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S 3EMJIEJIEJINE U XUMW3AL[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2021-1-1 Tun crarby: OpUrHHANBHAS
VIK: 631.51:631.445.25:633.16:631.58(571.12) Type of article: original

IO®OEKTUBHOCTHb CUCTEM OCHOBHOM OBPABOTKH ITOYBBI
IPU BO3AEJBIBAHUU SSYMEHSA

Tlep¢puanes H.B., 'Boromuna O.A., 2Biacenko A.H.

'Hayuno-uccnedosamensckuti uncmunym cenbckoeo xossiicmea Ceseprozo 3aypanvs —
punuan Tromencrozo nayunozo yenmpa Cubupcroeo omoenenust Poccutickoti akaoemuu Hayk
Tromenn, Poccus

2Cubupckuil pedepanvhulii Hayunvill yenmp azpobuomexnonouii Poccuiickou akademuu nayk
HoBocubupckast ob6macts, p.im. Kpacnoo6ck, Poccus

YcranosieHa 3¢ GEKTUBHOCTD JIMTEIBHOIO IPUMEHEHUS Pa3InYHbIX CUCTEM OCHOBHOW 00pa-
OOTKHM TEMHO-CEepoH JIeCHOW Mo4BbI B ycnoBusaix CeBepHoro 3aypanbs. OnpeneneHo UxX BIUSHHE
Ha 3(Q(EeKTUBHOCTL MPH BO3ACIBIBAHUN SYMEHS 0 3€PHOBOMY NPEALICCTBEHHHKY (SIpoBas miie-
HUIIa) U 3epHOO0O0BOMY (BHKa Ha 3epHO). VccienoBanust NpoBECHbI B CTAIIHOHAPHOM OIIBITE IO
U3YUYCHUIO OTBAJIbHOM, 0€30TBaIbHOW, KOMOMHUPOBAHHOH, TU(PPEPEHIIUPOBAHHOM, MI0CKOPE3HOM
Y MTOBEPXHOCTHON CHUCTEM OCHOBHOM 00pabOTKH 1MOUBbI. OMBITHI TPOXOIWIN B TEUCHHE TPEThEH —
mecToit poranuit (1996-2018 rT.) 1ByX 3epHONapOBBIX CEBOOOOPOTOB, pa3BEPHYTHIX BO BPEMEHU U
B npocTpaHcTse. [lepBblil ceBOOOOPOT: YMCTHIN Map — 03UMasi POXKb — SPOBast MIICHUIA — SPOBast
BUKa — SIPOBOH SUMEHb, BTOPOH: YUCTHINA Nap — 03UMasi POXKb — SpoBast MIICHUIA — SIPOBas MIICHH-
1a — ApoBOM siaMeHb. [Ipu Bo3enbIBaHUU STYMEHS TI0 36pHOO000BOMY TPEIIIECTBEHHUKY (SIPOBOM
BUKE) SKOHOMHYECKHU IIEIecO00pa3HbIM 0Ka3aloch MPUMEHEHHE CUCTEM OCHOBHOW 00paboTKu ¢
JJIeMEeHTaM¥ MHHAMHU3annu. B Hee Bxoaunm 0e30TBabHast 1 KOMOWHUPOBaHHAst 00paboTKy ¢ 6e30T-
BaJIbHBIM phIXJIeHHuEM cToiikamMu CuOIMD Ha mryouny 20-22 cM; auddepeHInpoBaHHas C TIOCKO-
pesHoii Ha 12—14 cm u quckoBanue Ha 10—12 cm. JlaHHBIE TprieMbl oOecTieunii OM3KHe OTBaTbHON
cucreMe yciaoBus (popMUpOBaHUS MIPOTYKTUBHOCTH U MIPAKTUIECCKH OJMHAKOBYIO YPOJKAHHOCTD S4-
MEHS1, IOJIYYSHHE YUCTOTO J0X0/a U KoadduimenTa suepreruueckoit 3 dpexkrnsuoctu. Ha pone 6e3
ynoOpenuit ypoxkaiHoCTh cocrasuna 2,97-3,03 1/ra, ¢ npumenenuem N, P, P, — 3,47-3,65 1/ra.
[Ipu pa3memenuu ssAMEHs IO TIOBTOPHOH TIIIEHHUIIe caMoil 3(h(eKTHBHON OKa3anach OTBaJIbHAS CH-
cTemMa 00pabOTKH ¢ YUCTHIM J0X0A0M 14,67 ThIc. p./ra Ha GoHe 6e3 ynodpenuit u 22,75 ThIC. p./ra
Ha (hoHE WX MPUMEHEHUS C YHEePTeTHIeCKNM Kod(durmerntoM 2,65 u 2,75. [IpumeHenne pecypco-
cOeperaromux NpueMoB 00padOTKH MO MOBTOPHOH MIIEHUIE TPUBOAMIO K CHIDKCHHUIO YPOXKAHHO-
ctu 3epHa sumens Ha 0,09-0,40 1/ra, CHIXKCHHIO YHUCTOTO JIOXOJa IPU BO3/CIbIBAHUU STUMCHS B
CpaBHEHHH ¢ 3epHOO000BBIM IpemecTBeHHIKOM Ha 31,0—44,1%.

KuioueBble ci10Ba: cuctemMa OCHOBHOM 00pabOTKH, CEBOOOOPOT, MPEIIIECTBEHHUK, IPOBOM s4-
MEHb, YPO)KaHHOCTb, dPPEKTUBHOCTH TIPOU3BOJCTBA

EFFICIENCY OF BASIC TILLAGE SYSTEMS IN THE CULTIVATION
OF BARLEY

'Perfilyev N.V., '"Vyushina O.A., *Vlasenko A.N.

!Scientific Research Institute of Agriculture for Northern Trans-Ural Region — Branch of Tyumen
Scientific Centre of Siberian Branch of the Russian Academy of Sciences

Tyumen, Russia

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia
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Efficiency of basic tillage systems in the cultivation of barley

Perfilyev N.V., Vyushina O.A., Vlasenko A.N.

The effectiveness of long-term use of various basic tillage systems of dark grey forest soil
in the conditions of the Northern Trans-Urals was established. Their impact on the efficiency of
barley cultivation depending on the grain (spring wheat) or legume forecrop (vetch for grain) was
determined. The research was carried out in a stationary experiment covering moldboard, non-
moldboard, combined, differentiated, stubble-mulch and surface systems of basic soil tillage. The
experiments took place during the third—sixth rotations (1996-2018) of two grain-fallow crop
rotations spread in time and space. The first crop rotation was: bare fallow — winter rye — spring
wheat — spring vetch — spring barley, the second crop rotation: bare fallow — winter rye — spring
wheat — spring wheat — spring barley. When cultivating barley following the legume forecrop (spring
vetch), it was economically feasible to use basic tillage systems with the elements of minimization.
It included non-moldboard and combined tillage with subsurface loosening by a plow with SibIME
tines to a depth of 20-22 cm differentiated with stubble-mulch at 12-14 cm and disk harrowing at 10-
12 cm. These methods provided conditions for the formation of productivity close to the moldboard
system and practically the same yield of barley, net income and energy efficiency coefficient.
Without fertilizers, the yield was 2.97-3.03 t/ha, with the use of N, P, P, it was 3.47-3.65 t/ha.
When planting barley following wheat sown twice, the most effective was moldboard tillage system
with a net income of 14.67 thousand rubles/ha without fertilizers and 22.75 thousand rubles/ha with
fertilizers and energy coefficient of 2.65 and 2.75. The use of resource-saving tillage methods with
repeated wheat led to a decrease in the yield of barley grain by 0.09—0.40 t/ha, and a decrease in the

net income of barley cultivation compared to the legume forecrop by 31.0-44.1%.
Keywords: basic tillage system, crop rotation, forecrop, spring barley, yield, production efficiency

Jas uurupoBanus: [leppunves H.B., Borowuna O.A., Bracenxo A.H. DPPEeKTUBHOCTH CHCTEM OCHOBHOH 00pabOTKH TEMHO-
Cepoi JIeCHOH MOYBbI IIPH BO3/ebIBAHUM staMeHst // CHOMpCKuil BECTHHK cenbekoxo3siicTBenHoi Hayku. 2021. T. 51. Ne 1. C. 11—
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INTRODUCTION

In the Tyumen region, the crop production
area under barley occupies 22% of the sowing
of grain and leguminous crops. The demand for
this crop is due to the high fodder qualities of
grain for animal husbandry and the processing
industry, good adaptive ability to natural fac-
tors, increased responsiveness to fertilization,
which leads to high productivity of crop culti-
vation [1-3].

In the Northern Trans-Urals, in production
conditions, during the main soil cultivation,
methods of moldboard-free and flat-cut culti-
vation and disking which are energetically less
expensive than plowing are increasingly used.
Scientific studies on this issue do not give an
unambiguous answer on the comparative effi-
ciency of technologies of different intensity, as
well as on their influence on the efficiency of

barley production in comparison with the tra-
ditional technology based on plowing [4—-10].

The purpose of the study is to determine the
effectiveness of long-term use of various sys-
tems of the main processing of dark gray forest
soil in the conditions of the Northern Trans-
Urals during the cultivation of barley for grain
(spring wheat) and leguminous (vetch for grain)
predecessor.

MATERIAL AND METHODS

The studies were carried out in the stationary
experiment of the Scientific Research Institute
of Agriculture of the Northern Trans-Urals - a
branch of the Tyumen Scientific Center of the
SB RAS in 1996-2018. The scientific experi-
ment took place during the third - sixth rota-
tions of two grain-fallow crop rotations spread
in time and space. The first crop rotation: clean

12 Siberian Herald of Agricultural Science ¢ 2021 « 51 ¢ 1
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D PeKTHBHOCTD CHCTEM OCHOBHOM 00paOOTKHU MOYBBI IPH
BO3/ICTIBIBAHNY TIMEHS

ITepdumbes H.B., Berommna O.A., Bnacenko A.H.

fallow - winter rye - spring wheat - legumes
(vetch for grain) - spring barley, the second:
clean fallow - winter rye - spring wheat -
spring wheat - spring barley. The soil is dark
gray forest heavy loamy. The depth of the hu-
mus horizon is 25-27 c¢cm, the humus content is
4.2-5.0%, the pH of the salt extract is 6.0-6.4.
The total absorbed bases in the plowing layer is
18.6-25.6 mEq. / 100 g of soil.

The tillage systems were as follows:

— moldboard: the main cultivation for barley
and other crops of crop rotation with the Lem-
ken plow to a depth of 20-22 cm;

— non-moldboard: annual loosening with
SibIME tines to a depth of 20-22 cm;

— combined: for barley and wheat for winter
rye, loosening with SibIME tines to a depth of
20-22 cm, for winter rye, spring vetch and sec-
ond wheat - plowing with a Lemken plow by
20-22 cm;

— differentiated: for winter rye, in steam and
for spring wheat for winter rye, loosening with
a flat cutter Smaragd-6 to a depth of 12-14 cm,
for vetch and second wheat - plowing with a
Lemken plow by 20-22 cm, for spring barley
and after harvesting surface processing by disk-
ing of a large barrel drum 2.5 x 10-12 cm.

Pre-sowing treatment for all studied systems
of the main treatment consisted in early spring
harrowing with BZSS-1.0 tooth harrows in four
tracks, pre-sowing cultivation with the Sma-
ragd-6 cultivator to the depth of seeding. Sow-
ing of Acha variety barley was carried out with
a SZP 3.6 seeder. The seeding rate is 5 million
viable seeds / ha. Mineral fertilizers, according
to the method, were applied before presowing
cultivation with a rate of N, P, K, kg of ai. per
1 hectare of crop rotation area. For the destruc-
tion of weeds, herbicides were used in all stud-
ied variants.

The plot area was (5.5-6.0 x 63 m) 346—
378 m?, the accounting area was 100 m? Ac-
cording to the meteorological conditions of the
growing season, 6 years were dry, 17 years -

close to the average long-term conditions. The
laying technique and the experiment were car-
ried out according to the method of B.A. Dos-
pekhov! using computer programs of O.D. So-
rokin?, the bioenergetic and economic efficien-
cy was calculated according to methodological
recommendations®*.

RESULTS AND DISCUSSION

In the grain-fallow crop rotation, when
placed on leguminous crops, resource-saving
processing systems provided almost equal bar-
ley yield to the moldboard system. Without fer-
tilizers, it amounted to 2.97-3.03 t / ha, with
the use of fertilizers - 3.47-3.65 t / ha (see Ta-
ble 1). This can be explained by the fact that fa-
vorable agrophysical conditions and conditions
for plant nutrition, especially nitrogen, were
formed by resource-saving backgrounds and by
the moldboard processing system [11].

The replacement of leguminous crops in the
grain-fallow crop rotation with second wheat
and its use as a precursor for barley has led
to a steady decrease in barley yields for non-
moldboard, stubble- mulch and for disking. In
comparison with the plowing system without
mineral fertilizers, it decreased by 0.09-0.27 t
/ ha (3.8-11.4%), with the use of fertilizers - by
0.07-0.40 t / ha (2.0-11.1%). This is explained
by the deterioration of the nitrogen nutrition of
plants for non-moldboard and shallow treat-
ments, especially for the repeated grain precur-
sor [12—-15].

Indicators of economic and energy efficien-
cy indicate that they to a decisive extent de-
pended on the value of the yield, which, in turn,
depended on the tillage system, the predecessor
and the background of fertilization. So, with a
decrease in direct costs for resource-saving pro-
cessing systems without fertilizers by 1.2-4.1%,
with the use of fertilizers by 0.33-2.8%, the cost
of gross barley production without and with the
use of fertilizers for the legume predecessor as
well as the yield were close to the control vari-

"Dospekhov B.A. Field experiment technique; 4th ed., rev. and add. Moscow: Kolos, 1979. 416 p.

“Sorokin O.D. Applied statistics on the computer. Krasnoobsk: RPO SO RAAS, 2004. 162 p.

*Neklyudov A.F. Bioenergy assessment of crop rotations. Novosibirsk, 1993. 36 p.

“Shemetov A.K. Economic assessment of agrotechnical measures and crop rotations: method. recom. Novosibirsk. RIC SB

AUAAS. 1977. 16 p.

3emiieiene U XUMH3AIHs
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Efficiency of basic tillage systems in the cultivation of barley

Perfilyev N.V., Vyushina O.A., Vlasenko A.N.

Tada. 1. YpoxxallHOCTb, OpsAMbIE 3aTPAThl U YUCTHIA JOXO/ MPU BO3ACIbIBAHUH SIUMEHSI B 3€PHOIIAPO-
BBIX CEBOOOOPOTAX B 3aBHCHMOCTH OT CUCTEM OCHOBHOM 00paboTku mouBkl (19962018 rr.)

Table 1. Yield, direct costs and net income of barley cultivation in grain-fallow crop rotations

depending on basic tillage systems (1996-2018)

o - Yield, tha Direct costs, | ot meome. thousand
Basic tillage system Fertilizer background thousand
vetch wheat rubles/ha vetch wheat
Moldboard Without fertilizers 297 | 2,37 8,88 20,63 14,67
With fertilizers 3,53 | 3,60 13,022 22,06 | 22,75
Non-moldboard Without fertilizers 3,02 2,10 8,75 21,26 12,12
With fertilizers 3,65 | 327 12,89 2338 | 19,61
Combined Without fertilizers 3,03 | 223 8,75 21,36 | 13,41
With fertilizers 3,60 | 3,53 12,89 22,89 | 22,19
Differentiated Without fertilizers 2,94 | 2,14 8,74 20,44 | 12,49
With fertilizers 347 | 331 12,98 21,48 | 1991
Surface tillage Without fertilizers 3,06 2,10 8,77 21,64 12,10
With fertilizers 359 | 320 12,98 22,70 | 18,82
Stubble-mulch Without fertilizers 292 | 228 8,52 20,50 | 14,14
With fertilizers 354 | 346 12,64 22,52 | 21,73
LSD, Without fertilizers 0,11 0,20
With fertilizers 0,14 0,26

ant of the technology based on plowing. On the
contrary, with a decrease in the yield of barley
for recycled wheat, the decrease in the cost of
gross production for resource-saving processing
systems without fertilizers was 3.8-11.4%, with
the use of fertilizers - 1.9-11.1% (see Table 1, 2).

For the legume predecessor with similar
yield values, the net income, the energy co-
efficient for the studied processing systems
were also similar. Without and with the use
of fertilizers, the differences in net income
(20.5-21.6 and 21.5-23.4 thousand rubles /
ha, respectively) between the moldboard and
resource-saving processing systems did not ex-
ceed, respectively, the background of fertiliz-
ers 0.6— 3.7% and 2.6-6.0%. According to this
predecessor, in grain-fallow crop rotation for
barley, along with the moldboard system, the
use of non-moldboard loosening with SibIME
tines to a depth of 20-22 cm is economically
justified; with non-moldboard and combined
systems the use of the Smaragd cultivator to a
depth of 12—14 cm and processing of BDT-2.5

to a depth of 10—12 cm with stubble- mulch and
surface processing systems is appropriate. The
energy coefficient for these processing systems
without fertilizers was 3.43-3.46, with fertiliz-
ers - 2.78-2.81, for the moldboard system, re-
spectively, the fertilizer backgrounds were 3.23
and 2.69, i.e. exceeded the control variant of the
moldboard system by 0.09-0.14.

Cultivation of barley after repeated wheat,
especially without fertilization, significantly
reduced the profitability of its cultivation in
comparison with the legume predecessor. Thus,
the decrease in net income in this case for the
moldboard processing system was 28.9%, for
resource-saving systems - 31.0-44.1%. With
the use of fertilizers with a moldboard pro-
cessing system, there was no decrease in net
income, depending on the predecessor, for re-
source-saving processing systems, a decrease
of 3.0-17.1%.

When barley was placed on repeated wheat
with a moldboard system of main processing,
the net income without fertilizers amounted
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D PeKTHBHOCTD CHCTEM OCHOBHOM 00paOOTKHU MOYBBI IPH
BO3/IEJILIBAHUN STUMEHS

Teppunses H.B., Berommna O.A., Bracenko A H.

Ta6a. 2. DxoHOMHYECKas M SHEpreTHIeckas 3pPpEeKTHBHOCT BO3/ICIIBIBAHUS STIMEHS B 36pHOMAPOBBIX
CEBOOOOPOTAX MPH PAIUIHBIX CHCTEMaX OCHOBHON 00paboTkn mouBs (1996-2018 1)

Table 2. Economic and energy efficiency of barley cultivation in grain-fallow crop rotations with

different systems of basic soil tillage (1996-2018)

. Cost price Gross product value,
Fertilizer Energy coefficient 1 tone of grain thousand rubles/ha
Basic tillage system

background vetch wheat vetch wheat vetch wheat

Moldboard Without 332 2,65 2,99 375 | 2951 | 23,55
fertilizers

With fertilizers 2,69 2,75 3,69 3,62 35,68 35,78

Non-moldboard Without 3.43 238 2.89 417 3001 | 2087
fertilizers

With fertilizers 2,81 2,52 3,53 3,94 36,27 32,50

Combined vighout 3,44 2,53 2,89 3.92 3011 | 22,16
ertilizers

With fertilizers 2,78 2,72 3,58 3,65 35,78 35,08

Differentiated Without 333 | 242 | 298 | 410 | 2022 | 2127
fertilizers

With fertilizers 2,67 2,55 3,74 3,92 34,46 32,89

Surface tillage Without 346 | 238 | 287 | 418 | 3041 | 2087
fertilizers

With fertilizers 2,76 2,46 3,62 4,06 35,68 31,80

Stubble-muich Without 3,41 2,66 2,92 374 | 2902 | 22,66
fertilizers

With fertilizers 2,78 2,72 3,57 3,66 35,18 34,38

to 14.67 thousand rubles / ha, with their use - CONCLUSION

22.75 thousand rubles / ha. At the same time,
without fertilizers, this indicator turned out to
be the closest to the moldboard processing sys-
tem during stubble- mulch processing and pro-
cessing with SibIME tines to a depth of 20-22
cm in the combined system (lower than the
control by 3.6-8.6%).

With the use of fertilizers, the combined and
stubble- mulch processing systems were infe-
rior to the moldboard in terms of net income by
only 2.5-4.5%. For the rest of the studied soil
cultivation options, the net income was lower
than with the moldboard system: without fertil-
izers by 2.18-2.57 thousand rubles / ha (14.8—
17.5%), with the use of fertilizers by 2, 84-3.93
thousand rubles / ha (12.5-17.3%). Our data on
productivity and economic efficiency are large-
ly consistent with the results of studies obtained
in the European part of Russia [16, 17].

1. It is economically most expedient to use
the main processing systems with elements of
minimization on the dark gray forest soils of the
northern forest-steppe of the Northern Trans-
Urals during the cultivation of barley as the
final crop in the grain crop rotation according
to the legume predecessor (spring vetch): non-
moldboard and combined with non-moldboard
loosening by SIBIME tines at 20-22 c¢m, differ-
entiated with stubble- mulch processing by 12-
14 cm and disking by 10-12 cm. These process-
ing systems after legumes for barley provided
the formation of almost equal to the moldboard
processing system barley yield: without fertil-
izers - 2.97-3, 03 t / ha, using N40P40P40 -
3.47-3.65 t/ ha, net income.

2. The use of resource-saving methods of
processing in grain crop rotation clean fallow -
winter rye - spring wheat - spring wheat - spring
barley for repeated wheat led to a decrease in
the yield of barley grain by 0.09-0.40 t / ha, a
decrease in net income when cultivating barley
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in comparison with the legume predecessor by
31.044.1%.
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BJAUSHUE MPEJANOCEBHON OBPABOTKH CEMSIH SIPOBOM MIIEHUIIBI
HA JIMHEWUHBIE PASMEPBI U TEOMETPUUECKHUE XAPAKTEPUCTHUKHU 3EPHA

Baacenko H.I'., Bypiakosa C.B.

Cubupcxuil ghedepanvhvlil HaAYyHbII YeHmp azpodbuomexnonocull Poccutickotl akademuu Hayk
HoBocubupckas o6nacts, p.i. Kpacnooo6ck, Poccust

[IpencraBnensl pe3yabTaThl OLIEHKH BO3IEHCTBHUS OMOIIPENapaToB W MPOTPABUTENS CEMSH Ha
TEXHOJOTHICCKHE KaueCTBa 3epHa MATKOH spoBoii mmeHuIsl HoBocuoupekas 31. D dekTuBHOCTE
IIPUMEHEHUSI OMOJIOTNYECKUX CPEICTB 3aIlUThl PACTCHUI M3ydyasld B MOJICBOM 3KCIEPHUMEHTE, 3a-
noxxeHHoM B 2020 1. B ycnoBusix siecoctenu [IpnoOss. [Ipennocesnast 00paboTka ceMsiH BKIIIOUaIa
CJICYIOIUE BapUaHThI: KOHTPONb (0e3 o0pabotku); Tpuxonepmun, I1 (Trichoderma viride, tatp
Oosee 6 mupa criop/r), HopMa pacxoaa — 15 kr/t cemsn; Cropobakrepun, CII (Bacillus subtilis +
Trichoderma viride, mramm 4097), HopMma pacxona — 0,5 kr/T cemsin; Ckapier, MD, XuMHUCCKUN
aranon (mmasamuia (100 1/m) + Tebykonazon (60 1/1), HOpMa pacxona — 0,3 11/t cemsH. [IpumeneHne
IIperaparoB croco0CTBOBaIO pocTy ypokaitHoctu Ha 0,40 u 0,52 T/ra mpu ncnoiabp3oBanuu Tpuxo-
nepmuHa U CriopobakrepuHa cootBeTcTBeHHO M Ha 0,08 T/ra npu npumenennu Gynrunuaa CKapier.
IIpu sTom macca 1000 3epen yBennuminacek Ha 0,84; 0,80 u 0,96 T COOTBETCTBEHHO OTHOCHUTEIBHO
koHTpos. [Ipenaparst Tpuxonepmud u CiopoOakTeprH OKa3bIBaIM JOCTOBEPHOE BIUSIHHUE HA POCT
3epHOBKH B JUIMHY ¥ MIUPUHY OTHOCUTEIHHO KOHTpOJsA — Ha 5,4—-6,9 u 9,6%, Ckapnet — Ha 10,6 u
13,9% cootBetctBenHO. [IpennoceBHast 06paboTKa ceMsH criocoOCTBOBaNIa POCTY TAKUX MOKa3are-
JIe# 3epHOBKH, Kak 00beM (Ha 19,6-29,3%), muroma s nosepxuoctH (Ha 12,1-19,2%), cpepudanocTsh
(na 6,3-7,8%). B Oomblieil cTeneHr OHU YBETUUMBAINCH NpU NpuMeHeHnn (QyHruunaa Ckapier.
[Mony4enue Gonee KpymHOTo 3epHa MPHUBENO K POCTY coaepkaHus sHAocnepma Ha 0,76—1,14%.
[Tokazana TecHas KOppeNsATHUBHAs CBsI3b MEXIy rnokazarensimMu macchl 1000 3epeH U ITUHEHHBIMU
pasmepamu 3epHa (r = 0,92-0,98), a Taxke ¢ 00bEMOM 3epHOBKH, CPEPUUHOCTHIO U COACPKAHUEM
sugocnepMma (r = 0,98-0,99). IlpennoceBHass 00pabOTKa CEMSH SPOBOW TIICHUIIBI 00ECTICINBACT
[IOJTyYEHHUE 3€PHA C YAYUILICHHBIMU TEXHOJOTHUYECKUMH CBOWCTBAMH.

KuiroueBble cjioBa: MArkast spoBasi MIICHUIA, OMONIPenapaTsl, IPOTPaBUTENb 3€pHA, PYHTHUIIN],
JMHEHHBIe pa3Mephl 3epHa, TEOMETPUUCCKUE XapaKTEPUCTUKHU 3epHa

EFFECT OF PRE-SOWING TREATMENT OF SPRING WHEAT SEEDS ON
LINEAR SIZES AND GEOMETRIC GRAIN CHARACTERISTICS

Vlasenko N.G., Burlakova S.V.

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

The results of assessing the effect of biological preparations and a seed disinfectant on the
technological qualities of grain of soft spring wheat Novosibirskaya 31 are presented. The
effectiveness of the use of biological plant protection products was studied in the field experiment,
laid down in 2020 in the forest-steppe conditions of the Ob region. Pre-sowing seed treatment
included the following options: control (without treatment); Trichodermin, P (Trichoderma viride,
titer more than 6 billion spores/g), consumption rate — 15 kg/t seed; Sporobacterin, SP (Bacillus
subtilis + Trichoderma viride, strain 4097), consumption rate — 0.5 kg/ton of seeds; Scarlet, ME,
chemical standard (imazalil (100 g/l) + tebuconazole (60 g/l), consumption rate — 0.3 1/t of seeds.
The use of the preparations contributed to an increase in yield by 0.40 and 0.52 t/ha when using
Trichodermin and Sporobacterin, respectively, and by 0.08 t/ha when using fungicide Scarlet. In
this case, the mass of 1000 grains increased by 0.84, 0.80 and 0.96 g, respectively, relative to the
control. The preparations Trichodermin and Sporobacterin had a significant effect on the growth
of grain in length and width relative to the control — by 5.4-6.9 and 9.6%, Scarlet — by 10.6 and
13.9%, respectively. Pre-sowing seed treatment contributed to the growth of such indicators of the
caryopsis as volume (by 19.6-29.3%), surface area (by 12.1-19.2%), and sphericity (by 6.3-7.8%).

18 Siberian Herald of Agricultural Science » 2021 « 51 « 1 Agriculture and chemicalization



Buusiane npeanoceBHoit 00pabOTKH CeMSH SPOBOHA MIIICHUIBI Ha
TMHEHHBIE Pa3MePhl X TEOMETPHIECKUE XapaKTEPHCTHKH 3epHA

Brnacenko H.I',, bypiakosa C.B.

To a greater extent, they increased with the use of fungicide Scarlet. Getting larger grain led to an
increase in the endosperm content by 0.76—1.14%. A close correlation has been shown between the
indicators of the mass of 1000 grains and the linear grain sizes (» = 0.92—0.98), as well as with the
grain volume, sphericity and endosperm content (» = 0.98-0.99). Pre-sowing treatment of spring
wheat seeds provides grain with improved technological properties.

Keywords: soft spring wheat, biological preparations, grain disinfectant, fungicide, grain linear

dimensions, grain geometrical characteristics
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INTRODUCTION

The technological properties of grain are a
set of signs and quality indicators that charac-
terize its state in the technological processes
of processing, affecting the yield and quality
of flour [1, 2]. The technological properties
of grain are derived from a group of primary
properties that can be subdivided into physico-
chemical, biochemical, structural-mechanical,
thermophysical, and also anatomical structure
of grain. The linear dimensions and shape of
the caryopsis affect the degree of injury to seeds
and the quality of grain conditioning. For this
reason, in breeding practice, they try to select
leveled shortened grains of a round shape [3].
Grain volume and shape are related to the endo-
sperm content, which provides the actual flour
yield; the outer surface area determines the in-
tensity of the interaction of the grain with the
surrounding atmosphere; the ratio of the vol-
ume and the outer surface of the grain is the
so-called determining size, the role of which is
manifested in the processes of heat transfer dur-
ing storage, drying and hydrothermal treatment
of grain [4-6]. The shapes and sizes of seeds
are variable and depend on both soil and weath-
er conditions during the growing season. When
studying the physic mechanical properties of
seeds, not only average sizes are important, but
also all indicators of variability of individual
properties of seeds of grain crops [6, 7]. Much

attention is paid to studies of the parameters of
caryopses. Their linear dimensions, shape and
anatomical structure are influenced not only by
weather conditions, but also by the cultivation
technology, as well as the characteristics of the
genotypes of varieties [8].

The pre-sowing seed treatment with bio-
logical and chemical preparations leads to an
increase in the yield of spring wheat and con-
tributes to the production of grain with a higher
weight [9, 10].

The purpose of the research is to study the
effect of pre-sowing seed treatment on its linear
and some geometric characteristics.

MATERIAL AND METHODS

The effectiveness of the use of biological
plant protection products was studied in the
field experiment, laid down in 2020 at the sta-
tion of the Siberian Research Institute of Ag-
riculture and Chemicalization of the Siberian
Federal Scientific Center of AgroBioTechnolo-
gies of the Russian Academy of Sciences. The
scientific experiment took place in the forest-
steppe conditions of the Ob region on the crops
of spring wheat Novosibirskaya 31 (medium-
early variety, growing season 70-76 days),
which was placed along the steam predecessor.
Sowing was carried out on May 14 with a seed-
ing rate of 6 million germinating grains / ha.
Pre-sowing seed treatment included the follow-
ing options:
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— control (without treatment);

— Trichodermin, P (Trichoderma viride, titer
more than 6 billion spores / g), consumption
rate - 15 kg / t of seeds;

— Sporobacterin, SP (Bacillus subtilis +
Trichoderma viride, strain 4097), consumption
rate - 0.5 kg / t of seeds;

— Scarlet, ME, chemical standard (imazalil
(100 g / 1) + tebuconazole (60 g/ 1), consump-
tion rate - 0.3 1/t of seeds.

The consumption rate of the working fluid
is 10 1/t of seeds. The area of the accounting
plot is 14.7 m?, the arrangement is sequential
in one tier, the repetition is four times. Wheat
yields were taken into account by direct com-
bining, and were brought to 100% purity and
14% moisture. The weight of 1000 grains was
determined in the resulting crop.

The following indicators of the grain were
studied: length, width, thickness', and their vol-
ume, surface area, sphericity, and endosperm
content? were also calculated. The sample vol-
ume was 100 grains. Grain products were as-
sessed using an electronic micrometer in the
Micro Capture Pro program. Statistical analysis
of experimental data was carried out using the
Snedecor?® software package.

The meteorological data for the growing sea-
son of 2020 significantly differed from the long-
run annual average in terms of the temperature
regime and the amount of precipitation. The
month of May of the current season especially
stood out in terms of temperature and moisture
regime. The air temperature this month exceed-
ed the long-run annual average by 6.2 °C, the
amount of precipitation was 1.5 times higher
than the norm. In June, the air temperature was
at the level of the long-run annual average, the
arrival of atmospheric moisture on average per
month was 2.4 times lower than the norm. In
July, the temperature regime exceeded the av-
erage annual indicators by 0.6 °C, precipitation
fell 1.2 times more than the norm. August was
warm enough: the air temperature exceeded the
long-run annual average by 2.8 °C. The arrival

of atmospheric moisture in the first ten-day pe-
riod of the month was 1.7 times lower than the
norm, in the second ten-day period precipita-
tion was 2.2 times more than the long-run an-
nual average.

RESULTS AND DISCUSSION

In the variants of the experiment with the
treatment of seeds with biological preparations,
a significant increase in the yield of wheat was
obtained relative to the control: when the seeds
were treated with Trichodermin - by 0.4 t / ha,
Sporobacterin - by 0.52 t / ha (see Table 1).

The dressing of the seed with Scarlet under
the conditions of the current year did not affect
the grain yield. However, the weight of 1000
grains significantly increased compared with
the control in all variants of the experiment by
0.80-0.96 g, in the variant with the use of Scar-
let fungicide it was the greatest.

When using the preparations, the linear di-
mensions of the grain significantly changed:
the length increased by 5.4 and 6.9% when the
seeds were treated with biological preparations,
by 10.6% when using a chemical preparation,
the width - by 9.6 and 13.9%, respectively (see

Ta6a. 1. Brusaue npennoceBHON 00pabOTKH
CeMsIH OMonpenaparaMu U QyHTHIKAIOM Ha ypo-
skaitHocTh U Maccy 1000 3epeH spoBOi MILIEHHUITBI
HoBocubupckas 31

Table 1. Influence of pre-sowing seed treatment
with biological products and fungicide on yield
and weight of 1000 grains of spring wheat
Novosibirskaya 31

Option Yield, t/ha oo g}zsifls‘ffg
Control 1,81 30,83
Trichodermin 2,21 31,67
Sporobacterin 2,33 31,63
Scarlet 1,89 31,79
LSD,, 0,26 0,63

'Talanov L.P. Plant growing. Workshop: textbook. manual for academic undergraduate 2nd ed. Moscow: Yurayt Publishing

House, 2018.288 p.

2Egorov G.A. Flour technology. Practical course. M.: DeLi print, 2007.143 p.
3Sorokin O.D. Applied statistics on the computer. 2nd ed. Novosibirsk, 2012. 282 p.
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Table 2). Of the three dimensions (length, width
and thickness), thickness is the most character-
istic of the milling properties of the grain. A
high correlation was found between the grain
thickness of common wheat and the content
of endosperm in it [11]. When growing wheat
which was treated before sowing with prepa-
rations, the thickness of the grain increased by
3.2-3.5% compared with the control.

The linear dimensions of the grain determine
its size, which is the most important indicator
of the quality of the grain. Coarse grain has
more endosperm and fewer shells, therefore,
the higher the yield of finished products from
grain [12]. In variants where Trichodermin and
Sporobacterin were used for pre-sowing seed
treatment, the volume of the grain increased
by 19.6 and 21.3% compared with the control,
but to a greater extent it increased when using
the fungicide Scarlet - by 29.3% (see Table 3).
The surface area of the grain also turned out to

be 12.1-19.2% higher in the variants with the
treatment of seeds with preparations; it was the
largest when the fungicide Scarlet was applied.
The sphericity of the grain also increased by
6.3-7.8% when sown with treated seeds.

The geometric characteristics of the grain
made it possible to calculate the endosperm
content in it. This indicator, when growing
wheat from seeds treated with biological prod-
ucts, increased by 0.76-0.83%, with a chemical
fungicide - by 1.14%.

The smallest variation in the grain length
was observed in the control and when using the
Scarlet fungicide (V = 7.44 and 7.54%). Varia-
tion in the grain width indicator was at the level
of 10.16-11.37%. The variation in the thick-
ness of the grain decreased from 9.01% in the
control to 7.12— 7.28% in the experiment. A
correlation was revealed between the mass in-
dices of 1000 grains and the linear grain sizes:
length, width and thickness (r = 0.92; 0.98 and

Tao6xa. 2. Brusaue npennoceBHol 00pabOTKu ceMsiH OuorpenaparaMu v (YHTHIIUIOM Ha JTMHEHHbIC
pa3Mepsbl 3epHa sipoBoii mieHuIsl Hopocnoupcekas 31

Table 2. Influence of pre-sowing seed treatment with biological products and fungicide on the linear

grain size of spring wheat Novosibirskaya 31

Indicator
Option Size. mm Mean square Variation Sample relative Test,
’ deviation, S, % coefficient, V, % error, Sx, % L

Grain length (n = 100)
Control 6,33 +£0,37 0,47 7,44 1,04 -
Trichodermin 6,67 +0,57 0,67 10,11 1,42 8,22>1,98
Sporobacterin 6,77 £ 0,60 0,76 11,15 1,57 12,20 > 1,98
Scarlet 7,00 £0,41 0,53 7,54 1,07 44,08 > 1,98

Grain width (n = 100)
Control 2,73+0,22 0,28 10,16 1,45
Trichodermin 2,99+ 0,26 0,32 10,75 1,51 19,00 > 1,98
Sporobacterin 2,99 +0,27 0,34 11,37 1,61 17,15>1,98
Scarlet 3,11 +£0,25 0,32 10,26 1,46 40,46 > 1,98

Grain thickness (n = 100)

Control 2,82 +£0,21 0,25 9,01 1,25 -
Trichodermin 291+0,16 0,21 7,12 1,02 4,35>1,98
Sporobacterin 292+0,17 0,21 7,23 1,02 4,.82>1,98
Scarlet 2,91 +0,17 0,21 7,28 1,02 391>1,98
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Taoda. 3. Bausaue npennoceBHoN 00paboTKu ceMsiH OuorpenapaTaMu 1 GYHIHIUAOM Ha T€OMETPH-
YecKue TI0Ka3aTeNn 3epHa spoBoil mmenntibl HoBocuOupekas 31

Table 3. Influence of pre-sowing seed treatment with biological products and fungicide on the
geometric parameters of spring wheat grain Novosibirskaya 31

. . . Grain sphericity
Option Grain volume, mm? Grain surface area, mm? Endosperm content, %
Control 25,47 + 3,99 63,95 + 6,81 0,64 + 0,04 82,48 + 0,61
Trichodermin 30,46 + 5,39 71,67+ 9,00 0,68 £ 0,04 83,24 +£0,83
Sporobacterin 30,90 £5,10 73,13 £9,00 0,68 + 0,04 83,31 £ 0,78
Scarlet 32,93 £4,26 76,21 £ 7,66 0,69 + 0,04 83,62 + 0,65
0.97), as well as with the grain volume, spheric- CHHUCOK JIUTEPATYPbI

ity and endosperm content (r = 0.98 —0.99). The
length-to-width ratio for wheat grains decreased
from 2.32: 1 in the control to 2.23: 1, 2.26: 1 and
2.25: 1 in variants with the use of Trichodermin,
Sporobacterin and Scarlet. The ratio of width to
thickness, on the contrary, increased slightly -
from 0.97: 1 in the control to 1.03: 1; 1.02: 1 and
1.07: 1 in experimental versions. Nevertheless,
the obtained grain was characterized by a rather
favorable ratio of linear dimensions for the con-
ditions of its processing.

CONCLUSION

Seed treatment with biological products Trich-
odermin, Sporobacterin and Scarlet fungicide
influenced not only grain yield and 1000 grain
weight, but also linear dimensions and geometric
characteristics of grain. The length of the grain
increased by 5.4-10.6%, the width by 9.6-13.9,
and the thickness by 3.2-3.5%. These indicators
increased to the greatest extent with the use of a
chemical fungicide. This led to an improvement
in the geometrical characteristics of the grain: the
volume of the grain increased by 19.6-29.3%, the
surface area by 12.1-19.2, and its sphericity by
6.3—7.8%. The endosperm content in grain also
increased by 0.76—1.14%. In addition, the ratio
of the grain length to its width was reduced from
2.32: 1 in the control to 2.23: 1; 2.25: 1 and 2.26:
1 when using preparations. Thus, the preparations
Trichodermin, Sporobacterin and Scarlet, which
were used for pre-sowing seed treatment, had a
positive effect on the technological properties of
the grain of the new harvest.
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POJIb COPTA U IPEJUIECTBEHHUKA B IUHAMUKE YNCJIEHHOCTHU
RHIZOCTONIA SOLANI B IIOYBE

Mauora A.A., Yynukosa H.C.

Cubupcxuil ghedepanvhvlil HaAYyHbII YeHmp azpodbuomexnonocull Poccutickotl akademuu Hayk
HoBocubupckas o6nacts, p.i. Kpacnooo6ck, Poccust

[IpoBenens muoronetHue (2014-2019) wuccnenoBaHusi AMHAMUKHA YHCICHHOCTH Tpubda
Rhizoctonia solani Kiich. B mouse noj copramu kaprodens Purple Majesty, Vitelotte u ®duonero-
BbII ¥ IpeALIeCTBEHHUKAMH (KapTodelib, 0BEC ¥ ropunLia capentckas). MccnenoBanus nmpoxoannu
B HoBocuOupckoit 00s1acT B MOYBEHHO-KIMMATHUECKUX YCIOBHUSIX, TUIIMYHBIX AJIs JIECOCTEIHON
30HbI 3anagHoit Cubupu. s u3ydeHus 0coOEHHOCTEH TUHAMHUKHU YHCICHHOCTU rpubda R. solani
B MMOCaJKax KapToQemnsi OCyIECTBISUIN 0TOOP MOYBEHHBIX MPOO MOJ] PACTCHUSIMH B TCUCHUE BCETO
nepuoja Bereranuy. KomndecTBo npomnarysn pu30KTOHHH B TIOYBE OMPEAEIISIIN C TOMOILBIO METoa
MHOKECTBEHHBIX TOYBEHHBIX TA0IETOK. YCTaHOBICHBI PA3HHIIA B YHCIICHHOCTH U CKOPOCTH HAKOILIe-
Hus rpula R. solani o pa3IMYHBIME COPTAMHU, a TAKXKE BIIMSIHUE HA 3TOT IPOLIECC MPEALIECTBYOIINX
kyeTyp. Llog coprom Purple Majesty HaOmtomanu qBa miKka YRCISHHOCTH Iprubda: iepBslil (48,7 mpo-
naryisl/100 T mouBbI) — B MEPUOJ TMOJHBIX BCXOAOB, BTopoi (57,2 mponarynsl/100 r mouBsl) — B
KoHIIEe (ha3bl co3peBaHUs KyJABTYpHL. Y coproobpasnoB Vitelotte 1 @uoneToBbii HAOTIOAATN OJUH
UK B IMHAMKMKE YUCIICHHOCTHU I'pruba B KoHIle niepuoza cozpeBanus (59,0 u 49,1 npomnaryinsi/100 ©
ITOYBBI COOTBETCTBEHHO). HanMmeHbIast uncinenHocTs Tpubda R. solani B IOUBE B CpeTHEM 32 TIEPHO]]
BETeTaIliy OTMeueHa 1o coptoM DuoseToBbiit — 33,3 mpomarynsl/100 T mouBksl. Y coptoB Purple
Majesty u Vitelotte manubIif mokazatens coctaBmsia 41,5 u 40,4 nponarymnel/100 T MOYBEI COOTBET-
ctBeHHoO. [Ipu Bo3menbIBaHUM B MOHOKYJIBTYpE copTa KapTodens Agata naeT ObICTpOe U 3HAUUTEIb-
Hoe HakoruieHue rpuda R. solani B mouse (ot 34,6 1o 126,8 nponarynsl/100 r noussr). Ecniu nannsiii
copToobpasell KyJIbTUBUPYETCs TIOCIIe TOPUYHIIBI CAPENTCKON MIIM OBCA, YUCICHHOCTD BO3OYAUTEIS
BapbUpyeT B MeHblIel crenenu (25,1-52,2 u 19,8—41,0 nponary:sl/100 r moYBbl COOTBETCTBEHHO).
Pe3kux nmogpeMoB YMCIEHHOCTH NIPONAraTUBHBIX CTPYKTYpP (pUTOIIATOreHa B IIOYBE HE OTMEUEHO.

Ki1roueBble cji0Ba: pu30KTOHHO3 KapTodest, COPT, MPEAILICCTBCHHUK, JUHAMUKA YHCICHHOCTH,
o4Ba

THE ROLE OF VARIETY AND FORECROP IN THE POPULATION DYNAMICS
OF RHIZOCTONIA SOLANI IN SOIL

Malyuga A.A., Chulikova N.S.

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

Long-term studies (2014-2019) of the population dynamics of the fungus Rhizoctonia solani
Kiich. were carried out in the soil on the Purple Majesty, Vitelotte and Fioletovy potato varieties and
preceding crops (potatoes, oats and tendergreen). The study was carried out in Novosibirsk region
in the soil and climatic conditions typical of the forest-steppe zone of Western Siberia. To study the
peculiarities of R. solani fungus population dynamics in potato plantations, soil samples were taken
from under the plants during the entire growing season. The accumulation of rhizoctonia propagules
in the soil was determined using the method of multiple soil pellets. The difference in the amount and
rate of accumulation of the fungus R. solani on different varieties, as well as the influence of previous
crops on this process, was established. Two peaks of the fungus accumulation were observed on the
Purple Majesty variety: the first (48.7 propagules/100 g of soil) — during the full germination period,
the second (57.2 propagules/100 g of soil) — at the end of the crop maturation phase. One peak was
observed in the population dynamics of the fungus on Vitelotte and Fioletovy varieties, at the end of
the ripening period (59.0 and 49.1 propagules/100 g soil, respectively). The smallest amount of R.
solani fungus in the soil on average during the growing season was noted on the Fioletovy variety —
33.3 propagules/100 g of soil. In the Purple Majesty and Vitelotte varieties, this figure was 41.5 and
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The role of variety and forecrop in the population dynamics
of Rhizoctonia solani in soil

Malyuga A.A., Chulikova N.S.

40.4 propagules/100 g of soil, respectively. When potato variety Agata was cultivated as monoculture,

there was a rapid and significant accumulation of the fungus R. solani in the soil (from 34.6 to 126.8

propagules/100 g of soil). When this variety was cultivated following tendergreen or oats, the amount of

the pathogen varied to a lesser extent (25.1-52.2 and 19.8-41.0 propagules/100 g of soil, respectively).

No sharp increases in the number of propagative structures of the phytopathogen in the soil were noted.
Keywords: potato rhizoctonia, variety, forecrop, population dynamics, soil
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INTRODUCTION

The complexity of controlling a disease such
as rhizoctoniasis is determined by the ecologi-
cal plasticity and broad specialization of the
pathogen, the complexity of its pathological
process. Rhizoctonia solani Kiich. mushroom
can exist in a wide range of temperatures and
soil moisture, so the disease is harmful both at
low and high temperatures and at high and low
soil moisture.

Currently, 16 anastomotic groups of the
causative agent of potato rhizoctoniae have
been described. Their number may increase
as research expands. Some groups are widely
specialized and affect a wide range of plants,
others - only certain species, some groups, such
as Ag 6, Ag 7, Ag 10, and Ag BI, are not plant
pathogens' [1-3]. Isolates from the anstomotic
groups Ag 1, Ag 2, Ag 4 and Ag 5 are widely
specialized, the Ag 3 group is highly special-
ized, which affects only nightshades, AG 8 -
cereals and potatoes, AG 9 - cruciferous plants
and potatoes, AG 11 - wheat [2-9].

A number of strains of the fungus that infect
potatoes can develop on the remains of corn,
straw, especially in the post-harvest period,
when there are no main sources of food.

The source of infection is diseased potato
plants and tubers, as well as many cultivated

and weed plants (sow thistle, horsetail, quinoa,
etc.). The causative agent of the disease has
several modes of transmission. The main factor
in the transmission of the pathogen from year
to year is the soil. The number of the pathogen
in the cultivated soils of Siberia ranges from 0
to 20 propagules per 100 g of air-dry soil; the
soils are more infected after planting potatoes.
Diseased potato tubers are one of the main fac-
tors in the transmission of the pathogen: its fre-
quency ranges from 29 to 70%. Transmission
of the pathogen during the season also occurs
through basidiospores at high air humidity
(86-96% or more) by airborne droplets, but this
transmission mechanism has additional impor-
tance. Thus, the circulation of the pathogen in
nature occurs due to a combination of soil and
tuberous transmission mechanisms from year
to year with additional airborne droplets during
the season. It is necessary to use techniques and
methods that reduce the initial stock of infec-
tion of the pathogen in the soil and on tubers to
protect potato plantings from rhizoctonia dis-
ease [10].

A simple disinfection of tubers is often not
enough when fighting the causative agent of
rhizoctonia. The accumulation of a significant
amount of infection in the soil of crop rotations
of specialized potato and vegetable farms can
lead to a massive damage to potato plants by

Carling D.E., Sumner D.R. Rhizoctonia. University of Alaska, Fairbanks, Palmer, AK 99645 and University of Georgia,

Tifton, GA 31793 (representatively). 1990. 10 p.
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rhizoctonia even in cases of exclusion of seed
infection. The main role in the development of
rhizoctonia is played by soil inoculum (pseu-
dosclerotia of R. solani Kiihn. stay in the soil
for 2—6 years even in the absence of potatoes)’
[11]. It is necessary to know the number of
propagative structures of the pathogen in the
soil and the role of varieties and precursors in
the pathological process to successfully build a
strategy and tactics for protecting potatoes from
this disease.

The purpose of this work is to reveal the
population of the fungus R. solani Kiihn. in the
soil under the potatoes of different kinds and
under the crop cultivated after different prede-
CEsSOrs.

MATERIAL AND METHODS

The studies were carried out in the Novosi-
birsk region in the soil and climatic conditions
typical of the forest-steppe zone of Western Si-
beria.

The soil cover of the station is represented by
a typical for the region leached medium loamy
chernozem with the following agrochemical
characteristics of the topsoil layer (0-30 cm):
humus (according to Tyurin) about 5.0%, total
nitrogen (according to Kjeldahl) - 0.34 mg /
100 g of soil , phosphorus and potassium (ac-
cording to Chirikov) - 29.0 and 13.0 mg/ 100 g
of soil, respectively, pH = 6.7-6.8.

The growing seasons of 2014-2019 were
characterized by different weather conditions.
The HTI (hydrothermal index) for the potato
growing season (May - August) according
to Selyaninov in 2014 was 0.71, 2015 - 1.33,
2016 -0.76,2017 and 2018. - 1.30, 2019 - 1.00.
Consequently, a slight drought was observed in
2014, 2016 and 2019 turned out to be insuffi-
ciently moistured, in 2015, 2017 and 2018 the
level of heat and moisture supply was optimal
for plants.

The main elements of potato cultivation
technology corresponded to those generally

accepted for the area [12]. Potato agricultural
technology included non-moldboard fall tillage,
early spring harrowing, cultivation (15-20 cm)
and ridge tillage. Furrow planting was carried
out followed by covering with soil. Planting
care included the following techniques:

— herbicidal treatments (Metrifar 70, WSG
(a.i. metribuzin 700 g / kg, consumption rate
0.7-1.4 1/ ha) and Boxer, EC (a.v. prosulfocarb
800 g/ 1, consumption rate 3— 5 1/ ha));

— inter-row cultivation, hilling;

— vegetation treatments against pests (Decis,
EC (a.i. alpha-cypermethrin 100 g/ 1, consump-
tion rate 0.1 1/ ha));

— treatments against diseases (Revus Top, SC
(a.v. difeconazole 250.0 g / 1 and mandiprop-
amide 250.0 g/ 1, consumption rate 0.6 1/ ha)).

Before harvesting, the foliage was desiccat-
ed with Reglon Super, WS (d.v. diquat 150 g /1,
consumption rate 2 1/ ha).

The experience was laid according to the
methodology for conducting field studies®. The
experiment was repeated twice, the number of
plants in the replication was 20. Planting den-
sity 35.7 thousand plants / ha, feeding area 0.4
by 0.7 m.

The experiments were carried out by means
of natural colonization of the soil by the caus-
ative agent of potato rhizoctonia disease (po-
tatoes were planted on the same plot of land
for 2 years in a row, which made it possible to
form the above background). The peculiarities
of the dynamics of the R. solani population un-
der the colored potato varieties Purple Majesty,
Vitelotte, and Violet were studied by planting
them on a soil infectious background after po-
tatoes on potatoes. Early potato varieties Agata
were planted after various predecessors (pota-
toes, oats, and Sarepta mustard), also cultivated
against the soil infectious background of R. so-
lani.

Soil samples were taken under the plants
before planting (May), during the full germi-
nation phase (June), during the budding period

*Shaldyaeva E.M., Pilipova Yu.V., Shatunova M.P. Optimization of the phytosanitary state of vegetable and specialized crop
rotations in Western Siberia. Phytosanitary improvement of ecosystems: materials of the second All-Russian congress on plant
protection (St. Petersburg, December 5-10, 2005). SPb., 2005. Vol. 1. pp. 585-586.

SDospekhov B.A. Field experiment methodology (with the basics of statistical processing of research results). M.: "Book on

demand", 2012. 351 p.
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- the beginning of flowering (July) and during
the maturation phase of the sample (August -
September ) before harvesting to study the fea-
tures of the dynamics of the R. solani fungus
population in potato plantings. The accumula-
tion of rhizoctonia propagules in the soil was
determined using the method of multiple soil
pellets. 40-50 g of soil was taken from an av-
erage soil sample and sifted on a sieve with a
2 mm mesh, the moisture content was brought
to 18%, and then ground to a homogeneous
state. Sowing was performed with pellets using
a sampler [13], 10 cups per sample (15 tablets
in each cup) and one cup per dry weight (15
tablets) for further conversion to the selective
medium of Co and Hora [14].

The population was determined in the spring
before planting (initial); in the summer, in the
phases of full germination and budding - the
beginning of flowering; in the fall before har-
vesting.

Selective medium of Co and Hora per 1 liter
of distilled water: agar - 20.0 g; K HPO* 1.0 g;
MgSO*. 7H, 0 0.5 g; KCI - 0.5 g; FeSO,. 7H, O
-0.01 g; NaNO, - 0.2 g. Sterilization for 35 min
at 1 atm. After sterilization, gallic acid (0.4 g),

streptomycin (0.05 g) and levomycin (0.05 g)
were added.

The number of propagules per 100 g of dry
soil was recalculated according to the formula

_ B-100
A

where B is the number of propagules in 150 tab-
lets; A - the number of soil in 150 tablets, g; Xis
the number of propagules in 100 g of soil.

X

3

RESULTS AND DISCUSSION

Studies have shown that the amount of R.
solani in the soil varied depending on the culti-
var (see Fig. 1).

Under the potato variety Purple Majesty,
two peaks of the fungus population in the soil
were observed: the first (48.7 propagules / 10 g
of soil) - during the full germination period,
the second (57.2 propagules / 100 g of soil) - at
the end of the crop maturation phase. The first
peak in numbers was observed at the beginning
of the growing season - the period of germina-
tion of tubers. This is probably due to the fact
that the root exudates of the plants of this host
cultivar stimulated the germination of spores of

70
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The number of propagules per 100 grams of soil
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Before sowing Full seedling Budding — the beglnmng Maturation
of flowering
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Puc. 1. lunaMuka 9UCICHHOCTH MPOMAryll R. solani B TIOYBE TOJ] pa3HBIMH COPTaMH KapTodens

(cpemnee 3a 2017-2019 rr.)

Fig. 1. Population dynamics of R. solani propagules in soil on different potato varieties

(average for 2017-2019)
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the fungus R. solani, and the soil was actively
colonized by this pathogen. A number of stud-
ies have noted that plant exudates affect the de-
velopment of the causative agent of black scab
and can provide both better opportunities for its
penetration and infection [15] and suppress the
development of the pathogen [16, 17].

The second peak in the abundance of R. so-
lani for this cultivar was observed in the phase
of maturation of the culture (August), which
is obviously associated with the high sapro-
phytic activity of the fungus. As a result, a large
amount of infected plant residues entered the
soil [1, 18].

In Vitelotte and Violet cultivars one peak
was noted in the dynamics of population (59.0
and 49.1 propagules / 100 g of soil, respective-
ly) at the end of the ripening period. The num-
ber of propagules in the soil under these two
varieties during planting and during the germi-
nation period was almost the same, but by the
budding phase - the beginning of flowering, the
Vitelotte variety showed a sharp increase in the
number of fungi - from 25.9 to 51.9 propagules
/ 100 g of soil with its further growth to 59.0
propagules / 100 g of soil. This phenomenon
may be explained by the fact that by this pe-
riod potato plants have rapidly accumulated a
significant amount of carbohydrates and pro-
tein substances which are a good substrate for
the development and active use of them by the
fungus as a source of nutrition, which, in turn,
contributes to a sharp increase in its parasitic
properties growth*.

The Violet variety showed a smooth increase
in the number of propagules in the soil in com-
parison with two other varieties (25.1 propa-
gules / 100 g of soil in the germination phase,
34.2 - budding - the beginning of flowering and
49.1 propagules / 100 g of soil during the ripen-
ing period). The indicators of the number of the
fungus under this variety were the smallest.

The dynamics of development of the fun-
gus R. solani in soil on the same cultivar grown
according to different predecessors also varies.

Thus, during the cultivation of potatoes of the
Agata variety in monoculture at the beginning
of the growing season a decrease in the number
of propagules in the soil from 50.4 to 34.6 per
100 g of soil was noted. Subsequently, one peak
in the number of the causative agent of rhizoc-
tonia was observed, and the accumulation of
the causative agent in the soil was very rapid.
This indicator in the phase of full germination
was 34.6 propagules / 100 g of soil, in the pe-
riods of budding - the beginning of flowering
and ripening it was 1.6 and 3.7 times higher,
respectively (see Fig. 2).

The dynamics of the fungus R. solani
showed two peaks in population when cultivat-
ing potatoes of the Agata variety following ten-
dergreen or oats. The first fell on the phase of
full germination (June), the second - during the
ripening of the culture (August). The first peak
on these previous crops coincided with the low-
est population of phytopathogen in continuous
potato cultivation on potato.

The amount of the pathogen in the soil fol-
lowing oats and tendergreen was 2.5-3.1 times
lower than in the monoculture in the ripening
phase. The accumulation of the infectious prin-
ciple in the soil after these predecessors also oc-
curred, but the rate and dynamics of this accu-
mulation in comparison with the monoculture
turned out to be somewhat different. Thus, from
planting to the germination phase, an increase
in the number of the fungus was observed (1.6—
1.7 times compared to the initial one), by the
period of budding - the beginning of flowering,
the amount of the pathogen in the soil gradu-
ally decreased, then its rise was observed again.
When cultivating the Agata variety following
tendergreen the second peak was 1.1 times
lower than the first and 1.2 times after oats. It
can be assumed that after the decomposition of
tendergreen and oat stubble residues, the sub-
stances contained in them entered the soil and
contributed to the suppression of the pathogen
and the improvement of the soil [16, 17].

“Pochanina L.D. Features of the pathogenesis of potato rhizoctoniae and immunological assessment of varieties to the disease:

author. dis. PhD in Agr. sciences. Samokhvalovichi, 1977.22 p.
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Fig. 2. Population dynamics of R. solani propagules in the cultivation of Agata potatoes followed by

different forecrops (average for 2014-2016)

CONCLUSION

1. The difference in the number and rate of
accumulation of the fungus R. solani under dif-
ferent varieties of potatoes, as well as the in-
fluence of previous crops on this process, have
been established.

2. The fungus R. solani population dynam-
ics by cultivars differs in the soil. The smallest
number of the causative agent of potato rhizoc-
tonia blight in the soil on average during the
growing season was noted under the Violet va-
riety - 33.3 propagules / 100 g of soil, in Purple
Majesty and Vitelotte - 41.5 and 40.4 propa-
gules / 100 g of soil, respectively.

3. When the Agata potato is cultivated in
monoculture, there is a rapid and significant ac-
cumulation of the fungus R. solani in the soil
(from 34.6 to 126.8 propagules / 100 g of soil).
If this specimen is cultivated after tendergreen
or oats, then the number of the pathogen var-
ies to a lesser extent (25.1-52.2 and 19.8-41.0
propagules / 100 g of soil, respectively); sharp
increases in the number of propagative struc-
tures of the phytopathogen in the soil were not
observed.
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CKPUHHUHI COPTOOBPA3IIOB MIIEHUIIBI POCCUIICKOM CEJEKIIUN
HA YCTOMYUBOCTH K BYPOM PXIKABUNHE

Aramnosa B./l., BaranoBa O.®., Kynunosa O.A., Boakosa I'.B.

Dedepanvhblil HAYUHBLIL YeHMP OUON02UYEeCKOU 3auumol pacmenuil
Kpacnonap, Poccus

[IpencraBnensl pe3yabrarbl IMMYHOJOTHYECKOH OLIGHKH COPTOOOPa3sloOB O3MMOH TBEPAOH H
03UMOM MSTKOM MIIEHUIBI CENEeKIIMM ATpapHOTO HAy4dHOIO LEHTpa «/loHCKoI» Ha ycTOMYMBOCTD
K Oypoii pxxapunne. OnbIT npoBesieH Ha Tepputopun KpacHonapekoro kpast 8 2016-2019 rr. Ckpu-
HUHT 86 CeeKIMOHHBIX 00pa3ioB (63 copTooOpasiia 03UMO¥ TBEPAOH IMIICHUIIBI U 23 00pasia 03u-
MOM MATKOH TMIIEHHIIBI) OCYIIECTBISUTH B YCIOBHAX MCKYCCTBEHHOTO MH(peKInoHHOTo (hoHa. [l
3apakeHUs] PaCTCHUH HCIOJIB30BAN MOMYISIINI0, COOPAaHHYIO BO BpeMsi MapuIpyTHBIX 0OCIIeno-
BaHM MPOU3BOJCTBEHHBIX U CEIEKLMOHHBIX IIOCEBOB 03UMOH MieHUIbI. OLEHKY COPTOOOpa3LoB
MIPOBOJIMIIM 110 JIBYM KPUTEPHUSM: TUITY peakinuu (B Oamiax) U CTENECHH NopakeHus (B MPOIEHTAX)
B MIEPUOJT MAKCUMaJIbHOTO pa3BUTHA 001e3HU. CKPUHUHT 00pa3I0B OCYIIECTBIIAIN B TEUEHNE TPEX
BETreTAllMOHHBIX CE30HOB, JJISi BTOPOTO U TPETHEro roja M3ydeHus OTOMpand yCTOMYUBBIE COPTO-
00pas1pl ¢ TUIOM peaknuu 1,2 6amra u cremnenpio nmopaxenns He Oomnpire 10%. Crenens mopa-
JKEHUSI Ha KOHTPOJIE 10 BocnpuuMuuBocTy gocturajia ot 50 go 80%. B pesynbrare uccieqoBanus
00pasibl 03UMOW TBEPAOH MIICHHUIIBI PAHKUPOBAHBI CIEAYIOMINM 00pa3oM: ycToHunBbIe — 16 00-
pasioB, cpegHeycToiiunBbie — 26, cpenneBocnpuuMunBbie — 20, BocipuuMmuuBele — 1. Cpeau 00-
pas3noB 03UMOW MATKOHM MIIEHWIBI BBIACTHIN 6 ycTOWYMBBIX 00pa3uoB; 11 cpeaHeycTOHYMBBIX;
5 cpeaHeBOCIPUUMYHBHIX, | BOCIPUUMYHUBEINA. 3a 3 ro/1a NCCiIeI0OBaHNH BBISBICHBI 16 yCTONYHMBBIX
00pa3roB 03uMoil TBepAol mmennusl (465/15, 502/15, 515/15, 537/15, 597/15, 663/15, 681/15,
694/15, 730/15, 742/15, 753/15, 979/15, 996/15, 993/12, 1035/15, 417/13) u 6 ycToitunBhIX 00pa3-
LIOB 03UMOii MsiTKo# menuttst (134/11, 1415/11, 1765/14, 1074/14, 1813/14, Tanauc). B pesynbra-
TE TPOBEACHHOTO CKPMHHUHIa OOHAPYKEH BBICOKHI MPOLEHT YCTOWYHMBBIX COPTOOOPA3oB K Oypoit
pkaBunHe. BoijieneHHbIe HCTOYHUKH YCTOWYMBOCTH PEKOMEH IOBAHBI JJ151 BKIIIOYEHHS B TPOTPaMMBbl
CEJIeKIMH TIIEHHUIIbl Ha YCTOMUYMBOCTH K maroreHy B Poccuiickoit @eaepariuu.

KuroueBble ciioBa: TIieHUIa 03uMast, Oypas p)kaBuuHa, Puccinia triticina, AICTOYHUKA YCTOM-
YUBOCTH, CEJIEKIIUS

SCREENING OF WHEAT VARIETIES OF THE RUSSIAN BREEDING FOR
RESISTANCE TO BROWN RUST

Agapova V.D., Vaganova O.F., Kudinova O.A., Volkova G.V.

Federal Scientific Center for Biological Plant Protection
Krasnodar, Russia

The results of immunological assessment of varieties of durum and soft winter wheat bred by the

Agrarian Scientific Center Donskoy for resistance to leaf rust are presented. The experiment was
carried out in Krasnodar Territory in 2016-2019. Screening of 86 selection samples (63 varieties of
durum winter wheat and 23 samples of soft winter wheat) was carried out in an artificial infectious
environment. To infect plants, a population collected during route surveys of production and selection
crops of winter wheat was used. The varieties were assessed according to two criteria: the type of
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reaction (in points) and the degree of damage (in percent) during the period of maximum disease
development. Screening of the samples was carried out during three growing seasons; for the second
and third years of the study, resistant varieties were selected with the reaction type of 1.2 points and the
degree of damage of no more than 10%. The degree of damage on the susceptibility control reached
from 50 to 80%. As a result of the study, the samples of durum winter wheat were ranked as follows:
16 resistant samples, 26 medium-resistant, 20 medium-susceptible, 1 susceptible. Among the samples
of soft winter wheat, 6 resistant samples were identified, 11 medium-resistant, 5 medium-susceptible,
1 susceptible. Over 3 years of research, 16 resistant samples of durum winter wheat were identified
(465/15, 502/15, 515/15, 537/15, 597/15, 663/15, 681/15, 694/15, 730/15, 742 / 15, 753/15, 979/15,
996/15,993/12, 1035/15, 417/13) as well as 6 resistant samples of soft winter wheat (134/11, 1415/11,
1765/14, 1074/14, 1813/14, Tanais). As a result of the screening, a high percentage of varieties resistant
to leaf rust was found. The sources of resistance that were identified have been recommended to be
included in wheat breeding programs for pathogen resistance in the Russian Federation.
Keywords: winter wheat, brown rust, Puccinia triticina, sources of resistance, breeding
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INTRODUCTION matic factors, diseases and pests [2]. The most
acceptable and economically profitable way to
increase crop yields is the selection of an opti-
mal varietal assortment for the characteristics
of the cultivation site [3].

When improved varieties of new selection
are used in the production, the yield increases,
the adaptability of plants to critical weather
conditions goes up, resistance to insect pests
and phytopathogens increases, the output in-
creases and the quality of products improves.
However, a violation of crop rotation, a change

Wheat is one of the most demanded agricul-
tural crops in Russia. According to the Federal
State Statistics Service of the Russian Federa-
tion it dominates in terms of the crop produc-
tion area in the country (27.7 million hectares)'.
The increased interest in this culture can be ex-
plained by the high nutritional value of prod-
ucts obtained as a result of grain processing [1].
According to forecasts, by 2050 the demand for
wheat will have grown by 60%, and its yield is
expected to have declined by 29% due to cli-

'Federal State Statistics Service. URL: http://rosstat.gov.ru/storage/mediabank/posev_pll1(1).xls (date of the application
29.12.2020).
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in the genetic resistance of industrial varieties
and the introduction of seed material provoke a
change in the species composition of pathogens
of agricultural crops [4].

One of the most geographically widespread
and common wheat infections is brown rust
caused by the obligate biotrophic fungus Puc-
cinia triticina Erikss. Wheat brown rust is a
serious problem for many grain-producing re-
gions of the world and can lead to a loss of yield
in the range of 10-50% with a high infection
[5]. A distinctive feature of P. triticina is a high
plasticity of the fungus population, which leads
to the selection and accumulation of virulent
pathotypes capable of overcoming the race-
specific resistance of the sown varieties [6]. To
prevent an epiphytotic situation, it is necessary
to take into account constantly updated data on
the resistance of varieties when they are placed.

A study of the varieties’ resistance under
conditions of an artificial infectious background
in the zones of their regional assignment is im-
portant information for breeders. Currently, re-
search on this issue is being carried out in vari-
ous agroclimatic zones of Russia and abroad
[7-10]. A comprehensive program of the Ka-
zakh-Siberian Network (KASIB) made it pos-
sible to give an objective ecological assessment
of the breeding material and highlight the most
promising genotypes. During the variety testing
of the KASIB network in 2000-2016 more than
500 varieties of spring soft wheat were consid-
ered. It was found that 64.8% of the samples be-
longed to the susceptible group, 18.5 were par-
tially resistant and 16.7% were highly resistant
to brown rust of wheat [11]. Extensive work on
this issue is also being carried out by the Ag-
ricultural Research Institute of the South-East.
597 collection samples of soft spring breed-
ing CIMMYT (Mexico), the world collection
of VIR (St. Petersburg), varieties of domestic
breeding and wild wheat species were studied,
of which 335 varieties resistant to brown rust
were identified [12].

For the screening of samples from the Inter-
national Center for the Improvement of Corn
and Wheat (CIMMYT) for resistance to wheat
brown rust in Egypt 716 samples were studied.
During three growing seasons (2017-2020) it

was determined that 94 wheat genotypes were
resistant to brown rust [13]. In Pakistan, as a
result of an assessment of 152 lines of common
wheat 68 varieties resistant to this infection
were identified. The study was carried out on
the experimental territory of the Ayub Research
Institute of Agriculture (Faisalabad) [14].

This work presents the results of studying the
variety samples of the selection of the Agrarian
Scientific Center "Donskoy" (Zernograd, Ros-
tov region) for their resistance to brown rust. In
the ASC "Donskoy" promising research aimed
at obtaining highly productive varieties and hy-
brids of grain crops, the search for methods for
obtaining new starting material, and the analy-
sis of genetic processes have been carried out.
The resulting varieties in their physiological
and economic qualities correspond to the best
foreign and domestic samples, have high eco-
logical plasticity and have complex resistance
to the dominant diseases common in the culti-
vation zones [15].

The purpose of the study is to screen 86 cul-
tivars of the ASC "Donskoy" selection for resis-
tance to the North Caucasian population of the
wheat brown rust pathogen under conditions of
an artificial infectious background.

MATERIAL AND METHODS

The studies were carried out in 2016-2019
at the experimental field of the Federal Sci-
entific Center for Biological Plant Protection
(FSCBPP).

The conditions of the 2017 growing season
were characterized by frequent rains and low
temperatures, which caused a delay in the mat-
uration of grain crops and contributed to the
rapid development of the disease. In the spring
of 2018, unstable weather was noted with sharp
temperature fluctuations and low precipita-
tion. With abnormally high temperatures in
May - June a significant deficit of precipitation
was observed (20-30% of the norm). In 2019
weather conditions turned out to be favorable
for the development of phytopathogens on
grain crops. From the beginning of February
to the end of May the air humidity was high
(within 65-90%), the temperature for a long
time was confined within the optimum for the
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development of the pathogen.

The research material consisted of 63 va-
rieties of durum winter wheat and 23 samples
of soft winter wheat bred by ASC "Donskoy".
Susceptibility control - Michigan Amber culti-
var. Infectious material - a combined popula-
tion of brown rust collected as a result of route
surveys of production and selection crops of
winter wheat in the Krasnodar, Stavropol Ter-
ritories and Rostov Region, containing all the
virulence genes we have identified [16].

Varieties of winter wheat were sown at the
infectious site of the Federal Research Center
for Plant Protection and Rehabilitation in rows
of 3 linear meters in triplicate, seeding rate -
100-130 seeds per 1 running m. A susceptible
cultivar which was the accumulator of infection
was placed in every 10 plots.

Inoculation was carried out in spring at a
temperature of 1015 © C; the plants were in-
fected with a mixture of P. triticina uredinio-
spores and talc in a ratio of 1: 100 (10 mg of
pathogen spores / m?) in the evening under dew
or after rain. The duration of the humidified pe-
riod for the introduction and germination of the
pathogen was at least 6 h2.

To assess the breeding material, the records
were carried out during the period of maximum
development of the disease. The cultivars were
characterized by two parameters: the type of re-
action (in points) to brown rust infection and
the degree of damage (in percent) on a scale’
[17]: O - completely immune, 0; - practically
immune, 1 - highly resistant, 2 - moderately re-
sistant, 3 - moderately susceptible, 4 - highly
susceptible.

The collection cultivars were ranked into
four groups according to the type of resistance
to P. triticina: 1 - resistant (type 1 point; de-
gree of damage 1-5%); 2 - moderately resistant

(type 1.2 points; degree of damage 10-20%);
3 - moderately susceptible (type 2.2 (3) points;
degree of damage 20-30%); 4 - susceptible
(type 2.2 (3) points - more than 30% and type
3.4 points - more than 5%)*>.

The research used the material and techni-
cal base of the LSRF (large scale research fa-
cilities) "Fitotron for the isolation, identifica-
tion, study and maintenance of races, strains,
phenotypes of pathogens" (https://ckp-rf.ru/
usu/671925/?sphrase id = 3644277) and ob-
jects of the BRC " State collection of entomoa-
cariphages and microorganisms " of the FSCB-
PP.

RESULTS AND DISCUSSION

86 varieties (63 hard winter and 23 winter
soft wheat) of the ASC “Donskoy” selection
were evaluated with the artificial infection of
the North Caucasian population of the brown
rust pathogen (see table).

Screening of the samples was carried out
during three growing seasons, for the second
and third years of the study resistant varieties
were selected with a reaction type of 1.2 points
and a degree of damage not more than 10. The
degree of damage on the control by susceptibil-
ity reached from 50 to 80%.

As a result of the study, the samples of du-
rum winter wheat were ranked as follows: re-
sistant - 16 samples (25% of the number stud-
ied); medium resistant - 26 (41%); moderately
susceptible - 20 (32%); susceptible - 1 (2%).

Samples of soft winter wheat were classified
in the same way: resistant - 6 samples (26%
of the studied); medium resistant - 11 (48%));
moderately susceptible - 5 (22%); susceptible -
1 (4%) (see the figure).

During the three years of the study, 16 re-
sistant samples of durum winter wheat were

*Anpilogova L.K., Volkova G.V. Methods for creating artificial infectious backgrounds and assessing wheat cultivars for
resistance to harmful diseases (fusarium ear blight, rust, powdery mildew). M.: ARRIBPP. 2000.28 p.

*Volkova G.V., Kudinova O.A., Gladkova E.V., Vaganova O.F., Danilova A.V., Matveeva L.P. Virulence of populations of rust

pathogens in cereal crops. Krasnodar, 2018. 38 p.

“Koishibaev M., Sagitov A.O. Protection of grain crops from particularly dangerous diseases: recom. Almaty, 2012.33 p.
SVolkova G.V., Kremneva O.Yu., Anpilogova L.K., Shumilov Yu.V., Sinyak E.V. Guidelines for studying the resistance of

wheat varieties to a complex of pathogens. Krasnodar, 2013.43 p.
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NmmynOMornyeckas onenka coproodpasnon ceneknnn AHL «Jlorckoi» (2016-2019 1)
Immunological assessment of varieties bred by Agrarian Research Centre Donskoy (2016-2019)

Year of study Year of study
No. Variety No. Variety
first second third first second third
Durum winter wheat

1 484/14 2,3/10 —* - 33 808/15 2,3/20 — —
2 533/14 2/5 1,2/10 - 34 820/15 1,2/10 — —
3 605/14 2,3/10 - - 35 865/15 2,3/20 - -
4 627/14 1,2/10 - - 36 876/15 1,2/20 — —
5 784/14 2,3/20 - - 37 907/15 1/5 1/10 —
6 896/14 2,3/20 - - 38 920/15 1/5 1,2/20 -
7 913/14 2,3/10 - - 39 961/15 1/5 1,2/10 -
8 465/15 1/5 1,2/5 1/5 40 966/15 1/5 1,2/10 -
9 492/15 1/5 1,2/10 - 41 973/15 1/5 1,2/20 -
10 502/15 1,2/5 1,2/5 1/5 42 979/15 1/5 1/5 1/1
11 515/15 1,2/5 1/1 1,2/5 43 986/15 1/5 1,2/5 1,2/10
12 524/15 1/5 1/1 1,2/10 44 996/15 1/5 1,2/5 1/1
13 528/15 1/5 1/5 1,2/10 45 1014/15 1/5 1,2/5 1,2/20
14 537/15 1,2/5 1,2/5 1/5 46 1035/15 1/5 1,2/5 1,2/5
15 543/15 2,3/20 - - 47 1040/15 1/5 2,3/20 —
16 546/15 2,3/20 - - 48 1048/15 2,3/10 - -
17 550/15 1,2/10 - - 49 1069/15 1/5 1,2/20 -
18 588/15 2,3/20 - - 50 1084/15 1/5 2,3/30 -
19 597/15 1,2/5 1,2/5 1,2/5 51 537/11 2,3/15 — —
20 611/15 1,2/10 - - 52 737/11 1/5 2,3/20 -
21 631/15 1,2/10 - - 53 477/12 1/5 1/10 -
22 663/15 1/5 1/5 1/1 54 840/12 1/5 1,2/20 —
23 681/15 1/5 1,2/5 1/5 55 993/12 1/5 1/5 1/5
24 693/15 3/30 - - 56 114/13 2,3/10 — —
25 694/15 1/5 1/5 1/5 57 353/13 1/5 1,2/10 —
26 713/15 1,2/5 1,2/10 - 58 417/13 1/5 1/5 1/5
27 721/15 2,3/20 - - 59 531/13 2,3/20 — —
28 730/15 1/5 1/5 1/5 60 589/13 2,3/10 - -
29 742/15 1/5 1/5 1/5 61 655/13 2,3/20 — —
30 753/15 1/5 1/5 1/5 62 683/13 1,2/5 1,2/10 -
31 773/15 1,2/10 - -

3 387/15 110 B B 63 117/14 1/5 1/5 1/10

Soft winter wheat

1 134/11 1/5 1/5 1/5 13 1545/14 1/1 2,3/30 —
2 1127/10 1/5 1/10 - 14 1580/14 1,2/5 1,2/10 —
3 1415/11 1/5 1/5 1/5 15 1626/14 1,2/5 1/10 -
4 1159/13 1,2/5 1,2/10 — 16 1810/14 2,3/10 — —
5 1261/13 1/5 1/10 — 17 1813/14 1/5 1/5 1/5
6 1481/13 1/5 2,3/30 - 18 1909/14 1,2/5 1,2/10 -
7 1756/13 1/5 1/10 - 19 1953/14 1/10 — -
8 1765/13 1/5 1/5 1/5 20 1979/14 1/5 1/5 1/10
9 1074/14 1/5 1/5 1/5 21 1991/14 1/5 2,3/10 -
10 1182/14 2/5 1,2/20 - 22 2028/14 1/5 2/5 1,2/10
11 1309/14 1,2/5 1,2/10 - 23 Tanais 1/5 1/5 1,2/5
12 | 1441/14 3/30 - - l\ﬁﬁég;r‘n 3/80 3/70 3/50

*Sentient reaction type
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CooTHoteHre copTo00pas3IoB 03UMON TBEPJOW M MITKOW MIIEHUIIHI IO YCTOMUMBOCTH K P. triticina

(2016-2019 rr.)

The ratio of durum and soft winter wheat varieties for resistance to P. triticina (2016-2019)

identified (465/15, 502/15, 515/15, 537/15,
597/15, 663/15, 681/15, 694/15, 730/15, 742 /
15, 753/15, 979/15, 996/15, 993/12, 1035/15,
417/13), as well as 6 resistant samples of winter
soft wheat (134/11, 1415/11, 1765/14, 1074 /
14, 1813/14, Tanais).

During the screening, a high percentage of
varieties resistant to brown rust was found,
which indicates the effective breeding work of
the ASC "Donskoy" on this trait. They can be
used as sources of resistance to P. triticina for
wheat breeding in the Russian Federation.

CONCLUSION

Long-term studies carried out at the Federal
Research Center for Plant Protection of Natural
Resources on artificial infectious backgrounds
of P. triticina made it possible to give an ob-
jective immunological assessment of winter
wheat samples and to isolate varieties with dif-
ferent degrees of resistance. Among 86 variet-
ies of winter wheat bred by ASC "Donskoy" 16
sources of resistance to the causative agent of
brown rust among winter durum wheat and 6 -
among winter soft wheat were identified.

For perspective breeding of P. triticina-resis-
tant varieties of winter wheat, it is advisable to
integrate into crossing both local varieties that
retain a long-term high resistance to infection,

and varieties from other Russian regions and
foreign breeding, showing resistance in certain
natural and climatic zones.

The isolated sources of resistance are recom-
mended for inclusion in the programs of wheat
breeding for resistance to the pathogen in the
Russian Federation.
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KOHKYPEHTHAS CIIOCOBHOCTb KOMIIOHEHTOB B CMEIINIAHHBIX
AT'POLHEHO3AX 3EPHO®YPAKHBIX KYJIBTYP

'KameBapos H.HU., "*Canoxuna T.A., 'bakmaes /1.10.

LCubupcruii hedepanvuviii nayunwvlii yenmp acpobuomexnonozuti Poccutickoii akademuu Hayx
HoBocubupckas o6nacts, p.i. KpacHooo6ck, Poccust

2Hogocubupckuil 20Cy0apcmeeHtblll azpaphblil YHUGEpCUument

HoBocubupck, Poccus

[IpencrasieHsl pe3yJbTraThl aHAIM3a YPOXKAMHOCTH U OMOIOTHUECKON 3()(HEKTUBHOCTH OIHOBU-
JIOBBIX ¥ CMENIaHHBIX MTOCEBOB 3JIAKOBHIX M OO0OBBIX KYJIBTYp B 3aBHCHMOCTH OT 30H BO3/ICITIHIBAHHS.
HccnenoBanust MpoBeACHBI B JICCOCTEITHOW M CTEITHOW 30HaX 3amaiHoit CHOUpH U B JIECOCTEITHOM
3oHe Bocrounoit Cubupu, pe3ynbTarsl MpoaHAIM3UPOBAHKI Yepe3 MOKa3aTeH «OTHOIIICHUE 3eMelThb-
HBIX 3KBHUBAJICHTOB» M KOA(D(HUITUCHT arpecCHBHOCTH. B ecoctenHol 30He 3amamuno Cubupu mpu
BO3JICIIBIBAHMY Ha 3epHO(Ypak MPEUMYIIECTBO UMEJH JBYXKOMIIOHEHTHBIE CMECH C HOPMOW BhICEBa
60—75% 3nakoBoro (siaumeHb win oBec) u 35—-50% 6000BOro KOMIOHEHTOB (TOPOX). YPOKaiHOCTh CO-
craBmia 23-29 11 3epHa/Ta ¢ comepkanueM nepeBapumoro nporerHa 106—110 r/k.ex. 1 mokazarenem
3¢ PEKTUBHOCTH HCIIONIB30BaHus Tutomamy 1,17 en. Hanbonbimum ko3 OUIIMEHTOM arpecCUBHOCTH
(rutroc 0,53) oOnagaeT ropox B cMecu ¢ mineHuied. B ycinoBusx crenHoit 30Hb1 3anaanoi Cubupu
Hanbonee 3(h(heKTHBHBI IByXKOMITOHEHTHBIE CMECH STIMEHS 1 MIIISHUIIBI C TIEITIOIIKOM IPH COOTHOIIIe-
HUU 3JIaKOBOTO B 0000BOr0 KoMIoHeHTOB 60/50% OT MOTHOI HOPMBI BBICEBA KYJIBTYp. YPOXKaHOCTh
JAaHHBIX [IEHO30B OTMEYEHA HAa YPOBHE OMHOBHIOBBIX ITOCEBOB, & MUTATEILHOCTH BhIIe HA 6—10%.
Ilokazarenp «OTHOIICHHE 3€MEJIbHBIX DKBUBAJICHTOBY ISl JTaHHOM 30HBI cocTtaBui 1,21-1,3 ex. Jdoms
0000BOr0 KOMITOHEHTA B ypOKae 3epHa TPEXKOMIIOHCHTHBIX CMECel TPU HeONarompusTHBIX CYXUX
YCJIOBUSIX CTEIHOW 30HBI 3apErMCTPUPOBAHA HE3HAYMTEIILHOW. 3HaUeHUE KOA(DPUIIMEHTA arpecCuB-
HOCTH 0O0OBOTO KOMIIOHEHTa CHH3HMJIOCH 0 MUHYC 1,58 M MakCHMalbHO YMEHBIIHMIACH €ro JIOJS
B arporieHo3se. [y necocrenHol 30H6I BocTouHol CHOMPH XapaKTepHO JIOCTaTOYHOE YBIIAXKHEHHE,
YTO CIIOCOOCTBOBAJIO MOYUYCHHUIO XOPOILIETo yposkasi 3epHa. HanOopiyro yporkaitHOCTh 00eCieuriin
CMECH OBca ¢ TopoxoM (48,5 m/ra) u oBca ¢ TOpoxXoM U saMeHeM (42,9 1y/ra) ¢ mokaszareyieM «OTHO-
IICHNE 3eMEJTbHBIX SKBUBAICHTOBY 10 1,45 e/1. i KOAPHUIIMEHTOM arpecCUBHOCTH, OJIM3KUM K HYITIO.
B nanHO# 30HE CYIIECTBYIOT OJIaronpUsATHBIC YCIOBHS IIPOU3PACTaHUS KYJIBTYP B OMHAPHBIX MOCEBaX.

KuioueBble €10Ba: OHOBUIOBBIE U CMEIIaHHBIE TI0CEBHI, COOTHOIIEHNE KOMIIOHEHTOB, 3€PHO-
¢bypax, ononornueckas 3pGeKTUBHOCTD, KOI(Q(UIHEHT arpecCUBHOCTH, 30HA BO3ACIBIBAHUS

COMPETITIVE ABILITY OF COMPONENTS IN MIXED AGROCENOSIS OF
FODDER GRAIN CROPS

'Kashevarov N.I., ?Sadokhina T.A., 'Bakshaev D.Yu.

ISiberian Federal Research Centre of AgroBiotechnologies of the Russian Academy of Sciences
Novosibirsk region, Krasnoobsk, Russia

’Novosibirsk State Agrarian University

Novosibirsk, Russia

The results of the analysis of yield and biological efficiency of single-species and mixed crops of
cereals and legumes, depending on the cultivation zones, are presented. The study was carried out in
the forest-steppe and steppe zones of Western Siberia and the forest-steppe zone of Eastern Siberia.
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KOHKypeHTHaﬂ CIIOCOOHOCTH KOMITOHEHTOB B CMEIIAHHBIX

Kawesapos H.1., Canoxuna T.A., bakmaes /1.10.

arpoLeH03aX 3epPHO(YPAKHBIX KYIETYD

The results were analyzed by means of Land Equivalent Ratio and the coefficient of aggressiveness.
In the forest-steppe zone of Western Siberia, two-component mixtures with a seeding rate of 60—
75% of cereals (barley or oats) and 35-50% of legumes (peas) had an advantage in cultivation for
fodder grain. The yield was 2.3-2.9 t/ha of grain with digestible protein content of 106-110 g per
feed unit and the efficiency of the area use of 1.17 units. Peas mixed with wheat had the highest
coefficient of aggressiveness (plus 0.53). In the conditions of the steppe zone of Western Siberia,
two-component mixtures of barley and wheat with field peas are the most effective with a ratio
of cereal and legume components of 60/50% of the total seeding rate of crops. The yield of these
cenoses was noted at the level of single-species crops, and the nutritional value was 6—10% higher.
Land Equivalent Ratio for this zone amounted to 1.21-1.3 units. The share of the legume component
in the grain yield of three-component mixtures under unfavorable dry conditions of the steppe zone
was registered insignificant. The value of the coefficient of aggressiveness of the legume component
decreased to minus 1.58 and its share in the agrocenosis decreased to the utmost extent. The forest-
steppe zone of Eastern Siberia is characterized by sufficient moisture, which contributed to a good
grain harvest. The highest yield was provided by a mixture of oats with peas (4.85 t/ha) and oats with
peas and barley (4.29 t/ha), with the Land Equivalent Ratio of up to 1.45 units and the coefficient
of aggressiveness close to zero. In this zone, there are favorable growth conditions for binary crops.

Keywords: single-species and mixed crops, ratio of components, fodder grain, biological
efficiency, coefficient of aggressiveness, cultivation zone
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INTRODUCTION

Cultivation of forage crops is currently car-
ried out mainly in single-species crops. Such
agrocenoses are highly productive, but poten-
tially unstable, since they completely depend
on the external conditions of cultivation [1].
Unlike multicomponent agrocenoses, they are
poorly adapted, more susceptible to stresses
caused by changes in external conditions, they
have fewer opportunities for transforming ener-
gy, nutrients, etc. Single-species crops are more
vulnerable to the effects of harmful and patho-
genic organisms and very actively and unilater-
ally deplete soil fertility.

A significant reserve for the use of biologi-
cal environmental factors and an increase in
the production of fodder grain is the cultiva-
tion of highly productive ecologically stable
multicomponent agrophytocenoses with the
inclusion of legumes [2, 3]. The effectiveness

of mixed crops is determined by the biologi-
cal compatibility of simultaneously growing
components of the agrocenosis, which can be
established experimentally [1, 2, 4-7]. Cur-
rently, one of the difficult questions in the study
of mixed crops is the quantitative assessment
of their advantages in comparison with single-
species crops [7-10].

The main problem is to determine objec-
tive criteria for evaluating the effectiveness of
single-species crops and mixed agrocenoses [2,
11, 12]. The biological efficiency of multicom-
ponent crops is determined by comparing the
productivity of the mixture with the productiv-
ity of two crops of mixed crops on the same
area [13].

In the present studies, we studied the rela-
tionship of cereals with legumes when culti-
vated in single-species and mixed crops for
grain under different growing conditions. The
purpose of the research is to develop principles

Kopmonpon3ssoacTso

CuOupCKHii BECTHHUK CEITbCKOX035CTBEHHOM Hayku ® 2021 ¢ 51 1 43



Competitive ability of components in mixed agrocenosis of fodder
grain crops

Kashevarov N.I., Sadokhina T.A., Bakshaev D.Yu.

for the design of highly productive mixed crops
with the participation of a legume component
when harvesting for grain, depending on the
growing zones.

MATERIAL AND METHODS

The studies were carried out in the forest-
steppe and steppe zones of Western Siberia
and the forest-steppe zone of Eastern Siberia in
2013-2015. In 2021, the results were analyzed
through the Land Equivalent Ratio (LER) and
the Coefficient of aggressiveness Ratio (CA)
[14]. These indicators are calculated using the
formulas:

(1)

where LER is the ratio of land equivalents, Y, ,
is the yield of crop A in mixed sowing with crop
B, t/ha; Y, - yield of crop B in mixed sowing
with crop A, t/ha;Y,, and Y, - yield of crops
A and B, respectively, in clean sowing, t / ha.

LER = (YAB /YAA) + (YBA /YBB)’

CAAB :YAB: (YAA ' ZAB) 7YBA: (YBB ' ZBA)’ (2)

where CA is the coefficient of aggressiveness
of culture A in mixed sowing with culture B;
Y,, - yield per unit area of crop A in mixed
sowing with crop B; Y, , - yield per unit area
of crop A in clean sowing; Z, . and Z, - part
of the mixed sowing, initially determined for
crops A and B (in %).

The forest-steppe zone of Western Siberia
(zone I) is located in the northern forest-steppe
of the Ob region. The soil of the experimental
site is leached medium-thick medium loamy
chernozem, the humus content in the 0-20 cm
layer is about 6%. Selyaninov's hydrothermal
coefficient is 1.0-1.2.

The steppe zone of the Northern Kulunda (II
zone) is the Northern -Kulunda department of
the Siberian Research Institute of Fodder Crops
(SRIFC) of the Siberian Federal Scientific Cen-
ter of Agrobiotechnology of the Russian Acad-
emy of Sciences. The soil of the experimental
site 1s southern solonetzic chernozem, shallow,
light loamy. The climate of the zone is sharply
continental, with hot summers and cold win-

ters. The hydrothermal coefficient for the zone
is less than 0.5.

The forest-steppe zone of Eastern Siberia
(IIT zone) is the East Siberian department of Si-
berian Research Institute of Fodder Crops. The
soil of the experimental site is ordinary heavy
loamy chernozem with a humus content in the
arable horizon of 7.7-7.8%. The hydrothermal
coefficient for May - August is 1.5, which cor-
responds to the indicators of good moisture.

The growing season of 2013, on average
across the zones, was characterized by exces-
sive moisture and lack of heat. The growing
season in 2014 was unfavorable in terms of
heat and moisture supply for grain fodder and
leguminous crops. Agrometeorological condi-
tions of the 2015 growing season in the steppe
zone of Western Siberia were characterized by
the absence of precipitation from late May to
mid-July.

In the experiment, the following ratios of
components in mixtures were used: barley
(75%) + peas (field pea) (35%), oats (75%) +
peas (field pea) (35%), wheat (70%) + peas
(field pea) ( 40%), barley (30%) + peas (field
pea) (50%) + oats (30%), barley (30%) + peas
(field pea) (50%) + wheat (30%), oats (30% )
+ peas (field pea) (50%) + wheat (30%), bar-
ley (20%) + oats (20%) + wheat (20%) + peas
(field pea) (50%).

RESULTS AND DISCUSSION

To solve the practical problem of the study,
the production advantages of mixed crops by
zones have been determined. For oats, in con-
trast to barley and wheat, conditions are favor-
able in all zones (the yield of grain fodder is from
10.4 to 37.0 ¢ / ha, depending on the conditions
of the growing season). For barley, conditions
were more favorable in the forest-steppe zone
of Western and Eastern Siberia, the yield was
29.4 and 42.1 c / ha, respectively (see Table 1).
Peas (field pea) in single-species crops formed
a yield almost 2 times less than that of cereals,
legumes lodged badly and were affected by dis-
eases. Compared with single-species crops, the
mixtures were not inferior, and in some cases
exceeded single-species crops of peas (field
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pea) in grain collection. They are marked more
plastic to meteorological conditions.

In all research areas, a two-component mix-
ture of oats + peas provided a stable and high
yield of 10.6-48.5 ¢ / ha. These indicators are
10-13% higher than the data of single-species
crops of cereals, and 1.5-2 times higher than
those of single-species crops of peas. Tradition-
al barley-pea mixtures, on average, provided
an increase in grain yield in comparison with
single-species pea crops by 1.8-14.9 ¢ / ha. The
introduction of the third component into the
double mixture (especially wheat mixed with
oats and peas) reduced the yield by 18-26%,
which indicates the low competitiveness of this
crop and its oppression by oats and peas.

One of the important indicators in the cul-
tivation of mixtures is the proportion of the le-
gume component in the grain yield. It varied
on average from 3 to 32% and depended on
the cultivation area. The minimum content of
peas in the mixture (3—8%) was obtained in the
steppe zone of Northern Kulunda, the maxi-
mum (24-32%) - in the forest-steppe zone of
Western Siberia.

The mixtures formed a more stable yield
over the years, compensating for the lack of
yield of one component at the expense of an-

other. For 3 years of research, the coefficient
of variation in grain yield of cereal crops was
44%, while oats - 52%, wheat - 62, peas - 31%.
Consequently, the total yield of mixed crops is
less susceptible to the influence of meteorologi-
cal conditions in individual years than crops in
single-species crops.

To solve the problem of assessing the bio-
logical effectiveness of mixed crops, the fol-
lowing indicators were used: LER and CA [14].
Using the LER value, the calculation of the size
of the land area required to obtain in single-
species crops the same amount of production
of each of the components, which was formed
per unit area of the mixed crop. The higher the
LER value, the higher the efficiency of land
use when growing a mixture, if LER = 1, then
mixed cultivation of crops is ineffective for ob-
taining products [15].

The analysis of experimental data showed
that the biological efficiency of mixed crops
depends on the meteorological conditions of
the growing season, the cultivation zone, the
ratio of the components in the mixture and the
aggressiveness of the crop. For 3 years of re-
search in the forest-steppe zone of Western
Siberia, the LER index for all mixtures was
registered above 1, which indicates the effec-

Taoa. 1. YpoxkaitHOCTb 3epHa 3epHO(YPAKHBIX KYJABTYP B OJHOBHIOBBIX U CMEIIAHHBIX TIOCEBaX B
pa3HbIX 30HaX BO3/AENbIBaHus, 1/ra (cpennee 3a 2013-2015 rr)

Table 1. Grain yield of fodder crops in single-species and mixed crops in different zones of

cultivation, centner/ha (average for 2013-2015)

Cultivation area
Option 1 1T 11T
Mixture | Cereals | Legumes | Mixture | Cereals | Legumes | Mixture | Cereals | Legumes
Wheat 29,2 29,2 - 7.4 7,4 — 27,9 27,9 -
Oat 30,8 30,8 - 10,4 10,4 — 37,0 37,0 -
Barley 29.4 29.4 — 7,7 7,7 - 42,1 42,1 —
Pea 14,0 - 14,0 8,7 - 8,7 243 - -
Barley + pea 28,9 23,7 5,2 9,5 8,4 1,1 39,3 31,0 8,25
Oat + pea 26,5 22,2 4,2 10,6 9,7 0,9 48,5 37,8 10,6
Wheat + pea 22,6 15,4 7,2 9,9 8,9 0,1 32,5 25,0 7,5
Barley + pea + oat 27,0 19,7 7,3 9,3 8,5 0,83 42,9 35,0 7,9
Barley + pea + wheat 26,2 19,1 7,1 8,9 7,9 0,1 38,9 33,8 5,1
Oat + pea + wheat 25,6 19,7 5,9 9,5 8,7 0,8 36,2 26,0 10,2
Barley + pea + oat + wheat 26,0 19,7 6,2 9,1 8,2 0,9 42,0 32,7 93
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tiveness of the cultivation of mixtures in this
zone. The most effective in this zone were the
binary mixtures of barley with peas (LER 1.17
units) and three-component mixtures contain-
ing barley with wheat (LER 1.16—1.17 units)
(see Table 2). In three-way blends containing
oats and wheat, the LER decreased to 1.07.

The cultivation of mixtures with wheat in the
steppe zone is also less efficient. In the steppe
zone of Northern Kulunda, the most productive
binary mixtures of barley with field pea (LER
1.21 units) and wheat with field pea (LER 1.3
units). In three-component mixtures in dry con-
ditions of the steppe zone, unfavorable condi-
tions are formed for the legume component, its
share in the grain yield is insignificant.

The forest-steppe zone of Eastern Siberia
is characterized by sufficient moisture (HTC =
1.5), which contributes to obtaining good grain
yields. In this area, it is most efficient to culti-
vate a two-component mixture of oats and peas
(LER 1.45 units) with a high contribution of the
legume component to the efficiency of the mix-
ture (LER 0.43 units). The high value of the co-
efficient shows that to obtain the same amount
of grain in single-species crops, 1.45 times
more land area is required, i.e. the relative pro-
ductivity of the two-component mixture is 45%
higher. It can be unambiguously asserted that
the obtained value of the "land equivalents ra-
tio" shows the advantage of mixed crops.

The aggressiveness coefficient represents
the competition of crops in a mixed sowing,
which is determined by correlating the change
in the yield of both components of the mixture
to the expected indicators. This coefficient is
calculated by the formula (2).

For culture B, the sign of the coefficient will
be opposite to culture A. A coefficient value
equal to zero means that both components of
the mixture have the same competitive ability
and are in the same conditions. Under other cir-
cumstances, crops will have the same CA nu-
merical value. However, the more aggressive
component of the mixture will have a positive
sign, the less competitive - negative.

In the forest-steppe zone of Western Siberia,
in mixed crops of cereals with peas, the CA of
components varied from plus 0.01 to plus 0.53
over the years of research (see Fig. 1).

In mixtures of barley and peas, CA ap-
proached zero. This indicates that the crops
had the same competitive ability and were in
optimal growing conditions. Under the most
favorable conditions for legumes (in a mixture
with wheat), the CA of peas increased to plus
0.53, peas acted as a dominant and provided a
greater contribution to the overall productiv-
ity of this agrocenosis. In mixtures with barley
(when harvesting for grain), the CA of cereals
was plus 0.12-0.24, determining the high value

Taoa. 2. buonornueckas 3¢pPEeKTHBHOCT CMEUIAHHBIX 3J1aKOBO-0000BBIX arpolieHO30B B Pa3IHYHBIX

30Hax BO3CIbIBAHUA

Table 2. Biological efficiency of mixed cereal and legume agrocenosis in different cultivation zones

Cultivation area
Option I 1I 111
LER LER LER
cereals | pea |mixture | cereals | pea |mixture | cereals | pea | mixture
Barley + pea 0,8 0,37 1,17 1,09 0,12 1,21 0,73 0,33 1,06
Oat + pea 0,72 0,3 1,02 0,93 0,11 1,04 1,02 0,43 1,45
Wheat + pea 0,52 0,51 1,03 1,2 0,1 1,3 0,89 0,3 1,09
Barley + pea + oat 0,64 0,52 1,16 0,89 0,1 0,99 0,89 0,32 1,21
Barley + pea + wheat 0,65 0,51 1,17 0,89 0,1 0,99 0,96 0,22 1,18
Oat + pea + wheat 0,65 0,42 1,07 0,98 0,1 1,08 0,81 0,47 1,28
Barley + pea + oat + wheat 0,65 0,46 1,11 0,93 0,1 1,03 1,02 0,38 1,4
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of this component in the total productivity of
the mixture.

In the steppe zone of Northern Kulunda,
with low moisture reserves in the soil during
the development of seedlings of legumes, un-
favorable conditions were created for the de-
velopment of plants, and their competitiveness
decreased. Under these conditions, the CA val-
ue of the legume component dropped to minus
1.58, and its share in the agrocenosis decreased
as much as possible (see Fig. 2).

Under these conditions, the cereal compo-
nent showed the maximum aggressiveness, the
CA increased to plus 1.58. During the grow-
ing season, the developed plants of the cereal
component of the mixture exerted a strong sup-
pressive effect on the legume component of the
mixture. The coefficient of aggressiveness of
the legume component in the steppe zone did
not exceed —0.95.

The conditions of the forest-steppe zone of
Eastern Siberia are characterized by a slight
suppression of legumes by the cereal compo-
nent (see Fig. 3).

In mixtures of barley and oats with peas in
this zone, CA approaches zero, which indicates

0,6

favorable conditions for the growth of crops in
binary crops. The introduction of the second
and third cereal components into the mixture
reduces the CA of peas to minus 1.21, which
indicates a higher competitiveness of cereals in
a complex mixture, as evidenced by the high
proportion of cereals in the mixture yield.

CONCLUSION

1. In the forest-steppe zone of Western Si-
beria, when cultivating for grain fodder, two-
component mixtures with a seeding rate of
60-75% cereal (barley or oats) and 35-50%
leguminous components (peas) have an advan-
tage. The yield is 23-29 centners of grain / ha
with a digestible protein content of 106—-110 g/
c. units and the indicator "ratio of land equiva-
lents" 1.17 units.

2. In the conditions of the steppe zone of
Western Siberia, two-component mixtures of
barley and wheat with field pea are most effec-
tive (60% of the cereal and 50% of the legume
component). The productivity of these cenoses
was noted at the control level, the nutritional
value was 6—-10% higher. The indicator "ratio of
land equivalents" for the zone - 1.21-1.3 units.
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6 7
. Oats - Peas

Puc. 1. KOS(i)(I)I/IL[I/ICHT arp€CCMBHOCTHU KYJIBTYP CMCIIAHHBIX ITOCCBOB B YCJIIOBUAX JIECOCTEITHOM 30HBI

3amagHon Cubupu

31ech 1 Ha puc. 2, 3 BapUaHTHI IOCEBOB: 1. sUMeHb + ropox, 2. oBec + ropox, 3. nmeHuna + ropox, 4. s4mMeHs +
ropox + oBec, 5. AYMEHb + Topox + MILEHUIA, 6. OBeC + ropox + MIIEHHNa, 7. SYMEHb + ropox + OBeC + MIIEHUIA

Fig. 1. Coefficient of aggressiveness of mixed crops cultivated in the forest-steppe zone of Western

Siberia

Here and in Fig. 2, 3 sowing options: 1. barley + peas, 2. oats + peas, 3. wheat + peas, 4. barley + peas + oats, 5.
barley + peas + wheat, 6. oats + peas + wheat, 7. barley + peas + oats + wheat
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Puc. 2. KoappuumeHT arpecCUBHOCTU KYJIBTYp CMEIIaHHBIX TOCEBOB B YCIIOBUSIX CTEMHON 30HBI CeBep-
HoM KymyHnbt

Fig. 2. Coeflicient of aggressiveness of mixed crops cultivated in the conditions of the Northern Kulunda
steppe zone
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Boctounoit Cubupu

Fig. 3. Coefficient of aggressiveness of mixed crops cultivated in the forest-steppe zone of Eastern Siberia

3.

In the forest-steppe zone of Eastern Siberia,

the highest grain yield was provided by a mix-
ture of oats with peas (4.85 ¢ / ha) and oats 30%
+ peas 50% + barley 30% (42.9 c / ha) with the
value of the "ratio of land equivalents" up to 1,
45 units.
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CKPUHHUHI KOJUVIEKIIMOHHBIX OBPA3IIOB KOCTPEIIA BE3OCTOI'O
B TAE)KHOM 30HE 3AIIA/THOH CUBUPH

Ypazosa JI.J., lutBunuyk O.B., CaiinakoBa A.b.
Cubupcxutl HaQyYHO-UCCIe008AMENbCKULL UHCMUMYN CENbCKO20 XO3AUCmead u mopga — guauan

Cubupckoeo ghedepanvrozo nayunozo yenmpa azpoobuomexnonozuti Poccuiickou akademuu nayx

Tomck, Poccus

[IpencraBnensl pe3yapTaThl U3yUeHHs KOJUIEKIIMOHHBIX 00pa3moB KocTpena Oezoctoro dene-
PaTBHOTO MCCIIEIOBATEIHCKOTO IIeHTpa Beepoccniicknii HHCTUTYT TE@HETHYECKHX PECYPCOB pacTe-
uuit um. H.W. BaBunosa (BUP) muis BeIsIBIICHHS TOHOPOB CENEKIIMOHHO-IIEHHBIX MTPU3HAKOB. Kccire-
noBanus 2015-2018 rr. mpoBenensl B Tomckolt oonactu. [104BBI ONBITHBIX YY4aCTKOB JI€PHOBO-TIOI-
30JIUCThIE, CYIIECUaHbIe 10 TPaHYJIOMETPHUYECKOMY COCTaBy, C COJEpKaHUEM I'yMyca B MaXOTHOM
ropusonTe He 6osee 2%. YuerHas miomaas aensuku 0,5 M2 TToBTOPHOCTH IByKparHast. 3aKiiaaka
OTIBITOB, (DEHOJIOTHMYCCKHE HAOIONCHUS, YIET ypoXkas u 00paboTKa MaHHBIX MPOBEIACHBI COTTIACHO
METOAMYECKAM PEKOMEHIAusIM Becepoccuiickoro HaydHO-NCCIIEA0BATEILCKOTO HHCTUTYTa KOPMOB
uM. B.P. Bunesamca, BUP u metonuke ['ocynapcTBeHHOro copToucnbITaHusl. 1 0bl UCCIeq0BaHUs
XapaKTEPU30BAIHCh HEPABHOMEPHBIM Pacpe/CiiCHUEM TeIlla U BIIard B TCYCHHE BETeTAllMOHHOTO
neprozaa. ITo MO3BOJIWIIO BBISIBUTH HANOOIIEE aJalTUBHBIE 00pa3Ibl AJ1s1 UCTIONB30BaHUS B CEIEKIHN
KocTpela 6e30CTOro CeHOKOCHO-TTACTOUIIIHOTO HATIPABJICHHSI B YCIOBUSIX Tae)KHOH 30HBI. BrieneHn
IIEHHBIN UCXOMHBIA MaTepHall TI0 BEICOKOPOCIOCTH — copTa XabapoBckuii, TutaH, Bo3BEITIEHCKHUT,
Cu6HUNMCXo3 88, mukopacrymue oopasusl Sxytnn (K-14215), Bonoronckoii (K-14224), Omckoit
(K-14228), Crepmosckoit (K-14209) obmnacreli, mectHbIi 00pa3en; Tomckoit oomactu (K-14226).
BrlsiBiieHBI 00pa3iibl, YCTOWYHMBBIC K MMOPAKECHUIO TPUOHBIMU OOJIE3HSIMH, — cOpTa MOpIIIaHCKHUH,
XabapoBckuil, JpKiadHH, AuKopactymme obpasubl Mpkyrckont (K-14221, K-14227), Bonoroa-
cxori (K-14212, K-14224), Owmckoii (K-14228) obmacreli, MecTHbIi oOpaser; ToMCKO# oOimacTu
(K-14226). BricokoyposkaifHBIMH TI0 KOPMOBOH Macce MpHU3HAHBI JUKOpacTyiue ¢opMbel Boo-
rozackoii obmactu (K-14212, K-14222) u mectHas nomynsiius Tomckort obmactu (K-14214); BoI-
cokoo0OnmucTBeHHBIMU — copTa [Ipumopckuii 46, CutoHUNCXo3 88, nukopactymue Gopmbr Komu
(K-14208), Upkytckoii (K-14227), Bonoroackoii (K-14212, K-14224) obnacteii, MecTHBIE 00pa3Lbl
Tomckoii obnmactu (K-14214, K-14226); ¢ BBICOKOM CEMEHHOH MPOMYKTUBHOCTHIO — copra JlyarT,
IIpumopckuit 46, DpkasHu, aukopactyime ¢opmbl Bomoroackoit obmactu (K-14212, K-14224),
MecTHBIN 00pasen Tomckoit oomactu (K-14226). 1o KOMITIIEKCY OCHOBHBIX XO3SHCTBEHHO BaYKHBIX
MIPU3HAKOB IS TOCEBA B MUTOMHUKE MTOJIMKPOCCa OTOOpaHBI IUKOPACTYIIHE 00pasibl Bomoroackoit
obmactu (K-14212, K-14224), mectabie 00pasnbl Tomckoit obmactu (K-14214, K-14226).

KuaroueBbie cioBa: xocTpen 0€30CThI, KOJUICKIIMOHHBINH IMUTOMHUK, YPOXKAWMHOCTH, XO35H-
CTBEHHO Ba)KHBIC ITPU3HAKHU, YCTONYUBOCTh

SCREENING OF AWNLESS BROMEGRASS COLLECTION SAMPLES
IN THE TAIGA ZONE OF WESTERN SIBERIA
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The paper presents the results of the study of collection samples of awnless bromegrass from

the Federal Research Center N.I. Vavilov All-Russian Institute of Plant Genetic Resources (VIR) to
identify donors of valuable breeding traits. The study was carried in 2015-2018 in Tomsk region. The
soils of the experimental plots were sod-podzolic, sandy loam by granulometric composition, with
a humus content in the arable layer of no more than 2%. The recorded area of the plot was 0.5 m?.
The trials were repeated two times. Procedures for trial establishment, phenological observations,
harvest recording and data processing were performed in accordance with the methodological
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in the taiga zone of Western Siberia

recommendations of the All-Russian Williams Fodder Research Institute, VIR and the State Variety
Testing Methodology. The years of the study were characterized by uneven distribution of heat and
moisture during the growing season. This made it possible to identify the most adaptive samples for
selective breeding of awnless bromegrass which can be used as a hay and pasture plant in the taiga
zone. The following valuable source materials were selected for tall varieties: Khabarovsky, Titan,
Vozvyshensky, SibNIISkhoz 88; samples of wild plants Yakutia (K-14215), Vologda (K-14224),
Omsk (K-14228), Sverdlovsk (K-14209) regions, a local sample of Tomsk region (K-14226).
The following samples resistant to fungal diseases were identified: Morshansky, Khabarovsky
and Erkeeni varieties; samples of wild forms of Irkutsk (K-14221, K-14227), Vologda (K-14212,
K-14224), Omsk (K-14228) regions, a local sample of Tomsk region (K-14226). The following
high-yielding varieties in terms of fodder mass were recognized: wild forms of Vologda region
(K-14212, K-14222) and a local population of Tomsk region (K-14214); highly leafy varieties:
Primorsky 46, SibNIISKHoz 88, wild forms of Komi (K-14208), Irkutsk (K-14227), Vologda (K-
14212, K-14224) regions, local samples of Tomsk region (K-14214, K-14226); varieties with high
seed yield: Duet, Primorsky 46, Erkeeni, wild forms of Vologda region (K-14212, K-14224), a local
sample of Tomsk region (K-14226). Based on the set of the main economically valuable traits for
sowing in a polycross nursery, samples of wild plants from Vologda region (K-14212, K-14224), and

local samples of Tomsk region (K-14214, K-14226) were selected.
Keywords: awnless bromegrass, collection nursery, yield, economically valuable traits, resistance
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INTRODUCTION

Awnless bromegrass (Bromopsis inermis
Leys.) is a perennial tall loosely-bunched root-
stock grass. It is eaten by all species of animals
and is used in the form of green mass, haylage,
dehydrated fodder and is suitable for grazing; it
is rated higher than that of many cereal grasses
in terms of fodder merits (nutritional value, di-
gestibility, and palatability) [1-3].

High yield of awnless bromegrass, its en-
durance in relation to lack of moisture and
low temperatures, undemanding soil, ability to
grow well after mowing and grazing, immunity
against fungal diseases make it one of the most
valuable fodder grains [4, 5].

Natural and climatic conditions of Siberia
limit the species composition of cultivated for-
age crops and their productivity, and affect the
quality of forage. The creation of varieties of
fodder crops with high productivity and toler-

ance to the extreme conditions of Siberia is an
urgent task of breeding perennial grasses [6—8].

Currently, the primary problem for all zones
of cultivation of awnless bromegrass is the
creation of productive varieties for fodder and
seeds that have yield stability in space and time,
resistant to unfavorable environmental factors,
diseases, pests, combining high yield of green
mass with good feed advantages [ 9-11].

The purpose of the research is to study and
identify samples of awnless bromegrass with
high productivity and resistance to diseases for
use in the breeding process.

MATERIAL AND METHODS

Breeding studies were carried out in 2015—
2018 in the fields of the Narym Department of
Breeding and Seed Production of the Siberian
Research Institute of Agriculture and Peat - a
branch of the Siberian Federal Scientific Center
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of Agrobiotechnology of the Russian Academy
of Sciences (a branch of the SFSCA RAS) in
Kolpashevo, Tomsk Region. The study area is
characterized by extreme soil and climatic con-
ditions'* [12].

The research used collection samples of
awnless bromegrass obtained from the Federal
Research Center N.I. Vavilov All-Russian Insti-
tute of Plant Genetic Resources (VIR). In the
2015 collection nursery 24 samples of domestic
origin were studied for a complex of economi-
cally important traits and properties: breeding
varieties (12), local varieties (2), wild forms
from Western and Eastern Siberia, and the Eu-
ropean part of Russia (10).

The technology of setting up the main breed-
ing and seed-growing nurseries is generally ac-
cepted in the cultivation of perennial grasses in
Western Siberia [13]. The area of the plots is
0.5 m? in duplicate with a row spacing of 50
cm. Crop care consisted of three or four weed-
ing with simultaneous loosening of the row
spacings. The study of the source material in
the collection nurseries was carried out accord-
ing to the methodological instructions of the
All-Russian Williams Fodder Research Insti-
tute (FWRC FPA)*. The obtained data was pro-
cessed according to B.A. Dospekhov* using the
Snedecor® application package.

Phenological observations were carried out
at all stages of the study which characterize
the following features of development: growth
rates, recovery ability, early maturity, and oth-
er signs. In the year of sowing the date of the
emergence of the seedlings and the date of full
germination, the date of the tillering start and
full tillering, the state of the herbage before
leaving for winter and the date of termination
of the growing season were noted. In the sec-
ond year of life and subsequent years tests of
the grass stand the following data was noted:
the beginning of the growing season; dates of
the onset of development phases (beginning
of earing, full earing, beginning of flowering,

mass flowering, mass ripening of seeds); har-
vest dates (for hay - two mows or for seeds); the
condition of the grass stand before leaving for
the winter; the date of termination of the grow-
ing season. The general assessment took into
account leafiness, bushiness, evenness, stand
density and other indicators. Eye assessments
were performed on a five-point scale (see foot-
note 3).

The density of the grass stand was noted in
the first year of the study at full germination and
before going into winter, in the second and sub-
sequent years - during regrowth in spring, along
mows and before going into winter. Winter har-
diness was determined by counting overwin-
tered and dead plants according to the method
for determining the density of the herbage (see
footnote 3). It was combined with the determi-
nation of the nature of damage, the causes of
plant death. The measurement of plant height
was carried out when used for green mass in the
phase of mass earing, when counting for seeds
- at the beginning of the seed ripening. Lodging
resistance was determined at the beginning of
flowering and seed ripening.

Record of performance of the herbage was
carried out using double-cut mowing: the first -
in the phase of complete ear formation, the sec-
ond - as the mowing maturity was reached (the
length of stand was above 50 cm). The foliage
of the perennial grasses is an indicator of the
quality of the green mass and hay and one of
the important indicators of the nutritional value
of the variety, since the leaves contain 2-3 times
more crude protein than the stems [5]. To deter-
mine the foliage samples taken at the time of
the yield registration to determine the hay yield
were used.

Seed productivity of the selection material
was determined by sowing samples in a pure
form according to the optimal agricultural tech-
nology. The grass stand was mowed from the
entire counting area with a sickle. Threshed

'Agroclimatic resources of the Tomsk region. L.: Gidrometeoizdat, 1975.147 p.
2Agroclimatic reference book on the Tomsk region. L.: Gidrometizdat, 1960.116 p.
3Guidelines for the selection of perennial cereal grasses. Moscow: VIK, 2012.51 p.
“Dospekhov B.A. Field experiment technique. Moscow: Kolos, 1985.351 p.
SSorokin O.D. Applied statistics on the computer. Novosibirsk, 2007.225 p.
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seeds were brought to the standard for purity
and germination.

When studying resistance to leaf infections,
the counts were carried out during the period of
maximum development of the disease accord-
ing to the methodological instructions of the
VIR (see footnote 6). To determine the degree
of plant damage in the field, 20 leaves were col-
lected from each plot, which were then com-
pared with the tables of the Peterson Scale and
other [14].

Determination of the content of protein and
fiber in the dry mass was carried out in the Lab-
oratory and Analytical Center of the Siberian
Federal Scientific Center of Agrobiotechnology
of the Russian Academy of Sciences - a branch
of the SFNCA RAS in accordance with GOST
13496.4-93 and GOST R 52839-2007.

RESULTS AND DISCUSSION

Extreme weather conditions during the pe-
riod of research made it possible to evaluate
the breeding material for adaptability to stress
factors of the environment. The samples toler-
ated well moderately cold winters 2015/16 -
2017/2018 with a high snow cover.

In the year of sowing of the collection nurs-
ery (2015), August and September were some-
what cooler (—0.5-2.6 ° C) and drier (-28.4;
—24.8 mm) of mean annual values.

In 2016, the regrowth of awnless brome-
grass was noted on April 18 (average air tem-
perature 4.8 ° C, precipitation in the form of
rain at the end of the third decade, deviation
from the average long-term indicators minus
29 mm). The average monthly air temperature
in May in 2016 was 7.8 ° C. Due to favorable
weather conditions, the bromegrass samples
grew well. The regrowth occurred in the spring
of 2017 on April 20. The average air tempera-
ture during this period was 8.8 ° C, no precipi-
tation was observed. The average monthly air
temperature in May 2017 was recorded at 8.3
° C, precipitation in a form of rain and snow
was in the first decade, the beginning of the sec-
ond and third decades (exceeding the norm by
39 mm). Dry and hot weather in the 1st decade
of June 2017 (the air temperature reached 25 °

C in the absence of precipitation) accelerated
the development of plants. Drought adversely
affected the development of plants; in cereals,
premature yellowing of the leaves of the lower
layer was observed. After rains in the 2nd and
3rd decades of June, the condition of the plants
improved slightly, but damage from drought
significantly affected the seed yield.

Due to cold protracted spring of 2018, re-
growth began in spring on May 8, 18 days later
than in 2017.The average air temperature dur-
ing this period was 12.0 ° C. In May, the aver-
age monthly air temperature was 3.7 ° C, pre-
cipitation in a form of rain and snow in the first
decade, the beginning of the second and third
decades (deviation from the norm plus 26 mm).
Despite the unfavorable weather conditions in
the spring period of 2018, perennial grasses
grew well. Dry and hot weather in the 1st de-
cade of June 2018 (air temperature reached 25
° C) accelerated the development of grasses.
Warm and dry weather in July - August pro-
moted accelerated seed ripening.

Plant density of most of the studied issues
for 2015-2018. was 4-5 points. Low density
(1-2 points) was noted in SGP-7 from the Kras-
noyarsk Territory and a wild specimen of the Ir-
kutsk Region (K-14221). These estimates coin-
cide with the state of the herbage of the samples
before going into winter.

In terms of development rates, the stud-
ied varieties and wild populations of awnless
bromegrass belong to mid-season species. In
2016, full heading was noted on June 14, mass
flowering on June 29, and seed ripening on July
25. In 2017, full earing was recorded on June
19, mass flowering on June 28, and mass seed
ripening on August 4. In 2018, full earing was
noted on June 27, mass flowering - on July 6,
mass ripening of seeds - on August 16. The
flowering duration varied from 4 to 7 days. The
termination of the growing season in 2016 fell
on October 12, in 2017 - on October 22, in 2018
- on October 29. The duration of the growing
season in 2016 was 99 days, in 2017 - 106, in
2018 - 101 days.

Winter hardiness of perennial grasses is de-
termined by living conditions and agrotechni-
cal methods of cultivation [15]. Due to the high
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snow cover in 2015/16 - 2017/18, bromegrass
samples overwintered well, winter hardiness
was 100%. Plants left in the winter in a devel-
oped state, mowing and harvesting of crop resi-
dues was carried out a month before the onset
of constant frosts, so no fallout on the crops
was observed.

On average for 20162018 the height of
plants varied in the phase of mass earing from
108 to 125 cm, during the flowering period -
from 131 to 150 cm. According to the experi-
ments, the cultivars Khabarovskiy, Titan, Voz-
vyshenskiy, SibNIISHoz 88, wild specimens of
Yakutia (K-14215), Vologda (K-14224), Omsk
(K-14228), Sverdlovsk (K-14209) regions, a
local sample of the Tomsk region (K-14226)
(see Table 1) belong to tall grass. At the same
time, the bromegrass samples were character-
ized by high lodging resistance (4—5 points).

Fodder grasses are affected by a large num-
ber of fungal diseases. Leaf diseases are the
most widespread; they have a noticeable effect
on the quality and quantity of forage [12, 16].
In the conditions of the Tomsk region, awnless
bromegrass is most often affected by helmin-
thosporium (Helminthtosporium bromi Died.)
and septoria (Septoria sp.). According to the
research data, during seed ripening, leaves are
affected by helminthosporiosis on average for
2016-2018. amounted to 19.2-59.3%, septoria

- 0.5-11.3% (for the standard, respectively, 40.9
and 4.5%) (see Table 2). Varieties Morshanskiy,
Khabarovskiy, Erkeeni, wild specimens of Ir-
kutsk (K-14221, K-14227), Vologda (K-14212,
K-14224), Omsk (K-14228) regions, local
specimen of Tomsk region (K-14226) showed
high resistance to these diseases. The infection
with helminthosporiosis was 19.2-36.7%, with
septoria - 0.5-1.8%.

In the case of haymaking use the productiv-
ity of the awnless bromegrass was recorded in
the case of two-mowing use. The first cut - in
the full ear formation phase on June 14 (2016),
June 20 (2017), July 2 (2018). The second cut
- June 26 (2016), August 2 (2017), August 17
(2018). On average for 20162018 the yield of
the green mass of the studied samples was 19.7—
43.3 t/ ha, air-dry 6.1-13.5 t / ha. According to
these characteristics, the wild-growing forms
of the Vologda Oblast (K-14212, K-14222) and
the local population of the Tomsk Oblast (K-
14214) were distinguished. The excess over the
standard variety Langepas was 10.3—11.0% in
terms of the green mass yield, 5.8-12.5% of dry
matter.

The leafiness of the studied numbers on aver-
age for three years changed in the first cut from
53.2% (wild specimen, Omsk region) to 66.3%
(wild specimen, Komi). Varieties Primorsky
46, SibNIISKhoz 88, wild forms of Komi (K-

Taoa. 1. Breicora paCTeHI/Iﬁ o6pa3u0B KOCTpCHa 0e30cTOro B KOJJNICKIIMOHHOM IMMUTOMHHKE ITOCEBA

2015, cm
Table 1. Plant height samples of awnless bromegrass in the collection nursery sown in 2015, cm
Variety, origin 2016 2017 2018 Average site;[r(l) dtahr%

Langepas, standard, Tyumen region 123 132 158 138 0
Titan, Omsk region 140 139 172 150 +12
Vozvyshensky, Kemerovo region 136 135 175 149 +11
SibNIISkhoz 88, Omsk region 129 153 159 147 +9
Khabarovsky, Khabarovsk region 131 144 162 146 +8
K-14215, wild form, Yakutia 129 135 170 145 +7
K-14224, wild form, Vologda region 124 151 161 145 +7
K-14226, local form, Tomsk region 123 140 168 144 +6
K-14228, wild form, Omsk region 130 129 174 144 +6
K-14209, wild form, Sverdlovsk region 128 136 166 143 +5
LSD,, 8,0 7,0 72
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Ta6a. 2. Ouenka nopakeHus 0OJIE3HIMHU KOJJIEKITMOHHBIX 00Pa3IoB KOCTpera 0e30CToro mocena

2015 1. (cpennue nanubie 3a 2016-2018 1), %

Table 2. Assessment of disease damage to collection samples of awnless bromegrass sown in 2015

(average data for 2016-2018), %

Variety, origin Helminthosporiosis | Rust Mildew Ssﬂtg"gtia
Langepas, standard, Tyumen region 40,9 0 4,5
K-14221, wild form, Irkutsk region 19,2 0 4.8
Khabarovsky, Khabarovsk region 27,7 0 0 6,8
K-14212, wild form, Vologda region 32,6 1,0 0 11,3
Vozvyshensky, Kemerovo region 35,9 0 0 4,5
Morshansky 707, Tula region 36,7 0 0 0,5
SibNIISkhoz 88, Omsk region 36,9 0 0 53
K-14228, wild form, Omsk region 51,2 0 0 0,7
Erkeeni, Yakutia 59,3 0 0 1,0
K-14224, wild form, Vologda region 49,9 0 0 1,0
K-14227, wild form, Irkutsk region 45,8 0 0 1,0
Duet, Arkhangelsk region 453 0 0 1,6
K-14226, local form, Tomsk region 48,1 0 0 1,8
Pomor, Arkhangelsk region 49,2 0 0 2.4
K-14222, wild form, Vologda region 45,4 0 0 2.4
K-14216, wild form, Yakutia 533 0 0 2,8
K-14215, wild form, Yakutia 52,8 0 0 2.9
K-14209, wild form, Sverdlovsk region 41,2 7,0 0 3,0
Antei, Irkutsk region 45,0 0 0 4.0

14208), Irkutsk (K-14227), Vologda (K-14212,
K-14224) regions, local samples of the Tomsk
region (K-14214, K-14226).

The nutritional value of a culture can be
judged by its protein and fiber content. The
average protein content in the studied samples
was 9.6%, fiber - 32.9%. According to these
indicators, the Duet variety from the Arkhan-
gelsk region (11.0% protein, 30.95% fiber) sur-
passed the standard Langepas variety (10.8%
protein, 33.49% fiber). Wild samples from the
Vologda Oblast K-14212 (30.4%) and K-14222
(30.69%) were also characterized by a low fiber
content.

Under the research conditions, collection
samples of awnless bromegrass for seeds were
harvested in 2016 on July 26, 2017 - on August

4, and in 2018 - on August 16. On average, over
three years, the seed productivity of the studied
numbers was 0.16-0.59 t / ha. In terms of seed
yield, the standard varieties Duet, Primorskiy
46, Erkeeni, wild forms of the Vologda region
(K-14212, K-14224), and a local sample of the
Tomsk region (K-14226) (see Table 3) signifi-
cantly exceeded the standard.

According to the complex of the main eco-
nomically important characters for sowing in
the polycross nursery, wild-growing samples
of the Vologda region (K-14212, K-14224),
local samples of the Tomsk region (K-14214,
K-14226) were selected.
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Taoda. 3. XapakrepucTuka JIyqmnx o0pasLoB KocTpena 0€30CToro B KOJUIEKLMOHHOM MUTOMHHUKE T10-
cesa 2015 . mpu ABYYyKOCHOM HCTIONB30BaHUH (cpenHue naHabie 3a 20162018 rr)

Table 3. Characteristics of the best samples of awnless bromegrass sown in the collection nursery in
2015 with double cutting (average data for 2016-2018)

Yield
green mass dry matter seeds Foliage
Variety, origin cmg i
t/ha % to the| =+ to the t/ha % to the|=+ to the t/ha % to the|=+ to the
standard| standard standard|standard| standard|standard|
Langepas, standard, Tyumen region | 39,0 | 100,0 0 12,0 | 100,0 0 0,41 100,0 0 61,1
K-14212, wild form, Vologda region | 43,3 | 111,0 | +4,3 |13,5]| 112,5| +1,5 {0,50| 122,0 | +0,09 | 61,4
K-14214, local form, Tomsk region 43,0 | 1103 | +4,0 |12,7|1058 | +0,7 [0,29| 70,7 | -0,12 | 65,5
K-14222, wild form, Vologda region | 39,0 | 100,0 0 10,9 | 90,8 | —1,1 [0,32| 78,0 | —0,09 | 58,2
K-14224, wild form, Vologda region | 39,0 | 100,0 0 11,2 93,3 | -0,8 [0,59| 143,9 | +0,18 | 62,2
Duet, Arkhangelsk region 38,0 | 974 -1,0 | 12,0 100,0 0 0,57 139,0 | +0,16 | 58,5
Primorsky 46, Primorsky Krai 27,3 | 70,0 | 11,7 | 7,8 | 65,0 | 4,2 |0,46| 112,2 | +0,05 | 63,2
Erkeeni, Yakutia 33,7 | 86,4 -53 10,0 | 83,3 | —2,0 [0,43|104,9 | +0,02 | 58,7
K-14226, local form, Tomsk region 37,3 | 95,6 -1,7 11,3 942 | -0,7 10,42 102,4 | +0,01 | 63,0
LSD, 3,8 0,5 0,07
CONCLUSION regions, local samples of Tomsk region (K-

For selection of awnless hay-pasture brome-
grass in the taiga zone of the Tomsk region, the
following samples were selected:

— tall - varieties Khabarovsk, Titan, Voz-
vyshensky, SibNIISHoz 88, wild samples of
Yakutia (K-14215), Vologda (K-14224), Omsk
(K-14228), Sverdlovsk (K-14209) regions, lo-
cal sample of Tomsk region (K- 14226);

—resistant to fungal diseases - varieties Mor-
shanskiy, Khabarovskiy, Erkeeni, wild speci-
mens of Irkutsk (K-14221, K-14227), Vologda
(K-14212,K-14224), Omsk (K-14228) regions,
local sample of Tomsk region (K-14226);

— characterized by a high yield of herbage,
dry matter - wild forms of the Vologda region
(K-14212, K-14222) and the local population
of the Tomsk region (K-14214);

— highly leafy - varieties Primorskiy 46, Sib-
NIISHoz 88, wild forms of Komi (K-14208), Ir-
kutsk (K-14227), Vologda (K-14212, K-14224)

14214, K-14226);

— with high seed productivity - varieties
Duet, Primorsky 46, Erkeeni, wild forms of the
Vologda region (K-14212, 14224), a local sam-
ple of the Tomsk region (K-14226).

According to the complex of the main eco-
nomically important characters for sowing in
the polycross nursery, wild-growing samples
of the Vologda region (K-14212, K-14224),
local samples of the Tomsk region (K-14214,
K-14226) were selected.
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YPOKAMHOCTb U KOPMOBBIE KAYUECTBA TPUTHUKAJIE
B CMEITAHHBIX ITOCEBAX C BBICOKOBEJIKOBBIMHU KYJIBTYPAMU

Annpeesa O.T., [Inaunenxo H.I'., Cunoposa JLIL., Xapuenko H.1O.
Hayuno-uccreoosamenvcruii uncmumym eemepunapuu Bocmournoti Cubupu — gunuan Cubupcrkoeo
Gedepanvroco nayunozo yenmpa acpobuomexnonozuii Poccutickou akademuu Hayk
3abaiikanbckuii kpai, . Yura, Poccus

[IpeacraBieHbl pe3ysbTaThl MOJEBBIX U J1a00OPATOPHBIX MCCIEIOBAHUM MO BO3ACIBIBAHUIO TPH-
THKajie B CMEIIAHHBIX MTOCEBaX C BBICOKOOEIKOBBIMM KYJIbTypaMmu. VccienoBaHusi BHITIOIHEHBI B
2015-2017 rr. Ha IyTOBO-UYEPHO3EMHON MYTHHCTO-KapOOHATHOM TIOYBE, 110 TPAHYJIOMETPHICCKOMY
COCTaBy — JIETKHUI CYIJIMHOK, B JICCOCTEITHOM 30HE 3a0aiikaibs. JlaHa olleHKa TPUTHUKAJIE B OJHOBH-
JIOBBIX U CMEIIaHHBIX ITOCEBaX MO aJalTUBHOCTH K YCIIOBUSM BBIpAIIUBaHUs, yPOKalfHOCTH, MTOKa-
3aHBbl XO35IIICTBEHHO LIEHHBIC IPU3HAKY JaHHBIX II0CEBOB. YCTAaHOBJIEHA BO3MO)KHOCTh IIOBBIIICHHUS
YPOKallHOCTH U KOPMOBBIX KaU€CTB arpoOLEHO30B ITyTEM HCIOIb30BAHUS TPUTHKAJIE B CMEIIAHHBIX
MoceBax ¢ BBICOKOOETKOBBIMH KYNbTypaMH. B cpestHeM 3a rojipl nccieoBaHui Mo ypoKailHOCTH U
KOPMOBBIM Kau€CTBaM CMELIAHHBIE ITOCEBBI IPEBOCXOANIN OJHOBHUIOBbIE arpollE€HO3bl TPUTUKAIIE
1o 3e1eHoi Macce B 1,6—1,9 pasa, nepeBapuMoMy npoTenHy B 2,6-3,7 pa3a. B cmemanHbIX moceBax
HAWTYYIlIue pe3yJIbTaThl 00eCIIeUMIIN TPUTHKAJIE C KOPMOBBIMH 000aMH, YpOsKaHHOCTb 3eJICHOH Mac-
cel coctaBmia 40,5 1/ra, cyxoro BemecTBa — 5,70 T/ra, comepikaHne KOPMOBBIX equHUI] — 4,67 T/Ta,
[epeBapuMoro npotenHa — 785 kr/ra, oOMenHo# sHeprun — 57,6 I'lx/ra. OGecrniedeHHOCTh OHON
KOPMOBOI €IMHUIIBI TEPEBAPUMBIM MPOTEeHHOM — 168 I. CMemanHbIe TOCEBBl TPUTHKAJIE C KOPMO-
BbIMU 000aMU yBEJIMUMIIM [IPOLYKTUBHOCTh B CPABHEHUH C OJHOBUIOBBIMH ITI0CEBAMU II0 YpOXKali-
HOCTH 3enieHor Mmacchl B 1,3—1,9 pasa, cyxoro BemiectBa B 1,4—1,9, mo cOOpy KOPMOBBIX €IUHUIL
B 1,4-2,0, BanoBoit sueprun B 1,5-2,0 pa3a. Bce KynbTyphl YCTOWYHUBEI 1O 3aCyXe U TOJETAHUIO.
OTMeueHO OTCYTCTBHE MOPAKEHHOCTH TPUTHKAJIE BPEAUTEISIMU U OOJIE3HAMH.

Ki1roueBble cioBa: TpuTuKaie, peabka MacIW4Has1, parc poBoi, O0ObI, CMEIIaHHbIE TOCEBEI,
YpOXKaifHOCTb, KaueCTBO, aAalITUBHOCTD

YIELD AND FEED QUALITIES OF TRITICALE MIXED WITH HIGH-PROTEIN
CROPS

Andreeva O.T., Pilipenko N.G., Sidorova L.P., Kharchenko N.Yu.

Research Institute of Veterinary Science of Eastern Siberia — Branch of the Siberian Federal
Scientific Centre of ArgoBioTechnologies of the Russian Academy of Sciences

Chita, Trans-Baikal Territory, Russia

The results of field and laboratory studies on the cultivation of triticale mixed with high-protein
crops are presented. The study was carried out during the period 0o£f2015-2017 on meadow chernozem
mealy-carbonate soil, light loam by granulometric composition, in the forest-steppe zone of Trans-
Baikal Territory. The assessment of triticale in single-species and mixed crops for adaptability to
growing conditions and yield is given. Economically valuable traits of these crops are shown. The
possibility of increasing the yield and feed qualities of agrocenoses by sowing triticale with high-
protein crops was established. On average, over the years of research, mixed crops outperformed
single-species triticale agrocenoses in terms of yield and feed quality, green mass by 1.6-1.9 times,
digestible protein by 2.6-3.7 times. In mixed crops, triticale with fodder beans provided the best
results, the yield of green mass was 40.5 t/ha, dry matter — 5.70 t/ha, feed units —4.67 t/ha, digestible
protein — 785 kg/ha, exchange energy — 57.6 GJ/ha, availability of digestible protein per one feed
unit — 168 g. Triticale crops mixed with fodder beans increased productivity compared with single-
species crops in terms of green mass yield by 1.3-1.9 times, dry matter by 1.4-1.9 times, feed units
by 1.4-2.0 times, gross energy by 1.5-2.0 times. All crops are resistant to drought and lodging. The
absence of pest and disease infestation in triticale was noted.

Keywords: triticale, oilseed radish, spring rapeseed, beans, mixed crops, yield, quality,
adaptability
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INTRODUCTION

The creation of a solid fodder base for full-
value feeding of farm animals and an increase
in their productivity requires an increase in the
production of all types of fodder and an im-
provement in their quality'? [1-13].

A significant role in the sustainable produc-
tion of high-quality fodder is assigned to the
creation of highly productive agrocenoses from
bluegrass crops and their mixtures, adaptive to
growing conditions. A properly selected set of
crops in agrocenoses provides optimal density
and density of the stand, formation of layering,
the most even use of plant life factors (mois-
ture, light, nutrients), allows to form high yields
of vegetative mass and increase the nutritional
value of feed.

Of the bluegrass crops cultivated in Trans-
baikalia, triticale, a new culture for the region,
is of great importance. It has increased resis-
tance to drought and shedding of grain, is an
alloploid that combines the high productiv-
ity of wheat and the adaptive resistance of rye
to adverse conditions and diseases. 100 kg of
green mass contains 22-25 k. Units, 2.3-2.7 kg
of digestible protein. Grain and bran are used
for fodder as a high-protein and high-lyzin feed
for livestock and poultry. Fodder varieties of
triticale yield up to 500-600 centners of green
mass / ha. Triticale is a promising crop the use
of which can increase the production of feed
and grain in Transbaikalia [8§-9].

Mixed crops of cultivated plants have been
widespread since ancient times; they make
it possible to effectively use agroclimatic re-
sources due to the formation of highly produc-

tive agrocenoses [14]. It has been proven that
mixtures of triticale with annual high-protein
crops provide the richest in protein and better
eaten by animals [15, 16].

The listed nutritional qualities in combina-
tion with high yield in mixed crops determine
the great importance of triticale for strengthen-
ing the fodder base in animal husbandry of the
Trans-Baikal Territory [2, 810, 17].

The aim of the research is to evaluate the
effectiveness of using triticale in mixed crops
with high-protein crops to increase the produc-
tivity and nutritional value of fodder agroceno-
ses.

MATERIAL AND METHODS

The studies were carried out in 2015-2017.
on the fields of the Research Institute of Veteri-
nary Medicine of Eastern Siberia - a branch of
the Siberian Federal Scientific Center of Agro-
biotechnology of the Russian Academy of Sci-
ences, located in the Ingodinsko-Chita forest-
steppe of the Trans-Baikal Territory.

The climate of the zone is sharply conti-
nental with little snow, cold winters, hot sum-
mers and a lack of precipitation. The frost-free
period lasts 90—110 days. The sum of positive
temperatures above 10 ° C is 1500-1800 °. The
annual amount of precipitation is 330-380 mm,
their main amount (85-90%) falls in the warm
period, the maximum - in July - August, the
minimum - in May — June.

During the years of research, the weather
conditions during the growing season were dif-
ferent. Growing seasons (April - September)
2015, 2016 are marked as typical of the forest-

'Pirjo A., Pentti A., Pekka H. et al. Dairy cow feeding. Vantaa: Union of centers "ProAgria", 2009. 127 p.

*Vasina N.V., Bordyugovskaya A.V. Fodder productivity of the culture of mixtures of early sowing at different levels of
mineral nutrition / Advances in science to the agro-industrial complex. Samara, 2014. pp. 16-19.
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steppe zone of Transbaikalia showing 270.2;
194.7 mm of precipitation with an average long-
term norm of 276 mm. The average monthly air
temperature for these periods was 11.2; 11.4
°C with an average long-term rate of 11.2 °C.
Hydrothermal coefficients (HC) of the growing
seasons were (0.9; 0.7, respectively). The dis-
tribution of precipitation over the months of the
growing seasons was uneven; in some periods,
high air and soil temperatures were recorded.
The growing season of 2017 was characterized
by increased moisture supply. Total precipita-
tion was 317.6 mm from April to September.
The deviation from the average long-term indi-
cator (276.0 mm) was 41.6 mm, or 15.1%. The
average daily air temperature during the grow-
ing season did not exceed 15.4 °C.

In general, the climatic conditions created
during the years of research allowed the plants
of the studied crops to realize their maximum
productive potential and form a sufficiently
high yield of fodder mass, which indicates their
adaptability to the extreme conditions of the
Trans-Baikal Territory.

The soil of the experimental site is meadow
chernozem mealy-carbonate, the granulometric
composition is light loam. The reaction of the
soil solution of the arable horizon is weakly
acidic, the subsoil one is neutral. The amount of
organic matter in the 0-20 cm layer is 3.67%,
total nitrogen 0.3%. The availability of mobile
phosphorus is low, exchangeable potassium is
average.

The area of the sowing plot is 100 m?, ac-
counting for forage purposes is 25 m?, the rep-
lication is fourfold, the location of the plots is
consistent.

The agrotechnology for the cultivation of
fodder crops is common in the zone [18]. Min-
eral fertilizers under triticale and fodder beans
were introduced under pre-sowing cultivation
at the rate of N_ P, R, under spring rapeseed
and oil radish they were introduced fractionally

- under pre-sowing cultivation N P, K, and

P, during sowing. Sowing of fodder crops was
carried out at the optimal recommended time
(second half of May) in an ordinary way using
a CH-16 seeder with a seeding rate: triticale
4.0-4.5 million germinating seeds / ha, spring
rapeseed 3.0, oil radish 3.0, fodder beans 1.2
million germinating seeds / ha. The composi-
tion and seeding rate of crops in two-compo-
nent mixtures: triticale - 70%, spring rapeseed,
oil radish, forage beans - 50%. Seeding depth:
triticale 5-8 cm, spring rape 2—4, oil radish 3—4,
forage beans 6—8 cm. Sowing of fodder crops
mixtures was carried out in one pass of the
seeder. The recording of the green mass yield
was determined by a continuous method from
an area of 25 m?.

The objects of research are zoned varieties
of the studied crops: triticale Ukro, spring rape-
seed Spar, oil radish Tambovchanka, Siberian
fodder beans.

The experimental work was carried out in
accordance with the guidelines for conducting
field experiments with fodder crops, accompa-
nied by laboratory field observations **.

The crop data was statistically processed by
analysis of variance according to R.A. Fischer
as presented by B.A. Dospekhov (see foot-
note 4). The analysis of plant samples was car-
ried out in the agrochemical laboratory of the
Institute according to generally accepted meth-
ods.

RESULTS AND DISCUSSION

The research results showed that the studied
crops reacted differently to the soil and climatic
conditions of growth. The period from sowing
to germination for the studied crops was 10—
15 days. The period of germination - budding in
cabbage crops is 26-37 days, for forage beans -
36 days. The period of shoots - tillering of triti-
cale - 12 days, shoots - heading - 42; seedlings
- flowering of triticale - 58, spring rapessed and
oilseed radish - 37-46, fodder beans - 52 days
(see Table 1).

*Methodology for conducting field experiments with fodder crops. M., 1983.197 p.
“Dospekhov B.A. Field experiment technique. M., 1985.351 p.

SExperimentation in field cultivation. Moscow: Rosselkhozizdat, 1982.190 p.
*Methodology for state variety testing of agricultural crops. Moscow: Kolos, 1985.267 p.
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According to the assessment of the reac-
tion to drought, provided for by the method,
the main criterion of which is yellowing of the
basal leaves and loss of turgor, all studied crops
are drought-resistant, at the same time respond
well to moisture supply.

The observations of the linear growth of the
studied crops showed that the most intensively
developed crops during the growing season
were triticale and spring rapeseed plants, in
which the height to mowing maturity was 120
cm. Samples of oilseed radish and fodder beans
had a height of 114— 116 cm. Insignificant mu-
tual suppression and decrease in plant height
by 2-18 cm in comparison with single-species
crops was observed in multi-species crops. (see
Table 2).

The determination of plant foliage in triti-
cale showed that plant foliage in mixed crops
was 2—4% inferior to single species. The largest
leafiness - 53—57% in single-species and mixed
crops was obtained for triticale and fodder
beans, the smallest - 43—46% for spring rape-
seed and oil radish.

In the course of research, it was found that
the productivity of triticale, spring rapeseed, oil

Ta6a. 1. [IpogomxkuTenbHOCTh MeK(pa3HBIX
nepuonos, nuu (cpennee 3a 2015-2017 rr.)

Table 1. Duration of interphase periods, days
(on average for 2015-2017)

radish and fodder beans in single-species and
mixed crops is different (see Table 3).

The studies have shown various patterns of
growth, development, formation of yield and
nutritional value of the studied crops in agro-
cenoses depending on the type of crops and the
method of sowing.

Favorable conditions of heat and moisture
supply and nutritional regime during the years
of research had a positive effect on the pas-
sage of physiological processes in plants and
contributed to the formation of elements of
the structure of the yield and yield according
to the variants of the experiment (see Tables
2, 3). The maximum yield of green and dry
mass was obtained in the variant of triticale +
fodder beans (40.5 and 5.7 t/ ha). This variant
exceeded the mixture of triticale with spring
rapeseed and oilseed radish by 5.4-7.2 and
1.45—-1.50t/ha. The lowest yield of green mass
(20.8 t/ ha) and dry matter (3.0 t / ha) was ob-
tained when sowing triticale in single-species
sowing. One-species sowing was inferior in
terms of these indicators to mixed sowings of
triticale with high-protein crops, respectively,
by 12.5-19.7 and 1.20-2.70 t /ha. So, in the
mixed sowing of triticale + fodder beans, a
higher yield of fodder units of 4.67 t / ha, of
digestible protein - 785 kg / ha, gross energy -

Ta6ua. 2. Bricora u 0OOMUCTBEHHOCTh PACTCHUN B

Period arporieHo3ax (B cpexneM 3a 2015-2017 rr.)
. ' . . Table 2. Height and leaf formation of plants in
. Sow- | germi- | germi- | germi- | germi- _
Option ing - | nation | nation | nation |nation - agrocenoses (on average for 2015-2017)
I e e B
Tritical 12
Triticale 15 - | 12| 42| 58 reate 0 37
Spring rapeseed | 11 37 - - 46 Spring rapeseed 120 45
Oilseed radish 10 36 — — 37 Oilseed radish 116 46
Fodder beans 15 36 - - 52 Fodder beans 114 56
Triticale + 15 - 12 42 58 Triticale + 107 53
spring rapeseed 11 37 - - 46 spring rapeseed 102 43
Triticale + 15 — 12 42 58
; : = = Triticale + 110 54
oilseed radish 10 26 37 oilseed radish 114 a4
Triticale + fodder | 15 — 12 42 58 o

beans 15 36 - - 52 Triticale + 115 53
fodder beans 110 54
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Taoua. 3. HpOZ[YKTI/IBHOCTL " NUTAaTeJibHasA HEHHOCTh TPUTHUKAJIC B CMCIIAHHBIX IMTOCEBAX C BBICOKOOEIT-

KOBBIMH KynbTypamu (cpemnee 3a 2015-2017 rr.)

Table 3. Productivity and nutritional value of triticale mixed with high-protein crops (average for

2015-2017)
The amount
Culture Green Dry matter, | Fodder units, Digestible of digestible | Gross energy,
mass, t/ha t/ha t/ha protein, kg/ha | protein for Gl/ha
Ifu,g

Triticale 20,8 3,00 2,30 212 92 29,1
Spring rapeseed 28,9 3,60 3,30 627 190 38,2
Oilseed radish 30,2 3,62 2,82 558 198 35,5
Fodder beans 30,0 4,05 3,12 702 225 39,7
Triticale + spring rapeseed 33,3 420 3,60 572 159 433
Triticale + oilseed radish 35,1 425 3,36 541 161 42,1
Triticale + fodder beans 40,5 5,70 4,67 785 168 57,6
LSD,; 2,8 0,15 0,13

Note. The ratio of components in mixed crops was as follows: triticale - 25% + spring rapeseed - 75%;
triticale - 25% + oilseed radish - 75%; triticale - 40% + fodder beans - 60%.

57.6 GJ / ha was obtained with the provision of
one fodder unit with digestible protein of 168 g.

CONCLUSIONS

1. In the forest-steppe zone of the Trans-Bai-
kal Territory, the maximum fodder productiv-
ity is formed by agrocenoses of mixed crops of
triticale with fodder beans. As a result of the re-
search, the following indicators were achieved:
the yield of green mass 40.5 t/ ha, the collection
of feed units 4.67 t / ha, the amount of digest-
ible protein 785 kg / ha, gross energy content
57.6 GJ / ha with provision of digestible protein
168 g/ ha. to. units.

2. Mixed crops of triticale with fodder beans
increased productivity in comparison with sin-
gle-species crops of triticale in terms of collec-
tion of feed units by 2.0 times, digestible pro-
tein by 3.7 times, and gross energy by 2.0 times.
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3AIIUTA KAPTO®EJIA OT KAPTO®EJIBbHONU KOPOBKU HENOSEPILACHNA
VIGINTIOCTOMACULATA MOTSCH. (COLEOPTERA, COCCINELLIDAE)

Kosanenko T.K., Ilponromknna A.C.

JlanbHegocmoyuHblll HAYYHO-UCCE008AMENbCKUN UHCIMUMYM 3AUUmMbl pAcmenu
[Ipumopckuii kpaid, c. Kamenb-Pri0ono, Poccust

[IpencraBiensl pe3yabTaTsl MPUMEHEHUS IKOJIOTHYECKH OE30IacHBIX METOJI0B OOpHOBI ¢ Bpe-
nutensiMu kaprodens. [IpoBeeHbl CpaBHUTENBHBIE TIOJIEBbIC MCIBITAHUS MHCEKTOAKAPHIIUIOB U
MHUKPOOHOJIOrMYECKUX IMPEnapaToB Ha Mocajakax Kaprodelss palloHMpOBaHHOIO copra SIHTapp B
[Ipumopckom kpae B 2018, 2019 rr. OObEKT HCCIe0BaHNN — JIMYMHKH U )KYKH KapToheITbHOMN KO-
poBku Henosepilachna vigintioctomaculata. 1locanky xinyOHed NMPOBOJUIN B ONTHUMAJIbHBIC IS
peruoHa CpoKM — KOHEII anpesis — Hayajio Mas. B mccieoBaHuAX MCIONB30BaHbl Ipenaparsl du-
ToBepM Ha ocHoBe aBepcekTrHa C (50 1/1), Akapun Ha ocHoBe aBeptuHa N (2 r/m), Bamukon Ha
OCHOBe wrTamma Bacillus thuringiensis var. darmstadiensis (BtH, ), Butokcubanumiin Ha ocHOBE
wramma Bacillus thuringiensis var. thuringiensis (BtH, ). I[Ipenaparsl usy4ensl B OTAENBHBIX OTIbI-
Tax U B COBMECTHBIX ¢ nHcektuiuaoM Kopano. Pactenus kaprodenst onpbIcKMBaIM MpenapaTamMmu
OIHOKPATHO. YYeThbl YHCICHHOCTH BPEANUTENS IPOBOIMIN 10 00paboTKK U mocie 00padoTKH Ha 5,
10, 15-e cytku Ha 10 pacteHusix kaprodeist B TpeX MOBTOPHOCTSX B COOTBETCTBHHU C YTBEPIKIICH-
HBIMU MeToanKamu. Beicokyto apdexruBHocTh 90,5-94,0% mnokaszan OuonmHcektuimn duroBepm
B HopMe npumeHeHust 0,16 yi/ra. OnMHOKpaTHOE NMPUMEHEHHE OMOMHCEKTHIMIOB Ha MPOTSHKCHUH
15 cyT cnepKuBajJO HHTEHCUBHOCTb PAa3BUTHSI BPEANUTENS HIDKE IIOPOroBoro yposHsa. CoBMECTHOE
HCIOJIb30BaHNE OMOMHCEKTULMIOB U MHCEKTUIHA IPOTHUB KapTo(hebHONH KOPOBKH 00€CIeYNBAaIIO
CHIKEeHHUE yrciaeHHocTH purtodara Ha 90,8-99,8% no cpaBHEHHUIO ¢ KOHTPOJIBLHBIM BapHaHTOM (0e3
MIPUMEHEHUS] CPEACTB 3alIUTHl pacTeHui). BritoueHne npemnapartoB OHOIOTHYECKOTO MPOMCXOXK-
nennst Guroepm, Axapus, banukos, BUTOKCHOAIMIITUH B TEXHOJIOTHH BO3/ICIIBIBAHUS KapTO(ess
MO3BOJIUT OTPAHUYHUTH YUCICHHOCTh KapTO(heIbHOW KOPOBKH M PEHIUThH MPOOIEMY IKOJIOTHU3AIMH
3alIUThl pacTeHuil Ha tore JlanpHero BocToxka.

KiroueBble cioBa: kaprodenb, BpeauTenb, KaprodeiabHas KOPOBKA, HHCEKTOAKApULU, OHO-
WHCEKTULU]I, HTHCEKTHLIUA, Onoaorndeckas 3pQeKTuBHOCTD, YPOKAHMHOCTD

POTATO PROTECTOIN AGAINST THE POTATO LADYBIRD
HENOSEPILACHNA VIGINTIOCTOMACULATA MOTSCH.
(COLEOPTERA, COCCINELLIDAE)

Kovalenko T.K., Pronyushkina A.S.

The Far Eastern Research Institute of Plant Protection
Kamen-Rybolov, Primorsky Territory, Russia

The results of the application of environmentally friendly methods of potato pest control are
presented. Comparative field trials of insectoacaricides and microbiological preparations were
carried out on potatoes of the recognized variety Yantar in the Primorsky Territory in 2018 and
2019. The object of research was the larvae and beetles of the potato ladybird Henosepilachna
vigintioctomaculata. The tubers were planted at the optimal time for the region, late April —
early May. The study used Fitoverm preparations based on aversectin C (50 g/l), Akarin based
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on avertin N (2 g/l), Batsikol based on the strain of Bacillus thuringiensis var. darmstadiensis
(BtH, ), Bitoxybacillin based on the strain of Bacillus thuringiensis var. thuringiensis (BtH,). The
preparations were studied independently and with Corado insecticide. Potato plants were sprayed
with the preparations once. Pest counts were carried out before treatment and after treatment on the
5th, 10th, 15th day on 10 potato plants in three replications in accordance with the approved methods.
Bioinsecticide Fitoverm showed a high efficiency of 90.5-94.0% at the application rate of 0.16 1/ha.
A single application of bioinsecticides for 15 days restrained the intensity of the pest development
below the threshold level. The combined use of bioinsecticides and an insecticide against the potato
ladybird provided a decrease in the phytophage population by 90.8-99.8% compared to the control
variant (without the use of plant protection products). The inclusion of preparations of biological
origin Fitoverm, Akarin, Batsikol, Bitoxybacillin in potato cultivation technology will allow to limit
the number of potato ladybird and solve the problem of plant protection in an environmentally-

friendly way in the south of the Far East.

Keywords: potatoes, pest, potato ladybird, insectoacaricide, bioinsecticide, insecticide,

biological efficiency
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INTRODUCTION

The 28-spotted potato ladybird Henosepi-
lachna vigintioctomaculata Motsch., 1853
(Coleoptera, Coccinellidae) causes significant
damage to potato plantings in the south of the
Far East. When protecting crops, insecticides
belonging to different chemical classes are
used. The systematic use of chemicals leads
to the formation of resistant populations of the
pest, which is a factor in the deterioration of
the ecological situation. One of the methods of
reducing the negative impact of pesticides on
the environment is the treatment of planting
material with combined preparations with in-
secticidal and fungicidal properties [1, 2]. The
studies carried out indicate that the pre-planting
treatment of tubers with Prestige, SC is promis-
ing for the control of potato pests in the Primor-
sky Territory [3].

Currently, manufacturers prefer environ-
mentally friendly biological plant protection
systems. The use of biological products con-
tributes to the conservation of environmental
biodiversity [4, 5]. In the conditions of Primor-
sky Territory, work was carried out to study and

evaluate the effectiveness of microbiological
preparations against the potato ladybird but the
range of biological preparations has been sig-
nificantly updated recently. Insectoacaricidal
preparations based on avermectins synthesized
by the actinomycete Streptomices avermitilis
are used to protect crops from harmful organ-
isms [6-9].

Of greatest interest are preparations based
on the entomopathogenic bacteria Bacillus
thuringiensis Berliner, which have a selective
effect and are safe for humans, warm-blooded
animals and the environment. Due to the pres-
ence of crystals of endotoxin, exotoxin, phos-
pholipase C, and spores, B. thuringiensis exhib-
its entomotoxic, entomopathogenic, and meta-
toxic effects [10, 11]. The All-Russian Research
Institute of Agricultural Microbiology (ARRI-
AM, St. Petersburg - Pushkin) has developed
entomopathogenic biological products Batsikol
and Bitoxibacillin. Batsikol is based on the Ba-
cillus thuringiensis var. darmstadiensis (BtH ),
which has a specific effect on coleoptera. The
basis of Bitoxibacillin is the bacterium Bacil-
lus thuringiensis var. thuringiensis (BtH,). The
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preparations are designed to combat a wide
range of mass phytophagous pests of agricul-
tural crops [12—-14]. The study of new bioin-
secticides is important for improving the range
of biological agents for controlling the potato
ladybird in the Primorsky Territory.

The purpose of the research is to evaluate
the biological and economic efficiency of prep-
arations of biological origin against the potato
ladybird in the soil and climatic conditions of
the southern Far East.

MATERIAL AND METHODS

Studies to assess the biological effectiveness
of drugs were carried out in 2018, 2019. Field
experiments were carried out in the village of
Dubovy Klyuch of the Ussuriysk district of the
Primorsky Territory on the planting of potatoes
of the zoned Yantar variety. The object of re-
search is the larvae and beetles of the potato
ladybird. The tubers were planted at the opti-
mal time for the region (late April - early May).
The plot area was 16.8 m?. In each variant of
the experiment three replications were carried
out. The placement of plots in replicates is
randomized. To regulate the number of potato
ladybirds Fitoverm, EC preparations (a.i. aver-
sectin C, 50 g /1) were used at application rates
of 0.07 and 0.16 1/ ha (LLC NBTs "Farmbi-
omed"), Akarin, EC (a.i. avertin N, 2 g /1) - 1.2
and 1.6 1/ ha, Batsikol, F (Bacillus thuringien-
sis, strain BtH, ) - 15 1/ ha and Bitoxibacillin,
F (Bacillus thuringiensis, strain BtH,) - 151/ ha
(ARRIAM). The preparations were used sepa-
rately and together with the insecticide Corado,
SC (a.i. imidacloprid, 200 g /1) - 0.1 1/ ha. Po-
tato plants were sprayed with the preparations
once. Pest counts were carried out before treat-
ment and after treatment on the 5th, 10th, 15th
day on 10 potato plants of each replication in
accordance with the approved methods'. The
biological effectiveness of the preparations was
determined by the reduction in the number of
the pest adjusted for control and was calculated
using the Henderson and Tilton formula (see

footnote 1). Statistical data processing was car-
ried out according to B.A. Dospekhov?.

RESULTS AND DISCUSSION

In 2018, the number of potato ladybird lar-
vae before protective measures ranged from 6.9
to 15.0 ind./plant with a population of 69.3%
of plants. Larvae of the first - third instars were
present on the plants. In 2019, at the time of
treatment, young larvae prevailed on the plants
with numbers from 5.9 to 8.5 ind./plant with a
population of 78.7% of plants.

Avermectin-based preparations showed high
biological effectiveness against the potato lady-
bird. A significant initial effect was shown by
the bioinsecticide Fitoverm at the rate of ap-
plication of 0.16 1 / ha, ensuring the death of
93.3% of the larvae of the pest on the 5th day
after treatment. The effectiveness of the protec-
tive action of the drug remained at the level of
90.5-94.0% for 15 days. In the norm of appli-
cation of 0.07 1/ ha the effectiveness of bioin-
secticide in the years of research was signifi-
cantly lower and amounted to 79.7-84.7% on
the 5-15th day (see Table 1).

A rather high efficiency of 74.0-81.6%
against the larvae of the potato ladybird was
shown by another preparation based on aver-
mectins, Akarin. There was no significant dif-
ference in biological effectiveness between the
variants with different application rates (1.2
and 1.6 1/ ha).

Throughout the entire reference period, the
bioinsecticide kept the number of potato lady-
bird below the economic threshold of harm-
fulness. In the course of the research, it was
found that Fitoverm, in the norm of application
of 0.07 1 / ha, showed almost the same effec-
tiveness with the drug Akarin in regulating the
number of potato ladybirds, but in the norm of
application of 0.16 1/ ha the efficiency was sig-
nificantly higher. Fitoverm at this consumption
rate showed insecticidal activity at the level of
the chemical preparation Corado.

The effectiveness of microbiological prepa-
rations based on Bacillus thuringiensis on the

"Methodical guidelines for registration tests of insecticides, acaricides, molluscicides and rodenticides in agriculture. SPb.:

ARRIBPP, 2009. 321 p.

“Dospekhov B.A. Field experiment technique. M: Kolos, 1985.336 p.
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Tao6a. 1. DddexTnBHOCTH ONOMHCEKTHITUIOB POTHUB KapTo(helbHOM KopoBKH (cpemHee 3a 2018, 2019 rr.)

Table 1. Effectiveness of bioinsecticides against potato ladybird (average for 2018, 2019)

Average number of larvae, number. (on .
) average per one plant) Decrease in the number of pests
Preparation relative to the original, adjusted
Option ra_te O.f after treatment for control aftgr tregtment
application, | pefore by day of registration by day of registration, %
Vha treatment

5 10 15 5 10 15

Control - 7,2 8,4 8,2 5,9 - - -
Fitoverm, EC 0,07 9,2 2,2 1,4 1,4 81,7 84,7 79,7
Fitoverm, EC 0,16 6,7 0,7 0,9 0,4 93,3 90,5 94,0
Akarin, EC 1,2 6,8 2,2 2,0 1,7 74,0 75,3 74,2
Akarin, EC 1,6 8,6 3,0 2,3 1,8 74,4 80,5 81,6
Batsikol, FI. 15 8,0 3,7 2,2 0,7 63,8 80,5 87,7
Bitoxibacillin, FI. 15 8,7 3,1 2,0 1,5 69,2 84,7 84,5
Corado, SC 0,1 9,7 0,2 0,05 0,01 97,7 99,6 99,8
Fitoverm, EC + Corado, SC 0,03 + 0,03 7,5 0,3 0,08 0,2 96,8 99,3 97,0
Akarin, EC + Corado, SC 0,6 +0,03 8,0 0,6 0,1 0,01 92,0 97,7 99,8
Batsikol, F1 + Corado, SC 7,5+ 0,03 6,8 0,4 0,05 0,01 94,2 99,2 99,7
Bitoxibacillin, F1 + Corado, SC 7.5+ 0,03 7.8 0.9 0.08 02 90.8 99.2 977
LSD, — - - - - 8,3 5,5 6,0

5th day after treatment was marked significant-
ly lower. These preparations showed a low effi-
ciency 0f 56.6-61.0% in 2018. In the same year,
at the time of treatment, in addition to the larvae
of the first and second instars larvae of the third
instar were observed on the plants (in 2019,
only young larvae were present on the plants).
Weather conditions (frequent heavy rains dur-
ing the growing season) did not allow the treat-
ment to be carried out in time and subsequently
influenced the effectiveness of the preparations.
By the 10th day, in the variants with the use of
Batsikol and Bitoxibacillin, an increase in the
toxic effect was observed, the decrease in the
number of the pest was 80.5-84.7%. The effec-
tiveness of the protective action remained at the
level of 84.5-87.7% and on the 15th day after
treatment. By this time, significant differences
were noted in the biological effectiveness of
Batsikol with the preparations Fitoverm (0.07 1
/ ha) and Akarin (1.2 1/ ha).

The use of tank mixtures of chemical plant
protection products with biological products
helps to reduce the pesticide load. When using
preparations based on actinomycetes (Fitoverm

and Akarin), Bacillus thuringiensis (Batsikol
and Bitoxibacillin) and Corado (0.03 1/ ha), the
number of pests on the 5th day after treatment
decreased by 90.8-96.8%. On the 10-15th day,
almost complete death was noted (97.0-99.8%).
Tank mixtures of preparations showed efficien-
cy at the level of an insecticide at a consump-
tion rate of 0.1 1/ ha.

The use of chemical and biological prepa-
rations had an effect on the yield of potatoes,
the increase in the yield of potato tubers aver-
aged over 2 years from 2.3 to 4.6 t / ha, while
the control indicator was 26.0 t / ha (see Table
2). The largest yield increase of 3.8-4.6 t / ha
was obtained when Fitoverm was used at a con-
sumption rate of 0.16 1 / ha and the combined
use of biological preparations with an insecti-
cide.

CONCLUSION

The studies carried out confirm the prospects
of using preparations based on actinomycetes
(Fitoverm and Akarin) and Bacillus thuringien-
sis (Batsikol and Bitoxibacillin) in regulating
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Ta6a. 2. YpoxaifHOCTh KapTodens pu MPUMEHEHUH npenaparoB (cpennee 3a 2018, 2019 1)

Table 2. Productivity of potatoes with the application of preparations (average for 2018, 2019)

Experiment option Prepa.ratif)n rate of Average yield, t/ha Yield gain

application, I/ha t/ha %
Control - 26,0 - -
Fitoverm, EC 0,07 29,0 3,0 11,5
Fitoverm, EC 0,16 29,8 3,8 14,6
Akarin, EC 1,2 28,3 2,3 8,8
Akarin, EC 1,6 28,8 2,8 10,8
Batsikol, FL. 15 28,6 2,6 10,0
Bitoxibacillin, FI. 15 28,3 2,3 8,8
Corado, SC 0,1 30,2 42 16,2
Fitoverm, EC + Corado, SC 0,03 + 0,03 30,0 4,0 15,4
Akarin, EC + Corado, SC 0,6 +0,03 29.9 3,9 15,0
Batsikol, FI + Corado, SC 7,5+ 0,03 30,3 43 16,5
Bitoxibacillin, F1 + Corado, SC 7,5+0,03 30,6 4.6 17,7
LSD,, 3,0

the number of potato cows in Primorsky Krai. A
single application of bioinsecticides ensured a
decrease in the number of pests by 63.8-94.0%
and had an impact on the formation of the yield.

A high level of effectiveness of biologi-
cal products Fitoverm, Batsikol, Bitoxibacil-
lin, Akarin was observed when used together
with the insecticide Corado. In these variants, a
significant protective result (97.0-99.8%) was
noted on the 15th day after application. The ad-
dition of biological products to the insecticide
allows reducing the pesticide consumption rate
by 3 times without reducing the overall biologi-
cal effectiveness of the mixture, increasing the
yield by 15.0-17.7% and reducing the chemical
load on the agrobiocenosis.
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CIIOCOBbBI HOBBINEHUA UMMYHOTI'EHHOCTH NTHAKTUBUPOBAHHBIX
BAKIIMH IIPOTUB MBITA JIOIHAJIEHA

"Heycrpoes M.IL., 2/lonuenko A.C.

LHKRYmMeKutl HayuHo-uccie008amenbCKutl UHCIUNym celbCKo20 XO3UCmed

um. M I Caghponosa — ob6ocobnennoe noopasoenenue AKymcko2o Hay4Ho20 yeumpa
Cubupcroco omoenenus Poccutickotl akademuu HayK

PecrryOmuka Caxa (Skytus), Sxytck, Poccust

2Cubupckuii pedepanvholii Hayunvill yenmp azpoouomexnonouii Poccuiickou akademuu nayx
HoBocubupckas obnacts, p.i. KpacHooo6ck, Poccust

[IpencraBneHs! pe3yasTaTsl HCCIEAOBAHUH TI0 CrieIMpUIecKoi mpodrIakTHKe MHPEKITHOHHBIX
Oosiezneil nomazeit. PazpaboTanbl cmocoObl MOBBILICHUS UMMYHOTEHHOCTH SKOJIOTHYECKH 0e30-
MACHBIX BaKI[MH MPOTHB MbITa, KOTOPBIH BBI3BIBAETCSI MBITHBIM CTPENTOKOKKOM — Sreptococcus equi.
Pabota mpoBeneHa B 1a00paTOPHBIX YCIOBUAX W KOHEBOMUECKHX Xo03sicTBax PecmyOmmkm Caxa
(Axytust). TOKCMYHOCTH 1 IMMYHOTEHHOCTD BaKIIMHBI ONPEAEIISUIN OOILEIPUHATHIMUA METOAaMH Ha
MOJIOHSAKE Jomasneii. Ha ocHoBaHMY U3ydeHUST MMMYHOOHOJIOTHYECKON PEAKTUBHOCTH MOJIOTHSKA
nomanei 000CHOBAHO MCIIONB30BaHHE UMMYHOMOTYJISITOPOB TPH pa3paboTKe HHAKTHBUPOBAHHBIX
BaKIIMHHBIX IMPETaparoB. BakiMHbI ¢ UMMYHOMOAYISTOPAMH HCIIBITHIBAIA ¥ PETUCTPUPOBAIH CO-
[JIACHO YTBEpIKJICHHBIM METOAMKaM HCCIICIOBAHUS JICKAPCTBEHHBIX CPEJCTB JJIsi BETCPHUHAPHOTO
MpUMEHeHus. B KadecTBe WMMMYHOMOAYISATOpPA B COCTaBE BaKIMH HCIOIH30BAaHBI MONWPHOOHAT
(monuBenprM) U KyJlbTypajibHas )KUAKOCTb (dyrat) u3 mramma oaxkrepuit Bacillus subtilis THII-3.
JLJist TpUTrOTOBJICHUS BAKIIMHBI IPOTUB MBITA UCIIOJIB30BAIM IITAMMBI OakTepuit Streptococcus equi
H-34 u Streptococcus equi «H-5/1», koTopble TeTOHUPOBAHEI BO Becepoccuiickoi TocymapcTBEHHOM
KOJUICKIIMH IITaMMOB MHUKpOOpraHu3MoB Bcepoccuiickoro rocynapcrsenHoro Llentpa kadectsa u
CTaHJapTH3ALUH JIEKAPCTBEHHBIX CPE/ICTB AJISl JKUBOTHBIX M KOPMOB, UCTIOJIb3YEMBIX B BETCPUHAPHU
1 JKMBOTHOBOACTBE. [lociie mMMyHU3aIMi WHAKTHBUPOBAHHBIMY BaKIIMHAME C UMMYHOMO/YJISTO-
pamu 3¢ GeKTUBHOCTD BakLMH NoBbIaercst Ha 20% u nocturaet 90%. BakuHbI MOBBIIAIOT UMMY-
HOOHMOJIOTHYECKYI0 PEaKTUBHOCTh oprannsma. Hanbomnee apdexTnBHBIME OTMEeUYeHBI BakuHa « Ta-
OBIH» W BakIMHA U3 mTaMMma Streptococcus equi «H-5/1» ¢ dyrarom, mramma Oakrepuii Bacillus
subtilis THII-3. Baknuna ¢ monmupubonatom yteepxkaeHa B Poccun (2000 1.), BakumHa « TaObrH»
npumensiercss B Kazaxcrane (2018 r.). /JlanHble BaKIMHHBIE TpenapaThl, 00ECIeYUBAIOIINE BHICO-
KYIO TIPOTHBOATIH300THYECKYIO 3(h(hEeKTUBHOCTH, IKOIOTHUECKHA OE3BPEIHBI, TaK KaK HE COAEpIKaT
TOKCHUYHBIE BEIIECTBA K AaHTHOMOTHKH.

KaioueBble ciioBa: mramm 0akTepuil, BaKIIMHA, IMMYHOMOJYJISTOP, KIMMYHOOHOIOTHYECKast
PEaKTHBHOCTh, IMMYHOT€HHOCTh
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The results of the study on the specific prevention of infectious diseases in horses are presented.
Methods have been developed to increase the immunogenicity of environmentally friendly vaccines
against strangles, caused by the beta-hemolytic streptococcus — Sreptococcus equi. The work was carried
out in laboratory conditions and horse breeding farms of the Republic of Sakha (Yakutia). The toxicity
and immunogenicity of the vaccine was determined by conventional methods on young horses. Based
on the study of the immunobiological reactivity of young horses, the use of immunomodulators in the
development of inactivated vaccine preparations has been substantiated. Vaccines with immunomodulators
were tested and registered in accordance with approved research methods for medicinal products for
veterinary use. Polyribonate (polyvedrim) and culture liquid (fugate) from the bacterial strain Bacillus
subtilis TNP-3 were used in the composition of vaccines as an immunomodulator. To prepare a vaccine
against strangles, strains of bacteria Streptococcus equi H-34 and Streptococcus equi "H-5/1" were used,
which were deposited in the Russian State Collection of Microorganism Strains of the Russian State
Center for Animal Feed and Drug Standardization and Quality. After immunization with inactivated
vaccines containing immunomodulators, the effectiveness of vaccines increases by 20% and reaches 90%.
Vaccines increase the body's immunobiological reactivity. The most effective were the “Tabyn” vaccine
and the vaccine from the Streptococcus equi strain H-5/1 with fugate, the Bacillus subtilis strain TNP-3.
The polyribonate vaccine was approved in Russia (2000), the “Tabyn” vaccine is used in Kazakhstan
(2018). These vaccine preparations, which ensure high antiepizootic efficacy, are environmentally
friendly, since they do not contain toxic substances and antibiotics.

Keywords: bacterial strain, vaccine, immunomodulator, immunobiological reactivity, immunogenicity
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INTRODUCTION

The growth in the livestock and productivity
of herd horse breeding is constrained by a num-
ber of factors, among which infectious diseases
occupy a significant place. The most common,
especially among young horses, is strangles
which is caused by the mythosis streptococcus
- Sreptococcus equi [1, 2]. It is believed that the

pathogen of strangles has not changed for 700
years, although there are zonal features of its
strains [3].

Horse strangles is most common in Novo-
sibirsk, Irkutsk regions, Krasnoyarsk and Altai
territories [4], the republics of Tyva!, Khakassia
and Sakha (Yakutia) [5] of the Russian Federa-
tion, as well as in Kazakhstan?>, Mongolia [6],
Kyrgyzstan [7]. Cases of the disease were noted

'Chysyma R.B. Epizootic features and age-related immunoreactivity of foals with horse strangles: dis. abs. in Vet. sciences/

M., 1989.°15 p.

2Sansyzbaev A.R. Horse strangles in Kazakhstan (distribution, properties of the pathogen, development of specific prophylaxis
and treatment means): dis. abs. Dr.habil. in Vet. sciences. M., 1993. 41 p.

*Khartford O.M., Foster T.D., Jakobs A.K. Strain and culture of strain Streptococcus equi TW 928 for horse vaccination. A.c.

2194752 (RU) IPC 7 A 61 K 39/09. Proprietor: Dze Provost FellousEhNDSkolars of DzeKolledzh of DzeKhOLIAndivajded
TRINITI OF KvinEhLIZABET NEAR Dublin (IE). Ne 2194752 C2. Appl. 24.01.97. Published 30.12.02. https://findpatent.ru/
patent/219/2194752 html.

JKMBOTHOBOJICTBO M BETEPUHAPHS CuOUpCKUii BECTHHUK CEITbCKOX035iICTBEHHOM Hayku ® 2021 ¢ 51 ¢ 1 75



Ways to increase the immunogenicity of inactivated vaccines against
strangles

Neustroev M.P., Donchenko A.S.

in the Netherlands?, the Arab Republic of Egypt
[8], Korea [9], Brazil [10].

In the Republic of Sakha (Yakutia), the in-
cidence of strangles in young horses is 57.8—
62.7% of the total population; mortality, de-
pending on the development of the epizootic
process, is 4.0-22.0% [5]. In Mongolia and
the Republic of Sakha (Yakutia), the spread of
infection and an increase in the incidence of
strangles are associated with a decrease in the
immunobiological reactivity of animals in ex-
treme climatic conditions, with the historically
established features of the traditional industry
and the lack of planned preventive measures
[5, 6].

Strangles currently remains a serious prob-
lem due to the lack of specific means of pre-
venting this disease. In the modern world, dif-
ferent types of vaccines are tested, manufac-
tured and used: inactivated, attenuated, live. In
the Netherlands, a live vaccine against horse
strangles has been developed from the Strep-
tococcus equi strain TW 928 (see footnote 3),
but it is not registered in Russia. In the USA,
a live vaccine from an attenuated strain, which
induces the production of antibodies in blood
serum after 7-10 days, and a modified intra-
nasal vaccine Pinnacle IN, two-time use, have
been developed and are being used. These vac-
cines are not used in Russia; they require two
and three doses at intervals of several weeks,
which is inconvenient for the use [11].

In Kazakhstan, an inactivated subunit vac-
cine from the Sreptococcus equi YUS-15 strain,
the KazNIVI vaccine* and the Akyntai vaccine’
have been developed. However, these vaccines
contain antibiotics and cannot be used for or-
ganic production.

Currently, an effective method of fighting
strangles is generally recognized - specific
prophylaxis with vaccines, but in veterinary
practice there are no ecologically harmless an-
ti-epizootic vaccines. The problem of preven-
tion of strangles acquires special significance in
the period of market relations, when the value

of breeding animals increases, sales of horse
breeding products and the production of organ-
ic products are expanding.

The purpose of the study is to develop ways
to increase the immunogenicity of ecologically
safe vaccines against horse washing by using
immunomodulators.

MATERIAL AND METHODS

The work was carried out in the laboratory
of veterinary biotechnology of the Yakut Scien-
tific Research Institute of Agriculture (YSRIA),
SPC Khotu-Bakt LLC and in horse breeding
farms in the Republic of Sakha (Yakutia).

To prepare a vaccine against strangles we
used strains of bacteria Streptococcus equi
H-34 and Streptococcus equi "H-5/1" which
were deposited in the All-Russian State Collec-
tion of Microorganism Strains of the Russian
State Center for Animal Feed and Drug Stan-
dardization and Quality (FSFI "VGNKI") used
in veterinary and animal husbandry.

To accumulate the bacterial mass for the
manufacture of the vaccine, we used meat-pep-
tone broth (MPB) with 1% glucose and with the
addition of horse blood serum. The prepared
bacterial base was inactivated with 0.04% for-
malin solution. Aluminum hydroxide was used
as an adjuvant.

The vaccine from the Streptococcus equi
H-34 strain as an immunomodulator was sup-
plemented with polyribonate (polyvedrim),
developed by the Scientific Research, Design
and Technology Institute of Biologically Ac-
tive Substances SPA Vector and the Institute of
Experimental Veterinary Medicine of Siberia
and the Far East. Polyribonate was added to the
vaccine at the rate of 0.5 mg / kg of live weight.
An immunomodulator was added to the vaccine
from the Streptococcus equi strain "H-5/1" - a
culture liquid (fugate) from the bacterial strain
Bacillus subtilis TNP-3 (registration number
RCAMO04759, certificate of deposit dated De-
cember 27, 2017). The strain was cultivated
for 5 days in meat-peptone broth at 37 © C. The

“Patent No. 36813 Republic of Kazakhstan. Vaccine against horse strangles/ A.B. Bizhanov, A.R. Sansyzbaev. 1999. Bul. No. 10.
*Patent No. 31032 Republic of Kazakhstan. Vaccine against horse strangles "Akyntai" / B.Sh. Karataev, N.A. Myrzakhmetuly,

A.B. Bizhanov. 2016. Bul. No. 4.
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bacterial mass containing 1 billion microbial
cells was centrifuged at 7000 rpm for 15 min to
separate the culture liquid (CL). It was filtered
through membrane filters into sterile vials heat-
ed in a water bath at 95 ° C for 15 min. Fugate
was added to the finished vaccine in a 2: 1 ratio.

The toxicity and immunogenicity of the vac-
cine were determined by conventional methods
on young horses. The vaccine with the immu-
nomodulator polyribonate was tested and re-
corded according to the approved rule’. The
study of the vaccine with the fugate of the bac-
terial strain Bacillus subtilis TNP-3 was carried
out according to the method’.

The tests of the vaccine from the Strepto-
coccus equi H-34 strain with the fugate of the
Bacillus subtilis TNP-3 bacterial strain and the
execution of scientific and technical documen-
tation were carried out in accordance with the
rules®.

To assess the immunogenic properties of the
horse strangles vaccine, the lethal dose of the
industrial strains (LD, ) was preliminarily de-
termined. The effectiveness of immunization
was determined by the number of mice resis-
tant in morbidity and mortality to infection in
comparison with animals of the control group.
Production trials of vaccines were carried out in
the strangles dysfunctional farms of the Repub-
lic of Sakha (Yakutia).

RESULTS AND DISCUSSION

The immunobiological reactivity of the body
of young horses has age and seasonal charac-
teristics and is interrelated with the dynamics
of the content of protein, mineral and vitamin
components in the blood. The most critical pe-
riods in the development of foals in immuno-
logical and physiological terms, caused by the
action of stress factors (weaning, abrupt type
change and inadequate feeding, severe cold and

infestation with helminths), are 2 months of
age, as well as winter, especially the first two
months after weaning. In this regard, the use of
immunomodulators in the development of vac-
cine preparations is justified.

The inactivated vaccine made from the
Sreptococcus equi H-34 strain with the immu-
nomodulator polyribonate is harmless and non-
reactive. When the drug is administered twice
with an interval of 14 days, high-intensity im-
munity is induced in at least 90-100% of immu-
nized laboratory mice and horses. Immunization
causes an increase in the phagocytic ability of
leukocytes, lysozyme and bactericidal activity
of serum, induces the synthesis of precipitating
antibodies and an increase in the concentration
of immunoglobulins Ig G and Ig M. This in-
dicates the stimulation of cellular and humoral
factors of immunity providing its intensity.

In the study of target animals, it was proved
that the addition of polyribonate to the vaccine
against strangles increases its immunogenic-
ity by 20%. Production tests for 1265 heads of
young horses have shown that the vaccine with
polyribonate protects up to 97.2% of immu-
nized foals from strangles disease.

Based on the analysis of literature data and
research results, polyribonate was chosen as an
immunomodulator among possible immuno-
stimulating agents. It has immunoregulatory,
anti-stress properties that enhance the body's
nonspecific resistance. The works of A.S.
Donchenko et al. [12] established the ability
of polyribonate to increase the immunogenic
properties of the BCG’ vaccine. The vaccine
with polyribonate was approved in 2000 by
the Veterinary Department of the Ministry of
Agriculture of the Russian Federation and was
widely used in the constituent entities of Russia.
However, due to the high cost of polyribonate,
the termination of its production and the expira-

“Regulation on the procedure for examination, testing and registration of veterinary drugs in the Russian Federation, approved
on October 3, 1995 by the Veterinary Department of the Ministry of Agriculture and Food of the Russian Federation.

"The order of the Ministry of Agriculture of the Russian Federation No. 101 of March 6, 2018 "On Approval of the Rules for
Conducting a Preclinical Study of a Medicinal Product for Veterinary Use, a Clinical Study of a Medicinal Product for Veterinary
Use, and a Study of the Bioequivalence of a Medicinal Product for Veterinary Use."

8Rules for conducting state registration (re-registration) and maintaining the State register of veterinary drugs in the Republic
of Kazakhstan, approved by the order of the Minister of Agriculture of the Republic of Kazakhstan dated October 31, 2002,

No. 349.
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tion of the registration period, this vaccine has
been discontinued.

The new inactivated vaccine against horse
strangles from the Streptococcus equi strain
"H-5/1" contains a culture liquid (fugate) from
the Bacillus subtilis TNP-3 bacterial strain as
an immunomodulator.

The safety of the vaccine has been estab-
lished in laboratory animals. The immunoge-
nicity of the vaccine against strangles in labora-
tory white mice was 90%. Clinical trials car-
ried out on 117 heads of young horses, showed
a high efficiency of vaccine prevention (up to
100%). Currently, scientific and technical doc-
umentation has been prepared for approval by
the Rosselkhoznadzor.

A vaccine "Tabyn" has been developed from
the bacterial strain Sreptococcus equi H-34 with
the culture liquid of the bacterial strain Bacil-
lus subtilis TNP-3 for the use in the Republic
of Kazakhstan. The immunizing ability of the
Tabyn vaccine was compared with the previ-
ously developed vaccine against strangles with
the polyribonate immunomodulator. 20 white
mice were taken for each vaccine. Then the ani-
mals were inoculated with a daily culture of the
pathogenic strain of strangles streptococcus at
a dose of 5LD,. During 10 days of observa-
tion, animals from the first group of mice fell ill
and 2 animals died, from the second group — 2
animals and in the control group - 17 animals.
Immunization with the Tabyn vaccine protects
up to 90% of white mice from experimental
infection with a pathogenic strain of strangles
streptococcus. The experience of challenging
vaccinated foals with a pathogenic strain con-
firmed the high immunogenicity of the inacti-
vated vaccine.

After immunization with the Tabyn vaccine
on the 24th day, an increase in the parameters
of the immunobiological reactivity of the or-
ganism (bactericidal and lysozyme activity of
blood serum) was noted in the blood serum.
By the end of the observation, an increase in
the number of leukocytes with a noticeable in-

crease in their phagocytic activity was recorded
in foals immunized with the Tabyn vaccine.

On day 30, the blood of foals immunized
with the Tabyn vaccine showed the highest ti-
ter of precipitating antibodies (1: 35), which is
higher than that of young animals vaccinated
with the polyribonate vaccine (1: 20).

The possibility of using the culture liquid of
the bacterial strain Bacillus subtilis TNP-3 as
a component of the inactivated vaccine against
strangles was established. The antiepizootic ef-
ficacy of the Tabyn vaccine (vaccine from the
Streptococcus equi H-34 strain + culture lig-
uid of the Bacillus subtilis bacterial strain) is
not inferior to the strangles vaccine inactivated
with the immunomodulator polyribonate. The
economic efficiency of the Tabyn vaccine is
2-3 times higher than its analogue.

This method of specific prophylaxis of stran-
gles with the "Tabyn" vaccine of horses is eco-
logically, economically and epizootologically
justified. Based on the research results, scien-
tific and technical documentation was devel-
oped, which was approved by the Committee
for Veterinary Control and Supervision of the
Republic of Kazakhstan. The registration cer-
tificate was received (RK-VP-1-3750-18 dated
November 27, 2018).

The high efficiency of inactivated vaccines
with fugate of the Bacillus subtilis TNP-3 bac-
terial strain can be explained by the antigenic
activity of the vaccine strains and the immu-
nomodulatory component - the culture liquid
(fugate) of the Bacillus subtilis TNP-3 bacte-
rial strain. According to the research results,
the bacterial strain Bacillus subtilis TNP-3 can
induce the synthesis of interferon and stimu-
late the immunobiological reactivity of the
organism, enhance the immunogenicity of in-
activated bacterial and viral vaccines [13, 14].
The developed vaccine is not inferior in im-
munogenicity and even surpasses (up to 90%)
the preparations developed in the Netherlands
(see footnote 3), the USA [11], Kazakhstan (see
footnotes 4, 5), and surpasses in terms of envi-

’Donchenko A.S., Alikin Yu.S., Donchenko V.N. Application of biologically active substances as immunomodulators in
veterinary medicine and medicine. Literature review / AUAAS. Sib. Br. IEVMSIFE. Novosibirsk, 1989.
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ronmental friendliness and harmlessness, since
does not contain antibiotics.

The absence of toxicity of the vaccine with
the culture liquid from the Bacillus subtilis
TNP-3 bacterial strain is consistent with the
previously obtained results, which showed the
harmlessness of the Sakhabactisubtil prepara-
tion, consisting of the Bacillus subtilis TNP-3
and Bacillus subtilis TNP-5 bacterial strains
in linear rats and mice in the development of a
drug probiotic [15, 16].

CONCLUSION

Methods have been developed to increase
the immunogenicity of ecologically safe vac-
cines against horse strangles. New inactivated
vaccines with immunomodulators polyribonate
and fugate of the bacterial strain Bacillus subti-
lis TNP-3 are presented. High immunogenicity
of inactivated vaccines (up to 90%) has been
established. The most effective are the vaccine
"Tabyn" and the drug from the Streptococcus
equi strain "H-5/1" with the fugate of the bacte-
rial strain Bacillus subtilis TNP-3, which can be
successfully used in Russia and in the countries
of Eurasia.
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OILIEHKA TEHEAJIOT'MYECKHUX JIMHUM KPYITHOI'O POTATOTO CKOTA
KA3AXCKOM BEJIOTI'OJIOBOM MOPO/IbI

'Conomenko B.A., *[Lnemaxos B.A., 'Unep6aes B.0., 'Iypos A.C., 'Xpamuosa U.A.
'Cubupckuil pedepanvhulil Hayunvill yenmp azpobuomexnonoauti Poccuiickotl akademuu Hayk
HoBocubupckas o6nacts, p.i. Kpacnooo6ck, Poccust

?Accoyuayus niemenHo2o MACHO20 CKOmMogoocmea Anmas

Anraiickuil kpaii, bapnayn, Poccus

[IpoBenena omeHKa X03sHCTBEHHO TTOJIE3HBIX MTPU3HAKOB U 9KCTEPhepa OCHOBHBIX T€HeaJIornye-
CKUX JIMHHHA KOPOB Ka3aXCKOW OEIOroII0BOM MOPOJBI B JIBYX IUIEMEHHBIX XO3SHCTBaX AJNTACKOTO
Kpas. [l aHanM3a MCIOIb30BAaHbI TOKA3aTeIH XO3SMCTBEHHO MOJIE3HBIX NIPU3HAKOB U dKCTEphepa
MIEPBOTENIOK M ITOJTHOBO3PACTHBIX KOPOB Ka3aXCKOM OEJIOTONI0BOM MOPO/BL: )KHUBask Macca, pOMEpBI,
o0ImMii 0auT 32 AKCTEPhEP, MOJIOUHOCTh., YCTAHOBJICHO, UTO MEPBOTEIKK JuHUKM 3amka 3035 mpe-
BOCXOJISIT CBEPCTHHII 110 00XBaTy rpya, 3agopHoro 1325 u Koposst 13682 — o kocoit juimHe TyIo-
uiia. JKuBotHsie muHuu [Tnona 29 no xuBoi Macce yCTynaroT cBepcTHUIIaM. JIyuniue nokaszarenu
I10 )KMBOU Macce OTMEUEHBI y MTOJIHOBO3PACTHBIX KOPOB JIMHUU 3aA0pHOTr0 1325, 110 MOJIOUHOCTH — Y
muau Koponst 13682. B nenom 10CTOBEpHBIX MEXIMHEWHBIX OTIMYUI 1O OONBLIMHCTBY MpPU3HA-
KOB Y JKUBOTHBIX OLIEHUBAEMBbIX JINHUI HE OTMEUEHO. AHAJIN3 TIOJTHOBO3PACTHBIX KOPOB, TPUHAJIJIE-
skanux K muausaM 3amka 3035, Kopoms 13682, 3amoproro 1325, cBUIETENBCTBYET O IPEBOCXOACTBE
CBEpPCTHUIL 1O kHBOH Macce, muaun Koposst 13682 — o mosnounoctu. M3ydenue ko3pdunreHTon
HACJIEyeMOCTH TI0Ka3aJl0 HU3KUH YPOBEHb BIUSHUS T€HOTHIIA HA W3MEHYNBOCTH OCHOBHBIX TPH-
3HAKOB. JaHHBIN (haKT MOXKET CBUIETEIHCTBOBATH O BHICOKOHM CTEMEHN KOHCOIHIAIMH Ka3aXCKOH
0esorooBoii mopoabl. B mnemenHoi paboTe ¢ JaHHOH MOPOA0 HEOOXOAUMO LHIMPE UCIOIb30BaTh
[IPOU3BOIUTEIICH, IPUHAJIeKAIUX JTUHUSIM 3anopHoro 1325, 3amka 3035. Ocoboe BHUMaHKE He-
00XOIMMO YACIHUTh POTALMU T'€HEallOTHUECKUX Ipymil. PekoMeHayercst AJisi MOBBIIICHHUST TCHETH-
YeCKOW M3MEHYMBOCTH MPHU3HAKOB B CTaJaX MCIONb30BaTh HOBBIX HEPOJICTBEHHBIX KHUBOTHBIX H3
JIPYTUX PETHOHOB. J1JIs 3TOTO ClieyeT MPOBOANTE OTOOP COTTIACHO TPEOOBAHMSIM IO OOHUTHPOBKE U
rapamerpam oToopa, paCCUUTAHHBIM ISl KOHKPETHOTO XO3SHCTBA.

Ku1roueBble cj10Ba: KpYIHBIN porathlii CKOT, Ka3axckasi 0eJIoronoBast opoaa, reHeaaornyecKast
CTPYKTYpa, TUHUS, THII, )KHBasi Macca, MOJIOYHOCTh

ESTIMATION OF GENEALOGICAL LINES OF CATTLE OF THE KAZAKH
WHITE-HEADED BREED

!Soloshenko V.A., 2Pleshakov V.A., 'Inerbaev B.O., 'Durov A.S., 'Khramtsova L A.
!Siberian Federal Scientific Centre of AgroBioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

2 Association of pedigree beef cattle breeding of Altai

Barnaul, Altai Krai, Russia

An assessment of economically useful traits and external conformation of the Kazakh white-
headed cows of the main genealogical lines, bred in the farms of the Altai Territory, was carried
out. For the analysis, indicators of economically useful traits and conformation of first-calf heifers
and full-aged cows of the Kazakh white-headed breed were used: live weight, measurements, total
score for conformation, milk production. It was established that first-calf heifers of Zamok 3035
line surpass their herdmates in chest girth, and heifers of Zadorny 1325 and Korol 13682 lines are
superior in oblique body length. Cows of Peon 29 line are inferior to their peers in live weight. The
best indicators in live weight were noted in full-aged cows of Zadorny 1325 line, in milk yield — in
Korol 13682 line. In general, there were no significant differences in most animal traits between
the lines assessed. Analysis of full-aged cows belonging to the lines of Zamok 3035, Korol 13682,
Zadorny 1325 showed that they surpass their herdmates in live weight, the lines of Korol 13682 —
in milk yield. The study of the coefficients of heritability showed a low level of influence of the
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OleHKa reHeaJI0rHueCKUX JIMHUNA KPYITHOTO pOraToro ckoTa
Ka3axCKoW OesoroaoBoii moposst

Comnomrenxo B.A., ITinemaxos B.A., Unep6aes b.0O.,
Hypos A.C., Xpammosa 1.A.

genotype on the variability of the main traits. This fact may indicate a high degree of consolidation
of the Kazakh white-headed breed. In the breeding work with this breed, it is necessary to make
wider use of sires belonging to the lines of Zadorny 1325, Zamok 3035. Particular attention should
be paid to the rotation of genealogical groups. It is recommended to use new unrelated animals from
other regions to increase the genetic variability of traits in herds. In order to do this, selection should
be carried out in accordance with the grading requirements and selection parameters calculated for

a particular farm.

Keywords: cattle, Kazakh white-headed breed, genealogical structure, line, type, live weight,

milk yield
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INTRODUCTION

In the practice of breeding cattle of the
Kazakh white-headed breed, a balance has
been formed between the use of bulls of ex-
isting lines and producers belonging to the
lines, the formation of which has reached the
final stage [1].

A significant role in this breed is played by
animals belonging to the Shaman 1161, Peon
61184, Graf 8489, Marshal and Akbas-Bai
lines, which are currently actively used to cre-
ate highly productive herds of animals [2].

The structure of the Zorky 3433 line is rep-
resented by highly productive offspring that
have undergone targeted selection in a number
of generations and are distinguished by breed-
ing and productive qualities characteristic of
the line. This ancestor is a descendant of the
bull-producer Zadorny 1325 of the intra-breed
hornless type "Zavolzhsky" created in the Vol-
gograd region [3].

Crossing of lines gives a variety of animals
in terms of productivity in each combination of
parental pairs. At the same time, the influence
of linear bulls on the indicators of productive
and breeding qualities of animals is not the
same [4].

Rational use of genotypic factors, as well as
their interaction, provide a real opportunity to
improve the productive qualities of animals us-

ing a heterogeneous selection. Only in the con-
ditions of the Saratov region is it possible to use
the potential of nine animal lines for different
variants of selection [5, 6].

Working with lines in intensive technol-
ogy conditions is of particular importance. So,
in the conditions of the Tambov region, bull
calves belonging to the Landysh 9878 line have
the largest live weight, whereas in the leading
farms of the Republic of Kazakhstan the lines
of Veteran 7880, Korol 13682 are the largest
[7-10].

The use of target zootechnical and genetic
parameters of the breeding value in the process
of selection and breeding work with the Kazakh
white-headed cattle breed contributes to the
creation and improvement of highly productive
lines in animal populations [11-13].

Breeders of the Kazakh white-headed breed
of most of the lines have good reproductive
qualities. Rational use of the best linear ani-
mals in herd reproduction will make it possible
to predict the future reproductive capacity of
cows at an earlier age [14, 15].

A two-stage assessment of bulls makes it
possible to conduct breeding work aimed at
creating large, intensively developing animals
with good meat qualities. It is necessary to have
a system of control and testing stations where
work with animals is carried out for an objec-
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Estimation of genealogical lines of cattle of the Kazakh white-headed
breed

Soloshenko V.A., Pleshakov V.A., 1Inerbaev B.O.,
Durov A.S., Khramtsova [.A.

tive assessment of breeding bulls and working
with lines [16-20]. The aim of the study is to
assess the productive qualities and conforma-
tion of cows of the Kazakh white-headed breed
of various genealogical lines in the conditions
of the Altai Territory.

MATERIAL AND METHODS

The research was carried out in the breed-
ing farms of the LLC "Farm" and LLC "Kolos"
of the Altai Territory, engaged in breeding and
selection of cattle of the Kazakh white-headed
breed.

Indicators of economically useful traits and
conformation of first-calf heifers and full-aged
cows of the Kazakh white-headed breed were
used for the analysis: live weight, measure-
ments, total score for conformation, milk pro-
duction.

The assessment of genealogical lines of full-
aged cows of the Kazakh white-headed breed
was carried out. Comparison of lines was car-

ried out in relation to the average by the herd
and the breed standard. Interline differences
were identified in the on-farm aspect.

The reliability of the difference was deter-
mined between the animals of the evaluated
line and the rest of the population. The research
results were processed by the method of varia-
tion statistics according to the generally accept-
ed methods',>.

RESULTS AND DISCUSSION

The assessment of the population of first-
calf heifers of the Kazakh white-headed breed
in the LLC "Farm" shows that they are relative-
ly homogeneous in terms of measurements (see
Table 1). Noteworthy is the superiority over the
peers of the first-calf heifers of the Zamok 3035
line in terms of chest girth, which is advisable
to use when ordering mating. The females of
Zadorny 1325 and Korol 13682 lines are dis-
tinguished by the oblique length of the body.
The milk production of animals of all lines ex-

Tab6a. 1. XapakrepucTuka JHHUHA MEPBOTEIIOK Ka3axckoi 0eoronoBoit mopoast OO0 «Dapmy»
Table 1. Characteristics of the lines of first-calf heifers of the Kazakh white-headed breed in LLC

"Farmll
Line B |
. sample
Trait Korol 13682 | Zadorny 1325 | Zamok 3035 Peon 29 (>;,1 = 6%
(n=34) (n=16) (n=10) n=17
Live weight, kg 455,0£9,01 | 4509+ 13,04 |447,7+16,23 |418,1 £11,73* | 449,1 6,30
Height at the withers, cm 122,9+£0,65 | 122,9+1,29 | 122,6 1,76 | 119,99+ 1,33 | 122,5+0,55
Height at hips, cm 1262 +£0,66 | 126,3+1,20 | 127.4+1,37 | 123,6 £1,41 | 126,1£0,52
Chest width behind shoulder
44,2+ 0,51 44,3 £ 0,65 46,6 £ 1,04 | 44,4+0,75 44,6 + 0,36
blades, cm
Width in hips, cm 51,7+ 0,41 51,1+£0,62 | 49,8+0,44 50,3+ 0,56 51,1+0,28
Width of loin, cm 29,3+0,52 | 28,3+0,86 | 29,7+0,58 274+0,80 | 28,9+0,37
Oblique body length, cm 152,7+ 1,16 | 153,9+1,95 | 149,5+£2,38 | 150,1 £2,76 | 152,3+0,90
Oblique rear length, cm 51,3+0,38 51,6 £0,96 51,4+0,29 51,7+1,83 51,4+0,36
Chest girth behind shoulder
1822 +4,67 | 180,6 £6,23 |191,5+2,84* | 1624 +13,46 | 181,2+3,28
blades, cm
Milk yield, kg 216,9£4,00 | 221,0+5,87 | 225,9+8,70 | 216,7+8,71 | 219,0+2,77

'Plokhinsky N.A. A guide to biometrics for zootechnicians. Moscow: Kolos, 1969.255 p.
2Stalh W., Rasch D., Siler R., Vahal J. Populationsgenetik fiir tierziichter. Berlin — Praga, 1969. 439 s
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ceeds the requirements of the breed standard.
The live weight of first-calf heifers on average
in the sample belongs to the elite-record class,
while animals belonging to the Peon 29 line are
inferior to their peers in this trait (p > 0.95).

The best indicators in terms of live weight
were noted in full-aged cows of the Zadorny
1325 line, in terms of milk production - in the
Korol 13682 line. Individuals belonging to the
Peon 29 line are significantly inferior to their
peers in milk production. In general, there were
no significant interline differences in most traits
in animals of the evaluated lines of the LLC
Pharm (see Table 2).

Analysis of productive traits in the popula-
tion of cows 5 years old and older of the Ka-
zakh white-headed breed in the LLC "Kolos"
showed that the animals meet the requirements
of the elite class in terms of live weight, and the
breed standard in terms of milk production (see
Table 3).

Animals belonging to the lines of Zamok
3035, Korol 13682, Zadorny 1325 correspond
to the elite-record class in terms of live weight.
No significant differences have been estab-
lished in terms of milk production and height in
the sacrum, while the tallest and most milk pro-
duction are the animal lines of the Korol 13682.

Tab6a. 2. XapakTepuCTUKU JTUHUH TOTHOBO3PACTHBIX KOPOB Ka3aXxCKOU 0esrorooBoit mopoasr B OO0

«Dapmy»
Table 2. Characteristics of the lines of full-aged cows of the Kazakh white-headed breed in LLC
"Farmll
Line
. By sample
Trait Korol 13682 Zadorny 1325 Peon 29 (n=77)
(n=42) (n=32) (n=3) "

Live weight, kg 540,4 + 8,23 545,9£9,18 506,7 £ 23,21 541,4 £ 6,02
Height at the withers, cm 122,9 + 0,47 123,4 + 0,64 123,7+ 1,52 123,2+0,38
Height at hips, cm 127,1 £0,55 126,9 + 0,65 127,0 + 1,41 127,0 £ 0,41
Depth of chest, cm 85,6 £ 0,58 86,1 + 0,67 82,3+2,13 85,7+ 0,44
Width of chest, cm 46,3 + 0,45 45,9 0,60 44,7+ 0,98 46,1 £0,35
Oblique body length, cm 159,4 + 1,57 155,6 + 4,19 155,0 £2,94 157,7 1,96
Oblique rear length, cm 52,0 +£0,36 53,4+ 0,44 52,3+ 1,44 52,6 £0,29
Chest girth, cm 199,4 £ 2,80 200,4 £ 3,14 196,0 + 3,09 199,7 £ 2,02
Pastern girth, cm 21,1 +0,16 21,1+0,15 20,3+ 0,27 21,1 +£0,11
Milk yield, kg 243,6 + 3,82 235,0+5,79 207,3 £ 15,04* 238,6 + 3,23

Tada. 3. XapakTepuCTHKH JTUHHUH TOTHOBO3PACTHBIX KOPOB Ka3axcKoil OeroronoBoit mopoast B OO0

Table 3. Characteristics of the lines of full-aged cows of the Kazakh white-headed breed in LLC

«Konoce»
"Kolos"

Line Live weight, kg
Other lines (n = 93) 559,1 +5,88
Peon 29 (n = 68) 555,0 + 8,77
Zamok 3035 (n =22) 579,3 + 11,15
Korol 13682 (n =43) 560,3 + 8,59
Zadorny 1325 (n=21) 575,2+9.29
By sample (n = 339) 564,9 + 3,24

Trait
Height at hips, cm Milk yield, kg
129,36 + 0,51 214,8 £2,55
129,9 +0,70 218,5+3,70
129,6 £ 1,09 216,5 £4,29
131,1 £0,64 219,1 £3,68
129,9 + 0,50 214,4 £4,75
130,1 £0,26 216,4 + 1,40
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Assessment of the coefficients of heritability
showed a low level of influence of the genotype
on the manifestation and variability of the main
characters. This fact may indicate a high degree
of consolidation according to the characteris-
tics of the estimated populations (see Table 4).

In LLC "Pharm" it is necessary to carry out
custom pairing of parental forms in order to
achieve the goal of improving the following in-
dicators: live weight, chest depth, oblique body
length. Better performances can be achieved by
using the best lines of sire bulls.

In LLC "Kolos" it is necessary to conduct
animal breeding for the maximum increase in
milk production of cows.

In the estimated population of the Kazakh
white-headed breed, a low coefficient of herita-
bility of traits was noted. The less genetic vari-
ability of traits in a particular herd, the lower the
selection effect in the first generation. It is rec-
ommended to use new unrelated animals from
other regions to increase the genetic variability
of traits in herds. For this, selection should be
carried out in accordance with the grading re-
quirements and selection parameters calculated
for a particular farm.

CONCLUSION

Kazakh white-headed cattle, in contrast to
aboriginal analogues, like any cultural breed,
needs constant maintenance and improvement

Tab6a. 4. KoaddunnueHt HacneIryeMOCTH TTpHU3HA-
KOB Yy KOpPOB 5 JIET U cTapiiie

Table 4. The coefficient of trait heritability in
cows of 5 years old and older

Farm
et LLC «Farm» <(I£({J1§S»
Live weight 0,05 0,03
Height at the withers 0,17 -
Height at hips 0,20 0,01
Depth of chest 0,06 -
Width in hips 0,23 -
Oblique body length 0,11 -
Chest girth 0,19 -
Pastern girth 0,02 -
Milk yield 0,34 0,07

of breeding and productive qualities. To im-
prove the productive qualities of animals, it is
necessary to make wider use of producers be-
longing to the lines of Zadorny 1325, Zamok
3035. For the rest of the genealogical structures,
it is necessary to identify effective successors.
When drawing up breeding programs and im-
proving herds, special attention should be paid
to the rotation of genealogical groups. In this
case, the quick receipt of improved breeding
qualities of animals is guaranteed.
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OCOBEHHOCTU AKKYMVYJISAIIUU MEJU B IIIETUHE CBUHE
PA3JIMYHBIX IIOPO/

3aiiko O.A., Hazapenko A.B., KopoJsieBa U.A., Pomanenko M.A., Marep C.H.

Hosocubupckutl cocyoapcmeennblii azpaphwviil YHUGepcumem
HoBocubupck, Poccus

[IpuBeneHs! pe3yabTaThl ONEHKH COIEP)KaHUS MEAH B IETHHE CBHUHEW JIAHAPACCKOH, KEMEPOB-
CKOH M ckopoctmesioi MacHoM nopoy. MccnenoBanust BHITOITHEHBI HA KITMHUYECKU 3/T0POBBIX 11€CTH-
MECSYHBIX JKUBOTHBIX B X03stiicTBax HoBocuOupckoit, KemepoBckoit obnmactei u AnTaiickoro kpas.
VYenoBus copep)kaHus KMBOTHBIX CTAHAAPTHBIE C THUIIOBBIM KOPMJIEHHEM. ODJIEMEHTHBIM aHalIHu3
po0 METHHBI CBUHEH BBIMOJIHEH METOAOM aTOMHO-SMHCCHOHHON CHEKTPOMETPUH C HHAYKTHBHO-
cBsi3aHHOM Mia3Moii. O0paboTKy AaHHBIX npoBoxwin ¢ npumeHenueM Microsoft Office Excel u
Statistica 8 (StatSoft Inc., USA), B ToMm guciie HCTIONB3Yys HEMapaMeTPUISCKIE METOIBI. YCTaHOBIICH
yOBIBAIOIINI paHKUPOBAHHBIN PsiZ [0 YPOBHIO MEIH B BOJIOCE CBUHEH VI MOPOJ: JIAHApacCcKas —
KEMEpOBCKasg — cKopocmenas MsicHas. B Buzie oTHoleHus oH npeacrtasieH kKak 5,1 : 4,5 : 1. [lo-
Ka3aTelnu MeIU B ILETHHE CBUHEH JaHIpacCcKoM, KEMEPOBCKOM M CKOPOCIIENION MSICHOH MOpoJ co-
craBwi 44,0; 39,0 u 8,7 MI/KT COOTBETCTBEHHO. AKKYMYJISIIIUSI ME/IM B IIIETUHE CBUHEH JIaHpac-
CKOW M KEMEPOBCKOH Nopoj 3aduKcupoBana B 5,6 u 4,5 pasza OoJibliie, YeM B CKOPOCIIEIION MICHOM
(»<0,001). OnHOPOTHOCTHIO MTOKA3aTeNeH OTMEUEHBI CKOPOCTIeNas MACHAs U KEMEPOBCKas HOPOJIbI,
y HHMX 3aperuCTpUPOBaH HAUMEHBIINN MEXKBAPTWIBHBINA pa3Max U OTHOLIEHHE KPaWHUX BapHUaHT.
HccnenoBanusimu ¢ ucnonbs3oBanueM Kpurepusi Kpackena-Yomnca ycTaHOBIEHO, YTO TOPOAA BIIU-
sIeT Ha aKKyMYJISILIMIO MEAM B IETUHE CBUHEH. Pa3nuums 3aperncTpupoBaHbl B mapax: CKOpoOCIe-
Jast MsICHast — KeMEpOBCKasi M CKopocIrenasi MsicHasi — Janapacckas nopoast (p < 0,001). Haubonee
CXOJIHBIE Pe3yJbTaThl U3yUEHHs )KUBOTHBIX HA OCHOBAHUH KJIACTEPHOTO aHAJIN3a BBISIBICHBI MEXKLY
KEMEepOBCKOM M JIaHApaccKoi mopoaamu. Ckopocrenas MACHas MOpoJia OTIINYAeTCs OTHOCUTEIBHOMN
YCTOWYMBOCTBIO K aKKyMYJISILIUU MeAM B meTHHe. [lomydeHHble JaHHBIE MOXKHO IPEABAPUTEIIEHO
IIPUHSATH B KaueCTBE (PU3NOJIOTMYECKOM HOPMbI KOHLIEHTPALUK MEH B IIETUHE CBUHEH Pa3IMYHbIX
opoz, palloHUpoBaHHBIX B 3anagHoi Culupu.

KuroueBble ci1oBa: Meb, IETHHA, CBUHBH, BIUSHUE TOPOJ

PECULIARITIES OF COPPER ACCUMULATION IN THE BRISTLES
OF PIGS OF DIFFERENT BREEDS

Zaiko O.A., Nazarenko A.V., Koroleva I.A., Romanenko M.A., Mager S.N.

Novosibirsk State Agrarian University
Novosibirsk, Russia

The results of assessing the copper content in the bristles of pigs of Landrace, Kemerovo and Early
maturing meat breeds are presented. The study was carried out on clinically healthy six-month-old
animals in the farms of Novosibirsk and Kemerovo regions and Altai Territory. The conditions for
keeping animals were standard with typical feeding. Elemental analysis of pig bristle samples was
carried out by inductively coupled plasma atomic emission spectrometry. The data was processed
using Microsoft Office Excel and Statistica 8 (StatSoft Inc., USA), including nonparametric methods.
A decreasing ranged series was established according to the level of copper in the hair of pigs for
Landrace — Kemerovo — Early maturing meat breeds. As a ratio, it is represented as 5.1 : 4.5 : 1.
Copper in the bristles of Landrace, Kemerovo and Early maturing meat breeds amounted to 44.0,
39.0 and 8.7 mg/kg, respectively. The accumulation of copper recorded in the bristles of Landrace
and Kemerovo pig breeds was 5.6 and 4.5 times higher than that of Early maturing meat breed (p <
0.001). The Early maturing meat and Kemerovo breeds were characterized with the homogeneity of
indicators; they had the smallest interquartile range and the ratio of the extreme variants. The study
using Kruskal-Wallis criterion established that the breed affects the accumulation of copper in the
bristles of pigs. Differences were registered in pairs: Early maturing meat — Kemerovo and Early
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maturing meat — Landrace breeds (p <0.001). The most similar results of studying animals based on
cluster analysis were found between Kemerovo and Landrace breeds. Early maturing meat breed is
relatively resistant to copper accumulation in the bristles. The data obtained can be tentatively taken
as a physiological norm for the accumulation of copper in the bristles of pigs of various breeds zoned

in Western Siberia.
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INTRODUCTION

The stability of the chemical composition
in the body is one of the most important living
conditions for humans and animals, changes
in which lead to a wide range of diseases [1].
In this regard, the amount of accumulation of
chemical elements in the tissues and organs, the
relationship between them and the biochemical
components of the body at different levels are
being studied. Topical issues are related to the
individual mineral status and health of animals,
the impact on a person who consumes food of
animal origin'= [2].

Copper is one of the important chemical
elements for realizing the genetic potential of
mammals, in particular pigs, by influencing
gene expression. It serves as a mineral compo-
nent and a cofactor for many enzymes in the
body [3]. Copper has prooxidant and antioxi-
dant effects necessary for the full provision of
biological processes and the development of
diseases [4]. For example, copper is a compo-
nent of superoxide dismutase and glutathione
peroxidase, a decrease in the activity of which
leads to impaired antioxidant protection. But
excessive intake of supplements containing
copper can induce systemic lipid peroxida-

tion and oxidative stress [5]. Pigs, according
to studies, rarely need additional introduction
of copper, provided a balanced diet, which is
based on grain feed [6].

Evaluation of the mineral status of animals
by the concentration of certain chemical ele-
ments in skin derivatives is of interest to many
scientists [7, 8]. Copper belongs to the group
of elements with a high enrichment coefficient,
which indicates an insignificant susceptibility
to exogenous contamination, the concentration
in skin derivatives is mainly due to endogenous
factors [9].

The assessment of the ecological safety of
objects of inanimate and wildlife is carried
out in various constituent entities of the Rus-
sian Federation, including the Siberian regions
[10—12]. Assessment of the interior of agricul-
tural animals includes studies of the content of
chemical elements in organs and tissues, hema-
tological and immune biochemical parameters
of blood. It is necessary for assessing the state
of animal health and monitoring the environ-
mental background, which affects the safety
and quality of agricultural products* [13]. In-
terpretation of the results of these studies is
difficult due to the lack of reference intervals

Zayko O.A. Variability and correlation of chemical elements in organs and tissues of pigs of early maturing meat breed SM-1:

dis. abs. of PhD in Biology. Novosibirsk, 2014.183 p.

“Narozhnykh K.N. Variability, correlations and the level of heavy metals in organs and tissues of Hereford cattle in the
conditions of Western Siberia: dis. abs. of PhD in Biology. Novosibirsk, 2019. 163 p.

3Strizhkova M. V. Content, variability and correlation of macronutrients in organs and tissues of black-and-white cattle: dis.

abs. of PhD in Biology. Novosibirsk, 2018. 126 p.
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characterizing the permissible content of vari-
ous chemical elements in organs and tissues of
animals [14].

The purpose of the research is to establish
the interbreed features of the accumulation of
copper in the hairline of pigs of various breeds,
zoned in Western Siberia.

MATERIAL AND METHODS

The study was conducted in 2016-2020.
on groups of clinically healthy pigs of three
breeds: Early maturing meat (EM-1), Kemero-
vo and Landrace, raised on the farms of the No-
vosibirsk, Kemerovo regions and the Altai Ter-
ritory. The animals were kept in standard con-
ditions for this species using meat battening”.
The pigs were vaccinated in accordance with
the plans of veterinary preventive measures.
Specialists systematically performed elements
of a general study, conducted a study of habitus,
skin, skin derivatives, mucous membranes and
a special study. The animals were provided with
standard feeding with a complete feed, depend-
ing on the live weight of the animals. The diets
are balanced in terms of nutrients, minerals and
vitamins. In particular, the amount of copper,
depending on the change in the live weight of
animals, was in all groups from 19 to 38 mg
per head per day. Control of compound feeds
according to the range of guaranteed and addi-
tional indicators was carried out in accordance
with the established procedure®’. The animals
were watered from their own sources of domes-
tic drinking water supply, while the water qual-
ity corresponded to the second class of GOST®.

Water, soil and feed were studied for the con-
tent of heavy metals, including copper in the ar-

eas of pig breeding by the Center for Collective
Use of Scientific Equipment for Multielement
and Isotope Research of the Siberian Branch of
the Russian Academy of Sciences (SB RAS) of
the Institute of Geology and Mineralogy.V.S.
Sobolev and the Institute of Inorganic Chemis-
try. A.V. Nikolaev of the Siberian Branch of the
Russian Academy of Sciences’ [15].

The subject of this research is pig bristles.
Samples were obtained from the dorsal neck
using ethanol-cleaned stainless-steel scissors.
They are represented by the guard hair. The total
number of samples was 65. A sample of bristles
was taken, it was cleaned from contamination
and further sample preparation in accordance
with the relevant GOSTs. Elemental analysis
was performed directly by inductively coupled
plasma atomic emission spectrometry using an
1CAP-6500 spectrometer from Thermo Scien-
tific (USA) [16].

The data obtained was processed with Mi-
crosoft Office Excel and Statistica 8 software
(StatSoft Inc., USA). The Shapiro-Wilk and
Kolmogorov-Smirnov test were used to assess
the nature of the distribution. The following in-
dicators were assessed: arithmetic mean, error
of arithmetic mean, median, standard deviation,
interquartile range, maximum and minimum
values of copper content in bristles. As an al-
ternative to univariate analysis of variance, the
nonparametric Kruskal-Wallis test was used to
establish the differences in copper accumula-
tion between the breeds. Cluster analysis was
carried out to combine the breeds with homoge-
neous characteristics using the Ward's method.
Manhattan distance was used as a distance met-
ric.

“Sebezhko O.I., Korotkevich O.S., Konovalova T.V., Biryulya [.K., Petukhov V.L., Kamaldinov E.V., Narozhnykh K.N.,
Osadchuk L.V. Biochemical, hematological and mineral parameters in pigs of two breeds reared in large industrial complexes of
Western Siberia / 3 rd International Symposium for Agriculture and Food. Ohrid: Faculty of agriculture and food, 2017. P. 100.

SGOST 28839-2017. Agricultural animals. Pigs. Zootechnical requirements for the content of fattening. Instead of GOST

28839-90; intro. 2018-07-01. M.: Standartinform, 2017.4 p.

¢GOST R 51550-2000. Compound feed concentrates for pigs. General technical conditions. - Introduced for the first time;
intro. 2001-01-01. M.: PPC Publishing house of standards, 2002. - 10 p.

7GOST R 51850-2001. Compound feed products. Acceptance rules. Packaging, transportation and storage; introduced for the
first time; intro. 2004-01-01. M.: IPK Publishing house of standards, 2002. 4 p.

8GOST 2761-84. Sources of centralized drinking water supply. Hygienic, technical requirements and selection rules (with
amendment No. 1). Instead of GOST 17.1.3.03—77; intro. 1986-01-01. M.: Standartinform, 2006.12 p.

°Syso A.l. Heavy metals in the environment as a threat to plants, animals and humans // Agrochemistry in the XXI century.
Materials of the All-Russian Scientific Conference with International Participation, dedicated to the memory of Academician V.G.

Mineeva. Edited by V.A. Romanenkov. 2018. pp. 30-33.
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RESULTS AND DISCUSSION

As a result of a number of tests, it was found
that the quantitative characteristic of the level
of copper in the bristles of pigs from Kemerovo
and early maturing meat breeds is characterized
by a normal distribution. In the Shapiro-Wilk
test, it was found that the W-criterion is 0.97
(p> 0.05). The hypothesis about the normal dis-
tribution of the same trait in Landrace pigs was
rejected.

Table 1 presents data on the level of cop-
per in the hair of pigs of the considered breeds.
Ranking the breeds according to the studied
trait, it was found that the decreasing series
looks as follows: Landrace breed — Kemerovo
breed — early maturing meat breed, as rela-
tive indicators, taking into account the median:
5.1: 4.5: 1. Significant differences were estab-
lished among animals of the Landrace breed by
the ability to accumulate copper in the bristle,
which is expressed by a significant ratio of ex-
treme options. There is no information in the
scientific literature on the differences in the ac-
cumulation of chemical elements in the body of
pigs of different breeds. But it is known about
the essential features of the exchange of copper
in the body in different breeds of sheep and its
physiological consequences for animals!®.

The concentration of copper in the bristles
of pigs of the Kemerovo and Landrace breeds
is 4.5 and 5.6 times higher, respectively, than
this indicator of the early maturing meat breed
(p <0.001).

No differences were found in the content of
copper in the derivative of the skin in pigs of

the Landrace and Kemerovo breeds. It should
be noted that on the territory of Western Sibe-
ria there is no heavy metal pollution outside the
sanitary and hygienic zones [17].

The level of accumulation of chemical ele-
ments in the hairline of animals makes it pos-
sible to determine the individual mineral status,
which is important for farm animals kept in a
group way. At the same time, the data obtained
can serve as standard indicators for animal
breeds zoned in a certain territory, since in-
formation on this issue in the literature is scat-
tered. According to the researchers, there are
levels of copper accumulation in pig hair of 3—7
and 8-15 mg / kg, both deficient and normal,
respectively'!. In comparison with these values,
an excess of descriptive statistics was record-
ed in animals of the Landrace and Kemerovo
breeds.

The study of the content of chemical ele-
ments in organs, tissues, skin derivatives of
various breeds and types is relevant for solv-
ing the question of the presence or absence of
hereditary factors [18]. In this study, the EM-1
breed turned out to be more homogeneous in
terms of the copper content in the bristles, the
smallest interquartile range and the ratio of the
extreme variants were recorded (see Fig. 1).
Animals of the Kemerovo breed were distin-
guished by similar characteristics.

After calculating the Kruskal-Wallis crite-
rion, it was found that the breed factor affects
the amount of copper deposition in the bristle
of pigs (p < 0.001), if we evaluate the three
breeds together. There are significant differ-

ConepxaHue MeIH B METHHE CBUHEH HEKOTOPBIX TTOPOI, paHOHUPOBAHHEIX B 3anagHoit CHOUpPH, MI/KT
The content of copper in the bristles of some pig breeds zoned in Western Siberia, mg / kg

Breed n X+ Sx Me c IQR lim Extreme variant ratio
Kemerovo 26 39,4+ 1,6 39,0 7.9 12,2 25-56 1:2.2
EM -1 18 8,72+0,2 8,7 1,0 1,7 7,2-10,9 1:1,5
Landrace 21 492 8,0 44,0 36,7 68 7,7-110 1:143

Note. Me - median, ¢ - standard deviation, IQR - interquartile range.

0Radostits O.M., Gay C.C., Hinchcliff K.W., Constable P.D. Veterinary medicine: a textbook of the diseases of cattle, sheep,
pigs, goats and horses // Toronto: Saunders Elsevier, 2007. 2180 p.
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ences in the pairs SM-1 - Kemerovo breed and
SM-1 - Landrace breed (p < 0.001). Analysis
of the data obtained indicates interbreed dif-
ferentiation in the concentration of the studied
chemical element in the bristles, which is a fac-
tor confirming the role of heredity in the predis-
position and resistance to copper accumulation
in the bristles of pigs.

In fig. 2 shows the similarity between the
considered breeds of pigs in terms of the copper
content in the bristles. It was found that the Ke-
merovo and Landrace breeds are more similar
in comparison with animals of the early matur-
ing meat breed.

Studies have established the hereditary de-
terminism of the accumulation of chemical ele-
ments in organs, tissues and derivatives of the
skin of farm animals [15, 19].

CONCLUSION

Interbreed differences in the accumulation
of heavy metals in derivatives of the skin of
pigs of breeds zoned in Western Siberia have
been established. Indicators of the presence of
copper in the bristles of pigs of early maturing
meat, Kemerovo and Landrace breeds were
8.7; 39.0 and 44.0 mg / kg, respectively. The
influence of the rock on the metal accumula-
tion process was established (p < 0.001). Indi-
cators on the content of copper in the bristles of
pigs of various breeds, zoned in the territory of
Western Siberia, can be preliminarily used as a
physiological norm.
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Fig. 1. Diagrams of copper content range in the bristles of some pig breeds

!"Puls R. Mineral levels in animal health: diagnostic data. Canada: Trinity Western University Press, 1988. 240 p.
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Fig. 2. Dendrogram of interbreed similarity of copper content in pig bristles
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K CO3JAHUIO METPHYECKOI'O [IPOCTPAHCTBA OBPA3A
CEJIBCKOXO3SIMCTBEHHOI'O OFBEKTA

Kyunenormii I1.K., Kanuukun B.K.
Cubupcxuil ghedepanvhvlil HaAYYHbII YeHmp azpodbuomexnonocull Poccutickotl akademuu Hayk
HoBocubupckas obnacts, p.i. KpacHooo6ck, Poccust

[Ipencraien aHanu3 pa3UYHBIX MMOJXOMOB K MPOTHO3UPOBAHUIO CIOKHBIX MHOTO(MAKTOPHBIX
CHUCTEM B YCIIOBHSX HEOIPENEIeHHOCTH BHEUTHWX YCJIOBHU. JlaHHBIE MOAXOABI HEOOXOIUMO
pa3BHBaTh C IEJIbIO CO3JMAHUS aJIEKBaTHBIX MOJEIEH CEeIbCKOXO3SIMCTBEHHOW JesTeNbHOCTH
i uenedd ee 3(pQeKkTUBHOro MIaHUpPOBaHMA M ynpasieHus. OTIMUuTeNnbHas OCOOEHHOCTH
CEJIbCKOXO3IHCTBEHHOTI'O IPOU3BOICTBA — KPUTHYECKAs 3aBHCUMOCTH OT (DaKTOPOB BHEIIHEH Cpeibl,
KOTOpbIC HE TIOAJAI0TCSl TOYHOMY ITPOTHO3MPOBAHUIO. Vcronb3yemble AJisl pellieHns TaHHOH 3a1a4un
B HACTOSIIIEE BPEMsl PErPECCHOHHOE MOJICIMPOBAHWE W aHAJIM3 BPEMCHHBIX PSJIOB B CIIOXKHBIX
CITy4asx HE JaroT aJeKBaTHBIA MPOTHO3 AMHAMUKH CEIbCKOXO3IHCTBEHHOTO 00BekTa. B kadecTse
IOJIX0/1a TIPe/IaraeTcs UCTI0Ib30BaTh MMOCTPOEHHUE «00pasza» cucTeMbl. JlaHHBIHN TOIX0/] OTHOCUTCS
K «IPUPOJONIOA0OHBIMY, TAK KAaK MOAETHPYET CIIOCOO MPUHATHS PELLICHHUS CIIELIMAIMCTOM Ha OCHOBE
HAKOIUICHHOTO OIBITA U MHTYUIIUH. KITIoueBbIM TTapaMeTpoM 3TOTO TTOCTPOCHUS OyIeT KOPPEKTHBIN
BBIOOP METPUKH (CUCTEMBI KOOPJIUHAT). JJaHHBIH MOAXO0/ MPOUILTIOCTPUPOBAH MPHUMEPOM CO3JIaHHUS
o0Opa3za IByXMEpHOTO SBJI€HHS B OJHOMEpPHOW CHUCTeMe KoopauHar. B pe3symbrare moa obpazom
MTOHMMAETCS N300paKeHNEe PEaNTbHOCTH B BEKTOPHOM TPOCTPAHCTBE OMPENEICHHON Pa3MEepHOCTH.
O0pas3 B peicTaBICHUN aBTOPOB — 0TOOpaskeHNE PeaIbHOCTH B NCKYCCTBEHHO CO3/ITAHHON METpPHKE,
OoJiee JOCTYMHOE TOHMMAaHHIO ¥ aHAJIM3Y, HO COXPAHSIOIIee OCHOBHBIE (BaXKHbIC) YEPTHI U QYHKIIMH
HCXOAHOTO 00bekTa. MeTobl MCKYCCTBEHHOTO HMHTEIUIEKTa MOXKHO PaccMarpuBaTh B KayecTBE
MHCTPYMEHTOB JIJIsl CO3JIaHUsI ¥ aHainmu3a 00pa3oB. BaxkHol XxapakTepucTHKOW 00pasa sBISIeTCS ero
MIPOTHOCTUYECKAs CHJIA, T.€. BOBMOXKHOCTD JJISl HCIIONB30BaHMsI 00pasa ¢ [elbi0 NPOTHO3UPOBAHHUS
COCTOSTHUS pealbHOTO 00bekTa B Oymyrnem mepuoae. O6pa3 coXpaHseT CBOIO MPOTHOCTHYECKYIO
CHWITY, €CJIA MPOTHO3, MOJIy9eHHBIA C HMCIIONB30BaHUEM JIaHHOTO 00pa3a, COOTBETCTBYET JaHHBIM,
MOJTyYEHHBIM TPU HAOIIONCHUU 3a pealibHbiM 00bekToM. OOpa3 QopMmupyeTcss B MOAXOASIIEH
METpUKE Ul PELICHUS KOHKPETHOM 3agaud. KUIro4eBBIM MeTpHUYecKHM TIapaMeTpoM o0pasa
CEIIbCKOXO3IUCTBEHHON IS TEILHOCTH, TMPHUTOAHOTO JUIS IeNiell MpOTHO3MPOBAHHMS, SIBISETCS
MUHHMAJIbHAS Pa3MEPHOCTD HCIOIh3YEMOTO BEKTOPHOTO IPOCTPAHCTBA, IIPH KOTOPOM COXPaHSIEeTCs
MIPOTHOCTHYECKAsl crjla 00pa3a /s perieHns MOCTaBIeHHON 3a1a4H.

KuaroueBble cioBa: o00pa3 CHCTEMBI, MOJEIHPOBAHUE IPOIECCOB, IPOTHO3MPOBAHME,
HCKYCCTBEHHBIH MHTEIUIEKT, pa3MEPHOCTh METPUYECKOTO MIPOCTPAHCTBA

CREATION OF THE SPATIAL METRIC FOR THE IMAGE OF AN
AGRICULTURAL OBJECT

Kutsenogii P.K., Kalichkin V.K.

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

The analysis of various approaches to forecasting complex multifactorial systems in conditions of
uncertainty of external conditions is presented. It is necessary to develop these approaches in order
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Creation of the spatial metric for the image of an agricultural object

Kutsenogii P.K., Kalichkin V.K.

to create adequate models of agricultural activities for their effective planning and management. A
distinctive feature of agricultural production is a critical dependence on environmental factors, whi-
ch cannot be accurately predicted. Regression modeling and analysis of time series used at present to
solve this problem in difficult cases do not result in an adequate forecast of the dynamics of an agri-
cultural object. As an approach, it is proposed to use the construction of the "image" of the system.
This approach is classified as "nature-like", as it simulates a way of decision-making by a specialist
on the basis of accumulated experience and intuition. The key parameter of this construction will be
the correct choice of the metric (coordinate system). This approach is illustrated by an example of
creating an image of a two-dimensional phenomenon in a one-dimensional coordinate system. As a
result, an image is understood as an image of reality in a vector space of a certain dimension. The
image in the authors' view is a reflection of reality in an artificially created metric, more suitable for
understanding and analysis, but retaining the main (important) features and functions of the original
object. Artificial intelligence techniques can be seen as tools for image creation and analysis. An
important characteristic of an image is its predictive power, i.e. the ability to use the image in order
to predict the state of a real object in the future period. An image retains its predictive power if the
forecast obtained using this image corresponds to the data obtained when observing a real object.
The image is formed in a suitable metric for solving a specific problem. The key metric parameter
of the image of agricultural activity, suitable for forecasting purposes, is the minimum dimension of

the vector space used, at which the predictive power of the image is retained to solve the problem.
Keywords: system image, process modeling, forecasting, artificial intelligence, spatial metric

dimension
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The creation of an image of an object, pro-
cess or phenomenon in science is associated
primarily with two disciplines - modeling and
forecasting. It is believed that all cognition is
modeling [1, 2]. A model is an artificially creat-
ed system that reflects the similarity of structure
and function to the original system, but which
always simplifies and distorts the original. At
the same time, simplification is necessary due
to a great complexity of the agricultural sys-
tem and the accumulated knowledge about its
functioning. The adequacy of models of agri-
cultural systems is limited by the complexity of
the mathematical description and their nonsta-
tionarity, which manifests itself in their evolu-
tion in time. Consequently, model and model-

ing, regardless of methods (approaches), are of
limited value and diffusion. To this it should be
added that modeling is developed in the aca-
demic environment and is poorly used by pro-
duction specialists. Mathematical modeling of
agricultural processes and objects (for example,
the management of the production process of
plants) is, in fact, a “thing in itself”.

In turn, computer modeling is currently
developing towards the processing of big data
and their visualization (creation of images),
since it is this process of data transformation
that is most easily perceived by a person [3].
Within this paradigm, virtual reality (VR) and
augmented reality (AR) technologies are most
promising in simplifying the process of per-
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K co3naHuio METPHYECKOTro POCTPAHCTBA 00pasa
CEITBCKOXO3SHCTBEHHOTO 00BEKTa

Kyuenoruii I1.K., Kannukun B.K.

ception and understanding of data, as well as
decision support processes [4]. At the same
time, according to N.N. Shabrov!, the solution
of extraordinary problems cannot be provided
with a set of previously developed multipur-
pose models due to their inadequacy or inef-
fective scaling of computations. Solving such
problems requires the development of unique
models and equations of state of the object,
as well as the development of numerical so-
lution schemes. In this regard, simulation is
carried out using supercomputers. Simulation
on supercomputers generates ultra-large-scale
amounts of data, the analysis and interactive
visualization of which in virtual environment
systems in real time, in turn, also requires the
use of supercomputer computing. The amounts
of data on the petabyte level (10 " bytes)
are created in the process of simulation with
computing systems performance on the level
of petaflops (10 ' operations per second). At
the same time, to visualize volumes of data
of the Petabyte level, both new technologies
for analysis and visualization of results are re-
quired, as well as new software and hardware
visualization tools?.

In Russia, a national technological platform
is currently being formed for the creation and
development of supercomputer technologies,
even of the exoflop class [3]. However, it is
worth assuming that in the near future the so-
lution of agricultural problems (note that they
are extraordinary) is hardly possible on this
technological platform. Business and the state
are interested in it, but at present there are no
researchers in Russia capable of solving this
problem at a high professional level (agricul-
tural science and education have not prepared
such researchers).

The creation of forecasting methods is one
of the main problems of science, and perhaps
the most difficult of them. The most common

forecasting in agriculture is based on the use of
a factorial regression model [5-7]. However, it
is impossible to include all the factors influenc-
ing the studied indicator, for example, the yield
of crops in any regression model. Firstly, some
of the factors are generally unknown, since our
knowledge does not have the status of absolute
truth. Secondly, some of the factors are theo-
retically known, but in practice there is no suf-
ficiently reliable information on them. Thirdly,
if the number of well-known factors is large,
then all of them cannot be included in the re-
gression equation based on mathematical con-
straints (excess of the number of factors over
the sample size, multicollinearity [8, 9], het-
eroscedasticity) [10, 11].

Another common method is time series
analysis, in which forecasting is carried out ac-
cording to the trend [12-14]. This method also
has disadvantages, namely: the implicitness of
the dynamics factors hidden behind the "period
number" deprives the researcher of the oppor-
tunity to take into account the expected leap in
the development of a particular factor. It is not
possible to simulate different forecast options
for different combinations of factor values,
which is usually done when doing the forecast-
ing using a regression model with controlled
factors. The outlook for the trend has the traits
of fatalism, as it were.

Consequently, regression modeling and
analysis of time series in difficult cases do not
provide an adequate forecast of the dynamics
of an agricultural object. Nevertheless, a person
makes decisions and most often they turn out
to be successful. Something faintly perceptible,
intuitive, not subject to strict formalization
prompts a person to make the right decision. In
our opinion, this intuitive, created by the sub-
jective experience of a person, appears in his
head as a certain image of the result of an ac-
tion, and the action itself appears as an image.

'ShabrovN.N., Kiev V.A.,Kuzin A K. Virtual environment systems - key technologies for analyzing the results of supercomputer
modeling // Supercomputer days in Russia: conference materials, 2015. pp. 428-435.

2Shabrov N.N., Orlov S.G., Kuzin A.K., Suetov A.E. Parallel computer technologies in virtual environment systems. Goals
and objectives // Supercomputer technologies in science, education and industry: materials of the conf. M.: Publishing house of

Moscow State University, 2011. P. 669-671.
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The axiom of understanding the image in
modern philosophy and psychology has been the
definition of the image given by G.V. Hegel®, "...
reveals to our eyes not an abstract essence, but
its concrete reality ...". In cognitive science, an
image is understood as “a representation in the
mind of a non-present object or event” [15]. The
main task of the image is to preserve the events
and phenomena of reality in the memory in the
form of some kind of “picture in the head”, “pro-
jection of the scenes from the real world”.

From the point of view of using an image
as a publicly available tool, and not just a “pic-
ture in the head” of an individual subject, the
definition “projection of a scene from the real
world” is more appropriate. This projection
is always carried out in some metric. For ex-
ample, cinematography of the last century (not
3D) is a projection of a visual image onto a flat
screen, i.e. a two-dimensional image of a three-
dimensional world. The same applies to the art
of painting. If an image is a "picture" corre-
sponding to some original, then the dimension
of the space of the picture and the dimension
of the space of the original do not necessarily
coincide at all. Nevertheless, the image that is
required and has practical significance should
allow one to get an adequate idea of the original
and have a predictive power. In other words,
an adequate image reflects the characteristics
of the original necessary for forecasting, or in
another way: it is possible to accurately (with
acceptable accuracy) identify the original on
the basis of the image. So, from a photograph,
you can identify a person with almost 100%
probability by the signs of their appearance, al-
though a photograph is a two-dimensional im-
age, and a person's appearance is a function of
three-dimensional space. Moreover, identifica-
tion can be made close to 100% from black and
white photography, although a person's face has
the entire color spectrum. This example shows
that for the "identification" function, it is suf-
ficient to create an image of an object in space,
the dimension of which is much less than the
possible dimension of the space required for an

3Gegel G.V. Aesthetics. T. 1.M.: Art, 1968.311 p.

accurate description of the object.

The same should be applied to the descrip-
tion of agricultural activities. For an accurate
and full-scale description of such processes, a
multiparameter (multidimensional) description
is required. There is a huge variety of interact-
ing factors that ultimately lead to the final result
of the activity. Taking into account all possible
factors, much less, their accurate forecasting, is
an unsolvable task. However, is it really neces-
sary to create the most detailed possible image
in the most complex and complete metric to ad-
equately describe the situation and predict the
result?

The purpose of the study is to determine the
image of an agricultural object as a tool for ad-
equate forecasting, to consider the concepts of
the required and possible detailing of the im-
age based on the specifics of the problem being
solved and to determine the key metric space of
the created image.

In psychology, the image is understood as a
reflection of reality in the form of an integral
structure, which becomes the content of the
human psyche. This nature-like and anthropo-
centric approach can be developed by model-
ing images of real objects as it happens in ar-
tificial neural networks. However, there is also
a slightly different approach. An object model
is created in order to predict events associated
with a given object that have never actually oc-
curred, based on previous similar or analogous
experiences. It should be emphasized that if an
exact repetition of the conditions of an experi-
ment is possible, as postulated in physics, then
it is possible to accurately predict the result of
a given experiment solely on the basis of ex-
perience. If the repetition of the experimental
conditions is impossible or these conditions are
initially underdetermined, then in any case it is
necessary to build a model with a number of
assumptions and predict the result based on this
model. Thus, another definition of an object's
image is a model that allows one to predict the
state of a given object with an acceptable de-
gree of accuracy (reliability).

102  Siberian Herald of Agricultural Science * 2021 ¢ 51 ¢ 1

Problems. Solutions



K co3naHuio METPHYECKOTro POCTPAHCTBA 00pasa
CEITBCKOXO3SHCTBEHHOTO 00BEKTa

Kyuenoruii I1.K., Kannukun B.K.

The second (physical) definition of "image"
intersects with the first in the part in which the
image, which is a reflection of reality in the hu-
man psyche, as well as the numerical model, is
subject to "improvement" as knowledge about
the object is accumulated. Simple examples
are appropriate here. One person's first impres-
sion of another person is an image that predicts
behavior. What can you expect from this par-
ticular person in a given situation? As the ex-
perience of interacting with a person in various
situations is accumulated, the first impression
may turn out to be erroneous, and a more per-
fect model of prediction (the image of another
person's personality) appears, which offers
more accurate options for behavior in certain
situations. The example with human behavior
is quite typical, since it describes a very com-
plex object with a large number of factors af-
fecting the final result.

The image or "predictive model" of agricul-
tural activity unambiguously refers to the ac-
tivity that occurs under the influence of a large
number of factors that have a critical impact on
the final results of the ongoing processes, while
a number of factors are subject to strong vari-
ability, others are generally undefined. Agricul-
tural activity is associated with the life cycles
of biological objects: plants and animals. The
development and death of these biological ob-
jects depends both on the properties of the ob-
jects themselves, encoded in the genome, and
on external conditions. One of the most signifi-
cant external conditions that determine the de-
velopment of plants is the weather in the form
of a set of meteorological indicators: tempera-
ture, illumination, precipitation, wind speed,
etc. It is important to realize that the concept of
"weather" hides a very wide range of parame-
ters of the state of the atmosphere, hydrosphere
and soil at the point of measurement and at the
point in time when measurements are taken.
Often, when trying to create a predictive model
of agricultural activity, they try to find a way to
predict the weather for the period for which it
is necessary to obtain a forecast of crop yields.
Long-term weather forecasts are always val-
ues obtained with some degree of probability.

Another factor to take into account: the current
weather conditions at the time of observation
(current experiment) will never be exactly the
same. From the point of view of physical mod-
eling, this means that it is impossible to repro-
duce the conditions of the experiment in order
to verify the truth of the observations made at
the current stage. It is not just the fact of the
presence of difficultly predictable conditions
that is important, but the fact of the underde-
termination of these conditions that is impor-
tant, since the only thing that is known for sure
is that these conditions (especially in the time
base) will never be repeated.

Any end result that we want to achieve can
be represented in the form of an image. In fact,
depending on the "completeness", the image al-
lows simulating the result in the process of a
mental (for a person) or numerical experiment
in the case of creating a numerical virtual im-
age. The image is placed in the boundary con-
ditions that meet the expectations and produces
a predictive result. Just like a person who can
navigate in an environment that is not entirely
familiar to them, relying on accumulated expe-
rience and the corresponding logical construc-
tions, researchers expect the result that most
closely matches the observed reality in the pres-
ence of incomplete or underdetermined bound-
ary conditions from a qualitatively constructed
image. The more "complete" the image being
created, the less requirements it will impose on
the number and accuracy of the input param-
eters used. From the point of view of human
activity, this is what is called "experience."

An image is an artificially created reality that
we should strive for (or should we predict?). Or
is it a model with predictive power? By the con-
cept of an image we mean the existing picture,
which, being supplemented by conditions (as-
sumed), gives the expected result. A correctly
created image should be minimally sensitive to
the accuracy of determining conditions in the
future periods. How do we define the "quality"
of an image? After an event occurs, reality can
be correlated with a forecast. The conditions
are no longer modeled or predicted, but have
occurred in fact. In this situation, the observer
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has the actual value of the projection and can
compare it with the prediction based on the pre-
built image. The better the match, the better the
image will be created. If the match does not fit
into the specified range, the image will be cor-
rected. There is an accumulation of experience,
in accordance with which the image is correct-
ed. Ideally, the image tends to a certain limiting
case, when further accumulation of experience
no longer leads to a more accurate description.
The accuracy of predictions no longer increas-
es with the number of tests performed and the
number of adjustments made. This may also be
due to the underdetermination of the conditions
in which physical reality exists, the image of
which is created by the researcher. In this case,
the image must be accepted as adequate to real-
ity to an achievable extent, and it is to this im-
age that the researcher (observer) strives.

This approach is similar to the one used to
"train" neural networks in machine learning. In
this case, a neural network can be considered
as a model capable of predicting the result of
interest to the researcher after a certain setting
or training. Within the model, certain degrees
of freedom remain, namely: the weighting coef-
ficients of signals transmitted from one layer of
the network to the next in order to activate the
functions of virtual neurons of the next layer.
Given a sufficient number of training examples,
i.e. sets of conditions and known results cor-
responding to these conditions, training takes
place, which is the selection of weight coeffi-
cients so that the model adequately reproduces
the entire array of training examples. We will
dwell on the degree of adequacy below. Now
let's consider the case when the training fails
to complete successfully. There may be several
reasons for this:

— insufficient number of training examples.
It is not difficult to test this hypothesis if there is
a possibility of further accumulation of experi-
ence. If it is possible to continue experiments in
new conditions and as experience is gained, the
accuracy of subsequent predictions increases,
then the model (image) is adequate, but ini-
tially there was not enough data. As data accu-

mulates, the image (model) is refined, but up to
a certain limit inherent in the very structure of
the image or model. Further data accumulation
becomes redundant;

— inadequacy of the very structure of the im-
age or model to the task at hand. If the accuracy
of the predictions does not increase with the
accumulation of data, it is necessary to modify
the model itself. Probably, initially there are not
enough degrees of freedom in it or they are in-
adequately defined;

— it is possible that the problem, in principle,
cannot be solved with the help of some kind
of modeling, or there is no adequate image de-
scribing the reality in the conditions essential
for the process. This result arose, most likely,
due to the initially high expectations of the re-
searcher from the created image and an incor-
rectly formulated problem.

Let's consider this problem in more detail.
The key question is the following: how detailed
should and can be the image that we strive to
create to simulate real physical or biological
processes? The paradox, but in this case, "bet-
ter" can be "worse". The predictive power of an
overly detailed image may be obviously worse
than that of an image with a lot of assumptions
and generalizations. In the field of artificial in-
telligence and machine learning, this paradox is
described in terms of "overfitting model". Let's
explain the essence of the problem with an ex-
ample.

Let's imagine that it is necessary to deter-
mine the personality of a person from a pho-
tograph. You can have a very clear, detailed
digitized photograph and build upon it. Based
on this photograph, we create a detailed digi-
tal image of this person, taking into account all
the details of the existing photograph. Then, to
identify a person, it will be necessary to take
exactly the same photo, in the same angle and
resolution. Most likely, it will not be possible
to accurately reproduce the picture, and the
machine algorithm will assert that any of the
photographs presented does not correspond to
the original, including photographs in which
a person is captured from the original photo-
graph used as the original image or model. This
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very accurate model has a predictive power of
zero, since it will give a negative answer with a
100% probability when identifying any person
(including the correct one).

Now let's try to "rough" the image, using
not all the data of the digitized photograph. We
will develop a system of ratios describing the
main features of the face: the ratio of the length
of the nose to the distance between the tip of
the nose and the chin, the ratio of the width and
height of the forehead, the ratio of the length of
the mouth and the distance between the eyes,
etc. Having identified, for example, 100 such
parameters that can be determined from photo-
graphs of a person, in fact, we will create a new
metric in which the photograph can be trans-
formed. Once the snapshot is encoded in the
new metric, the amount of data used and stored
is drastically reduced. To create an image of a
person's face in the new metric, it is better to
use not one accurate high-resolution image, but
many images, albeit of poor quality. The use of
multiple images will allow you to take into ac-
count the features of the facial expressions of
each individual person when photographing.
The dimension of the metric can be 100, and it
can be more or less. The larger the dimension,
the more accurately we will cut off incorrect
images. However, we can immediately say that
even a very rough model or image gives a non-
zero probability of obtaining the correct result:
with some finite probability, such an image will
correspond to the real sought-for person. Since
the probability of finding the correct person in
the case of an overtrained model is immediately
estimated by us as equal to zero, any finite prob-
ability of getting the correct answer is infinitely
better in terms of the predictive power of the
image or model. In the given example, it can
be seen that a rough image can be significantly
better than an attempt to create an accurate im-
age as applied to a specific task.

It follows from the above that the image we
are striving for is not an idealized description
that is as close as possible to the picture of the
world we represent, but the model that, when
adequate boundary conditions are imposed on
it, will give the predicted value of the quantity

of interest with the maximum possible (permis-
sible) accuracy. From this point of view, the de-
termination of the limits of the minimum per-
missible limits of the spread of predicted val-
ues in relation to a specific problem is the most
important issue to be solved when constructing
predictive images or models.

The process of “coarsening” an image for
the purposes of its practical use can be repre-
sented in the form of a formal mathematical
problem of finding the minimum possible di-
mension of the space for representation. Some
authors [16] describe as a way of visualizing an
object from n-dimensional space, its projection
into a space of a lower dimension. In fact, this is
the only practically working approach. So, when
we talk about "visualization", we mean that the
image can be presented in a graphical represen-
tation that is convenient for perception. Howev-
er, a person is able to visually perceive objects in
the form of two- and three-dimensional images.
It is quite difficult, even with a highly developed
imagination, to imagine a four-dimensional ob-
ject. The next visualization task when choosing a
projection into two- or three-dimensional space
is the choice of a metric in which the observer
can adequately assess a real (multidimensional)
object, seeing only its “image” or projection
into a space of a lower dimension. In the cited
work [16], the measure of adequacy is assessed
by such a criterion as the ability of the opera-
tor of a complex technical system, described by
many parameters, to correctly assess its techni-
cal condition and retell, if necessary, the occur-
rence of an emergency situation. In this case,
we have a specific application of the predictive
power of the image. The system is generally de-
scribed in n-dimensional space: the number of
parameters, each of which can be measured in
a wide range of values, is quite large. The sys-
tem operator is able to quickly perceive only the
two-dimensional image displayed on the display.
The correct choice of the axes (two-dimensional
metric) of the image will allow the operator to
distinguish in this picture a situation that predicts
the possible emergency behavior of the system.

The criticality of the choice of the metric
for the purpose of using the image in the fu-

IIpoGnemsr. CyxaeHus

CHOHpPCKHI BECTHHK CEJILCKOXO03SHCTBEHHOM Haykn « 2021 ¢ 51 ¢ 1

105



Creation of the spatial metric for the image of an agricultural object

Kutsenogii P.K., Kalichkin V.K.

ture for solving practical problems can be illus-
trated by an elementary (naive) example. The
figure shows 4 points (objects) A, B, C, D in the
original two-dimensional space. It is proposed
to choose a metric for one-dimensional repre-
sentation of objects. Let us choose as a metric
the distance of each of the points to some center
O. If, as a reference point, we select a point O
in the center of the square formed by the points
ABCD, then in the new one-dimensional space
it will be seen that all objects are equidistant
from O. Therefore, in the original (true) space,
you can arrange objects on a circle. However,
information about the equidistance of points
along the circle will be lost, which is an ex-
ample of the cost of reducing the dimension of
the image in comparison with the original rep-
resentation. This fact indicates that the choice
of a metric for creating an adequate image also
depends on the formulation of the problem for
the solution of which the image is created.

Let's consider this elementary example from
the point of view of incorrect choice of met-
ric for creating an image in n — 1-dimensional
space. If you choose not point O, but point O1
as the starting point of the new metric, the dis-
play of objects in the new space will look like
a strange distribution, in which it is difficult to
see the system and draw any conclusions about
the objects in the original representation.

The described example is not an image of
the future of the system, but an image of its
present state, which makes it possible to reflect

AB,C.D

[Ipumep coznanust ogHOMEpHOTO 0Opas3a pac-
MOJIOKEHHS YETHIPEX 00BEKTOB B AByXMEPHOM
MPOCTPAHCTBE

An example of creating a one-dimensional image

of the location of four objects in two-dimensional
space

the main features associated with the develop-
ment of the situation, or with the dynamics of
the development of the system in a certain time
perspective. It is this approach that makes it
possible to move on to predicting the behavior
of complex systems in the future.

As noted above, a complete forecast in
the initial metric (reference coordinates of the
description) becomes impossible due to the
abundance of factors, some of which cannot be
taken into account. Simplification of the met-
ric while preserving the possibility of identify-
ing the image is the ability to take into account
precisely important and significant factors, in-
cluding those that critically affect the behavior
of the system. By simplifying the picture, it is
possible to preserve the predictive power of the
created image.

The image is formed on the basis of knowl-
edge about the potential capabilities of the object,
immersed in conditions. In general, the forecast-
ing problem can be formulated as obtaining an
image of a finite system for a time point T, hav-
ing a certain set of data about the system at times
preceding time T. The concept of an “image” is
inextricably linked with the concept of an “ob-
server”. When it comes to forecasting, very spe-
cific parameters of the image of interest to the
observer are important. If we are talking about a
picture, he is interested in portrait similarity with
the desired object or subject, about agricultural
activity - for example, the possible expected yield
of specific crops and the necessary actions to ob-
tain it. We are talking about an image in a specific
"metric" or coordinate system. This is where the
“observer” arises, since the image is created in
accordance with the technical assignment of the
observer and includes parameters that are impor-
tant to him. The observer is interested in a specific
forecast for specific parameters of the system. The
choice of the optimal metric occurs precisely for
the purpose of solving the problem posed by the
observer. If the task is to create an image suitable
for predicting the state of the system, it is neces-
sary to take into account how many and what pa-
rameters of the system must be described, as well
as on which external conditions the dependence
is critical and which external conditions can and
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which cannot be adequately predicted in the time
perspective of interest.

For example, the task is to obtain a fore-
cast of agricultural activity in the future. The
critical parameters influencing the result are
the weather conditions of the future period, the
weather conditions of the previous period and
the set of agricultural technologies used for the
cultivation of the studied crop. The most unpre-
dictable parameters are the weather parameters
of the future period. Accordingly, an adequate
predictive model should be built in the form of
an image of the future period in such a metric in
order to have minimal sensitivity to changes in
parameters describing the current weather.

The dimension of the image space can be
limited by the dimension of the available array
of source data, on the basis of which this im-
age is supposed to be created. The problem of
finding the optimal dimension, or the optimal
"metric" of the image, in itself is undoubtedly
important.

Almost all artificial intelligence or machine
learning methods (in a narrower sense) are re-
duced to representing the original data array in
space with a constructed metric in such a way
as to reveal hidden patterns encoded in the data
itself, but not obvious in the original metric.
The main advantage of such approaches is that
the system itself selects the metric in which the
presentation looks in the most obvious way. The
choice of this metric is the key task of building
an image, which is illustrated in the figure.

Any final result, including the result of ag-
ricultural activity, described in the future fore-
cast period, can be represented in the form of
an image. An image is a display of reality in
an artificially created metric, more accessible
to understanding and analysis, but retaining the
main (important) features and functions of the
original object.

An image is the state of an object in the
future, which is supposed to be used for prog-
nostic purposes based on knowledge about the
potential capabilities of an object immersed in
conditions (for example, a separate agrometeo-
rological resource, yield, etc.). By image we

mean the existing objective reality modeled us-
ing a set of vectors. Artificial intelligence meth-
ods can be considered as tools for creating and
analyzing the generated images.

When creating an image of an agricultural
object (activity), there are a number of objec-
tive restrictions on the maximum permissible
detailing associated with the underdetermina-
tion of the conditions in which the activity will
be reproduced. The underestimation of the de-
tails (information) available to the researcher
when creating the image leads to a decrease in
the accuracy of the forecast based on it. An at-
tempt to create an image with more detail than
the object of research allows leads to unstable
behavior of the image, inadequate conclusions
based on it and an unnecessary waste of com-
putational resources. The key metric parameter
of the image of an agricultural object (activity)
suitable for forecasting purposes is the mini-
mum dimension of the space of the created im-
age, which retains its predictive power for solv-
ing the problem.
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TEHJIEHIMA OBECIIEYEHHOCTHU TEXHUKOM AITK OMCKOM OBJIACTH

YekycoB M.C., Kem A.A., Muxaasuos E.M., HlImuar A.H.

Omckutl azpapublii HAYYHbLU YeHmp
. Omck, Pocens

IIpencraBnensl pe3ynbTaThl aHATN3a TEXHUYECKON OCHAIEHHOCTH NPOU3BOAUTENEH CEIbCKOXO-
3SIICTBEHHOM MPOIYKIIUH MOOMIBHBIMU SHEPTETUYCCKUMU CPEIICTBAMH U TEXHOJIOTHYSCKUMU Ma-
IIMHAMH B 3aBUCUMOCTH OT ILIOMIAJCH BO3CIbIBAeMbIX KylIbTyp. M3ydens! qanasie 20082020 rr.
TOCYIapCTBEHHOM CTAaTHCTUKA MMHHCTEPCTBA CEIBCKOTO XO3AWCTBA W MPOAOBOIBCTBHA OMCKOM
obmactu. OOmIMEe MOCEBHBIC TIOMAAN pEerHOoHa cocTaBistioT 2881,2 Thic. Ta. OTMEUYEHO HE3HAYH-
TENBHOE COKPAIEHHE TUIOIIA M M0/l 36PHOBBIMH KYJIbTypaMH Ha 2,9 ThIC. Ta, 10T KOPMOBBIMH KYIIb-
Typamu Ha 75,2 tbic. ra, unu 0,14 u 13,2%, coorBercTBeHHo. [lokazaHo 3HaUUTEIBLHOE U3MEHEHUE
KOJIMYECTBEHHOTO COCTaBa MAIIMHHO-TPAKTOPHOTO Mapka. OTMEUEHO €KErOHOE COKPAIEHUE KO-
JIMYECTBA TPAKTOPOB, KOPMO3aroTOBUTEIBHBIX M 3€PHOYOOPOUHBIX KoMOaiHOB. KonnyecTBo Tpak-
TOopoB yMeHbIImiIoch Ha 2811 ex., wm 26,6%. Ilo cocroguuto Ha nexadbpp 2020 r. sKCIUTyaTaIus
30,6% 3epHOYOOPOUHBIX U 56,7% KOPMO3aroTOBUTENBHBIX CAMOXOAHBIX KOMOAHOB HE TIPEBBIMIAET
10 meT. YMeHbIIIeHHE KOJMYECTBa CENbCKOXO3SHCTBEHHBIX TPAKTOPOB CBSA3aHO C HCIIOJIb30BAaHUEM
MUHUMAJIEHOM TEXHOJIOTUN 00paOOTKH IOYBBI, COKpAIIEHUEM YHEPTeTHUECKUX 3aTpar U CPEICTB
JUTSL IPOBENICHUS arpOTEXHUYECKUX ONEpalnii IO CPABHEHUIO C TPAAULIMOHHOM TexHonorueit. Co-
KpaleHNe KOJIMYECTBa TPAKTOPOB M KOMOAITHOB MPUBOAUT K BO3PACTAHUIO CPEAHEH HArpy3KH Ha
MamuHy. JlaHHas TeHICHINUS ONPEAeIsIeT YBEITUICHIE CPOKOB MTPOBENCHUS OCHOBHBIX arpOTEXHU-
YECKUX OTEepaInii, 9T0 CKa3bIBaeTCs Ha KOJIMYECTBE M KauecTBE KOHEYHOH mpoaykmmn. Ompenere-
HUE ONTUMAJIBHOTO COCTaBa TPAKTOPHOTO MapKa JIOJHKHO MPOBOIUTHCS ISl KaXKIOTO KOHKPETHOTO
XO3HCTBA C YYETOM MECTHBIX YCJIOBHUHU, CTPYKTYPBI XO3SMCTBEHHOU JIEATEILHOCTH U €r0 CIIeIH-
aTH3aIlNY.

KiroueBble cjioBa: TeXHUKA, 00ECIICUEHHOCTbD, TPAKTOPbI, KOMOAHBI, TOCEBHBIC TUIOIIAH

TRENDS IN MACHINERY AVAILABILITY IN AGRO-INDUSTRIAL COMPLEX
OF OMSK REGION

Chekusov M.S., Kem A.A., Mikhal'tsov E.M., Shmidt A.N.

Omsk Agricultural Scientific Center
Omsk, Russia

The results of the analysis on the assessment of technical equipment of agricultural producers
with mobile power facilities and technological machines depending on the area of cultivated crops
in the Omsk region are presented. The state statistics data of the Ministry of Agriculture and Food
of Omsk Region were studied for the period of 2008-2020. The total cultivation area of the region is
2881.2 thousand hectares. There was a slight decrease in the area under grain crops by 2.9 thousand
hectares, under fodder crops by 75.2 thousand hectares, or by 0.14 and 13.2%, respectively. A
significant change in the quantitative composition of the machine and tractor fleet is shown. An
annual reduction in the number of tractors, forage harvesters and grain harvesters was noted. The
number of tractors decreased by 2811 units, or by 26.6%. As of December 2020, the operation
of 30.6% of grain harvesters and 56.7% of self-propelled forage harvesters does not exceed 10
years. A decrease in the number of agricultural tractors is connected with the use of a minimum
tillage technology, a reduction in energy costs and funds for carrying out agrotechnical operations
in comparison with traditional technology. Reducing the number of tractors and combines leads
to an increase in the average load on the machine. This tendency leads to increasing the terms of
the main agrotechnical operations, which affects the quantity and quality of the final product. The
determination of the optimal composition of the tractor fleet should be carried out for each specific
farm, taking into account local conditions, the structure of economic activity and its specialization.

Keywords: machinery, equipment, tractors, combine harvesters, cultivation areas
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The current state of the Russian agro-indus-
trial complex is characterized by an outdated
production and technical base, lack of invest-
ment attractiveness and competition. The re-
gional agro-industrial complex influences the
economic, political and social situation in the
regions; agro-industrial enterprises produce
more than 70% of consumer goods for the
population and one third of the gross product!-
[1-3].

The level of development of the agro-indus-
trial complex is largely determined by its tech-
nical equipment, which depends on the avail-
ability and volume of purchase of agricultural
machinery and energy resources, as well as on
their quality. Currently, there has been a sig-
nificant reduction in the number of agricultural
machinery and equipment supplied to agricul-
tural production’® [4—6].

In the course of reforming the economy of
the country and the agro-industrial complex,
there was an absolute and relative reduction in
the number of machine and tractor fleet (MTF),
its moral and physical aging, deterioration of
the technical condition, deviation of the struc-
ture of the fleet of equipment from the optimal
parameters. Optimization of the quantitative
and qualitative composition of MTF is the ini-
tial condition for carrying out all the necessary
agrotechnical operations on the areas available
on the farm within optimal agrotechnical terms
with minimum costs and maximum production
profitability [7-9].

For the agricultural industry, the provision
of tractors and other self-propelled machines
is relevant, since most of the mechanized work
is carried out in crop production with mobile
energy resources [10—12]. The main reason for
the deterioration in the state of technical provi-
sion of agriculture is the lack of funds for the
purchase of machinery and equipment, and the
reduction in investment in the industry.

The provision of agricultural organizations
of the Omsk region with tractors and self-pro-
pelled agricultural combines is decreasing, but
the number of total sown areas remains at the
same level. As a result of the low rates of re-
newal of MTF, the load on morally and physi-
cally obsolete means of mechanization increas-
es. This leads to an increase in the timing of
agrotechnical operations for the cultivation of
crops and a decrease in the quality of products.
In modern conditions, it becomes relevant to
search for ways to acquire and modernize the
technical provision of agriculture [13].

As of 2020, there are more than 300 agri-
cultural organizations, 2.3 thousand peasant
farms and more than 333 thousand personal
subsidiary plots in the Omsk region®. The pro-
cess of consolidation of agricultural enterprises
is gradually underway. Dynamics of changes in
sown areas of agricultural crops in 2008—-2020.
is shown in Fig. 1.

The analysis of the presented material indi-
cates that the cultivated areas during the period
under review have changed insignificantly. In

'Draft strategy for innovative development of the agro-industrial complex of the Russian Federation for the period up to 2020
by the Ministry of Agriculture of the Russian Federation dated 13.09.2011.

2State program for the development of agriculture and regulation of agricultural products, raw materials and food for 2013—
2020, approved by the Decree No. 747 of the Government of the Russian Federation of July 14, 2012.

SForecast of scientific and technological development of the agro-industrial complex of the Russian Federation for the period
up to 2030 by the Ministry of Agriculture of the Russian Federation dated December 13, 2016.
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2020, they occupied 2,881.2 thousand hect-
ares. Areas under grain crops in 2008-2020 de-
creased by 2.9 thousand hectares, under fodder
crops - by 75.2 thousand hectares, or 0.14 and
13.2%, respectively.

Despite small changes in the volume of culti-
vated areas, the quantitative composition of the
Omsk Region's commercial and industrial sec-
tors has significantly decreased over the speci-
fied period®. The decrease in the availability of
tractors in the agro-industrial complex is due
to the reduction in the livestock section. The
number of wheeled tractors in operation in the
agricultural sector has decreased by 2,811 units
over 12 years, or 26.6% (see Fig. 2). Changes
in the number of tracked tractors are not con-
sidered in this article, since in the Omsk region
this type of tractors is currently practically not
used, mainly due to unreliability.

The reduction in the number of equipment
is also associated with its re-registration as the
property of individuals. After the change of
ownership, machines for the most part no lon-
ger participate in the commercial production
of agricultural products. Changes in the quali-

tative composition of the machine and tractor
fleet in most farms, as a rule, do not occur due
to the financial instability of most farms and
their lack of the opportunity to purchase new
energy-packed, highly efficient machines to re-
place old ones.

A decrease in the number of agricultural
tractors is associated with the transition from
soil cultivation technology with soil overturn-
ing to minimal cultivation, which requires less
energy consumption and the composition of
energy resources for carrying out all the nec-
essary agrotechnical operations included in the
technology [14].

The machine and tractor fleet of the Omsk
region is characterized by long service life of
equipment and significant worn-out state. The
data on the service life of various types of mo-
bile agricultural machinery in the Omsk region
are given in the table.

The greatest worn-out state is characteristic
of the fleet of tractors and combine harvesters -
88.0 and 68.8%, respectively (see table).

Intensive renewal of such universal techni-
cal means as self-propelled mowers was noted.

3500
3000 2880 2787.6 28812 3008,1 3007.5 2932,9 2881,2
- T~ = 5075 3008,5 S .- - —-
290877~ ~ = 2844.6 2975.7 3004.6 2864,1
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g 2121.2 2146 2141.2
%2000 ------------ 19552 20 DT 19451
z 20368 e 20313 21471 2171 19508 2033.9
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o
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2014 2015 2016 2017 2018 2019 2020
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Fig. 1. Changes in the cultivated areas in Omsk region

*Agriculture, hunting and forestry. URL: https://omsk.gks.ru/agriculture

SAvailability of tractors, agricultural machines and energy capacities in agricultural organizations of the Omsk region as of

January 1, 2019 Omsk: Omskstat, 2020.27 p.
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Fig. 2. Change in the number of wheeled tractors registered in the ownership of agricultural producers, units

Currently, there are 285 mowers in the region's
farms, of which 65.1% have been in operation
for up to 3 years.

With the introduction of intensive technolo-
gies into production, 126 units of high-per-
formance self-propelled sprayers work in the
farms of the Omsk region.

For tillage and sowing in the fields of the
Omsk region, more than 15,000 units of ag-
ricultural machinery are used annually. (see
Fig. 3).

The park of self-propelled agricultural har-
vesters in the Omsk region is in a more favor-
able condition in comparison with the fleet of
tractors (see Fig. 4.).

Currently, a significant part of both physical-
ly and morally obsolete cleaning machines has
been replaced. As of December 2020, 30.6% of
grain harvesters and 56.7% of self-propelled
forage harvesters have terms not exceeding 10
years. In this case, we can talk about a qualita-
tive leap in the provision of farmers with mod-

O6ecrnedeHHOCTh X03sicTB OMCKO 001acTH MOOMIIBHOH CEThCKOX03IHCTBEeHHOH TeXHNUKOH (2020 1)

Provision of farms of the Omsk region with mobile

agricultural machinery (2020)

Name title Mashinery, units. Equipment that h?OsA) steor\tfﬁ(ei ;t\fa(ii&%ri?icti}?)ﬁon period, units.
Tractors 26229 24183 (88)
Self-propelled mowers 285 84 (29,5)
Self-propelled spraying machines 126 20 (15,9)
Self-propelled cutters 301 36 (12,0)
Combine harvesters 4788 3296 (68,8)
Including foreign production 974 318 (32,6)
Forage harvesters 274 157 (57,3)
Including foreign production 93 32 (34,4)
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Fig. 3. Tillage and sowing tools in Omsk region,
units (2020)

ern high-performance equipment. Along with
foreign equipment, domestic equipment (pri-
marily produced by Rostselmash OJSC) [15]
is also used in the fields. These machines are
financially available mainly to farms located in
the south of the Omsk region and specializing
in grain cultivation.

Based on the analysis of data on the avail-
ability of combines among manufacturers of

7000

various forms of ownership, the load on one
combine in the Omsk region in 2008-2020 is
given. (see fig. 5).

The load on the combine harvester has in-
creased from 402 to 543 hectares, while the
load on forage machines has changed insignifi-
cantly (see Fig. 5).

To determine the number of mobile equip-
ment in Western Siberia, the main criterion is
the area that must be processed by one machine
in the optimal agrotechnical period.

N_ S06. x k'r.r
= 17 S

roj

The required number of agricultural ma-
chines to perform technological operations in
crop production is calculated by the formula
N=S xk_ H o where S is the amount
of work that needs to be carried out during the
year, hectares; k - coefficient of technical
readiness (average values based on the results
of technical inspection of the last 10 years for
combine harvesters k = 0.8, for tractors k =
0.7); H . - standard annual operating time for
one machine or tool, ha.
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Fig. 4. Dynamics of changes in the number of self-propelled combines

114  Siberian Herald of Agricultural Science ¢ 2021 « 51 ¢ 1

Problems. Solutions



Tennennuu obecneuennoctn Texuukoi AITK Omckoii obnactu

Yekycos M.C., Kem A.A., Muxansnos E.M., IlImuxr A.H.

1833 1673

_
,,/”' 1614535

1513

1644

///'1619

\ 1305

/N

~_

A237
e

“\\\l§05
N

1150

979

1066

532

557 550 562 550 509 514 543

Workload, ha/ combine

507
478

402 439 436

_.—o—.—'

2008 2009 2010 2011 2012 2013

2014 2015 2016 2017 2018 2019 2020
Year

= . = Workload on grain harvesters

Workload on forage harvesters

Puc. 5. IameHeHue cpeHelt Harpy3Ky Ha CaMOXOJIHBIM KOMOaitH

Fig. 5. Change in the average load on a self-propelled combine

On the whole, the quantity and quality of
agricultural products produced, the costs of the
corresponding resources and, ultimately, the
economic well-being of the economy directly
depend on the efficiency of using machine-trac-
tor units. High technical equipment of the farm
is the most important condition for minimizing
costs, which ensures a high level of farming
culture and accurate performance of techno-
logical operations in optimal terms.

CONCLUSION

There was a tendency to reduce the ma-
chine and tractor fleet in the Omsk region for
2008-2020 with a slight change in the volume
of sown areas and their structure. The number
of tractors used in agriculture in 2020 was 7751
units, grain harvesters - 4678 units, forage har-
vesters - 516 units. The reduction in the num-
ber of tractors and combines during the period
under study led to an increase in the average
annual load on a tractor by 99 hectares, or 36%,
on a combine harvester - by 141 hectares, or
35%. This affects the timing of the main agro-
technical operations, the quantity and quality
of the final product. The determination of the
optimal composition of the tractor and combine

harvester fleet should be carried out for each
specific farm, taking into account local condi-
tions and the structure of economic activity.
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