 2011,

vol. 8, N 1, pp. 59-69.
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organisms® **[14]. AMPs are highly sought-af-
ter therapeutic compounds due to their charac-
teristics, including low toxicity to humans and
animals, high specificity, and improved effec-
tiveness against target microbes compared to
conventional antibiotics, and most important-
ly, the fact that most microbes cannot develop
resistance to AMPs. M. Mastore et al. (2021)
used B. mori as a model organism to assess the
suitability of hemolymph as a source of AMPs.
After simple purification steps, the plasma was
analyzed and tested against various strains of
gram-positive and gram-negative bacteria. The
results showed that partially purified silkworm
plasma could be a promising source of AMPs
that can be used in locally applied preparations
without additional expensive purification stages.
Furthermore, preliminary tests were conduct-
ed on the possibility of storing these molecules
under non-refrigerated conditions. The results
obtained from storing the preparations at tem-
peratures above room temperature (25°C) did
not show significant loss of effectiveness against
E. coli [15].

Mulberry silkworms are infected with patho-
gens to isolate AMPs during their fifth instar,
which lasts for 6-8 days, providing enough time
for infection development. Mulberry silkworm
AMPs are low molecular weight proteins (<50
amino acid residues; <10 kDa, with rare excep-
tions), most of which exhibit a broad-spectrum
activity against various microorganisms. Addi-
tionally, the fat content in mulberry silkworm
bodies reaches its peak during this stage, which
is the primary source of AMPs* [16]. After in-
fection, immunocompetent tissues are lysed
in a suitable buffer to extract proteins and are
subjected to various chromatographic methods,
such as ion-exchange chromatography, gel filtra-
tion chromatography and reversed-phase which
is high-performance liquid chromatography
(HPLC), for purification [17].

Transgenesis for obtaining
antimicrobial peptides (AMPs)

Transgenesis in mulberry silkworms has
been expanded by incorporating antimicrobial
peptides into silk proteins. Transgenic silk fused
with antimicrobial peptides CEC B or MOR in-
hibited the growth of E. coli. Furthermore, the
silk yarn retained its antibacterial properties
against Escherichia coli. Silk fibers maintained
the activity and antimicrobial molecules of
MOR after refining processes [18].

Direct introduction of artificial additives:
direct feeding method

Production of fluorescent silk is an example
of using both transgenesis and the direct feeding
method. Silk fibroin, transgenically hybridized
with fluorescent proteins, can be processed and
regenerated into various forms with nano- and
microstructures for use in optics, electronics, op-
toelectronics, and medicine, as it is transparent,
mechanically stable, edible, biocompatible, and
implantable into the human body. Another way
to produce fluorescent silk is by using direct de-
livery methods based on the absorption of fluo-
rescent dye molecules in the silkworm's natural
silk glands.

Generally, fluorescent-colored silk can be
obtained by using a modified silkworm leaf diet
containing molecules of common dyes in the
textile industry: rhodamine dyes (e.g., sulfor-
hodamine) and azo dyes (e.g., brilliant yellow,
Congo yellow)?. Molecular weight is a factor
that influences the absorption of dye molecules
by the biochemical pathways of mulberry silk-
worms. A molecular weight below 400 g/mol is
required for the efficient transport of dyes into
the mulberry silkworm's biochemical pathways
and for the production of naturally colored silk
fibers [19].

H. Xu et al. (2019) demonstrated the im-
provement of mechanical characteristics of new
silk fibers obtained by feeding silkworms puri-

BKajiwara H., Itou Y., Imamaki A., Nakamura M., Mita K., Ishizaka M. Proteomic analysis of silkworm fat body // Journal of Insect Biotechnology

and Sericology, 2006, vol. 75, N 2, pp. 47-56. DOI: 10.11416/jibs.75.47.

XTansil N.C., Li Y., Teng C.P, Zhang S., Win K. Y., Chen X., Han M.Y. Intrinsically colored and luminescent silk /Advanced Materials, 2011, vol.

23, N 12, pp. 1463-1466. DOI: 10.1002/adma.201003860.
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fied and biocompatible single-walled and multi-
walled carbon nanotubes (CNTs). Increased
CNT content not only promoted the self-assem-
bly of silk fibers into buffer nodes but also in-
creased the conductivity of the graphitized silk.
Overall, these coating and purification strategies
provide a potentially straightforward method for
obtaining natural silk fibers with high mechani-
cal characteristics [20].

Direct feeding of silkworms or spiders with
artificial additives can be a practical method for
producing reinforced silk fibers, allowing for
easy production of silk containing functional
additive nanomaterials. This is possible in part
because silkworms have an open cardiovascular
system. All their organs swim in hemolymph,
which is a mixture of lymph and blood cells that
surrounds all tissues. Thus, the unique anatomy
of silkworms is very useful for the production
of functional silk using direct feeding methods
(oral exposure and consumption) of nanomateri-
als. Nanoscale additives can diffuse from the di-
gestive tract into the hemolymph, and then into
glands and other tissues. Specifically, if nanoma-
terials are introduced orally, they are absorbed in
the digestive tract, pass through the membrane
barrier, and circulate in the hemolymph and cells
[21].

Combination of transgenesis, direct feeding,
and reverse breeding methods

Silk fibroin containing unnatural amino ac-
1ds was obtained by feeding transgenic B. mori
with para-chloro, para-bromo, and para-azi-
do-substituted analogs of L-phenylalanine (Phe)
in vivo. This was accomplished by expressing
a mutant phenylalanyl-tRNA synthetase with
expanded substrate recognition capabilities in
the silk glands. The azido groups incorporated
into fibroin served as chemical markers for click
chemistry both in solubilized and solid (fibrous)
states. The azides survived the boiling alkaline
solution degumming process required for com-
plete removal of the sericin layer. This demon-
strates that silk fibroin containing AzPhe (syn-

thetic amino acid) can be a universal platform
for producing "clickable" silk materials in var-
ious forms?’. Practical application of AzidoSilk
was hindered by low productivity. Later, Y. Tian
et al. (2022) presented data on the derivation of a
new transgenic line of B. mori for mass produc-
tion of AzidoSilk using the conventional reverse
breeding method. The newly obtained B. mori
line, created after five rounds of reverse breed-
ing, yielded 2.6 times more AzidoSilk per larva
with a 25% increase in productivity [22].

Aggregate biotechnological improvements
of B. Mori

The life cycle of B. mori includes five main
stages of development: egg (embryo) (incuba-
tion period from 10 to 14 days); larva (cater-
pillar) - development period - 20-25 days (for
3-instar breeds) and 24-39 days (for 4-instar
breeds); cocoon (spinning 3-5 days); pupa (stage
duration from 10 to 15 days); butterfly (the mat-
ing process (papilionage) takes place for several
hours). The main improvements made at various
stages of the life cycle and the target products
for subsequent processing are presented in the
figure.

Improvements
Egg Stage

(1) Transgenesis — for obtaining recombinant
proteins, inclusion of unnatural amino acids
(UAA), for subsequent genetic hybridization,
the injection method of genetic engineering of
diapause breed eggs.

(2) Transgenesis to obtain antimicrobial pep-
tides (AMP).

(3) Attificial reproduction: ameiotic and mei-
otic parthenogenesis, gynogenesis, androgenesis,
polyploidy; methods: physical and chemical in-
fluence: heating, ionizing radiation, special poi-
sons, etc.; microsurgery, shaking, etc.; cloning.

Caterpillar stage

(1) Basic improvement — the use of artificial
nutrient medium (ANM).

YTeramoto H., Kojima K. Production of Bombyx mori silk fibroin incorporated with unnatural amino acids // Biomacromolecules, 2014, vol. 15,

N 7, pp. 2682-2690. DOI: 10.1021/bm5005349.
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(2) Transient system — DNA injection of
BmNPYV bacmid and others into larvae, expres-
sion and production of recombinant proteins in
silkworm hemolymph.

(3) Transgenesis — recombinant proteins are
expressed in the silk gland.

(4) Transient and stable expression systems
— inoculation of purified occlusion bodies by di-
rect spraying on ANM or oral infection.

(5) Infection with pathogens to obtain antimi-
crobial peptides (AMP).

(6) Direct introduction of artificial additives
(direct feeding method).

Cocoon stage

(1) Transgenesis — production of target re-
combinant proteins in the cocoon shell: fibroin
and sericin layers.

(2) Transgenesis — obtaining recombinant silk
threads.

(3) Direct feeding — obtaining silk threads
with improved mechanical characteristics.

Pupal stage

(1) Transient system — DNA injection of
BmNPV bacmid and others into pupae, expres-
sion, and production of recombinant proteins.

(2) Ablation — to cancel diapause.

Egg stage

iy

Butterfly stage

Pupal stage

o

Ku3sHeHHBIN LUK U yIy4lleHus B. mori
Life cycle and improvements of B. mori

Cocoon stage
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Butterfly stage

(1) Genetic hybridization — to obtain new
lines (breeds) with improved properties.

(2) Genetic hybridization of transgenic silk-
worms — reverse breeding.

CONCLUSION

The variety of biotechnological solutions
used at various stages of the mulberry silkworm's
life cycle is aimed at qualitative and quantita-
tive improvements in content and reproduction,
obtaining new types of raw materials, and, in
the downstream stage, new products. Both the
larva, cocoon shell, and pupa of B. mori can be
used to produce recombinant proteins. The pos-
sibility of combining transgenesis, direct feed-
ing, and reverse breeding methods further ex-
pands the variability and efficiency in obtaining
new target products. The complex of improve-
ments provides the basis for a biotechnological
platform based on B. mori, the scaling of which
transforms it into a bio-industrial platform for
the modern pharmaceutical industry, consisting
of functional biomaterials for drug and gene de-
livery, wound treatment, and healing, biomate-
rials for tissue engineering, flexible electronics,
bio-inks for 3D bioprinting, cosmetics, and nu-
traceuticals, as well as for the industry of new
enhanced textile materials.
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NUMMYHOTI'EHETHYECKAS XAPAKTEPUCTUKA ITOPO/I OBEIL
CUBUPCKO-JAJIBHEBOCTOYHOI'O PETHOHA

C)Tonuapenko I'M.', Xamupyes T.H.?, lammunumaeB C.M.2,

Xopommuiosa T.C.!, Xajmuna O.JL.!, 'pumnua H.B.!

I Cubupcrutl ghedepanvupiil HayyHblil yenmp azpobuomexnonocutl Poccutickotl akademuu HayK
HoBocubupckas obnacts, p.ii. KpacnooOck, Poccust

’Hayuno-uccnedosamenvckuii uncmumym eemepunapuu Bocmounou Cubupu — ¢hunuan Cubupcrkozo
Gedepanvroco nayunozo yenmpa acpoouomexnonocuti Poccuiickou axademuu Hayx

Yura, Poccus

(<)e-mail: gal.goncharenko@mail.ru

[IpoBeneH cpaBHUTENBHBIN aHATN3 BOCBMH ITOPOA OBEIl (IOIYyTpyOOIIEPCTHBIX, TPYOOIICPCTHBIX,
MOJYTOHKOPYHHBIX M TOHKOPYHHBIX), Pa3BOAMMBIX B Cubupcko-/laapHeBOCTOYHOM perroHe. B uc-
CJIEIOBAHUSAX MCIIOJIb30BAIM JIaHHBIE 10 UMMYHOT€HETUYECKOMY TECTHPOBAHHUIO OBEI] B MJIEMEHHBIX
X03sHCTBax 3a pan JieT. TecTupoBaHHE MPOBOAMIOCH ¢ TpUMeHeHHeM 14 crenu@uyuecKkux ChIBOPO-
TOK — peareHToB. M3y4eHsl ajenbHbli IpoQuib OBEL, X CXOICTBO U pa3iIudue, CBA3aHHbIE ¢ (u-
JIOTEHE30M U IMpEIIeCTBYIOIEN cenekiueil. Bee uccnenoBaHHbIe TOPOABI UMENH OTINYUTENIBHBIN
aJJIenbHbIN npoduib. B Kax10ii mopoae BBISABICHBI KaK 4acTo, TAK M PEIKO BCTPEUAIOLIMECsS aHTH-
reHbl. Ha ocHOBaHMM 4acTOT aHTUTEHOB PACCUUTAH MHAEKC TEHETHYEeCKOrO CXOACTBA (7), KOTOPBIH
OBUI BBIIIE B TIOPOJaX OIHOTO HANpaBICHHUs MPOAYKTUBHOCTH, HAPUMEDP MEXIy Hoponamu 0yy0sit
u ynuibbaeBckoil (# = 0,912), u HUXKE — MEXJY TOPOIAMH, CEJNEKIUS KOTOPBIX MPOBOIMIACH H30-
JMPOBAaHHO Apyr oT Apyra. CaMblii HU3KMH MHAEKC '€HETHYECKOIO CXOZICTBA BBIABICH MEXIy Oy-
PATCKOH U 3anagHo-cuoupckoi msicHow (r = 0,707). Ilopomsr omHOTO HaNpaBIeHHUS MPOAYKTUBHOCTH
U3 Pa3HBIX PETMOHOB TAKXKE UMEIOT OTIIMYHUTENIbHBIE 0COOCHHOCTH. MHIEKC FeHETHYECKOTO CXOACTBA
MEXIy TpyOorepcTHbIME Toponamu (0yy0sit n snunbOaeBckas) coctasiser 0,912; mexxay nomyrpy-
OomrepctHBIME (OypsITCKast M aTMHCKAast) OH HaxoAuTcst Ha ypoBHE 0,739; MeX Iy MOy TOHKOPYHHBIMH
(ropHoanTaiickas u 3amagHo-cuoupckas mscHast) — 0,845; MexX Ty TOHKOPYHHBIMH (KyJTyHJIUHCKas U
3abaiikanbekas) — 0,902. C ucmoib30BaHUEM KJIACTEPHOTO aHAIM3a TCHETHUECKUX TUCTAHIINN OTpe-
JIeJIeHb! B3aMMOOTHOILEHHSI IOPOJ, UX MPOUCXOKAEHHUE, (uilorenes. 3anafHo-cuOupcKas MscHas U
KyJIyHIWHCKas 00pa30oBajii OJMH KiacTep, Oyy0sil u Oypsrckast TakKe BOLUM B OJMH KiacTep. bonee
OTAAJICHHBIMH MTOPOJAMHU OKa3aJIMCh aruHCKasl (3yrajialiCKuil TUI) U 9IUIIbOAaeBCKasl.

KuroueBble ciioBa: oBlia, Ioposa, aHTUTEH, YaCTOTa, MHJEKC TeHETUYECKOTO CXOJICTBA

IMMUNOGENETIC CHARACTERISTICS OF SHEEP BREEDS
OF THE SIBERIAN-FAR EASTERN REGION

<) Goncharenko G.M.!, Khamiruev T.N.2, Dashinimaev S.M.2,

Khoroshilova T.S.!, Khalina O.L.!, Grishina N.B.!

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

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

Chita, Russia

(<)e-mail: gal.goncharenko@mail.ru

A comparative analysis of eight breeds of sheep (medium-wool, coarse-wooled, semifine-wool
and fine-wool) bred in the Siberian-Far Eastern region was carried out. The research used the data on
immunogenetic testing of sheep in breeding farms for a number of years. The testing was performed
using 14 specific sera — reagents. The allelic profile of sheep, their similarities and differences related
to phylogeny and previous selection were studied. All breeds studied had a distinctive allelic profile.
Both frequent and infrequent antigens were identified in each breed. Based on antigen frequencies,
an index of genetic similarity (») was calculated, which was higher in the breeds of the same pro-
ductivity direction, e.g. between Buubei and Edilbaevskaya breeds (» = 0.912), and lower between
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the breeds that were selected in isolation from each other. The lowest index of genetic similarity was
found between the Buryat and West Siberian meat breeds (» = 0.707). Breeds of the same productivity
direction from different regions also have distinctive features. The index of genetic similarity between
coarse-wooled breeds (Buubei and Edilbaevskaya) is 0.912; between medium-wool breeds (Buryat
and Aginskaya) it is at the level of 0.739; between semifine-wool breeds (Gorno Altai and West Sibe-
rian meat breeds) — 0.845; between fine-wool breeds (Kulunda and Zabaikalskaya) — 0.902. Using the
cluster analysis of genetic distances, the relationships of breeds, their origin, and phylogeny were de-
termined. West Siberian Meat and Kulunda breeds formed one cluster, Buubei and Buryat breeds were
also included in one cluster. More distant breeds were Aginskaya (Zugalai type) and Edilbaevskaya.
Keywords: sheep, breed, antigen, frequency, index of genetic similarity
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INTRODUCTION

In Russia during the 2000s, there was a partial
shift in sheep breeding due to the reduction in the
sheep population. Due to market conditions, the
number of fine-wool sheep breeds decreased by
2.3 times, semifine-wool by 4.3 times, while the
population of coarse-wooled sheep breeds in-
creased by 4.1 times. However, the most numer-
ous sheep population belongs to the fine-wool
productivity direction, with 15 breeds represent-
ing 54% of the total sheep population in Russia.
Semifine-wool breeds account for only 4.6%,
and the population of semi-coarse-wooled sheep
is even smaller at 1.2%. In Russia, 17 breeds fall
under the coarse-wooled productivity direction,
accounting for 33% of the sheep population'.

The observed annual decrease in the sheep
population may lead to the loss of adaptive qual-
ities to local climate and feeding conditions,
as well as a reduction in genetic diversity. To
study these processes, various types of genetic
markers are used, including blood groups, pro-

tein polymorphism, microsatellite profiles, and
whole-genome analysis, which can be used to
study the population-genetic structure of in-
dividual breeds, populations, their variability
during crossbreeding, and generational monitor-
ing. Currently, microsatellite profiling [1, 2] is
considered one of the most convenient, informa-
tive, and suitable for mass analysis.

The use of blood groups, which were in de-
mand due to their informativeness, codominant
inheritance type, and suitability for mass analy-
sis, allowed solving some problems in the selec-
tion of farm animals, such as verifying the accu-
racy of recording the origin of young animals.
In addition, immunogenetic analysis was widely
used in establishing the phylogeny of breeds,
similarities, and differences between popula-
tions, herds, and age-sex groups.

Studies [3] have shown that the highest ge-
netic similarity is found between Black-and-
White Holsteinized bulls and Ayrshire bulls
(0.902), while the lowest is between Jersey and

'Shichkin G.1., Safina G.F., Amerkhanov H.A., Chernov V.V., Grigoryan L.N., Khmelevskaya G.N., Ravicheva A.V., Stepanova N.G. Yearbook on
breeding work in sheep and goat breeding in farms of the Russian Federation (2021). FSBSI ARRIPW, Moscow, 2022, 325 p.

300TEXHUS U BETEPUHAPHS

CuOHpPCKUiT BECTHHK CEITbCKOX03HCTBEHHOM Hayku * 2023 ¢ 53 « 11 87



Immunogenetic characteristics of sheep breeds
of the Siberian-Far Eastern region

Goncharenko G.M., Khamiruev T.N., Dashinimaev S.M.,
Khoroshilova T.S., Khalina O.L., Grishina N.B.

Ayrshire bulls (0.561). Immunogenetic analysis
demonstrated differences in an isolated popula-
tion of French Rambouillet sheep and Spanish
Merinos, from which they originated. In a closed
herd, only those alleles were fixed that were de-
tected in Spanish Merinos with frequencies of
0.90 and 0.80>.

With the help of blood groups and other ge-
netic markers, one of the best domestic fur-bear-
ing breeds, the Romanov breed, has been thor-
oughly characterized in comparative assessment
with other breeds®.

Immunogenetic analysis has found appli-
cation in determining mono- and dizygosity of
offspring of farm animals [4]. Studies [5] have
shown the influence of the environment on the
level of homozygosity of a herd for serum blood
proteins, which may be a consequence of the
mechanism of maintaining polymorphism, hav-
ing adaptive value in unfavorable conditions.

The paper shows the allele profile of sheep
crossbreeds and identifies desirable alleles asso-
ciated with live weight, meat productivity, and
productive longevity [6, 7]. There are reports
of using blood groups for effective selection
of mating pairs based on the genetic similarity
index of parents* 3 [8]. It has been shown that
in the formation of the allele pool of offspring,
from 50% to 80% of the dominant alleles of the
maternal herd of cattle are involved [9].

Considering that blood groups were the pre-
dominant genetic markers, during their active
use in the selection of farm animals, a substan-
tial amount of factual material has been accumu-
lated on the genetic structure of different breeds,
changes in allele and genotype frequencies un-
der the influence of selection and the environ-
ment, and more detailed studies on blood group
characteristics and the laws of their inheritance.

As a result of the analysis of immunogenetic
structures of eight species of ruminants, the sim-
ilarity of some antigen loci of different species
(sheep, goats, cattle) has been established [10].

Studies [3] provide data on the concentration,
dynamics, and stability of erythrocyte alleles in
cattle. It is shown that only 10% of alleles are
stable, while about 30-35% are subject to elimi-
nation and genetic drift.

The purpose of the research is to analyze and
summarize the allele pool of sheep of different
breeds, taking into account the direction of pro-
ductivity, their similarities and differences, and
the relationships between them in the conditions
of the Siberian-Far Eastern region.

MATERIAL AND METHODS

The research material consisted of blood
samples collected from eight different breeds
of sheep with various productivity directions,
bred in the Siberian-Far Eastern region (Altai
and Trans-Baikal Territory, Republic of Buryat-
ia). The studied breeds included: coarse-wooled
sheep breeds - Buubei (BUB) and Edilbayevska-
ya (EDL), semi-coarse-wooled sheep breeds -
Buryat (BUR) and Aginskaya sheep of the Zu-
galai type (AGZ), semifine-wool sheep breeds
— Gorno Altai breed of the Prikatunsky type
(GAP) and West Siberian meat breed (WSM),
and fine-wool sheep breeds — Zabaykalskaya
of the Khangil type (ZBH) and Kulunda breed
(KUL). A total of 2134 individuals were studied.

Immunogenetic testing was conducted using
monospecific reagents from the bank of the Im-
munogenetics and DNA Technology Laboratory
of the All-Russian Scientific Research Institute
of Sheep and Goat Breeding. Testing covered six
blood group systems (4, B, C, D, M, and R-O),
including 14 erythrocyte factors (4a, Ab, Bb, Bd,

2Nguyen T.C., Morera L., Llanes D., Leger P. Sheep blood polymorphism and genetic divergence between French Rambouillet and Spanish
Merino: roleofgeneticdrift / Anim.Genet, 1992, N 23 (4), pp. 325-332. DOI: 10.1111/j.1365-2052.1992.tb00154.x.

3Marzanov N.S., Komkova E.A., Malyuchenko O.P, Alekseev Ya.l., Ozerov M.Y., Kantanen Y., Lobkov VY., Marzanova L.K., Astafieva E.E.,
Petrov S.N., Kolpakov I.N., Andryukhin A.P., Adamyan K K., Marzanova S.N. Characterization of the allelofond of Romanov sheep breed by different
types of genetic markers // Problems of Productive Animal Biology, 2015, N 2, pp. 23-40.

*Vitanova O.I., Chizhova L.N. Physiological and biochemical status of young sheep obtained from parents with different values of the index of
antigenic similarity // Collection of Scientific Works of the Stavropol Research Institute of Animal Husbandry and Fodder Production, 2007, vol 3,

N 3-3, pp. 10-12.

SSkokova A.V., Barnash E.N., Sharko G.N., Yakubova E.V., Shumaenko S.N. Productivity of young sheep depending on the index of genetic
similarity of parents // Collection of Scientific Works of the Stavropol Research Institute of Animal Husbandry and Fodder Production, 2014, N 7,

pp. 145-149
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Be, Bi, Bg, Ca, Cb, Ma, Mb, R, O, and Da). The
study was carried out through hemolysis and
agglutination reactions at the Aginsk Veterinary
Laboratory and the Laboratory of Biotechnolo-
gy of the Siberian Research and Technological
Design Institute of Animal Husbandry, SFSCA
RAS.

The frequencies of antigens were calculated
using the method of L.A. Zhivotovsky and A.M.
Mashurov (1974). Genetic distance and genetic
similarity were calculated using Nei's formulas
(1972). Based on these calculations, genetic dis-
tance dendrograms were constructed between
sheep breeds using the application program
PAST version 3.256.

RESULTS AND DISCUSSION

To study the genetic characteristics of sheep of
different breeds, groups were formed according
to the following productivity directions: coarse-
wooled, semi-coarse-wooled, semifine-wool,
and fine-wool. The least numerous breeds in our
study were Buubei, West Siberian meat, and Ku-
lunda breeds, which account for only 1% of the
total sheep population bred in the Siberian-Far
Eastern region.

Buubei and Edilbayevskaya breeds belong to
the coarse-wooled category, and their breeding
histories have no common origin. The Buubei
breed was created through long-term selective
and breeding work by reintroducing indigenous
Buryat sheep from Inner Mongolia, China’. The
breed is becoming increasingly popular due to
its good meat productivity and high meat quality
[11,12].

The Edilbayevskaya breed originates from
Kazakhstan and is adapted to various meat sheep
farming zones. The breed has three types of ani-
mals that differ in body structure and productiv-
ity®. Despite the same productivity direction, the
breeds have significant differences, presumably
due to previous selection (see Table 1).

For most antigens, differences were found. In
the coarse-wooled meat breed Buubei, antigens
Bd, Bi, Ma, and R were more frequent (by 0.235,
0.106, 0.100, and 0.052, respectively) compared
to the coarse-wooled meat breed Edilbayevska-
ya. Conversely, the frequency of antigens 4b, Bb,
Be, Ca, Cb, Mb, and O was higher in the Edil-
bayevskaya breed by 0.325, 0.089, 0.223, 0.252,
0.588, 0.354, and 0.098, respectively, compared
to Buubei breed (p <0.05, p <0.001). The genet-
ic similarity index between these breeds is r =
0.910 +£0.014.

Buryat and Aginskaya (Zugalai type) breeds
belong to the semi-coarse-wooled sheep cat-
egory. The Aginskaya breed was created by
crossing the Zabaykalskaya fine-wool ewes
with Kuchugursky fine-wool and Kazakh semi-
coarse-wooled rams [13]. The Zugalai type of
the Aginskaya breed was obtained through ini-
tial crossbreeding of the Aginskaya sheep with
Kazakh semi-coarse-wooled rams of the Bayys
type [14].

The Buryat breed was created with the par-
ticipation of four breeds, with fine-wool Za-
baykalskaya sheep of the Buryat type as the
maternal foundation, which were crossed with
Kazakh semi-coarse-wooled and Kuchugursky
coarse-wooled rams. Subsequently, three-breed
crossbred ewes were used, mating them with
Baydaragsky rams of the fine-wool breed’.

Table 2 presents data on the frequency of
blood antigens in semi-coarse-wooled sheep of
the Buryat and Aginskaya breeds (Zugalai type).

Immunogenetic analysis revealed that the
Buryat breed of sheep has a higher frequency
of antigens Bd, Bi, Bg, Ma, and O compared to
the Aginskaya breed of the Zugalai type. In con-
trast, the Aginskaya breed of the Zugalai type
surpasses in the frequency of the antigens A4b,
Be, Ca,and Cb (p <0.05, p<0.001). The genetic
similarity index of semi-coarse-wooled sheep is
0.739 £ 0.131.

*Hammer O., Harper D.A.T., Ryan P.D. PAST: Palacontological Statistics software for education and data analysis / Palacontologia Electronica,

2001, N 4 (1), p. 9.

"Merzlyakov A.A., Danilov M.B. Study of the composition and technological properties of meat of sheep indigenous breed "Buubei" // Education
and Science: Materials of the national scientific-practical conf. Ulan-Ude, 2023, pp. 40-45.

8Davietova A.M., Kosilov V.I. Constitutional-productive types of Edilbaev sheep // Izvestiya Orenburg State University, 2013, N 1 (39), pp.102-104.

°Biltuev S.I. Creation of type and breed of sheep in specific environmental conditions of Western Siberia and the Republic of Buryatia: Ulan-Ude:
Publishing house of BSSA named after V.R. Filippov, Ulan-Ude, 2010, 240 p.
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Ta6a. 1. Yacrora aHTHTEHOB KPOBH IpyOoIIep-
CTHBIX OBeIl OyyO0dil 1 HIUIIbOaeBCKOM MTOPOT

Table 1. Frequency of blood antigens in coarse-
wooled sheep of the Buubei and Edilbaevskaya

Taoua. 2. YactoTa aHTUT€HOB KPOBHU TOJIYyTpy0o0-
HIEPCTHBIX OBELl OYPSITCKOW M arMHCKOM MOPOJ

Table 2. Frequency of blood antigens in medium-
wool sheep of the Buryat and Aginskaya breeds

breeds
Antigen BUB (1 = 298) EDL (1 = 199)
Aa 0,691 + 0,019 0,683 + 0,023
Ab 0,107 + 0,013 0,432 + 0,025%%*
Bb 0,765 + 0,017 0,854 + 0,018%**
Bd 0,742+ 0,018%%* | 0,507 % 0,025
Bi 0,362 + 0,020%%* | 0,256 + 0,022
Bg 0,399 + 0,020 0,362 + 0,024
Be 0,440 + 0,023 0,663 + 0,024%**
Ca 0,386 + 0,020 0,638 + 0,024%%*
Ch 0,191+0,016 0,779 + 0,021 %**
Ma 0,738 £ 0,018%%* | 0,638 + 0,024
Mb 0,520 + 0,020 0,874 + 0,017%%*
R 0,198 + 0,016* 0,146 + 0,018
o | 0721+0018 0,819 = 0,019%**
Da - 0,387 + 0,024

Here and in Tables 2-4.
*p<0,05.

**p <0,01.

**%*p <0,001.

Gorno-Altai (Prikatunsky type) and West
Siberian meat sheep breeds belong to the semi-
fine-wool category. The Prikatunsky type of the
Gorno-Altai breed of sheep was created in two
stages. In the first stage, fine-wool and coarse-
wooled ewes with different types of wool were
crossed with rams of the Romni-Marsh breed
until the second and third generations were ob-
tained. Then, crossbred sheep of the desired type
were bred within the breed!’.

The West Siberian meat breed was created
based on the Kulunda short-tailed breed and
its crossbreds with rams of the improved meat
type of the Southern meat breed''. The compared

Antigen BUR (1 = 70) AGZ (n = 356)
Aa 0,400 = 0,041 0,449 + 0,028
Ab 0,043 + 0,017 0,489 + 0,027***
Bb 0,714 + 0,038 0,820 = 0,016*
Bd 0,457 + 0,042+ 0,014 + 0,037
Bi 0,400 +0,041%** | 0,191 + 0,034
Bg 0,543 + 0,042 0,407 + 0,036
Be 0,314 + 0,039 0,688 + 0,021 %%
Ca 0,329 + 0,040 0,772 + 0,018%**
Ch 0,114 + 0,027 0,458 + 0,028
Ma 0,529 + 0,042%** 0,034 + 0,037
Mb 0,586 = 0,042 0,652 + 0,022
R 0,200 = 0,034 0,166 = 0,034
0] 0,729 + 0,038%** 0,140 = 0,035
Da 0,029 + 0,014 0,008 + 0,036

breeds are bred in different eco-geographical
conditions.

Semifine-wool sheep of the Gorno-Altai
breed of the Prikatunsky type are character-
ized by a high frequency of occurrence of nine
antigens - Ab, Bb, Bd, Bi, Bg, Be, Ca, R, and
O compared to the West Siberian meat breed.
Differences in frequencies range from 0.254 to
0.680 (p < 0.05, p <0.001) (see Table 3). The
genetic similarity index of semifine-wool sheep
is 0.845 +0.0014.

The Kulunda fine-wool breed has been im-
proved for a long time through "folk" selection
methods, but starting from 1981, it was crossed

YPodkorytov A.T. Prikatunsky meat-wool type // Achievements of science and technology of AIC, 2006, N 2, pp. 30-31.

"Katamanov S.G., Ulyanov A.N., Kulikova A.Y., Aboneev V.V, Selkin A.I, Afanasyeva A.IL, Katamanov Yu. G., Loboda N.L., Moroz V.A.,
Trukhachev V1., Katamanov A.S., Chebotaev A.N., Chmyryov M.A. West Siberian meat breed // Sheep, goats, wool business, 2012, N 3, pp. 6-12.
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with the Grozny breed to improve its wool quali-
ty, and later with the Stavropol Manych merinos'?.
In the creation of the Khangil type of the Za-
baykalskaya breed, three breeds were involved
at different times: Zabaykalskaya (maternal
foundation), Australian, and Manych merinos'.
The immunogenetic profile of the fine-wool
sheep of the Kulunda and Zabaykalskaya breeds
(Khangil type) also shows significant differenc-
es in the frequency of antigens (see Table 4).
For Kulunda fine-wool sheep, antigens Aa,
Ab, Bb, Bi, Bg, Ca, Ch, Ma, Mb, R (50% or more)
are characteristic, while antigens Bd, O, Da (less
than 40%) are rarely present. The frequency of
antigen factors Ab, Bi, Be, Ch, Ma, Mb, and R in

Ta6a. 3. Yacrora aHTUTEHOB KPOBH MOy TOHKO-
PYHHBIX OBEIl TOPHOAIITACKON ¥ 3araiHO-CHOUp-
CKOM MACHOM mopon

Table 3. Frequency of blood antigens in semifine-
wool sheep of the Gorno-Altai and West Siberian
meat breeds

Antigen | WSM (n = 116) GAP (n = 573)
Aa 0,543 + 0,046%** 0,150 = 0,015
Ab 0,595 + 0,046 0,894 + 0,013%**
Bb 0,500 + 0,046 0,993 + 0,003%**
Bd 0,345 + 0,044 0,998 + 0,002%**
Bi 0,603 + 0,045 0,956 + 0,009%**
Bg 0,172 + 0,035 0,609 + 0,020%**
Be 0,138 = 0,032 0,747 + 0,018%**
Ca 0,465 + 0,046 0,894 + 0,017%**
Cbh 0,836 + 0,034 0,769 + 0,017
Ma 0,474 + 0,046%** 0,251 0,018
Mb 0,595 + 0,045 0,607 = 0,020

0,405 = 0,046 0,659 + 0,019%**
0 0,147 + 0,033 0,827 + 0,016%**
Da 0,612 + 0,045%** 0,353 = 0,020

this breed exceeds these indicators in the Zaba-
ykalskaya of the Khangil type breed by 0.410,
0.161, 0.353, 0.253, 0.149, 0.150, 0.403, and
0.273, respectively. The Zabaykalskaya of the
Khangil type breed, on the other hand, is char-
acterized by a higher frequency of the antigens
Bb, Ca, O -by 0.209, 0.293, 0.523 (p<0.0l,p <
0.001). The genetic similarity index of fine-wool
sheep 1s 0.902 + 0.022.

Comparative assessment of breed similarity
expressed through genetic similarity indices and
genetic distances is presented in Table 5.

The highest genetic similarity index was
found between the Buubei and Buryat breeds
(0.9681), which, in our view, can be explained

Taoa. 4. Yacrora aHTUTEHOB KPOBH TOHKOPYH-
HBIX OBEIl KyJTYHAMHCKOW 1 3a0aiKaIbCKON TTOPOJT
Table 4. Frequency of blood antigens in fine-wool
sheep of the Kulunda and Trans-Baikal breeds

Antigen | KUL (n=122) ZBH (n = 400)
Aa 0,541 = 0,045 0,495 + 0,025
Ab | 0,893 +0,028%** 0,483 £ 0,025
Bb 0,771 0,038 0,980 + 0,005%**
Bd | 0311 +0,042%* 0,150 + 0,033
Bi | 0,631+ 0,044%x 0,278 + 0,030
Bg 0,853 = 0,032 0,873 £0,013
Be | 0,443 + 0,045%%* 0,190 + 0,032
Ca 0,639 + 0,043 0,932 + 0,009%**
Ch | 0,632 +0,044%%x 0,483 + 0,025
Ma | 0,705+ 0,041%* 0,555 + 0,024
Mb | 0,631 + 0,044%% 0,228 + 0,031

0,811 + 0,035%*x* 0,538 + 0,024
0] 0,385 + 0,044 0,910 + 0,011%**
Da 0,336 + 0,043 0,318 = 0,029

12Selkin I, Katamanov A.S. Fecundity of mothers and safety of young stock of Kulunda fine-fleece breed // Collection of Scientific Works of the
Stavropol Research Institute of Animal Husbandry and Fodder Production, 2009, vol. 2, N 2-2, pp. 81-84.

BKhamiruev T.N., Volkov I.V. New wool and meat type in the Transbaikalian thin-cross breed of sheep - Khangilskiy // Zootechnia, 2015, N 4,

pp. 6-7.
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by the fact that the maternal foundation of the
Buryat breed of sheep was the Buryat type of
the Zabaykalskaya fine-wool sheep. The latter
were bred based on indigenous Buryat sheep, on
the basis of which the Buubei breed was creat-
ed through reintroduction from Inner Mongolia,
China.

The West Siberian meat breed was created
based on the Kulunda breed, which is reflect-
ed in the level of genetic similarity between the
breeds (0.963).

The genetic similarity index is higher in
breeds with the same productivity direction and
lower in different ones. For example, Buubei and
Edilbayevskaya breeds of sheep have a genetic
similarity index of 0.912, while with the semi-
coarse-wooled Aginskaya breed, it is 0.719.

Cluster analysis of genetic distances showed
the relationships between the studied breeds (see
the figure).

West Siberian and Kulunda formed one clus-
ter, Buubei and Buryat also entered one cluster.
More distant were the Zugalai type of the Agin-
sky breed (semi-coarsed wool direction) and
Edilbaevskaya breed (coarse-wooled).

N = - & e rx @ =
wn

g = 2 5 8 2 2 8
L —

JlenaporpaMma reHeTHYECKUX JTUCTAHIUH
Dendrogram of genetic distances

CONCLUSION

Sheep breeds of the Siberian and Far Eastern
region have distinctive features on blood group
alleles, conditioned by breed peculiarities, pre-
vious genesis and, possibly, natural and climatic
conditions. Breeds of the same direction of pro-
ductivity from different breeding zones have the

Ta6a. 5. Marpura reHeTHISCKUX PACCTOSTHIN MEXKTy ITOPOIaMHU

Table 5. Matrix of genetic distances between the breeds

Breed BUB EDL BUR AGZ WSM GAP KUL ZBH
BUB 0,912 0,968 0,719 0,730 0,815 0,809 0,823
EDL 0,092 \ 0,897 0,867 0,867 0,872 0,871 0,862
BUR 0,033 0,109 \ 0,739 0,707 0,831 0,826 0,862
AGZ 0,330 0,143 0,302 \ 0,754 0,813 0,834 0,800
WSM 0,315 0,143 0,347 0,282 \ 0,845 0,963 0,823
GAP 0,205 0,137 0,185 0,207 0,168 \ 0,903 0,847
KUL 0,212 0,138 0,191 0,182 0,038 0,102 \ 0,902
ZBH 0,195 0,149 0,149 0,223 0,195 0,166 0,103 \

Note. Genetic similarity indices are above the diagonal (r), under the diagonal are the genetic distances (DN); BUB — Buubei,
EDL — Edilbayevskaya, BUR — Buryat, AGZ — Aginskaya — Zugalai type, WSM — West Siberian meat, GAP — Gorno Altai —
Prikatunsky type, KUL — Kulunda, ZBH — Zabaikalskaya — Khangil type
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same level of similarity and difference as inter-
breed (0.845-0.910). The interbreed difference
ranges from 0.707 to 0.968.

The dendrogram of genetic distances of the
studied breeds showed that breeds close in or-
igin - West Siberian and Kulunda - formed one
cluster, Buubei and Buryat breeds were also
included in one cluster. Breeds of the same di-
rection of productivity - Kulunda, Gorno-Altai,
Aginskaya (Zugalai type) - form close subclus-
ters, the index of genetic similarity of which is in
the range of 0.845-0.903.

Thus, blood group antigens can serve as re-
liable genetic markers in studying the genetic
profile of breeds, monitoring its change under
selection pressure.
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XAPAKTEPUCTHUKA 3APA’KEHHOCTU U CTPYKTYPA
T'EJJbMUHTOKOMILIEKCOB JIOIIAJEW B IPOBUHIIUSIX TOPHOI'O AJITAS

C)Edpemona E.A.', Mapuenko B.A.2, CmepTuna M.A.!

'Cubupcruii pedepanvuviii nayunvlil yenmp acpobuomexrnono2uti Poccutickoii akademuu Hayk
HoBocubupckas obnacts, p.ii. KpacnooOck, Poccust

2@edepanvuviii Anmatickutl HAYYHbLI YeHmp azpodUOmexHonI02ull

bapnayn, Poccus

(XDe-mail: alfa_parazit@mail.ru

Llenpro WccenoBaHus SIBUJIOCH M3YYEHHE 3aPaXEHHOCTH W CTPYKTYPHBIX OCOOEHHOCTEH Telb-
MUHTOKOMIUTIEKCOB JIONIAJIeH B IPOBUHIMSIX [ OpHOTO AnTasi, CyIIeCTBEHHO OTIUYAIONTNXCS TPUPOJI-
HO-KIIMMATUYECKUMU U OpOrpauyecKUMU YCIOBUSIMU MeCcTHOCTH. [IpoObl (hekanuii OT CLIOHTAaHHO
WHBA3UPOBAaHHBIX TeJIbMUHTAMU XUBOTHBIX LleHTpansHoro, CeBepHoro, 3anajanoro u KOro-Boctou-
HOTO AJITasi UCCIENOBaIN OBOJSPBOCKOMMMUYECKUMHU METOAMHU C TOCIEAYIOIMUM PacdeToM IOKa3a-
TeNel BCTpeIaeMOCTH (3KCTCHCHBHOCTh WHBA3UHM — DV, ypoBeHb SKCTCHCHBHOCTH WHBA3HH — BI/Iy),
WHTEHCUBHOCTH 3apaxxenns (nHaexc oommust — MO, ypoBens unaekca oonnms — MO ) u nHekca ma-
pasutokomriuiekca (MII). Pesymprarer MHOTONETHUX HccnaenoBanuid (2019-2023) cBUAETEIHCTBYIOT
0 TOM, 4TO B ()OPMHUPOBAHHHU TEIIBMUHTOKOMILJICKCA MUIIIEBAPUTEIBHON CUCTEMBI Jiomaael [opHoro
AJnTas y4acTBYIOT Mapa3uThl AByX KiaccoB: Nematoda (momorpsimel Strongylata, Ascaridata, Rhab-
ditata, Oxiurata) u Cestoda (momotpsia Anoplocephalata). Bo Bcex mMpOBHHITUSIX B HO30J0THUECKOM
nmpo¢uie TeIbMHHTO30B JOMUHHUPYIOT CTPOHTHIIATHI, 3apaKEHHOCTh MMH JKUBOTHBIX M WX JONS B
renbMuHTOKOMILTEKcax (DU = 68,6-93,1%, UIT = 86,0-90,5) 3HaUNTENEHO MPEBHIIIAIOT 3TH MTOKa3a-
Tenw I HematoA noxoTpsnaa Ascaridata (OU = 6,2-16,5%, UI1 = 4,6-8,1) u u1st iecton moaoTpsi-
na Anoplocephalata (OU = 2,5-11,8%, UII = 2,1-5,8). Ha ¢one moBcemecTHOrO pacnpocTpaHeHus
OCHOBHBIX T€JIbMHUHTO30B JKEJITYJOYHO-KUIIIEYHOTO TPAKTA JIOMIAJCH B YCIOBUAX (Qu3uKo-reorpadu-
YECKUX MPOBUHIIUI HAOJIOMAIOTCS OTIIMYKS B CTPYKTYPE TeJIbMUHTOKOMITJICKCOB U MHTEHCHUBHOCTHU
WHBA3WPOBAaHHOCTH JKUBOTHBIX TE€IbMHUHTAMH. YPOBEHBb 3apakeHHoCTH Jomajaed lLleHTpampHOTO
AnTas CTPOHTHJISTAMH JOCTOBEPHO BBIIIE OTHOCHTEIHHO 3apa)KEHHOCTH KXHBOTHBIX CeBEpHOTO H
3ananHoro Antas. MHBa3upoBaHHOCTH OJHOKONBITHBIX HOro-BocTtounoro AnTasi CTpOHTIWIATaMU
(OU = 68,6%) u anomnouedanstamu (DU = 2,5%, U1 = 2,1) MuHMMaIbHA U COOTBETCTBEHHO B 1,5 1
2,8—4,7 pa3a HMXKe, YeM B APYTHX MPOBUHIMAX. OHAKO 3/1€Ch BBISIBICHBI CYIIECTBEHHBIE BHYTPH30-
HaJbHBIC OTIIMYUS B MHBA3UPOBAHHOCTH JIOIIA/ICH HEMATOIaMH — 3aPaKCHHOCTh UMU B TOPHO-JIECHOM
3oHe IOTo-BocTounOoTO AnNTas comocTaBuMa C 3apakKeHHOCTHIO B LleHTpanpbHOM AJTae W 3HAIMMO
BBIIIE, YEM B BBICOKOTOPHOM CTEMHOM 30HE. B TO ke Bpems mokazarenu 31/1y u I/IOy JUTsL JIomIaen
BBICOKOTOPHOU cTenHol 30HbI FOro-BocTtouHoro Anrtas cTaTUCTUYECKU HUXKE, YEM Y KUBOTHBIX Ce-
BepHOTro U lleHTpanbHOro Anrasi. YCTaHOBICHO, YTO YPOBEHb 3apaXKEHHOCTH U CTPYKTYpa T'eJIbMHH-
TOKOMILJIEKCOB JIOIIa/ied B OCHOBHOM OOYCJIOBJICHBI Pa3HOOOpa3veM MPUPOAHO-KIMMATHUSCKUX H
oporpaguuecKux XapakKTepPUCTUK TOPHBIX TEPPUTOPHUH.

KiroueBble c10Ba: reTbMAHTHI TATIEBAPUTENEHOM CHCTEMBI, JIOMIAIN, CTPYKTYpa TeIbMIUHTOKOM-
TUIeKCa, IKCTEHCUBHOCTh U MHTEHCHBHOCTh WHBA3WH, (PU3UKO-TeorpadudecKkre MpOBUHITHH

CHARACTERIZATION OF INFESTATION AND STRUCTURE OF HORSE
HELMINTH COMPLEXES IN THE PROVINCES OF THE ALTAI MOUNTAINS

CX)Efremova E.A.!, Marchenko V.A.%, Smertina M.A.!

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

’Federal Altai Scientific Center for Agrobiotechnology

Barnaul, Russia

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

The purpose of the study was to investigate the infestation and structural features of the helminth
complexes of horses in the provinces of the Altai Mountains which differ significantly in natural,
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XapaKkTepucTHKa 3apaKEHHOCTU U CTPYKTypa relIbMUHTOKOMILIEKCOB Edpemona E.A., Mapuenko B.A., CmeptuHa MLA.
Jomaieit B npoBuHIMsAX ['opHoro Anras

climatic and orographic conditions of the area. Fecal samples from spontaneously helminth-infested
animals of the Central, Northern, Western and South-Eastern Altai Mountains were examined by
ovolarvoscopic methods with the following calculation of occurrence indices (invasion intensity — II,
level of invasion intensity — II_ ), infestation intensity (abundance index — Al, level of abundance
index — Al ) and parasitocomplex index (PI). The results of long-term studies (2019-2023) in-
dicate that parasites of two classes are involved in the formation of the helminth complex of the
digestive system of horses in the Altai Mountains: Nematoda (suborders Strongylata, Ascaridata,
Rhabditata, and Ochycrata) and Cestoda (suborder Anoplocephalata). Strongylates dominate in the
nosological profile of helminthoses in all provinces: the degree of their infestation among animals
and their proportion in the helminth complexes (II = 68.6-93.1%, PI = 86.0-90.5) are significantly
higher than the same indicators for the suborder Ascaridata (Il = 6.2-16.5%, PI = 4.6-8.1) and for
the cestodes of the suborder Anoplocephalata (I1 =2.5-11.8%, PI =2.1-5.8). Against the background
of ubiquitous distribution of the main helminths of the gastrointestinal tract of horses in the condi-
tions of physiographic provinces, differences in the structure of helminth complexes and intensity of
helminth infestation of animals are observed. The level of infestation of horses in the Central Altai
with strongyles is significantly higher relative to the infestation of the animals in the Northern and
Western Altai. The infestation of ungulates of South-Eastern Altai with strongylates (II = 68.6%) and
anoplocephalates (I =2.5%, PI = 2.1) is minimal and, respectively, 1.5 and 2.8—4.7 times lower than
in other provinces. However, there are significant intrazonal differences in the nematode infestation
of horses — their infestation in the mountain-forest zone of the South-Eastern Altai is comparable to
that in the Central Altai and is significantly higher than in the high-mountain steppe zone. At the same
time, the I, and AI_  indices for horses of the high-mountain steppe zone of the South-Eastern
Altai are statistically lower than in the animals of the Northern and Central Altai. It was found that
the level of infection and the structure of helminth complexes of horses are mainly determined by the
diversity of natural-climatic and orographic characteristics of mountainous territories.

Keywords: helminths of the digestive system, horses, structure of helminthocomplex, extensive-
ness and intensity of infestation, physico-geographical provinces
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Characterization of infestation and structure of horse helminth
complexes in the provinces of the Altai Mountains

Efremova E.A., Marchenko V.A., Smertina M.A.

INTRODUCTION

The natural climatic conditions of the Gor-
no-Altai region are favorable for the develop-
ment of horse herd farming. Nevertheless, par-
asitic infestations, including gastrointestinal
helminthic diseases, are the factors limiting the
increase in the number and productivity of ani-
mals.

Gastrointestinal helminths in horses are char-
acterized by a significant diversity of species and
are the most common and significant multicel-
lular parasites of horses worldwide®? [1-6]. In
the populations of whole-hoofed animals, com-
plex mixed invasions caused by the parasitism
of helminth agents manifest as diarrhea, colic,
decreased performance, and in some cases, can
lead to a lethal outcome?® *[7].

The issues of epizootiology of invasive dis-
eases in horses have been discussed in many
works, but most of the research has only con-
sidered individual species or groups of parasites
and used data from the western part of Russia™
6[8—10]. Publications on this issue based on the
materials from the Siberian region are limited,
and the helminthiases prevalent in this territory,
including the Gorno-Altai region, are insuffi-
ciently studied’ [11.

The purpose of the study is to characterize
the infection and structural features of horse hel-
minth complexes in the Gorno-Altai provinces,
which significantly differ from each other in nat-
ural-climatic and orographic conditions.

MATERIAL AND METHODS

The study was conducted in 2019-2023 in the
farms of nine administrative districts located in
four physiographic provinces of the Gorno-Altai
region: Northern (Maiminsky, Choisky districts,
part of Shebalinsky district), Central (Chemal-
sky, Ust-Koksinsky, Ongudaisky, Shebalinsky
districts), Western (western part of Ust-Kansky
district and Charishsky district of the Altai Ter-
ritory), and Southeastern Altai (Kosh-Agachsky,
Ulagansky districts).

Fecal samples obtained from spontaneous-
ly helminth-infected horses were examined
using classical parasitological methods - hel-
minthocoproscopic according to Fiilleborn and
helminthocopro-larvoscopy according to Ber-
man-Orlov. Differential diagnosis of nematodes
was carried out taking into account the morpho-
metric features of eggs and invasive larvae (third
stage). Identification of tapeworms was based on
the size of eggs and characteristics of the pear-
shaped apparatus® ?[12]. In total, 1963 samples
of biomaterial were studied, including 1053 and
910 samples by coproovoscopy and copro-lar-
voscopy methods, respectively.

The structural features of the gastrointestinal
helminth complexes of whole-hoofed animals
from different natural-geographical provinces
of the Gorno-Altai were determined using the
parasite complex index (PCI), reflecting the im-
portance of the species, genus, or other taxon in
the helminthological profile of animals'®. When

'Hinney B., Wirtherle N.C., Kyule M., Miethe N., Zessin K.H., Clausen P.H. Prevalence of helminths in horses in the state of Brandenburg,

Germany // Parasitology Research, 2011, vol. 108, N 5, pp. 1083—-1091.

*Matto T.N., Bharkad G.P.,, Bhat S.A. Prevalence of gastrointestinal helminth parasites of equids from organized farms of Mumbai and Pune //

Parasitic Diseases, 2015, vol. 39, pp. 179-185.

3Lyons E.T., Drudge J.H., Tolliver S.C. Larval cyathostomiasis / Veterinary Clinics of North America: Equine Practice, 2000, vol. 16, N 3, pp.

501-513.

*Mair TS., Sutton D.G., Love S. Caecocaecal and caecocolic intussusceptions associated with larval cyathostominosis in four young horses //

Equine Veterinary Journal, 2000, vol. 32, pp. 77-80.

SKanokova A.S., Mashukov A.V., Isakov R.L., Dzodzaeva A.H., Chapaev M.B., Shkhagapsoeva A.M. Helminths of horses of the Kabardino-Balkar

Republic // Russian Journal of Parasitology, 2008, N 2, pp. 48-51.

’Khasanova R.I. Distribution of parascaridosis of horses under different housing technologies in the East Caucasus / Russian Journal of

Parasitology, 2013, N 4, pp. 59-61.

"Ponamarev N.M. Timing of development of larvae strongylates of horses in the external environment in the Altai // Theory and practice of

parasitic disease control, 2005, Issue 6, pp. 285-287.

8Kapustin V.F. Atlas of the most common helminths of farm animals, Moscow: Selkhozgiz, 1953, 140 p.

°Cernea M., Madeira de Carvalho L.M., Cozma V., Raileanu S., Cristina L., Silberg R. Atlas of Diagnosis of Equine Strongylidosis, Cluj-Napoca,

2008, pp. 71-109.

"Marchenko V.A., Efremova E.A., Vasilieva E.A. Structure of helminthocenosis of cattle in the Altai Mountains // Russian Journal of Parasitology,

2008, N 3, pp. 18-23.
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calculating the PCI, only parasites that are most
common and pathogenic for horses, as well as
reliably identifiable based on the morphometric
features of their propagative forms - eggs or in-
vasive larvae, were considered.

The assessment of animal infection with hel-
minths was carried out based on the results of
coprological studies and the calculation of the
following indicators:

1) extensiveness of invasion (EI, %) — the
proportion of infected animals among those ex-
amined;

2) intensity of invasion (I, eggs/g, larvae/g) —
the average number of eggs/larvae per one in-
fested animal in 1g of feces;

3) abundance index (Al, eggs/g, larvae/g) —
the average number of eggs/larvae per one ex-
amined animal in 1g of feces;

4) level of invasion intensity (II,_ , %) — the
average value of II indicators in samples (tests);

5) level of abundance index (AI_, Al__,
eggs/g, larvae/g) — the average value of Al indi-
cators in the samples.

The significance of differences in the infec-
tion of animals was established by comparing
the values of I and II,_  with the calculation
of the Mann-Whitney U-test.

RESULTS AND DISCUSSION

In the territory of the Gorno-Altai, gastroin-
testinal helminthiases in horses are widespread
and occur in the form of mixed infections (see
Tables 1, 2). Formation of the gastrointestinal
helminth complex in horses involves parasites
from the classes Nematoda and Cestoda, in-
cluding five suborders - Strongylata, Ascaridata,
Rabditata, Oxiurata, and Anoplocephalata (Ces-
toda, Cyclophyllidea). Due to the fact that a spe-
cific method for diagnosing oxiurates was not
used in the study, the indicators of their infection
have a random character and are not reflected in
the subsequent analysis. Ascaridates are repre-
sented by a single species, Parascaris equorum,

which is widespread. Nematodes of the suborder
Rhabditata (Schitwood, 1933) — Strongyloides
westeri —were found in horses in the Central and
Western Altai. The community of nematodes of
the suborder Strongylata, family Strongylidae, is
characterized by significant taxonomic diversi-
ty and includes representatives of the subfamily
Strongylinae, including nematodes of the genera
Strongylus, Craterostomum, Triodentophorus,
Oesophagodontus, as well as strongylates of the
subfamily Cyathostominae (Trichonematidae),
including Gyalocephalus, Poteriostomum. In
addition, in the examined fecal samples, larvae
of strongylates from the family Trichostrongyli-
dae were identified as Trichostrongylus axei. Ac-
cording to literature data, trichostrongylosis in
horses is widespread' 12 [13, 14], but it is regis-
tered in the Gorno-Altai region for the first time.
The infestation of horses with trichostrongylids
in the Central, Northern, and Southeastern Altai
is low, at 9.8%, 4.1%, and 27.6%, respectively.
In the literature, there is also no mention of the
distribution of triodontophores, esophagodonts,
craterostomes, gyalocephals, and poteriostomes
in the region.

It has been found that in all the provinces,
representatives of the class Nematoda with slight
zonal variability of the PI indicators (94.1-97.9)
dominate in the helminth complexes of horses.
Among nematodes, parasites of the suborder
Strongylata prevail. The infection of animals
with them and their share in helminth complex-
es not only in the republic (II = 86.8-86.9%,
PI = 87) but also in all physiographic provinces
of Altai (I = 68.6-93.1%, PI = 86.0-90.5) sig-
nificantly exceed these indicators for the sub-
order Ascaridata (Il = 13.2%, PI = 7.8 and I =
6.2-16.5%, P1=4.6-8.1) and for cestodes of the
suborder Anoplocephalata (Il = 8.8%, PI = 5.2
and II = 2.5-11.8%, PI = 2.1-5.8).

The core of the gastrointestinal helminth
complexes consists of cyathostomins, character-
ized by maximum indicators of horse infestation

"Rehbein S., Visser M., Winter R. Prevalence, intensity and seasonality of gastrointestinal parasites in abattoir horses in Germany // Parasitology

Research, 2013, vol. 112, N 1, pp. 407-413.

2Skryabin K 1., Shikhobalova N.P.,, Schultz R.S. Fundamentals of nematodology. Trichostrongylidae of animals and man. Moscow, 1954, vol. 3,

pp. 43-55.
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and maximum PI values (see Tables 1, 3). At the
same time, lower indicators characterize the rep-
resentatives of strongylins of the genus Strongy-
lus — Strongylus (Alfortia) edentatus, Strongylus
equinus, with minimum values for Strongylus
(Delafondia) vulgaris: 11 =4.5-16.3%, P1 =3.7—
8.0 (see Tables 2, 3).

The data obtained by us are consistent with
the results of many researchers who note that the
distribution of strongyles of the family Strongyl-
idae ("large strongyles"), especially representa-
tives of the genus Strongylus spp., and the infes-
tation of horses with them are significantly low-
er. Currently, cyathostomins, on the contrary, are
considered the main agents of equine helminthi-
ases and are widespread worldwide'>'3.

Significant species diversity of strongylates,
their ability to complete their life cycle without
the involvement of an intermediate host, and the
resistance of their propagative forms to adverse
environmental factors explain the widespread
distribution of the representatives of this subor-
der and the maximum indicators of animal infes-
tation by them.

Regarding tapeworms, based on the morpho-
metric characteristics of their eggs, they were
classified into two species: Anoplocephala per-
foliata, which is widespread, and Paranoplo-
cephala mamillana, which was registered only
in the Central and Northern Altai in one and two
samples, respectively. Such results are consistent
with the data of other researchers confirming the
dominant position of Anoplocephala perfoliata
among tapeworms (see footnote 15).

In the provinces with differing natural-cli-
matic and orographic conditions, quantitative in-
dicators of infestation by major helminth species
are not identical.

The conditions in the Central Altai, where
horse breeding is more developed and 49.1%
of the total horse population of the republic is
concentrated'®, are the most favorable for the life
cycle of helminths. In this province, extensive
areas of mid-mountain landscapes with modifi-
cations of steppe, forest, and meadow landscapes
are presented, characterized by rich botanical
composition of grass and snow-poor pastures.
In this territory, the infestation of animals with

Ta6a. 1. MHBa3upoBaHHOCTH JOLIACH B IPOBUHUHUAX AJTAasi reIbMUHTAMU JKE€TYI0YHO-KUIIECUHOTO

TpakTa (OBOCKOTIHSI)

Table 1. Infestation of horses in the Altai provinces by gastrointestinal helminths (ovoscopy)

, 1, % H..% | Al
Province Al e/g N e Y
Total ST PAR ANOPL ST
Central Altai,
n=491 933+1,1|93,1+1,1 [16,5+1,6(11,8+1,4|562,8+35,1[19]| 89,6+4,9 | 503,2+74,3
Northern Altai,
n=312 93,6+43|926+1,5 [12,5+1,9| 7,1 £1,5 | 311,2+29,8 | 15| 92,4+3,3 | 328,2+57,1
Western Altai,
n=129 78,9+4,0| 787+4,1 | 62+2,1 | 7,8+£2,3 [202,9+40,7| 7 | 854+6,8 [299,9+ 1384
South-Eastern Altai,
n=121 68,6+42| 68,6+42 |91+26|25+1,4|5652+102 |8 | 73,2+9,1 |429,6+218,2
Republic of Altai,
n=1053 87,5+1,0| 86,9+1,0 [13,2+1,0| 8,8+0,9 [422,3+228|49| 83,3+6,9 |410,6=+186,1

Note. N — number of samples; n — number of tests; ST — helminths of the suborder Strongylata; PAR —Parascaris equorum

nematodes; ANOPL — cestodes of the suborder Anoplocephalata.

BTraversa D., Milillo P, Barnes H., von Samson-Himmelstjerna G., Schurmann S., Demeler J., Otranto D., Lia R.P, Perrucci S., Frangipane
di Regalbono A., Beraldo P., Amodie D., Rohn K., Cobb R., Boeckh A. Distribution and species-specific occurrence of cyathostomins (Nematoda,
Strongylida) in naturally infected horses from Italy, United Kingdom and Germany // Veterinary Parasitology, 2010, vol. 168, pp. 84-92.

“Shakarboev E.B., Azimov D.A., Golovanov VI, Kuznetsov D.N., Urymbetov A.A., Kaniyazov A.J. Helminths of horses in Uzbekistan //

Veterinary Medicine, 2017, N 5, pp. 29-32.

“Ryu S.H., Bak U.B., Kim J.G., Yoon H.J., Seo H.S., Kim J.T, Park J.Y., Lee C.W. Cecal rupture by Anoplocephala perfoliata infection in a
thoroughbred horse in Seoul Race Park, South Korea // Journal of Veterinary Science, 2001, vol. 3 (2), pp. 189-193.

1eStatistical Yearbook of the Altai Republic. Gorno-Altaisk, 2016, 41 p.
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Taoa. 2. I/IHBaBI/IpOBaHHOCTB nomaneﬁ B MIPOBUHIUAX Anras CTPOHTHUIIATAMHU KCITYTJOYHO-KHUIIICYHOTO

TpaKTa (JISPBOCKOMHS)

Table 2. Infestation of horses in the Altai provinces by gastrointestinal strongyles (larvoscopy)

11, %
Province Cyatho- Strongylinae ALVg | N | % | Al Ve
Total .
sto-minae
St. equin. | St. edent. St. vul.
Central Altai,
n=417 949+1,1193,0+1,2(33,8+23[31,9+23|163+1,8[155+1,9(18(89,9+4,2|14,7+3,5
Northern Altai,
n=255 85,1 +£22(84,7+£2,3(24,7+2,71200+2,5| 6,7+1,6 | 9,4+1,2 [14|85,0£7,0|10,6+2,6
Western Altai,
n=127 74,8 +3,8174,8+3,8|18,1+3,4(189+3,5| 8,725 |42+0,6 |7 |781+£9,7|3,7+1,1
South-Eastern
Altai, n =111 73,8+4,2169,4+4,4(234+4,0(13,5+3,3| 45+1,9 [109+49| 8 |754+£8,1|12,1+5,4
Republic of Altai,
n=910 86,8+ 1,11853+1,2(27,8+1,5(245+1,4|10,2+1,0/10,5+0,8|47|82,2+1,1{10,3+2,3

Note. N — number of samples; n — number of tests; types:
vul. — Strongylus vulgaris.

St. equin. — Strongylus equinus, St. edent. — Strongylus edentatus, St.

Ta6a. 3. Crpykrypa reJIbMHHTOKOMILIEKCA JIOMIAIeH B IPOBUHIIUSX AJITas (JITPBOCKOIIHS)

Table 3. Structure of the helminth complex of horses in the Altai provinces (larvoscopy)

PI
Province Cyatost. St. equin. St. edent. St. vul. PAR ANOPL
Central Altai, n =417 45,7 16,6 15,7 8,0 8,1 5,8
Northern Altai, n =255 54,4 15,9 12,8 4,3 8,0 4,6
Western Altai, n =127 55,6 13,5 14,1 6,5 4,6 5,7
South-Eastern Altai, n =111 56,7 19,1 11,0 3,7 7,4 2,1
Republic of Altai, n =910 50,2 16,4 14,4 6,0 7,8 5,2
Note. n — number of samples; strongyles: Cyatost. — subfamily Cyathostominae, St. equin. — Strongylus equinus,

St. edent. — Strongylus edentatus, St. vul. — Strongylus vulgaris; PAR — nematodes Parascaris equorum; ANOPL — cestodes of the

suborder Anoplocephalata.

strongyles, according to ova-larval research, is
the highest — 93.1% and 94.9%, and the indica-
tors of the abundance index (Al) and Al are
also the highest — 562.8 eggs/gram, 15.5 larvae/
gram, and 503.2 eggs/gram, 14.7 larvae/gram
(see Tables 1, 2). Horses in this province are
more infected with Parascaris (Il = 16.5%, PI =
8.1) and cestodes of the suborder Anoploceph-
alata (I = 11.8%, PI = 5.8) than in other areas
(see Tables 1, 3).

The infestation of equids with intestinal nem-
atodes as a whole, including strongyles (93.6%
and 85.1%) and ascarids (Il = 12.5%, PI = 8.0),
in the horse farms of the Northern Altai does not
significantly differ from the level of infestation

in the Central Altai. However, the Al and AI_
indicators for nematodes of the suborder Stron-
gylata are 1.5-1.8 times lower —311.2 and 328.1
eggs/gram, respectively. The infestation with
Anoplocephalidae is also almost 2 times lower
here (Il = 7.1%), and the share of cestodes in the
helminth complex structure is 4.6.

In the Western Altai, the infestation of animals
with ascarids, anoplocephalids, and strongyles
was 6.2 (PI = 4.6), 7.8 (PI = 5.7), and 74.8%,
respectively. The degree of infestation of hors-
es with nematodes of the suborder Strongyla-
ta (Al = 202.9 eggs/gram, Al = 299.9 eggs/
gram) in this territory is 3.0 and 1.5 times lower
than in the Central and Northern Altai. The re-
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sults of ova-larval research are supported by lar-
valscopy data (see Table 2), which also indicate
significant differences in the intensity of infes-
tation of the horse population in the provinces.

The most pronounced changes in the struc-
tural-functional characteristics of helminth com-
plexes are recorded in horses in the Southeast-
ern Altai. In this area, the infestation of animals
with strongyles and anoplocephalids is minimal
compared to other provinces. The infestation
of equines with intestinal nematodes, including
strongyles, is 68.6 and 73.8%, and with tape-
worms (Cestoda) —2.5% (PI=2.1), which is 1.5
and 2.8-4.7 times lower, respectively, than in
other provinces (see Tables 1-3).

According to the results of ova-larval re-
search, on the territory of the Southeastern Altai,
despite lower extensiveness of equid infestation
with strongyles, the intensity of infestation (Al-
eve) 18 429.6 eggs/gram and 12.1 larvae/gram,
which is comparable to similar indicators of
animal infestation in the Central Altai — 503.2
eggs/gram and 10.6 larvae/gram. This fact is
explained by the non-uniform intra-zonal dis-
tribution of strongyles, which is due to signif-
icant natural-climatic differences in the territo-
ry, where all natural zones from high-mountain
forests and meadow landscapes to semi-deserts
and tundra are represented. The infestation of
one-toed ungulates in the mountain-steppe zone
with nematodes of the suborder Strongylata (II
= 62.4%, Al = 144.1 eggs/gram and II = 66.2%,
Al = 4.7 larvae/gram) is 1.3 and 4.0-6.3 times
lower than in animals in the mountain-forest
zone (II = 83.3%, Al = 903.6 eggs/gram and EI
= 89.2%, Al = 18.6 larvae/gram).

At the same time, the values of II and PI are
comparable to Il and AI_  values, which
confirm our conclusions about the influence of
the diversity of natural-climatic conditions with-
in the highest-altitude province of Altai on the
infestation of animals by helminths. Unlike oth-
er provinces, Southeastern Altai shows a wide
range of infestation values in the samples (ova
microscopy: II =40.0-100.0%, Al = 7.4-1758.5
eggs/gram; larval microscopy: I1=45.0-100.0%,
Al =0.6-44.5 larvae/gram). Furthermore, in this
province, all indicators of infestation of animals
by nematodes of the suborder Strongylata in the

mountain-forest zone (valleys of the Argut and
Chulushman rivers) are significantly and signifi-
cantly higher than in the high-mountain steppe
zone. At the same time, the level of extensiveness
of infestation (EI ) and the level of intensity of
infestation (II,_ ) of horses in the high-mountain
steppe zone of Southeastern Altai are statistical-
ly lower than in the animals from Northern and
Central Altai (see Table 4).

It has also been found that in the structure of
the helminth complexes of horses in the high-
land steppes and highland forests of Southeast-
ern Altai, despite the clear dominance of cyatho-
stomes with PI of 58.3 (I = 59.5%) and 56.9
(II = 89.2%), subdominants are Parascaris (PI
= 11.6, EI = 11.8%) and Trichostrongylus (PI =
13.8, 11 = 21.6%).

In contrast to other provinces, where the struc-
ture of the whole-hoofed animals helminth com-
plex has a ratio of 16.2-20.7: 1.0-1.7: 1.0-1.2
for strongyles, ascarids, and anoplocephalids, in
Southeastern Altai, the proportion of strongyles
and Parascaris is significantly higher, resulting
in the following ratio — 46.6: 3.5: 1.0.

The low values of PI (2.1) and infestation
(2.5%) by anoplocephalids in horses in the
high-mountain territories of Southeastern Altai,
characterized by the lowest heat supply and low
precipitation levels compared to other physio-
graphic provinces of the region, are most likely
determined by the low population density of ori-
batid mites - intermediate hosts of cestodes.

Overall, there are no significant differences
in the extensiveness of infestation between the
provinces of the Altai Mountains according to
ova microscopy. However, the level of abun-
dance of helminth eggs in the samples obtained
from horses in Central Altai is significantly
higher than in animals living in Northern and
Western Altai (see Table 5). Additionally, it is
established that the results of larval microsco-
py are comparable to ova microscopy data (see
Table 5).

We have also not recorded significant differ-
ences in the values of Elu in horses from dif-
ferent provinces. However, the indicators of the
abundance of helminth larvae and eggs in the
samples from equids of Central Altai are signifi-
cantly higher than in samples from animals in
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Taoua. 4. JlocTtoBepHOCTH pa3inuuil MoKazaTenel ypoBHA 3apaxkeHHoCTH Jommaaeil FOro-Boctounoro
AuTast KMUIEYHBIMU CTPOHTUIIATaMu 10 U-kputepuio Manna—Yurau (U, /U ), OBOJISPBOCKOIIHUS

KpH’

Table 4. Reliability of differences in the level of infestation of horses in the South-Eastern Altai by

intestinal strongyles according to the Mann—Whitney U-test (Uemp/ U

), ovolarvoscopy

crit

n Ovoscopy Larvoscopy
Natura] zone IIle:vel’ % crit Allevel crit IIlevel’ % crit Allevel crit
Mountain-forest (middle mountains
. ( . ) | 3 100,0 01" 928,8 23" 100,0 01" 244 13"
Mountain-steppe (highlands) 41 57,1 186,5 60,7 4,6

Note. *p <0,05; **p <0,01; n — the number of samples.

Taoa. 5. JlocroBepHOCTH pa3nuuuil mokazaTeneil ypoBHs 3apak€HHOCTH JIOIA e KUIIEUHBIMU CTPOH-

rusitamu o U-kpureputo Manna—Yutau (U /U )

OMIT KpHUT

Table 5. Reliability of differences in the levels of infestation of horses with intestinal strongylates

according to the Mann—Whitney U-test (U__ /U .)

emp  crit

. Northern Altai Central Altai Western Altai South-Eastern Altai
Province
n=15 n=19 n="17 n=_8
Ovoscopy
Northern Altai 0 141/94 37/28 35/33
Central Altai 94/94* 0 39/37 49/44
Western Altai 40/28 36/37" 0 23/13
South-Eastern Altai 48/33 60/44 25/13 0
Larvoscopy
Northern Altai 0 122/82 39/26 41/31
Central Altai 110/82 0 49/35 49/30
Western Altai 31/35* 0 24/13
South-Eastern Altai 61/41 22/13 0

Note. *p < 0.05; n — number of samples; data above zero row — level of invasion extensiveness; data below zero row — level of

abundance of helminth eggs (ovoscopy) and larvae (larvoscopy).

Western Altai (see Table 5).

On the territory of the Altai Mountains, par-
asitic infestations of horses occur in the form of
mixed infestations. At the same time, the mosaic
of ecological conditions in the mountainous re-
gion determines the structural features of the no-
sological profile of animal helminthiases and the
degree of infestation by helminths in individual
provinces.

CONCLUSION

In the structure of the helminth complexes
of the digestive system of horses in different
physiographic provinces of the Altai Moun-
tains, strongyles dominate. The infestation of
animals with strongyles (II = 68.6-94.9%, Al_,
= 299.9-503.2 eggs/gram) and their proportion
in helminth complexes (PI = 86.0-90.5) signifi-
cantly exceed the corresponding indicators for

the nematodes of the suborder Ascaridata (II =
6.2-16.5%, P1=4.6-8.1) and cestodes of the sub-
order Anoplocephalata (II =2.5-11.8%, P =2.1-
5.8). Equine infestations are widespread, but dif-
ferences in the intensity of animal infestation by
helminths of individual taxonomic groups and in
the structure of helminth complexes are record-
ed within provinces, with the most pronounced
differences observed in horses from Southeast-
ern Altai. Here, the infestation of horses with
strongyles (68.6%) and anoplocephalids (2.5%)
is 1.5 and 2.8-4.7 times lower than in other prov-
inces, but the intensity of infestation with stron-
gyles is maximal (Al = 565.3 eggs/gram, Al
=429.6 eggs/gram), which is due to intra-zonal
differences in the ecological conditions of the

highlands.
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C<De-mail: fti2009@yandex.ru

CdopmynupoBaHbl 1 000CHOBAaHBI TPEOOBAHUS K METOJaM OIPEIeTICHUs T101a SMOpHOHA B SIS
B COOTBETCTBHMM C Y)KECTOUCHHMEM paHee NPUHATHIX HOPM OTOPAKOBKU IETYIIKOB IIPU MHKyOauuu.
[IpoBeneH aHamM3 HOBBIX pa3pabaTbIBAEMBIX METOIOB ONpPEENCHHUS U OTOPAKOBKU 3MOPHOHOB SIUIT
B TeyeHHe 7 AHEH MX MHKYOalMH, ONMMCAaHbl MX MPEHMYIIECTBAa U HEAOCTaTKU. BhIsSBIEHBI 1Ba He-
WHBA3MBHBIX METOJa, KOTOPbIE MMEIOT OINpPEENIEHHYIO MEPCIEKTUBY KOMMEPUYECKOTrO0 BHEIPEHMS B
oTpacib NMTUIEBOACTBA (MH(MpaKpacHas CIEKTPOCKOIUS M KOMITbIOTepHOe 3peHue). Llens uccnemno-
BaHUS — ONPEACTUTH BO3MOKHOCTH HEMHBA3WBHOTO METOIa OMPEIeNIeHNs TI01a SMOpHOHA B H1Ie 70
MHKYOalluy Ha OCHOBAHMM HMHTEJUIEKTYaJIbHOTO aHAIN3a HPEAIOKEHHBIX MOP(POMETPUUECKUX IPH-
3HAKOB siiila NTHLEL. BriepBeie pa3paboTaH MeTOA OmpenesieHHs MOJI0BOro AUMOPQHU3Ma, OCHOBAH-
HBIH Ha aHaJIM3€ MapaMeTpOB aCHMMETPHH SIa MO TPEM MPOCTPAHCTBEHHBIM KOOPAMHATAM, OIpe-
JIeNISieMBIM METO/IaMU KOMITBIOTEPHOTO 3peHHs ¢ MPUMEHEHUEeM MallMHHOTo o0y4enus. Paspaborana
IKCIIEPUMEHTAIbHASL YCTAHOBKA OLIEHKH KHU3HECTIOCOOHOCTH M CO3/[aHNE HEOOXOUMBIX YCIIOBHI JUISI
MIPOBEACHNST WHKYOAIlMM W BBIBOAA LBIIIAT JUTS TTOATBEPKACHHUS OCYIISCTBICHHS IMPEAIaraeMoro
Mmerona. B cocraB ee BXomaT smart HHKyOaTop « YMHasi HaceIka», Opynep, TeIJIOBU3HOHHAS MUKPO-
kamepa TE-Q1, macnonanonnenusiii paguaropa POLARIS mogenu PRE T 0915, yBnaxkxuurens B0O3-
nyxa Ergopower ER 604, 6akrepunuaabiii o0myuarenb-pennpkyasitop Boznyxa DEFENDER 2-15C,
tepmorurpomerp RGK TH-30 u noytOyk. [Ipu nmony4yennn u3o00pakeHHl B yCTaHOBKE MCIIOIb30BaH
mudposoii poroarmmapar Canon EOS 2000D EF-S 18-55 III Kit ¢ coBpemennoit CMOS-marpureit
(22,3 x 14,9 MM) 1 MOIITHBIM TIPOIIECCOPOM. [ eOMETpHUECKYIO MPOCTPAHCTBCHHYIO MU(PPOBYIO MO-
JIeJIb KaXKI0TO sIilia IPOrpaMMHBIM ITyTEM HCKYCCTBEHHO Pa30MBaIM HA MHOXKECTBO JIEMEHTOB, 110
KOTOPBIM ONPEAEISUTN acUMMETpHIO (OpMBI stina. IIpu 3ToM 1o M3MepeHHBIM JIMHEHHBIM pa3Mepam
Ka)KJIOTO 3JIEMEHTa ONPENeNsIN UX UHACKCH (hopMbl, miiomaas, oobeM n nepumetp. [IpoBenena nn-
KyOarus 72 OIuI0OJOTBOPEHHBIX sl KypHlbl kpocca Dekalb White. [Tocne nnkybanuu ynanoch ao-
CTOBEPHO OmpeAenuTh moi 38 upluiar. [IpuMenenrne MeTo10B MalllMHHOTO 00yUYeHHs TIPU PEIIeHUN
3aa4 OMHAPHON KiTacCU(UKAIIH I MaIOi BEIOOPKH (38) ¢ OOBIIOI pa3sMepHOCTHIO MICXOIHOTO Ha-
00pa NPU3HAKOB I103BOJIMIIO IOIYUUTh TPU OKOHYATEJIbHBIE MOJIEJIN CO 3HAYEHUEM TOUHOCTH METPHUK
nmoctoBepHOCTH AUC = 73—-72% u F1 = 69—72%: Random Forest xiraccudukarop ¢ 4 oneHIMKaMu 1
MaKCHUMaJIbHOH ITyOuHOH 3; KiaccuukaTop ciydaiHoro jeca ¢ 10 oLeHIIMKaMH U MaKCUMaJIbHOH
rryOuHoH 5 u knaccuduratop AdaBoost ¢ 4 oneHIMKamMu JepeBa pelIeHUi 1 MaKCUMaIbHOM Ti1yOu-
HOU 3. DKCIIepUMEHTaIbHOE MOATBEPKACHUE B3aUMOCBSI3H aCUMMETPUH (DOPMBI STHIIA C €T0 MOJIOBBIM
JTUMOP(GU3MOM TTO3BOJIUT MPHUOIM3UTHCA K PEMICHUI0 MUPOBON HAy4YHOM MPOOJIEMBI TOCTOBEPHOTO
orpeneneHus 1ona siina 10 UHKyOanuu.

KiroueBble cioBa: siiino, nHKyOauus, SMOpHOH, TUMOP(HU3M, ONpeneNeHIe, METOIbl, KOMIIbIO-
TEpHOE 3peHHe
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The requirements to the methods of embryo sex determination in an egg have been formulated and
substantiated in accordance with the tightening of the previously accepted norms of cockerel culling
during incubation. New methods under development for identifying and culling of egg embryos within
7 days of incubation have been analyzed, and their advantages and disadvantages have been described.
Two non-invasive techniques have been identified that have some potential for commercialization in
the poultry industry (infrared spectroscopy and computer vision). The purpose of the study is to deter-
mine the possibilities of a non-invasive method for determining the sex of an embryo in an egg prior
to incubation based on intelligent analysis of the proposed morphometric features of poultry eggs. The
scientific novelty of the research lies in the fact that for the first time a method of determining sexual di-
morphism based on the analysis of egg asymmetry parameters by three spatial coordinates determined
by computer vision methods with the use of machine learning has been developed. An experimental
unit for viability assessment and establishment of the necessary conditions for incubation and hatching
of chicks has been developed to validate the implementation of the proposed method. It includes a
smart incubator "Smart Nest", a brooder, a thermal imaging micro-camera TE-Q1, an oil-filled radiator
POLARIS model PRE T 0915, an air humidifier Ergopower ER 604, a bactericidal air irradiator-re-
circulator DEFENDER 2-15C, a thermohygrometer RGK TH-30 and a laptop. For image acquisition,
the setup utilized a Canon EOS 2000D EF-S 18-55 III Kit digital camera with a state-of-the-art CMOS
sensor (22.3 x 14.9 mm) and a powerful processor. The geometric spatial digital model of each egg
was artificially divided into a set of elements by software, by which the asymmetry of the egg shape
was determined. In doing so, their shape indices, area, volume and perimeter were determined from the
measured linear dimensions of each element. Incubation of 72 fertilized eggs of Dekalb White cross hen
was carried out. Following the incubation, it was possible to reliably determine the sex of 38 chicks.
Applying machine learning methods in solving binary classification problems for a small sample (38)
with high dimensionality of the initial feature set yielded three final models with accuracy metrics
AUC = 73-72% and F1 = 69-72%: Random Forest classifier with 4 evaluators and maximum depth
of 3; Random Forest classifier with 10 evaluators and maximum depth of 5 and AdaBoost classifier
with 4 decision tree evaluators and maximum depth of 3. Experimental confirmation of the relationship
between the egg shape asymmetry and its sexual dimorphism will make it possible to approach the
solution of the world scientific problem of reliable determination of the egg sex before incubation.

Keywords: egg, incubation, embryo, dimorphism, definition, methods, machine vision
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Development of a new method for evaluating
embryos in a bird egg before incubation

Aleynikov A.F., Osipenko I.V.

INTRODUCTION

Every year, more than 7 billion domestic
birds undergo culling of male chicks after the
incubation period [1]. Since this procedure is
typically carried out using methods that are con-
sidered inhumane, such as maceration and suffo-
cation in a carbon dioxide environment, it raises
public concerns about the unethical practices of
food producers [2]. In response to this, several
European countries (Germany, France) have im-
plemented laws prohibiting the mass culling of
day-old chicks since 2022'. Switzerland plans to
introduce a similar ban in 2026. Producers are
required to use technologies to determine the
sex of the chick before it hatches and prevent
the hatching of male chicks during incubation.
Furthermore, starting in 2024, some European
countries plan to ban the destruction of live em-
bryos in bird eggs after the 6th day of incuba-
tion®. This is due to the presence of heartbeats
in developing embryos as early as the 3rd day of
incubation and the gray area of embryonic pain
limit on the 7th day of chicken egg incubation
(see footnote 2).

Determining the sex of an embryo in an egg
before incubation remains an unresolved issue
[3]. In light of these new trends, a promising
method for determining the sex of an embryo in
an egg should:

— preserve the integrity of the eggshell or the
embryo, i.e., be a non-invasive method;

— absence of a negative impact on the embryo
in the egg and on chicks during their hatching
and further development;

— allow for the culling of incubation eggs be-
fore incubation or within 6-7 days when the like-
lihood of pain limit in the developing embryo is
low, making it ethically acceptable;

— be fast-acting, so it can be applied to a large
number of eggs in commercial incubators;

— avoid the use of complex foreign technol-
ogies, technical, and other means during its im-
plementation;

— possess the necessary reliability or accura-
cy in predicting sexual dimorphism in the egg;

— no labor-intensive operations or complex
analytical procedures that would increase its
commercial implementation costs but offer the
prospect of its use directly in the incubators of
domestic poultry farms.

In this regard, when analyzing existing meth-
ods for assessing sexual dimorphism in bird em-
bryo eggs and developing a new method through
experimental research, this study takes into ac-
count the requirements outlined above.

The research objective is to define the pos-
sibilities of a non-invasive method for deter-
mining the sex of an embryo in an egg before
incubation based on the intelligent analysis of
proposed morphometric features of bird eggs.

MATERIAL AND METHODS

The analysis of over 100 sources on existing
methods and means for assessing the sexual di-
morphism of bird embryos in eggs during incu-
bation (up to 7 days) revealed five main methods
(see Table 1). Among the methods capable of
culling incubation eggs within 7 days, we can
include infrared spectroscopy (IR) using an opti-
cal transmission spectrometer UV-VIS-NIR [4]
and computer (technical) vision using a neural
network of a genetic algorithm backpropagation
error (GA-BPNN) [5].

These methods, to some extent, correspond to
the requirements outlined above for their imple-
mentation in the poultry industry for assessing
sexual dimorphism in embryos before they de-
velop nociception.

However, transmission
quires®:

spectrometry re-

!Gschweng D. In Deutschland ist es seit 2022 verboten, Kiiken zu schreddern // Die Industrie umgeht das Verbot. 2023. 11.01. https://www.
infosperber.ch/gesundheit/ernachrung/bruderhachne-toeten-verboten-nun-sterben-sie-im-ausland/ (nara o6pamenus 15.09.2023).

2Akiyama R., Matsuhisa A., Pearson J.T, Tazawa H. Long-term measurement of heart rate in chicken eggs / Comp. Biochem. Physiol. Part A

Mol. Integr. Physiol, 1999, vol. 124, Issue 4, pp. 483—490.

’Infrared spectroscopy: https://microbiologynote.com/ru/npusunn-uadpakpacHoii-MK-crekrpockonri-nHCTpyMEHTaIbHOS-IIpUMeHeH e/ (ac-

cessed on 15.09.2023).
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— exclusion of any external light, electronic
noise, minimal vibrations, and other interferenc-
es within the analysis zone;

— placing the specimen under study in a spe-
cially designed cell that should not contain mate-
rials absorbing infrared radiation (plastic, glass);

— regulation of microclimate parameters, es-
pecially relative humidity of the air, as the accu-
racy of analytical procedures of such a spectrom-
eter depends on changes in these conditions.

Therefore, the procedure for analysis by the
IR spectrometry method is time-consuming,
complex, labor-intensive, and less attractive for
commercial implementation.

The use of computer vision reduces the costs
associated with labor-intensive processes, re-
lated to the increasing intensification of poultry
production. These methods will provide a large
volume of diverse data for assessing viability
and predicting the sexual characteristics of em-
bryos in eggs for subsequent analysis [3, 5].

Regarding the developed method for deter-
mining the structure and volume distribution of
blood vessels in the incubated egg, it does not
have high accuracy in determining the gender
(see Table 1). First, the eggshell's surface must
have a purely white uniform surface, without
specks and foreign inclusions; otherwise, this
introduces additional errors in determining the
gender of the embryo [10]. Second, the accura-
cy of determination is influenced by physiologi-
cal and biochemical processes occurring during
the embryo's development, as the composition
of the egg's components changes significantly
during incubation. For example, during incu-
bation, there is a reduction in the mass of pro-
tein, especially from the 3rd to the 5th day (from
50.38% to 21.44%), and by the 7th day, the yolk
accounts for 65.4% of the egg's mass*.

In the implementation of the method for as-
sessing the gender of embryos based on the
characteristics of the vascular structure, the use
of a light-controlled digital camera is required
due to the loss of light permeability of the lig-
uid in the egg during incubation [11]. A robotic

system for egg identification, brief extraction
from the incubator, uniform placement on a
tray identical throughout the batch of incubated
eggs, illuminated from a light source, and ob-
taining a precision image of the vessels is also
necessary. For detection and image acquisition,
an additional system is required, which, using a
three-coordinate executive mechanism, will de-
tect blood vessels and obtain a clear image of
their structure. It should be noted that in the ear-
ly days of incubation, the vascular structure is
barely distinguishable. The size and distribution
characteristics of the vessels on the surface are
different because these characteristics change
depending on the area of egg projection in the
obtained image. Furthermore, during the process
of obtaining images, it is necessary to wait for
the yolk, which is more viscous than the protein,
to stop making oscillatory movements and to se-
lect the projection that captures the vascular sys-
tem. Therefore, the costs of implementing this
method are comparable to the costs of develop-
ing the existing robotic system Ella by the Ger-
man company Seleggt, with a capacity of 3600
eggs per hour, which allows for the determina-
tion of the sex of future chicks on the 8th-10th
day of incubation with 98% accuracy using an
invasive method (see Figure 1)°.

A method is proposed based on the idea of
using morphometric features of the egg to deter-
mine the sex of the embryo [12]. In the develop-
ment of the considered approach, which is based
on determining the ratio of the longitudinal to
transverse linear size of the egg, the emphasis
is placed on determining the asymmetry of mor-
phometric features of the egg concerning spatial
coordinates. It can be assumed that the character
of the asymmetry of chicken eggs concerning
spatial coordinates with embryos of male and
female sexes is different.

The tendency towards symmetry of shape in
living organisms is a well-known fact and is ex-
plained by the reduction of entropy in ordered
systems. The shape of future chick eggs may be
more symmetrical than that of future roosters,

“Physiology of the developing embryo: https://studref.com/534356/agropromyshlennost/fiziologiya razvivayuschegosya embriona#:: (accessed

on 15.09.2023).

‘In-ovo  sexing:
Seleggt?%20in%20November%202018 (accessed on 15.09.2022).

https://en.wikipedia.org/wiki/In-ovo_sexing#:~:text=In%20poultry%20farming%2C%?20in-ovo%?20sexing,company%20
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and it will tend to approach a sphere (to preserve
future offspring) [13]. This will allow for a more
even distribution of forces on the eggshell with
the future chick under possible sudden mechani-
cal loads and increase its resistance to shell dam-
age compared to eggs of the opposite sex [3, 14].

The developed method includes the follow-
ing techniques performed using a complex of
computer programs [15].

Six basic parameters of the digital egg model
in pixels (px) are determined: longitudinal size
(0), transverse size (b), perimeter, area, volume,
and shape index (the ratio of transverse b to lon-
gitudinal size /).

In the obtained digital egg model, the center
of the ellipsoidal shape is established based on
the values of longitudinal and transverse size.

The original images of ellipsoidal egg shapes
are divided into four equal sectors, and from each
sector, four new images are generated using mir-
ror reflection. This determines the halves of the
transverse and longitudinal sizes of the specific
egg image and calculates their areas and perim-
eters. A circle is then inscribed from the center

of the ellipsoidal shape model. The radius of the
circle is equal to half of the transverse size of the
specific egg image. The areas, perimeters, and
their sums, differences, and ratios outside the
inscribed circle are calculated both at the sharp
and blunt ends of the egg image. This results in
45 variable features of the model.

Then, symmetrically from the center, 12 uni-
form sections perpendicular to the longitudinal
axis 1 of the specific egg image are formed, and
the values of all transverse sizes of the egg im-
ages, as well as all sizes of their intersections on
the longitudinal axis of the specific egg image,
are determined. Their ratios at all intersection
points and the distribution of shape indices are
calculated. Then, through uniform segments of
ellipsoidal egg shapes (QQ = 10 degrees), they
are divided into a system of 36 radius-vectors,
and their modules from the chosen center of the
shape to the contour boundary of the specific
egg image are determined.

All the data obtained above, characterizing
the shape of the digital egg model and its de-
viation from symmetry, are subjected to static

1BE -

Puc. 1. Buemnuii Buj podoTusnpoBanHoro komiuiekca Ella

Fig. 1. External view of the Ella robotic complex
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analysis. Only the data with the lowest level of
significance in each selected dimensional group
are highlighted. Then, the selected data are used
in machine learning methods applicable when
solving the problem of binary classification for
small samples with a high dimensionality of the
original feature set.

RESULTS AND DISCUSISION

For conducting experimental research, a vi-
ability assessment unit (hereafter referred to as
VAU) and creating the necessary conditions for
incubation and chick rearing was made. The
VAU installation included an incubator 7, a
brooder 2, a thermal imager 3, a smartphone 4,
a laptop 5, an electric heater 6, a humidifier 7,
a device for measuring air temperature and hu-
midity &, and a UV bactericidal air recirculator 9
(see Fig. 2). The VAU was placed in an isolated
dark room with an area of 14 m?, where the nec-
essary temperature and relative humidity of the
air were maintained using an oil-filled radiator
POLARIS model PRE T 0915 and an air humid-
ifier Ergopower ER 604, in accordance with the
recommendations outlined in the incubator's op-
eration manual.

A domestic Smart incubator "Intelligent
Brood Hen" IB2NB-UI, TU4743-002-8610978—
2008, designed for incubating six species of do-
mestic birds, was selected as the incubator. It,
like the setup for obtaining egg images using
computer vision, was located in a dark room.

The main technical characteristics of the in-
cubator, according to the accompanying docu-
mentation, are as follows: power supply voltage
12 V, current 8 A, maximum power 80 W, ad-
justable temperature range from 37.0 to 39.5 °C,
temperature control accuracy +0.1 °C, capacity
for standard chicken eggs — 104 eggs; overall di-
mensions of the case (excluding the drive) 795
X 595 x 295 mm, weight in packaging not more
than 4 kg.

To ensure the survival of the hatched chicks
after incubation, they needed to be placed in a
special insulated enclosed space where a higher

thermal regime than in the heated room needed
to be maintained. Additionally, this space had to
provide all the conditions for the development
of such a living organism. First and foremost, it
was necessary to provide the chicks with drink-
ing water with the possibility of adding stimu-
lating and medicinal substances and food. It was
also necessary to timely remove waste, eliminate
the possibility of through-airflow from holes and
gaps in the room, ensure the supply of clean and
fresh air, etc. For these purposes, a dismountable
brooder 77 with an infrared ceramic lamp and a
drinker was purchased.

Before incubation, the batch of eggs was as-
sessed for viability using an Alisa egg candler
and a thermal imaging camera TE-Q1.

After that, precise images (digital models)
of each incubation egg were obtained using the
computer vision setup. To obtain the images, a
digital camera Canon EOS 2000D EF-S 18-55
III Kit with a modern CMOS matrix (22.3 x 14.9
mm) and a powerful processor [3] was used. Its
characteristics include a color depth of 42 bits
per pixel, a matrix sensitivity range from 100 to
6400 ISO, a crop factor of 1.6, automatic expo-
sure with priority for both aperture and shutter
speed, a mirror (TTL) viewfinder with a field of
view of 95%, and a fast-shooting speed of three
frames per second.

A filter HSV (hue, saturation, value) was ap-
plied to each frame of the egg image, allowing
for glare-free, high-resolution (1660 x 1900 px)
black and white images. Thus, after these trans-
formations, a single white object in the form of
a closed oval geometric figure was formed in the
frame, the shape of which corresponded to the
object under investigation — a chicken egg.

Before incubation, all components of the VAU
installation and the batch of eggs underwent dis-
infection in accordance with recommendations®.
To maintain sanitary and preventive measures
in the room, a bactericidal air recirculator DE-
FENDER 2-15C was used. After the procedure
of determining and saving the parameters of the
egg images on a personal computer, eight eggs

SGOST 10-85-87. Production of hatching eggs of agricultural poultry. Technology of preincubation processing. Basic parameters. Ministry of

Agriculture of Russia, 1988.

112 Siberian Herald of Agricultural Science * 2023 « 53 « 11

Mechanisation, automation, modelling and dataware



PazpaboTka HOBOrO METO/Ia OL[EHKU SMOPHUOHOB
B sIHLI€ NTHILBI JIO €r0 UHKYOAluu

AuneiinukoB A.®., Ocunenko U.B.

:
6 m"

i
Wl

k)

Puc. 2. CocraB ycranoku YIDK

Fig. 2. Composition of the VAU (viability assessment unit)

with low embryo viability were culled from the
entire batch of research eggs. A total of 72 chick-
en eggs (Dekalb White cross) were subjected
to incubation for 21 days. During incubation,
69 live chicks hatched from the 72 eggs. Four
chicks died in the brooder, and seven hatched
with signs of rickets. Of the healthy chicks, only
38 (24 males and 14 females) could be reliably
identified by sex, based on the coincidence of the
external feather features of one-day-old chicks
and their reflex reactions [15].

Thus, the initial dataset consisted of 38 sam-
ples of images, from which a set of numerical
geometric characteristics was formed. Each
set was described by 93 asymmetry features.
Since the distribution of almost all asymmetry
parameters differed significantly from normal,
two criteria were used to test the hypothesis of
differences in means: pl - Mann-Whitney U
criterion and p2 - Kolmogorov-Smirnov crite-
rion [16].

The application of both criteria allowed for
increased confidence in confirming the hypothe-
sis of differences in means (mathematical expec-
tations). Based on the results of statistical anal-
ysis, which did not yield significant differences
for the two groups under consideration in terms
of asymmetry parameters, 26 parameters were
selected from all the indicators. Data with the
lowest values of p1 and p2 criteria were chosen
(see Table 2).

The obtained group of features included geo-
metric characteristics of the egg: two features
from basic parameters, four from shape index
parameters based on cross-sectional and longi-
tudinal dimensions, seven from radius vector
module parameters, and 13 from asymmetry fea-
ture parameters based on quadrant divisions and
inscribed circles.

However, the use of statistical analysis did
not yield the expected results.
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Therefore, it was decided to investigate the
applicability of machine learning methods to ob-
tain models capable of determining the sex of
chicks based on geometric characteristics of the
egg and identifying the most informative fea-
tures.

When constructing models, the set of func-
tions obtained using various image processing
methods was grouped into several separate cat-
egories:

— GO1 (6 features — perimeter, area, volume,
longitudinal and transverse dimensions, shape
indices);

— GO02 (11 features — shape indices based on
segmented cross-sectional and longitudinal di-
mensions);

— characteristics of radius vectors drawn from
the center of the object to the contour boundary:
GO03 (36 features — vector length per segment);
GO04 (18 features — length ratio at 180 degrees);
GO5 (18 features — length ratio at 90 degrees);

— characteristics of the finished sample: G06
(16 features — Group 1: areas, perimeters); GO7
(8 features — Group 2: using an inscribed circle);
GO08 (12 features — Group 3: averaged character-
istics);

— GO09 (4 functions — calculated volumes of
elements of division);

— G10 (93 functions: combination of groups
G01-G09);

— G11(53 functions: combination of groups
G01-GO03).

The following machine learning algorithms
(ML) were used: the construction of models such
as decision trees, random forests, AdaBoost, lo-
gistic regression, and support vector machines
(SVM) for classification using the following
configurations:

— MO1: decision tree classifier with a maxi-
mum depth of 3;

— MO2: decision tree classifier with a maxi-
mum depth of 5;

— MO3: random forest classifier with 4 esti-
mators and a maximum depth of 3;

— MO04: random forest classifier with 10 esti-
mators and a maximum depth of 5;

— MO05: AdaBoost classifier with 4 decision
tree estimators and a maximum depth of 3;

—MO06: support vector machine classifier with
an "RBF" kernel;

—MO7: support vector machine classifier with
a "linear" kernel,

— MOS: logistic regression with L2 regular-
ization.

The Python programming language was used
for data processing and analysis. The scikit-learn
library was chosen for implementing the listed
machine learning algorithms, and the Orange 3
program with a graphical user interface was used
for model construction. When evaluating model
metrics, a cross-validation approach was applied
in two different variants’. At the initial stage of
work, the leave-one-out method was used, in
which the test subset consisted of one sample
(k =1), and the number of divisions and mod-
els was equivalent to the number of samples (N
= 38). During the model building and selection
phase, a K-fold cross-validation method with K
= 3 splits and result averaging was implemented.

The advantage of using cross-validation is
that it allows for a more reliable assessment of
the model's performance since it tests the model's
ability to generalize new data that were not seen
during training. This helps prevent overfitting,
where the model performs well on the training
data but poorly on new data. Thus, cross-vali-
dation can provide a more accurate assessment
of model performance and make it more reliable
for practical use. Among the numerous metrics
available for evaluating classification models®,
this study used the AUC ROC (Area Under
Curve Receiver Operating Characteristic) and
F1-score. The Fl-score is calculated as the har-
monic mean of precision and recall, providing
equal weight to both precision and recall.

The complexity of the research task required
a series of experiments, each of which yielded
the desired results.

"Wong T-T. Performance evaluation of classification algorithms by k-fold and leave-one-out cross validation // Pattern Recognition, 2015, vol.

48, Issue 9, pp. 2839-2846.

8Branco P, Torgo L., Ribeiro R.P. A Survey of Predictive Modeling on Imbalanced Domains // ACM computing surveys (CSUR), 2016, vol. 49,

Issue. 2, pp. 1-50.
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Table 2. List of parameters selected at the statistical analysis stage*

Ngl;l_ Parameter code Parameter description, px | Range (batches) Hens Cockerels (p_f allue) P2 (é)e_)v al-
Baseline parameters and cut asymmetry
1 |x_height / 956,0 = 1091 | 1053 +38 | 984 +28 0,44 0,64
2 |x_perim Perimeter (Per.) 2989,4 +3407,6(3234,7 +97,5|3218,9+89,0| 0,41 0,58
3 |x_ M1 shapelnd 01 |I/b for the segment 1 2,2+27 2,4+0,1 2,4+0,1 0,75 0,44
4 |x Ml shapelnd 09 |//b segment 9 36,2 +40,7 37,9+12 | 37,8+0,7 0,89 0,32
5 |x M1 shapelnd 10 |//b for the segment 10 34,8 +39.2 36,5+1,2 | 363+0,8 | 0,82 0,49
6 |x M1 heightPerN Al 79,7+92,6 | 87,7+3.2 | 87,7+2,4 | 044 0,64
Parameters of asymmetry by the modulus of radius vectors
7 |x M3 a080 At Q = 80 degrees 479 +558 [527,0+19,8| 527,5+14 | 0,42 0,70
8 [x M3 a090 At Q =90 degrees 479 +570 [535,4+21,8| 5345+15 | 0,33 0,64
9 |x M3 al00 At Q =100 degrees 475+557 [527,0+19,8| 526,1 £15 | 0,41 0,64
10 [x M3 al40 At Q = 140 degrees 423 + 460 440+ 10 439+9 0,66 0,44
11 [x M3 als0 At Q =150 degrees 416 + 434 425+9 425+ 8 0,86 0.44
12 |x M3 a250 At Q=250 degrees 490 ~ 516 502 + 14 502+ 12 0,49 0.64
13 |x M3 a300 At Q=300 degrees 461 + 510 489+ 13 487+9 0,59 0.49
Parameters obtained from the reception of quarters and the inscribed circle
14 |x M4 UL height |/ 958 + 1116 1072 +44 | 1071 +30 | 0,34 0,49
15 |x_M4 UL perim-|Per. of the lower figure| 2149 +2716 | 2404 + 136 (2467,5+100| 0,18 0,13
Down outside the inscribed circle
16 |x_M4 UL perim-|Per. of the upper figure| 2179 +2770 | 2418 +142 | 2484109 | 0,14 0,13
Upper outside the inscribed circle
17 |x M4 UR height |/ 958 + 1140 1072 +44 | 1070+31 | 0,34 0,49
18 [x M4 DL perim-|Per. of the lower figure| 2715+3023 | 2914+79 | 2895+74 | 0,34 0,58
Down outside the inscribed circle
19 |x M4 DL perim-|Per. of the upper figure| 2715+3023 | 291681 | 2895+74 | 0,30 0,39
Upper outside the inscribed circle
20 |[x_M4 DR perim-|Per. of the lower figure| 2711+3065 2923 +£80 | 2888+84 | 0,31 0,64
Down outside the inscribed circle
21 |x_ M4 DR perim-|Per. of the upper figure| 2711 + 3063 292 + 82 2889+84 | 0,23 0,49
Upper outside the inscribed circle
23 |x_M4 UL perim_|Mean value (1) Per. of the| 2164 +2580 | 2411+ 137 |2476+104 | 0,16 0,13
avg left upper segment outside
the circle
24 |x_M4 DL perim_|u Per. of the lower right| 2715+3023 | 2915+80 | 2895+74 | 0,30 0,39
avg segments outside the cir-
cle
25 |x_M4 DR perim_|u Per. of both lower seg-| 2711 +3009 | 2924+85 | 2889+84 | 0,27 0,64
avg ments outside the circle
26 |x_M4 UR volume |[p areas of both upper| 332 384 976 + | 387671 169+ |385584292+| 0,66 0,41
right segments outside| 42 825 441 28014778 | 23636658
the circle

* The smallest values p1, p2 y of the analyzed parameters are marked in italics.

MCX&HI/BBJ_[[/BI, aBTroMarusanysi, MOACIIMPOBaHNE
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In the first experiment, the correctness of
the identification of each sample using machine
learning models was tested. The second experi-
ment involved using different machine learning
algorithms, leading to the creation of a prelimi-
nary set of models.

In the third and final experiment, the resulting
feature set was formed, and the final machine
learning model was obtained.

Let's take a closer look at the course of each
of the conducted experiments.

In small-sized data sets, errors in data collec-
tion can significantly affect the final result. To
study the identified object from the original sam-
ple using machine learning models, the Leave-
One-Out method was used with ML algorithms
MO1-MO06 for feature groups GO01-G10. As a
result, 38 x 10 x 6 models were built. Subse-
quently, machine learning algorithms M07 and
MO8 were added to the set of machine learning
algorithms.

Based on the results of the first experiment,
feature groups GO1, G02, GO3, and G11 were
selected for model formation. For each fea-
ture group GO1, G02, GO3, G11, and machine
learning algorithm MO1-MO08, models were
built using K-fold cross-validation with three
splits. Metrics for each shuffle were averaged
to obtain the final classification metric scores.
In total, 4 x 8 X 3 models were generated. The
summarized results for AUC ROC and F1-score
are presented in Table 3. Among the obtained
models, those generated by algorithms MO04
and MO5 using features from groups G02 and
G11 had the highest averaged metrics (AUC
= 67-72%, F1 = 70-76%). Metrics for the fea-
ture group GO2 (11 features) exceeded the per-
formance of models created using the feature
group GO1 (53 features), so models with fewer
features performed better than those with more
features. This can be explained by the "curse of
dimensionality," noise in the data, and increased
entropy [16]. As the number of features increas-
es, the amount of noise and randomness in the
data also increases, making it more challenging

to extract meaningful patterns and information
from the data. Dimensionality reduction meth-
ods and feature selection methods are useful
tools for addressing these issues and improving
model performance.

The goal of the third experiment was to im-
prove model performance by using more infor-
mative features. This was achieved by imple-
menting SHAP values [17].

The data in Table 3 highlights three final mod-
els with accuracy indicators AUC = 73-72% and
F1 = 69-72%: Random Forest classifier with 4
estimators and a maximum depth of 3, Random
Forest classifier with 10 estimators and a maxi-
mum depth of 5, and AdaBoost classifier with 4
decision tree estimators and a maximum depth
of 3 (highlighted in semi-bold).

CONCLUSIONS

1. The essential requirements for developing
a non-invasive method for embryo selection in
bird eggs during the first 6-7 days of incubation,
when it is unlikely for embryos to experience
perceptions and pain, have been substantiated.

2. The analysis of newly developed methods
for determining and selecting embryos in the
early days of incubation has shown that meth-
ods using computer vision and machine learning
techniques are more aligned with this require-
ment.

3. A method for determining sexual dimor-
phism before incubation based on the analysis of
asymmetry parameters of a precision informa-
tion model of egg shape through machine learn-
ing for binary classification tasks with small
sample sizes and high-dimensional original
feature sets (logistic regression, single decision
trees, random forests, random forests as part of
adaptive boosting) has been proposed.

4. A setup for the experimental verification of
the feasibility of the proposed method in prac-
tice has been developed and described.

5. On a small sample of incubated chicks con-
sisting of 38 chicks, where gender identification
was reliably possible, three final models with
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Ta6a. 3. Pe3ynbrarsl 5KCIEpUMEHTOB (TIepeKpecTHas IpoBepka K = 3)
Table 3. Results of the experiments (Cross-validation, K = 3)

Exper- Group of
iment P Metrics MO1 MO02 MO03 Mo04 MO5 MO06 MO7 MO8
functions
number

AUC 0,484 0,495 0,627 0,543 0,536 0,382 0,559 0,464

GO1
F1 0,56 0,54 0,61 0,59 0,59 0,51 0,51 0,54
AUC 0,664 0,655 0,659 0,673 0,718 0,532 0,618 0,464

G02
F1 0,68 0,68 0,68 0,76 0,74 0,61 0,49 0,58

2

AUC 0,427 0,509 0,489 0,602 0,532 0,495 0,386 0,436

GO03
F1 0,45 0,53 0,52 0,61 0,58 0,47 0,51 0,48
AUC 0,614 0,584 0,698 0,723 0,673 0,591 0,309 0,432

Gl11
F1 0,58 0,59 0,65 0,68 0,71 0,54 0,51 0,58
AUC 0,668 0,634 0,734 0,720 0,693 0,600 0,591 0,364

G12
F1 0,68 0,62 0,73 0,70 0,71 0,51 0,58 0,49

3

AUC 0,602 0,627 0,668 0,702 0,602 0,577 0,386 0,368

G13
F1 0,63 0,65 0,67 0,61 0,64 0,51 0,51 0,54

accuracy values of AUC = 73-72% and F1 =
69—72% were obtained: Random Forest classifi-
er with 4 estimators and a maximum depth of 3;
Random Forest classifier with 10 estimators and
a maximum depth of 5, and AdaBoost classifier
with 4 decision tree estimators and a maximum
depth of 3.

6. The results indicate that the proposed com-
bination of machine learning algorithms allows
the development of classification models for
tasks where the feature space significantly ex-
ceeds the size of the sample with ambiguously
identifiable samples.

7. Experimentally, the relationship between
the asymmetry of egg shape and the determina-
tion of its sexual dimorphism before incubation
has been identified, contributing to the solution
of a complex problem - the accurate determina-
tion of the gender of the egg before incubation.
This is an important step towards the implemen-
tation of an industrial method for gender deter-
mination in the near future. This also addresses a
crucial commercial challenge - minimizing ma-

terial (energy, heat, etc.) and time costs during
incubation.

8. The proposed system of techniques for de-
termining embryo sex in poultry eggs can be in-
tegrated with other computer vision-based qual-
ity detection systems. For example, in detecting
mechanical defects, sorting, determining the vi-
ability and degree of embryo development in the
egg before incubation, early diagnosis of disease
development in the egg, etc.

9. Further research is planned to increase the
sample size of incubated chicks and to obtain
classification models with higher reliability for
determining the sex of the embryo in the egg pri-
or to incubation.
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HCITOJb30BAHUE HU3KOTEMITEPATYPHOM IJTA3MBI
JIJIS1 OBE33APAYKUBAHUSA OTKPBITBIX TIOBEPXHOCTEM
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[IpuBeneHb! pe3ynbTaThl UCCIENIOBAHUI TI0 WHAKTHBAIMM MHUKPOOPTaHU3MOB Ha OTKPBITBHIX ITIO-
BEPXHOCTAX NMTUIEBOAYECKHUX ITOMEIIECHHI C NCIIOIb30BaHNEM HU3KOTEMIIepaTypHOi HepaBHOBECHOM
IU1a3Mbl. B KauecTBe ee MCTOUHMKA UCIIOb30BaH IEKTPOMCKPOBOI pa3psa IEPEeMEHHOIO TOKA IPU
armMoc(epHOM JaBieHud. TUTIBI pa3psia — CTpUMEpHBIH, (pakenpHBINH. PaccMOTpeHO OTHOBpEMEHHOE
BO3JICHCTBUE JIEKTPOMArHUTHBIX MOJIEH, 3apsSDKEHHBIX YACTHLl M XMMUYECKH aKTHBHBIX COCIMHEHUH,
00pasyoLMXCs IPH AIEKTPOUCKPOBOM paspsizie, Ha 3PPEeKTUBHOCTh WHAKTUBAIIMN ITaTOT€HHON MU-
Kpo(IIophl 71 pa3IMYHBIX MOBEPXHOCTEH (aKPUIIOBBIN IPYHT, STIOKCHIHASI CMOJIa, JIaK SXTHBIH, Oe-
ToHHO-TpauToBas cMech). ObpabdaTsiBaeMblil MaTeprall (OMOJIOTUYECKUI MaKeT MOJICTHIIOYHON TT0-
BEPXHOCTH 110J1a B ITUYHUKE C HAHECEHHBIM 3aIUTHBIM CJI0€M) YCTAaHOBJICH II0CJIE IEKTPOUCKPOBOI
Ppa3pAgHOI KaMepsl, IPOAYBaeMOH I1a3M000Pa3yOLIM Ia3oM (aTMochepHbli Bo3ayX). OCHOBHBIMU
MOpakaloIUMH (PaKTOpaMH SIBISIOTCS] aKTHBHBIC XUMUUECKUE COSIMHEHNUS: 030H; CBOOOHBIC pajiu-
kaiel (OH, O, O,), ynerpaduosnerosoe usnydenue B auanasone 750-1600 TT'n, sneKTpoMarHuTHOE
n3nyuenue ot 50 ['n mo 980 MI'n, 3apskeHHbIe YacTUIIBI U KojeOaTeIbHO BO30YKICHHBIE MOJIEKYJIBI
azoTa u kucaopoxaa. [lomyueHsl XapaKTepUCTHKH MIIOTHOCTH MOTOKA 3JIEKTPOMArHUTHOTO M3ITy4eHUS
TIPH DIIEKTPOUCKPOBOM paszpsize. [1o pe3ynprataM ncciaenoBaHuii MakKCHMAaTLHBIA 3P exT 00padboTku
OTKPBITHIX TOBEPXHOCTEH HU3KOTEMIIEPATyPHON HEPABHOBECHOM MIa3MOM JOCTUTAETCS IPU UCTIOJNb-
30BaHMHU B KAUECTBE 3AIIMTHOIO Marepuaa MOBEPXHOCTEH SMOKCUIHONW cMoibl. KomnuecTBo nHak-
TUBUPOBAHHBIX MHUKPOOpPraHn3MoB npu skcnosunuu 10-20 ¢ gocruraer 100%. Ilpun nnaktuBanuu
MHUKPOOPTaHU3MOB, HAXOASALIMXCS Ha OTKPBITHIX MOBEPXHOCTSX, [UIUTENFHOCTh SKCIIO3UIIUHA YKOHO-
MHUYECKH HelenecooOpa3Ho mpuHuMars 6osee 20 ¢. B nccienoBanusax He BBISBICHO CYIIECTBEHHOTO
pasyinyuus P UCIOJIB30BAHUM CTPUMEPHOTO WX (PAKEIBHOIO Pa3psiioB AJIsi 00pabOTKU OTKPBITHIX
MIOBEPXHOCTEN MOMEILLIEHU.

Ku1roueBble cjioBa: HU3KOTEMIIEpaTypHasi HEPABHOBECHAS IJ1a3Ma, JIEKTPOMCKPOBOM paspsiz, MuU-
KpOOpraHU3Mbl, HHAKTHBALMI, HATOTeHHAsi MUKpogIiopa

THE USE OF LOW-TEMPERATURE PLASMA FOR DISINFECTION OF OPEN
SURFACES OF INDUSTRIAL PREMISES

C<)Delyagin V.N.!, Leonov S.V.!, Nekrasov M.Yu.!, Kondratiev A.A."%, Karzanov A.N.!
!Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia
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The results of research on inactivation of microorganisms on open surfaces of poultry houses

using low-temperature non-equilibrium plasma are presented. AC electrospark discharge at
atmospheric pressure was used as its source. Discharge types are streamer, flare. The simultaneous
effect of electromagnetic fields, charged particles and chemically active compounds formed by
electrospark discharge on the efficiency of pathogenic microflora inactivation for various surfaces
(acrylic primer, epoxy resin, yacht varnish, concrete-graphite mixture) is considered. The material
to be treated (a biological model of the bedding surface of the floor in the poultry house with the
applied protective layer) is installed after the electrospark discharge chamber blown with plasma-
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The use of low-temperature plasma for disinfection
of open surfaces of industrial premises

Delyagin V.N., Leonov S.V., Nekrasov M.Yu.,
Kondratiev A.A., Karzanov A.N.

forming gas (atmospheric air). The main affecting factors are active chemical compounds: ozone; free
radicals (OH, O, O,), ultraviolet radiation in the range of 7501600 THz, electromagnetic radiation
from 50 Hz to 980 MHz, charged particles and vibrationally excited nitrogen and oxygen molecules.
Characterizations of electromagnetic radiation flux density at electrospark discharge are obtained.
According to the research results, the maximum effect of treatment of exposed surfaces with low-
temperature non-equilibrium plasma is achieved when epoxy resin is used as a surface protection
material. The number of inactivated microorganisms at exposure of 10-20 s reaches 100%. When
inactivating microorganisms on exposed surfaces, it is not economically feasible to take exposure time
longer than 20 s. The studies found no significant difference when using streamer or flare discharges

to treat outdoor facility surfaces.

Keywords: low-temperature nonequilibrium plasma, electrospark discharge, microorganisms,

inactivation, pathogenic microflora
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INTRODUCTION

The transition from agricultural production to
an industrial basis is primarily associated with
an increase in the density of livestock and poul-
try in production facilities. This circumstance
necessitates the creation of highly effective tech-
nical systems for disinfecting materials and me-
dia used in the production processes of goods.

Electrophysical methods for inactivating
pathogenic microflora (direct and indirect), cur-
rently employed, typically utilize electromag-
netic radiation (EMR) within a specific frequen-
cy range of varying intensity [ 1-3]. Comprehen-
sive research results on electrophysical methods
for microorganism inactivation are available in
previous works [4-9]. The geometric dimen-
sions of microorganisms and their electrophys-
ical characteristics, which determine the degree
of lethality when processed in electromagnetic
fields, exhibit sufficiently large ranges of varia-
tion. It seems advisable to employ EMR across
the entire spectrum - from radio frequencies to
hard ultraviolet radiation (UVR) [10].

One possible way to implement such an ap-
proach is the use of non-equilibrium low-tem-
perature plasma (NE LTP) generated during an
electric spark discharge [6—8]. To assess the ef-

fectiveness of using NE LTP, it is necessary to
determine the spectrum and radiation flux den-
sity generated during an electric spark discharge
across the entire electromagnetic wave scale,
while evaluating the degree of microorganism
inactivation present in the air and on exposed
surfaces (floor, walls) [11, 12].

The purpose of research is to determine the
effectiveness of using low-temperature plasma
in the inactivation of pathogenic microorgan-
isms on various protective surfaces in indoor
poultry facilities.

MATERIAL AND METHODS

The object of the study is the system for inac-
tivating pathogenic microorganisms in a poultry
facility. The microorganisms under investigation
include Bacillus subtilis, Staphylococcus au-
reus, Staphylococcus albus, E. coli, and others.
The microorganisms were applied to segments
of standard ceramic tiles measuring 48 x 48 mm.
Various protective surface layers are applied to
the tiles as a substrate. The options for protec-
tive layers included acrylic primer, epoxy resin,
yacht varnish, and concrete-graphite mix.

Total microbial count (TMC) was determined
according to MG 4.2.734-99 "Microbiological
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Hcnonb3oBanne HU3KOTEMIIEPATypHOH TIa3Mbl
JULst 00€33apaXKUBaHMs OTKPBITHIX ITOBEPXHOCTEH
MIPOU3BOJCTBEHHBIX TOMEIICHUH

JHensarun B.H., Jleonos C.B., Hekpacos M.IO.,
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Monitoring of the Production Environment".

A plasma torch was used as the NE LTP
source (see Fig. 1). The setup parameters are
presented in Table 1.

Measured parameters:

—spectrum and flux density of electromagnet-
ic radiation in the range from 3000 m to 100 nm;

— processing time of the test material;

— quantity of positive and negative air ions;

— ozone concentration and percentage of mi-
croorganism inactivation.

Controlled parameters:

— air temperature;

— air humidity;

— plasma-forming gas temperature.

Measurement instruments used:

— air ion counter MAC-01;

— multi-functional instrument Testo 435-2;

— universal gas analyzer GANK-4;

— multi-channel spectrometer "Kolibri";

— radiometer of UV-range (a, b, and ¢ sub-
ranges) TKA-PKM;

— infrared radiation density measuring instru-
ment "MK-meter";

— temperature measurement - infrared ther-
mometer with switchable optics Testo 845, Kel-
vin Compact 1200/175 pyrometer.

Experimental Procedure

The treated material (a biological model of
the floor bedding surface in a poultry house with
an applied protective layer) was installed after
the electric spark discharge chamber, which
was purged with plasma-forming gas (ambient
air). The main damaging factors include active
chemical compounds: ozone, free radicals (OH,
0, 02), ultraviolet radiation in the range of 750—

Taoua. 1. [Tapamerpsl 2EKTPOUCKPOBOI YCTaHOB-
KH 7151 TEHEPALUH TL1a3MBbl

Table 1. Parameters of the electrospark unit for
plasma generation

Parameter Value
Voltage of high-voltage source, kV 12
Air velocity in the discharge chamber, m/s 14
Cross-sectional area of the discharge 80110
chamber, mm?
Maximum power consumption
of the installation, W 1500-3000
Calculated electric field strength
in the discharge gap, V/m 450 000
AC frequency, kHz 20

1600 THz, electromagnetic radiation from 50 Hz
to 980 MHz, charged particles, and vibrationally
excited nitrogen and oxygen molecules.

The exposure to NE LTP during the discharge
in gas was varied from 5 to 300 seconds. Upon
removing the opaque screen from the surface of
the quartz tube, the effectiveness of electromag-
netic radiation exposure in the radio and ultravi-
olet ranges was additionally assessed.

The evaluation was based on the reduction in
bacterial contamination of the bedding material
in the experimental sample compared to the con-
trol. For this, 5 grams of the combined sample
from each experimental exposure were weighed
and added to 50 ml of sterile saline solution (di-
lution 1:10). The flask with the suspension was
placed on a shaker at a frequency of 100 oscil-
lations/minute and allowed to stand for 30 min-

Puc. 1. YcranoBKka JUIsl TeHEpAIMKA HU3KOTEMIIEPaTyPHOH ITa3MblI (COCTaBIeHA aBTOPAMH)
Fig. 1. Installation for low-temperature plasma generation (compiled by the authors)
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utes at room temperature of 8 °C. Then, the sus-
pension was centrifuged at 3000 rpm to separate
large particles. Subsequently, successive dilu-
tions were prepared from the obtained superna-
tant using the EasySpiral spiral seeding device.
Each dilution was seeded in triplicate on Petri
dishes with meat-peptone agar, with each dish
receiving 100 pl. After 20 hours of incubation
at 37 °C, the grown colonies were counted using
the Scan 500 device. The arithmetic mean of the
cups was taken as the final result. The microbial
contamination of the investigated substrate was
determined. The presence of growth of individu-
al microorganism species was assessed on selec-
tive nutrient media.

The levels of electric and magnetic field in-
tensity generated by low-temperature plasma, as
well as radiation flux density, were measured at
a distance of 20 cm from the surface of the glass
tube of the plasma torch. Measurements were
taken at fixed frequencies using the ATE-8507
device. The distance between the electromagnet-
ic radiation flux density sensors and the electric
spark chamber was 0.4 m.

RESULTS AND DISCUSSION

The parameters of electromagnetic radiation
(EMR) generated during the electric spark dis-
charge are presented in Table 2.

The flux density of EMR in the range of 190—
400 nm is presented in Table 3.

The ozone concentration in the air stream was
7-8 mg/m°.

The calculation of the electric field intensity
in the interelectrode space was carried out us-
ing the ELCUT program. The maximum elec-
tric field intensity was 400,000-500,000 V/m.
The general distribution of equipotential electric
fields in the gas discharge chamber is shown in
Fig.2.

To study the dynamic characteristics of the
electric spark discharge, oscillography and high-
speed video recording of the discharge current
and voltage on the electrodes were performed
in the modes of electric spark and streamer dis-
charges (see Fig. 3, 4). The spectrum of NE LTP
radiation in the range of 600—1500 THz is shown
in Fig. 5.

Ta6ua. 2. 3naueHUs HAPSYKEHHOCTH IEKTpUYE-
CKOT'O TIOJISI ¥ TUIOTHOCTH 1foToka OMMU 1o auana-
30HaM 4acTOT

Table 2. Values of electric field strength and

electromagnetic radiation flux density by frequency
ranges

EMI frequency 153:551;)%}& Flux density, W/m?
100 kHz 270 148
200 kHz 149 62
500 kHz 128 45

1 MHz 174 84
10 MHz 192 98
13,56 MHz 158 67
100 MHz 138 60
900 MHz 0,93
1,8 GHz 0,7
2,4 GHz 0,5 0

Ta6a. 3. [InoTHOCTH MOTOKA 2IEKTPOMArHUTHOTO
U3IYYEHUS B YABTPa(UOIETOBOM CIEKTPE

Table 3. Electromagnetic radiation flux density in
the UV spectrum

UV range EMI flux density value, mW/m?
UVA 48
UVB 50
uvC 130

Puc. 2. PactipenieneHre HaNpsHKEHHOCTH ANIEKTpUYe-
CKOT'0 TIOJISI B MPUAJIEKTPOAHOM IPOCTPAHCTBE I171a3-
MOTpOHa

Fig. 2. Distribution of electric field strength in the
near-electrode space of the plasmatron
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The results of microorganism inactivation by
electromagnetic radiation and chemically active
compounds of NE LTP for various protective
surfaces are presented in Table 4, and the results
of the effectiveness of microorganism inactiva-
tion for streamer and torch discharges are in Ta-
ble 5.

-1.2000us L 8.00mvV [}

Puc. 3. Ocrmmmorpamma ¢GakeasHOTo paspsiaa (TOK,
HaIPSKCHIIE)

Fig. 3. Oscillogram of the electrospark discharge
(current, voltage)

Based on the research results, the maximum
effect when treating open surfaces with low-tem-
perature non-equilibrium plasma was achieved
when epoxy resin was used as the protective
material. The assessment of the effectiveness of
yacht varnish requires additional research.

The results presented in Table 5 allow the
conclusion that streamer and torch discharges

2022707111 13:33
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Puc. 4. Ocuyiiorpamma CTpUMEPHOTO paspsija
(TOK, HaIIpsIKEHUE)

Fig. 4. Oscillogram of the streamer discharge
(current, voltage)
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Puc. 5. Cnekrp uznyuenusa HHII B nuanazone 6001500 TT i
Fig. 5. Emission spectrum of the LNP in the range of 600-1500 THz
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Taoa. 4. Ouenka nHakTuBaMu MuKpooprannzmos HHII Ha pa3nnyHbIX 3alIUTHBIX TOBEPXHOCTSIX

Table 4. Evaluation of inactivation of LNP microorganisms on various protective surfaces

Sample number, Number of bacteria, CFU/ml Bacteria .
substrate material Ezposure inactivation rate, . ]ia ctf'na o
(primer coat) ime, S before treatment | after treatment relative units Inactivation, 7o
Control (uncoated tiles) 1,30E + 06 1,30E + 06 1,00 0,00E + 00
Uncoated
) 5 2,00E + 05 6,50 85
Uncoated tiles 10 1,30E + 06 5 00F + 05 6.50 85
. 5 3,00E + 05 4,33 77
Epoxy coating 10 1,30E + 06 0.00E + 00 100
, 0
. ) 5 2,00E + 05 6,50 85
Acrylic coating 10 1,30E + 06 0.00E + 05 144 1
. ) 5 0,00E + 00 00 100
Tiles with flecks of metal 10 1,30E + 06 0.00E + 00 100
5 (e 0]

Note. The distance to the plasma flare (L) was 30 mm.

Taoba. 5. Pe3ynsrarel nunaktuauu MukpoopranuzmMo HHIT niist pa3nuyHbix BUIOB 37€KTPOUCKPOBOTO

paspsina
Table 5. Results of inactivation of LNP microorganisms for various types of electric spark discharge
Number of bacteria . .
Discharge . . before . Bactgrla . Ba(':terl_a
characteristic Substrate material | Exposure time, s treatment after treatment inactivation rate inactivation
CFU/ml relative units %
S Uncoated 5 8,60E + 05 4,30E + 05 2,00 50,00
S 10 1,00E + 04 86,00 98,84
S 20 3,00E + 04 28,67 96,51
F 5 3,40E + 05 2,53 60,47
F 10 6,00E + 04 14,33 93,02
F 20 1,50E + 05 5,73 82,56
S Yachting var- 5 6,10E + 05 1,20E + 05 5,08 80,33
S nish 10 1,00E + 04 61,00 98,36
S 20 3,30E + 05 1,85 45,90
F 5 0,00E + 00 0 100,00
F 10 3,60E + 05 1,69 40,98
F 20 6,10E + 05 1,00 0,00
S Epoxy resin 5 7,10E + 05 2,00E + 04 35,50 97,18
S 10 0,00E + 00 ) 100,00
S 20 0,00E + 00 o0 100,00
F 5 1,00E + 04 71,00 98,59
F 10 0,00E + 00 ' 100,00
F 20 0,00E + 00 ) 100,00
S Graphite, yacht 5 6,60E + 05 1,00E + 05 6,60 84,85
S vamish on top 10 9,00E + 04 7,33 86,36
S 20 3,00E + 05 2,20 54,55
F 5 7,00E + 04 9,43 89,39
F 10 1,00E + 04 66,00 98,48
F 20 1,70E + 05 3,88 74,24

Note. S - streamer, F - flare.
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are approximately equivalent in terms of mi-
croorganism inactivation effectiveness on open
surfaces.

The number of inactivated microorganisms
with an exposure time of 10-60 s and the use
of epoxy resin as a protective coating reached
100%.

When inactivating microorganisms on open
surfaces, it is not economically advisable to use
an exposure duration of more than 20 s.

Free radicals (hydroxyl group, etc.) were re-
corded in the plasma emission spectrum. The
assessment of the impact of free radicals on mi-
croorganism inactivation requires further study.

In the future, it is necessary to assess the con-
tribution of each of the damaging factors (elec-
tromagnetic radiation in the radio range, ultra-
violet radiation, charged particles, ozone) to the
degree of inactivation for different groups of mi-
croorganisms.

The obtained research results and a literature
review of works by other authors [5-9] on this
topic allow us to conclude the presence of a syn-
ergistic effect of the impact of damaging factors
of low-temperature non-equilibrium plasma on
the studied microorganisms.

Compared to the traditional method of surface
treatment for air disinfection in a room (ozone
treatment), the use of a low-temperature plasma
generator allows achieving the required inacti-
vation parameters and significantly reducing the
exposure duration by simply changing the geo-
metric dimensions of the electric spark chamber.

CONCLUSIONS

1. The maximum effect of treating open
surfaces with low-temperature non-equilibrium
plasma is achieved when epoxy resin is used as
the protective material. The number of inacti-
vated microorganisms with an exposure time of
10-20 s reaches 100%.

2. When inactivating microorganisms on
open surfaces, it is not economically advisable
to use an exposure duration of more than 20 s.

3. There is no significant difference ob-
served when using streamer or torch discharges
for treating open surfaces in rooms. Energy con-

sumption is significantly lower for streamer dis-
charge with comparable technological effects.

In further research on this topic, it is advis-
able to test the developed plasma torch proto-
type in production conditions with the presence
of real microbial populations and assess the
contribution of each of the damaging factors to
the degree of inactivation for different groups
of microorganisms.
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MNPOIIJIOE N HACTOAILIEE IVIEMEHHOI'O IEJIA B MOJIOYHOM
CKOTOBOJCTBE KPAHHEI'O CEBEPO-BOCTOKA

CX)I'murep E.B., JIbikoB A.C.

Mazaoanckuil nayyno-uccie0o8amenbCKutl UHCMUMYnm CenbCKo20 X03AUCmed
Maranan, Poccust

(C<De-mail: litvinuga@mail.ru

Cratps IpyU3BaHa ¢ OMOPON HAa HCTOPUYECKHE (PaKThl U MPOIUIbIE TOCTIKEHHUS aKTyaIn3upOBaTh
Ba)XKHOCTb U JI0KA3aTh BO3MOXXHOCTb YCIEIIHOTO BEICHUS MJIEMEHHOH pabOoThl HA YPOBHE PErHMOHA C
LIEJIBIO MTOBBIILIEHUS 00BEMOB ITPOM3BOACTBA KAUYECTBEHHBIX COLIMAIBHO 3HAYMMBIX MPOLYKTOB IHTAa-
HUSL 7151 oOecrieueH sl MPOAOBOILCTBEHHON Oe30macHOCTH. B Hauane cTaHOBIEHUS CEeNbCKOXO3SH-
CTBEHHOW HayKu B Maraganckoi 00JacTH nepes yueHbIMH CTOsiIa 3a1a4a 1Mo NoA00pY ONTHUMaIbHBIX
JUTSL peruoHa TopoJ ckota. 3a 1964—1967 rr. b0 obcnenoBano 6osee 4000 KOpoB. YCTaHOBICHO, YTO
B 9KCTPEMaJIbHBIX TIPUPOIHO-KINMATHYECKUX YCIOBUAX Maraganckoil 00JacTi HanTyqimum o0pa3zoM
ce0s 3apeKoMEeHI0BalIa XOJIMOTOpcKas mopona. B 1967 1. ¢ 1enpio TalbHEUIIEro COBEPIIICHCTBOBA-
HUSI XOJIMOT'OPCKOM MOPOJIBI C/IeIaHa MepBast MONbITKA N3YYEeHHUs TeHEaIOTHIeCKON CTPYKTYPBI CTaa,
BBISIBJICHUS] U OLIEHKHU BBICOKONPOAYKTUBHBIX JUHUM. B 1974 1. 17151 nOBBIILIEHUS )KUPHOMOJIOYHOCTH
MIOMECHBIX KOPOB XOJIMOTOPCKOH MOPOJIbI IPUMEHSIIM BBOAHOE CKPELIMBaHKE C ObIKaMH-aipIInpamMu,
MPOBEPEHHBIMU I10 Ka4eCTBY MOTOMCTBA. C eNTbI0 COBEPIICHCTBOBAHUSI IOMHBIX CTa]] 0TOOP KOPOB 110
HACJIEZICTBEHHBIM MPU3HAKAM COYETAIOT C MX MPOBEPKOH 1o nepBoit makranuu. C 1976 1. B coBxo3ax
ObUIO HA4YaTO W3YyUYCHME IIEMEHHBIX U NMPOAYKTUBHBIX KAaueCTB alpIIUPCKOr0 CKOTA, KOTOPbII OTIH-
yaJcs OONBIION 00MITPHOMOJIOYHOCTHIO M BEICOKHM COZIepKaHueM xupa B Mmonoke. C 1982 r. aiipmmp-
CKasi OpoJia yTBEp KACHA KakK IJIaHOBas Ui pa3BeneHus B Xo3siicTBax [Iproxorckoii 30Hb1. B aTOM
K€ TO/ly HayaTo MOMIOTUTENBHOE CKPEIIMBAaHHE )KUBOTHBIX XOJIMOTOPCKOM OPOABI C MPOU3BOAUTENS-
MU aiiprmpckoid mopozpl. B pamkax nobimierns 3GHEKTHBHOCTH CEICKIIMHU 110 OOMIEHOMOIOYHOCTH
B XO35HCTBaxX BeH padOoTy MO YBEIMUEHHUIO HACIEACTBEHHOW N3MEHYNBOCTH 3TOTO MIPHU3HAKA 3a CUET
pasBeleHMs 10 JIMHUAM M ceMelcTBaM. BMmecTe ¢ TeM NpomoKUiIoch COBEPIIEHCTBOBAHUE XOJIMO-
TOPCKOTO CKOTa ITyTEM BBOJHOIO CKPEIIMBAHMS C YMCTONOPOAHBIMU OBIKAMM TOJILITHHO-(PPU3CKON
nopoabl. K 1990-M romam OCHOBHBIM BEKTOPOM Pa3BUTHsI CTAJO CO3JaHHE BBICOKOIIPOILYKTUBHBIX
CTaJl MOJIOYHOTO CKOTa, HO TSDKEJI0e (PMHAHCOBOE MOJIOKEHUE X03AUCTB B 1990-€ roabl mpuBeno K pes-
KOMY CHHKEHHIO MTOT0JI0Bbs KPYITHOTO POraToro CKOTa U MPOJAYKTUBHOCTH OCTABIIUXCS )KHUBOTHBIX.

KuaroueBble cioBa: Marananckast 00macTs, HCTOpHs, pa3BUTHE, MOJIOYHOE CKOTOBOZACTBO, CEJIeK-
LMOHHO-IIJIEMEHHasl padoTa, NPOLYKTUBHOCTb

THE PAST AND PRESENT OF BREEDING IN DAIRY CATTLE BREEDING
IN THE FAR NORTH-EAST

) Ginter E.V., Lykov A.S.

Magadan Agricultural Research Institute
Magadan, Russia

(C<De-mail: litvinuga@mail.ru

Based on historical facts and past achievements, the work is designed to update the importance
and prove the possibility of successful breeding work at the regional level in order to increase the
production of high-quality, socially significant food products to ensure food security. At the beginning
of the formation of agricultural science in the Magadan region, scientists were faced with the task of
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selecting the optimal breeds for the region. More than 4000 cows were examined during 1964—-1967.
It was found that in extreme natural and climatic conditions of the Magadan region the Kholmogory
breed proved to be the best one. In 1967, in order to further improve the Kholmogory breed, the first
attempt was made to study the genealogical structure of the herd, to identify and evaluate highly pro-
ductive lines. In 1974, in order to increase the milk fat content of crossbred cows of the Kholmogory
breed, introductory crossing with the bulls of the Ayrshire breed, tested for the quality of the offspring,
was used. In order to improve dairy herds, the selection of cows for hereditary traits is combined with
checking them for the first lactation. Since 1976, state farms began to study the breeding and produc-
tive qualities of the Ayrshire cattle, which were distinguished by high milk production and high fat
content in milk. Since 1982, the Ayrshire breed has been approved as a planned breed for breeding
in the farms of the Okhotsk zone. In the same year, absorptive crossbreeding of the animals of the
Kholmogory breed with the sires of the Ayrshire breed began. In order to increase the efficiency of
breeding for abundant milk production, work began on the farms to increase the hereditary variability
of this trait through breeding along lines and families. At the same time, the work on improving the
Kholmogory cattle by introductory crossbreeding with the purebred bulls of the Holstein-Friesian
breed continued. By the 1990s, the main vector of development was the creation of highly productive
herds of dairy cattle, but the difficult financial situation at farms in the 1990s led to a sharp decrease in

the number of cattle and the productivity of the remaining animals.
Keywords: Magadan region, history, development, selection and breeding work, dairy cattle

breeding, productivity

Jasi uurupoBanusi: [uumep E.B., Jlvikoe A.C. Ilpouutoe u Hacrosiiee IJIEMEHHOTO Jiela B MOJIOYHOM CKOTOBOJICTBE
Kpaitrnero Cesepo-Bocroka // Cubupckuii BeCTHHK cenbckoxossiictBeHHoM Haykn. 2023. T. 53. Ne 11. C. 130-137. https://doi.

org/10.26898/0370-8799-2023-11-13

For citation: Ginter E.V., Lykov A.S. The past and present of breeding in dairy cattle breeding in the Far North-East. Sibirskii
vestnik sel'skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2023, vol. 53, no. 11, pp. 130-137. https://doi.

org/10.26898/0370-8799-2023-11-13

KongukT unrepecon

ABTOpBI 3a5BIISAIOT 00 OTCYTCTBUHU KOH(IUKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

The intensive development of the Far North-
east, which is one of the most significant regions
for the country in terms of resources and geopo-
litical characteristics, began in the second third
of the 20th century. During geological expedi-
tions to the upper Kolyma regions in the late
1920s, large gold deposits were discovered. As
a result, the strategic tasks included comprehen-
sive development and incorporation of previ-
ously uninhabited territories into the country's
unified national economy as the main supplier
of currency to implement large-scale industri-
alization plans. During the years of Soviet con-
struction, the Far Northeast turned into a rapid-
ly developing industrial region [1]. One of the
priority tasks of that period was to establish a
food base in areas where the creation of agricul-

tural production seemed impractical. The need
to provide the population with fresh food prod-
ucts contributed to the development of new agri-
cultural sectors, the organization of state farms,
large livestock farms, and poultry farms. One of
the basic branches of agricultural production be-
came dairy cattle breeding.

In the early 1930s, several agricultural enter-
prises were created by Dalstroy, for which large
cattle of various breeds were imported from the
Primorsky Territory without proper selection:
Simmental, Kholmogory, Yaroslavl, East Frie-
sian, Schwick, Bestuzhev, as well as Siberian
and Red Steppe cattle. As of January 1, 1938,
Dalstroy enterprises had 1,612 head of large
cattle, including 729 cows. By the end of 1950,
the size of the dairy herd reached 8,666 head,
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including 3,680 cows. By the early 1960s, the
public livestock industry in the region had 9,509
head, including 6,490 cows'.

Until 1967, pedigree work was not carried
out in the Magadan region. Improvement of the
quality and productivity of cattle was done ac-
cording to the scheme for commercial farms,
where high-quality breeding bulls and highly
productive breeding livestock were imported
from the best breeding farms in the country.
Artificial insemination of cattle was not wide-
ly used due to the lack of a station for breeding
work and artificial insemination.

At the beginning of the formation of agri-
cultural science in the Magadan Region, scien-
tists were faced with the task of selecting opti-
mal cattle breeds for the region. Based on the
Magadan Regional State Agricultural Experi-
mental Station, a comparative assessment of the
productive and breed qualities of the Kholmogo-
ry, Simmental, and Kostroma breeds was carried
out, and the Kholmogory breed was improved
through planned selection (see Fig. 1). The re-
search goals included identifying lines of pure-
bred cattle through planned selection and de-
veloping a system for raising young stock from
highly productive cows.

Based on the surveys, a comparative study
of cattle breeds was conducted in nine farms
producing over 50.0% of the milk in the region.
Over the years 1964-1967, more than 4,000
cows were surveyed. As a result, it was estab-
lished that the Kholmogory breed performed
best in the extreme natural and climatic condi-
tions of the region.

In 1967, scientific and economic experiments
were conducted for the first time at the experi-
mental production farm of the Magadan Region-
al Agricultural Experimental Station. Based on
the principle of analogs, cows of the Kholmog-
ory and Simmental breeds were selected. Re-
search showed that the Kholmogory breed was
more cost-effective in terms of labor and feed
expenses, making it better adapted to the con-
ditions of the Magadan Region. Under identical

Y i
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Puc. 1. IIpoBeneHne 3KkCTepbEPHBIX IPOMEPOB
coTpyaHUKamMu MaraJiaHcKoi o0JlacTHOM rocyiap-
CTBEHHOMU CEJIbCKOXO3SICTBEHHON OIBITHOM CTAHIINHU

Fig. 1. Conducting exterior measurements by the
employees of the Magadan Regional State Agricul-
tural Experimental Station

feeding, care, and maintenance conditions, the
productivity of the Kholmogory cows, in terms
of 4% fat milk, was found to be different. During
the lactation period, the milk yield of the Kholm-
ogory cows was 321 kg higher than that of the
Simmental cows, and the amount of milk per
100 kg of live weight was 66 kg higher. Howev-
er, the feed cost for the Kholmogory cows was
higher, requiring 6 feed units less to produce 1
ton of milk?.

During the same period, the region developed
a breeding plan for dairy cattle in state farms
and collective farms for 1967-1970, in which
the Kholmogory breed was designated as the
first planned breed for the region. It was noted
that "the problem of creating the first dairy cat-
tle state farms in a still undeveloped region was
solved by importing productive dairy cattle from
the central regions of the country, as practical
resolution of this issue through the local indige-
nous cattle population, due to its small numbers,
was impossible." The plan provided character-

'Shumilov M.F., Sysoev V.V. Sketch of the development of veterinary service of Magadan region // Magadan reindeer-breeder,

1982, N 34, pp. 33-36.

2Vaganova E.S. Proceedings of the Magadan Regional State Agricultural Experimental Station. Magadan, 1968, Issue 3, pp. 69-72.
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istics of productivity, breed, and class composi-
tion of the herds present in the Magadan Region.
Out of 8,210 animals that underwent evaluation,
3,743 were selected for breeding, including 23
in the elite-record class, 560 in the elite class,
2,617 in Class I, and 543 in Class II. A brief de-
scription of the Kholmogory bull breeding was
given. The main organizational, economic, and
zootechnical activities were outlined within the
framework of breeding work in farms for 1968-
1970. The first attempt was made to study the
genealogical structure of the herd, identify and
evaluate high-productivity lines to further im-
prove the Kholmogory breed.

To coordinate breeding work in dairy cattle
farming in state farms and collective farms in
the Magadan region, a plan was drawn up for
the years 1971-1980. This plan determined the
overall directions for work with the Kholmog-
ory breed, planned industry indicators, and the
plan for linear assignment of the Kholmogory
stud bulls to regional farms. As of the beginning
of 1971, the region had 16.1 thousand head of
large cattle, including 9.5 thousand cows. In the
period under consideration, the average annual
milk yield per forage cow increased by 202 kg
compared to 1961-1965, reaching 3,072 kg.

From March 1974, artificial insemination of
cows with deeply chilled semen from bulls from
the Central Artificial Insemination Station was
introduced in the region. To improve the fat con-
tent of crossbred Kholmogory cows, admixture
of new blood of the Ayrshire bulls, proven in
terms of offspring quality, was used.

In the plan for 1976-1985, tasks and meth-
ods for further improvement of the livestock,
principles of selection, and breeding by lines
and families have been defined. The leading se-
lection criterion, while maintaining satisfactory
development of other indicators, remains milk
productivity. Animals of the desired type should
have a productivity of no less than 4000-5000 kg
per year, an optimal weight of about 550 kg, a
calm temperament, and a voluminous udder. To

improve the dairy herds, the selection of cows
based on hereditary traits should be combined
with checking their performance based on the
results of the first lactation. One of the most im-
portant conditions for the formation of high-pro-
ductivity herds at that time was the acquisition
and rearing of high-quality replacement young
stock®.

The Ayrshire breed, imported to the Magadan
region from Karelian ASSR since 1969, began
to attract increasing interest. Crossbred heifers
of the first and second generations, aged 12-17
months, were imported, with crossbred cows
of the Kholmogory, Brown Latvian, and Jer-
sey breeds of various bloodlines as the mater-
nal basis, and purebred Ayrshire bulls of Finnish
origin as the male basis. Comparative study of
economically valuable traits of the Kholmogory
and Ayrshire cows showed that the milk yield for
305 days of lactation in the Ayrshire cows was 77
kg higher than in the group of their Kholmogory
counterparts (see Fig. 2). These findings allowed
concluding that the Ayrshire cattle in terms of
productivity was not inferior to the Kholmogo-
ry and could be localized as a planned breed in
the Priokhotsk zone. Starting from 1976, state
farms began to study the breeding and produc-
tive qualities of the Ayrshire breed, which were
characterized by significant milk yield and high
fat content in milk. Under equal conditions, the
milk yield of the Ayrshire cows was 493 kg high-
er than that of the Kholmogory cows. Moreover,
the total fat content in the milk of the Ayrshire
cows was 23.95 kg higher. In 1982, the Ayrshire
breed was approved as planned for breeding in
the farms of the Priokhotsk zone. In the same
year, the absorptive crossbreeding of the Kholm-
ogory animals with the Ayrshire producers be-
gan. For this purpose, the semen of purebred
bulls was widely used, 30.0% of which were
improvers®.

In the formation of dairy-oriented herds, se-
lection based on the productivity of first-calv-
ing heifers became particularly important. The

*Yelin G.Ya., Vaganova E.S., Avdeeva L.V. Proceedings of the Magadan Zonal Research Institute of Agriculture of the North-

East. Magadan, 1978, Issue 7, pp. 78-81.

*Vaganova E.S., Soskin A.A. Selection and breeding in dairy cattle breeding on an industrial basis. Novosibirsk, 1981, pp. 68-77.
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Fig. 2. Conducting pilot studies by the employees
of the Magadan Zonal Research Institute of North
Eastern Agriculture

leading selection traits for productivity remain
milk yield and fat content in milk. To increase
the efficiency of selection for high milk produc-
tion, work was carried out in farms to increase
the hereditary variability of this trait through
breeding by lines, families, and in-depth indi-
vidual breeding work. At the same time, the im-
provement of the Kholmogory cattle continued
through the use of crossbreeding with purebred
Holstein-Friesian bulls>®.

Due to the extensive use of crossbreeding as
a method of improving productive and breeding
qualities, significant additions and changes were
made to the breeding and breeding plan in the
Magadan region for the 1980s-1990s in 1984. It
was envisaged to maximize the use of existing
breeding resources - increasing milk yields, fat
content in milk, animal resistance to diseases,
adaptability to industrial technology conditions,
increasing growth energy, and reducing feed
costs per unit of production.

Many years of experience in breeding Ayr-

shire cattle showed that these animals had high
productivity and reproduction indicators in the
region. In terms of udder quality, milk fat con-
tent, and feed payment with milk, they outper-
formed Kholmogory and their crosses with
Holsteins, which were bred in the state farms of
the region. As a result of purebred breeding and
targeted selection, a population of the Ayrshires
well adapted to the extreme conditions of the
Far Eastern North was created [2]. According to
breed records, by 1990, the Ayrshire population
reached 17,070 head, accounting for 46.5% of
the total cattle population. Based on the evalua-
tion in the same year, the milk yield for 305 days
of the last lactation of the Ayrshire cows in the
region was 4016 kg of milk with a fat content of
3.65%, and on pedigree farms — 4979 kg with a
fat content of 3.67% [3].

Starting from 1989, the Laboratory of Se-
lection and Breeding of the Magadan Zonal
Research Institute of Agriculture of the North-
east began developing plans for breeding and
breeding work in dairy cattle farming for 1990-
2000. The main direction of development was
the creation of highly productive herds of dairy
cattle adapted for use in industrial technology
conditions, with a genetic potential for milk pro-
duction of 5500-6000 kg of milk with 3.8% fat
content, a live weight of 600 kg, and a milking
speed of 1.7-2.0 kg/min.

Unfortunately, these plans were not imple-
mented. In the 1990s, due to ill-conceived eco-
nomic reforms and the underestimation of the
strategic role of northern regions by the state, the
socio-economic situation deteriorated sharply. A
crisis situation developed in the agro-industrial
complex. Local production of agricultural and
industrial products decreased by 40.0-58.0%. At
the same time, the import of food products to
northern regions sharply decreased, putting the
local population in a difficult situation’.

The difficult financial situation of farms and
the lack of feed led to a significant reduction

SVaganova E.S., Vorsanova G.A. Breeding work with dairy cattle breeds // Intensification of animal breeding in the Magadan

region, 1984, N 10, pp. 7-13.

®Kanygin B.N., Mikhailov N.G. State and prospects for the development of dairy cattle breeding // Intensification of animal

breeding in the Magadan region, 1984, N 10, pp. 3-7.

"Kashtanov A.N. Development of northern agriculture in the light of the concept of N.I. Vavilov // Agriculture of the North at the
turn of the millennium: a collection of scientific articles, Magadan, 2004, vol. 1, 253 p.
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in the cattle population and its productivity.
Already in 1995, according to evaluations, the
cattle population was only half of what it was
in 1990. The milk yield per cow of the Ayrshire
breed decreased to 2417 kg of milk with a fat
content of 3.72%. By the early 2000s, the re-
gional Production Association for breeding work
was liquidated, and control and coordination of
breeding work in farms ceased. Breeding work
with breeding cattle was not conducted, and the
genetic potential built up over decades was lost.
The main cattle population was concentrated
in peasant farms, where they decided for them-
selves which breed of cows to breed. Almost
all farms that did not use artificial insemination
(which covered 40.0% of the breeding stock)
had unsystematic natural mating without pedi-
gree control. The bulls used for reproduction did
not have certificates of origin®.

In 2006, 100 Ayrshire heifers were imported to
the region from the Vologda region. All animals
were used to replenish the commercial herd in
one of the farms. The cattle had difficulty adapt-
ing to the local conditions, most of the calvings
had complications, and only 15 live calves were
born from the heifers. In the Magadan region,
by 2010, there were only about 400 heads of
Ayrshire cattle whose origin was confirmed by
pedigree certificates. In the last three years, Ayr-
shire cows and heifers were inseminated with
semen from the Red-and-White Holstein bulls,
conducting absorptive crossbreeding. As a re-
sult, the unique local population of the Ayrshire
cattle, bred in the farms of the region for more
than 40 years, was completely displaced by an-
imals of other breeds. In Russia as a whole, the
Ayrshire population remains stable. In terms of
productivity, the Ayrshire cows rank third after
the Holsteins and Black-and-Whites [4—8].

Currently, the main cattle population of the
region is concentrated in peasant farms. The
process of changing the breed composition of
cattle is influenced by economic and subjective
reasons [9, 10]. In most farms, artificial insem-

ination is not carried out, and cattle are often
imported from other regions that differ signifi-
cantly from the Magadan Region in terms of cli-
mate and economic conditions. Breeds such as
Holstein, Red-and-White Holstein, Simmental,
and others were not previously grown or studied
in the region, and their adaptation to the harsh
conditions of the North was not explored’.

In the current political climate, with a focus
on reducing the country's dependence on exter-
nal factors, increasing self-sufficiency in essen-
tial food products becomes strategically import-
ant. This necessitates the need to address the
challenges of forming a food base at the region-
al level. Considering the remote location of the
Magadan Region and the complex logistics in
delivering goods, ensuring the population's ac-
cess to quality food products is of practical sig-
nificance [11]. Therefore, the study of the adap-
tive qualities of imported cattle, their productive
and reproductive abilities, and the identification
of breeds and genotypes best suited to the con-
ditions of the region becomes particularly rele-
vant. The revival of work in this direction should
mark a new stage in the history of breeding and
breeding work in dairy cattle farming in the ex-
treme conditions of the Far Eastern Far North.
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MOHUTOPHUHI CEJIEKIITUOHHOI'O MATEPUAJIA NOJCOJTHEYHUKA
C IEJIBIO ONPEJAEJIEHUSA YPOBHS YCTOMYNBOCTH K JIOKHOHN
MYUYHHUCTOMU POCE
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VBenn4yeHne Mpou3BOACTBA MACIOCEMSIH TIOICOIHEYHHKA TPeOyeT HMCITONB30BAHMS YPOXKANHBIX,
aJIalTUPOBAHHBIX K YCIIOBHUSIM BO3/ICIIBIBAHUS COPTOB M TMOPUIOB, YCTOMYUBBIX K BPEIOHOCHBIM I1aTO-
TeHaM 30HbI BeIpainiuBaHusi. CHIKCHHIO YCTOHYHUBOCTH KYJIBTYPhI CIIOCOOCTBYET IEIIBIH PSIT IPUYHH.
OpHa W3 HUX — BOBHUKHOBEHUE YCJIOBHIA JIJISl Pa3BUTHsI HE TOJIBKO HOBBIX 3a00JICBaHUM, HO U OoJee
arpeCCUBHBIX PaC YK€ XOPOIIO U3BECTHBIX MAaTOreHOB. CaMbIM 3P(PEKTHUBHBIM U SKOJIOTHUECKH 0e3-
OTIACHBIM ITyTeM OOpPBOBI ¢ OOJIE3HIMH CEIIbCKOXO3SHCTBEHHBIX KYIBTYP SIBISIETCS CO3aHUE YCTOM-
YUBOTO CEJIEKI[MOHHOTO MaTepuana. B cBs3u ¢ aTuM B ycioBusax Boctouno-Kazaxcranckoit oomactu
OBLIH MPOBEICHBI UCCIIETOBAHMSI 110 OLIEHKE YCTOWYMBOCTHU K JIOXKHON MYYHHCTOM POCE MEePCIIeKTHB-
HOTO CEJIEKIMOHHOTO MaTepHuana MOACOTHEYHUKA, CO3JaHHOro crneruanucramu Bocrouno-Kazax-
CTAHCKOHM CEeThCKOXO3SMCTBEHHON OMBITHOM CTaHIUu. OmpeneneHbl KOTUYSCTBECHHBIC MOKA3aTEIN
MOpaXEeHHBIX PACTEHUHA U MHTEHCHBHOCTh MOPAXKEHUS CeMsJI0JIel criopoHolueHueM. [laHa xapakre-
PUCTHKA CTETICHH BOCIPHHUMYHBOCTH HCCIIETYEMBIX 00pasmoB 1Mo 5-0ayutbHOHN miKane. Pe3ymprarer
OTIBITOB TTOJITBEP/IMIIA BO3MOKHOCTE TTPOBE/ICHUS OTOOpa Ha Pa3HbIX dTalax CEJCKIIMOHHON PadoTHI.
BriieneHHbIN NCXOMHBIN MaTepuall MOXKET OBITh MCIIOJIb30BaH B KAYECTBE POAUTEIBCKUX (OPM IpU
CO3/IaHUU HOBBIX COPTOB M I'MOPHJIOB IOICOJTHEUHHUKA.
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MONITORING OF SUNFLOWER BREEDING MATERIAL TO IDENTIFY THE
LEVEL OF RESISTANCE TO FALSE POWDERY MILDEW
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Increased production of sunflower oilseeds requires the use of yielding, adapted to the conditions of
cultivation varieties and hybrids resistant to harmful pathogens of the growing area. A number of rea-
sons contribute to the decline in crop resistance. One of them is the emergence of conditions for the de-
velopment of not only new diseases, but also more aggressive races of already well-known pathogens.
The most effective and environmentally friendly way to control crop diseases is to create sustainable
breeding material. In this regard, in the conditions of the East Kazakhstan region studies were conduc-
ted to assess the resistance to false powdery mildew of the promising breeding material of sunflower
created by the specialists of the East Kazakhstan Agricultural Experimental Station. Quantitative indi-
ces of affected plants and the intensity of sporoniferous lesions on seedlings were determined. Charac-
terization of the degree of susceptibility of the tested samples on a 5-point scale was given. The results
of the experiments confirmed the possibility of selection at different stages of the breeding work. The
selected source material can be used as parental forms in the creation of new sunflower varieties and
hybrids.

Keywords: Downy mildew, sunflower, lesion intensity, reaction type, resistance, pathogen, hybrid, line
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INTRODUCTION seeds. Undoubtedly, import and use of seeds of
hybrids of foreign selection' partially solve the
problem of meeting the needs of the region in
sunflower seeds. However, due to the high cost
of imported hybrid seeds, they are not accessible

to all local farmers, and their quality does not

In the East Kazakhstan region, there has been
a stable trend of increasing sunflower cultivation
areas over the past two decades. This trend is
partly due to the high economic profitability of

this crop. As the share of sunflowers in crop ro-
tations grows, there is a natural need to provide
agricultural producers with quality sunflower

always meet the claimed parameters. In this re-
gard, the issue of establishing domestic sunflow-
er seed production is urgent in East Kazakhstan.

IState program of development of agro-industrial complex of the Republic of Kazakhstan for 2017-2021, Astana, 2017, 150 p.
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The expansion of sunflower cultivation areas
in crop rotations and the return of this crop not
after 5-8 years but after 2-3 years create favor-
able conditions for the accumulation of infection
and the development of epiphytotics [1]. The
agroclimatic conditions in East Kazakhstan are
diverse, leading to the preservation and spread
of a wide range of plant infectious diseases.
The most harmful plant diseases in the region
include false mildew, gray and white rot, Ver-
ticillium wilt, phomosis, and calathide dry rot?.

One of the most common and harmful fun-
gal diseases in sunflower crops in the mountain
meadow-steppe zone of East Kazakhstan is false
mildew (FM), caused by the obligate parasitic
fungus Plasmopara halstedii (Farl.) Berl. et de
Toni?.

A characteristic feature of this disease is the
variety of its manifestations. False mildew is
known to have six forms of manifestation*. Until
2005, only one form, which exhibited moderate
pathogenicity, was observed in sunflower crops
in East Kazakhstan. In the past decade, all six
forms have been spreading’. The disease has a
latent course, which can make its identification
based on morphological features difficult®. In-
fection of the calathides and seeds leads to the
death of seedlings, significantly affecting the
sowing qualities of the seed material [2].

In this situation, there is a need to provide the
region with sunflower seeds free from this fun-
gal infection. Therefore, it is necessary to study
the harmfulness of downy mildew in sunflower
crops in the region. To do this, an evaluation of
sunflower seeds from the collection of the East

Kazakhstan Agricultural Experimental Station
(EKAES), one of the country's leading enterpris-
es engaged in the breeding and seed production
of oilseeds, was conducted. The research aims to
determine the resistance level to downy mildew
in sunflower selection material from the EKAES
gene pool, with the identification of the most re-
sistant initial forms.

MATERIAL AND METHODS

The research object includes 28 experimen-
tal hybrids and 30 self-pollinated lines from the
EKAES gene pool. As a control, the Kruglik
A/41 variety, which is susceptible to all races of
the pathogen, was used. This variety was created
by the specialists from the All-Union Research
Institute of Oil Crops.

Laboratory research was conducted in 2020
at the National Research Laboratory of collec-
tive use of the S. Amanzholov East Kazakhstan
University. The methodology for conducting
such experiments was based on previous work
by M.V. Ivebore, T.S. Antonova, and N.M.
Araslanova’ [3-5].

To prepare the inoculum, sunflower leaves
with sporulation on the lower side of the leaves
were collected from the field. Some plant mate-
rial was placed in a humid chamber for pathogen
identification. The false mildew inoculum was
obtained from the surface of the selected sam-
ples by simple washing of zoospores with dis-
tilled water. The number of zoospores in 1 ml
was counted in a Goryaev chamber and, if nec-
essary, dilution was made to the required num-
ber of 10°-10° cells/ml. The race of the pathogen

2Gubareva N.S., Kuzmina G.N., Chursin A.S. Species composition of registered diseases of sunflower in East Kazakhstan // Notes of the Ust-
Kamenogorsk branch of the Kazakh Geographical Society: Proceedings of the international scientific and practical conference Ust-Kamenogorsk,

2014, Issue 8, pp. 104-112.

3Gubareva N.S., Kuzmina G.N. Training manual on determination of sunflower diseases in the East Kazakhstan region. Ust-Kamenogorsk, 2018,

59 p.

Wypritskaya A.A., Kuznetsov A.A., Puchin A.M. Plasmopara halstedii (Farl.) Berl. et de Toni in the Tambov region // Tambov University Review.

Series: Humanities, 2015, vol. 20, N 6, pp. 1595-1600.

SGubareva N.S. Monitoring of sunflower diseases and field endurance of varieties and hybrids under cultivation in East Kazakhstan region. Ust-

Kamenogorsk, 2018, pp. 6-7.

®Ciftcigil T H., Ozer N., Sabudak T. A preliminary study on control of sunflower downy mildew (Plasmopara halstedii) with culture filtrates of
antagonistic fungi // Procceedings of 19th International Sunflower Conference, Edirne, 2016, p. 1106.

"Ivebor M. V. 1dentification of races of sunflower false powdery mildew pathogen in the regions of the North Caucasus and selection of resistant
to them source material for breeding: Extended abstract of candidate’s thesis in agriculture, Krasnodar, 2009, 144 p.

8Iwebor M.B., Antonova T.S., Araslanova N.M. Features of the manifestation of false powdery mildew of sunflower under artificial infection with

different races of the pathogen // Oilseed crops, 2009, N 1 (140), pp. 26-31.

*Ekimova T.S., Kuzmina G.N. Study of the methods of evaluation of sunflower breeding material for immunity to false powdery mildew // Global
science and innovations 2019: Central Asia, Astana, 2019, vol. 2, pp. 315-319.
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was not identified, and a population mixture was
used for the inoculum.

For germination, 100 seeds were selected
from a single calathide. The seeds were placed
in a gauze filter and rinsed under a stream of dis-
tilled water for 15 minutes to reduce the number
of saprophytic microorganisms. Then, the seeds
were dried on filter paper and placed in Petri
dishes. A filter paper was placed at the bottom of
the dishes, moistened cotton was placed on top,
and the Petri dishes were placed in a cultivation
room under daylight lamps at a temperature of
25-27°C for 2—4 days (see Fig. 1).

After the formation of sprouts measuring
1.5-2.0 cm in length, visually healthy samples
were selected, which had a healthy radicle, hy-
pocotyl, and cotyledons. The selected seedlings
were husked and planted in germinating cab-
inets, which were cells with coarse-filled filter
paper' (see Fig. 2).

Infection of the sprouts was carried out by
watering them with a suspension of zoospores.
Each germinating cabinet received 150 ml of
the suspension. The infection of the lines and
hybrids with false mildew was carried out in a
phytotron.

Over the first 7 days in the phytotron, the
temperature was maintained at 23-25°C during
the day and 18°C at night. In the following 7
days, the temperature was reduced to 16—18°C.

Puc. 1. Cemena noyconHey-
HUKa, TOMEIIEHHBIE B YaIIKU
ITerpu nust mpopaimyBaHus

Fig. 1. Sunflower seeds placed
in Petri dishes for germination

During this period, watering with water was per-
formed, and humidity was maintained at 90% by
spraying 4 times a day with a sprayer!''.

On the 14th day, the infection was assessed
and evaluated for the selection material (see
Fig.3). The assessment involved determining the
total number of affected plants and the intensi-
ty of disease manifestation in each sample. The
assessment of the infection was based on the de-
termination of the intensity of seed part damage,
including the area of sporulation, chlorosis, and
necrosis.

The degree of resistance to infection was
assessed using a qualitative reaction scale of
sunflower sprouts to pathogen penetration (see
Table 1). The type of reaction to infection was
determined on a 5-point scale.

RESULTS AND DISCUSSION

Low-quality seed material is, in part, a conse-
quence of fungal infections. It is considered that
losses due to infection by this pathogen consti-
tute more than half of the gross yield. The prev-
alence of diseases is often linked by researchers
to disease vectors, climatic conditions, and dis-
ruption of crop rotations. In addition to identi-
fying and recording diseases, methods for pre-
venting disease spread are being developed' 3.
Breeding for disease resistance has its peculiar-

Puc. 2. Pactunbau ¢ uHOKYTH- Puc. 3. [IpopocTku co CIIOpOHOIIIe-
pOBaHHBIMH IIPOPOCTKAMHU
Fig. 2. Planters with
inoculated seedlings

HueM Ha 14-i1 1eHs nmocie 3apaxeHus

Fig. 3. Seedlings with sporulation on
the 14th day after infection

YMaslienko L.V., Araslanova N.M., Kovchigina M.A. Search for the optimal method of artificial infection of sunflower with the causative agent
of false powdery mildew to determine the effectiveness of prototype microbiopreparations // Oilseed crops, 2014, N 2, pp. 159-160.

"GOST 12044-93. Seeds of agricultural crops. Methods for determining disease infestation. Moscow: Standards Publishing House, 2011, 3 p.
2lwebor M., Antonova T.S. Changes in the racial structure of Plasmopara halstedii (Farl.) Berl. et de Toni population in the South of the Russian

Federation // Heliathis link is disabled, 2016, N 39 (64), pp. 113—121.

YKostina E.E., Lobachev Yu.V. Breeding value and resistance to false powdery mildew and infestation of experimental hybrids of sunflower //
Bulletin of Saratov state agrarian university in honor of N. I. Vavilov, 2012, N 5, pp. 26-27.
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Tao6ua. 1. Iloka3arenn OLEHKH PeakLUuH IPOPOCTKOB MOJCOIHEYHHKA Ha HCKYCCTBEHHOE 3apakeHHe
Plasmopara halstedii (Farl.)

Table 1. Indicators for assessing the reaction of sunflower seedlings to artificial infection with
Plasmopara halstedii (Farl.)

Point Characterization of the type of lesion Rgacthn
to infection
0 Affected plants are absent or single cases are noted, intensity of lesions on cotyledonary | Resistant

1

leaves — from 0,0 to 1,0%
Affected seedlings — up to 50.0%, intensity of affected cotyledonary leaves — up to 10.0%

Weakly affected

2 Affected seedlings — up to 50.0%, with sporulation on seedlings — more than 10.0%, with | Moderately affect-
weak sporulation — from 50.0 to 75.0%, intensity of cotyledonary leaves infection — up to | ed
10.0%

3 Affected seedlings with weak sporulation — from 50.0 to 75.0% with intensity of sporula- | Severely affected
tion on cotyledonary leaves more than 10.0%, affected seedlings — from 75.0 to 100.0%
with an average intensity of sporulation on cotyledons (from 10.0 to 30.0%)

4 Affected seedlings — from 75.0 to 100.0% with high level of sporulation on cotyledons | Susceptible
(from 30.0 to 50.0%)

5 All seedlings with lesions, intensity of cotyledon lesions — 50.0% and more Unstable

ities because the direction of work is related to
the cultivated crop and the emergence of new
pathogen variants [7]. Currently, the search for
resistant breeding material appears to be a prom-
ising direction.

Significant variation in indicators for artifi-
cial infection of false mildew was identified in
28 hybrid combinations during the study. Table
2 reflects the average results of the experiment.

Based on the presented data, it can be seen
that in different experimental variants, the pro-
portion of infected seedlings ranged from 30.0%
(HC 1/31) to 100.0% (HC 1/13, HC 1/42). In
the control, this indicator reached an average
0f 90.0%. The intensity of seed part damage in
the experiment ranged from 2.0% (HC 1/17) to
80.5% (HC 1/42). The maximum intensity of
seed part damage was observed in two samples:
HC 1/42 - 80.5%, HC 1/13 - 80.3%, with the
disease spreading to all plants. Out of the 28 ex-
amined samples, six had the maximum degree
of seedling damage, which allowed them to be
classified as unstable (5 points).

Most hybrid combinations had a low degree
of seedling damage (up to 22.0%). However,
at the same time, the number of seedlings with

sporulation accounted for more than half of all
plants. Such samples were classified as moder-
ately and heavily affected (see Fig. 4).

Based on the sum of characteristics, HC 1/39,
HC 1/25, HC 1/57 were classified as weakly af-
fected, moderately affected - HC 1/60, HC 1/59,
HC 1/7, HC 1/45. The samples HC 1/17 and HC
1/31 showed a high degree of resistance. As a
result, it was decided to use these nine hybrid
combinations in further breeding work.

It should be noted that for heterozygous hy-
brids, an immune response to the false mildew
pathogen is possible under the condition of the
presence of horizontal and vertical resistance in
the parental forms'* [8—10]. Therefore, there was
a need to study constant self-pollinated lines.
In the course of the experiment, 30 constant
self-pollinated lines were investigated for resis-
tance to false mildew (see Table 3).

The assessment of the resistance of sunflower
breeding material to false mildew showed that
all the examined samples were affected to vary-
ing degrees by the infection. The percentage
of seedlings with sporulation ranged from 40.0
(CL/21) to 100.0% (CL/32, CL/57). In the con-
trol variant, this indicator was 90.0% on average.

YMarkin N.V.,, Usatov A.V., Vasilenko V.N., Maidanyuk D.N., Getmantseva L.V. SSR analysis of maternal and paternal lines selected in the don
region (Russia) // American Journal of Agricultural and Biological Science, 2016, N 11 (1), pp. 13-18.
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Ta6a. 2. Pe3ynbrarsl 3apakeHuUs 3KCIICPUMEH-
TaJbHBIX THOPUIHBIX KOMOMHAIIUH

Table 2. Results of infection of experimental
hybrid combinations

Se_lection ;Z?iliglrgso \I:v?tlfl Intensity, % rzzlc)tei(?tf,
index sporulation, % point

HC 1/31 30,0+ 1,5 8,3+0,4 0
HC 1/17 350+1,8 2,0£0,1 0
HC 1/25 45,0+2,3 7,8+ 0,4 1
HC 1/57 50,0+2,5 6,3+0,3 1
HC 1/39 37,5+1,9 18,8+ 0,9 1
HC 1/60 55,0+2,8 4,0£0,2 2
HC 1/59 55,0+2,8 8,5+04 2
HC 1/7 52,9+2,6 16,8+ 0,8 2
HC 1/45 73,7+3,7 5,5+£0,3 2
HC 1/34 63,2+32 21,8 £ 1,1 3
HC 1/58 65,0+3,3 12,8+ 0,6 3
HC 1/18 65,0+3,3 153+0,8 3
HC 1/23 65,0+3,3 30,8+ 1,5 3
HC 1/64 70,0 3,5 143+0,7 3
HC 1/33 70,6 3,5 11,2+£0,6 3
HC 1/48 75,0+ 3,8 13,5+0,7 3
HC 1/53 75,0 +3.,8 14,0 £ 0,7 3
HC 1/32 77,8 £3,9 189+ 0,9 3
HC 1/16 80,0 + 4,0 15,8+ 0,8 3
HC 1/37 80,0 + 4,0 20,5+ 1,0 3
HC 1/55 80,0 4,0 23,0+1,2 3
HC 1/10 85,0+4,3 383+1,9 4
HC 1/9 88,2+4,4 30,6 + 1,5 4
HC 1/44 95,0 +4,8 14,8+ 0,7 4
HC 1/43 95,0 +£4,8 76,5 + 3,8 4
HC 1/13 100,0 = 5,0 80,3 +4,0 5
HC 1/42 100,0 = 5,0 80,5+4,0 5
Control 90,0 £ 4,5 56,0 £2 .8 5
LSD +3,5 +1,1

0,05

Puc. 4. Tpernii THII peakiinu
Fig. 4. Third type of reaction

The maximum intensity of seedling infection in
constant lines ranged from 2.5 (CL/5) to 51.8%
(CL/32), while in the control, it was 54.5%.

The research results allowed us to identify
three lines with the third type of reaction, where
the maximum number of affected plants was
observed. The fourth type of reaction to infec-
tion, "susceptible," was found in ten samples.
The intensity of seedling infection in this case
ranged from 10.0 to 29.3%, and the number of
affected plants reached 75.0%. Twelve samples
were classified as moderately affected (see Fig.
5). In this group, more than half of the plants
were infected, with slight seedling damage rang-
ing from 2.8 to 9.5%.

Among the studied lines, samples with a
small number of seedlings with weak infection
(CL/5, CL/6, CL/12, CL/21) were identified as
promising breeding material for resistance to
false mildew. These lines can be characterized
as weakly affected.

CONCLUSION

The conducted research not only identified
the initial breeding material for creating new ex-
perimental hybrids resistant to false mildew but
also weakly affected and resistant promising hy-
brid combinations.

It should be noted that the experiments were
conducted in 2020, and at present, the selected
breeding material based on resistance to false
mildew may have lost its effectiveness due to the
emergence of a more aggressive race within the
pathogen population.

In summary, to enhance resistance to false
mildew in constant lines and hybrids, further
research is needed to identify stable forms that
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Tabua. 3. Pesynbrarsl 3apakeHus1 CaMOOINBUIEH-
HBIX JINHUHI

Table 3. Results of infection of self-pollinated

lines
T I
index sporulation, % ar‘:’(t)lizlz’
CL /21 40,0 £2,0 2,840,1 T
CL/5 450+2,3 25+0,1 1
CL /6 50,0 +£2,5 40+0,2 1
CL/12 50,0 +2,5 2,8+0,1 1
CL /4 55,0+2,8 3,3+0,2 2
CL /18 55,0+2,8 2,8+0,1 2
CL /33 55,0£2,8 5,8+0,3 2
CL /2 60,0 + 30,0 43+0,2 2
CL /23 65,0+£3,3 8,3+0,4 2
CL /31 65,0+ 3,3 7,3+0,4 2
CL /61 65,0 3,3 50+£0,3 2
CL3 75,0 £3,8 6,0+0,3 2
CL/15 75,0 £3,8 73+04 2
CL /22 75,0 £3,8 95+0,5 2
CL /26 75,0 £3,8 50+0,3 2
CL /35 75,0+ 3,8 8,8+0,4 2
CL /24 60,0 £3,0 14,3 +£0,7 3
CL /25 70,0 + 3,5 16,3 +0,8 3
CL /30 70,0 £3,5 29,3+1,5 3
CL /58 70,0 £3,5 10,5+0,5 3
CL /60 70,0 £3,5 233+1,2 3
CL /62 70,0 £3,5 18,8 +0,9 3
CL /29 75,0+ 3,8 15,8 +0,8 3
CL /34 75,0+ 3,8 16,0 £0,8 3
CL /56 75,0+ 3,8 15,0£0,8 3
CL /63 75,0+3,8 10,0 £0,5 3
CL /59 95,0+4,8 438+22 4
CL /32 100,0 £ 5,0 51,8 +£2,6 5
CL /57 100,0 +5,0 37,5+1,9 5
Control 90,0 + 4,5 54,5+27 5
LSD, s +3,5 +0,7

Puc. 5. Bropoii Tun peakuuu

Fig. 5. Second type of reaction

can be used in breeding and cell biotechnology.
Simultaneously, the biology of the fungus and its
racial composition in the conditions of the East

Kazakhstan region should be studied.
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included in the List of Russian peer-reviewed scientific journals in which the major scientific outcomes of theses for the
degrees of Doctor or Candidate of Sciences must be published.

The journal publishes original articles on fundamental and applied issues by the following directions:
»  general agriculture and crop production;

» plant breeding, seed production and biotechnology;

» agrochemistry, soil science, plant protection and quarantine;
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4.1.3.
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4.2.3.

4.2.4.

General agriculture and crop production
Agrochemistry, soil science, plant protection and quarantine
General agriculture and crop production

Plant breeding, seed production and biotechnology

Agrochemistry, soil science, plant protection and quarantine

General agriculture and crop production

Plant breeding, seed production and biotechnology

Agrochemistry, soil science, plant protection and quarantine
Infectious diseases and animal immunology

Private zootechnics, feeding, technology of feed preparation and production of livestock

products
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4.3.3.
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Breeding, selection, genetics, and animal biotechnology

Technologies, machinery and equipment for the agro-industrial complex

Food systems
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Agrochemistry, soil science, plant protection and quarantine
Infectious diseases and animal immunology

Private zootechnics, feeding, technology of feed preparation and production of livestock

products
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4.3.3.

Breeding, selection, genetics, and animal biotechnology

Technologies, machinery and equipment for the agro-industrial complex
Food systems

RECOMMENDATIONS TO THE AUTHOR BEFORE SUBMITTING AN ARTICLE

Submission of an article to the journal “Siberian Herald of Agricultural Science” implies that:

. an article has not been published before in any other journal;

. an article is not subject to review in any other journal;

. all co-authors agree with the publication of the current version of the article.

Before submitting an article, it is necessary to make sure that the file (files) contains all the information required
in Russian and English, tables and figures provide the source of the information presented, all references are written

correctly.
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PROCEDURE FOR SENDING MANUSCRIPTS OF ARTICLES

1 Submission of the article is carried out through the electronic editorial board on the journal’s website https://
sibvest.elpub.ru/jour/index. After preliminary registration of the author, choose the option “Send a manuscript” in the
upper right corner of the page. Then download the manuscript (in *.doc or *.docx format) and the accompanying docu-
ments. When you have finished uploading, be sure to select the option “Send a Letter”, in which case the editorial board
will be automatically notified of the receipt of the new manuscript.

Accompanying documents to the manuscript of an article:

. a scanned copy of a letter from the organization confirming authorship and permission to publish (sample
cover letter);

. a scanned copy of the author’s note in the form provided (sample author’s note), in which consent must be ex-
pressed for the open publication of the article in the printed version of the journal and its electronic copy in the Internet;

. a scanned copy of the manuscript with the authors’ signatures. The author, by signing the manuscript and send-
ing it to the editorial office, thereby transfers the copyright for the publication of this article to SFSCA RAS;

. author questionnaires in Russian and English (sample author questionnaire);

. a scanned copy of your post-graduate school transcript (for full-time postgraduate students).

2. All manuscripts received by the editorial board are registered via the electronic editorial system. The author’s
personal account shows the current status of the manuscript.

3. Non-reviewed materials (scientific chronicles, reviews, book reviews, materials on the history of agricultural
science and activities of institutions and scientists) are sent to the e-mail: sibvestnik@sfsca.ru and are registered by the
executive secretary.

ARTICLE DESIGN PROCEDURE

The text of the manuscript is printed in Times New Roman font, type size 14 with 1.5 spacing, all margins 2.0 cm,
page numbering at the bottom. The size of a manuscript should not exceed 15 pages (including tables, illustrations and
bibliography); the articles placed in the sections “From dissertations” and *“ Brief reports” should not exceed 7 pages.

Article design structure:

1. UDC

2. Title of an article in Russian and English (no more than 70 characters).

3. Surnames and initials of the authors, full official name of the scientific institution where the research was con-
ducted in Russian and English.

If authors from different institutions took part in the preparation of the article, it is necessary to indicate the affilia-
tion of each author to a particular institution using the superscript index.

4.  Abstract in Russian and English. The size of the abstract should not be less than 200-250 words. The abstract
is a brief and consistent presentation of the material of the article on the main sections and should reflect the main con-
tent, follow the logic of the presentation of the material and description of the results in the article with the provision of
specific data. The abstract should not include the newly introduced terms, abbreviations (with the exception of common
knowledge), references to the literature. The abstract should not emphasize the novelty, relevance and personal contri-
bution of the author; the place of research should be indicated to the district (region), specific organizations should not
be mentioned.

5. Keywords in Russian and English. There should be up to 5—7 words by the topic of the article. It is desirable
that the keywords support the abstract and the title of the article.

6.  Information on the conflict of interests or its absence. The author should notify the editor on the real or po-
tential conflict of interests by including the information in the appropriate section of the article. If there is no conflict of
interests, the author should also inform the editor about it.

Example wording: “The author declares no conflict of interest”.

7. Acknowledgements in Russian and English. This section lists all sources of funding for the study, as well as
acknowledgements to people who contributed to the article but are not the authors.

8. The main body of the article. When presenting original experimental data, it is recommended to use subheadings:

INTRODUCTION (problem statement, goal and tasks of the study)

MATERIAL AND METHODS (conditions, methods (methodology) of research, object description, place and
time of research)

RESULTS AND DISCUSSION
CONCLUSION

REFERENCES. The number of sources must be at least 15. The list of references includes only peer-reviewed
sources: articles from scientific journals and monographs. Self-citation of no more than 10% of the total number. The
bibliography list should be designed as a general list in the order of mention in the text, it is desirable to refer to sources
2-3 years old. The rules for the list of references are in accordance with GOST R 7.05-2008 (requirements and rules for
compiling a bibliographical reference). In the text the reference to the source is marked by a serial number in square
brackets, for example [1]. Literature in the list is given in the languages in which it was published. In the bibliographic
description of the publication, it is necessary to include all authors, without abbreviating them by one, three, etc. It is
unacceptable to abbreviate the names of articles, journals, publishing houses.

CHOHPCKHIA BECTHHK CENbCKOXO3SHCTBEHHON Hayku * 2023+ 53«11 153



If it is necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manuals,
GOSTs, information from websites, statistical reports, articles in socio-political newspapers, etc., such information
should be placed in a footnote at the end of the page. Footnotes are numbered in Arabic numerals, placed page by page
through numbering.

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, keywords,
list of references.

EXAMPLE OF REFERENCES in Russian and English and FOOTNOTES

REFERENCES (in Russian):

Monograph

Klimova E.V. Field crops of Zabaikalya: monograph. Chita: Poisk, 2001. 392 p.

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture
in southern forest-steppe of Western Siberia// Resource-saving tillage systems. Moscow: Agropromizdat, 1990. pp.
230-235.

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage // Siberian Herald of Agricultural Science. 2018. vol. 48. Ne 4. pp. 27-35. DOI:
10.26898/0370-8799-2018-4-4.

REFERENCES (in English):

References are compiled in the same order as the Russian version, according to the following rules:

Names and surnames of the authors are given in the established way of transliteration, English title of the article,
transliteration of the name of the Russian-language source (for example through the site: https.//antropophob.ru/trans-
lit-bsi) = English title of the source. The order of presentation for a monograph is the following: city, English name of
the publisher, year, number of pages; for a journal: year, number, pages). (In Russian).

Example: Author A.A., Author B.B., Author C.C. Title of article.

Transliteration of the authors. English title of the article.

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

Transliteration of the source = English name of the source

Monograph

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

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture

in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990,
pp- 230-235. (In Russian).

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2018, vol. 48, no. 4, pp. 27-35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4.

FOOTNOTES:

Quated text,.

1Klimova E.V., Andreeva O.T., Temnikova G.P. Ways to stabilize food production in Transbaikalia // Problems and
prospects of perfecting zonal farming systems in modern conditions: materials of the scientific and practical conf.
(Chita, October 16-17 2008). Chita, 2009, pp.36-39.

Digital Object Identifier — DOI (when the cited material has it) should be indicated at the end of the bibliographic
reference.

Example:

Chu T., Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize

(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923.

The DOI of the article should be checked on the website http://search.crossref.org/ or https://www.citethisforme.
com. To do this, enter the title of the article in English in the search bar.

FIGURES, TABLES, SCREENSHOTS AND PHOTOGRAPHS

The figures must be of good quality, suitable for printing. All figures must have captions. The caption must be trans-
lated into English. Figures should be numbered in Arabic numerals according to the order in the text. If there is only
one figure in the text, it is not numbered. References to figures should be formatted as follows: “Fig. 3 indicates that
.7 or “It is indicated that ... (see Fig. 3)”. The caption under the figure includes a figure number and its title. “Figure 2.
Description of vital processes.” The translation of the figure caption should be placed after the figure caption in Russian.

Tables should be of good quality, suitable for printing. Tables suitable for editing are preferred, not scanned or
as figures. All tables should have headings. The title of the table should be translated into English. Tables should be
numbered in Arabic numerals according to the order in the text. If there is only one table in the text, it is not numbered.
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References to tables should be formatted as follows: “Table 3 states that ...” or “It is stated that ... (see Table 3)”. The
title of the table includes a table number and its title: “Table 2. Description of Vital Processes.” The translation of the
table title should be placed after the table title in Russian.

Photos, screenshots and other non-drawn illustrations must be uploaded separately as *.jpeg files (*.doc and *.docx
if the image has additional marks). The resolution of the image should be >300 dpi. The image files should be given a
name corresponding to the figure number in the text. In the description of the file a caption should be given separately,
which should correspond to the name of the picture placed in the text.

Attention should be paid to the spelling of formulas in the article. To avoid confusion, it is necessary to write Greek
(a, B, m, etc.), Russian (A, a, B, b, etc.) letters and numbers in straight font, Latin letters in italics (W, Z, m, n, etc.).
Mathematical signs and symbols should also be written in straight font. It is necessary to clearly indicate upper and
lower superscript characters (W, I, etc.).

INTERACTION BETWEEN THE JOURNAL AND THE AUTHOR

The Editorial Board asks the authors to be guided by the above stated rules when preparing the article.

All the articles submitted to “Siberian Herald of Agricultural Science” go through preliminary check for compliance
with formal requirements. At this stage the Editorial Board reserves the right to:

* accept the article for review;

* return the article to the author (authors) for revision with a request to correct the mistakes or add the missing data;

* return the article which is designed not according to the journal’s requirements to the author (authors) without
consideration;

* reject the article due to its inconsistency to the journal’s goals, lack of originality and little scientific significance.

Correspondence with the authors of the manuscript is maintained through a key contact mentioned in the manu-
script.

All scientific articles submitted to the editorial board of the journal “Siberian Herald of Agricultural Science” un-
dergo obligatory double-blind reviewing (author and reviewer do not know about each other). Manuscripts are sent in
accordance with their research profile for reviewing to the members of the Editorial Board.

In controversial cases, the editor may involve several specialists in the review process, as well as the Editor-in-Chief.
If the reviewer’s opinion is positive, the article is submitted to the editor for preparation for publication.

In case a decision is made to have the manuscript revised, reviewer’s comments and remarks are passed to the au-
thor. The latter is given two months to make amendments. If, within this period, the author has not notified the editors
about the actions planned, the article is cancelled from the register.

In case there is a decision to reject the article, the notification with the editorial decision is sent to the author.

The designated author (contact author) is sent the final version of the manuscript accepted for publication, which
he/she must check.

REVERSAL OF EDITOR/ REVIEWER’S DECISION

In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision
made. In order to do this, the author should:

» amend the manuscript in compliance with the comments substantiated by reviewers and editors;

* clearly outline their stance on the issue under question.

The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected due
to the need of significant amendments or collection of the additional data, and are ready to clearly explain what must be
rectified in the manuscript for it to be accepted for publication.

ACTIONS OF THE EDITORIAL BOARD IN CASE OF PLAGIARISM AND DATA
FALSIFICATION DETECTION

The Editorial Board of the “Siberian Herald of Agricultural Science” follows the conventional ethical principles for
scientific periodicals and guidelines of the “Publication Ethics Code” developed and approved of by the Committee on
Publication Ethics (COPE) and demands that all those involved in the publishing process should obey these principles.

ERRORS RECTIFICATION AND ARTICLE WITHDRAWAL

In case of error detection that affect understanding of an article but do not distort the results of research, they can
be rectified by replacing the pdf-file of an article. In case of error detection that distort the results of research or in case
of plagiarism or misconduct of the author (authors) connected with data falsification, the article can be withdrawn. The
withdrawal can be initiated by the editors, the author, organization or private individual. Such article is marked with the
note “Article withdrawn”, the page of the article gives the reason for withdrawal. Information about the article with-
drawal is sent to data bases where the journal is indexed.

CHOHPCKHIA BECTHHK CENLCKOXO3SHCTBEHHON Hayki * 2023« 53« 11 155



DEAR SUBSCRIBERS!

Subscription to the journal “Siberian Herald of Agricultural Science”
(both for the annual set and for individual issues) can be made in one of the following ways:

On the website of JSC In the subscription In the editorial office
"Russian Post" subscription agency of the magazine
index PM401 LLC "Ural-Press" subscription
index 014973
Go to "Online Services", The link to the publication Phone: +7 (383) 348-37-
then "Subscribe to a newspaper or is https://www.ural-press.ru/ 62 e-mail: sibvestnik@sfsca.ru
a magazine" search/?q=014973. In the contact

section, go to http://ural-press.ru/
contact/, where you can select a
branch in your neighborhood.

Full-text version of the journal
“Siberian Herald of Agricultural Science”
is available on the website of the Scientific Electronic Library:
http://www.elibrary.ru.



	обложка_11_2023_англ_Л
	Сиб_вест_11_2023_англ

