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JxoHommn4yeckasi 3QpGeKTUBHOCTH NMPOU3BOACTBA TOMATOB
O0TEeYeCTBEHHBIX COPTOB € MCIIOJIb30BaAHMEM OHoNpenapara

<) Axmenosa I1.M.

Deoepanvubiii azpapubiil HayyHvlil yenmp Pecnyonuku [acecman
Maxaukana, Pecybnuka Jlarecran

C<XDe-mail: apm64@mail.ru

[IpencraBnensl pe3ynbTaThl HMCIBITAHUM OTEUECTBEHHBIX COPTOB TOMara C IPUMEHEHHEM
OMOCTUMYJISITOpPA POCTA Ha MPOAYKTUBHOCTh PACTEHUH B YCIOBHSX OTKPBITOro rpyHra Tepcko-Cynakckoi
noxnpoBuHMU Jlarecrana. llenpto mccnenoBaHuil ObUIO M3yYeHHWE HOBBIX OTEYECTBEHHBIX COPTOB
Tomara cenekimu deepanbHOro HaydHoro neHTpa osomeBocTBa (PHIIO) u oneHka 3KOHOMHUYECKOM
a¢dexTuBHOCTH TIpUMeHEeHus1 Omonpenapara Pemukr P (kmaxwii). HoBble oTeuecTBeHHBIE cOpTa
TOMaTa, BbIBEICHHBbIC y4eHbIMHU-cenekunoHepamn PHLIO s 30H PUCKOBaHHOIO 3eMIICACIHUS, B
ycnoBusx tora Poccnm mokazanm JOCTaTOYHO BBICOKHE PE3YABTaThl MO0 OCHOBHBIM XO3AHCTBEHHO
LeHHBIM NoKa3zaresiM. Ha mocankax npumenen Penukr P — npenapar Ha ocHOBe colieil TyMHUHOBBIX U
(byITbBOKHCIIOT, 00TaJalONINI POCTOCTUMYIIMPYIOIIUMH, aAaNTOTEHHBIMA WU 3al[UTHBIMU CBOWCTBAMH
JUISL IIMPOKOTO CIIEKTPa CENbCKOXO3SIMCTBEHHBIX Kynbryp. Ilpemapar paspaGoran B Cubupckom
otnenenun Poccuiickoii akagemun Hayk. Komnanus-nponssoaurens — OO0 HIIII «I'enesncy (Poccus).
TomaTbl BBIpAIIMBAIMCE O OOIIEIPUHATON TEXHOJIOIMU B YCIOBHAX OTKPBITOro rpyHTa. Bee copra
ABJISIIOTCS. PAHHECIIENIBIMUA C TIPOIODKUTEIBHOCTIO Bereranonnoro mepuona 93-110 cyr.  Ilo
YPOXKallHOCTH HAWJIYYLIMMH IoKazaressiMu obnaganu copra Bocxon BHUMCCOKa, bnaronarusiii u
ConpyxectBo (85,3; 83,6 u 78,2 1/ra). Bece copra Tarkke OTJIMYMINCH BHICOKOM PaHHEH yPOXKaiHOCThIO
(24,2-42,5 1/ra). ComepxaHue cyxoro BeliectBa BapbupoBajio oT 4,1 1o 6,9%. Jlyumumu copramu
okazanmchk Buxunr, ConpyskectBo, brnarogarasriii, ux uaaekc coctaBui 15,2; 13,1 u 8,2 cooTBeTCTBEHHO.
ConeprkaHue acKopOMHOBON KUCIIOTHI BapbupoBaio oT 24,85 no 45,20 mr%. Copt Bukunr omyancs
BBICOKMM cofieprkanueM ButamuHa C (45,20 mr%), a taoke ButamuaoB B1, B2, B6, B5 (0,074; 0,058;
0,083; 0,258 Mr%). Copt MarHar oTsr4alicsi caMbIM BEICOKUM cojiepkanueM ButamuHa B3 (0,511 mr%).
[Ipumenenne Onorpenapara 3HaYUTEIHHO MOBBICHIIO YPOXXKAMHOCTH MO CPAaBHEHMIO ¢ KOHTpoJeM (Ha
4,1 1/ra), OHa OKa3anach BBILIE 3aIJIaHUPOBAaHHON ypoxkaiiHOCTH (80 T/ra). YpoxKallHOCTh TOMaToB IPH
UCIIOJIb30BaHuM cpeyicTBa Penukr P cocrasuia 85,3 1/ra. Mcnonb3oBanue Ouonpenapara 00ecieunio
BBICOKHH MOJIOKHUTEIBHBIN 3KOHOMUYECKUI 3P (EeKT — YMCThII JOX0 U yPOBEHb PeHTa0eIbHOCTH ObUTH
BBIIIIE [TPY CTIONBb30BaHUHU cpenicTBa PenmukT P u coctaBuim 3928,5 Toic. p./ran 12% cootBercTBenHo. [1o
pe3yabTaTtaM MCCIeJOBaHUI PEKOMEHYeTCsl MCIIOIb30BaTh T'YMUHOBBIN mpenapar Peiaukrt P (Gkumkuii)
Ha TOMarax JJIsl TOBBIIIEHHS yPOXKaWHOCTH U Ka4eCTBEHHBIX TIOKA3aTelel B YCIOBHAX I0ra CTPAHbI.

KutroueBble cj10Ba: Tomar, copra, Ononpenapar, MexQasHble IEpHO/Ibl, Macca II0AA, yPOKAHHOCTB,
CyXHe BEIECTBa, BATAMUHBI, SKOHOMHYECKast 3PPEKTUBHOCTh

Economic efficiency of domestic tomato varieties
production with the use of biopreparations

(C<)Akhmedova P.M.

Federal Agrarian Scientific Center of the Republic of Dagestan
Makhachkala, Republic of Dagestan
C<XDe-mail: apm64@mail.ru

The results of domestic tomato varieties testing with application of growth biostimulant on plant
productivity in open ground conditions of the Tersko-Sulak subprovince of Dagestan are presented. The
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Economic efficiency of domestic tomato varieties production with Akhmedova P.M.

the use of biopreparations

purpose of the research was to study new domestic tomato varieties of the Federal Research Center for
Vegetable Growing (FRC VG) selection and to assess the economic efficiency of the application of bio-
preparation Relict R (liquid). New domestic tomato varieties, bred by scientists-breeders of the Federal
Research Center for Vegetable Growing for risky farming zones, in the conditions of southern Russia
have shown quite high results on the main economically valuable indicators. Relict R, a preparation
based on salts of humic and fulvic acids with growth-stimulating, adaptogenic and protective properties
for a wide range of crops, was applied at the plantings. The preparation was developed at the Siberian
Branch of the Russian Academy of Sciences. The manufacturing company was OOO RPE “Genesis”
(Russia). Tomatoes were grown according to generally accepted technology under open ground condi-
tions. All varieties were early maturing with a growing season duration of 93—110 days. Voskhod VNI-
ISSOK, Blagodatny and Sodruzhestvo varieties showed the best yields (85.3; 83.6 and 78.2 t/ha). All va-
rieties were also distinguished by high early yields (24.2-42.5 t/ha). Dry matter content ranged from 4.1
to 6.9%. The best varieties were Viking, Sodruzhestvo, and Blagodatny, with indexes of 15.2; 13.1; and
8.2, respectively. The ascorbic acid content ranged from 24.85 to 45.20mg%. The Viking variety was dis-
tinguished by high content of vitamin C (45.20mg%), as well as vitamins B1, B2, B6, B5 (0.074; 0.058;
0.083; 0.258 mg%). The Magnat variety stood out for the highest content of vitamin B3 (0.511 mg%).
Application of the biopreparation significantly increased the yield compared to the control (by 4.1 t/ha),
it was higher than the planned yield (80 t/ha). Tomato yield when using Relict R was 85.3 t/ha. The use of
biopreparation provided a high positive economic effect — net income and profitability level were higher
when using Relict R and amounted to 3928.5 thousand rubles/ha and 12%, respectively. According to
the results of the research it is recommended to use humic preparation Relict R (liquid) on tomatoes to
increase yield and quality indicators in the conditions of the south of the country.

Keywords: tomato, varieties, biological product, interphase periods, fruit weight, yield, dry sub-
stances, vitamins, economic efficiency
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INTRODUCTION of agricultural producers is to obtain a product

with high profitability and low production costs
[1].

One of the important problems of agricultural
development is the economic independence and

food security of the country. The industry is able
to meet the needs of the population with envi-
ronmentally friendly safe food products, and ag-
ricultural producers with quality seeds at the ex-
pense of domestic production. The ultimate goal

Tomato Solanum lycopersicum L. is one of
the main vegetable crops, samples and varieties
of which are characterized by a low level of ge-
nomic polymorphism. In introgressive tomato
breeding, related wild Solanum species are used
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to improve varieties for stress tolerance and fruit
quality traits [2].

Since tomatoes are cultivated in different
ecological conditions on different soils, under
irrigation and in dryland areas, there is a need
to select the varieties of this crop in accordance
with the needs of agribusiness. Insufficient heat
resources do not allow growing tomato varie-
ties with a long growing season in the Piedmont
Dagestan. Therefore, it is necessary to select
them properly, taking into account the micro-
zonal differences [3].

An increase in the yield and economic effi-
ciency of tomato cultivation can be achieved by
introduction of new high-yielding varieties and
hybrids adapted to local acutely arid climatic
conditions, as well as the introduction of ad-
vanced elements of technology [4].

The required level of soil moisture in com-
bination with the application of the calculated
doses of mineral fertilizers during the growing
season ensures the planned yields of vegetables,
including tomatoes [5].

Foliar dressing of tomatoes with microele-
ments on the background of the main fertilizer
also increased the accumulation of vitamin C in
ripening fruits, had a favorable effect on more
active movement of vitamin in tomato fruits.
Mineral elements had a positive effect on more
active movement of vitamin C from the place of
their synthesis (leaves) to the place of their accu-
mulation (fruits) [6].

At present, there is a growing interest in the
qualitative and quantitative increase in the con-
tent of healthy compounds in tomato fruits in
order to further increase the nutraceutical poten-
tial of the crop. Modern biochemical research
is aimed at identifying and quantifying compo-
nents of plant raw materials and assessing their
biological activity. Such data are also necessary
for the development of useful food and nutra-
ceutical supplements [7].

Ascorbic acid (ascorbate, vitamin C) plays
an important role in various metabolic processes
in both plants and humans; therefore, increasing
ascorbate content in plant cells using breeding
approaches is important in order to increase both
the nutritional value of fruits and plant resistance

to stress. It is known that tomato has a high po-
tential as a source of ascorbate in the human diet
[8].

It is known that varieties with fruits of crim-
son and yellow color are in high demand among
the population. And their price, as a rule, is high-
er than that of the red-fruited varieties. Raspber-
ry tomatoes with large fruits are especially at-
tractive; the flavor qualities of raspberry-fruiting
varieties are almost always higher than those of
the red-fruiting varieties [9].

The fruit size control in Solanum lycopersi-
cum L. is carried out by a group of loci that regu-
late the processes of cell division and expansion
at four different stages of fruit development,
from oocyte development and ovary formation
after fertilization to cell division and expansion
of the cells forming the mature fruit. To date, 37
such loci are known [10].

The Ripening Inhibitor (TF RIN) transcrip-
tion factor is one of the key regulators of the to-
mato fruit ripening cascade. By controlling both
ethylene-dependent and ethylene-independent
ripening pathways, TF RIN triggers the opera-
tion of a variety of structural and regulatory
genes that determine such aspects of tomato fruit
ripening as chlorophyll loss, biosynthesis of ca-
rotenoids, aromatic components, organic acids,
modification of cell wall structure, and accumu-
lation of sugars [11].

Literature sources note the positive effect of
humic preparations on germination ability and
germination energy of seeds, on acceleration of
phenological phases of development, increase in
the yield and quality of products, active effect on
metabolism, as well as on increasing plant resis-
tance to biotic and abiotic environmental factors.

Humic substances are the most important
component of soil organic matter. Numerous
studies have revealed a wide range of effects
of humic substances on plants. Humic substan-
ces contribute to the improvement of the gene-
ral condition of plants and optimization of their
development, effective assimilation of nutrient
elements by plants [12].

One of the main technological operations in
the extraction of humates i1s additional grinding
of water-peat or water-coal suspension in order
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to accelerate the physical and chemical proces-
ses of humic acid extraction. For this purpose,
various types of pulverizers are currently used:
dispersants, dismembrators, cavitators, ball
mills and other types [13].

Properties and availability of humic substanc-
es allow to use them as promising reagents for
the task of solving various environmental prob-
lems, but the natural origin, as well as the com-
plexity and diversity of the material composition
require the development of technologies for the
production and use of humic preparations [14].

Humic preparations are used to increase seed
germination, accelerate growth and development
of plants, increase yield and quality of products.
They adapt plants to natural and anthropogenic
influences, accelerate the phenological phases of
development, have an active effect on metabo-
lism, limit the entry of toxicants into the plant'~.

The purpose of the research is to study new
domestic varieties of tomato (Lycopersicon es-
culentum) of the Federal Research Center for
Vegetable Growing selection and to evaluate
the economic efficiency of the application of the
bio-preparation Relict R on the yield of the crop.

MATERIAL AND METHODS

The experimental work was carried out on
the basis of the Federal Agrarian Scientific Cen-
ter of the Republic of Dagestan (FASC RD) in
the Kizlyarsky district of the Tersko-Sulak sub-
province.

The soil was alluvial-meadow, medium-so-
lonchak, medium loamy. Soil reaction was
slightly alkaline. The saturation with bases was
up to 98-99%. Humus content in the arable lay-
er was 2.8-3.0%, hydrolyzable nitrogen — 3.5—
3.7 mg/100 g of soil, mobile phosphorus P,O, —
1.8-3.5 mg/100 g of soil and exchangeable po-
tassium — 37-43 mg/100 g of soil.

The forecrop was winter wheat. Agrotechnics
of tomato cultivation was the one generally ac-
cepted in the Republic of Dagestan.

After harvesting the forecrop, two cultiva-
tions with disc implements were carried out at
a depth of 810 cm with simultaneous harrow-
ing to the extent of weed growth. In autumn
at the end of September plowing to a depth of
30 cm was carried out and a fertilizer was ap-
plied, in spring harrowing, two cultivations and
the installation of a drip irrigation system. To-
mato was grown by a seedling method using
drip irrigation. The seedlings were grown in a
greenhouse for 45 days and planted in the field
in the second ten-day period of April. Weeding
was carried out, when necessary, as part of weed
control. Watering was carried out, maintaining
soil moisture at 75-80% MWC, with an irriga-
tion rate of 85-100 m?/ha. Care of tomato plant-
ings included plant protection from pests and
diseases. Aktellik, Aktara and Iskra M were used
against pests, while Hom, Quadris and Ridomil
Gold were used against diseases. Tomatoes were
harvested manually as the fruits ripened.

Calcium nitrate, potassium nitrate, monoka-
lium phosphate, ammophos, and biopreparation
Relict R were used as mineral fertilizers. The
calculated dose of fertilizers for the planned
yield of tomatoes in 80 t/ha according to the
experimental method was N, P . K .. Mineral
fertilizers were added to the main fertilizer and
as part of the top dressing by a drip irrigation
method.

Relict R preparation (manufacturer — OOO
RPE “Genesis” (Russia)) is composed of salts
of humic and fulvic acids 40—60 g/l + microele-
ments. The rate of consumption in the experi-
ment was 5 l/ha.

Soil and plant samples were analyzed in the
analytical laboratory of the FASC RD according
to the generally accepted GOSTs.

The 45-day-old seedlings were planted in the
open ground manually according to the scheme
150 x 25. The number of the variants — 7, repe-
tition of the experiment 3-fold. The area of the
registration plot — 15 m?.

'Malkhasyan A.B., Pavlov I.N. Influence of natural growth regulators on the yield and quality of white cabbage // Izvestia Oren-

burg State Agrarian University, 2018, N 6, pp. 116-119.

2Kirdey T.A. Humic preparations in agrotechnologies // Zemledelie, 2013, N 5, pp. 12-14.

3Shcherba E.V,, Potapova S.S., Galeev R.R. Quality of seedlings of early maturing white cabbage depending on growth regulators
in the forest-steppe of the Novosibirsk Priobie // Bulletin of Altai State Agricultural University, 2013, N 3 (101), pp. 8-12.
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Six varieties of the FSBSI FASC RD (VNI- RESULTS AND DISCUSSION
ISSOK) selection were studied: Blagodatny, Vi-
king, VNIISSOK Voskhod, Magnate, Severyan-
ka, Sodruzhestvo, and Fakel (control).

Laying of the field experiments was carried
out in accordance with the methodological in-

According to the vegetation period, the
studied tomato varieties belong to very early —
Severyanka, Blagodatny, Magnat, VNIISSOK
Voskhod, Viking (from sprouting to maturity
structions®. 90-100 days), early — Sodruzhestvo (106 days)

Statistical processing of the yield data was and middle-early — Fakel (110 days) (see Ta-
carried out according to B.A. Dospekhov’ ble 1). This trait varies greatly depending on
using computer programs for statistical data soil-climate and light zones of the country. The
processing. difference between the varieties in the dura-

Meteorological observations were carried out  tion of the germination — flowering period was
taking into account the periods of growth and 1-6 days. This period was the longest (52 days)
development of the studied crop (see Fig. 1, 2). for the varieties Sodruzhestvo and Fakel. The
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— Long-term average annual —— 2022 — Long-term average annual —— 2023

Puc. 1. Temmieparypa Bo3ayxa B iepuon Beretaruu, °C: a —2022 ;6 — 2023 .
Fig. 1. Air temperature during the growing season, °C: a —2022; 6 — 2023
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Fig. 2. Amount of precipitation during the growing season, mm: a —2022; 6 — 2023

“Methodological guidelines for selection of tomato varieties and hybrids for open and protected soil. Moscow, VNIISSOK, 1986, 64 p.
SDospekhov B.A. Methodology of field experiment: textbook. Moscow: Agropromizdat, 1985, 351 p.
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difference between the varieties is also mani-
fested in the duration of the flowering — ripening
period. Duration of this period varied from 44
(in the Voskhod VNIISSOK variety) to 58 (in
the Fakel variety). The results of the 2023 re-
search show some advance (by 4—7 days) in the
duration of the sprouting — ripening period com-
pared to 2022. This was promoted by the techno-
logical method with the use of a covering film.
The most biologically early maturing varieties in
2023 were the varieties Voskhod VNIISSOK (90
days), Severyanka, Blagodatny (93 days), Mag-
nat (94 days).

According to the bush type, the studied va-
rieties belong to common and half-standard
forms. The height of the main stem varied from
48 (Magnat) to 77 cm (Viking).

All the studied varieties are early maturing
with a growing season duration of 93—110 days.
The yield of tomato varieties ranged from 43.5
to 85.3 t/ha (see Table 2). A significant increase
in the yield by 41.8; 40.1 and 34.7 t/ha at LSD
of 4.1 t/ha was observed in the varieties Vosk-
hod VNIISSOK, Blagodatny and Sodruzhest-
vo (85.3; 83.6 and 78.2 t/ha). For the varieties
Severyanka and Magnat, the increase in the fruit
yield was 11.6 and 14.2 t/ha.

The yield of the Viking variety was at the level
of the control. All the studied varieties were dis-
tinguished by high early yield (24.2 — 42.5 t/ha).
The early yield was influenced by the use of

the covering film from the moment of seedling
planting (12.04) until the establishment of opti-
mal weather conditions for the growth and de-
velopment of tomato culture, in our experience
until (05.05). The fruit weight ranged from 76
to 114 g. The highest fruit weight was observed
in the varieties Blagodatny, Sodruzhestvo, Vosk-
hod VNIISSOK and amounted to 111, 113,
114 g, which is a significant increase compared
with the control by 31-33 g at LSD, = 10.

Dry matter content varied from 4.1 to 6.9% in
the studied varieties.

Sugar content varied from 3.20 to 3.49%.
The best varieties were Viking, Sodruzhestvo,
and Blagodatny, their index being 15.2; 13.1 and
8.2, respectively.

The Severyanka variety had an index of 7.4.
VNIISSOK Voskhod was slightly lower in this
index (with an index of 6.8). The Magnat vari-
ety was behind the control, its index amounted
to4.1.

According to Table 3, the high content of vi-
tamins B1, B2, B6, and B5 was characterized
by yellow-fruited fruits of the Viking variety
(0.074; 0.058; 0.083; 0.258 mg%). The Magnat
variety was characterized by the highest con-
tent of vitamin B3 (0.511 mg%). Other varieties
were at the level of the control variety in terms
of vitamin B content.

The ascorbic acid content varied from 24.85
to 45.20 mg%. The Viking and Sodruzhestvo

Ta6a. 1. TpogomKkuTensHOCTh MEXK(A3HBIX MEPHOIOB Y UCCIETYEMBIX 00Pa3I0B TOMATa
Table 1. Duration of the interphase periods in the studied tomato samples

| Spaing || Foworhg- | Sproung-
Variety

2022 2023 2022 2023 2022 2023 2022 2023
Severyanka 1.03 7.03 54 47 43 46 97 93
Magnat 1.03 7.03 56 48 44 46 100 94
Blagodatny 1.03 7.03 51 47 48 46 99 93
Voskhod VNIISSOK 1.03 7.03 52 46 48 44 100 90
Viking 1.03 7.03 53 51 50 49 103 100
Sodruzhestvo 1.03 7.03 59 52 52 54 111 106
Fakel (control) 1.03 7.03 59 52 55 58 114 110
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Tao6a. 2. Xo3gHCTBEHHO LCHHBIC IMMOKa3aTeJIu JETEPMHUHAHTHBIX COPTOB TOMAaTa

Table 2. Economic valuable indicators of determinant tomato varieties
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varieties were characterized by higher vitamin
C content in the fruits — 45.20-45.03 mg%. Sig-
nificantly lower vitamin C content was observed
in the variety Severyanka (24.85 mg%, control —
32.38 mg%). Other varieties did not show signi-
ficant differences compared to the control.

All the obtained data reflect the high effect of
application of the biopreparation Relict R. Table
4 shows some indicators of the fruit quality in
the variety Voskhod VNIISSOK.

Application of the biopreparation contribu-
ted to an increase in dry matter content by 0.6
—1.0%. The highest accumulation of dry matter
was observed in tomato fruits grown in 2023
with the use of the Ground + Relict R technolo-
gy, the index was 1.0% higher than the control.

The effective variant (feeding scheme) for
accumulation of sugars in tomato fruits was
Ground + Relict R —3.1-3.2%, which was high-
er than in the control by 0.2-0.3% by years.

According to the results of the tasting evalu-
ation, the fruits of the tomatoes Voskhod VNI-
ISSOK got 4.7— 4.9 points on a five-point scale
under the feeding scheme Ground + Relict R,
which was 0.3— 0.4 points higher than the con-
trol depending on the year of use.

The positive effect of the humic preparation
on the yield increase in our studies is shown
in Table 5. When using the feeding scheme
Ground + Relict R, the yield of the tomato va-
riety Voskhod VNIISSOK increased by 4.1 t/ha,
which is significantly higher compared to the
control.

Analysis of economic efficiency of the bio-
preparation application showed that sales reve-
nue increased by 287 thousand rubles/ha on ave-
rage.

Net profit from the use of the Ground + Relict
R amounted to 3928.5 million rubles/ha, which
is 275 thousand rubles/ha higher than the control
variant. At the same time, profitability was high-
er by 12% of the control variant.

CONCLUSION

According to the results of our research, the
interphase periods of new domestic tomato va-
rieties were determined. All varieties are early
maturing with duration of the vegetation period
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Ta6a. 3. CoaepkaHue BUTAMUHOB B TUIOJIaX U3y4aeMbIX COPTOB TOMaTa
Table 3. Vitamin content in the fruits of the studied tomato varieties

Vitamin content, mg%

Variety Vitamin Bl Vitamin B2 Vitamin B6 Vitamin C Vitamin B3 Vitamin B5

2022 | 2023 | 2022 | 2023 | 2022 | 2023 2022 2023 2022 | 2023 | 2022 | 2023

Severyanka 0,041 | 0,046 | 0,033 | 0,035 | 0,071 | 0,073 | 24,657 | 24,855 | 0,397 | 0,407 | 0,202 | 0,208
Magnat 0,039 | 0,041 | 0,054 | 0,052 | 0,053 | 0,054 | 27,438 | 28,335 | 0,510 | 0,511 | 0,238 | 0,242
Blagodatny 0,057 | 0,055 | 0,040 | 0,039 | 0,067 | 0,068 | 34,855 | 34,811 | 0,414 | 0,424 | 0,209 | 0,212
Voskhod

VNIISSOK 0,054 | 0,052 | 0,043 | 0,044 | 0,078 | 0,080 | 37,783 | 38,054 | 0,336 | 0,304 | 0,257 | 0,260
Viking 0,072 | 0,074 | 0,056 | 0,058 | 0,080 | 0,083 | 44,362 | 45,202 | 0,347 | 0,352 | 0,251 | 0,258

Sodruzhestvo 0,064 | 0,068 | 0,041 | 0,043 | 0,050 | 0,051 | 43,408 | 45,033 | 0,305 | 0,302 | 0,239 | 0,241

Fakel (control) 0,052 1 0,051 | 0,034 | 0,039 | 0,051 | 0,054 | 31,275 | 32,380 | 0,360 | 0,410 | 0,248 | 0,255

Ta6a. 4. Ilokazarenu kauecTBa MJIOJAOB TOMaTa B 3aBUCUMOCTH OT IpUMeHeHus Ononpenapara Pexukr P,
2022,2023 rr.

Table 4. Tomato fruit quality parameters depending on the application of the bio-preparation Relict R,
2022, 2023

Tasting evaluation of tomato fruits
Variety Solids, % | Total sugars, % on a five-point scale
Consistency Taste Flavor Total score
1. Control (N, P, K, ) — ground 5,7-5,9 2,8-3,0 4,445 4,6-4,7 4,34,5 4,4-4.5
2. Ground + Relict R 6,3-6,9 3,1-3,2 4,7-5,0 4,9-5,0 4,6-4,8 4,7-4.9

Taoba. 5. DxoHomudeckas 3 (HEKTHBHOCTH IPOU3BOACTBA TOMATOB B OTKPHITOM TPYHTE C IPUMEHEHUEM
ouompemnapara, cpenuee 3a 2022, 2023 rr.

Table 5. Economic efficiency of tomato production in open ground with the use of a biopreparation,
average 2022, 2023

Indicator Control (N, + P, + K, ) — ground Ground + Relict R

Average yield, t/ha 81,2 85,3
Production costs, rubles/ha 2030 000 2 042 500
Cost price, thous. rubles/ha 2500 1800
Average selling price, rubles/kg 70 70
Revenue from sales, rubles/ha 5684 000 5971 000
Net income, rubles/ha 3654 000 3928 500
Profitability, % 180 192
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0f'93-110 days. The best yields were obtained by
the Voskhod VNIISSOK, Blagodatny and Sod-
ruzhestvo varieties (85.3; 83.6 and 78.2 t/ha).

All varieties were also characterized by high
early yields (24,2—42,5 t/ha).

Dry matter content varied from 4.1 to 6.9%.
The best varieties were Viking, Sodruzhestvo,
and Blagodatny, with an index of 15.2; 13.1; and
8.2, respectively.

The Viking variety was characterized by
high content of vitamins B1, B2, B6, B5 (0.074;
0.058; 0.083; 0.258 mg%). The ascorbic acid
content varied from 24.85 to 45.20 mg%.

Application of the biopreparation significant-
ly increased the yield compared to the control
by 4.1 t/ha, it was higher than the planned yield
(80 t/ha). Tomato yield at use of Relict R prepa-
ration amounted to 85.3 t/ha.

The use of the biopreparation gave a high
positive economic effect — net income and profi-
tability level were higher when using Relict R
and amounted to 3928.5 thousand rubles/ha and
192%, respectively.

In order to increase the yield and quality of
tomato fruits, it is recommended to use bio-
preparation Relict R as a top dressing against the
background of basic nutrition. The studied agro-
technical approach to increasing tomato yields
will also be effective when using other varieties
and hybrids in different subprovinces of Dages-
tan.
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CpenHepaHHHil COPT MATKOM SPOBOI MueHu bl Crimkep

CX)KopobeiinnkoB H.U., Banexxanun B.C.
Deoepanvrvlil AnmaticKuil HAyYHbIlL Yyenmp azpoouomexHoI02utl

bapnayn, Poccus
(<XDe-mail: nikkor733@gmail.ru

[IpencraBiieHbl pe3ynbTaThl UCCIEAOBAHUMA 110 CO3AHUIO CPEIHEPAHHETO COpTa MSTKOU sIpOBOU
MIICHHUIBI C YIyYIICHHBIMHE MapaMeTpaMi YPOKaHHOCTH, TOJIEPAaHTHOCTBIO K PaHHENIETHEH 3acyxe,
c1aboi BOCIIPUMMYMBOCTBIO K OOJIE3HSM W BPEIUTENSIM, MPEAHA3HAYCHHOTO IS BO3/CIIBIBAHUS B
AnraiickoMm Kpae U cMexHbIX peruonax Cubupu. Copt Crnukep cO3/1aH B Pe3y/ibTaTe MEKCOPTOBOM
ruoOpunnzanmu (Epmosckas 33/Omckast 36) ¢ moCneayIonyM IByXKPaTHBIM WHANBUIYaTbHBIM OT-
00pOM B pacHIETUISIONTUXCS MOKOIeHUAX. CITUKep OTHOCHUTCS K CPEIHEpaHHEH TpyIIe TeHOTUIIOB C
BEreTallMOHHBIM IeprogoM 79 mueil. HoBwiii copT GpopMupyeT cpenHeit KpynmHOCTH THpaMUAaTbHBINA
0€30CTHIi HEOIYIIEHHBIN KOJIOC OJI0i OKPAaCKH U KPYIHOE KpacHoe 3epHO. COpT CpeTHEepOCTbId, 00-
JIaJJaeT J10CTaTOYHO MPOYHOM, YACTUYHO BBINOJHEHHON COJIOMUHOMN € YCTOMUYHMBOCTBIO K MOJIETAHUIO
Ha ypoBHE cTaHAapTa. B KoHKypcHOM copToucnbiTaHiy CHHKep JOCTOBEPHO MPEBBICHII 110 YpOXKaii-
HOCTH ctaHmapt Antaiickas 70 ma 0,67 1/ra (21,4%) u nydmmii paifoHupoBaHHBIN copT OMcKast 36
Ha 0,60 1/ra (18,8%). Bricokast sxomoruveckast IiacTAYHOCTh HOBOTO COPTa MOATBEPIKIAETCS OTHO-
CUTEIILHOW CTa0MILHOCTBIO YPO)XKaWHOCTH T10 TOJaM HCCIIEIOBAHHN, a TaKXKe PEe3yIbTaTaMH HCITBI-
TaHUsI B Pa3MUUHBIX MyHKTax CHOMPCKOro peruoHa, Iie CpeAHss npudaBKa K CTaHIAPTHBIM COpTaM
cocraBuia 1,48 1/ra (30%). [IpenMyIiecTBO 1O 3€pHOBOI MPOXYKTHBHOCTH HOBOTO cOpTa (OpMU-
pyeTcs 3a CUeT JIydlled COXpPaHHOCTH pacTeHuil K yoopke (+0,42 T/ra, wiu 62,7% ot oOuieit npu-
0aBKW) ¥ OONBIIIEH MAcChI 3e€pHA C PACTEHUs, OOYCIOBICHHOM JTyUIle pa3BUTHIM MOOETOM KYIIICHUS
(+0,22 1/ra, 32,8% ot o0mmeii mpubdaBku). [1o koMIuIeKcy mpu3HAKOB KadecTBa 3epHa CIIKep COOTBET-
CTByeT TpeOOBaHMSIM IS IIEHHOH mineHunbl. CopT 00ajaeT IMMYHUTETOM K MECTHBIM ITOMYIISAIINASM
MaTOTeHHBIX IPUOOB MyYHUCTON POCHI M MBIILHOM TOJIOBHH, €1a00 BOCIIPUUMYUB K Oypoil prkaBunHe
U CPeTHEBOCIIPUUMYHB K cTeOneBoi pkaBurHe. Ha (poHEe HHTEHCUBHOTO MPOSIBICHUS JINCTOCTEOEIb-
HBIX 3a00JIeBaHHI IPEBOCXOIUT MO YPOKAWHOCTH BOCIIPUUMUYHUBBIE KOHTPOJIbHBIE copTa Ha 45-53%.
Crnimkep BKITI04€eH B [ 0Cy/1apCcTBEHHBIN peecTp CeNeKIIMOHHBIX JOCTHKEHNH 110 3anmaaHo-Cudbupcromy
peruony B 2023 1.

KuaroueBbie ciioBa: sipoBas MIeHNUIA, THOPUIN3AIHS, OTOOpP, YPOKaHHOCTh, copT Criukep

Middle-early soft spring wheat variety Speaker

(<)Korobeinikov N.I., Valekzhanin V.S.
Federal Altai Scientific Centre of Agro-BioTechnologies

Barnaul, Russia
(<De-mail: nikkor733@gmail.ru

The results of research on the development of a middle-early variety of soft spring wheat with im-
proved yield parameters, tolerance to early summer drought, low susceptibility to diseases and pests,
intended for cultivation in the Altai Territory and adjacent regions of Siberia are presented. The variety
Speaker was created as a result of intervarietal hybridization (Ershovskaya 33/Omskaya 36) followed
by two-fold individual selection in split generations. Speaker belongs to the middle-early group of
genotypes with a vegetation period of 79 days. The new variety forms a medium-sized pyramidal
awnless plain spikelet of white color and large red grain. The variety is medium-grown, has a rather
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strong, partially solid straw with resistance to lodging at the level of the standard. In the competi-
tive variety trial Speaker significantly exceeded the yield of the standard Altayskaya 70 by 0.67 t/ha
(21.4%) and the best released variety Omskaya 36 by 0.60 t/ha (18.8%). The high ecological plasticity
of the new variety is confirmed by the relative stability of the yield over the years of research, as well
as by the results of testing in various locations in the Siberian region, where the average gain to the
standard varieties amounted to 1.48 t/ha (30%). The advantage in grain productivity of the new variety
is formed due to better preservation of plants for harvesting (+0.42 t/ha, or 62.7% of the total increase)
and higher grain weight per plant due to better developed tillering shoots (+0.22 t/ha, 32.8% of the
total increase). According to the complex of grain quality traits, Speaker meets the requirements for
valuable wheat. The variety is immune to local populations of pathogenic powdery mildew and loose
smut fungi, weakly susceptible to brown rust and moderately susceptible to stem rust. Against the
background of intensive manifestation of leaf-stalk diseases, it exceeds the yield of susceptible control
varieties by 45-53%. The Speaker was included in the State Register of Breeding Achievements for
the West Siberian region in 2023.
Keywords: spring wheat, hybridization, selection, yield, variety Speaker

Jist uutupoBanusi: Kopooeiinukos H 1., Banexacanun B.C. CpejHepaHHUI cOpT MATKOH sipoBoit nuenuisl Crivkep // Cubup-
CKHI BECTHHK CEJIbCKOX03siCcTBeHHOM Hayku. 2024. T. 54. Ne 7. C. 16-26. https://doi.org/10.26898/0370-8799-2024-7-2

For citation: Korobeinikov N.I., Valekzhanin V.S. Middle-early soft spring wheat variety Speaker. Sibirskii vestnik sel skok-
hozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2024, vol. 54, no. 7, pp. 16-26. https://doi.org/10.26898/0370-
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INTRODUCTION areas of the varieties of different growing sea-
sons in the Altai Territory, which does not best
affect the level of average yield of the crop in
the region and grain quality [1, 2]. In the Omsk
region, the share of the early maturing variet-
ies is 25-30% [3, 4]. In the Krasnoyarsk region,
early maturing and middle-early varieties are
predominantly cultivated, they occupy more
than 85% of the sown area of the crop [5].
Despite the fact that early maturing varieties
under favorable growing conditions are inferior
in yield to medium- maturing and middle-late

Altai Territory is the leader in Siberia in
terms of gross wheat grain yields and is one of
the five major grain producers in Russia'. At
present, despite a significant reduction in sown
areas, spring wheat remains the leading crop
in the territory and occupies about 1.7 million
hectares annually. According to the Altai branch
of Rosselkhozcenter, 86 varieties of soft spring
wheat of domestic and foreign selection were
sown in the Altai Territory in 2023. The variet-

ies are represented mainly by medium-maturing
and middle-late genotype groups. Only 13 va-
rieties of Siberian and Ural breeding belong to
the middle-early and early maturing ones. This
group of genotypes in 2023 occupied 180 thou-
sand ha in the Altai Territory, or 13% of the total
crop sown with varietal seeds. These data indi-
cate an obvious imbalance in the ratio of sown

genotypes [6], under specific manifestation of
stress factors they have a number of important
advantages: in the years with summer drought
they reduce productivity to a lesser extent than
the late-type genotypes [7]; during the manifes-
tation of leaf-stalk diseases (as a rule, the sec-
ond half of vegetation) they are able to “escape”
from diseases?; due to active growth, this group

'Kashevarov N.I. Scientific basis of the record // Science in Siberia, 2022, N 45, p. 5.

Likhenko LE., Salina E.A., Artemova G.V., Sovetov V.V. Prospects for the development of crop breeding in Siberia / Adaptability
of agricultural crops in extreme conditions of the Central and East Asian macro-region: Proceedings of the symposium with interna-

tional participation. Novosibirsk, 2018, pp. 25-34.
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Middle-early soft spring wheat variety Speaker

Korobeinikov N.I., Valekzhanin V.S.

of varieties is less damaged by hidden stem
pests. An extremely important advantage of the
early maturing varieties is their ability to stably
form grain with a high content of protein and
gluten [7-9], as well as to provide high sow-
ing qualities of seeds due to early harvesting.
In the steppe zone of the Altai Territory, mid-
dle-early varieties are the most justified variant
for sowing at a later date with the expectation
of July precipitation. In recent years in Siberia
there has been a tendency to reduce sown areas
under early maturing varieties [7], which em-
phasizes the relevance of effective selection of
soft spring wheat for early maturity.

The only middle-early variety of local breed-
ing Altayskaya 707, although it has been in de-
mand in the Altai Territory and beyond for 15
years and by now still occupies considerable
sown areas, requires significant improvement in
a number of parameters (e.g., resistance to leaf
diseases and pests, drought resistance).

The purpose of this work is to present the re-
sults of research on the development of a new
middle-early variety with improved yield pa-
rameters, tolerance to early summer drought,
low susceptibility to diseases and pests, intend-
ed for cultivation in the Altai Territory and adja-
cent regions of Siberia.

Research Objectives:

— description of morphological and develop-
mental characteristics of the new variety;

— experimental determination of the yield
level of the Speaker variety in different ecologi-
cal conditions and its advantages in comparison
with the standards;

— analysis of the yield structure, as well as
evaluation of grain quality traits and the level of
resistance of the variety to fungal diseases and
lodging.

MATERIAL AND METHODS

Breeding research on soft spring wheat was
conducted at the experimental field of the Fed-
eral Altai Scientific Center of Agrobiotechnolo-
gies (FASCA) within the framework of the full
breeding process from 2009 to 2020 according
to the methods, the main provisions of which
are reflected in the prospective research pro-
gram of the Altai Breeding Center of FASCA up
to 2030 Intraspecific hybridization was used
as the main method of obtaining genetic diver-
sity in experimental populations for individual
selection of initial recombinant forms with the
planned morphobiology.

The selected lines were evaluated for agro-
nomically important traits at different stages
of the breeding process, starting from breeding
nurseries to multi-year competitive trials. Com-
petitive testing of the breeding lines was carried
out in accordance with the SVT> methodology
on the plots with the registration area of 25 m?
in fourfold repetition. The breeding experiments
were laid on clean fallow at the rate of 500 ger-
minated seeds/m?> using a SSFK-7 seeder at
the optimal sowing dates for the forest-steppe
zone of the Altai Territory (from May 10 to
15). Harvesting was carried out in the phase of
full ripeness by direct threshing of plots with
the selection combine “Wintersteiger-Classic”.
The yields of the breeding lines and varieties
were compared with the corresponding index of
the standard Altayskaya 70 and the best zoned
variety Omskaya 36. Reliability of differences
in yield was evaluated using factor analysis as
described by G.F. Lakin®. Yield structure was
analyzed on a random sample of 50 plants from
the sample sheaf. Grain quality parameters
(weight of 1000 seeds, protein and gluten con-
tent in grain, rheological properties of dough)
were determined in the laboratory of grain qual-

3Korobeinikov N.I., Valekzhanin V.S., Peshkova N.V. Principles and main results of selection of spring soft wheat in the Altai
Krai // Achievements of Science and Technology of AIC, 2015, vol. 29, N 6, pp. 21-26.

‘Korobeinikov N.I., Shukis E.R., Rozova M.A., Boradulina V.A., Musalitin G.M., Gurkova E.V., Kostrova L.I. Work Program of
the Altai Research Institute of Plant Breeding up to 2030 / under the general ed. of N.I. Korobeinikov, Barnaul, 2011, 90 p.

SMethodology of state varietal testing of agricultural crops. Moscow, 1985, Issue 1, 267 p.

Lakin G.F. Biometrics. Moscow: Higher School, 1990, 352 p.
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ity assessment of the Altai Selection Center
according to standard methods. The degree of
plant damage by leaf diseases was determined
in accordance with the methods described by
E.E. Geshele’. The resistance of wheat varieties
and lines to the local population of loose smut
was evaluated according to the method of V.I.
Krivchenko?®.

Meteorological conditions of the vegetation
period of plants (May - August) in the years of
the competitive trial (2017- 2020) differed sig-
nificantly both in the dynamics of the average
daily temperature and the amount and nature of
distribution of precipitation, which was reflect-
ed in the level of yield of the varieties in the
nursery.

The most favorable conditions for growth
and development of wheat until earing occurred
in 2018 and 2019, when precipitation in June
exceeded the climatic norm by 5.8 and 16.6
mm with average daily temperature close to the
norm. In contrast, the processes of establish-
ment of the main productivity traits of wheat
varieties in 2017 and 2020 took place with a sig-
nificant lack of precipitation against the back-
ground of high average daily temperature in
June, especially in 2017. Rainy weather in the
second half of the 2017 growing season caused
severe stem rust damage, which resulted in even
more significant yield reductions in susceptible
varieties. The variability of weather conditions
and disease manifestations allowed a fuller ap-
preciation of the advantages of the new variety.

RESULTS AND DISCUSSION

Breeding work on the creation of a new
middle-early variety with a complex of posi-
tive economic and biological traits was started
in 2009 on the basis of intraspecific hybridiza-

tion of morphobiologically distant initial forms
with separate useful traits, which were planned
to be combined as a result of recombinagenesis
in one of the population genotypes. The long
history of wheat breeding has repeatedly con-
firmed the effectiveness of such an approach in
selecting the components of the crosses’ [10—
12]. Yershovskaya 33, a medium-ripening va-
riety of intensive type, was used as a maternal
form, which is characterized by such important
properties in the conditions of the Altai Territo-
ry as resistance to local populations of brown
rust and powdery mildew, as well as weak sus-
ceptibility to stem rust, which was established
during the study of the collection material in
2007-2008. The resistance of Ershovskaya 33
to diseases, as well as the ability to form yields
stably over the years has been noted in a number
of studies [13, 14].

Subsequently, partial fulfillment of the straw
of this variety was found [15], which allows it
to form a dense stalk against the background of
damage to soft wheat by the wheat sawfly-borer.

Beginning from 2007 in the Altai Territory,
the spread and pest rate of wheat sawfly-bor-
er'” has been gradually increasing. Semi-inten-
sive middle-early variety Omskaya 36 (Lute-
scens 150-86-10/Runar)!!, which has increased
drought tolerance, resistance to the local popu-
lation of dusty head, coarse grain size and active
tillering and is widespread in Siberia, was used
as a male component in the crossing. Participa-
tion in hybridization of a variety adapted to re-
gional conditions, as a rule, increases the proba-
bility of selection of the recombinants with high
and stable yield in local conditions'?.

Hybridization of the original parent forms
was carried out in 2009 with subsequent re-
production of the first-generation seeds (2010)

"Geshele E.E. Fundamentals of phytopathologic evaluation in plant breeding. Moscow: Kolos, 1978, 204 p.
8Krivchenko V.I. Resistance of grain spikelets to pathogens of cereal diseases, Moscow: Kolos, 1984, 304 p.

°Nettevich E.D., Morgunov A.1., Maksimenko M.I. Increasing the efficiency of selection of spring wheat for stability of yield and
grain quality // Vestnik of the Russian Agricultural Science, 1985, N 1 (340), pp. 66—73.

Stetsov G.Ya., Dolmatova L.S. Biology and harmfulness of stem bread sawfly in the conditions of the Priobie region of the Altai
Territory // Bulletin of Altai State Agricultural University, 2013, N 5 (103), pp. 63—66.

!State Register of Protected Breeding Achievements. Htts://gossortrf.ru/registry/.

2Davydova N.V., Kazachenko A.O. Features of selection of source material for selection of spring soft wheat in the conditions of
the Central Non-Black Earth Region // Bulletin of Altai State Agricultural University, 2013, N 5 (103), pp. 5-9.
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and sowing of the second-generation hybrid
population in the field in 2011, where the first
individual selection of 100 initial spikes was
carried out. The large-seeded progeny of this
selection was sown successively in the breed-
ing nurseries of the first and second years of the
study. In the most productive F4 families of the
breeding nursery of the second year, a repeat-
ed individual selection by ear was carried out.
A middle-early line Lutescens 1134, possess-
ing a complex of positive traits of adaptability
to limiting environmental factors, was isolated
from the obtained progeny at successive stages
of the breeding process. This line was compre-
hensively studied in a competitive variety trial
(2017-2020) in comparison with the standard
and subsequently transferred to the SVT as a
new variety Speaker.

The Speaker variety belongs to the Lutescens
type and is characterized by the following mor-
phological features of the plant, grain and spike-
let. The spikelet is white, plain, awnless with
short awn-like shoots, of medium length (67
cm) and density, waxy, pyramidal. The glume is
medium in size, elongated, with a short, slight-
ly curved notch and a narrow, raised shoulder.
The granule is large, semi-long, red. Coleoptile
uncolored, the bush is semi-erect. The straw
has medium plumpness, 85-90 cm long with a
strong waxy patina on the upper internode. The
flag leaf is medium long, slanted, with waxy pa-
tina.

In terms of the development rhythm, the new
variety differs somewhat from the standard Al-
tayskaya 70. It is characterized by a longer til-
lering phase, as well as a slower process of grain
ripening, which is probably due to the coarse
grain size. On average during the years of com-
petitive study the variety ripened 2 days later
than the standard (see Table 1). Under field con-
ditions, Speaker is not affected by loose smut,
has good straw strength and the plant stand re-
sistance to lodging at the level of the standard,
which provides the possibility of seed produc-
tion of the new variety without seed dressing in
a wide range of agroecological conditions.

The level of grain productivity of the new va-
riety was evaluated in comparison with the stan-
dard and the most productive middle-early vari-
ety Omskaya 36 released in the Altai Territory.
The average yield of the varieties in the years
of testing ranged widely from 2.32 to 4.81 t/ha,
which allowed to differentiate the genotypes not
only by average productivity, but also its stabil-
ity in a number of years. The variety Speaker
in all the years of testing significantly exceeded
the best released variety Omskaya 36 in grain
yield, as well as the standard, except for 2018
with a positive gain within the LSD (see Ta-
ble 2). On average, a statistically significant
gain to the variety Altayskaya 70 was 0.67 t/ha
(21.4%), to Omskaya 36 0.60 t/ha (18.8%). The
new variety is characterized by a significantly
lower variation of productivity depending on

Tao6xa. 1. buomornueckre 0COOCHHOCTH COpTa MATKOU sipoBoi mmeHuIsl Crmkep (2017-2020 rr.)
Table 1. Biological features of spring soft wheat cultivar Speaker (2017-2020)

Interphase period, days Resistance
Variety Sprouting — | Tillering — | Booting— | Sprouting — | Sprouting — | to loose to lodging,
tillering booting earing earing ripening smut, % score
Speaker 11 11 18 40 79 0 4,2
Altayskaya 70 (standard) 11 10 18 39 77 0 4,2
Omskaya 36 11 11 19 41 80 0 3,6
+ to the standard 0 +1 0 +1 +2 — 0
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the vegetation conditions (CV = 27.9%), form-
ing the highest yield both in unfavorable con-
ditions (2020) and on the background of good
moisture availability in 2018. Relative stability
of yield and additions to the standard in differ-
ent growing conditions is one of the important
indicators of good adaptability of the variety
[16]. It should be noted that Speaker formed the
maximum Yyield increase to the control variet-
ies (1.05-1.17 t/ha, 45-53%) in 2018 against the
background of intensive damage of susceptible
varieties by brown and stem rusts.

The results of the evaluation of structural
yield traits of the new variety are shown in Table
3, from which it follows that Speaker surpassed
the standard by an average of 23 plants/m?, grain
weight per plant by 0.13 g, grain weight per til-
lering shoot by 0.16 g, but was inferior to Al-
tayskaya 70 in grain weight per main ear and its
earliness. The new variety formed a larger grain
(+2.0 g), exceeded the standard on the harvest
index at lower plant height. The contribution
of the resulting trait “plant grain weight” to the
yield increase amounted to 0.42 t/ha (0.13 g x
319 pieces/m? = 42.0 g/m?), or 62.7%. Due to
the advantage in the density of productive plant
stand by the time of harvesting, 0.22 tons of ad-
ditional grain per hectare (0.98 g x 23 pcs/m? =
22.0 g/m?*) was formed, or 32.8% of the total
gain. The rest of the yield gain of the new vari-
ety (0.03 t/ha) is due to the joint contribution of
the two resulting traits (0.13 g x 23 units/m? =
3.0 g/m?). Thus, the leading trait of the yield
structure of the new variety, which gives it an
advantage over the standard, is a higher grain

weight per plant due to better development of
an additional shoot (see Table 3).

The response of the new variety to differ-
ent agro-ecological conditions was evaluat-
ed in three locations in the Siberian region in
2019, 2020. The yield of the Speaker variety
was higher than the standard varieties by 0.37—
3.01 t/ha at all locations of the ecological trial,
indicating its pronounced ecological plasticity
(see Table 4). On average, the yield of the new
variety was 4.94 t/ha with an increase of 1.48
t/ha compared to the standard variety (30,0%).

Analysis of grain quality parameters showed
the advantage of the new variety in comparison
with Altayskaya 70 in grain size, grain nature,
valorimetric evaluation and volume of bread
baked from 100 g of flour (see Table 5).

In terms of protein content, gluten content in
the grain and overall baking evaluation Speak-
er is at the level of the standard, inferior to it
in terms of flour strength and gluten elasticity
(Fiber Deformation Measurement — FDM). Ac-
cording to the complex of grain quality indica-
tors, the new variety meets the requirements for
valuable wheat.

The Speaker variety, as shown by the assess-
ments of fungal diseases in natural field condi-
tions and on the background of artificial infec-
tion, is immune to loose smut, which allows the
production of original and elite seeds without
additional costs for fungicide treatment of the
seed material (see Table 6). Against the natu-
ral background of leaf disease development, the
new variety showed immunity to powdery mil-
dew with strong lesion of the standard in 2019,

Tada. 2. YpoxxalilHOCTB copTa MATKOW SpoBOil mieHnib Crukep

Table 2. Yield of spring soft wheat cultivar Speaker

Vari Yield, t/ha + to the varieties Coefficient of
ariety variation, %
2017 2018 2019 2020 average t/ha % 70
Speaker 3,37 5,08 4,14 2,60 3,80 — - 27,9
Altayskaya 70 (standard) 2,20 4,88 3,38 2,06 3,13 +0,67 21,4 41,8
Omskaya 36 2,32 4,63 3,56 2,30 3,20 +0,60 18,8 35,0
Average 2,63 4,81 3,69 2,32 — — - —
LSD,, 0,28 0,38 0,32 0,26 - 0,33 - -
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Tao6a. 3. DnemMeHTsl CTPYKTYpbl ypoxast copta Crimkep (2017-2020 rr.)
Table 3. Elements of the Speaker variety yield structure (2017-2020)

Grain weight, g
Number Productive Number | Weight | Harvest Plant
Variety of plants, bushiness main | tillering of ear of }000 index, height,
pes./m? plant ear shoot grains | grains, g % cm
Speaker 342 1,43 1,11 | 0,86 0,25 23,1 37,1 36,2 89,7
Altayskaya 70 (standard) 319 1,17 0,98 | 0,89 0,09 24.9 35,1 35,2 97,7
Omskaya 36 315 1,38 1,03 | 0,86 0,17 21,8 39,5 35,4 98,3
+ to the standard +23 +0,26 |+0,13|-0,03| +0,16 -1,8 +2,0 +1,0 -8,0

Taobxa. 4. YpoxkaitHocts copta Crimkep B sKojorudeckoM ucneiranwn (2019, 2020 rr.)
Table 4. Yield of the Speaker variety in an ecological trial (2019, 2020)

Testing station Variety Yield, t/ha + to the standard, t/ha

Omsky ASC Speaker 5,86 +3,01
Omskaya 36 (standard) 2,85 -

Uyarsky SCTS, Krasnoyarsk Speaker 5,07 +0,37

Territory Novosibirskaya 49 (standard) 4,70 -

Barnaulsky SCTS Speaker 3,90 +1,05
Altayskaya 70 (standard) 2,85 -

Average across the testing stations Speaker 4,94 +1,48

Taoa. 5. Ilokazarenu kauectBa 3epHa copra Crimkep (2017-2019 rr.)
Table 5. Grain quality indicators of the Speaker variety (2017-2019)

Weight . Flour . Volume | Bread
Variety of 1000, Nature, Prootem, thten, FDM | strength, Valorlgn " | of bread, | grade,
g/l % % eter, % 1
g e.a. m score
Speaker 42,7 786 13,4 27,1 80 315 55 651 4.4
Altayskaya 70
(standard) 37,1 748 13,5 27,0 67 385 51 617 4.4
Omskaya 36 434 753 12,6 26,3 78 321 58 646 4,5
+ to the standard +5,6 +38 -0,1 +0,1 +13 =70 4 +34 0,0
weak susceptibility to brown rust and medium The Speaker variety was in the State variety

susceptibility to stem rust with very high sus-  trja] at the State Variety Testing Center of the
ceptibility to rust fungi of the Altayskaya 70 in  west Siberian region from 2021 to 2022. Based
2017 and 2018. The results of field evaluations o the positive results of the trial, the variety
allow characterizing the new variety as weak- as included in the State Register of Breeding
ly susceptible to a complex of wheat diseases Achievements admitted to use since 2023 (pa-
widespread in the Altai Territory. tent No 13021 from 15.03.2023). Currently,
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Taoda. 6. Crenens nopaxenus 6onesusimu copra Crmkep (2017-2019 rr), %
Table 6. Disease infestation rate of the Speaker variety (2017-2019), %

Year Natural background béiﬁg}gi;i d
Powdery mildew |  Brownrust | Stem rust | Loose smut Loose smut *
Speaker
2017 0 0 40 0 0
2018 0 10 10 0 0
2019 0 0 0 0 0
Average 0 3 17 0 0
Altayskaya 70 (standard)
2017 20 10 80 0 4,0
2018 0 80 40 0 0,7
2019 60 10 0 0,01 4,0
Average 27 33 40 0,003 2,9
+ to the standard 27 =30 -23 -0,003 -2.9
Altayskaya 50 (indicator)
Average 26 53 | 47 0,02 25,6

* Artificial infestation.

FASCA has organized production of commer-
cial batches of original and elite seeds of the
new variety.

CONCLUSIONS

1. As a result of intervarietal hybridiza-
tion (Ershovskaya 33/Omskaya 36) followed
by two-fold individual selection in split gener-
ations for early maturity, yield and resistance
to limiting environmental factors, the breeding
line Lyutescens 1134 was isolated. After many
years of evaluation in competitive and ecolo-
gical variety trials, the promising number Lute-
scens 1134 was transferred to the State Variety
Trial as a new variety Speaker.

2. Speaker belongs to the middle-early
group of varieties with a vegetation period of
79 days. It matures on average 2 days later than
the standard Altayskaya 70 as a result of lon-
ger periods of tillering - booting and earing - ri-
pening. During the vegetation process it forms
medium-sized pyramidal awnless plain spike-
lets of white color and large red grain, which
defines its variety as lutescens. The variety is
medium-grown, has a sufficiently strong, par-

tially executed straw with resistance to lodging
at the level of the standard.

3. The new variety on average for 4 years
of competitive variety testing significantly ex-
ceeded the yield of the standard Altayskaya 70
by 0.67 t/ha (21.4%) and the best released va-
riety Omskaya 36 by 0.60 t/ha (18.8%). High
ecological plasticity of Speaker is confirmed by
the relative stability of yields over the years of
research in the Altai Selection Center, as well as
by the results of testing in various locations in
the Siberian region, where the average gain to
standard varieties was 1.48 t/ha (30%). As a re-
sult of the yield structure analysis, it was found
that the advantage in grain productivity of the
new variety is formed due to better preservation
of plants for harvesting (+0.42 t/ha, or 62.7%
of the total increase) and higher grain weight
per plant due to better developed tillering shoots
(+0.22 t/ha, 32.8% of the total increase).

4. By a complex of grain quality attributes
Speaker meets the requirements for valuable
wheat, while surpassing the standard for the
weight of 1000 grains and its nature, as well as
for the valorimetric evaluation of dough and the
volume of bread baked from 100 g of flour. The
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variety is inferior to the standard in gluten elas-
ticity and flour strength.

5. Thenewvarietyisimmunetolocalpopula-
tions of the pathogenic fungi of powdery mil-
dew and loose smut, slightly susceptible to
brown rust and moderately susceptible to stem
rust. On the background of intensive manifesta-
tion of leaf rust diseases (rust), the variety ex-
ceeds the yield of susceptible control varieties
by 45-53%.

6. According to the results of the State va-
riety testing for economic suitability and iden-
tification by distinctive features, the variety
Speaker was recognized as an original breeding
achievement (patent No. 13021) and recom-
mended for production use in the West Siberian
region. The patentee organized production of
original and elite seeds of the new variety.
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OneHKka HOBBIX COPTOB U NMEPCNEKTUBHBIX JIUHUI IPOBOI0 TYMeEHS
10 COEPKAHUIO 0eJIKA M JIN3UHA B KOHKYPCHOM COPTOUCIIBITAHUH

CX)Huxonoposa 10.10., Kocwix JI.A., CtosmuBckas E.B., llunosaiosa A.B., Epmuiauna H.H.
Camapckuil pedepanbHblil UCCIe008aMenbCKULl YeHMp

Poccuiickoii akademuu nayx

Camapckas obaactb, I. Kunens, Poccus

(<De-mail: yuliya zinkoval2@mail.ru

B crartbe n3noxeHb! pe3ynbTaThl aHaIM3a OMOXMMUYECKOTO COCTABA BBIJCICHHBIX B KOHKYPCHOM
COPTOUCTIBITAHMM HOBBIX COPTOB U MEPCIEKTUBHBIX JIMHUN SPOBOTO SIUMEHS, MCCIEIOBaHHBIX Ha
ONBITHOM mosie [oBOMKCKOTO HayyHO-UCCIEN0BaTEeIbCKOI0 NMHCTUTYTa CENIEKIINH M CEMEHOBO/ICTBA
um. [1.H. Korcrantunosa B 2020-2022 rr. B pe3ynbrare uccieioBanus Oblia BbIJICICHA IPYIINa BHICO-
KOYpPOKaifHBIX M BHICOKOOEIKOBBIX SYMEHEH C yITy4IIeHHONW KOPMOBOI IIEHHOCTBIO: TP COPTA, OAMH
13 KOTOPBIX HaXOAWUTCSI HAa IOCYIAapCTBEHHOM COPTOUCHBITAHWHU, M YETHIPE IMEPCIEKTUBHbBIC JIMHHU.
Pasmax BapbupoBaHus copepkaHus Oeika B 3¢pHE Y TUX COPTOB U JIMHUH cocTaBui oT 11,2 1o 13,5%,
nuzuna — ot 0,3 10 0,4%, maccsl 1000 3epen — ot 39 no 47 r. B ycnoBusx necocrenHoii 30ub1 Cpege-
ro [1oBoKbs B 3aCYIIUTMBEIE TOIbI COPTA U EPCIIEKTUBHBIE JINHUU SYMEHS UIMETTN MaKCUMaJIbHbIE MO0-
kazarenu Oenka (14,1%) u HezamennMoit aMUHOKUCIOTHI JTH3uHA (0,4%). [1o moay4YeHHBIM JaHHBIM,
HauOoJbIIee CopepkaHne Oelika OTMEUEHO y nepcnekTuBHON auann Cyomenukym 2338/01: B cpea-
HeM 13,5%, mpubaBka 11% 1o oTHOMIEHWIO K cTaHAapTHOMY copTy bepkyTt. Camblii MaKCUMAaITbHBIH
cOop Oenka B CpefHEM 3a TOfIbl UCCIIeoBaHuil coctaBmi 4,4 m/ra, mu3uaa — 0,12 1/ra pu cpenHei
ypoxaiinoctu 34,0 n/ra. [lepeunciennslie nokazarenu 3aUKCUpoBaHbl Y HOBOro copTa [loBomkckuit
npus. [lepcriextuBnas nunus Hytanc 2294/01 oxaszanach Oosiee MPOTYKTUBHOW MO ypOKaHHOCTH
(35,5 w/ra), HO ycTynuiIa HOBOMY COPTY IO COJCPKAHHIO OejIKa U JIM3UHA B 3€pHE, XOTS MPEBBICHIIA
cTaHzaapt no cobopy Oenka ¢ 1 ra va 19%, nuznna — ua 20%. IIpu orienke mokaszareseil HaTyphl U Mac-
cel 1000 3epeH y n3ydaeMbIX 00pa3oB BELICTHINCH HOBBIM cOpT [10BODKCKHIMA STHTAPh U MTEPCIICKTHB-
Has smHus Cyomenukym 2352/06: y HUX cpeHAs 3a TO/IbI U3yUeHHs HaTypa cocTtaBmia 669 u 666 r/n
cootBeTcTBeHHO Ipu Macce 1000 3epen 46—47 r. BelneneHHble TUHUM U HOBBIE COPTa HE3aBUCHMO
OT TIOTOJHBIX YCIOBUH CMOTIIM 00ECIICUUTh MOTyYeHNE BHICOKOOETKOBOTO 3¢pHA Ha KOPMOBBIC 1IEITH,
COXpaHss MPU 3TOM XOPOIIYIO YPOKaHHOCTb.

KuroueBble c10Ba: cenexius, SpoBOi s’iMeHb, COPT, OEIOK, JIN3HH, Ka9eCTBO 3€pHA, YPOXKaHHOCTh

Evaluation of the new varieties and promising lines of spring barley
for protein and lysine content in competitive variety trials

(C<)Nikonorova Yu.Yu., Kosykh L.A., Stolpivskaya E.V., Shipovalova A.V., Ermilina N.N.
Samara Federal Research Scientific Center of the Russian Academy of Sciences

Kinel, Samara region, Russia

(<De-mail: yuliya zinkoval2@mail.ru

The article presents the results of the analysis of biochemical composition of new varieties and
promising lines of spring barley isolated in the competitive variety trial, studied in the experimen-
tal field of the Povolzhsky Scientific Research Institute of Selection and Seed Growing named after
P.N. Konstantinov in 2020-2022. As a result of the study, a group of high-yielding and high-protein
barley with improved fodder value was identified: three varieties, one of which is on the State Variety
Trial, and four promising lines. The range of variation of the protein content in grain in these varieties
and lines was from 11.2 to 13.5%, lysine — from 0.3 to 0.4%, weight of 1000 grains — from 39 to 47 g.
In the conditions of the forest-steppe zone of the Middle Volga region in dry years, barley varieties and
promising lines had the maximum indices of protein (14.1%) and essential amino acid lysine (0.4%).
According to the data obtained, the highest protein content was observed in the promising line Sub-
medicum 2338/01: an average of 13.5%, an increase of 11% in relation to the standard variety Berkut.
The maximum protein harvest averaged 4.4 c/ha, lysine — 0.12 c/ha with an average yield of 34.0 c/ha.
The above-mentioned indicators were recorded in the new variety Povolzhsky Priz. The promising
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Evaluation of the new varieties and promising lines of spring barley
for protein and lysine content in competitive variety trials

Nikonorova Yu.Yu., Kosykh L.A., Stolpivskaya E.V.,
Shipovalova A.V., Ermilina N.N.

line Nutans 2294/01 was more productive in terms of yield (35.5 c/ha), but was inferior to the new
variety in terms of protein and lysine content in grain, although it exceeded the standard in terms of
protein yield per 1 ha by 19%, lysine — by 20%. When evaluating the parameters of the natural weight
and 1000 grain weight in the studied samples, the new variety Povolzhsky Yantar and the promising
line Submedicum 2352/06 stood out: their average natural weight over the years of study amounted to
669 and 666 g/l, respectively, with the weight of 1000 grains 4647 g. The selected lines and new va-
rieties, regardless of weather conditions, were able to provide high-protein grain for fodder purposes,

while maintaining good yields.

Keywords: breeding, spring barley, variety, protein, lysine, grain quality, yield
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INTRODUCTION

Barley as a grain-forage crop is important
in meeting the needs of livestock in vegetable
protein. Fodder merits of barley depend on the
content of protein in its grain. The value of the
latter is determined by the amino acid composi-
tion, primarily by the presence of essential ami-
no acids, among which the leading importance
belongs to lysine and methionine. In this regard,
breeding to increase the quantity and improve
the quality of plant products is becoming an in-
creasingly important direction [1].

The main component of energy nutrition of
feed grain is the increased content of protein and
essential amino acids. Barley surpasses other
grains in the composition of essential amino ac-
ids, particularly in terms of lysine content barley
mixed feed is indispensable for pigs and other
monogastric animals [2].

It is established that any drought (air or soil)
promotes protein accumulation in barley grain,
and as a result it reduces starch and extractive

substances in it. In the conditions of the Middle
Volga region forest-steppe zone, the highest lev-
el of protein was observed in dry and very dry
years [3].

High-protein and high-lysine forms used for
grain production should be characterized by
a number of useful properties, primarily high
yield, resistance to lodging and diseases [4].

With the help of system selection for ecologi-
cal plasticity, use of the newest, most productive
forms and sources with high protein content in
crossing, application of new breeding methods,
we have created promising barley varieties with
high bioenergetic value for fodder purposes'.
Unlike foreign analogs, domestic forage variet-
ies are more competitive and widely demanded
in different regions of our country?.

The purpose of the research is to study the
biochemical parameters of varieties and prom-
ising lines of competitive variety trials to isolate
yielding and high-protein barley with improved
fodder value in comparison with the standard
variety.

'Khokonova M.B., Karashaeva A.S., Zavalin A.A. Quality of brewing malt depending on the storage conditions of barley // Rus-

sian Agricultural Scences, 2015, vol. 41, N 6, pp. 508-511.

*Zemlyankina Yu.N., Stolpivskaya E.V., Shipovalova A.V. Study of the source material of spring barley in the breeding process //
International Journal of Humanities and Natural Sciences, 2017, N 11, pp. 75-77.
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OreHKa HOBBIX COPTOB U MEPCIEKTUBHBIX JIMHUT SIPOBOTO STIYMEHA
110 COACPIKAHUIO OeJika M JIN3UHA B KOHKYPCHOM COPTOUCIIBITAHUN

Huxonopoga 10.10., Kocwix JI.A., Cronmusckas E.B.,
[unosanosa A.B., Epmuinna H.H.

MATERIAL AND METHODS

The experimental part of the work was car-
ried out in 2020-2022 on the experimental fields
of the Povolzhsky Scientific Research Institute
of Selection and Seed Growing named after P.N.
Konstantinov located in the forest-steppe zone
of the Kinelsky district of the Samara region.
Agrotechnical measures were carried out ac-
cording to the generally accepted technology for
the forest-steppe zone of the Middle Volga re-
gion. Sowing of spring barley was carried out by
a selective seeder SNTS 10 in a row method with
row spacing of 15 cm in optimal terms. Seeding
rate was 4.5 million germinating grains/ha. The
forecrop used was spring wheat. The accounting
area of the plot was 25 m? with four-fold repeti-
tion of the experiment. The plots were harvested
at the phase of full ripeness by a SAMPO 130
combine harvester.

The soil of the experimental plot is typical
low-humus (5-6% on average) medium light
clayey chernozem. The nutrient elements con-
tent in the soil was as follows: mobile phospho-
rus 61.4-77.0 mg/kg (average), exchangeable
potassium 374.0-423.0 mg/kg (very high), eas-
ily hydrolysable nitrogen 28.5-49.4 mg/kg (low
and average). According to the degree of acidi-
ty, the soil of the experimental plot was slightly
acidic (pH = 5.4).

The objects of research were the varieties and
promising lines of spring barley: new variety
Povolzhsky Yantar, included in the State Reg-
ister of Breeding Achievements, approved for
use in 2023; Povolzhsky Priz - a new variety,
submitted for variety testing in 2022, as well as
four promising lines obtained as a result of in-
traspecific hybridization using the varieties of
local and foreign breeding. Of the 44 varieties
that participated in the competitive variety trial,
these varieties showed a reliable increase in re-
lation to the standard.

Berkut (Tselinniy 5 x Donetsky 40) x (Do-
netsky 4 % Donetsky 8), variety — submedicum,
was used as a standard. The variety is released
in the Middle Volga (7) and Lower Volga (8)

regions of the Russian Federation. It is charac-
terized as medium-maturing, drought-resistant,
susceptible to loose smut. Due to its large grain,
it is used not only for fodder purposes, but also
in the cereal industry [5].

Biochemical indicators of barley grain qual-
ity were determined by infrared spectroscopy
on the device “InfraLUM FT-12”. The study of
physical and chemical properties of the breeding
material was carried out in accordance with the
normative and technical documents®.

Mathematical processing of the data was car-
ried out using the computer program “Microsoft
Office Excel” according to the field experiment
methodology*.

RESULTS AND DISCUSSION

Meteorological conditions, which differed
during the growing season 2020-2022, contrib-
uted to a versatile evaluation of the breeding
material. This allowed giving a more objective
assessment of new spring barley lines based on
the prevailing environmental conditions (see Ta-
ble 1).

The growing season 2020 was characterized
by dry and hot weather in general. If considering
weather conditions by phases of barley plant de-
velopment, it should be noted that the phase of
sprouting — tillering took place in favorable con-
ditions in terms of moisture. The air temperature
at this time was 2.6 °C lower than the average
annual values. The weather was dry and hot
during the earing-ripening period (HTC = 0,11).

In 2021, the growing season was relatively
wet and hot. The average air temperature was
23.3°C, which is 5.6°C above the long-term av-
erage. Precipitation was 103 mm (4% more than
the average annual values). The period from
sowing to tillering (18 days) was characterized
by a lack of moisture: the amount of precipita-
tion was 2.8 mm, which is 6.5 times lower than
the long-term average. From tillering to maturity
(53 days) 100.2 mm of precipitation occurred,
which created optimal conditions for the full de-
velopment of barley plants.

3Kilchevsky A.V., Khotyleva L.V. Method for assessing the adaptive capacity and stability of genotypes and differentiation capac-
ity of the environment. Message 1 // Genetics, 1985, vol. 21, N 9. pp. 1481-1489.

“Methodology of state varietal testing of agricultural crops. Moscow, 2019, Issue 1: General part, 384 p.
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Ta6a. 1. Mereogannsie 3a BeretaionHsbiii mepuon 2020-2022 rr. (n.n.T. Ycrb-Kunensckuii, Camap-

CKHI TOCYIapCTBEHHBIN arpapHbIil YHUBEPCUTET)

Table 1. Meteodata for the vegetation periods 2020-2022 (Ust-Kinelsky settlement, Samara State

Agrarian University)

Development phase Indicator 2020 2021 2022 Average annual value

Sowing —sprouting | precipitation, mm 4.9 0,0 16,4 8,2
Average air temperature, °C 16,8 22,8 13,7 12,5
HTC 0,36 0,0 1,50

Sprouting — tillering Precipitation, mm 12,9 2,8 42,6 9,9
Average air temperature, °C 11,5 23,6 18,0 14,1
HTC 0,61 0,12 2,63

Tillering — earing Precipitation, mm 49,5 83,8 15,2 39,1
Average air temperature, °C 18,6 21,2 20,0 17,3
HTC 0,78 1,36 0,29

Earing — ripening Precipitation, mm 9,2 16,4 13,8 45,3
Average air temperature, °C 22,7 25,4 23,4 20,2
HTC 0,11 0,23 0,18

tFi or gleer if)r(lltire vegeta- | precipitation, mm 69,4 103,0 71,6 99,0
Average air temperature, °C 19,8 233 21,0 17,7
HTC 0,41 0,68 0,50

Environmental conditions index +0,40 —0,42 +0,02

The growing season 2022 was characterized
by generally dry and hot weather conditions.
During the growing season 71.6 mm of precip-
itation was recorded (72.3% of mean annua-
1 values). The air temperature during the grow-
ing season of barley amounted to 21.0 °C, which
1s 3.3 °C higher than the average annual values.
The hydrothermal coefficient in the reporting
year for the entire growing season amounted to
0.5 (which corresponds to dry weather). The dis-
tribution of precipitation was uneven across bar-
ley development phases. The sowing — sprouting
phase (8 days) was favorable for grain germina-
tion and getting early sprouts. HTC during this
period was 1.5, which corresponds to moderate
moisture content. Sprouting — tillering phase (10
days) was excessively moistened (HTC = 2.6).
The other periods of barley growth and deve-
lopment were under moisture deficiency and in-
creased temperature regime. According to the

HTC value for the vegetation period, very dry
conditions prevailed in the years of the experi-
ments (HTC < 0,7) (see Table 1).

The variety yield is one of the main parame-
ters determining its potential and value for pro-
duction [6].

In 2020 yields ranged from 36.1 to 40.0 c/ha
with 35.7 c/ha of the standard variety Berkut. In-
dicators of the standard significantly exceeded
the six studied varieties and lines with a gain of
0.4 and 4.3 c/ha. The highest yield was observed
in the line Submedicum 2352/06 — 40.0 kg / ha
(see Table 2).

In 2021, the minimum yield (28.2 c¢/ha) was
recorded in two lines — Submedicum 2338/01
and Submedicum 2352/06. The highest yield was
recorded in the promising line Nutans 2294/01 —
37.9 c/ha with the standard yield of 27.9 c/ha.
All varieties and lines significantly exceeded the
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OreHKa HOBBIX COPTOB U MEPCIEKTUBHBIX JIMHUT APOBOTO AYMCHSA
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Huxonopoga 10.10., Kocwix JI.A., Cronmusckas E.B.,
[unosanosa A.B., Epmuinna H.H.

Tada. 2. YpoxaliHOCTb SIPOBOTO SIUMEHSI B KOHKYPCHOM COPTOMCIIBITaHUH

Table 2. Spring barley yield in competitive variety trials

. . Yield, c/ha Average yield Deviation from the
Variety, line over the years of the study,
2020 2021 2022 /ha standard, c/ha
Berkut (standard) 35,7 27,9 28,7 30,8 —
Povolzhsky Yantar 37,8 324 30,7 33,6 2.8
Povolzhsky Priz 38,4 30,7 33,0 34,0 3,2
Nutans 2294/01 36,1 37,9 32,6 35,5 4,7
Nutans 2200/04 39,2 30,2 31,3 33,6 2,8
Submedicum 2338/01 39,2 28,2 30,2 32,5 1,7
Submedicum 2352/06 40,0 28,2 31,7 33,4 2,6
Average 38,0 30,7 31,1 - -
LSD,, ¢/ha 1,3 1,1 1,4 1,6 -

standard in yield with an increase from 0.3 to
10.0 c/ha.

In 2022, high yield was shown by the vari-
ety Volga Priz (33.0 c/ha) and the line Nutans
2294/01 (32.6 c/ha), significantly exceeding the
yield of the variety Berkut by 4.3 and 3.9 c/ha,
respectively. It should be noted that over the
years of research stable yield was observed in
the promising line Nutans 2294/01 — 35.5 ¢/ ha,
which is 4.7 c/ha more than the standard
(30.8 c/ha).

Calculation of the index of environmental
conditions by years showed that of the three
years of study 2020 was the most favorable for
the growth and development of barley, which had
an index of environmental conditions of +0.40.
The average yield of the varieties for 2020 was
38.0 kg/ha. In unfavorable 2021 with an index

of environmental conditions of -0.42, the ave-
rage yield of the varieties reached 30.7 kg/ha
(see Table 2).

The new varieties and promising lines studied
in the experiment have relatively high and stable
yields over the years compared to the standard.

As a result of the research conducted in dif-
ferent moisture availability years, a group of
high-yielding and high-protein barley varieties
was identified among the numbers of competi-
tive variety trials (see Table 3).

Proteins play a crucial role in all life processes
of plant cells and the whole organism. Proteins
have a complex chemical composition. Their
main chemical components are amino acids.

Numerous data indicate a significant influ-
ence of the weather conditions on the quality
of spring barley grain. It is established that any

Tab6a. 3. Ilokazarenu kadecTBa 3epHA COPTOB M IMHUN SPOBOTO STIMECHS

Table 3. Grain quality indicators of spring barley varieties and lines

Protein content, % Lysine content, %
Variety, line

2020 2021 2022 2020 2021 2022
Berkut (standard) 12,12 13,04 11,14 0,29 0,35 0,32
Povolzhsky Yantar 12,84 12,14 11,97 0,33 0,30 0,32
Povolzhsky Priz 12,31 13,44 13,30 0,32 0,37 0,32
Nutans 2294/01 12,49 12,94 11,26 0,31 0,36 0,31
Nutans 2200/04 13,42 12,13 11,73 0,37 0,33 0,33
Submedicum 2338/01 12,73 14,08 13,63 0,35 0,39 0,35
Submedicum 2352/06 10,60 11,12 11,94 0,30 0,30 0,31
LSD,,, c/ha 0,19 0,22 0,16 0,03 0,03 0,03
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Evaluation of the new varieties and promising lines of spring barley
for protein and lysine content in competitive variety trials

Nikonorova Yu.Yu., Kosykh L.A., Stolpivskaya E.V.,
Shipovalova A.V., Ermilina N.N.

drought (air or soil) contributes to protein accu-
mulation and deterioration of the main chemical
and technological indicators of grain quality. As
arule, in the conditions of the forest-steppe zone
of the Middle Volga region, the highest protein
level is observed in dry and very dry years [7].

In drought 2021, the protein and lysine con-
tents were the highest. Thus, the protein content
of the new variety Povolzhsky Priz and pro-
mising line Submedicum 2338/01 amounted to
13.44 and 14.08%, respectively, lysine — 0.37
and 0.39% (see Table 3).

Volume weight (nature) and mass of 1000
grains, characterizing grain coarseness, are the
main indicators of grain quality as a raw materi-
al for the production of food products.

When evaluating grain that is more or less
equalized in terms of moisture and weediness,
its natural weight is a reliable indicator of barley
quality and protein content. On the basis of the
obtained data, it can be concluded that the great-
er the volume weight of the grain, the lower the
percentage of protein content in it. In the new
variety Povolzhsky Yantar and promising line
Submedicum 2352/06 the average nature for the
years of research amounted to 669 and 666 1/g,
respectively, with protein content of 12.3 and

11.2% (see the figure). The maximum protein
content for the years of study was observed in the
promising line Submedicum 2338/01 — 13.48%,
while the minimum volume weight was 653 1/g.

Due to the fact that nature cannot give a
comprehensive idea of the physical quality of
the grain under study, the mass of 1000 grains
is also determined. This indicator is considered
to be additional to the volumetric weight. Some
specialists believe that the weight of 1000 grains
is a more reliable measure of grain merit [8].

The chemical composition depends on the
ratio of carbohydrates and proteins in the en-
dosperm [9]. In addition, the ratio of germ and
endosperm has a greater influence on the total
chemical composition, which is determined
mainly by the degree of grain plumpness during
its filling. This caused some authors to argue
that there is an inverse relationship between the
weight of 1000 grains and the protein content
[10, 11].

Our data show that the weight of 1000 grains
in Nutans line 2200/04 for the years of study was
the lowest among the studied samples and varied
from 37 to 42 g with protein content from 13.4 to
11.7% (see the figure). The highest average for
2020-2022 was observed in line Submedicum

*N
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1000 grains weight, g
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m Povolzhsky Prize  ® Nutans 2294/01

B Nutans 2200/04 ™ Submedicum 2338/01 ™ Submedicum 2352/06

O6wemubil Bec (a) 1 macca 1000 3eper (6) COPTOB U MEPCIIEKTUBHBIX JIMHUH SIPOBOTO STUMEHS
Volume weight (a) and 1000 grain weight (6) of the varieties and promising lines of spring barley
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Taoua. 4. XapaKTepI/ICTI/IKa BBICOKOYpO)KaﬁHBIX COpPTOB " JIMHUN SYMCHS, BBIJICIIMBIINXCS 110 KOPMOBBIM

kadectBaM (2020-2022 rt.)

Table 4. Characteristics of high-yielding barley varieties distinguished by fodder qualities (2020-2022)

Variety, line Proteoi/il content, Pr(lt/?li: yield, Lysir;/eu content, Lys/l;llz yield,

Berkut (standard) 12,10 372,68 0,32 9,86

Povolzhsky Yantar 12,32 413,95 0,32 10,75
Povolzhsky Priz 13,02 442,68 0,34 11,56
Nutans 2294/01 12,23 434,17 0,32 11,36
Nutans 2200/04 12,43 417,65 0,34 11,42
Submedicum 2338/01 13,48 438,10 0,36 11,70
Submedicum 2352/06 11,22 374,75 0,30 10,02
LSD,, 0,21 0,07 0,02 0,01

2352/06 (47 g) with the lowest protein content
(11,2%).

In our experiments, the protein content in the
grain of different varieties and promising lines
of spring barley for the years of research on av-
erage varied from 11.2 to 13.0%, while lysine
ranged from 0,3 to 0,4%.

According to the obtained data (see Table 4),
the highest protein and lysine yield for the years
of research was observed in the new variety
Povolzhsky Priz — 442.7 and 11.6 c/ha with an
average yield of 34.0 c/ha. The promising line
Nutans 2294/01 was more productive in terms
of yield (35.5 kg / ha), but was inferior to the
new variety for protein and lysine content in
the grain, although it exceeded the standard for
protein and lysine collection by 17 and 15% per
hectare.

CONCLUSION

Breeding to improve the quality of grain-
forage barley should be aimed at optimizing the
morphological parameters of the grain and in-
creasing adaptability to soil and climatic stress-
es. Thus, the yield of the promising line Nutans
2294/01 averaged 35.5 c/ha for all the years of
research, exceeding the indicators of all parti-
cipating in the competitive variety trial, but was

inferior in terms of protein and lysine content in
the grain, although it exceeded the indicators of
the standard variety Berkut.

The grain of spring barley variety Povo-
1zhsky Priz and the promising line Submedicum
2338/01 had the highest nutritive value: with
yields of 34.0 and 32.5 c/ha, the protein collec-
tion amounted to 4.4 and 4.3 c/ha, essential ami-
no acid lysine — 0.12 c/ha.

Thus, the selected lines and new varieties,
regardless of weather conditions, were able to
provide high-protein and high-lysine grain for
fodder purposes, while maintaining crop yields.
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B3aumocBsizb MexKAYy YPOKANHOCTHIO M JJIEMEHTAMM €€ CTPYKTYPbI
COPTOO0PA3LOB JUIIOUIHON U TETPAIIOUIHOH 03UMOM PKH
B yciaoBusix 3anagHo-CudupCcKoro peruoHa

C<DEpmomxkunna H.H.

Cubupcruil Hay4HO-UCC1e008aMeNbCKUll UHCIMUMYM pacmeHue8o0Cmsed U celekyul —
Qunuan DedepanbHo2o UCCIe008AMENbCKO20 YeHMpPa « Mncmumym yumonocuu u 2eHemuxu
Cubupckoeo omoenenus Poccutickoii akademuu Hayk»

HoBocubupckas o6macts, p.i. KpacHoo6ck, Poccust

(C<De-mail: natali.erm@bk.ru

[IpencrapiieHbl pe3ynbTaThl U3YUCHUSI KOPPEIISIUNA MEXKIY YPOKAWHOCTHIO M €€ CTPYKTYPHBIMU
AIIEMEHTAMH Y COPTO0OPa3IOB AUMIIOUTHON U TETPAIIIONIHON 03UMOMN PKH B YCIOBHX 3ananHo-Cu-
oupckoro pernona. Mcciaenosanus nmposeaeHsl B HoBocubupckoit odmactu ¢ 2019 mo 2021 r. Beero
MCCIIEZIOBAHO 28 COPTOOOPA3IIOB JUILTOUTHON (271) ¥ TETPATUIONTHOM (471) 03UMOH PIKU Pa3TMIHOTO
JKOJIOTO-reorpauIecKoro MpOUCXOKICHMsI. B pe3ynbrare MUCIIEpCHOHHOTO aHaIu3a JaHHBIX OIpe-
neneHo goctoBepHoe (p < 0,05) BuusHHE HA YPOKAWHOCTH O3UMOM PXKHM YCJIOBHUU BBIPAIIMBAHUS
(22,2%) u coptoBbix ocobenHocTei (31,8%), a Tak:ke B3aMMOJICHCTBHSI COPTA ¢ YPOBHEM IIOUIHOCTH
(18,2%). Bonee ypoxaitabim (626,3 r/mM*) okaszaincsi HAOOp COPTOOOPA3IOB TETPAIUIOUIHON 03UMOM
P>KH B CPaBHEHWH C COPTaMHU JIUTIIONIHOHN, KOTOPBIH HMEN BBICOKHE TTOKA3aTeNH IPU3HAKOB. Y COPTOB
TETPAIUIONIHON P>KU IMHA Koioca coctasisia 12,0-13,3 cm, macca 1000 3epen — 50,1-53,0 1, mac-
ca 3epHa ¢ konoca — 2,18-2,79 1, ¢ pacrenust — 7,17-8,70 r. Y Habopa copTo00Opa3IoB AUILIOUTHON
KU ypokaiiHOCTh Obl1a cHIkeHa (565,0 r/mM?), ipu 3ToM y HUX ObUTH 0oJiee BBICOKHE MOKa3aTen
MIPU3HAKOB CTPYKTYPHI YpOxKasi: MPOIXYyKTHUBHAS KyCTUCTOCTh — 3,8—4,3 MIT., 03epHEHHOCTH KOJOCa —
81,1-89,1%, uncio 3epen ¢ kooca — 55,0-56,9 mt. C yuyeToM Beex EPEUUCIICHHBIX TaHHBIX pa3HO-
3HaYHOCTH CTPYKTYPHBIX KOMITOHEHTOB AWIUIOWTHON W TETPAIIONIHON PIKHA KOPPEISIIMOHHBIN aHa-
JIU3 TIOKa3all, YT0O OCHOBHOM BKJIAJ] B TMOBBINIEHUE YPOXKAHHOCTH B ycloBHAX 3anagaHo-CuOupcKoro
peruoHa BHOCST MPOLYKTUBHAS KyCTHCTOCTH (7 — oT 0,59 no 0,78), unciio KoJI0CKOB B Kojoce (7 — OT
0,54 o 0,70) u macca 3epHa ¢ pactenus (r = 0,79). B cenexkunonHo# pabote moad0p POAUTETHCKIX
(dhopM 1 0TOOP BBICOKOYPOXKAMHBIX 00PA3IIOB KOJUICKIIMH O3UMOM P3KU Pa3HOrO YPOBHS IIOUIHOCTH
HEOOXOAMMO BECTH IO STHUM 3JIEMEHTaM MPOIYKTUBHOCTH.

KuaroueBbie cjioBa: aurionHasi poXKb, TETPAILIOWIHAS POXKb, KOPPEISIHs, IPU3HAK, YpOXKaii-
HOCTb

Relationships between the yield and the elements of its structure
of diploid and tetraploid winter rye varieties under the conditions
of the West Siberian region

(C<DErmoshkina N.N.

Siberian Research Institute of Plant Production and Breeding —

Branch of the Federal Research Center “Institute of Cytology and Genetics
of the Siberian Branch of the Russian Academy of Sciences”

Krasnoobsk, Novosibirsk region, Russia

(<XDe-mail: natali.erm@bk.ru

The results of studying the correlation between the yield and its structural elements in the varieties
of diploid and tetraploid winter rye under the conditions of the West Siberian region are presented.
The research was conducted in the Novosibirsk region from 2019 to 2021. A total of 28 varieties of
diploid (2n) and tetraploid (4n) winter rye of different ecological and geographical origin were stud-
ied. As a result of the variance analysis of the data, a reliable (p < 0.05) effect of the growing condi-
tions (22.2%) and varietal characteristics (31.8%), as well as the interaction between the variety and
the ploidy level (18.2%) on winter rye yield was determined. A set of tetraploid winter rye varieties
was more yielding (626.3 g/m?) in comparison with diploid varieties, which had high trait indices. In
tetraploid rye varieties, ear length was 12.0-13.3 cm, 1000 grain weight was 50.1-53.0 g, grain weight
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B3anMoCBsI3b MEK/LY yPOXKAHHOCTBIO U AIIEMEHTAMI
€€ CTPYKTYpbl COPTOOOPA3IIOB JNIIION/IHOM M TETPAILIONIHON
03UMOM PKU B ycinoBusiX 3anaaHo-CHOMPCKOro pernoHa

Epmomkuna H.H.

per ear was 2.18-2.79 g and per plant was 7.17-8.70 g. A set of diploid rye varieties had lower yields
(565.0 g/m?), while they had higher yield structure traits: productive bushiness — 3.8-4.3 pieces, ear
grain content — 81.1-89.1%, number of grains per ear — 55.0-56.9 pieces. Taking into account all the
above-mentioned data of the diploid and tetraploid rye structural components diversity, correlation
analysis showed that the main contribution to the increase in yield in the conditions of the West Si-
berian region is made by productive bushiness (» — from 0.59 to 0.78), number of spikelets per ear
(r—from 0.54 to 0.70) and grain weight per plant (= 0.79). In breeding work selection of seed parents
and selection of high-yielding samples of winter rye collection of different ploidy levels should be
carried out according to these elements of productivity.
Keywords: diploid rye, tetraploid rye, correlation, trait, yield
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INTRODUCTION

Winter rye is an important food crop in Rus-
sia, which has a high emergency potential. High
winter hardiness and frost resistance of winter
rye allow giving stability to gross yields of food
grain in unfavorable years' [1, 2]. The main ar-
eas of winter rye cultivation remain moderately
cold and low fertility areas, including Western
Siberia with its sharply continental climate. In
this region, diploid (2n = 14) and tetraploid (4n
= 28) varieties and F, hybrids of winter rye are
cultivated. The main share (more than 80%) of
cultivated varieties (hybrids) is represented by
tetraploid rye varieties, the share of diploid rye
varieties and hybrids is less significant’. Ac-
cording to long-term studies conducted at the

Siberian Research Institute of Plant Production
and Breeding — branch of the Federal Research
Center “Institute of Cytology and Genetics
SB RAS” (SibNIIRS — branch of the Institute
of Cytology and Genetics SB RAS) and at the
Scientific and Practical Center of the National
Academy of Sciences of Belarus on Agricul-
ture, the average yield of diploid and tetraploid
rye varieties is approximately at the same level®
[3]. A relevant issue is the comparative study
of potential and real possibilities of diploid and
tetraploid varieties of winter rye on the complex
of economically valuable traits. It is known that
the yield potential directly depends on the ag-
gregate contribution of structural traits, such as
the number of productive stems and ear produc-

'"Wiestaw P. Rye Genetic Resources in Europe // Plant Breeding and Seed Science, 2003, vol. 48 (2/2), pp. 37-44.

2Artemova G.V., Ponomarenko V.I, Stepochkin PI. Results and methods of adaptive breeding of winter crops in SIBNIIRS //
Gene pool and plant breeding: abstracts of II Intern. conf. dedicated to the 80th anniversary of SIBNIIRS. Novosibirsk: ICIG, 2016,

pp- 9-10.

*Artemova G.V., Gubarenko P.G. Breeding evaluation of diploid and tetraploid rye varieties under cultivation in the Siberian
region // Adaptive systems of breeding and seed production: Collection of scientific works SB RAAS. Novosibirsk, 2008, pp. 12-17.
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tivity*. In this regard, when working with the
collection material of winter rye, it is necessary
to study in detail the structural elements of win-
ter rye collection material, which make up the
yield, as well as the dependence of some traits
on the others [4].

For this purpose, correlation analysis is used,
which allows revealing more fully the potential
of varietal features of formation of productivi-
ty elements in diploid and tetraploid winter rye
under certain growing conditions and adjusting
breeding work in accordance with the available
source material [5, 6].

The purpose of the study was to investigate
the correlations between the yield and its struc-
tural elements in varieties of diploid and tet-
raploid winter rye under the conditions of the
West Siberian region.

MATERIAL AND METHODS

The studies were conducted in 2019-2021
at the experimental plot of SibNIIRS — branch
of ICIG SB RAS. The soil of the experimental
field is represented by leached medium semi-
loam chernozem. The content of humus accord-
ing to Tyurin is 4.2%, total nitrogen — 0.34%,
mobile phosphorus and potassium according to
Chirikov 29 and 13 mg/100 g of soil, respec-
tively, pHwater = 6.7—6.8. The depth of arable

layer is 41-46 cm’. The forecrop was complete
fallow. The plot area was 1 m? threefold rep-
etition with a seeding rate of 300 germinated
grains/m?.

Sowing was carried out in optimal for the
crop terms in the first ten-day period of Septem-
ber, harvesting was carried out in the beginning
of the first ten-day period of August.

The study material was a collection of winter
rye obtained from the All-Russian Institute of
Plant Genetic Resources named after N.I. Vavi-
lov and the National Research Center for Ag-
riculture of the National Academy of Sciences
of Belarus. A total of 28 varieties of winter rye
of different ecological and geographical origin,
among them 14 diploid and 14 tetraploid variet-
ies of winter rye were studied (see Table 1). The
diploid winter rye variety Korotkostebelnaya
69, registered in the State Register of Breeding
Achievements and allowed for use in the West
Siberian region, and the tetraploid variety Tetra
Korotkaya were used as a standard.

According to the data of the GEM “Ogurtso-
vo”, agrometeorological conditions in 2019-
2021 differed among themselves in temperature
regime, amount, nature and frequency of pre-
cipitation during the spring-summer vegetation
of plants, which contributed to an objective as-
sessment of the studied collection samples of

Ta6a. 1. M3yyaemblie copTo0Opasibl AUIIOUTHON U TETPAIJIOUTHON O3UMOHN PKH

Table 1. Diploid and tetraploid winter rye varieties under study

Ploidy Origin Sample
Diploid rye Russian Federation Korotkostebelnaya 69, Sibirskaya 87, Chulpan,
Pamyati Kunakbaeva, Sinilga, Alisa
Republic of Belarus Lota, Kalinka, Golubka, Vostok, Verdena, Talisman,
Zubrovka, Yubileynaya
Tetraploid rye Russian Federation Tetra Korotkaya, Vlada, Sibir 4, Rokot 95
Republic of Belarus Igumenskaya HI, Belaya Vezha, Plamya, Dubinskaya,
Zazerskaya 3, P78, Polnovesnaya, Puhovchanka, Iskra,
Igumenskaya 78, Druzhina

‘Goncharenko A.A., Krahmalev S.V., Ermakov S.A. Genetic analysis of productivity traits of winter rye in diallel crosses // Bul-
letin of Saratov State Agrarian University named after N.I. Vavilov, 2012, N 10, pp. 25-29.

SFarming system of experimental-production farm “Elite” / Yu.I. Chulkin, I.A. Pugin. Novosibirsk: SB VASKHNIL, 1983, 36 p.
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winter rye. To compare weather conditions from
May to July in the years of study, the hydrother-
mal coefficient of Selyaninov was calculated®.

The growing season 2019 was character-
ized by insufficient moisture (HTC = 1.03). In
May, there was an alternation of high (max-
imum — 28 °C) and low temperatures (mini-
mum — 4.8 °C) with a deficit of precipitation
(HTC = 0.94). Mean monthly air temperature in
the summer period was close to the mean annu-
al temperature: in June — 16.4 °C (deviation —
0.7 °C), in July — 19.2 °C (deviation — 0.2 °C).
Precipitation was distributed unevenly: in June
with very low moisture availability (HTC =
0.51), in July — with excessive moisture avail-
ability (HTC = 1.65).

The more favorable period is considered to
be 2020 with optimal moistening (HTC = 1.24).
The period from the beginning of spring tiller-
ing to earing was characterized by increased
temperature (maximum — 34.0 °C) against the
background of optimal moisture (HTC = 1.19).
As a consequence, the date of flowering phase
was shifted to early June (10 days earlier). The
average monthly air temperature in the summer
period was close to the mean annual tempera-
ture: in June — 16.6 °C (deviation — 0.5 °C), in
July — 19.7 ° C (deviation — 0.3 °C). As in 2019,
uneven distribution of precipitation was record-
ed: in June there was very low moisture avail-
ability (HTC = 0.50), in July — excess moisture
availability (HTC = 2.02).

The growing season 2021 was unfavorable
for the development of winter rye. The hydro-
thermal regime in the spring-summer period was
characterized by insufficient moisture (HTC =
0.88). In May, warm weather was observed (av-
erage daily air temperature was 14.3 °C, which
is 2.4 °C above the mean annual value) with
very low moisture availability (HTC = 0.57).

The average monthly air temperature during the
summer period was close to the average for the
year: in July — 19.7 °C (deviation — 0.2 °C), in
June it was 1.4 °C colder (average daily air tem-
perature was 16.2 °C). In June, excessive moist-
ening was established (HTC = 1.51), which was
replaced by moisture deficit in July (HTC =
0.57).

The study of the main elements of the pro-
ductivity structure, which were evaluated by
eight traits: productive bushiness, ear length
and ear grain content, the number of spikelets
and grains in the ear, grain weight per ear and
per plant, the weight of 1000 grains. The yield
records and analysis of the main economically
valuable traits of the rye collection were carried
out in accordance with the “Methodological
guidelines for the study of the world rye collec-
tion” and “Methodology of state variety testing
of agricultural crops“’-%.

Statistical processing of experimental data
was performed according to the method using
Snedecor V5’ program. Pearson's correlation
coefficient () was used to identify the depen-
dence between the studied features. To interpret
the correlation coefficient the following scale
was used: at » < 0.30 the strength of the rela-
tionship between the studied features is weak,
at » =0.30-0.70 — medium, at » > 0.70 — strong.
The positive value of the correlation coefficient
shows that with the increase in the values of
one attribute the value of the second attribute
increases, the negative value shows the opposite
relationship between the features.

RESULTS AND DISCUSSION

According to the results of the analysis of
variance, it was reliably (p < 0.05) found that
the greatest contribution to the variability of
the trait under consideration is made by chang-

¢Zoidze E.K., Khomyakova T.V. Modeling of moisture availability formation on the territory of European Russia in modern con-
ditions and the basis for assessment of agroclimatic security // Meteorologiya i Gidrologiya, 2006, N 2, pp. 98-105.

"Methodological guidelines for the study of the world rye collection. SPb.: VIR, 2015, 44 p.

$Methodology of the State Variety Testing of Agricultural Crops. Cereals, cereals, legumes, corn and fodder crops // edited by
V.1. Golovachev, E.V. Kirilovskaya. Moscow: Kalinin regional printing house, 1989, Issue 2, 194 p.

’Dospekhov B.A. Methodology of field experiment; 4th ed., rev. and supplement. Moscow: Kolos, 1979, 416 p.
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ing conditions of vegetation (share of influence
22.2%) and selection variability (share of influ-
ence 31.8%), the smallest — the level of ploidy
of winter rye varieties studied (share of influ-
ence 4.8%). A reliable (p < 0.05) interaction of
factors of year conditions with genotype (va-
riety) and genotype (variety) with ploidy level
(influence share 3.7 and 18.2%, respectively)
was also revealed (see Table 2). Consequently,
the yield is determined by the growing condi-
tions, the potential of the variety and its ploidy
level. In the years with optimal moisture (2019
and 2020), a high level of yield was observed
for the whole set of winter rye samples: dip-
loid — 572.6 g/m? (2019) and 610.4 g/m? (2020),
tetraploid — 612.5 g/m? (2019) and 745.8 g/m?
(2020). Under insufficient moisture in 2021, the
lowest yield of varietal samples was formed in
comparison with other years of the study. The

average yield for a set of varieties of diploid rye
was 512.0 g/m?, tetraploid —520.6 g/m>.

The yield of a set of tetraploid rye varieties
exceeded the yield of diploid rye varieties in the
years with optimal moisture by 6.5-18.2%, in
the year with insufficient moisture by 1.7%. On
average for 3 years of study samples of tetraploid
rye formed a higher yield (626.3 g/m?) com-
pared to varieties of diploid rye (565.0 g/m?).
It was found that the limits of variation of yield
variation by cultivars are higher in tetraploid
rye than in diploid rye: from 485 (Druzhina)
to 803.1 g/m? (Vlada), from 332.5 (Vostok) to
760.0 g/m? (Yubileinaya). Rye varieties Vlada
(803.1 g/m?), Sibirskaya 87 (689.0) and Yubi-
leynaya (706.0 g/m?) had high yield values in
relation to the standard.

To determine the relationship between yield
and elements of yield structure, correlation

Tada. 2. YpoxaiiHOCTh 3epHa M BETUYMHA 3JIEMEHTOB NMPOAYKTUBHOCTH COPTOOOPA3IOB JUIIONTHONW U

TETPAIIOUTHON 03UMOM PIKU

Table 2. Grain yield and the value of productivity elements of diploid and tetraploid winter rye varieties

Indicator 2019 2020 2021 2019-2021
Diploid rye
Yield, g/m? 572,6 £53,2 610,4+72,5 512,0 £ 51,0 565,0 = 56,0
Productive bushiness, pcs. 3,9+0,2 3,84+0,3 43+0,3 40+0,2
Ear length, cm 11,3+0,7 11,5+ 0,6 11,2+ 0,6 11,3+ 0,6
Number of spikelets, pcs. 309+1,3 30,9+ 1,5 327+1,1 31,5+ 1,2
Number of grains per ear, pcs. 53,9+3,0 55,0+3,0 56,9 +2,2 553+2,3
Ear grain content, % 89,1 £1,3 81,1 £2,7 88,3+£1,6 86,2+ 1,1
Grain weight, g:
per ear 225+0,2 2,06+ 0,1 2,02+0,2 2,11£02
per plant 7,04 +£0,3 7,39+£0,9 7,10 £ 0,6 7,18+ 0,4
Weight of 1000 grains, g 38,6 +2,6 35,6 £2,5 35,6 £2,5 36,0+2,3
Tetraploid rye
Yield, g/m? 612,5+83,6 745,8 +£51,3 520,6 + 62,1 626,3 +51,7
Productive bushiness, pcs. 3,0£0,4 3,3+0,2 3,5+0,3 3,3+0,2
Ear length, cm 13,3+0,4 12,7+ 0,6 12,0+ 0,6 12,7+ 0,5
Number of spikelets, pcs. 32,0+0,9 31,2+ 1,1 29,5+ 1,1 30,9 +0,9
Number of grains per ear, pcs. 50,0+ 1,7 51,4+1,6 46,2+ 1,9 492+ 1,4
Ear grain content, % 82,8+ 1,4 82,1 £2,0 77,7+3,2 80,9+ 1,7
Grain weight, g:
per ear 2,79 0,1 2.74+0,1 2,18+0,1 2,57+0,1
per plant 7,57 +0,8 8,70 £ 0,6 7,17+0,6 7,79 £0,4
Weight of 1000 grains, g 52,5+2,0 53,0+£2,9 50,1 £ 1,8 51,8+ 1,9
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analysis was carried out, as a result of which the
dependence of their variation on meteorological
conditions and rye ploidy level was established
(see Table 3).

Yield is greatly influenced by productive
bushiness (» — from 0.33 to 0.86), which de-
pends primarily on the genetic potential of rye
varieties and moisture availability of the year
[7]. In a set of diploid rye varieties, productive
bushiness was higher and ranged from 3.8 to
4.3 plants. In tetraploid rye samples, productive
bushiness was lower and amounted to 3.0-3.5
pieces. At low yield in 2021, high productive
bushiness was observed in a set of varieties of
diploid (4.3 pieces) and tetraploid (3.3 pieces)
rye. At the same time, an average positive cor-
relation between the traits was found (» = 0.34
and 0.33 for diploid and tetraploid varieties, re-
spectively). In 2019 and 2020, a significant av-
erage correlation was found between the yield
and the number of productive stems in a set of
diploid rye varieties (» = 0.60 and 0.58 in 2019
and 2020, respectively). Productive bushiness
ranged from 3.8 (2020) to 4.3 pieces (2021). For
tetraploid rye varieties reliable correlation be-
tween the studied traits was established in 2019
(r=0.86). In this case, the average value of pro-
ductive bushiness was 3.3 pcs, yield — 612 g/m?.

During 3 years of study, the trait of productive
bushiness with yield had reliable positive cor-
relations in a set of varieties of diploid (»=0.78)
and tetraploid (r = 0.59) rye varieties.

Spikelet length is the most phenotypically
stable element of productivity and depends on
varietal characteristics'®. It was revealed that
a set of tetraploid varieties of rye has a longer
ear (from 12.0 to 13.3 cm) than the diploid ones
(from 11.2 to 11.5 cm). Spikelet length of dip-
loid rye variety samples ranged from 11.2 to
11.5 cm and had a positive correlation coeffi-
cient (r — 0.46 to 0.57). Varieties of tetraploid
rye form a longer ear (12.0-13.3 cm) and in the
years of study had unstable correlation (» — from
—0.17 to 0.54). Despite the different ear length
in diploid and tetraploid rye varieties, the rye
ear has low density (loose) — less than 32 spike-
lets per ear. In a set of diploid and tetraploid rye
varieties, the number of spikelets in the ear was
at the same level (from 29.5 to 32.7 pieces) with
positive correlation coefficients (» — from 0.28
to 0.59). Over the years of research positive re-
liable correlation with the yield was revealed in
a set of varieties of diploid (» = 0.54) and tetra-
ploid (» = 0.70) rye.

Ear grain content is considered to be a com-
plex element of yield structure, which is deter-

Taoa. 3. KoppensuoHHbIi aHaINU3 3aBUCUMOCTH YPO)XKaWHOCTH OT JIEMEHTOB CTPYKTYPbI IPOIYKTHB-

HOCTHU O3UMOM pKHU

Table 3. Correlation analysis of yield dependence on the elements of winter rye productivity structure

Diploid rye (2n) Tetraploid rye (4n)
Indicator
2019 2020 2021 20192021 2019 2020 2021 20192021

Productive bushiness, pcs. 0,60* | 0,58* | 0,34 0,78* 0,86* | 0,35 0,33 0,59*
Ear length, cm 0,57* | 0,47 | 046 0,55* -0,17 | 0,44 | 0,54* 0,56*
Number of spikelets, pcs. 0,44 | 0,46 | 0,59* 0,54* 0,59* | 0,28 | 0,57* 0,70*
Ear grain content, % -0,24 | 0,11 | 0,11 —0,06 -0,13 | 0,11 0,00 —0,08
Number of grains per ear, pcs. 0,09 0,41 0,41 0,38 0,28 0,41 0,37 0,50
Grain weight, g:

per ear 0,12 | 0,05 | 0,01 0,01 -0,41 | 0,01 0,09 -0,25

per plant 0,44 | 0,70* | 0,27 0,79* 0,79* | 0,71* | 0,60* 0,79*
Weight of 1000 grains, g 0,12 | -0,30 | -0,34 -0,31 -0,33 | 0,25 | 0,41 -0,56*

* Correlation is significant at 5% significance level, where » = 0,53.

WTorop A.A., Kuzmenko S.A., Torop E.A. Changes in yield, its elements and morphobiological traits of winter rye in the process
of selection // Achievements of science and technology of AIC, 2015, vol. 29, N 4, pp. 20-23.
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mined by the number of spikelets and grains in
the spikelet [8]. A set of diploid rye varieties
had a high (86.2%) level of ear greenness. The
number of spikelets in the ear amounted to 31.5
pieces, the number of grains — 55.3 pieces; in
tetraploid rye varieties, the number of spikelets
in the ear was 80.9 pieces, the number of spike-
lets — 30.9, the number of grains in the ear —
49.2 pieces. At the same time, the level of ear
grain content in a set of diploid rye varieties was
small (13.8%), in tetraploid varieties — average
(19.1%). A weak non-significant correlation be-
tween the yield and ear grain content was found
in the range of 7 from — 0.24 to 0.11 irrespective
of the ploidy level of winter rye. Significant cor-
relation between the number of grains per ear
and the yield was not found for varieties of both
ploidy levels.

The mass of 1000 grains characterizes the
yield properties of seeds and refers to varietal
traits [9]. In a set of diploid winter rye varieties,
the weight of 1000 grains averaged 36.0 g with
a variation from 35.6 to 38.6 g, in tetraploid rye
varieties — 51.8 g with a variation from 50.1 to
53.0 g. It follows that the grain of tetraploid
winter rye is larger compared to diploid rye.
Significant correlation of the 1000 grain weight
trait with yield in diploid and tetraploid winter
rye varieties was not determined.

Grain weight per ear is a complex trait and
depends on ear grain control and 1000 grain
weight (see footnote 10). Varieties of tetraploid
winter rye exceeded the samples of diploid rye
by grain weight per ear (2.57 and 2.11 g, respec-
tively). In all years of study, no reliable correla-
tion was found in diploid and tetraploid winter
rye varieties between yield and grain weight
per ear (r from —0.25 to 0.12), as well as with
such traits as ear grain control and 1000-grain
weight.

Grain weight per plant is the most import-
ant trait of productivity. It is determined by the
number of productive spikelets and their ear
grain content, as well as by the weight of 1000
grains [10, 11]. Samples of tetraploid winter rye
exceeded diploid varieties in grain weight per
plant (7.79 and 7.18 g, respectively). The lev-

el of yield of diploid winter rye varieties was
in strong positive dependence on grain weight
per plant in 2020 (» = 0.70). In tetraploid rye in
all years of study established a reliable correla-
tion with the considered trait in 2019 (» = 0.79),
2020 (r=0.71) and 2021 (» = 0.60).

During the study it was found that the main
contribution to the increase in yield of diploid
and tetraploid rye is made by productive bush-
iness (» — from 0.59 to 0.78), the number of
spikelets in the ear (» — from 0.54 to 0.70) and
grain weight per plant (» = 0.79). Unstable cor-
relation between the yield and ear length was
also revealed (» — from 0.55 to 0.56).

CONCLUSIONS

1. As a result of the data analysis of vari-
ance, a significant (p < 0.05) effect of growing
conditions (22.2%) and varietal characteristics
(31.8%), as well as the interaction of variety
with ploidy level (18.2%) on winter rye yield
was determined.

2. Varieties of tetraploid winter rye were
more productive (626.3 g/m?), which also had
high indices of ear length (12.0-13.3 cm), 1000
grain weight (50.1-53.0 g), grain weight per ear
(2.18-2.79 g) and per plant (7.17-8.70 g). Dip-
loid rye varieties had lower yields (565.0 g/m?).
At the same time, they were characterized by
higher indices of yield structure traits: produc-
tive bushiness (3.8—4.3 pieces), ear grain con-
tent (81.1-89.1%), number of grains per ear
(55.0-56.9 pieces).

3. Taking into account all the above differ-
ences between diploid and tetraploid varieties
on the value of structural components, correla-
tion analysis showed that the main contribution
to the increase in yield in the conditions of the
West Siberian region make productive bush-
iness (r — from 0.59 to 0.78), the number of
spikelets in the ear (» — from 0.54 to 0.70) and
grain weight per plant (» = 0.79). In breeding
work, selection of parental pairs and selection
of high-yielding forms of winter rye should
be carried out taking into account the value of
these elements of productivity.
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AKTHBHOCTBH COPHBIX PACTEHHH B IOCEBAX
M0JIEBBIX KYJbTYP CTeNHOM 30HbI KpacHogapckoro kpas

() JIlyneBa H.H., 3axora T.I1O.

Bcepoccuiickuil nayyHo-uccied08amensCKutl URCMumym 3auunmsl pacmeHuil
Cankr-IletepOypr, Poccus

(XD e-mail: natalja.luneva2010@yandex.ru

B arpoduTorieno3ax moieBsIX KyJabTyp B 3alaJHON YacTH CTEIHOM 30HBI KpacHomapckoro kpas
rpouspactaroT 6onee 150 BHIOB COPHBIX pacTEHHA, U3 KOTOPHIX JHUIIb 38 MPOSBISAIOT ceOsl aKTHB-
HBIMHU B TOH WJIM MHOW CTENEHHU B IIeHO(IOpe arpopuTOLEHO030B. BBIABICHO, UTO HAUOOMBILYIO aK-
TUBHOCTH IPOSIBHIIM 9 BHIOB, MOKa3aTesid TpeOOBaTEIBLHOCTH KOTOPBHIX K (pakTopy Terua (cymma
aKTHBHBIX Temneparyp Bblime +5 °C = 1366-3536) Obutn Haubonee OIM3KU K MMOKA3aTelisiM TeIlio-
obecnieueHHOCTH 30HBI 00cenoBanus (3400-3800 °C). OHu 3acopsiIv MOCEBBI BCEX 00CIEI0BAHHBIX
TTOJIEBBIX KYNBTYD (TTOICOTHEYHNKA, KyKYPY3bl, MIIIEHUITBI O3UMOH, OBCa, COH, JIOTIEPHBI, KapTohes):
Ambrosia artemisiifolia L., Convolvulus arvensis L., Cirsium setosum (Willd.) Bess., Amaranthus
retroflexus L., Chenopodium album L., Echinochloa crusgalli (L.) Beauv., Abutilon theophrastii Me-
dik., Persicaria maculosa S.F. Gray, Lactuca serriola L. MeHee akKTUBHBIMY OBUIH BUJIBI, IPEICIBI
NoKazaTeJieil ONTHMAIBHOTO YPOBHS TPeOOBATENLHOCTH KOTOPBIX K (aKTOpy Teruia (CyMMa aKTUBHBIX
temrieparyp Boime +5 °C = 1152-2078) Obuth 3aMETHO HUXKE, YeM Y BUIOB TPEIABITYIICH TPYTIIIBL:
Lactuca tatarica (L.) C.A. Mey., Descurainia sophia (L.) Webb. ex Prantl, Sinapis arvensis L., Ama-
ranthus blitoides S. Watson., Taraxacum officinale Wigg., Portulaca oleraceae L. ArpodurorieHo3sI
BCEX IMOJIEBBIX KYJBTYP BKIIOYANH euie 19 raBHbIM 00pa3oM JOBOJBHO- U MaJlOAKTUBHBIX BHIOB.
[Ipenensl mokaszareseil oNTUMaNbHON TPEOOBATEIBHOCTH 3TUX BUJIOB K (haKTOpy TeIlIa B 30HE BPEIO-
HOCHOCTH (CyMMa aKTHUBHBIX TeMIiieparyp Boie +5 °C = 953-2107) 3HaunTeNbHO HUXKE, UEM Y BHJIOB
B TIEPBOI 1 BTOPOI1 rpymmax, u 0oee 3HAYUTEIHHO OTIINYAIOTCS OT TMOKa3aTesei TerinoodecnedeHHo-
CTH 30HBI 00cTiefoBaHNs. BEIsSIBIIEHHOE COOTHOIIIEHNE BUIOB Pa3HOW aKTHBHOCTH OYJIET COXPAHATHCS
IIPH YCJIOBHU COXPAHEHUS IMOTOJHO-KIMMATHYECKUX YCIIOBHH B 30HE WCCIIEOBAaHUS, a TAKXKE MPH
MOJAEPKAHUN COBPEMEHHOTO YPOBHS TEXHOJIOTMH BO3/EIBIBAHUS MOJIEBBIX KYIBTYp, OHO COCTABUT
coziep’KaHue MHOTOJIETHETO PErHOHAIBHOTO MTPOTHO34, BKITFOUasi Ha3BaHHBIE BBILIE BUJIbI, KOTOPHIC OY-
IyT HanboJsiee akTUBHO OKa3bIBaTh BPEAOHOCHOE BIMSIHHIE Ha POCT M Pa3BUTHE KYJIBTYPHBIX PACTEHUI.

KiroueBble cjioBa: akTHBHOCTD BUIOB, COpHas (iopa, MHOTOJIETHUH MPOTHO3

Activity of weed plants in field crops in the steppe zone
of the Krasnodar territory

(<)Luneva N.N., Zakota T.Yu.
All-Russian Institute of Plant Protection
Saint-Petersburg, Russia

(<De-mail: natalja.luneva2010@yandex.ru

More than 150 species of weeds grow in agrophytocenoses of field crops in the western part of the
steppe zone of the Krasnodar Territory, of which only 38 are active to one degree or another in the
cenoflora of agrophytocenoses. It has been revealed that 9 species showed the greatest activity, the
indicators of their demands on the heat factor (the sum of active temperatures above +5 © C = 1366—
3536) were closest to the indicators of heat supply in the survey area (3400-3800 °C). They clogged
the crops of all examined field crops (sunflower, corn, winter wheat, oats, soybeans, alfalfa, potatoes):
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of the Krasnodar Territory

Ambrosia artemisiifolia L., Convolvulus arvensis L., Cirsium setosum (Willd.) Bess., Amaranthus ret-
roflexus L., Chenopodium album L., Echinochloa crusgalli (L.) Beauv., Abutilon theophrastii Medik.,
Persicaria maculosa S.F. Gray, Lactuca serriola L. Less active were the species, which optimal level
of requirement for heat factor (the sum of active temperatures above +5 °C = 1152-2078) was notice-
ably lower than in the species of the previous group: Lactuca tatarica (L.) C.A. Mey., Descurainia so-
phia (L.) Webb. ex Prantl, Sinapis arvensis L., Amaranthus blitoides S. Watson., Taraxacum officinale
Wigg., Portulaca oleraceae L. Agrophytocenoses of all field crops included 19 more, mainly quite
active and low-active species. The limits of the optimal requirements of these species to the heat factor
in the zone of harmfulness (the sum of active temperatures above +5 °C = 953-2107) are significantly
lower than those of the species in the first and second groups, and differ more significantly from the
indicators of heat supply of the examination zone. The revealed ratio of species of different activity
will be maintained provided that the weather and climatic conditions in the study area are preserved, as
well as maintaining the current level of technology for cultivating field crops, and will amount as the
content of a long-term regional forecast, including the above-mentioned species that will most actively
have a harmful effect on the growth and development of the cultivated plants.
Keywords: species activity, weed flora, long-term forecast
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INTRODUCTION

The formation of crop yields is largely deter-
mined by the influence of harmful objects [1],
including weeds, the forecast of their develop-
ment serves as a basis for planning protective
measures, production or purchase of chemical
means of protection and necessary equipment,
as well as the calculation of future costs. The
annually published regional reviews of phy-
tosanitary condition of crops do not contain data
on the growth of specific weed species in crops
of individual cultures, nor do they forecast their
presence in agrocenoses for the next field sea-
son'. Only the section on biological efficacy of
applied plant protection products contains her-
bicides recommended for use against biological
groups of weeds (annual, perennial, cereals, di-
cotyledons), in very rare cases - against groups

of plant species: bristlegrass, wild buckwheat,
sow thistle, etc. Such information is of little
use for practical application, because in differ-
ent regions the same biological group includes
different species from different families, which
determines the use of different herbicides [2].
The formation of regional complexes of weed
plants is ecologically and geographically condi-
tioned: those weed species for which the level
of heat and moisture availability corresponds to
the species' requirements for heat and moisture?
grow in each region [3, 4]. A weed species is not
equally harmful in the whole area of its range.
The area where the species finds suitable condi-
tions for successful growth and development is
the zone of its main distribution, on the arable
lands of which the weed species weeds crops.
Near its borders, the frequency of occurrence of

'Review of phytosanitary condition of crops in the Krasnodar Territory in 2021 and forecast of development of harmful objects
in 2022 // Branch of FSBI “Rosselkhozcenter for Krasnodar Territory”, Krasnodar, 2022, 108 p.

2Luneva N.N. Theoretical substantiation and practical realization of phytosanitary zoning of weed plants: thesis of the Dr. of
Science in Biology, SPb., 2022. URL: http://vizrspb.ru/assets/docs/disser/LunevaNN/LunevaNN_disser.pdf.
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the species and its importance as a segetal plant
decreases, and outside this zone separate points
of the species location are registered. Practi-
cally for each weed species within the zone of
main distribution on the territory of the Russian
Federation there is a zone where its most active
participation in the formation of agrocenoses is
noted — this is the zone of its harmfulness®.

The heat requirement of a plant species is
dominant compared to other factors [5], and it
has been previously found that the frequency
of occurrence of the same species is higher in
those regions where the level of heat availabili-
ty corresponds more closely to the level of heat
requirement of these species (see footnote 3).

B.A. Yurtsev introduced the concept of spe-
cies activity, i.e., the measure of life success of a
species in a given territory, in botanics to assess
the role of species in plant communities and to
evaluate the degree to which species master the
territory of different landscapes. He proposed to
distinguish and evaluate partial activity of spe-
cies, i.e. the role of species in a certain ecotope®.

Researchers began to study the ecological
and cenotic activity of species both in relation
to species of regional floras [6-8] and invasive
species [9]. On this scientific basis, T.A. Palkina
developed a method for determining the agro-
phytocoenotic role of weed species identified in
a certain agrolandscape using a species activity
scale. The study revealed the constancy of par-
ticipation of weed species in the composition
of agrocenoses. “Permanence, this is the main
indicator of the placement of species in the ter-
ritory, the distribution of species into groups by
stages of permanence gives a certain idea of the
place that the species occupies among others in
the communities™.

Studies of species activity have been ex-
tended to weeds [10, 11]. These studies have
shown that the activity of species is not a con-
stant value, but is determined by their degree of

adaptation to culture, which allows determining
the role of each individual weed species in the
composition of agrocenoses of individual crops
and on the territory of the region. The vast ma-
jority of active species are characterized by a
wide agrocenotic range, which indicates a high
degree of their adaptation to the conditions of
all or most types of agrocenoses and stability
in them. This makes it possible to predict the
future presence of these species in the crops sur-
veyed (see footnote 5).

Predictability of weed species composition
in agrophytocenoses of individual crops is due
to the fact that the complex of species compos-
ing a separate agrophytocenosis (biocenosis of
an ecotope of a segmental habitat) is the flora of
this ecotope or partial flora. Separated, but flo-
ristically and ecologically homogeneous partial
floras of agrophytocenoses together represent
cenoflora. Cenoflora as “practically any com-
plete territorial aggregates of plant species, as
well as their parts (species complexes), are con-
ditioned ecologically and historically”, there-
fore, have a certain stability of species compo-
sition, which is predictable [12].

The purpose of the study is to identify active
species of weeds in field crops in the western
part of the steppe zone of the Krasnodar Territo-
ry with the prediction of phytosanitary situation
in field crops in the near future.

MATERIAL AND METHODS

The material was the data of field studies in
several districts (Slavyansky, Kanevsky, Kras-
noarmeysky, Krasnodar Urban District) of the
western part of the steppe zone of the Krasno-
dar Territory. In 2012-2015, 2017-2018 and
2022 354 fields of field crops were surveyed:
71 fields of winter wheat, 27 fields of oats, 63
fields of sunflower, 63 fields of corn, 54 fields of
soybean, 36 fields of alfalfa, 40 fields of potato
planting. The studies were conducted according

3Agroecological atlas of Russia and neighboring countries: agricultural plants, their pests, diseases and weeds // A.N. Afonin,
S.L. Green, N.I. Dzyubenko, A.N. Frolov (edited). 2008. URL: http://www.agroatlas.ru.

*Yurtsev B.A. Flora of Suntar-Khayat: Problems of the history of high-mountain landscapes of the North-East of Siberia. L.:

Nauka, 1968, 236 p.

SPalkina T.A. Structure of segetal flora of the Ryazan region // Herald of Ryazan State Agrotechnological University Named after

P.A. Kostychev, 2015, N 27 (3), pp. 26-32.
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to the methodology of field studies developed
and used in VIZR®, aimed at identifying the en-
tire species composition of the weed component
of agrophytocenosis, which is possible during
the flowering period of most weed species, and
used to develop a multi-year forecast of its de-
velopment. According to this method, the pro-
jective coverage of a particular weed species
was determined visually on each of 10-20 (de-
pending on the field size) survey plots of 1 m?
as a percentage of its coverage by individuals of
this species.

The activity of a weed species in the forma-
tion of agrocenoses in the crops of one culture
(partial) was determined taking into account
two indicators: the constancy of occurrence of
this species in the crops of this culture and the
average projective cover in the cenoflora. Six
classes of constancy were identified: I — the
species occurs in less than 10% of descriptions;
IT — 10-20% of descriptions; III — 21-40% of
descriptions; IV — 41-60% of descriptions; V —
61-80% of descriptions; Class VI — the species
occurs in 81-100% of descriptions. Abundance
classes were identified by projective cover
of species in communities: 1st class — single
plants; 2nd class — abundance less than 0.5%;
3rd class — abundance 0.5-1.0%; 4th class —

abundance 1.1-2.0%; 5th class — abundance
2.1-5.0%; 6th class — abundance more than
5.0%. Based on the combination of these indi-
cators, weed field species were categorized into
six categories (1 — particularly active, 2 —highly
active, 3 — moderately active, 4 — fairly active,
5 — low active, 6 — inactive) according to the
scale given in Table 1 (see footnote 5).

Also, to compare the activity of species in a
set of field crops, we used an index of the ratio
of the number of crops in which the species was
particularly-, highly-, moderately- and fairly
active to the number of the crops in which the
species was low- and inactive.

Indicators of the values of the factor limiting
the distribution of plant species in the northern
direction were determined using electronic maps
of weed species ranges, as well as the map of
distribution of the indicators of average annual
sums of active temperatures (SAT) above +5 °C,
presented in the Internet resource “Agroecolog-
ical atlas of Russia and neighboring countries:
economically important plants, their diseases,
pests and weeds” (see footnote 3). By superim-
posing the map of distribution of the above heat
factor on the map of the species' area for each
of them the values of indices of the isoline of
the mean annual SAT above +5 °C, describing

Ta6xa. 1. bammel mapuuaaTbHON aKTUBHOCTH BUAOB PACTECHUH cereTaabHOM (Iophl (B arpodurorieHo3ax

KynasTyphl) (1o [lankunoii, 2015)

Table 1. Partial activity scores of the plant species of segetal flora (in agrophytocenoses of the culture)

(according to Palkina, 2015)

Activity score in the constancy class
Abundance Score PP, % V1 v v I I I
81-100 61-80 41-60 21-40 1020 <10
6 >5 1 1 2 3 4 5
5 2,1-5,0 2 2 3 4 5
4 1,1-2,0 2 2 3 4 4 5
3 0,5-1,0 3 3 4 5 5 5
2 <0,5 4 4 4 5 5 6
1 Sporadically 5 5 5 5 6 6

®Luneva N.N. Technological methods of accounting and monitoring of weed plants in agroecosystems // High-performance and
high-precision technologies and methods of phytosanitary monitoring: collection of articles. St. Petersburg: All-Russian Research

Institute of Plant Protection, 2009, pp. 39-56.
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the northern boundary of the zone of its harm-
fulness, were calculated using GIS. The work
was carried out using the program IDRISI Selva
17.07.

Names of the weed species are given accord-
ing to a summary specially formed for practi-
tioners in plant protection®.

RESULTS AND DISCUSSION

In the western part of the steppe zone of the
Krasnodar Territory, more than 150 species of
weeds grow in field crops, confirming the thesis
of a high level of phytodiversity on agricultural
lands [13].

During the years of research in sunflow-
er crops 106 species of weeds were detected,
among which 2 particularly active ones — barn-
yard grass (barnyard millet) Echinochloa crus-
galli (L.) Beauv. and green amaranth Amaran-
thus retroflexus L., 6 highly active species —
China jute Abutilon theophrastii Medik., corn
bindweed Convolvulus arvensis L., lamb's-quar-
ters Chenopodium album L., common ragweed
Ambrosia artemisiifolia L., common persicaria
Persicaria maculosa S.F. Gray, yellow thistle
Cirsium setosum (Willd.) Bess, as well as 1 me-
dium active species — bird vetch Vicia cracca L.
and 3 rather active species — groundnut peavine
Lathyrus tuberosus L., field mustard Sinapis ar-
vensis L. and prickly lettuce Lactuca serriola L.

93 species were recorded in maize crops,
including: 7 highly active species — barnyard
grass, corn bindweed, common ragweed, yellow
thistle, China jute, lamb's-quarters and prostrate
amaranth Amaranthus blitoides S. Watson.; 3
medium active species — green amaranth, yellow
Foxtail Setaria pumila (Poir.) Schult., common
persicaria; 4 rather active species — knotgrass
Polygonum aviculare L. s. str., wild buckwheat
Fallopia convolvulus (L.) A. Love, Italian rye-
grass Lolium multiflorum Lam., black henbane
Hyoscyamus niger L.

87 species were recorded in soybean crops,
but only a few are active: 8 highly active spe-
cies — barnyard grass, corn bindweed, common
ragweed, common persicaria, green amaranth,
groundnut peavine, China jute and lamb's-quar-
ters; 2 medium active species — prickly lettuce
and yellow thistle; 4 rather active species —
common cocklebur Xanthium strumarium L.,
coco grass Cyperus rotundus L., couch grass
Elytrigia repens (L.) Nevski, German camomile
Tripleurospermum inodorum (L.) Sch. Bip.

Winter wheat crops are infested with 159
species of weeds, including 6 highly active
species — common ragweed, cleavers Galium
aparine L., corn bindweed, common persicaria,
shepherd's purse Capsella bursa-pastoris (L.)
Medik. and yellow thistle, as well as 5 medium
active species — lamb's-quarters, forking lark-
spur Consolida regalis S.F. Gray, prickly let-
tuce, knotweed and tansy mustard Descurainia
sophia (L.) Webb. ex Prantl; 4 rather active spe-
cies — couch grass, green amaranth, field penny-
cress Thlaspi arvense L. and German camomile.

In oat crops 98 species of weeds were detect-
ed, but only a few were active: 7 highly active
species — corn bindweed, yellow foxtail, com-
mon ragweed, barnyard grass, wild buckwheat,
mountain bluet Acroptilon repens (L.) DC.,
China jute; 6 medium active species — common
persicaria, Canada thistle Cirsium arvense (L.)
Scop., couch grass, knotgrass, green amaranth,
oatgrass Avena fatua L. s. 1., and 5 rather active
species — forking larkspur, Tatar lettuce Lactuca
tatarica (L.) C.A. Mey., lamb's-quarters, cleav-
ers and yellow thistle.

In alfalfa crops — 115 species, of which only
7 highly active species — common ragweed,
couch grass, horseweed Erigeron canadensis
L., German camomile, black foxtail Alopecurus
myosuroides Huds., corn bindweed, common
persicaria; also 8 rather active species — com-
mon dandelion Taraxacum officinale Wigg.,

"Clark Labs IDRISI Selva Edition 17.02. Clark University. Worcester MA, USA, 2013. Available from: https://clarklabs.org/

terrset/idrisi-gis.

8Luneva, N.N., Mysnik E.N. Modern botanical nomenclature of weed plant species of the Russian Federation / Supplements to
the journal “Plant Protection Bulletin”, 2018, vol. 26, 80 p. DOI: 10.5281/zenodo.1241599.
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lamb's-quarters, shepherd's purse, barnyard
grass, green amaranth, Canada thistle, prickly
lettuce, yellow thistle.

83 weed species were recorded in potato
plantings. Of them 9 were highly active spe-
cies — corn bindweed, common ragweed, yellow
thistle, barnyard grass, China jute, groundnut
peavine, common cocklebur, black nightshade
Solanum nigrum L. and common persicaria. Me-
dium active species totaled 3 — wild buckwheat,
green amaranth and lamb's-quarters; 6 rather
active species: thorn apple Datura stramonium
L., spiny annual sow thistle Sonchus asper (L.)
Hill., prickly lettuce, field pennycress, German
camomile and common purslane Portulaca ol-
eraceae L. [14].

In agrophytocenoses of all the surveyed
crops 38 species of weed plants were registered,
which showed themselves to be particularly-,
highly-, moderately- and fairly active in crops
of one or all field crops. The relationship be-
tween the activity of weed species and the level
of heat availability in the survey area was ana-
lyzed. Indicators of the sum of active tempera-
tures (SAT) in the survey area are in the range of
3400-3800 °C°. It turned out that those species,
the indices of which requirements to the heat
factor were closer to these indices, occurred
more often and with higher abundance indices
than other species, i.e. were more active in field
crops of the survey area.

The greatest activity in the formation of ag-
rophytocenoses in field crops was shown by 9
species, the indices of their requirements to the
heat factor were the closest to the heat availabil-
ity of the surveyed area. These species infested
the crops of all 7 crops surveyed, and the index
of the ratio of the number of crops in which the
species was particularly-, highly-, moderate-
ly- and fairly active to the number of crops in
which the species was low- and inactive was the
highest in this group (7.0-2.5) (see Table 2).

The territory of the zone of harmfulness of
each of these species, partially coinciding with
the territory of the steppe zone of the Krasnodar

Territory, exceeds its limits, so the limits of the
values of the indicators of requirement of the
above species to the heat factor in the zone of
harmfulness ( SAT 1064-3536), although low-
er than the indicators of heat availability of the
study area (3400-3800 °C), but are closest to
them compared to the indicators of other spe-
cies, from which it follows that for this group of
species this territory is closest to the conditions
of heat availability. No heat demand indicators
were calculated for common persicaria, as there
is no map of its range within the Russian Feder-
ation, but high values of the index (7) allow us
to include it in this group of species.

The next group includes 6 species with low
index scores, despite the fact that the pest zone
partially overlaps with the survey area (see Ta-
ble 3).

The zone of harmfulness of these species
partially coincides with the study area (see foot-
note 3), but the limits of indicators of the op-
timal level of requirement of these species to
the heat factor (SAT 1152-2078) are noticeably
lower than those of the first group of species
(SAT 1366-3536). The index values indicate
that the study area is less suitable for these spe-
cies, whose optimal growing conditions are in
the areas less supplied with heat, than for the
species of the first group and does not contrib-
ute to the manifestation of a high level of activ-
ity in agrophytocenoses.

The next group is represented by 19 spe-
cies, which are located in the western part of
the steppe zone of the Krasnodar Territory in the
zone of their main distribution, and the zones of
harmfulness of these species are located outside
the boundaries of the Territory, in more north-
ern regions (see footnote 3). The limits of the
indicators of the optimal requirement of these
species for the heat factor in the pest zone (SAT
953-2107) are much lower than in the first
(SAT 1366-3536) and second (SAT 1152-2078)
groups and differ significantly from the indica-
tors of heat availability of the survey area. In

’Romanenko A.A., Toloraya T.R., Malakanova V.P, Lomovskoy D.V. Weeds in corn crops and measures to combat them.

Krasnodar: Edvi, 2007, 208 p.
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Tao6a. 2. Bugsl copHBIX pacTeHHid, aKTUBHBIE B arpo(UTOLEHO3aX BCEX MM OOJIBIIMHCTBA 00CIEI0BaH-
HBIX TOJEBBIX KyabTyp. KpacHomapekuii kpail. 2012-2015 rr. m 2017, 2018, 2022 rr.

Table 2. Weed species that are active in agrophytocenoses of all or most of the field crops examined.
Krasnodar Territory. 2012-2015 and 2017, 2018, 2022.

Name of weed species EHS AH Numbsiro(\);feilr(;g ::ngr;c:?\?i ts;)ecies Index
Ragweed 3122 7 (HPS) 7
Corn bindweed 1718 7 (HPS) 7
Yellow thistle 1366 7 (4 HPS, 1 MAS, 2 FAS) 7
Redroot amaranth 1892 7 (1 HAS,1 HPS, 2 FAS, 3 MAS, 2 FAS) 7
Lamb's-quarters 1064 7 (3 HPS, 2 MAS, 2 FAS) 7
Barnyard grass 1933 7 (1 HAS, 4 HPS, 1 FAS, 1 LAS) 6
Prickly lettuce 2085 7 (3 FAS, 2 MAS, 2 LAS) 2,5
China jute 3536 7 (5§ HPS, 1 LAS, 11S) 2,5
Common persicaria No data 7 (5 HPS, 2 MAS) 7
Indicator limits (1064) 1366-3536 7 crops are infested 7-2,5

Here and in tables 3, 4: EHS — effective heat sum higher than +5 °C; AH — area of harmfulness; HPS — high-potent species;

HAS — highly active species; MAS — middle-active species, FAS
species.

— fairly active species; LAS — low-active species, IS — inactive

Tada. 3. Bunsl copHBIX pacTeHM, 3aCOPSIOLINE TOCEBBI HE BCEX MOJIEBBIX KYJIbTYp U MOKA3aBIINE
MEHBIINH ypoBeHb akTUBHOCTH. KpacHonapcekuii kpait. 2012-2015 rr. m 2017, 2018, 2022 rr.

Table 3. Weed species infesting crops of not all field crops and showing lower activity level. Krasnodar

Territory. 2012-2015 and 2017-2018, 2022.

Name of weed species EHS AH Numbsiro(igzdr(;g ZXE:?&?& ts;)ecies Index
Tatar lettuce 2078 7 (1 FAS, 6 LAS) 0,17
Descurainia sophia 1152 5(1 MAS, 1 LAS, 31S) 0,25
Field mustard 1701 5(1 FAS, 3 LAS, 11S) 0,25
Amaranthus blitum 1985 5 (1 HPS, 3 LAS, 11S) 0,25
Common dandelion 1693 3 (1 FAS,1LAS, 11S) 0,5
Common purslane 1873 1 FAS -
Indicator limits 1152-2078 (1) 3— 5 (7) crops are infested 0,5-0,17

this regard, species showed themselves as ac-
tive in fewer crops, and as low- and inactive in
more crops, which was reflected in the index
values (1.33-0.17) (see Table 4).

No indicators of requirements to heat and
moisture factors were revealed for foxtail due
to the absence of a map of the species' range
structured into the zone of main distribution and
the zone of harmfulness (see footnote 3).

In the field crops of the survey area sever-
al other species of weeds infesting the crops of
3-5 field crops with an index of 0.5 were reg-

istered. For two of them - Italian ryegrass and
thorn apple - there are no data on the indicators
of factors limiting their distribution in the north
and south direction due to the lack of maps of
their distribution areas on the territory of the
Russian Federation (see footnote 3), which does
not allow drawing a conclusion about the level
of suitability of the survey area for their growth.
These species are not listed in scientific sources
as weeds of field crops cultivated in the Kras-
nodar Territory. Coco grass is a species whose
range extends outside the Russian Federation,
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where it is a pernicious weed, especially in the
zone of irrigated agriculture (see footnote 3);
therefore, introduced into the moisture-poor
steppe zone, it is not active enough in field
Ccrops.

As for the cockleburr, in the territory of
the steppe zone of the Krasnodar Territory as
a weed plant in crops, the researchers indicate

California cockleburr as a weedy plant Xanthi-
um californicum Greene in Pittonia [15, 16],
recognized as a synonym for eastern cockle-
burr Xanthium orientale L.'°, so is the strumose
cockleburr Xanthium strumarium L. (see foot-
note 3). Currently strumose cockleburr is being
displaced by eastern cockleburr (California) in
the nearby Rostov, Volgograd'' and Saratov re-
gions'?. Researchers have noted that the consid-

Ta6ua. 4. Buabl COpHBIX pacTEHHH, 3aCOPSIONINE BCE MM OOJIBIINHCTBO MOJIEBBIX KYJIBTYp, HO TOKa3aB-
M€ HEBBICOKWH YpOBeHb akTUBHOCTH. KpacHomapckmii kpait. 20122015 rr. m 2017, 2018, 2022 rr.

Table 4. Weed species that infest all or most of the field crops, but have shown a low level of activity.
Krasnodar Territory. 2012-2015 and 2017, 2018, 2022.

Name of weed species EHS AH Number of crops th;iéﬁiistsedes showed specif- Index
German camomile 1577 7 (1 HPS, 3 FAS, 2 LAS, 1 1S) 1,33
Couch grass 1468 7 (1 HPS, 2 FAS, 1 MAS, 3 LAS) 1,33
Climbing buckwheat 953 7 (1 HPS, 1 FAS, 1 MAS, 4 LAS) 0,78
Creeping chickling 1904 7 (2 HPS, 1 FAS, 2 LAS, 2 IS) 0.78
Knotweed 1188 7 (1 FAS, 2 CA, 4 LAS) 0.75
Shepherd's purse 1366 7 (1 HPS, 1 FAS, 1 LAS, 4 1S) 0,4
Field pennycress 1230 7 (2 FAS, 1 LAS, 41S) 0,4
Canada thistle 1822 7 (1 FAS, 1 MAS, 2 LAS, 3 1S) 0,4
Forking larkspur 1812 6 (1 FAS, 1 MAS, 4 1IS) 0,5
Bristlegrass 2107 6 (1 HPS, 1 MAS, 4 LAS) 0,5
Cleavers 1970 7 (1 HPS, 1 FAS, 5 LAS) 0,4
Black henbane 2015 4 (1 FAS, 1 LAS, 2 1S) 0,33
Bird vetch 1162 5 (1 MAS, 3 LAS, 11S) 0,25
Wild oat 1848 6 (1 MAS, 3 LAS, 2 IS) 0,2
Canada fleabane 1782 6 (1 HPS, 2 LAS, 3 1S) 0,2
Prickly sow thistle 1886 6 (1 FAS, 1 LAS, 41S) 0,2
Russian centaury 1840 7 (1 HPS, 2 LAS, 4 1S) 0,17
Black nightshade 1908 7 (1 HPS, 2 LAS, 4 1S) 0,17
Black foxtail No data 7 (1 HPS, 3 LAS, 3 1IS) 0,17
Indicator limits 953-2107 7—4 crops are infested 1,33-0,17

Y Xanthium orientale L. Propagation // Plants of the World Online, 2023. URL: https://powo.science.kew.org/taxon/260872-1.
""Flora of the Lower Don (determinator) // ed. by G.M. Zozulin, V.V. Fedyaeva. Fedyaeva. Rostov-on-Don: Rostov Institute

Publishing House, 1985, Part 2, 240 p.

12 Elenevsky A.G., Bulanyi Y.I., Radygina V.I. Identifier of vascular plants of the Saratov region. Saratov: Bazhenov, 2009, 248 p.
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erable similarity of morphological characters of
these species leads to errors in determining the
species affiliation of specimens found in crops
(see footnote 12), including, probably, in our
studies. The territory is favorable in terms of
heat supply for strumose cockleburr, for east-
ern cockleburr it is not clear, and since species
in agrophytocenoses of individual crops are not
identified, it is difficult to judge their distribu-
tion by crops and activity classes, but in general
it is obvious that species are inactive.

All species that showed themselves active
in our studies to different degrees are given in
scientific sources concerning research on weed
plants in the Krasnodar Territory (see footnote
9) [16-18].

CONCLUSION

Of 159 species of weeds infesting crops in
the western part of the steppe zone of the Kras-
nodar Territory, only 38 have shown themselves
to varying degrees active in plants of all or in-
dividual crops. Provided weather and climatic
conditions in the study area are maintained, the
structure of the cultivated areas, and the current
level of cultivation of field crops (which deter-
mines the preference of weed species for a par-
ticular crop), the multi-year regional forecast
includes 9 species that will most actively par-
ticipate in the formation of agrophytocenoses of
all field crops and have a harmful effect on the
growth and development of cultivated plants:
ragweed, corn bindweed, yellow thistle, green
amaranth, lamb's-quarters, barnyard grass,
prickly lettuce, China jute, common persicaria.
In plantings of many field crops, less active will
be Tatar lettuce, tansy mustard, field mustard,
prostrate amaranth, common dandelion and
common purslane. The agrophytocenoses of all
field crops will include 19 more of the mostly
fairly- and low-active species identified above.

The following active species will be the most
harmful in individual crops: in sunflower crops
— barnyard grass (barnyard millet), green ama-
ranth, China jute, corn bindweed, lamb's-quar-
ters, common ragweed, common persicaria,
yellow thistle; in corn crops — barnyard grass,

corn bindweed, common ragweed, yellow this-
tle, China jute, lamb's-quarters and prostrate
amaranth, green amaranth, bristlegrass, com-
mon persicaria; in soy crops — barnyard grass,
corn bindweed, common ragweed, common
persicaria, green amaranth, groundnut peavine,
China jute, lamb's-quarters, prickly lettuce and
yellow thistle; in winter wheat crops — com-
mon ragweed, cleavers, corn bindweed, com-
mon persicaria, shepherd's purse, yellow this-
tle, lamb's-quarters, forking larkspur, prickly
lettuce, knotgrass and tansy mustard; in oat
crops — corn bindweed, bristlegrass, common
ragweed, barnyard grass, wild buckwheat,
mountain bluet, China jute, common persicar-
ia, Canada thistle, couch grass, knotgrass, green
amaranth, oatgrass; in alfalfa crops — com-
mon ragweed, couch grass, Canada fleabane,
German camomile, foxtail, corn bindweed,
common persicaria; in potato plantings — corn
bindweed, common ragweed, yellow thistle,
barnyard grass, China jute, groundnut peavine,
common cocklebur, black nightshade, common
persicaria, wild buckwheat, green amaranth and
lamb's-quarters.

The results obtained do not indicate that these
species are active only in the survey area: they
will be active in the formation of agrocenoses in
crops and in other regions that are included in
the zones of main distribution of each of them.
At the same time, species with rather extensive
territories of the main distribution zones (field
bindweed, yellow thistle, lamb's-quarters, etc.)
are active in many regions of the Russian Fed-
eration, while species with relatively small ter-
ritories of the main distribution zones (China
jute, forking larkspur, etc.) will be active main-
ly in southern regions. The results of the study
make it possible to explain the different level
of activity of certain weed species identified in
crops in a particular region by the different lev-
el of correspondence of the indicators of their
requirements to the heat factor with the level of
heat availability of the survey area.

The developed multi-year regional forecast
provides anticipation of the presence of the
above-mentioned active weed species in field
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crops in the western part of the steppe zone of
the Krasnodar Territory in a significant time
perspective not only because it is based on long-
term surveys of a large number of fields, but
also because it is ecologically-geographically
conditioned.

This forecast is the basis for optimizing the
strategy and technology of protection of field
crops in the western part of the steppe zone of
the Krasnodar Territory from weeds. Preventive
knowledge of weed species that have been ac-
tively infesting crops of certain field crops for
many years will allow to identify the dynamics
of weed infestation indicators when changing
the structure of crop areas, applying new cul-
tivation technologies or making changes in the
system of protective measures.
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[IpoBeneH aHaau3 NPOU3BOACTBEHHOTO NCIIOJIB30BAHUS KOPOB KPACHBIX ITOPOA KPYITHOIO POraToro
ckota B Poccwuiickoit @enepannu u pernoHax ux passenenus 3a 2020-2022 rr. O6beKToM HccieoBa-
HUS CTaJIM KpacHasl CTeIHasl, KpacHasi ropOaToBCcKasi, KpacHas JaTckasi, KpacHasi 3cToHckas, [lBeaum
Pen u cykcyHckas nopossl. B xo3diicTBax BCcex KaTeropuii M INIEMEHHBIX PENPOAYKTOpaX CPEAaH Kpac-
HBIX MOJIOYHBIX ITOPO/J] paHbIlle BCEX BO3pacTa MEpBOro OTeNa JJOCTUIIN KUBOTHBIE TIOPOJ KPacHOM
narckoit u [IBenuin Pen, mo3xe — KpacHON 3CTOHCKOW MOPOJIbl, MUHMMAaJIbHbIE 3HAYEHUS KOTOPOTO
npuxonuiauchk Ha 2021 1. (999 cyT). BeI3pBaeT 03a004€HHOCTE YBETUICHHIE BO3pacTa IIEPBOTO OTENA C
2020 no 2022 1. mo KpacHo# ropbaToBcKkoii mopoje Ha 127 cyT, kpacHO# maTckoit — Ha 46 u LlIBeum
Pen—mna 55 cyt. Y nopox cykcyHckoi, kpacHo# ropoaroBckoii u LIBenum Pex ormeueHo yBennuenue
Bo3pacta BeIObITHS Ha 0,92; 1,16 u 0,50 otena. B kpacHo#i naTckoil U KpacHOM 3CTOHCKON MOpPOAAx
oH cHuzwics Ha 0,45-0,60 orena. AHanIM3 JUIMTEIHLHOCTH CEpBUC-TIEpHOA CBUIETEILCTBYET, YTO Y
KOpPOB BCEX TIOPOIT ero ypoBeHb 0611 BhImIe 100 cyT, 3a uckimouerreM 2021 1. mo mopoae [lseawm Pen
(95 cyT). Y Bcex HOpOI KPacHOTO «KOPHS» MPOJOKUTEIBHOCTD OT OTeJa O INIOA0TBOPHOTO OCeMe-
Henus ¢ 2020 o 2022 1. yBenmnumiack. Hanbompiee yBenmueHne XapakTEpPHO TSI KOPOB KPacHOM
3CTOHCKOU MOpozs! (26 cyT) u KpacHoil ropbarosckoit (51 cyTt). CrenyeT OTMETUTD CyIIECTBEHHOE
yBenuueHue (Ha 11 To71.) B INIEMEHHBIX PenpoayKTopax Bbixoaa Temar o 100 kopoB KpacHOH JaTcKoi
nopobl. B cyKCyHCKOM MOpOjie OTMEUEHO YBETUUCHHIE BO3PACTA BHIOBITHS KOPOB HA OJJUH OTEJ U BBI-
XoJ1a TenAT Ha 6,7 roi. oT Kaxasx 100 KopoB Bo Bcex KaTeropusax xo3sicTs. B pacuere na 100 xopos
YBEJIMUMIICS BBIXOZ TEJIAT HA 9 T0J1. U y KUBOTHBIX nopoas! LIBenum Pen.

Ki1roueBble cj10Ba: MOJIOUHBIE IOPOJIBI, KPACHBIN CKOT, (hefiepanbHble OKpYTa, BO3PACT, OTE, BbI-
ObITHE, CEPBUC-TIEPHOLL, CyXOCTOMHBIN NEPUOA, BBIXOJ TEJISAT
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Analysis of production utilization of cows of the Red breeds of cattle in the Russian Federation
and regions of their breeding for 2020—2022 has been carried out. Red Steppe breed, Red Gorbatov,
Danish Red, Red Estonian, Swedish Red and Suksun breeds were the object of the study. In the farms
of all categories and pedigree reproducers among the Red dairy breeds, the earliest age of first calving
was reached by the animals of the Danish Red and Swedish Red breeds, later — by the Estonian Red
breed, the minimum values of which occurred in 2021 (999 days). The increase in the age of first calving
in the period between 2020 and 2022 for the Red Gorbatov breed by 127 days, Danish Red by 46 days
and Swedish Red by 55 days is of concern. The Suksun, Red Gorbatov and Swedish Red breeds showed
an increase in the age of retirement by 0.92; 1.16 and 0.50 of the calving. It decreased by 0.45—0.60 of the
calving in the Danish Red and Estonian Red breeds. The analysis of the service period duration shows
that cows of all the breeds had its level above 100 days, with the exception of 2021 for the Swedish Red
breed (95 days). In all the Red "root" breeds, the duration from calving to fruitful insemination increased
from 2020 to 2022. The greatest increase is observed in the Red Estonian cows (26 days) and Red Gor-
batov cows (51 days). A significant increase (by 11 cows) in calf yield from 100 cows of the Danish Red
breed in the breeding reproducers should be noted. There was an increase in the age of cow retirement
per calving and calf yield by 6.7 calves from every 100 cows in all farm categories in the Suksun breed.
Calf yield per 100 cows increased by 9 calves and in the animals of the Swedish Red breed.

Keywords: dairy breeds, Red cattle, federal districts, age, calving, retirement, service period, dry
period, calf yield
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INTRODUCTION milk yield. Without denying the opinion of sup-
porters of universal use of the world gene pool,
attention should be paid to the need to preserve
the gene pool of domestic breeds of cattle, char-
acterized by known valuable qualities, which

are insufficiently expressed, and sometimes

Various organizational and economic mech-
anisms of management in the agro-industrial
complex have revealed the priority in the use of
the gene pool of dairy cattle breeds. The prevail-

ing preference in breeding of foreign breeds and
their dominance in numbers among all breeds
cultivated on the territory of the Russian Fed-
eration is explained, as a rule, by their greater

weakly manifested in cattle imported into the
country. Naturalized cattle are mostly used at
modern industrial complexes for milk produc-
tion for no more than 3-4 lactations, which does
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not allow to reach the level of the highest pro-
ductivity and realize in full the genetic poten-
tial for milk yield. The reasons for this are high
susceptibility to diseases, presence of recessive
genes, intensive metabolism, which reduce the
possibility of long-term productive and healthy
use of animals.

In 2022, out of the relative number of con-
trolled cattle of dairy and dairy-meat breeds of
the Russian Federation, the share of the Red
Steppe breed animals amounted to 2.54%, Red
Gorbatov — 0.01, Danish Red — 0.14, Red Esto-
nian — 0.02, Suksun — 0.08 and Swedish Red —
0.01%. In the gene pool farms of the country the
Red Steppe breed is cultivated, the evaluated
livestock of which amounted to 1.76 thousand
heads, including 1.04 thousand cows.

Studies on the Red Gorbatov cattle testify to
the regularity of increasing productive longev-
ity with increasing milk yield of first heifers.
The cows, whose milk yield for the first lacta-
tion was at the level of 5-6 thousand kg, were
characterized by long productive life (4.8 lac-
tations). Long economic use (5.5 lactations on
average) is also inherent in the cows of the Red
Gorbatov breed, whose milk yields for the high-
est lactation varied from 5 to 6 thousand kg of
milk. Exceeding this level of productivity caus-
es a decrease in productive longevity [1]. Rus-
sian [2-5] and foreign [6—8] scientists made a
great contribution to the direction of research on
the study of lifetime productivity and produc-
tive longevity. Sufficiently detailed longevity of
dairy cattle depending on a number of factors
is presented in a review article published in the
journal “Animal” [9].

Analysis of the current state of dairy cattle
breeding in the Russian Federation indicates
that profitable production of dairy raw materials
can be in the case when the farms have estab-
lished selection and breeding work aimed not
only at increasing the level of milk yield of the
cows, but also at increasing their reproductive
capacity, resistance to diseases, improved health
and prolonged utilization [10].

The decrease in the efficiency of using
high-blooded Holsteinized cows, in which the

longevity of the animals decreases with each
new generation, has been shown in a number of
studies [11-13].

In the studies on the influence of the coun-
try of origin of the father on the productive lon-
gevity of daughters of the Red Steppe breed,
the superiority of the descendants of bulls of
the Russian origin over their German breeding
counterparts in terms of lifetime milk yield, lon-
gevity and profitability of milk production has
been shown [14].

The lack of manifestation of transmitting
ability of foreign bulls-producers of Angler,
Holstein Red and White breeds and Danish Red
breeds on the indicators of productive use of
cows, evaluated by milk traits of the Holstein
Breed Association (USA), is stated in the stud-
ies of O.V. Perminova [15], conducted on the
mother stock of the Red Steppe breed cattle.
At the same time, in the case of analyzing the
transmission ability of the bulls of Russian se-
lection on the Red Steppe breed cows, a positive
effect on productive longevity has been estab-
lished [14].

The competitiveness assessment of the Rus-
sian dairy cattle breeds showed that Red Steppe
breed cows were culled at the age of 3.49 calv-
ings, while Black and White Holstein cows
were culled at 2.67 calvings. At the same time,
such domestic dairy breeds as Bestuzhevska-
ya, Kostroma, Sychevskaya and Holmogory
produce over four calvings with lifetime milk
yields of 15.3; 24.8; 16.1 and 22.2 tons, respec-
tively [16].

In this aspect, it is very relevant to monitor
the indicators of reproduction and duration of
economic use of the cows of Red dairy breeds
in the regions of their breeding.

The purpose of the study is to analyze the
production utilization of the Red breed cattle
cows in the Russian Federation and the regions
of their breeding.

To address this goal, objectives were set to
study the reproductive performance, herd age
and culling rates of the Red dairy cows during
2020-2022 both nationally and in their breeding
territories.
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Production use of the Red dairy breed cows
in the breeding regions of the Russian Federation

Krasnova O.A., Konik N.V,, Tletseruk L.R.,
Elzhirokova Z.L, Ulimbashev M.B.

MATERIAL AND METHODS

The information base of the “Yearbooks on
breeding work in dairy cattle breeding in the
farms of the Russian Federation for the peri-
od 2020-2022” served as initial values for the
analysis of indicators of cow production utiliza-
tion. The analyzed indicators of analytical stud-
ies included the age at first calving, in calving,
culling of cows, as well as the duration of ser-
vice and dry periods, calf yield per 100 cows.
Monitoring of these indicators was carried out
in all categories of farms and breeding organi-
zations (plants and reproducers). The object of
research were cows of the Red Steppe breed of
cattle — Red Steppe, Danish Red, Red Gorbatov,
Suksun, Red Estonian, Swedish Red.

RESULTS AND DISCUSSION

The production utilization of the Red breed
cows on the national scale can be judged from
the materials of Table 1.

Age monitoring at the first calving indi-
cates that in all the analyzed years animals of
the Danish Red and Swedish Red breeds calved
earlier than the representatives of other Red
“root” breeds. This pattern was also observed in
the breeding reproducers of the country.

The latest age of first calving was character-
istic of the Red Estonian breed, with the mini-
mum values occurring in 2021 (999 days).

The increase in the age of first calving from
2020 to 2022 in all categories of farms in the
Red Gorbatov breed by 127 days, Danish Red
breed by 46 days and Swedish Red breed by 55
days is of concern. At the same time, this indi-
cator, regardless of the category of farms, did
not change much for such breeds as Red Steppe
breed and Suksun breed during these years.

As a result of breed inventory, it was re-
vealed that prolonged use of Holstein bulls'
seed on the cows of the analyzed breeds pro-
vided high-blooded progeny, which became the
representatives of the improving breed. The re-
maining purebred animals are less fast-ripening,
which probably explains the later dates of the
first insemination and calving accordingly.

The Suksun, Red Gorbatov and Swedish Red

breeds showed positive dynamics of increasing
the age of cow culling. Thus, the differences in
the values of this indicator in all categories of
farms, obtained in 2020 and 2022, amounted to
0.92; 1.16 and 0.5 calvings for the listed breeds.
The age of culling of the cows of Danish Red
and Estonian Red breeds decreased by 0.45-0.6
calvings. On the contrary, in the breeding repro-
ducers for cultivation of the Danish Red cattle
breed, this indicator during the analyzed period
increased by 0.4 calvings.

According to the “Yearbook on breeding
work in dairy cattle breeding in the farms of the
Russian Federation (2021)”, cows of the Red
Estonian breed in 2020 dropped out of herds
at the age of 5.0 calvings, while the represen-
tatives of the Red Gorbatov — 4.05, Suksun —
3.96, Red Steppe breed — 3.77, Danish Red and
Swedish Red — 3.20 and 3.30 calvings, respec-
tively, which indicates significant interbreed
differences.

Analysis of service period duration in all the
analyzed years in both commercial and breed-
ing organizations shows that in the cows of all
breeds its level was above 100 days (ideal du-
ration is considered to be up to 90 days), with
the exception of 2021 for Swedish Red breed
(95 days). In all Red “root” breeds, the duration
from calving to fruitful insemination increased
from 2020 to 2022. The greatest increase was
characteristic for the Red Estonian (26 days)
and Red Gorbatov cows (51 days). Of all the
breeds monitored, only the Red Gorbatov cows
showed a significant increase in the length of
the drying period — from 55 days in 2020 to 84
days in 2022.

No significant differences were found in the
production use of the Red Gorbatov breed in
2021, bred in all categories of farms and breed-
ing plants, which is probably due to the small
number of organizations engaged in cultivation
of this breed. In 2022, the analyzed values of
the indicators of production use of the Gorbatov
breed livestock in all categories of farms and
breeding organizations were identical due to the
fact that only one farm is engaged in the breed-
ing of animals of this breed. A similar picture
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in the breeding regions of the Russian Federation
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was observed for animals of the Red Estonian
and Swedish Red breeds, which are raised in
pedigree breeding units.

A significant increase in calf yield from 100
cows of the Danish Red breed from 2020 to 2021
should be noted, which increased by 11 calves,
while in all categories of farms it increased by
only 3 calves.

A positive trend in the Suksun breed from
2020 to 2021 can be considered an increase in
the age of cow culling per calving and calf yield
by 6.7 calves from every 100 cows in all cat-
egories of farms. Approximately the same in-
crease was demonstrated by the representatives
of this breed in the pedigree breeding units. Calf
yield per 100 cows increased in the animals of
the Swedish Red breed, which increased by 9
calves per 100 cows during the analyzed period.

The results of production utilization of the
Red breed cows in all categories of farms of the
Federal Districts of their breeding are presented
in Table 2.

Monitoring of production utilization of the
Red Steppe breed cows indicates their distribu-
tion on the territory of five federal districts. The
obtained data indicate significant differences in
the analyzed indicators depending on the zone
of the Red Steppe cattle breeding. The earlier
achievement of the age of the first calving is
characterized by the animals bred in the South-
ern Federal District, in which this indicator var-
ied during the last years in the range of 793-811
days. The animals from the North Caucasian
Federal District were slightly inferior (809—858
days). The cows of the Volga District stand
out in terms of cow age in the herds of federal
districts, where it amounted to 3.5 calvings in
2022 and increased by 0.74 calvings over the
last 3 years. In the other breeding zones, it prac-
tically did not change, except for the Far East-
ern District, where it decreased by 1.07 calv-
ings. In terms of the age of the breeding stock
culling, the animals of the Far Eastern, North
Caucasus and Volga Federal Districts stand
out, which amounted to four or more calvings
in 2022. During the last three years, cows from
the Southern Federal District were the least

used in the herds, with the age of culling vary-
ing between 2.95 and 3.24 calvings. Cows from
the North Caucasian (93-114 days) and Volga
(102-103 days) federal districts were charac-
terized by zootechnically justified duration of
the service period, while in the representatives
of other districts it amounted to 4—6 months,
which reduces the reproductive performance of
the herds. Duration of the dry period of cows
of the considered districts in all the years of
analysis was approximately at the same level,
corresponding to the species as a whole. Rather
peculiar results were obtained by calf yield per
100 cows in the Volga Federal District, where in
2020 it amounted to 110 calves, then decreased
to 91 calves and by the end of the analyzed pe-
riod amounted to 69 calves. Even worse results
were obtained in the Far Eastern Federal Dis-
trict, where calf yield amounted to 47.4-69.8
calves with a decrease of 22.4 calves. Regard-
less of the analyzed year, the highest calf yield
from 100 cows was achieved in the Siberian
Federal District and in the south of the country
with a variation in the range of 78-86 calves.

Red Gorbatov breed is currently represented
in the Volga Federal District (Nizhny Novgorod
region) at the only stud farm engaged in pedi-
gree breeding of animals of this breed. In pre-
vious years its breeding was also carried out in
the Central Federal District, where the animals
showed satisfactory production utilization with
high calf yield per 100 cows of 95-98 calves.
The increase in the age of the first calving in the
Volga Federal District, where it increased from
792 to 922 days, as well as the duration of the
service period from 116 to 166 days, is of con-
cern. At the same time, positive dynamics of the
age of cows was noted, which increased for the
analyzed period by 2.74 calvings, reaching the
average value of 6.70 calvings. Calf yield ex-
ceeds 80 calves for every 100 cows of the Red
Gorbatov breed.

The animals of the Danish Red breed until
2022 were present only in the Central Feder-
al District, currently also in the Volga Federal
District. According to the age of lactating and
calving cows in 2022, animals from the Volga
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[Ipou3BoncTBEHHOE UCHOIB30BAaHNE KOPOB KPACHBIX MOJIOYHBIX
opoJ1 B pernoHax passeneHus Poccuiickoit @eneparyn

Kpacnosa O.A., Konuk H.B., Tneuepyk U.P.,
Onwkupoxosa 3.J1., Vinmbames M.b.

District exceed the values obtained in the Cen-
tral Federal District by 0.90 and 0.76 calvings,
respectively. The length of the service period
and dry cows from the analyzed districts do not
differ much among themselves, and in terms of
the calf yield per 100 cows, the representatives
of the Central Federal District rank first (+7.5
calves per 100 cows).

Red Estonian, Suksun and Swedish Red
breeds are represented by one breeding district
and testify to their small number in the territory
of the country. Animals of these breeds prac-
tically by all indicators of production use are
characterized by valuable qualities. Further use
in breeding and pedigree work will allow to pre-
serve their gene pool and breed structure of the
dairy cattle.

CONCLUSION

The presented monitoring of production uti-
lization of the cows of the Red breeds of Rus-
sia indicates the necessity of further work with
these populations in the direction of decreasing
the age of first calving and the duration of the
service period with simultaneous increase of
the productive longevity and calf yield per 100

COWS.
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JKCIeprMMeHTAIbHASI MMMYHOTEPANUs aCCOUMATUBHBIX HH(eKIMi
KEJYI0YHO-KHIIIEYHOT0 TPAKTA HOBOPOXKIEHHBIX TEJAT

C MCI0JIb30BaHUEM 000TallleHHOTO crieu(puIecKuMHU
HMMYHOIJIO0YJIMHAMH KJjacca Y sKeJITOYHOT0 MeJIaHkKa

Iapxues U.M.!, &X)Cu3zos A.A.2, Cu3os JI.A.2, Cteonesa I'M.%, Jlonuenko A.C.?

' A3epbatioscanckuil HAyUHO-UCCIe008AMENbCKULL UHCIMUMYT 8eMEPUHAPUL

baky, Azep0Oaiimxanckas PecryOnuka

2Cubupckuii ghedepanvhulili Hayunbil yeHmp azpoduomexnonozui Poccuiickoil akademuu nayx
HoBocubupckas obmacts, p.n. KpacrooOck, Poccust

(XDe-mail: alexander.sizov62@yandex.ru

MaccoBble KeNmyI0YHO-KUIICUHbIE OOJIE3HN HOBOPOKACHHBIX TENAT, MPOSBISIOUIMECS CHUMIITO-
MaMy JAuapeH, 0O0yCIIOBJICHbI Pa3InYHbIMU 3THOJOIMYECKUMHU (AKTOPaMHU U IPOTEKAIOT Yallle BCEro
B (popme cmemaHHbIX nH(peknuil. [lo cpaBHEeHHIO ¢ MOHOMH(EKITUEH MPH CMENIaHHBIX WHPEKIHIX
JIuapes mpoTekaeT B Ooiee Tspkenol opMe. DKOHOMUYECKUE TOCIEICTBHS TaKMX MH(EKIUHA n3-3a
BBICOKOH PacHpOCTPaHEHHOCTH, YaCTON JIETAIbHOCTH U MOTEPH MPOLYKTUBHOCTH IIPU AajbHEHILICH
IKCIUTyaTalliy )KUBOTHOTO MOTYT OBITh 3HaUYNTEIbHBIMU. CaMbIMU YaCTBIMH BO30YIUTEIISIMU KEIy-
JIOYHO-KHUIIEYHBIX 3a00JI€BaHU BUPYCHOW 3THONOTHH Y HOBOPOXKIICHHBIX TEJAT SIBISIFOTCS pOTa- M
KopoHaBupycHas uHMekuuu. CMmemanHas (BUpyCHO-OaKkTepuanbHasl) HH(OEKIUsT MOKET MIPUBECTH K
100%-ii rubenu 3a0oneBmmx Terst. Crenuduyeckas BaKIMHAIMS CTEIBHBIX KOPOB MPOTHB BO30YIH-
TeJel KeTyJOUHO-KUILICYHOH MH(EKINU TENAT, KOTOpas MPOBOIUTCS C LEJBIO YBEINUYCHHS KOIUYe-
CTBa MAaTOreHoCnenu(pUIecKnx MMMYHOIIOOYJIMHOB B MOJIO3UBE IPU POXKACHUM TEJICHKA, U MPUEM
MOJIO3UBA TEINSITAMU B TEUEHHE TIEPBBIX 4 4 KU3HH SIBISIOTCS BAKHEHITMMHU CTPATETHSIMU TIPEIOTBPa-
HIeHust TsoKeTIod auapen. Ho Kak mokasbiBaeT MpakTHKa, HE BCErna 9Toro OblBaeT poctarodyHo. Llemnsb
MPOBEACHHBIX PA00T — U3y4UTh 3PHEKTUBHOCTE UMMYHOIIPO(PUIAKTUKN ACCOLMATHBHBIX MH(EKLUHI
KEITYI0YHO-KUIIEYHOTO TPaKTa HOBOPOXKIICHHBIX TEJAT C MPUMEHEHUEM MEINlaHKa, MPUTOTOBICHHO-
r0o W3 SIML Kyp, MPEIBAPUTEIILHO UMMYHHU3UPOBAHHBIX BakuHOW «Poraram» (Pharmagal-BIO s.r.o.,
CroBakwust), UCTIONB3YeMOH Uil MPOQUIAKTUKN 3LIEPUXH03a, POTa- U KOPOHABUPYCHOM MH(EKLHi
KPYIIHOIO pOraToro ckota. B pesynbrare ucciienoBaHUs yCTaHOBICHO, YTO HOOABICHUE JKEJITOUHOIO
MelaHka, 60raroro crneruuIeckuMi UMMYHOTIIOOYIMHAMH Kiacca Y, B MOJIO3UBO B TIEPBBIC YacChl
JKU3HU TEJIST UMEET BBIPaKCHHBIN npoduinakruueckuil 3dext, odneryaer nporekaHue nHPEKIHOH-
HOTO TIpOIlecca B CIIydae BOSHUKHOBEHHUS 3a00JI€BaHMs, SKOHOMUT PACXO/Ibl Ha JIedeHNE OOJIBHBIX KH-
BOTHBIX, [TOBBIIIAECT BEDKUBAEMOCTh, CIIOCOOCTBYET YCKOPEHHIO Ha0Opa JKUBOM Macchl. [IpuMenenue
MMMYHOOHOJIOTHYECKOIO Iperapara Ha OCHOBE TPAaHCOBAPHAJIbHBIX MMMYHOITIOOYJIMHOB OKa3bIBAaeT
TIOJIOKUTENBHOE JISHCTBHE HA TTOKA3aTENN HECTIU(PHISCKON PE3UCTEHTHOCTH HOBOPOYK/ICHHBIX TEIISIT
10 CPaBHEHHMIO C TEIATAaMH, NIepeOOICBIIMMHU B pAaHHEM MOCTHATAILHOM TIEPHUOE U TTOIBEPTHYBITUMH-
Cs1 JICYCHUIO aHTUOMOTHKAMH.

KaroueBnblie ciioBa: I/IMMYHOI‘J'IO6yJ'II/IHI>I KJiacca Y, HUMMYHOTEpaAIIns, XCIyJ0IHO-KUIICUYHbIC 3200-
JICBAHUs TCIIAT, JKEJITOYHBIM MEJIaHK

Experimental immunotherapy of association infections of the
gastrointestinal tract of newborn calves using yolk melange enriched with
specific Y class immunoglobulins

Gadjiev I.LM.!, C<)Sizov A.A.% Sizov D.A.%, Stebleva G.M.%, Donchenko A.S.”
'Azerbaijan Scientific Research Veterinary Institute
Baku, Republic of Azerbaijan

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia
(<)e-mail: alexander.sizov62@yandex.ru

Mass gastrointestinal diseases of newborn calves manifested by symptoms of diarrhea are caused
by various etiological factors and most often occur in the form of mixed infections. Mixed infections
have a more severe diarrhea than mono-infections. The economic consequences of such infections due
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SKCHGPI/IMGHTaHLHaﬂ HUMMYHOTEpaIusa aCCOMATUBHBIX I/IH(i)eKHI/Iﬁ KEITyqOIHO-
KHUIIEYHOI'O TPaKTa HOBOPOXKJACHHBIX TEJIAT C UCIIOJIb30BAHUEM o0oraieHHoro
CHeLIPI(l)I/I‘IeCKI/IMI/I I/IMMyHOFJ'IO6yJ'II/IHaMI/I Kimacca Y ’KEeNTOYHOTO MellaHka

Tamkues .M., CuzoB A.A., Cuszos [I.A., Crebnesa .M.,
Jlonuenko A.C.

to the high prevalence, frequent mortality and loss of productivity during further exploitation of the
animal can be significant. The most common causative agents of gastrointestinal diseases of newborn
calves of viral etiology is rotavirus and coronavirus infections. Mixed (viral-bacterial) infection can
lead to 100% mortality of the diseased calves. Specific vaccination of springer cows against gastroin-
testinal pathogens in calves, which is performed to increase the number of pathogen-specific immu-
noglobulins in the colostrum at calf birth, and ingestion of colostrum by the calves during the first 4
hours of life are the most important strategies to prevent severe diarrhea. But as practice shows, this is
not always enough. The purpose of this work was to study the effectiveness of immunoprophylaxis of
associative infections of the gastrointestinal tract of newborn calves with the use of melange prepared
from chicken eggs previously immunized with the vaccine "Rotagal" (Pharmagal-BIO s.r.0., Slova-
kia), used for the prevention of colibacillosis, rotavirus and coronavirus infections of cattle. As a result
of the study, it was established that the addition of yolk melange rich in specific immunoglobulins of
Y class to the colostrum in the first hours of life of the calves has a pronounced prophylactic effect,
facilitates the course of the infectious process in case of the disease, saves costs for the treatment of
sick animals, increases survival rate, contributes to the acceleration of live weight gain. The use of
an immunobiological preparation based on transovarial immunoglobulins has a positive effect on the
indicators of nonspecific resistance of newborn calves compared to the calves with early postnatal
disease and antibiotic treatment.

Keywords: Y class immunoglobulins, immunotherapy, gastrointestinal diseases of calves, yolk
melange
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INTRODUCTION

Nowadays in the dairy cattle breeding indus-
try scientists and practitioners face the task of
increasing milk productivity of cows along with
the task of increasing their productive longevity
and improving their reproductive capacity.

According to the “Yearbook on breeding
work in dairy cattle breeding”, in 2022 the av-
erage age of retired cows in agricultural enter-
prises of the Krasnoyarsk region was 3.15 calv-
ings'. At the same time, the highest productivity
of cows occurs in the fourth — fifth lactation [1],

therefore, animals are retired from the herd, not
realizing fully their genetic potential, which ad-
versely affects the economic performance of the
farms engaged in the breeding of cattle of dairy
productivity direction.

At short-term production use of cows, it
is necessary to introduce 25-30% and more
high-yielding first heifers into the main herd an-
nually, which becomes impossible at low level
of reproduction, calf yield and calf safety [2].

One of the methods of the breeding process
is early testing of animals using erythrocyte an-

"Yearbook on breeding work in dairy cattle breeding at the farms of the Russian Federation. Moscow: VNIIplem, 2023, 84 p.
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Experimental immunotherapy of association infections
of the gastrointestinal tract of newborn calves using yolk melange
enriched with specific Y class immunoglobulins

Gadjiev .M., Sizov A.A., Sizov D.A.,
Stebleva G.M., Donchenko A.S.

tigens as polymorphic markers of economically
useful traits [3—5]. Immunogenetic analysis al-
lows to reveal the degree of genetic influence of
individuals on the total gene pool of the herd, as
well as the formation of the allele pool in cer-
tain groups of animals [6].

Both foreign scientists> [7-9] and Russian
scientists [10—12] are engaged in the study of
the genetic structure of cattle populations in or-
der to identify certain genes affecting the eco-
nomically useful traits of animals.

Positive relationships between the presence
of certain antigens and indicators of produc-
tive longevity and reproductive ability of cows,
found in one herd, may not be confirmed in an-
other, because in addition to genetic factors, en-
vironmental factors influence these traits.

The purpose of the study was to investigate
the influence of immunogenetic factors on the
reproductive ability and productive longevity of
Red-and-White cows.

MATERIAL AND METHODS

Scientific research was carried out at ZAO
“Nazarovskoye”, Krasnoyarsk region. The ob-
ject of research were Red-and-White cows.

To analyze the relationships of the antigens
with productive longevity and reproductive
ability, the TAS “Selax” data of the primary
breeding record of 305 cows at the farm, which
retired from the herd from 2019 to 2022 and had
the results of immunogenetic testing of blood
groups, were used.

Blood groups were determined according to
11 genetic systems in the laboratory of immuno-
genetic control of authenticity of animal origin
of the OAO “Krasnoyarskagroplem”.

The antigen frequency was determined by
the ratio of the number of cows — antigen carri-
ers — to the total number of cows in the sample.
In the studies the effect of the composition and
occurrence of the antigens with a frequency of
0.3 or more in the sample on the reproductive
ability of cows (age of first calving, service pe-
riod), lifetime milk productivity (lifetime milk
yield, milk yield per milking day), longevity
(duration of economic use, months; age of re-
tired cows, years) were analyzed. The cows
were categorized into carriers and non-carriers
of each antigen.

Computer programs “Biometric analy-
sis of quantitative traits in zootechnics” (No.
2021619580, 2021)* and “Analysis of immuno-
genetic data of cattle” (No. 2022660011, 2022)*
were used for biometric data processing. Reli-
ability of the difference between the groups for
quantitative traits was determined by the Stu-
dent's criterion. The share of influence of the
antigenic factors (n?) on the reproductive ability
and productive longevity of cows was estab-
lished by the method of dispersion analysis with
the determination of reliability by the Fisher's
criterion.

RESULTS AND DISCUSSION

As a result of analyzing the immunogenetic
data of cows of the farm, it was found that a total

2Tsuruta S., Lourenco D., Misztal 1., Lawlor T.J. Genotype by environment interactions on culling rates and 305-day milk yield
of Holstein cows in 3 US regions // Journal of Dairy Science, 2015, vol. 98, Is. 8, pp. 5796-5805. DOI: 10.3168/jds.2014-9242.

3Certificate of state registration of computer program No. 2021619580 (Russian Federation). Biometric analysis of quantitative
traits in zootechnics // L.V. Efimova; right holder Federal Research Center “Krasnoyarsk Scientific Center of the Siberian Branch of
the Russian Academy of Sciences”; No. 2021618613; applied 04.06.2021; publ. 15.06.2021.

“Certificate of state registration of computer program No. 2022660011 (Russian Federation). Analysis of immunogenetic data of
cattle: 2022619287 // L.V. Efimova; right holder Federal Research Center “Krasnoyarsk Scientific Center of the Siberian Branch of
the Russian Academy of Sciences”; applied 25.05.2022; publ. 27.05.2022.
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OYHO- Tamkues .M., CuzoB A.A., Cuszos [I.A., Crebnesa .M.,

Jlonuenko A.C.

Taoa. 1. Cxema runepuMMyHHU3ALNN Kyp

Table 1. Scheme of hyperimmunization of
chickens

Injection Interval between Antigen
number injections, days dosage, ml
1 7 1,0
2 7 1,2
3 7 1,5
4 5 2,0
5 5 2,5
6 5 3,0
7 5 3,0
8 (booster vzaoccination) 4.0

of 74 antigens with frequency (p) from 0.003 to
0.961 and 15 alleles with frequency from 0.003
to 0.033 were found in the cows in blood groups.
More frequently (p > 0,8) the cows had the an-
tigens B, (0,81 + 0,022), F (0,961 + 0,011) and
H' (0,872 £ 0,019). With a frequency of more
than 0.6, the cows had the antigens A, (0,646 =
0,027), B* (0,705 + 0,026), E*, (0,679 + 0,027),
G™ (0,718 £ 0,026), Q" (0,636 + 0,028), C,
(0,672 +0,027), E (0,734 + 0,025), X, (0,656 +
0,027), R, (0,613 + 0,028), Z (0,689 + 0,027),
W (0,685 + 0,027), L (0,718 £ 0,026), with a
frequency of more than 0,5 -V (0,567 £ 0,028),
F/V (0,528 + 0,029), O, (0,593 + 0,028), T,
(0,584 £ 0,028), O (0,57 + 0,028), S, (0,534 +
0,029), S, (0,59 + 0,028) (see Fig. 1).

The earliest age of the first calving was ob-
served in the cows - Y and E antigen carriers
(-0,9 and —0,8 months to the antigen non-car-
riers; p < 0,01 and p < 0,05), as well as in the

cows whose blood group lacked antigens C2

(=1,1 months, p < 0,001), O', L, H" (-0,9-1,0
months, p <0,01), L, Y, E',, S, H (-0,6-1,1
months, p < 0,05). The shortest service period
was observed in the cows having the antigen
P2 (-15,7 days, p < 0,05) and those with no
antigen L (—17,0 days, p < 0,05) (see Table 1).

The cows with the highest life expectancy
and the longest period of economic use had V
antigen present in their blood (+0,9 years and
+5,9 months; p < 0,001) and did not have anti-
gen C, (+0,9 years; p < 0,001 and +9,4 months;
p < 0,01). In the cows - carriers of O" antigen
the period of economic utilization was longer
by 5.9 months (p < 0,05), when antigen H™
is absent, this period, on the contrary, was 6,5
months shorter (p < 0,05) (see Table 2).

The highest number of milking days was
found in the cows with antigen V (the difference
with cows - non-carriers of the antigen amount-
ed to 298.41 days); p < 0,001) and having no
antigen H"' (the difference with carrier cows
was 169,5 days; p < 0,05). The highest lifetime
milk yield was in the cows carrying the anti-
gen V (+6036 kg; p < 0,001) and in the cows
not carrying the antigen I, (+3283 kg; p < 0,05).
The highest milk yield per milking day was
observed in the cows with antigen F (+0,8 kg;
p < 0,05) and in the cows having no antigens
G,, C,, H (+0,28-0,41 kg; p < 0,05-0,01) (see
Table 3).

Also, in terms of lifetime milk yield, the cows
carrying antigen W had an advantage (+4142 kg
to antigen non-carriers; p < 0,05) and antigen
C, non-carriers (+5751 kg to antigen carriers;
p < 0,01), I, and H" (3283 and 3766 kg;
p <0,05).

The established influence of individual an-
tigens on the reproductive ability, productive
longevity and lifetime productivity of cows
was confirmed by the analysis of variance: the
share of influence of the Y, E antigens on the
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Experimental immunotherapy of association infections
of the gastrointestinal tract of newborn calves using yolk melange
enriched with specific Y class immunoglobulins

Gadjiev .M., Sizov A.A., Sizov D.A.,
Stebleva G.M., Donchenko A.S.

age of first calving amounted to 2,7 and 1,7%
(p <0,05-0,01), P*, antigen on the service pe-
riod — 2,1% (p < 0,05), V antigen on the age of
cows — 5,2% (p < 0,001), V and O' antigens on
the duration of economic use — 4,2 and 1,3%
(p < 0,05-0,001), V antigen on the number of
milking days and lifetime milk production — 5,7
and 4,3% (p < 0,001), W antigen on lifetime
milk production — 1,8% (p < 0,05) (see Fig. 2).

CONCLUSION

As a result of the research, it was found that
the earliest age of the first calving was in the
cows - carriers of antigens Y and E (0,9 and
—0,8 months), the shortest service period in the
carriers of antigen P'2 (15,7 days). The lon-
gest period of economic use was observed in
the cows - carriers of antigens V and O" (+5,9
months), the longest lifetime milk production —
in the carriers of antigens V and W (+6036 and
+4142 kg). The share of influence of these anti-
gens amounted to 1,3—4,3 %.

When carrying out selection and breeding
work to increase the period of economic use of
Red-and-White cows and improve their repro-
ductive ability, it is necessary to take into ac-

Tabua. 2. Cpenmss Macca TEJAT B SKCIIEPUMEHTE, KT

Table 2. Average weight of calves in the
experiment, kg

Control group Experimental group

Atbirth | Comtrol x| Control
weighing weighing
35,368 132,579 24,885 149,605

count the influence of antigenic composition of
blood groups.
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Biansinue HMMYHOreHeTHYeCKUX (aKTOpPOB
Ha BOCIIPOU3BOAUTEIBHYIO CIIOCOOHOCTH
U NIPOAYKTHBHOE J0JIT0JeTHE KOPOB KPACHO-NIECTPOM MOPOABI

C<)3a3no6una T.B., E¢pumona JI.B.

Kpacnosapckuii nayuno-uccieooeamenbcKull UHCMUMmMyn celbCKo20 X035UCmea —
0bocobnennoe noopazoenerue PedepanbHo20 UCCIe008aMENbCKO20 YeHMpPa
«Kpacnospckuii nayunsiti yenmp Cubupcrozo omoenenus Poccutickotl akademuu HayKk»
Kpacnosipck, Poccust

(C<De-mail: tv-kulakova@mail.ru

B HacTosiiee BpeMs OJHUM W3 aKTyaJbHBIX HAIpaBICHWN HAYyYHBIX HCCIEOBAHUN B OTpaCiu
JKUBOTHOBOJICTBA SIBJISIETCA BBIBICHHE ONPEACICHHBIX T€HOB, BIMAIOIINX HA NMPOAYKTUBHBIC U pe-
MIPOAYKTUBHBIE KaueCTBA KPYITHOTO POraTroro CKOTa, METOJOM PAHHEr0 TECTHPOBAHUS KMBOTHBIX C
HCTOJIb30BAHUEM APUTPOLIUTAPHBIX AHTUTCHOB B KAUECTBE MOJMMOP(HBIX MapkepoB. B nanHoi pa-
00Te M3yueHO BIMSHUE HIMMYHOTCHETHUECKUX (PAKTOPOB HA BOCIPOM3BOJUTEIBHYIO CIIOCOOHOCTD H
MIPOJYKTUBHOE JIOJITOJIETHE KOPOB KPACHO-NECTPOU Mopoasl. [ MpOBEIEHUST UCCIEN0BAaHUN B XO-
3stiicTBe KpacHosipckoro kpast Obuta chopmupoBana 6aza JaHHBIX C TOMOIIBIO TIporpaMMbl «CesaKey.
JlanHas nmporpaMMa BKIIIOYAET CBEACHUS O IMPOLYKTHBHOM JOJITOJIETHH, MOJIOYHOW NTPOAYKTUBHOCTH
W BOCIIPOM3BOIUTENbHOU crtocodHocTr 305 KopoB, BEIOBIBIIMX U3 cTama ¢ 2019 mo 2022 1. u ume-
IOIUX PEe3yJabTaThl MMMYHOTEHETHYECKOTO TECTUPOBAHUSA TPYII KPOBU. AHAJIN3MPOBAIHN BIMSHHE
cocTaBa M BCTPEYaEMOCTH aHTUICHOB, MMEIOIIMX 4acToTy B BbIOOpke 0,3 u Ooinee, Ha MOKa3aTeIu
BOCIPOU3BOJIUTEILHON CIIOCOOHOCTU KOPOB, MOXKU3HEHHONH MOJIOYHOW MPOAYKTUBHOCTH U JIOJITOJIC-
tusi. KopoBbl ObUIM pacripesieieHbl Ha HOCHTENEH 1 He HOCUTENEH KaKJ0ro aHTHIeHa. YCTaHOBIICHO,
4gTO HamboJiee paHHUN BO3PACT IEPBOTO OTeNa OB Y KOpOB — HOocHuTeneit antureHoB Y u E (—0,9 u
—0,8 Mec), camblii KOPOTKUI CEPBUC-TIEPHOJ — Y HOcHUTeNel anturena P (-15,7 nns). HauGompumii
CPOK XO3SIICTBEHHOTO MCIIOJIb30BaHUI OTMEUEH Y KOPOB — HocHuTened antureHoB V u O (+5,9 mec),
HanOOJBIINHI MOXU3HEHHBIH Yol — y HocuTenel antureHoB V u W (+6036 u +4142 kr). Hons Biu-
SIHUSI 9THX aHTUTeHOB coctaBuna 1,3—4,3%. [Ipu npoBeaeHUN CENeKIIMOHHO-TUIEMEHHOM paboThI 10
YBEJIIMYEHHIO CPOKA XO3SIICTBEHHOTO MCIOIB30BAHNS KOPOB KPACHO-TIECTPON MOPOJIBI U YAYUIISHUIO
UX BOCIPOM3BOAUTEIBHON CIIOCOOHOCTH HEOOXOIMMO YUHMTBHIBATH BJIMSIHUE AHTUI'CHHOI'O COCTaBa
TPy KPOBH.

KuroueBblie ci10Ba: KpacHO-NecTpast HOPOAa, aHTUTEH, IPOTYKTUBHOE TOITOJIETHE, TOKU3HEHHBIN
yI0H, BO3pacT MepPBOTr0 OTeJIa, CEPBUC-TIEPUOJ

Influence of immunogenetic factors on the reproductive ability and
productive longevity of Red-and-White cows

(<)Zaznobina T. V., Efimova L. V.

Krasnoyarsk Research Institute of Agriculture — Division of Federal Research Center
“Krasnoyarsk Scientific Center of the Siberian Branch of the RAS™

Krasnoyarsk, Russia

(CXDe-mail: tv-kulakova@mail.ru

Currently, one of the most relevant areas of scientific research in the livestock industry is the iden-
tification of certain genes that affect the productive and reproductive qualities of cattle by early animal
testing using erythrocyte antigens as polymorphic markers. The influence of immunogenetic factors
on the reproductive ability and productive longevity of Red-and-White cows has been studied in this
work. A database was formed in the farm of the Krasnoyarsk Territory using the program "Selax" to
conduct research. This program includes information on the productive longevity, milk production
and reproductive performance of 305 cows retired from the herd from 2019 to 2022 with blood group
immunogenetic testing results. The influence of the composition and occurrence of the antigens with
a sample frequency of 0.3 or more on the reproductive performance of cows, lifetime milk production
and longevity was analyzed. Cows were divided into carriers and non-carriers of each antigen. As a re-
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sult, it was found that the earliest age of the first calving was observed in the cows carrying antigens Y"
and E (-0.9 and —0.8 months), and the shortest service period was in the carriers of antigen P’ (—15.7
days). The longest period of economic use was noted in the cows carrying antigens V and O" (+5.9
months), the highest lifetime yield was in the carriers of antigens V and W (+6036 and +4142 kg). The
share of the effect of these antigens was 1,3—4,3%. It is necessary to take into account the influence of
the antigenic composition of blood groups when carrying out breeding work to increase the period of
economic use of Red-and-White cows and improve their reproductive ability.

Keywords: Red-and-White breed, antigen, productive longevity, lifetime milk production, age at

first calving, service period
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INTRODUCTION

Nowadays in the dairy cattle breeding indu-
stry scientists and practitioners face the task of
increasing milk productivity of cows along with
the task of increasing their productive longevity
and improving their reproductive capacity.

According to the “Yearbook on breeding
work in dairy cattle breeding”, in 2022 the ave-
rage age of retired cows in agricultural enter-
prises of the Krasnoyarsk region was 3.15 cal-
vings'. At the same time, the highest productiv-
ity of cows occurs in the fourth — fifth lactation
[1], therefore, animals are retired from the herd,
not realizing fully their genetic potential, which
adversely affects the economic performance of
the farms engaged in the breeding of cattle of
dairy productivity direction.

At short-term production use of cows, it
1s necessary to introduce 25-30% and more

high-yielding first heifers into the main herd an-
nually, which becomes impossible at low level
of reproduction, calf yield and calf safety [2].

One of the methods of the breeding process
is early testing of animals using erythrocyte an-
tigens as polymorphic markers of economically
useful traits [3—5]. Immunogenetic analysis al-
lows to reveal the degree of genetic influence of
individuals on the total gene pool of the herd, as
well as the formation of the allele pool in certain
groups of animals [6].

Both foreign scientists’ [7-9] and Russian
scientists [10—12] are engaged in the study of the
genetic structure of cattle populations in order to
identify certain genes affecting the economically
useful traits of animals.

Positive relationships between the presence
of certain antigens and indicators of produc-
tive longevity and reproductive ability of cows,

"Yearbook on breeding work in dairy cattle breeding at the farms of the Russian Federation. Moscow: VNIIplem, 2023, 84 p.

*Tsuruta S., Lourenco D., Misztal I., Lawlor T.J. Genotype by environment interactions on culling rates and 305-day milk yield
of Holstein cows in 3 US regions // Journal of Dairy Science, 2015, vol. 98, Is. 8, pp. 5796-5805. DOI: 10.3168/jds.2014-9242.
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BinsiHne IMMyHOTEHETHUECKHUX (HaKTOPOB
Ha BOCIIPOU3BOAUTEIBHYIO CIIOCOOHOCTh
U IPOAYKTHBHOE JONTONETHE KOPOB KPACHO-IIECTPOIl HOPOIIBI

3aznobuna T.B., E¢umona JI.B.

found in one herd, may not be confirmed in an-
other, because in addition to genetic factors, en-
vironmental factors influence these traits.

The purpose of the study was to investigate
the influence of immunogenetic factors on the
reproductive ability and productive longevity of
Red-and-White cows.

MATERIAL AND METHODS

Scientific research was carried out at ZAO
“Nazarovskoye”, Krasnoyarsk region. The ob-
ject of research were Red-and-White cows.

To analyze the relationships of the antigens
with productive longevity and reproductive abi-
lity, the IAS “Selax” data of the primary breed-
ing record of 305 cows at the farm, which retired
from the herd from 2019 to 2022 and had the re-
sults of immunogenetic testing of blood groups,
were used.

Blood groups were determined according to
11 genetic systems in the laboratory of immuno-
genetic control of authenticity of animal origin
of the OAO “Krasnoyarskagroplem”.

The antigen frequency was determined by the
ratio of the number of cows — antigen carriers —
to the total number of cows in the sample. In the
studies the effect of the composition and occur-
rence of the antigens with a frequency of 0.3 or
more in the sample on the reproductive ability
of cows (age of first calving, service period),
lifetime milk productivity (lifetime milk yield,
milk yield per milking day), longevity (duration
of economic use, months; age of retired cows,
years) were analyzed. The cows were catego-
rized into carriers and non-carriers of each an-
tigen.

Computer programs “Biometric analy-
sis of quantitative traits in zootechnics” (No.
2021619580, 2021)* and “Analysis of immuno-
genetic data of cattle” (No. 2022660011, 2022)*
were used for biometric data processing. Reli-
ability of the difference between the groups for
quantitative traits was determined by the Stu-

dent's criterion. The share of influence of the
antigenic factors (n?) on the reproductive ability
and productive longevity of cows was estab-
lished by the method of dispersion analysis with
the determination of reliability by the Fisher's
criterion.

RESULTS AND DISCUSSION

As a result of analyzing the immunogenetic
data of cows of the farm, it was found that a total
of 74 antigens with frequency (p) from 0.003 to
0.961 and 15 alleles with frequency from 0.003
to 0.033 were found in the cows in blood groups.
More frequently (p > 0,8) the cows had the an-
tigens B, (0,81 + 0,022), F (0,961 = 0,011) and
H' (0,872 £ 0,019). With a frequency of more
than 0.6, the cows had the antigens A, (0,646 +
0,027), B* (0,705 £ 0,026), E*, (0,679 + 0,027),
G (0,718 £ 0,026), Q" (0,636 + 0,028), C,
(0,672 £ 0,027), E (0,734 + 0,025), X, (0,656 +
0,027), R, (0,613 = 0,028), Z (0,689 + 0,027), W
(0,685 £ 0,027), L (0,718 £+ 0,026), with a fre-
quency of more than 0,5 — V (0,567 £+ 0,028),
F/V (0,528 + 0,029), O, (0,593 + 0,028), T,
(0,584 = 0,028), O (0,57 + 0,028), S, (0,534 +
0,029), S, (0,59 + 0,028) (see Fig. 1).

The earliest age of the first calving was ob-
served in the cows - Y and E antigen carriers
(-0,9 and —0,8 months to the antigen non-car-
riers; p < 0,01 and p < 0,05), as well as in the
cows whose blood group lacked antigens C,
(=1,1 months, p < 0,001), O', L, H"* (-0,9-1,0
months, p < 0,01), L, Y, E',, S, H (-0,6-1,1
months, p < 0,05). The shortest service period
was observed in the cows having the antigen P,
(-15,7 days, p < 0,05) and those with no antigen
L (17,0 days, p <0,05) (see Table 1).

The cows with the highest life expectancy
and the longest period of economic use had V
antigen present in their blood (+0,9 years and
+5,9 months; p < 0,001) and did not have anti-
gen C, (+0,9 years; p < 0,001 and +9,4 months;
p < 0,01). In the cows - carriers of O antigen

3Certificate of state registration of computer program No. 2021619580 (Russian Federation). Biometric analysis of quantitative
traits in zootechnics / L.V. Efimova; right holder Federal Research Center “Krasnoyarsk Scientific Center of the Siberian Branch of
the Russian Academy of Sciences”; No. 2021618613; applied 04.06.2021; publ. 15.06.2021.

“Certificate of state registration of computer program No. 2022660011 (Russian Federation). Analysis of immunogenetic data of
cattle: 2022619287 / L.V. Efimova; right holder Federal Research Center “Krasnoyarsk Scientific Center of the Siberian Branch of
the Russian Academy of Sciences”; applied 25.05.2022; publ. 27.05.2022.
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Fig. 1. Frequency of antigen occurrence in cOws

the period of economic utilization was longer by
5.9 months (p < 0,05), when antigen H" is ab-
sent, this period, on the contrary, was 6,5 months
shorter (p < 0,05) (see Table 2).

The highest number of milking days was
found in the cows with antigen V (the difference
with cows - non-carriers of the antigen amoun-
ted to 298.41 days); p < 0,001) and having no
antigen H" (the difference with carrier cows
was 169,5 days; p < 0,05). The highest lifetime
milk yield was in the cows carrying the antigen
V (+6036 kg; p < 0,001) and in the cows not
carrying the antigen I, (+3283 kg; p <0,05). The
highest milk yield per milking day was observed
in the cows with antigen F (+0,8 kg; p < 0,05)
and in the cows having no antigens G,, C,, H’
(+0,28-0,41 kg; p <0,05-0,01) (see Table 3).

Also, in terms of lifetime milk yield, the cows
carrying antigen W had an advantage (+4142 kg
to antigen non-carriers; p < 0,05) and antigen
C, non-carriers (+5751 kg to antigen carriers;
p<0,01),1,and H"" (3283 and 3766 kg; p <0,05).

The established influence of individual an-
tigens on the reproductive ability, productive
longevity and lifetime productivity of cows

B oy
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was confirmed by the analysis of variance: the
share of influence of the Y", E antigens on the
age of first calving amounted to 2,7 and 1,7%
(p < 0,05-0,01), P*, antigen on the service pe-
riod — 2,1% (p < 0,05), V antigen on the age of
cows — 5,2% (p < 0,001), V and O' antigens on
the duration of economic use — 4,2 and 1,3%
(» < 0,05-0,001), V antigen on the number of
milking days and lifetime milk production — 5,7
and 4,3% (p < 0,001), W antigen on lifetime
milk production — 1,8% (p < 0,05) (see Fig. 2).

CONCLUSION

As a result of the research, it was found that
the earliest age of the first calving was in the
cows - carriers of antigens Y and E (-0,9 and
—0,8 months), the shortest service period in the
carriers of antigen P, (-15,7 days). The lon-
gest period of economic use was observed in
the cows - carriers of antigens V and O (+5,9
months), the longest lifetime milk production —
in the carriers of antigens V and W (+6036 and
+4142 kg). The share of influence of these anti-
gens amounted to 1,3-4,3 %.
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Taoa. 1. YacTora aHTUICHOB U BOCIHIPOM3BOAUTCIIbHAA CIIOCOOHOCTH Y KOpPOB — HOCHUTEIICH
M HE HOCHUTCJICH aHTUTCHOB

Table 1. Antigen frequency and reproductive capacity in carrier and non-carrier cCOws

Antigen, Heads Frequency Age of first calving, months Service period, days
allele n ~ n n - n ~
1 3 4 5 6 7 8
System A
A, 197 108 64,6 £ 2,74 28,6 0,19 28,8 +0,26 66,3 +4,27 73,2+ 6,03
B, 247 58 81,0+£2,25 28,5+0,17 29,3+0,36 69,5 + 3,94 65,9 +7,53
G, 150 155 49,2 + 2,86 28,4+ 0,20 28,9+ 0,22 64,9 £4,49 72,6 5,32
I, 140 165 45,9 +2.85 28,3+0,22" 29,0 £0,21 68,8 +4,78 68,8 4,91
O, 181 124 59,3 +2,81 28,7+0,19 28,6 £ 0,25 67,9+4,73 70,0 +5,13
P, 116 189 38,0+2,78 29,0 +0,29 28,5+0,17 65,2 +5,48 71,1 +£4,52
T, 178 127 58,4 +2,82 28,6 £ 0,20 28,7+0,23 68,7 £ 4,59 69,0 + 5,39
Y, 151 154 49,5+ 2,86 28,3+0,21" 29,0 +0,22 66,9 +4,10 70,6 + 5,60
A 140 165 45,9 +2.85 28,7+0,22 28,7+0,20 72,3+5,36 65,3+4,50
B 215 90 70,5 +2,61 28,8 +0,18 28,3+0,29 68,1 +3,99 70,5+ 7,08
System B
D 120 185 39,3 +2,80 28,7+ 0,23 28,7+ 0,20 67,8 +5,59 69,4 +4,47
E', 207 98 67,9 +£2,67 28,4+0,19" 29,2 +0,25 65,8 + 3,82 75,4 7,34
G 105 200 344+272 28,6 £ 0,23 28,7+ 0,20 72,9 £ 6,59 66,6 = 4,03
G" 219 86 71,8 +2,58 28,6 £ 0,17 28,7+0,31 67,4+395 72,6 7,31
r 99 206 32,5+2,68 28,8+ 0,28 28,6 0,18 71,8 £ 6,46 67,4+4,15
I, 100 205 32,8 +2,69 28,5+ 0,28 28,7+0,18 68,2 £ 6,05 69,0 +4,28
(0} 174 131 57,0+2,83 28,2+0,18™ 29,2+ 0,25 69,7 + 4,82 67,5+ 5,00
P, 150 155 49,2 +2.86 28,5+0,23 28,8+ 0,20 60,8 + 3,79 76,5+ 5,72
Q 194 111 63,6 £2,76 28,6 £ 0,19 28,8 +£0,25 66,2 +£3,76 73,3+ 6,94
Y 111 194 36,4+2,76 29,2+0,23 28,3+0,.2" 68,4 +5,78 69,0 = 4,39
System C
C, 205 100 67,2+2,69 28,3+0,17 29,4 +0,29 69,9 4,38 67,0+5,78
E 224 81 73,4+2,53 28,9 +0,18 28,1 +0,26 69,4 £ 4,09 67,0+ 6,69
X, 200 105 65,6 £2,72 28,6 0,19 28,7+ 0,25 67,2+421 72,1 £ 6,24
R, 187 118 61,3+2,79 28,6 £ 0,19 28,8 £ 0,26 71,2 4,69 64,9 + 5,07
W 209 96 68,5 +2,66 28,7+0,18 28,5+0,28 70,2 £4,39 65,1 £531
L 151 154 49,5 +2.86 28,8 +0,23 28,5+0,20 69,4 +5,16 68,2 +4,70
System F-V
F 293 12 96,1 = 1,11 28,6 £ 0,15 29,2 +0,94 69,6 + 3,60 47,1 £7,86
v 173 132 56,7 + 2,84 28,8+ 0,20 28,5+0,23 68,3 +4,81 69,5+ 5,01
System L
219 86 71,8 +2,58 28,4+0,18™ 29,3+0,27 73,6 £ 4,50 56,6 +4,43"
] 163 142 53,4+2.86 28,4 +0,20" 29,0 +0,23 65,2 +4.26 72,5+5,55
N 180 125 59,0 +£2,82 28,8+ 0,19 28,4 +0,24 71,6 £4,74 64,6 5,03
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End of Table 1
| 2 | 3 | 4 5 6 7 | 8
System S
U 99 206 32,5+2,68 28,3 +0,26 28,8+0,19 62,3 +5,47 71,5 +4,38
U 107 198 35,1+2,73 28,7+0,24 28,7+ 0,20 66,8 + 5,89 69,9 + 4,34
u- 124 181 40,7 £2,81 28,7+0,24 28,6 £ 0,20 70,6 £ 6,17 67,6 +4,17
H
H

—_

266 | 39 87,2+ 1,91 28,5+0,16° 29,6 + 0,40 70,4 + 3,88 58,6+ 7,07
109 | 196 | 357+274 | 28,0+0,22" | 29,0+0,20 73,2+ 5,89 66,4+ 4,33

System Z
z | 210 | 95 | 68,9 + 2,65 | 28,5+0,18 | 29,0 +0,29 | 65,9 £ 3,61 | 74,7+ 7,68
System C
C,EW ‘ 96 | 209 ‘ 31,5 +2,66 ‘ 28,7 +0,26 ‘ 28,7+0,19 ‘ 71,2 + 6,80 ‘ 67,7 £4,03
XL 103 202 33,8 +2,71 29,0 +£0,28 28,5+0,18 69,3 £6,56 68,5 +4,06
Here and in Tables 2, 3:
*p < 0,05.
#kp < 0,01,
***p <0,001.
Taobua. 2. Jlonronerre KOpOB — HOCUTENEH U HE HOCUTEICH aHTUTCHOB
Table 2. Longevity of carrier and non-carrier cows
Antigen, allele Age, completed years Duration of economic use, months
+ - + -
1 2 3 4 5
A, 4,6+0,16 4,6+021 32,4+ 1,83 33,0+ 2,41
B, 4,6+0,14 4,8+0,27 32,2 +1,65 34,1 +£3,05
G, 4,7+0,19 4,5+0,17 33,9+2,17 31,3+ 1,94
L 4,3+0,19 49+0,16 29,6 £2,26 35,1 +1,87
O, 4,6 £0,17 4,6+0,18 32,6 1,94 32,5+2,19
P, 4,7+ 0,20 460,16 33,1 £2,28 32,2 +1,88
T, 4,7+0,17 4,6+0,18 33,0+£2,02 32,0£2,05
Y, 4,6+0,18 47+0,17 32,3+2,16 32,8 + 1,95
A 4,8 +0,20 4,5+0,20 34,6 +£2,27 30,8+ 1,90
B 4,6 £0,15 4,8+0,24 31,7+ 1,69 34,6 £2,83
D’ 48+0,21 4,5+0,16 34,1 £2,44 31,6 £ 1,80
E, 4,7+0,16 46+0,21 332+1,82 31,3+2,40
G 4,7+0,22 4,6 £0,15 33,3+2,52 322+1,78
G 4,6 0,14 4,7+0,26 32,0+ 1,66 34,1+2,95
I' 4,7+0,24 4,6+0,14 32,7+2,78 32,5+1,69
T, 4,9 +0,24 4,5+0,14 35,4 +2.79 31,2+ 1,68
o 4,8+0,18 44+0,17 35,1 +£2,09 29,2 +191°
P, 4,8+0,18 4,5+0,18 342 +2,12 31,0+ 1,99
Q 4,6 £0,16 4,8 +0,20 31,9+ 1,88 33,8 £2,27
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End of Table 2

1 2 3 4 5
Y 45+0,18 4,7+0,17 30,5 +2,07 33,84 1,95
C, 43+0,16™ 52+0,19 29,5+ 1,86™ 38,9+2,14
E 4,7+0,14 4,5+ 0,26 32,8+ 1,66 31,94 2,99
X, 4.840,16 43 +0,20° 34,4+ 1,85 29,1+2,30
R, 4,7+0,16 4,4+0,19 34,0+ 1,90 30,4+ 2,24
w 4.8+0,15 42 +0,23" 34,7+ 1,72 27,9 +2,65
L 4740,18 45+0,18 33,6+2,07 31,6+ 2,05
F 4,6+0,13 4,84 0,65 32,5+ 1,48 34,8+ 7,87

\% 50+0,17 4,1+0,17™ 37,1+ 2,00 26,6 +2,00™"
L 4,5+0,14 4,9 +0,27 31,8+ 1,64 34,6+ 3,03
S, 4,5+0,18 4,8+0,17 31,0+ 2,06 34,4 42,03
S, 4,.840,17 4,440,19 34,4+ 1,92 29,9 +2.21
U 434022 4840,15 28,9+ 2,55 34,4+ 1,76
U 4,9+0,21 45+0,15 35,8 +2,51 30,8 + 1,77
U 4,4+0,19 4,.840,16 29,6 42,23 34,6+ 1,91
150 4,6+ 0,14 4,6+ 0,25 32,7+ 1,62 31,7+2,63
50 42 +0,19% 49+0,16 28,4 +2.25° 34,9+ 1,87
z 4,6+0,16 4,6+ 0,20 32,6+ 1,82 32,5+2,38
CEW 4.8+0,24 4540,15 352 +2,84 31,4+ 1,67
XL 4,9+023 45+0,15 34,9+ 2,68 31,4+ 1,71

Tao6a. 3. [loxxuzHeHHAs MOJIOYHAS TPOAYKTUBHOCTH KOPOB — HOCHUTENEH U HE HOCUTETICH aHTUTCHOB

Table 3. Lifetime milk productivity of antigen carrier and non-carrier cows

Milking days, total

Milk yield, kg

Antigen life-long for one milking day

+ — + _ + -

1 2 3 4 5 6 7
A, 1036,3 49,44 | 1031,8+65,05 | 18538+1038,4 | 18817+1370,6 | 21,6+0,08 | 21,6+0,12
B, 1036,0 £45,15 | 1029,7+78,32 | 18393+932,8 | 19677+1774,0 | 21,5+0,08 | 21,8+0,16
G, 1060,0 £ 58,91 | 1009,4+52,13 | 19181+1219,3 | 18111 +1121,8 | 21,4+0,09" | 21,8+0,09
L 1033,6 £ 65,93 | 1035,5+48,48 | 16861 +1271,5" | 20144+1071,6 | 21,5+0,11 | 21,6+0,09
0, 10499+ 52,85 | 1013,4+58,65 | 18673+1104,3 | 18585+12445 | 21,6009 | 21,6+0,11
P, 1011,5+60,60 | 1050,1 = 51,64 | 18995+1306,7 | 18418+1068,3 | 21,6+0,12 | 21,6+ 0,08
T, 1074,6 £55,50 | 982,1+54,12 | 18821+1143,6 | 18379+11762 | 21,6009 | 21,7+0,11
Y 1031,0 £ 60,00 | 1038,3+51,26 | 18440+1226,2 | 18830+1114,9 | 21,6+0,10 | 21,6+0,09
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End of Table 3
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1038.5 + 61,03
996,8 + 45,58

1122,5 + 65,68
1037,4 + 49,49
1053,6 + 67,73
999,5 + 44,88
1091,5 + 78,41
1159,1 + 74,27
1101,8 + 56,33
1088,7 + 56,09
1016,7 + 51,74
964,8 + 54,39
1007,4 + 53,76
1029,2 + 44,50
1066,0 = 49,63
1065,5 + 50,92
1060,7 + 45,26
10454 + 54,98
1029,5 + 40,16
1159,8 = 51,46
1007,8 + 43,89
1028,3 + 58,04
1070,3 £ 51,00
915,6 + 74,00
1105,5 + 65,97
981,9 + 61,92
1050,2 + 44,48
924,0 + 62,44°
1055,7 + 50,06
1104,1 = 77,34

1085,6 + 72,46

1031,1 £50,10
1129,3 + 76,27

981,1 + 48,60
1028,8 + 63,14
1024,7 + 48,34
1129,8 + 79,67
1009,6 + 44,84
976,6 + 45,49°
941,8 + 50,81
982,5 + 54,86
1065,8 + 59,32
1074,5 + 53,18
1078,7 + 55,02
1051,0 + 83,30
970,1 + 63,02
984,2 + 61,49
968,6 + 78,24
1023,6 + 56,37

1174,2 + 201,68

861,4 + 56,86™"
1103,2 + 83,13
1041,3 + 53,00
980,3 + 61,48
1055,0 + 46,67
994,4 + 48,76
1068,1 + 50,76
937,1 + 59,62
1093,5 + 49,70
991,5 + 61,91
1002,3 + 44,85

1007,7 + 46,26

19838 +£1292,9
18140 +£959,1

19554 +1390,8
18879 +1028,2
19264 + 1466,1
18302 +948,9
18719 +1583,2
20198 +1577,6
20026 + 1178.,9
19537 +£1197,4
18089 + 1053,7
17497 +£1189,9
16751 + 1044,1™
18853 +£948,1
19679 +1051,8
19338 +1070,6
19941 +982,3
19296 + 1186,5
18612 +845,3
21249 +1133,5
18178 £930,3
17700 £ 1173.,4
19681 £ 1095,5
16612 + 1463,2
20471 £+ 1426,7
17031 £1262,2
18680 +921,0
16217 £1279,1"
18621 +1028,2
20029 + 1590,2

20025 £+ 1536,2

17618 £ 1061,0
19825 +1613,3

18043 + 1022,1
18126 + 1384,8
18308 + 1000,2
19490 + 1665,6
18598 + 961 4
17876 + 957,6
16793 + 1103,5
17766 + 1140,9
19595 + 1330,7
19289 + 1106,5
22503 + 1252,7
18040 + 1685,5
16653 + 1308,3
17526 + 1297,6
15799 + 1491,1°
17991 + 1153,2
19262 + 42757

15213 + 1137,9"
19807 + 1729,8
19713 + 1154,6
17134 + 1249,7
19610 + 997,0
17646 + 1009,0
19737 + 1087.3
18344 + 15482
19983 + 1061,9
18673 + 13777
17998 + 959,5
17929 + 970,7

21,6+0,10
21,6 0,08

21,6+0,11
21,5+ 0,08
21,7+0,13
21,6 0,08
21,54 0,14
21,5+0,11
21,5+ 0,09
21,6+ 0,10
21,5+ 0,08
21,6+0,11
21,5 +0,09°
21,6+ 0,08
21,6 0,08
21,5+ 0,08
21,6+ 0,08
21,74 0,10
21,6 0,07
21,6 + 0,08
21,6 + 0,08
21,6 + 0,08
21,6 0,08
21,740,12
21,5+0,11
21,7+0,11
21,5+0,07"
21,540,13
21,6 + 0,08
21,5+0,12

21,6+ 0,12

21,6+0,10
21,7+0,12

21,6+ 0,08
21,740,13
21,5+ 0,08
21,6+0,14
21,6+ 0,08
21,6+ 0,08
21,7+0,11
21,6+0,10
21,8+0,12
21,6 + 0,09
21,8+0,11
21,5+0,13
21,6+0,12
21,7+0,11
21,6+0,13
21,5 + 0,09
20,8+ 0,32°
21,6+0,11
21,5+0,12
21,6 40,11
21,6+0,12
21,6+ 0,08
21,6 0,09
21,5 + 0,09
21,9+0,16
21,7+ 0,08
21,6+0,13
21,6+ 0,08

21,6+ 0,08
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Puc. 2. I[OJ'IH BJIMSAHWSA aHTUT'CHHBIX q)aKTOPOB Ha BOCIPOU3BOAUTCIIBHYIO CHOCO6HOCTL, IMPOAYKTHUBHOC
JOJITOJICTHE 1 MOXXU3HCHHBIN y,[[OfI KOpOB

BaHUA.

[Ipumeuanne. BI1O — Bo3pact nepsoro otena; CII — cepuc-nepuon; [1XH1 — nponomKUTenbHOCTh XO3IHCTBEHHOTO UCTIONB30-

Fig. 2. Proportion of influence of antigenic factors on the reproductive capacity, productive longevity and
lifetime milk yield of cows

When carrying out selection and breeding

work to increase the period of economic use of
Red-and-White cows and improve their repro-
ductive ability, it is necessary to take into ac-
count the influence of antigenic composition of
blood groups.
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I'emaTosiornyeckmne moka3arejau KOPOB IMPH Pa3HbIX CXeMax
UCI0JIb30BaHus 0uogo0aBku Jlamapun Saldonum

XD 1llemypanoBa H.A.!, Fapudyummna H.A.!, ®uiaros A.B.2, Cano:xkHuKoB A.D.2
ldedepanvuviii acpapuwiii nayunwviit yenmp Cesepo-Bocmoka um. H.B. Pyonuyxozo
Kwupos, Poccus

2Bamckuil 20Cy0apcmeenuvlil a2pomexHoL02UYecKUll YyHugepcumen

Kupos, Poccus

(<De-mail: nashem85@yandex.ru

[IpencraBiieHsl pe3yabTaThl HCCIEOBAHMUS, TPOBOIMMOTO C MBI YCTAHOBUTH BIIMSIHHE Pa3HBIX
cxeM mnpuMeHeHus Onomo6aBku Jlamapun Saldonum Ha opraHu3M BBICOKONPOAYKTHBHBIX KOPOB B
nepuoa pasnos. Hayano-xo3siicTBEHHBIH OMBIT MPOBOAMIN Ha 0a3e MIIEMEHHOTO X035 HCTBa, Pacloo-
skeHHoro B KorenpHuuckom paiione Kuposckoit oonactu. st sxkcniepumenTa 06U ¢(hOPMHPOBAHBI
TPH OMBITHBIE TPyMIBI KOopoB (17 = 10), momy4aBmux mobasky Jlamapun Saldonum B nose 0,4 r/xr
YKUBOI MaccChl B CyTKH B TeueHne 60 mueit. B 1-if rpynme (cxema 1) ckapmimBaaue 100aBKH HAYAIH 32
30 mHE# 1o mpearonaraeMoi 1aTel oTena, Bo 2-i rpymie (cxema 2) — 3a 60 nHeH, B 3-i1 (cxema 3) — B
JeHb oTesna. [{yist OLleHKH BIUSIHUS Pa3HBIX CXeM NPUMEHEHHs (UTON00aBKU Ha OPTaHU3M KHBOTHBIX
MCIIOJIb30BAII MOP(OJIOTHIECKUE U OMOXUMHUYECKUE TTOKa3aTeIH MX KPOBU. 3a00p KPOBU MPOBOAMIIH
nmBakabl: yepe3 30 u 60 nHed nocne otena. B xoie wccienoBaHuii yCTaHOBICHO, YTO Haubosee orl-
TUMAIIbHO JUUIsI COXpAHEHUs! 3I0POBbsI KOPOB B MEPUO]] pa3los HAYMHATH CKApMIIMBAHUE H3y4aeMON
nmo6asku 3a 30 gHEH 10 mpeanonaraemMoro otena (cxema 1). Takas cxema mpuMeHEHNs OKa3bIBacT OJ1a-
TONPHUSATHOE BIMSHUE HA OPTAHMU3M JKMBOTHBIX B TIEPUO]] Pa3/l0si, O YeM CBHUJIECTEIHCTBYET OOJiee BbI-
COKOE COZIepKaHne reMOITIO0MHA 110 CPaBHEHMIO CO 2-1 ONBITHOM rpymmoi (mpesbimenye Ha 13,81%,
p <0,05), nocroBepHo OoibINHii ypoBeHb o0IIer0 Oenka (Ha 7,92 u 16,62%), robynuHoB (Ha 20,09
u 43,88%,), rmoxo3sl (Ha 70,06 1 86,84%), kambius (Ha 13,90 u 23,43%) B iepBBIi MeCSI] TAKTAIIUH
M0 CPaBHEHMIO CO 2-i W 3-f TpyInmnamu, CHWKEHHE KojumdecTBa MoueBHHBI (Ha 39,45 u 58,70%) n
¢docdopa (ra 50,84 u 66,59%), a Tarxke amanHnHaMUHOTpaHCc(hepassl (Ha 22,15%) B cpaBHEHNH C 3-i
TPYIIIIOI B ATOT K€ TIEPUO.

KiroueBbie cjioBa: KpoBb, MOpGOIOrHUecKrEe TOKA3aTeIn, OMOXHUMHUYECKUE TTOKa3aTeu, JaMu-
Hapus SIMOHCKasi, pacTOPOIIIIA TSITHUCTAs

Hematological parameters of cows with different schemes
of using the dietary supplement Lamarin Saldonum

(<X)Shemuranova N.A.!, Garifullina N.A.!, Filatov A.V.%, Sapozhnikov A.F.?
'Federal Agrarian Scientific Center of the North-East named after N.V. Rudnitsky
Kirov, Russia

*Watka State Agrotechnological University

Kirov, Russia

(<De-mail: nashem85@yandex.ru

The results of the research conducted to establish the effect of different schemes of Lamarin Saldo-
num bio supplement application on the organism of high-yielding cows during days in milk are pre-
sented. Scientific and economic experience was carried out on the basis of a breeding farm located in
the Kotelnichsky district of the Kirov region. For the experiment, three experimental groups of cows
(n=10) receiving Lamarin Saldonum supplement at a dose of 0.4 g/kg live weight per day for 60 days
were formed. In group 1 (scheme 1) feeding of the supplement was started 30 days before the expected
calving date, in group 2 (scheme 2) — 60 days, in group 3 (scheme 3) — on the day of calving. Morpho-
logical and biochemical indices of their blood were used to evaluate the effect of different schemes of
phyto supplement application on the organism of the animals. Blood sampling was performed twice:
30 and 60 days after the calving. It was found in the course of the research that the most optimal
way to preserve the health of cows during the days in milk is to start feeding the studied supplement
30 days before the expected calving (scheme 1). This scheme of application has a favorable effect on
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TeMaTonornyeckue MoKasareln KOpoB MPHU Pa3HbIX CXeMax
ucnonp3oBaHus 6nonodasku Jlamapun Saldonum

IlemypanoBa H.A., lapudymnauna H.A.,
®uaroB A.B., CanoxuukoB A.D.

the organism of the animals during days in milk, as evidenced by a higher hemoglobin content com-
pared to the 2nd experimental group (an excess of 13.81%, p < 0.05), a significantly higher level of
total protein (by 7.92 and 16.62%), globulins (by 20.09 and 43.88%), glucose (by 70.06 and 86.84%)),
calcium (by 13.90 and 23.43%) in the first month of lactation in comparison with the 2nd and 3rd
groups, decrease of urea (by 39.45 and 58.70%) and phosphorus (by 50.84 and 66.59%), as well as
alanine aminotransferase (by 22.15%) in comparison with the 3rd group in the same period.
Keywords: blood, morphological parameters, biochemical parameters, sea tangle, blessed milk

thistle
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INTRODUCTION

High milk productivity of cows is inextrica-
bly linked to the intensity of metabolic process-
es in their body and the balance of the diet in nu-
trients and biologically active substances. Often
metabolic disorders caused by nutritional fac-
tors, at the initial stage do not have pronounced
clinical manifestations, which complicates their
early diagnosis and leads to the development of
serious pathologies [1-3].

The main informative markers of animal
health are morphological and biochemical blood
parameters [4]. It is recommended to monitor
them when predicting the future productivity
of purebred and crossbred animals [5], assess-
ing the impact of climatic conditions [6, 7] and
housing conditions [8]. Hematological studies
can also be used to determine the adequacy
of animal nutrition [9], diagnose disorders of
protein, carbohydrate and mineral metabolism
[10], timely eliminate the detected deviations
by means of diet correction and develop appro-

priate preventive measures. In addition, these
studies are necessary in determining the degree
of influence on the organism and the effective-
ness of the use of new drugs [11, 12], medicinal
compositions [13], feed products and biologi-
cally active additives [14, 15].

One such supplement is Saldonum lamari-
num. It consists of Japanese kelp, milk thistle,
and lactic acid used as an extracting agent. Tests
conducted earlier showed that this additive has
a stimulating effect on the body of animals.
Thus, when using it in the feeding of high-yield-
ing cows an increase in their productivity and
improvement of reproductive function were ob-
served [16].

The purpose of the study was to evaluate
the morphobiochemical status of blood of dairy
cows during the milking period at different
schemes of use of biologically active supple-
ment Lamarin Saldonum.

Scientific novelty of the work consists in the
fact that for the first time the effect on the organ-
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Hematological parameters of cows with different schemes of using
the dietary supplement Lamarin Saldonum

Shemuranova N.A., Garifullina N.A.,
Filatov A.V., Sapozhnikov A.F.

ism of high-yielding cows during the milking
period of herbal bio-additive Lamarin Saldo-
num when administered in different physiologi-
cal periods has been established.

MATERIAL AND METHODS

The study was conducted in 2021 in one of
the breeding farms of the Kotelnichsky district
of the Kirov region. Four groups of high-yield-
ing cows of the Black-and-White Holstein breed
at the age of 25 lactation with an average milk
yield for the last completed lactation of 7500 kg
were formed for scientific and economic experi-
ment by the method of analogous groups. There
were 10 cows in each group.

The studied feed additive was introduced into
the diet of dairy cows at a dose of 0.4 g/kg body
weight daily. Three schemes of bioadditive ap-
plication were used. According to scheme 1 (1st
group), feeding Lamarin Saldonum was started
30 days before the expected calving date. Ac-
cording to the scheme 2 (2nd group) the sup-
plement was administered 60 days before the
expected date of calving. According to scheme
3 (3rd group) feeding of the supplement was
started on the day of the calving. In all three
schemes, the total duration of phytosupplemen-
tation was 60 days (see Table 1).

To determine the effect of different schemes of
application of the studied additive on the organ-
ism of the animals, morphological and biochem-
ical studies of blood were carried out. Blood was
collected from the tail vein 4 hours after morning
feeding. Blood was studied twice: 30 and 60 days
after the calving. Blood morphological parame-
ters were determined using hematological ana-
lyzer Abacus Junior B (Diatron, Austria). Bio-
chemical studies of blood serum were performed
on an iMagic V7 biochemical analyzer (iCUBIO,
China). Standard reagents and approved methods
were used for each analyzer. Blood counts were
evaluated using reference values reported in the
reference literature 2.

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

Number of

Group cows, heads

Scheme of feeding the phytonutrient

BD + Lamarin Saldonum at a dose
of 0.4 g/kg live weight 30 days be-
fore the expected calving date and
within 30 days thereafter

BD + Lamarin Saldonum at a dose
of 0.4 g/kg live weight 60 days be-
fore the expected calving date for
60 days

BD + Lamarin Saldonum at a dose
of 0.4 g/kg live weight starting
from the day of calving for 60 days

Ist 10

2nd 10

3rd 10

Note. BD — basic diet adopted at the enterprise and
corresponding to the physiological condition of the animals.

RESULTS AND DISCUSSION

The internal environment of the organism,
possessing relative constancy, reacts quickly
enough to qualitative and quantitative chang-
es in the diet, including the intake of new bi-
ologically active substances with feed. The
study showed that the use of different schemes
of feeding Lamarin Saldonum bioadditive had
no significant effect on the morphological pa-
rameters of blood of the experimental animals.
Minor deviations from the physiological norm
were recorded in all three groups (see Table
2). However, it should be noted that the low-
est hemoglobin content at the end of the first
month of lactation was registered in group 2 of
the animals, which were fed the supplement 60
days before calving. According to this indicator
they were inferior to cows of the 1st group by
13,81% (p < 0,05), 3rd group by 8,45%. In the
next month of lactation, hemoglobin concentra-
tion increased and returned to the physiological
norm, which is probably related to the recovery
of mother cows after childbirth. In the 1st and
3rd groups, receiving the phytosupplement La-
marin Saldonum in the first month after calving
contributed to the maintenance of hemoglobin
level within physiological values.

'Kondrakhin I.P. Methods of veterinary clinical laboratory diagnostics: reference book. Moscow: Kolos, 2004, 520 p.
2Shestakova A.N., Sapozhnikov A.F., Varaksina J.V. Clinical evaluation of the results of laboratory tests in veterinary practice:

textbook. Kirov, 2009, 68 p.
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Taoda. 2. Mopdonornueckue noxkasaresii KpOBH KOPOB TIPH pa3HbIX cXeMax MPUMEHEHUs] Ono100aBKu

Jlamapun Saldonum (n = 10)

Table 2. Morphological parameters of cows' blood at different schemes of Lamarin Saldonum bio
supplement application (n = 10)

Indicator Norm Ist Gzrgzp 3rd
Hemoglobin, g/l 90,0-120,0 g_igg%%% %%%% g_‘l‘j‘l‘g—i?%
Erythrocytes, x 10'%/1 5,0-8,0 %,;(3)—18,% ‘Sl:%% ‘5{38%8%
Leukocytes, x 10%/1 4,5-12,0 %’}Z—ii’% %,491431%%% %E%S%*Z

Notes: 1. In the numerator — 1 month after calving, in the denominator — 2 months after calving. 2. The differences are reliable:
at 1p < 0,001 relative to the previous eigenvalues; 2p < 0,05 relative to group 1 in the same period.

In terms of erythrocyte count, all three expe-
rimental groups had no statistically significant
differences both in the first and second month of
lactation. As for the content of leukocytes, the
changes were observed in the 3rd group, where
Lamarin Saldonum was applied from the first
day after calving. In the second month of lacta-
tion in cows of this group there was a decrease
in the number of leukocytes in relation to their
own values of the first month by 33,03% (p <
0,001), in relation to similar values of the 1st
group by 43,79% (p < 0,05). The increase in
leukocyte content is characteristic of cows after
calving and is associated with the restructuring
of the organism from the process of carrying the
fetus to milk production, as well as with the oc-
currence of metabolic pathologies, the cases of
which are more frequent in highly productive
animals. Application of biologically active sup-
plement during the first two months of lactation
in the 3rd group promoted a more physiological
course of the postpartum period, rapid comple-
tion of involutional processes in the genital or-
gans, as evidenced by the return of morpholog-
ical blood parameters to the limits of normal by
the end of the second month of lactation.

When studying the biochemical parameters
of blood serum of cows on the background of
different schemes of Lamarin Saldonum sup-
plementation, their changes were established,
which in some cases had statistical significance

(see Table 3). The intensity of protein meta-
bolism in the body of cows was estimated by
the indicators of total protein, its albumin and
globulin fractions and urea. The content of total
protein in all the experimental groups was with-
in the limits of physiological norm, the lowest
index was registered in cows of the 3rd group
in the first month of lactation: in relation to the
Ist group in the same period the level of total
protein was lower by 16,62% (p < 0,001), in re-
lation to the 2nd group by 8,05% (p < 0,05). In
the second month of lactation in the 1st and 2nd
groups there was a slight decrease in the stud-
ied index in relation to the initial values with-
out statistical significance, which is due to the
growing needs of the organism in components
for milk synthesis.

The level of albumin in the blood serum of
cows reflects the provision of protein in the
diet, and globulin fractions of protein indicate
the protective properties of the organism. In our
study, the content of albumin in cows in the first
two months of lactation in all groups was at the
level of the upper limit of physiological norm or
slightly exceeded it. The concentration of glo-
bulin fractions in blood serum, on the contrary,
tended to the lower limit of reference values.
The exception was the animals of the 1st group
in the first month of lactation, whose blood had
a maximal content of globulins. The lowest
level of globulins was recorded in group 3 in
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Tao6xa. 3. buoxumuyeckue moka3arein CBIBOPOTKH KPOBU KOPOB IIPH Pa3HbIX CXEMaAX NPUMCHCHUSA

ononodapku Jlamapun Saldonum (n = 10)

Table 3. Biochemical parameters of blood serum of cows with different schemes of the bio supplement
Lamarin Saldonum application (n = 10)

. Group
Indicator Norm Ist ond 3d

Total protein, g/l 60,0-86,0 81,96 £ 1,99 75,94 + 1,65* 70,28 +2,07%7
76,33 £2,63 74,07 £2,34 72,42 £225
Albumin, g/ 27,5-39.,4 38,81 £0,46 40,01 0,58 40,29 £0,75
40,60 + 0,73 39,54 +£0,73 40,28 0,56

Globulins, g/ 32,5-46,6 43,15+ 1,83 35,93 + 1,74* 29,99 £ 2,55°
35,73 +£2,62! 34,53 £1,91 32,14 +2,10

Urea, mmol/l 3,0-8,8 3,99 + 0,34 6,59 +0,74° 9,66 +0,4268
7,79 £ 0,38’ 8,85 +0,70! 9,68 +0,37°
Glucose, mmol/l 2,0-4,0 2,84+0,11 1,67 £0,08°¢ 1,52 +0,09°
1,51 +£0,10° 1,50 £ 0,07 1,58 £ 0,09
Total cholesterol, mmol /1 1,30-4.,42 4,73 +0,27 4,17 +0,38 4,44 + 0,34
5,06 £ 0,26 5,04 +£0,36 4,24 +0,16*
Alkaline phosphatase, units/I 30,0-150,0 95,14 + 6,86 66,56 +9,18* 82,19+9,73

71,90 £ 6,08! 85,53 £8,02 77,49 £10,24

AST, units/l 45,0-110,0 85,46 £ 5,33 90,04 + 6,62 89,98 £ 10,87
79,88 £ 7,33 86,38 £ 5,07 95,69 = 7,89

ALAT, units/I 5,0-40,0 18,56 + 0,80 17,88 1,92 23,84+ 1,677
21,49 £ 1,63 24,36 +2,14! 25,28 £0,98
de Ritis coefficient 2,75-9,00 4,66 + 0,34 5,38 +0,51 3,83 +£0,387
3,82+ 0,30 3,74 £ 0,34! 3,80 £ 0,30

Notes: 1. In the numerator — 1 month after calving, in the denominator — 2 months after calving. 2. The differences are reliable:
at 1p < 0,05, 2p < 0,01, 3p < 0,001 relative to the previous eigenvalues; 4p < 0,05, 5p < 0,01, 6p < 0,001 relative to group 1 in the
same period; 7p < 0,05, 8p < 0,01 relative to group 2 in the same period.

the first month of lactation: the difference with
the values of group 1 of the same period was
43.88% (p < 0.001), group 2—19.81%.

Another indicator characterizing the intensi-
ty of protein metabolism is the concentration of
urea in blood serum. Its highest level was regi-
stered in the blood of animals of the 3rd group.
In the first month of lactation, the value of this
indicator exceeded the values of the 1st and 2nd
groups, respectively, 2.42 (p < 0.001) and 1.46
times (p < 0.01). In the second month of lacta-
tion, urea content in the blood of the animals of
all groups increased. If in group 3 the growth of
this index was insignificant, in groups 1 and 2
the changes were reliable and amounted to 95.24
(» <0.001) and 34.29% (p < 0.05), respective-
ly, in relation to their own previous values. At
the same time, reliable differences between the
groups during this period were registered only
in group 1 in relation to group 3 (the difference

was 19.52% (p < 0.01) in favor of the latter).

High concentration of urea in blood serum
at the simultaneous low content of glucose may
indicate an imbalance in the energy-protein ra-
tio of the diet. In our study the level of glucose
in blood serum of cows only in the 1st group
in the first month of lactation corresponded to
the physiological norm with a subsequent sharp
decrease by the end of the second month of lac-
tation by 46,83% (p < 0,001). In the other two
groups, the values of the studied index were
below the physiological norm and ranged from
1.50 £ 0.07 to 1.67 £ 0.08 mmol/I.

Low glucose content in cows during the
milking period may be due to the discrepan-
cy between the actual consumption of the nu-
trients from the feed and their expenditure on
the processes of vital activity and milk forma-
tion, because even if all the currently known
requirements for balanced diets are met, ani-
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mals are physically unable to consume a suffi-
cient amount of feed. It can be assumed that the
use of the studied supplement 30 days before
calving for 60 days allowed in the first month
of lactation to level out the energy imbalance
observed in the animals of the other two groups.

The body compensates for the lack of ener-
gy in the diet by consuming fats. In our study,
during lactation in the Ist and 2nd groups, an
increase in total cholesterol in relation to its
own values was observed by 6.98 and 20.86%,
respectively, but without statistical significance.
In the 3rd group, where Lamarin Saldonum was
used from the day of calving, there was a de-
crease in the level of total cholesterol in the sec-
ond month of lactation both in relation to their
own values (by 4.50%) and in comparison, with
the 1st and 2nd groups in the same period (by
19.34 (p < 0.05) and 18.87%).

The intensity of protein, carbohydrate and
lipid metabolism is inextricably linked to the
functional state of the liver. The activity of al-
kaline phosphatase (ALKP), aspartate amino-
transferase (ASAT) and alanine aminotransfer-
ase (ALAT) in all three groups was within nor-
mal values both in the first and second month of
lactation. Among statistically significant chang-
es a decrease in ALAT activity by 24.43% (p <
0.05) in the cows of the 1st group in the second
month of lactation can be noted, as well as a
higher ALAT indicator in the 3rd group in the
first month: exceeding the indicators of the Ist
and 2nd groups by 22.15 (p < 0.05) and 25.00%
(p <0.05), respectively. In the second month of
lactation, an increase in ALAT activity was ob-
served in all three groups.

De Ritis ratio is used for differentiated di-
agnostics at detection of any deviations in the
activity of aminotransferases. In our study no
deviations of ASAT and ALAT indices from the
norm were detected, therefore, the de Ritis ratio
did not go beyond the norm.

Thus, feeding of biologically active sup-
plement Lamarin Saldonum regardless of the
scheme of application had a positive effect on

the functional state of the liver of dairy cows,
which is especially important in the period after
calving, when simultaneously with the growth
of milk productivity in the body of animals the
recovery processes after childbirth and resump-
tion of sexual cycles occur.

To assess the process of mineral metabo-
lism, the content in blood serum of calcium and
phosphorus, as well as a number of trace ele-
ments: copper, zinc, iron and magnesium was
studied (see Table 4). The lowest amount of cal-
cium was recorded in the blood of animals of
group 3 in the first month of lactation: it was
lower than the same indicator of groups 1 and
2, respectively, by 23.43 (p <0.001) and 8.37%
(p < 0.05). In the second month of milking in
the groups where one month or more had passed
since the end of Lamarin Saldonum supple-
mentation (schemes 1 and 2), a decrease in the
amount of calcium was observed. So, in relation
to own values in the Ist group the decrease of
the index amounted to 11,53% (p < 0,001), in
the 2nd group it was 6,18% (p < 0,05). In group
3, where Lamarin Saldonum was fed during the
first two months of lactation, the calcium level
increased in relation to its own values by 7,95%
(p <0,05) and entered the limits of physiologi-
cal norm.

Dynamics of inorganic phosphorus content
in blood serum of cows differed from the dy-
namics of calcium parameters. Compliance
with the physiological norm was observed only
in the animals that received the supplement at
the time of blood sampling for two months:
group 1 in the first month of lactation, group
3 in the second. In other periods of the study,
the phosphorus content exceeded the reference
values in cows of the 2nd group that received
the supplement during the dry period. The com-
bination of high phosphorus concentration with
calcium concentration tending to the lower limit
of physiological norm led to the formation of
extremely low calcium-phosphorus ratio, which
only in cows of group 1 in the first month of lac-
tation was close to the optimal value, while in
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Table 4. Dynamics of blood parameters of cows related to mineral metabolism against the background of

different schemes of Lamarin Saldonum application (n = 10)

. Group
Indicator Norm Ist nd rd
Calcium, mmol/l 2,5-3,8 2,95+ 0,04 2,59 + 0,053 2,39 +£0,07%3
2,61 +0,032 2,43 +£0,03"4 2,58 £ 0,053
Phosphorus, mmol/l 1,4-2,9 1,47 +£0,14 2,99 +£0,07¢ 4,40 +0,08*°¢
3,01 +0,20? 3,26 +0,15 1,65 +0,09%4¢
Calcium-phosphorus ratio 2:1 2,13+0,16 0,87 +0,03* 0,55 +0,02%°
0,89 + 0,062 0,76 £ 0,03! 1,61 £0,11>4¢
Magnesium, mmol/l 0,82-1,23 0,98 + 0,04 1,05 £ 0,04 1,08 £ 0,03
1,00 £ 0,07 0,98 £ 0,05 0,97 £ 0,03!
Iron, umol/I 17,90-28,64 15,77 £2,10 15,41 +1,73 20,55+ 1,28°
15,87 2,75 14,30 = 1,86 21,72 £1,433%5
Zinc, pmol/l 15,30-22,95 13,64 + 0,81 12,31 £0,95 11,54 £0,35°
13,84 £ 1,36 11,78 £ 0,77 11,20 £ 0,55
Copper, pmol/l 12,60-18,90 19,50 + 0,80 35,82+ 1,734 24,14 +1,43%°
24,14 + 0,867 20,94 + 1,15%3 17,40 +£ 0,55%>45

Notes: 1. In the numerator — 1 month after calving, in the denominator — 2 months after calving. 2. The differences are reliable:
at 1p < 0,05, 2p < 0,001 relative to the previous eigenvalues; 3p < 0,05, 4p < 0,001 relative to group 1 in the same period; S5p <

0,05, 6p < 0,001 relative to group 2 in the same period.

groups 2 and 3 in this period it was significantly
lower by 2.45 and 3.87 times, respectively.

The obtained data indicate that there was a
violation of calcium-phosphorus metabolism in
the animals of all groups during the milking pe-
riod. The use of biologically active additive in
accordance with scheme 1 had a positive effect
on the balance of calcium and phosphorus in the
body of cows in the first month of lactation.

No significant differences in magnesium
content between the groups were noted.

Zinc content in the serum of cows did not
reach the lower limit of physiological norm.
Significant differences were observed only
in the first month of lactation between the
Ist and 3rd groups and amounted to 18,20%
(p < 0,05) in favor of the 1st group. Iron defi-
ciency was also observed in the animals of the
first two groups within 11,34-20,11% of the
physiological norm. In group 3 the iron content
corresponded to the reference values both in the
first and second month of lactation.

Excess copper was recorded in the blood
serum of the cows of all groups. The index of
group 1 was closest to physiological values in
the first month of milking, in group 3 in the sec-
ond month.

CONCLUSION

The results of the conducted studies showed
that a stronger positive effect on morphobio-
chemical composition of blood of dairy cows,
and, accordingly, on the physiological state
of the animals had the use of the supplement
according to the scheme 1 — the beginning of
feeding 30 days before the expected calving
at the total duration of feeding for 60 days
(group 1). Despite the enormous load on the
body of cows in the form of childbirth and the
subsequent increase in milk synthesis during
the milking period, the use of the supplement
according to the specified scheme allowed sta-
bilizing the condition of the animals to a greater
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extent, keeping most of the studied indicators
within the physiological norm (especially in the
first month of lactation). This is confirmed by:
higher hemoglobin level in comparison with
the 2nd experimental group (13.81% excess,
p < 0.05); reliable increase in the level of to-
tal protein, globulins, glucose in the first month
of lactation in comparison with the 2nd and 3rd
groups (respectively by 7.92 and 16.62; 20,09
and 30,50; 70,06 and 86,84%); decrease of urea
concentration in comparison with the 2nd (by
39,45%) and 3rd groups (by 58,70%), as well
as ALAT in comparison with the 3rd group (by
22,15%). These differences are statistically sig-
nificant. In addition, the use of the supplement
according to scheme 1 contributed to the nor-
malization of calcium-phosphorus metabolism
in the body of cows in the first month of lacta-
tion. This is confirmed by a reliable increase in
the calcium content in the 1st group during this
period in relation to the 2nd and 3rd groups by
13.90 and 23.43%, respectively, and a decrease
in the phosphorus level during the same period
by 50.84 and 66.59%.

Positive moments of biologically active
supplement application according to the third
scheme (beginning of feeding on the day of
calving), namely normalization of morpholog-
ical blood parameters, increase of iron content
in blood serum, improvement of calcium-phos-
phorus metabolism should also be noted. All
these changes were achieved by the end of the
second month of Lamarin Saldonum feeding.
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Due to the rapidly growing antibiotic resistance of microorganisms and the increasing prevalence of
viral diseases, special attention is paid to the creation of new effective drugs. Nanosilver preparations
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H3ydeHne GHONOINYIECKOM aKTHBHOCTH IIPEMNapaToB cepedpa
Ha OpraHU3MeHHOI Moznenn nuekunn 6onesnn Herokacna

have long been studied and used as antimicrobial and antiviral agents. Antiviral agents with virocidal
activity act directly on viral particles destroying viral membranes upon contact or by binding to viral
capsid proteins. The biological activity of silver preparations in the form of nanoparticles (Argovit)
and organic molecules (Argosil) was studied on an organismal model of Newcastle disease infection
in laboratory animals. ICR mice (weight 15-23 g, water consumption 6—7 ml/animal, age 2 months)
were used in the experiment. To model the development of infection caused by the Newcastle disease
pathogen, mice were infected with Newcastle disease virus with the La Sota strain vaccine. The vac-
cine was administered once intranasally individually at a dose of 20 pl/animal (20 doses). To deter-
mine the biological activity of the drugs, histological studies were used using standard methods, as
well as analysis of changes in viral load using real-time RT-PCR in ICR mice infected with Newcastle
virus. The absence of genomic RNA of the Newcastle disease virus was found in the lungs of the ani-
mals treated with Argosil and Argovit-Maxi. There were less pronounced inflammatory changes in the
lung tissues in mice of the experimental groups, compared to animals in the control group. The use of
virocidal agents based on nano- and organic silver in the period preceding the formation of postvacci-
nal immunity in terms of pharmacoprophylaxis of Newcastle disease seems promising.

Keywords: virocidal drugs, Argovit, Argosil, Newcastle disease, nanoparticles, organic molecules
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INTRODUCTION The World Animal Health Organization has
listed Newcastle disease as one of the most dan-
gerous diseases that affects several species of
domestic and wild birds, with potential implica-
tions for the poultry industry [7].

In recent years, the creation of means for the
treatment and prevention of viral infections is
of great importance for all mankind. Nanosilver

preparations have long been studied and used

Newcastle disease virus (NDV) is an
RNA-containing virus of the Paramyxoviridae
family, PMV-1 [1]. The paramyxovirus family
contains pathogens dangerous to humans and
animals, including measles, epidemic mumps,
Nipah, parainfluenza 5 (PIV5) and VND viruses
[2-4]. Newcastle disease (Pseudopestis avium) s

the most contagious and dangerous viral disease
that is distributed worldwide and causes severe
infection in wild and domestic birds, mainly
chickens' [5]. Mild systemic Newcastle disease
(ND) infection, affecting only the respiratory
and neurological systems, can be observed in
both animals and humans [6].

as antimicrobial and antiviral agents, antitumor
drugs, as well as analgesics and biologically ac-
tive additives aimed at increasing productivity,
immune status of animals, and even as syner-
gists for antibiotics [8—10].

Antiviral agents with virocidal activity dif-
fer from traditional antiviral drugs in that they

'Nurkhodjaev N.O., Asanov N.G., Musoev A.M., Bazarbaev R.K. Results of laboratory diagnosis of Newcastle disease // Global
Science and Innovations 2020: proceedings (Tashkent, March 6, 2020). Tashkent: DARA, 2020, pp. 271-274.
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act directly on viral particles by destroying viral
membranes on contact with them or by binding
to viral capsid proteins®>. For example, such a
drug is Triviron, which belongs to the group of
synthetic ribonucleases. The active substance of
the drug is small molecules capable of penetrat-
ing into capsids of viral particles and exerting
an inhibitory effect on the main structural com-
ponents of the virus. At the same time, synthetic
ribonucleases do not affect antibodies and de-
fense cells produced by the macroorganism, and
one molecule of ribonuclease can destroy seve-
ral molecules of RNA-containing viruses [11].
However, the interaction of silver nanoparticles
(SNPs) with viruses is still an underexplored
field.

Because of their unique physical and chemi-
cal properties, silver nanoparticles have attract-
ed particular attention and have already justified
their potential as an effective antiviral agent
[12—-14].

Usually, virocidal agents act directly on viral
particles by binding to viral envelope proteins
and interfering with structural interactions or
functions®. Silver nanoparticles have several ad-
vantages over conventional chemical agents tar-
geting viruses*®. They can attach to the surface
glycoproteins of the virus and penetrate into host
cells, where they exhibit virulicidal activity by
interacting with the viral genome’.

Silver nanoparticles can be used to prevent
multiple viral infections by inhibiting the virus
in infected cells or by directly inactivating virus-
es such as herpes simplex virus, respiratory syn-
cytial virus and adenovirus type 3 [12]. Silver
nano-objects have high antiviral activity due to
their large surface area, which facilitates contact
with viral particles (see footnote 3).

Silver nanoparticles are promising for the de-
velopment of new antiviral agents, as they can
attack a wide range of viruses with a lower prob-
ability of developing resistant antiviral strains
compared to traditional antiviral drugs [7].

The purpose of the study was to investigate
the biological activity of silver preparations in
the form of nanoparticles and organic molecules
on an organismal model of Newcastle disease
infection in ICR mice.

MATERIAL AND METHODS

The following silver preparations were used
in the experiment:

— Argosil is an agent, which is a dihydroxo-
cystinodiaminodiaryl sodium dihydroxocystine
diargenate with antibacterial activity. It is a com-
plex of two silver ions with the dynatrium salt
of the natural amino acid L-cystine, linked by a
coordination bond, corresponding to the formula
CH ,AgNNaOS;

— Argovit-Maxi is a highly dispersed (clus-
tered) silver stabilized with a medical grade
polymer low molecular weight polyvinylpyrro-
lidone (K-17). Silver nanoparticles have a sphe-
roidal shape with a size from 1 to 90 nm and an
average diameter of 35 £ 12 nm. The drug has
a wide spectrum of antimicrobial action against
Gram-positive and Gram-negative bacteria. It
exhibits high virulicidal (antiviral) and fungi-
cidal (antifungal) activity, has a pronounced an-
ti-inflammatory effect.

ICR mice (weight 15-23 g, water consump-
tion 6—7 ml/head, age 2 months) were used in the
experiment. To model the development of infec-
tion caused by the Newcastle disease pathogen,
mice were infected with Newcastle disease virus
by the “La Sota” strain vaccine. The vaccine was

’Lara H.H., Ayala-Nufiez N.V,, Ixtepan-Turrent L., Rodriguez-Padilla C. Mode of antiviral action of silver nanoparticles against
HIV-1 // Journal of nanobiotechnology, 2010, vol. 8, N 1, pp. 1-10. DOI: 10.1186/1477-3155-8-1.

3Khandelwal N., Kaur G., Kumar N., Tiwari A. Application of silver nanoparticles in viral inhibition: a new hope for antivirals //
Digest Journal of Nanomaterials & Biostructures (DJNB), 2014, vol. 9, N 1, pp. 175-186.

‘Dorjnamji, D., Ariunaa M., Shim Y.K. Synthesis of silver nanoparticles using hydroxyl functionalized ionic liquids and their
antimicrobial activity // International journal of molecular sciences, 2008, vol. 9, N. 5, pp. 807-820.

SSondi I., Goia D.V., Matijevié E. Preparation of highly concentrated stable dispersions of uniform silver nanoparticles // Journal

of colloid and interface science, 2003, vol. 260, N 1, pp. 75-81.

*4amodt K., Abelev B., Quintana A.A., Adamova D., Adare A.M., Aggarwal M.M., Barroso V.C. Elliptic flow of charged particles
in Pb-Pb collisions at s N N=2.76 TeV // Physical review letters, 2010, vol. 105, N 25, pp. 252-302.

'Galdiero S., Falanga A., Vitiello M., Cantisani M., Marra V., Galdiero M. Silver nanoparticles as potential antiviral agents //

Molecules, 2011, vol. 16, N. 10, pp. 8894-8918.

98  Siberian Herald of Agricultural Science ¢ 2024 « 54 « 7

Zootechnics and veterinary medicine



H3ydeHne GHONOINYIECKOM aKTHBHOCTH IIPEMNapaToB cepedpa
Ha OpraHU3MeHHOI Moznenn nuekunn 6onesnn Herokacna

CymapoxkoBa A.Jl., Apontomkud B.H., Muponosa T.E.,
UYepenymmkuna B.C., Aponromkun A.B., Cranesuy JI.H.,
CunbauxoB B.H.

administered once intranasally individually at a
dose of 20 pl/head. (20 doses).

After infection, three groups (n = 5) were
formed: one control and two experimental
groups:

— control group mice were not infected with
Newcastle disease virus (NDV) and did not re-
ceive nanosilver preparations;

— Mice of the 1st experimental group, which
were infected with the ND vaccine strain, were
dosed with Argosil at a dose of 1 pg/g live
weight daily;

— mice of the 2nd experimental group infect-
ed with the ND vaccine strain were dosed with
Argovit-Maxi at the rate of 1 pg/g live weight
daily.

After 5 days of the experiment, the mice were
removed from the experiment by cerebral-cervi-
cal dislocation in accordance with the principles
of humanity and the requirements of the Euro-
pean Convention for the Protection of Vertebrate
Animals Used for Experiments or Other Scien-
tific Purposes.

Histologic studies were performed according
to the standard technique. Tissue pieces were
fixed in 10% buffered formalin, dehydrated with
alcohols and soaked in paraffin using STP-120
histoprocessor. Paraffin sections were deparaf-
finized with xylene and stained with hematoxy-
lin-eosin according to the Ehrlich method.

Viral load analysis by real-time OT PCR
method. RNA was isolated from the internal or-
gans (lungs, spleen, intestine) and RT-PCR was
performed. RNA was isolated by phenolchloro-
form extraction using Lira reagent (Biolabmix
LLC, Novosibirsk) according to the manufactur-
er's instructions. cDNA synthesis was performed
using oligonucleotide N7.

To confirm successful infection, the pres-
ence of NDV genomic RNA was tested by re-
al-time RT-PCR. PCR was performed in a
final volume of 20 ul containing 67 mM Tris.
— HCI (pH 8.9), 16 mM (NH4)2S04; 2.4 mM
MgCl12; 0.01% Tween 20; 0.2 mM dNTPs; 0.3
mM solutions of oligonucleotide primers 5 -at-
gctcaaccttgtgtcectagea-3°  5'tcaaactgeggatcat-
catcacgt-3" and probe FAM-tggaagtagtagtgacg-
ccgeccaaac-BHQ, 1-2 units. HotStart Tag-DNA
polymerase. PCR was performed on a CFX am-

plifier (BiooRad) using the following program:
initial denaturation — 95 °C for 15 min, then 40
cycles: denaturation — 95 °C for 10 s, anneal-
ing — 60 °C for 30 s.

Control of RNA isolation from the samples
was performed using real-time PCR specific to
the mRNA of the housekeeping gene glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH)
mRNA according to the protocol above using
the following primers: U 5° taGGCATGGACT-
GTGGGCATGA, R 5 taTTCACCACCATG-
GAGAGAAGGC, and ROX 5° taTGCATCCT-
GCACCACCACCAACTG-CTTAG-BHQ2
probe. The annealing temperature of the primers
was 64 °C.

PCR buftfer composition 1 x 60 mMTris-HCI
(pH 8.5 at 25 °C); 1.5 mM MgCl2; 25 mM KClI;
10 mM 2-mercaptoethanol; 0.1% Triton X-100.
PCR mixture was also supplemented with ANTP
to a concentration of 0.25 mM and Hot-start
TagDNA polymerase 2 units per reaction. The
reaction was performed using a CFX real-time
amplifier (BioRad Laboratory).

RESULTS AND DISCUSSION

Analysis of viral load changes in ICR mice
infected with Newcastle disease virus using vi-
rocidal preparations Argovit-Maxi and Argosil.
PCR analysis of the presence of the Newcastle
disease virus in the lungs of the animals of the
Ist and 2nd experimental groups (receiving vi-
rocidal preparations based on nanosilver) was
characterized by the absence of genomic RNA
of this virus. In the animals of the control group
the virus was detected by PCR method.

The virus was most widely represented in the
gastrointestinal tract in the animals of all groups
(its concentration was the highest), which allows
us to explain the mechanisms of decreasing the
concentration of the Newcastle disease virus in
the lungs through suppression of the transport of
viral particles from the intestine to the lungs via
the bloodstream (see Fig. 1).

In the animals of the experimental groups on
the 6th day after infection viral RNA in the lungs
was not detected in contrast to the animals of the
control group, where the virus concentration
reached 3,19 £ 1,26 Log 10 GE/5mkl.
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Infection with the ND virus intranasally was
accompanied by the presence of virus in the
lungs only in the animals of the control group.
This allows us to consider the use of silver-based
virocidal agents (including Argovit, known to be
non-absorbable), despite the persistence of virus
in the intestine in animals of the experimental
groups.

Despite the intranasal route of infection in
laboratory models, the inevitable entry of the
virus into the intestine from the nasopharynx
is evident. Studies for 2020-2022 have already
mentioned the relatively low intensity of SARS-
CoV-2 virus spread through lung tissue. At the
same time, the nasopharynx and intestine were
considered as the main sources of entry of the
viral agent into both the body and the lungs
[15-17]. Obviously, the presence of the intes-
tine/lung axis (Gut/Lung) remains a significant
factor for transport, including paramyxoviruses
to the lungs.

Results of pathologoanatomical autopsy of
mice of the control and experimental groups.
During the experiment there was no death of
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Puc. 1. PactipenieneHue BUPyCHOM Harpy3Ku BO
BHYTPEHHHUX OpraHax y MblleH, 3apakeHHbix BHbB,
B TPYNIIax, NOIYYaIOLUINX BUPYIULUIHbIC Tpemna-
paTsl Aprocuni, AproBuT, U KOHTPOJIBHOM IPyIIIIbI,
Logl10 GE/5mkl (M = SD)

Fig. 1. Distribution of the viral load in the inter-
nal organs of mice infected with VND, in groups
receiving virucidal drugs Argosil, Argovit and the
control group, Log10 GE/5mkl (M = SD)

mice in any of the groups. At autopsy, animals
of the control group (infected with NB virus)
showed large-focal serous pneumonia charac-
terized by areas of hyperemia and part of lungs
with signs of emphysema. In mice of the 2nd ex-
perimental group a more uniform change of lung
color by the type of “carmine lung”, indicating
a violation of microcirculation of inflammatory
character, was observed. Pathological changes
in the lungs of animals of the 1st experimental
group were absent (see Fig. 2).

Features of histologic changes in the lungs
when using virocidal silver preparations in the
model of viral pneumonia in ICR mice. Signs
of interalveolar septum thickening and vascular
hyperemia were observed in the animals of the
control group. Occasionally there were separate
emphysematous areas of lungs, which may indi-
cate compensatory dyspnea (see Fig. 3).

The expressed vascular reaction was main-
ly of focal character. Separate lobules of lungs
were affected (lobular pneumonia) (see Fig. 4).
Such type of pathology was observed only in the
animals of the control group, which did not re-
ceive silver preparations with virocidal activity.

Despite the absence of the virus genome in
the lungs of mice of the experimental groups,
pathologic changes were observed on histolog-
ic preparations, which may be associated with
an intense immune response to viral infection.
As in the case of COVID-19 infection, there
may be an uncontrolled systemic inflammatory

Puc. 2. KapTuna natonoroaHaTOMHY€CKOTO BCKPbI-
THS MBIILIEH, 3apakeHHbIX BUpycoM Hb: @ — kon-
TPOJIbHAS TPyNIa; 6 — 1-51 OTBITHAS; 8 — 2-51 OTIBITHAS

Fig. 2. A picture of a pathological autopsy of mice
infected with the ND virus: a — control group,
0 — 1st experimental, 6 — 2nd experimental
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reaction - cytokine release syndrome (CRS). It
results from the release of significant amounts
of pro-inflammatory cytokines by immune and
non-immune effector cells and appears to con-
tribute to inflammation and extensive lung in-
jury [18]. The presence of immunocompetent
cells, proinflammatory cytokines and viral anti-
gen in the intestine can maintain the state of the
inflammatory process [19].

. ¥
Puc. 3. Jlerkue KOHTPOIBHOU TPYIIIBI HA 6-€ CYTKH
nocie 3apakeHusi. OKpacka reMaTOKCUIHH-)03MHOM:
1 —30Ha dM(puU3eMBbIl; 2 — YTONIICHAE MEKATbBEONSIPHBIX
neperopojok. x 100

Fig. 3. Lungs of the control group, 6 days after the
infection. Hematoxylin-eosin staining:

1 — zone of emphysema; 2 — thickening of the interalveo-
lar septa. x 100

Puc. 4. Jlerkue KOHTPOJILHOM TPYyTIBI HAa 6-€ CYyTKH
II0CJIE 3aPAKECHMUSL:

1 — cocynucTast runepeMus U yTOJNILEHUE MEXKaIbBEOJIsp-
HBIX eperopofok. Oxpacka reMaTOKCUINH-3031HOM. X 400

Fig. 4. Lungs of the control group, 6 days after the
infection:

1 — vascular hyperemia and thickening of the interalveo-
lar septa. Hematoxylin-eosin staining. X 400

Inflammatory changes were significantly less
pronounced in the animals of the 1st experimen-
tal group receiving Argosil preparation. How-
ever, the presence of lymphoid-macrophage,
peribronchial infiltrates should be noted (see
Fig. 5-7).

The severity of peribronchial infiltrates in the
animals of the 2nd experimental group receiving
Argovit-Maxi preparation was significantly less
than in the animals of the control and 1st exper-
imental groups.

In general, the data of histological studies
do not contradict the results of PCR testing of
lung tissues for the presence of genomic RNA of
Newcastle disease virus. Absence of viral RNA
in the animals of experimental groups is natu-
rally accompanied by the absence of vascular
hyperemia.

The presence of lymphocytic infiltrates in the
animals treated with Argosil may be due to ab-
sorption of the preparation and its accumulation
in the lungs.

CONCLUSIONS

1. Absence of genomic RNA of the ND vi-
rus in the lungs of animals treated with Argosil

Puc. 5. Jlerkue ;kxMBOTHBIX |- ONBITHOM TPyTIITBI
(Aprocwun):

1 — yToNIeHre MeXaJIbBEOIISIPHBIX TIEPEropoIoK; 2 — THa-
JIMHOBBIE TPOMOBI. OKpacka reMaTOKCHIIMH-203UHOM % 200

Fig. 5. Lungs of the animals of the 1st experimental
group (Argosil):

1 — thickening of the interalveolar septa; 2 — hyaline
thrombi. Hematoxylin-eosin staining. X 200
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Puc. 6. JlumpomakpodaranbHasi BOCHATUTEIbHAS
UHQUIBTPALNS Y dKUBOTHBIX 1-# OMIBITHOW TPYIIIIBI
(Aprocun):

1 — BocnaymirenbHbIi nHQUIBTpar. OKpacka reMaToKCu-
JHMH-203MHOM X 400

Fig. 6. Lymphomacrophage inflammatory infiltra-
tion of the 1st experimental group (Argosil):

1 — inflammatory infiltrate. Hematoxylin-eosin stain-
ing. x 400

Puc. 7. Jlerkue y 5KMBOTHBIX 2-if ONBITHOM T'PYyTIITBI
(Aprosur):

1 — 30Ha sMH3eMBbI; 2 — 09aroBOe HHTEPCTHIHAIBHOE
Bocranenue. OKpacka reMaTOKCHINH-303HHOM X 200

Fig. 7. Lungs of the animals of the 2nd experimen-
tal group (Argovit):

1 — zone of the emphysema; 2 — focal interstitial inflam-
mation. Hematoxylin-eosin staining. x 200

and Argovit-Maxi allows considering the use of
virocidal agents based on nanosilver as a treat-
ment for the Newcastle disease.

2. Less pronounced inflammatory changes
in the lung tissues of the mice of the experimen-
tal groups compared to the animals of the control
group testify to the possibility of using antiviral
agents based on silver nanoparticles and organic
silver molecules.

3. The use of virocidal agents based on
nano- and organic silver in the period preceding
the formation of postvaccinal immunity seems
promising for the pharmacoprophylaxis of the
Newecastle disease.
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N3meHeHne PU3MIECKUX CBOMCTB 3aJI€KHbIX 3eMeJIb
MPH UX BOCCTAHOBJICHUH

<D sikossieB H.C., Paccomaxun K., UBanHukoB A.B., Yepubimos A.Il.

Cubupckuii ghedepanvrulil HAyuHblll Yyenmp azpodbuomexnonocuti Poccutickoii akademuu Hayk
HoBocubupckas o6macts, p.i. KpacrHoo6ck, Poccust

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

Nzydeno m3meneHne (hrU3NKO-MEXaHUIECKHUX CBOMCTB TOYBHI B 3aBUCHMOCTH OT CIIOCOOOB ee 00-
paboTKH. DKCIEPUMEHTHI TIpoBeieHB B HoBocHOMpCcKoi 06acTu ¢ anperns o ceHTssops 2023 1. s
M3yYeHUs CTPYKTYPHI TIOYBHI BHITIOJTHEH IOYBEHHEIN pa3pe3 Ha mryOouny 0,7 M. OnpezeneHo, 9To mo4-
Ba HAa y4acTKax OIBITA Cepasi JIECHas1, TOJIIIMHA IEPHOBOTO cJiosl B cpenHeM 10 cM, TiTyOrHa 3aneraHust
T'YMYCOBOTO TrOpH30HTa 25—27 cM, IO/ TYMYCOBBIM CJI0€M BUCH ciioi cynecu. OOpaboTKy 3aIeKHOMI
MOYBHI MPOBOIMIIHN 1oYBooOpadarsBatommM arperatom AKII-2,5H ¢ tpakropom MT3-80J1, mupu-
Ha 3axBara 1,8 m. Pabounii opran AKII-2,5H BeImosiHeH B BHIE NPSAMON CTOMKH C JIarmoi pasMepoM
410 MM, KpoMe 3TOTO Ha CTOWKY YCTaHaBIIWBaIM HEOOIBIIONW oTBai. Ha arperare mpemycMoTpeHa
yCTaHOBKa KaTrkoB quamerpoM 600 mm. Jliist onpenenieHus: pexkuMoB paboTHI arperara poBeIeHBI UC-
CJIEZIOBaHMS B TIOYUBEHHOM KaHalle. YCTaHOBJIEHO, YTO pabodasi CKOPOCTb arperara ¢ OTBaJaMH JOJIK-
Ha OBITh He Oonee 2,22 m/c, uiam 8 KM/4. YCIIOBHS MPOBENEHHS SKCIIEPIMEHTA: TI0UBa cepasi JecHasl,
TeMrieparypa Bo3ayxa He Hiwke 10 °C, BraxkHOCTh Bo3ayxa He 6osee 70%, OTHOCUTENbHAS BIAXKHOCTD
He Hke 18%, BeTep He BbIme 2 M/c, cpenHssl JiuHa ToHa He MeHee 70 M, OTCYTCTBHE 3aCOPEHHO-
CTH TIOJISI KAMHSIMH. YCTaHOBJIEHO, YTO HarOoJiee paroHaIbHBIA ClIOCO0 BBEEHISI 3aJIE)KHBIX CEPhIX
JIECHBIX TIOYB B CEIHCKOXO3SMCTBEHHBI 000pOT siBisieTcss X oOpadotka arperatamu AKII-2,5H ¢
pabounMu opraHaMmu, oCHalleHHBIMU OTBajiaMH. Ilocie Tpex o0paboToK comepKaHWe YacTHL MOY-
BBl MeHee 10 MM cocTaBisieT 110 93,1%, mouBa ObICTpee BIMTHIBACT BIATY U CHUXKAET TBEPAOCTH 10
15 kr/cM?, 9TO COOTBETCTBYET TBEPAOCTH MOYBBI, HAXOIAIIETOCS B 000poTe mos. [lomydeHsl ypas-
HEHHsI 3aKOHOMEPHOCTH M3MEHEeHHs (PPAKIIMOHHOTO COCTaBa MOYBHI pazMepoM MeHee 10 MM u Oonee
50 MM B 3aBUCUMOCTH OT CPOKOB M KOJIMYECTBa 00pabOTOK.

KuaroueBbie ciioBa: mouBoobpabdareBatonuii arperat AKII-2,5H, kynsTuBaTop, KOJIBLEBOH KaTOK,
3aJIe’KHast 3eMJIA, BIQXKHOCTh, TBEPJAOCTh MTOYBBI

Changes in the physical properties of fallow lands during their
regeneration

(X)Yakovlev N.S., Rassomakhin G.K., Ivannikov A.B., Chernyshov A.P.

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia
(XDe-mail: yakovlev-46@inbox.ru

The change of physical and mechanical properties of soil depending on the methods of its culti-
vation has been studied. The experiments were carried out in the Novosibirsk region from April to
September 2023. To study the structure of the soil, a soil section was made to a depth of 0.7 meters.
It was determined that the soil at the experiment plots was gray forest, the thickness of the turf layer
was on average 10 cm, the depth of the humus horizon 25-27 c¢m, a layer of sandy loam was observed
under the humus layer. Fallow land cultivation was carried out by the tillage combine AKP-2.5N with
MTP-80L tractor and the working width of 1.8 meters. The working body of the AKP-2.5N was made
in a form of a straight rack with a blade measuring 410 mm, in addition, a small screen was installed
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on the rack. The unit provides for the installation of the rollers with a size of 600 mm. To determine the
operating modes of the unit, studies were carried out in the soil channel. It was found that the operating
speed of the unit with installed screen should be no more than 2.22 m/s or 8 km/h. The conditions of
the experiment: gray forest soil, air temperature not lower than 10 °C; air humidity no more than 70%;
relative humidity of at least 18%, wind speed not higher than 2 m/s; the average length of the rut is not
less than 70 m and without stones on the field. It has been concluded that the most rational way to in-
troduce fallow gray forest soils into agricultural circulation is to treat them with AKP-2.5N units with
working bodies equipped with blades. After three treatments, the content of soil particles less than
10 mm is up to 93.1%, the soil absorbs moisture faster and reduces the hardness to 15 kg/cm?, which
corresponds to the hardness of the soil of the field in rotation. Equations of regularity of changes in the
fractional composition of soil with a size of less than 10 mm and more than 50 mm depending on the
timing and number of treatments have been obtained.

Keywords: tillage combine AKP-2.5N, cultivator, ring roller, fallow lands, humidity, soil hardness
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INTRODUCTION 16,200 hectares of agricultural land fell out of
use.

In 2021, the Russian Federation approved a
state program for the return of agricultural land
to agricultural use and the development of land
reclamation complex with a 10-year implemen-
tation period. During this time, it is planned to
return 13 million hectares of land to rotation. It
is assumed that more than 754 billion rubles will
be spent on this, including 538 billion rubles al-
located from the federal budget until 2031, and

another part of the funds will be provided by the

According to the Ministry of Agriculture,
about 44 million hectares of agricultural land in
the Russian Federation are not used, of which ar-
able land accounts for about 20 million hectares,
or 11.5% of the total area'. In recent years, un-
controlled burning of dry grass on fallow lands
has led to negative environmental and social
consequences. Of all unused agricultural land,
fallow land accounts for about 10%, or 4.4 mil-
lion hectares. In the context of economic sanc-

tions, the development of such a large amount
of fallow land will contribute to increasing the
country's food independence? 3.

The maximum growth of fallow lands oc-
curred in 2004, and in 2005-2006 their area con-
tinued to increase [1]. In total, 853.9 thousand
hectares of abandoned land are registered in the
Novosibirsk Region as of 2023. Only in 2022

regions. It is also planned to carry out land sur-
veying when introducing fallow lands into rota-
tion by means of photo and video recording of
individual plots through the use of unmanned
aerial vehicles with geolocation reference* [2].
Many scientific institutions are engaged in
the problem of return of fallow lands to ag-
ricultural rotation. The expediency of further

'Russia in figures. 2019: brief. stat. coll. / Rosstat. Moscow, 2019, 317 p.
*Problems of degradation and restoration of productivity of agricultural land in Russia / ed. by Acad. RAAS A.V. Gordeev, G.A.

Romanenko. Moscow: Rosinformagroteh, 2008, 67 p.

3Smolin N.V., Bochkarev D.V., Zaichikova T.F. et al. Effect of different doses of Roundup on suppression of dominant species of
fallow land weeds // Achievements of science and technology of AIC, 2008, N 2, pp. 37-38.

*Golubev I.G., Kudryavtsev A. V., Tumanov LV, et al. Digital technology for monitoring landscapes // Proceedings of the scientific-
practical conference XII Intern. scientific-practical Internetconf. Moscow: Rosinformagroteh, 2020, N 1, pp. 254-258.
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use of fallow lands withdrawn from rotation in
agriculture depending on the age of the fallow
was established in the All-Russian Scientific Re-
search Institute of Hydraulic Engineering and
Land Reclamation named after A.N. Kostyakov
based on the studies of fallow lands transforma-
tion [3]. Studies to identify effective methods of
fallow land development were conducted at the
All-Russian Research Institute of Agriculture
and Soil Protection from Erosion. It has been
established that soil treatment with disk harrow
BDT-3 leads to an increase in weeding, thinning
of crops, their weaker development and, as a re-
sult, to a decrease in yield compared to plow-
ing’. The Institute of Agroengineering and Envi-
ronmental Problems of Agricultural Production
(branch of FSAC VIM) is conducting research
on the development of technologies and tech-
nical means with new working bodies for the
restoration of fallow lands in the North-West
region of the Russian Federation, including for
the conditions of organic farming. Weed control
in organic farming means the use of such culti-
vation methods that allow controlling rhizomes,
bringing them out of the ground to the surface,
where they wither and dry up [1, 4-6].

The Institute of Soil Science and Agrochem-
istry of the Siberian Branch of the Russian Acad-
emy of Sciences conducted studies to determine
the vegetation cover of middle-aged fallow lands
in the forest-steppe zone of the Novosibirsk re-
gion [7]. It was noted that it is quite difficult, and
often impossible, to find fallow areas of the same
age in the same conditions when identifying dif-
ferent-aged fallow areas. In addition, haying and
grass fires block the succession development,
returning it to the previous stages of overgrowth
[8]. Back in 1919 in his book “General Agri-
culture” academician V.R. Williams described
the change of natural vegetation from weedy
overgrowth through rhizomatous (wheatgrass)
phase and the stage of hard overgrowth to the

restoration of typical zonal vegetation®. Thus,
all overgrown fields are conditionally divided
into four main groups according to the length of
time elapsed since the cessation of use: the first
(the beginning of overgrowth) — 1-5 years, the
second — 5-10 years, the third — 1015 years,
the fourth — dense young forest, the approximate
age of which is 15-20 years’[9].

The purpose of the research is to study the
changes in physical and mechanical properties
of soil depending on the methods of its cultiva-
tion.

Objectives of the study are:

— to investigate the change of soil fractional
composition depending on the number and time
of treatments;

— to determine changes in moisture and hard-
ness of fallow soil during the summer period de-
pending on its tillage.

MATERIAL AND METHODS

Field experiments were conducted in the No-
vosibirsk region from April to September 2023.
To study the soil structure, a soil transect to a
depth of 0.7 m was made. It was determined that
the soil is gray forest, the thickness of the sod
layer is an average of 10 cm, the depth of the hu-
mus horizon is 25-27 cm, under the humus layer
is a layer of sandy loam. Ap horizon (10-27 cm)
is dark gray, lumpy-powdery, semi-loam, com-
pacted. The presence of sparse roots is noted, the
transition is wavy in color, noticeable in densi-
ty. Horizon AB (28-45 cm) is light with grayish
tint, semi-loam, moistened, compacted, there
are pockets with gray-colored tones, inclusions
of single charcoals, alfalfa roots are present, ex-
tending to the depth.

Tillage of fallow soil was carried out by till-
age unit AKP-2,5H. The machine is adapted to
work with MTZ-80, MTZ-82 and MTZ-1221
tractors. Working width can vary from 1.8 to
2.5 m depending on the tractor pulling power.

SCherkasov G.N., Sosov N.A. Effectiveness of the development of fallow land for grain crops on the slopes of the Central-
Chernozem Zone // Achievements of science and technology of AIC, 2016, vol. 30, N 2, pp. 35-37.

*Methodology of effective development of different-age fallow lands on the basis of multivariant technologies for pastures and
hayfields and the order of their return to arable land in the Non-Chernozem zone of the Russian Federation / V.R. Williams All-
Russian Research Institute of Forages. Moscow: OOO “Ugreshskaya typography”, 2017, 64 p.

"Kudryavtsev A.V., Golubev V.V., Kopaev E.V. Technical means of land reclamation works: textbook. Tver: Tver State Agricultural

Academy, 2017, 131 p.
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The working device AKP-2,5H is made in the
form of a standard straight stand with a tine of
410 mm, in addition, a small moldboard can
be mounted on the stand (see Fig. 1). [10]. The
machine is provided for installation of rollers
of 500- or 600-mm diameter with the working
width of 1.8 and 2.5 m. In order to choose the
most acceptable version of the working body,
studies were conducted in the soil channel. As a
result of the experiment, it was determined that
the working speed of the machine with installed
moldboards should be no more than 2.22 m/s,
or 8 km/h. Further it is confirmed by studies in
the field during fallow land cultivation: with the
increase of the machine speed more than 8§ km/h
the movement of the cut layer of turf increases,
which complicates cultivation. Conditions of ex-
perimental studies: gray forest soil, air tempera-
ture not less than 10 °C, air humidity not more
than 70%, relative humidity not less than 18%,
wind not higher than 2 m/s, average length of the
chase 70 m, no littering of the field with stones.

Two plots were selected for the experiment:
at plot No. 1 the cultivator without moldboard
and ring roller was used for treatment to a depth
of 10 cm, the following ones - at the same depth
- with a cultivator with moldboards and ring
roller with a ring diameter of 600 mm; at plot
No. 2 the first treatment was carried out to a
depth of 10 cm with a cultivator with a work-
ing tool equipped with a moldboard, but without
a ring roller. Subsequent tillage until complete
restoration of arable land was carried out by a
cultivator with working bodies equipped with
moldboards and a ring roller with a ring diame-
ter of 600 mm. In accordance with the program
and the methodology of research, the necessary
measurements of soil hardness were carried out
by a penetrometer SC-900, determination of soil
moisture, degree of loosening, depth of tillage
were carried out in accordance with standard
methods®. Experimental data were processed us-
ing standard programs’.

:;ﬁ.._ e AN o 5 - "“7*‘ —1;-' b A
Puc. 1. Tpaxrop MT3-80J1 c mouBooOpabdaThIBato-
M arperarom AKII-2,5H (a) u croiika,
OCHaIeHHas oTBajoM (0)

Fig. 1. MTP-80L tractor with a tillage combine
AKP-2.5N (a) and a rack equipped with a blade (6)

RESULTS AND DISCUSSION

At the first cultivation of the deposit on May
29, 2023, soil moisture at a depth of 10 cm was
10%, density 1.24 g/cm’, and hardness reached
42.5 kg/cm?. With increasing depth, the mois-
ture content increased to 15%, and the density
increased to 1.33 g/m’. The highest hardness
(over 40 kg/cm?) was observed at low moisture
content (10-13%) within the A horizon, where
the humus layer is located. Soil hardness de-
creased to 23—-16 kg/cm2 with immersion of
the hardness tester plunger into the loam layer,
where moisture content was within 14—-15%.

SGOST 20915-2011. Methods for determining test conditions. Moscow: Standardinform, 2013,18 p.

*Valge A.M., Dzhabborov N.I., Eviev V.A. Basics of statistical processing of the experimental data at carrying out researches on
mechanization of agricultural production with examples on STATGRAPHICS and EXCEL. SPb. — Elista, 2015, 140 p.
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The presence of roots in the layer 0—10 cm was
7.6 kg/m?, 10-20 cm — 0.6 kg/m?. The average
thickness of the turf layer was 80—100 mm, the
degree of sodding was 24.36 g/dm?, and the spe-
cific tensile strength of the turf was 1.18 N/cm?.

Fig. 2 shows the diagram of soil fractional
composition change at plot No. 1. It can be noted
that treatment, which was carried out on June 16
by aggregate AKP-2,5H, allowed obtaining up
to 65.5% of soil particles smaller than 10 mm.
The next treatment on June 19 was carried out
with ring harrow. At the same time, the num-
ber of particles smaller than 10 mm increased
to 88.6%. After 20 days, weeds appeared on
the field and rains occurred, the soil compact-
ed. Therefore, after the ring harrow treatment on
July 12, the number of particles smaller than 10
mm decreased to 79.9% and the number of parti-
cles larger than 50 mm increased to 10.5%.

The first treatment of the fallow land, which
was carried out on May 29, 2023, is not indicat-
ed in the diagrams of Fig. 2, because the frac-
tional composition after the first treatment was
not determined. The regularity of changes in the
fractional composition of soil with the size less

100 -

Total volume ratio

11-20 21-30

Less than 10

than 10 mm at plot No. 1 depending on the terms
of treatments and their number is presented in
Fig. 3 and is expressed by the equation

y=-4,5725x* +32,345x + 25,952, (1)
where y — amount of soil particles smaller than
10 mm in the total volume, %; x — number of
treatments after the first loosening of the fallow
land.

The regularity of changes in the fractional
composition of soil with the size more than 50
mm depending on the terms of tillage and their
number is presented in Fig. 4 and is expressed
by the equation

y=5,9475x* — 39,053x + 70,993,  (2)

where y — amount of soil particles larger than
50 mm 1n total volume, %; x — number of treat-
ments after the first loosening of the fallow land.

The essence of cultivation of gray forest soils
is to separate the turf layer from the soil. The
working tool should loosen the sod as much as
possible without disturbing its integrity. The

M 06.06.2023
M 16.06.2023
M 19.06.2023

M 12.07.2023

3140 41-50  More than 50

Soil fraction size, mm

Puc. 2. Iamenenue GppakMOHHOTO cOCTaBa MOYBBI Ha yyacTke Ne 1 B 3aBUCHMOCTH OT BpeMeHH 00paboT-

KM U 3apacTaHusA COpHIKaMU

Fig. 2. Change in the fractional composition of the soil at the site No.1 depending on the time of treatment

and overgrowth with weeds
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y=—4,5725 x* + 32,345x + 25,952,
R’ =0,8375

1 1 1
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B RrRowl e Polynomial (row 1)

Puc. 3. I3MeHeHre KOJTMUECTBA YaCTHI] ITOYBBI pazmepoM MeHee 10 MM
Fig. 3. Change in the number of soil particles smaller than 10 mm

analysis of graphs and the obtained equations
shows that the fallow land treatment with the ag-
gregate AKP-2,5H without equipping the work-
ing bodies with moldboards does not provide
quality soil treatment. The largest amount of soil
particles with the size less than 10 mm (88.6%)
is obtained only after the fourth cultivation with
the use of moldboards. Subsequent tillage of the
developed fallow land is carried out as necessary

40
35
30
25
20

Quantity of soil

15
10
5
0 f

to get rid of the newly grown weeds, so there is
no increase in the fine fraction, as the soil has
time to compact between the treatments.

Fig. 5 shows the diagram of changes in the
fractional composition of the soil on the plot
No. 2 depending on the method of treatment and
time of weed overgrowth. Experimental data al-
low us to conclude that the third treatment, con-
ducted on June 16 by the aggregate AKP-2,5H,

¥ =15,9475x" — 39,053x + 70,993,
R*=0,9904

——

I I 1
3 4
Number of site no. 1 treatments

M Rowl e Polynomial (row 1)

Puc. 4. VI3MeHeHre KOJTMUECTBA YaCTHII ITOYBHI pazMepoM Ooree 50 Mm
Fig. 4. Change in the number of soil particles larger than 50 mm
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the working bodies of which are equipped with
moldboards, allowed to obtain the highest con-
tent of particles less than 10 mm (93.1%). Mea-
surement of soil fractional composition at plot 2
after 3 days showed that the number of particles
smaller than 10 mm decreased to 88.75%. This
can be explained by the fact that on June 16-18
precipitation occurred, soil moisture increased
and the soil compacted.

The regularity of changes in the fractional
composition of soil size less than 10 mm at plot
no. 2 depending on the terms of tillage and their
number is presented in Fig. 6 and is expressed
by the equation

y=4,1467x* — 38,5x* + 110,98x — 8,04, (3)

where y — amount of soil particles smaller than
10 mm in the total volume, %; x — number of
treatments after the first loosening of the fallow
land.

The regularity of changes in the fractional
composition of soil with the size more than 50
mm depending on the terms of tillage and their
number is presented in Fig. 7 and is expressed
by the equation

100
90
80
70
60
50
40

Total volume ratio, %

30
20
10

Lessthan 10 11-20 21-30

.I‘_-- .
I T I T I I 1

y,=-5,0217x +45,125¢ ~ 127x + 115,04, (4)

where y — amount of soil particles larger than
50 mm in total volume, %; x — number of treat-
ments after the first loosening of the fallow land.

From the analysis of Fig. 3, 4 and 6, 7 it is
clear that installation of moldboards on the
working bodies of the machine AKP-2,5H al-
lows to reduce the number of cultivations of
fallow soils, therefore, to save fuel and reduce
labor costs.

At cultivation of fallow gray forest soil with
an interval of less than 10 days it is possible to
reduce the number of clods of fraction more than
50 mm and increase the composition of fraction
less than 10 mm. When increasing the interval
between the treatments for more than 10 days,
the number of soil lumps less than 10 mm de-
creases, more than 50 mm it increases due to
natural soil compaction and appearance of weed
vegetation. The longer the time interval between
the treatments, the smaller the number of soil
lumps smaller than 10 mm and larger than 50
mm. In the presence of precipitation, the interval
is reduced, in their absence increases. Timing
and methods of cultivation of fallow lands large-

M 06.06.2023
M 16.06.2023
19.06.2023

M 12.07.2023

3140 41-50 More than 50

Soil fraction size, mm

Puc. 5. I3meHeHne Q)paKHI/IOHHOl"O COCTaBa MOYBbI HA YYACTKC Ne 2 B 3aBHCUMOCTH OT BpPEMCHU

00paboTKH ¥ 3apacTaHusi COPHIKAMU

Fig. 5. Changes in the fractional composition of the soil at site No. 2 depending on the time of

treatment and overgrowth with weeds
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Fig. 6. Change in the number of soil particles smaller than 10 mm
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Fig. 7. Change in the number of soil particles larger than 50 mm

ly depend on the weather in this period. In 2023
in spring and in the first half of summer there
was practically no precipitation. Precipitation
that occurred during this period had no effect on
soil moisture.

According to the data of the weather station
“Ogurtsovo”, the average precipitation rate by
months of grain crops vegetation in the Novo-
sibirsk District of the Novosibirsk Region for
1991-2021 was 39 mm in May, 55 mm in June,
68 mm in July, 58 mm in August, and 46 mm in

September. In 2023 only 16 mm of precipitation
fell in May, the first rains were on June 28 and
30, but they did not wet the soil (see the table).
The moisture content of the cultivated soil in-
creased after the July rains, on fallow land it in-
creased by the end of August.

The change in soil moisture influenced its
hardness. At the time of the beginning of fal-
low land cultivation, soil hardness at a depth of
15 cm at a moisture content of about 13% was
44 kg/cm?’. At the beginning of July, the mois-
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ture content decreased to 10%, the soil hardness
was 49 kg/cm?, and when the moisture content
decreased to 8.55%, the hardness increased to
62 kg/cm?*. The same was observed on the treat-
ed soil: at moisture content of 13—14% the hard-
ness was within 25 kg/cm?, when moisture con-
tent decreased to 10.5% the hardness increased
up to 39 kg/cm?. In the middle of September, soil
moisture at the depth of 10-20 cm increased to
19-21%, and soil hardness changed accordingly.

At the depth of 15 cm, soil hardness decreased
to 14.4 kg/cm?, and at the untreated soil — to
19.5 kg/cm? (see Fig. 8).

It should be noted that the restored fallow
gray forest soil fills with moisture faster and ac-
quires hardness at the level of the soil in rotation
of 15 kg/cm? (see Fig. 8). The untreated fallow
land under the same conditions has humidity 2%
lower than the treated one and hardness up to
19.5 kg/cm?. In addition, at a depth of more than

H3MmeHeHne BIa)KHOCTH OYBBI B TSUCHUE JIETHETO nepuonaa, %

Changes in soil moisture during the summer period, %

Date of soil Depth of soil moisture determination, cm
Condition of the site sample
collection 5 10 20 30 40
Fallow land 10.05.2023 20,77 19,84
Virgin fallow land 10,05 10,43 13,23 15,16 14,39
Tilled fallow land 29.05.2023 5,72 11,79 13,30 13,15 12,50
Virgin fallow land 11,49 10,18 10,38 11,58 12,96
Tilled fallow land 07.06.2023 2,63 12,69 14,04 15,58 15,68
Virgin fallow land 14,54 9,98 8,62 8,82 9,03
Tilled fallow land 05.07.2023 17,20 10,30 10,85 11,15 11,52
Virgin fallow land 10,04 10,06 9,43 10,49 11,40
Tilled fallow land 08.08.2023 5,48 19,19 16,98 12,98 11,49
Virgin fallow land 24,35 21,62 20,50 17,83 11,03
Tilled fallow land 24.08.2023 22,07 25,00 22.20 21,52 18,03
Virgin fallow land 21,24 19,13 19,46 18,95 17,07
Tilled fallow land 14.09.2023 23,71 21,00 21,07 18,79 17,89
4500
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3500 >
~ Y o
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Hardness tester plunger immersion depth, cm

emmms Tilled fallow land e e o Fallow land e=@== Ficld in cron rotation

Puc. 8. TBepnocTb BOCCTaHOBICHHOU U 3alieHOU 1ouBbl Ha 14.09.2023
Fig. 8. Hardness of regenerated and fallow soil as of 14.09.2023
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30 cm the soil hardness starts to increase and
reaches 38.9 kg/cm? at a depth of 45 cm. Hard-
ness of the sod layer at moisture content of 21%
reaches 21.3 kg/cm?.

CONCLUSIONS

1. The most rational way of introducing fal-
low gray forest soils into agricultural rotation is
their treatment with AKP-2,5H aggregates with
working bodies equipped with moldboards. Af-
ter three treatments the content of soil particles
less than 10 mm is up to 93,1%.

2. The restored fallow gray forest soil ab-
sorbs moisture faster and acquires hardness
within 15 kg/cm?, which corresponds to the
hardness of the soil of the field in rotation.

3. The equations of regularity of changes in
the fractional composition of soil with the size
less than 10 mm and more than 50 mm depend-
ing on the timing and number of fallow fields
treatments were obtained.

CIHIUCOK JIMTEPATYPbI

1. bouxapes /.B., /esamrxuna T.@., Emenvs-
noe C.B., Toxuna E.B., bouxapes B.J[. OcBoe-
HUIO 3QJIEKHBIX 3€MEJIb — CHCTEMHBIN ITOaxXox //
Arpapnas mayka. 2020. Ne 2. C. 48-50. DOI:
10.32634/0869-8155-2020-335-2-48-50.
Lllesuenxo B.A., Maxcumenxo B.11., ['youn B.K.,
Mameees A.B. IlepcrieKTUBBI HCIOJIb30BAaHUS
OCCIUJIOTHBIX JICTATEIBHBIX AallaparoB B Me-
Jmoparuu // Memopaiusi ¥ BOJIHOE XO3sICTBO.
2018. Ne 2. C. 23-26.

Kupetivesa JI.B., I[llesuenxo B.A., FOpuen-
ko U.@. OueHka 3KOHOMHYECKOH 3(h(HEeKTUBHO-
CTH BBOJIa B arpoIpOU3BOJICTBO 3aJICKHBIX 3€-
MeJh HeUepHO3eMHOH 30HBI PD // MocKoBCKHit
sKoHOMHYecKu# kypHai. 2021. Ne 3. C. 245—
258. DOI: 10.24412/2413-046X-2021-10151.
Ulamonun B.M. OueHka mokasarenell KadecTBa
1 2HEeprod(pPEeKTUBHOCTH B TEXHOJIOTUAX IIEp-
BUYHOTO BOCCTAHOBJICHUS 3aJICXKHBIX 3EMEIIb
JUTsI YCIIOBHE OpraHM4YecKoro 3emiieenus // 13-
Bectusi Cankt-IleTepOyprckoro rocyaapcTBeH-
Horo arpapHoro yHuBepcureta. 2019. Ne 2 (55).
C. 192-197.

Iicabboopos H.U., lamonun B.H. CpaBHH-
TeJIbHAS OIEHKA TEXHOJOTHH BOCCTAHOBIICHUS
3aJIC)KHBIX 3€MeJIb B YCJIOBUSAX MOBBIIICHHOTO
yBnaxHeHust // TexHOJOTMM M TEeXHUYECKHEe

CPEICTBa MEXaHH3UPOBAHHOTO IPOHM3BOJICTBA
MPOAYKIIUU PACTCHUEBOJICTBA M KUBOTHOBOJI-
ctBa. 2018. Ne 3 (96). C. 73-85.

IDicabbopose H.U., Llamonun B.U., Cepee-
es A.B. DHeprocOeperaroniasi TEXHOJIOTHS BOC-
CTaHOBJICHHS 3aJISKHBIX 3eMelb // TexHomorun
U TEXHUYECKHE CPEJICTBA MEXaHW3MPOBAHHOTO
[IPOU3BOJICTBA TPOJIYKIMK PACTCHUEBOJCTBA M
skuBoTHOBOACTBA. 2018. Ne 4 (97). C. 149-159.
DOI: 10.24411/0131-5226-2018-10101.
Conosves C.B., Munnep I ®., Beszdbopodo-
6a A.H., Qunumonosa /[.A. Cykueccusi Ha Mo-
JIOJIBIX ¥ CPEJHEBO3PACTHBIX 3aliekKax JIeco-
crenmHoi 30HEI 3amagHoi Cubupu B mpemenax
HoBocubupckoii obnactu // MexayHapomHbIi
JKypHaJI TNPUKIAJHBIX U (YHIAMEHTAIBHBIX
uccrnenosanuii. 2018. Ne 10. C. 116-120. DOI:
10.17513/mjpfi.12427.

Munnep I'®., Conosves C.B., Bezbopodo-
6a A.H., Quiumonosa /.A., Yymbaes A.C. K
BOTIPOCY 00 W3MEHEHWH HEKOTOPBIX CBOWCTB
MIOYB TIOJI MOJIOJIBIMU 3aJIe)KaMHU Ha TEPPUTOPHH
Hosocubupckoii oomactu // CoBpeMeHHBIE TIPO-
Onembl Hayku 1 oOpazoBanusi. 2017. Ne 6.
Tonybes U.I., Muwypos H.I1., ['onybes B.B., Ba-
cunvesd A.C., Anamenxo A.C., Cesprocuna H.C.
[lepenoBrle MPaKTHUKU BBEICHUS 3AJICKHBIX 3€-
MeJlb B 000pOT: aHaTUTHYECKH 0030p: MOHO-
rpadus. M.: Pocuadopmarporex, 2021. 80 c.
Axoenes H.C., Hazapos H.H., Paccomaxun I'K.,
Mapxun B.B., Yepnwvix B.H. TloBbllieHue Ka-
gecTBa 0OpabOTKH TIOYBBI KOMOWHHUPOBAHHBI-
mu arperatramu // BectHuk Bypsarckoit 'CXA
uM. B.P. ®ununmosa. 2018. Ne 2. C. 110-116.

10.

REFERENCES

1. Bochkarev D.V., Devyatkina T.F., Emel'ya-
nov S.V.,, Tyukina E.V., Bochkarev V.D. The de-
velopment of fallow lands requires a systematic
approach. Agrarnaya nauka = Agrarian Sci-
ence, 2020, no. 2, pp. 48-50. (In Russian). DOI:
10.32634/0869-8155-2020-335-2-48-50.
Shevchenko V.A., Maksimenko V.P., Gu-
bin V.K., Matveev A.V. Prospects for the use of
unmanned aerial vehicles in land reclamation.
Melioratsiya i vodnoe khozyaistvo = Irrigation
and Water Management, 2018, no. 2, pp. 23-26.
(In Russian).

Kireicheva L.V., Shevchenko V.A., Yurchenko L.F.
Economic efficiency estimation on fallow lands
return into agricultural cultivation in the non-cher-
nozem zone of the Russian Federation. Moskovskii
ekonomicheskii zhurnal = Moscow economic jour-

MexaHu3a1wst, aBTOMATH3ALsl, MOZIC/IMPOBAHHE
1 nHOPMALMOHHOE OOecHeueHIEe

115

Cubupckuii BECTHHK CEIbCKOXO3SHCTBEHHON HayKH * 2024 ¢ 54 « 7



Changes in the physical properties
of fallow lands during their regeneration

Yakovlev N.S., Rassomakhin, G.K.,
Ivannikov A.B., Chernyshov A.P.

nal, 2021, no. 3, pp. 245-258. (In Russian). DOI:
10.24412/2413-046Kh-2021-10151.

4. Shamonin V.I. Assessment of quality and energy
efficiency in the technology of primary resto-
ration of fixed lands for conditions of organic
farming. lzvestiya Sankt-Peterburgskogo gosu-
darstvennogo agrarnogo universiteta = Izves-
tiva Saint-Petersburg State Agrarian University,
2019, no. 2 (55). pp. 192-197. (In Russian).

5. Dzhabborov N.I., Shamonin V.I. Comparative
assessment of long fallow land rehabilitation
technology in very humid environment. 7ekh-
nologii i tekhnicheskie sredstva mekhanizirovan-
nogo proizvodstva produktsii rastenievodstva i
zhivotnovodstva = Technologies and Technical
Means for Mechanized Production of Crop and
Livestock Products, 2018, no. 3 (96), pp. 73-85.
(In Russian).

6. Dzhabborov N.I., Shamonin V.I., Sergeev A.V.
Energy-saving technology for long fallow land
rehabilitation. Tekhnologii i tekhnicheskie sred-
stva mekhanizirovannogo proizvodstva produkt-
sii rastenievodstva i zhivotnovodstva = Tech-
nologies and Technical Means for Mechanized
Production of Crop and Livestock Products,
2018, no. 4 (97), pp. 149-159. (In Russian).
DOI: 10.24411/0131-5226-2018-10101.

HHO®OPMALIUA Ob ABTOPAX

XD sSIxoBaeB H.C., TOKTOp TEXHHYECKUX HAYK,
[JIABHBIM HAYYHBIM COTPYIHUK; aapec AJsl Nepenu-
ckm: Poccums, 630501, HoBocmOmpckas o0acTh,
p.i. KpacHooOck, a/s 463; e-mail: yakovlev-46@in-
box.ru

Paccomaxun I'K., kaHIu1aT TEXHUYECKUX HAYK,
BEJIYIIUI HAYYHBIH COTPYIHUK

HNBannukoB A.b., kKaHauIaT TEXHUYECKUX HaYK,
BEyIUI HAyYHBIA COTPYAHUK

Yepubimos A.Il., ctapiuinii HayyHbIH COTPYIHUK

7. Solov'ev S.V., Miller G.F., Bezborodova A.N.,
Filimonova D.A. Succesion on young and me-
dium age fallows on the forest-steppe zone of
Western Siberia in the Novosibirsk region. Me-
zhdunarodnyi zhurnal prikladnykh i fundamen-
tal'nykh issledovanii = International journal of
applied and fundamental research, 2018, no. 10,
pp. 116—120. (In Russian). DOI: 10.17513/mjp-
i.12427.

8. Miller G.F., Solov'ev S.V., Bezborodova A.N.,
Filimonova D.A., Chumbaev A.S. Revisiting
the changes of some properties of the soil de-
veloped under young fallow on the territory of
the Novosibirsk region. Sovremennye problemy
nauki i obrazovaniya = Modern problems of sci-
ence and education, 2017, no. 6. (In Russian).

9. Golubev 1.G., Mishurov N.P., Golubev V.V.,
Vasil'ev A.S., Apatenko A.S., Sevryugina N.S.
Best practices in introducing fallow lands into
rotation: an analytical review. Moscow, Rosin-
formagrotekh Publ., 2021, 80 p. (In Russian).

10. Yakovlev N.S., Nazarov N.N., Rassoma-
khin G.K., Markin V.V,, Chernykh V.I. Use of
combined tillage machines to improve soil qua-
lity. Vestnik Buryatskoi GSKhA im V.R. Filippo-
va = Bulletin of the BSSA named after V.R. Filip-
pov, 2018, no. 2. pp. 110-116. (In Russian).

AUTHOR INFORMATION

(<DNikolay S. Yakovlev, Doctor of Science in
Engineering, Head Researcher; address: PO Box
463, Krasnoobsk, Novosibirsk Region, 630501,
Russia; e-mail: yakovlev-46@inbox.ru

Gennady K. Rassomakhin, Candidate of
Science in Engineering, Lead Researcher

Alexei B. Ivannikov, Candidate of Science in
Engineering, Lead Researcher

Alexander P. Chernyshev, Senior Researcher

Hama nocmynnenus cmamou / Received by the editors 06.02.2024
Jama npunsimus k nyonuxayuu / Accepted for publication 05.04.2024
Jama ny6auxayuu / Published 21.08.2024

116 Siberian Herald of Agricultural Science ¢ 2024 « 54 « 7

Mechanisation, automation, modelling and dataware



IIPOBJIEMBI. CYKAEHUA
PROBLEMS. SOLUTIONS

https://doi.org/10.26898/0370-8799-2024-7-12 Tum crareu: 0030pHas
VIK: 631.5 Type of article: review

O HeoOXoquMOCTH TPaHCHOPMALIMHE MAPAJUTMBI HAYYHBIX HCCJIEI0BAHUM
B o0J1acTH 3emJieiesinus (cooouienue nepeoe)

X Kanuukun B.K.
Cubupckuii ghedepanvhwiii HayuHbll YeHmp azpobuomexnonozuti Poccutickou akademuu Hayk

HoBocubupckas obnacts, p.i. KpacHooock, Poccust
(<De-mail: vk.kalichkin@gmail.com

[Ipencrarien aHaaM3 HaMPaBICHUH HAYYHBIX UCCIICTOBAHUH B 00OJIACTH 3eMJICICITNS, CBSI3aHHBIX C
npeobJanarolieit coepeMerHoi napaaurmoii. C onopoii Ha Teoputo T. KyHa onucaHo noHsTHe «mapa-
JTIUTMay, KOTOpasi, COTNIACHO MPECTABICHUSM YUSHOT0, (OPMHUPYET MHPOBO33PEHHUE UCCIIEI0BaATEICH
B OTIPEIEIICHHOM IPEIMETHOM 00JIaCTH, SIBIISIETCS OCHOBOM JJIs1 BEIOOPA ITOAX0A0B F METOIOB HAYUHBIX
UCCIICZIOBAHU B JIF00OM HaydHOU AucuuIuinHE. [1oKa3aHbl METOOJOTHYECKIE OCHOBAHUS U3yYCHUS
CHUCTEM 3eMJICNICTUS, MOTYEPKHYTA 3aBUCUMOCTh arpOHOMHMUYECKUX HCCIEI0BAHUI OT JOTHYECKOTO
MTO3UTHUBHU3MA U HHCTPYMEHTATN3MA C PEIYKIIMOHUCTCKUM MmoaxoaoM. OO0CHOBaHO TTPUMEHEHHUE CH-
CTEMHOI'0 MBILIUICHHUS MPH Pa3pabOTKe MPOrpaMM KUCCIICIOBaHUI B 00JIACTH 3eMJICICIINS, aHAIM3E U
HUHTEPIPETALMH PE3YIBTATOB MOJIEBBIX SKCIIEPUMEHTOB, B TOM UHCJIE C UCIOIB30BAHUEM UCKYCCTBEH-
HOTO WHTeIUIeKkTa. [lomaepkHyTa HEOOXOMMMOCTh Pa3BUTHsI HCCICAOBAHHWNA IO Teorpaduu cHCcTeM
3eMJIS/ICIIMS ¥ MX MAcCIITaOMPOBAHUIO B MPOCTPAHCTBE M BO BPEMEHH C IOMOIIBIO (POPMHUPOBAHUS
APXETUIIOB HAa OCHOBE PE3YJIBTATOB ITOJIEBIX OTBITOB HAYYHBIX U YUEOHBIX YUPEXKICHUH, TIOITYYSHHBIX
Ha «HEOONMBIMUX ydacTkax». C Menbio pa3BUTHS MOAXOJA0B K MacCIITAOMPOBAHHIO apXETUIIOB CHCTEM
3eMIICTICITHSI TIPEITIOKEHO HCIIONIb30BaTh KOHIICTIIIUIO «Zgeonsy (T€OHOB) KaK OAHOTO U3 MEPCIICKTHB-
HBIX HalpaBJIEHUH B reonH(OpMaTHKE, a TAK)KE MaTepUAIOB JUCTAHIIMOHHOTO 30HAUpoBaHUs. [liis
MIPEOOIICHUST HETaTUBHOTO BO3ICHCTBHUS HAa IPUPOTY XMMHUKO-TEXHOTCHHON HHTEHCH(DUKAITIN OTHUM
U3 OCHOBHBIX IOJIXOJI0B MOXET OBbITh YBEJIMUCHHE OMOpa3HOOOpa3usi, B YaCTHOCTH JuBepcudUKa-
s, Crpareruu AUBEpCU(UKAIIMA CUCTEM 3eMIISICIHs PEaM3yIOTCs 3a CUeT CeBOOOOPOTOB, acCo-
[IMAPOBAHHBIX BUIOB PACTCHHH (TIOKPOBHBIE KYIBTYPHI, KYJIETYPBI-TOBYIIIKH, KYJITBTYPhI-PETICIICHTHI,
OydepHbIe KyJIbTYypbl), CMECH COPTOB U KYJBTYpP, arpojeCcoOMENIMOpalii 1 (OPMHUPOBAHUS HEOHO-
ponHocTH arponasamadToB. B paMkax agantanuu CUCTeM 3eMIICIENHS K BOSMOKHOMY U3MEHEHHIO
KJIIMAaTa 1eJIeco00pa3Ho HHTETPUPOBATh 3HAHUS, ITOJIYICHHBIC U3 KOJMYECTBCHHBIX KIMMATHISCKIX
MOJICIICH U MOJICJICH apXeTUIIOB CUCTEM 3eMIICICIINS, JIJIsl UCIIONIb30BaHUs UX B IU(DPOBBIX CUCTEMAX
YIpaBICHUS 3eMieieueM «Ha mectax». ClenyeT HanpaBUTh YCHIMS HA Pa3BUTHE MUMUTAIIMOHHO-
T0 MOJIETUPOBaHNsA. MEXaHUCTHYECKIE MOACIH ITPOIYKITHOHHOTO MPOIlecca CebCKOX03IHCTBEHHBIX
KYJIBTYp, pa3paboTaHHbIC VISl OJIHOPOTHON SIMHUIIBI B ONPE/ICICHHON TOUKE IPOCTPAHCTBA, HE00X0-
JTIUMO MaCIITaOMPOBATH JIJISl PA3JIUYHBIX CIICHAPHEB OKPYIKAFOIIEH CPEeIbl.

KuroueBble c10Ba: mapagurmMa, CHCTEMHBIN ITOAXO/, aPXETUITBI CHCTEM 3eMIICICITHS, arporeorpa-
(us1, maciTabupoBaHue, JUBepCUBUKAIMS, aalTallksl, MMATAIIMOHHOE MOJICIIMPOBAHUE

On the need to transform the paradigm of scientific research
in agriculture (the first message)

() Kalichkin V.K.

Siberian Federal Scientific Centre of AgroBioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia
(XD e-mail: vk.kalichkin@gmail.com

Analysis of the directions of scientific research in the field of agriculture related to the prevai-
ling modern paradigm is presented. Based on the theory of T. Kuhn, the concept of "paradigm" is
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described, which, according to the scientist's ideas, forms the worldview of researchers in a certain
subject area and serves as the basis for choosing approaches and methods of scientific research in any
scientific discipline. The methodological foundations of the study of farming systems are shown, and
the dependence of agronomic research on logical positivism and instrumentalism with a reductionist
approach is emphasized. The application of systematic thinking in the development of research pro-
grams in the field of farming, analysis and interpretation of the results of field experiments, including
the use of artificial intelligence is substantiated. The need to develop research on the geography of
farming systems and their scaling in space and time through the formation of archetypes based on the
results of field experiments of scientific and educational institutions obtained on "small plots" is em-
phasized. In order to develop approaches to scaling the archetypes of farming systems, it is proposed
to use the concept of "geons" as one of the promising trends in geoinformatics, as well as remote sen-
sing materials. Increasing biodiversity, in particular diversification, may be one of the main approa-
ches to overcome the negative impacts of chemical-technogenic intensification on nature. Strategies
for diversifying cropping systems are implemented through crop rotations, associated plant species
(cover crops, trap crops, repellent crops, buffer crops), mixture of varieties and crops, agroforestry and
formation of agro-landscape heterogeneity. As part of the adaptation of farming systems to potential
climate change, it is useful to integrate knowledge from quantitative climate models and farming sys-
tem archetype models for use in digital farming management systems "on the ground". Efforts should
be directed towards the development of simulation modeling. Mechanistic models of crop production
process developed for a homogeneous unit at a particular point in space need to be scaled for different
environmental scenarios.

Keywords: paradigm, systemic approach, archetypes of farming systems, agrogeography, scaling,
diversification, adaptation, simulation modeling
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In modern scientific literature on agricul-
ture, the concept of “paradigm” is found in
various contexts and semantic applications,
such as “paradigm of agricultural nature man-
agement” [1], “bioenergetic, ecological and
socio-economic paradigms 7!, “soil-saving
farming paradigm” [2], “agrogeography par-
adigm” [3], “precision agriculture as a new
paradigm of crop production™, paradigm of
landscape management” [4], etc.

The concept of “paradigm” became wide-
spread after the publication in 1962 of the book
by the American historian of science T. Kuhn’.
According to T. Kuhn, a paradigm sets a certain
vision of the world and outlines the range of the
problems that make sense and have a solution
in this paradigm. T. Kuhn also introduced the
concept of disciplinary matrix, which includes
elements of three types: symbolic generaliza-

1Zhuchenko A.A. Challenges of the XXI century of the world and domestic food security // Agro-food Policy in Russia, 2012,

N 1, pp. 6-9.

2Uskov LB., Yakushev V.P, Chesnokov Yu.V. Management of agrobiological systems - physical-agronomic and genetic and
breeding aspects (to the 85th anniversary of the Agrophysical Research Institute) // Agricultural Biology, 2017, vol. 52, N 3,

pp- 429-436.

3Kuhn T. The Structure of Scientific Revolutions: transl. from English. V.Yu. Kuznetsov. Moscow, 2003, 605 p.
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tions, or laws; models and ontological interpre-
tations; samples of problem solving. Symbolic
generalizations and their ontological interpre-
tations define the world, which is investigated
by the supporter of this paradigm. Ontological
interpretation defines those entities to which the
laws of the theory refer. Problem-solving pat-
terns are essentially recommendations formed
from the generalization of empirical research.
The Philosophical Dictionary interprets para-
digm as “a set of theoretical and methodologi-
cal assumptions embodied in scientific practice
at a given stage, defining particular scientific
research™.

A paradigm can also be understood as a set
of scientific achievements in a certain subject
area, recognized by the entire scientific com-
munity in a particular period of time and serv-
ing as a basis for new scientific research. Every-
thing that does not belong to this circle will be
outside the sphere of scientific interests of the
supporters of a certain paradigm. In addition,
the paradigm establishes acceptable methods of
solving problems in a given subject area and
therefore actually determines the type of facts
obtained in the process of empirical research.
Thus, a paradigm is also the basis of a certain
scientific tradition. T. Kuhn's theory shows that
almost every significant breakthrough in scien-
tific development is, first of all, a break with
tradition, with old ways of thinking, with old
paradigms.

The modern paradigm of farming includes
industrial agro-technologies, as well as green,
agrochemical, transgenic and informatiza-
tion “revolutions” [5]. It is realized through
the design and development of on-farm adap-
tive-landscape farming systems.

The methodological basis for the study of
farming systems should be the understanding

that they are characterized by states far from
equilibrium, co-evolution of system compo-
nents, self-organization properties, nonlinear
dynamics, multidimensional structure, high
level of uncertainty, limited control of factors
and inter-scale interrelationships in time and
space. As a complex system, agriculture is an
expression of certain human-environment in-
teractions in a dynamic process shaped by un-
certainty, error and adaptation. The need to rely
on a systems approach was formulated decades
ago’, but agronomic science still maintains the
perception of human capacity to fully control
nature, which is the main reason for the vul-
nerability of human society due to the manifes-
tation of “anthropocentric arrogance” [6]. To
add, in cropping systems, uncertainty arising
from human intervention is often higher than
uncertainty due to nature.

It can be said that agronomic science, analo-
gous to physics, is heavily dependent on logical
positivism and instrumentalism. In logical pos-
itivism, atomistic or branch-based, reductionist
thinking dominates over holistic thinking and
favors experimental approaches over abstract
laws and fundamental principles to support sci-
entific claims®. This way of thinking also proves
to be an obstacle to overcoming the limitations
of causal analysis. The limitations are further
aggravated by the narrowness of the meth-
odology used to justify scientific statements.
This, incidentally, shows the lag of agronom-
ic science behind the development of science
in general, which is currently characterized as
“post non-classical rationality”, the essence of
which is the study of complex self-organizing
systems’.

In agronomy, conclusions about the state of
systems are based on the results of testing var-
ious hypotheses in controlled field trials aimed

“Philosophical Dictionary / ed. by L.T. Frolov. Moscow: Respublika, 2001, 720 p.

SObraztsov A.S. System method: application in farming. Moscow: Agropromizdat, 1990, 304 p.

®Arkhereev N.L. Logical positivism and modern formal philosophy of science // Manuscript, 2017, N 12-2 (86), pp. 22-26.
Stepin V.S. Features of scientific cognition and criteria of the types of scientific rationality // Epistemology and Philosophy of

Science, 2013, vol. 36, N 2, pp. 78-91.
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at determining the effectiveness of individual
practices and system elements. This is why they
favor private approaches to data interpretation.
The benefits of process analysis for explaining
the state of systems are overlooked, and the an-
alytical tools provided by the methods based on
machine learning and artificial intelligence (in-
cluding Explainable artificial intelligence) are
ignored.

Most research in the field of agriculture is
still focused on short-term optimization and
improving the efficiency of individual blocks
(elements) of the system, rather than on its
ability to form long-term production and eco-
nomic sustainability (stability). Although the
term ““sustainability” does not have an adequate
functional definition, there is a general consen-
sus that the goal of achieving sustainability is
to develop land use systems so that they fully
meet the needs of society indefinitely. The sta-
bility space for any such system has n» number
of dimensions defined by a set of boundaries
that represent the limits of acceptable condi-
tions for the system. Consequently, stability
can also be defined as a measure of the extent to
which changes over time move the components
of the system inside or outside the non-static
stability space.

It is widely recognized in systems theory
that if each element of a system, considered in
isolation, is made to work as efficiently as pos-
sible, the system as a whole will not work as
efficiently as possible®. Therefore, the perfor-
mance of the system depends more on how its
parts interact than on how they act independent-
ly of each other. Consequently, it is the whole
of a system, not the individual elements, that
1s important for optimizing the performance of
the systems.

It should also be noted that any object or
system, regardless of its nature, has an infinite
set of properties and characteristics. Taking
them all into account makes the solution of

the problem of describing the object or system
practically impossible. “Scientific method*
circumvents this problem by assuming that
many properties of the object do not affect or
weakly affect the problem under consideration
and they can be disregarded (”One should not
multiply things unnecessarily” - Occam's ra-
zor). Therefore, the classical “scientific meth-
od” never considers the object under study di-
rectly, but always deals with some simplified
reflection of it in the human mind (image).
This simplification is otherwise called a mod-
el, which specifies a set of properties and char-
acteristics of the system, which will be taken
into account in the future.

Thus, there are fundamental differences
between an analytical-reductionist approach
and systems thinking. Farming systems are
characterized by complexity and variability.
The complexity arises from inherently com-
plex processes in plants, soils and surface air,
combined in an almost infinite set of combina-
tions related to biotic and abiotic factors that
are inherently variable in both space and time.
Therefore, systems thinking (systems analysis)
should not just be applied as a separate part
of the research program, it should be consid-
ered as a basis, a starting point for a holistic
study and analysis of the problem to be solved.
A holistic approach to the farming system im-
plies studying the complexity of interactions in
two aspects: within a “hard” system (biolog-
ical and technological components are mod-
eled) and within a “soft” system (biological
and technological components have a common
meaning and context). The emphasis on un-
derstanding the interrelationships and multiple
causes of a phenomenon distinguishes farming
systems from those approaches in agronomy
that focus on technological solutions. This ap-
proach is exemplified by so-called precision
farming, which predominantly addresses cur-
rent crop productivity management problems.

84ckoff R. The Art of Problem Solving: transl. from Engl. Moscow, 1982, 224 p.
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In fact, precision farming implements some
methods of agrotechnics of crop cultivation (in
the discourse of precision farming — agrotech-
nologies), but using the capabilities of modern
information systems (GLONASS/GPS, GIS,
remote sensing, yield estimation technology,
variable rationing, Internet of Things). Howev-
er, agro-technologies themselves are only the
final stage in the realization of farming systems
and their connecting link [5]. In fact, the farm-
ing system is an emergent property of materi-
al conditions as well as of social construction,
motivation and behavior. Therefore, farming
system design involves the integration of sev-
eral spatial and temporal levels, requiring a
combination of extensive data sets, simulation
models and expert knowledge, including “lo-
cal” knowledge.

Sources of knowledge in agriculture, as
mentioned above, are based on the results of
inductive analysis of the experiments conduct-
ed on the experimental fields of scientific and
educational institutions in a limited geograph-
ical space, and agronomic recommendations
are general in nature and are implemented
over large areas. However, the results obtained
in a single point of space (in experiments on
“small plots”) are not representative for hetero-
geneous production fields located in different
natural conditions, even in one soil-climatic
province or agro-ecological group of lands.
The heterogeneity of natural conditions and
socio-economic statuses of land use requires
locally adapted solutions and “most adequate”
approaches. Before making recommendations
on the application of control actions, it is nec-
essary to know the frequency and dimension-
ality of response to various interventions in
the life cycles of biological objects not only in
time, but also in space (“control zone”). The
search for methods of intra-field allocation of
“control zones” in the implementation of pre-
cision farming technologies has been actively
developed recently [7, 8].

Unfortunately, relatively little effort in ag-
ronomic science has been spent on the formu-
lation of acceptable hypotheses and theories
related to the agronomic effects of the imple-
mentation of the farming systems in different
spatial (geographical) conditions (land group,
agrolandscape region, soil-climatic province).
It should be noted that in the domestic scientific
discourse the problems of “agrogeography” are
discussed. However, the main subjects of this
direction are the study of the peculiarities of the
territorial organization of agriculture and the
identification of regularities of the functioning
of spatial agricultural systems, their relation-
ships under the influence of external factors for
the adoption of management decisions, mainly
organizational and economic [9]. The direction
called “landscape agronomy” is developing
abroad [10]. But these studies are focused, as
a rule, on a limited spatial object — agroland-
scape (as in the interpretation of the subject of
agrogeography by D.A. Ivanov [3]). The sub-
ject of “biogeography” is basically the classi-
fication of the regions in terms of their biota,
which serves as a key to understanding the en-
vironmental and historical factors affecting the
distribution of species and how they respond to
past or current physical and biological determi-
nants [11].

From our point of view, it is necessary to
develop research on geography of the farming
systems (GeoFarmSyst), the main objective
of which would be to scale up the archetypes
(prototypes) of the farming systems developed
in a particular point of geographical space by
scientific and educational institutions, in order
to realize them on the “field” in the context of
smart farming. Given the increasing availabil-
ity of geographic information systems (GIS)
and spatial data, there is a need for greater use
of digital maps and geo-referencing of data
analysis. Such use of geo-information model-
ing capabilities would be reflected in a better
understanding of the influence of biotic and
edaphic environmental factors on the response
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of cultivated crops and would contribute to a
more adequate interpretation of the quantitative
results of the scientific experiments.

The archetype of the farming system is un-
derstood as a model of agricultural land use of
a certain agro-ecological group with an eco-
logically and economically determined set of
cultivated crops and appropriate methods of
control actions (crop rotation, soil treatment,
fertilizers, plant protection) [12].

Scaling of archetypes of the farming sys-
tems from “small plots” to the regional level or
other taxonomic unit involves linking different
spatial and temporal scales and will pose prac-
tical and theoretical challenges. First, high-per-
formance solutions that integrate advanced GIS
tools with remote sensing and machine learn-
ing, as well as an advanced computing infra-
structure, will be required. Secondly, integra-
tion of spatially heterogeneous data on climate,
relief, soil and management will inevitably lead
to aggregation errors, spatial and temporal dis-
tortions in modeling. Therefore, it is necessary
to pre-test different approaches for spatial ob-
ject classification. For example, stratification,
an approach used within spatial classification to
identify archetypal patterns of agro-ecological
land potential based on clustering of variables
using machine learning on bioclimatic condi-
tions, soil characteristics and topographical pa-
rameters [13], or the delineation of agro-eco-
logical zones taking into account topography,
soil cover and agrometeorological resources to
create maps of land suitability for cultivation of
certain crops [14].

In our opinion, a promising area of research
to develop approaches to scaling archetypes of
farming systems could be the application of
the concept of “geons™. This concept is used
in geoinformatics as a strategy to represent
and analyze hidden spatial processes at differ-
ent geographic scales (local and regional) for
territory zoning. Geons are geographical units,

homogeneous in terms of various spatial and
temporal phenomena. The main purpose of cre-
ating geons is to create digital maps of spatial
objects with the appropriate geodatabase rele-
vant to economic use. The geon model works
as a two-step process, where the first step of
classification uses expert knowledge specific to
a particular subject area, and the second step is
based on semi-automatic zoning through seg-
mentation and classification of remotely sensed
images. The relevance of this approach is justi-
fied by the fact that it provides an opportunity
to apply machine learning algorithms for auto-
mated classification of remotely sensed imag-
es. Remote sensing, in turn, is considered by us
as the most promising tool for land typing and
scaling of archetypes of the farming systems.
Closely related to the issues of the farming
systems scaling are the problems of their adap-
tation to the natural and production conditions
of a particular land use. The problems of adap-
tation of the farming systems are not new and
have been discussed in various contexts [15,
16]. However, we would like to draw attention
to the fact that these problems are discussed
within the framework of the so-called “produc-
tivist” model of agriculture (deliberate unlimit-
ed increase in the production and consumption
of agricultural products), which was signifi-
cantly developed after World War I1. This mod-
el is based on the use of “off-the-shelf” technol-
ogies (anthropogenic resources and genetics) in
an attempt to overcome the heterogeneity of the
environment through the achievements of crop
breeding and the use of chemical synthetics
(“green revolution” or chemical-technogenic
intensification). Within the “war on hunger”
paradigm, agriculture was seen as a “machine”
that could be made to work better by adjusting
the “nuts and bolts”, i.e. fertilizers, pesticides,
seeds, irrigation, and thus provide a sustained
effect in increasing productivity. In developed
countries, this model has promoted the special-

°Lang S., Kienberger S., Tiede D., Hagenlocher M., Pernkopf L. Geons — domain-specific regionalization of space // Cartography
and Geographic Information Science, 2014, vol. 41, N 3, pp. 214-226.
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ization of the areas based on their suitability for
specific land uses, which has led to the stan-
dardization of production methods and, con-
sequently, to a reduction in the geographical
cognitive resources required for their imple-
mentation'®. Since the 1980s, there has been a
realization of the negative impacts of this mod-
el of agricultural production on biodiversity,
ecosystem functioning and climate change, as
well as on product quality, human health and
the growing scarcity of fossil resources and
water (see footnote 1) [17].

In this regard, the dominant paradigm of ag-
ricultural intensification is questioned and new
ways of building sustainable agro-ecosystems
are sought. The concept of increasing biodi-
versity, in particular diversification, can help
to overcome the negative impact on nature of
the “productivist” model. Diversified farm-
ing systems are believed to contribute more
to the maintenance of the following elements
than uniform systems: biodiversity, soil quali-
ty, carbon sequestration and soil water holding
capacity, energy efficiency, and climate change
resilience [18, 19]. There are different types of
cropping system diversification strategies: crop
rotation, associated plant species (cover crops,
trap crops, repellent crops and buffer crops),
mixtures of varieties and crops, agroforestry,
shaping landscape heterogeneity.

However, the meta-analysis published in
[20] showed a high variability of approaches
to crop diversification and the lack of a unified
theoretical concept. For better comparability
and the possibility of generalizing the results of
different primary studies, the authors proposed
a conceptual framework consisting of the fol-
lowing elements (finalized by us): 1) charac-
terization of the basic farming system to be
diversified; 2) determination of the scale and
target land-use area; 3) development of the ex-
periment plan and target variables, taking into
account the specialization of land use; 4) deter-

mination (modeling) of the expected effect of
the experiment. Application of this framework
will help to define the limits of diversification
and its possible benefits. A complete land-
use transformation towards highly diversified
farming systems is likely to be infeasible, but
adopting selected elements of diversification
may provide a realistic approach to improving
farming sustainability.

At present, the problem of implementation
of the farming systems “without pesticides but
with the use of fertilizers” is also being dis-
cussed [21]. Let us call them “intermediate”
between chemical-technogenic (convention-
al) and organic systems. Compared to organic
farming, pesticide-free production technologies
are more flexible and involve fewer barriers to
implementation, as well as lower yield losses.
However, there are various barriers to their im-
plementation, so it is necessary to study all the
positive and negative effects of these systems.

Adaptation of cropping systems to possible
climate change is also considered an important
aspect of adaptation. However, deciding how
and when to adapt to climate change is a com-
plex task involving many challenging issues,
deep uncertainties and controversial objectives.
Numerous decision-making strategies have
been developed to reduce uncertainty, adapta-
tion options have been evaluated under multi-
ple future scenarios, and decision pathways for
climate change adaptation have been created,
but none of this has overcome the barriers that
prevent adaptation decisions from being a “ra-
tional” process [22].

In addition, the distinction between feasible,
possible, plausible and probable climate change
scenarios is not always clear [23]. This is large-
ly because anthropogenic climate change af-
fects systems that are emergent and rapidly
changing in nonlinear ways that are outside the
ranges for which reliable scientific knowledge
exists. In addition, climate science has a lim-

YDuru M., Therond O., Fares M. Designing agroecological transitions: a review // Agronomy for sustainable development, 2015,

vol. 35, pp. 1237-1257.
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ited ability to predict low-probability events,
and does not offer ways to assess the effects of
specific decisions and thus the response of cli-
mate systems to anthropogenic interventions.
In turn, many adaptation decisions depend on
the context, which limits the ability to make
generalizations based on climate models on
spatial and temporal scales [24]. Nevertheless,
the development of the methods (ways, tech-
niques) for adapting cropping systems to po-
tential climate change requires the integration
of knowledge from quantitative climate models
and cropping system archetype models for use
in digital farming management systems.

In order to develop digital farming manage-
ment systems, more attention should be paid
to simulation modeling in scientific research.
Models are needed to answer a specific ques-
tion of a subject area, are created for this pur-
pose and come in different forms. Statistical
(or empirical) models use the mathematical
relationship between different variables. A
fundamental disadvantage of statistical mod-
els is that they are developed from data and
are ill-suited for use in applications that have
not participated in the parameterization and
development of the model. They also cannot
predict values in an uncertain context (e.g., the
effect of climate change on crop growth). In
contrast, mechanistic models (also called pro-
cess-based or biophysical models) are based
on modeling biophysical processes. They use
mathematical equations that describe these
processes, rather than the equations that sim-
ply link two variables, as in statistical model-
ing. They can be derived in the absence of any
real data, if the process is described. Mecha-
nistic models can be deterministic, i.e., with-
out random variation within the model and
equations, so that for a given set of input data,
the result will always be the same. Mechanis-
tic models can also be stochastic, i.e. the mod-
els and equations include random effects, so

the results will vary even if the inputs remain
constant. Most crop models are a combination
of process and empirical models, resulting in
mechanistic deterministic models'!.

The models take into account the relation-
ship between crop growth, agro-ecological con-
ditions and control actions. They are therefore,
by definition, systemic, and the goal here is to
simulate soil-plant-atmosphere interactions.
In order to achieve this goal, interdisciplinary
approaches are used that take into account bi-
ological, physiological, ecological, physical
or economic components. The integration of
these components has led to the development
of well-known crop production models such as
APSIM, DSSAT, STICS, WOFOST, CropSyst
or AGROTOOL. Sometimes called “crop mod-
els”, they are interpreted as explanatory tools
that are commonly used in testing different ap-
proaches to crop productivity management.

Most biophysical models have limitations,
namely they are “point models”. They are
designed to simulate crop growth and devel-
opment for a homogeneous unit at a specific
point in space. In addition, biophysical models
require a large amount of input data. For ex-
ample, the program WOFOST requires data on
about 40 input parameters, for AGROTOOL —
on more than 190. Mechanistic models are un-
able to simulate yield loss due to weeds, pests
and diseases, as well as the damage caused by
extreme weather events such as hail or high
winds. Applications of such models are best
suited for field experiments, forecasting and
analyzing crop behavior under different envi-
ronmental scenarios.

Mechanistic models are also expedient to
use in complex with simulation modeling. Sim-
ulation is a descriptive tool that is used: 1) to
describe the currently existing system; 2) study
of a hypothetical system; 3) refinement and ex-
pansion of the existing system. The role of a
simulation model is to create a “virtual world”

UAntle J. M., Jones J. W., Rosenzweig C.E. Next generation agricultural system data, models and knowledge products: Introduction//

Agricultural systems, 2017, vol. 155, pp. 186-190.
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in which experiments can be conducted to fa-
cilitate the study of the system in question.
Simulation modeling is expedient to apply in
solving problems of crop yield planning and
control actions in desk conditions. Based on the
results of simulation modeling, an appropriate
field research program is developed.

It should be noted that the application of
mechanistic models on a spatial scale in a het-
erogeneous real-world situation is limited. In
this context, remote sensing techniques can
complement mechanistic models, in particular
by generating missing spatial information for
a modeling unit. Although these two technol-
ogies have developed independently, they can
now be used synergistically at different spatial
and temporal scales for the overall develop-
ment of digital farming systems management
and their implementation “on the ground”.

CONCLUSION

A paradigm shapes the worldview of re-
searchers in a particular subject area and is the
basis for choosing approaches and methods of
the research process in any scientific discipline.

The methodological basis for the study of
the farming systems lies in their complexi-
ty, variability and uncertainty (more precisely
— underdetermination). Therefore, cognitive
problems of farming cannot be solved using
the philosophy of logical positivism and instru-
mentalism with reductionist approach. It is nec-
essary to apply system thinking in developing
research programs, analyzing and interpreting
the results of field experiments, including the
use of artificial intelligence.

To transform the modern farming paradigm
in order to actualize it, it is advisable to pay
attention to solving the following issues:

— research on the geography of cropping
systems and their scaling in space and time
should be based on the identification of the ar-
chetypes and taking into account the results of
field experiments of scientific and educational
institutions on “small plots”;

— in order to develop approaches to scal-

ing the archetypes of the farming systems, it
is necessary to use the achievements of mod-
ern geoinformatics integrated with remotely
sensed data;

— in order to overcome the negative impact
of chemical-technogenic intensification (“pro-
duction” model) on nature, it is necessary to
study the limits of diversification of the farm-
ing systems, which can be realized through crop
rotations, associated plant species, mixtures of
varieties and crops, etc.;

— In order to develop scenarios for adapta-
tion of the farming systems to possible climate
change, it is advisable to integrate the knowl-
edge obtained from quantitative climate mod-
els and models of farming system archetypes
for their use in digital farming management
systems “on the ground”;

— mechanistic models of the crop production
process developed for a homogeneous unit at
a specific point in space need to be scaled for
different environmental scenarios and spatial
objects, and used in integration with simulation
modeling.
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. an article is not subject to review in any other journal;

. all co-authors agree with the publication of the current version of the article.

Before submitting an article, it is necessary to make sure that the file (files) contains all the information required
in Russian and English, tables and figures provide the source of the information presented, all references are written
correctly.
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3. Non-reviewed materials (scientific chronicles, reviews, book reviews, materials on the history of agricultural
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ARTICLE DESIGN PROCEDURE

The text of the manuscript is printed in Times New Roman font, type size 14 with 1.5 spacing, all margins 2.0 cm,
page numbering at the bottom. The size of a manuscript should not exceed 15 pages (including tables, illustrations and
bibliography); the articles placed in the sections “From dissertations” and * Brief reports” should not exceed 7 pages.

Article design structure:

1. UDC

2. Title of an article in Russian and English (no more than 70 characters).

3. Surnames and initials of the authors, full official name of the scientific institution where the research was con-
ducted in Russian and English.

If authors from different institutions took part in the preparation of the article, it is necessary to indicate the affilia-
tion of each author to a particular institution using the superscript index.

4.  Abstract in Russian and English. The size of the abstract should not be less than 200-250 words. The abstract
is a brief and consistent presentation of the material of the article on the main sections and should reflect the main con-
tent, follow the logic of the presentation of the material and description of the results in the article with the provision of
specific data. The abstract should not include the newly introduced terms, abbreviations (with the exception of common
knowledge), references to the literature. The abstract should not emphasize the novelty, relevance and personal contri-
bution of the author; the place of research should be indicated to the district (region), specific organizations should not
be mentioned.

5. Keywords in Russian and English. There should be up to 5—7 words by the topic of the article. It is desirable
that the keywords support the abstract and the title of the article.

6. Information on the conflict of interests or its absence. The author should notify the editor on the real or po-
tential conflict of interests by including the information in the appropriate section of the article. If there is no conflict of
interests, the author should also inform the editor about it.

Example wording: “The author declares no conflict of interest”.

7. Acknowledgements in Russian and English. This section lists all sources of funding for the study, as well as
acknowledgements to people who contributed to the article but are not the authors.

8. The main body of the article. When presenting original experimental data, it is recommended to use subheadings:

INTRODUCTION (problem statement, goal and tasks of the study)

MATERIAL AND METHODS (conditions, methods (methodology) of research, object description, place and
time of research)

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES. The number of sources must be at least 15. The list of references includes only peer-reviewed
sources: articles from scientific journals and monographs. Self-citation of no more than 10% of the total number. The
bibliography list should be designed as a general list in the order of mention in the text, it is desirable to refer to sources
2-3 years old. The rules for the list of references are in accordance with GOST R 7.05-2008 (requirements and rules for
compiling a bibliographical reference). In the text the reference to the source is marked by a serial number in square
brackets, for example [1]. Literature in the list is given in the languages in which it was published. In the bibliographic
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description of the publication, it is necessary to include all authors, without abbreviating them by one, three, etc. It is
unacceptable to abbreviate the names of articles, journals, publishing houses.

If it is necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manuals,
GOSTs, information from websites, statistical reports, articles in socio-political newspapers, etc., such information
should be placed in a footnote at the end of the page. Footnotes are numbered in Arabic numerals, placed page by page
through numbering.

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, keywords,
list of references.

EXAMPLE OF REFERENCES in Russian and English and FOOTNOTES

REFERENCES (in Russian):

Monograph

Klimova E.V. Field crops of Zabaikalya: monograph. Chita: Poisk, 2001. 392 p.

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture
in southern forest-steppe of Western Siberia// Resource-saving tillage systems. Moscow: Agropromizdat, 1990. pp.
230-235.

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage // Siberian Herald of Agricultural Science. 2018. vol. 48. Ne 4. pp. 27-35. DOI:
10.26898/0370-8799-2018-4-4.

REFERENCES (in English):

References are compiled in the same order as the Russian version, according to the following rules:

Names and surnames of the authors are given in the established way of transliteration, English title of the article,
transliteration of the name of the Russian-language source (for example through the site: https://antropophob.ru/trans-
lit-bsi) = English title of the source. The order of presentation for a monograph is the following: city, English name of
the publisher, year, number of pages; for a journal: year, number, pages). (In Russian).

Example: Author A.A., Author B.B., Author C.C. Title of article.

Transliteration of the authors. English title of the article.

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

Transliteration of the source = English name of the source

Monograph

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

Part of a book

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

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

Periodical publication

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

FOOTNOTES:

Quated text,.

1Klimova E.V., Andreeva O.T., Temnikova G.P. Ways to stabilize food production in Transbaikalia // Problems and
prospects of perfecting zonal farming systems in modern conditions: materials of the scientific and practical conf.
(Chita, October 16-17 2008). Chita, 2009, pp.36-39.

Digital Object Identifier — DOI (when the cited material has it) should be indicated at the end of the bibliographic
reference.

Example:

Chu T., Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize

(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923.

The DOI of the article should be checked on the website http://search.crossref.org/ or https://www.citethisforme.
com. To do this, enter the title of the article in English in the search bar.

FIGURES, TABLES, SCREENSHOTS AND PHOTOGRAPHS

The figures must be of good quality, suitable for printing. All figures must have captions. The caption must be trans-
lated into English. Figures should be numbered in Arabic numerals according to the order in the text. If there is only
one figure in the text, it is not numbered. References to figures should be formatted as follows: “Fig. 3 indicates that
.7 or “It is indicated that ... (see Fig. 3)”. The caption under the figure includes a figure number and its title. “Figure 2.
Description of vital processes.” The translation of the figure caption should be placed after the figure caption in Russian.
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Tables should be of good quality, suitable for printing. Tables suitable for editing are preferred, not scanned or
as figures. All tables should have headings. The title of the table should be translated into English. Tables should be
numbered in Arabic numerals according to the order in the text. If there is only one table in the text, it is not numbered.
References to tables should be formatted as follows: “Table 3 states that ...” or “It is stated that ... (see Table 3)”. The
title of the table includes a table number and its title: “Table 2. Description of Vital Processes.” The translation of the
table title should be placed after the table title in Russian.

Photos, screenshots and other non-drawn illustrations must be uploaded separately as *.jpeg files (*.doc and *.docx
if the image has additional marks). The resolution of the image should be >300 dpi. The image files should be given a
name corresponding to the figure number in the text. In the description of the file a caption should be given separately,
which should correspond to the name of the picture placed in the text.

Attention should be paid to the spelling of formulas in the article. To avoid confusion, it is necessary to write Greek
(o, B, m, etc.), Russian (A, a, B, b, etc.) letters and numbers in straight font, Latin letters in italics (W, Z, m, n, etc.).
Mathematical signs and symbols should also be written in straight font. It is necessary to clearly indicate upper and
lower superscript characters (W, I/, etc.).

INTERACTION BETWEEN THE JOURNAL AND THE AUTHOR

The Editorial Board asks the authors to be guided by the above stated rules when preparing the article.

All the articles submitted to “Siberian Herald of Agricultural Science” go through preliminary check for compliance
with formal requirements. At this stage the Editorial Board reserves the right to:

* accept the article for review;

« return the article to the author (authors) for revision with a request to correct the mistakes or add the missing data;

* return the article which is designed not according to the journal’s requirements to the author (authors) without
consideration;

* reject the article due to its inconsistency to the journal’s goals, lack of originality and little scientific significance.

Correspondence with the authors of the manuscript is maintained through a key contact mentioned in the manu-
script.

All scientific articles submitted to the editorial board of the journal “Siberian Herald of Agricultural Science” un-
dergo obligatory double-blind reviewing (author and reviewer do not know about each other). Manuscripts are sent in
accordance with their research profile for reviewing to the members of the Editorial Board.

In controversial cases, the editor may involve several specialists in the review process, as well as the Editor-in-Chief.
If the reviewer’s opinion is positive, the article is submitted to the editor for preparation for publication.

In case a decision is made to have the manuscript revised, reviewer’s comments and remarks are passed to the au-
thor. The latter is given two months to make amendments. If, within this period, the author has not notified the editors
about the actions planned, the article is cancelled from the register.

In case there is a decision to reject the article, the notification with the editorial decision is sent to the author.

The designated author (contact author) is sent the final version of the manuscript accepted for publication, which
he/she must check.

REVERSAL OF EDITOR/ REVIEWER’S DECISION

In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision
made. In order to do this, the author should:

» amend the manuscript in compliance with the comments substantiated by reviewers and editors;

* clearly outline their stance on the issue under question.

The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected due
to the need of significant amendments or collection of the additional data, and are ready to clearly explain what must be
rectified in the manuscript for it to be accepted for publication.

ACTIONS OF THE EDITORIAL BOARD IN CASE OF PLAGIARISM AND DATA
FALSIFICATION DETECTION

The Editorial Board of the “Siberian Herald of Agricultural Science” follows the conventional ethical principles for
scientific periodicals and guidelines of the “Publication Ethics Code” developed and approved of by the Committee on
Publication Ethics (COPE) and demands that all those involved in the publishing process should obey these principles.
ERRORS RECTIFICATION AND ARTICLE WITHDRAWAL

In case of error detection that affect understanding of an article but do not distort the results of research, they can
be rectified by replacing the pdf-file of an article. In case of error detection that distort the results of research or in case
of plagiarism or misconduct of the author (authors) connected with data falsification, the article can be withdrawn. The
withdrawal can be initiated by the editors, the author, organization or private individual. Such article is marked with the
note “Article withdrawn”, the page of the article gives the reason for withdrawal. Information about the article with-
drawal is sent to data bases where the journal is indexed.
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