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PACTEHHUEBO/ICTBO U CEJIEKLJUA
PLANT GROWING AND BREEDING

https://doi.org/10.26898/0370-8799-2025-7-1 Twrr cTaThu: OpUTHHATIBHAS
VIK 633.16:631.527.53:631.527.549 Type of article: original

HacsienoBanne 0CHOBHBIX CeJIEKIMOHHBIX MPU3HAKOB PelUIIPOKHBIMHU
rudpuaamMu sipoBoro suMeHs B ycjaosusix KpacHosipckoii jiecocrenu

Cypun H.A., Toayoes C.C., ) I'epacumoB C.A.

Kpacnospckuii nayuno-uccie0oeamenbcKuil UHCMUmMynm celbCKo20 X035UCmea —
06ocobnennoe noopazoenerue PedepanbHo20 UCCIe008AMENbCKO20 YeHMPa
«Kpacnospckuii nayunviti yenmp Cubupcrozo omoenenus Poccutickotl akademuu HayK»
Kpacnosipck, Poccus

() e-mail: g-s-a2009@yandex.ru

[IpuBeneHs! pe3ynbTaTbl U3yYeHHs HACIEIOBAHUS OCHOBHBIX XO3AHCTBEHHO IEHHBIX NMPHU3HAKOB
SYMEHS B CUCTEME PELMIIPOKHBIX CKPEIIMBAaHUN U OLICHKA 110 KOMOMHALIMOHHON CIIOCOOHOCTH POAU-
Tenbckux Gopm B ycnoBusix KpacHosipckoit necocrenu B 2023, 2024 rr. OObeKTaMu UCCIICIOBAHHIMA
CTaJli IECTh COPTOB SPOBOTO SIUMEHSI CHOUPCKOW CENIEKINH, OIMH 3apyOeKHbIi copT u 12 rubpuaos
F|, co3nanHbIX Ha WX OCHOBE. I10UBa ONBITHOrO MOJIA — YEPHO3EM OOBIKHOBEHHBIA MAJOMOLIHBIN.
[IpenmecrBennuk — unctoiil nap. Conepskanue rymyca B nouse 3,4—4,0%, HuTparHoro azora — 5,3—
5,7 mr/kr oussl, hochopa — 18,8-22,2 mr/100 1, kamus — 13,7-15,0 mr/100 r moussl. Ilo Temmo- u
BiaroobecnieueHHOCTH 2023 1. ommuancs 3acyuuuBeiMu ycioBusmu ¢ I'TK 0,86, B To xe Bpems
2024 r. 611 n366ITOUHO yBIAXHEHHBIM ¢ [ TK = 1,86. [ToceB npoBoauau B ONTHMAaIbHbIE IS KyJlb-
Typbl cpoku 25-27 mas. [lnomane nutanus pacrenus 2 x 20 cm. IToBropHocts TpexkpaTtHas. [1o uro-
raM MpoBEICHHOM OLIEHKHU JOCTOBEPHO BHICOKYIO OOIIYI0 KOMOMHAIIMOHHYIO CIIOCOOHOCTD MTOKa3aiu
COpTa TOJNBKO IO YHCITY 3€PeH B KOJOCE. YKa3aHHBIN MPHU3HAK HACIIEA0BAJICS MPEUMYIIECTBEHHO 110
THUILy TOJIOKHUTEIBHOTO cBepxaoMuHupoBanus — 50,0% xoMOuHanmii (Hp > +1,00). Copra sipoBOro
stamenst Takmak, Osnenek u TanaH Mokas3ajad BBICOKYIO OOIIYI0 KOMOWHAIIMOHHYIO CITIOCOOHOCTH TI0
osepHeHHOCTH Konoca (g, = 0,36-0,96) n meHbmyo cienupuIecKyr0 KOMOMHAMOHHYIO CIOCO0-
Hoctb (0 = 0,06-0,49) Bo Bce rozbl M3y4eHHsI, YTO CBUACTEIBCTBYET O IIEPCIIEKTUBHOCTH MCIIOIb30Ba-
HUS 3TUX COPTOB B T€TEPO3UCHON CENEKINH. BrlieneHsl nepcrneKTHBHbIE THOPHIHBIE KOMOMHAIINN C
KOMILIEKCOM XO35IMCTBEHHO LIEHHbIX Tpu3HakoB: bysH x Canome, Canome X BysiH, Onenek x Canome,
Canome X Abanak, Takmak X Canome, Canome x Takmax.

KiroueBble ciioBa: sUMEHb, Hacll€IOBAHUE, N3MEHUMBOCTb, CEJIEKLMOHHBIC NPHU3HAKH, O0IIast
KOMOMHAIIMOHHAS! CIIOCOOHOCTD

Inheritance of the main selection traits by reciprocal hybrids of spring
barley in the conditions of the Krasnoyarsk forest-steppe

Surin N.A., Golubev S.S., (<) Gerasimov S.A.

Krasnoyarsk Research Institute of Agriculture — a separate division of the Federal Research Center
"Krasnoyarsk Research Center of the Siberian Branch of the Russian Academy of Sciences”
Krasnoyarsk, Russia

(<)e-mail: g-s-a2009@yandex.ru

The results of the study of the inheritance of the main economically valuable traits of barley in
the reciprocal crossing system and the assessment of the combination ability of seed parents in the
conditions of the Krasnoyarsk forest-steppe in 2023—-2024 are presented. The objects of research were
6 varieties of Siberian spring barley, 1 foreign variety and 12 F| hybrids created on their basis. The
soil of the experimental field was thin common chernozem. The forecrop was complete fallow. The
content of humus in the soil was 3,4-4,0%, nitrate nitrogen — 5,3-5,7 mg/kg of soil, phosphorus —
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Inheritance of the main selection traits by reciprocal hybrids Surin N.A., Golubev S.S., Gerasimov S.A.
of spring barley in the conditions of the Krasnoyarsk forest-steppe

18,8-22,2 mg/100 g of soil, potassium — 13,7-15,0 mg/100 g of soil. In terms of heat and moisture
supply, 2023 was characterized by dry conditions with the HTC of 0.86, while 2024 was excessively
humidified with the HTC of 1.86. Sowing was carried out at the optimal time for the culture on May
25-27. The feeding area of the plant was 2x20 cm. The repetition was 3-fold. According to the results
of the assessment, the varieties showed a reliably high total combination ability only by the number of
grains per ear. This feature was inherited mainly by the type of positive overdomination — 50.0% of the
combinations (H,>+ 1.00). The varieties of spring barley Takmak, Olenek and Talan showed a high
total combination ability by the ear grain content (g, = 0,36-0,96) and a lower specific combination
ability (o 0,06-0,49) in all years of the study, which indicates the prospects for using these varieties
in heterosis selection. Promising hybrid combinations with a complex of economically valuable traits
have been identified: Buyan x Salome, Salome x Buyan, Olenek x Salome, Salome x Abalak, Tak-
mak x Salome, Salome x Takmak.
Keywords: barley, inheritance, variability, selection traits, overall combinational ability

st mutupoBanusi: Cypun H.A., Tonybes C.C., I'epacumos C.A. HacnemoBaHne OCHOBHBIX CEJEKIHOHHBIX IPH3HAKOB
PELUIPOKHBIMI THOPUIAMH SIPOBOTO STIMEHs B ycoBusix KpacHospekoit iecocrery / CHOUPCKUIL BECTHUK CEIIbCKOX03SICTBEHHOI
Hayku. 2025. T. 55. Ne 7. C. 5-13. https://doi.org/10.26898/0370-8799-2025-7-1

For citation: Surin N.A., Golubev S.S., Gerasimov S.A. Inheritance of the main selection traits by reciprocal hybrids of spring
barley in the conditions of the Krasnoyarsk forest-steppe. Sibirskii vestnik sel skhozyastvennoi nayki = Siberian Herald of Agricul-
tural Science, 2025, vol. 55, no. 7, pp. 5-13. https://doi.org/10.26898/0370-8799-2025-7-1
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INTRODUCTION the number of grains per ear, the weight of 1000
grains, and grains per plant' [5]. The results ob-

The development and acceleration of the
tained by various researchers on the inheritance

breeding of new high-yielding barley varieties
necessitates the use of a comprehensive ap- of these selective traits are contradictory. Some

proach, including both an understanding of the authors favor their high heritability and the de-
genetic mechanisms that determine productivity ~Cisive contribution of seed parents, while others
and an active search for and utilization of genetic ~ attribute the maximum phenotypic expression
diversity in the source material [1-4]. A key role of traits to favorable conditions and the interac-
in this regard is played by the study of the inher- tion of genotype with environment®*[6, 7]. In
itance of the main traits and elements of barley this regard, for more effective selection of seed
productivity — plant height, productive tillering, parents and further use of selected donors, it is

Filippov E. G., Paramonov A. V. Inheritance of quantitative traits of spring barley during the creation of source material in the
conditions of the Rostov region // Grain Economy of Russia, 2011, N 4, pp. 47-52.

2Hanifi-Mekliche L., Gallais A. Heterosis, genetic effects and value of F2s and doubled-haploid lines in barley breeding // Agron-
omie, 1999, vol. 19 (6), pp. 509-520.

3Shchennikova L., Kokina L., Butakova O. Combining ability of six row barley varieties / Agricultural Science Euro-North-East,
2010, N 3 (18), pp. 14-17.

“Aniskov N.I. Selective and genetic aspects in barley feature inheritance in the Western Siberia conditions // Bulletin KrasSAU,
2010, N 6 (45), pp. 51-55.
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necessary to study the variability and inheritance
of the main economically valuable traits under
specific conditions of selection® [7—10].

Currently, breeding research is aimed at find-
ing reliable donors not for a single, but for a
complex of economically valuable traits. At the
same time, the selected donors, while possess-
ing high overall combining ability, should not
transmit other negative traits, such as a tendency
to lodging in conditions of heavy rainfall, sus-
ceptibility to diseases and pests, low drought tol-
erance, etc. It is worth noting that the inclusion
of such reliable donors in crosses significantly
increases the efficiency of the breeding process
[11-13].

The purpose of the study is to investigate the
inheritance and combining ability of spring bar-
ley varieties for the main breeding traits of pro-
ductivity in reciprocal crosses.

MATERIAL AND METHODS

Experiments were conducted in the con-
ditions of an open Krasnoyarsk forest-steppe
(UAE "Minino", Krasnoyarsk Krai). The soil is
ordinary chernozem, medium-deep, low-humus,
heavy loamy soil with evidence of wind and wa-
ter erosion. In 2023, the soil was characterized
by a low humus content (according to Tyurin)
of 4.0%, a low nitrate nitrogen content (N-
NO,) (rapid ionometric method) of 5.3 mg/kg
of soil, a very high content of available phos-
phorus (P,O,) of 22.2 mg/100 g of soil, and a
high exchangeable potassium (K O) content of
15.0 mg/100 g. In 2024, low humus (3.4%) and

N-NO, (5.7 mg kg soil) contents were recorded,
along with high PO, (18.8 mg/100 g) and K,O
(13.7 mg/100 g) contents. The soil solution pH
in the aqueous extract during the study years was
neutral — 6.1. The forecrop was complete fallow.

The agrometeorological conditions of the
growing seasons during the study years varied
greatly, which made it possible to evaluate the
F, hybrids under a variety of conditions. Over-
all, 2023 turned out to be relatively dry, with an
HTC of 0.86 for the entire period (see Table 1).
Drought was observed quite frequently in the
first and second ten-day periods of May (0.62
and 0.53, respectively), the first ten-day period
of June (0.27), the first ten-day period of July
(0.11), and the first and third ten-day periods of
August (0.05 and 0.19). Insufficient moisture for
vegetation was observed only in the third ten-
day period of June (1.01) and the second ten-day
period of July (0.93). The 2024 growing season,
unlike 2023, was characterized by excess mois-
ture with a HTC of 1.86. Drought conditions
were observed only in the second ten-day peri-
od of May (0.40) and the third ten-day period of
June (0.00); all other periods were sufficiently
and excessively moist. Despite abundant precip-
itation, the influence of increased heat supply
contributed to a shortened growing season and,
as a result, the formation of reduced productivity
of varieties and hybrids.

The crossings were carried out in 2022 using
the castration method with forced pollination.
For this purpose, six varieties of Siberian selec-
tion, included in the State Register of Breeding
Achievements mainly for Western and Eastern

Taoda. 1. daxkruueckue nokazarenu ['TK 3a BereTanoHHbIN nepuos o aekaaaM Mecsana

Table 1. Actual HTC indicators for the vegetation period by ten-day periods of the month

May June July August For vegeta-
Year .

1 11 111 1 11 111 1 11 111 1 11 11 tion
2023 0,62 | 0,53 | 2,47 0,27 | 1,13 | 1,01 | 0,11 | 0,93 | 1,37 | 0,05 | 1,60 | 0,19 0,86
2024 1,10 | 0,40 | 1,30 | 1,60 | 3,10 | 0,00 | 2,40 | 4,20 | 3,90 | 1,20 | 1,90 | 1,20 1,86
Long-time average | 4 14| 096 | 1,10 | 0,84 | 1,05 | 1,10 | 1,00 | 1,39 | 1,86 | 1,08 | 1,58 | 1,14 | 1,19
annual

SFilippov E.G., Alabushev A.V. Breeding spring barley: monograph. Rostov on Don: ZAO “Kniga”, 2014, 208 p.
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Siberia in different years, were used: Buyan
(Kedr x Jo 1345, 2012), Abalak (U-53-8515 x
Sa 46925, 2013), Olenek (U-101-1112 x Acha,
2014), Tanai (G-20275 x G-20191, 2014), Ta-
lan (Nutans 86 x G-20397, 2016), Takmak (Pri-
azovsky 9 x U-20-704, 2019) and one variety of
German selection Salome (2016). According to
data from previous ecological variety trials con-
ducted in 2021-2023, Siberian-bred varieties
are characterized by a growing season of 69-98
days, a 1,000-grain weight of up to 46.4 g, and a
yield of up to 5.44 t/ha. The choice of the Salome
variety as one of the seed parent varieties was
primarily due to its short stem height (52.4-58.5
cm), lodging resistance under local conditions,
synchronized shoot development, and grain size
(up to 50.3 g). However, some disadvantages
include lower drought tolerance and sensitivity
to nutrient deficiencies in the soil. As a result of
the conducted crosses, 12 reciprocal £, combi-
nations were obtained. | hybrids and parental
forms were sown manually in rows 1.5 m long
at the optimal time for the crop, May 25-27, in
2023 and 2024. The feeding area of an individ-
ual plant was 2 x 20 cm. Three replicates were
performed.

After harvesting, the yield structure elements
were analyzed and the traits inheritance patterns
were determined. Hypothetical and competitive
heterosis were determined using the D.S. Oma-
rov's method®, and general and specific com-
bining ability were determined according to B.
Griffing’ using the DIAS® program. The Takmak
variety was used as the standard for calculating
competitive heterosis.

RESULTS AND DISCUSSION

The results of the two-factor analysis of vari-
ance showed that in the conditions of the Kras-
noyarsk forest-steppe, the contribution of vari-
ance to the total variability of all traits for the
genotype factor ranged from 7.76 to 35.92%,

for year conditions 1.97-6.86, the interaction of
both factors — 15.01-76.64, and random factors
—11.48-64.11% (see Table 2).

Along with this, a reliable influence of gen-
otype on plant height and the number of grains
per ear was noted — 35.92 and 14.62%, respec-
tively, with a fairly high influence of the inter-
action of both factors — 40.27 and 59.20 with
an insignificant manifestation of the conditions
of the year — 4.43 and 4.19%. In contrast, the
weight of 1000 grains was determined to a lesser
extent by the genotype and environment (7.76
and 4.12%) with a significant contribution of the
combined action of these factors (76.64%). The
obtained pattern is explained by the variation in
the indicators of varieties and hybrids, different
systems of genetic control of traits and vegeta-
tion conditions.

When studying the nature of inheritance of
the main selection traits in the system of recip-
rocal crossings, overdominance or true heterosis
(Hp> + 1.00) prevailed — 50.0-100.0%, while in-
complete dominance of the trait of the best par-
ent (Hp = +0.5-1.00) — 8.0-42.0, intermediate
inheritance (Hp =-0.5... +0.5)—17.0-25.0, de-
pression (Hp< —1.00) — 8.0% (see Table 3) were
less common.

Assessment of the inheritance of the main
breeding traits closely related to yield revealed a
lack of reliability and inconsistency in the over-
all combining ability for most varieties in differ-
ent years. At the same time, a number of varieties
were identified that had a consistent advantage
in the number of grains per ear in all years of the
study. Given the greatest significance of the ear
grain content in determining barley productivity
[14], we further examine the results of the inher-
itance pattern and combining ability of this trait.

The resulting hybrids showed, on average, a
wide dominance coefficient (Hp) over 2 years —
from—3.2 to +24.8 (see Table 4). Thus, the inheri-
tance pattern of the number of grains per ear var-

%Omarov D.S. On the methodology of recording and evaluating plant heterosis // Agricultural biology, 1975. vol. 10, N 1, pp.

699-702.

'Griffing B. Concept of general and specific combining ability in relation to diallel crossing systems // Australian J. Biol. Sci.,

1956, vol. 9, N 4, pp. 463—493. DOI: 10.1071/BI9560463.

84leinikov A.F., Stepochkin P1., Grebennikova I.G. Diallel analysis in breeding of agricultural crops. Novosibirsk: SibFTI Rus-

sian Agricultural Academy, 2011, 10 p.
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Taodua. 2. Pesynsrarsl AByX(aKTOPHOTO JUCIIEPCHOHHOIO aHAIN3a OCHOBHBIX KOJMYECTBEHHBIX MTPHU3HA-
KOB STYMEHS B PELUIPOKHBIX cKpemmBaHusx (2023, 2024 rr.)

Table 2. Results of two-factor analysis of variance of main quantitative features of barley in reciprocal
crosses (2023, 2024)

Dispersion Sum of squares o f]?:g §§m Pmpo?ifri f))/fvana- Meeillzi-lsuciuare F, Fy
Plant height
Total 4178 113 100,00 36,98 - -
Genotype A 1501 18 35,92 83,38 7,82 1,85
Year B 185 1 4,43 184,94 17,35 4,03
Interaction AB 1683 18 40,27 93,48 8,77 1,85
Error 810 76 19,39 10,66 - -
Productive tillering
Total 44 113 100,00 0,39 - -
Genotype A 8,3 18 18,91 0,46 1,25 1,85
Year B 0,9 1 1,97 0,86 2,33 4,03
Interaction AB 7 18 15,01 0,37 0,99 1,85
Error 28 76 64,11 0,37 - -
Number of grains per ear
Total 850 113 100,00 7,52 - -
Genotype A 124 18 14,62 6,91 2,81 1,85
Year B 36 1 4,19 35,65 14,49 4,03
Interaction AB 503 18 59,20 27,97 11,37 1,85
Error 187 76 21,99 7,53 - -
Weight of 1000 grains
Total 10289 113 100,00 91,06 - -
Genotype A 799 18 7,76 44,38 2,86 1,85
Year B 424 1 4,12 423,87 27,28 4,03
Interaction AB 7886 18 76,64 438,10 28,19 1,85
Error 1181 76 11,48 15,54 - -
Weight of grain per plant

Total 127 113 100,00 1,12 - -
Genotype A 12 18 9,73 0,69 1,23 1,85
Year B 9 1 6,86 8,68 15,60 4,03
Interaction AB 63 18 49,95 3,51 6,30 1,85
Error 42 76 33,46 0,56 - -

Ta6a. 3. Xapaxkrep Hacnen0BaHUs KOJHYECTBEHHBIX PU3HAKOB y PELUMIIPOKHBIX THOPUJIOB TIMEHS [
(2023, 2024 1)

Table 3. Inheritance pattern of quantitative traits in reciprocal F| barley hybrids (2023, 2024)

Mode of inheritance
Trait Depression Intermediate Overdominance Incompleto parental dominance
best worst
Plant height — 17,0 58,0 25,0 -
Productive tillering - 25,0 75,0 - -
Number of grains per ear 8,0 - 50,0 42,0 -
Weight of 1000 grains - - 100,0 - -
Weight of grain per plant - - 92,0 8,0 -
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ied from depression to positive overdominance.
Moreover, the most common inheritance of the
number of grains per ear occurred according to
the positive overdominance pattern — 50.0% of
combinations (Hp > +1.00), indicating control
of the trait by genes with dominant action. In
42.0%, incomplete dominance of the trait of the
best parent was noted (I-lp = +0.5...+1.00), and
depression was detected in 8.0% (Hp < —1.00).
Due to the greater influence of the genotype-en-
vironment interaction compared to the geno-
type and year conditions, the hybrids Salome
x Olenek, Abalak x Salome, Salome x Abalak,
Takmak x Salome, Salome x Takmak, Talan x
Salome showed overdominance with a pheno-
typic expression of the trait (21.2-22.4 grains
per ear) and a true heterosis index of 1.3-16.6%.
One of the important criteria is the superiority
of the hybrid over the standard variety. In our
study, only the combination Buyan x Salome
showed the maximum value of competitive het-
erosis in terms of grain content per ear — 2,9%.
The results showed reliable differences in F|
hybrids in all years of the study both in general
and specific combining ability at the 95% signif-
icance level, however, the influence of the recip-
rocal effect was insignificant. In 2023 and 2024,

the share of GCA influence was 19.45; 13.02%,
SCA - 75.42; 79.64, RE - 5.13; 7.33%, respec-
tively. In general, in the crosses, an advantage in
the inheritance of the trait of dominant or epi-
static effects of genes (GCA < SCA) was not-
ed. In the varieties Takmak, Olenek and Talan,
in the inheritance of the number of grains in an
ear, genes with an additive effect (GCA> SCA)
play a predominant role, in the varieties Buyan,
Salome, Abalak and Talan, genes of a dominant
or epistatic effect were shown (GCA <SCA) (see
Figs. 1, 2).

From the data presented, it is evident that the
varieties Takmak, Olenck and Talan have a reli-
ably high general combining ability (gi = 0.36—
0.96) for ear grain content, while Buyan, Salome
and Tanai have a low one, since the GCA values
are lower than the LSDgl. = 0.31 and 0.34. The
maximum GCA estimate indicates the potential
of using these varieties to obtain hybrids with a
high heterosis effect.

Based on the greatest number of econom-
ically valuable traits for further selection of
spring barley, the hybrids Buyan x Salome,
Salome x Buyan, and Olenek x Salome were
selected. They had an average plant height of
65.3—-67.4 cm, high productive tillering of 2.6—

Ta6a. 4. Tunel HacneNOBAHKSA YMCIIA 3€PEH B KOJIOCE Y TMOpKIOB stumens F| (2023, 2024 rr.)
Table 4. Types of grain number inheritance per ear in F, barley hybrids (2023, 2024,

Number of grains per ear, pcs.
Combination of crosses , % G % H
PO F pa uer. o p
Buyan x Salome 24 .4 233 17,4 4,7 2,9 +0,7
Salome x bysin 17,4 22,7 24,4 -7,2 0,3 +0,5
Olenek x Salome 21,9 21,6 17,4 -1,2 4,3 +0,9
Salome x Olenek 17,4 22,1 21,9 1,1 2,1 +1,1
Abalak x Canome 18,2 21,2 17,4 16,6 -6,3 +8,5
Salome x Abalak 18,0 20,5 18,2 13,1 -9,1 +24,8
Takmak x Salome 21,8 22,4 18,0 2.8 -1,0 +1,3
Salome x Takmak 18,0 22,4 21,8 2.8 -1,0 +1,3
Tanai x Salome 20,7 20,0 18,0 -3,1 -11,4 +0,5
Canome x Tanai 21,6 19,6 20,7 -9,2 -13,1 -3,2
Talan x Salome 18,4 21,9 21,6 1,3 -3,0 +1,2
Salome x Talan 21,6 21,0 18,4 -3,0 -7,2 +0,6
LSD,, 1,0
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Puc. 1. KomOuHaIMOHHAsA CIOCOOHOCTH POTUTEINb-
CKUX (POpM SIMEHS 10 MPHU3HAKY «HUHCIIO 3€PEH B
Kojoce», 2023 1.

Fig. 1. Combination ability of seed parents of
barley on the trait of the “number of grains per ear”,
2023

2.8 pcs., 1000-grain weight of 43.3-50.9 g, and
grain weight per plant of 2.3-2.6 g. Hybrid com-
binations Salome x Abalak, Takmak x Salome,
and Salome x Takmak, along with the number
of grains per ear (20.5-22.4 pcs.), positively
combined productive tillering (2.5-2.6 pcs.),
1000-grain weight (42.9-46.2 g), and grain
weight per plant (2.1-2.4 g).

CONCLUSIONS

1. In the Takmak, Olenek and Talan varieties,
which are involved in the crosses based on the
“number of grains per ear” trait, the predominant
role is played by the genes with an additive ef-
fect (GCA> SCA), while in the Buyan, Salome,
Abalak and Talan varieties, the predominant role
is played by the genes with a dominant or epi-
static effect (GCA <SCA).

2. In the conditions of the Krasnoyarsk for-
est-steppe, the spring barley varieties Takmak,
Olenek and Talan showed high general combin-
ing ability (gi = 0.36-0.96) in terms of ear grain
content, as well as low to medium specific com-
bining ability (¢ = 0.06-0.49), which indicates
the potential of using these varieties to obtain
hybrids with a high heterosis effect.

0,93 0,96*

0,65*
0,54%* 0,49
0,27 0.160,21
ArEainininl
Buyan Takmak Salome Abalak Olenek Tanai Talan
LSD (0,05) gi = 0,34

B 3GCA effects (gi)
W Contribution to SCA disnersion

Puc. 2. KomOrHammonHasi CrtocOOHOCTh POAUTEIh-
CKHX (DOpPM SUMEHS 110 MIPU3HAKY «UHCIIO 3€PEH B
Kojocey, 2024 r.

Fig. 2. Combination ability of seed parents of
barley on the trait of the “number of grains per ear”,
2024

3. In practical breeding, the most promising
hybrid combinations of barley for selection are
those that combine the maximum number of
economically valuable traits: Buyan % Salome,
Salome x Buyan, Olenek x Salome, Salome X
Abalak, Takmak x Salome, Salome x Takmak.
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Bausgnue caJuinJIoBoO KUCJIOTHI HA BCX0KECTDH
1 MopdoJIoTHYECKHEe MTOKA3aTeJ I COPTOB SIPOBOI TBEPAOM MIIIEHUIIbI
Ha )OHe OCMOTHUYECKOI0 cTpecca

) HBanoBa E.A., becaaues U.H.

Dedepanvhviil HAYYHBLIL YeHMP OUOTOSULECKUX CUCTIEM U A2POMeXHON02UL
Poccuiickou akademuu nayx

OpenOypr, Poccus

(X)e-mail: bialena201273@gmail.com

Lenbio vccne0BaHNH SIBISIIOCH U3YYCHUE ITOCEBHBIX KAYE€CTB CEMsTH, MOP(OIIOrHIECKUX MOKa3a-
TeJel IPOPOCTKOB PA3IUYHBIX COPTOB SIPOBOM MIIEHHIIBI TIPH MIPEINOCEBHON 00paboTKe ceMsH ca-
JIMLMIOBON KUCJIOTOH B YCJIOBUSX AOCTaTOYHOIO YBJIAXKHEHHUS M Ha (DOHE OCMOTHYECKOTO CTpecca.
MarepuajioM AJ1s1 UCCICAOBaHUN MOCIYKWJIM CEMEHa COPTOB IILEHMIBI IpoBoi TBepaout (Triticum
durum Desf.) (bezenuykckas 210, OpenOyprckas 10, bezenuykckas 3omorucras, Kpemens), canu-
mutoBast kuciota, [1310 6000 (moausTriaeHMHKOIb). OO0paboTKa ceMsH CaJHIMIOBON KHCIOTOH Ha
CTaJINY IOBEHWIBHOTO Pa3BUTHA HE OKa3aja CyIIECTBEHHOTO BIMSHUS HA TIOKa3aTeNH HEPTUH IMPO-
pacTaHus ¥ BCXOXKECTH CEMSIH, HO CITOCOOCTBOBaIA YBETMUEHUIO MAaCChl KOPEIIKOB Y copToB KpemeHb
(ra 15%), besenuykckas 210 (Ha 13,3%), Openbyprckas 10, besenuykckas 3omoructas (Ha 1,8%).
B BapuanTe ¢ mprMEHEHUEM TOJIMATUICHIIMKOIS TI0KA3aTeIN IOCEBHBIX KAY€CTB CEMSH CHHU3HIIUCDH
Ha 5-10%. ¥ copra OpenOyprckas 10 cHMXEHHE COCTaBMJIO IO YHEPTUH MPOPACTAHMS U BCXOXKE-
cti cooTBeTcTBeHHO 8 U 10%, y ocTtanbHbIX copToB — 5—7%. I[IpuMeHeHne caluuioBol KUCIOTHI
HUBEJINPOBaja HETATUBHOE BIUSIHHIE NCKYCCTBEHHO CO3/IaHHON 3aCyXH HA MOCEBHBIE Ka4yecTBa CEMSH
1 MOP(OJIOTHIO IPOPOCTKOB. B YCIIOBHSIX HCKYCCTBEHHO CO3/IaHHON 3acyXu 00pad0TKa CaAUITIIOBOM
KHCJIOTOW CIOCOOCTBOBAA YBEIMYSHHUIO CPEHEr0 Yrcia KopemrkoB Ha 2,9% (xkpome copra OpeH-
Oyprekast 10) u Macchl KOPELIKOB OJJHOTO IpopocTKa ot 6,2 1o 18,7% (uckirouenue — copt Kpemens);
CpeqHel JIMHBI U Macchl POCTKOB Ha copTe beseHuykckas 3omotuctas Ha 33,5 u 42,8% cooTBeT-
cTBeHHO 1 Ha copTe Opendyprckas 10 Ha 18,3 u 30,7% cooTBeTCTBEHHO. Y OCTaIbHBIX COPTOB JIMHA
pocTkoB yBenuumiaach Ha 2,0 u 8,8%.

KuaroueBblie ciioBa: mmenura teepaas (7riticum durum Desf.), canumumoBast KUCIIOTA, MTOJUITH-
nerrukonb (I1917), Mmacca poCcTKOB, YHCIIO KOPEITKOB, Macca KOPEITKOB

Influence of salicylic acid on germination and morphological parameters
of spring durum wheat varieties under osmotic stress

()Ivanova E.A., Besaliev I.N.

Federal Research Centre of Biological Systems and Agrotechnologies
of the Russian Academy of Sciences

Orenburg, Russia

(X)e-mail: bialena201273@gmail.com

The purpose of the research was to study the sowing qualities of seeds, morphological parameters
of seedlings of various varieties of spring wheat during pre-sowing treatment of seeds with salicylic
acid under conditions of sufficient moisture and against the background of osmotic stress. The ma-
terials for the research were: seeds of durum spring wheat varieties (7riticum durum Desf.) (Bezen-
chukskaya 210, Orenburgskaya 10, Bezenchukskaya zolotistaya, Kremen) salicylic acid, PEG 6000
(polyethylene glycol). Seed treatment with salicylic acid at the stage of juvenile development did not
significantly affect the energy of seed sprouting and germination, but contributed to an increase in
root weight in the varieties Kremen (by 15%), Bezenchukskaya 210 (by 13.3%), Orenburg 10, Bezen-
chukskaya zolotistaya (by 1.8%). In the variant with the use of polyethylene glycol, the indicators of
seed sowing qualities decreased by 5-10%. In the Orenburg 10 variety, the decrease was 8 and 10%
in sprouting energy and germination, respectively, and 5-7% in other varieties. The use of salicylic
acid offset the negative impact of artificially created drought on the sowing qualities of seeds and the
morphology of seedlings. Under artificially created drought conditions, treatment with salicylic acid
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contributed to an increase in the average number of rootlets by 2.9% (except for the Orenburgskaya
10 variety) and the rootlet weight of 1 sprout from 6.2% to 18.7% (except for the Kremen variety); the
average length and weight of sprouts on the Bezenchukskaya zolotistaya variety by 33.5 and 42.8%,
respectively, and on the Orenburgskaya 10 variety by 18.3 and 30.7%, respectively. For the remaining
varieties, the sprout length increased by 2.0 and 8.8%.

Keywords: Triticum durum Desf (durum wheat), salicylic acid, polyethylene glycol (PEG), sprout

mass, number of rootlets, rootlet weight
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INTRODUCTION

The study area is located within the steppe
zone of the Southern Urals on the southeastern
edge of European Russia. The zone is charac-
terized by a sharply continental climate, with
dry, hot summers and unstable and insufficient
moisture, as well as low freezing temperatures
in winter. In addition to aridity, this area is char-
acterized by saline soils. Excessive salts in the
soil are known to reduce the morphological
characteristics of seedlings. Varietal specificities
in response to salinity conditions have also been
established.

Thus, research by L.I. Fedoreeva et al. [1] has
established a higher salt tolerance of the spring
wheat variety Orenburgskaya 22 than the vari-
ety Uchitel. For agriculture in the Orenburg re-
gion, adaptation measures are being considered,
including the introduction of moisture-saving
technologies, expansion of drought-resistant
crops, and expansion of irrigated areas. Mod-
ern agricultural cultivation technologies focus
on the use of growth regulators and biologically
active substances that are safe for human health
and the environment. Numerous studies have
shown that the exogenous application of various
growth regulators, such as hormones, hormone

antagonists, polyamines, nutrients, antioxidants,
and others, helps improve the drought tolerance
of agricultural crops [2, 3].

One of the acceptable ways to improve the
vital activity of plants and increase their produc-
tivity in unfavorable environmental conditions
is pre-sowing seed treatment [4, 5].

Salicylic acid (SA) is a phytohormone that
is safe for humans and the environment and is
particularly important for plant adaptation to
stress factors [6]. SA is capable of increasing
respiratory activity and resistance to cyanide by
releasing heat. Its synthesis begins with the con-
version of phenylalanine to trans-cinnamic acid,
which is catalyzed by the enzyme phenylalanine
ammonium lyase. Cinnamic acid is then con-
verted to benzoic or orthocoumaric acid, which
then forms the derivative SA. It is an adaptogen,
meaning it functions as both a signaling mole-
cule and a stress-suppressing phytohormone. It
influences seed germination, vegetative growth,
aging, flowering, and fruit yield.

Activation of growth processes is observed at
low concentrations and inhibition at high con-
centrations.

According to A.V. Yakunina [7], low con-
centrations of salicylic acid increase seed ger-
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mination, while the use of higher concentrations
(0.05-0.50 mM) increases the size or weight of
seedlings. Exogenous use of SA affects a wide
range of physiological processes in plants, in-
cluding photosynthesis and growth rate. The
growth-promoting effect of low concentrations
of SA has been recorded for crops such as okra,
corn, wheat, tomato, and mustard [8].

The literature provides the results of experi-
ments indicating the role of SA in the adaptive
responses of plants to abiotic stresses: resistance
to drought, salinity, heavy metals, and the effects
of low temperatures [9].

The combined use of Pseudomonas putida
and salicylic acid promotes stress tolerance in
plants and improves plant growth. They have
significant effects on germination and mor-
phological, physiological, and biochemical
parameters [10]. The use of biochar in com-
bination with salicylic acid is recommend-
ed as an effective strategy for mitigating the
harmful effects of salt stress on soybeans [11].
Pre-sowing treatment of wheat seeds with SA
reduces water loss and cell membrane permea-
bility under water stress conditions, increasing
drought tolerance in wheat seedlings. Drought
affects grain yield and quality. Disruptions to
physiological and biochemical processes af-
fect plant growth, anatomy, and morphology.
Polyethylene glycol (PEG), a polymer prepa-
ration that virtually does not penetrate plant
tissue, is widely used to simulate water stress.
PEG 6000 molecules are inert, non-toxic, large
enough to be absorbed by plants, and do not
disrupt the water structure during the experi-
mental period. To determine the drought toler-
ance of genotypes, this osmotic agent is used
on various crops, such as millet, peas, wheat,
sorghum, and barley [12, 13].

The purpose of the research is to study the
sowing qualities of seeds, morphological indica-
tors of seedlings of different varieties of spring
durum wheat with pre-sowing treatment of seeds
with salicylic acid under conditions of sufficient
moisture and against the background of osmotic
stress.

MATERIAL AND METHODS

The experiment examined two factors:

1. Factor A — varieties of spring hard wheat:

— Orenburgskaya 10 — control;

— Bezenchukskaya 210;

— Bezenchukskaya zolotistaya;

— Kremen.

2. Factor B — pre-sowing seed treatment:

— distilled water — control — 10 1/t of seeds;

—salicylic acid at a concentration of 0.05 mM;

— polyethyleneglycol (PEG 6000) with an os-
motic pressure of 0.15 MPa;

—salicylic acid (0.05 mM) +PEG 6000 (0.15 MPa).

Wheat seeds were pre-soaked for 3 hours in
a salicylic acid solution. To prepare the working
solution, salicylic acid was dissolved in distilled
water heated to 80°C.

Polyethylene glycol (PEG 6000) is a polymer
based on ethylene glycol with a molar mass of
6000 units in the form of waxy flakes or a dense
white mass. PEG 6000 - 100 g / I corresponds to
0.15 MPa.

The seeds were germinated in germination
chambers between layers of filter paper in a TSO
IM thermostat at a temperature of 20 + 2 °C in
the dark, pre-treated with the studied prepara-
tions according to the experimental design, in
quadruplicate, with 25 seeds in each replicate.
Germination energy was calculated on the third
day, and germination capacity was calculated on
the seventh day (GOST 12038-84). Along with
the determination of germination energy, the
number of rootlets, their weight and length, and
the number and weight of sprouts were counted.
The reliability of sample means was assessed ac-
cording to B.A. Dospekhov.

RESULTS AND DISCUSSION

Laboratory experiments revealed that treat-
ing seeds with salicylic acid at the juvenile stage
had no significant effect on germination energy
or viability. A slight (1-2%) increase in these
parameters was noted in the Kremen and Bezen-
chukskaya zolotistaya varieties compared to the
control samples.

In the polyethylene glycol-treated variant,
seed quality indicators significantly decreased.
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For the Orenburgskaya 10 variety, the reduction
in germination energy and viability was 8% and
10%, respectively; for the other varieties, the re-
duction was between 5% and 7%.

The combined use of salicylic acid and poly-
ethyleneglycol increased the studied seed qual-
ity parameters relative to the variant using PEG
6000. For the Orenburgskaya 10 and Bezen-
chukskaya zolotistaya varieties, germination
energy and viability increased by 2 and 5%, re-
spectively. For the Kremen and Bezenchukska-
ya 210 varieties, seed quality increased slightly.
The data are presented in Table 1.

A significant increase in the average root
length of seedlings under the influence of sali-
cylic acid was obtained compared to the control
in the Kremen and Bezenchukskaya 210 vari-
eties (by 15.0 and 13.3%, respectively). In the
Orenburgskaya 10 and Bezenchukskaya zolot-
istaya varieties, the increase in root length for
this trait was significantly lower (by 1.8%). The
suppressive effect of polyethylene glycol on the
average root length was significantly manifest-
ed in all the studied varieties, and the decrease
was, in descending order: Bezenchukskaya 210
(26.0%), Bezenchukskaya zolotistaya (18.0%),
Orenburgskaya (10.8%), and Kremen (10.2%).

Treatment of spring durum wheat seeds with
salicylic acid had basically no effect on the root-
let weight and the average number of rootlets per
seedling. A slight increase in the rootlet weight
per seedling was observed for the Bezenchuk-
skaya 210 (9.8%) and Orenburgskaya 10 (4.0%)
varieties. In the variants with the use of poly-
ethylene glycol, the average number of rootlets
per seedling for all studied varieties decreased
significantly compared to the control variants.
Under induced drought conditions, the use of
salicylic acid contributed to an increase in the
average number of rootlets by 2.9% (except for
the Orenburgskaya 10 variety) and the rootlet
weight per seedling from 6.2 to 18.7% (except
for the Kremen variety). The data are presented
in Table 2.

Treatment of durum wheat seeds with sal-
icylic acid contributed to an increase in sprout
length and weight. The greatest increase in

sprout weight was obtained for the Bezenchuk-
skaya 210 (26.1%) and Kremen (11.5%) variet-
ies. A moderate increase in sprout weight was
observed for the Orenburgskaya 10 (4.0%) and
Bezenchukskaya zolotistaya (6.7%) varieties
compared to the control samples. An increase in
sprout length was noted for the Kremen, Bezen-
chukskaya 210, and Bezenchukskaya zolotista-
ya varieties, while the use of polyethylene gly-
col contributed to a decrease in average sprout
length by 52.7-66.2% and sprout weight by
46.7-69.2% compared to the control.

Under artificially induced drought condi-
tions, treatment with salicylic acid increased the
average shoot length and weight by 33.5% and

Taoa. 1. BexoxxecTs ¥ 9HEpTUs MpopacTaHus
CEMSH MPH MCIIOJIb30BaHUM CATUIIMIOBON KUCIIOTHI
u II9I" 6000, %

Table 1. Germination and energy of seed
germination when using salicylic acid and PEG
6000, %

Germi-
Variety / experimental variant nation | Viabili-
energy ty
Kremen
Control 95 96
Salicylic acid 97 97
PEG 6000 89 90
Salicylic acid + PEG 6000 90 91
Orenburgskaya 10
Control 93 94
Salicylic acid 94 94
PEG 6000 83 86
Salicylic acid + PEG 6000 85 91
Bezenchukskaya 210
Control 95 97
Salicylic acid 96 97
PEG 6000 89 90
Salicylic acid + PEG 6000 91 92
Bezenchukskaya zolotistaya

Control 93 95
Salicylic acid 94 97
PEG 6000 88 90
Salicylic acid + PEG 6000 90 95
LSD, 3,88 2,39
LSD, ;A (variety) 2,74 1,69
LSDO’5 B (experimental variant) 2,74 1,69
LSD, AB 2,74 1,69

PactreHneBoncTBO M ceneKIus

17

Cubupckuii BECTHHK CENbCKOXO3SHCTBEHHON HayKH * 2025 ¢ 55 ¢ 7



Influence of salicylic acid on germination
and morphological parameters of spring durum
wheat varieties under osmotic stress

Ivanova E.A., Besaliev I.N.

42.8%, respectively, compared to the PEG 6000
treatment, and by 18.3% and 30.7%, respective-
ly, for the Orenburgskaya 10 variety. For the
remaining varieties, shoot length increased by
2.0% and 8.8%, and average weight by 5.5%
and 7.1%. The data are presented in Table 3.
Calculating the influence of the studied fac-
tors on changes in seed and sprout quality indi-
cators revealed that the "treatment option" fac-
tor makes the largest contribution, ranging from
36.57% (germination energy) to 73.40% (sprout
weight). It should be noted that the "variety" fac-
tor also has a significant impact on rootlet count.

CONCLUSION

Under induced drought conditions, a decrease
in sprouting energy and germination, as well as
a reduction in shoot length, weight, and root
length, is observed. The use of salicylic acid re-
duces the negative impact of artificially induced
drought on seed germination quality and seed-
ling morphology in durum wheat. Furthermore,
germination energy and germination of the stud-
ied varieties increased by 1-5%, while the aver-
age shoot length and weight increased by 33.5%
and 42.8%, respectively, for the Bezenchukska-

Tao6ua. 2. IlokazaTenu KOpHEBOM CUCTEMBI 3-THEBHBIX IPOPOCTKOB COPTOB SIPOBOM TBEPAOH MIICHUIIBI
Table 2. Indicators of the root system of 3-day-old seedlings of spring durum wheat varieties

. ) . Average length of | Average number of | Weight of roots of
Variety / experimental variant one rootlet, cm | roots per sprout, pcs. one sprout, g
Kremen
Control 4,07+ 0,15 4,3+0,37 0,30 £ 0,02
Salicylic acid 4,68+0,14 4,3+0,19 0,30 +£ 0,01
PEG 6000 3,63+0,16 3,5+0,28 0,20+ 0, 04
Salicylic acid + PEG 6000 3,83 +£0,15 3,6+0,18 0,20 + 0,01
Orenburgskaya 10
Control 4,52+0,16 4,5+0,29 0,25 +0,02
Salicylic acid 4,60+0,12 4,5+0,23 0,26 +£0,03
PEG 6000 4,06 +0,14 3,4+0,55 0,16 £ 0,03
Salicylic acid + PEG 6000 426+0,13 34+0,18 0,19+ 0,05
Bezenchukskaya 210
Control 3,77+ 0,12 4,8+0,13 0,31 +0,04
Salicylic acid 427+0,13 4,9+0,04 0,34 £ 0,01
PEG 6000 2,79 £ 0,11 4,2+0,23 0,16 £ 0,02
Salicylic acid + PEG 6000 2,92+0,13 4,3+0,46 0,17+ 0,06
Bezenchukskaya zolotistaya

Control 4,50+ 0,15 4,8 +0,28 0,35+ 0,04
Salicylic acid 4,58+ 0,11 4,8 +£0,18 0,35+ 0,06
PEG 6000 3,69 + 0,15 4,4+0,32 0,22 + 0,02
Salicylic acid + PEG 6000 3,84+0,13 4,5+0,08 0,25 +£0,02
LSD, - 0,26 0,26
LSD,; A (variety) 0,18 0,18
LSD,; B (experimental variant) 0,18 0,18
LSD,,AB 0,18 0,18
18  Siberian Herald of Agricultural Science * 2025 + 55 « 7 Plant growing and breeding
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Taoa. 3. [lokazaTenyu mpopoCTKOB SIPOBOW TBEPAOH MIIEHHUIIBI HA (POHE KOHTPOIHHOTO M OIBITHBIX

BApHUAHTOB
Table 3. Indicators of spring durum wheat seedlings against the background of control and experimental
variants
Variety / experimental variant Average sprout length, cm Average sprout weight, g
Kremen
Control 2,40 £ 0,08 0,26 0,02
Salicylic acid 2,71 +£0,09 0,29 + 0,04
PEG 6000 1,59 + 0,08 0,18 £0,05
Salicylic acid + PEG 6000 1,73 £ 0,11 0,19 +0,02
Orenburgskaya 10
Control 2,83 +£0,08 0,25+0,01
Salicylic acid 2,83 + 0,08 0,26 + 0,02
PEG 6000 1,64 £0,10 0,13 +0,01
Salicylic acid + PEG 6000 1,94 + 0,09 0,17 +0,03
Bezenchukskaya 210
Control 2,01 +£0,04 0,23 +£0,03
Salicylic acid 2,57 +0,05 0,29 +£0,01
PEG 6000 1,47 £ 0,06 0,12+0,01
Salicylic acid + PEG 6000 1,50 £ 0,08 0,15+0,03
Bezenchukskaya zolotistaya
Control 2,79 £ 0,06 0,30 £ 0,02
Salicylic acid 2,93 +0,05 0,32 +0,04
PEG 6000 1,61 +0,08 0,14 +0,03
Salicylic acid + PEG 6000 2,15+0,08 0,20+ 0,03
LSD,, 0,03
LSD, ;A (variety) - 0,02
LSD, ; B (experimental variant) 0,02
LSD,,AB 0,02
ya zolotistaya variety and by 18.3% and 30.7%, CHUCOK JUTEPATYPbI

respectively, for the Orenburgskaya 10 variety.
In the remaining varieties, the length of sprouts
increased by 2.0 and 8.8%, the average weight
by 5.5 and 7.1%, the average number of roots by
2.9% (except for the Orenburgskaya 10 variety)
and the weight of roots of one sprout by 6.2—
18.7% (the exception is the Kremen variety).

The greatest contribution to the change in the
quality indicators of seeds and their sprouts is
made by the factor of seed treatment with sal-
icylic acid, PEG 6000. The indicators ranged
from 36.57% for germination energy to 73.40%
for sprout weight.

1. Fedoreyeva L.I, Besaliev IN. Kononen-
ko N.V. Salt Tolerance of Conditions // Jour-
nal of Soil Science and Plant Nutrition. 2021.
Vol. 3 (2). P. 1-8. DOI: 10.36266/JSSPP/138.
Hassan Nemat, Heba Ebeed, Alshafei Aljaarany.
Exogenous application of spermine and putrescine
mitigate adversities of drought stress in wheat by pro-
tecting membranes and chloroplast ultra-structure //
Physiology and Molecular Biology of Plants. 2020.
Vol. 26 (2). P. 233-245.

Huan Li, Wang Jin-Qiang, Liu Qing. Photosyn-
thesis product allocation and yield in sweet potato
with spraying exogenous hormones under drought
stress // Journal of Plant Physiology. 2020. Vol. 253.
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Influence of salicylic acid on germination
and morphological parameters of spring durum
wheat varieties under osmotic stress

Ivanova E.A., Besaliev I.N.

10.

11.

12.

P. 153265. DOI: 10.1016/}.jplph.2020.153265.
Pavol Findura, Ivana Sindelkovd, Robert
Rusinek, Hamed Karami, Marek Gancarz, Petr
Bartos. Determination of the influence of bio-
stimulants on soil properties and field crop
yields // International Agrophysics. 2022. N 36
(4). P. 351-359. DOI: 10.31545/intagr/155955.
Boponxosa H.A., banabanosa H.D., Bonko-
6a B.A., I]vicanosa H.A. Ilpumenenue pocro-
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KO TIIeHUIH! // JIOCTIKEHHSI HAYKW U TEXHUKH
AIIK. 2020. T. 34. Ne 10. C. 73-77.

Konynaes IO.E., Acmpe6 T.O., Ionskos A.K.,
JIvumpuee A.Il. CanuuuioBas KuCIOTa U
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TEHU Ha aOWOTUYECKHE CTPECCOPBI: POJIb
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TOMCKOTO  TOCYIAQpCTBEHHOTO  YHUBEPCHUTE-
ta. buomorus. 2021. Ne 55. C. 135-165. DOLI:
10.17223/19988591/55/8.

Axynuna, A.B., Cunuyvina FO.B. Bnusaue ca-
JIMIIAJIOBOM M STHTAPHOW KHUCIOT Pa3HBIX KOH-
LEHTpaIMid Ha BCXOXKECTh M MOphoMeTpuye-
CKHE TI0Ka3arelld PACTEHHH OBCa MOCEBHOTO
Avena sativa L. u neHutsl TBepaou Triticum
durum L. // Kypran Cubupckoro ¢enepaibHO-
ro yHusepcutera. buomorus. 2023. T. 16 (1).
C. 54-63.

Sabry M. Youssef, Antonio  Lopez-Ore-
nes,Maria A. Ferrer, Antonio A. Calderon. Sali-
cylic-Acid-Regulated Antioxidant Capacity Con-
tributes to Growth Improvement of Okra (Abel-
moschus esculentus cv. Red Balady) // Agro-
nomy. 2022. Vol. 12 (1). P. 168. DOI: 10.3390/
agronomy12010168.

Saleem M., Fariduddin Q., Janda T. Multiface-
ted role of salicylic acid in combating cold stress
in plants: A review // Journal of Plant Growth
Regulation. 2020. DOI: 10.1007/s00344-020-
10152-x.

Sundas Tanveer, Nosheen Akhtar, Noshin
Ilyas, RZ Sayyed, Betty Natalie Fitriatin, Kah-
kashan Perveen, Najat A Bukhari. Interactive
effects of Pseudomonas putida and salicylic acid
for mitigating drought tolerance in canola (Bras-
sica napus L.) // Heliyon. 2023. Vol. 9.9 (3).
DOI: 10.1016/j.heliyon.2023.e14193.
Mohammad Mehdi Alizadeh, Mahyar Gera-
mi, Parastoo Majidian, Hamid Reza Ghorbani.
The potential application of biochar and salicylic
acid to alleviate salt stress in soybean (Glycine
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P.e26677. DOI: 10.1016/j.heliyon.2024.e26677.
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IHonyyenue MUHM-KJIYOHEH KapTo(esisi HA OCHOBE CHCTEMBbI
KaIeJbHOI0 MOJIMBA

Camobuia U.H.!', ) Csupkona C.B." %, Xonaena B.II.!, beccosunpina O.I'.!,

Mo3nusikoBa U.B.', Cepaiok B.A.'

'Kemeposckuil Hayuno-ucciedo8amenbCKuil UHCIUmym celbCKo20 X035SUCmea — Guiual
Cubupckoeo gedepanbroo Hayuno2o yenmpa azpobuomexnonocuti Poccutickoii akademuu nayx
Kemepogckas obmacts — Ky3b6acc, m. HoBocTpoiika, Poccus

2Kemeposckuii 20cy0apcmeeHHblil YHUGepCumenm

Kemepogo, Poccus

(X)e-mail: svsvirkova@yandex.ru

B utone — cenrsi6pe 2024 . ¢ npUMEHEHHEM CHCTEMBbI KalleJIbHOTO MOJIMBA B YCIOBHUIX KOHTPOJIH-
pyeMoii cpernbl MpoBeICHO UCCIeJOBAHKE M0 BBHIPAIIMBAHHUIO PACCaIHBIM CIIOCOOOM 0310POBICHHBIX
B KYJIBTYPE i1 Vitro MUKPOPACTEeHHUH IIECTH PaiOHUPOBAHHBIX COPTOB KapTOQes pa3HbIX IPYII Clie-
noctu (JTro6asa, [Tamsaru AHomkuHol — panHectnenble, KemepoBuannH, HeBckui, Tanaii — cpene-
pannue, TyneeBCKUl — cpeaHeCTIeNbli). PacTeHns pa3menianmm B 7-THTPOBBIX COCYIaX, 3aITOJTHCHHBIX
TopdsiHbIM cyOcTpaTom. M3yuenue npoBoaunu B Tedenue 112 nHeid npu Temiiepatype B IOMELICHUH
19-22 °C, oTHOCHTEIbHON BIaXHOCTH Bo3ayxa 70—85% u mponomkutensHocTH (oronepuona 16 u.
B3anMmozelicTBre CO3MaHHBIX B J1a00PaTOPUU THAPOTEPMHUUECKUX YCIOBUH M pEKUMa OCBEILEHHO-
CTH TIO3BOJIMIIO TOCTUYb 99%-ii MPIKUBAEMOCTH PACTEHUH U XOPOIINX MOPPOMETPHUYECKUX TTOKa3a-
tesel. [lomydeHsl aOCONIOTHBIE U CPEIHHUE 3HAYCHUS KOJMYSCTBEHHOTO BBIXOJA U MPOIYKTUBHOCTH
Ha/I36MHBIX 1100ETOB PacTeHUH M MMHHU-KIIyOHEH. YCTaHOBICHO, YTO AJMHA HaJ3€MHBIX 110OETOB y
HCCIIelyeMbIX COPTOB KapTodes Mmoiay4uia HauOonbliee pa3BuTHE 10 Havajia nsereHus (85-91%).
Poct Ham3eMHBIX TOOETOB B AJTMHY 3aMETHO CHUKAJICS K eproay GOpMUPOBAHUS MUHH-KITYOHEH 1
cocraBisi He Oonee 23%. Pactenus ¢ HagzemubiMu noderamu ymmHoi 109—133 MM chopmuposau
3a BereTalMoHHbIN niepuoxn 148-205 r 3enenoii maccwl. [Ipu 3TOM exKecyTOYHBIH TPUPOCT CTEONS y
coptoB coctaBui 0,5-1,4 cm. C 0HOrO pacTeHUst MO0 COpTaM ObLIO MaKCHMAJbHO IMOJIYYEHO OT 4
o 10 MuaHE-KITyOHEH, B cpemHeM — OT 2 10 4 mT. M3 Bcero moaydeHHOTo KOJIWYeCTBA MUHHU-KITYO-
Heit (1113 wt.) 84,4% 6b111 Mopdonoruuecku c(hOpMUPOBAHHBIMHU TSI AAJIbHEHIIET0 Pa3MHOKCHUSI.
Cpennsist Macca KIyOHEH ¢ OJHOTO pacTeHUsl cocTaBuia 56—146 1, cpenHsis Macca OTHOTO KITyOHS —
20-69 . Hanbomnpbias cpennsis Macca 0JHOTO KiTyOHs 3aduKcupoBana y coptoB HeBckwuii (42 r) u Jlro-
OaBa (69 r) mpu nuamerpe kiyoHen 49 u 61 mm. [IpuMeHeHNe KanelnbHOTO TTOJINBA M PETYIHPYEMOM
OCBEIICHHOCTH MPU BHIPAIIUBAHUN MHHHU-KIIyOHEH paiiOHUPOBAHHBIX COPTOB KapTOQes TO3BOIUIIO
obecmeunts BbIxoa 110 71,0-89,8% crammaprHoii ppaknnu (9—60 mm), oTBeHaromei TpeOOBaHUAM
I'OCT 33996-2016.

KroueBbie ciioBa: xapTodens, palloHUpOBaHHBIE COPTa, HAA3EMHbIE TOOETH, MUHU-KITyOHH, Ka-
TMeNbHBIHI MONB, TPOTYKTUBHOCTh

Production of potato minitubers using a drip irrigation system

Sambyla Ch.N.!, X)Svirkova S.V." 2, Khodaeva V.P.!, Bessolitsyna O.G.',

Pozdnyakova L.V.!, Serdyuk V.A.!

'Kemerovo Research Institute of Agriculture — Branch of the Siberian Federal Scientific Centre
of Agro-BioTechnologies of the Russian Academy of Sciences

Novostroika settlement, Kemerovo region — Kuzbass, Russia

2Kemerovo State University

Kemerovo, Russia

(X)e-mail: svsvirkova@yandex.ru

In June — September 2024, using a drip irrigation system in a controlled environment, a study
was conducted on growing in vitro cultured micro plants of six released potato varieties of different
maturity groups (Lyubava, Pamyati Anoshkinoi — early-maturing, Kemerovchanin, Nevsky, Tanai —
middle-early, Tuleyevsky — medium-maturing) using the seedling method. The plants were placed in
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Tlonyuenne MUHU-KIyOHEW KapTodens
Ha OCHOBE CHCTEMBbI KalleJIbHOTO IT0JINBa

Cam0buta U.H., Cupkosa C.B., Xonaesa B.I1.,
Beccomuupina O.I, Tlozausxosa U.B., Cepatok B.A.

7-liter vessels filled with peat substrate. The study was conducted for 112 days at a room temperature
of 19-22 °C, relative air humidity of 70-85%, and a photoperiod duration of 16 hours. The interac-
tion of hydrothermal conditions and illumination mode created in the laboratory made it possible to
achieve 99% plant acclimatization and good morphometric parameters. Absolute and average values
of quantitative yield and productivity of aboveground plant shoots and minitubers were obtained.
It was found that the length of aboveground shoots in the studied potato varieties was developed to the
greatest extent before flowering of plants (85-91%). The growth of aboveground shoots in length sig-
nificantly decreased by the period of minitubers formation and was no more than 23%. The plants with
aboveground shoots 109—133 mm long formed 148-205 g of green mass during the growing season.
At the same time, the daily stem growth of the varieties was 0.5-1.4 cm. A maximum of 4—10 mini-
tubers were obtained from one plant for each variety, on average — from 2 to 4 pcs. Of the total num-
ber of minitubers obtained (1113 pcs.), 84.4% were morphologically formed for further propagation.
The average weight of tubers per plant was 56146 g, the average weight of one tuber was 20-69 g.
The highest average weight of one tuber was observed in the Nevsky (42 g) and Lyubava (69 g)
varieties with the corresponding diameters of 49 and 61 mm. The use of drip irrigation and controlled
lighting in growing minitubers of released potato varieties made it possible to ensure an output of up
to 71.0-89.8% of the standard fraction (9—60 mm), which meets GOST 33996-2016.

Keywords: potato, released varieties, above-ground shoots, minitubers, drip irrigation, productivity
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INTRODUCTION pointed out the need to provide potato produc-
tion with high-quality seed material free from
viral, viroid, bacterial, and fungal phytopatho-
gens and obtained through in vitro cultivation of
microplants [4—7]. At the same time, attention is

focused on utilizing the potential of domestical-

Currently, potatoes remain one of the most
significant food crops in various countries and
regions, with cultivated areas amounting to 19
million hectares [1, 2]. The growth of global po-

tato production to 378 million tons [2, 3] guar-
antees food security for 160 countries. In Rus-
sia, this crop occupied 1,022 thousand hectares
of arable land in farms of all categories' in 2024,
providing a gross harvest of 18.02 million tons?.
In this regard, many authors have repeatedly

ly bred varieties [8].

At the current stage of potato cultivation de-
velopment, the widespread use of innovative
technologies at all stages of production of orig-
inal seeds of various classes is entirely justified
and relevant [9]. Many researchers are devoting

!Cultivated area of the Russian Federation in 2024 / Federal State Statistics Service (Rosstat), Moscow, 2024.
Gross harvests and yields of agricultural crops in the Russian Federation in 2024 / Federal State Statistics Service (Rosstat),

Moscow, 2025.
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Production of potato minitubers using
a drip irrigation system

Sambyla Ch.N., Svirkova S.V., Khodaeva V.P.,
Bessolitsyna O.G., Pozdnyakova L. V., Serdyuk V.A.

considerable attention to various methods of
producing potato minitubers, based on the use
of aerohydroponic and other resource-saving
systems for the accelerated propagation of new
and scarce varieties in accordance with GOST
33996-2016*3[6, 10-15].

Controlled lighting conditions and automated
irrigation thanks to digital drip irrigation tech-
nologies, as well as the use of healthy micro-
plants, allow for up to two crops of potato mini-
tubers per year. This undoubtedly increases the
profitability of healthy seed production® [9, 12,
16—18]. Therefore, optimization of potato mi-
croplant cultivation techniques on innovative in-
stallations to obtain minitubers that meet GOST
requirements is relevant for seed production of
the crop in the cultivation zone.

For the first time, a comprehensive study on
growing micro plants and obtaining mini-tubers
under controlled conditions was conducted at
the Kemerovo Research Institute of Agriculture
(KemNIISKh) using domestically bred potato
varieties approved for use as an example.

The theoretical and practical value of this re-
search lies in the development of techniques and
methods for increasing the efficiency of potato
minituber production using a drip irrigation sys-
tem. Increasing plant survival and the number of
minitubers while maintaining morphometric pa-
rameters will contribute to improved agronomic
practices and increased crop yields.

The purpose of this work was to obtain mini-
tubers of the regional potato varieties based on
the use of a drip irrigation system in a controlled
environment at the Kemerovo Research Institute
of Agriculture.

MATERIAL AND METHODS

The research was conducted from June to
September 2024 in the Laboratory of Potato
Breeding, Biotechnology, and Agricultural En-
gineering at the Kemerovo Research Institute
of Agriculture. The study involved 384 in vitro
plants (Bank of Healthy Potato Varieties) of six
regional varieties of different maturity groups:
Lyubava and Pamyati Anoshkinoi (early ma-
turing), Nevsky, Tanai, and Kemerovochanin
(middle-early), and Tuleyevsky (medium-ma-
turing), which were cultivated in vivo.

Before planting the seedlings, the samples
were tested for latent viral and bacterial dis-
eases using the ELISA method. Minitubers
were grown in 25-cm-diameter, 7-liter plas-
tic vessels filled with Agrobalt-S peat sub-
strate (PINDSTRUP LLC). The vessels with
the planted plants were placed in a modified
UGSO-1 system for the all-season production
of virus-free seed potatoes of the "original
seed" category (developed by the Altai Center
for Applied Biotechnology, Altai State Univer-
sity).

The study was conducted over 112 days
at a room temperature of 19-22°C, a relative
humidity of 70-85%, and a photoperiod of 16
hours. A Royal Clima Cassette DC Inverter
air conditioner (Clima Tecnologie S.r.1., Italy;
11 kW capacity) was used to maintain the re-
quired air temperature. Lighting duration was
regulated by an automatic control unit using
LED-T-18-FITO LED lamps (20 W, 230 V,
G13). A drip irrigation system was used to wa-
ter the seedlings. It consisted of an OOS-0.25
reverse osmosis system (OOO SPA “Aquat-
ech”; capacity 0.3 m3/h), a water intake unit
with a 300-liter capacity, an Aquatech pumping

3Anisimov B.V., Simakov E.A., Zhevora S.V., Oves E.V., Zebrin S.N., Mityushkin A.V., Zhuravlev A.A., Blinkov E.G., Yurlova S.M.,
Uskov AL, Zeyruk V.N., Fedotova L.S. Modern technologies for the production of seed potatoes: a practical guide / edited by. B.V.

Anisimova. Cheboksary, 2018, 48 p.

4Zhevora S.V., Oves E.V., Starovoytov V.I. Innovative technology for growing potato minitubers in an aerohydroponics system: a

tutorial. Moscow, 2018, 84 p.

SGOST 33996-2016. Seed potatoes. Specifications and methods for determining quality. Moscow: Standartinform, 2017, 32 p.

SKhamidova M.A., Arzhanukhina E.V., Prokopets R.V., Nikishanov A.N. Advantages of drip irrigation // Modern problems and
prospects for the development of construction, heat and gas supply and energy supply: Proceedings of the XIII National Conf. with
international participation (Saratov, April 20-21, 2023) / edited by B.V. Fisenko. Saratov, 2023, pp. 266-271.
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station, and main, distribution, and irrigation
pipes with drippers installed at the ends. Water-
ing was performed twice daily at 50-70 ml per
vessel for 5-8 minutes. The first fertilizing was
performed with Minavit Turbo organomineral
fertilizer during the growing season, and the
second with Florizel complex mineral fertilizer
during budding and flowering. Five days before
harvesting the minitubers, the aboveground
shoots were removed from the plants, and wa-
tering was suspended.

The length and weight of aboveground plant
shoots were determined by measuring their
length and weighing them, while the diameter
and weight of minitubers were determined by
measuring their length, weighing them, and
counting them separately for each treatment.
The number, diameter, weight, and fractional
composition of minitubers per plant were de-
termined in accordance with established meth-
ods’. Statistical processing of data was carried
out using generally accepted methods and the
Statistica 7.0 software package from Win-
dows'.

RESULTS AND DISCUSSION

Under controlled environmental conditions,
data on the productivity of above-ground shoots
and minitubers of the studied regionalized pota-
to varieties of domestic selection were obtained
for the first time (see Table 1).

During plant growth and development, shoot
length varied across the varieties from 8§—11 cm
(at the planting stage) to 109—133 cm (at the time
of minituber harvest). Some differences were
observed during budding and the beginning of
flowering. For example, the Lyubava (early-ma-
turing), Nevsky (middle-early), and Tuleyevsky
(medium-maturing) varieties had shoots reach-
ing 85-91 cm, which is 16-25 cm longer than
the shoots of the middle-early Kemerovchanin
and Tanai varieties. However, by the end of the
growing season, shoot lengths for the Kem-
erovchanin and Tanai varieties reached 128 and
133 cm, respectively, meaning no significant dif-
ferences in this parameter were observed com-
pared to the Tuleyevsky (132 cm) and Pamyati
Anoshkinoi (130 cm) varieties. In contrast, un-
der the same conditions, shoot lengths for the

Taoa. 1. [IporykTuBHOCTH pallOHMPOBAHHBIX COPTOB KapTO(heNs B KOHTPOIUPYEMBIX YCIOBHSIX CPEIb

(utoHb — ceHTs0ph 2024 1.)

Table 1. Plant productivity of the released potato varieties under controlled environmental conditions

(June — September 2024)

Aboveground shoots Mini-tubers
Variety length, mm weight, g diameter, mm weight, g
X min/max min/max X min/max X min/max

Lyubava 109 70/142 148 65/345 61 10/120 69 4/258
Kemerovchanin 128 83/163 203 90/305 30 10/60 20 2/154
Nevsky 118 75/160 219 110/390 49 28/90 42 4/134
Pamyati Anoshkinoi 130 78/225 205 100/395 41 10/70 30 2/132
Tanai 133 64/182 164 55/340 36 10/70 28 2/142
Tuleyevsky 132 84/187 202 80/295 42 10/70 27 2/120
LSDO’05 14,2 42,1 18,4 29,1

Note. In tables 1 and 2: x— arithmetic mean; min/max — minimum and maximum value by grade.

"Guidelines for ecological testing of potato varieties. Moscow: VASKhNIL, 1982, 14 p.
8Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results): textbook. Mos-

cow: Alliance, 2011. 350 p.

°Lakin G.F. Biometrics: a textbook. Moscow: Higher School, 1990, 352 p.
Sorokin O.D. Applied statistics on a computer. Novosibirsk, 2012, 282 p.
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Lyubava and Nevsky varieties did not exceed
109 and 118 mm, respectively.

All potato varieties studied demonstrated the
greatest shoot growth at the onset of budding and
flowering (56—83 cm on average, 85-91%). This
figure did not exceed an average of 1.4 cm per
day. Daily shoot growth by variety during the
second period (from flowering to harvest) ranged
from 0.5 to 1.3 cm. Plants with the aboveground
shoots of 109-133 mm long were found to pro-
duce 148-205 g of green mass during the grow-
ing season. The environmental conditions cre-
ated during the study allowed for a 99% plant
survival rate, regardless of the variety.

The quantitative yield of minitubers from one
plant was 1-10 pieces, on average — 2—4 pieces
(see Table 2).

Tables 1 and 2 show that the minitubers' di-
ameter varied from 10 to 120 mm (30—61 mm on
average), and their weight ranged from 2 to 258
g (20-69 g on average). The average weight of
minitubers per plant was 56146 g, with an aver-
age diameter of 77—-146 mm. The highest values
of the analyzed characteristics corresponded to
the Lyubava (early-maturing) varieties — 61 mm
and 69 g, and Nevsky (middle-early) — 49 mm
and 42 g, respectively.

With such high tuber diameter and weight in-

dicators, these varieties also produced the high-
est yields in the experiment: 9,313 g for the Ly-
ubava variety and 8,006 g for the Nevsky vari-
ety. Tuber weights for the other studied varieties
were 56-71% and 29-48% lower, respectively.
Therefore, the yields of the Kemerovchanin,
Pamyati Anoshkinoi, Tuleyevsky, and Tanai va-
rieties were approximately half those of the most
productive samples (Lyubava and Nevsky),
which did not differ significantly in this indica-
tor.

Comparison of our data with those of other
authors, also obtained under controlled environ-
mental conditions, revealed interesting results.
The yield of minitubers per plant in greenhouse
conditions in the Arkhangelsk region averaged
2—6 pieces [6], in the North Caucasus (Repub-
lic of North Ossetia-Alania) — 3-8 pieces [9], in
the Moscow region — 8 pieces, and in the Lower
Volga region — 10 pieces!! 2,

The use of liquid chelated fertilizers on Agro-
balt-N nutrient soil when growing potato micro-
plants in tunnel shelters in the Bryansk region
allowed for the stabilization of mini-tubers pro-
duction to 611 pieces [19]. In the presented
studies, from 1 to 10 minitubers (an average of
24 pieces) were formed on one plant. Turkish
scientists obtained an average of 6—8 minitubers

Ta6a. 2. KonmnuecTBeHHBIH BBIXOA, JMAMETP M Macca MUHU-KITyOHEH B KOHTPOJINPYEMBIX YCIOBHUSIX

cpens! (MIoHb — ceHTA0ph 2024 1)

Table 2. Quantitative yield, diameter and weight of minitubers under controlled environmental

conditions (June — September 2024)

Quantity, pcs./plant. Diameter, mm/plant. Weight, g/plant.
Variety

x min/max x min/max total x min/max
Lyubava 2 1/4 128 63/274 9313 146 14/290
Kemerovchanin 4 1/10 90 10/291 3792 60 2/174
Nevsky 3,5 1/9 146 56/234 8006 125 8/186
Pamyati Anoshkinoi 2 1/8 77 25/273 3567 56 4/168
Tanai 3 1/7 96 20/233 4805 75 4/226
Tuleyevsky 3 1/10 87 26/238 3573 56 4/158
LSDO,05 0,6 41 3410 53

"Anisimov B.V., Chugunov V.S., Shatilova O.N. Optimization of technological schemes and production volumes of in vitro
material and minitubers in the process of original potato seed production // Potato growing: materials of the international. scientific
and practical. conf. "Methods of biotechnology in potato breeding and seed production" (Moscow, July 7-9, 2014), Moscow, 2014,

pp. 158-163.

2Antsipovich V.V., Semenova Z.A., Khadyko O.N. Growing potato mini-tubers under acroponic conditions using nutrient solu-
tions based on Murashige-Skoog medium and water-soluble fertilizer "Leafdrip" // Crop Farming and Plant Growing, 2015, N 4,

pp. 21-22.
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weighing 10-11 g from one plant'?, which is 2—6
times less than the results presented in our study.
According to M.K. Koksharova and Sh.N. Kari-
mova, when obtaining 9-13 minitubers from one
plant, an average of 30—40 g of minitubers was
obtained'. Iranian scientists, by adding thiourea
to the soil, obtained 185 g of minitubers from
one plant with an average tuber weight of 25-32
gls.

It is important to note that, under controlled
environmental conditions, regardless of the re-
search methods, many authors have obtained
fairly high yields of minitubers of the standard
fraction — 75-89% (see footnotes 11, 12). The
results of our studies have shown that growing
minitubers using a drip irrigation system allows
for a quantitative yield of the standard fraction
of up to 90%, in accordance with GOST 33996
2016 (see Table 3). It was found that high indi-
cators of the standard fraction were obtained due
to minitubers of 21-40 and 41-60 mm in size,
the proportion of which was 23-52 and 10-35%,
respectively.

Moreover, the contribution of minitubers
smaller than 9 mm in size to the formation of the
fractional composition and total mass of minitu-
bers by variety was insignificant. This fraction
accounted for no more than 9% of the total num-
ber of minitubers in the Pamyati Anoshkinoi,
Tanai, and Lyubava varieties. The potential for
minituber formation was higher for the Nevsky,
Kemerovchanin, and Tuleevsky varieties (16—
27%). However, the weight of one minituber of
the fraction less than 9 mm did not exceed 1 g.
For this reason, when taking into account the
productivity of the studied varieties, fractions of
9 mm and more with morphologically formed
mini-tubers were taken into account (73-94%).

The proportion of the large fraction (over 60
mm) should also be noted. For example, in the
Lyubava (early-maturing) and Nevsky (mid-
dle-early) varieties, the large fraction accounted
for 35% and 16%, respectively. For other variet-
ies, its contribution did not exceed 5%.

CONCLUSIONS

Ta6a. 3. Bbixoa pa3iuvHbIX 10 BEIHMYUHE (PPAKIIUU MUHU-KITYOHEH, IOJYyYCHHBIX HA OCHOBE IIPUMEHE-
HUSI CUCTEMBI KaIleJIbHOTO I0JIuBa (MIOHb — CeHTI0ph 2024 1)

Table 3. Yield of minituber fractions of different sizes obtained using a drip irrigation system (June —

September 2024)
Fraction, mm

Variety T;g:l’ Lessthan9 |  9-20 21-40 41-60 M°rgothan G tggggr " 9_n61(())r.aend
: (working)
pes. | % |pes.| % |pes.| % |pes.| % |pes.| % |pes.| % | pes. %
Lyubava 149 | 14 | 9 2 1 34 | 23 | 47 | 32 | 52 | 35 | 83 | 56 | 135 91
Kemerovchanin 241 | 49 | 20 | 53 | 22 | 112 47 | 25 | 10 | 2 |0,83|190| 79 | 192 80
Nevsky 226 |37 |16 | O 0 (74|33 |78 35|37 ]| 16 |152] 67 | 189 84
Pamyati Anoshkinoi 126 7 6 3 2 |66 |52 (44 |35 6 5 (113190 | 119 | 94
Tanai 187 | 16 | 9 | 28 | 15 | 96 | 51 | 44 |235| 3 | 1,6 | 168 | 90 | 171 91
Tuleyevsky 184 | 50 | 27 | 7 4 | 65|35 |58 |32 4 2 | 130 71 | 134 | 73

LSD, 24,9 31,5 46,3 31,5 29,7 64,1 433

B0zkaynak E., Samanci B. Yield and yield components of greenhouse, field and seed bed grown potato (Solanum tuberosum L.)
plantlets / Agriculture Faculty of Akdeniz University, 2005, vol. 18 (1), pp. 125-129.

YKoksharova M.K., Karimova Sh.N. Potato seed production in the Middle Urals // Potato growing: materials of the international.
scientific and practical. conf. "Methods of biotechnology in potato breeding and seed production" (Moscow, July 7-9, 2014), Mos-
cow, 2014, pp. 217-222.

SGermchi S., Behroozi F.G., Badri S. Effect of Thiourea on Dormancy Breaking and Yield of Potato (Solanum tuberosum L.)
Minitubers Marfona cv. in Greenhouse // International Conference on Environmental and Agriculture Engineering [IPCBEE-2011.
Singapore: IACSIT Pres., 2011, vol. 15, pp. 19-24.
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Based on the research conducted, the follow-
ing conclusions were formulated:

1. During the vegetation period, the length
of aboveground shoots in all potato varieties
studied reached its greatest development by the
flowering stage. The growth of aboveground
shoots in length significantly decreased towards
the formation of minitubers and amounted to no
more than 23%. The daily growth of aboveground
shoots averaged 0.5-1.4 cm. It was found that
aboveground shoots in different potato varieties
with an average length of 109—133 mm grew an
average of 148-219 g of green mass.

2. The interaction of hydrothermal condi-
tions and illumination created in the laboratory
allowed for a 99% plant survival rate and the
production of 1,113 minitubers. Of these, 940
(84.4%) were morphologically formed for fur-
ther propagation.

3. The use of drip irrigation and adjustable
lighting made it possible to obtain a maximum of
4—10 mini-tubers from one plant (on average 2—4
pieces), depending on the variety.

4. With a wide variation in mini-tuber
weight across the experiment, the average values
were 56—146 g/plant. In some cases, the weight
of a single tuber in the experiment reached 42
and 69 g with a diameter of 49 and 61 mm, re-
spectively.

5. Analysis of the fractional composition of
minitubers showed a high yield of the standard
fraction of up to 71.0-89.8%, which allows us to
note the effectiveness of using a drip irrigation
system in obtaining mini-tubers that comply with
GOST 33996-2016.

Thus, the obtained results indicate that the
methods used in this study, such as drip irrigation
and controlled lighting, are effective in achieving
high potato survival and productivity rates. They
can be recommended for solving practical prob-
lems in potato seed production. Further study of
the factors and methods of cultivation under con-
trolled conditions that influence the growth and
development of potato microplants, improved in
an in vitro culture, will be aimed at increasing
the number of minitubers while maintaining their
morphometric characteristics.
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HoBblil aganTUBHBIN COPT 03UMOM pxu batucr

) MlasaxTuna E.A., PeiioBa O.H., YTkuna E.N.

Deodepanvhblii acpapusiii Hayunwli yeump Cesepo-Bocmoka um. H.B. Pyonuykoeo
Kuposckas o6nactp, n..T. @anenku, Poccus

(X)e-mail: fss.nauka@mail.ru

Jlyisl OBBILICHHST TPOILYKTUBHOCTU M Ka4decTBa 3€pPHA O3MMOM piKU TpeOyeTcsi CO3JaHne HOBBIX
aIaNTHBHBIX K PA3JIUYHBIM CTPECCOBBIM (DAKTOpPaM CPebl COPTOB, OTBEUAIOIIUX TPEOOBAHUSIM CEBeE-
pPO-BOCTOYHOIO peruoHa esporeiickoit yactu P®. Ilens nccnenoBanuii — co3aarb COPT O3UMOM PHKH,
oOmamarommii BEICOKOH aJanTaliOHHON CIOCOOHOCTHIO, YCTOWYMBOCTHIO K ITOYBEHHO-KIIMMATHYe-
CKHUM cTpeccaM, (OPMHUPYOIINH CTaOMITBHO BBICOKYIO yporkaitHOCTh. CeneKIrmoHHas padboTa 1mo co3-
JaHuto HoBoro copra baruct nposenena B 2004—2020 rr. Ha daneHCKON CEIEKIMOHHONW CTaHIUM.
W3yyeHnne ocyniecTBISIIOCh B CpaBHEHHH cO ctaHaaproM PDaneHckast 4 Ha MOYBEHHBIX (hOHAX Aep-
HOBO-TTO/I30JIMCTON MOYBBI: OOBIYHOM U €CTECTBEHHOM KECTKOM MPOBOKAIMOHHOM IO KUCIOTHOCTH
(one. ArpoxuMudeCKue TOKa3aresu no4Bsl: 00bHoro — pH, . —5,0-5,2 en., conepxanne MOABMK-
HBIX HOHOB Al** 5,0—6,5 Mr/100 T MOYBEI, ECTECTBEHHOTO IPOBOKAIIMOHHOTO — II0 aTFOMOKHUCIOTHOCTH
¢ona — pH, ., — 3,7-3.9 en., conepkanue MOABHKHBIX HOHOB A" 26,5-28,4 mMr/100 r moussr. Copt
03MMOH pku baTtuct ¢ TOMUHAHTHBIM THIIOM KOPOTKOCTEOETBHOCTH CO3JaH METOJIOM MHOTOKPAaTHBIX
OuoTUIHYECKUX 0TOOPOB 13 copToB Dpa u Bonxosa. B cpennem 3a 20162020 rr. B KOHKYpCHOM COp-
TOUCTIBITAHUN YpOXKaHOCTh copTa baruct cocrasuna 5,35 1/ra (+0,75 T/ra Kk cTanaapry) Ha 0ObIU-
HOM TIOYBEHHOM (hOHE, Ha TIPOBOKAIITMOHHOM IT0 KUCJIIOTHOCTH TO4BHI doHe — 3,46 1/ra (+0,80 T/Ta K
cranmapry). Copt barucT xapakrepusyeTcst BRICOKOI 3MMOCTOHKOCTEIO (4,7 Oaa) U pereHepaion-
HOH CITOCOOHOCTBIO MOCIIE MOPAKEHHS CHEXXHOM eceHbto (86%). Io xnebonexkapHbIM OKa3aTemsIM
OTHOCUTCS K 1-My M 2-My KJlaccaM KadecTBa B 3aBUCHMOCTH OT YCJOBHU roga (4Mcio MageHus —
168-225 c). [IpoBenena cpaBHUTENIbHAS OIEHKA aJaNTUBHOTO MOTEHIIHMAJA IO YPOXKaWHOCTH, KOTO-
past IoKazaaa HU3KYI0 PEakIfio Ha CTPECCOBbIe (PaKTOPHI, BEICOKYIO CTA0MILHOCTH copTa baruct B
PasITUIHBIX yCIOBUAX cpensl. 1o pesynsraram ['ocymapcTBenHoro coprouctsrranms (2021, 2022 1)
B 2023 . copt baruct BkitoueH B [ ocynapcTBeHHbIN peecTp CENIEKIIMOHHBIX JOCTHKEeHUN PD ¢ nomy-
ckoM 1o Bonro-Bsitckomy n CeBepHOMY perroHam.

KaroueBbie ciioBa: o3umas poxs (Secale cereaele L.), copt, cenexuusi, ypokaiHOCTb, 3MMOCTON-
KOCTb, aJallTABHOCTb

A new adaptive winter rye variety Batist

(C<)Shlyakhtina E.A., Rylova O.N., Utkina E.I.

Federal Agricultural Research Center of the North-East named N.V. Rudnitsky
Falenki, Kirov region, Russia

(X)e-mail: fss.nauka@mail.ru

To increase the productivity and quality of winter rye grain, it is necessary to create new varieties
that are adaptive to various environmental stress factors and meet the requirements of the north-east-
ern region of the European part of the Russian Federation. The purpose of the research is to create
a variety of winter rye with high adaptive capacity, resistance to soil and climatic stresses, forming
a consistently high yield. Breeding work on the creation of a new variety Batist was carried out
in 2004-2020 at the Falensky Breeding Station. The study was conducted in comparison with the
Falenskaya 4 standard on the soil backgrounds of sod-podzolic soil: an ordinary and a natural hard,
provocative background in terms of acidity. Agrochemical parameters of the soil were as follows: the
usual background of pH, ., was 5,0-5,2 units, mobile ion content of AlP*ions was 5,0-6,5 mg/100 g of
the soil, and the natural background provocative in terms of alumina acid content of pH, ., was 3,7-3,9
units, while the mobile ion content of AI** ions was 26,5-28,4 mg/100 g of the soil. The variety of
winter rye Batist with a dominant type of short stem was created by the method of multiple biotypic
selections from the varieties Era and Volkhova. On average for 2016-2020, in a competitive variety
trial on a conventional soil background, the yield of the Batist variety was 5,35 t/ha (+0,75 t/ha to the
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standard), on a provocative soil acidity background, the average yield of the new variety was 3,46 t/ha
(+0,80 t/ha to the standard). The Batist variety is characterized by high winter hardiness (4.7 points)
and regenerative ability after snow mold damage (86%). According to baking indicators, it belongs to
the 1st and 2nd quality classes, depending on the conditions of the year (falling-number — 168-225 s).
A comparative assessment of the adaptive yield potential of the Batist variety was carried out, which
showed a low response to stress factors, high stability of the variety in various environmental condi-
tions. According to the results of the State Variety Trial (2021-2022) in 2023, the Batist variety was
included in the State Register of Breeding Achievements of the Russian Federation, with admission to

the Volga-Vyatka and Northern regions.

Keywords: winter rye (Secale cereale L.), variety, breeding, yield, hardiness, adaptability
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INTRODUCTION

Winter rye is a valuable food crop in Russia,
standing alone among other grains in its tol-
erance to low temperatures and soil moisture
deficits during the spring and summer growing
season [1-3]. Low requirements for soil fertili-
ty, mineral fertilizer application, and the use of
chemical crop protection products allow for the
production of inexpensive and environmental-
ly friendly grain, which can be used to produce
healthy foods and develop organic farming, a
popular trend abroad that is also becoming pop-
ular in Russia [4-6].

To produce high-quality winter rye with con-
sistently high yields, it is necessary to develop
and introduce qualitatively new varieties that
are adaptable to the edaphic, climatic, and phy-
togenic stress factors of the cultivation zone.
Varietal replacement and strain renovation pro-
vide yield increases of 10-50%. Many years of
experience in breeding winter rye in many ag-
roclimatic zones of the country have allowed us
to create a large number of varieties with a wide
range of economically valuable properties — the
acid-resistant Kiprez, the light-grained Pamyati
Bambysheva, the short-stemmed Talovskaya 45,
etc. [7-10]. However, as practice shows, many
problems (winter hardiness, resistance to lodg-
ing, grain quality, resistance to fungal diseases,

etc.) have not been fully resolved, which are ex-
acerbated by global and local climate change,
instability of weather conditions during the
growing season of winter crops [11-13].

The soil and climate conditions of the Vol-
ga-Vyatka region place strict demands on culti-
vated winter rye varieties, as unfavorable over-
wintering conditions develop annually. This
is due to the increased aggressiveness of snow
mold, which causes significant yield losses,
sharp temperature fluctuations and the return of
cold weather during the active growing season,
recurring dry periods, and other factors [14, 15].
Over 70% of the region's arable land consists of
low-fertility, acidic soils with elevated alumi-
num ion levels. Therefore, one of the priority
tasks facing breeders at the Federal Agricultural
Research Center of the North-East named N.V.
Rudnitsky is developing high-yielding winter
rye varieties that are highly resistant to low win-
ter temperatures, have strong straws that are re-
sistant to lodging, and are tolerant of regional
stress factors.

The purpose of the research is to create a win-
ter rye variety that is adaptable to the conditions
of the north-east of the European part of Rus-
sia and capable of producing a consistently high
yield of high-quality grain.
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A new adaptive winter rye variety Batist

Shlyakhtina E. A., Rylova O. N., Utkina E.L.

MATERIAL AND METHODS

Breeding work was conducted from 2004
to 2020 at the Falenskaya Breeding Station, a
branch of the FARC of the North-East (east-
ern agro-soil region, central climate zone of
the Kirov region). This zone is dominated by
sod-podzolic medium-loamy soils formed on a
clay loam mantle. Selection, population forma-
tion, establishment of paired isolation nurseries,
study and propagation of the breeding material
were carried out in nurseries of the parent ma-
terial, breeding nurseries of varying degrees of
development and competitive variety testing on
soil backgrounds with different agrochemical in-
dicators: slightly acidic and harsh provocative in
terms of aluminum acidity (see Table 1).

Ecological variety testing in 2016-2023
was carried out on the experimental field of the
FARC of the North-East (Kirov, central zone of
the Kirov region).

The nursery establishment, observations and
records were carried out in accordance with the
Methodological Guidelines for Breeding and
Seed Production of Winter Rye (1980) and in
accordance with the methodology of the State
Variety Trial of Agricultural Crops (1983). For
the immunological evaluation of the breeding
material for resistance to snow mold (Micro-
dochium nivale), the method of V.K. Neofitova
(1976) was used; for brown and stem rust — the
scale of T.D. Strakhov and L.F. Rusakov (1971);
the assessment of resistance to lodging was car-
ried out on a 5-point scale using the visual as-
sessment method; the baking qualities of grain
(falling number — FN) were determined on a
Hagberg-Perten device (Falling Number 1500).
Statistical processing of the research results was

carried out according to the method of variance
analysis using the AGROS Package (version
2.07); the regression coefficient - according
to the method of S.A. Eberhart, W.A. Russell
(1966); the level of genetic flexibility of the va-
riety and resistance to stressful growing condi-
tions — according to A.A. Goncharenko (2016);
homeostasis - according to the method of V.V.
Khangildin (1986); the adaptability coefficient
(AC) according to the method of L.A. Zhivotkov,
Z.A. Morozova, L.I. A comparative assessment
of the adaptive and morphobiological indicators
of the promising Batist variety was carried out
with the generally accepted standard — highly
winter-hardy adaptive variety Falenskaya 4.

During the competitive trial of the Batist win-
ter rye variety, the hydrothermal conditions var-
ied significantly in terms of heat and moisture
availability (Falenki, Kirov Oblast). The best
conditions for achieving the highest winter rye
yields were in 2018 and 2020 (HTC = 1.30 and
1.11, respectively). The spring-summer growing
season of 2016 was characterized by a moisture
deficit (HTC = 0.60), while 2017 and 2019 were
characterized by excess moisture, which nega-
tively impacted winter rye yields overall.

RESULTS AND DISCUSSION

The winter rye variety (Secale cereaele L.)
Batiste (vulgare variety) with a dominant-mono-
genic type of short stems was obtained by the
method of multiple biotypic selections from the
varieties Volkhova and Era (Leningrad Research
Institute of Agriculture "Belogorka") for the
main economically valuable traits using natu-
ral provocative backgrounds for snow mold and
aluminum acidity with subsequent directed in-

Ta6a. 1. ArpoxyuMHYeCKHE XapaKTEPUCTUKHU MTOYBBI OMBITHBIX YYACTKOB
Table 1. Agrochemical characteristics of the soil of the experimental plots

Indicator

Slightly acidic soil background

Natural
provocative background

pH., ., units

KCr
Content of mobile ions Al**, mg/100 g
Content of mobile phosphorus, mg/kg

Potassium content, mg/kg

5,0-5.2 3,7-3,9
5,0-6,5 26,5-28,4
272-316 72-102
150-183 66—-100
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tra-population cross-pollination.

The first selections of elite plants were con-
ducted in 2004 at the Falensky Breeding Station.
After studying the selected plants in 2005, a pop-
ulation was created, which from 2006 to 2009,
was propagated in isolated plots with varying
soil fertility, with repeated negative culling for
winter hardiness, resistance to snow mold, leaf-
stem diseases, uniformity of stem height, plant
height before flowering, and overall condition
before harvesting. In 2010, additional paired
crosses of the Batist variety were conducted.
In 2011 and 2012, the offspring from the paired
crosses were studied in breeding nurseries using
the half-test method. A population was created
from the best pairs.

The Batist variety has an intermediate bush
form, with a strong, lodging-resistant stem. The
average plant height over the years of study
was 127 cm; the spike is prismatic, medium in
length (12.2 cm) and dense, grayish-yellow in
color; the outer lemma gradually transitions into
a coarse, serrated grayish-yellow awn. The grain
is semi-elongated and grayish-green. The vari-

ety has high winter hardiness (4.7 points) and
active regeneration capacity after snow mold
damage (86%), which is the main limiting factor
for yield in the unstable hydrothermal conditions
of the Volga-Vyatka region of the Russian Feder-
ation (see Table 2).

The average 1,000-kernel weight is 30.5 g,
exceeding the Falenskaya 4 standard by 2.6 g;
vitreousness and crude protein content are within
the standard. According to "GOST 16990-2017
Rye. Technical Conditions," the grain's natural
content exceeds the baseline norm and is higher
than the standard; in terms of baking properties,
it belongs to quality classes 1 and 2, depending
on the growing season (FN 168-225 s).

The variety has average field resistance to
rust infections, leaf-stem diseases and root rot.

On average, during competitive variety trials
on slightly acidic soils from 2016 to 2020, the
Batist variety yield (5.35 t/ha) exceeded the Fal-
enskaya 4 standard by 0.75 t/ha. The maximum
yield (over 6.0 t/ha) during the study period was
achieved under the most favorable conditions of
2018 and 2020 (see Table 3).

Taba. 2. XapakTepucTuka copTa 03UMOM pKU baTHCT M0 OCHOBHBIM X031 CTBEHHO-OMOIOTHIECKUM

npusHakam (2016-2020 rr.)

Table 2. Characteristics of the Batist winter rye variety according to the main economic and biological

characteristics (2016-2020)

Indicator Batist
Winter hardiness, points 47
Frost resistance, points 4.6
Regrowth after snow mold damage, % 86,0
Length of the growing season, days 325,0
Plant height, cm 127,0
Lodging resistance, points 4.1
Productive tillering, pcs. 5.1
Ear length, cm 12,2
Number of spikelets per ear, pcs. 37,0
Number of grains per ear, pcs. 63,0
Grain weight per ear, g 2.0
Weight of 1000 grains, g 30,5
Grain unit, g/l 690,0
Vitreousness of grain, % 33,0
Crude protein content of grain, % 11,5

Falenskaya 4, standard Ratio to the standard
4,6 +0,1
4,4 +0,2
86,0 -

325,0 -
127,0 -
3,9 +0,2
4,8 +0,3
11,2 +1,0
34,4 +2,6
56,0 +7
1,7 +0,3
27,9 +2,6
685,0 +5
32,0 +1
11,5 -
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Considering that approximately 65 million
hectares of arable land in Russia have a pH be-
low 5.5 [16], and high soil acidity can reduce
grain yields by up to 80% [17], new varieties
must be characterized by aluminum and acid
tolerance. Against a background of provocative
soil acidity, the average yield of the new vari-
ety was 3.46 t/ha, which exceeds the standard by
0.80 t/ha.

The maximum yield of the new Batist vari-
ety during the competitive variety testing peri-
od against a normal background was noted in
2020 — 6.28 t/ha, against a provocative back-
ground in 2019 — 4.32 t/ha.

The new variety demonstrated a weaker re-
sponse to changing environmental conditions un-
der both soil conditions (CV = 13.5 and 20.0%)
compared to the standard (CV =21.0 and 35.5%,
respectively). Consequently, the Batiste variety
exhibits a smaller reduction in yield under ad-

verse weather conditions, while remaining high-
ly responsive to improved growing conditions.
A competitive variety trial conducted a compar-
ative assessment of the adaptive yield potential
of the Batiste variety, revealing a low response
to stress factors and high stability under various
environmental conditions (see Table 4).

To improve the effectiveness of evaluating
the Batist variety for its key economically valu-
able traits, an ecological trial was conducted in
Kirov (central Kirov Oblast). Winter rye was
sown from August 25th to 28th, which corre-
sponds to previously established optimal dates.
Given the crop's biological characteristics, the
autumn growing season is particularly important
for winter rye. Well-developed plants that have
undergone a hardening-off phase are better able
to withstand adverse overwintering conditions,
consume reserve nutrients more slowly during
the winter, and actively regenerate in the spring

Ta6ua. 3. Pe3ynbrarsl KOHKYPCHOTO UCIIbITaHUs copTa batucrt, n.r.r. ®ajenku, T/ra

Table 3. Results of the competitive trial of the Batist variety, u.t.s. Falenki village, t/ha

. Year
Variety 2016 | 2017 | 2018 | 2019 | 2020 Mean | CV. %
Slightly acidic soil background
Falenskaya 4, standard 421 3,75 5,80 5,47 3,78 4,60 21,0
Batist 4,82 4,20 6,07 5,40 6,28 5,35 13,5
+ to the standard +0,61 +0,45 +0,27 -0,07 +2,50 +0,75 -
LSD,, 0,53 0,43 0,40 0,49 0,81 - -
Provocative soil background
Falenskaya 4, standard 3,37 2,38 3,20 3,21 1,12 2,66 35,5
Batist 3,28 2,47 3,91 4,32 3,30 3,46 20,0
+ to the standard 0,09 +0,09 +0,71 +1,11 +2,18 +0,80 -
LSD,, 0,23 0,34 0,46 0,53 0,36 - -

Taoba. 4. XapakrepucTuka aJanTHBHOTO MTOTCHITMAIA YPOXKAWHOCTH copTa baTuCT (KOHKYpCHOE COpPTO-

ucneitTangue 2016-2020 1), n.r.T. ®anenkn

Table 4. Characteristics of the adaptive yield potential of the Batist variety (competitive variety trial

2016-2020), u.t.s. Falenki village

Genetic flexibility
Stress resistance, of the variety, Regression Homeostaticity, Coefficient of
Variety Y2-YI Y1+Y2 coeflicient, bi Hom adaptability, CA
2
1 2 1 1 2 1 2 1 2
Falenskaya 4, standard -2,05 | 2,25 4,78 2,25 0,55 0,58 0,22 0,07 0,92 0,94
Batist 2,11 | -1,75 5,23 3,45 0,82 0,85 0,32 0,18 1,11 1,26

Note: 1 — normal background, 2 — natural provocative acidity background.

36  Siberian Herald of Agricultural Science ¢ 2025 « 55 ¢ 7

Plant growing and breeding



Hospslit agantuBHbLi copT 03umoit pxku batuct

Ilnsxtuna E.A., Peutosa O.H., Vrkuna E.N.

after the snow melts. The period of intensive
growth and development of winter rye in the
autumn period occurs in September. September
conditions have had their own characteristics de-
pending on the year (see figures a, 0).

The graphs show that in terms of moisture
availability, there were years with both severe
moisture deficits (September 2015 and 2019),
when precipitation fell at 38% of the norm, and
years with excess moisture (2016, 2017, 2021,
2022) — 120-148% of the standard indicator.
Significant differences in the amount of heat
were also observed by year — from very warm
(with an increase of +3.2 °C — September 2015)
to cold (-2.9 °C in 2021).

Contrasting conditions of autumn vegetation
and hardening of winter rye plants during the re-
search period led to different amounts of accu-
mulated sugars in the tillering node — from 5,3%
(2019) to 10,4% (2016).

Conditions for wintering winter crops in the
Volga-Vyatka region are considered unfavorable
(temperatures at the depth of the tillering node
vary from -2.0 to +2.0 °C with an optimum of
-8.0 °C, the depth of snow cover in some plac-
es reaches 90 cm), and in some places extreme
(critically low temperatures in the absence of

a
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= Average long-term value

snow cover, winter thaws with the formation of
a multi-layered ice crust).

Assessment of the weather conditions of the
spring-summer growing season (April — July)
shows that the most favorable years in terms of
moisture supply were 2016 and 2019-2021 with
HTC = 1.06—1.29 (see Table 5).

Contrasting heat and moisture conditions
during the study years allowed us to evaluate the
promising variety's response to different envi-
ronmental conditions. The Batist variety's yield
ranged from 3.73 (2016) to 5.73 t/ha (2019).
A significant yield increase (+0.27 to +0.66 t/ha)
compared to the Falenskaya 4 standard was not-
ed in 2017, 2020, 2022, and 2023. The yield re-
mained at the level of the highly winter-hardy
standard in 2016, 2018, and 2021 (see Table 6).

The Batist variety was submitted for state
variety testing in 2019 for its high winter har-
diness, productivity, and tolerance to soil acid-
ity. According to the Federal State Budgetary
Institution "State Commission of the Russian
Federation for Testing and Protection of Se-
lection Achievements," in 2021-2022, Batist
yields ranged from 2.88 to 4.66 t/ha on variety
testing sites in the Volga-Vyatka and Northern
regions. The maximum yield increase compared
to the Falenskaya 4 standard was achieved on
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The amount of precipitation in September, mm (a); average September air temperature, °C and accumula-

tion of sugars in the tillering node, % (6), Kirov
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Ta6a. 5. XapakTepucTHKa IMOTOHBIX YCIIOBUI BeCEHHE-JIeTHETO reproaa (T. Kupon)

Table 5. Characteristics of the weather conditions of the spring-summer period (Kirov)

Year of study
Indicator
2016 2017 2018 2019 2020 2021 2022 2023
HTC 1,06 221 1,61 1,29 1,23 1,17 2,14 1,75
Sum of effective 1> 5 °C 1169 766 986 962 1023 1232 953 1056
Total precipitation, mm 205 379 306 205 319 262 364 280
variety testing sites in the Chuvash Republic CONCLUSION

(+0.93 t/ha). Furthermore, reliably high yields
were achieved on variety testing sites in the
Arkhangelsk Region (+0.37 t/ha), the Udmurt
Republic (+0.37 t/ha), and the Komi Republic
(+0.32 t/ha) (see Table 7).

Based on the results of the economic efficien-
cy analysis of introducing the Batist variety into
production under soil stress conditions (low fer-
tility and increased soil acidity), the net income
per 1 hectare will increase by 28% compared
to the standard, the overall profitability will in-
crease by 27%, and the increased straw strength
and resistance to lodging will further reduce en-
ergy costs during harvesting.

As a result of many years of breeding, a new
winter rye variety, Batist, has been developed,
adapting to the conditions of the Volga-Vyatka
region. It is characterized by high adaptive po-
tential, winter hardiness, resistance to fusarium
infection, active spring regeneration, and consis-
tently high yields. The yield increase over the
Falenskaya 4 standard is achieved through in-
creased lodging resistance (4.1 points), greater
tillering (5.1 stems), and spike productivity. The
variety is suitable for cultivation in soils with
low natural fertility and high soil acidity, while
guaranteeing a 27% increase in profitability.

Taba. 6. Pe3yapraTsl SKOJIOTHYECKOTO HCIIBITAHUS copTa baruct, r. Kupos, T/ra

Table 6. Results of the environmental testing of the Batist variety, Kirov, t/ha

Yield
Variety year Mean value
2016 2017 2018 2019 2020 2021 2022 2023
Falenskaya 4, standard 3,77 4,05 4,72 6,50 3,33 4,49 4,47 5,01 4,54
Batist 3,73 4,32 4,68 5,73 3,99 4,48 5,12 5,53 4,70
+ to the standard -0,04 | +0,27 | 0,04 -0,77 | +0,66 | -0,01 +0,65 | +0,52 +0,16
LSD,; 0,32 0,25 0,31 0,41 0,27 0,34 0,45 0,42 -

Taba. 7. Pesynprarsl copTroucnsiTanus copra o3umoit pxu baruct 2021-2022 rr. (nanusie @I'BY
«l'ocymapcTBeHHON KOMUCCHH IO UCIIBITAHUIO M OXPaHE CEIEKIIMOHHBIX TOCTHKEHHID»)

Table 7. Results of the variety trial of the winter rye variety Batist 2021-2022 (data from the FSBI
"State Commission for Testing and Protection of Breeding Achievements")

Average yield, t/ha
Region
Batist Falenskaya 4, standard + to the standard LSD,,
Chuvash Republic 4,50 3,57 +0,93 0,22
Udmurt Republic 3,60 3,23 +0,37 0,18
Arkhangelsk Region 3,65 3,28 +0,37 0,32
Komi Republic 3,36 3,04 +0,32 0,18
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It has good baking qualities: FN — 168-225 (cor-
responding to quality classes 1 and 2), natural
weight — 690 g/1, 1000-kernel weight — 30.5 g.
The variety is recommended for food produc-
tion. Since 2023, the promising winter rye vari-
ety Batiste has been included in the State Regis-
ter of Breeding Achievements with approval for
the Volga-Vyatka and Northern regions of the
Russian Federation.
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B crarbe npenioxkena 1 u3ydeHa aBTOMaTU3UPOBaHHASI METOIMKA OTIPEIENIEHUS CTPYKTYPBI B ypO-
Kasl TIOJICOTHEYHHKA, MO3BOJISIONIAsT TPOTHO3UPOBATh YPOXKaWHOCT U TIPEJIaraTh peKOMEH/IalluH 110
ONTUMM3ALUHU PA3MEILEHHsI CEJIbCKOX03HCTBEHHBIX KYJIbTYP B 3aBUCUMOCTH OT IOTEHIMaa HoJIeH.
OCHOBHBIE 321241 HCCIICAOBAHUS BKIIOYAIHN Pa3padOTKy ¥ BHEAPEHNE MHHOBALMOHHBIX TEXHOJIOTHH
CTEIHOTO 3eMJIC/ICNNs], HAlPABJICHHBIX Ha 00eCIeYeHNE TPOAYKTUBHOCTH CEIbX03YTOJHi B COOTBET-
CTBHH C uXx OuonoreHuuanom. OrpaboTky TexHonoruu AudhepeHIMPOBaHHOTO BbICEBA CEMSIH U BHE-
CEHUSI MUHEPAJIbHBIX YI0OPEHUH 0CYIIECTBISUTN B TeueHue Tpex JieT (2022—2024) Ha onbITHO-IKCIIe-
PUMEHTAIBHBIX MOJISAX B ABYX XO3AHCTBaX AJITAalCKOTO Kpas TI0 Pa3HBIM chucTeMaM 00pabOTKH MOYBBI
(xkmaccudeckas TurockopesHas u No-till). XossiicTBa pacmnosnoxeHs! B [Ipuaneiickoit mOYBEHHO-KITH-
MaTH4eCKON 30HE. YCTaHOBJICHO, YTO OJHMM W3 OCHOBHBIX IOKa3aTeliei, ONpenesionX YPOBEHb
MECTPOTHI TIOYBEHHOT'O IUIONOPOAMS, SIBISIETCS MPOCTPAHCTBEHHAS AU epeHIraus COACPKaHMs
ryMyca U OCHOBHBIX 3JI€MEHTOB MUTaHMS. AJITOPUTMBI BBIJICJIEHHUS 30H IIOJOPOAMS MOYBHI, MOJIIE-
Kaux qudQepeHnuaniy no HopMaM BEICEBa CEMSH U J103aM BHECCHUSI MUHEPaJIbHBIX YI0OpSHHH,
pa3paboTaHbI ¢ YIETOM PErHOHAILHON crierupuku. B xo3siicTBe, padoratomeM 1o cucteme No-till,
oTMe4eHa 0oJjiee BHICOKast 00eCTIEYeHHOCTh OTBITHOTO TIOJsl OpraHuIecKuM BemmecTBoM (4,0%). Tpu
KJIACCUYECKOHN IJIIOCKOPE3HOH 00paboTKe colepKaHue rymyca cocTaBisiio 3,5%. YcTaHOBIECHO, YTO
YeM BBIIIE COJIEpKaHNE TyMyca, TEM BBIIIE YPOBEHb IUIOAOPOAMS MOYBHL. [IpennoxeHsl U uccieno-
BaHbl aBTOMAaTH3MPOBaHHbBIE METOJbI PACMO3HABAHUSA U IO/ICUETa KOJUYECTBA BCXOJIOB IOJCOJIHEY-
HUKa, a TaK)Ke MOCTPOCHUS KapT COPHOM pacTUTedbHOCTH M0 RGB-u300pakeHusIM CBEPXBBICOKOTO
MIPOCTPAHCTBEHHOTO pa3perIeHus, IOIyIeHHBIM C TIOMOIIHI0 OECITUIIOTHOTO JIETATEIBHOTO amnmapara.
BrisiBneHo, 4TO 1pu BBIOOpE palMOHATIBHBIX COOTHOIIEHHH HOPMBI BBICEBA CEMSIH M [103 BHECEHHUS
yA0OpeHHH 1O 30HaM MMOYBEHHOTO TUIOJOPOAHS CIIEAYET yUYUTHIBATH UX COBMECTHOE BIMSHHE HA IO-
JIEBYIO BCXOXKECTh PACTEHUH M KOJUYECTBO MOJYyYEHHBIX BCXO/I0B.

KaroueBbie cioBa: Tounoe 3emienenue, RGB-u3o00paxenue, 0eCUIOTHBIN JICTaTeIbHBIN ara-
part, cBepTOYHas HEMPOHHAs CETh

Sunflower yield structure at differentiated sowing

(<)Ovcharova N.V.!, Belayev V.12, Pestunov I.A.%, Kalashnikov R.A.%, Silantieva M.M.!
'Altai State University

Barnaul, Russia

2Altai State Agricultural University

Barnaul, Russia

3Federal Research Center for Information and Computational Technologies

Novosibirsk, Russia

(<)e-mail: ovcharova n w@mail.ru

The article examines and proposes an automated method for determining the structure and yield of
sunflower, which allows predicting yields and offering recommendations for optimizing the placement
of crops depending on the potential of fields. The main objectives of the study included the deve-
lopment and implementation of innovative steppe agriculture aimed at ensuring the productivity of
agricultural lands in accordance with their biopotential. The technology of differentiated seed sowing
and mineral fertilizer application was tested for 3 years (from 2022 to 2024) on experimental fields in

42 Siberian Herald of Agricultural Science * 2025 55 « 7 Plant growing and breeding



CTpyKTypa yposKasi OJICOIHCYHIKA
pu auddepeHInpoOBaHHOM 0CEBE

Oguaposa H.B., bensies B.U., ITectynos U.A.,
Kanamnukos P.A., Cunanteea M.M.

two farms of the Altai Territory using different tillage systems (classical flat-cutting and No-till sys-
tem). The farms are located in the Prialeiskaya soil-climatic zone. It has been established that one of
the main indicators determining the level of soil fertility diversity is the spatial differentiation of the
humus content and basic nutrition elements. Algorithms for the allocation of soil fertility zones subject
to differentiation of seed and mineral fertilizer rates have been developed with regional specificity. In
the farm working under the No-till system; there is a higher organic matter content of the experimen-
tal field (4.0%). At classical flat-cuting tillage the humus content is noted at the level of 3.5%. It has
been found that the higher the humus content, the higher the level of soil fertility. Automated methods
of recognizing and counting the number of sunflower sprouts, as well as building the maps of weed
vegetation using RGB images of ultra-high spatial resolution obtained by an unmanned aerial vehicle
have been proposed and investigated. It has been identified that when choosing rational ratios of the
seeding rate and fertilizer application doses by zones of soil fertility of the field, their joint influence
on the field germination of plants and the number of sprouts obtained should be taken into account.
Keywords: precision agriculture, RGB image, UAV, convolutional neural network
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INTRODUCTION the agroclimatic potential of fields with varying
levels of natural fertility [1-7].

As part of our research, a rapidly expanding
approach that involves taking into account the
soil fertility zone during sowing and application
of mineral fertilizers will be studied on sunflow-
ers sown in the Altai Territory, which are a high-

ly profitable arable crop.

In plant cultivation, the efficiency of agri-
cultural production depends on soil cultivation
technology, moisture availability, the natural re-
source potential of the field, and other factors.
Currently, variable-rate seeding and application
of mineral fertilizers are among the most import-

ant economic and environmental aspects of pre-
cision farming. The use of this technology sig-
nificantly improves the efficiency of exploiting

Due to the significant value of sunflower,
there is particular interest in the use of high-tech
approaches to monitoring, assessing the struc-
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at differentiated sowing
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ture, and yield of this crop. The use of precision
farming methods, including monitoring using
unmanned aerial vehicles (UAVs), is relevant
and is being adopted by farmers in the region.

The development and implementation of in-
novative technologies in agriculture (a differen-
tiated approach to the application of fertilizers
and the determination of seeding rates) ensures
the productivity of agricultural land in accor-
dance with its biopotential, which indirectly
contributes to the preservation and restoration
of landscape and biological diversity in both the
Altai Territory and Russia as a whole.

The use of UAVs and automated analysis of
RGB images obtained with them are playing an
increasingly important role in crop planning and
monitoring [8—16]. High speed of real-time data
analysis and the accuracy of the results allow for
a timely assessment of the quality of technologi-
cal operations performed in the fields.

The purpose of the study is to develop and
evaluate the capabilities of an automated method
for determining the structure and yield of sun-
flower, allowing for crop yield forecasting and
recommendations for different cultivation tech-
nologies (classical subsurface tillage and no-till
system).

i ‘\»" )
L
”*'iu?ﬁ'*’t;’
w7

MATERIAL AND METHODS

The study was conducted from 2022 to 2024
on agricultural land located in the Aleysky and
Pospelikhinsky districts of the Altai Territory
(see Fig. 1). The crop under study is grown on
experimental fields of 100 hectares each.

The numbers of the allocated plots indicat-
ing the level of natural soil fertility (zones) and
the implemented options for combining seeding
rates and fertilizer application rates are given in
Table 1.

Diammophoska (NPK  10:26:26)
applied during sowing at the following rates
at the “Znamya Rodiny” agricultural produc-
tion cooperative: zone 1 — 70 kg/ha, zone 2 —
50 kg/ha, zone 3 — 30 kg/ha. KAS-32 at a rate of
112 kg/ha was applied throughout the field using
a liquidizer. The seeding rate was as follows:
zone 1 — 50,000 seeds/ha, zone 2 — 40,000 seeds/
ha, zone 3 — 30,000 seeds/ha. At the OOO “Zo-
lotaya Osen”, fertilizers were not applied, and
the seeding rate was as follows: zone 1 — 55,000
seeds/ha, zone 2 — 45,000 seeds/ha, zone 3 —
35,000 seeds/ha.

was

" Barnaul 4

Aleisk 2
;

1
«Pospelikha

Puc. 1. Kapra-cxema pactoioKeHHS ONBITHBIX TOJICH B XO35SHCTBAX ANTAalCKOTO Kpast:

1 — 000 «3onoras ocenby Anelickoro paitona; 2 — CIIK «3nams Ponunsn [locnenuxunckoro paitona

Fig. 1. Schematic map of the location of experimental fields in the farms of the Altai territory:
1—-000 "Zolotaya Osen" Aleysky district; 2 — APC "Znamya Rodiny" Pospelikhinsky district
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Taoa. 1. Uccrnenyembie GpakTophl M YPOBEHb UX U3MEHEHHS B OIBITAX

Table 1. Investigated factors and levels of their changes in the experiments

ARf ARf
Site number Area Sr (NPK; Site number Area Sr (NPK;
KAS-32) KAS-32)
APC "Znamya Rodiny" 000 "Zolotaya Osen"
1.1 1. Increased fertility 50 70; 112 1.1 55
2.1 50 50; 112 1.2 1. Increased fertility 45
2o |% Normal (moderate) | 4 50; 112 1.3 35
fertility

2.3 30 50; 112 2.1 55

3.1 50 | 30;112 22 | % Normal (moderate) | 45| Not applied

fertility

32 40 30; 112 2.3 35
3. Low fertility 3.1 55
33 30 30; 112 3.2 3. Low fertility 45
33 35

Note. S - seeding rate, thousand pcs/ha; A — application rate of mineral fertilizers, kg/ha.

The establishment of the field experiments
was carried out on the basis of maps of field pro-

ductivity zones (see Fig. 2).

An accredited laboratory (FSBI CSA "Al-
taisky") conducted agrochemical soil analysis of

the experimental fields by fertility zones using
soil samples collected prior to spring field work.
The soil samples were collected at a specified
point using a hand auger from the upper horizon
(020 cm). The soil analysis included determi-

1st class

|
ian class

B 3rdclass

Puc. 2. Kaprei-3aganus st 1udepeHdaiiyd HOpM BbICeBa CEMSIH:

a — CIIK «3nams Ponunabny, 6 — OO0 «301510Tast 0OCeHbY; 1-i Ki1acc — 30Ha MOBBIIICHHOTO TIONOPOHS, 2-i Kilacc —
30Ha HOPMAJILHOTO (YMEPEHHOTO) IIOA0POIUs, 3-i KJ1acC — 30Ha TIOHW)KCHHOTO I1I0I0POTHS

Fig. 2. Task cards for differentiation of the seeding rates:
a — APC "Znamya Rodiny", 6 — OOO "Zolotaya Osen"; 1st class — an increased fertility zone, 2nd class — normal

(moderate) fertility zone, 3rd class — reduced fertility zone
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nation of nitrate nitrogen content, the mass frac-
tion of mobile phosphorus and potassium com-
pounds, and the amount of organic matter.

The technology of sunflower cultivation was
as follows in the APC “Znamya Rodiny”: The
forecrop was spring wheat. No autumn tillage
was performed. In the spring, moisture was re-
tained in the fields using harrowing. The LG-
5462 hybrid was sown using an EDX 12000 TS
direct-seeding seeder. The sowing date was May
16th. During the growing season (June 20th),
chemical treatment with Global was applied
(1.2 Vha).

At the OOO “Zolotaya Osen”, the forecrop
was oats. In the autumn, the soil was subsurface
tilled using a wide-cut cultivator to a depth of
15-17 cm. The Pioneer LE 10 hybrid was sown
using a Horsch Maestro seeder. The sowing
date was May 10. During the growing season
(June 23), inter-row cultivation was performed
using a KRM-6 cultivator. Chemical treatment
of the crops was carried out in the following se-
quence:

1) July 7 — tank mixture of tribenuron-meth-
yl, 50 g/ha + clethodim, 250 g/ha + haloxyfop,
250 g/ha + alpha-cypermethrin, 50 g/ha;

2) July 21 — alpha-cypermethrin insecticide,
50 g/ha.

Weather and climatic conditions during the
sunflower growing season (May—August) were
extremely heterogeneous during the study years.
The Selyaninov's hydrothermal coefficient
(HTC) values ranged from 0.54 in 2022 in the
Aleysky district to 1.40 in 2024 in the Pospe-
likhinsky district (see Table 2).

G. T. Selyaninov identified several gradations
of the HTC value that characterize the moisture
and heat supply of the territory: HTC < 0.4 -
very severe drought; 0.4 < HTC < 0.5 - severe
drought; 0.5 <HTC < 0.7 - moderately dry; 0.7 <
HTC < 1.0 - not wet enough; 1.0 <HTC <2.0 -
sufficiently wet; HTC > 2.0 - waterlogged'- 2.

Ta6ua. 2. 3nauenus ['TK B BereranioHHbIi niepuoa
Table 2. The HTC values of the growing season

Year e | et
2022 0,54 0,70
2023 1,20 0,61
2024 1,32 1,40
2022-2024 (average) 1,02 0,90

Thus, on average, the growing season condi-
tions in the study area changed from moderately
dry in 2022 to fairly moist in 2024.

RESULTS AND DISCUSSION

This study utilizes an integrated approach
to studying field potential and predicting yields
based on remote sensing data. Moisture accu-
mulation and soil organic matter content are im-
portant factors in determining the distribution of
fertility zones within a single field. Agrochem-
ical analysis results show that the most signif-
icant correlation between the spatial differenti-
ation of fertility zones is observed in terms of
humus content.

In the Pospelikhinsky district farm, charac-
terized by a higher supply of organic matter in
the experimental field (on average 4.0%), the
following relationship was established between
fertility zones and the dynamics of humus con-
tent in the upper soil layer (0-10 cm) — 4.3—
4.2-3.9%, i.e. the higher the humus content, the
higher the level of soil fertility. In the 10-20 cm
soil layer, no such relationship was found, and
the moderate fertility zone had an advantage:
3.6-4.1-3.9%. In the Aleysky district farm, with
an average humus content in the 0-20 cm soil
layer at 3.5%, similar dynamics were noted in
the upper 10-cm layer — 3.8-3.3-3.1%. In the
10-20 cm layer, it was negative: 3.4-3.5-3.9%
(see Table 3). This is due to the use of different

'Selyaninov G.T. On agricultural climate assessment / Works on agricultural meteorology. L.: Hydrometeoizdat, 1928, iss. 20,

pp. 165-177.

*Galeeva E.M., Saifullina E.N. Analysis of changes in the values of the hydrothermal coefficient of G.T. Selyaninov on the
territory of the Republic of Bashkortostan // Theoretical and applied problems of landscape geography. VII Milkovsky readings:
materials of the XIV International. landscape conf. (Voronezh, May 17-21, 2023). Voronezh, 2023, vol. 2, pp. 213-215.
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soil cultivation systems in these farms.

Data obtained by UAVs can detect process
violations, identify areas with weeds and stunt-
ed plants, as well as crops affected by pests and
diseases. This paper proposes automated meth-
ods for recognizing and counting sunflower
seedlings, as well as detecting weeds using ul-
tra-high-resolution RGB images.

The initial data for processing consisted of
3,000 RGB images measuring 5472 x 3648 pix-
els, obtained using a 20-megapixel digital cam-
era mounted on a DJI Phantom 4 Pro V2.0 quad-
copter. The images were captured from June 21
to 23, 2023, by specialists from the OOO “Be-
spilotnye Tekhnologii”. The imagery was cap-
tured at a height of 10 m, and the spatial resolu-
tion was 0.3 cm/pixel.

From the original images, 19 orthophotomaps
with an average size of 12,000 x 12,000 pixels
were generated. Further processing was carried
out using fragments of the resulting orthophoto-
maps.

The proposed methodology involves the fol-
lowing main stages of image processing:

1. Annotating the training set for semantic
segmentation.

2. Formation of a sunflower seedling mask
using semantic segmentation.

3. Post-processing of semantic segmentation
results, search for rows and row spacings.

4. Determining the number of plants in sun-
flower agrocenoses using the found regression
dependence.

5. Weed map creation.

A visual diagram of the stages of RGB image
processing is shown in Fig. 3.

Semantic segmentation was performed into
two classes (“sunflower” and “background”) us-
ing the DeepLabV3+ convolutional neural net-
work.

To obtain a representative training sample,
several fragments measuring 2560 x 2560 pix-
els were taken from each orthophoto. Manual
labeling was performed using the Supervisely
web service. The labeled data was divided into
training fragments measuring 256 x 256 pixels.
This resulted in 3277 training, 900 validation,
and 460 test fragments. To increase the size of
the training sample, training data augmentation
was performed, which consisted of the follow-
ing operations:

1. Rotation of the images by a random angle
a € (0°, 180°).

2. Rescaling and random displays about the
horizontal and vertical axes.

The training was performed on a cluster of
the Federal Research Center for Information and
Computing Technologies (HPE Apollo 6500
G10+, 2xAMD EPYC 7452 (32 Cores) 2.35
GHz, 1 TB RAM, 8xNvidia A100 80GB SXM4)
using the Tensorflow and PyTorch frameworks.

On the training set, the DeepLabV3+ model
showed segmentation accuracy of 99%, on the
validation set — 98%, on the test set — 97.5%.

Fig. 4 shows an example of an image with a
sunflower mask applied.

Taoda. 3. ArpoxuMudeckas xapakTepucTuka skcriepuMeHTanbHbix noneid B CITK «3namst Poguabny/

00O «3onorast OCEHbY

Table 3. Agrochemical characteristics of the experimental fields in the APC "Znamya Rodiny"/

000 "Zolotaya Osen"

Content
Area S?il horizon nitrate nitrogen
(layer), cm make ? P,0,, mg/kg K,0, mg/kg humus, %
0-10 1,9/1,6 221,5/151,5 284,9/122,6 4,3/3,8
Increased fertility (1st class) 10-20 1,7/1,8 163,3/149.,4 94,0/102,2 3,6/3,4
0-10 2,0/2,1 175,6/128,9 236,0/114,7 4,2/3,3
Moderate fertility (2nd class) 10-20 1,8/2,1 221,7/129,1 107,2/120,5 4,1/3,5
0-10 2,4/3,0 145,5/150,4 114,1/161,7 3,9/3,1
Low fertility (3rd class) 10-20 2,0/1,9 129,4/155,8 94,2/101,3 3,9/3,9
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— Original image
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| | Semantic segmentation
of sunflower

]

Post-processing, search
for rows and row spacings|

i

Record of the number of
plant specimens

| |Building a vegetation map

{

Weed map construction

Puc. 3. Cxema obpabotku RGB-n3o00pakennit
Fig. 3. RGB image processing scheme

After performing the semantic segmentation
procedure, over- or mis-segmented regions often
emerge. To remove small noise objects, thresh-
olding post-processing of the segmentation re-
sults was performed.

The search for rows and row spacings was car-
ried out using the algorithms described in [17].

The plant quantity assessment involved sev-
eral processing steps:

1. Semantic segmentation of sunflower from
RGB images.

2. Finding segment contours and determining
their lengths (Length).

3. Constructing minimal bounding rectangles
around each segment and determining the Ratio
parameter (the ratio of the rectangle's width to
its height).

4. Construction of regression dependencies
based on the collected statistics.

Based on the results of the experiments, it
was found that linear regression models were
the most optimal for determining the number of
sunflower plants

y=-0,428 + 1,4 - Ratio;
¥=0,386 + 0,0025 - Length.

The accuracy of sunflower plant counts in test
fields using the above regression relationships

ranged from 93 to 95%, depending on the quali-
ty of the plantings. The procedure for determin-
ing the number of plants is illustrated in Figure
5. The segment outlines are highlighted in red,
the minimum bounding rectangles for each seg-
ment are highlighted in yellow and blue, and the
numbers represent the number of plants in each
segment.

To construct vegetation maps from RGB im-
ages, a simple threshold method was used based
on the ExGI (Excess Green Index) vegetation

Puc. 4. N300paxkeHune ¢ HAIOXKEHHONW MacKoi
MOACOTHEYHUKA

Fig. 4. Image with a superimposed sunflower mask
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index, which is often used to assess vegetation
condition:

ExGI=2x G -R —B,

where G, R and B — the brightness values of the
image in the green, red and blue ranges of the
spectrum, respectively.

To obtain a weed map, it was sufficient to
obtain a vegetation mask in the image using a
thresholding method based on the ExGI index
and exclude the sunflower mask from it. To bet-
ter highlight sunflower plants in the weed map,
a morphological augmentation procedure with a
5 x5 kernel was applied to the sunflower mask.

Examples of the images and corresponding
weed maps are shown in Fig. 6 and 7.

As the analysis shows, depending on the
studied factors (soil fertility zone, seeding rate,
fertilizer application rate) in the APC “Znamya
Rodiny”, the range of changes in the average
values of the calathid weight and grain weight
in it across the experimental variants was
0.251-0.518 and 0.115-0.170 kg, respective-
ly (see Fig. 8). At the OOO “Zolotaya Osen”,
depending on the studied factors (soil fertility
zone, seeding rate), the following values were

obtained: 0.057-0.180 and 0.030-0.102 kg, re-
spectively. Moreover, while the grain weight in
the heads increased linearly up to a weight of
0.410 kg, with further increases, a decrease in
the growth rate was observed due to the influ-
ence of limiting factors.

The average values of the assessed indicators
for the experimental variants in both farms are
given in Table 4. The number of seedlings in the
observation sites was determined using auto-
mated methods for recognizing and counting the
number of seedlings in the ontogenetic phase of
4-6 leaves.

The average number of seedlings in sunflow-
er crops at the APC “Znamya Rodiny” varied
between 1.48 and 2.68 pcs/m? across the exper-
imental variants, with a relatively low field ger-
mination rate (40.0-68.0%). At the OOO “Zo-
lotaya Osen”, field germination was significantly
higher, ranging from 70.9-91.6%, with an aver-
age number of seedlings of 3.01-4.44 pcs/m?. In
our opinion, this may be due to the application
of fertilizers together with seeds during sowing
at the APC “Znamya Rodiny”, while fertilizers
were not used at the OO0 “Zolotaya Osen”.

Puc. 5. Ilponenypa onpeaesieHus 4ucia pacTeHUui Ha hparmMeHTax U300payKeHHIA MOJICH :

a — Aneiickuii paiion; 6 — IlocnienMxuHCKUHA paiioH

Fig. 5. Procedure for determining the number of plants on the fragments of field images:

a — Aleysky district; 6 — Pospelikhinsky district
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Puc. 6. lcxonnoe n3obpaxenue (a) 1 COOTBETCTBYIOIIAs €My KapTa COPHOU PacTUTENILHOCTH (0)

(Aneiickuii paifoH)

Fig. 6. Original image (a) and the corresponding weed vegetation map (6) (Aleysky district)

a

biEa

Puc. 7. cxonHoe n3obpaxeHue (a) 1 COOTBETCTBYIOIAs €My KapTa COPHOU PaCTUTEILHOCTH (0)

(IMocnenuxuHCKHA paiioH)

Fig. 7. Original image (a) and the corresponding weed vegetation map (6) (Pospelikhinsky district)

As aresult, under dry conditions (May—June),
plant uptake of moisture and nutrients from the
soil at higher planting densities was significantly
higher, with most of these resources being spent
on green mass formation. At the same time, the

average weight of a single head and the grain
within it decreased. This is confirmed by the sig-
nificant (determination coefficient of 0.84) in-
verse relationship between the number of seed-
lings and the average grain weight (M) per head
for all experimental variants:
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Puc. 8. 3aBUCUMOCTH MacChl 3¢pHa B KOP3WHKE OT MacChl KOP3WHKH:

a — CIIK «3nams Ponune»; 6 — OO0 «3010Tas 0CEHbY

Fig. 8. Dependence of the grain weight in a head on sunflower head weight:
a —APC "Znamya Rodiny"; 6 — OOO "Zolotaya Osen"

M =0,198 - 0,034 K__.

Analysis of the biological yield of sunflow-
er across the experimental variants in the APC
“Znamya Rodiny”allows us to conclude that in-
creasing the average seeding rate from 30,000
(in the low fertility zone) to 50,000 pcs/ha (in
the high fertility zone) in combination with an
increase in the diammophoska dose from 30 to
70 kg/ha against the background of the same
dose of KAS-32 (112 kg/ha) resulted in an in-
crease in the average yield from 22.9 to 26.1 ¢/
ha with an average value of 24.8 c/ha across all
variants. Thus, increasing the seeding rate and
the fertilizer application rate in the high fertility
zone allowed us to increase the yield by an aver-
age of 3.2 c/ha.

An inverse relationship was observed at OOO
“Zolotaya Osen”. With an increase in the aver-
age seeding rate from 35,000 (in the low-fer-
tility zone) to 55,000 seeds per hectare (in the
high-fertility zone), without the use of fertiliz-
ers, the average yield decreased from 24.9 to
19.5 centners per hectare, or by 5.4 centners per
hectare. This was primarily due to denser seed-
lings and low grain weight in heads. The average
sunflower yield across all treatments at the OOO
“Zolotaya Osen” was 22.5 centners per hectare.
In our opinion, plant nutrition was the limiting
factor in this case.

A mineral nutrition strategy aimed at increas-
ing seeding rates and fertilizer application rates
in a high-fertility zone should take into account
limiting factors in the conditions of a particular
year (the presence of moisture and nutrients in

PactreHneBoncTBO M ceneKIus
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Taba. 4. OcpeqHeHHbIC 3HAYCHUS OIICHUBAEMBIX ITOKa3aTeleii 0 BapHaHTaM OIBITOB

B CIIK «3namsa Poauuey 1 OO0 «30510Tast 0CEHB)

Table 4. Average values of the estimated indicators for the variants of experiments

in the APC "Znamya Rodiny" and OOO "Zolotaya Osen"

Variant S K, K, F, Y.
APC "Znamya Rodiny"
1.1 670 1664 2,48 49,6 26,6
2.1 670 1338 2,00 40,0 24,7
22 670 1778 2,65 66,3 26,9
2.3 670 1366 2,04 68,0 24,9
3.1 670 1796 2,68 53,6 26,9
32 670 1165 1,74 43,5 23,0
33 670 993 1,48 49,3 20,9
LSD, s 0 118 0,18 4,0 0,9
00O "Zolotaya Osen"

1.1 563 2405 4,27 77,6 19,9
1.2 563 2308 4,10 91,1 21,5
1.3 563 1758 3,12 89,1 26,7
2.1 563 2369 4,21 76,5 20,5
22 563 1796 3,19 70,9 26,5
23 563 1697 3,01 86,0 26,9
3.1 563 2500 4,44 80,7 18,2
32 563 2317 4,12 91,6 21,3
33 563 1739 3,09 88,3 21,1
LSD, 0 113 0,20 2,5 1,1

Note. S is the area of the plot for determining the number of seedlings in the plots using the remote sensing method, m?;

K, is the number of seedlings in the observation site, pcs.; K is the number of seedlings per unit area, pcs./m?; Fg is the field
germination rate, %; Y, is the estimated average biological yield, c/ha.

the soil, their consumption under various tillage
technologies, vegetation conditions, etc.), which
will avoid a decrease in crop yields.

CONCLUSION

The developed automated method for deter-
mining the structure and yield of sunflowers al-

lows for yield forecasting and also offers recom-
mendations for different cultivation technologies
(classical subsurface tillage and no-till systems).

When choosing rational seed application
rates and fertilizer application rates according to
soil fertility zones, one should take into account
their combined effect on the field germination of
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plants and the number of seedlings obtained, on
which the mass of the basket and the grain in it
depend, and, as a result, the yield of sunflower.
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Pa3zButue 0osie3neit Ha Vicia faba L. npu 00padoTke ceMsiH
IHTOMONATOreHHbIM rpudom Metarhizium robertsii (Metchnikoff) Sorokin

<) Amimapuna JI.®.
Cubupckuii ghedepanvhvlil HayyHwll Yenmp azpodbuomexnonocuil Poccutickoti akademuu Hayk

HoBocubupckas obnacts, p.n. KpacnooOck, Poccus
xpe-mail: alf8@yandex.ru

Kopmoseie 060051 (Vicia faba L.) — nennast 0enKkoBas KyJabTypa, UMEIOIIast OOJBIIOE MPOIOBOIh-
cTBeHHOE 3HadeHue. [Ipu Bo3menbsiBaHUM B ycinoBuax 3amafgHoit CHOMpPH OHH MOPaXKAroTCs IEIBIM
KOMILICKCOM OO0JIe3HEeH, CHIKAIOLUIMX HE TOJBKO KAueCTBO MPOAYKLMH, HO M NPUHOCALIMX 3HAYU-
TEJIbHBIC MOTEPU ypoxkas. M3yueHO BIMSHUE YHTOMOINATOTCHHOTO rpuda Metarhizium robertsii Ha
pasButue Oome3Hel Ha 600ax kKOpMOBBIX copra Cubupckue. [loneBble nccienoBaHus MPOBEACHBI B
2019-2023 rr. Ha cTauroHape, PACIOJIOKEHHOM B ceBepHOl Jecoctenu [IpnoOest HoBocubupckoit
o0yacTd, O OOIIENPUHITEIM MeToaM. B KauecTBe 00BEKTa MCCIEIOBaHUI MCIONB30BAIN IITAMM
SHTOMOTIATOTeHHOTO Tprba M. robertsii (P-72). [loneBoii sKkciepuMEHT BKJIIOYan 00paboTKy CeMsH
KOpPMOBBIX 0000B copra Cubupckue cycnensueii M. robertsii kouueHTpanueit 5 X 107 koHuaMR/MIT 13
pacuera 2,5 nm Ha 20 kT cemsH. VccnenoBanus mokasanu, 4To o0padoTka 3HI0(GUTHBIM SHTOMOTIATO-
TeHHBIM I'PHOOM CEMSIH KOPMOBBIX 0000B M. robertsii, BbIpAIllEHHBIX B ITOJIEBBIX YCIOBHSX, TOBBIIIIAET
YCTOWYHNBOCTB PACTCHUN K KOMILIEKCY 3a0oseBanuii. Hanboiee cuimbHO B arporieHo3e 6000B oTMede-
HO €KETOHOE TPOSBICHIE TIATHUCTOCTEH pasHoil dTHonorun (BUIbI poxa Alternaria, Cladosporium
u Fusarium n np.) — ot 39,2 no 100%. Ilpn npumenenun M. robertsii BbISIBICHO JOCTOBEPHOE CHU-
JKEHUE Pa3BUTHUS OOJIE3HM MPAKTUUECKU 3a Bce roabl HaOmoneHuid. Pactenus mocie oOpaboTku B
MEHBIICH CTENEeHU MOPaXKaJUCh KOPHEBBIMH THHJISIMH, (Dy3apH0O30M, MO3aUKOH, MyYHHUCTOH POCOH
U JPYTUMHU MSTHUCTOCTSAMH. DTOT 3GQEKT OTMEUYEH BO BPEMs BCEro IepHona Bereranuud 0000B B
tedenne 2019-2023 rr. npu pa3HbIX MOTOJHBIX YCIOBUAX, UTO CBUAETENBCTBYET O MOJOKUTEIBHOM
¢uToCcaHUTApPHOM JACHCTBHU U MEPCIIEKTHUBE €r0 HCIIOIb30BAHHS B KAYE€CTBE arcHTa OMOJIOrHYECKOTO
KOHTPOJISI B arpOLIEHO3€ CENTbCKOX03HCTBEHHBIX KYIBTYP.

KuaroueBbie cioBa: 0Oosie3Hb, KOpMOBBIe 000bI, Vicia faba, obpabotka cemsiH, Metarhizium
robertsii, pa3BuTHe 00J€3HU, PACTIPOCTPAHEHHOCTh

Development of diseases on Vicia faba L. when treating seeds with the
entomopathogenic fungus Metarhizium robertsii (Metchnikoff) Sorokin

C<)Ashmarina L.F.

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

(X)e-mail: alf8@yandex.ru

Broad beans (Vicia faba L.), as a valuable protein crop, are of great food importance. When grown in
Western Siberia, they are affected by a whole range of diseases that not only reduce the quality of the product,
but also cause significant crop losses. The influence of the entomopathogenic fungus Metarhizium robertsii on
the development of diseases on broad beans of the Sibirskie variety was studied. Field studies were conducted
in 2019-2023 at a station located in the northern forest-steppe of the Ob region of the Novosibirsk region, using
the generally accepted methods. The strain of the entomopathogenic fungus M. robertsii (P-72) was used as the
object of research. The field experiment included treating the seeds of the Sibirskie variety of broad beans with a
suspension of M. robertsii at a concentration of 5 x 107 conidia/ml at a rate of 2.5 | per 20 kg of seeds. The studies
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have shown that treatment of field-grown broad bean seeds with the endophytic entomopathogenic fungus M.
robertsii increases plant resistance to a range of diseases. The most pronounced annual occurrence of spotting of
various etiologies (species of the genus Alternaria, Cladosporium and Fusarium, etc.) in the bean agrocenosis is
from 39.2 to 100%. When using M. robertsii, a reliable reduction in the development of the disease was revealed
in almost all years of observation. After treatment, the plants were less affected by root rot, fusariosis, mosaic,
powdery mildew and other spotting. This effect was observed during the entire period of bean vegetation during
2019-2023 under different weather conditions, which indicates a positive phytosanitary effect and the prospect
of its use as a biological control agent in the agrocenosis of agricultural crops.

Keywords: discase, broad beans, Vicia faba, seed treatment, Metarhizium robertsii, disease development,

prevalence

Jas uutupoBanusi: Aumapuna J1.@. Pazsutue 6onesneit Ha Vicia faba L. npu 06paboTke ceMsSH YHTOMOIIATOTCHHBIM TPUOOM
Metarhizium robertsii (Metchnikoff) Sorokin / Cubupckuit BecTHHK cenbckoxo3siicTBeHHOI Hayku. 2025. T. 55. Ne 7. C. 56-61.

https://doi.org/10.26898/0370-8799-2025-7-6

For citation: Ashmarina L.F. Development of diseases on Vicia faba L. when treating seeds with the entomopathogenic fungus
Metarhizium robertsii (Metchnikoft) Sorokin. Sibirskii vestnik sel skhozyastvennoi nayki = Siberian Herald of Agricultural Science,
2025, vol. 55, no. 7, pp. 56-61. https://doi.org/10.26898/0370-8799-2025-7-6

KoHdukT uHTEpecoB

ABTOp 3asBISIET 00 OTCYTCTBHH KOH(MIIHKTA HHTEPECOB.
Conflict of interest

The author declares no conflict of interest.

INTRODUCTION

Broad beans (Vicia faba L.) are a valuable
protein crop of great food value. Their protec-
tion from pests is a significant concern world-
wide [1-3]. When grown in Western Siberia,
they are also susceptible to a range of diseases
that not only reduce product quality but also
cause significant yield losses' %. One of the en-
vironmentally friendly approaches and tech-
niques that reduce the harmfulness of diseases
and increase crop yields is the use of beneficial
microorganisms in agricultural production, such
as entomopathogenic fungi, in particular Metar-
hizium robertsii [4, 5].

Entomopathogenic fungi are capable of col-
onizing various plants and have a number of
positive properties: they translocate nitrogen
obtained by insects, stimulate plant growth and
crop yields, and inhibit the development of phy-
tophages and phytopathogens® [6]. A number of
studies have shown the positive role of M. rob-
ertsii in improving plant growth and develop-

ment, increasing the efficiency of nutrient use,
increasing resistance to abiotic stress, and reduc-
ing the development and prevalence of diseases
and pests [7, 8].

The purpose of the study is to investigate the
influence of the entomopathogenic fungus M.
robertsii on the development of diseases on fod-
der beans of the Sibirskie variety.

MATERIAL AND METHODS

Field studies were conducted from 2019 to
2023 at the Siberian Institute of Fodder Crops
of the Siberian Federal Scientific Centre of
Agro-BioTechnologies of the Russian Academy
of Sciences, located in the northern forest-steppe
region of the Ob River basin in Novosibirsk
Oblast, using standard methods. The study uti-
lized a strain of the entomopathogenic fungus
M. robertsii (P-72), obtained from the micro-
organism collection of the Institute of Animal
Taxonomy and Ecology of the Siberian Branch
of the Russian Academy of Sciences. The field
experiment involved treating the seeds of the Si-

'Ashmarina L.F., Gorobey .M., Konyaeva N.M., Agarkova Z.V. Atlas of forage crop diseases in Western Siberia. Novosibirsk,

2010, 173 p.

2Ashmarina L.F., Konyaeva N.M., Agarkova Z.V., Lyubimets Yu.V. Pests of forage crops in Western Siberia and measures to

combat them. Novosibirsk, 2017, 64 p.

*Ownley B.H., Gwinn K.D., Vega FE. Endophytic fungal entomopathogens with activity against plant pathogens: ecology and
evolution // BioControl, 2010, vol. 55, pp. 113—128. DOI: 10.1007/s10526-009-9241-x.
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birskie broad bean variety with a suspension of
M. robertsii at a concentration of 5 x 107 conid-
ia/ml at a rate of 2.5 I per 20 kg of seed. The ex-
perimental variants were systematically placed
in five replicates, with a seeding rate of 400,000
viable seeds/ha, and the plot area was 39 m.

After treating bean seeds with the fungus
M. robertsii, the seed samples were collected
for analysis of their effectiveness against phy-
topathogens using standard methods. The field
studies utilized natural loads of root rot patho-
gens in the soil, transmitted by soil and seeds.
The visual records of plant infestations by var-
ious diseases were conducted using standard
methods. During the stem formation phase, bean
plants were sampled for mycological analysis of
their infection with root rot pathogens.

The years of research varied in meteorolog-
ical conditions and covered the entire spectrum
of weather conditions.

RESULTS AND DISCUSSION

Research has shown that the M. robertsii bean
seeds used for this experiment were initially sig-

nificantly infected with root rot pathogens. On
average, over the period 2019-2023, the control
sample showed 31% Alternaria infestation, 16%
Cladosporium infestation, and up to 13% Fusar-
ium infestation. Analysis of seed contamination
showed that treatment of bean seeds with an M.
robertsii suspension significantly (y-squared test
significance (p < 0.05)) inhibited the develop-
ment of seed-borne phytopathogens: Alternaria
species (3.9 times), Cladosporium (16.0 times),
and Fusarium (4.3 times) (see Table 1).

The colonization of M. robertsii seeds varied
between 58 and 79% over the years, averaging
69%. Treatment of bean seeds with M. robertsii
reduced the development of mold fungi: Asper-
gillus species by 3.3 times, and Penicillium by
2.4 times.

The positive impact of treating bean seeds
with the fungus M. robertsii on the phytosani-
tary condition of plants is confirmed by the re-
sults of the root rot analysis (see Fig. 1). It was
found that the disease development index was
significantly reduced (2.5 times below the sever-
ity threshold) in the plants with fungus-treated
seeds. A trend toward a 1.6-fold decrease in the

Tao6a. 1. 3aceneHHOCTh MOCEBHBIX CEMSH KOPMOBBIX 06000B (2019-2023), %
Table 1. Colonization of sowing seeds of broad beans (2019-2023), %

Variant Altejrna Asp - Claq’o— Fusarium M. .. | Mucor f.,ef“.- Rhyzopus Tricfzo— Other
ria gillus sporium robertsii cillium thecium
M. robertsii 8* 4% 1* 3* 69%* 3* 7* 0* 1* 0
Control 31 13 16 13 0 8 17 1 0 1

*Significance by y-square test (p < 0,05).

90
80
70
60
50
40

30
10
, 1

Development index
(LSD (5%) = 14,516)

Development index, %
Prevalence, %

* I
Prevalence

(LSD (5%) = 32.310)
B M. robertsii M Control

Puc. 1. PazButie KOpHEBOH I'HUIM KOPMOBBIX O000B. * 3HAUMMOCTb OTIMYHS
Fig. 1. Development of root rot of broad beans. * Significance of difference
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disease prevalence was also observed.

Mycological analysis of the colonization of
the bases of broad bean stems showed that both
seed-borne and soil-borne pathogens, such as
species of the genus Alternaria, Cladosporium,
and Fusarium, are involved in the pathogenesis
of this disease. Seed treatment significantly re-
duced the infection of plants with these patho-
gens (see Table 2).

The development of leaf and stem diseases
over the years of research varied, but it was most
intense towards the end of the growing season,
towards the milky ripeness phase (80 days after
sowing) (see Fig. 2).

The most common diseases in bean crops
were powdery mildew, mosaic, fusariosis, spot
diseases, and others. Weather conditions also
significantly influenced the incidence and com-
position of diseases. The highest significant inci-
dence of powdery mildew was observed in 2021
(47.9% of the control), which was associated
with significant precipitation in June. The low-
est incidence (11.6%) occurred in the dry 2022.
A significant decrease in disease development
was observed in 2020 and 2022. In the remain-
ing years, although a downward trend in disease

incidence was noted, no significant differenc-
es were observed. On average, over the study
years, the disease development index in the con-
trol was 51.7%; seed treatment with M. robertsii
reduced disease development by 1.6 times, im-
proving the phytosanitary condition of the crops.

The most severe annual incidence of spotting
of various etiologies (species of the genus A/-
ternaria, Cladosporium and Fusarium, etc.) was
observed in the bean agrocenosis — from 39.2 to
100%. When using M. robertsii, a significant re-
duction in the development of the disease was
found in almost all years of observation.

In recent years, an increase in the develop-
ment of a harmful disease, fusariosis, has been
observed in broad bean crops, leading to com-
plete plant death. On average, the disease inci-
dence rate over the years of observation reached
25.9%, while in the case of fungal treatment, it
decreased by 2.4 times.

Research conducted in Western Siberia
showed that treating field-grown V. faba broad
bean seeds with the fungus M. robertsii increas-
es plant resistance to a range of diseases. After
treatment, plants were less susceptible to root rot,
mosaic, fusariosis, powdery mildew, and various

Taba. 2. 3aceIecHHOCTh OCHOBaHUI CTeOICH KOPMOBBIX 0000B, %

Table 2. Colonization of the stem bases of broad beans, %

Variant Alternaria Aspergillus Cladosporium Fusarium Mucor Penicillium Other
M. robertsii 23%* 1 3% 47* 2% 3 3
Control 40 2 7 64 31 4 5
*Significance by y-square test (p < 0,05).
o 60 59«
g“ 50 45 46
%‘ 40 * 35
5 30 26 28 26
5
A 20
11
P []
0
M. robertsii Control

m Mosaic

mPowdery mildew ®mSpot disecase mFusariosis

Puc. 2. Pazutre 6ose3Heil Ha KOpMOBBIX 000ax. * 3HAYMMOCTb OTIINYMS
Fig. 2. Development of diseases on broad beans. * Significance of difference
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spot diseases. According to published data, ento-
mopathogenic species of the genus Metarhizium
can colonize a wide range of plants, including
legumes [4, 9].

The mechanism of action of endophytic en-
tomopathogenic fungi of the genus Metarhizium
against phytopathogenic fungi is not fully un-
derstood. It is believed that they enhance plant
resistance to diseases through antibiosis, the re-
lease of lytic enzymes and secondary metabo-
lites, enhanced plant resistance induction, com-
petition with pathogens, and other mechanisms*
[10]. The ability of M. robertsii to act antago-
nistically towards phytopathogens may be asso-
ciated with various mechanisms [6]. However,
they are quite complex and have not been fully
elucidated> ¢. There are several mechanisms of
antagonistic ability of endophytes: competition
for niche or resources, antibiosis, parasitism and
induced systemic resistance’. According to oth-
er authors, they can establish interspecies inter-
actions, and protection from pathogen attack is
carried out both by direct mechanisms, such as
competition, parasitism and antibiosis (produc-
tion of primary and secondary metabolites, en-
zymes or volatile compounds), and by indirect
mechanisms, such as the induction of resistance.

The results we obtained and the literature
data provided indicate the multifunctional effect
of M. robertsii on the plant.

CONCLUSION

Studies have shown that treating V. faba
broad bean seeds with the fungus M. robertsii
increases plant resistance to a range of diseases
in the field. After treatment, plants were less sus-
ceptible to root rot, fusarium, mosaic, powdery
mildew, and other spotting diseases. This effect
was observed throughout the entire bean grow-
ing season in all studied years, demonstrating a

positive phytosanitary effect and potential for its
use as a biological control agent in agricultural
Crops.
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HccaenoBanue 6MOXHMHYECKOT0 COCTABA KPOBH 0CETPOB
NPU UCMOJIH30BAHNU IMKJIOJEKCTPHHOBOI0 KOMILIEKCA € JHTepoCcrejieM
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bruoxumudeckass KapTHHA KPOBHU TIO3BOJISIET HE TOJNBKO OIPENESIUTH BIMSHUE aHTHMHKPOOHBIX
MIperapaTroB Ha OPTaHU3M PbHIO, aaNTalrio K YCIOBHSIM BOJOEMOB, HO U ONPENEIUTh (PU3HOIOTH-
YEeCKOe COCTOSIHHE THAPOOHOHTOB. Llens uccnenoBanms 3aKirodyanach B U3yYCHUH BIVSTHHUS [TUKIIO-
JEKCTPHHOBOT'O KOMILIEKCA C SHTEpOCTeseM Ha OMOXUMHUUYECKUE MTapaMeTpbl KPOBH MOJIOAN OCETPOB.
st uiccnenoBaHuid COPMUPOBAITH MTOJOIBITHBIE TPYIIITBI IO TPUHIMITY Nap-aHAIOTOB B KOJINYECTBE
10 9K3. B Kax/10# rpymre: 1-s1 1 2-5 KOHTPOJIbHBIE TPYIITBI XapaKTePH30BAINCH HAPYIICHHBIM (QYHK-
[IMOHAJIFHBIM COCTOSTHHEM opraHu3Ma. C HUMH He MPOBOAMIIH JIEYEOHBIX MEPOTPHUATHH, B KOMOH-
KOpPM HE BBOJIMJIH JIEBO(IIOKCAIIMH C dHTEpOCTeyeM. Pa3nmmums 3akio4anich B TOM, 94TO 0co0sm 1-i
KOHTPOJBHOHN TPYIITHI 33aBalli KaueCTBEHHBIA KOPM, 2-i KOHTPOIBHOW — HETOOpPOKaYEeCTBEHHBIMH.
B skcniepumMenTe 1-s U 2-51 ONBITHBIE TPYIIIBI OMyYaJld Ka4eCTBEHHBIH KOPM, ¢ HUMH ITPOBOAMIIH
nedeOHbIe MEPOIPUSATHS, OHM TAaKXKe XapaKTepU30BaINCh HAPYIICHHBIM (PYHKIIMOHAJIBHBIM COCTOSI-
HUEM oprannimMa. Paznmuuuns 3akiIoyavch B pa3HOM KOHIEHTpAIMM BBOJUMOTO Mpemnapara — 15 u
10% cootBercTBeHHO. Conmeprkanue o0mIero Oenka y pelo Ha 8-€ CyTKH B 1-i U 2-#1 ONBITHBIX TPyT-
max cocraBuino 77,60 £ 0,80 u 84,90 + 3,43 r/a coorBeTCTBEHHO, uTO Ha 7,87 1 0,57 /1 HIKe, yeM
B 1-if koHTpONBHOH Tpymme. [lo obmeMy comepkaHuio OeiaKa KOHTPOJIbHBIE TPYIITBI MEXIY COOOH
pasnuuuil mpakTuyecku He uMmenu — 86,33 u 86,63 /1 COOTBETCTBEHHO. Y OCETPOB M3 OMBITHBIX
TPYIII MOKa3aTellb OKa3ajics HIKE KOHTPOJIBHBIX 3HaYeHU! Ha 9,76 u 3,86 /1. AHanu3 copepikaHus
MaKpO3JIEMEHTOB TIOKa3all, YTO UX 3HAYEHHUS 10 rpynnaM ObUIM TMPUOTU3UTENEHO HA OTHOM YPOBHE
Y HE BBIXOJWIIN 32 TIpeensl HOpMEL. 110 momydeHHpIM 3HaYSHHUSIM KOHIIEHTpaIn ¢ocdopa B KpOBU
ONTUMAJHHBIMH 3HAYCHUSIMHU OTINYAIUCH OCETPHI 2-1 OTMBITHON TPYIIIBI, TOTy9aBIITHE NCCIETYEeMBIN
KOMIIJIEKC ¢ cozepxkanueM ¢ropxunonona 10%.

KaroueBble c10Ba: oceTphl, HIUKIOAEKCTPUHOBBIH KOMIUIEKC, OMOXMMUS KPOBHU, OMIMPYOUH, Oe-
JIOK, TJIFOKO3a, KpeaTuHuH, 1ienodHas Gocdarasa

Study of the biochemical composition of sturgeon blood using a
cyclodextrin complex with enterosgel

Poddubnaya 1.V., Rudneva O.N., (<) Gurkina O.A.

Saratov State University of Genetics, Biotechnology and Engineering named after N.I. Vavilov
Saratov, Russia

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

The biochemical picture of blood allows not only to determine the effect of antimicrobial drugs on
the body of fish, adaptation to the conditions of water bodies, but also to determine the physiological
state of aquatic organisms. The purpose of the study was to study the effect of cyclodextrin complex
with enterosgel on the biochemical parameters of the blood of young sturgeons. For the studies, expe-
rimental groups were formed according to the principle of pairs-analogues in the amount of 10 speci-
mens in each group: 1st control and 2nd control groups were characterized by an impaired functional
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state of the body. No therapeutic measures were carried out with them, levofloxacin with enterosgel
was not introduced into the compound feed. The differences were that individuals of the 1st control
group were given high-quality feed, while the 2nd control group was given poor-quality feed. The 1st
experimental and 2nd experimental groups received high-quality feed, they underwent therapeutic
measures, and they were characterized by an impaired functional state of the body. The differences
consisted in different concentrations of the administered drug — 15 and 10%, respectively. The total
protein content of fish on the 8th day in the 1st and 2nd experimental groups was 77.60 £ 0.80 and
84.90 = 3.43 g/ 1, respectively, which is 7.87 g /1 and 0.57 g/ 1 lower than in the 1st control group. In
terms of total protein content, the control groups had virtually no differences between themselves with
86.33 g/l and 86.63 g/ I respectively. In sturgeons from the experimental groups, the indicator was
lower than the control values by 9.76 g /1 and 3.86 g / 1. Analysis of the content of macro elements
showed that their values by groups were approximately at the same level and did not go beyond the
norm. According to the obtained values of phosphorus concentration in the blood, the optimal values
were observed in sturgeons of the 2nd experimental group, which received the studied complex with

a fluoroquinolone content of 10%.

Keywords: sturgeons, cyclodextrin complex, blood biochemistry, bilirubin, protein, glucose, crea-

tinine, alkaline phosphatase
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INTRODUCTION

Industrial sturgeon farming has been rapidly
developing worldwide in recent years. This is
due to the fact that this technology allows for
year-round fish farming under optimal condi-
tions using modern mechanization and automa-
tion [1]. However, this technology has a signifi-
cant drawback: dense stocking increases the risk
of widespread aquatic organism diseases. In this
regard, drugs with pronounced antimicrobial ac-
tivity are used in industrial fish farming for the
prevention and treatment of infections [2, 3]. A
progressive approach to increasing the effective-
ness of antibacterial drugs is the development of
innovative dosage forms by encapsulating the
drug in various types of micro- and nanoparti-
cles made of biocompatible and biodegradable
polymers, lipids, etc. [4].

This approach enhances the solubility and
bioavailability of hydrophobic organic mole-
cules, while minimizing side effects. Fluoro-
quinolone antibiotics exhibit pronounced activ-
ity against most microorganisms, but because
they are poorly soluble in biological environ-
ments, their use is limited. Therefore, research
efforts are focused on creating effective fluoro-
quinolone delivery systems with improved phar-
macokinetic properties [5].

Among delivery substances, natural poly-
mers (polysaccharides, cyclic oligosaccharides,
and others) are of particular interest. They offer
a number of advantages: biocompatibility, avail-
ability, and low cost [6-9].

To produce the complex, the cyclodextrin is
selected based on the size of the internal cavity,
which corresponds to the geometric dimensions
of the drug molecule. Studies on dogs, rats, and
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birds have shown excellent results using cyclo-
dextrin complexes to increase the bioavailability
of drugs compared to the pure drug [10].

In recent decades, various nanoparticle addi-
tives, including intestinal sorbent preparations,
have been increasingly used in livestock feed
to improve feed efficiency [11, 12]. The most
common route of administration of medications
is oral administration. The use of intestinal sor-
bents can shorten treatment periods and elimi-
nate symptoms. Intestinal sorbents are gel-like
or solid substances that pass through the intes-
tines and remove toxins. High-quality intestinal
sorbents are characterized by the following key
properties: safety, compatibility with body tis-
sues, and effective adsorption.

A review of scientific sources conducted over
the past two decades [13] demonstrates the ef-
fectiveness of using feed additives with sorption
properties in fish farming. The summarized data
obtained as a result of the review allow us to
consider feed additives with sorption properties
as promising in terms of potential implementa-
tion in fish farming practice.

Research by Russian scientists demonstrates
the positive impact of newly developed feed ad-
ditives based on fish milt, glycerin, and black
garlic on the reproductive performance of male
sturgeon [14].

As a result of using the probiotic strain Lac-
tobacillus brevis 471 in feed for juvenile sterlet,
the preservation of lactobacilli in the prepared
feed and the survival of the strain on the mucous
surface of the intestine of fish, an increase in the

Ta6a. 1. Cxema onbiTa
Table 1. Experimental scheme

concentration of lymphocytes, protein and its
fractions in the blood were identified [15].

The purpose of the study is to investigate the
effect of a cyclodextrin complex with enterosgel
on the biochemical parameters of the blood of
juvenile sturgeons.

MATERIAL AND METHODS

For the study, experimental groups were
formed using the principle of analogous pairs,
with 10 specimens in each group, according to
the scheme (see Table 1). During the experiment,
the average weight of the fish ranged from 241.1
to 243.1 g. All groups of aquatic organisms were
kept in four aquariums.

During the experiment, the test fish, with the
exception of the second control group, were fed
a nutritionally balanced sturgeon feed. Its quali-
ty indicators are presented in Table 2.

The content of crude protein in the compound
feed is 46.0%, crude fat — 17,0%.

The feed was mixed with an enterosgel-B-cy-
clodextrin complex with varying amounts of
levofloxacin according to the planned feeding
rates and frequency. To ensure a reliable effect
of the complexes, fish in the second control
group were given expired feed for digestive up-
set 10 days before and during the experiment.

Table 3 presents the results of microbiolog-
ical and chemical analysis of feed with expired
shelf life, which was fed to sturgeon juveniles of
the 2nd control group.

Immediately before the experiment, the fish
were marked by cutting their fins and assigning

Group
Indicator control experimental

Ist 2nd Ist 2nd
Feed Qualitative Poor quality Qualitative Qualitative
Functional state of the body Impaired Impaired Impaired Impaired
Treatment measures Not carried out Not carried out Not carried out Not carried out
Levofloxacin concentration in com-
bination with Enterosgel, % - - 15 10
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them an individual number, and then the mus-
cle tissue was dissected to a depth of 1 cm in
the area of the dorsal fin to assess the dynamics
of wound healing. The examined fish specimens
did not show any pathology at the beginning of
the experiment, were homogeneous and were
kept in the same conditions.

The fish in the experimental groups were fed
with feed containing a cyclodextrin complex
for 7 days. Then, on the 8th and 14th days, the
sturgeons were identified by number, and the
blood was collected from the heart muscle for
biochemical analysis.

The biochemical parameters analyzed in-
cluded total and direct bilirubin, total protein,
enzymes, creatinine, glucose, alkaline phospha-
tase, calcium, and phosphorus [4]. The small
sample size was due to the difficulty of obtain-
ing and processing the experimental material
(n = 3). The data obtained were subjected to
mathematical processing using an application
software package.

During the experiment, the aquarium setup
ensured flow, aeration, and water quality, meet-
ing key hydrochemical parameters. Key param-
eters were regularly monitored during the study
(see Table 4).

Taba. 2. KauecTBeHHbIE TOKAa3aTENN MPOAYKIH-
OHHOTO KOMOMKOpMa JJIsi OCETPOB

Table 2. Quality indicators of production
compound feed for sturgeons

Indicator Value
Crude protein, % 46,0
Crude fat, % 17,0
Crude fiber, % 1,9
Crude ash, % 8,0
Phosphorus, % 1,1
Total energy, MJ/kg 23,0
Vitamin A, c.u./kg 12 000,0
Vitamin D, c.u./kg 2100,0
Vitamin E, mg/kg 340,0
Vitamin C, mg/kg 525,0

Taoua. 3. Pe3ynprarsl aHaM3a HEKauE€CTBEHHOTO
KOpMa sl OCETPOB

Table 3. Results of the analysis of poor-quality
feed

Indicator Value

Microbiology: Salmonella Not detected
Toxin-producing anaerobes The same
Enterogenic types of Escherichia coli »
Mass fraction, %:

moisture 5,8

crude protein in dry matter 41,63 + 1,50

crude ash in dry matter 9,4+04

crude fat per dry matter 12,3
Peroxide value, mmol 1/20 /kg 24,68 £2,22

There were no significant fluctuations in wa-
ter quality parameters during the study period.

RESULTS AND DISCUSSION

Blood is an informative indicator and reacts
sensitively to the slightest changes in feeding
and maintenance conditions (see Table 5). Since
the experimental fish were given the feed sup-
plemented with an enterosgel complex, it was
necessary to evaluate its effect on blood param-
eters.

Bilirubin, aminotransferases, and alkaline
phosphatase are among the indicators charac-
terizing the condition of the liver. A study of
the blood serum biochemistry on the 8th day
showed that the maximum concentration of
total bilirubin was detected in the 1st control
group - 13.63 £ 1.75 umol/l, in the 1st and 2nd
experimental groups it was lower by 4.46 and
1.93 umol/l, respectively. For direct bilirubin,
the trend remained.

The ratio of aminotransferase enzymes on the
8th day in the 1st control group was 0.63, in the
2nd control group — 0.60, in the 1st experimental
group — 0.81, in the 2nd experimental group —
0.71.
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Tada. 4. OU3UKO-XUMUYECKUE CBOMCTBA BOJbI B AKBAPUAJILHON YCTAHOBKE

Table 4. Physical and chemical properties of water in an aquarian plant

Group
Indicator control experimental
Ist | 2nd st 2nd
From the first to the 8th day of the experiment
Water temperature, °C 21,6 19,7 19,9 20,6
Oxygen content, mg/1 6,5 6,4 6,3 6,5
pH 7,34 7,53 7,83 7,48
Transparency, cm 60,0 60,0 60,0 60,0
From the 9th to the 14th day of the experiment
Water temperature, °C 21,5 20,8 21,0 20,9
Oxygen content, mg/1 6,6 6,7 6,6 6,5
pH 7,44 7,62 7,67 7,80
Transparency, cm 60,0 60,0 60,0 60,0

Proteins allow us to assess the functioning
of the immune and hormonal systems. The total
protein content of fish in the 1st and 2nd exper-
imental groups was 77.60 + 0.80 and 84.90 +
3.43 g/l, respectively, which is 7.87 and 0.57 g/l
lower than in the 1st control group.

Creatinine indicates the intensity of energy
metabolism. The minimum amount of creatinine
was noted in individuals of the Ist experimen-
tal group — 90.90 + 0.67 umol/l, which is 20.73
umol/l lower than in the 1st control (p > 0,95).

Glucose levels characterize the liver's de-
toxification of toxic compounds and the normal
functioning of the cardiovascular system. Glu-
cose concentrations were highest in the 3rd ex-
perimental group and lowest in the 1st control
group, at 2.50 mmol/l.

According to the alkaline phosphatase val-
ue, the 2nd experimental group was reliably
distinguished, where its value reached 90.43 +
2.61 units/l, which is 15.43 units/l more than in
the st control.

Tada. 5. buoxuMudeckue mokazaresin KpOBU OCETPOB HA 8-€ CYTKH
Table 5. Sturgeon blood biochemistry on the 8th day

Group
Indicator control experimental
Ist 2nd Ist 2nd

Bilirubin, pmol/I:
total 13,63 + 1,75 7,80 £ 0,42 9,17 +0,57 11,70 £ 1,97

direct 2,80 +£0,15 1,57 +£0,42 1,70 £ 0,10 2,73+0,23
AST, units/l 41,33 £2,20 36,33 £4,67 38,13 +2,18 38,27 +£5,59
ALT, units/l 65,27 + 4,65 60,50 + 5,44 46,83 + 428" 54,00 £+ 3,06
Total protein, g/l 85,47 + 2,55 83,70 + 4,60 77,60 £ 0,80 84,90 + 3,43
Creatinine, pumol/l 111,63 £ 4,54 124,80 £ 0,76 90,90 £ 0,67" 120,47 £ 0,53
Glucose, mmol/l 2,50 +0,31 2,80+ 0,44 2,97+0,43 3,63 +0,33
Alkaline phosphatase, units/I 75,00 + 4,73 75,57 + 4,09 78,13 + 4,04 90,43 £2.61"
Calcium, mmol/l 3,47+0,32 3,73 +£0,12 3,40 £ 0,40 3,83 +0,03
Phosphorus, mmol/l 4,50+ 0,56 4,43 +0,17 4,13+0,13 430+0,15

p>0,95.
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The content of calcium and phosphorus var-
ied across the groups and ranged from 3.40 to
3.83 mmol/l and from 4.13 to 4.50 mmol/l, re-
spectively, in the experimental groups.

Information on blood biochemistry on the
14th day is presented in Table 6.

The individuals of the 1st experimental group
stood out in terms of total bilirubin level, where
its value was 14.43 + 0.80 pumol/L, which is
1.37 umol/l less than in the 1st control group.
The direct bilirubin indicator was highest in the
1st control group — 3.73 umol/l, the lowest — in
the 1st experimental group — 3.07 pmol/l.

The de Ritis ratio reached the values of 0.79
in the Ist control group, 0.74 in the 2nd control
group, 0.72 in the 1st experimental group, and
0.76 in the 2nd experimental group, respectively.

In terms of total protein content, the control
groups had virtually no differences between
themselves — 86.33 and 86.63 g/l; in sturgeons
from the experimental groups, the indicator
was lower than the control values by 9.76 and
3.86 g/l

The creatinine level in the 1st experimental
group was reliably the lowest — 96.83 + (.95
umol/l (p > 0.99), which is 7.17 pmol/I less than
in the 1st control group.

The glucose level decreased in the 1st experi-
mental group by 0.17 mmol/l, in the 2nd experi-
mental group it increased by 0.1 mmol/l relative
to the level of the 1st control group.

The presence of alkaline phosphatase in both
experimental groups was significantly lower
by 26.66 units/l in the 1st experimental group,
18.76 units/l in the 2nd experimental group
(» > 0.99) compared to the 1st control group.

Analysis of macronutrient levels showed that
their values were approximately the same across
groups and within normal limits. Based on the
obtained blood phosphorus concentrations, stur-
geons in the second experimental group, which
received the test complex containing 10% fluo-
roquinolone, had the optimal values.

CONCLUSIONS

1. The introduction and mixing of the en-
terosgel-B-cyclodextrin complex with varying
amounts of levofloxacin with feed increased the
glucose and alkaline phosphatase levels in the
blood of juvenile sturgeons on the 8th day of
the study, and to a greater extent in individuals
with a level of introduced components of 10%
compared to juveniles that were given 15%. For

Tada. 6. buoxumuyeckue nokaszarenu KpOBU OCETPOB Ha 14-e CyTKH
Table 6. Sturgeon blood biochemistry on the 14th day

Group
Indicator control experimental
Ist 2nd Ist 2nd

Bilirubin, pmol/l:
total 15,80+ 0,15 16,30 = 1,39 14,43 £0,80 15,57+0,92

direct 3,73+ 0,43 3,60 + 0,46 3,07 +0,57 3,63+£0,20
AST, units/l 53,40+ 5,23 45,83 +£5,59 41,80 + 1,60 51,07+£3,23
ALT, units/l 67,27 £ 2,66 62,07 + 4,68 57,77 5,83 67,23 +2.09
Total protein, g/l 86,33 + 5,51 86,63 + 4,54 76,57 £2,75 82,47 +5,72
Creatinine, pmol/l 104,00 + 0,58 103,00 £ 1,15 96,83 +£0,95™ 100,3 + 3,42
Glucose, mmol/l 2,97 +0,26 3,10+0,12 2,80+0,10 3,07+£0,22
Alkaline phosphatase, units/I 94,43 + 1,70 92,73+ 1,76 67,77 +2,77" 75,67 £2,60™
Calcium, mmol/l 3,63+0,17 3,53 £ 00,27 3,70+ 0,17 3,60 +£0,21
Phosphorus, mmol/l 4,40 +£0,29 4,73 £0,12 4,53 +0,23 5,07 £0,22

“p>0,99.
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other biochemical parameters of the blood, su-
periority was noted in the control groups of stur-
geons that did not receive the additive.

2. On the 14th day, juvenile fish that re-
ceived a higher dose of the administered com-
plex had lower blood concentrations of biliru-
bin, creatinine, glucose, and alkaline phospha-
tase than other groups. Introducing 10% of the
complex into the juvenile fish feed, unlike the
higher dose, significantly increased all blood
biochemical parameters.

3. The obtained data indicate that the intro-
duction of a cyclodextrin complex with enteros-
gel at a dose of 15% into the diet along with feed
did not cause significant changes in the metabo-
lism of aquatic organisms; a 10% concentration
of levofloxacin proved more effective. Despite
the observed intergroup differences, the blood
biochemical parameters of the entire experi-
mental population were within the physiological
norm for the species.
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OueHka KOPOB MO HHAEKCY NMUIIEBOH AKTUBHOCTH
B YCJIOBHSIX POOOTH3MPOBAHHOIO T0€HUS

<) Mapumnos /I.P.
Kaszancxuii 2ocyoapcmeennsiii azpapHuiii yHugepcumem

Kazansb, Poccus
(<X)e-mail: abdul0401@rambler.ru

B crarbe mpezncTaBieHbl pe3yibTaThl MCCIENOBAHUSA, 3AKIIOYAIONIETOCS B ampoOaliu MeTona
OIICHKH KOPOB TI0 MHJIEKCY MHUIIEBOH aKTMBHOCTH. YKa3aHHBIA WHICKC OTMPEAEISETCS OTHOIICHUEM
CYTOYHOTO Y1051 KO BpEMEHH, 3aTPAaYCHHOMY Ha IIPUEM KOpMa M KEBaTEIIbHYI0 aKTUBHOCTh. B pamkax
MPEJUIOKEHHOTO METO/Ia MTPOBE/ICH aHAIU3 3TOJIOTMYECKHX MPOSBICHUM KOPOB B YCIIOBUSIX POOOTH3H-
poBanHOTO joeHUs. CBEACHUS O MOBEACHYCCKUX 0COOCHHOCTSAX KHUBOTHBIX MOTYYCHBI METOIOM BH-
3yaJIbHOTO HAONIONEHUS HA OHOM M3 MPEANPHUATHN 110 Pa3BEACHUIO TONMIITHHCKON opos! B Pecrry-
omuke TaTtapcTad. YCTaHOBJICHO, UTO C MTOBBIICHUEM HHICKCA MTUAIIIEBOW aKTHBHOCTH KOPOBHI MEHBIIIE
HAaXOJSITCS B MOJIOKESHUU CTOSI U YIIEISIFOT MEHbBIIIE BPEMEHHU ITAaCCUBHOMY OT/IBIXY, OOJbIIE JIeKAT U
0oJIbIIe BpEMEHU OTBOJISIT KEBATEIIbHOW aKTUBHOCTH, YTO OTPAYKAETCS HA IMOKA3aTEIISIX UX MOJIOYHON
MPOIYKTUBHOCTH. Y KOPOB C BHICOKUM HHICKCOM IMHUIIEBON aKTUBHOCTH ynoi 3a 305 gHeil makranuu
OBLT IOCTOBEPHO OOJIbIIIE, YeM Y KOPOB CO CpeJHUM HHjaekcoM, Ha 932.2 kr (9,0%) mpu p < 0,05,
¢ HU3KUM HHIekcoM — Ha 1686,9 kr (17,5%) mipu p < 0,01. )KuBOoTHBIE C BRICOKMM HH/IEKCOM MTHIIEBON
AKTUBHOCTH TI0 COACPKAHUIO MOJIOYHOTO JKHpa M OeJIka JOCTOBEPHO OIEePEKAIH KOPOB CO CPEITHUM
nHAeKcoM cootrBercTBeHHO Ha 41,2 xr (10,3%) u 31,3 xr (9,3%) nipu p < 0,05, ¢ HU3KUM UHJIEK-
coM — cootBeTcTBeHHO Ha 71,2 xr (19,3%) 1 55,4 kr (17,8%) npu p < 0,01. Takum oOpa3om, UHIIEKC
MUIICBON aKTUBHOCTH MOYET UCIIOJIb30BaThCsI KaK CEJICKIIMOHHBIN IMPU3HAK JIJIsl COBEPIIICHCTBOBAHHUS
MOJIOYHOT'O CTa/ia, YTO MO3BOJISIET KOMIJICKTOBATh €r0 YKHBOTHBIMU aKTUBHOT'O THIIA IIOBEICHUSI.

KuroueBble cjioBa: MoifHas KOpOBa, MOBEICHHE, WHACKC MHUIICBOM aKTUBHOCTH, MOTPEOICHUE
KOpMa, KeBaTeJIbHass akTHBHOCTb, MOJIOYHAS TIPOTyKTHBHOCTh

Evaluation of cows according to the index
of nutritional activity in the conditions of robotic milking

C<)Sharipov D.R.

Kazan State Agrarian University
Kazan, Russia

(<X)e-mail: abdul0401@rambler.ru

The article presents the results of a study on testing a method for assessing cows using the nutri-
tional activity index. The specified index is determined by the ratio of daily milk yield to the time
spent on feed intake and chewing activity. Within the framework of the proposed method, analysis of
the ethological manifestations of cows under robotic milking conditions was carried out. Information
on the behavioral characteristics of animals was obtained by visual observation at one of the Holstein
breeding farms in the Republic of Tatarstan. It has been established that with an increase in the nu-
tritional activity index, cows spend less time standing and devote less time to passive rest, lie down
more and devote more time to chewing activity, which is reflected in their milk productivity indicators.
Cows with a high nutritional activity index had significantly higher milk yield for 305 days of lactation
than the cows with an average index by 932.2 kg (9.0%) at p <0.05, and with a low index by 1686.9 kg
(17.5%) at p < 0.01. Animals with a high nutritional activity index in terms of milk fat and protein
content were significantly ahead of the cows with an average index by 41.2 kg (10.3%) and 31.3 kg
(9.3%), respectively, at p < 0.05, and with a low index by 71.2 kg (19.3%) and 55.4 kg (17.8%),
respectively, at p < 0.01. Thus, the nutritional activity index can be used as a selection feature for im-
proving the dairy herd, which allows it to be filled with animals of an active behavior type.

Keywords: dairy cow, behavior, nutritional activity index, feed consumption, chewing activity,
milk productivity
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INTRODUCTION

Currently, one of the most promising areas
for the implementation of innovative technolo-
gies in the dairy industry is robotic milking tech-
nology [1]. This technology utilizes various sys-
tems and sensors to monitor data and indicators
collected from animals during feeding, resting,
and milking. A specialized mathematical algo-
rithm deciphers the received data and converts it
into graphs and digital values. The range of indi-
cators obtained by an automated milking system
may vary depending on its equipment and con-
figuration [2].

In these conditions, modern methods of im-
proving dairy cattle are based on the evaluation
and selection of animals based on udder quali-
ty [3], milk production intensity [4], and stress
resistance [5]. At the same time, one of the re-
serves for more complete realization of the ge-
netic potential of animals is the use of their etho-
logical manifestations in selection [6, 7]. From
this point of view, the most promising are the
feeding and chewing activity of animals.

We have developed a method for evaluating
cows that includes ethological indicators, in par-
ticular the feeding activity'.

The introduction of innovative approaches
that take into account the behavioral character-
istics of animals contributes to the further in-
tensification of dairy farming [8]. Based on the
above, it can be concluded that further study of
the ethological manifestations of animals and
their use in the selection of dairy cattle is a rel-
evant area.

The purpose of the study is to test the pro-
posed method and study the influence of the as-
sessment parameter based on the index of food
activity of cows on their economically useful
traits.

MATERIAL AND METHODS

The study was conducted in 2019-2023
based on data collected at the “Mukhametshin
7.7.” farm in the Republic of Tatarstan and at
the Department of Feed of the Faculty of Bio-
technology and Standardization of the Kazan
State Academy of Veterinary Medicine named
after N.E. Bauman. The study subjects were 32
first-calf Holstein cows (98.4 + 6.8 days of lac-
tation, average daily milk yield of 31.0 = 1.8 kg),
serviced by Astronaut A4 robotic milkers (Lely
Industries N.V., Netherlands) with free animal
movement.

The cows were fed a partially mixed ration
3 times a day — at 6:00, 9:00 and 15:00, as well
as concentrated feed in milking stalls during
milking.

Visual observation, during which the animals'
behavioral acts were recorded, was carried out
over three consecutive days®. Afterwards, the
data obtained for each cow was processed and
converted into average daily indicators.

The food activity index was calculated using
the formula DMY

FA="2 cA

where FAI — food activity index, kg/h; DMY —
daily milk yield, kg; FI — feed intake, h; CA —
chewing activity (chewing gum), h.

'Pat. 2821203 Russian Federation. Method for assessing cows by food activity index / Sharipov D.R., Kayumov R.R., Yakimov
0.A., Ravilov R.Kh., Galimullin I.Sh., Akhmetzyanova F.K., Zagidullin L.R., Salyakhov A.Sh., Zakirova G.M.; No. 2023132243;

application 07.12.23; publ. 06/18/24, Bulletin No. 17, 7 p.

*Velikzhanin V.I. Methodological recommendations for the use of ethological traits in the selection of dairy cattle. St. Petersburg:

Publishing House of VNIIGRZH, 2000, 18 p.
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OHeHKa KOPOB IO UHACKCY HPIHIeBOﬁ AKTUBHOCTHU
B YCJIOBUAX pOGOTPBPIpOBaHHOl‘O JIOCHHUs

[Hapumnos J1.P.

Based on the obtained arithmetic mean value
and the standard deviation of the food activity
index, a numerical criterion was determined for
distributing the studied cows into groups with
high, medium and low indices (see Table 1).

Certain characteristics of the milking process
(duration and frequency of milking, daily milk
yield) were automatically recorded and stored
electronically for three consecutive days in the
herd management program Time for Cows (Lely
Industries N.V., the Netherlands).

All obtained digital data were processed us-
ing the variation statistics method®. Calculations
were performed on a personal computer using
Microsoft Office software using Excel (Micro-
soft, USA).

RESULTS AND DISCUSSION

Using the proposed method, we assessed the
animals' ethological manifestations, which al-
lowed us to classify the cows according to their
food activity index. The largest number of ani-
mals were assigned to the medium food activity
index group—40.6%; 28.1% were assigned to
the high index group; the remaining 31.3% were
assigned to the low food activity index group.

Visual observation showed that there were
some differences in behavioral reactions be-
tween the groups (see Table 2).

Monitoring the time spent standing showed
that cows with a high food activity index spent
748.2 minutes doing so, while animals with a
medium index spent 770.7 minutes and those
with a low index spent 817.9 minutes, account-
ing for 52.0-56.8% of their daily time. However,

the differences were not significant but are con-
sistent with data from other authors [9, 10].

When comparing the duration of feed intake,
it is clear that animals with a high index spent
less time on this behavioral act (243.3 min)
than cows with an average (274.1 min) and
low (323.3 min) indices of food activity — by
30.8 min (11.2%) and 80.0 min (24.7%), re-
spectively (p < 0,05). A similar duration of the
feed consumption period has been demonstrat-
ed in other studies [11]. Cows with a high food
activity index made fewer approaches to feed
(8.4 times) and water (8.2 times) than animals
with an average (9.3 and 9.1 times, respectively)
and low (9.6 and 8.9 times) indices.

Observations revealed that cows with a high
food activity index enjoyed certain "privileg-
es": they chose a place near the feed table and
waterers, disturbing other animals; they calmly
consumed feed and water, remaining at the feed
table and waterers as long as they wanted. This
suggests that cows with a high feeding activity
index are dominant, high-ranking animals in the
herd hierarchy. Competition and aggressive be-
havior among dominant cows could be the rea-
son for the higher feed and water intake by the
animals with medium and low feeding activity
indices, as the latter were forced to give up space
at the feed table and waterers.

The cows in the study spent between 622.1
(low index) and 691.8 minutes (high index) ly-
ing down, which is 43.2-48.0% of their daily
time. Moreover, cows with a high index of food
activity spent 22.5-69.7 minutes (3.4-11.2%)
longer lying down than animals in other groups.

Taoda. 1. Pacupenenenue kopoB Mo rpyImaM B 3aBUCUMOCTH OT BEJIMYMHBI HHJIEKCA MULIEBOMI

AKTUBHOCTHU

Table 1. Criteria for the distribution of cows by index of nutritional activity

Standard deviati
Average value of the food ancard deviation

activity index, kg/h (M)

of the food activity index (o)

Food activity index

1,0

0,5

low (M —0,50) medium high (M + 0,50)

2,49 0,79

0,40

<2,08 2,09-2,89 >2,90

*Yakovenko A.M., Antonenko T, Selionova M.I. Biometric methods for analyzing qualitative and quantitative characteristics in

animal husbandry: a tutorial. Stavropol: Agrus, 2013, 92 p.
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Taoa. 2. HOBC,I[CH‘ICCKI/IC PCaKknnn KOPOB € Pa3HbIMU MHJACKCAMU HI/IH_ICBOIZ AKTUBHOCTH

Table 2. Behavior of cows with different indices of nutritional activity

Food activity index

Behavioral indicator high edium ow
Duration of standing, min 748,2 + 63,1 770,7 + 43,1 817,9 +£50,0
Including time, min:
feeding 2433+ 16,8" 274,1 £13,3 323,3+23,6
cud 186,0 +41,9 165,9 £29,9 187,6 £12,9
walking 9,7+0,7 11,5+ 0,9 9,3+0,8
milking 225+14" 21,0£1,5 179+1,7
Duration of lying down, min 691,8 £ 63,1 669,3 £43,2 622,1 +£50,0
Including chewing time, min 306,2 + 40,8 303,8 +£24,8 280,5 £ 28,1
Total duration of chewing, min 492,1 +£24,7 469,7 £ 19,5 4493 £27,7
Multiplicity, times:
feed intake 8,4+0,6 9,3+0,7 9,6 0,7
water intake 8,2+0,8 9,1+0,8 8,9+0,6
cud 11,3+ 0,6 11,7+0,6 12,8 +0,7
lying 7,8+ 1,0 74+04 7,1+£0,8
milking 3,8+0,2" 32+0,2 2,8+0,2
discharge of excrement 14,3 +0,9 13,5+0,6 12,5+0,7
urination 11,6 £0,9 10,2+ 0,4 10,1 £ 0,6

*p < 0,05 compared to a low food activity index.
**p < 0,01 compared to an average food activity index.

When comparing the frequency of cows' ly-
ing down, no differences were found depending
on the value of the food activity index. The ani-
mals lay down 7.1-7.8 times per day.

It is known that chewing activity is one of
the most important indicators in the behavioral
response of cows [12], as it is interconnected
with feed consumption and the time that animals
spend lying down [13].

The analysis revealed a tendency for the in-
creasing duration of rumination with a rise in the
food activity index. Animals with a high food
activity index exhibited the longest rumination
time: their duration of this behavioral act was
492.1 min, which is 22.4 min (4.8%) longer than
animals with an average activity index (469.7
min) and 42.8 min (9.5%) longer than animals
with a low index (449.3 min). The differences
found were insignificant. Rumination time in the
studied cows occupied 31.2-34.2% of the daily
time.

Regardless of the value of the food activ-
ity index, the duration of the chewing period
in cows was longer in the recumbent position
(280.5-306.2 min) than in the standing position
(165.9-187.6 min). This is explained by the fact
that in the recumbent position, this process is
less energy-consuming. Moreover, the obtained
data on the duration of rumination are consistent
with the results of other authors [14, 15].

It was found that cows with a high food activi-
ty index and a longer rumination period are char-
acterized by a lower frequency of this behavior
compared to the animals with medium and low
indices. Thus, over the course of a day, animals
with a high index ruminated 11.3 times, those
with a medium index ruminated 11.7 times, and
those with a low index ruminated 12.8 times.

Acts of defecation and urination, on the con-
trary, were more often recorded in the cows with
a high index of food activity, which, in our opin-
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1on, is associated with more intensive metabolic
processes.

When using robotic milkers, cows are milked
at any time of day, and the frequency and dura-
tion of milking are determined by the animals'
physiological condition and milk production.
The assessment of frequency of milking showed
a significant difference (p < 0.01) in favor of
cows with a high food activity index, which was
reflected in the time spent milking. The duration
of the milking process with robotic milking con-
sists of the time spent on entering the milking
parlor, identifying and positioning the animal,
pre-milking udder preparation, putting on teat
cups, milking, teat disinfection, and the cow's
exit from the milking parlor. Thus, animals with
a high food activity index, compared to heifers
with medium and low indices, spent more time
on this process — 1.5 minutes (7.1%) and 4.6
minutes (25.7%) longer (p < 0.05), respectively,
while the milking process itself took 1.2—1.6%
of the daily time. The frequency of milking es-
tablished in our study was higher than that of
other authors [16, 17].

The presented data show that with an increase
in the index of food activity, cows stand less and
devote less time to passive rest, lie down more
and devote more time to an active state (chewing
activity), which is reflected in their milk produc-
tivity (see Table 3).

When comparing milk productivity, it was
found that cows with a high index yielded
significantly more milk over 305 days of lac-
tation than the cows with an average index,

by 932.2 kg, or 9.0% (p < 0.05), while those
with a low index yielded 1,686.9 kg, or 17.5%
(p < 0.01). This had a decisive influence on the
predominant amount of milk fat and protein in
the milk of cows with a high nutritional activi-
ty index. Thus, they significantly exceeded ani-
mals with an average index by 41.2 kg (10.3%)
and 31.3 kg (9.3%), respectively (p < 0.05), and
those with a low index by 71.2 kg (19.3%) and
55.4 kg (17.8%) (p < 0.01). It should be noted
that no reliable differences in the mass fraction
of fat and protein in the milk of the assessed
cows with different indices were found.

CONCLUSION

Based on the conducted research, it should be
assumed that the proposed method for assessing
cows by the index of food activity can be used
for better herd management and allows the herd
to be supplied with the animals of an active type
of behavior, namely with a high index of food
activity.

It has been established that cows with a high
food activity index spend less time standing and
devote less time to passive rest, spend more time
lying down and devote more time to the chewing
activity.

Thus, first-calf heifers with a high nutrient in-
dex proved to be the most productive. Their milk
yield over 305 days of lactation, milk fat, and
milk protein content were significantly higher
than those of cows with medium and low nu-
trient indices, by 9.0-17.5, 10.3-19.3, and 9.3—
17.8%, respectively.

Ta6a. 3. Monouynas mpoxyKTHBHOCTh KOPOB C Pa3HBIMHU MHJEKCAMH MTUIIIEBON aKTHBHOCTH

Table 3. Milk productivity of cows with different nutritional activity indices

Food activity index
Indicator high (7 = 9) medium (n = 13) Jow (1= 10)
Milk yield for 305 days of lactation, kg 11344,2 £345,6" 10412,0 +256,9 9657,3 +377,1
Fat mass fraction, % 3,88 +0,04 3,84 +0,03 3,83 +0,03
Protein mass fraction, % 3,23+0,02 3,22+0,02 3,22+0,02
Milk fat yield, kg 441,0 £16,3" 399,8 £ 11,6 369,8 £ 13,5
Milk protein yield, kg 366,3 + 12,7 335,0+£8,3 3109 +11,9

*p < 0,01 compared to a low food activity index, p < 0,05 compared to an average food activity index.
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HNcnonb3oBanune kopmoBoi 100aBku JueproJlakr-O
JIJIS1 KOPOB MOCJIe 0TeJIa

) dypcene M.C., Tpouun M.A., ®uinaroB A.B., Cano:xknukon A.D.
Bamckutl cocyoapcmeennvlii acpomexHono2uyeckull YHugepcumen
Kupos, Poccus

(<) e-mail: maks.xitman@mail.ru

[IpencraBiensl pe3ynbTaThl UCIOIB30BAHUS KOPMOBOH T00OAaBKH MOCPEICTBOM JPEHUYECBAHUS IS
KOpOB Tocnie otena. VccienoBaHusi MpOBEICHBl B YCIOBHSIX MOJIOYHOTO KHBOTHOBOTYECKOTO KOM-
iekca KupoBckoi 006iacTi Ha TOMHBIX KOPOBaX YEPHO-NECTPOIl FONITHHU3UPOBAHHON MOPOALI B
JIaKTaHHOHHLIﬁ TMEpUoOaI. B OKCIICPUMCHTC HCCJIICA0BAIN IBE KOPMOBBIC ILOGaBKI/I Ui ApCHYCBAaHUS
kopoB — JlaktoTon u DueproJlakT-O Ha AByX rpymnmax kopoB 1o 10 roi. B Kak10i. YCTaHOBIICHO, YTO
JIpCHUYEBAHNE KOPOB C MCITOJIb30BAHHEM KOPMOBOH mobaBku DHepro-Jlakr-O B cpaBHeHHMH ¢ JlakTo-
Tor crmocoOCTBYeT CHIYKEHHUIO yPOBHS KETOHOBBIX Tel B KpoBH Ha 0,3 Ha 5-if nenp nmocie orena. Mo-
JIOYHAS MPOAYKTUBHOCTH KOPOB 2-# rpymnmbl (DHeproJlakT-O) HaunHas ¢ IEpBOTO MecsIa ¥ Ha Tpo-
TSDKEHHH BCEH JIaKTAlMK JOCTOBEPHO MPEBOCXOIMIIA MOJIOYHYIO ITPOLYKTUBHOCTH KOPOB 1-i TpyMIIbI
(JlakroTom) 1o yot0, a Tak:Ke MacCOBOI JioJie )upa u Oeika B Mojioke. 3a 305 nHeil nakranuu qJaHHOe
MIPEBOCXOCTBO 10 ymoto coctaBmio 10,7% (p < 0,01), 4To mo3BoimIIO IpU 0oJiee BHICOKUX MOKA3a-
TEJIX OCJIKa M KUPA B MOJIOKE KOPOB 2-i TPYIIITHI TIOTYYHUTH MOJIOYHOTO KHUpPa (KT') B MOJIOYHOTO OeJI-
Ka (KT) OT 3TUX KOpoB Ooubiie cooTBeTcTBeHHO Ha 15,1 m 13,5%. KopoBsl, momydasiime KOpMOBYIO
nobaBky DHeproJlakT-O, TeMOHCTPUPOBAIIN JTYUIIIHE TTOKA3aTEN! M0 BOCIIPOU3BO/ICTBY B CPAaBHEHHH
¢ KopoBamH, roiy4aBmumMu JlakroTomn. DTo m03BOMMIIO0 JOOUTHCS OT HUX JTyYIIEro HHAEKCA OCEeMEHe-
HUs, paBHOTO 1,9 B cpaBHEHUM ¢ KOpoBaMH 1-i TpyIsl ¢ uHAEKcoM B 2,1. Mcnonb3oBaHne KOPMOBOM
nobasku DueproJlakT-O mo3BoIMIIO HE TOIBKO cOKOHOMUTH 6000 p. mpu apendyeBanun 10 KOpoB B
TepBhIe 3 THS MOCJE OTeNa, HO ¥ oiydnTh Ha 31 176 p. mpuObLTH OOJIBINE B pacdeTe Ha OMHY KOPO-
By, 4eM TpH ucnoyb3oBanuu 106aBku JlakroTorm. [Ipu 3ToM peHTabenbHOCTH MTPOMU3BOICTBA MOJIOKA
yBenuumiack Ha 9,8%.

KiroueBble ci1oBa: KopMiIeHHE, JaKTUPYIOIIUE KOPOBBI, KOPMOBBIE TOOABKH, MPOMYKTHBHOCTB,
JpeHYeBaHNue

The use of the feed additive EnergoLact-O for cows after calving

C<)Dursenev M.S., Tronin M.A., Filatov A.V., Sapozhnikov A.F.
Vyatka State Agrotechnological University

Kirov, Russia

(<X)e-mail: maks.xitman@mail.ru

The results of using a feed additive by drenching for cows after calving are presented. The re-
search was carried out in the conditions of the dairy livestock complex of the Kirov region on dairy
cows of the Black-and-White Holstein breed during the lactation period. In the experiment, two feed
additives for cow drenching were studied — "LactoTop" and "EnergoLact-O" on two groups of cows
with 10 heads each. It was found that the drenching of cows using the feed additive "EnergoLact-O"
in comparison with "LactoTop" helps to reduce the level of ketone bodies in the blood by 0.3 on the
Sth day after calving. The milk productivity of cows of the second group ("EnergoLact-O") from the
first month and throughout lactation significantly exceeded the milk productivity of cows of the first
group ("LactoTop") in milk yield, as well as the mass fraction of fat and protein in milk. For 305 days
of lactation, this milk yield superiority was 10.7% (p < 0.01), which allowed, with higher protein and
fat levels in the milk of cows of the second group, to obtain milk fat (in kg) and milk protein (in kg)
from these cows by 15.1% and 13.5%, respectively. Cows receiving the "EnergoLact-O" feed additive
showed better reproduction performance compared to cows receiving "LactoTop". This allowed them
to achieve a better insemination index of 1.9 compared to cows of the first group with an index of 2.1.
The use of the feed additive "EnergoLact-O" allowed not only to save 6,000 rubles. when drenching
10 cows in the first 3 days after calving, but also to receive 31176 rubles more profit per cow than
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when using the "LactoTop" supplement. At the same time, the profitability of milk production in-

creased by 9.8%.
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INTRODUCTION

After calving, milk production in dairy cows
increases rapidly, but the nutrients consumed in
the feed cannot fully meet the cow's increased
needs due to the onset of lactation, creating a
negative energy balance. Dairy cows with a neg-
ative energy balance have an increased risk of
developing clinical or subclinical ketosis. Keto-
sis in dairy cows negatively impacts milk pro-
duction, dry matter intake, health, immunity, and
reproductive performance [1-7].

Eliminating dehydration, providing the cow
with readily available energy and calcium at the
beginning of lactation, preventing the develop-
ment of ketosis, increasing appetite and increas-
ing the animal's productivity is possible through
the development and use of effective feed addi-
tives through drenching [8—15].

The purpose of the study is to determine the
effectiveness of using the feed additive Energo-
Lact-O for cows after calving.

MATERIAL AND METHODS

The study was conducted at the “Bobino-M
dairy farm” in the Slobodskoy District of the
Kirov Region. High-yielding Black-and-White
Holstein cows were studied at the beginning
of lactation. Two groups of 10 animals each
were formed and treated with different supple-

ments: LactoTop (Group 1) and EnergoLact-O
(Group 2). Drenching was performed in the
morning once a day for three days after calving.
The feed additives to be tested were dissolved in
30 liters of warm water at 30—40°C immediate-
ly before drenching. After drenching, the cows
were monitored for blood ketone levels, milk
production, and reproductive performance, and
the cost-effectiveness of using the additives was
calculated.

Ketone body levels were measured using a
portable veterinary blood glucose and ketone an-
alyzer on the 5th day after calving (see Table 1).

According to the norm, the level of ketone
bodies in the blood from 0.6 to 1.0 mmol/l indi-
cates a slight increase in the content of beta-hy-
droxybutyric acid (BHA); from 1.0 to 1.5 mmol/l
is a sign of subclinical ketosis; over 1.5 mmol/l
is clinical ketosis.

In both groups of cows that received Lacto-
Top and EnergoLact-O, moderate pathologies at
calving were observed in 50% of cases.

Based on the results of drenching, the average
level of ketone bodies was lower in the group
of cows that received the EnergoLact-O supple-
ment by 0.3 mmol/l, compared to the group of
cows that received LactoTop.

Before the experiment, cows in the experi-
mental groups showed no significant differenc-
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Taoa. 1. ypOBCHB KETOHOBBIX TCJI B KPOBU KOPOB MOCJIC JPCHYCBAHUA

Table 1. Ketone body levels in cow blood after drenching

LactoTop (1st group) EnergoLact-O (2nd group)

Cow inventory number Ease of calving Ketone body levels Cov;/uirr:s:rtory of S;S\an Ket{)e l:/eelz ody
8162 VII 0,8 9197 MP 0,7
5643 viI 2,3 9175 MP 0,8
8141 H 1,5 6085 N 0,8
5090 VII 1,2 6080 MP 0,9
8110 H 1,2 2999 N 0,7
6026 H 0,7 5628 N 0,9
7134 VII 0,9 8148 MP 0,8
4082 VII 0,6 5691 MP 0,9
7200 H 0,9 6092 N 0,9
7178 H 1,1 5698 N 0,6

Average amount of ketone bodies, mmol/l 1,1+£0,16 - 0,8 +0,03

Note: N —normal, MP — moderate pathology.

es in milk production or milk quality during the
previous lactation. The cows' milk production
during the current lactation is presented in Ta-
ble 2.

Already in the first month of lactation, the
milk yield of cows receiving the feed additive
EnergoLact-O significantly (p < 0.01) exceeded
that of the cows receiving LactoTop by 12.1%.

Moreover, the mass fraction of fat and protein in
milk was also higher in cows receiving Energo-
Lact-O — by 0.15 and 0.11%, respectively.

A similar trend was observed in subsequent
months of lactation. Thus, according to the re-
sults of milk productivity monitoring for the first
100 days of lactation, the milk yield of cows in
Group 2 was 13.1% (p < 0.001) higher than that

Tab6a. 2. Ilokazarenn MOJIOYHON MPOTYKTUBHOCTH B CPEIHEM IO TPYIIIIaM

Table 2. Average milk yeild indicators by groups

Indicator LactoTop (1st group) EnergoLact-O (2nd group)

1st month of lactation:

Average milk yield per cow, kg 1334 + 24,34 1496 £ 41,72™

Average FMF per cow, % 3,86 + 0,09 4,01 £0,05

Average PMF per cow, % 3,24 +0,05 3,35+0,04
2nd month of lactation:

Average milk yield per cow, kg 1396 + 24,50 1528 +£57,80"

Average FMF per cow, % 3,81 +0,09 3,95 +0,05

Average PMF per cow, % 3,18 £0,05 3,26 £0,05
3rd month of lactation:

Average milk yield per cow, kg 1245 £ 21,50 1369 +32,91™

Average FMF per cow, % 3,76 +£ 0,09 3,89 £0,07

Average PMF per cow, % 3,16 £ 0,05 3,17+ 0,06
Yield, kg:

for 100 days 4147 + 73,34 4692 + 103,92

for 200 days 7927 + 159,39 8860 £ 195,25

for 305 days 12 107 £ 215,71 13 406 + 286,83
FMF for 305 days:

% 3,81 £ 0,09 3,96 + 0,06

kg 461,3 + 11,49 530,9 +25,25"
PMF for 305 days:

% 3,19+0,05 3,27 £ 0,06

kg 386,2 7,38 438,4 +23,27"

*p < 0,05.

#kp < 0,01.

*akp < 0,001
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of cows in Group 1 by 200 days of lactation, and
11.8% (p <0.01).

After 305 days of lactation, milk yield per
cow in Group 2 exceeded that of Group 1 cows
by 10.7% (p < 0.01). Furthermore, the quality of
milk produced was also better in the cows fed
the EnergoLact-O feed additive.

In general, throughout the lactation, the
amount of milk fat (kg), as well as the amount of
milk protein (kg) in cows of the 2nd group sig-
nificantly (p < 0.05) exceeded these indicators
for cows of the 1st group by 15.1 and 13.5%,
respectively.

The increase in milk productivity of cows af-
ter 3-fold drenching with the feed additive En-
ergoLact-O can be explained by the fact that at
the beginning of lactation the cow experiences
a sharp need for calcium, cannot compensate
for this need from the feed mixture, even if the
diet is complete and balanced, and only through
drenching with the additive EnergoLact-O it is
possible to cover the cow's need for calcium
and prevent the leaching of calcium from the
animal's bones. This, in turn, ensures an easier
start of lactation, allows the cow to demonstrate
its full genetic potential for milk production and
contributes to obtaining more milk during a giv-
en lactation.

Reproductive performance was monitored
in the animals that received feed additives by
drenching (see Table 3).

Animals supplemented with LactoTop (3
cows) failed to be successfully inseminated
during the first 6 months after calving. In this
group, only 7 cows were successfully insemi-
nated: 50% on the first attempt and 10% on the
second.

All animals in Group 2, which were drenched
with the EnergoLact-O feed additive, were suc-
cessfully inseminated. Fertilization occurred in
30% of animals after the first insemination, 20%
after the second, and the remainder after the
third to fifth insemination.

Cows fed the EnergoLact-O feed additive
outperformed cows fed LactoTop in terms of in-
semination index by 0.3. Thus, the insemination
index for cows in Group 2 was 1.9, which is con-

sidered satisfactory, while the index for cows in
Group 1 was 2.1, which is unsatisfactory. The
low insemination index in both groups is due to
the high milk productivity of the cows.

Based on the obtained data, the economic ef-
ficiency of using feed additives was calculated
(see Table 4).

When using feed additives for drenching
cows, one package is required per cow for one
drenching. The cost of EnergoLact-O at the
time of the experiment was 150 rubles, which
is 57.14% lower than the cost of the LactoTop
feed additive. When drenching 10 cows using
the EnergoLact-O feed additive three times after
calving, compared to drenching LactoTop, the
savings associated with the cost of the feed addi-
tives is 6,000 rubles in favor of the first.

At a milk delivery price of 30 rubles per ki-
logram, the additional revenue from milk deliv-
ery from Group 2 cows per lactation amounts
to 77,811.26 rubles. This, in turn, contributes to
higher profits from cows fed the EnergoLact-O
feed additive by 31,176 rubles per cow, and also
increases milk production profitability by 9.8%
to 58.7%.

Using the EnergoLact-O supplement im-
proves cow productivity, thereby increasing
marketable milk yield. Furthermore, the cost of
this supplement is approximately 2.5 times low-
er, reducing feed additive costs.

Ta6a. 3. Ilokazarenu BOCIIPOU3BOJCTBA KOPOB,
IMOJIy4aBHIINX KOPMOBBIC I[OGaBKI/I

Table 3. Reproduction rates of cows that received
feed additives

. Lacto- | Energo-

Indicator Top Lact-O
Number of animals 10 10
Cows successfully inseminated, % 70 80
Fertilized after
the first insemination, % 50 30
Fertilized after
the second insemination of recov-
ered cows, % 10 20
Insemination index 2,1 1,9
Service period, days 1049 138,4
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Tada. 4. DxoHoMHuueckoe 000CHOBaHUE PE3YIBTATOB
Table 4. Economic justification of the results

Indicator Variant with Variant with
LactoTop EnergoLact-O

Cost of one package of feed additive for single use, rubles 350 150
Savings from purchasing the supplement for 10 cows for 3 drenchings, rubles - 6000
Milk yield for 305 days, kg 12 107 13 406
FMF for 305 days, % 3,81 3,96
PMF for 305 days, % 3,19 3,27
C%slt of 1 kg of milk with basic fat content (3.40%) and protein content (3.00%), 30
rubles
Cost of milk from 1 cow, rubles 432 786,08 510 597,34
Additional revenue received from milk delivery, rubles - 77 811,26

Cost price of 1 kg of milk, rubles

Cost of milk from one cow per lactation, rubles
Net profit from milk, rubles

Profitability of milk production, %

CONCLUSION

Drenching cows with the feed additive Ener-
goLact-O, compared to LactoTop, helps reduc-
ing the level of ketone bodies in the blood by 0.3
mmol/l already on the 5th day after calving.

The milk productivity of Group 2 cows (En-
ergoLact-O) from the first month and throughout
lactation significantly exceeded that of Group 1
cows (LactoTop) in terms of milk yield, as well
as the mass fraction of fat and protein in milk.
Over 305 days of lactation, this superiority in
milk yield amounted to 10.7% (p < 0.01), al-
lowing for higher protein and fat content in milk
from Group 2 cows, while yielding 15.1% and
13.5% more milk fat (kg) and 13.5% more milk
protein (kg), respectively, despite higher protein
and fat content in milk.

Cows fed the EnergoLact-O feed additive
demonstrated superior reproductive performance
compared to cows fed LactoTop. This resulted in
a higher insemination rate of 1.9 compared to
Group 1 cows, which had an insemination rate
of 2.1.

Using the EnergoLact-O feed additive not
only saved 6,000 rubles when drenching 10 cows
in the first three days after calving, but also gen-
erated 31,176 rubles more profit per cow than
with LactoTop. Milk production profitability
also increased by 9.8%.

290 568,00 321 744,00
142 218,08 188 853,34
48,9 58,7
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Mopdosioruyeckne 1 OHOXUMHUYECKHE MOKA3aTEeJIH KPOBH
JIAKTHPYHOLIUX KOPOB NP MCIOJIb30BAHMH B PallMOHAX
KOPMOBOI1 100aBKH HA OCHOBE IIPOTA MOACOJTHECYHHKA
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Gunuan Hayuonanvnozo uccieoosamenvcko2o Tomckoz2o 2ocyoapcmeeHno20 ynusepcumema
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[IpencTaBrieHsl pe3yiabTaThl H3yUeHUs BIUSAHNS CKapMIIMBAHUS PAa3IUYHbBIX 103 KOPMOBOM 100aB-
K1 «BosokHa 1ofconHeyHble KOPMOBBIE» HAa MOP(OJIOTHUECKUE 1 OMOXUMHUUYECKUE ITOKAa3aTeNIn Kpo-
BU JIAKTHPYIOLIMX KOPOB YEPHO-TIECTPOM MOPOABI MIPUOOCKOTrO TUMA B YCIOBUSIX ANTaiCKOro Kpas.
Jannas xopMoBasi JoOaBKa SIBISIETCS MOOOYHBIM MPOLYKTOM IIPH MPOU3BOACTBE MHILEBOIO M KOP-
MOBOTO OEJIKOBOTO KOHIIGHTPATOB M3 IIPOTa MOJCOIHEYHHKA, OTAMYACTCS JOCTATOUYHO BBHICOKOH IMH-
TaTeJIbHOM IIEHHOCTHIO U 00NamaeT cOpOIMOHHON akTHBHOCTHIO. ChopMHUpOBaHBI IBE OIBITHBIC U
OJTHa KOHTPOJIbHAs Tpymiia kopoB 1o 10 roin. B kKaxmoil. JKHBOTHBIE KOHTPOJIBHOM TPYMIIBI TOTYYan
OCHOBHOM paIlMOH, KOpoBaM 1-ii OMBITHOM TpyNIibl AOMOIHUTEILHO BBOAMWIM 0,5 Kr, aHanoram 2-i
ombITHON Tpynmsl — 1,0 KT u3y4aeMoil kKopMoBoOii 1o0aBkd. [IpogomKUTENEHOCT OTIBITA COCTaBUIIA
60 nHel. BrIABICHO, YTO MPHU CKAPMJIMBAHUHM KOPMOBOH 100aBKH Y KOPOB OMNBITHBIX I'PYII B KOHIIE
ombiTa Obl1a 1ocToBepHO (p < 0,05) BhIIIE O CPABHEHUIO C KOHTPOJIEM pe3epBHAs HIET0YHOCTh ChIBO-
porku kposu (Ha 8,2—13,1%) u ormeueH noctoBepHo (p < 0,05) Oosiee HU3KUH YPOBEHB XOJIECTEPUHA
(ma 8,8-15,2%). Y xopoB 2-it onbITHOM Tpynmsl ObUT0 JOocTOBEpHO (p < 0,05) Gosee BhICOKOE, YeM B
KOHTpOJIE, COIep’KaHue B KPOBH SPUTPOIUTOB (Ha 24,2%), a y 5KUBOTHBIX 1-i1 OIIBITHON TPYTIIBI B CBI-
BOPOTKE KPOBH ObLI BhIIIE YpOBeHb KpearunnHa Ha 19,4% (p < 0,01) u acnapraramMmuHoTpancepasbl
Ha 22,5% (p < 0,05). [luHamMuKa H3MEHEHUH reMaToJIOTMYeCKUX 1 ONOXMMUYECKHX MTOKa3aTesei Kpo-
BU CBHUJIETEIBCTBYET 00 ONTUMH3ALNN OOMEHHBIX MPOLECCOB B OPraHu3Me KHBOTHBIX I10]] BIHSHUEM
CKapMJTUBaHHS U3y4aeMOM KOPMOBOH T00aBKH.

KarwueBbie cioBa: kopMoBas 100aBKa, KOPMIIEHHE KOPOB, BOJOKHA IOJICOIHEYHbIE KOPMOBBIC,
MOP(OTOTHICCKHE U OMOXUMHUIECKHE TTOKA3aTEIN KPOBU

Morphological and biochemical parameters of blood of lactating cows
when using a feed additive based on sunflower meal in their diets

(<) Zaborskikh E.Yu.!, Syieva S.Ya.?, Shevchenko S.A.%, Shevchenko A.I.3
'Federal Altai Scientific Center for Agrobiotechnology

Barnaul, Altai Territory, Russia

2Gorno-Altay Research Institute of Agriculture — Branch of the National Research
Tomsk State University

Mayma, Republic of Altai, Russia

3Gorno-Altaysk State University
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The results of the study of the effect of feeding various doses of the feed additive "Sunflower feed
fibers" on the morphological and biochemical parameters of the blood of lactating cows of the Black-
and-White breed of the Priobsky type in the conditions of the Altai Territory are presented. This feed
additive is a by-product in the production of food and feed protein concentrates from sunflower meal;
it is distinguished by fairly high nutritional value and possesses sorption activity. Two experimental
and one control group of cows of 10 heads each were formed. The animals of the control group re-
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ceived the basic diet; the cows of the 1st experimental group received an additional 0.5 kg, and the ana-
logues of the 2nd experimental group received 1.0 kg of the studied feed additive. The duration of the
experiment was 60 days. It was revealed that by feeding the cows of the experimental groups with the
feed additive, at the end of the experiment, the reserve alkalinity of the blood serum was significantly
(p £0.05) higher compared to the control (by 8.2—13 .1%) and significantly (p < 0.05) lower choleste-
rol levels (by 8.8—15.2%) were observed. The cows of the 2nd experimental group had a significantly
(p £ 0.05) higher content of erythrocytes in the blood than in the control (by 24.2%), and the animals
of the 1st experimental group had a higher level of creatinine in the blood serum by 19.4% (p < 0.01)
and aspartate aminotransferase by 22.5% (p < 0.05). The dynamics of the changes in hematological
and biochemical blood parameters indicate the optimization of metabolic processes in the body of the

animals under the influence of feeding with the studied feed additive.
Keywords: feed additive, feeding cows, sunflower feed fibers, morphological and biochemical

blood parameters
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INTRODUCTION

Currently, the country's feed production lev-
els are insufficient to produce feed with the re-
quired concentration of metabolizable energy,
readily available carbohydrates, and crude pro-
tein for high-yielding lactating cows. This prob-
lem can be addressed by developing next-gen-
eration feed additives designed to enhance the
digestibility of diet components, including en-
zyme compositions, probiotics, chelated miner-
als, and other ingredients [1].

Increasing the milk productivity of cows
while maintaining the optimal physiological sta-
tus of the body is one of the most important tasks
facing scientists and practicing nutrition special-
ists.

To ensure high productivity of farm animals
and obtain environmentally safe livestock prod-
ucts, it is necessary to take into account the
contamination of agricultural raw materials and
products with toxicants of natural origin, in par-
ticular mycotoxins [2].

Although many toxicants in feed crops and
agricultural products are within the maximum
permissible concentration limits, synergistic

effects are possible when they are ingested in
combination. Therefore, the use of adsorbent
feed additives in lactating cows is relevant and
has significant practical value for normalizing
digestion processes and improving the produc-
tivity and quality of dairy products [3, 4].

The study of hematological and biochemical
parameters of the blood of dairy cows when var-
ious feed additives are included in their diets is
an urgent research task [5]. Thus, when feeding
a natural mineral adsorbent to lactating cows,
against the background of an increase in average
daily milk yield, their blood had higher levels
of glucose, total protein, calcium, and phospho-
rus compared to the control group, and urea was
lower by 2.76% [4].

Currently, due to the development of crop
production and the processing industry, a large
amount of waste remains, which creates an en-
vironmental burden [6]. At the same time, waste
from primary production, which contains a lot
of useful nutrients (proteins, carbohydrates, vi-
tamins, macro- and microelements, etc.), is not
widely used in feeding farm animals [7].

A significant amount of secondary resources
is generated during sunflower seed processing.
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The oil and fat industry typically extracts only
one component from them—vegetable oil—
and the resulting meal is used in animal feed.
The characteristics of sunflower meal, such as
its high crude protein content (37-42%), low
cost, and absence of toxic and anti-nutritional
substances, make it feasible to develop methods
for extracting protein concentrates and isolates
from it to produce valuable dietary, hypoaller-
genic food products. Currently, the production
of sunflower protein food concentrates is active-
ly developing in the world and in Russia, and
accordingly, the volume of by-products that can
be used in feeding farm animals will increase to
industrial scale [8, 9].

The new feed additive "Sunflower feed fibers"
TU 10.41.41-317-05748654-2021 (formerly
known as "Aktifibra") is produced by alkaline
hydrolysis of sunflower meal and is a by-prod-
uct in the production of food and feed sunflower
protein concentrates. It is a dry, crumbly product
with a moisture content of 9—10%.

The feed additive has a high sorption activi-
ty proven in vitro [10]. In addition, "Sunflower
feed fibers" have a fairly good nutritional value
for cattle. 1 kg of absolutely dry matter of the
feed additive contains on average 13.1 MJ ME,
22-25% crude protein, 44-45% NFES, 22.0-
25.0% crude fiber, 13.8 g phosphorus, 7.4 g cal-
cium, 152.6 mg iron, 70.7 mg zinc and 39.1 mg
manganese'.

In this regard, the study of the changes in in-
dicators characterizing metabolic processes in
the body of cows when fed this feed additive is
relevant and is of scientific and practical interest.

The purpose of the study is to identify the
effect of using different doses of the feed addi-
tive “Sunflower feed fibers” in feeding lactating
cows on the morphological and biochemical pa-
rameters of blood.

MATERIAL AND METHODS

The scientific and economic experiment was
conducted at the Komsomolskoye Breeding

Farm Experimental Station, a branch of the FAS-
CA in the Pavlovsky District of the Altai Terri-
tory, using lactating Priobskaya-type Black-and-
White cows in their second and third lactations.
Three groups of 10 cows were formed using the
analog method for the experiment: one control
group and two experimental groups with a live
weight of 580—600 kg and a milk yield of over
7,000 kg in the previous lactation. The control
and experimental groups of animals were kept
under identical conditions and were kept teth-
ered.

At the start of the experiment, the animals
were on average 100 days into lactation. The av-
erage daily milk yield at the start of the feeding
trial was 32.2-32.6 kg.

During the experiment, cows in the control
group were fed the main on-farm diet, balanced
in all key indicators, with the following compo-
sition: corn silage (21 kg), haylage from annual
grasses (21 kg), oat straw (2 kg), and compound
feed “KK 60-2” (8 kg). Cows in the first experi-
mental group were fed 0.5 kg of the studied feed
supplement in addition to their main diet, and
animals in the second experimental group were
fed 1.0 kg of the studied feed supplement "Sun-
flower feed fibers" once daily with their feed.
The supplement was added directly to the feed
(completely mixed feed) once daily. The dura-
tion of the feeding trial was 60 days.

Blood for biochemical analysis was collected
from the tail vein in the morning before feed-
ing at the end of the experiment on day 60. Bio-
chemical analysis of the blood serum samples
was performed in the veterinary laboratory of the
ARIAHVS department of the FASCA: reserve
alkalinity was determined using the Nevodov's
method with the Tashiro indicator; carotene
was measured using the colorimetric method of
G.F. Koromyslov and L.A. Kudryavtseva. Total
protein, albumin, bilirubin, creatinine, choles-
terol, triglycerides, calcium, phosphorus, chlo-
rides, alkaline phosphatase, GGT, ALT, and AST
were determined using a ChemWellCombi 2910

Zaborskikh E. Yu. Effect of a new feed additive based on sunflower meal on milk productivity of cows // Agrarian science for
agriculture: collection of papers from the XVII International scientific and practical conference in 2 books. Barnaul: ASAU, 2022,

Ch. 2. pp. 122-124.

88  Siberian Herald of Agricultural Science ¢ 2025 ¢ 55 « 7

Zootechnics and veterinary medicine



Mopdonorndeckre n GHOXMMIYECKHIE TOKa3aTeIN KPOBU
JAKTUPYIOIHMX KOPOB IPH HCIOIb30BAHUU
B palliOHaX KOPMOBOMH J0OaBKH Ha OCHOBE LIPOTA MOJCOTHETHHUKA

3abopckux E.1O., CeieBa C 4., [lleBuenko C.A., [lleBuenko A.W.

automated biochemical and ELISA analyzer us-
ing Vector-Best reagent kits. Blood morphology
was performed at the Veterinary Laboratory in
Barnaul. Hemoglobin was determined using the
hemoglobin-cyanide method, and red blood cell
and white blood cell counts and differential were
determined using a Mikromed-2 microscope.
The digital material obtained in the exper-
iments was processed using the variation sta-
tistics method according to N.A. Plokhinsky
(1969) using biometric processing methods us-
ing the Microsoft Excel 2016 software package.

RESULTS AND DISCUSSION

As aresult of feeding lactating cows the stud-
ied feed additive, almost all the main biochem-
ical parameters of blood serum, characterizing
the level of metabolism and health status, were
within the normal range (see Table 1).

Analysis of the data presented in Table 1 re-
veals significant differences between the groups
in alkalinity, cholesterol, and creatinine lev-
els. Cholesterol performs structural and hor-
mone-producing functions, participates in the
absorption of vitamin D, improves digestion, and
is involved in the functioning of the serotonin re-
ceptor system [11]. In cows in the control group,

cholesterol levels at the end of the experiment
were slightly higher than normal, while in ani-
mals in the experimental groups, they were sig-
nificantly (p < 0.05) lower (by 15.2% and 8.8%,
respectively) and within normal limits. Elevated
blood cholesterol levels in cows can occur with
impaired liver function and often accompany
ketosis. As a rule, this is accompanied by a de-
crease in the alkaline reserve of the blood [12].

Although the reserve alkalinity of the blood
serum in all experimental animals was within
the physiological norm, in cows of the experi-
mental groups this indicator was significant-
ly higher (p < 0.05) compared to the control
group in cows of the 1st experimental group by
13.1% (552.0 mg%), in the 2nd group by 8.2%
(528.0 mg%).

The source of muscle energy is creatine phos-
phate, which is formed from creatinine. Since
creatinine is one of the components of residual
nitrogen, its level in the blood serum allows us
to evaluate the excretory function of the kidneys
and the intensity of metabolism in the muscle
tissue of animals [11]. In cows of the 1st experi-
mental group, the level of creatinine in the blood
serum was 19.4% higher than in the control
(p £0.01), in animals of the 2nd experimental

Ta6a. 1. OcHOBHBIE OMOXUMHYECKHE MTOKA3aTeIN CHIBOPOTKHA KPOBH KOPOB
Table 1. Main biochemical parameters of cow blood serum

Indicator Unit of Norm Grou
measurement control Ist experimental 2nd experimental
Total protein g/l 72,0-86,0 82,0+2,10 78,7 +£0,90 82,0+ 3,04
Albumin mmol/l 27,0-43,0 35,1 +1,50 36,3 +£0,97 32,9+1,48
Carotene mg% 0,4-1,0 0,62 + 0,040 0,47+ 0,030 0,57+ 0,070
Bilirubin pumol/l 0,2-5,1 2,31+0,320 1,71 £0,36 2,17+0,300
Cholesterol mmol/l 2,3-6,6 7,0 £ 0,40 5,9 £0,54* 6,4 +0,86*
Triglycerides mmol/l 0,22-0,55 0,44 + 0,020 0,47 £ 0,020 0,47 £0,030
Reserve alkalinity mg% 360-580 488 £ 18,4 552 +18,4* 528 +£17,5%
Creatinine pumol/1 55,8-162,4 69,7 £ 5,96 83,3 £4,22%%* 78,1 £3,70
Calcium mmol/l 2,3-32 2,45 +0,070 2,47 +0,050 2,43 £0,040
Phosphorus mmol/l 1,5-2,9 2,32 +£0,130 2,35+0,110 2,13+0,180
Chlorides mmol/l 94,0-104,0 98,1 £0,55 97,0+ 0,71 97,2 +0,96
mes 2,3:
*p <0,05.
#p < 0,01,
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group this indicator was also higher than in the
control (by 12.0%) with an insignificant differ-
ence.

The increase in the level of creatinine in the
blood serum of experimental animals occurred
within the physiological norm and, obviously,
this is associated with increased synthesis of
milk protein and with an increase in the aver-
age daily milk yield of cows in the experimental
groups at the end of the experiment compared to
the control by 13.8 and 17.0%, respectively.

Of the liver enzymes, aspartate aminotrans-
ferase (AST) and gamma-glutamyl transferase
(GGT) have high diagnostic value, while alanine
aminotransferase (ALT) and alkaline phospha-
tase reflect metabolic processes to a somewhat
lesser extent [13]. Table 2 shows the results of
analyses of cow blood serum for the content of
the main liver enzymes.

From the analysis of the data presented in Ta-
ble 2, it follows that the cows of the 1st exper-
imental group, compared to the control group,
had a significantly (p < 0.05) higher AST level
by 22.5%. In animals of the 2nd experimental
group, this indicator was higher than in the con-
trol group by 14.5%, with an insignificant dif-
ference.

In cows of the experimental groups, a tenden-
cy towards an increase in ALT activity was not-
ed compared to the control by 21.5 and 13.9%,
respectively, as well as alkaline phosphatase by
8.0—10.1% with an insignificant difference.

The higher level of AST and ALT activity in
the serum of cows in the experimental groups
compared to the control group may be associat-

ed with increased milk synthesis, which is con-
firmed by the data of our studies.

Animals in all groups showed elevated gam-
ma-glutamyl transferase activity relative to nor-
mal, with a slight tendency toward normalization
in cows in the first experimental group. A slight
increase in GGT levels is typical in cows during
intensive lactation, which results in increased
liver stress due to metabolic factors.

Table 3 shows the data from the analysis of
the morphological composition of the blood of
experimental animals.

From the analysis of the data presented in Ta-
ble 3, it is evident that the hemoglobin level in
cows of all three groups was slightly below nor-
mal, while the red blood cell content was within
the reference values.

During the period of milking, as a rule, the
highest daily milk yields are obtained from
cows; in addition, after the body has recovered,
fruitful insemination should occur. These factors
significantly affect hematopoiesis. Thus, accord-
ing to M.L. Kochneva et al. [14], the maximum
hemoglobin content in the blood of Holstein
cows was 20-25 days before calving and on the
5th day after it, and on the 80th day of lactation,
the hemoglobin content below the reference lim-
it was in 27% of the experimental animals. In an
experiment conducted by S.B. Kim et al. [15], at
the peak of lactation in highly productive cows,
a decrease in hemoglobin and hematocrit, as
well as an increase in total cholesterol and an in-
crease in alanine aminotransferase activity were
observed.

In our experiment, in cows fed the feed ad-
ditive "Sunflower feed fibers" at a dose of

Tao6ua. 2. AKTUBHOCTH (PEPMEHTOB IEUEHH KOPOB, €11./11

Table 2. Activity of cow liver enzymes, u/l

Group
Indicator Norm
control 1st experimental 2nd experimental
AST 48-110 64,8 + 2,96 79,4 £2,13% 74,2 + 3,85
ALT 17-37 28,8+ 3,41 35,0+ 1,60 32,8+ 1,34
GGT 5-25 31,4 +4,37 27,6 + 3,11 31,2+4,56
Alkaline phosphatase 29-153 114,8 £ 12,31 124,0 £ 10,46 126,4 £ 6,99
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Taoda. 3. Mopdonornueckue noxkasaresu KpOBH KOPOB

Table 3. Morphological indices of cow blood

Indicator Ex. mau. Norm KOHTPOJIbHAsS 1-s1 Sli:ﬁlaﬂ 2-51 OTIBITHAS
Hemoglobin r/n 99-129 77,6 £ 3,61 73,8+ 1,20 77,6 £ 6,32
Erythrocytes 10'%/n 5,0-7,5 5,7+0,15 5,9+0,21 7,1 +0,34*
Leukocytes 10°/n 4,5-12,0 5,5+0,44 6,5+ 0,62 7,5 +0,36*
Lymphocytes 10°/n 40-75 61,4+4,41 60,4+ 3,72 48.4+9,71
1.0 kg/head per day (2nd experimental group), CHHUCOK JIUTEPATYPbI

the level of erythrocytes in the blood was sig-
nificantly higher compared to the control group
by 24.2% (p < 0.05), in animals of the Ist ex-
perimental group (dose 0.5 kg/head) the differ-
ence with the control was insignificant (higher
by 3.5%).

In animals of the 2nd experimental group, a
significant difference (p < 0.05) was found be-
tween the control group and the leukocyte con-
tent in the blood of 37.2%, while in cows of
the 1st experimental group, this indicator was
higher than in the control group by 18.2%, with
an insignificant difference. The increase in the
number of the formed elements in the blood of
animals of the experimental groups within the
physiological norm probably indicates more in-
tensive hematopoiesis.

CONCLUSION

Feeding the feed additive "Sunflower feed fi-
bers" at a dosage of 0.5 and 1 kg/head per day
for 60 days to lactating cows had a significant
positive effect on metabolic parameters.

At the end of the experimental feeding peri-
od, animals in the first experimental group had
lower serum cholesterol levels than the control
group, higher levels of reserve alkalinity and as-
partate aminotransferase, and a tendency toward
a decrease (normalization) in gamma-glutamyl
transferase activity. Cows in the second exper-
imental group had significantly higher levels of
red blood cells and white blood cells in the blood
compared to the control group, higher reserve
alkalinity and creatinine levels in the blood se-
rum, and lower cholesterol levels.
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Cucrema YCOBEPIICHCTBOBAHHBIX ME€TOA0B IIPOTHO3UPOBAHUSA
TEXHUYECKOIr0 COCTOSIHUSI aBTOMOOMJIeil

Kpukos A.M., <) UBannnkoB A.b., Cunopenxo M.H.

Cubupckuii ghedepanvrulll HAYuHblll Yyenmp azpodbuomexnonocuti Poccutickoii akademuu Hayk
HoBocubupckas o6macts, p.i. KpacrHoo6ck, Poccust

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

[IpencraBiieHbl pe3y/IbTaThl BHIIOJIHEHHBIX HCCIICIOBAHUHN 10 COBEPIIICHCTBOBAHUIO CHCTEMBI IPO-
THO3MPOBAHHUS [TAPAMETPOB TEXHUUECKOTO COCTOSIHHS y3JI0B U arperaroB aBTOMOOMJICH CeIbX03TOBaA-
POIPOU3BOAUTENST HA IPUMEPE IPY30BBIX aBTOMOOMIICH, peann3yeMoid B Cpejie 3JIeKTPOHHBIX TaOIHUI]
O(pUCHOTO TIaKeTa MPOrPaMM IIEPCOHAIBHOTO KOMITbIOTEpa. B KauecTBe mporpamMm OQUCHOTO TaKeTa
MOXHO ucnonb3oBath npuwiokeHus LibreOffice Calc wnmu MS Excel u np. Llenp nanHoro ucciemno-
BaHUsI — Pa3pabOTKa CUCTEMbI MPOrPAMMHO-AJITOPUTMUYCCKUX M UHPOPMALIMOHHBIX CPEJICTB IMPO-
THO3MPOBAHUS MaPaMETPOB TEXHUUYECKOIO COCTOSIHHSI Y3JIOB U arperaTtoB rpy30BbIX aBTOMOOMIIEH 3a
CYET YCOBEPIIIEHCTBOBAHUS METO0B IIPOTHO3UPOBaHMsl. JlaHHbBIE METO/IBI B COBOKYITHOCTH CITOCOOHBI
YTOYHHUThH CTATHCTHUYECKYIO OLIEHKY TPOTHO3UPYEMBIX MApaMeTPOB U JIAIyT BO3MOXKHOCTh CICIIAANH-
CTYy TIPUHSATH 00OCHOBAHHBIC PEUICHHS MO AalbHEHINEH IKCIUTyaTalliy rpy30Boro aproMmoowmis. s
MOBBIIICHUS ONIEPATUBHOCTH PabOTHI CHCTEMa MPOrPaMMHO-AITOPUTMUYSCKUX H MH(POPMAIMOHHBIX
CPEICTB MOXET ObITh UCIIOJIb30BaHa Ha IUIAHIIETaX U MOOWIBHBIX cMapThoHax. OOOCHOBAHO yCOBEP-
IICHCTBOBAHHME METOIOB ITPOrHO3UPOBAHUS B HH(GOPMAIIMOHHON MOJEIM CUCTEMbI ITPOrPaMMHO-aII-
TOPUTMUYCCKUX U HHPOPMALMOHHBIX CPEICTB MPOTrHO3ZUPOBAHUS. BBHICTPOCHHBIN aIropuT™M HHPOP-
MAIMOHHOW MOJICITM UMEET TOHSITHBIA W JOCTYIHBIN JUIs MOJIb30BaTeNnst HHTep(EHc ¢ TOCTymoM K
KOPHEBOW JUPEKTOPHUH IMAIMOK C CHCTEMATU3UPOBAHHBIMU (DallaMu, UMEIOIIUMU pacuiupeHus .doc u
xlsx. [IporHo3HBIC pacyeThl BBITOIHSIOTCS IMOCIE BBO/IA PE3yJbTaTOB JUATHOCTHKH paccMaTpuBac-
MOTO aBTOMOOMJISI ¥ IOcJie 00pabOTKH CHCTEMOH B BBIIAaHHON HH(POPMAIMK YKa3bIBA€TCS CIIPOTHO3U-
POBaHHBII U MPEIEIbHBIN MapaMeTp KPUTHUECKOTO COCTOSHUS Y3JIOB M arperaroB aBToMmoowmis. [1pu
3TOM O0CCIICUMBACTCS CBOCBPEMEHHOC M KAUYCCTBCHHOE BBIMOJIHEHUE TEXHUYECKOW ITUArHOCTHKU B
YCTaHOBJICHHOM MOPSIIKE U 00beMe, CHIDKCHHUE BEPOITHOCTH OTKA30B aBTOMOOMJISI HA JIMHUH, TTOBBI-
nieHne A3PPEKTUBHOCTH pabOThI TTAPKa CEINbX03TOBAPOIPOU3BOAUTEISL.

KuaroueBblie cjioBa: COBEPIICHCTBOBAHHME TPOTHO3UpPOBaHUs, 3MeKkTpoHHbIe Tadmuiel EXCEL,
LibreOffice Calc, Texanueckast nuarnoctuka, cucrema [TANC

The system of improved methods for predicting
the technical condition of vehicles

Krikov A.M., <) Ivannikov A.B., Sidorenko M.N.

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

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

The results of the performed research on the improvement of the system of forecasting parame-
ters of the technical condition of the units and assemblies of agricultural vehicles on the example of
trucks, implemented in the spreadsheet environment of the office program package of the personal
computer are presented. LibreOffice Calc or MS Excel applications among other can be used as the
office package programs. The purpose of this research is to develop a system of software-algorithmic
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Cucrema YCOBEPIICHCTBOBAHHBIX METOI0B ITPOTHO3UPOBAHUA
TEXHUYECKOTO COCTOSIHUS aBTOMOOHIIEH

Kpuxos A.M., BanuukoB A.B., Cunopenko M.H.

and information tools of predicting the parameters of the technical condition of units and assemblies
of trucks by improving the methods of prediction. These methods in aggregate are able to clarify the
statistical evaluation of the predicted parameters and will enable the specialist to make informed de-
cisions on further operation of the truck. The system of software -algorithmic and information tools
can be used on tablets and mobile smartphones to increase the efficiency of work. The improvement of
forecasting methods in the information model of the system of software-algorithmic and information
tools of forecasting is substantiated. The established algorithm of the information model has a clear
and accessible interface for the user with access to the root directory of folders with systematized files
having extensions .doc and .xIsx. Predictive calculations are performed after entering the diagnostic
results of the vehicle in question and after processing by the system, the predicted and maximum
parameters of the critical state of the vehicle's units and assemblies are indicated in the information
provided. This ensures timely and quality performance of technical diagnostics in the prescribed order
and volume, reduces the probability of vehicle failures on the line, and increases the efficiency of the
farming company's fleet.
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INTRODUCTION the object of technical diagnostics. Software

High-quality  implementation ~ of the Implementation for this method is possible

maintenance service plan (MS) ensures the
maintenance of the technical readiness factor of
the vehicles of agricultural producers (AP). One
method for improving technical service when
servicing trucks is predicting the remaining
life of the technical condition parameters of
components and assemblies, based on the
results of technical diagnostics (TD). TD can be
performed in two ways: first, directly at the MS
station by a specialist using the necessary tools;
second, predictive, which allows, based on the
collected statistical information on a specific
vehicle, to predict the remaining life of a vehicle
component or unit, which can significantly
speed up the decision-making process for
implementing the necessary intervention on

within the spreadsheet environment of a personal
computer's Office suite. Applications such as
LibreOffice Calc or MS Excel!, among others,
can be used as Office suite programs.

The implementation of such a forecasting
methodology in the process of MS of tractors
has demonstrated their practical significance and
the potential for the application of information
technologies in this area [1]. This article
examines approaches to improving forecasting
using methodological techniques that allow for
refining the statistical assessment of the predicted
diagnostic parameter for making decisions on
the further operation of agricultural producers'
trucks [2].

'Sidorenko M.N., Krikov A.M. Application of computer technologies to improve the forecasting of the residual life of the param-
eters of units and assemblies of trucks of the agro-industrial complex // Agrarian science - for agriculture: Proc. XVIII international.
scientific and practical. conf. In 2 books. Barnaul: Altai State Agrarian University,2023, Ch. 1, pp. 164-166.
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The purpose of the study is to increase the
efficiency of using the software-algorithmic and
information tools (SAIT) system for forecasting
the parameters of the technical condition of
units and assemblies of trucks by improving the
forecasting methods used.

To achieve the research objective, it is
necessary to solve the following tasks:

1. Analysis of the values of the current rate of
change of the technical condition parameters of
the units and assemblies of trucks based on the
consideration of all similar parameters, including
individual parameters of other samples of the
model under consideration.

2. Adjustment of the indicator of the typical
curvature coefficients a taking into account the
nominal parameters of the technical condition
and the dynamics of the transformation of the
predicted coefficient based on real data obtained
during the current technical diagnostics.

3. Development of the control action options,
including the formation of a list of technical
diagnostic operations for earlier diagnosis
of individualized parameters of the technical
condition of truck components and assemblies,
moving away from the canons of the existing list
of operations.

4. Formulation of the control action options
when constructing a list of parameters of the
technical condition of units and components,
taking into account information on its technical
condition, close to the maximum permissible,
indicating the names, forecast and limit values.

The solution to these tasks will collectively
improve the accuracy of statistical assessments
of predicted parameters and enable relevant
specialists to make informed decisions on the
implementation of necessary interventions on
specific vehicles during their operation.

To implement the SAIT system, the
agricultural producer's engineering team must
have a personal computer with minimum

performance requirements. For increased
operational efficiency, the SAIT system can be
used on tablets and mobile phones. The system
can be used remotely with the use of the Internet?.

MATERIAL AND METHODS

The improved SAIT system was the subject of
the study. The following data analysis methods
were primarily used: statistical (grouping,
determining average scores, tabulation),
multivariate  (factor analysis), simulation
(expert assessments, intuition, experience), and
deterministic (programming).

When solving the first problem for the
parameter under consideration, the number of
identical parameters (NIP) is first determined
on the analyzed sample of trucks [3]. If the NIP
for the sample under consideration j = 1 (i.e.
there is no other NIP), it is taken into account
as the number of trucks of a given model in the
fleet of the agricultural producer itself (AP).
For example, if the CO content in the exhaust
gases of trucks is a single parameter for one
vehicle, then the NIP will be taken into account
for their other samples. For example, on an
eight-cylinder engine there will definitely be a
diagnostic parameter for which the NIP will be j
= 8, in which case, when assessing the NIP, eight
speeds will be taken into account to assess the
change in the analyzed parameter —v_, v, ...,
v which corresponds to the improvement of
the forecasting method in the SAIT system. The
determination of the average rate of change of
the analyzed diagnostic parameter is estimated
using the expression

v, (v, tv, v, t..+tv.) ’ (1)

G+1D
W here V — average rate of change of the
analyzed diagnostic parameter, units of
parameter/unit of operation a (o — the exponent
of the function of change in the parameter (wear

*Kontrobaeva Zh.D., Salykov B.R. Improving the efficiency of road transport for the transportation of agricultural goods based
on innovative digital technologies // 3i: Intellect, Idea, Innovation, 2023, N 1, pp. 143—151. DOI: 10.52269/22266070 2023 1 143.
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of the mating part)); v_, v_,, ..V, —rate of change
of the analyzed diagnostic parameter, units of
parameter/unit of operation a; j — number of
diagnostic parameters.

Herethe value ofthe speed under consideration
v_, appears twice, which is done to increase its
weight during averaging. [4].

According to expression (1), all predicted
diagnostic parameters of the technical condition
of the truck in question are recalculated,
replacing the actual rates of their change with
the obtained values V , respectively.

To solve the second problem, it is necessary
to adjust the tabulated standardized coefficients
o, which is carried out using the least squares
method. Taking into account the actual data of
the analyzed parameter P, P, ..., P, where r —
the number of measurements of the parameter
under consideration, including its nominal
and limit values. The specified standardized
coefficient a can be considered in a single-type
AP, therefore, when improving the SAIT system,
it is necessary to adjust this coefficient during a
production check. To make the adjustment, it is
necessary to ensure that the sum of the deviations
of the set of actual values of the parameter
being diagnosed from their calculated values is
minimal. In this regard, to meet this condition
for solving the problem under consideration, the
method for determining the necessary diagnostic
parameters based on the least squares method is
best suited [5]. To achieve optimal forecasting
quality using this method, the minimum number
of similar parameters being diagnosed should
be no less than three, i.c., the first is its nominal
value from the regulatory reference data (RRD),
the second is located in the memory of the
personal computer and is the parameter obtained
during the last diagnostic, the third value of the
diagnostic parameter is obtained directly during
the technical diagnostic process [6].

According to the least-squares method,
the change curve must be specified through at
least three points. The more parameters stored
in a personal computer, the more accurate the

process of predicting the technical condition of
truck components and assemblies will be.

Such data for previous diagnostic and
forecasting techniques, as well as the nominal
and limit values for the predicted parameter
are compared with the calculated series R, R,
..., R_(index 1, 2, ..., r — serial number of the
measurement), formed in relation to the selected
coefficient a,, representing the exponent of the
change function at the nominal value of the
parameter, respectively, the R, R, ..., R range
is formed for a sequence of values o, taken from
the range ((0.7...1.3) x a) with a step of 0.1. The
sum of squared deviations itself is calculated
using the expression

S=(P,— P+ (P,~P)+..+(P.—R),(2)

where P, P, ..., P —actual data of the analyzed
parameter; R, R, ..., R —change of the analyzed
parameter until the limit value is reached.

For further forecasting operations, the
coefficient a,, used is chosen to be its value from
the range specified above, which allows obtaining
the minimum sum of squared deviations S of
the actual data from those calculated using the
expression (2).

As can be seen from the above, in order to
improve this forecasting method, it is necessary
to store information about its diagnostics for all
previous assessment/checking procedures for
each truck in the computer memory.

Based on the solution of the two problems
mentioned above, all the predicted parameters
of the technical condition of the truck in
question are calculated (G, ), where i — predicted
parameter of the technical condition of its unit
or assembly.

When solving the third problem, a comparison
is made between the difference L of the predicted
values of G, and the identical limit parameters
of the technical condition (R ) available in the
RRD, where d is the limit value of the predicted
parameter of the technical condition of a unit or
assembly of an auto truck (hereinafter — AT).
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The value L is estimated as G, — R, if (0,1 x
U) > L <(0,9 x U), where U — the mileage of
a given truck until its next regular TD, then the
unit/assembly corresponding to the parameter is
included in the list for earlier diagnostics. The
information provided indicates the name, as
well as the predicted (G,) and maximum (R )
values of the critical parameter. Logically, the
unit/assembly in question may have several such
parameters, and all of them are presented in the
specified information group.

When solving the fourth problem, the same
difference L is compared. If L < (0.1 x U),
then the unit/assembly corresponding to the
parameter is included in the repair list. As above,
the information provided for it indicates its
name, as well as the predicted (G, ) and limit (R, )
dimensions of the parameter being repaired. All
other unit/assembly parameters with identical
estimates are also presented in the specified
information group.

RESULTS AND DISCUSSION

The enhanced SAIT system is located on
storage media in a folder named "SSAIT 2.0."
This directory consists of four folders ("Block
1," "Block 2," "Block 3," and "E-books for the
AT models in question"), the "SAIT 2.0 User's
Guide" file, and the "book xIsx" file from the
"START" main menu. The "START" menu
contains hyperlinked blocks that allow you to
view the contents of the "book xlIsx" files:

1. Computer input and adjusting RRD/
information on the models considered in the
system [6] AT AP TS-1.

2. Computer input of the results of the latest
diagnostic test of a separate AT AP sample and
combining them with the data from previous
diagnostic tests TS-2.

3. Formation and computer input of the
information on the basic methods of improved
forecasting of the sample under consideration
AT AP TS-3.

4. E-books on the models of the AT APs TS-4
under consideration.

The developed PAIS system at the stage
of development and implementation to the
manufacturers had an information shell of
MS Excel software, was later integrated into
LibreOffice Calc spreadsheets and demonstrated
stable operation on the Astra Linux operating
system installed on a laptop with the following
parameters: processor Intel(R) Core(TM) i5-
2410M CPU @ 2.30GHz 2.30 GHz; RAM 8.00
GB; video adapter Intel(R) HD Graphics 3000;
SCSI drive Apacer&Prod AS350 512GB; optical
drive DVD+-RW TS-L633J [7].

The components of the information model are
presented in the form of electronic spreadsheets
"electronic books" (hereinafter referred to as
books xlIsx) [8], containing all the information
necessary for forecasting on the considered
truck models, respectively. Also provided here
is a general book xIsx of the SAIT system,
containing a list of the considered GA models
and the first-level menu "Start".

Each of the attached menus contains a sheet
titled "List of AT Models." It lists the model
names of the ATs in question, indicating their
quantity and hyperlinks to the corresponding
xlsx file. Below the table, the user is provided
with an explanatory text explaining their possible
actions: delete information for a specific AT brand
from the table; correct the table information for
a specific AT brand; add information for a new
AT brand to the table [9].

In the xIsx workbook, the following sheets
are formed for each AT model: sheet 1 with the
name "RRD of the AT model", containing the
RRD for the AT model under consideration;
sheet 2 with the name "Record of individual AT
units of the model under consideration" (shortly
as "Record of AT units of the model"), containing
the considered list of AT of this model in the AP
fleet; sheet 3 with the name "VRP1", formed
using the symbols of the actual state registration
plate of the first AT unit under consideration as
"VRP1" (see Fig. 1).

Predictive calculations are performed after
entering the diagnostic results for the vehicle
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in question, taking into account the selected
forecasting enhancement method specified in
the input data. To perform the calculations,
a table is created that includes the names of
the vehicle components and assemblies, the
condition parameter, the unit of measurement,
the parameter value, the parameter value from
the previous diagnostic, and the parameter value
from the current diagnostic (see Fig. 2).

A similar function is also created for cases of
accounting for similar AT values for a specific
model. In the direct-action mode in the xlsx
workbook, the user, operating on sheet 2 —
"Summary of AT units of the model" with the
following functions: delete information on the
AT of a specific unit from the sheet, thereby
deleting the information on the model itself;
adjust information on a specific AT unit without
affecting the information on the model itself;
supplement the sheet with information on a new
AT unit [10].

The operational calculation, input/output
information is processed in the book xIsx
on the sheet "auto working", the table cells

contain links to the next sheet with formulas for
the mathematical calculation of the improved
forecasting of the residual diagnostic parameter
of the resource of units and assemblies, reflecting
formulas (1) and (2), linking hyperlinks to
the readings of the parameters of the current
diagnostics and the calculation of the residual
parameter of the resource of units and assemblies
using all forecasting methods (see Fig. 3).

Data from previous diagnostics are linked
to the AT unit in question. To achieve this, the
results of previous technical diagnostics are
entered into the personal computer's memory,
and the technical condition parameter values
are recorded in the table, shifting the previously
recorded data to the right. The number of
TDs performed is also taken into account to
calculate the desired curvature coefficient using
the formula for subtracting the average value,
taking into account the estimated change in
the parameter in question [11]. Each cell of the
specified columns from the sheet form contains
algorithmic formulas and consists of multiple
interconnected hyperlinks to the required sheets
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diagnostic parameters, replacing the actual
rates of their change with the obtained values
of the average rate of the analyzed diagnostic
parameter, thereby increasing the accuracy of
prediction.

2. The adjustment of the typical curvature
coefficients indicator is carried out taking into
account the nominal parameters of the technical
condition and the dynamics of the transformation
of the predicted coefficient based on real data
obtained during the current technical diagnostics.

3. Based on the forecasting results, the user is
presented with a list of possible control actions,
and units and assemblies with forecast values
close to the limit are automatically included in
the list for repair.
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Cocrosinue :KUBOTHOBOACTBA B CMOMPCKOM Ka3aubeM BOMCKe
B koHIIe XIX B.

C<x)F0mkoBa JI.A., lonuenko A.C., FOgakoB A.B.
Cubupckuii ghedepanvHwlll HAYUHBIL YeHMP AepOOUOMEXHON02UL
Poccuiickoii akademuu Hayk

HoBocubupckas obnacts, p.ii. KpacnooOck, Poccust

(X)e-mail: iushkowa.l@yandex.ru

B xonte XIX B. pa3zBuTHe )KUBOTHOBOICTBA Ha TeppuTopun CHOMPCKOTO Ka3aubero BoHCKa HaxXo-
JINJI0OCHh Ha JOCTATOYHO BBICOKOM ypoBHE. Kak mo miomniaau moceBoB, Tak U MO YHUCICHHOCTH CKOTa
Ka3aKd CPaBHSUIMCh C CHOMPCKUMU KPEeCThsIHAMU. JKUBOTHOBOJICTBOM M XJICOOIAIIECTBOM 3aHMMa-
JI0Cch BOMCKOBOE HaceneHue Ha Mptoimickoii, buiickoii, ByxTapmunckoit n Mmmmckoit 000poHUTETH-
HBIX JIMHUSX, a Takke B Kuprusckoii crenu. JKMBOTHOBOJICTBO HE TPeOOBAJIO TaKUX TPYA03aTpar, Kak
paboTa Ha mamHe, ¥ He OBUIO JKECTKO CBS3aHO C ITUKIAMH CEIbCKOXO3SMCTBEHHBIX paboT. MIMeHHO
MOTOMY B Ka3aubWX XO3SMCTBAaX HEPEIKO HACUMTHIBAJIOCH 1Mo 20 rom. m Ooiee KPYIHOTO POraTtoro
ckota. B 90-e roapr XIX B. )KU3Hb Ka3aKOB 3aMETHO U3MEHWIIACH B PE3YJIBTATE CTPOUTENbCTBA Benu-
koro Cubupckoro mytu. [lomy4mmu pa3BUTHE CKOTOBOJCTBO, KOHEBOJICTBO M OBLIEBOJCTBO. Pasmepsl
CTaJl OMPENeISUINCh JOCTATOYHBIM KOJIMYECTBOM MaXOTHOH 3eMITH, TAaCTOUIL U CEHOKOCHBIX YTOANH.
W3 nomamiHen NTuibl pasBoJuIu Kyp, YTOK, I'yCcel, HHeeK. B yka3aHHbIN Iepuoj IPOU301IE] Iepe-
X071l Ka3a4bero X03s11CTBa OT CKOTOBOYECKO-IIPOMBICIIOBOIO U IIOJYHATYPAJIBbHOTO K 3€MJICEIIBUECKO-
CKOTOBOJTYECKOMY U MeJIKOTOBapHOMY. Kazaku pazBoauiiu jJomaaeil, KpymHbli 1 MENKHA poraTblii CKOT,
peKe — CBHHEH M JJOMAIITHIOKO IITHITY HE TOIBKO ISl BHYTPEHHETO MOTPEOICHHSI, HO U C TEINTBIO TPOTaKH.
B crtarbe Ha OCHOBE UMEIOLIUXCA CTATUCTUYECKHUX NAHHBIX PACCMOTPEH PsJl BOIIPOCOB, OTPAXKAIO-
HIMX COCTOSTHUE JKUBOTHOBOJICTBA Ha TeppuToprn CHOMPCKOTo Ka3aubero BOHCKa: 00Iee KOINIeCTBO
CeJTbCKOX03AHCTBEHHBIX KUBOTHBIX B ITOICOOHBIX X0341cTBaX BoiickoBoro Hacenenus (1898 r.); coot-
HOIIICHHE TTOTOJIOBbSI CEIHCKOXO3IHCTBEHHBIX JKUBOTHBIX U YUCICHHOCTH HaceneHus (1899 r.); cpas-
HUTEIbHO-aHAINTHIECKUE JaHHbIE TT0 MHPEKITMOHHBIM 001e3HIM KUBOTHBIX (1894—1898 rT.); yOBLTH
CeJIhCKOX03SHCTBEHHBIX JKUBOTHBIX TI0 BOGHHBIM OT/lenaM CHOupcKoro kazadbero Boricka (1898 r).

KiroueBsle c10Ba: )KUBOTHOBOJICTBO, MH(PEKIIMOHHAS 320051eBaeMOCTh, CHOMPCKOE Ka3aube BOWCKO

The state of animal husbandry in the Siberian Cossack army
at the end of the XIX century

(<) Yushkova L.Ya., Donchenko A.S., Yudakov A.V.

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

(X)e-mail: iushkowa.l@yandex.ru

At the end of the XIX century, the development of livestock farming in the territory of the Sibe-
rian Cossack army was at a fairly high level. In terms of both the number of crops and the num-
ber of livestock, the Cossacks equaled the Siberian peasants. The military population on the Irtysh,
Biysk, Bukhtarma and Ishim defensive lines, as well as in the Kyrgyz steppe, were engaged in live-
stock breeding and arable farming. Animal husbandry did not require such labor costs as working on
arable land, and was not rigidly connected with the cycles of agricultural work. Therefore, Cossack
farms often had 20 or more heads of cattle. With the construction of the Great Siberian Railway in
the nineties of the XIX century, the life of the Cossacks changed markedly. Cattle breeding, horse
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CocTosiHHE KUBOTHOBOJCTBA
B CubupckoM kazaubeM Boiicke B koHle XIX B.

TOmurkosa JI.4., [lonuenxo A.C., FOmakoB A.B.

breeding, and sheep breeding started to develop. Animal husbandry played a secondary role in the
economy of the Siberian Cossack army at the end of the XIX century. The size of the herds was de-
termined by a sufficient amount of arable land, pastures and hayfields. Among the poultry they bred
were chickens, ducks, geese, and turkeys. During this period, the Cossack economy transitioned from
livestock-breeding and semi-subsistence to agricultural-livestock-breeding and small-scale commo-
dity production. The Cossacks bred horses, cattle, small cattle, and, less frequently, pigs and poultry,
not only for domestic consumption but also for sale. The article, based on available statistical data,
examines a number of issues reflecting the state of animal husbandry in the territory of the Siberian
Cossack army: the total number of farm animals in the subsidiary farms of the military population
(1898); the ratio of the number of farm animals to the population (1899); comparative analytical data
on infectious diseases of animals (1894—1898); the loss of farm animals in the military departments of

the Siberian Cossack army (1898).

Keywords: animal husbandry, infectious diseases, Siberian Cossack army
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The Siberian Cossack Host was an irregular
army in the Russian Empire from the 17th to the
20th centuries, operating in Siberia, including
northern and eastern Kazakhstan. Officially, it
dates back to 1582. It is the third-oldest Cossack
host in Russia (after the Don and Terek hosts)
[1-3].

In terms of military, administrative, and eco-
nomic management, the Siberian Cossack Host
was located in two regions of the Steppe Gover-
norate-General—Akmola and Semipalatinsk—
as well as in the Biysk District of the Tomsk
Governorate, and consisted of three military di-
visions. The center of the 1st Military Division
was Kokchetav, the 2nd was Omsk, and the 3rd
was Ust-Kamenogorsk. The division into divi-
sions was necessary for ease of military com-
mand. Each military division consisted of sev-
eral stanitsas (councils), and each stanitsa con-
sisted of several villages. Furthermore, Cossack
lands were scattered in patches across the Ka-
zakh steppe. The entire military territory at the
end of the 19th century amounted to just under
5 million dessiatines. From 1869, the executive
bodies were: for military matters, the Omsk Mil-

itary District Headquarters; for administrative
and economic matters, the Military Economic
Board (a collegial body consisting of a chairman,
two advisers, and a treasurer). The chairman of
the board was appointed by the military ataman
from among the military staff officers [4—6].

Information on the administrative-territorial
division of the Siberian Cossack army at the end
of the 19th century is presented in Table 1.

Table 1 shows that the 3rd Military Divi-
sion had the largest number of settlements — 85,
which constituted 48.6% of the total number of
settlements in the Siberian Cossack Host. The
st Military Division had the smallest number of
settlements — 33 (18.8%).

In terms of the ratio of stanitsas to settle-
ments, the settlement-type residential areas had
the advantage. In total, the Siberian Cossack
Host had 138 settlements and 37 stanitsas, which
constituted 78.8% and 21.2% of the total num-
ber of settlements (175), respectively. Of these,
12 stanitsas were located in the 1st Military Di-
vision, 7 in the 2nd, and 18 in the 3rd. The Ist
through 3rd Military Divisions had 21, 50, and
67 settlements, respectively.
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The state of animal husbandry
in the Siberian Cossack army at the end of the XIX century

Yushkova L.Ya., Donchenko A.S., Yudakov A.V.

Tao6a. 1. AqMUHUCTpaTUBHO-TEppUTOpUANIbHOE AeieHne CHOMpCcKoro kazaubero Boiicka (1898 1) [7]
Table 1. Administrative-territorial division of the Siberian Cossack army (1898) [7]

.. . Settle- Total
Military Geographical position Control Stamtsag, ments, settlements,
department center number/% o o
number /% number/%
Petropavlovsk and Kokchetav districts of the
1st Akmola region Kokchetav | 12/32.4 21/15,2 33/18,8
Omsk and Petropavlovsk districts of the Akmo-
2nd la region Omsk 7/18.9 50/36,2 57/32,6
Pavlodar, Semipalatinsk, Ust-Kamenogorsk,
Karkalinsk and Zaisan districts of the Semi-
palatinsk region, Biysk district of the Tomsk Ust-Kame-
3rd province nogorsk 18/48.,6 67/48.5 85/48,6
Total for the Siberian Cossack Army 37/21,2 | 138/78,8 175/100,0

Data on the quantitative composition of the
livestock population in the territory of the Sibe-
rian Cossack Host are presented on the basis of
reports from village administrations [7] (see Ta-
ble 2).

From Table 2 it follows that the total number
of farm animals in the Siberian Cossack Host
was 393,110 heads. The largest number was cat-
tle— 145,579 heads (37.0%). There were 137,558
heads of small cattle (34.9%), of which 130,231
heads of sheep (94.7%), and 7,327 heads of
goats (5.3%). The number of horses was 104,052
heads (26.4%), and 5,876 heads of pigs (1.5%).
The 1st and 2nd military departments also had
camels (45 heads in total, 0.01%).

The following statistics are available for the
military departments. The 3rd Military Depart-
ment had the largest number of horses — 54,075
heads (51.9%). The number of horses in the 1st

and 2nd Military Departments was 22,515 heads
(21.6%) and 27,462 heads (26.4%), respectively.
The number of cattle in the military departments
varied slightly: 1st — 46,754 heads (32.1%), 2nd
— 51,579 heads (35.4%), 3rd — 47,246 heads
(32.4%). In terms of the number of small cattle,
the 2nd military department prevailed over the
Ist and 3rd military departments. In terms of the
number of pigs, the 1st military department oc-
cupied first place — 2,672 heads (45.5%). In the
3rd military department there were 889 pigs, in
the 2nd — 2,305.

The military sergeant major, colonel, ataman
of the Ist military department of the Siberi-
an Cossack Host, and writer F.N. Usov noted:
"At present, horse breeding and cattle breeding
are equally developed among the Siberian Cos-
sacks; the former is even preferred because hors-
es are less susceptible to disease than cattle, and

Taoa. 2. 06]1_[66 KOJIMYECTBO CEJIbCKOXO3SIMCTBEHHBIX )KUBOTHBIX B HO,I[CO6HI>IX XO3SIMCTBaX Ha TCPPUTO-

pun Cubupckoro xazaubero Boiicka (1898 1), ron./%

Table 2. The total number of farm animals in subsidiary farms on the territory of the Siberian Cossack

army (1898), heads/%

dMilitary Horses Cattle Small cattle Pigs Camels Total animals
cpartment sheep goats
Ist 22 515/21,6 46 754/32,1 43 489/33,4 | 1601/21,8 | 2672/45,5 | 35/77,7 117 066/29,7
2nd 27 462/26,4 51579/35,4 | 51276/39,4 | 1789/34,4 | 2305/39,2 | 10/22,2 134 421/34,2
3rd 54 075/51,9 47 246/32,4 | 35466/27,2 | 3937/53,7 | 899/15,3 — 141 623/36,1
Total 104 052/26,4 145 579/37,0 137 558/34.,9 5876/1,5 | 45/0,01 | 393 110/100,0
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also because of the development of the transport
industry in the military territory." [6].

According to military veterinarian P.S. Pop-
ov: "Animal husbandry should form the basis of
the well-being of the military population, since
livestock farming, and especially horse breed-
ing, are of absolute economic importance in ag-
ricultural terms, and the well-being of the entire
army, as well as of individual Cossack house-
holds, is closely dependent on them. The prima-
ry measure of the prosperity of a given Cossack
household is the number of horses it possesses,
and therefore horse breeding is the primary fac-
tor in increasing or decreasing the well-being of
an individual Cossack household, and, in gener-
al, of the entire Cossack population." [7].

Data on the number of horses in relation to
other types of farm animals in the Siberian Cos-
sack Army are presented in the figure.

The diagram shows that the 3rd Military Di-
vision had the largest number of horses — 54,075.
The 1st Military Division had the smallest num-
ber of horses — 22,515. The 2nd Military Divi-
sion had the horse population of 27,462 horses.

Analyzing the ratio of the number of farm an-
imals, we can conclude that the priority in the
3rd military department was horse breeding, in
the Ist and 2nd departments — cattle and sheep

60 000

breeding (see the figure).

According to available information, goat
breeding accounted for a small share of over-
all livestock farming among the Cossacks. Pigs
were also kept in small numbers, primarily by
Cossacks from among the resettled peasants
living in the Petropavlovsk and Kokchetav dis-
tricts. In most of the Siberian Cossack Host, pigs
were not raised; in this area, they were replaced
by sheep. Camels were kept in very small num-
bers. Poultry farming was not developed [6].

The ratio of the number of livestock and the
population in the Siberian Cossack Host is pre-
sented in Table 3. This indicator clearly demon-
strates the degree of provision with livestock
(meat) products and is the main indicator char-
acterizing the well-being of the population of the
Siberian Cossack Host in the specified historical
period.

The data in Table 3 show thatas 0of01.01.1899,
there were 393,065 heads of farm animals for
137,145 people in the Siberian Cossack Host.
In this structure of the livestock, the first place
was occupied by cattle (145,579 heads, 37.0%),
the second place by small cattle (137,558 heads,
34.9%), the third place by horses (104,052
heads, 26.5%), and a smaller number of pigs
(5876 heads, 1.5%).

51579
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. Horses

54 075
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1789 2305

3rd military department

. Cattle - Sheep . Goats . Pigs

COOTHOIIICHNE YHCICHHOCTH nomaz[ef/i " ApYyTux BUJAOB CEIIbCKOXO3SHCTBEHHBIX JKMBOTHEIX 110 CI/I6I/Ip-

CKOMY Ka3zaubeMy Boricky (1898 1), rom. [7]

The ratio of the number of horses and other types of farm animals in the Siberian Cossack army (1898),

heads [7]
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Ta6a. 3. CoOTHOIIEHNE MOTOJIOBBS CETBCKOXO3SICTBEHHBIX )KMBOTHBIX U YHCIEHHOCTH HACEIEeHUs
Ha Tepputopuu Cubupckoro kazadnbero Boicka Ha 01.01.1899 1. [7]

Table 3. The ratio of livestock to population in the territory of the Siberian Cossack army as of
01.01.1899 [7]

Military Horses Cattle Small cattle Pigs
depart- | Population size, people

ment heads heads/ heads heads/ heads heads / heads heads /

people people people people
Ist 48 567 22515 0,463 | 46754 | 0,963 | 45090 | 0,928 2672 0,055
2nd 44 649 27 462 0,615 | 51579 | 0,152 | 53065 1,188 2305 0,052
3rd 43 929 54 075 1,231 | 47246 | 1,075 | 39403 | 0,896 899 0,021
104 052 145 579 137 558 5876

Total 137 145 (26,5 %) 0,758 (37.0%) 1,061 (34,9%) 1,003 (1,5%) 0,043
Total number of farm animals
in the Siberian Cossack Army, 393 065
heads.
Number of animals per capita 2,866

In total, there were 2,866 heads of farm ani-
mals per capita. Among meat products, the high-
est figure was for cattle (1,061), and the lowest
for pigs (0,043).

In 1898, 62 fairs were established in Cossack
villages, of which 32 were in the 1st military de-
partment, 13 in the 2nd, and 17 in the 3rd. The
items traded at these fairs were mainly: butter,
lard, sheep wool, horse hair, leather, as well as
herds of horses, droves of cattle and sheep [7].

By the end of the 19th century, livestock farm-
ing in the Siberian Cossack army had acquired a
commercial character, which was reflected in the
development of trade in livestock products.

P.S. Popov, in his "Brief Essay on the Vet-
erinary and Sanitary Condition of the Siberian
Cossack Host," noted: "Even worse in terms of
the paucity of statistical material is the informa-
tion on the incidence and mortality of domes-
tic animals of the military population, noted in
the report on the state of the Siberian Cossack
Host for 1898. This report contains data only on
epizootics of domestic animals, delivered to the
Military Economic Administration by regional
veterinarians of the Akmola and Semipalatinsk
regions, excluding information on epizootics in
Cossack villages located within the Tomsk prov-

ince. How high the incidence and mortality of
domestic animals from various kinds of non-in-
fectious diseases are, and also in what figures the
loss of domestic animals from various accidents
that are not dependent on their suffering from
various kinds of diseases is expressed, is com-
pletely unknown, since the registration of the to-
tal loss of domestic animals in the army has not
been established to date.” [7].

The reason for the incompleteness of statisti-
cal data is the lack of any proper organization of
work in collecting information on the incidence
and mortality of domestic animals from various
diseases, which is explained by the lack of veter-
inary and medical personnel in the Tomsk prov-
ince, Akmola and Semipalatinsk regions [7].

Nevertheless, using the presented figures, we
will try to generally characterize the epizootic
situation in the territory of the Siberian Cossack
army in 1894—-1898 (Tables 4, 5).

From the data in Table 4 it follows that plague,
pneumonia, scabies, anthrax, foot-and-mouth
disease, and rabies were registered among cattle;
anthrax, equinia, influenza, strangles, and sca-
bies were registered among horses; and rabies
was registered among dogs.
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Taoda. 5. YObuib nomaaeil 1 KPymHOro poratoro ckota no CubupckoMy kazaubemy BoHcKy (1898 1) [7]
Table 5. Loss of horses and cattle in the Siberian Cossack army (1898) [7]

Horses Cattle
Military department total got sick died total got sick died

number, heads | heads| % |heads| % | number, heads | heads | % |heads| %
1st 22 515 50 0,2 24 | 48,0 46 754 484 1,1 39 8,1
2nd 27 462 260 | 0,9 19 7,3 51579 788 1,5 97 12,3
3rd 54 075 70 0,1 40 | 57,1 47 246 13 0,03 13 {100,0
Total for the Siberian 104 052 380 | 0,4 | 83 |21,8| 145579 |1285| 0.8 | 149 | 11,6
Cossack Army

The highest incidence of disease in animals
in the Siberian Cossack Host was recorded in
1897 — 4,127 animals, of which 316 died (mor-
tality rate of 7.6%). The lowest incidence was
recorded in 1894 — 770 animals fell ill, 339 died
(mortality rate of 44.0%). In 1895, 1896 and
1898, animal mortality rates were 41.6; 8.1 and
13.9%, respectively.

Cattle plague was characterized by the high-
est mortality rate (77.9%) in the 3rd military
division of the Siberian Cossack army in 1894,
where 170 of 218 sick animals died. A high inci-
dence of cattle with contagious pneumonia was
noted in 1897 in the 2nd military division, where
194 of 282 sick animals died, the mortality rate
was 68.8%.

High mortality rates among animals were ob-
served due to anthrax. Thus, in 1895, 1896, and
1898, the mortality rate among cattle in the 1st
Military Division was 100.0%. In the 2nd Mil-
itary Division, the mortality rate among cattle
due to anthrax in 1894-1898 was 100.0; 100.0;
86.1; 100.0; 82.6%, respectively. High mortality
rates were also observed among cattle in the 3rd
Military Division.

Cases of rabies were recorded among dogs in
the 3rd military department in 1896 and 1897,
as well as among cattle in 1894 with a mortality
rate of 100.0%.

Low mortality rates for foot-and-mouth dis-
ease and scabies were observed in cattle. For
example, in 1897, mortality rates for foot-and-
mouth disease in the Ist and 2nd Military Divi-
sions were 0.4% and 0.3%, respectively (220 and
307 sick animals). In the 3rd Military Division,

an increase in foot-and-mouth disease incidence
was noted between 1894 and 1896. While 238
cattle were infected in 1894, with a mortality rate
of 3.3%, in 1896 the number increased to 924,
with a mortality rate of only 0.8%. The lowest
mortality rate was recorded in 1897, when, with
an incidence of 307 heads, the mortality rate was
only 0.3%. For example, the mortality rate from
scabies (common scab) in cattle in 1898 in the
Ist and 2nd military divisions varied from 100.0
to 3.3%, in the 3rd military division in 1894 and
1895 it ranged from 8.7 to 25.0%, respectively.

Among the horses in the Siberian Cossack
Host, anthrax, and to a lesser extent, glanders,
strangles, and scabies, were characterized by
high rates of morbidity and mortality. The mor-
tality rate of horses due to anthrax in military
units for 18941898 ranged from 40% to 100%
(see Table 4).

P.S. Popov wrote in his "Brief Essay on the
Veterinary and Sanitary Conditions of the Sibe-
rian Cossack Host": "This essay lists the wide-
spread contagious diseases that civilian veteri-
nary personnel, responsible for the protection of
the domestic animals of the military population,
have to observe and which are not so significant
as to be able to promptly direct their efforts to
the suppression of this, as well as other diseas-
es." [7].

The statistical data in Table 5 show that in the
Siberian Cossack Host, the incidence of horses
in 1898 was 380 heads (0.4%), and the mortality
rate was 83 heads (21.8%). Among cattle, 1,285
out of 145,579 heads were affected (incidence
0.8%, mortality 11.6%).
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Among the military departments, a lower in-
cidence rate was observed among cattle in the
territory of the 3rd Military Department — 13
heads (0.03%), while the mortality rate was
100.0%. The highest incidence rate among farm
animals in 1898 was recorded among cattle in
the 2nd Military Department — 788 heads, while
the mortality rate was 97 heads (12.3%).

Among horses, the highest mortality rate was
observed in the 3rd military department — 57.1%.
The 2nd military department had a low mortality
rate — 7.3%. At the same time, the incidence of
horses in the 1st—3rd military departments was
0.2; 0.9; 0.1%, respectively.

The Siberian Cossack Host's reports for 1897
state: "In the more distant future, it may be pos-
sible to establish livestock insurance against
losses. One of the atamans of the military de-
partments recently raised the issue of insuring
horses in the host, which would undoubtedly
provide a very important service to the Cossack
population." Apparently, the Military Econom-
ic Administration and departmental adminis-
trations are already beginning to recognize the
need to take various measures to provide the
Cossacks with horses, which are a "powerful
engine" and an expression of the entire agricul-
tural well-being of the Cossacks. Of course, all
these issues are time-sensitive, and to ensure
their proper resolution, veterinary and medical
personnel will have to actively participate and
facilitate their speedy implementation." [7].

The above confirms the fact that due attention
was paid to the issues of preserving the livestock
of farm animals in the Siberian Cossack army.

CONCLUSIONS

1. At the end of the 19th century, the Siberi-
an Cossack army was a militarized structure that
had, in addition to military tasks, economic and
business ones.

2. Livestock farming in the Siberian Cossack
Host at the end of the 19th century was com-
mercial in nature. Cossacks bred horses, cat-
tle, sheep, and, less commonly, pigs, chickens,
ducks, geese, and turkeys, not only for domestic
consumption but also for sale.

3. At the end of the 19th century, animal hus-
bandry in the Siberian Cossack army was one of
the leading branches of economic activity.

4. The high mortality rate of farm animals in
the Siberian Cossack Host at the end of the 19th
century was due to the insufficient number of
veterinarians and their inadequate professional
training. This was due to the fact that permanent
veterinary paramedic schools in Siberia only
opened in the second half of the 19th century:
in Tobolsk and Tomsk in 1878, and in Omsk in
1879.
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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 expressed
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 sending 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:

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 content,
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 knowl-
edge), references to the literature. The abstract should not emphasize the novelty, relevance and personal contribution 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 12. 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 number 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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1. Ifitis necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manu-
als, 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 and placed page by
page through continuous page numbering.

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, keywords,
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
depending on the system of soil tillage // Siberian Herald of Agricultural Science. 2018. vol. 48. Ne 4. pp. 27-35. DOL:
10.26898/0370-8799-2018-4-4.

REFERENCES (in English):

References are compiled in the same order as the Russian version, according to the following rules:

Names and surnames of the authors are given in the established way of transliteration, English title of the article,
transliteration of the name of the Russian-language source (for example through the site: https://antropophob.ru/trans-
lit-bsi) = English title of the source. The order of presentation for a monograph is the following: city, English name of
the publisher, year, number of pages; for a journal: year, volume, number, pages. (In Russian).

Example: Author A.A., Author B.B., Author C.C. Title of article.

Transliteration of the authors. English title of the article.

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.

Transliteration of the source = English name of the source

Monograph

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

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 Publ., 1990,
pp- 230-235. (In Russian).

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2018, vol. 48, no. 4, pp. 27-35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4.

FOOTNOTES:

Quated text,.

1Klimova E.V., Andreeva O.T., Temnikova G.P. Ways to stabilize food production in Transbaikalia / Problems and
prospects of perfecting zonal farming systems in modern conditions: materials of the scientific and practical conf.
(Chita, October 16-17 2008). Chita, 2009, pp.36-39.

Digital Object Identifier — DOI (when the cited material has it) should be indicated at the end of the bibliographic
reference.

Example:

Chu T., Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize

(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923.

The DOI of the article should be checked on the website http://search.crossref.org/ or https://www.citethisforme.
com. To do this, enter the title of the article in English in the search bar.

FIGURES, GRAPHS, TABLES, SCREENSHOTS, PHOTOGRAPHS AND FORMULAS

The figures must be of good quality, suitable for printing. All figures must have captions. The caption must be trans-
lated into English. Figures should be numbered in Arabic numerals according to the order in the text. If there is only
one figure in the text, it is not numbered. References to figures should be formatted as follows: “Fig. 3 indicates that
.7 or “It is indicated that ... (see Fig. 3)”. The caption under the figure includes a figure number and its title. “Figure 2.
Description of vital processes.” The translation of the figure caption should be placed after the figure caption in Russian.

Tables should be of good quality, suitable for printing. Tables suitable for editing are preferred, not scanned or
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as figures. All tables should have headings. The title of the table should be translated into English. Tables should be
numbered in Arabic numerals according to the order in the text. If there is only one table in the text, it is not numbered.
References to tables should be formatted as follows: “Table 3 states that ...” or “It is stated that ... (see Table 3)”. The
title of the table includes a table number and its title: “Table 2. Description of Vital Processes.” The translation of the
table title should be placed after the table title in Russian.

Photos, screenshots must be uploaded separately as files of the following format* jpeg files (*.doc and *.docx if the
image has additional marks). The resolution of the image should be >300 dpi. The image files should be given a name
corresponding to the figure number in the text. In the description of the file a caption should be given separately, which
should correspond to the name of the picture placed in the text.

Graphs, charts, histograms, etc. should be attached as a separate file in Microsoft Excel program.

Attention should be paid to the spelling of formulas in the article. All formulas must be editable, i.e. it must be
possible to make changes to them. To avoid confusion, it is necessary to write Greek (a, B, 7, etc.), Russian (A, a, B, b,
etc.) letters and numbers in straight font, Latin letters in italics (W, Z, m, n, etc.). Mathematical signs and symbols should
also be written in straight font. It is necessary to clearly indicate upper and lower superscript characters (W, I, etc.).

INTERACTION BETWEEN THE JOURNAL AND THE AUTHOR

The Editorial Board asks the authors to be guided by the above stated rules when preparing the article.

All the articles submitted to “Siberian Herald of Agricultural Science” go through preliminary check for compliance
with formal requirements. At this stage the Editorial Board reserves the right to:

* accept the article for review;

* return the article to the author (authors) for revision with a request to correct the mistakes or add the missing data;

* return the article which is designed not according to the journal’s requirements to the author (authors) without
consideration;

* reject the article due to its inconsistency to the journal’s goals, lack of originality and little scientific significance.

Correspondence with the authors of the manuscript is maintained through a key contact mentioned in the manuscript.

All scientific articles submitted to the editorial board of the journal “Siberian Herald of Agricultural Science” un-
dergo obligatory double-blind reviewing (author and reviewer do not know about each other). Manuscripts are sent in
accordance with their research profile for reviewing to the members of the Editorial Board.

In controversial cases, the editor may involve several specialists in the review process, as well as the Editor-in-Chief.
If the reviewer’s opinion is positive, the article is submitted to the editor for preparation for publication.

In case a decision is made to have the manuscript revised, reviewer’s comments and remarks are passed to the au-
thor. The latter is given two months to make amendments. If, within this period, the author has not notified the editors
about the actions planned, the article is removed from the publication waiting list.

In case there is a decision to reject the article, the notification with the editorial decision is sent to the author.

The designated author (contact author) is sent the final version of the manuscript accepted for publication, which
he/she must check.

REVERSAL OF EDITOR/ REVIEWER’S DECISION

In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision
made. In order to do this, the author should:

 amend the manuscript in compliance with the comments substantiated by reviewers and editors;

* clearly outline their stance on the issue under question.

The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected due
to the need of significant amendments or collection of the additional data, and are ready to clearly explain what must be
rectified in the manuscript for it to be accepted for publication.

ACTIONS OF THE EDITORIAL BOARD IN CASE OF PLAGIARISM AND DATA
FALSIFICATION DETECTION

The Editorial Board of the “Siberian Herald of Agricultural Science” follows the conventional ethical principles for
scientific periodicals and guidelines of the “Publication Ethics Code” developed and approved of by the Committee on
Publication Ethics (COPE) and demands that all those involved in the publishing process should obey these principles.

ERRORS RECTIFICATION AND ARTICLE WITHDRAWAL

In case of error detection that affect understanding of an article but do not distort the results of research, they can
be rectified by replacing the pdf-file of an article. In case of error detection that distort the results of research or in case
of plagiarism or misconduct of the author (authors) connected with data falsification, the article can be withdrawn. The
withdrawal can be initiated by the editors, the author, organization or private individual. Such article is marked with the
note “Article withdrawn”, the page of the article gives the reason for withdrawal. Information about the article with-
drawal is sent to data bases where the journal is indexed.
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