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3EMJIEJIEJINE U XUMW3AL[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2021-6-1 Tun crarby: OpUrHHANBHAS
VIK: 631.5:633.14 Type of article: original

BJIMSAHUE CIIOCOBOB OBPABOTKH ITIOYBbI
HA YPOXXAMHOCTb O3UMOM PKU COPTA CYJAPYIIKA

) Bbpaxuuxos I1.H., CaiinakoBa A.B., JlutBunuyk O.B.

Cubupckutl HayUHO-UCCIe008AMENbCKULL UHCTNUMYM CelbCKO20 X035UCmed i mopgha — gpunuan
Cubupcrozo gpedepanvrozo Hayurnozo yewmpa azpobuomexnonoeuti Poccuiickoii akademuu Hayk
Tomck, Poccus

(<D e-mail: Bracznik@sibmail.com

W3noxeHs! pe3yabTaThl U3yYeHHs! JIEMEHTOB TEXHOJIOTHH BO3/IENIBIBAHNS HOBOTO COPTa O3UMOM
pxu Cynapymka. McenenoBanus npoxonmin B 2019, 2020 rr. B ycloBHsIX MOATA€KHONW 30HBI TOM-
cKoif oOmacty. JlaHa oIeHKa BIMSHUS CITOCOO0OB 00pa0OTKH TIOYBKI, a TAKXKE BO3ACHCTBHUS yao0pe-
HUS TYMUHOBOTO U3 Topda ['ymocTiM Ha ypoxkaitHOCTh 03uMon prku Cynapyika. [1odBbI onbITHOTO
yuactka kucisie (pH 4,3) nepHoBO-110g30MCThIE CYTIECYaHOTO MEXaHNYeCKoro cocTana. IlaxoTHbIi
TOPU3OHT Xapakrepusyercss Hu3kuM (1,5%) coneprkanueM rymyca, cinadoil 00ecre4eHHOCThIO HU-
tpatabM azotoM (0,2 mMr/100 1), cpenneii (19,2) — mogBmxHBIM GochopoM H OOMEHHBIM KallleM
(7,1), Beicokum (11,0 mr/100 1) conmepaHneM MOJBIKHOTO amroMuHUs. CxeMa OmbITa BKITFOYalia
YeThIpe BapuaHTa o0paboTKH MmouBkl: Bemamika rmapa [1JIH-4-35 + kymeruBanus KITH-4,2, moces
0e3 MpuKaThIBaHUA U C IpUKaTeiBaHueM; nuckoBanue bJIMK-2,8 + xynsruBamus KIIH-4,2, moces
0e3 mpuKaTbIBaHUs U ¢ TpuKaTeiBaHueM. O0paboTKy ynoOpeHrneM r'yMHHOBBIM 13 Topha ['ymocTm
B koHueHTpanuu 0,001% npoBoawiy 1o Beretauu B (haze Havasia Beixona B TpyoKy. CpemHsist ypo-
KaMHOCTh 03MMOM prku copra CyaapyIika 3a roJsl UcciaeJoBaHuid cocTaBuia 4,66 T/ra B BapuaHTte
C JMCKOBaHUEM, MOCIEAYIONIEH KyJIbTUBALUEN Mepe]] NOCEBOM U JIaJIbHEMIIIMM MOCEBOM C MpUKa-
ThIBaHUEM, uTO Ha 0,34 T/ra BBINIE, YeM MPU TPATUITHOHHOM CTI0c00e 00paboTku mouBHL. [Ipume-
HEHHUE yA00peHUsi TYMUHOBOTO U3 Topda ['yMOCTHM Ha XOJIOIHBIX JEPHOBO-MOA30IUCTHIX TIOYBAX
[IO3BOJIMJIO B CPEAHEM IO OIBITY MOJIyYUTh YPOXKaHHOCTb 03UMOl pxu 4,31 1/ra, uro Ha 0,39 T/ra
BBIIIIE, YeM 0e3 yI00peHusl.

KaioueBsie cioBa: o3umast poxkb Cyaapylika, ypoxkaiHOCTh, CIOCOOBI 00paOOTKH MOuBHI, ['y-
MOCTHM

INFLUENCE OF TILLAGE METHODS ON THE YIELD OF WINTER RYE
VARIETY SUDARUSHKA

(<) Brazhnikov P.N., Sainakova A.B., Litvinchuk O.V.

Siberian Research Institute of Agriculture and Peat — Branch of the Siberian Federal Scientific
Centre of AgroBioTechnologies of the Russian Academy of Sciences

Tomsk, Russia

(<) e-mail: Bracznik@sibmail.com

The results of studying the elements of the technology of cultivation of a new variety of winter
rye Sudarushka are presented. The research took place in 2019, 2020 in the sub-taiga zone of the
Tomsk region. The impact of soil cultivation methods as well as the impact of humic fertiliser from
peat Gumostim on the yield of winter rye Sudarushka is evaluated. The soils of the experimental plot
are acidic (pH 4.3) soddy-podzolic loamy sandy loam. The arable horizon has a low humus content
(1.5%), a low (0.2 mg/100g) content of nitrate nitrogen, a medium content of mobile phosphorus

Bemitezienne 1 XHMHU3aIus CuOHMpPCKHii BECTHHUK CELCKOXO03SMCTBEHHON Hayku » 2021 <516 5



Influence of tillage methods on the yield of winter rye variety Suda-
rushka.

Brazhnikov P.N., Sainakova A.B., Litvinchuk O.V.

(19.2) and exchangeable potassium (7.1) and a high (11.0 mg/100g) content of mobile aluminium.
The scheme of the experiment included four variants of cultivation: ploughing of fallow lands with
PIN-4-35 + cultivation KPN-4,2, sowing without packing and with packing; disking with BDMK-
2,8 + cultivation KPN-4,2, sowing without packing and with packing. Treatment with humic
fertilizer from peat Gumostim at a concentration of 0.001% was carried out during the growing
season in the beginning phase of the leaf-tube formation. The average yield of winter rye in the
variety Sudarushka during the years of research was 4.66 t/ha in the variant with disking, subsequent
cultivation before sowing and further sowing with packing, which is 0.34 t/ha higher than with the
traditional method of soil cultivation. The application of humic fertilizer from peat Gumostim on
cold sod-podzolic soils enabled the average yield of winter rye to be 4.31 t/ha y, which is 0.39 t/ha

higher than without the fertilizer.

Keywords: winter rye Sudarushka, yield, soil cultivation methods, Gumostim
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INTRODUCTION

Winter rye is a strategic food grain crop in
Russia, the most plastic in its range and the
most adaptable for regions with difficult natu-
ral and climatic conditions. Only rye can with-
stand the lowest temperature at the depth of
the tillering node down to -23 °C. It is widely
regarded as a low economic risk crop, espe-
cially in areas with poor soils. Rye is mainly
distributed in areas with sandy and clay soils
with low fertility and high acidity, where other
cereal crops have lower yields [1-3].

The use of a set of agronomic measures is
aimed at obtaining high and sustainable crop
yields and should be based on their biologi-
cal characteristics, which contributes to the
manifestation of the maximum potential of
the variety [4].

One of the ways to increase rye yields is
proper tillage, which should solve a set of
problems depending on the forecrop, soil, cli-
matic and hydrothermal conditions, phytos-
anitary state of the fields. To save material and
energy resources it is necessary to minimize
the number of technological operations and at

the same time to ensure optimal conditions for
plant development.

There are different opinions and conclu-
sions in the scientific literature about the im-
pact of different tillage technologies on crop
yields [5-7]. According to some scientists [8-
10], the non-mouldboard system compared to
the mouldboard system worsens the fertility of
the arable layer. A number of authors note an
increase in the yield of crops grown by non-
mouldboard (compared to plowing) against
the background of high doses of mineral fer-
tilizers [11].

In the sub-taiga zone on cold sod-podzolic
soils, a system of tillage with obligatory seed
rolling of crops is adopted [12]. The rolled soil
increases moisture reserves, stimulates the
processes of seed germination.

The purpose of the study - to develop el-
ements of cultivation technology of the new
variety of winter rye Sudarushka.

Edaphic stresses, biotic factors and climatic
conditions limiting high yields of crops in the
West Siberian region allow the most complete
assessment of the degree of influence of agro-
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nomic practices on the yield, in particular of
winter rye. In previous experiments, the sowing
dates and seeding rates of winter rye varieties
Sudarushka were determined . The objective
of the present study was to determine the ratio-
nal methods of tillage during cultivation of the
variety.

MATERIAL AND METHODS

The study of agrotechnics of cultivation of
the new variety of winter rye Sudarushka was
conducted in 2019, 2020 on the fields of agro-
technical crop rotation of the Narym Depart-
ment of Breeding and Seed Production of the
Siberian Research Institute of Agriculture and
Peat - a branch of SFSCA RAS.

Soils of the experimental site are acidic (pH
4.3) sod-podzolic loamy sandy loam texture.
The arable horizon is characterized by low
(1.5%) humus content, low supply of nitrate ni-
trogen (0.2 mg/100 g), medium supply of mo-
bile phosphorus (19.2) and exchangeable potas-
sium (7.1), high content of mobile aluminum
(11.0 mg/100 g) [13].

Winters of 2019/20 and 2020/21 were se-
vere (down to -45 °C) and prolonged with sig-
nificant (up to 110 cm) snow blanket laying for
175-186 days. The meteorological conditions of
the growing seasons differed significantly in the
amount of precipitation and temperature regime.

A peculiarity of the growing season 2019
was the late onset of spring. Disintegration
of the snow blanket occurred on 16 April, but
due to very cool weather, the resumption of the
growing season was noted only on 5 May. The
shooting and earing stages were delayed until
10 June and 3 June, respectively. Rye flower-
ing did not start until late June. Moisture defi-
cit was observed during the whole vegetation
period, especially during grain ripening, which
affected the yield.

In 2020, the snow blanket disintegrated on
11 April and vegetation resumed on 19 April.
The shooting and earing took place in a short
period of time. The flowering of rye was ob-
served on 7 June. Sufficient moisture supply
and warm weather allowed the formation of a
fair yield.

The material for the study was a new variety
of winter rye Sudarushka, which was included
in the State Register of Selection Achievements
in the West Siberian region in 2021; it is pro-
tected by a patent’.

The variety is medium-late maturing, with
a growing season of 340-350 days. The plant
height is 106-110 cm. Resistance to lodging
is high. It belongs to the varieties of extensive
type, is characterized by high winter hardiness,
medium resistance to brown rust and powdery
mildew, less affected by snow mold. In compet-
itive variety trials, the average yield for 2015-
2017 was 5.1 tons, which is 0.41 tons higher
than that of the released variety Petrovna. The
activity of alpha-amylase is low, the fall num-
ber - 241. Grain unit is 699 g/l. The variety
has a high stable productivity and the ability
to maintain an optimal density throughout the
growing season.

The scheme of experiments was to study the
effect of methods of cultivation and humic fer-
tilizer from peat Gumostim on the yield of win-
ter rye varieties Sudarushka.

The experiments included four variants of
tillage:

- fallow plowing PLN-4-35 + cultivation
KPN-4,2, seeding with rolling;

- fallow plowing PLN-4-35 + cultivation
KPN-4,2, seeding without rolling;

- disking BDMK-2,8 + cultivation KPN-4,2,
seeding with rolling;

- disking BDMK-2,8 + cultivation KPN-4,2,
seeding without rolling.

"Brazhnikov P.N. Influence of sowing dates and seeding rates on the yield of winter rye variety Sudarushka. Optimization
of the breeding process - a factor of stabilization and growth of crop production in Siberia: Proceedings of the International

Conference Krasnoyarsk, 2019. pp. 200-203.

*Brazhnikov P.N. Elements of cultivation technology of a new variety of winter rye Sudarushka in the northern taiga zone.
Agrarian science to agricultural production of Siberia, Mongolia, Kazakhstan, Belarus and Bulgaria: collection of scientific
papers. 22nd International Scientific and Practical Conference Yakutsk, 2019. pp. 17-18.

3Patent 11665 (Russian Federation). Winter rye Sudarushka. P.N. Brazhnikov, A.B. Sainakova. Siberian Federal Research

Center for Agrobiotechnology RAS; No 75001; publ. 18.05.2021.
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In four replications out of eight at the on-
set of stem elongation phase, the crops were
sprayed with Gumostim designed to increase
crop yields and quality. The fertilizer contains
humic, carboxylic acids and amino acids, in-
cluding indispensable, as well as macronutri-
ents - nitrogen, phosphorus, calcium, iron, trace
elements - copper, zinc, manganese, vitamins -
A, B1, B2, B5, B6, B12, C, E. The content of
the main active ingredient - 1% humic acids.
For foliar feeding of plants, we used 0.001%
solution of the drug®.

Location of the plots in the experiments is
systematic, the accounting area of the plot is
20 m?. Seeding was carried out on August 15
with central seeding planter SKS-6-10 with
seeding rate of 5.5 million germinated seeds/
ha. Fallow plowing PLN-4-35 + cultivation
KPN-4,2 with rolling was taken as a control.
Pressing was carried out by smooth rollers
KVG-1,4, spraying - with a Palisad back-
pack sprayer (12 ) at a rate of 200 I/ha. Un-
der pre-sowing cultivation nitrogen-phoska
(N16P16K16) was applied at a dose of 50 kg/
ha in physical weight.

Experimental material was statistically pro-
cessed according to B.A. Dospekhov® using ap-
plication software package®.

RESULTS AND DISCUSSION

Under unfavorable conditions of 2019 the
variant with traditional tillage - plowing with
cultivation and rolling of crops (control) had
the advantage. Variant with non-mouldboard
tillage (disking, cultivation + rolling) was the
most productive in the optimal conditions of
the growing season 2020, the average yield of
winter rye Sudarushka was 5.50 t/ha (+0.64
t/ha, NCRO5 = 0.25). On the average for 2
years the yield at the variant of tillage "disk-
ing BDMK-2,8 + cultivation KPN-4,2, seeding
with rolling" also reliably exceeded the control
(+0.34 t/ha, NCROS5 = 0.15).

Spraying of crops with Gumostim solution
(0,001%) in the phase of stem elongation in all
variants increased rye yield by 0,20-0,57 t/ha in
2019 and by 0,30-0,50 t/ha in 2020. Increases
are significant in the variant disking BDMK-
2,8 + cultivation KPN-4,2, seeding with rolling
(+0.57 t/ha, NSRO5 = 0.47) in unfavorable con-

VYpoxkaitHocTs copra Cymapyiika Mpu pa3HbIX criocodax 00padOTKH MOYBBI M BHEKOPHEBOW MOIKOPMKE

I'ymoctumowm, T/ra

Yield of the Sudarushka variety with different methods of soil cultivation and foliar feeding with

Gumostim, t/ha

2019 2020
Ontion Withont Without Average + to the
P 1thou Gumostim 1thou Gumostim for 2 years control
TMMOAKOPMKHU TIOAKOPMKHU
Plowing, cultivation, seeding
with rolling 3,68 3,88 4,62 5,12 4,32 Control
Plowing, cultivation, seeding
without rolling 2,39 2,83 4,25 4,66 3,53 -0,79
Disking, cultivation, seeding
with rolling 3,57 4,14 5,32 5,68 4,66 +0,34
Disking, cultivation, seeding
with rolling 3,04 3,47 4,50 4,80 3,95 0,37
LSD,, 0,254 0,476 0,264 0,216 0,151 0,322

“Patent 2530145C1 (Russian Federation). Method of obtaining plant growth stimulant from lowland peat. L.V. Kasimova,
A.E. Donkin, A.A. Krasnoschekov, V.A. Klimovich; Siberian Research Institute of Agriculture and Peat RASKhN; Ne

2013122952/13; Application. 21.05.2013; publ. 10.10.2021.

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

Agropromizdat, 1985. 416 p.

*Sorokin O.D. Applied statistics on the computer. Novosibirsk, 2007 p.
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ditions in 2019 and in all variants in favorable
2020 (NSROS5 = 0.22). On average for 2 years,
the yield in all variants with Gumostim treat-
ment was significantly higher than the variants
without treatment (+0.35-0.46 t/ha, NCRO5 =
0.11).

Two-year experiments confirmed the neces-
sity of such an agricultural technique as rolling
the soil: in all variants without rolling the crops
rye yield was significantly lower than the con-
trol (see the table).

CONCLUSIONS

1. The average yield of winter rye Sudarush-
ka in 2019, 2020 was 4.66 t/ha in the variant
with disking, followed by cultivation before
seeding and further seeding with rolling, which
is 0.34 t/ha higher than with the traditional
method of tillage.

2. Application of humic fertilizer from peat
Gumostim on cold sod-podzolic soils allowed
to get an average yield of 4.31 t/ha of rye in
the experiment, which is 0.39 t/ha higher than
without the fertilizer.
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BJIUSTHUE PA3JIMUHBIX COCTABOB NMUTATEJIBHOM CPE/IbI HA PA3BBUTUE
MUKPOPACTEHUIN KAPTO®EJISI COPTA COJIHEUHBIN

<) HoBukos 0.0., Pomanoa M.C., Xakcap E.B., Jleonoa H.W., Kocunosa E.N.
Cubupckuii Hay4HO-UCCIe008aAMENbCKULL UHCIMUMYM CEelbCKO20 X035cmea u mopga — unuarn
Cubupcrozo gpedepanvrozo nayuHozo yenmpa azpodouomexuonocuil Poccutickoti akademuu Hayk
Tomck, Poccust

D novickoww@yandex.ru

[IpencrapieHsl pe3ynsTaThl HCCIIEI0BAHMS BIMSHUS MTUTATeIbHBIX CPEZ PA3IMIHOTO COCTaBa Ha POCT
03/I0POBJICHHBIX MUKpOpacTeHuii kaproders copra CoHEUHBIH, BRIPAIIMBAEMBIX B TAOOPATOPHBIX YCIIO-
BUSIX in Vitro. VI3ydeHo IecTh COCTaBOB MUTATENBHOM Cpe/ibl: CTaHAapTHAs Cpea Mo Iporck Mypacure-
Ckyra, MOTM(HITPOBaHHAS [T MUKPOYEPEHKOBAHMS (KOHTPOJIb), MOIU(UITMpOoBaHHast cpera Mypacure-
Ckyra co CHWKEHHBIM COZIEp’KaHMeM MUHEpaIbHBIX KOMITOHEHTOB (110 1/2 u 1/3), MmognduimpoBaHHast
cpena Mypacure-Ckyra ¢ MOBBIILIEHHBIM cofiepkaHueM arap-arapa (10 1/im), moguduumpoBanHas cpena
Mypacure-Ckyra ¢ TIOHIKEHHBIM COIIEpYKaHHeM arap-arapa (4 r/m), cpema Mypacure-Ckyra, Moaudu-
IMPOBaHHasl C J00aBIeHUEM 3 MI/JT THOCPPEIUTMHOBOM KUCIIOTH U 1 MI/JT MHAOIMITYKCYCHOM KUCIIOTHI.
YureHsl apameTpbl pacTeHHIA: IJIMHA PACTEHHUS, HAJIMYME KOPHSL, YUCIIO MEKIIOY3JHH, 00111ast Macca pac-
TEHUs, Macca JIMCThEB, Macca KOpHEH, IIOIIa/lb MOBEPXHOCTH JIMCTOBOM TuacTHHbL. [IprMeHeHue cpen
CO CHIJKCHHBIM COJICp’KaHHEM MUHEPATHLHBIX KOMIIOHEHTOB TIPUBEIIO K YBEJIMUCHHIO JUTHBI PACTCHUH Ha
28-30%, macchl obera Ha 25% 3a cuer Macchbl JucTbeB Ha 18%, macchl cretms Ha 31%, cymmapHO
TUTOIIA/IM TIOBEPXHOCTH JIMCTOBBIX IITacTHH Ha 12%. Ha cpene ¢ 1/3 MuHeparbHbIX KOMIIOHEHTOB OTMeYe-
HO yBEJIMUEHHE MacChl KOpHEBOH cuctembl Ha 20%. Ha cpene ¢ MOBBIIEHHBIM CONEpyKaHIeM arap-arapa
3aperuCcTPUPOBAHO YMEHbBIIICHHE JUTHHBI PacTeHU Ha 6%, YMeHbIIIeHHe Macchl modera Ha 12% 3a cuer
YMEHBIIIEHHUsI Macchl cTe0ms Ha 15%. PacTenus Ha cpefie ¢ TOHMKEHHBIM COJIEpYKaHMEM arap-arapa OTiIv-
yanich OoIblIeit Maccoll KopHeBo# cuctembl Ha 10%, mobera Ha 17% 3a cuer yBenueH st MacChl JICTHEB
Ha 27% ¥ CyMMapHO¥ TUIOIIA/IN TTOBEPXHOCTH JIMCTOBBIX TiacTuH Ha 22%. [1pu mobaBiennn B cpey pe-
TYIITOPOB POCTA (THOSPPEILTIMHOBOM M HHIOMMITYKCYCHOM KUCTIOTHI) OTMEUECHO YBEIMUCHNE BBICOTHI pac-
Tenuii Ha 70%, yMeHbIlIeHne Macchl KOpHEeBOM cucteMbl Ha 50% u mcTheB Ha 46%, yBeIU4eHHe MacChl
creomst Ha 23%. CyMmapHast IUIo1a, b MOBEPXHOCTH JIUCTHEB OblTa HUKE KOHTPOJIBHBIX 3HaUeHHUH Ha 28%.
J1d yCKOpEHHOT0 MUKPOPA3MHOMXEHHS 03/I0POBJIEHHBIX PACTEHUM U TIOATOTOBKM pacTEHUM JIjIsl Iiepeca-
YKUBaHMS HA a9POTHAPOIIOHHBIEC YCTAHOBKH C LEITBIO MOTYYeHHSI MUHUKITYOHEH ONTHMAITbHBIMH SIBIISTFOTCST
MOTU(UITMPOBAHHBIE TIUTATEIILHBIC CPEIII CO CHIPKEHHBIM KOJIMYECTBOM MHUHEPAIBHBIX KOMITOHEHTOB 1/2
u 1/3 1 co CHIDKEHHBIM COICP)KaHNEM arap-arapa.
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The results of studying the effect of nutrient media of various compositions on the growth of
improved micro-plants of potatoes of the Solnechny variety grown under laboratory conditions in
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The effects of different compositions of growth media on the develop-
ment of microplants of the Solnechny potato variety

vitro are presented. Six compositions of the nutrient medium were studied: standard Murashige-Skuga
medium modified for micropropagation (considered as a control), modified Murashige-Skuga medium
with a reduced content of mineral components (up to 1/2 and up to 1/3), modified Murashige-Skuga
medium with an increased content of agar-agar (10 g/l), modified Murashige-Skuga medium with a
reduced content of agar-agar (4 g/l), Murashige-Skuga medium modified with the addition of 3 mg/L
giberrellinic acid and 1 mg/L indoliacetic acid. The following parameters of cultivated plants were
taken into account: plant length, root presence, number of internodes, total plant mass, leaf mass, root
mass, leaf plate surface area. The use of modified nutrient media with a reduced content of mineral
components led to an increase in plant length (by 28-30%), stem mass (by 25%) due to leaf mass (by
18%) and stem mass (by 31%) and the total surface area of leaf plates (by 12%). In the variant using
a medium with 1/3 mineral components an increase in the mass of the root system was observed
(by 20%). When growing plants on a modified nutrient medium with a high content of agar-agar, a
decrease in the length of plants (by 6%), a decrease in the mass of the scion (by 12%) due to a decrease
in the mass of the stem (by 15%) was observed. Plants grown on a modified nutrient medium with a
reduced content of agar-agar were distinguished by a larger mass of the root system (by 10%), scion
(by 17%) (due to an increase in leaf mass (by 27%), as well as the total surface area of leaf plates (by
22%). When growth regulators (giberrellin and indoliacetic acid) were added to the modified nutrient
medium, a significant increase in plant height (by 70%), a decrease in the mass of the root system (by
50%) and leaves (by 46%), and an increase in the mass of the stem (by 23%) were observed. The total
leaf surface area was 28% lower than the control values. For accelerated micropropagation of improved
potato plants of the Solnechny variety and preparation of plants for transplanting to aerohydroponic
systems in order to produce mini-tubers, the following modified nutrient media are optimal options:
with a reduced number of mineral components (1/2 and 1/3) and with a reduced content of agar-agar.
Keywords: potatoes, nutrient medium composition, clonal micropropagation, growth regulators
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INTRODUCTION and bacterial infection, and increase the yield of
this crop [2-4]. Compared to traditional meth-
ods, micropropagation has the following ad-

vantages: obtaining genetically homogeneous

The potato is one of the most important
crops in agricultural production in Russia and
around the world. According to FAO, pota-

toes are grown in 180 countries [1]. One of the
main factors affecting the yield of this crop is
high susceptibility to viral, bacterial and fun-
gal diseases. The use of clonal micropropaga-
tion method can solve the problem of obtaining
healthy planting material free from viral, fungal

planting material, high multiplication rate, re-
ducing the time of the breeding process, the
possibility of cultivation of hard-to-reproduce
plants by traditional methods '* [5].

One of the important factors influencing
the process of plant micropropagation under

"Dorofeeva V.Y., Medvedeva Y.V., Karnachuk R.A. Selective light and productivity of potato plants under in vitro and
hydroponic cultivation. Actual problems of potato growing: materials of the All-Russian Scientific-Practical Conference with
international participation (Tomsk, April 10-13, 2018). Tomsk, 2018. pp. 215-218.

*Fedorova Y.N., Fedorova L.N. The combined effect of nutrient medium and light on the formation of microgrowths in vitro.
Traditions and innovations in the development of agriculture: materials of international scientific and practical conference (Velikie

Luki, 17-19 April 2019). Velikie Luki, 2019. pp. 53-59.

12 Siberian Herald of Agricultural Science ¢ 2021 « 51 ¢ 6

Plant growing and breeding



BunsiHue pa3inyHbIX COCTABOB MUTATENBHON Cpe/Ibl Ha pa3BUTHE
MHUKpopacTenuii kaprodessi copra ColHEYHbII

Hosuxos O.0., Pomanosa M.C., Xakcap E.B., Jleonosa H.1.,
Kocunona E.N.

laboratory conditions is the composition of the
nutrient medium. Thus, the plant requires 17
chemical elements for complete growth and de-
velopment [6, 7]. Therefore, it is important to
choose the composition of the medium optimal
for the growth of plants of a particular variety
in seed production of healthy potatoes.

Currently, for microclonal propagation of
potato nutrient medium Murashige- Skoog
(MS) with various modifications is used. In the
work of S.V. Kushnarenko et al. [8] it is shown
that when growing potato plants on nutrient me-
dium MS with full mineral part, the tendency to
reduce the growth of potato plants is observed,
while growing on 1/2 mineral part did not show
this effect. In addition, potato plants rooted bet-
ter on the medium with 1/2 mineral part. In our
work we conducted a series of experiments to
identify the effect of different concentrations of
mineral part in the modified nutrient medium
MS on potato microgrowths of the Solnechny
variety.

According to the literature data, growing
plants on modified nutrient media with a lower
content of agar-agar (4 g/l) leads to an increase
in the number of internodes because the liquid
nutrient medium provides greater mobility of
trophic elements. From the economic point of
view, growing plants on liquid nutrient media
is more profitable since less agar-agar is used to
prepare one liter of medium [9, 10].

Researchers are searching for methods
to slow down the growth of plants in vitro to
reduce the cost of microtransplanting when
maintaining the variety in the collection [11-
13]. One of such approaches can be the use of
modified nutrient media with different contents
of agar-agar.

In our work, we conducted a series of ex-
periments to determine the effect of liquid (4 g/1
agar-agar) and solid (10 g/l agar-agar) MS nu-
trient medium on the growth and development
of potato plants of the Solnechny variety.

The purpose of the study was to study the
effect of different compositions of modified nu-
trient media on the growth and development of
potato plants in the Solnechny variety in vitro
under laboratory conditions.

To achieve the goal, the effect of nutrient
medium on morphometric indicators (plant
height, number of internodes, rhizogenesis,
root system weight, shoot weight, leaf weight,
stem weight and leaf surface area) of recovered
potato microplants of the Solnechny variety
was studied and the economic efficiency of us-
ing nutrient media of different composition was
determined.

MATERIAL AND METHODS

The work was carried out in the Siberian Re-
search Institute of Agriculture and Peat - branch
of the Siberian Federal Scientific Center of Agro-
BioTechnologies of the Russian Academy of
Sciences. The object of the experiment was the
healthy maternal microclones of potato Solanum
tuberosum L. cultivar Solnechny, obtained from
the apical meristems by cultivation on standard
nutrient medium MS with modifications. Prepa-
ration and cultivation of plants were carried out
according to the recommendations’.

The Solnechny variety is mid-maturing,
suitable for processing into potato products.
Marketable yields are 21-27 tons per hectare.
The tuber is rounded with medium-deep eyes.
The skin is smooth yellow. The flesh is yellow.
The mass of the commodity tuber is 139-290 g.
The starch content is of 14,4-16,0%. The taste
is good. Productivity is 85-98%. Storability is
94%. This variety is resistant to the pathogen
of potato cancer, weakly affected by the golden
potato cyst nematode. It is included in the State
Register of the Russian Federation for the West
Siberian (10) region.

After isolation of meristem and emergence
of complete microplant from the meristem, its
microclonal propagation was carried out and

3Trofimets L.N., Boyko V.V., Anisimov B.V. et al. Non-viral seed production of potatoes: recommendations. Moscow:

Agropromizdat, 1990.
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the experiment was established. Microclonal
propagation of in vitro potato plants was car-
ried out by microtransplanting in sterile lami-
nar boxes. All microplants were diagnosed by
real-time PCR for X-, Y-, M-, L-, S-, A-viruses
and potato spindle tuber viroids before setting
up the experiment. According to the results of
the analysis, all plants used in the work were
free from the infectious agents.

Gibberellic acid (GA) and indole acetic acid
(IAA) were dissolved in 70% ethyl alcohol or
in a small amount (a few drops of 0.5 n) of HCI
or KOH. All concentrated solutions of the re-
quired elements were labeled and stored in the
refrigerator. Six compositions of the modified
nutrient medium were studied (see Table 1).

The composition of the modified nutrient
medium used as a control was selected on the

Ta6a. 1. CocraB MOTUPUITMPOBAHHON MUTATETLHON CPEIbI ISl BBIPAIIUBAHUS 03/I0POBJICHHBIX

pacteHuii KapTodens

Table 1. Composition of a Modified Nutrient Medium for Improved Potato Plants

Experiment variant number
1 2 3 4 5 6
Nutrient medium Miirtlllle(li/igm M‘)SVirélleil/i? m MS medium | MS medium ) )
component MS medium content of content of with increased | with reduced | Medium with
(control), mg/1 mineral mineral content of agar-agar GA and IAA
components, components, (I%gg/rl'fgri fg 1 (4 ;‘;{l)terlrlltg 1 content, mg/l
mg/l mg/l
Macrosalts
NH,NO, 1650 825 550,00 1650 1650 1650
KNO, 1900 950 633,34 1900 1900 1900
CaCl, 2H,0 440 220 146,67 440 440 440
MgSO, 4H,0 370 185 123,34 370 370 370
KH,PO, 170 85 56,67 170 170 170
Microsalts
H,BO, 6,2 3,1 2,07 6,2 6,2 6,2
MnSO, 4H,0 22,3 11,15 7,44 223 22,3 22,3
CoCl, 6H,0 0,025 0,0125 0,0084 0,025 0,025 0,025
ZnSO, TH,0 8,6 4,3 2,87 8,6 8,6 8,6
CuSO, 5H,0 0,025 0,0125 0,0084 0,025 0,025 0,025
Na,MoO, 2H,0 0,25 0,125 0,084 0,25 0,25 0,25
KI 0,83 0,415 0,28 0,83 0,83 0,83
Ferric chelate
Fe,SO, 7H,0 27,8 13,9 9,27 27,8 27,8 27,8
Na,~EDTA 2H,0 37,3 18,65 12,44 37,3 37,3 37,3
Vitamins
Thiamine — HCI 2,5 2,5 2,5 2,5 2,5 0,1
Pyridoxin — HCl 5 5 5 5 5 0,5
AC-K 2,5 2,5 2,5 2,5 2,5 —
Growth regulators
GA - - — 3
IAA - - - - 1
Saccharose 30000 30000 30000 30000 30000 10000
Agar-agar 7000 7000 7000 10000 4000 7000
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basis of data given in the literature, which the
authors of this work have been successfully
used for several years for cultivation of healthy
potato microplants during microtransplanting
[14, 15].

In the modified nutrient media 2 and 3 the
content of mineral components is reduced in
order to identify the influence of the amount
of mineral part on the growth and development
of potato microplants. Modified nutrient media
4 and 5 are distinguished by increased and de-
creased content of agar-agar. Adding more agar-
agar to the modified nutrient medium leads to a
slower growth and development rate of potato
microplants, which allows to reduce the cost of
micrografting. The use of a modified nutrient
medium with a lower content of agar-agar al-
lows for greater mobility of trophic elements
and a higher rate of growth and development
of microplants. The use of modified nutrient
medium 5 is more profitable from an economic
point of view and can provide more active plant
growth. The modified nutrient medium of the
Kemerovo Research Institute of Agriculture
(KemNIISKh) [16] was used for the basis of
modified nutrient medium 6. Against the back-
ground of other media, it stands out due to the
presence of growth regulators, composition of
vitamins, and low sucrose content. This nutri-
ent medium contributes to an increase in the
multiplication factor and plant height.

During the experiment, the cuttings were
cultivated at 20-22 °C with a photoperiod (light/
dark) of 16/8 h in tubes for 28 days using OS-
RAM fluorescent lamps (cold daylight, power
36 W, illumination section of 5 thousand lux).
Thirty-five plants of each variety were grown
on each variant. Repeatability was threefold.
During the experiment on the 3rd, 7th, 14th,
21st, 28th days we measured the indices char-
acterizing plant development: plant length,
root presence, number of internodes per plant.
On the 28th day, we measured the total plant

weight, leaf weight, root weight, and surface
area of the leaf plate.

The appearance of roots was determined vi-
sually at certain intervals. The height was mea-
sured with a ruler from the base of the plant to
the upper point of growth. The number of inter-
nodes was determined by counting them on one
microplant. The weight of plants with leaves,
the weight of leaves, and the weight of roots
were determined by weighing on laboratory
scales. Scanned images of leaves were used to
determine leaf surface area, which were pro-
cessed using the program "Image]". Statistical
processing of the results was performed using
the Windows Statistica 8.0 software package.
Mann-Whitney test was used to compare the
studied values.

RESULTS AND DISCUSSION

The results of the study of different compo-
sitions of the modified nutrient medium on the
height of plants at different stages of their de-
velopment are shown in Table 2. The studied
compositions of nutrient medium are given in
Table 1.

Analysis of the data of Table 2 shows that
growing of healthy potato plants of the Sol-
nechny variety on modified nutrient medium
MS with 1/2 of mineral components led to an
increase in plant height (the difference was 1
cm on the 14th day of growing, 2 cm on the
21st day and 2.52 cm on the 28th day of grow-
ing). Using a modified nutrient medium MC
with 1/3 mineral components led at first to a
decrease in the plant height compared to the
control (0,39 cm on the 7th day of growth), but
at a later date to an increase in the plant height
(plants of experimental variant were higher
than the control by 0.6 cm on the 14th day of
development, by 2.25 cm on the 21st day and
by 2.7 cm on the 28th day). It should be noted
that different varieties respond differently to
this factor. For example, N.V. Lebedeva* notes

*Lebedeva N.V. Accelerated multiplication of early potato varieties under in vitro conditions and its use in seed production of
the North-West of Russia: Ph.D. in Agricultural Sciences. Velikie Luki, 2015. 186 p.
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Ta6a. 2. BimsHaue pa3nudHbIX COCTaBOB MOAM(DHUIIMPOBAHHON MTUTATEIBHOMN CPE/Ibl Ha BHICOTY 03/10-
POBJICHHBIX MUKpOpacTeHuil copra CoHEUHbIH, CM

Table 2. Effects of Different Compositions of the Modified Nutrient Medium on the Height of
Improved Microplants of the Solnechny Variety, cm

Experiment Cultivation time, days
option 3 7 14 21 28
1 0,17+0,018 1,15+ 0,06 4,92 +0,21 7,38 £0,25 8,95+0,27
2 0,20+ 0,015%* 1,07 £ 0,06 5,92 £ 0,20%** 9,38 £ 0,25%** 11,47 £ 0,20%**
3 0,12 + 0,009 0,76 + 0,04*** 5,52 £0,16%* 9,63 £ 0,27%** 11,65 4+ 0,31%**
4 0,13+0,016* 0,87 + 0,05%** 4,89+ 0,16 7,07 £0,27 8,46 + 0,32*
5 0,13+£0,010 1,04 £ 0,05 5,42 +£0,17* 7,64 £ 0,23 9,13+£0,22
6 0,11 + 0,009** 1,35 £ 0,06** 7,53 £0,19%** 11,85 £ 0,23%** 15,22 £ 0,27%%*

Here and in Tables 3, 4:
* Differences are significant with p < 0.05 compared to control.
** Differences are significant with p <0.01 compared to control.

*** Differences are significant with p <0.001 compared to controls.

a significant negative impact of reducing the
mineral part on the growth and development
of potato varieties Udacha, Charodey, Zagadka
Pitera and Snegir. The plants grown on MS me-
dium with increased content of agar-agar insig-
nificantly lagged behind the control plants in
growth (0,04 cm on the 3rd day of growth, 0,28
cm on the 7th day of growth and 0,49 cm on the
28th day of growth). Use of modified MS nutri-
ent medium with reduced content of agar-agar
did not cause statistically significant deviations
from the control. The only difference appeared
on the 14th day of cultivation - the plants were
0.5 cm higher than controls, but no differences
were noted on later terms of cultivation. With
the modified medium with added GA and TAA,
the plants first lagged behind the control (by 0.6
cm on the 3rd day of cultivation), then caught
up and exceeded the length of control plants
(1.2 cm on the 7th day, 2.61 cm on the 14th
day, 4.47 cm on the 21st day and 6.27 cm on
the 28th day). The increase in the height of po-
tato microplants by 7.6-24.1% when using the
medium of KemNIISKh is also noted by V.P.
Khodaeva and V.I. Kulikova [16].

The results of measuring the number of in-
ternodes when growing microplants using a

modified nutrient medium of different compo-
sition are presented in Table 3.

In the variant with the use of modified nutrient
medium MS with 1/2 mineral components in the
experiment with potato plants of the Solnechny
variety an increase in the number of internodes
on the 14th and 21st days of growth (0.38 and
0.41 units, respectively) was noted, but on the
28th day of growth reliable differences were not
revealed (see Table 3). On the 21st day of culti-
vation, there was also an increase in the number
of internodes in plants grown on medium with
the addition of GA and TAA (by 0.29 units). On
the 28th day of growth reliable differences were
not revealed. Khodaeva V.P. and Kulikova V.I.
[16] also indicate that the number of internodes
in some cases increased by 30% when using
the modified nutrient medium of KemNIISKh.
In addition, the studies by E.P. Myakisheva and
others [10] show that adding 4 g/l agar-agar to
the modified nutrient medium contributes to an
increase in the number of internodes. However,
no such effect was observed in our work.

The effect of different compositions of the
modified nutrient medium on the morphomet-
ric parameters of growing plants is shown in
Table 4.
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Ta6a. 3. BiusHaue pa3nuuHbIX COCTaBOB MOAU(DUIIMPOBAHHON MTUTATEIBHOHN CpeJlbl HA KOIUYECTBO
MEK0Y3IUI 0310pOBICHHBIX MUKpopacTeHUul copta CONHEUHBIH, IIIT.

Table 3. Effects of Different Compositions of the Modified Nutrient Medium on the Number of
Internodes of Improved Microplants of the Solnechny Variety, pcs.

Experiment Cultivation time, days
option 7 14 21 28
1 0,75 £0,091 3,08+0,121 4,81 £0,111 6,57 0,100
2 0,87 £ 0,083 3,46 £ 0,104* 5,22 +£0,106%* 6,78 £ 0,104
3 0,54 + 0,072 3,11 £0,077 493 +0,090 6,50 £ 0,094
4 0,81 + 0,084 3,18+ 0,086 4,75 +£0,103 6,53+0,110
5 0,81 + 0,080 3,20 £ 0,087 4,77 £ 0,102 6,62 + 0,095
6 0,90 £ 0,072 3,27+ 0,078 5,10 = 0,099* 6,77+ 0,107

The analysis of the data presented in Table
4 shows that on the modified MS nutrient me-
dium with 1/2 mineral components the plants
had a greater shoot mass due to a slight increase
in leaf mass (by 0.02 g, or 18%) and stem mass
(by 0.04 g, or 31%). At the same time, the area
of leaf plates was also larger (by 0.83 cm? or
12%). Plants grown on MS nutrient medium
with 1/3 mineral components had the same pa-
rameters as those grown on medium with 1/2
mineral components, but were additionally dis-
tinguished by an increased root mass (by 0.02
g, or 20%). The plants grown on a modified
medium with increased content of agar-agar
had a less massive shoot due to a decrease in
stem mass (by 0.02 g, or 15%). By contrast,
the plants grown on a modified medium with a

lower content of agar-agar had a more massive
shoot due to an increase in leaf weight (by 0.03
g, or 27%). The total surface area of leaves in
the experimental variant was higher than in the
control by 1.49 cm?, or 22.1%. The use of the
modified medium with the addition of GAs and
IAAs resulted in a significant decrease in the
weight of the root system of plants (by 0.05 g,
or 50%), a decrease in the weight of leaves (by
0.05 g, or 54.5%) and an increase in the stem
weight (by 0.03 g, or 23%). The surface area of
leaf plates was reduced by 1.87 cm2, or 27.8%.

The dynamics of rhizogenesis in plants
grown on modified nutrient media of different
composition is presented in Table 5.

When growing potato microplants of the Sol-
nechny variety on modified MS medium with a

Taoxa. 4. Brusaue pa3iMyHbIX COCTAaBOB MOAN(DUIIMPOBAHHOMN MUTATENLHON cpeibl Ha MOpQoIornye-
CKHe TI0Ka3aTeJId 03/10pOBJIEHHBIX MUKpopacTeHNH copTa CoTHEUHBIN Ha 28-€ CyTKH BBIPALUBAHUS

Table 4. Effects of Different Compositions of the Modified Nutrient Medium on Morphological
Parameters of Improved Microplants of the Solnechny Variety on the 28th Day of Cultivation

Experiment Weight, g Lamina surface area,
option roots sprout leaves stem cm?

1 0,10 +£ 0,004 0,24 + 0,008 0,11 £0,004 0,13 + 0,006 6,74 £ 0,206
2 0,11 +0,004 0,30 £ 0,01 %** 0,13 £ 0,004** 0,17 £ 0,007%** 7,57 £ 0,199%*
3 0,12 +0,005* 0,30 £ 0,01%** 0,13 +0,003%** 0,17 £ 0,007*** 7,52 +£0,188**
4 0,09 + 0,04 0,21 £ 0,01** 0,10 + 0,003 0,11 +£0,005%* 6,95+ 0,184
5 0,11 +0,04* 0,28 £ 0,01** 0,14 + 0,005*** 0,14 + 0,005 8,23 +0,225%**
6 ,05 £ 0,04+ 0,22 £0,01 0,06 £ 0,004*** 0,16 = 0,008*** 4,87 +0,213%**
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reduced concentration of mineral components,
acceleration of rhizogenesis was recorded (see
Table 5). In addition, acceleration of rhizogen-
esis was also noted in the variant with reduced
amount of agar-agar. Addition of GAs and
IAAs resulted in slowing down the process of
root formation. While stimulating stem growth,
this modified nutrient medium simultaneously
suppressed root growth due to the high concen-
tration of gibberellin and led to a decrease in
the leaf size, which is expressed in their low
weight in this variant of the experiment’.

When calculating the cost-effectiveness of
the use of modified nutrient media of different
composition, the cost of individual components
of the nutrient medium, as well as disposable
consumables required in the preparation of the
media (during the preparation of nutrient me-
dium MS with the addition of GAs and 1AAs
for sterilization of these components it is ad-
ditionally necessary to use cold filtration filters,
the cost of which is 246 rubles. 84 cop. per 1
pc. Two filters are needed to prepare 1 liter of
medium). The cost of individual components
is presented in Table 6. Calculation results are
given in Table 7. Prices as of October 22, 2021

Taba. 5. Biousiane pa3snudHbBIX COCTABOB MO-
TUUITIPOBAHHON MUTATETFHON CPEAbl Ha YUCIIO
MUKpopacTeHuit kaprodest copra COTHEUHBIH ¢
MTOSIBUBIIMMUCS KOPHAMHU Ha Pa3HBIX CPOKaX Kyib-
TUBUPOBAHUSI

Table 5. Effects of Different Compositions of
the Modified Nutrient Medium on the Number of
Potato Microplants of the Solnechny Variety, with
Roots Formed at Different Stages of Cultivation

. Cultivation time, days
Experiment
option 3 7 14 21 28

1 (control) 19 70 105 105 105
2 29 82 104 105 105
3 29 85 104 105 105
4 23 52 105 105 105
5 40 81 105 105 105
6 10 58 105 105 105

Tao6a. 6. CTouMOCTh KOMIOHEHTOB ITUTATEIIHLHOMN
Cpens

Table 6. The Cost of Components of the
Nutrient Medium

Nutrient medium component Cost
per 1 kg, roubles.

NH,NO, 468
KNO, 440
CaCl, 2H,0 400
MgSO, 4H,0 300
KH,PO, 479
H,BO, 173
MnSO, 4H,0 1157
CoCl, 6H,0 2980
ZnSO, 7TH,0 243
CuSO, 5H,0 724
Na,MoO, 2H,0 3448
KI 5516
Fe,SO, 7H,0 318
Na ~-EDTA 2H,0 700
Thiamine — HCI 41167
Pyridoxin — HCI 466078
IAA 65496
GA 1484306
Saccharose 586
AC-K 2552
Agar-agar 5700

Taoda. 7. CToUMOCTb pa3IUYHbIX BAPUAHTOB
MOAM(UIMPOBAHHON MUTATEIBHON CPeIb

Table 7. The Cost of Different Compositions
of Modified Nutrient Medium

Nutrient conditions variant Costper 11,

roubles.

Control 61,96

MS medium with 1/2 content of

mineral components 60,94

MS medium with 1/3 content of

mineral components 60,60

MS medium with increased content of

agar-agar (10 g/l) 79,07

MS medium with reduced agar-agar

content (4 g/l) 44,87

MS medium with 3 mg/l GA and 1

mg/l TAA 557,97

3 Timofeeva O.A., Nevmerzhitskaya Yu. Yu. Clonal micropropagation of plants: teaching aid. Kazan: Kazan University. 2012.

56 p.
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were used for the calculations.

The most expensive components of modi-
fied nutrient media are GAs, IAAs, Thiamine
- HCl, and Pyridoxine - HCI (see Table 6).

From the considered three variants of nutri-
ent medium composition are cheaper than the
control: nutrient medium with 1/2 mineral com-
ponents (by 1 p.02 for 1 1), nutrient medium
with 1/3 mineral components (by 1 p.36 for 1 1)
and nutrient medium with decreased agar-agar
content (by 17 p.09 for 1 1) (See Table 7).

CONCLUSION

The use of a modified nutrient medium with
a reduced amount of mineral components (1/2
and 1/3 of MS concentration) for growing po-
tato plants of the Solnechny variety led to an
increase in the plant height, increased weight
of the root system, leaves and stems of plants,
as well as an increase in the surface area of leaf
plates of the plants. Cultivation of healthy po-
tato plants on modified nutrient medium with
an increased content of agar-agar (10 g/l) led
to a decrease in the height of plants and stem
weight. The use of a modified nutrient medium
MS with a lower content of agar-agar (4 g/l)
caused an increase in the root weight, leaf
weight and total surface area of leaf plates of
potato plants of the Solnechny cultivar. In the
variant with the modified nutrient medium with
the addition of GAs and IAAs, a significant in-
crease in the plant height, as well as a decrease
in the weight of the root system, leaves and the
total surface of the leaf plates were observed.
In addition, in this variant, an increase in the
weight of plant stems was recorded.

When calculating the cost of a modified nu-
trient medium of different compositions, the
modified nutrient medium with the addition of
GAs and IAAs was found to be the most expen-
sive variant of those studied; the medium with
a reduced amount of agar-agar was found to be
the least expensive.

For cultivation of healthy microplants of the
Solnechny variety for further cuttings to obtain
the maximum number of new plants it is ad-

visable to use a modified nutrient media with
a reduced number of mineral components (1/2
and 1/3 parts). When growing plants which are
being prepared for further transplanting to aero-
hydroponic plants to obtain minitubers, a modi-
fied nutrient media MS with reduced amounts
of mineral components (1/2 and 1/3), as well
as with reduced content of agar-agar (4 g/l) are
recommended.
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BUOJIOT'NMYECKASA OIIEHKA KOCTPELIA BE3OCTOI'O
B PABJIMYHBIX AT'POKIIMMATHYECKUX 30HAX AKYTUHU

'AnekceeBa B.1., CX)[11aTonoBa A.3.

! AKymceKuil HayyHO-UCCc1e008amMenbCKULl UHCIMUMym cebekoeo xossaucmea um. M. Caghponosa —
0bocobnennoe noopazoenenue Axymckoeo nayunozo yenmpa Cubupcrkoeo omoenenus Poccuiickoil
akademuu HayK

PecrryOmuka Caxa (Skyrtust), Poccus

’Apxmuyeckuil 20cy0apCcmeenHblil a2pomexHoNI0SULeCKUll YHUSEPCUmen
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(<) e-mail: agafya.platonova.2016@mail.ru

[pencraBiensl pe3yabTaThl OHOIOTHYECKON OIIEHKH COPTOOOpa3IoB KocTpela 0e30C¢Toro B pas-
HBIX arpOKJIMMAaTHYECKUX 30HaX SIkyTnn. B riccienoBannsx ncnonb30BaHbl 143 KOMIEKIIMOHHBIX CO-
pTooOpasia KocTperna 6e30CToro u3 reHerndyeckor koiwieknuu BUP, apyrux HayqHO-MCCIeI0BaTeb-
CKUX YUPEKICHUH, a TAKIKE MECTHBIE TUKOpAcTyIre o0pasibl. M3yuaembie copTooOpasiibl 00IaiatoT
BBICOKOU 3MMOCTOMKOCTBIO, CEJICKIIMOHHBIC HOMEpa B OOJIbIIeH cTeneHu. JlaHa olleHKa 3acyX0yCTou-
YHBOCTH COPTOOOPA3IIOB, BHIPAIIMBAEMBIX B TPEX 30HaX SKyTHH. YCTaHOBJIEHA TECHAasl B3aUMOCBSI3b
MIPU3HAKOB 3MMOCTOMKOCTH U 3aCyXOYCTOWYIHBOCTH (BOHOYIACPIKUBAIOIICH CITOCOOHOCTH) Y KOCTpe-
ma 6e3zoctoro. Koaddurment xoppemsiiun B cpentem coctaBmit 0,74. JlaHa orieHKa HHTCHCHBHOCTH
TPaHCIHpPAIUN Y COPTOOOPA3IOB KOCTpena 0e30CToro. AHANNU3 JHEBHOW AMHAMHKH TPAaHCIIHPAIIUU
BBISIBIJI, YTO B HAYAJILHOU (paze pa3BUTHS TeHEPATHUBHBIX MOOETOB (BBIXOA B TPYOKY) MHHHUMAIIbHAS
WHTCHCUBHOCTh TPAHCIHPAIIMU MPOUCXO/IWIIA B BEUCPHEE BpPEMsl, MaKCUMallbHAasi — B YTPEHHHUE U
JHCEBHBIC YacChl. B (1)336 KOJIOHICHUA U UBETCHHUA MHTCHCUBHOCTD TPpaHCIIMPALlKU 3aBUCUT OT ITOTI'OIHBIX
YCIIOBHH. YCTAHOBIICHO, YTO BBICOKAs 3MMOCTOMKOCTh KOCTpera 0e30CTOro 00yCIOBIMBACT BHICOKYIO
YpOXKaHOCTH CeHa; HU3KUH MPOIIEHT BOIOYICPKUBAIOIICH CITOCOOHOCTH — 3UMOCTORKOCTD | TIONY-
YeHHEe MaKCUMAIILHOTO YPOXKasi CeHa B YCIIOBUAX KpHOIUTO30HKI SIkyTnu. Koadduiments koppers-
LMY MEX]Ty TTapaMeTpaMHu 3UMOCTONKOCTH, 3aCyXOyCTOMYMBOCTH C YPOXKAHHOCTBIO CEHA TIPU Pa3HOM
TpaBocToe B cpepHeM cocraBuin —0,85...—0,24. CranpapTHblii copt KocTpena 6e3octoro KamasuH-
ckuil 14 ycTOWYMB M BBICOKO aJIaliTUPOBAH K YCIOBUAM SIKyTHH, PEKOMEH/IyeTCsl KaK POAUTENbCKAs
(dopMa B CEJIEKIIMOHHOM TIpoIiecce Mo Koctpely Oezoctomy. [Ipu otbope copToodpasiioB KocTpena
0e3o0cToro ciaemyeT oOpaTUTh BHUMAHHWE HA COPTOOOPA3IBI M3 MECTHOW CEJIEKITNH, a TaKXKe Ha IT0-
YIS SKCTISAUIIMOHHBIX COOPOB 10 SIKyTHH, KOTOPBIE 00IaatoT BHICOKOH YPOXKAIHOCTBIO CEMSIH.

KuroueBbie ciioBa: kocTpel] 0€30CThIN, 3MMOCTOMKOCTb, 3aCyX0YCTOMYMBOCTh, CEMCHA

BIOLOGICAL EVALUATION OF AWNLESS BROMEGRASS IN DIFFERENT
AGRO-CLIMATIC ZONES OF YAKUTIA

! Alexeeva V.I., ©<)?Platonova A.Z.

'M.G. Safronov Yakut Scientific Research Institute of Agriculture — Branch of the Federal Research
Centre “The Yakut Scientific Centre of the Siberian Branch of the Russian Academy of Sciences”
Republic of Sakha (Yakutia), Russia

?Arctic State Agrotechnological University

Republic of Sakha (Yakutia), Russia

(<) e-mail: agafya.platonova.2016@mail.ru

The results of biological evaluation of awnless bromegrass varieties in different agroclimatic
zones of Yakutia are presented. A total of 143 collection varieties of awnless bromegrass from the
genetic collection of VIR, other research institutions and local wild specimen were used in the re-
search. The varieties studied are highly winter-hardy, the breeding specimen numbers to a greater
extent. The drought tolerance of the varieties grown in the three zones of Yakutia is evaluated. A
close relationship between winter hardiness and drought tolerance (water retention capacity) in awn-
less bromegrass was established. The correlation coefficient averaged 0.74. The intensity of transpi-
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buonornueckas oreHka KocTpena 6e30cToro B pa3inyHbIX
arpOKIMMATHYECKUX 30HaX SIKyTHH

Anexceesa B.U., [TnaroHoBa A.3.

ration in awnless bromegrass cultivars is evaluated. Analysis of the daily dynamics of transpiration
revealed that during the initial development phase of generative shoots (emergence into a tube), the
minimum intensity of transpiration occurred in the evening and the maximum in the morning and
afternoon hours. During the earing and flowering phase, the intensity of transpiration depends on
weather conditions. It has been established that high winter hardiness of awnless bromegrass ac-
counts for high hay yield; low water-holding capacity accounts for winter hardiness and maximum
hay yield in the conditions of Yakutia's cryolithozone. The correlation coefficients between winter
hardiness, drought tolerance parameters and hay yield at different herbage levels averaged —0,85...
—0,24. The standard variety of awnless bromegrass Kamalinsky 14 is stable and highly adapted to
the conditions of Yakutia, and is recommended as a seed parent in the selection process for awnless
bromegrass. When selecting varieties of awnless bromegrass, attention should be paid to varieties
from local breeding, as well as populations of expeditionary collections across Yakutia, which have
high seed yields.
Keywords: awnless bromegrass, winter hardiness, drought resistance, seeds.
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INTRODUCTION used in grass mixtures when creating cultivated

Awnless bromegrass (Bromopsis inermis hayfields and pastures, as well as for sowing

Leyss) is one of the most common perennial
grasses. Due to its biological features, it grows
in various soil and climatic conditions, includ-
ing the Far North [1, 2].

Awnless bromegrass is characterized by
high yield, drought tolerance and winter har-
diness. It is willingly eaten in pastures and as
hay by all kinds of livestock. It grows well after
mowing or straining. Grows early in spring and
yields large quantities of green fodder; thus, it
may be used as an early green supplementation
instead of winter crops. In Yakutia it survives in
grass on fenced plots for 8-9 years. It is widely

in drained bogs and lands subject to water and
wind erosion' [1-9].

Many literature sources indicate the impor-
tance of winter hardiness in the preparation
of plants depending on their belonging to the
type groups (in relation to negative air temper-
atures). The following types of crops are dis-
tinguished: those resistant to low temperatures
of atmospheric air, soil layer and under-snow
temperature [10-16]. Awnless bromegrass has
many forms, which are united into two types
according to biological, ecological, and eco-
nomic characteristics: northern and southern
(see footnote 1) [6, 16].

'Efimova A.Z. Agroecological justification of awnless bromegrass (Bromopsis inermis (Leyss.) Holub) cultivation for seeds

in Yakutia: Ph.D. in Agricultural sciences. Yakutsk, 2004. 24 p.
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In Yakutia, the main limiting factors are
severe overwintering conditions and drought
conditions during the growing season. The se-
lection of source material adapted to the harsh
conditions of Yakutia should be the basis for
the creation of varieties with a stable yield of
aboveground mass.

The purpose of the study is to evaluate the
biological characteristics of awnless brome-
grass varieties in different agroclimatic zones
of Yakutia.

MATERIAL AND METHODS

Experimental studies were conducted in
three scientific field stations of the M.G. Saf-
ronov Yakut Scientific Research Institute of
Agriculture, which are located in different ag-
roclimatic zones of crop cultivation: Prigoro-
dnaya (Khangalassky ulus), Zarechnaya (Ust-
Aldansky ulus) and Northern (Oymyakonsky
ulus).

In Khangalassky ulus, the research was con-
ducted in 1989-1993 on a floodplain site lo-
cated in the middle course of the Lena River.
The soil is frozen-floodplain, soddy, light gray
sandy loam with neutral and slightly alkaline
reaction of soil medium. Salinity type is sul-
fate-chloride. Humus content in arable layer
is 2.14-2.95%, exchangeable potassium is 3.5-
19.7 mg/100 g, pH is 7.2-7.4.

In the Ust-Aldan ulus, the research was con-
ducted on the thermokarst alas Bedi in 2006-
2008. The alas is flat and belongs to the basin-
valley type. The site is located on alas xero-
morphic solonets, which are widespread in alas
meadows of the studied region. This soil type
occupies 47.4% of the area of the main bottom
of Badi alas, which 1s 672.7 ha [17].

The microrelief of the experimental plot is
flat, with a slight slope from north to south,
from the periphery of the alas to the center. The
humus content at the depth of 0-20 cm is very
high (8.9%) with decreasing down the profile to
1.9%. Provision of nitrate nitrogen is very high -
46-48 mg/kg of soil, phosphorus content is very
low - 58 mg/kg, potassium at 0-20 cm depth
is very high - 305 mg/kg, 20-40 cm is high -
159 mg/kg. Salinity is weak, sulfate-chloride at
0-20 cm horizon and hydrocarbonate at 20-40

cm horizon. According to the observations of
R. Desyatkin [17], permafrost during the grow-
ing season drops to 2.0-2.5 m.

In the Oymyakonsky ulus the research was
conducted in 1998-2001. The site is located
on the floodplain of the Yuchyugei River. The
soil is permafrost north taiga podzolized. The
soil profile is subjected to permafrost cryotur-
bations, gleyed, and has thixotropy on soils of
heavy texture. By mechanical composition, the
soils are light, medium and heavy loamy on an-
cient alluvial deposits, underlain by sand and
pebbles from below. The humus content is 2.11-
2.47%, the reaction of the aqueous solution of
the soil medium is neutral, pH 6.4-7.7. The con-
tent of phosphorus and potassium is high. In the
upper layers (0-20 cm), the phosphorus content
is 29.9-31.78 mg/100 g of soil, exchangeable
potassium is 25.6-26.4 mg/100 g.

Meteorological conditions during the years
of research were characterized by very harsh
winters (temperature dropped to -57 °C in
Khangalassky and Ust-Aldansky uluses and
lower to -62 °C in Oymyakonye) and more fa-
vorable conditions during the growing season.

Hydrothermal coefficient (HTC) in the first
site for 1989-1993 was from 1.2 to 2.7. The dry
period was 1989 (HTC 1.20), 1993 (HTC 1.53),
humid - 1990, 1991 (HTC 2.07 and 1.62, re-
spectively). The year 1992 was humid (GTC
2.7).

At the second site in 2006-2008 the me-
teorological conditions of the growing season
can be divided into dry (2007) and wet (2006,
2008) according to the hydrothermal coeffi-
cient. Weather conditions of vegetation period
2007 were characterized by relatively low air
temperature and deficit of atmospheric precipi-
tation. During the first and second ten-day peri-
ods of July, the weather was dry and hot, while
rains started only from the third ten-day period.
The HTC was 0.55. The sum of active tempera-
tures above 10°C was 1,295°C, and precipita-
tion totaled 71.4 mm during the period.

At the third test site, the HTC was 1.65 in
2000 and 1.23 in 2001.

Field experiments, biometric measurements
and observations were carried out according to
the methodological guidelines of VIR (1985)
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and VNIIK (1985, 1993). Daily transpiration
rate was determined according to N. Gusev's
method "Some methods of plant water regime
research" (1966). Mathematical processing of
the research results was carried out according
to B.A. Dospekhov (1985) using the software
package Sandor (2009) and Microsoft Office
Excel 2007.

143 collection variety samples of awnless
bromegrass from the genetic collection of VIR
and other research institutions, as well as local
wild specimens were used in the studies: 40
variety samples in Khangalass Ulus, 90 variety
samples in Oymyakonsky Ulus, and 13 samples
in Ust-Alansky Ulus. The standard is a zoned
variety Kamalinskiy 14.

RESULTS AND DISCUSSION

When determining the selection features of
awnless bromegrass, important biological traits:
winter hardiness, drought tolerance and water
retention capacity were taken into account. Ac-
cording to the developed farming technique of
this crop in the conditions of Yakutia, sowing
was carried out by wide-row method in the
summer period [2, 12]. Good adaptability of
awnless bromegrass under Yakutian conditions
is observed with such sowing.

In Khangalassky and Oymyakonsky uluses,
experimental plots were used for winter grazing
of horses during the winter period. As a result,
winter-hardy and drought-resistant varieties
were identified.

In Khangalassky ulus, in the standard vari-
ety Kamalinsky 14 winter hardiness in the first
2 years of plant life is generally good, which
becomes excellent with age.

When evaluating awnless bromegrass cul-
tivars for drought tolerance, it was determined
that the water-holding capacity is well mani-
fested in vegetative shoots. Generative shoots
in dry year are less stable than vegetative ones
in water-holding capacity. In this connection,
the specimens were studied during the tillering
phase.

Water loss from the total weight of plants was
recorded in the first year of vegetation of plants
in the variety Kamalinsky 14 at 4.5%, in local
samples - from 2 to 3%. In subsequent years of

herbage use, it was noted that water retention
capacity reached 5% in variety Kamalinsky 14
and up to 4% in local populations, except for
hybrid number G-18. It showed homeostasis ef-
fect and did not change its water-holding capac-
ity from the third to the fourth year of plant life
(at the level of 2%).

Hay yields were 14.4 to 33.3 c/ha for Ka-
malinsky 14 on the bogara depending on HTC
of the year and the first point of research. The
first life year of awnless bromegrass coincided
with a moderately humid year (HTC 0.81). Hay
yield reached 33.3 c/ha. In the second year of
awnless bromegrass life (HTC 1.03) hay yield
was 21.1 c/ha. In the third year of life this in-
dicator was 14.4 c/ha, which is associated with
the age of the herbage and a very dry summer
(HTC 0.59). In the fourth year of life in a more
favorable year (HTC 1.09) the hay yield was
21.98 c/ha.

Thanks to agrotechnological methods, the
variety Kamalinskiy 14 adapted well in the
cryolithozone. Negative correlation was noted
both between yield and winter hardiness (up to
-0.6), and between hay yield and water reten-
tion capacity (-0.8) (see Table 1).

A similar agronomic technique with wide-
row sowing method was used in the second
point of research when studying the VIR col-
lection of awnless bromegrass in the harsh con-
ditions of the cold Pole of Oimyakon.

It was noted that Kamalinskiy 14 adapted
well in the cryolithozone. In this variety, the
negative relationship between yield with winter
hardiness (to -0.5), and between hay yield and
water-holding capacity (-0.5) was confirmed.

Local varieties showed themselves differ-
ently: a positive correlation between winter
hardiness and hay yield and water-holding ca-
pacity and hay yield was noted. Correlation co-
efficients were 0.6-1.0 and 0.6, respectively. In
hybrid samples the negative relationship with
winter hardiness and hay yield is clearly ex-
pressed, indicating homeostasis and inheritance
of the parental form of the Kamalinskiy 14 va-
riety (see Table 2).

Peculiarities of winter hardiness of awnless
bromegrass and drought tolerance expressed
themselves in a certain correlation with forage
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Taodua. 1. Xo35HUCTBEHHO LICHHbIC IPU3HAKH U ONPECICHUE B3aUMOCBSI3H C YPOXKANMHOCTBIO CEHA
Yy COpPTO00Pa3IoB KocTpera 6e30CTOro B yCIOBHIX XaHranacckoro yiyca (rmoceB 1989 r., yuer 1990-

1993 rr.)

Table 1. Economically valuable traits and determination of correlation with hay yield in awnless
bromegrass cultivars in Khangalass ulus conditions (seeding 1989, records 1990-1993)

Winter Drought tolerance
Year of Life hardi HTC (water retention Hay yield, c/ha
ardiness, score .
capacity), %

First (1990) 4,5 0,81 4 33,3
Second (1991) 4,5 1,03 4,5 21,1
Third (1992) 5 0,59 5 14,4
Fourth (1993) 5 1,09 5 21,98
Property correlation coefficient with the

. —-0,66 0,24 0,87 1,00
yield of awnless bromegrass hay

harvesting in the second field point. The cor-
relation coefficient between winter hardiness
and waterholding capacity for Kamalinsky 14
variety was 1,00, for Karavaev's bromegrass
ONe07-1/37 — 0,82, variety G-18 - 0,58, for
bromegrass ONe07-1/51 — 0,58. The average
correlation coefficient for the samples was 0.74.

In Ust-Aldansky ulus the sowing was made
in the autumn term. Observations of transpira-
tion intensity in awnless bromegrass cultivars
were carried out during the second, third and
fourth years of life according to plant develop-
ment phases (emergence of a tube, earing and
flowering).

Over the years of research, the daily transpi-
ration rate of awnless bromegrass cultivars is
expressed by single- and double-peaked curves
shown in the figure.

The analysis of daily dynamics of transpira-
tion revealed that in the initial phase of devel-
opment of generative shoots (emerging into the

tube) the minimum intensity of transpiration
occurred in the evening, the maximum - in the
morning and afternoon hours. In the earing and
flowering phase, the intensity of transpiration
depends on weather conditions. In favorable
conditions of moisture supply in 2007 and 2008,
maximum (11 h) and minimum (13 h) evapora-
tion was recorded during daytime during ear-
ing and flowering phases. During flowering, the
peak of transpiration intensity fell on daytime
(13 h), the minimum value - in the evening (17
h). During unfavorable moisture availability in
2006, the minimum intensity of transpiration
was observed at 9 and 11 h, the maximum - in
the evening time (17 h). The analysis of tran-
spiration intensity by development phases in
awnless bromegrass showed that the maximum
evaporation of moisture from leaves occurs in
the phase of emerging into a tube. By years this
indicator varied from 1149 to 1263 mg/h, con-
siderably less in the earing phase - from 486 to

Ta6a. 2. KoadduumeHT Koppessiuu y MECTHBIX 00pa3IioB KocTpela 0€30CTOro 1 alallTHPOBAHHOTO
copra Kamanuuckuii 14 (OiimsikoHckuit yinye, noce 1998 1., yaer 1999-2001 rr.)

Table 2. Correlation coefficient in local samples and adapted cultivar Kamalinsky 14 (Oymyakonsky

ulus, seeding 1998, records 1999-2001).

Kamalinsky Karavaey Bromegrass Average
Factor relationship 14 bromegrass G-18 ENoO7-1/51 |
ENe07-1/37 e value
Hay winter hardiness and yield -0,5 1,0 -0,4 0,6 0,2
Water-holding capacity and yield of
hay -0,5 0,6 0,7 0,6 0,4
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Average daily transpiration rate of awnless bromegrass cultivars (records 2006-2008), mg/h

704 mg/h, flowering - from 681 to 951 mg/h.
Low transpiration coefficient (486-1231 mg/h)
was registered in plants during unfavorable heat
and moisture deficit vegetation period of 2006.

Among awnless bromegrass cultivars the
lowest intensity of transpiration is character-
ized by varieties Antey and Amethyst. In the
booting phase in the third and fourth years of
life they had the highest value of transpiration
coefficient - 1599 and 1614 mg/h, respectively.

In the third year of life of awnless brome-
grass varieties in the booting phase, high rates
of transpiration were revealed. In standard Ka-
malinsky 14 it was 3718 mg/h. With optimal
signs of winter hardiness and drought toler-
ance, bromegrass plants formed a good seed
yield during this period (see Table 3).

Due to biological features of awnless brome-
grass, it reaches the maximum seed yield in the
third and fourth years of plant life. Reliably
high seed yield is provided by six varieties:
Haptagaisky, Mestny Yakutsky, Ammachaan,
K-02-8, E-118, K-02-6, in which the excess
over the standard varieties varies from 22 to
49% (see Table 3).

CONCLUSIONS

1. The standard variety of awnless brome-
grass Kamalinsky 14 is stable and highly adapt-
ed to the conditions of Yakutia, and is recom-
mended as a parent form in the breeding pro-
cess for awnless bromegrass.

2. Water retention capacity of awnless
bromegrass plants in the tillering phase de-
creases to 5% with age.

3. Correlation coefficients between the pa-
rameters of winter hardiness, drought tolerance
and hay yield with different herbage on average
are at -0,85 ... -0,24.

4. High winter hardiness of awnless brome-
grass determines the high yield of hay; low per-
centage of water-holding capacity - winter har-
diness and getting the maximum yield of hay in
conditions of Yakutia cryolithozone.

5. Close correlations of winter hardiness and
drought tolerance (water retention capacity) in
awnless bromegrass were established. The cor-
relation coefficient averaged 0.74.

6. Analysis of daily dynamics of transpira-
tion revealed that in the initial phase of gen-
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Ta6a. 3. YpoxaifHOCTh CeMsH KOCTpela 0e30CTOT0 Ha TPETheM yJacTke (ycioBus anaca baau), moces

2005 ., T/m?
Table 3. Seed yields of awnless bromegrass in plot 3 (Bedi Alas conditions), seeding 2005, g / m?
Vi Year of Life Average \
ariety % to the standard
second third fourth value
Kamalinsky 14 (standard) 5,3 7,8 15,9 9,7 100
Langepas 4,7 7.5 17,5 9,9 102
Ametist 4,5 8,5 16,6 9,9 102
Antei 6,4 8,9 17,6 11 113
Local Yakut 7,3 8,5 20,1 12 124
Ammachaan 6,8 10,1 21,2 12,7 131
Khaptagai 4.8 8,9 21,6 11,8 122
E-118 6,1 11,8 23,7 13,9 143
K-02-5 4,9 8,7 17,2 10,3 106
K-02-6 7,7 12,2 23,4 14,4 149
K-02-8 6 8,4 23,3 12,6 130
LSD,, 1,7 2,9 3,1 2,1

erative shoots development (booting stage) the
minimum intensity of transpiration occurred in
the evening, the maximum - in the morning and
daytime hours. In the phase of earing and flow-
ering the intensity of transpiration depends on
weather conditions.

7. When selecting varieties of awnless
bromegrass, one should pay attention to variet-
ies from local breeding, as well as to popula-
tions of expeditionary collections in Yakutia.
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Cubupckutl HayUHO-UCCIe008AMENbCKUL UHCTUMY M PACMEHUeB00CMEa U CeleKyull — PUuiuai
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Cubupckoco omoenenus Poccutickou akademuu Hayk»

Hosocubupckast oo6nacts, p.im. KpacHoobck, Poccus
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[TorpebHOCTh B SIPOBU3ALIMHU — ONPENEICHHOE MO MPOJOHKUTEIHHOCTH BIUSHUE HU3KUX TOJI0-
JKUTCIIBHBIX TEMIIEpATyp C LCJIBIO O6eCHe‘-I6HI/I$I nepexoaa paCTeHI/Iﬁ K IT€HEpaTuBHOMY pPa3BUTUIO.
Ecnu TpeboBaHMe 1O MPOAOIKUTENFHOCTH SPOBU3ANNN HE BBITTOTHSICTCS, PACTEHHE HE BCTYyIaeT
B CTa/int0 00pa30BaHUs TeHEPATUBHBIX OpraHoB. OmnpeseneHa sipoOBU3AIMOHHAS TTOTPEOHOCTh 00-
Pa3loB O03MMOM MSTKOHM MIIEHUIIBI PA3IMYHOTO TeorpaduuecKkoro mpoucxoxkaeHus. JlaHa oneHka
BJIMSIHUA TTPOAOJDKUTCIIBHOCTHU IICPUOJa APOBU3ALIUN HA CTCIICHD BBIPAXKCHHOCTHU 3JIEMCHTOB CTPYK-
TYpBI yporkasi. MaTepranoM HCCIIeI0BaHus CIYKHIH 15 copTooOpa3iioB 03MMOM MSTKOW MIIEHUITBI
pasnuaHOrO reorpaduyueckoro mpoucxoxkaeHus. OOpasmpl mpopamuBaid B OyMakKHBIX pyTOHaX,
3aTeM SIPOBHU3UPOBAIH B KIIMMaTHIECKON kKaMmepe mpu Temneparype 3—5 °C ua mpotsnkernn 60, 50,
40 cyT. [1o oxoHYaHUM IPOBHU3AINHY BBICAXKHUBAIN B TeTutnIe 1Mo 10 pacTeHnii kaxxaoro oopasna. Ot-
MeYali JIaThl HACTYIUICHUs ()eHOJIOTHUecKuX (pa3: BhIXOJa B TPYOKY, KOJOMICHHUs, IIBeTeHHS. J[s
OTIPEICICHUSI OCHOBHBIX DJIEMEHTOB CTPYKTYPBI YPOXKasi IPOBEACH CTPYKTYPHBIN aHAIU3 PACTCHUI.
C yBeJIMYeHHEM MepUoJia SIPOBU3ALMH OTMEUCHO COKpAIICHHE MEX(a3HbIX MEPUOIOB OT BBIXOJA
B pr6Ky J0 IBETCHUA. Bnusane CPOKOB spOBHU3allMUM OTMCUYCHO Ha MPOABJICHUC IPU3HAKA JJIMHA
KOJIOCa. YCTAHOBJIEHO, YTO 001Iee KOJTMYECTBO CTeOIel 1 KOJTMIECTBO IPOIyKTHBHBIX CTEOIIEH 1Mod-
TH y BCEX COPTOB YMEHBIIAETCS C YBEITHMUECHUEM TIeproia ApOBU3AIUH. BBIABICHBI CyIIECTBEHHBIE
pa3Iuuns MEXy KOJUICKIIMOHHBIMHU COPTAMU B IIOTPEOHOCTH SIPOBU3AIUH, 00YCIOBICHHBIC KaK HX
reorpauuecKuM MPOUCXOXKACHUEM, TaK U TEHOTHIIOM pacTeHHU. Y BceX M3ydaeMbIX (opM C yBe-
JIMYCHUCM II€puo/ia sIpoBU3allU B pa3J'IH'—IHOI71 CTCIICHU YBCIMYHMBAJICA TCMII pa3BUTUA PACTCHUA,
YMEHBITIAIACH 00111ee KOTUICCTBO CTEONICH, TPOAYKTHUBHBIN CTECOIECTON U JUTMHA KOJIOCA.

KuroueBble ciioBa: o3uMas MIICHAIIA, SPOBHU3AIIHS, COPT, TeHEPATUBHAS CTaINS Pa3BUTHA

THE NEED FOR THE VERNALIZATION DURATION OF SOFT WINTER WHEAT
COLLECTION SAMPLES

C<)Musinov K.K., Kozlov V.E., Surnachev A.S., Likhenko LE.
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

(<D e-mail: musinov29@gmail.com

The need for vernalization is a duration-dependent effect of low, positive temperatures in order
to ensure the plants' transition to generative development. If the requirement for the duration of
germination is not met, the plant will not enter the stage of forming generative organs. The vernal-
ization requirements of winter soft wheat samples of different geographical origins are determined.
An assessment of the vernalization period duration influence on the severity of the elements of the
yield structure is given. The research material consisted of 15 cultivars of soft winter wheat of vari-
ous geographic origin. The samples were germinated in paper rolls, then vernalized in a climatic
chamber at a temperature of 3—5 °C for 60, 50, and 40 days. At the end of vernalization, 10 plants of
each sample were planted in a greenhouse. The dates of the onset of phenological phases were noted:
tube emergence, earing, flowering. To determine the main elements of the yield structure, a structural
analysis of plants was carried out. With an increase in the vernalization period, a decrease in the interfa-
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cial periods from tube emergence to flowering was noted. The influence of the timing of vernalization
was noted on the manifestation of the spike length trait. It was found that the total number of stems
and the number of productive stems in almost all varieties decreases with an increase in the period of
vernalization. Significant differences between collection varieties in the need for vernalization, due to
both their geographical origin and the genotype of plants are revealed. In all the studied forms, with an
increase in the period of vernalization, the rate of plant development increased to varying degrees, the
total number of stems, the productive stem and the length of the spike decreased.
Keywords: winter wheat, vernalization, variety, generative stage of development
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INTRODUCTION

In the process of evolutionary development
in the species of soft winter wheat Triticum aes-
tivum L., a variety of genetic mechanisms have
emerged that allow to control the adaptive reac-
tions regulated by the action of temperature [1,
2]. The duration of the growing season in soft
wheat is an important adaptive trait that deter-
mines the productivity of the plant and resis-
tance to biotic and abiotic factors: drought, low
temperatures, diseases and pests [3]. Genes of
sensitivity to vernalization (VRN) are the main
genetic systems that determine the duration of
the growing season as a whole, as well as the
duration of the main stages of organogenesis
[4-6]. These genetic systems initiate the transi-
tion of wheat plants from the vegetative to the
generative stage of development. The require-
ment for vernalization is a certain in duration
effect of low positive temperatures in order to
ensure the transition of plants to the generative
development [7]. If the requirement for the du-
ration of vernalization is not fulfilled, the plant
does not enter the stage of formation of gen-
erative organs [8]. The need for low positive
temperatures helps to avoid the effects of ad-

verse environmental factors in late autumn and
winter and to maximize the use of favorable for
growth and development spring and summer
vegetation period.

Winter wheat varieties have significant dif-
ferences in the duration of vernalization - from
15 to 60 days and more [9, 10]. It is believed
that varieties of different geographical origin
are characterized by a certain need in the du-
ration of vernalization [11]. The longer one is
typical for the varieties cultivated in the areas
with a long winter period. With the extensive
use of local varieties, which have been adapt-
ed to certain climatic conditions for decades,
an increase in the need for germination when
moving from south to north was observed [7].
It was found that differences in the duration of
the stage of vernalization affect the length of
the period from seedlings to earing, drought-,
winter- and frost-resistance, the weight of grain
per ear, and yield [11, 12]. Reducing the dura-
tion of the ripening stage to 30-40 days con-
tributes to a significant increase in yield, but
at the same time leads to a decrease in winter-
and frost-resistance of modern varieties [10].
Long-term warming provides high adaptability
to harsh natural conditions, but interferes with
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the rapid development of plants in the spring
[13, 14]. Productivity and adaptability of win-
ter soft wheat varieties are closely related to
the resistance of plants to stressful wintering
conditions. It, in turn, depends on the rate of
passage and duration of organogenesis stages,
which are largely due to the influence of genetic
systems that control the duration of vernaliza-
tion period.

The purpose of the study was to determine
the vernalization requirements of soft winter
wheat samples of different geographical ori-
gin and to evaluate the effect of the duration of
the vernalization period on the elements of the
yield structure.

MATERIAL AND METHODS

The work was carried out in the greenhouse
of the Institute of Cytology and Genetics of
Siberian Branch of the Russian Academy of
Sciences (Novosibirsk) in 2020. The material
for the research was 15 varieties of soft winter
wheat of different geographical origin obtained
from VIR and CIMMYT collections, as well as
from own working collection. Samples were
germinated in paper rolls and then ripened for
60, 50, 40 days in a climatic chamber at 3-5
°C, humidity 85%, illumination 1,500 lux with
duration of illumination 8 hours per day. Af-
ter the end of germination, 10 plants of each
sample were planted in the greenhouse. Plants
were grown under the temperature regime of
18-20 °C, illumination of 4-5 thousand lux on
a sunny day, 2-3 thousand lux on a cloudy day,
and lighting duration of 16 hours per day. The
dates of phenological phases: booting, earing,
flowering were recorded.

The duration of vernalization was considered
sufficient to meet the vernalization requirement
if the plants were completely pruned in 50 days
after planting. After harvesting, a structural
analysis of plants was carried out to determine
the main elements of yield structure according
to the method of VIR'. Statistical calculations
were carried out in the Snedecor program.

RESULTS AND DISCUSSION

The studied samples of winter wheat showed
a different need for the duration of vernaliza-
tion. With its increase the reduction of inter-
phase periods from booting to flowering was
noted.

Seven samples out of 15 (Krasnobskaya ozi-
maya, Novosibirskaya 3, Skipetr, Poema, Lars,
Czech 9015-15, Utes) do not suffice 40 days
to pass the phase of vernalization, so after this
period, they did not go to the generative stage
of development (see Table 1). In these samples,
the increase of the vernalization period from 50
to 60 days led to insignificant (up to 2-4 days)
changes in the rate of development.

Differences in the duration of the interphase
periods in the remaining 8 samples, which en-
tered the heading phase after 40 days, were
more significant and ranged from 2-3 to 8-10
days. Plants of the variety Banko at all stages of
vernalization entered the booting phase simul-
taneously, and only the flowering phase came
two days earlier - at 60 days of vernalization.
For the collection sample Volzhskaya, the dif-
ference between entering the earing and flow-
ering phase at 40 and 60 days of vernalization
was 10 days; the difference in the rate of de-
velopment after vernalization at 50 and 60 days
was negligible and varied from 1 to 2 days.

According to two-factor analysis of variance,
the influence of the studied factors is reliable
(see Table 2). For all the indicators the interac-
tion of the factors "variety" and "vernalization
period" was confirmed. It was the interaction
of factors that had the greatest influence - from
39,3% (productive stem) to 58,6% (ear length).
The share of the influence of the vernalization
period was the greatest in the indicator of the
ear length - 31.4%.

The results of structural analysis of winter
wheat plants of different dates of vernalization
show that both the total number of stems and
the number of productive stems in almost all
varieties decreased with increasing the period
of vernalization (see Table 3). On average, the

'Replenishment, live preservation and study of the world collection of wheat, aegiplos and triticale: guidelines. A.F.
Merezhko, R.A. Udachin, E.V. Zuev et al., SPb, VIR, 1999. - 82 p.
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Taoa. 1. HpO,I[OJ'I)KI/ITGJ'ILHOCTB Me)K(i)aSHLIX MEPUOAOB B 3aBUCHMOCTHU OT NPOAODKUTEILHOCTHU
nepuoaa ApoBu3alinin 03UMOH MOICHUIBI, CYT

Table 1. Duration of interphase periods depending on the duration of the winter wheat vernalization

period, days

Vernalization duration
Variety Origin 60 | 50 | 40 | 60 | 50 | 40 | 60 | 50 | 40
Booting Earing Flowering

Novosibirskaya 40 Novosibirsk region 27 | 30 | 30 | 34 | 33 | 38 | 38 | 38 | 42
gﬁfl‘;;?kaya 20 | 29 | — |38 |40 | - |4 |48 | -
Novosibirskaya 3 28 28 - 37 37 - 41 42 -
Skipetr Moscow region 20 | 30| - |36 |37 | - |3 |42 -
Poema Vladimir region 27 | 29 | - | 34 | 35 | — |38 |38 | -
Volzhskaya Ulyanovsk region 28 | 27 | 37 | 34 | 33 | 44 | 38 | 38 | 48
Banko Germany 24 | 24 | 24 | 33 | 32 | 33 | 36 | 38 | 38
Lars 30 | 35 | - | 36 | 41 | - | 41 | 45 | -
Czech 9015-15 Czech Republic 35 | 37 | — | 43 | 45 | — | 47 | 50 | -
Co 07 W 245 USA 24 | 28 | 31 | 30 | 32 | 38 | 33 | 37 | 41
KS 920-709 26 | 27 | 30 | 31 | 33 | 35 | 36 | 39 | 41
Utes 30 [ 30 | — |34 35| — | 39|41 | -
SWW 1-135 Kazakhstan 29 | 29 | 32 | 33 | 35 | 39 | 37 | 39 | 43
Jeam/Emu Turkey 29 | 30 | 31 | 34 | 34 | 37 | 39 | 39 | 41
Alpu 26 | 27 | 30 | 32 | 33 | 37 | 35 | 36 | 42
LSD, 1211009 | 11 |12]08]10]12]1L1

I[Tpumeuanue. [Ipoyepk o3HaYaeT, 4YTO paCTEHUS HE MEPELUIN B TEHEPATUBHYIO CTaJNIO PA3BUTHSL.

Ta6a. 2. /IByxdakTopHbIii AUCTIEPCHOHHBIN aHAN3 TIOKa3aTenel MPOLyKTHBHOCTH KOJIEKITMOHHBIX
00pa3LoB MATKOW 03MMOM MIIEHHULIBI B 3aBUCUMOCTH OT MPOAOIKUTEIILHOCTH NIEPHOJa SPOBU3ALNN

Table 2. Two-factor analysis of variance indicators of soft winter wheat collection samples
productivity depending on the duration of the vernalization period

Trait
Total number of Productive Grain weight per
stems canopy Ear length plant
Factor Share Share Share e
of the of the of the thsehtéggtgrf' s fble 03
factor's we | factor's it factor's e | influence it
influence, " | influence, " | influence, ' o ’ '
% % % &
General 100 100 100 100
Variety (A) 12,6 5.3 18,3 15,2 4.6 24.4 114 7,1 1.8
(yreieatonperiod 1 y3g 420 | 153 | 864 | 314 1627|108 |464] 30
AxB 43,1 14,7 39,3 18,3 58,6 155,2 44 .4 16,4 1,0
Error 30,5 27,1 5,4 33,4
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total number of stems decreased from 8.7 (40
days of vernalization) to 6.74 (60 days). The
maximum number of stems was recorded at 40
days of vernalization: 12.8 units in the variety
Banko and 12.6 units in the variety Novosi-
birskaya 40.

The average number of productive stems in
the studied genotypes was 6.3 for the duration
of vernalization of 60 days and increased to
7.5 for 40 days. The response of varieties on
this trait to different terms of vernalization was
ambiguous. Significant reduction in produc-
tive bushiness with an increase in the period
of vernalization to 60 days was observed in the
varieties Krasnobskaya ozimaya, Skipetr, Lars,
Banko. In samples Poema, Volzhskaya, KS

920-709, Utes productive bushiness is practi-
cally comparable at all terms of vernalization.

Varieties Lars, Banko and Poema formed the
highest crop (6.9-10.0 units). At the same time,
the minimum number of unproductive stems
was registered in them.

The influence of the terms of vernalization
on the length of the ear was noted. With a re-
duction of terms of vernalization this feature
increased. Significant increase in the ear length
was observed in Novosibirskaya 40, Volzhs-
kaya, SWW1-135 with an increase in the pe-
riod of vernalization from 40 to 60 days. In the
samples Krasnobskaya ozimaya, Skipetr, Lars,
Utes, when reducing the period of vernaliza-
tion by 10 days (from 50 to 60), the ear length

Taoxa. 3. Ilokazarenu CTPYKTYPHOI'O aHaJIM3a 031UMOH MNIICHUIIBI B 3aBUCUMOCTHU OT MMPOAOJIZKUTCIBHO-
CTU nIepruoJa sspoBu3aliun

Table 3. Indicators of the structural analysis of winter wheat depending on the duration of the

vernalization period

Vernalization duration, days
Variety 60 50 40 60 50 40 60 50 40 60 50 40
Total “““;T; of stems, | b o ductive canopy, pes. | Spike length, cm | SR Weiggt per plant,
Novosibirskaya40 | 41 | 70 | 126 | 41 | 69 | 790 | 7.17 | 7.67 | 9.79 | 3.79 | 731 | 7.63
(standard)
fzfﬁ;‘;‘;?k"‘ya 50 | 122 — |51 |78 | — |851]943| — |566]810]| -
Novosibirskaya 3 5,7 6,8 - 5,6 6,6 - 8,95 | 9,55 - 6,82 | 8,51 -
Skipetr 54 | 138 — | 54|80 | — |827]937| - |758]1089] -
Poema 93 | 90 | — | 9 | 84| — |936|1070] - |919]949| -
Volzhskaya 61 | 63 | 85 | 61 | 63 | 7.9 | 586 | 671 | 8,07 | 433 | 4,69 | 823
Banko 70 | 75 | 128 | 69 | 7.5 | 96 | 541 | 6,84 | 7,18 | 3,67 | 457 | 6,74
Lars 82 [ 100 | - | 79 | 100| — | 8651000 - |874[1395| -
Czech 9015-15 7| 12| - |63 |58 | - |869]968| — |666]|507| -
Utes 48 | 64 | — | a1 | 47| - |697 |87 | - |320494| -
Co 07 W 245 69 | 58 | 87 | 68 | 58 | 84 | 610|637 | 772 | 557 | 536 | 9,04
KS 920-709 65 | 63 | 64 | 63 | 62 | 64 | 635|674 | 698 | 6,03 | 620 | 545
SWW 1-135 69 | 48 | 84 | 69 | 48 | 7.1 | 642 | 7,52 | 826 | 7.46 | 5,04 | 10,10
Jeam/Emu 63 | 7.8 | 59 | 63 | 77 | 59 | 639 | 7,02 | 7.65 | 6,01 | 633 | 588
Alpu 70 | 52 165 | 7.1 | 47 | 65 | 677|725 613 | 649 | 3,71 | 7,98
Average value 67 | 80 | 87 | 63 | 68 | 7.5 | 732 | 824 | 7,70 | 6,10 | 6,94 | 7,63
LSD (5%) 20 | 30 | 27 | 16 | 14 | 1.8 [ 058|069 | 059 | 2,02 | 222 | 2,20
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was significantly increased. In Novosibirskaya
3, Poema, Jcam/Emu, Alpu varieties the ear
length practically did not change or increased
within the error of experiment.

As the period of vernalization decreased, the
increase of productive stem and ear length in
a number of samples led to an increase in the
productivity of plants. Almost all samples with
a requirement of 40 days of vernalization had
a significant excess of grain weight per plant
compared to 60 days. The exceptions were the
samples from Turkey Jcam/Emu, Alpu and
the sample from the USA KS 920-709. In the
samples with a longer period of vernalization,
this trend persisted, grain weight per plant at 50
days of vernalization is higher than at 60 days
of vernalization.

Two samples from the USA (Co 07 W 245
and KS 920-709) and two samples from Tur-
key (Jcam/Emu and Alpu) showed relatively
similar values of yield structure elements at
all stages of vernalization. This indicates that
the plants developed relatively similarly at
different duration of vernalization. It can be
assumed that these varieties have a low need
for vernalization: 40 days are enough for a
complete transition to the generative stage of
development. At the same time, the rate of de-
velopment slowed down from 2 (Jcam/Emu)
to 8 days (Co 07 W 245) compared with 60
days of vernalization.

Four variety samples Novosibirskaya 40,
Volzhskaya, Banko, SWW 1-135 also showed
a low need for vernalization. However, in con-
trast to the previously mentioned samples, their
indicators of structural analysis at the time of
vernalization of 40 days differed significantly
from the results obtained with a longer vernal-
ization. In Novosibirskaya 40 and Banko the to-
tal number of stems significantly exceeded the
number of productive stems, which can nega-
tively affect the density of crops. In varieties
Volzhskaya and SWW 1-135, this difference
was almost minimal.

In the remaining samples, we observed a
sufficient need for vernalization of 50 days.
This period was enough for them to go to the
generative stage of development. Samples No-
vosibirskaya 3, Poema, Utes showed compa-

rable data on the elements of the yield structure
in the vernalization of 50 and 60 days: at both
dates the plants developed equally well. This
confirms the fact that these samples did not
significantly slow down in development when
changing the terms of vernalization.

The varieties Krasnobskaya ozimaya, Ski-
petr and Lars with 50 days of vernalization
formed elements of the yield structure notice-
ably higher than with a longer period. The va-
rieties Krasnobskaya ozimaya and Skipetr had
formed a large number of unproductive stems
at 50-days of vernalization in contrast to the va-
riety Lars, where there were no unproductive
stems. The variety Czech 9015-15 needed only
50 days of vernalization to reach the generative
stage, but this specimen was very active both at
50 and 60 days of vernalization. In both cases,
the productive stems were almost 2 times lower
than the total number of stems. This may indi-
cate that the requirement of 50-60 days of ver-
nalization for this sample is not fully consistent
for optimal development.

The varieties of Siberian selection Novosi-
birskaya 3 and Krasnoobskaya winter, in con-
trast to the variety Novosibirskaya 40 showed
different need for vernalization, which may be
explained by their origin. Novosibirskaya 3 va-
riety was obtained on the basis of interspecific
hybridization using winter triticale. Cytological
analysis showed the presence of rye chromo-
some translocation in the plant genome [14].
This translocation was also noted in the vari-
ety Krasnobskaya ozimaya, whose pedigree in-
cludes the variety Novosibirskaya 3.

CONCLUSION

The study of the need for vernalization of
winter wheat collection samples revealed sig-
nificant differences between the varieties due to
both their geographical origin and plant geno-
type. In all studied forms with increasing of the
period of vernalization the development rate
increased to a different extent, the total num-
ber of stems, productive stem and ear length
decreased. At 60 days of vernalization the pro-
ductive stalks of the samples were close to the
total number of stems. This ratio decreases as
the germination period decreases. At long-term
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IToTpeOGHOCTD B IPOJOIDKUTEIEHOCTH SIPOBU3ALMH KOJUICKIIMOHHBIX
00pa3oOB MATKOW 03UMOM TIIIEHHIIBI

Mycunos K.K., Koznos B.E., Cypnaués A.C., JIuxenko 1.E.

vernalization (up to 60 days) in most samples
the grain weight from plants decreased com-
pared with vernalization at 50 and 40 days.
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NPOAYKTUBHOCTDb ECTECTBEHHbBIX ®PUTOLIEHO30B
HAMCKOI'O ATPOJTAHALTADTA AKYTUU
IIPU OPTAHUYECKOM U MUHEPAJIBHOM PEXKUMAX IIUTAHUA

'Verunosa B.B., CX)**bapamkosa H.B.

! Apxmuueckuii 20cyO0apcmeeHHblil azpOmexHONI0SUYeCKUll YHUGEPCUMeN!
Pecrry6Omuka Caxa (Skytust), Poccust

2Uncmumym 6uonocuueckux npodnem kpuoaumo3onsvt Cubupckoeo omoeneHus
Poccuiickoii akademuu nayx

IIKymckas 20cyoapcmeennast cetbCKOX03SIUCMEEHHAS, AKAOeMUSL

PecnyOnuka Caxa (Sxytus), Poccust

(<) e-mail: vasyona_8@mail.ru

[IpencrasieHbl pe3ynbTaThl U3Y4EHUS IOTEHINAIA IPOIYKTHBHOCTH €CTECTBEHHBIX (DUTOLICHO30B
pasHoro BuzmoBoro cocrasa Hamckoro arpomangmadra cpenHeraexHoi mnoa3ons! PecryOmuku Caxa
(Sxytus). Uccnenosanus mposenens! B 2009-2016 rr. [1o4uBbI ONBITHOTO yuacTKa MEP3JI0THBIE C MaJIo-
MOIIHBIM TYMYCOBBIM cJioeM. V3ydeHo BIMsiHHE MUHEpaJIbHBIX M OPraHWYECKHX YIOOpEeHHH Ha Ipo-
JTYKTUBHOCTH OCTEITHEHHBIX JTyTOB. Ha pa3sHOTpaBHO-31aKOBOM, ITBIPEHHOM, OCTETHEHHOM (PUTOLIEHO3aX
WCTIONIH30BAJIH CIIEAYIOIINE IIPUEMBI TT0 OPraHOMUHEPAILHOMY MMMTAHUIO PACTEHHI: KOHTPOIH (0e3 yr1o-
Openwus); nepernoi 20 1/ra; nepernoit 20 1/ra 1 paz 8 4 rona + N, P, K exeronno; N, P, K. ' exeronno;
niepertoit 20 T/ra eXerofHo. YCTaHOBIECHBI ONTUMAJIBHbIE HOPMbI BHECEHHUSI OPraHUYECKUX U MUHE-
paIbHBIX AIIEMEHTOB MUTAHMS U1 YIy4IIEeH!s] TOTeHIalIa IPOAyKTUBHOCTH €CTECTBEHHBIX OCTEITHEH-
HBIX JyroB. Hanbomnee BBICOKHI MOTEHLMAT MPOAYKTUBHOCTH B YCIOBHsAX Hamckoro arponanmmadra
MOJTyYeH MPH COBMECTHOM MPUMEHEHUH OPraHWYeCKHX M MHHEPAIbHBIX yIoOpeHuii (meperHoit 20 1/ra
1 pas B 4 rona + N, P, K, exeronno). Ha pasHOTpaBHO-371aKOBOM M NBIPEHHOM (DHTOLIEHO3aX ypOKaK-
HOCTh ceHa gocturana 23,0-24,1 w/ra. Coop ¢ 1 ra oomMeHHoM HEeprun coctaBmi 27,0-22,4 Tk, Kop-
MOBBIX euHUL — 1472—-1663, ceiporo nporerna — 336—371 kr. Conep:kaHue nepeBapuMoro NpoTeuHa B
1 k. ex1. y pa3HOTPaBHO-3JIaKOBOTO paBHSIOCH 92 T, mbIpeiiHoro — 102 r. ExkeronHoe BHECEHE MUHEPAITb-
HBIX ynoOpenuii B 103e 60 Kr/ra IelCTBYIOLIErO BEIIECTBA 0OECIIEYHBAIIO MOBBIICHUE YPOXKAHHOCTH
€CTECTBEHHBIX (PUTOLICHO30B B 2 pa3a B 3aBUCHMOCTH OT arpOKIMMATHYECKUX YCIOBHIA BETETAlHIOHHOTO
nieprozia. BimsiHne MUHEpaNbHBIX YIIOOPEHHH ¥ COBMECTHOTO BHECEHUSI X C OPraHWYECKUMH Ha ypo-
XKaHHOCTb €CTECTBEHHBIX (DUTOLIEHO30B CTATUCTHYECKH JIOCTOBEPHO, YTO CBUIETEIBLCTBYET O BOMOXK-
HOCTHU PETyIUPOBaHUS POLYKTUBHOCTH OCTEITHEHHBIX (DUTOLICHO30B.

Ki1roueBble cj10Ba: oprannieckue 1 MUHEpaJIbHbIC yIOOpEeHUs, ECTECTBEHHbIH (PUTOLEHO3, TbI-
PEHHBIN, pa3HOTPAaBHO-3J1aKOBBIH, OCTENTHEHHBIH arpoianmapT
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Productivity of natural phytocenoses of the Namsky agrolandscape in Ustinova V.V., Barashkova N.V.
Yakutia under organic and mineral nutrition regimes

‘Yakutsk State Agricultural Academy
Republic of Sakha (Yakutia), Russia
(<D e-mail: vasyona_8@mail.ru

The results of the study of the productivity potential of natural phytocenoses of different species
composition in the Namsky agrolandscape of the middle taiga subzone of the Republic of Sakha
(Yakutia) are presented. The research was conducted in 2009-2016. The soils of the experimental
plot are permafrost soils with a thin humus layer. The effect of mineral and organic fertilizers on the
productivity of steppe meadows was studied. On herb-grass, wheatgrass, steppificated phytocenoses
the following practices of organo-mineral nutrition of plants were used: control (no fertilizer); humus
20 t/ha; humus 20 t/ha once every 4 years + N, P K annually; N, P, K. annually; humus 20 t/ha
annually. The optimum rates of organic and mineral nutrients to improve the productivity potential
of natural steppe meadows have been established. The highest productivity potential in the Namsky
agrolandscape was obtained with the combined application of organic and mineral fertilizers (humus
20 t/ha once every 4 years + N P, K, annually). On herb-grass and wheatgrass phytocenoses hay
yield reached 23.0-24.1 c/ha. Yield per 1 ha of metabolizable energy was 27.0-22.4 GJ, fodder units
1472-1663, crude protein 336-371 kg. The content of digestible protein in 1 fodder unit in herb-grass
was 92 g, in wheatgrass - 102 g. The annual application of mineral fertilizers at a dose of 60 kg/ha of
the active substance provided a 2-fold increase in the productivity of natural phytocenoses, depend-
ing on agroclimatic conditions of the growing season. The influence of mineral fertilizers and their
joint application with organic fertilizers on the yield of natural phytocenoses is statistically reliable,
which indicates the possibility of regulating the productivity of steppificated phytocenoses.

Keywords: organic and mineral fertilisers, natural phytocenosis, wheatgrass, herb-grass, step-

pificated agrolandscape
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INTRODUCTION supply of meadow plants significantly affects
the species composition, economic yield and

Improvement of natural forage lands is an ot ;
productivity potential of the natural phytoceno-

important problem of grassland fodder produc-
tion in the Republic of Sakha (Yakutia). Due 5° ,

to the high cost and complicated logistics of The purpose of the study is to study the ef-
delivering mineral fertilizers, many farms can- fect of mineral and organic fertilizers on the

not use them. The productivity of natural grass- productivity of steppe meadows in the Conqi'
lands depends to a large extent on the climatic tions of the Namsky agro-landscape of Yakutia.

conditions of the growing season. To avoid de- The objective of the study is to establish op-
pendence of the yield and productivity of natu- tumal rates of organic apd mmergl nutrients to
ral grasslands on weather conditions, the use of improve the productivity potential of natural
organic fertilizers is relevant. steppe meadows.

Under the conditions of the Namsky agro-
landscape on permafrost meadow-chernozem
soils, natural meadow steppes respond differ- In the field experiment using the factorial
ently to the nutritional regime. The nutrient scheme the effectiveness of the influence of or-

MATERIAL AND METHODS

40 Siberian Herald of Agricultural Science « 2021 « 51 ¢ 6 Fodder production
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VYerunosa B.B., bapamkosa H.B.

ganic and mineral fertilizers in a wide range of
doses and combinations on the productivity of
phytocenoses was studied. As a result of com-
prehensive research, new data on the effect of
the most important fertilizer systems: mineral,
organic and organomineral - on soil fertility and
its biological activity were obtained.

The objects of the research were different
steppe communities: motley grass-grasses,
wheatgrass, and steppe phytocenoses under dif-
ferent feeding regimes under conditions of nat-
ural moisture. The studies of the baseline proj-
ect 2009-2016 were conducted in steppe mead-
ows at the Markhinsky station of the Institute
of Biological Problems of the Cryolithozone of
the Siberian Branch of the Russian Academy of
Sciences. The station is located 13 km from Ya-
kutsk; according to the agrolandscape zoning of
the middle taiga subzone of Yakutia, it is locat-
ed in the Namsky agrolandscape and occupies
the sixth agroecological land group. The area
of the Namsky agrolandscape is 2,575 thousand
ha, or 6.0% of the Lena-Vilyui interfluve [1].
This agro-landscape is an erosion-accumula-
tive gentle-wave plain with absolute altitudes
of 300-400 m, formed by Neogene-Quaternary
deposits with permafrost taiga paleo- and me-
dium-salty, medium-loam soils, which are cov-
ered by larch-motley grass-grasses and lingon-
berry forests.

The climate of the Namsky agricultural
landscape is moderately cold and arid. January
air temperature is -41.2 °C, July temperature
rises to 17.6 °C. The annual amount of precipi-
tation is 264 mm, of which 123 mm falls during
the active vegetation period. The average dura-
tion of the frost-free period is 79 days; it varies
considerably depending on the location. The
soil 1s suitable for agricultural work from May
17-19. The sum of average daily air tempera-
tures above 10 °C is 1414-1642 °C. Moisture
coefficient for the year is 0.90, during the active
vegetation period of plants - 0.49, i.e. moisture
content of the territory is deficient and acutely
deficient [2].

The sixth agro-ecological group of lands of
the Namsky agro-landscape is represented by
saline lands of the Lena River floodplain ter-
races and occupies an area of 0.15 thousand m2

[3]. The dominant soils are permafrost mead-
ow-chernozem solonetzic soils. The soils un-
der steppe meadows are characterized by high
dryness and relatively intensive heating of the
root zone. The upper horizons of these soils
are acidified, only in the lower strata alkalini-
zation is noted, the pH of aqueous suspension
reaches 7.4. The spring humidity of permafrost
sod soil is characterized as insufficient for the
initial vegetation of meadow grasses, so steppe
meadows are characterized by low biological
productivity.

The soils of the study area at the “Marikh-
insky” station are permafrost floodplain mead-
ow-chernozem soils. The content of humus in
the 0-20 cm arable layer is 2.5%, mobile phos-
phorus is 279 mg/kg of soil, and exchangeable
potassium is 104 mg/kg [4]. The weather condi-
tions of the vegetation periods 2009-2016 dif-
fered from each other and included all the fea-
tures of agroclimatic conditions of the Middle
Lena valley. The amount of precipitation of
161-170 mm is considered optimal for growth
and development of perennial grasses in the
conditions of the Namsky agrolandscape dur-
ing the growing season. The driest and hottest
growing season was 2015 (HTC 0.50) with 121
mm of precipitation while the norm was 161
mm. The wettest period was 2013 (HTC 0.90).
Heavy rains occurred in spring and in the first
half of summer, and the amount of precipita-
tion during the growing season reached 234
mm. The year 2014 was variable-humidity year
(HTC 0.70) with dry spring and rainy summer.
2016 was the most favorable by temperature
regime and the amount of precipitation (HTC
0.80).

Different in temperature and precipitation
weather conditions 0f 2009-2016 influenced the
growth and development of plants, the passage
of phenological phases, the formation of yield
and development of the root system of steppe
plants in the station "Marikhinsky" [5].

Motley grass-grasses, wheatgrass, and
steppe phytocenoses used the following meth-
ods for organomineral nutrition of plants: con-
trol (no fertilizer); humus 20 t/ha; humus 20
t/ha once every 4 years + N_P_K = annually;

60" 60”60
N, P, K,, annually; humus 20 t/ha annually.
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The studies used generally accepted meth-
ods for meadow science and grassland manage-
ment. All records and observations were made
according to the methods ', statistical process-
ing of yield data was carried out by the method
of variance analysis according to B.A. Dospe-
khov3. The chemical composition of hay forage
(crude fiber, fat, crude ash, nitrogen, phospho-
rus, calcium) was determined in the biochem-
istry laboratory of the Yakutsk Research Insti-
tute of Agriculture. Energy fluxes in meadow
phytocenoses were evaluated according to the
method*.

RESULTS AND DISCUSSION

For the first time under the conditions of the
Namsky agricultural landscape on permafrost
meadow-chernozem soils, the productivity po-
tential of meadow steppes with different spe-
cies composition was evaluated.

According to the VNIIK methodology, the
productivity potential of meadow ecosystems is
determined by the collection of metabolizable
energy, fodder units and crude protein from 1
hectare. It is established in our studies that the
productivity potential of meadow steppes de-
pending on fertilizers is conditioned by weath-
er conditions of vegetation periods, biological
features of meadow plants and nutrition regime.

In the conditions of the Namsky agro-
landscape, a natural herb-grass phytocenosis
without fertilization with the content of cereals
in the herbage up to 65.2% ensured the produc-
tivity from 1 ha in terms of the collection of ex-
change energy up to 8.8 GJ, fodder units - 595,
crude protein - 99 kg. The content of digestible
protein in 1 fodder unit was 53 g, which is 1.9
times lower than the zootechnical norm (see
Table 1).

Under the conditions of motley grass-grasses
phytocenosis the joint use of organic and min-
eral fertilizers (humus 20 t/ha once in 4 years +
N60P60K60 annually) ensured the increase of

productivity by 2.2 times with the yield of 23.0
c/ha of hay of 1st class with raw protein content
up to 14.6%. The optimum yield of 27 GJ of
metabolizable energy, 1472 fodder units, and
336 kg of crude protein per 1 ha was formed. At
the same time, the content of digestible protein
in 1 fodder unit in herb-grass meadow reached
92 g when the norm was 105 g.

Under this nutritional regime, the dominance
of cereal species (Elytrigia répens, Koeleria py-
ramidata (Lam.) P. Beauv., Poa stepposa (Kryl.)
Roshev.) in motley grass-grasses phytocenosis
was noted. The content of wild cereals was up
t0 93.1%, herbs - up to 6.9% of DM, indicating
the responsiveness of cereal species to nitrogen
fertilizers.

The annual application of mineral fertilizers
at a dose of N, P K in motley grass-grasses
phytocenosis with the content of wild grains up
to 87.0% ensured productivity per 1 ha in terms
of metabolizable energy harvesting 18.8 GJ,
fodder units - 1327, crude protein - 278 kg. Ac-
cording to the content of digestible protein in 1
k. unit. (79 g) the herb-grass phytocenosis did
not meet the zootechnical standards [6].

When mulch 20 t/ha was applied once in 4
years + 20 t/ha annually, motley grass-grasses
phytocenosis with cereals 66,2-86,4% CB en-
sured productivity per ha in terms of metabo-
lizable energy collection 12,5-12,5 GJ, fodder
units - 847-725, crude protein - 153-154 kg.

A natural wheatgrass phytocenosis without
fertilizers containing 87.5% CB in the grass of
wheatgrass (Elytrigia repens) had an average
productivity of 13.5 GJ, fodder units - up to 927,
crude protein - 179 kg from 1 ha of harvested
metabolizable energy. At the same time the
provision of 1 fodder unit (66 g) of digestible
protein. (66 g) of digestible protein was insuffi-
cient. The mineral dietary regime of wheatgrass
phytocenosis at the dose of N P, K, annually
resulted in increased productivity per hectare in
raw protein collection - 403 kg and high provi-
sion of 1 k. unit of digestible protein - 105 .

"Methodology of experiments in hayfields and pastures. M., 1971. P. 1. 229 p.

“Methodology of experiments in hayfields and pastures. M., 1971. P. 2. 174 p.

‘Dospekhov B.A. Methodology of field experience. Moscow: Agropromizdat, 1985. 375 p.

*Methodological Guide for the Assessment of Energy Flows in Meadow Agroecosystems. Moscow: VNIIK named after V.R.

Williams, 2007.
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Productivity of natural phytocenoses of the Namsky agrolandscape in
Yakutia under organic and mineral nutrition regimes

Ustinova V.V., Barashkova N.V.

The natural steppe phytocenosis without fer-
tilizers with herbs and cereals up to 67.1 and
19.8% DM, respectively, had the lowest pro-
ductivity potential with an average yield of 7.0
c/ha DM. The content of digestible protein in
1 fu. was 39 g, which is significantly lower
than the zootechnical norm. Productivity of the
phytocenosis without fertilizers in terms of me-
tabolizable energy collection was 6.0 MJ/ha,
fodder units - 420, crude protein - 58 kg/ha.

With a combination of organic and mineral
fertilizers (mulch 20 t/ha 1 time in 4 years +
N, P K,, annually) the productivity potential
of this phytocenosis increased: the collection of
metabolic energy to 16.0 GJ, fodder units - to
1197, crude protein - to 214 kg/ha. The content
of digestible protein in 1 fodder unit increased
to 82 g, which is lower than the zootechnical
norm.

A combined application of organic and min-
eral fertilizers (mulch 20 t/ha once in 4 years +
N, P K., annually) proved to be most effective
in the meadow steppes of the Namsky agro-
landscape, which led to a 2-fold increase in
the yield with good quality hay forage. The ex-
change energy per 1 ha was 27.0-22.4 GJ, fod-
der units 1472-1663, crude protein 336-371 kg.
By the content of digestible protein in 1 fodder
unit herb-grass and wheat grass phytocenosis
with the content of cereals from 88 to 93% cor-
responded to zootechnical norms (93-105 g).
On these phytocenoses the Ist class hay yield

reached 23.0-24.1 c/ha. The content of digest-
ible protein in 1 cfu was 92 g in motley grass-
grasses phytocenosis, 102 g in wheat grass phy-
tocenosis, 82 g in steppe grass phytocenosis.

It is important to note the effectiveness of
annual application of mineral fertilizers at a
dose of 60 kg/ha, which provides an increase
in the yield of natural phytocenoses by about
2 times [7-9]. At the same time, a significant
variation of economic yield of phytocenoses by
years of research was noted. This pattern was
particularly evident in the wheatgrass phytoce-
nosis. The most effective was the joint applica-
tion of organic and mineral fertilizers (mulch
20 t/ha once in 4 years + N, P K annually),
which provided a hay yield of wheatgrass phy-
tocenosis up to 24.1 c/ha.

Long-term results of our experiments in-
dicate that in the conditions of the sixth agro-
ecological group of lands of the Namsky agro-
landscape the most effective is the joint appli-
cation of organic and mineral fertilizers (mulch
20 t/ha once in 4 years + N, P K annually).
This application formed the maximum yield of
herb-grass, wheatgrass and steppe phytoceno-
ses regardless of the species composition and
the degree of moisture of the growing season.
On average for the years of research the com-
bined application of organic and mineral fertil-
izers provided the yield of motley grass-grasses
phytocenosis 23.0 c/ha, wheatgrasses - 24.1,
steppe - 17.1 c/ha (see Table 2).

Tao6a. 2. YpoxaltHOCTh eCTeCTBEHHBIX (PUTOIIEHO30B IPH BHECEHHUHN YIOOpeHHi (cpemHee 3a 8 ner), 1/ra

Table 2. Productivity of natural phytocenoses with fertilization (average over 8 years), ¢ / ha

Phytocenosis
Experiment variant steppificated motglre;/S ;ger:ss- agropyron

Control (without fertilizer) 6,9 10,1 15,1
Mould 20 t/ha once every 4 years 9,4 14,6 16,7
Mould 20 t/ha once every 4 years + N6OP60K60 annually 17,0 23,0 24,1
NP, K, annually 14,6 21,4 20,0
N,,P,.K,, annually 12,6 15,7 17,3
Mould 20 t/ha annually 12,2 14,5 15,7
Confidence interval 1,7 3 4,4
Proportion of the influence of the factor "Year" * 8 21 55

Proportion of the influence of the factor "Fertilizer" 21 21 9

*[IpoueHT OT O0IIeH BapUaluy TPH3HAKA.
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ITpoayKTHBHOCTb €CTECTBEHHBIX (uTOrIeH030B Hamckoro
arponangmadra SIKyTuu npu OpraHM4eckoM U MUHEPATbHOM
peKMMaX MUTAHUS

VYerunosa B.B., bapamkosa H.B.

CONCLUSION

In the Namsky agro-landscape, the high-
est productivity potential was obtained with
the combined application of organic and min-
eral fertilizers (mulch 20 t/ha once in 4 years
+ N60P60K60 annually). On motley grass-
grasses and wheatgrass phytocenoses hay yield
reached 23,0-24,1 c/ha with exchange energy
27,0-22,4 GJ, fodder units 1472-1663, crude
protein 336-371 kg per 1 ha. The content of
digestible protein in 1 fodder unit of motley
grass-grasses phytocenosis was 92 g, that of
wheat grass - 102 g. The influence of mineral
fertilizers and their coapplication with organic
fertilizers on the productivity of natural phyto-
cenoses is statistically reliable, which indicates
the possibility of regulating the productivity of
steppe phytocenoses. Meanwhile, the efficien-
cy of mineral fertilizers and their coapplication
with organic fertilizers significantly depended
on the weather conditions of the growing sea-
son, which was most clearly manifested in the
couch grass phytocenosis. At the same time on
low-productive steppe phytocenoses with in-
sufficient moisture application of organic and
combined organic and mineral fertilizers posi-
tively affects the yield of fodder mass.
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3AIIIUTA PACTEHUI HOBOI'O COPTA SIPOBOM IMIIEHUIIbI
MAPCHUAHKA

Cyaranos @.C., FOqun A.A., ) Pazuna A.A., I'a6apaxumos O.B.

Hpkymcxuti HayuHo-uccie008amenbCKull UHCMUMym celbCKo20 X03UCmed —

@unuan Upxkymckozo nayunoeo yenmpa Cubupckozco omoenenus Poccutickou akademuu HAyK
Wpkytckas obnacts, c. [IuBoBapuxa, Poccus

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

[IpencraBnensl pe3ynbTaThl M3yYeHHs BO3JACHCTBHUS TMPOTpaBHUTENEH CEMSH W TepOWIIOB Ha
YPOXKAMHOCTh W IKOHOMHYECKYIO 3(h(EeKTHBHOCTH HOBOTO COpTa SPOBOM MIIEHUIBI MapcuaHka.
3akiaKy orbiTa, HAOJMIOIEHHUS M YUEThl IPOBOAMIN 110 OOMICHPUHATHIM MeTouKaM. B daze Kymenus
IIICHHIB PACTIPOCTPAHEHHOCTh KOPHEBOW THIIIH Oblia Ha 22% MeHbLIE B IOCEBAaX ¢ NPUMEHEHUEM
MPOTPABJICHHBIX CEeMsIH. B orbITe Ooiee BhICOKast COXPAaHHOCTb ypoykast oT Oosie3nu 77,5% u npubaBka
0,38 1/ra momy4eHs! B Bapuante ¢ npenapatom Maxkcum [Lroc, BCK ¢ Hopmoii 1,5 1/1. C momMoristo
npemaparoB Maxkcum [Limroc, BCK n Buan TpacT, BCK (0,4 1/T) Harypa 3epHa Bo3pocna 10 799 1/,
CTEKJIOBUIHOCTH — 10 65,4%, Macca 1000 cemsiH — 110 38,6 T, coneprkanue 6emnka— 110 16,2%, konndecTBo
KJIIEHKOBHUHBI B 3epHE — 110 36,0%. Buan TpacT, BCK obecneunn my4iine 5KOHOMHYECKHE TTOKa3aTeH:
YHUCTBINA JTOXOJ Bo3poc Ha 23,3%, cebectoumocth 1 T 3epHa cHH3WIach Ha 9,1% u peHTabeIbHOCTh
nioBbicuiiack Ha 20,2%. O0paboTka 1OCeBOB B (pa3y KyIleHUs] 0aKOBOM CMEChiO repOounnaoB JlacTuk
TOII, MKD (no3a 0,4 n/ra) m Maraywm, B/II" (0,008 kr/ra) mo3Bosmia Moy4uTh HAUBBICIIYIO B OTIBITE
yposkaiHOCTH 3,63 T/Ta MpH yIy4IICHHOM KauyeCcTBE 3epHa (HaTypHas Macca 798 1/71, CTeKIIOBUIHOCTh
67,9%, 6enkoBocth 3epHa 17,3%). I'epbunmy Jlanuenor 450, BAI' n 6akoBas cmech ITyma Cymep
100, KD + Cekarop Typ6o, M1 obecnieunin maccy 1000 3epen 38,1 T ¥ KOMHUECTBO KICHKOBHHBI
34,7%. Ilocessl, oOpaboTanHbie repourpaoM Jlanuemnor 450, BT, GakoBbimMu cmecsmu JlacTuk
TOII, MKD3 + Maruym, BJII" u Banepuna, CD + Moptupa, BJII, o0ecrieunin HaubobIINi YUCThIH
noxox 1520015 300 p./ra. MakcumanbHast peHTabenbHOCTh 116,9% 1 MuHuManbHas ce0eCTOMMOCTh
3688,66 p./T momydeHsI OT MpUMeHeHHs Tipernapara [ panepu, BT

KuaroueBsble cioBa: mmeHuna msrkas siposast (Triticum aestivum L.), cOpT, CpeICTBO 3aIUTHI,
XMUMUYECKHUI Tpenapar, MpoayKTUBHOCTh, KAY€CTBO 3€PHA, PEHTA0EIbHOCTD

PLANT PROTECTION OF ANEW VARIETY OF SPRING WHEAT MARSIANKA

Sultanov F.S., Yudin A.A., &) Razina A.A., Gabdrakhimov O.B.
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The results of the study of the effect of seed dressers and herbicides on the yield and economic
efficiency of the new variety of spring wheat Marsianka are presented. The experimentation, observations
and registrations were carried out according to generally accepted methods. In the tillering phase of
wheat, the incidence of root rot was 22% lower in crops with dressed seed. In the experiment a higher
retention of yield from the disease 77.5% and an increase of 0.38 t/ha were obtained in the variant with
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the preparation Maxim Plus, VSK with the rate of 1.5 I/t. Using the preparations Maxim Plus, VSK and
Vial TrasT, VSK (0.4 1/t), grain unit increased to 799 g/1, vitreousness - to 65.4%, 1000 seed weight - to
38.6 g, protein content - to 16.2%, gluten content in grain - to 36.0%. Vial TrasT, VSK provided better
economic performance: net income increased by 23.3%, the cost per tonne of grain decreased by 9.1%
and profitability increased by 20.2%. Crop treatment in tillering phase with a tank mixture of herbicides
Lastik TOP, MKE (dose 0.4 1/ha) and Magnum, VDG (0.008 kg/ha) resulted in the highest yield in
the experiment 3.63 t/ha with improved quality of grain (natural weight 798 g/l, vitreousness 67.9%,
grain protein content 17.3%). The herbicide Lancelot 450, VDG and the tank mixture Puma Super 100,
KE + Pruner Turbo, MD ensured a weight of 38.1 g and a gluten content of 34.7%. Crops treated with
the herbicide Lancelot 450, VDG, the tank mixtures Lastik TOP, ME + Magnum, VDG and Balerina,
SE + Mortira, VDG provided the highest net income of 15,200-15,300 p/ha. A maximum profitability of
116.9% and a minimum cost of 3,688.66 p/t were obtained from the use of Greneri, VDG.

Keywords: spring soft wheat (7riticum aestivum L.), cultivar, protective agent, chemical
preparation, productivity, grain quality, profitability
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INTRODUCTION against weeds, pests and diseases), which guar-
antee environmental safety [3]. Modern farm-
ing methods have significantly increased yields
over the past 50 years, including through chem-
ical control of plant pests and the use of new
varieties and hybrids [4].

Among the factors that negatively affect the
yield and quality of crops, including wheat,
plant diseases stand out [5]. Root rot of various
etiologies is a harmful disease of cereal crops
worldwide. Fungi of genera Rhizoctonia, Pythi-
um, and Fusarium are most often noted as caus-
ative agents of common root rot in the works
of foreign scientists studying the control of this
disease [6, 7]. In the Irkutsk region, root rot also
annually causes serious damage to spring wheat
crops. Its main causative agents are Bipolaris
sorokiniana (Sacc.) Shoemaker. Syn.: Helmin-
thosporium sativum Pammel, C.M. King et
Bakke, Helminthosporium sorokinianum Sacc.,
Drechslera sorokiniana (Sacc.) Subram. Et P.C.
Jain.; species of the genus Fusarium (F. culmo-

Wheat is the most important crop cultivat-
ed almost all over the Russian Federation and
forms the basis of the country's grain complex,
which development directly affects its food se-
curity [1].

Spring wheat in Eastern Siberia is the main
grain crop grown for vegetable protein. This
is due to its high technology and productiv-
ity, as well as the demand for its consumption
by the population [2]. The task of crop culti-
vation technologies, including spring wheat,
is to ensure high crop yields while optimizing
labor and material and financial costs per unit
of quality products'. It is possible to realize the
potential of new wheat varieties in the forma-
tion of high quality grain yields by including in
its production system the technologies that en-
sure the effective use of agricultural intensifica-
tion means (organic and mineral fertilizers, bio-
logical preparations and plant protection agents

Tnnovative technologies in farming and crop production in the Irkutsk region. Scientific and production recommendations.
Irkutsk: FSBEI HE "Irkutsk State Agrarian University", 2021. 216 p.
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rum (W.G.Sm.) Sacc. var. culmorum, F. avena-
ceum (Fr.) Sacc. var. avenaceum, F. oxyspo-
rum Schltdl. var. oxysporum, F. graminearum
Schwabe, etc.). Species of the genus Alternaria
(A. alternata species complex, etc.) are found
in the root part of the stem, roots, and rhizo-
sphere of wheat [8].

The formation of clusters in the district for
the production of environmentally safe quality
grain products demanded in the world market
is possible on the basis of integrated chemi-
calization, including herbicidal and fungicidal
plant protection [9]. The role of varietal char-
acteristics in the development of root rot and
leaf spot diseases was manifested in the lower
incidence of root rot in mid-maturing varieties
at tillering and milk-ripening stages of grain
(by 31.0 and 23.4%, respectively) compared to
mid-late ones [10]. Foreign researchers note the
economic benefit of seed dressing with fungi-
cides [11]. In Russia, the economic feasibility
of expanding the volume of the rational system
of protection of grain crops is confirmed by the
effectiveness of the use of pesticides according
to the indicator of the saved yield from pests,
diseases and weeds (32.1%) of the potentially
possible level of prevention of yield losses. At
the same time, a relatively high level of prof-
itability is achieved (67.7%) compared to the
general indicators of grain production (24.9%)
[12]. The use of chemical protection agents al-
lows to stabilize the phytosanitary situation in
agrocenosis by 70-95%, reducing yield losses
from diseases, and ensure high crop productiv-
ity [13, 14].

In the soil and climatic conditions typical for
the forest-steppe zone of Western Siberia, the
use of fungicide seed dressing agents on fallow
forecrop provides a reliable increase in wheat
yield by 2.5%, from dressing agents and insec-
ticides - by 14.4%, from the complex of phyto-
sanitary agents - by 24.4% [15]. Manufacturers
improve the range of fungicides, releasing to
the market environmentally safe preparations,
which at the same time have high efficiency
against the target objects [16].

The purpose of the study was to study the
effect of fungicides and herbicides on produc-

tivity, grain quality and economic efficiency of
cultivation of the new variety of spring wheat
Marsianka.

MATERIAL AND METHODS

Studies were performed in 2019, 2020 in the
experimental field of the Irkutsk Research Insti-
tute of Agriculture. The object of the research
is a new variety of spring wheat (7riticum aes-
tivum L.) Marsianka. The influence factors of
seed dressing and herbicide treatment were
studied.

The experiment on fungicide application
had the following scheme:

- Control (without seed treatment);

- BisolbiSan, L at the rate of 1 I/t;

- Oplot Trio, WSC - 0.5 I/t;

- Grandsil Ultra, SC - 0.5 I/t;

- Maxim Plus, WSC - 1.5 1/t;

- Vial TrasT, WSC - 0.4 1/t.

The experiment scheme for herbicide treat-
ment of crops contained the following options
for the use of preparations:

- Control (no herbicides);

- Granery, WDG at a rate of 0.025 kg/ha;

- Lancelot TM 450, WDG - 0.033 kg/ha;

- Lastik TOP, ME - 0,5 1/ha;

- Lastik TOP, ME - 0,4 l/ha + Magnum,
WDG - 0,008 kg/ha;

- Ballerina, SE - 0,4 1/ha + Mortira, WDG -
0,015 kg/ha;

- Puma Super 100, EC - 0.6 1/ha + Secator
Turbo, MD - 0.05 1/ha;

- Puma Plus, EC - 1.5 I/ha.

Field experiments were laid on clean fal-
low. Soil of the experimental plot (according to
its granulometric composition) contained 4.5-
4.9% of humus in the tilled layer (20-22 cm),
0.27% of total nitrogen (according to Kjeldahl),
11.2-11.9 mg of labile phosphorus and 7.9-8.6
mg of exchangeable potassium per 100 g of soil
(according to Kirsanov), pH 4.6-4.9.

Wheat varieties were sown on May 10 with
seeding rate of 7 million germinated seeds/ha.
The area of plots was 75 m?, and the repetition
was three times. Plots were arranged systemati-
cally with an offset in each repetition. Experi-
ment setting, observations and recordings were
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made according to the approved methodology?.
We counted weeds according to the method of
the All-Russian Plant Protection Institute® be-
fore herbicide treatment in the phase of tillering
of wheat varieties and 25 days after it on fixed
trial plots (0.25 m?) with four replications per
plot in each replication. Yields in the phase of
full grain ripeness were recorded after recalcu-
lation to 14% moisture content and 100% pu-
rity.

Meteorological conditions during the years
of observations differed significantly from the
mean annual values. Precipitation was 9.8%
lower than normal during hot and dry grow-
ing seasons, while the sum of active air tem-
peratures exceeded the mean annual values by
29.7%.

RESULTS AND DISCUSSION

The results of field experiments on the use of
fungicides confirmed that the studied prepara-
tions markedly restrained the defeat of root rot,
favorably affecting the growth and develop-
ment of wheat plants. In the tillering phase, the
disease incidence in the control variant (with-
out seed dressing) was quite high and amounted

to 80.1% with a disease development index of
1.4 points.

After seed treatment, the preparation Max-
im Plus, WSC at a dose of 1.5 1/t was the
most effective of all, reducing the incidence
and index of disease development by 3.6 and
3.5 times, respectively. Chemical disinfectants
Grandsil Ultra, SC, 0.5 I/t and Oplot Trio,
WSC, 0.5 1/t were slightly inferior to it with
the rates of 25.6 and 28.2%, respectively (see
Table 1). Biological preparation BisolbiSan, L
reduced the degree of disease lesion only by
22.6%.

Disease prevalence at full ripeness of wheat
exceeded 98% and was not affected by the
studied preparations. A relatively better effect
was produced by Maxim Plus, WSC (95.9%).

The results of the field studies revealed that
the most effective means of plant protection
against weeds was a tank mixture of herbi-
cides Lastik TOP, ME and Magnum, WDG
(81.9%). By a statistically insignificant value
it was inferior to the herbicide Puma Plus,
EC and a mixture of Ballerina, SE + Morti-
ra, WDG. The most ineffective was herbicide

Taoa. 1. [lokazaTenu KOpHEBOI THIIIM B pPaCTEHHUSIX HOBOTO cOpTa sIPOBOM MIIEHUIBI MapcuaHka
MIPU BO3JCHCTBUH OMOJIOTHUECKOTO MperapaTa 1 XAMHYECKUX MPOTpaBuTene, %o

Table 1. Indicators of root rot in plants of a new spring wheat variety Marsianka affected by the

biological preparation and chemical dressers, %

Dressing agent (biological and chemical preparations)
Prevalence of root rot Control . . . . . .
. . BisolbiSan, L, Oplot Trio, Grandsil Ultra, | Maxim Plus, Vial TrasT,
by vegetation phase (without 11t WSC-051t | SC-05Ut | WSC- 151t | WSC-0.4 Iit.
treatment)
Occurrence
Tillering 80,1 62,0 28,2 25,6 22,5 46,0
Full ripeness 97,0 97,2 98,0 96,4 95,9 98,1
Average by the 88,6 79,6 63,1 61,0 59,2 72,1
experiment
Development index
Tillering 1,4 1,0 0,3 0,4 0,4 0,6
Full ripeness 1,6 1,4 1,6 1,5 1,8 1,7
Average by the 1,5 12 1,0 1,0 1,1 1,2
experiment ’ ’ ’ ’ ’ ’

“Methodology of State Variety Testing of Agricultural Crops. Moscow: State Commission on Crop Variety Testing, 1989.

195 p.

3Methods of accounting for pests. Recommendations of VIZR // Plant Protection and Quarantine. 2002. Ne 2, 3. pp. 49-54.
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Lastik TOP, ME, 0.5 1/ha outside the tank mix-
ture (see Table 2).

Preservation of yield from diseases due to
the action of biological and chemical prepara-
tions allows us to obtain an increase compared
to the control in the amount of 0.07 t/ha, or
2.5% - BisolbiSan, L to 0.38 t/ha, or 13.6% -
Maxim Plus, WSC. Biological preparations
gave the lowest yield increase. Chemical seed
dressers provided a reliable increase in the
gross grain yield (see Table 3).

The improvement of safety of the yield at
seeding with treated seeds was accompanied
by the increase of some grain quality indices:
natural grain weight - by 3-15 g/l, vitreous-
ness - by 0,4-1,9%, thousand-kernel weight -
by 0,1-1,1 g, protein content - by 0,1-1,0% and
the quantity of gluten in grain - by 0,3-2,9%.
This range of variation of values is due to the
different effects of the studied plant protection
products, of which Vial TrasT, WSC and Max-
im Plus, WSC were the most effective.

Taba. 2. YpoBeHb 3aCOPEHHOCTH TIOCEBOB HOBOT'O COpTa SIPOBOM MIIEHUIBI MapcuaHka mpu 00paboTke

repOUIUIaMK U UX OAKOBBIMU CMECSIMHU

Table 2. The level of weediness in crops of the new spring wheat variety Marsianka when treated with

herbicides and their tank mixtures

. ) Number of weeds, pes. /m’ Biological
Herbicide and tank mixture, dose trg;frcr,lr:m after treatment | cfficiency, %

Control (without herbicides) 74 80 —
Granery, WDG, 0.025 kg/ha 72 14 80,5
Lancelot 450, WDG - 0.033 kg/ha 75 14 81,3
Lastik TOP, ME - 0,5 I/ha 74 35 52,7
Lastik TOP, ME - 0,4 I/ha + Magnum, WDG - 0,008 kg/ha 72 13 81,9
Ballerina, SE - 0,4 1/ha + Mortira, WDG - 0,015 kg/ha 76 14 81,6
Puma Super 100, EC - 0.6 I/ha + Secator Turbo, MD - 0.05 I/ha 74 15 79,7
Puma Plus, EC - 1.5 I/ha 71 13 81,7
Average value 73,5 24,8

Taoda. 3. YpoxxallHOCTh M KaU€CTBO 3€pHA HOBOI'O COPTAa SIPOBOM MILIEHULIBI MapcruaHka
IIPY BO3AEHCTBUM OMOJIOTMUECKUX PENapaToB U XUMUUYECKUX IIPOTPABUTEINCH

Table 3. Yield and grain quality of the new spring wheat variety Marsianka affected by biological

preparations and chemical disinfectants

Dressjng agent (b@ological Yield. t/ha Grain unit, | Vitreousness, Th}?;rfir]ld- Content, %
and chemical preparations), dosage ’ g/l % weight, g protein crude gluten
Control (without herbicides) 2,79 784 63,5 37,5 15,2 33,1
BisolbiSan, L, 1 I/t 2,86 787 63,9 37,6 15,3 33,4
Oplot Trio, WSC, 0.5 1/t 3,03 794 64,8 38,1 15,9 35,3
Grandsil Ultra, SC, 0.5 I/t 3,07 795 65,0 38,3 16,0 35,6
Maxim Plus, WSC, 1,5 I/t 3,17 798 65,3 38,6 16,2 35,8
Vial TrasT, WSC, 0,4 I/t 3,15 799 65,4 38,6 16,1 36,0
Average value 3,00 792 64,6 38,1 15,8 34,7
LSD 0,27 66,1 5,74 0,74 1,28 2,45
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Treatment of wheat crops with herbicides
and their tank mixtures helps to preserve the
harvest to a greater extent and contributes to
achieving higher productivity of the variety
and grain quality (see Table 4).

Application of the tank mixture Lastik
TOP, ME and Magnum, WDG, as well as the
preparation Puma Plus, ME resulted in the
highest yield increases of 0.43 and 0.42 t/ha,
respectively, or 13.4 and 13.1%. Grain qual-
ity indicators show that the values of bulki-
ness (798 g/l), vitreousness (67,9%) and grain
protein content (17,3%) were the best in the
variant with the bath mixture Lastik Top, ME
+ Magnum, WDG. By weight of 1000 grains
with the same value of 38.1 g Lancelot 450
herbicide, WDG and a tank mixture of Puma
Super 100, ME + Secator Turbo, MD, stood
out with the latter also having the best content
of crude gluten (34.7%).

Economic benefit from the pre-sowing
treatment of wheat seeds of the Marsianka
variety by the studied preparations was con-
firmed not only by the increase of the profit-
ability level from 98,9 to 118,9%, depend-
ing on the preparation used, but also by the

increase of the net income from 11 100 to 13
690 rubles/ha and the decrease of the cost of
production from 4021,5 to 3654,0 rubles/ton.
Significantly higher economic indicators have
chemical seed dressers. And the best values
of all presented economic indicators provided
the preparation Vial TrasT, WSC with the rate
of 0.4 1/t (see Table 5). Biological means of
protection BisolbiSan, L brought the lowest in
the experiment net income 11540 r./ha (4.0%
higher than the control), profitability (+ 2.9%
to the control) and the cost of 1 ton of grain
3965.0r.

Despite the increase in production costs
of growing grain due to the use of chemical
means of weed control, the revenue received
from the increase in yield justifies the costs in-
curred and provides an increase in economic
performance.

The highest net income (15.2-15.3 thou-
sand rubles/ha) was obtained when treating
crops with herbicide Lancelot 450, WDG, tank
mixtures Lastik TOP, ME + Magnum, WDG
and Balerina, SE + Mortira, WDG. With re-
gard to the maximum profitability of produc-
tion (116,9%) and the minimum cost of 1 ton

Tadua. 4. YpoxallHOCTb U KauecTBO 3epHa HOBOTO COpTa pOBOM MineHubl Mapcuanka npu o0padoTke

IIOCCBOB Fep6I/I]_II/I,Z[aMI/I M UX 0AKOBBIMU CMECSIMHU

Table 4. Yield and grain quality of the new spring wheat variety Marsianka in crops affected with

herbicides and their tank mixtures

Thou- Content, %
Yield Grain Vitr sand-
Name of herbicide or herbicide tank mixture, dose 1eld, unit, 1reous= |y ernel pro- crude
t/ha ness, % . .
g/l weight, | tein | gluten
g

Control (without herbicides) 3,20 787 65,8 36,9 | 159 | 32,6
Granery, WDG, 0.025 kg/ha 3,44 792 66,7 37,8 16,5 33,8
Lancelot 450, WDG - 0.033 kg/ha 3,54 794 66,5 38,1 16,7 | 33,9
Lastik TOP, ME - 0,5 1/ha 3,51 789 66,2 37,7 16,4 | 328
Lastik TOP, ME - 0,4 I/ha + Magnum, WDG - 0,008 kg/ha | 3,63 798 67,9 37,8 17,3 34,6
Ballerina, SE - 0,4 I/ha + Mortira, WDG - 0,015 kg/ha 3,58 791 67,2 38,0 16,9 | 344
f;lﬁ;na Super 100, EC - 0.6 1/ha + Secator Turbo, MD - 0.05 3,49 793 67.6 38,1 17.1 34,7
Puma Plus, EC - 1.5 I/ha 3,62 796 66,9 37,9 17,0 | 34,8
Average value 3,00 792 64,6 38,1 15,8 | 34,7

LSD 0,29 63,7 5,5 1,0 1,3 2.8
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Taodua. 5. DxoHomudeckas 3pPEeKTUBHOCT MPOTPABINBAHUS CEMSIH HOBOTO COPTa SIPOBOM MIIIEHHIIBI

Mapcuanka
Table 5. Economic efficiency of seed treatment for the new spring wheat variety Marsianka
Dressing agent (biqlogical and chemical Conditional net income, Cost pricelof 1 ton of Breakeven level. %
preparations), dose r./ha grain, . ’

Control (without treatment) 11 100 4021,5 98,9
BisolbiSan, L, 1 1/t 11 540 3965,0 101,8
Oplot Trio, WSC, 0.5 1/t 12 570 3851,5 107,7
Grandsil Ultra, SC, 0.5 I/t 13 040 3752,4 113,2
Maxim Plus, WSC, 1,5 I/t 13260 3817,0 109,6
Vial TrasT, WSC, 0,4 1/t 13 690 3654,0 118,9
Average value 12 533 3843,6 108,4

Tada. 6. Dxonomuueckas 3pPpeKTUBHOCTH 0OPabOTKH MTOCEBOB HOBOTO COPTA SIPOBOM MIIIEHHIIBI

MapcnaHKa FCp6I/I]_II/I,Z[aMI/I M UX OAKOBBEIMU CMECSIMU

Table 6. Eonomic efficiency of dressing the crops of the new spring wheat variety Marsianka with

herbicides and their tank mixtures

Name of herbicide or herbicide tank mixture, dose Cgégﬁg?ﬁ}}g ot ﬁﬁfiﬁgi:iﬁ,fi Blre?é(fz/eon
Control (without herbicides) 13176 3882,50 106,1
Granery, WDG, 0.025 kg/ha 14 831 3688,66 116,9
Lancelot 450, WDG - 0.033 kg/ha 15233 3696,89 116,4
Lastik TOP, ME - 0,5 I/ha 13 984 4015,95 99,2
Lastik TOP, ME - 0,4 I/ha + Magnum, WDG - 0,008 kg/ha 15227 3805,23 110,2
Ballerina, SE - 0,4 1/ha + Mortira, WDG - 0,015 kg/ha 15343 3714,25 1154
Puma Super 100, EC - 0.6 1/ha + Secator Turbo, MD - 0.05 1/ha 13 246 4204,58 90,3
Puma Plus, EC - 1.5 l/ha 13 820 4182,32 91,3
Average value 14 358 3898,80 105,7

of grain (3688,66 rubles) the preparation Gra-
nery, WDG stood out due to the lowest cost of
its purchase (see Table 6).

CONCLUSIONS

1. The intensity of plant growth and de-
velopment, productivity, grain quality and eco-
nomic efficiency of cultivation of the new vari-
ety of spring wheat Marsianka largely depends
on the use of protective agents (seed dressers
and herbicides). Chemical disinfectants are
twice as effective as biological preparations in
terms of effectiveness (degree of reduction of
disease incidence and preservation of plants for
harvesting).

2. The biological efficacy of the tank
mixture Lastik TOP, ME + Magnum, WDG in
wheat crops was 81.9%. Its superiority over the
tank mixture Balerina, SE + Mortira, WDG and
herbicides Puma Plus, ME is statistically insig-
nificant.

3. The highest harvest of quality grain
(3.15 and 3.17 t/ha) was obtained with pre-sow-
ing dressing of seeds with Maxim Plus, WSC
with the rate of 1.5 1/t and Vial TrasT, WSC -
0.4 1/t. The growth of productivity was accom-
panied by improvement of the quality of grain:
grain size increased to 15 g/l, vitreousness - by
0,4-1,9%, weight of 1000 seeds - by 0,1-1,1 g,
protein content - by 0,1-1,0% and gluten content
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in grain - by 0,3-2,9%. The treatment of crops
in the phase of tillering with a tank mixture of
herbicides Lastik Top, ME, 0.4 1/ ha and Mag-
num, WDG at a dose of 0.008 kg / ha led to the
highest in the experiment yield 3.63 t / ha with
improved quality of grain: natural weight - 798
g / 1, vitreousness - 67,9% and protein content
in grain - 17.3%. The highest indicators of the
weight of 1000 grains (38.1 g) and the amount
of gluten (34.7%) in wheat were observed in
variants with the herbicide Lancelot 450, WDG
and a tank mixture of Puma Super 100, EC +
Secator Turbo, MD.

4. The economic advantage of pre-sowing
treatment of wheat seeds of the Marsianka vari-
ety with investigated chemical means of protec-
tion is proved by reliable growth of net income
by 23,3%, reduction of production costs by
9,1% and increased profitability by 20,2%. The
best values of all noted economic indicators
provided the preparation Vial TrasT, WSC with
the rate of 0.4 1/ t. The excess of the indicator
of net income over the control variant from the
use of the biological preparation BisolbiSan, L
was only 4.0%.

5. Chemical means of weed control pro-
vide additional profits from increasing yields
and obtaining quality products. The greatest net
income (15.2-15.3 thousand roubles/ha) was
obtained from the crops treated with Lancelot
450 herbicide, WDG, tank mixtures of Lastik
TOP, ME + Magnum, WDG and Balerina, SE +
Mortira, WDG. Preparation Granerie, WDG
maximized profitability to 116.9% and made
the production of 1 ton of grain cheaper to
3688.66 roubles due to the lower cost.
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PE3YJIBTATBI U3YYEHUSA COPHO-IIOJIEBOM ®JIOPHI
NPUMOPCKOI'O KPAA B 2016-2020 rr.

<) Mopoxosen T.B., Mopoxosen B.H., Boctpuxosa C.C., bacaii 3.B., Cxopuk H.C.,
Mapkosa E.C., baiimyxanoBa A.A.

Janvresocmounviii HAYUHO-UCCIE008AMENbCKULL UHCTNUMYM 3AUUMbL PACTNEHUL —

Qunuan PedepanbHo2o HayuHO20 YyeHmpa azpobuomexnonocutl /laroneco Bocmoka um. A.K. Yaiiku
[Mpumopckwuii kpaii, c. Kamenb-Pribonos, Poccust

(<D e-mail: dalniizr@mail.ru

[IpencraBnensl pe3ysnbTaTbl U3y4E€HUsI COPHOTO KOMIIOHEHTA arpolieHO30B COM, PAHHUX 3€pHO-
BBIX KYJIBTYp U KyKypy3sl B IIpumopckom kpae. Becero B 2016-2020 rr. oOHapyskeHo 111 Bumos
COPHBIX PAaCTCHHM, OTHOCAITHXCS K 35 ceMeticTBaM. 1o cpaBHEHUIO ¢ pe3ymbTaTaMi 00CIICIOBAHIIA
ITIOCEBOB CEIIbCKOXO3SHUCTBEHHBIX KYIBTYp, poBeneHHBIX B 2006—2015 rr., o0111ee KOJMIecTBO BbI-
SIBICHHBIX BUJOB YBEIMUYMIOCH Ha 23. Hanbosnblee KoIn4ecTBO BUAOB IPUHAIICKUT ceMeiicTBaM
Asteraceae (24), Poaceae (15), Polygonaceae (11), Fabaceae (9), Brassicaceae (8), Caryophyllaceae
(7) u Lamiaceae (5). OcranbHble 26 CeMEUCTB MpejcTaBieHbl 1-3 BuaMu kaxaoe. Briepeeie oOHa-
PYKeHBI COpPHSKH-TIpeicTaBuTeNnu cemencTB Scrophulariaceae, Violaceae, Lythraceae, Onagraceae,
Asclepiadaceae n Boraginaceae. HanbombmmM okazayics (pIOpUCTUYSCKHH COCTaB COEBBIX arpo-
1eHo30B — 108 copubix BunoB 31 cemelicTBa. B moceBax 3epHOBBIX KYJIbTYP M KYyKYpy3bl pa3HO-
o0Opa3ue COPHIKOB OTMEYCHO MEHEE 3HAUUTEILHBIM — 75 BUJIOB 22 ceMeiCTB U 72 Buja 25 ceMeicTB
cooTBeTCTBeHHO. COopHast paCTUTENFHOCTh BO BCEX YKa3aHHBIX KyJbTYpax NpejacTaBieHa 62 BHIa-
Mmu 19 cemericTB. OCHOBHBIMH COPHBIMHU BHJIaMH, KOTOPbIE ITpou3pactaiu Ha 97-99% obciemyemoit
TEPPUTOPHHU MPU JOCTATOUHO BBICOKOHM CpenHell rycrore crosiaus (21—61 mr./m?), oka3aauch aka-
nmuda roKHasI, eKOBHUK OOBIKHOBEHHEIHN (TIPOCO KypHHOE) M aMOpPO3HsI TIOJIBIHHONIUCTHAS. Takke
Oosiee YeM Ha IOJIOBHHE OOCIIEIOBAHHBIX ITOCEBOB COM, 3€PHOBBIX KYJIBTYP M KYKYpPY3bl TIPUCYT-
CTBOBAJIM LIEPCTHSIK MOXHATBIH, OCOT MIOJIEBOH, MbIpeil ON3yunii, Mapb Oesiasi, BUABI TOJIBIHU, XBOIL]
0JIeBOH, OOSK MIETUHUCTBINA, KOMMEIHHA OOBIKHOBEHHAsI M IIETHHHUK Masiopocibiid. [IpakTuye-
CKHE MEPONPUATHS O 3alIUTEe OT COPHBIX pacTeHUi B [I[pUMOpPCKOM Kpae TOJKHBI OBITh B TIEPBYIO
o4epenb HalleJIeHbl Ha KOHTPOJINPOBAHUE STHUX BUIOB.

KuioueBble ci10Ba: CeNbCKOXO3AWCTBEHHAS KYIBTYpa, 00CIeI0BaHNE TIOCEBOB, 3aCOPEHHOCTH,
COpPHOE pacTeHUe, BUJ], BUIOBOH COCTaB, BCTPEYaEMOCTb, IUNIOTHOCTh 3aCOPEHHS

RESULTS OF THE STUDY OF THE WEED-FIELD FLORA OF PRIMORSKY
TERRITORY IN 2016-2020

<) Morokhovets T.V., Morokhovets V.N., Vostrikova S.S., Basai Z.V., Skorik N.S.,
Markova E.S., Baymukhanova A.A.

The Far Eastern Research Institute of Plant Protection — Branch of Federal Scientific Center
of Agricultural Biotechnology of the Far East named after A.K.Chaiki

Kamen-Rybolov, Primorsky Territory, Russia

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

The results of the study of the weed component of soybean, early grain crops and maize agroce-
noses in Primorsky Territory are presented. In total, 111 species of weeds belonging to 35 families
were found during the period from 2016 to 2020. Compared with the results of crop surveys con-
ducted in 2006-2015, the total number of species detected has increased by 23. The largest number
of species belongs to the families Asteraceae (24), Poaceae (15), Polygonaceae (11), Fabaceae (9),
Brassicaceae (8), Caryophyllaceae (7) and Lamiaceae (5). The remaining 26 families were repre-
sented by 1-3 species each. For the first time weeds-representatives of the families Scrophulariaceae,
Violaceae, Lythraceae, Onagraceae, Asclepiadaceae and Boraginaceae have been discovered. The
floristic composition of soybean agrocenoses was the highest with 108 weed species from 31 fami-
lies. In cereal and maize crops, weed diversity was less significant, with 75 species in 22 families
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Results of the study of the weed-field flora of Primorsky Territory
in 2016-2020

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

and 72 species in 25 families, respectively. Weed vegetation in all the above crops is represented
by 62 species of 19 families. The main weed species that grew on 97-99% of the surveyed territory
with a sufficiently high average density of standing (21-61pcs/m?) were Asian copperleaf, cockspur
grass and common ragweed. Also, more than half of the surveyed crops of soybeans, cereals and
corn were hairy cupgrass, perennial sow thistle, common couch-grass, common lamb’s quarters,
wormwood species, field horsetail, yellow thistle, dayflower and yellow foxtail. Practical measures
to protect against weeds on the Primorsky Territory should be primarily aimed at controlling these

species.

Keywords: agricultural crop, crops inspection, weed contamination, weed plant, species, species
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INTRODUCTION

The Far Eastern Federal District (FEFD)
covers 36% of the area of the Russian Fed-
eration. The southern territories of the FEFD
include the Amur Region, the Jewish Autono-
mous Oblast, the Khabarovsk Territory and the
Primorsky Territory, where 77% of the Far East-
ern agricultural land and 92% of the arable land
are located [1]. In the Primorsky Territory over
the last 5 years the sown area has increased by
26.6 thousand hectares and reached 449.2 thou-
sand hectares in 2020. In 2020, almost 62% of
the Territory is sown with soybeans, 7.6% with
spring cereals and 15.7% with corn'.

The pace of development of agricultural
production in Primorye still does not meet the
growing needs for food and raw materials. A
serious obstacle in obtaining high and stable
yields of cultivated crops is a significant weed
infestation of the fields, determined by the pe-
culiarities of the local monsoon climate.

The main harm caused by weeds is a sharp
decrease in the crop yield and deterioration of
the quality of products as a result of interspecific
competition for the main factors of life - water,
light and nutrients [2]. For example, according

'Sown areas of agricultural crops in the Primorsky Territory

no. 6, pp. 57-67. https://doi.org/10.26898/0370-8799-2021-6-7

to the data of the All-Russian Institute of Oil
Crops, removal of nutrients by ragweed above
ground mass (20 pcs. /m?, or 5 t/ha) amounts
to: nitrogen - 135 kg/ha, phosphorus - 40 kg/ha,
potassium - 157 kg/ha [3]. In Russia, the po-
tential risks of reducing the yield of grain crops
from weeds annually average 15.5%, soybeans
- 16.5%. In 2017-2019, yield losses from the
spread of weeds in agroecosystems averaged
16.1% in the country [4].

Scientific and informational basis for the
development and implementation of practi-
cal measures to protect plants are the results
of phytosanitary monitoring in combination
with diagnosis and prediction of development
and spread of pests in agrocenoses. Monitoring
studies provide the agricultural sector with rel-
evant phytosanitary information, including data
on the weed infestation of crops [5, 6].

The species composition of weeds, their
number and distribution in agrocenoses are
in constant dynamics determined by climat-
ic changes, and directly depend on seasonal
weather conditions and a number of anthropo-
genic factors. On the territory of the agroecosys-
tem or crop rotation there are many weed spe-

: Statistical collection. Primorskstat. Vladivostok, 2021. 99 p.
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cies, which under the influence of the features
of cultivation technologies manifest themselves
differently in different crops, consistently culti-
vated on the same field contour. Thus, the weed
infestation of crops is determined by a number
of factors, among which the main ones are the
features of cultivation technology and soil and
climatic conditions [7].

At present, herbological studies in Russia
are carried out on a regular basis mainly in the
Moscow, Leningrad, Novgorod, Pskov, Chely-
abinsk oblasts, Krasnodar, and Primorsky ter-
ritories. We study the succession of weeds in
agrophytocenoses of the most important agri-
cultural crops and find out the connections of
these processes with the implemented agricul-
tural technologies and the soil and climatic con-
ditions characteristic of the regions. The most
common and (or) harmful, economically im-
portant weed species are identified and ways of
their effective control are proposed [8-15].

The purpose of the study is to herbologically
assess the current state of the main agricultural
crops in the Primorsky Territory.

MATERIAL AND METHODS

Monitoring surveys were conducted annu-
ally in 2016-2020 in ten administrative dis-
tricts of the Primorsky Territory in accordance
with the approved instructions?. Crop surveys
with a total area of about 20 thousand ha were
conducted for the first time in a season dur-
ing the mass emergence of major weed species
(IT-I1T decades of June). Each field was passed
diagonally, evenly overlapping account-
ing frames with the area of 0.25 m?, within
which the number of weeds of each species
was counted separately. Species affiliation of
weeds was determined according to the pub-
lications [16, 17]. The second time during the
season, the crops were examined in August to
confirm the data of the first survey and to ob-
tain the final information on the weed compo-
nent of agrophytocenoses.

The degree of general weed infestation was
determined according to the scale proposed
by V.V. Isayev: the number of weeds up to
5 pcs/m? - very weak; 5.1-15.0 - weak; 15.1-
50.0 - medium; 50.1-100.0 - strong and more
than 100 pcs/m? - very strong [18].

The occurrence of each weed species was
calculated using the formula

a x 100%

2

n

where V' is the species occurrence in the sur-
veyed territory, a is the number of surveyed
habitats where the species was registered, n
is the total number of surveyed habitats [19].
Weed species differing in frequency of detec-
tion were divided into groups. The predominant
weed species with high occurrence in the entire
surveyed area and (or) in the crops of individu-
al crops were singled out.

Average weed density (weed stand density)
was calculated taking into account the total area
of the surveyed crops according to the formula

S0 Pix Si
s Si

AD =

where AD is the average species density, Pi is
the density of plants of this species per field
(pieces per square meter of sowing), Si is the
area of the surveyed field, n is the total number
of surveyed fields®.

RESULTS AND DISCUSSION

Phytosanitary monitoring of crops in the Pri-
morsky Territory, conducted in 2016-2020, re-
vealed a high level of general weed infestation
in soybeans, early grains (wheat, barley, oats)
and corn (see Table 1).

The main characteristic of the weed flora is
the botanical spectrum of its constituent spe-
cies. Previously, as a result of research con-
ducted by FERIPP staff in 2006-2015 in four

Anstruction for determining fields, perennial plantations, cultivated hayfields and pastures. Moscow: Agropromizdat, 1986.

15 p.

3Vostrikova S.S., Morokhovec V.N., Morokhovec T.V., Basaj Z.V., Shterbolova T.V. Dynamics of soybean agrocenosis
component in the Primorsky Territory. Scientific support of soybean production: problems and prospects Blagoveshensk: IPK

"ODEON" LLC, 2018. pp. 131-140.
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natural-climatic zones of the Primorsky Terri-
tory, 88 species of weeds of 29 families were
registered in crops of major agricultural crops
(soybean, spring cereals, and corn). In soybean
crops, 80 species were detected. In agrocenoses
of early cereals and maize, 73 and 52 species
were recorded, respectively. The most frequent
weeds annually registered on 70-100% of the
surveyed areas were barnyard grass Echino-
chloa crusgalli (L.) Beauv, copper leaf Acaly-
pha australis L, field sow thistle Sonchus ar-
vensis L., common lamb's quarters Chenopodi-
um album L., ragweed Ambrosia artemisiifolia
L., and yellow thistle Cirsium setosum (Willd.)
Bieb*. The same species were characterized by
high density of growth, occurring in the sur-
veyed fields in the maximum quantities, and
were most widely and abundantly represented
in the crops of all crops [15].

In 2016-2020, 111 species of weeds belong-
ing to 33 botanical families were found in the
surveyed areas. The largest number of species
(24) belongs to the family Asteraceae Dumort.
Then, in descending order by the number of
species represented, the families of bluegrass
Poaceae Barnhart (15 species), knotgrass Po-

Ta6a. 1. OOmias 3acOpeHHOCTh
CEJIbCKOXO3UCTBEHHBIX KyNbTyp B [IprMopckoM
kpae (cpennee 3a 2016-2020 rr.), %
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Table 1. Total weed contamination of

agricultural crops in Primorsky Territory
(average for 2016-2020), % of the area studied

Degree of weediness
Crop very me- very
weak weak dium strong strong
Soy 0,8 - 43 | 22,6 | 72,3
Early ripening
grain crops
- - 9,5 | 17,8 | 72,7
Corn - - 16,5 | 35,5 | 48,0
The entire survey
area 0,6 - 6,0 | 26,8 | 66,6

lygonaceae Juss. (11), beans Fabaceae Lindl.
(9), cabbage Brassicaceae Burnett (8), carna-
tion Caryophyllaceae Juss. (7), mint family La-
miaceae Lindl. (5), the bindweed Convolvula-
ceae Juss., and the pink Rosaceae Juss. - three
species each. Primulacea Vent. and Malvaceae
Juss. were represented by two species each, the
other 22 families by one species.

The species composition of weeds largely
depends on the biology and cultivation technol-
ogy of crops. The floristic composition of soy-
bean agrocenoses was the widest - 108 weed
species of 31 families. In grain and maize crops
the diversity of weeds was less considerable:
75 species in 22 families and 72 species in 25
families, respectively. All these crops were in-
fested with plants of 62 species of 19 families.

When considering the ratio of weed groups,
we found that dicotyledonous plants signifi-
cantly outnumbered monocotyledonous plants
- 92 species (84% of the total recorded num-
ber) against 19. Among dicotyledonous weeds,
55 species were short-lived plants and 37 were
perennial. Monocotyledonous weeds were rep-
resented by 10 short-lived and 9 perennial spe-
cies. Minor dicotyledonous species were the
predominant group in soybean, spring grain
crops, and corn cenoses. In particular, the ra-
tio of minor and perennial dicotyledonous
species in soybean crops was 54: 35, in early
cereal crops 39: 25, and in maize 37: 26. In
soybean agrocenoses, 10 perennial and 9 peren-
nial monocotyledonous weed species were ob-
served. Grain crops and maize were infested by
6 species of small annual weeds and by 5 and 3
perennial annual weeds, respectively.

The main weeds that grew in 97-99% of the
surveyed area at a fairly high average standing
density (21-61 pcs/m?) were copper leaf, barn-
yard grass (barnyard millet), and ragweed (see
Table 2). Taken together without other weeds
3 plant species formed a strong (on average -
73,6 pcs. /m?) weed infestation of maize and
very strong (120,3-150,6 pcs. /m?) - of cereals
and soybean. In soybean crops, copper leaf and

“Morokhovets T.V., Morokhovets V.N., Vostrikova S.S., Basay Z.V., Shterbolova T.V. Evaluation of weed frequency in
crops of the Primorsky Territory. Protection of grain crops from diseases, pests, weeds: achievements and problems. Bolshiye
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barnyard grass dominated quantitatively. Cereal
crops were most densely infested by ragweed.
The minimum total weed infestation of copper
leaf, barnyard grass and ragweed was detected
in corn crops.

Also, in the whole surveyed area with high
occurrence (on average, more than 50%) were
found hairy cupgrass Eriochloa villosa (Thunb.
ex Murray) Kunth, field thistle, wheatgrass
Elytrigia repens (L.) Nevski, common lamb's
quarters, wormwood species (common Arte-
misia vulgaris L., red-footed A. rubripes Na-
Kai, Sivers A. sieversiana Willd.), field horse-
tail Equisetum arvense L., yellow thistle, day-
flower Commelina communis L., and bristle
grass Setaria pumila (Poir.) Schult. (S. glauca
(L.) Beauv.) Practically all listed species are
widespread in soybean, cereal crops and corn.
Only field horsetail in early cereals (48%) and
bristle grass in maize (48%) were found with
frequency of occurrence below 50%. Average
abundance of most species of this group in
crops was 1.51-13.03 units/m?. In the quantity
of less than 1 pc/m? we recorded yellow thistle
on early cereals and wormwood (species) - in
crops of maize.

Velvetleaf Abutilon theophrasti Medik.,
curly sorrel Rumex crispus L., rough hedge
woundwort Stachys aspera Michx., clover spe-
cies (meadow or red Trifolium pratense L., lu-
pin T lupinaster L., field T. campestre Schreb.,
creeping or white 7. repens L., hybrid (pink or
Swedish) 7. hybridum L., arable T. arvense L.),
trailing hollyhock Hibiscus trionum L., swamp
plantain Plantago uliginosa F.W. Schmidt,
green bristle grass Setaria viridis (L.) Beauv.,
pyrethrum Tripleurospermum inodorum (L.)
Sch. Bip., spotted knotweed Persicaria macu-
losa S.F. Gray, marsh cress Rorippa palustris
(L.) Bess., siegesbeckia Sigesbeckia pubescens
Makino, common reed Phragmites australis
(Cav.) Trin. ex Steud, bur beggare Bidens tri-
partita L., wild soybean Glycine soja Siebold et
Zucc., cat pea Vicia cracca L., and Mongolian
dandelion Taraxacum mongolicum Hand-Mazz.
Crop infestation density by species from this
group was insignificant and averaged less than
one plant per square meter of crop in 5 years. In
some years, average abundance of 3 to 5 plants/

m? was recorded for curly sorrel, marsh cress,
and siegesbeckia in soybean crops, for hibiscus
trifoliate, green bristle grass, and for clover and
curly sorrel in early cereal crops. The maximum
quantity of the bur beggare (2 pcs/m?) was ob-
served in soybean crops. The same amount of
the marsh cress in corn crops, trailing hollyhock
and Velvetleaf in maize crops were recorded in
some years with the same abundance.

Average 5-year occurrence of field dodder
Cuscuta campestris Yunck., eastern knotgrass
Persicaria orientalis (L.) Spach, doorweed Po-
lygonum aviculare L., redroot amaranth Ama-
ranthus retroflexus L., radiant chickweed Fim-
bripetalum radians (L.) Ikonn, Siberian cockle-
bur Xanthium sibiricum Patrin ex Widd., water-
pepper smartweed Persicaria hydropiper (L.)
Spach, hemp nettle Galeopsis bifida Boenn.,
elsholtzia Elsholtzia pseudocristata Levl. et
Vaniot, field mint Mentha arvensis L., common
spurry Spergula arvensis L. were 11-19% with
a stand density less than 1 pc/m?. Some of these
species were more widespread in individual
crops. For example, field dodder, redroot ama-
ranth and radiant chickweed Fimbripetalum
radians (L.) Ikonn were more common in soy-
bean crops than in other crops. Hemp nettle was
the most frequent in early cereal crops, while
eastern knotgrass, doorweed and Siberian cock-
lebur were more common in maize crops.

The following 11 species of weed plants
(bladder campion Oberna behen (L.) Ikonn., Si-
berian crane's bill Geranium sibiricum L., Japa-
nese hop Humulus japonicus Siebold et Zucc.
Love, climbing buckwheat Fallopia convol-
vulus (L.) A. Love, common shepherd's purse
Capsella bursa-pastoris (L.) Medik., rock jas-
mine Androsace filiformis Retz., annual knawel
Scleranthus annuus L., rocket cress Barbarea
arcuata (Opiz ex J. et C. Presl) Reichb, Can-
ada fleabane Conyza canadensis (L.) Crongq.,
black nightshade Solanum nigrum L., wart-
wort Gnaphalium uliginosum L.) were found in
5-10% of agricultural areas, mostly with an av-
erage number of less than 1 pc/m? Only for the
rock jasmine and annual knawel average abun-
dance values were registered slightly higher -
4.99 and 1.02 pcs/m? respectively. Standing
density of the rock jasmine in 2019 and 2020
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in soybean crops was equal or exceeded 21
pcs/m?, and the abundance of annual knawel in
2016 in early cereal crops reached 8.71 pcs/m?.

The group of rare weeds with occurrence
of more than 1% and less than 5%, density of
growth not more than 0.35 pcs/m? included
25 species: shining hoarhound Lycopus luci-
dus Turcz. ex Benth., American sloughgrass
Beckmannia syzigachne (Steud.) Fern., car-
rot Daucus carota L., small-flower galinso-
ga Galinsoga parviflora Cav, narrow-leaved
hawkmoth Crepis tectorum L., bindweed Ca-
lystegia inflatata Sweet, common thymothy
Phleum pratense L., oatgrass Avena fatua L.,
sedge Carex sp., trailing bindweed Convol-
vulus arvensis L., common evening primrose
Oenothera biennis L, common chickweed, sat-
inflower Stellaria media (L.) Vill., sanguinary
Achillea millefolium L., field buttercup Ranun-
culus acris L., purple sandwort Spergularia
rubra (L.) J. et C. Presl, silverweed cinquefoil
Potentilla anserina L., ball mustard Neslia pa-
niculata (L.) Desv., common burdock Arctium
lappa L., umbrella rock jasmine Androsace um-
bellata (Lour.) Merr, Japan metaplexis Meta-
plexis japonica (Thunb.) Makino, prickly grass
Echinochloa oryzoides (Ard.) Fritsch, blue-
grass Poa pratensis L., field pennycress Thlaspi
arvense L., clammy smartweed Persicaria vis-
cofera (Makino) H. Gross ex Nakai, fleabane
Phalacroloma annuum (L.) Dumort.

The group of extremely rare weeds includ-
ed 29 species detected in less than 1% (0.22-
0.78%) of the surveyed areas: willow-leaf inula
Inula salicina L., knotweed Bungea mountain-
eer Persicaria bungeana (Turcz.) Nakai ex
Mori, common purslane Portulaca oleracea
L, silvery cinquefoil Potentilla argentea L.,
Aleppo geum Geum aleppicum Jacq., blue bot-
tle flower Centaurea cyanus L., Tartary buck-
wheat Fagopyrum tataricum L., Hieracium
umbellatum L, cattail Typha latifolia L., yellow
cress Erysimum cheiranthoides L., lovegrass
Eragrostis sp., Siberian morning glory Ipo-
moea sibirica (L.) Pers, wild radish Raphanus
raphanistrum L., field violet Viola arvensis
Murr., oxtongue Picris sp., common or lin-
ear crabgrass Digitaria ischaemum (Schreb.)
Muehl., large crabgrass Digitaria sangui-

nalis (L.) Scop., cereal chickweed Stellaria
graminea L., spreading knotweed Persicaria
lapathifolia (L.) S.F. Gray, long-bristle knot-
weed Persicaria longiseta (De Bruyn) Kitag,
small-flowered beggar-ticks Bidens parviflora
Willd., clump speedwell Veronica longifolia
L., squirreltail critesion Critesion jubatum (L.)
Nevski, killweed Lythrum salicaria L., Tar-
tar prickly lettuce Mulgedium tataricum (L.)
DC., water plantain, plantain Alisma plantago-
aquatica L., viper's bugloss Echium vulgare L.,
field mustard Sinapis arvensis L., groundnut
peavine Lathyrus tuberosus L. These weed spe-
cies are mainly found in soybean crops with a
maximum density of one plant per 4 m? most
often one plant per 1000-10 000 m?.

CONCLUSION

Monitoring surveys 2016-2020 showed that
the species composition of plants infesting soy-
bean, early grain crops and corn is very diverse
and represented by 111 species of 33 families.
Compared with the results of the crop surveys
conducted in 2006-2015, there was an increase
in the total number of species detected. For the
first time weed representative of figwort, vio-
let, lythrum, evening primrose (willowherb),
milkweed and borage families were found.
Prevalence and density of some weed species
increased. On the surveyed areas there was a
10-58% increase in occurrence of barnyard
grass, wormwood species, field horsetail, day-
flower, curly sorrel, wild soybean, field dodder
and bird's knotweed. In crops of soybean, early
cereal crops and maize the prevalence of couch
grass increased by 1.4-4.6 times in 5 years, and
of hairy cupgrass by 1.7-3.2 times. Average
weed infestation of crops by hairy cupgrass,
curly sorrel, scurfy woundwort, marsh cress,
wild soybean, bird's knotweed and common
spurry increased by 1.5-3.0 times. Less com-
mon and in smaller numbers were lamb's quar-
ters, yellow thistle, China jute, Siguezbeekia
velvet, bur beggare, Mongolian dandelion and
hemp nettle. In 2016-2020, the composition of
weed species prevailing in crops was observed
to be almost the same. The occurrence rates,
abundance of each species, determining its spe-
cific place in the dominant group of weeds, var-
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ied every year. The most widespread and prev-
alent weed species in the Primorsky Territory
are the Southern copper leaf, barnyard grass
and ragweed against which effective control
must be provided by the implemented protec-
tive measures.
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BJIUSHUE KOPMOBOM JTOBABKU BUOITPOTEKTUH-K/I
HA MOJIOYHYIO NIPOAYKTUBHOCTB KOPOB
N KOPPEKIINIO MUKPOBUOTDBI TEJIAT

C<)'CeBacrpsinoBa T.B., *Yma B.B.

'Hosocubupckuii 20Cy0apcmeenuvlll azpapublil YHUSEPCUument

Hosocubupck, Poccus

Unemumym eemepunapuu, 6emepuHapHO-CaHUMAapHOL SKCNepmu3bl U azpooe30nacHocmu
Mockosckoeo eocyoapcmeennozo yHugepcumema nuyegvlx npouseo0cme

Mocksa, Poccust

() e-mail: tatianakenegen@gmail.com

[lpuBeneHsl pe3ynbTaThl HCOBITAHUH HOBOM KOMOWHUPOBAaHHOW KOPMOBOH 100aBKH
Buonpotextnn-K/| Ha ocHOBE 3KCTpakTa pacTOPONIIX ISITHUCTOW C A0OaBIEHHEM KOMIUIEKCA
Oakrepuit pona Lactobacillus w Bifidobacterium st BOCCTaHOBJICHUS KHIIEYHOW MUKPOOHOTHI
KUBOTHBIX. JloxinHu4eckue uccienoBanus 3QQGEKTUBHOCTH KOPMOBOW H00aBKH HPOBOIMIN
Ha MBIIIaX C JKCIEPUMEHTAIBHBIM aHTHOMOTHKO-AaCCOIMUPOBAHHBIM JucOakTepro3oM. Hc-
CJIEJIOBaHUSl KHUIIEYHOH MHUKPOOMOTHI MBINICH BBISIBUIM HEOJUHAKOBYIO CTCICHb BIIMSHUS
PasHBIX /103 KOPMOBOM J0OaBKM Ha BOCCTAaHOBJIECHHE pe3uAeHTHOW MUKpodopsl. [lonxydeHHble
pe3yJIbTaThl JOKIMHUYECKUX MCCIICIOBAHUH JI0Ka3alu 0e3BPEIHOCTb, OTCYTCTBUE TOKCUYHOCTH
n 3¢ QeKTUBHOCT, KOpMOBOH no00aBku. KimHuueckue wuchblTaHusi 100aBKH IPOBEINCHBI HA
MPOIYKTUBHBIX JKHBOTHBIX. M3ydeHO ee BIMSAHUE Ha NPOAYKTHBHOCTH KOpPOB YEPHO-NECTPOH
MOPOABl B YCIOBHUSAX JKHBOTHOBOAYECKOTO Xo3siicTBa benroponckoi obmactu. Ilpumenenue
(yHKIIMOHAIBHOM KOpMOBOI 1006aBKu bruonpoTekTiH-K /] 10J105KUTENBHO MOBIUSIO HA MOJIOYHY IO
MPOJIyKTUBHOCTh KOPOB UEPHO-MECTPOH MOPOABI. Y KOPOB ONBITHBIX TPYIII, MOJYyYaBIIUX
KOPMOBYIO 100aBKy, yAoH 3a mnaktauuio ysenuuwics Ha 209,41-499,01 xr mo cpaBHEHHUIO
C KOHTPOJBHBIMU >KUBOTHBIMHM, uTO cocTaBuio 4,01-8,78%. IloBbICMIUCH KayeCTBEHHBIC
Iokasartesn Mojoka. MccienoBan coctaB MUKPOQUIOPHI Y ONBITHBIX (IIOJYy4YaBLIMX KOPMOBYIO
n00aBKy) W KOHTPOJBHBIX TEJAT. YCTAaHOBIEHO, YTO B KHIIEYHHKE MOJIOAHSIKA KOHTPOJBHOMN
IPYHITBI KOJIMYECTBEHHBIN COCTaB MPOOMOTUIECKOH (IIOPHI HA MPOTSKCHUHN OTIBITA MPAKTHYECKH
HE MEHsUICSA. Y ONBITHBIX JKUBOTHBIX KOJHYECTBO WHAMTEHHOW MHUKPOGMIOPHI (JIAKTOOALMILIBI
u OudpunodaxkTepun) yennuniaock. CopepkaHue MOJOYHOKHCIBIX MHUKPOOPTaHU3MOB Y OTIBIT-
HBIX TEJIAT Hayalo BO3pacTaTh Ha 6-1 1eHb NPUMEHEHHsI KOPMOBOW OOABKU U JOCTUINIO (PU3HO-
morudecko HopMmel Ha 30- meHb. Paccumran mHACKC Oe30macHOCTH mpoaykra. [IpuMenenme
(yHKIIMOHAIBHON KOpMOBO# n00aBku buonporektnH-KJ[ B yCIOBHAX KUBOTHOBOJIYECKOTO
KOMIUJIEKCa TO3BOJMJIO YJIYYIIWTh TaKHe MPOW3BOJCTBEHHBIE IOKA3aTeNd, KaK COXPAaHHOCTb
TEJSAT, UX CPEJHECYTOUHbIE MPUBECHI, a TAK)KE€ MOJOYHYIO MPOJYKTUBHOCTH KOPOB B OINBITHBIX
rpyIIax )KUBOTHBIX IO CPABHEHHIO C KOHTPOJIBHBIMHU.

KioueBble cioBa: aHTHOMOTHKOPE3MCTEHTHOCTb, JAHCOAKTepuo3, (YHKIHMOHAIBHBIC
KOPMOBBIE M0OABKH, MPOOMOTHK, TEHATOIPOTEKTOP, pacTopoIia naTauctas, Lactobacillus, Bi-
fidobacterium
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THE EFFECT OF THE FEED ADDITIVE BIOPROTECTIN-KD
ON THE PRODUCTIVITY OF DAIRY COWS AND THE CORRECTION
OF THE MICROBIOTA OF CALVES

<) 1Sevastianova T.V.,2Usha B.V.

'Novosibirsk State Agrarian University

Novosibirsk, Russia

’Institute of Veterinary Medicine, Veterinary and Sanitary Expertise and Agro-safety
MSUFP; Moscow State University of Food Production
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The results of tests of a new combined feed additive Bioprotektin-KD based on milk thistle
extract with the addition of a complex of bacteria of the genus Lactobacillus and Bifidobacterium
to restore intestinal microbiota of animals are presented. Preclinical studies on the effectiveness of
the feed additive were conducted on mice with experimental antibiotic-associated dysbacteriosis.
Studies on the intestinal microbiota of mice revealed varying degrees of effect of different doses of
feed additive on the recovery of resident microflora. The results of pre-clinical studies have proven
the harmlessness, non-toxicity and efficacy of the feed additive. Clinical trials of the additive were
carried out on productive animals. Its effect on the productivity of black-motley breed cows in a
livestock farm in the Belgorod region was studied. The use of the functional feed additive Biopro-
tectin-KD had a positive effect on the milk productivity of black-motley breed cows. Cows in the
experimental groups that received the feed additive had increased their milk yield per lactation by
209.41-499.01 kg compared to the control animals, which was 4.01-8.78%. The quality indicators of
milk have increased. The composition of the microflora of the experimental (feed supplement recipi-
ents) and control calves was studied. It was found that the quantitative composition of probiotic flora
in the intestines of young calves of the control group remained practically unchanged throughout the
experiment. The number of indigeneous microflora (lactobacilli and bifidobacteria) increased in the
experimental animals. The content of lactic acid microorganisms in the experimental calves began
to increase on day 6 of feed supplementation and reached physiological norm on day 30. The safety
index of the product has been calculated. The use of the functional feed additive Bioprotektin-KD in
conditions of a livestock complex has improved such production indicators as calf survival, average
daily weight gain, and milk productivity of cows in the experimental groups of animals as compared
to the control ones.

Key words: Antibiotic resistance, disbacteriosis, functional feed additives, probiotics, hepato-

protectors, milk thistle extract, Lactobacillus, Bifidobacterium.

Jdas nurupoanmsi: Cesacmovsanosa T.B., Ywa B.B. Bnusaue kopmoBoit no6aBku buonporexktun-KJ[ Ha MOn0YHYIO
MIPOIYKTHBHOCTH KOPOB M KOPPEKLIUIO MHUKPOOMOTHI TemsT / CHOMpCKuil BECTHHUK CelbCcKoxo3siicTBeHHOU Hayku. 2021. T. 51.

Ne 6. C. 68-76. https://doi.org/10.26898/0370-8799-2021-6-8

For citation: Sevastianova T.V., Usha B.V. The effect of the feed additive Bioprotectin-KD on the productivity of dairy cows
and the correction of the microbiota of calves. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural

Science, 2021, vol. 51, no. 6, pp. 68—76. https://doi.org/10.26898/0370-8799-2021-6-8

Konduukr unrepecon

ABTODBI 3aBISIOT 00 OTCYTCTBHH KOH(IMKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

JKHMBOTHOBOZICTBO M BETEPUHAPHS CuOHPCKHii BECTHHK CEIBCKOXO3SHCTBEHHOM Hayku * 2021 516 69



The effect of the feed additive Bioprotectin-KD on the productivity of
dairy cows and the correction of the microbiota of calves

Sevastianova T.V., Usha B.V.

INTRODUCTION

Intensification of livestock breeding and
the annual increase in the number of produc-
tive animals lead to a deterioration of the en-
vironmental and epizootic situation, since the
risk of transmission of infectious and parasitic
diseases increases. The main preventive mea-
sures aimed at reducing the risk of contamina-
tion of productive animals with infectious dis-
eases, in addition to improving living condi-
tions and feeding rations include vaccination
and the use of antimicrobial agents. The irra-
tional use of antibiotics in animal husbandry
i1s a major factor in the emergence and spread
of antibiotic-resistant microorganisms, which
leads to an increased risk of zoonosis and dif-
ficulties in antibiotic therapy 2 [1-3].

At present, the search for alternative ap-
proaches to the therapy of infectious diseases
is underway worldwide. In the applied aspect,
it seems important to justify the treatment of
animals with the use of combined feed addi-
tives of pre- and probiotic composition. These
supplements have a positive effect on the in-
digene microflora: they prevent gut dysbiosis,
correct the intestinal microbiota, stimulate
humoral immunity, as well as synthesize vi-
tamins B and C and produce a large number
of biologically active substances [4-6]. When
antibiotics are rejected at the subtherapeutic
level, combined functional feed additives,
which include pro-, prebiotics and hepatopro-
tectors of plant origin, are one of the means to
enhance immunity, improve the functioning of

organs and systems, and correct gastrointesti-
nal and hepatobiliary pathologies® [7].

Biological activity of functional feed addi-
tives is high and based on more stable pres-
ervation and adhesive activity of immobilized
microorganisms, while sorbents and hepato-
protective component quickly and efficiently
relieve intoxication and accelerate reparative
process [8].

One of the biologically active natural hepa-
toprotectors is the medicinal plant milk thistle
(Silybum marianum). Milk thistle meal and
extract have detoxifying properties, which
affects the external secretory function of the
liver, providing antispasmodic and slight an-
ti-inflammatory effect. The main component
of the milk thistle meal and extract is silimar
(silibinin), which is a mixture of three main
isomeric compounds - silibinin, silicristin and
silidianin %3,

In the mechanism of hepatoprotective ac-
tion of milk thistle the main property is stabili-
zation of cell and subcellular membranes. The
antioxidant effect of milk thistle is due to the
interaction of its components with free radi-
cals in the liver and their transformation into
less toxic compounds ¢* [9].

Recent research in nutrition science sug-
gests that it is possible to maintain the health
of the animal body with functional feedstuffs.
Genomics and proteomics methods have re-
vealed that probiotic strains can radically af-
fect the gene expression of both other bacte-
rial strains of the intestine and the intestinal

Wasilevskaya E.R. Development of a feed additive based on biologically active substances from raw materials of animal

origin: Ph. D. in Engineering Sciences, M., 2019.

20O’ Neill J. The Review on antimicrobial resistance. Tackling a crisis for the health and wealth of nations. December, 2014.

[E- resource]: Available from: http://amr-review.org/

3Panina T.V. Application of probiotic - hepatoprotector "Hepopro" in toxic lesions of the liver in dogs: Ph. D. in Veterinary

Sciences, M., 2009.

“Sadovnikova V.V., Sokolova K.Ya., Ivanova N.L. Studying the effect of probiotic from lacto- and bifidobacteria on the liver
of rats with toxic hepatitis. Probiotic microorganisms: current status of the issue and prospects for use: materials of the 2nd
international scientific and practical conference. M., 2002. pp. 26-27.

SSaratikov A.S., Vengerovsky A.L. Effect of hepatoprotectors containing phospholipids on cytochrome P 450 independent
antitoxic liver function in experimental toxic hepatitis. Bulletin of Experimental Biology and Medicine. 1998. Ne 4. pp. 392-394.

®Pyatova L.G. Evaluation of the effectiveness of drugs for the correction of intestinal microflora in combination with silymar
in patients with acute viral hepatitis A and B: Ph. D. in Medical Sciences. M., 2008. 160 p.

"Modestova L.V., Akovantseva N.V. Composition of bile at different physiological state of digestive system. Diseases of liver

and pancreas. M., 1984. pp. 105-113.

8Khursa R.V., Mesnikova I.L., Miksha Y.S. Intestinal microflora: the role in health maintenance and pathology development,

correction possibilities: tutorial. Minsk, 2017. pp. 5-11.
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epithelial cells themselves, turning on and off
hundreds of genes relevant to the implemen-
tation of the immune response and metabolic
reactions [10].

The aim of the work is to study the effec-
tiveness of a new combined feed additive Bio-
protektin-KD based on milk thistle extract on
the productivity of cows in livestock farming
conditions and to determine its effect on the
restoration of intestinal microbiota in dysbio-
sis of calves.

MATERIAL AND METHODS

This work was performed as part of a doc-
toral training program; the topic "Develop-
ment of a biologically active feed additive for
productive animals" was approved at the De-
partment of Internal Medicine, Moscow State
University of Food Production.

Preclinical studies of a functional feed ad-
ditive Bioprotektin-KD based on milk thistle
extract with addition of a complex of bacteria
of the genus Lactobacillus and Bifidobacteri-
um were conducted on white nonlinear mice.
Scientific experiment was carried out from
2010 to 2011 in the experimental farm "Man-
ikhino" of the All-Russian State Center for the
Quality and Standardization of Medicines for
Animals and Feed. Harmlessness, acute and
chronic toxicity and effectiveness of the feed
additive were studied.

Clinical tests of the functional feed additive
Bioprotektin-KD were carried out in the con-
ditions of the livestock complex of the Bel-
gorod region and the Belgorod interregional
veterinary laboratory. Experimental samples
of functional feed additive are made from milk
thistle extract and a complex of probiotic bac-
teria of the genus Lactobacillus and Bifidobac-
terium 5 x 107 Ig CFU/g.

In clinical experiments 80 animals of black
and white breed were used: 40 cows and 40
calves. Four groups were formed of cows and
young calves: one control and three experi-
mental groups (n = 10). Calves and cows were
fed according to the developed rations. Ani-
mals of experimental groups received func-
tional feed additive in different doses per 1 kg

of live weight as part of the diet. Animals of
control groups received only the basic diet.

Group Diet

Control Basic diet (BD)

1-st experimental BD + 27 mg Bioprotec-
tin-KD per 1 kg of live weight

2-nd experimental BD + 54 mg Bioprotec-
tin-KD per 1 kg of live weight

3-rd experimental BD + 108 mg Bioprotec-
tin-KD per 1 kg of live weight

Dairy productivity was evaluated based on
control milkings, which were performed once
a month. The amount of fat and protein by
months of lactation was determined by calcu-
lation.

Organoleptic evaluation of milk was car-
ried out according to the method of V.P. Shid-
lovskaya. Chemical composition of milk was
estimated according to its content (by acid
method according to GOST R ISO 2446-2011,
5867-90 and on the device " Klever 2"), pro-
tein - by formol titration method according to
GOST 25179-90 and on the device "Klever 2",
casein and whey proteins - by refractometric
method on milk analyzer, fractions of casein -
by K. Butkus and V. Butkene method (2011),
NMS (nonfat milk solids) - according to GOST
3626-73 and on "Klever 2" device, lactose -
according to GOST R 51259-99 on photoelec-
tric colorimeter, calcium - by complexometric
method, phosphorus - by spectrophotomet-
ric method according to GOST 31584-2012,
ash - by ashing according to N.Yu. Alexeev
et al. method (1986). The number and diam-
eter of fat globules were estimated by micro-
scopic examination and counting in the Gory-
aev chamber according to the method of P.V.
Kugenev (1988). The density in milk was de-
termined by areometric method according to
GOST 3625-84, titratable acidity - according
to GOST 3625-84. The calculation of the en-
ergy value was carried out according to the
VIZh formula.

Microbiological analysis was carried out
according to the following indicators: the
number of QMA&OAMO according to GOST
R 53430-2009, coliform bacteria, staphylo-
cocci, yeast-like and mold fungi by sowing on
selective media.
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The digestibility of nutrients in diets, ni-
trogen balance and energy metabolism were
studied according to the method of balance
experiments on three animals from each group
based on the results of chemical analysis of
feed, their residues, feces and urine accord-
ing to generally accepted methods (Lebedev
P.T., Usovich A.T., 1976). When studying the
energy metabolism, we used the regression
equation proposed by A.P. Kalashnikov et al.
(1985), N.G. Grigoriev et al. (1989).

Animal fecal samples were examined by
quantitative group analysis according to the
methodological recommendations of the
USSR Ministry of Health "Intestinal dysbac-
terioses. Application of bacterial biological
preparations in the practice of treatment of pa-
tients with intestinal infections, diagnosis and
treatment of intestinal dysbacterioses" (1988).
The number of microorganisms was calculat-
ed in Ig CFU/g according to the conventional
method.

RESULTS AND DISCUSSION

As a result of clinical studies on harmless-
ness it was proved that a single intragastric
administration of Bioprotectin-KD at a dose
of 135 mg/kg did not cause death of mice dur-
ing a 5-day observation period. The acute tox-
icity study revealed that one individual died
on the first day of intragastric administration
of this feed additive. Moreover, the LD50
was in the range of 38 to 63 g/kg live weight
and was about 50.5 g/kg live weight, which
exceeds the proposed dose of the feed addi-
tive for clinical trials on productive animals.
Chronic toxicity studies on mice receiving a
daily dose of Bioprotectin-KD of 500 mg/kg
for 30 days resulted in all animals remaining
alive. Studies of the effectiveness of the ana-
lyzed feed additive were conducted on experi-
mental antibiotic-associated dysbacteriosis in
mice using gentamicin in a dosage higher than
the therapeutic one. The level of resident mi-
croflora of the genus Lactobacillus decreased
at the end of antibiotic application and was
5,45 £ 0,50 1g CFU/g in the 1st experimental
group, 5,65 = 0,55 in the 2nd group, 5,66 +

0,33 in the 3rd group, 5,34 + 0,22 1g CFU/g in
the control group. Studies of the intestinal mi-
crobiota of mice obtained in the dynamics of
Bioprotectin-KD use revealed varying degrees
of influence on the recovery of resident micro-
flora. Thus, only on the 4th day of supplemen-
tation the level of lactobacilli increased and
amounted to 6,45 + 0,25; 6,55 + 0,251; 6,88
+ 0,441 Ig CFU/g in experimental groups 1-3
respectively. In the control group this indica-
tor was 4.88 + 0.22 lg CFU/g. The maximum
increase of lactobacilli in the experimental
groups with Bioprotectin-KD was recorded on
the 10th day of the study and reached 7,99 +
0,43; 8,17+ 0,33; 8,58 + 0,33 1g CFU/g, while
in the control group the lactobacilli level in-
creased slightly - 6,55 £ 0,22 1g CFU/g.

The results of preclinical studies have prov-
en harmlessness, lack of toxicity, as well as
the effectiveness of the feed additive Biopro-
tectin-KD, which made it possible to proceed
to the second stage - clinical studies on pro-
ductive animals.

Application of functional feed additive had
a positive effect on milk productivity of black-
and-white breed cows (see Table 1).

The animals of the experimental groups
that received the feed additive increased the
milk yield per lactation by 209.41-499.01 kg,
which was 4.01-8.78% (p <0.001) compared
to the cows of the control group. The highest
coefficient of milk yield was also observed in
cows of experimental groups. The maximum
value was in the animals of the 3rd experimen-
tal group: they surpassed the animals of the 1st
group by 85,7 kg, the 2nd group by 48,06 kg,
and the control group by 87,5 kg.

The use of Bioprotectin-KD supplement in
cows' diets had a positive effect not only on
the amount of milk, but also on its qualitative
composition. Due to the increased content of
nutrients, the milk of the experimental group
cows had a higher energy value. The milk of
the cows of the 3-rd experimental group ex-
ceeded the parameters of the control group
by 1,86%, and of the 2nd group - by 1,17%
(p <0,01). The milk of the cows from the 3rd
experimental group showed slight increases of

72 Siberian Herald of Agricultural Science ¢ 2021 « 51 « 6

Animal husbandry and veterinary science



Bunsinne kopmoBoii 1o6aBku buonporexrin-K/I Ha MonodHyro
MPOAYKTHBHOCTH KOPOB M KOPPEKIIMIO MUKPOOHOTBI TEIAT

CesactbsinoBa T.B., Yina b.B.

Ta6a. 1. Bimsaue kopmoBoii 1o6aBku buonporexkTia-K/[ Ha MOITOYHYIO TPOAYKTHBHOCTE KOPOB

YyepHo-TiecTpoit mopossl (7 = 10)

Table 1. Effect of Bioprotectin-KD feed additive on milk productivity of black-motley breed cows (n = 10)

Group

Indicator
control

experiment

1-st 2-nd 3-rd

Milk yield per lactation, kg
Milk yield ratio, %

2950,15 + 32,01
514,45+ 12,91

Mass fraction of fat, % 3,15+£0,035
Quantity of milk fat, kg 95,99 + 1,250
Protein mass fraction, % 3,10+ 0,05

Amount of milk protein, kg 85,45 + 0,050

phosphorus and calcium content - by 18,2%
and 4,75% respectively (p <0,01) as compared
to the control.

The introduction of functional feed addi-
tive into the diet increased the quantitative
indicators of fat in milk. The best indicators
were observed when using a probiotic supple-
ment at a dose of 108 g per 1 kg of live weight
of the animal. Qualitative analysis of proteins
showed a slight increase in the content of al-
bumin and globulin in the milk of the experi-
mental group cows, which was in the range of
0,01-0,02% (p <0,05). At the same time, the
ratio of fractions (o, B) tended to increase in
all three experimental groups. Microbiological
parameters of milk were within the normative
parameters laid down in the TR CU 033/2013
"Technical Regulations on the safety of milk
and dairy products". The highest ability to
digest nutrients of feed was observed in the
cows of the experimental groups who received
a functional feed additive in the diet.

The coefficients of digestibility of nu-
trients in diets show that the control group
animals were 1.9-3.5% less than the experi-
mental group animals in digestibility of dry
matter, 1.25-2.15 % less than the experimen-
tal group animals in digestibility of organic
matter, 0.75-1.55% less than the experimental
group animals in digestibility of crude protein,
2.00% less than the experimental group ani-
mals in digestibility of crude fiber, 0.75-1.78%
less than the experimental group animals in

2990,58 + 65,12
516,25 + 13,25

3159,60 + 51,10
553,89 + 13,70

3339,16 + 14,45
601,95 + 15,05

3,19 + 0,025 3,22 + 0,030 3,05+0,015
108,12+3,550 | 118,74+2,110 | 121,12+ 1,25

3,11+0,01 3,13 £ 0,05 3,15+ 0,01
9503 +2215 | 103,48+0,650 | 105,81 + 1,050

digestibility of NFES (nitrogen-free extractive
substances). Higher rates of bioconversion of
nutrients and energy were observed in cows of
experimental groups.

According to the yield of protein and fat in
milk, the cows of the control group were in-
ferior to the animals of the 1st experimental
group by 9.58 and 12.13 kg, the 2nd - by 18.03
and 22.75, the 3rd - by 20.36 and 25 .13 kg
respectively.

The growth of energy output indicators
in all three experimental groups of cows ex-
ceeded those of the control group: in the Ist
experimental group - by 4.99%, in the 2nd - by
10.95, in the 3rd - by 20.5%. This recorded a
significant level of bioconversion of nutrients
and energy into protein and, as a result, an in-
crease in dairy production of cows. The bio-
chemical composition of the serum, hemato-
crit and hematological parameters of the blood
of cows were within the physiological norm.

Preservation of experimental animals was
100%, but in the 2nd experimental group dys-
biotic phenomena were observed. The gain of
live weight in the 1st experimental group was
10,19 kg, in the 2nd - 11,84, in the 3rd - 11,54
kg, while in the control - 6,72 kg, which is al-
most 2 times less than in the 1st experimental
group.

Subsequently, safety, live weight gain and
composition of microflora in calves of control
and experimental groups were taken into ac-
count (see Tables 2, 3).
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Ta6a. 3. Bimsaue kopmoBoii 1o6aBku buonporexktna-K/[ Ha komndecTBeHHOE U KaueCTBEHHOE
COOTHOIIICHHUE JIAaKTO- ¥ OnuaodakTepuit kumeanoit Mukpoonotsl tesst (n = 10), Ilg KOE/r
Table 3. Effect of Bioprotectin-KD feed additive on the quantitative and qualitative ratio of lacto-
and bifidobacteria in the intestinal microbiota of calves (n = 10), lg KOE/g

Group
Indicator control experiment
st | 2-nd 3d

On the 3rd day
Bifidobacterium 0 0 6,16+ 0,83 6,78 £ 0,68
Lactobacillus 5,16 £ 0,86 5,43 £0,47 6,31 £0,34* 6,33 £0,75*

On the 10th day
Bifidobacterium 6,16 0,55 7,34 +0,82%* 8,1440,77*%* 9,12 + 0,35%**
Lactobacillus 6,75+ 0,55 7,01 £0,53 7,25 £ 0,68%* 8,14 £ 0,56%**

On the 30th day
Bifidobacterium 8,04 +0,55 8,99 £ 0,78** 9,38 £ 0,99** 10,01 £ 0,45%**
Lactobacillus 7,13 +£0,58 7,99 + 0,48 8,58 £ 0,50** 8,89 £ (,55%*

Significant in relation to the control group.
*p <0,10.

**p < 0,05.

**¥p <0,01.

Taoa. 2. Bousaue xopmoBoii 1o6aBku buonporektun-K/I Ha coxXpaHHOCTh M IPUPOCT KUBOH MacChl

terat (n = 10)

Table 2. Effect of Bioprotectin-KD feed additive on calf survival and live weight gain (n = 10)

Group
Indicator experiment
control
1-st 2-nd 3-rd
Livability , % 100 100 100 100
Live weight, kg:
at birth 24,12 £ 1,55 2427+ 1,13 24,16 £ 1,25 24,99 + 1,21
on the 10th day 35,13 £ 1,67 35,01 +1,47 34,99 +£1,16 34,48 £1,23
on the 30th day 51,04 + 1,58 52,88 £1,09 52,25+£1,32 52,22+ 1,12

The average live weight of calves of ex-
perimental groups was 52.45 kg, the control
group - 51.04 kg. The relative increase in live
weight during the study period of experimen-
tal groups in relation to the control group was
2.68%.

In the intestines of control group calves,
the quantitative composition of probiotic flora
throughout the experiment remained virtually
unchanged. In the three experimental groups,
the quantitative index of indigene microflora

(lactobacilli and bifidobacteria) increased.
The content of lactic acid microorganisms in
all the experimental groups began to increase
at the 6th day of supplementation and reached
the physiological norm at the 30-th day: bifi-
dobacteria in the 1st group - 8,99 £ 0,79, in the
2nd - 9,38 + 0,99, in the 3rd - 10,01 + 0,45 Ig
CFU/g; lactobacilli - 7,99 + 0,48; 8,58 = 0,50;
8,89 £ 0,55 Ig CFU/g respectively.
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CONCLUSIONS

1. The use of the functional feed additive
Bioprotektin-KD had a positive effect on the
milk productivity of black-and-white breed
cows. The milk yield of experimental ani-
mals that received the additive increased by
209,41-499,01 kg per lactation as compared
to the cows of the control group, which was
4,01-8,78% (p <0,001). The highest milking
ratio was also observed in the cows of the ex-
perimental groups.

2. The use of Bioprotektin-KD supplement
in cows' diets had a positive effect not only
on the amount of milk, but also on its qualita-
tive composition. Due to the increased content
of nutrients, milk of the experimental group
cows had a higher energy value, increased fat
and protein content.

3. Microbiological parameters of milk of
the animals receiving the feed additive were
within the normal range. Biochemical compo-
sition of serum, hematocrit and hematologi-
cal blood parameters of cows were within the
physiological norm.

4. In the intestines of control group calves,
the quantitative composition of probiotic flora
throughout the experiment remained virtually
unchanged. In the three experimental groups,
the quantitative index of indigene microflora
(lactobacilli and bifidobacteria) increased. The
content of lactic acid microorganisms in all
experimental groups began to increase on the
6th day and reached the physiological norm on
the 30th day of feeding.
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MOJIOYHAA NPOAYKTUBHOCTbB KOPOB-IIEPBOTEJIOK
B 3ABUCUMOCTHU OT UHTEHCUBHOCTHU UX BBIPAIIIUBAHU A

G Merpyxuna JL.JIL.

Hpxymcexuii HayuHO-ucciedo6amenbCKuil UHCIMUmym cenbCKo20 X03AUCmea —

Qunuan HUpxymcrozo nayunozo yenmpa Cubupckozo omoenenus Poccutickoti akademuu Hayk
UpkyTtckast obnacts, c. [IuBoBapuxa, Poccus

D gnu_iniish_risc@mail.ru

[IpencraBieHsl pe3ynbTaTbl HCCIEJOBAHUN MOJIOYHOM MPOAYKTUBHOCTH KOPOB YEPHO-NIECTPOI
MOPOJIBI B 3aBUCUMOCTH OT BO3pacTa IEPBOT0 OCEMEHEHHS M JKMBOI Macchl IIPHU MEPBOM OTENE B
ycnoBusix MpkyTckoii obnactu. M3yueHa iuHaMuKa BhIpAIIMBaHKS TEJIOK 110 TOJaM, MOJIOYHAS MIPO-
JIYKTUBHOCTB KOPOB M0 1-# 1 3-1 TakTalusM B 3aBUCUMOCTH OT MHTEHCUBHOCTH UX Pa3BUTHSL. DKC-
[IEPUMEHT NPOBEAECH 110 MaTepuajiaM xo3sicTBa pKyTckoii 001acTu ¢ UCTIONb30BaHUEM OOILEIPH-
HATBIX 300TEXHUUYECKHX, AHAIUTUYECKUX, BAPUAIL[MOHHO-CTATUCTUYECKUX METOJOB HCCIIEOBaHUI
¢ 2016 o 2020 r. )Kuast Macca TeJIOK BO BCE BO3PACTHBIE IEPUOABI COOTBETCTBOBAJIA TPEOOBAHUAM
KJIACCOB JINTA U DJIUTA-PEKOpA. AHAIM3 JaHHBIX MOKAa3ajl, YTO CKOPOCTh POCTa KMBOTHBIX B IIe-
puon uccienoBanuii Bo3pocia (6,0; 6,8; 2,3 u 4,8% COOTBETCTBEHHO NP JOCTOBEPHON Pa3HHMIIC
2 >0,90). C yBenuueHreM HHTEHCUBHOCTH BBIPAIIMBAHUS TEJIOK OTMEUECHO MOBBIIICHUE YPOBHS UX
ynost 3a 305 nHel 1-i nakranuu. HaubounkIast MoJIOoYHAsI IPOYKTUBHOCTh OTMe4YeHa 110 1-1 (5309—
5476 xr) u 3-ii (5418-5817 kr) akTauusM y KOpoB, BO3PACT MEPBOrO IIIOAOTBOPHOTO OCEMEHEHUS
KOoTOphIX cocTtaBun 13—14 mec. Haumenpmmii yaoi o 1-i n 3-if nakranusM NOIy4deH OT KOpOB,
OCeMEHEeHHBIX B Bo3pacTe 20 Mec u crapiue. Hanbomburyto MOIOYHYIO NIPOAYKTHBHOCTD B 1-10 1
3-10 JIaKTalluy MOJyYWJIH OT KOPOB C KUBOW Maccoil mpu nepBoM otese 541-550, 551 kr u Bbime
(5197-5164, 5436-5545 kr cooTBeTCTBEHHO). HanMeHbIIass MOIOYHAS TPOAYKTUBHOCTH MOyYeHa
OT KOPOB C JKMBOM Maccoii ipu niepBom otene 110 500 kr (4567-5122, 4943-5009 «r). [lony4yeHHbie
pe3yabTaThl MO3BOJIAIOT BBIABUTH BIMSAHNE MHTEHCUBHOCTHU BBIPAILIMBAHUS TEIOK Ha IPOAYKTUBHBIC
Ka4yecTBa KOPOB.

KuroueBsle cjioBa: pocT U pa3BUTHE, MOJOYHAs MPOJYKTUBHOCTh, BO3pACT MEPBOTO OCEMEHe-
HUS, )KMBas Macca MpH MePBOM OTese

MILK PRODUCTIVITY OF FIRST-CALF COWS DEPENDING ON THE
INTENSITY OF THEIR BREEDING

(<) Petrukhina L.L.

Irkutsk Research Institute of Agriculture — Branch of the Irkutsk Scientific Centre of the Siberian
Branch of the Russian Academy of Sciences

Pivovarikha village, Irkutsk region, Russia

CDgnu_iniish_risc@mail.ru

The paper presents the results of studies of milk productivity of black-and-white cows depend-
ing on the age of the first insemination and live weight at the first calving in the conditions of the
Irkutsk region. The dynamics of heifer rearing by year, milk productivity of cows in the 1st and
3rd lactations depending on the intensity of their development has been studied. The experiment
was conducted on farm materials from the Irkutsk Region using generally accepted zootechnical,
analytical, variation and statistical research methods from 2016 to 2020. Live weight of heifers at
all ages met the requirements of the elite and elite-record classes. Analysis of the data showed that
the growth rate of the animals increased during 5 years (6.0%, 6.8, 2.3 and 4.8% respectively with
a significant difference p > 0.90). With the increased intensity of heifer rearing, an increase in milk
yield over 305 days of the first lactation was observed. The highest milk production was noted in
the 1st (5309-5476 kg) and 3rd (5418-5817 kg) lactations in cows with the first fruitful insemination
at 13-14 months. The lowest 1st and 3rd lactation yields are obtained from cows inseminated at 20
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months of age or older. Higher milk production in the first and third lactations was obtained from
cows with a live weight at first calving of 541-550 kg, 551 kg and higher (5197-5164, 5436-5545 kg
respectively). Less milk production was obtained from cows with a live weight at first calving of up
to 500 kg (4567-5122, 4943-5009 kg). The results obtained make it possible to reveal the influence
of the intensity of rearing heifers on the productive qualities of cows.

Keywords: growth and development, milk productivity, first insemination age, live weight at

first calving
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INTRODUCTION

Milk productivity of cows is the main eco-
nomic and breeding trait in cattle breeding. The
formation of milk productivity occurs during
the growth and development of the animal [1-
7]. Intensive breeding of replacement heifers
and bred heifers, determination of optimal age
and live weight at the beginning of their eco-
nomic use are important elements of highly pro-
ductive dairy cattle breeding with annual cow
productivity of 6-10 thousand kg. Obtaining
this level of productivity from the first lactation
of cows is an urgent task of herd management
and increasing economic efficiency of business
activities in dairy cattle breeding [8, 9].

Determination of optimal age and live weight
at first calving is of great importance in herd se-
lection [10]. Some scientists believe that early
heifer mating (13-15 months) under optimal
feeding and housing conditions does not ad-
versely affect the subsequent milk productivity
of cows. Other authors believe that the optimal
period for the first fertile insemination of heifers
should be at least 18, 19 months [11, 12].

The problem of studying the growth and
development of heifers is of great economic
importance, since the indicators of full devel-
opment and readiness of animals for the first
insemination largely determine the efficiency
of further production use of cows [13]. In this

connection, the issues of peculiarities of growth
and development dynamics of heifers are con-
sidered. Dairy productivity depends on many
paratypical factors, but the main one is the age
of heifers at the first insemination [14, 15]. The
age of the first fruitful insemination and calv-
ing, the live weight at the first calving have a
certain influence on the subsequent productiv-
ity and the manifestation of the main breeding
traits.

The purpose of the study is to identify the
dependence of milk productivity of first heifers
on the intensity of their rearing in the condi-
tions of the Irkutsk region.

Research objectives:

— determine the effect of heifer rearing inten-
sity on their future dairy productivity;

— determine the effect of live weight at first
calving on milk productivity of cows.

MATERIAL AND METHODS

The information database of the SELEX
pedigree accounting program of the highly pro-
ductive herd of black and white cattle in "Okin-
sky" SEC of the Irkutsk region served as the
research materials. The experiment was con-
ducted from 2016 to 2020. The animals (949
heads) that were evaluated according to growth
and development indices, and subsequently ac-
cording to milk productivity for the 1st and 3rd
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lactations were chosen as the object of research.

When performing this work, generally ac-
cepted research methods were used: zootech-
nical, analytical, variation and statistical. All
obtained results were processed on the basis
of private methods of population genetics and
mathematical statistics on a personal computer
using Microsoft Excel, Snedecor V5.

RESULTS AND DISCUSSION

Among modern problems in dairy cattle
breeding, early maturity deserves attention.
Timely use of replacement heifers for herd re-
production is of great production importance
because it affects not only zootechnical but also
economic issues.

It is known that the productive period of
cows begins with calving. The formation and
level of the reproductive ability manifestation
in adult heifers is determined not only by he-
redity but also by the intensity of breeding of
replacement heifers.

The main indicators of heifer growth inten-
sity, which characterize the growth and devel-
opment of animals in different age periods of
rearing, are absolute and average daily gain.
The characteristics of growing heifers are pre-
sented in Table 1.

Heifers with the age of the first fruitful in-
semination at 13-15 months had the highest
average daily gains at different ages. At 0-6
months of age (with an average daily gain of

754 g) and 6-12 months (759 g), the first insem-
ination age was 15 months; 0-6 months (778 g),
6-12 months (810 g), 14 months; 0-6 months
(808 g), 6-12 months (901 g), 13 months (p
> 0.95). Absolute gains at 0-6 months of age
were 136, 140, 145 kg; at 6-12 months, 136,
146, 162 kg, respectively. The highest age of
the first fruitful insemination was observed for
heifers at 19, 20 months and older, with aver-
age daily gains of 722 and 677 g during the 0-6
months breeding period, respectively. During
the rearing period of 6-12 months, the average
daily gains were also minimal (632 and 665 g,
respectively).

Dairy productivity of cows during the first
lactation depends largely on how heifers are
prepared for insemination, the determining fac-
tors are age and live weight [1].

Tables 2, 3 show the dynamics of milk pro-
ductivity of cows depending on the age of the
first calving.

Analysis of Table 2 makes it possible to de-
termine the desirable age of the first insemina-
tion, at which the greatest amount of milk can
be obtained. Heifers first inseminated at the
age of 13 and 14 months with an average live
weight of 370-374 kg gave the highest milk
productivity in the first lactation (5309-5476
kg, respectively, milk fat content 3.74%). The
lowest milk productivity in the 1st lactation
was obtained from cows whose age of first in-
semination was 20 months and older (5036 kg,
3.75%). The heifers inseminated at 15, 16, 17,

Ta6a. 1. BiusHue MHTEHCUBHOCTH POCTa TEJIOK Ha BO3PACT MIEPBOTO OCEMEHEHNUS

Table. 1. Influence of heifer growth rate on the age of first insemination

Absolute weight gain per month on average, kg Average daily weight gain, g
Age of the first . - . : ;
. e Heifers, Rearing period Rearing period
msemination, heads 5 ths before th
months ' 0—6 months 6—12 months months betore the 0—6 months 6—12 months
insemination
13 11 145+42 162 +3,0 32+£33 808 + 73,5 901 £ 16,5
14 150 140+ 1,5 146 £ 1,2 56 £1,1 778 £ 8,4 810+6,9
15 153 136 1,2 136 £ 1,3 75+1,0 754+ 6,7 759+ 7,1
16 162 130+ 1,2 130+ 1,2 93+ 1,1 720 + 6,9 724+ 6,9
17 151 130+ 1,4 126 £ 1,5 106 1,6 726 £7,5 701 £8,3
18 157 128+1,5 121 £ 1,5 120+ 1,4 714 £ 8,1 674 + 84
19 66 130+ 1,8 119+£2,0 131+2,5 722 +9,8 665+ 11,1
20 and older 99 121 +£2.2 113+2.4 148 £2,8 677 £12,1 632 +13,1
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18, 19 months of age had yields of 5226, 5198,
5147, 5225, 5067 kg, respectively.

The best productivity indices in the 3rd lac-
tation were also observed in heifers inseminat-
ed at the age of 13, 14, 15 months (5418, 5817,
5510 kg). The lowest yields in the 1st and 3rd
lactations were obtained from animals insemi-
nated at the age of 20 months and older.

Studies conducted in various regions of
Russia have proven that heifers with a constant
growth rate at all periods have high fertility;
young heifers with a high growth rate during
pregnancy have a higher mass at calving, which
leads to fewer complications during calving, as

well as greater productivity in the first lactation.
Heifers should have optimum live weight by
the time of calving.

Tables 4, 5 show the dynamics of milk produc-
tion as a function of live weight at first calving.

The highest milk productivity in the 1st and
3rd lactations in "Okinsky" SEC was obtained
from cows with live weight at first calving of
541-550, 551 kg and higher (5197-5164, 5436-
5545 kg respectively) with a reliable difference
p > 0.90) (see Tables 4, 5). The lowest milk
production was obtained from cows with live
weight at first calving up to 500 kg (4567-5122,
4943-5009 kg).

Ta6a. 2. MonouyHas mpoxyKTUBHOCTh KOPOB IO 1-ii JJaKTaluy B 3aBUCUMOCTH OT BO3pacTa MepBOro

OCEMCHCHMUA

Table. 2. Milk productivity of cows in the st lactation depending on the age of first insemination

Age of the first Li:/::hweﬁig}tlt Milk productivity
insemination, Cows, heads. at the irs S o N
months . prO.dllC‘thC Milk yield, kg Fat, % Fat, kg Protein, %
insemination, kg

13 9 370 5309 +£ 79 3,74 +£ 0,002 198,6 +2.9 3,11+ 0,001
14 149 374 5476 £33 3,74 £ 0,003 204,8 £1,2 3,11+ 0,001
15 160 378 5226 £ 35 3,74 £ 0,004 1954+13 3,11 +0,002
16 168 384 5198 +£32 3,74 £ 0,004 1944 +1.2 3,12 +0,002
17 151 394 5147 £ 28 3,74 £ 0,004 1924 +1,1 3,11 £ 0,002
18 161 405 5125 +£35 3,74 + 0,004 191,713 3,12 +0,002
19 70 421 5067 £ 39 3,73 £ 0,005 190,0+ 1,5 3,12 +0,003

20 and older 102 426 5036 £ 50 3,75+ 0,006 1889+19 3,12 +0,003

Taoda. 3. MonouHas IpOAYKTUBHOCTb KOPOB IO 3-i JIAKTAI[UU B 3aBUCUMOCTH OT BO3pPacTa MEPBOTO

OCEMCHCHUA

Table 3. Milk productivity of cows in the 3d lactation depending on the age of first insemination

Age of the first Milk productivity

insiqn(l)inntz}ult;on, Cows, heads Milk yield, kg Fat, % Fat, kg Protein, %
13 9 5418 £72 3,89 £ 0,004 210,6 £2,8 3,11 £0,002
14 149 5817 £48 3,90 + 0,004 1994+ 1,9 3,12 +0,004
15 160 5510+ 72 3,89 +£0,003 214,4+2.8 3,11 +£0,002
16 168 5308 £55 3,89 +£0,003 206,6 = 2,1 3,12 +0,002
17 151 5325 £ 66 3,88 £0,008 206,3 £2,5 3,13 +£0,003
18 161 5283 £ 55 3,89 + 0,004 2054+ 2,1 3,12 +0,002
19 70 5256 +372 3,88+ 0,02 2432+ 15,1 3,11 £ 0,008

20 and older 102 5203 £41 3,89 + 0,004 202,4+1,6 3,12 +0,002
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Tabua. 4. BnusiHue xuBOM Macchl IIPU IEPBOM OTEJIE HA MOJIOYHYIO MPOTYKTUBHOCTH KOPOB MO 1-ii

JAKTaluu
Table 4. Effect of live weight at first calving on milk productivity of cows in the 1st lactation
Lwiﬁiiﬁg Efgﬁm Cows, heads |0 ~ield. ke Fat, %Mllk pmducnmyFat, kg Protein, %
Jlo 480 21 4567 + 444 3,82 +£0,05 1754+ 19,3 3,14+ 0,02
481-500 34 5122 + 40 3,73 + 0,006 1912+ 1,5 3,12+ 0,002
501-520 178 5229 + 35 3,73 + 0,003 1951+ 1,3 3,11 + 0,002
521-530 350 5197 +76 3,70 + 0,004 192,5+2.8 3,11 + 0,004
531-540 127 5164 +26 3,73 + 0,003 192,7+ 1,0 3,11 +0,001
541-550 109 5264 + 53 3,76 £ 0,01 198,1+1,9 3,12+ 0,003
551 and more 130 5526 + 339 3,75 +0,02 207,2 £ 13,0 3,13+0,02

Tada. 5. Biusnue )xuBoif Macchl Y EPBOM OTEJIE Ha MOJIOYHYIO TIPOTyKTHBHOCTH KOPOB 1O 3-i

JIaKTaIluu

Table 5. Effect of live weight at first calving on milk productivity of cows in the 3d lactation

Live weight at first Cows, Milk productivity

calving, kg heads Milk yield, kg Fat, % Fat, kg Protein, %
Up to 480 21 4943 + 350 3,92+ 0,06 192,8 +12,2 3,13+0,05
481-500 34 5009 £ 249 3,85 +0,06 193,3+12,2 3,15+0,02
501-520 178 5282 + 50 3,89 + 0,004 2052+ 1,9 3,12 +0,002
521-530 350 5249 + 124 3,88 0,007 203,6 £4,7 3,10+0,003
531-540 127 5200 £ 60 3,89 + 0,004 202,3+£23 3,11 £0,002
541-550 109 5436 + 84 3,89 + 0,004 211,24+3,2 3,11 + 0,002

551 and more 130 5545 £ 66 3,89 + 0,004 215,5+£2,5 3,13 +0,002

CONCLUSION CIIMCOK JIMTEPATYPbI

According to the research data, the most opti-
mal age of the first insemination and live weight
of cows that allow to get the highest milk yield
under farm conditions at the first calving were
determined. The highest milk productivity in
305 days of the first lactation (5309-5476 kg of
milk with fat content 3,74%) was registered in
cows of 13-14 months of age of the first insemi-
nation with an average live weight of 370-374
kg at the first fruitful insemination. The highest
milk productivity in the Ist and 3rd lactations
in the Okinsky SEC of the Irkutsk region was
obtained from cows with a live weight of more
than 541 kg at the first calving.
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Cubupckuii ¢hedepanvhviili Hayuuslil yeHmp azpobuomexnono2utl Poccutickotl akademuu Hayk
HoBocubupckas obnacts, p.i. KpacHooock, Poccust
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Onucanpl MUHIMAIIFHO HE0OXoanuMast HH(pOpMAIis U TOCIeN0BaTeIbHOCTh BBIIEICHUS arpo-
9KOJIOTHYECKHUX THUTIOB 3€Mellb Ha TEPPUTOPHH 3eMJICTIONB30BaHus onbITHOH craHImu (OC), pacmo-
JoxeHHOH B necoctenu [Ipnoonst HoBocubupckoii o6nactu. BeieneHsl arposKoornaeckue TUITbI
3EMCEIIb. HepBI:-IfI THIT (HHaKOpHBIC 3CMHI/I) mpeaAcTaBJICH YEPHO3EMOM BBILICIIOYCHHBIM B COUCTAHUU
¢ 0OBIKHOBEHHBIM, OTIOJI30JIEHHBIM M TEMHO-CEPOH JIECHO MOYBOM, BTOPOI THII (c71a003pO3NOHHBIE
3eMJIH) — YEPHO3EMOM BBIIIEIIOYCHHBIM B COUYETAaHUU C TEMHO-CEPOH JIeCHOM 1mouBoil. [louBeHHBII
mokpoB OC B 000MX THIax 3eMejb MpPEACTaBlIeH YePHO3EMOM BhIMIENoueHHbIM (UB-2-2¢C), momns
KOTOPOTO ISl IIEPBOTO THIIA COCTaBisieT 75,26%, s Broporo — 76,26% oT o0mIe riomamm tu-
moB. /1yl mepBOro arposKOIOTHYECKOr0 THIIA 3eMeJIb XapaKTepHO BapbHUpOBaHUE BBICOT OT 134 no
165 M. Paboune yyacTKu OTHOCHTENILHO yIJla HaKJIOHa penbeda pacroNoKeHbl Ha CKIoHax oT 0
1o 3 rpaa. BeprukansHoe pacuinieHeHue pesibeda B CpeAHEeM cocTaBiseT 1,3 M, rOpH30HTaIbHOE
pacusieHeHne 3po3uoHHbIMU hopmamu — 0,8 kM/kM?2. BTOpOi#i THIT 3eMelTb XapaKTepU3yeTcs: BbICO-
TOii HajL ypoBHEM Mops oT 113 o 137 M, yrimom HakioHa penbeda — oT 1 10 4 rpan. BeprukansHoe
pacuieHeHue penbeda B CpeHeM cocTaBiseT 1,7 M, TOpH30HTAIbHOE pacuIeHEHUE 3PO3UOHHBIMA
dopmamu — 0,9 km/km?. TUnU3anUs OCYIIECTBICHA C TIOMOIIBIO chOpMHUPOBAHHOI M(PPOBOIT MozIe-
nm 3emutenoib3oBanus (LIM3) OC na ocHoBe aHanu3a reorpaduyeckoil ”HPOpPMaIHU, MaTePHAJIOB
JMUCTAaHIIMOHHOTO 30HAMpoBanus 3emun (/33) u kamacTpoBoii kapTel. [[M3 cocTOUT UX Cleqyro-
IUX TeONMH(OPMAITMOHHEIX CIOEB: Tomorpadus, TOYBESHHBIA MTOKPOB, U(poBas MoIeNb penbeda
(LIMP), paboune yuactku. [[MP BrirouaeT nHbOpMaIHIO 0 KpyTH3HE U KCIIO3UITUH CKIIOHOB, BEp-
THUKAJIHHOM M TOPU30HTAIBHOM PacUJICHEHHUH.

KiroueBble cjioBa: arpo3KoJOrMYECKHE THIBI 3eMellb, TeonH(pOpMaloHHas Moznenb, 133,
I'C, 6a3b1 aHHBIX

AGROECOLOGICAL LAND TYPIFICATION

(<) Garafutdinova L.V.

Siberian Federal Scientific Centre of AgroBioTechnologies of the Russian Academy of Sciences
Novosibirsk Region, Krasnoobsk, Russia

(<D e-mail: lv.garafutdinova@mail.ru

The minimum required information and the sequence of agroecological land type allocation on
the land management territory of the experimental station (ES) located in the forest-steppe of the
Priob'ye region of Novosibirsk is described. Two agroecological land types are distinguished: the
first type (upland lands) is represented by leached chernozem in combination with common, podzol-
ized and dark-grey forest soils; the second type (slightly erosive lands) is represented by leached
chernozem in combination with dark-grey forest soils. Soil cover of ES in both types of lands is
represented by leached chernozem (Lch-2-2s), the share of which for the first type is 75.26%, for the
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second - 76.26% of the total area of the types. The first agroecological land type is characterized by
a range of heights from 134 to 165 m. The working areas are located on the slopes between 0 and
3 degrees in relation to the terrain angle. Vertical dissection of the relief averages 1.3 m, horizontal
dissection by erosion forms is 0.8 km/km?. The second type of land is characterized by an eleva-
tion of 113 to 137 meters above sea level and a slope of 1 to 4 degrees. Vertical dissection of the
terrain averages 1.7 m, horizontal dissection by erosion forms 0.9 km/km?. Typification was carried
out with the help of a generated Digital Land Use Model (DLM) of the ES based on the analysis of
geographical information, remote sensing materials (ERS) and cadastral map. The DLM consists of
the following geo-information layers: topography, land cover, digital elevation model (DEM), work-
ing areas. The DEM includes information on slope steepness and exposure, vertical and horizontal

dissection.

Keywords: agroecological types of lands, geoinformation model, remote sensing, GIS, databases
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INTRODUCTION

The design of adaptive-landscape farm-
ing systems is impossible without a compre-
hensive agro-ecological assessment of lands.
Agroecological assessment of lands takes into
account the characteristics of the soil cover,
geomorphological and agroclimatic features
of the land use area, which determines the
productivity of agricultural crops [1]. The ca-
pabilities of geographic information systems
(GIS), which allow you to systematize spatial
information and analyze it in accordance with
the objectives are used to carry out analytical
work [2-4]. Geoinformation solution of such
tasks consists in the system of accumulation,
storage and processing of the information ob-
tained [5]. There are a number of functions
in GIS with the help of which it is possible to
carry out the analysis connected with changes
of land resources (calculation of the areas,
lengths and other parameters), to receive geo-
morphometric characteristics of the surface of
a territory (slope angle, exposition of a slope,

vertical and horizontal dissection of a relief),
that allows to give an estimation of the land
use.

The basis for GIS is geodata. They are in-
formation about a real object obtained through
observation or measurement, with the data unit
having two components: information about the
location of the object in space and information
about the properties of the object describing its
essence, and respectively spatial and attribute
characteristics [6]. With the integration of GIS
and Earth's remote sensing (ERS) it is possible
to obtain information about land resources for
their analysis on-line.

The purpose of the study is to carry out
agro-ecological typification of land using the
created digital model of land use.

MATERIAL AND METHODS

The research was conducted on the territory
of'the ES "Elitnaya" (54°54'57 "N, 82°57'6 "E)
of the Novosibirsk district of the Novosibirsk
region, located on the third terrace of the Priob
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plateau, which has a slight slope towards the
Ob river. According to the scheme of agro-
landscape zoning of the Novosibirsk region
compiled by the Siberian Research Institute
of Soil Management and Chemicalization of
Agriculture (SibNIIZiH) of SFSCA RAS, the
farm territory belongs to the forest-steppe Pri-
obsky agrolandscape district of the North-Pre-
Altai forest-steppe province [7]. The soil cov-
er is mainly represented by different subtypes
of chernozem and dark gray forest soil.

Public cadastral and topographic maps were
used to clarify information on the boundaries of
the objects. The geospatial database (GDB) re-
flects information about geometry, spatial loca-
tion of objects and characteristics of the territo-
ry. The GDB is developed in SpatiaLite DBMS.
GIS geo-information layers were formed with
the use of land use project data of M 1: 21 000,
topographic map of M 1: 100 000, Landsat-8
satellite images with the resolution of 30630 m
in one pixel. The satellite images were down-
loaded from the site of the US Geological Sur-
vey (https://earthexplorer.usgs.gov). All elec-
tronic layers were created in the unified 3857
WGS-84/Pseudo-Mercator coordinate system
using Quantum GIS (QGIS) software with
open modular architecture (https://qgis.org/ru/
site/) [8]. When preparing the geoinformation
layer soil cover, the map of the experimental-
production farm "Elitnoe" (1999 M 1: 10 000)
was taken as the basis.

The GDB terrain model includes slope
angles, horizontal and vertical dissection,
and slope exposure. Digital elevation model
(DEM) is formed on the basis of topographic
map with digitized elevations and isolines, as
well as SRTM data (https://earthexplorer.usgs.
gov).

To assess the dissection of the relief, the arca
was divided into squares of 1 x 1 km. Within
the resulting squares, the main indicators were
calculated using GRASS GIS in the QGIS in-
terface. Horizontal landform dissection was
calculated using the algorithm "Fill sinks" —
"catchment area" — "channel network" and
linked attribute information about the area
and the degree of erosion development. The

vertical dissection of the relief was calculated
based on a map of elementary catchments us-
ing the algorithm — "r.watershed". Then, us-
ing the tool "Vector <-> raster" - "Raster sta-
tistic for polygons", the maxima and minima
of heights in each watershed were calculated.
Using the field calculator in the attribute infor-
mation, the value of height difference and the
area occupied by a certain height on the terrain
were calculated.

RESULTS AND DISCUSSION

The data obtained during the formation of a
digital land-use model (DLUM) were formed
into geoinformation layers with a GDB. Geo-
information layer topographic map carries in-
formation about actual boundaries of land use,
working areas, reference points of the geodet-
ic network, settlements, road network, power
lines, gas pipelines, heights, horizontals, etc.
With the help of the public cadastral map the
boundaries of the working areas of land use
were specified. When digitizing and clarifying
the areas of the working areas with the help
of the territorial land management project,
remote sensing, raster map substrate (Google
Satellite Hybrid) and the data provided from
the ES, it turned out that the accounting area
is different everywhere. Therefore, it is nec-
essary to specify the acreage of the working
sites with the help of contour interpretation of
aerial photos.

The formed GDB by working plots in-
cludes attributive information: plot number,
area, ridge length, configuration of the work-
ing sites, distance from the central farmstead,
thickness of the humus horizon, crops culti-
vated over the last 5 years, and their yields
(see Fig. 1).

The basis of land management is crop rota-
tions, the placement of which depends on soil
and climatic conditions. The geoinformation
layer of the crop rotation scheme in the ES
"Elitnaya" is shown in Fig. 2. Field and forage
crop rotations prevail equally on the territory
of the ES "Elitnaya", since the specialization
of the agricultural organization is cattle-breed-
ing and plant-growing.
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As one of the thematic layers of GIS, a
geoinformation layer soil cover was created,
which contains the characteristics of the soil
cover of the territory, and serves as the basis
for agro-ecological land typing [9].

The soil cover of the "Elitnaya" ES terri-
tory is represented by different subtypes, the
share of which from the total area is the fol-
lowing values: leached chernozem - 83.35%,
common - 6.11, podzolized - 3, dark gray for-
est - 7.54% (see Fig. 3). Soil GDB contains
information on soil index, soil name, con-
tent of humus and physical clay, pH, mobile
phosphorus, and exchangeable potassium.
The granulometric composition of soils var-
ies from medium to heavy loamy. The humus
content in the soils varies from 2 to 5%, pH
from 4.51 to 5.01.

The relief of the earth's surface influences
the physical and geographical elements of the
landscape, being the main factor of its forma-
tion. Microclimatic and geochemical condi-
tions of the territory under study - water flow
and soil erosion, which are its main character-
istics, depend on the steepness, shape, exposi-
tion of the slope and dissection of the territory.
The temperature of soil warming, the intensity
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of erosion and the thickness of the soil pro-
file depend on the steepness and shape of the
slopes. Therefore, the obtained spatial data
on the morphometric characteristics help to
estimate the erosion potential of the territory
[10]. For these purposes a DEM was created.
A GDB with point and linear geometry was
formed for the DEM. The linear layer contains
information about heights, which are built
with a cross section in 10 m (see Fig. 4).

The calculation and analysis of maps of hor-
izontal and vertical dissection, exposure and
steepness of slopes, and conclusions about the
exposure of the territory to geomorphological
risks depending on the values of morphomet-
ric parameters of the relief were made [11].

One of the main characteristics of the re-
lief is the steepness of the slope and its shape,
which determine the rate of surface water
runoff. Proceeding from the fact that it is the
steepness of the slope that affects the mani-
festation of erosion processes, we calculated
the slope indicators of the territory of ES "Elit-
naya" on the basis of SRTM.

The territory of the ES "Elitnaya" has land
plots of different steepness, the classification

Puc. 1. ®parmenT 6a3bl reONPOCTPAHCTBEHHBIX JIAHHBIX pa0OUUX Y4acTKOB

Fig. 1. Fragment of the geospatial database of work sites
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Fig. 2. Geographic information layer of working areas of crops of the ES «Elitnayay» in 2021

of which was carried out by the method of
M.N. Zaslavsky (see Fig. 5) [12].

The largest part of the ES "Elitnaya" is
occupied by 0-1-degree slopes. They cover
57.17% of the area, slopes 1-3 deg. occupy
41.03%, 3-5 deg. - 1.77, 5-7 deg. - 0,03%. This
shows that the relief of the slopes varies from
very gentle to slightly sloping [1]. Working
sites are mostly located on slopes 0-3 degrees,
they are less washed away than the location on
steeper slopes.

The intensity of sunlight distribution, veg-
etation and soil cover, microclimate, and snow
distribution in winter depend on the exposure
of slopes. The most favorable slopes for plac-
ing agricultural crops in the forest-steppe are
considered the southern ones, they warm up
faster, the duration of vegetation period of
plants on them is higher, and the most unfa-
vorable - the northern, colder and often over-
moistened. On the eastern slopes, the maxi-
mum temperature is reached in the morning

and in the evening on the western slopes [13].
When forming the electronic layer of slope ex-
posures, a breakdown into eight ranges was ad-
opted: north, northeast, east, southeast, south,
southwest, west, and northwest (see Fig. 6).

The analysis showed that the slopes of the
northern exposure account for 14.79%, north-
eastern - 15.86%, eastern - 14.22%, south-
eastern - 10.57%, southern - 14.42% of the
total area on the territory of "Elitnaya" ES.
The southwestern exposure slopes are repre-
sented by the smallest proportion and account
for 8.96%, the western exposure 11.20, and
the northwestern exposure 9.99%. The south-
ern exposure of slopes is most significantly
expressed in the working sites located in the
southwestern part of the ES "Elitnaya", the
other sites have equally complex distribution
of slope exposures.

The degree of horizontal dissection of the
territory under study depends on the develop-
ment of the erosion network, the classifica-
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Puc. 3. ®parmenT 6a3bl reoNpOCTPAHCTBEHHBIX JTAHHBIX 3JICKTPOHHOTO CJI0sI TIOYBEHHBIN ITOKPOB
Fig. 3. Fragment of the geospatial database of the electronic layer soil cover
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Puc. 5. I'eonHpopMannOHHBIN CIION pacIipe/ieIeHns 3HaueHII KPyTH3HBI CKIIOHOB, TPaI.
Fig. 5. Geographic information layer for the distribution of slope steepness values, degrees

tion of which is generally accepted [12]. The
formed layer of horizontal dissection of the
relief is characterized by the indicator of the
territory division into sections on the basis of
a regular grid with the area of 1 km?, with sub-
sequent calculation of the length of the erosion
network in each cell. The attributive GDB data
contain information about the area, length of
permanent and temporary watercourses.

According to the calculations of horizontal
dissection of the relief, 64.98% of the territory
of ES "Elitnaya" is attributed to slightly dis-
sected plain with little manifestation of ero-
sion processes. Dissection by erosion forms
is less than 0.2 km/km?. Average dissection of
the territory is 12.77% of the total area, strong
- 12.77% and very strong - 9.57%.

The dissection of the relief by erosive land-
forms from north to north-east increases from
0.1 to 0.9 km/km?. In the eastern part, the hori-
zontal dissection coefficient varies from 0.1 to
0.5 km/km?, in the south-west - from 0.2 to
0.5, in the western part - from 0.1 to 0.3, in the
north-west - from 05 to 0.8 km/km?.

Attributive information of geoinformation
layer of vertical dissection of relief contains
information about heights, the difference be-
tween maximum and minimum heights, the
areas occupied by heights on the terrain. The
difference between heights varies from 11 to
73 m. In general, the territory of land use of
ES "Elitnaya" is characterized by condition-
ally undivided plain, the share of which from
the total area is 96.83%. Shallowly partitioned
plain is 0.52% of the total area, moderately
partitioned - 0.51, deeply partitioned - 0.63
and heavily partitioned - 3.06%.

Agroecological types of lands are identified
by mutual superimposition of map layers [14].
On the basis of the analysis an electronic layer
of agroecological types of land was formed.
The basis of agroecological land typification
is the definition of agroecologically homoge-
neous territory according to the conditions of
crops cultivation.

Agro-ecological land typification was car-
ried out according to the methodology of V.I.
Kiryushin [15]. Two types of lands were sin-
gled out on the land use territory of ES "Elit-
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naya" (see Fig.7). The first agro-ecological
type of lands (upland lands) is represented by
leached chernozem in combination with com-
mon, podzolized and dark gray forest soils. El-
evations above sea level vary from 134 to 165
m. Relief slope angle varies from 0 to 3 de-
grees. Vertical dissection of the relief averages
1.3 m, horizontal dissection by erosion forms
- 0.8 km/km?. The largest area is occupied
by medium-humus medium-loamy leached
chernozem (Chv-2-2s), the share of which is
75.26% of the total area of the type.

The second agro-ecological land type is
located on slightly erosive lands and includes
chernozem, leached in combination with dark
gray forest soil. The elevation varies from 113
to 137 m above sea level. Relief slope angle
varies from 1 to 4 degrees. Vertical relief dis-
section averages 1.7 m, horizontal dissection
by erosion forms - 0.9 km/km?. The largest
area is occupied by medium-humus medium-
loamy leached chernozem (Chv-2-2s), the
share of which is 76.26% of the total area of
the type.

CONCLUSION

The land use area of ES "Elitnaya" has an
upland and a slightly sloping type of terrain,
rugged with linear erosion forms. The work-
ing sites are mainly located on the predomi-
nant slopes of 0-3 degrees. (98,2%). In the soil
cover, leached chernozem is predominantly
expressed, which accounts for 83.35% of the
total ES area. Slopes of the north-eastern ex-
position prevail; they account for 15.86% of
the total area. The ES territory is attributed to
the poorly broken relief plain, where the dis-
section by erosion forms is less than 0.2 km/
km?, and the vertical relief dissection varies
from 11 to 73 m.

Agroecological land typing using DEM
consists of the following algorithm sequence:
coordinate referencing, geoinformation lay-
ers formation using RS data processing, DEM
formation (horizontal and vertical relief parti-
tioning, slope angle, slope exposition), GDB
creation. To form a higher-quality DEM, it
is necessary to specify the boundaries of the

working sites and the spatial location of geo-
graphical objects, as well as to create a soil
map (the paper version of the map is lost) with
the help of RS data and field soil survey.
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OBHOBJIEHUE TEXHUYECKHUX CPEJCTB
3EPHOYBOPOYHOI'O KOMIIVIEKCA

) Yemonanos C.U., Bypaakos F0.B.

Cubupckuii ghedepanvhwiii HayuHbll YeHmp azpoouomexnonozuti Poccutickou akademuu Hayk
HoBocubupckast ob6macts, p.im. Kpacnoobck, Poccus

(<D e-mail: yura0l1l@yandex.ru

B Hacrosmee BpeMsi pa3paboTaHO MHOTO BapUaHTOB peau3allii aJlfOPUTMa 10 OOHOBIICHHIO
napka 3epHOyOOpOYHBIX CPEACTB. B cOOTBETCTBUY C ypOKaWHHOCTBIO U YUETOM APYTHX MOKa3aTesen
MIPENIOKEHBl PEKOMEHIAIMH 110 (OPMUPOBAHUIO U OOHOBIICHHIO TTApKa 3epPHOYOOPOYHON TEXHUKH
JUCKPETHO B BUAE TAabiIML WK auarpamm. JlannHas ¢opma nHpopMauy He BCErAa COOTBETCTBYET
TpeOOBaHUSM ONEPATUBHOIO KOPPEKTUPOBAHMS U HE MO3BOJISET OLEHHUTH TEXHOJIOTMYECKHE BO3-
MOXXHOCTH YOOPOUHBIX arperatoB B 3aBUCMMOCTH OT ycioBUH yoopku. [Ipeanoxen crocod cosep-
LICHCTBOBaHMS (YOPMHPOBAHHUSA MCXOAHOW WH(OpMAIMU AJsl ONEPAaTUBHOTO MPHHSATHS PEIICHHUS
10 3G(EeKTUBHOMY OOHOBJICHHUIO TEXHHYECKUX CPEJCTB 3€PHOYOOPOYHOIO KOMIUIEKCA C YYETOM
30HANBHBIX 0COOEHHOCTEH KOHKpEeTHOTro arpompennpustud. Paspabortan rpadoaHamuTHdecKuit
METO]l OIIPEAEIICHNS] OCHOBHBIX IIapaMeTpOB 0a30BbIX YOOPOUHBIX CPEICTB B 3aBUCUMOCTH OT IIPO-
THO3UPYEMOTO YPOBHSI YPOKafHOCTH U JlaHa OLIEHKA BIMSAHUS (DaKTOPOB, OMPENEIISIONINX COCTAB
rapka 3epHOyOOpOYHOT0 KoMIuiekca. JlaHHbIi METOJ ITO3BOJISIET BHISIBUTH HAaUOOJIEE palioHaIbHbIC
OCHOBHEBIE MTapaMeTphl alIbTEPHATUBHBIX 0a30BBIX YOOPOUHBIX CPEACTB KOHKPETHOTO arpoIpeanpH-
atusa. Ha TIIEPBOM ITAIIC ONPCACIIAIOT OCHOBHBIC IMapaMETpPbI 0a30BBIX TEXHHYECKUX CpC€acCTB, 3aT€M
IIPOU3BOAST BBIOOP COOTBETCTBYIOIIMX THUIIOPA3MEPHBIX PsIOB CAMOXOJHBIX MOJIOTHIIOK KOMOaii-
HOB M kaTokK. [lanee GopMUPYIOT albTepPHATHBHBIC BAPUAHTBI PA3JIMUHBIX MOAEJICH 3epHOYOOpOU-
HBIX arperaroB M KOMILJIEKCOB. J{JIsl moceayomero BbIioopa paoHalbHbIX THHIAKEH YOOPOUHBIX
CPE/CTB U MX KPUTEPUAIBbHOW OLCHKH MPHUBICKAIOT TEXHUKO-TEXHOJIOTHYECKHE, SKOIOTHYECKHUE U
JpyTHe MoKa3arelu. DKCIEPTHO-IOTHUECKUI aHann3 WHPOPMAIMOHHBIX PECypCOB JaeT BO3MOXK-
HOCTD BBISIBUTH U J1aTh OLICHKY q)aKTOpaM, OIpEACIAOIUM KOJIMYECTBEHHBIM COCTAB TEXHUYECKUX
CPEICTB 3epHOYOOPOIHOTO KoMIuiekca. MIToroBeIM dTamoM (hOpMHpOBAHUS MCXOMHOW HH(OpMa-
LUH IS IPUHATHS PELICHUS 10 OOHOBJICHUIO TEXHUYECKUX CPEICTB 3€pHOYOOPOUHOIO KOMILIEKCA
JOJDKHA CTaTh MX DKOHOMHYECKas OLIEHKA, MMO3BOJISIONIAsl MPOrHO3MPOBAaTh KOHKYPEHTOCIOCO0-
HOCTh HAMOJIAYMBAEMOT0 3€PHA.

KioueBble ciioBa: y0opka ypokas, YpOoKailHOCTb, 3€pHOYOOPOYHBIH KOMILIEKC, OOHOBJICHHUE
TEeXHUYECKUX CPEIICTB, arpOIPEAIPUSITHE

UPDATE OF TECHNICAL EQUIPMENT OF THE GRAIN HARVESTING
COMPLEX

(<) Chemodanov S.I., Burlakov Yu.V.
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Many options have been developed for the implementation of the algorithm for updating the fleet
of grain harvesters to date. In accordance with the yield and other indicators, recommendations for
the formation and renewal of the harvester fleet are proposed discretely in the form of tables or charts.
This form of information does not always meet the requirements of operational correction and does
not allow assessing the technological capabilities of the harvesting units, depending on the harvesting
conditions. The method to improve the formation of the initial information for operational decision-
making on the effective upgrading of technical means of grain harvesting complex taking into account
the zonal features of a particular agricultural enterprise is proposed. A graph-analytical method for
determining the main parameters of the basic harvesting tools depending on the predicted yield level
is developed and the influence of the factors determining the composition of the grain harvesting fleet
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Update of the technical equipment of the grain-harvesting complex

Chemodanov S.1I., Burlakov Yu. V.

is assessed. This method makes it possible to identify the most rational basic parameters of alterna-
tive basic harvesting tools for a specific agricultural enterprise. The first step is to determine the basic
parameters of the basic equipment, then select the appropriate size series of self-propelled threshers
for combine harvesters and reapers. Further, alternative versions of various models of grain harvesting
units and complexes are formed. For the subsequent selection of rational types of cleaning agents and
their criterion assessment, technical and technological, environmental and other indicators are used.
The expert-logical analysis of information resources makes it possible to identify and assess the fac-
tors that determine the quantitative composition of the technical means of the grain harvesting com-
plex. The final stage in the formation of the initial information for making a decision on updating the
technical means of the grain harvesting complex should be their economic assessment, which makes

it possible to predict the competitiveness of the threshed grain.
Keywords: harvest, crop yield, grain harvest complex, updating of technical means, agricultural

enterprise
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INTRODUCTION

Timely effective renewal of technical means
of grain harvesting complex of agricultural
enterprise allows to obtain quality grain of dif-
ferent purposes in appropriate agrotechnical
terms with minimal losses. At present, many
variants of the formation of technical strategy
for the renewal of grain harvesting facilities
have been developed [1-5]. All variants take
into account zonal conditions of harvesting,
financial condition and other production and
technological features of grain grower.

Grain yield is the most informative indica-
tor that reflects the conditions of harvesting,
since its level determines the value of tech-
nological loading of harvesting machine [2,
3, 5-7]. In this regard, in accordance with the
level of this indicator recommendations for
the formation and renewal of the fleet of grain
harvesting equipment are given. The materials
of the recommendations are presented mainly
discretely in the form of tables or charts [2, 3,
5, 6]. This form of presentation of the original
information does not always meet the require-
ments of its operational correction and does

not allow to assess the trends in the techno-
logical capabilities of harvesting units.

At present, grain growers are presented
with a very diverse market of technical means
of harvesting complex with comparable tech-
nical and technological capabilities. In this re-
gard, the decision to update the fleet of grain
harvesting equipment is always associated
with a comparative assessment of alternative
technical means analogues. For its implemen-
tation it is necessary to choose certain criteria.
Economic, technical and technological and
other indicators may be involved in the crite-
rial evaluation [1, 4, 7]. Multicriteria not only
reflect the distinctive production features of a
particular agricultural enterprise, but also in-
dicate the lack of a single generally accepted
approach to the selection of effective technical
means and the multistage nature of its imple-
mentation [1, 7-9].

The dominant input data for the classical
calculation of the need for grain harvesting
equipment are the volume of work, productiv-
ity of technical means and agrotechnical terms
of harvesting. These analytically interrelated
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dominants, in turn, depend on different levels
of production situational factors that signifi-
cantly affect the final results of the calculation.
It is necessary to identify and evaluate the fac-
tors determining the quantitative composition
of the grain harvesting machinery fleet for the
production of competitive basic crop produc-
tion.

The purpose of the study is to improve the
way of forming the initial information for op-
erational decision-making on the effective re-
newal of technical means of grain harvesting
complex, taking into account the zonal fea-
tures of a particular agricultural enterprise.

Research objectives:

— using the graph-analytical method to de-
termine the main parameters of basic harvest-
ing tools depending on the projected yield
level;

— identify and assess the factors determin-
ing the need for technical means of grain har-
vesting complex.

MATERIAL AND METHODS

Graphoanalytical method as the initial
stage of forming the initial information for
making decisions on updating the basic tech-
nical means of grain harvesting complex is
implemented due to the fact that the main pa-
rameters of the latter have a formalized rela-
tionship with the yield as the main informa-
tion indicator, reflecting the zonal harvesting
conditions. The generally accepted analytical
dependence, which is used to estimate both
the required level of grain crop yield and its
"boundary" value [3, 7], is as follows

Y =360P°/ (BV, (1+9)),c/ha, (1)
where P° is the nominal (nameplate) carrying
capacity of threshing and separating working
bodies of the combine harvester, kg/s; B — the
width of the cutterbar, m; V gr — the maximum
speed of combine harvester in specific condi-
tions, km/h; ¢ - specific indicator of strawiness

of threshed bread mass; 360 — the coefficient
of agreement of measurement units.

Analytical dependence (1) after substitution
of numerical values of its constituent values
(Vgr = 7.2 km/h and ¢ = 1.5) is transformed
into the following final equation:

Y = 20P° /B. 2)

Graphical representation of this equation (2)
and its inverse solution will allow us to esti-
mate the main parameters of basic harvesting
tools depending on the predicted level of yield
of a particular agricultural enterprise.

The main method of identifying and evalu-
ating the factors determining the quantitative
composition of the grain harvesting machinery
fleet is an expert-logical analysis of informa-
tion resources concerning the machine use of
technical means that implement resource-sav-
ing technologies of harvesting grain crops.

RESULTS AND DISCUSSION

Efficiency of the renewal of the grain har-
vesting complex fleet is determined by the ra-
tionality of the choice of the basic parameters
of its basic technical means: self-propelled
thresher combine and harvesters, designed to
implement direct or separate harvesting. The
main parameters of the basic technical means,
which determine the productivity of the com-
bine harvester are throughput and working
width. Graphical representation of the result-
ing equation (2) in linear form, in contrast to
the previously obtained result' allows us to
predict the completeness of grain harvesting
units with less error (see figure).

The figure shows that the inverse solution
of the final equation makes it possible to deter-
mine the basic parameters of the basic harvest-
ing tools needed for a particular agricultural
enterprise with a given, predicted or estab-
lished level of yield. Thus, for an agricultural
enterprise with the yield of 20 c/ha the follow-
ing dimension range of self-propelled thresh-
ers is the most effective: Grade 3 - 5-6 kg/s,

!Chemodanov S.1I. Update of the grain harvesting equipment complex. Agrarian science to agriculture: materials: 15th

International Scientific-Practical Conference in 2 parts. pp. 88-90.
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Grade 4 - 7-8, Grade 5 - 9-10, Grade 6 - 11-12
kg/s. At the same time the nominal size range
of cutterbars should be respectively 6, 7, 9 and
12 m regardless of the phase of harvesting.
The design parameters of the working width
shown in the figure apply to headers, universal
cutterbars, as well as to windrower cutterbars,
including those with the ability to form twin
windrows.

At the first stage the basic parameters of the
basic technical means are determined, then
the choice of the appropriate size series of
self-propelled threshers of combines and har-
vesters is made. Further, alternative variants
of different models of grain harvester units
and complexes are formed. For the subse-
quent selection of rational types of harvesters
and their criterial evaluation technical, tech-
nological, environmental and other indicators
are involved. These intermediate indicators,
which take into account the production pecu-
liarities of a particular grain producer, should

LT
=]

Yield, ¢'ha
)
=

10 +

be aimed at the rational use of the resource
provision of the agricultural enterprise. Thus,
the step-by-step identification of the most
priority basic technical means makes it pos-
sible to choose the optimal variants of grain
harvesting units and complexes.

The figure on the abscissa shows the ca-
pacity of the self-propelled threshing ma-
chine, which defines the passport (theoreti-
cal) capacity as an assessment of the poten-
tial capabilities of the grain harvester under
normalized operating conditions. Real oper-
ating conditions reduce the realization of the
potential capabilities of the grain harvester.
Therefore, the required number of harvesting
units is determined based on the real (oper-
ational) capacity, as well as taking into ac-
count the harvesting area in the peak period
and the permissible agricultural terms of har-
vesting. The quantitative composition of the
harvesting park depends on the technical lev-
el and efficiency of the use of technological

B=4m =5m B=6m B=7m
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B=12m
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I'padmueckas nHTEpIpETALNS B3AUMOCBSI3M YPOBHSI YPOXKAMHOCTH M MIPOITYCKHON CITIOCOOHOCTH CaMo-
XOJIHBIX MOJIOTHJIOK KoMOaifHa NpH pa3inyHON IMpUHE 3aXBaTa *kaTok (B)

Graphical interpretation of the relationship between the yield level and the throughput of self-propelled
combine threshers at different reaper capture widths (B)
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machines, the structure and size of the sown
areas, the harvesting technologies adopted,
the technical equipment of post-harvest grain
processing stations, the professional level of
machine operators and specialists.

Operational performance of the grain har-
vesting complex is determined by the level
of availability of technical means. It largely
depends on the scheduled preventive mainte-
nance and appropriate repair (preferably ag-
gregate) in the inter-harvest period. Qualita-
tive implementation of these measures allows
maintaining the availability factor at a suffi-
ciently high level throughout the life of the
harvesting equipment, but at the same time
direct operating costs will be increased.

From the economic point of view, for ef-
fective harvesting, it is necessary to maxi-
mize the potential of all technical means of
the harvesting and transport complex. The
priority object is a combine harvester as the
most expensive basic technical means in
technological process. Experimental stud-
ies have revealed that the maximum possible
level of technological loading of the combine
harvester also allows us to obtain the mini-
mum indicators of grain injury and meet the
environmental requirements for the content
of harmful engine exhaust gases.

The implementation of different harvest-
ing technologies must be interconnected with
the previous and subsequent modules of grain
production. This initial agrotechnical require-
ment assumes the presence of grain dryers
and tedders of appropriate capacity in agri-
cultural enterprises, as well as "engineering"
crop rotations. Formation of "engineered"
crop rotations as planning of sowing areas for
crops with different periods of vegetation and
terms of sowing is desirable to be carried out
taking into account the routing of technical
means. The implementation of the modular
relationship of grain production will provide
an opportunity to expand the calendar agri-
cultural terms of harvesting, i.e. reduce the
peak load on the harvesting equipment and,
consequently, its need.

Increasing the harvesting period to the be-
ginning of intensive shattering of grain in the
phase of hard ripeness also contributes to the
implementation of separate harvesting in the
classical version (with drying of the bread
mass in windrows). Extension of the bound-
aries of effective functioning of harvesting
units is possible with the use of combing
harvester in grain harvesting complex and in-
troduction of technology of harvesting high-
moisture grain (including threshing-free) for
fodder purposes with subsequent condition-
ing and preservation [10]. It should be taken
into account that the limitation in the use of
combing working tools is the condition of
the productive part of the crop, prone to self-
drainage during the phase of firm ripeness.

The expediency of the quantitative com-
position of technical means of grain-harvest-
ing complex is determined by the method of
classical calculation of the need for grain-
harvesting equipment, taking into account the
actual and estimated dominant source data.
The final stage of formation of the initial
information for making decisions on the re-
newal of the structural and quantitative com-
position of the grain harvesting complex is
their economic evaluation. The efficiency of
renewal is estimated by "minimum direct op-
erating costs" (GOST 34393-2018), because
this indicator allows predicting the competi-
tiveness of threshed grain.

CONCLUSIONS

1. The grapho-analytical method of deter-
mining the basic parameters of the basic har-
vesting tools for any agricultural enterprise
with a given, predicted or established interval
of grain yield. This makes it possible to ob-
tain illustrative initial information at the initial
stage for operative decision-making on the re-
newal of technical means of grain-harvesting
complex.

2. Expert-logical analysis of information
resources allows you to identify and evaluate
the factors that determine the need for techni-
cal means of grain harvesting complex.
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