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S 3EMJIEJIEJINE U XUMW3AL[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2022-3-1 Tun crarey: OpUrHHAIBHAS
VIK: [633.2+633.3]:631.861 Type of article: original

BJIUSIHUE OPTAHUYECKUX YIOBPEHUI HA OCHOBE KYPUHOI'O IIOMETA
HA ITPOAYKTUBHOCTDH OBCA U MUKPOBHNOJIOT' MYECKHUE I1OKA3ATEJ/IN
IHOYBbI

) 2 Canoxuna T.A., ! MarenbkoBa E.A., 'Taspuiien T.B., ! Ilerpos A.D.,

2 lanuiio B.IL., 2 Koxopun A.B.

! Hosocubupckuii 20cyoapcmeentbpill azpapHbiil yHUSepCumen

Horocubupck, Poccust

?Cubupcruil hedepanvmpiil Hayunvill yenmp azpoduomexronouti Poccutickotll akademuu Hayk
Hogrocubupckas odnacts, p.i. Kpachooock, Poccust

(<) e-mail: sadohina78@yandex.ru

[IpencTaBieHpl pe3yabTaThl H3yUSHUS BIMSHIS PEapaToB Ha OCHOBE KYPHUHOTO TIOMETa Ha POCT U
pa3ButHe oBca. KypHHbIii HOMET COJIEP>KUT B CBOSM COCTAaBE LICHHBIC BEIIECTBA, KOTOPBIE JISTKO UCTIONb-
3YFOTCS PACTEHHUSIMH, HO M3-3a COJCPYKAHMUS OOJIBIIIOTO KOJMYECTBA ITATOICHHBIX MUKPOOPTaHU3MOB €I0
[TPUMEHEHHE MOYKET MPUBOIUTD K 3arPSI3HCHHIO OKPYKaroliel cpe/ipl. B HacTosiiiee BpeMst epCrieKTHB-
HBIM HAIPaBJICHUEM SIBJIICTCS MCIOJIB30BAaHUEC MITHYBEIO MOMETA IOCIIC JOIOIHUTEIIBHON 00pabOTKH.
B uccnenoBaHusax MPUMEHSIINA MepepadOTaHHbIi KYPUHBINA MOMET ¢ UCMONB30BAHHEM KaBHTAIIOHHO-
BHXPEBOTO TEIIOTEHEpaTopa METOIOM TIEPEroHKH cyxoro romera B Buae 10%-ro pactBopa B BoIe U
MOTyYeHHs! Pa3IMYHbIX PO ynoopenuid. O0paboTKy MomMeTa MPOBOANIIN IPH PA3HBIX TEIUIOBBIX PEKU-
max — 60 u 75 °C, ¢ ucnonb30BaHKeM 030Ha WK 0e3 Hero. M3yueHo BiIusiHIE OPraHUueCKUX YI00peH i
Ha OCHOBC KypHHOI'O IIOME€Ta Ha 6I/IOJ'[OI‘I/I'-ICCKy}O AKTUBHOCTB ITOYBBI U ITPOAYKTUBHOCTHL OBCA. Yucien-
HOCTh OCHOBHBIX I'PYIIIl MUKPOOPIaHM3MOB YCTaHAB/IMBAIN OOILICIIPUHATHIM METOIOM BbICEBA Ha ILIOT-
HBIC MUTATENbHBIE CPeibl. DUTOTOKCHYHOCTH MOYBBI OMPENEISIIA B COOTBETCTBUH ¢ PEKOMEH/IAIMSAMHU
110 TecT-00beKTy. POCT U pa3BuTHE OBCa M3ydYalld B TEYCHUE BEreTalllu, OIICHHBAs HACTYIUICHHE ()eHO-
Joruyeckux ¢as, OMOMETPUIECKHE TIOKa3aTeM U 2JIEMEHTBI CTPYKTYPbl YPOXKaHHOCTH. BbIsiBIeHO He-
raTUBHOE BIUSHIE KYPUHOTO MOMETa Ha MUKpO(IIopy (TIOSIBIICHUE YCIIOBHO (PUTOIATOreHHBIX TPHOOB)
1 (UTOTOKCHYHOCTD TIOYBHI, & TAK)Ke Ha COCTOSHME KYJIBTYpHBIX pacTeHuil. [lomer, nmepepaboTaHHbIit
METOJIOM [IEPETOHKHU B OPIraHUUCCKHE YIOOPCHUS, Y/IyUIIIaeT SKOJOIHIECKYI0 OOCTaAHOBKY. YCTaHOBIICHO
MOJIOKUTEITLHOE BIMSTHUE OPTaHUUECKUX YAOOPEHHUI Ha OCHOBE MTHYLETO MOMETa Ha (PUTOCAHUTAPHOE
COCTOSIHUE U a30T(HUKCUPYIOIIYFO aKTUBHOCTh IOUBBL. Ha (poHEe mpuMeHeHus OpraHuuecKuX YI00peHUI
OTMEUCHO YBEIMYCHHUE IPOIYKTUBHOCTH OBca. [loiydyeHa nocroBepHas mpuOaBKa 3eJICHOM MacChl U Cy-
XOro BeliecTra B (ha3y 1BeTeHus opca Ha 6,0-6,2 u 1,1-1,7 T/ra COOTBETCTBEHHO. YPOXKAMHOCTh 3epHA
oBca 6buta BeIre Ha 0,7-0,8 T/ra, i 20%, 10 cpaBHEHHUIO ¢ KOHTPOJIEM.

KiiroueBble cjioBa: MUKpOIIopa IOYBbI, IOMET, OPraHMIEeCKOE yI00peHHE, OBEC

EFFECT OF ORGANIC FERTILIZERS BASED ON CHICKEN MANURE ON OAT
PRODUCTIVITY AND MICROBIOLOGICAL INDICATORS OF THE SOIL

(<) ?Sadokhina T.A., ! Matenkova E.A., ' Gavrilets T.V., ! Petrov A.F., > Danilov V.P., 2 Kokorin A.V.
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The results of studying the effect of preparations based on chicken manure on the growth and
development of oats are presented. Chicken manure contains valuable substances that are easily used by
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plants, but because of the large number of pathogens, its use can lead to pollution of the environment.
Currently, a promising direction is the use of poultry manure after additional treatment. Recycled chicken
manure was used in the research using a cavitation-vortex heat generator by distilling dry manure as
a 10% solution in water and obtaining various fertilizer samples. The manure was treated at different
thermal regimes - 60 and 75 °C, with or without ozone. The effect of organic fertilizers based on chicken
manure on soil biological activity and productivity of oats was studied. Numbers of the main groups
of microorganisms were established by the conventional method of seeding on nutrient dense media.
Soil phytotoxicity was determined according to the test-object recommendations. Oat growth and
development were studied during the vegetation period, evaluating the onset of phenological phases,
biometric indicators and elements of yield structure. A negative effect of chicken manure on the microflora
(the appearance of conditionally phytopathogenic fungi) and phytotoxicity of soil, as well as on the
condition of cultivated plants was revealed. The manure processed by distillation into organic fertilizer
improves the environmental situation. A positive effect of organic fertilizers based on poultry manure
on the phytosanitary state of the soil and nitrogen-fixing activity of the soil was found. An increase in
productivity of oats was noted on the background of the application of organic fertilizers. There was a
significant increase in green mass and dry matter in the flowering phase of oats by 6.0-6.2 and 1.1-1.7
tons/ha, respectively. Oat grain yield was higher by 0.7-0.8 t/ha, or 20%, compared to the control.
Keywords: soil microflora, manure, organic fertilizer, oats
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INTRODUCTION the cheapest and most environmentally friendly
method of its utilization [1]. The main problem
is how to maximize the benefits of chicken ma-
nure as an organic fertilizer while mitigating the
potential negative impact on the environment, as
there occurs its contamination by pathogens, in-

Poultry farming is one of the most rapidly
developing agro-industrial industries in the
world due to the growing demand for eggs and
meat products [1]. Chicken manure, a waste

product generated in large quantities during . ) e
poultry breeding, is a mixture of chicken feces, cluding bacteria, fungi, viruses [4, 5]. Currently,

feathers, bedding and spilled feed, drugs and D€ of the environmentally safe and promising
water'[2]. directions of use as an organic fertilizer poultry

manure is its preliminary processing, which al-
lows you to bring the quality of fertilizer to the
necessary technological, hygienic and fertilizer
indicators [6].

It has been established that the interaction
between soil microbes and recycled organic
fertilizer can establish homeostasis of soil mi-

Such by-products are potentially important
to be applied to the soil as an organic fertilizer
because of their relatively high content of nu-
trients, especially nitrogen, which is associated
with an initially high content of protein and
amino acids® [3]. The application of chicken
manure into the soil as an organic fertilizer is

'Aires A.M. Biodigestdo Anaerdbica da Cama de Frangos de Corte com ou sem Separagdo das Fragdes Solida e Liquida.
Master’s Thesis, Faculdade de Ciéncias Agrarias e Veterinarias- UNESP, Jaboticabal, Brazil. 2009.

2Griffiths N. Best practice guidelines for using poultry litter on pastures. In Agnote DPI-212. Sydney, Australia: State of New
South Wales (NSW) Department of Primary Industries 2007. P. 1-33.
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crobial communities, promote plant growth,
and suppress soil-borne pathogens [7]. Com-
plex biological and ecological processes take
place in the rhizosphere, in particular the inter-
action between plants and microbes, and there
are beneficial microbes as well as soil patho-
gens that compete with each other [8-12].

The rhizosphere community includes many
species with beneficial effects on plant growth
and health, such as nitrogen-fixing bacteria,
mycorrhizal fungi, rhizomicrobes that stimu-
late plant growth, biocontrol microbes and pro-
tozoa, while soil-borne pathogens that colonize
the rhizosphere cause plant diseases by break-
ing the protective microbial shield and over-
coming innate plant defense mechanisms [13].
The complexity and diversity of microbes in
the rhizosphere are necessary to maintain ho-
meostasis in the soil ecosystem [14].

Given the severity of the problem of utiliza-
tion of poultry manure in the agricultural com-
plex of the Siberian region, preventing degra-
dation and increasing soil fertility, as well as
the lack of information about the effect of the
new organic fertilizer on the microbiological
parameters of the soil, there is reason to talk
about the relevance of the research presented.

The purpose of the study is to give a compar-
ative assessment of organic fertilizers based on
chicken manure and establish their impact on
the biological activity of the soil; determine the
effectiveness of the use of poultry manure as an
organic fertilizer to preserve soil bioresources
and oat productivity.

MATERIAL AND METHODS

The studies were carried out in 2020, 2021
in field experiments at the Siberian Research
Institute of Fodder Crops, SFSCA RAS, locat-
ed in the northern forest-steppe of the Priob'ye
region of Novosibirsk. The soil type was me-
dium-loamy leached chernozem, the content of
organic carbon in the soil was 3.48%, pH 5.3.
The sum of the absorbed bases is 58-61 mg/eq.
per 100 g of soil. Forecrop - fallow.

In terms of climatic resources, it is a mod-
erately warm, insufficiently humid agroclimatic
region. Average annual precipitation is 350-450
mm, of which 254 mm falls in the warm period

of the year (April - September), in June - Au-
gust - 113-130 mm. Hydrothermal coefficient
(according to Selyaninov) is 1.0-1.2 in the pe-
riod with air temperature above 10 °C. The sum
of positive temperatures above 10 °C averages
1880° with deviations by years from 1500 to
2250°.

According to the amount of precipitation the
growing season 2020 is possible to characterize
(according to the generalized indicator HTC for
May - September 1.29) as close to the climatic
norm for the place of research, but with variable
amount of precipitation by months and lack of
moisture in June (HTC 0.4) and in the second
decade of July (HTC 0.6). During the vegeta-
tion period 2021, the sum of precipitation was
202 mm (GTC 0.9). From May to August, the
sum of temperatures above 10 °C was 2090°.
During the summer months of vegetation air
temperature was at the level of mean annual
value, and only in May higher by 1.7-3.5 °C.
Precipitation was distributed unevenly.

Experiment scheme: control, chicken ma-
nure (without processing), preparation 1, prep-
aration 2, nitrogen fertilizer Ng,. Two variants
of organic fertilizers based on chicken ma-
nure were studied that were obtained using
cavitation-vortex heat generator by distillation
of semi-dry manure as a 10% solution in wa-
ter and obtaining different samples of fertiliz-
ers, further used in the experiment. Treatment
of manure was carried out at thermal regimes
from 60 to 75 °© C with or without ozone. The
batches of obtained organic fertilizer differed
in processing modes of chicken manure. Under
laboratory conditions the chemical composi-
tion of the processed chicken manure was de-
termined, the control was the original samples
of manure. It was found that the mass fraction
of dry matter of unprocessed chicken manure is
76.7%, processed - 3.6%. The share of organic
matter in terms of dry matter was 77.2% in the
original sample and 81.6% in the processed
sample; the pH of the original samples was 8.6,
the processed samples was 7.0. The content
of total nitrogen, phosphorus and potassium
in terms of dry matter in the initial samples of
chicken manure was 4.04; 2.48 and 1.56%. Un-
der treatment, their content in the final product
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slightly increased (with the exception of phos-
phorus): 5.56; 2.78 and 12.78%, respectively.
Thus, laboratory studies of the chemical com-
position of poultry manure revealed an increase
in the content of the main nutrients in processed
chicken manure compared to the unprocessed.

Variants without fertilization, with the appli-
cation of chicken manure without treatment and
with the application of nitrogen mineral fertiliz-
ers at a rate of Ny, equivalent to organic fertil-
izers were taken as control. Sowing was carried
out in the III ten-day period of May. Repetition
of the experiments was threefold, the arrange-
ment of the variants was systematic. Planting
and accounting area of plots 4 x 15 m = 60 m?.
Fertilizer application was carried out in two
terms: in spring - in the soil under pre-sowing
cultivation (manually in the form of a solution)
and in the growing season during the period of
grain formation.

Oat plants developed differently in the years
of research. In 2021 the growing season was
prolonged, the phases of plant development
lagged by a week behind similar phases in
2020. Plant growth was evaluated during the
growing season. In addition, the characteristics
of the oat crop were analyzed. After sowing on
days 12, 26, 41, 59, and 79, the characteristics
of plant growth and development were evalu-
ated. To determine the main parameters of plant
growth in the field, 10 plants were randomly se-
lected from each repetition (n = 30 in each vari-
ant). Plants were dug up and records and ob-
servations were made. Yield parameters were
evaluated after harvesting. Several main phases
were distinguished during the crop vegetation.
The duration of the interphase periods was de-
termined according to the following oat devel-
opment phases: full sprouting, tillering, tubing,
ear formation, flowering, milky ripeness, waxy
ripeness, and full ripeness. Yield components
were analyzed by evaluating ten random plants
in each previously delimited plot at harvest
time. Weight of 1000 grains was estimated by
threshing, counting grains, and weighing.

The number of major groups of microor-
ganisms was determined by the conventional
method of seeding on nutrient dense media.
Microorganisms were counted on the following

media: recording of ammonificators - on MPA
(meat-and-peptone agar); biochemical activity
of microorganisms assimilating mineral forms of
nitrogen - on SAA (starch-and-ammonia agar);
recording of aerobic nitrogen fixers - on Ashby
medium by clump fouling in percentage; record-
ing of cellulose-destroying microorganisms - on
Getchinson's medium by clump fouling in per-
centage; biochemical activity of fungi - on Cza-
pek's medium. Microorganisms were seeded
by the method of limiting dilutions, incubated
at 28 °C for 3-7 days. The number of growing
colonies taking into account soil moisture con-
tent, drop volume, and dilution was recalculated
to the number of microorganisms in 1 g of ab-
solutely dry soil. Soil phytotoxicity was deter-
mined in accordance with the biotest recommen-
dations. Radish seeds of Zhara variety were used
as a biotest. Total phytotoxicity was measured by
seed germination, sprout length, and root length
of the plant material. To determine the toxicity
of water-soluble substances, radish seeds were
soaked in a soil extract.

RESULTS AND DISCUSSION

It has been proved that crops are responsive
to the introduction of organic fertilizers and
their preparations. Rational use of soil fertil-
ity in combination with the use of preparations
based on chicken manure with reasonable doses
of timing and methods of application makes it
possible to optimize plant nutrition in order to
obtain a high-quality yield. The advantage of
organic fertilizers consists in versatile influence
on plants and soil. They are a significant source
of nutrients for crops and microorganisms in-
volved in soil formation.

The application of chicken manure affected
the number of the main groups of microor-
ganisms. When applying chicken manure, the
number of ammonifiers at the beginning of the
growing season tended to decrease by 2 times
in the variants of chicken manure and prepara-
tion 1. Insignificant differences were revealed
in the variant with the application of nitrogen
fertilizers and preparation 2. At the end of the
growing period the activity of ammonificators
decreased in all variants compared with the be-
ginning of the period. In the variant with nitro-

8 Siberian Herald of Agricultural Science ¢ 2022 « 52 ¢ 3

Agriculture and chemicalization



Brnusaue OpPraHu4eCcKux yaoﬁpeHm?l Ha OCHOBE KypUHOTO IOMETa
Ha IPOAYKTHBHOCTH OBCAa U MHKpOﬁHOHOFH‘IeCKI/IC TI0Ka3aTCJIA II0YBLI

Canoxuna T.A., MarenbskoBa E.A., I'aspuien; T.B.,
IerpoB A.®., lanunos B.I1., Kokopun A.B.

gen fertilizers the number of microorganisms
decomposing organic nitrogen decreased by 4
times.

Preparations and organic fertilizers had no
effect on the group of bacteria assimilating min-
eral nitrogen. The depressing effect was noted
only in the variants with the preparation 2 and
with nitrogen fertilizers in June. The greatest
inhibitory effect was detected with the use of ni-
trogen fertilizers, where the number of bacteria
assimilating mineral nitrogen decreased by 5.4
times compared with the control. In September,
the number of microorganisms decreased on
the background of using preparation 1, prepa-
ration 2 and nitrogen fertilizers. Mineralization
processes prevailed in the autumn period (see
Table 1).

Thus, the application of chicken manure and
nitrogen fertilizers reduced the number of mi-
croorganisms assimilating organic forms of ni-
trogen at the beginning of the growing season.
The number of microorganisms assimilating
mineral forms of nitrogen decreased in the vari-
ants with preparation 2 and nitrogen fertilizers.

The least fungi were observed in the variants
of chicken manure, preparation 2 with addi-
tives, nitrogen fertilizers, which is less than the
control from 1.1 and up to 1.8 thousand. In the
variant of chicken manure fungi of the genus
Fusarium dominated, which can lead to fusari-
osis plants. Application of preparation 1 stim-
ulated the development of fungi of the genus
Trichoderma, which improved phytosanitary
condition of the soil. At the end of the growing
season the number of micromycetes increased
compared with the beginning. When chicken
manure was applied there was a tendency to
increase the number of micromycetes, prepara-
tion 1 and nitrogen fertilizers slightly reduced
the number of fungi, preparation 2 with addi-
tives significantly reduced the number of fungi
by 3.9 times (see Table 2).

The application of chicken manure as a
fertilizer reduced the number of micromyce-
tes, but led to the dominance of conditionally
phytopathogenic fungi at the beginning of the
growing season. Preparations 1 and 2 promoted
the development of fungi of the genus Tricho-
derma. Application of nitrogen fertilizers did

Ta6a. 1. Mukpodopa MoUBHI TOI OBCOM TPHU
BHeceHnu ynoopenwnii, vutH KOE B 1 r abcomoTHO
cyxoit mouBsI (cpenuee 3a 2020, 2021 )

Table 1. Microflora of the soil under oats when

applying fertilizers, mIn. CFU in 1 g of absolutely
dry soil, (average for 2020-2021)

Bacteria that Bacteria that
assimilate assimilate
Option organic nitrogen mineral nitrogen
(MPA) (SAA)
June |September| June |September
Control 301,10 | 44,50 | 129,30 | 124,80
Chicken
manure 154,90 | 59,15 172,65 | 106,15
Preparation 1 | 149,90 | 58,65 129,65 60,65
Supplemented
preparation 2 | 347,90 | 32,30 89,30 78,80
Nitrogen
fertilizers Ngo | 204,90 | 11,80* | 23,65 | 84,15
LSDys 157,59 | 15,27 140,42 | 83,94

* Reliable at the 95% level.

not affect the number of micromycetes in the
soil.

Under the conditions of leached chernozem,
an increase in nitrogen-fixing capacity of the
soil was observed in all variants, except the
variant with nitrogen fertilizers (see Table 3).

Periodic application of organic fertilizers
promotes the development of free-living mi-
croorganisms assimilating atmospheric nitro-
gen. Application of nitrogen fertilizers reduces
nitrogen fixation activity.

The most sensitive and easy-to-determine
indicator of soil contamination is its total phy-
totoxicity. Phytotoxicity is a property of soil
due to the presence of pollutants and toxins that
inhibit the growth and development of higher
plants. The main advantages of the method of
phytotoxicity determination are its efficiency,
simplicity and sufficiently good reproducibility.

Soils are considered phytotoxic if the aque-
ous extract from which inhibits seed germina-
tion of the test crop or development of seed-
lings and roots by 20% or more compared with
the control, or has a stimulating effect (less than
30%), which also often indicates the presence
of highly toxic substances in this soil. In June,
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Ta6ua. 2. UucineHHOCTh MUKPOMHUILIETOB IOYBBI O]
OBCOM IIpY BHECEHUH yOOpEHNH, ThIC. B 1 T abco-

JIFOTHO CyXo# TouBHI (cpemnee 3a 2020, 2021 rr)

Table 2. The number of micromycetes of the soil

under oats when fertilizing, thousand per 1 g of

Taoa. 3. Yuer Azotobacter na cpene 2mbun, %

(cpennee 3a 2020, 2021 1)

Table 3. Azotobacter registration on Ashby
medium, % (average for 2020, 2021)

B Option June September
absolutely dry soil (average for 2020, 2021) : P
Control 55,95 35,30
Option June September -
Chicken manure 84,45% 88,50*
Control 4,65 11,80
Chicken manure 3.30 18.48 Preparation 1 92,65* 96,00*
Preparation 1 5,30 10,81 Supplemented preparation 2 91,00%* 77,50%
Supplemented preparation 2 2,45 3,01% ) - Iy 50,50
Nitrogen fertilizers N, 3,95 9.35 Nitrogen fertilizers N, ,65 .5
LSDys 4,29 7,16 LSD;s 22,55 17,30

* Reliable at the 95% level.

no phytotoxic action was observed when con-
sidering the total phytotoxicity of the soil (see

Fig. 1).

Stimulation of root and seedling growth
against the background of the preparations 1
and 2 was detected. Root length of test-crop on
these variants increased by 0,63-0,65 cm com-
pared to the control. With regard to nitrogen
fertilizers, a slight inhibition of root length of

test-cultures was noted (see Fig. 2).

cm
7,0

’ 572 5,92
6,0

>

5,0

>

40
3.0

>

2,0

>

1,0

>

0,0

Root length

M Control
M Preparation 1

635 637

* Reliable at the 95% level.

When considering the phytotoxicity of wa-
ter-soluble substances against the background
of manure application, inhibition of radish root
and sprout growth was observed (see Fig. 2).
This can be explained by the content of toxic
substances that are soluble in water and have
an inhibitory effect on the test-culture. Roots of
the test-culture developed best when using the

preparation 1.

321
272 278

Sprout length

M Poultry litter
B Preparation 2 with additives
M Nitrogenous fertilizers

3.18

3.13

Puc. 1. O6mast PUTOTOKCHYHOCTH MOYBBI ITOCJIC BHECCHUS MPETApaToB 10Jl OBEC B HAauaJle BereTaluu

(cpemnee 3a 2020, 2021 rr.)

Fig. 1. Total phytotoxicity of the soil after the introduction of preparations for oat culture at the
beginning of the growing season (average for 2020, 2021)
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The presence of toxic water-soluble sub-
stances in the soil had a negative effect on the
development of radish seedlings. This was ex-
pressed in the reduction of sprout length when
using all the preparations.

The study of soil phytotoxicity was carried
out in dynamics. By the end of the growing
season on the background of applying manure
and nitrogen fertilizers, a slight inhibition of
root growth and sprouts of the test crop was
noted, indicating a slight overall toxic effect
(see Fig. 3).

When using preparations 1 and 2, no inhibi-
tory effect on the roots was detected, on the
contrary, there was a stimulation of root growth
of the test crop. In the soil sampled at the end
of the growing season, phytotoxicity of water-
soluble substances was observed, as evidenced
by the retardation of root and seedling growth
(see Fig. 4). Significant decrease in root length
compared to distilled water was observed in the
control soil (1.3 times) and in the variant with
manure application (1.7 times).

The use of preparations 1 and 2 insignifi-
cantly inhibited the growth of test-culture roots
compared to distilled water, but stimulated
them relative to the control.

Root length

Aqua destillata
M Poultry litter
B Preparation 2 with additives

The length of the seedlings decreased in re-
lation to distilled water in all variants, but when
using the preparation 2, the differences were
not significant. The length of the test-culture
seedlings was depressed most of all against
the background of manure application (by 1.9
times).

Thus, when pure chicken manure is used as
a fertilizer for crops, the ecological condition of
the soil deteriorates, as evidenced by the phyto-
toxic effects on the test objects.

In our research the effect of preparations
was monitored not only on the soil, but also on
the growth and development of oats. Based on
the results obtained in the field experiment in
2021, 2022, a positive effect of organic fertil-
izers based on chicken manure on the formation
of the main elements of the oat crop structure:
the number and weight of shoots, plant height,
weight of 1000 grains and seeds per plant was
established.

Positive effect of preparations 1 and 2 on
the height of oat plants was noted, which dif-
fered depending on the phenological phase.
In the tillering phase, the height of the control
plants was 30.0 cm; in variants with the use of
preparations 1 and 2, it was 1.2-4.6 cm higher

192 172 163 163

1,54 1.57

Sprout length

M Control
B Preparation 1
M Nitrogenous fertilizers

Puc. 2. DUTOTOKCUYHOCTH BOJOPACTBOPHUMBIX BEIICCTB IMMOYBBI ITOCJIC BHECCHUS IMTPLIIapaToB IO OBEC B

Hauvane Bereranuu (cpennee 3a 2020, 2021 rr.)

Fig. 2. Phytotoxicity of water-soluble soil substances after the introduction of preparations for oat culture
at the beginning of the growing season (average for 2020, 2021)
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Puc. 3. 06111351 (I)I/ITOTOKCI/I‘IHOCTL IIOYBBI MMOCJIC BHECCCHUS IIPLCIapaToB IO OBECC B KOHIEC BECICTAIllUN

(cpennee 3a 2020, 2021 r1)

Fig. 3. Total phytotoxicity of the soil after the introduction of preparations for oat culture at the end of

the growing season (average for 2020, 2021)
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Fig. 4. Phytotoxicity of water-soluble soil substances after the introduction of preparations for
oat culture at the end of the growing season (average for 2020, 2021)

* Reliable at the 5% level

(by 4-15%). A similar trend was observed in
the flowering phase. At the phase of maturity,
the height of the control variant was 88.0 cm,
the use of preparations 1 and 2 had a growth-
stimulating effect - an increase in plant height
by 4.5-7.0%.

Application of preparations 1 and 2 on the
basis of chicken manure contributed to more ac-
tive accumulation of green mass and dry matter in
the phase of oat flowering, which significantly in-
creased by 6,0-6,2 and 1,16-1,7 t/ha respectively
compared to the control (see table 4).
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Application of preparations 1 and 2 had
positive effect on oat yield, the gain was 0.7-
0.82 t/ha, which is 20% higher than the control
and 10% more effective than the application
of mineral fertilizers. The weight of grains in
a panicle increased by 16-25%, the number
of grains in a panicle by 17 and the weight of
1000 grains by 3.6% (see Table 5).

Analysis of productivity elements of the
yield structure showed that the increase in the
yield is associated primarily with an increase
in grain weight in the panicle (r = 0.74) and
the number of grains in the panicle (r = 0.68).

Observations of oat crops (with the use
of preparations) conducted in 2021 in condi-
tions of a fairly favorable phytosanitary situ-
ation did not reveal a tendency to increase the
level of plant infection with disease-causing
agents in organic fertilizers. Evaluation of the
phytosanitary status of the crops revealed the
presence of plant root blotches. On the control
variant the index of disease development was
9.5%, which is lower than the ETH (economic
threshold of harmfulness), with a prevalence
of 100%. On the experimental variants the in-
dex of disease development was significantly
lower - up to 2.7% and prevalence up to 70%.

Taoxa. 4. Brusaue opraHMYecKiX ¥ MUHEPAIbHBIX YIOOPEHUI Ha YPOXKAHOCTD 3€JIeHON MacChl OBCa,

T/ra (cpeanee 3a 2020, 2021 rr.)

Table 4. The effect of organic and mineral fertilizers on the yield of green mass of oats, t/ha (average

for 2020, 2021)

Option Green mass, t’ha Dry matter content, % Dry matter yield, t/ha
Control 25,1 18,5 4,6
Chicken manure 28,3 18,1 5,0
Preparation 1 31,6* 18,5 5,8
Supplemented preparation 2 31,1% 20,2 6,3
Nitrogen fertilizers N 28,8 18,0 5,0
LSDs 2,81

* Reliable at the 95% level.

Tao6xa. 5. Brusaue npemnapatoB Ha OCHOBE KypHHOTO IToMeTa Ha (JOpMUpOBaHUE AIIEMEHTOB CTPYKTYPBI

ypokast oBca (cpemnuee 3a 2020, 2021 rr.)

Table 5. The effect of preparations based on chicken manure on the formation of elements of the

structure of the oat harvest (average for 2020, 2021)

Number of plants Grain weight in Number of Thousand- Biological Yield
Option before harvefting, a paniclg, g grains in a kernel weight, yiel d,gt /ha t/ha
pes. / m panicle, pcs. g
Control 338 1,12 27 36,4 4,1 3,9
Chicken manure 345 1,23 30 38,5 4.5 43
Preparation 1 350 1,4 32 37,8 4.9% 4,7*
Supplemented 356 1,35 31 374 4,8* 4.6+
preparation 2
Eltrogen fertilizers 345 122 30 38,7 44 43
60
LSDs 0,49 0,46
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Effect of organic fertilizers based on chicken manure
on oat productivity and microbiological indicators of the soil

Sadokhina T.A., Matenkova E.A., Gavrilets T.V., Petrov A.F.,
Danilov V.P., Kokorin A.V.

CONCLUSIONS

1. In the forest-steppe zone of Western Sibe-
ria the positive effect of application of prepara-
tions 1 and 2 (based on chicken manure) to the
soil before sowing and during the growing sea-
son in the phase of fruit formation in oats was
achieved. Reliable increase of green mass and
dry matter in the phase of oat flowering by 6,0-
6,2 and 1,16-1,7 t/ha, respectively, in compari-
son with the control was obtained. Oat grain
yield was higher by 0,71-0,82 t/ha or 20% com-
pared to the control. Treatment with prepara-
tions 1 and 2 improved structural indices of oat
plants: the grain weight increased by 16-25%
and the number of grains in the panicle by 17%.

2. The analysis of data on the microbiologi-
cal composition of soils when applying different
forms of organic and mineral fertilizers showed
that the use of chicken manure has no positive
effect on the number of useful soil microflora
under oats. Application of preparations 1 and
2 improves the phytosanitary state of the soil,
the development of free-living microorganisms
assimilating atmospheric nitrogen, which in-
creases the availability of nutrients for plants.

3. The use of pure chicken manure as fertiliz-
er for crops worsens the ecological condition of
the soil, as evidenced by the phytotoxic effects
on the test objects. The application of prepara-
tions obtained with the use of cavitation-vortex
equipment contributes to the reduction of phy-
totoxic effects compared with the control.
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YPOXKAM U OKYIIAEMOCTbH YIOBPEHUH TP KOPHEBOM
U HEKOPHEBOM IIUTAHUU PACTEHUIN KYKYPY3bI

HImanabko U.A., <) barpununesa B.H.

Bcepoccutickuil nayyHo-uccie008amenbCKuti UHCIMumym KyKypy3bol
[Tsruropck, CraBpomnonbekuit kpai, Poccust

(<XDe-mail: maize-techno@mail.ru

[IpencraBieHsl pe3yapTaThl HCCIEAOBaHNS BIMSHNS KOPHEBOTO U HEKOPHEBOTO MUTAHUS HAa YPO-
Kaii 3epHa rUOpUIOB KyKypy3bl. [loneBbie onbIThl mpoBeaeHsl B 2018-2020 rr. B 30HE J0CTATOY-
HOTO yBiaxHeHua CTtaBponosnbekoro kpas. KopHeBoe nmutanue pacTeHU MPOBOIMWIN MO TIPETIO-
CEBHYIO KYJIETHBAITMIO (BECHOI) aMMHAIHOU CEeTUTPoi M HUTpoamMmodockon go3e 30 kr a.B. He-
KOPHEBOE TUTaHUE BHOCHIIH I10 JIUCTY B (a3e 8 nmicTheB ynoodpenneM Bykcam MakpoMuKe B 03¢
2,5 n/ra. YnobpeHus nzydanu Ha cpeHepanaeM rudpuae Mamryk 220 MB u cpennecnienom Marryk
355 MB. HauGonpmuii ypoxxait 3epHa ruopuaoB B 2018 . momydeH oT BHECEHHMS 10 JIUCTY yaoope-
Hus Bykcan Makpomukc B 103e 2,5 n/ra, npruOaBka OTHOCHTEIBHO KOHTpOJIst TnOpuaa Mamryk 220
MB cocrasuia 0,89 1/ra, ruopuaa Mamyk 355 MB — 1,44 1/ra. B 2019 r. HauOosnbIimii ypoxkai 3ep-
Ha THOPUIOB MOMYYCH OT BHECEHUS O] MPEANOCEBHYIO KYJIBTUBAIMIO HUTPOAMMO(OCKH B J103€
N;P30K50. IIpubaBka yposkas 3epra rubpuna Mamyk 220 MB cocrasuna 0,78 t/ra (11,2%), ru-
opuna Mamryk 355 MB — 0,90 1/ra (11,7%). B 2020 1. HauGonbmii yposkaii 3epHa rudpuaa Marryk
220 MB nomnyueH npu moAKOpMKe pacTeHUH yepes TUCThs ynoOpenueMm Bykcan MakpoMmukc B 103e
2,5 n/ra, rubpuaa Mamyk 355 MB npu BHeCeHHUH IO/ IPEATIOCEBHYIO KYJIBTHBAIUI0 aMMHAYHON
cenmuTphl B 103€ Ny, npubaBku coctaBuian coorsercTBeHHO 0,37 1/ra (8,1%) u 0,29 1/ra (6,6%).
B cpennem 3a 2018-2020 rr. HaubombmINi ypoxail THOPHIOB OTMEUEH MPH BHECEHUH yIOOpeHUs
Bykcanm Makpomukce 2,5 n/ra o mucty. [IpubaBka ypoxkas 3epHa rudpuga Mamryk 220 MB cocra-
Buia 0,60 1/ra (11,0%), rudbpuaa Mamyk 355 MB — 0,63 1/ra (10,5%). Oxynaemocts ynoOpeHuit
3€pHOM IIpH BeIpamuBanu rudbpuga Mamyk 220 MB Obuia Bbllie B BapuaHTe KOPHEBOTO MUTaHUS
pacrtenwuii ynoopenuem Bykcan Makpomukce 2,5 ni/ra, Ha 1 p. 3arpar nomydeno 0,90 p. noxoxa. [Ipu
BhIpanBanuy ruopuaa Mamyk 355 MB nipu BHeceHHH 10J] IPEINIOCEBHYIO KYJIBTUBAIINIO aMMH-
ayHoI cenuTpsl B 03e N3 Ha 1 p. 3aTpar nonydeHo 1,69 p. noxoxa.

KiroueBbie ci10Ba: KyKypysa, y1oOpeHusi, KOpHEBask 1 HEKOPHEBas IOAKOPMKA, YPOXKaHHOCTb, 36pHO

YIELD AND RETURN ON FERTILIZER WITH ROOT AND FOLIAR FEEDING
OF CORN PLANTS

Shmalko I.A., C<)Bagrintseva V.N.
All-Russian Scientific Research Institute of Corn
Pyatigorsk, Stavropol Territory, Russia
(XDe-mail: maize-techno@mail.ru

The results of the study of the effect of root and foliar nutrition on grain yield of maize hybrids
are presented. Field experiments were conducted in 2018-2020 in the zone of sufficient moisture
of the Stavropol Territory. Root nutrition of plants was carried out under presowing cultivation (in
spring) with ammonium nitrate and nitroammonium phosphate at a dose of 30 kg of active agent.
Foliar feeding was applied in the 8-leaf phase with Vuxal Macromix fertilizer at a dose of 2.5 I/ha.
Fertilizers were studied on the middle-early hybrid Mashuk 220 MV and the mid-season-ripening
Mashuk 355 MV. The highest hybrid grain yield in 2018 was obtained from the leaf application of
the Vuxal Makromiks fertilizer at a dose of 2.5 1/ha, the increase relative to the control of the hybrid
Mashuk 220 MV was 0.89 t/ha, the hybrid Mashuk 355 MV - 1.44 t/ha. In 2019, the highest hybrid
grain yield was obtained from the application of ammonium nitrate phosphate fertilizer at a dose
of N;,P;,K;, under pre-sowing cultivation. The grain yield increase of Mashuk 220 MV hybrid
was 0.78 t/ha (11.2%), of Mashuk 355 MV hybrid - 0.90 t/ha (11.7%). In 2020, the highest yield
of the grain hybrid Mashuk 220 MV was obtained when feeding the plants through the leaves with
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Yield and return on fertilizer with root and foliar feeding
of corn plants

Shmalko I.A., Bagrintseva V.N.

the Vuxal Macromix fertilizer at a dose of 2.5 1/ ha, the hybrid Mashuk 355 MV when applying
ammonium nitrate phosphate fertilizer at a dose of N, under pre-sowing cultivation, the increase
amounted to respectively 0.37 t / ha (8.1%) and 0.29 t / ha (6.6%). On average for 2018-2020, the
highest hybrid yields were seen with a 2.5 L/ha application of Vuxal Macromix foliar fertilizer.
Increase in grain yield of the hybrid Mashuk 220 MV was 0.60 t / ha (11,0%), the hybrid Mashuk
355 MV - 0.63 t / ha (10,5%). Payback of fertilizers by grain when growing hybrid Mashuk 220
MYV was higher in the variant of root feeding of plants by fertilizer Vuxal Macromix 2,5 l/ha, for 1
ruble of costs 0,90 ruble of income was received. When growing the hybrid Mashuk 355 MV with
the introduction of ammonium nitrate under pre-sowing cultivation at a dose of N, 1 ruble of costs

received 1.69 rubles of income.

Keywords: corn, fertilizers, root and foliar feeding, productivity, grain
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INTRODUCTION

The assimilation of chemical elements in
the process of mineral nutrition is the most im-
portant physiological need of plants [1]. Corn
needs fertile soil, which is created by an ap-
propriate system of fertilizers. The means to in-
crease corn yield is the proper use of fertilizers
[2, 3]. For these purposes various ways of im-
proving the provision of plants with elements
of nutrition are used: the application of mineral
fertilizers: broadcast sowing under the main
tillage, under pre-sowing cultivation, at sow-
ing, as well as the use of agrochemicals in the
form of foliar fertilizers [4, 5]. Root nutrition
of corn is an important factor. The peculiarities
of corn root system give it the opportunity for
rapid and significant consumption of nutrients
from the soil [6].

Aleafis the plant's main laboratory where the
organic matter of the crop is created. Through
the leaves, plants are also able to absorb macro-
and micronutrients from fertilizers. As a result
of biochemical reactions, photosynthesis is ac-

celerated in the leaves, chlorophyll content in-
creases, which contributes to carbohydrate and
protein metabolism. In connection with this
peculiarity of leaves, foliar plant nutrition for
corn is also of great importance [7]. Studies of
many authors have noted a positive effect on
corn yield of nitrogen and complex fertilizers
applied under pre-sowing cultivation' [8-10].
Top dressing corn fertilizers, including the me-
tabolism of the plant organism and increasing
its potential, also have a positive effect on the
yield.

The production and application of fertilizers
in Russia are increasing every year, and their
range is expanding. In recent years, there has
been increased interest in various mineral and
organomineral fertilizers to improve the feed-
ing conditions of plants with nutrients through
the leaf [11-13]. In addition to macro and mi-
croelements, many of them contain amino ac-
ids, vitamins, natural hormones, growth-stimu-
lating and other substances. Modern most effec-
tive agrochemicals for foliar plant nutrition are

'Sychev V.G. Prospects of using new agrochemicals in modern agricultural technologies. Prospects of using innovative forms

of fertilizers, protection means and plant growth regulators in agricultural technologies of crops: Proceedings of participants of
the 10th Scientific-Practical Conference "Anapa-2018". Edited by Academician of the Russian Academy of Sciences V.G. Sychev.
Moscow: LLC "Plodorodie", 2018, pp 3-6, 244 p.
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Vpoxaii 1 OKynaeMocTh YI100pEHHH IPH KOPHEBOM
1 HeKOPHEBOM ITHTAHUU PACTEHUH KYKypy3bl

Mmansko M.A., Barpunnesa B.H.

complex multicomponent and multifunctional
products with innovative solutions. Fertilizers
for foliar plant nutrition, quickly incorporated
into the metabolism, are transported to the plant
organs and provide an increase in corn grain
yield.

The purpose of fertilizer application is to
eliminate the lack of the necessary amount of
a particular nutrient required by corn and to
obtain cost recovery. Therefore, the question
of science-based, rational use of mineral fertil-
izers and agrochemicals with the highest cost
recovery is relevant.

The purpose of the research is to compare
the effectiveness and payback of ammonium ni-
trate and nitroammophoska applied under pre-
sowing cultivation and foliar feeding of corn
plants in the phase of 7-8 leaves with fertilizer
Vuxal Macromix.

MATERIAL AND METHODS

Field experiments were conducted in 2018-
2020 in the experimental field of the All-Rus-
sian Research Institute of Corn in the zone of
sufficient moisture in the Stavropol region. The
soil of the experimental plot was ordinary car-
bonate thick heavy-loam chernozem. Volumet-
ric weight of one-meter layer of soil averaged
1.25 g/m3. There is about 4.7% of humus in the
0-20 cm layer. The reaction of the humus ho-
rizon soil solution is alkaline (pH of the water
extract is 7.5). The content of mobile phospho-
rus in the soil is low, exchangeable potassium
is medium.

The studies were conducted on a medium-
early hybrid Mashuk 220 MV (FAO 220) and
a medium-early hybrid Mashuk 355 MV (FAO
350). The plot area occupied by one corn hybrid
was 19.6 m? (7.0 x 2.8 m), the recording area
was 9.8 m? (7.0 x 1.4 m). Repetition of variants
in the experiment was four times. Corn was
preceded by winter wheat. The main tillage of
the soil was mouldboard. After harvesting the
forecrop, stubble cleaning was done twice and
plowing was done in the fall. In the spring be-
fore sowing two cultivations were carried out.

In 2018 corn was sown on April 28, in 2019
on April 29, and in 2020 on April 30 with a
UPS-8 drill. Corn sprouted in 2018 on May 6,
in 2019 on May 10, and in 2020 on May 11.
After the emergence of seedlings in the phase
of 2-3 leaves the optimal density of plants was
formed - 70 thousand pcs/ha. To control weeds,
corn was treated with herbicide Adengo (0.5 I/
ha) in the phase of 3 leaves. In order to loosen
the soil in the phase of 7-8 leaves inter-row cul-
tivation was conducted.

Ammonium nitrate and nitroammonium
phosphate were applied in the spring under the
first spring cultivation. Fertilization of corn
plants with Vuxal Macromix was carried out
after inter-row cultivation in the phase of 7-8
leaves using OP-2500 sprayer of ARGO series
at a working fluid consumption of 250 1/ha.

Yields were counted in the phase of full grain
ripeness. The cobs were picked by hand and
threshed on a threshing machine. Grain mois-
ture content was determined during threshing
and converted to standard 14% moisture con-
tent. Mathematical processing of the yield data
was carried out according to the method of B.A.
Dospekhov?.

Ammonium saltpeter (ammonium nitrate,
German saltpeter) NH,NO; - contains (N)
34-35%. Nitroammophoska (ammonium di-
hydroorthophosphate, ammonium nitrate, po-
tassium chloride) NH,H,PO, + NH,NO; +
KClI contains (NPK) 16 : 16 : 16. Vuxal Macro-
mix is a mineral fertilizer for foliar feeding of
corn with macronutrients (N - 241,0 g/l, P,O4
- 241,0; K,O - 181,0 g/l) and trace elements (B
- 0,3 g/l, Cu- 0,76, Fe - 1,51, Mn - 0,76, Mo -
0,015, Zn - 0,76 g/1). Preparative form is a sus-
pension with additional effects of pH-corrector
and a sticking agent.

Soil samples for nutrient analysis in the 0-20
cm layer were taken in the phase of 5 leaves in
corn. Soil chemical analysis for nitrate nitrogen
content was carried out according to Grandval-
Lajoux method, mobile phosphorus and ex-
changeable potassium according to Machighin
method.

“Dospekhov B.A. Methodology of field experience. Moscow: Kolos, 1979, 416 p.
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The average multiyear amount of precipita-
tion during the corn growing season is 343.6
mm. In 2018-2020 precipitation during May -
September (corn growing season) was less than
the long-term average: in 2018 by 47.1 mm
(13.7%), in 2019 by 41.5 mm (12.1%), and in
2020 by 71.3 mm (20.8%). The average daily
air temperature during the growing season of
corn in the years of research was higher than
the long-term average (17.9 °C), in 2018 - by
3.1°C,in 2019 - by 1.8 °C, in 2020 - by 2.3 °C.

RESULTS AND DISCUSSION

Fertilization had an impact on the increase
of nutrition elements in the soil. In 2018, the
control without fertilizers, the content of nitrate
nitrogen was 17.4 mg/kg, mobile phosphorus
15 mg/kg, exchangeable potassium 312 mg/
kg, in 2019 respectively 17.6; 12.0; 270 mg/
kg, in 2020 - 17.6; 9.0; 235 mg/kg. In 2018,
the application of ammonium nitrate under pre-
sowing cultivation at a dose of N30 increased
the content of nitrate nitrogen by 8.9 mg/kg,
mobile phosphorus by 1.3 mg/kg, exchange-
able potassium by 18 mg/kg, in 2019 by 6.4;
2.0; 21.0 mg/kg, in 2020 by 5.2; 1.0; 31.0 mg/
kg respectively. The application of nitroammo-
phoska at a dose of N;)P;,K;, under pre-sow-
ing cultivation in 2018 increased the content of
nitrate nitrogen by 6.9 mg/kg, mobile phospho-
rus by 2.0 mg/kg. In 2019, nitrogen increased
by 16.3 mg/kg, mobile phosphorus by 14 mg/
kg, and exchangeable potassium by 25 mg/kg;

in 2020, 12.4; 6.0; 56 mg/kg, respectively. On
average over three years nitrate nitrogen con-
tent increased from the use of fertilizers by 11.9
mg/kg, mobile phosphorus - by 7.3 mg/kg, ex-
changeable potassium - 27 mg/kg.

The data obtained indicate a positive re-
sponse of plants to the application of fertilizers
both under pre-sowing cultivation and by leaf.
Feeding plants with different fertilizers com-
pared with unfertilized control increased corn
grain yield (see Table 1).

In 2018, foliar application of Vuxal Macro-
mix fertilizer at the 7-8 leaf phase proved to be
the most effective fertilizer application.

When feeding plants through the leaves fer-
tilizer Vuxal Macromix yield of grain hybrid
Mashuk 220 MV significantly increased by
18.6%, hybrid Mashuk 355 MV - by 24.4%.
Absorption of nutrients through the roots when
applying under cultivation full mineral fertil-
izer N3,P;K;, did not significantly increase
the grain yield of hybrids Mashuk 220 MV by
14.2% and Mashuk 355 MV by 5.3%.

Excluding phosphorus and potassium from
the root nutrition and applying only ammonium
nitrate at a dose of N5, was also not significant,
the yield of grain hybrid Mashuk 220 MV in-
creased by 1.3%, Mashuk 355 MV - by 12.8%.

In 2019, the greatest increase in grain yield
of hybrid Mashuk 220 MV by 11.2%, Mashuk
355 MV by 11.7% was observed with root feed-
ing of plants with nitroammophoska at a dose
of N;,P5,Kj;,. Root feeding of plants by fertiliz-
er Vuxal Macromix on the leaf gave an increase

Taoxa. 1. Brusaue ynoOpeHwuii Ha ypoxaii 3epHa, T/ra (2018-2020 rr.)
Table 1. Effect of fertilizers on grain yield, t/ha (2018-2020)

Without Cultivation fertilizer application | Vuxal Macromix 2.5
Hybrid Year fertilizers Ny NagPaoKsg I/ha treatment at the | LSDy s, t/ha
7-8 leaf phase

Mashuk 220 MV 2018 4,79 4,85 5,47 5,68 0,71
2019 6,98 7,53 7,76 7,60 0,30
2020 4,55 4,64 4,38 4,92 0,36

On average 5,44 5,67 5,87 6,04

Mashuk 355 MV 2018 5,90 6,42 6,21 7,34 0,73
2019 7,71 8,40 8,61 8,10 0,43
2020 4,39 4,68 4,50 4,64 0,42

On average 6,00 6,50 6,44 6,63
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in grain yield hybrid Mashuk 220 MV 8,9%,
but its advantage was not significantly different
from the addition of ammonium nitrate under
preplanting cultivation in a dose of N;,, which
gave a 7.9% gain. Root nutrition of plants hy-
brid Mashuk 355 MV ammonium nitrate at a
dose of Nj, significantly increased grain yield
by 8.9%. From the application of fertilizer Vux-
al Macromix on the leaf increase in grain yield
was insignificant (5.1%).

In 2020, the efficiency of root nutrition fer-
tilizer application was lower than that of foliar
feeding of plants by leaf. The best use of nu-
trients through the leaves when applying fertil-
izer Vuxal Macromix in the phase of 7-8 leaves
significantly increased the grain yield of hybrid
Mashuk 220 MV (8.1%). Marked insignificant
increase in grain yield of the hybrid (2%), when
applying under the preplanting cultivation am-
monium nitrate N;,, and when applying under
cultivation N;,P;,K;, a negative effect and a
reduction of grain yield by 3.7% was observed.
On hybrid Mashuk 355 MV no advantages of
fertilizing with Vuxal Macromix on the leaf
compared to the addition of ammonium nitrate
to the preplanting cultivation in the dose of N,
received an insignificant increase in grain yield

(5,7 and 6,6% respectively) was noted.

On average for 2018-2020 foliar feeding
with fertilizer Vuxal Macromix in the phase
of 7-8 leaves provided the maximum increase
in grain yield of hybrids (by 11.0 and 10.5%).
Applying nitroammophoska N, P;)K;, for
root nutrition under preplanting cultivation in-
creased the yield of hybrids by 7,9 and 7,3%.
For the corn hybrid Mashuk 355 MV root nutri-
tion of plants with ammonium nitrate at a dose
of N30 applied under pre-sowing cultivation
was more effective than for the hybrid Mashuk
220 MYV, the increase in yield was respectively
8.3 and 4.2%.

The data obtained on the cost recovery of
fertilizer application showed the expediency of
using both ammonium nitrate under cultivation
and foliar feeding of plants with the fertilizer
Vuxal Macromix (see Table 2).

The cost of fertilizer application on the leaf,
including their cost, at foliar fertilization with
the fertilizer Vuxal Macromix were higher
than when applying mineral fertilizers under
cultivation. However, the cost of the yield in-
crease in foliar feeding by the fertilizer Vuxal
Macromix at the phase of 7-8 leaves was 1,9
times higher than the cost of fertilizer on the

Ta6a. 2. Oxynaemocts ynoopenwuii B cpeqaem 3a 2018-2020 rr.
Table 2. Payback on fertilizers on average for 2018-2020

Cultivation fertilizer application Vuxal Macromix 2.5 l/ha

Indicator Hybrid treatment at the 7-8 leaf
N3 N3oP30K30 phase
Yield gain, t/ha Mashuk 220 MV 0,23 0,43 0,60
Mashuk 355 MV 0,50 0,44 0,63
Cost of additional production, Mashuk 220 MV 2300 4300 6000
rbl./ha Mashuk 355 MV 5000 4400 6300
Fertilizer application costs, Mashuk 220 MV 1857 3008 3153
rbl./ha Mashuk 355 MV 1857 3008 3153
Including the cost of Mashuk 220 MV 1004 2150 2500
fertilizers, rbl./ha Mashuk 355 MV 1004 2150 2500
Additional net income, rbl./ha Mashuk 220 MV 443 1292 2847
Mashuk 355 MV 3143 1392 3147
Received income per Mashuk 220 MV 0,24 0,43 0,90

1 ruble of costs, rbl.

Mashuk 355 MV 1,69 0,46 1,00
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hybrid Mashuk 220 MV, Mashuk 355 MV 2,0
times higher, when applying nitroammophoska
N;,P50K;5, under cultivation respectively 1,4
and 1,5 times higher, ammonium nitrate N, -
1,2 and 2,7 times higher.

The use of fertilizer Vuxal Macromix for fo-
liar feeding of the hybrids Mashuk 220 MV and
Mashuk 355 MV gave the greatest additional
net income, which was due to a higher increase
in grain yield. Less increase in grain yield ob-
tained in the variants of the application under
cultivation of nitroammophoska N;,P;,K;, and
nitrate N;, was accompanied by a decrease in
profits.

0,90 rubles of additional production was
spent for one ruble of additional costs at foliar
feeding of plants of the hybrid Mashuk 220 MV
by the fertilizer Vuxal Macromix in the phase
of 7-8 leaves, when applying under cultivation
of nitroammophoska N;,P;,K5, - 0,43 rubles,
ammonium nitrate N5, - 0,24 rubles, the hybrid
Mashuk 355 MV respectively 1,00; 0,46 and
1,69 rubles.

CONCLUSIONS

1. Analysis of the data on the effect of root
and foliar feeding of plants showed that the ap-
plication of the fertilizer Vuxal Macromix at a
dose of 2.5 1/ha by leaf has an advantage com-
pared to the application of fertilizer N5, and
N;oP50K;5, under pre-sowing cultivation. Root
feeding of plants with ammonium nitrate at a
dose of N3, applied under pre-sowing cultiva-
tion, increases the yield of corn hybrid Mashuk
220 MV by 4.2%, Mashuk 355 MV - by 8.3%,
and with nitroammophoska N;,P,,K;, - by 7.9
and 7.3%. Fertilizing plants with Vuxal Macro-
mix in the phase of 7-8 leaves at a dose of 2.5 1/
ha gave a yield increase of 11.0 and 10.5%.

2. From an economic point of view, when
growing hybrid Mashuk 220 MV the fertilizer
application payback by an increase in the grain
yield is higher at foliar feeding of plants with
the fertilizer Vuxal Macromix 2.5 1/ ha in the
phase of 7-8 leaves, hybrid Mashuk 355 MV
- with root feeding of plants with ammonium
nitrate at a dose of N, applied under preplant
cultivation.
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OCOBEHHOCTHU ®OPMHUPOBAHUA YPOKASA U KAYUECTBA 3EPHA
O3MMOM MIIEHUIBI B IEHTPAJIbHOM YEPHO3EMBE

) 1opoxoB Bb.A., Bpaunosa U.C., bBeasiera E.II.

Boponeaicckuil pedepanvuniii acpaprwiii Hayunsii yeump um. B.B. Jloxyuaesa
Boponesxckas o6i1., TamoBckwuii paiion, Poccus
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[IpencraBiensl pe3yapraThl MHOTOJETHUX HcchenoBanmid (2017-2021) o3uMoii mieHuIs Ha
roro-Boctoke LlenTpanproro YepHosemss. Llenb paboTsl — u3yueHune ocobeHHocTel (opMUpOBaHUS
YpOKaHOCTH M KauecTBa 3€pHa KYJAbTYpPbl B MECTHBIX MNPUPOJHO-KIMMATHUYECKUX YCIOBHUSIX.
Marepuan uccienoBanuii — copra bazanst, Kpacrtan, Uepnoszemka 130, Ueprozemka 115 u bazansr 2.
OrnpeneneHsl ypOKatHOCTh BMECTE C TIapaMeTpaMu aJalTHBHOCTH, SKOJIOTUYCCKON MIIACTHIHOCTH
U CTaOMIIBHOCTH, a TaKKe Ccojep)kaHue Oelka W KICHKOBHHBI B 3epHe. [lo Kaxkmomy copry
YCTaHOBJIEHA KOPPEJAIMOHHA 3aBUCUMOCTh YPOXKAHOCTH, CO/lepKaHusl OelKa M KICHKOBHHEI B
3€pHE C TEMIIEPaTypOi BO3AyXa U KOJIMUYECTBOM OCAJKOB, KOTOPBIE CIOKUIUCH B IIEPUOJ BECEHHE-
netHell Beretaruu. [lokazana BO3MOKHOCTb MOTYUYEHUSI B PETHOHE BBHICOKUX YPOXKAEB KYIbTYPhI
C colepaHueM OeJika M KJIICWKOBHHBI B 3€pHE HE HIDKE 3-rO KJlacca, a TaKKe BapbUPOBAHHS
M3y9aeMBbIX MTOKasaresei mo rogaM. GakTopoM Cpelibl, IUMATAPYIOIINM YPOKAHHOCTh U KA94ECTBO
3epHa B pErHOHE, B BECEHHE-JIETHUM U OCEHHUM NIEPUO/IbI BETETAIIUH SIBIISIETCA 3aCyXa. YCTaHOBJICHbI
KITFOUEBBIE JeKa/lbl MECSIeB BECEHHE-JIETHEeW BereTanuu (ampeib — HIOIb), THAPOTEPMUUYECKUE
YCIIOBUSL KOTOPBIX OKa3bIBAIOT CYIIECTBEHHOE BIHMSHHE Ha (OPMHUPOBAHHE YPOXKAHHOCTH,
KOJIM4eCcTBO Oeyika U KielkoBuHBI B 3epHe. Cpenu Hux: Il nekana ampens, I nexaga mas, I un 111
nexanel uroHS u | gexama wrons. TemmepaTypa BO3IyXa M BBITAJAIONINE OCAIKUA B 9TU JIEKAJbI
AMEIOT CHJIBHYIO KOPPEJISIIMOHHYIO 3aBUCHMOCTh PA3HON HAIPABICHHOCTH C YPOXKAWHOCTHIO U
KagecTBOM 3epHa. [Ipu 3TOM KommuecTBEeHHBIE BRIPpQKCHHSI KOI(PPHUITUEHTOB KOPPEIISAIUA 10 COPTaM
OTIIMYAIOTCS, HO WX 3HAYCHUS OJTM3KH M HAXOAATCS B TIPEZeNiaX OJHOU TPYIIITEI 3aBHCUMOCTH.

KuaroueBbie c10Ba: 03uMasi MIICHUIA, YPOXKAHHOCTb, OEIIOK, KIIEHKOBHHA, TEMIIEparypa Bo3/1yXa,
0CaKU, KOppesuus

SPECIFICS OF YIELD FORMATION AND GRAIN QUALITY OF WINTER
WHEAT IN THE CENTRAL CHERNOZEM REGION

C<)Dorokhov B.A., Brailova IL.S., Belyaeva E.P.

Voronezh Federal Agricultural Scientific Centre named after V.V. Dokuchaev
Talovsky District, Voronezh Region, Russia
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The results of multiannual studies (2017-2021) of winter wheat in the southeast of the Central
Chernozem region are presented. The purpose of the work is to study the peculiarities of yield
formation and grain quality of the crop in the local natural and climatic conditions. The research
material included the varieties Bazalt, Krastal, Chernozemka 130, Chernozemka 115, and Bazalt 2.
Yield along with parameters of adaptability, ecological plasticity and stability, as well as protein and
gluten content in grain were determined. The correlation dependence of yield, protein and gluten
content in grain with air temperature and precipitation during the spring-summer vegetation period
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was established for each variety. The possibility of obtaining high crop yields in the region with
protein and gluten content in the grain not lower than the 3rd class, as well as the variation of the
studied indicators by year was shown. The environmental factor limiting the yield and quality of
grain in the region, in the spring-summer and autumn periods of the growing season is drought. The
key ten-days of the months of spring-summer vegetation (April-July), the hydrothermal conditions
of which have a significant impact on the formation of yield, the amount of protein and gluten in
the grain, were determined. These include the second ten-day period of April, the second ten-day
period of May, the second and third ten-day periods of June, and the first ten-day period of July.
Air temperature and precipitation during these ten-day periods have a strong correlation of different
directions with grain yield and quality. The quantitative expressions of the correlation coefficients

differ by varieties, but their values are close and are within the same dependence group.
Keywords: winter wheat, yield, protein, gluten, air temperature, precipitation, correlation
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INTRODUCTION

Winter wheat has been the leading food grain
crop in the Central Black Earth Region since
the mid-20th century, replacing spring wheat
and winter rye in the crops. Its wide distribu-
tion was facilitated by the creation of varieties
suitable for cultivation in the region [1]. How-
ever, as the practice of winter wheat cultivation
has shown, the sown areas and grain yield in
the region vary significantly from year to year
[2]. The quality of the manufactured products is
also unstable, since most of the harvested food
grain belongs to the 4th and 5th classes [3].

The main causes of instability are unfavor-
able climatic factors of the region (drought,
winter stress, etc.), as well as agronomic viola-
tions in the cultivation of the crop. At the same
time, different cultivation technologies, despite
their significant influence, only contribute to
a greater or lesser extent to the realization of
the genetic potential of the variety's productiv-
ity. It follows that the basis for counteracting
the negative weather factors should be con-
tinuous breeding work, since the genotype of a
new variety is the main factor in the formation
of yield in specific ecological and geographi-
cal conditions. It is possible to counteract the

climatic limits of the environment, especially
their frequent changes, by using varieties with
different economic and biological characteris-
tics and properties (different levels of produc-
tivity, resistance to abiotic and biotic stresses,
protein and gluten content, resistance to lodg-
ing, the duration of the growing season, etc.).
[4-6]. Differences in genomic composition al-
low to differentiate cultivated varieties by their
adaptability, and this is an important aspect of
increasing the yield, since there is evidence that
sowing in each farm 3-4 varieties of contrast-
ing adaptability can increase the gross yield of
grain by 30-40% [7].

High genetic potential of modern varieties
often remains untapped. Therefore, the task of
creating varieties with higher ecological plas-
ticity and a broad norm of response to chang-
ing environmental conditions, which increase
the possibility of obtaining stable harvests with
good technological qualities, is of particular
relevance [8]. Variety policy based on the prin-
ciple of mosaic placement of varieties allows to
maximize the positive effect of genotype-media
interaction and better use the genetic diversity
of varieties, increasing the stability of yields,
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grain quality and adaptability of the crop as a
whole [9, 10].

The purpose of the research is to study the
peculiarities of yield formation and grain qual-
ity in the conditions of the southeast of the Cen-
tral Black Earth Region.

MATERIAL AND METHODS

The studies were conducted in 2017-2021.
Five varieties of winter soft wheat created at
the Voronezh Federal Agricultural Scientific
Centre named after V.V. Dokuchaev were used
as source material for the studies. These in-
clude Bazalt (in the State Register of Breed-
ing Achievements since 1993), Krastal (2009),
Chernozemka 115 (2011), Chernozemka 130
(2018) and Bazalt 2 (2019).

Field experiments were laid in a specialized
crop rotation. Black fallow was the forecrop,
the cultivation technology was the one estab-
lished in the zone'. Control plot area was 20-25
m?, seeding rate - 5 million germinated grains/
ha, repetition 4-6 times. Harvesting was carried
out by Sampo-130 combine.

The soil of the experimental plots was or-
dinary medium-humic medium heavy loamy
chernozem.

The statistical processing of the research
results was performed using Microsoft Office
Excel and Statistica programs. Environmental
plasticity and stability were evaluated by the
method of S.A. Eberhart, W.A. Rassell in the
methodical version of V.Z. Pakudin and L.M.
Lopatina [11], where the plasticity of variet-
ies is estimated by regression coefficient (bi),
characterizing the average response of variety
to changing environmental conditions, and sta-
bility - by variant trait (Si2). The parameters of
homeostability of varieties quality indices were
evaluated according to V.V. Hangildin [12].
Gluten in the grain was determined by GOST
R 54478-2011, protein - by Kjeldahl method
(CIASA - Central Institute of Agrochemical
Service of Agriculture).

Hydrothermal conditions of spring-summer
vegetation (April-July) during the years of
studies were diverse. Average air temperatures
of most months were higher than multiyear val-
ues. The exceptions were May and June 2017,
April and May 2020, when average monthly
temperatures were slightly lower than normal.
Precipitation was uneven and varied greatly
both by year and by month of the growing sea-
son (from 6% versus multi-year in June 2018
to 289% in April 2020). The weather condi-
tions of the growing season 2020, 2021 were
very unfavorable. Sowing (I ten-day period of
September) and autumn vegetation of plants
took place in conditions of strong soil and air
drought. Practically significant precipitation
(> 5 mm) was absent for more than 2 months
(from the second ten-day period of August to
the second ten-day period of October inclu-
sive). In general, during the autumn vegetation
period (September-November) the amount of
precipitation was only 33% of the norm. As a
result, sprouts were incomplete (on average, up
to 30-40% of the number of sown grains, their
period extended for 2 weeks or more), and their
growth and development were weak due to the
total absence of moisture in the root zone and
low relative air humidity. Full sprouts were re-
ceived neither by the beginning of the cessa-
tion of autumn vegetation (November 10), nor
by the beginning of the resumption of vegeta-
tion (April 12). As a result, by the beginning of
harvesting the varieties had a very sparse stem,
which was the reason for low yields in 2021.

Based on the amount of precipitation for
April - June (the period of growth and devel-
opment of plants from spring till ripening), we
can conclude that conditions in 2018 and 2019
were dry for winter wheat (60 and 69% of the
norm, respectively). The growing season of
2020, 2021 was also dry, but only the drought
that significantly impacted yields was observed
in the fall growing season. Conditions in 2017
and 2020 can be classified as normal and favor-
able years.

"Turusov V.I., Garmashov V.M., Novichikhin A.M., Dorokhov B.A., Nuzhnaya N.A., Bocharnikova E.G., Abanina O.A.,
Kharkovsky A.A., Gorbacheva A.V. Recommendations for growing winter wheat in the Voronezh region. Kamennaya Steppe,

2019. 37 p.
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RESULTS AND DISCUSSION

Based on the calculated indices of environ-
mental conditions, 2017, 2018 and 2020 were
favorable for yields with positive 1j = 2.39;
0.13 and 0.68 indices, respectively, and 2019
and 2021 were unfavorable with negative Ij =
-0.94 and -2.25 indices (see Table 1).

Yield variation was significant, ranging
from 6.85 t/ha in the favorable 2017 to 2.21 t/
ha in the unfavorable 2021. The corresponding
coefficients of variation are shown in Table 2.
The main reason that negatively affected the
formation of yields was drought conditions. In
the present experiment three out of five years
were with drought, and its manifestation was
noted in different periods of vegetation.

To determine the variety that showed the
best adaptability in cultivation under the pre-
vailing local conditions during the years of re-
search, we analyzed the resulting yield on the
parameters of ecological plasticity, stability
and homeostability.

The plasticity of the varieties studied can
be judged by the value of the regression coef-
ficient (bj), which in our experiment was close
to unity (0.91-1.05). This suggests a high eco-
logical plasticity of the varieties under study
in local conditions. At the same time, changes
in their yields by year correspond to changes
in environmental conditions.

Taoa. 1. YpoxaliHOCTh U UH/IEKC YCIOBUN CPEIIbI
Table 1.Yield and environmental conditions index

The root mean square deviation from the
regression line (S2dj) indicates the stability
of varieties. The smaller this deviation (—0),
the more stable the variety. In our experiment,
the smaller values of the index (high stability)
were characterized by Bazalt, Chernozemka
115 and Chernozemka 130.

The concepts of plasticity and stability are
associated with homeostasis (Hom), which
characterizes the ability of a genotype to mini-
mize the effects of adverse environmental in-
fluences. The criterion of homeostability is the
low variability of traits (V). The relationship
between these indicators characterizes the re-
sistance of the trait (yield) to changing envi-
ronmental conditions. The best on these indi-
cators were varieties Krastal (Hom =3,3; V =
35,0%) and Chernozemka 130 (Hom = 2,5; V
=37,9%).

According to the results, the variety Cher-
nozemka 130, which genome most effectively
used the local climatic conditions to realize
the productivity potential, was identified.

In order to determine the degree and nature
of the influence of meteorological conditions
on the yield, the correlation analysis of the re-
lationship of yield with the average monthly
and ten-day temperatures and precipitation
during the spring-summer growing season was
carried out (see Table 3). During this period
the plants go through phases of development

Yield, t/ha
Variety 2017 2018 2019 2020 2021 X

Basalt 6,04 4,04 2,65 4,85 1,74 3,86
Krastal 6,72 4,18 3,37 5,97 2,83 4,61
Chernozemka 115 6,83 432 3,74 5,15 1,91 439
Chernozemka 130 7,23 5,11 3,90 5,06 2,31 4,72
Basalt 2 7,41 5,30 3,93 4,65 2,25 4,71
X5 6,85 4,59 3,52 5,14 2,21 4,46
% 2,39 0,13 0,94 0,68 225

Here and in Table 4.
* Average yield for the year.
** Environmental conditions index.
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Ta6a. 2. YpoxxaifHOCTh U TapaMeTpPhI INIACTHYHOCTH, CTAOMIPHOCTH M TOMEOCTATHYHOCTH

Table 2. Yield and parameters of plasticity, stability and homeostaticity

Variety — Yield, tha — v, % Hom b, S,
Basalt 6,04 1,74 44,0 2,0 0,97 0,07
Krastal 6,72 2,83 35,0 33 0,91 0,36
Chernozemka 115 6,83 1,91 41,4 2,2 1,03 0,06
Chernozemka 130 7,23 2,31 37,9 2,5 1,03 0,08
Basalt 2 7,41 2,25 39,2 2,3 1,05 0,30

Note. V- variation coefficient; Hom — homeostaticity; b; — environmental plasticity; $°d; — environmental stability.

from spring till full ripeness. The following
gradation was used to estimate the degree of
correlation between the indicators: r < 0.3 -
weak correlation, r = 0.3-0.7 - medium, r > 0.7
- strong?.

With the average monthly temperatures in
April, May and June yield capacity have a me-

dium to strong (depending on the variety) in-
verse (negative) relationship (r = -0.53...-0.84;
r=-0.51...-0.85 and r =-0.66...-0.85 respective-
ly). Also, negative, but less weak correlation
(r=-0.15...-0.41) is observed with July temper-
atures. It follows from this that higher tempera-
tures in these months compared with long-term

Tab6a. 3. KoxhdunueHTs KOppesaiun yposKalHOCTH C TEMIICPaTyPO U OCaTKaMu

Table 3. Coefficients of correlation of yield with temperature and precipitation

Variety April May June July
C | mm ‘C | mm C | mm C | mm
Monthly average
Basalt 0,79 0,46 0,71 0,19 0,76 —0,22 0,21 —0,26
Krastal —0,84 0,37 —0,85 0,37 —0,66 —0,01 0,15 —0,47
Chernozemka 115 —0,66 0,30 —0,69 0,26 —0,72 —0,24 —0,41 0,21
Chernozemka 130 —0,61 0,35 0,59 0,14 —0,81 —0,34 —0,38 0,10
Basalt 2 —0,53 0,32 0,51 0,09 —0,85 —0,39 —0,40 —0,02
1 ten-day period
Basalt 0,18 —0,24 0,30 0,51 —0,26 0,46 0,01 —0,68
Krastal 0,28 —0,45 0,10 —0,44 0,18 0,61 0,08 —0,52
Chernozemka 115 0,21 0,21 0,26 —0,35 0,11 0,40 0,18 —-0,59
Chernozemka 130 0,26 —-0,09 0,36 —-0,40 —0,25 0,34 —0,24 -0,71
Basalt 2 0,27 —0,02 0,40 -0,37 —0,29 0,29 —0,34 0,75
11 ten-day period
Basalt —0,92 0,86 —0,92 0,81 —0,46 0,71 — —
Krastal —0,94 0,93 —0,97 0,80 —0,35 —0,66 - -
Chernozemka 115 —0,91 0,76 —0,92 0,85 —0,48 0,55 — —
Chernozemka 130 —0,84 0,73 —0,86 0,78 0,60 0,61 — —
Basalt 2 —0,76 0,66 —0,80 0,72 —0,68 0,59 — —
111 ten-day period
Basalt —0,12 0,12 0,81 —0,44 —0,82 —0,50 — —
Krastal —0,24 0,13 —0,87 —0,29 —0,83 0,31 — —
Chernozemka 115 0,06 —0,07 0,70 —0,52 —0,89 —0,58 — —
Chernozemka 130 0,07 —0,07 —0,64 —0,54 —0,82 —0,65 - -
Basalt 2 0,12 0,14 0,54 0,54 -0,76 —-0,69 - -

“Dospekhov B.A. Methodology of field experience.

Moscow: Kolos, 1979, 416 p.
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values have a negative impact on the formation
of yield.

The dependence of yield on the amount of
monthly precipitation is multidirectional. With
precipitation in April and May, it is direct (pos-
itive), and in June and July - inverse. Depen-
dence with precipitation in April is of average
strength (r = 0,30...0,46), and with precipitation
in May, June and July - from weak to strong
with appropriate signs for correlation coeffi-
cients (CC).

However, monthly indicators of temperature
and precipitation do not reveal the complete-
ness of their influence on the yield. Firstly, tem-
perature conditions during the growing season
are not always smoothly transitioned from one
regime to another, and precipitation is not even-
ly distributed during the calendar month. Sec-
ondly, a plant may go through several develop-
mental phases during one month. Depending on
the duration of this or that phase, the influence
of meteorological factors on the growth and de-
velopment of plants, the formation of produc-
tivity elements, resistance to lodging, etc., may
be strong or weak.

The analysis showed that in April, the key is
the II ten-day period (from the 10th to the 20th).
At this time, winter wheat vegetation resumes
most often in the region, and a sharp increase in
heat in this ten-day period has a strong negative
effect on future yields (r = -0.76...-0.94). Abun-
dant precipitation in this ten-day period, on the
contrary, promotes growth of the yield capac-
ity (r = 0.66...0.93). Influence of temperatures
and precipitation of the I ten-day period on the
yield capacity is weak, and of the III ten-day
period - weak and multidirectional depending
on the variety.

May conditions have ambiguous influence
on vegetating plants. Higher temperatures in
the first ten-day period compared to the long-
term average have a weak positive correlation
with the yield capacity (r = 0.10 ... 0.40), and
in the second and third ten-day periods a strong
negative correlation (r =-0.80 ... -0.97 and r =
-0.54 ... -0.87, respectively). During the second
and third ten-day periods of May, winter wheat
plants undergo the phases of booting, ear for-

mation and the beginning of flowering. Prob-
ably, high temperatures at this time negatively
affect creation of productivity elements (the
number of spikelets in a spike, grain size, etc.),
and suppressed because of the heat growth
leads to insufficient accumulation of organic
biomass. Precipitation also has a different effect
on the yield at this time. Negative correlation
with average precipitation during I and III ten-
day periods of May (r =-0,35 ... -0,51 and r =
-0,29 ... -0,54, respectively), and positive and
strong correlation (r = 0,75 ... 0,86) with pre-
cipitation during II ten-day period is observed.
Positive influence of precipitation in the second
ten-day period may be due to improved condi-
tions of productivity elements formation during
booting, and negative may be due to an increase
because of heavy precipitation of vegetative
biomass, which may result in early (before ear-
ing) lodging with negative consequences for
the crop capacity.

Elevated temperatures of all three ten-days
of June have a negative impact on yield forma-
tion, and from the first ten-day period to the
third increasing - r =-0.11 ... -0.29, r =-0.35 ...
-0.68 and r = -0.76 ... -0.89, respectively. In
this month, winter wheat plants in the region,
as a rule, sequentially pass phases of flowering,
formation and grain filling. It is believed that
drought during these phases leads to a signifi-
cant decrease in plant productivity [13]. By the
third ten-day period of June, plants reach milky
ripeness, that is why higher temperatures in this
ten-day period have a strong negative correla-
tion with yield due to the possible formation
of small and puny grain. Precipitation during
ten-day periods in June, like in May, influences
yield in different directions - positively in the
first ten-day period (r = 0,29 ... 0,61) and nega-
tively in the second and third ten-day periods
(r=-0,55...-0,71 and r = -0,31 ... -0,69, re-
spectively). The negative relationship between
increased precipitation and yield in the second
and third ten-day periods of June can also be
explained by lodging of plants in these ten-day
periods.

In the first ten-day period of July, plants go
through the phases of milk-wax ripeness and
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wax ripeness. Increased temperatures at this
time affect already formed grain, so they have
little effect on the yield (weak correlation). High
precipitation can significantly and negatively
affect the yield (r = -0.52...-0.75). Full ripening
and harvesting occur, as a rule, in II - beginning
of I1I ten-day period of July.

Not only the yield of winter wheat depends
on the growing conditions, but also its quality
[14]. Nutritive value of harvested wheat grain
determines its protein content. In this regard,
the corresponding analysis to determine the
content of protein and gluten in the grain was
carried out (see Table 4).

The best conditions for protein and gluten
formation in the grain were in 2021, when the
indicators were 16.2 and 43.9%, respectively.
In 2018, the protein and gluten content was the
lowest - 11.8 and 26.9%. Compared to 2021,
other years' conditions are unfavorable, as seen
in the corresponding indices of environmental
conditions. But it should be noted that in 2017,
2019 and 2020, the average values of gluten
content in the grain of the varieties in these
years exceeded 28%, and this corresponds to
the requirements of not less than the 2nd class

in grain gathering. In general, soil and climatic
conditions in the studied years allowed to ob-
tain the 3rd class grain.

In our opinion, the formation of high protein
content in the varieties in 2021 was influenced
not only by weather conditions, but also by the
low yield of this year. The relationship between
the yield and the content of protein and gluten
in the grain in our experiment can be judged by
the corresponding CC. They indicate a negative
correlation between the indicators and amount-
ed to r = -0,59 ... -0,88 with protein and r =
-0,56 ... -0,83 with gluten.

Correlation coefficients of protein and glu-
ten in the grain with hydrothermal conditions
are presented in Table 5. For convenience of
analysis of the table data, the obtained CC for
each month or ten-day period are summarized
in a general group and presented as extreme
values (min-max) in total for all the varieties
with their values of protein and gluten.

Positive relation for these indicators is not-
ed with an increase in monthly temperatures
in April (r = 0,21...0,63) and negative - with
precipitation (r = -0,24...-0,67). Dependence
on weather conditions in May is weak, and in

Taoa. 4. Conepxanue 6eika U KJICHKOBUHBI B 3epHE

Table 4. Protein and gluten content in grain

Variety 2017 2018 2019 2020 2021 X
Protein content, %
Basalt 12,8 10,5 14,0 14,0 16,8 13,6
Krastal 12,5 12,0 15,1 14,0 16,5 14,0
Chernozemka 115 11,8 12,3 13,2 13,1 16,2 13,3
Chernozemka 130 11,8 12,1 12,9 13,2 15,1 13,0
Basalt 2 12,1 12,3 12,6 13,7 16,2 13,4
Xj* 12,2 11,8 13,6 13,6 16,2 13,5
[i** -1,27 —-1,63 0,09 0,13 2,69
Gluten content, %
Basalt 30,6 22,2 31,7 32,7 45,0 32,4
Krastal 26,8 25,9 30,3 28,2 41,8 30,6
Chernozemka 115 26,5 27,6 28,3 25,8 40,6 29,8
Chernozemka 130 26,6 27,7 31,2 25,2 45,8 31,3
Basalt 2 30,2 30,9 28,8 29,2 46,2 33,1
Xj* 28,1 26,9 30,1 28,2 43,9 31,4
Ii** -3,29 —4,57 -1,37 -3,21 12,45
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Specifics of yield formation and grain quality of winter wheat in the
Central Chernozem Region

Dorokhov B.A., Brailova I.S., Belyaeva E.P.

June and July - stronger. This dependence is
positive with June (r = 0,22 ... 0,78) and July
(r=0,21 ... 0,74) temperatures and contributes
to protein content growth. Precipitation at this
time has an ambiguous effect: June precipita-
tion is positive (r = 0,58...0,93), while July pre-
cipitation is negative (r =-0,13...-0,72).

Correlation of protein complex formation
with ten-day indicators of temperature and pre-
cipitation specifies this dependence.

There is a direct correlation between an in-
crease in grain protein content and rising tem-
peratures during the resumption of the spring
vegetation (II ten-day period of April, r=0.45...
0,88), and also during booting and earing (II
and III ten-day periods of May, r = 0,23-0,66
and r = 0,25-0,68 correspondingly), grain rip-
ening (III ten-day period of June, r = 0,47-0,90)
and full ripeness (II ten-day period of July, r =
0,40-0,94). Reduction of protein content in
grain occurs with increasing temperature in the
III ten-day period of April (r = -0,16 ... -0,64)
and the I ten-day period of May (r = -0,51 ...
-0,92) during spring tillering and the beginning
of booting.

Higher contents of protein and gluten are
formed on the background of higher amount of
precipitation during the beginning of booting
(the first ten-days of May, r = 0,25 ... 0,69), ear-
ing (the third decade of May, r = 0,70 ... 0,93),
grain ripening (the third decade of June, r =
0,76 ... 0,96) and milk ripening (the first decade
of July, r = 0,34 ... 0,92). A decrease of protein
and gluten in grains is noted with an increase of
precipitation during the renewal of the spring
vegetation (I ten-day period of April, r = -0,16
... =0,53), during booting (II ten-day period of
May, r = -0,57 ... -0,96) and during full ripe-
ness and harvest (II ten-day period of July, r =
-0,72 ... -0,95). The influence of other ten-day
temperatures and precipitation on the formation
of high protein and gluten content in grain is
small.

CONCLUSION

The limiting environmental factor for the
cultivation of winter wheat in the Central Black
Earth Region is drought, the manifestation of

which in our experiment was observed in three
years out of five. At the same time, drought
conditions can occur both in the fall and spring
and summer periods of the growing season.
Genome of the variety Chernozemka 130 most
effectively used the prevailing weather condi-
tions to realize the productivity potential.

The temperature conditions of the II ten-day
period of April (renewal of the spring vegeta-
tion), II and III ten-day periods of May (phases
of booting and earing), as well as III ten-day
period of June (grain filling) are key for yield
formation in local conditions. Higher tempera-
tures in these ten-day periods compared to the
long-term average lead to lower yields.

Yield increases as compared to the long-
term average due to more precipitation in the
second ten-day period of April, the second ten-
day period of May and the first ten-day period
of June (grain formation), and decreases due to
abundant precipitation in the first and third ten-
day periods of May, II and III ten-day periods
of June and I ten-day period of July (milk-rip-
ening and waxing ripeness).

Higher temperatures of II ten-day periods of
April, I and III ten-day periods of May, III ten-
day period of June and II ten-day period of July
(full ripeness) contribute to an increase in grain
protein and gluten content. At the same time,
a negative correlation with higher temperatures
of III ten-day period of April and I ten-day pe-
riod of May is observed. An increase in protein
and gluten content in grains is observed with an
increase in precipitation in the I and III ten-day
periods of May, III ten-day period of June and I
ten-day period of July, and a decrease - with an
increase in precipitation in the II ten-day period
of May and II ten-day period of July.

Quantitative values of correlation coef-
ficients in varieties within the same month or
ten-day period have differences in magnitude,
but, as a rule, they are not large and are within
one group of dependence - strong, medium or
weak.
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CEJEKIIMOHHAS OIIEHKA YEPHOM CMOPO/IMHbBI
IO NPU3HAKY 'ABUTYC KYCTA

> Ca3onos ®.D.

DedepanbHblil HaYUHbLLL CELEKYUOHHO-MEXHONOSUYECKUL YEeHmMP CA00800CMEA U NUMOMHUKOBOOCMEA
Bpsackas obmacts, ¢. Koxkuno, Poccust

(<XDe-mail: sazon-f@yandex.ru

[IpencraBiensl pe3ynbTarhl (EHOTUITHUYECKONW OICHKH TeHETUYECKON KOJUISKIIUU YEePHOH CMO-
pOIUHBI, OTOOPHBIX (HOPM, MHOPEAHOTO U THOPUIHOTO MOTOMCTBA IO MPU3HAKY TaOHMTYC KycTa.
M3yyeHa BO3MOXKHOCTh MCIIOJIB30BAHUS MEPCICKTUBHBIX TCHOTUIIOB JJISl TTOMYyYCHUS ITOTOMCTBA C
ONTUMABHBIM THUTIOM KpoHBI. MccnenoBanus nposenens! B 2017-2021 . B ycnoBusx bpstHCKoi
00J1acTH Ha yJacTKaX FeHETHYECKOH KOJUISKIINH, KOHKYPCHOTO H3y9IeHHs OTOOPHBIX (hopm, THOpHI-
HOTO (hOH/Ia YEPHOH CMOPOIMHBL. Bo3/1enpiBaHe CMOPOIUMHBI YEPHOH B KOJUIEKIIMOHHBIX MTOCAIKAX
Y Ha TUOPUHOM Yy4yacTKe IPOBOJIWIM B COOTBETCTBHH C 0OmIenpuHATONH B HeuepHo3eMHOI 30HE
Poccun arporexuukoii. [lorogusie ycnoBus bpsiHckod oOmactu TunuvHbl s L{eHTpanpHOTO pe-
ruoHa Poccuu, KiimMar yMepeHHO KOHTHHEHTaIbHbIN. [IpoBeneHa auddepeHipanys copToB U OT-
O0opHBIX (hopM TT0 (PopMe KPOHBI pacTeHU. BRITIOTHEH THOPHUIOIOTHYECKII aHAIN3 HACTIEA0BAHUS
MpU3HaKa TaduTyc KycTa Ha IPUMEpE JIEBATH CEMEH OT KOHTPOJIMPYEMBIX CKPEIIMBAHAN, TPEX TO-
ITYJISIHAA OT CaMOOMBIIICHHS PA3IMYHBIX 110 (JOPME KyCTa TeHOTHIIOB U TPEX — OT CBOOOIHOTO OTIbI-
JICHUS! IEPCIEKTUBHBIX T€HOTHUIIOB YEPHOU CMOPOJUHBI. YCTAHOBIECHBI COPTA, COOTBETCTBYIOLINE
OTJCNLHBIM MapaMeTpaM KOMOAWHOBOW TEXHOJIOTUU YOOPKHU SATOJ MO MPU3HAKAM TraOUTyC KYCTa,
HIMpHHA OCHOBAHMS, BbICOTa pacTeHuid. K HUM oTHOCsTCS copra JlutBuHOBCKas, Mud, Puta, Ky-
necuuk, Kymmur, Ben Hope, Hexxnanunk, [Tonapox Acrtaxosa, Tamepnan, Tiben, Otion, UepHnaBka
W JIpyTHE, a TaKXKe PSI MePCIeKTUBHBIX THOpUA0B — 4-94-1, 3-80-01, 4-5-2, 4-19-04, 62-03-7 u
Ip. OeHOTUIINYECKAS OLICHKA TIOTOMCTBA YEPHON CMOPOJUHBI ITOKA3aJia, YTO MPOSIBJICHUE NPU3HAKA
rabUTyc KycTa UMEET CyIIECTBEHHYIO 3aBUCMOCTh OT THIIA KPOHBI TE€HOTHUIIOB, 3a/IeHCTBOBaHHBIX
B CEJICKI[MOHHOM pabore.

KiroueBble cjioBa: uepHas CMOPOJIMHA, MAIIMHHAS YOOPKa, TEXHOJIOTHS BO3/IC/IBIBAHUS, CEIICK-
[HsI, TAOUTYC KyCTa, THOPHIBI

BREEDING EVALUATION OF BLACK CURRANT
ON THE BASIS OF SHRUB HABITUS

)Sazonov F.F.

Federal Horticultural Center for Breeding, Agrotechnology and Nursery
Kokino vil., Bryansk Region, Russia

(<XDe-mail: sazon-f@yandex.ru

Results of phenotypic evaluation of black currant genetic collection, selected forms, inbred and
hybrid progeny by shrub habitus are presented. The possibility of using promising genotypes to
produce the progeny with an optimal type of crowns was studied. Studies were conducted in 2017-
2021 in the conditions of the Bryansk region in the plots of the genetic collection, competitive study
of selected forms, and hybrid black currant stock. The cultivation of black currants in the collection
plantations and on the hybrid plot was carried out in accordance with the common in the Non-Black
Earth Zone of Russia agro-technique. The weather conditions of the Bryansk region are typical for
the Central region of Russia, the climate is moderately continental. Differentiation of varieties and
selected forms by crown shape of plants was carried out. Hybridological analysis of inheritance of
shrub habitus trait on the example of nine families from controlled crosses, three populations from
self-pollination of genotypes different in shrub shape and three - from free pollination of promising
black currant genotypes was performed. Varieties corresponding to the individual parameters of
combine berry harvesting technology in terms of shrub habitus, base width, plant height were
identified. These include the varieties Litvinovskaya, Myth, Rita, Kudesnik, Kudmig, Ben Hope,
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Nezhdanchik, Podarok Astakhova, Tamerlan, Tiben, Etyud, Chernavka and others, as well as
a number of promising hybrids - 4-94-1, 3-80-01, 4-5-2, 4-19-04, 62-03-7, etc. The phenotypic
evaluation of black currant progeny showed that the manifestation of the shrub habitus trait has a
significant dependence on the crown type of the genotypes involved in the breeding work.

Keywords: black currant, machine harvesting, cultivation technology, selection, shrub habitus,
hybrids
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INTRODUCTION valuable qualities, suitable for intensive
technology of cultivation, such as Kipiana,
Myth, Kudesnik, Litvinovskaya, Yadrenaya 2,
Tamerlan, Shaman, Ceres, Black Magic
Karbon, Ben Sarek, etc. were created. [6-8].

In connection with the creation of
technological varieties, N.I. Vavilov pointed
out back in 1932 that whatever crop to be taken,
for each of them the coming mechanization
puts its own specific requirements for the
creation of plant types corresponding to
mechanized harvesting. Fulfillment of these
requirements is the actual task of breeders
and geneticists. The creation of berry crop
varieties suitable for machine harvesting is
one of the priority areas of modern breeding
programs [9, 10]. For currants, the possibility
of mechanized cultivation is associated with
such indicators as an upright and compact
bush type with moderate height shoots, short
internodes, with strong branches that do not
droop under the weight of the harvest, a small
number of skeletal branches, dense bush base,
concentration of the main yield in the upper
part of the crown, etc. [11].

Among berry shrubs black currant is a
recognized success and has wide prospects
in homestead and industrial gardening. Its
obvious advantages are associated with
unpretentiousness to the growing conditions,
winter hardiness, rapid onset of fruiting and
high yield, the possibility of full mechanization
of most technological operations and
harvesting [1-3]. The special value of black
currant is due to the high level of accumulation
of biologically active substances in berries
and processed products, the combination of
vitamin C and P-active substances, macro-
and microelements contained in them, dessert
taste of some varieties and availability to the
consumer [4, 5].

To date, significant progress has been
made in improving the assortment of the
crop. Most modern black currant varieties are
derivatives - recombinants of wild species in
the 3rd-5th generation, which allows selecting
large-fruited and productive genotypes in
the progeny. Due to the painstaking work of
researchers, new high-yield varieties with
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Studies on the improvement of bush habitus
were carried out in different institutions and
achieved certain success. Thus, according
to the breeding program of East Malling
Experimental Station, a tall and erect North
American species Californian black currant
(Ribes bracteosum Douge.) and a hybrid
form between representatives of the black
currant subgenus R. nigrum Douge. and R.
bracteosum L. Brownish currant R. fuscescens
Jancz were used in the selection for uprightness
[12]. In crosses of brownish currant with a
representative of Scandinavian subspecies of
black currant (spp. scandinavicum) Brodtorp
variety, a relatively upright variety Jet was
obtained [13]. An outstanding donor of
upright and compact bush habit is the Western
European variety Goliath, in the progeny of
which there is a large proportion of seedlings
with the same parameters when crossed with
the Baldwin, Seabrooks Black, French Black,
Boskopian giant varieties [14]. In Germany
(Max Planck Institute), X-ray irradiation of
cuttings of Westwick Choise variety resulted in
Westra variety with very compact type of bush,
upright stiff branches, which transmits similar
architectonics to its hybrids'.

Attempts to create new forms of currant with
a given structure and bush structure were also
made by domestic researchers. According to
A.S. Ravkin [15], erectness and compactness
are the features peculiar to different subspecies
of’black currant species. They can be found with
a sufficient degree of expression united in one
plant in the forms of European subspecies and
Californian black currant, as well as in crossing
the forms of European and Siberian subspecies.

Crossing between R. fuscescens and the
relatively low-growing varieties Goliath and
Kent (Baldwin) proved to be successful. This
is how the variety Vysokaya’ was created.
Among the progeny of the variety Memory
of Michurin, obtained by pollination with its
pollen harvested from the plants irradiated in
the gamma field, the variety Compact dwarf,

characterized by compactness and erectness,
was isolated [15]. In the Moscow area, a very
compact seedling named Vertical, forming a
compressed bush with upright shoots without
branching and good yield, was selected in the
offspring of the Westra variety [16].

The pioneering research of Michurin Federal
Research Center scientists, which began in the
late 80's of the last century, formed the basis of
modern industrial technology of black currant
cultivation using a specialized set of machines,
including combine harvester method of
harvesting. The requirements for the varieties
corresponding to the parameters of machinery
operation during harvesting were studied and
presented [17]. It was found that the variety
corresponding to the working conditions of
berry-harvesting machinery determines its
performance and the proportion of yield losses
[18].

The use of berry harvesters in view of
the scarcity of human resources for manual
harvesting is a fundamental principle in
expanding the marketable area of black currant.
However, an upright bush with a good crop
load often acquires a semi-spreading, spreading
and even creeping habitus. In genotypes with a
spreading type of bush, the branches are almost
creeping position, in which case mechanized
harvesting is difficult. It has been found that
the most suitable bush shape for industrial use
is from erect to semi-spreading [11]. Varieties
with a height of 1.2-1.8 m are suitable for
mechanized harvesting, since weakly grown
and excessively tall plants interfere with the
effective work of machines. Plants with a
wide bush base are also unacceptable: the
working bodies of berry harvesting equipment,
especially in the presence of lodged branches
of more than 5%, significantly traumatize
the shoots. It is established that the width of
plant base should not exceed 0.3 m [19]. The
purpose of the study is to study the collection of
black currant varieties of the the Kokino base
station of the Federal Horticultural Center for

'Knyazev S.D., Pikunova A.V., Bakhotskaya A.Y., Shavyrkina M.A., Chekalin E.I. Innovative directions of breeding research
of black currant. Breeding and varietal development of garden crops: collection of scientific works: ed. by E.N. Sedov. Orel:

VNIISPK, 2014. pp. 192-211.

2Semenchenko P.P. Introduction of berry bushes in Moldova. Kishinev, 1979. 112 p.
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Breeding, Agrotechnology and Nursery on the
basis of bush habitus to analyze the character
of inheritance in the progeny of crown shape
and selection of promising initial forms for
breeding on the technology of cultivation and
harvesting.

MATERIAL AND METHODS

The study of black currant bush habitus
was carried out in the collection and breeding
garden of the Kokino base station (the Bryansk
region) from 2017 to 2021 on plants 4-5 years
old. The object of research was 90 varieties
of black currant, 21 selected forms, progeny
of nine combinations of crosses, three inbred
populations and three - from free pollination.
Linear characteristics of bushes in collection
plantings were studied in triplicate, with at least
five plants of each variety in each replication.
Plants in hybrid families were studied by every
bush, i.e. each individually. The degree of
dominance of the crown compactness trait in
the F1 population and the frequency of heterosis
seedlings pulling out in the families according
to the generally accepted method of breeding?

were studied during the hybridological analysis
with respect to quantitative traits.

Black currant bush shape was evaluated on
a five-point scale according to the method of
Michurin Federal Research Center (see Fig. 1)*.
Cultivation of black currant in the collection
plantations and on the hybrid plot was carried
out in accordance with the generally accepted
agrotechnics in the Non-Black Earth Zone of
Russia. Weather conditions of the Bryansk
region are typical for the Central region of
Russia, the climate is moderately continental,
characterized by moderately cold winter,
warm summer and uneven distribution of
precipitation.

RESULTS AND DISCUSSION

An important direction in black currant
breeding is to increase the manufacturability
of new varieties, namely, the possibility of
mechanization of agrotechnical operations of
cultivation and harvesting. This is achieved
due to a certain architectonics of plants, a
small bush base (0,3-0,4 m in diameter) due to
6-8 branches of zero order, thin and medium-

60° 45°

Compact-erect (5 points)

20°
Spreading (2 points)

Upright (4 points)

Semi-sprawling (3 points)

Creeping (1 point)

Puc. 1. Wkana anst oneHku GOPMbI KPOHBI CMOPOJIUHBI YEPHOU

Fig. 1. Scale for assessing the shape of black currant crowns

3 Kichina V.V,, Ogoltsova T.P., Saveliev N.I., Zubov A.A. Genetic basis of breeding. Program and methods of breeding of fruit,
berry and nut crops, ed. by E.N. Sedov. Orel: VNIISPK Publishing House, 1995. pp. 5-25.

*Yakimenko O.F., Novopokrovsky V.S. Evaluation and selection of black currant varieties for machine harvesting: methodical

recommendations. Michurinsk, 1988. 17 p.
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growing plants, concentration of harvest in the
upper part and peripheral zone of the crown,
simultaneous ripening of fruits with a strong
peel at dry detachment, etc.

Part of the difficulty in cultivating high-yield
varieties is that most of them are not able to
withstand the load during the harvest seasons.
Often the branches droop to such an extent that
machine harvesting is virtually impossible. The
best habitus of black currant plants will be an
upright and compactly upright bush structure.
With such an architectonics, the plants acquire a
semi-sprawling habit under high crop load. This
facilitates manual and mechanized harvesting
of fruits and allows the plants to be placed quite
densely.

For blackcurrant in machine harvesting, it is
considered optimal to have a bush habit from a
spreading to an upright shape. The creeping type
of bush and the presence of lodged branches
inevitably leads to the ingress of soil and
associated debris into the berry pile, and also
increases the injury of the branches. However,
there is no final opinion on the habitus of the
bush and the question remains open, which is
due to the wide choice of berry harvesters and
their design features.

Evaluation of varieties and selections of
black currant on the basis of bush habitus made
it possible to differentiate them into groups.
The most creeping shape of the crown (1 point)
at full harvest load is characteristic of dikusha
currant derivatives - varieties Degtyarevskaya,
Memory of Potapenko, Globus and
Annadi. Varieties Klussonovskaya and Dar
Smolyaninovoj are referred to the same group.
The next group of plants with sprawling bush
habit (2 points) is the most numerous. It includes
the varieties Belorusochka, Bagira, Iskushenie,
Minusinskaya sladkaya, Dachnitsa, Kupalinka,
Glarioza, Dobry Jin, Galaxy, Shalunya,
Orlovia, Zelenaya dymka, Black Pearl,
Chereshneva, Nympha, Kazkova, Orlovsky
waltz, Lentyaj, Sharovidnaya, Partizanka
Bryanskaya, Slavyanka, Memory of Vavilov,
Chudnoe mgnovenie, Svyatyazanka, Little
Prince, Mriya, Monisto, Mriya-3, Krynichka,
Yadrenaya, Pygmey, Mriya-5, Chelyabinskaya,
Trilena, Uslada, Ben Alder. Moreover, many

of these varieties in the first years of growth,
the bush habit is more often medium spreading,
and with the increasing load on the fruit-bearing
shoots the bush acquires a spreading shape.

One of the best types of crowns is semi-
spreading (3 points on the shape of the bush).
Plants of this habit form varieties Debryansk,
Kaskad, Kudesnik, Dobrynya, Sudarushka,
Strelets, Amethyst, Gift of Kalinin, Gulliver,
Selechenskaya 2, Memory of Bredova,
Sevchanka, Myth, Memory of Ravkin,
Charodey, Nezhdanchik, Kudmig, Orlovskaya
serenada, Sanyuta, Chernavka, Zaglyadenie,
Tamerlan, Etude, Black Magic, Ben Sarek
and selections 42-5-1/05 (Grazia X Monisto),
13-51-1 (Shalunya, free pollination), 62-03-
7 (Venus x Barmaley), 33-27-1 (Sagittarius x
Celechenskaya 2). Straight-growing habit of
plants with a bush shape of 4 points is formed
by the varieties Golubichka, Nightingale Night,
Litvinovskaya, Lama, Delicates, Izjumnaya,
Vera, Selechenskaya, Barmaley, Zusha,
Astakhov Gift, Bryansk agate, Triton, Tisel,
Gift to Veterans, Nadina, Ben Tirran, Rita, Ben
Hope, Big Ben, Tiben and selected forms 3-80-
01 (7-49-3 11), 5-57-01 (Sagittarius x Mriya),
10-141-2, 4-63-4 (Strelets x Golubichka),
3-37-26/02 (Dobrynia x Venus), 4-5-2 (SK-
7 x Exotica), 4-16-09 4-94-1 (10-141-2 x
Partizanka Bryanskaya), 11-115-02 (Tamerlan
x  Bryansk agate), 9-5-01, 43-39-12/05
(Orlovskaya serenada, free pollination), 36-27-
4/05 (Debryansk, free pollination).

Compact- erect habit is much less common
in fruit-bearing black currant plants, and such
habit is observed only in the variety Vertical.
From the hybrid stock quite productive forms
(2.2-2.5 kg / bush) with compact- erect crown
shape (5 points) were selected: 4-19-04 (Mriya
x Litvinovskaya), 12-117-01 (Ben Tirran I1),
11-141-01 (Ben Tirran, open pollination),
2-28-01 (Tisel, open pollination), 3-30-4 (Gift
of Kalinin, open pollination). There is a high
probability that their use in further breeding
work will make it possible to select high-
yielding forms with semi-spreading and upright
bush habit, which will reduce the proportion of
lodged branches at the maximum yield load.

In the studies conducted earlier by V.S.

PacTeHneBonCTBO U CeNTEKITHS

CuOHPCKHii BECTHHK CEIBCKOXO3SHCTBEHHOM Hayku * 2022 ¢ 52«3 39



Breeding evaluation of black currant on the basis of shrub habitus

Sazonov F.F.

Novopokrovsky’ and O.V. Danshina® when
studying the trait of bush habitus, it was found
that in hybrid progeny of black currant the
spreading form of plants is dominant and the
segregation of erect seedlings is possible only
if the original forms with erect bush habitus
participate in hybridization. Our phenotypic
evaluation of hybrid and inbred progeny showed
that crown type of most seedlings corresponded
to the trait level of the original forms. Thus, in
the family Dar Smolyaninovoj x Sharovidnaya,
where the original forms are characterized by
the creeping and spreading crown forms, the
prevailing part of the progeny did not differ
from their parents in the architectonics of
the bush. Or, for example, in the Kudesnik x
Litvinovskaya family with semi-spreading and
erect bush habitus of the parents, the crown
shape of the studied progeny did not exceed
their parameters. Such correspondence between
the crown structure of parents and the progeny
is not always observed. In spite of the fact that
specimens with compact erect habitus were not
used as parents, in some populations a small
proportion of seedlings with crown shape of the
bush of 5 points were identified. For example,
in families Strelets x Golubichka, Strelets X
Litvinovskaya, Myth X Litvinovskaya and in
the progeny from free pollination of upright
varieties Ben Tirran and Tisel, from 1.6 to
7.9% of compact upright hybrids were selected
(see Fig. 2). This is due to the fact that a form
with erect crown type was involved as one of
the parents. Thus, the study of black currant
progeny by plant architectonics indicates a
direct dependence of the manifestation of this
trait on the original genotypes involved in the
breeding.

Assessment of the degree of dominance of the
bush habitus trait in the progenies of Tamerlan x
Kudesnik, Dar Smolyaninovoj x Sharovidnaya,
Strelets x Selechenskaya 2 families revealed
the same bush structure of parents and hybrids
(Hp = 0) (see the table). In families Tamerlan X

Kudesnik and Strelets x Selechenskaya 2 the
highest yield of transgressive seedlings was
observed: Tch = 8.5 and 10.8%, respectively,
while none of the parents was characterized
by compact crowns. This only confirms the
polygenic character of inheritance of the
bush habitus trait and explains its significant
variation within hybrid and inbred populations.

In the combinations Strelets X Mriya, Strelets
x Litvinovskaya, Kudesnik x Litvinovskaya
there is a deviation of progeny towards the
better crown shape of the original form (Hp =
+0.2...40.8). In the family Debryansk X
Litvinovskaya a depression in inheritance
of the optimal crown shape (Hp = -1.4) was
established. Transgressive seedlings were
identified among the studied progeny from self-
pollination. In the inbred progeny of the variety
Chereshneva with a spreading crown of the
bush, 8.2% of semi-spreading seedlings were
observed.

Lodged branches are lifted by the berry
harvesters, oriented along the row, or broken
out. The number of lodged branches in
mechanized harvesting should not exceed
5%. In the varieties Bagheera, Slavyanka,
Kupalinka, Dar Smolyaninovoj, Kazkova,
Klussonovskaya, Dyagterevskaya the amount
of peripheral lodged branches at maturity of the
crop was more than 5% and ranged from 5.9-
12.5%. Such varieties need additional pruning
of bushes when preparing them for combine
harvesting.

The model of industrial variety developed for
black currant provides for the optimal parameters
of bush height in the range of 1.2-1.8 m [20]. As
a result of collection evaluation of phenotypic
manifestation of the trait "plant height", it was
found that the group of low-growing (bush
height up to 1.2 m) are the varieties Bagira,
Svyatyazanka, Degtyarevskaya, Slavyanka,
Mriya, Dobrynya, Shalunya, Nympha,
Dachnitsa, [zium, Kazkova, Pygmy, Kupalinka,
Mriya-3, Sanyuta, Chereshneva. Quite a high

SNovopokrovsky V.S. Analysis of black currant hybrids in terms of bush habitus and berry strength in connection with
mechanized harvesting. Selection and variety study of berry crops: Collection of scientific works of Michurin All-Russian Institute

of Gardening. Michurinsk, 1987. pp. 75-78.

¢ Danshina O.V. Breeding evaluation of black currant forms for suitability for machine harvesting: Ph. D. in Agricultural

Sciences thesis: Kokino, 2017. 167 p.
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Puc. 2. Pacuieruienue moToMCTBa CMOPOJMHBI YUEPHOH 110 TUITY KOMITAKTHOCTH KyCTa
Fig. 2. Black currant progeny splitting by type of shrub compactness

OneHKa OTOMCTBA CMOPOIMHBI YEPHOH 110 BBIXOAY TpaHcrpeccuBHbIX cestHueB (T4, %)

u creneHu foMuHupoBanus (Hp) B TuOpuaHbIx n HHOpEAHBIX NOMYJSILUSX 110 MPU3HAKY TaOUTYC KycTa
Evaluation of black currant progeny by the yield of transgressive seedlings (Frequency of transgressions
Ft, %) and the degree of dominance (Hp) in hybrid and inbred populations according to shrub habitus

Initial varieties Seedlings Crown shape, grade
studied, Tch, % Hp
? 3 pes. Q 3 F
Strelets Golubichka 63 3,0 4,0 3,1 1,6 -0,8
Selechenskaya 2 37 3,0 3,0 3,0 10,8 0
Mriya 64 3,0 2,0 2,7 0 +0,4
Litvinovskaya 55 3,0 4,0 3,9 5,5 +0,8
Dar Smolyaninovoi Sharovidnaya 43 1,0 2,0 1,5 0 0
Tamerlan Kudesnik 47 3,0 3,0 2.9 8,5 0
Debryansk 58 3,0 4,0 2.8 0 -1,4
Myth Litvinovskaya 45 3,0 4,0 33 4,4 -0,4
Kudesnik 43 3,0 4,0 3,6 0 +0,2
Chereshneva Chereshneva 61 2,0 2,0 2,1 8,2 0
Orlovskaya serenada | Orlovskaya serenada 54 3,0 3,0 23 3,7 0
Ben Tirran Ben Tirran 54 4,0 4,0 3,1 5,6 0
Ben Tirran, open pollination 63 4,0 - 3,3 7.9 -
Tisel, open pollination 53 4,0 - 33 - -
Tiben, open pollination 77 4,0 - 2,1 - -
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bush, about 1.9 m, form the varieties Delicates,
Chudnoe mgnovenie, Amethyst, Monisto,
Trilena, Minusinskaya sladkaya, Memory
of Bredova, Gulliver, Memory of Vavilov,
Sofievskaya, Selechenskaya, Chelyabinskaya,
Triton, which exceeds the optimal threshold on
this feature for the use of berry harvester and
requires additional costs for plantation pruning.
The height of plants of other varieties and
selected forms, which we studied in this study
(atotal of 110 genotypes), is in the range of 1.2-
1.8 m, which corresponds to the parameters of
the work of mechanisms during harvesting.

To reduce losses of blackcurrant berries, it
is necessary to estimate the width of the plant
base, which should not exceed 0.3 m. Such a
requirement is dictated by the design features
of modern berry-harvesting equipment,
because the wide base of bushes in conjunction
with lodged shoots reduce the working area of
picking devices and increase crop losses.

A wide bush base (0.35 to 0.50 m) is typical
for such varieties as Amethyst, Izjumnaya,
Gulliver, Slavyanka, Klussonovskaya,
Kazkova, Krynichka, Trilena, Degtyarevskaya,
Dar Smolyaninovoj, Chudnoe mgnovenie,
Minusinskaya sladkaya. Their use in the
technology with machine harvesting is
possible only with additional operations on the
preparation of plantations (forming pruning).
Otherwise, harvesting is accompanied by
significant damage to the plants.

The base of the bush in the varieties
Kupalinka, Litvinovskaya, Tamerlan, Zusha,
Podarok Astakhova, Dobrynya, Orlovskaya
Serenada, Nezhdanchik, Ben Hope, Triton,
Podarok to Veterans, Tisel, Lama, Partizanka
Bryanskaya, Kudesnik, Myth, Tiben, Tyazanka,
Etude, Bagira, Charodei, Chernavka, Pygmey,
Little Prince, Shalunya, Selechenskaya 2, Rita,
Green Haze, Sharovidnaya, Glarioza, Kudmig,
Chereshneva and forms 42-5-1/05, 4-94-1,
3-80-01, 4-19-04, 62-03-7, 9-5-01, 43-39-
12/05, 36-27-4/05, 4-5-2, 5-57-01, 21-25-1/05,
33-27-1, 7-49-3, 4-63-4, 3-37-26/02 averaged
from 0.2 to 0.3 m, which corresponds to the
requirements for currant plants in combine
harvesting. Narrow bush base (up to 0.15
m) was noted in the varieties Sudarushka,
Dachnitsa, Mriya.

CONCLUSION

Manifestation of the trait of bush habitus
in the studied populations of black currant
is largely due to genotypic differences in
the original forms. The varieties Myth,
Litvinovskaya, = Tamerlan, Zusha, Gift
of Astakhov, Nezhdanchik, Orlovskaya
serenada, Ben Hope, Gift to veterans, Tisel,
Kudesnik, Tiben, Etude, Charodey, Chernavka,
Selechenskaya 2, Rita, Kudmig and selections
42-5-1/05, 4-94-1, 3-80-01, 4-19-04, 62-03-7,
9-5-01, 36-27-4/05, 4-5-2, 5-57-01, 21-25-1/05,
33-27-1, 7-49-3, 4-63-4, 43-39-12/05, 3-37-
26/02 are promising for breeding as sources of
the studied trait, taking into account the shape
of the crown, plant height, base width. The
presented genotypes meet the requirements
of suitability for combine harvesting. Using
them in further crosses will allow us to conduct
breeding work on the technology of varieties at
a qualitatively new level.
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YCTOMUYHUBOCTH COPTOB 03!/IMOI7I MNIIEHAIBI .
K BO3BYAUTEJISAIM BOJIESHEW B YCJIOBUSIX CTEITHOU 30HBbI
KABAPINHO-BAJIKAPCKOMU PECITYBJIMKH

A IadaTykoB A.X.

HUnemumym cenvckoeo xossiicmsa — ¢hunuan @edepanvhoeo nayunozo yenmpa « Kabapouno-bankap-
ckutl HayuHwvll yeump Poccuiickoii akademuu nayxy

Hanpunk, Poccus

(XD e-mail: kbniish2007@yandex.ru

IIpencraBnens! pe3ynbTars! HccnenoBanmii (2019-2021 1T.) BUIOBOTO COCTaBa KOMITIEKca 0ojIe3HeH
B YCJIOBUSIX CTENHOMW 3acylUTHBOW 30HBI KabapanHo-bankapru, KOTOpbIe IMEIOT HAYYHYIO U MPaKTH-
YECKYH0 3HaYUMOCTb JIJISl ONPEJICNICHUS CTEIIEHH YCTOMYMBOCTH M3y4aeMbIX COPTOB O3MMOM MIIICHHUITBI
K ¢uromaroreHaM. [IpoBeneH huTocaHUTAPHBIM MOHUTOPHUHT Ha 10 palfOHUPOBAHHBIX COPTaX O3UMOI
TIeHUIB1. Beiienensl 6oe3nu u ux Bo30yurenu: mupeHopopo3 (Pyrenophora tritici-repentis (Died.)),
centopuo3 (Septoria tritici Rob. et Desm.), myunuctas poca (Erysiphe graminis DC. f. sp. tritici Em.
Marchal), 6ypas i sxenrast p>kaBauHbI (Puccinia recondite Rob. et Desm. f. sp. tritici; P. striiformis West),
tBepnast roniosusi (Tilletia tritici (Bjerk) Wint), dby3apuos (Fusarium graminearum Schw) v uepHbIi 3apo-
npittl (Alternaria tenuis Ness et Fr.; Cladosporium herbarum Fris.). Ilo pe3yapraram anannza nugpoBbIX
JTAHHBIX TIOPKEHHOCTH HE BBISBICHO MOTEHIMAIBGHO TOJIEPAHTHBIX COPTOB O3MMOM TIIEHHUIIBI K BO3-
OyIuTeNsIM yKa3aHHBIX 3a00JICBAHUI U3-3a arPECCUBHOCTH CYIIECTBYIOIINX IITaMMOB P, tritici-repentis
(Died.), A. tenuis Ness et Fr., C. herbarum Fris. Bce UCTIBITaHHBIE COPTa 03UMOH TIIICHUT[BI BEIHOCIIHBBI
K BO30YIUTEIISIM CETITOPHO3a, BUIOB PXKABIMH, TBEP/ION TOJIOBHH, HO BOCHPHUMMYHBEI K BO30YIUTEISIM
nupeHodopo3a 1 YepHOTo 3aposbiima. CpeTHeB3BEIICHHBIN MPOLICHT MTOPaKEHHOCTH JINCTHEB TIMPEHO-
¢opozom cocrasun ot 20,5 1o 59,6%. CamMbIMU yCTOHUYMBBIMH K JaHHOMY 3a00JICBAaHUIO OKa3aluCh
copra [lamstu [llatumosa u Yerert, a BocipumManBEIME — copta Jlaypear, Kopona, ['pad, Mocksud u
TaHs1, y KOTOPBIX CPEIHEB3BEIICHHBIH TPOLICHT TIOPaXKEHHOCTH ObL BhIIe 46,7%. McciaenoBaHo Bpeno-
HOCHOE 3a00JIeBaHNE YEPHBIN 3apOJIBILLI, KOTOPBIN MPOSIBISETCS B IEPHOA MOJIOYHO-BOCKOBOH CIICJIOCTH
3epHa. CpemHeB3BEIICHHBIN MMPOIIEHT MOPAKEHHOCTH OT JaHHOH 6omne3nn Obut Bhimie 50% Ha coprax
Anuesny, Taynan, Tansi, Mocksuy, ['pad. MakcUMaJIbHBIH MTPOIIEHT MOPAKEHHOCTH 3¢pHA HA COPTE
Yerer cocraui 60,2%. Oy3apro3 kooca OTMEUEH B ICTIPECCUBHOM COCTOSIHUM, TaK Kak B epros Gpop-
MHUPOBAHHMS 3epHA YCTAHABIMBAETCS CyXasl 1 JKapKas NOrojia. biarornpusTHeIM yCIOBHEM TS Pa3BUTHS
JTAHHOTO 3a00JIeBaHMS SIBIISICTCS TOKITHBAS TTOTO/IA.

KioueBble cjoBa: o3uMas MIIEHHIA, COPT, BO30OyauTeNb, (PUTOMATOKOMITIEKC, BPEIOHOC-
HOCTb, YCTOMYMBOCTh, BOCIIPUUMYUBOCTh

RESISTANCE OF WINTER WHEAT VARIETIES TO PATHOGENS IN THE
CONDITIONS OF THE STEPPE ZONE OF THE KABARDINO-BALKAR
REPUBLIC

()Shabatukov A.Kh.

Institute of Agriculture - Branch of the Federal Scientific Center "Kabardino-Balkarian Scientific
Center of the Russian Academy of Sciences”

Nalchik, Russia

(XDe-mail: kbniish2007@yandex.ru

Results of the studies (2019-2021) of species composition of the disease complex under conditions
of steppe arid zone of Kabardino-Balkaria are presented, which have scientific and practical significance
for determining the degree of resistance of winter wheat varieties under study to phytopathogens.
Phytosanitary monitoring was conducted on 10 released varieties of winter wheat. The following
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VYCTOWYHMBOCTH COPTOB 03MMOIT IICHUIIBI K BO3OYIUTEISAM O0Ie3HeH

[labarykoB A.X.

B YCJIOBHSIX cTenHOU 30HbI KabapanHo-bankapckoit PecyOmuku

diseases and their pathogens were identified: pyrenophorosis (Pyrenophora tritici-repentis (Died.)),
septoriosis (Septoria tritici Rob. et Desm.), powdery mildew (Erysiphe graminis DC. f. sp.tritici Em.
Marchal), brown and yellow rusts (Puccinia recondite Rob. et Desm.f.sp.tritici; P. striiformis West),
head smut (Tilletia tritici (Bjerk) Wint), fusarium blight (Fusarium graminearum Schw.) and glume
mold (Alternaria tenuis Ness et Fr.; Cladosporium herbarum Fris.). According to the results of the
analysis of digital lesion data, no potentially tolerant winter wheat varieties to the pathogens of these
diseases were identified due to the aggressiveness of the existing strains of P. tritici-repentis (Died.), A.
tenuis Ness et Fr., C. herbarum Fris. All tested varieties of winter wheat are resistant to the causative
agents of septoriosis, rusts, head smut, but are susceptible to the causative agents of pyrenophorosis
and glume mold. The average weighted percentage of leaf infestation with pyrenophorosis ranged
from 20.5 to 59.6%. The most resistant to this disease were the varieties Memory of Shatilov and
Cheget, and the susceptible varieties were Laureate, Korona, Graf, Moskvich and Tanya, in which the
weighted average percentage of the disease was above 46.7%. The malignant disease glume mold,
which manifests itself in the period of milky-wax ripeness of grain, was studied. The average weighted
percentage of lesions from this disease was higher than 50% in varieties Alievich, Taulan, Tanya,
Moskvich, Graf. The maximum percentage of grain infestation in the variety Cheget was 60.2%.
Fusarium head blight was noted to be depressed as dry and hot weather set in during the period of grain

formation. Rainy weather is a favorable condition for the development of this disease.
Keywords: winter wheat, variety, pathogen, phytopathocomplex, harmfulness, resistance,

susceptibility

Jas uurupoBanusi: [llabamyrkoe A.X. YCTOWYHBOCTh COPTOB O3UMOIl MIICHUIBI K BO3OYIHUTENSIM OOJNE3HEH B YCIOBHAX
crenHoit 30ub1 Kabapanuo-bankapckoii Pecryonuku // CuOMPCKHiA BECTHHUK CENbCKOX03IHCTBeHHOM Hayku. 2022. T. 52. Ne 3.
C. 46-51. https://doi.org/10.26898/0370-8799-2022-3-5. EDN MXLXQS.
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INTRODUCTION

Creation and manufacturing application of
new more productive complex-valuable variet-
ies of winter cereal crops are among the most
highly effective and economically most prof-
itable ways to increase the yield and control
diseases and pests [1]. Winter wheat crops are
susceptible to phytopathocomplexes, among
which the most economically significant are
pyrenophorosis (causative agent P tritici-
repentis (Died.) Drechsler) and glume mold
disease (causative agents A. tenuis Ness et Fr.;
C. herbarum Fris.). These diseases are harm-
ful not only in the Kabardino-Balkar Republic,
but also in the south of Russia and all over the
world where winter wheat is produced [2-5].

According to studies by many scientists,
winter wheat yield losses during the mass
spread and maximum development of diseases
can be up to 40% [6]. Tolerance of sown winter

wheat varieties to progressive diseases is one
of the important factors in obtaining a stable
grain yield. Therefore, breeding and genetic
method is economically justified, and safer to
protect wheat from pathocomplex and the en-
vironment. In this regard, regular phytosanitary
monitoring of experimental crops of different
varieties of winter wheat for infection load is
necessary.

The Institute of Agriculture of the Kabardino-
Balkarian Scientific Center of the Russian
Academy of Sciences (Institute of Agriculture,
KBSC RAS) carries out annual phytosanitary
monitoring to study resistance of released and
promising varieties to the most harmful diseas-
es of winter wheat.

The purpose of the research is to study the
species composition of pathogens in wheat ag-
rocenosis in the steppe zone of the Kabardino-
Balkar Republic. This will make it possible to
further develop the elements of a biological
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Resistance of winter wheat varieties to pathogens in the conditions of
the steppe zone of the Kabardino-Balkar Republic

Shabatukov A.Kh.

system of integrated protection of winter wheat
Crops.

The relevance of the research is to identify
progressive diseases of winter wheat which an-
nually cause significant damage to grain yield.

The main objectives of the conducted re-
search work are to determine the species com-
position of pathogens on experimental crops
of different varieties of winter wheat, to study
the harmfulness based on the data obtained, to
identify relatively hardy varieties to the domi-
nant pathogens of pyrenophoresis and glume
mold disease.

MATERIAL AND METHODS

Trial establishment was performed accord-
ing to the methods' [7, 8]. Disease prevalence
in experimental winter wheat crops was deter-
mined as a weighted average taking into ac-
count the affected plants and the surveyed area
according to the formula

P, =XSP/ZS,

where P, is the weighted average prevalence
of the disease, %; ZSP is the sum of the prod-
ucts of the field area (in hectares) by the cor-
responding prevalence percentage; XS is the
total amount of the examined area (in hectares)
[9]. The resistance of the winter wheat varieties
under study was determined by the following
sources® [10, 11].

Differentiation of winter wheat samples ac-
cording to their resistance to winter wheat dis-
eases was carried out according to the follow-
ing sequence: 1 - resistant sample (number of
susceptible plants in the population up to 10%);
2 - slightly susceptible (10 to 40%); 3 - moder-
ately susceptible (40 to 65%); 4 - highly sus-
ceptible (65 to 100%).

Research and production tests were conduct-
ed in the steppe zone of the Kabardino-Balkar
Republic on crops of winter wheat varieties:
Yuzhanka, Cheget, Alievich, Memory of Sha-
tilov, Taulan, Tanya, Moskvich, Graf, Korona,
and Laureate. The soil of the experimental plots
is southern chernozem, located in a relatively

narrow strip between ordinary chernozems
and dark-chestnut soils. Southern chernozems
are characterized by low humus content in the
horizon (A 3.5-5.0%) and gradual distribution
along the soil profile. These soils are mainly in-
tensively used for the cultivation of grain crops,
sunflower, corn for grain and silage [12].

RESULTS AND DISCUSSION

In 2019-2021, phytosanitary monitoring of
diseases of five varieties of winter wheat select-
ed by the Lukyanenko National Grain Center,
joint and own selection of the Institute of Agri-
culture KBSC RAS was conducted on the seeds
of ecological variety trials of grain crops: Yu-
zhanka, Cheget, Taulan, Alievich, Memory of
Shatilov. he varieties Tanya, Moskvich, Graf,
Korona, Laureate are among those recommend-
ed by the regional commission on the formation
of proposals for changes in the State Register
of breeding achievements, approved for use va-
rieties and hybrids of crops in the Kabardino-
Balkarian Republic (see the table).

According to long-term observations of 10
winter wheat varieties under study, the diseases
were detected sporadically. Pyrenophorosis (P,
tritici-repentis (Died.)) with the maximum dis-
tribution of 100% is the progressive disease in
varieties Cheget and Korona. The mentioned
varieties have expressed resistance to rust dis-
eases (Puccinia striiformis West.;, Puccinia re-
condite Rob. et Desm. f. sp. tritici), to fusarium
head blight (Fusarium spp.) and septoriosis of
leaves (Septoria tritici Rob. et Desm.). Powdery
mildew (Erysiphe graminis DC.) has mono-
cyclic type of development, clestothecia are
formed early and leave for wintering at the end
of April. During milky-wax ripeness, "glume
mold" is widespread in all wheat varieties un-
der study and its main causative agents are A.
tenuis Ness et Fr.; C. herbarum Fris.

Phytosanitary monitoring for detection of
phytopathocomplex on experimental crops of
winter wheat was carried out during the last
years. As a result of observations, 28 pathogens

"Usmanov R.R., Khokhlov N.F. Experimental methods (with calculations in Excel), practical work: Moscow, RSAU - MTAA

named after K.A. Timiryazev. 2020. pp. 46-49.

*Radchenko E.E., Krivchenko V.I., Solodukhina O.V. et al. Study of genetic resources of cereal crops on resistance to pests:

Manual, Moscow, 2008. pp. 5-1.
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Onpe/:[eneHHe BOCIIPUUMYHNBOCTH U3y4aCMbIX COPTOB 03UMOH MNICHUIBI K B036y,E[I/IT€J'I5{M Oore3Heln

(crerrnas 3ona Kabapanno-bankapckoit Pecryommkw,

2019-2021 rr.)

Determination of the susceptibility of the studied varieties of winter wheat to pathogens (Kabardino-

Balkar Republic steppe zone, 2019-2021)

S Weighted average disease prevalence rate
No. Variety name P lrl'tic.i— S itici E.. . “P. ‘ P ‘ T.. A. . Fusarium
repentis graminis | striiformis | recondite caries tenuis Spp.
1 | Yuzhanka 314 20,4 22,6 19,6 17,2 1,8 48,4 1,1
2 | Cheget 28,2 26,5 323 24,7 23,6 1,7 60,2 0,8
3 | Alievich 41,2 31,0 27,6 23,2 28,6 1,4 51,8 0,6
4 |In Memory of Shatilov 20,5 15,2 18,5 19,1 15,7 1,1 43,1 0,2
5 | Taulan 43,4 25,6 20,8 22,8 24,9 1,6 54,7 0,5
6 | Tanya 46,7 31,8 29,6 32,3 24,5 1,5 56,2 0,8
7 |Moskvich 48,3 34,2 30,7 28,4 26,7 1,7 47,5 1,1
8 | Graf 54,6 23,8 26,5 25,7 28,2 1,6 53,6 0,9
9 |Korona 52,8 18,6 21,7 28.8 16,2 1,3 55,2 0,5
10 | Laureat 59,6 20,4 25,3 36,1 27,3 1,9 50,6 1,0

of fungal and bacterial origin were observed.
Annual spread has 7 pathogens, and progressive
- 2 species. The explanation is the aggressive-
ness of the pathogen strain P. triticii-repentis.
"Glume mold" disease is another progres-
sive disease of winter wheat during the milky-
wax phase of grain ripening. The probability of
mass infection is associated with a high con-
centration of Alternarium spp. spores both in
the air and on the soil surface. Wet weather due
to frequent or drizzling rains during grain for-

mation in the ear is considered to be a favorable
factor for active infestation (see the figure).

CONCLUSIONS

1. The winter wheat varieties under study are
resistant to the following diseases: S. tritici, E.
graminis, P. striiformis, P. recondite, T. caries,
Fusarium spp. except for causative agents P.
tritici-repentis, A. tenuis.

2. Identification of phytopathogens at the
beginning of their manifestation contributes to
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timely detection and effective protective mea-
sures against progressive diseases of winter
wheat.

3. Phytosanitary monitoring of pathocom-
plex contributed to the detection of 28 patho-
gens. Of these, 7 were annually spreading and 2
species (pyrenophorosis and glume mold) were
progressing.

4. No winter wheat varieties were found to
be relatively resistant to the causative agents of
pyrenophorosis and glume mold.

5. Scientific novelty of the research is that
for the first time in the conditions of arid steppe
zone of the Kabardino-Balkarian Republic a
study on comparative assessment of winter
wheat plants resistance to pathocomplex was
conducted. This made it possible to study the
degree of resistance to progressive diseases in
new and promising varieties of winter wheat.
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BJIMAHUE BUOJIOI'MYECKU AKTUBHbBIX BEIHECTB
CKOPJIYIIBI KEAPOBOI'O OPEXA HA ITPOAYKTHUBHBIE
IHHOKA3ATEJIN MOJIOAHAKA IIEPEIIEJIOB

Eropos C.B., Marep C.H., CX)Hocenko H.A., UT3ch 10.B.

Cubupcxuii ghedepanvhvlil HaAYYHbII YeHmp azpodbuomexnonocull Poccutickotl akademuu Hayk
HoBocubupckas obnacts, p.i. Kpacnooo6ck, Poccust

(XDe-mail: sibniptij@ngs.ru

IIpencraBieHbl pe3yabTaThl UCIIOIB30BAHUS IS TIEPEIICIOBOACTBA BTOPUIHOTO CHIPHS PacTH-
TEBHOTO TIPOUCXOXKACHUS (CKOPITYTIBI KEPOBBIX OPEXOB) B KaueCTBE KOPMOBO# 1o0aBkw. [IpuBeneH
0030p M3y4YeHHsT OMOJOTHYECKH aKTUBHBIX BEUIECTB CKOPIYIIBI Opexa KeIPOBOH COCHBI CHOMPCKOM
(Pinus sibirica) v uX BIUSHYSI HA OPTaHU3M JKUBOTHBIX. VCclieioBaHUS BBIMTOJIHEHBI HA IBITUIATAX
SITOHCKUX TiepenesioB 10 80-AHEBHOTO BO3pacTa B YCIIOBUSX mepenenuHon Gepmbl. B cyTouHoM
BO3pacTe chopMUPOBaHBI TPU TPYIIBI ULILIAT 10 40 ron. B Kaxmoil. KoHTposibHAs rpyImna moiy-
yayia ocHOBHO# paruon (OP), 1-s omeitHas — 99,05% OP + 0,05% mopoiika cKopirymnsl KEAPOBOTO
opexa, 2-s1 onbITHas — 99,9% OP + 0,1% nopolka cKopaynsl KEAPOBOIO opexa. YCTaHOBJIEHO, YTO
Jy4IlIAe Pe3yNIbTaThl MOyYEHBI PH BKIIOUEHUH KOPMOBOW OOABKHY B parroH B koiwmdectse 0,1%
OT COCTaBa: MOBBIIIIEHUE a0COIFOTHOTO MTPUpOCTa XUBOK Macchl Ha 10,44%, coxpanHoctu Ha 7,5%,
CHIKeHHUE TToTpedienus kopma Ha 12,2 %. KoHTponbHBIH yOOil MeTYIIKOB 2-i ONBITHOM IPYIIIBL B
KOHIIE UCCJICIOBAHHUI MOTBEPAMII MOJIOKUTEIIBHOS BIUSHUE T0OOABKH — IMOBBILICHHUE MTPEyO0HHOM
JKUBOW Macchl Ha 7,98%, ybOoitHOro BhIXoAa — Ha 3,01% 1Mo cpaBHEHHIO C KOHTPOJIBHOW TPYIIION.
XHUMHUECKUI COCTaB MsCa METYIIKOB 2-i ONBITHON TPYMIbl OTINYAJICS OT KOHTPOJISI HOBBILIEHUEM
cyxoro BemectBa Ha 4,28%, cbiporo xupa Ha 3,86%, cHuxeHueM ceipoit 301bl Ha 0,33%. AMuHo-
KHCIIOTHBIN COCTaB OBbLIT 00JIee MOITHOLICHHBIM 0 COJICPKAHUIO JIM3WHA, apTUHIHA, aJJaHWHA, aclia-
paruHa, TIIyTaMHUHA U [0 CyMME HE3aMEHUMBIX M 3aMEHHUMBIX aMHUHOKHUCJIOT B OTJIWYHE OT KOH-
TPOJBLHOM TPYIIIEI, YTO CBUICTEIHCTBYET 00 YIYUIIICHHH KA4ECTBA MsCA OMBITHBIX MEPETICIIOB.

KuioueBble ¢j10Ba: MOJIOMHSAK TEPETIEIIOB, OMOJIOTHIECKA aKTHBHBIC BEIIECTBA, CKOPIYyIIa Ke-
JIPOBOTO OpeXa, MHTEHCUBHOCTE POCTa, TOTPEOIIeHNE KOpMa, COXPaHHOCTh, KA4ECTBO Msca

EFFECT OF BIOLOGICALLY ACTIVE SUBSTANCES OF PINE NUT SHELLS ON
PRODUCTIVE INDICATORS OF YOUNG QUAILS

Egorov S.V., Mager S.N., ©<)Nosenko N.A., Ites Yu.V.

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

(C<De-mail: sibniptij@ngs.ru

The results of the use of secondary raw materials of plant origin (pine nutshells) as a feed additive
for quail breeding are presented. A review of the study of biologically active substances of Siberian
pine nut shells (Pinus sibirica) and their effects on the body of animals is given. The studies were
performed on Japanese quail chicks up to the age of 80 days in the conditions of a quail farm. At
one day of age, three groups of chickens were formed with 40 animals in each group. The control
group received the basic diet (BD), the 1st experimental group - 99.05% BD + 0.05% powder of
pine nutshells, the 2nd experimental group - 99.9% BD + 0.1% powder of pine nutshells. It was
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found that the best results were obtained when including 0,1% of the feed additive into the basic
diet: 10,44% increase in the absolute live weight gain, 7,5% increase in safety, 12,2% decrease in
feed consumption. The control slaughter of the 2nd experimental group cockerels at the end of the
studies confirmed the positive effect of the additive - increasing the pre-slaughter live weight by
7.98%, the slaughter yield - by 3.01% compared with the control group. The chemical composition
of meat of the 2nd experimental group differed from the control by an increase in the dry matter
by 4.28%, crude fat by 3.86%, a decrease in crude ash by 0.33%. The amino acid composition was
more complete in the content of lysine, arginine, alanine, asparagine, glutamine and the amount of
essential and substitutable amino acids compared with the control group, indicating improved meat

quality of the experimental quails.

Keywords: young quails, biologically active substances, pine nut shell, growth intensity, feed

consumption, safety, meat quality
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INTRODUCTION

Currently, in many countries there is posi-
tive growth dynamics of such poultry industry
as quail breeding. Quails have a set of distinctive
economic and productive advantages compared
with other farm birds - high body temperature,
intensive metabolism in the body, small size,
early maturity, high egg productivity. The search
for new biologically active feed additives is nec-
essary to realize their productive potential.

A huge number of organic substances, which
include biologically active ingredients, can be
obtained from secondary raw materials of plant
origin during processing. Currently, work on
the use of biologically active components de-
rived from wood raw materials as feed addi-
tives in animal diets has intensified [1-3].

The solution of the problems of integrated
processing of plant biomass into valuable food
and technical products is particularly relevant
for the Siberian region, where up to 60% of the
world's reserves of cedar pine and up to 80% of
the world's reserves of Siberian stone pine are
concentrated [4].

Healing properties of Siberian cedar have
been known for a long time. Almost all parts

of the plant - needles, young shoots, bark, oleo-
resin - are used as medicinal raw materials. Of
great interest is the cedar nut shell (CNS).

The first researcher of the chemical compo-
sition of Siberian cedar (Pinus sibirica) shells
distributed in the Tomsk province was S.M.
Kochergin [5]. At a later date the chemical com-
position of CNS was studied in more detail [6].

The components of the CNS belonging to
non-saccharide-like polysaccharides possess
prebiotic [7], antioxidant [8], antitumor [9]
effects, and hepatoprotective activity [10]. It
should be taken into account that the compo-
sition of plant cell polysaccharides is not con-
stant and their antioxidant properties depend
on the ratio of different monosaccharides in the
composition. Polysaccharides with a molecular
weight of 4000-100,000 have higher antioxi-
dant activity [11]. CNS contains a wide range
of phenolic compounds that have important bi-
ological properties. They include phenolic ac-
ids, flavonoids, tannins, phenolic lignans, and
stilbene derivatives [12].

When studying the phenolic composition of
the CNS, the following components were iden-
tified: protocatechinic acid, catechin, epicat-
echin, vanillinic acid, syringic acid, taxifolin,
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eryodictiol, trans-cinnamic acid, naringenin,
eryodictiol, flavan-3-ol, isolaricyresinol, lari-
cyresinol and secoisolaricyresinol, gallic acid
and ellagic acid (structural units of hydrolyzed
tannins [13]. The highest values of antioxidant
capacity are associated with large amounts of
phenols and/or ellagic acid [14]. Flavonoids
(polyphenols) isolated from the CNS show high
antioxidant [15] and anti-inflammatory [16] ac-
tivities. The main polyphenols of seed shells
are tannins, which have the ability to change
the colloidal state of proteins in the gastrointes-
tinal tract. They have astringent, antimicrobial,
anti-inflammatory effects [17].

CNS essential oils have a wide range of an-
timicrobial action and do not exhibit allergenic
activity. The dominant components of the CNS
essential oils are considered to be: hexanal,
a-pinene, pentylfuran, palmitic acid, nonanal,
borneol, myrtenol'.

The carbohydrate-mineral complex from the
CNS has a positive effect on the body of animals
[18]. The extracts of cedar nut shells contain
mostly the following macronutrients - K, Cl,
Mg, P and minor-nutrient elements - Zn, Mn,
Fe [19]. Essential amino acids, carotenoids, a
small level of vitamins C, E and group B? were
extracted from the cedar nut shells.

No information on the use of the CNS in
quail diets has been found in available litera-
ture sources.

The purpose of the research is to determine
the optimal delivery rate of the crushed cedar
nut shells in the compound feed for young quail
with subsequent monitoring of their productive
performance.

The research objectives are to determine
the effect of different doses of crushed cedar
nut shells on the safety, live weight gain and
feed consumption of young quails, to study
the biochemical parameters of blood and meat
(minced meat), to evaluate the quality of the
meat products.

MATERIAL AND METHODS

The scientific and economic experiment was
conducted from August to October 2020 on
Japanese quails in the physiological yard of the
Siberian Research and Technological Design
Institute of Animal Husbandry, Siberian Fed-
eral Scientific Centre of Agro-BioTechnologies
of the Russian Academy of Sciences (Siberian
Research and Technological Design Institute of
Animal Husbandry SFSCA RAS).

Three groups of Japanese quails with 40
birds in each group were formed at one day of
age in order to study the set task, taking into ac-
count the requirements of the generally accept-
ed methods. The birds were kept in cage bat-
teries designed by the SRTDIAH Experimental
Design and Development Bureau. The keeping
and feeding conditions were in accordance with
zootechnical recommendations.

Chickens of the control group received the
basic diet (BD), young chicks of the 1st and 2nd
experimental groups received cedar nut shell
flour milled to 1 mm in the amount of 0.05 and
0.1% of its composition in the diet. Feed con-
sumption was monitored daily with constant
monitoring of quail health. Control weighing of
quails was carried out individually at the age of
one day, then at the age of 30, 60 and 80 days
with the accuracy of 1 g. At the age of 80 days,
three quail cockerels from each group were
slaughtered. Samples were taken to study the
biochemical composition of blood and muscle
tissue; studies were carried out in the biochem-
istry laboratory of SRTDIAH SFSCA RAS and
the Institute of Experimental Veterinary Science
of Siberia and the Far East of Siberian Federal
Scientific Centre of Agro-BioTechnologies of
the Russian Academy of Sciences (IEVSS&FE
SFSCA RAS) according to the generally ac-
cepted methods. Before slaughtering, the birds
were kept for 8 hours without food, but with
free access to water, then individually weighed.
Slaughtering was performed by decapitation.

IShiretorova V.G. Composition of essential oils of cone husks and seed shells of Pinus Sibirica Du Tour and Pinus Koraiensis L.
Collected papers. Proceedings of the VI All-Russian Conference with international participation, Barnaul, April 22-24, 2014: New
advances in chemistry and chemical technology of plant raw materials. Barnaul, Altai State University Press. 2014. pp. 217-218.

2Patent (RU) No 2667781 A 23 L 33/10, A 23 K 10/30, A 61 K 36/15, A 61 K 8/97. Biologically active additive from cedar
shells and the method of its production. A.M. Leonchikov, S.M. Ermakov, application 06. 26. 2017., publ. 09. 24. 2018., Bulletin

No. 18.
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During anatomical cutting the necessary sani-
tary and hygienic rules were observed. Each
carcass was weighed separately. All dressed
parts were weighed to the accuracy of 1 g. The
data obtained in the experiment were processed
by the method of variation statistics using Mi-
crosoft Office 2007 (Excel).

RESULTS AND DISCUSSION

The formula for the basic diet (BD) for
quails was developed according to the age re-
quirements (see Table 1) from the available
components.

Feed consumption by chicks in all groups
was at the same level at the beginning of the
experiment until 7 days of age, then the most
efficient use of feed was observed in the quails
receiving CNS. As a result, feed consump-
tion decreased in the 1st and 2nd experimental
groups by an average of 5.75 and 12.28% per
1 goal, respectively (see Table 2), but negative
effects on the growth energy were not observed
and live weight gain over the control period
was higher by 8.04 and 10.44%, respectively.

The addition of CNS had a positive effect on
increasing the safety of the experimental groups
of quails. In the control group, 15.5% of the
chicks supplied to the experiment died during
the first month of the study, and 5.0% during
the second month. As a result, the best safety
was observed in both experimental groups -
87.5%, which is higher than the control group
by 7.5% (see Table 3).

Taoa. 1. Crpykrypa KOMOMKOPMOB IS Iepe-
nenoB, %

Table 1. The structure of feed for quails, %

Age, days
Component 0-30 older than 31
Wheat 57 54
Extruded soybeans 10 10
Sunflower meal 10 10
Tankage 5 10
Fish meal 5 —
Nutrient yeast 5 5
Chalk 3 3
Mineralcium phosphate 4 4
Premix 1 1
Shell - 3

Control slaughter was performed at 80 days
of age of quail cockerels. Cockerels with av-
erage group indices were selected before the
slaughter. The cockerels of groups 1 and 2 had
a higher body weight before the slaughter; the
difference was 7.5% and 8.0% (p < 0.001), re-
spectively, compared to the control. The best
slaughter yield of 78.27% was obtained in the
2nd experimental group (see Table 4).

The weight of the liver was not adversely af-
fected by CNS addition, but the heart weight
was significantly higher in the cockerels of the
2nd experimental group by 14,86% (p < 0,01)
compared with the control.

General animal analysis showed a decrease
in the level of moisture in the meat (minced
meat) of the cockerels of the 2nd experimental
group by 4.28% (P > 0.999) and an increase in
the dry matter compared to the control group by
4.28% (see Table 5). The meat of the chickens
of the 2nd experimental group differed from the
intact cockerels by an increase in the level of
crude fat by 3.86% (P > 0.999) and a decrease
in ash elements by 0.33% (P > 0.95). The level
of minerals, in particular calcium and phospho-
rus, was not affected by the addition of CNS.

The amino acid composition of meat also
had differences between the groups. In meat
samples from from the Ist experimental group
quails a decrease in crude protein in the dry
matter by 5.4% (P > 0.999) compared with the
control and by 8.7% (P > 0.999) compared with
the 2nd experimental group, accompanied by a
decrease in all essential and most dispensable
amino acids compared with the intact birds (see
Table 6) was observed. This indicates a de-
crease in the quality indicator of the product. In
the samples of the 2nd experimental group the
amount of essential amino acids (lysine, methi-
onine, tryptophan) and dispensable amino acids
(alanine, asparagine, glutamine) is significantly
higher than the control, therefore, the meat of
this experimental group has a more complete
composition.

Analysis of a number of biochemical data of
blood serum allowed us to conclude that, de-
spite the differences in the indicators between
the groups, they are mostly within the reference
values (see Table 7), therefore, no negative ef-
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Taoxa. 2. IToka3arenn HHTEHCUBHOCTH pocTa, pacxoJia KOpMa Ha IPUPOCT LBIIIJIAT NEPLCIICIIOB 3a ICPpH-

OJ1 BbIpalliluBaHUs1, B CPCAHEM Ha 1 rom.

Table 2. Indicators of the growth intensity, feed consumption for the growth of quail chickens during
the growing period, on average per 1 head

Indicat Group
ndieator control 1-st experimental 2-nd experimental
Live weight, g:
at the start of the experiment 7,59+0,12 8,66 + 0,09 8,66 + 0,09
at 30 days age 70,29 £ 1,57 76,86 = 1,06%* 79,80 + 1,03**
at 60 days age 168,08 +2,38 | 182,13 £2,30%* 185,9 + 2,60***
Live weight gain for the period, g:
1-30 days 62,70 + 1,55 68,20 + 0,99 71,14 £0,74*
31-60 days 97,79 105,20 106,11
1-60 days 160,49 £2,26 | 173,40 £ 2,15%** | 177,25 + 2, 49%**
Consumed fodder for the period, kg:
1-30 days 0,437 0,408 0,385
31-60 days 0,938 0,888 0,822
For the whole period 1,375 1,296 1,207*
Feed consumption per 1 g of growth for the entire 8,57 7.47% 6.81%
period, g
Average daily gain of live weight for the whole period, g 2,67+ 0,06 2,89+ 0,05 2,95 +0,07

Note. Here and in tables 4-7. The difference is reliable:* p < 0,05, **p < 0,01, *** p < 0,001.

Taoa. 3. [lokazaTenu cOXpaHHOCTH MEPETIENIOB B IIEPHO/ BBIPAIIIMBAHUS

Table 3. Quail safety indicators during the growing period

. Group
Indicator ; -
control 1-st experimental 2-nd experimental
The number at the beginning of the 40 40 40
experiment, heads:
in 30 days, heads 34 36 36
in 60 days, heads 32 35 35
Livability, % in 1-30 days: 85,00 90,00 90,00
in 31-60 days 95,00 97,22 97,22
for the whole period 80,0 87,50 87,50

Ta6a. 4. Pe3yisrarsl KOHTPOJIBHOIO YOOsI TIOAOIBITHBIX TIETYIIIKOB B 80-THEBHOM BO3pAacTe, B CPeIHEM Ha | Tl
Table 4. The results of the control slaughter of experimental cockerels at 80 days of age, on average per 1 head.

Indicator Group
control 1-st experimental 2-nd experimental

Pre-slaughter live weight, g 169,0 £ 0,27 181,6 £ 0,39 182,49 £, 5%%**
Percentage of the control group 100,00 107,46 107,98
Weight of gutted carcass, g 127,67 0,82 138,17 £ 0,32 142,83 + 0,99
Liver weight, g 43+0,16 4,21 £0,20 4,32+0,18
Heart weight, g 1,48 £0,01 1,56 £ 0,05 1,7 £ 0,04**
Slaughter yield 75,54 +0,61 76,08 0,35 78,27 £0,55
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Taoda. 5. Xumuueckuii cocraB msica ((apiua) NEeTyIIKOB IepeneioB, %
Table 5. Chemical composition of meat (minced meat) of quail males, %

Indicator Group

control 1-st experimental 2-nd experimental
Moisture content 66,14 £ 0,62 66,85 £ 0,60 61,86 £ 0,36%**
Dry matter 33,86 £ 0,62 33,15 £ 0,60 38,14 +£ 0,36%**
Crude protein 21,03 +0,23 19,9 £0,19%*** 21,79 +£0,23
Crude fat 10,82 + 0,54 11,39 +£ 0,62 14,68 + 0,61***
Crude ash 2,01 + 0,04 1,86 + 0,18 1,68 £0,13%
Calcium 1,519 £ 0,056 1,443 £ 0,047 1,457 + 0,023
Phosphorus 0,457 £0,024 0,447 £ 0,034 0,467 £ 0,021

Ta6a. 6. AMAUHOKUCIIOTHBIN cocTaB Msica ((apiia) MeTyIIKOB epeneioB
Table 6. Amino acid composition of meat (minced meat) of quail cockerels

Indicator Group
control 1-st experimental 2-nd experimental
Essential amino acids

Lysine 1,380 + 0,049 1,210 £ 0,014** 1,530 £ 0,035*
Methionine 0,360 +£ 0,012 0,253 £ 0,012%** 0,267 £ 0,020%**
Tryptophane 0,217 +0,011 0,143 £ 0,011%** 0,230 +£ 0,035
Arginine 1,150 £ 0,044 1,020 = 0,007** 1,323 £ 0,034**
Histidine 0,393+ 0,019 0,333 +0,003** 0,407 +£ 0,003
Leucine, isoleucine 2,017 £0,068 1,790 £ 0,007** 2,073 £0,020
Threonine 0,703 + 0,022 0,590 & 0,005%** 0,710 + 0,009
Phenylalanine 0,767 = 0,031 0,667 + 0,009** 0,847 + 0,024
Valine 0,617 £0,024 0,540 + 0,003** 0,610 + 0,021
Sum of essential amino acids 7,604 6,546 7,997

Dispensable amino acids
Alanine 1,200 + 0,028 0,987 +£ 0,011%** 1,313 +£0,033*
Serine 0,723 + 0,020 0,553 £0,014%** 0,727 £ 0,019
Asparagine 1,850 + 0,024 1,677 £0,70* 2,283 £0,128%**
Glutamine 2,950+ 0,031 2,760 + 0,098 3,413 +£0,173*
Cystine 0,507 £0,018 0,390 £ 0,024 *** 0,577 £ 0,051
Tyrosine 0,613 +0,027 0,560 + 0,042 0,557 +0,018
Proline 0,787 £ 0,008 0,660 £ 0,005%** 0,757 0,013
Sum of dispensable amino acids 8,630 7,587 9,617

Tabua. 7. buoxumudeckue MoKazaTean CbIBOPOTKU KPOBU METYLIKOB IEPEIEIOB

Table 7. Biochemical parameters of blood serum of quail cockerels

. . Group
Indicator Measurement unit . .

control 1-st experimental 2-nd experimental
Total protein g/l 52,81 £0,01 48,21 £ 0,93%** 51,38 £ 1,04
Albumins g/1 24,98 + 1,48 25,09 + 1,01 19,86 + 0,69**
Globulins g/l 27,66 + 1,40 22,70 + 1,95%* 31,53 £0,82%*
Creatinine m/mol 42,07 £0,40 39,50 + 1,48 40,85 0,76
SGOT unit/1 235,8 £0,04 270,37 £ 12,82%* 208,10 + 2,80%**
SGPT unit/l 8,29 £0,36 7,04 +0,43%* 8,55+ 0,81
ALP unit/l 260,73 = 19,00 179,43 + 7,68%** 281,73 £ 53,94
Calcium m. mol/l 2,98 +0,12 2,82+ 0,09 3,06 £0,02
Phosphorus m. mol/l 1,36 + 0,01 2,48 £ 0,16%** 2,07 £ 0,03%**
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fect of the CNS supplementation on blood was
detected.

The conducted research allowed us for
the first time to determine the optimal rate of
crushed cedar nut shells in the diet of quails
during rearing.

CONCLUSION

Inclusion of the CNS Pinus sibirica in the
diet of the 2nd experimental group in an amount
of 0.1% of the weight of mixed fodder had a
positive effect on the zootechnical performance
of young quails compared to the control group:

— during chick rearing, the survival rate in-
creased by 7.5%, the growth rate increased by
10.44%, while the feed consumption decreased
by 12.22%;

— increase in carcass slaughter yield by
2.73%, improving the quality of meat (minced
meat) — increase of the level of essential amino
acids;

— no negative impact on the studied vital
signs of young quails were detected.

After the production test it is possible to rec-
ommend the inclusion of the studied biologi-
cally active stimulating bio-additive - crushed
to 1 mm cedar nut shells in an amount of 0.1%
of mixed fodder in the diet of young quails.
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IKOJIOT'O-OU3HOITOTUYECKUE MEXAHU3MbI AJJAIITALTUA
MOJIOJIHSIKA OBEIL B YCJIOBUAX 3ABAHKAJIbS

) Xamupyes T.H., Bazapon B.3., lamunumaes C.M.

Hayuno-uccnedosamenvckuii uncmumym gemepunapuu Bocmounou Cubupu — ¢hunuan
Cubupckozo edepanvrozo Hayuno2o yenmpa azpobuomexnono2uti Poccuiickoii akademuu HayK
Yura, Poccus

C<De-mail: tnik0979@mail.ru

[IpencraBieHsl pe3ynbTaThl U3yYSHHS aJJAlITAIIMOHHBIX CIIOCOOHOCTEH MOJIO/IHSKA OBEI] B 3aBU-
CHUMOCTH OT MIPOUCXOKICHUS U UX B3aUMOCBS3U C IPOAYKTUBHOCTHIO. Temmeparypa, CKOpOCTh IBH-
JKCHHSI M BIIAKHOCTD BO3[yXa MPU POXKACHUU ATHAT (anpeinb) cocrasuiu 4,7 °C, 4,2 m/c u 17,7%,
B Bo3pacte 6 mec (okTs10ps) — 1,0 °C Hmke HOMA, 4,9 M/c 1 33,7% coorBeTcTBeHHO. Jlydmmme mo-
Kasareid 1o )KUBOH Macce 10 6-MECSIIHOTO BO3pacTa MMEET IOy PYOOIIePCTHRIN MOJIOTHSIK arvH-
ckoii mopoysl. bapaHunku B Bo3pacTe 6 Mec 1Mo CpeHe JKUBOW Macce UMENH MPEUMYIIECTBO HaJT
TOHKOPYHHBIMHU aHaJoraMu 3a0aiikanbckoit mopoasl Ha 3,7%, apku Ha 6,3% (p > 0,05). bapanunku
3a0aliKaabCKOM MOPOJIbI MMEJH JYUIINe BBICOTHBIC MPOMEPHI CTaTel TeJia MO BhICOTE B XOJIKE Ha
0,4 cm, mo BeIcOTE B Kpectiie Ha 1,3 cM. CBepCTHUKH armHCKON MOPOIBI OTIMYATUCH JIYHITUMU TT0-
KazaresiMi OObEMHBIX W IMPOTHBIX IPOMEPOB, B TOM YHCJE KOCOH UIMHBI TYJIOBHINA U TITyOWHE
rpyad. Y ocoOeil armHCKOW MOPOJIBI 10 CPABHEHUIO C TOHKOPYHHBIMH aHAJIOTaMHU JUIMHHEE YIITU
(ma 23,2-23,8%), mes (Ha 9,7-17,5%) u ronosa (1,2-2,5%), yxe 106 (Ha 11,5-17,6%) u meHee
oObemHas 1ies (Ha 5,1-7,2%). KinHuko-reMaToiorndeckue mokasaresid HaXOAWINCh B MIpeeiax
(usnonornyeckoii Hopmbl. HauMeHbIasi Temreparypa Teja Ha MOBEPXHOCTH KOXKH Y MOIOMBITHO-
IO MOJIOJTHSIKA MIPH POXKIACHUU U B 6-MECSYHOM BO3pacTe oTMeUYeHa B oOnactu yxa (25,2-26,0 °C),
HanOoJIBINas — Ha MEHTPANTbHON JacT xkuBoTa (29,3-33,4 °C). 1o ToMmMUHE KOXXH B 3aBUCUMOCTH
OT MPOUCXOXKACHHSI OBEI] HanOoJbINast pa3HuIa otMedeHa B oomactu L{UJI, CP-12 u [{TUK. ¥ Ton-
KOpYHHBIX ocobeit oHa Ha [[UJI Tonmie Ha 28,0-39,1%, na CP-12 — Ha 9,7-46,2%, na [IUXK — Ha
25,0-43,5%. Y monomnbITHRIX 0COOCH BBISBICHA MOJIOKUTEILHAS KOPPEISIHS KUBOKH MACChI C BbI-
coroii B kpectiie (0,591-0,906), ¢ ooxBatom msictu (0,133-0,240), ¢ mupuHoii n6a (0,173-0,590).
OTMedeHa B3aUMOCBSI3b KUBOM MAacChl C JTMHOW TOJIOBBI U IIEH Y TMOIYTPYOOIIEPCTHRIX 0COOCH
(0,060-0,463 u 0,147-0,394), a Taxke cimabas COMPSHKEHHOCTH ¢ TONIMIWHON kKoxku Ha CP-12. Y
TOHKOPYHHBIX aHAJIOTOB YCTaHOBJICHA CPETHAS KOPPEISIH MEKIY )KUBOM Maccoil 1 00XBaTOM IIeu
(0,490-0,553) u TommuHON Koku B obmactr LITUXK (0,469-0,755).

KuaroueBbie cjioBa: 0OBIbI, 3a0alikaabCcKas IOPoJIa, arMHCKAs IOPOJIa, JKUBasi Macca, (PU3HOJIOTH-
YECKHE MOKa3aTeIu, KOPPesIus

ECOLOGICAL AND PHYSIOLOGICAL MECHANISMS OF ADAPTATION OF
YOUNG SHEEP IN THE CONDITIONS OF TRANSBAIKAL

C<)Khamiruyev T.N., Bazaron B.Z., Dashinimaev S.M.

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

Chita, Russia

<) e-mail: tnik0979@mail.ru

The results of studying the adaptive abilities of young sheep depending on their origin and their
relationship with productivity are presented. Temperature, velocity and humidity at birth of lambs
(April) were 4.7 °C, 4.2 m/s and 17.7%, at the age of 6 months (October) - 1.0 °C below zero,
4.9 m/s and 33.7% respectively. The best indicators of live weight up to 6 months of age are shown
by medium-wool young Aginskaya breed. Young rams at the age of 6 months had an advantage over
their fine-wool counterparts of Transbaikal breed by 3.7% in terms of average live weight, and the
gimmers by 6.3% (p > 0.05). The rams of the Transbaikal breed had the best height measurements
of the body by 0.4 cm at the withers and by 1.3 cm in the height at hips. The Aginskaya breed peers
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Ecological and physiological mechanisms of adaptation of young Khamiruyev T.N., Bazaron B.Z., Dashinimaev S.M.
sheep in the conditions of Transbaikal

were distinguished by better volume and latitude measurements, including oblique torso length and
chest depth. The Aginskaya breed has longer ears (23,2-23,8%), neck (9,7-17,5%) and head (1,2-
2,5%), narrower forehead (11,5-17,6%) and less voluminous neck (5,1-7,2%) than their fine-wool
counterparts. Clinical and hematological parameters were within the physiological norm. The low-
est body temperature on the skin surface of the experimental youngsters at birth and at 6 months of
age was noted in the ear area (25.2-26.0 °C), the highest - on the central part of the abdomen (29.3-
33.4 °C). In terms of skin thickness, depending on the origin of the sheep, the greatest difference
was noted in the SCP, MR-12, and SCP areas. In fine-wool individuals, it 1s 28.0-39.1% thicker in
the SCP, 9.7-46.2% thicker in the MR-12, and 25.0-43.5% thicker in the SCP. In test specimens a
positive correlation of live weight with the height at hips (0.591-0.906), with the girth of the meta-
carpel (0.133-0.240), and with the width of the forehead (0.173-0.590) was detected. There was a
correlation between live weight and head and neck length in medium-wool breed individuals (0.060-
0.463 and 0.147-0.394), as well as a weak correlation with skin thickness on MR-12. In fine-wool
counterparts, there is a medium correlation between live weight and neck girth (0.490-0.553) and
skin thickness in the SCP area (0.469-0.755).

Keywords: sheep, Trans-Baikal breed, Aginskaya breed, live weight, physiological indicators,
correlation
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INTRODUCTION Any "genotype-environment" interaction can
disrupt the breed or herd improvement achieved
by selection, since the development of an organ-
ism takes place under the influence of genes,
which are manifested under relevant external
factors, which include not only natural and cli-
matic conditions, but also changes in technologi-
cal processes of feeding and housing [8].

The influence of environmental factors (ra-
diation, temperature, relative humidity and air
velocity) and heat exchange can lead to heat
stress in sheep due to changes in the thermal
energy balance between an animal and the en-
vironment [9].

The purpose of the research is to study the
ecological and physiological mechanisms of
adaptation and their relationship with the pro-
ductivity of young sheep depending on their
origin.

For productive animals, the process of adap-
tation, along with the state of health, is evalu-
ated taking into account the development of
their economically useful traits. F. Komarov, B.
Korovkin [1] note that at the present stage of
development of animal health science the im-
portance of clinical diagnosis by biochemical
blood indices has increased. The level of ani-
mal productivity, the duration of their use and
the ability of the livestock to expanded repro-
duction' can serve as indicators of adaptability
from a zootechnical point of view [2]. From the
physiological point of view, the level of basic
metabolism, respiration rate and skin temper-
ature are the main indicators of adaptation to
rearing conditions [3-6]. Moreover, skin is an
important pathway of heat exchange between
the body and the environment in mammals [7].

Katsy G.D. Experience of studying animal acclimatization. Proceedings of the International Scientific and Practical Confer-
ence "Modern technologies of agricultural production and priority directions of development of agricultural science". DonGAU,
2014. pp.
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DKOJI0ro-(hU3N0JIOrHYeCKUe MEXaHH3MbI aJIalITAllnH MOJIOHIKA OBeL
B ycioBusix 3abaiikaibs

Xamupyes T.H., bazapon b.3., lamnnumaes C.M.

MATERIAL AND METHODS

The object of the research were lambs
(n = 15) and gimmers (n = 15) of Transbaikal
(TB) and Aginskaya (AG) breeds. The experi-
mental part of the work was conducted in Tsok-
to-Khangil AC (Tsokto-Khangil village, 500
54" N and 1140 39’ E) of Aginsky district of the
Transbaikal region located in the steppe zone of
Eastern Siberia, in the south-east of Transbai-
kalia at 500 to 700 m above sea level.

The climate is sharply continental. Winter
with low temperatures, weak winds, little pre-
cipitation. The height of snow cover is from
3-6 to 10 cm. The average monthly temperature
is -22 + -26°C in January (absolute minimum
-51°C), +16 = +20°C in July (absolute maxi-
mum +37°C). Summers are hot: the first half is
dry; the second half is rainy. The growing sea-
son lasts from 120 to 150 days. Distribution of
precipitation is uneven and is 200-250 mm/year,
with fluctuations from 130 to 400 mm/year.

The experimental groups of young sheep
were formed according to the principle of peer
groups. Animal housing was year-round graz-
ing, the main feed was pasture grass. Clinical
and physiological parameters (rectal tempera-
ture (RT), respiratory rate (RR) and heart rate
(HR)) were studied using methods generally
accepted in veterinary medicine, surface skin
temperature (SST) on various topographic
body areas (ears (E), neck (N), central part of
the shoulder-blade (SCP), middle of 12th rib
(MR-12), sacrum (S)) - using an AKIP-9302 la-
ser infrared non-contact thermometer (Russia)
during daytime. Skin thickness (ST) in young
sheep - in the central parts of the shoulder-blade
(SCP), 12th rib (MR-12), thigh (TCP), back
(BCP) and abdomen (ACP).

Morphological (white blood cell (WBC),
red blood cell (RBC), platelet (PLT), hemoglo-
bin (HGB)) on a PCE 90 Vet hematology ana-
lyzer and biochemical blood parameters (total
protein (OB), calcium (Ca), phosphorus (P))
on a Stat Fax 1904 and URIT 800 Vet biochem
analyzer were studied to determine hematologi-
cal parameters.

Exterior and constitutional features of young
sheep were studied by taking the main body ar-
ticle measurements: height at withers (HW) and

rump (HH), oblique body length (OBL), depth
(ChD), width (ChW) and chest girth (ChG),
hook bone width (HBW), canon bone girthl
(CBQG), additionally - head length (HL), fore-
head length (FL) and width (FW), ear length
(EL) and width (EW), neck length (NL), neck
girth at the level of the 4th cervical vertebra
(NG-4).

Live weight (LW) was studied by weighing
animals on electronic scales TB-S-200.2 (Rus-
sia) with an accuracy of 0.1 kg.

The experimental data were processed by
Student's method of variation statistics [10] us-
ing a personal computer, Microsoft Office Ex-
cel and PAST Version 3.25 (2001), within the
following levels of significance: p < 0.05, p <
0.01, p<0.001.

RESULTS AND DISCUSSION

The temperature-humidity regime and air
velocity at the time of the study (day) are pre-
sented according to the data of the Transbaikal
Department for Hydrometeorology and Envi-
ronmental Monitoring (see Fig. 1).

The temperature, velocity and humidity at
birth of lambs (April) were 4.7 °C, 4.2 m/s and
17.7%, at the age of 6 months (October) - mi-
nus 1.0 °C, 4.9 m/s and 33.7% respectively. It
is noted that for newborn lambs the temperature
0f25-30 °C is considered a thermoneutral zone.
When the wool is short, the cold has a stimulat-
ing effect on the growth of wool [11, 12].

Table 1 shows the dynamics of live weight
and intensity of growth and development of ex-
perimental young sheep.

Analysis of the obtained data shows that the
best indicators in terms of live-weight dynamics
up to 6 months of age are shown by medium-
wool young lambs of Aginskaya breed. Thus,
lambs at the age of 6 months of age had an ad-
vantage over their fine-wooled counterparts of
the Transbaikal breed by 3.7% in average live
weight, gimmers - by 6.3% (p > 0.05), thus, the
intensity of growth and development during
this period was higher by 6 and 13 g a day.

One of the methods of studying the growth
and development of young animals is to evalu-
ate their exterior appearance by taking the main
measurements of the body articles and calculat-
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Table 1. Dynamics of average live weight and growth intensity of lambs

Breed
TB AG
hee 3 | 9 3 | 2
Live weight, kg
At birth 3,8+0,10 3,7+0,11 4,1+0,26 3,6 0,80
6 months 37,9 £ 1,02 35,1 £1,13 39,3+ 1,40 37,3+0,91
Average daily gain, g
0-6 months 189 | 174 | 195 | 187

ing body mass indices on their basis. Table 2
shows the results of the measurements of ex-
perimental young animals at birth and at the
age of 6 months.

The results show that medium-wool lambs
at birth are somewhat larger than their Trans-
baikal breed counterparts, both lambs and gim-
mers, as evidenced by their weight indicators.

In the process of growth and development,
it was revealed that by the age of 6 months the
lambs of Transbaikal breed had better height
measurements. Thus, the difference in their
favor was 0.4 cm in the height at the withers
and 1.3 cm in the rump, while their peers of
the Aginskaya breed were distinguished by
better indices of the measurements of volume
and width, including oblique body length and
chest depth. When evaluating the growth and
development of the body articles of gimmers,
it was found that medium-wool individuals of
the Aginskaya breed had an advantage in all
the studied measurements of the body articles.

Based on the data obtained on the measure-
ments of body parts, body mass indices of the
test youngsters were calculated at birth and at
the age of 6 months (see Table 3).

As a result of the calculations carried out, it
was found that at birth the lambs under test have
no pronounced differences in body indices, ex-
cept for the overgrowth index. At the age of 6
months both fine-wooled and medium-wool
young lambs showed a marked increase in the
indices of elongation, compactness and mas-
siveness, a decrease in the bony index, which
is directly related to the process of intensive
growth and development during this period.

According to researchers, body size and
shape are the main morphological characteris-
tics affecting the mechanisms of thermoregu-
lation of an animal under rearing conditions
[13, 14].

In addition to the main body article measure-
ments, additional measurements were taken
(see Table 4).

64  Siberian Herald of Agricultural Science ¢ 2022 « 52 « 3

Zootechnics and Veterinary Medicine



3KOJ10F0—(1)H3HOJTO]'H'—ICCKHC MEXaHHU3MBI aJiarTalii MOJIOJTHIKA OBEIL

B ycioBusix 3abaiikaibs

Xamupyes T.H., bazapon b.3., lamnnumaes C.M.

Tao6a. 2. IIpomepsl crareil Tena ArHAT, CM
Table. 2. Measurements of body parts of lambs, cm

Breed
Mea- TB AG
frllléfl:[ at birth 6 months at birth 6 months
J Q d Q d Q J ?

HW | 309+1,20 | 28,7+1,34|51,2+1,48 | 483 +1,16 |31,3+1,06|29,5+1,27|50,8+1,14|493+1,16

HH | 29,6 +1,26|28,1+1,37|52,1+0,99 | 48,8+1,48 |32,6=+1,51|31,1+1,37|50,9+1,91|50,1=+1,45
OBL | 32,6 +1,07|32,5+1,18 |60,4+1,78|58,1+1,20|33,0+1,25|32,8+1,03|62,3+1,49 |58,9=+1,20

ChD | 13,4+0,52 | 129+0,34 | 27,3+0,95 | 23,8 £1,32 | 13,9+0,74 | 13,6 £0,52 | 28,7 £0,82 | 24,3 +£0,95
WCh| 7,8+0,63 | 7,4+0,52 | 155+0,97 | 14,8+0,79 | 8,2+0,63 | 7,7+0,67 | 16,1 £0,74 | 15,5+ 1,08

ChG [ 343+1,16 [325+1,51 |74,7+125|679+1,29 (352+1,14|32,7+095|763+1,77 | 68,7+1,64
HBW| 6,6+0,52 | 6,4+0,52 | 16,2+0,78 | 15,0+1,05| 7,1+0,74 | 6,7+0,48 | 17,0£0,82 | 16,0 +1,33
CBG| 53+0,48 | 52+0,42 | 7,5+0,53 | 6,8+0,79 | 54+0,84 | 54+0,52 | 79+0,57 | 7,3+1,06
Taoa. 3. VHueKkchl TEeI0CI0KEHUS STHAIT, %
Table 3. Body indices of lambs, %

Breed
Ind TB AG
naex at birth 6 months at birth 6 months
) ? o) ? o) ? ) ?

Legginess 56,6 55,1 46,7 50,7 55,6 53,9 435 50,7
Lengthiness 105,5 113,2 118,0 120,3 1054 1112 122.6 119,5
Chest 58,2 57,4 56,8 62,2 59,0 56,6 56,1 63,8
Blockiness 105,2 100,0 123,7 116,9 106,7 99,7 122.,5 116,6
Ponderosity 111,0 113,2 1459 140,6 112,5 110,8 150,2 1394
Boniness 17,2 18,1 14,6 14,1 17,3 18,3 15,6 14,8
Overgrowth 95,8 97,9 101,8 101,0 104,2 105.4 100,2 101,6

The results obtained show insignificant dif-
ference in all additional measurements depend-
ing on the origin and sex of young sheep. Thus,
the Aginskaya breed has longer ears, neck and
head compared to its fine-wooled counterparts,
which is probably due to thermoregulatory
features and their ability to forage in hard-to-

Tab6ua. 4. [Ipomepsl rOJIOBBL, yXa U IICU STHST, CM

reach places due to their elongated neck. Thin-
skinned young animals are distinguished by a
broad forehead and a shorter, more voluminous
neck.

It is known that adaptability of animals to
these or those conditions can be judged by in-
terior traits, in particular blood indices, which

Table 4. Head, ear and neck measurements of lambs, cm

Breed
Mea- TB AG
rs;l;rel:[ at birth 6 months at birth 6 months
) ?Q 3 Q 3 ? 3 ?
HL 9,6+0,52 | 8,9+0,74 | 169+0,74 | 158 +1,14 | 10,2+0,79 | 9,1+£0,75 | 17,1+0,99 | 16,2+ 0,92
FL 3,6+0,70 | 3,5+0,53 | 5,5+097 | 52+0,79 | 39+0,74 | 3,6£0,52 | 54+0,52 | 53+0,42
FW | 5,6+0,52 | 5,1+0,57 | 87+0,75 | 80+0,82 | 52+0,59 | 51+0,57 | 7,8+0,71 | 6,8+0,71
EL 84+052 | 81+057 |10,5+041| 99+1,20 | 89+0,88 | 81+0,57 | 13,0£1,05|122+1,03
EW | 48+048 | 45+047 | 6,0+0,71 | 5,7+0,82 | 45+053 | 45+047 | 6,5+0,47 | 6,1+£0,57
NL | 139+0,74 | 13,0+0,67 | 24,6 1,77 | 23,8 1,55 | 153+0,82 | 14,5+0,53 | 28,9+ 1,20 | 26,1 + 1,20
NG |16,5+0,71 | 15,8+0,79 | 28,7+2,07 | 252+ 1,81 | 16,2+ 1,03 | 15,5+ 1,08 | 27,3 £1,42 | 23,5+2,27
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to a certain extent can also characterize produc-
tive qualities (see Table 5).

In the present studies, hematological param-
eters of experimental young animals were with-
in the physiological norm. Significant differ-
ence in the studied blood parameters depending
on the breed and sex was not revealed. It was
noted that the ratio of calcium to phosphorus
in the blood of experimental youngsters varies
from 3.3 : 1 to 5.4 : 1, which is higher than the
norm (1.5-2: 1).

To assess the adaptive properties of the ex-
perimental young animals, clinical parameters
were investigated (see Table 6).

The results of clinical studies in the experi-
mental youngsters indicate that the respiratory
rate and heart beat decrease naturally with age
in both fine- and medium-wool individuals, and
it can be assumed that youngsters of the Agin-
skaya breed regulate the thermoregulation pro-
cess in correlation with environmental condi-
tions due to lower indices.

A significant increase in the respiration rate

is the first physiological mechanism used by
sheep and goats to overcome environmental
heat stress [15]. Sheep capable of walking long
distances are characterized by increased body
temperature and respiration rate during grazing
stress [16, 17].

The body temperature on the skin surface of
the experimental young animals was different
at different topographic sites (see Table 7).

The lowest body temperature on the skin
surface of experimental young animals was ob-
served in the ear area (25.2-26.0 °C), the high-
est - on the central part of the abdomen (29.3-
33.4 °C) both at birth and at 6 months of age.
The increased body temperature on the skin
surface in the abdominal area can be explained
by the fact that young animals often come into
contact with the cold floor and the ground dur-
ing the resting period (at birth - spring, at 6
months - autumn). No significant differences
in the topographic areas of the body between
individuals depending on their origin and sex
were revealed.

Taba. 5. T'ematonoruueckre nokazaTeny MOJONBITHOIO MOJIOJHSIKA B BO3pacTe 6 Mec
Table 5. Hematological parameters of experimental young animals at the age of 6 months

Breed
Indicator TB AG
3 Q d ?

RBC, 10"%/n 7,8 +£1,35 8,6 £0,97 9,2 +1,61 7,2+0,24
WBC, 101 11,4+0,98 10,7 + 112+1,55 11,6 + 2,56
PLT, 10%n 168,2 + 2821 172 + 30,24 170,3 + 31,6 168,0 = 25,0
HGB, r/n 88,7 £ 4,58 91,4 +£5,66 85,2+ 5,97 83,0 + 6,02
TP, g/l 94,6 £9,56 96,4 + 8,47 97,0 £10,15 92,8 £10,7
Ca, mmol/l 6,8+ 0,47 5,7+0,27 7,6 £ 0,50 4,7 +0,30

P, mmol/l 1,5+0,17 1,7+0,16 1,4£0,11 1,2+0,10
Tao6a. 6. Kimnunueckue mokasaTeId MOJIOIHIKA OBEIL]
Table 6. Clinical indicators of young sheep

Breed
B AG
Indicator at birth 6 months at birth 6 months
3 ? d ? 3 ? 3 ?

RT, °C 369+0,74 | 37,1+£0,74 | 373+0,67 | 37,1+0,86 | 36,7+0,82 | 37,0+0,82 | 372+0,79 | 38,0+0,94
RR, times/min | 584+2,12 | 6294296 | 352+0.78 | 362+1,40 | 554+1,.88 | 654+3.89 | 338+193 | 350+194
HR, times/min | 111,9+£5,55 | 120,8+6,89 | 90,6222 | 91,7+3,27 [108,6+6,96 [ 1202399 | 88,7+2,79 | 89,2+1,93
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Taoda. 7. Temneparypa Tena Ha OBEPXHOCTH KoxH, °C

Table 7. Body temperature on the skin surface, °C

Breed
Body TB AG
part at birth 6 months at birth 6 months
J Q d Q 3 Q J ?

E 252+1,311259+0,34|27,7+1,45[24,5+1,35|25,0+1,31(26,0+1,12|24,1+1,42(24,1+1,15
N 282+1,29(29,9+0,21|26,7+1,28 |27,4+1,25|27,7+0,89|27,8+0,64|26,6+0,84|26,9+1,51
SBC 294+0,94|31,7+2,49|288+1,41(29,6+0,75|29,7+0,77 | 29,7+ 0,44 | 28,2+ 1,46 | 28,8 0,78
RM-1229,5+0,88 | 30,1 +1,38 | 30,2 +2,05|29,5+0,64 | 29,1 £0,75| 30,6 + 1,55 27,7+ 1,32 |28,4+0,78
R 295+1,35(31,8+2,61|282+1,15[29,2+0,87|29,3+0,80|28,8+0,73|28,0+2,0127,7+0,74
SC 30,5+1,25(33,4+1,37|31,7+1,18 | 31,2+ 0,74 | 30,8 £ 0,68 | 32,6 £ 1,40 | 29,3 + 1,36 | 30,9 £ 1,09

Figure 2 shows data on skin thickness at dif-
ferent topographic areas of the body of young
sheep at birth and at 6 months of age.

The results obtained show that there are
some differences in skin thickness at differ-
ent topographic areas of the body in the ex-
perimental lambs depending on the breed. So,
fine-wooled young lambs have thicker skin at
birth on all sections in comparison with their
medium-wool counterparts. At the same time,
it was noted that it is thicker in females of the
Transbaikal breed than in males and Aginskaya
bulls. The smallest skin thickness in females
of the Transbaikal breed was recorded in the
abdomen, the largest - in the back, while that
of the Aginskaya breed - in the shoulder blade
and back, respectively. At the age of 6 months,
the experimental young animals had a regular
thickening of the skin in all the studied areas.

At the same time, more significant changes
in this indicator occurred in the region of the
shoulder blade, on the side and on the thigh. It
was noted that females had thicker skin in the
abdomen than males.

The knowledge of the correlative depen-
dence between individual traits and its quanti-
tative determination allow the selection for one
or more traits, to provide for the change of one
trait while selecting for others, which is impor-
tant for successful breeding work (Tables 8-10).

Analysis of the results shows that in the
experimental young animals at the age of 6
months a strong positive correlation with the
live weight is shown by a measure of height at
hips (+0.591-+0.906), weak - the measure of
cannon bone girth (+0.133-+0.240). This indi-
cates that these measurements should be taken
into account when selecting young animals. In

SBC

RM-12  TCP

RM-12  TCP

SBC BCP SC
378 H-9TB -3 AG [E-9AG

Puc. 2. TonmuHa KOXH STHAT MPU pokieHnH (a) U B Bozpacte 6 mec (6), MM
Fig. 2. Skin thickness of lambs at birth (a) and at the age of 6 months (6), mm
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fine-wooled individuals, live weight weakly
correlates with chest depth in contrast to me-
dium-wool counterparts in which it is negative.
The analysis of conjugation of live weight
with additionally taken measurements revealed
that a weak and medium relationship of traits
in the experimental youngsters is present with
the width of the forehead. A distinctive point is
a weak and average correlation of live weight
with the length of head and neck length in me-
dium-wool individuals. The average correlation
between live weight and neck girth was estab-
lished in the fine-wooled counterparts.
Medium to strong correlation between live
weight and skin thickness on the central part of

the abdomen was found in fine-wooled young-
sters, while a weak correlation between live
weight and skin thickness on the middle of the
12th rib was noted in medium-wool youngsters.

CONCLUSION

The results of the study of ecological and
physiological mechanisms of adaptation in-
dicate that under year-round grazing in the
harsh natural and climatic conditions of the
dry steppes of Transbaikalia the experimental
young sheep show fairly high rates of growth
and development, and the best indices are
shown by the medium-wool young Aginskaya
breed.

Ta6a. 8. B3auMocBs3b )KUBOM Macchl ¢ MPOMEPAMHU CTaTel Teja MOIONBITHOTO MOJIOAHSKA B Bo3pacTe 6 Mec

Table 8. The relationship of live weight with measurements of body parts of experimental young

animals at the age of 6 months

r
Correlatable characteristics B AG
3 ? ) ?
LW - HW -0,099 +0,210 +0,098 -0,063
LW - HH +0,591 +0,753 +0,758 +0,906
LW - OBL -0,214 +0,579 —-0,455 +0,134
LW - ChD +0,119 +0,155 —0,280 -0,460
LW - WCh -0,181 +0,385 —0,128 -0,054
LW — ChG -0,502 +0,635 +0,827 —0,031
LW - HBW —0,383 +0,328 -0,077 +0,356
LW -CG 0 +0,133 +0,240 +0,239

Ta6a. 9. B3auMocBI3b )KUBOM MACChI C JIOIIOJI-
HUTEJIBHBIMU NIPOMEPAMU CTATEeH Teja MOAOIbIT-
HOT'O MOJIOJHSIKA B Bo3pacTe 6 Mec

Table 9. The relationship of live weight
with additional measurements of body parts of
experimental young animals at the age of 6 months

Tao6a. 10. B3aumocssi3b »KUBOM MacChI € ITOKa3a-
TEJISIMU TOJIIIUHBI KOKU MOAOIBITHOIO MOJIOTHSIKA
B Bo3pacte 6 Mec

Table 10. Relationship between live weight and
skin thickness in experimental young animals at
the age of 6 months

r r
Eorreiatgb}e TB AG Correlatable TB AG
characteristics characteristics
d Q 3 Q R I Q 3 9

LW -HL -0,467 | —0,177 | +0,463 | +0,06

LW - TCP -0,223 | 40,203 | +0,363 | —0,194
LW -FL -0,232 | -0,322 | -0,303 | +0,115
LW — FW +0,229 | +0,173 | 40,241 | +0,590 LW -RM-12 | +0,398 | —0,508 | +0,049 | +0,036
LW -EL -0,452 | +0,341 | +0,516 | —0,090 LW — SBC —-0,304 | +0,156 | +0,132 | —0,071
LW -EW +0,192 | —0,485 | -0,224 | +0,151

LW - BCP -0,424 | 40,749 | —0,422 | 0,029
LW —-NL -0,177 | +0,209 | +0,394 | +0,147
LW - NG +0,553 | +0,490 | —0,046 | —0,470 LW - SC +0,469 | +0,755 | -0,739 | —0,012
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Positive correlation of live weight in experi-
mental young animals at the age of 6 months
was revealed with the height in the hips and the
girth of the cannon bone. A distinctive feature is
the weak to medium correlation of live weight
with the length of head and neck length in me-
dium-wool individuals. The average correlation
between live weight and neck girth was found
in the fine-wooled counterparts.

Based on the data obtained, we can conclude
about the possibility of their use in breeding
and pedigree work with fine-wool and medi-
um-wool sheep of Transbaikal and Aginskaya
breeds, which will make it possible to predict
the effectiveness of breeding.
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BJIUSIHUE TPEOBPA3OBAHHOM J1Y3I' HOACOJHEYHUKA
HA ®EPMEHTATUBHBIE IMTPOLECCHI
B PYBLE KBAYHbIX ’KUBOTHbBIX IN VITRO

MupomrnukoB C.A., lyckaes K., llleiina E.B., C<)Pa3zanoB B.A.
DedepanbHblil HAYUHBIL YeHmp OUONo2UYecKUxX cucmem u azpomextonocutl Poccuiickou akademuu Hayx

Openo6ypr, Poccus
(XDe-mail: vita7456@yandex.ru

Wzydensr nponecchl pepMeHTany B pyOlle )KBaYHBIX MPH HUCIOIB30BAHUN JTY3TH TIOICOTHEY-
HUKa, ITOJIBEPTHYTOU YIBTPa3BYKOBOI 00paboTke, B coyeTannu ¢ puToOHOTHKamMu. B xome sKkcrre-
pPUMEHTa ONpeNesiii 00pa30BaHUe KOHEUHBIX METa0ONIUTOB B PYOLIOBOH KHIKOCTH, a TaKke 00-
pasoBanue meraHa. OOBEKTOM HCCIEJOBAHMS SBIISUIACH PyOLIOBas JKUAKOCTh, KOTOpas otoOpaHa y
OBIUKOB Ka3axCKOW OeI0roI0Bol Mopoakl B Bozpacte 12 Mec cpenHeit Mmaccoit 230-235 kr. XpoHu-
yeckas (uctyna pyoia (n = 3) Oblia ycTaHOBJIEHA 110 MeTouKe A.A. AntneBa. MeTooM in vitro npu
oMoty pudopa «ANKOM Daisy II» (momudukarmu D200 n D200I) mo cnenuanin3upoBaHHOM
METOJIMKE MPOUHKYOUPOBAHBI CIIENyIOIIe 00pa3isl: KOHTPOoIb (00paser Ne 1): mysra, mofBepray-
Tasi MEXaHMYECKOMY M3MEJIBUEHHIO, + THAPOMOAY/b (Boaa) + oOpaborka Y3 npu 20 °C, 15 mun,
27 xI'1; oOpazen Ne 2: oopasert Ne 1 + ramma-okranakroH (0,25 muir); oopaser Ne 3: oopazerr Ne 1 +
kBepuetuH (10,0 mr); obpazer; Ne 4: oopazery Ne 1 + 7-ruapoxcuxymaput (2,0 mr). Kaxnaprit sxcre-
PUMEHT MPOBEJICH B ISITH MOBTOPHOCTAX. ONpeienieHbl IepeBapUMOCTh CYXOTO BEIECTBA, KOHIICH-
Tpanus JeTy4nX KUPHBIX KUCIIOT, 00pa30BaHNe a30THCTHIX META0OINTOB M KOHIIEHTPAIMS METaHa.
[TomyueHHbIE JaHHBIE CTATHCTUYECKHU MPOAHATN3UPOBAHBI C UCIIOIIB30BAHUEM ITPOTPAMMHOTO 00e-
crnieuenus. [lomyyeHbl HOBbIC JaHHBIC O BIMSIHUM JIy3TU MOACOTHEYHUKA COBMECTHO C (PUTOOHOTH-
KaMHU Ha 00pa3oBaHKE KOHEUHBIX METa0ONNUTOB B PyOLIOBOH KUIAKOCTH. YCTaHOBJICHO, YTO 100aB-
JICHHUC 6I/IOHOI‘I/I‘ICCKI/I AKTHBHBIX BCIICCTB 'aMMa-OKTaJIaKTOHA, KBEPLECTHHA, 7-FI/II[pOKCI/IKYMapI/IHa
CIoco0CTBOBAJIO MTOBBIMIEHUIO TIEPEBAPUMOCTH CYXOTO BEIIECTBA OTHOCUTEIIEHO KOHTPOJII Ha 2,0%
(»<0,05),3,1 (p<0,01)14,3% (p <0,05) coorBeTcTBeHHO. OTMEYEHO MOBBIIIICHHE KOHIICHTPAITIH
JIETYYHX KUPHBIX KUCJIOT U a30THCTHIX (PpaKIUii IIPH UCIIONB30BaHUH JAHHBIX BEIIECTB. YPOBEHb
KOHIICHTPAIUM MeTaHa ObUT HUXKE, YeM B KOHTPOJIE, TP UCIONH30BAHUHU 7-TUAPOKCHKYMApHUHA B
ob6pasiie Ne 4 Ha 10% (p < 0,01).

KiroueBble cjioBa: j1y3ra MoJICOJTHEYHHUKA, KaBUTAI[HS, PYOLIOBasi )KUKOCTh, PUTOBEIECTBA

EFFECT OF TRANSFORMED SUNFLOWER HUSK ON ENZYMATIC
PROCESSES IN THE RUMEN IN VITRO

Miroshnikov S.A., Duskaev G.K., Sheida E.V., ©<)Ryazanov V.A.
Federal Research Centre of Biological Systems and Agrotechnologies
of the Russian Academy of Sciences

Orenburg, Russia
(XDe-mail: vita7456@yandex.ru

Fermentation processes in the rumen of ruminants when using sunflower husk subjected to ul-
trasound treatment in combination with phytobiotics were studied. During the experiment, the for-
mation of terminal metabolites in the ruminal fluid as well as the formation of methane were deter-
mined. The object of the study was the rumen fluid, which was selected from bulls of Kazakh white-
headed breed at the age of 12 months with the average weight of 230-235 kg. Chronic rumen fistula
(n= 3) was identified according to the method of A.A. Aliev. The following samples were incubated
by in vitro method using the ANKOM Daisy II device (modifications D200 and D200I) according
to a specialized technique: control (sample N 1): Mechanically ground husk + hydromodulus (wa-
ter) + ultrasound treatment at 20 °C, 15 min, 27 kHz; sample N 2: sample N 1 + gamma-octalactone
(0.25 ml); sample N 3: sample N 1 + quercetin (10.0 mg); sample N 4: sample N 1 + 7-hydroxycou-
marin (2.0 mg). Each experiment was conducted in five replications. The digestibility of dry matter,
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concentration of volatile fatty acids, formation of nitrogenous metabolites and methane concentration
were determined. The data obtained were statistically analyzed using software. New data were obtained
on the effect of sunflower husk together with phytobiotics on the formation of final metabolites in the
rumen fluid. The addition of biologically active substances of gamma-octalactone, quercetin, 7-hydroxy-
coumarin was found to increase the digestibility of dry matter relative to control by 2.0 (p < 0.05), 3.1
(p £0.01) and 4.3% (p < 0.05), respectively. An increase in the concentration of volatile fatty acids and
nitrogenous fractions was noted when using these substances. The level of methane concentration was
10% lower than that of the control with 7-hydroxycoumarin in sample N 4 (p <0.01).
Keywords: sunflower husk, cavitation, rumen fluid, phytomaterials
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INTRODUCTION

The development of technological solutions
for the transformation of secondary raw materi-
als, in particular sunflower husk, for its further
use in growing and fattening cattle is a promis-
ing topic. With the expansion of cultivated ar-
eas in 2021, according to the preliminary results
of the sowing campaign, the area of sunflower
in Russia reached 9643.5 thousand hectares',
which will increase the secondary product in
the processing of sunflower seeds - husk. There
are various ways to use sunflower husk, for ex-
ample, it can be used as a nutrient medium [1].
There is evidence of the use of pre-treated sun-
flower husks as an additive to the soil, which
improves its physical, chemical and hydrologi-
cal properties [2]. Untreated sunflower husk
was studied by introducing it into the diet of

pigs. It was found that the content of nitrogen
in the diet was the highest in the groups of pigs
fed with sunflower husk [3].

The use of sunflower husks as a feed addi-
tive in agriculture was proposed in the work?.
The specificity of the husk itself should be not-
ed, which consists of 40% lignocellulosic fiber
[4]. The presence of structural carbohydrates in
the husk indicates that it can be used in feeding
cattle, since only the rumen microorganisms of
these animals are able to destroy them, except
for lignin. It can be processed by fungi inhabit-
ing the rumen [5-7]. Pre-cavitation treatment of
sunflower husk improves its use as forage’.

When the proportion of structural carbohy-
drates in the diet of cattle increases, the load on
the entire digestive system increases, to a great-
er extent on the rumen [8, 9]. Special biologi-

'FSBI "Center of Agroanalytics" of the Ministry of Agriculture of Russia, Oilseeds Market. https://mcx.gov.ru/analytics/

https://specagro.ru/analytics/markets.

2Antimonov S.V., Solovyh S.Yu. Technology of obtaining feed mixtures and additives using non-traditional plant raw materials.
Food technology: collected theses of the VIII All-Russian Conference of young scientists with international participation (Kazan,

2007). Kazan: Publishing House "Fatherland", 2007. 222 p.

SBykov A.V., Kvan O.V., Duskaev G.K. The influence of cavitation processing on biotechnological aspects of feed application
// International Conference on World Technological Trends in Agribusiness: IOP Conference Series: Earth and Environmental
Science. 2021. P. 121-192. DOTI: 10.1088/1755-1315/624/1/012192.
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cally active substances (small molecules)* can
be used to maintain its normal function. Previ-
ously, the use of biologically active substances
and their effect on digestibility in animals were
evaluated and a positive effect was noted [10].

The search for new technological solutions
for the use of sunflower husks in combination
with small molecules to process waste products
and further feed them to ruminants is of par-
ticular interest.

The purpose of the study was to study the
fermentation processes in the rumen of rumi-
nants in an in vitro model using biologically ac-
tive substances and sunflower husk.

MATERIAL AND METHODS

The object of the study was rumen fluid
sampled from Kazakh white-headed breed
steers with chronic rumen fistula (n = 3) es-
tablished by the method of A.A. Aliev’, the
average weight of 230-235 kg at the age of 12
months. The studies were carried out using the
Latin square method.

Animal care and experimental studies were
performed in accordance with the instructions
and recommendations of Russian regulation
acts (Order No. 755 of the USSR Ministry of
Health dated August 12, 1977 "On Measures
for Further Improvement of Organizational
Forms of Work with the Use of Experimental
Animals") and "Guide for the Care and Use
of Laboratory Animals" (National Academy
Press, Washington, D.C., 1996). Measures have
been taken to minimize animal suffering and to
reduce the number of experimental specimens
studied.

The following samples were incubated in
vitro using the ANKOM Daisy II device (modi-
fications D200 and D200I) according to a spe-
cialized technique (see Table 1).

Coumarin-IUPAC: 7-hydroxycoumarin,
molecular formula - C9H603, molar mass -
162.144 g/mol; CAS: 93-35-6, 1391-97-5;
quercetin dihydrate, 95+% AL33795-1, molec-
ular formula is CisH1007 x 2H20, molar mass

1s 338.3 g/mol; CAS: 6151-25-3. Gamma-octa-
lactone: molecular formula - C8H1402, molar
mass - 142.20 g/mol; CAS: 104-50-7 were used
for the study.

The studied substances were introduced
directly into the rumen fluid. Sunflower husk
was ground on a laboratory mill to a particle
diameter of 1.0 mm. Then, a hydromodule of
the product with water was prepared. The ul-
trasound parameters were chosen within 27
kHz, treatment time 15 min. The temperature
of cavitation treatment of cellulose-containing
mixtures was 20 °C. Distilled water was used
as a dispersion medium. Each experiment was
performed in three repetitions.

Laboratory studies were conducted at the
Test Center of the Central Clinical Hospital of
the Federal Research Center of Biological Sys-
tems and Agrotechnologies of the Russian Acad-
emy of Sciences. The level of volatile fatty acids
(VFAs) in the rumen content was determined
by gas chromatography on gas chromatograph
"Kristallux-4000M", determination of nitrogen
forms - according to GOST 26180-84.

After incubation, air samples were taken
to determine methane levels on a Crystallux-
2000M device by gas chromatography. The

Tao6xa. 1. KauecTBeHHBIH cocTaB 00pa3IioB
Table 1. Qualitative composition of samples

Sample o ..
No. Qualitative composition
1 (con- |Husk: mechanical grinding + water + ultra-
trol) |sonic treatment at 20 ° C, 15 min, 27 kHz
2 Husk: mechanical grinding + water + ultra-
sonic treatment at 20 ° C, 15 min, 27 kHz +
gamma octalactone 0.25 ml
3 Husk: mechanical grinding + water + ultra-
sonic treatment at 20 ° C, 15 min, 27 kHz +
quercetin 10.0 mg
4 Husk: mechanical grinding + water + ultra-
sonic treatment at 20 ° C, 15 min, 27 kHz +
7-hydroxycoumarine 2.0 mg

“Karimov 1., Kondrashova K., Duskaev G., Kvan O. Evaluation of effects of rumen fluid in combination with probiotic
preparations and vanillin on the luminescence of a recombinant strain E. coli // E3S Web of Conferences. 2020. Vol. 143. P. 20-34.

DOI: 10.1051/e3sconf/202014302034.

SAliyev A.A. Operative methods of research of farm animals. L.: Kolos,1974. 61 p.
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data obtained as a result of this study were sta-

tistically analyzed using SPSS software version
21.0¢.

RESULTS AND DISCUSSION

In the course of the studies, metabolome in
the rumen fluid was studied based on the tests
of sunflower husk subjected to ultrasound treat-
ment, separately and in combination with bio-
logical active substances (see Table 1).

Indicators of feed digestibility and fermen-
tation in the rumen are the main indicators of
its selection in cattle diets. During the study
it was established that the effect of ultrasonic
treatment of husk with additional inclusion
of gamma-octalactone during incubation in-
creased the digestibility of dry matter by 2,0%
(p <0,05), with addition of quercetin - by 3,1
(p £0,01), 7-hydroxycoumarin - by 4,3% (p <
0,05) (see Table 2).

The quality of feed cleavage by rumen mi-
croorganisms can be judged by the level of for-
mation of volatile fatty acids. The maximum in-
crease was found when 7-hydroxycoumarin was
introduced (sample No. 4). Relative to the con-
trol (sample #1), the concentration of acetic acid
in the rumen fluid increased by more than 99%
(p<0,01), propionic acid by 98,6 (p <0,01), oily
acid by 96,4, valerian acid by 85,2 and capronic
acid by 92% (p < 0,05) (see Table 3).

During the enzymatic processes of micro-
flora in the rumen, methane is formed, as a
consequence of which energy loss occurs in the
animal. When sunflower husk was evaluated,
it was found that additional inclusion of 7-hy-
droxycoumarin in sample No. 4 contributed
to a 10% decrease in methane formation (p <

Taoda. 2. IlepeBapuMOCTb CyXOro BELIECTBA JIy3-
'Y TIOJICOTHEYHHKA in vitro, %

Table 2. Dry matter digestibility of sunflower
husk in vitro, %

Sample No. Digestibility
1 (control) 40,2+ 0,11
2 42,2 +0,38*
3 43,3 +£0,19**
4 44,3 +0,26*
*p <0,05.
#kp < 0,01.

0.001) compared to the control. The addition
of gamma-octalactone to sample #2 and the in-
troduction of quercetin to sample #3 increased
the methane concentration by 44 (p <0.05) and
67.7%, respectively, compared to control (see
Table 4).

Nitrogen metabolism in the rumen indicates
the activity of microorganisms in the ability
to ferment carbohydrates. The extent to which
they are able to transform the feed will affect
the formation of various protein fractions. In
our study, the inclusion of 7-hydroxycoumarin
in combination with sunflower husk exposed
to ultrasound (sample #4) increased total nitro-
gen by 44.4% (p < 0.01), protein by 75.6 (p <
0.05), and ammonia by 58.8% (p < 0.05) rela-
tive to control. When gamma-octalactone was
added to sample #2, the values for the nitrogen
fractions were also higher than in the control,
for total nitrogen by 39.8% (p < 0.05), protein
nitrogen by 60.2 (p < 0.01), non-protein form
nitrogen by 16.5%, ammonia form was higher
by 63.7% (p < 0.05). The concentration of am-
monia nitrogen in the samples No. 2-4 was ap-
proximately at the same level, with an average
difference of 1.7% (p < 0.05) (see the figure).

Ta6a. 3. KoHmeHTpanus 1eTydnx KUPHBIX KUCIOT B PYOIIOBOM KHUIKOCTH, MOJIB/JI
Table 3. Concentration of volatile fatty acids in the scar fluid, mol/I

Sample No. Volatile fatty acids
Acetous Propionic Oleic Valerianic Capronic

1 (control) 0,016 + 0,002 0,013 £ 0,003 0,012 £ 0,001 0,009 £+ 0,002 0,008 = 0,001
2 2,66 + 0,22 0,18 £0,21 0,09 + 0,006* 0,04 £ 0,06* 0,007 + 0,001
3 2,06+ 0,14 0,16 + 0,08* 0,09 + 0,011 0,02 + 0,04* 0,09 + 0,01
4 5,9 £0,08%* 0,95+0,012%* 0,31+0,014 0,06 £ 0,11 0,1 £0,08*

*p <0,05.

*¥p < 0,01.

°SPSS. (2012). IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp.
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Taodxa. 4. Konuenrpauns merana (CH,) B ycio-
BUSAX N Vitro, MOJb/I

Table 4. Concentration of methane(CH,) under
in vitro conditions, mol/I

Sample No. Methane concentration
1 0,02 + 0,002
2 0,036 + 0,002*
3 0,062 + 0,002*
4 0,018 £ 0,001 ***
*p <0,05.
k%7 < 0,001.

Analysis of the literature shows that simi-
lar studies have previously been conducted on
the value of cocoa husks, one of the main by-
products of the roasting process, in order to im-
prove the extraction of compounds with high
added value using ultrasound and hydrodynam-
ic cavitation. These methods produce valuable
extracts that are rich in the antioxidant flava-
nols (catechins and epicatechins), theobromine
(32.7 £ 0.12 mg/g shell), caffeine (1.76 + 0.08
mg/g shell) and cocoa butter [11].

In addition, the possibility of using activat-
ed ultrasound to clean hay from bacterial con-
tamination was studied. The results showed
that exposure to ultrasound for 60 seconds
was able to remove bacterial contamination by
87.94% [12].
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Total nitrogen

The results of in vitro animal studies are
consistent with those obtained by other au-
thors [13]. Thus, plant extracts can solve prob-
lems with improved digestibility, fermentation
characteristics and reduction of greenhouse
gas emissions to protect the environment. The
leaves of Azadirachta indica, Moringaoleifera,
Ocimum gratissimum and spices (the bulb of
Allium sativum), rootstock of Zingiber offici-
nale were used as additives in different concen-
trations (50, 100 and 150 pl) to corn substrate
for biogas production in vitro. The plants had
a pronounced mitigating effect on the pressure
and volume of the biogas produced.

Herb and spice extracts as feed additives
reduce methane production in the rumen and
improve fermentation characteristics in West
African dwarf sheep [14]. Replacing corn grain
with soybean husks (agricultural residues) in
the presence of M. oleifera extract can reduce
greenhouse gas emissions and improve diges-
tion in a study on buffalo steers [15].

In an experiment on beef cattle raised on
feeding stations in Spain [16], six essential oils
(tea tree - TetR, oregano - Ore, clove buds - Clo,
thyme - Thy, rosemary - Ros and sage - Sag) in
the experiment 1 and various combinations of
selected oils in the experiment 2 were evalu-
ated in four doses in an in vitro microbiological
fermentation system using rumen fluid of beef

Nonprotein nitrogen Ammonium nitrogen

KonmeHTpaius a30TUCTBIX META0OIUTOB B PyOIIOBOM KUIKOCTH, MT/%

Concentration of nitrogenous metabolites in the scar fluid, mg/%
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cattle obtained in the straw diet: concentrate
(10 : 90). In the experiment 1, TetR, Ore, Clo,
and Thy improved the rumen fermentation pro-
file in the direction corresponding to better feed
utilization. In the experiment 2, TetR mixed
with Thy, Ore, Thy + Ore, or Clo at 200 and 400
mg/L increased the molar fraction of propio-
nate and decreased the molar fraction of acetate
as well as the ratio of acetate to propionate.

The effects obtained in the works described
above are consistent with the results of our
studies.

CONCLUSION

Evaluation of the secondary products of oil-
seed crops, in particular sunflower husk, as a
feed for cattle showed that its pretreatment with
ultrasound in combination with biological ac-
tive substances (gamma-octalactone, quercetin,
7-hydroxycoumarin) increased the digestibil-
ity of dry matter from 2.0 (p < 0.05) to 4.3%
(p £0.05) compared to the control, and also in-
creased the formation of volatile fatty acids and
nitrogen fractions in the rumen content.
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BJIUSIHUE MIPUEMOB BO3JEJBIBAHUS HA YPOKAWMHOCTD KJIEBEPA
IMAHHOHCKOT'O COPTA ITPEMBEP B JIECOCTEITA 3ATIA/THOM CUBUPH

(<) Bboroarooosa E.B.

Cubupckuii ghedepanvhwviti HayuHbll YeHmp azpoouomexnonozuti Poccutickou akademuu Hayk
Hosocubupckast 061., p.im. Kpacaoo6ck, Poccust

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

[IpoBeneHbl UCCIENOBaHUS 110 BIMSHHUIO NPUEMOB BO3ICIBIBAHUS HA YPOXKAWHOCTH 3€JICHOUN
MacChl U CTPYKTYpPY TPABOCTOSI MHOTOJICTHETO KOPMOBOTO PAcTEeHHUs KiieBepa MaHHOHCKOTo [lpe-
Mbep B Jiecoctenu 3anaanoi Cubupu. s vccineaoBanus 3ajiokeH Tpex(akTopHblid onbIT. M3yye-
HO BJIUSTHEE CPOKOB TIOCEBA BECEHHETO o] MOKpoB oBca (11 mexana mast) v ieTHero 6€CIIOKPOBHOTO
(Il mexama mroms1), coco0oB moceBa — psAAoBoro (15 cMm) u mmpoxopsaHOoro (60 cM) U ABYX HOPM
BbiceBa — | ¥ 2 MJIH BCXOKHX ceMsiH Ha 1 ra. [lokazaHo, 4yTo Ha BTOpPOM ToOX JKU3HHU y KIEeBepa
enie He OPMHUPYETCS XO3IUCTBEHHO 3HAYMMBIN YPOBEHb YPO)KAWHOCTH HAJI36MHOI MacChl BCIIEI-
CTBUE OMOJIOTMYECKUX OCOOCHHOCTEH. B TO jke BpeMsi IMEHHO B 3TOT I'OJl IPOCIICKUBACTCS BIIUS-
HUC pPa3HBIX MPUEMOB BO3JebIBaHMs. JIydlinii pe3yabTaT MmojyueH Mpu MOCEBE BECHOHN PsIOBBIM
crocobom — 35 11 cyxoii Maccel/ra. [Ipu mepexone pacTeHHi BO B3POCI0€ MeHEPATHBHOE COCTOS-
HUe, HaunHas C TPEThEro rofia, 0OTMEUEHO BO3pacTaHNe YPOKafHOCTH Ha BCEX BAPHAHTAX OMBITA JI0
80—100 1/ra 3a cueT yBeNMWYCHUS BBICOTHI U TYCTOTHI CTOSTHUSI HANOO0JIee POTyKTUBHBIX TeHEPaTHB-
HBIX T100eroB. THTEHCHBHOCTH MOOEroo0pa3oBaHus pa3iuyanach 1o Bapuantam. Camasi BRICOKas
OTMEUYCHA Ha HU3KOIMPOAYKTUBHBIX C HAMMEHBIINM YHCIIOM T€HEPaTHUBHBIX MOOETOB BTOPOTO Tojia
JICTHUX IIUPOKOPSTHBIX TToceBax. OTMeUeHa CIIOCOOHOCTh KIIEBEpa ITAHHOHCKOTO K CAMOPETYIISIIUU
I'YCTOTBI CTOSIHUS TIOOETOB B 3aBUCUMOCTH OT IUIOIIAIU IIUTaHUsA. B pe3yibrare K 4ueTBEpTOMY oy
JKU3HU HUBEJIHPOBAIUCH PA3IHYHUS 10 YPOXKAHHOCTH TPABOCTOSI MEXKLy BECEHHUM W JIETHUM CpPO-
KaMU TI0CeBa, HU3KOH M BEICOKOH (1 M 2 MITH TIT./Ta) HOPMaMH BBICEBA, PSAIOBBIM U IIAPOKOPSIHBIM
Croco0aMu moceBa.

KuroueBble ci10Ba: KiieBep MAHHOHCKUM, CIIOCOOBI BO3/ICIIBIBAHNUS, TEHEPATUBHBIN 1 BETeTaTHUB-
HBIH 1MOOET, TYCTOTa CTOSIHHS TTOOETOB, YPOXKaWHOCTH 3eJIeHON Macchl, 3anaanas Cuoupb

INFLUENCE OF CULTIVATION METHODS ON THE PREMIER CULTIVAR
OF HUNGARIAN CLOVER YIELD IN THE FOREST-STEPPE OF WESTERN
SIBERIA

C<)Bogolyubova E.V.

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

(<XDe-mail: elenabogolyubova@yandex.ru

Studies have been carried out on the influence of cultivation methods on the green mass yield
and the herbage structure of the perennial fodder plant - Premier cultivar of Hungarian clover in the
forest-steppe of Western Siberia. A three-factor experience was laid out for the study. The effect of
the timing of sowing spring oats under a cover (II ten-day period of May) and summer coverless oats
(IT ten-day period of July), sowing methods - row (15 cm) and wide-row (60 cm) and two rates of
seeding - 1 and 2 million germinated seeds per 1 ha was studied. It is shown that in the second year
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Influence of cultivation methods on the premier cultivar of Hungarian Bogolyubova E.V.
clover yield in the forest-steppe of Western Siberia

of life, clover does not yet form an economically significant level of yield of aboveground mass due
to biological features. At the same time, this is the year when the influence of different cultivation
methods can be traced. The best result was obtained when sowing in the spring in a row - 35 cwt/
ha of dry weight. In the transition of plants to the adult generative state, starting from the third year,
an increase in the yield in all variants of the experiment to 80-100 c/ha due to the increase in height
and density of the most productive generative shoots was recorded. The intensity of shoot formation
differed by variants. The highest was noted on low-productive with the lowest number of generative
shoots of the second year - summer wide-row crops. The ability of Hungarian clover to self-regulate
the density of shoots depending on the feeding area was noted. As a result, by the fourth year of life,
differences in herbage yield between spring and summer sowing dates, low and high (1 and 2 million
pcs/ha) seeding rates, row and wide-row sowing methods were leveled.

Keywords: Hungarian clover, cultivation methods, generative and vegetative shoot, standing
shoot density, green mass yield, Western Siberia

Jasi uutupoBanusi: bozonwbosa E.B. BnusHue npuemMoB BO3/EIBIBAHMS HA YPOXKaWHOCTH KJIEBepa IMaHHOHCKOTO COpTa
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INTRODUCTION properties as drought- and frost-resistance and
low susceptibility to diseases and pests, Hun-
garian clover has a high shoot-forming capac-
ity. If placed freely, by the age of 5-6 years it
produces a shoot area up to 30-40 cm in di-
ameter with a number of shoots over 200. The
bush has both generative and elongated veg-
etative shoots. The ratio of the two depends
on the weather conditions and, possibly, on
the cultivation methods. Generative shoots, as
a rule, are uniaxial with apical inflorescence,
and can branch to 3-4 lateral shoots when well
moistened [2]. Hungarian clover is not infe-
rior to meadow clover in its fodder merits [3,
4]. To date, three varieties of Hungarian clover
have been created in Russia: Premier (origi-
nators - Siberian Research Institute of Fodder
Crops and Central Siberian Botanical Garden,
Novosibirsk), Anik (Penza State Agricultural
Academy), and Snezhok (N.V. Rudnitsky

The search for optimal methods of cultiva-
tion of this or that crop is aimed at creating
conditions conducive to the maximum mani-
festation of its biological potential. An impor-
tant requirement for the created technologies
is resource-saving. Based on these provisions,
the use of perennial legumes in agricultural
production, in particular in forage produc-
tion, is relevant and promising. One such crop
is Hungarian clover (Trifolium pannonicum
Jacq.), the representative of the flora of South-
Western and Eastern Europe (the eastern bor-
der of the areal is in the Carpathians). Due to
its high ecological plasticity, it has been suc-
cessfully introduced both in areas close to the
places of its natural growth - Ukraine, Belarus,
and in the remote areas - the Urals, Western
Siberia ' [1]. In addition to such positive

Tlina E.A. Growth, development and productivity of Hungarian clover (Trifolium pannonicum Jacq.) as an indicator of suc-
cessful introduction in the Middle Urals. Ontogenesis of herbaceous polycarpic plants. Sverdlovsk, 1986. pp. 150-170.

2Kupenko N.P., Ostapko LN. Introduction of Hungarian clover (7rifolium pannonicum Jacq.) to Donetsk Botanical Garden:
Proceedings of VIII All-Russian Symposium on New Fodder Plants. Syktyvkar, 1993. pp. 92-93.
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Zonal Research Institute of Agriculture for the
North-East?®) [5, 6].

As the studies have shown, the require-
ments of this crop for obtaining economically
significant yields in different soil and climatic
conditions vary* [7, 8].

For the forest-steppe zone of Western Sibe-
ria, optimal cultivation conditions for Premier
Hungarian clover have not been sufficiently
developed [9].

The purpose of the study is to examine the
effect of cultivation methods on the yield and
structure of Hungarian clover Premier herbage
in the forest-steppe zone of Western Siberia.

MATERIAL AND METHODS

The experimental plot was located in the
left-bank part of Priobskaya forest-steppe (No-
vosibirsk region) (geographical coordinates:
N 54°54'34.0", E 083°00'35.0"). According to
the agroclimatic zoning the territory belongs
to the moderately warm, insufficiently humidi-
fied sub-area (GTC 1.0 - 1.2). The soil is gray
forest clayey, poor in humus (1.70%), mo-
bile phosphorus and exchangeable potassium
- 0,65 and 18,4 mg/100 g, respectively. The
reaction of the soil solution is neutral®.

Three-factor experience was used for the
study. The effect of the sowing dates of spring
oats (II ten-day period of May) and summer
coverless oats (II ten-day period of July), sow-
ing methods - row (15 cm) and wide row (60
cm) and two rates of seeding - 1 and 2 million
germinated seeds per 1 ha were studied. The
area of the experimental plots is 40 m?, triple
repetition. Experimental material was statisti-
cally processed according to B.A. Dospekhov
using Snedecor *’ software.

Observations of the crops were carried out
for 7 years, starting from the establishment of
the experiment in 2015. Vegetation seasons
were varied. The most favorable conditions
for moisture and air temperature were in the
year of the experiment, as well as in 2017 and
2018.In 2016, 2019, 2020 and 2021 there was
a lack of precipitation and increased air tem-
perature in the spring and early summer, which
had an adverse effect on clover development.

RESULTS AND DISCUSSION

Hungarian clover is a perennial crop, so
in the first 2 years of its life its above-ground
part develops slowly, since at this time the
root system is intensively formed, which con-
sumes up to 22% of the assimilants®. In our
studies, during spring sowing under cover of
oats harvested for green mass, clover experi-
enced significant shading. Favorable moisture
in the early summer in the year of sowing con-
tributed to the powerful development of clo-
ver plants, which reached the height of 95-114
cm and yielded 46.6 c/ha of dry matter by the
time of harvesting. By the end of vegetation
6-9 leaves were formed on the main shoots in
the plants sown in spring, and some individu-
als proceeded to stemming, which influenced
the increase in the average height of the plants
to 12 cm. Tillering was almost not observed,
only lateral buds were developed.

At the summer sowing term, plants reached
a height of 8-9 cm by the end of the growing
season, 5-6 leaves grew on the shortened main
shoot, and the majority of plants showed tiller-
ing - formation of 3-4 side shoots. In terms of
the number of plants per unit area, the spring
sowing term under the influence of the cover

3Gripas M.N., Arzamasova E.G., Popova E.V. Introduction of Hungarian clover (Trifolium pannonicum Jacq.) in the European
North-East of Russia. Actual and new directions in breeding and seed production of agricultural crops: Proceedings of the Interna-
tional Scientific-Practical Conference Vladikavkaz: Gorsky State Agrarian University, 2017. pp. 108-110.

“Penkina E.V. Productivity of pannon clover (Trifolium pannonicum Jacq.) depending on the methods of cultivation in the
forest-steppe of the Middle Volga region: thesis abstract of the Candidate of Agricultural Sciences, Penza, 2010. 19 p.

*Yakutina O.P., Bogolyubova E.V., Nechaeva T.V., Smirnova N.V,, Tanasienko A.A., Chumbaev A.S. Assessment of soil fertility
when growing Hungarian clover (Trifolium pannonicum Jacq.) in the south of Western Siberia. Soil resources of Siberia: challeng-
es of the XXI century. Tomsk: Tomsk State University Publishing House, 2017. pp. 230-234. DOI: 10.17223/9785946216453/54.

‘Dospekhov B.A. Methodology of field experience. Moscow: Kolos, 1985. 267 p.
’Sorokin O.D. Applied statistics on the computer. Krasnoobsk: RPO SB RAAS, 2004. 162 p.

$Bagautdinova R.I. Photosynthesis, growth and productivity of Hungarian clover of different years of life. Growth, develop-
ment and productivity of herbaceous fodder plants. Sverdlovsk, 1987. pp. 105-112.
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crop was 1.5-2.0 times inferior to the sum-
mer coverless one. In the first year by the end
of vegetation the best by the number of plants
per unit area was summer row sowing at the in-
creased (2 min/ha) seeding rate. Row sowing
was superior to wide-row sowing in both terms,
but the difference was 1.5-2.0 times in summer
sowing and 2-3 times in spring sowing.

In the second year of clover's life, the den-
sity of shoots sharply increased in all the vari-
ants. It was impossible to identify individual
plants as a result of active spring tillering; only
shoots were counted. Shoot formation was
the most intensive in sparse spring sowings.
The number of shoots increased here by 4.1-
5.8 times compared with the first year, which
reduced the difference with summer crops to
insignificant. As before, row crops were 1.8-
2.5 times more dense than broad-row crops,
and high seeding rate was 1.1-1.3 times more
dense than low seeding rate. In terms of total

shoot density, our data differed significantly
from those of the Middle Volga region. The
number of stems in Hungarian clover crops
in the second year was 558-758 pcs/m?, or
1.5 times more than in our variants, and in the
fourth year it reached 1117-2276 pcs/m2° [10].

Fundamental changes in the second year of
clover's life occurred in the structural compo-
sition of the herbage. On spring sowings, the
participation of generative shoots increased
significantly - up to 21-34%. On summer sow-
ings this indicator was only 7-16% (see table).

The greatest number of generative shoots
was noted on spring row crops -119-126 pcs/
m?, on the same-named summer crops- only
48-56 pcs/m?. The same trend was observed
on broad-row sowing with a difference in the
number of shoots - 51-64 units/m? at spring
sowing and 16-17 units/m?at summer sowing.

According to the density of generative
shoots, the herbage yield differed by vari-

Bausaue ArpOTCXHUYCCKUX MPUCMOB HA I'YCTOTY CTOAHUS oco0ei u moderos Y KJI€BE€pa MIAaHHOHCKOI'O

[Ipembep

The influence of agricultural practices on the individual and shoot density in the Premier cultivar of

Hungarian clover

Seeding Shoots
Seeding method rate, Clover year of life
minha | 1.g¢ | 2nd | 3-vd | 4th | 5th | 6th | 7-th
Spring sowing date under the oat shelter (Il ten-day period of May)
1 65 375 520 629 497 527 658
Row (15 cm) 31,8 71,3 56,4 58,3 64,9 54,2
) 102 401 665 685 602 555 696
31,5 69,0 51,5 54,1 54,9 47,0
1 34 188 404 541 502 437 552
Wide-row (60 cm) 34,0 65,3 61,3 68,9 67,4 57,7
rowiRe > | 30 | 159 | 409 | 431 | 467 | su | 533
21,0 73,7 69,4 68,0 70,2 62,2
Summer coverless sowing (Il ten-day period of July)
1 82 362 599 602 541 516 627
Row (15 cm) 16,3 66,2 60,5 58,1 64,4 60,3
" 2 | 1se | 438 | 68 | 650 | s41 | S84 | 683
10,6 62.6 55,9 55,5 57,5 55,1
D e | 200 | 460 | so2 | 490 | soa | sas
Wide-row (60 cm) 8,2 68,8 65,9 68,1 69,6 68,9
2 89 224 403 563 535 500 549
7,1 65,0 63.9 66,1 67,6 53.4
LSD s 7,6 32,8 53,0 47,6 47,2 44,4 53,4

Note. Numerator is the total number of shoots, units/m?, denominator is the share of generative shoots in the total

composition of the herbage, %.

*Kynuxog /[.1. TIpreMbl BO3IEIBIBAHKS KIIEBEPA MAHHOHCKOTO B ycioBusix Cpeanero [ToBOmKbs: aBToped. MIicC. ... KaHI. C.-X.

Hayk. Ilensa, 2009. 19 c.
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ants of experience, since these two indicators
closely correlate (r = 0.83). This can be ex-
plained by higher height and mass of genera-
tive shoots compared with the vegetative one.
Thus, the mass of the generative shoot in Hun-
garian clover Premier in the second year of
life was 1.52-2.05 g at a height of 45-54 cm.
In subsequent years, when plants were in their
adult generative state and reached a height of
80-100 cm, the weight of this type of shoot in-
creased to 2.38-3.00 g. The weight of vegeta-
tive shoot varied insignificantly by years and
amounted to 0.41-0.61 g. In the Middle Volga
Region in Hungarian clover crops the weight
of generative shoot did not exceed 1.0 g.

Differences in the density of generative
shoots in the second year of life led to a sig-
nificant difference in herbage yield by variants
of experience. The highest harvest of above-
ground mass was noted on spring row crops
- 35 c/ha of dry matter, the lowest yield - on
summer wide-row crops - 12-15 c/ha. In gen-
eral, summer crops were 1.1-1.8 times inferior
to the spring ones.

In the third year the yield of Hungarian
clover crops increased in comparison with the
second year by 2.5-7.8 times. The smallest in-
crease was observed on the best variants of the
second year - spring row crops, the largest - on
the lowest productive variants of the previous
year - summer wide row crops. As a result,
the leveling of yield at different methods of
cultivation was observed. Thus, the influence
of sowing dates and seeding rates decreased
to insignificant. There was still only the influ-
ence of the sowing methods - wide row crops
were inferior to row crops - 90.4 and 105.3 ¢/
ha, respectively.

The high yields in the third year of life re-
flected an explosive increase in the density of
generative shoots. By variants the increase was
uneven. In spring crops it increased 3-6 times,
in summer crops - 7-20 times. The greatest in-
crease was noted on summer wide-row crops
with the lowest number of generative shoots in
the second year. In the young generative age,
clover's ability to achieve a stable balanced
state in relation to feeding area and weather

conditions was clearly demonstrated. In addi-
tion to the increase in the number of genera-
tive shoots, the high yield in the third year was
promoted by favorable weather conditions -
warm with sufficient moisture in the first half
of the growing season (see the figure).

In subsequent years, the conditions of the
beginning of the season were unfavorable.
Lack of moisture in the spring months was
accompanied by late return frosts, which had
a negative impact on the development of the
generative sphere on the row crops. Despite
the fact that the total density of shoots by the
fourth year of clover's life with this method
of sowing still slightly increased, but the par-
ticipation in their composition of generative
shoots decreased by 21-27%, or from 370-450
to 290-325 pcs/m?. At the same time, the num-
ber of generative shoots on broad-row crops,
on the contrary, increased and equaled in den-
sity to row crops. This oppositely directed
dynamics led to the leveling indices of green
mass yield not only at different terms and rates
of seeding, but also the methods of seeding -
81-85 kg of dry weight/ha.

Starting from the fourth year of clover's
life there were no significant differences in the
yield of green mass by the experimental vari-
ants. However, there was a gradual decrease by
year of aboveground mass harvesting. Yield in
the seventh year was only 73-85% compared
with the most productive third year or 68-78
t/ha The standing density of the most produc-
tive generative shoots remained constant dur-
ing these years at the level of the fourth year,
and the drop in productivity, most noticeable
in the seventh year, is explained by a decrease
in the weight of the generative shoot from
2.00-2.30 to 1.70-1.90 g, which is most likely
due to very unfavorable conditions at the be-
ginning of the growing season.

Along with the equivalence of the variants
in the yield of above-ground mass during the
last years of observations, the difference in the
structure of the herbage at different methods
of sowing was noted. The increased propor-
tion of vegetative shoots - 12-17% compared
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with 8-10% on row crops was invariably pre-
served on row crops.

The study of agrotechnics of cultivation
of Hungarian clover Premier in the forest-
steppe of Western Siberia showed its good
adaptability, sustainably high level of green
mass yield for more than 5 years, while level-
ing the influence of different cultivation tech-
niques over the years.

CONCLUSIONS

1. Economically significant yield of green
mass of Hungarian clover Premier (80-100
centners of dry matter/ha) in the forest-steppe
zone of Western Siberia is formed from the
third year of life and is maintained at a high
level for more than 5 years.

2. The ability of Hungarian clover Premier
to self-regulate the density of shoots depend-
ing on the feeding area by the fourth year of
life levels out the effect of terms, norms and
sowing methods on the yield of green mass.

3. Against the background of no differences
in the yield of above-ground mass under the
influence of cultivation methods, a higher par-
ticipation of vegetative shoots in the structure
of Hungarian clover Premier herbage on the
row crops compared to wide-row crops was
noted.
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INPOAYKTUBHOCTDHb KOPMOBBIX AI'POIHEHO30B B YCJIOBUAX
CEBEPHBIX PETUOHOB APXAHTEJIbCKOM OBJIACTH

XD IIamanuu A.A., Ilomosa JIA.

Deodepanbhblil UCCIE008aAMENbCKULL YEHMP KOMNIEKCHO20 U3YUeHUs APKMUKY uMeHu akaoemuka
H.I1. Jlaseposa Ypanvcrkozo omoenenus Poccutickoti akademuu HayK

ApxaHrenbckas 005acThb, moc. Jlyrosoii, Poccust

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

Uccnenosanus nposeaeHsl B 2019-2021 rr. B ycnoBUsIX CEeBEpHON YacTH ApXaHTelIbCKOW 00-
nacty. Llenpb uccnenoBanmii — M3ydeHre MHOTOJICTHUX arpo(UTOIEHO30B, COCTOSIINX U3 MEPCIeK-
TUBHBIX 3JIaKOBBIX 1 000OBBIX TPaB, IJIs YJIy4YIIEHUS] KOPMOBOM 0a3bl B YCIOBHUSIX CEBEPHBIX PETH-
OHOB. M3yuanu TpaBocTou 3 JIET )KU3HH, CHOPMUPOBAHHbBIE U3 PA3IMIHBIX KOMOMHALNHN 371aKOBBIX
1 000OBBIX TPaB, ONPEACISIN UX MPOLYKTUBHOCTh U Y4acTHE KOMIIOHEHTOB TpaBocMmecel B (op-
MHUPOBaHUH YPOXKAMHOCTH. MeTeoponoruueckre yciaoBHs B IOkl POBEACHUS HCCIEI0BaHUN pas-
Huuck. B 2019, 2020 rr. BereTarMoHHbIC MEPHOJIbI ObUTH U30BITOYHO YBIAXKHEHHBIMU (THIPOTEP-
muueckuit koapunuent ('TK) 1,80 u 1,76), 8 2021 1. neproi 0OTMEUEH JJOCTATOYHO YBIAKHEHHBIM
(I'TK 1,38). YcraHoBieHO, 9TO B 1-if rof )kM3HU (DOPMUPOBAHKE YPOXKas 3€JICHOM MacChl TIPOUCXO-
IUT 32 cdeT 6000BOro KOMIoHeHTa. [Ipu 3ToM B CTPYKType ypoxkasi KIIeBepa JIyTOBOTO CONEPKUTCS
73%, nroriepHb! cuHel — 59-67%. B nanpHeiimem B GUTOIIEHO3aX HAONIONAIOT CHUKEHUE YUACTHS
0000BBIX TPaB B yporkae, Ha 3-i roj )KU3HU COIEpKaHUE KiieBepa JyroBoro cocraBuio 15-20%,
JIIOLIEpHA CHHSIS BBINIAJIA U3 TPABOCTOSI. TpaBOCTOM, COCTOAIUI U3 OBCSIHULIBI TPOCTHUKOBOM U KJle-
BEpa JIyrOBOTO, BBIJICITUIICS KaK HanOoJiee MPOAYKTHBHBIH. J[ByXyKOCHOE HCIIOIB30BaHUE TAHHOTO
arpoUTOIEHO3a TTO3BOJISIET B TIEPBBIC 2 TOMa WHTCHCUBHOTO ITOJIB30BaHUS MONXyIuTh OoT 10,71 mo
11,41 T cyxoro BemectBa/ra, 114,12-129,01 I'/l>x ooOmenHoi#t sueprun/ra u 1,43—1,51 1 ceiporo mpo-
tenHa/ra. Kak HanOosee nmepcrnekTUBHAs KyIbTypa BhIACIHIACH OBCSIHALA TPOCTHUKOBAs. [IpH BbI-
NaJI€HUH JIIOIIEPHBI CHHEN U3 TPaBOCTOSI BAPHAHT OIbITA C OBCSHULIEH TPOCTHUKOBOM NMPEBOCXOAUT
KOHTPOJILHBIN BapHaHT 10 yPOKaHHOCTH CyXOTO BEIIECTBA U BHIXOAY OOMEHHOI SHEepruu.

KuroueBble ci10Ba: MHOTOJIETHHE TPaBbl, OBCSHHUIIA TPOCTHUKOBASA, KJIEBep JIyTOBOH, yporkaid-
HOCTb, CTPYKTypa yposkasi, cCOOp IPOTEHHA, TUTATEIbHOCTD 3€JIE€HON MaCChl

PRODUCTIVITY OF FODDER AGROCENOSES IN THE NORTHERN
TERRITORIES OF THE ARKHANGELSK REGION

C<X)Shamanin A.A., Popova L.A.

N. Laverov Federal Center for Integrated Arctic Research of the Ural Branch of the Russian
Academy of Sciences

Lugovoi settl., Arkhangelsk Region, Russia

(<XDe-mail: arhniish@mail.ru

The studies were conducted in 2019-2021 in the conditions of the northern part of the Arkhangelsk
region. The aim of the research is to study perennial agrophytocenoses consisting of promising
cereals and legumes to improve the fodder base in the conditions of northern regions. Herbage
grasses of 3 years of life formed from various combinations of cereals and legumes were studied,
their productivity and participation of components of grass mixtures in the formation of yields were
determined. Meteorological conditions varied during the years of the study. In 2019 and 2020, the
growing seasons were excessively wet (hydrothermal coefficient (HTC) 1.80 and 1.76), in 2021, the
period was noted as quite wet (HTC 1.38). It was found that in the 1st year of life the formation of
green mass yield is due to the legume component. At the same time, 73% of red clover and 59-67%
of alfalfa are contained in the structure of the crop. Later in the phytocenosis there is a decrease in
the participation of leguminous grasses in the yield, in the 3rd year the content of red clover was 15-
20%, alfalfa fell out of the herbage. The herbage, consisting of reed fescue and red clover, stood out
as the most productive. Two-cuts use of this agrophytocenosis allows for the first 2 years of intensive
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Productivity of fodder agrocenoses in the Northern territories of the
Arkhangelsk region

Shamanin A.A., Popova L.A.

use to get from 10.71 to 11.41 t/ha of dry matter, 114.12-129.01 GJ/ha of exchange energy and 1.43-
1.51 t/ha of crude protein. Reed fescue stands out as the most promising crop. When alfalfa falls out
of the herbage, the experiment variant with reed fescue is superior to the control variant in dry matter

yield and exchange energy yield.

Keywords: perennial grasses, reed fescue, red clover, productivity, crop structure, protein yield,

nutritional value of green mass
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INTRODUCTION

The northern territories of the Russian Fed-
eration, including the Arkhangelsk region, are
the regions where dairy cattle breeding is the
leading branch of agricultural production. In
this regard, there is a need to create a solid
fodder base, which should be based on high-
quality energy-full fodder of own production
in sufficient quantity and at low cost [1-3].

Based on the fact that the natural and cli-
matic conditions of the northern territories do
not allow the cultivation of most high-energy
crops, perennial grasses are of great impor-
tance. Due to the optimal ratio of metabo-
lizable energy and protein in the dry matter,
perennial plants are superior to other crops in
terms of fodder. By saturating the forage area
with perennial grasses, there is a decrease in
the consumption and cost of forage per unit of
production [4-7].

Introduction of perennial grasses in forage
production contributes to rational nature man-

agement, fuller use of shallow contour of ag-
ricultural lands, management of sod process,
improvement of physical, water and physical
properties of soil, reduction of mineral fertil-
izers application, reduction of water and wind
erosion of soil'.

Perennial grasses are mainly represented
by plants of the legume and cereal families.
Legumes can be the most profitable feed due
to their high protein content. However, be-
cause of their low sugar content and energy
content, the sugar/protein ratio worsens and
the efficiency of forage utilization decreases.
Creating herbage from mixtures of cereals and
legumes, in the structure of which the share
of legumes should be at 40-50%, will make it
possible to achieve an optimal ratio of protein
and sugar in the feed [8-10].

Meadow clover is the main legume used
in agrocenoses in the conditions of the north
of Russia. The cereal component of grasses is

IShpakov A.S., Bychkov G.N. Specialization of forest zone in the production of dairy and meat products and its environment-
forming role in agroecosystems. Food security of agriculture in Russia in the XXI century. Zhuchenkov readings II: collection of
scientific papers, vol. 11 (59). M.: Ugreshskaya printing house, 2016. pp. 69-77.
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IIposyKTHBHOCTH KOPMOBBIX arpOLICHO30B B yCIOBHUSX CEBEPHBIX
PErHOHOB ApPXaHTeNIbCKON 00J1acTH

[llamanun A.A., TToniosa JI.A.

represented by meadow fescue, timothy grass,
awnless bromegrass, meadow foxtail. Cur-
rently, the introduction of alfalfa into phytoce-
noses has become urgent. Studies conducted
within the framework of expanding the as-
sortment of fodder crops for the conditions of
the Arkhangelsk region revealed a number of
promising fodder crops to create highly pro-
ductive grass stands. These included Hungar-
1an clover, common alfalfa, reed fescue, ori-
ental fescue, broad-leaved fescue, giant bent-
grass, and burnet androgynous [11-13].

The purpose of the research is to study pe-
rennial agrophytocenoses consisting of prom-
ising cereals and legumes to improve the fod-
der base in the conditions of the northern re-
gions of the Arkhangelsk region.

The research objectives are to study the
phenology of perennial grasses in herbages
of the first 3 years of life; determine the pro-
ductivity of phytocenoses and participation of
grass mixture components in the formation of
yields; identify the most promising cereal-le-
gume herbages.

MATERIAL AND METHODS

Perennial grasses were studied in the field
experiment in 2019-2021. The place of the ex-
periment was "Kholmogorskaya" Agrofirma"
LLC, Kholmogorsky district, Arkhangelsk
region. The research object was grass stands
of cereal and legume perennial grasses rep-
resented by the following species and variet-
ies: meadow fescue (Festuca pratensis Huds)
Severodvinskaya 130; meadow clover (7rifo-
lium pretense L.) Tayozhnik; reed fescue (Fes-
tuca arundinacea Schreb) Baltika; common
alfalfa (Medicaco sativa L.) Kevsala.

Grass mixture was composed according
to the following scheme: meadow fescue +
meadow clover (standard); meadow fescue +
common alfalfa; reed fescue + meadow clo-
ver; reed fescue + common alfalfa. Seeds of
perennial grasses were included in the grass
mixture in the following rates: meadow fes-

cue - 7 kg/ha, meadow clover - 8, reed fescue
- 6, common alfalfa - 6 kg/ha. The experi-
ment was laid in four replications, the plot
size was 10.5 m?(3.5 x 3.0 m).

The forecrop was an oatvetch mixture for
silage with the percentage of legume and ce-
real components of 40 and 60%. Soil prepa-
ration consisted of discing in autumn, plow-
ing in spring and cultivation before sowing.
Legume grass seeds were scarified. Seeding
was done manually on June 17-18, 2019, in
a row-less manner with a row spacing of 15
cm. The soil of the experimental plot was sod-
podzolic sandy loam, OM content - 3.15%,
pH, - 5.2, P,Os - 300 mg/kg soil, K,O - 458
mg/kg soil.

Meteorological conditions of vegetation
periods in the years of research were different
(see Table 1). Throughout 3 years of research
there was a shift of air temperatures towards
increase, although in 2019 average daily air
temperature in July and August differed from
mean annual values by -1.9 and -1.6 °C, re-
spectively. The greatest deviation from the
mean annual value was noted in 2022 - in
May (+4.2 °C) and June (+5.0 °C). Under the
prevailing conditions the growing seasons
2019 and 2020 are marked as excessively hu-
mid (according to G.T. Selyaninov HTC,,9 =
1,80 and HTC,(,,=1,76), the growing season
in 2021 - quite humid (HTC,,, = 1,38). From
the peculiarities of the weather conditions it
is necessary to note several moments. In May
2020 the amount of precipitation exceeded
the norm by 176% (+72.3 mm) with the for-
mation of snow cover of 6 cm in height on
the 13th of May. In 2021, against the back-
ground of high air temperatures in May and
June, the drying of the upper layer of soil was
observed, which remained until mid-August.

Experiment setting, observations, record-
ings, and sampling were carried out accord-
ing to the methodological guidelines for field
experiments®®. Nutritional analysis of plant

“Dospekhov B.A. Methodology of field experience. Moscow: Agropromizdat, 1985. 351 p.
3Methodological guidelines for field experiments with fodder crops. Moscow: All-Russian Institute of Animal Husbandry,

1987. 198 p.
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Taoda. 1. Mereoponoruueckue yciaoBust BereraionHoro nepuona 2019-2021 rr.
Table 1. Meteorological conditions of the growing season 2019-2021

Indicator Long-run annual 2019 Departure 2020 Departure 2021 Departure
average

Average daily air

temperature, °C 10,9 11,4 0,5 12,3 1,4 13,1 2,2
May 5,9 9,0 3,1 6,9 1,0 10,1 4,2
June 12,3 13,6 1,3 14,1 1,8 17,3 5,0
July 15,8 13,9 -1,9 17,3 1,5 17,3 1,5
August 13,2 11,6 -1,6 13,2 0,0 14,4 1,2
September 7,5 9,0 1,5 10,2 2,7 6,6 -0,9
Sum of precipitation, mm 294,0 370,7 76,7 408.3 114,3 270,2 -23.8
May 41,0 32,5 -8,5 113,3 72,3 37,7 -33
June 59,0 55,9 -3,1 32,0 =27 1438 84,8
July 60,0 86,0 26,0 94,8 34,8 19,0 —41,0
August 73,0 96,7 23,7 92,7 19,7 48,9 24,1
September 58,0 99,6 41,6 75,5 17,5 20,8 -37,2
Selyaninov HTC - 1,80 - 1,76 - 1,38 -

samples was carried out by infrared spec-
troscopy?. To assess the energy nutrition of
green mass of fodder crops the methodologi-
cal guidelines for assessing the quality and nu-
trition of forages were used”.

RESULTS AND DISCUSSION

Most perennial crops in the 1st year of their
life do not reveal their full potential (see Fig.
1, 2). Thus, in our studies, none of the compo-
nents included in the composition of herbage
in the year of sowing passed the full life cycle.
Emergence of sprouts was noted on the 10th
day after the sowing. Counting of the plants
that sprouted at the plots showed that the actual
standing density of each species in the grass
mixture was 3 mln pcs/ha, which corresponds
to the calculated norm. Cereal grasses reached
the "tillering" phase during the growing season,
with plant height of 40 cm for meadow fescue
and 35 cm for reed fescue, respectively. Devel-
opment of meadow clover plants was complet-
ed at the phase of root rosette. The height of
clover plants was 30 cm. Common alfalfa at a
height of 45 c¢m reached the branching phase,

weak flowering was noted. Mowing was carried
out on 21 August 2019, at least 40 days before
the onset of persistent frosts, so that the plants
had time to grow and prepare for wintering. In
the conditions of the area of research, which is
equated to the Far North, stable frost starts from
the second ten-day period of October. The de-
gree of plant development directly affects the
productivity of the phytocenosis. In the year of
sowing, the dry matter yield was from 0.97 t/ha
in the variant "common alfalfa + reed fescue"
to 1.83 t/ha in the variant "meadow clover +
meadow fescue". Analysis of the yield structure
showed the predominance of legume compo-
nents in the herbage. Meadow clover accounted
for 73% irrespective of the experimental vari-
ant, and alfalfa - for 59% of the variant with
meadow fescue and 67% of the variant with
reed fescue.

From the 2nd year of life intensive use of
perennial grasses begins, which implies their
multicut use. In conditions of short vegetation
period, typical for the area of research, optimal
is the twocut use. Alienation of above-ground
mass of plants was carried out according to the

“Methodical guidelines for assessing the quality and nutritional value of forages. M.: CINAO, 2002. 76 p.

SGOST 32040-12. Fodder, mixed fodder, feed raw materials. Method for determination of crude protein, crude fiber, crude fat
and moisture content using near-infrared spectroscopy. Moscow: Standartinform, 2020. 7 p.
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Puc. 1. KneBepo-311akoBbIii TpaBOCTOI B 1-# roj *KU3HU

Fig. 1. Clover-cereal herbage in the first year of life

Puc. 2. JTroniepHOBO-3J1aKOBBINA TpaBOCTOH B 1-11 rof| )ku3HU

Fig. 2. Alfalfa-cereal herbage in the first year of life

phase of development of the dominant crop,
which was determined by the method of eyeball
estimation of the projective cover. Grass com-
ponent dominated in the herbage with a projec-
tive cover in the Ist year of use from 55 to 75%
and in the 2nd year of use from 60 to 100%.
In both the 1st (70-75%) and 2nd (100%) years
of use cereal grasses had the greatest projec-
tive cover in phytocenoses with common al-

falfa. Mowing was carried out according to
the development phase of cereal crops: the 1st
mowing - at the "beginning of earing" phase,
the 2nd - "tillering-booting", but not later than
30 days before the end of the growing season.
In accordance with the phases of development
of the cereal component, legume grasses were
in the phase "beginning of budding" in the Ist
harvest and "branching" in the 2nd harvest. The
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first cut of the herbage with meadow fescue in
the Ist crop year was made on 16 June, and in
the 2nd crop year on 19 June. Grass stands with
reed fescue in the 1st cut were cut on 22 June in
the Ist year and on 24 June in the 2nd year. The
second cut of the herbage with meadow fescue
was made on 21 August in year 1, and on 24
August in year 2. Grasses with reed fescue were
mowed for the second time during the growing
season on August 20 (in the 1st year) and on
August 26 (in the 2nd year).

Perennial herbage is composed of cereal and
legume grasses, so the number of plants of dif-
ferent botanical families in the phytocenosis
affects the yield of green mass, determines the
yield of dry matter and nutrition. The percent-
age of leguminous and cereal grasses differed
by variants and by the mowing (see Table 2).

Following the decrease in the projective cov-
er of leguminous grasses there was a decrease
in their content in the yield. Thus, in the con-
trol variant "meadow clover + meadow fescue"
in the first year of use the ratio of legume and
cereal components on average for two mowing
was equal (1 : 1), in the second year this ratio
was 1 : 4, the content of meadow clover in the
green mass decreased by more than 2 times.
When meadow fescue was replaced by reed
fescue in the herbage (the 4th version) in the
Ist year of use the ratio of legume and cereal
components was on average 1 : 2.2, in the 2nd
year of use this ratio was 1 : 5.6, the content of
meadow clover decreased by fifty percent. In

Taba. 2. Crpykrypa ypoxas, %
Table 2. Harvest structure, %

the variants of experiments where herbage con-
sisted of cereals mixed with common alfalfa, in
the 1st year of use the content of the latter in
the yield of green mass was 6-8%, and in the
2nd year of use - not more than 1%. Thus, the
participation of meadow clover in the forma-
tion of the crop decreases with increasing age
of the grass stand. Common alfalfa fell out of
the herbage after the first wintering, which led
to the dominance of cereals.

The studied perennial grasses have different
humidity of green mass, which provides differ-
ent dry matter collection. The most productive
agrocenoses both in the 1st year of use and in
the 2nd year were grasses where reed fescue
was the cereal component (see Table 3). The
presence of meadow clover in this grass en-
sured a slightly higher dry matter yield than the
presence of common alfalfa, although statisti-
cally the differences between these variants are
insignificant. This pattern can also be traced by
the conducted cuttings.

Grass mixture of common alfalfa and
meadow fescue was characterized by the low-
est yield among the variants both by years and
by mowing. In assessing the overall dynamics
of changes in the dry matter yield of grasses,
it was noted that the most productive was the
Ist cut of the 2nd year of use, and the 2nd cut
in the same year, on the contrary, was the least
productive, which is typical for all the studied
agrocenoses. To increase the profitability of
milk production the yield of the dry matter of

1-st year of use 2-nd year of use
Option Culture
I-stcut | 2-nd cut Average I-stcut | 2-nd cut Average

1 Meadow clover, standard 46 54 50 20 21 20

Meadow fescue, standard 54 46 50 80 79 80
2 |Alfalfa 8 7 8 1 1 1

Meadow fescue 92 93 92 99 99 99
3 |Meadow clover 29 33 31 10 21 15

Reed fescue 71 67 69 90 79 85
4 | Alfalfa 6 7 7 1 1 1

Reed fescue 94 93 93 99 99 99
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Ta6a. 3. YpoxaifHOCTh CyXOro BeIIecTBa, T/Ta
Table 3. Dry matter yield, t/ha

Herbage of the 1st year of use Herbage of the 2nd year of use
Herbage Ist | 2-nd | Totalfor2 | +/~tothe | l-st | 2-nd | Totalfor2 | +/—to the
cut cut cuts standard cut cut cuts standard

Meadow clover + meadow
fescue, standard 4,09 | 4,51 8,60 - 5,59 | 3,77 9,36 -
Alfalfa + meadow fescue 3,68 | 3,54 7,22 -1,38 5,191 2,12 7,31 -2,05
Meadow clover + reed fescue 6,18 | 5,23 11,41 +2,81 6,09 | 4,02 10,71 1,35
Alfalfa + reed fescue 5,92 | 5,14 11,06 +2.,46 6,68 | 3,86 10,54 1,18
LSD 5 1,17 | 0,49 1,46 - 0,80 | 0,22 0,88 -

green plants should contain a sufficient amount
of energy and protein.

Grasses with reed fescue were the most ener-
gy-intensive both in the 1st year of phytoceno-
sis use and in the 2nd year (see Table 4). Grass-
es "meadow clover + reed fescue" produced the
highest yield of metabolizable energy in the
total for two cuttings: in the 1st year - 129,0
GJ/ha (+24% to the standard), in the 2nd year -
114,12 GJ/ha (+11% to the standard). The phy-
tocenosis created from a mixture of common
alfalfa and meadow fescue was characterized
by the lowest energy intensity.

In the 1st year of use, the grass stand "mead-
ow clover + reed fescue" stood out in terms

Taoxa. 4. Boixox oOMenHoi snepruu, I'Jlx/ra
Table 4. Exchangeable energy output, GJ/ha

of protein collection, where the yield increase
was 0.22 t/ha compared to the control (see Fig.
3). In the 2nd year of use the leading position
by this indicator was taken by the phytoceno-
sis created on the basis of traditional grasses -
meadow clover and meadow fescue. However,
on average for 2 years of intensive use of grass
mixture with meadow clover provides the same
amount of protein regardless of the type of fes-
cue used. The lowest collection of crude protein
was characterized by the variant "common al-
falfa + meadow fescue".

In the 2nd year of use the herbage was more
productive in terms of crude protein collec-
tion. This may be due primarily to the higher

Herbage of the 1st year of use Herbage of the 2nd year of use
e | 2o | TR0 TGN | st | andeun | O] T

Meadow clover *meadow | 4445 | 5403 | 9845 | - | 6220 | 3925 | 10145 -

escue, standard

Alfalfa + meadow fescue 39,39 37,17 76,56 -21,89 53,73 21,03 74,76 -26,69
Meadow clover + reed fescue| 67,30 61,71 129,01 30,56 70,77 43,35 114,12 12,67
Alfalfa + reed fescue 62,57 | 57,27 | 119,84 | 21,39 | 69,98 | 40,98 110,96 9,51
LSD 5 12,69 5,67 16,02 - 8,57 2,30 9,36 -
KopMOnpoH3BO/ICTBO CHOMPCKHiT BECTHHK CEITbCKOXO3SICTBEHHOM Hayki » 2022+ 52 +3 93



Productivity of fodder agrocenoses in the Northern territories of the
Arkhangelsk region

Shamanin A.A., Popova L.A.

1,8

1,67
1,6 1,51
. o 143
’ 1,25 o 1,29 oty
= e,
12 o W
’ s fsa
= 1,02 1,02 o
1 oo o Qo Pty
. iy Ty
!!!!!! !!!!!! ot !!!!!! L
0,83 0,8 :::::: !:!:!:;:.;:. 3] 0,7855555;:-;:-;
0.8 0,71 i i s
> W] i g !!’:’!'I',":':':': : !!!!!'E'.":i'.":i'
3 = 22062 | 0617z
0,6 — !:! :!’ 0 51‘!’!’!1‘_‘- T L :_0,54 e
0.46 o Sl a5 il e e
"B = S e 0,41 0,39 PR
0,4 -, !:!!029 2 0,33 S WO T L
0’284’5’5 ” D s R SRk PR P
i A 0,225 i DAt 0.17 Sl Pl
0,2 5’!’!::":": !’!’!:E':'E 5 R R R Sl
o R a s s S i
0 o SR iy i PR T i
I-st mowing  2-nd mowing Total for 2 1-st mowing  2-nd mowing Total for 2
mowings mowings
Herbage of the 1st year of use Herbage of the 2nd year of use

Meadow clover + meadow fescue, standard

B Meadow clover + reed fescue

Puc. 3. CO0p cpIporo npoTenHa, T/ra
Fig. 3. Collection of crude protein, t/ha

average daily air temperatures in May and June
2021. In spite of the fact that the 2nd mowing
of this year provided the minimum yield of pro-
tein, in the total of two mowings the 2nd year of
use was more productive in almost all variants.
The exception is the grass mixture of meadow
clover and reed fescue, where the total values
differed slightly by year.

CONCLUSION

In the study of cereal-legume perennial
agrocenoses in the conditions of the northern
districts of the Arkhangelsk region the grass
stand consisting of a mixture of meadow clover
with reed fescue was distinguished. In the first
2 years, such a phytocenosis ensures the dry
matter yield from 10.71 to 11.41 t/ha (+1.35-
+2.81 t/ha compared to the standard), the ex-
change energy yield from 1 ha 114.12-129.01
GJ (+30.56-12.67 GJ to the standard) and the
crude protein yield from 1.43 to 1.51 t/ha.

It should be noted that during the 3 years of
life of the studied agrocenoses we observed a

Common alfalfa + meadow fescue

@ Common alfalfa + reed fescue

decrease in the participation of leguminous
grasses in the formation of biomass. In the
structure of yield the content of meadow clover
decreased from 73% in the 1st year of life to
15-20% in the 2nd mowing of the 3rd year, and
common alfalfa fell out of the herbage in the
3rd year, although in the 1st year it comprised
on average 63%. The sharp decrease in the pro-
portion of common alfalfa in the herbage is pri-
marily due to the influence of the climatic con-
ditions during the overwintering period. The
lack of zoned varieties and adaptive technology
of cultivation of this crop for the region is also
a negative factor.
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METOAUKA OBOCHOBAHUA TEXHUYECKUX CPEACTB
JJIA BO3AEJBIBAHUSA 3EPHOBBIX KYJ/IBTYP

<) 'sIkoBaes H.C., 'Paccomaxun I' K., *Hekycos M.C., 'YepHbimon A.Il.

'Cubupcruii gpedepanvhvlil Hayynwlil yenmp acpodouomexuonocull Poccutickotl akademuu Hayk
HoBocubupckast o6macts, p.im. KpacnooOck, Poccus

2Omckutl azpapmviill HAyYHbLI YEHMpP

Owmck, Poccus

(C<XDe-mail: yakovlev-46@inbox.ru

[Ipencrasinena MeToMKa OIIEHKH MTOYBOOOPAOATHIBAIOIINX M MTOCEBHBIX arperaroB ¢ y4eToM Io-
YBEHHBIX U KJIMMATUYECKUX YCIOBUI XO3sMCTB. IIpeiokeH KOMILIEKCHBIIM 1T0Ka3aTellb OLEHKU pa-
OOTBHI TIOCEBHBIX MAIIWH M KOMILIEKCOB IIPH ITOCEBE 3EPHOBBIX KYIBTYP, KOTOPBIH YUHTHIBAET IPO-
W3BOJIUTEIIEHOCTD, TOIUTMBHYIO YKOHOMHUYHOCTh, Ka9eCTBO IMOCEBA M HAJACKHOCTD BBHITIOJHECHUS TEX-
HOJIOTHYECKOTO TpoIiecca K OMpeAeIeHHOMY MOMEHTY BpeMeHH. [IprcrnocoOneHHOCTh arperartoB K
TEXHUUECKOMY 00CITY’)KHBAaHHIO OLICHUBACTCSI OTHOILICHUEM ITPOU3BOAUTEIILHOCTH arperara 3a OCHOB-
HOE BpeMsl K MIPOM3BOAUTEIHLHOCTH 32 CMeHHOE BpeMs. [lokaszarenem pacxoja TOIUIMBA Y arperaroB
SIBJSICTCS] OTHOLICHHUE TITyOMHBI 00Pa0OTKH MOYBBI, Y CESJIOK — IIYOUHBI IIOCEBA K YACTBHOMY PACXOy
toruBa. KauecTBo 00pabOTKM MOYBBI OLIEHUBAETCS MOKA3aTeIsIMA TPEOHUCTOCTH U KPOIIEHHS TIO-
YBBI, [IOJTYYCHHBIMH B PE3YJIbTATE UCIILITAHHIA, KAY€CTBO MOCEBA — OTHOIICHHEM (DAKTUUECKON HOPMBI
BBICEBA M IITyOWHBI 33/I€JIKM CEMSTH K 3a/IaHHBIM 10 TEXHUYECKUM YCIOBHSIM. B kauecTBe mokazares
OLICHKHU HaJIKHOCTH NPUMEHSIIOT HHTErpalibHbIE (DYHKIMH PACIIPE/ICICHUS BEPOSITHOCTEH Oe30TKa3-
HOI1 paOOTHI B BUIE IKCITIOHEHITMAJIBHOTO 3aKOHA pacipeneneHus. s pacdeToB UCTIONB3YIOT Pe3yilb-
TaThl arpOTEXHUYCCKON U DKOHOMHUYECKOW OICHKH, B3SIThIC U3 MPOTOKOJIOB HCHBITAHWA MAIllUH Ha
MAaIIMHOWCTIBITATeNIFHBIX CTAHIUAX. Ha OCHOBaHUM MPOBENIEHHBIX MCCIEIOBAaHUN TPEIIOKEHBI (-
(bexTHBHBIC HAOOPBI MAILIUH JIJISl BO3/CIIBIBAHUSI 3¢PHOBBIX KYJBTYP, KOTOPbIE OTIIMYAIOTCS HU3KUMHU
3arparaMu, BEICOKUME Kau€CTBOM BHITTOTHEHUS paboT M HAIeKHOCTHIO. Ha mepBoM MecTe okazannch
3epHoBbie cesiku C-61IM2, C3I1-3,6b, C3P-5,4, AMAZONE D9-60 Super; moceBHbIE KOMIUIEKCHI
KCKII-2,1]] x 5 OMUY, Ky3z6acc I1K-8,5, John Deere «730». Bropoe mecrto 3ansum cestiku John
Deere 455, ASTRA SZT-5,4, CKII-2,1 x 5, Pronto 12NT Xopriir, DMC Primera 9000; rioceBHbIe KOM-
miekcel Upteimr-10, AGRATOR-combidisk-9000, Kyz6acc ITK-9,7A.

KiioueBble ciioBa: cesiika, TOCEBHOW KOMIUIEKC, TEXHOJIOTHUECKUI MPOIECC, KOMIUICKCHBIN
IoKa3arejib

TECHNICAL EQUIPMENT JUSTIFICATION METHODOLOGY FOR THE
CULTIVATION OF GRAIN CROPS

X)'Yakovlev N.S., "/Rasomahin, G.K., *Chekusov M.S., !Chernyshov A.P.
!Siberian Federal Scientific Centre of Agro-BioTechnologies

of the Russian Academy of Sciences

Krasnoobsk, Novosibirsk, Russia

2Omsk Agricultural Research Center

Omsk, Russia

(C<De-mail: yakovlev-46@inbox.ru

The article presents a methodology for evaluating tillage and seeding aggregates, taking into
account soil and climatic conditions of farms. We offer a comprehensive assessment index of the
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Technical equipment justification methodology for the cultivation of Yakovlev N.S., Rasomahin, G.K., Chekusov M.S., Chernyshov A.P.
grain crops

performance of sowing machines and complexes for sowing crops, which takes into account produc-
tivity, fuel efficiency, sowing quality and reliability of the technological process to a certain point in
time. Unit serviceability is measured by the ratio of the unit's capacity during the main time to the
capacity during the shift time. Fuel consumption indicator for machines is the ratio of tillage depth,
for seeders it is the sowing depth to specific fuel consumption. Soil cultivation quality is assessed by
indicators of ridging and crumbling of the soil, the quality of sowing by the ratio of the actual seed-
ing rate and the depth of seeding to the given technical specifications. The integral functions of the
distribution of probabilities of failure-free operation in the form of an exponential law of distribution
are used as an indicator of reliability assessment. For calculations, the results of agrotechnical and
economic evaluation, taken from the protocols of machine tests at machine test stations, are used.
Based on the research, effective sets of machines for the cultivation of crops, which are character-
ized by low costs, high quality of work and reliability, were proposed. In first place were taken by the
grain seeders S-6PM2, SZP-3,6B, SZP-5,4, AMAZONE D9-60 Super; seeding complexes KSKP-
2,1D x 5 OMICH, Kuzbass PK-8,5, John Deere "730". The second place was taken by John Deere
455, ASTRA SZT-5,4, SKP-2,1D x 5, Pronto 12NT Horsch, DMC Primera 9000; seeding complexes
Irtysh-10, AGRATOR-combidisk-9000, Kuzbass PK-9,7A.
Keywords: seeder, seeding complex, technological process, integrated indicator
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INTRODUCTION climatic conditions of the farm. The analysis of
the works on the problem under consideration
showed that insufficient attention is paid to the
reasonable choice of the type of agricultural
aggregate for farms of a particular zone. The
choice of the optimal composition of units is
carried out mainly by the minimum capital in-
vestment, the quality of their work is not taken
into account [6]. When justifying agricultural
units are based on existing technologies that
reflect a list of options for technological opera-
tions. The work is done in accordance with typi-
cal methods of optimization of units of different
types and purposes. In this case it is necessary
to choose correctly the optimization parameters
by selecting the most informative ones.

As a result of analysis of scientific and
technical literature, there is no single criterion
evaluating the performance of agricultural ma-

The problem of technical modernization
of agriculture has become particularly urgent
in recent years. Its basis is the replacement
of morally and physically obsolete tractors
and working machines [1]. It is assumed that
the more sizes of agricultural machinery that
meet the requirements of agricultural produc-
tion in different regions of the country will be
produced by industry, the more completely the
needs of farms can be met and the efficiency of
their work increased [2]. New energy-intensive
machinery makes it possible to expand the use
of resource-saving technologies of agricultur-
al production, at the same time, the extensive
range makes it difficult to choose the technical
means' [3-5]. One of the central tasks of pro-
viding agricultural enterprises with machinery
is the choice of units that fully meet the soil and

"Dokin B.D., Novoselov M.V. Assessment of energy costs in different technologies of cultivation of grain crops. Agrarian
science to agriculture: Proceedings of the 15th International Scientific and Practical Conference in two volumes, Barnaul, 2020.
pp- 25-29.
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chinery, both individual working bodies and as
part of the combined units [7]. In order not to
complicate the calculations, the number of op-
timization parameters, which must be indepen-
dent and sufficiently stable, must be minimized.
For example, let us carry out the evaluation of
sowing machines, because sowing of grain
crops seeds is one of the important technologi-
cal operations. Consequently, sowing units are
represented by the most complex and expensive
machines, on the quality of which the yield of
the sown crop is dependent.

The purpose of the study is to develop a
methodology for evaluating sowing units, tak-
ing into account the quality of their work.

The research objectives are to:

— select the most informative indicators of
the integrated assessment of the work of sow-
ing units during the sowing of grain crops;

— justify effective technical solutions that al-
low you to perform the work with high quality
and at the lowest cost.

MATERIAL AND METHODS

For a comprehensive assessment of the work
of sowing units it is necessary to determine the
technology of cultivation of crops, the compo-
nents of which are the technological operations.
It is necessary to justify effective technological
solutions, the most acceptable for a given zone,
allowing to reduce total costs and increase the
yield of grain crops through the full use of soil
fertility, destruction of weeds and improving the
quality of seeding. The compatibility of technol-
ogy with zonal conditions, which determine the
feasibility of specific technological solutions, is
taken into account. The aggregate of evaluation
indicators should include data on soil-climatic
and production conditions of aggregates and
complexes operation. The aggregate should
include the following: the use of only soil-
protecting technology; use of machine-tractor
units only with tractors providing minimum
pressure on the soil; the use of resource-saving
technological methods, etc. Having chosen
technology and justified effective technologi-
cal solutions for the appropriate zone, you can

begin to develop a flow chart, where the entire
technological process of cultivation of crops
must be painted by operations [8]. Each opera-
tion is carried out by a certain type of machines
or units, which are currently represented by a
wide range of models and individual types. In
advertising brochures, each company presents
its products in the best possible way, so it is a
difficult task to understand what is needed for a
farm with its soil and climatic characteristics.
Many imported machines and complexes that
work in the fields of Russia are tested at ma-
chine-testing stations (MTS), where their main
agrotechnical and operational indicators are de-
termined. However, the wide range of indica-
tors does not allow determining the choice of a
machine. In this regard, there is a need for one
comprehensive indicator, which will assess the
machines and units when carrying out agricul-
tural work on the chosen technology? [9]. Com-
prehensive assessment of the unit performance
when carrying out technological operations of
cereal crops cultivation should be carried out
taking into account a set of constraints and in
accordance with the quality requirements of the
technological process implementation. At the
stage of evaluation of sowing units the follow-
ing particular indicators are used: coefficient of
machine use, which characterizes the ratio of
machine productivity during basic time to ma-
chine productivity during shift time; specific
fuel consumption related to the depth of tillage;
evaluation of reliability of technological opera-
tion by a certain time; quality of technological
operation performance. When assessing the
quality of crop sowing the following particu-
lar indicators are used: seeding-down average
depth, uniformity of distribution over the sow-
ing area, non-uniformity of seeding by depth,
etc. In view of this comment, the structure of
indicators for assessing the technical level of
machines and implements used in the perfor-
mance of seeding crops is proposed. To assess
the technical level of machines the matrixes of
the type Table 1 are used. Relative values of the
indicators are used to bring them to a dimen-
sionless form.

2Yakovlev N.S., Nazarov N.N., Rassomakhin G.K., Markin V.V., Chernykh V.I. Technologies of sowing grain crops. Agrarian
Science to Agriculture: Proceedings of XVI International Scientific-Practical Conference in two books, Barnaul, 2021. pp. 53-54.
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The serviceability of machines is evaluated
by the ratio of the productivity of the machine
for the main time to the productivity for the
shift time [10]. The machine evaluation index
will be determined from the following formula

o)
0,0

where Q(?) is the productivity of the machine
during the main time; Q,,(?) is the productivity
of the machine during the shift time.

Fuel consumption is estimated by the ratio
of tillage depth to specific fuel consumption,
for seeders - sowing depth to specific fuel con-
sumption:

@ = (1

h
Cr(9) g’ )
where £ is the tillage depth, cm; g is the specific
fuel consumption, kg/ha.
Soil cultivation quality is assessed by the in-
dices of ridgeness Cg(?) and soil pulverisation
Ck (?) (fraction size up to 25 mm), obtained as a

result of tests on MTS, to the allowable techno-
logical requirements of STO AIST?:

D k
O =— Gl =%, 3)

where d is the height of ridges determined dur-
ing testing of the machine at MTS, cm; D is the
permissible height of ridges according to tech-
nological requirements and AIST, cm; £ is the
number of soil fractions up to 25 mm accord-
ing to the results of tests at MTS, %; K is the
number of soil fractions up to 25 mm according
to agronomic requirements for soil treatment
technology, %.

The quality of sowing is estimated by the ra-
tio of the actual seeding rate and the depth of
seeding to the specified specifications?. Due to
the fact that the quality of sowing is assessed by
the accuracy of seeding rate or depth of seeding,
the deviation to a greater or lesser side will be
considered a violation of agricultural require-
ments, so the following formula is used:

Taoa. 1. KomruiekcHas onieHKa paboThI CEsUTOK U IIOCEBHBIX KOMILIEKCOB

Table 1. Comprehensive evaluation of the work of seeders and seeding complexes

T Assessment relative index
rac-
tor and fuel failure interval Comprehensive
machine | performance uer con- | fature mieval 1 geeding rate | seeding depth assessment
make sumption
0 0 0 0 0
1 = e il P N z :5‘. J
1 1 P G! H! A
1 & 1 1 1
0 0 0 0
) 2 hy P(z) Py hy 2 :6 y
1 1 Pl Gl Hl J ql
2 8 2
0 0 0 0 0
3 3 hy P3 Py hy § :8 y
1 1 Pl Gl Hl J ql
3 &3 3 3 3
0 0 0 0 0
4 4 h, P, p, h, 2 5.+ al
1 1 Pl Gl Hl J ql
4 84 4 4 4

Note. jl , hjl , P/ , p’l. — values of the estimated factors; i — machine index; j — parameter index:

1

0 — obtained in tests, 1 — STO AIST (Agricultural Machinery and Technology Testers Association Standards) require-

ments; Sj,

index.

— the coefficient of significance of the indicators in this evaluation system; qfl: — o relative value of the assessment

3STO AIST 4.2-2010. Machines and implements for surface and shallow tillage. Methods of evaluation of functional indica-
tors. Replacement of STO AIST4.2-2004. 15.07.2011. Moscow: Rosinformagrotech, 2012. 40 p.

*Tests of agricultural machinery. Methods of operational and technological evaluation: GOST R 52778-2007. Introduced on
13.11.2007. Moscow: Standartinform, 2008. 24 p.
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P G

CHD) = mn Cl) =—=. ()

where p is the actual seeding rate, kg/ha; G is
the target seeding rate, kg/ha.

The integral probability distribution func-

tion of failure-free performance in the form of

an exponential distribution is used as a measure

of reliability [10]

Pi1)
P\’

where 4 is the intensity of the flow of fail-
ures; ¢ is the operating time of the machine per
shift, h. The appearance of this distribution in
reliability is related to the use of the Poisson
distribution

Cy(t) = P =ehl,  (5)

(lt)’”

P(m) = e, (6)

Suppose the segment [0; 7] is empty, i.e.,
m = 0 (no point falls on the segment), but the
Poisson distribution determines the probability
of falling on the segment of some number of
points, and "0" is not a number.

The intensity of the flow of failures
A and the parameter of the flow of fail-
ures ® have the following property: if the
flow of failures is stationary, then (f) =
® =1/1. The parameter of the flow of failures
4 =7 1T and the MTBF T characterize the re-
liability of the repaired product. The coefficient
o1 of the significance of the i-th parameter is
understood as the degree of its influence on the
general indicator of the technological process.

There are several methods to determine the
coefficient of significance. The method of partial
derivatives can be taken as the most acceptable
in our case. We will determine the influence of
the partial quality indicator on the main indicator
by taking the full differential of the function £°:

()E
dyy Ft o

dE—()Ed +0Ed 0E 7
_()y1 )1 0y, v, + 0y3 i (7)

The partial derivatives before the values of
dyi can be regarded as a functional dependence

with the main index E. Indeed, the weight coef-
ficients of private quality indicators y, y,, ...,
¥,» associated with the expression dE/dy; show
how the system efficiency E changes when
the private quality indicator y; changes (with
fixed values of other indicators), i.e. determine
the degree of influence on the main indicator
E. Based on the above, we can write: bi = dE/
dy,, where bi is the weight coefficient of the
i-th quality indicator. By fixing the values of
the other quality indicators, equation (7) can be
written in the following form
dE = bdy, + b,dy, +

. tb,dy,.  (8)

Equation (8) is a consequence of lineariza-
tion of the function E at the point, the coor-
dinates of which are y, =y, ,, 1 = (1, n). The
obtained expressions show that the weighting
coefficients b, depend on specific values of
particular quality indicators yi, hence, they are
also connected by certain dependences between
each other:

bi=fi i, Ya . V) )

Economic evaluation of the aggregates is the
most important part in the cost of crop produc-
tion. The main components are direct operating
costs for the work to ensure the technological
process and the yield of cultivated crops. In
turn, direct operating costs per a unit of oper-
ating time (I, r./ha) are determined by the for-
mula®

[=S+F+M+0, (10)

where S - specific value of the maintenance
personnel salary with all kinds of additional
payments and deductions, p./ha; F - specific
costs of fuel and lubricants, heat and electricity,
p./ha; M - specific costs of maintenance, cur-
rent and overhaul repair, storage of equipment,
p./ha; O - other specific direct costs of basic and
auxiliary materials, p./ha.

When making the assessment it is neces-
sary to take into account the specific conditions
of the application of this unit in relation to the
natural and climatic zone, as well as take into

’Chumakov N.M., Serebryany E.I. Estimation of Efficiency of Complex Technical Devices. Moscow: Soviet Radio, 1980. 192 p.
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account the requirements defined by the applied
technology of cereal crops cultivation. Calcula-
tion of direct operating costs for the work of
planting complexes and seeders on an area of
1000 hectares is made in accordance with the
process charts.

When calculating operating costs, there is a
question of the cost of the machine, instrument
or a complex. Different vendors have prices
that can differ greatly from the factory price and
vary depending on the season and the demand,
as well as inflation or other factors. Therefore,
the prices of machines, instruments and com-
plexes must be brought to a single denominator
below which the price cannot fall. The simplest
empirical way to calculate the cost of a machine
is to find the price of the metal necessary to pro-
duce the product, and multiply that figure by
five. The error in this case can reach 20-25%.
The formula is only suitable for preliminary
calculations with subsequent adjustment:

where M,, - mass of the machine (tool), tons;
M, - complex metal price, p./t; S - salary for the
manufacture of a machine or tool with all kinds
of surcharges, p.; Tg - the sum of taxes per ma-
chine, p.; O - the sum of overhead costs per
machine, p.; P - enterprise profit of 20% from
the sale of each machine.

Taba. 2. I[Ipumep pacyera IEHBI TOCEBHBIX MAITUH

In practice, the price of a machine is made
up of five components, with the cost of wages
to make the machine, as is the case in manu-
facturing, being equal to the cost of metal. The
wages for the manufacture of components are
also taken into account. The sum of all taxes
(VAT, personal income tax, corporate income
tax, insurance contributions to non-budgetary
funds, corporate property tax, transport tax)
is approximately equal to the amount of the
wages. Overhead costs are accrued at the rate
of 100% of the wages. In this regard, the cost
of the machine or tool can be taken equal to
five times the cost of metal used to manufacture
the machine. In order to determine the price of
a sowing unit, in view of the high intellectual
investment in its manufacture, the calculated
price must be increased by 2, applying a factor
of 10. An example of the ratio of the calculated
price of the sowing machines to the sales price
in the market is presented in Table 2.

RESULTS AND DISCUSSION

Comprehensive assessment of the units dur-
ing technological operations in the cultivation
of grain crops was carried out taking into ac-
count the set of constraints and in accordance
with the requirements of the quality of the
technological process. When calculating the
indicators, the data published in the protocols
of the Altai and Siberian MTS were used. Rela-
tive indices of the aggregates evaluation during

Table 2. Example of seeding machine price calculation

. . Machine price, thous.r/t
Machine make Maphme qufﬁ_ Year Metal price, Error, %
weight, t cient thous.r/t on the mar- estimated
ket

SZP-3,6A seeder 2,84 5 2015 35 443 496 10,7
S-6PS seeder 2,30 5 2019 45 1237 1190 3,8
Seeding complex “Agrator-
4800M” 2,40 10 2016 40 1050 960 9,4
g%‘?fhng complex “Kuzbass PK- | () 55 10 |2018 40 3959 4220 6,2
Seeding complex “KPK-
990AP” 12,63 10 2020 50 6205 6315 1,8

TOCT 34393-2018. TexHuKa CelbCKOX03siCTBEHHAs. MeTo/ibl 9KOHOMUUeCKoit onteHKH. Beea. 01.09.2019. M.: CranpapTus-

¢dopm, 2018. 15 c.
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the performance of the corresponding types of
work are presented in table 3.

For a comprehensive assessment of the en-
tire nomenclature of indicators according to
the MTS protocols, those whose coefficient of
significance was equal to one were selected.
The indicators included the following param-
eters: productivity of the machine during the
main and shift time, specific fuel consumption,
seed sowing depth, tillage depth, ridge height,
uniformity of seed sowing by depth, deviation
from the specified seeding rate, machine oper-

ating time to failure. The sum of indicators is
a comprehensive assessment of the machine
when it performs a certain type of work in the
unit with a traction vehicle.

Calculation of operating costs for a particu-
lar type of work was carried out on a field of
1,000 hectares. The results of qualitative and
economic evaluation of the machines are pre-
sented in Table 4.

Each aggregate, depending on the compos-
ite score, is assigned an appropriate rank (the
first rank is assigned to the aggregate that has a

Ta6a. 3. Orenka kauecTBa pabOTHI CESUTOK U TOCEBHBIX KOMILICKCOB MPHU BO3JCITBIBAHUHI 3EPHOBBIX KYJIBTYD
Table 3. Evaluation of the quality of seeders and seeding complexes in the cultivation of crops

Assessment relative index .
Tractor and machine make fuel con- | failure inter- seeding Comprehensive
performance . seeding rate assessment
sumption val depth
Grain seeders
Pronto 12NT «Khorsh» 0,72 1,81 0,98 1,52 1,06 6,09
Ob-4-3T 0,67 1,20 1,24 0,98 1,00 5,09
SKP-2,1 x5 K-701 0,70 1,68 1,22 0,97 0,97 5,54
S-6PM2 0,64 1,82 0,99 1,2 1,70 6,35
John Deere 455 0,51 1,65 1,27 0,99 1,08 5,50
SZR-5,4 0,63 1,96 1,20 0,99 1,04 5,82
AMAZONE D9-60 Super 0,66 1,05 1,31 0,98 1,25 5,25
ASTRA SZT-5.,4 0,60 2,48 0,21 0,99 1,12 5,40
CASE IH-SD % 30 0,66 1,08 0,97 1,41 1,17 5,29
ASTRA + KD-720MK 0,74 0,83 1,30 0,94 1,03 4,84
SZP-3,6B 0,64 3,29 1,20 0,99 1,03 7,15
DMC Primera 9000 0,65 1,28 0,98 1,29 1,25 5,45
D9-60 0,72 2,22 0,26 0,98 1,05 5,23
Sowing machines
Kuzbass PK-9,7 0,71 1,33 0,31 0,99 1,11 4,45
Kuzbass PK-9,7A 0,70 1,33 0,31 0,99 1,11 4,44
Kuzbass -T PK-9,7 0,72 1,03 0,45 0,99 1,16 4,35
Kuzbass PK-8,5 0,70 1,14 1,20 0,98 1,05 5,07
Tom PK-10,6 0,73 0,86 1,01 0,99 1,15 4,74
KPK -850MB 0,73 0,68 0,31 0,97 1,10 3,79
KSKP -2,1J1 “OMICH” x 5 0,73 1,14 1,28 0,98 0,87 5,00
Irtysh -10 0,61 0,94 1,01 0,94 1,01 4,51
KPK-990MB 0,73 1,08 0,33 0,97 1,04 4,15
John Deere «730» 0,69 0,96 1,20 0,99 1,20 5,04
AGRATOR-combidisk-9000 0,66 1,06 0,80 0,99 1,12 4,63
AGRATOR-6000M 0,71 0,76 1,28 0,98 1,14 4,87
AGRATOR 11000 0,70 1,01 0,25 0,97 1,04 3,97
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high score). The ranks are summed up to reveal
the composite score. The unit that received the
lowest total rank has an advantage in equipping
the technological process according to the cho-
sen technology.

When analyzing the results of Table 5, it
should be noted that the seed drills S-6PM2,
SZP-3,6B, SZP-5,4, AMAZONE D9-60 Super;
seeding complexes KSKP-2,1D x 5 OMICH,
Kuzbass PK-8,5, John Deere "730" took the
first place. The second place was taken by John
Deere 455, ASTRA SZT-5,4, SKP-2,1D x 5,
Pronto 12NT "Horsch", DMC Primera 9000;
seeding complexes Irtysh-10, AGRATOR-com-
bidisk-9000, Kuzbass PK-9,7A. Such sowing
machines as SZP-3,6 or SKP-2,1 were in the
first place because they are easy to set up and
affordable, but morally outdated and their per-

formance no longer satisfies the consumer. For
the final choice it is necessary to introduce the
restrictions, which should take into account the
requirements of the consumer (adaptability to
the advanced technology, productivity per shift,
ease of transportation, seed loading speed, the
use of precision farming system, compliance
with environmental requirements, etc.).

In conclusion, it should be noted that the
optimization parameters for the choice of the
agricultural machinery and complexes most ap-
propriate for the area must be carefully chosen
directly for the conditions of the area where
they are planned for use, taking into account
the requirements of the time and the market for
agricultural products.

CONCLUSIONS

Taoua. 4. OLIGHKEI KadyeCcTBa pa6OTI>I CCAJIOK U MMOCCBHBIX KOMIUICKCOB IIPH BO3ACJIbIBAHUUN 3€PHOBBIX

KYJBTYD

Table 4. Evaluation of the quality of seeders and seeding complexes in the cultivation of crops

. Qualitative Economic Rating
Tractor and machine make Ranks sum .
assessment | rank assessment | rank position
Grain seeders
Pronto 12NT «Khorshy 6,09 3 579,3 11 14 5
Ob-4-ZT 5,09 12 407,4 8 20 7
SKP-2,1 x 5 K-701 5,54 5 356,8 7 12 4
S-6PM2 6,35 2 209,1 2 4 1
John Deere 455 5,50 6 287,7 6 12 4
SZR-5,4 5,82 4 268.,0 5 9 2
AMAZONE D9-60 Super 5,25 10 162,0 1 11 3
ASTRA SZT-5,4 5,40 8 2332 4 12 4
CASE IH-SDx30, 5,29 9 632,4 12 21 8
ASTRA + KD-720MK 4,84 13 419,9 9 22 9
SZP-3,6B 7,15 1 221,8 3 4 1
DMC Primera 9000 5,45 7 511,5 10 17 6
Sowing machines

Kuzbass PK-9,7 4,45 8 898.,4 10 18 7
Kuzbass PK-9,7A 4,44 9 863,7 8 17 6
Kuzbass -T PK-9,7 4,35 10 981,4 11 22 9
Kuzbass PK-8,5 5,07 1 843,5 6 7 3
«Tomy» PK-10,6 4,74 5 1055,3 13 18 7
KPK-850MV 3,79 13 842,7 5 18 7
KSKP-2,1]1 “OMICH” x 5 5,00 3 404,9 1 4 1
Irtysh -10 4,51 7 795,2 3 10 5
KPK-990MV 4,15 11 893,1 9 20 8
John Deere «730» 5,04 2 857,1 7 9 4
AGRATOR-combidisk-9000 4,63 6 805,1 4 10 5
AGRATOR-6000M 4,87 4 559,6 2 6 2
AGRATOR 11000 3,97 12 998,0 12 24 10
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1. We offer a comprehensive assessment in-
dex of the performance of the sowing machines
and complexes when sowing crops, which takes
into account the productivity, fuel efficiency,
sowing quality and reliability of the technologi-
cal process by a certain point in time.

2. The most effective sets of machines for
the cultivation of grain crops, which are charac-
terized by low costs, high quality of work per-
formance and high reliability of the machines,
were offered. The grain seeders S-6PM2, SZP-
3,6B, SZP-5,4, AMAZONE D9-60 Super;
seeding complexes KSKP-2,1D x 5 "OMICH",
Kuzbass PK-8,5, John Deere "730" took the first
place. The second place was taken by seeders
John Deere 455, ASTRA SZT-5,4, SKP-2,1D x
5, Pronto 12NT "Horsch", DMC Primera 9000;
seeding complexes Irtysh-10, AGRATOR-
combidisk-9000, Kuzbass PK-9,7A.
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KHUHEMATHUYECKASA CXEMA MEXAHU3MA
U AJITOPUTM YIIPABJIEHUS HIUPUHOM BBITSAAKHOT'O IIPOEMA
KYJIBTUBAIIMOHHOT'O COOPYXXEHUA

XD Ycoabuen C.D., Usakun O.B., Peioaxkos P.B., ITogosen A.M.

Cubupcxuil ghedepanvrwlil HayuHwlll yeHmp azpoouomexnonouii Poccutickoii akademuu Hayk
Poccust, HoBocubupckast o6mactb, p.1. KpacHooOck

(XDe-mail: sibime@sfsca.ru

IIpuBeneHsr pe3ynbTaThl TEOPETUICCKUX HCCICIOBAHNN BO3MOXKHOCTH CHIDKEHHUS HEMOCTAaTKa U
n30BITKA TETlIa B KyJIBTHBAITAOHHOM COOPYKEHHUH 3a CUYET 000CHOBaHUS TApaMETPOB U aJrOpUTMa pa-
0O0ThI MEXaHU3Ma YIPABIICHHS IMPUHOH BBITSHKHOTO MPOEMa B PEXKUME PeabHOrO BpeMeHH. Pa3pa-
0oTaHa KMHEMaTHYECKasi CXeMa TTOCKOTO PRIYayKHOTO MEXaHU3Ma YIIPABJICHHUS IIPHHOMN BBHITSHDKHOTO
IpoeMa ¢ MPUBOOM OT MEKTPUIECKOTO JIMHEHHOTO akTyaropa. OnpeneneHbl 3aBUCHMOCTH yIila Ha-
KJIOHA BCI[}/HICFO 3BCHA MCXaHHU3Ma U H_II/IpI/IHI)I BBITSIZKHOI'O HpOCMa OT X044 IIITOKa SHCKTPOHPI/IBO}Z[EL
MakcumalibHasi BEJIMYMHA XOJIa IITOKA AJIEKTPONPUBOIA COCTABIAET 225 MM, 4TO MO3BOJISET U3ME-
HSATh HIUPHUHY BEITSHKHOTO TipoeMa oT 0 10 900 mwm. [pu 3TOM yron HaKkIIOHa OCH JIATYHKA ITOJI0KESHUS
BeJlylIero 3BeHa Mexanu3ma mMensercs ot 0 1o 90 rpaa. Ha ocHoBanmu aHanm3a npotecca paboTsl
MEXaHN3Ma M TPeOOBaHMIA PACTEHUH K TEMIIEpaType OKPY’KaIOIIEro BO3AyXa pa3padoTaH ajJrOpUTM
yIpaBlIeHHUs MIHPHHOW MPOoeMa, MPelyCMaTpUBAOIIMI TPU BO3MOXKHBIX cuTyanuu. [Ipu ycnoBuu
COOTBETCTBHUS TEMIIEPaTypbl BO31yXa OMOJIOTHYECCKAM TPEOOBAHUSIM PACTCHUI IIMPUHA BBITSIKHOTO
rpoeMa He m3MeHseTcs. Ecii Temmeparypa Bo3ayxa MPEBhIMacT BEPXHUHN Tpeaes, TO ITUpHUHA MPo-
e€Ma YBEIIMYMBACTCS Ha BEIIMYMHY, ONPEICISeMYIO IIarOM M3MEHEHHUs yIiia BEIyIIero 3BeHa MeXa-
HusMa. Ecnu Temmeparypa Bo3MyXa MEHBIIE HIKHETO TIPE/IEIia, TO KOHTPOJUIEP BKITIOYACT TMHECUHBIHA
aKTyaTop Ha yMEHBITICHHUE MITUPUHBI ITpoeMa. ITO 00eCIeunBacT M3MEHEHHUE YIvIa HAKIIOHA BEIYIIETO
3BEHA Ha BEIIMYMHY I1ara dA4, Kotopas 3a7aeTcs MpH MporpaMMUpoBaHuM. JIorHueckue oneparopbl
CPaBHMBAIOT TEKYIIEEe 3HAYCHUE YTJIa HAKIIOHA BEAYIIIETO 3BEHA C PACUCTHBIM U MPOU3BOIAT BKITIOUC-
HUE 1 BBIKITIOUEHHE akTyaTtopa. [IpemmaraeMplii aIropuT™ OCYIIECTBIISAET TOCISIOBATEIBHOE TIPHOITH-
JKEHUE COCTOSIHUS CUCTEMBI K 30HE ONTHMYyMa M PearnpyeT Ha N3MEHEHUE BHEIITHUX YCIIOBHIA.

KJ'I]O‘-ICBI)IC cJioBa: TeMHepaTypa Bo3nyxa, HpI/ITO‘IHO-BbITSDKHaH BCHTHUJIAIIWA, BJIGKTpI/I‘ICCKI/Iﬁ JIN-
HEHHBIN aKTyaTop, KHHEMaTH4IeCKast CXeMa, allTOPUTM

KINEMATIC DIAGRAM OF THE MECHANISM AND ALGORITHM FOR
CONTROLLING THE WIDTH OF THE INDOOR STRUCTURE EXHAUST OPENING

) Usoltsev S.F., Ivakin O.V., Rybakov R.V., Podolets A.M.

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

(C<XDe-mail: sibime@sfsca.ru

The results of theoretical studies of the possibility of reducing the lack and excess of heat in the
cultivation structure by substantiating the parameters and algorithm of the mechanism of real-time
control width of the exhaust opening are presented. A kinematic diagram of a flat lever mechanism
for controlling the width of the draft opening with a drive from an electric linear actuator has been
developed. Dependences of the angle of inclination of the leading link of the mechanism and the width
of the exhaust opening on the stroke of the actuator rod are determined. The maximum travel of the
actuator rod is 225 mm, which allows you to change the width of the exhaust opening from 0 to 900
mm. In this case, the angle of the axis of the master link position sensor varies from 0 to 90 degrees.
Based on the analysis of the operation process of the mechanism and the requirements of the plants
to the ambient air temperature, an algorithm for controlling the width of the opening was developed,
providing for three possible situations. As long as the air temperature meets the biological requirements
of the plants, the width of the exhaust opening does not change. If the air temperature exceeds the
upper limit, the width of the opening is increased by the value determined by the angle change step of
the mechanism driving link. If the air temperature is less than the lower limit, the controller turns on the
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Kinematic diagram of the mechanism and algorithm for controlling
the width of the indoor structure exhaust opening

Usoltsev S.F., Ivakin O.V., Rybakov R.V., Podolets A.M.

linear actuator to reduce the opening width. This ensures that the tilt angle of the master link changes
by the step dA, which is set during the programming. Logic operators compare the current value of
the angle of inclination of the master link with the calculated value and switch the actuator on and off.
Thus, the proposed algorithm consistently approximates the state of the system to the optimum zone

and reacts to the changes in external conditions.

Keywords: air temperature, supply and exhaust ventilation, electric linear actuator, kinematic

scheme, algorithm
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INTRODUCTION

A global trend in the development of veg-
etable production is the transition to energy-
saving technologies and the relocation of areas
of protected ground to the southern regions of
the country [1-3]. Another way to reduce heat
loss is the use of sheet and cellular plastic to
manufacture the enclosing structures of culti-
vated buildings [4, 5].

Increasing the heat supply of the growing
season is possible through the use of temporary
cultivation structures. This provides a reduction
of the impact of negative environmental factors
and tomato yield of about 4 kg/m? ! [6]. Dur-
ing the intervals when the air temperature does
not fall below the biological requirements of
plants, heat supply ceases to be a limiting fac-
tor, and high daytime temperatures create the
danger of overheating. At this time, it is neces-
sary to solve the opposite problem - to ensure
removal of the heated air from the cultivation
facilities by means of ventilation. The problem
is that during the day it is possible to observe
both lack and excess of heat inside the cultiva-
tion structure [7, 8].

The purpose of the work is to present the re-
sults of research on the reduction of shortage
and excess heat by justification of parameters

and algorithm of the real-time control mecha-
nism of the exhaust aperture width.

Biological requirements of tomatoes to the
air temperature are extensively studied and
given in the literature [9-11]. The minimum
air temperature at which the processes of plant
growth and development take place should not
be less than 15 °C, because at a lower tempera-
ture there are unfavorable conditions for pol-
len germination and fertilization. In addition,
the ripening fruits do not take the characteris-
tic coloring. An increase in the air temperature
above 30 °C, especially with high humidity,
promotes adhesion and sterilization of pollen,
which leads to a decrease in the yield.

MATERIAL AND METHODS

To implement natural supply and exhaust
ventilation, it is necessary to have two control-
lable openings: supply and exhaust.

The intensity of heat and mass exchange be-
tween the cultivation structure and the outside
environment depends on the area of the exhaust
opening and the speed of the ascending air
flows.

The process of ventilation control consists in
the automatic change of openings area depend-

"Tulupov Yu.K., Grinberg E.G., Ovchinnikov V.A. Vegetable production of Western Siberia: Monograph. Moscow: Kolos,

1981. 255 p.

2Yegiazarov A.G. Heating and ventilation of buildings and structures of agricultural complexes: monograph. Moscow: Stroy-

izdat, 1981. 239 p.
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ing on the air temperature inside the cultivation
structure” [2]. Application of hydraulic cylin-
ders is the simplest and cheapest way to control
ventilation opening. This method of ventilation
control by means of thermal expansion of flu-
id contained in hydraulic cylinders is used in
greenhouses, seed beds and other cultivation
facilities. Regularities of the ventilation pro-
cess for capital buildings and greenhouses are
sufficiently studied® [12], but design features of
temporary cultivation constructions limit their
use and require additional research.

To study the parameters of the air flows in the
shelters, a laboratory setup was used. Measure-
ment of temperature and velocity the air flows
were carried out in the planes of the inflowing
and exhaust openings and inside the shelter us-
ing thermo-anemometers TTM 2-04. Addition-
ally, the air temperature inside the shelter and
the temperature of the hydraulic cylinder body
surface were measured by installing tempera-
ture sensors DTS034-50M. To register and ar-
chive the results of the measurements a set of
devices was used, which included a data acqui-
sition module MSD 100, RS485-USB adapters
and a notebook computer. The equilibrium con-
dition between the heat influx from heaters and

its removal was established at an air tempera-
ture in the shelter of about 30 °C and an exhaust
opening width of 0.5 m. The duration of the pe-
riod of reduction of the exhaust air temperature
after switching off the heating is 45 min.

The use of hydraulic cylinders for the automat-
ic drive of the draft opening width control mecha-
nism steadily maintains the air temperature inside
the structure during heating, but is ineffective dur-
ing cooling due to high thermal inertia [13].

It is possible to reduce the influence of ther-
mal inertia by using a drafting opening width
control system with an electric linear actuator.
On the basis of the requirements to the variation
interval of the opening width and the capabili-
ties of standard electric actuators, a kinematic
diagram of the drafting opening width control
has been developed (see Fig. 1). It is controlled
by means of an electric linear actuator and a flat
lever mechanism. The size of the drafting open-
ing depends on the output of the actuator rail.

In the position where the rail is inside the
actuator body, the vent opening is closed (see
Fig. 1, a). The maximum extension of the rail
corresponds to the full opening of the vent (see
Fig. 1, b). Determination of the size of the ex-
haust opening is performed by measuring the

Puc. 1. Kunemarndeckast cxeMa yIpaBJIeHHs BEHTHIISIINCH:

@ — BEHTWISILUSL 3aKPbITA; O — BEHTHIISINS OTKPBITA; / — KapKac yKpPBITUs; 2 — JIMCT NONUKapOoHara; 3 — JeKTpH-
YEeCKUIl TMHENHBIN aKTyaTop; 4 — IJIOCKUH PhIYAXKHBIM MEXaHU3M; 5 — TaTYMK yIia HakioHa peraara PTAM 27;
A — yron noBopoTa pelvyara, L — IMpUHA BEITSHKHOTO IpoeMa

Fig. 1. Kinematic diagram of the ventilation control

a — ventilation closed, 6 — ventilation open; / — frame cover, 2 — polycarbonate sheet; 3 — electric linear actuator;
4 —Aflat lever mechanism; 5 — lever angle sensor RTAM 27; A — lever rotation angle; L — width of the exhaust opening.

3Panin B.G. Fundamentals of the theory of heat engineering, heating, ventilation, drying and cooling: monograph. Moscow:

Light Industry, 1980. 380 p.
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angle of rotation (A) of the leading link of the
flat lever mechanism by means of the rotation
angle sensor PTAM 27, the readings of which
are transmitted to the data acquisition module
MSD 200.

RESULTS AND DISCUSSION

Dependences of the tilt angle of the PTAM
27 sensor and the width of the draft opening
on the stroke of the actuator rod were obtained
graphically. The dependences graph is shown
in Fig. 2, from which it follows that the depen-
dences of the tilt angle of the PTAM 27 sensor
and the width of the draft opening are linear and
approximated by the equations of the first or-
der. The width of the opening will be controlled
by the logic controller. The maximum stroke of
the actuator stem is 225 mm, which allows the
drafting aperture width to be varied from 0 to
900 mm. At the same time, the inclination angle
of the position sensor axis of the driving link of
the mechanism changes from 0 to 90 deg.

The scheme of the aperture width control al-
gorithm is shown in Fig. 3.

The algorithm for controlling the width of
the opening has three options.

1. The air temperature in the cultivation fa-
cility is within the optimum zone. This is deter-
mined by the positive output of the logic opera-
tors comparing the measured temperature with
the lower and upper limits of the optimum zone.
In this case it is not necessary to change the
opening width and the system is in the standby
mode until the next temperature measurement
after a time interval dt.

2. The measured air temperature is less than
the lower limit (negative logical operator out-
put). The controller turns on the opening clos-
ing actuator by the value of the lever angle dA,
after which the system goes into the standby
mode.

3. The temperature in the shelter is higher
than the upper limit. The controller turns on the
opening actuator by the angle of the lever dA,
then the system goes into the standby mode.

The controlled parameters in the algorithm
are dt - temperature measurement interval; dA -
lever luffing step.

The temperature measurement interval is de-
termined by the thermal inertia of the system.
Thus, under the conditions of the laboratory
experiment in 2018 significant changes in the
width of the opening occurred in 5 min, in the

100 - - 1000
g

&0 | i
g 80 800 £
4 g
g 60 - - 600 =
= 2
=
R Q
£ 40 - - 400 £
5 Y =104,81x — 187,93 z
2 R>=0,9756 g
&2 20 - - 200 E

0 . . . . . . . 0
0 25 50 75 100 125 150 175 200 225

Rod travel, mm

==©== Sensor axis tilt angle, deg
==8==Exhaust opening width, mm
""" Sensor slope angle trend line

Puc. 2. 3aBucumocTty yriia HakjIoHa ocH jatunka PTAM 27 1 mupuHbl BRITSHDKHOTO IPOEMa OT

X0J1a IMTOKA aKTyaTopa

Fig. 2. Dependence of the angle of inclination of the axis of the sensor RTAM 27 and the width
of the exhaust opening on the stroke of the electric drive rod
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Fig. 3. Diagram of the opening width control algorithm

open ground this parameter depends on the rate
of change of external conditions and is on aver-
age 15 min. It follows from the construction of
the scheme of the mechanism that A, = 90°,
A, =0.

CONCLUSION

Reducing the lack and excess of heat in the
cultivation facility can be achieved by chang-
ing the width of the exhaust aperture from 0 to
900 mm. The kinematic scheme of the flat le-
ver mechanism for controlling the width of the

draft opening with the drive from the electric
linear actuator with a stroke length of not less
than 225 mm is developed. The algorithm of
changing the draft aperture width depending on
the air temperature inside the cultivation facil-
ity in real time mode is proposed. The obtained
results can be used when designing a system
of natural ventilation of a cultivation facility,
ensuring consistent approximation of the air
temperature to the biological requirements of
plants.
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[IpencrasieHsl pe3yabTarTbl HCCIICAOBAHNE BHEPEHISI HAHOTEXHOJIOTHI B pa3jiniHbIe c(hepbl Ha-
YYHOU JIeATeIbHOCTH. B MEAUIIMHCKON U BETEpUHAPHON MPAKTHUKE NMEPCIIEKTUBHBIMUA CUYMTAIOTCS Ha-
HOYACTHIIBI PA3JIMYHBIX (DOPM YIIIEpOIa, TAK KaK OHH 00JIaIar0T IIMPOKUM apCeHAIOM OUOMOIYIHPY-
fonXx AQEKTOB Ha OPraHU3M, MPOSIBIISS HE3HAYUTEFHOE YKOTOKCHIECKOE M OPTaHN3MOTOKCHIECKOE
Bo3ielicTBre. bobioe 3HaueHHe Uil UCIOJIb30BAHUS B MEIUIIMHE UMEET UX aHTHOAKTepHaTIbHOE
neiictBrue. MUKPOOPTaHU3MBI SIBIISIFOTCS OJHUM W3 OOBEKTOB M3YYEHHs IIMTOTOKCHYECKUX CBOWCTB
HOBBIX JICKAPCTBEHHBIX MpernaparoB. [IpoBeneHa olleHKa IUTOTOKCUYECKOTO JICHCTBUS HAHOYACTHUI]
OKHCJICHHOTO Tpad)eHa Ha OCHOBHBIE TUIIBI OaKTEePHUATBHBIX KJIETOK O PE3ylIbTaTaM CBETOBOM U aTOM-
HO-CHJIOBOI MUKpOCKonuu. CBETOBasi MUKPOCKOITHUS ITO3BOJIAIIA YCTAHOBUTD, YTO JICHCTBUE CYOUHTU-
OMPYIOIINX KOHIIEHTPAIWH HAaHOYACTHIl OKHUCIEHHOTO TpadeHa, JOCTUTHYTOE IyTeM HCCIIeIOBAH
KOJIOHMI1 MHKPOOPT'aHU3MOB Ha IPaHUIIe HHTHOUIIUU UX POCTA, MOXKET ITPUBOUTH K THHKTOPHUAIILHON
TPAHCBEPCHH Y TPAMITOIOKUTETHHBIX MUKPOOPTAaHU3MOB, B YaCTHOCTH, 30JIOTUCTOTO CTA(PUITOKOKKA,
B TO BpeMs KaK y TPaMOTPHIIATEIBHON KHINCYHOH MMajouky MoJA00HOTO (PeHOMEHA HE OTMEYaeTCs.
MeTtonoM aTOMHO-CHIIOBOW MHUKPOCKOITHH YCTAHOBIIEHO, YTO TOKCHYECKHE KOHIIEHTpPAIlMH HaHOYa-
CTHII OKUCIICHHOTO rpad)eHa MPUBOIAT K MOP(OIOTHYESCKOM JIerpaialliy, CTeIIeHh KOTOPOW 3aBHCUT
OT BPEMEHHM JKCIO3UHMK HaHodacTuil. [lpn sxcnosummu B 30 MuH Habmoqamm MophoIOTHIECKYIO
JIETPAJIalIo KIIETOK Y OCHOBHBIX TUIIOB OaKTepuil (KOKKH, MaJIOUKH), COMPOBOKIAFOIIYIOCS YMECHb-
IeHreM KOHTYPOB KieTok. [Ipu yBemmaennu sxcro3urun ot 30 10 90 MuH HaOITI0MaIH TTOTHYT0 MOP-
(hONOTHYECKYIO IECTPYKIIHMIO OAKTEePUAITLHBIX KIETOK M PAcIia]l KOMIIO3HIIMU OaKTepHUaIbHOW TOMy-
. L{uToTokcndyeckass KOHIIEHTPAIsl HAHOYACTHI] OKHMCIIEHHOTO Tpad)eHa COCTaBIsIeT 3HAYCHUE
Oonee 75 MKrMIT!, 4TO YCTAHOBJECHO TIO Pe3yJIbTaTaM MHUKPOCKOIUH 00PA3I[OB TECTOBBIX KYJIBTYD
(Escherichia coli ATCC 25922 u Staphylococcus aureus ATCC 6538).

KuroueBbIe ¢J10Ba: HAHOUACTHUIIBI, OKUCICHHBIN TpadeH, CBETOBAasI MUKPOCKOIHUS, aTOMHO-CH-
JIOBass MEKPOCKOTIHS, OaKTepruasbHas MOPQOIOTHS
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The results of research on the introduction of nanotechnology in various fields of scientific ac-
tivities are presented. In medical and veterinary practice, nanoparticles of various forms of carbon
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are considered promising, because they have a wide arsenal of biomodulatory effects on the body,
exhibiting little ecotoxic and organismotoxic effects. Their antibacterial effect is of great importance
for the use in medicine. Microorganisms are one of the objects of study of the cytotoxic properties of
new medicinal products. The cytotoxic effect of oxidized graphene nanoparticles on the main types
of bacterial cells was evaluated by light and atomic force microscopy. Light microscopy allowed
to establish that the effect of subinhibitory concentrations of nanoparticles of oxidized graphene,
achieved by studying the colonies of microorganisms on the border of their growth inhibition, can
lead to tinctorial transversion in Gram-positive microorganisms, in particular Staphylococcus aure-
us, while in Gram-negative E. coli such a phenomenon is not observed. Using the method of atomic
force microscopy, it was found that toxic concentrations of oxidized graphene nanoparticles lead
to morphological degradation, the degree of which depends on the exposure time of nanoparticles.
Morphological degradation of cells in the main types of bacteria (cocci, bacilli), accompanied by a
decrease in cell contours, was observed at 30 min exposure. When the exposure was increased from
30 to 90 min, complete morphological destruction of the bacterial cells and decay of the bacterial
population composition were observed. The cytotoxic concentration of oxidized graphene nanopar-
ticles is more than 75 pg-ml', as determined by the results of microscopy of test culture samples

(Escherichia coli ATCC 25922 and Staphylococcus aureus ATCC 6538).
Keywords: nanoparticles, graphene oxide, light microscopy, atomic force microscopy, bacterial

morphology
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INTRODUCTION

Rapid development of nanotechnology
has led to the production of large quantities
of nanoparticles and their further distribution
in the environment. Due to their unique prop-
erties resulting from their nanoscale dimen-
sionality, nanoparticles are of great interest in
the veterinary and medical fields. However,
there are opinions about their potential ad-
verse effects both on the ecology and living
organisms in general, and on individual cells
in particular.

The main component of the biosphere is
considered to be microorganisms, which en-
sure both the integrity of the entire biosphere
and the well-being of its constituent macroor-
ganisms, so the nature of the effects caused by
nanoparticles on bacteria can be considered
the primary indicator of ecotoxic effects on the
biosphere.

Numerous works by researchers have es-
tablished that cellular effects under the action
of nanoparticles have a strong dependence on
many parameters of the latter, such as their
size, charge, shape and chemical nature, but
also differ depending on the cell type and en-
vironmental conditions [1]. In this regard, it
seems crucial to study the nature of nanoparti-
cle-cell interactions in order to ensure the safe
and innovative development of nanotechnol-
ogy in medicine and ecology, including the
possibility of using nanomaterials-based drugs
as an alternative to antibiotics for specific and
effective influence on bacteria [2].

The specific mechanism of the cytotoxic
effect of nanoparticles on the bacterial cell is
always multifaceted and can include the de-
struction of bacterial membranes [3], the pro-
duction of reactive oxygen species [4], and
other effects on metabolism [5]. In most of
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the previous studies, the authors, including
their own works [6-8], studied the physiologi-
cal characteristics of bacterial viability and
enzymatic activity to assess the cytotoxic ef-
fect of nanoparticles using available culturing
techniques with colony forming units (CFU)
counts or bacterial population densities. In all
cases, the direct cytotoxic effects remained
unobserved. In most of the works, researchers,
including the authors of this article, used the
most recognized cytotoxic nanomaterials, in
particular, noble metal (silver) nanoparticles
with a proven strong antibacterial effect.

However, whatever the mechanism of an-
tibacterial action of nanoparticles, their ini-
tial effect is based on the contact between the
outer cell membrane of the cell and the nano-
component. All subsequent modifications of
the morphological characteristics of bacterial
cells and the composition of the whole bacte-
rial population reflect the cytotoxic action of
this nanomaterial. Recently, there has been
considerable interest in carbon nanomaterials
due to a number of unique properties, low cost
and availability of their synthesis. Of these,
oxidized graphene is a derivative of graphene,
which is considered one of the most promising
materials in biomedical research. In particular,
it is known as an antimicrobial nanocompo-
nent with satisfactory biocompatibility. On the
other hand, this nanomaterial has acceptable
physical parameters valuable for biomedical
use. Thus, graphene oxide contains various
functional groups, such as hydroxyl, epoxy
and carboxylic groups, which ensure its good
solubility in water. Although the stability of
oxidized graphene colloids is not always suffi-
cient, which limits their wide use, the authors'
research in this field allowed the synthesis of
nanosized colloidally stable forms of this ma-
terial [9].

One of the modern methods of morphologi-
cal evaluation of microorganisms is atomic
force microscopy. Its use in microbiology
makes it possible to obtain objective infor-
mation on the physical parameters of the mi-
croobjects under study, assess their morpho-

logical characteristics and visualize the com-
positions of the entire bacterial population. In
addition, traditional methods of assessing the
tinctorial properties of bacteria, in particular,
Gram staining, which makes it possible to de-
termine the features of the chemical structure
of the cell wall, which is considered to be the
main barrier of interaction of a microorganism
with the external environment, based on the
gram identity of the studied microorganism
culture, remain informative until now.

Previously, the antibacterial action of
nanoparticles of different forms of carbon has
been studied and evaluated [10], in which a
different degree of bacterioinhibitory action
was established. It depended largely on the
nanomaterial shape, size and colloidal stabil-
ity, i.e., it had a pronounced integral character.
Early works of many researchers, including
the authors of this article, evaluated the cyto-
toxic effect of nanoparticles on bacterial cells
by atomic force microscopy, but in all cases
they used little biocompatible materials, par-
ticularly silver or copper nanoparticles, which
suggested a strong cytotoxic effect, but was
also a strong obstacle to their wide use in med-
icine. The availability of nanomaterials based
on the basic bioelement carbon offers great
opportunities in biology, but the issue of their
toxic effect on the cell remains understudied.

The purpose of the research is to study the
effect of oxidized graphene nanoparticles on
bacterial cells of the main representatives of
opportunistic microbiota (Escherichia coli
and Staphylococcus aureus) using atomic
force and classical light microscopy.

MATERIAL AND METHODS

A sample of colloidal solution of oxidized
graphene with stable physical and chemical
parameters, prepared according to the method
[9], was used as a test nanomaterial with the
assumed cytotoxic effect. The initial concen-
tration of nanoparticles in the sample was 600
ug-mL—!, their average diameter was in the
range of 100-120 nm. Different concentrations
of the colloid test sample were used in the ex-
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periments, which (after addition to the bac-
terial culture) had the following values: 300
ug-mL—!, 150 pg-mL—!, 75 pg-mL-!, and 35
pg-mL-'.

The microorganisms under study were
18-h bacterial cultures of two microorganisms
(Escherichia coli ATCC 25922 and Staphy-
lococcus aureus ATCC 6538) as representa-
tives of the most widespread opportunistic
microbiota belonging to different bacterial
classes (Gram-negative bacilli and Gram-
positive cocci). The test microorganisms were
cultured in the Mueller-Hinton broth. After
that, additional cultivation on the agar of the
same name with the addition of oxidized gra-
phene nanoparticles was performed. For this
purpose, after the broth culture was distrib-
uted on the surface of the agar in a Petri dish,
holes were made in its thickness with a sterile
puncher 5 mm in diameter, into which 0.1 ml
of the test sample of colloidal solution of oxi-
dized graphene nanoparticles was introduced.
Tinctorial properties of microorganisms were
evaluated by the results of the Gram staining.

For atomic force microscopy (AFM), we
performed fixation of broth bacterial cultures
on mica, the thinnest layer of which was pre-
pared by applying scotch tape. Before applica-
tion to the substrate surface, the tested bacteri-
al cultures were exposed to colloidal solutions
of oxidized graphene for 30 and 90 min, after
which they were deposited on mica by droplet
precipitation in an amount of 5 pl by micro-
pipetting. The sample under study was dried
by natural evaporation. The prepared micro-
preparations were placed in an atomic force
microscope connected through an interface
to a functional computer with a working ver-
sion of the AFM imaging software installed.
Atomic force microscopy visually assessed
the integrity of the bacterial cell, its surface
composition, and the structure of the bacterial
population.

RESULTS AND DISCUSSION

After the initial cultivation of test micro-
organisms on the Mueller-Hinton agar with a

solution of oxidized graphene nanoparticles
added to the cut well, colonies were selected
at the border of the bacterial growth inhibition
zone, where the subinhibitory concentration of
nanoparticles was expected (see Fig. 1). As a
control, microbial colonies were selected at the
maximum distance from the place of nanopar-
ticle application, where the minimum amount
of nanoparticles was expected. After bacterial
culture was selected, micro preparations were
prepared, fixed chemically, and stained by the
Gram method in the standard technique. The
study of morpho- tinctorial characteristics of
the test microorganism cultures made it pos-
sible to evaluate the cytotoxic effect of the ox-
idized graphene nanoparticles at a concentra-
tion close to the bacterioinhibitory (at the edge
of the growth inhibition zone) in comparison
with its minimum value (at the periphery of
growth).

The preservation of typical morphological
properties of Escherichia coli and Staphylo-
coccus aureus (short sticks and cocci, respec-
tively) was noted during light microscopy of
micro preparations. However, an unusual phe-
nomenon of tinctorial transversion of Staph-
ylococcus aureus culture was noted during
Gram staining, in which it changed its identity
from Gram-positive partially to Gram-nega-
tive. This phenomenon had a clustered non-
dense character, which was noted only in the
micropreparations of cultures sampled at the
edge of the bacterial growth inhibition zone,
where a paraletic concentration of nanoparti-
cles was expected. No such phenomenon was
observed in E. coli cultures, but this microor-
ganism is among Gram-negative.

Fig. 2 shows microphotographs of prepa-
rations of Staphylococcus aureus colonies
sampled at the edge of the growth inhibition
zone, in which massive clusters of bacteria
with altered tinctorial properties are evident.
At the same time, such tinctorial dissociation
was not noticeable in the control, and a typical
morphological pattern characteristic of typical
strains of Staphylococcus aureus ATCC 6538
was observed (see Fig. 3).
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Puc. 1. Iarubumus pocta KyneTypsl Staphylococcus aureus ATCC 6538 Ha cpene Mromtepa-XWHTOHA!

@ — KOJIOHUSI KyJIBTYpbl MUKPOOPTaHHU3Ma IPH JIOKAIBHOM J00aBIEHHH BOJHOIO PACTBOPa HAHOYACTUI] OKMCICHHO-
ro rpadena (JryHka o0o3HaueHa OykBamMu A(q); 6 — KOJIOHHS KYJIBTypbl MUKPOOPraHn3Ma, 0TOOpaHHast sl MUKPO-

CKOITMYCCKOI'O UCCICAOBAHUA

Fig. 1. Growth inhibition of Staphylococcus aureus ATCC 6538 culture on Muller-Hinton agar:

a - microbial culture colony with local addition of an aqueous solution of oxidized graphene nanoparticles (the well
is marked with the letters Aq); 6 - microbial culture colony, selected for microscopic study

It should be noted that such a phenomenon
of changes in tinctorial properties in Gram-
positive microorganisms under the action of
cytolytic toxins has been little described in the
literature, which reflects the lack of attention
of researchers to light microscopy as a tool for
assessing the biological properties of bacteria.

It is commonly known that, Gram staining
is the basic method of examination in micro-
biology, in which microorganisms are divided
into two groups depending on the composition
of the cell wall and the content of peptidogly-
can in it. Peptidoglycan is the main component
of the bacterial cell wall in both Gram-posi-
tive and Gram-negative bacteria. This muro-
peptide can be modified under the action of
bacterial glycolytic and peptidolytic enzymes
(hydrolases) or cytotoxic substances called
autolysins. Modifications or variations of the
basic structure of peptidoglycan are found
among all species of microorganisms, but are
most obvious among Gram-positive bacteria,
based on its much higher content. Many modi-
fications are specific because of the action of

unique modifying or lysing enzymes.

In addition, the peptidoglycan structure
can also be disrupted in response to chang-
es in cultivation conditions, in particular, in
the presence of toxic substances, especially
those whose mechanism of action targets the
cell wall [11]. In any case, we did not set out
to establish the true mechanism of tinctorial
transversion in Staphylococcus aureus culture,
but taking into account the fact that the bacte-
rial grammars are determined by the cell wall
composition, it can be concluded that oxidized
graphene nanoparticles affect this cell struc-
ture, and its sublethal concentrations signifi-
cantly disrupt its composition.

Atomic force microscopy allowed to visu-
ally assess the nature of morphological chang-
es in the bacterial cells and the entire bacte-
rial population, caused by the toxic effects of
the oxidized graphene nanoparticles. Control
samples of bacterial cultures under AFM visu-
ally corresponded to the typical morphology
and size of cocci and bacilliform microorgan-
isms (see Fig. 4).
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Puc. 2. TuakropuansHas TUCCONMANHS KYIBTYpHI Staphylococcus aureus ATCC 6538 mipu neiicTBuH
napajgeTalbHbIX KOHIIEHTPAIIM HaHOYaCTHIl OKHCIIEHHOTO rpadena (okpacka 1o I'pamy, yBeanueHue
800, xacrepubIil 3 (heKT THHKTOpHATHHON TPAaHCBEPCHN OAKTEPHATBFHBIX KIETOK C TPaMIIOIOKHUTEh-
HOM OKpacKH Ha TPaMOTPHIIATENIEHYIO — OTMEYEH CTPETKaMH)

Fig. 2. Tinctorial dissociation of Staphylococcus aureus ATCC 6538 culture in the presence of paralethal
concentrations of graphene oxide nanoparticles (Gram stain, magnification 800, cluster effect of tinctorial
transversion of bacterial cells from Gram-positive to Gram-negative staining is indicated by arrows)

Puc. 3. KoutponbHbie 00pasiisl Staphylococcus aureus ATCC 6538 nipu 1eiiCTBUM MUHUMAJTbHBIX KOH-
LIEHTPAllMi HAHOYACTHI] OKUCIICHHOTO Tpadena (okpacka o ['pamy, yBenuuenue 800, CrIoniHas rpaMIo-
JIOXKUTENbHASI OKpAcKa KIIETOK Bcell OaKTepuallbHON KyJIBTYpHI)

Fig. 3. Control samples of Staphylococcus aureus ATCC 6538 in the presence of minimal concentrations
of graphene oxide nanoparticles (Gram stain, 800 magnification, continuous gram-positive staining of
cells of the entire bacterial culture)
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In the micropreparations of bacterial cul-
tures treated with oxidized graphene nanopar-
ticles there were morphological changes in the
bacterial cells themselves, as well as in the
composition of the entire microbial culture.
The nature of the changes was generally the
same, and their presence was detected 30 min
after the treatment with oxidized graphene
nanoparticles. The initial changes were char-

13.9um x 13.9um x 245.2nm [258 x 2546]

acterized by the disturbance of the contours
of the bacterial cells compared to the control
samples. In particular, the expressiveness of
the bacterial cells outlines was sharply re-
duced (see Fig. 5).

In spite of the preserved distinguishable
isolation of individual bacterial cells, the in-
tercellular space was reduced, the contours of
the scanned objects lost their spatial contrast,

Hild. Oum T:14. 0um Z:245.2Znm [5.7:7°7
RPa: 21.Enm Bog: 37.1lnm

14

Hild . Oum  T:14.0um E:Z45. FZmm [5.7:1]
Ba: 31.Znm Bog: 37.1lmm

Puc. 4. ATOMHO-CHJIOBAsi MUKPOCKOIIUS (KOHTPOJIbHBIE 00pas3IIbl):
a — Staphylococcus aureus ATCC 6538; 6 — Escherichia coli ATCC 25922

Fig. 4. Atomic force microscopy (control samples):

a — Staphylococcus aureus ATCC 6538; 6 — Escherichia coli ATCC 25922
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cell surface changes were evident (noticeable
roughness), a partial exit of cytoplasm outside
the bacterial cells was noted (see Fig. 6).
When the exposure of the oxidized gra-
phene nanoparticles increased up to 90 min,
the morphological destruction was noted not
only at the level of individual cells, but also in

20.5umx 20.%umx 510.1nm [110 x 112]

a

11.6um x 11.5um x 205.9nm [220 x 234] Z.nm

L R S S O LR - L T B << ¥ -

1

=]

the entire microbial population. In particular,
the cell contours became almost indistinguish-
able, almost all the intercellular space was
filled with the biomass of destructed cells, the
height of the bacterial contours was sharply
reduced compared to the control, the contrast
between the maximum and minimum points

Z,nm

MiEO.Fum  Y:Zl.lum Z:510.1nm [4.1:1]

Ra: 56%_5%nm 86 Snm

Bz
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Puc. 5. Mopdomornaeckre H3MEHEHUS TIPU JCHCTBUHN CYIIpaTIeTAIbHBIX KOHIICHTPAIMA HAHOYACTHIT
oKHucJeHHOro Tpadena B TeueHue 30 MuH:

a — Staphylococcus aureus ATCC 6538; 6 — Escherichia coli ATCC 25922

Fig. 5. Morphological changes under the action of supra-lethal concentrations of oxidized graphene
nanoparticles for 30 min:

a — Staphylococcus aureus ATCC 6538; 6 — Escherichia coli ATCC 25922
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of the scanned surface was sharply
reduced (see Fig. 7).

It should be noted that the mor-
phological degradation and subse-
quent destruction of the bacteria
were noted only under the action of
the oxidized graphene nanoparticles
at concentrations of 75 pg-mL-' and
higher. In this case it can be argued
that the cytotoxic concentration of
this nanomaterial for the main types
of bacteria lies in the range around
the presented value, but its more
precise elucidation was not the pur-
pose of this study, because it is not
identical to the concept of bacterio-
static or bactericidal concentration,
as the latter is usually determined by
the cultural methods of study.

CONCLUSIONS

1. Oxidized graphene nanopar-
ticles have antibacterial properties,
which are manifested by obvious
cytotoxic effects against prokaryotic
cells.

2. Under the action of toxic con-
centrations of nanoparticles of oxi-
dized graphene on individual Gram-
positive bacteria (Staphylococcus
aureus ATCC 6538) tinctorial trans-
version with a change in their gram-
adhesion, indicating a possible toxic
effect on the structure or composi-
tion of the bacterial cell wall is ob-
served.

3. The action of toxic concen-
trations of the oxidized graphene
nanoparticles for 30 minutes on the
main types of bacteria (cocci, bacil-
li) is accompanied by morphologi-
cal degradation of cells.

4. Increasing the exposure of
toxic concentrations of the oxidized
graphene nanoparticles up to 90 min
leads to complete morphological de-
struction of bacterial cells and dis-

Z,nm
KiZd.lum Y:24.lum 2:5%24.7nm [4.1:1] Seo
Ra: 13.Z2nm PRg: 38.5nm

448 -

a
Z,nm
Will.3um Y:1l.3um 2Z:676.9mm [2.8:1] o
Ra: 35.4nm Rg: 72.7mm
508
381 -

Puc. 6. J[lerpananus mopdonoruu 0akTepruaIbHbIX KISTOK
IIpY JICHCTBHUM CYTIpAJICTABHBIX KOHIICHTPAIMH HAHOUACTHII
OKHCJIEHHOTO TpadeHa B TeueHue 30 MuH:

a — Staphylococcus aureus ATCC 6538, 6 — Escherichia coli ATCC
25922), 9aCTHYHBIH BBIXOA IUTOILIA3MBI (OTMEUYCHBI CTPEIIKOI)
Fig. 6. Degradation of bacterial cell morphology when
exposed to supra-lethal concentrations of oxidized graphene
nanoparticles for 30 min:

a — Staphylococcus aureus ATCC 6538, 6 — Escherichia coli ATCC
25922, partial exit of the cytoplasm (marked with an arrow)
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Puc. 7. Mopdonoruueckas nerpaganusi OakTepruaabHbIX KISTOK MIPU ACHCTBUU CyNpalleTalbHBIX KOH-
LEHTpalXi HAaHOYACTHI OKHCICHHOTO rpadeHa B TedeHue 90 MUH:

a — Staphylococcus aureus ATCC 6538; 6 — Escherichia coli ATCC 25922

Fig. 7. Morphological degradation of bacterial cells under the action of supra-lethal concentrations of
oxidized graphene nanoparticles for 90 min:

a — Staphylococcus aureus ATCC 6538; 6 — Escherichia coli ATCC 25922

integration of the composition of the bacterial ther determination.
population.
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HALIIA IOBUJIAIPbBI
OUR JUBILJARS

K IOBWIEIO BUKTOPA AJIEKCEEBUYA MAPYEHKO

“_‘\‘\

R

[maBHOMY Hay4HOMY COTpPY/AHUKY, 3aBEAyIOIIEeMY Jadoparopueii Berepunapun [ opHo-Anraiickoro
Hay4YHO-HCCIIEI0BATEIILCKOTO MHCTUTYTA CEJIbCKOI0 X034icTBa — prinana PenepanbHOro Anraickoro
HAyYHOTO IIEHTpa arpoOMOTEXHONOTHH, JOKTOpY OHOJIOTHUYECKHX HayK, mpodeccopy Bukropy
AnexceeBnuy Mapuenxo 14 aBrycra 2022 r. ucnioninsiercst 70 siet u 45 et HaydHOM JESITEIbHOCTH.

Bukrop AnexceeBnu pomwiicst B T. HasbiBaeBcke Omckoit oomactu. Ilocne okonvyanust B 1974 1.
OMCKOTro TOCYIapCTBEHHOTO BETEPHHAPHOTO HWHCTUTYTa 10 1977 1. pabotay HaYaIbHHUKOM
MIPOTUBOAMHU300THYECKOTO OTpsizia CliaIKOBCKOM paiiBeTcTaniuy TroMeHckol obiactu. B aToT nepuon
paiion umen syure nokazareau B PCOCP 1o 0310pOBICHUIO CETbCKOXO3IUCTBEHHBIX JKUBOTHBIX
OT XpOHMYECKuX HH(pekuuii. B.A. MapueHko B MOCIeAyIOIeM IPOIOIKII TPYAOBYIO JEATEIbHOCTD
Ha Pa3INYHBIX JODKHOCTAX B yupexaeHusx Culupckoro otnenenust Poccuiickoit akajeMun Hayk,
Poccenpxozakanemun, MAHO u MunucrepctBa Haykd M BbICIIEro oOpazoBaHus Poccuiickoit
®deneparym.

Hayunoil nestensHOCTBIO BukTOp AnekceeBHY Hadaa 3aHMMAThCsl CO CTYIEHUYECKUX JeT. Ero
nepBasi Hay4yHasi cTarbsi «BblsiBiIeHHe NpuunH ruOenu KUBOTHBIX M M3yYEHHE BHJIOBOIO COCTaBa
relbMUHTOB OBell CTaBpoOmoibCKOro Kpas» omyonukoBana B 1973 . C ampens 1977 r. Bukrop
AnexkceeBnu npuiuen B HayKy. HaunHan oH ¢ miaaiiero Hay4Horo corpyaHuka buonorndeckoro
unctutyta CO AH CCCP. B 1985 1. ycnenHo 3aiuTiil KaHAUIATCKYI0 Tuccepranuio, B 1998 . —
JTOKTOpCKyto, B 2007 . emy prcBoeHO yaeHoe 3Banue nmpodeccopa. C oktsaops 1993 r. B.A. MapueHko
BO3IJIABJISUT COBMECTHYIO JIA0OPATOPUIO apaXHOIPHTOMO30B >KMBOTHBIX bHojornyeckoro MHCTUTyTa
CO PAH u I'opHo-AnTaiickoro Hay4HO-MCCIIEN0BATEIbCKOIO MHCTUTYTa CENbCKoro xossicrea CO
Poccenbxo3zakanemun. C 1995 1. paborai 3aBemyronmm oTAenoM BeTrepuHapuu [opHO-AnTaiickoro
Hay4YHO-HCCIIEJIOBATENBCKOTO MHCTUTYTA CENbCKOro xo3sictBa. B 1997-2003 rr. Obu1 qUpeKkTopoM
T'opro-Anratickoro HUMCXa. C 2003 o 2010 . paGoTait 3aBeIyroImM J1adopaTtoprell BETepHHAPHON
napaszurtonorud MHcTHTyTa SKcnepuMenTanbHoi BetepuHapuu Cubupu u Jlamsaero Boctoka CO
Poccenbxo3akanemun, B 2010 r. neperties Ha paboTy B 1a00OpaTOpHUIO IKOJIOTMH HaCEKOMBIX MHCTUTYTa
cucTteMaruku U skonoruu KuBoTHbIX CO PAH, onHOBpeMEHHO BO3INIABISLI OTIEN BETEpPUHAPUH
I'opno-Anraiickoro HUNCXa.
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C 1999 . Bukrop AJiekceeBUY aKTUBHO COBMENIAECT HAYYHYIO M MIEIarOTMYECKYIO JESTEIbHOCTD,
OoH mnpoceccop Kadeapbl arpoTeXHOJOIWH M BeTepUHApHOM MeaulHbl [opHO-AnTalickoro
rOCYapCTBEHHOTO YHUBEPCUTETA.

Kpyr nayunbix nHTEpecoB B.A. MapyeHKO COCTaBISIOT BONPOCHI SKOJIOTHM IMApa3sUTHYECKUX
0€eCI03BOHOYHBIX M 0TPAO0TKa METOI0B OT paHMYEHHS X YUCIICHHOCTH. BUKTOp AJlekceeBUY POBOMIT
WCCTIeIOBaHUS B pa3INYHbIX paiionax Cubupu —PecyOnrike Anrait, Anraiickom kpae, TriBe, Xakacuu,
B MpkyTckoit, Yurunckoi 1 HoBocuOupckoii 00macTsx. 3a mepuo1 HayqHOM 1esTelIbHOCTH BukTopom
AJnexkceeBUYEM MOTyYEH PsiJi HOBBIX, MHTEPECHBIX KaK B TEOPETUYECKOM, TaK M B MPAKTUUECKOM
OTHOIICHUH CBEJCHUHA MO OWOJOTMM W SIW300TOJIOTWH TIApa3UTOB CEITLCKOXO3SMCTBEHHBIX H
JIMKAX JKUBOTHBIX, Pa3paboTaHbl M BHEAPEHBI B CEIBbCKOXO3SIMCTBEHHOE IPOM3BOACTBO HOBBIE
TEXHOJIOTMYECKUE TPUEMbl KOHTPOJISI UYUCIEHHOCTH BPEAUTENEH W CUCTEMbI OrPaHUUUTENBHBIX
MeporpusATHii. OH PyKOBOAWII HCTIOTHEHUEM 3aJJaHuil MHOTUX pernoHalbHbIX U denepansabix HTII,
npoektoB PODU, noroBopubiMu HUP ¢ cenpbxo3npeanpuarusiMyd 1 HaydHbIMHU yupexieHusiMu. Ha
OCHOBE M3yU€HHUS SKOJIOTUH U SIU300TOJIONUH NAapa3sUTUIECKUX BUJIOB, UCITBITAHNS HOBBIX CPEJICTB U
METOJIOB TEpAIMM KUBOTHBIX BUKTOpOM AJlekceeBuueM pa3paboTaHbl pallOHANIbHBIE OTpAaCciIeBbIe
CHCTEMBI OIPaHUYUTEIIBHBIX MEPONPUATHI TPH psijiec MHBA3HMOHHBIX 3a0oneBaHuil. Pazpaboransl
U YTBEP)K/IEHbI COOTBETCTBYIOUIMMH OpraHuzaiusmMu Oosee 30 METOAMYECKHX PEKOMEHIAIMH U
1ocoOuii Mo BETEpUHAPHOM MEUIIMHE 1 300TEXHUH.

[To pesynbraram HayyHOU JeATENbHOCTH BHKTOpOM AJIeKCEeBMYEM B OTEUYECTBEHHBIX W
3apyOeKHBIX U3IaHMAX OIMyOnuKoBaHO Ooniee 260 Hay4yHbIX palOoT, B TOM uyucie 7 MOHOrpadui,
nonydeHo 9 marentoB Poccuiickoit @enepanun Ha u300peTeHus. Marepuaibl ero Uccie10BaHu,
MIPOBE/ICHHBIE CAMOCTOSITENILHO, & TAK)KE COBMECTHO C JIPYTMMH CIEIUATMCTAMU, OBUTH UCTIONb30BaHbI
B NOATOTOBKE psiia HopMaTuBHBIX H0KyMeHTOB I'YB MCX CCCP u JlenapraMeHTa BETepUHApUH
MCX Poccun. Hayuno-npaktuueckue paspabotku Buktopa AnekceeBrya ObUIM SKCTIOHUPOBAHBI
Ha PErMOHAJIbHBIX CEJIbCKOXO3MCTBEHHBIX BbicTaBKaX, B locruiane CCCP, BoictaBkax CO PAH u
Poccenpxozakanemun, Harpakaens! qumiomamu CO PAH u CO PACXH.

B PecnyOmuke AnTaii UM OpraHM30BaHO OIBITHOE IPOWU3BOJICTBO MPOTHBOIIAPA3HTAPHBIX
KOPMOBBIX TPaHYyJI JUIsl CEIbCKOXO3SIMCTBEHHBIX KUBOTHBIX. BUKTOP AJleKceeBUY SIBISIETCS BELYIIIUM
CIICIMAIUCTOM CTpaHbl B 00JacTH OHONOTMH OBOJOB, BEAET AKTUBHYIO HAy4YHO-OOIIECTBEHHYIO
NeATeNIbHOCTD, YYaCTBYET B pab0Te BCEPOCCUHCKHUX KOOPAWHALMOHHBIX COBETOB, SIBIISIETCS YJICHOM
npesuguyma CO BOO npu PAH, 3amectuteneM mnpencenaresis CEKIUU BETEPUHAPHON MEIULIMHbI
HAay4YHO-TEXHUYECKOr0 coBeTa MMHHUCTEpCTBa CENbCKOro Xo3sicTBa PecryOnmuku Anrtail, 4ieHOM
PErMOHANBHOTO 3KcrepTHOro copera POMU. [Ipuanmaer yyactre B OpraHu3aliy pa3iiiaHOro paHra
KOH(EpeHIIMI 1 HayYHO-IPOU3BOJICTBEHHBIX coBelanuii. Vim Oblia oprann3oBaHa aclpaHnTypa 1o
BeTepUHapuM B [ OpHO-AJITaliCKOM IrOCYAaCTBEHHOM YHUBEPCUTETE.

Buktop AnekceeBUY PYKOBOAWUT HAaydHOW pPabOTOW CTYAEHTOB, AaCMUPAHTOB M JTOKTOPAHTOB,
MOATOTOBMA 6 KaHAWJATOB HAayK, NPUHUMAET y4acTHE B ONIOHUPOBAHUU TUCCEPTALUU, SBISETCS
YJICHOM JIMCCEPTAI[MOHHBIX COBETOB.

Hay4uno-uccnenoBarensckas nesTeabHOCT BukTopa AsnekceeBuya OTIMYACTCS PAMOHATBHBIM
coueTaHueM (yHIAMEHTAIbHBIX M TPUKIAJAHBIX HCCIIENOBAaHMH, 4YTO B 3HAYUTEIILHOM Mepe
CIIOCOOCTBYET HX YCIIEIIHOMY MPUJIOKEHHUIO B MPAKTHKY CEIbCKOXO3SICTBEHHOTO TIPOU3BO/ICTBA.

3a mI0A0TBOPHBIA Tpya Bukrop AsekceeBHY HarpakaeH MeAajibio OpfieHa «3a 3aciyrd mepen
OteuectBom» Il crernenu, menanbio Cubupckoro otaeneHusi Poccenbxo3akaeMun UM. aKaJeMHUKa
N. Cunsruna, modeTHoW rpamoror Poccuiickol akageMun CeTbCKOXO3SHCTBEHHBIX HayK,
OmaromapHOCThi0 MuHHMCTEpCTBA CeNbCKOrO x03siiictBa  Poccuiickoii  demeparyu, MOYETHOU
rpamotoii [ocynapctBennoro Codpanust — i Kypynrait PecriyOnuku Anraii, HOYeTHBIMUA TPaMOTaMu
MHUHHCTEPCTBA CEIILCKOTO X03HCTBA, MHHUCTEPCTBA 00pa3oBaHus ¥ Hayku PecryOnuku Anrail. Emy
MIPUCBOEHO MOYETHOE 3BaHME «3aCTy>KeHHBIHN JiesiTenb HayKu PecyOnuku Anraib».

[ozapasnsem Bukropa AnexceeBuda ¢ 1OOHMIEEM U HKEJIAEM OCYIIECTBICHHUS BCEX TBOPUECKUX
TUIAHOB, JAJIbHENIIINX YCIIEXOB B HAYYHO-T1€1arOrMueCcKOM AESITeIbHOCTH, 00POTO 310POBbS U CUACTbs !

Komnextus [opHO-ANTaliCKOTO HAYYHO-UCCIEIOBATEIIHCKOTO

MHCTUTYTa CEJILCKOTO XO03s5cTBa — (rirana

®denepanbHOro ANTaHCKOTO HAYYHOTO [IEHTPa arpoOUOTEXHOIOT U,

koyekTuB MHCTUTYTA SKCTIepuMeHTaIbHOM BeTepuHapuu Cubupu u JlansHero Bocroka —
Hay4HOTO nojpas/enenns CHOUPCKOro eepaibHOr0 HayuyHOTO IIeHTpa arpoduoTexHoorui PAH
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S HIAMATH YYEHOI' O
IN COMMEMORATION OF SCIENTIST

K 100-TETHIO AKAJEMUKA BACUJINASI POMAHOBUYA FOEBA
(1922-2004 rr.)

Bacunuit PomanoBruy boeB npokuil akTUBHYIO, SIPKYIO )KM3Hb, KOTOPYIO YCJIOBHO MOXHO pa3-
JIeIUTh Ha YEThIpEe dTara.

[TepBeIii aTan BKItOYaeT B ce0s IETCTBO U FOHOCTh, Tiporieame B JJoHenkoi oomactu. B rossr
Benuxkoit OteuectBenHo BoviHbl Bacwimit PoMmanoBuu BoeBan B cocTaBe 1-ro YKpamHCKOTO
(dbpoHTa, MpUHUMAJ y4acTHe B 0CBOOOXAeHNHU BoccTaBiieit [Iparu. Harpaxxnen 16 opaenamu u
MeIaJISIMU, Cpear KOTophIX opaeH KpacHoii 3Be3bl, Meaansb «3a B3saTue bepaunay.

[TocneBoennsii nepuon Bacunus PomanoBrua oxBarbsiBaeT yueOy Ha SKOHOMUYECKOM (paKyib-
Tere MOCKOBCKOH cenbckoxo3siiicTBeHHOU akanemun uM. K. A. Tumupsizea, paboty B JleMUHCKOI
MTC Bonrorpazckoii 0051aCTH € TTOCIIETYIOIIIM Iepexo0M B MUHHUCTEPCTBO CEIBbCKOTO X035 cTBa
CCCP. YBnekmuch Hay4YHbIMHU UCCIieOoBaHUsIMY, B 1957 1. Bacunuit PomanoBuY 3ammrui auccep-
TaIMIO HA COMCKAHUE YUCHOM CTETICHN KaHAM1aTa SKOHOMHUYECKUX HayK.

BTtopoii atan xu3Hu B.P. boeBa — pykoBOICTBO OT/IENIOM II€H U c€0€CTOMMOCTH CEThCKOXO03STH-
CTBEHHOM NPOAYKIMU Bcecoro3HOro Hay4yHO-UCCIIEe10BaTENbCKOIO HHCTUTYTA SKOHOMUKH CEJlb-
CKOTo X03s1iicTBa. B 3TOT mepuoa cocrosiach €ro ycreuHas 3alura IMcCepTalui Ha COUCKaHHUE
JIOKTOpa YKOHOMUYECKUX HayK, U3aHbI aBTOPCKHUE MOHOTpaduu «3aKyMOYHbIC IICHBI U YHCTHIN
JTOXOJ KOJIX030B», «COBEpILIEHCTBOBAHHUE 3aKYMOYHBIX IIEH HA CEIbCKOXO35HCTBEHHYIO MTPOIYK-
LU0 (BOPOCHI TEOPUU U MPAKTUKHU ).

Tpetunit atan — ¢ 1971 no 1984 r. — cBsA3aH C aKTUBHOM OPraHU3AIMOHHON M TBOPYECKOH Jie-
arenbHOCThIO B Cnubupu. Akanemuk B.P. boeB Bo3mapmsin Cubupckuii HaydHO-HCCIe10BaTENb-
CKUW MHCTUTYT 9KOHOMUKH cellbckoro xo3siicTBa (CuoHNNDCX), 3anuman 1omkHoCcTH rpodec-
copa HoBocHOMPCKOTo CeNbCKOX03sICTBEHHOTO MHCTUTYTA, IEPBOTO 3aMECTHUTES IIPECceaTes
npesuauyma Cubupckoro ornenenns BACXHIUJL. Ha uHCTUTYT ObLIIa BO3TIOKEHA KOOPAMHAIIHS
WCCIIEIOBAHMM 110 YKOHOMHUKE W OPTaHU3AIMH CEIbCKOXO3SMCTBEHHOTO MPOU3BOACTBA HAYYHBIX
yupexaenuit Cuoupu u Jlansaero Bocroka. Yuensie CuoHUNDCXa pazpabdaTeiBaii mpeioxke-
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HUS U PEKOMEHJAINH 10 TIEPEBOJy CENbCKOro Xo3sicTBa CHOUpH HAa MHAYCTPHAIIBHYIO OCHOBY,
palOHAIbHOMY HMCIOJIb30BAHUIO MPOU3BOJICTBEHHBIX PECYpPCOB, PAa3MELICHUIO U CIEelUaIn3a-
LIUH CEJIbCKOTO XO35IMCTBA, DKOHOMUYECKOMY CTUMYJIMPOBAHUIO CEJILCKOXO3UCTBEHHOIO IIPOU3-
BOJICTBA, CO3JaHHIO MPOJAOBOJILCTBEHHOW 0a3bl B pallOHAX HOBOTO MPOMBIIIJICHHOTO OCBOCHHUSI.
ITox pyxoBonctBoM B.P. boeBa yueHble aKTMBHO BKJIFOUWJIUCH B MCCIICIOBAHUE MYTEH CO3MAHUS
CcOOCTBEHHOM MPOJTOBOIILCTBEHHOM 0a3bl B HOBBIX PailOHAX MPOMBIIIUICHHOTO OCBOCHHUSI, B TOM
yucie 3anagHo-Cubupckoro HedrerazoBoro koMmruiekca u balikamo-AmMypckoit MarucTpany.

WNuctutyToMm BriepBbie B CrOupH ObUTH MPOBEACHBI IIUPOKUE HAyYHbIE UCCIEAOBAHUS 110 BO-
MpocaM MEXXO3SMCTBEHHON KOOMEpalMy U arpornpoMbIIUIeHHOW uMHTerpanuu. Ha ux ocHoBe
c(hopMyIMpOBaHBI IPUHIIUAIIEI U OPTAHU3AIMOHHBIC (DOPMBI MEKXO3SHMCTBEHHOTO KOOIIEPHPOBA-
HUS B PETHOHE, CO3/IaH PsII HOBBIX MEKXO3SIMCTBEHHBIX (DOPMUPOBAHUH.

bbuin pa3paboTaHbl OCHOBHBIE HANpPaBJICHUs PA3BUTHS CEIHCKOTO X03SICTBA U CO3/JaHUS MPO-
JIOBOJILCTBEHHOW 0a3bl B paiioHax HedrerazomoObum 3amagaHou Cubupu, TeHepajbHas cxema
Pa3BUTHUA U pa3MEIEHUS MPOTOBOILCTBEHHON 0a3bl B paiioHaX MPOMBIIUIEHHOTO OcBOeHUs baii-
Kanmo-AMypckoil maructpanu. Ha ocHOBe 3TuX pa3paboTok MUHHCTEPCTBOM CEIBCKOTO XO3Si-
ctBa 1 [ocmanom PCOCP npuHATHI BayKHbIE PELLIEHUS 110 UX MPAKTUYECKON pean3aluu.

B st roger CubHNUNICX 3anumarncs u Bonpocamu 3h(HEeKTUBHOCTH UCTIONB30BaHMSI OCHOB-
HBIX (DOHJIOB U KamUTaJbHBIX BiIOXeHUH. Oco0oe BHHUMaHHUE YISISIOCH pa3padOTKe Mmporpec-
CUBHBIX SKOHOMHYECKHX HOPMATHBOB C LIENBIO CO3JaHMsI HOPMATUBHOM 0a3bl JUIsl TEKYIIEro U
MEePCIIEKTUBHOTO TUIAHUPOBAHUS 00BEMOB, CTPYKTYPBI, a Takxke d(H(HEKTUBHOCTH KalUTATbHBIX
BJIOKCHHU W OCHOBHBIX (DOHIOB, SKOHOMHUYECKOTO 0OOCHOBAHMS PACIPEIEICHUs KaluTaTbHBIX
BJIOXKCHHIA 110 IPUOPUTETHBIM HAPABICHUSAM, HAy9HO 000OCHOBAHHOTO OIpPEACICHUS OTPEOHO-
CTH B OCHOBHBIX TIPOU3BOJICTBEHHBIX ()OHIAX HA ypOBHE CyOBekTa PD.

UYerBepThiii ATan xu3Hu Bacunus PomaHoBH4Ya CBA3aH C BO3BpAIICHUEM Ha JOJKHOCTH JH-
pekropa Bcecoroznoro (HbiHe Beepoccuiickoro) HayuHO-UCCIe10BaTEIbCKOIO HHCTUTYTa SKOHO-
MHUKH CEJIbCKOTO X03siiicTBa. HoBOE BpeMsi BbIIBMHYJIO HOBBIE 3aJjaud MEpe/ arpapHOi HayKoOil.
Bceran Bonpoc 0 COBEpIIEHCTBOBAHUU IIEHOOOPA30BaHUS B YCIOBUSAX MEPEX0/ia CEeIbCKOXO3Si-
CTBEHHBIX OpraHu3aluii Ha camo(duHaHcHpoBaHUe. B 1enom, oco3HaBas HEOOXOJUMOCTh pas-
BUTHSI PHIHOYHBIX METOJIOB XO35WCTBOBaHUs, Bacuiuii POMaHOBUY BhICTyNaa MPOTUB CKOpOIa-
JITEIBHBIX PELICHUH, Ne30pTaHn3alii IPOU3BOJICTBA, 3 UCIIOJIB30BAaHUE NPUHIIUIA JTONOJIHU-
TEJIbHOCTH, IPEIOTBPAILIEHNE HETATUBHBIX IIPOLIECCOB B CEIBCKOM )KM3HU, COXPAHEHUE CUCTEMBI
rOCYJIapCTBEHHOM MOAIEPKKH CEIbCKOX035IMCTBEHHOTO MPOU3BOJICTBA, Pa3BUTUE KPYIIHBIX MeXa-
HU3UPOBAHHBIX XO35UCTB, PETYIMPOBAHUE arPOIPOJOBOJILCTBEHHOIO PhIHKA, IOCTUKEHUE CaMO-
00€CIeYeHHOCTH MPOYKTaMH IMUTAHUS HACEJIICHUS CTPAHBI.

Hayunoe Hacnenue akanemuka Bacwims PomanoBuya boeBa — OrpOMHBIN BKJIAaJ B arpapHyo
SKOHOMMKY, TO3BOJISIFOIIMNA COCTaBUTh OOBEKTHBHOE MPEACTABIECHUE O MPOUCXOIUBLINX COLU-
aJIbHO-2KOHOMMUYECKHUX IMTPOLIECCax Ha MPOTSHKEHUH TOJyBEKa HAllled UICTOPUU U OJHOBPEMEHHO
BOCTpeOOBaHHBIN HOBBIMH MTOKOJIEHUSIMU YUYEHBIX MPU pa3pabOTKe MEePCIEKTUBHBIX HAPABICHHMA
pa3BUTHs arpONPOMBIIIIEHHOTO KoMIuiekca Poccun u crpan EADC.

Komnexrup CHOMPCKOTo HayYHO-HUCCIIEI0BATEIECKOTO MHCTUTYTA
9KOHOMHKH CEJILCKOTO X03sHCcTBa —

Hay4YHOTO rojpaszesenus Cuoupckoro henepaibHOro

Hay4HOTO LieHTpa arpodouoTtexHonoruit PAH
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BACHJINH T'EPACUMOBHNY
JYHUIBIH

29 mapra 2022 1. Ha 63-M roy *KHU3HH TOCJIE TSHKEIION MPOIOJDKUTEILHON OO0JIe3HH YIIIeN U3
JKA3HU 3aCIyKEHHBIN AesaTens Hayku Poccuiickoit denepanuu, kasanep opaeHa Ilouera, nokrop
BETepUHAPHBIX HayK, npodeccop Bacuuit I'epacumoBny JlyHUIIBIH.

Bacunmii I'epacumoBuy poauscs 17 utonst 1959 r. B ¢. KonbiBanckoe (Anraiickuii kpai, [1as-
J0BcKUil paiioH). B 1981 r. ¢ otinunemM oKOHYMII BETEpUHAPHBIN (aKyabTeT ANTailCKOro CelbCKo-
X034MCTBEHHOTO MHCTUTYTA M TIOCTYIIII Ha paboTy B L{eHTpasibHy10 HayYHO-UCCIIEI0BATENbCKY IO
71ab0opaTopuI0 MAHTOBOTO OJICHEBOACTBA, I1I€ MPOILEeT MyTh OT MJIAIIEr0 HAYyYHOTO COTPYIHHKA
JI0 TUpEKTOpa eauHCTBeHHOro B Poccun Hayunoro yupexaenuss CO PACXH, 3anumatomierocs
naHToBbIM osieHeBoacTBOM. C 2017 1. paboran 3aMecTHTENeM IUpPEKTopa Mo HaydHOH pabore
denepanbHOT0 AJNTalCKOTO HAyYHOTO IIEHTPa arpoOHoTexXHONoTuil (Anraickuit kpait, bapuayin).

Bacummii ['epacuMoBHY OBUT BEAYIIMM yYEHBIM B 00JIACTH MAHTOBOTO OJIEHEBOJACTBA B Poc-
cuiickoil @eaepanuu u crpadn CHI. B 1985 1. emy npucyxieHa creneHb KaHau1aTa BEeTepruHap-
HBIX HayK, B 1993 1. — nokropa BeTepuHapHbIX HaykK, B 2000 1. — yueHoe 3BaHue npodeccopa, B
2006 r. — moueTHOE 3BaHUE «3aciyXeHHbIN AesTenb Hayku Poccuiickoit @enepanumn», B 2010 .
OH HarpaxaeH opaeHoM Ilouera.

bnaromapst MHOTOJIETHEH HAayYHO-HUCCIIEA0BATEIBCKOM padoTe, KoTopasi UMela He TOIbKO (pyH-
JaMEHTAJIbHOE 3HaY€HHE, HO HECJIa U HAy4YHO-NPAKTUYECKYIO 3HAYMMOCTb, a TAKXKE MPUPOTHOM
TPYIOBOW HAIOPUCTOCTH, BBICOKOMY TPYAOII00HIO U 1eneycrpemiieHHocTd B.IN Jlynuupin omy-
onmukoBas 6osee 760 HayuHbIX paboT, B ToM yucie 29 moHorpaduii 1 KHUT, S0 HAyYHO-METO Y-
CKHX pa3pabOTOK M peKOMEHAAINA, 23 TEXHUYECKUX YCIOBUS, HOBU3HA KOTOPBIX MOATBEPKACHA
99 mareHTamMu M aBTOPCKMMHM CBUAETENbCTBAaMU. OH COaBTOP aiTae-CasHCKOW MOPOJbl MapajoB
U JIByX €€ MOPOIHBIX TUIOB (II€0aNUHCKUIN, TEHPIMHCKU), alTae-yCCypHiCKON MOPOABI TSATHHU-
CTBIX OJICHEH.

Hayunas pabora Bacunusa ['epacumoBuua B o0Onactu BeTeprHapuu Oblja MOCBSIIEHA U3yYe-
HUIO HOBBIX METOJIOB TMArHOCTUKHU, MPO(UIAKTUKU U MepaM 00pbObI ¢ HHPEKIIMOHHBIMU (TyOep-
KyJie3, macrepesies, Opyiesies3) 1 HHBA3HOHHBIMU OOJIE3HSIMU MAHTOBBIX OJICHEH; CXeMaM CIIelu-
¢udeckoil MpoUIAKTUKY 3apa3HbIX OOJIe3HEH MapajoB M MATHUCTHIX OJIeHeH; meTroaaM (HK-
CallM TMPU MACCOBBIX 00pabOTKax KUBOTHBIX; BETEPUHAPHO-CAHUTAPHBIM MpaBUiIaM Jis pepm
[IAHTOBOT'O OJIEHEBOJICTBA U 3arOTOBKU, KOHCEPBUPOBAHUIO U ITEPEPa0OTKE MPOIYKIIMH TAHTOBOTO
OJICHEBOJICTBA.

B 300TexHnueckoil mpakTHke pazpaboTaHa u BHeI[peHa COBPEMEHHAs CUCTeMa TUIEMEHHO pa-
OOTBI B TAHTOBOM OJICHEBOJICTBE, UTOTOM KOTOPOM CTalHM PETUCTpallysl ABYX MOPOA U ABYX IO-
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HAMATH YYEHOT'O

POIHBIX TUIOB, pa3padOTKU HOPM KOPMIICHHUSI MapajioB B BUJE TUIIOBBIX PAllMOHOB, UCIIBITAHUE
HOBBIX KOPMOBBIX 100aBOK JJIs TAHTOBBIX OJICHEH, H3y4eHHE MSCHOW MPOAYKTUBHOCTH U Kaue-
CTBa Msca NpeJCTaBUTeIeH ceMeNHCTBa OJIEHEBBIX, pa3pabOTKH CIIOCOOOB MOBBIICHUS BBIXOJA
IIPUILIOJA B TAHTOBOM OJIEHEBOJICTBE.

B obGnactu xpaHeHHs U TIepepabOTKH yCOBEPIICHCTBOBAHBI CYIIECTBYIOIMINE U pa3padOTaHBbI
HOBBIE, C IPUMEHEHHEM COBPEMEHHOT0 000py0BaHNUs TEXHOJIOIMH 3aTOTOBKH, KOHCEPBUPOBAHMUS
1 TIIyOOKOI repepaOboTKU MPOAYKIUK TAaHTOBOTO OJICHEBOJICTBA, METO/IbI OLIEHKU €€ Ka4yeCTRa.

SBnsisch BeIyIIMM CHEIMAIMCTOM IO BOMPOCAaM IMAHTOBOIO oJeHeBoAcTBa, B.I. JlyHuisiH
IIOCTOSIHHO OKa3bIBaJl HAy4YHO-METOIMYECKYIO IOMOLIb XO3sliicTBaM. Pe3ynbrarTsel €ro Hay4dHbIX
paboT MoMyYMIIN MHUPOKOE MPAKTUIECKOE TPUMEHEHUE, OHM OCBOCHBI BO MHOTUX MapajioBOIdE-
CKUX U OJIeHeBoa4YecKuX xo3siiicTBax Cubupu u Poccuu. Ony0iaukoBaHHBIE Hay4YHbIE paOOTHI B
HACTOsIIIIEE BPEMsI MCIIOIB3YIOTC crienuanucTamu u yueHeiMu Poccun u crpan CHI npu mpowns-
BOJICTBE U NepepadoTKe MPOAYKIMH MTAaHTOBOTO OJIEHEBO/ICTBA, OOPHOE € 3apa3HbIMU OOJIE3HIMHU
MIAHTOBBIX OJICHEH, a TAK)Ke B YUEOHOM MPOIIECCE CENbCKOX03iCTBEHHBIX BY30B.

ITon HayunsIM pykoBozacTBOM Bacunms ['epacuMoBrYa NOATOTOBIIEHBI U 3aIUIIEHBI 2 TOKTOP-
ckux u 28 xanauaarckux aucceprauuit. B.I. JIyHunsin — ogun U3 opranuzaropos 7-ro Mexy-
HapOJHOI0 KOHrpecca MO MaHTOBOMY OJIEHEBOJCTBY, Ipoxoausuiero Ha Anrae B 2018 r., Obu1
YJIEHOM PEIAKIIMOHHON KOJIIeruu )KypHaia «BectHuk Anrtaiickoro ['AY», a Takke 4IEeHOM ABYX
JUCCEPTAMOHHBIX COBETOB AJITaICKOrO TOCYAapCTBEHHOTO arpapHOro YHUBEPCUTETA I10 3aLUTE
JIOKTOPCKHUX U KaHJIUJATCKUX AUCCEPTALIUM.

Pa6otsl B.I. Jlynunsiaa ynocroenst 33 aumiaomos npesuanyma CO PACXH u PACXH. 3a
J0OPOCOBECTHBIN TPy OH HEOAHOKPATHO HarpaxkjaeH rnouyetnsiMu rpamoramu CO PACXH, Mu-
HUCTEPCTBa 00pa30BaHUs U HAyKH, aIMHUHHUCTpAaIUsIMHU AnTaiickoro kpas u Pecrryonmuku Anrai,
SIBJISUICS J1aypeaToM NMpeMuu AnTaiickoro kpas B oonacti Hayku U TexHuku (2013, 2019 rr), npo-
(heccopom roga B HoMUHaIUU cenabckoxossicTBeHnbie (2010 1.) u ecrecTBeHHbIC Hayku (2014 1).

’KuzHeHHbIl nyTh, mpoiineHHblil Bacunuem I'epacumoBuuem — spkuil mpumep 0e33aBETHO-
ro ciy>xeHHst u30paHHoMy aeny. OH HEHHWI B JIIOAX NMpo(eccroHaIn3M, YeCTHOCTh U MOPs104-
HOCTb.

Cxop6um B cBsi3u ¢ koHuUnHOM Bacunus I'epacumoBrya JlyHuipiHa u BelpaxkaeM IiyOOKHe co-
0OJIC3HOBAHMSI POTHBIM U OJTU3KHM.

Komnexturst COHIIA PAH u ®T'BHY ®AHIIA,

akanemuku PAH A.C. Jlonuenxo, B.A. Conowenxo,

B.B. Anom, HU. Kawesapos,

wineHsl-koppecnionnentsl PAH KA. Momosunos, H.A. JJonuenko,
IIOKTOpa BeTepUHAPHBIX Hayk H.A. [lkunw, FO.U. Cymonanunos
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HHPABUJIA JIUISI ABTOPOB

IpaBuna a1 aBTOPOB COCTABIICHBI HA OCHOBE 3THYECKUX MPHHIINIOB, OOIHUX JUI WIEHOB HAYYHOTO COOOIIECTBA, U
TPaBUII MyOMMKAINH B MEKTyHAPOTHBIX U OTEIECTBEHHBIX HAYTIHBIX MEPHOJUICCKAX U3AHUAX, 4 TAKKE B COOTBETCTBHU
¢ TpeboBanusmMu BAK ni1s nepuoandecknux M3gaHUM, BKIIOUCHHBIX B [lepedeHb pOCCHHCKHUX PELEH3UPYEMBIX HAayUYHBIX
JKYPHAJIOB, B KOTOPBIX JOJDKHBI OBITH OIIyOINKOBAHbI OCHOBHBIE HAy4HBIE PE3YJIBTAThl JUCCEPTALUM Ha COUCKAHUE YIEHOH
CTENeHH JOKTOPA U KaHJHaTa HayK.

XKypnan myOnuKyeT OpuruHaIbHbIE CTAaThH M0 (YHIAMEHTAJIbHBIM U MIPUKIIAJHEIM IPOOIEMaM 10 HaIlPaBIICHUSIM:

e o0ree 3emiie/ieNine U PACTCHUEBOJICTRO;

°  CeJICKIIUS, CEMCHOBOJICTBO U OMOTEXHOJIOTHUS PACTCHHIA;

*  arpoxXMMHUsi, arporoYBOBE/ICHHE, 3AIUTA U KAPAHTUH PACTEHHIA;

*  KOPMOIIPOU3BOJICTBO;

*  HHQEKIMOHHBIE OOJIE3HH K UMMYHOJIOTHSI )KUBOTHBIX;

*  YacTHas 300TEXHHS, KOPMIICHHE, TEXHOJOTHH MPUTOTOBJICHUS KOPMOB U MPOU3BOJICTBA MPOAYKIHH KHUBOTHOBOJICTBA;
*  pa3BeJCHHUE, CEICKIIUs, TCHETHKA U OMOTEXHOJIOTHUS JKUBOTHBIX;

°  TEXHOJIOTHH, MAIIUHBI U 000PYI0BAaHHE JJISl arPONIPOMBIIIIIICHHOTO KOMILIEKCA;

*  IHIICBbIC CUCTEMBI.

Crarps, HampaBisieMas B pPEJaKLUWIO, JIOJDKHA  COOTBETCTBOBaTh  TEMAarH4YEeCKMM  pasfeiaM  JKypHaia
«Cubupckuil BECTHUK CEIbCKOXO35IHCTBEHHON HAYKI»:

llh/l(l)p U HAUMECHOBAaHHE Hay'—lHOﬁ CHeuaJbHOCTH B COOTBETCTBUH C HOMemmaTypoii

HaumeHoBaHne pyOpHuKH .
HAYYHBIX CNIeHHAJbHOCTEI, 10 KOTOPBIM NPHCYKIAIOTCSA YYeHbIe CTeNeHH

Semienenne U XuMu3aus 4.1.1. OOmee 3emieneniic U pacTCHHEBOACTBO
4.1.3. Arpoxumusi, arporo4BOBEICHNE, 3aIUTa U KApAaHTUH PACTCHUI

PacTeHneBONCTBO U CeNEeKIHS 4.1.1. OOmee 3emieneniic ¥ pacTCHHEBOACTBO
4.1.2. Cenekuusi, CECMEHOBOJCTBO U OMOTEXHOJIOTHS PACTCHUI

3amuTa pacteHuit 4.1.3. Arpoxumusi, arporo4BoBeICHUE, 3alIUTa U KAPAHTUH PACTCHUI

Kopmomnpon3zBoactso 4.1.1. OOmee 3emieneniic 1 pacTCHHEBOACTBO
4.1.2. Cenexiysi, CEMEHOBOJICTBO M OMOTEXHOJIOTHS PaCTeHUIT
4.1.3. Arpoxumusi, arpornoyBOBeICHNE, 3alUTa U KAPAHTUH PACTECHHH

300TeXHUS U BETEpUHAPUS 4.2.3. NudexkunoHHbie 60IE3HN K UMMYHOJIOTHSI )KHMBOTHBIX
4.2.4. YactHasi 300T€XHUs1, KOPMJIEHUE, TEXHOJIOTUHU [TPUTOTOBJICHUS KOPMOB U IIPOU3BOICTBA
MIPOIYKIINH KHBOTHOBOJICTBA
4.2.5. Pa3BeneHue, CEIEKIHUs, TeHETUKA U OMOTEXHOJIOTUS KUBOTHBIX

Mexanuszanus, apromatuzanusi, 4.3.1. TexHomoruu, MamuHbl 1 000PYLOBaHUE ISl arPONIPOMBIIUIEHHOTO KOMITJIEKCa
MOJICIIUPOBAHHE U
nHpopMannoHHOe oOecredeHne

[lepepaboTka 4.3.3. Ilumessie cUCTEMBbI
CEIIbCKOXO3MCTBEHHOU

MIPOTYKIIUH

4.1.1. OOmee 3emieeniic 1 pacTCHHEBOACTBO

4.1.2. Cenekuusi, CCMEHOBOJCTBO U OMOTEXHOJIOTHS PACTCHUI

4.1.3. Arpoxumusi, arpornoyBOBECHNE, 3aIIUTA U KAPAHTUH PACTECHHH

4.2.3. NudexnmronHsie 00JI€3HN U HMMYHOJIOTHS )KUBOTHBIX

4.2.4. YactHast 300TeXHHs, KOPMJICHUE, TEXHOJIOTUH IIPUTOTOBIICHHSI KOPMOB ¥ TIPOU3BOJICTBA
MIPOIYKLUH KUBOTHOBOJICTBA

4.2.5. PasBenenue, ceJeKIysl, TEHETUKA U OMOTEXHOIOIUS KUBOTHBIX

4.3.1. TexHONOTWY, MAIIMHBI U 000PYIOBAaHKE JJIsl arPOITPOMBIIIICHHOTO KOMILIEKCa

4.3.3. TIumeBble CUCTEMBI

[Ipobnemsl. Cyxaenus
Hayunesle cBs3u

W3 ucropun
CEIIbCKOX03SICTBEHHON HayKU
Kparkue coobuienus

U3 muccepTaiioHHBIX paboT

B sxypHaie Takxke myOauKyTCst 0030pbl, KpaTKue COOOIICHNUS, XPOHUKA, PEIICH3UH, KHW)KHBIC 0003pPEHUS, MaTepHAIIbI
10 UCTOPHUH CEJIbCKOXO3HCTBEHHOW HAYKHU U JIEATEbHOCTU YUPEKICHUN U YUCHBIX.

Yuciio myOnukanuii OJHOTO aBTOpa B HOMEPE SKypHasla HE JOJDKHO INPEBBIIIATh IBYX, HPU 3TOM BTOpas CTAThs
JIOIyCTUMA JIUIIb B COABTOPCTBE.

K paccMOTpeHHIO MPUHUMAIOTCSI MaTepHajbl OT Pa3lHYHBIX KaTerOPH HCCleoBaTelNel, aClIMPaHTOB, TOKTOPAHTOB,
CIICIIHAJIMCTOB U OKCIIEPTOB B COOTBETCTBYIOMINX O0TACTAX 3HAHUI.

Bce crarbu pelieH3upyrOTCs U MMEIOT 3apeructprpoBaHHblil B cucteme CrossRef nanexc DOI.

[Ty6nukanuu Uit aBTOPOB GecIIaTHBI.

ITpu HampaBIeHUU CTATbU B PEAAKLMIO XKypHaIa « CHOUPCKUI BECTHUK CENbCKOXO3SIHCTBEHHON HAYKH» PEKOMEHAYEM
PYKOBOZCTBOBATbCS CIAEAYIOLMMU [IPABUIIAMU.
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PEKOMEHJIALIMU ABTOPY 10 ITIOJAYUN CTATbU

Ipencrasienue cratby B )KypHai1 « CHOUPCKUI BECTHHK CEIIbCKOXO3IHCTBEHHON HAyKM») MOIPa3yMeBaeT, uTo:
e cTarbs paHee He ObuIa OIMyOIMKOBAaHA B IPYIOM >KypHAJIE;
*  CTarhs HE HAXOIUTCS HAa PACCMOTPEHUH B JPYTOM XKYypHaJe;
*  BCE COaBTOPHI COINIACHBI C IMyOJIMKALMEH TEKyIel BEpCUH CTaThH.

Iepen oTpaBKOil cTaThl HA PACCMOTPEHUE HEOOXOMUMO YOSIUThCs, 4To B (aiiie ((aiinax) comepurcs Besi He0OX0-
JMast HHGOpMaIHs Ha PyCCKOM M aHIIMHCKOM SI3bIKaX, YKa3aHbl HCTOYHHKH HH(POPMAIINH, Pa3MENICHHOH Ha PUCYHKAX U
B TaOIHIIaX, BCE CCHUTKU OQOPMIICHBI KOPPEKTHO.

HOPSIJIOK HATIPABJIEHUSI PYKOIIUCEMN CTATEM

1. OTmpaBka cTaThy OCYIIECTBISIETCS Uepe3 AMEKTPOHHYIO pelaKInio Ha caiite xypHaia https://sibvest.elpub.ru/jour/
index. [Tocne npenBapuTeNbHON PETHCTPALUK aBTOPA, B IPABOM BEPXHEM YINIy CTPAaHHIBI BEIOpaTh onuio «OTHpaBUTh
PYKOIHCBY». 3aTeM 3arpy3uTh pyKomHch cTaThu (B Gopmare *.doc mim *.docx) u conmpoBOAUTENbHBIE JOKYMEHTHI K HEll.
[Mocxe 3aBepIeHus 3arpy3Ku MaTepHaIoB 00s3aTeIbHO BEIOpaTh onuuio «OTIPaBUTh THCHMOY», B 3TOM CIIy4ae peJaKius
aBTOMaTHYeCKU OyJeT yBeJOMJICHA O MOTyYSHUH HOBOH PYKOTIHCH.

CompoBoIUTEIbHBIE JOKYMEHTHI K PYKOIIHCH CTaThH:

* CKaH-KOIMS MHChMa OT OPraHHM3alllM C MOATBEP)KACHHEM aBTOPCTBA M Pa3pelleHHEM Ha MyOnMKamuio (oOpaser Ha
http://sibvest.elpub.ru/);

°  CKaH-KOITMS aBTOPCKOM CITPaBKH TI0 MpejcTaBieHHon Gopme (oOpaser Ha http://sibvest.elpub.ru/), B koTopoii 10KHO
OBITH BBIPAKEHO COIIACHE Ha OTKPBITOE OIYOJIMKOBAaHME CTAaThU B TIEYATHOM BapHaHTE >KypHAJIA U €ro dIEKTPOHHOH
KonuH B ceTu VHTEpHeT;

*  CKaH-KOIHS PYKOIMCH C MOAMHUCSIMH aBTOPOB. ABTOD, MOANHUCHIBAsI PYKOIMCH U HAIIPABIISS €€ B PENAKIHIO, TEM CAMBIM
TepeaeT aBTopcKue mpasa Ha u3nanue 31oi cratbt COHIIA PAH;

°  aHKEThl aBTOPOB HAa PYCCKOM U aHIIMHACKOM si3bIkax (oOpaserr Ha http://sibvest.elpub.ru/);

*  CKaH-KOIHS CIIPABKU M3 ACIUPAHTYPHI (U1 OYHBIX aCIIHPAHTOB).

2. Bce nmoctynaronye B peAaki1Iio PyKOIICH CTaTel perucTpUPYIOTCS Yepe3 CUCTEMY IEKTPOHHON penakuuu. B mud-
HOM KaOMHEeTe aBTOpa OTPaskaeTCsl TeKYIIU CTaTyC pyKOIIMCH.

3. Hepeuensupyemble MaTepuaibl (MaTepuaibl HAyYHOH XPOHUKH, PELEH3UHU, KHIDKHBIE 0003pEHUs], MaTepUabl 10
HCTOPUHU CEIbCKOXO3SIHCTBEHHOH HayKU U JeATEIbHOCTH YUPEXKICHUH U yUSHbIX) HaNpasiaioTcs Ha e-mail: sibvestnik@
sfsca.ru u perucTpUpyroTCst OTBETCTBEHHBIM CEKPETAPEM.

HOPAAOK O®OPMJIEHUSA CTATbU

Tekct pyxonucu opopmisiercs mpudrom Times New Roman, keriiem 14 ¢ unrepsainom 1,5, Bce mons 2,0 oM, Hymeparnus
crpanull BHu3y. OObeM crarbi He Oosee 15 cTpanun (BItouas TaOIULbl, WLTIOCTpaluy U 6ubauorpaduio); crareil, pas-
MelaeMbIX B pyopukax «M3 nucceprannoHHbIX pabot» u «Kparkue cooOleHus», — He 6oiiee 7 CTpaHuLL.

CrpykTypa odopmiIeHHs CTATbH:

1. VYIK
2. 3aro/i0BOK CTAaThbH HA PyCCKOM U aHIVIMIiCKOM fI3bIKaX (He Oosiee 70 3HAKOB).
3. ®aMuIuU U MHUIHAJbI ABTOPOB, 0JIHOE 0(pULHATBLHOE HA3BAHHE HAYYHOI0 yUpe:KIeHHsl, B KOTOPOM IIPO-

BeJleHbl HCCIeTOBAHUS HA PYCCKOM M AHIVIMIICKOM SI3bIKaX.

Ecin B moaroroBke craThbi NPUHUMANIN Y4acTHE aBTOPHI U3 Pa3HbIX YUPEXKICHHUH, HEOOXOIMMO yKa3aTh MPUHAIJIEK-
HOCTb KaXX/JIOTO aBTOPa K KOHKPETHOMY YUPEXK/CHHUIO C TOMOIILIO HaJCTPOUYHOIO MHEKCA.

4. Pedepar Ha pycckoM H aHIIHiicKoM si3bIkax. O0beM pedepara He menee 200-250 cios. Pedepar sBistercs
KpaTKUM M TOCJIE0BATEIbHBIM H3JI0KEHUEM Marepuana CTaTby 110 OCHOBHBIM pa3/ieliaM M JIOJDKEH OTpakaTb OCHOBHOE
coziepKaHKe, CIe0BaTh JIOTUKE M3JIOKEHHsI Marepraia 1 ONHUCAHUs Pe3yJIbTaToOB B CTAaThe C IPUBEACHUEM KOHKPETHBIX
naHHbIX. He cienyer BKiI04aTh BIiepBbIe BBEICHHbBIE TEPMHUHBL, a00peBHATYPhI (32 HCKITFOYEHUEM O0IIEU3BECTHBIX), CChLI-
KM Ha Juteparypy. B pedepare He ciienyer noqdepkuBaTh HOBU3HY, aKTyaJIbHOCTh M JIMYHBIA BKJIaJl aBTOPA; MECTO HCCIIe-
JIOBaHHsI HEOOXOMMO YKa3bIBaTh 710 00JacTH (Kpast), He YIIOMUHATh KOHKPETHbIE OPraHU3alllu.

5. KuiodeBble €10Ba HA PyCCKOM U AHIVIMHCKOM fI3bIKaX. 5—7 CJIOB IO TeMe cTaTbu. JKenaresibHo, 4TOObI KiTtoue-
BbIE CJIOBA JIOMOJHSAIM pedepar u Ha3BaHUE CTAThU.

6. Hudopmanus 0 KOHPJIUKTE HHTEPECOB JIMOO €ro OTCYTCTBUH. ABTOp 0053aH YBEJOMUTH PEIAKTOPa O peallb-
HOM WJTH TMOTEHIUATHLHOM KOH(IMKTE HHTEPECOB, BKIIOYUB HHPOPMALNIO O KOH(IUKTE HHTEPECOB B COOTBETCTBYIOLIMI
pasnen cratby. Eciin KOHQIMKTA HHTEPECOB HET, aBTOP JOJDKEH TAKKEe COOOIIUTE 00 ITOM.

Ipumep HOpMYITHPOBKH: «ABTOp 3asBISET 00 OTCYTCTBUHM KOH(IUKTA HHTEPECOBY.

7. baarogapHOCTH Ha PYCCKOM M aHIVIMHCKOM si3bIKaxX. B 3TOM pasjerne yka3bIBalOTCSl BCe MCTOUYHUKH (DUHAHCH-
pOBaHUS UCCIIEIOBAHUS, a TAKXkKe OJ1aroJlapHOCTH JIFO/ISIM, KOTOPBIE Y4aCTBOBAIM B pabOTe HaJI CTaThel, HO HE SIBJISIOTCS e
aBTOPAMH.

8. OcHOBHOIi TekcT cTaTbu. [Ipy U30KEHUN OPUTHHAIIBHBIX SKCIIEPUMEHTAJIBHBIX JaHHBIX PEKOMEHIYETCs UC-
I10JIb30BaTh MOA3ArOJIOBKU:

BBEJIEHME (nocranoBka npo0OaeMsbl, e, 3aja41 UCCIIeIOBaHMS)

MATEPUAJI U METO/bI (ycnoBusi, MeTozpl (METOIMKA) UCCIIEAOBAaHUHN, OMTUCaHUE 00BEKTa, MECTO U BPeMs Ipo-
BEJICHYISI )

PE3VYJIBTATBI U OBCYXKJIEHUE

3AKJIIOYEHME nnu BBIBO/IbBI

CurGupCKHii BECTHUK CENBbCKOXO3SHCTBEHHOI Hayku © 2022+ 52 3 133



CIIUCOK JIMTEPATYPbBI. KonmmuecTtBo ncToOUHUKOB HE MeHee 15. B cmmcok nurepaTypsl BKIFOYAIOTCS TOJBKO
peLeH3UpyeMble HCTOUHHKHU: CTaTbU M3 HAyYHBIX JKYpHAIOB U MoHOTpaduu. CamouutupoBanue He 6oree 10% ot obOmie-
ro Konm4ectBa. bubnuorpaduueckuii cnucok 1omKeH ObITh 0(OpMIICH B B/ OOIIEro CIKCKa B MOPSIKE YIOMUHAHUS B
TEKCTE, JKeJIaTeIbHbI CChIIKM Ha MICTOUHUKU 2—3-JIETHET0 CpoKa JaBHOCTH. IIpaBuiia opopMiIeHUs ClIMCKa JIUTEPATyphl — B
coorBercTBuu ¢ TOCT P 7.05-2008 (TpeboBanus 1 IpaBuiia COCTaBIeHUs Oubanorpaduaeckoil cehlikn). B Tekcre ceblika
Ha HCTOYHHMK OTMEUAETCs MOPSAKOBOM IIU(POIi B KBaApaTHBIX CKOOKax, Harpumep [ 1]. JIuteparypa B CriMcKe AaeTcs Ha TEX
sI3BIKAX, HA KOTOPBIX OHA W3/1aHa. B Oubiuorpaduyeckoe onrcanue myOiIuKaiuy HeoOX0MMO BHOCHTh BCEX aBTOPOB, HE
COKpaIlasi uX OJHUM, TpeMs U T.I. HeomycTuMo cokpaiieHie Ha3BaHui CTaTei, )KypHaJIOB, H3IaTeIbCTB.

Ecnu HeoOX0aMMO cocaThesi Ha aBTopedeparsl, AUCCepTalii, COOPHUKY CTaTel, yIeOHUKH, PEKOMEHAAINH, yIeOHbIe
nocobus, I'OCTsl, undopMaluio ¢ caiiToB, CTATUCTUYECKUE OTUETHI, CTAaTbU B OOLIECTBEHHO-IIOIUTUUECKHUX ra3eTax U
npouee, TO TaKkyto HH(GOpMAIMIO clienyeT 0pOPMUTH B CHOCKY B KOHLIE CTpaHUIBI. CHOCKH HyMEpYIOTCs apadckumu 1ud-
pamu, pa3MenaroTcs MOCTPAHNIHO CKBO3HOW HyMepaIuei.

Buumanue! Teopetnueckue, 0030pHbIE U IPOOIEMHBIE CTaTbH MOTYT UMETH IIPOU3BOJIBHYIO CTPYKTYPY, HO 00513aTelIb-
HO JIOJDKHBI COepKaTh pedepar, KIIFoUeBble CIIOBa, CIIUCOK JIUTEPaTyphI.

HNPUMEPBI O®OPMJIEHUS CIITUCKA JIUTEPATYPbBI, REFERENCES U CHOCOK

CIIMCOK JIMTEPATYPbI:

Monozpagusn

Knumosa 3.B. Tlonessie KynbTypsl 3a0alikanbs: MmoHorpagus. Yura: [Touck, 2001. 392 c.

Yacmb Knucu

Xonmos B.I” MunumanbHasi 00paboTKa KyJIMCHOTO Hapa MO sIPOBYIO IMIIEHUIY MPU MHTEHCH(UKAINK 3eMIIeACNs B
FOKHO# Jtecoctenu 3ananHoi Cubupu // PecypcocOeperaroiue ciucteMbl 00paboTku mouBbl. M.: Arponpomusaar, 1990.
C. 230-235.

Ilepuoouueckoe uzdanue

Haxyno A.JL, Jlanwunos H.A., boscanosa I'B., ITakyne B.H. TexHonoruueckyue KauecTsa 3epHa MIrKoi spoBoil mite-
HHUIBI B 3aBUCHMOCTH OT CHCTEMBbI 00paboTKH mouBbI // CHOMPCKUI BECTHHUK CENbCKOXO03sHcTBeHHOM Hayku. 2018. T. 48.
Ne 4. C. 27-35. DOI: 10.26898/0370-8799-2018-4-4.

REFERENCES:

CocraBinsieTcsi B TOM K€ MOPSIIKE, YTO U PYCCKOS3BIYHBIN BAPUAHT, IO CIETYIOMINM MPaBHIaM:

@amunnu W.0. aBTOPOB B YCTOSIBIIEMCSI CIIOCO0E TPAHCIUTEPAIIMH, aHTIION3BIYHOE HA3BAHUE CTAThH, MPAHCAUMEDPA-
Yusi HA36aHUSL PYCCKOAZBIYHO20 UCMOYHUKA (Hanpumep depe3 caum. https.//antropophob.ru/translit-bsi) = anenoaszviunoe
Hazearue ucmoynuka. Jlanee opopmiIeHre st MOHOrpadum: TOPO, aHIIOSA3BIYHOE Ha3BaHHUE W3/IATeIbCTBA, TOJI, KOJIHYe-
CTBO CTPaHUIL; JUTsl XKYpHaa: Toj, Homep, ctpanulibl). (In Russian).

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

TpancnuTepanus aBTOpOB. AHIIOA3BIYHOE HA3BAHUE CTATHU

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

Tpancrumepayus ucmounuxa = Anenoa3viuHoe Ha3eanue UCMOYHUKA

Monozpagus

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

Yacme Knuzu

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

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

Ilepuoouueckoe uzoanue

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

CHOCKH:

Lutupyemslii TekcT'.

'Knumosa 3.B., Anopeesa O.T., Temnuxosa I'I1. TIyTu cTabUIM3aIiiu KOPMOTIpOU3BoACcTBa 3abaiikanbs // [IpobaeMsr 1
MIEPCTIEKTHBEI COBEPLICHCTBOBAHMS 30HAIBHBIX CHCTEM 3€MJIC/ICIIUS B COBPEMEHHBIX YCIOBHSX: MaTepHajbl Hayd.-TIPaKT.
koH(. (Yuta, 16—17 okts16pst 2008 r.). YUura, 2009. C. 36-39.

Hughposoii uoenmughuxamop Digital Object ldentifier — DOI (xorja OH €CTh y LUTHPYEMOIO MaTepHaa)
HEeoOXOIMMO yKa3bIBaTh B KOHIIE OMOINOrpaduuecKoil CChUIKH.

IIpumep:

Chu T., Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize
(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923.
Hanmuue DOI cratbu ciieyeT npoBepsiTh Ha caiite http://search.crossref.org/ wiu https://www.citethisforme.
com. J[J1st 5TOro Hy’KHO BBECTH B IOUCKOBYIO CTPOKY Ha3BAaHHE CTATHU Ha aHIIIHHCKOM SI3BIKE.

PUCYHKMU, TABJINLbI, CKPUHIHOTHI U ®OTOI'PA®OUN

PucyHk# TOIKHBI OBITH XOPOIIET0 KauecTBa, IPUTOJHbIC Ul NIeYaT. Bce pUCYHKH TOJDKHBI UMETh TIOPUCYHOYHBIE
noarmucy. [1oIprcyHOUHYIO MOAITUCH HEOOXOMUMO TEPEeBECTH Ha aHIIMHCKHN S3bIK. PHCYHKH HyMepyloTcsi apaOCKHMHU
mudpaMu 1o TOPSIKY CIeIOBaHuUs B TeKcTe. ECii prCyHOK B TEKCTE OUH, TO OH He HyMepyeTcs. OTCBUIKM Ha PHCYHKH
odopmitsiroTes cnenyronM oopasom: «Ha puc. 3 ykazaHo, 4to ...» win «YKaszaHo, uTo ... (cM. puc. 3)». [logpucyHouHas
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MIOAITUCH BKIIIOYAET ITOPSIKOBBI HOMEp PHCYHKa U ero Ha3BaHue. «Puc. 2. Onncanne KM3HEHHO BayKHBIX IPOIIECCOBY.
[epeBon moapHCyHOUHOH MOANUCH CIEAYET PACTIoNaraTb HOCie MOAPHCYHOUHON IONUCH Ha PYCCKOM SI3BIKE.

Tabauisl JOJKHBI OBITH XOPOLIEro KayecTBa, IPUTOAHbIC AU HedaTd. [IpennouTuTenbHbl TabnuIbl, TPUTOJHbIE JUIs
PEOaKTUPOBAHMUS, @ HE OTCKAHMPOBAHHBIC WM B BUJE PUCYHKOB. Bee TaOmuLbl JOIKHBEL HMETh 3aronoBku. Ha3paHue Ta-
OIUIBI TOMKHO OBITH EPEBENEHO Ha aHNIUMcKuil s3bIk. Tabnuubl HyMepyloTcsa apaOCKUMU LudpaMu 110 MOPSLIKY CIEN0-
BaHMs B TekcTe. Ecii Tabnuna B TekcTe oJjHa, TO OHA He HyMepyeTcst. OTCBUTKH Ha TaOIHIBI 0)OPMIISIOTCS CIIETYIONINM
obpaszom: «B Tabi. 3 ykazaHo, 4TO ...» HIH «YKa3aHO, 4TO ... (CM. TaOiI. 3)». 3arosoBOK TaOIHIbI BKIFOYAET TOPSIKO-
BBIil HOMEp TaOnuIbl U ee Ha3zBaHue: «Tabu. 2. OnrcaHue )KU3HEHHO BaXKHBIX MPOIieccoBy. [lepeBos 3aronoBka TaOIuIbl
ClIe[lyeT pacroararh 11ocje 3arojJoBka TaOIMIBI HA PYCCKOM S3bIKE.

dotorpaduu, CKPUHILIOTH! U JPYrHe HEPUCOBAHHBIE MILIIOCTPALMKY HEOOXOAUMO 3arpyaTh OTIEIbHO B Buje (dailioB
¢dopmara *.jpeg (*.doc u *.docx — B ciydae, eciu Ha M300paKEHNUE HAHECEHBI JOMOMHUTEIbHBIC TIOMETKH). Pa3perie-
HUE U300pakeHus T0IKHO ObITh >300 dpi. Paitiam n300paskeHU HEOOXOMMO PHUCBOUTH HAa3BaHKME, COOTBETCTBYHOIIECE
HOMEpY PUCYHKa B TekcTe. B omucanuu ¢aiina ciemyer OTAeIbHO MPUBECTH TOIPUCYHOUHYIO ITOIUCH, KOTOpAst JOJKHA
COOTBETCTBOBATh Ha3BaHUIO (GpoTorpaduu, MoMeIaeMoi B TEKCT.

Cnenyet oOpaTuTh BHUMaHKE Ha HanMcaHue GopMyIl B cTaThe. Bo n3bexxanue myTaHuIbl He0OOX0AUMO rpedeckue (o, f,
T U Ip.), pycckue (A, a, b, 6 u 1p.) OykBbI ¥ LuGpPbI MUCATH IPIMBIM IIPUGTOM, JIATUHCKUE — KypCUBHBIM (W, Z, m, n u 1p.).
Maremaruueckue 3HaKi ¥ CUMBOJIbI HYKHO ITHCaTh TakXKe MpsiMbIM mpudToM. HeoOXommMo 4eTKo yKa3bIBaTh BEPXHUE U
HIDKHHE HaJICTpOUHble cuMBoIbl (W', F) u ap.).

B3AUMOJENCTBUE MEXIY )KYPHAJIOM U ABTOPOM

Penmaknust mpocuT aBTOPOB MPH MOATOTOBKE CTaTel PyKOBOACTBOBATHCS M3JI0)KEHHBIMH BBIIIE TIPABUIIAMH.

Beenocrynarorue B xxypHas « CHOMPCKUI BECTHHK CEITbCKOX035HCTBEHHOM HAYKNY CTAThU TPOXO/ISAT PEABAPUTEIILHYIO
IIPOBEPKY HA COOTBETCTBHE (hOpMaIbHEIM TpeOOBaHUsIM. Ha 9TOM 3Tane pegakuus OCTaBiIseT 3a cOO0H Mpago:

* MPHUHATH CTAThIO K PACCMOTPEHHUIO;

*  BEpHYTb CTaThbiO aBTOPY (aBTOpaM) Ha JOpabOTKY ¢ IPOCHOOH yCTPAHUTH OLIMOKU WM J00ABUTh HEJOCTAIOLINE JAHHBIE,
*  BEpHYTb CTaTbO aBTOPY (aBTOpaMm) O3 paccMOTpeHHUs1, OOPMIIEHHYIO HE 110 TPeOOBaHUAM >KypHaa;

*  OTKJIOHHUTB CTaThIO M3-3a HECOOTBETCTBHS €€ IIEJISIM )KypHalla, OTCYTCTBHSI OPUTHHATIBHOCTH, MaJIOH HayYHOH IIEHHOCTH.

[epenncka ¢ aBTOpaMu PyKOIIUCH BEAETCS Yepe3 KOHTAKTHOE JIUI0, YKa3aHHOE B PYKOIIHCH.

Bce HayuHble CTaTbH, MOCTYNUBIIME B PeNaKkIUIo xKypHaiaa « CHOMPCKUM BECTHHK CENbCKOXO3SIMCTBEHHOM HAayKm»,
MIPOXOAAT 00sI3aTENIbHOE ABYXCTOPOHHEE «ciernoey» pereHsupoBanue (double-blind — aBTop U perieH3eHT HE 3HAIOT JPYT O
Jpyre). Pykonucy HarpasIsitoTes 10 IpoQUIIl0 HayYHOro UCCIEJOBAHUS Ha PELICH3UIO WIEHAM PEJaKIIUOHHOM KOJLIeruy.

B cropHbIX cily4asx peJakTop MOKET [IPUBJIEUb K IIPOLECCY PELIEH3UPOBAHUS HECKOIBKUX CHELHAINCTOB, a TAKXKE [T1aB-
HOTO penakTopa. [Ipu MoNoKUTETFHOM 3aKITIOYEHIN PELIEH3EHTa CTaThs IepefaeTcsl peAaKTopy ISl HOATOTOBKH K ITeYaTH.

[Ipu mpuHATHH pelIeHHs 0 TOpadOTKE CTaThH 3aMEUaHMs U KOMMEHTapHH PELeH3CHTa MePeIatoTCsl aBTOPY. ABTOPY
JaeTcs 2 Mecsla Ha yCTpaHeHUs 3aMedanuid. Eciiu B TeueHne 3Toro cpoka aBTop He YBEJOMMI PEAAKIMIO O MIIAHUPYEMbIX
JNEeHCTBUSX, CTaThsl CHUMAETCSI C OUepey My OnuKauy.

ITpu npuHATUM peleHus 00 OTKa3e B My OJIMKALMU CTaTbH aBTOPY OTIPABIISAETCS] COOTBETCTBYIOLIEE PEIICHUE PEJAKIUU.

OTBeTCTBEHHOMY (KOHTAKTHOMY) aBTOPY NPUHATOHN K MyOJIMKAIIMU CTaThH HANIPABIIseTCsl (PUHANBHAS BEPCHUSI BEPCTKH,
KOTOPYIO OH 00s513aH IIPOBEPUTb.

HOPSJTOK IEPECMOTPA PEIIEHUI PEJAKTOPA/PEIIEH3EHTA

Ecnu aBTOp HE COMIACeH C 3aKIIOYCHHEM PEICH3CHTa M/HIH PENaKTOpa WITH OTACIbHBIMU 3aMCYaHHUSIMU, OH MOYKET
OCIIOPHUTH NPHHSATOE perieHne. JJist 3Toro aBTopy HeoOX0AUMO:
° HCTIPAaBUTD PYKOIIMCH CTATbU COITIACHO O6OCHOBaHH])IM KOMMCHTAapUsAM PELCH3CHTOB U PEAAKTOPOB;
*  SCHO U3JIOKHTH CBOIO IO3MIIHIO [10 PACCMATPUBAEMOMY BOIIPOCY.

PenmakTopbl COAEHCTBYIOT IIOBTOPHOH IMOfIaue PYKOIUCEH, KOTOPbIC MOTEHIUAIBHO MOTIH ObI OBITH TIPHHSATHI, OHAKO
ObLIM OTKIIOHCHBI U3-32 HEOOXOAMMOCTH BHECCHUSI CYIICCTBEHHBIX M3MECHCHHUI WM COOpa JOIOIHUTEIBHBIX JaHHBIX, U
TOTOBBI TIOIPOOHO OOBSICHUTB, YTO TPEOYETCS UCTIPABUThH B PYKOIIUCH ISl TOTO, YTOOBI OHA ObLIA TIPUHSTA K ITyOIHKALIMH.

JEUCTBUS PEJAKIIMA B CIYUAE OGHAPY KEHUS IVIATUATA, PABPUKALIAN
NJIN PANBCUPUKALINN JAHHBIX

Penakuus HaydHoro )xypHasia «CHOMPCKUI BECTHUK CENbCKOXO3SIHCTBEHHOM HAYKW» B CBOCH PabOTE PYKOBOJICTBYETCS
TPpaAUIIMOHHBIMU JTHYCCKUMH NPUHIUIIAMU Hay‘lHOﬁ NEpUOAUKHA U CBOAOM IPHUHIHUIIOB «KOI[GKCB. OTHKH HAYYHBIX
myOnukanuiiy», pa3paboTaHHBIM U YTBEPKICHHBIM KOMUTETOM 110 3THKE HaY4HBIX ITyOIUKaIMid, TpeOys COOMIONEHHS ATHX
MIPaBUJI OT BCEX YYACTHUKOB M3/IaTENILCKOTO Mpoliecca.

HUCITPABJIEHUE OLLINBOK U OT3bIB CTATBHU

B cnydae oOHapyKeHHUs] B TEKCTE CTAaThbU OIIMOOK, BIMSIOIINX HA €€ BOCHPHUSITHE, HO HE MCKAKAIONINX U3JI0KEHHBIE
Ppe3yIbTaThl UCCIEIOBAHMS, OHH MOTYT OBITh UCIIPaBIEHBI IyTeM 3aMeHbl pdf-¢aiina crareu. B ciyuae oOHapyKeHUs B
TEKCTE CTAaThH OIIMOOK, NCKAKAIOIIMX PE3yJIbTaThl MCCIICAOBAHMUS, JTMOO B Cilydae mjaruara, oOHapyKeHHs Helo0poco-
BECTHOTO TIOBE/ICHHSI aBTOpa (aBTOPOB), CBA3AHHOTO C (asibcupuKanueit n/umm padprKanneil JaHHbIX, CTaThs MOXKET ObITh
0TOo3BaHa. IHUIIMATOPOM OT3bIBA CTATHH MOKET OBITh PEAAKIIHsI, aBTOP, OPTraHU3aIns, YacTHOe Jui0. OTO3BaHHAS CTaThs
romMevaeTcst 3HakoM «CTaThs 0TO3BaHay, Ha CTPAHUIIE CTAThU pa3MelaeTcsi HHPOpMaIHs O MPUIMHE OT3bIBA cTaThi. MH-
(dopmanus 00 0T3bIBE CTAThU HANPABISIETCS B 0a3bl JaHHBIX, B KOTOPBIX HHICKCHPYETCS Ky PHAIL.
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YBAKAEMBIE THO/JITHCYUKH!

IMoanucky Ha xxypHan « CHOMPCKHIA BECTHHUK CEJILCKOXO3SIMCTBEHHOM HayKm
(kak Ha TOAOBOW KOMIUIEKT, TaK ¥ Ha OTACJIbHBIC HOMEPA)
MOXHO O()OPMUTH OJTHUM U3 CIEAYIOUINX CIIOCOOOB:

— Ha caiite [loura Poccun. 3aiitu B paznen «OnnaiiH-cepBUChHI», 3aTeM — «[lognucarbes Ha
raszery win xxypHamn». [lognucnoit unaexc uzganus [IM401;

— B arenrctBe noamuckun 'K «VYpan-Ilpecc» mno wunnexkcy 46808. Ccpuika Ha wu3gaHUe
http://ural-press.ru/catalog/97210/8656935/?sphrase 1d=319094. B pa3nene KOHTaKThI 3alTH
1o cceike http://ural-press.ru/contact/, rae MOXXKHO BBIOpaTh (pUIIHAI IO MECTY JKUTEIBCTBA;

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

ITonHOTEKCTOBAS BEpcus KypHaIa
«Cubupckuii BECTHUK CETCKOX03HCTBEHHOM HAYKID)
pa3mMeieHa Ha caiite Hayunoit anekTpoHHOM OUOIHOTEKH:
http://www.elibrary.ru.
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