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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2023-5-1 Twrr cTaThu: OpUTHHATIBHAS
YIK: 633.11:631.582 Type of article: original

BJIMSIHUE JJIMHBI POTAIIUU CEBOOBOPOTOB U IOI'OJIHBIX YCJIOBUM
HA IMTPOAYKTUBHOCTH O3UMOM IMIIEHATLBI

) Ilnakcuna B.C., Acramon A.H.
Poccutickuii nayuno-ucciedosamenbckuil U npOEKMHO-MEXHOL0SULeCKUL UHCIMUMYM COP2O

U KYKypy3bl
Caparos, Poccus

(X)e-mail: v.plaksina88@yandex.ru

[IpencraBneHbl pe3ynbTaThl UCCICIOBAHUS W3MEHEHUS YPOKAWHOCTH 3€pHA O3MMOMN MIICHUIIBI
B 3aBHCHMOCTH OT JUITMHBI POTalliU ceBOOOOPOTOB B ycnoBusax Hikuero IloBomxbs. B pesynsrare
12-neraux uccnenpoBanuit (2008—2019) BeIsIBIEHO, 9TO MAaKCUMAaITbHAS YPOXKAWHOCTH ITOJTyYeHa B de-
THIpEX- W TMATUIIOIBHOM CEBOOOOPOTaX C BKIFOUEHHEM 3epHOO000BBIX KyabTyp — 2,73 u 2,79 T/ra
COOTBETCTBEHHO. B X0/1€ I1crepcoHHOr0 aHanu3a OTMEUEHO Pa3IMYHOE BO3/IEHCTBUE YCIIOBU BeTre-
TalM U JJIMHBI POTAIlMK CEBOOOOPOTa Ha YPOKAHHOCTh O3UMON MILIEHHLBL. [0S BIUSHUS yCIOBUN
BereTanuu coctaBuia 98,6%. Takxe 3HaUMMBIM OBLIO BIUSHUE poTanuu ceBoodopora (0,6%). Ypo-
KAMHOCTH 3epHa 03WMOM TIIIEHHUIIH CYIIECTBEHHO 3aBHCEa OT IMOTOJHBIX YCIOBHH, YTO TIO3BOJIIIIO
OIICHUTH B TIOJTHOM Mepe MOTEHITHAN HCITOB30BaHMs 3B€HA 03UMasl TIIIEHUI[a — Iap B CEBOOOOPOTax
C KOpOTKO# potarmeid. [Ipu Bo3eNnbIBAHUY O3MMO MIIIEHUIIBI B YETHIPEX- U TSITUIIONBHBIX CEBO-
000poTax ¢ BKIKUYCHHEM 3€PHOO0OOBBIX KYJIBTYP YPOXKAHHOCTh MOBBIIIAIACH KaK BO BJIaKHBIC, TaK
U B cpeqaue no yeiaxkHeHuto roapl. [Ipu ['TK Gonpie 0,9 B msATHNONBHOM CEBOOOOPOTE ypoxkKaii-
HOCTb 3epHa coctaBuia 4,40 1/ra, B yeThipexmnoiibHoM — 4,31, B TpexmnonbHoM — 4,02 1/ra. [Ipu ['TK
ot 0,6 mo 0,9 B WeThIpex- M MATHUIIOIIEHOM CEBOOOOPOTAX YPOXKAHHOCTH BaphbHpOBajia B Ipemesiax
2,78-2,84 1/ra, B TpexmonbHOM — 2,52 T/ra. B 3acynuiuBeie TOABI HE BBISBICHO CYIIECTBEHHOH pas-
HUIBl B YPOXKAWHOCTH O3MMOH MIICHUIIBI MEXKIY CEBOOOOpOTaMH, KOTOpas BapbHUpoOBaja B Ipefe-
nax 0,98-1,07 1t/ra. MoxxHO cienarb BbIBOJ 00 3((EKTUBHOCTU BO3JCIBIBAHUS O3UMOM IMIIICHUIIBI
Ha BTOPOM I10JIe KOPOTKOPOTAIIHOHHBIX CEBOOOOPOTOB MO NApOBOMY NPEALICCTBEHHHUKY B YCIOBHSX
HE/I0CTaTOYHOTO YBIaKHEHUSI.

KiroueBble cjioBa: o3uMast IIIEHUIA, YPOKANHOCTB, CEBOOOOPOT, POTAIIHS, THAPOTEPMHYIECKAN
KO3 PHUITHEHT

THE EFFECT OF ROTATION LENGTH OF CROP ROTATIONS AND WEATHER
CONDITIONS ON THE PRODUCTIVITY OF WINTER WHEAT

) Plaksina V.S., Astashov A.N.

Russian Research, Design and Technology Institute of Sorghum and Corn
Saratov, Russia

(<)e-mail: v.plaksina88@yandex.ru

The results of the study of changes in winter wheat grain yield depending on the rotation length
of crop rotations in the Lower Volga region are presented. As a result of 12 years of research (2008-
2019) it was found that the maximum yield was obtained in four- and five-field crop rotations with
the inclusion of leguminous crops - 2.73 and 2.79 t/ha, respectively. During the analysis of variance,
different effects of growing conditions and rotation length on winter wheat yields were noted. The in-
fluence of vegetation conditions accounted for 98.6%. The effect of crop rotation was also significant
(0.6%). Winter wheat grain yield significantly depended on the weather conditions, which allowed to
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The effect of rotation length of crop rotations and weather conditions
on the productivity of winter wheat

Plaksina V.S., Astashov A.N.

fully evaluate the potential of winter wheat - fallow in crop rotations with a short rotation. When win-
ter wheat was cultivated in four- and five-field crop rotations with the inclusion of leguminous crops,
the yield increased both in wet and moderately wet years. With HTC greater than 0.9 in the five-field
crop rotation the grain yield was 4.40 t/ha, in four-field - 4.31, in three-field - 4.02 t/ha. With HTC of
0.6 to 0.9 in four- and five-field crop rotations, the yield ranged from 2.78-2.84 t/ha, and in three-field
crop rotations it was 2.52 t/ha. In dry years, no significant difference in winter wheat yield between
crop rotations was found, which ranged from 0.98-1.07 t/ha. It can be concluded that winter wheat
cultivation on the second field of short rotational crop rotations on fallow preceding crop in conditions

of insufficient moisture is effective.

Keywords: winter wheat, yield, crop rotation, rotation, hydrothermal coefficient

Jdas wurupoBanus: [lnaxcuna B.C., Acmawiosé A.H. BiausHue INMHBI POTallMM CEBOOOOPOTOB W TOTOMHBIX YCJIOBHH Ha
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INTRODUCTION

The complex of factors determining the yield
of agricultural crops is associated with the bio-
climatic potential, phytosanitary condition of
crops, and other factors influencing plant pro-
ductivity [1-3]. Winter wheat is one of the main
strategic cereal crops, covering the largest culti-
vation area worldwide, which amounts to 240.4
million hectares, with grain gross harvests of
560 million tons [4, 5]. It exhibits high winter
hardiness and resistance to edaphic stress, mak-
ing it suitable for cultivation in various soil and
climatic conditions'.

In the Volga region, the cultivation area of
winter wheat has significantly increased. This
growth is closely related to climate change [6,
7]. Over the past ten years, the average annual
air temperature in the Saratov region has risen
by 0.36°C, and the winter season temperature
has increased by 0.6°C, indicating that the rate
of temperature rise in winter is nearly twice as
high as the annual average. The total average
annual precipitation in the last 30 years has in-

creased by 24 mm, while the precipitation during
May to July has decreased by 3 mm [8]. Global
warming and its tendency to alter major agrome-
teorological characteristics have led to a rise in
air temperature over the last three decades and
a reduction in the duration of the winter period,
creating favorable conditions for the overwinter-
ing of winter crops [9].

In the Lower Volga region, winter soft wheat
significantly outperforms early spring crops in
terms of yield [10]. The advantage of winter
soft wheat is particularly evident during dry and
drought-prone years, when the yield of winter
crops surpasses that of spring crops [11, 12].
Previous studies indicate that including a fallow
link, such as winter wheat, is a necessary con-
dition to ensure sustainable productivity in arid
conditions due to the low value of the hydrother-
mal coefficient?.

It is essential to conduct comprehensive re-
search to improve a scientifically-based agricul-
tural system by studying the influence of rota-
tion length on the productivity of winter wheat

'Zhuchenko A.A. Adaptive plant growing. Theory and practice. Moscow: Agrorus, 2002. vol. 1. 814 p.

*Plaxina V., Astashov A., Bochkareva Ju., Azizov Z., Safronov A. Improvement of the ecological sustainability of short-term
rotation under the aridization conditions // IOP Conference Series: Earth and Environmental Science. Development of the Agro-
Industrial Complex in the Context of Robotization and Digitalization of Production in Russia and Abroad: International Scientific
and Practical Conference. DAICRA, 2022. DOI: 10.1088/1755-1315/949/1/012135.
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as one of the ways to mitigate the consequences
of unfavorable climatic changes.

The purpose of this research is to establish
the influence of rotation length and weather con-
ditions on the yield of winter wheat.

MATERIAL AND METHODS

The research was conducted from 2008 to
2019 at the experimental field of the Russian
Research, Design and Technology Institute of
Sorghum and Corn (RosNIISK “Rossorgo™) in
stationary crop rotations, established over time
and space:

— three-field rotation: autumn fallow — winter
wheat — mixed field (spring soft wheat, spring
barley, corn, grain sorghum);

— four-field rotation: autumn fallow — win-
ter wheat — soybean — mixed field (spring soft
wheat, spring barley, corn, grain sorghum);

— Five-field rotation: autumn fallow — winter
wheat —mixed field (grain sorghum, corn, spring
barley, spring soft wheat) — chickpea — mixed
field (spring soft wheat, spring barley, corn,
grain sorghum).

The variety of winter soft wheat “Levobere-
zhnaya 3 was used as the subject of the research.
Field experiments followed common practices
for the region and did not involve pesticide ap-
plication. The experiments were repeated three
times, and systematic placement of plots was en-
sured. Sowing was done in optimal periods using
the row method with SZ-3.6 seeders. The exper-
iments were set up and yield measurements were
conducted following standard methodologies’.
The obtained data were statistically processed
using the analysis of variance method with the
AGROS software version 2.09*°.

The soil of the experimental field is weakly
alkaline, medium loamy chernozem of the south-
ern type. In the plowed layer, the humus content
ranged from 3.5% to 4.2%, available phospho-
rus from 2.4 to 12.0 mg/100 g soil, hydrolyzable
nitrogen from 10 to 15, exchangeable potassium
from 21 to 32, and calcium up to 8 mg/100 g.

The region has a sharply continental climate
with cold and snowless winters, long springs,
and dry summers. The territory of the Lower
Volga region within Saratov, Volgograd, and As-
trakhan regions possesses considerable radiation
and thermal resources (the sum of active tem-
peratures ranges from 2900 to 4000°C, the sum
of effective temperatures from 2700 to 3600°C),
a prolonged period of active vegetation but low
moisture supply (P = 243-400 mm with evapo-
ration of 800—1200 mm).

The hydrothermal coefficient is 0.6-0.7. Ac-
cording to the data from the Saratov AMS, the
average incoming solar energy during the warm
period is 356 KJ/cm, and the total radiation for
the experimental zone is relatively stable. The
duration of the frost-free period is 153—184 days,
and the duration of the period with temperatures
above 10°C is on average 150 days.

The main source of moisture is atmospheric
precipitation, with an average annual norm of
391 mm. The productive moisture reserve in the
soil layer of 0-100 cm during the spring, at the
time of the average monthly temperature reach-
ing 5°C, is 125-150 mm. During the period of
vegetation cessation, 70—80 mm of precipitation
falls. The snow cover is established in the third
ten-day period of November, with a height of
27-32 cm.

Data from the reference weather station
“Saratov YUVES” were used to assess weather
conditions (see Table 1). The total precipitation
from April to July varied from 56 mm in 2010 to
331 mm in 2017, with an average multi-year val-
ue of 251 mm. The sum of active temperatures
ranged from 2970°C in 2017 to 3595°C in 2012,
with an average multi-year value of 2988°C.

The Selyaninov hydrothermal coefficient for
the vegetative period of winter wheat (from the
beginning of spring vegetation to wax ripeness)
during the years of the study ranged from 0.16 to
1.12, with an average multi-year value of 0.84.
Out of the 12 years, 2008, 2013, and 2017 were
favorable in terms of moisture (HTC > 1.0);

*Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow: Book

on Demand, 2012. 352 p.

*Kazantsev V.P. Field experience and basic methods of statistical analysis. Omsk: OmSAU Publishing House, 2010. 209 p.
SMartynov S.P. Statistical and biometric-genetic analysis in crop production and breeding. Program package AGROS 2.09. Tver,

1999.
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Ta6a. 1. XapakTepucTKa MOTOAHBIX YCIOBHH B I'OJIbI UCCIICIOBaHUH (OT Hauaa BO30OHOBIICHUS

BECCHHEH BEreTanuu J0 MOJHON CIIEIOCTH)

Table 1. Characteristics of weather conditions during the years of research (from the beginning of the

resumption of spring vegetation to full ripeness)

Year of research

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019

Sum of active temperatures, deg.

3137 | 3002 | 3502 | 3285 | 3595 | 3309 | 3147 | 3270 | 3271 | 2070 | 3239 | 3324

Total precipitation, mm

38 | 1s6 | s6 | 133 | 220 | 280 | 178 [ 416 | 265 | 331 | 221 | 12

HTC

102 | 052 | 016 | 041 [ 040 | 101 | 051 | 084 | 081 | 112 | 072 | 0l

2009, 2014-2016, 2018, and 2019 were mod-
erate (0.6 < HTC < 1.0); and 20102012 were
dry and hot (HTC < 0.6). Thus, the influence of
the factors under study was examined in differ-
ent agrometeorological conditions, allowing for
a comprehensive assessment of their impact on
the yield of winter wheat.

RESULTS AND DISCUSSION

The grain yield of winter wheat varied sig-
nificantly and was significantly influenced by
weather conditions. The highest yield was re-
corded in 2017: 5 tons per hectare in the three-
field rotation, 5.64 and 5.66 tons per hectare in
the four- and five-field rotations, respectively.
The lowest yield was observed in 2010, ranging
from 0.50 to 0.52 tons per hectare, depending
on the rotation. On average over the years of
the study, the highest yield was obtained in the
four- and five-field rotations with the inclusion
of leguminous crops, amounting to 2.73 and
2.79 tons per hectare, respectively. The yield
in these variants was higher by 0.22—-0.28 tons
per hectare compared to the three-field rotation
(see Table 2).

Formation of the biological yield of any crop
largely depends on the conditions of vegetation
and its place in the crop rotation. The analysis
of variance showed different effects of the men-
tioned factors on the winter wheat yield. The
factor “years of the study” accounted for 98.6%
of the variation in yield. The length of the crop

rotation had a significant influence, accounting
for 0.6%. The share of influence of the factor in-
teraction amounted to 0.8%.

When considering the results of the research
in the four- and five-field rotations, a significant
increase in the performance compared to the
three-field rotation was also noted. In wet years
(HTC > 0.9), the highest yields were obtained
over the average of three years for all experiment
variants. The five-field rotation with chickpea
showed the highest grain yield of winter wheat —
4.40 tons per hectare, while the four-field rota-
tion with soybean had a slightly lower produc-
tivity — 4.31 tons per hectare, and the three-field
rotation yielded 4.02 tons per hectare. In moder-
ately humid years (0.6 < HTC < 0.9), the yield
in the four- and five-field rotations ranged from
2.78 to 2.84 tons per hectare, respectively. In the
three-field rotation, the yield decreased to 2.52
tons per hectare.

In dry years (HTC < 0.6), the average yield
of winter wheat over three years varied from
0.98 to 1.07 tons per hectare, and the difference
in yield between the rotations was insignificant,
within the experimental error (see Table 3).

In the course of the long-term studies, it was
revealed that the maximum yield of winter wheat
was formed in four- and five-field crop rotations.
In addition to the impact of the cropping pattern,
this factor was significantly influenced by a large
variety of crops, which affected the agrophysical
properties of the soil and the content of basic nutri-
tion elements. According to our long-term obser-
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Ta6a. 2. YpoxxaltHOCTh 03UMOI1 IIIICHUIIBI B KCTIEPUMEHTAIBHBIX CEBOOOOPOTAX, T/Ta

Table 2. Yield of winter wheat in experimental crop rotations, t/ha

Year Crop rotation (factor B)

(factor A) three-field four-field five-field Average for factor A
2008 437 432 4,76 4,48
2009 3,52 3,72 3,82 3,69i
2010 0,52 0,50 0,51 0,51a
2011 1,30 1,39 1,45 1,38¢
2012 1,12 1,21 1,25 1,19b
2013 2,68 2,98 2,79 2,82¢g
2014 1,63 1,80 2,06 1,83d
2015 2,10 2,29 2,27 2,22f
2016 1,94 1,97 2,01 1,97¢
2017 5,00 5,64 5,66 5,43k
2018 2,90 3,60 3,61 3,37
2019 3,04 3,29 3,25 331h

Average for 2,51a 2,73b 2,79¢
* Experimental error (P) = 2,29%

LSD,, = 0,100, LSD,, , = 0,050, LSD,, ,,, = 0,173

F. =1651,682% F  =53499% F =883%

fact (A) > L factr B) > % fact (AB)

Note. Data labeled with different letters are significantly different according to Duncan’s multiple comparisons test at p < 0,05.

vations, the amount of productive moisture under
winter crops in the soil layer 0-100 cm in spring
(annual maximum) in most years (more than 75%)
did not reach the field moisture capacity.

Spring melt water did not have a significant
effect on nitrate nitrogen content by flushing it
through the soil profile. Thus, in spring in win-
ter wheat crops in the phase of the booting start
in the soil layer 0-50 cm in three-field crop ro-
tation remained 3.3 mg/kg of nitrogen, in five-
field crop rotation 3.6 mg/kg, in the layer 50-100
cm - 7.1 and 9.1 mg/kg, respectively. It should
be noted that in all the layers of the soil profile
the nitrate nitrogen content in the five-field rota-
tion was higher than in the three-field rotation.
As for other macroelements, for example, mo-
bile phosphorus, unlike nitrate nitrogen, during
the period of soil assimilation of spring melt wa-
ter 80-90% of its content in the studied profile of

0-100 cm did not shift and was in the 0-50 cm
layer. Exchangeable potassium was more mobile
than phosphorus, so its content in the 0-50 cm
soil layer was 40-45%. When considering this
regularity in relation to different types of crop
rotations, the following should be noted. In the
three-field grain and fallow crop rotation the soil
layer of 0-50 cm contained a greater amount of
mobile phosphorus and exchangeable potassium
(46.5 and 365 mg/kg, respectively) compared
to the five-field grain and fallow crop rotation
(42.8 and 357 mg/kg). It was found that in the
conditions of the steppe zone of the Volga re-
gion due to uneven precipitation during the year
and a number of years plant residues do not have
time to decompose completely. In dry years their
accumulation in the soil occurs, in humid years,
on the contrary, their decrease is observed due
to the increase in the intensity of decomposition.
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Tao6a. 3. YpokallHOCTh 03UMOI1 MIIICHUIIBI B Pa3HBIE M0 YBIAKHEHUIO TOJIBI, T/Ta

Table 3. Winter wheat yields in different moisture years, t/ha

Moisture content on

Crop rotation

average by years three-field four-field five-field
Wet (2008, 2013, 2017) 4,02 4,31 4,40
P (experimental error) = 3,03%, F, .= 106,124%, LSDO!O5 =0,123

Medium (2009, 20142016,

2,52 2,78 2,84
2018, 2019)

P (experimental error) = 2,01%, F, = 8,631%, LSDO’05 =0,180

Dry (2010-2012) 0,98 1,03 1,07

P (experimental error) = 2,54%, F| =3006, LSD .= ns

p < 0,05.

Thus, it has been revealed that with a de-
crease in the rotation length due to an increase in
the share of fallow in the cropping structure, the
amount of poorly hydrolyzable organic residues
that enter the fallow field increases, leading to
a decrease in the yield of winter wheat in wet
years. On average over the last 12 years, its yield
in the three-field rotation was 2.51 tons per hect-
are. In the four- and five-field rotations, where
leguminous crops with soil-improving potential
were present, the yield was 2.73 and 2.79 tons
per hectare, respectively.

CONCLUSION

As a result of the comparative assessment
of winter wheat yield depending on the weath-
er conditions and the length of crop rotations in
the Lower Volga region, it was found that stable
yields were achieved in all rotations, and grow-
ing winter wheat as the second crop in short-ro-
tation crop systems after fallow was justified.
However, the data obtained during the research
showed that the grain yield of winter wheat var-
ied significantly and depended on the weather
conditions, allowing for a comprehensive eval-
uation of the potential use of the winter wheat
- fallow link in short rotations. The highest grain
yield was obtained in the years with HTC great-
er than 0.9, and slightly lower yields were ob-
served in the years with HTC from 0.6 to 0.9.
In these years, the highest yields were obtained
in the four- and five-field rotations with the in-
clusion of leguminous crops, which facilitate

nitrogen fixation and accumulation, providing
a prolonged effect. In dry years, no significant
difference in the yield of winter wheat was ob-

served between rotations.
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PEAKIIUA PACTEHUH COU HA HHOKYJISILIUIO CEMSH
N PEKUMbBI OPOIIEHUSA CBETJ/IO-KAIIITAHOBBIX ITOYB
B YCJIOBUAX HUKHEI'O IIOBOJIZKbS
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Iesb nccnenoBaHus — BEISIBUTH PEAKLIUIO PACTCHUI COM HAa MHOKYJISILIMIO CEMSH IIPH PA3HBIX PEXU-
Max oporeHus (BnaxHocts He HUxe 80% HB B ciosix 0,4 u 0,6 M, iuddepenuuposannslii o dazam
pocta 1 pa3BUTHs BOIHBIN peskuM Ha yposHe 70-80—-70% HB B cnosix 0,4 u 0,6 M) B ycnoBusix Huk-
Hero [ToBomxbsi. OOBEKT HCCIeAOBaHUS — IOCEBBI cou copTa Bonrorpaaka 2 cenekunu Beepoccenii-
CKOT'O Hay4HO-HCCIIEJI0BAaTEeIbCKOT0 HHCTUTYTa opoinaemoro 3emienenus (BHUNO3). Oxkcnepument
npoBoamin B 2021 u 2022 rr. Ha oneitHoM nosie BHUMO3. B xauecTBe WHOKYIISIHTA MCIIOIB30BAIN
npenapar ['eoctum @ut ' mpomsBomcTBa koMmmanun buotexarpo (r. TmmamreBck, KpacHomapckmii
Kpait) B koHIeHTpanuu 5—10 n/ra. J{7s BHEKOpHEBOW MOJKOPMKH MTPUMEHSIIN OHOIIperaparsl, MpH-
poanslii MuHepan Owiarop u pynruuna Konocans [Ipo. Ha ocHoBaHKMM Mmody4eHHBIX TaHHBIX yCTa-
HOBJICHO, YTO MaKCUMAaJbHBIH MPUPOCT MponyKTuBHOCTHU (132%) momydeH npu MHOKYJISALUU CEMSH
nepes OCEeBOM Ha BapuaHTe ¢ ypoBHEM BiaxkHocTd mouBskl 80% HB. Ilpu nuddepenunpoannom
BOJIHOM PEXUME MPOAYKTHBHOCTH cocTaBmia 129% 1o cpaBHEHHIO ¢ HEOOPaOOTAHHBIM KOHTPOJIEM.
W3 cpencts, IpuMEHAEMbIX B IEPUOA BEreTaluy AJ1si O0phObl ¢ MaTOTeHaMu, IPEANOYTEHUE CIeIyeT
otaark OuornpenaparaM. O0beM coOpaHHOTO 3epHa OBUT MakCHMaIbHBIM (3,87 T/ra) B KOHTPOIHHOM
BapHaHTe npu BiaxkHocTH nouBsl 80% HB u ncnone3oBaHny HHOKYIIALUU ceMsiH. Bropoii pe3ynbrar
10 MPOAYKTHUBHOCTH IOKa3all BapUaHT ¢ MPUMEHEHNEM NPUPOJHOro MuHepaia ounarop (3,38 1/ra),
MUHHMAaJIbHAs ypokaHOCTS (2,86 T/ra) 3adukcrpoBaHa B ciydae HCIOIb30BaHHUS XUMHUECKOTO TIpe-
napara Konocaib [Ipo. PacueT saxoHOMHYecKo# 2 (HEKTHBHOCTH MTOKa3aJl BBITOJJHOCTH 00pabOTKH T10-
ceBOB cou Ouomnpenaparamu. HayuHast HOBU3HA MCCIIEAOBaHUS COCTOUT B TOM, YTO B XOJI€ €I'0 IIPOBE-
JeHus Brepsble U1t yenoBuil Hrxaero IloBomkes onpenenena 3)(heKTUBHOCTb BO3JEIBIBAHUS COH
C YYETOM BIIMSTHHUA Cpa3y HECKOJBbKHX (DAaKTOPOB: BOTHBIN PEKHUM IOUBBI, IPEANIOCEBHAst 00paboTKa
CEMsIH HHOKYJISIHTaMH, 00pab0TKa pacTeHUI B IEpUOJ BETeTaluu Ui OOPbOBI C MaTOTCHAMH.

KiroueBble ciioBa: cosi, peXXUMBbI OpolIeHHs, copT Bonirorpagka 2, MHOKYJSIMS, MPOAYKTUB-
HOCTb, OMOTIpernapaTsl, OUIaTop, XUMHUUECKHUE CPEICTBA 3AITUTHl PACTCHUN

REACTION OF SOYBEAN PLANTS TO SEED INOCULATION
AND DIFFERENT IRRIGATION REGIMES OF LIGHT CHESTNUT SOILS
OF THE LOWER VOLGA REGION

Moskvichev A.Yu.!, (=) Agapova S.A.

Wolgograd State Agricultural University

Volgograd, Russia

2All-Russian Scientific Research Institute of Irrigated Agriculture
Volgograd, Russia

(x)e-mail: sveta-sxi@rambler.ru

The purpose of the research is to find out the reaction of soybean plants to seed inoculation under
different irrigation regimes (humidity not lower than 80% MWC (minimum water capacity) in the layers
0,4 and 0,6 m, differentiated by stages of growth and development water regime at the level of 70-80-
70% MWC in the layers 0,4 and 0,6 m) in the Lower Volga region conditions. The object of the study is
soybean crops of the Volgogradka 2 variety selected by the All-Russian Scientific Research Institute of
Irrigated Agriculture (VNIIOZ). The experiment was conducted in 2021 and 2022 on the experimental
field of VNIIOZ. Geostim Fit G produced by Biotechagro (Timashevsk, Krasnodar Territory) was used as
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Reaction of soybean plants to seed inoculation and different irrigation Moskvichev A.Yu., Agapova S.A.
regimes of light chestnut soils of the Lower Volga region

an inoculant at a concentration of 5-10 I/ha. For foliar feeding biopreparations, natural mineral bilator and
fungicide Kolosal Pro were used. Based on the data obtained, it was found that the maximum increase in
productivity (132%) was obtained by seed inoculation before sowing in the variant with a soil moisture level
of 80% MWC. With differentiated water treatment, the productivity was 129% compared to the untreated
control. Of the agents used during the growing season to control pathogens, preference should be given to
biopreparations. The volume of the harvested grain was maximum (3.87 t/ha) in the control variant with soil
moisture of 80% MWC and the use of seed inoculation. The second result in terms of productivity showed
the variant with the use of natural mineral bilator (3.38 t/ha), the minimum yield (2.86 t/ha) was recorded
in the case of using the chemical agent Kolosal Pro. The calculation of economic efficiency showed the
profitability of soybean crops treatment with biological preparations. The scientific novelty of the study
is that in the course of its implementation for the first time for the conditions of the Lower Volga region
the efficiency of soybean cultivation was determined taking into account the influence of several factors at
once: soil water regime, seed pre-sowing treatment with inoculants, treatment of plants during vegetation
to control pathogens.

Keywords: soybeans, irrigation regimes, Volgogradka 2 wvariety, inoculation, productivity,
biologics, bilator, chemical plant protection products
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INTRODUCTION Currently, there is a growing demand
worldwide for the quality of agricultural products
[7], leading to the adoption of environmentally
safe methods for obtaining these products,
such as seed bacterization with nitrogen-fixing
bacteria [8, 9].

Soybean is one of the most important protein
and oil crops used in the food and technical
industries, as well as in feed production and
livestock farming [10, 11]. The oil content in its
seeds is over 20%, and the protein content is not
less than 40%. Soybean protein is characterized
by high physiological value and a rich amino
acid composition'. Due to these properties,
soybeans are a complete product for meeting the

In current economic conditions, great
importanceis giventoresource-saving cultivation
technologies of agricultural crops [1]. One of
the most economical and accessible methods
of providing plants with nitrogen during the
vegetation period is symbiotic nitrogen fixation
from the air [2]. In this regard, the development
of agronomic practices that increase the activity
of symbiotic nitrogen fixation and enhance the
yield and protein productivity of leguminous
crops is of theoretical and practical interest [3].
For example, new soybean varieties grown using
innovative agronomic techniques can produce
at least 3 tons of seeds per hectare [4]. One of ; :
the main agronomic practices used in soybean CSNEr8Y and protein needs of humans and animals
cultivation is seed inoculation with nitrogen- [12, 13].
fixing bacteria [3, 6]. The research aims to determine the

effectiveness and impact of seed inoculation

Ibragimov A.D. Soybean - a unique protein-oilseed crop // Innovative approach in the strategy of development of agro-industrial
complex of Russia: collection of materials of the scientific works of the All-Russian scientific and practical conference. Makhachkala,
2018. pp. 40-44.
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on soybean plants under different soil irrigation
regimes in the conditions of the Lower Volga
region.

MATERIAL AND METHODS

The research was conducted in 2021 and
2022 at the experimental field of the All-Russian
Research Institute of Irrigated Agriculture.
The object of the study was the crops of early-
maturing soybean variety Volgogradka 2% [14].

The experiment involved studying two soil
irrigation regimes:

1. Maintaining a differentiated 70-80-70%
MWC level (minimum water capacity) at a
moisture depth (h) of 0.4 and 0.6 meters with
the following scheme: from sowing to the end
of plant branching - 70% MWC in the 0.4-meter
layer, from the beginning of flowering to the end
of grain filling - 80% MWC in the 0.4-meter
layer, from the end of grain filling to full maturity
- not less than 70% MWC in the 0.6-meter layer.

2. Maintaining the pre-irrigation moisture
threshold at a level not less than 80% MWC
in the 0.4-meter layer from sowing to the end
of plant branching and 0.6 meters from the
beginning of flowering to full grain maturity?.

Based on these irrigation regimes, the
effectiveness of soybean seed inoculation with a
mixture of biological components was studied.
The mixture consisted of Geostim Fit G - 5-10
liters/ha, Improver - 20 ml/ton, and Helios
Super - 1-2 liters/ton. The control group included
non-inoculated seeds and non-treated vegetating
plants, as well as inoculated seeds without
treatment. In addition to seed inoculation and
the described irrigation regimes, the possibility
of foliar application of various nature-based
preparations was considered. These included
biopreparations (Geostim Fit Zh - 1-2 liters/ha +
BFTIM -2-4 liters/ha+ Improver - 50 m1/100 liters
of solution + Humel Lux - 1 liter/ha + Helios Bor
Molybdenum - 0.7-2.0 liters/ha), natural mineral
bilator, and fungicide Colossal Pro.

Geostim FitGisamicrobiological biodegrader
of plant residues with powerful fungicidal
properties, used to accelerate the decomposition
of plant residues in the soil’s surface layer,
suppress the development of phytopathogens,
and stimulate plant growth and development.
The preparation contains saprophytic fungus
Trichoderma viride, associative nitrogen-fixing
bacteria Azomonas agilis, and Azotobacter
chroococcum. Advantages of the Geostim
preparation include:

1) protects plants from a wide range of fungal
diseases;

2) improves soil structure;

3) increases yield;

4) safe for plants, animals, and humans;

5) does not lead to soil, air, and water
pollution;

6) facilitates better absorption of mineral
nutrients by plants.

BFTIM Bactericide contains Bacillus
amyloliquefaciens KC-2 bacteria and their
metabolites. The product is used for seed
treatment. The working solution is prepared
immediately before use, and it can be combined
with  herbicides, insecticides, chemical
fungicides, and micronutrients. Advantages of
BFTIM:

1) effectively protects against fungal and
bacterial diseases;

2) has growth-stimulating effects
strengthens the plants’ immune status;

and

3) can be combined with chemical pesticides
in tank mixtures in integrated plant protection
systems;

4) does not lead to phytopathogen resistance;

5) does not cause soil, air, and water pollution;

6) can be applied at any stage of plant
development, with a waiting period of 1 day;

7) harmless to humans, animals, birds, fish,
and insects.

Pat. No. 11288, Russian Federation. Breeding achievement “Soybean variety Volgogradka 2” / Tolokonnikov V.V., Kantser
G.P., Kruzhilin L.P., Melikhov V.V., Taranov M.I., Ovchinnikov A.S., Novikov A.A., Koshkarova T.S., Ileneva S.V., Chamurliev
G.O.; applicants Volgograd State Agrarian University, All-Russian Research Institute of Irrigated Agriculture; published 20.10.2020.

3Ivanov A.L., Kulik K.N. System of adaptive-landscape farming of Volgograd region for the period up to 2015. Volgograd, 2009.

302 p.
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Bilator is an innovative and highly effective
complex agent that stimulates plant growth and
development. The product is a water-suspension
concentrate of nanoscale structured magnesium
chloride. It is used for seed encrustation and
foliar treatment of leguminous, cereal, and oil
crops. Bilator contributes to:

1) increased crop yield of agricultural crops;

2) improved germination and seedling vigor;

3) formation of a robust root system;

4) suppression of the development of disease-
causing agents;

5) enhanced drought and frost resistance of
plants;

6) increased resistance to pests.

Colossal Pro is a two-component systemic
fungicide that provides long-lasting protection
for cereals, sugar beets, grapes, rapeseed,
soybeans, peas, and other crops against a
wide range of diseases. The product contains
tebuconazole (200 g/l) and propiconazole (300
g/1). Advantages of Colossal Pro are:

1) broad spectrum of controlled pathogens;
2) high penetrating ability;

3) quick fungicidal action;

4) excellent systemic properties;

5) extended protection period.

These products were used when diseases and
pests were detected on soybean plants before the
bean ripening period.

The total area of the plots was 2363 m?, with
1182 m? for first-order plots, 393 m? for second-
order plots, and 98.25 m? for third-order plots.
The soil of the experimental plot was light
chestnut heavy loamy, with a relatively thin
humus layer (0-0.28 m) and a humus content
of 1.3-1.4%. The soil had a weakly alkaline
reaction, with a pH of 7.2-7.7 in a water
extract. The soil showed low nitrogen content,
moderate available phosphorus, and increased
exchangeable potassium levels. The natural
soil bulk density for the calculated layers of
0-0.4 m and 0-0.6 m was 1.38 and 1.43 g/cm’,
respectively. Porosity ranged from 46.64 to
51.59% in different layers. The planting method
was wide-row planting with inter-row spacing
of 0.7 m. The seeding was done in the second

decade of May using the Mater Makk seeder
with a seeding rate of 600,000 viable seeds/ha.

RESULTS AND DISCUSSION

Before the combine (mass) harvesting of the
crop, sheaves were selected, and the biological
yield per 1 m? was recorded. The analysis of the
selected sheaves allowed determining the main
parameters of the crop structure: grain weight
per plant, weight of 1000 grains, height of the
attachment of the lowest pod (see Table 1), as
well as the number of pods per plant, number
of grains in the pods, and the weight of a single
plant.

The data presented in Table 1 demonstrate the
advantage of maintaining soil moisture levels not
below 80% of minimum water capacity (MWC)
at the depths of 0.4 and 0.6 meters.

Moreover, two selected water regimes
showed the superiority of the seed treatment with
inoculant compared to non-inoculated variants.
Differences in crop structure parameters were
observed in the second-order plots when using
plant protection products during the vegetation
period. For instance, in the variant with
differentiated soil moisture regime (70-80-70%
MWC at the depths 0f 0.4 and 0.6 meters) without
inoculation and foliar treatment, the grain weight
per plant was minimal and averaged 3.79 g, and
the weight of 1000 grains was 102.5 g. The best
results (5.48 g and 133.03 g, respectively) were
obtained when using bio-preparations, slightly
lower results were achieved with bilator (4.85 g
and 124.03 g) and fungicide (4.34 gand 111.50 g).
A similar trend was observed in the variant with
differentiated irrigation and seed inoculation.
The highest values of grain weight per plant and
the weight of 1000 grains were recorded when
using a bio-preparation (8.22 g and 144.03 g),
and the lowest values were achieved with the
fungicide (5.58 g and 118.75 g).

When  maintaining the  pre-irrigation
moisture threshold at the level of not less than
80% MWC in the layers of 0.4 and 0.6 m in
the control variant (without inoculation and
without treatment), the weight of grains from
one plant was equal to 6.03 g, the weight of 1
thousand grains - 116.85 g. When using different
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Ta6a. 1. BiusHue u3ydaembix (akTOPOB Ha CTPYKTYpY ypoxkast cou copta Bonrorpaska 2

Table 1. The influence of the studied factors on the structure of the soybean crop of the Volgogradka 2

variety
Grain weight per plant Weight of 1 thousand Lower bean attachment
) ) ght perplant, g grains, g height, m
Experiment option
2021 2022 | Average | 2021 2022 | Average | 2021 2022 | Average
Without | Control 3,80 3,78 3,79 |101,20 | 103,80 | 102,50 | 0,10 0,13 0,12
inocula-
tion Biopreparation | 5,52 5,44 5,48 | 131,80 | 134,25 | 133,03 | 0,12 0,16 0,14
g \E Bilator 4,88 4,82 4,85 122,70 | 125,35 | 124,03 | 0,11 0,15 0,13
E g Fungicide 4,36 4,31 4,34 | 110,50 | 112,50 | 111,50 | 0,10 0,13 0,12
R
S s
T <. | Within- |Control 5,46 5,31 5,39 | 110,30 | 113,20 | 111,75 | 0,11 0,14 0,13
=¥ ;
& oculation | )
& l Biopreparation | 8,19 8,24 8,22 | 141,95 146,10 | 144,03 | 0,13 0,17 0,15
o~
Bilator 6,74 6,69 6,72 130,60 | 134,30 | 132,45 | 0,12 0,15 0,14
Fungicide 5,60 5,56 5,58 | 115,20 | 122,30 | 118,75 | 0,11 0,14 0,13
Without | Control 6,00 6,05 6,03 | 119,10 | 114,60 | 116,85 | 0,11 0,15 0,13
inocula-
tion Biopreparation | 8,30 8,29 8,30 | 149,00 | 144,90 | 146,95 | 0,13 0,18 0,16
= Bilator 7,10 7,02 7,06 | 138,60 | 133,80 | 136,20 | 0,13 0,16 0,15
~\O
g 3" Fungicide 6,80 6,65 6,73 | 126,90 | 120,45 | 123,68 | 0,11 0,15 0,13
> g
° ;ﬁ With in- | Control 7,20 7,29 7,25 132,90 | 131,25 | 132,08 | 0,11 0,16 0,14
< |oculation
L Biopreparation | 10,30 | 10,21 | 10,26 | 157,00 | 155,90 | 156,45 | 0,14 0,19 0,17
Bilator 9,00 8,96 8,98 | 148,10 | 144,95 | 146,53 | 0,12 0,18 0,15
Fungicide 7,60 7,49 7,55 | 139,70 | 137,90 | 138,80 | 0,11 0,17 0,14

preparations during the growing season, these
indicators were slightly higher compared to
the control values. In the control variant with
inoculation, the average value of the above
parameters of the yield structure amounted to
7.25 and 132.08 g, respectively. Inoculation and
treatment were the highest in the variant with the
use of the biopreparations - 10.26 and 156.45 g.
Treatment of crops with natural mineral bilator
and chemical plant protection agents gave
intermediate results between the control and the
use of biopreparations.

The height of the lower bean attachment also
differed among the experiment variants, but still
the difference was insignificant and was within
the range of 0.12-0.17 m.

The result of any research in agricultural
practice is the determination of the most

important parameter - productivity of the crop
under study. Itis by its value that the effectiveness
of any factors is evaluated.

Table 2 shows that in the variant with
differentiation of water regime and soil moisture
depth by phases of growth and development
of soybean plants (70-80-70% MWC, h = 0.4
and 0.6 m) without seed inoculation and leaf
treatment the minimum yield was observed,
which averaged 1.43 t/ha for two years of
research. When the seeds were treated with
the inoculant and vegetative plants with the
biopreparation, productivity increased, reaching
2.78 t/ha.

When soil water regime was maintained
at 80% MWC in 0.4 and 0.6 m layers and
seed inoculation was combined with foliar
fertilization with the biopreparation, maximum
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Ta6a. 2. IIpogykTuBHOCTH coM copTa Bonrorpanka 2 Ha pa3MTUYHbBIX BapHaHTax

Table 2. Volgogradka 2 soybean variety productivity on different options

E .  onti Yield, t/ha Gain
Xpertment option 2021 2022 Average t/ha %
Without Control 1,44 1,42 1,43 - -
inoculation
o) g Biopreparation 2,12 1,99 2,06 0,63 44,10
E g Bilator 1,87 1,76 1,82 0,39 27,30
§ g Fungicide 1,66 1,61 1,64 0,21 14,70
lo\\ ;‘l With inoculation | Control 1,95 1,86 1,91 - -
; I Biopreparation 2,71 2,85 2,78 0,87 45,60
Bilator 2,49 2,38 2,44 0,53 27,70
Fungicide 2,09 2,01 2,05 0,14 7,30
Without Control 2,15 2,14 2,15 - -
inoculation
g Biopreparation 2,93 2,78 2,86 0,71 33,00
(jg Bilator 2,61 2,53 2,57 0,42 19,50
; g Fungicide 2,29 2,31 2,30 0,15 7,00
o§ <. | With inoculation | Control 2,77 2,67 2,72 - -
* ) . .
= Biopreparation 3,90 3,84 3,87 1,15 42,30
Bilator 3,42 3,34 3,38 0,66 24,30
Fungicide 291 2,81 2,86 0,14 5,10

Note. 2021: LSD . A =0,19,LSD B=0,11,LSD ,C=0,09, LSD , ABC=0,16;2022: LSD , A =0,20,LSD B =

0,12,LSD . C =0,10,1.SD . ABC = 0,f6

yield was obtained, which averaged 3.87 t/
ha over two years, which was 1.15 t/ha more
compared to the untreated control.

Next, let’s consider the economic efficiency
of the studied agricultural technique. Economic
efficiency is the result of the impact of the
studied factors in monetary terms, determined
by comparing the total costs with the value of
the entire crop (increment). When calculating
economic efficiency, the following indicators
should be taken into account: the cost of the
obtained crop, the expenses for purchasing,
delivering, and applying plant protection
products. The total costs should also include
the costs of harvesting and processing the
additional crop obtained as a result of using
plant protection products. In our case, the cost
of the crop obtained in 2022 was 35 rubles per
kilogram, the price of bio-preparations was 905
rubles, bilator was 150 rubles, and the fungicide
was 1391 rubles.

Analysis of economic efficiency showed that
the use of seed inoculation in the studied variants
of soil moisture is an economically beneficial
agricultural technique (see Table 3). Thus, at
70-80-70% MWC at the depths of 0.4 and 0.6
meters, the profitability ranged from 98.2% to
148.1%, without inoculation, the indicators were
lower - from 33.5% to 84.0%. In the control
variant, the value of this parameter varied from
148.3% to 238.3% and from 96.5% to 150.2%,
respectively.

All of this affected the production cost.
With a differentiated water regime and no seed
inoculation, it ranged from 19.0 to 26.2 thousand
rubles per ton, while in the inoculated variant,
it ranged from 14.1 to 19.3 thousand rubles per
ton. With 80% MWC at the depths of 0.4 and
0.6 meters, the production cost in the variants
without inoculation varied from 14.0 to 17.8
thousand rubles per ton, while in the variants
with inoculation, it ranged from 10.3 to 14.1
thousand rubles per ton.
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Taoda. 3. OueHka YJKOHOMHYECKOH d3PPEKTUBHOCTH HCIIONB30BaHHS U3YyYaeMBIX PEKUMOB OPOIICHHS U
MIperaparoB MpH BO3ENIbIBAHUN cou copTa Bonrorpanka 2 (2021, 2022 1)

Table 3. Assessment of economic efficiency of the studied irrigation regimes and preparations in the
cultivation of the Volgogradka 2 soybean variety (2021, 2022)

Without inoculation With inoculation
Indicator Control prlspl)g;a- Bilator F:;lilg’;i_ Control pr}:};;a- Bilator F:lir(li%i_
tion tion
Differentiated soil water regime: 70—-80-70% MWC, h = 0,4 and 0,6 m
Yield, t/ha 1,43 2,06 1,82 1,64 1,91 2,78 2,44 2,05
Sales price, kg/roubles 35,0 35,0 35,0 35,0 35,0 35,0 35,0 35,0
Cost of gross output, thousand rubles/ha 50,05 | 72,1 63,7 57,4 | 66,85 | 97,3 854 | 71,75
Expenses of funds, thousand rubles/ha 37,48 | 39,11 | 38,40 | 39,38 | 37,52 | 39,22 | 38,44 | 39,42
Cost price of grain, thousand rubles/t 26,2 19,0 21,1 24,0 19,3 14,1 15,8 19,2
Net income, thousand rubles/ha 12,57 | 32,99 | 25,30 | 18,03 | 29,33 | 58,08 | 46,96 | 32,33
Profitability level, % 33,5 84,4 65,9 45,8 78,2 | 148,1 | 122,1 | 82,0
Control soil water regime: 80% MWC, h = 0,4 and 0,6 m

Yield, t/ha 2,15 2,86 2,57 2,3 2,72 3,87 3,38 2,86
Sales price, kg/roubles 35,0 35,0 35,0 35,0 35,0 35,0 35,0 35,0
Cost of gross output, thousand rubles/ha 75,25 | 100,1 | 89,95 | 80,5 95,2 | 13545 1183 | 100,1
Expenses of funds, thousand rubles/ha 38,3 40,0 | 39,22 | 40,2 38,3 40,0 39,3 40,2
Cost price of grain, thousand rubles/t 17,8 14,0 15,3 17,5 14,1 10,3 11,6 14,1
Net income, thousand rubles/ha 36,95 | 60,10 | 50,72 | 40,30 | 56,86 | 95,41 | 79,03 | 59,86
Profitability level, % 96,5 | 150,2 | 129,3 | 100,3 | 148,3 | 238,3 | 201,3 | 148.,8
CONCLUSIONS CIIMCOK JIUTEPATYPHBI

1. In the conditions of the Lower Volga region,
pre-sowing seed inoculation and treatment of
the growing soybean plants with biological
preparations contribute to reducing disease and
pest damage.

2. Based on the results of the conducted
research, the following variant should be
considered as the best: soil moisture regime at
80% minimum water capacity (MWC) at the
depths of 0.4 and 0.6 meters + seed inoculation
before sowing (Geostim Fit G, concentration
5-10 liters/hectare + Improver, 20 ml/ton + Helios
Super, 1-2 liters/ton) + foliar treatment with
bio-preparations (Geostim Fit Z, concentration
1-2 liters/hectare + BFTIM, 2-4 liters/hectare +
Improver, 50 ml/100 liters of solution + Gumel
Lux, 1 liter/hectare + Helios Bor Molybdenum,
0.7-2.0 liters/hectare). Based on this variant, a
maximum yield of 3.87 tons per hectare was
achieved with a profitability of 238.0%.
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BUOYAOBPEHUE U OCBEHIEHUE KAK ®AKTOPLBI, BJIUAIOIIHUE HA POCT,
PA3BUTUE U BUOXUMHUYECKUI COCTAB TOMATOB

) Kusizepa U.B.', Bepminnuna O.B.', Tutenkos A.B.', l:koc E.A.?
‘DedepanvbHolll HayuHbIU acpouHdiceHepHbll yenmp BUM

MocxkBa, Poccus

2Dedepanbhviii HAYUHbIU YEHMP 08OULEB00CMBA

noc. BHUMCCOK, MockoBckas obiactb, Poccus

(x)e-mail: knyazewa.inna@yandex.ru

[IpoBeneHO KOMIUIEKCHOE HCCIENOBAaHUE POCTa M OMOXMMHUYECKOIO COCTaBa PACTEHUH TOMATOB
copTa brarogaTHbIi, BEIPAIIEeHHOTO C UCIIOIB30BaHUEM criop Oakrepuii Bacillus cereus (mramm 96)
P HEMIPEPHIBHOM CBETOIMOAHOM OCBEIEHHH HAa OCHOBE IOJHOTO CHEKTpa (JOTOHOB B MPOIOPLMU
B:G:R:FR~17:23:43:17. B xauecTBe KOHTPOJIS HCIIOJIb30BaHbl PACTEHUs, BBIPALLICHHBIE
C MOMOIIBIO HATPUEBHIX JIaMN BbIcokoro aasieHusi (HPS) 6e3 melicTBus GakrepuanbHON KyJBTYpHI.
W3ydeH psa mapaMeTpoB, OTpa)kaBIIUX POCT PAaCTEHUH M KadecTBO IJIOJOB TOMATOB, — COIEPIKaHUE
(hOTOCHHTETUYECKUX MUTMEHTOB, CyXUX BEIIECTB M OPraHMYeCKUX KUCIOT. [lokazaHo, 4To B TeueHHe
BETreTallMOHHOTO MEepHOa TOMAaThI, BBIpAIIMBAEMbIE IO/ CBETOIUOIHBIM OCBEIIEHHUEM, OTINYAIUCH
OoublIeH IJTMHOM Modera 1Mo CPaBHEHHUIO ¢ PACTEHUSIMU B HAaTpUEBOM BapuaHTe. JlelicTBue OakTepuit
MIPOSIBUJIOCH TIPU CO3PEBAaHUM IIIOAOB C JOCTOBEPHO 3HAYUMBIMU PA3TUYMAMU KaK MPH HATPUEBOM,
TaK ¥ [P CBETOANOTHOM OCBEIICHHUAX. BIUsSHIE CyX1X BEmIeCTB Mo IeHCTBHEM OaKTepHii Ha pacTe-
HUS, BEIPAILIEHHBIE C MCIIOIb30BAaHUEM HATPHUEBOIO OCBEILEHHS, HE OTINYAJIOCh OT KOHTPOJIBHOTO Ba-
puanTa. Habmonaemsle pa3nnuus ctany 0onee BEIPa)KeHHBIMU U JOCTOBEPHO 3HAYMMBIMU y PACTEHUH
IIPU CBETOIMOAHOM OCBelleHHH. IIpumenenne GakTepraabHOI KylIbTyphl B. cereus ciocoOCTBOBAJIO
YBEIMUEHHUIO KOHIEHTPALMH XJIOPOGUIIOB g, b 1 KAapOTHHOUIOB IO CPaBHEHHIO ¢ KoHTpojieM. [Ipu
OLIEHKE JIEHCTBUsI pa3HbIX THIIOB CBETOBOTO OCBEIICHUS U UCIIONB30BaHUs OakTepuil B. cereus Ha Ha-
KOIIJIEHHE OPTaHUYECKUX KHUCIOT B IUIOJIaX YCTAHOBIEHO, YTO CBETOANOJHOE OCBELIEHHE OKA3hIBAJIO
Jydilee BO3AEHCTBUE HA CHHTE3 OPraHMYEeCKNX KUCIOT. PacTenust tomatos, oOpaboTannbie B. cereus,
OTIIMYAIUCH (POPMHUPOBAHUEM ILIOZOB C OOJIBIINM CONCPIKAHUEM SIHTAPHOM, S0JOYHON U JINMOHHON
KHCJIOT C HaTpHUEBbIM TUIOM ocBemlleHus. [Ipu aHanM3e MI0A0B TOMAaToB, BBIPAIIEHHBIX IO CBETO-
JTUOIHBIM OCBELIEHHEM, OTMEUEHO 3MEHEHHE B HAKOMJIEHUH TOJIBKO SHTapHOM KHCIOTHL. Mcnonb30-
BaHHWE Pa3HBIX NCTOYHHKOB OCBEIICHUS W OMOynOOpeHHii BHI3BAJIO H3MEHEHHUS B Pa3BUTHUN PACTEHUI
TOMATOB B YCJIOBHAX KIMMaTHIECKHUX Kamep.

Ki1roueBble cj10Ba: TOMaThl, MUKPOOPTaHU3MBbI, THAPOIIOHNKA, OCBELICHUE, TMTMEHTHI, OpraHuye-
CKHE KHUCIIOTHI

BIOFERTILIZER AND LIGHTING AS FACTORS AFFECTING TOMATO
GROWTH, DEVELOPMENT AND BIOCHEMICAL COMPOSITION

(<) Knyazeva L.V.!, Vershinina O.V.!, Titenkov A.V., Jos E.A.2
'Federal Scientific Agroengineering Center VIM

Moscow, Russia

’Federal Scientific Vegetable Center

VNIISSOK settlement, Moscow region, Russia

(<)e-mail: knyazewa.inna@yandex.ru

A comprehensive study of growth and biochemical composition of the Blagodatny variety tomato
plants grown with the use of bacterial spores Bacillus cereus strain 96 under continuous LED lighting
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Buoynobpenue u ocBerieHne Kak HakTopbl, BIUAIONINE HA POCT, Kusizea U.B., Bepmmnuna O.B., Tutenkos A.B., Ixoc E.A.
pa3BuUTHE 1 OHOXUMUYECKUI COCTAaB TOMATOB

based on full spectrum photons in the proportion B: G: R: FR ~ 17: 23: 43: 17 was conducted. Plants
grown with high-pressure sodium lamps (HPS) without bacterial culture action were used as controls.
A number of parameters reflecting plant growth and quality of tomato fruits were studied - the content
of photosynthetic pigments, dry matter and organic acids. It was shown that during the growing season,
tomato plants grown under LED illumination had a longer shoot length compared to the plants in the
sodium variant. The action of the bacteria manifested itself during fruit ripening with significant differ-
ences under both sodium and LED lighting. The effect of dry matter under the influence of bacteria on
the plants grown with sodium lighting did not differ from the control variant. The observed differences
became more pronounced and reliably significant in the plants under LED lighting. Application of B.
cereus bacterial culture increased the concentration of chlorophylls a, b and carotenoids compared to
the control. When evaluating the effect of different types of lighting and the use of B. cereus bacteria
on the accumulation of organic acids in fruits, it was found that LED lighting had a better effect on the
synthesis of organic acids. Tomato plants treated with B. cereus were distinguished by the formation
of fruits with a high content of succinic, malic and citric acids with a sodium type of lighting. When
analyzing the fruits of tomato plants grown under LED lighting, a change in the accumulation of only
succinic acid was noted. The use of different lighting sources and biofertilizers caused changes in the
development of tomato plants under climate chamber conditions.
Keywords: tomatoes, microorganisms, hydroponics, lighting, pigments, organic acids
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INTRODUCTION Various studies have shown that controlled
light intensity improves post-harvest product
quality and shelf life by stimulating the pro-
duction of nutrients and bioactive compounds.
These bioactive compounds, known as primary
or secondary metabolites, contribute to the aro-
ma, color, and taste of plants [5]. Meng et al.
[6] observed that lettuce grown in a controlled
spectrum LED environment on a closed farm
exhibits a sweeter, more aromatic, and more ap-
pealing taste compared to lettuce grown under
natural sunlight in greenhouses.

The application of endophytic bacteria,

Modern hydroponic vegetable cultivation fo-
cuses on creating new environmentally friendly
and energy-saving technologies [1]. In closed-
type vertical farms (PFAL — Plant Factory with
Artificial light), lighting plays a crucial role in
providing the necessary environmental condi-
tions for plant growth. It serves not only as an
energy source for photosynthesis but also as a
signal for various physiological reactions, ex-
erting significant influence on plant morpholo-
gy, growth rate, fruiting, flowering, taste, color,
nutrient content, metabolites, and overall plant

health [2]. Currently, LED lighting has become Known as Plant Growth-Promoting Rhizobac-
the optimal choice due to numerous advantages, teria (PGPRB), offers an ecological approach

including narrow wavelength bands, long lifes- by partially replacing (25-50%) NPK mineral

pan, and high light efficiency. Compared to the fertilizers to improve agricultural production,
commonly used high-pressure sodium (HPS) Increase yields, and obtain high-quality crops

and fluorescent lamps in agriculture, LEDs pro- for l_lumafl .consut.nption [7]‘ Th§ use of.bacteri-
vide a high level of spectral tuning [3, 4]. al biofertilizer mixtures, including Bacillus sp.,
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Biofertilizer and lighting as factors affecting tomato growth, develop-
ment and biochemical composition

Knyazeva I.V., Vershinina O.V., Titenkov A.V., Jos E.A.

reduces the recommended dosage of chemical
fertilizers and enhances physicochemical pa-
rameters for various vegetable crops. Bio-prepa-
rations based on organic acids or bacteria are
applied to seed pre-treatment and directly intro-
duced into the soil/substrate based on the spe-
cific requirements of the cultivated crop and the
form of the fertilizer [8—11].

According to the research by Alaaeldin A.
Helaly et al. [12], the application of the AP-51
Bacillus cereus strain on cabbage plants resulted
in significant differences in vegetative growth,
including plant length, number of leaves, and
leaf area, compared to the control and two other
bacterial strains, AP-28 Pseudomonas koreensis
and AP-29 Ralstonia pickettii.

Optimizing lighting systems, developing
light formulas, and implementing environmen-
tal management strategies can enhance biomass
accumulation by maximizing photosynthesis ef-
ficiency and significantly increasing the produc-
tion of photosynthesis products, which is crucial
for crop yield and quality [13].

The purpose of this research is to study the
influence of Bacillus cereus bacteria on the de-
velopment and accumulation of bioactive sub-
stances in tomato plants grown under LED and
sodium lighting.

MATERIAL AND METHODS

The experiments to study the effects of light-
ing and bacterial culture on the growth of tomato
plants and fruit quality were conducted in 2021
and 2022 at the Department of Closed Artifi-
cial Agroecosystems for Plant Production at the
Federal Scientific Agroengineering Center VIM
(Moscow, Russia).

The chosen subject of the study was the “Bla-
godatny” variety selected by the Federal Scien-
tific Center for Vegetable Production. This vari-
ety is characterized by medium-early develop-
ment, with a growth period from germination to
ripening taking 98-107 days. It is a determinate
type of tomato with a dry matter content of up
to 6% and total sugar content of 3.5%. It is rec-
ommended for fresh consumption, canning, and
pickling.

Spores of Bacillus cereus bacteria were ob-
tained from the State Unitary Enterprise “Mos-

cow City Center for Disinfection.” The acquired
material consisted of dried spores of the strain
96. Under sterile conditions, 0.5 ml of nutrient
medium was added to a 1.5 ml Eppendorf tube
containing the bacterial spores, and the mixture
was incubated in a thermostat for 24-48 hours
at 37°C until the medium’s color changed com-
pletely. The resulting suspension was used as a
biofertilizer.

The biofertilizer was applied exogenously
once during the vegetative period of tomatoes
at the early stages of plant development (forma-
tion of 3-4 leaves). The suspension of B. cereus
spores was introduced into the root zone of to-
mato plants at a concentration of 10* CFU (col-
ony-forming units). Plants without the addition
of bacterial culture served as the control. The
experiment included 4 variants, each consisting
of 16 plants (see Table 1).

Tomato plants were grown hydroponically
using low-volume technology with drip irriga-
tion in a climate chamber at VIM production
facilities (Russia). During the experiment, the
following conditions were maintained in the
chamber: daytime temperature ranged from 22-
24°C, nighttime temperature ranged from 14-
16°C, with a 16-hour photoperiod and relative
air humidity of 60-65%.

For the research, a spectrum of LED lighting
was used with an illuminance at the plant lev-
el of 13,900 lux and a total photosynthetic ac-
tive radiation (PAR) of 278 pmol/(m?-s): blue
(47.9 pumol/(m?s)), green (62.5 pumol/(m?:s)),
red (119.3 pmol/(m?s)), far-red (48.3 umol/
(m?-s)), in a B:G:R:FR ratio of approximately
17:23:43:17 (see Figure 1).

As a control light source, two sodium tubular
lamps (DNAT-600, yellow light) and one met-

Tabua. 1. Cxema skcriepuMeHTa
Table 1. Scheme of the experiment

Ne Experiment option Lighting type

Sodium (herein-

after referred to
as Na)

1 Control - without treatment of
plants with bacteria

2 Plants treated with bacteria

3 | Control - without treatment of Light-emitting

plants with bacteria diode (hereinaf-
. . ter referred to as
4 | Plants treated with bacteria LED)
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al halide lamp (DRI-600/4K, white light) were
used. The illuminance at the plant level was
13,900 lux, and the PAR was 270 pmol/(m?-s).

Photon flux density and spectral composi-
tion measurements were performed using the
MK350D Compact Spectrometer from UPRtek
Corp. (Miaoli County, Taiwan). The quantitative
content of major pigments (chlorophyll a, b, and
carotenoids) in tomato leaves was determined
using a spectrophotometer, Spex SCP-705M
(Russia). Pigment concentrations were calculat-
ed for 100% acetone using the Holm-Vettschnein
equation. Determination of dry matter content
was done by drying samples to constant weight
in a Memmert UN-450 drying oven (Germany)
following the GOST 28561-90 standard. The
total titratable acidity in tomato fruits was de-
termined according to the GOST ISO 750-2013
standard. The Brix index in tomato fruits was
measured using the Atago Pal-1 refractometer
(Japan). The content of organic acids in tomato
fruits was determined by capillary electrophore-
sis on the “Kapel-205” instrument (Russia).

The obtained results were statistically pro-
cessed using ANOVA (analysis of variance) with
STADIA 8.0 software (Russia). Significant dif-
ferences between means were calculated using
Duncan'’s test at a probability level of p < 0.05.

RESULTS AND DISCUSSION

The intensity of linear growth of plants de-
pends on the varietal characteristics of the crop,
growing conditions and nutrition regime. Fig.
2 shows the diagram of shoot length growth of

mWm-2

tomato plants by development phases. Obser-
vations in the experiment showed that during
the growing season tomato plants grown under
LED lighting were characterized by a greater
shoot length compared to the sodium variant. In
the phase of 4-6 true leaves the length of toma-
to shoots was up to 20 cm in the chamber with
LED lighting and up to 16 cm - with Na (the
sodium variant) lighting. In the phase of flow-
ering initiation, tomato plants had an average
main shoot length of 33.6 cm. The tallest plants
were observed in the chamber with LED lighting
(36.0 cm), regardless of the action of bacteria.

During the ripening phase, the shoot length
varied from 84.0 to 101.5 cm depending on the
experimental variant. At this stage of plant de-
velopment, the effect of the bacterial culture
B. cereus on growth rates was evident, with sig-
nificant differences observed under both sodium
and LED lighting. In several studies, the pres-
ence of Pseudomonas sp. 2.4.1 rhizobacteria in
the rhizosphere resulted in accelerated growth
and increased dry leaf biomass accumulation
in tomatoes [14]. When a mixture of Bacillus
strains was used, there was an increase in the
number of clusters, flowers, and fruits in toma-
toes [15].

The application of the B. cereus bacterial cul-
ture increased the accumulation of dry matter up
to 5.73% in tomatoes grown under LED lighting.
However, there were no significant differences
in dry matter content between the experimental
variants under sodium lighting. The dry matter
content in tomatoes grown under sodium light-

450
400
350
300
250
200
150
100

50

360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800
wavelength (nm)
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Fig. 1. Spectral composition of lighting
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Fig. 2. Height of tomato plants of the Blagodatny variety grown in a closed agroecosystem, cm

ing with the application of bacteria was compa-
rable to that of the control under LED lighting
(see Figure 3).

In the sodium lighted chamber without bac-
teria application, the mass fraction of dry matter
in tomato fruits was 4.93% compared to LED
(5.41%).

The main components of the plant’s photo-
synthetic system are pigments, which serve as
primary photoreceptors in the process of photo-
synthesis. The adaptability of plants to specific
light conditions is reflected in changes in the
pigment composition. The conducted analyses
showed that the ratios of photosynthetic pig-
ments in the studied experimental variants were
different (see Table 2). The application of the
B. cereus bacterial culture led to an increase in
the concentration of chlorophylls a, b, and carot-
enoids compared to the control. In tomato leaves
grown under sodium (control) lighting with the
application of B. cereus, the average content of
chlorophyll a and b was 4.24 and 1.70 mg/g, re-
spectively, compared to plants without the appli-
cation of bacteria, which had 3.62 mg/g (chloro-
phyll a) and 1.27 mg/g (chlorophyll b).

A similar trend of increased accumulation of
photosynthetic pigments was observed in the
LED lighting experimental variant with the ap-
plication of bacterial culture. The presence of
bacteria led to a less pronounced accumulation

7.0
6,0
5.0
40
3.0
2.0
1.0
0,0

ab

Na ‘
B Control

LED
[7] Bacteria

Puc. 3. Conepxanue cyxux BEUIECTB B IJI0AaX TO-
Mata copra biaronartusiii, %

Fig. 3. Dry matter content in fruits of the Blagodat-
ny tomato variety, %

of carotenoids in the biomass of tomato leaves
compared to other pigments, with values ranging
from 1.16 to 1.19 mg/g in the bacterial variant,
compared to 0.83 to 0.97 mg/g in the control.
The lighting source did not significantly affect
the accumulation of photosynthetic pigments.

The total content of chlorophylls (a + b) was
594 mg/g (sodium lighting) and 6.25 mg/g
(LED lighting), which exceeded the control
variants without the presence of B. cereus by
21.5% and 25.8%, respectively. However, based
on statistical analysis, no significant differences
were observed between these data values.

The taste qualities of tomato fruits are influ-
enced by the content of organic acids and the
Brix index. When analyzing the Brix index in
tomato fruits, it was noted that the content of
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Tao6a. 2. ConepkaHrue OCHOBHBIX (POTOCHHTETHYECKHX MUTMEHTOB B PAaCTEHHUSAX ToMara copra brmaromar-

HBIH, MT/T (CBIPOI Macchl)

Table 2. Contents of the main photosynthetic pigments in tomato plants of the Blagodatny variety, mg/g

(wet weight)
Lighting type Exggiii(r)?lent Xn. a Xn. b Xn. (a+b) Carotenoids
Na Control 3,62+0,3 1,27+0,2 4,89 +0,3 0,97 +0,2
Bacteria 424+0,4 1,70+ 0,3 5,94+0,4 1,19+0,3
LED Control 3,55+0,3 1,42+£0,3 4,97+0,3 0,83 +0,2
Bacteria 4,48 +0,4 1,77+ 0,3 6,25+0,5 1,16 +0,2

total sugars ranged from 2.2% to 3.5%, with
the highest value observed in the variant where
B. cereus was applied during plant cultivation
under LED lighting conditions. The level of to-
tal titratable acidity among the studied variants
ranged from 0.29% to 0.36%. Significant differ-
ences were observed between the control group
with Na lighting (0.29%) and the variants with
the application of bacterial suspension under dif-
ferent lighting conditions (see Table 3).

The sugar-acid index is one of the criteria for
assessing fruit quality. This indicator character-
izes the harmony of taste with regard to sugar
and acidity. In our studies, this index ranged
from 7.59 to 9.72, depending on the experimen-
tal variant. Higher values were observed in the
variants with LED lighting (8.82-9.72), which
significantly exceeded the control (7.59). Evalu-
ating the impact of B. cereus-based biofertilizer
on the taste qualities of tomato fruits, it should
be noted that the effect of bacteria is neutralized
in the case of Na lighting compared to plants
grown under LED lighting.

Through chemical analysis using capillary
electrophoresis, the composition of organic ac-

ids in the “Blagodatny” tomato variety was de-
termined (see Figure 4). When evaluating the
effect of different types of lighting and the appli-
cation of B. cereus bacteria on the accumulation
of bioactive substances in tomato fruits, certain
patterns were identified. Lighting type promot-
ed the accumulation of citric and malic acids in
tomato fruits to a greater extent (see Figure 4).

Comparing control variants of tomato plants
grown under different lighting sources, it was
established that LED lighting had a more pos-
itive impact on the synthesis of the mentioned
organic acids (see Figure 4). The content of ma-
lic acid in the chamber with LED lighting was
34.43 mg/100 g fresh weight compared to Na
lighting (control) —21.28 mg/100 g fresh weight
of tomato fruits.

Tomato plants treated with B. cereus biofer-
tilizer showed the formation of fruits with higher
content of succinic, malic, and citric acids un-
der Na lighting. When analyzing tomato fruits
grown under LED lighting, changes were ob-
served only in the accumulation of succinic acid.
The synthesis of oxalic acid in tomato fruits was
independent of the studied factors (lighting type

Ta6a. 3. buoxumudeckue MoKazareiu mioaoB Tomara copra briarogaruerit

Table 3. Biochemical parameters of the fruits of the Blagodatny tomato variety

Lighting type Experiment option | Brix index, % Titratable acidity, % Sugar-acid index
Na Control 2,20a 0,29a 7,59a
Bacteria 2,70b 0,33b 8,18ab
LED Control 3,00h 0,34b 8,82b
Bacteria 3,50¢ 0,36b 9,72¢

PactreHneBoncTBO M ceneKIus

CHOMPCKHIA BECTHHK CENBCKOXO3AHCTBEHHOM Hayku 2023 53«5 27



Biofertilizer and lighting as factors affecting tomato growth, develop-
ment and biochemical composition

Knyazeva I.V., Vershinina O.V., Titenkov A.V., Jos E.A.

3.5
3.0 b
2.5 b a
2.0 a
1,5
1,0
0,5 a b
Succinate = Malic acid*
acid
Na

Oxalic acid

Citric acid*

b b
a b

c c

HE B ||
Oxalic acid Succinate = Malic acid* Citric acid*
acid
LED

B Control  [[] Bacteria

Puc. 4. Conepxanue opraHn4ecKrux KUCIOT B II0Aax ToMara copta bnarogarusiii, Mr/100 T ceipoit Macchl

(*T/KT CBIpO¥ Macchl)

Fig. 4. The content of organic acids in the fruit of the Blagodatny tomato variety, mg/100 g wet weight

(*g/kg wet weight)

and the application of B. cereus bacteria). The
concentration of oxalic acid in the experiment
ranged from 1.87 to 2.08 mg/100 g fresh weight
of tomato fruits, depending on the experimental
variant.

The analysis of the obtained data in the ex-
periment revealed that the key factor influencing
tomato yield was the lighting source. Tomato
yield under LED lighting was 1.89 kg per plant,
while under Na lighting, this indicator was at
the level of 1.53 kg per plant. The application of
B. cereus biofertilizer during tomato cultivation
did not significantly affect fruit yield.

CONCLUSION

The research results showed that the growth
and development parameters of tomatoes under
LED lighting differed in terms of longer shoot
length compared to Na lighting. During the rip-
ening phase, the effect of introducing B. cereus
bacterial culture was evident with statistically
significant differences in growth rates. The ap-
plication of B. cereus bacterial culture promoted
the accumulation of dry matter up to 5.73% in
tomato fruits grown under LED lighting. No sig-
nificant differences in dry matter content were
observed between the experimental variants
under Na lighting. Regarding the ratio of con-
centrations of all analyzed organic acids in the
experiment, citric acid predominated, followed
by malic acid. LED lighting allowed for a more

active accumulation of organic acids in “Blago-
datny” tomato fruits. The content of malic acid
in the chamber with LED lighting was 34.43
mg/100 g fresh weight compared to Na lighting
(control) — 21.28 mg/100 g fresh weight of to-
mato fruits.
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BJIUSHUE MUKPOYJTOBPEHUI CEPUU U3AT'PU HA ITPOAYKTUBHOCTH
CADJIIOPA (CARTHAMUS TINCTORIUS)

=) paxosa T.5.', Ipy:xkunun B.I'.

!Dedepanvhblil HAYYHBLIL YeHMP TYOAHBIX KYIbIYD
[Tenzenckas obmnacts, p.n. Jlynuno, Poccus

[lenzenckuil 20Cy0apcmeeHublil A2papHblil YHUSepCUumen
Ilen3a, Poccus

(x)e-mail: prakhova.tanya@yandex.ru

[IpencraBnensl pe3ynbTaThl aHAIN3a BIMSHUS MUKPOJIEMEHTHBIX ynoOpeHui mapku M3arpu Ha
NPOIYKTUBHOCTH cadiopa B ycioBusix necocrenn Cpennero [ToBomkbs. MccnenoBanus npoBOIHIH
B 2020-2022 rr. Ha Tepputopuu llenseHckoii obmactu (ompITHOE mosie [leH3eHCKOro HayYHO-HCCIe-
JIOBATEIILCKOTO MHCTUTYTA CEILCKOTO XO3siCcTBa). OOBEKTOM H3YyUCHHUS CIYKHI cadiiop Kpachib-
HBIM copta EpmoBcknii 4. OmBIT 3aKiTiovaicss B MPEANIOCEBHON 00paboOTKe CeMsiH MUKpOymIoOpe-
HusMH cepun M3arpu. YeraHoBieHo, 4To mpenaparsl M3arpu yBeIMUUBalOT CHIIy POCTa CEMSH IO
1,21-1,57 cm, noBeImaroT BcxoxkecTh Ha 1,1-8,8%, coxpaHHOCTh pacteHuii k yoopke — Ha 0,5—6,2%.
Ha ¢done npumenenus ynoOpeHuit NpoyKTHBHOCTH cadiiopa B cpenHem 3a 3 roga coctaBmia 1,30—
1,55 t/ra, T.e. yBenmuumiack Ha 0,06-0,25 1/ra. Haubomnbimuii agdext naau npernaparsl M3arpu dope
u M3arpu Bura, 00paboTka KOTOPEIMH TIO3BOJIMJIA TIONYYNTh NMPUOABKY ypoxkas Ha 0,23-0,25 T1/ra.
HaunOonpmas MacTMYHOCTE CEMSIH OTMEUEHA B BApHAHTaX ¢ ucnoiszoBanueM Mzarpu Asor (29,85%)
u Uzarpu bop (30,04%): npudaBka cocrasuina 2,7 u 3,0% coorBercTBeHHO. [IprMeHeHne yKka3aHHBIX
MpenapaToB CHU3MIIO JY3KHCTOCTh ceMsH 10 37,7 u 37,9% coorBercTBenHo. Haunbosee kpymnHbie
ceMeHa copMupoBauCh B Bapuante ¢ M3arpu Buta — macca 1 toic. cemsia coctaBmia 39,16 1. O6-
pabotka Mzarpu ®ocdop u M3zarpu Buta nana He3HAUUTETEHOE CHUKCHIE COICPIKAHUS OJICHHOBOMH
KucHoTH (10 9,94 u 9,62%). Ilpn sTom mpumenenne M3arpun Bura MakcuMaibHO YBEIHYUIIO KOIH-
YeCTBO JINHOJIEBOH KHUCIOTHI (110 83,63%). [locne ncnonb3oBanus npenapara M3arpu @opce KOHIEH-
Tpauusi JaHHOW KUCIOThl cHu3mMiach A0 81,88%. Ha ocHOBe moiyuyeHHBIX JAHHBIX MOXKHO CHEIaTh
BBIBOJI, YTO MPEAOCceBHast 00pabOoTKa CEMsIH MUKPOYAOOpEHUSIME U3 InHelku M3arpu ciocoOcTByeT
YAYYIIEHUIO Ka4eCTBEHHBIX IMTOKa3aTesIei MaclIoCeMsIH U MOYKET BBICTYIaTh B Ka4eCTBE IpHueMa MOBbI-
[IEHNS IPOYKTUBHOCTH cadJiopa.

KuaroueBble cioBa: cadiaop KpacHIbHBIN, MUKPOYIOOPEHHS, TTOIeBas BCXOKECTh, YPOKAWHOCTD,
MacCJIMYHOCTh, )KUPHO-KUCIIOTHBIN COCTaB, KAYeCTBa CEMSH

INFLUENCE OF MICROFERTILIZERS OF THE IZAGRI SERIES
ON THE PRODUCTIVITY OF SAFFLOWER (CARTHAMUS TINCTORIUS)

<) Prakhova T.Ya.!, Druzhinin V.G.?
'Federal Research Center for Bast Fiber Crops
Lunino, Penza region, Russia

’Penza State Agrarian University

Penza, Russia

(<)e-mail: prakhova.tanya@yandex.ru

The results of the analysis of the influence of Izagri microelement fertilizers on safflower pro-

ductivity in the forest-steppe conditions of the Middle Volga region are presented. The studies were
conducted in 2020-2022 in the Penza region (experimental field of the Penza Research Institute of Ag-
riculture). The object of the study was safflower of the Ershovsky 4 variety. The experiment consisted
in pre-sowing seed treatment with Izagri series of microfertilizers. Izagri preparations were found to
increase the growth force of seeds up to 1.21-1.57 cm, germination by 1.1-8.8%, safety of plants for
harvesting by 0.5-6.2%. Against the background of fertilizer application, safflower productivity ave-
raged 1.30-1.55 t/ha for 3 years, i.e. increased by 0.06-0.25 t/ha. The greatest effect was produced by
Izagri Force and Izagri Vita, which helped to obtain a yield increase of 0.23-0.25 t/ha. The highest
oil content of seeds was observed in the variants with Izagri Nitrogen (29.85%) and Izagri Boron
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(30.04%): the increase was 2.7 and 3.0% respectively. Application of these preparations reduced seed
huskiness to 37.7 and 37.9%, respectively. The largest seeds were formed in the variant with Izagri
Vita - weight of 1 thousand seeds was 39.16 g. Treatment with Izagri Phosphorus and Izagri Vita gave
a slight decrease in oleic acid content (to 9.94 and 9.62%). At the same time, the use of Izagri Vita
maximized the amount of linoleic acid (up to 83.63%). After using Izagri Force, the concentration of
this acid decreased to 81.88%. Based on the data obtained, it can be concluded that pre-sowing treat-
ment of seeds with microfertilizers from Izagri line improves the quality indicators of oilseeds and can
act as a method to increase the productivity of safflower.

Keywords: safflower, microfertilizers, field germination, productivity, oil content, fatty acid com-

position, seed quality
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INTRODUCTION

Currently, the issue of climate change is gain-
ing significant importance, and this is natural-
ly reflected in agronomy [1]. In this context,
the use of crops capable of withstanding abi-
otic and biotic stresses and ensuring high seed
yields' becomes particularly relevant in agricul-
tural production. One such crop is the safflower
(Carthamus tinctorius L.) — a valuable oil crop
that can be cultivated in various agroecological
conditions due to its high adaptability to the ex-
ternal environment, resistance to drought, high
temperatures, pathogens, and pests? [2].

According to various data, safflower seeds
contain 25 to 45% oil, which finds numerous ap-
plications in the food, cosmetic, pharmaceutical,
and technical industries [3, 4]. The oil consists
mainly of two unsaturated fatty acids — oleic and

linoleic acid (up to 90% combined) [5, 6]. The
high content of linoleic acid allows the safflow-
er oil to be used in the production of medicines
for lowering cholesterol levels in atherosclero-
sis and heart diseases [7]. Additionally, this oil
blends well with other vegetable oils, improv-
ing their nutritional properties and is used in the
preparation of various mixtures [8].

Currently, high oleic oils are of great impor-
tance in the food industry [3]. Such oils possess
high oxidative stability and are recommended
for the production of biodiesel, cosmetics, lubri-
cants, and other oleochemical products [9, 10].

According to many Russian [4, 6] and for-
eign [2, 11] studies, safflower is a heat-loving
and highly drought-resistant plant. Its main bi-
ological feature is the presence of a root system
that can reach depths of up to 2 meters and effec-

'Kshnikatkina A.N., Kshnikatkin S.A., Alenin P.G., Shchanin A.A., Prakhova T.Ya., Prakhov V.A., Medvedev A.P., Voronova I.A.
Biological diversity of non-traditional oil crops // IOP Conference: International Conference on Engineering Studies and Cooperation

in Global Agricultural Production. 2021. Vol. 659. p. 12091.

*Eskova O.V,, Eskov S.V. Ecological aspects of cultivation of safflower dye depending on the norms and timing of its seeding in
the foothill Crimea // Proceedings of the Kuban State Agrarian University. 2016. no. 60. pp. 87-92.
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tively absorb various micro- and macroelements
from the soil. As a result, safflower can obtain
sufficient nutrients for biomass formation even
in poor soils [12].

In the context of climate change, increased
aridity, and frequent droughts, crops like saf-
flower are becoming more and more in demand.
However, a gap remains in the cultivation of
safflower due to insufficient research on its cul-
tivation technology, including the principles of
applying microfertilizers containing a balanced
set of macro- and microelements. The use of
fertilizers can alter the growth and development
rates of plants and promote not only higher crop
productivity but also resistance to stressful situ-
ations® [13].

Nowadays, many authors are working on in-
creasing the yield of safflower, including through
the use of microfertilizers. However, all the
studies described in the literature were conduct-
ed in different climatic conditions [11, 14, 15].
There are no works devoted to the use of Izagri
products on safflower crops. Therefore, the pur-
pose of our research was to analyze the impact
of pre-sowing treatment of safflower seeds with
Izagri microelement fertilizers on the productiv-
ity of safflower in the forest-steppe conditions of
the Middle Volga region.

MATERIAL AND METHODS

The research was conducted from 2020 to
2022 in the fields of the Penza Scientific Re-
search Institute of Agriculture, which is a branch
of the Federal Research Center for Bast Fiber
Crops. The experimental site’s soils consisted
of moderately alkaline chernozems with an av-
erage humus content of 5.75% and a soil pH_,
of 5.4. The readily hydrolyzable nitrogen con-
tent was 83.9 mg/kg (according to Tyurin and
Kononova, GOST 26951-86), available phos-
phorus was 142.6 mg/kg (according to Chirikov,
GOST 26204-91), and exchangeable potassium
was 167.5 mg/kg (according to Chirikov, GOST
26204-91).

The experiment involved the pre-sowing
treatment of safflower seeds of the Ershevsky 4
variety with [zagri microelement fertilizers. Iza-
gri represented a range of liquid organomineral
fertilizers with different proportions of mineral
elements in a water-soluble form for seed treat-
ment before sowing and foliar feeding of plants.

The field experiment included the following
variants: 1) control (without treatment); 2) treat-
ment with various types of Izagri microelement
fertilizers at a concentration of 1 L/ton: a) Izagri
Nitrogen; b) Izagri Boron; ¢) Izagri Vita; d) Iza-
gri Phosphorus; e) Izagri Force.

Safflower was sown in the first ten-day peri-
od of May using the SN-16 seeder. The planting
method was in rows, with a sowing rate of 0.3
million viable seeds per hectare. The experimen-
tal plot area was 10 m?, and there were four rep-
lications. Harvesting was done by direct com-
bining when the crop reached full maturity using
the SAMPO-130 combine harvester.

The yield measurements, observations, and
analyses were carried out following the recom-
mended methods*. The leaf area was determined
using the clippings method during the flowering
stage, seed oil content was analyzed using the
Soxhlet method, the fatty acid composition was
analyzed using gas-liquid chromatography on a
“Crystal 5000.1” chromatograph according to
GOST R 51483-99, and protein content was de-
termined using the Kjeldahl method in the agro-
technology laboratory of the Penza Scientific
Research Institute of Agriculture. Seed variety
and planting quality were determined according
to GOST 9672-61, including the mass of 1,000
seeds according to GOST 10842—-89, and impu-
rity content according to GOST 10855—64.

The climate in the forest-steppe region of the
Middle Volga, including the Penza region, is
moderately continental. Its distinctive feature is
the pronounced contrast and variability in heat
and moisture resources. In 2020, the vegetation
of safflower occurred under conditions of insuf-
ficient moisture, with a hydrothermal coefficient

3Alenin P.G., Prakhova T.Y., Safronkin A.E. Effect of microfertilizers and growth regulators on the productivity of winter winter
redcurrants Penzyak // Volga Region Farmland. 2015. no. 3 (36). pp. 13-18.

“Methodology of field and agrotechnical experiments with oilseed crops. Krasnodar: VNIIMK Publishing House, 2010. 323 p.
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(HTC) of 0.72 during this period. There was a
sharp change in meteorological conditions during
the stages of crop development. The phase from
“sowing to stem elongation” had abundant mois-
ture (HTC = 1.85), while from stem elongation
to flowering, plant development occurred under
drought conditions (HTC = 0.67). The “flower-
ing to maturity” phase had more moderate con-
ditions (HTC = 0.92).

In 2021, the vegetation period of the crop
occurred against a slight deficit of precipita-
tion, which was observed throughout all stages
of plant development. The hydrothermal coeffi-
cient was consistent for all phenophases and the
entire vegetation period, being 0.86, except for
the time from sowing to the beginning of stem
elongation, which experienced severe drought
conditions (HTC = 0.07).

In 2022, safflower development from ger-
mination to flowering occurred under abundant
moisture (HTC = 1.38), while further growth
from flowering to maturity happened under se-
vere drought conditions (HTC = 0.23), with only
7 mm of precipitation. The situation was exacer-
bated by high-temperature conditions, with the
average daily air temperature reaching 25.6 °C,
exceeding the climatic norm by 5.8 °C.

RESULTS AND DISCUSSION

It is necessary to form crops with optimal
productive stalk density, which is determined
primarily by field germination and plant safety
for harvesting, in order to obtain high yields of
any agricultural crop, including safflower. Initial
changes occurring in seeds after their treatment

with microelemental substances greatly affect
the further development of plants and their pro-
ductivity as a whole.

Laboratory studies revealed a high respon-
siveness of safflower seeds to pre-sowing treat-
ment with Izagri microelement fertilizers. As a
result of their application, the shoot growth force
increased to 1.21-1.57 cm, which was 0.03-0.39
cm higher than in the control variant (see Table
1).

The most intense stimulation of initial growth
was observed in the variants treated with Izagri
Vita and Izagri Force, where the shoot growth
force reached 1.57 and 1.48 cm, respectively,
significantly exceeding the control. This indi-
cates that the use of these preparations enhances
seed vigor, growth, and development.

The use of the studied preparations tended
to increase the percentage of field germination
by 1.1-8.8% compared to the control. The high-
est germination rate was recorded in the variant
with Izagri Vita — 78.1%, while the lowest values
(70.4 and 70.6%) were obtained in the variants
with Izagri Boron and Izagri Phosphorus, where
the treatment did not significantly improve seed
quality.

The average plant survival rate at harvest over
3 years was high (82.0-88.2%) and increased
by 0.5-6.2% depending on the type of applied
preparation relative to the control. High values
of plant survival were observed in variants treat-
ed with Izagri Vita (88.2%) and Izagri Nitrogen
(87.6%), which most effectively contributed to
improving the production process.

Another indicator characterizing the state of
the crop agrocoenosis is the photosynthetic ac-

Ta6a. 1. BiusHue npuMeHeHHS pa3IMYHbIX BHJIOB MUKPOYJA00peHus cepuu K3arpu Ha moceBHbBIE Kave-
cTBa 1 (hopMupoBaHue arporenosa cadiopa (2020-2022 rr.)

Table 1. Effect of applying different types of Izagri series microfertilizer on the sowing qualities and

formation of safflower agrocenosis (2020-2022)

Option Growth force, cm |  Field germination, % I\/lllortality before Leaf area, thousand m*ha
arvesting, %
Control 1,18 69,3 82,0 33,52
Izagri Boron 1,21 70,4 82,5 36,89
Izagri Vita 1,57 78,1 88,2 37,13
Izagri Phosphorus 1,32 70,6 84,0 35,67
Izagri Nitrogen 1,35 75,4 87,6 34,45
Izagri Force 1,48 76,5 86,9 39,65
LSD,, 0,19 1,47 1,57 1,12
34  Siberian Herald of Agricultural Science » 2023 ¢ 53 « 5 Plant growing and breeding



Bansaue MuxpoynoOpenuii cepuu M3arpu Ha IpoxyKTHBHOCTD
caduopa (Carthamus tinctorius)

IIpaxosa T.A., Apyxuuun B.I.

tivity of plants, including the formation of an
optimal leaf area. In the early period of safflow-
er growth, the leaf area increases very slowly,
reaching its maximum during the flowering
phase. The most intensive increase in the leaf
surface area was observed when the seeds were
treated with Izagri Force: the maximum leaf area
reached 39.65 thousand m?/ha, which was 6.13
thousand m*ha higher than in the control and
2.52-6.13 thousand m?ha higher than in other
treatment variants.

The average productivity of safflower over
3 years ranged from 1.30 to 1.55 t/ha, with a
tendency of increased yield when using Izagri
preparations. The most effective were the appli-
cations of Izagri Force and Izagri Vita, which led
to yields of 1.53 and 1.55 t/ha, respectively. The
increase in seed productivity due to treatment
was 0.23 and 0.25 t/ha compared to the control
(see Figure 1).

The use of Izagri Phosphorus also led to a
slight but significant increase in yield by 0.16 t/
ha, which falls within the least significant differ-
ence (LSD, = 0.15 t/ha). Treatment with Izagri
Boron and Izagri Nitrogen resulted in a statisti-
cally insignificant increase in the seed yield by
0.06 and 0.09 t/ha with LSD = 0.15 t/ha.

It is worth noting that fertilizers worked
most effectively in 2021 (HTC = 0.86): in this
year, plants had the highest yield of 1.63—1.78
t/ha compared to 1.48 t/ha in the control variant

without fertilization.

As mentioned earlier, Izagri Vita and Izagri
Force significantly increased the yield of saf-
flower, but they had practically no effect on oil
accumulation. The oil content in the seeds when
using these preparations was 27.31 and 27.24%,
respectively, which was slightly higher than the
control variant by 0.17 and 0.10% with LSD =
1.04% (see Figure 2).

The highest oil content was observed in the
variants treated with Izagri Nitrogen (29.85%)
and Izagri Boron (30.04%), which were signifi-
cantly (by 2.71 and 3.0% respectively) high-
er compared to the control. Presumably, these
preparations were most actively involved in
carbohydrate synthesis and fat formation. In
the variant with Izagri Phosphorus, there was a
decrease in the oil content to 26.86%, while the
control had an oil content of 27.14%.

The highest protein content in the seeds was
found in the variants treated with Izagri Vita and
Izagri Boron — 23.55 and 23.18% respectively
(see Table 2). The use of Izagri Force and Izagri
Phosphorus had little effect on protein accumu-
lation, with the content at the level of the control
at 22.46%. Izagri Nitrogen reduced the protein
content in seeds to 21.74% compared to 22.10%
in the untreated variant.

The weight of 1,000 safflower seeds varied
from 36.63 to 39.16 g. The largest seeds were
formed as a result of the treatment with Izagri
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Puc. 1. BnusiHue npuMeHEHHs Pa3IMYHbIX BUIOB MUKPOYI0OpeHHs cepuu M3arpu Ha NpoayKTHBHOCTD

cacutopa (2020-2022 rr.)

Fig. 1. Effect of applying different types of Izagri series microfertilizer on safflower productivity (2020-2022)
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Fig. 2. Effect of applying different types of Izagri series microfertilizer on the oil content of safflower seeds

(2020-2022)

Vita, with a weight of 39.16 g per 1,000 seeds.
In the variant with Izagri Force, the weight of
1,000 seeds was slightly lower at 38.19 g, which
was marginally higher than in the other variants.

From an agronomic point of view, seeds
with high test weight are more well-developed,
having a well-developed endosperm and high
specific gravity. Seeds with low test weight are
more lightweight, underdeveloped, and charac-
terized by the presence of a significant number
of husks. In our experiment, the test weight of
safflower seeds was sufficiently high and var-
ied from 475.0 g/l in the control to 514.1 g/l in
the variant with Izagri Boron. The highest test
weight was observed in the variants using Iza-
gri Boron (514.1 g/l) and Izagri Nitrogen (507.1

g/l). This indicates that the seeds in these vari-
ants are well-developed and have fewer fruit
coats (hull).

The huskiness of the seeds in turn affects
their oil content: the lower the huskiness, the
higher the oil content. Increasing or decreasing
huskiness can be achieved by changing nutri-
tional conditions, e.g. by applying macro- or
micro-fertilizers, etc. The application of micro-
fertilizers in our studies reduced seed huskiness
to 37.7-39.6% with 40.6% in the control variant.
Low huskiness was recorded in the treatment
with Izagri Boron and Izagri Nitrogen - 37.7 and
37.9%, respectively, as a consequence, these
variants had the highest oil content of seeds.

The applied micro-fertilizers had no signifi-

Taodn. 2. Bausaue npuMeHeHHs pa3IMYHbIX BUAOB MUKPOYI0OpeHHs cepuu M3arpu Ha mokazaTenu Kade-

ctBa ceMsH cadmopa (2020-2022 rr.)

Table 2. Effect of applying different types of Izagri series microfertilizer on the quality indicators of

safflower seeds (2020-2022)

Option Protein content, % | Weight of 1 thousand seeds, g | Weight per bushel, g/l Huskness, %

Control 22,10 36,63 475,0 40,6

Izagri Boron 23,18 37,82 514,1 37,7

Izagri Vita 23,55 39,16 502,2 38,1

Izagri Phosphorus 22,46 37,91 483.5 39,6

Izagri Nitrogen 21,74 36,86 507,1 37,9

Izagri Force 22,46 38,19 495,6 38,8

LSD,, 0,39 0,74 11,57 1,54
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Buimstnue Mukpoyo0penuii cepun M3arpu Ha IpoyKTHBHOCTD
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Taoxa. 3. Brusanue npuMeHeHHs pa3IUuHBIX BUIOB MUKpOYNoOpeHus cepuu M3arpu Ha copepkaHue

OCHOBHBIX JKHPHBIX KHCJIOT B MaciioceMeHax cadiopa

Table 3. Effect of applying different types of Izagri series microfertilizer on the content of essential fatty

acids in safflower oilseeds

Option _ Saturated . . UTlsatu'rated ' .
palmitic stearic oleic linoleic linolenic

Control 4,28 1,45 10,56 82,98 0,11
Izagri Boron 4,54 1,62 10,26 82,45 0,13
Izagri Vita 4,15 1,48 9,62 83,63 0,21
Izagri Phosphorus 4,61 1,63 9,94 82,71 0,18
Izagri Nitrogen 425 1,50 10,88 82,20 0,23
Izagri Force 4,68 1,63 10,71 81,88 0,14

cant effect on the fatty acid composition of the
oilseeds. However, slight changes were observed
in the content of monounsaturated oleic acid: on
the background of Izagri Phosphorus and Iza-
gri Vita, its concentration decreased to 9.94 and
9.62%, respectively. Meanwhile, treatment with
Izagri Vita maximally (up to 83.63%) increased
the amount of polyunsaturated linoleic acid. The
use of Izagri Force reduced its concentration to
81.88% compared to other variants, where the
level of linoleic acid was within 82.20-82.98%
(see Table 3).

The content of saturated acids did not change
significantly across the variants and was as fol-
lows: palmitic acid — 4.15-4.68%, stearic acid —
1.45-1.63%. The amount of linolenic acid var-
ied from 0.13 to 0.23% depending on the applied
preparations. Therefore, the use of micro-fertil-
izers allows for adjusting the fatty acid compo-
sition to some extent in the oilseeds of safflower.

CONCLUSION

Thus, pre-sowing treatment of safflower seeds
with Izagri micro-fertilizers contributes to the
improvement of the production process of crops,
increases the productivity and quality indica-
tors of oilseeds. Among the considered fertiliz-
ers, the most effective ones are Izagri Vita and
Izagri Force, the application of which increased
the intensity of seedling growth, improved field
germination, and resulted in a yield increase of
0.23 and 0.25 t/ha, respectively, compared to the
control variant. As a result of using these prepa-
rations, the largest seeds were obtained (1,000

seeds weight 39.16 and 38.19 g). Treatment with
Izagri Nitrogen and Izagri Boron promoted an
increase in seed oil content by 2.7 and 3.0% re-
spectively, and reduced their shattering to 37.7
and 37.9%.
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OIIEHKA AJIAIITUBHBIX CBOMCTB COPTOB OBCA IO YPOXKAMHOCTH
B IPUOBCKOM JIECOCTEIH

CorHuk AL

Cubupckuili HayYyHO-UCCIe008aMenbCKULL UHCTNUMYM PACMEHUe800CEA U CeleKYUU —
Gunuan @edepanvHozo ucciedosamenbeko2o yenmpa « Muemumym yumonoeuu

u eenemuku Cubupcroeo omoenenus Poccutickotl akademuu HayKy

HoBocubupckas obnacts, p.i. KpacnooOck, Poccust

e-mail: sotnik@bionet.nsc.ru

[IpencraBneHsl pe3ynbTaThl OLEHKH aJalTUBHBIX CBOMCTB PaiOHUPOBAHHBIX COPTOB OBCA CHOUP-
CKOH ceJieKIuu 10 ypokaiiHoctu B [TproOckoii ecoctenu HoBocuOupckoit o0mactu. DKCIEpUMEHT
MIPOBOIMJIM HA OMBITHOM mojie CHOMPCKOTO Hay4YHO-HCCIIEI0BATEIbCKOIO MHCTUTYTA PaCTCHUEBOA-
ctBa u cenekuu B 2012-2021 rr. OOBEKTOM HCCIEAOBAHUS SBISUTUCH 37 COPTOB OBCA, BKIIIOUCH-
HeIX B ['ocpeectp Poccuiickoit @enepaunu u paiioHnpoBanHbIX 1o 3anagHo-Cudupckomy (Ne 10) u
Bocrouno-Cubupckomy (Ne 11) pernonam. OLEHKY ypOKaHOCTH U (DEHOJIOTMYCCKUE HAOIIONCHHUSI
OCYILIECTBIISIIIM COIIACHO METOAMKE BcepoccHilckoro MHCTUTYTa TeHETHYECKUX PECYPCOB pacTeHUI
uM. H.W. BaBunosa. [{ist cratuctudeckoii 00pabOTKY JaHHBIX UCIONb30Baiu MeTonuky b.A. Jlocre-
xoBa. [loTeHIIManbHYy0 MPOAYKTUBHOCTD U aIallTUBHOCTH COPTOB onpesessuu 1no meroauke JI.A. XXu-
BOTKOBa C COaBT., YCTOMYUBOCTh COPTOB K CTPECCOBBIM ycioBusM — 1o A.A. ['oHgapeHko, pazMax
ypoxkaiiHocTH — 110 B.A. 3pIknHY. AHaNIN3 ypOosKallHOCTH 110 TPYIIaM CIEJIOCTH POAEMOHCTPHUPOBAI
3aKOHOMEPHYIO TEHJICHIIMIO: TI0 Mepe YIJIMHEHUS MepHoja BEreTallly Mo TPyIIaM CIeJI0CTH YBelu-
YMBACTCS U MOTEHLUAN NPOAYKTUBHOCTH. BBICOKNMU MOKa3aTesiMK MOTEHIIMAa TPOAYKTUBHOCTH B
OJaronpusTHBIC TOABI M aJJAITHBHOCTH K HEOJIArONPHUATHBIM (haKTopaM BHEIIHEH cpe/bl OTIINYAINCH
cienyromme copta: KpacHoobOckuii, Mycranr, Meruc, Oen, Otpana, Tamucman, Upteimr 21, CUP 4,
OpnoH. BbICOKYI0 ajanTUBHOCTh M CTAOUIIBLHOCTH NMposiBuiM copta OBeH, HoBocubupcekwuii 5, CUP 4.
CrnocoOHOCTBIO 1aBaTh HE MAKCUMAJIbHYIO, HO BBICOKYIO CTAOMJIBHYIO YPO)XKaHHOCTD B JIFOOBIX yCIIO-
BUSIX XapaKTepHU30BaINCh YeThIpe copta: KpynmHozepnsiit, HoBocubupckuii 88, benosepusiii, Kopudeii.

KitioueBbie ci10Ba: coprt, rpymnia CejlocTH, yposkaiHOCTb, CTaOMIIBHOCTD

EVALUATION OF OAT VARIETIES ADAPTIVE PROPERTIES BY PRODUCTIVITY
IN THE PRIOBSKAYA FOREST-STEPPE ZONE

Sotnik A.Ya.

Siberian Research Institute of Plant Production and Breeding — Branch of the Federal Research Center
Institute of Cytology and Genetics of Siberian Branch of the Russian Academy of Sciences

Krasnoobsk, Novosibirsk region, Russia

e-mail: sotnik@bionet.nsc.ru

The results of evaluation of adaptive properties of released oat varieties of Siberian breeding by
yield in the Priobskaya forest-steppe of Novosibirsk region are presented. The experiment was con-
ducted on the experimental field of the Siberian Research Institute of Plant Production and Breeding in
2012-2021. The object of the study were 37 oat varieties included in the State Register of the Russian
Federation and released in the West Siberian (Ne 10) and East Siberian (Ne 11) regions. Yield estimation
and phenological observations were carried out according to the methodology of N.I. Vavilov All-Rus-
sian Institute of Plant Genetic Resources. For statistical data processing the method of B.A. Dospekhov
was used. Potential productivity and adaptability of the varieties were determined by L.A. Zhivotkov et
al. method, resistance of the varieties to stress conditions - by A.A. Goncharenko, the yield spread - by
V.A. Zykin. Analysis of yields by groups of ripeness showed a natural tendency: as the growing season
lengthens by groups of ripeness, the productivity potential also increases. The following varieties had
high indicators of productivity potential in favorable years and adaptability to adverse environmental
factors: Krasnoobsky, Mustang, Metis, Oven, Otrada, Talisman, Irtysh 21, SIR 4, Orion. The varieties
Oven, Novosibirsk 5, CIR 4 showed high adaptability and stability. Four varieties were characterized
by the ability to give not the maximum, but high stable yield under any conditions: Krupnozerny, No-
vosibirsk 88, Belozerny, and Korifey.

Keywords: variety, ripeness group, productivity, stability
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INTRODUCTION

Thanks to the balanced ratio of essential ami-
no acids in the composition of plant-based pro-
tein, oats are considered a crop of versatile use
[1, 2]. Consequently, the stable production of
oat grains in various agroclimatic conditions is a
crucial task' [3]. The solution to this problem is
possible, in part, through the creation and use of
new varieties®? [4].

It is necessary to have a set of varieties with
high potential productivity, ecological adaptabil-
ity, and stability in different agroclimatic condi-
tions for the selection of new varieties [5, 6].
Currently, there are 64 oat varieties included in
the State Register of the Russian Federation and
recommended for cultivation in the West Siberi-
an (No. 10) and East Siberian (No. 11) regions,
the vast majority of which have been developed
by Siberian breeders. Many of these varieties
exhibit a combination of challenging traits, such
as high yield and grain quality, drought resis-
tance, and lodging resistance. An important task
is to enhance the adaptability of new varieties to
stabilize yields under various stress conditions.

The purpose of this research is to evaluate
the adaptive properties of regional oat varieties

created by Siberian breeders in terms of yield in
the Priobskaya forest-steppe of the Novosibirsk
region.

The research object consists of 37 oat variet-
ies included in the State Register of the Russian
Federation and zoned for the West Siberian and
East Siberian regions *°.

MATERIAL AND METHODS

The experiment took place in the experimen-
tal field of the Siberian Scientific Research In-
stitute, located 5 km from the Krasnoobsk set-
tlement in the Novosibirsk region. The Siberian
gene pool (demonstration nursery) was evaluat-
ed over 10 years (2012-2021). The agricultural
practices for the experiment were generally ac-
cepted for the area. The plot area was 1 m?, and
the sowing period was mainly the second ten-
day period of May. The seeding rate was 550 vi-
able seeds per 1 m?.

Yield assessment and phenological observa-
tions were conducted following the methodolo-
gy of the N.I. Vavilov All-Russian Institute of
Plant Genetic Resources®. Data processing was
carried out using B.A. Dospeshov’s methodol-
ogy’. Potential productivity and adaptability of

'Batalova G.A. State and prospects of breeding and cultivation of grain-forage crops in Russia // Grain Economy of Russia. 2011.

no. 3. pp. 14-22.

2Chekmarev P.A. Strategy of breeding and seed production development in Russia / Zemledelie. 2011. no. 6. pp. 3-5.

SKomarova G.N. Selection of oats in Western Siberia // Achievements of Science and Technology of AIC. 2010. no. 12. pp. 12-
13.

“The State Register of Breeding Achievements Allowed for Use. URL: https://gossortrf.ru/gosreestr/(accessed on: 04.10.2022).

SCatalog of varieties of agricultural crops created by scientists of Siberia and included in the State Register of the Russian
Federation (zoned) in 1929-2008. Novosibirsk, 2009. Issue. 4. vol. 1. 207 p.

*Loskutov I.G., Kovaleva O.N., Blinova E.V. Methodological guidelines for the study and conservation of the world collection of
barley and oats. St. Petersburg, 2012. 63 p.

"Dospekhov B.A. Methodology of field experience. M.: Kolos, 1979. 416 p.

PacrenneBoncTBO 1 cenexiys CHOMpPCKHUiT BECTHHK CEITbCKOX03HCTBEHHOM HaykH * 2023 ¢ 53 ¢ 5 41



Evaluation of oat varieties adaptive properties by productivity
in the Priobskaya forest-steppe zone

Sotnik A.Ya.

the varieties were determined using the method-
ology of L.A. Zivotkov’s et al.®, while the resis-
tance of the varieties to stressful conditions was
assessed based on A.A. Goncharenko’s method-
ology’, and the yield range was determined us-
ing V.A. Zykin’s methodology'’.

According to the meteorological station data
located in the Ogurtsovo village, the years of the
research varied significantly in terms of tem-
perature and precipitation amounts. The hydro-
technical coefficient (HTC), which indicates the
ratio of precipitation volume to the sum of ef-
fective temperatures'!, varied from 0.59 to 3.17
during the period from May to August in differ-
ent years. The moisture supply during the vege-
tative period was as follows: in 2012 — very low
(HTC = 0.59), in 2014, 2016, 2019, and 2021 —
insufficient (HTC = 1.06—-1.36), in 2015, 2017,
and 2020 — sufficient (HTC = 1.58-1.78), in
2018 — high (HTC = 1.94), and in 2013 — exces-
sive (HTC = 3.17). The moisture supply classi-
fication follows the classification of E.K. Zoidze
and T.V. Khomyakova'?. The observed changes
in meteorological conditions in different years
reflect an important climatic feature of the re-
gion - absolute instability in terms of moisture
and temperature factors.

RESULTS AND DISCUSSION

During the study, the examined oat varieties
were classified into maturity groups based on the
average duration of the “emergence - wax ripe-
ness” period over ten years. Out of 37 varieties,
three were early-maturing, 14 were medium-ear-
ly, 19 were medium-maturing, and only one
variety, “Irtysh 22,” fell into the “Middle-late”
group.

The yield analysis based on maturity groups
revealed that as the duration of the vegetation
period increased, the potential productivity of

the varieties also increased (see the table). This
biologically driven regularity is well-known and
has been observed in several other studies [7-9].

The yield over the ten years varied from 264
(variety “Baikal” in 2012) to 1387 kg/m? (variety
“Dogoy” in 2019). In the most favorable years in
terms of agroclimatic conditions, the following
varieties realized their potential productivity:
for early-maturing varieties - Taeyzhnik, Kras-
noobsky, for medium-early varieties - Mustang,
Tarsky 2, Oven, “Metis, Tulunsky 19, Irtysh 13,
and for medium-maturing varieties - SIR 4, Ye-
gorych, Orion, Irtysh 21, Dogoy, Talisman, and
Otrada.

The level of yield under different conditions
serves as a criterion for their overall adaptive
ability. The methodology of L.A. Zivotkov et al.
is based on comparing the yield of varieties with
the average group yield for the year. One of the
most important regularities of morphogenesis is
the dominance of species reactions of adaptation
over specific morphogenetic traits among differ-
ent varieties: all the varieties in the experiment
simultaneously react as a single-species sys-
tem, although individual varieties have different
yields, they do not exceed the species norm (see
footnote 8).

According to the mentioned methodology,
a comparison of varieties with the mean group
value was carried out for maturity groups. The
numerical value of this indicator was expressed
as the coefficient of adaptability (as a relative
value). Based on the adaptability coefficient,
the following varieties stood out: Krasnoobsky,
Uran, Novosibirsky 5, Metis, Memory of Bo-
gachkov, Oven, Mustang, Togurchanin, Sig,
Otrada, Kreol, Talisman, Irtysh 21, SIR 4, and
Orion. The high yield of these listed varieties,
exceeding the average within the maturity group
over ten years, indicates their highest adapta-

8Zhivotkov L.A., Morozova Z.A., Sekatueva L.I. Methodology for identifying the potential productivity and adaptability of
varieties and breeding forms of winter wheat by the indicator “yield” // Breeding and Seed Production. 1994. no. 2. pp. 3-6.

’Goncharenko A.A. On adaptability and ecological stability of grain crop varieties / Bulletin of Rosselkhozakademy. 2005. no.

6. pp. 49-53.

Zykin V.A., Shamanin V.P, Belan I.A. Ecology of wheat. Omsk, 2000. 124 p.
"Gringof I.G., Popova V.V., Strashny V.N. Agrometeorology. L.: Gidrometeoizdat, 1987. 310 p.

12Zoidze E.K., Khomyakova T.V. Modeling of moisture availability formation on the territory of European Russia in modern
conditions and the basis for assessment of agroclimatic security // Meteorologiya i Gidrologiya. 2006. no. 2. pp. 98-105.
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O1eHKa aanTUBHBIX CBOHCTB COPTOB OBCA 110 YPO>KAHHOCTH

B IIpuoGckoii necocrenu

Corauk A.S.

AJanTHBHOCTH COPTOB OBca 1o ypoxainoctu (2012-2021 rr.)
Adaptability of oat varieties by yield (2012-2021)

Yield, g/m? Adaptability indicators
Vegeta-
Variety, origin tion peri- mini- | maxi- | adaptivity | stress toler- compensa-
od, days X£S, mum | mum | coefficient | ance, g/m? tory cap azc - 4%
ty, g/m
1 2 3 4 5 6 7 8 9
Early
Taezhnik, Tomsk region 68+2 734 £78 330 1194 1,04 —864 762 72
Krasnobsky, Novosibirsk region | 70 + 2 744 £ 85 350 1179 1,05 —829 764 70
Sibiryak, Irkutsk region 70+2 652 + 66 280 977 0,92 —697 628 71
Average value within the group 69 707 320 1117 1,00
Middle-early
Uran, Omsk region 71+4 811 +73 360 1130 1,05 =770 745 68
Baikal, Irkutsk region T1+£2 654 + 64 264 992 0,84 -728 628 73
Anchar, Irkutsk region 71+4 715+ 66 400 1084 0,92 —784 742 63
Novosibirsky 5, Novosibirsk
Region 72+2 815+83 390 1180 1,05 =790 787 67
Novosibirsky 88, Novosibirsk
Region 72+2 758 £ 61 425 1106 0,98 —681 765 62
Tarsky 2, Omsk region 7242 777 + 87 365 1258 1,00 —893 811 71
Tulunsky 19, Irkutsk region 72+4 753 £83 345 1210 0,97 —865 777 71
Metis, Tomsk region T2 +4 843 £ 91 375 1356 1,09 —981 865 72
Memory of Bogachkov, Omsk
region 73+2 814+ 76 350 1120 1,05 =770 735 69
Oven, Irkutsk region 73+2 826 + 85 440 1254 1,07 -814 847 65
Mustang, Omsk region 73+£2 814 +£92 320 1314 1,05 -996 817 76
Irtysh 13, Omsk region 73+4 753 £ 86 325 1195 0,97 —870 760 73
Togurchanin, Tomsk region 73+4 822 +74 360 1147 1,06 =787 753 69
Krupnozerny, Novosibirsk
Region 73+2 694 + 62 380 984 0,89 —604 682 61
Average value within the group 72 775 364 1188 1,00
Medium-maturing

Rovesnik, Novosibirsk region 74+ 4 798 + 83 372 1207 1,00 —835 789 69
Belozerny, Novosibirsk region | 74 +2 748 + 64 410 1033 0,94 —623 721 61
Tubinsky, Krasnoyarsk terri-
tory 74+ 4 742 + 73 325 1108 0,93 —783 716 71
Sig, Krasnoyarsk territory 74+2 822 +85 382 1193 1,03 =811 787 68
Otrada, Tyumen region 74 +4 848 + 85 345 1270 1,06 -925 807 73
Altaisky krupnozerny, Altai
territory 74+ 4 752+ 76 375 1160 0,94 =785 767 68
Kreol, Kemerovo region 74+£2 844 £ 76 400 1202 1,05 —802 801 67
Talisman, Tyumen region 74+4 854 £ 97 380 1354 1,07 -974 717 78
Dogoy, Republic of Buryatia 74 +£4 813 +99 400 | 1387 1,02 —987 893 71
Irtysh 21, Omsk region 74+2 842 + 99 390 | 1240 1,05 -850 815 68
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Evaluation of oat varieties adaptive properties by productivity Sotnik A.Ya.
in the Priobskaya forest-steppe zone
OxkoHuyaHue TaOIUIEI

1 2 3 4 S5 6 7 8 9
Kemerovsky 90, Kemerovo
region 74+4 792 + 83 320 1158 0,99 —838 739 72
Orion, Omsk region 75+2 820+ 83 362 | 1236 1,03 —874 799 71
Egorych, Irkutsk region 75+4 795 £ 95 415 1310 1,00 —895 862 68
Narymsky 943, Tomsk region 75+2 742 + 30 350 1135 0,93 =785 742 69
Fobos, Omsk region 75+4 801 =73 390 1204 1,00 —814 797 68
Korifei, Altai territory 75+4 738 £73 375 1104 0,92 =729 739 66
SIR 4, Novosibirsk region 76 +4 837+ 82 420 1246 1,05 —836 833 66
Pegasus, Altai territory 76 +4 783 £ 83 400 1196 0,98 =796 798 66
Barguzin, Republic of Buryatia | 76 £4 793 £ 91 400 | 1202 0,99 —802 801 67
Average value within the group 75 798 379 1208 1,00

Middle-late

Irtysh 22, Omsk region | 784 | 80383 | 305 | 1154 | 100 | 849 729 | 73

Note. X —average; S — error (for 10 years).

tion to growing conditions, surpassing the group
norm (highest adaptability coefficient for matu-
rity groups). The following varieties exhibited
significant potential productivity in favorable
years and adaptability to unfavorable external
factors: Taeyzhnik, Krasnoobsky, Mustang, Me-
tis, Oven, Otrada, Talisman, Dogoy, Yegorych,
Irtysh 21, SIR 4, and Orion.

High potential yield is undoubtedly one of the
primary tasks of the breeders. At the same time,
creating varieties that provide average but stable
yields with good quality agricultural products is
a very important task' [10].

In different agroclimatic conditions, an im-
portant characteristic of oat varieties is their
stress tolerance, which is determined by the dif-
ference between the minimum and maximum
yields (Y . -Y ) [see footnote 9]. The smaller
the gap between the maximum and minimum
yields, the higher the stress resistance of the va-
riety. The following varieties showed relative
resistance to stressful environmental conditions
(with minimal yield differences in contrasting
conditions): Siberiak, Krupnozerny, Novosi-
birsky 88, Belozeri, and Korifey. On the other
hand, the least stress tolerance was observed in
the varieties Taeyzhnik, Mustang, Tarsky 2, Me-
tis, Otrada, Talisman, Dogoy, and Yegorych.

To characterize stress tolerance, the indicator
of compensatory capacity (genetic flexibility) of
the variety is also used. The compensatory ca-
pacity, reflecting the average yield of the variety
in favorable and unfavorable conditions, is cal-
culated using the following formula:

(Ymin + Ymax)/2.

High values of the compensatory capacity
indicate a strong correspondence between the
genotype of the variety and the environmental
factors. The higher this indicator, the more re-
sistant the variety is to different environmental
factors. Varieties with high compensatory capac-
ity and high stress tolerance include Tarsky 2,
Metis, Mustang, Otrada, Dogoy, Yegorych, and
also Ovien, Kreol, Irtysh 21, SIR 4, and Barguz-
in, which, however, have a lower level of stress
resistance.

Furthermore, the stability of productivity
over the years based on increased resistance of
varieties to the limiting factors of the external
environment is of great importance. One of the
indicators of variety stability is the magnitude
of yield variation range. This parameter is cal-
culated as the ratio of the difference between the
maximum and minimum yield to its maximum
value, expressed as a percentage [see footnote
10]. Genotypes may have the same difference

BDyakov A.B., Trunova M.V. Relationship between the parameters of stability and adaptability of varieties // Oilseeds: Scientific
and Technical Bulletin of the All-Russian Research Institute of Oilseed Crops. 2010. Issue 1. pp. 80-86.
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OreHKa aIaliTUBHBIX CBOMCTB COPTOB OBCA IO YPOXKaWHOCTH Cornuk A.5.
B IIpnoGc¢koit necocrenu
between the maximum and minimum yields CHUCOK JIMTEPATYPbI

and, at the same time, differ in the magnitude of
these values. The ratio of the difference between
the maximum and minimum yields to its max-
imum value (d, %) allows ranking varieties by
the degree of stability. The smaller the range of
variation, the more stable the yield of a genotype
under specific conditions. In our case, the yield
variation range exceeded 50%, which is due to a
large fluctuation in the indicator over the years.

The varieties with the smallest yield variation
range in contrasting agroclimatic years were as
follows: for medium-early varieties - Krupnoz-
erny, Novosibirsky 88, Anchiar, Ovien, Novo-
sibirsky 5, and for medium-maturing varieties
- Belozerny, Korifey, SIR 4, Pegas, Kreol, and
Barguzin. These varieties demonstrated the most
stable yields in contrasting conditions.

Based on the evaluation of adaptive proper-
ties, the studied varieties can be divided into two
groups:

a) combining high adaptability and stabili-
ty: Krasnoobsky, Ovien, Novosibirsky 5, Uran,
Togurchanin, Memory of Bogachkov, SIR 4,
Sig, Kreol, and Irtysh 21;

b) possessing high stress tolerance, capable
of providing not the maximum but high and sta-
ble yields in any conditions: Krupnozerny, No-
vosibirsky 88, Belozerny, and Korifey.

CONCLUSIONS

1. The following varieties exhibited high po-
tential productivity in favorable years and adapt-
ability to unfavorable environmental factors:
Krasnoobsky, Mustang, Metis, Oven, Otrada,
Talisman, Irtysh 21, SIR 4, and Orion.

2. The most stable yields in contrasting con-
ditions were demonstrated by the varieties Krup-
nozerny, Novosibirsky 88, Anchiar, Oven, No-
vosibirsky 5, Belozerny, Korifey, SIR 4, Pegas,
Kreol, and Barguzin.

3. The varieties Krasnoobsky, Oven, Novosi-
birsky 5, Uran, Togurchanin, Memory of Bogac-
hkov, SIR 4, Sig, Kreol, and Irtysh 21 showed
high adaptability and stability.

4. The varieties Krupnozerny, Novosibirsky
88, Belozerny, and Korifey demonstrated the
ability to provide high and stable yields in any
conditions, even if not the maximum yields.
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BUJIOBO COCTAB BPEJMTEJIEM XBOMHBIX PACTEHUI
YPBAHUCTHYECKUX JAHJIIIA®TOB KPACHOJAPCKOI'O KPASI

= IIpax C.B., Bacuibuenko A.B., [logropnass M.E., Teimenko E.JI.

Cesepo-Kasxrasckuii gpedepanbHblii HayuHbll YeHmp cado800Cmea, GUHOZPA0apcmed, 6UHOOenUs.
Kpacnonap, Poccus

x)e-mail: sp41219778@yandex.ru

IIpencraBiieHbl pe3yabTaTbl UCCIENOBAHUN XBOMHBIX IOPOJ PACTEHUM Kak Marepuala Uil 03e-
JICHEeHHUs HACEJICHHBIX MECT, B JIAHAMA(THONW apXUTEKType — B KauyecTBE akKIleHTa M JOMHHAHTHI B
JIEKOPaTUBHBIX KOMIIO3ULMSIX MM B MOHOIOcagkax. OTMEYEHO PACIIMPEHUE COPTUMEHTA XBOMHBIX
pactennii utst TanamadTHOTO cTpouTenbeTBa ora Poccun B 2000-¢ TT. 3a c4eT HHTPOAYKIIUU KYIb-
Typ U3 JPYTUX PETMOHOB C Pa3HBIMHU MPHUPOJHO-KIMMATHYECKUMH YCIOBHAMU. BHOBb NOCaKEHHBIE
HAaCa)XJICHUs UCIBITHIBAIOT CTPECC, KOTOPBIM OKa3bIBAET HETaTMBHOE BIMSHUE HA HMMYHHBIHN CTaryc
MHTPOAYIIMPOBAHHBIX pacTeHU. [IpencTaBiensl pe3ynbTaThl U3yUeHHs] BUJJOBOTO COCTAaBa COCYIUX
BpenuTenel XBOMHBIX pacCTeHUH B ypOaHUCTHUECKUX JaHAmadpTax. MUPOBOI OITBIT B HCCIIEOBAHUSAX
TOPOJCKUX JIAHAIIA(TOB MOKA3bIBAET PACIIMPEHUE BUIOBOTO COCTaBa BpeauTeneil u3 orpsaaa PaBHo-
kpeuThix (Homoptera). IlpoBenen ¢puTocaHuTapHBII MOHUTOPUHT JEKOPATHBHBIX XBOWHBIX PACTEHUHA
B TOPOJCKHMX HACaXICHUAX M TAPKOBBIX 30HaX B [IprKyOaHCKOM 30He IEHTpaIbHON MOA30HBI CaI0BO/I-
ctBa Kpacnonapckoro kpas B 20122022 rr. 1o pe3ynpraram NpoBeeHHbIX UCCIE0BaHUN BBIABICHO
BHJIOBOE pa3Ho00pa3ne COCYIINX BPEAUTECH XBOMHBIX pAaCTEHUH B Kpae, IPOBEIACHO UX PAHKUPOBa-
HUE T10 TUITY MUTaHus1, opMUpyeTcs 0a3a JaHHBIX. YCTAaHOBJICHO, YTO B PETMOHE JIOMUHHUPYIOIIUMHU
npeacraBuTesiMU HajacemercTBa Coccidae sIBISIIOTCS IIMTOBKA €BPOIICHCKAs MOXIKEBEIbHUKOBAs
(Carulaspis juniperi Bouché) u tTucopas noxxnoumroBka (Parthenolecanium pomeranicum Kawecki),
LIMTOBKA COCHOBAas BepeTeHoBUAHas (Anamaspis lowi Colvee). 3akOHOMEPHOCTH MHUILIEBOW CIICIHA-
JIM3alUH IUTOBOK UMEIOT HE TOJIBKO TEOPETHUECKOe, HO U MpakTHueckoe 3HaueHue. Ha ocHoBe nc-
CJIeIOBaHUI MOKHO IIPOrHO3UPOBATh BEPOSATHBIM COCTaB BPEAUTEIEH HA BHOBb BBOJUMOM KyJIbTypE.
[TosmryueHHBIE 3aKOHOMEPHOCTH SBIISIOTCS OJHOW M3 TEOPETHYECKHX OCHOB 3aIIUTHBIX MEPOTIPUATHIHA
110 60pr0e ¢ BpeIUTEIIIMHU.

KiroueBble ci10Ba: XBoWHbIE pacTeHUs, GUTOGAru, MOHUTOPHUHT, IPOTHO3, COCYIINE BPEAUTEIN,

(hayna

SPECIES COMPOSITION OF CONIFEROUS PLANT PESTS
IN THE URBAN LANDSCAPES OF THE KRASNODAR TERRITORY

) Prakh S.V., Vasilchenko A.V., Podgornaya M.E., Tyschenko E.L.

North Caucasian Federal Scientific Centre of Horticulture, Viticulture, Winemaking
Krasnodar, Russia

x)e-mail: sp41219778@yandex.ru

The results of the studies of conifers as a material for landscaping of settlements, and as an accent
and dominant in decorative compositions or in mono-planting are presented. The expansion of conif-
erous plant assortment for landscape construction of southern Russia in the 2000s was noted due to the
introduction of crops from other regions with different natural and climatic conditions. Newly planted
crops are under stress, which has a negative effect on the immune status of the introduced plants. The
results of the study of the species composition of sucking pests of coniferous plants in urban land-
scapes are presented. The world experience in the studies of urban landscapes shows the expansion of
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Species composition of coniferous plant pests in urban landscapes of Prakh S.V., Vasilchenko A.V., Podgornaya M.E., Tyschenko E.L.

the Krasnodar Territory

the species composition of pests from the order of homopterous insects (Homoptera). Phytosanitary
monitoring of ornamental conifers in urban plantations and park areas in the Kuban zone of the central
horticultural subzone of the Krasnodar Territory in 2012-2022 was conducted. As a result of these
studies, the species diversity of sucking pests of coniferous plants in the region has been identified,
their ranking by the type of feeding has been carried out, and a database is being compiled. It has
been found that the dominant representatives of the superfamily Coccidae in the region are: European
juniper scale insect (Carulaspis juniperi Bouché) and yew pseudo scale insect (Parthenolecanium
pomeranicum Kawecki), and pine spindle scale insect (Anamaspis lowi Colvee). The regularities of
food specialization of scales are of not only theoretical but also practical importance. Based on the
research, the probable composition of pests on a newly introduced crop can be predicted. The resulting
patterns are one of the theoretical foundations of pest control measures.
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INTRODUCTION

Coniferous plants are valuable materials for
landscaping populated areas. Landscape archi-
tects often use coniferous species as striking
accents in decorative compositions or single
plantings. The valuable qualities of conifer cul-
tivars, such as the diversity of crown habit, fo-
liage color, and its changes throughout the year,
as well as their potential for topiary, bordering,
etc., allow for extensive use in landscaping. It
is worth noting their economically valuable
characteristic - phytocidal properties, which are
particularly appreciated in greening recreational
areas [1, 2].

During the 2000s, the assortment of conifer-
ous plants used in landscaping in the southern
regions of Russia significantly changed and
expanded with new species, forms, and variet-
ies. The expansion of the coniferous plant as-
sortment in green construction occurs by 95%
through the introduction of species and forms
from other regions with different natural and cli-
matic conditions. The main supply of coniferous
planting material comes from countries such as
the Netherlands, Poland, Germany, Italy, whose
agricultural regions have a more moderate tem-
perature and humidity regime for cultivating

decorative plants. The Krasnodar region’s terri-
tory is characterized by a wide variety of natu-
ral and climatic conditions. The primary abiotic
stress factor in the region during the summer is
the deficit of air and soil moisture against the
backdrop of high temperatures, while in the win-
ter period, there are periodically sharp drops in
temperature to minus 15—-17 °C and below. The
intensification of the negative impact of low
temperatures on agricultural crops is particular-
ly relevant after periods of relatively moderate
positive temperatures [3—-5].

Therefore, in the Krasnodar region, plant-
ing materials of foreign origin experience stress
when planted in landscaping objects, negatively
affecting the introduced plant’s immune status.
Such cultivars are often affected by fungal dis-
eases and damaged by numerous phytophagous
pests of local origin.

Sap-sucking species are the most extensive
and adaptable representatives among the pests
of coniferous species. Damage caused by these
phytophagous insects significantly reduces the
decorative effect of created landscape compo-
sitions, worsens the ecological situation of ag-
rolandscapes, and increases the costs of main-
taining green plantings. The purpose of the re-
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search is to identify the main composition of
sap-sucking pests of coniferous plants in urban
landscapes of the Krasnodar region.

MATERIAL AND METHODS

A phytosanitary monitoring of decorative co-
niferous plants in urban plantations and park ar-
eas in the Prikuban zone of the central horticul-
tural subzone of the Krasnodar region was con-
ducted from 2012 to 2022. The research focused
on the representatives of the Pine family (Pina-
ceae), including two species from the genus Pi-
nus and one from the genus Abies, the Yew fam-
ily (Taxaceae) with one species from the genus
Taxus, and the Cypress family (Cupressaceae)
with one species from the genus Thuja and three
from the genus Juniperus. The species affiliation
of the identified coccids (together with a part of
the fodder plant) was performed in the laborato-
ry under a binocular microscope using the meth-
od by N.S. Borhsenius'. The identification of the
species of phytophagous insects was carried out
using a guidebook for damage on forest, orna-
mental, fruit trees, and shrubs [6].

RESULTS AND DISCUSSION

Decorative plantations are rich and diverse
in terms of their species composition. Currently,
over 3600 taxa of decorative woody plants are
cultivated. This diversity of plants and favorable
climatic conditions support the development of
more than 500 species of harmful entomofauna
from the orders Lepidoptera, Homoptera, Dip-
tera, and Hymenoptera. Therefore, it is essential
to identify the species composition of harmful
organisms in urban ecosystems and improve
methods for their control [6-9].

Based on our investigation of the state of
coniferous plants in urban landscapes of the
Krasnodar region, conducted for more than 10
years, it was established that the phytosanitary
situation in coniferous plantations has deterio-
rated due to an increase in the population and
harmfulness of sap-sucking pests [2]. Global
research experience on urban landscapes indi-
cates an expansion of the species composition

of pests from the order Homoptera [10, 11]. In
parks, gardens, and other green areas of the city
environment in Belgrade, there has been a loss
of decorative appearance and drying out of ju-
nipers (Juniperus spp.) due to an increase in the
population of European juniper scale (Carulas-
pis juniperi Bouche). The use of Juniperus spp.
in landscape design has become economically
disadvantageous. Throughout the Republic of
Belarus, urban coniferous plantations are widely
affected by the spruce larch aphis (Sacchipha-
ntes viridis), the fir-spruce aphid (4Aphrastasia
pectinatae), the yew soft scale (Parthenolecani-
um pomeranicum), and the cypress aphid (Cina-
ra cupressi).

In Turkey and Spain, Coccidae represent a
group of pests affecting decorative plants, and
the most dangerous species is Palaeococcus
fuscipennis Burmeister. In Crimea, on the terri-
tory of the Nikita Botanical Garden, 19 species
of phytophagous insects have been identified,
with the most numerous being from the families
Diaspididae and Coccidae [12—16].

Phytosanitary monitoring of coniferous plants
in urban landscapes of the Krasnodar region and
the entomological assessment of the collected
material revealed the following taxonomic com-
position of the order Homoptera:

Superorder proboscideans (Rhenchota)

Order homopterans (Homoptera)

Suborder Aphids (Aphididea)

Superfamily Aphids (Aphidoidea)

Family Aphids (Aphididae): cypress aphid
(Cinara cupressi Buckton), mealy pine aphid
(Cinara costata Zett.), juniper aphid (Cinara ju-
niperi De Geer).

Superfamily Adelgoidae

Family Adelgidae: pine aphid (Pineus pini
L. (Macq.), Aphrastasia pectinataec (Adelges
(Aphrastasia) pectinatae Chol.).

Suborder coccids (Coccinea)

Superfamily Orthezioidea

Family giant coccids (Margarodidae): Brown
Pine coccid (Palaeococcus fuscipennis Burm.).

Superfamily Coccidae

Family soft scale (Coccidae): European
brown scale (Parthenolecanium corni Bouchg),

'Borchsenius N.S. Practical determinator of coccids (Coccoidea) of cultivated plants and forest species of the USSR. Leningrad:

Nauka, 1973. 311 p.
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yew scale (Parthenolecanium pomeranicum
Kawecki).

Family armoured scales (Diaspididae): Euro-
pean juniper scale (Carulaspis juniperi Bouche),
pine spindle scale insect (Anamaspis lowi Colvee).

Among the Coccidae superfamily, the most
damaging species to plants are European juniper
scale (Carulaspis juniperi Bouche), yew scale
(Parthenolecanium pomeranicum Kawecki),
and pine spindle scale insect (Anamaspis lowi
Colvee) (see Table 1).

The expansion of food specialization increas-
es the distribution and harmfulness of many phy-
tophagous species, which cause significant dam-
age to urban landscapes. The ability to switch
to different host species allows them to have

a prolonged life cycle, less dependent on food
availability. These factors enable them to have
one or more generations per year and maintain
a high population size. Based on the research,
harmful organisms have been divided according
to their food specialization. Monitoring shows
that recently the most adapted pest species are
Brown Pine coccid (Palaeococcus fuscipennis
Burm.), European juniper scale (Carulaspis
juniperi Bouche), and European brown scale
(Parthenolecanium corni Bouché). Phytophag-
es were distributed by feeding type according to
the results of the study (see Table 2).

The patterns of food specialization in phy-
tophagous insects have both theoretical and
practical significance. Based on the obtained

Ta6a. 1. BunoBoe pasHooOpa3ue cocynux BpeuTeneil Ha XBOWHBIX paCTeHUAX B YPOAHUCTHUECKHUX

nanmmadrax KpacHogapckoro kpas

Table 1. Species diversity of sucking pests on coniferous plants in the urban landscapes of the Krasnodar

Territory

Crop

Family

Species

Scotch pine (Pi-
nus sylvestris L.)

Crimean pine
(Pinus nigra
subsp. pallasiana
(Lamb.))

Yew tree (Taxus
L)

Fir-tree (Abies
spp.)

Western red cedar
(Thuja L.)
Common juniper
(Juniperus com-
munis

Suecica)

Chinese juniper
(Juniperus chin-
ensis Stricta)

Scaly juniper (Ju-
niperus squamata
Holger)

Adelgid plantlice (Adelgidae)

Giant coccids (Margarodidae)

Scale insects (Diaspididae)

Giant coccids (Margarodidae)

Scale insects (Diaspididae)

Soft scale (Coccidae)

Adelgid plantlice (Adelgidae)

Aphids (Aphididae)

Scale insects (Diaspididae)
Aphids (Aphididae)

Aphids (Aphididae)

Scale insects (Diaspididae)

Pine aphid (Pineus pini L. (Macq.),
Aphrastasia pectinatae (Adelges (Aphrastasia) pectinatac Chol.)

Brown Pine coccid (Palaeococcus fuscipennis Burm.)

Pine spindle scale (dnamaspis lowi Colvee)

Brown Pine coccid (Palaeococcus fuscipennis Burm.)

Pine spindle scale (dnamaspis lowi Colvee)

Yew pseudo scale (Parthenolecanium pomeranicum Kawecki),
European brown scale (Parthenolecanium corni Bouche)

Aphrastasia pectinatae (Adelges (Aphrastasia) pectinatae Chol.)

Cypress aphid (Cinara cupressi Buckton),
European juniper scale (Carulaspis juniperi Bouche)

European juniper scale (Carulaspis juniperi Bouche)

Juniper aphid (Cinara juniperi De Geer)

Juniper aphid (Cinara juniperi De Geer)

European juniper scale (Carulaspis juniperi Bouche)
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Table 2. Food specialization of sucking pests of coniferous plants

Pest

Leucaspis pusilla (Leucaspis pusilla Low), mealy Aphis pini (Cinara costata Zett.), pine
adelges (Pineus pini L. (Macq.)), Aphrastasia pectinatae (Aphrastasia pectinatae Chol.),

Cypress aphid (Cinara cupressi Buckton), juniper aphid (Cinara juniperi De Geer), pine

Nutritional adaptation
Monophages
yew pseudo scale (Parthenolecanium pomeranicum Kawecki)
Oligophages
spindle scale (Anamaspis lowi Colvee)
Polyphages

data, it is possible to predict the probable com-
position of pests on newly introduced crops. At
the same time, these patterns serve as a theoret-
ical basis for protective measures against pests.

CONCLUSION

In the southern regions of Russia, planting
material of imported coniferous plants experi-
ences stress, which negatively affects the im-
mune status of the introduced plants. According
to the research, such cultivars are affected by
fungal diseases and damaged by indigenous phy-
tophagous insects as well as newly introduced
ones. It has been identified that the most adapted
pest species on coniferous plants in the Krasno-
dar region are Brown Pine coccid (Palaeococ-
cus fuscipennis Burm.), European juniper scale
(Carulaspis juniperi Bouche), and European
brown scale (Parthenolecanium corni Bouché).
The feeding specialization of sap-sucking pests
on coniferous plants has been determined, and
six monophagous, three oligophagous, and three
polyphagous species have been identified.
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BO3JIEMCTBUE KABUTUPOBAHHOM INOACOJTHEYHOM JIY3T'H
U MOJIOYHOM KUCJOTHI HA N3MEHEHUE TAKCOHOMMYECKOI'O
MPO®NJISI MUKPOBUOMA PYBIIA )KBAUHBIX IN VITRO

Mupomnukos C.A., lyckaes I.K., ) Atnanneposa K.H., Matomenko H.C.

DedepanbHblil HAYUHBIL YeHMP OUOI0UYEeCKUX cucmem u azpomextonocuti Poccutickotl akademuu nayx
Openo6ypr, Poccus

()e-mail: atlander-kn@mail.ru

[IpoBeneHa oneHKa BO3ACHUCTBUSI KABUTUPOBAHHOW MOJCOTHEYHOH JIy3TM U MOJIOYHOM KHCIOTHI Ha
H3MCHEHHE TAKCOHOMUYECKOTO TPOQHIISI MUKPOOHOMa pyOlLia )KBAaYHBIX in Vitro. OTpeienieHo i3MEHEHHE
OaKkTepHantbHOIO COCTaBa PYOLOBOM XHMIAKOCTH IIyTeM NPHMEHEHHsS METOa CEKBEHHUPOBAaHMS Ha
npudope MiSeq Bo BpeMeHHOM 3kcno3unuu 6—24 4. OOBEKTHI UCCIIEIOBAHUN — MOACOITHEYHAs JTy3ra
m3mensdenHast (0,01 M) — KOHTpOITb; KaBUTHPOBAHHAS: JTy3ra M BoJia B COOTHOIIEH!H | : 3, 00paboTaHHbIe
YJIBTPa3ByKOM; JIy3r'a M MOJIOUHAsI KUCJIOTA B COOTHOLIEHUH | : 3 — jIy3ra KaBUTHPOBaHHAs + MOJIOYHAs
kuciota. [lomyuennsie oOpasupl nmocie BoicymmBanus npu 105 °C ucnonb30Bain B HCCIACAOBAHUSIX 71
vitro ¢ pyOLOBOH >KHIKOCTBIO HAa HMHKyOarope (aHalor HCKycCTBEHHOTro pyodua). Otbop pyOuoBoit
XKHUIKOCTH Yy KpPYIIHOIO pPOraroro CKOTa OCYLICCTBIISUIM 4epe3 XPOHMYEcKyro ¢ucrtyay. Bospacrt
KMBOTHBIX — 12 Mec, mopona—Kkazaxckasi 6enoronosast. BBeieHre KaBUTHPOBaHHOM JTy3TH ITOJICOTHEUHUKA
KaK OTJIECJIBHO, TaK U COBMECTHO C MOJIOYHOM KUCIIOTOM, 1ocie 6 4 yBEINYMBAIIO KOJTMYECTBO OaKTEpHid,
oTHOCAIMXCA K KiaccaMm Flavobacteriia, va 5,43 u 3,93%, Elusimicrobia — 3,77 n 3,98%, Gammapro-
teobacteria —11,75 u 10,07%, 1 CHMXAJIO YUCIICHHOCTh OakTepuii kiacca Bacteroidia va 5,72 n 2,63%,
Clostridia na 3,26 n 2,20% oTHOCHTENbHO KOHTpOIIA. Bo BpemeHHo# skcrio3urmu 12—24 9, HanmpoTHB,
MIPOMCXO/TIIIO YBeNMUeHue Oakrepuil kinacca Bacteroidia na 3,30-4,90 u na 8,29-11,28%, Clostridia —
Ha 1,66—1,50 u Ha 2,74-3,27% 10 OTHOIIEHUIO K KOHTPOJIIO.

KioueBble cioBa: KaBUTHPOBaHHAs JIy3ra IIOJICOJHEYHUKA, TAKCOHOMHYECKUH TPOQHIIb,
MHUKPOOHOM, MOJIOYHAsI KUCIIOTA

THE EFFECT OF CAVITATED SUNFLOWER HUSK AND LACTIC ACID ON THE
CHANGES IN THE TAXONOMIC PROFILE OF THE RUMEN MICROBIOME OF
RUMINANTS IN VITRO

Miroshnikov S.A., Duskaev G.K., <) Atlanderova K.N., Matyushchenko N.S.

Federal Research Centre of Biological Systems and Agrotechnologies of the Russian Academy of Sciences
Orenburg, Russia

(<)e-mail: atlander-kn@mail.ru

The effect of cavitated sunflower husk and lactic acid on the changes in the taxonomic profile of the
rumen microbiome of ruminants in vitro was evaluated. Changes in the bacterial composition of the
cicatricial fluid were determined by using the MiSeq sequencing method in a time exposure of 6-24 h.
The objects of research were sunflower husk milled (0.01 cm) - control; cavitated: husk and water in
aratio of 1 : 3, treated with ultrasound; husk and lactic acid in a ratio of 1 : 3 - cavitated husk + lactic
acid. The obtained samples after drying at 105 °C were used in in vitro studies with rumen fluid on an
incubator (analog of artificial rumen). Selection of the rumen fluid in cattle was carried out through a
chronic fistula. The age of animals - 12 months, the breed - Kazakh white-headed. Administration of
cavitated sunflower husks alone or together with lactic acid after 6 h increased the number of bacteria
belonging to the Flavobacteriia class by 5.43 and 3.93%, Elusimicrobia by 3.77 and 3.98%, Gam-
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maproteobacteria by 11.75 and 10.07% and decreased the number of Bacteroidia by 5.72 and 2.63%,
Clostridia by 3.26 and 2.20% relative to the control. In contrast, in the 12-24 h exposure time, there
was an increase in Bacteroidia class bacteria by 3.30-4.90 and 8.29-11.28%, Clostridia by 1.66-1.50

and 2.74-3.27% relative to the control.
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INTRODUCTION

The use of food production waste in animal
feed has been known for a long time [1]. High
demand for sunflower oil and other related in-
dustries in oil extraction has led to the genera-
tion of a large amount of sunflower husk waste
[2]. It is commonly used as a source of protein,
fiber, and fatty acids in animal feeding, aiming
for a closed-loop economy model [3-5].

Liquid media activated by various methods in
combination with ultrasonic treatment are usual-
ly employed to unlock the potential of solid frac-
tion degradation from waste for feed production
while preserving nutrients, [6]. Ultrasonic tech-
nology is considered environmentally friendly,
beneficial in reducing chemical load and reaction
time with efficient conversion. This technology
is applied to various food materials for process-
ing, preservation, and product quality enhance-
ment [7]. Cavitation increases the mass fraction
of raw protein and reduces the mass fraction of
raw fiber [8]. This protein-to-fiber ratio positive-
ly affects the energy potential of the waste when
considered as a feed additive [9]. However, sun-
flower husk proteins are largely degraded in the
rumen, which may disrupt nitrogen metabolism
[10]. Scientists have found that the use of acids
reduces protein degradation in the rumen and in-
creases its digestibility in the intestines [11].

Acids improve the consumption of feed addi-
tives by ruminant animals due to their taste and
aromatic properties [12]. Additionally, the influ-
ence of ultrasound and acids alters the structure
of the sunflower husk’s solid fraction, promoting
better adhesion to the surface of the feed by bac-
teria [13, 14].

The purpose of this research is to investigate
the efficiency of using sunflower husk waste as
an alternative animal feed and as a feed additive
that encourages a shift in bovine rumen micro-
bial zymolysis towards more efficient microbial
pathways.

MATERIAL AND METHODS

The research was conducted at the Feder-
al Research Centre of Biological Systems and
Agrotechnologies of the Russian Academy of
Sciences.

Research Objects:

— control group: finely ground sunflower husk
(0.01 cm);

— 1st experimental group: cavitated husk
treated with ultrasound and water in a 1:3 ratio
(husk:water);

— 2nd experimental group: cavitated husk +
lactic acid in a 1:3 ratio.

The chemical composition of sunflower husk
before and after ultrasonic treatment, as well as
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in combination with lactic acid, had the follow-
ing composition (see the table).

The obtained samples after drying (105 °C)
were used in in vitro studies with rumen fluid
in a Daisy D200I incubator (an artificial rumen
analog) from Ankom Technology (USA).

Rumen fluid from cattle was collected through
a chronic fistula. The age of the animals was 12
months, and the breed was Kazakh white-head-
ed. Measures were taken during the research to
minimize animal suffering and reduce the num-
ber of the samples used.

The taxonomic composition of the rumen
contents was determined using NGS sequencing
on a MiSeq instrument from Illumina (USA).
Genomic DNA was extracted using a chemical
extraction method, and its concentration was de-
termined using the Qubit 2.0 fluorometer with
high sensitivity dsDNA analysis (Life Technolo-
gies). DNA 16S libraries were prepared accord-
ing to the Illumina workflow with primers tar-
geting the V3 and V4 regions of the SSU rRNA
gene, such as the forward primer SD-Bact-0341-
bS-17 and reverse primer SD-Bact-0785-aA-21.

The results obtained from the research were
processed using the Microsoft Office suite, par-
ticularly Excel, and data analysis was performed
using Statistica 10.0.

RESULTS AND DISCUSSION

During the incubation of cavitated sunflow-
er husk and cavitated sunflower husk combined
with lactic acid in the “artificial rumen” model,

XUMHUYECKUI COCTaB OJCOIHEYHOH J1y3ru, %o
Chemical composition of sunflower husk, %

Husk
Mass fraction ground . cavitated +
sunflower | cavitated lactic acid
(control)
Crude fat 4,12 1,55 2,50
Dry matter 93,2 71,2 87,4
Crude protein 5,38 10,7 5,25
Crude fiber 50,9 45,1 50,2
Crude ash 2,40 2,00 3,20
Calcium 0,24 0,30 0,30
Phosphorus 0,10 0,10 0,10
Sugar 1,90 1,40 0,70
Starch 3,80 2,20 1,10

an increase in the representatives of the class
Flavobacteriia by 5.43% and 3.93%, Elusimi-
crobia by 3.77% and 3.98%, and Gammaproteo-
bacteria by 11.75% and 10.07%, respectively,
was observed after 6 hours. Meanwhile, there
was a decrease in the abundance of bacteria in
the class Bacteroidia by 5.72% and 2.63%, and
Clostridia by 3.26% and 2.20%, respectively,
relative to the control (see Figure 1). On the
contrary, in the time exposure of 12-24 hours, an
increase in bacteria in the class Bacteroidia by
3.30-4.90% and 8.29-11.28%, and Clostridia by
1.66-1.50% and 2.74-3.27%, respectively, was
observed relative to the control.

At the class level, bacteria belonging to the
phylum Bacteroidetes predominated in the
groups.

The taxonomic diversity of the rumen micro-
biome at the order level determines the temporal
aspect at 6, 12, and 24 hours (see Figure 2).

After 6 hours of incubation in the experimen-
tal groups (cavitated husk and cavitated husk
with lactic acid), an increase in the representa-
tives of the order Flavobacteriales by 5.43%
and 3.93%, and Elusimicrobiales by 3.77% and
3.98%, respectively, was observed relative to the
control. These groups also showed a numerical
decrease in Bacillales by 0.11% and 0.21%, and
Clostridiales by 3.26% and 2.20%, respectively,
compared to the control.

After 12 hours of incubation, the highest nu-
merical values were recorded for the orders Bac-
teroidales at 3.30% and 4.90%, and Clostridi-
ales at 1.66% and 1.50%, respectively, relative
to the control group. A decrease in the orders
Bacillales by 0.37% and 0.40%, and Pseudomo-
nadales by 8.30% and 10.0% compared to the
control was also observed.

After 24 hours of incubation, an increase in
the numerical values of the order Bacteroidales
by 8.29% and 11.3%, and Bacillales by 3.79%
and 5.34%, respectively, was found in the exper-
imental groups compared to the control sample.

The species diversity of the rumen fluid mi-
crobiota throughout the experiment showed a
similar trend in the percentage ratio of bacteria
in the experimental groups compared to the con-
trol (see Figure 3).
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In the time interval of 6 h of in vitro incuba-
tion, Prevotella species prevailed in all groups,
but in the experimental groups it was more abun-
dant: by 2.65% (cavitated husk) and by 3.33%
(cavitated husk + lactic acid), in the interval of
12 h - by 3.07 and 2.66%, 24 h - 3.14 and 3.0%,
respectively, relative to the control. This may be
due to the fact that the experimental additives af-
ter exposure to ultrasound and lactic acid recon-
struct the bacterial ecosystem of the rumen, espe-
cially the decomposition of fiber and starch [15].

The introduction of experimental additives
led to a reduction in the population of Acine-
tobacter species in the 1st experimental group
by 1.28 (6 hours) to 18.06% (24 hours) and in
the 2nd experimental group by 3.37 (6 hours) to
19.67% (24 hours). Similarly, the population of
Butyrivibrio species decreased in the 1st exper-
imental group by 0.17 (6 hours) to 1.15% (24
hours) and in the 2nd experimental group by
0.16 (6 hours) to 1.01% (24 hours) relative to
the control.

genus ,%

e R
o o [
= R
= 1

=

H
0 10 20 30
m Bacteroides m Paraprevotella
= Millionella Chryscobacterium
m Massilibacterium mBacillus
m Succiniclasticum ®m Comamonas

In the 6-12 hour time interval, the species
Bacillus was absent in all groups, and after 24
hours, the experimental groups showed this spe-
cies ranging from 0.5 to 1.5% of the total bacte-
rial count in the sample.

It was observed that during the 6-hour expo-
sure, the quantitative content of Clostridia bac-
teria decreased in the 2nd experimental group
compared to the control, while after the 12-24
hour exposure, there was an increase in Clostrid-
ia bacteria by 2.74-3.27% relative to the con-
trol. This increase might be due to the treatment
of cavitated husk with lactic acid, which leads
to an increase in the number of lactate-utilizing
families in the Clostridia class after 12—24 hours
of exposure [16]. The introduction of cavitated
sunflower husk and cavitated husk with lactic
acid contributes to an increase in the diversity of
bacterial classes belonging to the phylum Bac-
teroidetes. Scientists have found that the Bac-
teroidetes phylum is one of the major bacteria
involved in the production of short-chain fatty
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Fig. 3. Change in the bacterial abundance of the species (in the temporal aspect of 6 - 24 hours) in the
rumen fluid when cavitated sunflower husks are included in the diet, both separately and together with

lactic acid, %
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acids [17], and it is more numerous in commu-
nities associated with the rumen epithelium or
adhered to the surfaces of feed particles [18].

The determining factor for the better pro-
ductive effect of feed additives based on oil ex-
traction waste, activated by various methods, in
combination with ultrasonic treatment on the di-
gestive process is the lower bacterial saturation
of the rumen, resulting in a simpler metabolic
pathway. This leads to an increase in the concen-
trations of certain enzymatic substances respon-
sible for the digestibility of nutrients [19].

CONCLUSION

In the 6-hour in vitro incubation, the species
Prevotella predominated in the experimental
groups with an increase of 2.65% (cavitated
husk) and 3.33% (cavitated husk + lactic acid)
compared to the control. This increase is like-
ly due to the reconstruction of the rumen bac-
terial ecosystem, especially the degradation
of cellulose and starch, after the application of
ultrasound and lactic acid. The incubation of
cavitated sunflower husk, either separately or
combined with lactic acid, in the rumen fluid of
cattle affects the taxonomic diversity of bacteria
with a predominance of those belonging to the
phylum Bacteroidetes, particularly an increase
in the number of representatives of the class Fla-
vobacteriia.
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IOPEKTUBHOCTH UCITOJIB30OBAHUS KOPMOBOMW MYKHU
ZAKUBOTHOI'O ITPOUCXOXAEHUSA ITPU BBIPAIIIMBAHUN
HBIIAT-BPOUJIEPOB KPOCCA POCC-308

Peiimep B.A., ) KusizeB C.II., KoBasues I'.B.

Hoeocubupckuii 2ocyoapcmeeHblil azpapHulil YHUsepcumenn
() e-mail: knyser@rambler.ru

[IpencraBnens nccienoBanus Mo 3(pGEeKTUBHOCTH MPUMEHEHHS KOPMOBONH MYKH COOCTBEHHOTO
IIPOM3BOACTBA, IPUTOTOBJICHHOM 13 OTXOJO0B NTHULIEBOACTBA, B KAYECTBE MHIPEINCHTA PALIUOHOB IS
KOpPMJICHUS LBIUIAT-0poiinepos. HayuHo-X03gHCTBEHHBIN M (PU3MOIOrMYECKUI OMIBITHI IPOBEACHBI B
MIPOM3BOJICTBEHHBIX ycnoBusix HoBocubupckoit oonactu B 2021, 2022 rr. OOBEKTOM HCCIICAOBaHUS
ObuTH IBILIsITa-Opoiinepsl kpocca Pocc-308 B Bozpacte ot 5 10 40 cyT. B panmone kopmiieHHs KOHT-
POJIBLHOM IPYTIIIBI HCTIONB30BAIN MACO-KOCTHYIO MKy B KOMH4YecTBe 5% OT CTPYKTYphI pallioHa, KOTO-
PYIO B IByX ONBITHBIX TPYTIIax 3aMEHSIN HAa KOPMOBYIO MYKY KHBOTHOTO IPOUCXOXKICHNSI COOCTBEH-
HOT'O MPOU3BOJICTBA, CTEPUIIM30BAHHYIO MPU PA3TUYHBIX TEMIIEpaTyPHbIX pexkumax. B 1-i1 onbITHOM
TpyTIIe MOJIOJTHSK MOTPEOIsIT KOPMOBYIO MYKY, CTEpHIIN30BaHHYIO 1pH Temreparype 135 °C, Bo 2-i
onbITHOM — nipu 150 °C. Crepunuzanuro ocymectsisiu B kotie BC 10 000. ITonyuennsie naHHbIE
CBUJICTENLCTBYIOT, UTO KHBasi Macca LBIIUIAT-OpoiiyiepoB OblIa BEICOKOH BO BCEX TPyIMIax, MPU ATOM
MOJIOJTHSIK KOHTPOJIBHOM U 1-1 ONBITHOM TPYIIN IO KMBOM Macce JOCTOBEPHO MPEBBIIIAN NTUILY 2-i
onbITHOHM Ha 3,1 11 2,6% (p < 0,05). DHEprus pocta, COXpaHHOCTH MOTOJIOBBS M 3aTPATHI KOPMOB OBLITH
ONMM3KUMHU BO BCEX TPYIIIAX W HaXOMWINCh Ha ypoBHe 71,1-73,4 1, 97,0-98,0% u 1,49-1,56 xr Ha
1 Xr npupocTa COOTBETCTBEHHO. IlepeBapuMOCTb CHIPOTO NMPOTEHHA U KUpa OblIa BHICOKOH, Pa3iiu-
YUl MEXAY TpyNIaMy He3HauuTeNbHbI. [lepeBapuMocTh ChIpOil KIETUaTKH OTMEUYEHA MPaKTUYECKU
OJIMHAKOBOW B KOHTPOJILHOW U 1-ii ONBITHOH Tpymnmnax, BO 2-i ONBITHONW OHa yMeHbIIMIach Ha 1% 1o
OTHOWICHUIO K KOHTPOJbHOH (p < 0,05). MakcumanbsHbIil yOOHHBIH Bbixon Msica (75,8%) oTMedeH B
1-i1 ONBITHOM TPYTITIE, B KOHTPOJIBHOM 3TOT TIOKA3aTeNb OKa3aJics HEeMHOTO MeHbIne (Ha 2,3%). Bo 2-if
OTIBITHOHM OH OBLT HIKE ITO CPAaBHEHHUIO C KOHTPOJIbHOU M ONBITHOH rpymmamu Ha 3,0 (p < 0,05) 1 4,3%
(p < 0,01) coorBercTBeHHO. BO 2-i1 ONBITHOI TpyIiIie WHAECKC MPOAYKTUBHOCTH OKA3aJICSd HUXKE 10
CPaBHEHHMIO C APYTHMH IpyniaMu. JKOHOMUYEcKas 3(HeKTUBHOCTD ObljIa BBICOKOW BO BCEX IPyMNIax,
OJTHAKO MPH CKapMJIMBAaHHH MOJIOAHSKY KOPMOBOM MYyKH, cTepuinioBanHol nipu 135 °C, ahdexTus-
HOCTb ITPOU3BO/ICTBA YBeIHUMiIach Ha 16%.

KaroueBble cioBa: mpIuIsTa-0poiiiepsl, MPUPOCT JKUBOM MAacChl, KOPMOBass MyKa >KHBOTHOTO
MIPOMCXOXKICHUsI, YOOHHBII BBIXOA, PEHTA0EIbHOCTh NIPOU3BOICTBA, HHAEKC MPOAYKTUBHOCTH, KOH-
BEpCHs KopMa

EFFICIENCY OF USING FODDER MEAL OF ANIMAL ORIGIN
IN THE REARING OF BROILER CHICKENS OF THE ROSS-308 CROSS

Reymer V.A., <) Knyazev S.P., Kovalev G.A.

Novosibirsk State Agrarian University
(<)e-mail: knyser@rambler.ru

Studies on the effectiveness of the use of fodder meal of own production prepared from poultry
waste as an ingredient of diets for feeding broiler chickens are presented. Scientific-economic and
physiological experiments were carried out under production conditions in the Novosibirsk region in
2021, 2022. The object of the study were broiler chickens of the Ross-308 cross from 5 to 40 days of
age. In the diet of the control group meat and bone meal in the amount of 5% of the diet structure was
used, which in the two experimental groups was replaced by animal fodder meal of own production
sterilized at different temperature regimes. In the 1st experimental group young animals consumed
fodder meal sterilized at 135 °C, in the 2nd experimental group - at 150 °C. Sterilization was car-
ried out in the boiler BC 10,000. The data obtained indicate that the live weight of broiler chickens
was high in all groups, with the young birds of the control and 1st experimental groups significantly
exceeded the 2nd experimental group by 3.1 and 2.6% (p <0.05) in terms of live weight. Energy of
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Pocc-30
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growth, keeping stock and feed expenses were close in all groups and were at the level of 71.1-73.4 g,
97.0-98.0% and 1.49-1.56 kg per 1 kg of growth respectively. Digestibility of crude protein and fat
was high, differences between groups were insignificant. Digestibility of crude fiber was almost the
same in the control and Ist experimental groups, in the 2nd experimental group it decreased by 1%
relative to the control (p < 0.05). The maximum slaughter yield of meat (75.8%) was observed in the
Ist experimental group, while in the control group this indicator was slightly lower (by 2.3%). In the
2nd experimental group, it was lower compared to the control and 1st experimental groups by 3.0 (p <
0.05) and 4.3% (p < 0.01), respectively. In the 2nd experimental group, the productivity index was
lower compared to the other groups. Economic efficiency was high in all groups, but production effi-
ciency increased by 16% when feed flour sterilized at 135 0C was fed to young animals.

Keywords: broiler chickens, live weight gain, fodder meal of animal origin, slaughter yield, prof-
itability of production, productivity index, feed conversion
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INTRODUCTION

Poultry farming in Russia is one of the most
dynamically developing branches of animal
husbandry with economically positive produc-
tion outcomes [1]. The efficiency of production
largely depends on the proper and balanced
feeding of birds, as feed constitutes 65-75% of
the cost structure. In order to increase productiv-
ity, product quality, and reduce its cost, various
production techniques are employed. This in-
cludes the use of feed additives and biologically
active substances that enhance nutrient digest-
ibility and normalize the physiological state of
the organisms [2-6]. Utilizing byproducts from
different production processes to improve the
completeness of diets contributes to increased
poultry productivity! and reduced production
costs [7-9].

The relevance of this study lies in investigat-
ing the possibility of replacing meat and bone
meal in the feed ration with feed meal of its own
production. This feed meal is prepared from
non-infectious waste of poultry farming, such
as slaughter, incubation, and non-infectious bird

mortality. The study compared the meal steril-
ized under various temperature regimes.

The purpose of this study is to examine the
impact of animal-origin feed meal on the eco-
nomic efficiency of raising broiler chickens for
meat production. The research tasks included
determining the live weight of broiler chickens
receiving a ration with the addition of feed meal,
average daily growth, digestibility, feed costs for
produced goods, meat quality, and the economic
efficiency of its production.

MATERIAL AND METHODS

Scientific, economic, and physiological ex-
periments were conducted at the poultry farm
of the “Novosibirsk Poultry Factory” in the No-
vosibirsk region in 2021 and 2022. The subject
of the research was Ross-308 crossbred broiler
chicks. The chicks were raised in battery cages
from 5 to 40 days of age (see Table 1).

The groups of chicks were formed using the
method of age, weight, and origin analogs. The
microclimate, lighting regime, and stocking
density were consistent across all groups and

'Alekseeva Z.N., Reimer V.A., Sivilgaev A.V., Klemeshova LY., Chupina L.V. Activated fodder from grain production wastes.

Novosibirsk: NSAU, 2009. 134 p.
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complied with the standards for this crossbreed’s
chicks?. The animal-origin feed meal was pro-
duced according to the Haarslev company’s
technology.

Presented diet density on crude protein (22-
20% for the most part of the growing period)
corresponded to the norms, in which it is rec-
ommended to provide its content in the diet of
broilers at the age of 21-27 days at the level of
19,94%? .

Sterilization of the obtained meal was carried
out in the VS 10,000 boiler under two different
temperature regimes. The quality and nutritional
value of the feed meal and poultry meat were
determined in the chemical laboratory of NSAU.
The nutritional value of the diet was the same for
all groups but varied with the age of the broilers
during the rearing process (see Table 2).

The live weight of Ross-308 crossbred broil-
er chicks was determined by weighing them at
various growth stages. Feed conversion was cal-
culated by daily recording of the feed provided
and leftovers. Nutrient digestibility was assessed
through balance experiments using 5 chicks
from each group at 28 days of age. The viability
of the chicks was monitored daily by recording
mortality. Slaughter yield and meat quality were
determined based on the results of controlled
slaughter in the farm’s slaughterhouse.

Absolute average daily weight gain, produc-
tivity index, and economic efficiency were de-
termined using a computational method. The
digital data obtained during the research were
processed using the method of variation statis-
tics with the Microsoft Excel software.

Tao6a. 1. Cxema onwita (2 = 100)
Table 1. Experiment scheme (= 100)

Group Poultry feeding

Control BD (basic diet used on farms, including
5% of industrially produced meat and
bone meal)

Ist experi- | BD + 5% feed meal sterilized at 135 °C

mental (instead of meat and bone meal)

2nd experi- |BD + 5% feed meal sterilized at 150 °C

mental (instead of meat and bone meal)

Taba. 2. CTpykTypa ¥ TUTATEIbHOCTH OCHOBHOTO
paIoHa IbILIIT-OpOMIepOB

Table 2. Structure and nutritional content of the
basic diet of broiler chickens

Component, % Rearing period, days
5-20 | 21-27 | 28-40
Forage wheat 47,0 | 47,0 | 47,0
Barley 7,0 15,0 | 11,0
Wheat bran - 2,5 -
Full-fat toasted soybeans 10,0 | 10,0 5,9
Sunflower oil cake 15,0 5,0 15,0
Meat and bone flour 5,0 5,0 5,0
Fish flour 4.5 8,0 -
Bakery yeast 5,0 - 5,0
Sunflower oil 4.4 4.5 7,0
Monocalcium phosphate 0,4 0,4 0,6
Limestone flour 0,2 1,2 2,1
Table salt 0,3 0,2 0,2
Premix PK-1 (farm order) 1,0 1,0 1,0
Gravel 0,2 0,2 0,2
Feed mixture content in 100 g, g
Exchangeable energy, MJ 1,243 | 1,265 | 1,283
Crude protein 22,17 | 20,0 | 18,1
Crude fiber 5,07 4.7 5,1
Linoleic acid 2,61 1,63 | 2,02
Calcium 1,09 1,1 1,2
Total phosphorus 0,78 0,7 0,71
Digestible phosphorus 0,52 | 0,6 0,6
Sodium 0,24 | 0,21 | 0,20
Lysine 1,1 0,75 | 0,85
Methionine + cystine 0,75 | 0,72 | 0,72
Tryptophan 0,27 | 0,16 | 0,19
RESULTS AND DISCUSSION

Animal-origin feed meal obtained under var-
ious sterilization conditions is characterized by
high quality: in terms of appearance, it is a gran-
ulated product, free from dense, non-dispersing
lumps upon pressure, with a specific smell; the
meal is non-toxic, with a total bacterial count not

*Material and methodology of experiments (scientific research) // Methods of scientific and production research on poultry

feeding / edited by V.I. Fisinin. Sergiev Posad, 2013. pp. 5-31.

3Guidelines for raising and maintaining broiler stock. http: ru.aviagen/com/assets/TechCenter/BB_Foreign Language Docs/

RUS_TechDocs/08a-Ross-308-Broiler-PO/pdf
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exceeding 3.4 x 105 CFU per 1 g. Thus, it com-
plies with the requirements of the GOST*.

The nutritional content of meat and bone
meal and animal-origin feed meal included in
the diets for the three broiler groups is presented
in Table 3.

The raw protein content in the animal-origin
feed meal used in feeding the broiler chicks of
the 1st experimental group was 48.5%, and in
the 2nd experimental group, the content of this
nutrient slightly decreased.

Crude fiber in the diets of the experimental
groups was 0.6% and 0.61%, respectively, while
the control group’s diet lacked it. The crude fat
content in the experimental groups was nearly
the same (about 9%). In the control group’s diet,
which used industrial meat and bone meal, it
was higher by 1.2-1.3%. The content of amino
acids and minerals in all groups was virtually the
same.

The data obtained in our experiment regard-
ing the quality of animal-origin feed meal align
with similar parameters reported in studies by
other authors [10, 11]. The experiment estab-
lished that feeding animal-origin feed meal al-
lows obtaining broiler chicks with live weights
ranging from 2633 to 2703 g at 40 days of age.
Table 4 presents data on the dynamics of live
weight for the control and experimental chicks.

The live weight of the chicks differed at the
end of the rearing period in all three groups.
The highest weight (2715 g) was observed in

Taoua. 3. [TutatenbHOCTb MACO-KOCTHOM M KOPMO-
BOH MYKH KHBOTHOTO TIPOUCXOKICHHS, %0

Table 3. Nutritional value of meat and bone and
fodder meal of animal origin, %

Group

Indicator Ist experi- | 2nd experi-
control mental mental
Crude protein 48.0 48,5 48.0
Crude fiber _ 0,60 0,61
Crude fat 10,5 9,3 9,2
Lysine 2,37 2,41 2,22
Methionine + cystine 1,05 1,02 1,01
Calcium 6,51 6,81 6,43
Phosphorus 3,28 3,33 3,12
Finished product out- 36.0 34.6
put -

the control group of broiler chicks that were
fed 5% industrial meat and bone meal as part
of their compound feed. In the 1st experimen-
tal group (with locally prepared feed meal add-
ed to the diet, sterilized at 130°C), this indicator
was slightly and insignificantly lower (by 12 g),
amounting to 2703 g. When using animal-origin
feed meal sterilized at 150°C, the live weight of
broiler chicks at the end of the feeding period
was significantly (p < 0.05) lower than in the
control and 1st experimental groups, by 3.0%
and 2.6%, respectively. This difference may be
attributed to the higher sterilization temperature
of the meal [9].

The growth energy of the chicks was main-
tained at a high level when using meat and bone
meal and animal-origin feed meal. Table 5 pres-
ents data on the average daily growth of the
broilers. This indicator varied over growth pe-
riods both in terms of age and between groups.
In the first 5 days of chick growth, this measure
was higher in the control group compared to the
Ist experimental group by 3.4%, and compared
to the 2nd experimental group by 6.1%.

As the chicks’ age increased, their growth en-
ergy changed. Until the 30th day of rearing, the
broilers in the control group outperformed the
young birds in the experimental groups in terms
of average daily gain. However, during the 31—
40-day period, the energy for growth was slight-
ly higher (by 1.7%) in the 1st experimental group
(with feed meal sterilized at 130°C) compared to
the control group, and significantly higher (by
8%) and significantly more pronounced (p <

Ta6a. 4. )Kusas macca UBIIIAT-OpOIEPOB KPOC-
ca Pocc-308, T

Table 4. Live weight of broiler chickens of the
Ross-308 cross, g

Poultry's Group
age, Ist experimen- | 2nd experi-
days control tal mental
5 144,5+ 6,1 145+5,4 144 £ 6,7
10 310,0 £ 8,6 305 £8,7 300+9,3
20 915,1 £16,9 905+ 17,5 883 £ 18,6
30 1845,0£22,1 | 1800+20,1 | 1794+ 21,3
40 2715,0 £25,1% | 2703 £22,2" | 2633 £26,5
p <0,05.

*GOST 17536-82 Animal feed flour. Technical conditions. Moscow: Standards Publishing House, 2002.
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Ta6a. 5. CpeaHeCcyTOUHBIH IPUPOCT KUBOWU MACCHI IBITLIAT-OPOMUICPOB, T

Table 5. Average daily live weight gain of broiler chickens, g

Rearing period, days
Group 6-10 11-20 21-30 31-40 640
Control 33,1 +£0,68 60,5+ 1,64 93,0+ 1,45 87,0+ 1,65 73,4+1,53
Ist experimental 32,0+£0,75 60,0 £ 1,1 89,5+1,2 90,3 £ 1,75 73,1 £1,61
2nd experimental 31,2+0,9 58,3 +£2,1 91,1 £1,7 83,1 £2,11 71,1 £1,11

0.05) than in the 2nd experimental group. Over
the entire rearing period (from 6 to 40 days), the
values of absolute average daily gain were sim-
ilar between the control and 1st experimental
groups, differing by only 0.3 g (0.4%) in favor of
the control. A trend of lower growth energy was
observed in the 2nd experimental group com-
pared to both the control and 1st experimental
groups, by 3.1% and 2.8%, respectively.

An important indicator determining the effi-
ciency of poultry meat production is feed con-
sumption per 1 kg of live weight gain (see Ta-
ble 6). The obtained data indicate an increase in
feed consumption per unit of production with
the age of the birds in all groups. Variations in
this indicator among the groups over the rearing
periods of the chicks and overall for the entire
rearing cycle were insignificant. A substantial
increase in feed consumption for production
was observed in the 2nd experimental group
from day 28 to 40. Throughout the rearing pe-
riod, the trend of decreasing feed conversion
ratio for production was maintained in the 2nd
experimental group. While the control and Ist
experimental groups had a feed consumption of
1.49 and 1.50 kg per 1 kg gain, respectively, the
2nd group’s consumption was higher by 4.7%
and 4.0%, respectively.

The trend of increasing feed consumption for
production is also supported by the results of
the analysis of nutrient digestibility in the three
studied broiler groups (see Table 7). The digest-
ibility of raw protein and raw fat in all groups
remained at a high level, ranging from 78.8% to
82.3% for protein and 70.7% to 74.2% for fat.
The reduction in digestibility of crude fiber in

the experimental groups compared to the control
group was due to the presence of a small amount
of crude fiber in the animal-origin feed meal.
This fiber hindered more complete hydrolysis®
compared to industrial meat and bone meal,
which was completely devoid of fiber.

This circumstance is not a limiting factor
when assessing the prospects of using substi-
tutes for industrial meat and bone meal based
on the in-house processing of by-products by
poultry enterprises, which reduces the expenses
for purchasing additives and contributes to the
increased efficiency of the industry®.

Our research has shown that feeding ani-
mal-origin feed meal did not have a negative im-
pact on the viability of broiler chicks. The sur-
vival rate of the chicks during the rearing period
was high and remained at a level of 97.0-98.0%
across all groups. The use of feed meal with a
sterilization temperature of 135°C increased the
survival rate by 0.5% and 1.0% compared to the
control and 2nd experimental groups.

The quality of the obtained products when us-

Tabua. 6. 3arparsl KOpMOB Ha IPUPOCT KUBOH
Macchl UBIUIAT-OpOHIEpOB, KT

Table 6. Feed costs for live weight gain in broiler
chickens, kg

Poultry rearing period, days
Group
620 | 2127 | 2840 | 640
Feed conversion

Control 1,25 1,5 1,65 1,49
Lst experi- 126 | 142 | 169 | 150
mental
2nd experi- 124 | 158 | 178 | 1,56
mental

STestar R.F., Karkalas J., Kee C. Starch structure and digestibility. Enzyme-substrate relationship // World’s Poultry Science

Journal. 2004. vol. 60. no. 2. pp. 257-258.

*Volik V., Zinoviev S., Ismailova D., Erokhina O. Meat and bone meal - by new technology. Animal Husbandry of Russia. April

2016. pp. 9-10.
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Ta6a. 7. IlepeBapruMOoCTh TUTATETHLHBIX BEIIECTB, %0

Table 7. Digestibility of nutrients, %

Group
Indicator Ist experi- | 2nd experi-
control
mental mental
Crude protein 823+32 | 81,2+2,7 | 78,8+2,3
Crude fat 73,5+£2,8 | 742+32 | 70,7+2,6
Crude fiber 8,7+03" | 7,9+06 | 7,7£04
p <0,05.

ing animal-origin feed meal at different steriliza-
tion temperatures varied (see Table 8).

At the same time, different diets did not
have a significant effect on the meat yield, with
fluctuations being minor, ranging from 72.7%
to 75.8%. However, the quality of the broiler
meat was highest in the 1st experimental group,
among which the percentage of first-grade car-
casses reached 87.1%. In the 2nd experimental
group, this percentage was significantly lower,
by 3.0% and 4.3% compared to the control (p
< 0.05) and 1st experimental group (p < 0.001),
respectively.

At the end of the experiment, an economic
analysis of broiler rearing was conducted based
on the productivity index and the economic effi-
ciency of production.

The highest productivity index was observed
in the Ist experimental group, where broilers
consumed compound feed with feed meal ster-
ilized at 135°C, and in the control group, where
industrial meat and bone meal was fed to the

birds. In the 2nd experimental group, which was
fed animal-origin feed meal sterilized at 150°C,
the productivity index decreased by 7.5% and
7.3%, respectively.

Feeding broiler chicks with different types of
feed meal led to changes in the economic effi-
ciency of production. The cost of producing 1 kg
of feed meal on the farm during the experiment
was 137 rubles, while the cost of industrial meat
and bone meal purchased by the farm during the
same period was 293 rubles per 1 kg. Calcula-
tions based on commonly accepted methodol-
ogy showed that the level of profitability when
feeding a diet with animal-origin feed meal ster-
ilized at 135°C (1st experimental group) was
16.6% higher than the profitability in the control
group (using industrial meat and bone meal),
and 16.4% higher than the profitability in the
2nd experimental group, which used animal-or-
igin feed meal with a sterilization temperature
of 150°C. The decrease in profitability in the
2nd experimental group occurred due to the re-
duction in the live weight of the chicks and the
decrease in the quality of the products, while in
the control group it was due to the high cost of
industrial meat and bone meal compared to the
less expensive self-prepared feed meal.

CONCLUSION

Incorporating 5% animal-origin feed meal
from poultry farming waste into the diet of
broiler chicks with a sterilization temperature of
135°C instead of industrial meat and bone meal

Ta6a. 8. KadecTBo npoAyKuuu mpu CKapMIMBaHUH LBIIISITaM-OpoiiiepaMm MIcO-KOCTHOH MYyKH H KOp-

MOBOM MYKHU KUBOTHOT'O IPOUCXOKICHUA

Table 8. Product quality when feeding broiler chickens with meat and bone and fodder meal of animal

origin
Indi Group
ndicator control Ist experimental 2nd experimental
Average live weight of 1 head, g 2697 £ 24,1 2691 +£222 2643 £26,5
Weight of gutted carcass, g 1982 £ 23,1 2040 +£21.8 1914,2 £ 22,3
Slaughter yield, % 73,5+ 0,96 75,8 1,08 72,7+1,25
i L /0.
first category 85,8 +1,04* 87,1 £ 1,11** 82,8 +£1,08
second category 14,2 +£ 0,64 12,9 +0,78 17,2 £0,57**
*p <0,05.
#%p < 0,01.
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allows for a 2.3% increase in slaughter yield, a
1.3% improvement in meat quality, and a 16.6%
increase in profitability compared to using a stan-
dard diet with meat and bone meal. This method
of preparing feed meal appears to be the most
optimal, while higher-temperature sterilization
of feed meal results in a decrease in nearly all
considered indicators of broiler poultry produc-
tion efficiency using the Ross-308 crossbreed as
an example. The obtained results confirm recent
conclusions by Academician V.I. Fisinin [12]
on the importance of applying resource-saving
technologies when organizing poultry feeding
based on their genetic background (original
lines, parents, hybrids).
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! lenapmamenm eemepunapuu Pecnybnuxu Caxa (Axymus)

Pecrry6Omuka Caxa (Skytust), Poccust

24Cubupcruil pedepanvubiil Hayunwvlil yenmp azpobuomexnono2utl Poccutickoii akademuu nayk
Hosocubupckas obracms, p.n. Kpacnoobck, Poccus

S Apkmuueckuil 20cy0apcmeenHblil a2pomexHoNI0SUeCKUll YHUSEPCument

Pecny6nuka Caxa (Sxytust), Poccus

(<)e-mail: mr.lukich2010@yandex.ru

[IpencraBiensl pe3yiabraTsl Kiaccupukanuyi WH(GEKINOHHBIX 00JIe3HEeH CellbCKOX03HCTBEHHBIX
YKUBOTHBIX, pACTIPOCTPaHEHHBIX Ha TeppuTopuu Pecryomuku Caxa (SkyTust) 3a mepuon 2001-2021 rr.
YCTaHOBIIEHO, YTO HA TEPPUTOPUH SIKYyTHH B 3NTM300THYECKOM MPOIIECCE YyIacTBOBAIO 42 HO30JI0TH-
YeCKHe eUHMLBI O0Ne3HeH KUBOTHBIX. MH(EKInu KpyImHOro poraTtoro CKOTa BBI3BIBAIOT 18 BUIOB
BO30ynuTeseH, gomaneit — 12, ceBepHBIX JOMAITHUX ojieHell — 4, ceuner — 10, ntur — 11, Mmenkoro
poraroro ckoTa — 3, MyIIHbIX 3Bepeit — 7, Mpounx BUAOB KUBOTHEIX — 9. [1o ximaccudukammun MOB,
B SIkyTuu pacnpoctpaneHo 10 Ho3ohopm OonesHel — OemeHcTBO, OpyIiesie3, BUpyCHas TeMopparu-
Yyeckasi CenTHIIeMHUs, NH(EKIIMOHHAs aHeMUs Jolaiel, MHPEKITMOHHBI OPOHXHUT Kyp, HH(EKIHOH-
HBI PUHOTPAXEHUT KPYITHOTO POTATOrO CKOTa, NaparyOepKyles, nacrepeiuies u TyOepkyses. 3aperu-
CTPUPOBaHbI OOJIC3HH, HE OTpakeHHbIE B criucke MOb, B ToM uncie Gone3Hr Mapeka, Tu3eHTepus
CBUHEH, KOJINOAKTEPUO3, ITAPBOBUPYCHBIN SHTEPHT, CaTbMOHEIIE3, POXKa CBUHEH, SM(pU3EMaTO3HbIH
KapOyHKyi. P HO30(hopM, pacTipocTpaHeHHBIX B SIKYTHH, OTHOCHTCSI K 0CO00 OTIAaCHBIM OOJIC3HSM,
10 KOTOPBHIM MOTYT YCTaHABINBATHCS OTPAaHUYUTEIbHBIE MEPONpUATHS (KapaHTHH). K HUM oTHOCSTCS
AKTUHOMUKO3, OEIeHCTBO, Opyliemie3, HHOEKIIMOHHAS aHEeMHUS JIOIIA e, MHPEKIIMOHHBIA OPOHXUT
KyP, HTHQEKINOHHBIA PUHOTPAXEHUT KPYITHOTO POTraToro CKOTa, JISHKO3 KPYITHOTO pOraToro CKOTa, JieT-
TOCIHPO3, TTapaTyOepKylie3, poxka CBUHEH, TYOepKyIie3 U YyMa IUIOTOSIHbIX. Psiay Oonesnett (0ose3Hb
Mapexka, WHOEKIMOHHBIN T'eNaTUT TUIOTOSAHBIX, JICHKO3 KPYITHOTO POraToro CKOTA, MBIT JIOMIAJCH,
OpPHUTO3 ITHUI], CHHIPOM CHIDKEHHS SIMIIEHOCKOCTH, poka CBUHEH M 3M(H3eMaTo3HbIN KapOyHKYI)
CBOMCTBEH TOJBKO OJIMH BHJI )KUBOTHBIX. MHOTUM WH(EKINAM TPHUCYIIIA TIEPCUCTEHIINS BO3OYIUTE-
JIl B OPTaHWU3ME Pa3HBIX BUJOB CEIIbCKOXO3SHUCTBEHHBIX M MEJKHUX JIOMAIIHUX JKUBOTHBIX, IITHUI] U
npeacTaBuTeNel JUKOH (ayHbI, YTO ONpeAeIsIeT MEKBUIOBYIO CTEIICHb AMU300THYECKON OMacHOCTH
X UHekuuid. B SIkyTun npeBanupyioT MHPEKIUN OakTepHanbHOW 3THONOTHUH (OaKTepHO3bl) —
21 Ho3odopma. BupycHbie 6ose3Hn (BHpO3bI) MPeACTaBIeHbl 15 HO30()opMaMu, MUKOILUIA3MO3bl U
XJIaMUAMO3bI — 110 ogHOW. Hambonee MHOrOUHCIIeHHBI HHPEKITNU ¢ OCHOBHBIM aJIMMEHTAPHBIM, WUJIH
(hexaapbHO-OpaIbHBIM, criocoboM (22 Gone3nu). C mepenadeii BO3OyIUTENST BO3MYITHO-KATIEIbHBIM
WM PECIUPATOPHBIM IyTeM (OCHOBHOH) oTHeceHbl 10 mH(bekuuid, B TOM uucie WHQEKINOHHBIHI
arpoudeckuil pUHUT, MHOEKIUOHHBII PUHOTPAXEUT KPYIHOTO POTATOrO CKOTA, YyMa IUIOTOSHBIX.
TpaHcMHCCUBHYIO Tiepeady BO30yauTesl (C MOMOIIBIO IEPEHOCUYNKOB) XapaKTePU3YIOT aKTHHOMHU-
KO3 ¥ HH(EKIIMOHHASI aHEMHUS JIOIIAJICH; Yepe3 Hapy)KHbIC MOKPOBLI (0€3 y4acTHs IePeHOCUUKOB) — 5
0oJIe3HEeH, B TOM YHCIIe OAIaHOTIOCTUT W OermeHCTBO. [l GonbImrHCTBa BCeX WHMEKITHH, HAPSAY C
OCHOBHBIM MEXaHU3MOM Tepeaun BO30yAUTENsI, XapaKTepHBI OMH U OoJiee JTOTIOIHUTENbHBIX (Oe-
IIEHCTBO, 00e3Hh Mapeka, JIeHKo3 KPYITHOTO poraToro CKoTa, poxka CBUHeH u 1p.). 1o ucrounuky
BO30ynuTENs U1 Bcex OoJie3Hel (KTEHOHO3bI) UMM SIBIISIOTCS IOMAIIHIE )KUBOTHBIE, OHAKO MIPHU Ta-
KHUX HH(EKIHUX, KaK OCHIeHCTBO, Oosie3Hs Mapeka, BUpyCHast TeMOpparuieckasi CeNTHLEMHS, JIETITO-
CIHUPO3 U APYTUE, HAPATY C JIOMAITHUMHU JOTOTHUTEIHHBIM HCTOYHUKOM SIBJISIFOTCS TUKUE )KUBOTHBIE
(xreroTepuonossl). [lo BocnpummuuBocTH 60mbMHCTBO MH(pekmmid (30) oTHOCATCS K 300HO3aM,
CBOMCTBEHHBIM TOJIHKO YKHBOTHBIM, OCTaJbHBIE 12 — K ©ollee OMmacHBIM 300aHTPOITOHO3aM, OOIIMM
JUTSL dKUBOTHBIX U YEJIOBEKa.

Ki1ioueBble cj10Ba: celbCKOXO3SIMCTBEHHBIE JKUBOTHBIE, HO30JI0rH4YecKas popMa Oone3Hu, Kiac-
cudukaius
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NOSOLOGICAL PROFILE AND CLASSIFICATION OF INFECTIOUS DISEASES
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The results of the classification of infectious diseases of farm animals spread on the territory of

the Republic of Sakha (Yakutia) for the period 2001-2021 are presented. It was found that there were
42 nosological units of animal diseases involved in the epizootic process on the territory of Yakutia.
Infections in cattle are caused by 18 types of pathogens, horses - 12, reindeer - 4, pigs - 10, birds - 11,
small ruminants - 3, fur-bearing animals - 7, other types of animals - 9. According to the OIE classifi-
cation, 10 nosoforms of diseases are common in Yakutia: rabies, brucellosis, viral hemorrhagic septi-
cemia, equine infectious anemia, avian infectious bronchitis, infectious bovine rhinotracheitis, para-
tuberculosis, pasteurellosis and tuberculosis. Diseases not on the OIE list, including Marek’s disease,
swine dysentery, colibacillosis, parvoviral enteritis, salmonellosis, diamond-skin disease, blackleg
were registered. A number of nosoforms common in Yakutia belong to particularly dangerous diseas-
es for which restrictive measures (quarantine) may be imposed. These include actinomycosis, rabies,
brucellosis, infectious equine anemia, avian infectious bronchitis, infectious bovine rhinotracheitis,
bovine leukosis, leptospirosis, paratuberculosis, diamond-skin disease, tuberculosis and canine dis-
temper virus. A number of diseases (Marek’s disease, carnivorous infectious hepatitis, bovine leuko-
sis, horse strangles, avian ornithosis, egg drop syndrome, diamond-skin disease, and blackleg) are
peculiar to only one species of animals. Many infections are characterized by the persistence of the
pathogen in different species of farm and small domestic animals, birds and wildlife, which deter-
mines the interspecies degree of epizootic danger of these infections. Infections of bacterial etiology
(bacterioses) prevail in Yakutia with 21 nosoforms. Viral diseases (viroses) are represented by 15
nosoforms, mycoplasmosis and chlamydia - one each. The most numerous infections are those with
the main alimentary, or fecal-oral, route (22 diseases). Ten infections, including infectious atrophic
rhinitis, infectious bovine rhinotracheitis, distemper, are classified as airborne or respiratory (major)
pathogen transmission. Transmissive carry-over (by vectors) is characterized by actinomycosis and
infectious equine anemia; through the outer covers (without the participation of vectors) - 5 diseases,
including balanoposthitis and rabies. The majority of the infections are characterized by one or more
additional mechanisms of transmission (rabies, Marek’s disease, bovine leukemia, diamond-skin
disease, etc.) in addition to the main mechanism of transmission of the pathogen. According to the
source of the causative agent for all diseases (ktenonoses) they are domestic animals, but for such
infections as rabies, Marek’s disease, viral hemorrhagic septicemia, leptospirosis and others, along
with domestic animals, wild animals are an additional source (ktenotherionoses). In terms of suscep-
tibility, most infections (30) belong to zoonoses peculiar only to animals; the remaining 12 belong to
the more dangerous zooanthroponoses common to animals and humans.
Keywords: farm animals, nosological form of the disease, classification
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INTRODUCTION

The most important condition for achieving
sustainable development of the agro-industri-
al complex of the Republic of Sakha (Yakutia)
is the implementation of the measures on pre-
vention and elimination of infectious diseases
of farm animals, increasing the economic effi-
ciency of anti-epizootic measures, ensuring the
epizootic well-being of the republic and food
security.

The classification of infectious animal dis-
eases with the aim of grouping them based on
some common significant feature is relevant
in epizootiology. This is necessary to identify
common epizootiological characteristics within
these groups that have uniform characteristics,
which contribute to the optimization of diagnos-
tics, prevention, understanding the causes of the
emergence and spread of infections, and based
on this, develop the main directions of anti-epi-
zootic measures [1].

Such research becomes particularly relevant
when studying regional epizootiology, taking
into account the climatic and geographical char-
acteristics of the region, the composition of live-
stock industries, and the nosological profile of
infectious diseases.

Across the territory of Yakutia with its ex-
treme natural and climatic conditions for live-

stock management, the epizootic characteristic
of the peculiarities of epizootic processes has
been studied for certain infectious diseases of
farm animals, including Rangiferine brucellosis
[2-5], diseases of cattle [6], Siberian plague [7],
and strangles in horses' [8].

Research has also been conducted in several
regions of Russia on the classification of infec-
tious diseases, including the republics of Tuva?,
Buryatia®, Altai Territory*, and Omsk Region®.
Important regional and population-specific fea-
tures of epizootic processes have been identi-
fied, based on which recommendations for opti-
mizing anti-epizootic measures have been made.

The purpose of this research is to study the
nosological profile and provide classification of
prevalent infectious diseases of farm animals on
the territory of the Republic of Sakha (Yakutia).

MATERIAL AND METHODS

The research was conducted using official
veterinary statistics from the Department of Vet-
erinary Medicine of the Republic of Sakha (Ya-
kutia). Summary data for the years 2001-2021
were compiled using Form 1-Vet “Information
on Infectious Diseases” and Form 1-Vet A “In-
formation on Anti-Epizootic Measures.”

The nosological profile was determined based
on the registration of the cases of occurrence of

'Neustroev M.P,, Petrova S.G., Elbyadova E.I., Tarabukina N.P. Laboratory tests of vaccine against mite // Prospects for the
development of agrarian sciences: Proceedings of the Intern. scientific-practical conf. (April 10, 2020). Cheboksary, 2020. pp. 129-

130.

2Lopsan Ch.O. Analysis of diseases of infectious pathology of farm animals in the Republic of Tyva // Methodology of the
measures for the prevention and elimination of diseases of farm animals. Novosibirsk, 1995. pp. 289-291.

SMurueva G.B. Analysis of the epizootic situation of the Republic of Buryatia. Modern problems of epizootology. Novosibirsk,

2004. pp. 161-165.

‘Guslavsky L1, Apalkin V.A., Gustokashin K.A. Regional epizootology of infectious diseases, the basis of forecasting, prevention

and control. Barnaul: AltSAU Publishing House. 2004. 148 p.

SVasina N.I. Epizootological classification of infectious diseases on the territory of the Omsk region // Young scientists to the
agriculture of Siberia: materials of conf. Barnaul, 2010. pp. 162-170.
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infectious diseases in all types of farm animals
in the structure of the agricultural sector of the
region (cattle, horses, northern domestic deer,
pigs, poultry, small ruminants, fur-bearing ani-
mals, other species).

The nomenclature and classification of in-
fectious animal diseases registered in the region
were established in accordance with the list of
the International Epizootic Bureau (IEB)°. The
classification of infectious animal diseases as
particularly dangerous, for which restrictive
measures (quarantine) can be established, was
determined based on the list approved by the
Ministry of Agriculture of the Russian Federa-
tion’.

The epizootiological classification of diseas-
es was conducted according to the scheme de-
veloped by I.A. Bakulov et al.® which is based
on three main principles:

— correspondence between the localization
of the infectious agent and the mechanism of its
transmission;

— division of diseases based on the source of
the infectious agent: ktenonoses (the source of
the agent is exclusively domestic farm animals),
therionoses (the source of the agent is only wild
animals), and ktenotherionoses (the source of the
agent can be both domestic and wild animals);

— distribution of diseases into categories of
infectious agents (bacterioses, viroses, myco-
plasmoses, rickettsioses, chlamydioses, myco-
ses, mycotoxicoses).

This classification has a clearly defined epi-
zootiological orientation, which allows for its
practical use in the system of anti-epizootic
measures — in the development of effective mea-
sures for diagnosis, prevention, and elimination
of infectious diseases of farm animals.

RESULTS AND DISCUSSION

It has been found that during the analyzed pe-
riod (2001-2021) within the territory of the Re-
public of Sakha (Yakutia), 42 nosological units

of diseases of various animal species were in-
volved in the epizootic process (see the table).

The distribution of diseases among animal
species showed that within the cattle population,
18 species of agents of different etiology were
involved in the epizootic processes, while in
horses there were 12, in northern domesticated
reindeer 4, in pigs 10, in poultry 11, in small ru-
minants 3, in fur-bearing animals 7, and in other
animal species (dogs, cats, etc.) 9.

Taking into account the nomenclature and
classification of the IEB, over the analyzed pe-
riod in Yakutia, 10 nosological forms of animal
diseases have been identified. These include ra-
bies, brucellosis, viral hemorrhagic septicemia,
infectious anemia of horses, infectious bronchi-
tis in chickens, infectious bovine rhinotracheitis,
paratuberculosis, pasteurellosis, and tubercu-
losis. However, numerous other infectious dis-
eases have been registered in the region that are
not listed by the IEB, including Marek’s disease,
swine dysentery, diplococcal infection, coli-
bacillosis, parvovirus enteritis, salmonellosis,
swine erysipelas, emphysematous carbuncle,
and others.

No transboundary infectious animal diseases
of exceptional economic, trade, health, and food
security significance, as indicated in the IEB list,
have been registered within the territory of the
Republic of Sakha (Yakutia) during the analyzed
period.

According to the order of the Ministry of
Agriculture of the Russian Federation, several
nosological forms that are prevalent in Yakutia
are categorized as animal diseases for which
restrictive measures (quarantine) can be estab-
lished. These include actinomycosis, rabies, bru-
cellosis, infectious anemia of horses, infectious
bronchitis in chickens, infectious bovine rhino-
tracheitis, leukemia in cattle, leptospirosis, para-
tuberculosis, swine erysipelas, tuberculosis, and
carnivore plague.

Naturally focal infectious diseases transmit-
ted from animals to humans, with their main

OIE list and transboundary animal infections / V.V. Makarov, V.A. Rude, K.N. Gruzdev, O.I. Sukharev. Makarov, V.A. Rude,

K.N. Gruzdev, O.I. Sukharev. Vladimir: VNIIZZh, 2012. 162 p.

"The list of contagious, including especially dangerous animal diseases, for which restrictive measures (quarantine) may be
established. Appendix to the Order of the Ministry of Agriculture of the Russian Federation dated December 19, 2011 No. 476.

$Bakulov L.A., Yurkov G.G., Vedernikov V.A., Orlov E.M. Epizootic dictionary-reference book. Moscow: Rosselhozizizdat,

1987. 188 p.
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sources being wild, farm, and domestic animals,
as well as rodents, are represented in Yakutia by
nine nosological forms, including rabies, lepto-
spirosis, listeriosis, and others.

Certain diseases are characteristic of only a
specific animal species, and only that species is
involved in the epizootic process. Among the
diseases listed in the analyzed nomenclature that
are prevalent in Yakutia, such diseases include
Marek’s disease, infectious carnivore hepatitis,
cattle leukemia, strangles in horses, ornithosis
(psittacosis) in birds, egg drop syndrome, swine
erysipelas, and emphysematous carbuncle.

Many diseases are characterized by the per-
sistence of the pathogen in the bodies of various
farm animals, birds, small domestic animals, and
wild fauna, determining the inter-species degree
of epizootic danger posed by these infections.

The analysis showed that several animal spe-
cies are involved in the epizootic process of cer-
tain diseases in the region:

— adenovirus infection (birds, fur-bearing an-
imals);

—rabies (horses, northern reindeer, other spe-
cies) and necrobacillosis (cattle, northern rein-
deer, other species). In the case of rabies, the
rabies virus was found in the biomaterial from
wild animals such as red foxes, wolves, Siberian
weasels, ermines and Russian sables.

— pasteurellosis (cattle, horses, pigs, poultry,
fur-bearing animals) and salmonellosis (cattle,
horses, pigs, poultry, fur-bearing animals);

— colibacillosis (cattle, pigs, poultry, small
ruminants, fur-bearing animals, other species)
and leptospirosis (cattle, horses, pigs, small ru-
minants, fur-bearing animals, other species). A
unique case of isolating the causative agent of
leptospirosis was recorded from the biomateri-
al of wild bison in the Khangalassky District of
Yakutia.

According to the epizootological classifica-
tion it was established that according to the na-
ture of the pathogens persisting in animals and
the external environment, infections caused by
pathogens of bacterial etiology - bacterioses
- prevail in Yakutia. There are 21 nosological
forms of bacterial origin, constituting 50% of all
infectious diseases. Viral diseases (viroses) are
represented by 15 nosological forms (35.7%),

one mycoplasmosis-related (mycoplasmoses),
and one chlamydial (chlamydioses) — both at
2.4%.

When analyzing diseases based on the mech-
anism of transmission of the causative agent, the
most numerous group of infections is charac-
terized by the primary alimentary, or fecal-oral,
mode of transmission. This characteristic applies
to more than half of all diseases (22, or 52.4%)),
with seven infections (viral diarrhea in cattle,
swine dysentery, colibacillosis, pseudomoniasis,
salmonellosis, salmonellosis-related abortion in
mares, emphysematous carbuncle) exhibiting
only this mode.

A group of diseases transmitted through the
airborne-droplet, or respiratory, route (primary)
comprises 10 cases, or 23.8%, including infec-
tious atrophic rhinitis, infectious rhinotracheitis
in cattle, carnivore plague, and others.

Two diseases (4.8%) - actinomycosis and in-
fectious anemia of horses - were associated with
transmission of the infectious agent transmissi-
bly (by vectors).

Five diseases (11.9%) fall into the category of
transmission through external coverings (with-
out vector involvement), including balanopos-
thitis, rabies, and others.

Analyzing infectious diseases based on the
mechanism of transmission of the causative
agent, it should be noted that the majority of dis-
eases (22 nosological units, or 52.4%) are char-
acterized by one or more additional mechanisms
of transmission along with the main mechanism
of pathogen transmission. These include rabies,
Marek’s disease, cattle leukemia, swine erysipe-
las, and others.

In terms of the source of the causative agent,
all infectious diseases originate exclusively from
domestic animals and are classified as ktenono-
ses. However, for several infections, such as ra-
bies, Marek’s disease, viral hemorrhagic septice-
mia, leptospirosis, and others, wild animals also
serve as additional sources (ktenotherionoses).

According to the classification sign of suscep-
tibility, the majority of infections (30) nosologic
forms, or 71.4%, belong to zoonoses - infectious
diseases peculiar only to animals, the remaining
12 - to the more dangerous zooanthroponoses,
common diseases for animals and humans.
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Hosonornueckuii npoduis u Knaccuuranus HHOEKINOHHBIX
Gos1e3Hel CeNbCKOX03sHCTBEHHBIX KUBOTHBIX HAa TEPPUTOPHH
Pecnyonuku Caxa (SxyTus)

Terpos I1.J1., CmonsuuunoB 0.1, [Tporoasskonosa I'.I1.,
FOmkosa JI.4.

CONCLUSIONS

1. From 2001 to 2021, 42 nosological units of
infectious diseases affecting various animal spe-
cies have been registered within the territory of
the Republic of Sakha (Yakutia). In this process,
18 types of pathogens are involved in the epizo-
otic events in cattle, 12 in horses, 4 in northern
domestic reindeer, 10 in pigs, 11 in birds, 3 in
small cattle, 7 in fur-bearing animals, and 9 in
other species.

2. According to the IEB classification, 10
nosoforms of animal diseases are prevalent in
Yakutia. No transboundary infections have been
reported. 12 infections fall under the diseases for
which restrictive measures (quarantine) could be
established.

3. Based on the epizootiological classifica-
tion, bacterioses are prevalent in the territory
of Yakutia, comprising 21 diseases. Viroses are
represented by 15 infections, with one case each
of mycoplasmosis and chlamydiosis.

4. The diseases transmitted through the ali-
mentary route are the most numerous (22 noso-
forms). Ten diseases are transmitted through the
respiratory route, two through transmission, and
five through external coverings. In terms of the
source of the causative agent, all diseases orig-
inate from domestic animals (ktenonoses), and
13 diseases are classified as ktenotherionoses,
with wild animals serving as additional sources.
In terms of susceptibility, 30 infections are cat-
egorized as zoonoses (affecting only animals),
while 12 belong to zoonanthroponoses, common
to both animals and humans.
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BUOXUMMWYECKHE MTOKA3ATEJIN U BAKTEPUIIMJIHOCTH KPOBH
MOJIOJHSIKA OBEIl IUTAMCKOM IOPO/IbI

<) Octanuyk I1.C.!, IToctHukoBa O.H.2, 3y6ouenko /1.B.', Ycmanosa E.H.!,
Kyesna T.A.', [TuxtepeBa A.B.!
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Kpuvimckoeo gpedepanvrozo ynueepcumema um. B.1. Bepnaockoeo
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[IpencraBnensl pe3yabTarbl H3y4eHHsl MOKas3aresieii OMOXMMUHM W OaKTEPHIMAHOW aKTUBHOCTH
ceiBopoTku KpoBHu (BACK) peMOHTHOTO MOJIOIHSIKA OBEI] IIUTANHCKOW MOPOMBI, BHIPAIIMBAEMOTO B
yenoBusix [pucuBanickoit Hm3mMeHHOCTH KpbIMckoro momyoctpoBa. OOpasiiel KpoBU 00pabOTaHBI B
cepTuUIMpPOBaHHBIX TabopaTopusx opranm3amnmii Pecyommku Kpeim B 2020-2022 rr. [1apameTpsr
CBIBOPOTKHM KPOBH OIIpeieieHbl Ha ocHOBe 12 npob 6apanoB u 12 npo0 sipok. st 00paboTku 61oxu-
MHYECKHX [TOKa3aTeseil ncnonb3oBan oromeTpuueckuii ananuzatop Vitalab Flexor E, 6akrepunma-
HOW aKTHBHOCTH CBHIBOPOTKH KpPOBU — TepMocTaTtupyemblii mpubop Multiskan. [To pesynbratam mc-
CJIC/IOBAHUS Y JKUBOTHBIX 3a)MKCUPOBAH HOPMAIILHBIH YPOBEHb KpEaTHHIUHA M MOYEBUHBI: Y OapaHOB
87,5+0,7m 6,6 + 0,2 MMOJIB/TI COOTBETCTBEHHO, ¥ IpoK — 85,5 = 1,2 11 6,4 = 0,4 MMoib/11. [ToHMKeHHBII
yposeHnb mmoko3bl (1,6 £ 0,1...1,7 = 0,1 MMOJIB/1T) B CBIBOPOTKE KPOBH MOJIOAHSIKA, BEPOSITHO, CBSI3aH
C aKTUBHBIM MOLIMOHOM Ha (hOHE 3kapKoii oroAsl. OTMEYEHHOE KOJIMYEeCTBO (PepMEHTOB IIepeaMHUHU-
poBanus 00yCI0BUIIO TOBBIICHUE Kod(dduimenta Putuca y 6apanos 1o 2,5 en., y sipok — 10 3,8 ef.,
YTO CBUJCTENBCTBYET O HArpy3Ke Ha CEp/CUHYIO MBIIIIY )KUBOTHBIX Ha (DOHE ATUTEIBHBIX MPOTYIIOK
Ha xape. Colep)kaHue Kallusl y HIKHAX HOpMalbHbIX Tpanul] (4,3 = 0,01...4,7 £ 0,1 MmMoins/i) 1 He-
CKOJILKO TIOHFKEHHBIH ypoBeHb docdopa (1,3 £0,01...1,2 £0,01 MMoIb/iT) YKa3pIBatOT HAa HEOOXOIH-
MOCTb JOIIOJTHUTEJILHON MOAKOPMKH PACTYILEr0 MOJIOJHSKA MUHEPAIbHBIMU PEMHUKCAMH B JICTHUH
nepuoa. Cpennue 3nauennss BACK yBennunBanuce y sSipoK, 1OCTOBEPHO MPEBbILIAs 3TOT OKA3aTelb
B CpaBHeHMU ¢ Gapanamu Ha 45,8-26,6 a6¢.% (p < 0,001). Y 6apanoB Haubonbmue 3HaueHus bACK
OTMEUCHBI B OoTHOIICHUHU S. aureus Ha 10-i yac sxcrozunmn (36,82 + 2,19%), B To Bpems Kak pocT
E. coli monasisiics o yposHst 7,23 + 1,34%, 94to B TOM 4uncIie spisieTcs: pakTopom, IPOBOIUPYIOIIAM
IIpOoOIEMBI ¢ MUILEBAPEHUEM. Y SPOK 3a(UKCUPOBAHO YIOBIECTBOPUTEIBHOE COCTOSIHUE KOXKHBIX I10-
KpPOBOB, 4TO 00ycioBineHo BbIcOKUM ypoBHeM BACK B otHomenun S. aureus (mo 35,30 + 2,64% nHa
10-i1 yac IKCIO3UITUN).

KuroueBble ciioBa: nuraiickas nopoja, 0apasl, IpKu, OMOXUMHYECKHUE TIOKa3aTeNn, OaKTepUIII-
Hasi aKTHBHOCTH CBIBOPOTKH KPOBH

BIOCHEMICAL PARAMETERS AND BLOOD BACTERICIDAL ACTIVITY
OF YOUNG TSIGAI SHEEP

<) Ostapchuk P.S.', Postnikova O.N.%, Zubochenko D.V.!, Usmanova E.N.!,
Kuevda T.A.!, Pikhtereva A.V.!

!Research Institute of Agriculture of Crimea

Simferopol, Russia

’Medical Academy named after S.I. Georgievsky — Structural Division

of the V.I. Vernadsky Crimean Federal University

Simferopol, Russia

(=<)e-mail: ostapchuk p@niishk.site

The results of the study of blood serum biochemistry and bactericidal activity of the herd replace-
ments sheep of the Tsigai breed, grown in the Prisivash lowland of the Crimean Peninsula are pre-
sented. Blood samples were processed in certified laboratories of the organizations of the Republic of
Crimea in 2020-2022. Blood serum parameters were determined on the basis of 12 samples of rams
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Biochemical parameters and blood bactericidal activity of young Ostapchuk P.S., Postnikova O.N., Zubochenko D.V., Usmanova E.N.,
Tsigai sheep Kuevda T.A., Pikhtereva A.V.

and 12 samples of gimmers. A Vitalab Flexor E photometric analyzer was used to process biochemical
parameters, a Multiskan thermostatically controlled device was used to process bactericidal activity of
blood serum. The animals showed normal creatinine and urea levels: 87.5 £ 0.7 and 6.6 £ 0.2 mmol/l in
rams, respectively, and 85.5 = 1.2 and 6.4 + 0.4 mmol/l in gimmers. The reduced glucose level (1.6 +
0.1...1.7 £ 0.1 mmol/l) in the blood serum of young animals is probably related to active exercise in hot
weather. The observed amount of transamination enzymes caused an increase in the Ritis coefficient
in rams up to 2.5 units, in gimmers up to 3.8 units, which indicates the load on the heart muscle of the
animals during long walks in the heat. Potassium content near the lower normal limits (4.3 +0.01...4.7 =
0.1 mmol/l) and slightly reduced phosphorus level (1.3 + 0.01...1.2 = 0.01 mmol/l) indicate the need for
additional supplementation of growing young animals with mineral premixes in summer period. Average
BSBA values increased in gimmers, significantly exceeding this index in comparison with rams by 45.8-
26.6 abs.% (p < 0.001). In rams, the highest BSBA values were observed for S. aureus at 10 hours of
exposure (36.82 +2.19%), while the growth of E. coli was suppressed to 7.23 + 1.34%, which is, among
other things, the factor provoking digestive problems. In the gimmers, a satisfactory skin condition was
recorded due to the high level of BSBA against S. aureus (up to 35.30 +2.64% at 10 hours of exposure).

Keywords: Tsigai breed, rams, gimmers, biochemical parameters, blood serum bactericidal activity
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INTRODUCTION blood biochemical indicators on the sheep’s or-
ganism state remains insufficiently studied?.

Biochemical indicators provide insights into
the health status of animals [4], reflecting dis-
tinct characteristics of their productivity [5], and
natural resistance constitutes a factor of internal
organism stability?.

The complex of natural resistance factors
possesses antimicrobial properties!, including

The effectiveness of selection processes in
sheep breeding depends on identifying the best
variants and their subsequent intensive use in
breeding [1]. In this regard, significant attention
is given to animal health. It has been established
that environmental conditions directly influence
the formation of productive traits in sheep' [2,
3]. However, the impact of reference values of

'Kosilov V.I., Nikonova E.A., Shkilev P.N. Features of development of young Tsigai sheep breed in the sharply continental climate
of the Southern Urals // Collection of scientific papers of the Stavropol Research Institute of Animal Husbandry and Fodder Produc-
tion. 2013. vol. 1. no. 6. pp. 48-53.

“Novgorodova I.P., Tolchiev B.S., Klenovitsky P.M., Prytkov S.A. Biochemical status of blood of lambs // Improving the compet-
itiveness of livestock and the challenges of staffing: Proceedings of the XX VI International Scientific and Practical Conf. Moscow,
2020. pp. 253-256.

Nikitenko E.V., Shumaenko S.N., Skorykh L.N., Kovalenko D.V. Influence of laser-puncture on the natural resistance of young
sheep in postnatal ontogenesis // Modern trends in science and technology. 2016. no. 7-1. pp. 42-44.

“Chysyma R.B., Fedorov Yu.N., Makarova E.Yu., Kuular G.D. Humoral and cell factors of natural resistance in the animals of
local breeds in specific environmental conditions of the Tyva Republic // Agricultural Biology. 2015. vol. 50. no. 6. pp. 847-852.
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buoxnmudeckue mokasaren 1 6aKTepHIMIHOCTS KPOBH MOJIOTHAKA
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Ocranuyk I1.C., [Toctaukosa O.H., 3y6ouenko /1.B., Yemanosa E.H.,
Kyesna T.A., Iluxrepena A.B.

impeding the formation of biofilms’, which serve
as starting mechanisms for the development of
most bacterial infections caused by opportunis-
tic pathogens like Staphylococcus aureus and
Escherichia coli®.

Blood has the ability to inhibit the growth or
cause the demise of numerous microorganisms’:
blood serum disrupts the matrix of bacterial bio-
films, which is one of the factors of humoral in-
nate immunity. Thus, blood serum bactericidal
activity (BSBA) serves as an integral indicator
of the level of nonspecific organism resistance
[6], and the susceptibility of young sheep to in-
fections becomes an objective indicator in as-
sessing and predicting animal productivity [7].
It has been established that unidirectional selec-
tion for productivity in ruminants leads to a re-
duction in resistance [8].

The research objective is to uncover the
correlation between the blood’s biochemical
and immunological characteristics and the live
weight of replacement lambs of the Tsigai sheep
breed.

The objectives:

1) determining the peculiarities of the blood
serum’s biochemical composition in replace-
ment lambs of the Tsigai sheep breed;

2) investigating the serum bactericidal activ-
ity of rams and gimmers towards S. aureus and
E. coli cultures.

MATERIAL AND METHODS

The research object was the blood serum of
replacement lambs of the Tsigai sheep breed
(rams and gimmers) aged 14 months, collect-
ed two weeks after shearing. The blood collec-
tion time and location were in the first ten-day
period of June 2020 at the “Southern Crimean
Sheep Farm,” Nizhnegorsky District, Republic
of Crimea. The young sheep were raised under a
pasture-stall system, and their feeding followed
physiological norms with available feed sourc-

es. The parameters under investigation included
live weight, blood serum biochemical indicators,
and Blood Serum Bactericidal Activity (BSBA).

Live weight was measured with a precision of
0.5 kg using platform mechanical scales during
the scoring period. Blood was drawn from the
jugular vein into a vacuum tube with coagulation
activator in the morning hours before releasing
the animals to the pasture. Biochemical indica-
tors were determined using a Vitalab Flexor E
analyzer in the clinical-diagnostic laboratory of
the Crop Production Department of the Scientif-
ic Research Institute of Agriculture of Crimea.
The measured parameters included total protein
(g/l), glucose (mmol/l), alanine aminotrans-
ferase (AIAT, U/l), aspartate aminotransferase
(AsAT, U/l), creatinine (umol/l), urea (mmol/l),
potassium (mmol/l), and phosphorus (mmol/1)®.

Blood serum bactericidal activity was deter-
mined in the laboratory of the Microbiology De-
partment at the Medical Academy named after
S. I. Georgievsky using a temperature-controlled
Multiskan device. Reference strains S. aureus
ATCC 25923 and E. coli ATCC 25922 served as
test cultures. Bacterial suspensions with a tur-
bidity of 0.5 McFarland standard were prepared
from 24-hour agar cultures. 0.02 ml of serum
was added to 0.180 ml of meat-peptone broth
(MPB). Control samples containing 0.180 ml of
MPB received 0.02 ml of isotonic sodium chlo-
ride solution. Hence, sheep serum was diluted in
a 1:10 ratio. Experimental and control samples
were supplemented with 0.02 ml suspension of
the respective reference cultures each.

Optical density measurements for all the sam-
ples were performed in a 96-well plastic plate at
a wavelength of 540 nm every hour for a dura-
tion of 24 hours. The change in the growth rate
(optical density) of bacterial cultures was de-
termined for the samples with added serum and
controls at 2, 4, 6, 8, and 10 hours. Blood serum
bactericidal activity was calculated as the ratio

Hall-Stoodley L., Stoodley P. Evolving concepts in biofilm infections // Cell Microbiology. 2009. vol. 11 (7). pp. 1034-1043.
*Romling U., Balsalobre C. Biofilm infections, their resilience to therapy and innovative treatment strategies / Journal of Internal

Medicine. 2012. vol. 272 (6). pp. 541-561.

’Slivinska L.G., Fedorovych N.M. Application chelates microelements in young animal sheep // Scientific messenger of Lviv
National University of Veterinary Medicine and Biotechnologies. 2012. vol. 14. no. 3-1 (53). pp. 252-257.

8Kotomtsev V.V. Clinical and biochemical indicators of animal blood: method. manual. Ekaterinburg, 2006. 102 p.
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of the reference cultures growth rates in the ex-
perimental group to the growth rates of the same
cultures over the same time in the control group.
The results were expressed in percentages, and
the mean values were calculated based on eight
repetitions. BSBA in each experimental variant
was determined using the formula

BSBA=100-E,,3 - E, 0 E3 - E.0 x 100,

where E_,0 is the optical density of the sample
before incubation; E 3 is the optical density of
the sample after 3 hours of incubation; E 0 is
the optical density of the control sample before
incubation; and E_3 is the optical density of the
control sample after 3 hours of incubation.

Statistical analysis of the results was per-
formed according to the assessment and utili-
zation of selection-genetic parameters in sheep
breeding [9].

RESULTS AND DISCUSSION

According to the weather archives for the
Nizhnegorsky District’, the following envi-
ronmental conditions were present at the time
of blood collection. The average temperature
in the first ten-day period of June was 19.3°C,
accompanied by a persistent lack of precipita-
tion. During the period when the animals were
on pasture, daytime temperatures gradually in-
creased from 23.1°C to 33.3°C. The precipita-
tion deficit in May (1st ten-day period — 2.4 mm,
2nd ten-day period — none, 3rd ten-day period —
12.8 mm), as well as in the first ten-day period of
June (see Figure 1), did not favor the formation
of stable vegetation cover on the pasture (see
Figure 2).

Blood biochemical indicators are essential
components in assessing the animals’ condition
and are influenced by natural-climatic conditions
in the region, management practices, dietary reg-
imen, and breed composition [10—12]. Table 1
presents the indicators of the biochemical profile
of Tsigai sheep lambs reared in the conditions
of the Prisivashskaya Lowland of the Crimean
Peninsula. Among the examined subjects, the to-
tal protein levels were within the normal range,
indicating adequate protein metabolism. Normal

Ist ten-day | 2nd ten-day | 3rd ten-day |The Ist ten-day
period period period period of June
of May of May of May

= Average air temperature for ten-day period,
B °CPrecipitation, mm

Puc. 1. Knumarndeckue ycinoBus B Mae u | nekame
nroHs 2020 1. B pailoHe pacToIoKEHHS X03HCTBA
Fig. 1. Climatic conditions in May and the first ten
days of June 2020 in the area of the farm location

Puc. 2. PacTuTeNnbHOCTD, XapaKTepHasi AJIs MacT-
owu [IprucuBanickoit HU3BMEHHOCTH

Fig. 2. Vegetation characteristics of the Prisivash
lowland pastures

levels of creatinine and urea reflect good kidney
function, established due to the animals’ optimal
adaptation to the external environment.
Hypoglycemia is likely associated with in-
creased physical exertion on the sheep, which
typically spend the entire day grazing in June,
coupled with the hot weather prevalent during
this period (though the difference between the
studied groups of lambs is not statistically sig-
nificant). The elevated level of the enzyme AsAT
by 14.1% (p < 0.001) in gimmers further sug-
gests a connection between aspartate and ner-
vous tissue, which is enriched in glucose. In
contrast, the state of the liver is likely normal,
given the normal level of AIAT, which is signifi-
cantly higher by 24.2% (p < 0.001) in rams. The

"Weather archive in the Nizhnegorsk district. URL: https://rp5.ru/ApxuB_norozasl_B_HHKHETOPCKOM.
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Ta6a. 1. buoxumuueckuit npoduis u nokazarenu BACK mononHsika oBell IUralickoi opobl

Table 1. Biochemical profile and BSBA values of the young Tsigai sheep

i Unit of measure- Rams (n =12) Gimmers (n = 12) Norm
ndicator
ment Xtm, C,% Xtm, C,% [14]

Total protein g/l 50,2+ 0,5 3,4 49,8 +0,5 3,8 42-97
Glucose mmol/l 1,6 +£0,1 11,5 1,7+0,1 26,7 2,5-3,3
ALT en./n 55,5+2,1% 12,8 42,1+28 22,9 1o 44
AST en./i 139,6 + 3,0 7,4 159,2 £ 5,9* 12,8 o 124
Creatinine pmol/l 87,5+0,7 2,6 85,5+1,2 4.7 53-120
Urea mmol/l 6,6+0,2 12,4 6,4+0,4 19,3 3,3-9,0
Potassium mmol/l 4,3+0,0 2,0 4,7+0,1* 43 4,3-6,3
Phosphorus mmol/l 1,3+0,0 6,4 1,2+0,0 10,7 1,45-1,66
Live weight kg 56,9+ 1,1* 6,5 442 +0,9 6,9 -

S. aureus

ATCC % 259+ 1,7 22,5 37,7+ 1,8% 16,1 -
Group average |55973
BSBA value for .
test cultures E. coli

ATCC % 20,1 +1,6 27,6 25,5+ 0,4* 5,3 —

25922

9 <0,001.

high level of the Ritis coefficient in the Tsigai
replacement lambs overall (2.5 in rams and 3.8
in gimmers) indicates a substantial workload
on the animals’ heart muscles due to extended
movement during grazing under elevated tem-
perature conditions.

In the early summer of 2020, the pastures
exhibited sparse vegetation cover, which like-
ly contributed to a deficiency in the intake of
mineral elements by the animals. Consequently,
supplementary feeding with concentrates was
provided in the evenings to ensure a relatively
well-balanced diet in terms of essential nutri-
ents. This is evidenced by the animals’ normal
enzymatic profile.

The average value of the BSBA against S.
aureus in rams was lower than in gimmers by
45.8 absolute percentage points (p < 0.001). A
similar pattern persisted in the average BSBA
values concerning the E. coli test culture, with
a difference of 26.6 absolute percentage points
(» <0.001).

Thus, based on the higher values of this in-
dicator in gimmers, it can be concluded that the
gender of the animals influences the bactericidal
activity of blood serum against both Staphylo-
coccus aureus and Escherichia coli.

The associations between the serum blood
biochemistry indicators and body weight, as re-
flected in Table 2, generally exhibit an insignif-
icant correlation. However, the correlation be-
tween body weight and the levels of potassium
and phosphorus in the serum shows a moderate
negative correlation. This indicates the need for
additional mineral supplementation of growing
lambs with mineral premixes during the sum-
mer period. Meeting the required standards for
mineral intake is a critical factor for the proper
functioning of the organism [13]. According to
the data from Table 2, a significant correlation
is observed between body weight and phospho-
rus levels in rams, and between body weight and
potassium levels in gimmers. The potassium
content, responsible for water and salt balance,
was found to be at the lower limit in the animals’
blood, and the phosphorus levels in the serum
of all individuals were lowered. Therefore, con-
sidering the negative correlation between these
elements’ levels and the body weight, it is advis-
able to enhance the mineral supplementation of
the lambs’ diet.

The deficiency of mineral substances can be
partly attributed to the established natural-cli-
matic conditions. During the summer period, the
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Taoba. 2. ConpsskeHHOCTh OMOXMMHYECKUX MTOKa-

3aTeiIey ¢ )KUBOU Maccoi

Table 2. Correlation of biochemical indicators

with live weight

Indicator Rams Gimmers
Total protein -0,25+0,31 0,20 +0,31
Glucose 0,01 0,32 -0,22 +£0,31
ALT -0,28 +£ 0,30 -0,11+0,31
AST —0,48 £ 0,28 0,37 +0,29
Creatinine 0,48 £0,28 -0,08 + 0,32
Urea -0,18 £0,31 0,05+ 0,32
Potassium 0,14 +0,31 —0,67 +£0,23*
Phosphorus —0,56 + 0,26* -0,21+0,31

*p <0,05.

animals are kept in conditions of active move-
ment, spending a significant part of the day on
natural pastures, as the territory of the Prisiv-
ashskaya Lowland is predominantly suitable for
such pasture organization [14].

Figure 3a presents the results of the blood se-
rum bactericidal activity measurement against
S. aureus in rams. During the first two hours
of exposure, the BSBA ranged from 15.52% to
negative values (-0.09...-8.00%) in half of the
individuals. On average, this indicator reached
3.86 +2.03%. Subsequently, there was a gradual
increase in the BSBA level: during the 4-hour in-
cubation, the average value was 24.38 + 2.28%,
and after 6 hours of incubation, it increased to
28.19 + 1.33%. The indicator then stabilized
at later time points (after 8 hours of growth -
36.08 £+ 1.84%, after 10 hours - 36.82 + 2.19%)).

The average BSBA value against the E. coli
culture in rams during the first two hours of in-
cubation was 20.11 = 1.69% (see Figure 3 0).
The highest bactericidal activity was observed
after 4 hours of growth, reaching 41.21 + 3.25%.
Subsequently, there was a gradual decrease in
the indicator: to 22.88 + 2.51% after 6 hours and
to 9.53 £ 1.10% after 8 hours. Growth suppres-
sion was noted after 10 hours, at which point
the indicator value reached an average of 7.23 +
1.34%, with only one sample showing a nega-
tive value (-8.77%).

The blood serum of the Tsigai breed gimmers
suppressed the growth of the S. aureus culture
throughout the 10-hour incubation period. The
average BSBA value after 2 hours of growth
reached 22.31 + 3.76%, 46.61 + 2.12% after
4 hours, 43.57 + 2.45% after 6 hours, 40.90 +
1.97% after 8 hours, and 35.30 + 2.64% after 10
hours (see Figure 4a).

Regarding E. coli in gimmers, as well as in
rams, there was a tendency for gradual decrease
in BSBA after 6 hours and more of culture
growth. After 2 hours of incubation, the indicator
reached 38.67 + 1.72%, after 4 hours - 41.72 +
1.57%, after 6 hours - 19.43 + 0.94%, after 8
hours - 15.36 £ 0.71%, and after 10 hours - 13.35
+ 0.73% (see Figure 4 0).

Thus, in Tsigai rams under the conditions of
the natural pastures of the Prisivashskaya Low-
land in the territory of the Crimean Peninsula,
an elevated level of BSBA against Staphylococ-
cus aureus and a less pronounced bactericidal
activity against Escherichia coli are formed.
Meanwhile, in the serum of Tsigai gimmers,
bactericidal activity is noted against both studied
reference cultures. High BSBA values can con-
tribute to maintaining colonization resistance of
the gut microbiota and provide resistance to pu-
rulent-inflammatory skin infections.

In the study, a positive average correlation
level was observed between the body weight and
the BSBA in rams with regard to the S. aureus
test culture, and in gimmers with regard to the E.
coli test culture (see Figure 5).

Farm animals are distributed according to the
magnitude of BSBA as follows (in descending
order): large cattle, rabbits, and sheep. This se-
quence is directly related to the presence of two
main agents in the blood of animals that form in-
nate immunity - properdin and lysozyme. While
sheep occupy an intermediate position in terms
of properdin content between large cattle and
rabbits, they rank last in lysozyme content. It
should be noted that rabbits have higher BSBA
values than sheep'®. Thus, the obtained data con-
firm that for further breeding of the Tsigai sheep,

"Malev A.A. Bactericidal activity of blood serum of different species of animals, its diagnostic significance: author’s abstract of

Cand. of Science in Biology. Kazan, 2009. 23 p.
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Puc. 3. 3nauenue BACK 6apaHoB B oTHOIICHUU KyIBTYphI S. aureus (a) u E. coli (6)
Fig. 3. Significance of BSBA of rams in relation to S. aureus culture (a) and E. coli (6)
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Fig. 4. Significance of BSBA of gimmers in relation to S. aureus culture (a) and E. coli (0)
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0,42 043

0,19

Rams Gimmers

[l BSBA on the background of the S.aureus ATCC 25923 test culture
[ BSBA on the background of the E.coli ATCC 25923 test culture

Puc. 5. ConpsiKEeHHOCTD KMBOM MacChl 3KUBOTHBIX C
nokazareasmu BACK

Fig. 5. Correlation of live weight of animals with
BSBA indices

it is advisable to retain the replacement young
stock with the highest BSBA values, as environ-
mental conditions have a significant influence on
the productivity of these animals.

CONCLUSION

For the replacement young stock of the Tsi-
gai sheep raised in the Prisivashskya Lowland
zone of the Republic of Crimea, the blood bio-
chemical indicators are generally within the
normal range. This fact indicates that the meta-
bolic processes occurring in their bodies also do
not exceed normative values. Slight increase in
the level of transaminase enzymes suggests the
maintenance of homeostasis against relatively
challenging environmental conditions. Howev-
er, the reduced phosphorus content and lower
limits of normal potassium dictate the need for
adjustment of the mineral nutrition of the young
animals.

Furthermore, it has been established that the
gender of the animals influences the blood serum
bactericidal activity against the studied test cul-
tures, increasing this indicator in the gimmers.
Among the rams, the highest BSBA values were
recorded against S. aureus, while the growth of
E. coli is suppressed to a lesser extent, which
under specific conditions can lead to digestive

problems and the processing of food bolus in the
intestines. Additionally, both male and female
animals exhibited satisfactory skin conditions,
which is further confirmed by the high BSBA
level against Staphylococcus aureus.
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OYHKIHMNOHAJIBHAS TOBABKA HA OCHOBE ITPUPOJHOI'O
IHPEMHUKCA B PAIIMOHE ITIEPEIIEJIOB

<) Poraués B.A.!, Mep3zasikoBa O.I'.!, YUerogaes B.I'.!, [Tnaunenxo H.N.2, Marep C.H.!
'Cubupckuii ghedepanvuviti hayunvii yenmp azpobuomexnonozutl Poccutickoii akademuu Hayk
HoBocubupckas obnacts, p.i. KpacnooOck, Poccust

’Hogocubupckuii 20Cy0apcmeennvlil a2paphviil YHUSEpCumen

HoBocubupck, Poccust

(X)e-mail: helmmet@mail.ru

[IpencraBiieHbl pe3yabTaThl IKCIIEPUMEHTA TI0 HCIIOIB30BAaHUIO B PAIMOHE TIEPENesioB (PyHKIHO-
HAJIBHOH J100aBKM Ha OCHOBE IPUPOHOTO OPTaHOMUHEPAILHOTO KOMILIEKCa (carporeis), 000rarieH-
HOT'O OTPYOSIMU IMIICHUYHBIMHU, XBOHHOM MYKOH, CKOPIYIIOW KEPOBOTO opexa U (hepMEeHTHBIM Ipe-
naparom Ourbdect WP. DkcriepuMenT IuTeIbHOCTRIO 60 MHEH pOoBEeH 10 CTaHAAPTHOW METOTNKE
Ha Tiepenenax SImoHCKON mopoasl. [ skcnepuMeHTa 1Be aHAJIOTWYHBIE Tpynmbl o 60 rou. (omHa
KOHTPOJIbHAS U OJTHA ONBITHAS ) C(HOPMUPOBAHBI B CyTOYHOM BO3pacTe NTHIBL. O0€ TPYIITEI OTydaln
OCHOBHOH KOMOWKOPM, COOTBETCTBYIOIIMI (PU3MOIOTHYECKHM OCOOCHHOCTSIM W BO3PACTy Iepere-
70B. B panmone mononHska onbITHOW rpynnbl 10% Macchl MIIEHUIB! 3aMEHWIIN (QYHKIIHOHATILHOM
nobaBkoi, cocrosimeit u3 canpornens (50%), orpyoeit mmennunbix (20%), xBoitHoi Myku (15%) u
CKOPJIYTIBI KeZpoBoro opexa (15%), oborameHHbx hepmeHTHRIM mpenaparoM dutdéect WP (100 /T
KOMOMKOpMA), TIpe/THa3Ha9eHHBIM IS IOBBIIEHHUS yeBosieMocTh uratHoro hocdopa. [1Tuimy conep-
JKaJIM B KJIETOYHOHM Oarapee mpu COOIONEHUH TPeOyeMBbIX yCIOBHI MUKpOKIUMara. V3y4eHo Biwsi-
HUE CKapMJIMBaHUS DKCIICPUMEHTAILHOW JO0ABKM Ha CIIEAYIONIME MOKA3aTeIH IBITUIAT NepernesioB:
COXPaHHOCTb, CPEIHECYTOUHBIN TPUPOCT KUBOU MACCHI, MSICHYIO IPOJlyKTUBHOCTb U Ka4€CTBO MsICA,
OMOXMMHUYECKUI cOCTaB KpoBU. BBenieHnEe B KOMOUKOPM MepernesioB (pyHKIMOHAIBHON 100aBKH Ha
OCHOBE TIPUPOTHOTO MPEMHUKCa (CampOoIIessl) MOBBICHIIO COXPAHHOCTD NITUITHI HA 2,00%, IPUPOCT KH-
BOI1 Maccel Ha 6,97% TP OTCYTCTBUH CYIIECTBEHHBIX PA3IMYNI B pacxojie KOMOWKOpMa Ha €TUHUILY
npoayKiuu. B msice nTuibl, norpedsBiieil QyHKIIMOHAIBHYIO T00aBKY, YBEIUYHUIIOCH COIep KaHNe
cyxoro BemectBa Ha 0,85%, 307161 Ha 0,61%, kaneuus u docdopa B 1,05 u 1,30 paza (p < 0,05).
MeXTpynIoBbie pa3inyus 10 COACPIKAHUIO OEJKa, KaK U JKUPa, He3HAUUTEINIbHBL. [ eMaTonoruyeckue
TMMOKa3aTeJIv UBIIIAT NEPCHEJIOB B TIOAOIIBITHBIX I'PYIIIIax COOTBETCTBOBAJIN (1)I/I3I/IOJ'IOI'I/I‘IGCKOI71 HOpME.

KuioueBbie cJjioBa: iepernesna, KOMOUKOPM, Carporielb, OTPyOH MIIICHHYHEIC, XBOWHAS MyKa, CKOP-
JyTia KeIpoBoro opexa, mpemnapar ®urdbect WP, coxpaHHOCTB, JKUBas Macca

FUNCTIONAL ADDITIVE BASED ON NATURAL PREMIX IN THE DIET
OF QUAILS

<)Rogachev V.A.!, Merzlyakova O.G.', Chegodaev V.G.!, Pilipenko N.I.2, Mager S.N.!
!Siberian Federal Research Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

’Novosibirsk State Agrarian University

Novosibirsk, Russia

(X)e-mail: helmmet@mail.ru

The results of the experiment on the use of functional additive in the diet of growing quails on the
basis of natural organomineral complex (sapropel) enriched with wheat bran, coniferous flour, pine
nut shells and enzyme preparation Fitbest WP are presented. The experiment lasting 60 days was
conducted according to the standard methodology on Japanese quails. For the experiment, two similar
groups of 60 birds each (one control and one experimental group) were formed at one day of age. Both
groups received basic mixed fodder corresponding to the physiological characteristics and age of the
quails. In the ration of young animals of the experimental group 10% of the wheat mass was replaced
by a functional additive consisting of sapropel (50%), wheat bran (20%), coniferous flour (15%) and
pine nutshells (15%), enriched with the enzyme preparation Fitbest WP (100 g/t mixed fodder) de-
signed to increase the absorption of phytate phosphorus. The birds were kept in a cage battery under
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the required microclimate conditions. The effect of feeding the experimental additive on the following
indicators of quail chickens was studied: safety, average daily gain of live weight, meat productivity
and meat quality, biochemical composition of blood. Introduction of the functional additive on the
basis of natural premix (sapropel) into the mixed fodder of quails increased the safety of birds by
2.00%, live weight gain by 6.97% with no significant differences in the consumption of mixed fodder
per unit production. The meat of the poultry that consumed the functional additive increased the dry
matter content by 0.85%, ash by 0.61%, calcium and phosphorus by 1.05 and 1.30 times (p < 0.05).
Intergroup differences in protein content and fat content were insignificant. Hematological parameters

of quail chickens in the experimental groups corresponded to the physiological norm.
Keywords: quail, compound feed, sapropel, wheat bran, coniferous flour, pine nut shell, Fitbest

WP preparation, preservation, live weight
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INTRODUCTION

In the organization of proper feeding for live-
stock, rations enriched with various balancing
additives (either synthetic or biogenic) are uti-
lized. Among effective organomineral premixes
in this regard, sapropels are considered unique
natural bottom sediment deposits of freshwater
reservoirs, containing 10-60% of organic and
biologically active substances [1]. These re-
newable natural resources represent advanced
organomineral complexes formed by microbi-
ological, biochemical, and physical processes.
Sapropels are formed under complex anaerobic
conditions from the products of phyto- and zoo-
plankton degradation, as well as from flora and
fauna of higher orders and mineral compounds
brought to the water surface. Overall, the com-
position and properties of lake deposits are de-
termined by natural geographic conditions of the
region: climate, geological, geomorphological,
hydrological factors, vegetation characteristics,
and human activities [2]. Sapropels contain bitu-
moids, a carbohydrate complex, natural antibiot-
ics, growth stimulants and hormones, minerals,
enzymes, lignin humus, carotenoids, and other
compounds that facilitate more efficient utiliza-
tion of feed nutrients. The microelement com-
position of sapropels is linked to the geological

structure of the area, soil runoff composition in
water bodies, and the composition of hydrobi-
onts, which form organic matter in lake deposits
after their demise. The accumulation of micro-
elements on geochemical and biogeochemical
barriers, developed in lakes over hundreds and
thousands of years of existence, is crucial. Vari-
ous physico-chemical and biochemical transfor-
mations of substances continuously take place
in water and lake bottom deposits [1, 3—5]. The
protein content in sapropel ranges from 6.5% to
9.7%, calcium from 3.5% to 8.3%, phosphorus
from 0.2% to 0.3%, asparagine and glutamic
acid at 10.8% and 8.8% g/kg of dry matter, re-
spectively [6].

The positive impact of sapropel on the metab-
olism and productivity of animals is influenced
by several factors, including the activation of
digestive enzymes and the improvement of the
chemical composition of chyme due to minerals
present in easily absorbable forms. The intro-
duction of the feed additive “Sapropel” into the
quail ration increased live weight gain by 6.0%
at 70 days of age, dressed carcass weight by
9.9%, and total muscle mass by 4.1% [7]. Add-
ing sapropel to the ration of dairy cows at the
rate of 1.2 kg/head per day increased milk pro-
ductivity by 10.3—11.7% and milk fat content by
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0.03-0.04% [8]. The inclusion of dried bottom
sediment-based feed additive in the amount of
3.0% of the feed mass in the composition of the
feed for laying hens increased the productivity
of young birds by 4.5% [9]. Sapropel is charac-
terized by high ion exchange and catalytic prop-
erties, which adds to its positive attributes. The
diverse components of sapropel contribute to
its high multifactor biological activity and wide
application as a basis for developing functional
additives for various types of livestock [10, 11].
As additional ingredients for additives based on
sapropel, it is advisable to use wheat bran (rich
in phosphorus and B-group vitamins), pine flour
(an auxiliary source of minerals and vitamins),
pine nut shells (a source of biologically active
substances), and the preparation Fitbest WP (en-
zyme complex to enhance digestibility of com-
pound feeds and phytate phosphorus).

The purpose of the research is to assess the
feasibility of using a functional feed additive
based on a natural organomineral complex (sap-
ropel) enriched with wheat bran, pine flour, pine
nut shells, and the enzyme preparation Fitbest
WP in the quail feed for birds raised up to 60
days old.

The experiment’s task is to determine the ef-
fect of feeding quails with the functional addi-
tive on their survival rate, average daily weight
gain, feed conversion ratio, meat productivity,
meat quality, and hematological indicators.

MATERIAL AND METHODS

A 60-day experiment was conducted using
a standard protocol in 2022 at the quail farm
of the Physiological Courtyard of the Siberian
Research and Technological Design Institute of
Animal Husbandry, part of the Siberian Feder-
al Scientific Centre of Agro-BioTechnologies of
the Russian Academy of Sciences (SibNIPTIzh
SFSCA RAS). The experiment involved Japa-
nese quails, hatched and grouped at the age of

one day, which were divided into two analogous
groups (control and experimental) of 60 birds
each' (see Table 1).

The birds were kept in cage batteries under
required microclimate conditions (temperature
ranging from 20 to 22 °C, humidity 60-70%).
The quails in the experiment were provided with
identical basic compound feed, tailored to their
physiological traits and age. The difference be-
tween the groups was as follows: the control
group received only the basic compound feed,
while the quails in the experimental group con-
sumed a compound feed in which 10% of the
wheat mass was replaced with a functional addi-
tive based on a natural organomineral complex
(sapropel) enriched with wheat bran, pine flour,
pine nut shells, and the enzyme preparation Fit-
best WP.

The rations were formulated according to the
standards of the All-Russian Research and Tech-
nological Poultry Institute RAS*’. The com-
pound feeds contained the required amount of
metabolic energy and essential nutrients. In the
first 5 days of life, the chicks were additionally
fed boiled quail eggs along with the compound
feed to enhance their adaptation to the external
environment. Feed intake was recorded daily
by weighing the provided feed and the remains.
Daily observations were made on the behavior
and health of the quails. Weighing of the birds

Taoa. 1. Cxema onbiTa
Table 1. Scheme of the experiment

Group ONfuﬁZ :g; Feeding conditions
Control 60 | BD (basic diet — mixed fod-
der)
Experimental 60 | BD in which 10% of wheat

weight was replaced by a
functional additive consisting
of sapropel (50%), wheat bran
(20%), pine flour (15%), pine
nut shell (15%) enriched with
enzyme preparation Fitbest
WP (100 g/t of mixed fodder)

"Methodology of scientific and production research on poultry feeding / edited by V.I. Fisinin and Sh.A. Imangulov. Sergiev

Posad, 2000. 33 p.

2Recommendations on feeding poultry / edited by V.I. Fisinin and Sh.A. Imangulov, I.A. Egorov, T.M. Okolelova. Sergiev Posad,

2003. 142 p.

“Recommendations on feeding poultry / edited by V.1. Fisinin and Sh.A. Imangulov, I.A. Egorov, T.M. Okolelova. Sergiev Posad,

2003. 142 p.
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was carried out at the start of the experiment,
at 30 days of age, and at 2 months of age at
the end of the rearing period. At the age of 60
days, cockerels were slaughtered, with 3 birds
selected from each group based on average live
weight (see footnote 3). The chemical composi-
tion of the compound feed, functional additive,
and quail cockerel meat was analyzed in the
biochemical laboratory of SibNIPTIzh SFSCA
RAS using standard methods of zootechnical
analysis. The biochemical composition of quail
(cockerel) blood was determined in the biotech-
nology laboratory of the Institute of Experimen-
tal Veterinary Science of Siberia and the Far East
SFSCA RAS. The digital data obtained from the
experiment were processed using variation sta-
tistics on a personal computer using Microsoft
Office Excel.

RESULTS AND DISCUSSION

The quail compound feed was formulated
taking into account their age and in accordance
with the primary requirements for this type of
birds: optimal grinding degree, high caloric con-
tent, and balanced composition (see Table 2).
The compound feed was administered based on
the feed intake.

The functional feed additive based on sapro-
pel contained 5.72 MJ/kg of metabolizable en-
ergy and 3.03% digestible protein (see Table 3).

In terms of energy content (MJ of metaboliz-
able energy), the main compound feed and the
compound feed containing the functional addi-
tive were practically equal (difference of 0.78%).

It was found that feeding chicks with com-
pound feed in which 10% of the wheat mass was
replaced by the functional additive had a posi-
tive effect on the survival and growth rate of the
birds (see Table 4).

The survival rate of the chicks in the exper-
imental group increased by 2.00% compared to
the control, and the average daily live weight
gain increased by 6.97% (p > 0.05), with no sig-
nificant differences in feed consumption per unit
of production (intergroup difference of 1.65%).
The consumption of compound feed by the
quails in the experimental group increased by
8.58% over the 60-day experiment compared to
the control counterparts.

Ta6a. 2. Crpykrypa U MUTaTeILHOCTh KOMOMKOP-
MOB JUIS TIEpETeIIoB

Table 2. Structure and nutritional value of
compound feeds for quails

Component Age, days
0-30 30-60
Structure, %
Forage wheat 60,0 58,0
Extruded soybeans 10,0 10,0
Sunflower oil cake 10,0 10,0
Meat and bone flour 5,0 10,0
Fish flour 5,0 -
Forage yeast 5,0 5,0
Premix 1,0 1,0
Forage chalk 2,0 2,0
Tricalcium phosphate 2,0 2,0
Shell — 2,0

100 g of mixed fodder contains

Exchangeable energy, MJ 1,27 1,07
Crude protein, g 22,1 22,8
Digestible protein, g 18,60 19,40
Crude fat, g 11,80 5,00
Crude fiber, g 3,00 2,90
NFES, g 47,00 45,40
Starch, g 31,30 30,30
Sugars, g 2,20 2,19
Calcium, g 1,58 1,66
Phosphorus, g 1,18 1,07

Based on the results of the slaughter, it was
determined that the dressed carcass weight in the
experimental group was higher than in the con-
trol by 9.09% (p > 0.05) (see Table 5). The dif-
ferences between the groups in terms of slaugh-
ter yield were insignificant, with a variation of
1.76%.

The inclusion of the functional additive in the
compound feed had an impact on the chemical
composition of the quail meat (see Table 6). The
experimental group exhibited higher concentra-
tions of dry matter in the meat by 0.85%, ash
by 0.61%, calcium, and phosphorus by 1.05 and
1.30 times, respectively (p < 0.05). Intergroup
differences in protein and fat content were not
substantial.

No significant differences were observed be-
tween the groups in terms of the amino acid bal-
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Taoxa. 3. IIurtareIbHOCTL U XUMHYECKHUI COCTAB
(YHKIIMOHAIEHOHN T0OABKU Ha OCHOBE Carpomes

Table 3. Nutritional value and chemical
composition of a functional sapropel-based
supplement

Indicator Actual value
Exchangeable energy, MJ/kg 5,72
Dry matter, % 90,29
Crude protein, % 3,48
Digestible protein, % 3,03
Crude fat, % 1,74
Crude ash, % 34,88
Crude fiber, % 27,0
NFES, % 23,19
Calcium, % 426
Phosphorus, % 0,28

Taoa. 4. CoxpaHHOCTb, IPUPOCT KUBOW MACCHI
UBILIAT-TIEPENENIOB M pacXon Kopma Ha 1 Kr nmpupocTa
Table 4. Safety, live weight gain of quail chickens
and feed consumption per 1 kg of gain

Group
Indicator
control experimental

Mortality, % 81 83
Live weight, g:

at the beginning of
the experiment 8,63 +0,11 8,58 £0,10

at the age of 30 days | 62,47+ 1,51 | 71,27+1,92

at the age of 60 days | 155,12 £2,03 | 164,98 +£2,48
Live weight gain for 60
days, g:

absolute 146,49 £1,92 | 156,40 £ 2,35

daily average 2,44 + 0,03 2,61+ 0,04
Feed consumption for
60 days per 1 head, kg 0,886 0,962
Feed costs per 1 kg of
gain, g 6,05 6,15

ance of quail meat. The amino acid indices of the
meat from the control and experimental groups
were identical (difference of 1.72%).

The results of the biochemical blood tests
conducted on the quails in the experimental
groups showed that all chicks were healthy (see
Table 7).

There was an increase in total protein by
5.57%, albumin-globulin ratio by 12.21% (p <

Taoua. 5. Pe3ynbrarel KOHTPOIBHOTO YOOS
MOJIONIBITHOM NMTHIIBI

Table 5. Results of control slaughter of the
experimental poultry

Group
experimental

Indicator
control

Preslaughter live weight, g | 155,0+2,19 [ 165,0 + 3,21

Weight of gutted carcass, g | 110,0 £2,60 |120,0 +2,91

70,97 + 0,85 | 72,73 + 0,33

Slaughter yield, %

Taoa. 6. XuMHYESCKUNH U aMHUHOKHCIOTHBIN
coCTaB Msica nepernesos, %

Table 6. Chemical and amino acid composition
of quail chickens meat, %

Indicator Group :

control experimental

Preslaughter live

weight, g 155,0+2,19 | 165,0+3,21

Weight of gutted car-

cass, g 110,0£2,60 | 120,0+291

Slaughter yield, % 70,97 0,85 | 72,73 +0,33

Ash 3,26 + 0,08 3,87+0,05

Calcium 0,894 + 0,005 | 0,942 + 0,004

Phosphorus 0,148 £0,006 | 0,192 + 0,005

Amino acids:

sum of essential amino

acids (arginine, valine,

histidine, lysine, leu-

cine, isoleucine, tryp-

tophan, threonine, ty-

rosine, phenylalanine,

methionine, cystine) 10,285 9,844

sum of non-essential

amino acids (alanine,

asparagine, glycine,

glutamine, proline,

serine) 9,331 8,782

amino acid index 1,102 1,121

0.05), and calcium by 21.43% (p < 0.05) in the
blood of the quails from the experimental group.
Other indicators of the biochemical blood com-
position remained within the physiological
norm.

CONCLUSIONS

1. A recipe for a functional feed additive for
quails based on a natural organomineral com-
plex (sapropel) has been developed. The com-
position of the additive includes: sapropel 50%,
wheat bran 20%, pine flour 15%, cedar nut shell
15%, enzymatic preparation Fitbest WP (0.1 g/
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(DyHKI_II/IOHaJ'ILHaﬂ Z[OﬁaBKa Ha OCHOBEC MPUPOIHOTO MTPEMHUKCA
B pallMOHE IEpPenesoB

Porauér B.A., Mep3mnsikosa O.I"., Yeronaes B.T".,
IMumunenxo H.U., Marep C.H.

Taobxa. 7. buoxumuyeckue Mokazareian KpoBU
LBITUIAT TIEPETIEIOB

Table 7. Biochemical blood parameters of quail
chickens

Indicator Group

control experimental
Total protein, g/l 3591 +1,13 | 37,91 +£0,52
Albumin, g/l 16,46 0,74 | 18,47 +0,60
Globulin, g /1 19,54+0,82 | 20,44 +0,59
Albumin/globulin ratio | 0,84 +0,07 0,90 + 0,02
Triglycerides, pmol/l 1,87 £0,04 1,91 £0,02
Uric acid, umol/I 166,31 £5,52 | 171,85+ 5,52
Phosphorus, mmol/l 2,26 + 0,05 2,33+0,24
Calcium, mmol/I 1,82 +£0,07 2,21+0,10
AST, v/l 192,71 £4,47 | 190,61 + 2,87
ALT, u/l 14,57 1,21 | 14,58 + 1,45
Direct bilirubin, umol/l | 0,23 £+ 0,04 0,23 +£0,07
Creatinine, pmol/l 25,98 +£3,56 | 26,28 +3,56

kg of compound feed).

2. Feeding quails with compound feed during
the rearing period (age 1-60 days), in which 10%
of the wheat grain is replaced with the functional
additive, had a positive impact on certain zoo-
technical indicators. The survival rate of the
chicks in the experimental group increased by
2.00% compared to the control counterparts, and
the average daily live weight gain increased by
6.97% (p > 0.05), with a negligible difference
(1.65%) in feed consumption per unit of produc-
tion. The dressed carcass weight of the chicks
in the experimental group was higher by 9.09%
compared to the control group (p > 0.05).

3. The meat of the quails in the experimental
group contained more dry matter by 0.85%, ash
by 0.61%, calcium, and phosphorus by 1.05 and
1.30 times, respectively, compared to the control
counterparts (p < 0.05). Intergroup differences in
protein and fat content were not substantial. The
biochemical blood parameters of the chicks in
the experimental groups were within the physi-
ological norm.
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BJIUSIHUE KUPA CBUHEHN PASHOI'O XUMHUUYECKOI'O COCTABA
B PAIIMOHE MEPENEJIOK HA MPOAYKTUBHOCTD
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[IpencraBneHsl pe3ynbTaTbl HCCIEAOBAHNIN MEPENENIOK, HAXOMAINXCS Ha PALlMOHAX C UCIOJIb30-
BaHHEM B KOPMOBBIX JOOaBKax MOJKOKHOTO KHUpa CBUHEH, pa3BOAUMBIX B CHOUpH, Pa3IMUHBIX 110
MOP(OIOTHIECKOMY, XHMUYECKOMY COCTaBY, & TAK)KE OPraHOJIECNITHIECKUM KauecTBaM. V3yueHsl ciie-
IYIOIINE TIOKa3aTeIn: HHTEHCUBHOCTh POCTa, KU3HECTIOCOOHOCTH, SIMIIEHOCKOCTh, OMOXUMUYECKHE
OCOOCHHOCTSIM KpPOBH (TPHUIIUIICPUABI, OOIUII XOIEeCTEepPHH, JIMMONPOTENHBI BHICOKOH TUTOTHOCTH,
JUTOMPOTEHHBI HU3KOH IJIOTHOCTH, aTePOTEHHBIN HHIIEKC, YPOBEHH CBOOOTHOPAANKAIEHOTO OKHCIIE-
HUS 1 aHTHOKcuAaHnToB). MiccnenoBansl moponsl: kemeposckas (K) u meerpen (I1) — u ux xup. Y no-
poxst K Tonmuna cana cocraBuia 35,1 MM, y moposs! I1 — 21,1 MM, HaChIIIEHHBIX KUPHBIX KUCIIOT B
JKUpe ObUIO COOTBeTCTBEHHO 41,56 1 38,28%, monuHeHachIeHHbIX KUpHbIX kucinoT (ITHXK) 15,18
u 19,42%, nmuronesoit kuciotsl 15,08 u 19,22%, xonecrepuna 0,16 u 0,26%. OpraHonenTuyecKue
KadecTBa cajla COCTABHIIM COOTBETCTBEHHO 3,9 1 2,4 Oamma. JKup 3THX MOpoJ CBHHEH, a TaKXe TO-
COJTHEYHOE Maciio (KOHTPOJIb) 00ABISUTH B KOPM LBIILUISATAM TEpereok Tpex rpynn mo 60 ocobeii B
KaXI0u 10 23-HenenbHOTo Bo3pacta (3,0-3,5% ot maccel panuona). [lepenenku, nomydaBmme sKup
noponsl K, OsicTpee pociu, y HUX OblIa BBILIE SHLIEHOCKOCTh M CpeIHssl Macca siina. Y meperneioxk,
MOy YaBIINX XKUpP Topoasl [1, comeprkaliuii BRICOKUI ypoBeHb 00111ero xoectepuna, oorarsiii [THXKK
Y JIMHOJIEBOW KHUCIIOTOM, B CBIBOPOTKE KPOBH O0KAa3aJ0Ch 3HAYUTEIHHO OOJBIIE JIUTOMPOTENHOB HA3-
Kot TioTHOCTH (44,9 £ 9,01 ™Mr/mn npotus 29,0 + 5,51 B rpynne K u 28,6 + 4,81 mr/mn B KoHTpo-
Jie), BBIIIE MTEPEKHUCHOE OKUCIIEHUE JINITUIO0B U CaMbIil BRICOKWI aTepOreHHbIN nHeKe. [loaydeHHble
JaHHBIE CBUAETENILCTBYIOT O TOM, 4TO >KUp mopozs! K Oosee mone3eH A MUTaHUS KUBOTHBIX, YeEM
XKUp cBUHEW mopoasl I1, 1 MOXXEeT ObITh IPUOPUTETHBIM B MMUTAHUU YEJIOBEKA. DTO JaeT OCHOBY JIS
MIPOBEPKH U MOATBEPXKACHUS MTOTyUYEHHBIX PE3yJbTaTOB Ha JIOAX, a TAKXKE /Ul CeNEeKIUU CBUHEHN B
HAIpaBJICHNH YITyUIIeHNS )KUPHO-KMCIOTHOTO COCTaBa MsICa U cajia B CTOPOHY YBEJIWYCHHS KOHIIEHT-

pairu HaCBbIIICHHBIX JKUPHBIX KUCJIOT.
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Influence of pig fat of different chemical composition in the diet of
quails on productivity and biochemical composition of tissues

Bekenev V.A., Arishin A.A., Kashtanova E.V., Polonskaya Ya.V.,
Merzlyakova O.G., Chegodaev V.G., Bekeneva K.A.

’Novosibirsk State University. V. Zelman Institute for Medicine and Psychology
Novosibirsk, Russia
(<)e-mail: bekenev(@ngs.ru

The results of the studies of quails kept on diets using subcutaneous fat of pigs bred in Siberia in
feed additives, different in morphological, chemical composition, as well as organoleptic qualities, are
presented. The following parameters were studied: growth rate, viability, egg laying rate, biochemical
blood characteristics (triglycerides, total cholesterol, high-density lipoproteins, low-density lipopro-
teins, atherogenic index, free radical oxidation and antioxidants levels). The following breeds were
studied: Kemerovo (K) and Pietrain (P) and their fat. In breed K, the fat thickness was 35.1 mm; in
breed P, 21.1 mm, saturated fatty acids (SFA) in fat were 41.56 and 38.28%, respectively, polyunsat-
urated fatty acids (PUFA) - 15.18 and 19.42%, linoleic acid 15.08 and 19.22%, cholesterol 0.16 and
0.26%. The organoleptic qualities of the fat were 3.9 and 2.4 points, respectively. The fat of these pig
breeds, as well as sunflower oil (control), was added to the feed of quail chickens of three groups of 60
individuals each up to 23 weeks of age (3.0 - 3.5% of the weight of the diet). The quails that received
K-breed fat grew faster, they had higher egg production, and the average egg weight. In the quails
treated with fat of breed P containing a high level of total cholesterol, rich in PUFA and linoleic acid,
there were significantly more low-density lipoproteins in the blood serum (44.9 £ 9.01mg / dl versus
29.0 £ 5.51 in group K and 28.6 = 4.81 in the control), higher peroxidation lipids and the highest ath-
erogenic index. The data obtained indicate that the fat of breed K is more useful for animal nutrition
than the fat of pigs of breed P and may be a priority in human nutrition. This provides the basis for
testing and confirming the results obtained in humans, as well as for pig breeding in the direction of
improving the fatty acid composition of meat and fat in the direction of increasing the concentration
of saturated fatty acids.

Keywords: fat, breed, quails, growth rate, SFA, cholesterol, atherogenic index
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INTRODUCTION fat content, organoleptic properties, biological

Improving the population’s nutrition with
meat products is a crucial global issue, en-
compassing not only quantity but also quality
considerations. These quality aspects are influ-
enced by diverse factors such as animal species,
breeds, feed composition, husbandry conditions,
genetic traits, growth intensity, and more. Swine
of different breeds vary significantly in carcass

value, chemical composition, and particularly
in terms of fatty acids [1].

However, delineating breed differences in fat
quality does not address the impact of products
with varying fat and cholesterol compositions on
human health. According to researchers, a clos-
er integration between agricultural sciences and
human nutrition science is necessary, as there is
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Bnusane JKupa CBHUHEH Pa3sHOTO XUMHUYECKOTO COCTaBa B palluOHE
TIEPCIICIIOK Ha IIPOAYKTHBHOCTD U OUOXHMHUYECKUI COCTAaB TKAaHEH

Bekenér B.A., Aputmn A.A., Kamranosa E.B., ITononckas 51.B.,
Mepanskosa O.I, Ueronaes B.I', bexenesa K.A.

a close interplay between dietary intake and the
pathogenesis of various prevalent diseases'.

Therefore, the following measures are neces-
sary to obtain high quality meat products with
optimal nutrient content. Firstly, a detailed in-
vestigation into cholesterol levels, fatty acids
in meat and lard, oxidative traits of blood from
the most distinct swine breeds and hybrids is
necessary. Secondly, trials involving lard from
swine breeds with significantly differing fatty
acid compositions and cholesterol levels should
be conducted for both animal feeding and hu-
man nutrition. Currently, our knowledge is in-
sufficient about the optimal levels and types of
fatty acids and antioxidants for human nutrition
and health maintenance [2-5]. According to re-
search, chicks are a suitable animal model for
studying atherosclerosis in humans, as their
plasma cholesterol levels and high-density and
low-density lipoproteins are comparable. The
advantage lies in the fact that chickens are om-
nivorous and can develop spontaneous athero-
sclerosis akin to humans [6]. Some scientists
suggest that birds are akin to physically active
humans in terms of energy metabolism and ex-
hibit similar characteristics to humans in terms
of free radical generation by mitochondria
during fatty acid breakdown [7].

The purpose of the research is to determine
the influence of introducing subcutaneous lard
from swine with differing carcass compositions,
particularly fatty acid profiles, into animal feed
supplements; to investigate the impact on via-
bility, productivity, tissue biochemical composi-
tion of poultry, followed by interpreting results
for potential use of lard in human nutrition.

The research objectives are to identify the
differences among quails on diets with varying
sources of pork fat and vegetable oil, concern-
ing growth intensity, viability, egg production,
blood biochemical traits: triglycerides (TG), to-
tal cholesterol (TC), high-density lipoproteins
(HDL), low-density lipoproteins (LDL), athero-
genic index, levels of free radical oxidation, and
antioxidants.

MATERIAL AND METHODS

To obtain swine meat that is most beneficial
for public health and for subsequent targeted
animal breeding, an assessment of carcass qual-
ity, physico-chemical properties of subcutane-
ous fat, meat, organoleptic attributes, and blood
biochemical composition of five swine breeds
was conducted. These breeds were maintained
under similar feeding and husbandry conditions
at the “Chistogorsky” large industrial complex
in the Kemerovo region.

Previously, an evaluation of finishing and
meat qualities of several swine breeds — Kem-
erovo (K), Large White (LW), Landrace (L),
Pietrain (P), and Duroc (D) — was carried out.
These breeds were provided identical feeds si-
multaneously. For analysis, five carcasses from
each breed with a live weight of 95-100 kg at
slaughter were used [8].

Two significantly differing breeds in slaugh-
ter traits, subcutaneous fat (lard) quality, fatty
acid composition, and cholesterol levels — K
and P — were chosen for introducing their lard
into the diets of quails used as a model object in
the experiment.

For dietary quality investigations of subcu-
taneous fat, three groups of randomly selected
quail chicks (60 birds per group) were formed
immediately after hatching (see Table 1). The
housing conditions adhered to zootechnical rec-
ommendations. Quails in Group 1 were admin-
istered sunflower oil, Group 2 received subcu-
taneous fat from K breed swine, and Group 3
received subcutaneous fat from P breed swine.
The sunflower oil used had the following fatty
acid composition (%): palmitoleic acid C 16:1 —
0.1, palmitic acid C 16:0 — 6.2, linolenic acid C
18:3-0.1, linoleic acid C 18:2 — 68.1, oleic acid
C 18:1 — 19.5, stearic acid C 18:0 — 4.4, gon-
doic acid 20:1 — 0.2, arachidic acid 20:0 — 0.4,
behenic acid 22:0 — 0.7, erucic acid C 22:1 —
0.1, lignoceric acid C 24:0 — 0.2. The fatty acid
composition, cholesterol content of swine sub-
cutaneous fat, and fatty acids of sunflower oil
were determined through lipid extraction using

'Christophersen O.A. and Haug A. Animal products, diseases and drugs: a plea for better integration between agricultural
sciences, human nutrition and human pharmacology // Lipids in Health and Disease. 2011. vol. 10. p. 16. DOI: 10.1186/1476-511X-

10-16.
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Taoa. 1. Cxema onbiTa
Table 1. Scheme of the experiment

Number of
Group animals, Feeding conditions
heads

1 (control) 60 BD + vegetable oil

2 (experimental) 60 BD + K breed subcutane-
ous fat

3 (experimental) 60 BD + P breed subcutane-
ous fat

Note. BD— basic diet balanced according to VNIITIP
norms>.

the chloroform/methanol method according to
Folch, 1957. The purity of lipids was confirmed
and separated through flash chromatography.
Analysis of the fatty acid composition of mus-
cle tissue and adipose tissue was performed
using a gas chromatograph HP 6890 (Hewlett
Packard, Germany).

The quail feed was prepared in accordance
with the primary requirements: balance, high
caloric content, and the necessary degree of
grinding (see footnote 2). The composition and
nutritional content of the quail feed, meeting the
standards, are presented in Table 2.

The experiment was conducted according to
the widely accepted methodology. The structure
and nutritional content of the quail feed adhered
to the norms?.

The growth rate of the quails, their egg pro-
duction, and egg mass were studied. Blood
serum analysis for total cholesterol, HDL and
LDL cholesterol, triglycerides, total protein, al-
bumin, glucose, antioxidants, lipid peroxidation
products (LP) levels in LDL, and LDL oxida-
tive resistance was performed on 10 birds from
each group, slaughtered at 8 and 23 weeks of
age. Determination of the antioxidant activity
of the blood serum was conducted using the
FORM Plus 3000 analyzer (Italy) with the Cal-
legari 1930 kits for FORD (Free Oxygen Rad-
icals Defence) determination (Italy), following
the kit instructions.

Taoa. 2. Crpykrypa ¥ MIUTAaTETLHOCTh KOMOUKOP-
MOB JIJIsl IEPETIeNoK, %

Table 2. Structure and nutritional value of
compound feed for quails, %

Age of quails, days
Component 030 31-60
and older

Forage wheat 44,5 57,0
Extruded soybeans 20,0 12,0
Sunflower oil cake 10,0 10,0
Meat and vegetable flour _ 10,0
Fish flour 12 -
Forage yeast 7 5
Fat (vegetable/animal) 3,5 3.0
Premix 1,0 1,0
Forage chalk 1,0 1,0
Tricalcium phosphate 1,0 1,0

100 g of mixed fodder contains, %
Exchangeable energy, MJ 1,258 1,256
Crude protein 26,4 23,2
Lysine 1,49 1,21
Methionine + cystine 0,90 0,79
Crude fiber 3,7 3.8
Calcium 1,46 1,84
Available phosphorus 0,86 1,01
Sodium 0,48 0,48

The baseline level of LP products in LDL and
in vitro LDL oxidative resistance in serum were
determined using the method by Y.I. Ragino et
al.*. Serum LDL was obtained through hepa-
rin-buffer precipitation, washed, and dissolved
in a 1 M NaCl solution. The oxidative modifica-
tion of LDL was performed in an isotonic NaCl
solution containing Cu+ ions at 37°C. The de-

2Recommendations on feeding poultry / RASKhN; ISTC “Plemptitsa”; GNU VNITIP / edited by V.I. Fisinin and Sh.A.
Imangulov, I.A. Egorov, T.M. Okolelova. Sergiev Posad. 2003. 142 p.

3Methods of scientific and production research on poultry feeding / RASKhN; ISTC “Plemptitsa”; SSI VNITIP / edited by V.I.

Fisinin and Sh.A. Imangulov. Sergiev Posad. 2000. 33 p.

“Patent No. 2216738 RF. Method of estimation of antioxidant potential of low-density lipoproteins / Yu.l. Ragino, E.V.

Berezovskaya, Yu.P. Nikitin. Priority from 14.09.2001.
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gree of LDL oxidation was evaluated using the
fluorometric method based on the concentration
of one of the end products of LPO — malondi-
aldehyde (MDA) — at the beginning (before ox-
idation) and after 3, 6, 15, and 30 minutes of
incubation using a Versafluor spectrophotom-
eter. Concentrations of TG, TC, HDL choles-
terol, glucose, and aspartate aminotransferase
were determined using enzymatic methods with
“Thermo Fisher Scientific” kits (Finland) on
a biochemical analyzer “Konelab Prime 301"
(Thermo Fisher Scientific, Finland). LDL cho-
lesterol was calculated using the Friedewald
formula. Statistical analysis of results was car-
ried out using the Statistical 6.1 software pack-
age for Windows. Results are presented as mean
values with their standard errors (M + SE). The
differences were considered statistically signifi-
cant at p < 0.05.

RESULTS CAND DISCUSSION

Characteristics of different pig breeds’ fat

Pigs of the studied breeds significantly dif-
fered in backfat thickness and qualitative char-
acteristics of the salt-cured fat. The backfat
thickness at the level of the 6th and 7th thoracic
vertebrae with a live weight of 100 kg was as
follows (mm):

LW - 329, K - 351, L - 323, D - 32.7,
and P — 21.1. Thus, in terms of all investigated
parameters (appearance, tenderness, taste), the
fat from pigs of the breed K looked the best (see

Table 3). The fat from pigs of the breed P was
very thin and lacked the characteristic pink hue
of good fat. The salt-cured fat obtained from
pigs of the breed K was rated the best in terms
of taste by Siberian tasters across all parame-
ters.

Subcutaneous fat from pigs of the breed K
contained more fat than that from P (88.1 +
4.80% vs. 80.4 + 1.93%) (see Table 4). In the
fat from breed K, there were more saturated fat-
ty acids (41.56 vs. 38.28%), especially palmitic
acid — 25.62 £ 0.87% vs. 23.0 = 0.59% in breed
P (p <0.05), and myristic acid — 1.4 = 0.16% vs.
1.1 £0.13%. However, linoleic polyunsaturated
fatty acid content was lower in breed K — 15.08
+ 0.72% vs. 19.22 £ 1.6% (p < 0.05). The fat
from breed K contained 0.16 = 0.02% total cho-
lesterol compared to 0.26 £ 0.02% (p < 0.01) in
breed P, which is 1.5 times less. The fat content
of cholesterol in 100 g of fat was 140 mg for
breed K and 209 mg for breed P.

Growth, Development, and Productivity of
Quails

The development of quails was studied
from hatching to 165 days of age (23.6 weeks).
There was no significant difference between
the groups, although a tendency towards higher
body weight in group 2 (K) at 60 days of age
and lower feed consumption for growth was
noted. At 60 days of age, the body weight of the
quails in group 1 was 204.3 g, group 2 — 213.5
g, and group 3 — 208.7 g, with group 2 being

Ta6a. 3. KauecTBO COJNIEHOrO cajla CBUHEW pa3HbIX MOPOJL
Table 3. The quality of salted fat of pigs of different breeds

Number

of taste Breed Taste Tenderness Appearance Average grade

testers
14 Pietren 2,6 +0,3* 1,9 £ 0,2%* 2,8 +0,3* 2,4 +0,2%*
14 Large White 3,3+0,2 2,4+0,3* 3,0£0,3* 2,9+ 0,3*
14 Duroc 3,4+0,2 2,9+0,2 3,5+£0,3 32+0,2
14 Landrace 32+0,1%* 2,5+0,2% 3,0 +£0,2%** 2,9+0,2%
14 Kemerovo 3,9+0,2 3,5+0,3 42+0,2 3,9+0,2

Here and in Table 4, 6:

* The difference compared to breed K is reliable at p < 0,05.
** Atp <0,01.
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Taon. 4. XXupnsie kucnotsl cana, %

Table 4. Fatty acids of fat, %

Pig breed
Fatty acid Kemerovo Pietren
(n=75) (n=75)

Myristic C 14: 0 1,4+ 0,07 1,1+0,13
Pentadecanoic C 15: 0 0 0,1+0
PalmiticC 16:0 25,62+ 0,87 | 23 +0,59*%
Heptadecanoic C 17 : 0 0,3 + 0,03 0,42 + 0,06
Stearic C 18 : 0 13,72+ 0,3 | 13,34+ 0,95
ArachicC20:0 0,52+0,16 | 0,32 +0,07
SAFA amount 41,56 38,28
Palmitoleic C 16 : 1 236+0,14 | 2,08+0,2
Heptadecynoic C 17 : 1 0,28 +0,04 | 0,34+ 0,04
Oleinic C 18 : 1 34,78 0,63 | 33+0,91
Octadecenic C 18 : 1
(oleic) 484+049 | 498+0,35
Eicosenoic C 20 : 1 (gon-
doinic) 0,84+0,29 | 1,3+0,31*
MUFA amount 43,1 41,7
Linoleic C 18 : 2 (0-6) 15,08 0,72 | 19,22 + 1,6*
Eicosatrienoic C 20 : 3
(@-6)(y- linolenic) 0 0
Arachidonic C 20 : 4
(0-6) 0,1+0 0,1+0
Docosapentaenoic
C22:5(-3) 0 0,1+0
Decosahexanoic C 22 : 6
(®-3) 0 0
PUFA amount 15,18 19,42
Cholesterol, % 0,16 +0,02 [0,26 £0,02%*
Fat content, % 88,1 +2,14 | 80,4 +1,93*

4.5% higher (p < 0.1). Feed consumption per
unit growth during the rearing period was 8.2,
7.5, and 8.0 g for groups 1, 2, and 3, respective-
ly (see Table 5).

Quails that had subcutaneous fat from breed
K in their diet tended to have higher body
weight and growth rate at 60 days of age com-
pared to the control groups. Feed consumption
per unit growth was 8.2% lower in group 2. At
70 days of age, 10—13 male quails and 6 female
quails were randomly selected from all groups
for further rearing and eventual slaughter. Over
the 90-day rearing period, reaching 165 days of
age, the body weight of male quails increased
by 8.3 gin group 1,4.9 gin group 2, and 7.9 gin
group 3. At 165 days of age, their body weight
was 194.5 g in group 1, 200.9 g in group 2, and
195.7 g in group 3, with group 2 having a slight-
ly higher body weight. In terms of the chemi-
cal composition of breast muscle at 165 days of
age, there was no significant difference between
the groups in most parameters.

Egg production per quail over a period of
92 days was 62.7 eggs in group 1, 71.3 eggs in
group 2, and 63.5 eggs in group 3. Feed con-
sumption per 10 eggs was 0.525 kg, 0.412 kg,
and 0.507 kg for groups 1, 2, and 3, respectively.
The average egg mass was the highest in group
2 hens — 11.38 + 0.16 g compared to 11.23 £
0.18 g in the control and 10.65 = 0.09 g in group
3(»<0.01).

Ta6a. 5. CoxpaHHOCTb, IPUPOCT KUBOM MACChI U 3aTPaThl KOPMa Ha MPUPOCT MEPETETOK

Table 5. Survival, live weight gain and feed costs for the growth of quails

Indicator

Number of quails, heads
Mortality, %

Live weight at hatching, g

Live weight at 30 days of age

Live weight at 60 days of age

Average daily gain for 60 days, g

Average daily gain to the control, %

Feed inputs (g per | g of growth)

Group

1st (control) 2nd (experimental) | 3rd (experimental)

60 60 60

95 95 97
9,03+0,13 9,13+0,14 9,08 £ 0,14
118,3 +£2,04 1242 £2,22 126,3 £ 1,96
204,3 + 3,45 213,5 +£3,47 208,7 £2,89
3,25+0,05 3,41+ 0,06 3,33+£0,05

100 1049 102,5

8,2 7,5 8,0
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In the yolks of quail eggs receiving pig fat
in their feed from both breeds, there were more
valine and isoleucine amino acids than in the
control group. In the egg white of group 3, there
was 0.23% more histidine (p < 0.01) but 0.14%
less isoleucine (p < 0.01) compared to the con-
trol. Thus, it can be preliminarily concluded that
the feed additive containing pig fat from breed
K for growing quail juveniles, which has higher
saturated fatty acids and lower cholesterol con-
tent, leads to increased growth rate, improved
egg production, and larger egg size compared to
other groups.

Blood Biochemical Composition Results for
Quails at 8 and 23 Weeks of Age

Quails receiving pig fat in their feed had
higher levels of triglycerides in their blood se-
rum at 23 weeks of age compared to the birds
receiving vegetable oil (see Table 6).

In group K, the level of triglycerides was
123.7 = 11.39 mg/dL, compared to 90.0 =+
9.23 mg/dL in the control group (p < 0.01) and
107.8 £ 12.02 mg/dL in group P. There were no
significant differences in total cholesterol con-

tent between the age groups, with some tenden-
cy towards higher levels in groups 2 and 3 com-
pared to the control at 23 weeks of age.

Quails receiving vegetable oil as an additive
showed a tendency towards increased levels of
high-density lipoproteins (HDL) in their blood
serum at both 8 and 23 weeks of age, especial-
ly when compared to birds receiving fat from
breed P. Conversely, low-density lipoprotein
(LDL) levels were slightly lower in this group
(see Table 6).

Blood serum lipid peroxidation (LP) stud-
ies revealed that at 23 weeks of age the initial
level of peroxidation products in low-density
lipoproteins (LDL) was the highest in the birds
receiving fat from breed P (1.91 nmol MDA/
mg protein) compared to 1.14 nmol MDA/mg
protein in the control (vegetable oil) (p < 0.01),
and 1.65 nmol MDA/mg protein in the quails
receiving fat from breed K.

Thirty minutes after forced oxidation, the
level of peroxidation products (MDA) in birds
receiving vegetable oil supplements increased
by 3.31 times compared to the baseline (p <

Tada. 6. buoxuMnueckuil coctaB KpoBH Nepenesnok B 23-HeeNbHOM BO3pacTe

Table 6. The biochemical composition of the blood of quails at 23 weeks of age

Indicator Indicator Indicator Indicator
TG, mr/mn TG, Mr/mn TG, mr/mn TG, mr/mi
TC, mr/nn TC, mr/mn TC, mr/mn TC, mr/mn
FORD, mmol/I FORD, mmol/I FORD, mmol/l FORD, mmol/I
LP (0 min) nmol MDA/mg | LP (0 min) nmol MDA/mg | LP (0 min) nmol MDA/mg | LP (0 min) nmol MDA/mg
protein protein protein protein
LP (30 min) nmol MDA/ LP (30 min) nmol MDA/ | LP (30 min) nmol MDA/ LP (30 min) nmol MDA/
mg protein mg protein mg protein mg protein
HDL, mg/dl HDL, mg/dl HDL, mg/dl HDL, mg/dl
LDL, mg/dl LDL, mg/dl LDL, mg/dl LDL, mg/dl
Al c.u. Al c.u. Al c.u. Al c.u.
TP, g/l TP, g/l TP, g/l TP, g/l
Al g/1 Al g/l Al g/l Al, g/l
Gl, mmol/l Gl, mmol/l Gl, mmol/l GI, mmol/l

Note. LW - live weight, TG - triglycerides, TC - total cholesterol, AOA (FORD) - antioxidant activity, LP 0 - lipid peroxidation,
baseline, LP 30 - oxidative resistance of LDL, HDL - high-density lipoproteins, LDL - low-density lipoproteins, TP - total protein,

Al - albumin, GI - glucose, Al - atherogenic index.
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0.001), whereas the levels increased by 2.73
times (p < 0.001) and 2.01 times (p < 0.001)
in the quails receiving supplements containing
fat from breed K and fat from breed P, respec-
tively. Thus, LDL in blood serum under forced
oxidation appeared to be more susceptible to
peroxidation under the influence of vegetable
oil, and least susceptible under the influence of
fat from breed P. According to the data from the
experiment involving 32 observational studies
on dietary fat supplements (involving 530,525
participants), the following was established: the
relative risk of ischemic heart disease (IHD)
was 1.02 for saturated fats, 0.99 for monounsat-
urated fats, 0.93 for long-chain polyunsaturated
fats (®-3), 1.01 for -6 polyunsaturated fats,
and 1.16 for trans fats [2]. Thus, the associa-
tion between coronary artery diseases and the
consumption of total saturated fatty acids (SFA)
was not confirmed.

A convincing link between saturated fats and
mortality from IHD was not found in a subse-
quent systematic review and meta-analysis of
observational studies [9]. The conclusion was
drawn that saturated fats are not associated with
mortality from cardiovascular diseases (CVD),
IHD, ischemic stroke, or type 2 diabetes, but the
evidence is heterogeneous with methodological
limitations. Milk fat, which contains a signif-
icant amount of saturated fatty acids, actually
reduces the risk of developing cardiovascular
diseases®.

In our studies, the pig fat from breeds K and
P, which was fed to quails, significantly differed
in the concentration of myristic, palmitic, and
linoleic fatty acids. While myristic and palmitic
fatty acids were higher in breed K, linoleic fatty
acid was more abundant in breed P.

Some researchers believe that palmitic acid
(C 16: 0) is associated with adverse cardiovas-
cular events, and high levels of it in the blood
are linked to a high risk of developing and pro-
gressing IHD [10]. According to other studies,
higher consumption of linoleic acid (LA) is as-
sociated with a lower dose-dependent risk of
IHD [11].

In our studies, quails in group 3 received pig
fat with a high concentration of polyunsaturat-
ed fatty acids (PUFAs), especially linoleic fatty
acid, which is a major source of lipid peroxida-
tion. It is known that this leads to high concentra-
tions of lipid peroxidation products in the blood
and tissues, including malondialdehyde (MDA),
which destabilizes cell membranes, triggers ath-
erosclerotic changes, and worsens under stress
conditions and an imbalance between free radi-
cal formation and scavenging [12-14].

The obtained data indicate no differences in
the antioxidant activity (AOA) of serum choles-
terol in quails depending on the type of fat they
were fed (see Table 6). Meanwhile, the initial
level of lipid peroxidation products was higher
in quails in group 3 (p < 0.05), which were fed
fat from breed P, characterized by a higher con-
tent of PUFAs (1.9 + 0.23 nmol MDA/mg pro-
tein in group 3, 1.7 £ 0.31 in group 2, and 1.1 +
0.20 nmol MDA/mg protein in control group 1).

The levels of total cholesterol (TC) in the
blood of 23-week-old quails, influenced by pro-
longed feeding of fat supplements, significant-
ly decreased compared to 8-week-old quails.
This decrease was observed in all experimental
groups, including a 1.49-fold reduction in the
control group (p <0.001), 1.58-fold reduction in
group 2 (p < 0.001), and 1.32-fold reduction in
group 3 (p < 0.05). While a positive correlation
between triglycerides (TG) and TC was noted
across all groups (» = 0.73), in groups where
birds received pig fat, an increase in TG levels
was accompanied by a decrease in TC. Signifi-
cant differences in TC between the groups were
not observed at both 8 and 23 weeks of age. The
levels of LDL and HDL decreased significant-
ly with age in all quail groups. In 23-week-old
quails, the level of LDL was highest in those re-
ceiving fat from breed P, characterized by high-
er content of PUFAs and cholesterol (44.9 mg/
dl compared to 29.0 in group 1 and 28.6 mg/dl
in group 2).

Despite the elevated level of palmitic acid in
the fat from breed K pigs, which is capable of
retaining “bad” cholesterol (LDL) and causing

SPeter Elwood. The myth of fat-reduced milk and dairy foods. NFU Cymru Briefing 5th February 2015. URL: https:/www.

nfucymru. org.uk/milk-health-website-piece/.
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an increase in blood sugar in quails consum-
ing this fat as part of their diet, there was no
increase in blood glucose levels. At 8 weeks
of age, the blood glucose levels in quails of
group 1 (control) were 11.2 £ 0.96 mmol/L, in
group 2 - 10.2 + 1.33, and in group 3 - 9.7 £
1.16 mmol/L. Similarly, at 23 weeks of age, the
levels were 10.0 £ 1.32; 9.2 £ 0.88; and 10.5 +
0.93 mmol/L, respectively. The glucose content
in the blood serum exhibited a relatively strong
correlation with total cholesterol (TC) (r =
0.44), triglycerides (TG) (» = 0.38), HDL (r =
0.66), and total protein (TP) (» = 0.38).

The atherogenic index (Al), defined as (TC-
HDL)/HDL, representing the risk of develop-
ing ischemic heart disease, was the highest (p <
0.01) in quails with elevated LDL levels re-
ceiving pig fat from breed P (0.93 compared to
0.57 and 0.69 in other groups). This group also
exhibited a decreased level of polyunsaturated
fatty acids (PUFAs) (see Table 6). In the exper-
iments conducted by Mondé Aké Absalome,
Lohoues Essis Claude, Gauze-Gnagne-Agnero
Chantal et al. [6], who studied the effects of dif-
ferent types of oils (traditional, industrial, yel-
low refined palm oil, peanut, cottonseed, and
soybean), it was demonstrated that palm oil in
all its forms, with a high level of saturated fat-
ty acids, reduces triglyceride, LDL cholesterol,
and increases HDL cholesterol levels in chick-
ens fed with it. Arterial lesions were fewer in
chickens fed palm oil. The authors concluded
that palm oil is one of the plant oils that has a
protective effect against atherosclerosis.

The obtained data suggest that fats contain-
ing a high amount of PUFAs and lower levels
of cholesterol, including subcutaneous fat from
breed pigs and palm oil, could be beneficial for
preventing atherosclerosis.

CONCLUSION

The use of different types of fat as dietary
supplements allows for certain conclusions
to be drawn about their effects on growth and
development of animals throughout their life
span from birth to adulthood. Quails that were
supplemented with fat from Kemerovo breed
pigs (group 2) grew faster and had a higher

body weight at 2 months of age compared to
the control group, which received vegetable oil
in their diet. Quails consuming fat from breed
K pigs showed increased egg laying, produc-
ing 8 more eggs in 92 days compared to those
receiving fat from breed P pigs and vegetable
oil. Biochemical analysis of quail blood re-
vealed certain differences. Birds receiving fat
with higher levels of polyunsaturated fatty acids
(PUFAs) had a tendency to exhibit higher total
cholesterol (TC) levels. The initial level of lipid
peroxidation (LP), expressed in the level of the
end product malondialdehyde (MDA), was sig-
nificantly higher (p < 0.05) in birds consuming
fat with the highest level of PUFAs (1.9 nmol/
mg protein) compared to 1.7 in group 2 and 1.1
nmol/mg protein in the control group. However,
LDL responded more to oxidative modification
in birds that received a diet with vegetable oil,
where LP increased 3.4 times, compared to 2.6
times in group 2 and 2 times in group 3. The
Al was highest (p < 0.01) in quails of group 3,
which received a diet containing fat from breed
P pigs with high levels of TC and rich in PU-
FAs, at 0.93 compared to 0.69 in group 2 and
0.57 in the control group 1.

Fat from breed K pigs caused lower Al than
fat from breed P pigs. Preliminary conclusions
can be drawn that fats containing a higher
amount of PUFAs but lower cholesterol and lin-
oleic fatty acid content, such as subcutaneous
fat from breed pigs and palm oil, are more ben-
eficial in the nutrition of animals and humans,
which requires further research. For the first
time, evidence has been obtained on a model
subject that animal fat containing more PUFAs
but fewer PUFAs, especially linoleic fatty acid
and cholesterol, has a positive rather than a neg-
ative impact on the productivity and cardiovas-
cular system of animals.

The results obtained in the study on birds
(quails), which share characteristics with hu-
mans in terms of mitochondrial free radical re-
lease during fatty acid metabolism [7], provide
a basis for validating the obtained data in hu-
mans and for pig breeding aiming at increasing
saturated fatty acid content in their fat.
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INPABUJIA JJISA ABTOPOB

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

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

* oOulee 3eMile/ieNIue U PACTEHUEBOJICTBO;

*  CeJIeKIHs], CEMEHOBOJICTBO ¥ OMOTEXHOJIOTHSI PACTECHUI;

*  arpOXMMHMs, arpOTIIOYBOBENICHUE, 3aIUTA U KAPAHTHH PaCcTeHUIT;

*  KOPMOIIPOHM3BOJICTBO;

*  UH(EKIMOHHBIC 0OJIE3HU U UMMYHOJIOTHUS JKUBOTHBIX;

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

*  TEXHOJIOTHH, MAIIMHbI U 000PYAOBaHKE JUIs arPOIIPOMBIIIEHHOTO KOMIUIEKCa,

*  IUIIEBBIE CHCTEMBIL.

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

Mudp u HauMeHOBaHHe HAYYHOI CllelHaIbHOCTH B cooTBeTcTBUM ¢ HoMeHnkaTypoii

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

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

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

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

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

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

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

IlepepaboTka cenbCKOXO0351i- 4.3.3. [TumeBble CUCTEMBI
CTBEHHOH MPOIYKIMU

4.1.1. OOuiee 3emiienieNine U PpaCTCHHUEBOICTBO

4.1.2. Cenekuusi, CEMCHOBOJICTBO M OMOTEXHOJIOTHUS PACTCHUIN

4.1.3. Arpoxumusi, arporoYBOBEICHAE, 3alIUTA U KAPAaHTUH pacTCHUN

4.2.3. ndexkunonHble 001€3HN 1 UMMYHOJIOTHSI dKMBOTHBIX

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

4.2.5. Pa3Benenue, CEIEKIHs, TEHETUKA U OMOTEXHOIOTUS YKUBOTHBIX

4.3.1. TexHOJOTUH, MALIMHBI U 000PYIOBaHHUE AJISI arPOIIPOMBILIUICHHOTO KOMILIEKCa

4.3.3. IIuieBnle CUCTEMBI

IIpo6nemsr. CyxaeHus
Hayunble cBs3u

W3 ucropuu ceabCKOXo3stii-
CTBEHHOU HayKu

Kparxue coobmenust

W3 auccepTannoHHBIX paboT

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

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

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

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

ITyOnukanmm uist aBTOPOB 0ecnIaTHBI.

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

[IpencraBnenue crarteu B xKypHain «CHOMPCKNI BECTHUK CEJIbCKOXO35AHCTBEHHOI HAyKU» MOpa3yMEeBaeT, YTo:
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TabNuIax, Bce CChUIKH 0(hOPMIIEHBI KOPPEKTHO.

MOPSIIOK HAIIPABJIEHUS PYKOIIUCEM CTATEM

1. OtmpaBka CTaTbH OCYMIECTBISIETCS Yepe3 AIEKTPOHHYIO PeJakInio Ha caiTe xypHaina https://sibvest.elpub.ru/jour/
index. ITocne mpeaBapuTENbHONW PErHCTpAIMK aBTOPa B MPABOM BEPXHEM YINIy CTpPaHHIIBI BBIOpaTh omiuioo «OTIpaBUTh
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[Mocne 3aBepuIeHHs 3arpy3KH MaTepHaioB 00sA3aTeIbHO BBIOpaTh om0 «OTIPaBUTh MHCHMO», B 3TOM Cilydae pelaKiys
ABTOMATHYECKH OyJeT YBeJOMJICHA O MMOJTYYSCHUH HOBOW PYKOIIHCH.

ComnpoBOIUTENIbHBIE JOKYMEHTBI K PYKOIIHCH CTaThH:

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

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

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

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

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

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

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

HOPAAOK O®OPMJIEHUSA CTATbU

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

CTpykTypa opopmiIeHUs CTATbU:

1. VIK

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

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

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

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

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

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

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

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

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

BBEJIEHUE (rmocTaHoBKa MPOOIIEMBI, TSN, 33a9H UCCICTOBAHMS)

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

PE3VYJIBTATHBI 1 OBCYXKJAEHUE

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

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

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

HPUMEPBI O®OPMJIEHUSA CIIMCKA JIMTEPATYPbBI, REFERENCES U CHOCOK

CIIMCOK JIMTEPATYPBI:

Monozpagusn

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

Yacme Knuzu

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

Ilepuoouueckoe uzoanue

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

REFERENCES:

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

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

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

TpaHcIuTepaIys aBTOPOB. AHIIION3BIYHOE HA3BAaHUE CTAThH

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

Tpancrumepayusa ucmounuxa = Anzn0s3v14H0e HA36AHUE UCTMOYHUKA

Momnozpaghua

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

Yacmb Knucu

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture

in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990,
pp- 230-235. (In Russian).

Ilepuoouueckoe uzoanue

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat depending
on the system of soil tillage. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2018,
vol. 48, no. 4, pp. 27-35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4.

CHOCKMU:

Iutupyemsrii TekeT'.

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

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

HEOOXOJIMMO YKa3bIBaTh B KOHIIE OMOIHOTrpaguuecKOi CChUIKH.

IIpumep:

Chu T, Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize

(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923.

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

PUCYHKMU, TABJIULBI, CKPUHIIOTHI U ®OTOT'PAOUN

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

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

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

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

B3AUMOJENCTBHUE MEXY )KYPHAJIOM 1 ABTOPOM

Penakiust IpoCcHT aBTOPOB ITPH MOATOTOBKE CTATEHl PyKOBOICTBOBATHCS M3JIOKCHHBIMH BBIIIE IIPABUIIAMIL.

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

* TPHHATH CTATHIO K PACCMOTPEHHIO;

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

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

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

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

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

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

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

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

MOPSAJOK NEPECMOTPA PEIIEHUM PEJAKTOPA/PEIIEH3EHTA

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

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

JEVICTBUS PEJAKIIMU B CJIYUAE OBHAPYXXEHUSA IIJIATUATA, PABPUKAIIUA
NJIN PAJTBCUDPUKALIMU JAHHBIX

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

HUCITPABJIEHUE OIIIUBOK U OT3bIB CTATbU

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

[Tonnucky Ha xypHan «CHOMPCKUN BECTHUK CEITbCKOX03HCTBEHHON HAayKI
(Kak Ha roZJ0OBOM KOMIUIEKT, TaK U Ha OTJEJIbHbIE HOMEPA)
MOXHO 0()OPMHUTH OJHUM U3 CJIEAYIOLIMX CIIOCOOOB:

— Barenrctse nommicku 'K «Ypan-Ilpecey no unnexcy 014973. Cebiika Ha u3nanue https:/ www.
ural-press.ru/catalog/97210/8707659/?sphrase _1d=392975. B pa3nene KOHTakThl 3alTH IO
ccruike http://ural-press.ru/contact/, Tae MOXHO BBIOpaTh (PUIIHAI 110 MECTY JKUTEIHCTBA;

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

[TonHoTEKCTOBAS Bepcus )KypHalia
«CHOUpCKUN BECTHUK CEIbCKOX03HCTBEHHOM HAyKM»
pasMeleHa Ha caiite HayuHoit 37eKTpoHHOM OMOIMOTEKH:
http://www.elibrary.ru.
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