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S 3EMJIEJIEJINE U XUMW3AL[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2022-6-1 Tun crarby: OpUrHHANBHAS
VIK: 631.821:631.8:631.445.25:631:874 Type of article: original

MUHEPAJIBHBIE YIOBPEHUSA, U3BECTHb U CUJIEPALIUSA
B IIJIONOCMEHHOM CEBOOBOPOTE B YCJIOBUSIX IPUBAUKAJIbS

X Mbsiyenxo E.H.

Hprymckuil HayuHO-UCC1e008amenbCKUtl UHCIMUMYM CelbCKO20 X03AUCMEd
WpkyTckas obnacts, c. [IuBoBapuxa, Poccus

(<De-mail: agrohim 170@mail.ru

[IpencraBinensl pe3yabTaThl WCCIEAOBAHUN 110 BIUSHUIO IIUTEIHHOTO MPUMEHEHHS MU-
HEpaJlbHBIX YAOOPEHMH, M3BECTH M CUAEPALUK HA KUCIOTHOCTH MOYBBI U NPOLYKTHBHOCTH
CEIbCKOXO3SIICTBEHHBIX KYIBTYp. DKCHEPUMEHT TMpoBeneH B miautenasHoM (2017-2020 rr.)
CTAllMOHAPHOM IIOJICBOM OIIBITE B MATOH POTALMU YETHIPEXIOILHOTO IJIOJOCMEHHOTO CEBOO-
Oopora: KyKypy3a, SUMEHb + KIeBep, KJeBep, sipoBas nuieHuna. [lousa onbITHOrO ydacTtka —
cepas JiecHas TsuKelocyriuHMcTas. M3yyanu cienyromue BapuaHThl: 06e3 ynoOpenuit, Noy Py,
PoKog, NogKggp, NogPsoKoy Ha 1ByXx poHax — 0e3 M3BECTKOBAHMS M C BHECEHHMEM H3BECTH I10
0,5 Hr (5,7 1/ra). YcTaHOBJIEHO, YTO MATHKpPATHOE MPHUMEHEHHE MEIHOpPaHTa CIOCOOCTBOBA-
710 CHM’KEHUIO KMCIOTHOCTH Cepoil 1eCHON mouBbl: pHy; MO CpaBHEHHIO C HCXOAHBIM I10Ka3a-
teneM (4,5-4,9) ysenuuwmics Ha 0,9—1,5, rugpoauTudeckas KUCIOTHOCTh CHU3WIACh HA 6,1—
8,3 Mr-3xB./100 T MOYBBI, CTETICHb HACKHIIIIEHHOCTH OCHOBAaHUAMHU yBesnuuiack Ha 20,0—25,5%.
3a cyeT NpuUMeHeHHs cujaepanuu B ceBoobopore pHy Boszpoc Ha 0,4-0,6, ruaponuTuueckas
KHCJIOTHOCTE CHU3MIAach Ha 2,3—4,1 Mr-5kB./100 r TOYBEI, CTEIIEHb HACBIIIEHHOCTH OCHOBAHHMSI -
Mu yBennuuiack Ha 9,2—13,3%. MunepanbHble y1oOpeHUs: B TPUMEHIEMBIX J103aX HE OKa3bIBa-
JIM BIMSIHUSL HA U3MEHEHUE KMCIOTHOCTH MOYBBI, KAK Ha HEIIPOM3BECTKOBAHHOM, TAaK M Ha MPO-
n3BecTKOBaHHOM (oHax. [IponyKTHBHOCTH CeBOOOOPOTA IO BAPHAHTAM OIBITA yBEIMUYNIACH HA
0,23-0,69 T 3epHOBBIX enuHuL/ra (T 3. exn./ra) (7-21%) u Obuta HanOoNbLIEH TPU COBMECTHOM
JeHCTBUU MOJIHOIO MUHEpanbHOTo ynoopenus (No Py Ky,) 1 u3Bectu. Oxynaemocts 1 Kr 1.B.
MHUHEPAJIBHBIX YIOOpEeHUH CenbCKOX03AUCTBEHHON MpoayKiuel coctasmia 6,1-11,5 kr 3epHa,
1 T u3Bectn — 2,5-3,2 1 3epHa.

KiroueBble cjioBa: cepas JiecHast 104Ba, KUCIOTHOCTb, INIOJOCMEHHBIH ceBOOOOPOT, N3BECTKO-
BaHKE, MUHEPaJIbHbIC yIOOPEHUs, CUACPALIUS

MINERAL FERTILIZERS, LIME AND GREEN MANURING IN CROP ROTATION
UNDER CONDITIONS OF THE BAIKAL REGION

(XD Dijachenko E.N.

Irkutsk Research Institute of Agriculture
Pivovarikha, Irkutsk region, Russia
(<De-mail: agrohim 170@mail.ru

The results of research on the effect of long-term application of mineral fertilizers, lime and green
manuring on soil acidity and crop productivity are presented. The experiment was conducted in a
long-term (2017-2020) stationary field experiment in the fifth rotation of a four-field crop rotation:
corn, barley + clover, clover, spring wheat. The soil of the experimental plot is gray forest heavy
loam. The following variants were studied: without fertilizers, NooPgo, PsoKog, NooKogs NogPeoKog
on two backgrounds - without liming and with the introduction of 0.5 Ng of lime (5.7 t/ha). It was
found that 5 times use of ameliorant helped to decrease acidity of gray forest soil: pHg, increased
by 0,9-1,5 in comparison with the initial indicator (4,5-4,9), hydrolytic acidity decreased by 6,1-
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Mineral fertilizers, lime and green manuring in crop rotation under
conditions of the Baikal region

Dijachenko E.N.

8,3 mg-eq./100 g, the degree of base saturation increased by 20,0-25,5%. Due to the use of green
manuring in the crop rotation, pHy -, grew by 0.4-0.6; hydrolytic acidity fell by 2.3-4.1 mg-eq./100 g
of soil, the degree of base saturation raised by 9.2-13.3%. The mineral fertilizers at the applied rates
had no effect on changing the soil acidity, both on non-lime- and lime-fertilized backgrounds. The
productivity of crop rotations by experiment variants increased by 0.23-0.69 tons of grain units per
hectare (tgru/ha) (7-21%) and was the greatest with the combined effect of total mineral fertilizer
(NgoPgoKog) and lime. The recoupment of 1 kg rate of application of mineral fertilizers to agricultural
products was 6.1-11.5 kg of grain, 1 ton of lime - 2.5-3.2 kg of grain.
Keywords: gray forest soil, acidity, crop rotation, liming, mineral fertilizers, green manuring
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INTRODUCTION

The degradation of soils and land resources
is a global problem that has a negative impact
on the income and food security of the popu-
lation around the world [1, 2]. In the Russian
Federation, a widespread decrease in the soil
fertility of agricultural lands has been observed
since the late 20th century, which is accompa-
nied by a negative balance of nutrition elements
[3] and a general deterioration of the agrochem-
ical characteristics of all soil types and variet-
ies [4, 5], including gray forest subtypes [6].
Strongly acidic and moderately acidic soils pre-
vail among these soils, which are characterized
by a low content of humus and mobile forms of
nutrition elements.

After eliminating excessive acidity by ap-
plying lime and making up for the lack of nu-
trients with mineral and organic fertilizers, it is
possible to improve the agrochemical proper-
ties of gray forest soil to create favorable condi-
tions for the cultivation of crops [7, 8].

Liming and systematic use of mineral fertil-
izers contribute to their effective use and stable
yields' [9-10]. The complex effect of the sys-
tematic use of mineral fertilizers, lime and sid-
eration on the reduction of soil acidity is cur-
rently not enough studied. The results of the
studies for four rotations of fruit and vegetable
rotation showed a positive effect of liming on
reducing the acidity of gray forest soils and
crop productivity [11, 12].

The aim of the study was to study the change
in the acidity of gray forest soils with long-term
use of lime, mineral fertilizers and sideration at
the end of five rotations of fruit-and-vegetable
crop rotation.

MATERIAL AND METHODS

Field studies were conducted in 2020 on the
experimental field of the Irkutsk Research In-
stitute of Agriculture (NIISKh) in the Irkutsk
district of the Irkutsk region at the end of the
fifth rotation of the fruit and vegetable rotation,

'Gladysheva O.V., Svirina V.A., Artyukhova O.A. Changes in soil fertility and crop rotation productivity with long-term use of
mineral fertilizers with liming. Plodorodie. 2021. Ne 1. pp. 27-29. DOI: 10.25680/5S9948603.2021.118.08.
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MuHepasibHble YI0OpEHHUsI, H3BECTh U CHACPALUS B IUI0{0CMEHHOM
ceBoobopote B ycioBusix [Ipubaiikainbs

Jpsiuenko E.H.

laid in 2001. Crop rotation included the follow-
ing crops: corn (for silage) - barley + clover -
clover (for green manure) - spring wheat. The
experiment was conducted on two backgrounds
- without lime and with lime applied at 0.5 Hr
(5.7 t/ha). Soil of the experimental station was
gray forest heavy loamy, humus content 4,5-
4,8%, total nitrogen 0,17-0,21%, pH,;, 3,9-4.4;
hydrolytic acidity (Hr) - 9,1-10,6 mg-eq./100 g,
the degree of base saturation (V) - 68,4-72,1%,
P,O5 - 100-120, K,O - 80-100 mg/kg soil (by
Kirsanov). The following fertilizer application
systems were studied: 1) without fertilizer, 2)
NP, 3) PK, 4) NK, 5) NPK. Mineral fertilizers
(ammonium nitrate, double superphosphate,
potassium chloride) were applied to corn (hy-
brid Katerina SV) in the first and second rota-
tions at a dose of NgjP,,Ky,, for barley (vari-
ety Biom) with undersowing clover (variety
Rodnik Sibiri) - NP, K,,. Given the positive
effect of green-manuring on the yield of crops
for two rotations of crop rotation, starting with
the third rotation (2009), the doses of mineral
fertilizers were reduced by 30%, they resulted
in N, P;Kg, (for corn) and NP5 K, (for bar-
ley).

Limestone meal (CaCOj; content - 85%) was
applied in spring before sowing corn (seeding
rate - 200 thousand grains/ha, or 60 kg/ha) on
the surface with subsequent embedding with a
disc harrow in two trails at a depth of 12-15
cm. Barley and clover were sown after early
spring harrowing followed by rolling (sowing
rate: barley - 6.5 million germinated grains/
ha, clover - 4 million germinated grains/ha).
In the second year of its life clover was used
as a green manure. Spring wheat (Buryatskaya
ostistaya variety) was sown as the closing crop
in the rotation with a seeding rate of 7 million
germinated grains/ha. The area of the cultivated
plot was 122.5 m?, the area of the record plot
was 96.3 m?. Repeatability is 4 times, arrange-
ment of plots is single-row, consecutive.

Grain crops were counted on a plot by direct
harvester "Sampo-500", fodder crops - manu-

ally. The research consisted of phenological
observations, soil sampling, recording of crop
yields, and agrochemical analyses in the labo-
ratory. The samples were taken from 0-20 cm
layer in the first field of the crop rotation to
study the soil acidity dynamics in autumn, in
which pHKCI was determined by the potentio-
metric method (GOST 26483-85)?, the hydro-
lytic acidity - by the Kappen method, and the
degree of base saturation - by the computation-
al method®. Statistical processing of the results
was performed using the application software
package Snedecor®.

RESULTS AND DISCUSSION

Prolonged use of lime in fruit and vegetable
rotation had a significant impact on the reduc-
tion of acidity of gray forest soils. The pHg; of
the fertilized varieties increased by 1,1-1,5 and
the hydrolytic acidity decreased by 7,1-8,3 mg
equivalent per 100 grams of soil in comparison
with the initial value (4,5-4,9) by the end of
the fifth rotation, the degree of base saturation
increased by 22,8-25,5%. In the variant with-
out fertilizers these indicators were 0,9 and 6,1
mg-eq./100 g of soil and 20% respectively (See
Table 1).

There was a decrease in the soil acidity on
the background without lime application. In the
variant without fertilization pHg, increased
by 0,4, the hydrolytic acidity decreased by 2,3
mg-eq./100 g of soil, the degree of base satura-
tion increased by 9,2%. In the variants with the
use of mineral fertilizers the value of pHy; in-
creased in comparison with the initial one (3,8-
3.,9) by 0,4-0,6, the hydrolytic acidity decreased
by 3,4-4,1, the degree of base saturation in-
creased by 9,9-13,3%. We believe that the re-
duction of the soil acidity on the unlimed back-
ground was influenced by the use of green mass
of clover for green manure. Similar results were
obtained in the studies of other scientists [13].
The neutralizing effect of green legume crop on
the soil acidity was established by V.N. Proko-
shev [14]. L.P. Galeeva notes the reduction of

2GOST 26483-85. Preparation of salt extract and determination of its pH by the CINAO method. M., 1985. 7 p.
Arinushkina E.V. Guidance on chemical analysis of soils. M.: Kolos, 1979. 416 p.
*Sorokin O.D. Applied Statistics on the Computer. 2nd ed. Novosibirsk, 2012. 282 p.
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Ta6a. 1. Bimsaue u3BecTH 1 MUHEpAIbHBIX YIOOPEHUH Ha TTOKAa3aTen KUCJIOTHOCTH CEPOil TECHON

no4uBkI B cioe 0—20 cMm

Table 1. The effect of lime and mineral fertilizers on acidity parameters of gray forest soil in a layer of

0-20 cm
Option pHgcr Hg, mg-eq./100 g vV, %

2001 2020 2001 2020 2001 2020
Without fertilizers 4,0 4,4 10,1 7,8 68,7 77,9
NooPso 3,9 4,3 11,1 7,7 68,2 78,1
PsoKo 3,8 4,4 11,4 7,6 65,7 78,6
NyoKog 3,9 4,5 11,4 7,3 66,3 79,6
NooPsoKoo 3.8 4,3 11,9 8,4 65,9 76,5
Without fertilizers + lime 0,5 Hg 4.8 5,7 8,8 2,7 73,2 93,2
NyoPgp + lime 0,5 Hg 4,6 6,1 8,7 1,6 73,1 95,9
PeoKyo + lime 0,5 Hg 4,9 6,0 9,8 1,5 70,5 96,0
NyoKoy + lime 0,5 Hg 4,5 6,0 9,8 1,7 70,8 95,2
NyoPsoKogo + lime 0,5 Hg 4,9 6,1 8,8 1,6 72,7 95,7
LSDys (otal 0,2 0,2 0,5 0,4 0,7 1,1
LSDys time 0,3 0,3 0,9 0,8 1,2 2,0
LSDys fertitizers 0,5 0,4 0,4 1,2 0,9 3,2

hydrolytic acidity of leached chernozems when
green manure is used [15]. The studies of Sh.K.
Khusnidinov in our region have established that
the use of Eastern galega as a greenhouse crop
reduces the value of hydrolytic acidity of the
soil [16]. Studies have shown that the applica-
tion of mineral fertilizers in the applied doses
had no significant effect on the change in the
soil acidity.

Agronomic efficiency of fertilizers and ame-
liorants is determined by yield increase, recoup-
ment of fertilizers unit by grain or in grain units
and the share of fertilizers in yield formation.
In the fruitful crop rotation for the four years
on average reliable yield increase was obtained
in all variants of the experience in both back-
grounds. The crop capacity of the crop rotation
in the fifth rotation by the variants of the ex-
periment was increased by 0,25 - 0,61 t grain
units/ha (9-21%) for the unlimed background
and by 0,23 - 0,69 t grain units/ha (7-21%) for
the limed one (see table 2).

The most productive was the variant with
the application of Ng,P¢, K. Yield increase on
the unlimed background was 0,61 t grain units/
ha, or 21%, on the calcified one - 0,69 t grain

units/ha, or 21%, and was the highest in the
experiment with the highest payback of 1 kg
rate of fertilizer application - 10,2 and 11,5 kg
grain units correspondingly. In the variant with
a double combination of nitrogen and phospho-
rus on a limed background was the lowest in-
crease in productivity, which was 0.23 t grain
units/ha with the lowest payback of 1 kg rate of
fertilizer application (6.1 kg grain units).
Application of lime allowed to increase pro-
ductivity of crop rotation by 0.36-0.46 tons of
grain units/ha (12-14%). Recoupment of 1 t of
lime by agricultural production depending on
the experiment variant was 2,5-3,2 centners and
was the highest at joint application of complex
mineral fertilizer and ameliorant. The results of
analysis of variance showed a fairly high de-
gree of influence of the studied factors in the
formation of arable productivity. The influence
of lime was 0.589, mineral fertilizers - 0.405.

CONCLUSION

On the basis of nineteen-year research in the
fifth rotation of the fruit and vegetable rotation
it was found that the use of lime at a dose of
0.5 Ng and clover fallow ensured the reduction
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Ta6a. 2. Biusaue ynoOpeHnii 1 M3BECTH Ha IPOTYKTHBHOCTH CEBOOOOPOTA U MX OKYITAaeMOCTh
CEJIbCKOX03AWCTBEHHON TpoayKIuei (B cpexneM 3a 2017-2020 rT.)

Table 2. The effect of fertilizers and lime on crop rotation productivity and their payback by

agricultural products (averaged for 2017-2020)

Producttivity/ 1ilncrease, Product payback
Fertilizers applied per crop rotation, Crop rptation pro- gL.a Tkean of Ttoflime
kg a.p./ha ductivity, t g.u/ha fertilizers lime fergtgili.z]z:.rs, centners o,f
kg of grain grain
Without fertilizers 2,84 - - - -
NooPeo 3,09 0,25 — 6,6 —
PgoKog 3,12 0,28 — 7,4 —
NooKoo 3,27 0,43 — 9,5 —
NoyoPsoKoo 3,45 0,61 - 10,2 —
Without fertilizers + lime 0,5 Hg 3,22 - 0,38 - 2.7
NyoPgp + lime 0,5 Hg 3,45 0,23 0,36 6,1 2,5
P¢oKqp + lime 0,5 Hg 3,55 0,33 0,43 8,8 3,0
NyoKyo + lime 0,5 Hg 3,71 0,49 0,44 10,9 3,1
NoyoPsoKop + lime 0,5 Hg 3,91 0,69 0,46 11,5 3,2
LSDs totat 0,15
LSDgs jime 0,07
LSDos fertitizers 0,11

Note. Proportion of influence: lime - 0.589, fertilizers - 0.405.

of acidity in the gray forest soil. After five ro-
tations of the fruit-planting crop rotation and
fivefold addition of lime, the grey forest soil
can be classified as close to the neutral and neu-
tral (pHg; 5,7-6,1, Hr - 1,5- 2,7 mg-eq./100 g
of'soil, V - 93,2-96,0%). The use of mineral fer-
tilizers contributed to an increase in the produc-
tivity of the crop rotation by 0.23-0.69 t grain
unit / ha, lime - by 0.36-0.46 t grain unit / ha.
Payback of 1 kg rate of fertilizer application for
the rotation averaged 6.1-11.5 kg of grain, 1 ton
of lime - 2.7-3.2 kg of grain.
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OJTYOPECHEHIHUA XJIOPOPHNJIJIA JIUCTHEB ININEHUIIbBI
NP UHOULIUPOBAHUMU BIPOLARIS SOROKINIANA,

XJOPUJIHOM 3ACOJTEHUU U THUITIEPTEPMUU CEMSAH

CATyposa T.A., Uecnouenko H.E.

Cubupcruii hedepanbrviii HayuHblil yeHmp azpodouomexuonocuit Poccuiickoii akademuu nayx
HoBocubupckas oomacts, p.n. KpacHoo6ck, Poccus

(<De-mail: guro-tamara@yandex.ru

[IpencraBiensl pe3ynbTaThl U3MEPEHUS U CpaBHEHHE HH(QOPMATUBHOCTH NapamMeTpoB (iyo-
pecueniuu xaopoduina (GrnX) 10-CyTOUHBIX TPOPOCTKOB SPOBOI MIICHUIIBI B JIA0OPATOPHBIX
YCJIOBUAX IIPU Pa3/leJIbHOM U COBMECTHOM JIEHCTBHU cTpeccopoB. VccaenoBaHus IpoBOAMIN B
2020, 2021 rr. YcTaHOBIJIEHO, YTO pa3[ebHOE U COBMECTHOE IEHUCTBUE XJIOPUAHOTO 3aCOICHUS
(1,3%), nadunrpoBaHus BO30yIuTEIeM KOPHEBOW THHUIIN 371aKOB Bipolaris sorokiniana Shoem.
(5000 xoHMOMI Ha 3€pHO) MOAABISIIO CBETOBBIE M TEMHOBBIC peakmuu (¢orocmHTe3a. OOHa-
PYKEHO IOCTOBEpHOE CHIDKeHHEe 3(P(heKTUBHOrO KBaHTOBOTO Bbixona Y(II), xoaddunmenta
(hOTOXMMHUYECKOTO TYIICHUSI ¢P M CKOpOCTH 3NeKTPOHHOTO TpaHcnopra ETR y 000UX COPTOB,
HanOoJbIllee — B BapHaHTE COBMECTHOTO JEWCTBHUS cTpeccopoB (1o 62,7%). MakcumaabHBII
¢doroxumuueckuit kBantoBeli Beixox OC II Fv / Fm okazaics MmeHee HHPOPMATHUBHBIM, TOCTO-
BEPHBIX M3MCHECHHH NapaMeTrpa He oOHapykeHo. HruOupoBaHUE CBETO3aBHUCHUMBIX peakLui
COIPOBOXKAAJIOCH JOCTOBEPHBIM yBEIMUYEHUEM 3HAUSHHH NTapaMeTpoB HE(POTOXUMUUECKOTO Ty-
menust PnX — kordpdunuenta gN 1 KBAHTOBOTO BBIX0/1a PETYITHPYEMOTr0 HEPOTOXUMUIECKOTO
tymenuss GnX Y(NPQ) ot 24,1 no 72,1% y oboux copToB, Hanbosiee BHIPa)KEHHBIM Yy COpTa
Cubupckas 12. [lapameTp Y(NO) — KBAaHTOBBIM BBIXOJl HEPETYIUPYEMOTO HE(POTOXUMHUIECKOTO
tymeHuss OnX — U3MeHsUICS HEAOCTOBEPHO OTHOCUTEIBHO KOHTPOJI y 000uX cOpTOB. BrisBieH
MTOJIOKUTETBHBIN AP PEKT peaBapuTebHON TuIiepTepMun cemsit (43 °C) Ha QyHKIHOHANTBHYIO
AKTUBHOCTHh (POTOCHHTETHUYECKOTO aImapara mpopocTKoB — nmoctoBepHoe (p < 0,05) yBenude-
nue 3HaueHuit napametpos Y(II), gP, ETR (na 18,0-59,0%) u cHmkeHue 3Ha4CHUH mapaMeTpoB
Y(NPQ), Y(NO) u gN (na 18,8-35,1%) npu nocneayrouiemM JeHCTBUN HHPUIIUPOBAHUS U XJIO-
PUIIHOTO 3aCOJICHHUS Y 00OMX COPTOB, NMpEeMMYIIecTBeHHO Yy copra OMmckas 18. YcraHoBieHa
nH(OpPMaTUBHOCTh MapaMeTpoB PnX 11 OLEHKH CTpeccoycToiunBocTH copToB. JlocToBep-
HbIE MeXCcOopToBbIe pa3iauuus (oT 1,2—6,2 paza) BbIABIEHBI MPAKTHYECKH IO BCEM MapaMeTpam
(kpome Fv/ Fm, Y(NO), Fv) 1o BceM BapraHTaM OTBITA. YCTaHOBJIEHA COPTOCTIEITU(PUIHOCTD —
HauMEHbIINE U3MEeHEeHH apaMeTpoB OnX OTHOCUTENBHO KOHTPOJIS OBLIIN Y YCTOMUNBOTO COP-
ta OMckas 18 BO BceX BapuaHTax OmbITa. [Ipe/yioxeHHbIH MOAX0] TT03BOJIUT pa3padoTaTh He-
MHBa3UBHBIM METOJ paHHEH NUarHOCTUKH CTPEcCcOycTONYMBOCTH ((PEHOTHIMPOBAHMUS) HOBBIX
TeHOTUIIOB MIICHULBI K JeHCTBUIO OMOTUYECKUX U A0MOTHYECKHUX CTPECCOPOB.

KuarodeBble ciaoBa: mmeHUIa, COpT, YCTOMUNUBOCTb, CTPECCOPBI, OTOCUHTE3, TapaMeTphI
(hyopecrieHIIuu Xaopoduiia
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DryopecueHIus XJI0poQuLIa JIMCTEB MILICHUIIBI I'yposa T.A., YecHouenko H.E.
npu nHbHULHpOBaHun Bipolaris sorokiniana,
XJIOPUIHOM 3aCOJIEHUU U TUIIEPTEPMUH CEMSH

CHLOROPHYLL FLUORESCENCE OF WHEAT LEAVES WHEN INFECTED
WITH BIPOLARIS SOROKINIANA, CHLORIDE SALINITY AND SEED
HYPERTHERMIA

G Gurova T.A., Chesnochenko N.E.

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

(><De-mail guro-tamara@yandex.ru

Results of chlorophyll fluorescence parameters (ChlF) informativity measurement and
comparison of 10-d-old spring wheat seedlings under laboratory conditions under separate and
combined stressors action are presented. It was found that separate and combined action of
chloride salinity (1,3%), infection with cereal root rot pathogen Bipolaris sorokiniana Shoem.
(5000 conidia per grain) suppressed light and dark reactions of photosynthesis. The effective
quantum yield Y(II), photochemical quenching gP and electron transport E7R decreased
significantly in both cultivars, most significantly in the co-activated version (up to 62,7%). The
maximum photochemical quantum yield of FS II Fv / Fm was less informative, no significant
changes in the parameter were found. Inhibition of light-dependent reactions was accompanied
by a significant increase in the values of the parameters of non-photochemical quenching
ChIF - coefficient qN and quantum yield of regulated non-photochemical quenching ChlF Y
(NPQ) from 24.1 to 72.1% in both varieties, most pronounced in the variety Sibirskaya 12. The
parameter Y(NO), the quantum yield of unregulated non-photochemical quenching of ChlF,
changed insignificantly relative to the control in both varieties. The positive effect of seed
pre-heating (43 °C) on the functional activity of photosynthetic apparatus of seedlings - the
reliable (p < 0,05) increase of the parameter Y(1]), ¢P, ETR (by 18,0-59,0%) and decrease of the
parameter Y(NPQ), Y(NO) and gN (by 18,8-35,1%) at further infection and chloride salinization
in both sorts, mainly in the variety Omskaya 18 was revealed. The informativeness of the
parameters ChlF for assessment of varieties stress tolerance was established. Significant inter-
variety differences (from 1.2-6.2 times) were revealed for almost all parameters (except for Fv /
Fm, Y(NO), Fv) for all variants of experiment. The varietal specificity was established - the
least changes in ChlF parameters relative to the control were in the stable variety Omskaya 18
in all variants of the experiment. The proposed approach will make it possible to develop a non-
invasive method for early diagnosis of stress tolerance (phenotyping) of new wheat genotypes
to biotic and abiotic stressors.

Keywords: wheat, variety, resistance, stressors, photosynthesis, chlorophyll fluorescence
parameters

Jas untupoBanus: [yposa T.A., Yecnouenxo H.E. diryopecueHIIs XI10popUILIa TNCTHEB MIICHUIIB IPU HHPHUIUPOBAHHH
Bipolaris sorokiniana, X1opuaHOM 3aCOJEHUH U TuneprepMun ceMsH // CHOMPCKHUH BECTHHK CEIILCKOXO3SHCTBCHHON HAyKH.
2022. T. 52. Ne 6. C. 12-28. https://doi.org/10.26898/0370-8799-2022-6-2

For citation: Gurova T.A., Chesnochenko N.E. Chlorophyll fluorescence of wheat leaves when infected with Bipolaris
sorokiniana, chloride salinity and seed hyperthermia. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agri-
cultural Science, 2022, vol. 52, no. 6, pp. 12-28. https://doi.org/10.26898/0370-8799-2022-6-2

Kondaukr nnrepecon

ABTOpBI 3asBISIIOT 00 OTCYTCTBHH KOH(DIUKTA HHTEPECOB.
Conflict of interest

The author declares no conflict of interest.

PactenneBoicTBO U ceneKiums CuOHMpPCKHii BECTHHK CETLCKOXO03SMCTBEHHON Hayku ® 2022 526 13



Chlorophyll fluorescence of wheat leaves when infected
with Bipolaris sorokiniana, chloride salinity and seed hyperthermia

Gurova T.A., Chesnochenko N.E.

INTRODUCTION

Adverse environmental conditions, soil sa-
linity, pathogens lead to stressful conditions of
plants, which limits the agricultural produc-
tion of wheat worldwide. According to current
projections, stress interactions between abiotic
and biotic environmental factors will become
even more prevalent due to observed and pro-
jected climate change [1, 2]. One of the ways
to reduce the negative effects of the complex
of stressors and to obtain high and stable yields
of spring wheat grain is a reasonable choice of
stress-resistant varieties [3, 4]. In this regard,
the development of selection methods to accel-
erate the screening of stress-resistant genotypes
at the early stages of plant development plays
an important role in the programs to develop
stress-resistant crop varieties. Biophysical diag-
nostic methods meet such requirements. In this
case, integral indices of plant organism state,
such as energy status (photosynthesis intensity,
oxidative phosphorylation), cell membrane sta-
bility (permeability), electrical parameters (ac-
tion potential), spectral characteristics, etc., are
used as diagnostic indicators. [5-7].

Photosynthesis is one of the stress-sensitive
processes of plant cells [8, 9]. During photo-
synthesis, all the light energy absorbed by chlo-
rophyll molecules is spent on photochemical
reactions (photochemical quenching), thermal
dissipation (non-photochemical quenching)
and fluorescence, processes competing in the
deactivation of excited states of photosystem
IT (PS II) pigments [10]. A change in the effi-
ciency of one of them leads to an oppositely
directed change in the other two. Disruption
of photosynthetic activity of plants can be as-
sessed by chlorophyll fluorescence registration
(ChlIF), which allows to determine the overall
bioenergetic status of a plant organism, i.e. its
ability to photosynthetically transform energy
[11, 12]. ChIF is a secondary emission of light
energy absorbed by a chlorophyll molecule,
a measure of the energy of light quanta that
were not used in photosynthesis. ChlF is emit-
ted mainly by chlorophyll a molecules in FS II
antenna complexes and is associated not only

with processes in the pigment matrix and re-
action centers (RC) of photosystem II (PS II),
but also with redox reactions on the donor and
acceptor sides and even in the entire electron
transfer chain. It is determined in the mode
of recording dark induction curves with pulse
time saturation analysis [13]. By measuring the
characteristics of ChlF, it is possible to estimate
the photosynthetic apparatus performance, in-
cluding the fraction of energy used in photo-
chemistry [14].

The use of ChIF measurements in the study
of photosynthetic characteristics and stress in
plants is currently widespread in physiological
and ecophysiological studies. This is due to the
development of understanding of the relation-
ship between the parameters of ChlF and the
processes of photosynthetic electron transport
in the electron transport chain (ETC), which de-
termine the change in fluorescence intensity, as
well as the commercial availability of a number
of fluorimeters [15, 16].

The method is non-destructive, highly sen-
sitive and allows us to obtain information on
photosynthetic efficiency and integrity of pho-
tosynthetic apparatus at the earliest stages of
stress development [13, 17]. In particular, it is
used to assess the resistance of wheat to tem-
perature stress, drought, increased acidity, sa-
linity and herbicides [7, 18- 20], apple varieties
and forms to pesticides [21], garden strawberry
to diseases and pests [22, 23], and for diagnos-
tics of mineral nutrition [24, 25].

ChIF 1is registered by means of sensitive
photodiodes used separately or as a part of
fluorimeters. The most promising and wide-
spread are PAM fluorimeters, which measure
ChIF by pulse-amplitude-modulation method
(Pulse-Amplitude-Modulation). By modulating
the amplitude of the measuring light beam (mi-
crosecond pulse range) and parallel detection
of the excited ChlF, the relative photochemi-
cal yield can be determined' [14]. Registration
of ChlIF is performed in vivo, does not require
sample preparation of the objects under study,
and takes place in the presence of light with any
spectral composition, as well as sunlight under
field conditions [16].

"Product catalog of the German company “Heinz Walz GmbH”. http://www.heinzwalz.ru/
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Our study was aimed at evaluation of pho-
tosynthetic activity of wheat seedlings under
separate and combined action of salt stress, in-
fection with cereal root rot pathogen Bipolaris
sorokiniana Shoem. and elevated temperature
(seed heating). These stressors are among the
factors negatively affecting the growth and de-
velopment of wheat in the major grain-growing
areas of the world, including the West Siberian
region’ [26, 27]. These factors can disrupt nor-
mal metabolism of wheat plants, negatively af-
fecting key physiological processes, including
photosynthesis [6, 28].

The purpose of the work is to study the effect
of separate and combined action of chloride sa-
linity, common root rot and elevated tempera-
ture (seed heating) on ChIF parameters of soft
spring wheat seedlings to identify informative
parameters for assessing stress tolerance of va-
rieties.

MATERIAL AND METHODS

Experimental work was carried out in the
laboratory for the study of physical processes
in agrophytocenoses of the Siberia Physical
and Engineering Institute of Agrarian Issues,
SFSCA RAS.

To identify informative parameters of ChlF,
greenhouse experiments (water cultures) under
laboratory conditions were carried out under
separate and combined effects of sodium chlo-
ride, the causative agent of common root rot of
cereals and elevated temperature (seed heating)
on the seedlings of released varieties of spring
wheat: Sibirskaya 12 (relatively unstable) se-
lected by Siberian Research Institute of Plant
Industry and Breeding - branch of the Institute
of Cytology and Genetics, SB RAS, and Om-
skaya 18 (relatively stable) selected by Omsk
Agrarian Scientific Center.

Experiment options:

- Control (seeds without heating) and elevat-
ed temperature (seed heating at 43 °C);

- seeds without heating + infection with B.
sorokiniana (5000 conidia per grain);

- seeds without heating + chloride salinity
1,3%;

- seeds without heating + infection with B.
sorokiniana (5000 conidia per grain) + chloride
salination 1.3%;

- seed heating at 43°C + infection with B.
sorokiniana (5000 conidia per grain);

- seed heating at 43°C + chloride salination
1.3%;

- seed heating at 43 °C + infection with B.
sorokiniana (5000 conidia per grain + chloride
salination 1.3%.

The levels of stress loads - conidial suspen-
sion of B. sorokiniana 5000 conidia per grain
and concentration of sodium chloride (NaCl)
1.3% - were determined by us in specially con-
ducted greenhouse experiments as allowing to
differentiate wheat varieties of Siberian breed-
ing in evaluation of their resistance to these
stress factors by biometric indices and cell
membrane permeability ** [29].

Wheat seeds were presterilized with 96%
ethyl alcohol for 2 min followed by three-fold
rinsing with distilled water. The seeds were
heated for 20 min in hot water in a water bath
according to VIR method’. After cooling, the
seeds were placed in Petri dishes with moist-
ened filter paper and germinated in the ther-
mostat at 22 °C for three days. Simultaneously,
soaked seed samples were germinated without
heating. On the third day of cultivation, the
seeds were infected with a conidial suspension
of a mixture of medium pathogenic B. soroki-
niana isolates prepared on 0.1% aqueous agar
(one drop per grain).

2Goltyapin V.Y., Mishurov N.P., Fedorenko V.F., Golubev 1.G., Balabanov V.I., Petukhov D.A. Digital technologies for
surveying agricultural land by drones: analytical review. Moscow: Rosinformagrotech, 2020. 88 p.

SPatent RU 2446671 IPC A01G7/00, AO1H1/04. Method of determination of relative resistance of varieties of soft spring
wheat to chloride salinity. T.A. Gurova, V.Y. Berezina, N.S. Kutserubova. Published on 10.04.2012.

“Patent RU 2625027 IPC A0O1C12N 1/14, AO1H 5/12. Method for determining the relative resistance of varieties of soft spring
wheat to the pathogen of common root rot of cereals. T.A. Gurova, V.V. Alt, O.S. Lugovskaya. Published on 11.07.2017.

SDiagnostics of plant resistance to stresses: method recommendations, edited by G.V. Udovenko. JI., 1988. 228 p.
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Then the seedlings were grown in the cli-
matic chamber Biotron-7 in a roll culture with
tap water (variants - control and infection with
B. sorokiniana) and sodium chloride at the pho-
toperiod "day-night" 16 and 8 h, respectively,
illumination 20 000 and 0 lux (day-night), tem-
perature 22 and 18 °C (day-night), humidity
60%.

The kinetics and parameters of ChIF PS II
were recorded using a Dual- PAM-100/F fluo-
rimeter (Heinz Walz GmbH, Germany) using
amplitude-pulse modulation in the mode of
recording the slow kinetics of dark induction
curves with saturation pulse analysis (Slow Ki-
netics). The delay time for recording the induc-
tion curves after determining the minimum and
maximum ChlF o is 40 s, which is sufficient
for complete re-oxidation of acceptors ("open-
ing" of reaction centers). The interval between
saturation pulses during recording of induction
curves is 20 s, the data recording time is 4 min.
Excitation of chlorophyll a molecules was per-
formed by a "blue" light-emitting diode with a
wavelength of 460 nm, detection of the ChlF
was performed by a "red" photodiode with a
wavelength of 680 nm. The fluorimeter was
controlled by specialized software. Before mea-
suring the ChIF, 10-day-old wheat seedlings
were adapted to darkness in a sample chamber
for 30 min to reach completely oxidized state of
PS II acceptors (all PS II reaction centers were
"open"). To record the ChlF parameters, a seed-
ling sheet was fixed on a rack with an optical
holder and a program for recording ChlF induc-
tion curves was run.

The following fluorescence parameters were
obtained: Fo, Fm - minimum and maximum
levels of ChlF induced by the light pulse after
leaf adaptation to darkness; Fo', Fm' - mini-
mum and maximum levels of ChIF induced
by the light pulse after leaf adaptation to light;
Fv / Fm - maximum photochemical quantum
yield of PS II; Y(II) - effective photochemical
quantum yield of PS II after leaf adaptation
to light; Y(NPQ) - quantum yield of regulated
non-photochemical quenching of ChlF; Y(NO)
- quantum yield of unregulated non-photo-
chemical quenching of ChlF; gP - photochemi-
cal quenching factor of ChlF; gN - non-photo-

chemical quenching factor of ChlF; ETR - elec-
tron transport rate. The variable (variable) ChlF
was calculated: Fv = Fm - Fo.

Variety response was determined by the
relative change in the measured parameters of
seedlings after exposure of plants to stressors.
The smaller changes in parameters, the higher
the resistance in the studied group of varieties.
Repetition of the experiments were analytical
and biological - 6-fold and 3-fold. Statistical
processing of data was performed in Microsoft
Excel 2000 program using a standard data anal-
ysis package. The parameters of ChlF recorded
for 4 min were analyzed. Error of mean did not
exceed 3-5%. Three series of experiments were
performed. Student's t-test was used to deter-
mine the significance of differences in mean
values.

RESULTS AND DISCUSSION

ChlF parameters, the changes of which re-
flect structural and functional characteristics
of the photosynthetic apparatus of plants, were
evaluated in seedlings of two wheat varieties
under infection with common rot pathogen,
chloride salinity and seed pre-heating with the
possibility of diagnosing stress tolerance of va-
rieties. PAM measurements of the ChlF generate
different parameters, which are mainly derived
from five mutually independent levels of ChlF:
minimum (background) Fo and maximum fluo-
rescence yields Fm in the dark-adapted state;
steady-state Fs; minimum (background) Fo'
and maximum fluorescence yields Fm' in the
light adapted state of samples, respectively.

The variable ChlF after dark leaf adaptation
is F'v. The parameter depends on the maximum
quantum yield of PS II. The decrease in the
value of this parameter indicates the weaken-
ing of photosynthetic activity and energy dis-
sipation in the form of heat. The value of Fv
decreases under stresses which cause damage
to thylakoids [13]. Stress factors in the condi-
tions of our experiment slowed down the activ-
ity of photosynthetic apparatus of the seedlings
of both varieties, which was expressed in reli-
able (p <0.05) decrease of Fv parameter values
in all variants of the experiment (from 14.0 to
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42.4%), the highest in the variant of combined
stressors compared with the control (see the
table).

We found that seed pre-heating increased
seedling resistance (by cross-adaptation) to the
subsequent action of the pathogen and salinity
[30]. Cross-adaptation is the process of increas-
ing the resistance of an organism to a particular
stress factor as a result of adaptation to a fac-
tor of another nature. It can be assumed that in
our experiment, pre-warming of seeds activates
the protective mechanisms of plants and keeps
them active for a long time. Subsequent action
of pathogen and salinity increases the level of
signaling molecules and the already activated
defense systems try to prevent stress develop-
ment.

The protective effect of hyperthermia was
noted in the variant of infection in the variety
Sibirskaya 12: reliable (p < 0,05) decrease of
Fv inhibition by 13,3%, and also in the variants
of combined action of the stressors in the vari-
ety Sibirskaya 12 by 34,6% and in the variety
Omskaya 18 by 41,7%. In the variant of salin-
ity after seed heating, the increase of inhibitory
effect of the stressor - 2-fold reduction of Fv
parameter, most pronounced in the variety Si-
birskaya 12 - was observed.

The parameter of ChlF variable can be con-
sidered as informative in the study of the influ-
ence of stress factors (infection with common
rot pathogen, chloride salinity and pre-heating
of seeds) on photosynthetic activity of wheat
seedlings. However, reliable inter-variety dif-
ferences in this parameter were not revealed in
the conditions of our experiment.

Maximum photochemical quantum yield of
PS Il — Fv / Fm. This parameter is one of the
basic characteristics of photosystems work. It
evaluates the maximum photochemical activ-
ity of PS II and is defined as the ratio of the
number of light quanta used in the charge sepa-
ration of PS II to the total number of quanta
absorbed by the antenna complex of this pho-
tosystem [16]. The parameter is registered im-
mediately after dark adaptation of plant tissues.
Significant influence of stress factors and asso-
ciated with them slowing down the activity of
photosynthetic apparatus of seedlings of both

varieties in the conditions of our experiment
expressed by changes in the parameter Fv / Fm
in all the experimental variants was not found
(see the table). At the same time, the values of
the background Fo and maximum Fm ChIF
under the conditions of our experiment signifi-
cantly decreased in both varieties almost in all
the variants. Stress factors influenced the an-
tennal complex, i.e. there were losses of energy
during its migration, and fluorescence was ex-
cited. At the same time, unreliable changes of
Fo were established in the variety Sibirskaya
12 in the variant of infection with seed heating
and in the variety Omskaya 18 in the variants of
combined stress and salinization with and with-
out seed heating. Fm indicator did not change
significantly in both varieties in the variants of
infection without heating and with heating of
seeds. The maximum photochemical quantum
yield is a frequently used parameter in assess-
ing the effect of environmental stressors on the
photosynthetic apparatus of plants, but in the
studies on the assessment of phytotoxic states
of duckweed, insufficient sensitivity and unin-
formativeness of this parameter are also noted
[31].

Effective photochemical quantum yield of
PS II in the light — Y(II). Y(II) = (Fm' — Fs)/
Fm'. The parameter reflects the part of light en-
ergy that can potentially be used in photochem-
ical reactions. It is measured after adaptation
of plant tissues to the light at "closed" RC PS
II, when the primary acceptors plastoquinones
are in reduced state. We found that infection of
wheat seedlings with B. sorokiniana, chloride
salinity and their combined effect have a nega-
tive effect on the efficiency of photochemical
quenching of ChlF, which leads to a decrease
in the intensity of photosynthesis. The effect
of stressors is associated with the disturbance
of electron acceptance by RC PS II [14]. Un-
der the conditions of our experiments, Y(II)
decreased significantly (p < 0.05) from 18.6 to
56.6% in the seedlings of both varieties in all
experimental variants compared to the control,
most significantly in the variant of combined
action of stressors (see the table).

Pre-heating of seeds with subsequent over-
lapping of infection and chloride salinity influ-
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enced the parameter Y(II) in different degree.
Significant (p < 0,05) increase of the parameter
was observed in the variety Omskaya 18 under
salinization by 28,0%, and in the variety Si-
birskaya 12 under combined action of stressors
and infection by 18,0 and 59,6%, respectively,
which means that the positive effect of seed
pre-heating on the functional activity of PS II
was revealed. Similar results on the protective
role of the temperature factor in maintaining
the stability of photosynthetic membranes were
obtained in hyperthermia and infection with B.
sorokiniana of barley seedlings [32]. The pa-
rameter Y(II) changed to the least extent rela-
tive to the control in the seedlings of the vari-
ety Omskaya 18. Inter-variety differences in all
the variants of experiments were 1.2-2.0 times
with reliability of differences at the level of p <
0.05. The greatest differences in the variant of
infection with and without seed heating were
1.7-2.0 times. Fig. 1 shows the changes of Y(II)
parameter under the action of B. sorokiniana
and chloride salinity without seed pre-heating.

Quantum yield of regulated non-photochem-
ical quenching of ChlF — Y(NPQ). Y(NPQ) =
1 -Y({D)—1/(NPQ + 1 + gL (Fm/ Fo — 1)).
The parameter reflects the energy-dependent
thermal dissipation of excited chlorophyll PS
IT energy [13]. Regulated non-photochemical
quenching of ChlIF acts as a protective mecha-
nism against excess excitation energy, i.e., it
dissipates it into safe heat. This avoids damage
to the RC of PS Il by light, the intensity of which
exceeds the electron transport capabilities [33].
Regulated heat dissipation is stimulated by the
xanthophyll cycle [14, 34]. We found that under
the action of B. sorokiniana, chloride salinity
and hyperthermia of seeds there is an activa-
tion of the dissipation of part of the excitation
energy of chlorophyll PS II into heat. Param-
eter Y(NPQ) was reliably (p < 0,05) increased
in both cultivars in all the experimental variants
from 24,1 to 72,7%, and more in the variety Si-
birskaya 12, especially in the variants of salin-
ity and combined action of stressors with seed
pre-heating - 72,7 and 63,6%, respectively (see
the table).

Protective effect of hyperthermia was ob-
served only in the variety Omskaya 18 under

the combined effect of stressors and chloride
salinity - reliable (p < 0.05) reduction of the
parameter by 35.1 and 18.8%. In the variety Si-
birskaya 12 we observed a 24.1% decrease in
the parameter in the control variant compared
to the control without seed heating.

Inter-variety differences in all the variants
of experiments ranged 1.2-1.7 times with reli-
ability of differences at the level of p < 0.05.
The greatest differences in the variant of salin-
ity without heating and with seed heating were
1,5-1,7 times.

Fig. 2 shows changes in the Y(NPQ) pa-
rameter under the action of B. sorokiniana and
chloride salinity without seed pre-heating.

Quantum yield of unregulated non-photo-
chemical quenching of ChlF — Y(NO). Y(NO) =
1/ (NPQ + 1 + gL (Fm/Fo-1)). The param-
eter is related to the thermal losses resulting
from the "closure" of the RC of PS II as a re-
sult of blocking the electron transfer along the
electron-transport chain [14]. Side reactions in
this case are associated with the formation of
active oxygen radicals. An increase in the index
means that photochemical energy conversion
and protective regulatory mechanisms are inef-
fective. Very high value of the index indicates
not only blocking of RC PS II, but also viola-
tion of proton gradient of thylakoid membranes
[35]. Under the conditions of our experiments,
unreliable changes of the index in the variety
Sibirskaya 12 in all the experimental variants
were established (see the table). In the variant
of infection with B. sorokiniana, the stimulat-
ing effect of seed hyperthermia was observed
in the variety Omskaya 18; the index decreased
by 13,9% relative to the control with unreliable
changes in all the test variants, except for the
variant of combined action of stressors with
seed heating - Y(NO) increase by 13,8%. The
results obtained indicate the effectiveness of
protective regulatory mechanisms of photosyn-
thetic reactions in the seedlings of these variet-
ies with the advantage of the variety Omskaya
18. Fig. 3 shows changes in the Y(NQ) parame-
ter under the action of B. sorokiniana and chlo-
ride salinity without seed pre-heating.

Photochemical quenching coefficient of
ChlF — gP. gP = (Fm'— Fs) / (Fm'— Fo'). The
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Puc. 1. Ycpennennsie 3Ha4eHus 9()HEKTHBHOTO KBAHTOBOTO BBIX0/1a (POTOXMMHUYECKOTO IIPEBPAIICHHS
cBetoBoi sHepruu Y(1I) mpopocTKOB sIpOBOIi MIIEHULIBI TPHU ACUCTBUU B. sorokiniana v XJIOPUIHOTO 3a-

COJICHHUA:
a — copt Omckast 18; 6 — copr Cubupckas 12

Fig. 1. Average values of effective quantum yield of photochemical conversion of light energy Y(II) of
spring wheat seedlings under the action of B. sorokiniana and chloride salinity:

a - variety Omskaya 18; 6 - variety Sibirskaya 12

parameter estimates the fraction of complexes
of PS II with the oxidized primary acceptor
QA at the time before the application of satu-
rating light flash. Indicates the fraction of light
energy consumed by the "open" RCs of FS II.
We found reliable (p < 0,05) decrease of gP
parameter in all the experimental variants for
both cultivars in the range from 16,1 to 52,4%,
more so for the variety Sibirskaya 12 (see the
table). In the variety Omskaya 18 in the variant
of infection reliable changes in the parameter
were not found. All stress factors reduced the
number of complexes of FS II with oxidized
primary acceptor QA, which led to a violation
of photochemical quenching of ChlF.

The protective effect of hyperthermia was
established in the variant of combined action of
stressors in the variety Sibirskaya 12 and in the
variants of salinization and combined action of
stressors in the variety Omskaya 18 - reliable
(p < 0.05) increase of gP parameter by 23.1;
47.6 and 13.6%, respectively. Analysis of the
experimental data shows the coincidence of the
dynamics of the photochemical quenching co-
efficient gP with the dynamics of the effective
photochemical quantum yield of PS II in the

light Y(II). Inter-variety differences in all the
variants of experiments were 1.3-4.7 times with
the reliability of differences at the levels of p <
0.05 and p < 0.01. The greatest differences in
the variants of infection with and without heat-
ing of seeds were 3.4-4.7 times.

Fig. 4 shows changes in ¢P parameter under
the action of B. sorokiniana and chloride salin-
ity without seed pre-heating.

Non-photochemical quenching coefficient of
ChlF —gN. gN = (Fm — Fm'") / (Fm — Fo'). The
parameter is related to the processes of conver-
sion of a part of the energy absorbed in the light
phase of photosynthesis into heat. It increases
in stressed plants [11, 12]. Under our condi-
tions, gN increased significantly (p < 0.05)
in all the experimental variants from 16.3 to
36.2% in both varieties, to a lesser extent in the
variety Sibirskaya 12 in infection and chloride
salinity variants without seed warming (see the
table). However, pre-heating of seeds led to an
increase in thermal dispersion in both varieties,
most pronounced in the variety Sibirskaya 12
(up to 3.5 times in the variant of salinity). At the
same time, the protective effect of hyperthermia
was also observed. Thus, the variety Omskaya
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Puc. 2. YcpenHeHHBIC 3HAYCHUS] KBAHTOBOT'O BBIXOJA PETYINPYEMOro HEPOTOXUMHUIECKOTO TYILICHHS
OnX — Y(NPQ) npopoCTKOB ApOBOi MILIEHULIBI IPU ACHCTBUU B. sorokiniana v XJI0pUIHOTO 3aCOICHUS:

a — copt Omckast 18; 6 — copr Cubupckas 12

Fig. 2. Average values of quantum yield of regulated non-photochemical quenching ChlF - Y(NPQ) of
spring wheat seedlings under the action of B. sorokiniana and chloride salinity:

a — variety Omskaya 18; 6 — variety Sibirskaya 12

18 showed a decrease of gV parameter values in
the variant of combined stressors and control by
28.1 and 27.7%, respectively. In the Sibirskaya
12 variety gN parameter decreased only in the
control variant by 23.3%. Since photochemical
and non-photochemical quenching of chloro-
phyll fluorescence are competitive, the higher
qP, the lower gN. Analysis of the obtained data
confirmed this fact (see Fig. 5, 6). Intersectional
differences in all the variants of the experiments
were 1,2-2,3 times with the reliability of differ-
ences at the level of p < 0,05 and p <0,01. The
greatest differences in the variant of salinity
without heating and infection with seed heating
were 2.2-2.3 times.

The speed of electronic transport through
photosystems — ETR. ETR = Y(II) x 0,84 x
0,50 x PPFD. The parameter shows the rate
of charge separation in RC PS II. The elec-
tron transport rate decreases under stress [12,
13]. We found that B. sorokiniana stress fac-
tors, chloride salinity and seed hyperthermia
significantly (p < 0.05) reduced the electron
transport rate in wheat seedlings of both vari-
eties in all the test variants in the range from
15.2 to 62.7%, especially in the Sibirskaya 12
variety (see the table). The greatest decrease

of ETR values in comparison with the control
was observed in the variant of joint action of
stressors - 62,1% (Sibirskaya 12) and 49,8%
(Omskaya 18). The pathogen had less effect
on the electron transport rate. The E7TR param-
eter decreased by 21.9% in the Sibirskaya 12
variety, while the Omskaya 18 variety showed
insignificant changes compared to the control
(see Fig. 6).

The protective effect of seed hyperthermia
was observed in the variety Sibirskaya 21 - reli-
able (p <0.05) increase of ETR by 20.7% in the
variant of combined effect of stressors and in
the variety Omskaya 18 in the variant of salin-
ity by 36.7%. Inter-variety differences in all the
variants of the experiments were 1.2-6.2 times
with reliability of differences at the levels of p
< 0.05 and p < 0.01. The greatest differences
in the variant of infection without seed heating
were 6,2 times.

Thus, the varietal specificity and informa-
tiveness of all the applied parameters of ChlF
in the study of the combined effect of the caus-
ative agent of common root rot, chloride salin-
ity and seed hyperthermia on the seedlings of
spring wheat varieties was established.
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Puc. 3. YcpeHeHHbIC 3HAYCHUST KBAHTOBOTO BBIXOJa HEPETYIUPYEMOTO He()OTOXUMHUYECKOTO TYIICHHUS
OnX — Y(NQ) npopoCTKOB SPOBOil MIIEHUIIBI IPH IEHCTBUH B. sorokiniana u XJIOPUAHOTO 3aCOJIEHUS:

a — copt Omckast 18; 6 — copt Cubupckast 12

Fig. 3. Average values of quantum yield of unregulated non-photochemical quenching ChlF - Y(NQ) of
spring wheat seedlings under the action of B. sorokiniana and chloride salinity:

a - variety Omskaya 18; 6 - variety Sibirskaya 12
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Puc. 4. YcpenneHHble 3HaueHUs KO3PPHIMEHTA POTOXUMUYECKOTO TYIISHUS (PIYOPECUEHITIH XJIOPO-
(ma — gP popoCTKOB SPOBOH MIIICHUIIBI IIPH IeHCTBUH B. sorokiniana v XJIOPUITHOTO 3aCOJICHUS:

a — copt Omckast 18; 6 — copt Cubupckas 12

Fig. 4. Average values of photochemical quenching coefficient of chlorophyll fluorescence - ¢P of spring
wheat seedlings under the action of B. sorokiniana and chloride salinity:

a — variety Omskaya 18; 6 — variety Sibirskaya 12

CONCLUSIONS

1. Separate and combined effects of chloride
salinity (1.3%), infection with the cereal root
rot pathogen B. sorokiniana (5000 conidia per
grain) suppressed light and dark reactions of

photosynthesis. Reliable (p < 0,05) decrease of
effective quantum yield Y(II), photochemical
quenching coefficient gP and electron trans-
port rate ETR was found in both varieties, the
greatest - in the variant of combined stressors
(up to 62,7%). The maximum photochemical
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quantum yield of PS II v/ Fm was less infor-
mative, no significant changes in the parameter
were found.

2. Inhibition of light-dependent reactions
was accompanied by a significant (p < 0.05)
increase in the values of non-photochemical
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quenching parameters of ChIF - coefficient
gN and quantum yield of regulated non-photo-
chemical quenching of ChIF Y(NPQ) from 24.1
to 72.1% in both varieties, most pronounced it
was in the variety Sibirskaya 12, especially in
the variants with salinity and combined stress-
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Puc. 5. Ycpennennsie 3HaueHus kodddunuenta Heporoxumuaeckoro tymenuss GnX — gN mpopocTkoB
SIPOBOM MIIIEHUIIBI IPU ACHCTBHU B. sorokiniana u XIOpUIHOTO 3aCOJCHUS:

a — copt Omckast 18; 6 — copt Cubupckas 12

Fig. 5. Averaged values of non-photochemical quenching coefficient ChlF - g/N of spring wheat seedlings
under the action of B. sorokiniana and chloride salinity:

a — variety Omskaya 18; 6 — variety Sibirskaya 12
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a — copt Omckast 18; 6 — copt Cubupckast 12

Fig. 6. Average values of electron transport rate through photosystems - ETR of spring wheat seedlings
under the action of B. sorokiniana and chloride salinity:

a - variety Omskaya 18; 6 - variety Sibirskaya 12
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ors. The parameter Y(NO) - quantum yield of

unregulated non-photochemical quenching of 4

ChlF changed insignificantly relative to the
control in both varieties.

3. The positive effect of preliminary hy-
perthermia of seeds on the functional activity
of photosynthetic apparatus of seedlings was
revealed - a significant (p < 0.05) increase of
values of Y(Il), gP, ETR parameters (by 18.0-
59.0%) and decrease of values of Y(NPQ), Y
(NO) and gN parameters (by 18.8-35.1%) under
the subsequent action of infection and chloride
salinity in both varieties, mainly in the variety
Omskaya 18.

4. The informativeness of ChlF parameters
for assessment of varieties stress tolerance was
established. Significant inter-variety differences
(from 1.2-6.2 times) were revealed for almost
all parameters (except Fv/ Fm, Y(NO), Fv) for
all the variants of the experiment. Variety speci-
ficity was established - the smallest changes of
parameters relative to the control were in the
stable variety Omskaya 18 in all the variants of
the experiment.

5. The studied parameters of photochemical
and non-photochemical quenching of ChlF can
be used as informative parameters for diagnos-
tics of photosynthetic activity and evaluation of
wheat varieties resistance to chloride salinity,
infection and seed hyperthermia. The proposed
approach will allow to develop a non-invasive
method for early diagnosis of stress tolerance
(phenotyping) of new genotypes to biotic and
abiotic stressors.
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O EHKA HOBBIX 'NBPUJIOB KYKYPY3bI
B YCJIOBUSX ITPEJATOPHOM 30HbI KABAPIMHO-BAJIKAPUU

(<) Annaes C.I1., Karepmaszos A.M., Xauuaoros A.B., bu:xkoes M.B.
Hncmumym cenvckoeo xosavcmea — gunuan Pedepanvbho2o HAYUHO20 YyeHmpa
«Kabapouno-banxapcxuil nayunsiii yenmp Poccutickotl akademuu Hayk»

Ka6apmuHo-bankapckas Pecryonuka, Hansank, Poccust
(><De-mail: kbniish2007 @yandex.ru

[IpencraBiensl pe3yabTaThl CO3MaHMs THOPHUIOB KyKYPY3bl C YpOKaHOCTBIO He HIKke 8—11 T/ra,
00J1a/1al0IMX XOPOLIeH BIarooTAa4e B MEPHOJ CO3PEBAHMS, C JOCTaTOUYHO XOPOILIEH moieraeMo-
CTBIO M YCTOHUMBOCTBIO K OMOTHYECKUM U aOHOTHYeCKUM (hakTopam cpesl. HayuHo-nipakTnueckast
pabora BeimoHeHa B 2020, 2021 IT. Ha OIBITHOM ITOJIE JTA0OPATOPUN CEIIEKITUH U CEMEHOBOJICTBA
paHHecnenol KyKypysbl B npearopHoil 3oHe KabGapamno-bankapckoit Pecryonmuku. IIpoBenena
OLIeHKa THOPUIHBIX KOMOMHAIMH Pa3IHMYHBIX TPYII CIEIOCTH: PaHHECTIENbIE ¢ HHICKCOM CKOpPO-
cnenocta ®AO 170-220 u cpemnecnensie — GAO 220-300. 3aknanky OMBITOB B KOHTPOJIbHBIM
MTUTOMHUKE U U3y4YECHHUE IKCIIEPUMEHTAIbHBIX THOPHIHBIX KOMOWHALINHI 110 OCHOBHBIM XO35HCTBEH-
HBIM 3HAYCHUSIM TPOBOJIIIN COTJIACHO OOLIETIPHHATHIM METOJMUECKUM peKOMeHAauusIM. [ uopuibt
M3yYeHBI TI0 OCHOBHBIM XO3STHCTBEHHO IIEHHBIM IPU3HAKaM: YOOPOUHAs BIIAXXHOCTH 3€PHA, BBIXO]
3epHa, ypokaHOCTb 3epHa npu 14%-i BnaxkHoctu. B rpynme cnenoctu ®AO 170-220 no ydbopou-
HOM BJI2&YKHOCTH OTMEUYEHO 8 THOPHUJIOB, 110 BBIXOAY 3epHA — 0, TI0 YPOXKAI0 3epHA — 7 KOMOMHAIHH.
B BapuanTe ®AO 220-300 BbIAENEHBI IO YOOPOUYHOH BIKHOCTH 5 THOPHUIHBIX KOMOMHAIINHN, 11O
BBIXOZly 3€pHa — 7, 1O ypoKaro 3epHa — 3 ruOpuaHble kKoMOnHauu. JlanHas paboTa 1o OLEHKE
rHOPUIOB KYKYpy3bl B KOHTPOJILHOM IMMTOMHHUKE TPOBE/ICHA B COOTBETCTBHH C IIAHOM HAYYHO-HC-
clIeZIoBaTeNbCKON paboThl. Bee BhIeNeHHbIE B HAYYHO-TIPAaKTHIECKOH padoTe rTHOPHIbI TIPEBhIIIATH
JOCTOBEPHO (TI0 OLICHEHHBIM MOKA3aTelsM) CTaHIapTHBIC 3HAUCHHS B CBOMX TPYIIAX CIEIOCTH.

KiroueBsble ciioBa: KyKypy3a, THOPH/IBL, TPYIIIA CIIEIOCTH, yOOPOUHAas BIaKHOCTb, ypoXkKai 3ep-
Ha, KOHTPOJILHBI TUTOMHHK, PE3YJIBTaThl HCIIBITAHUN

EVALUATION OF NEW CORN HYBRIDS IN THE CONDITIONS OF THE
FOOTHILL ZONE OF KABARDINO-BALKARIA

<DAppaev S.P., Kagermazov A.M., Khachidogov A.V., Bizhoev M.V.

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

Nalchik, Kabardino-Balkarian Republic, Russia

(<De-mail: kbniish2007@yandex.ru

The results of creating corn hybrids with yields no lower than 8-11 t/ha, with good water-
yielding capacity during ripening, with good enough lodging and resistance to biotic and abiotic
environmental factors are presented. Scientific and practical work was carried out in 2020, 2021 in
the experimental field of the Laboratory of Breeding and Seed Production of Early-Maturing Corn
in the Foothill Zone of the Kabardino-Balkarian Republic. Evaluation of hybrid combinations of
different ripeness groups: early-ripening with an index of early maturity FAO 170-220 and medium-
ripening - FAO 220-300 was conducted. Planting experiments in the control nursery and the study
of experimental hybrid combinations on the main economic values were carried out according
to generally accepted methodological recommendations. The hybrids were studied for the main
economically valuable traits: harvest grain moisture, grain yield, grain yield at 14% moisture. In
the ripeness group FAO 170-220 by harvesting moisture 8 hybrids were noted, by grain yield - 6,
by grain yield - 7 combinations. In the variant FAO 220-300, 5 hybrid combinations were selected
for harvesting moisture content, 7 hybrid combinations for grain output, 3 hybrid combinations for
grain yield. This work on the evaluation of corn hybrids in the control nursery was carried out in
accordance with the plan of research work. All hybrids selected in the scientific and practical work
exceeded reliably (according to the evaluated indicators) the standard values in their ripeness groups.

Keywords: corn, hybrids, ripeness group, harvesting humidity, grain yield, control nursery, test results
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INTRODUCTION

Ensuring the growth of grain production, in-
cluding corn, and the creation on this basis of a
balanced fodder base is one of the main priori-
ties of food security of the Russian Federation
[1]. Corn is an important grain and fodder crop.
It is widely spread because of its high poten-
tial yielding capacity. Gross yield of this crop
reaches 800 million tons, which makes 34% of
total world production. In Russia corn produc-
tion is about 5 million tons, and there is a ten-
dency of its growth. In almost all corn-growing
countries corn is grown for grain, which is used
for food, fodder and technical purposes. For the
food industry corn grain is a raw material for
the production of cereals, flour, oil, starch, al-
cohol (ethanol), and syrup [2, 3].

Due to its properties corn in Russia is used
as a grain and fodder crop, which is mainly
used to feed livestock and poultry. Green mass
of corn is used for making silage and grain is
added to mixed fodder as an obligatory com-
ponent. Corn grain has high fodder value - 1 kg
contains 1.34 fodder units (f.u.), while barley
grain - 1.2 fu., oats - 1 f.u. It contains 65-70%
nitrogen-free extractive substances, 9-12% pro-
tein, 4-5% fat, 2% sugar, and very little fiber
[4]. According to scientists, corn is of great im-
portance in the economy and increasing food
security [5].

Expansion of corn crops is an obvious need,
it should be given special attention as a crop
that gives high yields and allows you to quickly
solve the issues of complete supply of livestock
nutritious and concentrated fodder, and indus-
try - raw materials for processing [6]. The need
to increase grain production is the reason for

growing corn outside the traditional cultivation
zones, in the areas with less favorable condi-
tions - lack or excess of light, heat, water and
other factors. In the Russian Federation corn is
cultivated in very contrasting climatic zones. In
recent years, a wide range of new high-yield-
ing corn hybrids, the potential yields of which
are much higher than the standards, have been
grown in production [7]. The most important
factor in the intensification of corn grain pro-
duction is the creation of highly productive hy-
brids adapted to local soil and climatic condi-
tions [8].

In Kabardino-Balkaria the main priority in
crop production is seed production and com-
mercial production of corn, since agroclimatic
conditions in the republic are the most optimal
in comparison with other regions and the re-
gions of the Russian Federation that produce
corn. Cereal crop yields have been showing
an upward trend since 2005. Therefore, the
creation of a solid base of corn seed breeding
requires the study of the breeding material in
terms of yield and resistance to extreme envi-
ronmental factors, the chemical composition of
grain and green mass'. Because of the increas-
ing competition in the grain market, properly
organized breeding and seed breeding research
are important areas that determine the further
generation of promising varieties and hybrids
of agricultural crops [9].

The Kabardino-Balkarian Republic has a
well-defined vertical zonality. On a small terri-
tory in one climatic zone there are three sharply
different agricultural zones: mountain, foothill
and steppe (flatland). Corn is cultivated in all
zones, but for each zone it is necessary to select

'Khatefov E.B. Seed productivity of tetraploid maize and ways to increase it in the conditions of Kabardino-Balkaria: Doctor

of Biology thesis: 06.01.05. SPb, 2012, 45 p.

30  Siberian Herald of Agricultural Science ¢ 2022 « 52 « 6

Plant growing and breeding



OmeHka HOBBIX THOPUIOB KyKypy3bl B YCIOBUSX HPEATOPHON 30HBI
Kabapauno-bankapun
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specifically those or other hybrids of different
ripeness groups, depending on the purposes for
which corn is produced (grain, silage, seeds)
[1].

The purpose of the work is to evaluate corn
hybrids of different ripeness groups in the con-
trol nursery by economically useful traits for
further use in the breeding and seed production
program of the Institute of Agriculture - Branch
of the Federal Scientific Center "Kabardino-
Balkarian Scientific Center of the Russian
Academy of Sciences" (IA KBSC RAS).

MATERIAL AND METHODS

Scientific and practical work was carried out
in 2020, 2021 on the experimental field of the
Laboratory of Breeding and Seed Production
of Early-Maturing Corn of the Institute of Ag-
riculture - branch of the Kabardino-Balkarian
Scientific Center of the Russian Academy of
Sciences (IA KBSC RAS) at the Scientific and
Production Site No. 1 (piedmont zone).

The soil of the experimental plot is common
chernozem. Soil form - carbonate soil. Soil vari-
ant - heavy loamy. Agrochemical characteris-
tics of the soil of the experimental plot (accord-
ing to Chirikov): pH - 7.2; P,O5 mobile - 9.8
mg/100 g soil; K,O exchangeable -7.2 mg/100
g soil; humus (according to Tyurin) - 4.4%. The
arable horizon contains 3.9-4.2% humus, 18-27
mg of nitrogen, 27-34 mg of labile phosphorus,
and 230-250 mg of exchangeable potassium
[10]. Agrometeorological conditions for the
years of study are presented in Table 1 (data of
the Kabardino-Balkarian Central Hydrometeo-
rological Service).

Weather conditions were generally favorable
for good growth and development of the crop.

The material and technical part of the ex-
periment consisted of the following elements:
corn seeds of own selection, except for standard
values, hand planters, journal of phenological
observations, polyethylene bags, scales, mois-
ture meter.

The control nursery included 72 hybrid
combinations (FAO 170-220 and 220- 300),
(FAO 170-220, standard Mashuk 171, and FAO
220-300, standard Krasnodar 291 AMV). The
precursor in the 2020, 2021 trials was win-
ter wheat. Nitro-ammonium phosphate in the
amount of 150 kg/ha with inter-row cultivation
was applied annually to the experimental plot,
and top dressing with ammonium nitrate at the
rate of 150 kg/ha was carried out. In the phase
of 3-6 leaves the plot was treated with poste-
mergence herbicide Elumis, MD at a rate of 2
I/ha.

Monitoring of corn plants development was
carried out throughout the study period, and
harvest grain moisture, yield, and grain yield
were determined when converted to 14% mois-
ture. Establishment of the experiments and the
study of experimental hybrid combinations on
the main economic values were carried out ac-
cording to the methodical recommendations **.
Plots were double-row, in double repetition,
the area of one plot was 7.84 m?, the placement
was randomized. Sowing and harvesting of the
crop during the years of study were carried out
manually. Harvesting was carried out with de-
termination of harvesting moisture content by a
Wille 68 moisture meter with 3-fold measure-
ment of each number.

RESULTS AND DISCUSSION

The results of hybrids evaluation in the con-
trol nursery by the main economically valuable
traits for 2020, 2021 are presented in Table 2.

The data obtained indicate that in the FAO
170-220 group the following hybrids are dis-
tinguished by harvesting moisture Malvina C X
1/99-1-1 5014-1-2, Malvina C x 1/99-1-1 5014-
1-4, Malvina C x 92¢ 5428-2-3-3-1, Malvina C
X 92¢ 5195-3-3- 2-1-1, Malvina C x 92¢ 5195-
3-3-2-2-1, Malvina C x 1/99-4-1-1, Milena
M X 1/66- 1-4-1, Milena M x 92c 5261-2-1-
1-3. On average, the values were in the range

%Filev D.S., Tsikov V.S., Zolotov V.I., Logachev N.I., Telyatnikov N.Y., Ponomarenko A.K. Methodological recommendations
for field experiments with corn. Dnepropetrovsk: All-Russian Research Institute of Corn, 1980. 54 p.

3Methodology of State Variety Testing of Agricultural Crops. 1989. Issue. 2. Moscow, 197 p.
‘Dospekhov B.A. Methodology of field experience (with the basics of statistical processing of research findings). Moscow:

Agropromizdat, 1985. 351 p.
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Evaluation of new corn hybrids in the conditions of the foothill zone
of Kabardino-Balkaria

Appaev S.P., Kagermazov A.M., Khachidogov A.V., Bizhoev M.V.

Ta6a. 1. MeTteomanHbIe BEreTallMOHHBIX TIEPHOJIOB B TIpearopHoii 30He KabapauHo-bankapckoi

PecrryOmukm 3a 2020, 2021 rr.

Table 1. Meteorological data of vegetation periods in the foothill zone of the Kabardino-Balkarian

Republic, for 2020, 2021

Indicator
Month Air temperature, °C Amount of precipitation Air humidity, %
Average Maximum Minimum Absolumtfnindex, %n((;f—rgle Average Minimum
2020
April 10,2 16,2 32 37,7 61,0 57 36
May 16,1 223 11,1 114,1 124,7 68 51
June 21,9 28,8 154 71,4 73,0 60 41
July 25,0 31,9 19,5 20,0 33,4 55 33
August 22,1 28,8 15,6 86,3 94,3 54 33
September 19,2 25,9 13,1 20,2 37,1 64 43
2021
April 11,6 17,8 7,1 35,1 55,1 69 50
May 18,1 24,8 11,8 83,8 98,6 61 42
June 22,3 26,3 15,6 127,1 144,8 69 55
July 24,1 30,8 17,6 1124 103,4 58 40
August 24,6 34,6 16,2 34,2 34,5 54 33
September 15,3 31,2 5,8 103,5 125,6 79 22

of 14,4-17,2%. In terms of grain yield, the best
are Malvina C x 1/99-1-1 5014-1-2, Malvina X
1/99-1-1 5014-1-4, Malvina C x 1/99-4-1-1,
Milena M x 1/66-1-4-1, Milena M x 92¢ 5261-
2-1-1-3, Malvina C x Kb 630-2-3-3-2-2-2-4-2-
9-1-4, Malvina C x 92¢ 5195-3-3-2-1-3, this in-
dicator was 82,1-84,3%. In terms of grain yield
(at 14% moisture content) — Malvina C x 1/99-
1-1 5014-1-2, Malvina C x 1/99-1- 1 5014-1-
4, Malvina C x 92¢ 5428-2-3-3-1, Malvina C
x 92¢ 5195-3-3-2-2-1, Milena M x 1/66-1-4-
1, Malvina C x KB 630-2-3- 3-2-2-2-4-2-9-1-
4, Malvina C x 92¢ 5195-3- 3-2-1-3, hybrid
combinations exceeded the standard variant
by 0.17-0.60 t/ha. In the variant FAO 220-300
such hybrids can be distinguished by harvest-
ing moisture, as RG 1 C x 92¢ 5280-2-2-2-2-3,
RG4M x92¢ 5253-1-1-1-3, Madonna M x 92¢
5520-1-1-1- 1, OL 3104 M x 6207-1, OL 273
M x 92¢ 6195- 5-1-1-1 (the values for this at-
tribute were as follows 16,1-18,1%); in terms
of grain yield — RG 1 C x 92¢ 5280-2-2-2-2-3,
(B 52m x GK 26 zm) x 633MB, RG 4 M x 92¢
5253-1-1-1-3, Madonna M x 92¢ 5195-3-3-2-

2-1, Madonna M x 92¢ 5520-1-1-1-1, OL 3104
M x 6207-1, OL 273 M x 92¢ 6195-5-1-1-1 (at
the level of 81,2-84,3%); by grain yield — RG
1 C92¢ 5280-2-2-2-2-3, (B 52m x GK 26 zm) x
633MB, OL 3104 M x 6207-1, Kr. 704 UM x
633MB (the selected hybrids outperformed the
standard value by 0,24-0,62 t/ha).

CONCLUSION

Analysis of corn hybrids in the control nurs-
ery is important because it allows us to iden-
tify the most valuable hybrids according to the
main economically valuable indicators.

In the course of research on evaluation of
corn hybrids for economically useful charac-
teristics 6 hybrids were identified in the group
FAO 170-220 and 4 hybrids in the group FAO
220-300, which exceeded the standard values
on all main indicators of productivity. The se-
lected early- ripening and medium-early corn
hybrids are of great breeding interest, therefore,
they will be transferred for ecological variety
testing to scientific institutions belonging to the
Corn Coordinating Council.
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W3YUYEHHME MST'KOM NIIEHUIIBI 10 CHUKEHUIO TEMITEPATYPBI
IMOJIOTA B YCJOBHSIX AJITAMCKOT'O KPASI

(<) J1enexos C.B., lletnn B.A., Bajex:xanun B.C., Kopooeiinukos H.H.
Dedepanvhblii ANmaticKuti HAyYHblil YeHmp azpoouomexHonIocull
Anraiickuil kpail, bapnayn, Poccus

(De-mail: sergei.lepehov@yandex.ru

[IpencraBiensl pe3yapTaThl UCCIAEIOBAHUNA B 00JaCTH CENEKIIMN Ha 3aCyXOyCTOMYUBOCTD TIIIIE-
HUIIBI IO MEeTOAY MH(pakpacHoi TepMoMeTpun. OT™MeueHo, uTo B Poccuu gaHHBIA METOX 10 CHX
IIOp He MOoJIy4ns pacnpocTpaHeHus. M3yuen mapamerp cHMKeHUs TemnepaTypsl nonora (Canopy
temperature depression CTD) cpean KoyuleKUMOHHBIX 00Pa3LOB SPOBOW MSTKOHM IMIIEHUIBI. JKC-
MEepUMEHT npoBeAeH B AntalickoM kpae B 2019-2021 rr. ¥V 55 copToB sipoBOil MSTKOH MILIEHULIBI
HCCIIEI0OBAHbl YPOXKAHHOCTh, JIEMEHTBI €€ CTPYKTYpPbl U JJIMTEIBHOCTh IIEPHOZA BCXOIbl — KOJIO-
menne. Temmeparypy mojiora U3MepsuUId PHU MOMOIIN TOPTAaTUBHOTO HHPPAKPACHOTO TEPMOMETPA.
Onpenensiau CTD kak pa3HOCTh MEXKAy TeMIIepaTypol Bo3iyXa U Temreparypoil nmosora. Cpeanss
no coptaMm BenuuuHa CTD cocrasuna 6,1, —0,8 u 2,6 °C B 2019, B 2020 u 2021 rT. COOTBETCTBECH-
HO. JlocToBepHOE BIAMSIHME Ha M3MEHYMBOCTH JJAHHOTO NMPH3HAKa OKas3al Kak (akrop roi, Tak u
resotun. Ha nporsokeHun tpex jet uccienoBanuss CTD umen ctaObunbHYI0 TOCTOBEPHYIO B3au-
MOCBSI3b C [UTUTEIIEHOCTHIO TTeproja Bcxoasl — konomrenue (» = 0,27—0,37), a B 1Ba Toza U3 TPex — C
ypoxkaitHocteio # = 0,32 u 0,60. B camom 3acynmuBom roxay (2020) CTD monmoxutensHO KOppe-
JUPOBAJl HE TOJIBKO C AJIEMEHTaMH CTPYKTYphl ypoxkas (r = 0,17-0,48), HO U C BBICOTOH pacTeHUS
(r = 0,55). Hanbonpmast Benmnunna CTD B cpegHem 3a Tpu roga oTMeueHa y ANTaliCKON KHUIBI
(3,5 °C), Cremnnoii HuBsl (3,6), bypnaka (3,8), O6ckoii 2 (3,9 °C), Jlrorecuenc 360/96, Mepna#sl,
Anexcannpa (4,0 °C) u JIrotecuenc 208/08-4 (4,4 °C).

KiroueBble c10Ba: nHGpaKpacHbI TEPMOMETP, NILIEHULA, CHUKEHUE TEMIIEPaTyphbl 110JI0Ta, 3a-
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STUDY OF SOFT WHEAT BY THE CANOPY TEMPERATURE DEPRESSION
UNDER ALTAI TERRITORY CONDITIONS

(<) Lepekhov S.B., Petin V.A., Valekzhanin V.S., Korobeinikov N.IL.
Federal Altai Scientific Centre of Agro-BioTechnologies

Barnaul, Altai Territory, Russia

(<De-mail: sergei.lepehov@yandex.ru

Results of research in the field of wheat drought tolerance breeding by infrared thermometry
method are presented. It is noted that in Russia this method is still not widespread. The parameter
Canopy temperature depression (CTD) among collection samples of spring wheat was studied. The
experiment was conducted in the Altai Territory in 2019-2021. Yield, elements of its structure and
the duration of seedling — heading period were studied in 55 varieties of spring soft wheat. The
canopy temperature was measured with a portable infrared thermometer. CTD was defined as the
difference between the air temperature and the canopy temperature. The average CTD across the
varieties was 6.1,-0.8, and 2.6 °C in 2019, 2020, and 2021, respectively. Significant influence on the
variability of this trait had both the factor of year and genotype. During the three years of the study
CTD had a stable reliable relationship with the duration of the seedling - heading period (» = 0.27-
0.37), and in two of the three years - with the yield (» = 0.32 and 0.60). In the driest year (2020),
CTD was positively correlated not only with the yield structure elements (r = 0.17-0.48), but also
with the plant height (# = 0.55). The highest average CTD value for three years was recorded for
Altayskaya zhnica (3.5 °C), Stepnaya niva (3.6 °C), Burlak (3.8 °C), Obskaya 2 (3.9 °C), Lutescens
360/96, Merzana, Alexander (4.0 °C) and Lutescens 208/08-4 (4.4 °C) cultivars.

Keywords: infrared thermometer, wheat, canopy temperature depression, drought tolerance,
period seedling — heading, yield
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INTRODUCTION

Climate change models predict an increase
in the air temperature and drought frequency
in the future [1]. One way to adapt to a chang-
ing climate is to breed drought-tolerant variet-
ies. Selection for tolerance of crops to moisture
deficit and heat tolerance is complicated due to
the following reasons. Firstly, the complexity
of the drought phenomenon itself, which can
vary in type, time of occurrence, duration and
intensity [2]. Secondly, the complexity of plant
resistance mechanisms, which include morpho-
logical, physiological, biochemical and ana-
tomical features [3]. The drought tolerance of
breeding material is traditionally evaluated by
the yield under drought conditions [4]. Howev-
er, selection based solely on yield complicates
selection for drought tolerance, since yield is a
very complex trait with low heritability under
stress [5]. In this regard, it is important to find
new criteria for assessing drought tolerance.

Since the late 1970s infrared thermometry
method began to be used to estimate the can-
opy temperature of various wheat varieties [6].
Canopy temperature reveals the water status of
plants, i.e. the balance between water consump-
tion by the roots and transpiration by the leaves.
This trait is measured with a portable infrared
thermometer or an infrared camera. Most often,
it is not the canopy temperature that is mea-
sured, but the difference between the air tem-
perature and the canopy temperature (Canopy
temperature depression — CTD).

Currently, the method of infrared thermom-
etry is widespread in the world due to its sim-
plicity, speed of evaluation of an individual
sample and cost-effectiveness. The relationship
between the canopy temperature and the yield
has been determined [7] with other morpho-

logical and physiological traits [8]. However,
this method, despite its advantages, is not wide-
spread in Russia.

The purpose of the research is to study the
collection of spring wheat varieties by the trait
"canopy temperature reduction", to analyze its
variability and relationship with other traits.

MATERIAL AND METHODS

The experiment was conducted in the Altai
Territory in 2019- 2021. The material of the
study were 55 varieties of spring wheat of dif-
ferent ecological and geographical origin of
three groups of ripeness. The sowing was car-
ried out in the first ten-day period of May by
SSFK-7 seeder on fallow forecrop in the plots
of 10 m% The seeding rate was 500 grains/m?’.
Harvesting was carried out by Wintersteiger
classic harvester. During the vegetation period
the date of earing was marked. Yield structure
elements were determined according to con-
ventional methods. Vegetation canopy temper-
ature was measured in the phase of milk ripe-
ness in triplicate using an infrared thermom-
eter (UT300C). Measurements were taken on
a hot sunny cloudless and windless day at 50
cm above the canopy at an angle of 30° to the
plane of the plot. Canopy temperature reduc-
tion (CTD) was calculated by the formula:

CTD =Ta—Tc,

where Ta — air temperature, Tc — canopy tem-
perature.

Statistical processing of the results was car-
ried out by methods of variance and correlation
analysis.

The weather conditions of the growing sea-
sons 2019-2021 differed in the amount and dis-
tribution of precipitation and average daily tem-
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peratures. However, in all three years there was
drought during the periods from flowering to
full ripeness. The average monthly temperature
of July 2019-2021 was almost the same as the
average annual value, and the average monthly
temperature of August exceeded the average
annual value by 1.3-2.4 °C. Precipitation deficit
in 2019-2021 was recorded in May (-11 to -23
mm to the norm), in 2019 and 2021 - in July
(-22 and -29 mm to the norm, respectively). In
2020, the earing was preceded by precipitation
deficit in June (-22 mm to the norm).

RESULTS AND DISCUSSION

Positive CTD value averaged across vari-
eties was observed in 2019 and 2021 (6.1 and
2.6 °C) at air temperatures of 27 and 26 °C,
respectively. In 2020, at an air temperature of
31 °C, the CTD value averaged -0.8 °C for the
varieties. Thus, in 2019 and 2021 at the time of
canopy temperature measurement it was cooler
than the air, and in 2020 it was warmer.

The trait "canopy temperature decrease" is
largely influenced by weather conditions of the
years of the study. At the same time, a signifi-
cant influence of genotype on variation of this
trait was established (see Table 1). The interac-
tion of the factors year X genotype was statisti-
cally insignificant.

The following varieties were characterized
by the coolest canopy on average for three
years: Altayskaya zhnica (3,5 ° C), Stepnaya
Niva (3,6), Burlak (3,8), Obskaya 2 (3,9), Lu-
tescens 360/96-6, Mertsana, Alexander (4,0),
Lutescens 208/08-4 (4,4 ° C). Significantly
less ability to canopy cooling compared to the
above genotypes had: Omskaya 41 (0,2 °C),
Libertina (1,0), Novosibirskaya 41, Izera (1,5),

Ershovskaya 34 (1,6), Grenada (1,7), Ershovs-
kaya 33 (1,8), Stolypinskaya 2 and Quintus (1,9
°C) (see Table 2).

Correlation analysis showed a significant
positive relationship between CTD and the yield
in 2020 ( = 0.60) and 2021 (» = 0.32). Over
three years, CTD was consistently positively
correlated with the duration of the sprouting -
earing period (r = 0.27-0.37). To the greatest
extent, the CTD indicator was associated with
morphobiological traits in 2020 (see Table 3).

The first researchers paid attention to a large
number of environmental factors affecting
CTD. Among these factors soil moisture sup-
ply, wind, evapotranspiration, cloud cover, air
temperature, relative air humidity, and solar
radiation should be listed [9]. In this connec-
tion, CTD varies more strongly than other traits
[10, 11]. This feature of the trait complicates its
evaluation and selection of genotypes with cool
canopy under drought and heat conditions.

The positive correlation between CTD and
productivity traits is indicated by B. Bahar et
al. [12]. Significant correlation between CTD
and plant height, between CTD and sprouting
- earing period, found in our study, is consis-
tent with previously known patterns [13, 14].
Consequently, high-growing and medium-late
varieties have a better ability to cool down and
bring the canopy temperature to a more opti-
mal for photosynthesis than low-growing and
medium-early varieties.

Since in many studies CTD shows a close
positive correlation with yield under drought
and heat conditions, this parameter is proposed
as a breeding criterion for drought tolerance of
varieties [15]. Probably insignificant and av-
erage correlation of CTD with yield in 2019

Ta6a. 1. Pesynsrar a1ByX(hakKTOPHOIO TUCIEPCHOHHOTO aHAIN3a 55 COPTOB SIPOBOM MSATKOH MIIICHHUIIBI

o CTD (2019-2021 rr.)

Table 1. Result of ANOVA for CTD of 55 spring soft wheat cultivars in 2019-2021

Source of variation SS df ms F Fiy005
Year 3923,0 2 1961,5 595,93 3,00
Genotype 321,6 54 6,0 1,81 1,40
Year x genotype interaction 388,0 108 3,6 1,09 1,30
Residual dispersion 1086,2 330 3,3
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Taba. 2. I'eHoTUIIBI IPOBOM MATKON MIIIEHUIIBI C
HaUMEHBIINMH U HanOOoIbIuMu 3HaueHussMu CTD
(°C) B 20192021 rr.

Table 2. Genotypes of spring soft wheat with the
highest and lowest CTD (°C) in 2019-2021

Genotype 2019 | 2020 | 2021 avgr‘;ge
Omskaya 41 2,0 -3,4 1,9 0,2
Libertina 35 | 28| 24 1,0
Novosibirskaya 41 5,0 2,1 1,6 1,5
Izera 3,7 -14 2,1 1,5
Ershovskaya 34 43 -1,5 2,0 1,6
Grenada 3,7 -1,5 2.8 1,7
Ershovskaya 33 5,2 -1,3 1,5 1,8
Stolypinskaya 2 5,0 -1,8 2,5 1,9
Quintus 52 | -2,6 | 3,0 1,9
Altaiskaya zhnitsa 6,0 1,5 3,0 3,5
Stepnaya Niva 7,4 1,1 3,6 3,6
Burlak 6,3 1,9 3,3 3,8
Obskaya 2 7,4 1,8 2,6 39
Lutescens 360/96—6 7,0 0,5 3,3 4,0
Merzana 7,1 1,5 3,5 4,0
Alexandr 8,4 0,7 2,7 4,0
Lutescens 208/08-4 7,4 0,8 4,9 4,4
LSD;s 2,4 3,1 1,3 -

and 2021 can be explained by mild character
of drought. Thus, the average yields from 2019
to 2021 were 4.12; 2.66 and 4.60 t/ha, respec-

tively.

CONCLUSION

As a result of studying the collection of
spring wheat varieties according to the CTD
parameter, the varieties characterized by a cool
canopy were identified. These include: Altays-
kaya zhnica, Stepnaya Niva, Burlak, Obskaya
2, Lutescens 360/96-6, Mertsana, Alexander,
Lutescens 208/08-4. A significant stable corre-
lation of the studied parameter with the dura-
tion of the sprouting - earing period (r = 0.27-
0.37), as well as a positive correlation with the
yield in two years out of three (» = 0.32 and
0.60) was established. However, instability of
the studied trait by years makes it difficult to
use in practical wheat breeding.

Ta6a. 3. Ilapable KO3hOUITMEHTHI KOPPEIAIINT
mexy CTD u npyrumu Mmopdobronornaeckumu
MpU3HAKAMH SIPOBOM MATKON TieHuIs! (2019—
2021 rr.)

Table 3. Coefficients of correlation for CTD and
other morphological traits of spring soft wheat in
2019-2021

Trait 2019 | 2020 | 2021
Duration of sprouting -
earing period 0,30* | 0,37* | 0,27*
Plant height 0,26 | 0,55% | 0,24
Productive bushiness coef-
ficient -0,04 | 0,17 | 0,19
Ear length 0,00 | 0,48* | —0,13
Number of spikelets in an
ear -0,13 | 0,42* | —0,12
Main ear grain content -0,04 | 0,23 | -0,03
Main ear grain weight 0,08 | 0,30* | 0,10
Thousand-kernel weight 0,21 0,20 0,25
Yield 0,05 | 0,60* | 0,32*

7> Fape at p>0,95.
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BO BCEM MHpE HHM3KOTEMIICpaTypHBIA MaroreH. V3ydeHa 4YyBCTBHTEIBHOCTH JBYX reorpaduuecku
OTJaJICHHBIX MOMYJISIIMI BO30YAMTENs pO30BO CHEXKHOM IutecenH (rora Poccun u Pecriyonuku benapycn)
K JEBATH COBpeMEHHbIM (yHrHImmaM. [lns nccnenoBanust oTtoOpaHsl (pyHTHIWIBI, BKIFOYCHHBIE B
T'ocymapcTBeHHBIN Karayior IECTULMIOB M arpOXUMHKATOB, PA3pEeIIEHHBIX K IPUMEHEHHIO HA TEPPUTOPUU
Poccuiickoit ®enepatyii 1 peKOMEHAyeMble JUIsi 00padOTKH MPOTUB CHEXXHOW IuieceHn. Marepuaiom
JUTST M3YYeHHs CITYXXWJIa YucTas KyJabpTypa rpuda M. nivale. B mccnenoBaHWM HMCHONB30BaH METOM
arapoBbIX 0J0KOB. BHeceHue pacTBOpoB ()YHIMIIMIOB B MHTATEIBHYIO CPEy OCYIICCTBIISUTH JBYMSI
CTaHJAPTHHIMU METOIAMH — BMELIMBAHUEM B CpeJly U PaCTUPAHUEM Ipernapara o HOBEPXHOCTH CPEIIb
mmareneM. Beisiens! npermaparsl, oomagaronwe 100%-M GyHrUImaHEIM AEHCTBHEM MPOTHB OOEHX
usydaeMbix nomymsiiwit: [omapuc, M3, Kunrto yo, KC u bapuron Cynep, KC. Ipenaparsr Ormior
Tpuo, BCK, Baiiopanc Tpuo, TKC, Makcum ®@opre, KC nokazamu 100%-10 3h(heKTHBHOCTH TOIBHKO
MIPOTUB OENOPYCCKOM MOMyJSIyu maroreHa. OnpezeneHo, 9yTo MpUMEHEHHE IByX METOJI0B BHECEHHS
npernapara B IUTaTeNIbHYyIo cpely (BMELIMBaHNE U PACTUPAHKE 110 TIOBEPXHOCTH arapa) UMEET BBICOKHUI
KOO GHULMEHT KOppensuumu (U1t 6e10py CCKO nomyssimu —r,, = 1,0, 11t ceBepokaBkasckoii —r,, = 0,99).
OnHaxo BMEIIMBaHNE MEHBIIIE HHTHOUPYET POCT KOJIOHUH, TIO3TOMY SIBJISIETCs O0J1ee TPeAO THTETEHBIM
B UCCIICIOBAHMSIX 110 U3YUCHHUIO YYBCTBUTEILHOCTH K TIperiapaTaM YiCTOl KyIbTypbl Tpubda M. nivale.
BbIsiBIIeHA CTATHCTHYECKH JOCTOBEPHAS Pa3HUIIA MEXKTY 1yBCTBUTEIILHOCTBIO K (DY HT MM 1AM MTOTTYIISILIHA
reorpaUueCcKu OTAANICHHBIX PETHOHOB (IPH MCTIOB30BAHIH METOAA BMeLMBaHws F, 5,32 < F;232,
merona pactupanus — F, 5,32 < F;37,7). JlaHHbIe CBUACTEIBCTBYIOT O T€TCPOrCHHOCTH BO3OYAUTEIIs
CHEXHOM IJIECEHH 10 YyBCTBUTEIILHOCTH K COBPEMEHHOMY aCCOPTHUMEHTY NPOTPABUTENEH CEMSH.

Ki1ioueBble cjioBa: CHE)KHAS TIIECEHb, BBITIpeBaHue, Microdochium nivale, 03umble 3epHOBBIE
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SENSITIVITY OF THE NORTH CAUCASIAN AND BELARUSIAN POPULATIONS
OF MICRODOCHIUM NIVALE (FR.) SAMUELS & HALLET TO FUNGICIDES

(<)Volkova G.V.!, Yakhnik Ya.V.!, Zhukovsky A.G.?
!Federal Scientific Center for Biological Plant Protection
Krasnodar, Russia

’Plant Protection Institute

The agrotown of Priluki, Minsk region, Republic of Belarus
(<De-mail: galvol.bpp@yandex.ru

Pink snow rot (pathogen Microdochium nivale) is the most common low-temperature pathogen
worldwide. Sensitivity of two geographically distant populations of the pink snow rot pathogen
(southern Russia and the Republic of Belarus) to nine modern fungicides was studied. The fungicides
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Microdochium nivale (Fr.) Samuels & Hallet k pynrumnam

included in the State Catalogue of pesticides and agrochemicals permitted for use in the Russian
Federation and recommended for treatment against snow rot were selected for the study. The
material for the study was a pure culture of the fungus M. nivale. The agar block method was used
in this study. The fungicide solutions were introduced into the nutrient medium using two standard
methods: by interfering with the medium and by rubbing the preparation on the medium surface
with a spatula. The preparations with 100% fungicidal effect against both studied populations were
identified: Polaris, OE, Quinto Duo, SC and Bariton Super, SC. Oplot Trio, WS, Vybrance Trio, FC,
Maxim Forte, SC showed 100% efficacy only against the Belarusian population of the pathogen. It
was determined that the use of two methods of introducing the preparation into the nutrient medium
(intervention and rubbing on the agar surface) has a high correlation coefficient (for the Belarusian
population - r,,, = 1.0, for the North Caucasian population - r,, = 0.99). However, intervention is less
likely to inhibit colony growth and is therefore preferable in drug sensitivity studies of pure culture
of the fungus M. nivale. A statistically significant difference was found between the sensitivity to
fungicides of populations from geographically distant regions (£, 5.32 < F;23.2 for the intervention
method, F, 5.32 < F;37.7 for the rubbing method). The data indicate the heterogeneity of the snow

rot pathogen in terms of sensitivity to the modern assortment of seed dressing agents.
Keywords: snow rot, rotting, Microdochium nivale, winter cereals
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INTRODUCTION

Microdochium nivale (Fr.) Samuels & Hal-
let is the most common low-temperature phyto-
pathogen affecting cereals and grasses in the ar-
eas with stable snow cover [1]. In the Republic
of Belarus, the disease is one of the most com-
mon harmful ones [2]. According to V. Gorsh-
kov et al. [3], in Russia as early as the 1970s,
snow rot was considered a disease affecting
cereals only in the regions where plants were
covered with snow for at least 100 days. In the
southern regions of Russia, the pathogen oc-
curred sporadically until 1995; since 2000 the
dynamics of its occurrence and development
have been observed. At present, the pathogen is
widespread throughout the country where win-
ter grain crops are cultivated on an industrial
scale.

Effective protection of winter cereal crops
against pink snow rot is possible by treating
the seeds with fungicidal preparations based on
contact active substances, such as fludioxonil
and prochlorazole [2]. European researchers
also indicate that the only available mechanism
of chemical control of the disease in Northern
Europe is pre-sowing seed treatment with fun-
gicides [4]. Currently, a number of specialized
fungicide seed dressing agents have been de-
veloped and approved for use, which can signif-
icantly reduce the lesion of plants by the caus-
ative agent of pink snow rot [5]. At the same
time, there is no effective strategy for protect-
ing crops against pink snow rot due to a number
of restrictive measures, such as reducing the list
of approved drugs and peculiarities of winter
treatment. In our opinion, foliar application of

3amuTa pacTeHui

CubHPCKHii BECTHHK CEITbCKOXO3SHCTBEHHOMN Hayku ® 2022 ¢ 526 43



Sensitivity of the North Caucasian and Belarusian populations
of Microdochium nivale (FR.) Samuels&Hallet to fungicides

Volkova G.V., Yakhnik Ya.V., Zhukovsky A.G.

fungicides to protect winter grain crops from
snow rot is difficult to carry out in the autumn
period due to the fact that the air temperature
during fungicide application should not be be-
low 12 °C, and 10-14 days should pass from the
moment of treatment until winter grain crops go
into dormancy (autumn cessation of vegetation).

At the same time, the problem of resistance
is acute and has great negative consequences in
plant protection in the farms of almost all cat-
egories [6]. One of the first published data on
the loss of M. nivale sensitivity to benzimid-
azoles is the research of the problem of pink
snow rot lesion of golf courses. Ten years later,
the problem of snow rot resistance to this ac-
tive ingredient was already widespread [7].
Resistance to strobilurins was first revealed by
French researchers when analyzing the causes
of epiphytoty in 2007, 2008 [8]. Field tests of
strobilurin-based fungicides efficacy were con-
ducted and the formation of several resistance
mechanisms as well as positive cross-resistance
was found at once. Currently, the dominant po-
sition in the market of chemical fungicides is
occupied by triazoles, widespread introduction
of which has improved the phytosanitary situa-
tion in the grain fields. However, the studies of
O.P. Gavrilova et al. [9] indicated that 45% of
M. nivale strains are resistant to triazole-con-
taining preparations. It is worth noting that an
increase in the rate of drug consumption leads
to the acceleration of the formation of resistant
forms of pathogens and to the destruction of
useful soil microflora.

In multi-year studies of Belarusian scien-
tists who screened the most common disin-
fectants, high biological efficacy of Bariton,
SC (86.9%), Quinto Duo, SC (92.4%), Maxim
Forte, SC (93.4%), and 100% efficiency of
Quinto Plus, SC were noted [2]. A sensitivity
study of M. nivale isolates sampled on wheat
crops in the Central Black Earth region of the
Russian Federation showed complete inhibition
of the colony growth by Maxim, SC and Quinto
Duo, SC [5].

The data on the sensitivity of M. nivale pop-
ulation to the basic assortment of fungicides in
the south of Russia are insufficient and need to

be supplemented.

The purpose of the study was to investigate the sen-
sitivity of two geographically distant populations of the
pink snow rot pathogen to nine modern fungicides.

MATERIAL AND METHODS

The studies were carried out at the Repub-
lican Unitary Enterprise "Plant Protection In-
stitute" (The agrotown of Priluki, Republic of
Belarus) and the Federal Scientific Center for
Biological Plant Protection (Krasnodar, Rus-
sia) in 2021, 2022 using the unique scientific
installation (USI) base "Phytotron for isolation,
identification, study and maintenance of races,
strains, phenotypes of pathogens" (http://ckp-
rf.ru/usu/ No. 671925) and BRC (bioresource
collection) facilities of the FSBSI FSCBPP
(Federal Scientific Center for Biological Pro-
tection of Plants) "State Collection of Entomo-
acariphages and Microorganisms" (USU regis-
tration No.: 671925). Climatic conditions were
simulated using a Binder KBWF 720 climatic
chamber.

Nine fungicides included in the State Cata-
logue of Pesticides were selected for the study:
Maxim Forte, SC (azoxystrobin 10 g/l + te-
buconazole 15 g/l + fludioxonil 25 g/l), Vy-
brance Trio, FC (sedaxane 25 g/l + tebuco-
nazole 10 g/l + fludioxonil 25 g/l), Polaris,
ME (imazalil 25 g/l + prochlorazole 100 g/l +
tebuconazole 15 g/l), Quinto Duo, SC (pro-
chloraz 60 g/l + triticonazole 20 g/l), Quinto
Plus, SC (triticonazole 33, 3 g/l + fludioxonil
33.3 g/l + fluxapiroxad 33.3 g/l), Bariton Su-
per, SC (protioconazole 50 g/l + tebuconazole
10 g/l + fludioxonil 37.5 g/1), Scarlet, ME (ima-
zalil 100 g/l + tebuconazole 60 g/1), Oplot Trio,
WSC (azoxystrobin 40 g/l + difenoconazole
90 g/l + tebuconazole 45 g/1), Credo, SC (car-
bendazim 500 g/1)".

The material was a pure culture of the fungus
M. nivale. Monospore cultures were obtained,
followed by a mixture of isolates from each re-
gion. The species identity of the isolates was

!State Catalogue of pesticides and agrochemicals permitted for use in the Russian Federation. Ministry of Agriculture of the
Russian Federation. Pesticides. Official publication. M., 2021. vol. 1. 795 p.
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determined using molecular methods. The be-
longing of the strains to M. nivale species was
established using real-time PCR with species-
specific primers [10, 11]. PCR was performed
using a CFX96 Real-Time System thermal cy-
cler (BioRad, USA). Pure culture of pink snow
rot pathogen was screened on potato-glucose
agar. The fungus was cultured at 10-15 °C
(12 h) under 30W UVB lamps (280-315 nm).
When screening fungicides, we used a modified
agar block method. Calculation of drug amounts
and preparation of their working solutions was
performed using the Chekmarev calculation
method according to the recommended norms
of application for seed material treatment with
standard working fluid consumption [12]. Fungi-
cide solutions were introduced into the nutrient
medium using two standard methods: by knead-
ing in the medium and by rubbing the prepara-
tion on the medium surface with a spatula.

Statistical processing was performed using
Statistica 13.3 software; the differences between
the samples were evaluated using Fisher's crite-
rion (with a = 0.05); the relationship between
the features was calculated using the Cheddock
scale. Biological efficacy was calculated using
the generally accepted Abbott's formula on day
7 for inhibition of pathogen mycelial growth on
solid nutrient medium?.

RESULTS AND DISCUSSION

Complete inhibition of the growth of the
Belarusian pathogen population colonies when
the preparation was applied to the medium by
interference was found in most fungicides (see
Table 1); 100% suppression by the fungicide
containing the active substance fludioxonil was
also observed in the studies of Microdochium
fungi strains isolated from cereals and grasses
of different geographical origin [9]. Scarlet, ME
caused incomplete inhibition of colony growth
with a biological efficacy of 97.6%. The drug
contains imazalil, a substance of imidazole
class. The active ingredient is highly dangerous
for aquatic biocenoses and toxic to humans, but
it is distinguished by high activity against hel-

minthosporiosis and fusarium rot of grain crops,
as well as high activity against pathogens resis-
tant to benzimidazole [13]. Imazalil-containing
preparations have a synergistic effect against
difficult to control diseases that are transmitted
both through seeds and soil, but their presence
in a preparation with other active substances
with different mechanism of action reduces
the risk of resistant strains of phytopathogens
[14]. Tebuconazole, a third-generation triazole
fungicide, is an effective systemic fungicide
for seed pre-sowing treatment of cereal crops.
It is important to note that tebuconazole-based
products slow down the rate of resistance de-
velopment to the whole group of triazoles. Bio-
logical efficacy of the preparation Credo, SC
was 75.4%. The active ingredient carbendazim
is one of the first systemic fungicides of benz-
imidazole class. In spite of wide manufactur-
ing implementation and effective use, it has a
number of drawbacks, such as slow movement
through the host plant and rapid formation of
resistant populations.

Screening of the fungicides inhibiting the
growth of North Caucasian population of M.
nivale also revealed differences in the biologi-
cal effectiveness of the preparations. When the
fungicide solution was added to the nutrient
medium, complete inhibition of the growth of
North Caucasian population of M. nivale was
revealed in the experiment with the fungicides
Polaris, ME, Quinto Duo, SC and Bariton Su-
per, SC. It should be noted that Polaris, ME and
Quinto Duo, SC contain the active ingredient
prochloraz from the imidazole class. Due to
high efficiency for inhibition of colony growth
of all the studied populations, it can be deter-
mined that the substance is effective against
M. nivale population. The high effectiveness
of this active ingredient against bacterioses is
also worth noting. Bariton Super, SC fungicide
besides widespread tebuconazole includes the
active ingredient of relatively recent introduc-
tion into production, protioconazole (triazole
class), whose action is also aimed at increas-
ing the habitus and power of the host plant. The

“Dospekhov B.A. Methodology of field experience. Moscow: Agropromizdat, 1985. 351 p.
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Tao6a. 1. Cxkpununar 3)PEKTUBHOCTH PYHTHITUIOB

MIPOTUB OCJIOPYCCKOM U CEBEPOKABKA3CKOM MTOTTYIISI-

unid M. nivale meronom BmemmBanwst (PI'BHY ®HIIB3P, 2022 1)

Table 1. Screening of the effectiveness of fungicides against the Belarusian and North Caucasian
populations of M. nivale by an intervention method (FSBSI FSCBPP, 2022)

Belarussian population North Caucasus population
Preparation . . . . . o
Colony diameter, mm Blologlllcezi e(i;iectlve Colony diameter, mm BIOlOgIII:;lS e;iectlve
Maxim Forte, SC 0 100 18,7+ 1,25 57,3
Vybrance Trio, FSC 0 100 5712 87,0
Polaris, ME 0 100 0 100
Quinto Duo, SC 0 100 0 100
Quinto Plus, SC 0 100 10,0+ 1,6 77,1
Bariton Super, SC 0 100 0 100
Scarlet, ME 1,3+0,5 97,6 1,3+0,3 96,9
Oplot Trio, WSC 0 100 3,0+0,8 93,1
Credo, SC 13,7+ 2,6 75,4 2,7+£0,6 93.9
Control 55,7+1,2 - 437+23 -

active ingredient fludioxonil (chemical class of
phenylpyrroles) is one of the most popular and
most successful classes of fungicides, since in
30 years of intensive use in agricultural plant
protection almost no cases of field resistance
were registered [15]. The mechanisms of its
action have not yet been thoroughly studied.
It has been revealed that the substance inhib-
its mainly conidia germination, embryonic tube
and mycelial growth.

A high level of biological efficacy was ob-
served in Scarlet, ME (96.9%), Credo, SC
(93.9%) and Oplot Trio, WSC (93.1%). Oplot
Trio, WSC fungicide contains azoxystrobin
(strobilurine chemical class) and difenocon-
azole, tebuconazole (triazole chemical class).
Azoxystrobin, being a synthetic analogue of
natural toxins, positively affects photosynthetic
activity and habitus of a host plant, but repeated
use of the drug leads to rapid accumulation of
resistant races of pathogens [14]. Diphenocon-
azole, in addition to fungicide, has a growth-
stimulating effect on the plant; tebuconazole
is widely used as an effective fungicide with a
weak retardant effect.

The biological efficacy of Vybrance Trio,
FC was found to be 87.0%, and that of Quinto
Plus, SC was 77.1% (see Fig. 1). These fungi-
cides consist of a combination of active sub-

stances of triazole and phenylpyrrole chemical
classes. Also, the fungicides Vybrance Trio,
FC included a relatively new drug sedaxane,
which has not only fungicidal action, but also,
in combination with fludioxonil, provides pre-
vention of pathogens with high potential for re-
sistance development [15]. Minimum value of
biological efficacy was found in Maxim Forte,
SC - 57.3%. The drug contains a combination
of active ingredients based on strobilurines
(azoxystrobin), triazoles (tebuconazole) and
phenylpyrroles (fludioxonil).

The use of the method of introducing the
preparation into the nutrient medium with uni-
form distribution on the surface of agar plate
with a spatula revealed the increase of the prep-
aration efficiency in all experimental variants
(see Table 2). When the substance is distributed
over the agar surface, the area of this surface
is similar to that of wheat seeds during dress-
ing [12]. However, when the substance is in-
troduced into the medium by the interference
method (kneading in), the concentration of
the preparation decreases, which provokes the
growth of fungus colonies. When comparing
the correlation between the results obtained us-
ing the two methods, the coefficient was found
to be very high for both populations (for the
Belarusian population r,, = 1.0, for the North
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Caucasian population r,, = 0.99). Although the
results had a direct correlation between the two
methods of fungicide application in the medi-
um, the samples were statistically different (for
the Belarusian population F, 5.12 < F,10713,
for the North Caucasus - Ft 5.32 < Ff430.4).
Screening of fungicides inhibiting the devel-
opment of the Belarusian population of M. ni-
vale on agar plates revealed 100% inhibition of
mycelial growth when applying Maxim Forte,
SC, Vybrance Trio, FC, Polaris, ME, Quinto

Puc. 1. larnubupoBaHne pocTa KOJIOHUH CeBEPO-
KaBKa3CKOH momynsanun M. nivale ipyu BHECCHUH
nperapara Kunro mumoc, KC B cpeny metomom
BMEIIIMBAaHUSA (CJICBA) U pacTHpaHUs (CIpaBa)

Fig. 1. Inhibition of the growth of colonies of
the North Caucasian population of M. nivale
when introducing drug Kinto Plus, CS into the
medium by the method of intervention (left)
and rubbing (right)

Duo, SC, Quinto Plus, SC, Bariton Super, SC,
Scarlet, ME, Oplot Trio, WSC (see Fig. 2). My-
celium growth was not completely inhibited by
the application of Credo, SC, and the biological
efficiency was 77.4%.

Polaris, ME, Quinto Duo, SC, Bariton Super,
SC, Scarlet, ME, Oplot Trio, WSC completely
inhibited colony growth of the North Cauca-
sian population of M. nivale on agar plates.
When Credo, SC was applied, insignificant
growth of colonies was observed; the biologi-
cal efficiency was 97.7%. Supplementation of
fungicide Vybrance Trio, FC also did not fully
inhibit the colony growth, biological efficiency
was 95,0%. The drug Quinto Plus, SC had this
indicator at 88.5%. The lowest value of biologi-
cal efficacy was observed in Maxim Forte, SC
- 65.7%.

The comparative analysis between the fun-
gicide sensitivity of pathogen populations from
geographically distant regions revealed a sta-
tistically reliable difference between the results
obtained (when using the interference method,
F,5.32 <F;23.2, when using the rubbing meth-
od, F,532<F f37.7). Thus, the results obtained
indicate the heterogeneity of the pink snow rot
pathogen in terms of sensitivity to fungicides.

Taoda. 2. Ckpunusr 3¢p¢GeKTHBHOCTH (QYHTHIMIOB NPOTUB MOMYISIUUNA M. nivale METOIOM pacTUpaHus

(®I'bHY ®HILB3P, 2022 1)

Table 2. Screening of the effectiveness of fungicides against M. nivale populations by a rubbing

method (FSBSI FSCBPP, 2022)

Belarussian population North Caucasus population

Preparation Colony diameter, Biological effective- Colony diameter, Biological effective-
mm ness, % mm ness, %
Maxim Forte, SC 0 100 17,8 £3,0 65,7
Vybrance Trio, FSC 0 100 2,6 £0,8 95,0
Polaris, ME 0 100 0 100
Quinto Duo, SC 0 100 0 100
Quinto Plus, SC 0 100 6+1,1 88,5
Bariton Super, SC 0 100 0 100
Scarlet, ME 0 100 0 100
Oplot Trio, WSC 0 100 0 100
Credo, SC 14,7+2,6 77,4 1,2+0,7 97,7
Control 65,0£0,6 - 52+43 -
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Puc. 2. [TonHoe MHTHOMPOBAHKE POCTA KOJOHMI OEIOpyCcCKOH (ClIeBa) U CeBePOKaBKa3CKoii (crpasa) mo-
ynsiauid M. nivale ipu BHecennn nipeniapato Ckapiret, MO (cieBa) u [lomapuc, MD (cripaBa) MeTomom

pactupanus

Fig. 2. Complete inhibition of colony growth of the Belarusian (left) and North Caucasian (right)
populations of M. nivale when applying Scarlet, ME (left) and Polaris, ME (right) preparations by

rubbing

CONCLUSIONS

1. Screening of nine chemical fungicides
against M. nivale population in a pure culture
revealed preparations with 100% fungicidal ef-
fect against both studied populations: Polaris,
ME, Quinto Duo, SC and Bariton Super, SC.
Oplot Trio, WSC, Vybrance Trio, FC, Maxim
Forte, SC showed 100% efficacy only against
the Belarusian population of the pathogen.

2. The use of two methods of introducing the
preparation into the nutrient medium (kneading
in and rubbing on the surface) has a high corre-
lation coefficient (for the Belarusian population
ry, = 1.0, for the North Caucasian population
Iy, = 0.99). The interference method inhibits the
colony growth to a lesser extent; therefore, it
is more preferable in the study of sensitivity to
preparations of pure culture of fungus M. ni-
vale.

3. A statistically significant difference was
found between the sensitivity to fungicides of
the populations from geographically distant re-
gions (£, 5.32 < F;23.2 when using the interfer-
ence method, F, 5.32 < F,37.7 when using the
rubbing method), indicating the heterogeneity
of the pink snow rot pathogen in sensitivity to
the modern assortment of seed dressing agents.
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HNCHOJB30BAHUE BUOJIOI'MYECKHUX ITPEITAPATOB B IIOCEBAX COA

() Cpipmosnor O.B.!, Jlacrymkuna E.H.', Kouesa H.C.2

! lanbHe8oCcmounblil HAYUHO-UCCAEO008AMENbCKULL UHCIMUMYN 3QUUMblL PACMEHUL — QUIUAT
Dedepanvrozo HayuHo2o yenmpa azpobuomexnonozuil Jlanvnezo Bocmoxa um. A.K. Yavixu
[Ipumopckuii kpaii, c. Kamenb-Pri6onos, Poccust

2@edepanvubiil nayuHwblil yenmp azpobuomexrono2utl Janvrneeo Bocmoka um. A.K. Yaiiku
[Tpumopckuii kpai, r. Yecypuiick, Poccus

(<De-mail: biometod@rambler.ru

[IpuBeneHbI pe3ynbTaThl UCCIAECIOBAHHN 110 H3YUECHHIO BIUSHHUA OHONIPENapaToB Ha paCTEHHS COH
B ycnoBusx [Ipumopckoro kpas. Dxcniepument nposeseH B 2020, 2021 IT. B yCJIOBUSX AEATHOYHOTO
ombITa. M3yuenue mpenaparoB MPOM3BOAMIM Ha pacTeHusx cou copta IIpumopckas 86. OObEKTHI
HCCTIEMOBAaHNN — MHKPOOHOIIOTHUECKHUI TIperapar bHOKOMIIO3UT-KOPPEKT, OpraHOMHHEPATLHOE
ynoopenne buoctum Crapt. Cxema orbITa BKIIFOYala CIEAYIOIINE BapHAHTHL: 0e3 00paboTku (KOH-
TpoJib); 00paboTKa ceMsiH BHOKOMITO3UT-KOppEeKTOM; 00paboTKa CeMsIH U ONIPBICKUBAHNE PaCTEHUN
Buokommosut-koppekrom; 00paboTka ceMsiH buokommnosut-koppekrom + buoctum Craprom; 06-
paboTka cemsiH buoxommnosut-koppextoM U buoctum Craprom + onpbIcKMBaHHE pacTeHuil buo-
KOMIIO3UT-KOppeKkToM. [Ipumenenne OnonpemnaparoB criocoOCTBOBAJIO CHIKEHUIO HHTEHCUBHOCTH
pa3BUTHS CENTOPHO3a OTHOCHUTENHbHO KOHTpois (29,8%) Ha 5,2—6,8%. MakcumanbHasi B OTIIBITE
ouonoruueckas 3¢ppexTuBHOCTS (23,1%) oTMeueHa B BapuaHTe ¢ 00paboTKOM ceMsiH con brokom-
O3UT-KOppeKT. KomiutekcHast 00paboTka npenaparoM BHOKOMIIO3UT-KOPPEKT oOecreunBaia CHU-
JKEHHUE MPOSIBICHUH MepoHocnopo3a Ha §,2%, ouonorunueckast 3pQekTuBHOCTh cocTaBuina 37,8%.
Buonpenaparsl MOJIOKUTEILHO CKa3aJIMCh HA POCTE U Pa3BUTHH pacTeHuit. Hanbonpmii mpupoct
pacteHuii B (azy MOIHON CIIEJIOCTH OTMEYEH B BapHaHTE C NMPUMEHEHWEM BHOKOMITO3UT-KOppeK-
Ta + bruoctum Crapra + OnphICKHBaHIE PACTCHU bHOKOMITO3UT-KOppeKTOM (56,6 cM), B KOHTPO-
ne — 49,3 cu. lpu ncmonp30BaHUM OHOTIPETIapaToB KOJIMYECTBO KITYOSHBKOB MPEBHIIIAIO KOHTPOIh
Ha 17,4-34,1%, xonuyecTBO IUCTHEB — Ha 28,3—39,5%. Macca 1000 cemsH 1o BapuaHTaM OIbITa
BapbHpoBaina B npenenax 180,0-190,6 r, B kouTpone — 157,5 r. Macca ceMsiH ¢ 0JJHOTO pacTeHUs B
BapHaHTaX OIbITa ObLIa BBIIIC KOHTPOIbHOU Ha 41,3—70,6%. M3yuaemblie nipenapatsl oOecIieurBa-
TN yBEJIMYEHNE YPO)KaHOCTH BO BCEX BapHaHTax OIbITa. bruonornueckas ypokaiiHOCTh COCTaBHIIA
ot 3,3-3,7 T/Ta Ipu ypoxKaHOCTH B KOHTpoOJE 2,5 T/Ta.

KuroueBsbie ciioBa: cosi, OMOIpenaparsl, pa3BUTHE 00Ie3HH, dIPPEKTHBHOCT, CTPYKTYpa ypo-
xKasl, ypOrKaltHOCTb

THE USE OF BIOLOGICAL PRODUCTS IN SOYBEAN CROPS

<)Syrmolot O.V'., Lastushkina E.N.!, Kocheva N.S.?

'The Far Eastern Research Institute of Plant Protection — Branch of the 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

(<De-mail: biometod@rambler.ru

The results of research on the effect of biopreparations on soybean plants in the Primorsky
Territory are presented. The experiment was conducted in 2020, 2021 under the conditions of a
plot experiment. The preparations were studied on soybean plants of the Primorskaya 86 variety.
The objects of research are microbiological preparation Biocomposite-correct and organomineral
fertilizer Biostim Start. The experiment scheme included the following variants: without treatment
(control); treatment of seeds with Biocomposite Correct; treatment of seeds and plants spraying with
Biocomposite Correct; treatment of seeds with Biocomposite Correct + Biostim Start; treatment of
seeds with Biocomposite Correct and Biostim Start + plants spraying with Biocomposite Correct.
The use of biopreparations contributed to a decrease in the intensity of septoriosis development
relative to the control (29.8%) by 5.2-6.8%. The maximum biological efficiency in the experiment
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(23.1%) was observed in the variant with treatment of soybean seeds with Biocomposite-correct.
Complex treatment with Biocomposite-correct provided a reduction of downy mildew manifestations
by 8.2%, the biological effectiveness was 37.8%. The biological products had a positive effect on the
plant growth and development. The largest plant growth in the phase of full maturity was noted in
the variant with Biocomposite Correct + Biostim Start + plant spraying with Biocomposite Correct
(56.6 cm), in the control - 49.3 cm. When using biopreparations, the number of nodules exceeded
the control by 17.4-34.1%, the number of leaves by 28.3-39.5%. The thousand-seed weight varied
between 180.0-190.6 g in the experimental variants, and 157.5 g in the control. The seed weight
per plant in the experimental variants was higher than the control by 41.3-70.6%. The studied
preparations provided an increase in the yield in all the variants of the experiment. The biological
yield was 3.3-3.7 t/ha with the yield of 2.5 t/ha in the control.
Keywords: soybean, biological products, disease progression, effectiveness, yield parameters, yield
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INTRODUCTION

Soybean is a valuable crop in many coun-
tries of the world. It is grown in the main ag-
ricultural regions of 90 countries. Global pro-
duction of this crop reaches 253 million tons.
Soybean is the main cultivated crop in the agri-
cultural structure of the Far Eastern regions of
Russia. The Primorsky Territory and the Amur
Region are the leading regions of the Far East in
soybean cultivation. Soybean and corn are the
main export crops for the Primorsky Territory.
The main buyers of soybeans are China, Japan
and South Korea. There are 43.5% (1.2 mln ha)
of the total area of soybean cultivation in the
country on the territory of the Far Eastern Fed-
eral District. Of these, 22.3%, or 277 thousand
hectares, of the land sown with this crop is lo-
cated in the Primorsky Territory. The Primorsky
Territory accounts for 387,000 tonnes, or 8.6%
of the gross soybean yield. The soybean yield
is 18 cwt/ha. The gross yield of soybeans in the
Far East can be increased both by increasing
the yield and by increasing the sown areas. The

growth of soybean production largely depends
on the efficiency of plant protection against
numerous pests, the use of modern methods of
phytosanitary monitoring, and the introduction
of modern cultivation technologies .

At the turn of the XX-XXI centuries the in-
terest in biological preparations has increased in
the world. The use of biological achievements
is recognized as one of the effective ways of de-
velopment of agricultural technologies, solving
the problems arising in the process of modern
agricultural production [1]. The use of short ro-
tation crop rotations leads to a number of prob-
lems that are not solved by chemical prepara-
tions. High load leads to a decrease in fertility,
degradation of useful soil microflora, slow de-
composition of plant residues, accumulation of
pathogenic infection. These processes lead to
increased infectious background of soils, high
contamination of seed material. These prob-
lems can be solved by using biopreparations -
microbiological agents [2-4].

Optimization of nutrition and stimulation of
plant growth and development is an important

'https://www.oilworld.ru oilworld.ru (accessed on: 21.11.2022).
*https://milknews.ru/index/fermerstvo/primore-soya.html Milknews (accessed on: 20.11.2022).

Shttps://vladnews.ru/ Vladnews.ru (accessed on: 21.11.2022).
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agronomic technique to obtain good and stable
soybean yields. Such studies are carried out
regularly, but become particularly relevant in
certain climatic and production-economic con-
ditions [5-9].

Performance tests in the Central Black Earth
zone (Belgorod, Voronezh and Orel regions)
showed that the application of Biocomposite-
correct in the soil directly during the sowing of
sugar beet in the rate of 2.0 I/ha gives an in-
crease in sugar yield by 0.6-1.48 t/ha. In most
experiments, along with the increase in yields,
the sugar content of root crops increased by 0.1-
1.6%. In the Rostov region the reliable increase
on winter wheat with the treatment of crops at
the rate of 1-2 1/ha reached 4 c/ha. In the Kur-
gan region on spring wheat with the drug ap-
plication rate of 1 1/ha the increase was 9 cwt/
ha. In soybeans, the yield increase of 2 cwt/ha
was observed with the seed treatment at the rate
of 1 I/ha [10-13].

The purpose of the work is to obtain experi-
mental data on testing biological preparations
for pre-sowing treatment of seeds and vegeta-
tive soybean plants against diseases, to deter-
mine the effect on productivity and yield of the
crop.

MATERIAL AND METHODS

The studies were carried out on the experi-
mental fields of the Seed Production Depart-
ment of the Federal Scientific Center of Agri-
cultural Biotechnology of the Far East named
after A.K. Chaiki in 2020, 2021. The research
objects were microbiological preparation Bio-
composite-correct, organomineral fertilizer
Biostim Start provided by the employees of AO
"Shchelkovo Agrokhim", and the released va-
riety of soybean Primorskaya 86. The variety
Primorskaya 86 was created by a team of au-
thors from the Primorsky Agricultural Research
Institute (A.P. Vashchenko, N.V. Mudrik, O.I.
Khasbiullina, L.A. Dega, E.S. Butovets). The
variety of medium maturity (120-124 days).
Plants of medium height - 82 cm, the height
of the beans attachment 16.0-18.2 cm. Leaves
are ternate, medium-sized, oval in shape. The
flower corona is white. The bean sparsity is
light gray, and the coloring of the beans is dark

gray at full maturity. The shape of the seeds is
oval-elongated, the seeds are yellow, dull with
a brown scar. Weight of 1000 seeds is 185-190
g. Oil content is 19.6-20.6%, protein 39.2-
40.1%. In 2014, the variety was included in the
State Register of breeding achievements ap-
proved for use in the Russian Federation. For
the study, soybean seeds were treated with bio-
preparations one day before sowing (May 19)
by hand by semi-dry method. For this purpose,
preparations were diluted in pure water (at the
rate of 10 1/t) and, without allowing the suspen-
sion to settle, it was applied to the seeds, which
were then thoroughly mixed until the prepara-
tion was evenly distributed. Sowing of soybean
seeds was carried out on May 20. The plants
were sprayed in the phase of full sprouts and in
the phase of budding - the beginning of flower-
ing by hand pneumatic sprayer OP-207.

The experiment scheme included the follow-
ing variants: without treatment (control); treat-
ment of seeds with Biocomposite-correct; treat-
ment of seeds and spraying of plants with Bio-
composite-correct; treatment of seeds with Bio-
composite-correct + Biostim Start; treatment of
seeds with Biocomposite-correct and Biostim
Start + spraying of plants with Biocomposite-
correct. The area of the plot is 10 m?. Repeat-
ability of the experiment is fourfold, the plot ar-
rangement is systematic. Biocomposite-correct
is a consortium of five economically valuable
strains of several species of beneficial bacteria
with a total titer of at least 1 x 10 CFU/ml. It is
used for any cropping systems and all links of
crop rotation and has fungicidal, growth-stim-
ulating, destructive, antagonistic, nitrogen-fix-
ing and phosphate-mobilizing properties. This
makes it possible its wide practical application:
from stubble decomposition, suppression of
soil phytopathogens and protection against dis-
eases to increased soil fertility and restoration
of their beneficial microflora.

Organomineral fertilizer Biostim Start is an
amino acid biostimulator. It activates sprouting
and germination of seeds, stimulates the de-
velopment of beneficial microflora in the rhi-
zosphere, is an additional source of energy at
the initial stage of seedling development, pro-
vides plants with a starter complex of nutrients,
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increases immunity and reduces the effects of
stress factors®.

The soil of the experimental plot is mead-
ow-brown, by mechanical composition - heavy
loam. Agrochemical characteristics of the soil
were as follows: humus content was 3.08-
3.13%; easily hydrolyzable nitrogen was 9.5
mg/100 g of soil; P205 was 14.12 mg/100 g of
soil; pH of the salt solution was 5.3. Soil treat-
ment: autumn plowing at the depth of 22 cm,
early spring harrowing, two cultivations and
pre-sowing tillage. The forecrop - cereals. No
fertilizers were used. Sowing of soybeans was
carried out by SKS 6-10 seeder. Seed rate - 90
kg/ha (500 thousand pcs/ha).

Agronomic techniques of soybean cultiva-
tion in the experiment were common for the
Primorsky Territory’. The experiment was laid
in accordance with the requirements of the field
experiment methodology. The harvesting was
carried out manually by variants in one pass.
Sheaf samples were collected in each plot from
two sites 0.25 m? in size (0.35 x 0.71). Plant
biometry and yield structure were determined
in 40 plants of each experiment variant under
laboratory conditions. All records and obser-
vations in field experiments were performed
according to the current methods and guide-
lines, preparations were used according to the
instructions, and the results were processed by
analysis of variance ©°.

RESULTS AND DISCUSSION

Meteorological conditions differed in the
years of the experiments. Meteorological con-
ditions 2020 were unfavorable for soybean in
terms of precipitation. Abundance of precipita-
tion was recorded for summer months, and its
distribution by ten-day periods was noted to be
uneven. July was dry, with precipitation 17.4
mm below normal. Precipitation was 193.5 and

140.1 mm in June and August, respectively, and
was 109.5 and 19.1 mm above average. Tem-
peratures were 1.1-2.9°C above the long-term
average in each month. Precipitation conditions
in 2021 were unfavorable for soybeans. July
was dry and rainfall was 74.1 mm below nor-
mal. Precipitation in June and August was 78.7
and 79.7 mm (2.3 and 54.3 mm less than nor-
mal). Temperatures were 1.8-3.7°C above the
long-term average in each month.

In the years of study, fungal diseases had no
significant effect on the formation of morpho-
logical and economic traits of soybean. Soy-
bean crops were affected by septoriose (Septo-
ria glycines Hemmi) and downy mildew (Pero-
nospora manshurica Naum). Septoria blight in
soybean crops appeared in the primordial leaf
phase. The spreading of septoriose was noted in
all the variants of the experiment, it was 100%.
All tested biopreparations showed a positive ef-
fect on the resistance of plants against septo-
riose in comparison with the control. The use of
biopreparations contributed to a decrease in the
intensity of disease development, relative to the
control (29.8%), by 5.2-6.8%. The maximum
biological efficiency (23.1%) was noted in the
variant with pre-sowing treatment of soybean
seeds with Biocomposite-correct.

The first signs of downy mildew were ob-
served in the second ten-day period of July. Ap-
plication of the studied preparations reduced
spreading of downy mildew to 45.2-53.4%
against 69.0% in the control. According to the
variants of the experiment, the development of
the disease varied from 8,2% (complex treat-
ment with Biocomposite-correct) to 9,9%
(treatment of seeds with Biocomposite-correct
and Biostim Start) while the indicator value
was 13,2% in the control. The most effective
was treatment of seeds and spraying of vegeta-
tive plants with Biocomposite-correct, where
the efficiency was 37,8%.

“List of pesticides and agrochemicals permitted for use in the Russian Federation. M., 2022. 1046 p.
SSystem of Agroindustrial Production of the Primorsky Territory. Edited by A.K. Chayka. Novosibirsk, 2001. 364 p.
‘Dospekhov B.A. Methodology of field experience (with the basics of statistical processing of research findings). 5th edition,

updated and revised. Moscow: Agropromizdat, 1985. 351 p.

"Basic methods of phytopathological research. Edited by A.E. Chumakov. Moscow: Kolos, 1974. 187 p.

$Methodical instructions on state tests of fungicides, antibiotics and seed protectors for agricultural crops. Edited by
K.V. Novozhilov, corresponding member of VASKhNIL, 1985. 380 p.

°James B. Sinclair. Compendium of Souben Diseases. Published by The American Phytopathological Society. 1982. 104 p.
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The research results show that treatment of
seeds with a biological preparation and a bio-
stimulant had a positive effect on the main in-
dicators determining plant productivity (see
Table 1). In the experimental variants, a signifi-
cant effect of increasing the activity of nodule
bacteria and formation of nodules on the roots
of the root system of plants was noted. Accord-
ing to the research data, the use of the studied
preparations increased the number of nodules
by 17.4-34.1% in comparison with the control.
The root length was 13.7-14.4 cm for the ex-
perimental variants, and 12.3 cm for the con-
trol. The number of leaves exceeded the control
variant by 28.3-39.5%.

Analysis of sample sheaves showed that on
average in 2 years soybean plants after the ap-
plication of preparations were larger than the
control variant by 4.7-7.3 cm (see Table 2). The
number of beans per plant averaged 28,0 pcs./
plant (treatment of seeds with Biocomposite-
correct + Biostim Start); 31,1 pcs./plant (treat-
ment of seeds and spraying of plants with Bio-
composite-correct), which was higher than the
control by 10,3-13,4 pcs respectively. The num-
ber of seeds per plant increased by 73,5-85,8%.
The best on this indicator was the variant with
the application of Biocomposite-correct in the
growing season in combination with the pre-
sowing seed treatment.

The quality indicator of soybean seed mate-
rial is the weight of 1000 seeds of the variety,
which largely depends on soil moisture and pre-

cipitation during the growing season, as well as
on the provision of plants with other factors of
life. Weight of 1000 seeds varied from 180,0 to
190,6 g. The maximum values of this indicator
(190,6 g) were noted in the variant with treat-
ment of seeds with Biocomposite-correct. Seed
weight per plant in the experimental variants
was higher than the control by 41,3-70,6%.

The yield record showed a significant in-
crease in seed productivity of soybean in all
the variants of the experiment. The studied
biological preparations provided an increase in
soybean yield due to an increase in the indica-
tors of the elements of yield structure and a re-
duction of disease infestation. The increase of
the soybean yield in comparison with the con-
trol was 0.8-1.2 t/ha (see figure). The studied
preparations increased the crop capacity in all
the variants of the experiment. Biological yield
was 3.3-3.7 t/ha with a yield of 2.5 t/ha in the
control (LSDys = 0.5 t/ha).

CONCLUSION

In the course of the research in the Primorsky
Territory conditions it was established that the
use of biological preparations is promising for
using in soybean variety Primorskaya 86. The
studied preparations contributed to the reduc-
tion of septoriose intensity (29.8% in the con-
trol) by 5.2-6.8% and downy mildew (69.0% in
the control) by 45.2-53.4%. The use of biologi-
cal preparations contributed to a significant in-
crease in the weight of 1000 seeds compared to

Taoxa. 1. buomerpudeckue nokazareian pacTeHui cou B a3y nperenus (cpennee 3a 2020, 2021 rr.)

Table 1. Biometric parameters of soybean plants during the flowering stage (average for 2020, 2021)

Experiment variant Tubercles, pcs. Root length, cm Leaves, pcs.
Control (without treatment) 56,3 12,3 24.0
Seed treatment with Biocomposite-correct (1,0 I/t) 66,1 14,1 30,8
Seed treatment and plant spraying with Biocomposite-
correct (1.0 1/t; 2.0 I/ha) 74,6 14,4 32,4
Seed treatment with Biocomposite-correct (1.0 I/t)
and Biostim Start (1.0 1/t) 73,5 13,7 31,3
Seed treatment with Biocomposite Correct (1.0 1/t) and
Biostim Start (1.0 1/t) and plant spraying with Biocom-
posite Correct (2.0 I/ha) 75,5 14,2 33,5
LSDs 0,7 0,3 2,1
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Tao6a. 2. CrpykTypHbIe IOKa3aTeIH COM B 3aBUCUMOCTH OT 00paboTku ceMsH (cpemnee 3a 2020, 2021 rr.)
Table 2. Structural parameters of soybean depending on the treatment of seeds (average for 2020, 2021)

Plants Number | Number Weifht of Thousand-
Variant height, cm | of beans, | of seeds, sele nst pe/r kernel
pcs./plant | pcs./plant plant, g weight, g
plant
Control (without treatment) 493 17,7 40,5 5,8 157,5
Seed treatment with Biocomposite-correct (1,0 I/t) 54,0 31,0 75,2 8,8 190,6
Seed treatment and plant spraying with Biocomposite-
correct (1.0 1/t; 2.0 I/ha) 55,4 31,1 75,1 9,9 186,2
Seed treatment with Biocomposite-correct (1.0 I/t)
and Biostim Start (1.0 1/t) 56,1 28,0 70,3 8,2 183,7
Seed treatment with Biocomposite Correct (1.0 1/t) and
Biostim Start (1.0 1/t) and plant spraying with Biocom-
posite Correct (2.0 I/ha) 56,6 29,1 72,4 8,7 180,0
LSDys 2,3 6,0 18,8 0,8 7,1
4 /
3,5 /
3
L 29 /
127
1,5 /
1 /
0,2 /
0

Control Biocomposite- Complex Biocomposite-  Biocomposite-correct
(without correct treatment with correct (1.0 1/t) + 1.011) +
treatment) (1,0 1/ Biocomposite- Biostim Start ~ Biostim Start (1.0 1/t) +
correct (1.0 11t) spraying with
(1.0 1/t; 2.0 1/ha) Biocomposite-correct
(2.0 I/ha)

Bnusinue npenapatoB Ha ypoxkaitHOCTh cor (cpenHee 3a 2020, 2021 rr.), T/ra
Effect of biological products on soybean yield (average for 2020, 2021), t’ha

the control (157.5 g) by 22,5-30,0%. The stud-
ied preparations provided an increase in yield
in all the variants of the experiment. Biological
yield was 3.3-3.7 t/ha with a yield of 2.5 t/ha in
the control.

Treatment of seeds with environmentally
safe preparations Biocomposite-Correct and
Biostim Start, as well as spraying them on crops
(flowering phase) contributes to obtaining more
highly productive plants while reducing envi-
ronmental pollution.
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ACTOPUYECKUE ACITEKTHI TOPOTOOBPA3SOBAHMS CBUHE B CUBUPHI
(OB30P)

CTonuapenko IM."2, Kum C.A.?

ICubupckuil pedepanvuviil Hayunwvlil yenmp azpobuomexrnono2uti Poccutickoil akademuu Hayk
Hosocubupckast o6macts, p.i. KpacHooOck, Poccus

’Hayuno-obpaszosamenvhulil yenmp «llepedosas unocenepnas wikoia Aepoouomexy,

Tomckuii 2ocyoapcmeenHulil YHUGepCumem

Tomck, Poccus

(De-mail: gal.goncharenko@mail.ru

[IpencTaBieHsl B ICTOPHYECKOM OITMCAHUH HCUE3HYBILNE MJIM HaXOIIIIUeCs HAa TPaHU HCUE3HOBE-
HUsI CMOMPCKHUE MTOPOJIBI CBUHEH € LENbIO JYYIIEro MOHUMAaHUsI TOPo1000pa30BaTesIbHOTO MpoLecca
B OTEYCCTBEHHON CHCTEME Pa3BelieHUs] M THOPUAN3AMN CBUHEH, OMPEACISIONICIO YayqlIeHHe Mpo-
TYKTUBHBIX U MMOPOAHBIX KauecTB. O630p mopoy cBuHel B CHOMPH 1aH C TOUKH 3PEHUS UCTOPUH MX
BBIBEJICHHS, MCIIOJIb30BAHHBIX CEJIEKIIMOHHO-TEHETHUYECKNX METOJ0B M TMOJYYEHHBIX JOCTIKEHHH.
OTcyTCTBHE KUBBIX MPEICTABUTENICH MCUE3HYBIINX IOPOJ HE IMO3BOJSIET M3Y4HTh Oojee IIyOOKo
ux ¢usnonornyeckue, Mophoaoruueckrue 0cOOEHHOCTH, MOTEHIMAN MPOILYKTUBHOCTH HA BBICOKOM
YPOBHE KOPMJIEHHUS KaK B YCIOBUSX COBPEMEHHBIX MPOMBIIIJIEHHBIX KOMITJIEKCOB, TaK U C HCIIOJIb30-
BaHWEM COBPEMEHHBIX TEHETHYECKUX METOIOB cesleKIu. st 0030pa UCIIONb30BaHbl INTEPATypPHBIC
HCTOYHMKH, B KOTOPBIX IOCTATOYHO MTOJTHO OTHCAHBI MOPO/IBI ¥ TUITBI, IPUBEIEHBI JAHHBIE 10 TIPOIYK-
TUBHOCTH B YCJIOBHSIX CYIIIECTBOBABIIEH B TO BPEMsI CUCTEMBI COZIEpKaHs ¥ KOpMIIeHHs. OCBEIeHbI
ACIICKTbI CTAHOBJICHUS], PA3BUTHUS U COBPEMEHHOI'O COCTOSIHISI CBUHOBOZICTBA,  TAKJKE CYIIECTBYIOLIHE
B OTpaciu npodnemsl. JlaHo onucanue cieayomuX MOpoa: CHOUPCKOIl CeBEpHON, KEMEPOBCKOM, CKO-
pocnenoii msicHol (CM-1), HOBOCHOMPCKOTO THIIA KPYTTHOH 0101 MOPOJIbl, a4MHCKOTO THIIA KPYITHOH
0eJI0l TIOpOoJIbI, KEMEPOBCKOTO 3aBOJICKOr0 MsicHOro tura cBuHed (KM-1), 4yncToropckoit mopospl,
anraiickoil MsicHO. [TokazaHbl METOIUECKUE TTOXO/IbI U CENIEKIIMOHHBIE JOCTHKEHNS B BBIBEICHUH
HOBBIX TTOPOJ] ¥ MOPOAHBIX TUTIOB B Crnbupu. OTMEUeHO Ba)KHOE MPAKTHUECKOE 3HAUYCHHUE CEJIEKIIN-
OHHO-TEHETHYECKUX METOJOB B CUCTEME IIPOMBIIIIIIEHHOIO IIPOM3BOCTBA B COBPEMEHHBIX YCIIOBHSIX.
PaccmoTpen Bonmpoc O BO3MOXXHOCTH HCIIOIb30BAHUSI T€HETHUYECKOTO MOTEHIMANIa OTEYECTBEHHBIX
IIOPOJ] CBUHEW B YCIIOBUAX UMIIOPTO3aMEIIEHHUSI HA OCHOBE ITPOTPECCUBHBIX TEXHOJIOIMYECKUX U Me-
TOAMYECKHX [TOAXO0/0B YUCHBIX U MPAKTHKOB B yCIOBUsIX CHOUpH.

Ki1104eBble cj10Ba: IOPO/IbI CBUHEH, CETEKIMS, TUITBL, TUHUHU, METO/IbI, IOKAa3aTe MPOAYKTUBHOCTH

HISTORICAL ASPECTS OF PIG BREEDING IN SIBERIA (REVIEW)

) Goncharenko G.M."2, Kim S.A."?

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

’Research and Education Center “Advanced Engineering School Agrobiotech", Tomsk State University
Tomsk, Russia

(<De-mail: gal.goncharenko@mail.ru

Historical descriptions of extinct Siberian pig breeds or those on the verge of extinction are
presented for a better understanding of the breeding process in the domestic pig breeding and
hybridization system, which determines the improvement of productive and breed characters. An
overview of pig breeds in Siberia is given in terms of the history of their breeding, the breeding and
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genetic methods used and the achievements obtained. The absence of living representatives of extinct
breeds does not allow to study more deeply their physiological, morphological features, the potential
of productivity at a high level of feeding both in conditions of modern industrial complexes and
using modern genetic breeding methods. Literature sources used for the review describe in sufficient
detail breeds and types, and give data on productivity under the conditions of the then-existing
system of housing and feeding. Aspects of the formation, development and the current state of pig
breeding, as well as the existing problems in the industry are highlighted. The following breeds are
described: Siberian Northern, Kemerovo, Early Maturing Meat (EM-1), Novosibirsk Large White
Breed, Achinsk Large White Breed, Kemerovo Factory Meat Pigs (KM-1), Chelyabinsk Breed,
Altai Meat Breed. Methodological approaches and breeding achievements in the breeding of new
breeds and breed types in Siberia are shown. The important practical significance of breeding and
genetic methods in the system of industrial production in modern conditions is noted. The issue
of the possibility of using the genetic potential of domestic pig breeds under conditions of import
substitution on the basis of advanced technological and methodological approaches of scientists and

practitioners in the conditions of Siberia was considered.
Keywords: pig breeds, breeding, types, lines, methods, performance indicators
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By the beginning of the 1980s there were
24 pig breeds in Russia, among which only
the Large White breed was widely distributed
in all regions of the former USSR due to its
high productivity and good adaptation prop-
erties. Other breeds, despite some advantages
in meat and fattening qualities, were bred
locally, and their adaptability to local condi-
tions gave them an advantage over the Large
White Breed. In Siberia, such breeds included
the Siberian Northern, Kemerovo, and Early
Maturing Meat (EM-1), as well as the later
types created with the participation of these
breeds, which were not widespread, but re-
mained a valuable source of genetic diversity.

Stiff competition in industrial pork produc-
tion in the conditions of large livestock com-
plexes brought to the fore the use of breeds
with high genetic potential for productivity,
which led to the displacement of domestic
breeds inferior to the imported ones, which
led to their near extinction.

Currently, due to the problems of import

substitution, it is of great interest to study
the experience of creating domestic breeds
and types of pigs and the history of their im-
provement. Unfortunately, the absence of liv-
ing representatives of extinct breeds does not
allow to study more deeply their physiologi-
cal, morphological features, the potential of
productivity at a high level of feeding both
in conditions of modern industrial complexes
and using modern genetic breeding methods.
Literature sources were used for the review,
in which the breeds and types are described
in sufficient detail, the data on productivity
under the conditions of the then existing sys-
tem of housing and feeding are given.

The purpose of the work is to present Si-
berian breeds of pigs that are extinct or on the
verge of extinction in a historical description
for a better understanding of the breeding
process in the domestic system of breeding
and hybridization of pigs.

One of the most famous Siberian pig breeds
is the Siberian Northern Breed, registered as
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a breeding achievement in 1942. The authors
are M.O. Simon, A.I. Ovsyannikov, I.T. Skor-
ik, P.I. Ternitsky, E.T. Savina, A.F. Lysakov.
The scientists had the task of creating a breed
with the productive characteristics of the
Large White Breed and the survival ability of
native pigs. Native pigs were small, late ma-
turing animals with a live weight of 60-70 kg
and small (6-8 piglets) fecundity. At the same
time, they had such valuable qualities as un-
pretentiousness, endurance and strength of
the constitution. The work on creation of the
new Siberian breed was based on the method
developed by the prominent Soviet breeder
academician M.F. Ivanov. The essence of this
technique was that the first- and second-gen-
eration crossbreds (depending on the degree
of inheritance of desirable traits) were bred
"in themselves" in good feeding and hous-
ing conditions'. The selection of breeding
stock was very strict, rejecting animals that
did not meet the desired requirements. An-
nual rejection reached up to 80%. Particular
attention was paid to the selection of boars
of the Large White Breed, giving preference
to animals of those lines that had the best ac-
climatization to Siberian conditions and had
high productivity indicators. Animals of the
second generation were bred "in themselves"
and crossbred with boars of the Large White
Breed and the third generation of crossbreds
were bred "in themselves". When the first
lines of boars and maternal families were cre-
ated, a considerable number of Large White
boars were used to "loosen up" the hereditary
basis of local pigs and to select the best com-
binations of parental pairs?.

The result of the work was animals that

were not inferior in size and fecundity to the
Great White breed of pigs, but much better
adapted to Siberian cold®. The breed was
constantly in the process of improvement,
especially during the 70s-80s. From 1968 to
1973, the Siberian Research Institute of Ani-
mal Husbandry (SibNIPTIZh) breeders man-
aged to increase gestation rate by 2.3 days to
202.3 days (the age of reaching 95 kg live
weight)*. In the best boar line Kedra this in-
dicator was 199,6 days, which is higher than
in other lines by 7,0-7,8 days. Carcasses were
characterized by high meat qualities. The car-
cass length of boars of the leading lines was
93,23-95,7 cm, the thickness of the fat at the
level of the seventh rib was 3,53-3,55 cm.
The carcasses contained on average 55.63-
57.11% muscle tissue.

To improve the meat qualities and to in-
crease early maturity, the pigs of the Siberian
Northern breed were crossed with animals of
other breeds with higher growth energy (such
as Lacombe). The length of half carcasses
of the animals increased by 1.3-2.7 cm. The
meat of pigs of the Siberian Northern breed
and their mixtures with Lacombe breed had
better taste qualities compared to Landrace
and purebred Lacombe pigs, probably due to
the higher content of fat in it’.

Further breeding of the Siberian North-
ern breed was conducted in the direction of
improving early maturity, meat qualities and
payment for feed. The breed was evaluated
by the traditional method based on the results
of control fattening.

Young animals of the Siberian Northern
breed on fattening, depending on the lineage,
reached 100 kg live weight in 187.3-197.0

ISimon M.O. Siberian Northern pig breed. State pedigree book of the pigs of the Siberian Northern breed and the Siberian

Black-and-White breed group. Novosibirsk, 1951. 292 p.

2Kryuchkovsky A.G., Podletskaya N.N., Belenkov E.P., Burlak Z.K., Bakhmutova R.Y., Zhulidov V.A., Samodurov E.K.,
Zubova L.I. Pig breeding in Siberia. Moscow: Kolos, 1981. 159 p.

Frolova V.I., Bekenev V.A. History of scientific transformation of pig breeding in Siberia. 85 years of the Siberian Institute of
Animal Husbandry: collection of scientific papers, RAS. FASO. SibNIPTIZh. Novosibirsk, 2015. pp. 32-44.

4JILisitsyna L.V. Fattening and meat qualities of the pigs of the Siberian Northern breed. Intensification of animal breeding in
Siberia: collection of scientific works of SibNIPTIZh. Novosibirsk, 1978. Is. 25. pp. 68-73.

SBekenev V.A. Meat and fat qualities of the pigs obtained from industrial crossing of the Siberian Northern breed mothers with
Lacombe and Landrace boars. Livestock breeding in Siberia for 50 years. Novosibirsk: West Siberian Book Publishing House,

1963. pp. 327-339.
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days®. At the same time, it was noted that the
potential of the Siberian Northern breed may
not have been fully revealed due to the insuf-
ficient level of feeding not fully balanced in
terms of protein’.

Selection of the Siberian Northern breed
to improve the early maturity and reproduc-
tive ability of the animals made it possible to
achieve a good genetic potential at that time.
In 1989 the best animals of the Kedra 25 line
had the growth energy at the control fatten-
ing of 804 g which was 124 g higher than the
average in the herd. Thus, the genetic poten-
tial of the Siberian Northern breed (SN) was
comparable to the newly bred pig breeds®.

At the same time, it should be noted that
the Siberian Northern breed has long been
used at the "Kudryashovsky" pig complex
in purity, as well as in crosses with other
breeds. Its most successful combination, as
experiments have shown, was with an early-
maturing beef breed (EM-1) in a comparative
evaluation with the Large White [1]. Siberian
Northern breeding sows x EM-1 had a higher
multiple birth rate by 8.2% and milk yield by
10.1% in comparison with Siberian Northern
sows x Large White. The SN x EM-1 yelts
had a lower back fat thickness (by 13.4%), a
higher weight of the hind quarter (by 5.2%)
and the area of the "loin eye" (by 14.0%)
compared to the crossbreeding of Siberian
Northern with Large White breed.

Creation of an Early-Maturing Meat breed
(EM-1) was caused by the need to have a
breed of animals satisfying the technologies
of large complexes, which began to be active-
ly created in the 1980s. Old domestic breeds
did not fully meet the requirements of inten-
sive production, and imported breeds such as

Landrace were not adapted to our natural and
economic conditions and could not provide
breeding material for the rapidly developing
pig breeding. Large-scale pedigree testing of
15 breeds and two types, carried out under
the control of the Main Directorate of Ani-
mal Husbandry of the USSR Ministry of Ag-
riculture together with the Animal Husbandry
Department of VASKHNIL, showed that the
breeds bred in the country have relatively
high productivity, but the genetic potential
of fattening qualities requires improvement.
Creation of the breed was simultaneously
held in 73 large state and collective farms of
Russia, Ukraine, Belarus and Moldova under
the guidance of scientists from 20 scientific
research institutes and higher educational in-
stitutions of agriculture. After the collapse of
the USSR, two breeds were tested in 1993 on
the basis of a single breeding material - the
Early Maturing Meat breed (EM-1) in Russia
and the Ukrainian Meat breed in Ukraine [2].

When creating the breed EM-1 different
variants of crossing were worked out. For
example, when crossing boars of Poltava
Meat type PM-1 with the breeding sows of
Kemerovo factory type KM-1 progenies that
reached 100 kg in 180 days, animals of Sput-
nik line - in 178,8 days with the hairpin thick-
ness of 27,7 mm, weight of the hind leg 10,7
kg, body length 95,5 cm were obtained [3].
Further breeding work with EM-1 breed was
carried out on traditional methods of evalua-
tion of mothers, their daughters, determina-
tion of genetic correlations between produc-
tive indices of mothers and daughters, as well
as studying the coefficients of repeatability of
traits [4].

®Khan P.A., Zabolotsky A.P. Meat and fattening qualities when combining different lines of boars and families of sows of
the Siberian Northern breed on the stud farm "Cherepanovskoe". Breeding and pedigree work in industrial animal husbandry:
scientific-technical bulletin. Vol. 12 / SB VASKHNIL, SibNIPTIZh. Novosibirsk. 1985. pp. 34-37.

"Lisitsyna L.V. Control breeding - the main method of improving pigs. Breeding and pedigree work in industrial animal hus-
bandry: scientific and technical bulletin. Issue. 12. VASKhNIL, SibNIPTIZh, Novosibirsk. 1985. pp. 32-34.

8Lisitsyna L.V. Improvement of genetic potential of pigs of the Siberian Northern breed. Breeding and pedigree work in the
intensification of animal husbandry in Siberia: collection of scientific papers, SB VASKHNIL, SibNIPTIZh. Novosibirsk, 1989.

pp. 46-52.
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To improve the fattening and meat quali-
ties of the created breed EM-1 breeders used
introductory crossbreeding with KM-1 type
(Kemerovo Factory Meat type of beef pigs).
The most successful combination was noted
in the crossing of the breeding sows of EM-1
type and boars of KM-1 type which result-
ed in the youngsters' maturity coming to the
age 172,4 days which is 16,5 days less than
the purebred animals of EM-1 type. Reduc-
ing the proportion of the factory type KM-1
blood decreased the growth energy of the
young and slightly worsened the meat quality
of the progeny [5].

In order to create hybrids for fattening at
industrial complexes, crossing of different
breeds and identification of the best among
them was carried out. Among six crossing
variants of the Large White Breed and its
first-generation hybrids and EM-1 (maternal
basis) with German Landrace (GL) it was
found that reproductive capabilities (milk
yield of the breeding sows, litter weight at
weaning) were higher in the Large White
Breed (LB) with Landrace boars and in the
three-way cross variant (LW x GL) x EM-1.
Milk yield was 65.5-66.9 kg, litter weight -
172.7-181.1 kg. However, higher early matu-
rity was observed in the cross LW x EM-1 -
204 days, which is higher by 10-26 days
compared to other variants [6].

The Kemerovo pig breed is one of the best
domestic breeds, which originated from local
pigs improved by boars of the Large White
breed in the 1930s. The main purpose of se-
lecting this breed was to produce early ma-
turing animals for cross-breeding with Large
White pigs. The management of this project
was entrusted to Professor A.I. Ovsyannikov,
Doctor of Science in Agriculture and Profes-
sor I.I. Gudilin, Doctor of Science in Agri-
culture. Active creation of the breed began
much later, when it began to be improved
by complex reproductive crossing with the
Berkshires and the Large Black Breed. In the

formation of several lines and families the Si-
berian Northern breed and the Siberian Black
and White breed were used. The Kemerovo
breed was registered as an independent breed
in 1960.

At the first stage, a Kemerovo breed group
of fat type pigs was created. These mixtures
were covered with Berkshire boars. The half-
blooded Berkshire breed mother stock with
black and white color was covered again
with Berkshire or crossbred boars (3/4 of
the blood of the Berkshire breed). The result
was animals with 60% Berkshire blood. The
breeding nucleus consisted of four lines with
five related groups of boars and eight fami-
lies with 10 related groups of mothers.

At the second stage, a single "admixture
of new blood" of local improved pigs (third
to fifth generations), Large Black, Siberi-
an Northern and Siberian Black-and-White
breeds were carried out.

The pigs of the Kemerovo breed differed
by the high indices of development and re-
productive qualities: multiple births - 10-11
piglets, milk yield - 50-55 kg, weight of the
litter at the age of 2 months - 170-180 kg.
The animals had high precocity and growth
rate, the average daily gain during fattening
period was 730-780 g, weight of 100 kg was
175-180 days old, hairline thickness over the
6th-7th thoratic vertebra was 27-29 mm.

It should be noted that the improvement of
existing at that time breeds and types of pigs
was continuously carried out on the breed-
ing farms of the complexes, new improved
forms of animals were created. For example,
as a result of selection for improvement of
reproductive and fattening qualities the fac-
tory universal type of the Kemerovo beef
breed (UKM) was formed at the CJISC APC
"Chistogorsky", which showed 176,7 days
early maturity, which was 24,9 days fewer
than the yelts of the Kemerovo breed, which
had a thinner (10,8 mm) back fat’. A success-
ful combination of the Kemerovo breed with

“Ryavkin O.V. Economically useful and biological qualities of pigs of the Universal factory type (UKM) Kemerovo breed: Ph.

Novosibirsk, 2012. 18 p.
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other breeds was noted in the experiments on
crossing it with Landrace, Duroc, Pietrain
pigs to obtain hybrids and subsequent fat-
tening [7]. The use of half-blooded breeding
sows (Kemerovo x Landrace) crossed with
the Pietrain boars ensured better fertility,
growth of offspring during the suckling and
fattening periods, as well as less fat deposi-
tion along the backbone.

In 1968, work on the creation of special-
ized synthetic lines of bacon and meat direc-
tion began in the Kemerovo Region under
the leadership of VASKHNIL academician
A.l. Ovsyannikov and a senior researcher of
VIZh Candidate of Science in Agriculture
[.A. Tarasov. The animals of the Kemerovo
and Landrace breeds were chosen as the par-
ent stock. First-generation mixtures served as
source material for creating Siberian bacon
pigs of the Kemerovo factory beef type of pigs
(KM-1). The type was registered in 1978. The
patent holders are OJSC "Yurginsky" Breed-
ing Plant, LLC APC "Chistogorsky", Novosi-
birsk State Agrarian University.

When obtaining EM-1, the following
scheme was used: first generation cross-
breeds were covered again with boars of the
Landrace breed. From the resulting progeny
crossbred boars (3/4 Landrace + 1/4 Kem-
erovo) were selected, which with half-blood
sows (1/2 Kemerovo + 1/2 Landrace) gave
the parent material to create a factory type
(5/8 Landrace + 3/8 Kemerovo) suitable for
breeding "in itself". Cross-bred animals of
the first and second generations (1/2 Land-
race + 1/2 Kemerovo and 3/4 Landrace +
1/4 Kemerovo) were also included into the
alpha-line. As a result of "in-house" breed-
ing, especially half-blooded crosses, animals
of black and white color were excluded from
the alpha-line, selecting only white pigs. The
desirable type was obtained from the breed-
ing of high-blooded "in-house" pigs for three

generations. The breeding work was carried
out in the direction of increasing early matu-
rity, meat qualities, and feed efficiency'*[8].

Animals of the Kemerovo meat type are
well adapted to the conditions of Siberia,
have strong limbs and bones, good fattening
and high productivity of fattening and meat
qualities - the average daily gain on control
fattening is 800 g at the age of reaching 100
kg 165 days of live weight, the thickness of
the fat 28 mm [9].

The Achinsk type of the Large White Breed
pigs were bred at the Achinsk breeding farm
in the Krasnoyarsk Region. The authors are
N.M. Bashkirova, V.A. Bekenev, 1.P. Beloz-
erova, V.A. Dudarev, V.G. Mantikova''.

Animals of the Achinsk type are character-
ized by high reproductive qualities. Breeding
was based on purebred breeding with strict
selection and homogeneous selection of ani-
mals with high productivity. At the same time
herd genealogical structure was created by
lines, families and related groups. Animals of
the Achinsk type are well developed, with a
strong constitution, long body and high pro-
ductivity, adapted to the harsh climatic con-
ditions of Siberia. The reproductive rate of
sows in the last 5 years has averaged 11,5-
11,6 pigs per farrowing, the milk yield was
64,3-66,7 kg, the yield of litters per weaning
was 10,1-10,2 pigs, the average live weight
of one piglet at 2 months of age reached 20,1-
20,6 kg. Boars belonging to four genealogi-
cal lines - Samson, Drachun, Svat, and Sta-
lactite - and nine related groups were used in
the breeding facility.

Pigs of the Achinsk type differ from other
types of Large White Breed by their exterior -
original structure of mammary gland, promi-
nent lobes; by high and stable reproductive
quality - multiple reproduction, milk yield
and live weight of the litter at 2 months of
age and especially by reproductive qualities

0Grishkova A.P., Tarasov N.A., Nechaeva E.V. Selection of KM-1 type pigs for high meat and fattening qualities. Intensifica-
tion of pig breeding in the Kemerovo region: collection of scientific works, Novosibirsk, 1990. pp. 42-45.

Bekenev V.A., Bashkirova N.M., Belozerova I.P., Dudarev V.A., Mantikova V.G. Breeding achievement in animal breed-
ing - type of pigs of the large White breed "Achinsky". Patent Ne 1994, application Ne 9811316. Application. 17.07.2001.2001a.
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[10].

Genetic diversity in the breed was main-
tained by breeding by type, but inter-type
crossing was studied to increase fattening
qualities. The comparative evaluation of the
productivity of pigs of the Achinsk and Ka-
tun types and their crosses showed that the
animals of the Achinsk type had higher av-
erage daily gains and reached 100 kg live
weight faster by 7.5 days compared to the
Katun type. At the same time, animals ob-
tained from intertype crossing, where the
breeding sows were of the Katun type and the
boars of the Achinsk type, occupied a middle
position in terms of precocity. They reached
a live weight of 100 kg in 189 days, while the
opposite selection (Achinsk type sows and
Katun type boars) had a precocity of 191.7
days, i.e. at the level of the Katun type [11].

Under the requirements of intensive pig
breeding and market conditions, the Large
White breed also developed in Siberia. The
selection and genetic parameters of the target
standard of new lines for natural-economic
conditions of Siberia were established as fol-
lows: multiple density of breeding sows - 11-
12 piglets, milk yield - 52-55 kg, weight of
the litter at weaning at 2 months - 190-200
kg, young immaturity - 180-185 days, feed
expenses - 3,6-3,8 fodder units per 1 kg of
growth, average daily fat gain - 750-780 g,
thickness of the fat layer - 30-31 mm. Using
various selection methods during the period
of 13 years (1981-1993) the efforts of Sib-
NIIPTIZh scientists on the basis of CJSC
Breeding Farm "Bolshevik" and SAE EPF
Breeding Plant "Borovskoye" a new breed-
ing type of Novosibirsk Big White Breed Pigs
(NBW)!'? was created and tested. The authors
of the type were V.A. Bekenev, E.F. Grishina,
A.G. Kryuchkovsky, G.I. Mazanova, Z.1. Mo-
reva, V.I. Frolova, G.P. Yudina'’. Selection

of the animals by complex evaluation and
at high selection pressure was mainly aimed
at improving the early maturity of parental
groups and genealogical lines which had a
good reserve of hereditary variability within
the closed populations as well. Homogeneous
selection by pedigree and intensive breeding
work had a positive effect on the reproduc-
tive performance of mothers. At the age of
3 months, 20 boar piglets were selected for
each boar introduced into the main herd and
6 pigs for a breeding sow introduced into the
main herd. The NBW-1 line yelts ranked first
by their precocity (weight reached 120 kg
at the age of 212 days) among other breeds
and types of pigs of domestic stud farms at
the comparative fattening event held at the
All-Union Agricultural Exhibition and Con-
vention Centre in 1985. Further work was
focused on the breeding of line-populations
to obtain outstanding economically useful
traits. The progeny of the boar Samson 7021
had an average daily gain of 1018 g and feed
consumption of 3.18 fodder units per 1 kg of
gain.

The progeny of the boar Samson 7295 had
early maturity of 156.8 days. Both boars are
related to each other (second to third genera-
tions), and their ancestor Samson 2507 was
the best in the herd by the fattening qualities.
At the time of testing, the NBW type outper-
formed all other breeds and types of pigs bred
in Russia in terms of early maturity and av-
erage daily gain, and was almost as good as
the breeds bred abroad in the countries with
a developed pig breeding industry [12]. The
NBW type has the following productivity in-
dices: multiple pregnancy - 11 piglets per far-
rowing, milk yield - 57 kg, weight of the litter
at weaning at 2 months - 194 kg, early matu-
rity - 173,5 days, average daily gain on fat-
tening - 842 g, feed consumption per 1 kg of

2pexenes B.A., Ipuwuna E.@., @ponosa B.H., Kproukosckuii A.I", Masanoea I'U., Mopesa 3.U., FOouna I'T1. CenekumoHHoe
JOCTHKEHHE B )KUBOTHOBOJCTBE — THIT CBUHEH KpymHOH Oenoit mopoabl «Hoocubupckuit». [larent Ne 1032, 3asBKa Ne 9353386.

Baspin.1.1.1993.

B®dponosa B.1. BeiBeeHne 1 COBEPILICHCTBOBAHKE THIA CBUHEH HoBOCHOUpPCKHUit KpyHO#T 6es1oii mopojs!::aBroped. Ic. . ..

KaHJI. c.-X. HayK. HoBocubupck, 2007. 26 c.
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gain - 3,5 fodder units, carcass length - 95,1
cm, hairline thickness - 31 mm, the weight of
the back third of the half carcass - 10,4 kg.
The genetic potential of early maturity is 156
days, the average daily gain is 1017 g [13].
Further intensification of pig breeding
and competition with foreign producers has
changed the requirements for breeding mate-
rial in general: an increase in early maturity,
increased carcass meatiness, multiple sows
and boneflesh strength. The Chistogorsky
breed was created on the basis of CJSC APC
"Chistogorsky" in 2016. The authors are A.A.
Arishin, V.A. Volkov, N.L. Tretiakova, A.P.
Grishkova, and N.A. Chalova'*. The breed
was bred based on introductory crossing of
the Large White Breed of domestic selec-
tion (sows) with Large White Breed boars of
English (PIC, Poland) and French selection
(France Hybrid, France) as well as Yorkshire
boars ("Yubileyny" stud farm, Tyumen Re-
gion). The breed is well adapted to the con-
ditions of industrial technology. The animals
are of white color. The fecundity of mothers
is average - 13,2 pigs. The age at which boars
reach 100 kg is 161,3-166,7 days, the aver-
age daily gain during the period of growth is
851-894 g, the fat is thin - 16,1-16,5 mm, the
fodder cost is 2,75-2,68 kg. The age of reach-
ing 100 kg of piglets averaged 178.5 days,
the thickness of the fat was 17.3 mm [14].
According to the same scheme, the Altai
Meat pig breed was bred under modern con-
ditions on the basis of the Large White Breed,
Landrace breed and boars of the Maxgro
breed. It was included in the State Register
in 2017. The authors of the breeding achieve-
ment are N.I. Strekozov, N.A. Zinovieva,
B.L. Panov, A.M. Yugan, A.N. Lukyanov,
V.N. Sharnin, A.Il. Kichigin, A.I. Rud, A.P.
Kosarev, N.A. Glazkova, L.V. Khripunova.
CONCLUSION
During the twentieth century dozens of
breeds of farm animals were bred in Rus-
sia. The achievements of Siberian scientists-

breeders also made a significant contribution
to this. All of the pig breeds listed above,
excluding the early maturing beef breed and,
possibly, some others, have disappeared, but
in the last years of their existence geneticists
have managed to conduct research on animal
identification, revealing their genetic profile
by STR analysis and microsatellites, using
any biological material, including museum
skull samples [15]. For example, a high af-
finity of EM-1 pigs with Landrace breed
and estrangement from Duroc and Yorkshire
breeds was established, which is consistent
with the historical origin of the breed [16].
When studying the genetic diversity of some
domestic and foreign breeds in a comparative
aspect, it was found that the Kemerovo breed
is characterized by a relatively low level of
genetic diversity, but it is higher than that of
other local breeds. Cluster analysis allowed
us to experimentally prove a high degree of
genetic consolidation of the studied breeds,
which indicates the uniqueness of their al-
lelofond [17, 18]. General scientific and tech-
nological progress in biology, engineering,
information technology has a great impact
on methods and techniques of the breeding
work in modern conditions. Systems of large
industrial production in cattle breeding dic-
tate the conditions for maximizing the mani-
festation of productive qualities, setting the
boundaries at the limit of biological species
capabilities. In this regard, local and includ-
ing domestic breeding achievements, based
on natural adaptive advantages, are in contra-
diction with the economic ones. The logical
result is the replacement of domestic breeds
by the imported ones. This problem exists all
over the world. Under current conditions, we
see the need to create farms in technologi-
cal parks at scientific centers for the breeds
of farm animals, new, rare, as well as endan-
gered, with the best gene pool and using all
modern methods of marker, genomic breed-
ing, reproductive and information and statis-

YApuwun A.A., Boaxos B.A., Tpemvsxosa H.JL, Ipuwrosa A.I1., Yanoéa H.A. CeneKunoHHOE NOCTHKEHUE B )KUBOTHOBOJI-
cTBe — nopoaa cBuHert «Hucroropckas». [larent Ne 8750, 3aa8n.13.12.2016.
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tical technologies [19].

The above historical evidence of the effec-

tiveness of domestic breeding shows the po-
tential possibility of improving the available
Russian pigs or creating new forms of pigs
with a world-class level of productivity and
preserving genetic diversity and uniqueness.
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HNCCIEAOBAHME BJIMAHUSA ITPOLUECCA AET'NIPATAIIMA HA KAYECTBO
N BE3OITACHOCTB KOPMOB )KUBOTHOI'O ITPOUCXOXKIEHUSA

XD Pasymosckasn E.C.

Vnpaenenue éemepunapuu cocyoapcmeeHHoll eemepunapHou ciyacobl Anmatickozo Kpasi no 2opooy baprayny
Anraiickuii kpaii, bapnayn, Poccus

(><De-mail: Elenabar83@inbox.ru

HpeZICTaBJ]eHBI STalbl IIPOU3BOACTBA CYXUX KOPMOB JJId HETIPOAYKTUBHBIX )KUBOTHBIX U PE3YJIb-
TaThl UCCIICMOBAHUN TOTYyYEeHHOW MpomyKiuu Ha coorBercTBHe [ OCTam. M3ydeHsl mokaszarenn
KayecTBa U 0€30TACHOCTH CyXHUX KOPMOB JUIS HEMPOTYKTHBHBIX KHUBOTHBIX U3 CHIPhS )KHBOTHOTO
IIPOUCXOXK/ICHUS, TIOABEPTHYTOTO MPOIIECCY JeTUApaTallii. YCTaHOBIIEHO, YTO MPOIECC CYIIKU C
KOHBEKIIMOHHBIM TIPUHITUIIOM JISHCTBUYSI TOJOKHUTEIBHO BIMSCT HA TIOKA3aTEININ HUILEBOM IICHHOCTH
roroBoro nponykra. [lonydennas mpogykius coorBerctByeT 'OCT P 54954-2012. DkcniepumeHT
nposeneH B 2021, 2022 1. B xadecTBe 00bEKTa MCCICIOBAHUS MCIIOIB30BAHBI CEIIC3CHKH, TOITY-
YEHHBIC OT KIIMHUYECKH 3I0POBOTO KPYITHOTO POraToro ckota (Bo3pacT 18 mec) mpu yboe Ha M-
corepepadaThIBAIONIUX NPEANPUATHIX AnTaiickoro kpas. CortacHO TOXYYeHHBIM J1a00paTOPHBIM
pe3yibpraTaM yCTaHOBIICHO, YTO B MCCIIEYEMOM BUJIE CHIPhS B IPOIIECCE NCTHIPATAIIUH CYIIICCTBEH-
HO CHU3WJICS TAaKOW IMOKa3aTellb, KaK MaccoBas J0JIs Biard, oH coctaBmi 5,5 + 0,01%. Ilokazare-
JIM MAcCOBOM 0y OeJika M 30JIbI TIOCIIE MPOIECca CYNIKA OCTaINCh MPAKTUYCCKU HEU3MEHHBIMU:
20,27 £ 0,001 u 0,05 £ 0,01% cooTrBeTcTBEeHHO. MaccoBasi Ol CHIPOTO JKHUPa B HCCIICTYyEMBIX
obpasmax cocrasimsuia 0,4 + 0,01%, uro HIDKe MMoKaszarenei cranmapra Ha 4,6—8,6%. [IpoBeneHo
WCCIIeIOBaHUE TIOYYSHHOM MPOAYKIIMK HA COOTBETCTBUE TPEOOBAHMUSAM, MPEABSIBISEMBIM K CyXUM
MTOJTHOPAIIMOHHBIM KOPMaM B3POCIBIX JKUBOTHBIX (co0ak). [IpoBenieH cpaBHUTENHHBIN aHATN3 XU-
MHYECKOTO COCTaBa 00pa3loB Cyxoro kopma. B mcciemyeMbix oOpasiax OTMEUEHO HEOOXOIMMOe
COJICpKAHME CIISNYIOIINX HE3aMEHUMBIX MaKpodJieMeHTOB: (ocdopa, kanbius U HaTpus. Beiss-
JICHO HamOosbllee cojaepkaHue Kaibims (2,3%). JlabopaTOpHBIMU METOJaMU B COOTBETCTBHH C
YTBEpKICHHBIMU TIPaBHIIAMH OaKTepHaJbHBIX HCCIIEOBAHMH YCTAHOBIEHBI TIOKa3aTenn Oe3orac-
HOCTH TTOJTyYEHHBIX CyXUX KOPMOB XUBOTHOTO TIPOUCXOXKICHHS TSI HEMPOITYKTHBHBIX KUBOTHBIX.

KuaroueBslie cjioBa: Mporecc eruiparaii, Helmpo{yKTUBHEIE )KUBOTHBIE, CEJIe3€HKa, Ka9eCTBO
KOPMOB

STUDY OF THE EFFECT OF THE DEHYDRATION PROCESS ON THE QUALITY
AND SAFETY OF ANIMAL FEED

(<)Razumovskaya E.S.
Veterinary Department of the State Veterinary Service of the Altai Territory in the city of Barnaul

Barnaul, Altai Territory, Russia
(><De-mail: Elenabar83@inbox.ru

The stages of dry feed production for unproductive animals and the results of the research of the
resulting products for compliance with GOSTs are presented. The quality and safety parameters of
dry feeds for unproductive animals made of raw materials of animal origin subjected to dehydration
process have been studied. It was found that the drying process with the convection principle of
action, positively affects the indicators of nutritional value of the finished product. The resulting
products comply with GOST R 54954-2012. The experiment was conducted in 2021, 2022. Spleens
obtained from clinically healthy cattle (age 18 months) during slaughter at the meat processing
enterprises of the Altai Territory were used as an object of the study. According to the laboratory
results, it was found that in the studied form of raw materials in the process of dehydration such
an indicator as the mass fraction of moisture significantly decreased and amounted to 5.5 + 0.01%.
The indicators of the mass fraction of protein and ash after the drying process, remained virtually
unchanged: 20.27 + 0.001 and 0.05 £ 0.01% respectively. The mass fraction of crude fat in the
studied samples was 0.4 + 0.01%, which is 4.6-8.6% lower than the standard. Study of the resulting
products for compliance with the requirements for dry full-fat adult fodder (dogs) was carried out. A
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WccnenoBanue BIMSHUS nponecca aeruparaiuy Ha Ka4€CTBO
1 6€301acHOCTh KOPMOB KAUBOTHOT'O IIPOUCXOKICHUA

Pasymosckas E.C.

comparative analysis of the chemical composition of dry feed samples was conducted. In the tested
samples the required content of the following essential macronutrients: phosphorus, calcium and
sodium was observed. The highest calcium content (2.3%) was detected. Laboratory methods in
accordance with the approved rules of bacterial studies established safety indicators of dry animal

feed for unproductive animals.

Keywords: dehydration process, unproductive animals, spleen, feed quality
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INTRODUCTION

One of the conditions for the effective devel-
opment of the livestock industry is sustainable
feed production [1, 2]. In the modern concept
the term " feed" defines a product for feeding
animals that does not have a harmful effect on
their organism'. The modern market of feed for
pets, depending on the method of manufacture,
is represented by complete and incomplete, dry
and wet, dietary, functional and supplementary
feed [3]. The most common Russian foods are
brand names "Zoogurman" and "Caesar" [4].
According to the experts of the "Zoobusiness
in Russia" magazine, the production of feed
for non-productive animals such as cats and
dogs was 124.8 thousand tons of finished prod-
ucts by the end of 20212, In accordance with
the subprogram "Development of animal feed
and feed additives production" one of the main
objectives is to increase feed production using
secondary raw materials from the processing
industries of the agro-industrial complex®.

Analysis of the literature showed that most
of the processed by-products of slaughter
(blood and its elements, glands and bone) are
used in the manufacture of medical and veteri-
nary organotherapeutic drugs, nutrient media,
meat and bone meal* [5-11]. Some by-products
of the first and second categories are used in the
production of finished meat products such as
sausages, cold cuts, jelly, zeltsy, pates [12]. The
spleen is less widely used in the meat process-
ing industry. It is not only an organ of hemato-
poiesis and immunity protection during animal
life, but also a source of fodder protein of ani-
mal origin. A number of authors have proved a
high rate of digestibility of spleen proteins®.

The owners' choice in favor of dry feed is
obvious: natural composition; content of all nu-
trients required to meet the needs of the pets'
organism; long shelf life. One of the modern
technological processes for dewatering of raw
materials is dehydration [13-15]. This process
has advantages because it maintains the qual-

!GOST R 54954-2012 Feed and feed additives for nonproductive animals. Terms and definitions. Moscow: Standartinform,

2020.

*Russian pet food production is growing. URL: https://zooinform.ru/ (accessed on: 09.06.2022).
3The development of animal feed and fodder additives production: Russian Government Resolution No. 1489 of September 3,
2021. URL: https://base.garant.ru/402789234/ (accessed on: 04.04.2022).

*Gorbunova N.V., Rudik F.Ya., Bystrova I.S. Development of the technology of poultry bone processing with obtaining the
powder of functional purpose. Innovations in the intensification of production and processing of agricultural products: Proceed-
ings of the International Scientific-Practical Conference, Volgograd, June 17-18, 2015, ed. by Acad. RAS LF. Gorlov. Volgograd,

2015. pp. 279-282.
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ity and nutritional value of the finished product.
[16]. Feeds for non-productive animals must
meet the requirements of regulatory and techni-
cal documentation of the manufacturer. Quality
and safety control of raw materials and finished
products is of great importance in the produc-
tion process. Since the processing of low-value
raw materials in the conditions of import sub-
stitution is growing, the use of slaughter prod-
ucts for obtaining feeds and additives is cur-
rently relevant.

The purpose of the study is to investigate the
effect of the dehydration process on the quality
and safety indicators of dry animal feed.

The research objectives are:

— evaluate the organoleptic and physical-
chemical characteristics of raw materials of
animal origin for feed production;

— describe the process of feed production;

— conduct laboratory tests of finished feed
for non-productive animals;

— analyze the data of the dehydration process
and indicators of the obtained dry animal feed.

MATERIAL AND METHODS

The study was conducted in 2021, 2022.
Spleens obtained from clinically healthy cattle
(9 heads, age 18 months) at slaughter at meat
processing enterprises of the Altai Territory
were used as an object of the study. Generally
accepted methods of animal feed quality evalu-
ation were used: determination of crude ash
content using crucible and desiccator filled with
effective water-absorbing substance; determi-
nation of mass fraction of crude fat by skimmed
residue; determination of moisture content by
sample drying at 103 °C in a desiccator. Meth-
ods used are: the Kjeldahl method for deter-
mining the mass fraction of protein; atomic
absorption method for determining calcium in
the samples prepared by dry ashing; photomet-
ric method for determining phosphorus content
with sample mineralization by dry or wet ash-
ing; ionometric method for determining sodium
using a glass sodium-selective electrode.

Physico-chemical quality parameters of raw
materials were studied in the chemical toxi-

cological department of an accredited testing
laboratory "AKVTS" (Barnaul). The content of
protein, fat, moisture, ash was carried out us-
ing an automatic titrator Titroline 5000/20 M2,
electronic scales AS-121S and a drying cabinet
ShS-80-01 SPU. At manufacture of forages for
preservation of protein and removal of moisture
the method of dehydration or drying of raw ma-
terials was used. Ready-made dry full-fat ani-
mal fodder was examined for compliance with
the requirements of GOST®.

RESULTS AND DISCUSSION

The main criteria for the quality of raw ma-
terials of animal origin are organoleptic and
physico-chemical parameters (see Fig. 1).

The organoleptic evaluation of the spleens,
selected from clinically healthy cattle, showed:
the surface of the material was clean; blood and
impurities were removed; the shape of the organ
was flat, with rounded edges; the consistency
was elastic, grey with a violet tint, without for-
eign smell; the absolute weight of the organ was
0.724-0.920 kg, length 29-40 cm. The physical
and chemical characteristics of the spleen meet
the requirements presented in Table 1.

Packaged and labeled spleens obtained at
slaughterhouses in the Altai Territory come in
separate batches for the production of chilled
feed to meat processing plants accompanied by
veterinary documents (see Fig. 2).

All sections of the production room are di-
vided into zones by partitions, which exclude
the intersection of raw materials and finished
products. Prepared and cleaned raw materials
with a total weight of up to 150 kg are placed
on Teflon nets with an anti-stick effect and sent
to the "Dehydration Zone" for drying.

The drying process takes place in the cham-
ber KS-16 with the convection principle of
operation at a temperature no higher than 65 °
C for 10-36 hours with constant circulation of
air inside the device. At the end of the drying
process complete fodder enters the "Packing
Zone", where on the table with the help of elec-
tronic scales of VET-15-1/2-1S-AB brand fur-
ther products are weighed into individual dis-

®GOST R 55453-2013 Feed for non-productive animals. General technical conditions. Moscow: Standardinform, 2014.
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Puc. 1. Cenesenka kpymHoro poratoro ckora (18 mec)

Fig. 1. Spleen of cattle (18 months)

Ta6a. 1. Ou3uKo-XxUMHUUYECKHE MOKA3ATEIN Kaue-
CTBa CEJIE3EHOK KPYMHOIO POraroro ckora, %

Table 1. Physical and chemical indicators of the
quality of spleens of cattle, %

posable packaging, sealing bags with the help
of manual pulse table sealer FS-400 ABS. Then
the dry fodder is labeled and sent to the ware-
house for storage of finished products in clean

Mass frac. dry, well-ventilated conditions at a temperature
. Test results Error (uncertainty) o : - 1:
tion of 25 © C and relative humidity of no more than
80% for up to 7 months. Samples taken from
Moisture 66,5 6,7 '
the batch from the manufacturer's warehouse
Protein 2359 1.89 are sent to the testing laboratory.
According to the laboratory results, it was
Fat 0,9 0,2 found that in the studied form of raw materials
in the process of dehydration such an indicator
Ash 0,14 0,04
Finished product Finished product Dehydration zone
storage area packaging and labeling area

-

-

1

Finished product
shipment area

pi

1

Raw materials
reception area
(chilled by-products)

window

window

*

Puc. 2. [Inan nexa 1o U3roTOBIEHUIO CyXUX KOPMOB KHMBOTHOTO IIPOUCXOKICHHUS 7SI HEIPOIAYKTUBHBIX

JKNBOTHBIX

Fig. 2. Plan of the workshop for the production of dry animal feed for unproductive animals
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as the mass fraction of moisture (5.5 £ 0.01%)
significantly decreased (see Fig. 3).

Such indicators as the mass fraction of pro-
tein and ash remained practically unchanged
after the drying process: 20.27 + 0.001% and
0.05 + 0.01%, respectively. The mass fraction of
crude fat in the studied samples was 0.4 + 0.01%,
which was 4.6-8.6% lower than the standard.
Therefore, the fodder with inadequate indices
refers to incomplete dry food for maintenance
of adult animals (dogs). The mineral indices of
forages were also examined for compliance with

Protein
80

Mass fraction of fat

the requirements of normative and technical
documentation of the manufacturer (see Fig. 4).
A comparative analysis of the chemical com-
position of dry feed samples was carried out. It
was noted that the samples under study contain
such essential macronutrients as phosphorus,
calcium and sodium. The high content of cal-
cium (2,3 + 0,001%) was detected. According
to the approved rules of bacterial examination
of fodders’ safety indicators of dry fodders of
animal origin for nonproductive animals were
established by laboratory methods (see Table 2).

Ash

= Spleen before
dehydration (raw material)

=== Spleen after
dehydration (feed)

Puc. 3. Tlokazarenu KauecTBa CEIC3CHKU J0 1 IOCJIC Mpouecca Aeruaparanun

Fig. 3. Spleen quality indicators before and after the dehydration process

25 233
2
1,5
1
0,75
05 0,6
0,5 2 Il Quality indicators according
to GOSTR 55453 — 2013
0,06 0,06
0 - : T — - Actually obtained indicators
Phosphorus, Calcium, Sodium,
not less** not less*** not less*
*p < 0.05.
*%p < 0.01.
*#%kp < 0.001.

Puc. 4. Tloxazarenu kauecTBa CYyXHUX MOJTHOPAIMOHHBIX KOPMOB JKUBOTHOT'O IPOUCXOKACHUS AJId HECTIPO-

AYKTHUBHBIX )KUBOTHBIX

Fig. 4. Quality indicators of dry complete feed of animal origin for unproductive animals

"Rules of bacterial examination of fodder. Chief Veterinary Administration of the Ministry of Agriculture of the USSR.

Moscow: Kolos, 1976.
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Tao6a. 2. Ilokazarenn 6€30MaCHOCTH CYXHUX KOPMOB KMBOTHOI'O ITPOUCXOKACHUS JIsI HCIPOAYKTHUBHBIX

JKHUBOTHBIX

Table 2. Safety indicators of dry animal feed for unproductive animals

No Unit of Error
- Indicator mto Test results (uncer- Standard RD for the test method
n/m measure .
tainty)
Mycotoxins
1 | Aflotoxin Bl | mg/kg Less than 0,001 - No more than MF for the determination of
0,010 aflotoxin B1
dated 26.07.1972
Pesticides
2 Pesticides mg/kg | DDT and its metabo- - DDT and its me- GOST 13496.20-2014
lites less than 0.02; tabolites no more
HCCH (B isomer) than 0.05; HCCH
less than 0.014 (a-,B (isomers) no more
isomers) less than than 0.2
0.02
Microbiological indicators
3 | Enteropatho- - Not detected - Not acceptable Rules for bacterial examina-
genic E. coli tion of fodder, approved by the
types Main Directorate of the Minis-
try of Agriculture of the USSR
dated 10.06.1975
4 Salmonella Not detected - Not acceptable Rules for bacterial examina-
tion of fodder, approved by the
Main Directorate of the Minis-
try of Agriculture of the USSR
dated 10.06.1975
Nitrites and nitrates
5 Nitrites mg/kg Less than 0.01 — | No more than 10,0 GOST 13496.19-2015
6 Nitrates mg/kg 25 +6 250 GOST 13496.19-2015
Radionuclides
7 | Strontium 90 | mg/kg Less than 3,7 - 100 IFC No.
40152.4)1362/01.00294-2010
8 Cesium 137 | Bg/kg Less than 7,1 — 600 GOST P54040-2010
Safety Indicators
9 Total - Nontoxic - Not acceptable GOST 31674-2012
Toxicity
Toxic elements
10 Cadmium mg/kg Less than 0,1 No more than 1,0 GOST 30692-2000
11 Arsenic mg/kg 0,10 + 0,02 | No more than 2,0 GOST 26930-86
12 Mercury mg/kg | Less than 0,0015 No more than 0,4 GOST 26927-86
13 Lead mg/kg Less than 0,1 No more than 5,0 GOST 30692-2000

Analysis of the tabulated data shows that the
feeds meet the standards, which makes it pos-
sible to further sell them freely.

CONCLUSIONS

1. The method of raw material dehydration has
a positive effect on the preservation of the useful
properties of the product. The content of protein
of animal origin is 20,27 + 0,001%, which indi-
cates a high nutritive value of the finished feed.

It is determined that the composition of the feed
contains the following macronutrients: calcium,
phosphorus, sodium. The highest indicator was
noted for calcium content (2,3 £+ 0,001%).

2. In the process of dehydration of meat
raw materials there is a release of moisture,
which increases the shelf life of finished feed
up to 7 months. The residual moisture content
is 5.5 £ 0.01%, which is 60.5% lower than the
same indicator of the studied raw materials.
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Cubupckoeo omoenenus Poccutickou akademuu Hayk

Hosocubupck, Poccus

2Cubupckuil pedepanvhulii Hayunwill yenmp azpoduomexnono2uii Poccutickou akademuu nayk
HoBocubupckast ob6macts, p.im. Kpacnoo6ck, Poccus

SHosocubupckuil 20¢cy0apcmeenuvlil azpaphblil YHUSEPCUment

HoBocubupck, Poccus
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W3-3a mporpeccupyromiero pocra OakTeprii, BHI3BAHHOTO MIMPOKAM TPHIMEHEHHEM aHTHOMOTHKOB,
JICYCHUE CTPENTOKOKKO3a CTAHOBHTCS Bce Ooyiee CIOKHOW 3amaueil. HeoOxommma HamexHas
BaKIMHAIUS TIPOTHUB Streptococcus suis. COBpeMEHHbBIE BO3MOKHOCTH MOJIEKYIIIPHON THATHOCTHKH
M TeHHOU HWHKCHEPUHU CO3Aat0T NEPCIICKTUBLI JJI IIPAMOIO KIIOHUPOBAHU A IIPOTCKTUBHBIX STTUTOIIOB
rera Lmb mectHOTrO mTamma S. suis B TIPEUIOKEHHYIO CHCTEMY JOCTaBKH aHTUT€HAa WMMYHHOUN
cucrembl cBuHel. Cpenu HocuTenell opalbHbIX BakMH Bacillus subtilis mpu3HaHa OTHOCHTEILHO
9KOJIOTHYECKH YUCTBHIM HOcHTEeNeM ¢ 3(()EKTHBHOW CHCTEMOW CeKperuu OenKka W aJalTHBHBIM
MeTabOoIM3MOM, CIIOCOOHAs MPOAYLHUPOBATh CIOPBHI B OTHOCHTEIBHO JKECTKHX YCIOBHSX. JTO
CBOMCTBO CIIOP MOYKET HCITOITL30BATHCS IS TOBBIIICHNS CTAOMIBHOCTH M BO3MOKHOCTH IIOBTOPHOTO
HCIIOJIB30BaHUs BAKIWH. I/I3yqua BO3MOXHOCTb HCIIOJIb30BaHUA MPOTCKTUBHBIX 3MUTOIIOB Lrnb
S. suis B coctaBe B. subtilis B kKa4ueCTBE HOCUTEIII OPAIbHONH PEKOMOMHAHTHOW BAKITUHBI IIPOTHB
Streptococcus suis. HykneoTHaHbIE TOCIEIOBATEIBHOCTH S. Suis TONy4YeHBl B 0a3e JaHHBIX
GenBank mociie mpeBapuTeT-HOTO aHAJH3a TUTEPATyPHBIX TAHHBIX 00 M3BECTHBIX MPOTEKTHBHBIX
aHTUreHax S. Suis Ppa3IMYHBIX CEPOTHIOB. AHalU3 HYKJICOTHUAHBIX MOCIEI0BATEIHLHOCTEH
MIPOBOIIIIH C UCTIONb30BaHNeM mporpamMmmuoro obecrederuss Unipro UGENE v. 43.0. /[ mowcka
T (CTL u Th) u B 3aBucumMsIx snutonos rena Lmb ucnonp3oBanu The Immune Epitope Database
(IEDB). [IpuBeneHO onucaHme CKOHCTPYHPOBaHHOW Ha OCHOBE KOMITHIOTEPHOTO AM3aifHa BAKIHEI,
B KoTopol crporHo3upoBana jokanu3zaiuss CTL, B u Th snuromoB. OmnucaHbl pe3ysibTarhl
KJIOHHPOBAHHUS TIOCIICA0BATEIFHOCTH aHTUT€HHO-aKTHBHOTO 31HToNa Oenka S. suis Lmb B B. subtilis
JUI TOCIIEYIOIIET0 TEPOPATbHOTO BBEICHUS W M3YyYEHUS HM3MEHEHUH HMMYHOJOTHYECKHUX
peaknuii ¥ MOOOYHBIX peaKkNui y >KMBOTHHIX. BBISBIEHAa BO3MOXXHOCTH KIOHHPOBATH SMHUTOIIBI
pexomOuHaHTHOTO Oenka Lmb S. suis B nonunuakep Bektopa pBE-S. B nepcniektuse npencranisercs
BO3MOYKHBIM CO3/IaTh HOBYIO HEIOPOTYIO M YIOOHYIO B OKCIUTyaTallid BaKIMHY MPOTHB S. Suis, HE
TpeOYIOILYI0O MHBEKLIMOHHOTO BBEJICHUSI.

KuroueBble caoBa: Streptococcus suis, opalibHas BakuHa, Bacillus subtilis, srmutor, Lmb
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Due to the progressive growth of the bacteria caused by the widespread use of antibiotics, treatment
of streptococcosis is becoming increasingly difficult. Reliable vaccination against Streptococcus suis
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is necessary. Modern molecular diagnostic and genetic engineering capabilities create prospects for
direct cloning of the protective epitopes of the Lmb gene of the local S. suis strain into the proposed
delivery system of the pig immune system antigen. Among oral vaccine carriers, Bacillus subtilis is
recognized as a relatively environmentally friendly carrier with an efficient protein secretion system
and adaptive metabolism capable of spore production under relatively harsh conditions. This spore
property can be used to increase the stability and reusability of vaccines. The possibility of using the
protective Lmb epitopes of S. suis in B. subtilis as a carrier of an oral recombinant vaccine against
Streptococcus suis was studied. The nucleotide sequences of S. suis were obtained from the GenBank
database after a preliminary analysis of literature data on the known protective antigens of S. suis of
various serotypes. Nucleotide sequence analysis was performed using Unipro UGENE v. 43.0. The
Immune Epitope Database (IEDB) was used to search for T (CTL and Th) and B dependent epitopes
of the Lmb gene. A computer-designed vaccine in which localization of CTL, B, and Th epitopes
is predicted is described. The results of cloning the sequence of the antigenically active epitope of
the S. suis Lmb protein in B. subtilis for subsequent oral administration and study of changes in
immunological reactions and adverse reactions in animals are described. The possibility to clone the
epitopes of recombinant S. suis Lmb protein into the pBE-S polylinker vector was revealed. In the
long term, it seems possible to create a new inexpensive and easy-to-use vaccine against S. suis that
does not require injection.
Keywords: Streptococcus suis, oral vaccine, Bacillus subtilis, epitope, Lmb
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INTRODUCTION mission) [4]. Despite the fact that contact with
infected meat or animals through wounds is
insignificant, the predominant route of S. suis
transmission to humans is the consumption of
undercooked, infected pork. In both pigs and

humans, S. suis can cause meningitis, septice-

Streptococcus suis (S. suis) 1s a gram-posi-
tive coccus [1] that can be divided into 35 se-
rotypes according to different antigens of the
Streptococcus capsular polysaccharide /2].
Due to the progressive increase in bacterial re-

sistance caused by the widespread use of an-
tibiotics, the treatment of S. suis is becoming
increasingly difficult, leading to an increasing
need for effective vaccination against it /3/.
The route of transmission of S. suis in pigs
is usually as follows: piglets become infected
in the mother (vertical transmission) or from
other animals in the herd (horizontal trans-

mia, and other diseases. This infection causes
an acute zoonotic infectious disease [5, 6].
Over the years, scientists have studied vari-
ous new vaccines. In our study, it was decided
to choose an oral vaccine with live bacteria as
the carrier. We believe that oral administration
can be simple and easy to implement in practice
and can also stimulate mucosal immunity [7].
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Among oral vaccine applicators, the bacterium
Bacillus subtilis (B. subtilis) is recognized as a
relatively environmentally friendly host with
an efficient protein secretion system and adap-
tive metabolism. This microorganism can also
produce spores under relatively harsh condi-
tions [8]. This property of spores can be used
to increase the stability of vaccines under rela-
tively unfavorable conditions of storage and
application [9]. The technology of using spore-
forming bacteria has been successfully applied
in various industries, including vaccine produc-
tion [10]. Thus, B. subtilis is an optimally suit-
able carrier of vaccine antigens.

After selecting a strain as a vaccine vector,
we need to develop a vaccine. Lmb is an extra-
cellular protein first discovered in S. agalactiae
in 1999 [11], then in various Streptococcus spe-
cies [12, 13]. Subsequent studies have shown
that Lmb protein may have protective ability
against streptococcal infection (see Fig. 1).

Lmb is a surface protein involved in the ab-
sorption of zinc ions (possibly a zinc receptor).
These proteins associated with bacterial adhe-
sion belong to the lipoprotein receptor family.
Immunization of mice has shown that specific
antibodies produced by the Lmb protein can ef-

fectively resist streptococcal infection'.

The purpose of the study was to investigate
the possibility of using the protective Lmb epi-
topes of S. suis in B. subtilis as a carrier of an
oral recombinant vaccine against S. suis.

MATERIAL AND METHODS

The work was performed at the Pharmacoge-
nomics Laboratory of the Institute of Chemical
Biology and Fundamental Medicine SB RAS,
as well as in the Molecular Biology Sector of
the Siberian Federal Center of Agro-BioTech-
nologies RAS. The §. suis nucleotide sequences
were obtained in the GenBank database after
preliminary analysis of the literature data on
the known protective antigens of S. suis of vari-
ous serotypes. The nucleotide sequences were
analyzed using Unipro UGENE v. 43.0. The
Immune Epitope Database (IEDB) was used

'"URL: http://www.iedb.org/.

Puc. 1. Lmb: noBepXHOCTHBII O€NIOK, CBSI3bIBAIO-
IIUHA JaMUHAH

Fig. 1. Lmb: surface laminin binding protein

to search for T (CTL and Th) and B dependent
epitopes of the Lmb gene (see footnote 1).

Primer design was performed to clone and
model the cloning process of Lmb gene regions
containing T (CTL and Th) and B dependent
epitopes by ligation at the BamH I, HindIII
restriction sites into the shuttle vector pBE-S
polylinker. S. suis DNA was isolated by silico-
sorption method from field isolates provided by
Alexis LLC. PCR was performed using gen-
erally accepted methods on a Tercik amplifier
("DNA Technology" LLC, Russia).

To clone a fragment of the Lmb gene, the following
primers were developed:

- Fwd Lmb: 5-GAGGGATCCGCGATGTT
AAAGAAAGTGATAAG-3’;

— Rev Lmb: 5’-GACAAGCTTGGGTAAA
AGTTCACCAATCGC-3".
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RESULTS AND DISCUSSION

We used a computer-based vaccine design
to predict the candidate epitopes (i.e., antigenic
determinants) obtained using the algorithms
provided on the website (see footnote 1). After
screening the laminin-binding protein (Lmb)
was selected as the vaccine antigen (see Fig. 2).

According to bioinformatic analysis, one
CTL epitope was found at the positions 12-20
of Lmb amino acid residues; four B-cell epi-
topes were found at the positions 65-75, 131-
141, 179-189 and 279-287 of Lmb amino acid
residues, respectively. Epitopes 1 Th were
found at the positions 12-20 of Lmb amino acid
residues (see Table 1).

The study applied techniques to analyze a
possible other epitope of the protein sequence
and then used the pBE-S vector to transform
the com-position containing the protective Lmb
epitope in B. subtilis. Enteroinvasive B. subtilis

strain 53 IHBFM (isolated and studied earlier)
was used as a vector strain.

The pBE-S vector is capable of expressing
the recombinant protein in B. subtilis cells and
has an additional source of replication (origin)
in Escherichia coli cells. The primers we devel-
oped have additional Bam H1 and Hind III re-
striction sites, which makes it possible to clone
the epitopes found in the polylinker of this vec-
tor, including their amplification from primary
S. suis isolates and pathological material (see
Fig. 3).

Bioinformatic analysis of S. suis Lmp gene
revealed antigenic epitopes which are promis-
ing for recombinant vaccine creation: one CTL
epitope was found at the positions 12-20 of
Lmb amino acid residues, four B-cell epitopes -
at positions 65-75, 131-141, 179- 189 and 279-
287 amino acid residues Lmb, respectively. Th
1 epitopes were found at the positions 12-20 of

=AER14507.1 laminin binding protein [Streptococcus suis S512)
NII_KKVIRGCF\/_QCSM]KEASQVQPGMKIVTSFYPIYSLVKEVSGNKNDVRMIGSRQGIHSYE
PSAADIKAYDADVFIYHSRILESWAGRLEPNLQGSSVKVLEASTNLPLTKVPGLEDMEAGQGIDEASLY
DPHTWLDPVLVGQEAVAIGELLAESDPKNADYYRQNAATLEGKAQKLADKYSPIFLKATSKTFVTQHTAF

SYTAQRFGLKAQLGIAGVSEEEPSPROLAEIKEFVDTYNVQTIF TEKGASDKLAKALASSTGVDLKVLDPL

EADPENNLTYLENLEQVLETLAQELK

Puc. 2. Jloxammzarus srrronioB LTI u B-xerok Lmb mo manHbEIM 6HOMH(OPMATHISCKOTO aHATH3A.

[Mpumeuanne. Dnuton LITJI (uurorokcuueckue T-kieTku, nurorokcndeckue T-1uM(OIUTh) OTMEUCH
(bMOJICTOBBIM, CErMEHThI B-KJI€TOUHOTO 3MHUTONA — CUHUM, 31UTOI Th — 3€IeHbIM.

Fig. 2. Localization of CTL epitopes and B-cells Lmb according to bioinformatics analysis

Note. The CTL epitope (cytotoxic T-cells, cytotoxic T-lymphocytes) is marked in purple, the B-cell
epitope segments are marked in blue, the Th-epitope is marked in green.

Ta6a. 1. AMUHOKUCIOTHBIE U HyKIeoTuaHbIe mocienoarensHocTr CTL, B 1 Th smuronoB Lmb Gen-

ka S. suis (SS12)

Table 1. Amino acid and nucleotide sequences of CTL, B, and Th epitopes of Lmb of S. suis (SS12) protein

N | Nucleotide sequence | Amino acid sequence

Predicted epitope B

1 GGCATACACTCTTATGAACCATCGGCTGCGGAC GIHSYEPSAAD

2 GGTCAAGGGATTGATGAAGCTAGTTTATATGAC GQGIDEASLYD

3 ACTTTAGAGGGAAAGGCGCAAAAGTTGGCAGAC TLEGKAQKLAD

4 CCTCTTGAAGCAGATCCAGAAAATAAT PLEADPENN

Predicted epitope CTL

1 | GCCTTATTCGGTTTTGTTTTAGCAGCT | ALFGFVLAA
Predicted epitope Th

1 TTGGTTGGTCAGGAAGCTGTTGCGATT LVGQEAVAI

2 TTTGTCACTCAACACACAGCCTTCTCT FVTQHTAFS
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Kan R

AmpR

PCR fragment

Bam HI (325)

Bam HI (771)

Hmd III (823)

|| His-tag

pUB-s-Imb S.suis
6430 bp

ColE 1 ori

Puc. 3. Kapra mnazmugnoro Bektopa pBE-S co BecraBkoit S. suis Lmb:

pUB ori — opumkus s poxa Bacillus (caiit ctapra Hauana perumkanun mwia3musl); ColE 1 ori — opumkuH 1
E. coli; Kan R — reH ycToiUMBOCTH K KaHAMUIIUHY (SKCIpECCHpyeTcs B OakTepusix pona Bacillus); Amp R — ren
YCTOHYMBOCTH K aMIUIIWILIAHY (dKcTpeccupyercs B Escherichia coli); His-tag — THCTUIWHOBEII XBOCT Ha HUKE-
JIEBBIX KOJIOHKAX JUIs BRIACNCHIS pekoMOnHanTHoro Oenka; Hind 111 (823), Bam HI (771), Bam HI (325) — caiiter
pectpukunu; Lmb — ¢pparment anturena S. suis; aprE Sp; RBS — npomoTepHast 00macTh 1t SKCTpeccuu Oenka y

MHKPOOPTaHU3MOB pona Bacillus

Fig. 3. Map of plasmid vector pBE-S with S. suis Lmb insert:

pUB ori - origin for Bacillus genus (plasmid replication start site); Col E1 ori - origin for E. coli; Kan R, kanamycin
resistance gene (expressed in Bacillus bacteria); AmpR, ampicillin resistance gene (expressed in Escherichia coli);
His-tag, histidine tail on nickel columns for recombinant protein isolation; Hind 111 (823), Bam HI (771), Bam HI
(325), restriction sites; Lmb, fragment of S. suis; aprE Sp; RBS, promoter region for protein expression in microor-

ganisms of the genus Bacillus

Lmb amino acid residues. The proposed deliv-
ery system for recombinant protective antigens
of S. suis includes the plasmid vector pBE-S as
part of the enteroinvasive strain B. subtilis BS3
IHBFM.

CONCLUSIONS

1. The possibility to clone the epitopes of recom-
binant S. suis Lmb protein into the pBE-S vector poly-
linker was revealed.

2. In the long term, it seems possible to create a
new inexpensive and easy-to-use vaccine against S. suis

that does not require injection.

Modern possibilities of molecular diagnostics and ge-
netic engineering create perspectives for direct cloning
of protective epitopes of Lmb gene of local S. suis strain
into the proposed system of antigen delivery to pig im-
mune system.
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OPUTOBUNOTUKH B PAIIMOHAX KYP-HECYHIEK PA3JIMYHBIX KPOCCOB,
BJIUAHUE 'EHOTHUIIA HA OIIVIATY KOPMA

C<DUrnarosuu JI.C.

Mazaoanckuil HayuHO-UCCIe008AMENbCKUL UHCTNUMYM CEbCKO20 XO3SUCTMEA
Maranan, Poccns

(><De-mail: agrarian@maglan.ru

[IpencraBnensl pe3ynbTaTbl BBOAA (PUTOTEHHBIX KOPMOBBIX 100aBOK M3 MECTHBIX PACTUTEIBHBIX
pPECYpCOB B PALIMOHBI Ky SIMUHOI'O HAalpaBJICHUsS NPOAYKTUBHOCTU Pa3jIMUHbIX reHoTUnoB. Onpe-
JIeJICHa CTENICHb YCBOCHHS (II€PEeBapUMOCTH, UCTIONb30BAHUS ) MUTATEIbHBIX BEIIECTB KOPMA U KOH-
Bepcus NOTPeOJICHHBIX KOPMOB (3aTpaThl KopMa Ha 10 1. stun 1 Ha 1 Kr stmuHoi# Maccsl). [Ipoananu-
3UPOBaHbI 3aTpaThl 0OMEHHOH YHEPTUH M MPOTEHHA KOPMa Ha €AMHUILY TPOU3BEACHHON NPOIYKLIUH.
CocraB n3yyaeMbIX (PUTOTCHHBIX KOPMOBBIX 100aBOK: 1,5% (0T OCHOBHOTO pannoHa) MyKH OypbIX
MOPCKHUX Bomopocieit (ramuaapuu) u 1,5% — MyKHd W3 MECTHBIX JUKOPOCOB. YCTaHOBJICHO, UTO
1X IPUMEHEHHE B PalliOHAX Kyp-HECYLIEK CIIOCOOCTBYET HHTEHCU(BHUKALUU OOMEHHBIX IIPOLIECCOB,
MIPOMCXOSIIUX B OPTaHU3ME BCEX I€HOTHUIIOB NITHIIBI. YCBOCHUE T'UIPOBJIard NOTPeOIeHHOTO KopMa
3a aHAJIM3UpyeMbIe MEpHONbl Bo3pocio Ha 2,9-3,6%, nepeBapumocTs nporenHa — Ha 2,9-4,3%,
xkupa — Ha 3,1-4,0%, BOB — na 3,9-4,6%, ucnons3oBanue azora — Ha 4,9—5,9% K KOHTPOJIbHBIM
NoKazaTessiM KaxkJ1oro renotuna. MaTeHcudukaiysi 0OMEHHBIX MPOIECCOB CIIOCOOCTBOBAA TIOBBI-
IICHHIO OIUIaThl KopMa mponykuued. CHMKEHre 3aTpar KopMa Ha mpou3BoacTBo 10 mT. sur co-
craBmio 5,5-7,3%, na 1 kr suwaHOM Maccel — 8,4—13,9% K KOHTPOIIO. YMEHBITHINCH 3aTPaThl 00-
MEHHOH 3HEpruy ¥ NpOTENHA KOpMa Ha IPON3BOJCTBO €ANHUIIBI IPOAYKLUUH. B pesynbsrare ananusa
[IOJYYEHHBIX JIaHHBIX BBISBICHO, YTO KypPbI-HECYILIKH BCEX TEHOTHIIOB MOJIOKUTEIBHO PearupoBain
Ha BKJIIOYCHHE B OCHOBHOM paliioH OMOJIOTMYECKH aKTHBHOM KOpMOBO# moOaBku. Haubonee «oT-
3BIBUMBBIM» T'€HOTHUIIOM (KpPOCCOM) Ha MOCTYIJICHHE C PallMOHOM HYTPHEHTOB, BXO/SAIIUX B COCTaB
(buTOoTreHHOI KOPMOBOIi T00aBKH, sBIsieTcs: Kpoce «/Jlexand Yaity. [Itnna naHHOTrO Kpocca rmoka-
3aja HanOoJiee BBICOKHUE PE3YNIbTaThl MHTEHCUBHOCTH OOMEHHBIX IIPOLIECCOB OPraHU3Ma U OIJIaThl
KOpMa IPOAYKIHEH.

Ki1roueBble cjioBa: Kypbl-HECYILIKH, KPOCCHI ITHLBI, TEHOTHII, KOPMOBBIE 100AaBKH, paCTUTEIb-
HBIE pecypchl, (PUTOTEHHbIE KOPMOBBIE T0OABKH, 0OMEH BEILECTB, KOHBEPCHS KOpMa

PHYTOBIOTICS IN THE DIETS OF LAYING HENS OF VARIOUS CROSSES,
INFLUENCE OF THE GENOTYPE ON THE PAYMENT OF FORAGE

<DIgnatovich L.S.

Magadan Research Institute of Agriculture
Magadan, Russia

(<De-mail: agrarian@maglan.ru

The paper presents the results of research on the introduction of phytogenic feed additives
from local plant resources in the diets of egg-laying hens of different genotypes. The degree of
assimilation (digestibility, use) of the feed nutrients and the conversion of the consumed feed (feed
costs per 10 eggs and per 1 kg of egg weight) were determined. The costs of metabolizable energy
and protein of feed per unit of production were analyzed. The composition of phytogenic feed
additives under study: 1.5% (of the basic diet) flour of brown seaweeds (kelp) and 1.5% - flour of
local wild herbs. It was found that their use in the diets of laying hens helps to intensify metabolic
processes occurring in the body of all genotypes of poultry. The digestibility of the consumed forage
hygroscopic moisture during the periods analyzed increased by 2.9-3.6%, protein digestibility by
2.9-4.3%, fat digestibility by 3.1-4.0%, nitrogen-free extractive substances by 3.9-4.6%, nitrogen
use by 4.9-5.9% to the control indices of each genotype. Intensification of metabolic processes
contributed to an increase in the payment for feed by products. Reduction of feed expenses for
production of 10 eggs amounted to 5,5-7,3%, for 1 kg of egg weight - 8,4-13,9% to the control.
The cost of metabolizable energy and protein of feed to produce a unit of product decreased. The
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Phytobiotics in the diets of laying hens of various crosses,
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analysis of the data revealed that laying hens of all genotypes responded positively to the inclusion
of biologically active feed additive in their basic diet. The most "responsive" genotype (cross) to
the intake of nutrients included in the phytogenic feed additive with the diet is the cross "Dekalb
White". The birds of this cross showed higher results of intensity of metabolic processes of the body

and payment for feed by products.

Keywords: laying hens, poultry crosses, genotype, feed additives, plant resources, phytogenic

feed additives, metabolism, feed conversion
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INTRODUCTION

The Decree of the President of the Russian
Federation dated 21.01.2020" set for agricultur-
al producers the tasks of ensuring food security
of the population and reducing the dependence
on imports of the state. To meet domestic de-
mand for edible eggs Russian poultry farmers
are required to produce at least 45.3 billion eggs
per year by 2025 (in 2021 produced 44.9 bil-
lion eggs). The implementation of these plans
will necessitate an increase in the production of
concentrated feed and improving its quality in
accordance with the needs of poultry.

The Resolution of the Government of the
Russian Federation of 03.09.2021 which in-
cludes the subprogram "Development of feed
and feed additives for animals"* sets the goal
of creating a sustainable feed base including
the organization of production of feed addi-
tives with directed and complex action based
on biologically active components which allow
increasing the balance of nutrition of agricul-
tural and poultry products. In Russia poultry
egg production meets the domestic needs of the

population at the expense of its own produc-
tion. From 2014 to 2017 the increase in gross
egg production was more than 3 billion eggs
per year. Later on, including 2021, there was
almost no increase in egg production. In 2020,
the average price of poultry meat was down
5.7% from 2019, but the price of eggs was up
3.8%. Increased egg production and egg qual-
ity could help restore the degree of profitabil-
ity and offset the increase in production costs,
which were 20-25% in 2020°.

In poultry farming there is the highest return
on resources spent per unit of production, in-
cluding feed (2-3 times lower than in pig and
cattle breeding), due to which the industry de-
velops confidently and efficiently. Poultry pro-
ductivity is the main economic and useful trait
that has a fairly high degree of variability. In
Russia, increasing egg production is carried out
by intensive factors: increasing the productiv-
ity and safety of poultry, improving the quality
and consumer properties of products, as well as
increasing the conversion of feed [1].

Of all farm animals, laying hens are the most
intensive producers of biologically valuable di-

'Decree of the President of the Russian Federation No. 20 of January 21, 2020 "On Approval of the Food Security Doctrine

of the Russian Federation".

20On Amendments to the Federal Scientific and Technical Program for the Development of Agriculture for 2017-2025. Decree
of the Government of the Russian Federation of 03.09.2021, No. 1489, Moscow.

*Bobyleva G. A. Save and multiply: an overview of the Russian poultry and egg production sector. URL: https:// www.agbz.
ru/articles/obzor-rossiyskogo-sektora-proizvodstva-myasa-ptitsy-i-yaits/ (Accessed on: 15.04.2022).
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etary protein. At an annual egg production rate
of 250 eggs a hen produces about 875 g of pro-
tein per 1 kg of live weight. At the same time,
a cow with an annual milk yield of 5000 kg of
milk produces only 275 g of protein per 1 kg
of live weight. Such high protein production in
chickens is possible due to the efficient conver-
sion of protein from the feed they consume into
egg protein (20-25%).

In this regard, the provision of laying hens
with nutrients and biologically active substanc-
es to meet the vital needs of birds and implement
the genetically inherent productivity potential
must be different than in other farm animals.
The increased demand for quality and nutri-
tive value of feed is associated with the physi-
ological properties and features of metabolism
in different periods of the life cycle of birds.
These include the development of embryos in
the confined space of the egg; high growth rate;
intensive, decreasing with age, metabolism in
young birds; the presence of the pre-lay peri-
od, during which there is a restructuring of the
body, including biochemical changes affecting
all aspects of metabolism; the role of the skele-
ton in mineral metabolism (performing not only
homeostasis functions but also participating in
egg formation); the presence of the mechanisms
providing nutrient extraction from blood in the
ovary and the oviduct, their binding and deposit
in the egg elements. Peculiarities of bird diges-
tion are rapid movement of feed through the
gastrointestinal tract, insufficient synthesis and
limited absorption of endogenous vitamins in
the digestive tract. Lack or deficiency of essen-
tial nutrients in the diet of laying hens causes
metabolic disorders in the body, growth retar-
dation, reduced productivity and product qual-

ity*,

Due to the fact that the Russian feed industry
is not ready for the production of high-quality
complete feeds for the poultry industry, special-
ists and scientists involved in feeding poultry
pay much attention to the use of phytobiotics
(plant components) in feeds, and this trend has
currently increased.

The problem in feeding poultry is the uncon-
trolled use of antibiotics. Their excessive use
in poultry diets reduces resistance to human
pathogens, in the body of which antibiotics are
transferred with food. Bacterial resistance and
the property of antibiotics to remain in animal
products have led to restrictions on the use of
antibiotics as growth promoters and feed ad-
ditives in most developed countries. The use
of synthetic antibiotics (AGP) as prophylactic
doses in animal feed is banned in the European
Union’[2, 3].

As an alternative to antibiotics, experts in
the field of animal nutrition and nutritionists
recommend phytobiotics. Studies have been
conducted using phytobiotics in feeding poultry
where antimicrobial, antioxidant, anti-inflam-
matory and stimulating effect of phytobiotics
has been confirmed. The antioxidant function
of phytobiotics can positively affect the stabil-
ity of the feed, contribute to the extension of
its shelf life. Researchers have proved that the
inclusion of phytobiotics in poultry diets has
a positive effect on the productivity of poultry
and the quality of products (eggs). Studies on
stimulation of metabolic processes in laying
hens and increasing feed conversion by enrich-
ing poultry diets with phytogenic feed additives
of different composition have shown positive
results®? [4-11].

The main requirement for the production of
edible eggs, along with productivity and prod-

“Fisinin V.I., Egorov IA, Droganov LF. Feeding farm poultry: textbook. Moscow: GEOTAR-Media, 2011. 344 p.
*Matyushkin V., Krisanov A., Egorov I. et al. Production of livestock products: textbook. Saransk: Mordovian University

Publishers. 2008. pp.157-233.

‘Ivanova O.V. Biologically active additives in poultry farming. Krasnoyarsk: Krasnoyarsk State Agrarian University, 2010.

142 p.
’EU Regulation, No. 1831/2003.

$Rabazanov N. The use of nettle meal in feeding broiler chickens: Ph. D. in Biology. 06.02.02, Sergiev Posad, 2003. 22 p.
*Mammaeva T.V. Ecological and biological substantiation of the use of kelp as a feed additive in diets of chickens: Ph. D. in

Biology: 03.00.16, Kamchatka NIISKh, Habarovsk, 2002. 23 p.
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uct quality is a high food conversion ratio. Cur-
rently, the poultry industry aims to use highly
productive genotypes (crosses) of poultry, se-
lected and differentiated according to these re-
quirements. Domestic breeders are studying the
possibility of transforming the genetic poten-
tial into new breeds, breed groups and poultry
crosses. However, due to the lack of a breed-
ing base working with genotypes of the Rus-
sian selection, many poultry farms use indus-
trial crosses of laying hens of foreign breeding
companies (Isa Brown, Hysex Brown, Hysex
White, Dekalb White)!'* !,

In this regard, specialists engaged in poul-
try production need information about the ef-
fectiveness of a particular poultry genotype for
the production of quality products with a high
degree of food conversion.

We have conducted studies on the enrich-
ment of laying hens’ diets of various foreign
crosses (genotypes) with phytogenic biologi-
cally active feed additives [12, 13].

The purpose of the study is to determine the
genotype of laying hens with the highest degree
of digestibility of feed with biologically active
substances coming in phytogenic feed addi-
tives; to evaluate the food conversion ratio.

The research objectives are to analyze the
data obtained from the studies on the use of
phytogenic feed additives in the diets of dif-
ferent genotypes of laying hens, to identify the
most "responsive" cross of poultry, which has a
high degree of food conversion.

MATERIAL AND METHODS

The research was conducted in LLC Poultry
farm "Dukchinskaya" (Magadan), on different
genotypes of laying hens: "Isa Brown", "Hy-

sex White", "Hysex Brown", "Dekalb White".
The use of phytogenic feed additives contain-
ing brown seaweed meal (Laminaria) and wild-
growing herbs meal (composition: common
tansy (ZTanacetum vulgare), common yarrow
(Achilléa millefolium), narrow-leaved willow-
herb (Chamaenerion angustifolium), great net-
tle (Urtica dioica) having identical biological
activity was studied in feeds.

In the present study, a specific age period of
laying hens of the studied crosses - 40-55 weeks
- was chosen for analysis. The keeping and feed-
ing conditions of all birds corresponded to the
norms recommended by ARRTPI (All-Russian
Research and Technological Poultry Institute)
and did not differ from each other during the
analyzed periods. Experiments on the introduc-
tion of feed additives into the diets of different
genotypes of laying hens were performed ac-
cording to a similar scheme (see Table 1).

The composition and nutritive value of the
BDs of all laying hens genotypes were in the
acceptable range for comparison (see Table 2).

The studies were conducted according to
the methodological recommendations'?. The
data were processed using the methods of N.A.
Plokhinsky'®. The results of the studies are pre-
sented as a percentage of the control group of
each cross (genotype) for the analyzed period.

RESULTS AND DISCUSSION

The use of the studied feed additives in the
basic diets of laying hens allowed to enrich the
feed with nutrients included in phytobiotics,
which helped to stimulate metabolic processes
in the poultry organism (see Table 3).

Intensification of metabolic processes of the
poultry body increased the productivity of all

YGolovkina O.0. Comparative assessment of egg crosses "Highsex Brown" and "Highsex White". Breeding, selection and
genetics of farm animals. 2020. URL: http:// azt.vscc.ac.ru/article/28454/ full (accessed on: 15.03.2020).

"Description of the cross Dekalb: all about keeping and breeding. Farmexpert, 2020. URL: https://ferma. Expert/pticy/ kury/

porody-kury/dekalb/ (accessed on: 15.03.2020).

2Methodology of scientific and industrial research on the feeding of farm poultry: recommendations. Edited by V.I. Fisinin,

Sh.A. Imangulov. Sergiev Posad, 2004. 33 p.

B3Plokhinsky N.A. Guide to biometrics for zootechnicians. Moscow: Kolos, 1969. pp.76-87.
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Taoua. 1. Cxema onbITOB
Table 1. Scheme of the experiments

Group g\ilrlig’bga%fs Feeding Features
Control 50 BD (basic diet)
Experimental 50 BD + 1.5% flour from

kelp + 1.5% flour from
local wild herbs

Tao6a. 2. CocraB u nmuTarenbLHas [ICHHOCTh OC-
HOBHOT'O pal[ioHa

Table 2. Composition and nutritional value of
the basic diet

Content, %

Component
Wheat 56,88 £ 0,72
Barley 3,94+ 0,17
Oats 3,84+ 0,85
Soybean meal 10,25 £ 0,55
Sunflower meal 12,25+ 0,65
Full fat soybeans 2,66 + 0,44
Limestone flour + shell flour 10,18 + 0,09

100 g of mixed fodder contains:

Metabolic energy, kcal/100 g 246,88 + 0,89
Crude protein 16,35+ 0,19
Crude fat 2,21 +£0,03
Linoleic acid 1,14+ 0,01

the studied poultry crosses (genotypes), in con-
nection with this increased food conversion ra-
tio (see Table 4).

As aresult of analytical studies, it was found
that the introduction of phytogenic feed addi-
tives from local plant resources into the diets of
laying hens helped to improve the quality and
consumer properties of the products (eggs) (see
Table 5).

Taoa. 3. YcBoeHue (epeBapruMOCTh, HCIIOIB30Ba-
HHE) IMTATEJIbHBIX BELIECTB KOPMa, %o K KOHTPOIIIO

Table 3. Assimilation (digestibility, use) of feed
nutrients, % of control

. "Iza "High- | "High- "Dekalb
Indicator Brown" | . 5¢% sex White"
White" | Brown"
Hygro-moisture consumption
Control 653 | 651 | 648 | 649
E i t
xpettmen 682 | 682 | 67.6 | 685
To the control
group +2.,9 +3,1 +2,8 +3,6
Nitrogen used
trol
Contro 41,9 | 41,6 | 41,8 | 416
Experiment 471 | 465 | 469 | 475
To the control
group +5,2 +4,9 +5,1 +5,9
Crude protein digestibility
Control 772 | 786 | 793 | 799
Experiment
80,6 81,5 82,5 84,2
To the control
group +3,4 +2,9 +3,2 +4.3
Digestibility of raw fat
Control 756 | 762 | 769 | 815
Experiment 78,7 | 79,9 | 80,1 | 85,5
To the control
group +3,1 +3,7 +3,2 +4,0
Digestibility of Nitrogen-free Extractive Substances
(NES)
Control 752 | 760 | 773 | 79.8
Experiment
79,1 80,2 81,7 84,4
To the control
group +39 | +4,1 +4.4 +4.,6

Note. Here and in Tables 4, 5: the control for a bird of
each cross (genotype) was a bird of the same cross (genotype)
receiving the basic diet.

CONCLUSION

It was found that as a result of the use of
phytogenic feed additives in the diets of differ-
ent genotypes of laying hens, the most intense
metabolic processes occurred in the body of
laying hens of the cross "Dekalb White". There
was an increase in productivity, quality of prod-
ucts, as well as the highest degree of food con-
version by the laying hens of this genotype. The
body of laying hens spent the least amount of
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Ta6a. 4. OcHOBHBIE 300TEXHUYECKHUE TTOKA3aTEIIH
Table 4. Main zootechnical indicators

Indicator “Iza Brown” “Highsex White” “Highsex Brown” “Decalb White”

Performance indicators of laying hens

Gross egg yield
Control, pcs. 3571 3685 3654 3701
Experiment, pcs. 3789 3939 3902 3979
To the control group, % 106,1 106,9 106,8 107,5
Oviposition intensity
Control, % 82,6 82,3 82,9 82,6
Experiment, % 88,5 89,1 89,3 89,7
To the control group (+, —), % +5,9 +6,8 +6,4 +7,1
Egg mix yield
Control, kg 166,9 169,3 172,4 173,3
Experiment, kg 185,8 186,9 194,6 202,9
To the control group, % 111,3 110,4 112,9 117,1

Feed conversion

Feed consumption per 10 eggs

Control, kg 1,45 1,44 1,46 1,47
Experiment, kg 1,37 1,36 1,37 1,36
To the control group, % 94,5 94,1 93,8 92,7
Feed consumption per 1 kg of egg weight
Control, kg 2,99 3,10 2,98 2,94
Experiment, kg 2,64 2,77 2,73 2,53
To the control group, % 88,4 89,3 91,6 86,1
ME feed consumption per 10 eggs
Control, MJ 15,3 15,29 14,92 14,99
Experiment, MJ 14,47 14,40 13,97 13,90
To the control group, % 94,6 94,2 93,6 92,7
ME feed consumption per 1 kg of egg weight
Control, MJ 2491 23,99 24,50 24,52
Experiment, MJ 22,00 21,45 22,42 21,06
To the control group, % 88,3 89,4 91,5 85,9
Feed protein consumption per 10 eggs
Control, g 232 230 234 235
Experiment, g 229 227 231 229
To the control group, % 98,8 98,5 98,9 97,5
Feed protein consumption per 1 kg of egg weight
Control, g 381 385 382 380
Experiment, g 363 364 353 349
To the control group, % 95,3 94,6 92,5 91,8
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Ta6a. 5. [lokazarenu kadyecTBa U OTPEOUTEITHCKUX CBONCTB SIHII
Table 5. Indicators of quality and consumer properties of eggs

Indicator “Iza Brown” “Highsex White” “Highsex Brown” “Decalb White”
Morphometric indicators of eggs
Egg weight
Control, g 57,27%* 59,70%** 59,10%* 59,30%**
Experiment, g 58,93 %** 61,67%%* 62,94%%%* 63,57%**
To the control group, % 102,90 103,30 106,50 107,20
Yolk weight
Control, g 15,21%%* 15,37%* 15,28%%* 15,41%%*
Experiment, g 15,68%* 15,82%%* 15,95%%** 16,29%**
To the control group, % 103,10 102,90 104,40 105,70
Egg white weight
Control, g 34,50%* 34,70%** 35,00%* 34,90
Experiment, g 36,02%%* 36,19%** 36,72%%* 36,92%*
To the control group, % 104,40 104,30 104,90 105,80
Certified eggs
Control, % 92,80 92,10 93,80 93,90
Experiment, % 95,90 95,50 97,10 97,70
To the control group (+,-), % +3,10 +3,40 +3,30 +3,80
Breakage, check
Control, pcs. 68 68 73 75
Experiment, pcs. 65 66 69 70
Control, % 1,90 1,85 2,00 2,03
Experiment, % 1,72 1,68 1,77 1,76
To the control group (+,—), % —0,18 -0,17 -0,23 -0,27
Qualitative indicators (content in 100 g of egg weight)
Dry matter
Control, g 23,64%** 23,71%* 23,70%* 23,82%%*
Experiment, g 24,54%** 24,28%%* 24,58%** 24,92 %**
To the control group, % 103,80 102,40 103,70 104,60
Fat
Control, g 8,42%* 8,71%** 8,57** 8,61%*
Experiment, g 8,65%** 9,02%* 8,96%** 9,05%**
To the control group, % 102,70 103,60 104,50 105,10
Protein
Control, g 10,99%%*%* 11,20%* 11,21%* 11,18%*
Experiment, g 11,29%* 11,47%%%* 11,67** 11,84%*%*
To the control group, % 102,70 102,40 104,10 105,90
Carotenoids
Control, ng/g 13,42%* 13,18** 13,55%#%* 14,75%**
Experiment, pug/g 14,87*** 14,46%** 15,34%** 17,27%%%*
To the control group, % 110,80 109,70 113,20 117,10
# p<0,01.
% p < 0,001,
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Phytobiotics in the diets of laying hens of various crosses,
influence of the genotype on the payment of forage

Ignatovich L.S.

feed, metabolic energy and protein for the pro-
duction of 10 eggs and 1 kg of egg weight.

The genotype of the cross "Dekalb White"
was the most "responsive" to dietary enrichment
with nutrients contained in the studied phyto-
genic feed additive from local plant resources
(1.5% of kelp meal + 1.5% of meal from local
wild fruits in addition to the basic diet).

The results obtained correspond to the goal
set for the developers of the cross - to get a bird
with high productive qualities and the degree of
food conversion. Currently, laying hens of the
cross "Dekalb White" are the most promising
of the foreign crosses for the production of high
quality products with the appropriate payment
for feed production.

CIIUCOK JIMTEPATYPbI

1. Yympuna  H. HNutencuBHOE  pa3BUTHE
ntuneBoactsa // IltuueBoactBo. 2011. No 8.
C.2-5.

2. Schokker D., Jansman A.J., Veninga G., de
Bruin N., Vastenhouw S.A., de Bree F.M. Per-
turbation of microbiota in one-day old broiler
chickens with antibiotic for 24 hours negatively
affects intestinal immune development / BMC
Genomics, 2017. Vol. 18 (1). P. 241-254. DOI:
10.1186./s12864-017-3625-6.

3. Gustafson R.H., Bowen R.E. Antibiotic use in
animal agriculture // Biology Journal of Ap-
plied Microbiolog. 1997. Vol. 83 (5) P. 531-
541. DOI: 10.1046/j.1365-2672.1997.00280.x.

4. Steiner T, Syed B. Phytogenic Feed Additives
in Animal Nutrition. In: Mathé A. (eds) // Me-
dicinal and Aromatic Plants of the World, 2015,
Vol. 1 P. 403-423.

5. Ilu Husanwv Konnen. Mopckue BOIOPOCIHU — IPO-
Ipecc B CO3/IaHMK KOPMOBBIX J100aBok // I1tuia
u nruenpoaykrel. 2014. Ne 3. C. 40-42.

6. Cmapuxoea H.I1. BUOIOTHYECKN aKTHBHBIC J10-
0aBKH: COCTOSTHHE W TIPOOJIEMBI: MOHOTpadusI.
Xabaposck: PULL XT'ADIIL. 2005. 124 c.

7. Eeopoe U., Cmpykosa I lcnionb3oBaHue Tpa-
BSIHOIM MyKH B niTuiieBojicTBe // [1THIIEBOICTBO.
2013. Ne 8. C. 2-6.

8. FEeopos U.A. lennsiid kopM ais nrunsl // [ltu-
1eBoacTBO. 2014. Ne 06. C. 22-24.

9. Manykan B. llennslit npupoasslii kopm // Ku-
BoTHOBOACTBO Poccuu. 2012. Ne 4. C. 19-20.

10. Tajodini M., Saeedi H., Moghbeli P. Use of black

pepper, cinnamon and turmeric as feed dditives
in the poultry industry // World’s Poultry Science
Journal. 2015. Vol. 71 (1) P. 175-183.

11. Kasmapawsunu A.IlLl., Hosomopos E.H., Puc-
nux /[.B. Ponb kapoTrHOUIOB pr OnopopTrdu-
Kanuu numeBbIx sutl Kyp (Gallus gallus L.) -3
MOJTMHEHACHIIIIEHHBIMH KUPHBIMU KHCJIOTaMH,
BUTaMHUHOM U cesieHOM // CenbCKOXO03sICTBEH-
Hast ouonorus. 2020. T. 55. Ne 4. C. 738-749.

12. Uenamosuu JI.C. TpaBsiHas MyKa BMECTO aHTH-
ounotukoB // XuotHoBomcTBOo Poccuu. 2013.
Ne 1. C. 15.

13. Henamosuu JI.C. DPPeKTHBHOCTH TpHUMe-
HEHHSI B pallMOHAX Kyp-HECYIIEK MHOTOKOM-
MOHEHTHBIX KOPMOBBIX J00aBOK Ha OCHOBE
TPaBSHOW MYKH paszinyHOro coctasa // Jlanb-
HEBOCTOUHBIA arpapHbiii BecTHHK. 2016. Ne 3
(39). C. 49-55.

REFERENCES

1. Chuprina N. Intensive development of poultry
farming. Pticevodstvo = Poultry farming, 2011,
no. 8, pp. 2-5. (In Russian).

2. Schokker D., Jansman A.J., Veninga G., de
Bruin N., Vastenhouw S.A., de Bree F.M.
Perturbation of microbiota in one-day old broiler
chickens with antibiotic for 24 hours negatively
affects intestinal immune development. BMC
Genomics, 2017, vol. 18 (1), pp. 241-254. DOL:
10.1186./s12864-017-3625-6.

3. Gustafson R.H., Bowen R.E. Antibiotic use in
animal agriculture. Biology Journal of Applied
Microbiolog, 1997, vol. 83(5), pp. 531-541.
DOI: 10.1046/j.1365-2672.1997.00280.x.

4. Steiner T., Syed B. Phytogenic Feed Additives
in Animal Nutrition. In: Mathé A. (eds).
Medicinal and Aromatic Plants of the World,
2015, vol. 1, pp. 403-423.

5. Pi Nival Collen. Seaweeds — progress
in the creation of feed additives. Ptica i
pticeprodukty = Poultry and poultry products,
2014, no. 3. pp. 40—42. (In Russian).

6. Starikova N.P. Biologically active additives:
state and problems. Khabarovsk: RIC KSAEL,
2005, 124 p. (In Russian).

7. Egorov 1., Strukova G. The use of grass flour
in poultry farming. Pticevodstvo = Poultry
farming, 2013. no. 8. pp. 2—6. (In Russian).

8. Egorov 1.A. Valuable feed for poultry.
Pticevodstvo = Poultry farming, 2014, no. 06,
pp- 22-24. (In Russian).

9. Manukyan V. Valuable

natural  food.

92  Siberian Herald of Agricultural Science ¢ 2022 « 52 « 6

Zootechnics and Veterinary Medicine



DuUTOOUOTUKHU B palMoOHax Kyp-HECYLICK Ppa3INIHbIX KPOCCOB,
BIAAHUC TCHOTUIIA HA OIUIATy KOpMa

Urnarosuu JI.C.

10.

11.

Zhivotnovodstvo Rossii = Animal husbandry of
Russia, 2012, no. 4, pp. 19-20. (In Russian).
Tajodini M., Saeedi H., Moghbeli P. Use of
black pepper, cinnamon and turmeric as feed
dditives in the poultry industry. World's Poultry
Science Journal, 2015, vol. 71(1), pp.175-183.
Kavtarashvili  A.Sh., Novotorov = E.N.,
Risnik D.V. The role of carotenoids in the
biofortification of food eggs of chickens (Gallus
gallus L.) with ©-3 polyunsaturated fatty acids,
vitamin and selenium. Sel'skohozyajstvennaya
biologiya = Agricultural biology, 2020, vol. 55,
no. 4, pp. 738-749. (In Russian).

NHO®OPMALINA Ob ABTOPE

C<DUrnarosnu JI.C., HayuHBIi COTPYJHHK;

aapec qis nepenucku: Poccusi, 685000, Marazan,
yi1. [Iponerapckas, 17; e-mail: agrarian@maglan.ru

12. Ignatovich L.S. Herbal flour instead of
antibiotics. Zhivotnovodstvo Rossii = Animal
husbandry in Russia, 2013, no. 1, pp. 15. (In
Russian).

13. Ignatovich L.S. The effectiveness of the use
of multicomponent feed additives based on
herbal flour of various compositions in the
diets of laying hens. Dal'nevostochnyj agrarnyj
vestnik = Far East Agrarian Bulletin, 2016,
no. 3 (39), pp. 49-55. (In Russian).

AUTHOR INFORMATION

(<D Larisa S. Ignatovich, Researcher; address:
17, Proletarskaya St., Magadan, 685000, Russia;
e-mail: agrarian(@maglan.ru

Jama nocmynienus cmamou / Received by the editors 22.04.2022
Jlama npunsmus k nyénuxayuu / Accepted for publication 20.07.2022
Hama nybnuxayuu / Published 27.12.2022

300TeXHUs U BETEPUHAPHS

CuOHPCKHii BECTHHK CEITbCKOXO3SHCTBEHHON Hayku ® 2022 ¢ 526 93



https://doi.org/10.26898/0370-8799-2022-6-11 Tun crarey: OpUrHHANBHAS
VIK: 619:616.449 Type of article: original

BJIUSIHUE AT'POKJIMMATHYECKHUX YCJIOBUM
HA 3ABOJIEBAEMOCTbD BPYIIEJUIE3OM CEBEPHbBIX OJIEHEH
B APKTUUYECKHUX PAHOHAX SIKYTHH

Xderpos I1.JL. ', Iporoabsikonosa I.II.2

Ylenapmamenm eemepunapuu Pecny6nuxu Caxa (Axymust)
PecnyOnuka Caxa (Skytus), Poccus

2Apkmuueckuil 20Cy0apCmeeH bl a2POmexXHON02UYeCKULL YHUBEPCUMem

PecnyOnuka Caxa (Skytus), Poccus
(<De-mail: mr.lukich2010@yandex.ru

WzydeHo pacnpoctpaHeHrne Opyleie3a Cper CEBEPHBIX OJICHEH B 3aBUCHMOCTH OT arpoKIId-
MaTHYECKHUX YCJIOBHU UX COJCPIKaHUs. DKCIIEPUMEHT IpoBeieH B MoMckoM, HIKHEKOIBIMCKOM U
OBeHo-brITanTaiickom paitonax Sxytuu B 2012-2019 rr. Ilokazano, 4To 3a UccieyeMblil Teproa
10 BCEM paiioHaM rojioBas TeMIlepaTrypa Bo3ayxa Obiia Beiie HopMbl Ha 1,1...1,9 °C 3a cuer Oojee
3HAYUTEBHOTO €€ TOBBIMICHH B XOJMoMHBIA mepuon (Ha 1,5...2,8 °C) mo cpaBHEHHUIO C TETUIBIM
(ma 0,5...0,6 °C). HanbombIiee moBBIIIICHHE TEMIIEPATypbl OTMEUeHO B anpede (Ha 2,8...4,4 °C) u
HostOpe (Ha 2,2...4,1 °C), B BeceHHe-neTHul nepuox — B Mae (Ha 0,9...1,7 °C), B utorne oHa Obuia
Huke HopMbl Ha 0,2...1,0 °C. ['omoBoe KOITUYECTBO OCAAKOB HA TEPPUTOpUM DBEHO-brITaHTalCcKO-
IO pailoOHa U3MEHSIOCHh HE3HAUYNUTEIbHO, HA TeppUTOpUur MoMCKOro 1 HuKHEKOIBIMCKOTO palioHOB
yBenmuumitoch Ha 40 1 70 MM cOOTBETCTBEHHO. 3a001€BaeMOCTh OpPYIIEIUIe30M CEBEPHBIX OJICHEH B
3aBHCHMOCTH OT MecTa (paiioHa) UX Co/lepKaHMs M TMOTOJHBIX yCIoBUi coctaisuia ot 0 1o 3,86%
(k03 urment Bapuanmu 131%), meHblie 3a00J€BIINX KXUBOTHBIX ObUIO Ha TeppuTOpuH HIkHEKO-
neiMckoro paiiona (0,20%), 6onbiie — DBeHo-briTanTaiickoro (1,15%). Mexy 3a001eBaeMOCThIO
CEBEpHBIX OJIEHEeH Opylesie30M U TeMIepaTypoil 3a XOJOAHbIe MECAIBI U FOI0BOI TeMIlepaTypon
yCTaHOBJICHA OTpuIarenabHas cBs3b (r = —0,19...-0,42), ¢ TemnepaTypoil BeCEHHE-ICTHIUX MECs-
1eB — cpemusis monokutenpHas (» = 0,30...0,53) ¢ mocTOBepHBEIM YpOBHEM B Hioie. B memom, Ha
3a00J1€BaeMOCTh TeMIIeparypa okassiBajia Oonbliee Biausuue (2= 0,115), uem ocanku (2= 0,092),
OJTHAKO MEXTy CyMMOM OCaJIKOB 3a TOJ 1 3a00JIeBa€MOCTHIO KMBOTHBIX BBISIBIIEHA CYIIECTBEHHAS
obparHas cBs3p (r = —0,48; 2= 0,23). 3a Bce MecCsIbl MEKAY ITUMH MOKA3aTeISIMH TAK)KE Ha-
Omonanack orpunareiabHas koppemsiius (r = —0,13...-0,41), 3a UCKITIOUCHUEM aIlpelis U aBrycra
(r=0,10 u 0,11 coorBeTcTBEHHO). B 3UMHUE MecsIbI JaHHAST 3aBUCUMOCTH ObllIa 00JIee 3HAYUMOM
(r=-0,30...-0,40), gem B snetuue (r =—0,13...-0,27).

KuroueBble cjioBa: apKTHdecKue pafoHbl SIKyTHH, arpOKINMaTHYECKHAE YCIOBUS, TIOTETUIEHHE
KIIMMara, Opylemie3 CeBEpHBIX OJICHEH, 3a001€Ba€MOCTh JKHBOTHBIX, KOPPEISIIUS

EFFECT OF AGRO-CLIMATIC CONDITIONS ON THE INCIDENCE
OF BRUCELLOSIS OF REINDEER IN THE ARCTIC REGIONS OF YAKUTIA

(<)Petrov P.L.', Protodyakonova G.P.2

'Department of Veterinary Medicine of the Republic of Sakha (Yakutia)
Republic of Sakha (Yakutia), Russia

2Arctic State Agrotechnological University

Republic of Sakha (Yakutia), Russia

(<De-mail: mr.lukich2010@yandex.ru

The spread of brucellosis in reindeer depending on agroclimatic conditions of their housing
was studied. The experiment was conducted in Momsky, Nizhnekolymsky and Eveno-Bytantaysky
districts of Yakutia in 2012-2019. It was shown that the annual air temperature for the studied
period in all districts was higher than the norm by 1.1 ... 1.9 °C due to its more significant increase
in the cold period (by 1.5 ... 2.8 °C) compared to the warm period (by 0.5 ... 0.6 °C). The highest
temperature increase was registered in April (by 2.8 ... 4.4 °C) and November (by 2.2 ... 4.1 °C), in
spring-summer period - in May (by 0.9 ... 1.7 °C), in July it was 0.2 ... 1.0 °C below the norm. The
annual precipitation on the territory of the Eveno-Bytantaysky district changed slightly, and on the
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BuusiHne arpokiIMMaTHYecKuX yclloBHii Ha 3a001€BaeMOCTb
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OpyLeIIe30M CEBEPHBIX OJICHEH B apKTUUECKHUX paiioHax SIKyTuun

territory of the Momsky and Nizhnekolymsky districts increased by 40 and 70 mm, respectively.
The incidence of brucellosis of reindeer, depending on the place (area) where reindeer are kept and
weather conditions, ranged from 0 to 3.86% (coefficient of variation of 131%), fewer sick animals
were in the Nizhnekolymsky district (0.20%), more — in Eveno-Bytantaysky (1.15%). There was
a negative correlation (» = —0,19...-0,42) between the incidence of brucellosis in reindeer and
the temperature during the cold months and the annual temperature, with the temperature of the
spring-summer months - medium positive (» = 0,30...0,53) with a reliable level in July. In general,
temperature had a greater effect on morbidity (7> = 0.115) than precipitation (+* = 0.092), but a
significant inverse relationship (» = —0.48; 2 = 0.23) was found between annual precipitation sum
and animal morbidity. In all months there was also a negative correlation between these indicators
(r=-0.13...-0.41), except for April and August (= 0.10 and 0.11, respectively). In winter months,
this dependence was more significant (» = —0.30...—0.40) than in summer (» =-0.13...-0.27).

Keywords: Arctic regions of Yakutia, agro-climatic conditions, climate warming, reindeer

brucellosis, animal morbidity, correlation
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INTRODUCTION

Important conditions for the sustainable de-
velopment of the agro-industrial complex of the
Republic of Sakha (Yakutia) are control of the
livestock production and study of the factors
affecting animal morbidity. Periodic veterinary
analysis of multi-year data makes it possible to
assess the epizootic situation more quickly and
effectively plan and carry out measures to pre-
vent and eliminate dangerous diseases.

Brucellosis is a chronic disease of animals
caused by the bacteria, united under the com-
mon name Brucella. Arthritis, bursitis, tendo-
vaginitis, orchitis, mastitis, abortions in breed-
ing stock are observed in sick reindeer, which
negatively affects reproduction, complicates
breeding work and leads to a decrease in ani-
mal productivity. The main sources of brucel-
losis are sick domestic and wild reindeer, and
the factors of transmission are infected pastures
and calving places [1]. Particularly dangerous
are individuals that release large amounts of
brucellosis into the external environment dur-
ing abortion and even during normal childbirth

[2]. Animal brucellosis is registered everywhere
in the world, but is predominantly found in the
Mediterranean basin, the Persian Gulf, the In-
dian subcontinent, Mexico, Central and South
America, Southeast Asia, Africa, as well as in
all areas of the Asian North, including Yakutia
[3-5]. The presence of brucellosis infection in
the Taimyr, Yakut and Chukchi populations of
wild reindeer has been revealed'. In domestic
reindeer, it was diagnosed by the serological
method in 1942, by the bacteriological method
in 1955, and in wild reindeer - in 1960. [6].

Control of brucellosis by culling positive an-
imals is effective only when animal husbandry
is highly cultured [7]. In the Russian Federa-
tion, the brucellosis control system, including
its diagnosis, prevention, implementation of
restrictive veterinary and sanitary, and organi-
zational and economic measures, developed in
the second half of the 20th century [8].

One of the factors influencing the epizootic
situation for this disease is natural and climatic
conditions. The Earth's climate has changed
over the century, both globally and regionally,

'Vinokurov N.V. Features of the diagnostic value of the indirect hemagglutination reaction in brucellosis of reindeer: Ph.D. in

veterinary sciences. Yakutsk, 2010. 18 p.
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Effect of agro-climatic conditions on the incidence of brucellosis of
reindeer in the Arctic regions of Yakutia

Petrov P.L., Protodyakonova G.P.

and the process of change has accelerated sig-
nificantly in recent decades [9]. Since the mid-
1970s, the average surface air temperature in
Russia has been rising at an average rate of 0.43
°C per decade, which significantly exceeds the
rate of global warming. Particularly significant
climate changes are observed in the Arctic and
subarctic permafrost zone [10]. The increase
in annual temperatures is mainly due to its in-
crease in winter. At the same time, lengthening
of the warm period of the year is registered:
spring comes 10-15 days earlier and autumn
ends 15-20 days later compared to the middle
of the last century [11].

Studying the influence of environmental
conditions on the epizootic situation of rein-
deer brucellosis in different natural and climatic
conditions is of scientific and practical interest.
It is especially relevant for the Arctic zone of
Yakutia, where this issue is poorly studied un-
der the conditions of the changing climate.

The purpose of the study is to identify
changes in agroclimatic conditions and assess
their impact on the incidence of brucellosis in
reindeer in different Arctic regions of Yakutia.

MATERIAL AND METHODS

The Arctic zone of Yakutia is characterized
by a sharply continental climate, no shortage
of heat, a long period with no sun in summer
and no sunlight in winter. The duration of the
period with snow cover is about 220 days, the
absolute minimum temperature reaches -67 © C,
the absolute maximum reaches 35 ° C. The re-
gion occupies more than 50% of the total area
of Yakutia, it includes 13 uluses (districts), in
which traditional trades of peoples of the North,
including reindeer breeding prevail. About 74%
of all herds of reindeer of the republic are situ-
ated there, the considerable part of them (over
51 thousand animals, or more than 28% of the

total herd of the Republic) is kept in three dis-
tricts different by natural and climatic condi-
tions: Momsky, Nizhnekolymsky and Eveno-
Byantaysky. In these districts there is often an
unfavorable epizootic situation with brucellosis
of reindeer’.

The initial data on animal disease incidence
for 2012-2019 were obtained from statistical
reports of the Department of Veterinary Affairs
of the Republic of Sakha (Yakutia) and its sub-
ordinate organizations - District Veterinary Of-
fices with veterinary testing laboratories. The
reports on detection of positive reindeer herds
for brucellosis by the Yakutsk Republican Vet-
erinary Testing Laboratory were used.

Reindeer positive to the simultaneous appli-
cation of 3-4 serological methods of research
(complex serodiagnosis) were considered as
brucellosis patients. In our studies, the fol-
lowing serological diagnostic methods were
used: Rose Bengal test reaction (RBT), in vitro
hemagglutination reaction (HR), complement-
fixation test (CFT), immunodiffusion reaction
(IDR) with 0-polysaccharide antigen® [12, 13].

Analysis of agroclimatic conditions for
2012-2019 was carried out on the basis of ar-
chival data of meteorological stations Honu
(Momsky district), Chersky (Nizhnekolymsky
district) and Batagai-Alyta (Eveno-Bytantaisky
district). Average monthly and annual values of
air temperature and the amount of precipitation
were the studied indicators. Statistical process-
ing of the obtained data was performed by the
method of variation and correlation according
to B.A. Dospekhov* using the Snedecor® and
Microsoft Office Excel 2007 software pack-
ages.

RESULTS AND DISCUSSION

According to the Veterinary Department of
the Republic of Sakha (Yakutia), in 2012-2019,

“System of agriculture in the Republic of Sakha (Yakutia) for the period of 2021-2025: methodological handbook. Ministry of
Agriculture of the Republic of Sakha (Yakutia). FSBIS FRC Yakut scientific center of the Siberian Branch of the Russian Academy
of Sciences. Yakut scientific-research institute of agriculture named after M.G. Safronov. Belgorod: Publishing house of Sangalov

K.Y. 2021. 592 p.

3Vashkevich R.B. Plate agglutination reaction in brucellosis of reindeer. Epizootology and immunoprophylaxis of diseases:

collection of scientific papers Novosibirsk, 1983. pp. 16-20.

‘Dospekhov B.A. Methodology of field experience (with the basics of statistical processing of research findings). Moscow:

Agropromizdat, 1985. 416 p.

’Sorokin O.D. Applied statistics on the computer. Novosibirsk, 2004. 162 p.
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the region annually regis-
tered from 35 to 47 points
unfavorable for reindeer
brucellosis. During this pe-
riod, 14 such unfavorable
locations were registered in
the Momsky District, 8 in
the Nizhnekolymsky Dis-
trict, and 8 in the Eveno-By-
tantaisky District.

Analysis of statistical
data on the incidence of
reindeer in the studied areas
of the Arctic zone of Yaku-
tia for 2012-2019 showed
that the number of animals
positive for brucellosis in-
fection varied from 0.08 to
3.68% of the total number of
examined animals. The vari-
ability of this indicator was
very significant, the coeffi-
cient of variation was 131%.
No positive reindeer were de-
tected in the Momsky district
in 2016 and 2018, and in the
Nizhnekolymsky district in
2018 and 2019, (see Table 1).

During the analyzed years,
the lowest number of brucel-
losis diseased animals was
registered in the territory of
the Nizhnekolymsky District
(0.20%), the highest - in the
Eveno-Bytantaysky District
(1.15%). On average by dis-
tricts higher incidence of bru-
cellosis of reindeer was reg-
istered in 2012 and 2015 (re-
spectively 1.03 and 1.66%),
and lower - in 2016 and 2017
(0.38 and 0.29%). The highest
number of diseased animals
in the territory of the Momsky
(0.88%) and Nizhnekolymsky
(0.43%) districts was detected
in 2012, Eveno-Bytantaisky
(3.68%) - in 2015.

Ta6a. 1. /lunamuka SnTM300THH IO OpyIIEIIIe3y CEBEPHBIX OJCHEH B
apkTuuecKkux paionax Axyruu 3a 2012-2019 rr.

Table 1. Epizootic dynamics of reindeer brucellosis in the Arctic

regions of Yakutia for 2012-2019

Nizh- Eveno-
. Momsky | nekolym- | Bytan-
Indicator district sky dis- taisky Total
trict district
2012
The total number of researched, heads | 10060 | 16127 | 16335 | 42522
Of those responding positively:
heads 89 69 281 439
% 0,88 0,43 1,72 1,03
2013
The total number of researched, heads | 15114 | 18450 | 15600 | 49164
Of those responding positively:
heads 115 40 69 224
% 0,76 0,22 0,44 0,46
2015
The total number of researched, heads | 3325 13003 | 10718 | 27046
Of those responding positively:
heads 8 46 394 448
% 0,24 0,35 3,68 1,66
2016
The total number of researched, heads | 2200 8897 14103 | 25200
Of those responding positively: 0 14 {3 97
heads 00 | 016 | 059 | 038
2017
The total number of researched, heads | 6415 | 14267 | 17039 | 37721
Of those responding positively:
heads 32 12 65 109
% 0,50 0,08 0,38 0,29
2018
The total number of researched, heads | 7207 12500 | 12850 | 32557
Of those responding positively:
heads 0 0 164 164
% 0,0 0,0 1,28 0,50
2019
The total number of researched, heads | 4716 8432 | 14709 | 27857
Of those responding positively:
heads 32 0 114 146
% 0,68 0,0 0,78 0,52
2012-2019
The total number of researched, heads 49037 | 91676 | 101354 | 242067
Of those responding positively:
heads 276 181 1170 1627
% 0,56 0,20 1,15 0,67
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To provide safety of reindeer and their epi-
zootic well-being only veterinary help is not
enough, timely prevention and elimination of
brucellosis is possible with taking a complex of
measures. For planning and operative realization
of sanitation works accurate and objective infor-
mation is necessary not only about the level of
epizootic situation and state of the herd, but also
about the conditions of animals' keeping.

Analysis of weather conditions showed that
agrometeorological indicators in the studied ar-
eas differed significantly: the average annual air
temperature for the years under study in Nizh-
nekolymsky District was -8.7 °C, in Eveno-
Bytantaisky District -13.4, in Momsky District
-14.0 °C.

An increase of average annual air tempera-
ture by 1,1 ... 1,9 °C (on average by 1,5 °C)
in the period from 2012 to 2019 in comparison
with the norm - the mean annual value for the
last 50 years (see Table 2) was observed on the
territory of these regions.

More considerable warming was observed
in April (by 2.8 ... 4.4 °C) and November (2.2
... 4.1 °C), in spring-summer period - in May
(by 0.9 ... 1.7 °C) and August (by 1.0 ... 1.1 °C).
In all the regions only in July a decrease in air
temperature by 0.2 ... 1.0 °C was noted in com-
parison with the mean annual value.

The analysis of distribution of the atmo-
spheric precipitation on the territory of the
studied areas in 2012-2019 allowed to identify
some features of their distribution. The least
amount and insignificant variability of precipi-
tation for the year (181 mm with the norm of
179 mm) were recorded at the meteorological
station Batagai-Alyta (Eveno-Bytantaisky dis-
trict). In the territory of the Momsky (meteosta-
tion Honu) and Nizhnekolymsky (meteostation
Chersky) districts the annual amount of precipi-
tation was 263 and 294 mm, which was more
than the mean annual value by 41 and 70 mm
respectively (see Table 3).

Taoa. 2. Temneparypa Bo3yxa B apKTHUECKHX paitoHax Skytun 3a 2012-2019 rr., °C
Table 2. Air temperature in the arctic regions of Yakutia for 2012-2019, °C

. Febru- . Septem- Novem- | Decem- | Total for
Indicator January March | April May June July | August October
ary ber ber ber |the year
Momsky district (Honu weather station)
Average —44,1 | -41,6 | -29,1 | -10,4| 4,7 | 12,4 | 146 | 11,5 | 2,6 [-12,3|-32,8|-43,7|-14,0
Norm —46,0 | 424 |-31,1|-13,2| 3,0 | 12,2 | 148 | 10,5 | 2,1 |-14,7|-35,5|-45,1|-15,4
Deviation
from the norm | 1,9 0,8 2,0 2,8 1,7 02 | -0,2 | L0 0,5 2,4 2,7 1,4 1,4
Eveno-Bytantaisky district (Batagai-Alyta weather station)
Average —44,6 | 42,4 |-274| 8,1 | 4,7 | 145 | 152 | 12,7 | 3,1 [-12,8|-32,8|-43,0|-13,4
Norm —45,5 423 1-293|-11,7| 3,8 | 13,5 | 16,2 | 11,6 | 2,6 |—-14,3|-35,0|—-43,3|-14,5
Deviation
from the norm| 0,9 | 0,1 1,9 3,6 0,9 1,0 | -1,0 | L1 0,5 1,5 2,2 0,3 1,1
Nizhnekolymsky district (Chersky weather station)
Average -30,3 |-29,6 |-21,1| 92 | 0,7 | 10,8 | 12,5 | 10,7 | 4,1 | -6,7 |-18,6 | 27,5| 8,7
Norm -32,41-30,9 | -23,7|-13,6 | -0,2 | 10,1 | 12,9 | 9,6 32 | 9,2 |-22,7|-30,4|-10,6
Deviation
from the norm | 2,1 1,3 2,6 4,4 0,9 0,7 | 0,4 | 1,1 0,9 2,5 4,1 2,9 1,9
Average for the districts

Deviation
from the norm | 1,6 0,7 2,2 3,6 1,2 0,6 | -0,5| L1 0,6 2,1 3,0 1,5 1,5
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Taoda. 3. CymMa ocagkoB B apKTUUYeCKHUX pailoHax Skytuu 3a 2012-2019 rr., mm
Table 3. Precipitation sum in the Arctic regions of Yakutia for 2012-2019, mm

. Janu- | Febru- . Sep- | Octo- | No- | De- | Total for
Indicator ary ary March | April | May | June | July |August tember| ber |vember|cember| the year
Momsky district (Honu weather station)

Average 74 | 86 | 44 | 53 | 14,1 | 42,1 | 77,1 | 452 | 22,2 | 152 | 14,0 | 7,1 263
Norm 70 | 72 | 49 | 54 | 12,6 | 37,1 | 49,8 | 40,1 | 23,4 | 14,7 | 12,1 | 7,8 222
Deviation from

the norm 0,4 14 1-05|-011] 1,5 1] 50 |273] 51 |-1,2] 0,5 1,9 | -0,7 41

Eveno-Bytantaisky district (Batagai-Alyta weather station)

Average 6,1 52 | 2,7 | 42 | 17,3 13331295299 | 19,9 | 143 | 12,6 | 5,5 181
Norm 6,3 | 57 | 46 | 51 | 14,0 | 29,6 | 34,2 | 30,8 | 18,0 | 13,0 | 10,3 | 7,8 179
Deviation from

the norm -021-05|-19|-091| 33 | 37 | 47|-09] 1,9 L3 | 23 |23 2

Nizhnekolymsky district (Chersky weather station)

Average 19,8 | 13,2 | 11,9 | 54 | 10,7 | 29,0 | 47,0 | 33,7 | 36,3 | 32,8 | 33,6 | 21,0 | 294
Norm 142 | 11,3 ] 9,7 | 7,8 | 9,5 | 18,6 | 32,2 | 29,1 | 29,1 | 27,1 | 20,5 | 15,0 | 224
Deviation from

the norm 5,6 19 | 22 | 241 1,2 1104 | 148 | 46 | 7,2 | 57 | 13,1 | 6,0 70

Average for the districts
Deviation from
the norm 1,9 109 |-01]-1,1| 20 | 64 |125] 29 | 2,6 | 2,5 | 58 1,0 37

The greatest increase in atmospheric precipi-
tation in the Nizhnekolymsky and Momsky dis-
tricts over the years of research was observed
in July (14.8 and 27.3 mm, respectively) and
June (10.4 and 5.0 mm), in the winter months
the changes were insignificant.

Analysis of the temperature regime for
warm (May - September) and cold (October -
April) periods of the year showed that climate
warming in these areas from 2012 to 2019 was
due to a more significant temperature increase
in the cold period of the year (by 1.5 ... 2.8 °C)
compared to the warm period (by 0.5 ... 0.6 °C)
(see Table 4).

According to data from the meteorological
station Honu (Momsky District), an increase in

the amount of precipitation during the years of
the study from 222 (normal) to 263 mm was
mainly due to precipitation of the warm period.
In the Nizhnekolymsky district (weather sta-
tion Chersky), the contribution of precipitation
of warm and cold periods to the annual increase
of 70 mm was almost equal - 32 and 38 mm,
respectively. In the territory of the Eveno-By-
tantaisky district (meteorological station Bat-
agai-Alyta) significant changes in the amount
of precipitation for warm and cold periods were
not observed. On average, the ratio of precipi-
tation for cold and warm periods in the studied
years was 1: 1.5.

Statistical processing of the received data
shows that amount of precipitation for month

Tab6a. 4. OTKIOHEHNE arPOKIMMATHYSCKIX MTOKA3aTeIeH 3a TETUIBIA 1 XOIOMHBIN TIEPHOABI OT HOPMBI
B apKTHUeCcKuX paionax Skyruu. Cpemnee 3a 2012-2019 rr.

Table 4. Deviation of agro-climatic indicators for warm and cold periods from the norm in the Arctic

regions of Yakutia. Average for 2012-2019

s Air temperature during | Air temperature during the Precipitation amount Precipitation amount
District e P for the warm period, .
the warm period, °C cold period, °C mm for the cold period, mm
Momsky 0,6 2,0 37,7 2.9
Eveno-Bytantaisky 0,5 1,5 -2.2 3,3
Nizhnekolymsky 0,6 2,8 32,1 38,2
Average 0,6 23 22,5 14,8
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and year is characterized by more significant
variability (coefficient of variation 28-96%, av-
erage 69%), than air temperature (13-69%, av-
erage 27%) on the territory of the studied areas.
The greatest variability of air temperature is
noted in May (69%) and September (47%), i.e.
in transitional periods from spring to summer
and from autumn to winter, and the amount of
precipitation - in March (96%) and November
(91%) (see Table 5).

Significant climate changes currently occur-
ring in the Arctic regions of Yakutia and peri-
odically emerging unfavorable epizootic situa-
tions on reindeer brucellosis in the region cause
the need to study the relationship between these
factors. Correlation analysis showed that be-
tween reindeer brucellosis morbidity and cold
period air temperature (September - April) and
annual temperature there is a negative weak or
medium relationship (r =-0.19...-0.42), and the
temperature of warm months (May - August) is
medium positive (r = 0.30...0.53) with a reli-
able level in July (see Table 6).

The coefficient of determination (r2) shows
that 4-28% of animal morbidity was determined

by fluctuations in air temperature by months
and 13% by annual temperature.

Precipitation by months had less influence
on variability of the studied indicator (on aver-
age 2 = 0,092) than temperature (r2 = 0,115),
but there was a significant (» = -0,48) inverse
relation between the annual sum of precipita-
tion and reindeer brucellosis incidence with a
determination coefficient of 0,23. A weak to
medium negative correlation (» = -0.13...-0.41)
was also observed between these indicators in
all months except April and August (»=0.10 and
0.11, respectively). In winter months this corre-
lation was more significant (» = -0,30...-0,40)
than in the warm period (» = -0,13...-0,27). The
revealed correlations logically explain the high
level of reindeer morbidity (3.68% of those
surveyed) in 2015 in the Eveno-Bytantaisky
district compared to the Momsky (0.24%) and
Nizhnekolymsky (0.35%) districts, as in this
year. In the territory of the Eveno-Bytantaisky
district during the spring-summer period (May-
August) the average daily air temperature was
by 1.2...3.5 °C higher and the amount of precip-
itation by 44-71 mm less than in the Momsky
and Nizhnekolymsky districts.

Tadua. 5. M3MeHUMBOCTb arpoKJIMMaTHYECKUX MTOKa3aTesel Mo TpeM pailoHaM apKTHUYECKON 30HbI

SAxytnn 3a 2012-2019 .

Table 5. Variability of agro-climatic indicators in
2012-2019

three regions of the Arctic zone of Yakutia for

Air temperature, °C Precipitation amount, mm

Month Coefficient Coefficient

average minimum | maximum | of Vagi)ation, average minimum | maximum | of Vagi)ation,
January -39,4 47,4 -27,7 19 11,0 1,7 37,7 86
February -38,4 —48.3 -21,7 19 8,2 0,8 25,6 86
Mart -26,0 -33,4 —-14,5 19 6,2 0,2 23,7 96
April -9,2 —14,1 -5,3 30 4,5 0,6 16,0 73
May 3,5 -1,4 7,1 69 14,0 1,8 40,0 71
June 12,7 8,7 17,9 17 31,3 5,1 64,9 58
July 14,0 10,8 16,7 13 52,2 9,6 122,0 55
August 11,2 8,3 14,6 15 36,6 8,8 103,0 58
September 32 1,4 7,4 47 26,9 3,2 56,9 52
October -10,7 -16,8 -2,3 34 20,3 5,7 53,7 66
November -27,5 -35,6 -13,0 26 20,1 4,2 78,5 91
December =377 —46,9 21,4 24 12,2 2,4 38,9 80
Year -12,0 —-14,5 -7,4 21 2435 107 391,2 28
Average 27 69
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Taodua. 6. Bausaue arpoknuMaTudeckrx Mmokasarenei Ha 3a001eBaeMOCTh OpyLEIe30M CEBEPHbIX

OJICHEH B apKTHYeCcKUX paiioHax SAxyruu 3a 2012-2019 rr.

Table 6. Influence of agro-climatic indicators on the incidence of brucellosis in reindeer in the Arctic

regions of Yakutia for 2012-2019

Air temperature Precipitation amount
Month Correlation coefficient (r) Determlnatzgzt; coefficient Correlation coefficient (r) Determlnatzicjzt; coefficient
January —0,40 0,160 -0,41 0,168
February -0,25 0,063 -0,34 0,116
March -0,21 0,044 -0,39 0,152
April -0,21 0,044 0,10 0,010
May 0,32 0,102 -0,13 0,017
June 0,35 0,123 -0,27 0,073
July 0,53* 0,281 -0,16 0,026
August 0,30 0,090 0,11 0,012
September -0,19 0,036 -0,19 0,036
October —0,42 0,176 -0,33 0,109
November -0,32 0,102 -0,30 0,090
December -0,38 0,144 —-0,40 0,160
Year -0,36 0,130 —0,48%* 0,230
Average 0,115 0,092

*Significant at 5% significance level

CONCLUSION

Analysis of the obtained data indicates that
in the Arctic regions of Yakutia there are pro-
cesses aimed at warming the climate. There is
an increase in annual air temperature compared
to the norm by 1.1 ... 1.9 °C due to its more sig-
nificant increase in the cold period. Annual pre-
cipitation in the territory of some Arctic regions
during the study period exceeded the mean an-
nual value by 41-70 mm.

It has been revealed that agroclimatic condi-
tions can have a certain influence on brucellosis
morbidity in reindeer in the region. It is shown
that a decrease in the amount of precipitation
for the year and in winter months, as well as
a decrease in air temperature during the cold
period of the year (September - April) and an
increase in the warm period (May - August)
causes an increase in the incidence of brucel-
losis in animals.
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N3y4eHbl BO3MOXXHOCTH SHEProcOepeeHus mpu paboTe U3MENBUUTENs 3€pHA 3a CYET IMOBBI-
mieHus 3QPEKTUBHOCTH B3aUMOJIEHCTBUS ChIPbs ¢ paboYrMu opraHamu MamuHbl. [IpeanoxeH us-
MCJIBYUTEIIb POTOPHOI'O THIIA, B KOTOPOM YaCTHUIBI ChIPhA paspylIar0TCA UCKIIIOYUTEIbBHO YIapHBIMU
BO3/ICUCTBUSMH B TIPOIECCE MEPBUYHBIX YAApOB AIEMEHTaMH BPAIIAIOIIET0Cs POTOpa M MOCIeay-
FOILUX BTOPUYHBIX YIAPOB O HEMOABUKHBIE 3JIEMEHThI KaMephl. [Ipy 3TOM KOHCTPYKTHBHBIE Hapa-
METpBI YCTPOICTBa 00ECTIEYMBAIOT YaCTUI[AM KOHTAKTHI C TOBEPXHOCTAMHE YIaPHBIX DIIEMEHTOB IT0]T
yIJIaMU aTaku, OJM3KUMHU K TMPSIMOMY YTy, YTO 00ECIeYnBaeT BHICOKYIO 3((EKTUBHOCTD yaapa.
Takum 00pazoM, KakJast 4aCTHLA CHIPbSl B 30HE yAapa MCIBITHIBACT TOJBKO JIBA, CIACAYIOLUIUX JAPYT
3a IpyroM, KOHTaKTa ¢ yAapHBIMU JIEMEHTaMH, IT0CJIe Yero YacTUIbl TepepaboTaHHOIO MPOAYKTa
BBIBOJISITCA M3 30HBI yaapa. B Takol cxeMe BO37EHCTBHS Ha ChIphE DHEPrUs pOTOpa MCHOJIb3YeT-
cs1 HanOoJee paruoHanbHO. D(HHEKTHBHOCTL PabOTHI MIPEeAIaracMoro yCTponCcTBa paccCMOTpEHa Ha
OCHOBE MOTEPb KHHETUUECKOW AHEPrUU, KOTOPbIE MPOUCXOAAT HPU yAape YaCTHUL] O MOBEPXHOCTH
pabouux opraHoB. B3auMoIeHCTBYSI CHIPBS C 3JIEMEHTAMU POTOPa M AJIEMEHTAMH KaMepbl U3yUeHbBI
KAK €JIMHbII B3aUMOCBSI3aHHBIN IIPOLECC, @ COBOKYIHOCTh YAAPHBIX JIEMEHTOB POTOPA U KaMepbl
BbIJI€JICHbI B KOHCTPYKTHUBHYIO eHMIy. HalileHo anamuTruyeckoe BeIpakeHue, Onpeesstoniee 00-
€ SHEPIrCTUICCKUE 3aTparhbl, HCO6XO,ZII/IMBIC I peajin3alun yaIapHbIX BO3,ZI€I7[CTBPII71 B IIpe€aJiara-
eMOM ycTpolcTBe. Takke BBEICH KPUTEPUH, XapaKTepH3yIOmui 3PpPEKTUBHOCTS H3MEITBIUTENS B
MOTPeOJICHUN MEXaHHUECKOW SHEPTUH [Tl pa3pyIlIeHus ChIpbs YIapHBIMH Bo3aelicTBusMU. [1o BBe-
JICHHOMY KPHUTEPHIO BBHIIIOJHEHO cpaBHEHHE d(PPEKTUBHOCTU PaOOThI MPEIaraeMoro yCTpoucTBa
U LUEHTPOOEKHOH IPOOMIIKH, B KOTOPOW M3MENBYCHUE CHIPhSl TAKKE OCYILECTBISICTCS YAapHBIMH
BO3JIEHUCTBUSIMU.

KuioueBble ci10Ba: N3MENBUUTEND 3€PHA, YIap, TOTEPH YHEPTHH, dPPEKTUBHOCTH

THEORETICAL STUDY OF THE ENERGY EFFICIENCY
OF A ROTARY GRINDER

(X)Kukaev Kh.S.', Asmankin E.M.!, Ushakov Yu.A.!, Abdyukaeva A.F.!, Naumov D.V.?
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The possibilities of energy saving in the work of a grain grinder by increasing the efficiency of
interaction of raw materials with the working bodies of the machine have been studied. A rotary
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grinder, in which the raw material particles are destroyed solely by impact actions in the process of
primary impacts by the elements of the rotating rotor and the subsequent secondary impacts on the
stationary elements of the chamber, is proposed. In this case, the design parameters of the device
provide the particles with contacts with the surfaces of the impact elements at angles of attack
close to the right angle, which ensures high impact efficiency. Thus, each raw material particle in
the impact zone experiences only two successive contacts with the impact elements, after which
the processed product particles are removed from the impact zone. In this scheme of action on the
raw material the rotor energy is used most rationally. The effectiveness of the proposed device is
considered on the basis of the loss of kinetic energy that occurs when the particles hit the surface
of the working bodies. The interaction of the raw material with the rotor and chamber elements is
studied as a single interrelated process, and the set of shock elements of the rotor and chamber are
allocated as a structural unit. An analytical expression was found that determines the total energy
cost required to implement the impact forces in the proposed device. A criterion that characterizes
the efficiency of the grinder in the consumption of mechanical energy for the destruction of raw
materials by impact forces is also introduced. A comparison of the efficiency of the proposed device
and the centrifugal crusher, in which crushing of raw materials is also carried out by impact effects,
is performed according to the introduced criterion.

Keywords: grain grinder, impact, energy loss, efficiency
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INTRODUCTION

Among the machines used for grinding of
grain raw materials rotary grinders are wide-
spread. Their popularity is due to the following
advantages: simple design, reliability, versatil-
ity, ease of maintenance. Improvement of these
machines is an urgent task, especially in the as-
pect of reducing energy consumption [1-5].

One of the ways to improve rotary grinders
is to reduce energy consumption by increasing
the efficiency of interaction of raw materials
with the working bodies of the grinder' [6-8].
In the working chamber raw material grinding
occurs as a result of blows of rotating rotor el-
ements, as well as blows and abrasion of raw
material particles on the working surfaces of
the chamber elements. The peculiarity of work
of the rotary grinders is that impact action of
the rotor element not only loads the particle, but

also simultaneously gives it or the formed frag-
ments kinetic energy, which is then consumed
in subsequent interaction with the chamber el-
ements. The quality of interaction of the par-
ticle with the chamber element is determined
by how fully the stock of its energy received
from the rotor is used. In this aspect, a num-
ber of researchers note that the main reasons
for increased energy consumption are irrational
energy losses due to poor-quality impact on the
raw material, as well as its friction against the
chamber elements due to the circular motion.
[9, 10].

The authors proposed a rotary grinder, in
which the raw material particles, getting into
the work chamber, are destroyed in the pro-
cess of primary impacts by the elements of the
rotating rotor (beater) and subsequent second-
ary impacts on the stationary elements of the

"Denisov V.A. Calculation of power consumption of centrifugal-impact crusher. Scientific Proceedings. Mechanization and
automation of fodder preparation. MOSCOW: VIESH, 1986. vol. 66. pp. 106-122.
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chamber (plates) at the angles of attack, close
to 90°, which ensures high efficiency of impact
effects (see Fig. 1). In this case the raw mate-
rial is fed into the chamber perpendicular to the
rotor rotation plane, and after the interaction
with the plates the processed product particles
are removed from the impact zone. Thus, the
raw material particles in the impact zone expe-
rience only two contacts: with communication
of kinetic energy (when the beater strikes) and
with absorption of energy (when the particle
hits the plate). In this grinding method, there
is no friction of the raw material, and the par-
ticles are crushed exclusively by impact actions
with high efficiency. Consequently, the rotor
energy is used as rationally as possible. The
impact of the beater completely determines the
subsequent impact of the particle on the plate,
which makes it possible to consider and math-
ematically formalize these impacts as a single
process. In this case, the beaters and the plates
corresponding to them function as a single or-
gan, which can be called a shock-reflection pair
[11].

The purpose of the research is a theoretical
study of the energy efficiency of the proposed
grinder and an analytical expression describing
the energy consumption for the implementation
of the grinding process.

MATERIAL AND METHODS

It is known that the total kinetic energy of
the bodies after a collision is less than before
it>. The loss of energy is associated with a num-
ber of physical processes occurring during the
impact, including deformation of the bodies

™~
N

Puc. 1. PaGouune opraus! uzmensautens (/ — mia-
cTUHA, 2 — Onjo, 3 — pOTOp)

Fig. 1. Working bodies of the grain grinder (1 —
plate, 2 — beater, 3 — rotor)

and development in their volumes of defects
(cracks, etc.). If the aim of the collision is the
destruction of one of the colliding bodies, the
loss of kinetic energy indirectly shows the ef-
fectiveness of the collision. Then the ratio of
losses of kinetic energy to the total energy ex-
penditures for the implementation of the impact
can be used as a criterion of the effectiveness
of the device, which carries out grinding by an
impact.

In the interaction of raw materials with the
impact-reflection pair, the total loss of kinetic
energy can be represented as a sum of energy
losses in the interaction with the beater and in
the interaction with the plate. Let's assume that
all contacts of the particles with the surfaces of
the working bodies of the grinder occur at right
angles. In this case the loss of kinetic energy
AT can be found by the formula (see footnote 2)

(1

where m,, m, — the masses of colliding bodies,
kg; v,, v, — velocities of the bodies before colli-
sion, m/s; k — recovery factor.

Let's consider the interaction of a beater and
a particle. Let M be the mass of the beater in
kg, m be the mass of the particle in kg, v be the
beater's linear velocity, m/s. The initial velocity
of the particle before the impact is much less
than the velocity of the beater, so for simplic-
ity let's take it as equal to zero. Let's apply (1)
for the given case, then the kinetic energy loss
expression at the impact of the beater AT will
take the following form:

Mmy*?
ATs=(1-k) M+ m) -

my my(vy —v,)*

S T

2)

Since the beater is rigidly fixed to the rotor,
most of the rotor mass is involved in the contact
with the particle. Consequently, the mass of the
particle is much less than the mass of the beater
(m << M) and in the denominator of the expres-
sion (2) it can be neglected, and the mass of the
beater can be reduced:

ATy = (1 - k) ™2 3)

2Yablonsky A.A. Course of theoretical mechanics: textbook for universities. A.A. Yablonsky, V.M. Nikiforova. Moscow:

Integral-Press, 2006. 608 p.
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After contact with the beater, the particle
may survive or collapse into pieces. In the sec-
ond case, the fragments of the destroyed parti-
cle fly away from the beater, forming a bursting
cone. For simplification we will assume that the
fragments after the impact have the same veloc-
ity and move in the direction of the plate along
the central axis of the bursting cone. We will
also assume that the interaction of all the frag-
ments of the particle with the plate is equivalent
to the corresponding interaction of the particle
itself if it had survived.

The velocity u, which the particle acquires
after the impact of the beater, can be found us-
ing a well-known expression (see footnote 2)

my (v;—v,)
u=vy+(l+k)———F7-—"-- 4
2 ( ) (ml + m2) ( )
which, taking into account vi =v, v,= 0, m, =
M, m, = m, m << M will look like this:
u=(~+ k. (%)

Let's assume that the particle's velocity u is
conserved up to the moment of its contact with
a stationary plate of mass Mp. Let's apply the
expression (1) to find the loss of the kinetic en-

ergy AT, when the particle hits the plate
mM_ u?

2(m+ M)’ (0)

The plate is fixed to the body of the chamber,

therefore m << Mn and the mass of the particle
in the denominator can be neglected:

AT, =(1-k)

AT, = (1 k) ™. %)

It should be taken into account that the re-
covery factor in the general case depends on
many factors, including the impact speed. On
the basis of the experiments with different grain
crops S.V. Zverev proposed the following func-

tional dependence* *:
k=A—-Bv— Co, (8)

where A4, B, C — empirical coefficients, v —

impact velocity, m/s; ¢ — grain moisture, %.

According to the formula (5) the speed of
collision of a particle with a plate is greater
than that of collision with a beater and, conse-
quently, these contacts have different recovery
coefficients. Let us assume that the empirical
coefficients 4, B, C are constant and the grain
humidity ¢ is fixed.

Let's denote the coefficients of recovery at
contacts with the beater & and plate k,:

k=A4-Bv-Co;
{kZZA—Bu—C(p. ©)

In the second equation of the system let us
substitute formula (5) and the coefficient 4 ex-

pressed from the first equation. By performing
the transformations, we obtain:

ky =k (1 —Bv). (10)
Let's introduce the notation: d = 1 — Bv, then
k, = dk. (11)

Let us determine the loss of kinetic energy
ATn in contact with the plate, for which we
transform the expression (7), taking into ac-
count formulas (5) and (11):

gy sy U
AT,=(1-k) 55 = (1 - &%) 5
= (1= &k) - (1 + k2 =
_m? 27,2 2Y.
=T (=8 (1+2k+ k), (12)

ATH:’”TVZQ +2k + (1 - 3 — 280 — &K). (13)

Now let's find the total loss of kinetic energy
AT during interaction of the particle with the
impact -reflection pair. For this purpose, let's
add expressions (3) and (13) and after transfor-
mation we obtain:

2 2
AT=mv (1+ k- e - K (14

Energy expenditures, necessary for the re-
alization of contacts of the particle with the
working bodies of the impact-reflection pair,

3Zverev S.V. Zvereva N.S. Physical properties of grain and products of its processing: a textbook for students of higher edu-
cational institutions studying for a speciality 260601 (170600) "Machines and devices of food manufactures" of a direction of
preparation of the certified specialist 260600 (655800) "Food engineering". DeLi Print, 2007. 175 p.

*Glebov L.A. et al. Enhancement of the process of grinding components of mixed fodders. Moscow: Central Scientific and
Research Institute of the Ministry of Bread and Groceries of the USSR, 1988. 51 p.
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are equal to the expenditures of the mechanical
energy of the rotor during the interaction of the
beater and the particle. After the impact the ro-
tor energy is reduced by the value W, equal to
the sum of losses of the kinetic energy at impact
of the beater 4T}, and changes in the kinetic en-
ergy AE of the particle:

(15)

Prior to the contact with the beater the veloc-
ity of the particle is insignificant, let us assume
that it is zero. Then the change of the kinetic
energy is equal to the kinetic energy acquired
by the particle immediately after the impact:

W=ATs+AE.

mu’

o (16)

Taking into account expression (5), the fol-
lowing formula will look like:

(1+ k)2

AE =

2
- (17)

Let's substitute expressions (3) and (17) in
the formula (15) and, having performed the
necessary transformations, we obtain the final
expression determining energy costs associated
with the process of implementation of raw ma-
terial grinding in the shock-reflective pair:

AE =

W=m?(1+k). (18)

Let's introduce the notion of energy absorp-
tion coefficient (EAC) as a value equal to the
ratio of total losses of kinetic energy in impacts
to the energy input for their realization, and
denote by y. The EAC value shows the share
of the mechanical energy spent, which was
transformed into other types of energy, includ-
ing those related to the destruction of particles.
Accordingly, for a impact-reflection pair, 7y is
found as the ratio of AT to W:

_ AT
V=G (19)
Taking into account formulas (14) and (18),

the expression y for the impact-reflection pair

will be:
0k s O
(1+k—T—5k _T)

(1+4)

Y= . (20)

RESULTS AND DISCUSSION

Ratio (14) allows us to analyze the depen-
dence of total losses of kinetic energy on the
recovery coefficient during interaction of raw
materials with the impact-reflection pair A7(k).
Fig. 2 shows theoretical diagrams of A7(k), built
at different values of the beater's speed (30, 40,
50 m/s) per unit mass of raw material (m = 1
kg). The presence of extremums indicates that
at certain values of the recovery factor k, the
total loss of kinetic energy will be maximum
for a given beater speed. However, the recov-
ery factor is a function of speed [see expres-
sion (8)], so for a given speed corresponds to
a certain recovery factor, which determines the
value of total energy losses (marked by dots in
the graphs), and it does not correspond to the
maximum of the curve AT(k).

Expression (18) allows us to determine the
energy costs associated with the process of
grinding raw materials, and the EAC [see ex-
pression (19)] shows how effectively the energy
is used in this process. The notion of EAC can
be used as a criterion for comparing the effi-
ciency of devices that grind by impact method.

It is known that destruction of raw materi-
als by impact is also carried out in centrifugal
grinders, but in comparison with rotary grind-

3500
®

_

~ 3000
z v, =50 m/s
4 2500 —
2
& 2000 =
g / v, =40 m/\
g 1500
'SZ 1000 —— Vl — 30 m/S \

500 “
0 T T T T
0 0,2 0.4 0,6 0.8
k

Puc. 2. I'paduku 3aBUCUMOCTEH OOIIHMX TOTEPh
kuHeTndyeckoii sueprun AT (k) npu B3aumoeii-
CTBHH CBIPbsl C YAAPHO-OTPaKaTEIbHOU Mapou
Fig. 2. Graphs of dependences of the total losses of
kinetic energy AT(k) during the interaction of raw
materials with an impact-reflective pair
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ers, they are characterized by low energy con-
sumption® [12]. Let's define EAC for the cen-
trifugal grinder and compare it with the EAC
of the impact-reflection pair. In a centrifugal
grinder, raw material particles are accelerated
by an accelerating disc and thrown onto station-
ary baffle elements, where they are destroyed
by impact. Let the contact of the particles with
the surfaces of the baffle elements occur at right
angles. Then the loss of kinetic energy is de-

fined by the expression

2D

where m — respectively, the mass, kg; v —
particle velocity (m/s), accelerated by the disk.

The energy input for the impact in a centrifu-
gal grinder consists of the kinetic energy im-
parted to the particle and the work done to over-
come the friction of the particle on the blade of
the accelerating disk:

2
ATy = (1) 5,

_m?
W= —— 7 A.
If friction on the blade is disregarded, the
work to overcome friction is zero (4 = 0) and
the EAC expression for the centrifugal grinder

will be:

(22)

AT,
Yon =
oa
Analysis of expressions (20) and (23)
showed that for all possible values of the recov-
ery factor £ € [0,1] the inequality is true

=1

(23)

Y2 Voun (24)

Consequently, the impact-reflection pair
consumes mechanical energy more efficiently
than the centrifugal grinder even without taking
into account friction in the latter. Dependence
graphs of EAC of the impact-reflection pair
at different beating speeds (curves /, 2, 3) are
close to each other (see Fig. 3). It means that the
efficiency of impact-reflection pair does not de-
pend on the mode of operation. At k= 0 (inelas-
tic impacts), the EAC of the impact-reflection
pair and the centrifugal grinder without friction
on the blades (curve 4) are equal to the maxi-
mum possible value - unity. As & increases from

0 to 1, the EAC of both the centrifugal grinder
and the impact-reflection pair monotonically
decrease. The EAC of the centrifugal grinder,
in which friction costs are taken into account,
will obviously be less than that of the grinder
without friction at any value of & (curve J5).

Substituting formula (8) into the expressions
(20) and (23), the corresponding EAC depen-
dences on speed can be obtained: for the im-
pact-reflection pair y(v) and for the centrifugal
crusher ycg (v) without friction. Expressions of
functions y(v) and ycg (v) are not given here due
to their magnitude, but their theoretical graphs
are presented (see Fig. 4). They show the cor-
rectness of the relation

Y(V) 2 (V) (25)

for any values of the velocities realized in
practice. For example, calculations performed
at a beating speed v = 50 m/s show that the
difference between y(v) and ycg (v) is about
0.07 (7%). But taking into account friction,
the curve ycg (v) will be much lower than y(v),
and the difference between y(v) and ycg (v) will
become significant. It should be noted that the
shock-reflective pair is opposed to such a cen-
trifugal grinder, in which the speed of collision
of particles with the baffling elements is equal
to the speed of the beater of the shock-reflective

0r NS
Vo AN
0.5 4 - k

s -

0.4 o] BN

> ~
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Puc. 3. I'paduku 3aBucumocteit y(k) ynapHo-
otpaxkarenbHol mapsl (/ — 30 m/c, 2 — 40 M/c,
3 — 50 m/c) u nenTpobexkHoN TpoOHIKH Y, (k) (4, 5)

Fig. 3. Graphs of dependences y(k) of an impact-
reflective pair (/ — 30 m/s, 2 —40 m/s, 3 — 50 m/s)
and a centrifugal crusher y, (k) (4, 5)

*3onomapes C.B. YnapHO-IIEHTPOOSIKHbBIC M3MEIbUUTENN (DYpakHOro 3epHa (OCHOBBI Teopuu U pacuera). bapuaym: ['MIIIT

«Aunraiiy, 2001. 200 c.
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Fig. 4. Graphs of dependences of the energy
absorption coefficient for the impact-reflective pair
Y(v) and for the centrifugal crusher v, (v) without
friction

pair. In calculations and graphs (see Fig. 2-4)
empirical coefficients are used (see footnote 3):
A =0,66; B=0,0043; C = 0,009 for barley at
humidity ¢ = 13%.

CONCLUSION

The analytical expression for determining
the energy costs associated with the grinding of
raw materials in the working area of the impact-
reflection pair of the proposed grinder is found.
The criterion characterizing the efficiency of
the device in energy expenditures for the de-
struction of raw materials by impact actions
is introduced. The advantage of the proposed
grinder in energy efficiency in comparison with
centrifugal grinders, which, as a rule, are char-
acterized by low values of energy consumption,
1s shown on the basis of this criterion.
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QOO®EKTUBHOCTD UCITOJIB3OBAHUSA INTIIEHUIBI
B OPTAHUYECKOM ) KUBOTHOBO/JACTBE

X Epmoxun B.T., Costomenko B.A., CosioBben K.A.

Cubupckuii ghedepanvhwviii HayuHbll YeHmp azpoouomexnonozuti Poccutickou akademuu Hayk
HoBocubupckast ob6macts, p.im. KpacnooOck, Poccus

(<De-mail: v_ermohin_56@mail.ru

Jnist perienns 3a1a4u OpraHuIeCcKoro MPOU3BOACTBA POAYKIIUH PErHOHATBHOTO )KHBOTHOBO/ICTBA
Y CO3/IaHMsI COOTBETCTBYIOIIEH KOPMOBOW 0a3bl HEOOXOAWMBIM STAllOM SBISETCS KOHIENTYaJThbHOE
00OCHOBaHHUE TEPEYHsI OCHOBHOTO KOPMOBOTO CBHIPbHsI, IEPCIIEKTUBHOTO YISl Pean3alliil OpraHuye-
ckux TexHojorud B Cubupu. [IpencrapneHsl pe3ynbTarhl 000CHOBAaHHOCTH MPUMEHEHUsT Moaudu-
LUPOBAaHHOW (PypakKHOM MIIEHHUIBI B OPraHUYECKOM MPOMU3BOACTBE MPOAYKIHH >KHBOTHOBOJCTBA.
[Ipemtoxkensl yTH MpeoOpa3oBaHMs MIIECHUIIBI, O0CCIICUMBAIOIIUE IMOBBIIICHUE 3(PPEKTUBHOCTH
UCTIONIb30BAHUS €€ B KOPMJIEHHM KMBOTHBIX. B 3amaun mccienoBaHmii BXOJMIO U3yUYEHHE arpoTex-
HUYECKHX BO3MOYKHOCTEW BO3/IENBIBAHMS MIIEHHUIIBI B CHOMPH 110 TpaBHiIaM OPTaHHYECKOTO TPOU3-
BOJICTBA, OIIEHKA MAcIITaOHOCTH HCIIOB30BAHUS €€ Ha KOPMOBEIE II€ITH, OTIpEIeNIeHne aMHUHOKHCIIOT-
HOTO COCTaBa PETMOHANBHBIX COPTOB IIIICHUIIBI, 000CHOBaHHE Y(PPEKTUBHOCTH TIONyUSHHS U3 HEe
KOPMOBO# J0OaBKH, OLICHKA BOBMOKHOCTH MPUMEHEHHUS] HOBOM JJOOABKM B pallMOHax >KUBOTHBIX, CO-
JiepKaIUXcs 110 MPaBUIaM OPraHUYECKOro IPOU3BOJACTBA. YPOXKANHOCTD SPOBOM IIIEHUIIBI, BO3JIE-
nagHOoN B CHOUpPH 10 Mapy ¥ HOpMaM OPTraHUYECKOTO MPOM3BOJCTBA, COCTABIISICT OT YPOKAMHOCTH
TIITICHATIBI, BO3CITBIBAEMOM 110 OOBITHON WHTCHCUBHOM TEXHOJIOTHH, B cpemaHeM 62,5%. [Torepst 38%
ypoxast, 00yCIIOBJICHHAsI OPTraHUIECKON TEXHOJIOTHEH, MOXKET ObITh BOCIIOJTHEHA 32 CYET YBEINYCHUS
IUIOIIAAN ee moceBoB. CpeHre 3HAYCHUsI COMep KaHusl HOPMHUPYEMBIX aMHHOKHUCIIOT B TIIICHHUIIE HC-
CIICIOBAaHHBIX 82 PaHOHMPOBAHHBIX COPTOB CHOMPCKOW CENEKIIMH MEHBILIE CIIPABOYHBIX 3HAYCHUM.
W3 mimeHnnpl onydeHa SKCepuMeHTallbHasT KOpMOBasl 100aBKa ¢ COAEpKaHUEM JIM3UHA MOPSIKa
20 T/KT B Iepecyere Ha CyX0oe BEUIeCTBO. DTO COMOCTABUMO C COMEPIKaHUEM JIM3HHA B MSICOKOCTHOM
MyKe, IIPOTe TIOJICOTHEYHOM — TPAIMIIMOHHBIX OSITKOBBIX MHTPETUEHTaX CHOMPCKUX KOMOWKOPMOB
JUTSE MOHOTAaCTPUYHBIX KUBOTHBIX, HO HE BKJIFOYEHHBIX B IEPEUEHB CHIPbS, Pa3pPENIeHHOTO K NCTIOJb-
30BaHHIO B OPTaHWMYECKOM JKUBOTHOBOCTBE. C MCIIOIB30BaHUEM ITOIYYSHHOW TOOABKH COCTABIICHBI
MIOJTHOPALMOHHBIE KOMOMKOPMA /7SI MOJIOHSIKA CBUHEH M NTHIBI. DKCIEPUMEHTAIBHO YCTaHOBICHO
MOJIOYKUTENIFHOE BIMSTHHE MTOTY4YEeHHOW T00aBKH U3 MIIEHUIB HA MPOIYKTHBHOCTH ITOAOMBITHBIX JKHU-
BOTHBIX, COZIEPKAIIMXCS IO TIPaBUJIaM OPraHUYECKOTo MTPOU3BOICTRA.

KuioueBble ¢jioBa: OpraHudecKoe MPOU3BOICTBO TIPOTYKITNH KHBOTHOBOJICTBA, MIIIEHHUIIA, 10~
0aBKa W3 MIIEHHUIIBI, HOPMUPYEMbIE AMHUHOKHUCIIOTHI, TU3UH

EFFICIENCY OF WHEAT USE IN ORGANIC ANIMAL HUSBANDRY

(<)Ermokhin V.G., Soloshenko V.A., Soloviev K.A.

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

XDe-mail: v_ermohin_56@mail.ru

Conceptual justification of the basic feed raw materials list which is promising for the implemen-
tation of organic technologies in Siberia is a necessary step to solve the problem of organic produc-
tion of regional livestock and the creation of an appropriate feed base. The results of the validity of
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Efficiency of wheat use in organic animal husbandry

Ermokhin V.G., Soloshenko V.A., Soloviev K.A.

the use of wheat in the organic production of livestock products are presented. The ways of trans-
forming wheat to improve the efficiency of its use in animal feed are proposed. The objectives of the
research included studying the agronomic possibilities of wheat cultivation in Siberia according to
the rules of organic production, assessing the scale of its use for fodder purposes, determining the
amino acid composition of regional wheat varieties, justifying the effectiveness of obtaining a feed
additive from it, assessing the possibility of using the new additive in the diets of animals kept ac-
cording to the rules of organic production. The yield of spring wheat cultivated in Siberia on fallow
and organic production norms is 62.5% on average of the yield of wheat cultivated on conventional
intensive technology. The loss of 38% of the yield due to organic technology can be compensated
by increasing the area of its crops. The average values of the content of normalized amino acids in
wheat of the studied 82 released varieties of Siberian breeding are less than the reference values. An
experimental feed additive with a lysine content of about 20 g/kg in terms of dry matter was obtained
from wheat. This is comparable with the lysine content in meat and bone meal, sunflower oil meal -
traditional protein ingredients of Siberian feed for monogastric animals, but not included in the list
of raw materials permitted for use in organic animal husbandry. Using the obtained additive full-fat
mixed fodder for young pigs and poultry were composed. Positive effect of the obtained wheat ad-
ditive on the productivity of experimental animals kept under the rules of organic production was

experimentally established.

Keywords: organic production of livestock products, wheat, wheat additive, normalized amino

acids, lysine
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The State Duma Committee on Agrarian Is-
sues of the Russian Federation has developed
an interstate standard GOST 33980-2016' "Or-
ganic production. Production regulations, pro-
cessing, labelling and implementation". The
new GOST complies with the main provisions
of the international standard Codex Alimenta-
rius CAC/GL 32-1999 and was enacted in the
Russian Federation from January 1, 2018.

It can be stated that the state has determined
as promising the creation and sale of organical-
ly produced food in order to improve the qual-
ity of life, and longevity of the population. This
task for the agro-industrial complex of Russia
in all aspects is new and therefore attractive to
both science and to the domestic market.

The latest research in the field of organic
production in the country can be assessed as a

positive prerequisite for the successful creation
of domestic organic products [1-6].

Objective difficulties in the practical imple-
mentation of the rules and regulations of GOST
33980- 2016 is that this normative document
contains a number of significant limitations.
With regard to the designated topic of work to
be performed, the main restrictions (designated
in GOST 33980-2016) are the following:

— the use of mineral nitrogen fertilizers is
not allowed (clause 5.1.4);

— the use of synthetic herbicides is not al-
lowed (clause 5.1.5);

— synthetic amino acids are not allowed
(clause 6.11.5).

n the list of feed raw materials (mandatory
Appendix D [1]) permitted for use in organic
livestock are absent:

'GOST 33980-2016. Products of organic production. Rules of production, processing, labeling and sale. Moscow:

Standardinform, 2016. 41 p.
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— oil cakes;

— meat (meat and bone) raw materials.

However, it should be noted that the list of
feed additives and some substances used in ani-
mal feeding (mandatory Appendix E) includes
enzymes (clause E.1.2).

Before modern science moves to the listed
limitations of agricultural production, it is ad-
visable to conduct a comprehensive study in
conjunction with medical experts and econo-
mists to assess the merits and effectiveness of
organic products.

Given that oil cakes (soybean, sunflower),
meat and bone meal, and recently synthetic
amino acids are widely used in animal hus-
bandry >4, it is necessary to offer an adequate
(comparable) in quality substitute. We need a
feed additive that, firstly, can be produced in
Siberia, secondly, it must meet the standards of
GOST 33980-2016, and thirdly, be effective in
feeding animals.

The purpose of the work is to identify prom-
ising forage raw materials to obtain livestock
products of organic production in Siberia and
to propose ways of its rational use.

Working hypothesis: wheat is a promising
regional agricultural raw material for organic
feed additives of appropriate quality (amino
acid, easily accessible carbohydrate composi-
tion).

The research objectives are:

— study the agronomic possibilities of culti-
vation of wheat in Siberia according to the rules
of organic production;

— evaluate the possibility of producing and
using significant volumes of deep-processed
wheat in the domestic market for animal feed;

— determine the amino acid composition of
wheat varieties released in Western Siberia, as-
sess the feasibility of breeding it according to
its amino acid content;

— propose a method of obtaining a feed addi-
tive from wheat, expected to be effective in the
organic production of livestock products;

— estimate the possibility of using the new
additive in the formation of diets for animals
kept on the technology of organic production;

— experimentally investigate the prerequi-
sites for the use of wheat amino acid supple-
ment in animal feed, taking into account the
rules and regulations of organic production.

Wheat is the most common grain crop both in
Siberia and Russia as a whole®. In recent years,
all the needs of the Russian domestic market
have been fully satisfied with wheat, so that a
significant part of it is annually sold abroad.

Wheat is available in the country; its produc-
tion is predictable and fairly stable. However,
we are talking about a potential increase in the
consumption of wheat in the domestic market
in large quantities, so it is necessary to assess
the rationality of the use of wheat in organic
livestock production.

There is nothing new in the use of wheat in
grain mixtures for feeding animals. In modern
agriculture it is widely used for fodder purpos-
es. For example, the recommended content of
wheat in the recipes of full-fat mixed fodder
for pigs and meat poultry is respectively up to
25-45% (see footnote 4). According to the rec-
ommendations of the VIZh (L.K. Ernst Federal
Research Center for Animal Husbandry), the
wheat content in mixed fodder for high-yield
lactating cows ranges from 15.5% to 26.0%°.

Literature analysis on the possibility of ob-
taining wheat by the rules of organic produc-
tion was conducted since in organic production,
wheat, like any other crop must be cultivated
without the use of mineral nitrogen fertilizers
and synthetic herbicides.

According to the results of the published
modern experimental studies of the leading sci-

*The reference book of Siberian cattle breeder. Siberian Branch of the Russian Academy of Agricultural Sciences, SibNIP-
TIZh; edited by M.D. Chamukha, A.S. Donchenko. Novosibirsk, 2000. 220 p.

SFisinin V.I,, Egorov I.A., Draganov L.F. Feeding farm poultry. Moscow: GEOTAR-Media, 2011. 344 p.
“New in animal feeding: reference manual edited by V.I. Fisinin. M.: Publishing house of RSAU-MSKHA, 2012. 788 p.
SKashevarov N.I. Problems of Agriculture and Fodder Production. Novosibirsk, 2016. 106 p.

¢ Golovin A.V., Vorobieva S.V., Perlov N.P., Anikin A.S. Peculiarities of feeding dairy cows with the milk yield of 8000-
10000 kg of milk: analytical review. Dubrovitsy: Russian Agricultural Academy of Sciences, 2013. 56 p.
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entists in Siberia [7-10], it was found that in the
region the production of wheat that meets the
norms of organic production (see footnote 1) is
possible: the yield of spring wheat cultivated
on fallow under organic production norms (i.e.
without mineral nitrogen fertilizers and syn-
thetic herbicides) is on average 62.5% of the
wheat cultivated under conventional intensive
technology (see Figure 1).

Obviously, this result is positive and opens
the technological possibility of using wheat in
Siberia for organic production.

However, it should be noted that the real suc-
cess of organic production in crop production in
Russia largely depends on the effectiveness of
control (approved for organic production meth-
ods and means) of contamination of grains with
mycotoxins. Studies in this direction have been
conducted in the country [11-16], but radically
positive results in this serious issue have not yet
been obtained.

Considering the proposal to use more wheat
for forage purposes, given that, according to the

100 100 100

100

WHO about 800 million people in the world are
starving, the question arises: How ethical is it
to increase wheat consumption within Russia to
feed farm animals at a time when a large part of
the world's population is starving?

To answer the question, a macro-analysis
of the world population's food supply was car-
ried out. Taking into account modern world
population of 7 billion 812 million people, an-
nual gross output of just 5 leguminous crops
amounts to about 3 billion 240 million tons
(corn - 1 billion 102 million tons, wheat - 761
million tons, rice - 509 million tons, soybean
- 343 million tons, barley - 154 million tons).
According to calculations, this foodstuff (after
taking into account carry-over stocks and the
edible part of products) is enough to provide,
on average, more than 2,800 kcal of energy
and about 120 g of protein per day for each
inhabitant of the planet. This total amount of
protein of the world's integrated grain product
(corn, wheat, rice, soy, barley) provides (ac-
cording to Academician N.N. Lipatov's theory’

100
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Puc. 1. COOTHomeHHe YpOXaHOCTH SIPOBO#i miieHuIbl B CHOMPH 110 Tapy MpY pa3iIMyHbIX BApUAHTAX
MIPUMEHEHHUSI MUHEPAIbHBIX (a30THBIX) yIOOPEHUI U CPEACTB 3aIUThl pacTeHui (repounnaos), %. [7],

(81, [9], [10]

— JIMTEPaTypHbIC HCTOYHUKHU, N3 KOTOPBIX B3ATHI JaHHBIC.

Fig. 1. Yield ratio of spring wheat in Siberia by fallow at different variants of mineral (nitrogen) fertiliz-
ers and plant protection agents (herbicides), %. [7], [8], [9], [10] - literature sources from which the data

were taken.

"Lipatov N.N. Some aspects of modeling the amino acid balance of food products. Food and processing industry, 1986. pp.

48-52.
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and the FAO/WHO protein standard®) about 74
g of protein per day, which is utilized by the
human body. Taking into account that the Rus-
sian norm of protein consumption per day for
an adult is 70 g, and energy consumption from
2100 kcal’, then a conclusion suggests itself:
the existing starvation of a significant part of
the foreign population has no biological basis,
but is caused exclusively by imperfections in
the existing sociopolitical and technological
world order. The obtained conclusion allows
us to hope for the ethics of the potential large-
scale use of the Russian wheat in the domestic
organic production of livestock products, even
under the current sanctions of the "collective
West" against the Russian Federation.

Assessment of quality of fodders necessarily
takes into account their protein (protein) nutri-
tion. Thus, in modern animal breeding, accord-
ing to the opinion of academician V.I. Fisinin,
protein nutrition should be understood as the
properties of feed to meet the need of animals
for amino acids (see footnote 4). In a certain
sense, speaking about protein, amino acids are
meant, speaking about amino acids - protein is
meant, so it is more correct to consider amino
acid component of all the used feeds, including
forage wheat.

It is known that methionine and lysine are
the limiting essential amino acids for poultry,
lysine, threonine and methionine for pigs (see
footnote 4) and methionine for high-yielding
lactating cows (see footnote 6). Therefore, the
content of these essential amino acids in feeds
should be known and taken into account when
formulating appropriate diets.

If this state of affairs requires accounting
for the amino acid content of wheat used for
animal feed, the traditional analysis of the com-
position of wheat varieties (and other cereals,
legumes), as a rule, does not take into account
their amino acid content. A contradiction arises:
modern zootechnics recognizes the usefulness
of taking into account the amino acid composi-

tion of wheat, while in agronomic practice such
accounting is not common. In this regard, it is
advisable to carry out breeding work on fod-
der crops, taking into account not only the yield
of these crops, but also their functional protein
elements.

Assuming that wheat varieties have differ-
ent amino acid content, the analysis of amino
acid composition of wheat varieties released in
Western Siberia was carried out. The main re-
leased wheat varieties of the leading originators
in Western Siberia are: Siberian Research Insti-
tute of Plant Cultivation and Breeding (SibNI-
IRS) - branch of the Institute of Cytology and
Genetics SB RAS (Novosibirsk), Federal Sci-
entific Centre of Agrobiotechnologies (FSCA)
(Barnaul), Omsk Agrarian Scientific Center,
and Omsk SAU - were examined for amino
acid content on a contract basis at the Integrated
Analytical Center of the Siberian Federal Sci-
entific Centre of Agro-BioTechnologies of the
Russian Academy of Sciences (SFSCA RAS).
The research was carried out on 82 wheat va-
rieties.

Preliminary analysis showed the following
results:

— average values of the standardized amino
acids content of the wheat varieties of Siberian
breeding under study are less than the refer-
ence values of amino acids in wheat (lysine by
24.4% on average, methionine by 38.9, threo-
nine by 26.1%);

— some wheat varieties of Siberian selection
have a higher content of normalized amino acids.

According to the results of the preliminary
tests Novosibirskaya 32 (soft winter wheat of
ICiG selection) exceeds the reference values
for lysine by 55.6%, for threonine - by 38.4%.
Novosibirskaya 22 (spring wheat of ICiG se-
lection) differs from the tested samples by the
highest methionine content: it exceeds the ref-
erence value by 122.2%.

Let us consider the potential effectiveness
of the feasibility of determining the amino acid

8Energy and protein requirements. Technical Report Series No. 522. FAO Nutrition Report Series No. 52. Report of the Ad Hoc
Joint FAO/WHO Expert Committee. World Health Organization. Geneva, 1974. 143 p.

"Methodological Recommendations MR 2.3.1.2432-08. Rational Nutrition. Norms of physiological requirements for energy
and nutrients for different groups of population of the Russian Federation. 2008. 41 p.
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composition of feed wheat by the example of
diets for egg chickens. Let us analyze for lysine
content the diets given in the reference book
(see footnote 3) in comparison with the model.

The model ration is focused on organic live-
stock and has the following differences from
the reference analogue:

— averaged (reference) wheat was replaced
by Novosibirskaya 32;

— sunflower oil cake by sunflower oilseed
meal;

— fodder yeast by baker's yeast;

— synthetic lysine is not used.

Replacement of oil cake by oilseed meal,
fodder yeast by baker's yeast, exclusion of syn-
thetic lysine from the model ration is due to the
relevant standards of GOST 33980-2016.

As a result of calculations, it was found that
the values of total lysine content in both di-
ets are equal to each other (0.82% each) (see
Fig. 2). However, the real difference is that the
reference diet contains synthetic lysine, while
the model diet does not. Consequently, by con-
sciously using a wheat variety with high lysine
content, it is possible to obtain a balanced feed
without the use of synthetic lysine, which meets
the requirement of the standard for organic pro-
duction.

The calculated result obtained by the ex-
ample of Novosibirskaya 32 indicates the fea-
sibility of research to determine the amino acid
content of wheat and evaluation of the new diet
on the productivity of poultry, and in the future,
in case of a positive result, it is possible to con-
duct breeding to create new varieties of wheat
with increased lysine content.

It is well known from classic compound feed
formulation that it is impossible to provide the
normatively required content of protein (amino
acids) and energy in the compound feed exclu-
sively from any grains (or any combinations
thereof). This is due to the fact that cereals con-
tain relatively large amounts of energy and little
protein (amino acids). In terms of dry matter,
wheat contains the required energy level rec-
ommended for intensively developing animals,

but the lysine content of wheat is several times
lower than the standard level of lysine in full-
fat mixed fodder.

Thus, even some of the most highly lysine
wheat is not a priori comparable in amino acid
quality with meat and bone meal, nor with oil
cakes (soybean, sunflower). Without trans-
forming the amino acid-energy composition of
wheat, it cannot serve as an adequate substitute
for traditional protein raw materials, which are
not recommended for use in organic animal
husbandry (meat and bone meal, oil cakes).

In this regard, it is necessary to create a feed
additive from wheat, which would differ from
standard wheat primarily by a higher content of
limiting essential amino acids.

Such a problem was set and basically (in
the first approximation) was solved!®. A posi-
tive result was achieved by two-step sequen-
tial transformations: first enzymatic hydrolysis
(mixture: crushed wheat + water + enzyme),
then centrifugation. The enzyme of complex
action Protosubtilin GZh produced by “Sibbio-
pharm” Ltd. (Berdsk, Novosibirsk Region) was
used. As a result, two fractions of different con-
tent were obtained: one predominantly protein
and the second one carbohydrate. Proteins are
represented mainly by free amino acids, carbo-
hydrates by medium molecular weight dextrins
and sugars.

The lysine content in the experimental wheat
additive is about 20.3 g/kg DM, which is com-
parable with its content in oil cakes (extruded
soybean - 25.9 g/kg DM, sunflower - 13.3 g/ kg
DM), meat and bone meal (25.8 g/kg DM)'..
The content of methionine in the experimental
supplement is about 1.47 g/kg DM.

Thus, an experimental feed ingredient con-
taining high levels of lysine (the first limiting
amino acid in feeding high-yielding monogas-
tric animals) and at the same time meeting the
requirements of organic production was ob-
tained from the most common local grain raw
material - wheat.

To estimate the potential effectiveness of the
experimental wheat additive (by the example

19Production method of high-protein wheat grain base for food product preparation: patent: 2453126 Russian Federation: IPC
A23J 1/12 / V.G. Ermokhin, T.T. Wolf, V.A. Uglov; Ne 2010141619/10. Application. 11.10.2010; Bulletin No. 17.

"Guidelines on feeding farm poultry. VNITIP. Moscow: Lika, 2018. 226 p.
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Fig. 2. Lysine content in reference and model feeds for egg chickens (age 21-45 weeks), %

of pig production) model recipes of complete
organic compound feed for growing pigs of dif-
ferent live weight (from 20-30 to 110-120 kg)
were compiled (see Table 1).

The evaluated qualities of mixed fodders
of all model formulas correspond to the basic
norms of feeding growing pigs with the average
daily growth for the whole period of fattening
of 650 g.

The primary test of the effectiveness and
safety for pigs of the experimental wheat
feed additive was carried out at the pig farm
of "Uchkhoz Tulinskoye" (Uchkhoz NSAU),
Novosibirsk Region. The experiment was con-
ducted on the piglets of EM-1 breed. Breeding
sows of the control and experimental groups
were selected with equal milk yield. Experi-
mental piglets received 7% of the experimental
wheat supplement in their diet. The amount of
feed consumed per dry matter on average per
one head of control and experimental piglets
was equal. During the whole experiment (49

days) the piglets of the experimental group ate
the feed noticeably more willingly than the pig-
lets of the control group. The young piglets of
the experimental group surpassed their counter-
parts of the control group in growth by 19,5%:
average live weight of experimental piglets
increased from 6,7 kg at the beginning of the
experiment to 22,6 kg at the end, in the control
group - from 6,6 to 19,9 kg (see Table 2) [17].

An experiment on preliminary evaluation of
the feasibility of using the experimental wheat
additive in the diet of quails reared for meat
was carried out at the quail farm of the SibNIP-
TIZh SFSCA RAS.

The experiment was conducted for 6 weeks
(42 days) according to conventional methods'?
on Japanese quails formed at the age of one
day into two similar groups (control and ex-
perimental) with 45 birds in each group. The
birds of both groups received full-rare mixed
fodder prepared taking into account the age
and physiological characteristics of the quails.

2Methodology of scientific and industrial research on the feeding of poultry: recommendations. VNIITIP. Sergiev Posad,

2004, 42 p.
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Ta6a. 1. MogensHbIe penenThl TOTHOPAIMOHHBIX KOMOMKOPMOB JIJISl pACTYIIMX CBHHEH Pa3InIHON

JKUBOM MacCChI

Table 1. Model formulations of complete feed for growing pigs of various live weights

h*SSi%niﬁcant Composition of model mixed fodder, kg per 1 head per day m]i);::g] ff)%lésel;n;g?ﬁlg; d
at the 5%
significance ; P natural calculated
sent a\c)l\iﬁfiite Barley Dpilc;slgilifg Chalk Salt Premix hunlq(igity, m];i:e?r{( .
From 20 to 30
prom 3t d0 | 1908 0,92 0,012 0,009 0,003 0,002 2,926 1,177
From 50 to 60 2,37 1,11 0,014 0,011 0,004 0,003 3,512 1,417
From 60t0 70 | 279 1,43 0,017 0,017 0,009 0,017 4,190 1,782
From 70 to 80 | 286 1,67 0,020 0,020 0,010 0,020 4,600 2,029
From 80 to 90 2,81 1,96 0,022 0,022 0,011 0,022 4,847 2,279
From 90 to 2,66 2,26 0,024 0,024 0,012 0,024 5,004 2,521
100 2,32 2,63 0,027 0,027 0,014 0,027 5,045 2,793
From 100 to 1,96 2,98 0,030 0,030 0,015 0,030 5,045 3,045
110 1,76 3,17 0,032 0,032 0,016 0,032 5,042 3,181
F 110 1,75 3,19 0,032 0,032 0,016 0,032 5,052 3,197
rom to
120

Note. Premix P51-1 was used for piglets with live weight from 20 to 40 kg, premix P52-I for pigs with live weight from 40 to

120 kg; wheat premix moisture 82.3%; barley premix moisture

Ta6a. 2. Pe3ynprarsl nCnbITaHUHN dKCIIEPUMEH-
TaNbHOW J0OAaBKH U3 MIIEHUIBI HA TOPOCATAX

Table 2. Test results of an experimental wheat
supplement on piglets

13.0%.

Ta6ua. 3. Pesynbrarsl HCIIBITAHUI SKCIIEPUMEH-
TaJbHOW N0OABKH U3 MIICHUIBI HA TIEpenessITax

Table 3. Test results of an experimental wheat
additive on quail

Indicator Control group Experimental Indicator Control group Experimental
group group

Number of piglets in Number of quails in
the group, heads. 10 10 the group, heads 45 45
Duration of the experi- Duration of the experi-
ment, days 49 49 ment, days 42 42
Live weight of one Live weight of one
head, kg: head, g:

at the beginning of at the beginning of
the experiment 6,6+ 0,6 6,7+ 0,6 the experiment 8,6+0,2 8,6+0,2
at the end of the experi- at the end of the ex-
ment 19,9 +1,9 22,6 +2,6 periment 139,8 £9,3 1683 +7.8
Average daily gain, g 271 +36 324 + 45% Average daily gain, g 3,13+£0,21 3,80 +£0,18%

p <0,05.

The diet of the young quail of the experimental
group contained an experimental supplement
of wheat (17.5% for quails aged 1-4 weeks and
18.0% for birds aged 5-6 weeks). Feed ingredi-
ents used in the diets of the experimental group
birds corresponded to the list of feed raw mate-
rials approved for use in organic livestock pro-
duction (see footnote 1).

According to the results of the experiment,
the gain in live weight of the quails of the ex-
perimental group statistically significantly (p <
0.01) exceeded the gain in live weight of the

£ <0,01.

control group by 21.4% (see Table 3). Bio-
chemical blood parameters of the chicks were
within the physiological norm.

Thus, according to the results of the experi-
mental part of the work (primary practical expe-
rience based on the use of available laboratory
equipment) it can be concluded that the devel-
oped wheat protein supplement is an appetizing
feed for piglets and quail, has no adverse effects
on their health, has a positive effect on produc-
tivity, so it can be used in further experimental
studies on animals raised by the rules of organic
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production.

CONCLUSIONS

1. Modern agronomic techniques funda-
mentally allow to carry out industrial produc-
tion of wheat according to the norms of organ-
ic production in the zone of Western Siberia.

2. According to preliminary data, some
wheat varieties of Siberian breeding are high
in essential amino acids limiting for animals, so
they are of practical interest for use in animal
husbandry.

3. Bio-fractionation of wheat makes it pos-
sible to obtain a feed additive of effective qual-
ity for use in animal husbandry.

4. Experimental wheat additive is calculated
applicable for fattening pigs raised according to
organic production standards.

5. The search experiments performed give
grounds for deepening the research on the cre-
ation and use of wheat additives in the organic
production of livestock products in Siberia.
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[IpencraBnen aHanu3 JAESTENTFHOCTH TIEPBBIX COBETCKHUX HAPKOMOB 3€MJICEIHS B KOHTEK-
CTE MEePEyCTPOIMCTBA arpapHON IKOHOMHKHU Tocie peoitonuu 1917 r. [laHo omucanue mpu-
YHH U 0COOEHHOCTEH 3eMeIbHOro Kpu3uca B Poccuu u ero BIUSHUS HA HOJIUTHYECKYIO KU3Hb.
[Ipoanann3upoBan xapakTep MEPBBIX OMBITOB MPEOOPA3OBAHMS CEITBCKOTO X03sicTBA Ha (poHE
peBOMOLMOHHBIX coObITHH. [lpuxox x Bracti B Poccuu pagukaabHBIX PEBONIOLUOHHBIX CHI
HOCITY>KWJI IPUYMHON TMOIBITKU MPOBEICHUS B JKU3HB MPOEKTa «COLMAIN3ALMMY» 3EMIIH, Pa3-
paboTaHHOTO MAPTHEH JICBBIX ACEPOB U TMOMICPKAHHOTO OombieBuKaMu. OCHOBY 3TOTO IPO-
eKTa COCTABISUIM CHEUU(PHUUYECKUE TPEACTABICHHUS COIMAIMCTOB O JIOCTM)KEHHH Iporpecca B
CEJIbCKOM XO3SIMCTBE JIMIIb ITyTEM MAKCHMAJIbHOW LIEHTPAIM3alluy arpapHOro MPOU3BOACTBA U
OTOCYIApCTBIICHUS 3€MJIM, MCKIIIOYAIOIIEro Kakoe-TnO0 JacTHoe 3emieBnaneHne. OTaensHoe
MECTO B OINMCAHUM 3aHUMAET OLEHKA COBETCKHMX 3aKOHO/ATENIbHBIX AaKTOB, CBSI3aHHBIX C BHE-
JpeHHEM KOJUIEKTHBHBIX (DOPM 3eMIICYCTPOHCTBA M TOCYAAPCTBEHHOTO YHPABICHUS CEIbCKOH
9KOHOMHKOH. OTMEUYEHO, YTO B TEUCHHE TIEPBBIX TPEX JIET Pa3BUTHs PEBOJIOIUH OBIIN CIela-
HBI PEHINTEIbHBIE IIark M0 PeaJu3aluu JaHHOTO IpoekTa. OHaKo MPaKTHYEeCKUE PE3YNIbTaThl
SICHO OOHapyXWiM uxX yTonudHocTh. K 1921 1. pa3BuTHE CETHCKOTO XO3SICTBA, KaK M JIPYTHX
oTpaciieif Ha OCHOBE OTOCY/IapCTBIICHHS, TIPUBEIO K OOIIETIONIMTHIECKOMY KPU3UCY B CTpaHE H
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cucteMbl — HapkoMoB 3emutezienusi PCOCP. [IpuBenensr HekoTopbie OHMOrpaduuecKue CBeIeHHS
0 HHX, JIaHa OIeHKA MX MOJUTHYECKHUX B3MISA0B OTHOCHUTEIFHO CIIOCOO0B PEIICHHS 3eMENbHO-
ro Bompoca B crpaHe. CtaTbs JaeT OPUTMHANBHYIO0 MHTEPIPETALMIO MIEPBBIX PEBOIIOLMOHHBIX
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Analysis of the activities of the first Soviet people’s commissars of agriculture in the context
of the restructuring of the agrarian economy after the Revolution of 1917 is presented. A
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description of the causes and features of the land crisis in Russia and its impact on political
life is given. The nature of the first experiments in the transformation of agriculture against the
backdrop of revolutionary events is analyzed. As radical revolutionary forces came to power in
Russia, the project of "socialization" of the land, developed by the Left Socialist Revolutionary
Party and supported by the Bolsheviks, was attempted. The basis of this project was the specific
ideas of socialists to achieve progress in agriculture only through the maximum centralization of
agricultural production and the nationalization of land, eliminating any private land ownership.
The assessment of the Soviet legislative acts related to the introduction of collective forms of
land management and state management of the rural economy stands out in this description. It is
noted that during the first three years of the revolution's development, decisive steps were taken
to implement this project. However, the practical results clearly revealed their utopian nature. By
1921, the development of agriculture, as well as other sectors on the basis of governmentalization
led to a general political crisis in the country and the need to introduce the New Economic
Policy. The role of the first organizers of the Soviet agrarian system, the people's commissars of
agriculture of the RSFSR, is highlighted. Some biographical information about them is given,
and their political views on the ways of solving the land issue in the country are evaluated. The
article provides an original interpretation of the first revolutionary transformations of the agrarian
economy of Russia, as well as the participation of the people's commissars of agriculture in them.

Keywords: revolution, People's Commissariat of Agriculture, Decree on Land, V. P. Milyutin,
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Agrarian, or peasant, question is one of the
most burning and urgent problems in the his-

free existence of private producers; the tsar-
st government and landlords sought to guide

tory of the Russian state. For decades, the ques-
tion of land has been the subject of desperate
clashes between various social groups, mass
popular unrest and revolts, and heated disputes
between political parties and their leaders. Ul-
timately, the problem of land tenure, on which
the fate of the vast majority of Russia's popula-
tion depended, became one of the main causes
and the main motive of the 1917 Revolution.
After the abolition of serfdom in 1861,
the development of contradictions in Russia's
agrarian system proceeded along the line of
confrontation between two alternative models:
the peasant movement objectively expressed its
struggle for the "American" (farmer's) way, i.e.,
for a decisive division of the landed estates and

the evolution of the agrarian system along the
"Prussian" way with the preservation of large
estates' latifundia. At the same time among the
various semi-legal and illegal (revolutionary)
party groups and associations there were des-
perate discussions about other models of agrar-
ian development of the country. These were so-
cialist projects that advocated the principles of
equalized land distribution (Socialists- Revolu-
tionaries) and collective (cooperative) forms of
land use (Social Democrats).

The Provisional Government, which had as-
sumed power in the country after the overthrow
of the monarchy in 1917, was clearly aware of
the importance of the urgent need for agrarian
reform, without which further construction of
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new democratic institutions in Russia was im-
possible. However, the extreme internal politi-
cal conditions caused by the aftermath of the
First World War, the aggravation of the food
crisis and the unrestrained desire of peasants
to arbitrarily divide the landed estates did not
allow the new government in Russia to be-
gin radical changes in the agrarian system.
The Provisional Government confined itself
to transferring the Cabinet lands to the State
(March 25, 1917) and the estates (March 29). It
also adopted a resolution urging the peasants to
refrain from unauthorized seizures and promis-
ing to put the agrarian question to the decision
of the forthcoming Constituent Assembly. In
May 1917, "Regulations on Land Committees"
were issued, on the basis of which local bod-
ies (committees) were formed, which prepared
materials on the land issue for the Constituent
Assembly.

In October 1917 a new revolution took place
in Russia. Power passed into the hands of the
Bolsheviks headed by Lenin. From that mo-
ment the agrarian reform and the fate of the
Russian peasantry began to depend entirely on
the will and interests of the people of a radical
political philosophy and worldview. Ultimate-
ly, this resulted in a chain of unforeseen, largely
speculative social experiments with numerous
popular casualties.

An important aspect of the analysis of the
revolutionary consequences in the field of land
relations is the question of the influence of spe-
cific figures on the events that took place. In
this connection, it is necessary to turn to the
personalities of the main initiators and execu-
tors of the Bolshevik land project and to a de-
scription of the role of the first commissars of
agriculture in the implementation of the So-
viet agrarian policy. The scientific literature on
these individuals is quite diverse. Monographic
works and articles show the participation of the
commissars in the development of the first leg-
islative acts in the field of agriculture, describe
collisions and forms of struggle during the de-
velopment of land decrees, and also note the
tragic turns in the personal fate of the commis-
sars [1-10]. At the same time, some biographi-

cal aspects, as modern historiography notes,
remain poorly studied.

The first steps to transform agrarian rela-
tions in Russia are associated with the adoption
of the Decree on Land at the Second Congress
of the Soviet of Workers' and Soldiers' Deputies
and the appointment of V.P. Milyutin to the post
of the People's Commissar of Agriculture.

Vladimir Pavlovich Mi-
lyutin was born in 1884 in
the village of Tugantsevo,
Lgovsk District, Kursk Prov-
ince, in the family of a village
teacher. He had no complete
higher education, studied at
the law department of St.
Petersburg University, later
at the Moscow Institute of
Commerce, but did not finish his studies due
to a passion for revolutionary ideas and ille-
gal political activities. He joined the Party of
Social-Democrats in 1903 as a supporter of its
Menshevist wing. Beginning 1911 Milyutin
became a professional revolutionary and as a
result underwent a whole chain of persecutions
by the tsarist government: repeated arrests, five
years of imprisonment, and was twice exiled.
The February Revolution found him in Saratov.
He became the first chairman of the Saratov
Committee of the RSDLP (b) and the Soviet of
Workers' and Soldiers' Deputies. In April 1917,
as a delegate of the Saratov Bolsheviks, Milu-
tin was sent to the April Party Conference and
there was elected to the Central Committee. He
then becomes comrade to the chairman of the
Petrograd City Duma.

On the eve of the armed uprising in Petro-
grad on October 24, 1917, during the allocation
of responsibilities among the members of the
Central Committee, Milyutin was appointed or-
ganizer of the food business, and the next day -
the Commissar of Agriculture of the first Soviet
government.

The implementation of the agrarian reform
in the country began on the second day of the
revolution, October 26 (November 8, New
Style), with the adoption of the Decree on the
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Land. The decree was based on 242 local peas-
ant mandates drawn up on the initiative of the
Social Revolutionary Party even before the
Bolshevik revolution, and contained two ba-
sic provisions. First, it declared "the abolition
of private property forever" and the transfer of
land into "the common property of the people";
second, it proclaimed the principle of "social-
ization" of land, i.e., the equalized distribution
of land (at the labor or consumer rate). The So-
cialist Revolutionary slogan of "socialization"
did not correspond to the program goals and de-
mands of the Bolsheviks, but was only a politi-
cal concession to the peasantry and its political
party. This was pointed out by the leader of the
Communists, V.I. Lenin. In November 1918 he
said: "We Bolsheviks were opponents of the law
on socialization of the land. But still we signed
it because we did not want to go against the will
of the majority of the peasantry. ... We did not
want to impose on the peasantry the alien idea
that the equalized distribution of land was use-
less. We thought it was better that the working
peasants should see with their own eyes, bear
it on their shoulders that the equalized division
was nonsense... The division was only good for
the beginning. It was supposed to show that the
land was leaving the landlords, that it was go-
ing to the peasants. But it is not enough. The
only way out is in the public cultivation of the
land". [11].

The implementation of the program of "so-
cialization" of the land was an inevitable condi-
tion for the peasants' support of the Bolshevik
government. The fact is that the peasantry - the
basic population of the country - was no longer
willing to wait for any government decision.
Already since the summer of 1917, everywhere
the peasantry embarked on the path of self-ac-
quisition and partition of the landed estates. No
power could stop this enormous spontaneous
process, so the first thing the Soviet govern-
ment had to do was to legalize and bring within
certain limits the destruction of the landed es-
tates.

Under these conditions, the small apparatus
of the Commissar of Agriculture sought to mas-
ter the process and to give the peasant element

any kind of organized character. In his memoirs
V.P. Milyutin wrote: "Our first concern was,
first of all, to contact the places. I remember
that my main activity in these days consisted in
sending out various kinds of emissaries to the
places".

On November 3, a regulation was issued on
the volost land committees, which were charged
with the duty of "the speediest and most com-
plete liquidation of all vestiges of serfdom" and
the " land inventory". They also determined the
area of arable land to be cultivated, allotted cer-
tain arable plots of land to villages and town-
ships, etc. Subsequently, land committees were
transformed into departments of the councils.

The entire period from 1917 to 1918 was
filled with the implementation of the strength-
ening of new bodies with which it would be
possible to regulate agriculture and connect the
center with the regions.

A secondary comparative problem was the
mastery of the central apparatus of the Minis-
try of Agriculture, where there was resistance,
expressed in sabotage, strikes, refusal to work,
etc." [12].

The efforts of the People's Commissar Milu-
tin and his staff to implement the Land Decree
were unexpectedly interrupted by extraordinary
political events.

On November 4, 1917, Vikzhel (the All-
Russian Executive Committee of the Union
of Railwaymen), threatening a general strike,
demanded that the Bolsheviks establish a "ho-
mogeneous socialist government," that is, a
coalition government with the participation of
all revolutionary parties and movements. This
was a moment of exceptional importance, pre-
determining the fate of the revolution and of
the country as a whole. An alliance of the Bol-
sheviks with the other socialist parties (Social-
ist Revolutionaries, Mensheviks, etc.) made it
possible to substantially strengthen the social
base of the revolution. Rejection of such a bloc
inevitably doomed the country to aggravation
of inter-party disagreements, deepening of the
internal political crisis, and unleashing of the
civil war.

For Lenin and his supporters, however,
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compromises with the petty-Bourgeois parties
on such a fundamental agenda as the question
of power were absolutely unacceptable. Alli-
ances with other leftist forces, even temporary
ones, when power had already been won, were
judged to be unacceptable concordance with
"petty bourgeois democracy" and a betrayal of
the revolutionary principles.

People's Commissar Milyutin saw the future
in a different light. Not sharing the radicalism
of the Bolshevik leadership, he announced his
withdrawal from the Sovnarkom and the Cen-
tral Committee of the RCP (b).

The further career of the former Commis-
sar, who held the post for nine days, contin-
ued in less important positions. From May
1918 he became a member of the Presidium of
the Supreme Soviet of the National Economy
(VSNKh), from November - Deputy Chairman
of the VSNKh and simultaneously a member of
the Council of Labor and Defense of the Re-
public. In his new position, Milyutin was one
of the key figures in the implementation of the
overall governmentalization and centralization
of economic management under the name of
"Glavkism". During this period all industry and
cooperation, as well as small handicraft pro-
duction, was nationalized. As a basic element
of the policy of "war communism", the system
of "Glavkism" undermined internal production
incentives and soon led to the paralysis of the
country's economy. With the transition to the
New Economic Policy, it was abolished.

Milyutin turned to party and diplomatic
work. In 1922-1924 he was a representative of
the Comintern in Austria and the Balkans. Then
he was a member of the board of the People's
Commissariat of the Workers and Peasants In-
spection, from 1925 - deputy chairman of the
Communist Academy. At the same time, he
was writing scientific articles and books on rel-
evant topics, in particular such major works as
"Agrarian Policy in the USSR" (M.; L., 1926),
"History of Economic Development of the
USSR (1917-1927)" (M.; L., 1927), "The His-
tory of the Soviet Union (1917-1927)", "His-
tory of the Agrarian Policy in the USSR" (M.;
L., 1926). (M.; L., 1928).

While serving in high positions in public
administration and academia, V.P. Milyutin
shared with this system all its major flaws and
fallacies, supported and developed many unrea-
sonable ideas. During the Civil War he was an
active promoter of the policy of "war commu-
nism" and a supporter of coercive measures, in-
cluding those against the peasantry. Supporting
the Party's course for general collectivization
of the village, he sharply criticized the promi-
nent agricultural economists, representatives
of the organizational and productive direction
of economic thought - A.V. Chayanov, N.D.
Kondratyev, N.P. Makarov and others, who de-
fended the idea of preservation and support of
individual peasant farms as family-labor type
enterprises.

Eventually, Milyutin had to share the fate
of those "saboteurs" with whom he had fought
and denounced in the 1920s: on July 26, 1937,
he was arrested and on October 29, 1937, the
Military Board of the USSR Supreme Court
sentenced him to death on charges of belonging
to a counterrevolutionary right-wing organiza-
tion. He was shot next day. He was rehabilitated
in 1956.

The leftist socialist-revo-
lutionary Andrei Lukich Ko-
legaev was appointed the new
People's Commissar of Agri-
culture. After the resignation
of V. P. Milyutin. The nomi-
nation of this candidate for
the Soviet government was an
important concession of the
Bolsheviks to the Left Social-
ist-Revolutionary Party, with which they had
cooperated during the preparation and conduct
of the October armed uprising in 1917. Kole-
gaev was a hereditary revolutionary, an active
participant in a number of terrorist acts and ex-
propriations. He was born in 1887 in Surgut,
Tyumen Province, in the family of an exiled
member of the Narodnaya Volya.

He was educated as a land surveyor and
studied at the University of Kharkov, but did
not graduate. He was expelled from the univer-
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sity for his involvement in revolutionary activi-
ties, and then deported abroad. For seven years
he lived in exile, where he also tried to continue
his education, but was more engaged in party-
political activities.

At the end of November 1917, A.L. Kole-
gaev was approved for the post of the People's
Commissar of Agriculture. At the same time,
the Collegium of the People's Commissariat,
composed entirely of leftist social revolutionar-
ies, was formed.

From that moment, the implementation of
the Land Decree and the development of the
accompanying agrarian laws passed completely
into the hands of the Left Socialist Revolution-
aries, so the period of land relations reform in
the country from 1918 was called "leftist So-
cialist Revolutionary" [2]. The main content of
the reforms at this stage of the revolution was
limited to two main tasks: the final elimination
of the old agrarian relations, which gave advan-
tages to the landed estates, and the "socializa-
tion" of land, which meant its equal (equalized)
distribution among the individual categories of
the peasantry.

Having different views on the problem of
land management, the Bolsheviks and the Left-
ist Socialist Revolutionaries were in complete
agreement on one point: there should be no pri-
vate ownership of land in Russia. On this basis,
both parties strongly advocated the elimination
of private farms, especially landowners' estates
and large farms ("kulak") households, in which
the peasant masses saw the main cause of their
oppression and inequality.

On February 19, 1918 the main law of "so-
cialization" was accepted. Like the Decree on
Land, it once again proclaimed the "permanent
abolition" within the RSFSR of all ownership
of land, subsoil, water, forests and the like and
the transfer of all land "without any redemption
for the use of the working people". It was em-
phasized that "the right to use the land belongs
only to those who work it with their own labor"
(Article 3). It also established the order of dis-
tribution of the land fund for farming. The first
to receive land were agricultural communes,
then agricultural associations, followed by rural

societies, and only in the last turn - individual
families and individuals.

Thus, the first Soviet legislation clearly re-
flected the peasantry's deep aversion to that
form of land ownership, which was associated
with landlords and rural "exploiters", and at
the same time expressed the peasants' desire to
share land according to the "labor norm" as a
peculiar type of "peasant's socialism".

However, when discussing the specific ways
of implementing the law, the lines of political
division immediately emerged. The question
of who should have the right to use and dis-
pose of the land became crucial. Who would
implement the "foundations of equality and
justice" in the division of land? The Leftist So-
cialist Revolutionaries advocated that the law
on "socialization" should fix the rights of local
self-government bodies, represented by land
committees and zemstvos, which would be en-
trusted with the function of distributing the land
fund. However, the Bolsheviks were against it.
During the discussion of the law, they succeed-
ed in eliminating the mention of land commit-
tees and zemstvos from the text, replacing them
with councils, i.e., organs of state administra-
tion, which opened the way to consistent na-
tionalization of the land.

The Leftist Socialist Revolutionary Party's
hopes for the development of peasant self-or-
ganization and initiative were dashed in favor
of the Bolshevik ideals of centralization and
statism, with which the leaders of the RCP(b)
linked their projects for building socialism in
Russia. After the approval of the law, Kolegaev
bitterly said: "It was not a law of socialization
but a law of nationalization of the land." [quot-
ed from: 1, p. 292].

In March 1918 a new political crisis broke
out in Russia. As a result of the signing of the
Brest-Litovsk peace treaty with Germany, the
Left Socialist Socialist Revolutionaries with-
drew from the government by decision of the
Central Committee of their party. Declaration
of withdrawal was also submitted by the Peo-
ple's Commissar Kolegaev. Leaving his post in
the government, he did not completely break
with the Bolsheviks and continued to work as
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a member of the People's Commissariat board,
heading its three departments at once. Howev-
er, Kolegaev did not stay on this position. He
was sent to Kazan, where he became chairman
of the Gubispolkom, focusing on the redistri-
bution of land and the liquidation of landlord
property. Kolegaev joined the Bolshevik Party
in November 1918.

During the following years A.L. Kolegaev
remained an active member of various Soviet
organizations. In January 1919 he was appoint-
ed to a responsible position in the Red Army as
the Chief of Supply of the Army of the South-
ern Front, and then a member of the Revolu-
tionary Military Council (RMC) of the front. At
the same time Kolegaev energetically engaged
in the collection of food in the Don for the cen-
tral regions of the country: he led the formation
of the food squads from the workers, and orga-
nized Prodrazverstka. Soon the measures of the
Soviet power caused a wide dissatisfaction of
the population. A major Cossack uprising be-
gan, which threatened to overthrow the Bolshe-
vik power on the Don.

The Central Committee of the RCP (b) and
the Revolutionary Military Council of the Re-
public took urgent measures. The commander
of the Southern Front and the members of the
Revolutionary Military Council, including Ko-
legaev, were replaced. In June 1919, by the de-
cision of the Central Committee, Kolegaev was
transferred to the post of the Chairman of the
Central Department of military procurements.
Later he became a member of the board of the
People's Commissariat of Railways, then - a
member of the Council of the Supreme Soviet
of the National Economy. For some time, he
also held a senior position in the Central Statu-
tory Administration, and his last place of work
was as manager of the "Uralsvetzvetmet" trust
in Sverdlovsk.

The former Commissar's career and life were
cut short in a period that is known from the bi-
ographies of thousands of other famous states-
men and ordinary Soviet citizens. In December
1936 Andrei Lukich Kolegaev was arrested on
charges of counterrevolutionary activity and
sentenced to execution. He was executed on

March 22, 1937, on his birthday.

An important stage of the agrarian transfor-
mations of the Soviet power - the implementa-
tion of the program of "socialization" of land
- is connected with the name of Kolegaev. This
program led to two main results. First, private
land ownership in the country was abolished and
the most productive producers of agricultural
goods - landlords, leasehold and "kulak" farms
- were crushed. Second, millions of poor peas-
ants gained access to land, which resulted in the
social equalization of strata within the village
by reducing the share of the upper (wealthy)
and lower (landless) population groups.

However, the real picture of land redistribu-
tion turned out to be much worse than expected.
As a witness to the events in the village wrote:
"The enormous amount of land, divided among
the mass of many millions of peasants, yielded
negligible results. ... the increase of the area per
eater is expressed in negligible amounts: tenths
and even hundredths of a tenth per capita. In the
vast majority of provinces this increase did not
exceed half a tenth; only in a few did it reach
one tenth".

Thus, the positive results of the partition for
the small and landless strata of the peasantry
were negligible. The negative results were
extremely tangible. Large proprietary farms,
which yielded high yields, were of great value
and supplied the market with large quantities
of products, were "torn apart," were destroyed"
[2].

Such results of land management could not
satisfy the Communist power. The Bolsheviks
regarded the goals achieved as the completion
of the "petty-bourgeois stage" of agrarian re-
form, to be followed by the "real" construction
of socialism in the countryside through the in-
troduction of collective forms of farming and
state regulation of land relations.

The transition to new, "communist" forms
of farming began in the summer of 1919, when
the leadership of the Narkomzem was already
in the hands of the Bolsheviks. The work of the
People's Commissariat was headed by veteran
party leader S. P. Sereda.
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Semyon Pafnutievich
Sereda was born in 1871 in
Chernigov Province in the
family of a railway employ-
ee. He finished real school in
Smolensk. He was arrested
for circle work. He lived in
Kaluga, then in Smolensk. He
was introduced into zemstvo
statistics, which became his
speciality. In 1903 he joined
the Bolsheviks, was engaged in revolutionary
propaganda. From 1901 to 1908 Sereda worked
as head of the department in the Smolensk
Province Zemstvo Board, later - in the same
position in Ryazan.

After the February Revolution of 1917 he
was a member of the Executive Committee of
the Ryazan Council, and in April 1918 was ap-
pointed the People's Commissar of Agriculture.
In this position he remained until 1921. He re-
tired due to illness.

After leaving the government, Sereda held
important positions in the state apparatus for
several more years: he was the Deputy Chair-
man of the State Planning Committee, a mem-
ber of the Presidium, then the Deputy Chair-
man of the Supreme Economic Council of the
USSR, and the Head of the Central Statistical
Office of the USSR. In the last years of his life
(1930-1933) he was Deputy Chairman of the
Council of People's Commissars of the RSFSR.
Died on May 21, 1933.

Short but very turbulent period of the revo-
lution, during which Sereda was the People's
Commissar of Agriculture, was characterized
by radical changes in the agrarian system of
Russia in accordance with the economic pro-
gram of the Bolsheviks. First of all, the liqui-
dation of the consequences of the Leftist So-
cialist-Revolutionary "socialization" began. By
administrative decisions of the People's Com-
missariat of Agriculture local land commit-
tees were abolished and replaced by the land
departments of the executive committees of the
Soviets of Deputies. By the end of the summer

Cepena
Cemen ITapryTheBHY
(1871-1933)

of 1918 the Central Land Committee was also
abolished, along with the center of the leftist SR
- the Peasant Section of the VTsIK (All-Russian
Central Executive Committee). In September
the first steps on nationalization followed. The
estates, agricultural enterprises and land plots
of national cultural, educational and industrial
significance were transferred to state owner-
ship. [13]. Even more decisive step towards
governmentalization was made in December of
1918 at the congress of representatives of Land
Departments, the Committee of Poor Peasants
and communes. On the Bolsheviks' initiative
the congress adopted a draft of a new land law,
which clearly stated (Sections 1 and 2), that all
the land belonged to the state and was under the
direct control of the Narkomzem. In February,
1919 the All-Russian Central Executive Com-
mittee with some changes approved the draft of
the law "On Socialistic Land Management and
Measures of Transition to Socialistic Agricul-
ture".

This specific document fully expressed the
Bolsheviks' view of the type of agrarian ar-
rangement which, in their opinion, best served
the interests of the peasants and social progress,
even if the peasants did not yet see it as benefi-
cial to themselves.

The law stipulated that all land in the coun-
try, no matter whose use it was, was considered
a single state fund, and was managed by the
People's Committees and their subordinate lo-
cal authorities. The best forms of land use were
declared to be large state farms, communes and
partnerships, "therefore, all kinds of individual
land use should be regarded as passing away
and obsolete"'.

The reorganization of agriculture in Rus-
sia began on these principles. Already in May
1918 in the People's Commissariat of Agricul-
ture the Bureau of Communes was established
which summarized the experience of the first
agricultural collectives and practically led their
construction. The government allocated 10 mil-
lion rubles for its activities. By the end of 1918
all the district and provincial land departments

'The Regulation on Socialist Land Management and Measures of Transition to Socialist Farming adopted by the All-Russian
Central Executive Committee on February 14, 1919. http://www.libussr.ru/doc_ussr/ussr_442.htm.
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also established Bureaus of Communes with
the task of registering new communes and ar-
tels and controlling their work.

However, priority was given to the construc-
tion of state farms. Their socio-political role
was seen in the fact that they would be the most
progressive type of agricultural enterprises, a
kind of model for all other participants in pro-
duction, creating conditions for the mass transi-
tion of the rural economy to socialism. People's
Commissar S. P. Sereda was the most ardent
supporter and participant in the construction of
state farms. Like other Bolsheviks, he shared
the conviction that state farms, built on the ba-
sis of advanced former landed estates, were the
key link in the agrarian reorganization of Rus-
sia; that under central state authority (Narkom-
zem) state farms would achieve the greatest
success, since "only the center can determine
which branch of agriculture needs possible de-
velopment, and therefore which Soviet farms
in what district should be strengthened, which
tasks can be set for them". [2].

During 1919-1920 there was an intensive
construction of state farms all over the country.
In February 1919 there were 35 of them, and in
the summer of 1920, there were 3076.

In parallel, collective farms were also cre-
ated for the peasants. In 1918 there were 1579
collective farms with 16.4 thousand house-
holds, in 1919 - 6188 (81.3 thousand house-
holds), in 1920 - 10,600 collective farms (131
thousand households).

The most important task of the People's
Commissariat of Agriculture of those years was
the organization of the resettlement of peasants
to the vacant outskirts. In particular, already
by May 1918 the wave of resettlers in Trans-
Urals reached 175 thousand people. Even the
uprising of the Czechoslovaks and the resulting
termination of ties with Siberia could not stop
the movement of immigrants to the vast land of
Siberia.

CONCLUSION

The era of the first Soviet transformations
left a deep mark on Russia's agrarian history. It
manifested itself as a difficult search for social

reorganization of the country and normal living
conditions for millions of people, where no se-
rious reforms had been carried out for centuries
at all. Under these conditions, the reorganiza-
tion of the economy, including agriculture, was
in the hands of the most radical revolutionary
elements, and the reforms turned into a chain
of continuous experiments with unpredictable
results.

Collective forms of land use and central-
ized state management of agrarian production
as the main elements of the new system did not
bring positive results. Collective farms, state
farms and communes created by the Bolsheviks
turned out to be lifeless. Their activities quickly
revealed the deep contradictions between the
state interest and private initiative, the conse-
quence of which was mismanagement, irra-
tional management, cultivation of backward
forms of production and general decay. At the
end of 1920, all the main shortcomings of the
Bolshevik project of economic reform became
apparent. The next year the leaders of the RCP
(b) had to change the economic course of the
Soviet government and go to the New Econom-
ic Policy.
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3epHa OT aM0apHOTo AOJITOHOCHKA U OylnaBoycoro xpyiaka, Ne 5.

Boaxkosa I'.B., SIxuuxk S1.B., KykoBckuii A.I. UyBCTBUTEILHOCTh CEBEPOKABKA3CKON U Oeo-
pycckoit monymsiuii Microdochium nivale (Fr.) Samuels & hallet k dyarummmam, Ne 6.

KocTtiok A.B., JIsmenko E.B. 13ydenne purotokcnunoctu repouimaa Jiromakc B moceBe KyKy-
py3bl Ha 3epHO B yciioBusix tora [JansHero Bocroka, No 2.

Mopoxosen T.B., Mopoxosen, B.H., MapkoBa E.C., bacaii 3.B., BocrpukoBa C.C., Cko-
puk H.C. ®a3oBas 4yBCTBUTEIHLHOCTh HEKOTOPBIX BUAOB HIMPOKOIUCTHBIX COPHBIX PACTCHHIMA
K repounuy dnexc, Ne 5.

IIumoxosa JI.U., fAArosenxo I'.JI., llapannesa K.B., Xapabopkuna H.!U., Mucuukoa H.B.
OYHIUIUIBI 1715 3aIIMUTHI JIFOTMHA Y3KOJIUCTHOTO OT aHTPAKHO3a U IpYrux O6osnesnei, No 4.
Pazuna A.A., IstinoBa O.I. duronaroreHHbIe MUKPOMHUIIETHI OBCA B yCIOBHIX MpKyTCKOH 00-

sacth, Ne 2.

Cypnauesa B.B., Kazanues M.II., Kopo6eiinukoB A.C., Amumapuna JI.®. Bnusnue temmnepa-
TYpHI U BIQ)KHOCTH Ha COCTaB (PUTOMATOr€HOB MIIECHULIBI IPU XPaHEHUU 3epHa, No 5.

Coipmodiot O.B., Jlactymkuna E.H., Kouesa H.C. Vcnonb3oBaHue OMOIOrHYSCKHUX MTpenapa-
TOB B IToceBax coH, Ne 6.

Tumodgeen B.H., Boromuna O.A. VcnbpiTaHMe HAHOYACTUI] MAKPO- K MUKPOXJIEMEHTOB Ha 3€p-
HOBBIX KyJbTypax, No 1.

IIa6aTtykoB A.X. YCTOHYMBOCTH COPTOB O3UMOM MIIIEHUIIBI K BO3OYIUTEIAM OOJIE3HEH B YCII0-
BUSIX cTenHOM 30HbI Kabapauno-bankapckoit Pecy6mmku, Ne 3.

3O00TEXHUSA U BETEPUHAPUS

A¢onomknn B.H., ®ynu SIn, Muponosa T.E., Hepenosa E.B., Kuiabsn A.C., Konres B.1O.,
Jonuenko H.A. Vcnons3oBauue Bacillus subtilis B xkauecTBe HOCUTENS OPAJIbHOM BaKIIMHbI
nipotuB Streptococcus suis, Ne 6.

I'onuapenko I'M., Kum C.A. Ucropuueckue acnekTsl mopooodpa3oBanus cBuHeil B Cubupu
(0630p), Ne 6.

I'yke:xxkes B.M., XypanoB A.M. [InemeHHast HIEHHOCTh KOPOB — METO/IbI y4€Ta U OLEHKH, Ne 4.

JIbikoB A.C., Kysbmuna U.}O. Poct 1 pazBuTie ObIYKOB, MOJyYEHHBIX Pa3HBIMU METOAMHU pa3-
BeseHus, Ne 4.
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Eropos C.B., Marep C.H., Hocenxo H.A., UT3ch FO.B. Brnusinre 61onornyecky akTUBHBIX Be-
LIECTB CKOPJIYIIbI KEAPOBOIO OpeXa Ha MPOAYKTUBHBIE I0KA3aTEIN MOJIOHSAKA Iiepenesnos, Ne 3.

EdpemoBa E.A., Mapuenko B.A., Cmepruna M.A. PacnipocTpaHeHHE T€IbMUHTOB JKEITy104-
HO-KHILIEYHOT0 TpakTa jouanaei B Llentpansuom Anrae, Ne 5.

3abeauna M.B., JlensieB T.b., Kopuuniosa B.A., Jlosuosa JL.I., [Ipeoopa:kenckas T.C. Onen-
Ka MOJIOYHOW ITPOAYKTUBHOCTH M Ka4€CTBA MOJIOKA KO3 Pa3HBIX T€HOTHUIIOB B 3aBUCUMOCTHU OT
yucia JJakrauui, Ne 5.

Hruarouy JI.C. DUTOOHMOTHKY B pallMOHaX Kyp-HECYIIEK PA3IUYHbIX KPOCCOB, BIMSIHUE T€HO-
THUIIa Ha OTuIaTy Kopma, Ne 6.

HNuepobaes b.O., Xpamuosa U.A., Uuep6aeBa A.T. Coznanue CeneKIMOHHOIN Ipynibl repe-
(OpACKHUX KOPOB, YIyUIIEHHBIX ObIKAMH KaHAJACKOH pernpomyKiuu, Ne 1.

Honunna C.B., [lonuenko H.A., CmonssnunoB F0.U., [lonyenko A.C. MOHUTOpUHT U Xapak-
TEpPUCTUKA KyIbTYyp Mycobacterium avium subsp. paratuberculosis, BblI€I€HHBIX HA TEPPUTO-
puu 3anagHoit Cubupu, Ne 4.

Jloncan Y.0. /lunaMuka 1 0cOOCHHOCTH MPOSIBIEHHUsI CUOMPCKOM s13BbI Ha Tepputopun Pecmy-
omuku TeiBa, Ne 5.

MupomnuxoB C.A., lyckaes I''K., llleiina E.B., PsizanoB B.A. Biusinue npeoOpa3oBaHHOI J1y3-
'Y TIOZICOTHEYHHKA Ha ()epMEHTATUBHBIE TIPOLIECCHI B PyOIle KBaUYHBIX )KUBOTHBIX in Vitro, Ne 3.

Hedgenona E.B., lllkuas H.H. Briiusuue nanoyactui cepedpa Ha aHTHOMOTUKOPE3UCTEHTHOCTD
MHUKPOOPraHU3MOB TP JICYEHUH SHAOMETPUTA KOPOB, Ne 2.

etrpos IL.JL., IIporoabsikonoBa I.Il. BausHue arpoxinMaTiHueckuxX yCJIOBUN Ha 3aboneBae-
MOCTb OpyLIEIe30M CEBEPHBIX OJIEHEH B apKTHUECKUX paiioHax SIkytuu, Ne 6.

ITo3oBHuKOBa M.B., JleiiooBa B.b. DxcTepbepHblil PO MIIb 3aaHEHCKUX KO3JI0B C pa3IHYHBIMU
reqotunamu rena SPAGI7, Ne 5.

PasymoBckas E.C. VccnenoBanne BIMsIHUS TIpoliecca JAeTUiparaiii Ha KauecTBO M Oe3omac-
HOCTb KOPMOB >KMBOTHOTO ITPOUCXOXKACHHUS, Ne 6.

Poraués B.A., Mep3asikoa O.I., Jlykbsanuukosa H.JI., Marep C.H. benkoBo-BuTamuHHast
MyKa U3 MIIEHUYHBIX 0TpyOeil, oborameHHas (Guta3zoil B paunoHe nepenenos, Ne 2.

Cageabesa JI.H., Bonnapuyk M.JI. Bausiaue putodnoTHuecKux npenaparoB Ha MOp(HOXUMU-
YEeCKHE NOKa3aTeu KPOBU TEJIST NpH aucnencuu, Ne 5.

Cunuubia B.A., Bpem A.K., Boakos /I.B. IIpodunakruka TEXHOIOTHYECKOTO U KOPMOBOTO
cTpecca MopocAT C UCIOIb30BAHUEM KOPMOBOI 100aBKHU 11€0/10, Ne 4.

TperbsikoB A.M., bosipoBa JI.W., YUepusix B.I'., Kupuabuos E.B. Dunonapasuts! Gmaropos-
Horo onensi (Cervus elaphus xanthopygus) na Tepputopun 3adaikaibckoro kpas, Ne 1.

TperbsikoB A.M. [lapazurorieHo3bl TUKON CBUHBH (Sus scrofa) Ha TeppuUTOpUHN 3a0aiiKaIbLCKOTO
Kpasi, Ne 5.

®axpyraunosa P.III., Adponnna U.A., CeimanoBuu O.B., Kuncparop O.A., ComHuko-
Ba T.A. Dxonoruvecku 0€30MacHBIN MTpenapar u TPATUIIMOHHBIA 1e3UH(EKTaHT IPH HHKYOa-
nuu s, Ne 1.

Xamupyes T.H., bazapon b.3., Jammaumaes C.M. Dkonoro-pu3noaoruueckue MexaHu3Mbl
aJlanTalyuy MOJIOJAHSIKA OBEIl B yCIOBUsAX 3abaiikanbs, Ne 3.

IleBxy:xxeB A.®D., IloronaeB B.A. BiusHue pa3HOro ypoBHSI KOPMIIEHHS HA MPOTYKTUBHOCTb
OBIYKOB YepHO-TIeCTPOoil mopobl, Ne 4.
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MEXAHU3ALIUA, ABTOMATU3ALUA, MOAEJINPOBAHUE
N UHOOPMAIIMOHHOE OBECIIEYEHHUE

AdeiinukoB A.®. MeToapl HEMHBA3UBHOM OLIEHKH TMOJIOBOTO AUMOPQU3Ma SMOPHOHOB B siifIle
ntunsl, Ne 5.

Aast B.B., Eaxun O.B., UcakoBa C.II., Capuenko O.®. ABTomMaTu3npoBaHHbIN BHIOOp ar-
POTEXHOJIOTUN M TPAKTOPHOTO MapKa CENbXO3MPEANPUITHS: CTPYKTypa U alrOpUTMbI web-
npuiioxkenus, Ne 4.

Beasie A.H., lllaukwnii B.I1., I'yaeBckuii B.A., Tpumuna T.B. Ouienka 60KOBOT0 OTKJIOHEHHS
KOJIECHOM MalIWHBI OT 33JaHHOM TpaeKTOpuu ABMXeHUs, No 4.

Kykaes X.C., Acmankun E.M., YmaxkoB 10.A., Aoaokaesa A.®., Haymos JI.B. Teoperuue-
CKO€ HCClieIoBaHuE IHEPTrodPPEKTUBHOCTH U3METBIUTENSI POTOPHOTO THIIa, Ne 6.

Ha3zapos H.H., HekpacoBa U.B. Omerka u BbIOOp MAlIMHHO-TPAKTOPHBIX arperaTtoB MpH KyJlb-
TUBALIMM 110 SHEPreTUuYecKuM 3arparam, Ne 1.

Ycoabuen C.®., UBakun O.B., Poioakos P.B., Ilogoaen A.M. Kuaemarnueckas cxemMa Mexa-
HU3Ma ¥ QJITOPUTM YTIPABIEHUS IMPUHOMN BBITSHKHOTO MPOEMa KYIBTUBAIIHOHHOTO COOPYKe-
Hus, Ne 3.

YekycoB M.C., Kem A.A., Muxaasuos E.M., lImuar A.H., lamanckuii P.B. Bo3nensiBanue
MIIIEHUIIBI B 3aBUCUMOCTH OT CIOc00a MoceBa M BHECEHUSI a30THBIX ynoopenuid, Ne 1.

Ypicbima P.B., Camobi1a Y.H. [IpoGreMbl 1 mepcnekTUBbl MUPPOBU3ALNN CEIBCKOTO XO3s5H-
ctBa B PecriyOnuke TriBa, Ne 5.

Myxun C.I., F'onoBatiok B.A. K Bonpocy onpeneneHus: MOmHoOCTH BUOpoBo30yauTes, Ne 1.

SAxosieB H.C., Paccomaxun K., UekycoB M.C., UepusbimoB A.Il. Meronuka 060CHOBaHHS
TEXHUYECKUX CPENICTB JJIsl BO3AEIIBIBAHUS 3€PHOBBIX KYIbTYp, No 3.

HNEPEPABOTKA CEJIbCKOXO3SMCTBEHHOM NPOJYKIIUU

Hasbinenxo H.U., Yassnosa I.C., I'omyounosa 10.B., Cepreesa U.1O. Ilpumenenue miono-
BOTO CBIpbst CHOMPCKOTO perrMoHa Kak OCHOBBI HAYWHOK IS XJIeO00YTOUHBIX H3ennid, Ne 2.

Hlepounun B.B., I'onyo O.B., Yekpsoira I.I1., MoToBuiioB O.K. Vicrions3oBanue miomoB miu-
IIOBHUKA B TEXHOJIOTUU MUTHEBBIX KUCeen, Ne 2.

HNPOBJIEMBI. CY KAEHUSA

Epmoxun B.I., Cosomenko B.A., CosoBbeB K.A. D) pekTHBHOCTD HCIIOIB30BAHUS MIIEHUIIBI
B OPTaHUYECKOM KMBOTHOBOJCTBE, No 6.

IMoranun B.I'. YcosepuienctBoBanne ['TK CensHuHOBa [71 paclIMpEeHUs: BOZMOKHOCTEH €ro
npuMeHeHus, Ne 2.

KPATKHUE COOBHIEHUSA
®eauna J.A., Mapkosa T.O., MacjoB M.B. HoBble MeCTOHaX0XAEHHSI JEKOPATUBHON OpXU-
neu Spiranthes sinensis (Orchidaceae) B [Ipumopckom kpae, Ne 5.

N3 IUCCEPTALHMUOHHBIX PABOT

MMaBaoB A.I. AMumonuTryeckasi akTHBHOCTB H30JIATOB Oaktepuii Bacillus subtilis, BEIIETEHHBIX
U3 MUKPOOUOTBI TUKUX )KUBOTHBIX, Ne 5.

ITonoB A.A. Pa3paboTka KOMOMHUPOBAHHON BAaKIIMHBI IPOTUB PUHOITHEBMOHUM U MBITA JIOIIA-
neit, Ne 4.
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HAYYHBIE CBs3U

Baiipamos C.HO. PacnipocTpaHenue u Bo3pacTHasi TWHAMUKA TeTbMUHTO30B Kyp B A3zepOaiif-
»aHckoi PecryOnuke, No 1.

EpxedaeBa P.C., baoucexosa /I.U., Iunopenxo C.B. Vcnons3zoBanue /IHK-mapkepoB B ce-
JIEKIIUU COU AJIsi 0TOOpa GOTOMEPUOTUICCKU HEUTpATbHBIX TUHUH, No 5.

Kpacouxko IL.A., Kopoukun P.b., [TonacbkoB M.A. OrieHka OHOIMTHOTO JIEHCTBUS HAHOYA-
CTHI[ METAJUIOB U OMOAJIEMEHTOB B OTHOKJIETOUHOM 2YKapUOTHYECKOU TecT-cucteme, No 1.
Kpacouko I1.A., Kopoukun P.Bb., [lonacbkoB M.A., Pounmenko b.B., I[lImanaii B.B. [{uro-

TOKCHYECKOE JIeHCTBHE HAHOYACTHUI] OKUCICHHOTO TpadeHa Ha OakTepuasibHbIe KieTku, No 3.
MycoinoB K.M., ApunoB b.K., AobimeBa I.T. YpoxxalilHOCTh CEMSIH PbDKHKA B 3aBUCUMOCTH OT
MIPUMEHEHHUS pa3JInYHBIX MIPEnapaTroB U CPOKOB NoceBa Ha ceBepe Kazaxcrana, No 2.

M3 UCTOPUHU CEJIbCKOXO3AMCTBEHHON HAYKHA

Honuenko A.C., T'osoxBact K.C., CamosioBoBa T.H., lonuenxo H.A., FOmkoBa JL.S. Crpa-
HUIBl HCTOPUU COBETCKOM BeTepuHapuu B nepuon Benukoit OteuecTBeHHON BOiHBI (1941—
1945 rr.), Ne 2.

Jonuenko A.C., IlankoB C.A., CamosnoBoBa T.H., [lonuenko H.A. Hapkombl 3emienenus

TIEPBOTO COBETCKOTO MPABUTEILCTBA M HAYAJIO PEBOIFOIIMOHHBIX arpapHbIX MpeoOpa3oBaHUil B
Poccun (1917-1920 1), Ne 6.

HAIIINK IOBUJIAPBI

K ro6unero Hukonas Anexcannposuda Cypuna, Ne 1.

Cubupckomy (U3MKO-TEXHUYECKOMY HMHCTUTYTY arpapHbix mnpodmem COHIIA PAH -
50 net, Ne 1.

K ro6mnero Buktopa AnekceeBuua Mapuenko, No 3.

IHAMSATHU YYEHOT' O

bopuc MBanosuu I'epacenkoB (k 100-neTuto co nust poxkaenus), Ne 4.
Bacunuii I'epacumoBny Jlynunbis, Ne 3.
K 100-netuto akanemuka Bacunus PomanoBuua boesa (1922-2004 rr.), Ne 3.
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HHPABUJIA JIUISI ABTOPOB

IpaBuna a1 aBTOPOB COCTABIICHBI HA OCHOBE 3THYECKUX MPHHIINIOB, OOIHUX JUI WIEHOB HAYYHOTO COOOIIECTBA, U
TPaBUII MyOMMKAINH B MEKTyHAPOTHBIX U OTEIECTBEHHBIX HAYTIHBIX MEPHOJUICCKAX U3AHUAX, 4 TAKKE B COOTBETCTBHU
¢ TpeboBanusmMu BAK ni1s nepuoandecknux M3gaHUM, BKIIOUCHHBIX B [lepedeHb pOCCHHCKHUX PELEH3UPYEMBIX HAayUYHBIX
JKYPHAJIOB, B KOTOPBIX JOJDKHBI OBITH OIIyOINKOBAHbI OCHOBHBIE HAy4HBIE PE3YJIBTAThl JUCCEPTALUM Ha COUCKAHUE YIEHOH
CTENeHH JOKTOPA U KaHJHaTa HayK.

XKypnan myOnuKyeT OpuruHaIbHbIE CTAaThH M0 (YHIAMEHTAJIbHBIM U MIPUKIIAJHEIM IPOOIEMaM 10 HaIlPaBIICHUSIM:

e o0ree 3emiie/ieNine U PACTCHUEBOJICTRO;

°  CeJICKIIUS, CEMCHOBOJICTBO U OMOTEXHOJIOTHUS PACTCHHIA;

*  arpoxXMMHUsi, arporoYBOBE/ICHHE, 3AIUTA U KAPAHTUH PACTEHHIA;

*  KOPMOIIPOU3BOJICTBO;

*  HHQEKIMOHHBIE OOJIE3HH K UMMYHOJIOTHSI )KUBOTHBIX;

*  YacTHas 300TEXHHS, KOPMIICHHE, TEXHOJOTHH MPUTOTOBJICHUS KOPMOB U MPOU3BOJICTBA MPOAYKIHH KHUBOTHOBOJICTBA;
*  pa3BeJCHHUE, CEICKIIUs, TCHETHKA U OMOTEXHOJIOTHUS JKUBOTHBIX;

°  TEXHOJIOTHH, MAIIUHBI U 000PYI0BAaHHE JJISl arPONIPOMBIIIIIICHHOTO KOMILIEKCA;

*  IHIICBbIC CUCTEMBI.

Crarps, HampaBisieMas B pPEJaKLUWIO, JIOJDKHA  COOTBETCTBOBaTh  TEMAarH4YEeCKMM  pasfeiaM  JKypHaia
«Cubupckuil BECTHUK CEIbCKOXO35IHCTBEHHON HAYKI»:

llh/l(l)p U HAUMECHOBAaHHE Hay'—lHOﬁ CHeuaJbHOCTH B COOTBETCTBUH C HOMemmaTypoii

HaumeHoBaHne pyOpHuKH .
HAYYHBIX CNIeHHAJbHOCTEI, 10 KOTOPBIM NPHCYKIAIOTCSA YYeHbIe CTeNeHH

Semienenne U XuMu3aus 4.1.1. OOmee 3emieneniic U pacTCHHEBOACTBO
4.1.3. Arpoxumusi, arporo4BOBEICHNE, 3aIUTa U KApAaHTUH PACTCHUI

PacTeHneBONCTBO U CeNEeKIHS 4.1.1. OOmee 3emieneniic ¥ pacTCHHEBOACTBO
4.1.2. Cenekuusi, CECMEHOBOJCTBO U OMOTEXHOJIOTHS PACTCHUI

3amuTa pacteHuit 4.1.3. Arpoxumusi, arporo4BoBeICHUE, 3alIUTa U KAPAHTUH PACTCHUI

Kopmomnpon3zBoactso 4.1.1. OOmee 3emieneniic 1 pacTCHHEBOACTBO
4.1.2. Cenexiysi, CEMEHOBOJICTBO M OMOTEXHOJIOTHS PaCTeHUIT
4.1.3. Arpoxumusi, arpornoyBOBeICHNE, 3alUTa U KAPAHTUH PACTECHHH

300TeXHUS U BETEpUHAPUS 4.2.3. NudexkunoHHbie 60IE3HN K UMMYHOJIOTHSI )KHMBOTHBIX
4.2.4. YacTtHast 300T€XHHsI, KOPMJIEHUE, TEXHOJIOTUU TPUTOTOBIICHUSI KOPMOB U IPOU3BO/I-
CTBa MPOIYKIUH KHBOTHOBOJICTBA
4.2.5. Pa3BeneHue, CEIEKIHUs, TeHETUKA U OMOTEXHOJIOTUS KUBOTHBIX

Mexanuszanus, apromatuzanusi, 4.3.1. TexHomoruu, MamuHbl 1 000PYLOBaHUE ISl arPONIPOMBIIUIEHHOTO KOMITJIEKCa
MOJIeJIUpOBaHUe ¥ HH(OpMaLH-
OHHOE o0ecrieueHue

[epepaboTka cembCKOXO03sTii- 4.3.3. Ilumessie cUCTEMBbI
CTBEHHOW TPOYKI[HH

4.1.1. OOmee 3emieeniic 1 pacTCHHEBOACTBO

4.1.2. Cenekuusi, CCMEHOBOJCTBO U OMOTEXHOJIOTHS PACTCHUI

4.1.3. Arpoxumusi, arpornoyBOBECHNE, 3aIIUTA U KAPAHTUH PACTECHHH

4.2.3. NudexnmronHsie 00JI€3HN U HMMYHOJIOTHS )KUBOTHBIX

4.2.4. YacTHas 300TeXHUs, KOPMJIIEHHE, TEXHOJIOTHH MPUTOTOBICHHUS KOPMOB H IIPOHM3BOJI-
CTBa MPOIYKLUH KUBOTHOBOJICTBA

4.2.5. PasBenenue, ceJeKIysl, TEHETUKA U OMOTEXHOIOIUS KUBOTHBIX

4.3.1. TexHONOTWY, MAIIMHBI U 000PYIOBAaHKE JJIsl arPOITPOMBIIIICHHOTO KOMILIEKCa

4.3.3. TIumeBble CUCTEMBI

[Ipobnemsl. Cyxaenus
Hayunesle cBs3u

W3 ucropuu ceabcKoXo3sii-
CTBEHHON HayKH

Kparkue coobuienus

U3 muccepTaiioHHBIX paboT

B sxypHaie Takxke myOauKyTCst 0030pbl, KpaTKue COOOIICHNUS, XPOHUKA, PEIICH3UH, KHW)KHBIC 0003pPEHUS, MaTepHAIIbI
10 UCTOPHUH CEJIbCKOXO3HCTBEHHOW HAYKHU U JIEATEbHOCTU YUPEKICHUN U YUCHBIX.

Yuciio myOnukanuii OJHOTO aBTOpa B HOMEPE SKypHasla HE JOJDKHO INPEBBIIIATh IBYX, HPU 3TOM BTOpas CTAThs
JIOIyCTUMA JIUIIb B COABTOPCTBE.

K paccMOTpeHHIO MPUHUMAIOTCSI MaTepHajbl OT Pa3lHYHBIX KaTerOPH HCCleoBaTelNel, aClIMPaHTOB, TOKTOPAHTOB,
CIICIIHAJIMCTOB U OKCIIEPTOB B COOTBETCTBYIOMINX O0TACTAX 3HAHUI.

Bce crarbu pelieH3upyrOTCs U MMEIOT 3apeructprpoBaHHblil B cucteme CrossRef nanexc DOI.

[Ty6nukanuu Uit aBTOPOB GecIIaTHBI.

ITpu HampaBIeHUU CTATbU B PEAAKLMIO XKypHaIa « CHOUPCKUI BECTHUK CENbCKOXO3SIHCTBEHHON HAYKH» PEKOMEHAYEM
PYKOBOZCTBOBATbCS CIAEAYIOLMMU [IPABUIIAMU.
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PEKOMEHJALIMU ABTOPY J10 ITIOJAYUN CTATbU

IpencraBienue cratby B )KypHan « CHOUPCKUI BECTHHK CENIbCKOXO3IHCTBEHHON HAyKM») MOIPa3yMeBaeT, uTo:
e cTarbs paHee He ObuIa OIMyOIMKOBAaHA B IPYIOM >KypHAJIE;
*  CTarhs HE HAXOIUTCS HAa PACCMOTPEHUH B JPYTOM XKYypHaJe;
*  BCE COaBTOPHI COINIACHBI C IMyOJIMKALMEH TEKyIel BEpCUH CTaThH.

Iepen oTpaBKOil cTaThl HA PACCMOTPEHUE HEOOXOMUMO YOSIUThCs, 4To B (aiiie ((aiinax) comepurcs Besi He0OX0-
JMast HHGOpMaIHs Ha PyCCKOM M aHIIMHCKOM SI3bIKaX, YKa3aHbl HCTOYHHKH HH(POPMAIINH, Pa3MENICHHOH Ha PUCYHKAX U
B TaOIHIIaX, BCE CCHUTKU OQOPMIICHBI KOPPEKTHO.

HOPSIJIOK HATIPABJIEHUSI PYKOIIMCEM CTATEM

1. OtmpaBka cTaThy OCYIIECTBISIETCS Uepe3 AMEKTPOHHYIO PeaKInIo Ha caiite xypHaia https://sibvest.elpub.ru/jour/
index. [Tocne npenBapuTeNbHON PETHCTPALMK aBTOPA, B IPABOM BEPXHEM YINIy CTPAaHHIBI BEIOpaTh oniuio « OTHpaBUTh
PYKOIHCBY». 3aTeM 3arpy3uTh pyKomHch cTaThu (B Gopmare *.doc mim *.docx) u conmpoBOAUTENbHBIE JOKYMEHTHI K HEll.
[Mocxe 3aBepueHus 3arpy3Ku MaTepHaIoB 00s3aTeIbHO BEIOpaTh onuuio «OTIPaBUTh ITHCHMOY», B 3TOM CIIy4ae peJaKius
aBTOMaTHYeCKU OyJeT yBeJOMJICHA O MOTyYSHUH HOBOH PYKOTIHCH.

CompoBoIUTEIbHBIE JOKYMEHTHI K PYKOIIHCH CTaThH:

* CKaH-KOIMS MHChMa OT OPraHHM3alllM C MOATBEP)KACHHEM aBTOPCTBA M Pa3pelleHHEM Ha MyOnMKamuio (oOpaser Ha
http://sibvest.elpub.ru/);

°  CKaH-KOITMS aBTOPCKOM CITPaBKH TI0 MpejcTaBieHHon Gpopme (oOpaser Ha http://sibvest.elpub.ru/), B koTopoii 10KHO
OBITH BBIPAKEHO COIIACHE Ha OTKPBITOE OIYOJIMKOBAaHME CTAaThU B TIEYATHOM BapHaHTE >KypHAJIA U €ro dIEKTPOHHOH
KonuH B ceTu VHTEpHeT;

*  CKaH-KOIHS PYKOIMCH C MOAMHUCSIMH aBTOPOB. ABTOD, MOANHUCHIBAsI PYKOIMCH U HAIIPABIISS €€ B PENAKIHIO, TEM CAMBIM
TepeaeT aBTopcKue mpasa Ha u3nanue 31oi cratbt COHIIA PAH;

°  aHKEThl aBTOPOB HAa PYCCKOM U aHIIMHACKOM si3bIkax (oOpaserr Ha http://sibvest.elpub.ru/);

*  CKaH-KOIHS CIIPABKU M3 ACIUPAHTYPHI (U1 OYHBIX aCIIHPAHTOB).

2. Bce mocrynaromye B pPENaKIMIO0 PyKONUCH CTaTedl PErucTPUPYIOTCS 4€pe3 CHUCTEMY JJIEKTPOHHOM pelaKLMu.
B nuuHOM KabuHeTe aBTOpa OTPaXKaeTcsl TEKYIIUH CTaTyc PyKOICH.

3. Hepeuensupyemble MaTepuaibl (MaTepuaibl HAyYHOH XPOHUKH, PELEH3UHU, KHIDKHBIE 0003pEHUs], MaTepUabl 10
HCTOPUHU CEIbCKOXO3SIHCTBEHHOH HayKU U JeATEIbHOCTH YUPEXKICHUH U yUSHbIX) HaNpasiaioTcs Ha e-mail: sibvestnik@
sfsca.ru u perucTpUpyroTCst OTBETCTBEHHBIM CEKPETAPEM.

HOPAAOK O®OPMJIEHUSA CTATbU

Tekct pyxonucu opopmisiercs mpudrom Times New Roman, keriiem 14 ¢ unrepsainom 1,5, Bce mons 2,0 oM, Hymeparnus
crpanull BHu3y. OObeM crarbi He Oosee 15 cTpanun (BItouas TaOIULbl, WLTIOCTpaluy U 6ubauorpaduio); crareil, pas-
MelaeMbIX B pyopukax «M3 nucceprannoHHbIX pabot» u «Kparkue cooOleHus», — He 6oiiee 7 CTpaHuLL.

CrpykTypa odopmiIeHHs CTATbH:

1. VYIK
2. 3aro/i0BOK CTAaThbH HA PyCCKOM U aHIVIMIiCKOM fI3bIKaX (He Oosiee 70 3HAKOB).
3. ®aMuIuU U MHUIHAJbI ABTOPOB, 0JIHOE 0(pULHATBLHOE HA3BAHHE HAYYHOI0 yUpe:KIeHHsl, B KOTOPOM IIPO-

BeJleHbl HCCIeTOBAHUS HA PYCCKOM M AHIVIMIICKOM SI3bIKaX.

Ecin B moaroroBke craThbi NPUHUMANIN Y4acTHE aBTOPHI U3 Pa3HbIX YUPEXKICHHUH, HEOOXOIMMO yKa3aTh MPUHAIJIEK-
HOCTb KaXX/JIOTO aBTOPa K KOHKPETHOMY YUPEXK/CHHUIO C TOMOIILIO HaJCTPOUYHOIO MHEKCA.

4. Pedepar Ha pycckoM H aHIIHiicKoM si3bIkax. O0beM pedepara He menee 200-250 cios. Pedepar siBistercs
KpaTKUM M TOCJIE0BATEIbHBIM H3JI0KEHUEM Marepuana CTaTby 110 OCHOBHBIM pa3/ieliaM M JIOJDKEH OTpakaTb OCHOBHOE
coziepKaHKe, CIe0BaTh JIOTUKE M3JIOKEHHsI Marepraia 1 ONHUCAHUs Pe3yJIbTaToOB B CTAaThe C IPUBEACHUEM KOHKPETHBIX
naHHbIX. He cienyer BKiI04aTh BIiepBbIe BBEICHHbBIE TEPMHUHBL, a00peBHATYPhI (32 HCKITFOYEHUEM O0IIEU3BECTHBIX), CChLI-
KM Ha Juteparypy. B pedepare He ciienyer noqdepkuBaTh HOBU3HY, aKTyaJIbHOCTh M JIMYHBIA BKJIaJl aBTOPA; MECTO HCCIIe-
JIOBaHHsI HEOOXOMMO YKa3bIBaTh 710 00JacTH (Kpast), He YIIOMUHATh KOHKPETHbIE OPraHU3alllu.

5. KuiodeBble €10Ba HA PyCCKOM U AaHIVIMHCKOM fI3bIKaX. 5—7 CJIOB IO TeMe cTaTbu. JKenaresibHo, 4TOObI KiTtoue-
BbIE CJIOBA JIOMOJHSAIM pedepar u Ha3BaHUE CTAThU.

6. Hudopmanus 0 KOH(PJIUKTE HHTEPECOB JIM0O €ro OTCYTCTBUH. ABTOp 0053aH YBEJOMUTH PEIAKTOPa O peallb-
HOM WJTH TMOTEHIUATHLHOM KOH(IMKTE HHTEPECOB, BKIIOYUB HHPOPMALNIO O KOH(IUKTE HHTEPECOB B COOTBETCTBYIOLIMI
pasnen cratby. Eciin KOHQIMKTA HHTEPECOB HET, aBTOP JOJDKEH TAKKEe COOOIIUTE 00 ITOM.

Ipumep HOpMYITHPOBKH: «ABTOp 3asBISET 00 OTCYTCTBUHM KOH(IUKTA HHTEPECOBY.

7. baarogapHOCTH Ha PYCCKOM M aHIVIMHCKOM si3bIKaxX. B 3TOM pasjerne yka3bIBalOTCSl BCe MCTOYHUKH (PUHAHCH-
pOBaHUS UCCIIEIOBAHUS, a TAKXkKe OJ1aroJlapHOCTH JIFO/ISIM, KOTOPBIE Y4aCTBOBAIM B pabOTe HaJI CTaThel, HO HE SIBJISIOTCS e
aBTOPAMH.

8. OcHOBHOIi TekcT cTaTbu. [Ipy M30KEHUM OPUTHHAIIBHBIX IKCIIEPUMEHTAJIBHBIX JaHHBIX PEKOMEHIYETCsl MC-
I10JIb30BaTh MOA3ArOJIOBKU:

BBEJIEHME (nocranoBka npo0aeMsbl, e, 3aja41 UCCIIeIOBAHMS)

MATEPUAJ U METO/IbI (ycnoBusi, MeTozpl (METOIMKA) HCCIIEAOBAaHUHN, ONTUCaHNE 00BEKTa, MECTO U BPeMs Ipo-
BEJICHYISI )

PE3VYJIBTATBI U OBCYXKJIEHUE

3AKJIFOYEHME nnu BBIBO/IbBI
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CIIUCOK JIMTEPATYPbBI. KonmmuecTtBo ncToOUHUKOB HE MeHee 15. B cmmcok nurepaTypsl BKIFOYAIOTCS TOJBKO
peLeH3UpyeMble HCTOUHHKHU: CTaTbU M3 HAyYHBIX JKYpHAIOB U MoHOTpaduu. CamouutupoBanue He 6oree 10% ot obOmie-
ro Konm4ectBa. bubnuorpaduueckuii cnucok 1omKeH ObITh 0(OpMIICH B B/ OOIIEro CIKCKa B MOPSIKE YIOMUHAHUS B
TEKCTE, JKeJIaTeIbHbI CChIIKM Ha MICTOUHUKU 2—3-JIETHET0 CpoKa JaBHOCTH. IIpaBuiia opopMiIeHUs ClIMCKa JIUTEPATyphl — B
coorBercTBuu ¢ TOCT P 7.05-2008 (TpeboBanus 1 IpaBuiia COCTaBIeHUs Oubanorpaduaeckoil cehlikn). B Tekcre ceblika
Ha HCTOYHHMK OTMEUAETCs MOPSAKOBOM IIU(POIi B KBaApaTHBIX CKOOKax, Harpumep [ 1]. JIuteparypa B CriMcKe AaeTcs Ha TEX
sI3BIKAX, HA KOTOPBIX OHA W3/1aHa. B Oubiuorpaduyeckoe onrcanue myOiIuKaiuy HeoOX0MMO BHOCHTh BCEX aBTOPOB, HE
COKpaIlasi uX OJHUM, TpeMs U T.I. HeomycTuMo cokpaiieHie Ha3BaHui CTaTei, )KypHaJIOB, H3IaTeIbCTB.

Ecnu HeoOX0aMMO cocaThesi Ha aBTopedeparsl, AUCCepTalii, COOPHUKY CTaTel, yIeOHUKH, PEKOMEHAAINH, yIeOHbIe
nocobus, I'OCTsl, undopMaluio ¢ caiiToB, CTATUCTUYECKUE OTUETHI, CTAaTbU B OOLIECTBEHHO-IIOIUTUUECKHUX ra3eTax U
npouee, TO TaKkyto HH(GOpMAIMIO clienyeT 0pOPMUTH B CHOCKY B KOHLIE CTpaHUIBI. CHOCKH HyMEpYIOTCs apadckumu 1ud-
pamu, pa3MenaroTcs MOCTPAHNIHO CKBO3HOW HyMepaIuei.

Buumanue! Teopetnueckue, 0030pHbIE U IPOOIEMHBIE CTaTbH MOTYT UMETH IIPOU3BOJIBHYIO CTPYKTYPY, HO 00513aTelIb-
HO JIOJDKHBI COepKaTh pedepar, KIIFoUeBble CIIOBa, CIIUCOK JIUTEPaTyphI.

HNPUMEPBI O®OPMJIEHUS CIITUCKA JIUTEPATYPbBI, REFERENCES U CHOCOK

CIIMCOK JIMTEPATYPbI:

Monozpagusn

Knumosa 3.B. Tlonessie KynbTypsl 3a0alikanbs: MmoHorpagus. Yura: [Touck, 2001. 392 c.

Yacmb Knucu

Xonmos B.I” MunumanbHasi 00paboTKa KyJIMCHOTO Hapa MO sIPOBYIO IMIIEHUIY MPU MHTEHCH(UKAINK 3eMIIeACNs B
FOKHO# Jtecoctenu 3ananHoi Cubupu // PecypcocOeperaroiue ciucteMbl 00paboTku mouBbl. M.: Arponpomusaar, 1990.
C. 230-235.

Ilepuoouueckoe uzdanue

Haxyno A.JL, Jlanwunos H.A., boscanosa I'B., ITakyne B.H. TexHonoruueckyue KauecTsa 3epHa MIrKoi spoBoil mite-
HHUIBI B 3aBUCHMOCTH OT CHCTEMBbI 00paboTKH mouBbI // CHOMPCKUI BECTHHUK CENbCKOXO03sHcTBeHHOM Hayku. 2018. T. 48.
Ne 4. C. 27-35. DOI: 10.26898/0370-8799-2018-4-4.

REFERENCES:

CocraBinsieTcsi B TOM K€ MOPSIIKE, YTO U PYCCKOS3BIYHBIN BAPUAHT, IO CIETYIOMINM MPaBHIaM:

@amunnu W.0. aBTOPOB B YCTOSIBIIEMCSI CIIOCO0E TPAHCIUTEPAIIMH, aHTIION3BIYHOE HA3BAHUE CTAThH, MPAHCAUMEDPA-
Yusi HA36aHUSL PYCCKOAZBIYHO20 UCMOYHUKA (Hanpumep depe3 caum. https.//antropophob.ru/translit-bsi) = anenoaszviunoe
Hazearue ucmoynuka. Jlanee opopmiIeHre st MOHOrpadum: TOPO, aHIIOSA3BIYHOE Ha3BaHHUE W3/IATeIbCTBA, TOJI, KOJIHYe-
CTBO CTPaHUIL; JUTsl XKYpHaa: Toj, Homep, ctpanulibl). (In Russian).

Ipumep: Avtor A.A., Avtor B.B., Avtor C.C. Title of article.

TpancnuTepanus aBTOpOB. AHIIOA3BIYHOE HA3BAHUE CTATHU

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.

Tpancrumepayus ucmounuxa = Anenoa3viuHoe Ha3eanue UCMOYHUKA

Monozpagus

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

Yacme Knuzu

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture

in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990, pp.
230-235. (In Russian).

Ilepuoouueckoe uzoanue

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2018, vol. 48, no. 4, pp. 27-35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4.

CHOCKU:

Lutupyemslii TekcT'.

'Knumosa 3.B., Anopeesa O.T., Temnuxosa I'I1. TIyTu cTabUIM3aIiiu KOPMOTIpOU3BoACcTBa 3abaiikanbs // [IpobaeMsr 1
MIEPCTIEKTHBEI COBEPLICHCTBOBAHMS 30HAIBHBIX CHCTEM 3€MJIC/ICIIUS B COBPEMEHHBIX YCIOBHSX: MaTepHajbl Hayd.-TIPaKT.
koH(. (Yuta, 16—17 okts16pst 2008 r.). YUura, 2009. C. 36-39.

Hughposoii uoenmughuxamop Digital Object ldentifier — DOI (xorja OH €CTh y LUTHPYEMOIO MaTepHaa)
HEeoOXOIMMO yKa3bIBaTh B KOHIIE OMOINOrpaduuecKoil CChUIKH.

IIpumep:

Chu T., Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize
(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923.
Hanmuue DOI cratbu ciieyeT npoBepsiTh Ha caiite http://search.crossref.org/ wiu https://www.citethisforme.
com. J[J1st 5TOro Hy’KHO BBECTH B IOUCKOBYIO CTPOKY Ha3BAaHHE CTATHU Ha aHIIIHHCKOM SI3BIKE.

PUCYHKMU, TABJINLbI, CKPUHIHOTHI U ®OTOI'PA®OUN

PucyHk# TOIKHBI OBITH XOPOIIET0 KauecTBa, IPUTOJHbIC Ul NIeYaT. Bce pUCYHKH TOJDKHBI UMETh TIOPUCYHOYHBIE
noarmucy. [1oIprcyHOUHYIO MOAITUCH HEOOXOMUMO TEPEeBECTH Ha aHIIMHCKHN S3bIK. PHCYHKH HyMepyloTcsi apaOCKHMHU
mudpaMu 1o TOPSIKY CIeIOBaHuUs B TeKcTe. ECii prCyHOK B TEKCTE OUH, TO OH He HyMepyeTcs. OTCBUIKM Ha PHCYHKH
odopmitsiroTes cnenyronM oopasom: «Ha puc. 3 ykazaHo, 4to ...» win «YKaszaHo, uTo ... (cM. puc. 3)». [logpucyHouHas
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MIOAITUCH BKIIIOYAET ITOPSIKOBBI HOMEp PHCYHKa U ero Ha3BaHue. «Puc. 2. Onncanne KM3HEHHO BayKHBIX IPOIIECCOBY.
[epeBon moapHCyHOUHOH MOANUCH CIEAYET PACTIoNaraTb HOCie MOAPHCYHOUHON IONUCH Ha PYCCKOM SI3BIKE.

Tabauisl JOJKHBI OBITH XOPOLIEro KayecTBa, IPUTOAHbIC AU HedaTd. [IpennouTuTenbHbl TabnuIbl, TPUTOJHbIE JUIs
PEOaKTUPOBAHMUS, @ HE OTCKAHMPOBAHHBIC WM B BUJE PUCYHKOB. Bee TaOmuLbl JOIKHBEL HMETh 3aronoBku. Ha3paHue Ta-
OIUIBI TOMKHO OBITH EPEBENEHO Ha aHNIUMcKuil s3bIk. Tabnuubl HyMepyloTcsa apaOCKUMU LudpaMu 110 MOPSLIKY CIEN0-
BaHMs B TekcTe. Ecii Tabnuna B TekcTe oJjHa, TO OHA He HyMepyeTcst. OTCBUTKH Ha TaOIHIBI 0)OPMIISIOTCS CIIETYIONINM
obpaszom: «B Tabi. 3 ykazaHo, 4TO ...» HIH «YKa3aHO, 4TO ... (CM. TaOiI. 3)». 3arosoBOK TaOIHIbI BKIFOYAET TOPSIKO-
BBIil HOMEp TaOnuIbl U ee Ha3zBaHue: «Tabu. 2. OnrcaHue )KU3HEHHO BaXKHBIX MPOIieccoBy. [lepeBos 3aronoBka TaOIuIbl
ClIe[lyeT pacroararh 11ocje 3arojJoBka TaOIMIBI HA PYCCKOM S3bIKE.

dotorpaduu, CKPUHILIOTH! U JPYrHe HEPUCOBAHHBIE MILIIOCTPALMKY HEOOXOAUMO 3arpyaTh OTIEIbHO B Buje (dailioB
¢dopmara *.jpeg (*.doc u *.docx — B ciydae, eciu Ha M300paKEHNUE HAHECEHBI JOMOMHUTEIbHBIC TIOMETKH). Pa3perie-
HUE U300pakeHus T0IKHO ObITh >300 dpi. Paitiam n300paskeHU HEOOXOMMO PHUCBOUTH HAa3BaHKME, COOTBETCTBYHOIIECE
HOMEpY PUCYHKa B TekcTe. B omucanuu ¢aiina ciemyer OTAeIbHO MPUBECTH TOIPUCYHOUHYIO ITOIUCH, KOTOpAst JOJKHA
COOTBETCTBOBATh Ha3BaHUIO (GpoTorpaduu, MoMeIaeMoi B TEKCT.

Cnenyet oOpaTuTh BHUMaHKE Ha HanMcaHue GopMyIl B cTaThe. Bo n3bexxanue myTaHuIbl He0OOX0AUMO rpedeckue (o, f,
T U Ip.), pycckue (A, a, b, 6 u 1p.) OykBbI ¥ LuGpPbI MUCATH IPIMBIM IIPUGTOM, JIATUHCKUE — KypCUBHBIM (W, Z, m, n u 1p.).
Maremaruueckue 3HaKi ¥ CUMBOJIbI HYKHO ITHCaTh TakXKe MpsiMbIM mpudToM. HeoOXommMo 4eTKo yKa3bIBaTh BEPXHUE U
HIDKHHE HaJICTpOUHble cuMBoIbl (W', F) u ap.).

B3AUMOJENCTBUE MEXIY )KYPHAJIOM U ABTOPOM

Penmaknust mpocuT aBTOPOB MPH MOATOTOBKE CTaTel PyKOBOACTBOBATHCS M3JI0)KEHHBIMH BBIIIE TIPABUIIAMH.

Beenocrynarorue B xxypHas « CHOMPCKUI BECTHHK CEITbCKOX035HCTBEHHOM HAYKNY CTAThU TPOXO/ISAT PEABAPUTEIILHYIO
IIPOBEPKY HA COOTBETCTBHE (hOpMaIbHEIM TpeOOBaHUsIM. Ha 9TOM 3Tane pegakuus OCTaBiIseT 3a cOO0H Mpago:

* MPHUHATH CTAThIO K PACCMOTPEHHUIO;

*  BEpHYTb CTaThbiO aBTOPY (aBTOpaM) Ha JOpabOTKY ¢ IPOCHOOH yCTPAHUTH OLIMOKU WM J00ABUTh HEJOCTAIOLINE JAHHBIE,
*  BEpHYTb CTaTbO aBTOPY (aBTOpaMm) O3 paccMOTpeHHUs1, OOPMIIEHHYIO HE 110 TPeOOBaHUAM >KypHaa;

*  OTKJIOHHUTB CTaThIO M3-3a HECOOTBETCTBHS €€ IIEJISIM )KypHalla, OTCYTCTBHSI OPUTHHATIBHOCTH, MaJIOH HayYHOH IIEHHOCTH.

[epenncka ¢ aBTOpaMu PyKOIIUCH BEAETCS Yepe3 KOHTAKTHOE JIUI0, YKa3aHHOE B PYKOIIHCH.

Bce HayuHble CTaTbH, MOCTYNUBIIME B PeNaKkIUIo xKypHaiaa « CHOMPCKUM BECTHHK CENbCKOXO3SIMCTBEHHOM HAayKm»,
MIPOXOAAT 00sI3aTENIbHOE ABYXCTOPOHHEE «ciernoey» pereHsupoBanue (double-blind — aBTop U perieH3eHT HE 3HAIOT JPYT O
Jpyre). Pykonucy HarpasIsitoTes 10 IpoQUIIl0 HayYHOro UCCIEJOBAHUS Ha PELICH3UIO WIEHAM PEJaKIIUOHHOM KOJLIeruy.

B cropHbIX cily4asx peJakTop MOKET [IPUBJIEUb K IIPOLECCY PELIEH3UPOBAHUS HECKOIBKUX CHELHAINCTOB, a TAKXKE [T1aB-
HOTO penakTopa. [Ipu MoNoKUTETFHOM 3aKITIOYEHIN PELIEH3EHTa CTaThs IepefaeTcsl peAaKTopy ISl HOATOTOBKH K ITeYaTH.

[Ipu mpuHATHH pelIeHHs 0 TOpadOTKE CTaThH 3aMEUaHMs U KOMMEHTapHH PELeH3CHTa MePeIatoTCsl aBTOPY. ABTOPY
JaeTcs 2 Mecsla Ha yCTpaHeHUs 3aMedanuid. Eciiu B TeueHne 3Toro cpoka aBTop He YBEJOMMI PEAAKIMIO O MIIAHUPYEMbIX
JNEeHCTBUSX, CTaThsl CHUMAETCSI C OUepey My OnuKauy.

ITpu npuHATUM peleHus 00 OTKa3e B My OJIMKALMU CTaTbH aBTOPY OTIPABIISAETCS] COOTBETCTBYIOLIEE PEIICHUE PEJAKIUU.

OTBeTCTBEHHOMY (KOHTAKTHOMY) aBTOPY NPUHATOHN K MyOJIMKAIIMU CTaThH HANIPABIIseTCsl (PUHANBHAS BEPCHUSI BEPCTKH,
KOTOPYIO OH 00s513aH IIPOBEPUTb.

HOPSJTOK IEPECMOTPA PEIIEHUI PEJAKTOPA/PEIIEH3EHTA

Ecnu aBTOp HE COMIACeH C 3aKIIOYCHHEM PEICH3CHTa M/HIH PENaKTOpa WITH OTACIbHBIMU 3aMCYaHHUSIMU, OH MOYKET
OCIIOPHUTH NPHHSATOE perieHne. JJist 3Toro aBTopy HeoOX0AUMO:
° HCTIPAaBUTD PYKOIIMCH CTATbU COITIACHO O6OCHOBaHH])IM KOMMCHTAapUsAM PELCH3CHTOB U PEAAKTOPOB;
*  SCHO U3JIOKHTH CBOIO IO3MIIHIO [10 PACCMATPUBAEMOMY BOIIPOCY.

PenmakTopbl COAEHCTBYIOT IIOBTOPHOH IMOfIaue PYKOIUCEH, KOTOPbIC MOTEHIUAIBHO MOTIH ObI OBITH TIPHHSATHI, OHAKO
ObLIM OTKIIOHCHBI U3-32 HEOOXOAMMOCTH BHECCHUSI CYIICCTBEHHBIX M3MECHCHHUI WM COOpa JOIOIHUTEIBHBIX JaHHBIX, U
TOTOBBI TIOIPOOHO OOBSICHUTB, YTO TPEOYETCS UCTIPABUThH B PYKOIIUCH ISl TOTO, YTOOBI OHA ObLIA TIPUHSTA K ITyOIHKALIMH.

JEUCTBUS PEJAKIIMA B CIYUAE OGHAPY KEHUS IVIATUATA, PABPUKALIAN
NJIN PANBCUPUKALINN JAHHBIX

Penakuus HaydHoro )xypHasia «CHOMPCKUI BECTHUK CENbCKOXO3SIHCTBEHHOM HAYKW» B CBOCH PabOTE PYKOBOJICTBYETCS
TPpaAUIIMOHHBIMU JTHYCCKUMH NPUHIUIIAMU Hay‘lHOﬁ NEpUOAUKHA U CBOAOM IPHUHIHUIIOB «KOI[GKCB. OTHKH HAYYHBIX
myOnukanuiiy», pa3paboTaHHBIM U YTBEPKICHHBIM KOMUTETOM 110 3THKE HaY4HBIX ITyOIUKaIMid, TpeOys COOMIONEHHS ATHX
MIPaBUJI OT BCEX YYACTHUKOB M3/IaTENILCKOTO Mpoliecca.

HUCITPABJIEHUE OLLINBOK U OT3bIB CTATBHU

B cnydae oOHapyKeHHUs] B TEKCTE CTAaThbU OIIMOOK, BIMSIOIINX HA €€ BOCHPHUSITHE, HO HE MCKAKAIONINX U3JI0KEHHBIE
Ppe3yIbTaThl UCCIEIOBAHMS, OHH MOTYT OBITh UCIIPaBIEHBI IyTeM 3aMeHbl pdf-¢aiina crareu. B ciyuae oOHapyKeHUs B
TEKCTE CTAaThH OIIMOOK, NCKAKAIOIIMX PE3yJIbTaThl MCCIICAOBAHMUS, JTMOO B Cilydae mjaruara, oOHapyKeHHs Helo0poco-
BECTHOTO TIOBE/ICHHSI aBTOpa (aBTOPOB), CBA3AHHOTO C (asibcupuKanueit n/umm padprKanneil JaHHbIX, CTaThs MOXKET ObITh
0TOo3BaHa. IHUIIMATOPOM OT3bIBA CTATHH MOKET OBITh PEAAKIIHsI, aBTOP, OPTraHU3aIns, YacTHOe Jui0. OTO3BaHHAS CTaThs
romMevaeTcst 3HakoM «CTaThs 0TO3BaHay, Ha CTPAHUIIE CTAThU pa3MelaeTcsi HHPOpMaIHs O MPUIMHE OT3bIBA cTaThi. MH-
(dopmanus 00 0T3bIBE CTAThU HANPABISIETCS B 0a3bl JaHHBIX, B KOTOPBIX HHICKCHPYETCS Ky PHAIL.
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YBAKAEMBIE THO/JITHCYUKH!

[Toanucky Ha >xypHan «CHOMPCKHUI BECTHUK CETbCKOXO3IHCTBEHHOM HAYKI
(kKak Ha TOJOBOM KOMIUIEKT, TaK ¥ Ha OTACJIbHBIC HOMEPA)
MOXHO O()OPMUTH OJTHUM U3 CIEAYIOUINX CIIOCOOOB:

— Ha caiite [loura Poccun. 3aiitu B paznen «OnnailiH-cepBUCHI», 3aTeM — «llognucarbes Ha
raszery win xypHamn». [lognucuoit unaexc uzganus [IM401;

— B arenrctBe noamuckun 'K «VYpan-Ilpecc» mno wunnexkcy 46808. Ccpuika Ha wu3gaHUe
http://ural-press.ru/catalog/97210/8656935/?sphrase 1d=319094. B pa3nene KOHTaKThI 3alTH
1o ccwike http://ural-press.ru/contact/, rae MOXXHO BBIOpaTh (pUITHAI IO MECTY KUTEIBCTBA;

— B penakimu xypHana (tenedon 7-383-348-37-62; e-mail: sibvestnik@sfsca.ru).

[TonHOTEKCTOBAS BEpcus XKypHala
«Cubupckuii BECTHUK CETBCKOX03HCTBEHHOM HAYKID»
pa3mMeieHa Ha caiite Hayunoit anekTpoHHOM OUOIHOTEKH:
http://www.elibrary.ru.
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