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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2023-12-1 Tun crarbu: OpUrHHAIBHAS
VYIK: 631.816/633.14 Type of article: original

BJIUSITHUE AMMOHUMHOM U KAJJMUHOM CEJIUTPHI HA 3UMOCTOMKOCTD
1 YPOXKXAHUHOCTD P)KU O3UMOM (SECALE CEREALE L.)

) IlerpoBuea H.A., Ilachinkosa E.H.

Jlenunepadckuili Hay4HO-UCCIe008aMeNbCKUTE UHCIMUMYM CelbCKo20 Xo3aticmea «benozopray —
Gunuan @edepanbroeo ucciedosamenvbcko2o yewmpa kapmogens um. A1 Jlopxa
Jlenunrpasnckas obmnacte, A. benoropka, Poccus

(<)e-mail: petrovtseva-natalya@rambler.ru

[IpeacraBiensl pe3ynsraTsl nccaenoBanuii 3a 3 roga (2019-2021) na noceBax pxu o3uMoit (Se-
cale cereale L.) B CeBepo-3amagnom pernone Poccuiickoit @enepanyu (Jlenunrpaackas o01acTp).
N3yvanoch BIMSHKUE PA3JIMUHBIX 103 U CPOKOB BHECEHUS] aMMOHUIHON U KaJIMHHOM CEIUTPBI HA 3U-
MOCTONKOCTh W TIPOAYKTUBHOCTH PACTEHHH O3MMOM P)KM Ha MpUMepe copToB BoixoBa m DBpHKa.
ITouBa Ha OMBITHBIX MOJISIX — JEPHOBO-IIOA30JIMCTAs CyINIMHUCTAs! C TNIyOMHOM IMaXxOTHOI'O TOPU30HTA
20-25 cm. Copeprkanue rymyca — 2,0-2,3%, pH coneBoii BeITSKKH — 5,2—5,5. Y100peHHs: BHOCUIN B
CYXOM BHJIC OCEHBIO Uepe3 HEAEII0 MOCie MOSBICHUS BCXOA0B, BECHOH — MPU BO30OHOBIICHUH BETe-
tanuu. M3ydaembie 10361 yI0OpeHUi B TiepecueTe Ha IEHCTBYIOIIEe BEMIECTBO M0 a30Ty COCTABIISIIN
0 (xouTposb), 30, 60 1 90 kr/ra. [TokazaHo, YTO 3UMOCTOMUKOCTH 0OOUX COPTOB MPAKTUUECCKH HE 3aBU-
cena OT 103 M CPOKOB BHECEHHS, a TaKXKe OT BhJa ynoOpeHuil. MakCUMallbHYI0 YPOXKAHHOCTh 3epHa
copT BonxoBa rmoka3za’ mpu g03e a3oTa 1o JAeicTByomemMy BemecTBy 60 Kr/ra, copt OBpuka — 90 Kr/ra,
IIPH 3TOM MaKCHMaJlbHas 3a BCE TO/Ibl yPOXKaHOCTh coOpTa DBpHKa IPEBBICHIIA TAKOBYIO copTa Bosxo-
Ba Ha 24,5%. B npezaenax yka3aHHBIX 103 a30Ta i1 000MX COPTOB HAWITYYLIMM BapHaHTOM OKa3aJI0Ch
€JIJMHOBPEMEHHOE BHECEHUE BECHOM CMECH AMMOHUWHON U KaJTUIMHON CEJIUTPBI, HAUXYALIUM — €IUHO-
BPEMEHHOE BHECEHUE BECHON OJJHOM aMMOHUIHOM cenuTphl. B cpemneM mo 060uM copTtaM BHECCHHE
KaJTMHHOM CeTUTPHI BECHOHN YBEITUIHBAIIO YPOXKANHOCTH 3epHa Ha 16% 10 CpaBHEHHIO C BapHaHTaMH,
I1€ KAJINHHYIO CEITUTPY HE MCIIOJIB30BaIH.

KnioueBble cji0Ba: HUTpAT, aMMHayHasi CEJIMTPA, A30THOKUCIBIM Kalui, CIOXKHOE yIOOpeHHE,
MOJIKOPMKA IO BCXO/1aM, BECEHHSSI TOJJKOPMKa

EFFECT OF AMMONIUM AND POTASSIUM NITRATE ON WINTER HARDINESS
AND YIELD OF WINTER RYE (SECALE CEREALE 1.)

<) Petrovtseva N.A., Pasynkova E.N.

Leningrad Research Institute of Agriculture "Belogorka" — Branch of the Federal Potato Research
Center named after A.G. Lorkh

Belogorka village, Leningrad region, Russia

(X)e-mail: petrovtseva-natalya@rambler.ru

The results of research for 3 years (2019-2021) on winter rye (Secale cereale L.) crops in the
North-West region of the Russian Federation (Leningrad region) are presented. The effect of different
doses and timing of ammonium and potassium nitrate application on winter hardiness and productiv-
ity of winter rye plants on the example of Volkhova and Eureka varieties was studied. The soil in the
experimental fields was sod-podzolic loamy with the depth of the arable horizon of 20-25 cm. Humus
content —2.0-2.3%, pH of the salt extract — 5.2-5.5. Fertilizers were applied in dry form in the autumn
one week after the emergence of the seedlings, and in the spring — at the resumption of vegetation. The
studied fertilizer doses in terms of active substance for nitrogen were 0 (control), 30, 60 and 90 kg/ha.
It is shown that winter hardiness of both varieties practically did not depend on the doses and timing

3emiiezienue U XUMHU3ALUs CHOUPCKHUI BECTHHK CEITbCKOXO3SIHCTBEHHOM HayKH * 2023 « 53 « 12 5



Effect of ammonium and potassium nitrate on winter hardiness
and yield of winter rye (Secale cereale L.)

Petrovtseva N.A., Pasynkova E.N.

of the application, as well as on the type of fertilizers. The maximum grain yield was shown by the
Volkhova variety at a dose of nitrogen of 60 kg/ha, the Eureka variety — 90 kg/ha, with the maximum
yield of the Eureka variety for all the years exceeding that of the Volkhova variety by 24.5%. Within
the specified doses of nitrogen for both varieties, the best option was a single spring application of
a mixture of ammonium and potassium nitrate, the worst - a single spring application of ammonium
nitrate alone. On average for both varieties, potassium nitrate application in spring increased the grain
yield by 16% compared to the variants where potassium nitrate was not used.

Keywords: nitrate, ammonium nitrate, potassium nitrate, complex fertilizer, seedling feeding,

spring feeding

Ja nurupoBanusi: [lemposyesa H.A., Ilacvinkosa E.H. BiusiHue aMMOHUMHON U KaJTMHHON CEIUTPbI HA 3UMOCTOMKOCTD U
YpOXKaMHOCTE pkH 03UMOit (Secale cereale L.) // Cubupckuii BECTHUK celbCKOX03siiicTBeHHOM Hayku. 2023. T. 53. Ne 12. C. 5-13.

https://doi.org/10.26898/0370-8799-2023-12-1
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INTRODUCTION

Winter rye is one of the most important grain
crops not only in Russia, but also in the neigh-
boring countries [1, 2], so the issues of increas-
ing the yield and quality of its grain do not lose
their importance, especially with noticeable cli-
matic changes. It is known that the average tem-
perature on the Earth's surface has increased by
almost 1 °C over the century. In this case, the is-
sues of changing the conditions of overwintering
of winter crops become relevant [3—6].

Formation of winter rye productivity large-
ly depends on the conditions of mineral nutri-
tion of plants in critical periods of vegetation —
from sprouting to going into winter and at the
resumption of spring growth. If there is a lack
of nitrogen in the autumn period, the develop-
ment of winter cereals slows down, as a result
of which their winter hardiness may decrease.
It is possible to solve the problem of nitrogen
compensation in this period through autumn ap-
plication of nitrogen fertilizers. However, their
use in the autumn period may increase the sensi-
tivity of plants to winter frosts, especially in case
of prolonged warm autumn, when there is a risk
of overgrowth of plants. It is well known that
for good overwintering, plants must accumulate

a sufficient amount of sugars and potassium is
one of the most important elements stimulating
plastic metabolism. From this comes the known
positive effect of potassium on winter hardiness
of plants. At the same time, there are studies
showing that the concentration of potassium in
winter tillering nodes is determined to a greater
extent by the content of easily available potassi-
um in the soil at sowing and it does not depend
much on the pre-sowing application of potassi-
um fertilizers'. For a successful uptake of po-
tassium by seedlings, it is important that the soil
contains exchangeable and readily available
potassium; with traditional pre-sowing applica-
tion, a significant part of potassium can be fixed
in non-exchangeable form [7-9]. There is also
data that winter rye most intensively absorbs
nitrogen and potassium in the phase of spring
tillering, so the question of optimal timing and
methods of fertilizer application for this crop re-
mains open [10].

Numerous studies have established that win-
ter rye has a very high biological potassium re-
moval among grain crops [11, 12]. At the same
time, the widely used liming of sod-podzolic
soils leads to an even greater increase in the need
of plants in potassium.

'4kimova O.I. Formation of winter rye winter hardiness elements during the period of autumn growth and development // Siberian Herald of

Agricultural Science, 2007, N 4 (172), pp. 23-31.
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This is associated with the violation of the
normal ratio of K: Ca in plants due to an increase
in the intake of calcium, which competes with
potassium ions in this regard [13]. Also, am-
monium ions close to its ionic radius® can com-
pete with potassium, so when using ammonium
sources of nitrogen nutrition, it is important to
provide plants with a sufficient amount of avail-
able potassium.

The purpose of the study was to investigate
the effect of autumn and spring application of
increasing doses of ammonium and potassium
nitrate on winter hardiness and yields of winter

rye.

MATERIAL AND METHODS

The research was conducted during 3 years
(2019-2021) in the Gatchina district of the Len-
ingrad region of the North-West region of the
Russian Federation on the experimental fields of
the Leningrad Research Institute of Agriculture
"Belogorka". The experiment was conducted
on winter rye plants of two varieties zoned in
the North-Western region of the Russian Feder-
ation, Volkhova (old variety 1988) and Eureka
(new variety 2021). The soil in the experimen-
tal fields was sod-podzolic loamy medium-cul-
tivated with the depth of the arable horizon of
20-25 cm. Humus content — 2,0-2,3%, pH of
the salt extract — 5,2-5,5, mineral nitrogen con-
tent — 1,2—1,5 mg/100 g of soil, mobile potassi-
um compounds — 8-10 mg/100 g of soil. Sow-
ing was carried out in the first ten-day period of
September, the seeding rate — 4.5 million ger-
minated seeds/ha. The total area of the exper-
iment — 0.1 ha, the experiment was laid by the
method of randomized repetitions, the size of
the record plot — 4 m? (the area of 0.5 m? was
allocated within its limits for counting the num-
ber of overwintered plants), repetition — 3-fold.
Sowing was carried out with a "twirler" seed-
er, fertilizer application in autumn and spring —
manually scattered with subsequent embedding
with rakes-markers to a depth of 2.0-2.5 cm.
Grain harvesting was carried out by the Hege

combine harvester.

Experiments were laid out and the results of
the experiments were statistically processed ac-
cording to the generally accepted methods (ac-
cording to Dospekhov).

In the experiments, no other chemical means
other than the studied fertilizers were used. The
influence of three factors was studied: with and
without potassium (4), single and fractional ap-
plication of fertilizers (B), fertilizer dose by ac-
tive ingredient (a.i.) nitrogen (C). Fertilizers in
the form of NH,NO, and KNO, were applied in
dry form uniformly over the whole plot area, in
autumn - one week after the emergence of the
seedlings, in spring - at the resumption of veg-
etation. The total fertilizer dose applied during
the vegetation period was 30, 60 or 90 kg/ha of
nitrogen active substance; in case of split appli-
cation, the autumn dose was 1/3 and the spring
dose was 2/3 of the total dose.

Scheme of the experiment:

1. Without fertilizers (control).

2. With potassium: 1) split application -
30 kg a.i/ha for nitrogen (KNO, in autumn
(10 kg a.i./ha for nitrogen) + NH,NO, in spring
(20 kg a.i./ha)); 60 kg a.i./ha for nitrogen (KNO,
in autumn (20 kg a.i./ha for nitrogen) + NH,NO,
in spring (40 kg a.i./ha)); 90 kg a.i./ha for ni-
trogen (30 kg a.i./ha for nitrogen) + NH,NO,
in spring (60 kg a.i. /ha)); 2) one-time applica-
tion - 30 kg a.i./ha for nitrogen (KNO, in spring
(10 kg a.i./ha for nitrogen) + NH,NO; in spring
(20 kg a.i./ha)); 60 kg a.i./ha for nitrogen (KNO,
in spring (20 kg a.i./ha for nitrogen) + NH,NO,
in spring (40 kg a.i./ha)); 90 kg a.i./ha for ni-
trogen (KNO, in spring (30 kg a.i./ha for nitro-
gen) + NH,NO, in spring (60 kg a.i./ha)).

3. Without potassium: 1) split applica-
tion - 30 kg a.i./ha for nitrogen (NH,NO, in
autumn (10 kg a.i/ha) + NH,NO, in spring
(20 kg a.i./ha)); 60 kg a.i./ha for nitrogen
(NH,NO, in autumn (20 kg a.i./ha) + NH,NO; in
spring (40 kg a.i./ha)); 90 kg a.i./ha for nitrogen
(NH,NO, in autumn (30 kg a.i./ha) + NH,NO,
in spring (60 kg a.i./ha)); 2) one-time appli-
cation - 30 kg a.i./ha for nitrogen (NH,NO, in

*Yakimenko V.N. Effect of fertilizer application in agrocenoses on soil fixation of potassium and ammonium // Problems of agrochemistry and

ecology, 2010, N 4, pp. 9-12.
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spring (30 kg a.i./ha)); 60 kg a.i./ha for nitrogen
(NH,NO,; in spring (60 kg a.i./ha)); 90 kg a.i./ha
for nitrogen (NH,NO, in spring (90 kg a.i./ha)).

Characteristics of weather conditions.
2019. The autumn-winter period of 2018/19 was
characterized by a warm and prolonged autumn,
which is usual for the Leningrad region in re-
cent times, snow cover was established only in
late November with a slight freezing of the soil.
In mid-February, the soil under the snow com-
pletely thawed, which contributed to the death
of some plants from desiccation. Weather condi-
tions in spring and early summer were standard
for the region, but July was cold and excessively
rainy, which resulted in lodging of some plants.

2020. The autumn-winter period of 2019/20
was characterized by an early onset of cold
weather, with average daily temperatures not
exceeding 9.5 °C after September 15. However,
the winter was very warm, with a lot of precip-
itation, but without a stable snow cover, which
contributed to the leaching of nutrients from the
soil and the death of some plants from soaking.
Weather conditions in spring and summer were
generally typical for the Leningrad region.

2021. The autumn-winter period of 2020/21
again saw a warm and prolonged autumn, with
snow cover established in mid-December. The
summer period was characterized by hot and
very dry weather, the HTC for the period from
flowering to harvesting was only 0.3.

RESULTS AND DISCUSSION

As the studies have shown, under the condi-
tions of weather in the autumn-winter period -
prolonged warm autumn and moderately cold
winter - usual for the North-Western region of
the Russian Federation at present, winter hardi-
ness of winter rye plants, regardless of the va-
riety, almost did not change with autumn fertil-
ization, remaining at the level of the control (see
Tables 1, 2). A weak effect was observed only
in 2020, which was characterized by an abnor-
mally warm winter. The variety Volkhova reli-
able difference from the control was observed
only in the variant with the maximum dose of
ammonium nitrate and was only +7.3%. Winter
hardiness of plants of the variety Eureka slightly

Ta6ua. 1. 3uMOCTOMKOCTB pKH 03UMOM copTa
BonxoBa npu oceHHEM BHECEHUH Pa3HBIX /103 aM-
MOHMIHOW 1 KanuiHoi ceautpsl, 2019-2021 rr., %

Table 1. Winter hardiness of the winter rye variety
Volkhova at autumn application of different doses of
ammonium and potassium nitrate, 2019-2021, %

Type of fertilizer Winter hardiness
applied in autumn [ o N1O N0 N30
2019
KNO, — 63,3 64,1 62,6
NH,NO, - 65,8 64,6 63,4
Control 63,1 - - -
LSD, s 7,8
F,.. AC 4,5/3,2
F,. AC 0,3/0,2
2020
KNO, - 78,1 70,5 73,9
NH,NO, - 76,9 79,4 83,1
Control 75,8 - - -
LSD, s 6,2
F,.. AC 4,5/3,2
F,. AC 4,5/0,7
2021
KNO, - 76,5 74,6 75,2
NH,NO, - 80,2 73,1 76,2
Control 78,4 - - -
LSD, s 16,4
F oo AC 4,49/3,23
F,. AC 0,04/0,32

Note. Here and in Table 2. NO, N10, N20, N30 — fertilizer
dose 0, 10, 20, 30 kg/ha by active substance nitrogen, respec-
tively. Factor 4 — type of fertilizer, factor C — fertilizer dose.

increased already at N, , but in general the effect
was also little reliable — the maximum increase
in plant survival was 7.4% at N, . At the same
time, the introduction of potassium did not give
the expected protector effect, which may be due
to the fact that in modern realities, the safety of
winter rye plants in winter is determined mainly

8 Siberian Herald of Agricultural Science ¢ 2023 « 53 « 12

Agriculture and chemicalization



Brnsiane aMMOHMIHON M KaIWIHON CETUTPBI HA 3UMOCTOMKOCTD
1 ypOXKaWHOCTb PXKHU 03UMOi (Secale cereale L.)

Terporuesa H.A., [TackiakoBa E.H.

Taba. 2. 3UMOCTOMKOCTD P3KU 03UMOM copTa
OBpHKa PU OCEHHEM BHECEHHH Pa3HBIX /103 aMMO-
HUNHOHU U KanuiiHoi cenutpsl, 2019-2021 rr, %

Table 2. Winter hardiness of the winter rye variety
Eureka at autumn application of different doses of
ammonium and potassium nitrate, 2019-2021, %

Taoa. 3. YpoxaliHOCTb p>ku 03UMOl copTa Boin-
XOBa TIPU Pa3HBIX CPOKAX M JI03aX BHECEHHS aMMO-
HUIHOM W KanuitHoH cenutpsl, 2019-2021 rr., T/ra
Table 3. The yield of winter rye variety Volkhova
at different dates and doses of ammonium and

potassium nitrate application, 2019-2021, t/ha

. Crop yield
Type of fertilizer Winter hardiness Option
applied in NO | N30 | N0 | N9o
autumn NO N10 N20 N30 20]9
2019 KNO, autumn + NH,NO, spring | — [2,46|2,99 1,95
KNO, - 740 | 750 1 7838 NH,NO, autumn + NH,NO, — [2,57]3,11[1,98
spring
NH -~ 2 4
MNO, 7, 74,0 750 KNO, spring + NHNO, spring | — |2,513,482,06
Control 74,9 - - - NH,NO, spring = 223276 1.98
LSDo,os 12,2 Control 2,05 — — —
o A/C 45032 LSD, . 0,16
F. A/C 0.01/0.15 F oo A/B/C 2,90/2,90/2,82
act > > COT.
F, A/B/C 4,30/87,16/62,68
2020 2020
KNO, - 768 | 757 | 794 KNO,autumn+NHNO,spring| — [2,11]3,18]3,05
NH,NO, - 824 | 842 | 853  NH,NO,autumn+NH,NO, — [2.41]3,29]3,49
spring
Control 77,9 - - - - -
KNO, spring + NH NO, spring | - |{3,80(4,15 3,60
LSD, 8,0 NH,NO, spring — 12,93[3,29]3,97
F,..A4C 4,5/3,2 Control 2,16 — - -
F, A/C 7,0/1,0 LSD, 0,44
F,__A/BIC 2,90/2,90/2,82
2021 F_ A/B/C 4,48/17,23/12,32
KNO, - 83,4 78 83,6 3001
NH,NO, - 86,3 80,9 76,8 KNO, autumn + NH NO, spring| - {2,38]2,63 (2,17
Control 841 - B - NH,NO, autumn + NH,NO, — [2,88]281 1,72
spring
LSD, 11,1 KNO, spring + NH,NO,spring | — |1,32{2,69]2,19
teor. A/C 4,5/3,2 NH,NO, spring - |1,75(2,25|1,62
F, A/C 0,01/1,04 Control 139 - | - | -
LSD, 0,55
F, A/BIC 2,90/2,90/2,82
not by frost resistance, and resistance to soak- F o A/B/C 2,96/16,10/11,35
ing and uprooting, potassium, as is well known, Average for 3 years
contributes to an increase in frost resistance of ~_KNO;autumn + NH,NO,spring| — }2,32]2,93 2,39
plants_ I\II‘LJ\I(:)3 autumn+NH4N03 - 2,62 3,07 2,40
Tables 3 and 4 present data on the yield of —E-te— -
. .- . KNO, spring + NH,NO, sprin - |2,54(3,44|2,64
winter rye varieties Volkhova and Eureka at dif- :°P g 45 SPTE
. : . . NH,NO, spring - 12,30(2,77 (2,52
ferent variants of ammonium and potassium ni- 43
trate application. Control L8 =] = | -

In 2019, Volkhova variety showed the highest
yield at N in all the variants. With abundant ni-
trogen nutrition (N,) in conditions of rainy July,

Note. Here and in Table 4. NO, N30, N60, N90 — dosage
of fertilizer 0, 30, 60, 90 kg/ha by active substance and nitrogen,
respectively. Factor A — type of fertilizer, factor B — timing of
fertilizer application, factor C — fertilizer dose.
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Taobu. 4. YpoxallHOCTb paKH 03UMON copTa DBpHKa
MIPH pa3HBIX CPOKAX M JJ03aX BHECEHHS] aMMOHMM-
HOW 1 KanuiiHo# cenutpsel, 2019-2021 rr., T/ra

Table 4. The yield of winter rye variety Eureka
at different timing and doses of ammonium and
potassium nitrate application, 2019-2021, t’ha

Crop yield

Option NO | N30 | N60 | N90
2019
KNO, autumn + NH,NO, spring | — |2,38(2,55|3,40
NH,NO, autumn + NHNO,| - [2,43]2,702,69
spring
KNO, spring + NH NO, spring - 12,45|2,86 (3,19
NH,NO, spring - 12,2712,63|2,60
Control 221 — - -
LSD, s 0,35
F..A/B/C 2,90/2,90/2,84
F.. A/B/C 2,90/7,34/7,49
2020
KNO, autumn + NH NO, spring | — |3,03|4,08 3,92
NH,NO, autumn + NHNO,| - |3,51|4,17|4,78
spring
KNO, spring + NH,NO, spring - 13,35]|4,11 5,17
NH,NO, spring - 13,5214,3714,40
Control 2,751 - - -
LSD, 0,48
F..A/B/C 2,90/2,90/2,84
F.. A/B/C 2,90/50,55/35,62
2021
KNO, autumn + NHNO, spring | — |2,06|2,38|2,13
NH,NO, autumn + NHNO,| - [1,69]2,13]1,90
spring
KNO, spring + NH,NO, spring - | 1,44]1,63|1,75
NH,/NO, spring - 11,7011,73 11,76
Control 1,28 — - —
LSD,,, 0,28
F..A/B/C 2,90/2,90/2,84
F__A/B/C 15,2/38,9/31,1

fact.

Average for 3 years

KNOSautumn+NH4NO3spring - 12,4913,00]3,15
NHNO, autumn + NHNO,| - [2,54|3,00 3,12
spring

KNO, spring + NH NO, spring - |2,41]2,86 (3,37
NH,NO, spring - 12,5012,91|2,92
Control 2,08 — - -

this variety showed strong regrowth of podding,
which caused a significant decrease in the yield.
According to the timing and type of fertilizer
at the optimum dose of nitrogen (N ) the most
effective was a simultaneous spring application
of a mixture of ammonium and potassium ni-
trate, which may indicate the positive effect of
an additional source of potassium ions for plant
development in the spring and summer period.
Eureka variety showed maximum yield at N, in
the variants with potassium nitrate. This can be
explained by the fact that the less developed root
system of Eureka, as a shorter-stemmed variety,
in conditions of cold rainy weather during the
grain filling phase less effectively used nutrients
from the soil. At the same time, a good supply of
potassium, which stimulates, as is known, plastic
metabolism, somewhat corrected the situation at
high doses of fertilizers. Significant differences
between the variants with different timing of fer-
tilizer application were not revealed.

In 2020, the situation was comparable to
2019 — the yield of the Volkhova variety reliably
increased to N, the Eureka variety —to Ny . The
determining role in 2020 was played by the resis-
tance of plants to lodging, as weather conditions
were favorable for intensive grain filling, but at
the same time contributed to increased lodging.
At N, the degree of lodging of the Volkhova va-
riety reached 60-80% in all variants, while the
lodging resistance of the Eureka variety did not
exceed 20%°. As a result, the maximum yield
of the Eureka variety exceeded the maximum
yield of the Volkhova variety by 24.5%. In terms
of timing and type of fertilizer application, the
most effective within the optimal nitrogen dos-
es for each variety, as well as in 2019, were the
variants of a single fertilizer application with the
presence of potassium.

In 2021, fractional fertilizer application was
more effective — Volkhova plants reached max-
imum yield at N, and Eureka at N . This is
probably due to the prolonged dry weather that
occurred during the entire period from flowering
to harvesting, when the large doses of fertiliz-
ers made at once in the spring could not be ful-

3Petroviseva N.A. New variety of winter rye Eureka and evaluation of its resistance to lodging under different schemes of nitrogen fertilizer
application // Agrobiotechnology - 2021: collection of articles of the international scientific conference. (Moscow, November 24-25, 2021). Moscow,

2021, pp. 601-605.
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ly assimilated by plants in conditions of severe
moisture deficit. Also, in contrast to the previous
2 years, the positive effect of potassium applica-
tion was not manifested. This can be explained
by the fact that, as the results of 2019 and 2020
showed, potassium application influenced main-
ly the spring-summer vegetation. In conditions
of severe summer drought, potassium supply to
plants was limited not by the amount of the el-
ement in the soil, but by the ability of plants to
extract it.

CONCLUSIONS

1. Winter hardiness of winter rye plants, re-
gardless of the variety, was not affected by the
autumn application of neither ammonium nor
potassium nitrate.

2. The effectiveness of different doses of fer-
tilizers was determined by the variety and weath-
er conditions: the Volkhova variety achieved
the maximum yield at low and medium doses
of fertilizers (30 kg a.i./ha for nitrogen in 2021
and 60 kg a.i./ha for nitrogen in 2019 and 2020),
the Eureka variety - at medium and high (60 kg
a.i./ha for nitrogen in 2021 and 90 kg a.i./ha for
nitrogen in 2019 and 2020). At the same time,
under favorable conditions in 2020 the highest
yield shown by the variety Eureka exceeded that
of the variety Volkhova by 24.5%.

3. Within the limits of the same nitrogen dos-
es, a positive effect on yield of potassium nitrate
application at a single spring application of fer-
tilizers was observed - for the Volkhova variety
at N, and N, for the Eureka variety - at N,
(except for extremely dry 2021, when the effect
of potassium nitrate application was not mani-
fested). With fractional application of fertilizers,
the effect of potassium nitrate application is not-
ed only on the variety Eureka at N, .
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IPOEKTUBHOCTD UCITOJIB3OBAHUS KAC-32 U BUOIIPEITAPATA
CTEPHU®AT HA SIPOBOH IMIIEHUIIE, BBIPAIIIUBAEMOI C IPUMEHEHUEM
TEXHOJIOI'MU NO-TILL

<) Kuzumosa T.A.', Kopooosa JI.H.?

'Cubupcruii ¢hedepanvuviil HayuHblil yenmp azpobuomexnono2utl Poccutickotl akademuu Hayk
HoBocubupckas o6nacts, p.i. Kpacnoo6ck, Poccust

2Hosocubupckuti 20cy0apcmeeHHblil a2papHblil YHUGepcumem

HoBocubupck, Poccust

(<De-mail: tanya.luzhnykh@mail.ru

W3noxxeHsl pe3yasraTbl COBMECTHOTO puMeHeHus Ouomnpenapara Crepaudar, CI1 Ha ocHoBe rpu-
0a Trichoderma harzianum w xapOoamuHo-amMmmuadHoi cMecu (KAC-32) Ha spoBO# MINICHHIIE, BO3-
nensiBaeMoit o texHosoruu No-till B ceBepHoit necocternmu [1pro0Ons. [lanHas 30Ha OTIIMYAETCS KO-
POTKHUM BETETAIIMOHHBIM ITEPHOIOM U CpeTHEMHOTOIETHIM Kod(dutmenTom ynaxuaenus 1,04-1,08.
B takux ycnoBusix texnonorus No-till, umm mpsmoii moces, MO3BOSIET MUHUMU3UPOBATh 3aTPaThl
Ha MPOM3BOACTBO 3epHa. [Ipu BeIpalmMBaHUM KyJIbTYpPbI MO0 YKa3aHHOW TEXHOJOTHU B YCIOBHUSX Ce-
BEPHOI JIECOCTENH OTOABHUIAIOTCS CPOKH TIOCEBA, YTO aKTyaJlU3UpPYyeT MCIONb30BaHue Ouompenapa-
Ta JJIsl YCKOPEHHSI MUHEPaJIN3al[H COIOMUCTBIX OCTaTKOB. B MPOM3BOICTBEHHOM M CTAIllHIOHAPHOM
OIIBITAX HA BBHIILEJIOUYCHHOM YepHO3EME COBMECTHOE NpuMeHeHne CrepHudara 1 a30THOIO yI00peHHs
OCeHbI0 npenpinyiero roga Ha 33,0-49,0% akTUBH3HPOBAIIO PA3NIOKEHHE PACTUTENBHBIX OCTATKOB
Ha BTOpOi miuenune. Buecenne Ouomnpemnapara coBmectHo ¢ KAC-32 mo3BoIMI0 TOIYyYUTh B TOMBI
WCCIIeZI0BaHUs JIONOJIHUTENBHO ¢ 1 ra mo 1,5 u 0,96 T 3epHa sspoBoil nmeHutsl (43,7-44,4%) 3a cuer
yBenmueHust Macchl 1000 3epeH, 03epHEHHOCTH KOJIOCA U JIYUIISH COXPAaHHOCTH PACTCHHI K YOOPKE.
ITpumenenue 6monpenapara Crepuudar u KAC-32 Ha apoBoOii MIIEeHNIIE, BHIPAIIIIBAEMOIl HAa OCHO-
Be TexHoyoruu No-till B ceBeproli nmecoctenu [IproOss, skoHOMUYeCKH BBITOAHO. OHO CITOCOOCTBY-
€T MOBBIIIeHUIO IpHOBLTH B 2,0—2.4 pa3a U pocTy ypOBHSI PEHTA0EITHFHOCTH MPOU3BOACTBA 3€pHA Ha
27,0-36,0%. Pe3ynbsTaTMBHOCTH BO3/AENBIBAHUS KYJABTYPHI Ha (DOHE >KUAKOTO a30THOTO YAOOpPEHHS
KAC-32 nmxe. B aToM BapuaHTe 3epHOBasi IPOAYKTHBHOCTH SIPOBOM MIIEHUIBI IO OTHOLIEHUIO K
KOHTPOJIIO Bo3pactaina B 2018 T., oTiMuaBIIeMCcs TIOBBIIICHHOW BIIaXXHOCThIO, Ha 1,1 T/ra, B 2020 I,
XapaKTepru3yeMoM HIOHBCKOM 3acyxol, Ha 0,74 T/ra. YpoBeHb peHTa0CIbHOCTH POU3BOJICTBA 3epHA
pu npuMenennu KAC-32 Brimmie, ueM B koHTpoIIe, Ha 15,0—17,2%.

KuaroueBbie ciioBa: sipoBas mennna, ouomnpenapar Crepaudar, KAC-32, ypoxaifHOCTb, YKOHO-
Mudeckast 3(p(HEeKTHBHOCTh

EFFICIENCY OF USING UAN-32 AND STERNIFAG BIOPREPARATION
ON SPRING WHEAT GROWN WITH NO-TILL TECHNOLOGY

CX)Kizimova T.A.!, Korobova L.N.2

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

*Novosibirsk State Agrarian University

Novosibirsk, Russia

(<De-mail: tanya.luzhnykh@mail.ru

The results of joint application of the biopreparation Sternifag, WP based on the fungus Tricho-
derma harzianum and urea ammonium nitrate (UAN-32) on spring wheat cultivated using the No-till
technology in the northern forest-steppe of the Priobie region are presented. This zone is characterized
by a short growing season and a mean annual moisture coefficient of 1.04—1.08. Under such conditions,
No-till, or direct seeding, technology can minimize the cost of grain production. When growing crops
according to this technology in the conditions of the northern forest-steppe, the sowing dates are post-
poned, which actualizes the use of biopreparation to accelerate the mineralization of straw residues.
In production and stationary experiments on leached chernozem, the joint application of Sternifag and
nitrogen fertilizer in autumn of the previous year activated decomposition of plant residues on second
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D¢dpexruBHOCTh Hcnonb3oBanus KAC-32
n 6uonpenapara CrepHudar Ha sIpoBOif MIICHHUILE,
BBIpAIMBAEMON ¢ IPUMEHEHHEM TexHonoruu No-till

Kusumona T.A., Kopo6osa JI.H.

wheat by 33.0-49.0%. Application of the biopreparation together with UAN-32 allowed to obtain in the
years of research additional 1 ha 1.5 and 0.96 tons of spring wheat grain (43.7—44.4%) due to an increase
in the weight of 1000 grains, ear fineness and better preservation of plants for harvesting. Application of
biopreparation Sternifag and UAN-32 on spring wheat grown on the basis of No-till technology in the
northern forest-steppe of Priobie is economically beneficial. It is accompanied by an increase in profit by
2.0-2.4 times and an increase in the level of profitability of grain production by 27.0-36.0%. Effective-
ness of cultivation of the crop on the background of liquid nitrogen fertilizer UAN-32 is lower. In this
variant, grain productivity of spring wheat relative to the control increased in 2018, characterized by high
humidity, by 1.1 t/ha, in 2020, characterized by June drought, by 0.74 t/ha. The level of profitability of
grain production at application of UAN-32 is higher than in the control by 15.0-17.2%.
Keywords: spring wheat, biopreparation Sternifag, UAN-32, productivity, economic efficiency
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INTRODUCTION

The zone of the northern forest-steppe of Pri-
obie is characterized by a short growing season
and average annual moisture coefficient of 1.04-
1.08 (according to the data of the agrometeoro-
logical station "Ogurtsovo"), which is not typi-
cal for the application of No till or direct seeding
technology. However, even in such conditions,
the use of the specified farming system allows
minimizing the costs of spring wheat grain pro-
duction'. When cultivating according to the
above technology in the northern forest-steppe,
the sowing dates are postponed, which makes
the use of biopreparations to accelerate the min-
eralization of straw residues relevant [1-3].

In the No-till system the plant residues left af-
ter harvesting grain crops are 80.0% represented
by straw, which is the main mass of organic mat-

ter entering the soil. Organic matter accumulates
reserves of carbon, nitrogen, phosphorus, potas-
sium, thus acting as an additional source of nu-
trients. Up to 12-15 kg/ha of nitrogen, 7-8 kg/ha
of phosphorus, 20-25 kg/ha of potassium? go
back to the soil together with straw [4]. When
using resource-saving technologies and crop ro-
tations dominated by grain crops, due to slow
stubble decomposition (3-5 years on average),
large amounts of crop residues accumulate on
the soil surface, which leads to an increase in the
population density of phytopathogenic microor-
ganisms®. In this regard, it is important to select
biological means that will promote accelerated
decomposition of plant residues and simultane-
ously reduce the stock of soil infection®. Inoc-
ulation of soil with Trichoderma micromycetes
helps to solve these problems. This fungus is a

Wasilieva N.V., Dudkina E.A. No-till technology: efficiency and feasibility of application in the forest-steppe of Western Siberia // Modern
science in the conditions of modernization processes: problems, realities, prospects: a collection of scientific articles on the materials of VI Intern.

scientific-practical conf. Ufa, 2021, pp. 37-54.

2Lysov A.K., Novikova I.1., Morozov D.O. Application of Sternifag on grain crops // Plant Protection and Quarantine, 2015, N 7, pp. 23-34.

3Korobova L.N., Luzhnykh T A. Effect of biopreparation "Sternifag" on the decomposition of cereal stubble and productivity of spring wheat //
Agrarian science - agriculture: Proceedings of the XIV International Scientific and Practical Conference Barnaul, 2019, Book 1, pp. 208-210.

‘Kulagin O.V., Ivanova I.A., Kudashkin P1., Berdnikova T.V. Influence of weather conditions and treatment with Sternifag on the decomposition
of plant residues in the agrocenosis of wheat in the conditions of Priobie // Biological bases of plant protection: a collection of scientific articles on

the materials of VII Zhuchenkov readings. Krasnodar, 2022, pp. 138-143.
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Efficiency of using UAN-32
and Sternifag biopreparation
on spring wheat grown with No-till technology

Kizimova T.A., Korobova L.N.

recognized biocontrol agent and has the ability
to degrade complex polymers such as cellulose
and lignin. As a result, 7richoderma successful-
ly returns nutrients to the soil and enhances its
microbial activity in the long term [5-10].

Since the rate of decomposition of plant resi-
dues depends on the optimal ratio of C: N (about
20-30: 1), for better work of the fungus-destruc-
tor and regulation of such ratio it is necessary to
additionally apply a compensating dose of nitro-
gen fertilizers [11, 12].

The purpose of the study was to investigate
the effect of combined application of urea am-
monium nitrate (UAN 32) and biopreparation
Sternifag, WP (wettable powder) on the process
of decomposition of plant residues, economic
and economic efficiency of spring wheat grain
production in No till technology in the condi-
tions of the northern forest-steppe of Priobie.

MATERIAL AND METHODS

Field studies were conducted at the experi-
mental field and at the station of the Novosibirsk
State Agrarian University in the left-bank sub-
urbs of Novosibirsk in 2018 and 2020. The des-
ignated area belongs to the north forest-steppe
Priobsky agrolandscape region. It is believed
that up to 80.0% of grain yield variability in this
zone is determined by the moisture conditions
of the first half of the growing season [13]. Ac-
cording to hydro-thermal conditions, 2018 was
favorable for the formation of good grain pro-
ductivity. In this period, the moisture factor was
1.44 (according to Selyaninov). At the same time,
May was excessively cold (temperature deficit
of -4°C was recorded) and strongly overwatered.
As aresult, sowing dates had to be postponed by
two weeks. In terms of hydrothermal character-
istics, 2020 was sufficiently moist and warm. In
June 2020, a typical spring-summer drought was
observed in the Priobsky agro-landscape region
(56.0% of the monthly precipitation shortfall).
All this reduced potential grain yields.

The experiments were laid on leached cher-
nozem of medium loamy granulometric compo-

sition with neutral reaction of medium on stub-
ble background. The humus content was 6.4 and
6.7%, mobile P,O, — 230 and 213 mg/kg of soil
(according to Chirikov), exchangeable K,O —
213 and 186 mg/kg of soil, respectively. Novo-
sibirskaya 31 medium early spring wheat variety
(seeding rate 5.5 million seeds/ha) was sown.
Spring wheat was used as a forecrop.

The biopreparation Sternifag, WP and nitro-
gen fertilizer UAN 32 were applied by spraying
in the first ten-day period of October of the pre-
vious year. In 2018, plots of 15 ha were laid as
part of the production experiment. In 2020, the
experiment was a field experiment. The area of
plots of each variant of the experiment was 1 m?
(this is due to the fact that the experiments were
conducted as part of a stationary experiment, in
which zero-tillage technology was used since
2013). Repetition is eightfold, the arrangement
is randomized. The following experiment vari-
ants are presented:

1) control (without fertilizer application);

2) UAN-32 (application rate 60 kg a.i./ha);

3) UAN-32 (application rate 60 kg a.i./ha) +
Sternifag, WP (application rate 80 g/ha).

The selected dose of nitrogen is recommend-
ed for grain forecrops at intensive technology of
wheat cultivation in the subzone of the northern
forest-steppe®.

Urea-ammonia mixture is a liquid nitrogen
fertilizer containing three forms of nitrogen:
nitrate, ammonium (8.0% each) and amide
(16.0%).

Sternifag, WP is a biopreparation of the group
of biofungicides based on the fungus Trichoder-
ma harzianum (strain VKM F-4099D, titer 10
CFU/g), produced by ZAO "Agrobiotechnolo-
gy" (Moscow). It is recommended for use at a
rate of 80 g/ha.

In the production experiment 2018, in which
all technological operations were carried out by
machines, and in the experiment 2020, which
is a model of the production experiment, the
same dependencies were determined in field
conditions. The degree of decomposition of

SKiryushin V.I., Vlasenko A.N., Kalichkin V.K., Vlasenko N.G., Filimonov Y.P, lodko L.N., Sharkov I.N., Tarasov A.S., Ponko V.A., Yuzhakov A.L,
Khmelev V.A., Semendyaeva N.V., Kincht A.V., Sineschekov V.E., Novikov V.M., Shoba V.N., Kozhevnikov A.1., Usolkin V.T., Dobrotvorskaya N.I., Kim
S.A., Solosich N.A., Filimonova L.N., Konyaeva N.M., Polukhin N.I. Adaptive-landscape farming systems of the Novosibirsk region. Novosibirsk,

2000, p. 388.
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crop residues was established using the weight
method® twice during the growing season: after
sowing the crop and one month later. The bio-
logical grain yield was determined according to
the method of field experiment’. In each variant,
sheaves were sampled from 1 m? in five and six
repetitions and structural yield analysis was car-
ried out. The following indicators were deter-
mined: number of plants, productive bushiness,
grain weight, number of grains in the ear, weight
of 1000 grains (the last two indicators were tak-
en into account in 25 repetitions to improve the
accuracy of statistical processing). Microsoft
Excel and Snedecor programs were used for sta-
tistical data processing.

RESULTS AND DISCUSSION

On the experimental variants in both years
of research, more intensive decomposition of
crop residues was observed. In early June 2018.
as a result of a significant shortage of May tem-
peratures, the activity of natural microbiological
decomposition of crop residues in general was
strongly reduced. In this case, in the variant with
the application of UAN 32 straw residues de-
composed more than in the control by 16.3%,
in the variant with the joint application of UAN
32 and Sternifag the increase in the indicator
amounted to 33.4% (see the figure). A month
after sowing on the background of joint applica-

571,60
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& 5004 380.80
5, 400, 275.80
300 239.40 ﬁ@
= 200
Z 100-
0 Control =~ UAN-32  UAN-32+
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tion of Sternifag and UAN 32 straw remained 3
times less than it was initially, on the background
of UAN 32 — 2.4 times less. In the control, the
initial mass of straw decreased by 2 times.

In 2020, the joint application of UAN 32 and
fungal inoculant under conditions of optimal
thermal regime in spring further reduced the pe-
riod of decomposition of wheat straw residues.
In May, their amount decreased by 47.0% in
comparison with the control, and by 22.0% in
comparison with the variant that implied appli-
cation of UAN 32 alone. In the following month,
the volume of plant residues on the soil surface
at joint application decreased to 49.0%.

On the background of UAN 32 their number
decreased by 1.4 times compared to the control.

Additional release of nutrient elements from
plant residues in the experiment variants had a
positive effect on plant productivity, contribut-
ing to the formation of larger and more accom-
plished grain in spring wheat (see Table 1). In
2018, characterized by excessive moisture and
lack of heat in May, the combined use of bio-
preparation and fertilizer led to an increase in
the weight of 1000 grains by 4.7 g, in 2020,
which turned out to be wet and warm by 3.6 g.
The use of liquid fertilizer alone increased the
grain plumpness by 3.1 and 3.3 g, respectively.

In 2020, rainy weather in July and August
contributed to the decrease in the difference be-
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Bmusinue KAC-32 n 6uonpenapara CtepHudar Ha pa3iokeHUe CTEPHHU SIPOBOH MIICHUIIBI

Influence of UAN-32 and the Sternifag biopreparation on the decomposition of spring wheat stubble

*Photosynthesis and bioproductivity: methods of determination / edited by A.T. Mokronosov. Moscow: Agropromizdat, 1989, p. 460.

"Dospekhov B.A. Methodology of field experiment with the basics of statistical processing of research results. Moscow: Kolos, 1985, p. 351.
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tween the control and the variant with UAN 32
and Sternifag in terms of 1000 grain weight. The
excess of precipitation over the average annual
values amounted to 41.0 and 24.0%, respective-
ly. This provoked the development of root rots
(at this time they affect yield through 1000 grain
weight) and possibly enzyme-mycosis depletion
of grain. In 2018, grain filling took place in dry
August.

Structural analysis showed that the second
element that made a significant contribution
to the change in the yield of the experimental
variants was the density of productive stalks
by the time of harvesting. In 2018, the addi-
tion of Sternifag to UAN 32 increased plant
safety by 31.0% (+ 84.6 pcs./m?), in 2020 — by
14.8% (+ 38 pcs./m?). In the variant with UAN
32 the plant stand density by years exceeded
the control by 29.0 (+ 78.6 pcs./m?) and 8.7%
(+22.4 pcs./m?). It should be noted that the small
safety of plants to harvesting in the experiment
as a whole is most likely associated with the de-
velopment of root rot. This is a common phe-
nomenon for No till wheat cultivation technolo-
gy characterized by an increased background of
soil phytopathogens®.

In 2020, the joint application of Sternifag
and UAN 32 and liquid fertilizer separately also
contributed to the establishment of more grains
in the ear. The value of the index relative to the
control in the variants amounted to 4.2 and 2.0
pieces, respectively.

Changes in the yield structure under the in-
fluence of the joint use of Sternifag and UAN 32
led to a significant increase in crop productivi-
ty (see Table 2). The highest grain increment in
this variant was obtained in 2018 — 1.50 t/ha. In
2020, the economic efficiency was at the level of
0.96 t/ha. Relative to the control, grain produc-
tivity in 2018 increased by 43.7%, in 2020 — by
44.4%.

Application of UAN-32 in 2018 increased
wheat yield by 1.10 t/ha (32.0%), in 2020 — by
0.74 t/ha (34.3%). In 2018 in control and vari-
ants with fertilizer and biopreparation applica-
tion, grain of different quality and class was ob-
tained. In the control the content of gluten was
28.8%, protein — 13.5%, in the fertilized vari-
ants — respectively 29.2-33.0 and 15.0-16.5%,
1.e. the class of grain was higher, due to which
the selling price increased.

Calculation of economic efficiency showed
that the increase in grain yield after application
of UAN 32 together with Sternifag and UAN 32
separately at the stated rates of consumption pro-
vided an increase in profit (see Table 3). The ef-
fect from the use of fertilizer and biopreparation
exceeded all the costs associated with their pur-
chase, application and harvesting of additional
yield. The level of profitability of grain produc-
tion in the experimental variants was the highest
in 2018: from 153.0% in the control to 189.0%
in the UAN 32 + Sternifag variant (an increase
of 36.0%, or 1.24 times). When applying only

Ta6a. 1. Crpykrypa ypoxKaitHOCTH sIpoBOM MiieHUIB Ha GoHe npumeHenus Crepaudara u KAC-32

Table 1. Yield structure of spring wheat against the background of the use of Sternifag and UAN-32

Option Num‘t}))e(::rs.(;rf;lglants, l::;g:iﬁg:: Nu}r)r;‘:)eera;),fpirzms Weight of 1000 grains, g

2018

Control (without fertilizers) 270,00 2,70 1,17 33,70 + 0,50 32,20 £ 0,80

UAN-32 (60kg a.i./ha) 348,60 + 7,20 1,12 33,20+ 0,04 35,30 £ 0,60

UAN-32 (60 kg a.i./ha) +

Sternifag (80 g/ha) 354,60+ 5,70 1,16 32,40+ 0,50 36,90 + 1,00
2020

Control (without fertilizers) 256,40 + 3,19 1,11 28,80 + 0,45 26,40 + 0,78

UAN-32 (60 kg a.i./ha) 278,80 + 5,86 1,14 30,80 + 0,84 29,70 £ 0,50

UAN-32 (60 kg a.i./ha) +

Sternifag (80 g/ha) 294,40 + 1,92 1,07 33,00+ 0,71 30,00 + 0,88

8Korobova L.N., Marmulev A.N., Lyakh A.A. Effect of soil treatment on the development of root rot of spring wheat in Priobie // Plant Protection

and Quarantine, 2017, N 10, pp. 45-46.
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Taoua. 2. Pasnuuus B ypoxaiiHOCTH sipoBoii mieHunbl Ha GpoHe BHeceHns KAC-32 u Guonpenapara

Crepuudar

Table 2. Differences in the yield of spring wheat against the background of the introduction of UAN-32

and the biological product Sternifag

2018 2020
Option Crop yield Increment to the Crop yield Increment to the
o/m? t/ha control, t/ha o/m? t/ha control, t/ha
Control (without fertilizers) 343,20 | 3,43 - 216,30 | 2,16 -
UAN-32 (60 kg a.i./ha) 449,20 | 4,49 +1,10 290,10 | 2,90 +0,74
UAN-32 (60 kg a.i./ha) + Sternifag (80 g/ha) 493,40 | 4,93 +1,50 311,90 | 3,12 +0,96
LSD, 72,90 | 0,73 37,80 | 0,38

urea-ammonia mixture, profitability increased to
168.0% (an increase of 15.0%, or 1.1 times).

In 2020, application of liquid fertilizer UAN
32 on spring wheat grown with No till technol-
ogy increased profit by 4300 rubles/ha, profit-
ability level - 1.6 times. In the control these indi-
cators amounted to 4694 rubles / ha and 27.7%,
respectively. In the variant with the application
of UAN 32 and Sternifag economic effect was
naturally higher. Profit amounted to 11044 ru-
bles / ha; the level of profitability increased by
2.0 times.

The level of payback of 1 rubles of costs
for spring wheat grain production under No till
technology with the joint use of UAN 32 and
Sternifag in the experiment 2018 amounted to
2.91, in the experiment 2020 - 1.54. In the vari-
ant with UAN 32 it was less - 2.68 and 1.44. In

the control, the level of payback of 1 rubles of
costs amounted to 2.47 and 1.28, which reflects
the increase in economic efficiency of growing
spring wheat in the northern forest-steppe of Pri-
obie at the application of UAN 32 and, especial-
ly, its tank mixture with the biological prepara-
tion Sternifag, WP.

CONCLUSIONS

1. Preparation Sternifag, WP on the basis of
fungus Trichoderma harzianum when used to-
gether with UAN 32 within the No till technolo-
gy in the conditions of the northern forest-steppe
of Priobie contributed to the acceleration of min-
eralization of plant residues in the soil and on
its surface by 33.0-49.0%. The use of UAN 32
alone accelerated the decomposition of straw

Taba. 3. DxoHOMHUYECKHE TTOKa3aTenn ucronb3oBadms KAC-32 u 6uonpenapara CrepHudar Ha spoBOM
TIIIICHUTIE, BRIPAIIIBAEMON ¢ IPUMEHEHNEM TexHomorun No-till

Table 3. Economic indicators of the use of UAN-32 and the biological product Sternifag on spring wheat

with No-till technology

Option Cros 1ﬁeld, cf)rs(;?slfl;ilzz y Costs,hgubles/ Proﬁt,hgubles/ Proﬁt(;)bility,
a
2018
Control (without fertilizers) 3,40 23 800 9628,30 14171,70 153,00
UAN-32 (60 kg a.i./ha) 4,50 40 500 15095,40 25404,50 168,00
UAN-32 (60 kg a.i./ha) + Sternifag (80 g/ha) 4,90 44100 15215,40 28884,60 189,00
2020
Control (without fertilizers) 2,16 21 600 16 906 4694 27,70
UAN-32 (60 kg a.i./ha) 2,90 29 000 20 006 8994 44,90
UAN-32 (60 kg a.i./ha) + Sternifag (80 g/ha) 3,12 31200 20 156 11 044 54,70
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residues by 16.0-27.0%. This improved the nu-
trition of spring wheat plants and stimulated the
grain yield.

2. The maximum increase in wheat grain
at the use of zero technology was provided by
the joint application of liquid fertilizer UAN 32
at a dose of 60 kg a.i.d./ha and biopreparation
Sternifag, WP at a concentration of 80 g/ha. The
yield of spring wheat in this variant in the years
of the study exceeded the control by 43.7 and
44.4%, amounting to 4.93 and 3.12 tons of grain
per 1 ha. Application of the preparation with a
destructor and bioagent (trichoderma) increased
the weight of 1000 grains and the safety of plants
for harvesting by 31.0 and 14.8%, respectively.
In addition, the number of grains in the ear in-
creased.

3. Application of liquid nitrogen fertilizer
UAN 32 contributed to better grain plumpness
and plant preservation: these indicators increased
by 29.0 and 8.7% in relation to the control. This
increased grain productivity of spring wheat by
1.10 t/ha in wet 2018 and by 0.74 t/ha in 2020,
characterized by June drought.

4. Application of UAN-32 and bioprepara-
tion Sternifag, WP on spring wheat within the
No till technology in the northern forest-steppe
of Priobie is economically profitable. Their joint
application increases the profit by 2,00-2,35
times with the growth of profitability of produc-
tion by 27,0-36,0%. In this variant the economic
effect of payback of 1 rubles of costs for grain
production corresponds to the level from 1.54 to
2.90.

5. Effectiveness of cultivation of the crop at
application of UAN 32 fertilizer is lower. The
level of payback of 1 rubles of costs in this vari-
ant is from 1.44 to 2.68 and is accompanied by
an increase in profitability of spring wheat grain
production by 15.0-17.2%.
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®JIYOPECHEHTHAS PEAKIIUSA TPOPOCTKOB INIIEHUIBI
INPU NHOULIUPOBAHUWUMU BIPOLARIS SOROKINIANA

T'ypoBa T.A., YecHouenko H.E.

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

(<)e-mail: guro-tamara@yandex.ru

[IpencraBiensl pe3ynbTaThl UCCIEOBAHMH (OTOCHHTETUYECKOH aKTUBHOCTH MPOPOCTKOB TPEX
COPTOB SIPOBOM MSIKOW MIIEHUIIBI, BEIPAILICHHBIX B PEryJIUPYEMbIX KINMATHUECKUX YCIOBHSX, U UX
peaxkuuy Ha HHGHULUHPOBaHKE BO3OyAUTEIEM OOBIKHOBEHHOIN KOPHEBOI THUIIM 371aKOB Bipolaris soro-
kiniana Shoem. no mapamerpam ¢uryopecuenuun xiopoduimia (OPnX). OnX perucrpupoanu ¢iyo-
pumerpom Dual-PAM-100/F B pexume 3amuicd MEIJIEHHOH KMHETHKH TEMHOBBIX MHIYKIIMOHHBIX
KPHBBIX C HMITYJIbCHBIM aHanu3oM HacbimeHus (Slow Kinetics). MccnenoBanus nposoaunu B 2021,
2022 rr. YcraHoBieHa copToBas crieluduka GopMUPOBaHUS aIaNTHBHBIX peakiuii 10—16-cyTouHbIX
MIPOPOCTKOB SPOBOM MIICHUIIBI IIPU HHPUITUPOBaHUU B. sorokiniana (5000 koHUIMIA Ha 3€PHO) TIO TT0-
cyTrouHoi auHaMmuke napamerpoB @nX. IloarBepxnena nHpopmaruBHOCTH apameTpoB OnX Y(II),
ETR, qP, Fv/Fm, Fv/Fo, Y(NPQ), gN n Y(NO) B kadecTBe OHOMapKepOB OLIEHKH yCTOHYMBOCTHU COP-
TOB K [IaTOTeHYy Ha YpOBHE (POTOCHHTETUUECKOTO anmnapata. Peakuus 6onee ycTOHYHBBIX COPTOB TIILIE-
Hutsl HoBocubupekas 29 u Cubupckas 21 Ha BHeipeHNEe aToreHa 0Ka3ajlach MeHee BRIpakKeHHOM! 110
CPaBHEHHIO ¢ MeHee ycToiurnBbIM coproM HoBocuOupckas 41. Y Gonee ycTOWYNBBIX COPTOB YCTaHOB-
JIeHbl HAUMEHbIIME U3MeHeHHs napaMeTpoB PnX oTHOCUTENbHO KOHTpOs. Hanbosmbie mexcopTo-
BBIE pa3u4us Ipu HHPUIMPOBaHUU B. sorokiniana (ot 1,9 no 8,6 paza) mposBisuuch y 16-CyTOYHBIX
IIPOPOCTKOB. YPOBEHb (POTOCHHTETUUECKON aKTUBHOCTH NpU (POPMUPOBAHUM aIalITUBHBIX PEAKLUI
Ipu marorenese B. sorokiniana MOXET CIy’KUTb KPUTEPHEM CTPECCOYCTOHYMBOCTH, UYTO MO3BOJIUT
MIPOBOJUTH KOMIUIEKCHBIE UCCIIETOBAHNS 110 MOJICIMPOBAHUIO CUCTEMBI PACTEHHE — XO35IMH — ITaTOTeH,
OIIEHMBATh MIEPBUYHBIC HECTIEIIM(PHUECKHAE PEAKIINN U aTallTUBHBIE KOMIIOHEHTHI CTPECCOYCTONYMBO-
CTH COPTOB SPOBOM MILIEHUIIBI.

KuiroueBble ci10Ba: MiieHua, cOpT, yCTOHUYNBOCTh, OMOCTpeccop, POTOCHHTE3, apaMeTpsl (iryo-
pecueHIrn XJIopopuinia

FLUORESCENT REACTION OF WHEAT SEEDLINGS WHEN INFECTED BY
BIPOLARIS SOROKINIANA

<)Gurova T.A., Chesnochenko N.E.

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

(<)e-mail: guro-tamara@yandex.ru

Results of the studies of photosynthetic activity of seedlings of three varieties of spring soft wheat
grown under controlled climatic conditions and their response to infection with the pathogen of com-
mon root rot of cereals Bipolaris sorokiniana Shoem. by chlorophyll fluorescence (ChlF) parameters
are presented. Chlorophyll fluorescence was recorded with a Dual-PAM-100/F fluorimeter in the mode
of recording slow kinetics of dark induction curves with pulse saturation analysis (Slow Kinetics). The
studies were conducted in 2021, 2022. The varietal specificity of formation of adaptive reactions of
10-16-day-old spring wheat seedlings under infection with B. sorokiniana (5000 conidia per grain)
according to the daily dynamics of the ChlF parameters was established. The information content of
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the ChlF parameters Y(II), ETR, qP, Fv/Fm, Fv/Fo, Y(NPQ), gN and Y(NO) as biomarkers for assess-
ing pathogen resistance of the varieties at the level of photosynthetic apparatus was confirmed. The
response of the more resistant wheat varieties Novosibirskaya 29 and Sibirskaya 21 to the pathogen
introduction was less pronounced compared to the less resistant variety Novosibirskaya 41. The more
resistant varieties exhibited the smallest changes in the ChlF parameters relative to the control. The
greatest inter-variety differences in infection with B. sorokiniana (from 1.9 to 8.6 times) were man-
ifested in 16-day-old seedlings. The level of the photosynthetic activity in the formation of adaptive
reactions during the pathogenesis of B. sorokiniana can serve as a criterion of stress resistance, which
will make it possible to conduct complex studies on modeling the system plant — host — pathogen, to
assess the primary nonspecific reactions and adaptive components of stress resistance of spring wheat

varieties.

Keywords: wheat, variety, resistance, biostressor, photosynthesis, chlorophyll fluorescence pa-

rameters
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INTRODUCTION

Common root rot of cereals (causative agent -
fungus Bipolaris sorokiniana Shoem.) is a harm-
ful disease of wheat in major grain-growing ar-
eas of the world, including the Siberian region
[1, 2]. The average yield loss is 15-25% as a re-
sult of the reduction of productive bushiness, ear
greenness and grain weight'.

One of the ways to reduce the negative effect
of the disease and obtain high and stable grain
yields of spring wheat is the creation of adaptive
(resistant) to the disease varieties in breeding,
as well as their reasonable choice in agrotech-
nologies [3]. Stress resistance is a complex trait,
which is realized in different genotypes through
a variety of adaptive reactions (specific and
nonspecific) and can change during ontogene-
sis. To obtain an objective assessment of gen-
otype resistance, it is necessary to apply a set
of methods that assess resistance at the cellular,

organismal and population levels?. Most often in
breeding programs, resistance of varieties to the
pathogen is assessed in the field by the devel-
opment and prevalence of the disease, as well
as by yield depression [4]. In addition to the in-
tensity of the disease symptoms, it is proposed
to determine the varietal etiology of root infec-
tions and the phytosanitary condition of the soil
in the rhizosphere of the evaluated plants during
the growing season on all infected underground
organs [5]. Field methods, being quite accurate,
are time-consuming and labor-intensive®. In the
realization of a comprehensive approach to di-
agnostics of stress tolerance, there is a need to
search for evaluation criteria and development
of non-destructive selection methods, allowing
to accelerate the screening of resistant genotypes
to biotic stress, especially at early stages of plant
development. Biophysical methods, including
those based on the analysis of photosynthesis,

'Dolzhenko V.I., Vlasenko N.G., Vlasenko A.N. et al. Zonal systems of spring wheat protection from weeds, diseases and pests in Western Siberia.

Novosibirsk: SibNIIZIH, 2014, 124 p.

*Gurova T A., Denisyuk S.G., Lugovskaya O.S., Svezhintseva E.A., Mineev V.V. Methodological provisions of early diagnostics of spring wheat
and barley resistance to the combined action of stressors. Novosibirsk: SFSCA RAS, 2017, 62 p.

3Goncharova E.A., Eremin G.V., Hasanova T.4. Express methods for assessing stress tolerance of agricultural crops and their diagnostic strategy
for breeding // Reports of the Russian Academy of Agricultural Sciences, 2015, N 5, pp. 21-24.
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one of the stress-sensitive processes in plant
cells, meet such requirements [6, 7].

During photosynthesis, all light energy ab-
sorbed by chlorophyll molecules is expend-
ed in photochemical reactions (photochemical
quenching), thermal dissipation (non-photo-
chemical quenching), and fluorescence, process-
es that compete to deactivate excited states of
photosystem II (PS II) pigments*. Fluorescence
values are proportional to changes in the energy
used in photochemical reactions and its dissi-
pation into heat. By the method of chlorophyll
fluorescence (ChlF) registration it is possible
to determine the disturbance of photosynthetic
activity of plants, including the share of energy
used for photochemical reactions [8]. Changes
in the emission of ChlF are directly or indirectly
related to all stages of the light phase of the pho-
tosynthesis process: water photolysis, electron
transfer, generation of a pH gradient on thyla-
koid membranes, and ATP? synthesis [9]. The
method of ChIF registration widely used in re-
search is nondestructive, highly sensitive and al-
lows obtaining information on the efficiency of
photosynthesis and the integrity of the photosyn-
thetic apparatus of plants at the earliest stages of
stress development® [10]. In particular, it is used
to assess the resistance of wheat and barley to
abiotic and biotic stresses: temperature, drought,
increased acidity, salinity, herbicides and diseas-
es [6, 11-14]. Most often, a set of characteristics
of ChIF kinetics of plant leaves obtained by the
Pulse-Amplitude-Modulation method on mod-
ern RAM-fluorimeters is used in the assessment
[15].

The method of ChIF registration is also used
in the study of root rot infection of winter and
spring wheat plants. The stages of photosynthe-
sis of the plants most susceptible to B. sorokini-
ana infection are determined [16]. They identify
promising parameters for assessing the condi-

tion of infected plants before visible changes in
shoots appear’[17].

There is insufficient research on varietal
specificity of formation of adaptive reactions of
plants under the action of the stressor to develop
a method for assessing stress tolerance of spring
wheat varieties to B. sorokiniana.

The purpose of the work was to investigate
adaptive reactions of spring soft wheat variet-
ies to the action of biostressor B. sorokiniana
by daily dynamics of ChlF kinetics parameters
to assess stress tolerance of the varieties and to
establish maximum intervarietal differences de-
pending on the age of seedlings.

MATERIAL AND METHODS

Experimental work was carried out in the lab-
oratory of the study of physical processes in ag-
rophytocenoses of SFSCA RAS.

The research was carried out in vegetation
experiments (water crops) in laboratory con-
ditions on seedlings of released medium early
varieties of spring soft wheat Novosibirskaya
41, Sibirskaya 21 and Novosibirskaya 29 of Sib-
NIIRS - ICG SB RAS selection.

Experiment options:

— control (no stressor load);

— infection background (infection of seeds
with B. sorokiniana 5000 conidia per grain).

The level of stress load — conidial suspension
of B. sorokiniana 5000 conidia per grain — was
determined by us in specially conducted vege-
tation experiments as allowing to differentiate
wheat varieties of Siberian selection when as-
sessing their resistance to this stress factor by
biometric indices and permeability of cell mem-
branes of seedlings [18].

Wheat seeds were pre-sterilized with 96%
ethyl alcohol for 1 min followed by three times
rinsing with distilled water. Then the seeds were
placed in Petri dishes with moistened filter pa-

*Baker N.R. Chlorophyll fluorescence: a probe of photosynthesis in vivo // Annual review of plant biology, 2008, vol. 59, pp. 89— 113. DOIL:

10.1146/annurev.arplant.59.032607.092759.

SGoltsev V.N., Kalaji HM., Paunov M., Baba V., Horacek T., Mojski J., Kotsel H., Allakhverdiev S.I. Use of variable chlorophyll fluorescence to
assess the physiological state of the photosynthetic apparatus of plants // Plant Physiology, 2016, vol. 63, N 6, pp. 881-907.

*Lysenko V.S., Varduni T.V., Sawyer V.G., Krasnov V.P. Plant chlorophyll fluorescence as an indicator of environmental stress: theoretical basis of

the method // Fundamental Research, 2013, N 4, pp. 112-121.

"Gurova T.A., Osipova G.M. Instrumental methods and hardware-software tools in solving the problem of stress resistance in crop production //

Computational Technologies, 2016, vol. 21, Special issue 1, pp. 65-74.
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per and germinated in the thermostat at 22 °C for
three days.

The seeds were infected in the germina-
tion phase (on the 3rd day of cultivation) with
a conidial suspension of a mixture of medium
pathogenic isolates of B. sorokiniana prepared
on 0.1% water agar (one drop per grain). Then,
the seedlings of control and experimental vari-
ants were grown in a climacamera "Biotron-7"
in roll culture on tap water under day-night pho-
toperiod of 16 and 8 h, respectively, illumination
20 000 and 0 Ix (day—night), temperature 22 and
18 °C (day—night), humidity 60%.

The daily kinetics and parameters of ChlF
were recorded using a Dual-PAM-100/F fluo-
rimeter (Heinz Walz, Germany) using the am-
plitude-pulse modulation method in the mode of
recording slow kinetics of dark induction curves
with pulse saturation analysis (Slow Kinetics)®.
The delay time for recording induction curves
after determining the minimum and maximum
ChIF a is 40 s, which is sufficient for complete
re-oxidation of acceptors ("opening" of reaction
centers). The interval between saturation pulses
when recording induction curves is 20 s, and the
data recording time is 4 min.

Excitation of chlorophyll a molecules was
performed by a blue LED with a wavelength of
460 nm, and detection of ChlF was performed
by a red photodiode with a wavelength of 680
nm. The operation of the fluorimeter was con-
trolled using specialized software. Before mea-
suring the ChlF, 10-16-day-old wheat seedlings
were adapted to darkness in the sample chamber
for 30 min to reach the fully oxidized state of
PS II acceptors (all reaction centers of PS II are
"open"). To record the ChlF parameters, a seed-
ling leaf was fixed on a tripod with an optical
holder and the program for recording the ChlF
induction curves was started. The following flu-
orescence parameters were obtained: F0, Fm',
minimum and maximum ChlF levels induced by
the light pulse after adaptation of leaves to dark-
ness; FO', Fm', minimum and maximum ChlF
levels induced by the light pulse after adapta-
tion of leaves to light; Fv/Fm, maximum pho-
tochemical quantum yield of PS II; Y(II), effec-

tive photochemical quantum yield of PS II after
adaptation of leaves to light; Y(NPQ), quantum
yield of regulated non-photochemical quenching
of ChlF; Y(NO), quantum yield of unregulated
non-photochemical quenching of ChlF; qP, pho-
tochemical quenching coefficient of ChlF; g/,
non-photochemical quenching coefficient of
ChlF; ETR, electron transport rate. We calculat-
ed the variable (variable) ChlF: Fv = Fm - FO
and the ratio of photochemical to nonphoto-
chemical efficiency Fv/F0, a value proportional
to the activity of the water-splitting complex on
the donor side of PS I1 [19].

Variety response was determined by the rela-
tive change in the measured parameters of seed-
ling fluorescence after exposure of the plants
to the stressor. The smaller the changes in pa-
rameters, the higher the resistance in the stud-
ied group of varieties. Repetition of analytical
and biological experiments was 6- and 3-fold.
Statistical processing of data was carried out in
Microsoft Excel 2010 using a standard package
of data analysis. The ChlF parameters recorded
during 4 min were analyzed. The mean error
did not exceed 1.5-2.0%. Three series of experi-
ments were performed. Student's ¢-criterion was
used to determine the significance of the differ-
ences between the mean values.

RESULTS AND DISCUSSION

Earlier our studies have established the in-
formativeness of ChlF parameters for diagnos-
tics of photosynthetic activity and assessment
of stress tolerance of two spring wheat varieties
contrasting in resistance to B. sorokiniana and
chloride salinity [20].

This study was conducted to confirm the pos-
sibility of using the method of ChlF registration
in assessing stress tolerance of other three vari-
eties of spring soft wheat and selecting the age
of seedlings to establish maximum intervarietal
differences in the study of adaptation of wheat
seedlings to the action of B. sorokiniana.

There are two main target sites for biotic and
abiotic stress in chloroplasts: the electron trans-
port chain (ETC) and chlorophyll and carotenoid
synthesis. The ETC with its electron transporters

* Product catalog of the German company "Heinz Walz GmbH". http://www.heinzwalz.ru/
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and enzymes is involved in phosphorylation and
photoreduction of NADP, whereas the synthesis
of chlorophyll and carotenoids can be associat-
ed with the light-gathering complex (LGC) and
the antennae of photosynthetic reaction centers
(RCs)’.

The common root rot pathogen of cereals B.
sorokiniana and its toxins inhibit photosynthe-
sis by blocking electron transport between pho-
tosystems, dissociating photophosphorylation,
which is expressed in a decrease in the rate of
ATP synthesis. Thus, the process of energy stor-
age and, accordingly, the energy status of the or-
ganism is disturbed'® . Inhibition of the main
link of photosynthesis - the process of energy
storage — is the cause of productivity decrease. It
is clearly traced at the early stages of ontogene-
sis (tillering - booting) of plants'?.

The level of tolerance of varieties to the
pathogen is determined by their reaction to stress
during growth and development. The study of
daily dynamics of the ChlF parameters of seed-
lings when the seeds were infected with conidial
suspension of B. sorokiniana isolates showed
non-significant changes in the ChlF parameters
on the 10th and 12th days of seedling cultiva-
tion. Disturbance of photosynthesis intensity
associated with the increase of pathological pro-
cess was registered in 14-day-old seedlings (see
the Table).

The observed primary stress reactions are as-
sociated with an increase in thermal dissipation
of absorbed light energy - the parameters of reg-
ulated non-photochemical quenching Y(NPQ)
and gN increased significantly (p < 0.05) in all
varieties in the range of 24.9-55.3% compared
to the control. The parameter of unregulated
non-photochemical quenching Y(NO), related
to the generation of free-radical oxidation, in-
creased significantly (p <0.05) in Novosibirska-
ya 29 and Sibirskaya 21 varieties by 18.6 and
25.5%. Photochemical activity decreased only

in the variety Sibirskaya 21 — reliable (p < 0.05)
decrease in the values of parameters Y(II) and
ETR by 18.8 and 18.6%, respectively.

Inhibition of photochemical activity of seed-
lings by the pathogen B. sorokiniana was found
on the 16th day of cultivation. A reliable (p<
0.05) decrease in the effective quantum yield
Y(II), the rate of electron transport E7R in va-
rieties Sibirskaya 21 and Novosibirskaya 41 by
12.6; 13.6; 35.1 and 36.9 %, respectively, com-
pared with the control was found. In the variety
Novosibirskaya 29 these parameters changed
unreliably. Inhibition of light-dependent reac-
tions was accompanied by a reliable (p< 0.05)
increase in the values of non-photochemical
quenching parameters of ChlF — ¢gN coefficient,
quantum yields Y(NO) and Y(NPQ) from 23.0
(Novosibirskaya 29) to 233.3% (Novosibirskaya
41) compared with the control.

Varietal specificity of adaptive reactions for-
mation was established. In the Novosibirskaya
29 variety, thermal dissipation of excited chloro-
phyll energy by PS II decreased, which led to a
decrease in the values of Y(NPQ), gN and Y(NO)
from 1.8 to 4.7 times, while the parameters of
photochemical quenching Y(II), E7R and gP did
not change significantly from the 14th to 16th
days of seedling cultivation. The parameters Fv/
F0 and Fv/Fm changed unreliably.

Adaptation mechanisms of the variety Si-
birskaya 21 were aimed at reducing the suppres-
sion of photochemical quenching - the values of
the relative change in the parameters Y(II), ETR
decreased up to 1.4 times. In addition, the val-
ues of relative change of the parameters FO and
FV/F0, as well as Y(NPQ) and gN decreased by
1.5-1.7 times up to 27.5% from the 14th to 16th
days of cultivation.

A sharp increase in the values of g/NV and Y(V-
PQ) — by 129.2 and 233.0% compared to the
control - was observed in the Novosibirskaya 41
variety from the 14th to 16th days of cultivation,

°Dayan FE., Zaccaro M.L.M. Chlorophyll fluorescence as a marker for herbicide mechanisms of action // Pesticide Biochemistry and Physiology,

2012, vol. 102, pp. 189-197.

WTarabrin G.A., Bystrykh E.E. Activity of primary reactions of photosynthesis as a test for selection of wheat for resistance to helminthosporiosis //

Agricultural Biology, 1990, Plant biology series, N 5, pp. 59-69.

""Fadeev Y.N., Bystrykh E.E., Tarabrin G.A. Effect of toxins of the causative agent of helminthosporiosis root rot on photoreduction of NADP by

chloroplasts of spring wheat // Agricultural Biology, 1987, N 12, pp. 29-34.

2Fadeev Y.N., Bystrykh E.E., Tarabrin G.A. Photochemical activity of wheat chloroplasts in the period of tillering — flowering depending on the
lesion of Bipolaris sorokiniana // Reports of VASKHNIL, 1989, N 1, pp. 4-7.
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Daily dynamics of chlorophyll fluorescence parameters in the leaves of seedlings of wheat cultivars under B. sorokiniana infection
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* Differences with the control are reliable at the significance level p < 0,05.

1.e. the regulated non-photochemical quenching
of fluorescence acts as a protective mechanism
against excessive excitation energy. However, a
significant (p < 0.05) decrease in the values of
parameters Y(II), ETR, gP, FO, Fm, Fv, Fv/Fm,
Fv/FO from 15.3 to 45.6% was found, i.e. there
was a suppression of photosynthetic activity un-
der pathogen action.

The difference in the change of photosynthet-
ic activity parameters under the same stress load
of B. sorokiniana between the varieties Novo-
sibirskaya 29, Sibirskaya 21 and Novosibirska-
ya 41 indicates different tolerance mechanisms
and strategies for converting light energy into
chemical energy. In general, plants respond to
stressors by activating defense and adaptive
mechanisms in order to maintain photosynthetic
activity to adapt to new environmental condi-
tions. This may include an increase in the abil-
ity to dissipate energy, which is detected by an
increase in the non-photochemical quenching
parameters Y(NPQ), gN without changing the
maximum quantum efficiency of Fv/Fm and Fv/
FO PS [21]. The dissipation of excess excitation
energy into safe heat acts as a protective mecha-
nism to avoid damage to the RC of PS II by light,
the intensity of which exceeds the capabilities of
electron transport'. This process was observed
in the seedlings of all varieties on the 14th day
of cultivation. Only in the variety Sibirskaya 21
there was a partial photoinhibition, detected by
a decrease in the effective photochemical quan-
tum yield of Y(II). However, on the 16th day of
cultivation in this variety the inhibition of pho-
tochemistry parameters Y(II) and E7R decreased
by 1.5 times.

Increasing stress on the 16th day of cultiva-
tion of Sibirskaya 21 and Novosibirskaya 41 va-
rieties seedlings led to a decrease in the effective
quantum yield Y(II), photochemical quenching
coefficient gP and electron transport rate ETR,
which means inhibition of the electron transfer
chain and suppression of photosynthetic activ-
ity. Inhibition of light-dependent reactions was
accompanied by an increase in Y(NPQ) and gN
compared to the control in all cultivars. How-
ever, no irreversible loss of PS II functionality

BLichtenthaler H.K., Buschmann C., Knapp M. How to Correctly Determine the Different Chlorophyll Fluorescence Parameters and the
Chlorophyll Fluorescence Decrease Ratio RFd of Leaves with the PAM Fluorometer // Photosynthetica, 2005, vol. 43, pp. 379-393.
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was observed under the conditions of our exper-
iment. According to Pérez-Bueno M.-L. et al.,
only in the case of a serious irreversible loss of
PS 1II functionality can both photochemical and
non-photochemical ChIF quenching parame-
ters be reduced [21]. The decrease in the val-
ues of the variable ChlF parameter Fv, as well
as the background F0 and maximum FmChlF,
observed only in Novosibirskaya 41, indicate a
weakening of photosynthetic activity and dam-
age to thylakoids, as well as a negative effect of
the pathogen on the antenna complex of the RC
of PS 11, leading to energy loss during its migra-
tion'* [10].

The selected stressor load of B. sorokiniana
(5000 conidia per grain) and the duration of its
action in the experimental conditions (16 days)
allowed to establish intervarietal differences. As
a result of ranking on the 16th day of cultivation
of the seedlings (maximum intervarietal differ-
ences) resistance of the varieties to B. sorokini-
ana varied in descending order: Novosibirskaya
29 — Sibirskaya 21 — Novosibirskaya 41. The
response of more resistant varieties Novosi-
birskaya 29 and Sibirskaya 21 to the pathogen
introduction was less pronounced — the smallest
or unreliable changes in the ChlF parameters rel-
ative to the control (see Fig. 1-3).

In seedlings of Novosibirskaya 29 variety un-
der the action of the pathogen, a reliable change
in only two parameters was observed — an in-
crease in Y(NPQ) and ¢gN by 26.9 and 23.0%,
respectively — with an insignificant change in
other parameters compared with the control.
Similar results of the response of cereal cultivars
differing in resistance to biostressors were ob-
tained by other researchers. Rios J.A.et al. found
a sharp disruption of photosynthetic activity of
Fv/Fm and Y(II) of wheat leaves infected with B.
sorokiniana in a more susceptible variety com-
pared to a less susceptible one [1]. In a varietal
response study of wheat leaves when infected
with Blumeria graminis f., the activity of PS II
(Fv/Fm and ETR) was strongly decreased in the
susceptible variety, whereas the activity of PS II
was unchanged in the resistant variety [14]. Ka-

tani¢ Z. et al. [22] also reported an established
dependence of photosynthetic changes caused
by Fusarium ear blight on winter wheat cultivar.

CONCLUSIONS

1. The conducted studies confirm the infor-
mativeness of the parameters Y(II), ETR, gP, Fv/
Fm, Fv/FO, Y(NPQ), gN and Y(NO) as biomark-
ers of photosynthetic activity and assessment of
resistance of soft spring wheat varieties to the
common root rot pathogen B. sorokiniana at the
level of photosynthetic apparatus.

2. Increasing stress from the 10th to 16th day
of wheat seedlings cultivation under conditions
of infection with B. sorokiniana resulted in the
disruption of photo-synthetic activity in all the
studied varieties - an increase in the inhibition of
photochemical quenching (Y(II), ETR, gP, and
Fv/F0) from 15.4 to 37.5% and the increase in
thermal dissipation of the excited chlorophyll
energy of PS II (Y(NPQ), gN and Y(NO)) from
25.0 to 233.0%. Primary protective and adap-
tive reactions of the seedlings to the action of
the biostressor are associated with an increase in
energy dissipation, then there was a decrease in
photochemical activity.

3. The adaptive systems of the Novosibirska-
ya 29 variety were more labile (reliable change
of two parameters — increase of Y(NPQ) and qN
by 26.9 and 23.0%, respectively — with non-sig-
nificant change of other parameters in compar-
ison with the control). The greatest destructive
effect of B. sorokiniana infection was revealed
in Novosibirskaya 41 (decrease of Y(II) and ETR
up to 37.0%, decrease of Fm, Fv, Fv/FO up to
45.6%, increase of Y(NPQ), Y(NO) and gN up to
233.0% in comparison with the control. The pa-
rameter Fv/Fm, which is most frequently report-
ed in the literature, was found to be less sensitive
compared with its counterpart Fv/FO0.

4. The age of seedlings (16 days) and infec-
tion load of B. sorokiniana (5000 conidia per
grain) were determined for differentiation of the
varieties by resistance. Significant intervarietal
differences (from 1.9 to 8.6 times) were found

“Goltsev V.N., Kalaji H.M., Paunov M., Baba V., Horacek T., Mojski J., Kotsel H., Allakhverdiev S.1. Use of variable chlorophyll fluorescence to
assess the physiological state of the photosynthetic apparatus of plants // Plant Physiology, 2016, vol. 63, N 6, pp. 881-907.
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Puc. 1. ITapameTpsl GuTyopeCcIeHITNN XJIOpOo(HUIITa TUCTHEB |1 6-CYTOUHBIX TTPOPOCTKOB COPTa
Hosocubupckas 29 npu nadunupoBanuu B. sorokiniana (OTHOCUTEIIBPHO YCTONIMBEINA)

Fig. 1. Chlorophyll fluorescence parameters of the leaves of 16-day-old seedlings of Novosibirskaya 29
variety when infected with B. sorokiniana (relatively resistant)
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Puc. 2. TlapameTpsl GIryopecHeHInN XI0po(pUILIA TUCTHEB | 6-CYyTOUHBIX TPOPOCTKOB COPTa
Cubupckas 21 npu uHQUIUPOBaHUU B. sorokiniana (OTHOCHUTEIBHO YCTONYHUBHIN )

Fig. 2. Chlorophyll fluorescence parameters of the leaves of 16-day-old seedlings of Sibirskaya 21 variety
when infected with B. sorokiniana (relatively resistant)
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Puc. 3. [lapametpsl GiyopecueHIrH XJI0popuuIa JIMCThEB | 6-CyTOUHBIX MPOPOCTKOB copTa HoBocubup-
ckast 41 nipu nnpunMpoBanuu B. sorokiniana (OTHOCUTENIFHO HEYCTOWYHBBIN)

Fig. 3. Chlorophyll fluorescence parameters of the leaves of 16-day-old seedlings of Novosibirskaya 41
variety when infected with B. sorokiniana (relatively unstable)

for all parameters in 16-day-old seedlings. Va-
rietal specificity was established — the smallest
changes in parameters relative to the control
were in more resistant varieties Novosibirskaya
29 and Sibirskaya 21.

The proposed approach will make it possible
to develop a nondestructive method for early di-
agnosis of stress resistance of spring wheat vari-
eties to the pathogen of common cereal root rot
B. sorokiniana Shoem.
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AKTUBHOCTH OKCHUJIOPEYKTA3 ITIPOPOCTKOB CON HA PAHHEM CTAINA
OHTOI'EHE3A

<) Orypuos U.B.!, UBauenko JI.E.', Ky3nenosa B.A.?

' hnacosewenckuil 20cyoapcmeeHHblll nedazo2uieckKuil yHugepcumen

Awmypckas obnacTb, I. biarosemienck, Poccust

2Bcepoccutickutl uHcmumym 2eHemuyeckux pecypcos pacmenuti um. H.U. Basunosa
BnaaguBoctok, Poccus

(<)e-mail: ilya_borisovich.93@mail.ru

[IpencraBneHs! pe3yabTaThl aHAJIN3A YICJIbHONW aKTUBHOCTU M MHOXECTBEHHBIX ()OopM (DepMEHTOB
KJlacca OKCHIOPEyKTa3: aHTHOKCHIAHTHOTO KOMILIeKca (Karajas3bl M HMEPOKCHAA3bl) U JEeTHIpore-
Ha3 (ankoroipieruaporenassl, HA/*-manaraerunporenassl, DIIOK030-6-¢pocdarnernaporeHassl).
OOBEKTOM HUCCIIENOBaHMS CIYXUIN ceMb coptoB cou (Glycine max (L.) Merrill). [{ns ananuza uc-
MIOJTB30BAJIH MTOKOSIIIIECS CeMeHa U 3- U 7-JJHEeBHbIE TpopocTKU con. Coneprkanne Oerka onpeelisiin
MeTonoM JloypH, akTUBHOCTh HMEPOKCHAA3bI — KOJIOPUMETPUUECKUM, KaTajasbl U MCCIEAYEMBbIX ie-
THIPOTeHa3 — CIEKTPOPOTOMETPUIECKUM METOAAMHU, IEKTPOPOPETHIECKHUE CIEKTPh! (pepMEHTOB —
METOJIOM 3JIEKTpodope3a Ha KOJOHKaX 7,5%-ro MojanakpuiIaMuIHOTo reiisi. BeisBienne Ha rene 30H
¢ (epMEHTAaTUBHON aKTHBHOCTBHIO MPOBOAMIM COOTBETCTBYIOIIUMH T'MCTOXMMHUYECKUMH METOAaMHU.
Ananuz YHGHLHOﬁ AKTUBHOCTH aHTHOKCHUJAHTHBIX q)epMCHTOB B IIOKOAIINXCA CEMCHaAX COH BBISIBHII
IMOBBINICHHYIO aKTUBHOCTH ICPOKCUIAA3bl M HECBBICOKYHO AKTMBHOCTL KaTalla3bl. HpI/I InpopacTaHumn
ceMsIH Habmrogaercsi 00paTHas 3aBUCUMOCTD yAEIbHOM akTUBHOCTH 3THX (pepmeHToB. Ha 7-e cyTku
yAebHasl aKTUBHOCTD KaTaJsla3bl MOBBIIIAETCS, EPOKCHUAA3bl CHIXKaeTcsl 10 MuHuMyMa. [Ipu mpopa-
LIMBaHUM COM BBISBJICHO 5 ()OPM KaTasa3bl, YTO CBUACTEIBCTBYET O HEBBICOKOM MOJIMMOpQH3ME U
cTaOMIbHOCTH epMenTa, 1 18 hopmM nepokcuaassl, KOTOpbIE MOATBEPKAAIOT BHICOKUN TOIUMOPPHU3M
1 BO3MOXHOCTH MCIIONIB30BaHUsI 3TOTO (pepMEHTA B KaUeCTBE MapKepa OMOXUMHUYECKUX MPOLECCOB.
YcTaHOBJIEHO, YTO AJKOTONBCTHIPOreHas3a U TI0K030-6-gocdaraeruiporeHasa o0naia0T HEBBICO-
KO reTepOreHHOCTbIO, IPUUYEM Y/eJIbHasi aKTUBHOCTh 3THX (DEPMEHTOB IIPH IPOPACTAHUH CHUKAETCS
[0 CPaBHEHUIO C MEPHOIOM TIOKOSI CEMSH COW. YIenbHas akTUBHOCTh HAJ[ -manmarnernaporeHass
IIPU NPOpAIMBAaHUN HE3HAYUTENIHHO TOBBIIIAETCS. B ncciemyeMpIx copTax COM BBISIBICHO 8 (hopm
9TOTO (PepMEHTA, YTO CBUECTEIBCTBYET O MOBBILICHHOM HONMUMOpdu3Me. B OKoSInXCs ceMeHax cou
anekTpodopernueckue crnekTpel HA I -ManaraeruaporeHassl OTIHYAIUCh COPTOBBIM Pa3HOOOpasu-
€M, YTO ITIO3BOJIACT UCIIOJIB30BAThH (1)epMeHT B KQ4E€CTBC MapKepa 1Jisd Z[EUII)HGfIIlIPIX HCCHGI{OBaHHﬁ.

Kurouessle cioBa: Glycine max, ceMeHa, IPOPOCTKH, KaTajiasa, IepoKCH1a3a, JeruiporeHassl,
MHOKECTBEHHBIE (DOPMBI
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The results of analysis of specific activity and multiple forms of oxidoreductase class enzymes are
presented: antioxidant complex (catalase and peroxidase) and dehydrogenases (alcohol dehydroge-
nase, NAD"-malate dehydrogenase, glucose-6-phosphate dehydrogenase). Seven varieties of soybean
(Glycine max (L.) Merrill) served as the object of the study. Dormant seeds and 3- and 7-day-old
soybean seedlings were used for the analysis. Protein content was determined by the Lowry method,
peroxidase activity was determined by colorimetric, catalase and the studied dehydrogenases — by
spectrophotometric methods, electrophoretic spectra of enzymes — by electrophoresis on 7.5% poly-
acrylamide gel columns. Identification of the zones with enzymatic activity on the gel was performed
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by appropriate histochemical methods. Analysis of specific activity of antioxidant enzymes in dormant
soybean seeds revealed increased activity of peroxidase and low activity of catalase. During seed
germination, the inverse relationship of the specific activity of these enzymes is observed. On the 7th
day the specific activity of catalase increases, that of peroxidase decreases to a minimum. In soybean
germination, 5 forms of catalase were detected, indicating low polymorphism and stability of the
enzyme, and 18 forms of peroxidase, which confirm high polymorphism and the possibility of using
this enzyme as a marker of biochemical processes. Alcohol dehydrogenase and glucose-6-phosphate
dehydrogenase were found to be of low heterogeneity, with the specific activity of these enzymes de-
creasing during germination compared to the dormant period of soybean seeds. The specific activity of
NAD"-malate dehydrogenase increases slightly during germination. Eight forms of this enzyme were
detected in the soybean varieties studied indicating increased polymorphism. In dormant soybean
seeds, the electrophoretic spectra of NAD"-malate dehydrogenase exhibited varietal diversity allow-

ing the enzyme to be used as a marker for further studies.
Keywords: Glycine max, soybean seeds, seedlings, catalase, peroxidase, dehydrogenases, multiple forms
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INTRODUCTION

Seed germination is associated with physio-
logical, biochemical and morphological chang-
es, and represents a critical stage in the life cy-
cle of plants and is poorly understood [1]. Plant
growth processes are mainly determined by the
factors of the internal environment, and the lead-
ing role is played by genetic and hormonal reg-
ulation [2].

Plants at different stages of ontogenesis are
exposed to various unfavorable environmental
factors, which leads to increased formation of
reactive oxygen species and oxidative stress [3].
The first phases of ontogenesis are impossible
without the functioning of key enzyme systems
aimed at maintaining a stable level of reactive
oxygen intermediates (ROIs) in the cell and
more complete utilization of spare substances in
metabolic processes. During germination under
conditions of saturation with moisture, oxygen
and positive temperature in swollen plant seeds,

the main metabolic processes are activated, the
activity of mitochondrial enzymes of Krebs cy-
cle and oxidative phosphorylation increases, i.e.
respiration is activated![3].

Recently, the ability of AFCs to act as signal-
ing molecules and regulators of gene expression
determining the plant defense response has been
actively discussed [4]. ROIs, including hydro-
gen peroxide, modulate metabolic and hormonal
signaling pathways that maintain seed dormancy
and germination. Oxidative stress is accompa-
nied by changes in cellular structures, disruption
of cytosolic and mitochondrial enzyme activity,
membrane integrity, changes in the composition
of metabolites, and increased lipid peroxidation?
[5]. To protect against the negative effects of
stressors, plants have an antioxidant system that
includes low molecular weight antioxidants and
well-studied enzymes of the antioxidant com-
plex class of oxidoreductases, which include
catalase (CAT, KE 1.11.1.6), peroxidase (POD,

'Rogozhin V.V., Rogozhina T.V. Physiological and biochemical mechanisms of germination of wheat grains // Bulletin Altai State Agricultural

University, 2011, N 8 (82), pp. 17-21.

2Rogozhin V.V., Kurilyuk T.T. The role of peroxidase in the mechanisms of dormancy and germination of grains of some cereal crops // Proceedings

of TSKhA, 2010, Issue 4, pp. 22-32.
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KE 1.11.1.7) and superoxide dismutase (SOD,
KE 1.15.1.1) [6]. It has been established that
oxidoreductases participate in the defense and
adaptive reactions of soybean plants to the ef-
fects of hypo- and hyperthermia [7]. Little-stud-
ied enzymes of the oxidoreductase class are de-
hydrogenases, which determine the operation
of the main metabolic pathways necessary for
the preservation of seed viability and germina-
tion. Malate dehydrogenase (NAD+MDH, KE
1.1.1.37) is the key enzyme of the tricarboxylic
acid cycle, catalyzing the reversible interconver-
sion of oxaloacetate and malate, associated with
the oxidation/reduction of coenzymes. It occu-
pies an important place in catabolic and anabol-
ic processes, participates in adaptive responses
to stress factors, which indicates the important
role of the enzyme in the regulation of plant me-
tabolism [8]. Alcohol dehydrogenase (ADH, KE
1.1.1.1.1) catalyzes the reduction of ethyl alcohol
into acetic aldehyde during alcoholic fermenta-
tion. The equilibrium of this reaction is shifted
towards the formation of ethanol, the accumu-
lation of which may serve as an adaptive trait of
plants and seeds to tolerate a number of exter-
nal unfavorable conditions®. Glucose-6-phos-
phate dehydrogenase (G6PDH, KE 1.1.1.49) is
an important enzyme of the pentose phosphate
pathway, modulating glucose metabolism, and
is involved in the regulation of NADP content
and regulation of seed germination and seed-
ling development [5]. ADH and G6PDH are in-
dicators of anaerobic metabolic processes (see
footnote 3). A promising direction is the study
of biochemical adaptation at the molecular lev-
el with the participation of multiple forms of
enzymes that provide plasticity of biochemical
processes of the organism to environmental
conditions. Moreover, enzymes are used as ge-
netic markers [9].

Soybean is one of the most famous legume
crops of multipurpose use in world agricul-
ture. The main soybean-growing region of the
Russian Federation is the Amur region, where
30% of sown areas of the crop are concentrated
[10]. Most of the varieties grown in the Amur

region are created in the Federal Research Cen-
ter "All-Russian Scientific Research Institute of
Soybean" (FRC "VNII of soybean"). Soybean
cultivation takes place in different natural and
climatic zones of the region, which differ signifi-
cantly in the amount of precipitation and tem-
perature regime. Therefore, to obtain high yields
of soybean varieties adaptive to agro-ecological
conditions of cultivation in the region are nec-
essary [11]. In studies on soybean introduction
in Russia, breeders focus on the study of eco-
nomically valuable traits of the crop [12], but
not enough on the enzymes involved in increas-
ing soybean adaptation to unfavorable environ-
mental factors [3]. Currently, the specific activ-
ity and multiple forms of enzymes of hydrolase
class (acid phosphatase, amylase, esterase, ribo-
nuclease) and some antioxidant oxidoreductases
(catalase, peroxidase, superoxide dismutase,
polyphenol oxidase) have been studied in soy-
bean seeds [3, 13, 14]. Poorly studied enzymes
of soybean are dehydrogenases.

The purpose of the study was to investigate
the activity of enzymes of the oxidoreductase
class during the dormancy period of soybean
seeds and at the initial stages of their germina-
tion.

MATERIAL AND METHODS

The object of the study was a collection of
seeds of seven soybean varieties (Harmony,
Lydia, Sonata, MK-100, Nega 1, Grazia, Perso-
na) (Glycine max (L.) Merrill) of the selection
of FRC "VNII of soybean", which are widely
used in production. The seeds were germinated
in the thermostat on filter paper in Petri dishes
at 25°C for 3 and 7 days. Ungerminated seeds at
the dormancy stage served as a control. All stud-
ies were carried out in two biological and three
analytical repetitions. To obtain protein extracts
of soybean seeds and seedlings, a 500 mg weight
of material was homogenized with 0.15 M sodi-
um chloride solution for 15 min at a temperature
from 0 to +5 °C. The obtained homogenate was
centrifuged at 3000 rpm for 15 min. The precip-

3Rogozhin V.V., Rogozhina T.V. The role of alcohol dehydrogenase in the mechanisms of resting wheat grains // Bulletin Altai State Agricultural

University, 2012, N 3 (89), pp. 32-36.
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itate was discarded, the supernatant was filtered
through mill gas and used for analysis. Protein
content was determined by the Lowry method
on a photoelectrocolorimeter (KFK-3, Russia)
in cells with an optical layer thickness of 1 cm
at 750 nm against the control. CAT activity was
determined spectrophotometrically* at 240 nm
by the rate of decomposition of hydrogen per-
oxide with the formation of water and oxygen
against the control in cuvettes with a thickness
of the absorbing layer of 1 cm. POD activity
was measured by colorimetric method accord-
ing to A.N. Boyarkin in modification of A.T.
Mokronosov on KFK-2 at a wavelength of 670
nm in a cell with an absorbing layer of 2 cm ac-
cording to the reaction rate of oxidation of ben-
zidine to form benzidine blue in the presence
of hydrogen peroxide’. The activity of dehy-
drogenases was determined spectrophotometri-
cally at a wavelength of 340 nm in cells with an
optical layer thickness of 1 cm by the increase
or decrease in optical density proportional to
the concentration of NADH or NADPH. The
specific activity was expressed in units per mil-
ligram (units/mg) of protein. Electrophoretic
spectra of the studied enzymes were revealed
by electrophoresis on columns of 7.5% poly-
acrylamide gel. Identification of zones with
enzymatic activity on the gel was performed
by appropriate histochemical methods®. The
values of their relative electrophoretic mobility
(Rf) were determined for the identified multi-
ple forms of enzymes and enzymograms were
plotted. The numbering of enzyme forms is
given from more highly mobile to low-mobile
forms. The results of the study were processed
using STATISTICA 10. Reliability of changes
in the studied parameters was determined by
the differences of mean values using Student's
criterion. A 5% significance level was used in
the calculations.

RESULTS AND DISCUSSION

As a result of the experiment, the activity of
enzymes of the class of oxidoreductases of the
antioxidant complex (CAT and POD) and dehy-
drogenases (ADH, NAD*MDH and G6PDH) in
soybean seeds at dormancy and at the early stag-
es of germination was studied. Studies of the spe-
cific activity of CAT, one of the main enzymes
involved in the utilization of hydrogen peroxide,
in dormant seeds of the soybean varieties stud-
ied showed low values due to the low affinity
of CAT to low concentrations of hydrogen per-
oxide. The electrophoresis method for CAT in
dormant seeds revealed 4 forms of enzyme with
the same electrophoretic mobility for each vari-
ety (see Fig. 1). The specific activity of POD in
the studied resting seeds, in contrast to CAT, was
high (with a maximum of 1422.8 units/mg pro-
tein for variety MK-100), which corresponded to
a high heterogeneity of the enzyme (from 4 to 7
forms). This fact, apparently, indicates that POD
actively participates in maintaining the viabili-
ty of dormant seeds and activates germination
processes. At the same time, the product of re-
actions involving CAT and POD is water, which
is necessary for dormant seeds (see footnote 1).

At seed germination within 3 days, the spe-
cific activity of CAT and POD sharply decreases
(see Fig. 1), which correlates with a decrease in
the number of multiple forms of these enzymes.
It should be noted that for CAT at this stage, all
soybean varieties studied contained only 3 forms
of the enzyme detected at the dormancy stage,
except for the form (Rf = 0.23). For POD it was
found from 1 form (Harmony, Grazia) to 3 forms
(MK-100, Lidia). On the 7th day of exposure,
the specific activity of POD remains low, but
there is an increase in the number of multiple
forms of this enzyme for all soybean varieties.
At the same time, 3 new highly mobile forms
were found in seedlings (Rf = 0.96, Rf = 0.91,

Sibgatullina G.V., Haertdinova L.R., Gumerova E.A., Akulov A.N., Kostyukova Y.A., Nikonorova N.A., Rumyantseva N.I. Methods for determining
the redox status of cultured plant cells: a textbook. Kazan: Kazan (Volga Region) Federal University, 2011, 61 p.

SKorobko V.V, Kasatkin M.Yu. Plant Physiology. Large workshop: Textbook for students of the Faculty of Biology. Saratov: Publishinghouse

«Saratovsource», 2017, 120 p.

Ivachenko L.E., Kashina V.A., Maskaltsova E.S., Razantsvei V1., Stasiuk E.M., Trofimtsova I.A. Methods of studying polymorphism of soybean

enzymes. Blagoveshchensk: BSPU Publishing House, 2008, 138 p.
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Rf=0.87). The CAT activity on the 7th day, on The specific activity of ADH in the seeds of
the contrary, sharply increases (on average 20 the soybean varieties under study varied almost
times), which is probably due to the formation of 2-fold (from 1.4 -10° to 2.7 - 10 units/mg pro-
a form with low electrophoretic mobility (Rf = tein (for varieties Nega 1, Harmonia and Sona-
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Puc. 1. YnenbHas akTHBHOCTB (A) 1 cxembl aH3uMorpamm (b) xaranassr (/) u nepokcuaassl (2) KOMISKIUH
CEMSH COPTOB COH:

1 —Tapmonus; 2 — Conara; 3 — I'panusi; 4 — Hera 1; 5 — Ilepcona; 6 — MK-100; 7 — JIunus (a — cemeHa, HaXosII1e-
Csl B CTAJIMM BBIHY)K/ICHHOTO MOKOS, 6 — 3-JHEBHBIC MPOPOCTKH CEMSH, B — 7-AHEBHBIE IPOPOCTKH)

Fig. 1. Specific activity (A) and enzymogram schemes (b) of catalase (/) and peroxidase (2) from a collec-
tion of seeds of soybean varieties:

1 — Harmony; 2 — Sonata; 3 — Gratsia; 4 — Nega 1; 5 — Persona; 6 — MK-100; 7 — Lydia (a — seeds at the stage of
forced dormancy, 6 — 3-day seedlings, B — 7-day seedlings)

PacTeHneBOJICTBO U CENEKITUs CuOMpPCKHUiT BECTHUK CETbCKOXO3SHCTBEHHOM HayKH * 2023 ¢ 53 ¢ 12 39



Oxidoreductase activity of soybeen seedlings at the early stage
of ontogenesis

Ogurtsov 1.B., Ivachenko L.E., Kuznetsova V.A.

with medium electrophoretic mobility (Rf =
0.40) was detected, indicating a low polymor-
phism of ADH in seeds of the released soybean
varieties (see Fig. 2). When the seeds were ger-
minated for 3 days, the specific activity of ADH
decreased significantly, but in all soybean vari-
eties under study 2 forms of ADH with medium
electrophoretic mobility were detected. In the
varieties Persona, MK-100 and Lydia an addi-
tional form of ADH was detected (Rf = 0.40).
This is probably due to the fact that the enzyme
is necessary, first of all, to preserve the viability
of seeds and to ensure the processes associated
with their germination, as it maintains the equi-
librium in the system ethanol — acetaldehyde in
plant cells. On the 7th day of germination, only 1
form of ADH with low electrophoretic mobility
(Rf = 0.20) remains, although the specific activ-
ity of the enzyme for varieties Harmony, Sonata,
Grazia, Nega 1 slightly increases, while in va-
rieties Persona, MK-100 and Lydia the activity
is low.

The specific activity of G6PDH in the seeds
under forced dormancy varied from 0.235 - 10®
units/mg protein for Lidia to 0.44 - 10 units/
mg protein for Harmony and Persona (see Fig.
2). At germination on the 3rd day, the enzyme
activity decreases significantly, except for the
variety Persona, and increases on the 7th day.
Probably, the increase in G6PDH activity is
associated with high mobilization of nutrients,
which leads to intensive growth of seedlings.
Only 1 form of G6PDH with low electropho-
retic mobility (Rf = 0.24) was detected for all
soybean varieties studied, which indicates the
stability of this most important enzyme of the
pentose phosphate pathway.

The specific activity of NAD™MDH in seeds
in the forced dormancy stage was low and varied
insignificantly from 4.1 - 10 to 5.1 - 10" units/
mg protein (varieties Nega 1 and Grazia) (see
Fig. 2). On the 3rd day of germination, the spe-
cific activity of NAD*MDH increases by 1.5-2.0
times, which is apparently associated with the
strengthening of tricarboxylic acid cycle pro-
cesses. On the 7th day of germination, the en-
zyme activity for the studied varieties exceeds
the level of specific activity detected earlier in

seeds in the forced dormancy stage, with the
exception of the variety MK-100. Electropho-
retic spectra of NAD"MDH were characterized
by significant diversity. High heterogeneity of
NAD"MDH was revealed in soybean seeds in
the forced dormancy state. From 2 (Lydia) to 5
(Harmony and Grazia) forms of the enzyme with
different electrophoretic mobility were found for
each variety. It should be noted that a specific set
of MDH forms was detected for each variety at
the seed stage. In all the studied varieties a form
of the enzyme with Rf = 0.51 with average elec-
trophoretic mobility was detected. After 3 days
of exposure, 5 forms of NAD"MDH were detect-
ed. And 2 forms with average (Rf = 0.48 and Rf
= 0.40) electrophoretic mobility were revealed,
which is characteristic for all varieties. On the
7th day of exposure for all the zoned varieties
a molecular form with medium electrophoretic
mobility (Rf = 0.48) was found, and it can be
called the main form for seedlings, as it is found
during seed exposure for 3 and 7 days. A total of
8 multiple forms of NAD*MDH were detected,
indicating an increased polymorphism of the en-
zyme and the possibility of its use as a marker of
biochemical processes in further studies.

CONCLUSIONS

1. The activity of oxidoreductase enzymes
of the antioxidant system (CAT and POD) and
dehydrogenases (ADH, G6PDH and NAD*M-
DH) was found to differ significantly during
germination. Increased specific activity of POD
(from 737.5 units/mg protein for Harmony vari-
ety to 1422.8 units/mg protein for MK-100 va-
riety) and low activity of CAT (from 7.7 - 107
units/mg protein for Lydia variety to 18.9 - 107
units/mg protein for Sonata variety) were detect-
ed in dormant soybean seeds. During germina-
tion of seeds within 3 days, the specific activity
of enzymes sharply decreases - on average by 5
times. On the 7th day, the specific activity of CAT
increases (from 377.2 - 107 units/mg protein for
the variety Grazia to 488.4 - 10~ units/mg pro-
tein for the variety Sonata), and POD decreases
to a minimum (from 2.7 units/mg protein for the
variety Harmony to 55.5 units/mg protein for
the variety Nega-1). In soybean germination, 5
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Puc. 2. YnenbHasi akTHBHOCTB (A) 1 cxeMbl d3H3uMorpamm (b) ankoronbaeruaporenass (/), ManaTaeru-
JporeHassl (2) u nitoko30-6-hocdarnerugporenassl (3) KOIEKIIUN CEMSIH COPTOB COH:

1 — I'apmonust; 2 — Conara; 3 — ['panus; 4 — Hera 1; 5 — Ilepcona; 6 — MK-100; 7 — JIunus (a — cemena Ha-
XOJISIIIIAECS B CTJIH BBIHYKJICHHOTO TTOKOSI, O — 3-7THEBHBIE TPOPOCTKU CEMSH, B — 7-THEBHBIE IPOPOCTKH)
Fig. 2. Specific activity (A) and enzymogram patterns (b) of alcohol dehydrogenase (/), malate
dehydrogenase (2) and glucose-6-phosphate dehydrogenase (3) from a collection of soybean varieties
seeds: 1 — Harmony; 2 — Sonata; 3 — Gratsia; 4 — Nega 1; 5 — Persona; 6 — MK-100; 7 — Lydia (a — seeds at
the stage of forced dormancy, 6 — 3-day seedlings, B — 7-day seedlings)
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CAT forms were detected, indicating a low poly-
morphism and stability of the enzyme, and 18
POD forms, confirming a high polymorphism.
On the 7th day, 3 new highly mobile forms of
POD were detected in the seedlings. The import-
ant role of these enzymes in the detoxification of
soybean seeds and seedlings from reactive ox-
ygen species and in the formation of metabolic
water, contributing to the enhancement of bio-
chemical processes and better seed germination
should be noted.

2. The specific activity of dehydrogenases
in the studied soybean seeds and seedlings also
differed significantly. Thus, in soybean seeds in
the dormant stage, an increased activity of ADH
(from 1.4 - 10 units/mg protein for Nega-1 to
2.7 - 10 units. /mg protein for Harmony and
Sonata varieties) and G6FDG (from 0.235 - 108
units/mg protein for Lydia variety to 0.44 - 10®
units/mg protein for Harmony and Persona va-
rieties), which decreased during germination.
Moreover, a low heterogeneity of these enzymes
in the seeds and seedlings of the studied soybean
varieties should be noted, where 3 forms of ADH
and 1 form of G6FDH were detected.

3. The specific activity of NAD*MDH, the
most important enzyme of the tricarboxylic acid
cycle, increased insignificantly during germina-
tion (from 4 - 10 units/mg protein for MK-100
variety to 9.7 - 10 units/mg protein for Sona-
ta variety), but its electrophoretic spectra were
characterized by diversity. A total of 8 forms of
this enzyme were identified, indicating increased
polymorphism and the possibility of using this
enzyme as a marker of biochemical processes.
The electrophoretic spectra of NAD'MDH in
dormant seeds of the soybean varieties under
study deserve special attention, having a specif-
ic distribution of forms of this enzyme, differ-
ing in electrophoretic mobility, further studies of
which will allow a deeper understanding of the
physiological and biochemical role of NAD*M-
DH in the cellular metabolism of soybeans.

4. The study of specific activity and multi-
ple forms of the most important enzymes of the
class of oxidoreductases opens new perspectives
for further investigation of biochemical process-
es at early stages of ontogenesis and has import-
ant practical and theoretical significance.
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KOPMOIIPOH3BO/ICTBO
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KOHTAMMHAIINSI MUKOTOKCUHAMM CUJIOCA, BATOTABJIMBAEMOI'O
’KUBOTHOBOJUYECKHNMH XO311CTBAMM BOJIOI'OJICKON OBJACTH

) 1lnaronos A.B., Eperuna C.B., Paccoxuna U.U., Apramonos U.B.
Bonozoockuui nayunwiti yenmp Poccutickou akademuu HAyK

Bomorma, Poccus

(<) e-mail: platonov70@yandex.ru

B crarbe oTpakeHbI pe3yabTaThl H3y4eHH HHPHUINPOBAHHOCTH MUKOTOKCHHAMH CHJI0CA, 3aT0TOB-
nernoro B 2021-2023 rr. Ha Tepputopun Bosoronuckoii o6inactu. OCHOBHAs 3ajlaua UCCIICAOBAHUS —
OIICHKA CTEIIEH! KOHTAMUHAIIMA MUKOTOKCHAMU PA3IMYHBIX BUJIOB CHIIOCA. AHAIM3UPYEMbIC 00pa3-
116l OBUTH TIPE/ICTABICHBI CUIIOCAMU PA3IMYHOTO COCTaBa: 000OBO-3JIaKOBBIH, 37IAKOBBIH, KYKYPY3HBIA,
Pa3HOTPaBHBIN U CHIJIOC U3 TPaB C €CTECTBEHHBIX yroauil. Beero ncciemosano cebimie 150 oOpasios
cuioca u3 22 Xo3sicTB pernoHa. ConepkaHne MUKOTOKCHHOB (CyMMa adTaTOKCHHOB, OXPATOKCHH A,
3eapalicHoH) B KOpMax OMpEACIsUTd METOJOM HMMYHO(QEPMEHTHOTO aHaIN3a ¢ TOMOIIBIO CTaH/IapT-
HbIX TecT-cucteM komnanuu «KomlIponCepsuc» (benapych). YcTaHOBIEHO, YTO MPAKTUYECKH BO
BCEX KOpMax, 3aroTaBiIMBaeMbIX X03siicTBaMu Bonoroackoii 001acTu, NpUCyTCTBYIOT MUKOTOKCHHBI.
Tak, 6osee 75% o00pa31oB cofepxkaiu apaaToKCHHBI B KoHIeHTpanuu Beime 5 Mxr/kr (1K), 45% —
coJiepKalli OXpaTOKCHH A B KOHIIEHTpaIuy, Taxxke npesbrmatomiert [1/[K. Hanbonee monsep:xeHHBIM
3apakeHWI0 aIaTOKCHHAMH OKa3aJyicsi 0000BO-311aKOBBI M KyKYPY3HBIM CHIIOC, OIS 3apayKeHHBIX
00pasIoB B JaHHOM cirydae cocTtaBmia 94 u 85% coorBercTBeHHO. Hanmmune oxpaTokcuHa A B BBICO-
KHUX KOHIIEHTPAIHIX Yallle BCTPEYaIoch B CUIOCE, MOTYyYEHHOM U3 pa3HOTPpaBbs (91%). Beicokast mosst
KOHTaMHMHHUPOBAHHBIX 00pa3L0B TakKe OOHApYKEHa B CHIIOCE U3 TPaB, COOPaHHBIX C €CTECTBEHHBIX
yroauii (73% — adnarokcunsl, 48% — oxpatokcud A). IlomyueHHbIe pe3yabTaTbl CBUACTEIBCTBYIOT O
He0oOXOAMMOCTH 0oJIee TIaTeIhbHOTO KOHTPOJIS 33 3arOTOBKOM M XpaHEHHEM CHIIOca Ha BCEX dTarmax
MIPOM3BOJICTBA, MPUHSITHS CETbXO3MPOU3BOAUTEISIMH TPEBEHTUBHBIX MEP TIO0 CHIKEHUIO HETaTHBHBIX
MIOCIIE/ICTBUI MCITIOJIb30BAaHUS TOKCHYHBIX KOPMOB.

KiiroueBble cjioBa: ciiioc, MUKOTOKCHHBI, a)JIaTOKCHHBI, 3eapalleHOH, OXPAaTOKCHH A

MYCOTOXIN CONTAMINATION OF SILAGE HARVESTED BY LIVESTOCK
FARMS IN THE VOLOGDA REGION

() Platonov A.V., Eregina S.V., Rassokhina L.I., Artamonov 1.V.
Vologda Research Center of the Russian Academy of Sciences
Vologda, Russia

(<) e-mail: platonov70@yandex.ru

The article reflects the results of the study of mycotoxin contamination of silage harvested in
2021-2023 in the Vologda region. The main objective of the study was to assess the degree of myco-
toxin contamination of different types of silage. The analyzed samples were represented by silages of
different composition: legume-grass, cereal, corn, mixed grass and grass silage from natural lands. In
total, more than 150 silage samples from 22 farms in the region were investigated. The content of my-
cotoxins (aflatoxin sum, ochratoxin A, zearalenone) in feeds was determined by enzyme immunoassay
using standard test systems of ComProdService (Belarus). It has been established that almost all fod-
ders harvested by farms in the Vologda region contain mycotoxins. Thus, more than 75% of samples
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Mycotoxin contamination of silage harvested by livestock farms
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contained aflatoxins at a concentration above 5 ng/kg (MAC), 45% contained ochratoxin A at a con-
centration also exceeding MAC. The most susceptible to aflatoxin contamination was legume-grass
and corn silage, the proportion of contaminated samples in this case was 94 and 85%, respectively.
The presence of ochratoxin A in high concentrations was more frequent in silage obtained from mixed
grasses (91%). A high proportion of contaminated samples was also found in grass silage harvested
from natural lands (73% aflatoxins, 48% ochratoxin A). The obtained results indicate the need for
more careful control of silage preparation and storage at all stages of production, taking preventive
measures by agricultural producers to reduce the negative consequences of the use of toxic fodder.

Keywords: silage, mycotoxins, aflatoxins, zearalenone, ochratoxin A
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INTRODUCTION

Nowadays there is a problem of mycotoxins
infestation of forages of plant origin — a group
of chemical compounds, which are extremely
diverse in structure and properties. Mycotoxins
pose a certain danger, causing diseases in farm
animals, which are commonly called mycotox-
icoses, thus causing great economic damage to
agricultural producers.

Mycotoxins in the broad sense are considered
all metabolites of mold fungi. They also include
antibiotics produced by mold fungi, thus myco-
toxins provide their producer with a competi-
tive advantage in their natural habitat. Among
more than 400 toxins, the most studied classes
include zearalenone, ochratoxins, fumonisins,
aflatoxins, trichothecene mycotoxins, T-2 toxin,
dioxynivalenol, ergotoxins. Penicillium mold
fungi (P. roqueforti and P. paneum) are routine-
ly detected in feed samples and produce many

toxic substances, including PR toxin, markfor-
torins A, B and C, penitrem A, roquefortine,
andrazines A and B, patulin and microphenolic
acid. These toxins have a wide range of effects:
roquefortine, penitrem A and markfortorins are
neurotoxic, PR toxin and patulin are carcino-
genic and genotoxic, etc.!

In recent years, a pronounced antibacterial
effect of mycotoxins has been found, affecting
the composition and number of microflora of
the digestive tract of cattle [1]. This results in
impaired digestibility of nutrients and decreased
protective function of animal microflora.

As toxicants capable of causing a variety
of clinical symptoms, mycotoxins often mask
their negative effects on living organisms [2].
The presence of mycotoxins in the feed eaten
by cattle can have serious adverse effects on
their health and productivity. Mycotoxins can
affect the condition and operation of various
organs and systems: damage to the rumen and

ISarkisov A.H. Mycotoxicosis (fungal poisoning). Moscow: Selkhozgiz, 1954, 215 p.
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JKHBOTHOBOTYCCKUMH XO03sHicTBaMu Bosorojackoi obacti

IInaronoB A.B., Eperuna C.B., Paccoxuna 1.1., Apramonos U1.B.

intestine can cause impaired digestion and ab-
sorption of nutrients; damage to the liver and
kidneys contributes to the disruption of metab-
olism and purification of the body; when affect-
ing the immune system there is a suppression
of its functions, resulting in increased vulnera-
bility to infections and diseases; when affecting
the reproductive system increases the number
of abortions and reduces fertility; when the ner-
vous system is disturbed, the number of abor-
tions increases and fertility decreases; and with
disorders in the nervous system various behav-
ioral changes may be manifested.

It has been previously established that the
rumen microflora of a cow of high productiv-
ity (from 5 thousand kg/year and above) as a
result of dysbiotic disorders loses the ability to
natural detoxification of mycotoxins®. However,
the issues of mutual influence of several toxins
and the effect of toxins on the cattle organism at
concentrations less than the established norms
are poorly studied [3, 4].

Contamination of plant material with myco-
toxins is possible both before harvest (during
the plant growth period) and after it. Penicillium
spp. infection occurs, as a rule, after harvesting,
Alternaria spp. and Fusarium spp. fungi affect
plants in crops, Aspergillus spp. contamination
can occur in both ways. Unfortunately, treat-
ment of crops with fungicides does not solve
the problem of contamination of plants and feed
with mycotoxins [6]. Many species of forage
crops are sources of a complex of mycotoxins
entering the body of animals. In addition, the
ratios of individual components of the complex
are subject to changes during vegetation and
have their own peculiarities in different crops
[7].

The presence of mycotoxins in bulky cattle
feed is a global problem. According to some
data, in the USA, mycotoxin contamination of
feed causes losses at all stages of agricultural
production of up to 10 billion dollars, in the
European Union - about 5 billion euros (about

2% of the total GDP generated by agriculture in
the European Union), and, apparently, both esti-
mates are not accurate enough. The problem has
a similar scale in Russia. Reduced productivi-
ty and health problems can lead to a loss of up
to 250 rubles per animal per day and up to 100
thousand rubles per year, even if the cows have
not shown obvious signs of mycotoxicosis [8].

Due to the ongoing globalization of the mar-
ket, the distribution of contaminated farm ani-
mal feed and human food products is increas-
ing, resulting in an increasing number of myco-
toxin producers and consequently an increasing
number of mycotoxin contaminated samples [7,
9, 10]. Further spread of mycotoxin producers
can increase the probability of mass lesions of
agricultural crops. This poses a serious threat
both to crop yields and to the health of animals
and humans who may potentially consume
mycotoxin-contaminated products. Therefore,
control and prevention of mycotoxins in agri-
culture is very important to ensure food security
and the health of all parties involved. In this re-
gard, proper storage and handling of feed, regu-
lar monitoring of mycotoxin levels in food and
feed are essential.

A large number of cattle in combination
with unfavorable climatic conditions on a large
part of the country's territory cause the fact that
Russia ranks first in the world in terms of si-
lage production (30-40 million tons/year). The
high share of silage in the diet of animals leads
to a wide spread of severe toxicoses among
cattle. This is primarily due to the ability of
micromycetes, such as Aspergillus fumigatus,
Byssochlamys nivea, Fusarium sp., Monascus
sp. and Penicillium roqueforti, to actively pro-
liferate in silage ecosystem conditions, where
high levels of organic acids and carbon dioxide,
but low oxygen levels are maintained. The de-
velopment of micromycetes in silage can lead
to loss of its nutritional value, which reduces
feed quality and can negatively affect animal
health and performance. Industrial processing

2Yildirim E.A. Theoretical and experimental bases of microbiological safety of canned forages for ruminants: Extended abstract of Doctor’s thesis

in Biology. Dubrovitsy, 2019, 43 p.
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is not able to significantly affect the content of
mycotoxins in feed, so they are easily trans-
mitted along the production chain, getting into
the final products and animal organism [5].
Despite all measures taken to reduce mycotox-
in contamination [11], silage forages are uni-
versally contaminated with mold fungi [12].
At the same time, even taking into account the
significant relevance of the above-mentioned
problems, the number of publications on my-
cotoxin contamination of silage fodder is small
relative to other forms of fodder.

Poorly studied distribution of mycotoxins
in the Russian Federation in general and in the
north-western regions in particular leads to un-
derestimation of risks for farms-producers. With
sufficiently warm and humid summer, abundant
precipitation and high humidity of autumn and
relatively warm winter favorable conditions for
the growth of mold fungi in the harvested fod-
der material are formed. Dairy specialization of
cattle breeding in the North-West of Russia re-
quires the harvesting of large volumes of juicy
and dry fodder. Many farms do not control the
content of mycotoxins in harvested raw materi-
als, and measures to prevent contamination and
decontamination of fodder are not implemented.

Taking into account the scientific and eco-
nomic significance of this problem, the Labo-
ratory of Bioeconomics and Sustainable Devel-
opment of the Vologda Scientific Center of the
Russian Academy of Sciences (VolSC RAS) has
started to study the distribution of mycotoxins
in forages harvested in the Vologda region. It
should be noted that such studies have not been
conducted in the region before.

The purpose of the study was to determine the
nature and degree of mycotoxin damage of silag-
es prepared in the farms of the Vologda region.

MATERIAL AND METHODS

Sampling of silage harvested in 2021-2023
was carried out by farms of the Vologda region
agro-industrial complex in accordance with the
recommendations developed by the specialists
of the Laboratory of Bioeconomics and Sus-
tainable Development of VoISC RAS on the

basis of GOST R ISO 6497-2011. The studied
samples are represented by silages of different
composition: legume-grass, cereal, corn, mixed
grass and silages from natural lands. Samples in
which the content of ochratoxin A, zearalenone
and the sum of aflatoxins B, B,, G, G, was be-
low the lower detection limit of the test systems
(less than 1 pg/kg) were considered free from
mycotoxins. Unfortunately, the MAC levels,
which are reflected in the veterinary and san-
itary requirements of the Customs Union (ap-
proved by the decision of the Customs Union
Commission of the Eurasian Economic Com-
munity from 18.06.2010 Ne 317), regulate the
content of mycotoxins in such forages as wheat,
barley, oats, corn, soybean and others, ignoring
silage. The value of MAC for the above-men-
tioned crops does not have significant differenc-
es, so in our work we were guided by the speci-
fied norm (5 pg/kg).

The received samples were dried to con-
stant weight and pulverized (particle size not
more than 0.2 mm). Then extraction and sam-
ple preparation were performed according to
the test system manufacturer's protocol. During
the period of storage of dry samples and during
sample preparation, the exposure of the test
material to light was minimized. The prepared
extract was transferred into 2 ml cryotubes and
stored at -30 °C until analysis (not more than
2-3 days).

Mycotoxins were analyzed according to
GOST 31653-2012 "Feed. Method of immu-
noenzymatic determination of mycotoxins" us-
ing standard test systems produced by "Com-
ProdService" (Belarus), using the analyzer of
immunoenzymatic reactions AIFR 01 UNI-
PLAN ( ZAO "Picon", Russia) in the Center
for Agricultural Research and Biotechnology,
VoISC RAS.

RESULTS AND DISCUSSION

Due to the fact that silage is the main type
of succulent fodder harvested by farms in the
region, the control of the amount of mycotoxins
in this type of voluminous fodder is the most
important for enterprises engaged in forage
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harvesting. In total, more than 150 silage sam-
ples from 22 farms of the Vologda region were
studied. The obtained data show that almost the
whole sample contains mycotoxins (see Fig. 1,
2). Among the analyzed samples, only two sam-
ples did not contain the toxins under study.

The total aflatoxin content was determined in
91 samples (see Fig. 1). Of 16 samples of le-
gume-grass silage, 15 were toxic: aflatoxin lev-
els in them exceeded the MAC, and in 12 sam-
ples the norm was exceeded more than 2 times.
Six out of ten samples of cereal silage also had
aflatoxin concentrations above the MAC. Corn
silage (seven samples) was toxic in 85% of cas-
es. Meadow grass silage (12 samples) in 66% of
cases was characterized by increased aflatoxin
content. Among 46 samples of grass silage col-
lected from natural lands, 34 samples had afla-
toxin content above MPC, 20 of them exceeded
the norm by 2 times.

Legume and cereal

ede

Mixed herbs

Q

W <1pgkg W <5pugkg

The content of ochratoxin A was studied on
the basis of 49 samples of feed (see Fig. 2). Out
of'nine samples of legume-grass silage, only one
sample had mycotoxin concentration 2 times
higher than MAC. In corn silage the ochratoxin
content was insignificant, while in grass silage
ten samples out of 11 had ochratoxin concentra-
tions exceeding MAC 2 times. Among 28 grass
silage samples collected from natural lands, ten
samples had ochratoxin concentrations above
the MAC.

The content of zearalenone was determined
in 14 samples of silage. In all samples the toxin
concentration was below the established norms
(500 pg/kg).

The results of the study showed that out of
91 analyzed silage samples, more than 75%
contained aflatoxins at concentrations above
5 ng/kg. Excess of MAC (5 png/kg) for ochra-
toxin A was observed in 45% of samples. As

Cereal

From grasses from natural lands

»

I 5-10 pngkg

[ >10 nugkg

Puc. 1. Conepxxanme araTOKCHHOB B 00pa3liaX CHIIOCOB pa3IUIHOro coctasa (% OT 00IIero Kom4ecTna)
Fig. 1. Aflatoxin content in silage samples of different composition (% of total amount)
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is known, aflatoxins and ochratoxin A are
produced by fungi of the genera Aspergil-
lum and Penicillum, for the development of
which the conditions of ensiling are favor-
able [13]. Some representatives of these gen-
era successfully develop at pH equal to 2.5
and lactic acid content up to 3.5%. Probably,
contamination of the studied samples with
mycotoxins occurred as a result of fungi in-
festation of silage mass. In addition, one can-
not exclude the contribution to the contami-
nation of fodder from the plants that served
as raw material for silage preparation. Thus,
there are works showing the widespread in-
festation of sown grasses on the root by fungi
producing mycotoxins [9].

It should be noted that, according to the
study, the most susceptible to aflatoxin con-
tamination is legume-grass and corn silage,
where the proportion of affected samples was
94 and 85%, respectively. In the case of ochra-

Legume and cereal

toxin A, silage from mixed grasses was the
most contaminated (91%). A high proportion
of contaminated samples was recorded in the
variants from grasses harvested from natural
lands (73% for aflatoxins and 48% for ochra-
toxin A). This is probably due to the longer
period of use of natural lands. As a rule, these
meadows are not strictly controlled by agri-
cultural producers, agrotechnical practices are
minimal, and grass harvesting is carried out in
the second turn, while there may still be dried
remains of last year's grasses, which may serve
as a storage area for fungi. All this leads to the
accumulation of various mycotoxins.

CONCLUSION

The results of the conducted research make it
clear that practically all types of silage harvest-
ed by the farms in the region contain mycotox-
ins, and in many cases their content either ex-
ceeds the norms established for forage products
or is in close proximity to such norms.

Cereal

900

Mixed herbs

B <2pugkg B <5ugkg

From grasses from natural lands

g

I 5-10 pgkg [ >10 ugkg

Puc. 2. Conepxanne oXpaTokcHa A B 00pa3liax CHJIOCOB pa3InIHOro cocrana (% OT 001Iero KoJuuecTsa)
Fig. 2. Ochratoxin A content in silage samples of different composition (% of total amount)
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JKHBOTHOBOTYCCKUMH XO03sHicTBaMu Bosorojackoi obacti

IInaronoB A.B., Eperuna C.B., Paccoxuna 1.1., Apramonos U1.B.

Firstly, it confirms the thesis that mycotoxins
and their producers are everywhere and affect
any type of feed, therefore, their toxic effects
can affect the condition of animals, including
chronic poisoning by small doses.

Secondly, it shows the importance of quality
control of harvested forages in terms of myco-
toxin content, especially silage, the conditions
of harvesting and maturation of which are fa-
vorable for the growth of many fungi.

Thirdly, it is already important at this stage to
take measures to decontaminate feed on farms
(including preventive decontamination prior to
or in the absence of sample testing) and mea-
sures to reduce toxic effects on animals (e.g. the
use of sorbents).

The plans of the Laboratory of Bioeconom-
ics and Sustainable Development of VoISC RAS
for the near future include not only a significant
expansion of research in terms of the number of
samples analyzed, but also the study of the dy-
namics of accumulation of major toxins in for-
ages differing in composition, time and method
of harvesting.
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HNCHOJIB30BAHUE TPUTUKAJIE B KOPMOITPOU3BOIACTBE

) nunes H.C., Jlebenbko JI.B., lllenenes C.U., Topukos B.E., Meabunkona O.B.
bpanckuii ecocyoapcmeennvlii azpaphwviil yHusepcumen

Bbpsuckas obnacts, ¢. Kokuno, Poccus

(<)e-mail: shpilev.ns@yandex.ru

W3noxeHsl pe3ynbTaThl BBIPALIMBAHKMS HOBBIX COPTOB O3MMOM TPHUTHKAJE C LEJbI0 MOJYy4EHUs
3ejieHoi Macchl U 3epHa. O0ocHOBaHA d(PEKTHBHOCTh MCIOJIL30BAHUSI TPUTHKAJIE B KOPMOIPOH3-
BOJICTBE, B YACTHOCTH B COCTaBE€ IOJHOPAIIMOHHBIX KOMOWKOPMOB TIPH BBIPAITMBAHUN MOJIOIHSKA
CBHHEH Ha OTKOPME M MCIOJIb30BAHUU B 3€JICHOM KOHBEWepe MpH BBIPAIIMBAHUU KPYITHOTO POraro-
ro ckota (KPC). MccnenoBanus mipoBenieHsl B bpsiackoit oomactu B 2021, 2022 rr. JlokazaHo mpe-
BOCXOZICTBO TPUTHKAJIE 110 OCHOBHBIM MapaMeTpaM B CPAaBHEHHUH C TPAJULUOHHO BO3/€IbIBAEMBIMU
KyJIbTypaMu: poXkblo U miieHuneil. Couetanne BHICOKUX MOKa3aTesae ypoxXailHOCTH U cofep KaHus
MPOTEUHA MTO3BOJISIET YBEJIIMYUTE COOP ¢ SAMHHUIIBI IIOMIAAN IIEHHOTO 3epHa. ConepikaHue NpOTEHHA B
3epHe pxku copta I[lyxoBdyanka coctaBuio 12,4%, B 3epHe TpuTnkaie copta @opre — 15,2%, B 3epHe
neHuIsl copra Brmaam — 14,1%, 9To yka3siBaeT Ha BBICOKYIO OEIKOBOCTBH 3epHA TPUTHKAJE B CPaB-
HEHHMU ¢ HanOoJjiee pacpoCTPaHEeHHBIMU KyAbTypaMu. Jlydiine pe3ynbTarsl OJy4YeHbl Ha BApHAHTE
BO3JIEJIBIBAHUS TPUTHKAJE copTa PopTe Npu NCIOIB30BAHUU MUHEPAIBHBIX YIOOPEHHUH B KOTMUECTBE
NP 30K 30> B KOTOPOM ypOXKalHOCTh 3€pHA COCTABUJIA B CPEHEM 3a JiBa rofa 91,4 n/ra, mpesbiiie-
HUE ypOXKANHOCTH MIICHUIIBI copTa Biiamu — 7,6 1/ra. YBenuueHue ypokalHOCTH TPUTHKAJIE POU-
30IIJI0 32 CYET COYETaHWMs] MHOTOKOJIOCKOBOCTH PXKH M MHOTOIIBETKOBOCTHM MIIIEHHUIIBI, YTO OOecte-
YMJIO YBEJIIMYEHUE MAcChl 3epHa ¢ Kosnoca. IIpyn He3HaYMTeIbHOM YMEHBIIEHUH I'yCTOThI CTe0IeCcTOs
B [10CEBaX TPUTHKAJIE €€ yPOKAaTHOCTh JOCTOBEPHO MPEBBIIIANA IPyrHe U3ydaeMble KyJIbTypsl. [lpn
BO3JICJIBIBAHUH TPUTHKAJIE Ha 3eJIeHbIH KopM copTa CiloH ypokaiiHoCTh coctaBmia 407,1 1/ra, 4to Ha
106,8 u/ra npeBblaeT ypokaitHocTb copta IlyxoByanka. Cpok TEXHOIOTUYECKOW CIIENIOCTH TPUTH-
KaJie HacTyTmaeT Ha 7-i JIeHb MMO3HEee PrKU, TOITOMY 3Ta KYJIBTYPa XOPOIIO BIIMCHIBAETCS B 3€JI€HBIN
KOHBe#ep. biaromapsi BRICOKOW YCTOMYMBOCTH K TaKUM HAanOOJIee pacIpOCTPAHESHHBIM U BPEIOHOC-
HbIM OOJIe3HsIM, Kak Oypast u crebieBasi p)KaBUMHA, MYyYHHUCTasl poca, 3€JCHbIH KOPM TPUTHKAJE B
MEPUOA TEXHOJIOTUYECKON CIIEIOCTH COXPaHsET MOTPEOUTEIbCKHE KaueCTBa Ha BBICOKOM YPOBHE.

KaroueBsble cjioBa: TpuTHKale, TPOTEUH, 3€ICHBIH KOPM, KOMOMKOPM, MOJIOOHSIK CBHUHEH, 3ee-
HBII KOHBEWEp, YPOKANHOCTD

THE USE OF TRITICALE IN FEED PRODUCTION
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The results of growing new varieties of winter triticale in order to obtain herbage and grain are pre-
sented. The effectiveness of the use of triticale in fodder production, in particular, as part of complete
mixed fodders when growing young fattening pigs on the materials of the Bryansk region and using it
in a green forage chain when growing cattle is substantiated. The research was conducted in the Bry-
ansk region in 2021, 2022. The superiority of triticale in terms of the main parameters in comparison
with traditionally cultivated crops: rye and wheat has been proven. The combination of high yield and
protein content allows increasing the yield per unit area of more valuable grain. The protein content
in the grain of the rye variety Pukhovchanka was 12,4%, in the grain of the triticale variety Forte —
15,2%, and in the grain of the wheat variety Vladi — 14,1%, which indicates the highest protein content
of triticale grain in comparison with the most common crops. The best results were obtained on the
cultivation of the triticale variety Forte using mineral fertilizers in the amount of N , P, K, , in which
the grain yield averaged 91,4 centners per hectare over two years, the excess yield of wheat variety
Vladi was 7,6 centners per hectare. The increase in the yield of triticale was due to the combination of
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rye with many ears and wheat with many flowers which ensured an increase in the mass of grain per
ear. With a slight decrease in the density of the stem stand in the crops of triticale, its yield significantly
exceeded other studied crops of the variety. When cultivating triticale for green fodder of the Elephant
variety, the yield was 407,1 c/ha, which is 106,8 c/ha higher than the yield of the Pukhovchanka va-
riety. The technological ripeness of triticale comes 7 days later than that of rye, so this crop fits well
into the green forage chain. Due to high resistance to the most common and harmful diseases such as
brown and stem rust, powdery mildew, green fodder triticale during the period of technological ripe-

ness retains consumer qualities at a high level.

Keywords: triticale, protein, green feed, compound feed, young pigs, green forage chain, yield
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INTRODUCTION

Triticale as a crop is actively introduced into
agricultural production due to the combination
of such positive features as high yield potential,
favorable biochemical and technological charac-
teristics and other criteria, which has been widely
reflected in scientific literature [1-5]. The qual-
itative characteristic of triticale has ensured the
versatile use of this crop: in baking, for ethylene
production in the confectionery industry, in beer
preparation, etc., as well as in the preparation of
beer. Triticale is of special value for fodder pro-
duction, and triticale is grown to produce green
mass and grain. According to T.A. Gorina [6],
the green mass of triticale contains more fat,
sugar, carotene B compared to wheat and rye.
Triticale grain, as studies by many authors show,
contains more protein, well balanced in amino
acid composition and protein fractions, and has
high nutrition and energy balance [7-10]. Con-
sequently, triticale grain is superior to all grain
crops in terms of protein content, thus, triticale
is undoubtedly an important forage crop. The
study of the peculiarities of cultivation and use
of triticale will contribute to the implementation
of the Resolution of the Government of the Rus-
sian Federation from 01.12.2022 Ne 2201 "On
Amendments to some acts of the Government of

the Russian Federation on the implementation of
the State Program of Agricultural Development
and Regulation of Markets of Agricultural Prod-
ucts, Raw Materials and Food".

The purpose of the research is to substanti-
ate the efficiency of triticale utilization in fodder
production, in particular, in the composition of
complete mixed fodders when growing young
pigs for fattening and in the green forage chain
when growing cattle.

MATERIAL AND METHODS

The study of the possibility and efficiency of
triticale use in fodder production was conduct-
ed on new varieties Forte, Slon, included in the
State Register of Breeding Achievements, al-
lowed for production use in the Central region
in 2022 and in other regions. These varieties are
characterized by high yield potential, immuni-
ty and intensity. Thus, the Forte variety in 2022
at the Bolsheboldinsky state crop testing site
(SCTS) yielded 114.8 c/ha. Triticale Elephant —
silage variety, Forte — grain triticale, Vladi —
grain wheat.

Sowing of triticale and rye was carried out
in optimal for the region terms, from 25.08 to
10.09, with a seed drill SN-16 with a seeding
rate of 4.5 million germinated seeds/ha at the
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experimental station of the Bryansk State Agri-
cultural University in 2021, 2022. The area of
the plot — 35 m?, threefold repetition, systemat-
ic placement of variants. Harvesting of rye and
triticale for green fodder was carried out in the
phase of earing — flowering manually. Harvest-
ing for grain was carried out by a combine har-
vester Terion 250 in the phase of full ripeness.
Protein content was determined by the Kjeldahl
method, the amount of mineral fertilizers ac-
cording to M.K. Kayumov', according to M.A.
Albert, P.P. Galeev, E.A. Kovalev [11]. Mineral
fertilizers N P, K, were applied, allowing
to obtain triticale grain yields of 100 c/ha and
green mass yields of 300 — 400 c/ha. Statisti-
cal processing and related observations were
carried out according to B.A. Dospekhov?. Re-
search on studying the use of triticale grain in
the composition of complete mixed fodders was
carried out in the conditions of industrial type
pig complex. The material of conducted studies
were standard complete mixed fodders SPK-7
and SPK-8, designed for fattening young pigs,
with the inclusion of different levels of tritica-
le grain by replacing wheat grain. The object of
research was a mixed tri-breed (Large White x
Landrace x Duroc) young fattening pigs. For
the experiment 10 young pigs were selected on
the principle of pair-analogs with regard to sex,
age, live weight and breed. Duration of the ex-
periment corresponded to the period of intensive
fattening and amounted to 90 days. The scheme
of the research is presented in Table 1.

In accordance with the scheme of the exper-
iment, the 1st group (control) received the main
ration, which included full feed SPK-7 (the first
period of fattening) and SPK-8 (the second peri-
od) with the content of wheat grain at the level of
45.6%. In the 2nd experimental group, the main
ration was used with replacement of wheat grain
with triticale grain at the level of 10% in the
composition of mixed fodder, in the 3rd group —
with replacement by 20%, in the 4th group — by
30% and in the 5th experimental group — with

Tada. 1. Cxema onbiTa
Table 1. Experiment scheme

Average live weight
G Number of
roup heads at the beginning of the
experiment, kg/head
1st (control) 10 4431 + 0,52
2nd experimental 10 4426 + 0,46
3rd experimental 10 4430 + 0,57
4th experimental 10 44,27 + 0,56
5th experimental 10 44,32 +£0,48

replacement by 40%. The data obtained in the
research were processed by the method of varia-
tion statistics® using the package of applied com-
puter program of statistical analysis Microsoft
Excel 2010.

PE3VYJIBTATBI 1 OBCYXJAEHUE

Rye occupies an important place in the green
conveyor belt, but the duration of rye green fod-
der utilization is limited by the "earing" phase of
development. Continued supply of green fodder
can be achieved by cultivation of triticale, the
earing of which, according to our data, comes
7-8 days later, which fits well into the green con-
veyor (see Table 2).

Triticale varieties, recommended for obtain-
ing green fodder, have a greater yield potential in
comparison with other grain crops. The obtained
results show that the yield of specialized triticale
variety Slon on average for 2 years significantly
exceeds other crops and varieties by this indica-
tor and amounts to 407.1 c/ha (see Table 3).

Taking into account high immunological
characteristics in relation to such diseases as
brown and stem rust, powdery mildew, the ob-
tained forage was characterized by high con-
sumer properties.

The combination of positive features of rye
(multispike spikelets) and wheat multiflow-
ering allows increasing spikelet productivity
while maintaining comparable stem density and
forming a significantly higher yield among the

'Kayumov M.K. Programming of yield of agricultural crops. Moscow: Agropromizdat, 1989, 317 p.

2Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow: Alliance, 2011, 352 p.
3Kerdyashov N.N. Variational statistics Penza. PSAU, 2018, 131 p. URL: https://e.lanbook.com/book/131161.
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Taoa. 2. [IpogomKuTeNbHOCT BETETAIMOHHOTO
nepruosa, THU

Table 2. Length of the growing season, days

Sprouting — Sprouting —

Culture, variety earing full ripeness
2021 2022 2021 2022
Pukhovchankarye | 268 270 320 323
Elephant triticale 276 277 328 329
Forte triticale 275 277 329 330
Vladi wheat 271 273 324 326

studied crops. On average for 2 years (see Ta-
ble 4), the yield of grain triticale of Forte variety
amounted to 91.4 c/ha.

Analysis of protein content in the grain of the
studied crops, varieties showed that the grain of
rye variety Puhovchanka contains 12.4% protein,
the grain of triticale variety Elephant — 14.9%,
the grain of triticale variety Forte — 15.2%, the

Taba. 3. YpokalfHOCTB 3eJICHOW MacCHI, I1/Ta
Table 3. Productivity of herbage, c/ha

grain of wheat variety Vladi — 14.1%. Calcula-
tions show that the cultivation of the above vari-
eties allows to receive from one hectare of crops
respectively 5.3; 11.6; 13.8; 11.8 c/ha. Thus, trit-
icale grain is the most high-protein among grain
crops, which makes it an important component
in the preparation of forage. The analysis of the
main indicators characterizing the intensity of
growth of fattening young pigs and feed costs at
inclusion of triticale grain in the composition of
complete mixed fodders of different levels was
carried out (see Table 5).

The results of the conducted studies showed
that at inclusion of triticale grain of different
levels in the composition of complete feeds by
replacing wheat in all experimental groups there
was an increase in live weight of pigs compared
to the control group. This, in our opinion, is con-
nected, on the one hand, with a higher level of
protein content in triticale grain in comparison
with wheat grain, on the other hand, with a high-
er level of essential amino acid (lysine), the level
of which in mixed fodders, the basis of which is
wheat grain, is insufficient.

2021 2022
Culture, variety Replication . Average Replication ' Cpemce Average
first second third first second third
Pukhovchanka rye 293 287 300 2933 307 315 301 307,6 3004
Elephant triticale 407 415 402 408.,0 403 416 400 406,3 407,1
Forte triticale 396 394 368 386,6 376 389 387 384,0 385,3
Vladi wheat 210 197 203 202,6 211 207 198 205,3 203,9
LSD - 19,85 — 11,55
Taodxa. 4. YpoxkaitHOCTb 3epHa, 1/Ta
Table 4. Grain yield, c/ha
2021 2022
Culture, variety Replication Replication Average
first second third Average first second third Average
Pukhovchanka rye 423 41,9 433 42,5 44,0 43,2 42,6 43,2 42,8
Elephant triticale 79,5 80,2 78,7 79,4 80,1 76,5 74,9 77,1 78,2
Forte triticale 91,7 92,6 93,0 92,4 93,2 94,4 83,8 90,4 91,4
Vladi wheat 82,4 83,8 81,9 82,7 85,5 87,0 82,2 84,9 83,8
HCP - 1,64 - 4,94 —
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Ta6ua. 5. /lunamuka *KUBOW Macchl U CPETHECYTOUHBIX TPUPOCTOB Y MOJIOAHSKA CBUHEH HA OTKOpME

Table 5. Dynamics of live weight and average daily gains in young fattening pigs

Group
Indicator | 2nd experi- 3rd 4th 5th
st (control) . . .
mental experimental experimental experimental
Live weight at the beginning of the
period, kg 4431+0,52 | 4428 +0,46 | 44,30+0,57 | 44,29+0,56 | 44,30+ 0,48
Live weight at the end of the period,
kg 112,42 + 1,34 | 113,27 £ 1,25 | 114,32 £ 1,41 | 114,71 £ 1,52 | 114,25 + 1,67
Absolute gain, kg 68,11 +0,72 | 68,99 +0,69 | 70,02+0,78 | 70,42 +0,76" | 69,95+0,81
Average daily gain, g/head 801,29 + 8,54 | 811,65+ 8,43 | 823,76 £ 8,76 | 828,47+9,08" | 822,94 £ 10,14
In % of the control 100,00 101,29 102,8 103,39 102,70
Feed costs per 1 kg of gain, kg 3,23 3,179 3,19 3,12 3,15
*p<0,05.
On the basis of the data of the conducted CONCLUSION

research it is established that with the increase
of the level of inclusion of triticale grain in the
composition of complete mixed fodders the ab-
solute growth rate of live weight of pigs in all
experimental groups increased in comparison
with the control group. It should be noted that
from all experimental groups the highest level
of increase in absolute gain (70.42 + 0.94 kg)
and average daily gain (828.47 + 12.28 g/head)
for the period of research was obtained in the
4th experimental group at the inclusion of triti-
cale grain in the composition of complete mixed
fodders at the level of 30%. Further increase in
the share of triticale grain does not lead to the
growth of weight gain. In our opinion, this is due
to a higher content of 5-alkylresorcinols in trit-
icale grain compared to wheat, the average ex-
cess is 24 mg/kg.

It should be noted that the use of triticale
grain in the composition of diets at fattening of
pigs had an impact on the reduction of feed costs
for live weight gain, the costs in the 4th experi-
mental group were lower compared to the con-
trol group by 3.41%, or by 0.11 kg. Thus, based
on the data obtained in the studies on the use
of triticale grain in the composition of complete
mixed fodders, it can be concluded that triticale
can be used at a level of 30%, providing the most
intensive growth in pig fattening.

Cultivation of new varieties of winter tritica-
le allows obtaining yields significantly higher in
comparison with traditional crops. In the pres-
ent study, the excess in triticale grain yield of
the Forte variety amounted to 7.6 c/ha, in green
mass yield of the triticale variety Elephant —
106.7 c/ha. Protein content in triticale grain ex-
ceeds this indicator in wheat by 1.1%, in rye —
by 2.8%. The use of green mass of triticale will
stabilize the need of cattle in green fodder in late
spring and early summer. Inclusion of triticale
grain in the composition of complete mixed fod-
ders at fattening of young pigs instead of wheat
at the level of 30% allows to increase the weight
gain and reduce the consumption of feed and
balance the diet.
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OCOBEHHOCTH PA3BBUTHUSA U PACIIPOCTPAHEHHOCTH BOJIE3HEM
HA COE B JIECOCTEIIA 3AITATHOU CUBUPU

Aaadyruna MLJL., <) Kopooeiinukos A.C., Aluimapuna JI.®.

Cubupcxutl ghedepanvhvlil HAYYHBLI YeHmp azpodbuomextonocull Poccutickoti akademuu HayK
HoBocubupckast ob6macts, p.im. Kpacnoo6ck, Poccus
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B mocnenHue rofpl OTMEYEHO 3HAYUTEIBLHOE YXY/IIICHHE (PUTOCAHUTAPHON CUTYaIlUU B MOCEBAX
MHOTHX CEJIbCKOX03SICTBEHHBIX KYJIBTYP, B TOM YHCJIe KOPMOBBIX. OHOH U3 IIECHHBIX KOPMOBBIX KYJIb-
Typ ABISIETCS COS, MOINTydaromias Bce OoJbIliee pacIpoCTpaHeHHEe 3a MpeeIaMy €€ TIPUPOTHON KITH-
MaTH4deckor 30HbL. B ycnmosusix 3amagHoit CHOMPH TOCEBBI COM TIOYTH €KETOAHO MOPAKAIOTCS KOM-
IJIEKCOM OOJIe3HEH, CYIIeCTBEHHO CHIDKAIOIINX YPOXKAHHOCTh M Ka4eCTBO CEMEHHOTO MaTepraa, 4To
TpeOyeT KOMIICKCHOTO MOX0Aa K 00ECIeYCHUI0O MUHIMAIILHOTO HH()EKIIMOHHOTO (DOHa B MOCEBax.
PasButhe anuduroTHii Ha TOCEBAaX CEIBCKOXO3SIMCTBEHHBIX KYJIBTYD HOAUMHSICTCS ONPEACICHHOM 3a-
BucuMocTHd. [Tuk 3a0omeBaeMOCTH IpUOHBIX MH(EKIMIA CBsI3aH C TMOBBIIICHHBIMUA TEMIICPATYpOl U
BIIQXKHOCTHIO. bakTepraipable HHPEKINH 001a1af0T OOJIbIIei TOIEPAaHTHOCTHIO K HU3KUM TeMIlepa-
TypaM B MOTYT pa3BUBaThCS B 3aKIIOUUTENbHYIO (Da3y BereTarmu con. Hamu mpoBeieHs! rccaenoBa-
HUS KOPPEISIIIMOHHON 3aBUCUMOCTH MEXy IMOKa3arelsiMu 3a005IeBaeMOCTH TPUOHBIME U OaKTepH-
AJBHBIMH 3200JICBAHUSMU COU U TOTOHO-KIMMAaTHIYCSCKIUMHU YCIOBUSMU. VIccnenoBanus mpoBeeHbI
B 2016-2022 rr. B HoBocuOupckoi obmactu. Beibop JaHHBIX TOf0B 00YCIOBICH (OPMHPOBAHUEM
YCTOSIBIIUXCS MOMYJNISINNA COSBBIX (PUTOMATOICHOB, BBI3BIBAIOIINX €XKETOAHbIe anuduroTnn. B kave-
CTBe 00pasIa I UCCIeIOBaHUs 3a00JIEBAEMOCTH ITOCEBOB MCIONB30BaH copT com CuOHUMK 315.
ITo pe3ympTaraM MHOTOJIETHHX HCCIEIOBAaHUI 3TOT COPT SBISIETCS HanOoJee opakaeMbIM M3 BCEX.
B kadecTBe yunThIBaeMBIX 3a00JIeBaHUI paccMaTpHUBAIN JTUCTOCTEOETbHBIE HH)EKIINYA TIEPOHOCITO-
PO3 ¥ MyCTYIbHBIA OakTepro3. [IpuMeHeHne KOpPENIIUOHHOTO aHaN3a JIJIsl YCTaHOBIICHUS CTEIICHU
B3aUMOCBSI3M OCHOBHBIX ITOKa3aTelieil 3apa)keHHOCTH MOCEBOB COM W MOTOTHO-KINMATHYECKUX YC-
JIOBUH BETETAIMOHHOTO MEPHOJia TIO3BOJUIIO BBISIBUTH OIPEJICIICHHYI0 B3aUMOCBSI3b, B OCHOBHOM 32
CYET TOTO0, 9TO TPHOHBIE HH(EKIINN BO BCE TOJBI HCCIENOBAHNH TPOSBIBLIINCH 110 THITY SITHU(PUTOTHIA.
Bwmecte ¢ TeM 3TOT criocod Maino MmoaxomuT AJs 3a00JIeBaHHA MaJIOpPaCcTIPOCTPAHEHHBIX W MMEOIINX
XapakTep KPaTKOBPEMEHHBIX BCIIBIIIICK.

KuaroueBsie ciioBa: cosi, copt CuOHNUUK 315, neporocnopo3, mycTynbHbIH 0aKTeprO3, THAPOTEP-
MHUYECKUH K03 QUIIMEHT, KOppesus

FEATURES OF DEVELOPMENT AND PREVALENCE
OF DISEASES ON SOYBEAN IN THE FOREST-STEPPE OF WESTERN SIBERIA

Alabugina ML.L., <) Korobeinikov A.S., Ashmarina L.F.

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

(<) e-mail: contra.boechm@gmail.com

In recent years, there has been a significant deterioration of phytosanitary situation in plantings of
many agricultural crops, including fodder crops. One of the valuable forage crops is soybean, which is
becoming increasingly widespread outside its natural climatic zone. Under the conditions of Western
Siberia, soybean crops are almost annually affected by a complex of diseases that significantly reduce
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the yield and quality of the seed material, which requires a comprehensive approach to ensure a min-
imum infectious background in crops. The development of epiphytotics on crops follows a certain
dependence. The peak incidence of fungal infections is associated with increased temperature and
humidity. Bacterial infections have a greater tolerance to low temperatures and may develop during
the final phase of soybean vegetation. We investigated the correlation between the incidence rates of
fungal and bacterial diseases of soybean and weather and climatic conditions of all the years of re-
search. The research was conducted in 20162022 in the Novosibirsk region. The choice of the years
of research is due to the formation of established populations of soybean phytopathogens that cause
annual epiphytotics. SibNIIK 315 soybean variety was used as a sample for the study of the disease
incidence in soybean crops. Based on long-term studies, this variety is the most affected of all the
varieties. The leaf-stalk infections such as false mildew and pustular bacteriosis were considered as
countable diseases. The use of correlation analysis to establish the degree of interrelation between the
main indicators of soybean crop infestation and weather and climatic conditions of the growing season
allowed to reveal a certain relationship — mainly due to the fact that fungal infections in all the years
of research were manifested by the type of the epiphytotics. However, this method is not well suited
for low prevalence diseases and diseases with short-term outbreaks.

Keywords: soybean, SibNIIK 315, diseases, false mildew, pustular bacteriosis, hydrothermal co-
efficient, correlation
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INTRODUCTION — reduction of fodder quality during vegeta-
tion and during storage;

An important factor of sustainable develop- . ! o
— reduction of sowing qualities of seeds;

ment of agricultural production in Siberia is the

prevention of crop losses from a complex of
pests. In recent years, a significant deterioration
of phytosanitary situation in crops of many ag-
ricultural crops, including fodder crops has been
noted'. The long-term phytosanitary monitoring
of seed material, soil and crops of annual and
perennial fodder crops, conducted by us, indi-
cates a significant spread and harmfulness of an
extensive complex of diseases’.

Infestation of forage crops by pathogens of
various diseases leads to a number of problems
[1,2]:

— reduction of overall plant productivity:
plant biomass, seed productivity;

— losses of nutrients, as pathogens affecting
feedstuffs use them for their growth and repro-
duction. Mold deterioration of grain leads to
a decrease in the content of vitamins by more
than 25%, protein — by 20, lysine — by 45%.
There is a deterioration of taste qualities, as the
infection of feed raw materials by some species
of fungi causes the appearance of a repulsive
odor and unpleasant taste, reducing the con-
sumption of feeds;

— changes in the physical properties of raw
materials, manifested in the formation of dense
clumps that hinder their transportation and lead
to hanging in silos;

'Ashmarina L.F., Gorobei I.M., Konyaeva N.M., Agarkova Z.V. Atlas of diseases of forage crops in Western Siberia. Novosibirsk, 2010, 173 p.

2Zhuchenko A.A. Adaptive system of plant breeding (ecological and genetic bases). Moscow, 2001, vol. 2, 708 p.
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— growth and reproduction of fungi and in-
sect parasites, increase in humidity, self-heat-
ing of grain, which leads to increased ventila-
tion costs and the need for regular movement
during storage;

— formation of mycotoxins, which causes
poor health, stunted growth of animals and re-
duced productivity.

These problems necessitate the development
of a set of protective measures to reduce the
harmfulness of diseases in forage crops.

Cultivation of high-yielding wvarieties
with complex resistance to abiotic and bi-
otic stressors is one of the most effective
and promising directions in modern plant
protection, meeting the needs of modern
adaptive crop production [3]. Immune va-
rieties are able to provide crop protection
from losses, obtain high quality products,
and ensure the recovery of ecosystems [4].
Creation of resistant varieties and on their
basis optimization of agrotechnology of
their cultivation contribute to fundamental
changes in the system of plant protection
and increase the yield of forage crops and
preserve the ecological integrity of the en-
vironment [5, 6].

One of the most valuable fodder crops is
soybean, which is becoming increasingly wide-
spread outside its natural climatic zone. New
promising varieties are regularly emerging, in-
cluding those aimed at producing highly nutri-
tious fodder for the needs of the livestock in-
dustry*[7].

Under the conditions of Western Siberia,
soybean crops are almost annually affected by
a complex of diseases that significantly reduce
yield and quality of seed material, which re-
quires a comprehensive approach to ensuring
a minimum infectious background in crops [8].
Currently, there is a large number of various
techniques and methods to control disease in-
cidence in soybean crops* [9]. In addition, one

of the achievements of Siberian breeders at the
end of the XX century was the creation of the
Siberian ecotype varieties and their introduc-
tion into culture in the extreme conditions of
Siberia [10].

The development of epiphytotics on crops
is subject to a certain dependence. It has been
established that the peak of fungal diseases is
usually associated with high temperature and
humidity [11, 12]. Bacterial infections are more
tolerant to low temperatures and can develop in
the final phase of soybean vegetation.

The purpose of the work is to establish the
dependence of the prevalence and development
of fungal and bacterial diseases of soybean on
weather and climatic conditions of the West Si-
berian region.

The objectives of the research included eval-
uation of soybean disease incidence over sever-
al years, as well as identification of correlation
between the disease incidence rates and weather
and climatic conditions of all years of the study.

MATERTIAL AND METHODS

The studies were conducted in 2016-2022 on
the basis of experimental plots of the Siberian
Research Institute of Fodder Crops (SibNII of
fodder crops) SFSCA RAS (Novosibirsk re-
gion). The choice of research years was due to
the formation of established populations of soy-
bean phytopathogens causing annual epiphytot-
ics.

SibNIIK variety 315 was used as a sample
to study the disease incidence in soybean crops.
Bred in 1991, it has been used in field conditions
as a standard variety for many years. According
to the results of long-term studies, this variety is
also the most affected of all. The leaf-stalk infec-
tions false mildew and pustular bacteriosis were
considered as the diseases taken into account.

The main method of recording leaf-stalk in-
fections was visual assessment in accordance

3Toropova E.Yu., Shulga T.V., Seluk M.P. Effectiveness of soybean seed dressing agent in the protection against diseases // Grain legume crops,
an emerging trend in Russia: a collection of articles. Omsk, 2018, pp. 172-175.

4Sidorik 1.V., Zinchenko A.V. Importance of soybean in farming in Kazakhstan // Oilseed crops: scientific and technical bulletin. VNII of oilseed

crops. Krasnodar, 2018, N. 2 (174), pp. 75-78.
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with the methodological guidelines of VIZR,
VIK and VIR®.

The assessment was carried out on the fol-
lowing scale:

Score Degree of leaf and stem damage, %
0 No symptoms
2 11-25
3 11-25
4 11-25
5 11-25, plant death.

Counts of soybean leaf-stalk infections were
carried out throughout the growing season.

Based on the obtained data, prevalence and
disease progression indices were calculated. The
index of disease development was determined
by the formula

Y (a-b)-100
N-K ’

where Z (a - b) — sum of products of the num-
ber of diseased plants (a) by their correspond-
ing infestation score (b); N — total number of the
counted plants; K — highest score on the scale.

Moisture content of the vegetation period was
expressed through the Selyaninov hydrothermal
coefficient (HTC), calculated according to the
fi la®

ormula R-10
K =

X

where R — sum of precipitation in millimeters
for the period with the temperatures higher than
10 °C; Xt — sum of the temperatures (°C) over
the same time.

The dependence of soybean plant disease
incidence on HTC was determined through the
correlation coefficient with the construction of
a scatter diagram using the program Microsoft
Office Excel 2021.

RESULTS AND DISCUSSION

Climatic conditions of all the years of re-
search differed significantly in terms of aver-
age temperatures and moisture content. 2016
was characterized by almost complete absence

of precipitation in the first half of the growing
season. In the following months (July — August)
precipitation was scarce, which made the condi-
tions of soybean cultivation in this year close to
the conditions of dry farming zones. In 2017, a
different situation was observed: periodic heavy
precipitation from June through August against
the background of a relatively dry May. Condi-
tions for soybean cultivation in this year were
optimal. The wettest months of the 2018 grow-
ing season were June and July, with several ex-
cessively wet days (25-30 mm of precipitation).
In general, the year was as favorable for soybean
as the previous year. Nearly identical conditions
were observed in 2020. In 2019, the only wetted
day of the growing season was one day in July
with 37 mm of precipitation. Otherwise, mois-
ture content was at a medium-low level, which
allows us to classify this year as a dry year. In
2021, there was a kind of a gap between two av-
erage moist months: June and August. Against
the background of weak moisture content of
May, this year can also be called dry. In 2022,
the lowest amount of precipitation was detect-
ed against the background of increased average
temperatures of the growing season: by its char-
acteristics, it is closest to 2016.

Based on the data of average temperatures
and precipitation for two months of the growing
season (July-August), the hydrothermal coeffi-
cient of Selyaninov was calculated (see Fig. 1).
These months of the growing season in Western
Siberia are the months with the highest amount
of precipitation. These data are necessary to
identify the relationship between the conditions
of the growing season and the development of
the most typical soybean diseases.

The prevalence and development of soybean
diseases by years of research were uneven. The
prevalence and development of false mildew in
2017 were very low, in 2022 the disease was
completely absent (see Fig. 2).

Pustular bacteriosis on soybean developed as
an epiphytotic disease only in some years: this
year was 2022. In other years, it manifested it-

’Methodological guidelines for the study of resistance of grain legumes to diseases. Leningrad: VIR, 1976, 74 p.

bSelyaninov G.T. World agroclimatic reference book. Leningrad; Moscow, 1937.
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Fig 1. Selyaninov’s hydrothermal coefficient for all
the years of research

self as a concomitant disease, in most years it
was absent (see Fig. 3).

Correlation analysis of prevalence and dis-
ease progression with HTC was performed in
2023. The results are presented in Figs. 4 u 5.

According to the results, the most pronounced
correlation between false mildew development
index and weather and climatic conditions of
growing seasons was observed in 2016, 2018,
2019 and 2021. In case of false mildew prev-
alence, such correlation was observed in 2018
and 2019. The negative correlation between
HTC, prevalence and development of bacteri-
osis is mostly due to the uneven occurrence of
these pathogens, which may require further re-
search using artificial infection backgrounds.
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Fig 2. Prevalence and development of false mildew
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Fig. 3. Prevalence and development of pustular
bacteriosis in 2016-2022
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Fig. 5. Correlation of the prevalence and development of pustular bacteriosis with HTC:

a-1r=-049;0-r=-0.24

CONCLUSION

The use of correlation analysis to establish the
degree of relationship between the main indica-
tors of infection of soybean crops and weather
and climatic conditions of the growing season
allowed us to identify a certain relationship be-
tween the main indicators of plant infestation
by fungal diseases and HTC, mainly due to the
fact that false mildew in all years of research
(excluding 2022) was manifested by the type of
epiphytotics. At the same time, this method is
not suitable for low prevalence diseases, as well
as for diseases with short-term outbreaks. Obvi-
ously, in addition to the influence of weather and
climatic conditions on the prevalence and devel-
opment of diseases, it is necessary to take into
account such factors as phytosanitary condition
of soil and seed material, which did not appear
in this work. This may serve as a material for
further studies.
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AHAJIN3 ®YHKIIMOHAJTBHOM AKTUBHOCTH KJIETOK I'PAHYJIE3bI
OBAPHUAJIBHBIX ®OJIJINKYJIOB CBUHEH

Ky3pmuna T.U., ) IIpuryxkanosa A.O., lllnpses I.B., Crapuxosa /I.A.,

Kypoukun A.A., bapanosa E.U., CoxosioBa H.O.

Bcepoccuiickuti nayuno-uccie0osamensCKuti UHCIMUNym 2eHemuKu U pa3ee0eHusl
CeNbCKOXO3AUCMBEHHBIX HCUBOMHBIX — punuan Beepoccutickoeo uncmunmyma s#cu8omHo8o0cmea
um. akademuka JI.K. Opncma

Canxkr-IletypOypr, n. TstpiieBo, Poccust

(<De-mail: aklevakinal4@mail.ru

DyHKIIMOHUPOBAHUE KJIETOK TPaHysIe3bl OBapHATbHBIX (POUTHKyII0B (OD) )KHBOTHBIX AETCPMUHU-
pyet poct u pazsutne OD u hopMUpyIOMIErocs B HEM OOLMTA, YTO ONPEAEISIeT UX MCIIOIb30BaHIE
MIPY MOJIEIMPOBAHUH COCTaBa CPE I CO3PEBAHNUS OOILUTOB iA Vitro B KIIETOYHBIX PETPOIYKTUBHBIX
TexHosorusix. Llenp nccienoBanns — ¢ UCIOIB30BaHUEM KOMIUIEKCHOTO TECTUPOBAHUS MoKa3aresei
JKU3HECTIOCOOHOCTH KJIETOK TpaHyne3bl (YpOBEHb aronTo30B, MPOAYKIMS aKTUBHBIX (OPM KHCIO-
poza, QyHKUMOHAIbHAs aKTUBHOCTh MMTOXOHJPHUI M JIMIIMAOMA) U TOPMOHAJIBHOIO CTaryca >KHI-
KOoCcTH (QOJIMKYJIO0B (YPOBEHb 3CTPasuOia, TECTOCTEPOHA, aHTUMIOUIEPOBA IOPMOHA) ONPEC/IUTh
0COOCHHOCTH (PYHKITMOHAJILHON aKTHBHOCTH TPAHYJIE3HBIX KIETOK B (hOJUTHKYIaX Pa3HOTO AUaMeTpa
(<3, 3-5, 5-8 MM) ¢ 11eNIbI0 ONTUMM3AIMH COCTaBa KyJIBTYPAIBHBIX CPE IS SKCTPAKOPIIOPaIHHOTO
CO3pEBaHuUs OOIMTOB CBUHEH. B X01e sKcriepuMeHTOB 00HAPYKEHO, YTO OIS allONTOTHYECKUX Kile-
Tok B O® Bo3pacTaet B npouecce pocra auamerpa OD (Ha 11% B OD guamerpom 5-8 MM, Ha 4% B
OD muamerpom < 3 MM). OTMEUEHO yBEIMUYEHNE YUCIIA KIETOK C BBICOKUM COZIEP’KaHUEM aKTUBHBIX
¢dopm kucnopona (Ha 10% B OD gumamerpom 5-8 MM 1o cpaBHeHuio ¢ OD guamerpom < 3 MM) U
BBICOKOW MHTOXOHAPHAIBHOW akTHBHOCTHIO (Ha 12% B O® amamerpoMm 5—8 MM MO CpaBHEHHIO C
O® nuamerpom < 3 MM). OOHapyKEHBI KOPPEISIMHA MKy TPYIION KIETOK C BHICOKOW reHepanuen
akTUBHBIX (hopMm kuciopona u ypoaeM aronto3os (0,500, p < 0,05), a Takke ¢ BRHICOKMM YPOBHEM
MuToxoHapuanbHol aktuBHOCTH (0,500, p < 0,05). KoHnenrpanust scrpannona B (GOITUKYISIPHON
KUAKOCTH 110 Mepe pocta OD noeimanack (1,50 ar/min 8 OD nuamerpom < 3 mm u 2,09 vr/min 8 OD
nramerpoM 3—5 mm, p < 0,01), moutu He MeHssIch B OD muamerpom 5—8 mwm (2,11 HI/MiT), Kak ¥ KOH-
[EHTPAIUs TECTOCTEPOHA. BBISBICHBI KOPPEISAIIUN MEXK Ty 10J1eil kiaeTok ¢ Beicokor D NileRed/JIK
(Mapkep QYHKIMOHAILHOW aKTUBHOCTH JIMITUIHBIX Kallelb) U ypoBHeM dcTpanuodia (0,998, p <0,05),
tecroctepona (0,500, p < 0,05), anTumroiuieposa ropmona (—0,500, p < 0,05) B iuHamuke QoOLIUKY-
JIOTEHE3a, a TAK)KE MEK/y KOHIIEHTpaLMeH 3cTpajnoiia U 10JIel KIETOK ¢ BEICOKOH MUTOXOHpHAIb-
Hoii akTBHOCTHIO (0,746, p < 0,05). OOHapyKeHBI KOPPEISAIIUN MEXKTy KOHIIEHTPAITUSIMH SCTPAIHOIIA
Y aHTUMIOJUIEPOBA TOPMOHA, TECTOCTEpOHA U aHTHMIoLIepoBa ropmona (—1,000, p < 0,05), mexmy
YPOBHEM amnoONTOTHYECKUX KIETOK M KOHIICHTpAIEed aHTUMIOIJIEpPOBa TOPMOHA B (OJUTUKYIISIPHOM
skuakocta (—1,000, p < 0,05). Pe3ynbTarsl NpoBEJEHHOIO MOHUTOPHHIA IOKa3aTeleil JKU3HecIo-
COOHOCTH ¥ (DYHKIIMOHANBHOW aKTUBHOCTH KJIETOK Tpanyie3bl OD cBUHEH TOMOTHSIOT HMEIOIIUECS
cBesieHus 00 0COOEHHOCTSIX MX (PYHKIHMOHHPOBAHUS B TUHAMHUKE (POJUIMKYJIOreHe3a U MOTYT OBITH
MCIIOJIb30BAHBI IPH MOJECITMPOBAHUH CHCTEM HKCTPAKOPHIOPAIHLHOTO J03PEBAHMSI JOHOPCKUX OOLIMTOB
Sus Scrofa Domesticus.

KuroueBble cjioBa: rpanynesa, Sus Scrofa Domesticus, MUTOXOHIIPHH, aKTUBHBIE (DOPMBI KHCIIO-
poza, anomnTo3, CTEPOHUIHBIE TOPMOHBI, aHTUMIOJIJIEPOB TOPMOH, JIUIH/IHBIE KaIUIH
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ANALYSIS OF FUNCTIONAL ACTIVITY OF GRANULOSA CELLS OF PORCINE
OVARIAN FOLLICLES

Kuzmina T.I., &) Prituzhalova A.O., Shiryaev G.V., Starikova D.A.,

Kurochkin A.A., Baranova E.I., Sokolova N.O.

Russian Research Institute of Farm Animal Genetics and Breeding — Branch of the L.K. Ernst Federal
Research Center for Animal Husbandry

Tyarlevo, Saint Petersburg, Russia

(<) e-mail: aklevakinal4@mail.ru

Functioning of the granulosa cells of animal ovarian follicles (OF) determines the growth and
development of the OF and the oocyte formed in it, which determines their use in modeling the com-
position of media for oocyte maturation in vitro in cell reproductive technologies. The purpose of the
study is to determine the peculiarities of functional activity of granulosa cells in follicles of different
diameters (< 3, 3—5, 5-8 mm) using complex testing of granulosa cell viability parameters (apoptosis
level, production of reactive oxygen intermediates, functional activity of mitochondria and lipidome)
and hormonal status of follicle fluid (estradiol, testosterone, anti-Miillerian hormone level) in order to
optimize the composition of the culture media for in vitro maturation of pig oocytes. The experiments
found that the proportion of apoptotic cells in the OF increased as the diameter of the OF increased
(by 11% in OFs 5-8 mm in diameter, by 4% in OFs < 3 mm in diameter). There was an increase in
the number of high reactive oxygen intermediates cells (by 10% in 5-8 mm diameter OF compared
with <3 mm diameter OF) and high mitochondrial activity (by 12% in 5-8 mm diameter OF compared
with <3 mm diameter OF). Correlations were found between the group of cells with high generation of
reactive oxygen intermediates and the level of apoptosis (0.500, p < 0.05), as well as with high levels
of mitochondrial activity (0.500, p < 0.05). Estradiol concentration in follicular fluid increased as the
OF grew (1.50 ng/ml in OF < 3 mm diameter and 2.09 ng/ml in OF 3-5 mm diameter, p <0.01), being
almost unchanged in OF 5-8 mm diameter (2.11 ng/ml), as was the testosterone concentration. Cor-
relations were found between the proportion of the cells with high NileRed/LD FI (a marker of lipid
droplet functional activity) and the levels of estradiol (0.998, p < 0.05), testosterone (0.500, p < 0.05),
and anti-Miillerian hormone (—0.500, p < 0.05) in the dynamics of folliculogenesis, as well as between
estradiol concentration and the proportion of cells with high mitochondrial activity (0.746, p < 0.05).
Correlations were detected between the concentrations of estradiol and anti-Miillerian hormone, tes-
tosterone and anti-Miillerian hormone (—1.000, p < 0.05), between the level of apoptotic cells and the
concentration of anti-Miillerian hormone in follicular fluid (-1.000, p < 0.05). The results of the mo-
nitoring of the viability and functional activity of porcine OF granulosa cells supplement the available
data on the peculiarities of their functioning in the dynamics of folliculogenesis and can be used in
modeling the systems of in vitro maturation of donor oocytes of Sus Scrofa Domesticus.

Keywords: granulosa, Sus Scrofa Domesticus, mitochondria, reactive oxygen intermediates, apop-
tosis, steroid hormones, anti-Mullerian hormone, lipid drops
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Analysis of functional activity of granulosa cells
of porcine ovarian follicles

Kuzmina T.I., Prituzhalova A.O., Shiryaev G.V., Starikova D.A.,
Kurochkin A.A., Baranova E.I., Sokolova N.O.

INTRODUCTION

Cellular reproductive DNA technologies
are one of the most important directions in the
pig industry, including replication of high-val-
ue individuals by cloning, preservation of the
gene pool of existing and endangered breeds,
creation of a cryobank of gametes. The de-
velopment of this area, in particular genome
editing techniques, has led to an increased in-
terest in the Sus Scrofa Domesticus species on
the part of biotechnologists due to the possi-
bility of using this species as a model object
for understanding the course of various human
diseases, testing pharmacological drugs, med-
ical devices for humane medicine, Xxenotrans-
plantation of organs, etc. [1]. To create intact,
transgenic and cloned embryos, it is necessary
to have donor oocytes with high quality oo-
plasts, which is achieved by creating in vitro
adequate conditions for maturation of female
gametes in vivo.

Follicular growth and oocyte maturation
in mammalian ovaries are processes of cell
differentiation accompanied by a complex
of morphological, biochemical and molecu-
lar transformations of various components of
the follicle, namely, the oocyte and somatic
cells. Knowledge of the mechanisms and pe-
culiarities of interaction and functioning of
the structural components of the follicle in
vivo will make it possible to create a mod-
el of the environment that meets the physio-
logical "demands" of the developing female
gamete [2]. The systems developed so far for
maturation of donor oocytes of pigs provide
not more than 40-45% of embryos at the final
blastocyst stage, which indicates the insuffi-

cient efficiency of the composition of culture
media'. The best results are achieved when us-
ing structural components of follicles (follicle
wall, granulosa cells)’. However, technically,
obtaining follicle walls pre-selected according
to morphological criteria is a rather labor-in-
tensive process, which complicates the work
of embryotechnologists. The use of granulosa
cells allows to replenish the culture media with
products of their secretion. Since oocytes from
follicles with a diameter of 3-5 mm, as shown
in numerous studies, have a high potential for
fertilization in vitro, hormonal profiling of the
fluid isolated from follicles of different diam-
eters and identification of the nature of apop-
totic processes, generation of reactive oxygen
species in conjunction with the analysis of the
activity of cellular compartments of granulosa
cells are of considerable interest.

Oocyte maturation is a complex process
that is the result of hormonal interactions, can
be regulated, and involves the coordination of
multiple events that allow the resumption of
meiosis and the acquisition of competence for
further fertilization under in vivo conditions.
Creating in vitro conditions maximally close
to those described above has its own difficul-
ties that require modification. One of the meth-
ods of modeling the systems of in vitro matu-
ration of donor oocytes is the use of structural
components of antral ovarian follicles, in par-
ticular granulosa cells, which makes it possible
to significantly increase the fertilization rate of
the in vitro matured oocyte**.

Granulosa cells are a component of a mul-
tidimensional biological system in follicles.
Working through paracrine factors, as well as

1Soriano-Ubeda C., Garcia-Vazquez F.A., Romero-Aguirregomezcorta J., Matas C. Improving porcine in vitro fertilization output by simulating

the oviductal environment // Scientific Reports, 2017, vol. 7, Art. 43616.

2dbeydeera L.R., Wang W.H., Cantley T.C., Rieke A., Day B.N. Coculture with follicular shell pieces can enhance the developmental competence
of pig oocytes after in vitro fertilization: relevance to intracellular glutathione // Biology of reproduction, 1998, vol. 58 (1), pp. 213-218.

3Kuzmina T1, Stefanova V.N., Alm H., Thorner H. Monitoring of cytomorphological parameters of development of preimplantation cow embryos
derived from oocytes matured in modified media // Competitiveness and quality of livestock products: Proceedings of the scientific and practical

conference Zhodino, 2014, pp. 81-85.

*Kuzmina T1., Scotti O.S., Kibardina T.V. The use of conditioned media in the technology of obtaining cow embryos in vitro // Strategy of
development of zootechnical science: abstracts of the international scientific and practical conference, dedicated to the 60th anniversary of
zootechnical science of Belarus (Zhodino, October 15-16, 2009) / Edited by: I.P. Sheiko (editor-in-chief) [and others], Zhodino, 2009, pp. 99-100.
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Kypoukun A.A., bapanosa E.1., Cokonosa H.O.

signaling through gap junctions, they are di-
rectly involved in the formation of the nec-
essary microenvironment for oocyte growth
and maturation [3, 4]. In addition, granulosa
cells are the main producers of steroid hor-
mones during folliculogenesis, increasing the
production of estradiol by aromatization of
androgens derived from theca cells [5], con-
verting incoming cholesterol through enzy-
matic transformations into steroid hormones
with the help of mitochondria [6]. In addition
to cholesterol, granulosa cells contain other
lipid derivatives, which are found as part of
cell membranes and cell organelles (phospho-
lipids, glycolipids, neutral lipids) [7], and are
also stored in cells as energy reserves (tria-
cylglycerides), acting as a powerful source of
energy when needed [8].

The production of adenosine triphosphor-
ic acid (ATP) as an energy substrate through
mitochondrial oxidative phosphorylation is es-
sential for the proliferation of granulosa cells
during folliculogenesis [9]. Meanwhile, the
byproduct of phosphorylation in the form of
reactive oxygen intermediates (ROIs) in phys-
iologically acceptable concentrations plays a
vital role in ovarian physiological activity as
a secondary messenger for cell signaling [10],
and is involved in the regulation of the ovar-
ian cycle, including meiosis [11], ovulation’,
maintenance of the corpus luteum [12] and re-
gression [13]. In excessive amounts, ROIs can
cause damage to mitochondrial and nuclear
DNA, oxidation of some amino acids and lip-
id peroxidation, which, in turn, can induce cell
death [14].

The purpose of the study was to identify the
peculiarities of functional activity of granulo-
sa cells in follicles of different diameters us-
ing complex testing of granulosa cell viability
parameters (apoptosis level, ROI production,
functional activity of mitochondria and lipi-
dome) and hormonal status of follicle fluid (es-
tradiol, testosterone, anti-Mullerian hormone
content) in order to optimize the composition

of culture media for in vitro maturation of pig
oocytes.

In accordance with the set goal, the study
addressed the following tasks:

1) assessment of granulosa cell viability pa-
rameters (apoptosis, ROI generation) sampled
from follicles of different diameters (< 3, 3-5,
5-8 mm);

2) analysis of functional activity of lipidome
and mitochondria of granulosa cells from folli-
cles of the indicated diameter;

3) hormonal profiling (estradiol, testoster-
one, anti-Miillerian hormone) of follicle fluid
of the declared diameter.

MATERIAL AND METHODS

Sixty-four postmortem ovaries from 32
6—8-month-old Landrace pigs were used in the
experiments. The ovaries were obtained at the
meat processing plant "Tosnensky" (Leningrad
region), after which they were delivered to the
laboratory of the All-Russian Research Institute
of Farm Animal Genetics and Breeding. The
material was selected at the stage of follicular
growth. Ovaries without pathological changes
were used. Based on the measurements with an
electronic caliper, 2275 follicles were ranked
by diameter < 3, 3-5, 5-8 mm. Follicular fluid
and granulosa cells were aspirated from 20-30
follicles of each ovary, grouping them accord-
ing to diameter, then centrifuged for 6 min at
300 rpm. The precipitate containing granulosa
cells was then suspended in phosphate-buffer
saline (PBS) for further cytogenetic analysis.
The supernatant as follicular fluid was divided
into aliquots and stored at -20 °C until further
immunoenzymatic analysis for hormonal pro-
filing (determination of testosterone, estradiol
and Anti-Miillerian hormone levels).

The proportion of dead cells was determined
using propidium iodide (PI) fluorochrome.
Granulosa cells were washed twice in PBS
buffer with sedimentation by centrifugation at
1200 rpm for 7 min. The cells were analyzed
immediately after addition of PI to the tested

3Shkolnik K., Tadmor A., Ben-Dor S., Nevo N., Galiani D., Dekel N. Reactive oxygen species are indispensable in ovulation // Proceedings of the
National Academy of Sciences of the United States of America, 2011, vol. 108 (4), pp. 1462-1467.
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samples until a final concentration of 5 pg/ml
was obtained. The samples were analyzed on
a CytoFlex flow cytometer (Beckman Coulter
Life Sciences, USA).

The content of intracellular H,O, was de-
termined by flow cytometry using a CytoFlex
flow cytometer. For this purpose, granulosa
cells were washed twice in PBS buffer (1200
rpm, 7 min) and 2',7' dichlorofluorescein dia-
cetate (DCFH-DA) was added at a final con-
centration of 5 uM/ mL followed by incuba-
tion for 30 min at 38.5 °C. Then the precipitate
was washed twice from fluorochrome residues
(1200 rpm, 7 min). Two populations of cells —
with high and low hydrogen peroxide content —
were distinguished by fluorescence analysis on
a flow cytometer®.

Mitochondrial activity of granulosa cells
was evaluated using fluorescent dye TMRE
(tetramethylrhodamine ethyl ester perchlorate)
using CytoFlex flow cytometer. Tetramethyl-
rhodamine ethyl ester (TMRE) is a cell-perme-
able positively charged red-orange dye (max
excitation 549 nm, emission 574 nm) that ac-
cumulates in active mitochondria due to their
relatively negative charge. Inactive or depolar-
ized mitochondria have a reduced membrane
potential (AyM) and therefore cannot retain
TMRE, showing a low fluorescence signal.
Granulosa cells were washed twice in PBS
buffer followed by centrifugation at 1200 rpm
for 7 min. The cell precipitate was resuspend-
ed in PBS and incubated with TMRE at a final
concentration of 1 uM for 30 min at 38.5 °C.
The concentration for the studied samples was
selected empirically and according to the man-
ufacturer's recommendations (Lumiprobe RUS
Ltd, Russia). After incubation, the cells were
washed from fluorochrome residues. When an-
alyzing fluorescence on a flow cytometer, two
populations of cells — with high and low mem-
brane potential — were distinguished.

The functional activity of the lipidome was
evaluated by the fluorescence intensity of the
Nile Red/lipid droplet complex (NileRed/LD
FI). Nile Red dye (Sigma-Aldrich, USA) was
used to determine NileRed/LD FI in granulosa
cells, which allows visualization of neutral and
polar lipids. After dye addition triglycerides
fluoresce in yellow color (580-596, fluores-
cence peak — 590 nm), polar lipids (phospho-
lipid bilayers) — in orange spectrum (597-620,
peak — 600 nm)’.

After washing of granulosa in PBS-buffer,
the cells were resuspended and fixed in 1% m
paraformaldehyde at room temperature for 10
min. The fixed cells were washed twice with
cold PBS and Nile Red dye was added to a
working concentration of 10 pM, then incubat-
ed at room temperature for 10 min in the dark.
The stained cells were washed twice with cold
buffer, then resuspended in cold PBS. Three
groups of cells with high, medium and low flu-
orescence intensity were analyzed.

The concentration of testosterone, estradiol
and anti-Miillerian Hormone (AMH) was de-
termined in follicular fluid using the reagent
kit "SteroidIFA Testosterone", "SteroidIFA
Estradiol" (Alkor Bio, Russia) and ELISA Kit
for anti-Mullerian Hormone for Pigs (Cloud-
Clone Corp., PRC). The experiment was car-
ried out in six replications. All reagents used in
the study, except for the above reagents, were
produced by Sigma-Aldrich, plastic laboratory
glassware - BD Falcon™ (USA).

The results were processed using Sigma Stat
statistical program. Reliability of the differ-
ence between the compared mean values was
assessed using the x2 criterion at three signif-
icance levels: p < 0.05, p <0.01, p <0.001, as
well as the Spearman coefficient and the Stu-
dent's criterion.

The scheme of the experiment is presented
in Fig. 1.

Dikalov S., Harrison D. Methods for detection of mitochondrial and cellular reactive oxygen species // Antioxidants and Redox Signaling, 2014,

vol. 20 (2), pp. 372-382.

'Genicot G., Leroy J.L., Soom A.V., Donnay I. The use of a fluorescent dye, Nile red, to evaluate the lipid content of single mammalian oocytes //

Theriogenology, 2005, vol. 63 (4), pp. 1181-1194.

72 Siberian Herald of Agricultural Science » 2023 * 53 * 12

Zootechnics and veterinary medicine



Amnanu3 QyHKIIHOHATbHOH aKTHBHOCTH KJICTOK TPaHyIe3bl
OBapHaIbHBIX (POJUTHKYIJIOB CBHHEH

Kysemuna T.U., [Iputyxanosa A.O., Hlupses I'.B., Crapuxosa JI.A.,
Kypoukun A.A., bapanosa E.1., Cokonosa H.O.

RESULTS AND DISCUSSION

In the course of the study, it was found that
in the process of follicle growth and develop-
ment there is a decrease in the indicators of
granulosa cell viability, expressed in an in-
crease in the level of the cells with signs of
apoptosis (4% of cells at the apoptosis stage in
follicles < 3 mm in diameter, 11% in follicles
5-8 mm in diameter, p < 0.05) (see Fig. 2). At
the same time, the proportion of the cells with
high ROI content tended to increase (in folli-
cles 5-8 mm in diameter, this index increased
by 10% compared to the follicles <3 mm in di-
ameter, p < 0.05), as well as the group of cells
with high mitochondrial activity (12% increase
in follicles 5-8 mm in diameter compared to
the follicles < 3 mm in diameter, p < 0.05). In
addition, significant positive correlations were
found between the increase in the proportion of
the cells with high ROI generation and the pro-

portion of the apoptotic cells (0.500, p <0.05),
as well as the group of cells with high mito-
chondrial activity (0.500, p < 0.05).

In the cells of different tissues, lipid drop-
lets are generally composed of neutral lipids
(mainly triglycerides and cholesterol esters),
they are substrates for energy production, act
as signaling lipids, and serve as structural
components for cell membranes [15].

At the initial stage of folliculogenesis,
an increase in NileRed/LD FI was observed
(10% increase in the proportion of the cells
with high fluorescence intensity, p < 0.05) (see
Fig. 3). At the same time, the number of cells
with medium NileRed/LD FI significantly de-
creased by 10% by the stage of follicle growth
to 3-5 mm (p < 0.05). In addition, a negative
correlation was observed between the groups
of cells with high and medium NileRed/LD FI
(-1.000, p < 0.05). These values may indicate
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Fig. 2. Apoptotic processes, ROS generation and mitochondrial activity in granulosa cells from follicles of

different diameters:
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an active accumulation of lipid droplets by the
time of active proliferation of granulosa cells,
their fusion in cells and, as a consequence, an
increase in fluorescence intensity. The propor-
tion of cells with the lowest NileRed/LD FI
showed no significant differences at all stages
of follicle growth and development.

Lipids are one of the main sources of ener-
gy during oocyte maturation, fertilization and
preimplantation development. In particular,
cholesterol plays an important role as a precur-
sor in steroidogenesis [16]. The production of
steroid hormones (estradiol, testosterone) is an
integral step in the formation of the necessary
conditions for oocyte maturation and its fur-
ther ovulation.

Estradiol concentration in the follicular flu-
id of ovarian follicles was found to increase
during growth and development (1.50 ng/ml
in follicles < 3 mm in diameter and 2.09 ng/
ml in follicles 3-5 mm in diameter, p < 0.01),
remaining almost unchanged by the end of fol-
licle growth (2.11 ng/ml, p <0.01) (see Fig. 4).

A similar trend was observed in the testoster-
one concentration - an increase of 3.8 ng/ml in
follicles 3-5 mm in diameter and 4.02 ng/ml
in follicles over 5 mm in diameter compared
to follicles < 3 mm in diameter (p < 0.01, p <
0.001). At the same time, no significant differ-
ences in the AMH level were detected.
Folliculogenesis is an energy-intensive pro-
cess and requires bioenergetic support in the
granulosa cells due to intensive proliferation,
including through the functional activity of
mitochondria involved in the cell cycle, pro-
viding most of the cellular ATP by oxidative
phosphorylation. However, at the same time,
active oxidative processes may act as initiators
of cell death through intensive production of
ROI [17]. In our study, a significant increase of
cells with high levels of ROI in follicles with
diameters < 3, 3-5 and 8 mm (p < 0.05) and
high mitochondrial activity (p < 0.05) was ob-
served, and a significant correlation between
these parameters was found (0.500, p < 0.05),
which may indicate intensive energy exchange
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in the granulosa cells during follicle matura-
tion.

In the growing antral follicles, granulosa
cells and theca cells actively proliferate and
secrete various factors, produce hormones and
absorb large amounts of lipids and cholesterol
from plasma® [18]. Neutral lipids such as tria-
cylglycerols and steryl esters serve as precur-
sors of sex hormones. In our study, significant
correlations were found between the propor-
tion of the cells with high NileRed/LD FI in
the granulosa cells and the concentrations of
estradiol (0.998, p <0.05), testosterone (0.500,
p <0.05) and AMH (-0, 500, p < 0.05) during
follicle growth, there was a direct correlation
between estradiol concentration and the pro-
portion of the cells with high mitochondrial
activity (0.746, p < 0.05), which confirms the
data of D. B. Sreerangaraja Urs et al. [19].

Anti-Miillerian hormone is a dimeric gly-
coprotein of the transforming growth factor
beta (TGF-B) superfamily produced directly
by granulosa cells of preantral and early antral
follicles up to 5-6 mm in diameter [20]. AMH
plays an inhibitory role in the recruitment of
primordial follicles, regulating the growth of
preantral and small antral follicles by atten-
uating their response to follicle-stimulating
hormone [21]. AMH is highly expressed in the
granulosa cells of preantral and small antral
follicles.

AMH has been shown to be a good endo-
crine marker of ovarian reserve in cattle’ and
mares [22] and a predictive marker of super
ovulatory responses for oocyte retrieval and in
vitro embryo production in cattle'® and goats''.
In pig ovaries, AMG has the same expression
and localization pattern as in human, rodent
and bovine ovaries [23]. AMHR2 protein was

found to be expressed in the granulosa cells
and theca cells of human and pig preantral and
antral follicles [24].

Our data revealed an inverse functional cor-
relation between estradiol and AMH, testos-
terone and AMH concentrations (—1.000, p <
0.05). In addition, we found an inverse func-
tional correlation between the proportion of
the granulosa cells in a state of apoptosis and
the AMH content in follicular fluid (-1.000,
p < 0.05). According to K.J. Hong et al. [25],
AMH level correlates with the total number of
retrieved oocytes and the success rate of in vi-
tro fertilization. The number of mature oocytes
was shown to be positively and strongly cor-
related with serum AMH level (r = 0.719, p <
0.01), but not with intrafollicular AMH level.
AMH content in follicular fluid is thought to
be positively correlated with serum AMH lev-
els. K.J. Hong et al. [25] found approximately
equal levels of AMH in follicular fluid of fol-
licles of different diameters, which correlates
with the data obtained by us.

CONCLUSION

As a result of a series of experiments to as-
sess the functional activity of granulosa cells
in vivo and in vitro, the peculiarities of their
functioning in the process of growth of antral
ovarian follicles of pigs were revealed.

The number of apoptotic cells in OF in-
creased depending on the follicle diameter
(by 4% in OF with diameter < 3 mm, by 11%
in OF with diameter 5-8 mm). There was an
increase in the proportion of cells with a high
level of ROI (by 12% in OF <3 mm diameter,
by 22% in OF 5-8 mm diameter) and high mi-
tochondrial activity (by 12% in OF 5-8 mm
diameter compared to OF < 3 mm diameter).

8Petrov I.A., Dmitrieva M.L., Tikhonovskaya O.A., Petrova M.S., Logvinov S.V. Tissue and molecular basis of folliculogenesis. Mechanisms of
early follicular growth // Problems of Reproduction, 2017, issue 23 (5), pp. 33-41.

°Ireland J.L., Scheetz D., Jimenez-Krassel F., Themmen A.P., Ward F., Lonergan P., Smith G.W., Perez G.I., Evans A.C., Ireland J.J. Antral follicle
count reliably predicts number of morphologically healthy oocytes and follicles in ovaries of young adult cattle // Biology of reproduction, 2008,

vol. 79, pp. 1219-1225.

YSouza A.H., Carvalho P.D., Rozner A.E., Vieira L.M., Hackbart K.S., Bender R.W., Dresch A.R., Verstegen J.P., Shaver R.D., Wiltbank M.C.
Relationship between circulating anti-Mullerian hormone (AMH) and superovulatory response of high producing dairy cows // Journal of dairy

science, 2015, vol. 98, pp. 169-178.

"Monniaux D., Baril G., Laine A.L., Jarrier P, Poulin N., Cognié J., Fabre S. Anti-Mullerian hormone as a predictive endocrine marker for
embryo production in the goat // Reproduction, 2011, vol. 142, pp. 845-854.
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Correlations were found between the group
of cells with high ROI generation and high
apoptosis (0.500, p < 0.05), as well as with
high mitochondrial activity (0.500, p < 0.05).
An increase in the proportion of cells with
high NileRed/LD FI (by 41% in OF <3 mm
diameter, by 50% in OF 5-8 mm diameter, p
< 0.05) and a decrease in the number of cells
with medium NileRed/LD FI (by 47% in OF
< 3 mm diameter, by 37% in OF 3-5 mm di-
ameter) were detected. A negative correlation
between the groups of cells with high and
medium NileRed/LD FI was shown (-1.000,
p <0.05).

The concentration of estradiol in follicu-
lar fluid increased in a diameter-dependent
manner as the OF grew (1.50 ng/mL in OF <
3 mm in diameter and 2.09 ng/mL in OF 3-5
mm in diameter, p < 0.01), almost unchanged
in OF 5-8 mm in diameter (2.11 ng/mL). The
change in testosterone concentration had a
similar trend. This index increased with folli-
cle growth (10.65 ng/mL in OF with diameter
<3 mm and 14.43 ng/mL in OF with diameter
3—-5 mm, p < 0.01) and remained almost at the
same level in OF with diameter 5-8 mm (10.67
ng/mL). Correlations were found between the
proportion of cells with high NileRed/LD FI
(a marker of lipid droplet functional activity)
and the concentrations of estradiol (0.998, p
< 0.05), testosterone (0.500, p < 0.05), AMH
(-0.500, p < 0.05) in the dynamics of follicu-
logenesis, as well as between the concentration
of estradiol and the proportion of cells with
high mitochondrial activity (0.746, p < 0.05).
Correlations were found between estradiol and
AMH, testosterone and AMH concentrations
(-1.000, p < 0.05), between the level of apop-
totic cells and AMH concentration in follicular
fluid (-1,000, p < 0,05).

The revealed peculiarities of hormonal ho-
meostasis and functional activity of pig gran-
ulosa cells in OF of different diameters sup-
plement the available data on their role in the
formation of oocytes competent for fertiliza-
tion, the nature of interaction between steroid
hormones and AMH, apoptotic processes and

generation of ROI, as well as the functioning
of cellular compartments (mitochondria, lipid
droplets) of granulosa during prolonged cul-
tivation. Based on the available data on high
competence for in vitro maturation of donor
pig oocytes isolated from follicles with a diam-
eter of more than 3 mm [26] and based on the
results obtained in the study, we recommend
using a population of granulosa cells from fol-
licles 3-5 mm in diameter with the addition of
hormones (estradiol, testosterone) at concen-
trations determining high viability (2.9 and
14.43 ng/ml, respectively) when modeling the
cultivation system for in vitro maturation.
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BJIMSTHUE PA3JIMYHBIX KOHIEHTPAIIMM SKCTPAKTA AYIIUIIBI
OBBIKHOBEHHOM (ORIGANUM VULGARE)
HA PYBIIOBOE NMINEBAPEHMUME IN VITRO

Cx)UBanumena A.Il., CuzoBa E.A., Kamuposa A.M., lllommn JI.E., Aymesa E.B.
Deodepanvhblil HAYUHBIL YeHMP OUON02UYEeCKUX CUCHIEM U A2POMEXHON02UlL
Poccuiickoii akaoemuu Hayx

OpenOypr, Poccus

(<)e-mail: nessi255@mail.ru

OcTarouHble MPOTUBOMUKPOOHBIC BEIIECTBA, SBJISIONIHECS PE3yJbTaTOM YPE3MEPHOTrO UCTIOIB30-
BaHUS B KOPMax JUIsl )KUBOTHBIX CTUMYJIUPYOIIUX POCT aHTUOMOTUKOB, ITPEJICTABIISIOT COOO0M HOBYIO
YTpo3y JUIA 37I0POBBS YEJIOBEKa U COCTOSIHHS OKPYIKAIOIIEH cpellbl. DKCTPAKTHI paCTeHHN, COaepKa-
mpe 3(pupHBIe Maciia, B YaCTHOCTH AKCTpakT Origanum vulgare, SBIAIOTCA MOTCHINAIBHON aJbTep-
HATHBON KOPMOBBIM aHTHOHMOTHKAM, CIIOCOOCTBYSI pOCTY MTPOAYKTUBHOIO ITOTEHITHAIA O1aroiapst CBO-
UM aHTHUMUKPOOHBIM M aHTHOKCHJIAHTHBIM CBo¥cTBaM. OHHM MOTYT IOJIABJISITh Pa3MHOKEHUE T1aTO-
TeHHBIX MUKPOOPTaHU3MOB, BbI3bIBasi KOH(DOPMAIIMOHHBIC U3MEHEHUSI KIIETOYHBIX MeMOpaH. B cBsi3u
C OTHUM TIENBIO UCCICAOBAHMS CTAJIO H3YUCHUE BIFSTHUS PAa3IMUHBIX JO3UPOBOK dKcTpakTa O. vulgare
Ha TIepeBapUMOCTh KOMITOHEHTOB PAIllMOHA M COCTAaB JIETyYHX KHUPHBIX KHUCIOT B PyOIIOBOM COEp-
JKUMOM B YCIIOBHSIX in Vitro. B sKciepuMeHTe MPOTECTHPOBAHBI TPU JO3UPOBKHU DKCTPAKTA JTYIINIIBL:
0,5; 1; 10 mu/n. Pe3ynbraTsl MPOBEIEHHOTO HCCIICIOBAHNS CBUIETEIBCTBYIOT O TOM, YTO MAJIbIEe JI03bI
akcTpakra O. vulgare He TPUBOIAT K METa0OIUYECKIM C/IBHTaM B pyOII0BOM NHIIeBapeHUH. Bbicokas
no3a (10 ma/im), HanpOTHB, CHUXKAET oblee KoMu4ecTBO mpocteimmx. CpenHsis 1030Basi Harpy3Ka
(1 mu1/1m) crIOCOOCTBYET YBEIMUCHHUIO IIEPEBAPUMOCTH J10 72,63%, KOHIIEHTpauuu UHPY30pHUid — J10
555,56 TeIc. mT./™Mi1. Takum oOpa3oM, Ha OCHOBAHWH IMONYICHHBIX JAHHBIX YCTAHOBICHO, YTO BKJITIO-
yeHne dkcTpakta O. vulgare B 1o3e 1 mi/n 0o0ycIOBIMBAET yCUICHHE METaOOINYECKUX MPOIECCOB
B pyOlle, YTO MPUBOIUT K Jy4IllleMy repeBapuBaHui0 KopMmoB. JlosupoBka 10 mii/i, MakcuMaibHas
U3 TeCTUPYEMbIX, 0OecIieunsia MOBHIIICHUE KOHIEHTPAIIUH JICTYYUX JKUPHBIX KUCIOT. OHAKO TpU
BHeceHuu | mu/n axctpakra O. vulgare MPOU30ILIN CaMbIe 3HAUUMbIC H3MCHCHHUS B KOHIICHTPAIIUU
JICTYYHX JKUPHBIX KUCJIOT.

KiroueBble cjioBa: mepeBapuMOCTh, JIETyUne KUPHBIE KUCIOTHI, 9KCTPakT Origanum vulgare, iH-
¢dy3opuu, pyOI10BOE NHIIIEBApPEHUE

EFFECT OF DIFFERENT CONCENTRATIONS OF OREGANO
(ORIGANUM VULGARE) EXTRACT ON RUMEN DIGESTION IN VITRO

Ivanishcheva A.P., Sizova E.A., Kamirova A.M., Shoshin D.E., Yausheva E.V.
Federal Research Centre of Biological Systems and Agrotechnologies

of the Russian Academy of Sciences

Orenburg, Russia

(<De-mail: nessi255@mail.ru

Residual antimicrobial substances resulting from the overuse of growth-promoting antibiotics in
animal feed pose an emerging threat to human health and the environment. Plant extracts containing
essential oils in general, and in particular Origanum vulgare extract, are a potential alternative to feed
antibiotics, contributing to the growth of productive potential, due to their antimicrobial and antioxi-
dant properties. They can inhibit the reproduction of pathogenic microorganisms, causing conforma-
tional changes in cell membranes. In this regard, the purpose of the study was to study the effect of
different dosages of O. vulgare extract on the digestibility of diet components and the composition
of volatile fatty acids in the rumen content under in vitro conditions. Three dosages of the oregano
extract were tested in the experiment: 0.5; 1; 10 ml/l. The results of the present study indicate that
small doses of O. vulgare extract do not lead to metabolic shifts in the rumen digestion. High dose
(10 ml/1), on the contrary, reduces the total number of protozoa. The average dose load of 1 ml/l leads
to an increase in digestibility to 72.63% and the concentration of infusoria to 555.56 thousand pcs/
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ml. Thus, based on the results obtained, it follows that the inclusion of the O. vulgare extract in a dose
of 1 ml/l enhances metabolic processes in the rumen, leading to better digestion of feed. The dosage
of 10 ml/l, the maximum of the tested, provided an increase in the concentration of the volatile fatty
acids. However, when using 1 ml/l of O. vulgare, the most significant changes in the concentration of

the volatile fatty acids occurred.

Keywords: digestibility, volatile fatty acids, Origanum vulgare extract, infusoria, rumen digestion
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INTRODUCTION

Essential oils (EO) added to animal feeds act
as a natural alternative to antibiotics and growth
stimulants. Some experiments have confirmed
that the use of plant extracts is similar in results
to the inclusion of antibiotics in feed [1]. How-
ever, the number of works proving the effect of
EO on microbial fermentation in the rumen is
limited.

It was previously shown that saponins, tan-
nins and EO affect fermentation in the rumen,
leading to the accumulation of nitrogen and re-
duction of ammonia concentration, which sug-
gests the influence of these substances on the
process of deamination of amino acids by rumen
bacteria.

The sensitivity of rumen microorganisms to
EO was assessed, as some data indicated that
high consumption of EO caused digestive prob-
lems. High doses of EO added to rumen bacte-
rial cultures in vitro decreased the total number
of viable bacteria, at the maximum dose the only
surviving species were small Gram-negative mi-
croorganisms.

After the ban of antibiotics as feed additives
in the European Union, there has been a renewed
interest in studying the effects and mechanisms
of action of EO on microbial fermentation in the
rumen. Over the last six years, studies on the

effects of more than 25 different plant extracts
on microbial fermentation in the rumen in vitro
have been published. Among them Lavandula
angustifolia, Solidago virgaurea and Achillea
millefolium stimulated rumen fermentation, Eg-
uisetum arvense, Armoracia rusticana and Sal-
via officinalis inhibited the methanogenesis.

Origanum vulgare (oregano) is a perennial
herbaceous plant growing in Eurasia and North
Africa. The EO content of Greek oregano (O.
vulgare ssp. hirtum) is quite high — about 4.0%
of dry matter. Another subspecies of oregano,
wild marjoram (O. vulgare ssp. vulgare), has
a lower level of EO — from 0.2 to 1.0% of dry
matter.

EO extracted from O. vulgare is an aromatic
volatile oil with strong antibacterial and antiox-
idant properties [2, 3]. When added to feed, this
oil helps to maintain a healthy microbiota by
regulating the reproduction of beneficial micro-
organisms in the gastrointestinal tract and inhib-
iting the growth of pathogenic microflora. Re-
searchers have found that EO improves rumen
fermentation and feed digestion efficiency by
targeting bacteria in the Prevotellaceae, Lachno-
spiraceae and Ruminococcaceae families.

In addition to influencing the diversity of mi-
crobiota, EO modulates the processes of meth-
anogenesis (in particular, gas production in the
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rumen). At the same time, more recent studies
indicate that EO regulates the digestive metab-
olism of animals, improving protein metabolism
and the structure of volatile fatty acids (VFAs)
[4]. The action of O. vulgare leaves as an an-
ti-methanogenic product with no adverse effect
on fermentation in the rumen has been described
in vitro. A single application of O. vulgare EO
was tested, which reduced methane production
in the rumen by improving the digestibility of
the nutrients in the gastrointestinal tract.

The effect of EO on rumen function includes
inhibition of deamination and methanogenesis,
which provides a reduction in ammonia nitrogen
and methane levels, respectively. Essential oils
reduce acetate in the rumen while maintaining
total VFAs production by increasing propionate
and butyrate production [5].

In this regard, the purpose of our study was to
investigate the effect of different dosages of the
O. vulgare extract on in vitro digestibility and
the VFAs composition in the rumen fluid.

MATERIAL AND METHODS

The experiment was conducted in the center
"Nanotechnologies in Agriculture" (established
in 2014 with the support of the Russian Science
Foundation) and the Center for Collective Use
of the Federal Research Centre of Biological
Systems and Agrotechnologies of the Russian
Academy of Sciences on the in vitro model "ar-
tificial rumen" (incubator unit "ANKOM Daisy
IT", Ankom Technology Corporation, USA). The
above model allows simultaneous incubation of
several samples of rumen fluid in sealed polyes-
ter bags in the same incubation vessel, which is
constantly rotating at a temperature of 39.5 °C.
In this method, the material disappearing from
the bag during incubation is considered digest-
ed. The experiment was carried out in triplicate
repeats.

In the course of the study, samples of the ru-
men contents were taken. The available samples
were divided into control (without extract) and
three experimental groups, in which different
amounts of oregano extract were added to the
rumen fluid: group 1 — 0.5 ml/l of the extract,
group 2 — 1 ml/l, group 3 — 10 ml/l. To obtain the

extract, 20 g of herb was poured into 200 ml of
distilled water, then the mixture was kept on a
water bath for 30 min with subsequent filtration.

Rumen fluid was sampled through a chron-
ic rumen fistula in 10-month-old Kazakh
white-headed bulls with a live weight of 250 kg.
The main diet of the animals included 30.0%
concentrates and 70.0% roughage. The samples
were transported for 30 min, maintaining a tem-
perature regime of 38.5-39.5 °C. The rumen
fluid was stored in a closed vessel without air
access until analyzed. Before use, it was shaken
thoroughly, filtered through four layers of gauze,
and incubated in an artificial rumen at a constant
temperature of 39.5 °C for 48 h. At the end of
incubation, the samples were washed and dried
at 60 °C to constant weight.

The in vitro dry matter digestibility coeffi-
cient was calculated as the difference in masses
of the bagged feed sample before and after incu-
bation using the following formula:

K= (A4 B)/C x 100%,

where K — feed dry matter digestibility coeffi-
cient, %; A — initial mass 1 (weight of the feed
sample with an utricle is taken into account),
mg; B —mass after two-stage incubation (weight
of the feed sample with an utricle), mg; C — ini-
tial mass 2 (weight of the feed sample without
the utricle mass), mg.

Counting of infusoria was carried out by mi-
croscopic method in a Goryaev counting cham-
ber. For this purpose, 5 ml of filtered rumen
fluid was taken into a tube and mixed with 0.1
ml of 45% formalin solution, providing fixation
of infusoria. Then 0.9% NaCl, pre-stained with
methylene blue solution, was added. Then, one
drop of the studied liquid was introduced into
the chamber with a Goryaev grid under the cov-
er glass. The number of infusoria was counted in
100 large squares. The total number of infusoria
was determined by the following formula:

x=25X%XA4,

where x is the number of infusoria in 1 mm?; 4 is
the number of counted infusoria.

The level of VFAS in the rumen contents was
determined by gas chromatography with flame
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ionization detection on a gas chromatograph
"Crystallux-4000M". For the chromatograph
with flame ionization detection and capillary col-
umn the necessary gas velocities were selected
and the following parameters were set: program-
mable temperature increase of the column ther-
mostat 60-260 °C, injector temperature 250 °C,
detector temperature 250 °C. The analysis time
was 40 min and the sample input was 1 mm’.
Solutions of acid mixtures at concentrations of
10, 25 and 50 pg/cm® were used as samples for
calibration. At least two chromatograms of each
solution were recorded, starting from the lower
concentration.

Statistical analysis was performed using Mi-
crosoft Excel program. The obtained data were
presented as: M (mean value) £ m (standard er-
ror of the mean). Reliability of differences was
determined by Student's #-criterion. The results
were considered reliable when p < 0,05.

RESULTS AND DISCUSSION

The degree of feed decomposition and the in-
tensity of digestion directly determine the assim-
ilation of the nutrients by animals [6]. The com-
plex and diverse chemical composition of plants
modulates the intensity of rumen processes and
affects dry matter digestibility in vitro [7].

The obtained data show that dry matter di-
gestibility in the control group was 64.36% (see
Table 1). When different doses of O. vulgare ex-
tract were added, the considered index increased.
Thus, in group 1 the digestibility coefficient in-
creased by 5.00%, in group 2 — by 8.27, in group
3 — by 8.17% relative to the control. When com-
paring the experimental groups among them-
selves, it was found that the best results were
recorded in the 2nd group (72.63%), the concen-
tration of the extract in which was 1 ml /1.

The number of infusoria in rumen fluid of dif-
ferent groups was within close values. However,
when the minimum concentration of the extract
was added, an increase in the proportion of pro-
tozoa by 5.5% was observed; when the maxi-
mum dose was added, its decrease by 16.1% was
observed compared to the control group. After
application of 1 ml/l of O. vulgare extract, the

number of infusoria increased by 35.89% rela-
tive to the control, which is the best result.

Herbs and their extracts can form cross-links
between bacteria and feed, thereby increasing
the rate of rumen fermentation and nutrient di-
gestion [8].

Thus, the addition of 1 ml/l oregano extract
to the rumen fluid promoted the growth of the
number of infusoria in the rumen, thereby in-
creasing the digestibility of feed dry matter.

Addition of different doses of O. vulgare ex-
tract resulted in certain changes in rumen fermen-
tation (see Table 2). The application of 0.5 ml/l
of the extract (group 1) reduced the formation of
VFAs: acetic acid by 15.6%, propionic acid by
5.0% (p < 0.05), butyric acid by 2.3%, valerianic
acid by 25.5% (p < 0.05), and caproic acid by
21.7% compared to the control. Application of
the maximum of the tested doses (10 ml/I, group
3) caused an increase in the concentration of
VFA. However, at a dosage of 1 ml/l (group 2),
the most significant changes occurred relative to
the control group, the concentration of the ac-
ids increased as follows: acetic acid by 47.5%,
propionic acid by 51.4% (p < 0.05), butyric acid
by 51.6%, valerianic acid by 32.4%, and caproic
acid by 56.5% (p < 0.05).

It is known that VFAs are the main break-
down products of dietary carbohydrates and
provide most of the energy precursors for meta-
bolic processes in ruminants. O. vulgare extract
can reduce VFA production by inhibiting bacte-

Taoa. 1. IlepeBapuMOCTb CyXOro BelllecTBa

in vitro v 9uciio HHPY30pHil B pyOIIOBOI JKHIKOCTH
Table 1. The digestibility of dry matter in vitro
and the number of infusoria in the rumen fluid

Grou Digestibility Number of infusoria,
P coefficient, % thousand pcs./ml
Control 64,36 + 1,08 400,00 £ 20,00
Ist 69,36 + 1,84 422,22 +21,10
2nd 72,63 +£2,42 555,56 £27,78
3rd 72,53 +£2,19 344,44 + 17,22
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Ta6a. 2. KoHleHTpanus JeTy4ux )KUPHBIX KUCIOT B PyOLIOBOI )KUAKOCTH B 3KCIIEPUMEHTE, MI/IM?

Table 2. Concentration of volatile fatty acids in the rumen fluid in the experiment, mg/dm?

VEA control Ist e 2nd 3rd
Acetic 20,40 £ 1,02 17,20 + 0,86 30,10+ 1,50 28,40 £ 1,42
Propionic 14,00 + 0,70 13,30 £ 0,66* 21,20 + 1,06* 20,80 + 1,04*
Butyric 17,21 £0,86 16,80 £ 0,84 26,10 + 1,31 25,90 £ 1,29
Valeric 1,45+ 0,07 1,08 £0,05* 1,92 + 0,09 1,88 + 0,09
Capronic 0,23 + 0,01 0,18+ 0,01 0,36 £0,01%* 0,33+ 0,01
*p <0,05.

rial activity' [9]. In addition, different doses of
oregano extract can reduce protozoan popula-
tion, acetic acid level and total VFA? [10]. The
maximum doses within the experiment caused a
similar effect.

Essential oils, being secondary metabolites
of plants, have been found not only to affect
VFA production in general, but in particular to
increase the production of butyric acid, which is
generally considered to be better because it stim-
ulates rumen metabolism [11, 12].

Thus, high doses (1 and 10 ml/l) of the plant
extract had a positive effect on the rumen micro-
bial fermentation, contributing to an increase in
total VFA concentration.

CONCLUSION

Previous studies using O. vulgare have shown
that oregano extract can influence rumen bacteri-
al communities in ruminants by increasing feed
digestibility while increasing VFA fermentation.
However, a large number of rumen bacteria have
yet to be cultured. It should be noted that the
results obtained in the present experiment may
have limitations. Future in vivo studies are need-
ed to optimize the application rate of O. vulgare
so that an effective increase in feed digestibility
and fermentation in the rumen can be achieved.

Thus, when adding the maximum allowable
dose of the extract (10 ml/l) there is a decrease
in the total number of infusoria by 16.1%, at the
same time the digestibility of dry matter of the

feed remains high and is 72.53%. At introduc-
tion of the oregano extract in the minimum dos-
age there is an increase in both indicators, but to
a lesser extent.

Thus, the optimal rate of introduction of the
O. vulgare extract into the feed for future studies
is 1 mg/1 for adult animals, as the above concen-
tration contributes to an increase in dry matter
digestibility of the feed up to 72.63% and has a
positive effect on microbial fermentation of the
rumen.
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BJUSTHUE YPOBHS YIVIEBOJOB B PAIIMOHAX KOPOB XOJIMOTOPCKOM
HOPOAbI HA MOJIOYHYIO NPOAYKTUBHOCTDb U KAHECTBO MOJIOKA

(X)HakoneuHblii A.A., Ipiabikuna A.JL., BassmunoB A.O.

Apxaneenvbckull HayuHO-UCCIe008AMENbCKULL UHCIMUMYM CelbCKo20 Xo3aticmea — [Ipumopckuil ghunuan
Dedepanvbriozo uccied08amenbCKoco YeHmpa KOMniekcHo2o usydenusi Apxkmuxu um. H.I1. Jlagéposa
VYpanvckoeco omoenenus Poccutickou akademuu nayx

ApxaHresnbckas 001acTs, 1. JIyrooi, Poccus

(<) e-mail: nakall723@yandex.ru

W3yueHo BIMsIHUE PALOHOB C Pa3HBIM COOTHOILEHUEM JIETKOIIEPEBapUMBbIX YITIEBOJOB Ha MOJIOU-
HYIO IPOAYKTHBHOCTH M Ka4€CTBO MOIY4aEeMOI'0 MOJIOKa BBICOKOIIPOYKTHBHBIX KOPOB XOJIMOTOPCKOI
MOPOABI B Tepro] pa3nost. HayuyHo-npon3BoACTBEHHBIH ONBIT Ha KOPOBAaX MPOBOIUIICS B ApXaHIellb-
ckoit obnactu B 2022 . OTOOp )KUBOTHBIX B KOHTPOJILHYIO M OITBITHYIO TPYIITBI IPOBOAMIICS METOIOM
Tap-aHaJIOTroOB TPH CTOMIIOBOW CHCTEME COAep)KaHWsA. B McciemoBaHMsIX y4acTBOBAJIO JABE TPYIIIBI
KOPOB: ONbITHAsi U KOHTposibHAsA 110 10 ron. B kaxaou. JlnurenbHocTh onbiTa coctaBuiia 100 gHei.
B kauectBe ymieBoHOH 100aBKM K palliOHaM ONBITHBIX KMBOTHBIX MCIOJIBb30BaHA YIJIEBOJHO-TIPO-
TEMHOBAs CMECh B Koln4ecTBe 1,5 Kr Ha oAHY ToJoBY B CyTKH. CeleKIMOHHBIH KOHTPOJIb KauecTBa
MOJIOKa Ha MacCOBYIO JIOJIO KHpa, OesiKa, TaKTO3bl, CyXOr0 BEIIECTBA, CyXOro 00E3KHUPEHHOTO MO-
noyHoro octarka (COMO), Touku 3amMep3aHus, MOUCBHHBI I COMAaTHIECKUX KJIETOK MPOBOIUJIICS HA
BBICOKOCKOPOCTHOM HH(pakpacHOM aHaim3arope moioka Bentley Combi 150 B maGoparopuu cenek-
LIMOHHOT'O KOHTPOJIsI KadecTBa MOJIOKA. BBIsABIEHO, YTO caxapolpoTEeNHOBOE OTHOILEHHUE B OIBITHOM
rpymre 6but0 B 2 pasa Boime (0,58), guem B koHTpOnbHOHU (0,29), 32 cyeT HAIWYHS B palliOHE YIJie-
BOJHOH 100aBKU. YCTaHOBJICHO YBEJINYEHUE MOJIOYHOM MPOTYKTUBHOCTH KUBOTHBIX Ha 4,6 u 0,14%
YpOBHs Oelika B MOJIOKE MpPU BKJIIOYEHHWH B PALOH YIJIEBOJHO-NPOTCHHOBON CMECH B KOJIMYECTBE
1,5 Kr Ha OfiHy TONIOBY B CYTKH. 3a)MKCHPOBAaHO CHWKeHHE Ha 3,2% ypOBHS MOYEBUHBI B MOJIOKE,
yKa3bIBaroee Ha Oornee 3(pexTrBHOE MCTIONb30BaHNE JKUBOTHBIMH aMHUHOKHCIIOT B MPOIECCE Me-
TaboMu3Ma IpU OJHOM YPOBHE BCACHIBAHUS AMMOHHMMHBIX (JOPM IPH YBEIMUCHUU YPOBHS IPOCTHIX
YIJIEBOAOB B pallMOHE. BBHISBICHO MOJOKUTEIbHOE BIMSHUE AAHHOM NOOABKHM HA COIEpXKAHUE CYy-
XOro 00e3KUPEHHOI0 MOJIOYHOTO OCTAaTKa, YBEJIMYMBIIETOCS B MOJIOKE KOPOB ONBITHOM I'PyIIbl Ha
0,128 abcomtotbIX % (a0c.%). [IpMeHeHre YIIIeBOAHO-IPOTEUHOBOM cMecH B KoiuuyecTBe 1,5 Kr
Ha OJIHY TOJIOBY B CYTKH U KOHTPOJIb 32 KA4€CTBOM MPOU3BOANMON MPOIYKIIUH ITO3BOJIHT yYBEITHUUTh
MOJIOYHYIO TIPOJYKTHBHOCTH KOPOB, YIYYIIHTh KAYE€CTBO TOJy4aeMOM NPOJIYKIUH, YBEIUIHUTE MPO-
IOYKTUBHOE JI0JIT0JIETHE MOJIOYHOTO CKOTA.

Ki1roueBble c10Ba: XOJIMOTOPCKHI KPYIHBIA POTaThlil CKOT, MOJIOYHAsl IPOAYKTUBHOCTb, Kade-
CTBO MOJIOKA, YPOBEHb yIJICBOJIOB, YIJIEBOIHAS JOOaBKa

EFFECT OF CARBOHYDRATE LEVEL IN THE DIETS OF KHOLMOGOR COWS
ON MILK PRODUCTIVITY AND MILK QUALITY

(C<)Nakonechny A.A., Dydykina A.L., Vyazminov A.O.

Arkhangelsk Research Institute of Agriculture - Primorsky branch of the N. Laverov Federal Center
for Integrated Arctic Research of the Ural Branch of the Russian Academy of Sciences

Lugovoi, Arkhangelsk region, Russia

(<) e-mail: nakal1723@yandex.ru

The effect of the diets with different ratio of easily digestible carbohydrates on milk productiv-
ity and milk quality of high-yielding Kholmogor cows during the milking period was studied. The
research and production experiment on the cows was conducted in the Arkhangelsk region in 2022.
Selection of animals in the control and experimental groups was carried out by the method of pair-an-
alogues under the stall barn system. Two groups of cows participated in the research: experimental and
control groups of 10 cows each. The experiment lasted for 100 days. Carbohydrate-protein mixture
was used as a carbohydrate supplement to the diets of experimental animals in the amount of 1.5 kg per
head per day. Selective milk quality control for mass fraction of fat, protein, lactose, dry matter, milk
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solids non-fat (MSNF), freezing point, urea and somatic cells were determined on a Bentley Combi
150 high-speed infrared milk analyzer at the Selective Milk Quality Control Laboratory. It was found
that the sugar-protein ratio in the experimental group was twice higher (0.58) than in the control group
(0.29), due to the presence of carbohydrate supplementation in the diet. The increase in milk produc-
tivity of the animals by 4.6 and 0.14% of the protein level in milk at inclusion of carbohydrate-protein
mixture in the amount of 1.5 kg per one head per day in the diet was established. A 3.2% decrease in
the level of urea in milk was recorded, indicating a more efficient use of amino acids by the animals
in the process of metabolism at the same level of absorption of ammonium forms while increasing the
level of simple carbohydrates in the diet. The positive effect of this additive on the content of dry skim
milk residue, which increased in the milk of the cows of the experimental group by 0.128 absolute %
(abs.%), was revealed. Application of the carbohydrate-protein mixture in the amount of 1.5 kg per
one head per day and control over the quality of produced products will increase the milk productivity
of cows, improve the quality of products, increase the productive longevity of dairy cattle.

Keywords: Kholmogor cattle, dairy productivity, milk quality, carbohydrate level, carbohydrate
supplement
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INTRODUCTION of lactate and propionates increases, and pH de-
creases. This leads to significant changes in ru-

Full nutrition of dairy cows is the basis of _ : . :
men metabolism and microbiocenosis of rumen

their high productivity, good health, normal

reproductive function and good product quali-
ty at the lowest feed inputs. In domestic cattle
breeding due to poor quality of forages and their
shortage the realization of genetic potential of
dairy productivity is 40-60% [1].

A unique feature of ruminants is that mono-
and disaccharides from feed, formed during mi-
crobial breakdown under anaerobic conditions,
are digested to volatile fatty acids (VFAs) and
some other products. Digestion of carbohydrates
is the main cause of low blood glucose concen-
tration in ruminants. In the process of rapid fer-
mentation of easily digestible carbohydrates in
the rumen fluid of cows, the concentration of
VFAs sharply increases, while the molar fraction

contents. As a consequence, the concentration
of fat in milk decreases, metabolism in the cow
body is disturbed, which is eventually accompa-
nied by pronounced pathological processes [2].

Carbohydrate metabolism in the rumen is af-
fected by a number of reasons: source and level
of fiber in the diet, type of feed, degree of plant
lignification, cellulosolytic activity, level of eas-
ily digestible carbohydrates [3, 4].

The ratio and amount of VFAs is largely de-
termined by the type and method of feed prepa-
ration. Diets rich in starch and sugar and con-
centrates contribute to the formation of propion-
ic acid (15-20%). Propionic acid, which is the
main precursor of glucose in the body (gluco-
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neogenesis in the liver), is used in the synthesis
of fats. An increase in feed proteins in the diet
causes an increase in the amount of butyric acid
(10-15%) [5]. Both the ratio of proteins and car-
bohydrates in the feed and the predominance of
certain carbohydrates in it are important in the
formation of various fermentation acids [6].

At deficiency in the diet of easily digestible
carbohydrates, and also at the increased content
of protein in the rumen of ruminants there is an
increase in the formation of butyric acid, which
is not only an energy material and a precursor of
fat in milk, but also at its excessive amount con-
tributes to the formation of some under-oxidized
products of carbohydrate-fat metabolism [7].

Recently, different degrees of participation of
easily digestible carbohydrates in the synthesis
of bacterial protein and amino acids, as well as
in the metabolism of minerals have been estab-
lished. The most significant in this respect are
the so-called structural carbohydrates: lactose,
galactose, raffinose and mannose. The introduc-
tion of feeds containing these carbohydrates has
a positive effect on mineral absorption, especial-
ly in young, pregnant and lactating animals. Su-
crose, glucose, starch, fructose and maltose are
energy carbohydrates [8].

In animal nutrition, much attention is paid to
sugars, especially the process of glucose forma-
tion and utilization. Lack of glucose formation
negatively affects carbohydrate and fat metab-
olism and the process of milk synthesis, espe-
cially in the last two months of pregnancy and
the first two months of lactation, when the cow's
body is most sensitive to the fullness of carbo-
hydrate nutrition. Excess sugar in the diet is also
undesirable. With prolonged intake of significant
amounts of sugar, acetic acid, which is involved
in the synthesis of milk fat, begins to be actively
used to deposit body fat. This causes obesity in
cows and, as a consequence, a decrease in milk
productivity [9, 10].

Balancing of feeding rations for high-yield-
ing cows both on the total content of easily di-
gestible carbohydrates and taking into account
their fractions and protected starch, as well as
on the ratio of their easily hydrolyzable fraction

to decomposable protein for optimal use of ni-
trogen in the body is a factor in increasing the
efficiency of nutrient utilization, normalization
of metabolic processes and growth of animal
productivity [11, 12].

The purpose of the study was to establish the
influence of diets with different ratio of easily
digestible carbohydrates on milk productivity
and milk quality of high-yielding Holmogory
cows during the milking period.

MATERIAL AND METHODS

The research and production experiment on
cows was conducted in OOO "Agrofirma (AF)
"Kholmogorskaya", Kholmogorsky district,
Arkhangelsk region. The studies were conduct-
ed according to the generally accepted method-
ology of A.I. Ovsyannikov' by the method of
pair-analogs under the stall barn system.

Two groups of cows were involved in the re-
search: experimental and control groups of 10
cows each. The duration of the experiment was
100 days. Carbohydrate-protein mixture in the
amount of 1.5 kg per head per day was used as
a carbohydrate supplement to the diets of exper-
imental animals. The mixture consisted of dry
beet molasses and sunflower cake, containing
49% carbohydrates and 9% protein in its com-
position.

During the experiment, the cows of the con-
trol group received the basic diet (BD) formu-
lated by farm specialists and designed for an
average daily milk production of 30 kg. The
diet consisted of 43 kg of silage distributed to
the cows daily, meat and bone meal, grass meal,
carbohydrate-protein mixture and concentrates.
Concentrate feeds were introduced into the diet
at the rate of 300 g per liter milked.

Milk productivity was assessed by control
milkings every ten days. Sampling was carried
out in accordance with GOST R 52738-2007
"Milk and milk products. Terms and definitions"
with the proposed normative references.

Selective control of milk quality for mass frac-
tion of fat, protein, lactose, dry matter, MSNF,
freezing points, urea and somatic cells was de-
termined on a Bentley Combi 150 high-speed

'Ovsyannikov A.I. Fundamentals of experimental work in animal husbandry: textbook. Moscow: Kolos, 1976, 304 p.
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infrared milk analyzer in the laboratory of selec-
tive control of milk quality at the Arkhangelsk
Research Institute of Agriculture — Primorsky
branch of the Federal Research Center for Inte-
grated Arctic Research of the Ural Branch of the
Russian Academy of Science.

The obtained results of scientific research
were processed by the method of variation sta-
tistics using a standard statistical analysis pack-
age Microsoft Excel 2007 on a personal com-
puter. The reliability of the obtained results was
assessed using the Student's criterion.

RESULTS AND DISCUSSION

The analysis of chemical composition of
forages in the OOO "AF "Kholmogorskaya"
showed that harvested forages have low content
of metabolizable energy (8.95 MJ) and crude
protein (11.8%) and therefore expensive con-
centrated forages are used to cover the deficit of
protein nutrition (see the table).

To increase the level of carbohydrates in the
ration of experimental cows, a carbohydrate-pro-
tein mixture in the amount of 1.5 kg was includ-
ed in addition to the basic ration; cows of the
control group consumed only the basic general
ration. The analysis of diets showed that the con-
centration of metabolizable energy in dry mat-
ter of diets of cows of control and experimental
groups was: in the control group — 10.00 MJ, in
the experimental group — 10.17 MJ. The con-
centration of crude protein in the diets of exper-
imental and control groups was within the norm
(15.6%). The sugar-protein ratio in the experi-
mental group was 2 times higher (0.58) than in
the control group (0.29), due to the presence of
carbohydrate supplement in the ration.

The structure of the diet in terms of metab-
olizable energy in the groups had insignificant
differences and amounted to: concentrated fod-
der — 41.0 -45.5%, roughage and silage —58.9-
54.5%.

Milk productivity of cows is one of the main
criteria, which allows to evaluate the balance
and nutritional adequacy of feeding, as well as
the productive effect of the diets in dairy cattle
breeding.

The table presents milk quality indicators by
groups of animals for the period of experience

Monounas IMPOAYKTUBHOCTD U KaY€CTBO MOJIOKA UCCIIEAYEMBIX KOPOB

Dairy productivity and milk quality of the cows under study
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in the context of control milkings, conducted 2
times a month.

It was noted that different ratio of the amount
of easily digestible carbohydrates had a positive
effect on milk productivity of cows of the ex-
perimental group. The difference in productivi-
ty between the experimental and control groups
was 0.22-1.51 kg per head per day in favor of
the animals of the experimental group consum-
ing carbohydrate-protein mixture.

For such indicator of milk quality as mass
fraction of fat, no significant differences be-
tween the groups were revealed.

The content of readily available carbohy-
drates in the carbohydrate-protein mixture is
more directed to increase the content of propi-
onic acid in the rumen, responsible for lactose
and protein synthesis, and to decrease acetic
acid, responsible for fat synthesis. The addition
of carbohydrate supplementation to the diet of
the experimental group significantly (P = 0.95)
increased the protein content in milk by 0.14%
on average over the period (see Fig. 1).

Such an important indicator as urea level in
milk shows that in all groups the efficiency of
feed protein conversion to milk protein was at
different levels (see Fig. 2).

Protein mass fraction, %

2,8

>

2,7

2,6

>

2,5

>

o Fxnerimental oronn

The milk of cows of the experimental group
showed a slight decrease in the level of urea
compared to the milk of cows of the control
group, which indicates a more efficient use of
amino acids in the process of metabolism at the
same level of absorption of ammonium forms.
Thus, the level of urea in milk of cows of the
experimental group was lower by 3.2%.

The research results suggest that the milk sol-
ids non-fat content (MSNF) varies depending on
the level of carbohydrates (see Fig. 3).

On the average for the period of the exper-
iment the difference in MSNF in milk of the
studied groups was 0.128 abs.% in favor of the
animals of the experimental group.

CONCLUSION

The conducted research has shown that in-
crease in the diet of easily accessible carbohy-
drates by 741 g, or by 112%, increases milk pro-
ductivity of animals by 4,6% (P = 0,95), protein
level by 0,14%, MSNF in milk by 0,128%. Re-
duction by 3.2% of urea level in milk of animals
receiving carbohydrate supplement indicates a
positive course of protein and carbohydrate me-
tabolism in the body.

5 6 7 8
Control milking

seseee (‘antral oronn

Puc. 1. MaccoBas 1o Oenka B MOJIOKE HCCIIEyeMbIX JKHBOTHBIX
Fig. 1. Mass fraction of protein in the milk of the tested animals
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Puc. 2. YpoBeHb MOYCBHHBI B MOJIOKE MCCIICTYEMbIX KHBOTHBIX
Fig. 2. Urea level in the milk of the tested animals
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Fig. 3. MSNF content in the milk of the tested animals
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MUKPOBHOJJIOI'MYECKHUE OCOBEHHOCTH

N AHTUBUOTUKOYYBCTBUTEJBHOCTD KYJbTYP
MYCOBACTERIUM AVIUM SUBSP. PARATUBERCULOSIS (MAP),
BBIJIEJTEHHBIX HA TEPPUTOPHUMU 3ATIAJTHOM CUBUPHU

<)HNonnna C.B.
Cubupckuii ¢hedepanvhviil HayuHblll YyeHmp azpodbuomexnonoutl Poccutickoll akademuu Hayk

HoBocubupckas obnacts, p.i. KpacHooock, Poccust
(<) e-mail: labtub@mail.ru

[Ipencraiensl pe3ysabTarThl UCCIEIOBAHUI MUKPOOUOIOTHYECKIUX 0COOCHHOCTEH KYJIBTYp CTaH-
JAPTU3UPOBAHHOTO U KIIMHUYECKHX IITAMMOB, BBIJIEJICHHBIX U3 OMOIIOTUYECKOTO MaTepuasa )KHBOT-
HBIX Ha Tepputopuu 3anaanoil Cubupu, oTHOCcAIwmxcs kK Mycobacterium avium subsp. paratubercu-
losis (MAP). MukpoOuoIOruuecKre UCCIeIOBaHUS MTATOT€HOB COCTOSIINA U3 OAKTEPHOCKOITMYECKOTO
MeTona (oOKpacka MaskoB KynbTyp mo Llumio — Hunmbceny) u kynmbTypanbpHOrO (00padoTka 6momare-
puana merogom A.Il. AnukaeBoli ¢ MOCIEIYOIINM MTOCEBOM TOJIYYSHHOTO OCajKa Ha SIMYHBIC ITH-
TaTesbHbIe cpefbl JleBenmTeiina — Mencena n ®unn-2 ¢ MukoGakTuHOM). KpoMe 3Toro, npuMeHs-
M OMOXMMHUYECKUE TECThl C M30JMPOBAHHBIMY U3 MaTepuaia KylIbTypamHu, BKIFOUAIOIINE U3YUCHHE
pocta xononuit ipu 30, 37 u 42 °C, Ha cpefie ¢ CaNUIMIATOM HATpus, ¢ 5%-M XJIOPHUIOM HaTpHs,
PEAYKIUIO HUTPATOB, ONpEACICHHE aMHUIa3HOH, KaTala3HOH, apricylib(aTa3Hoil aKTUBHOCTHU, T'H-
nponu3 TBUH-80, a TakKe OMOJIOTUYECKUN METOJI, COCTOSIIUI M3 BHYTPUBEHHOTO MH(UIIMPOBAHUSI
CYCIIEH3USIMU CTaHAaPTU3UPOBAHHOTO M KIIMHUYECKUX INTAMMOB HEJIMHEWHBIX OENbIX MbIei. Pe-
3yJIBTaThl UCCIICIOBAHU TTOKa3aJIM PUHAUICKHOCTD KYJIBTYP KIMHHUECKUX ITAMMOB K 3-i rpyIime
MuKoOakTepuil 1o kiaccuukanuu PaHboHA M HICHTUYHOCTh MX CBOWCTB CO CTaHIaPTU3HPOBAHHBIM
mrammoM M. paratuberculosis, 9T0 TIO3BOJISIET OTHECTH X K MUKOOAKTEPHSIM TTaparyoepkyiesa. M3y-
YeHHE aHTUOMOTHUKOYYBCTBUTEIBLHOCTH CTaHAAPTU3UPOBAHHOTO ITaMMa M. paratuberculosis (Lien-
TpanbHO-JIFOOMHCKMIT) ¥ KIMHUYECKUX [ITAMMOB BBISIBUJIO MX BOCIPUMUMYHBOCTH KO BCEM HCIIOJb-
30BaHHBIM B HCCJE/IOBAHUAX Tpenaparam. [Ipu mocTraHoBKe OHOIOTHYECKON TTPOOBI y MBIIIEH, 3apa-
JKCHHBIX MaparyOepKyJIe3HbIMU ITaTOreHaMH1, Macca Tella Oblla MEHBIIIE, YeM B KOHTPOJIBHBIX TPYII-
nax. Ha BCKPBITHH y KUBOTHBIX BBISBICHBI YBEIMUEHHUE JICTKUX, CEJIC3EHKN U MEYCHHU, CIUHIUYHBIC
THOMHBIC OYard Ha MeueHH, Celie3eHKe U OpbDKelKe, eueHb NMella MPaMOPHYIO OKPACKY, CIIM3HUCTAasI
000J10YKa TOHKOHM KHIIKA He M3MeHeHa. VIHTeHCUBHOCTh pOCTa KyJIbTyp H3 OnoMarepuala (JIeTKue,
MIEYCHb, CENIE3CHKA) cocTaBmia 2(++) — 3(+++) — 4(++++) Gamna, U3 CIU3UCTON O00OOYKH TOHKOU
kumkn — 0(+/—) daina. bakrepruockonuueckoe UCCiIeOBaHUE Ma3KOB KOJIOHUU KYJIBTYp UCCIEmye-
MBIX ITaTOI'€HOB, BBIJICIICHHBIX U3 BHYTPEHHUX OPTraHOB MBIIICH OMBITHBIX TPYII ¥ OKPAIICHHBIX IO
Hwunro — HunbceHy, mokas3aio Hajduuue eMHUYHBIX KHCIOTOYCTOWYMBBIX 3€PHUCTHIX MAJIOYEK, pac-
MOJIOKEHHBIX TPYIIIIAMH WM B BUJIE «TATMCATHUKAY, YTO XapaKTEPHO JIJIsl BO3OYUTEIS apaTyOepKy-
ne3a. buomornyeckuii METOI HCCIeIOBAHUS HA JIA0OPATOPHBIX KUBOTHBIX BBISIBIIT BOCIIPHUMYHBOCTh
HEJIMHEWHBIX OENBIX MBIIICH K UCCIIelyeMbIM KyJIbTYpaM H BO3MOXXKHOCTH BOCIIPOM3BE/ICHHSI Ha HUX
AKCIEPUMEHTAIBHON Mapary0epKyIe3Hoi HHPEKITUH.

KiroueBsle ciioBa: napary0Oepkysies, IITaMM, MUKPOOHOJIOTHYECKIE CBOWCTBA, aHTHOAKTEpHAIIb-
HBIE TIpeTaparsl

MICROBIOLOGICAL CHARACTERISTICS AND ANTIBIOTIC SENSITIVITY
OF MYCOBACTERIUM AVIUM SUBSP. PARATUBERCULOSIS (MAP)
ISOLATED ON THE TERRITORY OF WESTERN SIBERIA

(<) Ionina S.V.

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

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

The results of the studies of microbiological features of cultures of standardized and clinical strains
isolated from biological material of the animals on the territory of Western Siberia belonging to Myco-
bacterium avium subsp. paratuberculosis (MAP) are presented. Microbiological studies of the pathogens
consisted of the bacterioscopic method (staining of smears of cultures according to Ziehl — Neelsen)
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Microbiological characteristics and antibiotic sensitivity Ionina S.V.
of Mycobacterium avium subsp. paratuberculosis (MAP)

isolated on the territory of Western Siberia

and the culture method (processing of biomaterial by the method of A.P. Alikaeva with subsequent
sowing of the obtained sediment on Lowenstein-Jensen and Finn-2 egg nutrient media with mycobac-
tin). In addition, biochemical tests with the cultures isolated from the material were used, including
examination of colony growth at 30, 37 and 42 C, on the medium with sodium salicylate, with 5% sodi-
um chloride, nitrate reduction, determination of amidase, catalase, arylsulfatase activity, hydrolysis of
Tween-80 and a biological method consisting of intravenous infection with suspensions of standardized
and clinical strains of non-linear white mice. The results of the studies showed that the cultures of clin-
ical strains belonged to the 3rd group of mycobacteria according to the Runyon classification and their
properties were identical to the standardized strain of M. paratuberculosis, which allows us to attribute
them to mycobacteria of paratuberculosis. Antibiotic sensitivity studies of the standardized strain of M.
paratuberculosis (Central-Lubinsky) and clinical strains revealed their susceptibility to all the drugs
used in the studies. In a biological assay, mice infected with paratuberculosis pathogens had lower body
weight than in the control groups. Autopsy revealed enlargement of lungs, spleen and liver, single pu-
rulent foci on liver, spleen and mesentery, and the liver was marbled, the mucosa of the small intestine
is not changed. The growth intensity of cultures from the biomaterial (lungs, liver, spleen) was 2(++)
to 3(+++) to 4(++++) points, the growth intensity of the cultures from the mucosa of the small intes-
tine is O(+/-) points. Bacterioscopic examination of smears of colony cultures of the studied pathogens
isolated from the internal organs of mice of the experimental groups and stained by Ziehl — Neelsen
staining showed the presence of single acid-fast granular bacilli arranged in groups or in the form of a
"palisade", which is characteristic of the causative agent of paratuberculosis. The biological method of
research on laboratory animals revealed the susceptibility of nonlinear white mice to the tested cultures
and the possibility of reproducing experimental paratuberculosis infection on them.

Keywords: paratuberculosis, strain, microbiological properties, antibacterial drugs
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INTRODUCTION resulting in significant economic losses in live-
stock production [1, 2]. The infection is largely
asymptomatic and has various manifestations
ranging from high prevalence and significant
lethality to low prevalence and rare lethality!'~

[3, 4].

Paratuberculosis (paratuberculous enteritis,
Johne's disease) is a chronic infectious granu-
lomatous enteritis of animals, which is a clin-
ical manifestation of infection with Mycobac-
terium avium subsp. paratuberculosis (MAP).

The disease is characterized by progressive
diarrhea and, as a consequence, cachexia of
animals, which may lead to their death. Para-
tuberculosis was first described in 1895 and
is now considered endemic in farmed cattle
worldwide, having a global impact on animal
health and maintaining a high prevalence rate,

Paratuberculous enteritis is one of the most
difficult infections to control and diagnose be-
cause of its long incubation period, which can
last from 6 months to 15 years. In addition, the
pathogen is extremely resistant to environmental
conditions, where it can survive for up to a year
or more [5, 6].

'Nielsena S.S., Toftb N. Ante mortem diagnosis of paratuberculosis: A review of accuracies of ELISA, interferon-y assay and faecal culture tech-
niques // Veterinary Microbiology, 2008, vol. 129, issue 3—4, N 22, pp. 217-235. DOI: 10.1016/j.vetmic.2007.12.011.

2Whittington R.J. Progress towards understanding the spread, detection and control of Mycobacterium avium subsp paratuberculosis in animal
populations // Australian Veterinary Journal, 2001, N 79 (4), pp. 267-278. DOI: 10.1111/j.1751-0813.2001.tb11980.
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Mukpobuonorndeckne 0COOEHHOCTH U AHTHOHOTHKOYYBCTBUTEIBHOCTh
Kynstyp Mycobacterium avium subsp. paratuberculosis (MAP),
BBIJICJICHHBIX Ha Tepputopun 3anaanoi Cubupu

Wonuna C.B.

In this regard, the full range of vivo diag-
nostic methods (clinical manifestations of the
disease) and microbiological methods are nec-
essary to isolate the pathogen. These methods
include microscopic, culture and morphological
studies, biochemical tests based on the fact that
in the process of metabolism some species of
mycobacteria show different enzymatic activi-
ty, as well as the biological method of modeling
paratuberculosis on laboratory animals (mice,
rats, rabbits, guinea pigs)®. Proper selection and
use of each of these diagnostic tests will ensure
their success and may allow the establishment of
a program to control the spread and treatment of
paratuberculosis infection, since there is no de-
finitive cure for M. avium subsp. paratuberculo-
sis, the pathogen causing paratuberculosis. An-
timicrobials used to treat paratuberculosis may
help prevent infection in calves and reduce fecal
excretion of MAP in infected adult cattle. Anti-
biotics can affect the course of paratuberculosis
by reducing the concentration of bacteria in the
intestinal lumen and altering the composition of
the intestinal microflora. Frequent drug sensitiv-
ity testing of pathogens should be performed, as
inadequate use of antibacterial drugs is the main
cause of antibiotic resistance.

The use of microbiological isolation methods
to characterize the pathogen of paratuberculosis
will allow timely planning and implementation
of effective anti-epizootic measures, which will
make it possible to prevent the uncontrolled
spread of this disease among animals [7-9].
Drug resistance of the pathogen to antibacterial
drugs in paratuberculosis is a serious problem,
therefore, effective schemes of paratuberculo-
sis control should also be aimed at identifying
the sensitivity of the pathogen to antimicrobial
drugs in order to overcome resistance to already
existing drugs.

The purpose of the work is to present the re-
sults of microbiological studies and to study the

sensitivity to antibacterial drugs of cultures M.
avium subsp. paratuberculosis (MAP).

MATERIAL AND METHODS

Studies of the standardized strain of M. para-
tuberculosis (Central-Lubinsky) and three clini-
cal strains of mycobacteria isolated from biolog-
ical material of animals were conducted in 2021-
2023 at the Institute of Experimental Veterinary
Science of Siberia and the Far East of the SFS-
CA RAS. Pre-sowing treatment of the biomate-
rial was carried out in accordance with GOST
26073-84 (ST SEV 3459-81) with subsequent
sowing of the obtained sediment on Lowenstein
-Jensen and Finn-2 egg nutrient media with my-
cobactin. Mycobactin is a growth factor, which
is an extract from Mycobacterium phlei, con-
taining substances necessary for nutrition and
reproduction of M. paratuberculosis on artificial
nutrient media. The use of two nutrient media
simultaneously increases the percentage of my-
cobacterial isolation from pathologic material®.

The isolated cultures were studied bacterio-
scopically by Ziehl — Neelsen staining of smears
and evaluated for culture and morphological
properties. Biochemical tests were performed:
growth of cultures colonies at 30, 37 and 42 °C,
on the medium with sodium salicylate and 5%
sodium chloride, nitrate reduction, determina-
tion of amidase, catalase and arylsulfatase ac-
tivity, hydrolysis of tween-80. Nitrate reductase
activity was determined according to the method
of Tsukamura, catalase activity was determined
according to the method of G. Weyne (1962),
hydrolysis of Tween-80 — according to the modi-
fied method of G. Weyne (1964). Weyne (1964),
amidase activity of mycobacterium paratuber-
culosis was performed according to the Takae
method’.

Determination of sensitivity to antibacterial
drugs was carried out by disk-diffusion method
in accordance with the "Methodological guide-

3World Organization for Animal Health (OIE). Manual of diagnostic tests and vaccines for terrestrial animals; 7th ed. Vol. 2. Paris: OIE; 2012
(Version adopted in May 2014). Chapter 3.1.15, Paratuberculosis (Johne's disease), 2019, pp. 544-559.

*Guidelines for conducting preclinical studies of medicines. Moscow: Grif and K, 2012, part 1, 944 p.

*New methods of research of pathogens of anthropozoonoses. Tuberculosis: methodical recommendations. Moscow: RASKhN, 2003, 50 p.
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lines for determining the sensitivity of micro-
organisms to antibacterial drugs" (2004), the
studies were carried out in three repetitions. In-
oculates of the pathogens under study were pre-
pared according to the McFarland 0.5 turbidity
standard (500 million microbial bodies in 1 ml
of suspension), which were added 1.0 ml to the
surface of a Petri dish with Lowenstein-Jensen
egg nutrient medium with mycobactin, distrib-
uting evenly over the entire surface of the medi-
um. The density of the suspension was measured
on a densitometer — turbidity detector of suspen-
sions DEN-1B. After inoculation, disks with 11
antibacterial drugs were applied to the surface of
the nutrient medium: streptomycin, rifampicin,
amikacin, kanamycin, ofloxacin, levofloxacin,
clarithromycin, imipinem, moxifloxacin, cipro-
floxacin, linezolid. The cultures were incubated
at 37 °C for 4 weeks. The cultures were reviewed
every day, noting the appearance of mycobacte-
rial colonies and areas of growth retardation. The
biological method was carried out by infecting
nonlinear white mice with a suspension of tested
cultures intravenously in 4 experimental and 4
control groups, each containing 5 mice with an
average weight of 23 g. To infect them, 1.0 ml
of suspension containing 1 mg of bacterial mass
of pathogen cultures dissolved in 1 ml of phys-
1ological solution was used. The mice were in-
fected once, intravenously into the tail vein. The
duration of the experiment was 120 days, after
which a planned euthanasia with autopsy and
biomaterial collection (lungs, liver, spleen, small
intestine mucosa) was performed. The organs
were processed by the method of A.P. Alikaeva®
with sowing of the obtained suspensions on egg
nutrient media of Lowenstein-Jensen and Finn-2
with mycobactin. The appearance of the colony
growth was counted every 2 days during the first
week, then once a week thereafter.

Crop growth intensity was considered ac-
cording to the 4-point system proposed by
G.N. Pershin (Order 558 of the Ministry of
Health of the USSR from 08.06.1978, Moscow,
1978).

RESULTS AND DISCUSSION

The standardized strain Central-Lubinsky
was isolated from the small intestine of cattle
with changes characteristic of paratuberculous
enteritis: pronounced folding and thickening of
the mucosa. Primary growth of the culture on
Lowenstein-Jensen and Finn-2 egg media with
mycobactin was observed on the 8th-10th day;
the colonies were beige in color, separate from
each other with a depression in the center, rough
consistency (R form). No growth was observed
at 30 °C, abundant growth was observed at
37 °C, and scanty growth was observed at 42 °C.
Growth was observed on the nutrient medium
containing sodium salicylate. There was no re-
sistance to 5% NaCl. Hydrolysis of Tween-80
was positive (day 6). Amidase and arylsulfatase
activities and nitrate reduction were negative,
the catalase activity was negligible.

Clinical strains were isolated from regional
lymph nodes of the small intestine of pigs with
the presence of caseous foci, from the small
intestine of cattle with pathological changes
characteristic of paratuberculous enteritis in
the form of pronounced folding and thickening
of the mucosa, and from the internal organs of
crows. Bacterial culture colonies were identi-
fied on the basis of cultural, morphological and
biochemical properties according to "Bergey's
Bacterial Identifier" (2000). In the passages on
Lowenstein-Jensen and Finn-2 egg media with
mycobactin, growth of pathogens was observed
on the 5th-8th day. The colonies were light beige
in color, separate from each other and merged,
rough and mucous consistency (R and S form).
There was no colony growth at 30 °C, intense
growth at 37 °C, and scanty growth at 42 °C.
The appearance of growth on the nutrient medi-
um containing sodium salicylate was observed
on the 10th-11th day. There was no resistance to
5% NaCl. Hydrolysis of Tween-80 was positive
(day 5-6). Amidase, arylsulfatase activity and
nitrate reduction were negative. Catalase activ-
ity was weakly expressed. Based on the diag-
nostic tests performed, the isolated strains were

SAgricultural animals and poultry. Methods of laboratory diagnosis of tuberculosis: GOST 26072-89 (ST SEV 3457-81). Moscow: Publishing

House of Standards, 1989, 13 p.
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classified as group 3 mycobacteria according to
the Runyon classification.

Bacterioscopic study of cultures of clinical
strains showed the presence of acid-fast gran-
ular bacilli in the smears stained according to
Ziehl-Neelsen, located in clumps in the form of
a "palisade", which is a characteristic feature of
M. avium subsp paratuberculosis.

Reduction in the time of colony growth of the
studied pathogens of paratuberculosis at repeat-
ed passages on dense egg nutrient media occurs
due to their adaptation to favorable conditions
of cultivation. These conditions lead to a change
in the amount of mycolic acids on the surface
of bacterial cells, causing a change in the thick-
ness and permeability of their membrane, which
in turn leads to a change in the hydrophobicity
of the cell wall and to an increase in the supply
of the nutrients into the cell, affecting the rate
and intensity of growth of the cultures. After the
third and subsequent passages on dense egg nu-
trient media, R-subcultures of paratuberculosis
pathogens acquired the ability to grow on the
Pavlovsky potato medium even without myco-
bactin growth factor [10].

The phenotypic study of the sensitivity of
standardized M. para-tuberculosis (Central-Lu-
binsky) and three clinical strains to antibacterial
drugs revealed that the studied pathogens have
sensitivity to all antibacterial drugs used in the
studies: streptomycin, rifampicin, amikacin, ka-
namycin, ofloxacin, levofloxacin, clarithromy-
cin, imipenem, moxifloxacin, ciprofloxacin, and
linezolid (see the table). The zone of growth re-
tardation of bacterial culture of the standardized
strain M. paratuberculosis (Central-Lubinsky)
around the drug disks on dense nutrient medi-
um Lowenstein-Jensen with mycobactin ranged
from 9, 2 + 0.6 to 30.2 £ 0.1 mm, clinical strain
2608 — from 12.2 = 0.3 to 25.2 £ 0.2 mm, clini-
cal strain 905 — from 10.1 £ 0.1 to 22.6 £ 0.6 mm
and clinical strain 6107 — from 10.6 £ 0.6 to
30.2+0.1 mm.

The conducted biological studies showed
that the body weight of mice in the experimen-
tal groups was lower than in the control groups.
Autopsy of mice infected with paratuberculous
pathogens revealed enlargement of lungs, spleen

and liver, mucous membrane of the small intes-
tine was not changed, there were single purulent
foci on the liver, spleen and mesentery, the liv-
er had a marbled color. Growth intensity of the
cultures from biomaterial (lungs, liver, spleen)
was 2(++) - 3(+++) - 4(++++) points, from small
intestine mucosa - 0(+/-) points. Bacterioscop-
ic examination of smears of the colony cultures
of the tested pathogens isolated from the inter-
nal organs of mice of the experimental groups,
stained by Ziehl-Neelsen staining, revealed sin-
gle acid-fast granular bacilli arranged in groups
or in the form of a "palisade", which is character-
istic of the causative agent of paratuberculosis.

CONCLUSION

Microbiological studies of the cultures of
clinical strains of paratuberculous mycobacteria
isolated in Western Siberia have provided sci-
entific information about their culture-morpho-
logical, biochemical and biological properties,
which coincide with similar indicators of the
standardized strain of M. avium subsp. paratu-
berculosis (MAP), which allows us to attribute
them to mycobacteria of paratuberculosis. The
biological method of research on laboratory an-
imals revealed the susceptibility of nonlinear
white mice to the tested cultures and the possi-
bility of reproducing experimental paratubercu-
losis infection on them. The study of sensitivity
to antibacterial drugs of the studied standardized
and clinical strains showed their susceptibility to
all antibacterial drugs used in the study.
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Microbiological characteristics and antibiotic sensitivity Ionina S.V.

of Mycobacterium avium subsp. paratuberculosis (MAP)
isolated on the territory of Western Siberia

AHTI/I6I/IOTI/IKO‘-IYBCTBI/ITCJ'IBHOCTB, BBISIBJICHHASA Y CTAHAAPTU3UPOBAHHOIO U KIIMHUYCCKUX HITAMMOB

M. avium subsp. paratuberculosis (MAP)

Antibiotic sensitivity detected in standardized and clinical strains of M. avium subsp. paratuberculosis

(MAP)

Antibacterial Microorganism

preparation Standardized strain Clinical strain 2608 Clinical strain 905 Clinical strain 6107
Streptomycin 15,1 £ 0,4%* 19,4 +£ 0,6* 19.4 + 0,6* 12,6 £ 0,3*
Rifampicin 14,1 £0,3* 182 +0,5* 18,2+ 0,5%* 12,7 +0,7*
Amikacin 20,4 +0,5% 18,1 £0,7* 18,1 £0,7* 15,4 +0,6*
Clarithromycin 30,2 +0,1* 25,24+0,2* 25,2 +0,2% 30,2 +0,1*
Levofloxacin 9,24+0,3* 12,5+0,3* 12,5+0,3* 13,2 +£0,8*
Ofloxacin 15,3 +£0,3* 14,1 £0,2% 14,1 £0,2%* 14,4 £ 0,4*
Kanamycin 12,1 £ 0,6* 18,3 £0,1%* 18,3+0,1%* 12,8 £0,5%
Imipenem 12,2 +0,1%* 15,3 +£0,7* 15,3 +£0,7* 14,3 £0,7*
Ciprofloxacin 9,2+0,6* 24,1 +0,4%* 24,1 +£0,4* 14,1 £0,1*
Linezodide 18,4 +0,3* 12,2+0,3* 12,2 +£0,3* 20,4 +0,4%*
Moxifloxacin 10,6 £0,1* 17,4 £0,5*% 17,4 £0,5%* 10,6 £ 0,6*

* Statistically significant difference p < 0,05.
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o MEXAHM3ALVA, ABTOMATH3ALIAS, MOAE/IHPOBAHUE
U HH®OPMAIIHOHHOE OFECTIEYEHUE
MECHANISATION, AUTOMATION, MODELLING AND DATAWARE

https://doi.org/10.26898/0370-8799-2023-12-12 Tun crarbu: OpUrHHaIbHAS
VIK: 631.33.022.6 Type of article: original

NCCJEJIOBAHUE BJIUSIHUS TEXHOJOI'MYECKUX ®PAKTOPOB
HA MPOITYCKHYIO CHOCOBHOCTD JO3ATOPA THEBMATHYECKOHN
IMMOCEBHOM MAIIUHBI

) Paccomaxun I'.K., Axosies H.C., Uepnbimon A.Il., Yepusnix B.U.

Cubupckuii ghedepanvhvlil HayuHbll YeHmp azpobuomexnonozuil Poccutickotl akademuu HayK
Hosocubupckas obmnacts, p.n. Kpacnooock, Poccus
(X)e-mail: rgk1959@yandex.ru

OfHUM W3 3HAYMMBIX HAIPABICHUN HAyYHBIX MCCIICIOBAHMI B YaCTH COBEPIICHCTBOBAHUS KOH-
CTPYKIIMU MMOCEBHBIX MAlllMH W IMOBBINICHUSA UX HpI/ICHOCOGJ'IeHHOCTI/I K COBPEMCHHBIM Tpe6OBaHI/I$IM
aBTOMATH3aLIMH SIBJIIETCS CO3/[aHKE 103aTOPOB, 00ECIICUMBAIOIINX KOPPEKTUPOBKY HOPMBI BHICEBA BO
BpeMs paboTsl ToceBHOHN MammHbl. Crneruanuctamu CHOMPCKOTO HAYYHO-HCCIICIOBATEIBCKOTO HH-
CTHUTYTa MEXaHHU3AIUH U DJICKTPUPHUKAIIUK CEITLCKOTO X035HCTBa pa3paboTan 00pasell 103aTopa MHEeB-
MaTHYECKOW MOCEBHOM MAIlIMHBI, KOTOPBIA MCIIOJIB30BAJICS B KaUeCTBE MPOTOTHUIIA MIPH MTPOBEACHUN
uccienoBanus. [IpuMeHsBIIUICS 103aTOp MO3BOJIIET O0CCIICUHUTD TUIABHYIO KOPPEKTHUPOBKY HOPMBI
BBICCBA CEMSIH B COOTBETCTBUHU C KapTOH-3aJlaHUEM, a TAK)KE aBTOMATHYSCKOE OTKIIOUCHHUE MO/Iaun
CEMSIH B CEMSIITPOBO/I ITPU Pa3BOPOTAX arperara Ha Kparo IoJisl JUIs TPeI0TBpaIlleHHs Tiepepacxo/ia ce-
MSTH ¥ TIOBTOPHOTO ceBa. Llenb ucciaeoBanus — onpesielicHne KOHCTPYKTHBHBIX U TEXHOJIOTHIECKUX
napamMeTpoB SKCIIEPUMEHTAIBHOTO J103aTOPa MTHEBMATHYECKON MOCEBHON MaIuHbI. 151 TOCTHIKCHHUSI
MOCTaBIICHHOM 11e1H ObUTH C(hOPMYTHUPOBAHBI CIIEAYONINE 3a1a4ul: 1) mpoBecTH 1abopaTopHOE UCCIIe-
JIOBaHUE MPOIIeCCca JIO3UPOBAHUS CEMSH B DKCIIEPUMEHTAIILHOM J[03aTOPE ITHEBMATHYECKON ITOCEBHOM
MAIIIMHBI, 2) OMPEIS/IUTh 3aKOHOMEPHOCTH B3aMMHOTO BIIUSHUS 3HAUYUMBIX (PAKTOPOB Ha MPOIYCK-
HYIO CITIOCOOHOCTD 7[03aTOpa U OMUCATh UX PErPECCHOHHBIMU YPaBHEHHUSIMU. B COOTBETCTBUU C Iepe-
YHCIICHHBIMH 33J1a9aMU U3Y4eH MpoIlecc J03UPOBAHUS CEMSIH Ha J1abopaTtopHO# ycTaHoBke. B xone
00pabOTKH IKCIIEPUMEHTATBHBIX JJAHHBIX MOJYYCHBI PErPECCHOHHBIC 3aBUCHMOCTH. [To XapakTepu-
CTHKaM TIOJIYYCHHBIX YpaBHEHHI YCTaHOBJICHO, YTO HauOoJiee 3HAYUMOE BIUSHHE Ha MPOIYCKHYIO
CIOCOOHOCTH J103aTOpa OKa3biBaeT 00BEM KaTYIIKH J03aTopa. MakcuMaibHas IPOU3BOIUTEIHLHOCTh
JI03aTopa OTMEYAETCs IPU YacTOTe BpaiieHus potopa B npenenax §0—100 06./mun. Haunbombimas cko-
POCTD MO/Ia4X U MCKIIFOYCHUE CaMOINPOU3BOJIBHON YTEUKU CEMSH U3 J103aTOPa B CEMSIIPOBOJ JIOCTH-
TaroTCsl PH BBICOTE 3aTBOPA BHITPY3HOTO OKHA JI03aTopa B mpejenax 2 cM. Pe3ynbrarsl ncciieIoBanus
MOTYT OBITh HCIIOIB30BAHbBI MPU OPabOTKE KOHCTPYKIIMH J103aTOpa C IeNbI0 MPUMEHEHUS ero B Ka-
YEeCTBE UCIOTHUTEIHLHOTO MEXaHH3Ma CUCTEMBI KOMILIEKCHOW aBTOMATU3aIlUH IOCEBHOTO arperara.

KaroueBbie cjioBa: 103aTop, CEMEHA, POTOP, CEMSIIPOBOJL, 3aTBOP, CKOPOCTh MOJIAYU

INVESTIGATION OF THE INFLUENCE OF TECHNOLOGICAL FACTORS
ON THE THROUGHPUT CAPACITY OF THE DISPENSER OF A PNEUMATIC
SOWING MACHINE

CX)Rassomakhin G.K., Yakovlev N.S., Chernyshov A.P., Chernykh V.I.
Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences

Krasnoobsk, Novosibirsk region, Russia
(C<De-mail: rgk1959@yandex.ru

One of the significant directions of scientific research in terms of improving the design of sowing
machines and increasing their adaptability to modern requirements of automation is the creation of
dispensers that provide adjustment of the seeding rate during the operation of the sowing machine.
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Paccomaxun I'K., SIxosmes H.C.,
UYepnsimos A.Il., Yepnbix B.1.

HccnenoBanue BIUSHUS TEXHOIOTHYECKUX (aKTOPOB
Ha IPOIYCKHYO CIIOCOOHOCTH 103aTOpa THEBMATHYECKO#
HOCEBHOI MaIIMHBI

Specialists of the Siberian Research Institute of Mechanization and Electrification of Agriculture have
developed a sample of a pneumatic sowing machine dispenser, which was used as a prototype in the
study. The dispenser used allows for a smooth adjustment of the seed rate in accordance with the map
task, as well as automatic shut-off of the seed supply to the seed line when the machine turns at the
headland to prevent overconsumption of seeds and reseeding. The purpose of the research is to deter-
mine the design and technological parameters of the experimental dispenser of the pneumatic sowing
machine. To achieve the set goal the following tasks were formulated: 1) to conduct a laboratory study
of the process of seed metering in the experimental dispenser of the pneumatic seeding machine;
2) to determine the regularities of mutual influence of significant factors on the throughput capacity of
the dispenser and describe them by regression equations. In accordance with the listed tasks the pro-
cess of seed dosing on the laboratory unit was studied. In the course of experimental data processing,
regression dependencies were obtained. According to the characteristics of the obtained equations, it
is found that the most significant influence on the throughput capacity of the dispenser is the volume
of the dispenser coil. Maximum performance of the dispenser is noted at rotor speeds in the range of
80—100 rpm. The highest feed rate and avoidance of spontaneous seed leakage from the dispenser into
the seed pipe are achieved at a gate height of the dispenser discharge window within 2 cm. The results
of the research can be used to finalize the design of the dispenser in order to use it as an actuator of the
system of complex automation of the sowing unit.
Keywords: dispenser, seeds, rotor, seed deferens, gate, feed rate
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INTRODUCTION to the pneumatic system of the seeding ma-
chine' [8, 9]. The Siberian Research Institute of
Mechanization and Electrification of Agriculture
developed an experimental sample of a pneu-
matic sowing machine dispenser®. The dispenser
allows to adjust the seeding rate in accordance

with the map task and to carry out automatic

Due to the increasing demand of agricultur-
al production for new advanced seeding units
equipped with precision farming system, the
need to create actuators that will allow to en-
sure the adjustment of the working bodies of the

machine during its operation is actualized [1-
4]. The method of differentiated seeding taking
into account the site peculiarities, when variable
seeding rate is applied to each field plot sepa-
rately, allows optimizing the seeding density in
order to obtain the best agronomic and economic
results [5-7].

One of the important directions of scientif-
ic research is the creation of reliable metering
devices that provide controlled seed supply

shutdown of seed supply to the seed pipe at the
headland turns of the machine to prevent over-
consumption of seeds and exclude reseeding.
The purpose and objectives of the study were
determined to justify the parameters of the pro-
totype.

The purpose of the research is to determine
the design and technological parameters of the
experimental metering unit of the pneumatic
sowing machine.

'Lepeshkin N.D., Mizhurin V.V., Zayats D.V. Analysis of metering devices of seeding machines and identification of ways to improve them for
sowing hard-to-sow grass seeds // Mechanization and electrification of agriculture: interdepartmental thematic collection, Minsk, 2018, pp. 114-119.

*Patent 2737206 C 1, Russian Federation. Seeding machine for precision agriculture. Application No. 2019120296 of 27.06.2019; published

26.11.2020.
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Investigation of the influence of technological factors
on the throughput capacity of the dispenser of
a pneumatic sowing machine

Rassomakhin G.K., Yakovlev N.S.,
Chernyshov A.P., Chernykh V.I.

Objectives of the study:

1) laboratory research of the seed metering
process in the experimental sowing machine dis-
penser of a pneumatic sowing machine;

2) determination of the regularity of mutual
influence of significant factors on the throughput
capacity of the dispenser and their description
by means of regression equations.

MATERIAL AND METHODS

The study was carried out [10-12] on an ex-
perimental laboratory installation (see Fig. 1).
This unit is a frame on which the dispenser, re-
ceiving hopper, electric motor, actuator and un-
load receiver storage are installed. The dispenser
is driven by an electric motor via a belt drive
system.

The required speed of the dispenser was set
using an inverter (6) ESO 1000 3PH AC 380V.
The revolutions were monitored using a digital
phototachometer "Megeon 18001". The weight
of the loaded material was measured by electron-
ic scales SWII-20. The time of passage through

Puc. 1. JJabopaTopHast yCTaHOBKA VISl TIPOBEACHIUS
HCCIIEIOBAHUN C DKCIIEPUMEHTAIIBHBIM J103aTOPOM:
1 — no3arop; 2 — pama; 3 — poTop; 4 — AIEKTPOJBUTATEND;
5 — NPUBOIHOM PEeMEHb; 6 — YaCTOTHBII IMPeoOpa3oBa-
TeNb; 7 — akTyaTop; 8§ — MpUEeMHBIN OyHKep; 9 — MOBOAOK;
10 — BBITPY3HOH NPUEMHUK-HAKOITUTETh

Fig. 1. Laboratory setup for conducting research
with an experimental dispenser:

1 —dispenser; 2 — frame; 3 — rotor; 4 — electric motor;

5 —drive belt; 6 — frequency converter; 7 — actuator; § —
receiving hopper; 9 — leash; /0 — unload receiver storage

the dispenser of a given portion of grain was re-
corded with a stopwatch "CHRONOGRAPH".

The dispenser (see Fig. 2) consists of a hous-
ing, inside of which there is a rotor consisting of
a drum with grooves for small seeds, a loading
window flap connected by a leash to an actuator,
and a drive. In the lower part of the dispenser
there is a discharge window, inside of which a
flap is built in (see Fig. 3). Changing the height
of the gate affects the throughput capacity of the
dispenser.

In the course of the study, two experiments
were conducted. In the first experiment the influ-
ence of three significant variable factors on the
throughput capacity of the dispenser (Y, kg/min)
was determined:

Wheat grain was used as a working material.
Experiments were carried out according to the
planning matrix CFD 23 with threefold repeti-
tion (see Tables 1, 2).

Then the experimental data were processed,
the first-order regression equation was calculat-
ed, statistically evaluated and analyzed.

1 2 345 6 7

Puc. 2. JlozaTop BBICEBAIOIIETO anmapara ajs
CEeAJIOK TOYHOIO 3€MJIECIINS:

1 — xopmyc; 2 — porop; 3 — 6apaban poropa; 4 — keno0-
KU JUIs BBICEBA MEJIKOCEMSIHHBIX KYJIBTYp; J — 3aCIOHKA
3arpy304HOr0 OKHa; 6 — IIOBOOK 3aCIIOHKH 3arpy304HOTO
OKHa; 7/ — IPUBOJ poTOpa

Fig. 2. Dispenser of the seeding apparatus for preci-
sion farming seeders:

1 —body; 2 — rotor; 3 — rotor drum; 4 — grooves for
sowing small-seeded crops; 5 — loading window flap;

6 — loading window flap leash; 7 — rotor drive
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HccnenoBanue BIUSHUS TEXHOIOTHYECKUX (aKTOPOB
Ha IPOIYCKHYO CIIOCOOHOCTH 103aTOpa THEBMATHYECKO#
HOCEBHOI MaIIMHBI

Paccomaxun I'K., SIxosmes H.C.,
UYepnsimos A.Il., Yepnbix B.1.

Puc. 3. Cxema pacnosio;KeHus 3aTBOPA BHIIPY3HOTO
OKHa J103aTopa:
1 — 3aTBOp BBITPY3HOTO OKHA; 2 — BEITPY3HOE OKHO

Fig. 3. Layout of the flap of the discharge window
of the dispenser:
1 —flap of the unloading window; 2 — unloading window

In the second experiment the dependence of
the throughput capacity of the dispenser (y, kg/
min) on the rotor speed and the height of the dis-
penser discharge window flap was additionally
investigated. The volume of the dispenser coil
was set constant - 0.375 dm?. Wheat grain was
used as a working material. The levels of vari-
able factors were chosen as follows:

V' — rotor speed, rpm
(V-=25,1=65, V"=105);
H —Aflap height, cm

Ta6a. 1. Tabnuna kogupoBaHus GaKTOPOB
Table 1. Factor coding table

Bot-
Fac- Upper tom |Center| Vari- Dependem':e of the
level . coded variable on
tor level (0) ability .
+) . the natural variable
) interval
v 10s | 25 | 65 | 40 | x="T50
U | 0,600 | 0,150 0,375 | 0,225 y = U=0375
2 0,225
H 5 1 3 2 _ _H-3
X =

Taoda. 2. Ucxoanas MaTpuia IuIaHUPOBAHUS B
KOJMPOBAHHOM BH/IE C PE3YNBTAaTaAMHU OIbITA

Table 2. Initial planning matrix in encoded form
with the results of the experiment

Factor under E . t It
Experiment study XPCTIMENT TesUlts
number
xl xZ x3 Yl YZ Y}
1 + + — | 11,892 | 11,890 | 12,075
2 — + — 4,095 4,114 | 4,154
3 + — — 2,785 2,849 | 2,783
4 — — — 1,101 1,075 1,073
5 + + + | 26,182 | 25,413 | 25,411
6 — + + 7,855 7,928 | 7,926
7 + — + 6,554 6,359 | 6,357
8 — - + 2,431 2,413 | 2,409

(H=1,H"=3,H =)5).

Experiments and data processing were per-
formed using a second-order orthogonal plan
matrix with one point at the center of the plan
(see Tables 3 -5).

The experimental data were processed, the
second-order regression equation was calculat-
ed, its statistical evaluation and analysis were
performed.

RESULTS AND DISCUSSION

Based on the results of the first experiment,
the regression equation was obtained in a coded
form

Y=780+39lx +4,61x,-2,81x, +2,48x x,—
= 1,53x x, — 1,57xx, — 0,96x x x.. (D)

According to the data of the regression
equation (1), a graph was constructed, which
shows the influence of the studied factors on the
throughput capacity of the dispenser (see Fig. 4).

According to the regression equation and the
graph, it can be seen that the strongest influence
on the throughput capacity of the dispenser (V)
is made by the volume of the dispenser coil (x,),

MexaHu3a1wst, aBTOMATH3ALsl, MOZIC/IMPOBAHHE
1 nHOPMALMOHHOE OOecHeueHIEe
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Ta6a. 3. Tabnuma kogupoBaHus HaKTOPOB
Table 3. Factor coding table

Upper Bot- Vari- Dependence of
Fac- pp tom | Center 1 the coded vari-
level ability
tor +) level | (0) interval able on the natur-

) al variable

vl 10s | 25 | 65 | 40 | x =5
H 5 1 3 2 _ _H-3

Y=

Tabua. 4. Mcxonnas Marpula IUIAaHUPOBAHUS B
KOJMPOBAHHOM BH/JIE C PE3YJIBTAaTaMU OIIBITA

Table 4. Initial planning matrix in encoded form
with the results of the experiment

Exper. | Factor inde Experiment resulls

N R S » ” ”,
1 + + 7,982 8,207 8,131
2 - + 2,736 2,710 2,693
3 + — 16,111 15,263 15,000
4 - - 5,058 5,029 5,000
5 + 0 14,262 15,000 15,273
6 — 0 4915 4,888 4,943
7 0 + 6,041 5,649 5,541
8 0 - 10,610 11,154 11,013
9 0 0 10,235 10,741 10,610

Taoba. 5. Marpuna opToroHajabHOTO IJIaHa BTOPO-
TO MopsAKa

Table 5. Second order orthogonal plan matrix

Plan Expert- o X, =x—|x,=x2 -
content| "M 1Mo [N |2 g 666 | 0,666 | e
number

cCD | 1 |[1|+|+| + [ 13 13 | 8,107

kemel| o 11|l | 13 | 13 | 2713

(CFD

2) 3 1|+|=] = | 13 13 |15,458
4 [1]=]=] + | 113 13 | 5,029

Star | 5 |1]|+]|0| 0 | 13 | —2/3 |14.845

pomts | ¢yl _lo| o | 13 | —23 | 4915

(a=1D| 7 1{0]+] 0 | —2/3 1/3 | 5,744
8 |1]lol=| o0 | =23 | 113 10926

cep| 9 |1lolo| o | =23 | —2/3 |10,529

Center

as it has the largest absolute value of the co-
efficient. It is followed by rotor speed(x,) and
flap height (x,). Signs of the coefficients show
that with increasing rotor speed(x,) and coil vol-
ume (x,) the throughput capacity of the dispens-
er increases and decreases with increasing flap
height (x,).

Based on the data from the second exper-
iment, a second-order regression equation in a
coded form was compiled

y=28,7+429x —2,48x,—1,26x x, -

—0,41x 2~ 1,58x 2 )

The graphs of dependence of the throughput
capacity of the dispenser on the rotor speed and
height of the discharge window flap are shown
in Figs. 5, 6.

According to the regression equation (2) and
the graphs, it can be noted that the strongest in-
fluence on the throughput capacity of the dis-
penser (y) is exerted by the rotor rotation speed
(x,), the smallest — by the height of the discharge

(O8]
je)

[\

N

N
N

/
/

|\
<

Dispenser throughput capacity, kg/min
>

L
10 / /
5 H/{/
0 '—I*
0,150 0,600

Dispenser coil volume, dm’

Linear (J'=25 rpm, H = 1cm)
= Linear (V=105 rpm, =5 cm)
= Linear (}J'= 105 rpm, H =1 cm)
= Linecar (V'=25rpm, H=5cm)

Puc. 4. 3aBUCUMOCTb NPOMYCKHON CIIOCOOHOCTH OT
o0bema KaTyILIKU 103aTopa

Fig. 4. Throughput capacity dependence on the
dispenser coil volume
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window flap (x,). Increasing the rotor speed(x,)
nonlinearly affects the increase in the throughput
capacity of the dispenser, and vice versa, an in-
crease of the discharge window flap height (x,)
leads to a nonlinear decrease in its throughput
capacity.

The calculated data of the first and second
experiments are in good agreement with each
other.

16

Z 14
2 1 -
3 e
10 o

[=
PEs /
S @ _
2 ~6 i
g 4 T
5
2 9
a

25 45 65 85 105
Rotor speed, rpm

——H=1cm = H=3cm +~—H=5cm

Puc. 5. 3aBUCUMOCTH MMPOTIYCKHON CITOCOOHOCTH OT
CKOPOCTH BpalIeHUs] pOTOpa J03aropa

Fig. 5. Throughput capacity dependence on the
speed of rotation of the dosing rotor
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= E %\
S o \\Q
é ~ 6 S
3
&
Q
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4
2
0
1 2 3 4 5
Flap height, cm
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Puc. 6. 3aBUCUMOCTb IPOITYCKHON CIIOCOOHOCTH OT
BBICOTBI 3aTBOpPA A03aTOpa

Fig. 6. Throughput capacity dependence on the
height of the dispenser gate

CONCLUSIONS

1. As a result of the experimental data pro-
cessing the regression equations describing the
influence of technologically significant factors
on the throughput capacity of the dispenser were
drawn up.

2. According to the characteristics of the ob-
tained regression equations, it can be seen that
the most significant influence on the throughput
capacity of the dispenser is the volume of the
coil.

3. The maximum throughput capacity of the
dispenser is noted at rotor speeds in the range of
80-100 rpm.

4. The highest feed rate and avoidance of
spontaneous seed leakage from the dispens-
er into the seed pipe are achieved at the height
of the dispenser discharge window flap within
2 cm.

5. The results of the research can be used to
finalize the design of the dispenser in order to
use it as an actuator of the system of complex
automation of the sowing unit.
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BA3APBA OPASSAEBUY UHEPHAEB

VYiien u3 KU3HU OIMH U3 MPOJOoJIKaTeIel HOBOro HayyHOro HampapieHus: CHOMpPCKOro Hayd-
HO-HCCJIEI0BATEIbCKOIO U MPOEKTHO-TEXHOJIOTMYECKOT0 MHCTUTYTa *UBOTHOBOJCTBA — CIEIHa-
JU3UPOBAHHOTO MSICHOTO CKOTOBOJICTBA, JIOKTOP CEIbCKOXO3SIIICTBEHHBIX HAyK, 3aCITy>KEHHBIN W30~
Operarens Poccuiickoit denepanuu bazapo6ait Opazdoaesuu Nuepbaes. Emy Ob110 Beero 63 rona.

bazap6ait Opaz0aeBud — BBITYCKHUK AJITAaCKOTO CEIbCKOXO035HCTBEHHOTO MHCTUTYTA U aCIIH-
paaTypsl CHOMPCKOTO HAyYHO-HCCIIEA0BATEIHCKOTO HHCTUTYTA JKHBOTHOBOJICTBA. Y YEHBIM MHOTO
CIeNaHo: J1Ba 3aBOJICKUX TUIIA MSICHOTO CKOTa B repeopAcKoil mopone, OAUH THI — B Ka3aXCKOM
0eJI0T0I0OBO M OAMH — B CHMMEHTAJIbCKOM mopoe. 1o mpoekram pyKoBOIMMOW UM J1a00OpaTopuH
MOCTPOCHBI epMbl MsicHOTO ckoTa B Tomckoi, HoBocuOupckoit odmactsx, B pecnyonukax Anrai
n Xakacus CO3J1aHbl MSCHBIE IIJIEMEHHBIE TIPEAIPUATHUS.

[Tocnennue Hayunble paboTel bazap6as Opa3baeBuya MOCBSIIEHB COBEPIICHCTBOBAHUIO TEX-
HOJIOTMH MSICHOTO CKOTOBOJCTBA: JAByX(a3Hast U TpexdasHas TeXHOJIOruu s yciaoBuit Cubupw,
o0ecrevnBaoIe pPUTMUYHOCTD ITPOU3BOACTBA MPAMOPHOM TOBSIUHBI, B TOM YHCJIE JIJIS IE€TCKOTO
nutanus. Kak criermanuct Beicokoro kinacca b.O. Muep6aeB Obu1 BocTpeOOBaH BO MHOTHX PETHO-
Hax Poccun, B cocTaBe rpynmbl yueHbIX U3 ABCTpaliud pa3padarsiBall MsICHOU Kiactep MupoTopra
B bpsinckoit o6nactu. brarogaps ero npogeccoHalIbHBIM U YEJIOBEYECKUM KaueCTBaM BOKPYT HETO
chopmupoBancs OOIUPHBINA KPYT APY3€i U €TMHOMBIIIIICHHUKOB, KOTOPOMY OyIeT HE XBaTaTh 3TO-
IO CKPOMHOTO 3pYyIUPOBAaHHOTO YEJIOBEKA.

Komnextus CuOHUIITUXa COHLIA PAH Bripaxaet ucKkpeHHHE co00Ie3HOBaHUsS ceMbe ba-
3ap0as OpazbaeBuua MHepOaeBa, a TaKkKe €ro pOIHbIM U IPYy3bsM.
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OpeHnuil Ha (hayHy AEpHOBO-IIOJ30JIUCTON IIEE€BATON MOYBBI U YPOKANHOCTD MOJIEBBIX KYJIBTYP,
Ne 3.

I'petyenko A.E., Mesennesa }0.0., Muxaiijsoa M.II. Bousinue npumeHenus: Ouorpenaparos
U repOounmIoB Ha (popMUpPOBaHHE YPOKAHHOCTH CPETHECIIETIOr0 CopTa Cou B ycioBusx Ilpua-
Mypbs, No 4.

Honuna H.B., Borbinknna O.B. DddexTuBHOCTS y10OpeHuii Ha oceBax MIISHUITBI B CEBEPO-3a-
naiHoi 30He Kypranckoii oonactu, Ne 6.

Kuszumosa T.A., Kopo6osa JI.H. DddextuBHocTs ucionb3oBanust KAC-32 u 6uonpenapara Crep-
Hudar Ha SpoBOH MILIEHUIIE, BHIPAILIMBAEMO ¢ TpUMeHeHneM TexHosorun No-til, Ne 12.

Kopoo6ogra JI.H., Pukcen B.C., Barypuna O.A. MukpoOHOI1I€HO3 COJIOHIIAa KaK WHIUKATOp U3Me-
HEHUS Cpeibl IPU 3aMEHE KOPMOBBIX CEBOOOOPOTOB CesHBIM JTyroM, No §.

Ky3una E.B. /luddepennmpoBannas cucreMa o0pabOTKH TOYBHI B JIECOCTENHOM 30He CpenHero
IToBomxkns, Ne 1.

Macaosa I'A., Kongakos K.C., bamunckasa O.C. 3aBUCUMOCTh YpO)KaHHOCTH HOBBIX COPTOB
HyTa OT criocoba nocesa B Hiwknem I[loBomkbe, No 2.

MocksuueB A.1O., AranoBa C.A. Peakius pacTeHUI COM Ha HHOKYJISILIMIO CEMSIH U PEKUMBI OpO-
LIEHUS CBETJIO-KalITAHOBBIX MTOYB B ycioBusax Huwxknero [ToBomksbs, Ne 5.

Huxudoposa C.A. Briusaue nocienelicTBUs MUHEPATbHBIX YIOOPEHHM TPH BO3/ICIBIBAHUH STIME-
HS ITocje nojaconHeuynuka, Ne 11.

Iepduanes H.B., Boromuna O.A. Biusinue cucreM 0CHOBHOW 00pabOTKH Ha M3MEHEHHUE arpe-
raTHOTO COCTaBa TEMHO-Cepoi JiecHOM mouBkl B CeBepHOM 3aypaiibe, Ne 2.

IHerpoBuesa H.A., [IacbinkoBa E.H. BnusiHne aMMOHUITHOM U KaJMHHOM CEIUTPBI HA 3UMOCTOM-
KOCTb M YPOXKalHOCTb pkM 03UMOH (Secale cereale L.), Ne 12.

IMnakcuna B.C., ActamoB A.H. BausHue JMHBI poTariuy c€BOOOOPOTOB U MOTOAHBIX YCIOBHIA
Ha IPOAYKTUBHOCTb O3UMOM IeHunpl, Ne 5.

IMoasikoB A.B., Jlorunos C.B., AnexceeBa T.B., Kotasipoa O.B. D} dexTruBHOCTD IPpHMEHEHUS
PEryasTOPOB POCTa MPHU MPOU3BOJCTBE UecHOKa (Allium sativum L.), Ne 3.

Pa3una A.A., 3aiines A.M., Cosonyn B.H., {atioBa O.I. KopHeBas rHUIb SpOBOil MILIEHUIIBI B
TIOJIEBBIX CEBOOOOpOTax Jiecoctenu MpkyTckoit odmactu, Ne 7.
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CaouroB M.M. [Ipriembl Bo31€1bIBaHUS SUMEHS B ycn0BUsAX jiecocTenn Cpennero [ToBomkbs, Ne 3.

Caenunosa T.B., Heyctpoes M.II. IIpeanocanounas o6paboTka kiryOHel kapTodens Ouonpenapa-
TaMu B ycnoBusix LlenTpanbroit Axytun, Ne 9.

ToscTtuk E.B., lllymienosa O.H., HlennukoBa U.H. ['eHoTunnueckas peakuus s4MeHs Ha M0-
BBILIEHHOE COZIEP’)KaHNE Kaamus B ouse, Ne 7.

Yeepaun 10.U., Kuuenko B.I1., UeBepaun A.FO. MukpoOuosornueckas akTHBHOCTh Y€pHO3e-
Ma B 3aBUCUMOCTH OT XapakTepa MCIOJIb30BAHUS U pa3Mepa NOYBEHHBIX arperatos, Ne 4.

PACTEHUEBOICTBO U CEJIEKIIUA

AzonkoBa ML.A. NHyKiust Kajurycorenesa couBeThii uecHoka (A/ium sativum L.) in vitro, Ne 2.

AnapeeBa O.T. BriusiHue cpokoB moceBa Ha (DEHONIOTHYECKOE PA3BUTHE U YPOKAWHOCTH JieKap-
CTBEHHBIX KYJIbTYp B 3abaiikanbe, Ne 11.

benan U.A., Pocceesa JLIL., bioxuna H.II., [Taxoruna U.B., Myxopaosa ML.E., Memkosa JI.B.
Omckast 42 — HOBBIN CPEIHENIO3AHUM COPT MIUEHUIIBI MATKOW SIPOBOW IS 107KHOM JIECOCTENHU U
crenm, Ne 3.

bparuun P.H., ®usmnnos E.I., lonnosa A.A., lonuos JI.Il. Ananu3 ypoxkailHOCTHA COPTOB SIPO-
BOTO SIYMEHSA B YCIIOBUSIX U3BMEHYMBOCTH NpUpoaHOi cpeabl, Ne 10.

Bunorpanosa T.A., Kynipsimona T.A., Ko3bsikoBa H.H. BapnaGenbHOCTh TPU3HAKOB TEXHOJIOT H-
YECKOI'0 KauecTBa JIbHOTPECThI COPTOB JIbHA-A0ATYHIA, Ne 7.

T'onuaposa A.B., Kanko T.H. Dxonorudeckas riacTHYHOCTb M CTAOMIIBHOCTh BUKH SIPOBOM (I10-
ceBHOM) B ycnoBusx 3anaaHo-Cubupckoro peruona, Ne 2.

I'ypoBa T.A., Yecnouenko H.E. ®nyopeciieHTHas peakiusi IpOPOCTKOB MIIEHUIIBI TPU MHPULIU-
poBanuu Bipolaris sorokiniana, Ne 12.

3aiineB C.A., BeiukoBa B.B., Boiikos JL.I1., Bamuuckas O.C., MarwommuH I1.A. Orenka komOu-
HAITMOHHOM CIIOCOOHOCTH JIMHUH KYyKYpY3bl Ha cojiepkaHune kpaxmana, No 4.

3o0nuna U.B., Kopeauna B.A., bBarakoBa O.b. Ornenka ronoszepHbix (GopM oBca SIpOBOTO TIO
3JIEMEHTaM CTPYKTYphl ypokas B ycinoBusx CeBepHoro pernona, Ne 3.

Kanaouna JI.B., JIsi6enko E.C., Xi0noB A.A. X035 CTBEHHO-OMOIOTHUYECKAs! OIIEHKAa COPTOB U
ruOpuI0B parica sspoBoro B yciaoBusix Kuposckoit oonactu, Ne 9.

Kanmbikosa E.B., Ilepeapuenxo A.W. buonorus u sxonorus Forestiera neo-mexicana A. Gray u
MEPCIEeKTUBBI Hcnob3oBanus B Huwkaem [ToBomkbe, Ne 11.

Kucenena I'K., YabsnoBckasi E.B., Cxaasixo T.B., KapaBaepa A.B. ®usnonoro-6moxumude-
CKasl OLIEHKa YCTOMYMBOCTU COPTOB sI0JIOHM K kape u 3acyxe, Ne 8.

Kiaouxosa H.JL., Teanuko O.H. Ouenka rubpunos tumodeeBku 1yropoit (Phleum pratense L.)
Ha CEMEHHYIO NIPOAYKTUBHOCTH, Ne 8.

Kusizesa U.B., Bepmmnuna O.B., Tutenkos A.B., Izxoc E.A. buoyno6penue u ocelieHle Kak
(akTOpbI, BIUIOIIKE HA POCT, pa3BUTHE U OMOXUMHUYECKUI coCcTaB TOMaToB, Ne 5.

KpaBuenko H.C., Iloaropusiii C.B., UrnareeBa H.I., Yepnosa B.JI. 13yuenne ucxogHoro ma-
TepHaa O3UMON MATKOM MIIEHUIIBI ISl CEJIEKLIMU Ha KadyecTBO 3epHa, Ne 6.

JloBuosa JL.I', 3a6e1una M.B., MaiiopoB A.B., YckoB K.1O., Tiopun U.1O., MaB3oBun B.C.
AHanm3 akTHBHOCTH OKUCIIUTEIFHBIX (DEPMEHTOB METOJIOM MHOTOMEPHOM PETrpecCHy B IPUCYT-
crBur Mg*" munenust rpuda Berenka, Ne 6.
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Jlyrosuosa C.1O., Ctynko B.1O., HemymaeBa H.A. Biusinue KynbTypajgbHbIX (PUIBTPATOB IpU-
00B pozna Fusarium Ha KaJlyCHbIE KylIbTyphl oBca, Ne 10.

JlrooumoBa A.B., Epémuna JI.B. HacienoBanue neHHBIX MPU3HAKOB MPOTYKTUBHOCTH THOPHI-
HBIX KOMOMHAIIMI MECTHBIX U MHOCTPAHHBIX COPTOB OBCA B yCJIOBHIX 3aypanbs, No 11.

Muxko A.E., Moxkap H.B., Baakos B.B. BausHue noronssix ycinoBuil Ha BapuadbeabHOCTh PU-
3UOJIOTMYECKUX MapaMeTPOB JIMCTA Yy COPTOB rpyiiu, No 7.

Orypuos U.b., UBauenko JI.E., Ky3nenosa B.A. AKTUBHOCTb OKCUIOPEAYKTa3 IPOPOCTKOB COU
Ha paHHe# cTaauu oHToreHesa, Ne 12.

IlerpoBa A.A., J/Inxenko U.E., ApremoBa I.B. AKTyalbHOCTb YBEIUYEHHUS JOJIU O3UMOM PKH B
MIPOM3BOACTBEHHBIX MoceBax 3amannoit Cubupu, Ne 3.

IHomosa I''A., Poransckas H.B., Tpodpumosa B.M. MupoBbsie reHETUUECKHUE PECYPCHI JIbHA KOJI-
nexkuun BUP B co3nanun coproB Tomckoii cenekiuu, Ne 4.

IIpaxoBa T.A., Apyxunun B.I. Bousaue mukpoynoOpenuit cepun M3arpu Ha npoayKTHBHOCTb
catnopa (Carthamus tinctorius), Ne 5.

IIeipcuxos JI.A., Ilyanakkaiinan JI.A., I'nas H.B., Y dumuesna JI.B. Dxonornueckoe ucneitanue
STUMEHSI B CeBepHOM Jiecoctenu YensOunckoi obmactu, No 2.

PasronoBa MLIIL., CenorpycoBa T.A., JIu H.I, Tumomenko E.E., Myp3una O.I., Pycako-
Ba E.A., T'osoxBact K.C. AcnekTbl KOMIUIEKCHON NepepabOTKH AaIbHEBOCTOUYHBIX SITOIHBIX
KynbTyp, Ne 8.

Hurmarssinos P.A., CopoxonynoB B.H. benbckas — HOBBIM cOPT cMOpoAUHBI YepHOU, No 4.

HoBukos 0.0., PomanoBa M.C., Xakcap E.B., Kocunoa E.U. Pa3zpaboTka TeXHOJIOTHH TTOJTY-
YEeHUsI 037I0POBICHHOTO CEMEHHOTO Marepuana kaptodens copra Yapour, Ne 3.

Ca3zonoB @.D. [IposBieHne npu3Haka MHOTOKUCTHOCTH CMOPOJIMHBI YepHOUl, No 4.

Camconona 1./, Dxonoro-0noiaorndeckue 0COOCHHOCTH U MEOHOCHAS IICHHHOCTD BS30BHUKOB, N 8.

Cotauk A. 5. Onienka agfanTUBHBIX CBOMCTB COPTOB OBca 10 ypokaitHocTH B [Ipnobckoit tecocTte-
m, Ne 5.

CrenanoBa I'.B. Pe3ynbraTtsl cMMOMOTHYECKOM CENIeKITUH JIFOIIEPHBI, Ne 1.

Crénouxun I1.H1. M3yuenne cenekiorHbIx (opMm 1monosl (7riticum dicoccum (Schrank) Schuebl.), Ne 7.

Cypun H.A., I'epacumon C.A., JIsixoBa H.E. A1anTUBHOCTH M 5KOJIOTHUYECKAsI NTACTUYHOCTD Y-
MeHs B ycioBusix Jiecocrenu KpacHosipckoro kpas, Ne 6.

YnaasimeB M.T. CoBepiiieHCTBOBaHHE TEXHOJIOIMUYECKOTO Mpolecca MOTyYeHUsT UCXOJHBIX pac-
TeHu# rpymu, Ne 9.

®aneeB A.A. HoBblil paHHecnenblii COPT cou ceBepHOro sxkoruna [{usuip, Ne 1.

®emuna JI.A., Maasimena C.K. Pacipoctpanenue aiBeHTUBHBIX BU0B Galinsoga parviflora n
G. guadriradiata (Asteraceae) Ha tore Jlanpnero Boctoka, Ne 4.

YepkacoBa E.A. BiusHue »1€MEHTOB TEXHOJOTMU BO3/CJIBIBAHUS HA COPHBI KOMIIOHEHT
arpodurorieHo3a B ocenax sspoBoro parca, Ne 1.

IMapanos U.U., lapanosa F0.A., AoapsieB M.P. BiusiHue MeTeoyciioBuil Ha ypoKallHOCTb U
coneprkaHue Oenka B 3epHE 03UMOM MieHUIbl, Ne 9.

lexyaenna JI.M., lllemerosa T.K. Xapakrep Hapactanusi rpuOHON MH(GEKINN B COPTOBBIX OHO-
[IEHO3aX O3UMOM PXKH U MOUCK YCTOMYMBBIX T€HOTUIIOB, No 8.

Ipct A.A., TopoyHoB A.B., TutoB E.B. OcobeHHOCTH pa3MHOKEHHUS THOPHUIOB KITFOKBBI KPYITHO-
moaHoM (Oxycoccus macrocarpus) B KynbType in vitro, Ne 10.
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KOPMOITPOU3BOJACTBO

bakmae JI.}O. DddexTnBHOCTP W KOHKYpEHTHas CHOCOOHOCTH (EeCTynonmymMa B CMECH C
JIIOLIEPHOM MpH BhIpaIMBaHUK Ha KopMm, No 1.

IlnaronoB A.B., Eperuna C.B., Paccoxuna U.U., Apramonos U.B. KonTamunaiiyst MUKOTOKCHHA-
MH CHJIOCA, 3arOTaBIMBAEMOI0 JKHBOTHOBOJUSCKUMH X03sicTBaMK Boorojckoii odmactu, Ne 12,

Tumoxun A.1O., Boiiko B.C., Huxeanckuii T.H. Brusane MmuHepaibHbIX yI00peHHU Ha ypo-
YKaHHOCTBH COPTOBBIX KYJBTYP B I0KHOM Jiecoctenu 3anaaHoin Cudbupu, Ne 10.

HInuaes H.C., Jle6eabko JI.B., Llenenes C.U., Topukos B.E., Measaukoa O.B. Vcnonb3o-
BaHUE TPUTHUKAJE B KOPMONPOu3BoacTBe, Ne 12.

3AIIIMTA PACTEHUI

Aaadyruna M.JL., KopoéeiinnkoB A.C., Amimapuna JI.®. Oco6eHHOCTH pa3BUTHUA U PACIIPO-
CTpPaHEHHOCTH OoJie3HeN Ha coe B jecocrenu 3anagHoi Cubupu, Ne 12.

Bouakosa I'.B., SIxuuk f1.B., lannaosa A.B. IMMmyHOorndeckas OlieHKa 0O3MMbIX COPTOB SUMEHS
IIPOTUB CETYATOU MATHUCTOCTH JIUCThEB, Ne 7.

Hopomenko E.C., Iumkun H.B. YcTOMYMBOCTE APOBOTO STYMEHST K BO3OYIUTEISIM JTUCTOBBIX
Oomesneit, Neo 2.

Ka3anues C.A., [lTamupcknii N.93. [Ipumenenne MetoqoB OMonH(OPMATUKY TIPH UCCICIOBAHIH
W CO3JIaHHUM TTeCTUIMA0B, Ne 9.

Kexkauo A.1O., 3aprapsu H.1O., Hemuenko B.B. DddexTuBHOCT GYHTULIUAHOM 3aIUTHI SPOBOM
MIIEHUIBI OT MyYHHUCTOHN pochl U TupeHodoposa, Ne 1.

Koanenko T.K., I'pumeuxunna C./., KoueBa H.C. 3amura pactenuii cou ot purodaros B ycio-
Busx [Ipumopckoro kpas, Ne 11.

Koctiok A.B., JIsmenko E.B. UyBCTBUTEIBHOCTh COPHBIX pacTeHUl K repounuay Jlromake u ero
3G PEKTHBHOCTH B MOCEBaX KyKypy3bl Ha 3epHO, No 7.

Jlactymkuna E.H., Ceipmosior O.B., Teanuxo O.H., KpackoBckas H.A. YcToitunBsie 0Opa3ibl
KyKypy3bl K BOCTOUHOMY KYKYpY3HOMY MOTBUIbKY B [Ipumopckom kpae, Ne 10.

Maumora A.A., YUyaunkosa H.C. BiausiHue pa3auuHbIX CUCTEM 3aIUTHI HA (PUTOCAHUTAPHYIO CUTY-
aIvIo B IOCAIKaxX IIBETHBIX cOpTOB KapToderns, Ne 10.

Mapkosa T.O., MacaoB M.B. Knoner Coreus marginatus orientalis Kir. u Molipteryx fuliginosa
Uhl. (Heteroptera, Coreidae) — Bpeautenu KynbTypHbIX Po3oBeix (Rosaceae) B IIpumopckom
kpae, Ne 8.

HeBoctpyeBa E.FO., Anuapeea I.B. Vcrounuku ycToHdmBOCTH K (UTOPTOPO3HON KOKHUCTOM
rHuIM 3eMisiHuKY A Cpensero Ypana, Ne 3.

IMumoxoBa JI.U., SAroBenko I'.J1., lapanueBa 7K.B., Xapa6opkuna H.U., Mucaunkosa H.B. K Bo-
npocy o BepkuBaemoct rpuda Colletotrichum lupini var. lupini, sBastomierocs Bo30yaureneM
aHTPaKHO3a JIIOMWHA, B YCIOBUAX bpsHCKO# obmactu, Ne 9.

IIpax C.B., Bacuibuenko A.B., [lonropuas M.E., Teimenko E.JI. BunoBoii coctaB BpeauTenei
XBOWHBIX pacTeHuil ypoanuctuueckux ganamadro Kpacnomgapckoro kpas, Ne 5.

HInaneB A.M., I'acuu E.JI. [lepciextuBHbIE (PyHTULIUIBI JUIsI 3AIIUTHI SPOBOTO parica OT CEMEH-
HOM MH(peKIH 1 KopHeBbIX THUIIEH Ha CeBepo-3anane Poccuiickoit @enepanuu, Ne 8.

HIunmesa 3.J1., llugosa JI.X., Xpomona JI.M. Llenecoo6pa3HoCTh 3aIUTH TOCEBOB KYKYPY3bl
oT mporpeccupytomux purodaros, Ne 7.
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3O00TEXHUSA U BETEPUHAPUA

AunexceeBa 3.H., HexkpacoBa M.A., CtenanoBa M.A. B3auMocCBs3b TOBEIEHUECKOTO THITA CaM-
IIOB aMEPUKAHCKON HOPKH C aKTUBHOCTBIO MUIIEBAPUTEIBHBIX (pepMeHTOB, Ne 7.

Ad¢onromkun B.H., Kozioa O.C., Yepenymkuna B.C., Muponosa T.E., Koznosa I0.H., fin ®@.,
Konres B.1O., lonuenko H.A., JleneneBa O.10. N3yuenue BiusHUs MaciIsSIHON KUCIOTHI U PO-
naHuosa Ha kuieyHuk y mbimei ICR, Ne 2.

Bbe3ooponoa H.A., Tomckux O.I', KoxyxoBckas B.B., [lopbiBaeBa A.Il., CaxkaeB U.M. Me-
TOABI MPO(UIAKTUKY KIOCTPUIUAIBHON MH(PEKIIMY KPYITHOTO POraToro CKOTa Ha TEPPUTOPUHU
Poccuiickoit @enepanuun, Ne 8.

bekenéB B.A., Apumnn A.A., KamranoBa E.B., [lononckas 51.B., Mep3asakosa O.I., Yero-
naes B.I'., bekeneBa K.A. Binsinue xupa cBUHEH pa3HOTO0 XUMUYECKOTO COCTaBa B pallMOHE Ie-
PETIeNIOK Ha MPOIYKTUBHOCTD M OMOXMMUYECKUIN COCTaB TKaHel, Ne 5.

Bbepe3un A.C. lI3MeHeHue 3kcTepbepHbIX MPU3HAKOB MEAOHOCHBIX MMUE B T€UEHHE ce30Ha, Ne 2.

BorarsipeBa U.A.-A., KpacnoBa O.A., Konuxk H.B., Yaum6ames M.b. CoBepuieHcTBoBaHME
KPacHOTO CTEMHOI0 CKOTa reHO(OHI0M TOIIITHHCKOM mopoabl, Ne 6.

ButomckoBa E.A., Bpbisragos I'S1. Victopus pa3BuTHs CENEKIIMOHHO-TIJIEMEHHON pabOTHI B Ce-
BepHOM oseHeBozacTBe Kpaiinero Cesepa /[lansaero Bocroka, Ne 10.

I'annaxbapoBa A.A., [InmenoB H.B. CpaBHuTenbHbIE BUPYJIEHTHBIE CBOMCTBA AMM300TUYECKUX
mramMMmoB Oakrtepuii Escherichia coli, No 1.

I'noroBa T.U., KoreneBa C.B., Hepenuenko A.B., IitoroB A.I. Oco6eHHOCTH pacipoCTpaHEHHs 1
IIPOSIBIIEHUS] KPUIITOCIIOPUIMO3a TEJSIT HAa MOJIOUHBIX Komiuiekcax Cubupu, Ne 10.

TI'onuapenko I'M., Xamupyes T.H., Jlamnnnmae C.M., Xopommiaosa T.C., Xanuna O.J1., I'pu-
muHa H.b. UMMyHOreHetnyeckas XxapakrepucTika nopos oseri Cudupcko-/laibHeBOCTOYHOTO
peruona, Ne 11.

ABoernazos H.I., ArapkoBa T.A., OcunoBa H.A., Marep C.H. Pe3ynbrarsl peanuzanuu 03710-
POBUTEIBHBIX MEPONPUATUI B XO3sHCTBAX, HEOIATOMOMYYHBIX IO JIEHKO3y KPYITHOTO POraTtoro
ckora, Ne 6.

JMonnuxk U.M., Makytuna B.A., KpuBonorosa A.C., UcaeBa A.I, [leiikun A.B., Komaes A.I.
[Tonxoabl K pegakTUPOBAHUIO TEHOMA CEJIbCKOX035IMCTBEHHBIX JKUBOTHBIX, Ne 9.

Jonuenko A.C., Heycrpoes M.II., Tapadykuna H.II. BetepunapHoe oGecrniedeHrne TabyHHOTO
KOHEBOJICTBA: TIPOOJIEMBI U TIyTH petieHusi, Ne 6.

JMonuenko H.A., Kypenckas H.U., Cu3oB A.A., CredsneBa I'M., Cuzos /I.A., Bopooses B.U.
CpaBauTenbHOE n3ydeHue npuMeHeHus: MMA ¢ MOITOKOM U CHIBOPOTKOM KPOBU JJIsL TUATHOCTH-
KH Opyliesnsiesa KpymHoro poraroro ckora, Ne 11.

Edpemona E.A., Mapuenko B.A., Cmepruna M.A. XapakTeprucThKa 3apaX€HHOCTH U CTPYKTypa
reJIbMUHTOKOMILJIEKCOB Jiomajiel B mpoBuHIUsIX ['opHoro Anras, Ne 11.

3eqennna O.B. BiusiHue noroHbIX yCIOBUM Ha pa3BUTUE U MMPOAYKTUBHOCTH IMUEIIUHBIX CEMEH,
Ne 7.

NBanumena A.Il., Cu3oBa E.A., KamupoBa A.M., Mycabaesa JI.JI. Biusinue opranHomuHepalsib-
HOM KOpMOBO# 100aBKHM Ha MPOAYKTUBHOCTh U OMOXMMHUYECKHE MOKAa3aTeNu IBIIAT-Opoiiie-
poB, Ne 8.

HNBannmena A.Il., CuzoBa E.A., Kamupoa A.M., lommn /I.E., lymeBa E.B. Biusnue pa3-
JUYHBIX KOHIIEHTPAIUNA dKCTPAKTa JTYIIHIBI OOBIKHOBeHHOMU (Origanum vulgare) Ha pyOIioBoe
nuueBapenue in vitro, Ne 12.
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HNuepbaes b.0., XpamuoBa U.A., UnepbaeBa A.T. [enotunuueckas u GeHOTUIINYECKAS XapaK-
TEpUCTHUKA MOMYIISIIH Tepedopckoro ckora 3anaanor Cubupu, Ne 3.

Honuna C.B. MukpoOuosnornueckue 0COOCHHOCTH U aHTHOMOTHKOYYBCTBUTEIBHOCTD KYJIBTYD
Mycobacterium avium subsp. paratuberculosis (MAP), BbIIeIEHHBIX Ha TEPPUTOPUU 3artaIHON
Cubupmu, Ne 12.

Kamuposa A.M., Cuzoa E.A., lllommu /.E., UBanumesa A.Il. Biusaue pa3anyHbIX 103 KO-
OanbpTa Ha PyOIIOBOE MUINEBAPEHUE KPYITHOTO poraroro ckota, Ne 10.

Kosagena I.II., Jlanuna M.H., Cyasira H.B., Butoa B.A. [IpogykTHBHOCTh MOTOMCTBa ObI-
KOB-TIPOM3BOJUTENEH C pa3HOW MHIEKCHOM o1leHKou, Ne 4.

KosiocoBa ML A., 'etmanuesa JI.B., bakoeB H.®., Koctionuna O.B. buopa3znoo6pasue cBuHeit
pa3UyHBIX MOpoA Ha ocHOBe aHanu3a D-netnu MmTIHK, Ne 4.

KousocoBa M. A., Pomanen E.A., Konoco A.1O., 'ermanuesa JI.B. MupoBbie 1OCTHXKEHUS Te-
HOMHOTO PEAaKTUPOBAHUS B 00IaCTH CBUHOBOACTBA, Ne 6.

KpyrukoBa A.A., IlozoBHukoBa M.B., Hukutkuna E.B., Mycuapaii A.A. AHanu3 kauecTBa
CriepMbI OBIKOB alipIIMPCKOM TOPOABI B CBSA3H ¢ TaruioturioM ¢geprmibHoct AHIT, No 2.

Ky3smuna U.FO. Meto noBbIteHUs: pe3UCTEHTHOCTH MOJIOIHSIKA KPYITHOTO poraToro ckota, Ne 1.

Kysbmuna T.U., Ipury:kanosa A.O., lllupsies I.B., CrapukoBa /[.A., Kypoukun A.A., bapa-
HoBa E.U., CoxonoBa H.O. Ananu3 QpyHKUINOHAJIBHON aKTUBHOCTH KJIETOK I'paHyJe3bl OBapH-
aJTbHBIX (HOITUKYIIOB CBUHEH, No 12,

Jloenko H.H., Kynukos B.H., JItonnos U.I1., KocoBckuii I'FO. BiusiHue ypoBHsI KOpMIIEHUS HA
MOKa3aTeyii FeHETHUYEeCKOM N3MEHYMBOCTH CaMOK HOPOK, No 1.

MeutaeBa E.B., I'pomo3nosa K., /I3106enko B.B., Kyaumosa K.E., Copoxoymos II.H., Paoy-
xuH [1.C., KypasaeBa A.3., CutnoB B.}IO. KynpTuBHpoBaHH€ JUYMHOK YE€PHOUN JIbBUHKH B
cyOcTparax, coaepkamux antTuonotuxu, Ne 10.

MupomnnkoB C.A., lyckaes K., Atnanaeposa K.H., Mariomenko H.C. Bo3neiictBue ka-
BUTHPOBAHHOU IMOJICOTHEYHOM JTy3TH M MOJIOYHOW KHCJIOTHI HA M3MEHEHHE TAKCOHOMHYECKOTO
npodwuist MEKpoOHrOMa pyO1ia )KBauHbIX in vitro, Ne 5.

MoposkoB H.A., Cyxanosa E.B., ’Knanoa U.H. OOmeH a30Ta B opraHu3Me U HHTEHCUBHOCTD
pOCTa PEMOHTHBIX TEJIOK IPU CKapMIIMBAaHUU UM 3KCTpynarta pxxu, Ne 10.

Haxoneunbiii A.A., [Ipiabikuna A.JL., BasbmuuoB A.O. BiusHue ypoBHS yIJIEBOAOB B palfo-
HaX KOPOB XOJIMOTOPCKOM MOPO/Ibl HA MOJIOUHYIO TPOJYKTUBHOCTh M Kau€CTBO MOJIoka, Ne 12,

Hapoxnbix K.H. Maremaruueckoe MOJeIMpOBaHUE YPOBHSI MapraHiia B MbIIIEYHON TKaHU KPyII-
HOTO poraroro ckora, Ne 4.

Hocenko H.A., Eropos C.B., Marep C.H., CBusizoBa F0.U. Briiusnue koMIiekKCHbIX 6107100aBOK
(DUTOTrCHHOTO TIPOUCXOXKICHHUS Ha MPOTYKTHBHBIC TTOKa3aTelu nepemnenos, Ne 9.

Ocokuna A.C., Muxeea E.A., MaciaennunkoB WM.B. IlepcniektvBa mpuUMEHEHUS TPUPOIHOTO
a/lanToreHa U3 JMYMHOK OOJIBIIION BOCKOBOM MOJU B BeTepuHapuu, Ne 1.

Octanmuyk I1.C., [loctHukoBa O.H., 3y6ouenko /I.B., Ycmanosa E.H., Kyesaa T.A., [Iuxtepe-
Ba A.B. buoxumudeckue rnokasareny U 0aKTEpUIIMIHOCTh KPOBU MOJIOJHSKA OBEI] IIUTaliCKON
nopoabl, Ne 5.

Hetpos I1.JI., Cmonssuunos FO.U., [IporoabsaikonoBa I.I1., FOmkoBa JI.SI. Ho3onoruueckuit
npod ik 1 KIaccupUKaus HHPEKIIMOHHBIX 00JIE3HEH CeTbCKOX03HCTBCHHBIX )KHBOTHBIX HA
tepputopun Pecnybnuku Caxa (SIkytus), Ne 5.

IIymkapes U.A., Kypennnoa T.B. D dexkTBHOCTS IPUMEHEHNS TKAHEBOIO OMOCTUMYJISITOPA TIPH
BbIpaliuBaHuy Tenok, Ne 11.
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Paccomaxun I'.K., fIxoBieB H.C., Uepubimon A.Il., Yepubix B.U. VccienoBanue BIusiHUS TEX-
HOJIOTUYECKUX (DaKTOPOB Ha MPOITYCKHYIO CIIOCOOHOCTh 103aTOpa MHEBMATUYECKON MOCEBHON
MammuHbel, Ne 12,

Peiimep B.A., Kusizes C.I1., KoBajies I.B. DpdexkTHBHOCTb HCII0JIb30BaHNSI KOPMOBON MYKH KH-
BOTHOTO IMPOMCXOXKJCHUS TIPH BHIPAITUBAHUH LIBITLUIAT-OpoitiepoB kpocca Pocc-308, Ne 5.

Poraués B.A., Mep3asikoBa O.I., YUerogaes B.I., [Inanneaxo H.U., Marep C.H. ®ynxuuo-
HaJbHas 100aBKa HA OCHOBE MPHUPOIHOTO IPEMHUKCA B palimoHe mnepernenon, Ne 5.

Cageabesa JI.H., bonnapuyk M.JI. Pe3ynbrarsl TOKIMHUYECKOTO MCIIBITAHUS ONBITHOTO (pUTO-
Ipernapara npHu OCTPbIX pacCTPONCTBAX KeETyJOYHO-KUIIEYHOTO TpakTa TensT, Ne 9.

CamconoBa U./1., [lnaxoBa A.A.bruopecypcHblii MOTEHIIUA METOHOCHBIX YTOJUI B XO/I€ CyKIIeC-
CHUU JIECHOH pacTUTenbHOCTH, Ne 9.

CemenoBa O.B., KoreneBa C.B., Hedenuenko A.B., Cynopruna T.E., ImoroBa T.H., I'no-
ToB A.I. Benplmka 60s1e3HH CIM3UCTBIX 000JI0YEK Yy KPYIHOTO POTaToro CKOTa, BbI3BAHHAS
Pestivirus H, Ne 4,

CmaryaoBa A.M., Kyxap E.B., IlmoroBa T.U., I'notoB A.I. bronoruueckue U MOJIEKYJISIPHO-
TCHEeTUYCKUE CBOWCTBA Trichophyton benhamiae — HOBOTO BO30OYIUTENSI JEPMAaTOMHUKO30B
komrek, Ne 1.

TapaOykuna H.II., Beuiraesa A.A., Crenanosa A.M., Ilapunkosa C.U., Heycrpoes M.II. Ho-
BBI€ MEPCIEeKTUBHBIC MTaMMbI Bacillus subtilis, BbIZICTIEHHBIC U3 MEP3JIOTHBIX MOYB SKyTHH,
Ne 2.

TpedyxoB A.B., baruna B.O., [lemenéBa A.E. CpaBHeHue 3¢(eKTHBHOCTH IPUMEHEHHUS Mpena-
paToB 3aMECTUTENBHOMN Tepanuu Npu OPOHXONHEBMOHUU TesAT, Ne 9.

®yuk U.A., Jopogees P.B. BiusiHue mpoOHMoTHUECKOro Ipenapara Ha KayeCTBO MOJIOKa K03, Ne 2.

®ynk U.A., OrT E.®. OcobeHHoCTH 1Mo100pa MUKPOOPTaHU3MOB B COCTAB HOBOTO MPOOHOTHYE-
CKOTO Tperaparta JJisi CeTbCKOX035MCTBEHHbBIX JKUBOTHBIX, Ne 8.

Xamupyes T.H., bazapon Bb.3., lamunumaeB C.M., bynaxanaeB Bb.Il. Bzaumocss3b cenexiu-
OHHBIX MPU3HAKOB TaOYHHBIX Jomtaieil 3abaiikanbs, Ne 3.

Omaros E.H., EBnaruna E.I, [leeB U.E., EBnarun B.I., JleiinBedep E.®. buorexnonoruun
TYTOBOTO HIENIKOMpPsiIa Kak 6a3uc OMOMHIYCTpUaIbHON MIaTGOopMbl. YIydIlleHus! Ha 3Tarne BoC-
xonsero nporecca (USP), Ne 11.

Apbimkun A.A., Hlaraauna O.C., Tkauenko U.B., Jlemonok O.U. Accormarum noaumMopQus-
Ma reHa comarotponuta (GH) ¢ mokasarensiMu MOJIOUHOM MPOIYKTUBHOCTH KOpPOB, Ne 4.

MEXAHU3ALUA, ABTOMATU3AIUA, MOAEJINPOBAHUE
N NTHOOPMAIIMOHHOE OBECIIEYEHUE

AunelinukoB A.@., Ocunenko U.B. PazpaboTka HOBOTo MeTO/1a OIICHKH SMOPHOHOB B SIMIIE TITHIIBI
1o ero uHKyOarmu, Ne 11.

bypaakos FO.B., UemonanoB C.U., bypaakosa C.B. ba3oBasg KoHIeNTyaJibHasi cXeMma
MOJIOTUIILHO-CEMaPHUPYIOIIETo YCTPOCTBA MOJ00PIINKA-04eChIBATENS IbHA-T0ONTYHIIA, No 1.
Heasirun B.H., Jleonos C.B., Hekpaco M.IO., KongparseB A.A., Kap3anoB A.H. Vcnons3o-

BaHUE HU3KOTEMIEPAaTYypPHOU TUIa3Mbl 711 00€33apaKMBaHMs OTKPBITHIX MMOBEPXHOCTEH MPOU3-
BOJICTBEHHBLIX nomemeHuii, Ne 11.

MuxaabsuoB E.M., UekycoB M.C., Kem A.A., HlImuar A.H., Jamanckuii P.B. O parnonaasHom
BbIOOpE 3epHOYOOPOUHOT0 KOMOaiHa 1 JKaTKH 17151 yOOPKHU 3epHOBBIX B ycinoBusix Cudupu, Ne 6.
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Ha3zapos H.H., Hexpacosa U.B. KonuenryanbHast MOAEIb IPOLECCa BHECEHHSI B TIOUYBY KUAKUX
(dbopM MuHEpaIbHBIX ynoOpenuit, Ne 7.

MmenoB E.A., Baéckun C.C. PazpaboTka 1ByXCTyneHUaTOro nukiona, Ne 2.

Paccomaxun I.K., fAikoBiaeB H.C., Uepubimon A.Il., Yepusix B.U. VccaenoBanve BIusHuUs TEX-
HOJIOTHYECKUX (DaKTOPOB HA MPOIMYCKHYIO CIIOCOOHOCTH 03aTOpa MTHEBMATUYECKOW TTOCEBHOU
MamuHbl, Ne 12,

PoroBa B.A., IllaxoB B.A., Ko3zioBueB A.Il., YmakoB F).A. [Ipumenenne mexannusma YeoOnine-
Ba B [IPOEKTUPOBAHUH SJIEMEHTOB MEXAHUUECKUX YCTPOMCTB Il UECKH IyXa ko3, Ne 3.

Yekycos M.C., FOmxkesu4 JI.B., Muxaasuos E.M., Kem A.A., lamancknii P.B., HImuar A.H.,
KOmenko JI.H. Yoopka MeTomom odeca Kak Criocod CHEro3aJeprKaHus B YCIOBUSIX CTENU 3a-
nagHoit Cubupu, Ne 4.

SxosaeB /.A., beasie B.WU., [loasikoB I H. OneHka BIusHUS BIa)KHOCTH MOYBBI IPU IMOCEBE HA
IIyOMHY 3a/JI€JIKH CEMSIH 3€pHOBBIX KylbTyp, Ne 1.

MMPOBJIEMBI. CY/KAEHUSA
ApcentbeB U.A., Tumommuna H.A. Vcnionb30BaHNE COPHBIX PACTEHUI B KAYECTBE 3€JIEHOTO Y/10-
OpeHus B CEIbCKOM X03stiicTBe, Ne 9.

Byxapos A.®., ’Kapkosa C.B., Epemuna H.A. Biusinue copra u HOpMbI BbICEBA Ha MapaMeTPhbI
MPOAYKTUBHOCTH cOM B MOCKOBCKOM obOacTu, No 7.

MEPEPABOTKA CEJIbCKOXO3MCTBEHHOM NPOAYKIUU

Kanapoxos P.X., Kupromun B.A., [Ipynankosa A.C. BinsiHue cOOTHOIIEHUS IOMOJIBHON CMECH
3epHa MIICHUIBl 1 aMapaHTa Ha XUMUYECKHE U (PU3UKO-XUMHUYECKUE TTOKA3aTeN! MIICHUIHO-
aMapaHTOBOU MykH, Ne 6.

Yrios B.A., Uuepo6aeBa A.T., boponaii E.B. Poibs Ononornyecku akTHBHBIX 100aBOK B CO3TaHUH
MOJIHOLEHHBIX MUILEBBIX TPOAYKTOB, Ne 8.

KPATKHUE COOBLHIEHUSA

CaenuoBa T.B. BrousiHue perymsitopa pocta U MUKPOYIOOpPEHHS Ha ypOKaWHOCTh KapTodens B
Axytun, Ne 10.

TperbsikoB A.M., Bypaykoscknii C.C., Mutpodanosa M.A. bakTepMOHOCUTENIBCTBO Kile-
IEH-UKCOIN Ha TeppuTOprHn 3abaikaabckoro kpasi, No 3.

Toimenko B.U., Tepaenknii B.I1. OnieHka reHETUYECKUX Pa3IMUYUN Y )KMBOTHBIX Ha IIpUMeEpe
npezncrasureneit poga Camelus, Ne 6.

HAYYHBIE CBA3U

Ep:xebdaeBa P.C., AbexoBa A.M., ba3plioBa T.A., Macumrasuena A.C., Mepeena T./l., Ko:xxax-
metoB K.K., Bacraybaesa I11.0O., Ciamosa H. /1. [Ton6op HHTPOrpeCCUBHBIX TMHUN MIICHULIBI
Y TPUTHUKAJIE TI0 KaUe€CTBY 3€pHA U YCTOMUMUBOCTH K OOJIE3HSIM JJISI UCTIONB30BaHUS B OpraHUye-
ckoM 3emutenennu, Ne 2.
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Macannckasa M.E. BiusHue GuornpenaparoB Ha pa3BUTHE MEPBUYHOM KOPHEBOI CHCTEMBI JIbHA
MacingHoro, Ne 1.

Mepk JI.B., I'ydapeBa H.C., Hukonaea B.H., /lonan6aesa I.T., Ingopenxo C.B. Monuro-
PHHT CEJICKIITMOHHOTO MaTepHalia MOJCOTHEYHUKA C EITBIO ONPEICIICHHs YPOBHS YCTOWYHBOCTH
K JIOXKHOW My4dHHUCTON poce, Ne 11.

Momumyk FO.B., JlanteB H.B., Komapos A.Il., Myp3adekoB T.A., I'pedentok K.B. Pa3paborka
arpoTeXHOJIOTHYECKUX TPeOOBAHHMM ISl IPOU3BOAMTENICH TEXHHUUECKUX CPEJCTB, HUCIONb3Yye-
MBIX B TOYHOM 3emuieneiinu, Ne 6.

N3 UCTOPUU CEJBCKOXO3SSMCTBEHHOM HAYKHA

I'untep E.B., JIbikoB A.C. [Ipouuioe u HacTosiiee IeMEHHOTO Jieia B MOJIOYHOM CKOTOBOJICTBE
Kpaiinero CeBepo-Boctoka, Ne 11.

FOmkoBa JI.5., lonuenko H.A., lonyenko A.C., Po:xxkoB O.A. Mcropus pa3paboTKH JOKYMEHTOB
IO NePEBOJly BETEPUHAPHON CTyKObI Ha IJIaTHbIE BEeTepUHapHbIe yciryru, Ne 1.

IHAMATH YYEHOI'O
bazapo6aii Opasoaesunu Huepo6aes, Ne 12.

Baacenko Anaronuii Huxomaesuu, Ne 10.

Harayms I'puropbeBna Biacenko, Ne 11.

Huxonait Anexcanaposuy lonuenxo, Ne 11.

ITamsaTu Axkagemuka UBana ®@egoposuya Xpamuona, Ne 10.
ITamsaTu Anekces IlerpoBuya Kanamuukosa, Ne 10.

SAmo Bacuimii 3axapoBuy, Ne 1.
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AUTHOR GUIDELINES

The guidelines are drawn up in accordance with the ethical principles, common for all the members of the scientif-
ic community, and the rules for publications in international and local scientific periodic magazines as well as in com-
pliance with the requirements stipulated by the State Commission for Academic Degrees and Titles for the periodicals
included in the List of Russian peer-reviewed scientific journals in which the major scientific outcomes of theses for
the degrees of Doctor or Candidate of Sciences must be published.

The journal publishes original articles on fundamental and applied issues by the following directions:
«  general agriculture and crop production;

* plant breeding, seed production and biotechnology;

» agrochemistry, soil science, plant protection and quarantine;

»  fodder production;

* infectious diseases and animal immunology;

*  private zootechnics, feeding, technology of feed preparation and production of livestock products;
*  breeding, selection, genetics, and animal biotechnology;

+ technologies, machinery and equipment for the agro-industrial complex;

»  food systems.

The article sent to the editorial board must correspond to the thematic sections of the journal “Siberian Herald of
Agricultural Science”:

Code and name of the scientific specialty in accordance with the Nomenclature of Scientific

Section name Specialties, for which academic degrees are awarded

. o 4.1.1. General agriculture and crop production
Agriculture and chemicalization i L . .
4.1.3. Agrochemistry, soil science, plant protection and quarantine

. . 4.1.1. General agriculture and crop production
Plant growing and breeding . . .
4.1.2. Plant breeding, seed production and biotechnology

Plant protection 4.1.3. Agrochemistry, soil science, plant protection and quarantine

4.1.1. General agriculture and crop production

Fodder production 4.1.2. Plant breeding, seed production and biotechnology

4.1.3. Agrochemistry, soil science, plant protection and quarantine
4.2.3. Infectious diseases and animal immunology

Zootechnics and veterinary 4.2.4. Private zootechnics, feeding, technology of feed preparation and production of livestock
medicine products

4.2.5. Breeding, selection, genetics, and animal biotechnology

Mechanization, automation,

modelling and dataware 4.3.1. Technologies, machinery and equipment for the agro-industrial complex

Agriproducts processing 4.3.3. Food systems

4.1.1. General agriculture and crop production

4.1.2. Plant breeding, seed production and biotechnology
Problems. Opinions
4.1.3. Agrochemistry, soil science, plant protection and quarantine
Scientific relations
4.2.3. Infectious diseases and animal immunology
From the history of agricultural
science 4.2.4. Private zootechnics, feeding, technology of feed preparation and production of livestock

products
Brief reports

From dissertations 4.2.5. Breeding, selection, genetics, and animal biotechnology

4.3.1. Technologies, machinery and equipment for the agro-industrial complex
4.3.3. Food systems

RECOMMENDATIONS TO THE AUTHOR BEFORE SUBMITTING AN ARTICLE

Submission of an article to the journal “Siberian Herald of Agricultural Science” implies that:

. an article has not been published before in any other journal;

. an article is not subject to review in any other journal;

. all co-authors agree with the publication of the current version of the article.

Before submitting an article, it is necessary to make sure that the file (files) contains all the information required
in Russian and English, tables and figures provide the source of the information presented, all references are written
correctly.
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PROCEDURE FOR SENDING MANUSCRIPTS OF ARTICLES

1 Submission of the article is carried out through the electronic editorial board on the journal’s website https://
sibvest.elpub.ru/jour/index. After preliminary registration of the author, choose the option “Send a manuscript” in the
upper right corner of the page. Then download the manuscript (in *.doc or *.docx format) and the accompanying docu-
ments. When you have finished uploading, be sure to select the option “Send a Letter”, in which case the editorial board
will be automatically notified of the receipt of the new manuscript.

Accompanying documents to the manuscript of an article:

. a scanned copy of a letter from the organization confirming authorship and permission to publish (sample
cover letter);

. a scanned copy of the author’s note in the form provided (sample author’s note), in which consent must be ex-
pressed for the open publication of the article in the printed version of the journal and its electronic copy in the Internet;

. a scanned copy of the manuscript with the authors’ signatures. The author, by signing the manuscript and send-
ing it to the editorial office, thereby transfers the copyright for the publication of this article to SFSCA RAS;

. author questionnaires in Russian and English (sample author questionnaire);

. a scanned copy of your post-graduate school transcript (for full-time postgraduate students).

2. All manuscripts received by the editorial board are registered via the electronic editorial system. The author’s
personal account shows the current status of the manuscript.

3. Non-reviewed materials (scientific chronicles, reviews, book reviews, materials on the history of agricultural
science and activities of institutions and scientists) are sent to the e-mail: sibvestnik@sfsca.ru and are registered by the
executive secretary.

ARTICLE DESIGN PROCEDURE

The text of the manuscript is printed in Times New Roman font, type size 14 with 1.5 spacing, all margins 2.0 cm,
page numbering at the bottom. The size of a manuscript should not exceed 15 pages (including tables, illustrations and
bibliography); the articles placed in the sections “From dissertations” and * Brief reports” should not exceed 7 pages.

Article design structure:

1. UDC

2. Title of an article in Russian and English (no more than 70 characters).

3. Surnames and initials of the authors, full official name of the scientific institution where the research was con-
ducted in Russian and English.

If authors from different institutions took part in the preparation of the article, it is necessary to indicate the affilia-
tion of each author to a particular institution using the superscript index.

4.  Abstract in Russian and English. The size of the abstract should not be less than 200-250 words. The abstract
is a brief and consistent presentation of the material of the article on the main sections and should reflect the main con-
tent, follow the logic of the presentation of the material and description of the results in the article with the provision of
specific data. The abstract should not include the newly introduced terms, abbreviations (with the exception of common
knowledge), references to the literature. The abstract should not emphasize the novelty, relevance and personal contri-
bution of the author; the place of research should be indicated to the district (region), specific organizations should not
be mentioned.

5. Keywords in Russian and English. There should be up to 5—7 words by the topic of the article. It is desirable
that the keywords support the abstract and the title of the article.

6.  Information on the conflict of interests or its absence. The author should notify the editor on the real or po-
tential conflict of interests by including the information in the appropriate section of the article. If there is no conflict of
interests, the author should also inform the editor about it.

Example wording: “The author declares no conflict of interest”.

7. Acknowledgements in Russian and English. This section lists all sources of funding for the study, as well as
acknowledgements to people who contributed to the article but are not the authors.

8. The main body of the article. When presenting original experimental data, it is recommended to use subheadings:

INTRODUCTION (problem statement, goal and tasks of the study)

MATERIAL AND METHODS (conditions, methods (methodology) of research, object description, place and
time of research)

RESULTS AND DISCUSSION
CONCLUSION

REFERENCES. The number of sources must be at least 15. The list of references includes only peer-reviewed
sources: articles from scientific journals and monographs. Self-citation of no more than 10% of the total number.
The bibliography list should be designed as a general list in the order of mention in the text, it is desirable to refer to
sources 2-3 years old. The rules for the list of references are in accordance with GOST R 7.05-2008 (requirements
and rules for compiling a bibliographical reference). In the text the reference to the source is marked by a serial num-
ber in square brackets, for example [1]. Literature in the list is given in the languages in which it was published. In the
bibliographic description of the publication, it is necessary to include all authors, without abbreviating them by one,
three, etc. It is unacceptable to abbreviate the names of articles, journals, publishing houses.
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If it is necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manuals,
GOSTs, information from websites, statistical reports, articles in socio-political newspapers, etc., such information
should be placed in a footnote at the end of the page. Footnotes are numbered in Arabic numerals, placed page by
page through numbering.

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, key-
words, list of references.

EXAMPLE OF REFERENCES in Russian and English and FOOTNOTES

REFERENCES (in Russian):

Monograph

Klimova E.V. Field crops of Zabaikalya: monograph. Chita: Poisk, 2001. 392 p.

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture
in southern forest-steppe of Western Siberia// Resource-saving tillage systems. Moscow: Agropromizdat, 1990. pp.
230-235.

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
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