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S 3EMJIEJIEJINE U XUMW3AL[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2021-5-1 Tun crarby: OpUrHHANBHAS
VIK: 631.559.633.11(571.12) Type of article: original

3ABUCUMOCTb ATPOXUMHUYECKHX U ATPOPUIUNUYECKHUX CBOVCTB
BBIIIEJJOYEHHOI'O YEPHO3EMA OT CUCTEMbBI OBPABOTKH ITIOYBbI

Makyas A.JL., boxanosa I.B., () I[lakyxas B.H.

Kemeposckuil Hayuno-ucciedosamenbCKutl UHCIMUmyn celbCKo20 X03SUCmea — uiual
Cubupcroeo hedepanrbhoco HayuHo20 yeumpa acpoouomexnonocuti Poccuiickoil axademuu Hayx
Kemeposckas ob6macte, noc. HoBoctpoiika, Poccus

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

[IpencraBieHsl pe3yabTaThl NCCISIOBAHMA 10 U3YYCHUIO 3aBUCUMOCTH arpOXUMHUYECKUX H ar-
pOdH3UIECKIX CBOWCTB BBIMIEIIOUEHHOTO Y€PHO3EMa OT CUCTEMbl 00pa0OTKK To4BHl. PaboTa BhI-
nosHeHa B 2015-2019 rr. B AMTENEHOM CTallMOHAPHOM IIOJIEBOM OIBITE B TOCEBAX SPOBOM MATKOH
nreHunbl Cubupckuit AnbsiHe. [TouyBa ONBITHOTO y4acTKa — YEpHO3EM BBILICIOUYCHHBIN CpelHe-
MOIIHBIA CPEAHErYMYCHBIN TSHKEI0CYIMHUCTBIN. [IpeaiecTBeHHUKaMU MIICHHIIBI ObLIH YUCThIH
nap, CHepaNbHbIA map (parc), CuaepanbHbIi nap (AOHHUK). V3ydeHs! cieayromume cCucTeMbl 00-
pabOTKH MMOYBBI: OTBaJbHAS TITyOOKask (KOHTPOJIh ), KOMOWHUPOBaHHAS TITyOOKasi, KOMOMHHPOBAHHAS
MUHUMaJIbHAs, OTBaJbHASI MHHUMabHAA. OTMEUEHO MPEUMYIIECTBO MO COIEPIKAHUI0 HUTPATHOTO
a30Ta B MOYBE JO0 MOCEBa, B a3y KyIICHHUS U KOJOLICHHUS MIICHUIBI 110 MPEIIICCTBEHHUKY CHIE-
payIbHBIN map (parc) npy UCIOIb30BAHNH OTBAIBHOW MUHUMAIILHON CHCTEMBI 00paboTKU (0CEHBIO
3azienka cuzepanbHoil KynbTypbl B/1T-3). YeranoBieHo BiusiHUE cCTEMbI 00pa0OTKH Ha COIepKa-
HUE HUTPATHOTO a30Ta B Mo4Be B (a3zy KymieHus mmeHuns — 15,5%, ycmoswii roma — 12,9, B3an-
MoJieiicTBus JaHHBIX (akTopoB — 20,1%. BeisgBieHa MOI0KUTEIbHAS B3aMMOCBS3b MEXKILYy COIEp-
JKaHHEeM HUTPATHOTO a30Ta B IMOYBE M KOJIMYECTBOM ITOIBIKHOTO (pochopa Mo mpeaecTBeHHUKY
cuziepanbHbli nap (parnc), » = 0,7118-0,8917 (R = 0,9500). Beicokue nokasarenu conepxanus PO,
(ot 150 Mr/KT 1 BBIIIIE) OTMEYEHBI B CpeIHEM 32 5 JieT B a3y KOJOUIeHHUs MeHusl — oT 145,0 no
165,6 mr/kr. Makcumainbhble 3Ha4eHns P,O, BBISABIEHBI 0 CHIEPATBHOMY TIapy (parc) npu Komou-
HUPOBAaHHOW MUHUMAJIHHOW W OTBAJIHLHOM MUHUMATLHOM cHcTeMax 0O0paboTKu mouBkl. JlocToBep-
HOE TIPEBBIIICHNE CO/IePKaHNs 0OMEHHOTO Kallisl B CPABHEHUH C KOHTPOJIEM TI0 CPETHUM TTOKa3are-
nsm 32 2015-2019 T oTMedeHo npu KOMOMHUPOBAHHOM IITy0O0KOo# cucteme 00padboTku — 5,0 Mr/Kr
(HCP,,). Ilpu ocTanbHBIX M3y4aeMbIX CHCTEMax 0OpabOTKM IOKa3aTeld HaXOAWJIMCh Ha ypOBHE
KOHTpOJIsi. BrisiBeHs! Oonee BhICOKHE KOA(P(UIMEHTHI CTPYKTYPHOCTH MIPH OTBAIBHOW TITyOOKOM
cucteMe 00paboTKu (KOHTPOIb) — 2,54, KOMOMHUPOBAHHONH MUHUMANIbHOU — 2,47, OTBAJILHON MU-
HAMAaJIbHOH — 2,23 10 MpenIieCTBEHHUKY CUICPAIBHBIN Tap (parc); o cuaepasbHoMy Tapy (IoH-
HUK) — 2,98 (oTBasbHas ry6okas). [Ipu yBenmuueHnn koddummeHTa CTpyKTYpHOCTH OTMEUYEHO
CHIDKCHHE ITOKa3aTells IIIOTHOCTH CIIOKEHUS mouBkl, » = —0,3499 (R = 0,5760). BeisiBiieHa TeHaeH-
ST K CHIDKCHUIO TUIOTHOCTH CJIOXKEHHs 1o4uBkI 710 0,98 1/cM® 110 mpe/iecTBeHHUKY CHICPaIbHBIN
nap (parc) npu MUHUMAJIM3AlUKd 00PaOOTKHU MOYBbI: KOMOMHUPOBAHHOW OTBAJILHOM U MUHUMAJIb-
HOI OTBAJILHOMW; ITPH OTBAJBHOM ITyO0KO# (KOHTpOIs) — 1,02 r/cm?®. B pesynbrare KoppeasiuoHHOTO
aHaJIM3a yCTaHOBIICHO, YTO MPH YBEINYCHUN TUIOTHOCTH CJIOKEHHUS TIOYBBI CHIDKACTCS COJIepyKaHue
PO, r=-0,4898, K O, r = -0,2530.

KuaroueBsbie cioBa: sipoBasi MsTKas IMIIEHHIIA, CUCTEMa 00paOOTKU TOYBBHI, MPEIIIECTBEHHHUK,
arpo(u3nvecKre CBOIMCTBA MOYBBI, BOAONPOUYHBIE MaKpOArperarsl, IIIOTHOCTb MOYBBI, arpOXUMHU-
YECKHUE CBOWCTBA MTOYBbI
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DEPENDENCE OF AGROCHEMICAL AND AGROPHYSICAL PROPERTIES
OF LEACHED CHERNOZEM ON SOIL TREATMENT SYSTEM

Pakul A.L., Bozhanova G.V., <) Pakul V.N.

Kemerovo Research Institute of Agriculture — Branch of the Siberian Federal Scientific Center of
Agro-Biotechnologies of the Russian Academy of Sciences

Kemerovo region, Russia

() e-mail: vpakyl@mail.ru

The results of research on the dependence of agrochemical and agrophysical properties of leached
chernozem on the system of soil treatment are presented. The work was performed in 2015-2019 in a
long-term stationary field experiment in crops of spring soft wheat Siberian Alliance. The soil of the
experimental site is medium-powered medium-humus heavy-loamy leached chernozem. Wheat was
preceded by clean fallow, green fallow (rape), green fallow (cloverleaf). The following tillage systems
were studied: deep moldboard (control), deep combined, minimum combined, minimum moldboard.
There is an advantage in nitrate nitrogen content in the soil before sowing, in the phase of tillering
and earing of wheat on the preceding cereal fallow (rape) when using the minimum tillage system (in
autumn the break crop BDT-3 is planted). The effect of the tillage system on the nitrate nitrogen content
in the soil in the phase of bushing of wheat - 15,5%, conditions of the year - 12,9, the interaction of
these factors - 20,1% was determined. A positive relationship between the content of nitrate nitrogen
in the soil and the amount of mobile phosphorus on the precursor green fallow (rape), r = 0.7118-
0.8917 (R = 0.9500), was detected. High P,O; content (from 150 mg/kg and above) was recorded on
average for 5 years during the earing phase of wheat - 145.0 to 165.6 mg/kg. Maximum PO, values
were detected for green fallow (rape) under minimum combined and minimum moldboard systems.
A significant increase in exchangeable potassium content over the control average for 2015-2019 was
observed with the deep combined tillage system - 5.0 mg/kg (NSR ). With the other tillage systems
studied, the figures were at the control level. Higher soil pedality coefficients were revealed with a deep
moldboard processing system (control) - 2.54, a minimum combined - 2.47, a minimum moldboard -
2.23 according to the predecessor green fallow (rapeseed); for green fallow (melilot) - 2.98 (deep
moldboard). With an increase in the pedality coefficient, there was a decrease in the soil bulk density
index, r=-0.3499 (R = 0.5760). A tendency was revealed towards a decrease in the soil bulk density to
0.98 g/cm® according to the predecessor green fallow (rapeseed) with minimization of soil cultivation:
combined moldboard and minimum moldboard; with a deep moldboard (control) - 1.02 g / cm’. As a
result of the correlation analysis, it was found that with an increase in the soil bulk density, the content
of P,O,, r =-0.4898, K,O, r =-0.2530, decreases.

Keywords: spring soft wheat, soil tillage system, predecessor, soil agrophysical properties,
waterproof macroaggregates, soil density, soil agrochemical properties
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INTRODUCTION

Agrochemical soil properties determine soil
fertility '2.

Mineral nutrition is one of the main regu-
lated factors used to target plant growth and de-
velopment. A prerequisite for high crop produc-
tivity is an optimally balanced plant nutrition
system [1-3].

During the mineralization of soil organic
matter, nitrogen is mobilized through absorp-
tion by microflora and binding of ammonia [4,
5]. Nitrogen is one of the elements whose com-
pounds play an enormous role in biomass cre-
ation, natural and anthropogenic systems func-
tioning [6—8]. Optimization of mineral nutrition
is closely linked to nitrogen uptake, transport
and metabolism, which determines the size and
quality of the crop. With sufficient nitrogen in-
take from the soil, plants accumulate consider-
able biomass during the tillering phase, when
the numerical side of the crop is established
during the 4th-5th stages of organogenesis in
cereal crops (number of spikelets and flowers
in the spike) [9].

Wheat experiences phosphorus deficiencies
earlier than nitrogen deficiencies. It responds
to additional phosphorus fertilization even be-
fore the tillering phase. If wheat is supplied
with phosphorus before earing, its yield is not
reduced even if no phosphorus fertilizer is ap-
plied in later phases’.

The content of mobile forms of phosphorus
and potassium is one of the most important ag-
rochemical indicators of soil fertility. A good
phosphorus supply improves carbohydrate me-
tabolism, leads to the accumulation of sugars,

which contributes to frost and winter hardi-
ness, ensures economical use of moisture and
increases drought tolerance of plants. A lack of
available phosphorus slows down protein syn-
thesis and increases nitrate nitrogen in plant tis-
sues [10-12].

Optimum potassium availability in arable
soils is one of the prerequisites for high crop
productivity and sustainable agroecosystems
[13, 14].

P.A. Chekmarev and P.V. Prudnikov, consid-
ering the role of potassium in farming, explain
that fundamental, physiological-biochemical
and ecological studies not only confirm the
known, but also discover new functions of
this element: it enhances the process of photo-
synthesis and assimilation of CO,, promotes a
greater accumulation of assimilants in the spare
organs of plants [15].

Tillage in the farming system is regarded by
many scientists as a powerful factor influencing
its agrochemical and agrophysical properties.
There are many examples of the effectiveness
of minimum tillage systems and direct sowing
in Russia. Inthe Novosibirsk region, the Rubin
and Novomayskoye farms in Krasnozersky dis-
trict and the Stepnoye farm in Iskitimsky dis-
trict use the direct sowing technology on tens
of thousands of hectares and produce high and
stable yields annually [16].

Academician V.I. Kiryushin made a major
contribution to the study of tillage methods and
systems at different levels of intensification.
Under his leadership at the Siberian Research
Institute of Farming, stationary multifactorial
experiments were set up in practically all soil
and climate zones of the Novosibirsk Region®.

'Afonchenko N.V. Influence of tillage methods on mineral nitrogen content. Actual problems of farming and soil protection
from erosion: collection of reports of international scientific and practical conference. Kursk, 2017. pp. 87-90.

2Karaulova L.N. Nitrogen and potassium content in the soils of Kursk region. Adaptive-landscape farming: challenges of the
XXT century: Proceedings of the International Scientific and Practical Conference. Kursk, 2018. pp. 189-191.

3Yagodin B.A., Zhukov Y.P., Kobzorenko V.I. Agrochemistry. Moscow: Kolos, 2002. 216 p.
“Kiryushin V.I. Methodological concept of agricultural development in Siberia: Methodological recommendations. Novosi-

birsk, 1989. 45 p.
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Generalization of the results of the conduct-
ed experiments has shown that under optimi-
zation of mineral nutrition of plants and phy-
tosanitary situation the yield capacity of grain
crops at different tillage from deep tillage to
zero tillage on different types of soil (southern
heavy loamy chernozem, ordinary heavy loamy
chernozem, leached heavy loamy chernozem,
meadow-chernozem soil) was not different’.

The mechanical factors of structure forma-
tion are particularly strong during tillage. Till-
age implements produce the greatest amount
of macro-aggregate when the soil is physically
ripe [17].

The purpose of the research is to study the
dependence of agrochemical and agrophysical
properties of leached chernozem on the tillage
system.

MATERIAL AND METHODS

The work was carried out in a long-term sta-
tionary field experiment at the Kemerovo Re-
search Institute of Agriculture, a branch of the
Siberian Federal Research Centre of AgroBio-
Technologies of the Russian Academy of Sci-
ences.

The soil of the experimental plot is medium-
powered medium-humus heavy-loamy leached
chernozem with a humus content of 8.2% in the
arable layer. The research was carried out in a
four-field cereal fallow rotation (fallow - wheat
- pea - barley) using the following tillage sys-
tems: mouldboard deep, combined deep, com-
bined minimum, mouldboard minimum.

Tillage systems:

— mouldboard deep: annual main tillage for
all crops - ploughing with plough PN-4-35 to
a depth of 25-27 cm, spring moisture closure
with BZT-1, C-11, pre-sowing cultivation with
AKP "Leader-2,1";

— combined deep: annually for all crops
shallow tillage to a depth of 25-27 cm with the
KPG-250 subsurface cultivator, in spring mois-

ture closure with BZT-1, C-11, pre-sowing cul-
tivation with KPS-4,2;

— combined minimum: annually under all
crops shallow main tillage to a depth of 12-14
cm with the KPG-250 subsurface cultivator, in
spring moisture closure with BZT-1, C-11, pre-
sowing cultivation with KPE-3,8;

— mouldboard minimum: annually, on fore-
crops, complete and green manure fallow au-
tumn processing BDT-3, in spring direct sow-
ing with a sowing complex.

Sowing in all variants was carried out with
the Tom-5.1 seeding complex with a simulta-
neous application of 1.0 c/ha of ammophos
(N,,P,,). Experimental plot area by tillage was
4720 m?, record area - 100 m?, four times rep-
etition. The spring wheat variety Siberian Alli-
ance was sown on three different predecessors:
complete fallow, green fallow (rapeseed) and
green fallow (melilot).

Soil moisture was determined by thermo-
static weight method in a meter layer accord-
ing to spring barley development phases®, agro-
physical properties of soil - according to N.A.
Kachinsky method’, bulk density or density
volume (dv) - as the mass of absolutely dry soil
(M) in the unit of soil volume (V) with all natu-
ral soil voids (g/cm®) (dv = M/V). The density
of the soil was set by layer, then calculated for
a layer of 40 cm. The aggregate composition of
the soil was determined by the method of N.I.
Savvinov, which is based on the possibility of
dividing the soil into fractions on sieves with
holes of different diameters (see footnote 7).

Grain harvesting was carried out by solid
harvesting using a Sampo-130 plot harvester.
Grain yield figures are given for 100% purity
and 14% moisture content according to GOST
13586.5-9368. Statistical processing of the ob-
tained data was carried out by the method of
analysis of variance according to B.A. Dospe-
khov’ using computer programs of O.D. So-
rokin'’.

*Vlasenko A.N. Scientific foundations of minimum tillage systems in the forest-steppe of Western Siberia. Novosibirsk, 1994. 76 p.
‘Practical training on soil science / edited by Kaurichev L.S.; 3rd edition, revised and extended. M.: Kolos, 1980. 272 p.
’Kachinsky N.A. Physics of soils. Moscow: Higher School, 1965. 318 p.

$Interstate Standard. Grain. Methods of analysis: Collection of State Standards. MOSCOW: PPC, 2001.

*Dospekhov B.A. Methodology of field experience. Moscow: Kolos, 1979. 415 p.

1Sorokin O.D. Applied statistics on computer. Krasnoobsk: EPA SB RAAS, 2004. 162 p.
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RESULTS AND DISCUSSION

Over the years of the study (2015-2019), the
nitrate nitrogen content in spring soft wheat
crops varied during the growing season (see Ta-
ble 1). The specific behavior of nitrate nitrogen
in the soil is such that its presence should be
monitored annually before sowing. Nitrate ni-
trogen is in the soil solution, so its fluctuations
in the arable layer during the growing season
are significantly influenced by moisture condi-
tions [18].

Over the years of the surveys, the average
pre-sowing nitrate nitrogen content was 13.6
mg/kg soil in 2015, 2016 - 10.0, 2017- 21.8,
2018 - 12.0, 2019 - 11.9 mg/kg. The proportion
of the influence of the conditions of the year
on the nitrate nitrogen content before sowing -
48.6%, tillage system - 7.7% was detected.

Prior to sowing, N-NO, content averaged
10.6-17.5 mg/kg of soil in 5 years for the com-
plete fallow preceding crop, with the advantage
of minimum tillage systems - combined and

Ta6a. 1. Conepxanne N-NO,
0-40 cm (2015-2019 rr.), MI/KT TIOYBBI

mouldboard: 17.5 and 17.4 mg/kg of soil, re-
spectively. This trend continues for the preced-
ing green manure fallow (rapeseed) and green
manure fallow (melilot). For rapeseed, a reli-
able advantage in N-NO, content was given by
the minimum mouldboard tillage system, ex-
ceeding the control (deep tillage) by 2.1 mg/kg
of soil (LSD,, = 1.83).

The content of nitrate nitrogen increased
compared to the control for the forecrop with
green manure fallow (melilot) at combined
deep tillage by 2.1 mg/kg, combined minimum
by 3.6 and mouldboard minimum tillage by
5.4 mg/kg.

The application of ammophos (N ,P.) si-
multaneously with sowing and the nitrification
processes in the soil increased the nitrate ni-
trogen content in the soil by the tillering phase
of spring soft wheat. The highest content of
N-NO, was noted for the forecrops of green
manure fallow (melilot) and green manure fal-
low (rapeseed) when using the minimum tillage

B [TOCEBAax SPOBOM MATKOH MieHUIbl CHOMPCKUIT AJTBSHC B CJIO€ MTOYBBI

Table 1. The content of N-NO, in crops of spring soft wheat Siberian Alliance in the soil layer is

0-40 cm, mg/kg of soil (2015-2019)

Soil tillage system Before sowing Tillering phase Earing phase
Complete fallow forecrop
Deep mouldboard (control) 10,6 16,3 15,4
Deep combined 14,5 22,0 11,7
Minimum combined 17,5 22,2 14,3
Minimum mouldboard 17,4 21,8 14,9
Green manure fallow (rapeseed grass)
Deep mouldboard (control) 12,5 19,9 14,5
Deep combined 13,7 20,6 14,5
Minimum combined 13,5 19,3 15,5
Minimum mouldboard 14,6 28,3 16,8
Green manure fallow (melilot)
Deep mouldboard (control) 10,3 19,1 12,2
Deep combined 12,4 19,8 11,7
Minimum combined 13,9 21,7 13,6
Minimum mouldboard 15,7 27,9 11,9

Average by factors, N-NO

mg/kg of soil; tillage system: deep mouldboard - 14.5, deep combined - 15.7, minimum com-

bined - 16.8, minimum mouldboard - 18.8; development phases: pre-sowing - 13.9, tillering phase - 21.6, earing phase - 13.9;
forecrop: complete fallow - 16.5, green manure fallow (rape) - 17.0, green manure fallow (melilot) - 15.9; LSD , by factors, mg/
kg soil: tillage system - 1.83, forecrop - 1.59, development phases - 1.59.
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system (in autumn the BDT-3 was embedded in
the green manure fallow) - 27.9 and 28.3 mg/kg
of soil, respectively.

Increased nitrate nitrogen content in the til-
lering phase was observed in 2015-2019 when
combined deep and minimum tillage systems
were used: for the forecrop complete fallow -
22.0-22.2 mg/kg soil, green manure fallow
(rapeseed) - 20.6 and 19.3, green manure fallow
(melilot) - 19.8 and 21.7 mg/kg respectively. In
the mouldboard deep tillage system, the N-NO,
content is 16.3-19.9 mg/kg of soil, depending
on the predecessor. The effect of the tillage sys-
tem on the nitrate nitrogen content in the soil
during the tillering phase of spring soft wheat
was 15.5%, the effect of the conditions of the
year was 12.9, and the interaction of these fac-
tors was 20.1%.

The influence of the year's conditions was
largely determined by moisture availability.
A positive correlation has been established
between the hydrothermal coefficient (HTC)
during the vegetation period and the nitrate ni-
trogen content during the waxy maturity phase
of spring soft wheat. For the complete fallow
forecrop this correlation was observed in 2015-
2018: r = 0.5315-0.9736* (* - hereafter in the
text means above the confidence threshold), for
rapeseed in 2017-2018 r = 0.3204-0.8690, for
melilot in 2015-2016 r = 0.7313-0.9730*.

According to the 5-year averages (2015-
2019), reliably high content of productive
moisture in the soil layer 0-20 cm in the period
of sowing was noted in the forecrops complete
fallow and green manure fallow (rapeseed) at
mouldboard minimum tillage - 29.7 mm, at
mouldboard deep tillage (control) - 26.3 and
27.4 mm respectively (see Table 2).

According to the average values for 2015-
2019 the highest content of productive moisture
in the 0-20 cm layer of the soil was noted in the
tillering phase for the forecrop green manure
fallow (rapeseed) at mouldboard minimum till-
age system (27,3 mm) compared to the control
(mouldboard deep tillage, 22,7 mm), for the
complete fallow forecrop at combined mini-
mum - 25.4 mm (control - 20,2 mm). For com-
plete fallow, the reserves of productive mois-
ture in the minimum tillage system are higher

by 3.2 mm compared to the control. For green
manure fallow (melilot), stocks of productive
moisture in all tillage systems are at the con-
trol level - 23.9-24.2 mm (control - 20.3 mm,
LSD,, = 4.69). The results of the analysis of
variance showed that the highest (21.3%) influ-
ence on the content of productive moisture in
the root layer of the soil was caused by tillage
systems, the influence of the forecrop was not
established.

The annual precipitation in the phase of
earing of spring wheat in the northern forest-
steppe of the Kuznetsk Depression was noted.
The content of productive moisture in the root
layer of the soil on the average indicators for
2015-2019 is high enough for grain filling: 29.5
mm for complete fallow, 29.9 mm for green
manure fallow (rapeseed), 31.0 mm for melilot.
The influence of tillage system on the content
of productive moisture in the tillering phase in
the soil layer 0-100 cm - 4.6%, in the earing
phase of this influence is not established.

The use of minimum technologies with the
introduction of green crops and perennial grass-
es in the crop rotation, preservation of stubble
backgrounds increases the biological activity of
the soil in the rhizosphere, mineralization of or-
ganic matter with the release of available forms
of nutrients, in particular nitrate nitrogen [19].

When spring soft wheat plants used nitrate
nitrogen from heading stage to earing stage, its
content decreased on average by 35.7% (from
21.6 to 13.9 mg/kg of soil). The effect of the
tillage system on the nitrate nitrogen content
in the soil during the earing phase was 10.7%,
while the effect of the forecrop was not detect-
ed. The highest content of nitrate nitrogen was
found in this phase with mouldboard minimum
soil tillage system for rapeseed forecrop - 16.8
mg/kg of soil, control - 14.5 mg/kg.

The mobile forms of phosphorus practically
do not move through the soil profile; therefore,
its content in the root-containing soil layer (0-
40 cm) is most important in assessing the avail-
ability of phosphorus in plants. Classification of
soils in terms of the content of mobile phospho-
rus compounds in soils according to Chirikov
is as follows: less than 20 mg/kg soil - very low
content; 20 to 50 - low; 50 to 100 - medium;
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Tabua. 2. 3anacel IPOLYKTUBHOM BJIard B OCEBaX APOBOM MSTKOM MIIEHUIBI B cjioe mouBbl 0—20 cMm

(20152019 1), Mm

Table 2. Reserves of productive moisture in crops of spring soft wheat in the soil layer 0-20 cm

(2015-2019), mm

Soil tillage system Sowing Tillering Earing
Complete fallow forecrop
Deep mouldboard (control) 26,3 20,2 27,7
Deep combined 25,8 21,4 31,1
Minimum combined 26,9 254 29.9
Minimum mouldboard 29,7 234 29,2
Green manure fallow (rapeseed grass)
Deep mouldboard (control) 27,4 22,7 29,5
Deep combined 27,6 19,0 30,6
Minimum combined 27,7 21,3 30,8
Minimum mouldboard 29,7 27,3 28,8
Green manure fallow (melilot)
Deep mouldboard (control) 24.8 20,3 30,4
Deep combined 25,5 23,9 30,5
Minimum combined 26,1 242 31,8
Minimum mouldboard 26,7 24,0 31,4

LSD,, by factors (sowing): tillage system - 2.0, forecrop - 1.74.
LSD,, by factors (tillering): tillage system - 4.69, forecrop - 4.06.
LSD,; by factors (earing): tillage system - 1.75, forecrop - 1.52.

100 to 150 - increased; 150 to 200 - high; over
200 mg/kg - very high [20].

The content of mobile phosphorus on aver-
age for 2015-2019 in the crops of spring soft
wheat Siberian Alliance regardless of the fore-
crop is characterized as elevated: before sowing
from 132.6 to 148.8 mg/kg soil, in the tillering
phase from 137.4 to 150.0 mg/kg (see Table 3).

High P,O, content (from 150 mg/kg and
above) was recorded on average for 5 years
during the earing phase, from 145.0 to 165.6
mg/kg. The maximum values were obtained for
green manure fallow (rapeseed) with combined
minimum soil tillage system - 160.6 mg/kg of
soil - and mouldboard minimum - 165.6 mg/kg,
with mouldboard deep (control) - 150.6 mg/kg.
The share of the influence of the soil tillage sys-
tem on the content of mobile phosphorus was
5.1% and that of the forecrop - 2.8%.

The high content of mobile phosphorus dur-
ing earing stage - 161.6 mg/kg of soil (control -
151.0 mg/kg) was also observed with mould-

board minimum tillage system for the green
manure fallow forecrop (melilot).

Correlation analysis based on our results
showed a positive relationship between the
content of nitrate nitrogen in the soil and the
amount of mobile phosphorus on the forecrop
of green manure fallow (rapeseed), r = 0.7118-
0.8917 (R = 0.9500). In accordance with the
increase of phosphorus availability, the micro-
biological activity of the soil increases and the
content of nitrate nitrogen increases [21, 22].

The content of exchangeable potassium
varied between the test variants. On average
(2015-2019), the K20 content in mouldboard
deep soil tillage system (control) was 107.8 mg/
kg soil, combined deep tillage was 112.8, com-
bined minimum tillage was 110.0, and mould-
board minimum tillage was 106.2 mg/kg (see
Table 4).

A significant increase in the content of ex-
changeable potassium in comparison with the
control was noted with the combined deep till-
age system - 5.0 mg/kg (LSD,), with the other
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Ta6a. 3. Conepxanne P,O, B moceBax spoBoi MATKon nureHUIbl CHOMPCKUI AJIBSHC B CJIO€ OYBBI
0-40 cm o dazam pazeutus pacteruit (2015-2019 rr.), MI/KT TOYBBI

Table 3. P,O, content in spring soft wheat crops Siberian Alliance in soil layer 0-40 cm, mg/kg of soil,

by plant development phases (2015-2019)

Soil tillage system | Before sowing | Tillering phase | Earing phase
Complete fallow forecrop
Deep mouldboard (control) 132,6 137,4 154,8
Deep combined 140,0 143,0 1524
Minimum combined 144.,4 147,2 154,6
Minimum mouldboard 139,6 141,0 156,0
Green manure fallow (rapeseed grass)
Deep mouldboard (control) 144,2 1434 150,6
Deep combined 143,6 143,0 150,4
Minimum combined 147,0 147,6 160,6
Minimum mouldboard 139,8 147,2 165,6
Green manure fallow (melilot)
Deep mouldboard (control) 148,8 149,2 151,0
Deep combined 141,6 1424 145,0
Minimum combined 144,0 141,0 147,2
Minimum mouldboard 143,4 150,0 161,6

Average by factors, mg/kg of soil: P,O,, soil tillage system: mouldboard deep - -145.8, combined deep - 144.6, combined

275

minimum - 148.2, mouldboard minimum - 149.4; development phases: pre-sowing - 142.4, tillering phase - 144.4, earing phase -
154.1; forecrop: complete fallow - 145.3, green manure fallow (rapeseed) - 148.6, green manure fallow (melilot) - 147.1; LSD
by factors, mg/kg soil: tillage system - 3.23, forecrop -2.80, development phases - 2.80.

studied systems of cultivation indicators are at
the control level. The influence of the tillage
system on the exchangeable potassium content
was 7.5%, that of the forecrop 18.5, and the in-
teraction of these factors was 12.3%.

The content of exchangeable potassium in-
creased during the vegetation period of spring
soft wheat with the combined deep tillage sys-
tem: by the forecrop complete fallow before
sowing - 113.2 mg/kg, during tillering - 101.2,
earing - 117.0 mg/kg, by the control - 108.8;
95.2; 106.2 mg/kg, respectively. The same ten-
dency was found with the combined minimum
tillage system: the excess to the control was
3.8-7.6 mg/kg of soil. For green manure fallow
(rapeseed), the increase in exchangeable potas-
sium content compared to the control was either
absent or negligible under all tillage systems.

M.L. Tsvetkov and A.F. Kolesnikov note
from their studies that the roots of melilot plants
are able to assimilate hard-to-reach forms of
plant mineral nutrients (potassium and phos-
phorus) from deep soil layers due to a well-
developed root system. The content of mobile

phosphorus and exchangeable potassium in the
soil increases when sowing in the crop rotation
on the preceding green manure fallow (melilot)
[23].

According to the content of K O before sow-
ing spring soft wheat on the green manure fal-
low (melilot) forecrop the advantage had the
combined deep tillage system - by 4.2 mg / kg,
the mouldboard minimum - by 6.4, the com-
bined minimum - by 12.4 mg / kg ( in the con-
trol - 107.6 mg / kg) in the tillering phase - by
6.6; 12.2; 8.0 mg / kg, respectively (control -
106.2 mg / kg).

Changes in the agrophysical parameters of
the soil characterize the processes occurring in
the soil under the influence of the system of its
cultivation. When assessing the structural state
of the soil, it was revealed that the average in-
dicators for the content of agronomically valu-
able aggregates most resistant to the erosion ef-
fect of water (1-3 mm), depending on the con-
ditions of the year, varied within insignificant
limits: 2015 - 33.1%, 2016 - 34, 2, 2017 - 34.5,
2018 - 35.5, 2019 - 33.8% (see Table 5).
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Ta6a. 4. Conepxanne K,O B noceax sapoBoi MArkoi mueHnnbl CHONPCKUi AJIBSHC B CIIO€ TTOYBBI
0-40 cm o dazam pazeutus pacteruit (2015-2019 rr.), MI/KT TOYBBI

Table 4. K O content in spring soft wheat crops Siberian Alliance in soil layer 0-40 cm, mg/kg of soil,

by plant development phases (2015-2019)

Soil tillage system | Before sowing | Tillering phase | Earing phase
Complete fallow forecrop
Deep mouldboard (control) 108,8 95,2 106,2
Deep combined 113,2 101,2 117,0
Minimum combined 112,6 102,8 110,0
Minimum mouldboard 105,2 92.4 104,2
Green manure fallow (rapeseed grass)
Deep mouldboard (control) 102,0 116,4 111,6
Deep combined 108,6 120,8 113,6
Minimum combined 105,6 104,0 110,4
Minimum mouldboard 89,0 105,0 111,0
Green manure fallow (melilot)
Deep mouldboard (control) 107,6 106,2 116,0
Deep combined 111,8 112,8 116,0
Minimum combined 120,0 114,2 110,8
Minimum mouldboard 114,0 118,4 116,6

Average by factors, mg/kg of soil: KO, tillage system: deep mouldboard -107.8, deep combined - 112.8, minimum combined -
110, minimum mouldboard - 106.2; developmental phases: pre-sowing - 108.2, tillering phase - 107.4, earing phase - 111.9; fore-
crop: complete fallow - 105.7, green manure fallow (rapeseed) - 108.2, green manure fallow (melilot) - 113.7; LSD 05 by factors,
mg/kg soil: tillage system - 4.39, forecrop -3.80, development phases - 3.80.

The influence of the soil cultivation system
on the content of agronomically valuable ag-
gregates is noted - 10.1%, the interaction of the
soil cultivation system and the predecessor en-
hances this effect to 40.6%.

On average for 2015-2019, depending on the
tillage system, the figures for the content of ag-
ronomically valuable aggregates are as follows:
mouldboard deep tillage - 36.0%, combined
deep tillage - 31.9%, combined minimum -
35.1, mouldboard minimum tillage - 34.0%;
by forecrops: complete fallow - 32.9%, green
manure fallow (rapeseed) - 34.5, green manure
fallow (milelot) - 35.3%.

There is now a clear trend towards minimal
tillage and direct seeding [24]. Tillage minimi-
zation did not worsen the state of soil aggregate
composition: with combined minimum and
mouldboard minimum systems, the number of
agronomically valuable aggregates was at the
control level (mouldboard deep). Soil texture
can be characterized not only by the number
of valuable aggregates, but also by the texture
coefficient, which shows the ratio of agronomi-

cally valuable aggregates to the sum of the
clumpy and dusty fractions. Higher coefficients
of structure with mouldboard deep system (con-
trol) - 2,54, combined minimum - 2,47, mould-
board minimum - 2,23 on preceding green ma-
nure fallow (rapeseed) (see table 6).

An increase in the coefficient of soil struc-
ture for the complete fallow forecrop was
found when using combined and mouldboard
minimum tillage systems - 2.21 and 2.11 re-
spectively, when using mouldboard deep tillage
(control) - 1.66. The effect of the tillage system
on the soil structure coefficient was 19.3% and
that of the forecrop - 3.65. The greatest influ-
ence is determined by the interaction of these
two factors - 34.4%. By applying organic mat-
ter, the use of green manure crops improves soil
structure. For the preceding complete fallow
(rapeseed) when using mouldboard deep soil
tillage the coefficient of structure was 2.54 and
for melilot it was 2.98.

With the increase of the coefficient of struc-
ture there was a decrease of the density of the
soil, r =-0.3499 (R = 0.5760), which is impor-
tant in assessing its agrophysical properties.
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Taodua. 5. ConepkaHue arpoHOMUYIECKH LEHHBIX arperatoB (1-3 Mm), % OT BO3LyLIHO-CYyXOH ITOYBBI
Table 5. Content of agronomically valuable aggregates (1-3 mm), % of air-dry soil

Soil tillage system | 2015 [ 2006 [ 2017 | 2018 2019
Complete fallow forecrop
Deep mouldboard (control) 32,8 30,7 23,0 31,2 31,9
Deep combined 31,8 32,6 32,3 333 32,2
Minimum combined 33,9 35,8 34,4 36,0 36,2
Minimum mouldboard 20.8 34,4 37,2 34,1 34,4
Green manure fallow (rapeseed grass)
Deep mouldboard (control) 32,4 32,0 39,6 37,7 38,1
Deep combined 29,7 33,8 31,1 31,9 31,6
Minimum combined 37,5 40,0 34,8 35,2 36,9
Minimum mouldboard 29,7 28,5 35,2 37,0 37,7
Green manure fallow (melilot)

Deep mouldboard (control) 40,5 422 48,5 46,2 33,2
Deep combined 30,4 33,2 30,5 33,4 30,8
Minimum combined 32,7 31,6 33,6 34,6 32,9
Minimum mouldboard 36,2 36,1 34,4 35,2 29,9

Average by factors, %: agronomically valuable particles 1-3 mm: soil tillage system: deep mouldboard -36.0, deep combined -
31.9, minimum combined - 35.1, minimum mouldboard - 34.0; forecrop: complete fallow - 32.9, green manure fallow (rapeseed) -
34.5, green manure fallow (melilot) - 35.3; research year: 2015 - 33,1, 2016 - 34,2, 2017 - 34,5, 2018 - 35,5, 2019 - 33,8. LSD 05

by factors, mg/kg of soil: tillage system - 2.4, forecrop -2.1, years - 2.7.

Tada. 6. KosdpdunueHnT cTpyKTypHOCTH OYBBI

Table 6. Soil pedality coefficient

Soil tillage system | 2015 | 2016 | 2017 | 2018 | 2019 | 2015-2019
Complete fallow forecrop
Deep mouldboard (control) 2,1 1,55 1,34 1,70 1,60 1,66
Deep combined 1,94 1,58 1,78 1,75 1,57 1,72
Minimum combined 2,1 2,24 2,15 2,15 2,39 2,21
Minimum mouldboard 1,58 2,1 2,68 2,05 2,16 2,11
Green manure fallow (rapeseed grass)
Deep mouldboard (control) 1,97 2,39 2,78 2,32 3,22 2,54
Deep combined 1,58 1,62 1,44 1,47 1,56 1,53
Minimum combined 2,87 3,03 1,90 1,86 2,69 2,47
Minimum mouldboard 2,60 1,57 2,26 2,26 2,45 2,23
Green manure fallow (melilot)
Deep mouldboard (control) 2,82 3,01 3,89 3,20 1,98 2,98
Deep combined 1,59 2,12 1,69 1,72 1,98 1,82
Minimum combined 1,75 1,82 1,75 1,78 2,00 1,82
Minimum mouldboard 2,28 2,08 2,19 2,25 1,60 2,10

Factor average, coefficient of structure, soil tillage system: deep mouldboard -2.39, deep combined - 1.69, minimum com-
bined - 2.16, minimum mouldboard - 2.14; forecrop: complete fallow - 1.93, green manure fallow (rapeseed) - 2.19, green manure
fallow (melilot) - 2.17; year of research: 2015 - 2,10, 2016 - 2,09 ,2017 - 2,15,2018 - 2,04,2019 - 2,10. LSD 05 by factors: tillage
system - 0.30, forecrop -0.34, year - 0.26.

14 Siberian Herald of Agricultural Science » 2021 ¢ 51 ¢ 5 Agriculture and chemicalization



3aBUCUMOCTh ArpOXUMHYCCKUX U arpocbmnqecxnx CBOMCTB
BBIIICIIOYCHHOI'O Y€PHO3EMa OT CUCTEMBL O6p360TKI/I II0YBBI

ITakynbs A.JI, boxxanosa I.B., [Takyns B.H.

Ta6a. 7. [lnotHoCTh ciioskenus moussl (2015-2019 rr), r/cm?

Table 7. Soil bulk density (2015-2019)

Soil tillage system

Soil density in the soil layer 0-40 cm

Complete fallow forecrop

Deep mouldboard (control)
Deep combined
Minimum combined

Minimum mouldboard

1,00
1,01
1,00
1,04

Green manure fallow (rapeseed grass)

Deep mouldboard (control)
Deep combined
Minimum combined

Minimum mouldboard

1,02
1,05
0,98
0,98

Green manure fallow (melilot)

Deep mouldboard (control)
Deep combined
Minimum combined

Minimum mouldboard

1,00
1,07
0,98
1,02

Average by factors, soil density: tillage system: deep mouldboard - 1.01, deep combined - 1.04, minimum combined - 0.99,
minimum mouldboard - 1.01; forecrop: complete fallow, green manure fallow (rapeseed) -1.01, green manure fallow (melilot) -

1.02. LSD 05 by factors: tillage system - 0.05, forecrop - 0.04.

The optimum equilibrium bulk density
for the main subtypes of chernozems is 1.00-
1.25 g/cm’. At these values, it is possible to use
minimum tillage technologies [25].

The bulk density of the soil was between
1.00 and 1.04 g/cm?® for the complete fallow
crop. An increase of 0.04 g/cm’® was noted
with the mouldboard minimum tillage system
(see Table 7).

There is a tendency to reduce the bulk den-
sity of soil to 0,98 g/cm’ on the forecrop green
manure fallow (rapeseed) at minimum tillage:
combined and minimum mouldboarding, and
at mouldboard deep (control) - 1,02 g/cm’. An
increase in soil bulk density by 0.01-0.07 g/cm’
was recorded for all studied forecrops when us-
ing a combined deep tillage system. The con-
ditions of the year had a significant impact on
soil bulk density - 55.9 %, the tillage system -
11.1 %. As a result of the correlation analysis it
was found that a decrease in P,O, content, r =
-0.4898; K, O, r =-0.2530, occurs with increas-
ing soil bulk density.

CONCLUSIONS

1. The highest content of nitrate nitrogen
before sowing of spring soft wheat in the fore-
crop of green manure fallow (rapeseed), green
manure fallow (melilot), complete fallow when
using the mouldboard minimum tillage system
exceeded the control (mouldboard deep tillage)
by 2.1; 5.4 and 6.8 mg/kg of soil, respectively.

2. The advantage in the content of N-NO3
during the tillering period of spring soft wheat
was noted in the forecrop of green manure fal-
low (melilot) and green manure fallow (rape-
seed) with the use of the mouldboard minimum
tillage system (in the autumn it was embedded
in green manure fallow BDT-3) - 27,9 and 28,3
mg/kg of soil, respectively. The influence of the
tillage system on the nitrate nitrogen content in
the soil during the bushing stage of the spring
soft wheat was 15,5%, the influence of the con-
ditions of the year was 12,9, and the interaction
of these factors was 20,1%.

3. When spring soft wheat plants used nitrate
nitrogen from heading stage to earing stage, its
content decreased on average by 35.7% in the
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experiment (from 21.6 to 13.9 mg/kg of soil).
The effect of the tillage system on the nitrate
nitrogen content in the soil during the earing
phase was 10.7%; the effect of the forecrop was
not detected. The highest nitrate nitrogen con-
tent was recorded under mouldboard minimum
tillage for forecrop rapeseed - 16.8 mg/kg, the
control - 14.5 mg/kg.

4. High PO, content (from 150 mg/kg and
higher) was found on average for 5 years dur-
ing earing phase, from 145.0 to 165.6 mg/kg;
maximum values were obtained for green ma-
nure fallow (rapeseed) with combined mini-
mum tillage - 160.6 mg/kg and mouldboard
minimum - 165.6 mg/kg, with mouldboard
deep (control) - 150.6 mg/kg of soil. The share
of the influence of the tillage system on the con-
tent of mobile phosphorus was 5.1% and that of
the forecrop 2.8%. A positive relationship be-
tween the content of nitrate nitrogen in the soil
and the amount of mobile phosphorus on the
forecrop green manure fallow (rapeseed), r =
0.7118-0.8917 (R = 0.9500) was revealed.

5. A significant increase in the content of
exchangeable potassium compared to the con-
trol average for 2015-2019 was observed with
the combined deep tillage system - 5.0 mg/kg
(LSD,,), with the other studied systems the in-
dicators were at the control level. The effect of
the tillage system on the exchangeable potassi-
um content was 7.5%, that of the forecrop 18.5,
and the interaction of these factors was 12.3%.

6. The effect of the tillage system on the
content of agronomically valuable aggregates
most resistant to the erosive action of water
(1-3 mm) - 10.1% was noted. The interaction
of tillage system and forecrop increases this ef-
fect by up to 40.6%. On average for 2015-2019,
depending on the tillage system, the rates of ag-
ronomically valuable aggregates content were
as follows: mouldboard deep tillage - 36.0%,
combined deep tillage - 31.9%, combined mini-
mum - 35.1%, mouldboard minimum tillage -
34.0%; by forecrop: complete fallow - 32.9%,
green manure fallow (rapeseed) - 34.5%, green
manure fallow (melilot) - 35.3%.

7. Higher coefficients of structure at mould-
board deep tillage (control) - 2.54, combined
minimum - 2.47, mouldboard minimum - 2.23

on the forecrop green manure fallow (rape-
seed), green manure fallow (melilot) - 2.98
(mouldboard deep tillage) were noted.

8. The effect of the tillage system on the soil
structure coefficient was 19.3% and that of the
forecrop 3.65%. The greatest influence is deter-
mined by the interaction of these two factors
- 34.4%. With the increase of the coefficient of
structure there was a decrease of the bulk den-
sity of the soil, r =-0.3499 (R = 0.5760), which
is important in assessing its agrophysical prop-
erties.

9. A tendency has been revealed to reduce
the bulk density of soil to 0.98 g/cm?® for the
forecrop green manure fallow (rapeseed) with
minimum tillage: combined and minimum
mouldboarding tillage, deep tillage (control)
- 1.02 g/cm®. An increase in soil bulk density
by 0.01-0.07 g/cm? was recorded for all stud-
ied crops when using a combined deep tillage
system. Annual conditions had significant in-
fluence on the soil bulk density - 55,9 %, and
the tillage system - 11,1 %. As a result of corre-
lation analysis, it was found that P O, content,
r = -0.4898, KO, r = -0.2530 decreases with
increasing bulk density of the soil.
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COBMECTHOE UCITOJIBb30BAHUE BUOIIPEITAPATOB U PEI'YJIATOPOB
POCTA JJ151 IOBBIIIEHUS YPOKAHHOCTH COU U TOMATOB

=) 'CoipmoJior O.B., ’Kouena H.C.

! [lanbHeeocmouHblll HAYYHO-UCCIE008AMENbCKULL UHCIUNTY I 3AWUmbl pacmerull — gunuan
Deoepanvrozo Hayunoeo yenmpa acpobuomexnonozuti lanvnezo Bocmoka um. A.K. Yatiku
[Tpumopckwuii kpaii, c. Kamenbs-Pribonos, Poccust

2@edepanvuviil nayunvlil yenmp azpobuomexnonozutl anvrueeo Bocmoka um. A.K. Yaiiku
ITpumopckuii kpaii, r. Yecypuiick, Poccud

(<) e-mail: biometod@rambler.ru

[TpuBeneHbI pe3yNbTaThl HCCIIETOBAHUI BIMSHUS CPE/ICTB 3allIUThHI PACTEHUH HA KYJIBTYpPbl TOMa-
Ta U cou B ycnoBusx [Ipumopses. M3yuenne npenapaToB NpOU3BOAMIN Ha PalOHUPOBAHHBIX COp-
tax Tomara HoBuuok u com Ilpumopckas 86. OueneHna 3¢(heKTHBHOCTD Pa3TUIHBIX KOMOWHAITHI
OmomnpernaparoB Ha OCHOBE IITaMMOB Oaktepuit Bacillus subtilis bakrodut, ['amaup u perynstopos
pocra Llupkon, Musan-Arpo. [Ipenaparsr npumeHsn it 00paOOTKH CeMsH B ONPBICKUBAHUS Be-
TeTUPYIONINX pacTeHni. KomruiekcHas o0paboTka bakrodurom obecrieunBana CHIKEHNE MTPOsIBIIE-
HU cenTopro3a Ha Tomare Ha 3,9%, Ouosoruueckas 3pdexruBHOCTL cocTaBuia 22,1%. Peryastop
pocta MuBai-Arpo (06paboTka ceMsH U pacTeHHH ) obecteunt 3)PeKTUBHOCTL TPOTUB (PUTOPTO-
po3a Ha 36,8%. Hanbomnpimas ypoxaifHOCTh TOMaTa OTMEYEeHa NP 00padOTKe CEeMSIH U paCTeHHUN
nperaparom ['amanp (20,0 1/ra), mpubaBka K KOHTPOIIO cocTaBmia 4,9 1/ra. MakcumanbHast 3P Qex-
TUBHOCTH (29,7%) npoTUB cenTopro3a Ha coe 3aukcrupoBaHa B Bapuanrte ['amaup + Musan-Arpo.
[To BapuanTam ombiTa 6uongoruyeckas 3PPEeKTUBHOCTH MPOTUB MEPOHOCIIOPO3a cocTaBmia ot 21%
(xommiekcHast oOpabotka ['amanpom) no 25,4% (bakrodur + Musan-Arpo). [Ipumenenue Bcex
MPENapaToB MOJOKUTEIIBHO CKa3aJI0Ch HA POCTE U Pa3BUTUHU pacTeHHU cor. CaMbIii OOJIBITON MPH-
POCT BBICOTBI paCTEHHH B (ha3y IMOJHOH CIIEJIOCTH OTMEUEH B BapUaHTe ¢ IpuMeHeHneM bakrodura
u Musan-Arpo (73,1 cm), B koHTpOIe — 61,8 cm. [1pu ncnonp3zoBannu OuomnpenapaToB U peryisTo-
poB pocta Macca 1000 ceMsiH 1OCTOBEpHO YBEIMUMBAIACH [10 CPAaBHEHUIO ¢ KOHTposeM (176,2 r) Ha
13,5-22,0%. Bricokue nokasaTeny ypokailHOCTH 110 CpaBHEHUIO ¢ KoHTpouieM (1,8 1/ra) mocturny-
ThI B Bapuante bakrodur ¢ Musan-Arpo (2,7 1/ra), npubaska cocrasuia 0,9 T/ra.

KuroueBbie cj10Ba: TOMaThl, Cosi, OHOTpenaparsl, peryasTopbl pocTa, O0Ie3HH, CTPYKTypa
ypoxXKasi, ypo:KaiHOCTb

COMBINED USE OF BIOPREPARATIONS AND GROWTH REGULATORS TO
IMPROVE SOYBEAN AND TOMATO YIELDS

<) 'Syrmolot O.V., ’Kocheva N.S.

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

Kamen-Rybolov, Primorsky Territory, Russia

’Federal Scientific Center of Agricultural Biotechnology of the Far East named after A.K.Chaiki
Ussyriysk, Primorsky Territory, Russia

(<) e-mail: biometod@rambler.ru

The results of research on the effect of crop protection agents on tomato and soybean crops under
Primorye conditions are presented. The study of preparations was carried out on zoned varieties
of tomato Novichok and soybean Primorskaya 86. The effectiveness of different combinations of
biological preparations based on Bacillus subtilis strains Bactofit, Gamair and growth regulators
Zircon, Mival-Agro was evaluated. The preparations were used for seed treatment and spraying
of vegetative plants. Complex treatment with Bactofit provided a 3.9% reduction of septoriosis
manifestation on tomato, the biological efficiency was 22.1%. Growth regulator Mival-Agro (seed
and plant treatment) provided 36.8% effectiveness against late blight. The highest tomato yield
was observed with the treatment of seeds and plants with Gamair (20.0 t/ha) with an increase of
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4.9 t/ha compared to the control. The maximum efficiency (29.7%) against septoriosis on soybeans
was recorded in the variant Gamair + Mival-Agro. The biological efficacy against peronosporosis
ranged from 21% (Gamair complex treatment) to 25.4% (Bactofit + Mival-Agro). The application
of all preparations had a positive effect on the growth and development of soybean plants. The
largest increase in plant height in the phase of full ripeness was noted in the variant with the use of
Bactofit and Mival-Agro (73.1 cm), in the control - 61.8 cm. Thousand-kernel weight increased with
certainty by 13.5—22.0% in comparison with the control (176.2 g) after the usage of biopreparations
and growth-regulating chemicals. High yield was achieved in the Bactofit + Mival Agro variant (2.7

t/ha), in comparison the control was 1.8 t/ha, the addition amounted to 0.9 t/ha.
Keywords: tomato, soybean, biological products, growth regulators, diseases, crop structure,

productivity
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INTRODUCTION

Intensive farming is gradually leading to
environmental degradation. Fertilizer and pes-
ticide transformation products, which have mu-
tagenic and toxic effects on living organisms,
are accumulating in soil and water [1].

The demand for organic products is now
increasing everywhere. The term 'ecological
products', i.e. products produced according
to ecological agricultural environmental man-
agement standards, has been adopted world-
wide. The products must be inspected and
labelled in accordance with established rules.
The production of organic products is based
on biological farming methods. This implies
the reduction or complete rejection of syn-
thetic mineral fertilizers and chemical plant
protection agents with the maximum use of
biological factors to increase soil fertility, sup-
pression of diseases, pests and weeds that do
not have a negative impact on the state of the
natural environment. In this connection, inter-
est in the use of microbiological advances in
agriculture has increased [2, 3].

The use of growth regulators can increase the
plant's resistance to negative factors. These in-
clude natural and synthetic organic compounds
that in small doses actively affect plant metabo-

lism, resulting in visible changes in growth and
development [4, 5].

The use of biological plant protection agents
is one of the main elements of modern technolo-
gies for phytosanitary optimisation of vegetable
agrocenoses. Bacteria belonging to the genus
Bacillus, especially Bacillus subtilis strains, are
effective for biological control of many plant
diseases caused by soil pathogens. Preparations
based on Bacillus strains are characterized by
high activity against phytopathogenic fungi, do
not have a negative impact on the environment,
contribute to the conservation and development
of beneficial soil microbiota. The antagonistic
activity of Bacillus subtilis is shown against
a large number of pathogens, which allows to
protect agricultural crops, especially those for
which there are practically no effective means
of protection, such as vegetable crops, as they
are used mainly in raw form [6-9].

The use of biopreparations and growth regu-
lators is an environmentally friendly method of
increasing yields and product quality.

The purpose of the work is to obtain experi-
mental data on testing biological preparations
against diseases and growth regulators for pre-
sowing treatment of seeds and vegetative plants
of soybeans and tomatoes, to determine the ef-
fect on productivity and yield.
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Combined use of biopreparations and growth regulators to improve
soybean and tomato yields

Syrmolot O.V., Kocheva N.S.

MATERIAL AND METHODS

The research was conducted in 2018, 2019
on zoned varieties of tomato Novichok and
soybean Primorskaya 86. Employees of the
Biomethod Department of the Far Eastern Re-
search Institute of Plant Protection (DVNIIZR)
studied the effectiveness of bacterial prepara-
tions based on Bacillus subtilis bacteria strains
(Bactofit, Gamair) and growth regulators (Zir-
con and Mival-Agro).

Bactofit is a microbial preparation (fungicide
and bactericide) containing spores and cells of
Bacillus subtilis culture, strain IPM-215. Bac-
teria of this species synthesize substances with
antibiotic properties as well as growth-regulat-
ing components that enhance plant growth'.

Gamair is a biological bactericide based on
natural bacterium Bacillus subtilis, strain M-22
VIZR, has antibacterial and antifungal effect.
It suppresses root rot pathogens, protects from
mass manifestation of tracheomycosis wilt,
various leaf and stem diseases. It reduces pesti-
cide stress in plants [10].

Mival-Agro is a complex preparation con-
taining an analogue of phytohormones from
the auxin group in addition to a biologically ac-
tive organosilicon compound. It has properties
of cryoprotector and adaptogen. It effectively
stimulates protein and nucleic acid synthesis. It
stimulates root formation, reduces the degree of
root rot. It does not interact with fertilizers and
pesticides [11, 12].

Zircon (natural mixture of hydroxycin-
namic acids and their derivatives) is a disease
resistance inducer, seed germination activator,
flowering stimulator. It reduces susceptibility to
stress factors, increases crop yields. The active
ingredient of the product belongs to plant phe-
nols, isolated from the medicinal plant Echina-
cea purpurea [13].

In the experiment on tomatoes the seeds were
soaked in the working solution of the prepara-
tions for 2 hours, in the variant with Zircon - 3

hours. The working fluid consumption was 1
I/kg of seeds. Vegetation spraying with bio-
preparations was carried out three times dur-
ing the season. The first one was done 10 days
after seedling planting in the open ground,
the next ones were done with 10 days inter-
val. The working solution consumption rate
was 400 I/ha. Growth regulators spraying was
carried out 1-2 days before seedlings planting
in the ground, in the phases of the beginning
of budding and flowering of 1, 2 brushes. The
consumption rate of the working solution is
300 1/ha.

The soil of the experimental plot was mead-
ow-brown podzolized with humus content of
2.4%, N-NO, - 8.2 mg/kg, P,O, - 21.2 mg per
100 g of soil, K,O - 55 mg per 100 g of soil, pH
of the salt extract 4.5. The plot area was 5,6 m”.
Five variants of the experiment were carried
out; triple replication, systematic placement.
The sowing was carried out manually.

All records and observations in the field
experiments were carried out according to the
current methods and guidelines**. Tomato har-
vesting was carried out separately for each plot
and the fractional composition of the crop was
determined. In the soybean experiment, the
preparation was processed one day before sow-
ing by hand in a semi-dry method. For this pur-
pose, the preparation was diluted in clean water
(at the rate of 10 1/t) and, without letting the
suspension settle, applied it to the seeds, which
were then thoroughly mixed until the prepara-
tion was evenly distributed. The spraying was
carried out during the phase of full sprouts and
during the phase of budding - the beginning of
flowering.

The soil of the experimental plot is meadow-
brown, heavy loam by texture. Agrochemical
characteristics of the soil are as follows: humus
content 3.08-3.13%, easily hydrolyzable nitro-
gen - 9.5mg/100 g, P,O,- 14.12 mg/100 g, pH
of the salt solution - 5.3. Tillage: autumn plow-

'List of pesticides and agrochemicals permitted for use in the Russian Federation. M., 2018. 1117 p.
“Basic methods of phytopathological research / Edited by Chumakov A.E. Moscow: Kolos, 1974. 187 p.
3Guidelines for state testing of fungicides, antibiotics and seed protectors for agricultural crops / Edited by K.V. Novozhilov,

Corresponding Member of VASKhNIL, 1985. 380 p.

“Dospekhov B.A. Methodology of field experience (with the basics of statistical processing of research results). Sth edition,

revised and enlarged. Moscow: Agropromizdat, 1985. 351 p.
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ing to a depth of 22 cm, early spring harrowing,
two tillage and pre-sowing tillage. Grain was
the forecrop. No fertilizer was applied. Sow-
ing of soybeans was carried out by SKS 6-10
seeder. Seed rate was 90 kg/ha.

There were five variants in the experiment,
repeated four times, and the area of the plot
was 10 m?. The arrangement was randomized.
Agronomic techniques of soybean cultivation
in the experiment were common for Primorsky
Territory (see footnote 4). Harvesting was done
manually by variants in one pass. Sheaf sam-
ples were collected from two 0.25 m? (0.35 x
0.71 m) plots on each plot. The yield structure
was determined under laboratory conditions.

All records and observations in the field
experiments were carried out according to the
current methods and guidelines, preparations
were used according to the instructions, and the
results were processed by analysis of variance
(see footnote 4)3°.

RESULTS AND DISCUSSION

The weather conditions in the years of study
were contrasting. The summer months of 2018
were characterized by an abundance of precipi-
tation, with an uneven distribution over ten-day
periods. August was the wettest. Summer tem-
peratures were in line with the long-term aver-
age. The weather conditions in 2019 were unfa-
vorable for crops in terms of precipitation. Par-
ticularly low rainfall occurred in June and July,
when crop formation took place, which affected
crop yields. August was the wettest, with 226.5
mm of precipitation during the month, which
resulted in waterlogging of land. Temperatures
were 0.6-3.8°C above the long-term average for
each month.

The phytosanitary situation of the experi-
ment allowed the efficacy of biopreparations
and growth regulators to be observed. During
the work, such tomato diseases as septoriosis, or
white spot disease (Septoria licopersici Speg.),
phytophthorosis (Phytophthora infestans De
Bary) were identified. Septoriosis turned out
to be the most harmful; its development in the

variants was from 13.7 to 15.1%, while in the
control it was 17.6% (see Table 1).

It was found that the complex treatment with
Bactofit biopreparation provides a 3.9% reduc-
tion of septoriosis manifestation on tomato, the
biological efficiency was 22.1%. Phytophthora
development by variants was from 6.0 to 6.9%.
The most effective treatment of seeds and
spraying of plants with growth regulator Mi-
val-Agro, where the biological efficiency was
36.8% while the development of the disease in
the control was 9.5%.

The research revealed a growth-stimulating
effect of the preparations. The treatment of
seeds with biopreparations and growth regu-
lators resulted in 3 days earlier emergence of
seedlings and 4 days earlier formation of buds
compared to the control.

The main indicator for the effectiveness of
any agricultural practice is yield. The applica-
tion of biopreparations and growth regulators
had an impact on the productivity of tomato
plants. When growth regulators were used, the
increase was 3.7 t/ha (LSD , = 2.5). The highest
yield was observed when seeds and plants were
treated with the biological preparation Gamair
(20.0 t/ha), while the yield of the control was
15.1 t/ha (see figure). The increase with the use
of biological preparations was 4.1 to 4.9 t/ha.

The effect of biopreparations and growth
regulators on soybean plants showed that the
preparations have a positive effect on soybean
growth and development, duration of pheno-
phases, productivity and yield. The soybean
plants grew more quickly in leaf mass, and the
duration of the interphase periods was reduced
by 2-3 days.

According to the results of analysis of the
experiment data, treatment of seeds and spray-
ing of vegetative plants with biological prep-
arations and growth regulators had a positive
effect on the main indicators determining plant
productivity. There was a significant (7-12 cm)
difference in plant height in the phase of full
ripeness compared to the control (61.8 cm)
(see Table 2). All experimental variants gave a

System of agricultural production in the Primorsky Territory. Edited by Chaika A.K. Novosibirsk, 2001. 364 p.

¢James B. Sinclair. Compendium of Souben Diseases. Published by The American Phytopathological Society, 1982, 104 p.

3emiieiene U XUMH3AIHs

CuOHPCKHii BECTHHK CEITbCKOXO3SHCTBEHHOMN Hayku ® 2021 + 515 23



Combined use of biopreparations and growth regulators to improve

soybean and tomato yields

Syrmolot O.V., Kocheva N.S.

Ta6a. 1. Bimsaue 00paboTok mpemaparaMu Ha (putocaHuTapHOE COCTOSHHE ToMmara (cpenHee 3a 2018,

2019 1), %
Table 1.The influence of preparation usage on phytosanitary state of tomato (mean value for 2018,
2019), %
Septoriosis Phytophthora
Experiment option Disease Biological Disease Biological
progression effectiveness progression effectiveness
Control (no treatment) 17,6 9,5
Seed treatment (2 g/kg) and plant spraying
with Gamair (0.06 kg/ha) 14,8 15,9 6,9 27,4
Seed treatment (1.5 g/kg) and plant spraying
with Bactophyt (0.5 kg/ha) 13,7 22,1 6,3 33,7
Seed treatment (6 ml/kg) and plant spraying
with Zircon (0.01 I/ha) 15,1 14,2 6,1 35,8
Seed treatment (1 g/kg) and spraying of
plants with Mival-Agro (0.015 kg/ha) 14,1 19,8 6,0 36,8
LSD 1,5 2,0 1,7 0,9

significant increase in the number and weight
of seeds compared to the control variant. The
complex treatment with Bactofit stimulated an
increase in the number of seeds per plant by 23
units and seed weight per plant by 2.0 g.

The 1000 seeds weight in all variants of the
experiment reliably exceeded the indicator of
the variant without treatment by 13.5-22.0%

20 \%
-
.

10 §
.

Control Gamair

—

(LSD,, = 16.0 t/ha). The maximum weight was
recorded in the variant with treatment of seeds
with Bactofit and spraying of vegetative plants
with Mival-Agro (215.0 g).

Simultaneously with the study of the effect
on productivity, the preparations were evalu-
ated for their ability to reduce the infestation of
soybean plants with septoriosis (Septoria gly-
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(water treatment) (2 g/kg, 0.06 kg/ha)(1.5 g/kg, 0.50 kg/ha) (6 ml/kg, 0.01 I/ha) (1 g/kg, 0.015 kg/ha)
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Yield %, Increase

VYporkaifHOCTh TOMaTa IpH NpUMEeHeHNH npenaparos (cpennee 3a 2018, 2019 rr), 1/ra
Yield of tomato with preparation usage (mean value for 2018, 2019), t/ha
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cines Hemmi) and peronosporosis (Peronos-
pora manshurica (Naum.) Syd.) Treatment of
soybean seeds with Gamair and spraying of Mi-
val-Agro plants contributed to the reduction of
septoriosis infestation by 8% (29.7% biological
efficiency). Against peronosporosis the greatest
biological efficacy had Bactofit + Mival-Agro
(25.4%).

The yield record showed a significant in-
crease in seed productivity of soybean in all
variants of the experiment. The studied growth
regulators and biological preparations provided
increase of soybean yield due to increase of
indicators of elements of yield structure and
reduction of disease infestation. The increase
of the soybean yield in comparison with the
control amounted to 0.6-0.9 t/ha (see Table 3).
The maximum soybean yield (2.7 t/ha) was ob-
tained on the variant of complex application of
Bactofit biopreparation with growth regulator
Mival-Agro.

CONCLUSION

In the course of the research carried out un-
der the conditions of Primorsky Territory, it
was found that the use of biopreparations and
growth regulators is promising for use on soy-
bean and tomato plants. All the studied prepara-
tions inhibit the development of leaf spot dis-
ease during the growing season, have a positive

effect on plant growth and development and
significantly increase the crop yield. The high-
est yield of tomatoes was observed with the
treatment of seeds and plants with the biologi-
cal preparation Gamair (20.0 t/ha). The com-
bined application of Bactofit with Mival-Agro
promoted active plant growth and increased
elements of structural analysis of soybean
yield. The high indices of the yield were ob-
served in the variant of treatment of the seeds
with Bactofit with the spraying of the vegeta-
tive plants with the growth regulator Mival-
Agro (2.7 t/ha) in comparison with the control
(1.8 t/ha). The high efficiency of biological
preparations was noted both when used to-
gether with growth regulators and when used
separately.
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Table 3.The influence of biopreparations and growth-regulating chemicals on soybean yield (mean
value for 2018, 2019)

Experiment option Yield, t/ha Inc&}elzse,
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AJIAIITUBHBIA MOTEHIIUAJ CEJEKIIMOHHBIX JINMHUA
SAPOBOI'O SYMEHS B YCJOBUAX KY3HEIIKOW KOTJIOBUHbBI

MaptbinoBa C.B., () [1akyas B.H.

Kemeposckuii nayuno-ucciedosamenvbckuii uncmumym ceibceko2o xossaucmea — gunuan Cubupckozo
pedepanvrozo nayunozo yenmpa azpodouomexnonoeuu Poccuiickotl akademuu Hayk

Kemepogsckas 0611., moc. HoBocTtpoiika, Poccus

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

W3yuensl aganTUBHbIE CBOMCTBA SIPOBOTO STUMEHS B ycoBusax Ky3Heukoi KoTioBUHbBL. OOBEKTHI
WCCIIEZIOBAHUHN — TIATh CPEIHECHENbIX CEJIeKIIMOHHBIX JIMHUN SpOBOTO s;tuMeHs. M3yuenne cemnex-
LIMOHHBIX JUHUH MPOBEACHO B MUTOMHHUKE KOHKYypcHOro coproucmbiTanus B 2016-2020 rr. [lousa
OIIBITHOTO YYacTKa — BBIILEIOYCHHBIH YEPHO3EM, TSHKEIOCYIMHUCTBIN 110 TPaHyJIOMETPHUECKOMY
cocTaBy, cpenHeil MoutHOCTH. [10BTOPHOCTH YeThIpexKpaTHas, HOpMa BbICEBA (ONTHMAIbHAS IS
SIPOBOTO STYMEHS B 30HE Bo3zenabiBanus) — 450 mt./m?. Cpok mocesa 29 ampenst — 5 Mmasi, yoopka
rxomOaitHom Camrio 130 B ¢a3y nonHO# crienocti 00pa3ios sipoBoro siumens (12—15 aBrycra). Dkce-
MIEPUMEHT MTPOBEACH B CPABHEHUH CO CTaHAapTHBIM copToM briom. [TapameTpsl axomorudeckoii mia-
cruuHoctH (b)), crabuibHOCTH ($°d)), MHIIEKC YCIIOBUit cpenbl (I]) paccurTaHbl O METOMKE, pa3pa-
GoranHoii S.A. Eberchart u W.A. Rjussel, [JI€ PACCMATPUBAECTCS MOJIOKUTEIBHBIA OTKIMK F€HOTUIIA
Ha yAay4IlIeHHe yCIOBHA BeIpamuBaHus. [ [pyn KOHTPaCTHBIX YCIOBUSAX BRIPAIIMBAHUS SIPOBOTO sAMe-
HS B TO/IBI IPOBEIEHUS UCCIIEOBAaHUM YCTaHOBJIEHO, YTO 3HAYUTEIbHOE BIMSIHNE HA YPOXKANHOCTh
nmeer Qaxrop cpena — 82,6%, gons BausHUA reHotuma cocrasumia 1,4%. CpenHsist ypoxaiHOCTb
3a TOABI MCCIENOBAHMS SIPOBOTO SYMEHS 110 MUTOMHUKY KOHKYPCHOTO COPTOMCIIBITAHHS COCTa-
Buia 5,51 T/ra, MakCUMaJbHbIA [TOKa3aTellb CpeAHEH YPOKaHHOCTH WMEeT CeNeKUUOHHAs JTMHUS
KM-198/11 — 6,45 1/ra. BeigeneHbl reHOTHIIBI ¢ Han0O0JIe€ BLICOKMMU aJallTUBHBIMH CBOMCTBAMH:
KM-198/11 (b, = 0,24, §? = 2,59), Nutans 12/16 (b, = 0,24, S? = 2,18) npu BapuabeIbHOCTH ypO-
xaitHoctu 25,9-29,2% (cranmapt buom — 46,1%). Cpennecnienas ceneKIMOHHas JUHUS SPOBOTO
ssamerst KM-198/11, umest aganTHBHBIE CBOIMCTBA BBIIIE CPEIHUX MOKA3aTeNNel, MOrOTOBICHA IS
repeaayy Ha rocynapcTBenHoe coproucnbitanue B 2021 1. kak copt Kys0acckuii ro0oueiinpiii. Boi-
SIBIEHBI OCHOBHBIE JJOCTOMHCTBA COPTa: BBICOKAs 3aCyX0YCTOWYMBOCTh, yCTOMUHUBOCTH K MOJIETAHUIO
Y TIOPKEHUIO TOJIOBHEBBIMU TPHUOaMH, BBICOKAsS MPOMYKTHBHOCTH (6,45—-8,50 T/ra), KpymHas 3ep-
HOBKa (53,2 1), Cpe/iHssl CTENeHb PeaKIUu Ha CTPECCOBbIe (aKTOPhI (CHIKEHUE MPOTYKTHBHOCTH).
Coneprkanue cbIporo nmpoterHa B 3epHe 13,6—14,1%, uienuarocts 8,4%, HaTypHas Macca 620 /7.

KiroueBble ciioBa: SpOBOH SUMEHb, CEICKLHMOHHBIC JMHUH, COPT, CTAOMIBHOCTD, IUIACTHY-
HOCTb, YPOXKaHHOCTB, arPOIKOIIOTHYECKHE YCIOBHUS

ADAPTIVE POTENTIAL OF BREEDING LINES OF SPRING BARLEY IN
CONDITIONS OF KUZNETSK DEPRESSION

Martynova S.V., (<) Pakul V.N.

Kemerovo Research Institute of Agriculture — Branch of the Siberian Federal Scientific Center of
Agro-Biotechnologies of the Russian Academy of Sciences,

Novostroika, Kemerovo region, Russia

() e-mail: vpakyl@mail.ru

Adaptive properties of spring barley in the conditions of the Kuznetsk depression have been studied.
The objects of the research are five medium-ripening breeding lines of spring barley. The breeding lines
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AanTUBHBIN TOTEHLIMAJ CEJICKIIMOHHbIX JIMHUH SPOBOTrO SYMEHS B Maprtsinosa C.B., ITakyns B.H.
ycnoBusx Ky3HelKoi KOTIoBUHbBI

were studied in a nursery of competitive varietal trials in 2016-2020. The soil of the experimental plot is
leached chernozem, heavy loam with a medium granulometric composition. The repetition was fourfold,
the seeding rate (optimal for spring barley in the cultivation zone) 450 pcs / m% The sowing dates were
April 29 - May 5, the harvesting was done with a Sampo 130 combine at the stage of full ripeness of spring
barley samples (August 12-15). The experiment was carried out in comparison with the standard cultivar
Biom. The parameters of environmental plasticity (bj), stability (S2dj), the environmental conditions
index (Ij) were calculated according to the method developed by S.A. Eberchart and W.A. Russel, which
examines the positive response of the genotype to the improved growing conditions. Under contrasting
growing conditions of spring barley in the years of research, it was found that the environment factor had
a significant influence on the yield - 82.6%, the share of genotype influence was 1.4%. The average yield
over the years of the study of spring barley in the nursery of competitive variety trials was 5.51 t/ha, the
maximum average yield has a breeding line KM-198/11 - 6.45 t/ha. Genotypes with the highest adaptive
properties were identified: KM-198/11 (bi = 0.24, Si2 =2.59), Nutans 12/16 (bi = 0.24, Si2 = 2.18) with
yield variability of 25.9-29.2% (Biom standard - 46.1%). The medium-maturing selection line of spring
barley KM-198/11, having above-average adaptive properties, is prepared for submission for state variety
testing in 2021 as the variety Kuzbass Jubilee. The main advantages of the variety were revealed: high
drought tolerance, resistance to lodging and blight, high productivity (6.45-8.50 t/ha), large grain size
(53.2 g), medium reaction to stress factors (reduced productivity). Grain crude protein content was 13.6-
14.1%, the film content 8.4%, the natural weight 620 g/I.

Keywords: spring barley, breeding lines, variety, stability, plasticity, yield, agroecological
conditions
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INTRODUCTION potential in specific soil and climatic conditions
[6]. Creation of high-yielding plastic varieties
of spring barley will increase the efficiency of
grain production, using the bioclimatic resourc-
es of the region [7].

Taking into account climatic factors and pro-
duction demands, breeding for increased pro-
ductivity and adaptability to local natural and
climatic factors is currently relevant, especially
in a changing climate [8—10]. The complex-

Spring barley is a key forage and fodder crop
that generates higher yields than other cereal
crops due to its early maturity and drought tol-
erance [1-3]. Barley grain is used for process-
ing in the food and brewing industries [4, 5].

In Western Siberia with contrasting soil and
climatic conditions it is necessary to cultivate
varieties that can effectively use the bioclimatic
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ity of yield formation lies in the interaction of
multiple traits that appear during plant devel-
opment under the influence of environmental
conditions [11-13].

Successful varieties must be adapted to a
wide range of environmental conditions in or-
der to realize their genetic potential in a sus-
tainable manner and to use their cultivation
technology effectively. Differences in the re-
sponse of varieties to changes in soil and cli-
matic conditions are due to the interaction be-
tween the genotype and the environment. This
interaction greatly complicates the process of
selecting the best genotypes, so this informa-
tion is of paramount importance in the breed-
ing process [ 14, 15].

The aim of the research is to evaluate the
breeding lines of spring barley for adaptability
under the conditions of Kuznetsk Depression.

MATERIAL AND METHODS

The research was conducted in 2016-2020 at
the Laboratory of Selection and Agrotechnics of
Field Crops of the Kemerovo Research Institute
of Agriculture - Branch of the Siberian Federal
Scientific Centre of Agrobiotechnologies of the
Russian Academy of Sciences (Kemerovo NI-
ISKh - Branch of SFSCA RAS). The objects of
the research are five medium-ripening breeding
lines of spring barley. The breeding lines were
studied in the nursery of competitive variety tri-
als under the conditions of Kuznetsk Depres-
sion. Repeatability is fourfold, the location of
plots is randomized, the accounting plot area is
15 m?, the seeding rate (optimal for spring bar-
ley in the area of cultivation) is 450 pcs/m?. The
sowing date was 29 April - 5 May, harvesting
by Sampo 130 combine in the phase of full ripe-
ness of spring barley samples was conducted on
12-15 August. The counting and phenological
observations of barley growth and development
and yield accounting were conducted accord-
ing to the method of M.A. Fedin, Y.A. Rogov-

sky, L.V. Isayev'. Statistical processing of the
obtained data was carried out by methods of
variation, correlation, variance analysis by the
method of B.A. Dospekhov? in processing of
computer programs by O.D. Sorokin®.

The parameters of ecological plasticity (bj),
stability (S2dj), environment index (Ij), theo-
retical yield (Xij) were calculated according to
the methodology developed by S.A. Eberchart
and W.A. Russel*, which considers the positive
response of the genotype to improved growing
conditions.

The soil on which the research was con-
ducted is leached chernozem, heavy loamy in
granulometric composition, of medium thick-
ness. The humus content is 8.0%, soil solution
reaction is close to neutral, pH 6.0. N-NO, con-
tent in 0-40 cm horizon is 27.2 mg/kg, PO, is
128 mg/kg, K O is 98 mg/kg.

Spring barley yields are largely determined
by the hydrothermal regime during the first
vegetation period. In 2017, conditions during
this period were defined as unfavorable (high
temperatures and lack of moisture). Spring bar-
ley plants had a lack of moisture in the periods
of sowing - sprouting and sprouting - emerging,
HTC in May was 0.40, in June - 0.46 on the
background of increased temperatures by one
and three degrees, respectively (see Table 1).
Precipitation in the second half of the grow-
ing season had a favorable effect on the further
development of barley plants, HTC during ear-
ing - waxy ripeness is 1.8.

Unfavorable conditions in 2018 occurred
during the growth and development of spring
barley from sowing to full tillering with a de-
crease in average daily temperatures to 4.8 °C
and a significant amount of rainfall (186% of
the norm). A large overwetting was recorded in
June and July, with HTC of 2.41 and 1.92, re-
spectively. The harvesting period is character-
ized as favorable with low precipitation (33%
of the norm, HTC = 0.42).

'Fedin M.A., Rogovsky Yu.A., Isaeva L.V. Methodology of state variety testing of agricultural crops (methodological guide-

lines). M., 1985. 270 p.

2Dospekhov B.A. Methodology of field experience. Moscow: Kolos, 1985. 351 p.
3Sorokin O.D. Applied statistics on computer. Krasnoobsk: SUE RPO SB RAAS, 2004. 162 p.
‘Eberchart S.A., Russel W.A. Stability parameters for comparing varieties // Crop Sci. 1966. Vol. 6. N 1. P. 36-40.
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Tadua. 1. MereoycnoBusi B IEpUOJ BEr€TALMH SPOBOTO SUMEHS
Table 1. Weather conditions during the vegetation of spring barley

. Month
Indicator May | June | July | August | September
2017
HTC 0,40 0,46 1,8 1,1 2,3
Precipitation amount, deviation from the norm, % 54 39 161 89 154
Average daily air temperature, deviation from the norm, °C +1 +3 0 +1 -1
2018
HTC 0,0 2,41 1,92 0,42 0,36
Precipitation amount, deviation from the norm, % 186 212 167 33 133
Average daily air temperature, deviation from the norm, °C -3 +3 -1 0 +1
2019
HTC 1,37 1,12 1,23 1,12 1,95
Precipitation amount, deviation from the norm, % 91 81 111 97 156
Average daily air temperature, deviation from the norm, °C 0 0 0 +2 +1
2020
HTC 1,50 0,46 2,44 0,81 1,90
Precipitation amount, deviation from the norm, % 156 33 227 72 146
Average daily air temperature, deviation from the norm, °C +4 -0,3 +0,4 +2,5 +0,6

Favorable conditions prevailed in 2019,
with average daily temperatures in May, June
and July in line with the long-term average.

In August, there was an increase in average
daily temperatures by 2°C with moderate mois-
ture content, HTC = 1.12-1.37. In 2020, lack of
moisture was present during tillering - earing
of spring barley, HTC = 0.46. In May, during
the sprouting - heading period, high tempera-
tures (4 °C above the norm) were accompanied
by precipitation of 67 mm (156% of the annual
average). During spring barley grain ripening
period, significant overwatering was recorded,
HTC = 2,44 (145 mm of precipitation) with av-
erage daily temperatures ranging from 16,7 to
21,4 °C (+0,4 °C to the norm).

RESULTS AND DISCUSSION

Under contrasting growing conditions of
spring barley in the years of research, it was
found that a significant influence on the yield
has a factor of environment - 82.6%, the share
of genotype influence was 1.4%. The analy-
sis of environment indices revealed favorable
years (2020 and 2019), when Ij was 1.09 and

1.96, and unfavorable years (2017 and 2018, [j
equal -2.7 and -0.33, respectively) (see Table
2). The average yield for the years of research
of spring barley in the nursery of competitive
variety trials was 5.51 t/ha, the maximum av-
erage yield has a breeding line KM-198/11
(6.45 t/ha). The average yield under different
growing conditions characterizes the ability
of plants to withstand the negative effects of
the environment, i.e. the compensatory ability
of genotypes, it is an indicator of genetic flex-
ibility (GF) [16]. In agroecological conditions
2017-2020, breeding lines KM-209/11, Nutans
26/18 (GY = 5.52 t/ha), Nutans 12/16 (GY =
5.47 t/ha) have genetic flexibility, the Biom
standard indicator is 5.00 t/ha. Compared with
the standard, the KM-198/11 breeding line has
the greatest genetic flexibility, with an excess in
yield of 1.45 t/ha.

The regression coefficient bi was used to as-
sess the adaptability of spring barley breeding
lines. The selection line KM-198/11 had above-
average adaptability, bi = 0.24, at high average
yield in the experiment. The greatest respon-
siveness to improvement of environmental con-
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Ta6u. 2. BiusHue ycnoBuil BeIpallliBaHUsI HA IPOLYKTUBHOCTh CEJICKIMOHHBIX JIMHUH SIPOBOTO SIMMEHS
Table 2. Influence of growing conditions on productivity of breeding lines of spring barley

Yield, tha Yield sum of the Ayeragel d
) ) Experiment year i-variety under | . variety yie Regression
Variety, line . o in the j-year of .
j- conditions, experiment coefficientd,
2017 2018 2019 2020
YY, tha Y tha
Biom, standard 2,0 4,4 7,0 6,6 20,0 5,00 0,31
KM-209/11 2,2 5,2 7,7 7,0 22,1 5,52 0,43
KM-198/11 4,9 5,3 7,1 8,5 25,8 6,45 0,24
Nutans 12/16 3,5 6,0 7.3 5,1 21,9 5,47 0,24
Nutans 26/18 1,8 5,6 7,8 6,9 22,1 5,52 0,47
Nutans 27/18 2,4 4,6 7,9 5,5 20,4 5,10 0,39
2.Y, (the yield sum of all varieties
in thej- year of experiment) 16,8 31,1 448 39,6 132,3
Yi — average variety yield in the
j-year of experiment 2,80 5,18 7,47 6,60 22,0 5,51
[j — environmental index -2,7 | -0,33 | 1,96 | 1,09

ditions was shown by samples KM-209/11 and
Nutans 26/18, bi = 0.43 and 0.47, respectively.

The less variation in yield under the influence
of external conditions, the higher the stress tol-
erance of the variety and the wider the range of
its adaptive capacity. The response of breeding
lines to external conditions was evaluated by
the coefficient of variation (V, %). The breed-
ing lines KM-198/11 (25.9 %), Nutans 12/16
(29.2%) and the standard Biom (46.1%) had the
lowest rate of variability of yield in spring bar-
ley (see table 3). Yields in breeding line KM-
198/11 ranged from 4.9 to 8.5 t/ha. The greatest
influence of environment among breeding lines
was observed in KM-209/11 (44.4%), Nutans
27/18 (44.6), Nutans 26/18 (47.8%). Stability
coefficients (S.*) were calculated based on theo-
retical yield and deviations from actual yield
values.

The high and most stable grain yield was ob-
served in the breeding lines Nutans 12/16 and
KM-198/11 (S? = 2.18 and 2.59 respectively),
the Biom standard had S* = 4.23 (see Table 4).

The breeding line KM-198/11 with the high-
est yield among the genotypes studied has
above-average adaptive properties (bi = 0.24,
S2=2.59).

The selection line of spring barley KM-
198/11 has been prepared for state variety test-
ing in 2021 as the variety Kuzbass Jubilee.

Spring barley Kuzbass Jubilee.

The variety of spring barley Kuzbass Jubi-
lee was created in Kemerovo Research Insti-
tute of Agriculture (NIISKh) - a branch of SF-
SCA RAS. It was bred by individual selection
from a hybrid population (KM-81 X Grosso)
with breeding work on the selection of forms
immune to dust brand with stable productiv-

Taba. 3. BapuabeapHOCTh YPOKAHHOCTH CENEKIIMOHHBIX JTUHUH SIPOBOTO STIMCHSI
Table 3. Yield variability of breeding lines of spring barley

Parameter
Variety, line Average variety yield in the Size of yield variation, Variation coefficient V,
j-year of experiment Yi, t/ha (min-max), t/ha %
Biom, standard 5,00 2,0-7,0 46,1
KM-209/11 5,52 2,2-7,7 44.4
KM-198/11 6,45 4,9-8,5 25,9
Nutans 12/16 5,47 3,5-7,3 29,2
Nutans 26/18 5,52 1,8-7,8 47,8
Nutans 27/18 5,10 2,4-79 44,6
32 Siberian Herald of Agricultural Science * 2021 ¢ 51 ¢ 5 Plant growing and breeding
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Ta6a. 4. Teopernyeckas ypokalilHOCTh U CTAOMIIHBHOCTH CENIEKIIMOHHBIX JJMHAN SPOBOTO STUMEHS
Table 4. Theoretical yield and stability of breeding lines of spring barley

. . Deviation of the actual yield from theoretical
Theoretical yield X, t/ha
v d, t/ha
Variety, line ) N S?
Experiment year !
2017 2018 2019 2020 2017 2018 2019 2020

Biom, standard 4,16 4,90 5,60 5,34 -2,16 -0,5 +1.4 +1,26 4,23
KM-209/11 4,36 5,38 6,36 5,99 -2,16 —0,18 +1,34 +1,01 3,20
KM-198/11 5,80 6,37 6,92 6,71 -0,9 -1,07 +0,18 +1,79 2,59
Nutans 12/16 4,82 5,39 5,94 5,73 -1,32 +0,61 +1,36 —0,63 2,18
Nutans 26/18 4,25 5,37 6,44 6,03 -2,45 +0,23 +1,36 +0,87 4,33
Nutans 27/18 4,05 4,87 6,02 5,61 —-1,65 -0,27 +1,88 -0,11 3,16

ity. The variety showed high resistance to dust
brand (Ustilago nuda (Jens) Kell et Swing) and
practical resistance to head smut (Ustilago hor-
dei (Pers) Kell et Swing).

The variety belongs to the nutans variety
group, a medium-maturing variety with a grow-
ing season of 85 days. The average yield is 6.45
t/ha and the maximum yield is 8.50 t/ha. The
grain is large, the weight of 1,000 grains is 53.2
g, the number of grains in an ear is 20.9 units,
productive tillering capacity is 1.9. It forms an
aligned stem with a plant height of 86.8 cm, and
is highly resistant to lodging and tilting of the
ear (9 points). Crude protein content in grain:
13.6-14.1%; hoodness: 8.4%; natural weight:
620 g/l.

The main advantages of the variety are high
drought tolerance, resistance to lodging and
smut fungus, and high productivity. The variety
reacts moderately to stress factors by reducing
productivity.

CONCLUSION

As a result of a comparative study of spring
barley selection lines in Kuznetsk Depression
the most adaptive genotypes were singled out:
KM-198/11 (bi = 0.24, S? = 2.59), Nutans
12/16 (bi = 0.24, S = 2.18). The lowest rates of
variability of the spring barley yield were ob-
served for the selection lines KM-198/11 (25.9
%), Nutans 12/16 (29.2 %) and for the standard
Biom - 46.1 %. The KM-209/11 (bi = 0,43) and
Nutans 26/18 (bi = 0,47) samples had the great-
est responsiveness to improvement of environ-

mental conditions with a significant variation in
yield depending on environmental conditions
(V =44,4-47,8%).

The selection line of spring barley KM-
198/11 has been prepared for submission to
state variety testing in 2021 as the Kuzbass Ju-
bilee variety.
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HOBBII COPT COU TOPUHCKASA

Kamesapos H.HU., [lomonuna P.U., <) [loranos /1. A.

Cubupckuii ghedepanvhwviti HayuHbll YeHmp azpoouomexuonozuti Poccutickou akademuu Hayk
Hosocubupckast o6macts, p.im. Kpacnoobck, Poccus
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[IpencraBnensl pe3yabTaThl UCCIEAOBAaHUN MO CO3JAHHIO HOBOTO copTa cou [opuHCKas ¢ uc-
MOJIB30BaHUEM METOIOB TMOPHIN3AIMY U MHAMBHIyaIbHOTO 0TOOpa. B KauecTBe nCXOmHOTO MaTe-
puana ucnons3oansl copra con CuOHUMK-315 (marepunckast ¢popma) u Fiskebi V (oTmoBckas).
HccenenoBanus MpoBeneHbBI B JiecocTenmHoi 30He 3amamgnoit Cubupu (HoBocmOmpcekas o0macTs).
Cos I'opuHCKast OTHOCUTCS K MAaHBYKYPCKOMY TOZIBUAY. PacTeHus NMEIOT CBETIIO-KOPUYHEBOE (PbI-
JKEBaTOE) OIyILEHHE CTeOIsl, TUCThEB, 0000B. XapakTep POCTa U THII BEPXYILKU IPOMEKYTOUHBIH,
ymcio BeTBeil — 1-3, yron orxoxnaenus serseit — 20-30 rpaz., KycT cxarslif. Beicota 1o nepsoro
pasBerBieHus coctasisier 6—10 cM, BbIcOTa pUKperuieHus: HuxHero 606a 10-13 cm. Bo6sl pacmo-
JIO’KEHBI paBHOMEPHO TI0 BceMy pacTeHuto. JlmmHa ctebmns paBHa 55—75 cM, 4UCI0 MEXI0y3/IHNA Ha
ctebne — 12—15. ConBerne mpeacTaBIseT MATOIBETKOBYIO KUCTh M3 3—5 IBETKOB. BeHUNK mMeeT
(uoneroByto okpacky. boObI ci1a00 M30THYTHIE C 320CTPEHHBIM KOHUMKOM, IIPH CO3PEBaHUU MPH-
oOperatot Oypyro okpacky. CeMeHa yAIMHEHHO-0BAIbHON (POPMBI, 3€JIEHOBATO-KEITOTO [[BETa, O3
nurMeHTanuu. PyOuuk cemeHu KopuuHeBblid. COPT 36pHOBOTO HAIIPaBJICHUS UCIIOIB30BaHUs. YPo-
JKANHOCTh B KOHKYPCHOM COPTOHUCIIBITaHNH JocTurana 29,4 1/ra. Macca ceMsiH ¢ OJTHOTO PacTEeHUS
cocrapisier 10-12 1, macca 1000 cemstn — 150—160 r. Uncno cemsin B 600e 2—3, cpeaHee 4uciio
0000B Ha OAWH MPOAYKTUBHBINA y3erm — 2—3. Conepxanue Oenmka B ceMeHax coctaBisier 35-38%,
xupa — 17-19%. [IpopomkuTtensHOCTh BereTaiioHHoro nepuoaa pasHa 100—-105 nueit. Copr cpen-
HEYCTOMYMB K OOJIE3HAM, XOJIONY, 3acyXxe, 3acoyieHuio moussbl. B 2018 1. copt cou ['opuHCcKas BKIIto-
yeH B [ocynapcTBeHHBIN peecTp CEIEKIMOHHBIX JOCTHKCHHH, JOMYIICHHBIX K HCIIOIb30BAHHUIO B
Poccuiickoit @enepannn no Boctouno-Cudbupckomy permony.

KuroueBble ciioBa: cost [opuHCKas, CeeKIUs, COPT, THOpUIU3aliusi, 0TOop

NEW CULTIVAR OF SOYBEAN GORINSKAYA

Kashevarov N.I., Polyudina R.I., (-X) Potapov D.A.

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

(<) e-mail: d_potapov(@ngs.ru

The paper presents results of research into breeding of the new soybean cultivar Gorinskaya by the
methods of hybridization and individual selection. Soybean varieties SibNIIK-315 (female parent)
and Fiskebi V (male parent) were used as a starting material. The studies were carried out in the
forest-steppe zone of the Western Siberia (Novosibirsk region). Soybean Gorinskaya belongs to the
Manchu subspecies. The plants have a light brown (reddish) pubescence of the stem, leaves, beans.
The growth pattern and the type of apex is intermediate, the number of branches is 1-3, the angle
of branching is 20-30 degrees, the bush is compressed. The height to the first branch is 610 cm,
the attachment height of the lower pod is 10-13 cm. The beans are distributed evenly throughout
the plant. The length of the stem is 55-75 cm, the number of internodes on the stem is 12—15. The
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inflorescence is a small-flowered raceme of 3-5 flowers. The corolla is purple in color. The pods are
slightly curved with a pointed tip; when ripe, they acquire a brown color. The seeds are elongated-
oval, greenish-yellow in color, without pigmentation. The seed hilum is brown. The cultivar is the
grain variety for use. The yield in the competitive variety testing reached 29.4 ¢ / ha. The mass of
seeds per plant is 10-12 g, the mass of 1000 seeds is 150-160 g. The number of seeds per pod is
2-3; the average number of pods per 1 productive node is 2-3. The protein content in seeds is 35-38,
fat — 17-19%. Duration of the vegetative period is 100-105 days. The cultivar is medium resistant
to diseases, cold, drought, and soil salinity. In 2018, the Gorinskaya soybean variety was included
in the State Register of Breeding Achievements Approved for Use in the Russian Federation for the

East Siberian region.
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INTRODUCTION

Soybean (Glycine max (L.) Merr.) is the
most common legume crop in the world, grown
in more than 90 countries. It is an important
source of protein and oil for food, feed and
technical purposes and is therefore used in
various industries [ 1-4]. The leaders in soybean
production are the United States and Brazil,
which grow two thirds of the world's soybean
production [5].

At present, Russia's soybean production is
clearly insufficient, as evidenced by the steady
increase in soybean imports: from 65,000 tons
in 2000 to 2.05 million tons in 2015. The re-
serves available in Russia are sufficient to in-
crease the cultivated area to 5-6 million hect-
ares, which will provide up to 7 million tons
of commercial raw materials [6]. In the forest-
steppe zone of Western Siberia, soybean can be
cultivated on an area of about 250,000 ha and
receive a guaranteed yield of 15 c/ha' [7-10].
As of 2020, 257 soybean varieties are regis-
tered in the State Register of Varieties of the
Russian Federation, 13 of which are of Siberian
selection. However, the current varieties do
not fully meet the modern requirements of the

agro-industrial complex. Growth of soybean
production in Russia can be achieved not only
by expanding the area under this crop, but also
by creating new high-yield varieties.

Soybean varieties adapted to growing in the
forest-steppe zone of Western Siberia are de-
termined by the biological characteristics of
the crop: requirements for thermal conditions,
moisture supply, light, mineral nutrition. In ad-
dition, soil and climatic conditions are impor-
tant for this crop. The forest-steppe zone of the
West Siberian region is characterized by a short
frostless period, a long duration (up to 17 hours)
of the summer day, under which many soybean
varieties significantly outgrow their generative
development and lengthen the growing sea-
son, not having time to form a yield of mature
seeds. Favorable average daily temperatures for
germination of soybean seeds in the soil, emer-
gence and growth of seedlings, budding and
flowering, formation of beans and seeds, and
maturation are provided in this region during
the beginning of the third decade of May and
the second decade of September. The duration
of'this period is about 115 days, the sum of tem-
peratures above 10 °C is not less than 1800 °C.,
i.e. the growing period from sowing to ripen-

'Kashevarov N.I., Gorin V.E., Polyudina R.I. et al. Cultivation of soybean in Western Siberia: recommendations. Novosibirsk,

1999. 74 p.
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ing should not exceed 115 days. Varieties that
do not reach full maturity before the onset of
low positive average daily temperatures will be
severely reduced or fail to yield mature seeds
when regular frosts occur.

The main methods of variety development
are intra-specific and distant hybridization and
individual selection® [11-13].

The purpose of the research is to create a
new high-yielding variety of soybean adapted
to Siberian conditions.

MATERIAL AND METHODS

The research was conducted at the central
experimental base of the Siberian Research In-
stitute of Fodder Crops, SFSCA RAS, located
in the forest-steppe zone of the Novosibirsk Re-
gion (Krasnoobsk settlement).

The soil of the experimental plots is medi-
um-loamy leached chernozem, pH 6.6. The
content of humus in the soil is 5.2%, easily hy-
drolysable nitrogen - 7.7 mg/100g soil, mobile
phosphorus - 15.0, potassium - 16.0 mg/100g
soil.

SibNIIK-315 and Fiskebi V soybean vari-
eties were used as starting material. The main
methods of creating promising breeding mate-
rial were hybridization and individual selection.

Nurseries were planted according to gener-
ally accepted methods. In the hybrid and breed-
ing nursery, the plants were sown and harvested
manually and the number of plants per plot was
counted.

In the control nurseries and competitive
varietal trials, the plot area was 25 m?, the ar-
rangement was systematic, the repetition was
four times. Sowing was carried out with a seed-
er CH-16. We sowed 700 thousand germinated
seeds per 1 hectare by wide-row method. Plants
were harvested by Sampo (Rostov) combine.
Before harvesting, sheaf samples from 1 m?
were taken from the trial sites. Seed produc-
tivity and its elements from each plant were
determined. The standard was the variety Sib-
NIIK-315.

’Enken V.B. Soybean. Moscow: Selkhozgiz, 1959. 619 p.

Phytopathological surveys were carried out
by the plant immunity group. Snedekor appli-
cation software package was used for statistical
data processing.

RESULTS AND DISCUSSION

Intraspecific hybridization of soybean to
expand the genetic variability available for se-
lection is an effective method in breeding this
crop (see footnote 2) [11]. The study of flower-
ing biology and improvement of hybridization
technique allowed the use of this method of
breeding to significantly expand the genotypic
diversity of soybean breeding material by in-
volving geographically distant forms in cross-
es. When selecting pairs for crossing, it should
be taken into account that hybrids whose paren-
tal forms differ significantly in the maximum
number of plant productivity elements give the
highest rates of seed mass transgression from
one plant®.

According to the classification adopted in
Europe and the USA, soybean varieties are di-
vided into 10 groups according to the length of
the growing season. When breeding soybeans
for Western Siberia conditions, varieties with
high adaptability and a vegetation period of no
more than 110 days are of particular interest.

The duration of the germination-to-ripening
period is determined to a large extent by the
length of the germination-to-flowering peri-
od and to a lesser extent by the length of the
flowering-to-ripening phase. The period from
germination to flowering is noticeably longer
with decreasing temperature sum, increasing
relative humidity, increasing nitrogen nutrition,
growing on a long bed and increasing the feed-
ing area. In general, the phenotypic expression
of the growing season size is 70% determined
by hereditary characteristics of the variety and
only 30% by all other factors®. According to G.
Johnson and R. Bernard (cited in footnote 2),
genetic and phenotypic correlations between
growing season length and seed yield have a
significant positive relationship.

3Vashchenko A.P., Mudrik N.V., Fisenko P.P., Zaostrovnykh V.I. Soybean breeding in Primorye. Breeding and agrotechnics of
field crops in Priamurye: Collection of scientific works. Novosibirsk, 1987 pp. 45-47.

“Korsakov N.I. Soybean (systematics and basics of breeding): thesis of Doctor of Science in Agriculture. L.: VIR, 1973. 44 p.
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In order to create promising source material
for breeding, crosses were carried out in 1994
where the best registered variety SibNIIK-315
was used as the female parent. The male com-
ponent was represented by the variety Fiskebi
V. Among the soybean varieties studied in the
collection nursery, this variety was selected due
to its high seed productivity and its constituent
elements [14].

The first elite plants of this combination
were isolated in a hybrid nursery in 1997. In
1998-2001, their study was continued in breed-
ing nurseries. Selections were carried out in the
field and laboratory conditions on the complex
of traits: seed productivity and its constituent
elements, the duration of the growing season,
resistance to adverse environmental factors.
Much attention was paid to the traits determin-
ing the manufacturability of soybean cultiva-
tion: the height of the bottom bean, resistance
to bean bursting, lodging of plants, etc. Then,
the study of the line named SNK-147 was con-
tinued in the control and competition nurseries,
where it also showed high indicators of eco-
nomically useful and morphobiological traits
and properties (see Table 1).

Grain yields in 2010-2020 ranged from 16.0
to 29.4 c/ha, consistently exceeding the stan-
dard by 7-26%. The duration of the growing
season ranged from 88 to 120 days, exceed-
ing the standard by 5-17 days. On average, this
line matured in 107 days during the 11 years of
study, thus falling into the early maturing group
(see the figure).

Increasing the protein and oil content of soy-
bean seeds is one of the main focuses of breed-
ing programs. Due to the quality and quantity of
proteins, their balance in amino acids, high di-
gestibility, and low cost of production, soybean
ranks among the world's top protein-oil crops in
terms of seed production. Soybean oil is similar
in nutritional value to sunflower oil, but slightly
inferior to cow's oil. The line we have created
exceeds the standard in protein and fat produc-
tion by 0.9 and 0.6 c/ha, respectively, or 14 and
17% (see Table 1).

Diseases are a major detriment to soybean
yields. Only highly resistant varieties can en-
sure low disease incidence and a natural in-
crease in soybean productivity. Infestation of
soybean plants with downy mildew (perono-
sporosis) can reduce seed yields by up to 50%.
This disease was first detected in the fields of
the Siberian Research Institute of Fodder Crops
in 2004. The reduction in soybean grain yield
when affected by pustular bacteriosis reaches
22%, and by bacterial spot 27%>°.

A phytopathological study of the variety
SNK-147 in the nurseries of competitive vari-
ety trials showed that it was more resistant to
major fungal and bacterial diseases compared
with the standard (see Table 2).

Thus, the use of individual selection in split-
ting generations has proven effective in creat-
ing high-yielding soybean varieties that meet
modern cultivation technology requirements.

In 2013, the SNK-147 soybean line was sub-
mitted to state variety testing under the name

Taoa. 1. [Napamerpst HOBoro copta cou ['opunckas (2010-2012 rr.)

Table 1. Parameters of new soybean cultivar Gorinskaya (2010-2012)

Feature Gorinskaya (SNK-147) SibNIIK-315 (standard) + to the standard, %

Grain yield, c/ha ** 21,6 1,3 18,9+1,4 114%*
Vegetation period, days 101 +8 92 +8 9*

Weight of 1000 seeds, g 133,1 +3,0 1472 +5,7 90*
Crude protein content, % 36,4+0,2 36,5+0,1 100
Crude protein yield, c/ha 7,8+0,7 6,9+0,6 114*
Fat content, % 18,8 £0,4 18,2+0,2 103
Fat yield, c/ha 4,1+£0,6 3,5+£04 117*

* Reliable at the 5% level.
** Grain yield given for 2010-2020

SAshmarina L.F., Gorobei I.M., Konyaeva N.M., Agarkova Z.V. Atlas of diseases of fodder crops in Western Siberia. Novosi-

birsk: Siberian Research Institute of Fodder Crops, 2010. 180 p.
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Gorinskaya. In 2018, the variety was included
in the State Register of Breeding Achievements
Approved for Use in the Russian Federation for
the East Siberian region. The certificate of au-
thorship No. 71916 dated 05.06.2018 and pat-
ent No. 9653 dated 05.06.2018b were obtained.
The authors of the variety are: N.V. Balykina,
A.V. Zheleznov, N.I. Kashevarov, N.N. Kashe-
varova, A.A. Polishchuk.

Gorinskaya soybean variety is for grain use.
The yield in competitive variety trials in the
forest-steppe zone of Western Siberia reached
29.4 c/ha. According to the State Variety Com-
mission the average grain yield in the East Si-
berian region was 28.6 c/ha. The maximum
yield (31.2 c/ha) was obtained at the Krasno-
turansky State Crop Testing Site (SCTS) in the
Krasnoyarsk Territory in 2016. Seed weight per
plant is 10-12 g, weight of 1000 seeds - 150-
160 g. The number of seeds in a pod is mainly
2-3, the average number of beans per produc-
tive node is 2-3, the maximum - 4-5. Seeds
have 35-38% protein content and 17-19% fat
content. Sprouting and flowering lasts 30 to 32
days; sprouting and maturation last 100 to 105
days. The variety is moderately tolerant to cold,
drought, soil salinity.

Morphologically, Gorinskaya soybean be-
longs to the Manchurian subspecies (ssp. mans-
hurica (Enken) Zel. et Koch.). The plants have
light brown (reddish) pubescence on the stem,
leaves and beans. The character of growth and
the type of apex are intermediate, the number
of branches 1-3, the angle of branching 20-30
degrees, the bush is compressed. The height to
the first branching is 6-10 cm, the attachment
height of the lower legume is 10-13 cm. The
beans are evenly spaced throughout the plant.

The stem is 55-75 cm long, with 12-15 inter-
nodes on the stem. The type of seed germination
is hypogeic (the seedpods reach the ground).
Because of the presence of anthocyanin, the
coloring of the sub-cotyledon during germina-
tion is purple. The primordial leaves are broad-
ly ovate. The leaves are ternate, with the middle
leaflets oval-oblong and slightly pointed. Leaf
coloring is green. The inflorescence is a low-
flowered cluster of 3 to 5 flowers. The corolla
is purple. Pods slightly curved with a pointed
tip, turning brown when mature. Seeds oblong-
oval, greenish-yellow, without pigmentation.
The seed ridge is brown.

CONCLUSIONS

1. Using hybridization and individual se-
lection methods, a new variety of soybean, Go-
rinskaya, was created.

2. The average grain yield of the vari-
ety Gorinskaya in the West Siberian region is
21.6 c/ha (114% of the standard), the maximum
yield is 29.4 c/ha, raw protein yield is 7.8 c/ha,
fat yield is 4.1 c/ha, which is 14 and 17% higher
than the standard, respectively. The maximum
grain yield in the East Siberian region was
31.2 c¢/ha.

3. In 2018, the variety was included in the
State Register of Breeding Achievements Ap-
proved for Use in the Russian Federation for
the East Siberian region.
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Ta6a. 2. [lopaxenue 6ose3HsiMu HOBoro copta cou [opunckas (2010-2012 rr), %
Table 2. Diseases of new soybean cultivar Gorinskaya (2010-2012), %

Gorinskaya (SNK-147) SibNIIK-315 (standard)
Feature — — + to the standard, %
Average Limits Average Limits
Pustular bacteriosis 2.9 0-5,9 3,0 0,4-5,6 -0,1
Downy mildew 3,5 0,1-7,0 18,5 0,0-37,0 -15,0
Bacterial spot 4,0 0,0-8,1 8,3 0,4-16,2 43
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O EHKA OBPA3IOB IBYKUCTOYHHUKA TPOCTHUKOBOI'O
JJIAA PEKYJIBTUBALIMU YT'OJIBHBIX OTBAJIOB

Ypazosa JI.A., <) JIurBunuyk O.B.

Cubupckuil HayyHO-UCCIe008AMENbCKULL UHCIMUMYM CENbCKO20 X03AUCmead u mopga — guauarn
Cubupcrozo gpedepanvrozo nayunozo yenmpa azpodouomexuonocuil Poccutickoti akademuu Hayk
Tomck, Poccus

() e-mail: Narym@mail2000.ru

OnHuM U3 HAJIEKHBIX MyTEH BOCCTAHOBICHUS DPOAUPOBAHHBIX MOYB U TEXHOTCHHBIX 3€MEIIb SIB-
JSIETCSl X PEKYJIBTUBALINS C TOCEBOM MHOTOJICTHUX 3JIAKOBBIX TpaB. M3y4eHbl U BbIIENICHBI 00pa3Iibl
JBYKHCTOYHHKA TPOCTHUKOBOTO, TPUTOIHBIE IS PEKYJIbTHBAIINN YTONBHBIX 0TBaI0B KemepoBckoit
obiacTu. DKCIepUMEHTallbHas paboTa mposeaeHa B Tomckoit obmactu (58°11°c.mt., 83°00'B.1.) B
2017-2020 rr. OOBEKTHI HCCIEIOBAHNI NIPEACTABIECHBI 0TOOPaMHU JIBYKHCTOUYHUKA TPOCTHUKOBOTO,
rpoBezieHHBIME B 2016 1. [TuToOMHHMK M3yueHus: 00pa3IoB, MPUTOIHBIX ISl PEKYIBTHBAIIMH YTOJb-
HBIX OTBAJIOB, 3aJ103keH B 2017 r. B KonuuecTse mecTd HomepoB — KM-1, KM-2, KM-3, KM-4, KM-5
(Tomckast o0macTp), B Ka4eCTBE CTaHAApTa UCONb30Banu copT Butsss (Tomckas obmacts). [louBsr
OTIBITHBIX YYaCTKOB JI€PHOBO-TIOA3O0IMCTHIE KUCIBIE CyleCcYaHble M CyTJIMHUCTHIE C CO/epKaHUEeM
ryMyca B TaXOTHOM ropu3oHTe He Oomee 2%. IIpu onenke 00pa3oB OCHOBHOE BHIMAHNE Y/IEICHO
W3yYEHUIO TIPU3HAKOB U CBOWCTB, KOTOPHIE TUMHUTHPYIOT UX BO3/IEIBIBAHIE B YCIOBHUAX TaCKHOM
30HBI: TYCTOTE TPABOCTOSI, BHICOTE PACTEHUH, OOJMCTBEHHOCTH, 3UMOCTOMKOCTH, YCTOMYMBOCTH K
MOJICTaHNIO, CEMEHHON POYKTUBHOCTH, YPOKaHOCTH 3€JIEHOH Macchl, yCTOMYMBOCTH K HanboJee
pacnpocTpaHeHHbIM 3a00JeBaHusAM. 3a 3 rojia u3yueHus OTOOPOB JBYKUCTOUYHHKA TPOCTHHUKOBOTO
IO KOMIUIEKCY OCHOBHBIX XO3SIHICTBEHHO Ba)KHBIX IIPU3HAKOB BBIIEICH 00pazerr KM-5. JlaHHEIH 00-
paser] o01aaeT KOMIUIEKCOM IIEHHBIX MPU3HAKOB MPH CO3IaHUM aAalITUBHOTO COPTa, MPUTOJHOTO
JUISl PEKyJIbTUBALMN YTOJIBHBIX OTBaOB (00IMCTBEHHOCTD — 61,4%, yposkalHOCTb 3€JIeHOI Macchl
— 38,5 1/ra, cyxoro BemectBa — 11,9, cemsn — 0,21 1/ra). BeyienuBmmiicss HOMep UMEET €KEro{HbIC
JOCTOBEPHBIC MPUOABKH K CTAHAAPTY MO YPOXKAHHOCTH 3€JICHOM Macchl 8,5 T/ra, CyXoro BEIecTBa
— 3,3, cemsn 0,04 1/ra. O6pasupl KM-1, KM-5 nposBuiin BEICOKYIO YCTOHUUBOCTD K JJAHHBIM 3200~
JIEBAHUSAM: TTOPAKEHNE TeTbMUHTOCTIOpHO030M — 6,0—6,1%, cenrroprozom — 2,6-4,2%.

KuioueBble ci10Ba: peKy/IbTHBANNSA, ABYKHCTOYHUK TPOCTHHUKOBBIH, YPO)KaWHOCTH, aIarTHB-
HOCTb, CEJICKIIHA

EVALUATING REED CANARY GRASS SAMPLES FOR RECLAMATION
OF COAL DUMPS

Urazova L.D., (<) Litvinchuk O.V.

Siberian Research Institute of Agriculture and Peat - branch of the Federal State Budgetary
Institution of Science of the Siberian Federal Scientific Center for Agrobiotechnology of the Russian
Academy of Sciences

Tomsk, Russia

() e-mail: Narym@mail2000.ru

One reliable way to restore eroded soils and technogenic land is to reclaim it by sowing perennial
grasses. Samples of reed canary grass suitable for reclamation of coal dumps in the Kemerovo
region have been studied and identified. Experimental work was carried out in the Tomsk region
(5811 N, 8300 E) during the period of 2017-2020. The research subjects are represented by samples
of reed canary grass taken in 2016. A nursery of study samples suitable for reclamation of coal
dumps was laid in 2017 with six numbers - KM-1, KM-2, KM-3, KM-4, KM-5 (Tomsk region),
the variety Vityaz (Tomsk region) was used as a standard. The soils of the experimental plots were
sod-podzolic acidic loamy sandy loam and loamy with a humus content of no more than 2% in the
arable horizon. When evaluating the samples, the main attention is paid to studying the traits and
properties that limit their cultivation under taiga conditions: grass density, plant height, foliage,

44

Siberian Herald of Agricultural Science « 2021 « 51 « 5 Fodder production



Ouenka 00pa3LoB IBYKUCTOYHUKA TPOCTHUKOBOTO JUISI
PEKy/IbTHBALlMK YTOIBHBIX OTBAJIOB

VYpasosa JI.JI., Jluteunuyk O.B.

winter hardiness, lodging resistance, seed productivity, green mass yield, resistance to the most
common diseases. Over a 3-year study of selections of reed canary grass based on a set of the main
economically important traits, the KM-5 sample has been identified. This specimen has a complex
of valuable features in creating an adaptive variety suitable for reclamation of coal dumps (foliage -
61.4%, green matter yield - 38.5 t/ha, dry matter - 11.9, seeds - 0.21 t/ha). The selected number has
annual reliable additions to the standard in terms of green matter yield of 8.5 t/ha, dry matter yield
of 3.3, and seed yield of 0.04 t/ha. Samples KM-1, KM-5 showed high resistance to these diseases:
helminthosporiosis - 6.0-6.1%, septoriosis - 2.6-4.2%.
Keywords: reclamation, reed canary grass, productivity, adaptability, selection.
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INTRODUCTION

At present, the processes of anthropogenic
disturbance of the vegetation cover, including
in Western Siberia, are becoming global. The
mining industry has a negative impact on all
components of the natural environment, caus-
ing undesirable changes. Disturbed lands be-
come focal points of atmospheric, water and
soil pollution, adjacent lands, worsen sanitary
and hygienic living conditions of the popula-
tion. In order to restore the ecological integrity
of disturbed areas, it is necessary to carry out
reclamation works' [1-3].

Overgrowth of waste dumps is an example
of primary succession occurring under specific
edaphic conditions. The rate of self-vegetation
on waste dumps varies from site to site. Phy-
tomelioration significantly accelerates the pro-
cess of self-restoration [4].

One of the reliable ways to restore eroded
soils and technogenic lands is their reclamation
with sowing of perennial grasses [5, 6]. The
reed canary grass? is important for the restora-
tion of disturbed areas [7].

The reed canary grass (Phalaroides arundi-
nacea (L.) Rausch.) is a cosmopolitan peren-
nial forage plant on intrazonal excessively wet
soils in all continents except Antarctica. It is a
perennial loose rootstock cereal for forage and
erosion control use. Biological features of reed
canary grass include wide adaptability to ex-
cessively humid areas, longevity, resistance to
long-term flooding (up to 90 days), and high
photosynthetic capacity. Longevity of econom-
ic use is 9-12 years, there is evidence of herbage
more than 30 years old. The bicarbonate plays
an important role as a fixer on landslide sites
and a phytoremediator on sites of soils polluted
with heavy metals [8]. The aim of the research

Technologies of reclamation and arrangement of disturbed lands in Western and Eastern Siberia: monograph / Zenkov 1.V.,
Nefedov B.N., Baradulin I.M., Yuronen Y.P., Voken V.N., Kiryushina E.V. Krasnoyarsk, 2015. 308 p. [Electronic resource]: URL:

http://www.knigafund.ru Accessed 20.04.2021.

2Lamanova T.G., Sheremet N.V., Doronkin V.M. Collections of the Central Siberian Botanical Garden as a source of biodi-
versity restoration at overburden dumps of Kuzbass [Electronic resource]: URL: https://elar.urfu.ru/ bitstream/10995/32729/1/

brimnz_2012_27.pdf. Accessed 20.04.2021.
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Evaluating reed canary grass samples for reclamation of coal dumps

Urazova L.D., Litvinchuk O.V.

is to study and isolate samples of reed canary
grass suitable for reclamation of coal dumps in
the Kemerovo region.

MATERIAL AND METHODS

Experimental work was carried out in the
Narym Department of Breeding and Seed Pro-
duction at the Siberian Research Institute of
Agriculture and Peat - Branch of the Siberian
Federal Scientific Center of AgroBioTechnolo-
gies RAS, located in Kolpashevo, Tomsk Re-
gion (58°11'N, 83°00'E) in 2017-2020. The
objects of the research are represented by the
sampling of reed canary grass conducted by
Kemerovo State University in 2016. The nurs-
ery garden for the study of samples suitable for
reclamation of coal dumps was laid in 2017 in
the amount of six numbers - KM-1, KM-2, KM-3,
KM-4, KM-5 (Tomsk region), the standard -
variety Vityaz (Tomsk region). Experimental
work was carried out in natural field conditions.

The technology of laying a field experiment
is generally accepted for perennial grasses in
Western Siberia. Evaluation, observations and
recordings were carried out in accordance with
the methodological guidelines for perennial
grasses breeding® and the methodology of the
State Variety Testing Commission®.

Samples were sown manually using dibbling
along marker traces with a row spacing of 70
cm in the first days of June. The method of sow-
ing was wide-row to a depth of 1-2 cm, seed-
ing rate 0.6 g/m? (at 100% economic validity of
seeds), plot area - 2 m?. Sowing care consisted
of 3-4 times weeding with simultaneous loos-
ening of the row spacing.

The climate in the study area is sharply con-
tinental with long, harsh winters and short but
hot, often arid summers. Snow cover lasts for
about 7 months (usually from October to April).
The frost-free period is short. Annual precipita-
tion is about 500 mm, including more than 300
mm during the growing season. The sum of air
temperatures above 10°C is 1300-1600°C.

Soils of the experimental plots are sod-
podzolic acidic (pH_, 4.3-4.9) sandy loam and
loamy by granulometric composition with hu-
mus content in the arable horizon not exceeding
2% (by Tyurin). The nutrient supply of mobile
nitrogen is low - 0,20-0,22 mg/100 g of air-
dry soil (according to disulfo-phenolic acid),
exchangeable potassium is medium - 8,3-13,9
mg/100 g of air-dry soil (by Peiva), mobile
phosphorus is high - 12,1-18,1 mg/100 g of
air-dry soil (by Kirsanov), aluminum content is
high - 4,4-9,6 mg/100 g of soil (by Sokolov).

Grass density was measured in the first year
of the study at full sprouts and before going into
winter, in the second and subsequent years - at
spring growth, by cutting and before going into
winter on a 5-point scale. Plant height was mea-
sured in the phase of mass earing for green mass
and at the beginning of seed ripening for seed.
Plants were measured from the soil surface to
the apex of the inflorescences at five locations.

Winter hardiness (percentage of plants sur-
viving the overwintering period) was deter-
mined by counting the number of live and dead
plants in the plot in autumn and spring at the
beginning of the growing season.

In the study of resistance to leaf infections,
counts were conducted during the period of
maximum disease development according
to the methodological guidelines of the VIR,
VIC>®, To determine the degree of infestation,
25 leaves from each plot were collected in
the field and then compared with the Peterson
scale tables [9].

The green mass productivity of reed canary
grass was recorded under a two-crop system:
the first cut was made in the phase of full lodg-
ing, and the second cut was made when the
grass reached its maturity (height of the herb-
age). Before taking into account, the herbage
was assessed by eyeballing in terms of density
and alignment, disease infestation, and height.
The herbage was then mowed and a sample
sheaf was taken along the length of the swath in

*Methodological guidelines for breeding perennial grasses. MOSCOW: VIC. 2012. pp. 35-46.
“Methodology of state variety testing of agricultural crops. M., 1985. pp. 49-57, 120-125.

*Methodological guidelines for the study of cereal grass resistance to fungal pathogens for the conditions of the Non-Cherno-

zem zone of the RSFSR. M.: VNIIR, 1976. 65 p.

®Guidelines for breeding perennial grasses. Moscow: Publishing House Of RSAU-MAA, 2012. 51 p.
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various places by handfuls of 1 kg to determine
the dry matter yield.

The leaf coverage was determined by ana-
lyzing the sample sheaves as the ratio of leaf
weight to the total dry weight of the sample,
expressed as a percentage. Seed productivity of
the breeding material was determined by sow-
ing the samples in pure form according to the
optimal agricultural technique. Grass vegeta-
tion was mowed from the whole recording area
with a sickle. The threshed seeds were brought
to the condition of purity and germination.

Experimental material was processed ac-
cording to B.A. Dospekhov’ using an applica-
tion software package®.

RESULTS AND DISCUSSION

The evaluation of the samples focused on the
traits and properties that limit their cultivation
under taiga conditions: winter hardiness, yield
of fodder mass and seeds, resistance to the most
common diseases.

The growing season is an important biologi-
cal trait that reflects the adaptation of plants to
growing conditions. The natural and climatic
conditions of the taiga zone in Western Siberia
allow cultivated plants, in particular reed ca-
nary grass, to form a good herbage and condi-
tioned seeds during a short summer.

Under our conditions, spring sprouting in
2018 was recorded on 10 May, the beginning of
earing on 25 June, full earing on 27 June, mass
flowering on 2 July, and mass seed ripening on
19 July. In 2019, regrowth occurred on 7 May,
beginning of earing on 23 June, full earing on
27 June, mass flowering on 2 July, and mass
seed ripening on 20 July. Thanks to an early and
warm spring in 2020, germination started on 20
April, heading emergence on 8§ June, complete
heading on 12 June, mass flowering on 18 June,
and mass seed ripening on 14 July. The dura-
tion of the growing season in 2018 was 70 days
(74 days in 2019, 85 days in 2020). The end of
the growing season in 2018 was on 29 October,
in 2019 on 20 October and in 2020 on 10 No-
vember.

The density and thickness of the herbage of
the studied numbers was 4-5. These estimates
correspond to the state of the grass stand of the
samples before the winter. All studied samples
had high winter hardiness (100%), foliage (5
points), resistant to lodging (5 points). Plant
height varied from 136 to 145 cm during the
mass earing phase and from 151 to 162 cm dur-
ing flowering (average data for 2018-2020).

Thanks to the high snow cover in the winter
of 2017/18, 2018/19 and 2019/20, the reed ca-
nary grass specimens overwintered well, with a
winter hardiness of 100%. The plants went into
the winter in a well-developed condition. Mow-
ing and harvesting of crop residues was carried
out one month before the onset of permanent
frost, so no fallout was observed on the crops.

Reed canary grass grows early in spring
and is characterized by fairly intensive growth.
Spring regrowth begins at a temperature of
about 2-3°C. At the end of May, the grass
can reach a height of 7-10 cm. In the phase of
seed ripening in the conditions of Western Si-
beria, the reed canary grass grows to 200 cm
in height. Plant height during the mass ear-
ing phase ranged from 136 to 145 cm, during
flowering from 151 to 162 cm (average data for
2018-2020). All reed canary grass specimens
were highly resistant to lodging (4-5 points).

Cereal grasses are affected by a large num-
ber of fungal diseases. The importance of one
or another disease varies depending on the spe-
cies of cereal, the environmental conditions and
the way it is used. The most widespread are leaf
diseases: helminthosporiosis, septoriosis and
rust. Severely weakened plants poorly tolerate
extreme conditions of heat, drought or low tem-
perature. In the conditions of the Tomsk region,
reed canary grass is most often affected by Hel-
minthosporiosis (Helminththosporium bromi
Died.) and septoriosis (Septoria sp.).

At the stage of maturity of seeds helmintho-
sporiosis affection of samples was 6,0-7,6%,
septoriosis - 2,6-7,0% (for standard - 3,0 and
2,9% respectively). Samples KM-1, KM-5
showed high resistance to these diseases: dam-

"Dospekhov B.A. Methodology of field experience. Moscow: Kolos, 1985. 351 p.
8Sorokin O.D. Applied statistics on computer. Novosibirsk, 2007. 206 p.
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XapaKTCpI/ICTI/IKa O6pa3LIOB JABYKHUCTOYHUKA TPOCTHUKOBOI'O B IMTOMHUKE 0T60pa (I[ByxyKOCHOG HCII0JIb-

3oBaHue) (cpexnne pannbie 3a 20182020 rr.)

Characteristics of reed canary grass samples in the selection nursery (two-cuts use) (average data for

2018-2020)
Yield
Variety' herbage dry matter seeds Leaf coverage,
(Tomsk region) t/h % to the | =+ tothe th % to the | =+ to the t/h % to the + to the %
& | standard | standard 2 | standard | standard 4 | standard standard

Vityaz 30,0 | 100,0 0 8,6 | 100,0 0 |0,17] 100,0 0 52,8
(standard)

KM-5 38,5 128,3 +8,5 11,9 1384 +3,3 0,21 123,5 +0,04 61,4
KM-3 35,3 117,7 +5,3 10,3 119,8 +1,7 10,12 70,6 -0,05 51,7
KM-4 32,7 109,0 +2,7 9,0 104,7 +0,4 0,11 64,7 -0,06 52,0
KM-1 30,7 1023 +0,7 9,8 114,0 +1,2 0,17 100,0 0 53,9
KM-2 29,2 97,3 -0,8 8,7 101,2 +0,1 0,11 64,7 -0,06 52,3
LSD,, 0,7 1,2 0,02 1,3

age by helminthosporiosis was 6.0-6.1%, sep-
toriosis 2.6-4.2%.

Yield of green matter (dry matter) is the
main indicator of the value of varieties. In hay-
ing, productivity was recorded in two-crop use:
the first cutting was done in the full-thickness
phase on July 5 (2018), June 27 (2019), June 8
(2020), the second on July 18 (2018), July 30
(2019), July 20 (2020).

The average green matter yield of the stud-
ied samples in two cuttings in 2020 was 23.5-
42.0 t/ha, air-dry - 5.6-14.1 t/ha. The average
green matter yield for 2018-2020 was 29.2-38.5
t/ha, air-dry 8.6-11.9 t/ha. All selections except
KM-2 stood out on these traits. The excess over
the standard variety was 2,3-28,3% for green
mass yield and 1,2-38,4% for dry matter. Leaf
coverage of the studied samples on the average
over the 3 years changed in the first cut from
51,7% (KM-3) to 61,4% (KM-5).

In terms of seed yield in both 2020 and the
3-year average, the KM-5 selection stood out.
The excess over the standard was 50.0 and
23.5%, respectively.

The results of the study of reed canary grass
samples in the selection nursery are shown in
the table below.

The criterion for the adaptability of select-
ed genotypes in breeding is the level of their

yield. Preference is given to samples that have
maximum environmental adaptability. The se-
lected number has annual reliable additions to
the standard in terms of green matter yield of
8.5 t/ha, dry matter yield of 3.3, and seed yield
0f 0.04 t/ha.

CONCLUSION

As a result of studying the selection of reed
canary grass in the taiga zone of the Tomsk
region, a sample of KM-5 has been isolated,
which possesses a set of valuable features (leaf
coverage - 61.4%, green matter yield - 38.5 t/ha,
dry matter - 11.9, seeds - 0.21 t/ha) that is used
in breeding work to create an adaptive variety
suitable for reclamation of coal mines.
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Vo 3AIIUTA PACTEHUH
PLANT PROTECTION
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IOOEKTUBHOCTH BUOJIOTMYECKOM 3AIIATHI KAITYCThI
OT BPEJIUTEJIEM B YCJIOBHUAX MPUMOPCKOT'O KPASI

) Tponromxkuna A.C., Kopanenko T.K., lactymkuna E.H.

JlanbHegocmoyHblll HAYYHO-UCCIE008AMENbCKUL UHCIMUMYM 3AWUMbl pacmenuti — Quaua
Dedepanvrozo HayuHo20 yenmpa azpobuomexnonozuil Jlarpvneco Bocmoxa um. A.K. Yavixu
[Ipumopckuii kpaii, c. Kamenb-Pribonos, Poccust

(<) e-mail: biometod@rambler.ru

IIpencraBneHs! pe3ynbTaThl HCIOIb30BaHUS SHTOMO(Ara 1 OMONpPenaparoB Al PEryIsALUN Ync-
JICHHOCTH BpEIMTENICH KalycThbl (KalyCTHOH coBku Mamestra brassicae L., xammycTHOH O€NSHKH
Pieris brassicae L., peniHoit 6ensinku Pieris rapae L., kanyctHoit monu Plutella xylostella L.). Uc-
clefoBaHus NpoBefieHsl B ycioBusax Ilpumopckoro xpas B 2018-2020 rr. OcyiecTBieHa OlLeH-
ka 2(PEKTHBHOCTU TpUMeHeHus1 Trichogramma ussuricum Sorokina Ha pa3iIMYHBIX COpTaxX Ka-
mycThl. DPPEKTUBHOCTh dHTOMO]Ara MPOTHB KalyCTHON COBKM BapbHpoBaia ot 33,3 no 66,6%,
MPOTUB pernHoi OenssHku — oT 32,6 1o 70,2%. B momneBpIx skcmepuMenTax niydeHa 3¢ ¢eKTus-
HOCTH Omosnorudeckux npemnaparoB Ourosepm, KO (0,09 n/ra), Axapun, KO (1,6 n/ra), [Ipoxaiim,
BPI' (0,3 kr/ra), butokcubanmmms, JK (10 i/ra), burokcubarmmun, I1 (2 kr/ra), Jlenmunonusm,
CK (2 n/ra), Jlenupoumn, I1 (2 xr/ra) mpoTHB KamyCTHOM MoJH. PacTeHus KarycThl ONPBICKUBA-
J¥ TIperapaTaMyd OJHOKPATHO. YUeThl YUCICHHOCTH BPEIUTENS MPOBOAMIH 10 0OpabOTKH M TIO-
cie oopadotku Ha 5, 10, 15-e CyTKM B COOTBETCTBHH C YTBEP)KACHHBIMH METOANKAMHU. BBICOKYIO
a¢pextuBHOCTh 93—100% Ha 5-10-¢ cyTkn nokazan omonHcekTuu [IpokmiimM. DddexTuBHOCTH
IpenaparoB Ha ocHOBe aBepcekTnHa C n akapuHa N cocraBuna 65,0-88,6%. IIpu ucnons3oBannu
ouonpenaparoB butokcubanmuing u Jlenumonn HabIIOOATN CHUKEHUE YHUCICHHOCTH KallyCTHON
MOJIM OTHOCHUTEIBHO KOHTpoJs Ha 61,2-97,5 u 65,0-78,0%.

KaioueBble ciioBa: xamycra, BpeAUTENH, SHTOMO(Ar, TpUXorpaMma, OHOJIOTHYecKasl 3alluTa,
OMOMHCEKTHIINBI, Oronpenaparsl, 3QHEeKTHBHOCTD

EFFECTIVENESS OF BIOLOGICAL PROTECTION OF CABBAGE AGAINST
PESTS IN THE CONDITIONS OF THE PRIMORSKY TERRITORY

() Pronyushkina A.S., Kovalenko T.K., Lastushkina E.N.

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

Kamen-Rybolov, Primorsky Territory, Russia

(<) e-mail: biometod@rambler.ru

The results of the use of entomophages and biological products to regulate the number of cabbage
pests (cabbage moth Mamestra brassicae L., cabbage butterfly Pieris brassicae L., turnip butterfly
Pieris rapae L., diamondback moth Plutella xylostella L.) are presented. The study was carried
out in the Primorsky Territory in 2018-2020. The efficiency of Trichogramma ussuricum Sorokina
applications was assessed on cabbage varieties. The effectiveness of the entomophage against the
cabbage moth varied from 33.3 to 66.6%, against the turnip butterfly - from 32.6 to 70.2%. In field
experiments the effectiveness of biological products Fitoverm EC (0.09 I/ha), Akarin EC (1.6 1/ha),
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Effectiveness of biological protection of cabbage against pests in the
conditions of the Primorsky Territory

Pronyushkina A.S., Kovalenko T.K., Lastushkina E.N.

Proclaim WG (0.3 kg/ha), Bitoxibacillin (10 1/ha), Bitoxibacillin P (2 kg/ha), Lepidocid SC (2 1/ha),
Lepidocid P (2 kg/ha) against diamondback moth are studied. Cabbage plants were sprayed with
the preparations once. Pest counts were carried out before treatment and after treatment on the 5Sth,
10™ and 15th day in accordance with the approved methods. Bioinsecticide Proclaim showed a high
efficiency of 93.0-100% on the 5-10th day. The effectiveness of preparations based on aversectin C
and avertin N was 65.0-88.6%. Using the biological product Bitoxibacillin and Lepidocid a decrease
the number of diamondback moth relative to the control by 61.2-97.5 u 65.0-78.0% was registered.

Keywords: cabbage, pests, entomophage, Trichogramma, biological protection, bioinsecticides,

biological products, effectiveness
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INTRODUCTION

Cabbage is one of the most important veg-
etable crops in the Primorsky Territory in terms
of food value and area occupied. Through-
out the growing season, cabbage is damaged
by leathoppers such as diamondback moth
(Plutella xylostella L.), cabbage moth (Mam-
estra brassicae L.), cabbage butterfly (Pieris
brassicae L.) and turnip butterfly (Pieris rapae
L.). Chemical control measures are carried out
in the region. This leads to a significant accu-
mulation of pesticides in food crops and has a
negative effect on useful entomofauna. Bioce-
notic relationships are disrupted, resulting in an
increase in numbers of some pest species and
the development of resistance of populations
to pesticides in others. Increasing crop produc-
tivity and improving crop quality are the most
pressing problems of modern crop production,
which can be solved by effectively optimizing
the phytosanitary state of agroecosystems based
on the use of environmentally low-hazard plant
protection products [1]. An important part of
environmentally safe systems of protection of
vegetable crops is the use of agronomic meth-
ods that reduce the rate of pest reproduction
and increase the resistance of plants to damage

[2]. Biorational preparations based on the prod-
ucts of microorganisms are increasingly being
used in agriculture. Fitoverm, EC, a bioinsecti-
cide based on natural metabolites of Streptomy-
ces avermitilis, shows sufficient effectiveness
against leaf-eating pests [3]. The preparations
based on the bacterium Bacillus thuringiensis
(Bt) are effective and widely used insect pest
control agents [4-8]. Entomophages play a
special role in regulating the number of phy-
tophages on cabbage [9, 10]. In the Primorsky
Territory, 17 species of parasites damaging cab-
bage belong to five families according to their
systematic position: Ichneumonidae, Braconi-
dae, Tachinidae, Pteromalidae and Trichogram-
matidae. Efficacy is 40-61% at the beginning
of the growing season and 60-90% at the end'.

One of the most important natural enemies
of lepidopteran pests is Trichogramma (Hyme-
noptera, Trichogrammatidae). Under the condi-
tions of the Primorsky Territory, work has been
carried out to identify local Trichogramma spe-
cies. The effectiveness of Trichogramma eva-
nescens Westw. against pests on cabbage was
established [11]. In the process of research, a
new species Trichogramma ussuricum Soro-
kina was identified from the infected cabbage
moth eggs. The richness of the parasite fauna

"Potemkina V.I. Cabbage pests and control measures using biological means. Ussuriysk, 2003. 59 p.
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DdheKTHBHOCT OHONOTHYECKOH 3aIUThI KAllyCThl OT BPEAUTENICH
B yCIoBHsX [IpMMOPCKOTo Kpast

Ipontomkuna A.C., Koanenko T.K., Jlacrymxkuna E.H.

and the detection of local Trichogramma gives
grounds for the development of a set of meth-
ods of biological control of lepidopteran pests
using entomophages and entomopathogens.

The aim of the research was to evaluate the
effectiveness of preparations of biological ori-
gin and the regulatory role of Trichogramma
ussuricum in reducing the number of pests on
cabbage.

MATERIAL AND METHODS

Studies on cabbage protection against ma-
jor pests were conducted in the Primorsky Ter-
ritory (Vozdvizhenka village) in 2018-2020.
Research objects: cabbage varieties, pests of
Lepidoptera order, Trichogramma ussuricum
Sorokina. Experimental seedlings were grown
in greenhouses. Planting in the open ground
was carried out in the I decade of June. Studies
to determine the biological efficacy of T. ussu-
ricum entomophage were conducted on white
cabbage varieties Podarok, Slava, Iyunskaya,
Kazachok. The size of experimental plots was
8.4 m%. Replication was carried out three times.
Entomophage breeding was carried out on the
eggs of grain moth Sitotroga cerealella Oliv.
To determine the timing of trichogramma re-
lease, the number of pest eggs was counted by
visual inspection of 10 plants. Point releases of
the parasite were conducted in June-August at
intervals of 5-7 days (at the rate of 300,000 in-
dividuals/ha). Ten releases were conducted in
2018, seven in 2019 and six in 2020. Tricho-
gramma efficacy was determined by the degree
of infestation of eggs by the entomophage, by
the number of pest caterpillars.

The study of the effectiveness of the prepa-
rations was carried out on a medium-ripening
white cabbage variety Slava 1305. We used
Fitoverm, EC (aversectin C, 50 g/l) at the rate
of 0.09 I/ha (NBC Pharmbiomed Ltd.); Akarin,
EC (avertin N, 2 g/I. avertin N, 2 g/) - 1.6 1/ha;
Proclaim, WG (amamectin benzoate, 50 g/kg) -
0.3 kg/ha; Bitoxibacillin, G (Bacillus thuringi-
ensis, strain BtH1) - 10 l/ha (FSBSI VNI-
ISKHM); Bitoxibacillin, P (Bacillus thuringi-

ensis var. thuringiensis) - 2 kg/ha; Lepidocid,
P (Bacillus thuringiensis var. kurstaki) - 2.0 kg/
ha; Lepidocid, SC (Bacillus thuringiensis var.
kurstaki) - 2.0 1/ha (IA Sibbiofarm Ltd.). The
cabbage plants were sprayed with the prepara-
tions once. Repeatability is three times. Plot
area was 11.2 m>. Pests were counted by visual
inspection of 10 plants in each repetition before
treatment and after treatment on the 5th, 10th
and 15th days according to the approved meth-
ods?. Biological efficacy of the preparations
was determined by pest reduction, corrected
for control, and calculated using the Henderson
and Tilton formula (see footnote 1). Statistical
processing of the data was carried out accord-
ing to B.A. Dospekhov?.

RESULTS AND DISCUSSION

Natural Trichogramma in the Primorsky
Territory conditions is not significant in limit-
ing the number of cabbage pests. In our experi-
ments Trichogramma ussuricum was used by
the method of seasonal colonization. The iden-
tification of local Trichogramma species and
study of their efficiency is very promising, be-
cause it helps to solve the problems of entomo-
phage selection with wide ecological plasticity
and adaptability to abiotic and biotic factors of
the area.

In order to obtain a high effect from the ap-
plication of Trichogramma egg parasite release
was timed to coincide with the initial egg-laying
period of the pests. Cabbage moth and cabbage
butterfly had no economic importance during
the years of study. Infestation of cabbage by
cabbage butterflies was low (3.3-5.2%). Single
butterfly egg clutches were recorded in 2018
and 2020 on the variety Slava. The biological
efficacy of Trichogramma against this pest was
recorded at 37.0%. First generation cabbage
moths preferred early maturing (Iyunskaya,
Kazachok) and medium maturing varieties
(Slava) for egg laying. The number of eggs per
plant varied from year to year. In the variety
Iyunskaya there were 0.9 to 1.5 eggs/plant at
the beginning of vegetation (1.3 on average)

“Methodological guidelines for registration trials of insecticides, acaricides, molluscicides and rodenticides in agriculture.

SPb.: VIZR, 2009. 321 p.

‘Dospekhov B.A. Methodology of field experience. Moscow: Kolos. 1985. 336 p.
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and 1.5 to 2.5 in mid vegetation (2.0 on aver-
age), in the variety Slava - 1.3 to 3.3 eggs/plant.
Trichogramma efficacy (33.3%) was observed
only on the variety Kazachok (see Table 1). In
2018 cabbage moth eggs were 100% infested,
in 2019 and 2020 the efficiency averaged 56
and 44%.

Ovipositioning of the second generation of
moths was observed in the varieties Slava and
Podarok with 1.6 and 3.5 eggs/plant, respec-
tively. Against the second generation of the
cabbage moth the greatest effect was obtained
when the entomophage was released (from 50.0
to 66.6% of egg infestation). Ovipositioning of
turnip butterfly was found on plants through-
out the growing season. For egg laying, turnip
moths more often chose the leaves of plants of
varieties Iyunskaya, Slava and Podarok. A low-
er number of eggs was observed in the variety
Kazachok during the years of study. Infestation
of turnip butterfly eggs by Trichogramma spp.
was observed in July; entomophage efficiency
in white cabbage varieties of different ripeness
groups averaged 32.6% to 43.7% in 3 years, in
August - 36.5% to 70.2%. Surveys of cabbage
leaf-eating pests showed low abundance of
0.03 (cabbage moth) to 0.09 (turnip butterfly)
caterpillars/plant.

Among leaf-eating lepidopteran cabbage
pests, the cabbage moth was the most abundant
during the years of study. This phytophage is
currently a dangerous pest of cabbage crops in
Russia®. Infestation of cabbage plants by the
pest in the years of study was observed in the
third decade of June (in 2018 at the beginning
of the decade, in 2019 and 2020 at the end of
the decade). In 2018, cabbage moth abundance
during the growing season was low (0.2-0.5
caterpillars/plant), limited by precipitation,
with 75.4-138.8 mm in June-July. Optimum
precipitation conditions during the second and
third generations of the pest were between 30-
45 mm. Hydrothermal conditions in 2019, 2020
were more favorable for the cabbage moth.

According to the results of field trials (see
Table 2), the bioinsecticide Proclaim has a
strong toxic effect on cabbage moths. Cater-
pillar mortality on the 5th day after treatment
was 93.0%. The maximum effect (100%) was
achieved on the 10th day. Proclaim provided
plant protection on the 15th day, the phyto-
phage population was 0.1 caterpillars/plant,
while the control - 0.5 caterpillars/plant. Under
Fitoverm application the number of caterpillars
decreased by 7.0-11.6 times. The efficiency of

Taéa. 1. DpdexruBHOCTh Trichogramma ussuricum IPOTHB BpeANTENeN KanmycTs (cpennee 3a 2018—

2020 rr.)

Table 1. Effectiveness of Trichogramma ussuricum against cabbage pests (average for 2018-2020)

Cabbage moth | Turnip butterfly
Variety Period
June | July | August | June | July | August
Average number of eggs per plant
Iyunskaya 1,3+0,20 | 2,0+£0,34 0 0,9 + 0,06 2,0+0,23 1,6 £ 0,34
Kazachok 0 1,2+ 0,30 0 0,2+ 0,06 0,8+0,13 0,8 £ 0,06
Slava 2,3+0,68 0 1,6 £ 0,13 0 2,1 £0,47 2,3+0,27
Podarok 0 0 3,5+1,16 0 2,0+0,27 1,5+0,47
Trichogramma infestation, %

Iyunskaya 0 0 0 0 43,7+10,5 55,5+10,5
Kazachok 0 33,3+8,1 0 0 30,6 £ 1,43 46,0 + 8,55
Slava 0 0 50,0 £12.2 0 34,0 +4,33 70,2 £2,72
Podarok 0 0 66,6 £ 19,0 0 32,6 £4,09 36,5+ 6,13,

*Opiakin P.Ya., Dolzhenko V.I., Ivanova G.P. Modern insecticides for protection of cabbage white cabbage from cabbage moth.
Scientific support of development of agroindustrial complex in the conditions of import substitution: materials of international
scientific and practical conference. SPb. pp. 59-62.

54 Siberian Herald of Agricultural Science ¢ 2021 « 51 ¢ 5

Plant protection



DdheKTHBHOCT OHONOTHYECKOH 3aIUThI KAllyCThl OT BPEAUTENICH
B yCIoBHsX [IpMMOPCKOTo Kpast

Ipontomkuna A.C., Koanenko T.K., Jlacrymxkuna E.H.

the preparation was registered at the level of
75,0-88,6%. Significant differences in the ef-
fect of these preparations on cabbage moth cat-
erpillars on the 10th day after treatment were
noted. The efficacy of Avertin N-based Akarin
was significantly lower (65.0-72.0%). When
using microbial preparations based on Bacillus
thuringiensis, the greatest reduction in caterpil-
lar numbers was observed in the variant with
Bitoxibacillin, P (80.0-97.5%). The efficacy of
Bitoxibacillin, G was significantly lower, the
reduction in the number of caterpillars did not
exceed 67.2%. The bacterial preparation Lepi-
docide showed low efficiency of 65.0% on the
5th day. Strengthening of the toxic action was
observed by the 10th day after the treatment,
and the decrease in the number of caterpillars
was 70,8-78,0%. The effectiveness of bacterial
insecticides depends on the preparative form°.
The studies have shown that Lepidocid, SC
was more effective against cabbage moths than
Lepidocid, P.

CONCLUSION

As a result of this research, the possibility of
using the entomophage Trichogramma ussuric-
um Sorokina and biopreparations to regulate the
number of cabbage pests has been established.
Application of Trichogramma by dispersal in
white cabbage plantations reduced the cab-
bage moth population by 33.3-66.6% and the
turnip butterfly population by 32.6-70.2%. The
level of efficacy of Streptomyces avermitilis
metabolite complex-based preparations against
cabbage moths was 65-100%. The bioinsec-
ticide Proclaim showed high efficiency (93-
100%). Microbiological preparations reduced
the number of caterpillars by 65.0-97.5%. The
highest efficiency (80,0-97,5%) was observed
in application of Bitoxibacillin, P. The use of
parasiticides, bioinsecticides and microbiologi-
cal preparations in cabbage protection allows
reducing the application of chemical pesticides
and obtaining ecologically clean products.

Taba. 2. DbdeKTHBHOCTH OMOMHCEKTUIINIOB IPOTUB KamycTHOH Momu (cpennee 3a 2018-2020 T,

copt Cnasa 1305)

Table 2. Effectiveness of bioinsecticides against diamondback moth (average for 2018-2020, of Slava

cabbage 1305)

Average number of caterpillars,
Rate of individuals per plant Decrease in pest numbers relative to
application the baseline, corrected for control after
Option of the After treatment by record treatment by record days, %

preparation, trEthr?lr:nt days

Vha, ke/ha 5 10 15 5 10 15
Control - 0,7 0,5 0,4 0,5 - - -
Fitoverm, EC 0,09 0,7 0,06 0,1 0,1 88,6 75,0 80,0
Akarin, EC 1,6 1,0 0,2 0,2 0,3 72,0 65,0 80,0
Proclaim, WG 0,3 0,6 0,03 0 0,1 93,0 100 76,7
Bitoxibacillin, G 10,0 1,6 0,3 0,3 0,4 61,2 67,2 65,0
Bitoxibacillin, P 2,0 0,7 0,1 0,01 0,1 80,0 97,5 80,0
Lepidocid, SC 2,0 1,2 0,3 0,2 0,2 65,0 78,0 76,6
Lepidocid, P 2,0 0,8 0,2 0,1 0,2 65,0 70,8 65,0
LSD, - - - - - 9,3 7,8 10,5

SDolzhenko T.V. Biologization and ecological optimization of the assortment of means of protection of agricultural crops from
pests: thesis of Doctor of Science in Biology. SPb; Pushkin, 2017. 301 p.
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XAPAKTEPUCTHKA JIJMHUHM TOPOJBI KPYIIHOI'O POIATOI'O CKOTA
CUBUPSYKA IO 'EHAM CSN3, BLG, LALBA, LEP 1 X CBSI3b
C MOJIOYHOM IMPOJJYKTUBHOCTHIO

(<) 'Tonuapenko I'M., 'Tpummmna H.b., 'lllnmkuna M.A., 'Xopommiosa T.C., 'Xamuna O.J1.,
llykopoBa A.M., >ABananu JI.A.

'Cubupckuii pedepanvbubviili HayuHbll Yyenmp acpobuomexnonozuti Poccutickoil akademuu Hayx
HoBocubupckas o6nacts, p.i. Kpacnooock, Poccust

?Hosocubupckuil 20cy0apcmeeHHblll a2papHblil YHUGEPCUmMen

HoBocubupck, Poccus

(<) e-mail: gal.goncharenko@mail.ru

[IpencraBiens! pe3ynbTaThl HCCIIENOBAHUI MO MPOAYKTUBHOCTH U T€HOTUITHYECKON CTPYKTYpe KO-
POB BEAYLIMX JIMHUN MOPOIBI KPYIHOTO poraroro ckota CHOMpsiuKa, aCCOLMATUBHBIM CBS3SM I'€HO-
tunioB CSN3, BLG, LALBA, LEP ¢ 5KOHOMHYECKH BaXHBIMU Tpr3HakaMi. CpaBHUTEIIbHAS OICHKA
MoKa3aJia, 4To Hanbosee BEICOKHUH Y10l MMen KOpoBbl TnHUY Obika Pednexin CoBepunra — 6851 K,
conepxxanue xupa — 4,05%, Genka — 3,15%. @opmupyemsie cuOupckue auHuK ObikoB dpanka 937,
VYparana 27 u Kypca 1949 ycTymarot UM 1o yoro, CoASpKaHMIo KHpa 1 OelKa ¢ moKa3aresamMu 5246—
5504 kr, 3,92-3,94%; 3,10-3,12% cooTBeTcTBEHHO. BhIsABICHA TeHOTUITHYECKAS CTPYKTYpa CTajaa U
BeIyIMX JIMHUIA. JInans Obika Buc Bok Afinnana xapakrepusyeTcs Oolee BEICOKOH yactotoit CSN34
u LEP™ rerorunoB — Ha 18,2 n Ha 11,0% 1o cpaBaenuto ¢ muanel Peduexin Coepunra. 1o npyrim
TEHOTHUIIAM PA3JIMYus HE JOCTUTalOT 1opora J0cToBepHOCTH. CpeaHnii ypoBEHb TOMO3UTOTHOCTH 10
HCCIIE0OBaHHBIM I'eHaM BapbupyeT oT 51,2 1o 73,4%. Hanbonee BbICOKasi FTOMO3UIOTHOCTH OTMEUEHA
o CSN3 reny B ymanu Buc bak Afinmana — 79,6%. Uncino 3¢ ¢heKTHBHO NEHCTBYIOMNX ayjiesiei co-
crasiseT 1,66—1,72; crenens reHeTHueckoi n3meHunBocta — 40,2-42,7%. Kopossl ¢ CSN342 reno-
TUNIOM UMeJH Yol Ha 544,0 Kr BbILIE IO CPABHEHUIO ¢ TOMO3UTOTHBIMU KUBOTHBIMU I10 aJUIEIIO A
(p <0,05). Haubosee BBICOKHIT y/I0it OTMEUEH y )KUBOTHBIX BLG* — 6790,1 KT, UTO BBIIIIE, YEM Y KOPOB
C aJbTepHATUBHBIM reHoTHIIoM BLG?E, Ha 947,2 xr (p < 0,01). Y)KuotHslie ¢ LEPC reHOTUIIOM TIpe-
BOCXOJIMIIU 10 y1oto KopoB ¢ LEP™ wa 718,7 kr. Io reny LALBA npuOPUTETHBIX TEHOTUIIOB HE BbI-
sBJIeHO. Takke HE yCTaHOBIIEHA CBSI3b MEXK/Ty TEHOTHITAMH 1 Ka9€CTBEHHBIMH TIOKA3aTeIsIMUA MOJIOKA.

KuroueBble cj10Ba: KpyIHbII porarslii CKOT, IMHUS, TEHOTHII, TOMO3UTOTHOCTb, IPOTYKTHBHOCTh

CHARACTERISTICS OF THE LINES OF THE SIBIRYACHKA CATTLE
BREED BY GENES CSN3, BLG, LALBA, LEP AND THEIR RELATIONSHIP
WITH DAIRY PRODUCTIVITY

(<) 'Goncharenko G.M., !Grishina N.B., 'Shishkina M.A., 'Khoroshilova T.S., 'Khalina O.L.,
’Shukyurova A.M., >Avadani D.A.

!Siberian Federal Scientific Center of Agrobiotechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk Region, Russia

’Novosibirsk State Agrarian University

Novosibirsk, Russia

() e-mail: gal.goncharenko@mail.ru

The results of studies on productivity and genotypic structure of cows of the leading lines of Sibiryachka
cattle breed, associative links of CSN3, BLG, LALBA, LEP genotypes with economically important traits
are presented. Comparative evaluation showed that Reflection Sovering bull cows had the highest milk yield

58 Siberian Herald of Agricultural Science « 2021 « 51 « 5 Animal husbandry and veterinary science



XapakTepucTHKA JIMHUH TOPOJIbI KPYIHOIO POraToro ckota
Cubupsuka o renam CSN3, BLG, LALBA, LEP
1 HX CBSI3b C MOJIOYHOH IPOIYKTHBHOCTBIO

T'onuapenko I'M., I'punna H.B., Iumkuaa M.A.,
Xopoumnosa T.C., Xanmuua O.J1., Ulykroposa A.M., ABaganu J[.A.

of 6851 kg, fat content of 4.05% and protein content of 3.15%. The Siberian bull lines Frank 937, Uragan 27
and Kursa 1949 which are being shaped are inferior to them in milk yield, fat and protein content with values
of 5246-5504 kg, 3.92-3.94%; 3.10-3.12% respectively. The genotypic structure of the herd and the leading
lines is identified. The Vis Back Aydiala bull line is characterized by a higher frequency of CSN34* and LEP™
genotypes by 18.2 and 11.0%, in comparison with the Reflection Sovering line. For other genotypes, the dif-
ferences do not reach the confidence threshold. The average level of homozygosity for the genes studied varies
from 51.2% to 73.4%. The highest homozygosity was found for the CSN3 gene in the Vis Back Aydiala line
at 79.6%. The number of effectively acting alleles is 1.66-1.72; the degree of genetic variability is 40.2-42.7%.
The cows with CSN34B genotype had 544.0 kg higher milk yield than homozygous animals for the A allele
(p <0.05). The highest milk yield was observed in BLG** animals - 6790.1 kg, which is 947.2 kg higher than in
cows with the alternative BLG®® genotype (p < 0.01). Animals with the LEP® genotype outperformed LEP™
cows in milk yield by 718.7 kg. No priority genotypes were identified for the LALBA gene. Also, no connec-

tion has been established between genotypes and the quality indicators of milk.
Keywords: cattle, line, genotype, frequency, homozygosity, productivity.
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INTRODUCTION

The productivity of the black-and-white
breed of cattle on farms in the Siberian region is
increasing largely due to the use of bull breed-
ers with high genetic potential, effective breed-
ing and pedigree work, and an increased level
of feeding that meets the needs of the animal.
The new cattle breed Sibiryachka (patent No.
9498 of 08.02.2018) has good dairy productiv-
ity and extensive longevity [1]. To further im-
prove the breed, it is advisable to use molecular
genetic markers along with traditional breeding
methods to ensure earlier prediction of genetic
potential, efficient selection and selection of
animals.

Currently, there is a steady trend in animal
breeding towards the spread of the Holstein
breed through the intensive use of import-
ed breeding products. This leads not only to
changes in phenotypic traits, but also to the im-
poverishment of the gene pool of local breeds
and the risk of increased homozygosity [2, 3].

It should be noted that changes in genotypic
structure, monitoring of homozygosity, inbred-
ness in a number of generations on the example
of a single herd have not been sufficiently stud-
ied. Polymorphic structural genes detected by
PCR-RFLP method serve not only as potential
genetic markers of economically important ani-
mal traits, but can also be used to characterize
the ongoing changes in breeding and genetic
parameters in the herd.

The most informative dairy cattle genes in-
clude CSN3, BLG, LALBA, LEP, where CSN3
occupies a special place, due to the proven in-
fluence of its B allele on increased protein con-
tent in milk and better cheese suitability [4—6].

Another equally important milk protein, be-
ta-lactoglobulin (B-LG), belongs to the serum
proteins of ruminants and is characterized by
acid resistance with an optimum pH of 6.5. The
B-LG content in goat and cattle milk is about 4
g/1, or 13 and 11% of total protein, respectively,
and in serum up to 50% of all serum proteins
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[7]. Thirteen allelic variants of the BLG gene
have been identified and confirmed. The A and
B alleles are the most common in cattle and are
more widely studied [8]. A number of studies
have shown an association of BLG®® with fat
and protein content in milk, and BLG** with
high milk yield in cows [9, 10].

Leptin gene and its derivatives proteins of
the hormone leptin are produced by adipose tis-
sue cells and play an important role in the regu-
lation of energy metabolism, affecting the syn-
thesis of adipose tissue in animals and humans
[11, 12]. In beef cattle breeding, the LEP gene
is considered as a potential marker of fat ac-
cumulation in the carcass of an animal, associ-
ated with meat quality, its marbling [13, 14]. In
dairy cattle breeding, an associative association
of some genotypes with dairy performance and
milk quality composition has been revealed'
[15].

Lactalbumin alpha (LALBA) is an impor-
tant mammalian serum protein encoded by
the LALBA gene. A study [16] shows that
a-lactalbumin is a protein that regulates lac-
tose production in milk in almost all mammals.
It plays a functional role in changing the vol-
ume of synthesized milk, so it is of interest for
evaluation and prediction of milk productivity
of cows.

The purpose of the study was to identify the
genetic structure of the Sibiryachka cow herd
and individual genealogical lines using CSN3,
BLG, LALBA, LEP genes, to determine ho-
mozygosity of other breeding and genetic pa-
rameters as well as desirable genotypes of dairy
productivity.

MATERIAL AND METHODS

The object of the study was Sibiryachka cows
from Kirzinsky herd (Novosibirsk region) with
milk yield of 6376 kg, fat and protein content in
milk of 4.11 and 3.13% respectively. The service
period was 135 days and calf yield was 81%.

Molecular genetic studies of cows were per-
formed in the laboratory of biotechnology at the
Siberian Research Institute of Animal Husband-
ry (SibNIPTIZh) of the Siberian Federal Scien-
tific Centre of AgroBioTechnologies of the Rus-
sian Academy of Sciences. Genomic DNA was
isolated from blood using the "Ampli-Prime
DNA-sorb-B" clinical extraction kit according
to the prescription of the manufacturer "Next-
Bio" LLC (Moscow).

The quality and concentration of isolated
DNA and identification of PCR-RFLP results
were assessed in agarose gel by horizontal elec-
trophoresis using an E-Box-CX5.TS-20.M gel
documentation system in transmitted ultraviolet
light by ethidium bromide fluorescence.

The polymorphisms of the CSN3, BLG
genes were detected using the PCR-RFLP
methodology developed at the All-Russian Re-
search Institute of Animal Breeding>. LALBA
gene polymorphism was determined using the
PCR-RFLP methodology described in [17].
LEP genotyping of animals was performed ac-
cording to the method [18].

The data were statistically processed using
Microsoft Exel computer programs and gener-
ally accepted methods [19]. The compliance of
the actual distribution of genotype frequencies
with the theoretically expected frequency distri-
bution was checked using the y2 criterion [20].

RESULTS AND DISCUSSION

The genealogical structure of the Siberian
herd is represented mainly by Holstein lines,
among which the line of the bull Vis Back Ayd-
ial 1013415 accounts for 60,7% of cows, Re-
flection Sovering 198998 - 21,6%. The formed
Siberian lines of bulls Frank 937, Uragan 27,
Kurs 1949 are currently few in number and con-
siderably inferior in productivity to Holstein
lines (see Table 1). The highest milk yield (6851
kg) by the first lactation was noted in cows of
the Reflection Sovering line, which was 1347-
1605 kg higher than in the animals of Frank

1Zinnatova F.A., Shamsova A.R., Zinnatov F.F., Safiullina A.R., Khamitova L.L. The study of the relationship between leptin
gene (LEP) with milk productivity in Holstein cows using PDRF-analysis. Fundamental science and technology - promising
developments: materials of the XII scientific-international conference Kazan, 2017. pp. 1-3.

?Kalashnikova L.A., Khabibrakhmanova Y.A., Pavlova I.Yu., Ganchenkova T.B., Dunin I.M., Pridanova I.V. Recommendations
for genomic evaluation of cattle. Lesnye Polyany: All Russian research institute of animal breeding, 2015. 33 p.
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937, Uragan 27, Kurs 1949 lines (p <0,001).
The milk yield of cows of the Vis Back Ayd-
ial 1013415 bull line is slightly lower - 5995
kg, but it is higher than that of the animals of
formed lines by 491-749 kg (p <0,5; p <0,001).
In addition, cows of Holstein lines have milk
with 0,11-0,13% higher fat content than that of
Siberian lines (p <0,001). No significant differ-
ences were found in protein content between
the lines.

Analysis of the genotypic structure of the Si-
biryachka breed herd and the leading lines for
the genes CSN3, BLG, LALBA, LEP revealed
a mostly similar genotype ratio, except for CS-

N34 and LEP', whose frequency in the Vis
Back Aydial line is 18,2 and 11,0% higher than
in the Reflection Sovering line (p <0,05) (see
Table 2).

It should be emphasized that the ratio of
CSN3 genotypes largely corresponds to the
polymorphism of these genes in black-and-
white breeds. As shown by the studies® [21, 22],
the homozygous CSN3*A genotype was detect-
ed in 55.2-73.2%, the heterozygous CSN348
genotype had 26.8-38.9% of animals, and the
homozygous CSN3B® genotype accounted for
5.6-10.2%. Similar frequency of CSN3 geno-
types was observed in Simmental cows: CS-

Ta6a. 1. Monouynas npoxyKTHBHOCTh KOPOB OCHOBHBIX JIMHUH

Table 1. Milk productivity of cows of the main lines

Line Heads First lactation

Milk yield, kg Fat, % Protein, %
Vis Back Aydial 1013415 334 5995 £+ 55 3,97 +0,01 3,12+ 0,002
Reflection Sovering 198998 119 6851 £ 98 4,05+ 0,02 3,15+ 0,006
Montwick Chiftein 95679 38 6221 +78 4,04 £ 0,02 3,14 +£ 0,006
Frank 937 25 5504 + 147 3,92+ 0,01 3,11 £0,004
Uragan 27 22 5366+ 178 3,94+ 0,01 3,12+ 0,004
Kurs 1949 12 5246 + 235 3,92 £ 0,02 3,10+ 0,01

Taoua. 2. ['eHoTHNIMUECKas: XapakTepuCTHKa KOpoB uepHo-necTpor nopoas! CIIK «Kup3unckuii» no

reHy CSN3 ¢ y4eToM JTMHEHHOM MPUHAUIEKHOCTH

Table 2. Genotypic characteristics of black-and-white cows of the "Kirzinsky" APC by the CSN3 gene

with respect to linear affiliation

Line
Reflection Sovering (1 =
Genotype Vis Back Aydial (1=78) | o 4;’;ermg w By herd 2

CSN3* 76,9 + 4,77 58,7+ 7,26 71,0 = 3,96

CSN3 23,1+4,77 34,8 +£7,02 26,7+3.86 0.020
CSN3 0+ 0,00 6,5+ 3,64 234131

BLG* 29,5+5,16 435+731 35,9+ 4,19

BLG'" 46,2 + 5,64 39,1 +7,20 43,5+433 1,555
BLG™ 24,4+ 4,86 17,4 +5,59 20,6 + 3,53

LEP<C 3594543 54.4+7,34 48,9+ 4,37

LEPCT 48,7 + 5,66 4134726 45,0 + 4,35 1,367
LEP™ 15,4 + 4,09 444301 6,1+2,09

LALBAY 52,6 + 5,65 435+731 4124430

LALBA® 41,0+ 5,57 52,2 47,37 48,1+436 0,555
LALBA™ 6,4+2,77 435+3,01 10,7 42,70
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N3A% = 0.626, CSN328 = 0.306, and CSN3PE
= 0.068 [23]. In general, the low frequency of
the desirable CSN3B8 genotype, whose associa-
tive link with protein content in milk and higher
cheese suitability has been proved by many au-
thors [3-5, 24], draws attention in the herd as a
whole.

Our studies showed a BLG** frequency of
35.9%, a heterozygote frequency of 43.5, and a
homozygous BLG®® genotype of 20.6%. Varia-
tion in genotype frequencies was noted in the
lines, but no significant differences were found
due to insufficient sample size. The BLG ge-
notypic structure of the black-and-white breed
that we have identified is consistent with the
findings of a number of authors. Studies [25-
27] claim that about half of the animals are het-
erozygotes, with homozygotes with the BLG*
allele accounting for 24-27% according to vari-
Ous sources.

There is conflicting data on the frequency of
LEP genotypes. In Holstein cows, the genotype
frequency is as follows: LEP“ - 10%, LEPT
- 62, LEP™ - 28% (see footnote 1). The distri-
bution of genotypes in Holmogor cows of the
Tatarstan type is somewhat different: LEP<¢
- 25%, LEPCT - 55,5, LEP™ - 19,5% [15]. Ac-
cording to our data, the lowest share of cows is
occupied by animals with the LEP™ genotype
- 6.1%, in the Reflection Sovering line - 4.4%.
The LEPC“ homozygous genotype was detected
in half of the animals in the herd as a whole,
slightly less in animals belonging to the Vis
Back Aydial line - 35.9%.

Analysis of LALBA gene genotype frequen-
cies in black-and-white cows shows a low fre-

quency of LALBAP® genotype, ranging from
3 to 20%, whereas the frequency of LALBAA*
and LALBA”® genotypes is up to 50% [28, 29].

Based on genotype frequencies, breeding
and genetic parameters were calculated: Ca -
homozygosity, SH - homozygosity coefficient,
Na - number of effective alleles, V - degree of
genetic variability in the population. The aver-
age level of homozygosity for the studied genes
ranged from 51.2 to 73.4%, with the highest ho-
mozygosity being recorded for CSN3 in the Vis
Back Aydial line at 79.6%. The number of ef-
fective alleles and degree of genetic variability
in the lines are approximately at the same level:
1.66-1.72 and 40.2-42.7% (see Table 3).

In studies on the use of genetic markers in
breeding, the relationship between genotypes
and performance is of particular interest. We
found that heterozygous CSN34® cows had the
highest milk yield. The surplus was 544.0 kg
compared to cows with the homozygous CS-
N344 genotype (p <0.05). Literature data on
this issue is ambiguous.

The priority of the CSN348 genotype for
milk yield was established in the work [30].
Given the low frequency of the CSN3B8 geno-
type in the herd, these animals were not consid-
ered in the productivity analysis (see Table 4).

Among cows with BLG genotypes, the high-
est milk yield was observed in BLG** animals
- 6790.1 kg, which is 947.2 kg higher than in
cows with the alternative BLG®® genotype (p
<0.01). The association of this gene with milk
production in black-and-white cows was found
to be somewhat different. Cows with BLGA®

Tab6a. 3. CeneknmmoHHO-TEHETHUECKHE TapaMeTpsl ctaga Cuoupsaka

Table 3. Breeding and genetic parameters of the Sibiryachka herd

Ca, %
Line n SH N, V
CSN3 BLG LALBA LEP
Vis Back Aydial 78 79,6 50,2 52,2 60,6 0,100 1,66 40,2
Reflection Sovering 46 63,6 53,4 62,6 57,6 0,064 1,72 42,7
By herd 127 73,4 51,2 55,0 59,4 0,08 1,67 40,6

SLihodeevkaya O.E., Lihodeevkiy G.A., Gorelik O.V. et al. Effect of genetic and paratypil factors on milk production in cattle
// 11T International scientific conference: agritech-iii-2020: agribusiness, environmental engineering and biotechnologies. Volgo-

grad, Krasnoyarsk, 2020. 82009 p.
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Taoua. 4. HpOZ[YKTI/IBHOCTL KOpOB ‘IepHO—HGCTpOfI mopoJabI B 3aBUCUMOCTH OT HOCUTCJILCTBA I'CHOTUTIIA

CSN3 (nmepBast aKkTarus)

Table 4. Productivity of black-and-white cows depending on the carriage of the CSN3 genotype (first

lactation)
Rate for the first 305 days of lactation

Genotype & Milk yield, ke Fat, % Protein, %
CSN344 70 6197,8 + 164,80 4,00 + 0,03 3,12+ 0,01
CSN318 21 6741,8 £207,70 4,03 £ 0,04 3,14 £0,02
BLG™ 29 6790,1 +£255,28 4,04 £ 0,04 3,13+£0,01
BLG"8 40 6319,1 209,88 4,01 £ 0,04 3,11£0,01
BLG"8 24 5842,9 £ 265,35 3,98 £0,03 3,12+ 0,01
LALBA™ 46 6404,2 = 224,33 3,99 +£0,03 3,11£0,01
LALBA"S 41 6248,8 £ 197,70 4,04 £ 0,04 3,13+£0,01
LALBA®S 6 6519,2 +333,01 3,92 +0,03 3,12+ 0,02
LEP‘C 39 6726,3 = 193,73 4,06 + 0,04 3,13 +£0,01
LEPT 40 6086,8 = 232,53 3,98 +0,03 3,12+0,01
LEP™ 14 6007,6 = 300,98 3,94+ 0,02 3,10+ 0,01

had an advantage over their counterparts with
BLG** and BLG®® genotypes by 295 and 178
kg of milk, in fat and protein content in milk by
0.09 and 0.05 % respectively [9].

When analyzing the association of LEP
genotypes with milk production of cows in the
analyzed herd, the milk yield of LEP““ animals
was found to be 718.7 kg higher than that of
LEP™ cows (p <0.05). Similar results in priori-
tizing LEP“C genotype for milk yield were ob-
tained in the work [15].

No association between genotypes and milk
performance was found in the LALBA gene.
There is also no association between genotypes
and milk quality parameters.

CONCLUSIONS

1. A comparative evaluation showed that
the highest milk yield was achieved by cows
of the Reflection Sovering bull line - 6851 kg,
fat content was 4.05%, protein content - 3.15%.
The Siberian lines Frank 937, Uragan 27 and
Kurs 1949 were inferior to them in milk yield,
fat and protein content: 5246-5504 kg, 3.92-
3.94%, 3.10-3.12% respectively.

2. The frequency of CSN3, BLG, LAL-
BA, LEP genotypes of the Sibiryachka breed is
generally consistent with the black- and- white

breed. A low frequency of CSN3®® genotype -
2.3% and a high CSN344 genotype - 71.0% was
detected. The ratio of genotypes in the BLG
gene: BLGA*: BLG*?: BLG"®B is 35.9: 43.5:
20.6%. In the LALBA and LEP genes, homo-
zygous genotypes LALBA? and LEP™ account
for 6.1 and 10.7% respectively, while the occur-
rence of the other two genotypes is 41.2-48.9%.
In the leading lines of the Sibiryachka breed the
CSN3, BLG, LALBA, LEP found a relatively
equal ratio of genotypes, except for CSN34A
and LEP™, whose frequency in the Vis Back
Aydial line is 18.2 and 11.0% higher than in the
Reflection Sovering line (p <0.05).

3. The average level of homozygosity for the
genes studied ranges from 51.2 to 73.4%, with
the highest homozygosity observed for CSN3
in the Vis Back Aydial line at 79.6%. The num-
ber of effective alleles and degree of genetic
variability in the lines are approximately at the
same level: Na - 1.66-1.72, V - 40.2-42.7%.

4. Cows of the Sibiryachka breed with the
heterozygous CSN34B genotype had a 544.0
kg higher milk yield compared to cows with
the homozygous CSN344 genotype (p <0.05).
Cows with BLG genotypes had the highest
milk yield of 6,790.1 kg in BLG** cows, which
was 947.2 kg higher than in cows with the alter-
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native BLGB genotype (p < 0.01). Cows with
the LEPC genotype also had a 718.7 kg higher
milk yield than cows with LEP™™ (p < 0.05).
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’Uncmumym xumuueckou buonocuu u hynoamenmanvHoi meouyunvl Poccutickoil akademuu nayk
HoBocubupck, Poccus
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W3ydeH ypoBeHb OSKCIIPECCHH IPOTHBOBOCHAIHUTENbHBIX HUTOKHHOB NF-kB, IL-6, INF-y,
Caspasa-3, Fc y Kyp B JIErKHX ¥ KMIIEYHHUKE IIPY MOJCIUPOBAHUHN HHPEKIIMOHHOTO OpoHxuTa. [yis
MOJIETUPOBAHNST KOPOHABUPYCHON MHEBMOHHUH BaKIIMHY BBOIMJIM MHAWBHAYyalbHO, 10 103 Ha ro-
JIOBY miepopaibHO. L{pimsTam 1-if onbITHON rpymHmbl CKapMiIMBaiu npenapart JIromanie B pacuere
3 Kr/T KOpMa, 2-# onbITHOH — npenapar [muesup B pacuere 200 mkr/0,3 M Ha ronosy. L{pimuisara
KOHTPOJILHOM TPYIIBI IpenapaTsl HE MOMydyand. BeISBIEHO, 4TO MPOTHUBOBUPYCHBIE MpenapaTsl B
OMBITHBIX TPyIIax MOJABISUIN Pa3pylIEHUE YIUTEINAIBHBIX KIETOK B KHIIEYHUKE. DTO HE BCEraa
MOJKET CBUETEIBCTBOBATh O MO3UTHBHOM XapaKTepe, MOCKONBKY B CIy4ae aronTo3a MPOUCXOIUT
paspylIeHre He TOIBKO MOPaKEHHBIX BUPYCHBIMH YaCTHIIAMHU KJIETOK KUIIEYHHUKA, HO U 37I0POBBIX.
OTMEUEHO CHM)KEHHE KOJIMYECTBA aKTHBHBIX MaKpO(aroB B KUIIEUYHUKE OMBITHBIX TPYIII OTHOCH-
TEJILHO KOHTPOJIbHOM. KonmuecTBo BbpabaThiBaeMOro HHTEpEpOHa TakKe HAXOIUIOCh HIKE KOH-
TPOJIS, YTO CBHJICTEILCTBYET O MOHMKEHHOW aKTMBHOCTH MMMYHHOH CHCTeMbl. BrisiBieHa Oojee
BBICOKAs IIPOBOCNIATNTENbHASI AKTUBHOCTD B PECIIUPATOPHON CUCTEME LIBIIUIAT IPU HCIIOIb30BaHUH
I'mumeBupa. OHa 3akIr09aeTCs B IOBBIIIICHHOM YPOBHE 3KcTpeccnu TeHoB 1L-6, maTepdepona-ram-
Mma, perienrtopa Mmakpodaros xk Fc pparmentam anturen, ¢akropa perymssmun Bocnanienns NF-kB B
CpaBHEHUH ¢ npenaparoM JlromaHIe, o0agaroIuM MPOTHBOBOCHIATUTEIBHON aKTUBHOCTHIO, HO U
B CPAaBHEHUU C LBIIIATAMU KOHTPOJIBHON TPYIIIBI, HE MOJIBEpraBIInXcs JeueHuto. CrienaH BIBOJ O
BO3MO)KHOCTH ITPOTHO3UPOBAHMSI PUCKA PA3BUTHS 000CTPEHNUS HHPEKIIMOHHOTO MPoLecca B JIETKUX
Ha (hOHE JIOKATBHOTO CHI)KEHHSI BUPYCHOMN Harpy3Ku B KulieuHuKe. Heo0Xonum KOMIIEKCHBIN 1OJ1-
XOJ U Tepaluy KOPOHABUPYCHBIX MH(EKINH, BKIIOUAIOIINI WIN IPOTUBOBUPYCHBIE IPENaparhl
CHUCTEMHOTO JeHCTBHS, WIK IPOTHBOBOCTIAINTEIILHBIE CPECTBA.
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The level of expression of anti-inflammatory cytokines NF-kB, IL-6, IFN-y, Caspasa-3, FC in
chickens in the lungs and intestines during the modeling of infectious bronchitis in chickens was
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studied. To simulate coronavirus pneumonia, the vaccine was administered individually, 10 doses
per head orally. The chickens of the 1st experimental group were fed with the Lyumantse preparation
at the rate of 3 kg / t of feed, the 2nd experimental group received the Glitsevir drug at the rate of
200 pg/ 0.3 ml per head. The chickens of the control group did not receive the preparations. It was
revealed that antiviral drugs in the experimental groups suppressed the destruction of epithelial
cells in the intestine. This may not always be an indication of a positive character, as in the case
of apoptosis, not only the intestinal cells affected by the virus particles but also healthy cells are
destroyed. There was a decrease in the number of active macrophages in the intestines of the
experimental groups relative to the control. The amount of interferon produced was also below the
control, which indicates a decreased activity of the immune system. A higher pro-inflammatory
activity in the respiratory system of chickens was detected when Glicevir was used. It consists of
increased expression of IL-6, interferon-gamma, macrophage receptor to Fc antibody fragments
and inflammatory regulatory factor NF-kB genes compared to Lumantse with anti-inflammatory
activity, but also compared to untreated control group chickens. It is concluded that it is possible to
predict the risk of an exacerbation of an infectious process in the lungs against the background of a
local decrease in the viral load in the intestine. An integrated approach is needed in the treatment of
coronavirus infections, including either systemic antiviral drugs or anti-inflammatory drugs.
Key words: gene, interleukin, coronavirus, Lyumantse, Glitsevir, chickens
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INTRODUCTION The state of the body's immune functions
is largely determined by the ratio of pro- and
anti-inflammatory cytokines. Functional antag-
onism between them has been shown to exist
(2). An acute increase in circulating cytokine
levels leads to the development of a protective
systemic inflammatory response, often referred
to as a cytokine storm. Pathologically high con-
centrations of pro-inflammatory cytokines can
cause septic shock and death.

In modern science, pro-inflammatory and
anti-inflammatory cytokines are considered as
the most important factor of intercellular and
systemic interaction in the body. Cytokines are
a group of endogenous glycosylated polypep-
tide mediators of intercellular interaction in-
volved in the formation and development of the
body's defense reactions when pathogens are

introduced and tissue integrity is compromised, In situations in which cytokine levels exceed
as well as in the regulat.lon of a number of nor- ¢ physiological concentration for a prolonged
mal physiological functions [1]. period, they no longer mediate protection, but
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become mediators of pathology [3-6]. This is
also population-driven: the organism must be
eliminated to prevent further spread of the pa-
thology.

Interleukin 6 (IL-6) is an immunoregula-
tory cytokine with a broad spectrum of action:
it regulates the processes of inflammation and
cell division. IL-6 is synthesized from macro-
phages, T cells, fibroblasts, vascular endothe-
lial cells, glial cells and epithelial cells after
interaction with pathogenic molecules. In the
formation of the immune response, interleukin
6 is involved in the production of antibodies.
An excess of this cytokine leads to the devel-
opment of an autoimmune reaction and tissue
damage (7).

Caspases are a family of cysteine proteases
that are involved in the cleavage of peptide
bonds. The expression of caspases-3, -8, -9 is
an indicator of the cytotoxicity of the apoptotic
stimulus, making these markers an important
part of research into the processes of apoptosis
in the body [8].

Cells of the immune system interact with
each other using cytokines - modulators of im-
mune responses. Among these, interferons oc-
cupy an important place. They have antiviral
and antibacterial effects and are involved in the
anti-tumor immune response [9]. INF-y, like
most cytokines, has pleiotropic effects and plays
an important role in the immune response. Ini-
tially, INF-y was thought to be produced only
by natural killer (NK) cells, CD4+ Thl-lym-
phocytes and cytotoxic CD+ T-lymphocytes.
Later, it became known that B-lymphocytes,
NKT cells and antigen-presenting cells (APCs)
(macrophages, dendritic cells) are also able to
secrete this cytokine [10].

NF-kB is found in almost all animal cell
types and is involved in cellular responses to
stimuli: stress, cytokines, free radicals, heavy
metals, ultraviolet irradiation, oxidized LDL,
and bacterial or viral antigens. NF-kB plays a
key role in regulating the immune response to
infection (11,12).

The antiviral effect of medicines is often de-
tected by qRT-PCR [13-15], [FA [16, 17].

Several reports indicate that MDAS signal-
ing pathways and cytokines of innate immu-

nity are activated following infection with IBV
strain M41 [18]. The MDAS signaling pathway
is disrupted by cleavage of the adaptor protein
MAVS in the IBV JS/2010/12 infection strain
[19]. The INF type I response plays a crucial
role in resistance to the IBV strain SAIBK2
[20]. The MDAS signaling pathway and innate
immunity cytokine (NF-kB and IRF3) were in-
duced following infection with IBV-M41 strain
[17]. Researchers found that mRNA expres-
sion levels of MDAS, MAVS, INF-a, INF-f,
NF-kB, TNF-a and IL-6 were significantly in-
creased following infection with IBV in vitro
and in vivo [18].

The purpose of the study was to evaluate
the expression of IL-6, Fc, NF-kB, Caspasa-3
and INF-y genes during coronavirus infection
in chickens.

MATERIAL AND METHODS

Chickens of the Shaver cross were vacci-
nated against infectious bronchitis in chickens
being 14 days of age (IBC vaccine, strain Ma5,
live dry). To simulate coronavirus pneumonia,
the vaccine was administered individually, 10
doses per head orally. Chickens of experimen-
tal group 1 (n = 10) were fed Luymantse at the
rate of 3 kg/t feed, and those of experimental
group 2 (n = 10) - Glitsevir (glycyrrhizic acid
derivative in chitosan nanoparticles) at the rate
of 200 pug/0.3 ml per head. The concentrate was
diluted by a factor of 3. Chickens of the control
group (n = 11) did not receive the drugs.

On the 22nd day, the birds were slaughtered
by cervical-cerebral dislocation and autop-
sied. RNA was isolated from internal organs
by phenol-chloroform extraction, and RT-PCR
was performed. The cDNA synthesis was per-
formed using oligonucleotide N7.

To confirm the success of infection, the pres-
ence of IBK virus genomic RNA was tested by
real-time RT-PCR, PCR was performed in a fi-
nal volume of 20 pul containing 67 mM Tris.-
HCI (pH 8.9), 16 mM (NH4) 2S04, 2.4 mM
MgCl12, 0.01% Tween 20, 0.2 mM dNTP, 0, 3
mM oligonucleotide primer solutions 5 -atgct-
caaccttgtccctagea-3'5 tcaaactgeggatcacgt-3°
and FAM probe tggaagtaggaccaac-BHQ, 1-2
units HotStart Taq-DNA polymerase. PCR was
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performed on a CFX amplifier (BioRad) ac-
cording to the following program: initial dena-
turation - 95 °C (15 min), then 40 cycles: dena-
turation - 95 °C (10 s), annealing - 60 °C (30 s).

RNA extractability from samples was moni-
tored using real-time PCR specific to the house-
keeping gene glyceraldehyde3-phosphate de-
hydrogenase (GAPDH) mRNA using the pro-
tocol above, using primers 5°cgtgaccccagcaa-
catcaa3’ and 5° acttaccccagecttccat3”™ tagman
ROX probe tggagtactggtcttccacc- BHQ2.

The expression of IL-6, Fc, NF-kB, Cas-
pasa-3, INF-y genes was assessed by the delta-
delta Ct method relative to the expression level
of housekeeping genes (see the table).

RESULTS AND DISCUSSION

The preparations Lyumantse and Glitsevir
inhibited the destruction of epithelial cells in
the intestines of the experimental groups (see
Figure 1). This is not necessarily indicative of a
positive character, since in the case of apopto-
sis, not only healthy but also infected cells are
destroyed. A decrease in the number of active
macrophages in the intestine relative to the con-
trol group was observed. The amount of inter-
feron produced was also lower than the control,
indicating a reduced activity of the immune
system.

Glitsevir consists of nanoparticles, which
are not absorbed by the intestine and have a
local effect. Lyumantse can be absorbed as it
contains salts of butyric acid and has a systemic

effect in addition to its local effects. In the intes-
tine, both preparations reduced the viral load.

Glitsevir provoked more intensive expres-
sion of genes involved in the immune response
and inflammation, characterized by increased
levels of NF-kB, IL-6, INF-y (more T helper
cells encountering viral particles), Fc (more
macrophages) and Caspasa-3 (cells in the lungs
are destroyed more intensively) (see figure 2).

The suppression of epithelial cell destruc-
tion by the experimental preparations is also
evidenced by the reduced specific fraction of
the Fc-fragment relative to the control group.
Fc-receptor is present on macrophages and is
responsible for antibody binding to macro-
phage. A decrease in the number of active mac-
rophages in the intestine relative to the control
group can be asserted. Caspases play an impor-
tant role in the development and regulation of
apoptosis and inflammation. In this case (as the
coronavirus itself has no effect on cell destruc-
tion) there is destruction of the affected cells by
immune agents such as T-killers.

Interferon gamma (INF-y), which is a pro-
inflammatory cytokine and activates many cells
(T cells, B cells, etc.), is produced when T-help-
er cells interact with antigen. In the intestine the
amount of interferon produced is reduced, this
also indicates a reduced activity of the immune
system.

Interleukin-6 is a pro-inflammatory cyto-
kine, the amount of which directly affects the
development of a cytokine storm. IL-6 creates

Hyxieorunnsle nocnenosarenbHOCTH npaiMepos TP nis oneHku skcrpeccuu reHoB
PCR primer nucleotide sequences for assessing gene expression

Interleukin Primer Source PCR program
reference
IL-6 S centemsggtonetecaain 21
5 ccaccgagggataccggactgt 3 ! 95°C 7/min L eycle
Caspasa-3 5-aactgcttcgcettgctgtga-3° [22]
INF-y 5 ‘-cactgacaagtcaaagccgc—% [22]
5'-accttcttcacgccatcagg-3
5"-cactgacaagtcaaagccge-3° 2 95°C 15
) B 39 cycles
FeR 5"-accttcttcacgccatcagg-3" [22] Y
. Y 450
NF-kB 5‘ tcaacgcaggacctaaagacat 3‘ [22] 3 64,5 °C 30s
5"-gcagatagccaagttcaggatg-3 END

The data were processed by methods of variation and nonparametric statistics.
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Puc. 1. Dxcripeccusi TEHOB B KUIIIEYHUKE Y TITUIBI ONBITHOW W KOHTposbHOU rpyt, logl10(ddCt)
(otHOcutensHO GAPDH)

Fig. 1. Gene expression in the intestine of birds in the experimental and control groups,
log10(ddCt) (relative to GAPDH)
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Fig. 2. Gene expression in lungs of poultry from experimental and control groups, log10(ddCt)
(relative to GAPDH)
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conditions in the body that overload the im-
mune system and two pathways emerge: elim-
ination of the pathogen in its entirety or elimi-
nation of the infected animal itself (7, 11). At
the moment when viral antigens meet toll-like
receptors, NF-kB is activated, which in turn is
the trigger mechanism for both the innate im-
mune response (macrophage migration, etc.)
and adaptive immunity (antibody production,
T-cell formation). NF-kB is the earliest factor
and is most actively exploited in coronavirus
infections. It is manifested by abnormally pro-
longed migration of neutrophils, granulocytes
to the focus of inflammation, their activation,
and increased proliferation, whereas in a nor-
mal infection there is only a short period of
neutrophils fighting the primary focus of in-
fection. This mechanism can subsequently
lead to a leukotriene storm, subsequently to a
cytokine one.

Glycyrrhizic acid has antiviral, anti-inflam-
matory, antipruritic and immunomodulatory ef-
fects, affects different types of virus DNA and
RNA in vitro and in vivo, interrupts virus rep-
lication at early stages, causes virion exit from
the capsid, preventing its penetration into cells,
which is due to selective dose-dependent inhi-
bition of phosphorylated kinase. Glycyrrhizic
acid interacts with virus structures, changing
different phases of the viral cycle, which is ac-
companied by irreversible inactivation of vi-
ral particles that are free outside cells, blocks
the introduction of active viral particles inside
cells, disrupts the virus ability to induce syn-
thesis of new viral particles, induces interferon
formation, which is a component of antiviral
action, inactivates these viruses in nontoxic
concentrations for normally functioning cells .
The anti-inflammatory activity of glycyrrhizic
acid is combined with a stimulating effect on
humoral and cellular immunity factors'.

The difference between the activity of drugs
with a resorptive effect (Lyumantse) and those
without (Glitsevir in chitosan nanoparticles) is

the higher pro-inflammatory activity in the re-
spiratory system with Glitsevir. It consists in in-
creased expression of IL-6, interferon-gamma,
macrophage receptor to Fc antibody fragments,
inflammatory regulation factor NF-kB genes
not only in comparison with Lyumantse, which
possesses anti-inflammatory activity due to oily
acid, but also in comparison with an untreated
control group of chickens.

We propose two hypotheses about the effect
of the drugs on the affected intestine:

— both drugs reduce inflammation in the in-
testine by suppressing immunoreactivity and
therefore reducing the immune response;

— the drugs reduce the viral load, so there is
less presentation of viral antigens and less pro-
duction of immunocompetent cells.

In either hypothesis, Glitsevir had a sup-
pressive effect on the inflammatory processes
in the intestine without affecting the lungs (see
Figure 1).

The main theory is a decrease in the activ-
ity of immunocompetent cells within the gas-
trointestinal tract, primarily Treg lymphocytes
(active producers of the anti-inflammatory cy-
tokine IL10) due to the suppression of the in-
fection process locally, by the site of action of
Glitsevir, i.e. in the intestine.

This assumption is supported by the sup-
pression of IL-6 gene expression activity, a
direct antagonist of the pro-inflammatory cyto-
kine IL10 and cells producing this interleukin.
All blood and lymph from the gastrointestinal
tract necessarily pass through the lungs, i.e. vir-
tually undiluted, so the contribution of the regu-
latory activity of the intestine immune system
towards immunocompetent cells in the lungs
must be substantial. Thus, the risk of an exac-
erbation of the infectious process in the lungs
against the background of a local reduction of
the viral load in the intestine can be predicted,
which requires a comprehensive approach in
the therapy of coronavirus infections, including
either antiviral drugs of systemic action or anti-
inflammatory drugs.

"Patent RF Ne2044145 (Russian Federation). Di- and trinicotinates of glycyrrhizic acid and inhibitor of human immunodeficiency
virus reproduction / G.A. Tolstikova, L.A. Baltina, K.P. Volcho, O.A. Plyasunova, A.G. Pokrovskii, N.F. Salakhutdinov. Published

10.08.2007. Bulletin number 22.
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CONCLUSIONS

1. A statistically significant suppression of
pro-inflammatory cytokine IL-6 expression
(p < 0.05) in experimental groups of chickens
treated with Lyumantse and Glitsevir was de-
tected in a model of coronavirus infection.

2. The application of Glitsevir in chitosan
nanoparticles was limited to local action, which
was characterized by absence of suppression
of proinflammatory cytokines in lungs and, on
the contrary, differed from the Lyumantse ac-
tion by increased dispersion of expression lev-
els of the studied genes and average levels of
increase in expression of IL-6, NF-kB, INF-y
(proinflammatory cytokines) and Caspasa-3,
Fc-fragments in lung tissue.

3. To reduce the risks of acute pneumonia in
coronavirus infections, the use of topical antivi-
ral drugs in the intestine should involve the use
of systemic anti-inflammatory drugs.
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MOHUTOPHUHI BOJIE3HE OPTAHOB ITUIIEBAPEHUSI KPYITHOI'O
POT'ATOI'O CKOTA HA TEPPUTOPUM 3ABAUKAJIBCKOI'O KPASI

(<) CaBeanena JI.H., bonnapuyk M.JI.

Hayuno-uccneoosamenvcxuti uncmumym eemepunapuu Bocmounou Cubupu — ¢hunuan Cubupcrozo
Gedepanvroeo Hayuno2o yenmpa azpodbuomexuonozuti Poccutickoil akademuu Hayk
3abaiikanbckuii kpaid, T. Uura, Poccus

(<) e-mail: luba.saveleva@mail.ru

[Ipencrasnena nuHamMuKa 00Je3HEH OPraHoOB MUIIEBAPCHUS OAKTEPUAIBHON STHOIOTHH CPEIH
KPYIHOTO poraroro ckora. [IpoanaiusupoBaHbl CTAaTUCTHYECKUE, TAOOPATOPHBIE CPEAHETOI0BBIC
JaHHbBIC O 3aPETUCTPUPOBAHHBIX C ATOH MATOIOTHEN KUBOTHBIX, O MAJCKE U BHIHYKIEHHOM yOoe
ckota 3a nepuog 2016-2020 rr. BeisicHeHo, yTO 0OJIE3HM OPraHOB MHIIEBApEHUS] OaKTepUalb-
HOM 3THOJOrHH pacupocTpaneHsl kak y monoguska KPC (ot 53,7 no 61,4%), Tak 1 y B3pocioro
ckora (43,1% ot oOmiero morojoBbsi 3a00JICBIINX KUBOTHBIX). Ha OCHOBaHWMU OakTepHabHBIX
METOAOB HCCIIEJOBAaHUN OMOJIOTMYECKOr0 MaTepHasa BBIIEICHbI CIEAYIOUINe BO3OYIUTENn: H-
TeponaroreHHasi KumeuHas najnouka £. coli (37,8% ot obero uncna 3a00I€BIINX KUBOTHBIX )
u cTpenTokokku rpymnmsl «D»-E. Faecalis (15,1%). ¥ ocTaabHOro moroyioBbsi 3aperucTpupOoBaHbl
accouuaruBHble (popmbl nHPexnuit (19,2%) n HesapasHble BUAbl O0JIe3HEH OPraHOB MUILEBAPE-
Hus (27,9%). B pesynbprare npoBeileHHOTO MOHUTOPUHIAa OTMEUEH BBICOKUI YpOBEHb 3a00ieBae-
MOCTH O0JIe3HEH OpPraHOB MUILEBAPEHUSI CPEIN KPYITHOTO POraToro CKOTa B KMBOTHOBOJYECKUX
X035HCTBaxX ClEAyIOIMX pailoHOB 3abaiikanbckoro kpas: AKmnHCKUH, KpacHounkoiickuii, Kol-
puHckuii, Hepunnckuii, OnoBsaunckui, [lpuaprynckuii, Xunokckuii, lllenonyrunckuii, Arun-
ckuii. Hanmensiee pacnpocTpaneHue 3a00JaeBaHU KPYIHOTO pOraToro CKOTa B OpraHH3alHsIx
pasHbIx (opM cOOCTBEHHOCTH 3aPETUCTPUPOBAHO B KPECTBSIHCKO-PEPMEPCKUX X03HCTBAX Kpast
(6,8-10,9%). Cpennue nokaszareiu 10 YHCICHHOCTH 3aPETUCTPUPOBAHHBIX KUBOTHBIX C TAHHOU
[1aTOJIOTUEH OTMEUEHBI B CEIIbCKOXO3SHCTBEHHBIX opraHm3anusix (26,9—37,6%). Beicokuii npo-
LICHT JIaHHBIX 3a00JIeBaHUH OTMEYEH B X03siicTBax Hacenenus (62,8%). [Ipu cobnronenuu B xo-
351 ICTBAaX OpraHM3alMy JIedeOHO-IPOPHIAKTHICCKUX MEPOTIPUSATHHA, IPABUII TUTHEHBI COAepIKa-
HUSL 1 KOPMJICHUS] MO’KHO 00€CIIEUNTh COXPAHHOCTD U IPOJYKTUBHOCTh CKOTA, BBICOKOE Ka4eCTBO
1 0e301acHOCTh MPOJAYKIMH CKOTOBOJCTBA, TPOBOJUTH MPOMUIAKTUKY OaKTepHadbHBIX 3a007e-
BaHMUH OPraHOB MUILIEBAPEHUS.

KuiioueBble ci10Ba: KpyIHBI poratblii CKOT, MOHUTOPUHT, O0JIE3HN OPTraHOB MUILEBapeHHs, OaK-
TepuagbHble 00JIe3HN

MONITORING OF THE BOVINE DIGESTIVE DISEASES
ON THE TRANSBAIKAL TERRITORY

) Savelyeva L.N., Bondarchuk M.L.

Research Institute of Veterinary Medicine of Eastern Siberia — branch of the Siberian Federal
Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences

Chita, Transbaikal Territory, Russia

(<) e-mail: luba.saveleva@mail.ru

The dynamics of digestive diseases of bacterial etiology among cattle are presented. Statistical,
laboratory and annual average data on registered animals with this pathology, mortality and forced
slaughter of livestock were analysed for the period 2016-2020. It has been found that digestive
diseases of bacterial etiology are prevalent both in young cattle (53.7% to 61.4%) and in adult
cattle (43.1% of the total number of diseased animals). The following pathogens were identified
on the basis of bacterial tests on biological material: enteropathogenic E. coli (37.8% of the total
number of diseased animals) and group D streptococci, E. Faecalis (15.1%). The rest of the herd
had associated infections (19.2%) and non-contagious digestive diseases (27.9%). As a result
of this monitoring, a high incidence of digestive diseases among cattle in livestock farms in the
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Monitoring of the bovine digestive diseases on the Transbaikal
territory

Savelyeva L.N., Bondarchuk M.L.

following districts of the Trans-Baikal Territory was recorded: Akshinsky, Krasnochikoysky,
Kyrinsky, Nerchinsky, Olovyaninsky, Priargunsky, Khiloksky, Shelopuginsky, Aginsky. The
lowest prevalence of cattle diseases in organizations of various forms of ownership has been
recorded in peasant farms in the region (6.8-10.9%). The average number of registered animals
with this pathology is recorded in agricultural organizations (26.9-37.6%). A high percentage
of these diseases were recorded in households (62.8%). When farms follow the organization of
therapeutic and prophylactic measures, housing and feeding hygiene rules, it is possible to ensure
the safety and productivity of livestock, high quality and safety of livestock products and to
prevent bacterial diseases of the digestive organs.
Keywords: cattle, monitoring, diseases of the digestive system, bacterial diseases
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INTRODUCTION

Respiratory and gastrointestinal diseases
of young cattle are the most widespread at the
present stage of livestock development. The
reasons for this are that farms are staffed with
"prefabricated livestock" from farms with dif-
ferent epizootic situations and non-compliance
with the standard indicators of animal housing
and feeding. High morbidity of young cattle
leads to forced slaughter and death of a signifi-
cant number of animals, to a decrease in live
weight, which hinders the development of ani-
mal husbandry [1, 2].

Mass gastroenteritis in animals, in particular
in newborn calves, is considered to be a factor-
associated infection, etiologically determined
by viruses, bacteria, protozoa and fungi. These
diseases are epizootic in nature and are char-
acterized by their stationarity, ubiquitous distri-
bution and the presence of potentially virulent
microbial associations [3-5].

Statistical and scientific data allow most
gastrointestinal diseases of animals to be re-
garded as infectious diseases. They are caused
by viruses (corona-, rota-, enteroviruses), bac-
teria (escherichia, clostridia, salmonella, etc.),
protozoa, helminths (trichocephalus, strongy-

loides, etc.). Gastroenteritis of non-infectious
etiology can also occur [2, 5].

The specific etiopathogenesis, clinical mani-
festation and course of the disease are deter-
mined by the interaction of macro- and micro-
organisms, the nature of the associations, the
virulence of which is increased in the presence
of unfavorable environmental factors [4—6].

The intestinal microflora, being in close re-
lationship with the microorganisms, always
reacts to changes in the conditions of housing,
feeding and the presence of a pathological pro-
cess. Any exposure caused by poor hygienic
conditions within the production facility, im-
proper transition to a new ration or stress can
significantly affect the gastrointestinal ecosys-
tem of calves [6-10]. In this regard, the issue of
digestive diseases of bacterial etiology remains
relevant.

The purpose of the research is to monitor
digestive diseases of bacterial aetiology among
cattle in the Trans-Baikal Territory.

MATERIAL AND METHODS

The material was cattle with signs of gas-
trointestinal diseases (including young cattle)
from 10 districts of Trans-Baikal Territory
(Aginsky, Akshinsky, Krasnochikoysky, Kyrin-
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sky, Nerchinsky, Olovyaninsky, Priargunsky,
Khiloksky, Chitinsky and Shelopuginsky). Dur-
ing monitoring, clinical and epizootological,
statistical data on registered diseased animals
in farms, veterinary reporting data (Form No.
2 - vet)' and laboratory tests results were taken
into account. To clarify the diagnosis, sampling
and examination of biological material (faeces,
blood) from adult cattle and calves were car-
ried out. Laboratory tests were conducted in the
laboratory of laboratory and analytical studies
of the Research Institute of Veterinary Science
of Eastern Siberia - a branch of the Siberian
Federal Scientific Center of AgroBioTechnolo-
gies of the Russian Academy of Sciences and
the State Institution of the Regional Veterinary
Laboratory. Bacteriological and biochemical
tests were carried out in accordance with ap-
proved regulatory documentation.

RESULTS AND DISCUSSION

As a result of the data analysis of the ex-
amined livestock in 10 farms of Transbaikal
Territory, digestive diseases take the leading
place. In this connection, we took into account
the data on registered sick animals, the number
of fallen and forcedly killed cattle, including
young cattle.

The number of diseased and dead animals
from digestive diseases decreased by 21.8%
and 66.3% respectively in cattle during the
S-year period compared to 2020 (see the table).
In young animals, the morbidity rate was 33.4%
and the mortality rate decreased by 66.3% of
the total number of diseased animals with this
pathology. To clarify the causes and factors of
gastrointestinal diseases in cattle, such as co-
libacillosis, salmonellosis, streptococcosis and
others, an analysis of laboratory tests for 2016-
2020 was conducted. The figure shows the data
on animals with digestive diseases of bacterial
aetiology as a percentage of the total number of
the diseased cattle in the region (29,599 heads
in a 5-year period).

Statistical, laboratory and scientific data
(2016-2020) show that digestive diseases of
bacterial etiology are registered in young cattle
(53.7% to 61.4%) and in adult cattle, with an
average of 43.1% of the total number of ani-
mals suffering from digestive diseases over five
years.

From biological material by bacteriologi-
cal methods of investigation enteropathogenic
E. coli was detected in 37.8% of the animals,
group "D"-E.Faecalis in 15.1%, the rest of the
animals had associated infections (19.2%) and

JlarHbIe 00 HcciIeI0BaHHBIX OOJLHBIX )KUBOTHBIX C 00JIE3HAMHU OpraHoB rumieBapeHus 3a 2016-2020 rr.
Data on the studied sick animals with diseases of the digestive system for 20162020

Initially regis}tleel:(;is sick animals, Of the reported sick animals, dead and compulsorily slaughtered, heads
Year bovine cattle young cattle
bovine cattle young cattle compulsorily compulsorily
dead slaughtered dead slaughtered
2016 4577 2490 300 64 169 6
2017 4209 1887 186 77 102 0
2018 4127 1670 240 35 134 0
2019 3900 1504 178 48 85 5
2020 3578 1657 95 43 39 0

"Veterinary Reporting Form No 2 - vet "Information on non-communicable animal diseases" 2016-2020.

MG 4.22723-10 and MG on bacteriological diagnosis of colibacillosis (escherichiosis) of animals, approved by the Depart-
ment of Veterinary Medicine of the Ministry of Agriculture and Food of the Russian Federation No 13-7-2/2117 27.07.00. M.,

2000. 54 p.
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54,48

45,52

2016 2017 2018

53,68

46,32 {Jf/

2019 2020 year

2 Cattle % Young cattle

JnHamuKa 3aperucTpUPOBaHHBIX O0JIe3HEH OPraHoB MUIIEBapeHHs OaKTePHAILHON STHOIIOTHH CPEI KPYII-

HOTO poraroro ckota, 2016-2020 rr.,%

Dynamics of reported digestive diseases of bacterial etiology among cattle from 20162020, %

non-infectious forms of digestive system dis-
eases (27.9%).

As a result of this monitoring, a high level
of disease incidence was noted among cattle
in the following districts of Trans-Baikal Ter-
ritory: Akshinsky, Krasnochikoysky, Kyrinsky,
Nerchinsky, Olovyaninsky, Priargunsky, Khi-
loksky, Shelopuginsky, Aginsky.

Analysis of clinical and laboratory data
shows that the incidence of gastroenteritis in
newborn calves varies from single cases to 15-
30%, lethality reaches 40-60% of the number
of diseased animals, in addition to a decrease in
meat productivity of 10-18% in over diseased
animals.

In absolute numbers, losses from gastroin-
testinal diseases in 2016 were 2,465 heads, in
2017 and 2020 - 2008 and 1,826 heads, respec-
tively. In 2020, in relation to 2016, the level of
digestive diseases in young cattle increased by
6.5% and amounted to 55.7-62.8% of the total
number of the diseased cattle.

The lowest percentage of diseased cattle
with digestive diseases is registered in the
farms of the region (6.8-10.9%). The average
number of registered animals with this pathol-
ogy is recorded in agricultural organizations

(26.9-37.6%); the most frequent occurrence of
these diseases is in household farms (62.8%).

CONCLUSION

According to monitoring of digestive diseas-
es among cattle on a number of farms of various
forms of ownership in Trans-Baikal Territory,
the lowest incidence of the disease was record-
ed in peasant farms (6.8-10.9%). The average
rate of registered animals with this pathology
is noted in agricultural organizations (26.9-
37.6%). A high percentage of these diseases
was recorded in household farms (62.8%).

During bacterial diagnosis of biological ma-
terial enteropathogenic E. coli was detected in
37.8% of cattle, group "D"-E. Faecalis - 15,1%,
the rest of cattle (47,1%) have associated forms
of infections and non-infectious forms of diges-
tive diseases. Implementation in cattle farms of
therapeutic and preventive measures, rules of
hygiene of maintenance and feeding provides
safety and productivity of livestock, high qual-
ity and safety of livestock products, prevention
of bacterial diseases of digestive organs of ani-
mals.
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BJIMSAHUE SKOJIOTI'O-I'EOI'PAOUYECKOI'O PAKTOPA HA COAEP KAHUE
TAXKEJBIX METAJIJIOB B JIET'KUX I'EPE®OPICKOI'O CKOTA

(<) Hapoxnsbix K.H.

Hoeocubupckuii 2ocyoapcmeennbviii azpaphblil YHUgepcumen
HoBocubupck, Poccus

(X) e-mail: nkn.88@mail.ru

Wzyuena npobnema 3arps3HEHUs] MHUIH TSKEIBIMU METajUlaMH M3-3a HAKOIJICHUSI UX B OHO-
CHCTEMax BCJIEJICTBHE aHTPOIOTEHHBIX Bo3aeHcTBUil. IIpencraBneHsl pe3yabTaThl UCCIEIOBaHUS
cofiepKaHMs KaaMUsl, CBUHIIA, JKeJle3a U MapraHiia y KpymHoro poratoro ckora n3 HoBocuOupckoit
obmactu m Anraiickoro kpas. Llems mccnenoBaHust — OIEHUTH BIMSTHHE DKOJIOTO-reorpaduyecko-
ro (hakropa Ha cofiepKaHUe TSHKEIIBIX METAJUIOB B JIETKUX OBIYKOB repedopackoit mopomsl. [1poost
JIETKUX B3ATHI OT 31 KIMHUYECKH 310pOBOTO OblUKa repedopackoii moponsl B Bopacte 16—18 mec.
[Ipo6ononroroska ocymectrieHa B coorBercTBrH ¢ [ OCTamu 26929-94 u 30178-96. Onpenene-
HHE XMMHUYECKOTO COCTaBa Mpo0d MPOBEICHO METOAOM aTOMHO-a0COPOLMOHHOMN CIIEKTPOMETPUH C
IJIAMEHHOW U 3JIEKTPOTEpMHUUECKON aToMu3alueid. MenuaHnHble 3HAaYEHUs O COJAEPKAHUIO KaJl-
MHSI, CBUHIIA, JKeJIe3a U MapraHIia B JJETKUX OBIYKOB HaXoauuch B auamazone 0,01-0,12; 0,07-0,11;
70,9-89,1 u 0,3-0,4 Mr/xr coorBeTcTBeHHO. DEHOTHIUYECKass U3MEHUYNBOCTh YPOBHSA JKeye3a |
MapraHija OTMEUeHa OTHOCHUTEIbHO HU3KOM, CBUHIIA U KaJMHUs — BBICOKOW. Jlucrepcun ypoBHEH
CBUHIIA U KaJIMUsI B U3YYCHHBIX IPYTIIIaX KUBOTHBIX 3aPETUCTPUPOBAHBI TOMOTEHHBIMH, MapTaHIla 1
JKeJie3a BapuaHThl ObLUTH Pa3HOPOAHBIMU. BiusiHue aKonoro-reorpadguyeckoro Gpakropa XxapakTepHoO
TOJIBKO JUTS YPOBHS Kaamusi. J{ist Maprasiia, sxelie3a, CBHHIA M KaJIMHS PaCCUUTaHbI pe)epeHTHbIC
naTepBaisl: 0—1,12; 0-148,1 u 0-0,170 mr/kr coorBeTcTBeHHO. OHH MOTYT CITY)KHUTH OPUCHTHPO-
BOYHOW HOPMOH JIJ1st cKoTa repedopICKoii OpoIbl, pa3BOUMOro Ha TeppuTopusix KpacHozepckoro,
HoBocubupckoro, Macisiauackoro paiionoB HoBocuOupckoit obnactu u LlenunaHoro paiiona An-
TalCKOro Kpas.

KaioueBbie cioBa: repedop/ckast Hopoja, JerKue, TsHKeIble METalllbl, KaJMHUH, CBHHEI, KO-
JIOTHUS

INFLUENCE OF ENVIRONMENTAL AND GEOGRAPHICAL FACTOR
ON THE HEAVY METAL CONTENT IN THE LUNGS OF HEREFORD CATTLE

(<) Narozhnykh K.N.

Novosibirsk State Agrarian University
Novosibirsk, Russia

(<) e-mail: nkn.88@mail.ru

The problem of food contamination by heavy metals due to their accumulation in biosystems
as a result of anthropogenic influences has been studied. The results of cadmium, lead, iron and
manganese in cattle from the Novosibirsk Region and the Altai Territory are presented. The purpose
of the study was to assess the impact of the ecological and geographical factor on the heavy
metal content in the lungs of Hereford bulls. Lung samples were taken from 31 clinically healthy
Hereford bulls aged 16-18 months. Sample preparation was carried out in accordance with GOST
26929-94 and 30178-96. The chemical composition of the samples was determined by atomic
absorption spectrometry with flame and electrothermal atomization. The median values of the
content of cadmium, lead, iron and manganese in the lungs of bull-calf were in the range of 0,01-
0,12; 0,07-0,11; 70,9-89,1 and 0,3-0,4 mg/kg. The phenotypic variability of the level of iron and
manganese was relatively low, while that of lead and cadmium was high. The dispersions of lead
and cadmium levels in the animal groups studied were homogeneous, manganese and iron variants
were heterogeneous. The influence of the ecological and geographical factor is characteristic only
for cadmium levels. For manganese, iron, lead and cadmium the calculated reference ranges
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Influence of environmental and geographical factor on the heavy
metal content in the lungs of Hereford cattle

Narozhnykh K.N.

are: 0-1.12; 0-148.1 and 0-0.170 mg/kg respectively. They can serve as a guideline for Hereford
cattle bred in the territories of Krasnozersky, Novosibirsky and Maslyaninsky districts of the
Novosibirsk region and the Tselinny district of the Altai Territory.

Keywords: Hereford breed, lungs, heavy metals, cadmium, lead, ecology
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INTRODUCTION

Livestock products are an important part of
the human diet. In addition to their high protein
and low carbohydrate content, meat products
are rich in bioavailable essential micronutri-
ents, amino acids and vitamins [1, 2]. Unlike
other products, meat and by-products can ac-
cumulate large amounts of toxic elements [3-
5]. The concentration of heavy metals in meat
and by-products depends on the livestock pro-
duction system [6]. In intensified livestock
production, trace elements are supplied to the
animals mainly in the form of premixes, which
are added to concentrated feed. In addition, the
mineral intake of livestock depends on the lo-
cal environmental conditions [7-9]. Soil is an
important source of trace elements, which are
passed on to plants and through the food chain
to animals and humans [10, 11]. Control of the
concentration of toxic and essential trace ele-
ments in animal organs is necessary when rais-
ing livestock on large complexes [4, 12, 13].
This is necessary to ensure that heavy metals
in food do not exceed the maximum levels es-
tablished for human consumption. The results
of the research are used to provide a balanced
diet for animals in order to increase productiv-
ity and increase economically useful use [14].
Data on the content of heavy metals in animal
organs and tissues provide important informa-
tion on environmental pollution (natural or
anthropogenic origin) and can be used to mini-
mize the environmental impact of animal pro-
duction [15, 16].

The purpose of the study was to assess the
influence of the ecological and geographical
factor on the content of heavy metals and to de-
termine the reference intervals in the lungs of
Hereford breed steers.

MATERIAL AND METHODS

Lung samples were taken from 31 Hereford
steers aged 16-18 months bred in the Novosi-
birsk Region and the Altai Territory. The ani-
mals were bred in four districts: Krasnozersky
(n = 4), Novosibirsky (n = 6), Maslyaninsky
(n = 17) and Tselinniy (n = 4). The animals
had no history of disease and were clinically
healthy at the time of slaughter. Sampling was
carried out after slaughter, followed by freezing
and storage at -24°C until analysis.

The chemical composition of lung tissues
was determined by atomic absorption spec-
trometry with flame (Mn, Fe) and electrother-
mal (Cd, Pb) atomization on a Shimadzu AA-
7000 spectrometer in the biochemical laborato-
ry of the Siberian Research Institute of Animal
Husbandry of the Siberian Federal Scientific
Center of AgroBioTechnologies of the Russian
Academy of Sciences. Sample preparation was
carried out in accordance with GOST 26929-94
and 30178-96.

Due to the small sample size in the groups,
we calculated robust measures of descriptive
statistics: median (Me), first and third quartiles
(Q1, Q3), interquartile range (IQR), minimum
and maximum values of the variable (Min,
Max). Homogeneity of variance was assessed
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using the Fliegner-Keelin test. To identify dif-
ferences between districts in the concentra-
tion of heavy metals in the lungs of bulls, the
Kraskell-Wallisle test was applied [17]. A pos-
teriori analysis was performed using Dunn's
test [18] with Hill's correction [19]. Reference
intervals were calculated on the basis of the
American Veterinary Clinical Society's Quality
Assurance and Laboratory Standards Manual
[20], taking into account the Clinical and Labo-
ratory Standards Institute (CLSI) expert pro-
tocols!. Statistical processing of raw data was
performed using the statistical programming
language R and the data analysis environment
RStudio, version 1.2.5033.

RESULTS AND DISCUSSION

Descriptive statistics on the content of heavy
metals in the lungs of Hereford cattle, taking
into account the breeding area, are shown in
Table 1. Significant variability in iron and
manganese levels was observed in cattle in the
Maslyaninsky district. Intergroup phenotypic
variability in cadmium levels was recorded as
relatively low and in lead levels as high. Cad-

mium and lead concentrations in lung tissue of
animals were generally comparable.
Concentrations of heavy metals were record-
ed fairly uniform across the studied areas (see
the figure). Only cadmium level had rather high
inter-group variability. Thus, cadmium level in
Maslyaninsky district was more than 10 times
lower relative to other districts. Concentration
of heavy metals in cattle lungs is currently un-
derstudied. This is probably due to the fact that
the levels of many trace elements are not nor-
malized in the lungs. In addition, the lungs are
not a widely consumed organ. Nevertheless,
there are papers that have studied the accumu-
lation of heavy metals in the lungs of animals.
Lead figures in similar studies [21-23] were
2-8 times higher than in our work. The mini-
mum level of lead (0.004 mg/kg) was found in
lung samples from calves reared on farms in
Italy. Such a significant difference between our
studies and those cited can only be explained
by the early age of the animals from which the
samples were taken [24]. Apparently, lead ac-
cumulates significantly with age and the differ-
ence between young and mature animals may

Tao6a. 1. Conepxxanne TM B JleTkux OBIKOB TepedOPACKON TOPOIBI, MI/KT

Table 1. The content of heavy metals in the lungs of Hereford bulls, mg/kg

Factor District Me Min Max Q, Q, IQR
Fe Krasnozersky 71,9 40,6 81 53 77,9 24,9
Fe Maslyaninsky 73 32,4 214,7 422 104 61,8
Fe Novosibirsky 70,9 43,6 93,1 64 78,3 14,4
Fe Tselinny 89,1 76,7 97,4 80,5 95,3 14,7

Mn Krasnozersky 0,3 0,3 0,4 0,3 0,36 0,06
Mn Maslyaninsky 0,35 0,13 1,56 0,27 1,03 0,76
Mn Novosibirsky 0,4 0,4 0,5 0,4 0,41 0,01
Mn Tselinny 0,35 0,3 0,4 0,3 0,4 0,1
Pb Krasnozersky 0,11 0,07 0,16 0,08 0,14 0,07
Pb Maslyaninsky 0,08 0,02 0,13 0,05 0,09 0,04
Pb Novosibirsky 0,11 0,06 0,2 0,06 0,19 0,13
Pb Tselinny 0,07 0,02 0,14 0,04 0,11 0,07
Cd Krasnozersky 0,07 0,05 0,1 0,05 0,09 0,03
Cd Maslyaninsky 0,01 0,004 0,014 0,005 0,01 0,005
Cd Novosibirsky 0,12 0,08 0,16 0,11 0,14 0,03
Cd Tselinny 0,1 0,09 0,1 0,09 0,1 0,01

Defining, establishing, and verifying reference intervals in the clinical laboratory — 3th ed. CLSI Document C28-A3c.

Approved guideline — Wayne, Pa, USA: CLSI, 2010. 59 p.
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CozepxaHue TSKEIbIX METAJUIOB B JITKUX repe(opACKOro CKoTa 1o palloHaM pa3BeJeHUs
The content of heavy metals in the lungs of Hereford cattle by breeding area

be significant. Cadmium levels in our work are
comparable with those of previously studied
cattle lung samples [22]. A.A. Farmer and A.M.
Farmer [23] showed that the concentration of
this element in cattle lungs can vary in a wide
range from 0.02 to 0.33 mg/kg depending on
the breeding area. In our work, cadmium also
showed the highest intergroup variability de-
pending on breeding area. A single-factor anal-
ysis of variance had to be performed to identify
the influence of the ecological and geographi-
cal factor. The raw data were checked to ensure
that the conditions of the analysis were ful-
filled. The null hypothesis of homoscedasticity
of variance for manganese and iron concentra-
tions can be rejected from the Fliegner-Keelin
test (see Table 2). The intergroup variances of
cadmium and lead pollutants were homoge-
neous. It is not possible to assess the distribu-
tion of traits for a Gaussian fit due to the small
number of some groups. Therefore, it was de-
cided to use the Kruskal-Wallis test. As a result,
only in cadmium levels in the lungs of steers
was a significant influence of the factor studied,
in all other cases the differences were random
(see Table 3).

A posteriori analysis showed that animals
bred in Maslyaninsky district differed signifi-
cantly in cadmium levels in lungs from cattle
from other districts of the Novosibirsk Region
and the Altai Territory (see Table 4). It is pos-
sible that these differences are caused by sig-
nificant variability of cadmium, which is typi-
cal for homogeneous populations of cattle’ and
limited sampling from districts. It is necessary
to continue monitoring cadmium levels in cattle
and to identify individual factors that influence
its variability.

Taoda. 2. OneHka roMOCKeIaCTUYHOCTH TUCIIEP-
CHUH TSDKEJIBIX METAJUIOB B JIETKUX CKOTa METOOM
Onurnepa-Kununa

Table 2. Evaluation of the homoscedasticity of
dispersions of heavy metals in cattle lungs by the
Fligner-Kilin method

HM X df P
Cadmium 6,9092 3 0,07485
Lead 4,1719 3 0,2435
Iron 9,0672 3 0,02841
Manganese 12,429 3 0,00605
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As a result of the experiment, the concentra-
tion of lead, iron and manganese was found to
be homogeneous in the populations of cattle in
the areas studied. Consequently, it is possible to
combine the animals into one group and calcu-
late the reference intervals. Data on the refer-
ence intervals for heavy metal concentrations
in the lungs of Hereford cattle are presented in
Table 5.

The reference values for lead levels were
lower by a factor of 3 in the lower interval than
those suggested by R. Puls [25]. Such differenc-

Taoua. 3. Bausaue daxropa pailoHupoBaHHUs Ha
YPOBEHB TSDKEJIBIX METAJUIOB B JIETKUX >KHUBOTHBIX
repedopACKoil MOpOIbI

Table 3. The influence of the zoning factor on
the level of heavy metals in the lungs of Hereford
breed animals

Variables H daf p

Cadmium-District 21,513 3 0,0001
Lead- District 4,6744 3 0,1972
Iron- District 2,2547 3 0,5213
Manganese-District 3,3696 3 0,3381

Tada. 4. MexrpynmnoBoe cpaBHEHHE PaifOHOB
10 COJICPIKAHUIO KaJIMHUs B JICTKUX repedOopaCcKOro
CKOTa

Table 4. Intergroup comparison of areas by the
content of cadmium in the lungs of Hereford cattle

I Fac- |Krasnozer- | Maslyanin- | Novosi-
District tor sky sky birsky
. Z | 2,379008
Maslyaninsky p 0.0347 - -

o Z |-1,042339 | -3,973060
Novosibirsky | "7 | "0 4459 | "0,0002 -
Tselinn Z |-0,474417 | -2,689774 | 0,461292

Y p 0,6352 0,0179 0,3223

Note. Z - criterion; p - level of significance in-
cluding Holm correction.

es may indicate a high variability of lead in dif-
ferent cattle populations, moreover, in the study
of R. Puls [25] did not specify the breeding lo-
cation, breed, age and sex of the cattle. These
factors should be taken into account when de-
veloping regional standards for the content of
heavy metals in animal organs and tissues.

CONCLUSION

In the course of the study a significant influ-
ence of the ecological and geographical factor
on the cadmium content in the lungs of Her-
eford cattle has been established. In Maslyanin-
sky district the level of cadmium in Hereford
cattle is 7-12 times lower than in Novosibirsk,
Krasnozersky and Tselinnoe districts. No dif-
ferences were found between the indicators of
iron, manganese and lead content in the lungs
of animals of the studied districts. Phenotypic
variability of cadmium level in lungs is much
higher than that of other heavy metals. The ob-
tained reference values of iron, manganese and
lead content in lungs can serve as a conventional
norm for Hereford cattle bred in the territories
of Krasnozersky, Novosibirsky, Maslyaninsky
districts of the Novosibirsk region and Tselin-
noe district of the Altai territory.

Ta6a. 5. Pedepenrrnie uureppaiinl ¢ 90%-mu
JIoBepUTeNbHBIMU HHTEpBanamu (W) mst conep-
JKaHUS TSKEJIBIX METAJIOB B JIETKUX Tepedo/ICKo-
r'o CKOTa, MI/KT

Table 5. Reference intervals with 90%
confidence intervals (CI) for the content of heavy
metals in the lungs of Herefod cattle, mg/kg

Reference Lower limit o
Factor . Top limit 90% CI
interval 90% CI
Mn 0-1,12 0-0 0,879-1,421
Fe 0-148,1 0-18,59 124,0-190,8
Pb 0-0,170 0-0,009 0,145-0,204

2Petukhov V.L., Syso A.L, Narozhnykh K.N., Konovalova T.V., Korotkevich O.S., Sebezhko O.I., Kamaldinov E.V.,
Osadchuk L.V., Soloshenko V.A., Myadelets M.A., Titova T.V., Tsygankova A.R., Saprykin A.I. Cadmium level in soil, coarse
fodder, organs and tissue of cattle West Siberia // 18th International Conference on Heavy Metals in the Environment: Proceeding
of Abstract, 12-15 September 2016. Ghent, Belgium, 2016. S10-P07.
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HNPOI'HO3UPOBAHUE COAEPKAHUSA HUTPATHOI'O A30TA B IIOYBE
C HCITOJIB30BAHUEM MAIINMHHOTI'O OBYYEHMUA

Kanuukun B.K., (<) Jly:kubix T.A., Pukcen B.C., BacuaseBa H.B., [llnak B.A.
Cubupckuii ghedepanvhwviii HayuHbll YeHmp azpoouomexuonozuti Poccutickou akademuu Hayk
Hosocubupckast ob6macts, p.im. KpacnooOck, Poccus

() e-mail: tanya.luzhnykh@mail.ru

HccnenoBanbl BO3MOXHOCTH | 11€JI€CO00Pa3HOCTh puMeHeHHs baliecOBCKOM ceTr JoBepus U
JIOTUCTUYCCKOM PErpecCHH MJisi MIPOTHO3WPOBAHMSI COACPIKAHUS HUTPATHOTO a30Ta B CIIOE MOYBHI
0-40 cM mepen moceBoM. it 0OydeHUs MOmeNei MCIONb30BaHbI JaHHBIC JIUTEIHFHOTO MHOTO-
(hakTopHOTO TIONIEBOTO OTBITa CHOMPCKOTO HAYYHO-MCCIENOBATEIHCKOTO HHCTUTYTA 3eMJIISIEITHS ’
xumuzauuu cenbekoro xossiicta COHIA PAH 3a 2013-2018 rr. OnbIT 3a710%KEH HA YE€pHO3EME
BBILLEJIOYCHHOM Ha TEPPUTOPUH LEHTpabHO-IecocTennHOM noa3oHb! B 1981 . B HoBocuOupckoit
oOyacTu. YUUThIBasi 0COOCHHOCTH CTaTUCTHUYECKOW BHIOOPKH (JTaHHBIX HAOIIOCHHUI U aHAIHU30B),
OTIPEJICIICHBI OCHOBHBIC MPEANKTOPBI MOZACIICH, BIUSIONINE HA CONIEP’)KaHNE HUTPATHOTO a30Ta B TOY-
Be. baliecoBckast ceTh TOBEpHs MOCTPOCHA B BHIIE AITMKIMYECKOTO rpada, B KOTOPOM 0003HAYAIOTCS
IJ1aBHBIE (OCHOBHBIE) Y3JIbI M X B3aMMOOTHOIIIEHUS. Y3IIbI CETH MPEICTABICHBI KaueCTBEHHBIMHU U
KOJIMYE€CTBEHHBIMHU TTapaMeTpaMu pabouero yqacTtka (IIOJTHIT TIOYBbI, ITPEIIIECTBEHHUK, 00pa0doTKa
IIOYBHI, IOTOTHBIE YCIIOBUS) C COOTBETCTBYIOIIUMHU IpaialivsiMu (COOBITUSIMU). B pe3ynbrare 3aror-
HEHUS SKCIIEPTaMU TaOJUIIBl YCIOBHBIX BEPOSATHOCTEH C yUETOM aHajH3a SMIHPUICCKUX JTAHHBIX
CETh IIPUCBAUBACT AllOCTEPUOPHYIO BEPOSITHOCTh HACTYIUICHUS COOBITUH JIJIsI LIEJICBOTO y3i1a (cojep-
JKaHWEe HUTPATHOTO a30Ta B ciioe modBel 0—40 cMm). J{7s mpoBepKH yCTOMIMBOCTH pabOTHI CETH TIPO-
aHAJIM3UPOBAHBI JIBA CIICHAPHSI PA3BUTHSI COOBITHI, TIOTYYEHBI yIOBIETBOPUTENbHbIE TIOKa3aTenn. B
pe3yibTaTe MOCTPOCHHUS JIOTUCTHIECKON Perpeccry MOy4eHbl KO3 (UITMEHTHI, XapaKTepu3yIoIInie
TECHOTY CBSI3M MEXJy 3aBHCHMOI NepeMeHoW u mpeaukropamu. KoaddumumenTt nerepmunanuu
JOTUCTUYECKOM perpeccuu paBeH 0,7. DTO CBUAETEILCTBYET O TOM, YTO KaU€CTBO MOJEIH MOKHO
CUMTATh IOMYyCTUMBIM JIJISl POTHO3UPOBaHU. [laHa cpaBHUTEIbHAS OI[CHKA MPOTHOCTUYCCKUX BO3-
MOKHOCTEH 00ydeHHBIX Mojeneidi. OOmas 101 NpaBUIbHBIX MPOTHO30B st baliecoBCKoi ceTu
noBepust cocTaBisieT 84%, s TOTUCTHYECKON perpeccnn — 87%.

KuroueBbie ciioBa: baliecoBcKasl ceThb, pErpeCCUOHHBIA aHAIN3, HUTPATHBIN a30T, OYBa

PREDICTION OF NITRATE NITROGEN CONTENT IN SOIL USING MACHINE
LEARNING

Kalichkin V.K., ) Luzhnykh T.A., Riksen V.S., Vasilyeva N.V., Shpak V.A.

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

(<) e-mail: tanya.luzhnykh@mail.ru

The possibilities and feasibility of using the Bayesian network of trust and logistic regression to
predict the content of nitrate nitrogen in the 0-40 cm soil layer before sowing have been investigated.
Data from long-term multifactor field experience at the Siberian Research Institute of Farming and
Agricultural Chemization of SFSCA RAS for 2013-2018 were used to train the models. The experi-
ment was established on leached chernozem in the central forest-steppe subzone in 1981 in the No-
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Prediction of nitrate nitrogen content in soil using machine learning

Kalichkin V.K., Luzhnykh T.A., Riksen V.S.,
Vasilyeva N.V., Shpak V.A.

vosibirsk region. Considering the characteristics of the statistical sample (observation and analysis
data), the main predictors of the models affecting nitrate nitrogen content in soil were identified. The
Bayesian trust network is constructed as an acyclic graph, in which the main (basic) nodes and their
relationships are denoted. Network nodes are represented by qualitative and quantitative plot param-
eters (soil subtype, forecrop, tillage, weather conditions) with corresponding gradations (events).
The network assigns a posteriori probability of events for the target node (nitrate-nitrogen content
in the 0-40 cm soil layer) as a result of experts completing the conditional probability table, taking
into account the analysis of empirical data. Two scenarios were analyzed to test the sustainability
of the network and satisfactory results were obtained. The result of the logistic regression is the
coefficients characterizing the closeness of the relationship between the dependent variable and the
predictors. The coefficient of determination of the logistic regression is 0.7. This indicates that the
quality of the model can be considered acceptable for forecasting. A comparative assessment of the
predictive capabilities of the trained models is given. The overall proportion of correct predictions

for the Bayesian confidence network is 84%, for logistic regression it is 87%.
Keywords: Bayesian network, regression analysis, nitrate nitrogen, soil
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INTRODUCTION

Agriculture 4.0, as the fourth stage of its
evolution, puts forward the requirements for
creating and mastering modern information
systems for decision support using a set of
digital technologies [1]. Predictive analytics in
these systems should take a leading position,
because without predicting the transformation
of conditions, objects and processes occurring
in agriculture, it is difficult or almost impos-
sible to make the right decision on its manage-
ment [2, 3].

As in many other areas of human activity,
the amount of information on agriculture is
constantly increasing. Various machine learn-
ing algorithms are being used to evaluate infor-
mation from a variety of sources in order to an-
alyze data and assist agricultural professionals
in solving specific problems, while improving
efficiency. The application of machine learn-
ing in agriculture is currently accompanied by
massive interest from the global scientific com-
munity. Various models are used in machine

learning: regression, clustering, Bayesian and
neural networks, support vector machines, de-
cision trees, etc. The appropriateness of apply-
ing one or another machine learning model is
determined by the different types of agricultural
data and the problems to be solved [4-6].

One of the tools of artificial intelligence and
the possibility of application in machine learn-
ing are considered to be Bayesian Belief net-
works (BBN). A review article [7] noted that
the BBN method is suitable for research in agri-
culture, as BBN are able to reason with incom-
plete information and include new information,
as well as solve problems under uncertainty,
taking into account cause-effect relationships
[8]. Examples of the application of the BBN
apparatus in Russian-language publications are
considered in medicine, ecology, risk analysis,
sociology and other subject areas [9, 10], in the
application to agriculture BBN have very lim-
ited application [11].

The most popular statistical method used for
predictive modelling in agriculture is regression
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analysis. This method is considered the easiest
to use and understand, it allows to investigate
the relationship between the dependent (target)
and independent (predictor) variables, to iden-
tify significant patterns in general form, to de-
termine the closeness of the relationship of the
studied factors [12].

The purpose of the research is to train differ-
ent models for the analysis of empirical data,
to carry out a prediction of the nitrate nitrogen
content in the soil before sowing, and to evalu-
ate the accuracy of the predictive models.

MATERIAL AND METHODS

In model training, data from a long-term
multi-factor stationary field experiment of the
Siberian Research Institute of Soil Manage-
ment and Chemicalization of Agriculture of
SFSCA RAS were used. The experiment was
conducted in 1981 on the territory of the farm
"Elitnaya" - a branch of SFSCA RAS in the
Novosibirsk region in the central forest-steppe
subzone. The data include the results of re-
search (2013-2018) of a four-field grain and
fallow crop rotation (fallow - wheat - wheat -
wheat). The experiments were carried out with
different variants of the main tillage:

— ploughing (for the 1st and 3rd crops to a
depth of 20-22 c¢m, for the 2nd - 25-27 cm);

— non-moldboard tillage (non-moldboard
loosening with SibIME tines for the 1st and

3rd culture to a depth of 20-22 cm, under the
2nd - 25-27 cm);

—minimum tillage (stubble-mulch to a depth
of 10-12 cm for all crops annually);

— zero tillage (no under-winter plowing).

The stationary soil is leached chernozem
of medium-loam granulometric composition.
Modelling was carried out using data on nitrate
nitrogen content in the 0-40 cm soil layer be-
fore sowing.

The training of the BBN was carried out in
the Netica software version "6.07", the logistic
regression model was implemented in the SPSS
module package version "26". In modelling,
80% of the original sample data were used for
model training and 20% for testing (forecasting).

The dimensioning of the nitrate nitrogen
level in the soil was set according to A.E. Ko-
chergin's scale.

RESULTS AND DISCUSSION

BBN construction. BBN is an oriented acy-
clic graph, each vertex of which corresponds
to a random variable, the arcs of the graph en-
code the conditional independence relations
between these variables. The vertices can rep-
resent variables of any type, be weighted pa-
rameters, latent variables or hypotheses [13].
BBN are probabilistic because they are based
on probability distributions and use probability
theory to make predictions. Some data or ex-
pert knowledge (heuristics) are used to train
and run a BBN. A prediction model is based on
Bayes formula, which determines the probabil-
ity of an event occurring, assuming that another
event that is interdependent with it has already
occurred.

The construction of a BBN begins with the
definition of the graph structure, in which the
main (main) nodes and their parameters are
identified.

Based on the data structure, it is expertly
assumed that the amount of nitrate nitrogen in
the soil is dependent on weather conditions and
farming practices.

The main nodes of the network are then
represented by the qualitative and quantitative
parameters of the working area (soil subtype,
forecrop, tillage, weather conditions) with the
corresponding gradations (events):

— soil sub-type - discrete variable with one
gradation — Leached chernozem;

— soil tillage with four gradations — Plow-
ing, Non-mouldboard tillage, Minimum tillage,
Zero tillage;

— forecrop with four gradations — Fallow,
fallow wheat 1, fallow wheat 2, fallow wheat 3;

— weather conditions with two gradations —
Favorable, Unfavorable;

— nitrate nitrogen content in the 0-40 cm soil
layer with two gradations - Less than 10 (less
than 10 mg/kg soil) and More than 10 (more
than 10 mg/kg soil). This node is the target
node.

The next step was to construct an acyclic
graph and arrange causal relationships to the
target node, which is a prerequisite for further
completion of the conditional probability table
(CPT), taking into account the analysis of the
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data obtained. The constructed graph consists
of four main nodes (soil subtype, weather con-
ditions, forecrop, tillage) and one target node
(nitrate nitrogen content). At this stage, the sys-
tem sets up a uniform probability distribution
for all the nodes (see Figure 1).

Once the structure of the graph has been
drawn up and the cause-and-effect relation-
ships have been defined in the form of arrows
from the main nodes to the target node, the CPT
is constructed and completed according to the
logic of the model (see Figure 2).

In CPT, the program automatically builds
possible combinations of random events of
the major nodes affecting the two events of the

target node (nitrate nitrogen content - Less 10,
More 10). In doing so, experts assign a priori
probability of occurrence of each of the two
events of the target node to each combination of
random events of the main nodes, thereby train-
ing the model. The higher the percentage, the
greater the probability that a given event will
occur. In completing the CPT, the experts were
guided not only by heuristics (knowledge of the
problem) but also by empirical data from field
experience. Once the CPT is fully constructed
and populated, the BBN is compiled and the
network is ready to use.

Before giving a forecast for 2021 for nitrate
nitrogen content in the 0-40 cm soil layer, the

Soil subtype |
Leached chernozem 100 [

Soil treatment i _¥ Forecrop
Plowing 250 e Nitrate nitrogen content Fallow 250
Mo tillage 25.0 ® less 10 50.0 mm— [ wheat steamed 1 250
Minimum tillage  25.0 mare 10 50.0 m— wheat steamed2  25.0
Zerotillage 250 Y wheat steamed 3 250

Weather conditions
Favorable  50.0 e |
Unfavorable  50.0 :

Puc. 1. CtpykTypa anukiIndeckoro rpaga.
Fig. 1. The structure of an acyclic graph.

u Metica - [E Takble (in Bayss net

oneta_600802021) ]

A% File Edit Table Window Help

= =] | | | 2 o 1 ob % g | 2|
MNode: E vl Apply 0K
Chance vl % Probability vl Reset Close
B C A D less 10 more 10
Leached chemozem Plowing Fallow Favorable 25 75
Leached chemozem Plowing Fallow Unfavorable 31 &9
Leached chemozem Plowing wheat steamed 1 Favorable il 18
Leached chemozem Plowing wheat steamed 1 Unfavorable 87 13
Leached chemozem Plowing wheat steamed 2 Favorable il 12
Leached chemozem Plowing wheat steamed 2 Unfavorable =] 10
Leached chemozem Plowing wheat steamed 3 Favorable L] 11
Leached chemozem Plowing wheat steamed 3 Unfavorable 3z 8
Leached chemozem Mo tillage Fallow Favorable L1i] &0
Leached chemozem Mo tillage Fallow Unfavorable a5 55
Leached chemozem Mo tillage wheat steamed 1 Favorable a0 20
Leached chemozem Mo tillage wheat steamed 1 Unfavorable il 15
Leached chemozem Mo tillage wheat steamed 2 Favorable 85 15
Leached chemozem Mo tillage wheat steamed 2 Unfavorable a0 10

Puc. 2. ®parmMeHT TaONUIBI YCIOBHBIX BEPOSATHOCTEN

Fig. 2. A fragment of the conditional probability table
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network was trained to determine its behavior
during changes in the events of the main nodes
and to obtain the posterior probability of the
target node. For this purpose, a situation was
modelled (first scenario) in which the conditions
on the working plot were as follows: forecrop -
Fallow, tillage — Mouldboard Plowing, weather
conditions - Unfavorable (see Figure 3).

In the first scenario, the BBN predicts with
a 69% probability that the nitrate nitrogen con-
tent in the 0-40 cm soil layer will be more than
10 mg/kg.

In order to check the stability of the network,
the second scenario was analyzed (node events
changed): forecrop — fallow wheat 3, tillage -
Zero tillage, weather conditions - Favorable
(favorable) (see Figure 4).

Under the second scenario, the BBN predicts
that there is a 95% probability that the nitrate
nitrogen content in the 0-40 cm soil layer will
be less than 10 mg/kg.

A sensitivity analysis has also been conduct-
ed for the BBN. A sensitivity analysis function
is used to determine the magnitude and extent
of the impact of the main nodes on the target
node events in a descending order (see Table 1).

The mutual information between the two
nodes indicates how dependent these nodes are
on each other. If it exists, it shows how close
their relationship is. The highest rate of mutual
information is obtained for the forecrop node.
This means that the node has the greatest in-
fluence on the target indicator (nitrate nitrogen
content in the 0-40 cm soil layer). Weather con-

ditions and soil tillage have much less influence
on the target indicator.

Construction of a logistic regression model.
To predict the target indicator (nitrate nitrogen
content in the 0-40 cm soil layer), the relation-
ship of this indicator (dependent variable) to the
following independent variables (factors) was
investigated: forecrop, tillage method, weather
conditions (precipitation in April-May and Sep-
tember, average monthly air temperature for the
same months).

The dependent variable can be categorized
as a categorical variable when the values of
nitrate nitrogen in the 0-40 cm soil layer take
the form - Less 10 and More 10. In this case,
the desired relationship can be obtained using
a logistic regression model [14]. In this case,
one of the categories of the dependent variable
becomes the reference variable and the other is
compared with it. The independent variables
can be categorical or quantitative. The logistic
regression equation predicts the probability of
belonging to each category of dependent vari-
able by the values of independent variables.
The final selection of the predicted category for
the dependent variable is made according to the
rule of most likely membership.

Data generated in the form of a table of 72
observations (rows) and 9 factors (columns),
including the dependent variable, were used to
obtain the parameters (coefficients) of the lo-
gistic regression (see Figure 5).

The number of observations is distributed by
the nitrate nitrogen content in the 0-40 cm soil

Puc. 3. Ilepssiii cuenapuii bCJ]
Fig. 3. The first DAG scenario

Soil subtvpe |
Leached chernozem 100 [

Soil treatment | . _Y Forecrop |
Plowing 100 Nitrate nitrogen content Fallow 100 |———
Mo tillage 0 = |ess 10 0w i [ wheat steamed 1 0 [N
Minimum tillage 0 more 10 £9.0 wheat steamed 2 0
Zerotillage 0 Fy wheat steamed 3 0

Weather conditions
Favorabte O] | | |
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Soil subtype |

Leached chernozem ~ 100 jmm—m—

Soil treatment . —¥ Forecrop
Plowing o] [ ¢ Nitrate nitrogen content Fallow 0
No tillage 0 B |ess 10 95.0 —— wheat steamed 1 0
Minimum tillage 0 mare 10 500 wheat steamed 2 0
Zero tillage 100 Fy wheat steamed 3 100

Weather conditions |
Favorable 100
Unfavorable 0

Puc. 4. Bropoii cuenapuit bC/|
Fig. 4. The second DAG scenario

Taba. 1. Pe3ynbrarsl aHanu3a 4yBCTBUTEIBHO-
CTH y3J1a COEeP KaHUsI HUTPATHOTO a30Ta B CJIOE
rouBsl 040 cm

Table 1. Results of the sensitivity analysis of the
nitrate nitrogen content node in the 0—40 cm soil
layer

Mutual o
Node informa- | Percentage Behef dis-
X persion
tion
Forecrop 0,308 33,9 0,08366
Weather conditions | 0,00174 0,204 0,00048
Soil tillage 0,00084 | 0,0987 |0,0002322
Soil subtype 0 0 0

layer as follows: Less 10 - 53, More 10 - 19.
More 10 category was selected as a reference
category.

Table 2 presents the coefficients obtained by
means of logistic regression. Based on the lo-
gistic regression calculations, we can conclude
that the strongest influence on the resulting
variable is exerted by fallow as a forecrop. If
the significance of the coefficient is P < 0.05,
the relationship is statistically significant. A
result of P>0.05 indicates that the relationship
between the variables is weak or not detected.
Third fallow wheat and zero tillage do not af-
fect the nitrate nitrogen content in the 0-40 cm
soil layer.

A measure of the adequacy (quality) of the
constructed logistic regression model is the
pseudo R-squared coefficient. In this case, the
resulting variance on the Nagelkerke measure

(usually the most used) is 70%, indicating the
satisfactory predictive power of the model.

Unlike conventional regression, a logistic
regression model does not predict the value of a
numerical variable based on a sample of initial
values. Instead, the value of the function is the
probability that a given initial value belongs to
a particular category.

Thus, in the course of the research, BBN
and logistic regression models were built and
trained, predicting nitrate nitrogen content in
0-40 cm layer of leached chernozem before
sowing. The forecast for 2021 was carried out
for the experiments presented in Table 3. The
weather conditions this year were unfavorable.

The prediction made with the help of BBN
shows accumulation of nitrate nitrogen in soil
layer 0-40 cm for fallow precedence in all vari-
ants is more than 10 mg/kg (with 69% proba-
bility for ploughing, 55% for non-mouldboard,
65% for zero tillage). For all other variants, ni-
trate nitrogen content of less than 10 mg/kg is
predicted. In contrast to BBN, logistic regres-
sion prediction shows nitrate nitrogen content
in 0-40 cm layer in all variants not more than
10 mg/kg.

The deviation (error) of the actual nitrogen
content from the predicted one was determined
as a criterion for evaluating the predictive mod-
els. Table 4, 5 present comparative predictive
capabilities of the models tested on the initial
sample. The initial sample consists of 72 obser-
vations, including 53 observations with nitrate
nitrogen content Less than 10 and 19 observa-
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Mpaeta Bug  [aHHbie MpecOpazoBaHne AHanuz Mpatuka YTHNHTBI PacwupeHua Okho Cnpaeka
= A h T AT ; ] Al
=h. 1= - 2 36 & = Bl 9«
4:
& log da MpeAWwecTBEHHIK CopepxanneNNOImrkr da ObpaboTkanouskl & Cp.temn.CeHt & Ocankncent
nousticnoe(40cm
1 2013 3-a nweHwua no napy 7,50 Benaweka 12 466666666666667 41,0
& 2013 3-A nweHWLa no napy 5,10 BeaoTeankHan 12 466666666666667 41,0
3 2013 3-A nweHuua no napy 5.80 Hynesan 12.466666666666667 41,0
4 2013 Nap 10,20 Benaweka 12,466666666666667 41,0
5 2013 Nap 8,90 BeaoteankHan 12 466666666666667 41,0
6 2013 Nap 9.60 Hynesan 12,466666666666667 41.0
7 2013 1-aA nwekuua no napy 8,30 Benaweka 12 466666666666667 41,0
8 2013 1-aA nwekuua no napy 9,50 BeaoTteankHan 12 466666666666667 41,0
9 2013 1-am nwexwua no napy 5,20 Hynesan 12,466666666666667 41.0
10 2013 2-aA nwekuya no napy 8,50 Benaweka 12 466666666666667 41,0
1 2013 2-aA nwexuya no napy 9.10 BeaoTeankHan 12.466666666666667 41,0
12 2013 2-am nwenuua no napy 440 Hynesan 12,466666666666667 41.0
13 2014 3-A nweHwua no napy 11,00 Benawea 9,400000000000000 52.0
14 2014 3-A nweHnua no napy 12.40 BeaoTBankHan 9.400000000000000 52,0
15 2014 3-3 nweHuua no napy 9,30 Hynegan 9.400000000000000 520
Puc. 5. @parmenT Tabnuipl 1aHHBIX B SPSS 11 mocTpoeHus TOrucTudeckoil perpeccun
Fig. 5. A fragment of a data table in SPSS for constructing a logistic regression
Ta6a. 2. Ouenka napameTpoB (KO3PPUIIMEHTOB) JIOIHCTHUYECKOM perpeccuu
Table. 2. Estimation of parameters (coefficients) of logistic regression
Coefficient of i
Factor . Standard error . Cgetﬁ016nt
variables significance (P)
Average monthly temperature (September) -1,7 0,6 0,007
Average monthly rainfall (September) -0,16 0,068 0,023
Average monthly temperature (April to May) -2,08 0,84 0,013
Average monthly rainfall (April to May) -0,22 0,076 0,003
Forecrop — fallow 5,1 1,7 0,002
Forecrop — 1-st wheat on fallow -0,613 0,8 0,48
Forecrop — 2-nd wheat on fallow -1,5 1,03 0,167
Forecrop — 3-rd wheat on fallow 0 0 0
Tillage - ploughing 1,03 0,81 0,27
Tillage — non-mouldboard -0,58 0,87 0,607
Tillage — zero 0 0 0
Constant 55,1 19,06 0,004

tions with nitrate nitrogen content More than
10.

In BBN, correct predictions for the Less 10
category are as high as 90%, with 48 observa-
tions predicted correctly and 5 incorrectly (see
Table 4).

For the More 10 category in the BBN, the
correct prediction rate is 68%. However, out of
19 observations, 13 were correctly predicted
by the model and 6 were incorrectly predicted.
For all observations, the overall proportion of
correct predictions is 84%. The reliability of

the predictions is lower than in logistic regres-
sion, but the efficiency of its predictive ability
is quite high.

When comparing actual observations of ni-
trate nitrogen content in the 0-40 cm layer with
predicted estimates using logistic regression,
it can be noted that the obtained proportion of
correct predictions is 94.3% for the category
Less 10 (see Table 5). This model correctly pre-
dicted 50 observations, three observations were
predicted incorrectly, falling into the category
More 10.
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For the sample of observations with nitrate
nitrogen content More 10, the proportion of cor-
rect predictions was 68.4%, of which 13 observa-
tions were correctly predicted and 6 predictions
were incorrect, falling into the category Less 10.
The total proportion of correct predictions in all
categories was 87%. Thus, given the small size
of the statistical sample and the small number of
predictors, the predictive properties of the tested
models can be considered satisfactory.

CONCLUSION

Using machine learning techniques, mod-
els have been built and trained to predict the
pre-sowing nitrate nitrogen content in the 0-40
cm soil layer with acceptable confidence. The
difference in methodologies is that the BBN in
predictive modelling allows for "what-if" sce-
nario analysis, can combine patterns inferred
from statistical data and expert knowledge de-

rived from actual data, and is able to handle in-
complete and different types of data.

In the future, it is planned to improve the
quality of the models by adding other predic-
tors affecting the resultant trait, to search for
machine learning methods that allow analysis
of small-scale data, and to verify the models
with actual data. The possibility of using the
built models to develop an expert system for
the selection and maintenance of agricultural
technologies, which will allow making com-
petent decisions in relation to the objectives of
agricultural production is being considered.
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1-st wheat on fallow Non-mouldboard Less 10 Less 10
1-st wheat on fallow Zero tillage Less 10 Less 10
2-nd wheat on fallow Ploughing Less 10 Less 10
2-nd wheat on fallow Non-mouldboard Less 10 Less 10
2-nd wheat on fallow Zero tillage Less 10 Less 10
3-rd wheat on fallow Ploughing Less 10 Less 10
3-rd wheat on fallow Non-mouldboard Less 10 Less 10
3-rd wheat on fallow Zero tillage Less 10 Less 10

Ta6a. 4. Knaccudpukarmonnas tadnumna bC/|
Table 4. DAG classification Table

Number of Predicted Iz)?gglrlrt:gte
observations Less 10 More 10 srodiotions
Less 10 (53) 48 5 90
More 10 (19) 6 13 68
Total share 84

Ta6a. 5. KinaccudpukammonHas Tabnniia Moaenu
JIOTUCTHYECKON perpeccun

Table 5. Classification table of the logistic re-
gression model

Number of Predicted Pefrcentage

observations Less 10 More 10 pC;egiocrtrizcr:lts
Less 10 (53) 50 3 94,3
More 10 (19) 6 13 68.4
Total share ]7

98  Siberian Herald of Agricultural Science ¢ 2021 « 51 ¢ 5

Mechanisation, automation, modelling and dataware



npOFH03I/IpOBaHI/Ie COACPIKaHU HUTPATHOI'O a30Ta B II0YBE C
HCITI0JIb30BAHHUEM MAIIMHHOTO 06yqu1/m

Kannukun B.K., JTyxnbix T.A., Pukcen B.C.,
Bacunsesa H.B., IlInak B.A.

10.

I1.

12.

Bendre M., Manthalkar R. Time series decompo-
sition and predictive analytics using MapReduce
framework // Expert Systems with Applications.
2019. Vol. 116. P. 108-120. DOI:10.1016/j.es-
wa.2018.09.017.

Khaki S., Wang L., Archontoulis S.V. A cnn-rnn
framework for crop yield prediction // Frontiers
in Plant Science. 2020. Vol. 10. P. 1750. DOI:
10.3389/1pls.2019.01750.

Benos L., Tagarakis A.C., Dolias G., Remigio B.
Machine Learning in Agriculture: A Comprehen-
sive Updated Review // Sensors. 2021. Vol. 21.
N 11. P. 3758. DOI: 10.3390/s21113758.
Cravero A., Sepulveda S. Use and Adaptations
of Machine Learning in Big Data — Applications
in Real Cases in Agriculture // Electronics. 2021.
Vol. 10. N 5. P. 552. DOI: 10.3390/electron-
ics10050552.

Paudel D., Boogaard H., Wit A. Janssen S.,
Osinga S., Pylianidis C., Athanasiadis 1. Ma-
chine learning for large-scale crop yield fore-
casting // Agricultural Systems. 2021. Vol. 187.
P. 103016. DOI: 10.1016/j.agsy.2020.103016.
Drury B., Valverde-Rebaza J., Moura M.-F,
Andrade Lopes, A. A survey of the applications
of Bayesian networks in agriculture // Engi-
neering Applications of Artificial Intelligence.
2017. Vol. 65. P. 29-42. DOI: 10.1016/j.engap-
pai.2017.07.003.

Fenton N., Neil M., Lagnado D., Yet B., Con-
stantinou A.C. How to model mutually exclusive
events based on independent causal pathways
in Bayesian network models // Knowledge-
Based Systems. 2016. Vol. 113. P. 39-50. DOI:
10.1016/j.knosys.2016.09.12.

Atigazan C.A. baiiecoBckuil 1oaxoz B 9KOHOME-
TpuueckoMm aHaimse // [lpuxnmagHas SKoHOMe-
tpuka. 2008. Ne 1 (9). C. 93-130.

Toponosa A.B. Tlogxoapl K TUAarHOCTHUKE COTJIa-
COBaHHOCTH JaHHBIX B 0alleCOBCKHX CETSX J0-
Bepust // Tpyast CIIMUPAH. 2015. T. 6. Ne 43.
C. 156-178.

Ipuwenos A.B., llonvrkuna E.B., Cyn K., Mion-
niep /{. BolsBlieHNE JETEPMUHAHT YPOKAaHHOCTH
nieHnnpl B 3anaanoid CHOMpH ¢ UCIIONb30Ba-
HHeM OaiiecoBckux cereil // [IpocTpancTBeHHas
skoHomuka. 2019. T. 15. Ne 1. C. 39-83. DOI:
10.14530/se.2019.1.039-083.

Zvizdojevic J., Vukotic M. Application of statis-
tical methods in analysis of agriculture-corre-
lation and regression analysis // Poljoprivreda i
Sumarstvo. 2015. Vol. 61. N 1. P. 309-323. DOLI:
10.17707/AgricultForest.61.1.38.

13. Jlumeunenxo H.I., Jlumeunenxo A.I., Mawwip-

oaes O.JK. baitecoBckue cetu. Teopus u mpak-
THKa: MoHOTpadusi. Anmarsl: MHCTUTYT HH)OD-
MAaIMOHHBIX M BBIYHUCIUTENIBHBIX TEXHOIOTUI
KH MOH PK, 2020. 197 c.

14. Hacneoos A.J]. IBM  SPSS Statistics 20 u

AMOS // TIpodeccnoHabHBINA CTAaTHCTHYECKAN
ananm3 naHsex. CI16.: Turep, 2013. 416 c.

REFERENCES

L.

o

Zhai Z., Fernan J., Beltran M.V., Martinez N.L.
Decision support systems for agriculture 4.0:
Survey and challenges. Computers and Elec-
tronics in Agriculture, 2020, vol. 170, p. 105256.
DOI: 10.1016/j.compag.2020.105256.

Bendre M., Manthalkar R. Time series decompo-
sition and predictive analytics using MapReduce
framework. Expert Systems with Applications,
2019, vol. 116, pp. 108-120. DOI: 10.1016/.
eswa.2018.09.017.

Khaki S., Wang L., Archontoulis S.V. A cnn-rnn
framework for crop yield prediction. Frontiers
in Plant Science, 2020, vol. 10, p. 1750. DOI:
10.3389/1pls.2019.01750.

Benos L., Tagarakis A.C., Dolias G., Remigio B.
Machine Learning in Agriculture: A Comprehen-
sive Updated Review. Sensors, 2021, vol. 21,
no. 11, p. 3758. DOI: 10.3390/s21113758.
Cravero A., Septlveda S. Use and Adaptations
of Machine Learning in Big Data — Applications
in Real Cases in Agriculture. Electronics, 2021,
vol. 10, no. 5, p. 552. DOI: 10.3390/electron-
ics10050552.

Paudel D., Boogaard H., Wit A. Janssen S.,
Osinga S., Pylianidis C., Athanasiadis I. Ma-
chine learning for large-scale crop yield fore-
casting. Agricultural Systems, 2021, vol. 187,
p- 103016. DOI: 10.1016/j.agsy.2020.103016.
Drury B., Valverde-Rebaza J., Moura M.-F.,
Andrade Lopes, A. A survey of the applica-
tions of Bayesian networks in agriculture. En-
gineering Applications of Artificial Intelligence,
2017, vol. 65, pp. 29—42. DOI: 10.1016/j.engap-
pai.2017.07.003.

Fenton N., Neil M., Lagnado D., Yet B., Con-
stantinou A.C. How to model mutually ex-
clusive events based on independent causal
pathways in Bayesian network models. Knowl-
edge-Based Systems, 2016, vol. 113, pp. 39-50.
DOLI: 10.1016/j.knosys.2016.09.12.

Aivazyan S.A. Bayesian approach in economet-
ric analysis. Applied econometrics. Prikladnaya

MexaHp3armsi, aBIOMATH3aLIS, MOICTHPOBAHIC
1 UH(POPMALMOHHOE obecreueHe

CuOHPCKHii BECTHHK CEIBCKOXO3SHCTBEHHOM Hayku * 2021 51«5 99



Prediction of nitrate nitrogen content in soil using machine learning

Kalichkin V.K., Luzhnykh T.A., Riksen V.S.,
Vasilyeva N.V., Shpak V.A.

ekonometrika = Applied Econometrics, 2008,
no. 1 (9), pp. 93—130. (In Russian).

10. Toropova A.V. Approaches to Diagnosing Data
Consistency in Bayesian Trust Networks. Trudy
SPIIRAN = SPIIRAS Proceedings, 2015, vol. 6,
no. 43, pp. 156—178. (In Russian).

11. Prishchepov A.V., Ponkina E.V., Sun Zh,
Myuller D. Identification of determinants of wheat
yield in Western Siberia using Bayesian networks.
Prostranstvennaya ekonomika = Spatial Econom-
ics, 2019, vol. 15, no. 1, pp. 39-83. (In Russian).
DOI: 10.14530/s¢.2019.1.039-083.

12. Zvizdojevic J., Vukotic M. Application of sta-
tistical methods in analysis of agriculture-cor-

NHO®OPMALINA Ob ABTOPAX

Kamuukun B.K., 10KTOp CelIbCKOXO035HCTBEH-
HBIX HayK, Ipodeccop, IIaBHbIH HAYIHBIA COTPYI-
Huk; e-mail: vk kalichkin@gmail.com

(XX JIyxubix T.A., Miaamvii HayuyHbli COTPYI-
HUK; aapec 1is nepenucku: Poccus, 630501, Ho-
BocHOMpcKas oomacte, p.i. Kpacaooock; COHIIA
PAH, a/s 463; e-mail: tanya.luzhnykh@mail.ru

Puxcen B.C., muagmmuii HaydHBIH COTPYIHUK;
e-mail: riclog@mail.ru

BacunweBa H.B., xaumgugar Ouosorude-
CKMX HAayK, CTapUIMi HayyHbIi COTPYIHUK;
e-mail:vasileva nv(@prometeus.sbras.ru

IMnak B.A., xangunar Qusuko-mMaremaTHye-
CKMX HayK, Hay4yHbIH coTpyaHuk; e-mail: shpak-
vaS4@gmail.com

relation and regression analysis. Poljoprivreda
i Sumarstvo, 2015, vol. 61, no. 1, pp. 309-323.
DOI: 10.17707/AgricultForest.61.1.38.

13. Litvinenko N.G., Litvinenko A.G., Mamyr-
baev O.Zh. Bayesian networks. Theory and
practice. Almaty: Institute of Information and
Computational Technologies, CS MES RK,
2020, p. 197. (In Russian).

14. Nasledov A.D. IBM SPSS Statistics 20 and
AMOS. Professionalny Statistichesky analiz dan-
nikh = Professional statistical data analysis, St.
Petersburg, Piter, 2013, p. 416. (In Russian).

AUTHOR INFORMATION

Vladimir K. Kalichkin, Doctor of Science in
Agriculture, Professor, Head Researcher; e-mail:
vk kalichkin@gmail.com

() Tatyana A. Luzhnykh, Junior Researcher;
address: PO Box 463, SFSCA RAS, Krasnoobsk,
Novosibirsk Region, 630501, Russia; e-mail: tanya.
luzhnykh@mail.ru

Vera S. Riksen, Junior Researcher; e-mail: ri-
clog@mail.ru

Nadezhda V. Vasilyeva, Candidate of Science in
Biology, Senior Researcher; e-mail:vasileva nv(@
prometeus.sbras.ru

Vladimir A. Shpak, Candidate of Science in
Physics and Mathematics, Researcher, e-mail:
shpakva54@gmail.com

Hama nocmynnenus cmamou / Received by the editors 21.06.2021

ama npunsmus k nyonukayuu / Accepted for publication 18.10.
I 0, /A d bl 18.10.2021
Jlama ny6aurkayuu / Published 25.11.2021

100 Siberian Herald of Agricultural Science ¢ 2021 « 51 ¢ 5

Mechanisation, automation, modelling and dataware



https://doi.org/10.26898/0370-8799-2021-5-12 Turm cTaTey: OpUTHHATBHAS
VIK: 631.671.1, 631.811.91 Type of article: original

CYTOYHBIE KOJIEBAHUSA TUAMETPA CTEBJISA TOMATA
KAK KPUTEPUI YIIPABJEHUSA MMOJIUBOM

) Ycoabuen C.®., Poi6akos P.B., Hectsik I.B., ['onuapenko 10.B.

Cubupckuii ghedepanvhwiii HayuHbll YeHmp azpoouomexnonozuti Poccutickou akademuu Hayk
HoBocubupckast o6macts, p.im. KpacnooOck, Poccus

(X) e-mail: sibime@sfsca.ru

Paccmotpen mporiece CyTOYHOTO M3MEHEHHSI AuameTpa cTelns ToMara ¢ Heliblo 000CHOBaHHUS
WCTIONIb30BAHMA TOTO TTapaMeTpa JIIs YIIpaBlIeHHUs KarmeIbHbIM opoiieHreM. i3MeHeHre pa3mepoB
OT/EJBHBIX YacTell pacTeHU 3aBUCUT OT 00eCIIeueH sl TPOLYKIIMOHHOTO MPOLEcca BOJOH, CBETOM,
TETJIOM M 3JIeMEHTaMu nuTanus. [1o3ToMy Takue mapaMmeTpbl pacTeHHH, Kak TeMIleparypa JHCThEB,
CKOPOCTh TMOTOKA KCHIJIEMBI, THAMETP TUIOAA M CTEOINs, MOTYT OBITh MHIWKATOPaMU HAJMYWs He-
o0xonuMbIX pecypcoB. VccnenoBanus nposeaeHsl B HoBocnbupcekoii 06mact B MIOHE — CEHTSIOpe
2020 r. B kauecTBe MHAMKATOpa BOAHOTO CTpecca PACTEeHMH MCIOIb30BaHA BEIMYMHA TUAla30Ha
CYTOYHBIX KOJICOaHM TrameTpa cTeOisl, KOTopas NMeeT TECHYIO CBSI3b C OTHOCHTEIEHOM BIIaXKHO-
CTBIO MOYBBHI. VICTOUHMKOM MH(OPMALKU MOCTYKHIN PE3YAbTaThl N3MEPEHHUH BIAXKHOCTH TTOYBBI
U TIPUpPOCTa TuaMeTpa cTeliist Tomara. DKCIIEPUMEHTHI 0 OLIEHKE BIMSHHS BOIHOTO jAeduiuTa Ha
rapaMeTpsl CTeOs MPOBOIMIIN Ha PACTEHNUH, BRICAXKEHHOM B OTKPBITHIA TPYHT OTAEIHHO OT OCTalb-
HBIX. YCIIOBHS MCKYCCTBEHHOI'O BOJHOT'O CTpecca CO3JaBajii IyTeM IOJUBa OAWH pa3 B HEAEINIO.
COOop JaHHBIX OCYIIECTBJISUIN C IMOMOIIBI0 (pUTOMOHUTOpPa PM-112, 1aTUMKOB BIQXXHOCTH IOYBBI
" AraMeTpa pocrta cTedist. Pe3ynbraTsl m3amMepeHuiit oopadarsiBanu B mporpamme Microsoft Office
Excel. YcranoBneHo, 4To quana3oH CyTOUHBIX KOJIOaHUH MpUpOCTa JHaMeTpa CTeOs 3aBUCHT OT
Hanuuus Biary. [Ipu BnaxkHoctu noussl Hike 30% pacTeHUe HCIBITBIBACT BOAHBINA CTPECC U AMaIa-
30H KOJIeOAHWH quamMeTpa cTeOs yBennauBaeTcsl. MakCHMaIbHBIA pOCT AHaMeTpa cTeOss Habro-
naicst B 7-10 4, munumanbablii — B 13—15 u mectHOTrO BpeMeHu. PazHuna Mexay MakCUMyMOM U
MHUHHMYMOM CYTOYHOTO MIPUPOCTa TUaMeTpa cTeOlist XapaKTepru3yeT AUana3oH CyTOYHOW Pa3HHUIIbI
IraMeTpa CTeOmsl, KOTOPBIH TECHO KOPPENHPYET ¢ BIAKHOCTHIO TOYBBL. Koaddumment xoppens-
Uy Mexkay HUMH coctasiseT 0,72. [IpenenbHoe 3HaueHHE CyTOUHON pa3HULIBI AUAMETPOB CTEOIeH
cocrasisier 0,025 MM npu Binaxknoctu 1ouBbl 30%. [IpeBbimenne GpakTuueckoro 3HaYCHHUS ITOTO
rapaMeTpa TpaHUIHOTO 3HAYEeHUS MOXKET CIY)KUTh CUTHAJIOM K BKITFOUEHHIO CHCTEMBI OPOIICHUS.
Peanuzanust jaHHOTO MOIXO0Ja AaeT BOZMOKHOCTH aBTOMAaTH3MPOBAaTh TEXHOJOTHUECKUH Mpolecce
MOJIMBA M YUECTh [T0Ka3aTellb, CHTHAIM3UPYIOIINH O BOIHOM CTpECcce PacTCHUSI.

KaioueBbie cioBa: mpoayKIMOHHEIH MTpoliece, TuaMeTp cTeOsi, BOMHBII cTpecc, GUTOMOHHUTO-
PVHT, IaTYUK, TTOJHB

DAILY VARIATIONS IN TOMATO STEM DIAMETER AS A CRITERION FOR
IRRIGATION MANAGEMENT

() Usoltsev S.F., Rybakov R.V., Nestyak G.V., Goncharenko Yu.V.

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

(<) e-mail: sibime@sfsca.ru

The process of daily variation in tomato stem diameter is examined in order to justify the use
of this parameter to control drip irrigation. Changes in the size of individual plant parts depend
on the provision of water, light, heat and nutrients to the production process. Therefore, such
plant parameters as leaf temperature, xylem flow rate, fruit and stem diameter can be indicators of
availability of necessary resources. The research was carried out in Novosibirsk region in June -
September 2020. The value of the range of daily variations in stem diameter, which has a close
relationship to relative soil moisture, was used as an indicator of plant water stress. The source of
the information is the results of measurements of soil moisture and stem diameter growth of tomato.
Experiments to assess the effect of water deficit on stem parameters were carried out on a plant set
out in the open ground separately from the rest. Artificial water stress conditions were created by
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Daily variations in tomato stem diameter as a criterion for irrigation
management

Usoltsev S.F., Rybakov R.V., Nestyak G.V., Goncharenko Yu.V.

watering once a week. Data were collected using a PM-11z phytomonitor, soil moisture and stem
diameter growth sensors. The results of measurements were processed in Microsoft Office Excel
program. It was found that the range of daily fluctuations of stem diameter growth depends on
moisture availability. When soil moisture is below 30%, the plant experiences water stress and the
range of stem diameter fluctuations increases. The maximum growth in stem diameter was observed
at 7-10 a.m. and the minimum at 13-15 p.m. local time. The difference between the maximum and
minimum of the daily stem diameter increase characterizes the range of the daily stem diameter
difference, which correlates closely with soil moisture. The correlation coefficient between them
is 0.72. The limit for the daily stem diameter difference is 0.025 mm at 30% soil moisture. If the
actual value of this parameter exceeds the limit value, the irrigation system can be activated. The
implementation of this approach makes it possible to automate the irrigation process and to take into

account the indicator that signals water stress of the plant.
Keywords: production process, stem diameter, water stress, phytomonitoring, sensor, irrigation
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INTRODUCTION

The productivity of agricultural plants is the
result of a complex of natural processes that de-
pend on the habitat. Negative effects of these
influences are compensated by technological
processes. The efficiency of cultivation de-
pends on the correct and timely execution of all
technological operations for crop cultivation.
Currently, most research is focused on the ap-
plication of high-tech controls for production
processes and individual operations [1-3].

The basis for deciding whether or not to
carry out a technological operation is informa-
tion obtained by observing natural processes,
the experience and intuition of plant specialists.
The right choice of technological operation and
its timing depends largely on the human factor.
Reducing this dependence is one of the chal-
lenges that cannot be met without the digitali-
zation of crop technology.

According to the laws of farming, the maxi-
mum Yyield can be obtained when all crop con-
ditions are optimally combined. The limiting
factor when growing tomatoes in Siberian con-
ditions is heat. Application of cultivation facili-
ties during the whole period of vegetation in-
creases the air temperature in the zone of plant

growth, so the next limiting factor is moisture
supply [4-6]. Consequently, the timing of irri-
gation is an important condition for obtaining
high yields of tomatoes.

The purpose of the study is to justify the
choice of the parameter of daily variation of the
tomato stem diameter as a criterion for assess-
ing the necessity of performing the technologi-
cal process of irrigation.

MATERIAL AND METHODS

The plant production process consists of
photosynthesis and processes of organic matter
transfer from leaves to other organs by xylem
fluxes. The specificity of ecological and physi-
ological studies is that the plant is considered as
a single organism, the vital functions of which
are closely interrelated and are implemented
in constant interaction with changing environ-
mental factors [7, 8]. Changes in the size of
plant parts such as the stem and fruit depend
on the provision of the production process with
water, light, heat and nutrients. Such plant pa-
rameters as leaf temperature, xylem flux rate,
fruit and stem diameter can be indicators of the
availability of the necessary resources in the
production process [9-11].
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CyTtounsle KonebaHus JuaMerpa ctebist Tomara Kak KpUTepuii
YTIPaBICHUS TTOTUBOM
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Daily variation measures in the stem diam-
eter is an important indicator of water availabil-
ity. Many factors influence the water require-
ments of plants: soil, climatic, physiological
parameters of plants. Complex consideration
of such parameters in the mathematical mod-
el allows solving the problem of operational
control of drip irrigation systems [12-14]. The
boundary conditions of the necessity of the ir-
rigation operation are required to be determine
for practical use of these parameters. The set
problems are solved experimentally by measur-
ing the increment of stem diameter of tomato
at change of humidity of soil. The experiment
was conducted in the Novosibirsk region from
June 16 to September 10, 2020. A plant planted
in the open ground separately from the others
was used to assess the effect of water stress on
stem parameters. Conditions of artificial water
stress were created by watering once a week.
The use of special modern phytomonitor sys-
tems and equipment (photosynthesis monitor
RTM-48A and phytomonitor PM-11z [15] to
study the variability and diversity of changes
in the characteristics of CO2-gas exchange in
response to environmental changes) allowed us
to identify the optimal and threshold values of
abiotic factors limiting the growth and develop-
ment of plants [16].

An SMTE-3z soil sensor was placed in the
rooting zone of the plant at a depth of 10-20
cm. It measured the temperature, humidity and
electrical conductivity of the soil. The stem di-
ameter growth sensor SD-5z was installed on
the lower part of the stem to record the change
in stem size relative to its diameter at the time
of installation. The resolution was at least 0.002
mm. The fruit diameter sensor measured the ac-
tual fruit diameter. The resolution was at least
0.04 mm.

The sensor signals are transmitted via the
radio module to the phytomonitor, stored in its
memory and used for further computer process-
ing. The interval for collecting sensor informa-
tion is 15 minutes. The complex operates con-
tinuously throughout the vegetation period.

A DWS-11z weather station was used to
measure environmental characteristics, and
phytomonitoring sensors were used for plant
and habitat characteristics (see Figure 1).

RESULTS AND DISCUSSION

The results of measurements of fruit diam-
eter, stem growth and soil moisture are shown
graphically in Figure 2. The graph shows that
the limit value for soil moisture under the con-
ditions of the experiment is a moisture content
of about 30%. But this parameter can signifi-
cantly depend on the mechanical composition
of the soil and its other properties. Therefore,
the reaction of the plant to changes in its mois-
ture content is the most reliable criterion for as-
sessing the need for the technological process
of irrigation.

The stem diameter growth curve has two ex-
tremes daily: a maximum in the morning and a
minimum in the afternoon. The maximum stem
diameter increase was observed at 7-10 h and
the minimum at 13-15 h local time. The dif-
ference between the maximum and minimum
(hereafter referred to as the stem diameter dif-
ference) is a characteristic of the range of daily

Puc. 1. [Tpubops! 1u1s1 ©I3MEPEHUS MTapaMeTPOB
pacTeHui ¥ BHEUTHEH Cpe/ibl OOUTaHUS:

1 — MOYBEHHBIN 1aTUUK, 2 — JATYUK IPUPOCTA JUa-
MeTpa cTedns, 3 — IaTduK AuameTpa Iioaa, 4 — paauo-
MOZyJIb

Fig. 1. Instruments for measuring the parameters
of plants and the external environment:

1 —soil sensor, 2 — stem diameter growth sensor,
3 — fruit diameter sensor, 4 — radio module
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variations in stem diameter, which is closely
correlated with soil moisture. The correlation
coefficient between the two is 0.72.

The dynamics of the soil moisture and stem
diameter difference is shown in Fig. 3. The
graph shows that there is an inversely propor-
tional relationship between the soil moisture
and the variation in stem diameter, as the varia-
tions occur in counter-phase. With a soil mois-
ture of 30% the swing of the stem diameter is
about 0.025 mm. Hence, it can be assumed that
a stem diameter difference greater than 0.025
mm is a sign of tomato water stress. Howev-
er, this assumption requires further testing and
clarification of the effect of the plant age and
other conditions.

CONCLUSION

An indicator of the presence of water stress
in tomatoes is the amount of daily variation in
stem diameter. The stem diameter difference,
i.e. the difference between the morning maxi-
mum and the daily minimum of stem diameter
growth, can be used as an indicator of plant wa-
ter stress to control irrigation systems in digital
tomato cultivation technology. According to the
results of the study, the limit value of the stem
diameter difference is 0.025 mm. Exceeding the
actual value of this limit value parameter can
serve as a signal to activate the irrigation sys-
tem.
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Fig. 2. Dynamics of changes in soil and plant parameters with a lack of moisture

1 — time of the morning maximum, 2 — time of the daytime minimum, 3 — value of the morning maximum,
4 — value of the daytime minimum, 5 — permissible minimum soil moisture
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ITAPAJIMTMA B3AMMOJIEMCTBUSA CUBUPCKOM

HAYYHOMH CEJIbCKOXO3IHCTBEHHOM BUBJINOTEKH

U ATPAPHBIX HAYUYHO-UCCJEJOBATEJBCKUX

U OBPABOBATEJIBHBIX YYPEXKJIEHU CUBUPCKOI'O PETHOHA

Tonuenko A.C., <) *MeabnukoBa T.H., I'apke T.M., 2KpetoBa E.A.

ICubupckuil pedepanvhvlil HayuHblil yenmp azpobuomexnonocutl Poccutickoil akademuu HayK
HoBocubupckast o6macts, p.im. Kpacnoobck, Poccus

2Cubupckas HayuHnas cenbckoxosscmeennas oubnuomexa — gunuan Iocyoapcmeennou nyorudHoul
Hayuno-mexHuyeckou oubnuomexu Cubupckoco omoenenusi Poccutickou akademuu Hayk
Hosocubupckast oo6macts, p.im. KpacnooOck, Poccus

(<) e-mail: melnikova@spsl.nsc.ru

PaccMoTpeHbl OCHOBHBIC HANpaBJICHUs] COBMECTHOH paboThl HayYHO-HCCIICAOBATEILCKUX Y-
pexaennit (HNY) cenbckoxossiictBeHHOTo mpoduiisi Cubupckoro pernona 1 CHOMpPCKON HayqHOMH
cenpckoxossiicTBeHHON Oubnmmorekn (CuoHCXDB), dyaknnonupyonmx B cTpykrype CHOMpPCKOTO
oraenenuss BACXHWII (Poccenpxo3akaneMnu) ¢ MOMeHTa co3aanust B 1969 1. 1o peopranuzamnu-
oHHoro nepuoza pedopmuposanust Hayku (2013-2021 rr). Ilokazana cneunduka OnOIMOTEUHO-
WHPOPMAILIMOHHON AEATENILHOCTH OTPACiCBOM BEIOMCTBEHHOW OMONIMOTEKM M MHOTOYPOBHEBas
MOJIeTb B3aMMOJICHCTBHSI ¢ MHCTUTYTaMH TI0 YIOBJIETBOPEHHUIO MH(POPMAIIMOHHBIX MOTPEOHOCTEH
yUeHbIX U crienuanucToB arpapabix HUY B nopedopmennsiii nepuoa. [Ipeacrasiensl pesyibra-
Thl MOHUTOPUHIA COCTOSIHUA OMOIMOTEYHO-MH(POPMALMOHHON IeSTEIbHOCTH B HHCTUTYTaX, OKa-
3aBUIMX BIMSHUE HA pa3BUTUE HOBOM koHUenuuu B3aumoneictsus ¢ HMY. Ha ocHoBe ananusa
peOpraHu3alMOHHBIX [IPOLECCOB MPEACTABICHA HOBasl CTPYKTYPa HayYHBIX OpraHU3alMi CeNIbCKO-
xo3stiictBeHHOTO Tpodpuist Cubupu. OHa ABIsIETCS OCHOBOW pa3pabOTKU HOBOM MapajnurMbl B3au-
MOJICHCTBHS HAyYHBIX KOJUIEKTHBOB M CHOMPCKON Hay4YHOW CENbCKOXO3SIHCTBEHHOW OMONMOTEKH,
B pe3yJIbTare peopraHu3aliy MoJy4yuBIIeh craryc (unuana ['ocynapcTBeHHOM MyONInYHON Hayd-
HO-TexHUYeckor Onbmmotexn Cubupckoro otmenenus Poccutickoit akagemun Hayk (ITIHTh CO
PAH). IIpoBenenHbIil B ycnoBHsIX peOPMHUPOBAHUS U PEOPTAHU3AIMOHHBIX TIEpEeMEH Ha OCHOBE
AQHKETUPOBAHUS aHAJIN3 TIOKA3bIBACT HOBBIC TCHACHIIMHU PACLIMPEHHUS CIIEKTPa HHTEPECOB YUCHBIX K
nHpopmanronnomy noreHuany CuOHCXbB kak kpynHeiei orpacieBoil OMOINOTEKH peruoHa.
B ycioBusix cMeHBI yIIpaBiIeHUs U pa3pylieHHs OpraHU3alnOHHO-(QYHKIIMOHAIBHBIX CBSI3EH arpap-
veix HNY, Bomeamux B cocta pernonHanbHbIX neHTpoB CO PAH, oTmeueHa opueHTanus Ha pas-
BUTHE U YCHWJIEHHME KOMMYHHKALUI ¢ HEHTPaJbHBIMHU aKaAEMHUUYECKUMHU OMONNOTEKaMH PETHOHOB
1 BOCCTaHOBJICHHE Ha HOBOW OCHOBE B3aUMOJEHCTBHS C OMOMMOTEKaMU arpapHOro o0pa3oBaHUsL.
Omnpenenenne crpykTypbl arpapabix HUY u yupesxxaenuit o0pazoBaHusi pernoHa B HOBBIX TPaHULAX
BEJIOMCTBEHHBIX OTHOIIEHUII MUHHUCTEpPCTBa CEIBCKOTO X0341CcTBAa, MUHUCTEPCTBA HAyKHU U BBIC-
nrero oopaszoBanus no3sossier onpenensate CHOHCXB kak cucremoobpasytoriee 3BeHO. DTO AacT
BO3MOKHOCTh pa3BUBATh OCHOBHBIC (DYHKIIMOHATIBHBIC HAIIPABICHUST ONOIHMOTEUHO-UHPOPMAITHOH-
HOH nesTenbHOCTH B CHOUPCKOM peTHOHE.

KiroueBble ci10Ba: HayqyHO-HCCIIEAOBATEIbCKUE HHCTUTYTBI, OTPAcieBble OMOINOTEKH, yIIpaB-
JICHUE, peopranu3alusi, B3auMOIeHiCTBHE, KOMMYHHUKAIIMU, MOJECITUPOBAHUE B3aUMOCBS3CH
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The article covers the main directions of joint work of scientific-research institutions (SRI) of
agricultural profile in the Siberian region and Siberian Scientific Agricultural Library (SibSAL)
functioning within the structure of the Siberian Branch of VASKHNIL (Russian Agricultural
Academy) since its establishment in 1969 up to the reorganization period of science reform (2013-
2021). The specificity of library and information activity of departmental library and multilevel
model of interaction with institutes to satisfy information needs of scientists and specialists of
agrarian research institutes in pre-reform period is presented. The results of monitoring the state of
library and information activities in the institutes that have influenced the development of the new
concept of interaction with SRI are presented. Based on the analysis of reorganization processes, a
new structure of scientific organizations of the agricultural profile of Siberia is presented, which is the
basis for the development of a new paradigm of interaction between research teams and the Siberian
Scientific Agricultural Library, which received the status of a branch of the State Public Scientific
and Technical Library of the Siberian Branch of the Russian Academy of Sciences as a result of the
reorganization. The analysis carried out in the conditions of reform and reorganization changes on
the basis of a questionnaire shows new trends in expanding the range of interests of scientists to the
possibilities of the information potential of the SibSAL as the largest branch library in the region.
In the context of the change of management and the destruction of organizational and functional
ties of agricultural research institutes that have become part of the regional centers of the SB RAS,
the orientation to the development and strengthening of communications with the central academic
libraries of the regions and the restoration of interaction with libraries of agricultural education on
a new basis is noted. The definition of the system structure of agricultural research institutes and
educational institutions of the region within the new boundaries of departmental relations of the
Ministry of Agriculture, the Ministry of Science and Higher Education will allow establishing the
vector of interaction of the SibSAL as a system-forming link. This will enable the development of
the main functional areas of library and information activities in the Siberian region.
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Paradigm of interaction between the Siberian Scientific Agricultural
Library and agrarian research and educational institutions of the
Siberian region

Donchenko A.S., Melnikova T. N., Garke T. M., Kretova E. A.

The study of the problems of interaction
between research institutions in the sphere of
information and library activities as the sub-
ject of scientific research of Siberian Scientific
Agricultural Library (SibSAL) specialists starts
from the period of organization in 1969 in No-
vosibirsk a large scientific centre of agricultural
science of Siberia and the Far East - Siberian
Branch of the V. I. Lenin All-Union Academy
of Agricultural Sciences (Siberian Branch of
VASKhNIL). In 1971 thanks to the initiative of
the head and organizer of the SB VASKHNIL
(Russian Academy of Agricultural Sciences)
academician Irakli Ivanovich Sinyagin the de-
partmental scientific library was organized in
its structure. According to the decision of the
Presidium of the Siberian Branch of the All-
Union Academy of Agricultural Sciences of
20.01.1972 the SibSAL became the centre of li-
brary and information bibliographic service of
the scientists and specialists of agricultural sci-
ence and production of Siberia and the Far East
and the organizing, scientific-methodical and
coordinating centre of the libraries of the ag-
ricultural research institutions and educational
establishments irrespective of their departmen-
tal subordination [1]. Established by the expe-
rience of the Siberian Branch of the Russian
Academy of Sciences and functioning for half
a century, the complex of agricultural research
institutes with sectoral departmental library has
been a benchmark for the organization of agrar-
ian science. It is regarded by specialists as an
effective process of scientific communication,
ensuring the integrity and interaction of all ele-
ments of the system'. Further history has shown
that the problem of interaction between the par-
ticipants of this process is not a purely scientific
problem, it is closely related to the problem of
the relationship between the professional com-
munity and all levels of government - from the
management of the individual institute to the
public authorities?.

The SibSAL in the structure of SB VASKH-

NIL (Russian Agricultural Academy) developed
under the conditions of the planned economy
of the Soviet period in the command-adminis-
trative system of management according to the
branch and departmental principles. In addition
to administrative management by ministries
and departments, there was a system of meth-
odological guidance for the country's libraries.
Most of the branch scientific departmental li-
braries, with the exception of the central librar-
ies, had no status of a legal entity, being subor-
dinate to the departmental management within
an enterprise or organization. Thanks to one of
the advantages of the Soviet period of devel-
opment of our country, libraries of all branches
and departments received professional method-
ical support and assistance from leading librar-
ies, based on a deep scientific-theoretical basis
and generalized practical experience [2].

It was during this period (1965-1979) that
Nikolai Semyonovich Kartashov, the prominent
scientist of the national library science, the Di-
rector of the State Patent Library of the Siberi-
an Branch of the Russian Academy of Science,
the author of monographs "The Interaction
of Scientific Libraries of the RSFSR" (1975)
and "The Formation of Library and Territorial
Complexes" (1978), studied the theoretical and
practical issues of organizing and functioning
of new library systems on the territory of Si-
beria and the Far East. These theoretical works
became the basis for his doctoral thesis "The In-
teraction of Scientific Libraries (Issues of His-
tory and Theory)", defended in 1978 in the Dis-
sertation Council of the V. I. Lenin USSR State
Library. N. S. Kartashov substantiated the es-
sence of dialectical contradiction in the activity
of libraries in satisfying departmental interests.
On one hand, this leads to the maximum cov-
erage of library acquisition boundaries; on the
other, due to the permanent funding limitations,
to the limited library resources and to the im-
possibility to satisfy departmental information
requests within one library**. These profound

!Susyura D.A. Theoretical foundations of building an effective form of organization of agrarian science. Scientific and tech-
nological development of agroindustrial complex: problems and prospects: materials of the XXI International Scientific-Practical

Conference "Nikon Readings - 2016". M., 2016. pp. 318-320.

*Mazuritski A.M. Interaction of libraries and authorities under transformation of library management system. Culture: theory

and practice. Electronic scientific journal. 06.09.2019.

JKartashov N.S. Methodological problems of complex resource development. Soviet Library Science. 1986. Ne 3. pp. 11-22.
“Kartashov N.S. Formation of library-territorial complexes. Novosibirsk: Nauka. Siberian Branch, 1978. 240 p.
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generalizations formed the basis for nation-
wide studies: 'The Place and Use of Library
Resources in the Country' (1981-1985) and
'"The Development of Regional Interdepart-
mental Interaction of Libraries' (1985-1992).
The studies culminated in the development of
scientific foundations for the formation of ter-
ritorial library associations, as well as in the
substantiation of a new scientific trend - re-
gional library science.

The SibSAL, within the framework of de-
velopment of scientific directions of its de-
partment, determined the branch content of
the collections, character of activities and de-
velopment of the information system through-
out its history until the reform of the Academy.
Within the framework of the unified sectoral
system of methodological guidance in coordi-
nation with the Central Scientific Agricultural
Library (CSAL, Moscow), SibSAL received
the status of scientific-methodological and co-
ordinating center within the serviced territory
of Siberia and the Far East in order to build a
model of information provision for the needs
of scientists and specialists with maximum
disclosure of regional libraries' resources [3].
This determined a special and unique territo-
rial and structural position of SibSAL in the
system of scientific and information activities
of the Russian Agricultural Academy. On the
one hand, SibSAL was peripheral in relation
to the CSAL, on the other hand, it remained
central in relation to the agricultural libraries
other research institutes in the region and was
responsible for their preservation and devel-
opment. It also performed the functions of in-
formation and library provision for scientists
and specialists of the Institute in the absence
of such libraries. Thus, the CSAL and SibSAL
rationally distributed professional authority
and influence over the libraries of the vast re-
gion [4, 5]. These issues and a brief excursus
into the history of relations between the Sib-
SAL and the libraries of agricultural research
institutes and organizations are covered in de-
tail in the article [6].

The interaction between the SibSAL and
the research institutes also made use of admin-
istrative resources. In this connection the most
urgent problems of library-information activ-
ity were strongly discussed at the meetings of

the Presidium, annual report meetings and sci-
entific sessions, where SibSAL reports were
periodically heard and decisions were taken as
a guide to action for the directors of research
institutes. SibSAL proposals on centralization
of libraries of the institutes located in Kras-
noobsk settlement, introduction of the system
of obligatory departmental copying, inclusion
in regional research programmes, research
and development, coordination of subscrip-
tion to periodicals, conclusion of agreements
on information support of NIU, formation of
state tasks for NIU on library services - this is
not a complete list of SibSAL initiative proj-
ects implemented in practice of research and
scientific organizational activities of SRI SB
VASKHNIL (Russian Agricultural Academy).
It should be noted that during this period the
relations between the SibSAL and agrarian
higher educational institutions and universi-
ties continued to develop on a contractual ba-
sis, without including a financial component.
The SibSAL has always prioritized students,
professors and postgraduates of both Novosi-
birsk Agrarian University and other regional
agrarian higher educational institutions. In re-
turn, they provided the library with the works
of their scientists.

The principle of constant monitoring of
the state of library and information activities
in the institutes was the basis for the devel-
opment of scientific communication between
SibSAL and regional SRI, which strengthens
the interaction between the parties. In addition
to collecting statistical data, generalization and
analysis, a questionnaire survey was periodi-
cally conducted among libraries, regardless of
their place in the structure of the organization,
or among specialists responsible for library
and information activities in SRI. The survey
conducted in 1996, 2006, 2010, 2012, reflect-
ing the dynamics of negative trends, the actual
stagnation of activities, further strengthened
the specialists of SibSAL to make important
decisions on library development and a new
concept of interaction with SRI [7, 8]. The
concept developed by SibSAL has changed
the dogmatic principle, referred to by SRI li-
braries as "methodological guidance", to "pro-
vision of information and advisory assistance"
to specialists. It was also aimed at the devel-
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opment of new information technologies and
complete reorientation of information support
to the direct requests and needs of scientists
and specialists of the Siberian region's agrar-
ian profile [9].

Before the reform of science in the SB Rus-
sian Agricultural Academy, there was a multi-
level model of interaction (see Figure 1):

— SibSAL — SB Russian Agricultural Acad-
emy Presidium,

— SibSAL — SRI,

— SibSAL — scientist.

Specialists studying the interaction be-
tween libraries in the post-Soviet space note
a direct link between the changes taking place
in all areas of library and information activi-
ties in close connection with the reorganiza-
tion processes taking place in society, culture
and science’.

The reform of state academies 2013 and
subordination of all SRI to the Federal Agency
of Scientific Organizations (FASO) disrupted
the logical sequence of development of the Si-
berian region's agrarian SRI activities. By in-
troducing the process of basic statutory activi-
ties of SRI in violation of the current poorly
funded, but systematic process of scientific
and production activities, the reform was the
beginning of a serious breakdown in the or-
ganizational and functional mechanism of the
system of SRI of the agrarian sphere in the Si-
berian region. The process of reforming deter-
mined two fundamental directions of SibSAL
activities: reorganization of the library itself as
a legal entity and reforming of all the research
institutes, formerly belonging to the Russian
Agricultural Academy, whose researchers and
specialists constituted the main contingent of
information users. On the threshold of SibSAL
transition to a new status, the Concept of de-
velopment of Siberian Scientific Agricultural
Library was worked out for inclusion in the
program of creation of the Federal Information
Centre "SPSTL SB RAS - SibSAL", which
has not been realized in full measure. The
functional areas of the SibSAL, which had no
departmental boundaries with the libraries of
agricultural research institutes and educational

institutions of the region, have also undergone
changes. This was facilitated by the division
of departmental subordination of agricultural
research institutes and institutions of higher
education between different ministries and de-
partments.

Despite the direct involvement in the pro-
cess of reorganization, the SibSAL, within the
framework of the state assignment, conducted
scientific research on "Development of infor-
mation support system for agricultural sci-
ence and education in Siberia in view of the
changes occurring in the economic, scientific
and informational sphere". The study of rela-
tionships and search for solutions to problems
arising from the destruction of the former sys-
temic links and creation of new ones between
the SibSAL and SRI in Siberia in modern con-
ditions has been continued. The results have
shown that at the time of the study 27 insti-
tutions out of 31 Siberian scientific research
institutes have been reorganized and included
in the five federal research centers. The status
of structural subdivision was given to 21 re-
search organizations, six institutions became
separate structural subdivisions (branches),
and four institutions retained their legal inde-
pendence. The number of SRI staff decreased
by 45% [10].

All agrarian scientific organizations in Si-
beria are currently subordinated to the Min-
istry of Science and Higher Education of the
Russian Federation. The scientific and meth-
odological guidance of agrarian research insti-
tutes is provided by the Joint Scientific Coun-
cil for Agricultural Sciences of the Siberian
Branch of the Russian Academy of Sciences,
which functions as the largest integrator and
the main expert of research, scientific-educa-
tional, experimental and development work in
the eastern part of Russia [11, 12].

In the process of science reform and reor-
ganization changes scientific organizations of
agricultural profile, formerly subordinate to
the RAAS (Russian Academy of Agricultural
Sciences), have been formed into four struc-
tural forms:

— federal centers - Siberian Federal Re-
search Centre of AgroBioTechnologies of the

SMazuritski A.M. Interaction of libraries and authorities under transformation of library management system. Culture: theory

and practice. Electronic scientific journal. 06.09.2019.
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research programs services

+ work in the joint council
on the use of information
resources of agrarian
science, scientific
sessions, annual meetings

* Creation and
maintenance of the system
of mandatory
departmental copy and
control of its receipt at the
level of acceptance of
scientific reports by the
SRI of the Russian
Agricultural Academy

topics

institute

* participation in scientific
events

- J -

/SibSAL - Presidium of ) [SibSAL -SRI ) /SibSAL — scientist )
the Siberian Branch of members of the
the Russian Agricultural Russian Agricultural
Academy Academy
* participation in « contracts for + SDI - SSM
scientific integrated information and library

* subscription
agreements for
periodicals

« creation of thematic
and biobibliographic
databases on the
institute's research

* participation in
scientific events of the

* consulting scrvices
for Web of Science,
Scopus, and RSCI
systems

+ information retrieval
on the R&D system

* clectronic delivery of
documents (articles)

» editing of reference
lists for
dissertations/articles/m
onographs

+ UDC/LBC

J N /

Puc. 1. Monens B3anmozeiicteuss CHOHCXDb B cocraBe CO Poccenpxo3akageMuu 10 pedhOpMBI:

NPU — u3buparensHoe pactnpoctpanenue nHpopmarmn, JJOP — muddepernnpoBanHoe 06caykuBaHNE PYKOBOIH-
teneit, PUHL] — Poccuiickmii manekc HaygHoro nutupoBanus, YK — yHuBepcanpHast qecsaTuaHast KiaccuQuKaris,

BBK — 6ubnmoreuno-ondmmorpadudeckas KiracCupUKaIs

Fig. 1. Model of interaction of the SibSAL as part of the Siberian Branch of the Russian Agricultural

Academy before the reform:

HPU (SDI) — selective dissemination of information, JIOP (SSM) — selective service for managers, PUHI] (RSCI) —
Russian Science Citation Index, Y/IK (UDC) — universal decimal classification, LBC — library and bibliographic

classification

Russian Academy of Sciences (consolidation
of 11 research institutes of the Siberian Branch
of the Russian Academy of Agricultural Sci-
ences (SB RAAS) in Krasnoobsk + branches
in Tomsk, Kemerovo, Chita);

— regional-branch centers (by regional-
branch thematic (agrarian) profile): Federal
Altai scientific center of agrobiotechnologies

(six research institutes of the Russian Acad-
emy of Agricultural Sciences are united in
Barnaul), and the Omsk Agrarian Scientific
Centre (three in Omsk);

— association of newly established centers
on the basis of regional centers of the Sibe-
rian Branch of the Russian Academy of Sci-
ences (three institutions became part of the
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SFSCA RAS:
8 SRI - structural units (Krasnobsk);
3 branches (Tomsk, Kemerovo, Chita)

Altai FASCA:
5 rescarch institutes -
structural units (Barnaul);

FSBSI:
5 Agricultural Research Institutes

1 branch (Gorno-Altaisk) SibSAL
branch of SPSTL (Iﬂ‘“tslli Yakutsk, 1
SB RAS Ulan-Ude, Abakan, Kyzyl)

Omsk ASC:
2 research institutes -
structural units (Omsk)

Research institutions
as part of FRC SB RAS:
2 research institutes -

structural units (Krasnoyarsk);

1 branch (Norilsk)

Puc. 2. Hayunble opranu3aiiy CebCKOX03aicTBeHHOTro npodmist Cubrupu B 30He HHOOPMALMOHHOTO

obecrieuenust CuoHCXb

Fig. 2. Scientific organizations of the agricultural profile of Siberia in the information support zone of the

SibSAL

Federal Research Centre "Krasnoyarsk Sci-
entific Centre of the Siberian Branch of the
Russian Academy of Sciences", two became
part of the Tyumen Scientific Centre, one (the
Siberian Research Institute of Plant Growing
and Selection) became part of the Federal Re-
search Centre of the Institute of Cytology and
Genetics of the Siberian Branch of the Russian
Academy of Sciences);

— maintenance of the Federal State Bud-
getary Scientific Institution Agricultural Re-
search Institute status (Buryatia, Yakutia,
Tyva, Khakassia, Irkutsk).

The new structure of scientific organiza-
tions of agricultural profile requires the Sib-
SAL to develop a new paradigm of interaction
between the library and scientific teams of
farmers. At the same time, it should be noted
that the reorganization process has not been
completed, it is becoming permanent, the
reforming continues [13, 14]. Integrating
scientific  organizations of  agricultural
profile in Siberia into a single information
space, SibSAL has begun to work out the
first approaches to modeling the system

development of scientific-information activity
at this stage (see fig. 2). Only interaction with
newly established centers and the scientific
community allows continuous monitoring of
changes [15].

The analysis of the questionnaire survey
of scientists and specialists of agricultural
research institutes, conducted by SibSAL in
the conditions of reforming and organizational
changes at the turn of 2019, 2020, has shown
the expansion of the range of scientists'
interests to the possibilities of information
potential of the library. It is justified that
most of the information needs of specialists
are based on the potential of the SibSAL as
the largest branch library in the region. But
there is also a need to address to the regional,
regional and libraries of agrarian higher edu-
cation institutions [10].

In the scheme of radical change of manage-
ment and elimination of organizational-func-
tional ties of agrarian research institutes that
have become part of regional centers of SB
RAS, their reorientation towards the develop-
ment and strengthening of links with the cen-
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tral academic libraries of the regions, as well
as restoration of interaction with the libraries
of agrarian education on a new basis is evi-
dent.

Defining the systemic structure of agrarian
research institutes and educational institutions
of the region within the new boundaries of
departmental relations between the Ministry
of Agriculture, the Ministry of Science and
Higher Education will allow to establish the
vector of interaction between the SibSAL as
a backbone link and on this basis to build li-
brary and information activity in the Siberian
region.
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KOHCTPYUPOBAHUE U N3YYEHUE NMMYHOT'EHHOCTH
BUPYC-BAKLIUHBI NTPOTUB BUPYCHBIX IHEBMOJDHTEPUTOB TEJIAT

<) Kpacouxko II.A., [lonacsxoB M.A.

Bumebckas opoena 3nax [louema 2ocyoapcmeennas akademusi 6emepuHapHol MeouyuHsl
Butebck, Pecriybnuka benapych

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

W3yyena Ha J1ab0paTOPHBIX KUBOTHBIX UMMYHOTEHHOCTh BUPYC-BaKIMHBI POTUB BU-
PYCHBIX THEBMOYHTEPHUTOB MOJIOJIHSIKA KPYITHOTO poratoro ckora. [IpencrasieHsl pe3ynbrarsl
mo00pa ONTUMAITFHBIX BaKITMHHBIX ITAMMOB IT0 N3yYSHHIO AEUCTBHS PA3INYHBIX HMHAKTHBAHTOB HA
BUPYC WH(EKIIMOHHOTO PUHOTPAXEUTa, BUPYCHOW JUApEH, Taparpuiina-3, pecruparopHO-CHHTHIIN-
AIBHOTO BUpYCa, pOTaBUpyCca U KOpOHaBUpyca. HakorieHne aBUPYJIECHTHBIX BAKIIMHHBIX IITAMMOB
BHPYCOB TTPOBOAMIIM C MCIOIB30BAaHUEM OOIIECTPUHATHIX BUPYCOIOTHIECKUX METOIOB Ha TIepEeBHBa-
embIX Kynbrypax kietok MJIBK (kierok nouek tenenka) u CII9B (kieTok movku 3MOpuoHa mopo-
ceHka). [ oTpaboTKu pexkKMMOB MHAKTHBAIIUK BaKIIMHHBIX ITAMMOB — KOMITIOHEHTOB 3KCIIEPUMEH-
TaJBHOW BaKIMHBI — B KAYECTBE MHAKTUBUPYIOIINX BEIIECTB UCTIOIB30BAJIM TEOTPOTINH U (hOPMaJIHH.
W3yueHbl aHTUTEHHAS aKTUBHOCTh aTTEHYWPOBAHHBIX IIITAMMOB BUPYCOB MH(EKIIMOHHOTO PUHOTpA-
XeuTa, BUPYCHOU JTMapeu, TIaparpuIia-3, peCluparopHO-CHHTUIIUAIILHOTO BUPYCa, pOTaBUpPYCa U KO-
pOHaBHpyca Ha OENTbIX MBIIIAX U TEIATaX U YPOBEHb CHENN(UIECKAX aHTUTET B CBIBOPOTKAX KPOBU
MOPCKHX CBUHOK, UMMYHU3UPOBAHHBIX BAKIIMHOW C HCIIOJIh30BAaHUEM Pa3HbIX aIbI0OBaHTOB. [1pu KOH-
CTPYHPOBAaHUU HOBOW BHPYC-BAaKIIMHBI MPOTHB BUPYCHBIX ITHEBMOAHTEPHUTOB UCIIOIB30BaHbI aBHPY-
JICHTHBIE IMTaMMBI BUpYcOB: nH(peknnornaoro puHorpaxenta (MPT-BB®-BIABM Ne 404); nuapen
(BA-BB®-BI'ABM Ne 406); naparpunmna-3 (I1I'-Bb®-BI'ABM Ne 403); pecriupaTopHO-CHHIIUTHAITb-
Horo Bupyca (PCB-BB®-BI'ABM Ne 405); porasupyca (PTB-Bb®-BI'ABM Ne 401) u koponaBupyca
(KB-BB®-BI'ABM Ne 407). Beibpanaple BaKIIMHHBIEC MITaMMBI HEPEAKTOT€HHBIC, BHI3BIBAIOT aKTHB-
HYIO BBIPAOOTKY MPOTHBOBUPYCHBIX aHTUTEN B JIOCTATOYHO BBICOKHMX THUTPAX KaK y JIAOOPATOPHBIX
JKMBOTHBIX (O€ble MBIIIH), TAK U Y CEJIbCKOXO3IHCTBEHHBIX (KPYITHBIH poratsliii ckot). Haunbomnee ag-
(heKTBHBIM MHAKTHBAHTUBUPYIONTIM BeriecTBoM sBisieTcs 0,1%-ii Teorpornua u 0,2%-1 popmanuH.
[Tpu nogbope onTUMAaITbHBIX aIbIOBAHTOB JJIsi KOHCTPYHUPOBAHUS BUPYC-BAaKIIUHBI HCIIOIB30BAJIN JIBa
BUJAa MaclsIHBIX agbroBaHToB — M3A 15 u U3A 25. AgproBanT M3A 15 ucnons30BaH B KOJITUUECTBE
15% ot xonmuaecTBa anTUTeHOB, U3A 25 — 25%. OnTUManbHBIM aIbIOBAHTOM ITPH H3TOTOBIEHUH DKC-
MIEPUMEHTAILHOW BUPYC-BaKIMHBI IPOTUB BUPYCHBIX ITHEBMOYHTEPUTOB MOJIOIHSIKA KPYITHOTO POra-
TOrO CKOTa siBisieTcs aabtoBaHT U3A 15 B 15%-i1 koHLIEHTpaLuu.

KuroueBble ¢JI0BA: BaKIMHA, UTHAKTHBAHT, a/IbFOBAHT, KYJIbTypa KJICTOK, THEBMOIHTEPUTBI, TEIISATA

DESIGN AND STUDY OF IMMUNOGENICITY OF VIRUS VACCINE AGAINST
VIRAL PNEUMOENTERITIS OF CALVES

(=) Krasochko P.A., Ponaskov M.A.

Vitebsk Order of the Badge of Honor State Academy of Veterinary Medicine
Vitebsk, Republic of Belarus

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

The immunogenicity of a virus vaccine against viral pneumoenteritis in young cattle was studied
in laboratory animals. The results of the selection of optimal vaccine strains to study the effects of
different inactivants on infectious rhinotracheitis virus, viral diarrhea, parainfluenza-3, respiratory

118  Siberian Herald of Agricultural Science * 2021 « 51 * 5 Scientific relations



KoncTpyupopanue 1 H3y4eHHE HMMYHOT€HHOCTH BUPYC-BaKI[MHbI Kpacouxo IT.A., ITonacexoB M.A.
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syncytial virus, rotavirus and coronavirus are presented. The accumulation of avirulent vaccine
virus strains was carried out using established virological methods on transplanted cell cultures of
MDBC (calf kidney cells) and SPEV (fetal pig kidney cells). Theotropine and formalin were used as
inactivating agents to develop inactivation regimes for vaccine strains - components of the experimental
vaccine. The antigenic activity of attenuated strains of infectious rhinotracheitis virus, viral diarrhea,
parainfluenza-3, respiratory syncytial virus, rotavirus and coronavirus on white mice and calves and
the level of specific antibodies in the sera of guinea pigs immunized with vaccines using different
adjuvants were studied. Avirulent strains of viruses were used in the design of a new virus vaccine
against viral pneumoenteritis: infectious rhinotracheitis (IBR-VBF-VSAVM No. 404); diarrhea (VD-
VBF-VSAVM No. 406); parainfluenza-3 (PG-VBF-VSAVM No. 403); respiratory syncytial virus
(RSV-VBF-VSAVM No. 405); rotavirus (RTV-VBF-VSAVM No. 401) and coronavirus (CV-VBF-
VSAVM No. 407). The selected vaccine strains are non-reactive and induce active production of
antiviral antibodies in sufficiently high titres in both laboratory animals (white mice) and farm animals
(cattle). The most effective inactivating agents are 0.1% theotropine and 0.2% formalin. Two types of
oil-based adjuvants, ISA 15 and ISA 25, were used to select the optimal adjuvants for the design of the
virus vaccine. Adjuvant ISA 15 was used at 15% of the antigen quantity, ISA 25 at 25%. The adjuvant
1ZA 15 at a concentration of 15% is the optimum adjuvant for the preparation of an experimental virus
vaccine against viral pneumoenteritis in young cattle.
Keywords: vaccine, inactivant, adjuvant, cell culture, pneumoenteritis, calves
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INTRODUCTION of the disease with a high mortality rate. The
most frequently diagnosed pathogen associa-
tions are IBR + VD (infectious rhinotracheitis
+ viral diarrhoea); IBR + PI-3 (parainfluen-
za-3); IBR + PI-3 + VD; IBR + VD + RS (re-
spiratory syncytial virus); rota + corona virus
+VD [4, 5].

Timely diagnosis to assess the etiological
structure of the infectious agents® (see foot-

eases for 55-70% of all cases in calves. Le- note 1) plays an important role in anti-epizo-

thality from these diseases is high and varies otic Measures. [1].' . .
from 45 to 70%! [3-5]. In industrial livestock farming, the main

effective way to prevent further spread of vi-
ral infections in calves is specific prevention
which is based on the use of virus vaccines
and hyperimmune sera or globulins [4-7].

Currently, pneumoenteritis of young cattle
of viral etiology is widespread in livestock
complexes and farms [1, 2]. According to N.A.
Kovalev et al. and E.V. Sussky et al., the inci-
dence of pneumoenteritis in newborn calves
reaches from 214 to 260% of the number of
births. Respiratory diseases of viral etiology
account for 33 to 60% and gastrointestinal dis-

However, these infections most often de-
velop in association form, where two or more
infectious pathogens are involved in the in-
fection process, causing a more severe course

Krasochko P.A., Krasochko I.A. Diagnostics, prevention and therapy of respiratory gastrointestinal diseases of young animals.
Problems of pathology, sanitation and infertility in animal husbandry: materials of international scientific and practical conference
devoted to the 100th anniversary of H.S. Goregliad and M.K. Yuskovets. Vitebsk, 1998. pp. 15-18.

2Gromov I.N., Prudnikov V.S., Krasochko P.A., Motuzko N.S., Zhurov D.O. Sampling for laboratory diagnosis of bacterial and
viral diseases of animals: guidance manual. Vitebsk, 2020.
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Design and study of immunogenicity of virus vaccine against viral
pneumoenteritis of calves

Krasochko P.A., Ponaskov M.A.

Currently, the biological industry of the
Republic of Belarus produces only two asso-
ciated vaccines - multivalent inactivated viral
vaccine against infectious rhinotracheitis, vi-
ral diarrhoea, rota-, coronavirus infection of
cattle "Tetravak" and viral vaccine live culture
against infectious rhinotracheitis, viral diar-
rhoea, parainfluenza-3. "Kombovak" vaccine
(vaccine against infectious rhinotracheitis,
parainfluenza-3, viral diarrhoea and respirato-
ry syncytial, rota- and coronavirus infection in
cattle) produced by SPU "Vetbiokhim" (Rus-
sia) is widely used in the market of biological
preparations used in animal husbandry.

Modern agriculture of the republic needs
biopreparations with a wider range of patho-
gens, which also include parainfluenza-3 and
respiratory syncytial virus. In this regard, the
design of domestic virus-vaccine against in-
fectious rhinotracheitis, viral diarrhea, parain-
fluenza-3, respiratory syncytial, rota-, corona-
virus infection in cattle is an urgent task [1, 8,
91.

The use of highly immunogenic virus
strains, the development of optimal means of
virus inactivation and the use of adjuvant im-
munostimulants to improve the efficiency of
the immune response are important in vaccine
design [3, 5, 7, 8, 10, 11].

In the process of work, we developed poly-
valent inactivated viral vaccine against infec-
tious rhinotracheitis, viral diarrhoea, para-
influenza-3, respiratory syncytial, rota and
coronavirus infection in cattle "Bolshevak",
studied its effect on immunity and metabolic
processes in animals® (see footnote 2) [2, 5,
9-11].

The aim of the study was to investigate the
immunogenicity of the viral vaccine against
viral pneumoenteritis in young cattle in labo-
ratory animals.

MATERIAL AND METHODS

Studies were conducted in the conditions
of the Department of Epizootology and In-
fectious Diseases, vivarium, as well as in the
branch laboratory of veterinary biotechnol-
ogy and contagious diseases of animals of

VSAVM, Research Institute of Applied Vet-
erinary Medicine and Biotechnology of the
Vitebsk State Academy and in livestock farms
of Vitebsk region (Republic of Belarus).

A comparative study of the infectious ac-
tivity of the following avirulent vaccine virus
strains was carried out in the design of the vi-
ral vaccine against viral pneumoenteritis: in-
fectious rhinotracheitis (IBR-VBF-VSAVM
No. 404 and KMIEV-6), diarrhoea (VD-VBF-
VSAVM No. 406 and KMIEV-7), parainflu-
enza-3 (PI-VBF-VSAVM No. 403 and KMI-
EV-8), respiratory syncytial virus (RSV-VBF-
VSAVM No. 405 and RSV), rotavirus (RTV-
VBF-VSAVM No. 401 and KMIEV No. 3)
coronavirus (CV-VBF-VSAVM No. 407 and
KMIEV No. 1)

The accumulation of avirulent vaccine vi-
rus strains was carried out using common vi-
rological methods on transplanted cell cultures
of MDBC (calf kidney cells) and SPEV (fetal
pig kidney cells).

Theotropin and formalin were used as inac-
tivating agents to develop modes of inactiva-
tion of vaccine strains, the components of the
experimental vaccine. For this purpose, inacti-
vating agents in various concentrations (from
0.1 to 0.5%) were added to the pre-titrated
virus-containing liquid.

The exposure of vaccine strains to inacti-
vant was 12 and 24 hours. After 6, 12 and 24
hours, samples of virus-containing material
were taken and the completeness of inactiva-
tion in cell cultures was studied in two to three
passages. An indicator of complete inactiva-
tion was the presence of CPD (cytopathic ac-
tion - the occurrence of degenerative changes
in cell cultures) after the virus came into con-
tact with the inactivant.

Two types of oil-based adjuvants, ISA 15
and ISA 25 (Montide, Seppic, France), were
used to select the optimal adjuvants for the de-
sign of the virus vaccine. The adjuvant ISA 15
was used in an amount of 15% of the number
of antigens, and ISA 25 in an amount of 25%.

To evaluate the efficacy of the adjuvants,
studies were carried out on guinea pigs. For
this purpose, three groups of guinea pigs of

3Krasochko P.A. Mono- and associative viral respiratory infections in cattle (immunological diagnosis, prevention and thera-
py): thesis of the Doctor of Science in Veterinary Medicine. Minsk, 1997. 45 p.
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five animals each were formed according to
the paired-analysis principle. Guinea pigs of
experimental group 1 received intramuscu-
larly 0.5 cm® of the developed vaccine with
ISA 15 adjuvant two times at 21-day intervals
into the inner thigh surface, those of experi-
mental group 2 received 0.5 cm? of the devel-
oped vaccine with ISA 25 adjuvant, and those
of control group 3 received a placebo. Blood
serum samples were taken from guinea pigs of
all groups 21 days after re-injection. The titer
of antiviral antibodies in serum samples was
determined by RIPR.

RESULTS AND DISCUSSION

The results of the comparative study of the
selected vaccine strains infectivity are pre-
sented in Table 1.

The following avirulent virus strains should
be used in the design of vaccines against viral
pneumoenteritis in young cattle: Infectious
rhinotracheitis (IBR-VBF-VSAVM No. 404);
diarrhoea (VD-VBF-VSAVM No. 406); para-
influenza-3 (PI-VBF-VSAVM No. 403); respi-
ratory syncytial virus (RSV-VBF-VSAVM No.
405); rotavirus (RTV-VBF-VSAVM No. 401);
coronavirus (CV-VBF-VSAVM No. 407).

The results of the tests to determine the
completeness of virus inactivation are shown
in Table 2.

In studies of the effect of inactivating agents
on ECD cell culture, it was determined that the
use of formalin in concentrations above 0.3%

and theotropin above 0.1% caused degenera-
tion of the monolayer.

The use of the studied inactivating agents
in low concentrations (0.1% tetropin, 0.2%
formalin) was found to inactivate viruses of
infectious rhinotracheitis, diarrhoea, parain-
fluenza-3, respiratory syncytial virus, bovine
rotavirus and coronavirus.

The results of the antiviral antibody titres
after administration of the developed virus
vaccine with different adjuvants to guinea pigs
are shown in the figure.

Immunization of guinea pigs with test
samples of vaccine with different oil-based
adjuvants induces the production of specific
antibodies in high titres. The use of the adju-
vant ISA 15 promoted an increase in the titre
of antibodies in guinea pig sera against the test
viruses in the range 3.6 + 0.3 to 5.8 + 0.3 log?,
the adjuvant ISA 25 in the range 3.0 + 0.3 to
5.0 +0.3 log’.

CONCLUSIONS

1. When designing an experimental vac-
cine against viral pneumoenteritis of young
cattle, the following avirulent virus strains
should be used: Infectious rhinotracheitis
(IBR-VBF-VSAVM No 404); diarrhoea (VD-
VBF-VSAVM No 406); parainfluenza-3 (PI-
VBF-VSAVM No 4 03); respiratory syncytial
virus (RSV-VBF-VSAVM No 405); rotavirus
(RTV-VBF-VSAVM No 401); coronavirus
(CV-VBF-VSAVM No 407).

Taoa. 1. CpaBHI/ITCHLHa}I I/IH(l)CKI_[I/IOHHaSI AKTHMBHOCTH BaKIITMHHBIX IITaMMOB

Table 1. Comparative infectious activity of vaccine strains

Virus Strain Virus titer Strain Virus titer
IBR KMIEV - 6 6,5 1g TCD/50 IBR- VBF - VSAVM Ne 404 7,5 1g TCD /50
Diarrhoea KMIEV -7 7,0 1g TCD/50 VD- VBF - VSAVM Ne 406 7,8 1g TCD /50
Parainfluenza-3 KMIEV -8 6,3 1g TCD /50 PI- VBF - VSAVM Ne 403 7,0 1g TCD /50
Rotavirus KMIEV -3 7,01g TCD /50 | RTV- VBF - VSAVM 401 8,0 1g TCD /50
Coronavirus KMIEV -1 5,0 g TCD /50 CV- VBF - VSAVM Ne 407 6,6 1g TCD /50
;ﬁfg;j‘;fl;ylms RSV 3,51gTCD /50 | RSV- VBF - VSAVM 405 4,8 1g TCD 50
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Ta6a. 2. Pesynbrarsl U3ydeHUs NHCTBUS Pa3IMYHBIX HHAKTUBAHTOB HAa BAKI[UHHBIC IIITAMMBI
Table 2. Results of the study of the effect of various inactivants on vaccine strains

Inactivati . Inactivation mode
. . nactivating agen
Type and strain of virus substance Inactivant
Sy Exposure, h
concentration, %
. Formalin 0,2 24
IBR virus (IBR- VBF - VSAVM Ne 404) Theotropin 0.1 24
. . Formalin 0,2 12
Diarrhoea virus (VD- VBF - VSAVM Ne 406) Theotropin 0.1 24
. . Formalin 0,2 12
Parainfluenza-3 virus (PI- VBF - VSAVM Ne 403) Theotropin 0.1 24
. Formalin 0,2 12
Rotavirus (RTV- VBF - VSAVM 401) Theotropin 0.1 24
. Formalin 0,2 24
Coronavirus (CV- VBF - VSAVM Ne 407) Theotropin 0.1 24
Respiratory syncytial virus (RSV- VBF - VSAVM Formalin 0,2 12
405) Theotropin 0,1 24

5 6 1
=
&
£
g
g
< 4 i
\
!
2 4
0 IBR virus Diarrhea virus  Parainfluenza-3  Respiratory Rotavirus Coronavirus
virus syncytial
Virus . Control group

- IZA 15
. 1ZA 25

ypOBeHL cneun(bnqecm/lx AHTUTEII B CBIBOPOTKAX KPOBHU MOPCKUX CBUHOK, UMMYHU3UPOBAHHBIX OIIbIT-

HOW BaKI[MHOM C pa3IMYHBIMK a{bIOBaHTaMH, log>

The level of specific antibodies in the blood sera of guinea pigs immunized with an experimental vaccine

with various adjuvants, log?

2. The selected vaccine strains are non-
reactive and induce active production of an-
tiviral antibodies in sufficiently high titres in
both laboratory animals (white mice) and farm
animals (cattle).

3. The most effective inactivating agents
are 0.1% theotropine and 0.2% formalin.

4. The optimal adjuvant for the preparation
of an experimental virus vaccine against viral
pneumoenteritis in young cattle is the adjuvant
ISA 15 at a concentration of 15%.
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