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3acyxoycronunBocTh copToB BUIIHU (Cerasus vulgaris Mill.)
B YCJIOBHUSIX I0KHOTO PeruoHa

3apemyk P.I1.!, <) Konnuna T.A.2

'Kybanckuii cocyoapcmeennulii acpapubiil ynusepcumem um. M. T. Tpyouruna

Kpacnonap, Poccus

2Cesepo-Kaskasckuil pedepanbhbiili HAyuHblil YyeHmp cad0800CmMad, UHOZPAOAPCIEA, BUHOOCIUS
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() e-mail: tatjanakopnina@rambler.ru

B nocnenHue roapl 3acyxa M BBICOKOTEMIIEPATYPHBIN CTpecc SBIAIOTCA MPUYMHAMU CHU)KEHUS
aJaNITUBHOTO M MPOJYKTUBHOTO MOTEHIMaIa TUIOJIOBBIX KOCTOUKOBBIX KyJIBTYyp Ha rore Poccuiickoit
®enepaunn. [IpencraBieHbl pe3ylbTaTbl KOMIUIEKCHOM OLIEHKHM 3aCyXOyCTOWYHMBOCTH PasHBIX I10
IIPOUCXOXKICHUIO COPTOB BUITHU 0O0BIKHOBEHHOH (Cerasus vulgaris Mill.) B ycroBusix mpukyOaHCKOM
30HBI caioBojcTBa KpacHonapckoro kpas. MccnenoBanus nposenensl B 2021-2023 rr. OObEKTH U3y-
yenus — 10 coproB BumHu: KpacHogapckas cnajnkas, MisanoBHa, Xonoca, ®es, Tumaru, [Ipuzsanue,
Tamapuc, Accomns, Ceeminas, [lamaru EBctparoBa. Cxema mocamku 5 X 3 M, TTOIBOM — CESHIIBI aHTHII-
ku. Kontpons — KpacHonapckas ciiajkasl, 3aCyXOyCTOMUMBBIA COPT BUIIHM OTEYECTBEHHOM CEJIeK-
un. Ha hone Bo3elicTBHs cTpeccoBbIX (PaKTOPOB MPOAHATHU3UPOBAHBI OCHOBHBIC (DU3NOJIOTHICCKHE
MOKa3aTel COPTOB BHIIHU: COACPIKAHHUE OOILIECH BOJBI, CyXMX BEIIECTB U TOTEPS BOIBI B JINCTHSX.
B roap! uccnenoBanuii copra BUIIHM HAXOJWINCh B YCIOBHUSAX HEAOCTATOYHOTO YBIIAXXHEHHUS, MOA-
TBEPKICHHBIX HU3KUM THAPOTEPMHUYECCKOM KOA(PPHUIHMEHTOM, BapbUpOBaBLIIMM 1O rogam ot 0,4 1o
1,2. OBOTHEHHOCTH JIUCTHEB B CpeHEM 110 copTaM cocTasisana 60,0%, He3HaUNTENIbHO BapbUpOBa-
na B npeaenax 57,2—62,7%, o yem cBuaerenscTByeT ko3ddunuent Bapuanmu (Cv = 3,5%). Ioteps
BOJIbI ObLJ1a BBICOKOM, Ha ypoBHE 11,4%, 1 3HaunTenbpHO BapbupoBana (Cv =26,3%) no copram ot 8,1
(Ceermas) no 17,0% (Kpacnomapckas cnankas). ConepikaHue CyXuX BEIIECTB, CBUICTEIbCTBYOIIEE
00 OTIpeNeNIeHHON CTeNneH: YCTOMYNBOCTH PACTeHUH K HEIOCTAaTKy BIIArd, cocTaBisuio 39,9%, npu
9TOM €T0 AMHAMHUKa TI0 COPTaM B 3aBUCHMOCTH OT YCJIOBHH Tofa Obl1a He3HauuTeIbHOH (Cv = 5,3%).
[To KoMTIUIEKCY ONITUMANBHBIX (PU3UOIOTMYECKHX TTOKA3aTeNIe, MOATBEPKAAIONINX TOCTATOYHO BBICO-
KYIO 3aCyXOyCTOHYHMBOCTb, BBIJICIICHBI COPTA BUITHN OOBIKHOBEHHOH OTEUECTBEHHOH cenekiuu VBa-
HOBHa, Xojoca, Pes u [Ipu3Banue, peKOMEHAYIOUIUECS IS CO3JJaHUsl YCTOMUMBBIX U MPOMLYKTUBHBIX
arpoLEHO30B BUIIIHY B YCIOBMX F0KHOTO pernoHa Poccuiickoit @enepanun.

KuroueBble ci10Ba: BUIIIHSA, COPTA, 3aCyX0yCTOHYHBOCTh, OBOJJHEHHOCTh, ITOTEPS BOABI, CyXHE Be-
LIECTBA

Drought tolerance of cherry (Cerasus vulgaris Mill.)
varieties in the conditions of the southern region

Zaremuk R.Sh.!, <)Kopnina T.A.?

'Kuban State Agrarian University named after I.T. Trubilin

Krasnodar, Russia

*North Caucasian Federal Scientific Centre of Horticulture, Viticulture, Winemaking
Krasnodar, Russia

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

In recent years, drought and high temperature stress have caused a decrease in the adaptive and
productive potential of stone fruit crops in the south of the Russian Federation. The results of a com-
prehensive assessment of the drought resistance of common cherry varieties (Cerasus Vulgaris Mill.)

PacTenneBoaCcTBO U CeneKIus CubupCKHUil BECTHHK CEITbCKOXO3IHCTBEHHON HayKu ¢ 2025 ¢ 55 ¢ 5 5



Drought tolerance of cherry (Cerasus vulgaris Mill.)

Zaremuk R.Sh., Kopnina T.A.

varieties in the conditions of the southern region

of different origins in the conditions of the Prikuban horticultural zone of the Krasnodar Territory are
presented. The studies were conducted in 2021-2023. The objects were 10 cherry varieties: Krasno-
darskaya Sladkaya, Ivanovna, Khodosa, Feya, Timati, Prizvanie, Tamaris, Assol, Svetlaya, Pamyati
Evstratova. The planting pattern was 5x3 m, the rootstock — Mahaleb cherry seedlings. The control —
Krasnodarskaya sladkaya, a drought-resistant cherry variety of domestic selection. The main physi-
ological indices of cherry varieties were analyzed against the background of stress factors exposure:
content of total water, dry matter and water loss in leaves. During the years of research, the cherry
varieties were in conditions of insufficient moisture, confirmed by a low hydrothermal coefficient,
varying from 0.4 to 1.2 over the years. The average water content of the leaves across the varieties was
60.0%, varying slightly within the range of 57.2 — 62.7%, as evidenced by the coefficient of variation
(Cv =3.5%). Water loss was high, at the level of 11.4%, and varied significantly (Cv = 26.3%) among
the varieties from 8.1 (Svetlaya) to 17.0% (Krasnodarskaya sladkaya). The content of dry matter,
indicating a certain degree of resistance of the plants to lack of moisture, was 39.9%, while their dy-
namics by variety depending on the conditions of the year was not significant (Cv = 5.3%). Based on
a set of optimal physiological indicators confirming a sufficiently high drought resistance, domestic
cherry varieties were identified — Ivanovna, Khodosa, Feya and Prizvanie, which are recommended for
creating stable and productive cherry agrocenoses in the southern regions of the Russian Federation.

Keywords: cherry, varieties, drought resistance, water content, water loss, dry matter
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INTRODUCTION

Many scientists note that in recent decades
there has been a shift in weather and climate
conditions towards warming [1-4]. This trend
necessitates deeper study of perennial fruit
plants, including stone fruit crops, and the iden-
tification of varieties more resistant to tempera-
ture stressors.

When assessing plants' ability to withstand
a complex of abiotic stresses, special atten-
tion is given to drought tolerance. Currently,
approximately a quarter of all arable land on

Earth is subject to drought, underscoring the
importance of research on plant resistance to
this factor!:2.

In the summer period, southern regions of
the Russian Federation more frequently expe-
rience abnormally high positive temperatures.
In the Krasnodar Territory, in recent years, tem-
peratures have reached 3840 °C and above.
Longer periods of drought and heat have also
been recorded, which are highly likely to limit
the full realization of the productive potential of
fruit crops and varieties. This leads to poor fruit
bud formation during the differentiation period,

'Kruzhkov A.V., Dubrovsky M.L., Lyzhin A.S., Kirillov R.E. Drought resistance of cherry genotypes // Pomiculture and small fruits

culture in Russia, 2015, vol. 42, pp. 232-234.

2Zhuchenko A.A. Adaptive system of plant breeding (ecological and genetic foundations). Moscow: Agrorus, 2001, vol. 2, 708 p.
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3acyxoycToitunBocTb copToB BumHu (Cerasus vulgaris Mill.)
B YCJIOBHSIX F0XKHOTO PEroHa

3apemyk PIII., Kormnuna T.A.

reduced yield and quality, and in some years,
complete flower loss®*[5].

Stone fruit crops, including the common
cherry, respond differently to high-temperature
stress due to their biological characteristics [6].
It is known that the common cherry, belong-
ing to the genus Cerasus Mill., is a relatively
drought-tolerant stone fruit species.’ [6, 7] (see
footnote 1). Despite this, many cherry cultivars
poorly tolerate drought and exposure to anom-
alously high temperatures. Studies by several
scientists have shown that unfavorable summer
temperature conditions more frequently have a
significant negative impact on the realization of
the biological potential of fruit crops, including
cherry, leading to reduced yield and quality® (see
footnotes 1, 2).

Long-term studies have shown that against
the background of annual stress factors, primar-
ily high temperatures, many cherry cultivars
experience reduced adaptability to temperature
fluctuations, of which drought tolerance is a
component. Drought decreases the activity of
phytohormones and causes numerous abnor-
malities in embryonic tissues during the differ-
entiation of generative organs. Prolonged dry
and hot winds and heat lead to changes in plant
metabolism, photosynthesis processes, and wa-
ter balance. They also cause fruit drop and weak
leaf development, which overall reduces plant
resistance to different types of stress and lowers
the productivity of cherry cultivars [8, 9] (see
footnote 5).

Currently, comprehensive studies of drought
resistance of cherry varieties by phenotype in
field conditions and based on physiological
methods of its diagnostics in laboratory condi-
tions are of particular importance, which is a rel-
evant and timely scientific direction in research
on the adaptability of both fruit crops in general
and specific varieties’ [8].

One of the most commonly used physiolog-
ical criteria for assessing the drought tolerance
of perennial fruit plants is their water regime,
which characterizes their ability to tolerate heat
and drought. Key indicators of plant water sta-
tus include tissue water content, water-retaining
capacity, dry matter content, and other parame-
ters that allow for an adequate characterization
of varieties and the identification of those most
resilient to the stresses identified [8, 10].

The goal of the research is to conduct a phys-
iological assessment of the resistance of various
cherry cultivars under high-temperature stress
and to identify the most drought-tolerant ones
for creating adaptive agrocenoses.

MATERIAL AND METHODS

Research was conducted during 2021-2023.
The study objects were 10 cultivars of common
cherry of various ecological and geographi-
cal origins, concentrated in the genetic collec-
tion of fruit crops at the Shared Use Center of
the North Caucasus Federal Scientific Center
for Horticulture, Viticulture, and Winemaking
(NCFSCHVW), located at the second division
of the experimental production farm "Central"
in the Prikubanskaya horticultural zone of the
Krasnodar Territory. The planting scheme was 5
x 3 meters. As a control, the regional drought-re-
sistant cherry cultivar "Krasnodarskaya Slad-
kaya" of domestic selection was used. The repli-
cation was threefold. The rootstock consisted of
the Mahaleb cherry seedling rootstocks.

The soils of the experimental plot are leached
chernozems, with a pH _ of 6.8-7.22 in the
0-30 cm soil layer and a humus horizon density
of 1.30-1.42 g/cm®. Leached chernozems have a
neutral soil pH in the 0-30 cm soil layer, making
them well suited for growing cherries. The plant
water regime was assessed using a gravimetric

3Doroshenko T.N., Zakharchuk N.V., Maksimtsov D.V. Resistance of fruit and ornamental plants to temperature stressors:
diagnostics and ways of improvement. Krasnodar: KubSAU, 2014, 118 p.

*Koshkin E.I. Physiology of crop stability: textbook. Moscow: Drofa, 2010, 638 p.
SKolesnikova A.F. Breeding of common cherry in the past and present. Orel: OSU, 2014, 352 p.

*Upadysheva G.Yu. The influence of summer stress factors on the productivity of modern stone fruit varieties in the Moscow
region // Pomiculture and small fruits culture in Russia, 2012, vol. 31, P. 2, pp. 277-283.

"Belous O.G., Klemeshova K.V., Pashchenko O.I. Comparative analysis of photosynthetic indicators in freesia hybrids on the
Black Sea coast of Krasnodar region // Horticultural Science, 2017, vol. 44 (2), pp. 99-104. DOI: 10.17221/189/2015-HORTSCI.
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method: leaves with petioles were weighed on
electronic scales and subjected to wilting for 2
and 4 hours, then the leaves were weighed again
and placed in a drying cabinet for final drying at
a temperature of 105 °C according to a modified
method of M.D. Kushnerenko®. Drought resis-
tance in field conditions was carried out accord-
ing to the “Program and methodology for variety
study of fruit, berry and nut crops™. Statistical
processing of the obtained data was carried out
according to the Dospekhov method!®. The hy-
drothermal coefficient was calculated using the
Selyaninov method!!.

RESULTS AND DISCUSSION

One of the most informative methods for
physiological assessment of fruit crops drought
resistance is the water regime of leaves based on
their water content, the rate of water loss over
a certain period of time, the dynamics or con-
tent of dry matter in the leaves during periods
of exposure to high positive temperatures, which
allows one to identify plants with a higher re-
sponse to temperature stress and drought, i.e., to
identify more drought-resistant varieties.

Physiological studies of drought resistance in
common cherry varieties were conducted in the
second ten-day period of July 2021-2023, when
the highest (abnormal) positive air temperatures
were recorded. In July 2021, the maximum air

temperature reached 38.1°C. Precipitation was
minimal, at 28.4 mm, compared to the long-term
average of 56 mm. Air humidity averaged 60%.

In July 2022, the maximum air temperature
was lower than in 2021, at 34.8°C. Precipitation
during the month was 62.6 mm, in line with the
long-term average. Humidity was quite high at
65%.

Weather conditions in July 2023 were similar
to those in 2022. The maximum air temperature
reached 37.2°C, 2.4°C higher than in 2022. Pre-
cipitation totals were within the long-term aver-
age of 61.7 mm. Humidity in July was 63% (see
Table 1).

One of the relative indicators of the humidi-
ty of the territory is the hydrothermal coefficient
(HTC) of Selyaninov, which was used as an ad-
ditional one for the analysis of the developing
weather conditions in the Prikubansky horticul-
tural zone of the Krasnodar Territory during the
period of the research.

It was established that the summer period
in 2021 and 2022 was characterized by insuffi-
ciently humid conditions, which is confirmed by
a hydrothermal coefficient of 1.1-1.2. The sum-
mer period of 2023 was very dry (HTC = 0.4)
(see Table 2).

Thus, the period of research in the Prikuban-
sky horticultural zone was characterized as dry
and insufficiently moist, i.e. the assessment of

Ta6a. 1. OcHOBHBIE METEOPOIIOTHIECKUE TTOKA3ATENN JIETHETO MEPHo/Ia

Table 1. Main meteorological indicators of the summer period

Year
Indicator 2021 2022 2023
June July August June July ABrycr June July August
Average air temperature, °C 21,7 26,2 25,6 23,0 23,7 26,3 21,8 24,5 27,2
Maximum air temperature, °C | 33,0 38,1 37,7 33,7 34,8 353 33,6 37,2 38,5
Precipitation, mm 108,3 28,4 75,0 161,0 62,6 91,2 40,9 61,7 0,0

8Kushnirenko M.D., Goncharova E.A., Bondar E.M. Methods for studying water exchange and drought resistance of plants.

Chisinau, 1970, 79 p.

Program and methodology for variety study of fruit, berry and nut crops / edited by E.N. Sedov, T.P. Ogoltsova. Orel: Publishing
house of the All-Russian Research Institute of Fruit Crop Breeding, 1999, 608 p.

®Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow:

Alliance, 2014, 351 p.

Selyaninov G.T. Methodology of agricultural climate characteristics. Moscow: Gidrometeoizdat, 1977, 220 p.
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the physiological resistance of cherry varieties
was carried out against the backdrop of annu-
al abnormally high temperatures and a lack of
moisture in the soil and air.

Leaf water content is known to be a fairly ef-
fective indicator of plant water balance, which
can be used to assess the status of a variety [11]. A
comparative analysis of the leaf water content of
the studied cherry varieties showed that in 2021,
most of them exceeded 60% and were at the con-
trol level. Thus, the Svetlaya, Prizvanie, Timati,
Feya, Khodosa, and Ivanovna varieties had high
leaf water content, ranging from 60.2 to 65.2%.
The highest water content (65.2%) was observed
in the control variety Krasnodarskaya Sladkaya.
Lower values (57.7 to 57.2%) were observed in
the Tamaris and Assol cherry varieties. A com-
paratively low water content was observed in the

Pamyati Evstratova variety, amounting to 55.5%
(see the figure).

In 2022, leaf water content for different cher-
ry varieties ranged from 56.3% to 64.3%. The
Ivanovna, Khodosa, Feya, Timati, Prizvanie,
and Pamyati Evstratova varieties had relatively
high leaf water content (ranging from 60.1% to
64.3%). It was slightly lower (58.2% to 58.3%)
for the Tamaris and Svetlaya varieties. The As-
sol cherry variety had the lowest leaf water con-
tent (56.3%).

In the drier 2023, average leaf water con-
tent for different cherry varieties ranged from
60.1% to 60.7%. High values were observed for
the Ivanovna (60.7%), Khodosa (60.5%), Feya
(60.1%), and Prizvanie (60.5%) varieties, whose
leaf water content exceeded that of the control
variety. Slightly lower values were observed
for the Tamaris (57.1%), Assol (57.2%), Tima-

Taoa. 2. CymMMa aKTUBHBIX TEMIIEPATYP U OCAJKOB, TUApPOTEpMHIUECKUi KodhduimeHT (110 CelssHuHO-

BY), MIOHb — aBrycT 2021-2023 1.

Table 2. Sum of active temperatures and precipitation, hydrothermal coefficient (according to

Selyaninov), June—August 2021-2023

Year The sum of the temperatures higher than 10 °C, °C | Total precipitation, mm | HTC Drought class
2021 22583 265,7 1,1 Insufficient hydration
2022 22347 314,8 1,2 » »
2023 22543 102,6 0,4 Extremely arid

Leaf water comtent, %

Krasno- Ivanovna Khodosa
darskaya
Sladkaya

©

Feya

Timati Prizvanie Tamaris

Assol Svetlaya Pamyati

Evstratova

m 2021 w2022 m 2023

HHH&MI/IKa IoKazareiei OBOJAHCHHOCTH JIUMCTHECB Y COPTOB BUIIIHU B 3aBUCUMOCTH OT yCHOBI/Iﬁ roaa (I/IIOJ'IB

2021-2023 rr.)

Dynamics of leaf water content indices in cherry cultivars depending on the conditions of the year (July

2021-2023)
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ti (58.3%), and Svetlaya (59.8%) varieties. The
Pamyati Evstratova cherry cultivar had a leaf
water content of 56.2% (see figure). It was found
that under annual adverse temperature condi-
tions, the Ivanovna, Khodosa, Feya, and Priz-
vanie cherry cultivars exhibited high leaf water
content, which to some extent confirms their
drought tolerance and is consistent with field
surveys. No significant differences in leaf water
content were observed for the Timati, Tamaris,
Assol, and Svetlaya cherry cultivars depending
on the growing conditions (see the figure).

Analysis of the obtained data allowed us to
identify cherry varieties with the most stable an-
nual leaf water content: Feya with indicators of
60.1-61.0%, Tamaris with 57.1-58.2%, and the
Assol variety, whose water content varied from
56.3 to 57.2%. The dynamics by variety indicate
the manifestation of certain varietal specificity
of the studied varieties in terms of leaf water
content.

Thus, on average for 2021-2023, the high-
est leaf tissue water content at the control level
was observed in the cherry varieties Ivanovna
(62.7%), Khodosa (62.2%), Feya (60.4%), and
Prizvanie (61.5%) (see Table 3). It was compar-
atively lower for the Assol (56.9%), Pamyati
Evstratova (57.2%), Svetlaya (59.4%), Tamaris
(57.6%), and Timati (59.9%) varieties.

One of the indicators of drought resistance
is the dry matter content in leaves, which deter-
mines the optimal water regime and characteriz-
es the metabolic processes occurring in the plant
during periods of stress [12]. It was found that
the dry matter content in cherry varieties was at
the level of 39.6%, while the variability of this
trait across the varieties was insignificant (Cv =
5.3%) (see Table 3).

Dry matter content from 37.3 to 39.6%
was noted in the Ivanovna (37.3%), Khodosa
(37.8%), Feya (39.6%), and Prizvanie (38.5%)
varieties, which were conditionally classified as
having a low dry matter content and a high total
water content in the leaves. Overall, these cherry
varieties are classified as drought-resistant based
on these two indicators.

Cherry varieties Timati, Svetlaya, Tamaris,
Pamyati Evstratova and Assol, whose indicators
varied from 40.1 to 43.1%, were characterized
by a high content of dry substances, but a lower
amount of total water in the leaves, which gave
grounds to classify them as a group of moderate-
ly drought-resistant varieties.

Based on the fact that the higher the wa-
ter-holding capacity of leaves, the lower the
water loss under stress, the variation parameters
were set from 8.1 to 17.0% depending on the va-

Ta6a. 3. OcHOBHBIE (U3NOIOTHIECKHE [TOKA3aTEIN BOJIHOTO PEKMMa BUIITHU B yCiIoBusX [Ipukybanckoit

30HHI cagoBojacTBa (2021-2023 rr.), %

Table 3. Main physiological indicators of water regime of cherry under conditions of the Prikuban

horticultural zone (2021-2023), %

Variety Water loss, in 2 h Dry matter content Total water
Krasnodarskaya Sladkaya (control) 17,0 37,6 62,4
Ivanovna 9,7 37,3 62,7
Khodosa 9,8 37,8 62,2
Feya 8,9 39,6 60,4
Timati 9,4 40,1 59,9
Prizvanie 9,6 38,5 61,5
Tamaris 13,6 42.4 57,6
Assol 16,4 43,1 56,9
Svetlaya 8,1 40,6 59,4
Pamyati Evstratova 11,8 42,8 57,2
Average 11,4 39,9 60,0
Cv, % 26,3 5,3 3,5
LSD,, 3,2 2,2 2,2
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riety with a variation coefficient (Cv) of 26.3%
(see Table 3).

The following cherry varieties were found to
have the highest water-holding capacity: Kho-
dosa (9.8%), Ivanovna (9.7%), Feya (8.9%),
Timati (9.4%), Svetlaya (8.1%), and Prizvanie
(9.6%). Slightly lower water loss was observed
in the Pamyati Evstratova (11.8%) and Tamaris
(13.6%) varieties. The Assol and Krasnodarska-
ya Sladkaya (control) varieties had comparative-
ly low water-holding capacity (16.4-17.0%).

CONCLUSIONS

1. The average water content of cherry leaves
across different cultivars was 60.0%; its param-
eters varied slightly between the cultivars, from
57.2 to 62.7%. Cherry cultivars with annually
high leaf water content exceeding 60% were
identified: Ivanovna (62.7%), Khodosa (62.2%),
Feya (60.4%), and Prizvanie (61.5%).

2. The maximum water-holding capacity was
found in the Khodosa, Ivanovna, Feya, Timati,
Svetlaya and Prizvanie varieties; water loss var-
ied within the range of 8,1-9,7%.

3. The dry matter content in the leaves of dif-
ferent cherry varieties averaged 39.9%. Cherry
varieties Ivanovna, Khodosa, Feya, and Priz-
vanie, which are classified as more drought-re-
sistant, had a comparatively low level (37.3—
39.6%).

4. Based on the studied parameters of drought
resistance, cherry varieties Khodosa, Ivanovna,
Feya and Prizvanie were identified with opti-
mal physiological indicators of water regime,
confirming their high drought resistance, which
can be recommended for the creation of stable
agrocenoses in the conditions of southern horti-
culture and as sources of drought resistance for
further breeding work.
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OueHKa CTeneHu pacnpocTpPaHeHus TJieil — IePeHOCYUKOB
BHPYCOB KapTodeJisi HA 0Te APXaHIeJIbCKOH 00J1aCTH
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B nyOnukaimu npuBeaeHs! CBEISHHS 10 PacipOCTPaHEHHIO KoMIUIeKca adunodayHbl Ha MOcagKax
KapToQes B IoKHOW yacTn ApxaHrenbckor oomactu. Mccnenosanmne mposeneHo B 2018-2023 rr. B 3a-
JIa9y UCCIIeIOBAHMS BXOIUITN U3Y4YEeHIE BHJOBOTO COCTaBa, YACICHHOCTH, aKTHBHOCTH JIETA KPBLUIATHIX
TIIEH, a Takke OLEHKAa CTETIEHH PacTpOCTpaHEHUs TJel — MOTEHIHAIBHBIX MEPEHOCUNKOB BUPYCOB
kaprogeins. McciaenoBanne npoBOIMIN C UCTIONB30BAaHUEM JKENTHIX BOAHBIX JIOBYIIEK, PACCTABICHHBIX
TI0 TIEPUMETPY KapTodelnbHBIX molneil. BeisBieHo, uro mocanku kaprodens mocemanu 13 BUAOB Tieid,
CIIOCOOHBIX K TIEPEHOCY BUpYyCHOU MH(eEKIHu: Acyrthosiphum pisum Hart., Aphis fabae Scop., Aphis
nasturtii Kalt., Aulacorthum solani Kalt., Brachycaudus helichrysi Kalt., Brevicoryne brassicae L., Ca-
variella aegopodii Scop., Hyperomyzus lactucae L., Lipaphis erysimi Kalt., Macrosiphum euphorbiae
Thomas, Metopolophium dirhodum Walk., Rhopalosiphum padi L., Sitobion avenae F. Jlanabie Buipt
OTJIaBIMBAJIH W MACHTH(UIINPOBATN HA IMOCAKAaX Ha MPOTSHKEHUH BCETO MEeproja BereTaliu KapTo-
(ens B komuuectBe ot 91 70 197 ocobeit B pasHbie rojpl, 4To cocraBiser 71-92% oT ducieHHOCTH
Bcell apunodaynsl. OTAETBHO OTMETUM, YTO B OTJIOBAaX OTCYTCTBOBAJIM NMPEACTaBUTEIH BUIA Myzus
persicae Sulz., sBisromerocs HanOojee BpeAOHOCHBIM /s Kaprodens. B mepron HabmoneHuii auc-
JICHHOCTb TJIeH — MEPEHOCUYNKOB BUPYCOB B II€peCcUeTe Ha OIHY BOAHYIO JIOBYIIKY Koje0anachk B Tmpe-
nenax 24—50 ocobeii B rof1, 4TO XapaKTepHU3yeT PErHOH MPOBEICHUS NCCIEAOBAHMS KaK TEPPUTOPHIO C
HU3KOH CTENEeHbI0 PACIPOCTPaHEHNUS TIEH, CIIOCOOHBIX MEPEHOCUTh BUPYCHBIE HHPEKINU KapTohes.
HesnaunrtenbHast pacipocTpaHEHHOCTh T/IeH YKa3bIBaeT Ha OJIaronpHATHYIO (UTOCaHUTAPHYIO 00CTa-
HOBKY OTHOCHTENIFHO BHPYCHOW MH(EKIMH KapTodes, HO MOTHOCTHI0 He MCKITI0YaeT BO3SMOKHOCTH
ee pacrpocTpaHeHus. B cBs3U ¢ 3TUM crcTeMa 3alIuThl PACTEHUH KapTodes B TaHHOM PETHOHE JIOJK-
Ha BKJTIOYaTh KaK NPO(QUIaKTHUECKHUE, TaK U UCTPEOUTETbHBIC MEPOIIPHUSITHSI.

KiroueBble ciioBa: BUpychl KapTodems, KpbUlaTble TJIM, BOTHBIC JIOBYLIKH, MOHUTOPUHT JETa
e, Myzus pesicae Sulz.

Assessment of the aphids-potato virus vectors distribution
in the south of the Arkhangelsk region
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The publication provides information on the distribution of the aphidofauna complex on potato
plantings in the southern part of the Arkhangelsk region. The studies were conducted in 2018-2023.
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Assessment of the aphids-potato virus vectors distribution

Shamanin A.A., Berim M.N., Korelina V.A., Popova L.A.

in the south of the Arkhangelsk region

The objectives of the research included studying the species composition, abundance, flight activity
of winged aphids and assessing the prevalence of aphids-potential carriers of potato viruses. It was
revealed that potato plantings are visited by 13 species of aphids capable of transmitting viral infec-
tion — Acyrthosiphum pisum Harr., Aphis fabae Scop., Aphis nasturtii Kalt., Aulacorthum solani Kalt.,
Brachycaudus helichrysi Kalt., Brevicoryne brassicae L., Cavariella aegopodii Scop., Hyperomyzus
lactucae L., Lipaphis erysimi Kalt., Macrosiphum euphorbiae Thomas, Metopolophium dirhodum
Walk., Rhopalosiphum padi L., Sitobion avenae F. These species were caught and identified in the
plantings throughout the entire potato growing season in numbers from 91 to 197 individuals in diffe-
rent years, which is 71-92% of the total aphid fauna. It should be emphasized that no representatives
of Myzus persicae Sulz. species, which is the most harmful to potatoes, were present in the catches.
During the observation period, the number of aphid carriers per 1 water trap ranged from 24-50 in-
dividuals per year, which characterizes the study region as an area with a low prevalence of aphids
capable of carrying potato virus infections. The low prevalence of aphid vectors indicates a favorable
phytosanitary situation regarding potato viral infection, but does not completely exclude the possibili-
ty of the spread of viruses. Therefore, the potato plant protection system in this region should include

both preventive and exterminatory measures.

Keywords: potato viruses, winged aphids, water traps, aphid flight monitoring, Myzus pesicae
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INTRODUCTION

Aphids are small insects (2—5 mm long) that
feed on the phloem sap of plants. There are
over 5,000 aphid species worldwide, of which
approximately 250 are capable of transmitting
viral infections of various agricultural crops.
Aphids damage a wide range of both weeds and
cultivated plants. Direct feeding by these insects
causes leaf curling, stunted growth, decreased
resistance to diseases and pests, and plant death.
The honeydew secreted by aphids can reduce
photosynthesis in leaves, attract ants, and create
conditions for fungal growth, which also nega-
tively impacts plants. Aphids have the greatest
negative impact on plants by transmitting var-
ious viral diseases. Due to their high fecundity
and ability to rapidly increase their numbers,
coupled with their significant migratory activity,
aphids can infect a large number of plants in a

short period of time. For example, potato crop
losses due to aphid-borne viral infections can
reach 80% [1].

One viroid, as well as approximately 50 vi-
ruses, can infect potatoes. However, only a few
cause serious damage. The most damaging are
PVY (Potato virus Y) and PLRV (Potato leafroll
virus). PVX (Potato virus X) is also widespread
worldwide, and its danger increases significant-
ly when combined with PVY and PVA (Pota-
to virus A). PVS (Potato virus S) is also quite
common and belongs to a group of viruses with
low pathogenicity, but mixed infections with
PVX produce more pathogenic strains. PVA is
less common but can cause yield losses of up to
40%. PVM (Potato virus M) is relatively rare in
most countries. Typically, the damage it causes
is minor, except when it interacts with other vi-
ruses [2, 3].
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More than 25 aphid species have the ability
to transmit potato virus infections, either per-
sistently or non-persistently. The most harm-
ful aphid species, primarily those capable of
transmitting potato virus Y, include Myzis per-
sicae Sulz., Acyrthosiphon pisum Harr., Sitobi-
on avenae F., Cavariella aegopodi Scop., Aphis
nasturtii Kalt., Rhopalosiphum padi L., Meto-
polophium dirkhodum Walk., Brachucaudus
helichrysi Kalt., Aulocarthum solani Kalt., Mac-
rosiphum euphorbiae Thomas, Hyperomyzus
lactucae L., Aphis fabae Scop., Brevicoryne
brassicae L., Aphis frangulae Kalt., Aphis gos-
sypii Glov., Myzus cerasi F., Phorodon humuli
Schrk., Lipaphis erysimi Kalt. Most species can
spread several viruses at the same time'-%[4, 5].

Aphids' dependence on food and climate
conditions determines their distribution. Insect
species diversity and abundance increase from
north to south, from north to east, and from east
to south. Thus, the Northwestern Federal Dis-
trict is considered an area with a relatively low
prevalence of aphids, which carry viruses: there
are 100-200 individuals per trap [6]. In the Mos-
cow Region, Tatarstan, Kemerovo Region, and
the Republic of Kazakhstan, aphid prevalence
is average, with the maximum number of these
insects being around 600 individuals per trap’
[7-9]. In the southern regions of Russia (Bry-
ansk region), a high prevalence of aphids ca-
pable of transmitting viral diseases of potatoes
has been noted, with the insect population here
reaching 800—1,300 individuals per trap [10]. In
the Far Eastern Federal District, aphid popula-
tions vary greatly: in the Magadan region and
the Kamchatka Territory, a low prevalence of
virus carriers has been recorded (less than 100
winged individuals per trap), in the Sakhalin re-
gion and the Khabarovsk Territory, a relatively
low prevalence (100-250 individuals), in the

1Zykin A.G. Viral diseases of potatoes. L.: Kolos, 1976, 152 p.

Amur region, a moderate prevalence (500 indi-
viduals), and in the Primorsky Territory, a high
prevalence (1,100 individuals) [11].

Available data indicate low aphid populations
in the Arkhangelsk region. Preliminary trapping
conducted in 2017 identified 11 species, five of
which are capable of transmitting potato viral
infections [12]. To validate a system for protect-
ing potatoes from pests and diseases, it is nec-
essary to use long-term data, which can only be
obtained through systematic annual monitoring.

The purpose of the study is to assess the ex-
tent of the spread of aphids, which are carriers
of potato viruses, in the southern part of the
Arkhangelsk region.

The research objectives are:

1) to study the species composition, abun-
dance and flight activity of winged aphids — vi-
rus carriers in potato crops;

2) to assess the prevalence of aphids — carri-
ers of potato viruses in the study area.

MATERIAL AND METHODS

A study examining the activity of aphids that
transmit potato viral diseases was conducted
from 2018 to 2023. The study focused on po-
tato crops located in the southern Arkhangelsk
region (Kotlas district).

Insects were captured using water traps. Four
containers, painted yellow on the inside and
filled with water (Morike traps), were placed
around the perimeter of the potato field*. Traps
were set when the first potato shoots emerged
(June 18). The last trapping was performed be-
fore top removal (August 27). Trapping frequen-
cy was once per week. The insect-containing
filtrate obtained from the traps was preserved in
a 70% alcohol solution. Insect identification was
performed using morphometric characteristics™¢
in the Phytosanitary Diagnostics and Forecast-

*Kennedy J.S., Day M.F.,, Eastop V.F. A conspectus of aphids as vectors of plant viruses. London, 1962, 114 p.
*Lapshinov N.A. Spread of potato viral infection in the subtaiga zone of the foothills of the Kemerovo region // Achievements of

Science and Technology of the AIC, 2011, N 1, pp. 32-33.

*Moericke V. Eine Farbfallezur Kontrolle des Fluges von Blattldusen, insbesondere der Pfirsichblattlaus, Myzodes persicae
(Zulz.) // Nachrichtenblatt des Deutschen Pflanzenschutzdiensten, 1951, Bd 3, pp. 23-24.

*Suborder Aphidinea — Aphids // Key to insects of the European part of the USSR: in 5 volumes / edited by G. Ya. Bey-Bienko.

Moscow; Leningrad: Nauka, 1964, vol. 1, pp. 489-616.

*Remaudiee G., Seco Fernandez M.V. Claves de pulgones alados de la region Mediterranea. Leon, 1990, vol. 2, 206 p.
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ing Laboratory of the All-Russian Research In-
stitute of Plant Protection.

Potato plots were located more than 250 me-
ters away from private farms and bordered forest
stands, perennial grasses, and grain crops. In the
crop rotation, potatoes were planted after spring
grains.

The growing seasons during the study years
were characterized by different meteorological
conditions (see Table 1). The coldest and most
humid year was 2019: the average daily air
temperature was 0.5°C below the long-term av-
erage, and the hydrothermal coefficient (HTC)
was 3.0 (according to Selyaninov). The warmest
year was 2021: the average daily air tempera-
ture during the growing season exceeded the
long-term average by 2.9°C. The driest year was
2018: the HTC was 1.1.

RESULTS AND DISCUSSION

The aphidofauna of the studied potato plant-
ings is represented by 37 species of aphids with
a total number of 165 individuals in 2018, 115 in
2019, 1171n 2020, 253 in 2021, 184 in 2022, and
259 individuals in 2023.

The following aphid species have been iden-
tified: Acyrthosiphum pisum Harr., Amphoro-
phora rubi Kalt., Anoecia corni F., Aphis fabae
Scop., Aphis ideai Goot, Aphis nasturtii Kalt.,
Aphis pomi De Geer, Aphis sambuci L., Aula-
corthum solani Kalt., Brachycaudus cardui L.,
Brachycaudus helichrysi Kalt., Brevicoryne
brassicae L., Capitophorus elaeagni Guerc., Ca-
variella aegopodii Scop., Cavariella avenae F.,
Chaitophorus populeti Panz., Cinara costata L.,
Cryptomyzus ribis L., Dysaphis devecta Walk.,
Euceraphis punctipennis Zett., Hyalopterus
pruni Geoffr., Hyperomyzus lactucae L., Lioso-
maphis barberidis Kalt., Lipaphis erysimi Kalt.,
Macrosiphoniella tanacetaria Gillette, Macro-
siphonielle absinthii L., Macrosiphum euphor-
biae Thomas, Macrosiphum rosae L., Megoura
viciae Buck., Metopolophium dirhodum Walk.,
Myzaphis rosarum Kalt., Pemphigus spp.,
Rhophalosiphoninus ribesinus Goot., Rhopalo-
siphum insertum Walk., Rhopalosiphum padi L.,
Sitobion avenae F., Tuberculatus annulatus Hart.

Of the species listed above, only 13 are ca-
pable of spreading potato viruses: 4. pisum,
A. fabae, A. nasturtii, A. solani, B. helichrysi,

Taoa. 1. MeTeoponoquecm/Ie YCJIOBHA BCTCTALIMOHHBIX IEPHUOA0B B I'OABI MIPOBESACHUA UCCICAOBAHUS

Table 1. Meteorological conditions of the growing seasons during the years of research

Indicator Long-time average Year
annual 2018 | 2019 | 2020 | 2021 2022 | 2023
Average daily air temperature, °C 13,7 14,8 13,2 14,3 16,6 15,4 14,9
May 8,4 10,4 11,4 9,9 11,8 7,7 11,8
June 14,6 13,1 14,8 14,1 19,1 15,6 13,2
July 17,3 19,3 14,9 19,3 18,9 19,6 17,7
August 14,5 16,4 11,6 13,8 16,5 18,6 16,9
Total precipitation, mm 256,0 226,9 398,2 | 238,9 337,0 | 270,2 259,4
May 48,0 36,3 69,1 62,7 119,3 43,5 52,4
June 68,0 85,3 64,3 48,6 234 81,3 53,0
July 73,0 54,6 129,8 73,2 69,9 106 121,4
August 67,0 50,7 135,0 54,4 124,4 39,4 32,6
HTC - 1,1 3,0 1,4 1,7 1,7 1,3
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B. brassicae, C. aegopodii, H. lactucae, L. ery-
simi, M. euphorbiae, M. dirhodum, Rh. padi,
S. avenae. In the structure of the total number
of aphids, these species accounted for 91% in
2018, 79% in 2019, 81% in 2020, 78% in 2021,
71% in 2022, and 73% in 2023.

The most numerous aphids capable of trans-
mitting potato viruses, both through direct feed-
ing and through test injections, were 4. fabae,
which was prevalent in crops in 2018, 2022, and
2023, and RhA. padi, which was dominant in the
remaining years (see Table 2). A. fabae was cap-
tured in potato crops from the beginning of the
potato growing season until the second ten-day
period of August. The most active flight of this
species occurred from late June to late July. Be-
tween 21 and 51 individuals of A. fabae were
identified annually during the growing season.
Rh. padi were trapped from the beginning of the
potato growing season to early July and from
late July to the end of the growing season. The
most active flight of this species was recorded
in the third ten-day period of June and from the
second ten-day period of August until the end
of observations. Between 22 and 105 individu-
als of Rh. padi were trapped annually. In 2021,
outbreaks of mass reproduction of these species

occurred. For 4. fabae, they were recorded in the
second ten-day period of July, when the num-
ber of aphids in the catch was 30 individuals.
Mass reproduction of RA. padi occurred in two
periods: in the third ten-day period of June, 40
winged insects were caught, and in the second
ten-day period of August, their numbers in-
creased sharply to 35 individuals.

The species A. solani, C. aegopodii, and S.
avenae can be classified as the third-most abun-
dant aphid vectors of viruses: a total of 70—79 in-
dividuals of each species were captured over six
years of research. In various years, 4. solani were
trapped from the third ten-day period of June to
the second ten-day period of August, meaning
they were present on potato crops throughout the
entire growing season. Their most active flight
was observed in the second and third ten-day pe-
riods of July. The annual population was 2-21
individuals. Winged aphids of the species C. ae-
gopodii were identified only in 2021-2023, with
populations of 2—72 individuals. In the first two
years, C. aegopodii representatives were pres-
ent in potato crops from early July to the first
ten days of August inclusive. In 2023, increased
activity of the species was noted: they were
trapped from the second half of June to the first

Ta6a. 2. UucaeHHOCTH TJCH, CIOCOOHBIX IEPEHOCUTh BUPYCHYIO HH(EKIINIO KapTodes, mT./%

Table 2. The number of aphids capable of transmitting viral infection of potatoes, pcs./%

Species Year Total
2018 2019 2020 2021 2022 2023

A. pisum Harr. 4/2,7 5/5,5 3/3,2 3/1,5 11/8,5 10/5,3 36/4,2
A. fabae Scop. 44/29,3 21/23,1 25/26,3 51/25,9 30/23,1 41/21,7 212/24,9
A. nasturtii Kalt. 12/8,0 6/6,6 9/9,5 12/6,1 11/8,5 2/1,1 52/6,1
A. solani Kalt. 21/14,0 15/16,5 7/7,4 2/1,0 19/14,6 11/5,8 75/8,8
B. helichrysi Kalt. 0/0,0 0/0,0 2/2,1 0/0,0 0/0,0 0/0,0 2/0,2
B. brassicae L. 0/0,0 0/0,0 0/0,0 2/1,0 0/0,0 0/0,0 2/0,2
C. aegopodii Scop. 0/0,0 0/0,0 0/0,0 2/1,0 5/3,8 72/38,1 79/9,3
H. lactucae L. 23/15,3 7/1,7 4/4,2 7/3,6 7/5,4 6/3,2 54/6,3
L. erysimi Kalt. 0/0,0 0/0,0 0/0,0 0/0,0 2/1,5 0/0,0 2/0,2
M. euphorbiae Thomas 5/3,3 4/4.4 0/0,0 1/0,5 2/1,5 0/0,0 12/1,4
M. dirhodum Walk. 0/0,0 0/0,0 0/0,0 0/0,0 3/2,3 1/0,5 4/0,5
Rh. padi L. 26/17,3 26/28,6 34/35,8 105/53,3 22/16,9 39/20,6 252/29,6
S. avenae F. 15/10,0 7/1,7 11/11,6 12/6,1 18/13,8 7/3,7 70/8,2
Total 150/100,0 | 91/100,0 | 95/100,0 | 197/100,0 | 130/100,0 | 189/100,0 | 852/100,0
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ten days of August, with a mass reproduction
outbreak (up to 47 individuals per capture) re-
corded at the end of June. Aphids of the species
S. avenae were present in traps annually. Their
population fluctuated between 7 and 18 individ-
uals per year. Winged individuals of this species
were trapped from the first ten days of July to
the third ten days of August, with the most active
flight observed throughout July.

During the study, H. lactucae and A. nastur-
tii were found to be less abundant. H. lactucae
were actively present in crops from the begin-
ning of the growing season to the first ten days
of July inclusive; in some years, single speci-
mens were trapped from the second ten days of
July to the second ten days of August. Between
6 and 23 individuals were identified annually
during the growing season. A. nasturtii was not
found to have an active flight during a specific
period; in different years, representatives of this
species were present in crops at different times
from the beginning of the potato growing season
to the beginning of the second ten days of Au-
gust. Between 2 and 12 individuals were trapped
annually.

Another aphid species that transmits potato
virus infection is A. pisum. Pea aphids were pres-
ent in potato crops annually, with a total popu-
lation of 3—11 individuals during the growing
season. The species was trapped from the third
ten days of June through the second ten days of
August. Active flight occurred in the second and
third ten days of July.

M. euphorbiae is a species that primari-
ly feeds on potatoes. It was present in crops in
2018,2019,2021, and 2022, and was captured in
traps from the first ten days of July to the first ten
days of August. Annual catches ranged from 1 to
5 individuals. Due to its extremely low popula-
tion, no increased flight activity was observed.

The remaining species were very low in abun-
dance. B. helichrysi, B. brassicae, and L. erysimi
were caught in just two individuals each, with
the first species caught in late July, the second in
mid-August, and the third in late July and early
August. M. dirhodum aphids were identified in
the second half of June.

A total of aphid species capable of transmit-
ting potato viruses were present in the crops
throughout the observation period, with varying
intensities in individual years. A moderate cor-
relation between the number of captured winged
individuals and average daily air temperature
(r = 031) and a weak correlation between
this indicator and precipitation were observed
(r=0,15).

Given that potatoes are not a primary food
source for most of the identified species, their
visits to potato crops were primarily foraging for
suitable primary food plants. Aphid activity on
potato crops varied across all observation years
(see the figure). The most consistent visitation
patterns were recorded in 2019 and 2022. In
2018, the peak of aphid flight was observed at
the beginning of observations. Throughout the
potato growing season, there was a gradual de-
crease in insect numbers in captures, with their
numbers beginning to increase in the second ten-
day period of August. In 2020, two periods of
increased aphid numbers were observed — in the
second ten-day period of July and the first ten-
day period of August. In 2021, three population
spikes occurred — large numbers of aphids visit-
ed potato crops at the beginning of the growing
season, in mid-July, and in the second ten-day
period of August. In 2023, the largest increase in
numbers of all years was observed — the peak of
flight occurred at the end of June, with two fur-
ther increases recorded later in the year (at the
end of July and the first half of August).

Knowledge of the species composition of
potato plantings' aphid fauna and the number
of aphids capable of transmitting potato viruses
allows us to assess the risks of viral infection
spread and formulate a plan for plant protection
measures. During the 2018-2023 potato grow-
ing season, the number of virus-carrying aphids
per water trap ranged from 24 to 50 individuals
(see Table 3). The data in Table 3 characterize
the study region as an area with a low prevalence
of aphids capable of transmitting potato viruses.

It should be noted that during all the years of
observation, not a single specimen of M. persi-
cae Sulz. (peach aphid), which is the most harm-
ful species for potatoes, was caught.
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Dynamics of the number of aphids capable of transmitting viral infection of potatoes, pcs.

CONCLUSION

Monitoring aphid flight in potato crops in the
southern Arkhangelsk region from 2018 to 2023
revealed that this area is characterized by a low
prevalence of aphids, which carry potato virus-
es. The species composition of aphids, which are
potential vectors of infection, includes 13 spe-
cies: A. pisum, A. fabae, A. nasturtii, A. solani,
B. helichrysi, B. brassicae, C. aegopodii, H. lac-
tucae, L. erysimi, M. euphorbiae, M. dirhodum,
Rh. padi, S. avenae. These species were cap-
tured in traps in potato crops throughout the
growing season, with numbers ranging from 91
to 197 individuals in different years, represent-
ing 71-91% of the total identified aphidofauna.
No representatives of M. persicae were found in
the traps.

The low prevalence of aphid vectors of vi-
ruses indicates a favorable phytosanitary situa-
tion with respect to potato virus infection, but
does not completely eliminate the possibility of
its spread. Therefore, the seed potato plant pro-
tection system in this area should include pre-

Ta6a. 3. UnciaeHHOCTH TiIei Ha O/IHY BOAHYIO
JIOBYIIIKY B TOJ[bl HAOFOJICHHIA, IIIT.

Table 3. Number of aphids per water trap during
the observation period, pcs.

Year Aphid numbers
2018 38
2019 29
2020 24
2021 50
2022 33
2023 47

ventive and eradication measures, such as mon-
itoring aphid flight, monitoring for the presence
of virus infection in potato crops, maintaining
spatial isolation and crop rotation, autumn till-
age, weed control, creating shelterbelts, and us-
ing insecticides.
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N3ydyenue OMOIKOJIOTHIECKUX 0COOEHHOCTEH aKAIMeBOM OTHEBKHU
Etiella zinckenella Tr. n onenka 3¢)()e KTUBHOCTH 3HTOMONIATOT€HHbBIX
OMonpenaparoB B 3aLUTE COU OT 3TOI0 BPeAUTEJIs

AracbeBa U.C., Ucmannos B.S., <) [Ierpumea M.B., T'ono6opoabko E.O., [lerpumes B.C.
DedepanbHblil HAYYHBIL YeHMP OUONOSUYECKOU 3auumbl pacmeHull

Kpacnonap, Poccust

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

Cost — BakHeHImasi OEIKOBO-MACINYHAsL KyJIbTypa MUPOBOTO 3eMIICACIIHS, BhIpaluBaeMas oomnee
yeMm B 80 cTpaHax mupa. Llenpio HacTOATINX MCCIIEA0BAHUH SBISUIOCH N3ydeHHEe OMOIKOIOTHIECKUX
0COOEHHOCTEH aKalMeBOl OTHEBKH M OMOIOTHYecKor d(PEeKTHBHOCTH YHTOMOIIATOTEHHBIX OHOTpe-
napartoB. McciemoBanus MPOBOAMINCH HAa MOCEBAX COM COPTOB CPENHECIENOT0 CpOKa CO3PEBaHUS
Bunana, Bunana beta u Bena. Mzyuaemsie npenaparel — buoctom, XK; Axkap, XX; buocnun bB, XK;
Jlemuponma, CK. YdeT moBpexaeHHOCTH 0000B BpeIUTEIIeM IMPOBOIWIH B TIEPHOJ OT Hadayia 6000-
00pa3oBaHusl 10 TIOJHOTO CO3pPEBaHMsI CEMsIH, I 4ero oroupanu npoosl mo 100 6000B U3 paszHbIX
SIPyCOB B TPEXKPATHOM MOBTOPHOCTHU. [IpOM3BONCTBEHHYIO OLIEHKY IMPOBOAMIM Ha muiomanu 10 ra B
JIBYXKPaTHOW TTOBTOPHOCTH C UCIOJIb30BaHUeEM npenapara Akkap, K. Cpoku 00pabOTKH onpeesisiiu
0 OTJIOBY CaMIIOB aKalleBOi OrHEBKH (DepOMOHHBIMH JIOBYIITKAMH. YCTaHOBIIEHO, YTO HAHOOIBIIYIO
BPEIOHOCHOCTh KYJIbTYpPE HAHOCSAT I'YCEHMIIbl BTOPOM U TPEThEN reHepaluu Bpeautens ¢ [ gexaabl
aBryCTa JI0 KOHI[a BeTeTallly COM. AKallneBasi OTHEBKa HAYMHAET TIOBPEXK/IATh COI0 C HIDKHETO sipyca
C JaJbHEHIINM 3acelieHHeM CPEJHEro M BEPXHEro sSPycoB, IPU 3TOM BO3PACTHOHM COCTaB I'yCEHUII
MEHSETCS OT MIIAJIIIIET0, CPETHETO K CTapIieMy. YCTaHOBIEHO, YTO Onoyorudeckas d3pPeKTHBHOCTh
OuompenaparoB MPOTHB aKal[MeBOW OIHEBKH B CPEIIHEM 3a JiBa roja cocrasisuia: buocmun BB, K —
65,1-68,8%; Axxkap, XK — 77,5-80,6%; buocrom, X — 71,9-74,1%; Jlermmounn, CK — 72,0-73,0%.
[Tpoun3BoACTBEHHBIE UCTIBITAHUS ¢ Ouomnpenapatom Akkap, XK mokaszanu, 4yto npenapat 3¢dexTus-
HO CIEp)KUBAJI YHCIEHHOCTh M BPEIOHOCHOCThH aKalleBOH OTHEBKH BO BpeMs co3peBaHHs cou. Ha
19.08.2023 1. mpoLIEHT MOBPEKIACHHOCTH 0000B ryceHuriamu Ha 100 6000B B KOHTPOJIBHOM BapHaHTE
coctaBuia 14,6%, B oneiTHOM — 2,1%; B 2024 1. — 9,4 11 1,8% cooTBEeTCTBEHHO.

KaioueBbie ciioBa: cost, akanueBasi OrHEBKa, )epOMOHBI, OMOJIIOTHYECKas 3aliTa, OHOMpenaparkl

Study of bioecological features of the lima bean pod borer Etiella
zinckenella Tr. and evaluation of the effectiveness of entomopathogenic
biopreparations in protecting soybean from this pest

Agasyeva LS., Ismailov V.Ya., <) Petrishcheva M.V., Goloborodko E.O., Petrishchev V.S.
Federal Research Center of Biological Plant Protection

Krasnodar, Russia

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

Soybean is the most important protein and oilseed crop of world agriculture, grown in more than 80
countries. The purpose of the present research was to study the bioecological features of lima bean pod
borer and the biological efficacy of entomopathogenic biopreparations. The studies were carried out
on soybean crops of mid-season ripening varieties Vilana, Vilana Beta and Veda. The studied prepara-
tions were Biostop, L, Akkar, L; Bioslip BV, L; Lepidocid, SC. The damage to beans by the pest was
recorded in the period from the beginning of bean formation to full seed ripening, for which 100 beans
were sampled from different tiers three times. The production evaluation was carried out on an area of
10 hectares twice using the preparation Akkar, L. The timing of treatment was determined by catching
lima bean pod borer males with pheromone traps. It was found that the greatest harm to the crop was
caused by caterpillars of the second and third generation of the pest beginning from the first ten days
of August until the end of soybean vegetation. Lima bean pod borer begins to damage soybeans from
the lower tier with further colonization of the middle and upper tiers, while the age composition of the
caterpillars changes from younger, middle, to older. It was established that the biological efficiency
of biopreparations lima bean pod borer, on average over two years, was as follows: Bioslip BV, L —
65.1 — 68.8%; Akkar, L. — 77.5— 80.6%; Biostop, L — 71.9 — 74.1%, Lepidocide, SC — 72.0 — 73.0%.
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H3ydenne 6HOYKOIOTHIECKIX 0COOCHHOCTEH aKalueBoi OTHEBKH
Etiella zinckenella Tr. n onjenka 3¢ QeKTHBHOCTH YHTOMOIATOT€HHBIX
OromnpenaparoB B 3allIUTE COU OT ITOTO BPEIUTEIIS

Aracbesa 1.C., Ucmannos B.41., Tlerpumesa M.B.,
Tono6opoasko E.O., INerpurues B.C.

Production tests with the biopreparation Akkar, L showed that it effectively suppressed the number
and harmfulness of the lima bean pod borer during soybean ripening. As of 19.08.2023, the percentage
of bean harmfulness by caterpillars in the control option was 14.6% per 100 beans, in the experimental
one — 2.1% per 100 beans, in 2024 it was 9.4% — 1.8% per 100 beans, respectively.

Keywords: soybeans, lima bean pod borer, pheromones, biological protection, biopreparations
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INTRODUCTION

The expansion of soybean areas leads to an
increase in its production, but at the same time
creates a food base for specialized and second-
ary pests, including adventitious ones, the spe-
cies composition and harmfulness of which in-
creases every year.

One of the central challenges in achieving
high yields in soybean crops is damage to plants
by harmful entomofauna. It is known that phy-
tophagous insects can reduce overall yields by
30to 50%'[1, 2].

Phytophages that feed on soybeans are usu-
ally divided into the following groups: pests of
nodules, roots, leaves and stems, and generative
organs. Representatives of all these groups are
found in Russia; more than 190 different species
of arthropods are known to damage soybeans.
The most dangerous are considered to be the
spider mite Tetranychus urticae Koch. [3, 4],
the cotton budworm Helicoverpa armigera Hb.,
and the lima-bean pod borer Etiella zinckenella
Tr.; damage from soybean aphids Aphis glycines
Matsuura is also frequently mentioned [5, 6].

Adults and larvae of the spider mite 7 urticae
damage soybean leaf blades, disrupting the natu-
ral water balance, reducing chlorophyll content,

and significantly increasing transpiration. The
plant becomes covered in white spots, the leaves
wilt and fall off, yields decrease by 15-20%.
When pest infestations reach high levels, photo-
synthesis ceases, and the plant loses all leaf sur-
face. During a growing season, the mite produc-
es up to 12 generations. Its population increases
dramatically during hot, dry weather. Also, due
to its more efficient enzymatic detoxification
system, 7. urticae is more resistant to commonly
used acaricides than other spider mite species.
This adaptation leads to its widespread spread
across vast territories [7-9].

Damage to soybeans by various members of
the Aphididae family causes leaf curling and
wrinkling, severe wilting, and, in some cas-
es, complete plant death. Furthermore, viruses
spread by soybean aphids, such as soybean mo-
saic virus, can reduce yields by up to 40%, as
well as decrease seed protein content by 7-19%
and oil content by up to 2.5%. Furthermore, soy-
bean varieties resistant to damage by various
pests experience limited cultivation due to the
development of new aphid adaptations to host
plant resistance [10—12].

Cotton budworm caterpillars (Helicoverpa
armigera Hb.) burrow into the pod, partially or

'Fedorova S.N. Harmful entomofauna of the soybean agrocenosis in the Oryol region // Legumes and Groat Crops, 2013, N 8,

pp- 58-63.
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completely consuming it. Like the larvae of the
lima-bean pod borer, H. armigera caterpillars
contaminate the seeds with excrement. Damage
to soybeans by cotton bollworm is more severe,
and in cases of co-infestation of the two species,
yield reductions can reach 15-25% [13, 14].

In the steppe and forest-steppe zones of Rus-
sia, the lima-bean pod borer Etiella zinckenella
Tr. causes significant damage to soybean crops.
The second generation of moths emerges in the
fields in the second and third ten-day periods of
July, with peak activity observed in the evening
and at night, and the active mating flight last-
ing 10 to 15 days. The hatched caterpillars feed
inside the beans, contaminating them with their
excrement, and are capable of moving from one
bean to another. The caterpillar stage lasts 20—
40 days, after which they pupate in the soil and
overwinter in cocoons. High temperatures and
low humidity promote mass reproduction of the
pest. These conditions also increase the damage
of the caterpillars due to their increased hydro-
philicity [15].

Pest control of soybeans, grown on hundreds
of millions of hectares worldwide, typically re-
quiressignificanteconomicinvestment. However,
protecting crops from pests while maintaining
environmental quality through environmentally
sound and economically sound methods is key
to meeting the growing demand for food due to
the rapidly growing global population [16—18].

The purpose of the research is to study the
bioecological characteristics of the lima-bean
pod borer and evaluate the effectiveness of en-
tomopathogenic biopreparations against it on
soybeans.

MATERIAL AND METHODS

A study of the effectiveness of entomopatho-
genic biopreparations and biorational insecti-
cides against the lima-bean pod borer on soy-
bean crops was conducted on soybean crops
in an eight-field crop rotation at the Federal
Research Center of Biological Plant Protection
(FRCBPP) (Krasnodar), on the farm of V.N.

Chub, an individual entrepreneur, in the Koren-
ovsky District of Krasnodar Krai over two years
(2023 and 2024). The study was carried out on
the mid-season soybean varieties Vilana, Vilana
Beta, and Veda.

The extent of bean damage by the lima-bean
pod borer was assessed from the initial pod for-
mation stage until the seeds were fully ripened.
Samples of 100 beans were collected from the
lower, middle, and upper tiers of plants, in tripli-
cate. The number of damaged beans was count-
ed and the extent of damage was expressed as a
percentage of undamaged beans.

Treatment timing was determined based on
insect capture using pheromone traps. The bio-
logical efficacy of the applied products against
the lima-bean pod borer was determined in ac-
cordance with the guidelines? based on damage
to 100 beans randomly selected from different
plants.

Bean damage was determined by opening the
beans in each experimental variant. For the pro-
duction evaluation, damage was recorded on 300
beans randomly selected from soybean plants.

In a small-plot experiment, the following
preparations were tested: Biostop, L; Akkar, L;
Bioslip BV, L; Lepidocide, SC. Treatments were
carried out in the evening after 7:00 p.m.

The study material consisted of biological
insecticides based on three entomopathogenic
microorganisms Biostop, L (Bacillus thuring-
iensis BA-2000 EA/ml, titer not less than 10°,
Streptomyce ssp. BA-2000 EA/ml, titer not less
than 108, Beauveria bassiana BA-2000 EA/ml,
titer not less than 10® CFU/ml), Akkar, L (1,0
MiH/MI Verticillum lecanii F 239 + 1,0 million/
ml Hirsutella thompsonii AC-963 + 1,0 million/
ml Beauveria bassiana F-1357 + 2,0 billion/ml
Bacillus thuringiensis IVM B-7072 + 18,0 g/l
abamektin); Bioslip BV, L (Beauveria bassiana
OPB — 43 titer not less than 1-7 x 10 CFU/
ml), Lepidocide, SC (Bacillus thuringiensis var.
kurstaki BA-3000 EA/mg, titer not less than 60
billion spores).

2Guidelines for registration tests of insecticides, acaricides, pheromones, molluscicides, and rodenticides in plant growing:
information publication / edited by V.I. Dolzhenko. Moscow: Federal State Budgetary Scientific Institution Rosinformagrotekh,

2022, 508 p.
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The treatment was carried out using a PUL-
VEREX hand sprayer equipped with a two-me-
ter boom, with a spray rate of 300 1/ha. The
experimental plots were 50 m? in size and ran-
domly located. The experiment was conducted
in quadruplicate.

The production evaluation was carried out on
an area of 10 hectares in two replicates using the
Akkar, L preparation. The treatment was carried
out using a tractor-mounted sprayer ON-800.

Statistical processing of the research results
was performed according to B.A. Dospekhov?.

RESULTS AND DISCUSSION

Throughout the study period, the greatest
threat to soybean crops was posed by the li-
ma-bean pod borer — Etiella zinckenella Tr.
(Lepidoptera, Pyralidae), which damages more
than 70 species of plants in the legume family
(Fabaceae), including peas, soybeans, beans,
chickpeas, lupines, and others. Potential pests of
this family were recorded as single specimens.
It was established that the main habitat of the
lima-bean pod borer in agroecosystems are pro-
tective forest plantations, including white aca-
cia (Robinia pseudoacacia Linnaeus) (primar-
ily) and yellow acacia (Caragana arborescens

Lam.). Thus, in shelterbelts directly adjacent to
soybean crops, damage to white acacia pods by
this pest was approximately 90%.

Soybean yields are significantly reduced
when lima-bean pod borer caterpillars damage
soybeans, as they feed on the kernels inside the
pod. The caterpillars can crawl from one pod to
another, destroying the seeds and opening the
way for fungal infections.

It has been established that the lima-bean pod
borer begins feeding in the lower tiers of soy-
beans (see Fig. 1). Thus, damage to this tier of
plants on August 12 was 15.4%, but starting on
August 19, the pest spread to all tiers from the
lower to the upper, and the maximum infesta-
tion of beans by the phytophage reached 38.6%
in the upper tier on September 5, with it begin-
ning to decrease in subsequent surveys. Thus,
the damage caused by the lima-bean pod borer is
observed from the first ten days of August until
the end of the crop's growing season, and during
this period, the second and third generations of
the pest develop in the soybean community.

Results of studies on the age distribution of
the lima-bean pod borer caterpillars in soybean
communities show that the lima-bean pod borer
colonizes plants from the lower tiers with young-
er larvae, and after flowering, in the middle and
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Fig. 1. Dynamics of soybean colonization by the lima bean pod borer, FRCBPP, 2023

*Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow:

EEMedia, 2024, 349 p.
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upper tiers. The pest lays eggs on newly formed
pods, and the age distribution of the caterpillars
simultaneously changes (see Fig. 2). Thus, on
September 27, the proportion of middle-aged
and older caterpillars in the middle and upper
tiers was 97.3—100%, respectively. Thus, chang-
es in the age structure of the lima-bean pod bor-
er population occur over time. Data on the age
structure and population dynamics of the acacia
moth were used in planning protective measures
using entomopathogenic biopreparations.

Similar results were obtained at the farm of
V.N. Chub, an individual entrepreneur and state-
owned farmer, in the Korenovsky District. Dam-
age to soybeans by the the lima-bean pod borer
amounted to 10.4% and 14.4% (2023 and 2024),
respectively (see Table 1).

To monitor and determine the optimal timing
of protective measures against E. zinckenella,
pheromone traps were used. They were hung
during the flowering phase of Zad.61-76 soy-
beans. These traps were used to determine pest
population dynamics and optimize the timing of
bioinsecticide applications (see Fig. 3).

As can be seen from the data presented in Fig.
3, the flight of males into pheromone traps began
on July 4 (2.7 specimens/trap), by July 11 their
numbers increased to 5.3 specimens/trap, and
then decreased by August 1 to 0.3 specimens/
trap. The maximum number of E. zinckenella
was recorded in early September (09/05/2024)
and amounted to 9.0 specimens/trap.

The first summer generation began flying
in early July, gradually increasing its numbers.
Treatment against lima-bean pod borer cat-
erpillars was carried out on August 10 (plant
development phase Zad.79 — bean formation);
during this period, active hatching of caterpil-
lars from egg clutches was observed. To pre-
vent hatched caterpillars from penetrating into
the beans, bioinsecticide treatments were ap-
plied (see Table 2).

The data presented in Table 2 show that the
effectiveness of biological products against the
lima-bean pod borer in 2023 was 65.1% for
Bioslip BV, L, 77.5% for Akkar, L, 71.9% for
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Fig. 2. Age structure of the lima bean pod borer population during soybean vegetation period, FRCBPP, 2023
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Taoa. 1. [ospexxnenue 60008 coun akauueBoit orueskoit (UI1 I'K®X B.H. Uy6 Kopenosckoro paiiona)

Table 1. Damage to soybeans by lima bean pod borer (Individual Entrepreneur, head of a peasant farm
V.N. Chub, Korenovsky district)

Vear Damage to soybeans by pests by plant layers, %

Upper Middle Lower On average
2023 17,5 8 5,9 10,4
2024 29,0 10,5 3,7 14,4

—
(=

o2}

Number of specimens/trap
N

4 11
July

20 26 01

10 17 21 28 05 12 18
August September
2024

=@ FE. zinckenella

Puc. 3. YucieHHOCTH CaMIIOB aKaIlMeBOi OTHEBKH, OTJIOBJICHHBIX C TIOMOIIIBIO ()ePOMOHHBIX JIOBYIIIEK Ha COE

Fig. 3. Number of male lima bean pod borers caught using pheromone traps on soybeans

Biostop, L, and 73.0% for Lepidocide, SC. Bean
damage in the pre-harvest control was 31.5%.

Similar results were obtained in 2024: Bios-
lip BV, L — 68.8%, Akkar, L — 80.6%, Biostop,
L — 74.1%, Lepidocid, SC — 72.0%, in the con-
trol, bean damage was 33.2%. It should be noted
that the biological effectiveness of new bioinsec-
ticides against the dangerous hidden-living soy-
bean pest, the lima-bean pod borer, obtained as a
result of field trials averaged 73.9%.

Treatment with biological preparations made
it possible to protect soybean crops at critical
stages of plant development during the bean for-
mation period.

Industrial trials of the Akkar, L bioprepara-
tion confirmed its significant effectiveness in
protecting soybean grain from the lima-bean pod
borer. As of August 19, 2023, the percentage of
caterpillar infestations per 100 beans was 14.6%
in the control variant, 2.1% in the experimental
variant, and 9.4% and 1.8% in 2024, respective-
ly (see Table 3).

CONCLUSION

The conducted research examined the bio-
ecological characteristics of the lima-bean pod
borer and identified the period of greatest dam-
age from the first ten days of August until the
end of the soybean growing season. It was estab-
lished that the second and third generations of
the pest primarily develop in the soybean com-
munity. The lima-bean pod borer begins damag-
ing soybeans from the lower tiers, then moves
to the middle and upper tiers. Depending on the
tier level, the age distribution of the caterpillars
also changes, from younger and middle to older.

Incorporating pheromone monitoring and
bioinsecticides into the soybean biological pro-
tection system against the lima-bean pod borer
helps prevent hatched caterpillars from penetrat-
ing soybeans. The biological effectiveness of bi-
opreparations reducing the lima-bean pod borer
caterpillar population has been established: on
average, over two years, it amounted to 65.1—

3amuTa pacTeHui
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Tao6a. 2. buonornueckas 3¢ppeKTUBHOCTH OHONpenapaToB B 00pbh0e ¢ akanyueBol OrHEBKOH
E. zinckenella na coe B KpacHomapckoM kpae

Table 2. Biological efficiency of biological products against lima bean pod borer E. zinckenella
on soybeans in the Krasnodar Territory

Application rate Number of seeds examined Reduction
Onti PP Damage to in damage Weight of
ption of the . b o lati 1000 seed
reparation, /ha i of which eans, % relative to seeds, g
P ’ tota damaged control, %
2023
Bioslip BV, L 2,0 280 31 11,0 65,1 147,0
Akkar, L 4,0 282 20 7,0 77,5 149,3
Biostop, L 3,0 287 25 8,7 71,9 148,4
Lepidocid, SC 3,0 285 24 8,4 73,0 147,6
Control — 282 89 31,5 — 134,9
2024
Bioslip BV, L 2,0 287 29 10,1 68,8 146,8
Akkar, L 4,0 280 18 6,4 80,6 148,5
Biostop, L 3,0 285 24 8,4 74,1 147.,8
Lepidocid, SC 3,0 274 26 9,4 72,0 147,0
Control - 280 93 33,2 - 137,5

Tao6a. 3. buonornueckas >¢pPeKTHBHOCTH OMOpAIIMOHATIBLHOTO Npenapara AKkap, XK mpoTHB akaieBoit
OTHEBKHM B ycloBHsIX npou3BoacTBeHHbIX ucnbiTanuii (MI1 I'KOX B.H. Uy6 Kopenosckoro paiiona)

Table 3. Biological efficiency of the biorational product Akkar against lima bean pod borer under
production testing conditions, (Individual Entrepreneur, head of a peasant farm V.N. Chub, Korenovsky
district)

Infestation of beans by lima bean pod borer according
to the dates of the surveys, %

10.08 19.08 27.08 06.09 19.09

Insect species

2023

Lima bean pod borer (treatment with Akkar, L) 1,7+ 0,1 2,104 0,7+0,5 0,4+04 0,2+0,5

Lima bean pod borer (control without treatment) | 6,8 + 0,5 14605 | 185+1,0 | 13,9+0,9 | 74+0,9

2024

Lima bean pod borer (treatment with Akkar, L) | 0,9 £ 0,1 | 1,8 + 03 | 1,0 £ 0,5 | 0,5+ 0,3 | 0,1 £ 0,3

Lima bean pod borer (control without treatment) | 4,7 £ 0,3 9,4+0,8 124+1,0 | 10,9+0,5 | 6,4=+0,7

68.8% (Bioslip BV, L), 77.5-80.6% (Akkar, L), CIHHACOKJIUTEPATYPbI
71.9-74.1% (Biostop, L), and 72.0-73.0% (Lep-
idocid, SC).

The conducted industrial tests of the biora-
tional preparation Akkar, L have shown its high
eiﬁciency against the lima-bean pod borer during of Plants. 2023. Vol. 29. N 4. P. 495-511. DOI:
the ripening period of soybean grains. 10.1007/s12298-023-01305-9.

1. Ain Q., Mushtag W., Shadab M., Siddiqui M.B.
Allelopathy: an alternative tool for sustainable

agriculture // Physiology and Molecular Biology
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PuTOCAHNTAPHOE U IKOHOMHUYECKOE 000CHOBaHHE
3JIEMEHTOB TE€XHOJOTMHU BO3/1eIbIBAHUA APOBOM NMIIEHU LI
B Jecocrenu HoBocudupckoro Ipuodns

®emenko E.C., <) Toponosa E.IO.
Hosocubupckuii 2cocyoapcmeentsviil acpaprwiil yHuepcumem

HoBocubupck, Poccust
(Cx)e-mail: 89139148962 @yandex.ru

[IpencraBnensl pe3yapTrarhl TpexjaeTHUX uccienoBanui (2021-2023), npoBoAMBIIUXCSA B JIECO-
crenHoi 30He HoBocubupckoro Ilpno0Obst ¢ nenbsio BcecTopoHHEH ((UTOCAHUTAPHON, TEXHOJIOTH-
YeCKO, SKOHOMHUYECKOH) OIIEHKN d(PPEKTUBHOCTH MPEANIOCEBHON 00pabOTKH ceMsiH M TIPUMCHEHHS
Pa3JInYHBIX NPEIIICCTBCHHUKOB MIPU BO3JEJIBIBAHUM SAPOBOM MIIEHULBI. VccienoBanusi IpoBOIMIN
Mo cxeMe JIByX()aKTOPHOTO OTbITa U COTIACHO OOIIETPUHSTON MeTouKe. B kauecTBe mpoTpaBuTeNnei
ucnoip3osanu Gyarumun Jusuaesn Crap, KC (Hopma npumenenus — 0,9 11/T) 1 ero 6akoBYyrO CMeCh €
uncekturuaoMm Konranop Makcu, KC (Hopma — 0,5 11/T). SpoByto nmenuity copra Hopocubupckas 31
BBICEBAJIM I10 TPEM IPEILICCTBEHHUKAM: YepHBII Map, BUKO-OBCSHAs CMECh Ha 3€JICHYIO Maccy, 03H-
Masi pO’Kb Ha 3€pHO. B Ka)K1bIil U3 TOZ0B UCCIIEIOBAHUS MIOBPEKICHHOCTh [IOCEBOB SIPOBOM MIIIEHUIIBI
BPEOUTEISIMU BCXOAOB (XJ1€OHOH OJOIIKON M 371aKOBBIMH MyXaMH) IIPEBbIILIANA ITOPOrOBbIC 3HAUE-
Hust. [IpuMeHeHne MHCEKTHIHUAHOTO MPOTPABUTENS CEMSIH MPOAEMOHCTPUPOBANIO OHOIIOTHYECKYIO
s dexruBHOCTh 10 73,1% npotuB xyeOHOW Onmomku u 10 42,7% NPOTHB 31aKOBBIX MyX. AHAIN3
3JIEMEHTOB CTPYKTYPBI YPO)KaHOCTH ITOKA3aJl, 9YTO B KOHTPOJIBHBIX BApHAHTAaX CTATUCTUYECKH JOCTO-
BEPHBIC Pa3jInuMsl OTMEUEHBI 110 MPOAYKTUBHOM KYCTHCTOCTH M YHCIY 3epeH B Konoce. [Iporpasnu-
BaHHE 0Ka3aJi0 JIOCTOBEPHO 3HAYMMOE BIIMSHHE HA YHCIIO IPOAYKTUBHBIX KOJIOChEB (+ 43—49 mT./M?%,
win 9,2-10,5%). Haubonpiuas Ouonornyeckas yposkaifHOCTb KOHTPOJIBHBIX BAPHAHTOB MOJIy4EHa I10
MapoBOMY MpE/IIECTBEHHUKY — 2,86 T/ra. B cpemHeM 3a Tpu roza 3epHO MIIEHUIBI TI0 BCEM BapH-
aHTaM OmbITa (KpOME KOHTPOJIS 110 O3UMOM PXKH) 10 KaYeCTBEHHBIM I10KA3aTesIM COOTBETCTBOBAJIO
I xmaccy. B cpennem 3a Tpu roga HanOoubIIass peHTa0SIbHOCTD 10 KOHTPOJIBHBIM BapuaHTaMm Obliia
BBISIBIICHA TIPU BO3JICIIBIBAHWU SPOBOI MIIIEHUIIBI IO OIHONETHUM TpaBam (48,5%). [IpennoceBHoe
MPOTPaBIUBAHUE CEMSH TI0 BCEM BapHaHTaM OOCCIICUMIIO YBEIHMUCHHE KaK PEHTa0eIbHOCTH MPOH3-
BOJICTBA, TaK M IpuObLIH C | ra.

KuroueBble c10Ba: sipoBas NIIEHUIA, TPEAIIECTBEHHUK, IPOTPABUTEND, JIEMEHT CTPYKTYPbI ypO-
JKaHOCTHU, Ka4eCTBO 3€PHA, IPUOBLIb

Phytosanitary and economic justification of the elements of technology for
cultivation of spring wheat in the Novosibirsk Ob Region forest-steppe

Feshchenko E.S., ©<)Toropova E.Yu.
Novosibirsk State Agrarian University

Novosibirsk, Russia
(X)e-mail: 89139148962 @yandex.ru

The results of three years of research (2021-2023) conducted in the forest-steppe zone of the No-
vosibirsk region aiming at a comprehensive (phytosanitary, technological, economic) evaluation of
the efficiency of pre-sowing seed treatment and application of different predecessors in spring wheat
cultivation. The studies were conducted using a two-factor experiment scheme and according to the
generally accepted methodology. Dividend Star, SC (application rate — 0.9 1/t) and its tank mixture
with an insecticide Kontador Maxi, SC (application rate — 0.5 1/t) were used as the dressing agents.
Spring wheat of the Novosibirskaya 31 variety was sown after three predecessors: black fallow, vet-
choat mixture for green mass, winter rye for grain. In each year of the study, damage to spring wheat
crops by seedling pests (cereal flea beetle and corn flies) exceeded the threshold values. The use of
an insecticidal disinfectant showed a biological effectiveness of up to 73.1% against cereal flea beetle
and up to 42.7% against corn flies. Analysis of the yield structure elements showed that statistically
significant differences in the control variants statistically reliable differences were observed in produc-
tive bushiness and number of grains per ear. Dressing had a significantly significant effect only on the
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number of productive ears (+ 4349 pcs/m? or 9.2-10.5%). The highest biological yield of the control
variants was obtained with the fallow predecessor — 2.86 t/ha. On average over 3 years, the grain in
all the experimental variants (except for the control for winter rye) in terms of quality indicators cor-
responded to class III grain. On average over 3 years, the highest profitability for the control options
was identified when cultivating spring wheat with annual grasses (48.5%). Pre-sowing seed treatment
for all the options increased both production profitability and profit per 1 hectare.

Keywords: spring wheat, predecessor, seed treatment, yield structure element, grain quality, profit
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INTRODUCTION

Spring wheat is the main food crop grown by
agricultural enterprises in the Novosibirsk Re-
gion. Its sown area in 2022 amounted to approx-
imately 925.3 thousand hectares, or 60.3% of
the grain area'. From 2020 to 2022, wheat yields
in the Novosibirsk Region did not exceed 2.2
tons/ha.

One of the ways to obtain stable grain crop
yields is the biologization of agriculture based
on the use of phytosanitary crop rotations [1],
which allow removing of dormant structures of
root rot pathogens from the soil by 62.1-89.2%
[2—4]. At the same time, the cultivation of phy-
tosanitary precursors reduces the number and
harmfulness of specialized pests of cereal crops
[5-7].

Pre-sowing treatment is the most effective,
environmentally friendly and cost-effective
method of using pesticides [2, 8]. However, it
should be taken into account that its effective-
ness depends on the choice of precursors, since
they determine the species composition and
abundance of destructive biota, and also affect
the crop's resistance to it [9—11].

Currently, the grain processing industry in
Russia is experiencing a shortage of high-qual-

ity grain, which leads to the need to search for
new ways of its stable production [12, 13]. Grain
quality is an indicator of the intensification of
grain production and depends on the genetic po-
tential of the cultivated variety, the agricultural
technologies used, and the natural and climat-
ic resources of the growing zone [14, 15]. The
introduction of scientifically based crop rotation
and the rational use of plant protection products
(including the selection of effective prepara-
tions for pre-sowing seed treatment) will bring
us closer to solving the problem of obtaining
high-quality wheat grain [16].

The purpose of the study was to comprehen-
sively (phytosanitary, technological, economic)
evaluate the effectiveness of pre-sowing treat-
ment of spring wheat seeds and the use of var-
ious predecessors (black fallow, vetch-oat mix-
ture, winter rye) in the forest-steppe conditions
of the Novosibirsk Ob region.

MATERIAL AND METHODS

The study was conducted in 2021-2023 in
the forest-steppe conditions of the Novosibirsk
Ob region (Cherepanovsky District) at the Al-
va-Farm (OOO) farm using a two-factor ex-
perimental design. Spring wheat of the Novosi-
birskaya 31 variety was sown after three precur-

ICultivated area of the Russian Federation in 2022 / Federal State Statistics Service (Rosstat). Moscow, 2023, 36 p. (http:/ssl.

rosstat.gov.ru/).
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sors: black fallow, a vetch-oat mixture for green
fodder (grain silage), and winter rye for grain
(the "predecessor" factor).

Pre-sowing wheat seed treatment was per-
formed with the fungicide Dividend Star, SC
(difeconazole, 30.0 g/l + cyproconazole, 6.3 g/l;
application rate — 0.9 1/t), as well as a tank mix
of the fungicide with the addition of the insecti-
cide Kontador Maxi, SC (imidacloprid, 600 g/I;
application rate — 0.5 1/t). The flow rate of the
working fluid was 10 1/t. Untreated seeds served
as a control (“treatment” factor).

The soil cover of the experimental plot is
represented by leached medium-deep cherno-
zem with small inclusions of podzolized medi-
um-deep chernozem and dark-gray forest medi-
um-deep soil.

The availability of nutrients varied depending
on the preceding crops. Thus, the nitrate nitro-
gen content in the arable layer was: 9.9-23.5 (on
average — 14.4) mg/kg — after fallow, 4.3-19.8
(9.5) mg/kg — after vetch-oat mixture, 5.2—13.2
(6.9) mg/kg — after winter rye. The availabili-
ty of mobile forms of phosphorus (according
to Nikonov) for all preceding crops was aver-
age —from 16.5 to 33.2 mg P O /kg. The average
humus content for all variants was about 4.5%
(from 3.2 to 7.6%). The reaction of the soil solu-
tion was close to neutral (pH_, = 6,1).

The spring wheat cultivation technology was
generally accepted for this zone [2, 3]. Accord-
ing to it, the mineral nutrition system includ-
ed the application of ammonium nitrate in the
row during sowing (the application rate was
120 kg/ha), as well as the combined use of urea
along with chemical preparations during vegeta-
tion (the general rate was up to 20 kg/ha in phys-
ical weight). The area under each experimental
variant was 50 hectares. Three replicates were
performed.

Leaf and stem diseases were recorded using
proven methods?, and leaf damage by cereal

flea beetles was assessed using a 5-point scale’.
Wheat yield patterns were determined before
harvesting, and biological yield was calculated
based on these patterns. Statistical data process-
ing was performed using variance and correla-
tion analysis methods using the Snedekor soft-
ware package.

During the years of study, hydrometeorologi-
cal conditions were different (see the figure).

May 2021 was warm and rainy, with precip-
itation around normal and temperatures 2.5°C
above the monthly average. June temperatures
were 1.1°C below the long-term average, with
precipitation 49.1% above normal (85 mm ver-
sus 57 mm). July and August experienced per-
sistent drought, with precipitation totaling only
41% and 76% of normal, while temperatures
exceeded the monthly average by 0.9°C and
1.1°C, respectively. The hydrothermal coeffi-
cient (HTC) for the growing season was 0.99,
indicating slightly arid moisture conditions.

The beginning of the 2022 growing season
was marked by warm (the average monthly air
temperature in May was 4.1°C above normal)
but dry conditions (precipitation was 21 mm,
or 47% of normal). Hydrometeorological con-
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2Chulkina V.A., Toropova E.Yu., Stetsov G.Ya., Kirichenko A.A., Marmuleva E.Yu., Grishin V.M., Kazakova O.A., Selyuk M.P.
Phytosanitary diagnostics of agroecosystems: educational and practical manual. Barnaul, 2017, 210 p.

3Pospelov S.M., Arsenyeva M.V., Gruzdev G.S. Plant protection. L.: Kolos, 1979, 432 p.
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ditions in June were close to long-term averag-
es. Temperatures in July and August were 1.1°C
and 0.7°C below normal, respectively, with pre-
cipitation deficits (28% and 14% below normal).
Hydrothermal conditions during the growing
season were characterized as arid (HTC = 0.92).

The 2023 growing season was marked by
sharp fluctuations in hydrometeorological con-
ditions. In May, precipitation was only 20%
of the norm with a hydrothermal coefficient
(HTC) of 0.15. From June to August, the aver-
age monthly air temperature exceeded the norm
by 0.9-1.8°C. In July, a precipitation deficit was
observed (16 mm below the norm), while in
June and August, the long-term average was ex-
ceeded (by 9 and 60 mm, respectively, or 16 and
107%). The hydrothermal coefficient (HTC) for
the 2023 growing season was 1.23, correspond-
ing to moderate moisture.

RESULTS AND DISCUSSION

The results of recording damage to spring
wheat leaves by cereal flea beetles and damage
to stems by cereal flies in the full germination
phase are presented in Table 1.

The data in Table 1 indicate significant annu-
al damage to seedlings by pests. For example,
damage to the leaf surface of wheat by the cereal
flea beetle reached 70% or more, which is many
times greater than the economic threshold of
damage (ETD — first leaf damage of more than

15%). The greatest leaf damage was observed
when grown over annual grasses (38.2%). The
use of an insecticidal seed treatment reduced
pest populations across all preceding crops,
and consequently, damage to wheat leaves. The
highest biological effectiveness was recorded
for fallow: 73.1% (6.6% and 12.8% higher than
for annual grasses and winter rye, respectively).
Cereal fly infestations (spring fly, barley fry)
were consistently above the economic threshold
(ETD) for all preceding crops (6—10%). Thus,
phytosanitary precursors (fallow and annual
grasses) reliably reduce cereal fly infestations
in crops compared to the grain precursor (winter
rye). Insecticide treatments across all treatments
demonstrated moderate biological effective-
ness—ifrom 31.9 to 42.7%.

Analysis of variance revealed that the in-
fluence of the "year" factor on leaf damage by
cereal flea beetles was 24.6%, while the "treat-
ment" factor was 40.1%, and the "predecessor"
factor had no significant effect. The influence of
the "year" factor on stem damage by cereal flies
was 51.4%, while the "predecessor" factor was
23.3%, and the "treatment" factor was 18.6%
(from here on, the reliability of the analysis re-
sults is at the 5% significance level).

The results of the survey of dark brown spot
(helminthosporiosis) of spring wheat are shown
in Table 2.

Analysis of Table 2 indicates a significant an-
nual prevalence of dark brown leaf spot above

Taoxa. 1. buonornueckast 5¢pPeKTUBHOCTS MHCEKTUIMIHOTO MPOTPABHUTEIS U MTPEILIECTBEHHUKOB
B 3aII[UTE BCXOJOB SIPOBOM MILIEHUIIBI OT BpeAUTENeH (B CpeHEeM 3a TPU rojia)

Table 1. Biological effectiveness of insecticidal disinfectant and precursors in protecting spring wheat
seedlings from seedling pests (on average for 3 years)

Forecrop Seed treatment Leaf damage, % effiit?‘llzii:;l % Damage to stems, % effiit(i)\li(;%iecszl %
Black fallow Control 26,4 - 9,0 -
Insecticide 7,1 73,1 5,3 41,1
Annual grasses Control 38,2 - 9,4 -
Insecticide 12,8 66,5 6,4 31,9
Winter rye Control 36,0 - 11,7 -
Insecticide 14,3 60,3 6,7 42,7
LSD  average quotients 6,8 - 1,4 -
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the economic threshold (ETD) (20%). On aver-
age, over three years, the greatest leaf damage
during the tillering stage (up to 4 ETD) was ob-
served in the grain preceding crop. Black fallow
reduced the prevalence of dark brown leaf spot
by an average of 30.4%. During the heading
stage of spring wheat, the prevalence of dark
brown leaf spot did not significantly differ be-
tween preceding crops. Pre-plant seed treatment
with a fungicide, as well as cultivation after win-
ter rye and annual grasses, reduced the incidence
of dark brown spot by 20% or more (biological
effectiveness: 30%). However, cultivation after
fallow had no significant effect on the incidence
of the infection.

Analysis of variance showed that the influ-
ence of the “predecessor” factor on the preva-
lence of dark brown spot in the tillering phase
was 16.8%, in the heading phase — 5.4%; the in-
fluence of the “year” factor in the tillering phase
was 44.6%, in the heading phase — 66.1%; the
influence of the “treatment” factor in the til-
lering phase was 16.2%, in the heading phase
treatment did not have a reliable effect on the
prevalence of the infection. Consequently, the
degree of influence of predecessors and seed
treatment on the prevalence of dark brown leaf
spot of spring wheat during the growing season

Tao6a. 2. PacnpocTpaneHHOCTh TEMHO-0YpOit
MSTHACTOCTH JIUCTHEB M0 (hazaM pa3BUTHS SPOBOI
TMIICHUIIBI, TPeAIeCTBEHHUKAaM 1 BapuaHTaM o0pa-
00TKHM ceMsH (cpeaHee 3a TpH rojaa), %

Table 2. Prevalence of dark brown spot by

development phases, predecessors and seed
treatment options (on average for 3 years), %

Development phase
Forecrop Seed treatment
tillering earing
Black Control 49,3 68,3
fallow Fungicide 49,1 58,1
Fungicide + insecticide 51,4 61,1
Annual | Control 67,7 68,8
grasses | Fungicide 472 48,3
Fungicide + insecticide 49,3 49.8
Winter | Control 79,7 77,3
rye Fungicide 60,0 533
Fungicide + insecticide 55,6 55,9
LSD,, average quotients 13,3 9,9

decreased by 3.1 and 4.1 times, respectively,
while the influence of year conditions, on the
contrary, increased by 1.5 times, which confirms
the additional nature of the ecological niche of
the soil phytopathogen Bipolaris sorokiniana in
the aboveground organs of host plants [17].

Analysis of the crop structure elements pre-
sented in Table 3 indicates that during the years
of the study their value was lower than the op-
timal parameters for the zone or close to them.

The density of productive stems in all experi-
mental variants was at or above the optimal level
for the zone, with the exception of the control
variants for winter rye and annual grasses (457.3
and 476.0 pcs/m?, respectively). The maximum
number of productive stems in the control vari-
ants was observed with the fallow predecessor
— 522 pes/m?. Seed treatment with a tank mix-
ture of fungicide and insecticide preparations
ensured a significant increase in the number of
productive stems by 43—49 pcs/m? (9,2-10,5%).

The grain content per ear across all exper-
imental variants during the study years was
5-22% below the optimum. The decrease in
grain content could be due to the formation of
shortened ears during the tillering phase due to a
lack of moisture and nutrients, root rot, and pest
damage.

The 1,000-kernel weight was 5.4-14.3% be-
low the optimal level for this zone, depending on
the preceding crops and seed treatment options.
Therefore, no statistically significant differences
were found in this indicator.

In the control study, the maximum biological
yield of spring wheat was achieved with fallow
as a precursor crop — 2.86 t/ha, which is 0.47 and
0.69 t/ha higher than the yields for annual grass-
es and winter rye, respectively. The economic
efficiency of fallow over the three years of the
study was 31.8% (compared to winter rye). Seed
treatment with a fungicide maintained average
yields of 0.16-0.38 t/ha compared to previous
crops, with economic efficiency ranging from
7.4-13.3%. Pre-sowing seed treatment with a
tank mixture of fungicide and insecticide im-

36  Siberian Herald of Agricultural Science ¢ 2025 « 55 ¢ 5

Plant protection



@DuTOCAaHUTAPHOE M FIKOHOMHYECKOE 0O0CHOBAHUE IEMEHTOB
TEXHOJIOI'HH BO3/CIbIBAHHS SPOBOI MILICHHIIBI B JIECOCTEIN
HoBocub6upckoro ITpnoosst

®emienko E.C., Toponosa E.1O.

Taoa. 3. XozsiictBeHHast 3PEKTUBHOCTD M DIIEMEHTBI CTPYKTYPbI ypoxas (B cpeJHEM 3a TPH roJia)

Table 3. Economic efficiency and the yield structure elements (on average for 3 years)

Forecro Seed Nug;ls:r of E&sz 2; Weight of Yield, Economic
P treatment >, & p > | 1000 grains, g t/ha efficiency, %
pcs/m pcs.
Optimal parameters for the zone 500,0 20,0 35,0 3,50 -
Black Control 522,0 17,4 31,0 2,86 -
fallow Fungicide 527,3 18,5 33,1 3,24 13,3
Fungicide + insecticide 570,0 19,4 32,9 3,66 28,0
Annual Control 476,0 16,3 30,3 2,39 —
grasses Fungicide 486,8 16,3 32,4 2,59 8,4
Fungicide + insecticide 525,8 17,7 30,4 2,84 18,8
Winter rye | Control 4573 15,5 30,6 2,17 -
Fungicide 4772 15,8 30,8 2,33 7,4
Fungicide + insecticide 500,3 16,2 30,0 2,45 12,9
LSD,, average quotients 12,3 0,9 1,1 0,13 -

proved economic efficiency. The highest yield
was recorded for the fallow preceding crop
(28.0%).

The analysis of variance shows that the in-
fluence of the "predecessor" factor on the densi-
ty of productive stems was 11.1%, on the grain
content of the ear — 45.2, on the weight of 1000
seeds — 8.4, and on the biological yield — 29.7%.
The degree of influence of the "year" factor on
the number of productive stems was 66.5%, on
the grain content of the ear — 13.6, on the weight
of 1000 seeds — 53.1, and on the biological
yield — 47.9%. The "treatment" factor had a sta-
tistically significant effect only on the indicators
of biological yield (9.2%) and the number of
grains per ear (11.9%).

The quality of spring wheat grain varied
greatly across years and variants (see Table 4).

The grain unit weight varied significant-
ly across the experimental variants. On aver-
age, over the years of study, the lowest grain
unit weight was observed for winter rye in the
control variants — 720.0 g/l, which is 74.7 and
33.3 g/l less than for fallow and annual grasses,
respectively. Seed treatment with a fungicide re-
sulted in a significant increase in the grain unit
weight for winter rye (+ 13.3 g/L) and annual
grasses (+ 34.4 g/L), while treatment with a tank
mixture of the preparations resulted only in win-
ter rye (+ 43.7 g/L). The correlation coefficient
between the grain unit weight and the 1,000-ker-
nel weight was 0.757 + 0.101.

Tao6xa. 4. KauecTBeHHbIC TIOKA3aTENH 3¢PHA MIICHUIBI (B CPEIHEM 3a TPH T0/1a)
Table 4. Quality indicators of wheat grain (on average for 3 years)

Grai . Vit Gluten Grai
Forecrop Seed treatment rain unit, ! rec:]usness, Protein, % - ramn
g/l % % units class
¢ (GDI-1)
Black Control 794,7 56,0 15,3 27,5 63,3 11T
fallow Fungicide 777,0 57,7 16,1 29,1 62,6 111
Fungicide + insecticide 780,3 55,0 15,9 29,2 61,6 111
Annual Control 7533 53,3 15,3 26,5 68,1 111
grasses Fungicide 787,7 59,0 16,4 28,5 66,1 111
Fungicide + insecticide 751,3 56,3 14,9 26,1 64,7 111
Winter rye | Control 720,0 53,0 14,0 21,9 60,0 v
Fungicide 733,3 53,3 14,2 23,2 58,8 111
Fungicide + insecticide 763,7 55,7 14,3 25,2 63,5 111
LSD,, average quotients 10,2 1,7 0,4 1,1 2.3 -
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The grain vitreousness in all experimental
variants (except for the control on winter rye)
corresponded to class III grain and was within
50-60 units.

The highest wet gluten content in the control
was observed in the fallow preceding crop —
27.5%, exceeding the values for annual grasses
and winter rye by 1.0 and 5.6%, respectively.
Seed treatment with a fungicide increased the
gluten content by 1.3-2.0%. Adding an insecti-
cide component to the tank mixture resulted in
an additional gluten increase of 2.0% for winter
rye.

The lowest protein content in the control treat-
ments was recorded for the grain predecessor —
14.0%, which is 1.3% less than for the fallow
and annual grasses. Treatment with a fungicide
increased protein content by 0.2—1.1% for all
treatments. Seed treatment with a tank mixture
of fungicide and insecticide had different effects
on the amount of protein in the grain: for the
fallow predecessor, protein content significantly
increased by 0.6% relative to the control, while
for the grain predecessor and annual grasses, the
value was statistically indistinguishable from
the control.

Correlation analysis revealed a positive re-
lationship (» = 0.8671 + 0.147) between the
content of protein and crude gluten in grain
(p <0,05).

The results of the analysis of variance indicate
that the degree of influence of the "predecessor"
factor on the grain unit was 15.0%, on the crude
gluten content — 56.1, the amount of protein in
the grain —41.0, the vitreousness index — 12.4%.
The strength of the influence of the "year" factor
on the grain unit was 54.4%, on the vitreousness
of the grain — 16.6, the content of crude gluten
and protein — 11.1% each. The "dressing agent"
factor had a reliably significant effect only on
the vitreousness of the grain (12,4%).

To calculate the economic efficiency of spring
wheat cultivation using the stated predecessors
and processing options, the average results of a
field experiment over three years were taken as a
basis (see Table 5).

Table 5 shows that the highest profitabil-
ity for the control treatments, on average over
three years, was achieved with annual grasses —
48.5%, which is 10.1% and 18.5% higher than
with fallow and winter rye. The highest prof-
it was obtained with the fallow predecessor —

Taoa. 5. DxoHomu4eckas 3PPEKTUBHOCTH BO3AEIBIBAHUS SPOBOM MIISHUIIBI 110 MTPEIILICCTBEHHUKAM
¥ BapraHTam 00paOOTKH ceMsH (B CpelHEM 3a TpH rofia)

Table 5. Economic efficiency of spring wheat cultivation by predecessors and seed treatment variants

(on average for 3 years)

Vetch-oat .
Black fallow mixture Winter rye
Indicator .. . .
control | fungicide funglc.ld.e N control | fungicide funglc.ld.e N control | fungicide funglc.ld.e N
insecticide insecticide insecticide

Yield, t/ha 2,77 3,17 3,58 2,35 2,54 2,81 1,98 2,26 2,42
Production costs, rubles | 27 422 | 28 868 30175 |21682| 22299 22758 20869 | 21754 22 530
Cost price of 1 ton of
products, rubles 9900 9107 8429 9226 8779 8099 10540 | 9626 9310
Average selling price of
1 ton of products, rubles | 13 700 | 13 700 13700 [13700| 13 700 13700 [13700] 13700 13 700
Cost of products
at selling prices, rubles |37 949 | 43 429 49046 [32195| 34798 38497 |27 126| 30962 33 154
Profit/loss, rubles 10527 | 14561 18871 [10513] 12499 15739 6257 9208 10 624
Profitability, % 38,4 50,4 62,5 48,5 56,1 69,2 30,0 42,3 47,2
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10,527 rubles/ha, which is 14 and 4,270 rubles
higher than with annual grasses and winter rye.
Pre-sowing seed treatment for all experimental
treatments increased both production profitabil-
ity and profit per hectare. The greatest increase
in profitability compared to the control was ob-
served when treating seeds with a tank mixture of
preparations for fallow —up to 62.5% (+24.1%).
The highest net income in monetary terms was
achieved when cultivating spring wheat after
fallow with a tank mixture of fungicide and in-
secticide — 18,871 rubles/ha.

CONCLUSIONS

1. During the study years, the level of damage
to spring wheat crops by seedling pests exceed-
ed the ETD. Application of Contador Maxi, SC
insecticide at a rate of 0.5 I/t demonstrated bio-
logical effectiveness of up to 73.1% against the
cereal flea beetle and up to 42.7% against cereal
flies.

2. An analysis of the yield structure of spring
wheat showed that statistically significant dif-
ferences were found in the control variants for
productive tillering (maximum for the fallow
predecessor — 522 pcs/m?) and the number of
grains per ear (for the fallow predecessor — 17.4
pcs). Treatment had a significant effect only on
the number of productive ears (+ 43-49 pcs./m?,
or 9,2-10,5%).

3. The maximum biological yield of spring
wheat without seed treatment was obtained with
a fallow predecessor — 2.86 t/ha. On average,
over three years, the grain quality in all exper-
imental variants (except for the control variant
when grown after winter rye) corresponded to
that of Class III grain.

4. The highest profitability of spring wheat
cultivation without seed treatment was achieved
with annual grasses (48.5%). Pre-sowing seed
treatment increased not only production profit-
ability (by 7.6-24.1%), but also profit per hect-
are (by 1986-8344 rubles) for all predecessor
Crops.
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Bansinue kamMaTn4eckux ycaoBuii bpsiHckoil 00s1acTH HA pa3BuTHE
U pacnpocTpaHeHue ¢gy3apuos3a B MoceBax JIOMUHA Y3KOJUCTHOIO

IMumoxosa JI.U., SArosenko I.JI., Hapanuesa K.B., Xapatopkuna H.U., <) Mucnukosa H.B.
Bcepoccuiickuil nayuno-uccieoosamensckutl uHcmumym aronuna — uauanr PedepaibHo2o HAYUHO20
YeHmpa KopMonpou3eo0cmea u azposxkonocuu um. B.P. Bunvamca

Bbpsinckas obnacts, n. Muuypunckuit, Poccust

(C<)e-mail: lupin_nvmisnikova@mail.ru

B crarbe npecTaBieHbl pe3yabTaThl U3yYEeHUS PACIIPOCTPAHEHHS B TI0CEBaX JIFOMMHA 3a00IeBaHUN
KOPHEBOM THUJIBIO M YBSIAaHUS pACTEHUH, BEI3BAaHHBIX TprOaMu poaa Fusarium. Llens uccnenoBanms —
W3YYHTh BIMSHUE METEOPOIOTHYECKHUX (pakTopoB bpsiHCKO# 00nacTh Ha mopa)xkeHue JironuHa ¢ysapu-
03HOH KOPHEBOW THHUJIBIO U YBSJJAHUEM PACTCHUH, X BPEJOHOCHOCTH U BEIPa00TaTh MPEJJIOKEHHUS 10
caepxuBannto. Pabora mposenena B 2019-2023 rr. OObeKT U3yUeHHsI — PACTEHUS JIIOMMHA Y3KOJINCT-
Horo copta benopo3oBbiii 144 B moceBe ¢ MPUMEHEHUEM CPEJICTB 3aIUThl U B KOHTPOJILHOM MTOCEBE
(Oe3 mpuMeHeHUs 3aUTHBIX CPeACTB). MmeHTr(uKanmuio Bo30yauTenei 3a00aeBaHuid TIPOBOIFIIHU 110
MOP(OIOTHYECKUM NPU3HAKAM CIIOPOHOILEHHS B TEUEHUE BEr€TALIMK C IOMOIBIO BIAKHBIX KaMep
CBETOBOTO MHKPOCKOMA. YCTaHOBIICHO, YTO KOPHEBAS THUJIb JIFOMKMHA Y3KOJIMCTHOTO BBI3BIBACTCS TPH-
0oMm F. avenaceum, a TpaXeOMHKO3HOE YBsIZIAHUE PACTEHUH — F. oxysporum. VIHTEHCUBHOCTD WX pa3BU-
THSI OTIPEJIEIISIIACH KOJMUECTBOM BBINAICHUS OCAJIKOB M TEMIIEPaTypOil BO3yXa B IIEPUOJ] BETETAIINH.
Haubonpmmii Bpen moceBam JIFOMMHA Y3KOJIMCTHOTO HAHOCHIIO TPAXEOMHUKO3HOE YBATaHUE PACTECHHH.
3a ToJIbI UCCIIEIOBAaHUI B KOHTPOJIILHOM TI0CEBE TIOPayKEHNE UM PACTeHUH 3a BETeTalli0 BApbUPOBAJIO
o1 9,1 10 29,0%, a xopHeBoil rHUIBIO — 4,6...8,3%. B nmocese ¢ npuMeHEHUEM CPECTB 3aIIUTHI TOpa-
JKEHHE PaCTEHUI ATUMU 3a00JIEBAaHUSIMHU COKPATHIIOCh Ha 6,3...19,6% n Ha 4,5...7,2% cooTBEeTCTBEH-
Ho. Cpe/iHee KOIMYECTBO COXPaHMBIIMXCS pacTeHuil ¢ 6o6amu (5,8 6000B/pacTeHHe) YBETHUUIOCH
110 OTHOIICHHUIO K KOHTPOJIbHOMY ToceBy Ha 33,4 mt./m% TIpu 3Tom macca 1000 cemsiH yBenuuuiach
Ha 17,1 1, ypoxkaitHocTh cemsiH — Ha 0,97 T/ra. YcTaHOBJIEHA TOCTOBEpHAs 0OpaTHast KOPPEISIITHOHHAS
cBs13b (r = —0,89, p = 0,039) Mexay yporKaltHOCTHIO CEMSH JIIOTMHA Y3KOJIMCTHOTO ¥ MMOPaXKCHHEM
pactenuii rpudoMm F. oxysporum. BelsiBIeHa BBICOKasi JOCTOBEpHas oOpaTHas 3aBucumocts (r=—0,89,
p =0,039) Mexxay cpeaHeCYyTOUHOM TeMIepaTypoil BO3IyXa B HIOJIC U YPOXKaMHOCTBIO ceMsH. Takum
0o0pa3oM, Ui YMCHBIICHUS KOIMYECTBA OOJNBHBIX PACTCHUH JIIONMHA Y3KOIUCTHOTO, TOPaXKEHHBIX
(by3apro3HON KOPHEBOW THWIIBIO U YBSJIAHUEM, a TaKKe JIJISl CHYIKEHUSI TIOTEPh YPOXKAWMHOCTH CEMSTH
HEO0OXOIMMO MPOBOIUTH MPOTPABIMBAHUE ITOCEBHOTO MaTepHraia M 00padOTKy IMMOCEBOB B (ha3bl 2—3
HACTOSIIMX JUCThEB U OyTOHU3AINY — Hayaa [BETeHUs (D)YHTHUIMIAMH C BEICOKOH 3(PPEKTHBHOCTHIO
MPOTUB MAaTOreHHBIX TPHO0B F. avenaceum u F. oxysporum.

KaioueBble ci10Ba: JIONMUH Y3KOJIHCTHBIN, Qy3apro3, KIIMMaTuueckue (GakTopbl, CPEACTBA 3allu-
TbI, YPOXKaitHOCTb

Influence of climatic conditions of the Bryansk region on the development
and spread of fusariosis in narrow-leafed lupine crops

Pimokhova L.I., Yagovenko G.L., Tsarapneva Zh.V., Kharaborkina N.I., <) Misnikova N.V.
The All-Russian Research Institute of Lupine — Branch of the Federal Williams

Research Center of Forage Production and Agroecology

Michurinsky, Bryansk region, Russia

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

The article presents the results of studying the spread of root rot and wilting diseases caused by
fungi of the genus Fusarium in lupine crops. The purpose of the research was to study the influence of
meteorological factors of the Bryansk region on the damage of lupine by fusarium root rot and wilting
of plants, their harmfulness and to develop proposals to control them. The work was carried out in
2019-2023. The object of research was the plants of narrow-leafed lupine variety Belorozovy 144 in
the sowing with application of protection means and in the control sowing (without application of pro-
tection means). Identification of the pathogens was carried out by morphological signs of sporulation
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during the vegetation period using humidified chambers and light microscope. It was found that root
rot of narrow-leafed lupine is caused by the fungus F. avenaceum, and tracheomycosis wilt of plants
by F. oxysporum. The intensity of their development was determined by the amount of precipitation
and the air temperature during the growing season. Tracheomycosis wilt caused the greatest damage
to narrow-leafed lupine crops. During the years of research in the control crop, its affection of plants
during vegetation varied from 9.1 to 29.0%, and root rot — 4.6...8.3%. In sowing with application
of means of protection plant damage by these diseases decreased by 6.3...19.6% and by 4.5...7.2%,
respectively. The average number of preserved plants with beans (5.8 beans/plant) increased by
33.4 units/m? in relation to the control crop. At the same time, the mass of 1000 seeds increased by
17.1 g and the seed yield increased by 0.97 t/ha. A reliable inverse correlation relationship ( =—0.89,
p = 0.039) between narrow-leafed lupine seed yield and plant infestation by fungus F. oxysporum was
found. A high significant inverse relationship (r = —0.89, p = 0.039) between the average daily air
temperature in July and seed yield was found. Thus, to reduce the number of diseased narrow-leafed
lupine plants affected by fusarium root rot and wilting, as well as to reduce seed yield losses, it is ne-
cessary to conduct seed dressing and treatment of crops in the phases of 2—3 true leaves and budding —
beginning of flowering with fungicides with high efficacy against pathogenic fungi F. avenaceum and
F oxysporum.
Keywords: narrow-leafed lupine, fusariosis, climatic factors, protection means, yield
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INTRODUCTION

Narrow-leafed lupine (Lupinus angustifoli-
us L.) is the earliest of all its cultivated varieties.
For seed maturation, the sum of active tempera-
tures should be 1600—1700 °C. In the Non-Black
Earth regions north and east of Moscow, lupine
is the only crop whose grain can compete with
imported soybeans in the production of high-pro-
tein feed additives and bulk feeds balanced in
energy and protein. The crude protein content
in grain is 34-38%, in dry matter of green mass
17-20% [1, 2].

Diseases of narrow-leafed lupine reduce the
yield of grain and green mass, reduce the nitro-
gen-fixing capacity of nodules, and worsen the
sowing qualities of seeds. Of the many diseas-

es of lupine, fusariosis continues to be a wide-
spread and harmful disease [3, 4].

Fusariosis is a dangerous disease of lupine
caused by imperfect fungi of the genus Fusari-
um, widespread in all countries cultivating this
crop. Fusarium species have a wide range of
adaptive reactions. This determines their sap-
rophytic growth phase in the soil of the rhizo-
sphere, on dead cells and then on the surface
of the roots, and when plants are weakened
by the influence of many unfavorable factors
- the transition to parasitism on their tissues or
growth in their organs, the emergence of viru-
lent races [5, 6].

The species composition of the mushroom is
not constant. It changes over the years depend-
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ing on the diversity of cultivated species and va-
rieties'.

Development and spread of fusariosis depend
on both the type of pathogen and its biological
characteristics, as well as on environmental fac-
tors: climatic, agronomic, soil, biocenotic and
other changing living conditions of the pathogen
and the host plant?.

Different species and varieties of lupine form
different species composition of the fungus dif-
fering in the percentage of species. Lupine dis-
eases caused by different types of fusarium fun-
gi include damage to the above-ground and root
parts of the plant’.

The greatest damage to crops of narrow-leafed
lupine in the Non-Black Earth Zone of Russia is
caused by species such as Fusarium avenaceum
Sacc. and Fusarium oxysporum Schl. [3, 4].

Root rot of narrow-leaved lupine is mainly
caused by the fungus F. Avenaceum Sacc. The
fungus penetrates the plant through root hairs,
cracks in the surface tissues and insect damage.
Root rot can develop on lupine plants throughout
the growing season. Dark brown stripes form on
the root neck and lower part of the stem. Plants
lag in growth and development; leaves turn yel-
low and fall off. Such plants are easily pulled out
of the soil [4, 5]. Yellow lupine plants affected by
root rot do not form seeds in the germination and
early flowering phases. When plants are affected
at the beginning of bean formation, only 17% of
the healthy plants are harvested, and 75% in the
shiny bean formation phase [5, 6].

In Belarus, the number of narrow-leafed lu-
pine plants affected by root rot in breeding nurs-
eries reached 15-30%, in some years — 60—-80%
(see footnote 3). The root rot infestation of lu-
pine is facilitated by the damage to seedlings
by insect larvae — tuber weevils, shoot flies and
click beetles [4].

Fusarium wilt of lupine plants is caused by
the fungus F. Oxysporum Schl. This type of Fu-
sarium fungus is more pathogenic and harmful
to lupine. The disease manifests itself in foci,
starting from the stage of stem formation and
until ripening [4, 5]. In competitive variety tri-
al, in the ripening bean stage, the incidence of
Fusarium wilt of narrow-leafed lupine plants
varied from 7.5 to 27.5%. With mass develop-
ment of the disease, this leads to significant crop
losses*.

Infection of lupine plants by the fungus
F. oxysporum is associated with the ability of
lupine to form nodules on the roots when sym-
biotic bacteria of the genus Rhizobium settle on
them. Ruptures of the surface tissues during the
formation of nodules accelerate the penetration
of the fungus and the wilting of the plants (see
footnote 3). The destructive effect of the fungus
in tracheomycotic wilt of plants is associated
with the blockage of blood vessels by the myce-
lium, viscous formations and the negative effect
of the fungal toxins penetrating the conducting
vessels (see footnote 2). As the temperature ris-
es, the number of plant pathogens moving from
south to north increases, which leads to an ex-
pansion of the range of heat-loving fungi species
[7, 8]. Thus, the causative agent of fusariosis of
grain crops Fusarium graminearum is historical-
ly localized in the North Caucasus and the Far
East. However, since 2003, the causative agent
has spread to the North-West of Russia. In 2008,
the average degree of spread of the disease on
grain crops reached 87.3%, which is explained
by global warming [9].

There was an increase in the average annual
air temperature by 2.1°C in the Bryansk region
from 1976 to 2016 [10].

The development of fungi of the genus Fu-
sarium largely depends on meteorological fac-

'Saukova S.L., Antonova T.S., Ryzhenko E.N., Kumunzhieva K.O., Andreeva K K., Belorutsky A.Yu. Species composition of fungi
of the genus Fusarium on vegetative plants and sunflower seeds // Current directions of development of agricultural science: col-
lection of scientific articles dedicated to the 50th anniversary of the breeding center of the FSBSI "Omsk Scientific Center". Omsk:

publishing house of IP Maksheeva E.A., 2020, pp. 202-207.

2Serdyuk O.A., Trubina V.S., Gorlova L.A. Effect of Fusarium wilt on the productivity of spring rape and Sarepta mustard plants //
Plant protection from pests: materials of the international. scientific and practical. conf. Krasnodar: KubSAU, 2023, pp. 350-352.

3Korneichuk N.S. Lupine fungal diseases. Kyiv, 2010, 374 p.

‘Matyukhina M.V., Ageeva P.A. 1dentification of resistant varieties and accessions of narrow-leaved lupine to the main complex
of diseases // Agroecological aspects of sustainable development of the agro-industrial complex: Proc. XVII International. scientific.
conf. (Bryansk SAU, March 17-18, 2020). Bryansk, 2020, pp. 324-330.
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tors — temperature and humidity. The optimal
conditions are: temperature 18— 25 °C, soil
moisture — 60—80% of field capacity, relative air
humidity — 85— 90% (see footnote 3) [4]. The
development of fusarium head blight in spring
wheat and triticale crops was influenced by high
daytime temperatures of the surface air layer
during the period of milk ripeness (» = 0.87) and
relative air humidity (» = 0,89) [11].

The purpose of the research was to study
the influence of meteorological factors in the
Bryansk region on the infestation of nar-
row-leafed lupine by fusarium root rot and plant
wilting, their harmfulness and the development
of proposals for their containment.

MATERIAL AND METHODS

The study of the prevalence of Fusarium root
rot and wilting on narrow-leafed lupine plants
of the Belorozovy 144 variety was conducted
in the experimental field of the The All-Rus-
sian Research Institute of Lupine — Branch of
the Federal Williams Research Center of Forage
Production and Agroecology. The experimental
design included a control variant without the use
of pesticides and a variant where pesticides were
used. The seeds were treated with Vitaros, WSC
(thiram 198 + carbaxin 198 g/1) — 2.0 I/ha, in the
phase of 23 true leaves of plants the first treat-
ment was carried out with the fungicide Triaktiv
Extra, SC (azoxystrobin-200 + cyproconazole —
80 g/l) — 0.8 1/ha, the second — in the phase of
budding — beginning of flowering with the fun-
gicide Kolosal Pro, SC (propiconazole-300 + te-
buconazole 200 g/1) — 0.4 1/ha in a tank mixture
with the insecticide Borey Neo, SC — 0.2 1/ha.
The area of the experimental plot is 32 m?
fourfold repetition. CH-16 seeder was used for
sowing. The seeding rate was 1.2 million via-
ble seeds/ha. Agricultural technology is gener-
ally accepted for the conditions of the Bryansk
region. The spread of root rot was recorded in
accordance with the methodology adopted in
phytopathology”.

Identification of pathogens was carried out
using humid chambers and a light microscope
based on morphological signs of sporulation.
Isolation of pathogens of fusarium root rot and
plant wilting was carried out throughout the
growing season from the material collected in
the field using generally accepted methods® .

The number of beans per plant was deter-
mined using a test sheaf of 40 plants. Before
harvesting, the number of plants with beans per
1 m? was recorded. The seed yield was deter-
mined from each plot by continuous threshing
of beans with a Sampo-500 combine. Statistical
data processing was performed using the method
of dispersion and correlation analysis®.

RESULTS AND DISCUSSION

The weather conditions in 2019 were warm
and slightly dry (HTC 1.22). May was humid,
with 32.1 mm of precipitation above the norm.
The air temperature was 1.4 °C above the long-
term average. In June and July, there was an
acute lack of moisture, with 32.6 and 49.7 mm
of precipitation, with the norm being 79 and 86
mm, respectively. The air temperature in June
was 4.3 °C (20.9 °C) above the norm, and in July
it was at the level of long-term averages.

In general, vegetation conditions in 2020
were warm and excessively humid (HTC 2.2).
However, May was cool and excessively humid
(HTC 4.1). June and July were characterized by
sufficient heat (20.3 and 18.8 °C) and precipi-
tation (104.7 and 75.9 mm), which contributed
to the development and spread of plant diseases,
including anthracnose.

The vegetation period of 2021 was characteri-
zed by warm and humid weather (HTC 1.97). At
the same time, climatic conditions in May were
characterized by a lack of heat (13.3 °C) and ex-
cess precipitation (143.3 mm), which negatively
affected the emergence of lupine seedlings. In
June, the conditions were warm (19.9 °C) and
excessively humid (153.7 mm). Weather condi-
tions in July were noted as dry. The air tempera-

SChumakov A.E. Basic methods of phytopathological research. M.; L., 1974, 109 p.

*Khokhryakov M.K. Methods of experimental study of phytopathological fungi. L., 1976, 21 p.
"Naumov N.A. Methods of microbiological and phytopathological studies. L.: Selkhozgiz, 1937, 270 p.
$Dospekhov B.A. Methods of field experiment. Moscow: Agropromizdat, 1985, 351 p.
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ture (22.1 °C) was 4.4 °C higher than the long-
term average. In August, the weather conditions
were warm and moderately humid (HTC 0,99).

Climate conditions in 2022 were warm and
humid (HTC 1.43). However, May was cold and
excessively humid (HTC 2.35). Air temperature
was 2.1 °C below the long-term average, preci-
pitation was 30.5 mm above normal. June was
hot and humid (HTC 1.57). Air temperature was
2.8 °C above the long-term average. Precipitation
(89.8 mm) exceeded the norm by 10.8 mm. Grow-
ing conditions in July were also warm and humid
(HTC 1.52). August was warm and dry (HTC
0.26). The average daily air temperature was 4.2
°C (20.8 °C) higher than the long-term average.

The vegetation period of 2023 was charac-
terized by warm and humid weather conditions
(HTC 1.15). May was cold and dry (HTC 0.38).
Air temperature was 1.0 °C below the long-term
average, precipitation was 54.6 mm below the
norm. In June, air temperature was 0.5 °C be-
low the norm. Precipitation was 66.3 mm. HTC
totaled 1.28 units. The vegetation conditions in
July were warm and humid (HTC 1.44). The
air temperature was 18.6 °C, precipitation was
82.4 mm. August was hot and excessively humid
(HTC 1.50). Analysis of meteorological parame-
ters showed that the development of fungi of the
genus Fusarium (F. avenaceum and F. oxyspo-
rum) and the diseases of lupine caused by them
was largely determined by the air temperature
and precipitation during the vegetation period.

The greatest damage to narrow-leafed lupine
plants by fusarium root rot was observed in 2019
during the growing season in the control crop,
where protective agents were used at 8.3 and
0.8%, respectively (see Table 1).

In May, precipitation exceeded the norm by
60.5% (85.1 mm), the average daily air tempera-
ture was 14.9 °C. These conditions were favo-
rable for the intensive growth and development
of the fungus F. avenaceum, the causative agent
of root rot disease of lupine seedlings. Since the
growth of the mycelium of this fungus begins
at a temperature of 5...6 °C, at a temperature of

10...12 °C the growth intensity increases. The
optimum temperature for the development of
the fungus is within the range of 18...25 °C (see
footnote 3). The infestation of soybean plants by
fusarium root rot increases when it is sown in
unheated soil’.

The first signs of lupine root rot in crops
(3.8 and 0.3%) were noted during the period of
the beginning of the stem formation of plants
(third ten-day period of May). Dark brown ob-
long spots were observed on the roots, on which
white fluffy mycelium with abundant sporula-
tion of the fungus in the form of colorless sick-
le-shaped conidia with three and five partitions
was formed in a humid chamber (see Fig. 1).

In June 2019, there was a sharp decrease in
soil moisture due to a decrease in precipitation
(32.6 mm) and an increase in average daily air
temperature (20.9 °C). The onset of soil and air
drought weakened the resistance of plants to the
disease and contributed to the manifestation of
its external signs. The leaves withered and even-
tually fell off on affected plants, The root and
lower part of the stem acquired a brown color.
Over time, the main and lateral roots died off.
Such plants withered and could be easily pulled
out of the soil.

The influence of average daily air temperature
and amount of precipitation on the incidence of
root rot of narrow-leafed lupine in June 2019 is
shown in the graphs (see Fig. 2, 3).

Plants were also affected by root rot later.
Some plants were observed to form new roots
above the site of damage to the main root. Plants
affected by root rot at the beginning of flowering
did not form seeds. Fusarium root rot killed nar-
row-leaved lupine plants mainly before pod for-
mation. The largest number of diseased lupine
plants (4.5 and 0.8%) in the studied crops was
noted during the period of booting — beginning
of flowering. In general, root rot did not have a
significant effect on the yield. On average, over
the years of research, pre-sowing seed treatment
with Vitaros seed treatment agent (2.0 1/t) re-
duced plant damage by root rot in the sprouts —

*Maui A.A., Anuarova L.E. Species composition and biological characteristics of pathogens of soybean fusarium in the south and
south-east of Kazakhstan // Formation and development of science on plant protection and quarantine in the Republic of Kazakhstan:
collection of materials of the international scientific conf., dedicated to the 60th anniversary of the founding of the institute and the
100th anniversary of scientific research on plant protection in Kazakhstan. Almaty, 2018, pp. 429-435.
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Ta6a. 1. IlopaxkaeMOCTb pacTeHHI JIIOMMHA Y3KOIUCTHOTO (py3aprosom 1o ¢azam pazsurust (2019-2023 r)
Table 1. Fusariosis infestation of narrow-leafed lupine plants by development phases (2019-2023)

Infestation, %
Fusarium root rot Fusarium wilt

Year Development phase Development phase

For the vegeta- For the vege-

Sprouting — Booting — . . Budding — flow- Flowering — . . .
] : tion period - ] Ripening bean | tation period
booting flowering ering shiny bean
Control variant — without using protective means

2023 2,1 2,5 4,6 1,7 6,5 0,9 9,1
2022 2,6 3,1 5,7 3,2 12,5 4,1 19,8
2021 3,5 4,2 7,7 4,7 17,1 53 27,1
2020 2,3 2,8 5,1 5,3 18,2 5,5 29,0
2019 3,8 4,5 8,3 2,1 8,3 2,6 13,0

Option with the use of protective means
2023 0,0 0,1 0,1 0,4 2,0 0,4 2,8
2022 0,1 0,3 0,4 0,7 4,7 1,3 6,7
2021 0,2 0,7 0,9 1,3 53 1,7 8,3
2020 0,0 0,2 0,2 1,3 5,8 2,3 9,4
2019 0,3 0,8 1,1 0,6 3,0 0,9 4,5

Puc. 1. dy3zapuosnas kopHeBas THWIb (F. avenaceum) MONUHA Y3KOIUCTHOTO:
@) IOpa)XEHHBII KOpeHb, (aza credieBaHus; 6) MAaKpOKOHUIUH Iprda

Fig. 1. Fusarium root rot (¥, avenaceum) of narrow-leafed lupine:
a) infected root, stem formation stage; 6) macroconidia of the fungus

booting phases from 2.9% in the control crop to
0.1%.

The conducted correlation analysis of the
relationship between the infestation of nar-
row-leafed lupine plants by Fusarium root rot
and the yield revealed a weak relationship (» =
0.32, p = 0.69) between these parameters. There
is data in the literature on a weak correlation

between the infestation of narrow-leafed lupine
plants by root rot and grain yield [12].

It should be noted that in our conditions, the
greatest harm to narrow-leafed lupine crops is
caused by fusarium wilt (tracheomycosis) of
plants, which is caused by the fungus F. oxyspo-
rum. The maximum number (29.0%) of plants af-
fected by this disease during the growing season

3ammTa pacTeHni
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Fig. 2. The effect of air temperature on Fusarium root rot infection (F. avenaceum) of the narrow-leafed
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Puc. 3. BnusiHue KOMTMUYECTBA 0CAIKOB Ha OPAYKCHUE JIIOMIHA Y3KOJIHCTHOTO (Py3apruO3HOM KOPHEBOH
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Fig. 3. The effect of rain amount on Fusarium root rot infection (F. avenaceum) of the narrow-leafed lupin

under the growing season 2019

was observed in the weather conditions of 2020.
The first signs of fusarium wilt began to appear
at the end of the first ten days of June (5.3%)
during the period from the end of budding to the
beginning of flowering of the plants. The tops of
the plants withered, the leaves turned yellow and
dried out, while the roots were healthy. When

the affected stem was cut, browning of the con-
ducting vessels was observed. On such parts of
the stems in a humid chamber (Petri dishes), the
fungus F. oxysporum, the causative agent of the
disease, formed a white aerial mycelium with
colorless, fan-shaped, slightly curved macroco-
nidia with three to five septa (see Fig. 4).
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Temperature and humidity are of primary im-
portance for the development of the fungus F.
oxysporum. It has been established that the op-
timum temperature for the growth of the myce-
lium of the fungus F. oxysporum is in the range
from 18 to 25 °C. Temperatures of 31...33 °C
sharply limit the growth, and mycelial growth
slows down at temperatures below 14 °C. At the
same time, intensive development of the fungus
occurs at soil moisture of 80% of the field mois-
ture capacity. A decrease in humidity to 60% and
below slows down the development of the fun-
gus (see footnote 3).

In June 2020, favorable conditions for the de-
velopment of the fungus were established. The
average daily air temperature was 20.3 °C, the
amount of precipitation was 61.7 mm (78.1%)
higher than the norm. Inspection at the end of
June of control lupine crops and lupine with the
use of protective agents showed that the damage
to plants by fusarium wilt was 14.0 and 4.7%,
respectively.

The onset of soil and air drought in the first
and second ten-day periods of July increased the
manifestation of external signs of the disease.
By the end of July, the number of plants with
fusarium wilt increased in these crops to 24.0

and 7.3%, respectively. In the dry conditions of
August, the incidence of this disease increased
to 29.0 and 9.4%, respectively. Affected plants
withered in groups, leaf blades hung on petioles,
dried up and fell off, their roots died off after
some time (see Fig. 5).

Intensive infection of arrow-leafed lupine
plants by the fungus F. oxysporum was preceded
by weather conditions when a period with suf-
ficient heat and moisture was followed by soil
and air drought. It has been established that high
temperatures provoke accelerated plant growth,
which leads to a decrease in the content of cal-
cium and microelements in tissues and high sus-
ceptibility to diseases [8].

The influence of average daily air tempera-
ture and precipitation on the increase in the in-
cidence of lupine plants with Fusarium wilt in
2020 is shown in the graphs (see Fig. 6, 7).

The defeat of narrow-leafed lupine plants by
the fungus of the genus Fusarium by the wilt-
ing type causes more significant damage than by
the root rot type. During the vegetation period
in the crop without the use of protective agents,
the number of plants with signs of fusarium wilt
exceeded the number of plants with root rot in
a similar crop by 13.3%. The dynamics of the

Puc. 4. dyzapuosnoe (F. oxysporum) yBsiiaHue JIOMUHA Y3KOJIUCTHOTO:
Ll) l"pI/I6HI/I].[a rpn6a Ha 4acTsaX cTeOIs BO BIAXKHOU KaMepe; 6) MAaKpOKOHHUJIUN U MUKPOKOHUJIUHN

Fig. 4. Fusarium wilt (F. oxysporum) of narrow-leafed lupine:
a) mycelium on stem parts in a humidified chamber; 6) macro- and microconodia
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spread of wilting of narrow-leafed lupine from
fusarium showed that the greatest number of
diseased plants were noted in the flowering
phase - shiny bean.

The use of protective agents does not ful-
ly protect lupine plants from damage by this
disease. However, in the crop where fungicides
were used, there was a significant decrease
in the number of plants with fusarium root rot
and tracheomycotic wilt. On average, over five
years, the damage to plants by these diseases de-
creased by 5.8 and 13.3%, respectively. At the
same time, the number of surviving plants with
beans increased in relation to the control crop by
33.4 pcs./m% On average, the number of beans
increased by 1.4 pcs./plant (see Table 2).

Fusarium wilt reduced the 1000-seed weight
of narrow-leafed lupine. Compared to the crop
plants treated with pesticides, the 1000-seed
weight in the control crop decreased by an
average of 17.1 g, which reduced the seed yield
by 0.97 t/ha, or 54.8%. In general, the greatest
impact on the seed yield of narrow-leafed lu-
pine is exerted by tracheomycotic wilt of plants

caused by the fungus F. oxysporum. A reliable
inverse correlation (» = —0.89, p = 0.039) was
established between the seed yield of lupine
and plant damage by the fungus F. oxysporum.
A high reliable inverse relationship (» = —0.89,
p = 0.039) was found between the average daily
air temperature in July and the seed yield.

CONCLUSION

In the Bryansk region, lupine is dominated
by fungi of the genus Fusarium — F. avenace-
um and F. oxysporum. Root rot is caused by the
fungus F. avenaceum. The causative agent of
(tracheomycotic) wilting of plants is the fungus
FE oxysporum. At the same time, the fungus F
oxysporum has the greatest pathogenic proper-
ties. The intensity of the development of fungi F.
avenaceum and F. oxysporum and the diseases of
narrow-leaved lupine caused by them is largely
determined by meteorological factors during the
growing season. The greatest damage to crops
of this culture is caused by tracheomycotic
wilt. Over the years of research, the damage to
plants by fusarium wilt in the control crop with-

Puc. 5. Oyzapuoznoe (F. oxysporum) yBsigaHue pacTCHUHN JIIOMUHA Y3KOIUCTHOTO:
a) ¢asa uBeTeHus; 0) Hayano odpa3oBaHusi 6000B

Fig. 5. Fusarium wilt (F. oxysporum) of narrow-leafed lupine plants:

a) flowering stage; 6) beginning of bean formation
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Puc. 7. Brusaue KOIMdecTBa 0CaIKOB Ha MOPayKeHUE PACTCHHM JIIOMMMHA Y3KOJIHUCTHOTO (Py3apHO3HBIM
yBsimanueM (F. oxysporum) B yciaoBusx Beretaruu 2020 T.

Fig. 7. The effect of rain amount on Fusarium wilt (F. oxysporum) infection of the narrow-leafed lupine

plants under the growing season 2020

out the use of plant protection products varied
from 9.1 to 29.0%, and by root rot 4.6 ... 8.3%.
Seed treatment with Vitaros (2.0 1 / t) reduced
the damage to plants by root rot depending on
the year of research by 4.5 ... 7.2%. Treatment
of plants with fungicides Triaktiv Extra (0.8 1/
ha) and Kolosal Pro (0.4 1/ ha) reduced the num-
ber of plants affected by fusarium wilt by 6.3 ...
19.6%. On average, over the years of research,

the number of surviving plants with beans (5.8
pcs/m?) increased in relation to the control sow-
ing by 33.4 pcs/m?. At the same time, the weight
of 1000 seeds increased by 17.1 g, the seed
yield by 0.97 t/ha. A reliable inverse correlation
(r =-0.89, p = 0.039) was established between
the seed yield of narrow-leafed lupine and the
damage of plants by the fungus F. oxysporum.
A high reliable inverse relationship (» = -0.89,
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Taoa. 2. Brusaue ¢y3apros3a Ha IPOAYKTHUBHOCTb PACTCHUH U YPOXKAHHOCTD JIFOIIMHA Y3KOJIMCTHOTO

Benopososerii 144 (2019-2023 rr)

Table 2. The effect of fusariosis on plants productivity and yield of the narrow-leafed lupine variety

Belorozovy 144 (2019-2023)

Year Number of plants, pcs/m? Nurr;iesr/;)lfaﬁteans, Weight of 1000 seeds, g Yield, t/ha
Sowing without the use of protection means
2023 67,0 2,7 135,1 0,94
2022 37,3 3,6 112,3 0,74
2021 36,0 5,2 94,9 0,53
2020 51,3 53 114,7 0,87
2019 49,0 4,9 118,2 0,93
LSD,, 0,78 - - 0,029
Sowing with the use of protection means
2023 92,1 3,9 150,2 2,00
2022 62,3 5,0 129,8 2,10
2021 69,0 6,4 113,0 1,29
2020 93,0 7,0 133,6 1,59
2019 91,0 6,4 134,0 1,87
LSD,, 0,81 0,032

p = 0.039) was revealed between the average
daily air temperature in July and the seed yield.
Thus, in order to reduce the number of nar-
row-leafed lupine plants affected by fusarium
root rot and wilting of plants, as well as to re-
duce losses in seed yield, it is necessary to treat
the seed material and process crops with fun-
gicides with high efficiency against pathogenic
fungi F. avenaceum and F. oxysporum, which are
the causative agents of root rot and wilting of
narrow-leafed lupine plants.
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Factor and opportunistic diseases without trivial sources of infection, trizal epizootic chain trans-
mission and other trivial attributes of “old” epizootology remain in its modern competence, contrib-
uting to the progress of opposite directions in this field of science and practice. Their substantive and
semantic definition implies the unacceptability of outdated ideas and dogmas regarding the epizootic
process as the only possible form of existence of infections. The priority paradigm formulated by
Charles Nicolle (1930) and I.V. Davydovsky (1956) in the context of prophetic postulates regarding
the evolution of infectious pathology, in the very idea disavows the archaic nature of the still dominant
key provisions of epizootology. In case of factor infections, ubiquitousness of habitat of abiotic and bi-
otic pathogens puts all phenomena in the category of accidental; factor causa prima and consequences
are not predictable, not controllable and not manageable in principle. As such, medical and veterinary
provision options are very limited. Solely specific prophylaxis and vaccination as its predominant
element in veterinary medicine by its palliative nature do not achieve eradication of infection. Against
the background of total application of the measures, such unfavorable epizootic phenomena as vaccine
dependence, proepizooticization and evolution of pathogens adapting to persistence on an immune
background occur. The present paper discusses a group of infections characterized by non-epizo-
otic causes, severe, idiopathically exacerbated, but without the attributes of epizooticism mastitis,
strangles, necrobacteriosis, paratuberculosis, and “new” non-canonical clostridioses. Critical factors
of their etiology and pathogenesis are absolutely unexpected in canonical pathology “coordinated”
processes and mechanisms from conditional pathogenicity of microorganisms-commensals to normal

physiological departures and even direct harm of etiotropic therapy.
Keywords: epizootology, factor and opportunistic infections, mastitis, strangles, necrobacillosis,
paratuberculosis, Clostridioides difficile-associated diarrhea
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Not knowing something is forgivable.
But not seeing something is stupid.
Jan Hulsen, "Cow Signals"

A substantive and meaningful definition of
the category of factor diseases presupposes, first
of all, the unacceptability of outdated provisions
and dogmas of trivial epizootology and their op-
position to the epizootic process as the only pos-
sible form of existence of infections in the form

of an inevitable, interdependent, alternative-free
cycle of “emergence — spread — extinction”,
contagiousness, three-element chain transmis-
sion, introduction and removal into farms, epi-
zootic dynamics, focality, infectious and epizo-
otological diagnostics [1].

The idea of dividing infectious diseases of
veterinary significance into classical (epizootic)
and factorial ones and classifying them on this
basis was first formulated by S.I. Dzhupina at the
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All-Union Conference on General Epizootology
more than half a century ago (Ulyanovsk, 1972)!
[2]. Although the latter also included all chron-
ic, latent, and other infections with mild chain
transmission, which was a significant distortion
of the meaning of factoriality, this approach is
undoubtedly innovative in the theory of epizo-
otology. The fundamental differences between
epizootic and non-epizootic infections (i.e., ex-
ogenous and endogenous) had long been theo-
retically substantiated by I.V. Davydovsky in the
context of his prophetic postulates regarding the
evolution of infectious pathology?.

The priority paradigm in the idea itself dis-
avows the archaic beliefs regarding the key
provisions of epizootology that have dominat-
ed to this day — the definition of the subject of
this sphere of professional scientific, practical
activity and academic discipline, as well as the
place of the epizootic process in epizootological
phenomena. The objective role of the epizootic
process in the form of the aforementioned indis-
putable cycle is transferred to morbidity (preva-
lence) as one of the fundamental dynamic char-
acteristics of pathology - the mass nature of its
manifestation, the mass coverage of susceptible
groups and populations of varying sizes, the in-
tegrative reflection of the interaction of various
etiological factors (or risk factors) with a hetero-
geneous population of animals in terms of sus-
ceptibility.

This is not simply a mechanical sum of indi-
vidual diseases, but a distinct, independent phe-
nomenon of animal pathology of a functionally
integrated, population-level nature, expressed
as a collection of disease cases with emergent,
novel, and specific properties. The epizootic
process, in its modern interpretation, is assigned
a secondary role as a cyclical mechanism for
the development of infectious diseases and the
self-regulation of parasitic systems in action, the

emergence of a contagious disease in an animal
population as a result of the interaction of the
"pathogen population + susceptible animal pop-
ulation" dyad® [1, 3, 4].

Thus, factorial and opportunistic diseases
without banal sources of infection, three-element
epizootic chain transmission and other trivial at-
tributes of the “old” epizootology, nevertheless,
remain in its modern competence, contributing
to the progress of opposing directions in this
area of science and, more importantly, practice
in the directions and developments of S.I. Dzh-
upina, V.D. Belyakov, G.P. Somov [4]. In terms
of etiopathogenetics, the parasitosystemic es-
sence of conditional pathogenicity, epizootolo-
gy, economic significance and other indicators,
they fully correspond to the provisions of new
concepts in this area.

This report will discuss unresolved issues of
factorial pathology using specific examples. This
paper will examine a group of infections whose
non-epizootic causes are still unclear; there are
no specific causa prima provoking agents, but
there is also no trivial epizootic process. These
include severe, idiopathically aggravated masti-
tis, strangles, necrobacillosis, paratuberculosis,
and "new" non-canonical clostridioses.

The situation regarding common pathogens
causing pneumoenteritis (viral diarrhea, in-
fectious bovine rhinotracheitis (IBR), etc.) is
beyond the scope of this discussion, as these
problems have been successfully addressed us-
ing examples from international sources. Specif-
ically, in Sweden, Germany, the United States,
and other countries with highly developed dairy
farming and epizootic safety requirements, the
control of thoroughly studied viral diarrhea is
directly regulated by developed national pro-
grams in consultation with farm owners. The
strategy is based on voluntary participation and
funding, determined by population density and

'Dzhupina S.1. On the theory of the epizootic process // Dzhupina S.I. On the theory of the epizootic process // Current issues of
general epizootology: Proceedings of the All-Union Conf. on General Epizootology, Moscow, 1974, vol. 74, pp. 74-85.

*Davydovsky I.V. The Doctrine of infection. Moscow, Medgiz, 1956, 108 p.
3Makarov V.V., Barsukov Yu.I. General epizootology. Terminology reference. Moscow: Publishing house of the FSBI "Veterinary

Center", 2023, 200 p.
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prevalence logic, primarily without vaccination,
systematic ongoing screening, and certification.
Similar approaches are being implemented in
IBR monitoring, where the DIVA strategy is
additionally applied in specific cases* [5-9]. In
domestic livestock farming, there are currently
no programs or any kind of regulation for con-
trolling these infections at the farm level, other
than vaccination, which loses all meaning in the
face of total seropositivity.

Mastitis — inflammation of the parenchyma-
tous tissue of the udder, is the most common
disease of dairy cows and the main reason for
their premature culling. It develops as a result
of'a decrease in the body's overall resistance, of-
ten in the first months of lactation after calving,
as well as under the influence of any provoking
factors resulting from thermal, mechanical or
chemical damage (cooling, various udder inju-
ries, poor animal hygiene, milking technology
and techniques). It has an infectious nature due
to the fact that ubiquitous representatives of op-
portunistic and saprophytic pyogenic microflora
penetrate into the udder from the outside — Strep-
tococcus spp., Staphylococcus spp. (mainly), E.
coli, Pseudomonas and others. As a cisternal or-
gan with an outlet to the external environment,
the udder is exposed to infection through the teat
canal (primarily), as well as through wounds and
blood from other organs, for example, with en-
dometritis®.

The pathological development vector is ste-
reotypical for factor-endogenous diseases: "vi-
olation of optimal conditions of existence as
causa prima — provocation of infection due to
ubiquitous opportunistic and other microorgan-

isms," in this case, the microbial environment.
The logic of this conclusion is that it is precisely
zoosocialization that causes the conditional sus-
ceptibility of animals to factor-induced diseases,
which are not typically observed in private farm-
ing conditions or in free-range conditions [1].

In terms of causes, mastitis in human and
veterinary obstetrics is rationally divided into
idiopathic and environmental. The former (pri-
marily in human medicine) ranges from an un-
determined etiology to secondary complications
of chronic infections, autoimmune processes,
diabetes, and others.

The term “ecological” in the definition of
animal mastitis as an infection in a broad sense
emphasizes critical causality — the environment
as the main reservoir and factor of transmission
of pathogens, in contrast to the intraorganismal
zones of normal habitat of opportunistic com-
mensals. There are, however, certain specific
differences between purely environmental and
contagious pathogens, which are important in
the epizootology and control of mastitis. The
former exist in a manner similar to saprophytes
and dead-end saprophytoses, with the environ-
ment serving as both a reservoir and a source
of infection (E. coli and other enterobacteria,
saprophytes, yeasts, and fungi). For the latter,
the environment is only a transmission factor
(Staphylococcus aureus, Streptococcus agalac-
tiae, and other commensals) (see footnote 9).

The factor-endogenous epizootological inter-
pretation of mastitis, based on global scientific
and practical experience (more than 10.5 thou-
sand publications registered in PubMed), indi-
cates the only possible strategy for solving this

“The DIVA strategy is the differentiation of infected and vaccinated animals by discriminatory serological testing using marked

vaccines devoid of immunologically irrelevant antigens.

50On the results of the work of the reference laboratory of cattle diseases of the FSBI "All-Russian Research Institute for Animal
Protection"/ https://www.arriah.ru/press-sluzhba/news/o-rezultatakh-raboty-referentnoy-laboratorii-bolezney-krs-fgbu-vniizzh-za-

1-polugodie/

*Bovine mastitis / https://www.nita-farm.ru/publikatsii/metodic/mastit-krupnogo-rogatogo-skota/
"Mastitis: etiology, prevention, diagnosis, treatment // https://animal-health.ru/wp-content/uploads/2020/01/zdoroviejivotnih_

mastit Obzor_preview.pdf

8Mastitis-in-cows-causes-types-treatment-prevention-and-control / https://www.thevetexpert.com/mastitis-in-cows-causestypes-

treatment-prevention-and-control/https://www.thevetexpert.com/

°Smith K., Todhunter D., Schoenberger P. Symposium: environmental effects on cow health and performance // Environmental
Mastitis: Cause, Prevalence, Prevention // Journal of Dairy Science, 1985, vol. 68, N. 6.

58  Siberian Herald of Agricultural Science ¢ 2025 « 55 ¢ 5

Zootechnics and veterinary medicine



DTHO-TTaTOTEHETHYECKHE «3araKi» (paKTOPHOI MaTOIOTHI
(x 50-neTHI0 NPUOPUTETHOH KOHIENIMN (HAKTOPHBIX Oole3Hei
C.U. xynuHbr)

Maxkapos B.B., CrexonbaukoB A.A., londenko A.C., Counes B.B.

significant problem of veterinary science and
the economics of dairy farming, that is the ef-
fective implementation of the modern ideology
of the "happy cow" in dairy farms, which pro-
vides for the complete provision of all its needs
from physiology and hygiene to livestock man-
agement [10]. The focus of practice on the use
of “autovaccines” (immunization against one’s
own and local opportunistic microflora) in such
a situation is an obvious, falsely encouraging
palliative, a passive approach in its preventive,
warning focus on “defensive” protection, in es-
sence, of the third driving force of the epizootic
chain and, by definition, not providing for the
eradication of the disease, which requires “of-
fensive” action on reservoirs, sources, and trans-
mission.

Bovine necrobacillosis is an infectious dis-
ease caused by the anaerobic bacterium Fuso-
bacterium necrophorum. It is common on dairy
farms and is associated with significant produc-
tivity declines and reproductive losses. Although
livestock deaths are rare, the damage caused is
enormous. The pathogen is relatively unstable
but can persist for long periods in various envi-
ronmental media.

The disease most often develops due to meta-
bolic and other abnormalities and traumatic skin
injuries to the lower hind limbs. The disruption
of capillary integrity creates an anoxic environ-
ment favorable for the pathogen's anaerobic life.
Its activity results in the release of a large number
of toxic substances that block intracellular en-
zyme systems, causing tissue necrosis. In some
cases, the infection spreads through the body he-
matogenously, leading to septicemia and metas-
tases from secondary necrotic lesions, primarily
liver abscesses (see Fig. 1). At this stage, necro-
bacillosis becomes malignant, and the animal of-
ten dies. Immunity in those who have recovered
from the disease is virtually undeveloped.

Puc. 1. Koporkue uenouku F. necrophorum
B ouare BocmaneHus [afip.org/vetpath/WSC/
WSC96/96wsc01.htm]

Fig. 1. Short chains of F. necrophorum in the focus
of inflammation [afip.org/vetpath/ WSC/WSC/
WSC96/96wsc01.htm]

The factor-endogenous nature of necrobacil-
losis is due to the fact that F. necrophorum is
a normal inhabitant of the bovine rumen. The
microorganism's role in rumen fermentation
involves the metabolism of lactic acid and the
breakdown of feed and epithelial proteins. Its
concentration in the rumen increases signifi-
cantly with grain feeding. Normally, it is excret-
ed from the body along with undigested waste
during its natural transit through the gastrointes-
tinal tract. However, in rumen pathologies (aci-
dosis, rumenitis), the microorganism enters the
portal circulation and lingers in the liver, caus-
ing abscesses. F. necrophorum is an opportu-
nistic pathogen; some of its metabolic products
are toxic and act as virulence factors. Specifi-
cally, hemagglutinin, endotoxin, and leukotoxin,
which have antigenic properties, facilitate colo-
nization of the rumen and penetration of the liv-
er (see footnote 10) [11].

Environmental contamination occurs through
feces (primarily) and other excretions from in-
fected animals, including purulent ones. Typi-
cally, incidence within a herd manifests uneven-
ly, in the form of small, sporadic, unrelated out-
breaks, with no signs of trivial contagiousness''.

1YBovine necrobacteriosis: causative agent and diagnostics. Description of the disease, symptoms, treatment / https://techconfronts.
com/17296383-necrobacteriosis-in-cattle-causative-agent-and-diagnosis-description-of-the-disease-symptoms-treatment

"The clinical picture, pathology, and epizootology of bovine necrobacteriosis have been studied in detail and described in fun-
damental publications by A.A. Samolovov and S.I. Dzhupina [13, 14].
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Dairy cattle acidosis syndrome is a key factor
in the etiopathogenesis of necrobacillosis, asso-
ciated with the accumulation of lactic acid in the
rumen due to an increase in the concentration
of F. necrophorum, which synthesizes it, with a
predominance over its consumers. This is a re-
sult of feeding a diet rich in rumen-available car-
bohydrates or a diet deficient in effective fiber.
Depending on the level of lactic acid production,
utilization, and absorption, the process affects
two distinct anatomical regions: the gastrointes-
tinal tract and body fluids. Systemic acidosis can
have several pathophysiological consequences,
including necrobacillosis laminitis—a diffuse
aseptic inflammation of the laminae (cortex).
The critical relationship between acidosis and
laminitis, and the severity of the pathology, is
determined by the frequency, intensity, and du-
ration of systemic acidotic disturbances, which
affect the mechanisms of vasoactive substance
release and are caused by persistent hypoperfu-
sion, leading to digital ischemia'? [12].

In this regard, the factorial etio-pathogenetic
interpretation of necrobacillosis and the result-
ing laminitis as a symptom complex of metabol-
ic disorders in the works of A.A. Samolovov and
S.I. Dzhupina [13—16] seems absolutely correct.
An extensive excerpt from one of their publica-
tions should be cited. “This approach to laminitis
and laminitis-related hoof damage significantly
changes the approach to organizing and imple-
menting measures to eliminate pathology and
its prevention. What vaccinations are we talking
about in this case?! Providing adequate, stan-
dardized, and balanced feeding is paramount. To
successfully eliminate and prevent pathological
processes in the hooves, it's necessary to not only
treat the symptoms of the disease, such as lam-
initis and laminitis-related injuries, but also to
address the underlying cause of the disease—the
disruption of metabolic processes. This is why

there has been no progress in reducing lameness
in dairy cows; on the contrary, it is constantly
increasing. Treatment alone cannot solve the
problem and cannot stabilize it. Vaccination in
this case appears to be a purely commercial proj-
ect, hidden in proposals to combine vaccine use
with veterinary and sanitary measures, balanced
feeding, and other measures. In our opinion,
policymakers should simply remove necrobacil-
losis vaccines from production, as American re-
searchers have done, which will encourage more
in-depth study of the problem [16].

Overall, the vaccination of dairy cattle, which
was intensively promoted in the recent past, of-
fers a rather instructive example of professional
incompetence. Among other justifications, a vir-
tual threat of zoonotic necrobacillosis to humans
was assumed, which was reflected in the discus-
sion [15, 16]. The ephemeral positive effect was
most likely simulated and was due to the fact
that the measure was cleverly integrated into a
set of well-known sanitary hoof treatment tech-
niques, which in some way controlled the condi-
tion of the lower extremities of cows. However,
by now, life itself has resolved this problem.

However, a general question remains: why, of
all the many commensals, is F. necrophorum so
pathogenic? The most likely reason is the natu-
ral history of its microecology and the powerful
hydrolytic potential of fusobacteria, inherent in
saprophytic decomposers in natural ecosystem
balances, preserved during their transition to
commensalism and "put in good use" there [17].
These are not obligate primary pathogens and
not parasites as causative agents of canonical
infections, interconnected by mutually benefi-
cial parasitosystemic relationships with the host,
but also not yet the final “peaceful” commen-
sals-members of eubiosis (see footnote 12), for-
mer saprophytes, for which the rumen is the only
suitable place in the macroorganism, and patho-
genicity is obviously conditionally dependent.

2Eubiosis is a microbiocenotic phenomenon, meaning the presence and existence in an animal organism of up to 1014 (100
trillion) eubiot microorganisms of 500 to 1000 species, a normal flora that performs at least 10 useful and even necessary functions
for the latter as its own kind of extracorporeal organ; the most important of these are antagonistic resistance to exogenous and op-
portunistic pathogenic microbes, the synthesis of B vitamins, enzymatic breakdown of food products, strengthening of the immune

defense, etc. (see footnote 3).
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The logically probable vector of development
of necrobacillosis appears to be as follows: F
necrophorum in the rumen as a useful element
of rumen digestion — asymmetrical feeding ra-
tion with a predominance of grain and concen-
trates — subacute rumen acidosis — laminitis
with a disorder of the barrier protection of the
skin of the lower extremities (maceration, trau-
ma) — local exogenous “autoinfection” — ef-
fective realization of the hydrolytic potential in
the lesions.” Such an interpretation of the etio-
pathogenesis would explain the catabolic nature
of the virulence factors of the pathogen, its lo-
calization primarily in the rumen, where they
are naturally in demand under conditions close
to saprophytism, damaged surfaces of the gen-
erally “weakened” lower parts of the hind limbs
as a gateway for infection, primarily in contact
with the source of infection, the absence of an
immune response, the sporadic incidence of dis-
eases caused by random causa prima, and oth-
er elements of the existence of necrobacillosis
that have epizootological significance, as well as
metabolic approaches to infection control, lim-
iting the freedom of their existence only in the
rumen, and the senselessness of immunoprophy-
laxis.

Strangles is a disease of solidungulates, first
described in 1251. It is characterized by abscess
formation in the lymphoid tissue of the upper re-
spiratory tract, purulent lymphadenopathy, and
nasopharyngitis. It is one of the most common
equine infections worldwide, with a high mor-
bidity (up to 100% of the susceptible popula-
tion) and rare mortality. The causative agent is
Streptococcus equi subsp. equi. The disease is
most severe in horses aged 1-5 years. Infection
is believed to occur through direct contact with
infected horses or any number of contaminated
objects. Asymptomatic carriers (up to 40% of
naturally infected horses) and recovering ani-
mals are also sources of infection. Transmission
from apparently healthy animals may be more

B3Strangles / https://liphook.cylex-uk.co.uk/

significant in causing new outbreaks or relapses
in previously infected herds than from sick hors-
es with purulent discharge, since the source of
infection is not obvious' 4.

S. equi enters the upper respiratory tract
through inhaled air or ingestion and coloniz-
es regional lymph nodes. Replication of the
pathogen and the influx of neutrophils contrib-
ute to the development of lymphadenopathy
and lymph node abscesses, typical clinical signs
of S. equi. Hematogenous and lymphogenous
spread of infection beyond the upper respiratory
tract is possible, leading to the formation of met-
astatic abscesses throughout the body. Several S.
equi metabolites serve as virulence factors, the
most important of which is the surface fibrillar
protein SeM, which has adhesive and antiphago-
cytic properties and facilitates immune evasion
(see footnote 14) [18, 19] (see Fig. 2).

Several vaccines are available for specific
prevention: live attenuated vaccines for intrana-
sal use and components for parenteral adminis-
tration. However, the protective efficacy of vac-
cination is relative: protection against clinical
manifestations of the disease is 50% [18, 19].

Along with the unconditional chain orona-
sal transmission as the main attribute of epizo-
oticity, strangles is intriguingly characterized
by a certain factorial specificity. Literally, myt
(the Russian term for strangles also can mean a
toll) and mytar (a derivative meaning toll col-
lector) are common Slavic designations for
obligatory tribute, taxes, and their collectors.
Since biblical times, these concepts have signi-
fied something unpleasant, deception, cheating,
and torment. Consequently, words of this series
(such derivatives as mytar, mytarit, mytarstvo)
are better known in their swearing and figura-
tive meanings, primarily as everyday torments.
When applied to animals in general, "myt" and
"mytitsya" signify illness and relapse, primarily
during early adolescence; molting is a peculiar
semantic equivalent of the obligatory and pain-

1Strangles in horses: https://www.merckvetmanual.com/respiratory-system/respiratory-diseases-of-horses/strangles-in-horses
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Fig. 2. The main clinical signs of strangles: mu-
copurulent discharge from the eyes and nose and
submandibular lymphadenopathy

ful "tax." Expressions such as "foals are my-
tized in their fourth or fifth year" and "a young
horse is in myt" (V.I. Dahl) have survived. This
is precisely why the term "myt"(strangles) has
become ingrained in veterinary medicine for a
specific equine disease.

The nature of the disease's clear dependence
on age has not been studied. However, in medi-
cine, there is a related phenomenon: acne (pus-
tular rash, "acne vulgaris") — a skin pathology
occurring in 90% of adolescents, on average, af-
ter 12—15 years of age, which correlates with the
onset of puberty. This problem is polyetiologi-
cal, but the triggering factor and causa prima is
endocrine — a rapid increase in androgenemia.
The development of acne is facilitated by the
activation of pyogenic eubiotic microorganisms
of the skin and mucous membranes — the same
epidermal staphylococci, streptococci, propi-
onibacteria, yeasts, and others, also resistant to
phagocytosis'®. Therefore, in all etiopathogenet-
ic conditions, acne is a factorial pathology.

Strangles and acne are not complete ana-
logues. However, the similarity of the predom-
inant age-dependent susceptibility, the common

5Acne / https://ru.wikipedia.org/wiki

stereotypical vector of pathology development
from a factorial causa prima to a secondary,
complicating infection, and the involvement of
microorganisms that are conditionally rather
than obligately pathogenic are undeniable. Their
close ecological relationship with susceptible
subjects (animals and humans, respectively),
relative resistance to phagocytosis, determined
local focality of pathology (abscesses), and the
inadequacy of the immune response provide
grounds for classifying equine strangles as a dis-
ease of the factorial category.

Paratuberculosis is a chronic, contagious
granulomatous enteritis characterized by pro-
gressive weight loss, emaciation, and ultimately
death in ruminants. The infection has been iden-
tified in omnivores, carnivores, and wild rumi-
nants. It is also known as human Crohn's disease
(inflammatory bowel disease). It is a serious in-
fectious disease of dairy cattle worldwide, caus-
ing significant losses in the form of decreased
productivity, culling/death, and control costs.
The highest prevalence is observed in dairy
cattle. Paratuberculosis is widespread world-
wide. In most major dairy-producing countries,
20-90% of herds are affected. Paratuberculosis
is of significant economic importance, is a prior-
ity for international trade, and is included in the
OIE list' [20].

The causative agent is Mycobacterium avi-
um subsp. paratuberculosis (MAP), a member
of the non-tuberculous mycobacteria saprophyte
complex, widely distributed in the environment.
It is a slow-growing mycobacterium, requiring
2 to 4 months to form visible colonies on solid
media. Bacteria in this complex do not typically
cause disease in healthy animals or humans, but
they are among the main agents of opportunistic
infections.

Pathological changes in paratuberculosis
vary from a complete absence of visible lesions
to thickening and pathognomonic folding of the

!Paratuberculosis in ruminants / https://www.merckvetmanual.com/digestive-system/intestinal-diseases-in-ruminants/
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intestine with enlarged and edematous adjacent
lymph nodes, diffuse granulomatous enteritis
with progressive accumulation of epithelioid
macrophages and giant cells in the intestinal
mucosa and submucosa containing acid-fast mi-
croorganisms (see Fig. 3).

Mononuclear phagocytes, whose receptors
participate in endocytosis, serve as the intracel-
lular niche for MAP survival and proliferation.
Virulence factors are the mechanisms respon-
sible for MAP colonization, penetration, and
persistence in macrophages, as well as for sub-
sequent disease development—aggregation, ad-
hesion, biofilm formation, colonization and ad-
hesion, granulomatosis, invasiveness, immune
evasion, etc. (see footnote 16).

There is no satisfactory treatment. Stereotypi-
cal protective responses of both innate and adap-
tive immunity are relatively weak. Vaccination
has shown conflicting and unreliable results, as
is common in the control of epizootic infections
(foot-and-mouth disease, rinderpest), which
may be due to chronic intracellular persistence
of MAP of indefinite duration (see footnote 16).

Such etiopathogenetic characteristics, taking
into account the generally recognized primary
role of non-tuberculous mycobacteria, includ-
ing MAP, in opportunistic pathology in acquired

Puc. 3. YTomniiennas 1 ckjiaagdgaTas OAB3I0IIHAS
KHIIIKA KOPOBBI ¢ KIIMHUUECKUM MapaTyOoepKyie30M

Fig. 3. Thickened and folded ileum of a cow with
clinical paratuberculosis

immunodeficiency syndrome (AIDS) caused by
HIV infection'” and other human immunodefi-
ciencies, provide sufficient grounds to consid-
er paratuberculosis an opportunistic infection.
MAP is not a parasite or an opportunistic com-
mensal, but rather an opportunistic opportunist
saprophyte existing in the environment, acciden-
tally penetrating the macroorganism and remain-
ing there asymptomatically, exhibiting pathoge-
nicity depending on the level of immunological
suppression of the latter as causa prima.

The vector of the MAP infection cycle is
similar to that of intestinal pathogens and other
factor-mediated diseases: alimentary infection
— uptake by subepithelial macrophages and
asymptomatic intracellular persistence of indef-
inite duration — acquired immunodeficiency as
a critical condition and sluggish chronic pathol-
ogy against this background — feco-oral trans-
mission, other attributes determined by the func-
tioning of the gastrointestinal tract — resistance
to environmental factors and survival.

Control of opportunistic infections in general
a priori presents extreme difficulties due to the
fatal cryptic nature of immunodeficiencies on a
global scale, the stressful existence of humans
and especially productive animals [1]. The well-
known successful strategy against HIV infection,
which ensures the salvation of many hundreds
of thousands of infected people, allowing them
to lead a relatively healthy lifestyle, is based on
purely antiviral therapy, does not in any way af-
fect the epidemic process and in this case is not
a target's,

Of particular concern is the growing tension
and interest in paratuberculosis in dairy cattle,
indicating a large-scale, evolving infection. Ac-
cording to reports, infection control through vet-
erinary and sanitary measures, monitoring and
culling, farm biosecurity, and additional mea-
sures aimed at limiting the spread of infection
within the herd, such as reducing calf exposure

"Panteleev A.M. Mycobacteriosis in the context of HIV infection / https://congress-ph.ru/common/htdocs/upload/fm/cardiotor-

akal/prez/N20-02-3.pdfP

BAIDS / https://en.wikipedia.org/wiki/Management_of HIV
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to adult feces, more rapid culling after positive
test results, and similar measures, have not and
cannot produce the expected results due to the
absolute extra- and intra-organismal ubiquity of
MAP. The situation is complicated by the inher-
ently low sensitivity of diagnostic tests, particu-
larly in screening movements and trade of high-
risk animals. One possible strategy involves tai-
loring a reliable set of measures to each specific
affected farm [21, 22].

Non-canonical clostridioses are a relatively
new pathology among infections caused by an-
aerobic microorganisms, generally unknown in
Russian veterinary medicine. This term, within
the category of known clostridioses of the neu-
rotoxic, histotoxic, and enteric types (tetanus,
botulism, blackleg, bradsot, enterotoxemia),
refers to intestinal diseases of various animal
species caused by Clostridioides difficile' [23].
The infection of the new group is characterized
by epizootological features common to clost-
ridiosis (alimentary (or wound parenteral) in-
fection, spore-forming pathogens (pathogenic
saprophytes-anaerobes and the extreme activi-
ty of their catabolic ("destructive") enzymes in
the processes of biodegradation (the potential of
virulence), soil in a broad sense as a reservoir,
amplifier and source of infection, abiotic and
biotic habitat, in particular, the intestinal micro-
biota of animals, natural focality, seasonal spo-
radicity, the absence of trivial contagiousness
and transmission from animal to animal or from
animals to humans, a dead-end type of infection.
Because clostridia and their infectious agents are
ubiquitous, the diseases they cause have no nat-
ural limitations and are widespread worldwide.
Animal defense mechanisms are virtually non-
existent, and innate immunity is only relatively

developed. However, routine etiotropic antibiot-
ic therapy is quite effective®* 2.

However, non-canonical clostridioses are
distinguished by a radical feature: the critical
condition for enteropathogenicity and causa pri-
ma is an obligatory imbalance of the intestinal
microbiome® and a disruption of the protective
potential of normal flora, leading to abnormal
growth of C. difficile. The predominant cause of
this is the detrimental effects of excessive anti-
biotic use (B-lactams, fluoroquinolones, macro-
lides, and others, regularly and widely used in
animal husbandry) as a determining risk factor.

This infection leads to lower intestinal pathol-
ogy, exacerbating many associated pathologi-
cal processes, and even, as has been shown in
medical practice, impacting brain function and
mental health. The course of the infection rang-
es from asymptomatic colonization and mild
symptoms to fulminant symptoms, including
watery diarrhea, fever, nausea, and abdominal
pain, complicated by pseudomembranous coli-
tis, colonic perforation, and sepsis (see Fig. 4).
Pathogenic effects are primarily caused by the
massive elective proliferation of C. difficile, the
production and accumulation in the intestine of
potent entero- and cytotoxins, which cause sev-
eral cytopathic effects and ultimately colonocyte
death, inflammation, necrosis and loss of intesti-
nal barrier function®* % [24].

Antibiotic-Associated Diarrhea (AAD) is a
well-known phenomenon in human pathology.
It represents a new challenge for civilization
and represents one of the pressing challenges of
modern medicine. Antibacterial agents affect the
body's internal ecosystem, the microbial com-
ponent of which includes the microbiota of the
skin, respiratory tract, genitourinary organs, but

®In 2016, the species was transferred from the genus Clostridium to the genus Clostridioides, reflecting the taxonomic differenc-

es between these microbial taxa.
DClostridia / https://en.wikipedia.org/wiki/

2 Clostridioides difficile infection / https://en.wikipedia.org/wiki/

2Clostridium difficile and C. perfringens infections in animals / https://www.merckvetmanual.com/infectious-diseases/clostrid-
ial-diseases/clostridium-difficile-and-c-perfringens-infections-in-animals

ZMicrobiome / https://ru.wikipedia.org/wiki

HClostridioides difficile / https://en.m.wikipedia.org/wiki/Clostridioides_difficile
BUspensky Yu.P, Fominykh Yu.A. Antibiotic-associated diarrhea — a new problem of civilization / https://medi.ru/info/1471/
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primarily the gastrointestinal tract, where the
greatest number of different microorganisms are
present in the proctocaudal direction. Microbi-
ota, or normal microflora, is a unique extracor-
poreal, supraorganismal structure that exists in a
state of balanced equilibrium in a healthy body.
However, maintaining this system's balance is a
complex process and is heavily influenced by a
variety of factors affecting the body and its mi-
crobiome (see footnote 25).

C. difficile-associated diarrhea and disease
develop spontaneously in animals of various
species, including calves, horses, pigs, dogs,
cats, hamsters, guinea pigs, rats, and rabbits. It
has been identified in young calves; 20-30%
of cases of acute equine diarrhea are associated
with C. difficile. The microorganism is excret-
ed in low concentrations in the feces of 10% of
healthy animals. In neonatal piglets aged one to
seven days, C. difficile is the second most com-
mon cause of diarrhea; ileal edema is a charac-
teristic feature of the disease in almost all affect-
ed animals.

C. difficile 1solates from cattle, horses, pigs,
and dogs share a number of characteristics with
those isolated from humans, indicating the pos-
sibility of interspecies transmission. C. difficile
has been detected in high numbers in calf meat
during the early stages of veal production, and
spores have been found in pig and cattle meat.
Toxigenic strains from humans have been iden-
tified in rectal swabs of domestic dogs. Approx-
imately 10% of asymptomatic dogs excrete toxi-
genic strains of C. difficile in their feces.

Puc. 4. llceBnomeMOpaHbI B TOJICTOH KHUIIKE TPU
kosute, Bbi3BaHHOM C. difficile — TOBEpXHOCTb U
rucrocpes (cM. cHocku 20, 21)

Fig. 4. Pseudomembranes in the colon during coli-
tis, caused by C. difficile — surface and histosection
(see footnotes 20, 21)

As with the diseases listed above, control of
C. difficile-associated pathology is extremely
difficult due to the pathogen's fatal ubiquity, op-
portunistic, random, factor-dependent etiology,
the specific pathogenesis, and its low immuno-
genicity. It is suggested that the most appropriate
measures include simple isolation procedures in
high-risk groups, the correct and judicious use
of antimicrobials for both individual and mass
therapy and prophylaxis, particularly antibiot-
ics, to potentiate microbiome imbalances, and
the use of probiotics as an alternative and, if
unavoidable, concurrently with antibiotics, as is
common practice in medical practice (see foot-
notes 22, 24, 25).

CONCLUSION

The facts presented are further evidence of
the truly inexhaustible harmful potential of the
animal world's habitat in all its diversity [25].
This, too, likely reflects the fatal significance of
Darwinian selection for the survival of the most
advanced life forms. This concerns not only
the enormous number of nosological forms, re-
plenished annually (if not daily!), but also, even
more importantly, the diversity of sophisticated
mechanisms of etiopathogenetic influence on
the objects affected.

If for nosological forms of the classical epi-
zootic type, the etiopathogenesis is relatively
standard and is determined by well-established
patterns of self-regulating balance of parasitic
systems “parasite <> host” [3], then in factor in-
fections, the ubiquity of the habitat of the patho-
gens of both abiotic, extraorganismal type and
biotic type within the body, transfers all phenom-
ena into the category of random, factorial causa
prima and consequences are unpredictable, un-
controllable and unmanageable in principle.

Consequently, medical and veterinary protec-
tion capabilities remain extremely limited. Un-
fortunately, subjectivity or simply a lack of com-
petence in approaches to solving emerging prob-
lems also predominates. As the brilliant Pasteur
once prophetically wrote, "...to set one's first
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task to finding the methods of treatment means,
in most cases, condemning oneself to fruitless
work. It is preferable to begin by studying the
nature, cause, and development of the disease,
with the long-term hope of discovering a method
for preventing it".

Vaccination still holds the dominant position
in infectious disease control, including factor-re-
lated ones, despite the fact that in the latter case,
the full set of three canonical driving forces of
the epizootic process, as in classic foot-and-
mouth disease, influenza, CSF, and the like, is
absent—no specific, unambiguous sources of
infection, no transmission, only obvious targets
and morbidity. Therefore, the usual, extremely
primitive approach to solution begins not with
initial positions as causes, but with final posi-
tions as consequences®.

At the same time, the general logic of con-
structing anti-epidemic and preventive mea-
sures (APM), based on the canonical sequence
"source — transmission — susceptibility," pre-
supposes their target, chronological, and sub-
stantive specialization. Primary attention is paid
to sources of infection, and APM include screen-
ing and monitoring, culling, stamping out, de-
population, quarantine, and isolation. To control
transmission, biological protection measures,
general and private hygiene of the environment,
various barriers, zoning, the creation of free
zones and territories, sentinelization, and import
controls are used. These principles are active,
"offensive," and are theoretically and practical-
ly substantiated by the principles of V.D. Bel-
yakov's doctrine of self-regulation of parasitic
systems (1983), the main conclusion of which
indicates that focusing on clinically established
morbidity is not only erroneous but also practi-
cally dangerous [3].

Ring, frontal, and total systematic vaccina-
tion are considered the last resort for protect-
ing susceptible populations, the absolute basis
for which is the obvious threat of introduction,
emergence, and spread of infection. Such a mea-

sure, aimed at the final, third link of the epizoot-
ic chain, has a purely defensive purpose and can
only be effective where this chain exists and is
functioning. In this case, the targeting must be
justified as a consequence of the primary causal
factors—the actual source and transmission, the
ineffectiveness of APM in the initial stages, and
the ongoing threat.

Moreover, specific prevention and vaccina-
tion alone, as its primary element in veterinary
medicine, where population-based protection
and population protection are paramount, by
definition and their palliative nature, do not
achieve infection eradication. Post-vaccination
sterilizing immunity is virtually nonexistent.
There is not a single example of the complete
well-being of any country or region achieved
through vaccination (rather the opposite, as ev-
idenced by the widespread "eradication versus
vaccination”" strategy, which has now become
the standard for controlling the most dangerous
infections) (see footnote 3). Moreover, against
the backdrop of the widespread use of measures
that limit protection only to the containment of
infection and direct damage, such unfavorable
epizootic phenomena as vaccine dependence,
pro-epizootic development, and the evolution of
pathogens adapting to persistence in the immune
environment arise. In this case, the situation is
not analogous to human vaccination, where ev-
erything is subordinated to individual protection
with purely humanitarian goals [26].
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KadecTBO roBiiuHbI MACHBIX OPOJ KPYITHOI'0 POraTroro CKoTa,
paiioHupoBaHHbIX B CUOMpHU
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B crarbe gana uctopuueckas CripaBKa 0 3apOXKJICHUH CIIEIHATH3UPOBAHHOTO MSICHOTO CKOTOBO/I-
ctBa B Poccuu, B 4acTHOCTH MPUBOASATCS PE3yAbTaThl MUPOBBIX JIUAECPOB IO (POPMUPOBAHUIO OTPACIIH,
COCTOSIHHIO Y TIEPCTIEKTHBAX Pa3BUTHS MACHOTO CKOTOBOJCTBA MO pernoHam P®, mopomHbiii cocTas
CKOTa MsICHOTO HampapieHus B CuOupu. Marepuan COAepKHUT JaHHBIE MO0 YHUCICHHOCTH W OMOJIO-
TUYECKUM OCOOCHHOCTSIM Ka)KJOW MSCHOHM IMOPOJIbI KPYITHOTO POraToro CKOTa: adeparH-aHTyCCKOM,
repedopacKoii, Kazaxckoi O6eoronoBoi 1 YepHo-mecTpoid. [Topoas! pazBoasTes B peruoHe U GopMu-
PYIOT OCHOBHOW 00BEeM MPOM3BOANMON B pernoHe roBsauHbl. [IpenctaBiensl (OTo OBIKOB MSCHBIX
TOPOJI KPYITHOTO poraToro ckota. O0CyKIeHBI pe3yIbTaThl, MOyICHHBIC YUeHBIMH 13 OpeHOyprcKoi
ob6macTtu, CTaBpomnoisckoro kpas, MockoBckoii oomactu, ['oproro Antas m HoBocubupckoit 00macTw.
B 3aBHCHUMOCTH OT PETHOHOB pa3BeICHUS, KOHTPACTHO PA3IUYAOIINXCS 10 penbedy, KIIMMary, Kop-
MOBBIM YCIIOBHSIM, OIICHEHBI HOBBIC BapPHaHThI COYCTAHUN CUOUPCKUX TUIIOB repedopioB ¢ KaHAJI-
CKHMU, (1)I/IHCKI/IMI/I, AMCPUKAHCKUMM 5KOTUIIAMH, B KOTOPBIX UCII0JIB30BAJINCh 3M6pI/IOHI)I, IIJIEMCHHBIC
YKUBOTHBIC WJIM MX ceMsl. HoBble THOpHUIHBIC COUETaHUS CYIIECTBEHHO OTIMYAIOTCS JAPYr OT Jpyra.
HecMmotps Ha nMeromnpecst UCCIeOBaHNs HAyYHBIX YUPEKIECHUI, MPOCISKUBACTCS HE0CTaTOTHAS
M3yYEeHHOCTD BOIIPOCA B 00JIACTH Ka4eCTBA TOBSIMHBI, B YACTHOCTH €TI0 B3aUMOCBSI3H C KUPHOKHUCIIOT-
HBIM COCTaBOM H JIDYTHMH (PaKTOPaMH, OTIPEICTISIONIMMA BKYCOBBIE KA9€CTBa 3TOTO IIEHHOTO MPOAYK-
Ta mutaHus. Hamu rpe/icTaBlieHbl IaHHBIC 110 )KUBOM Macce ¥ CPEIHECY TOYHOMY IPUPOCTY MOIOTIBIT-
HBIX JKMBOTHBIX YETBIPEX MOPOJI: YSPHO-MECTPOH, adepAMH-aHT'yCCKOH, repedopIcKoil U Ka3aXxCKou
0eJI0r0JIOBOH, Y KOTOPHIX B JaNbHEHIIEM OyleT MCCIeIOBaH OMOXMMHUYCCKUN U SKUPHOKUCITOTHBINA
coctaB Msca. Takke OyzneTr mpoBeieHa OpraHOIEITHYECKAs OI[EHKa BApEHOTo Msica U OyiboHa.

KuroueBbie cji0Ba: MSICHOW CKOT, TTOPOJIA, )KUBAsi Macca, )KUPHBIE KUCIIOTHI

Beef quality of meat breeds of cattle released in Siberia
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ISiberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
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*Irkutsk State Agrarian University named after A.A. Yezhevsky

Irkutsk, Russia
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The article provides historical information about the origin of specialized beef cattle breeding
in Russia, in particular, the results of world leaders in the formation of the industry, the state and
prospects of development of beef cattle breeding, by regions of the Russian Federation, the breed
composition of meat cattle in Siberia. The material contains data on the abundance and biological
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KauecTBo roBsiinHBI MSCHBIX TOPO] KPYITHOTO POraToro cKoTa, Conomenko B.A., babakos B.1O., Xpamnosa 1.A.,
paifonnpoBaHHbIX B CHOMpPH Wnepbaesa A.T., beiidopr I1.51., ITnemaxos B.A.,
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characteristics of each beef breed of cattle: Aberdeen Angus, Hereford, Kazakh white-headed and
Black-and-White breeds. The breeds are raised in the region and form the bulk of the beef produced in
the region. Photos of the bulls of meat breeds of cattle are presented. The results obtained by the sci-
entists from the Orenburg Region, Stavropol Territory, Moscow Region, Gorny Altai and Novosibirsk
regions are discussed. Depending on the breeding regions, which differ in contrast in relief, climate,
and feeding conditions, new combinations of Siberian Hereford types with Canadian, Finnish, and
American ecotypes using embryos, breeding animals, or their seeds were evaluated. The new hybrid
combinations differ significantly from each other. Despite the available research by scientific institu-
tions, there is a lack of understanding of the issue of beef quality, in particular its relationship with
the fatty acid composition and other factors that determine the taste of this valuable food product. We
present data on the live weight and average daily gain of experimental animals of four breeds: Black-
and—White, Aberdeen-Angus, Hereford and Kazakh white-headed, in which the biochemical and fatty
acid composition of meat will be further studied. An organoleptic evaluation of boiled meat and broth
will also be carried out.
Keywords: beef cattle, breed, live weight, fatty acids
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INTRODUCTION slaughter. Beef cattle breeding in Siberia began
with compact Herefords, characterized by high
adaptability to pasture management and excel-
lent maternal qualities (see Fig. 1).

Increased demand for leaner beef, driven by
changing lifestyles, led to a shift in beef cattle
breeding toward a more vigorous type with a
daily growth rate of 1,000—1,200 g. This result-
ed in the creation of the "Sonsky" Hereford type,
followed by the "Sadovsky" type. These differed

The origin of specialized beef cattle breed-
ing as a distinct branch of animal husbandry is
difficult to pinpoint. The oldest breeds—Here-
ford and Aberdeen Angus, which pioneered the
production of "marbled" beef using a special
technology—turned 150 years old at the begin-
ning of the 21st century. The sites of their origin
and successful development are Great Britain,
Canada, Australia, and Uruguay. The first mass
import of the Hereford cattle to the USSR took
place in 1928-1932 from Great Britain (612
heads) and Uruguay (895 heads), and the second
in 1963-1965 from Great Britain and Canada.
The first batch of beef cattle was distributed in
the steppe region of the southern USSR and the
Volga region, the second in the Urals and Siberia
[1, 2]. The breeding of beef cattle was initially
aimed at producing early-maturing, compact an- i GRS ORI ST
imals that fatten quickly on pastures, with a daily  py¢, 7. ®oro 6e1xa repedopackoii mopomer xom-
growth rate of 800-900 g. By 13—15 months of mnakraoro Tumna
age, commercial young animals were ready for Fig. 1. Photo of a compact Hereford bull
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from the previous imported Herefords in their
polled nature, even greater daily growth rate of
1,100-1,300 g, and a calm disposition (see Fig.
2) [3].

New Hereford breeds required changes in
feeding and management practices, as average
daily gains reached 1,200-1,300 g per day, with
periods reaching 1,500 g, which was impossible
to achieve with pasture feed alone. Newborn
calves were nursed with their mothers in hold-
ing pens or pastures until they were 6—7 months
old, after which they were reared and finished in
feedlots.

Following the change in energy prices in Rus-
sia, breeding efforts to create new meat breeds
and types continued for some time. This resulted
in the development of the Kazakh white-headed
breed, the “Andrianovsky” type in the Hereford
breed, and the “Bagansky” beef type in the Sim-
mental breed [3].

In order to realize the productive potential of
new breeds and types, projects were developed
for inexpensive feedlots with free-range housing
of young animals on deep, permanent litter in
light-type buildings, which have become wide-
spread in Siberia (see Fig. 3).

At the same time, 61 industrial fattening
complexes using Italian technology were built
in many regions of the USSR. They utilized
confinement and a single-feed system (con-
centrate-silage ratio 65:35) with a capacity of
10,000-12,000 head at a time. Over the course of

Puc. 2. DoTO BBICOKOPOCIIOTO PAaCTIHYTOrO THUIA
repedopaos
Fig. 2. Photo of a tall, stretched Hereford

several years of operation, it became clear that
raising young animals without active exercise
and sunlight on mono-rations led to metabolic
disorders and low-quality beef. The products
proved to be of little demand, and as a result, all
of the facilities were closed. Thus, the question
of livestock product quality and its relationship
with the environment has suddenly arisen, yet
our understanding of the decisive role of breed
in determining meat quality remains incomplete.
While the number of exploratory scientific pa-
pers on the relationship between livestock qual-
ity and feeding conditions, housing, breed com-
patibility, and other environmental factors has
increased significantly abroad over the past two
decades, this area of research is only just begin-
ning in Russia. Despite government programs
and decrees to increase the number of special-
ized beef cattle by 2.8-3.0 times, they have not
been implemented (with the exception of the
“Miratorg” company). [4].

Japan has made significant progress in beef
quality management, creating one of the best
breeds, Vagyu, recognized as the standard for
meat “marbling” (see Fig. 4).

In order to increase the tenderness of the meat
and its taste, castrated bulls were placed in dark-
ened rooms during the final fattening period,
were played calm classical music, were given
massages, and were given beer or red wine to
drink [5].

Puc. 3. DoTo OTKOPMOUHOH IUIOIIAIKHY [T MOJIOAHSIKA
Fig. 3. Photo of a feedlot for young animals
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Puc. 4. doro Ob1ka mopoasl Vagyu
Fig. 4. Photo of a Vagyu breed bull

Depending on consumer demand, three types
of fattening have emerged: grass-fed, grain-fed,
and combined. Grass-fed castrated beef is char-
acterized by a rich flavor, grain-fed beef'is distin-
guished by tenderness, and combined fattening
combines both qualities, but to a lesser degree.
Thanks to the superior taste of "marbled" beef,
the number of beef cattle has increased sharply
in a number of countries (France, Uruguay, Aus-
tralia, the USA, Canada), surpassing the number
of dairy cattle [6].

Russia began producing beef cattle in the
1960s and 1970s. Beef was obtained primarily
from over-replacement or culled dairy cattle.
Significant structural changes occurred in the
Russian agro-industrial complex: the cattle pop-
ulation declined, their productive longevity de-
creased, and consequently, livestock production
fell. To adequately feed the population, Russia
needs to produce 4.67 million tons of beef an-
nually from its own resources to ensure food
independence. The problem of sufficient and
rational utilization of meat production exists in
all countries with developed beef cattle farming,
regardless of ownership structure or economic
system. One of the key factors in increasing the
volume and efficiency of meat and meat product
production is the comprehensive improvement
of production technology and product quality,
and beef cattle farming is becoming a more im-
portant branch of animal husbandry. The share
of specialized beef and crossbred cattle amount-
ed to 16% in the structure of cattle production

for slaughter in the farms of all categories in the
Russian Federation. In the livestock industry as
a whole, over the past 12 years, the share of spe-
cialized beef and crossbred cattle has increased
by 11.3 times compared to the 2005 level [6].

Several beef cattle breeds are bred in West-
ern Siberia, each with its own characteristics and
advantages. The Aberdeen Angus is one of the
most popular beef breeds in the world, distin-
guished by its early maturity and excellent meat
quality. Its meat is considered one of the most
delicious and tender. Its drawbacks include its
demanding housing and feeding conditions, and
its increased aggressiveness [7-9].

The Hereford breed is distinguished by its
good endurance and adaptability to various cli-
matic conditions. Herefords produce high-qual-
ity, marbled meat, prized for its tenderness and
flavor. However, they are not as precocious as
Aberdeen Angus cattle. This breed is the most
numerous of the imported specialized meat
breeds bred in Siberia. Over the 62 years of
purebred Hereford breeding, Siberia has estab-
lished its own breeding base, stud farms, and
reproduction facilities, where champions and re-
cord-breakers of the breed have been produced.
Three breeding lines (Mayer-Verne, Shalun, and
Yarlyk) and three breeding types (“Sonsky”,
“Sadovsky”, and “Andrianovsky”) are officially
registered [10-15].

New hybrid combinations of Siberian Here-
ford types with Canadian, Finnish, and Ameri-
can ecotypes were evaluated, using embryos,
breeding animals, or their semen, depending
on breeding regions with contrasting topogra-
phy, climate, and feeding conditions. These new
hybrid combinations differ significantly from
each other. Of particular interest are crosses
of Siberian Herefords with the meat-type Sim-
mental breed, which boasts high growth rates of
1,400-1,600 g per day, reaching 2,000 g during
finishing in fixed feedlots. The Gorno-Altai and
Buryat ecotypes are well-adapted: the former
to mountain pastures, the latter to year-round
steppe pastures. It is believed that all of these
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Siberian Hereford ecotypes differ in beef taste,
and their genetic determination will help provide
vast regions of Siberia with domestic breeding
stock of Hereford cattle adapted to local condi-
tions [16—-19].

The Kazakh white-headed breed was devel-
oped in Kazakhstan specifically for breeding
in the arid, continental steppe climate. Kazakh
white-headed bulls and cows are distinguished
by their hardiness and good meat production
[20-25]. However, their meat can be slightly
tougher than that of other breeds (see Fig. 5).

Each of these breeds has its own advantag-
es and disadvantages, which must be taken into
account when choosing one for breeding in Si-
beria.

Beef is one of the finest natural animal prod-
ucts in the world, and "marbled" beefis a source
of vitamin B, and easily digestible iron, im-
proves metabolism in human nerve tissue, and
normalizes lipid metabolism. "Marbled" beef
contains choline, which has membrane-protec-
tive, anti-sclerotic, and calming properties. With
increasing demand for beef, the issue of meat
quality is becoming increasingly important.
The most sought after "marbled" meat, sold in
restaurants and supermarkets, costs 800-1300
rubles per kilogram and is imported primarily
from abroad (Australia, the United States). In
Russia, this type of meat is not yet produced on
a large scale, as domestic breeding efforts have
not been focused on producing meat with such

Puc. 5. Doto ObIKa Ka3aXCKOHM OEIIOTOI0BOI TOPOIBI
Fig. 5. Photo of a Kazakh white-headed bull

qualities, but research is nonetheless underway.

The biological value of meat depends not
only on its protein content but also on the ratio
of essential and non-essential amino acids. The
nutritional value of muscle tissue lipids, which
determine the structure of meat, its marbling, and
many organoleptic characteristics, is a source of
highly beneficial fatty acids, the composition of
which also depends on the type of feeding.

The purpose of the study is a comparative
analysis of the quality of beef in regionalized Si-
berian breeds of beef and dairy cattle.

MATERIAL AND METHODS

The subjects of the study are the most com-
mon beef and dairy cattle breeds in Siberia: Ab-
erdeen Angus, Hereford, Kazakh white-headed
and Black-and-White. The studies are conduct-
ed on the animals of various beef cattle breeds
from the “VIRT” stud farm. Four groups of an-
imals were formed for the study, each consist-
ing of 8-10 animals, based on the same age, live
weight, and physiological condition. Statistical
data processing was performed using Snedecor
software, and the reliability of the results was
determined using the Student's t-test.

The research methods are comparative anal-
ysis of qualitative and quantitative indicators of
beef of different breeds obtained under the same
feeding and housing conditions: physiological,
biochemical, organoleptic.

RESULTS AND DISCUSSION

Providing our country's population with meat
and meat products through domestic production,
as well as overcoming dependence on imported
supplies, are the main priorities of our country's
agro-industrial complex. At the current stage
(1990-2025), various Russian livestock research
institutes conducted research on the raising and
fattening of cattle using various feeds and addi-
tives.

Currently, the state and prospects for the de-
velopment of beef cattle breeding in the Rus-
sian Federation are described: monitoring of
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the number of livestock, breed composition
and productivity of cattle in all categories of
farms was carried out, the scale and volume of
appraisals for 2010-2018 were studied. A total
of 15 breeds and types of beef cattle bred in 57
regions of the Russian Federation were identi-
fied, the most common were Aberdeen Angus
(417,545 heads), Kalmyk (137,262 heads), Her-
eford (87,278 heads) and Kazakh white-headed
(52,563 heads). The breeding base of beef cattle
breeding in the country is represented by 270
breeding herds, including 46 breeding plants and
224 pedigree breeding unit'*[6].

A comparative assessment of the slaughter
qualities and meat productivity of various gen-
otypes of the Kazakh white-headed cattle was
conducted. The genetic characteristics of the
breeding bulls were determined, the slaughter
qualities of young bulls at various ages were
studied, carcass quality was assessed, the mor-
phological composition of the anatomical parts
of the carcass halves was analyzed, and the qual-
ity parameters of the longissimus dorsi muscle
were examined. High-yielding linear breeding
bulls with beneficial genes controlling meat pro-
ductivity and beef quality in beef cattle were
identified, which will contribute to increased
production of "marbled" beef [21].

In the Stavropol Territory, where the Ka-
zakh white-headed breed is bred and selected,
a comprehensive assessment has been made. It
possesses highly adaptable properties, inherit-
ing meat qualities from the Hereford breed, and
inheriting resistance to infectious diseases from
the Kalmyk breed, as well as the ability to with-
stand both summer heat and winds, and winter
frosts and snowstorms [22].

In the Altai Republic, the history of the cre-
ation of specialized beef cattle breeding was
studied, where Kazakh white-headed animals
(59.2%) and Galloway (11.8%), Simmental

dairy and meat productivity in almost all zones,
as well as Hereford (17.4%) and Aberdeen An-
gus (1.4%), Gray Ukrainian (1.4%) breeds are
bred in the zones where grain farms are devel-
oped and forage production is established [16].

Scientists studied the nutritional value, chem-
ical composition, amino acid, and fatty acid
composition of muscle tissue in grain-fed and
conventionally fed Aberdeen Angus cattle. The
results showed that the total amino acid content
in grain-fed beef was 23.4% lower than in con-
ventionally fed beef, and the total PUFA (polyun-
saturated fatty acid) content was 2.8 times lower
than in conventionally fed beef. Fat increased
5.0-fold, and protein decreased 23.5% in grain-
fed beef. Concentrated feeding is recommended
for optimal protein and fat balance [26, 27].

In the Orenburg region, the meat productivi-
ty of Hereford bulls was assessed. The morpho-
logical composition of carcasses, the chemical
composition of the average meat sample (ground
meat), the nutrient and energy content of the test
animals' carcasses, and the chemical composi-
tion of the longissimus dorsi muscle were ana-
lyzed [18].

The value of beef cattle meat lies in its low-
er content of incomplete proteins than that of
dairy and mixed breeds. The relative amount
of incomplete proteins increases with age. The
meat of older cattle, especially stud bulls, is
stringy, difficult to cook and chew, making it
primarily used for canned goods and sausages.
Complete proteins in beef meat are particular-
ly valuable for human nutrition. They contain
amino acids such as arginine, histidine, lysine,
leucine, isoleucine, methionine, phenylalanine,
and tryptophan. The latter plays a vital role in
metabolism. When tryptophan is consumed, the
human body produces biologically active sub-
stances that promote the activation of the ner-
vous system. Therefore, the need for tryptophan

"Yearbook on breeding work in beef cattle breeding on farms of the Russian Federation (2022). Moscow: Publishing House of
the FSBSI All-Russian Research Institute of Breeding, 2023, 218 p.

2Shichkin G.I., Tyapugin S.E., Amerhanov Kh.A., Dunin I.M., Myshkina M.S., Gerasimova E.V., Semenova N.V., Tyapugin E.E.,
Danyuk 1.V. The state of beef cattle breeding in the Russian Federation / Yearbook on breeding work in beef cattle breeding on farms

of the Russian Federation (2021), Lesnye Polyany, 2022, pp. 3—16.
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increases with technological progress, which in-
creases nervous tension in humans, and should
be satisfied primarily by consuming the required
amount of high-quality beef [28].

The biological value of meat is determined
by its content of the essential amino acid trypto-
phan and the less valuable amino acid hydroxy-
proline. Their ratio characterizes protein quality.
The SFSCA RAS scientists are currently study-
ing the productive potential of Siberian Hereford
cattle of various ecogenesis. The development
of a new intrabreed type is being carried out
through the targeted use of a range of breeding
techniques to enhance the breeding and pro-
ductive qualities of cattle and improve feeding
for all age and sex groups. As a result, the vast
majority of elite animal herds meet the require-
ments of the highest grading classes. According
to generally accepted methods of research in-
stitutions (the All-Russian Research Institute of
Animal Husbandry, the All-Russian Research
Institute of the Meat Industry, the Siberian Re-
search and Design and Technological Institute
of Animal Husbandry (1965, 1968, 1977, 1990))
the meat qualities of young bulls are studied, the
removable and pre-slaughter weight, the weight
of the hot and chilled carcass, the morphological
and varietal composition of the carcass, and its
fat content are determined [29].

The “Mogoytuysky” variety of the Kazakh
white-headed breed was developed in 2009
for extended grazing in the steppe zone of the
Trans-Baikal Territory. The “Bagansky” beef
variety of the Simmental cattle was registered
in 2013 and is designed for intensive fattening,
providing 1,100-1,400 g of growth energy per
day, producing lean meat, and is resistant to the
extreme conditions of Siberia. A new variety of
the Hereford cattle for the arid zone of Siberia,
the “Andrianovsky” variety, was registered in
2014 in Khakassia and is suitable for crossbreed-
ing with the Kazakh white-headed cattle. Hybrid
young animals exhibit excellent adaptability,
providing 1,200-1,300 g of growth energy per
day and producing good-quality beef [30].

The above indicates a high level of breeding
work on individual farms in our region, but not
across the Siberian Federal District as a whole.
However, with the increasing demand for beef,
the issue of meat quality is becoming increasing-
ly important. Meat “marbling” is determined by
the content of intramuscular fat (IMF — the sum
of intracellular, intercellular, and interfibrous
fat components) and primarily characterizes its
tenderness, flavor, and richness of broth, among
other qualities. A correlation between IMF and
the traits such as marbling (0.81) and lean meat
content (-0.47) has been reported. The heritabili-
ty coefficient of intramuscular fat content is low
(38-55%), so in European beef cattle breeds,
coupled with the low variability of this trait, the
use of traditional breeding methods does not al-
low for significant success.

Due to the urgency of improving beef perfor-
mance in cattle, driven by market demands, the
need for genetic selection methods to meet high
meat quality standards is emphasized worldwide.
There are reports of a high correlation between
the degree of “marbling” and the percentage
of intramuscular fat (0.70-0.90). In addition to
quantity and distribution, the “marbling” assess-
ment includes the pattern of fat inclusions, while
intramuscular fat is the amount of integrated fat
in the eye of the muscle.

One of the standard indicators studied in
specialized beef cattle breeding, characterizing
the industry's specificity, is meat productivity.
Breeders working with beef cattle breeds have
long favored animals with the most pronounced
meat qualities. Animals with the most developed
muscles, a rounded, barrel-shaped body, and a
lower bone content were selected. When assess-
ing meat productivity, slaughter quality is of pri-
mary importance. The highest-quality beef, both
culinary and nutritional, is obtained primarily
from young animals, but its quality largely de-
pends on the intensity of their rearing, taking
into account breed characteristics and the specif-
ics of feeding and housing.

In Russia, the pace of development of the
beef cattle industry was slow, and only thanks
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to massive public investment in the purchase of
breeding and commercial young animals from
abroad was it possible to produce premium-qual-
ity “marbled” beef at a high price, with produc-
tion located in the western regions of the coun-
try. As a result, “marbled” beef is now available
not only in Russia's major cities but also in me-
dium-sized towns and villages. Unfortunately,
Siberia and the Far East, which occupy 66% of
the Russian Federation's total area and boast vast
tracts of natural pasture and arable land for feed
grain production, could produce elite livestock
products (beef, young horse meat, lamb) from
local and adapted breeds and types, the semen of
which is available at the remaining active breed-
ing farms and pedigree breeding units. There is
confidence that such products will be in demand
in the international markets of China, India, and
several other densely populated countries, offer-
ing higher returns than simply trading in medi-
ocre grain.

With fluctuating energy prices, livestock pro-
duction is facing challenges: butter, meat, milk,
and cheese have become unprofitable. For exam-
ple, the profitability of the beef cattle industry in
2023 was negative across Russia, and at the best
farms in Altai, it did not exceed 20%. To address
this situation, it is advisable to increase the pro-
duction of global brands of livestock products in
the east of the country.

We were tasked with assessing the quality of
beef from regionalized beef breeds, comparing
it to the Black-and-White breed, whose numbers
reached 1.9 million as of January 1, 2017, and
which was the main supplier of beef in the coun-
try. Over the following six years, a decline in
dairy herd numbers was observed, but the global
trend of replacing dairy cattle with beef cattle
has not yet been observed in Russia.

We have provided data on the live weight of
experimental animals of four breeds at birth, at
9 months of age when they were put into the
experiment, and at slaughter at 19 months (see
Table 1).

Overall, based on the data in Table 1, live
weight by 9 months of age increased significant-

ly only in the Hereford breed, and by 19 months
in all experimental groups compared to the con-
trol group. Only Black-and-White calves were
significantly heavier at birth, as this is typical of
Holsteinized dairy cattle breeds. Average daily
weight gains by period are presented below (see
Table 2).

In general, no significant difference was
found in the average daily gains in all periods
compared to the 1st experimental group.

CONCLUSION

Having reviewed and analyzed available sci-
entific and technical information both in Russia
and abroad, we concluded that the quality char-
acteristics of meat, particularly beef, have not
been sufficiently studied, as the fatty acid and
mineral composition presumably has a greater
impact on taste. In both developed and develop-
ing countries, beef cattle genetics and husband-
ry technologies are constantly being improved,
new feeding systems are being introduced, and
their duration and variety are being modified,
thereby increasing meat production.

All of the above methods for increasing the
efficiency of animal reproduction and rearing
can improve the quality of the finished prod-
uct—beef. In our search for a solution to im-
prove meat quality, we selected four cattle
breeds. A scientific and farm experiment was
conducted to study the growth dynamics of the
experimental animals during the final fattening
period, the amino acid, chemical, and fatty acid
composition of the meat of the breeds studied
was analyzed, and an organoleptic evaluation
will be conducted.

In recent years, scientific literature has report-
ed that the taste of meat, including beef, is deter-
mined by fatty acids. It is hypothesized that the
organoleptic properties of the finished product
can be altered, either deteriorating or improving,
depending on the fatty acid composition. To an-
swer this question, we are conducting extensive
and in-depth scientific research in this area.
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Taoa. 1. I[I/IHaMI/IKa pocTta JKMBOM MacCCHl OIIBITHBIX YKUBOTHBIX

Table 1. Dynamics of live weight growth of experimental animals

Live weight, kg
Group Breed at birth 9 months 19 months

1st Black-and-White 37,0+0,5 231,1+7,5 553,0+ 82

2nd Aberdeen Angus 27,3+0,5 232,674 628,0 £ 19,4

3rd Hereford 29,7+0,7 241,7+3,6 640,6 = 8,0

4th Kazakh white-headed 27,4+0,5 2428 £4,3 644,0+72
Tabua. 2. CpegHecyTOUHBIN IPUPOCT MOJONBITHBIX KUBOTHBIX, T
Table 2. Average daily gain in experimental animals, g

Average daily increase by periods, g
Breed
0-9 9-19 0-19

Black-and-White 718,9 +8,2 1072,9 £ 13,86 905,1 + 14,2
Aberdeen Angus 760,6 + 26,5 1317,8 £ 69,60 1053,8 + 34,3
Hereford 784.8 £ 12,3 1329,6 + 28,60 1071,5 + 14,4
Kazakh white-headed 798,0 £ 15,5 1337,0 +£ 25,70 1081,5+ 12,7
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IIposenena OIlCHKa BO3JICUCTBUA  PACTUTENBHOMN KOMITO3UIINN TOJIBIHUA TOpbKOM
(Artemisia absinthium) OTIENBHO U B COYETaHKH C XJ10pHI0M KobankTa (IT) B xenarnoit popme (CoCl,/)
Ha M3MEHEHHE TaKCOHOMHYECKOTO MPOQHIIsi MUKpoOroMa pyOIia »KBadyHBIX B DKCIIEPUMEHTE i1 ViVo.
B wmccienoBaHusAX ompenersiii M3MEHEeHHe OaKTepHalbHOTO COCTaBa PYOILIOBOW KHAKOCTH ITyTEM
MIPUMEHEHUSI METo/la CeKBEHUpOoBaHUs Ha npudope MiSeq. OObekT uccnenoBaHuil — Obruku (1 = 4)
Ka3axcKoi 0eJoronoBoi mopoasl B Bozpacte 12—13 Mec co cpenneid xuBoi maccoit 336-340 kr. Bo
BpEMs1 HCCIICIOBAHMUS )KUBOTHBIM OIBITHBIX TPYIII 3a1aBaiu A. absinthium herbal n xnopun kodanbTa
(IT) (CoCl,)): 1-ii onbiTHOM rpyrme — A. absinthium B 103e 2,0 T/KT CyX0Oro BEmECTBa, 2-i OMBITHON —
A. absinthium 8 nose 2,0 r/kr CB ¢ nononmuurensasiv CoCL/ (1,5 mr/kr/CB), 3-# OnBITHOM — TOTBKO
CoClzl (1,5 mr/xr/CB). IloaroToBUTENBHEIH ITEpHOJ COCTaBIsT 14 nHEH, ocHOBHOM — 7 aueid. Ilo uc-
TEYECHUH OCHOBHOT'O MEPUOAA JUTS aHATIM3a KOHIEHTPALMH )KUPHBIX KUCJIOT IPOU3BOJMIN 0TOOP MPoo
cozep)kuMoro pybua yepe3 ¢uctyny. OOpasibl KHIIEYHOTO COIEPKUMOTO OTOUPAId B CTEPUIIbHBIC
KOHTEHWHEPBI METOJIOM PEKTATBHON MaJbITAllUH, ISl METAr€HOMHOTO CEKBEHHUPOBaHUS — B MUKPOIIPO-
oupku tuna «Eppendorf» oobemom 1,5 M. AHaIU3 JaHHBIX MTOKA3al, YTO BBeJeHUE A. absinthium u
xynopuaa kobansra (I11) B popme, Hanbomee O:IM3KOM K TPUPOTHOM, CIIOCOOHO MOTYTHUPOBATH MHKPOO-
HOE COOOIIECTBO KUIIEYHNKA, BIHASA HA KOHIIEHTPAILUIO ¥ YCBOSGHUE KUPHBIX KUCIOT. [lomydeHHbIe
PE3yJIbTaThl YKa3bIBAIOT Ha MEPCHEKTHBHOCTh MPUMEHEHHS B KOPMIICHHH KPYITHOTO pOTaTroro CKoTa
komnosuuuu A. absinthium u CoCl,/ ¢ nenbro ecTeCTBEHHON albTEPHATHBbI YJIy4IIEHHs CUCTEM IIPO-
W3BOJICTBA JKBAYHBIX )KUBOTHBIX.

KuroueBble cjI0Ba: KPyIHBII pOraThlii CKOT, (p1aBOHOMIBL, JIAKTOHBI, pyOel, MUKpOOHOM, TepeBa-
PUMOCTB, JKUPHBIE KHUCIIOTHI

Effect of plant lactones and flavonoids on intestinal microflora structure
and fatty acid concentration in cattle
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Federal Research Center of Biological Systems and Agrotechnologies

of the Russian Academy of Sciences

Orenburg, Russia
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The effect of plant composition of common wormwood (Artemisia absinthium) alone and in com-
bination with cobalt (II) chloride in chelate form (CoClL,/) on the changes in the taxonomic profile of
rumen microbiome of ruminants in the in vivo experiment was evaluated. The studies determined the
changes in the bacterial composition of rumen fluid by using the sequencing method on the MiSeq
device. The object of the research were young bulls (n=4) of the Kazakh White-headed breed at the
age of 12—13 months with an average live weight of 336-340 kg. During the study, animals in the
experimental groups were given Artemisia absinthium herbal (A. absinthium) and cobalt (II) chloride
(CoCl,)): experimental group I — 4. absinthium at a dose of 2.0 g/kg dry matter, experimental group
Il - A. absinthium in dose of 2.0 g/lkg DM with additional CoCL,/ (1.5 mg/kg/DM), experimental group
III — only CoCl/ (1.5 mg/kg/DM). The preparatory period lasted for 14 days; the main period was
7 days. At the end of the baseline period, rumen contents were sampled through a fistula to analyze fat-
ty acid concentrations. Samples of intestinal contents were taken into sterile containers by rectal pal-
pation, and for metagenomic sequencing — into 1.5 ml Eppendorf microtubes. Data analysis showed
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that administration of A. absinthium and cobalt (II) chloride in the form closest to the natural one was
able to modulate the intestinal microbial community, affecting the concentration and assimilation of
fatty acids. The results obtained indicate the potential of using 4. absinthium and (CoCl,/) composi-
tions in cattle nutrition as a natural alternative to improve ruminant production systems.
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INTRODUCTION

Following the ban on antibiotics as growth
promoting feed additives, plant extracts and seco-
ndary plant metabolites have been considered as
alternatives to rumen fermentation management
to improve animal productivity and reduce envi-
ronmental impacts. Among the secondary plant
metabolites, polyphenolic compounds such as
tannins and flavonoids have recently attracted
interest due to their broad spectrum of biologi-
cal activities [1, 2]. The influence of flavonoids
on rumen fermentation has not been evaluated in
detail [3]. In addition, of their great diversity in
structure (more than 9,000 different compounds
have been identified), only a small number of
flavonoid-rich plant extracts or pure compounds
have been tested so far [4]. Some flavonoids or
derivatives formed as a result of microbial deg-
radation in the rumen affect its microbial ac-
tivity, causing a decrease in intestinal methane
production [5-7]. Flavonoids have also been
shown to be effective in mitigating the effects of
excessive grain feeding on rumen hydrogen ion
concentrations [8, 9].

The use of plant materials containing high
levels of secondary metabolites may serve as an
alternative to improve animal productivity with-
out compromising food security. The develop-

ment and testing of feed additives in combina-
tion with essential microelements in a form clo-
sest to natural, associated with amino acids and
peptides, is considered an excellent alternative
drug system for the treatment of animals due to
the increase in therapeutic effect.

This study tested the effect of the medicinal
plant A. absinthium on the bacterial community
structure and fatty acid concentrations of intesti-
nal and rumen contents in an in vivo experiment.
The main active substances responsible for the
biological activity in this plant are essential
oil, bitter sesquiterpenoid lactones, flavonoids,
other bitter compounds, azulenes, phenolic
acids, tannins and lignans. The testing was
carried out alone and in combination with co-
balt (II) chloride in the chelated form (CoCl/)
closest to the natural one, bound to amino ac-
ids and peptides. This will allow to expand the
knowledge on the possibility of using this drug
as a natural alternative for improving ruminant
production systems [10—12].

The purpose of the study is to study the ef-
fect of additional introduction of wormwood and
CoCl,/ into the diet of cattle on the bacterial
structure of the intestine, the concentration of fat-
ty acids in the rumen and intestinal contents and
their digestibility by the body of young cattle.
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MATERIAL AND METHODS

The study was conducted in 2023 under the
conditions of the Federal Research Center of
Biological Systems and Agrotechnologies of
the Russian Academy of Sciences named af-
ter Professor S.G. Leushin on the basis of the
Department of Feeding Agricultural Animals
and Feed Technology. The object of the study
was 12-13-month-old Kazakh White-Head-
ed bulls (n = 4) with an average live weight of
336-340 kg. During the study, the animals of the
experimental groups were given Artemisia ab-
sinthium herbal (A. absinthium) (JSC Krasno-
gorskleksredstva, Krasnogorsk) and cobalt (II)
chloride in chelated form (CoCl/) (OOO SIC
Askont+, Moscow). The animals were implant-
ed with rumen fistulas (ANKOM Technology,
d = 80 mm) using the method of A.A. Aliyev.
All efforts were made to minimize harm to them.
The experiment was conducted in four surfa-
ces using a 4 x 4 Latin square. The animals' diet
consisted of 80% roughage (legume hay — 33%,
mixed grass hay — 47), forage grain (crushed
barley — 19%), commercial premix used for fat-
tening beef cattle (Ca — 18.0%, Mg — 23.5%, vi-
tamins: A — 0.4 mg, D3 — 5.0, E — 3.4 mg, as
well as vitamin B complex and microelements).
Animals had free access to water. The difference
was that animals of the 1st experimental group
were additionally given 4. absinthium at a dose
of 2.0 g/kg dry matter (DM), animals of the 2nd
experimental group were given A. absinthium at
a dose of 2.0 g/kg DM with additional CoCl,/
(1.5 mg/kg DM), and animals of the 3rd experi-
mental group were given only CoCl /(1.5 mg/kg
DM).

Average daily consumption of nutrients in the
diet of bulls based on requirements per 100 kg
of live weight with a weight gain of 850 g/day,
g: dry matter — 2920.0 = 110.0, crude protein —
510.9 +52.3, crude fiber — 2100.0 + 142.0, crude
fat — 241.4 + 15.0, organic matter — 2730.0 +
95.0, nitrogen-free extractive substances —
1570.0 = 87.0, crude ash — 112.6 = 22.0.

The preparatory period lasted 14 days, the
main period — 7 days. After the main period,
samples of the rumen contents were collect-
ed through the fistula for analysis of fatty acid

concentrations. Samples of intestinal contents
were collected in sterile containers by rectal pal-
pation. For metagenomic sequencing, samples
of intestinal contents were collected in 1.5 ml
Eppendorf microtubes containing DNA/RNA
Shield preservative (Zymo Research, USA),
placed in a thermal container and delivered to
the laboratory.

Fatty acids determination method

The fat from the samples was obtained in a
SER 148 extractor using a solvent (petroleum
ether, volume 50 ml) with the following program
parameters: temperature 120 °C, immersion 20
min, irrigation — 25, drying 20 min. After finish-
ing the work, the extractor was cooled to 100 °C,
glass cups were placed in a drying cabinet for 1
hour atatemperature of 105 °C. After the time had
elapsed, the cups were transferred to a desicca-
tor until completely cooled, then weighed (dry-
ing was carried out to a constant weight so that
the difference between the previous weighing
did not exceed 0.001 g).

2 ml of hexane and 0.1 ml of sodium meth-
ylate were added to a 0.1 g sample of fat, left
for 5 min, then filtered and 0.1 pl of the hex-
ane layer containing fatty acid methyl esters was
collected for analysis. The resulting methyl es-
ters were analyzed on a gas chromatograph with
FID and a ZB-WAX capillary column 60 m x
0.32 mm % 0.5 um. The sample was analyzed
for 50 min at a temperature of 80 to 220 °C. The
evaporator temperature was 250 °C, the detector
temperature — 260 °C, the carrier gas flow rate
(nitrogen) — 25 ml/min, hydrogen — 25, air — 250
ml/min, the flow split was 1/40. The fatty acid
separation was identified by comparison with
a fatty acid mixture from Supelco TM Com-
ponent FAME Mix. The equipment used: CE
224-C electronic scales, Agilent 7900 ICP-MS
inductively coupled plasma mass spectrometer,
Chromatec-Crystal 5000.2 gas chromatograph,
VM153 laboratory scales.

DNA library preparation
and high-throughput sequencing
Total DNA was isolated from intestinal con-
tent samples using the FastDNA® SPIN Kit for
Faeces (MP Biomedicals Inc., Solon, OH, USA)
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using the Lysing Matrix E. The samples were
homogenized using a TissueLyser LT (Qiagen,
Venlo, Netherlands). The homogenization time
was increased to 5 min compared to the manu-
facturer's protocol. The quality of the isolated
DNA was checked by horizontal electrophoresis
in 1% agarose gel and spectrophotometrically
using a Nanodrop 8000 (Thermo Fisher Scien-
tific, Waltham, MA, USA). DNA concentration
was measured using a Qubit 4 Fluorometer (Life
Technologies, Carlsbad, CA, USA) using the
dsDNA High Sensitivity Assay Kit.

DNA libraries were prepared according to
the Illumina protocol (Part #15044223, Rev. B).
Amplicons of the V3-4 region of the 16S SSU
rRNA gene were obtained using primers S-D-
Bact-0341-b-S-17 and S-D-Bact-0785-a-A-21".
The reaction mixture (25 pl) contained 10 ng of
template; forward and reverse primers, 0.2 uM
each; 80 uM DNTPs; 0.2 units of Q5 High-Fi-
delity DNA polymerase activity (New England
Biolabs, Ipswich, MA, USA). DNA libraries
were purified by solid-phase immobilization on
paramagnetic particles using Agencourt AMPure
XP beads (Beckman Coulter, Brea, CA, USA).
The quality of the libraries was checked by cap-
illary electrophoresis on a Qiaxcel Advanced
System (Qiagen, Hilden, Germany) using a QI-
Axcel DNA Screening Kit cartridge. Paired-end
sequencing of amplicon DNA libraries was per-
formed on the Illumina MiSeq platform using
the MiSeq Reagent Kit v.3 (600-cycle) (Illumi-
na, San Diego, CA, USA).

DNA extraction, preparation of DNA libra-
ries, sequencing and bioinformatics processing
were performed at the Center for Collective Use
“Persistence of Microorganisms” of the Institute
for Cellular and Intracellular Symbiosis of the
Ural Branch of the Russian Academy of Scienc-
es (Orenburg, Russia).

Bioinformatic processing
of the sequencing data

The quality of the original reads was checked
using the FastQC (V. 0.11.9)? program. Adapters
were trimmed using the cutadapt 1.9.1° program.
After removing the adapters, the reads were
re-processed using the FastQC (V. 0.11.9) pro-
gram to determine the parameters for subsequent
processing. All subsequent processing steps
were performed by the USEARCH V. 11.0.667
program using the UPARSE algorithm (Edgar,
2013). Merging of left and right reads was per-
formed using the -fastq mergepairs command.
The following parameters were used for this:
-fastq_maxdiffs 10, -fastq pctid 80. Filtering
was performed using the -fastq filter command
with the parameters -fastq_maxee 1.0 (the maxi-
mum expected reading error does not exceed 1
in 100 nucleotides), -fastq_minlen 400 (the min-
imum sequence length is 400 bp). The filtered
reads were dereplicated using the -fastx _uniques
command to determine the unique sequences
and their number. Clustering and removal of chi-
meric sequences according to the UPARSE al-
gorithm were performed using the -cluster otus
command, operational taxonomic units (OTUs)
were obtained at a similarity level of 97%. To
determine the representation of certain OTUs in
the samples, a global alignment was performed
using the -usearch global command. The taxo-
nomic identification of the obtained OTUs was
determined using the RDP database (release
11.6) (Kerkhof et al. 2022). For OTUs with low
support, identification according to the specified
database was performed in the NCBI database
using the BLAST* program. Singletons and
doubletons (sequences occurring once or twice)
were removed from further analysis.

'Klindworth A., Pruesse E., Schweer T, Peplies J., Quast C., Horn M., Glockner F.O. Evaluation of general 16S ribosomal RNA
gene PCR primers for classical and next-generation sequencing-based diversity studies // Nucleic Acids Res., 2013, vol. 41, N 1,

p. el. DOI: 10.1093/nar/gks808.
*https://www.bioinformatics.babraham.ac.uk/projects/fastqc/

3Martin M. Cutadapt removes adapter sequences from high-throughput sequencing reads / EMBnet.journal, 2011, vol. 17, N 1,

pp. 10-12. DOI: 10.14806/ej.17.1.200.
“https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Statistical analysis

The sequencing results were processed
using the Microsoft Excel 16 data analysis pack-
age and Microsoft Office software (USA). Nu-
merical data were processed using the SPSS Sta-
tistics 20 program (IBM, USA). The mean (M),
standard deviations (+c), and standard deviation
errors (£SE) were calculated. A nonparametric
analysis method was used to compare the vari-
ants. Differences were considered statistically
significant at p < 0.05; 0.01; 0.001. Recommen-
dations were used [13] for calculating the main
Shannon (H), Simpson (D) biodiversity indices,
the Pielou evenness index (E) in the PAST 4.03
program, and the community and distance indi-
ces using the PRIMER 6 software. The graphic
material was built on the RAWGraphs 2.0 open-
source data visualization platform’.

RESULTS AND DISCUSSION

Results of calculations of a-biodiversity indices
for the intestinal microbiome

Based on the results of next-generation se-
quencing (NGS) of the intestinal contents of the
experimental animals, the indices of a-diversity
were calculated. Comparing the Shannon index

and the Simpson index by groups, it was found
that their values changed depending on the feed
additive used. During the calculations, large
values were obtained for the number of species
in the experimental groups. Reliable differenc-
es were found for the 1st experimental group in
relation to the control. The Shannon biodiversi-
ty index was 16.7% higher than in the control
group, the Student's criterion was ¢ = 3.8 at a sig-
nificance level of p = 0.00015, which indicates a
difference in the indices of these groups. A simi-
lar picture was for the Simpson index (direct)
between the control and the 1st experimental
group: the Student's criterion was ¢ = —3.7 at the
significance level of p =0.00 016, which also in-
dicates a high statistical difference between the
indices. A reliable significance of differences in
the Shannon and Simpson biodiversity indices
was established in the 3rd experimental group
in relation to the control. The Shannon biodi-
versity index was higher by 0.5%, the Student's
criterion was ¢ = 4.9 at the significance level of
p = 8.2052E-07, the Simpson biodiversity in-
dex was lower by 6.7%, the Student's criterion
t =-4.9 at the significance level of p = 6.9029E-
07. A greater diversity of the intestinal bacterial
community was noted in the 1st-3rd experimen-

WHunekcr a-0nopa3zaoodpasmsi 6akTepruaIbHOTO COOOIIECTBA KAMEYHUKA KPYITHOTO POTaTOro CKOTa

IO BIUSHHEM KOPMOBBIX BemiecTB (n = 4), M = SE

Indices of a-biodiversity of bacterial community of bovine intestine under the influence of feed substances

(n=4), M+ SE
Group
Biodiversity Index experimental
control
Ist 2nd 3rd

Number of species 465+ 59,8 550,1 £82,7" 471,3 £ 64,2 509,4 £29,9
Individual microorganisms 10326,0 £2504,6 14273,3 +4454,9* | 10912 +£2851,5 | 13955,6 + 1465,7
Index:

Simpson (D) 0,015+0,002 0,018 £ 0,001 0,020 £ 0,004" 0,014 £0,001™"

Shannon (H) 5,210,077 5,28 0,094 5,09 £0,149 5,24 +0,056™"

Pielou (E) 0,399 £ 0,029 0,363 £0,031 0,349+ 0,013 0,371 £0,011

Chao-1 469,5 £ 60,5 554,9 + 82,9" 476,0 £ 64,5 513,8 +30,4°

Note. *p <0,05; **p < 0,01; ***p < 0,001 when compared with the control group; 1st experimental group — A. absinthil;
2nd experimental — A. absinthil + CoCl,/; 3rd experimental — CoCl,/ (cobalt chloride IT).

SMauri M., Elli T, Caviglia G., Uboldi G., Azzi M. RAWGraphs: A Visualisation Platform to Create Open Outputs // In: Proceed-
ings of the 12th Biannual Conference on Italian SIGCHI Chapter, 2017, N 28, pp. 1-5. DOI: 10.1145/3125571.3125585.
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tal groups. The Chao-1 index had values high-
er than in the control by 15.3% (p < 0.01), 1.4
(p<0.01) and 8.7% (p < 0.05), respectively (see
the table).

Taxonomic structure of the bacterial
community of the intestine of animals
when taking feed additives

After metagenomic sequencing of the 16s
rRNA gene of intestinal content samples, 148,401
sequences were obtained. These sequences were
grouped into 5991 OTUs with 97% clustering.
Metagenomic analysis of intestinal content in ex-
perimental groups 1 and 2 using A. absinthium
revealed a decrease in the proportion of Akker-
mansia bacteria by 61.7 and 63.0% relative to
the control group. In experimental group 3 using
only CoCL/, on the contrary, the proportion of
Akkermansia increased by 40.0% relative to the
control group. The use of only 4. absinthium in
experimental group 1 resulted in a decrease in
the abundance of Clostridium X1Va bacteria by
43.3%.

genus

Akkermansia [INEREG_——
Clostridium X1Va NG
Mediterranca I
Mediterrancibacter INEGEG_
Paludibacter [
Phascolarctobacterium [

Phocaeicola — —

unclassified Bacteroidales [
unclassified Clostridiales Il
unclassified Lachnospiraceac W
unclassified Rikenellaccac I
unclassified Ruminococcaccac Il
Vampirovibrio Il
Treponema Bl
Intestinimonas [
Colidextribacter
0 250
control

500()

u-nr-|||-||l
")

u|l||-|

[ experimental

The use of the combination (4. absinthium +
CoCl,/) in the 2nd experimental group and only
CoCl,/ in the 3rd led to an increase in the propor-
tion of bacteria of the genus unclassified Bacte-
roidales by (7.2-8.3%) and the genus unclassified
Lachnospiraceae by (15.1-26.9%) (see Fig. 1).

The most similar in structure were the bac-
terial communities in the 1st and 2nd experi-
mental groups, in which A. absinthium was used
separately and in combination with CoCL/ (see
Fig. 2). In these groups, the bacteria present in
a greater proportion were those involved in the
fermentation and fixation of complex organic
substances containing nitrogen, as well as those
producing short-chain fatty acids, including
acetate and propionate, which ferment complex
carbohydrates and disaccharides to the final
product — acetate. In the 3rd experimental group,
when only CoCl,/ was added to the animals' diet,
the proportion of bacteria capable of effectively
destroying the cell wall of plants increased. Also,
the proportion of bacteria capable of improving
the intestinal mucosa increased in the intestinal

400 800 0 250 5009
[T experimental

group

500 1k
[II experimental

group group

Puc. 1. TakcoHoMu4eckoe o0mne Hanobosee N3MEHIEMBIX POIOB (> 5%) OakTepuii KUILIEYHOTO COACPIKU-
MOTO IIPH UCTIOJIb30BAHUHM KOPMOBBIX 100aBoK. HuxkHss ock — goinst onpeaenenasix OTU

Fig. 1. Taxonomic abundance of the most variable genera (> 5%) of bacteria in the intestinal contents when
using feed additives. The lower axis represents the proportion of identified OTUs
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PCO1 (115.6% of total variation)

Puc. 2. Anann3 6akTepraIbHOTO COOOMECTBA KUIEYHUKA: ¢ — MEPAPXMUYECKUM KIIACTEPHBIN aHAJIN3 CXOKECTH
OaKkTepHaIbHBIX COOOIIECTB HA YPOBHE POJIa KUIICYHOTO COACPIKAMOTrO 10 rpyrmnam; 6 — ananu3 PCoA B-pasnooOpa-
3us no unaekcy bpes-Kepruca; A — konTposnbHas rpynna; B — 1-s onsitHas; C — 2-g onsiTHas; D — 3-4 onbITHas

Fig. 2. Intestinal bacterial community analysis: a — hierarchical cluster analysis of the similarity of bacterial com-
munities at the genus level of intestinal contents by groups, 6 — PCoA analysis of beta diversity using the Bray-Curtis
index, A — control group, B — experimental group I, C — experimental group II, D — experimental group III
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contents. In the same group, the proportion of
bacteria capable of producing free hydrogen also
decreased (see Fig. 2).

Experimental data (metabolome)
of liquid chromatography: fatty acid
composition, composition of liquid and solid
medium of the rumen and intestinal contents

During the analysis to determine the differ-
ence in the concentrations of fatty acids in the
rumen chyme and feces in all experimental
groups, a characteristic change was found for
linoleic and linolenic acids. In feces, there was
a tendency for their concentrations to decrease.
Also, an increase in the content of palmitoleic
and oleic acids in feces was found in all expe-
rimental groups, myristic acid was not detected.
In the 1st experimental group, an increase in the
concentration of palmitoleic and oleic acids in
feces by 79.4 and 16.9%, respectively, was re-
liably established with a simultaneous decrease
in the proportion of palmitic, stearic, linoleic,
linolenic acids by 0.7; 15.6; 8.5 and 6.3%, re-
spectively. The reliability of these values is con-
firmed by the Fisher's test (= 5.81 at p = 0.05)
and the Student's t-test (z = 2.1 at p = 0.05). In
the 2nd experimental group, the content of pal-
mitic, linoleic, linolenic acids in feces decreased
by 3.1; 33.0 and 65.5%, respectively (F' = 5.81
at p = 0.05, ¢t = 2.1 at p = 0.05). The content
of stearic, oleic and palmitoleic acids increased
significantly by 10.9; 45.5 and 57.6%, respec-
tively. In the 3rd experimental group, a decrease
in the content of linoleic and linolenic acids in
feces was noted by 12.7 and 55.5%, respective-
ly. In contrast to the 2nd experimental group, an
increase in the content of palmitic acid in feces
by 5.7% and a decrease in stearic acid by 9.8%
were detected (F = 7.1 at p = 0.05, t = 2.2 at
p =0.05) (see Fig. 3).

Results of calculations of the digestibility
of fatty acids in the body of animals

The conducted studies established that the
introduction of the experimental feed additives
into the diet significantly affects the bioava-
ilability of fatty acids in the body of experimen-
tal animals (see Fig. 4).

Differences in the digestibility of saturat-
ed fatty acids in the organism of experimental
animals were revealed between the groups. High
digestibility of stearic acid (C 18:0) was noted in
all experimental groups, while its lowest value
was recorded in the control group. Inclusion of
A. absinthium with additional CoCl,/ (2nd ex-
perimental group) in the diet resulted in a signi-
ficant (2.1%) increase in the digestibility of pal-
mitic acid (C 16:0). A decrease in its digestibility
was noted only in the 3rd experimental group,
which received a diet containing CoCl,/ (1.5 mg/
kg DM), by 0.6% relative to the control values.
The digestibility of myristic acid (C 14:0) in the
organism of experimental animals in animals of
all studied groups was 100%.

The compared groups differed in the level of
unsaturated fatty acid digestibility. The inclusion
of experimental feed additives was accompanied
by an increase in the digestibility of palmitole-
ic acid (C 16: 1) in all experimental groups by
6.4—13.3% relative to the control, with a prevail-
ing value in the 2nd experimental group. Anal-
ysis of the digestibility of linoleic (C 18: 2) and
linolenic (C 18: 3) fatty acids indicated an
increase in the indicators in the 2nd experimental
group by 0.9 and 8.9% relative to the control. In
the Ist and 3rd experimental groups, a decrease
in the digestibility of linoleic acid was noted by
6.8 and 5.5%, respectively, as well as linolenic in
the 3rd experimental group by 9.6%. The inclu-
sion of experimental feed additives in the diets
contributed to an increase in the absorption of
oleic acid (C 18: 1) in the 1st and 3rd experimen-
tal groups by 1.2 and 0.8%, respectively, and a
decrease of 7.7% in the 2nd experimental group.

The results of the study indicate that the
addition of A. absinthium with additional
CoCl,/ to the diet of the experimental animals
has a more significant effect on the digestibility
of SFA and PUFA in the fatty acid pool com-
pared to control values.

Gut microbes play an important role in main-
taining host gastrointestinal homeostasis, nutri-
ent digestion and absorption, performance, im-
mune health, and behavior [14]. The rumen is
the natural fermenter of ruminants and a unique
organ whose main feature is that nutrient ab-
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Fig. 3. Mass fraction of fatty acids in the rumen (red) and intestinal (blue) contents of animals, mapped in

proportion, %
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Fig. 4. Digestibility of fatty acids in the body of young cattle when using feed additives, %;
A — control group, B — experimental group I, C — experimental group II, D — experimental group III
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Effect of plant lactones and flavonoids
on intestinal microflora structure
and fatty acid concentration in cattle

Ryazanov V.A., Duskaev G.K.,
Kurilkina M.Ya., Muslyumova D.M.

sorption is achieved through the catabolic effect
of rumen microbes. The various components of
the cattle diet are primarily digested in the ru-
men. It contains a variety of microbes that de-
grade cellulose, hemicellulose, and non-protein
nitrogen in the diet to form metabolites such as
short chain fatty acids (SCFA), which can be di-
rectly utilized by the host [15-17].

The rumen microbial community is complex
and consists of bacteria, protozoa, archaea and
fungi. The composition and activity of the ru-
men microbiota have been shown to have pro-
found effects on host performance, health and
immune system [18, 19]. An earlier study [20]
reported a strong association between rumen
amino acid concentrations and bacterial com-
munity structure.

Firmicutes and Bacteroidetes account for
about 90% of the total microflora in the rumen of
cattle, with high interindividual variability and
an inverse correlation between the abundance
of both types [21]. In our experiment, the phyla
Bacteroidetes and Firmicutes were more import-
ant in all groups. Their ratio directly depended
on the use of the studied additives in the diet.
It is known that Bacteroides is a gram-nega-
tive microorganism. It uses plant glycans as the
main energy sources and is considered one of the
main bacteria that participate in the production
of short-chain fatty acids and participate in the
breakdown of complex compounds into simple
molecules necessary for the growth and develo-
pment of animals [22]. The data obtained in our
experiment indicate that the diversity of the bac-
terial composition relative to the control group
changed depending on the feed additive used.

Dietary interventions have historically been
used to improve ruminant phenotypes due to
their impact on the rumen microbiome. As a re-
sult, animals fed high grain diets tend to have
lower bacterial diversity and lower concentra-
tions of fibrolytic microbes (i.e. protozoa and
anaerobic fungi), which is usually associated
with lower rumen proteolysis and ultimately
higher feed efficiency [23].

Earlier studies have shown that low rumen
microbial levels are strongly associated with
higher feed efficiency in dairy cows. This may

be because lower rumen saturation in animals
results in a simpler metabolic pathway, which
results in higher concentrations of certain en-
zymatic substances that are used to support the
animals' energy needs [24].

Nutritional strategies can influence the intera-
ctions between microbial groups and, as a conse-
quence, the production and quality of products.
This is perhaps best illustrated by the quality
of products derived from ruminants in terms of
fatty acid profile [25]. Bacteria are known to be
largely responsible for the biohydrogenation of
fatty acids in the rumen, while protozoa are not
thought to be actively involved in this process.
However, protozoa influence the composition of
the bacterial population in the rumen and thus
potentially influence biohydrogenation. In addi-
tion, they directly incorporate unsaturated fatty
acids, protecting them in the rumen from bio-
hydrogenation and allowing direct passage into
milk and meat [26].

Carvacrol in herbs and essential oils has been
reported to have a stimulating effect on pancre-
atic secretion, increasing the secretion of di-
gestive enzymes. Herbs and plant products can
control and limit the growth and colonization of
numerous pathogenic and non-pathogenic bacte-
rial species in the gut of chickens. This can lead
to greater efficiency in the utilization of food,
leading to faster growth and improved feed ef-
ficiency. There are studies showing that supple-
menting the diet with essential oils can improve
the digestive process [27].

Fatty acids are the most important determi-
nants of the nutritional value of fat [28]. The
abundance of several bacteria from the Firmic-
utes and Spirochaetes phyla, including cellu-
lolytic bacteria such as Acetivibrio cellulolyti-
cus, Clostridium stercorarium, and Clostridium
cellulosi, was found to be negatively associat-
ed with the amount of dietary SFA. Only eight
bacteria were positively associated with high
SFA intake, including proteobacteria and oral
and skin bacteria. These findings are consistent
with their effect on a-diversity. Bacteria nega-
tively associated with MUFA intake partially
overlapped with bacteria associated with SFA
intake, but the number of correlations and fold
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change differences were smaller. Only two bac-
terial species were significantly associated with
PUFA intake. SFAs were found to have a stron-
ger effect on gut microbiota than MUFAs and
PUFAs, and low SFA intake was associated with
higher a-diversity of gut microbiota and high-
er abundance of specialized bacteria capable of
breaking down dietary fiber.

Fatty acid absorption is thought to be a key
determinant of the effect of the diet on the mi-
crobiota in the distal gut. Dietary fatty acid com-
position has also been found to influence the gut
microbiota profile. The interaction between di-
etary fatty acids and gut microbiota may be used
to improve dietary recommendations for meta-
bolic health in animals [29].

In ruminants, dietary fatty acids are hydro-
genated by rumen microorganisms [30]. Stearic
acid (C 18:0), the end product of this reaction,
passes from the rumen to the abomasum, where
it is digested and absorbed [31]. Rumen fatty ac-
ids are precursors for plasma triglyceride synthe-
sis, which are mainly incorporated into milk and
adipose tissue lipids. Due to the hydrogenating
activity of bacteria, ruminant plasma triglycerides
result in a low PUFA content. In ruminants, to
bypass the rumen, PUFA must be protected for
further absorption in the duodenum [32, 33].

Summarizing the above, the rumen microbi-
ome plays a central role in addressing significant
challenges in animal production. A better under-
standing of the role of constituent microbes is
critical to developing best practices for manag-
ing the rumen microbiome in ways that improve
ruminant performance while reducing environ-
mental impacts [34].

CONCLUSION

Thus, A. absinthium and cobalt (II) chloride
in the form closest to the natural one, bound
to amino acids and peptides (CoCl,/), have the
ability to modulate the intestinal microbial com-
munity, affecting the concentration and absorp-
tion of fatty acids. The obtained results indicate
the prospects for the use of a composition of 4.
absinthium and (CoCl,/) in cattle feeding for the
purpose of a natural alternative for improving
ruminant production systems.
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Co3nanue IKCIIEPUMEHTAJILHBIX 00pa31oB
NPoOMOTHYECKOT0 Npenapara sl CeJIbCKOX0351iiCTBEHHbIX JKMBOTHBIX
W onpejesieHHe coaepskanusi B HAX BUTaMuHa B )

<D Adanacsesa 10.I'., Konroguna E.B., Pynneas U.A.

Cubupcxutl HaQyYHO-UCCIe008AMENbCKULL UHCMUMYM cbipodenus — omoen PedepanbHo2o
Anmaiicko2o HayuHo20 yenmpa azpoouomexHoio2ull

bapnayi, Poccus

(X)e-mail: yuliya.afanaseva.9718@mail.ru

B coBpemeHHBIX peanmsx 0co0yr0 3HAUNMOCTh HIMEET UAEs 30POBOTO MUTAHHS, YTO CIIOCOOCTBYET
YBEJIMYEHUIO CIIPOCA HA SKOJIOTUYECKH YHCTBIE U ITOJIHOLIEHHBIE IT0 CBOEMY COCTaBY NMPOAYKTHI. B 3T0i
CBA3HU aKTyaJIbHbIMU BOIIPOCAMHU JKMBOTHOBOJACTBA CTAHOBATCA CHUKCHUEC YaCTOTHI UCIIOJIL30BaHWA aH-
THOWOTHKOB ¥ aKTHBHOE TIPUMEHEHHE TPOONOTHIECKIX JOOABOK B OCHOBHBIX PAIlIOHAX KOPMIICHHUSI.
Taxke HEOTBEMIIEMBIMH 3a/la4aMK OTPACIH SABJSIOTCS COXPAaHHOCTh MOJIOAHSKA U MOBBILIEHNE MPO-
JQYKTHBHOCTH IOTOJIOBBS. BaxkHEHIINIA Tan npu co3qaHnnyu npoOHOTHKa — BEIOOp ero coctaBa. Hanbo-
Jiee 9acThIMH KOMITOHEHTaMH MTPOOMOTHYECKHX /T00ABOK BBICTYIAIOT JAKTOOAMIIIBI M TIPOTTHOHOBO-
KHCIIble OAaKTEpHH, MMOCKOJIBbKY JaHHBIE MUKPOOPTaHW3MbI 001a1al0T HEOOX0ANMBIM HAaOOPOM TEXHO-
JJOTUYCCKU ICHHBIX CBOMCTB. HpOHI/IOHOBOKI/ICJ'IBIC 6aKT€pI/II/I SIBJIAIOTCS MPOAYLUECHTaAaMU BUTaMUHA B12’
KOTOPBIH TTOJIOKUTEIHHO BIHSICT Ha OCIKOBBIM OOMEH M MOBBIMIAET YCBOSIEMOCTh KOPMOB. B TomHOM
Mepe NOTPEOHOCTh B BUTAMUHE B, y JKHBOTHBIX HE YJIOBJIETBOPAETCS, IIOTOMY CTAHOBHMTCS HEOOXO-
JMIMBIM €T0 BKIIFOYCHHUE B COCTAB KOPMOBBIX J100aBOK. JIakTOOAIMILIBI 00718 Jaf0T BEICOKOH OMoJIoTHYe-
CKOM M aHTarOHUCTUYECKOM aKTUBHOCTBIO, OKa3bIBAIOT UMMYHOCTUMYJIUpYIOIIee JercTrre. Bo BpeMst
MPEABIIYLIIMX U TEKYLIUX UCCIeI0BaHUH, IPOBEACHHBIX Ha 0a3e CHOMPCKOTro Hay4YHO-HCCIIeJ0BaTEIIb-
CKOT'O MHCTHUTYTa CbIPOMACIINA, ObL1a Hono6paHa ONTUMAJIbHAsA MUTaTClIbHasA Cpcla I HAKOIUICHUS
Oromacc ykazaHHBIX MUKPOOPTaHU3MOB, a TAKXKE OTITUMAIIbHAs /1034 X BHECEHHS B IPOOHUOTHYECKUN
npenapar. Ha ocHOBaHMM 3THX JaHHBIX COCTABJICHBI TP YKCIIEPUMEHTANBHBIX 00pa3ua Ornonpenapara
JUJISL CEJILCKOXO3SIMCTBEHHBIX JKUBOTHBIX. HpI/I CO3JaHUHN o6pa3u013 IMPUMEHCHO KaK COBMCCTHOEC, TaK U
pa3nenpHOe KyJbTHBHpPOBaHME. Takke B XO/I€ MCCIeOBAaHUS ONPENEIsIA aKTUBHYIO KHCIOTHOCTh H
cozmepxanue BuTamuna B, ) Bo Bcex oOpasuax. Conepxxanue Buramuna B, Bappuposaiio ot 0,70 + 0,01
10 0,82 + 0,03 mxr/mi1. B pesynbrare npojieiianHoi paboThl yeTaHOBJICHO, 4To oOpaser Ne 1 Haubosiee
ONTHMAJIEH C TOUKH 3PEHHS TEXHOJIOTHYHOCTH, & TAKXKE KOMMIECTBEHHOTO CONIEpKaHusl BUTaMuHa B ..

Kirouesbie ci10Ba: mpoOMOTHK, BUTaMUH B ,, IpoOHOTUYECKHE MUKPOOPIaHU3MBbI, IPOIIMOHOBO-
KUCJIbIe OAKTEPUH, JTaKTOOAIMIIITBI, CETTbCKOXO03SICTBEHHBIC YKUBOTHBIC

Creation of experimental samples of a probiotic preparation
for farm animals and measurement of vitamin B , content in them

C<)Afanaseva Yu.G., Kolodina E.V., Ruppel L.A.

Siberian Research Institute of Cheese Making — Department
of the Federal Altai Scientific Centre of Agro-BioTechnologies
Barnaul, Russia

(X)e-mail: yuliya.afanaseva.9718@mail.ru

In modern realities the idea of healthy nutrition is of particular importance, this interest increases

the demand of consumers for products that are ecologically clean and complete in their composition.
In this regard, reduction of antibiotic use frequency and active application of probiotic additives in
the main feed rations are becoming topical issues of livestock breeding. Also integral to the industry
are the preservation of young stock and increasing the productivity of the herd. The most important
step in creating a probiotic is choosing its composition. The most common components of probiotic
supplements are lactobacillus and propionic acid bacteria, as these microorganisms have the necessary
set of technologically valuable properties. Propionic acid bacteria are producers of vitamin B ,, which
has a positive effect on protein metabolism and increases feed digestibility. Animals do not fully cover
the need for vitamin B, so it becomes necessary to include it in the composition of the feed addi-
tives. Lactobacillus have high biological and antagonistic activity and exert immunostimulatory effect.
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Creation of experimental samples of a probiotic preparation for farm
animals and measurement of vitamin B , content in them

Afanaseva Yu.G., Kolodina E.V., Ruppel LA.

During previous and current studies conducted on the basis of the Siberian Research Institute of Cheese
Making, the optimal nutrient medium for accumulation of biomasses of the above microorganisms
was selected, as well as the optimal dose of their introduction into the probiotic preparation. Based on
these data, three experimental samples of biopreparation for farm animals have been formulated. Both
co-cultivation and separate cultivation were applied in the process of specimen creation. The study also
determined the active acidity and vitamin B, content of all the samples. Vitamin B, content ranged
from 0.70 + 0.01 to 0.82 + 0.03 pg/ml. As a result of the work done, it has been found that sample
No. 1 is the most optimal in terms of processability, as well as the quantitative content of vitamin B, .

Keywords: probiotic, vitamin B, probiotic microorganisms, propionic acid bacteria, lactobacil-
lus, farm animals
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INTRODUCTION Currently, the abandonment of antibiotics and

Consumer interest in environmentally friendly the use of various biological additives are be-

and nutritious products is currently growing rap-
idly due to the popularization of healthy eating.
In this regard, the elimination of frequent antibi-
otic use and the active use of probiotic supple-
ments in basic diets are becoming pressing issues
in animal husbandry. Furthermore, the industry's
most important tasks are ensuring the safety of
young animals and maximizing livestock pro-

coming pressing issues in animal husbandry, as
reflected in recent scientific studies. Much atten-
tion is being paid to the use of environmentally
friendly products as feed additives. The use of
probiotics in livestock feed is the most promis-
ing [1].

Probiotics are bacterial preparations contain-

ductivity [1]. At the same time, gastrointestinal
diseases in animals, caused by an imbalance of
normal microflora, cause the greatest losses.

Dysbacteriosis often occurs in animals as a
result of various diseases [2, 3]. To prevent in-
fections and gastrointestinal disorders caused
by opportunistic microflora, and also as growth
promoters, feed antibiotics are actively used.
These drugs combat foreign microflora and help
improve livestock survival. However, they de-
stroy not only infectious agents but also normal
intestinal microflora. Furthermore, animals de-
velop drug resistance [4].

ing cultures of live microorganisms that are part
of the normal microflora of the gastrointestinal
tract. They do not cause allergic reactions in an-
imals and have a positive effect on the body'.
The use of probiotics in livestock feed helps nor-
malize natural digestion and nutrient absorption
processes and helps manage the effects of antibi-
otic treatment. Probiotic feed supplements help
increase livestock productivity while maintain-
ing high product quality?.

Most often, probiotic preparations contain
lactobacilli (Lactobacillus plantarum) and pro-

'Kononenko S.I. Increasing the biological potential of poultry through the use of probiotics // Polythematic online electronic
scientific journal of the Kuban State Agrarian University, 2017, No. 127, pp. 527-545.

2Sokolenko G.G., Lazarev B.P., Minchenko S.V. Probiotics in rational animal feeding // Technologies for the Food and Processing

Industry of AIC — Healthy Food, 2015, No. 1 (5), pp. 72-78.
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pionic acid bacteria (Propionibacterium freud-
enreichii spp.)>.

Lactobacilli are non-motile, gram-positive
rods that do not form spores. They are widely
used in the creation of probiotic preparations [5,
6] because they are harmless, possess high bi-
ological and antagonistic activity, and exert an
immunostimulating effect. These bacteria syn-
thesize lactic acid, which helps lower the pH of
the small intestinal contents, which is considered
optimal for the functioning of other microflora.

Propionibacterium are among the most ben-
eficial microorganisms. The most common rep-
resentatives of propionibacterium are P. freud-
enreichii subsp. shermanii and P. freudenreichii
subsp. freudenreichii [7].

P. freudenreichii spp. have the safety status
GRAS (Generally Recognized as Safe). This in-
dicates the possibility of their addition to food
and feed products in the absence of genetically
modified microorganisms [8]. In addition, propi-
onic acid bacteria are highly biocompatible with
lacto- and bifidobacteria, which promotes the
growth of obligate microflora in the gastrointes-
tinal tract of animals*[9].

One of the most significant properties of pro-
pionic acid bacteria is their ability to synthesize
vitamin B , (cobalamin). Vitamin B , is a growth
factor for farm animals and poultry, has a benefi-
cial effect on amino acid absorption and protein
metabolism, improves the digestibility of plant
feed, and, as a result, significantly increases pro-
ductivity [10].

In cattle, some vitamin B , is synthesized by
intestinal microflora. However, the body's need
for vitamin B, is not fully met, so additional
amounts must be obtained through feed supple-
ments. Vitamin B, deficiency reduces protein di-
gestibility, resulting in anemia, accompanied by
stunted growth and inanition of the body [7, 10].

Cobalt, a component of vitamin B, , is essen-
tial for animal life, but can be toxic in excess.

In the gastrointestinal tract, cobalt stimulates the
growth of microorganisms that synthesize B vi-
tamins [11]. One option for obtaining vitamin
B,, is microbial synthesis, using propionic acid
bacteria.

Thus, the listed beneficial properties of lac-
tobacilli and propionic acid bacteria allow us
to recommend them as the basis for probiotic
preparations used in agriculture.

The purpose of the study was to create ex-
perimental samples of a probiotic preparation
for farm animals and determine the content of
vitamin B in them.

The research objectives are:

1) the creation of samples of a probiotic
preparation for farm animals using various cul-
tivation methods;

2) quantitative determination of vitamin B ,
and technologically valuable properties (active
acidity) in all experimental samples of the drug.

MATERIAL AND METHODS

The study was conducted at the Siberian Re-
search Institute of Cheese Making (SibNIIS).
The subjects of the study were three experimen-
tal samples of a probiotic preparation for farm
animals based on L. plantarum and P. freudenre-
ichii spp. from the Siberian Collection of Micro-
organisms at SibNIIS.

Optimal nutrient media for accumulating the
biomass of the probiotic cultures used and the
probiotic as a whole were previously selected.
the most valuable nutrient media based on their
properties: a whey-based medium for propion-
ic acid bacteria, and a grain bran-based medi-
um for lactobacilli were selected. The probiotic
microorganism addition rate of 1.0% was also
selected.

During the study, both joint and separate
cultivation were used, since in order to select
a sample with the best manifestation of the re-
quired characteristics, it makes sense to consider
both cultivation options.

3Morozova L.A., Mikolaychik I.N., Dostovalov E.V. Hematological parameters and microbiocenosis of the gastrointestinal tract of
calves when feeding the feed additive "Laktur" // Bulletin of the South Ural state university. Series: Food and biotechnology, 2015,

vol. 3, No. 1, pp. 76-82.

*Dracheva L.V., Dorozhko E.V., Avramchuk O.A., Korotkova E.I, Ryzhkova E.P., Hao Li, Danilova I.V. Study of antioxidant
activity of propionic acid bacteria // Food industry, 2009, No. 2, pp. 12-13.
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The presence of vitamin B, synthesized by
propionic acid bacteria in the test samples was
determined by a quantitative diffusion meth-
od using a test organism - mutant Escherichia
coli 113-3 DSM 1900 (All-Russian collection of
industrial microorganisms of the Federal State
Budgetary Scientific Institution "GosNIIGeneti-
ka") according to the established methodology’.
The method used is based on determining the
growth rate of the test organism on an agar me-
dium around wells inoculated with a specified
volume of propionibacteria grown in a liquid
nutrient medium. A standard solution of vitamin
B, in varying concentrations serves as a con-
trol. The growth of the test organism (measured
in millimeters of growth zones) depends on the
amount of vitamin B, in a given volume of pro-
pionibacteria.

The active acidity of the samples was deter-
mined potentiometrically using a Testo 205 pH
meter (Germany).

The content of Lactobacillus spp. in the fin-
ished samples of the biological product was
determined by the method of limiting dilutions
by deep seeding in Rogosa agar medium with
incubation for 72 hours at 30 °C, the amount of
Propionibacterium spp. - by the method of deep
seeding in solid lactate medium according to
Birger with incubation for 10 days at 30 °C.

RESULTS AND DISCUSSION

During the study, three experimental samples
of probiotic for farm animals were developed.

The optimal nutrient medium for lactobacilli
and propionic acid bacteria was a medium con-
sisting of demineralized whey and bran broth in
a 50:50 ratio. Yeast autolysate was also added
to the nutrient medium as an additional growth
factor, along with cobalt chloride (5 mg/1 dm? of
medium), necessary for the synthesis of vitamin
B,, by propionic acid bacteria. To ferment 1 liter
of nutrient medium, 10 ml of probiotic organ-
isms in liquid form were used.

Experimental sample No. 1 involved co-cul-
tivation of microorganisms, while samples No. 2
and 3 involved separate cultivation. Cultivation
was carried out in a TV-80-1 dry-air thermostat
at 30°C in 2000 ml flasks.

At the stage of biomass growth, which was
used for further preparation of experimental
samples, microorganisms were cultivated sepa-
rately in 250 ml flasks at 30 °C: three strains of
propionic acid bacteria — 72 h, two strains of lac-
tobacilli — 24 h. Demineralized whey was used
as a nutrient medium for propionic acid bacteria,
and bran broth for lactobacilli.

To create sample No. 1, 1.0% (10 ml) of the
grown propionic acid bacteria biomass was add-
ed to 1000 ml of the nutrient medium. Then, cul-
tivation was carried out for 48 hours at 30 °C.
Next, the grown propionic acid bacteria biomass
was deoxidized to pH = 6.5-6.8 for the subse-
quent addition of 1.0% (10 ml) of the grown lac-
tobacilli biomass. Then, cultivation was carried
out for 24 hours at 30 °C. In the finished version
of sample #1, the content of L. plantarum was
(7.80 = 1.29) - 10® CFU/cm?, P. Freudenreichii
spp. — (7.23 £2.58) - 10 CFU/cm?®.

For sample No. 2, the microbial biomass was
grown separately. P. freudenreichii spp. and L.
plantarum were cultured at 30°C for 72 and 24
hours, respectively. The grown biomasses were
then mixed in a 1:1 ratio (500:500 ml). The
lactobacilli content in the finished sample was
(6.70 £ 0.32) - 10® CFU/cm?, and propionic acid
bacteria — (6.31 = 1.59) - 103 CFU/cm’.

In the process of creating sample No. 3, sepa-
rate cultivation of probiotic microorganisms was
carried out at 30 °C. P. freudenreichii spp. was
cultivated for 72 hours, L. plantarum — for 24
hours. Then, 10% (100 ml) of lactobacilli bio-
mass was added to 1000 ml of the accumulated
biomass of propionic acid bacteria. The num-
ber of lactobacilli in the finished sample was
(1.43 £0.41) - 108 CFU/cm?, propionic acid bac-
teria - (3.73 = 1.35) - 108 CFU/cm’.

*Microbiology Workshop: Textbook / edited by N.S. Egorov. Moscow: Moscow State University Publishing House, 1976, 308 p.
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At each stage of probiotic sample prepara-
tion, active acidity was measured. At the final
stage of production, sodium citrate was added
to maintain buffering capacity. Data on the ac-
id-forming activity of the samples are presented
in Fig. 1.

According to Fig. 1, all experimental samples
of the biopreparation have a fairly high active
acidity, with the lowest pH value noted in sam-
ple No. 2 (4.39 £ 0.14).

Since propionic acid bacteria are producers of
vitamin B, in order to include them in the pro-
biotic, it was necessary to assess the level of this
vitamin in all experimental samples (see Fig. 2).

The results confirmed the presence of vitamin
B, in all samples tested. This indicates the bio-
logical activity of the biopharmaceutical being
developed. Moreover, the vitamin B, level in
sample No. 1 was 14.6% higher than in samples
Nos. 2 and 3, reaching 0.82 + 0.03 pg/ml.

CONCLUSION

In the course of the study, three experimen-
tal samples of a probiotic preparation for farm
animals were prepared based on lactobacilli
and propionic acid bacteria. The content of L.
plantarum in the finished samples ranged from
(1.43£0.41)- 10%t0 (7.80 £ 1.29) - 108 CFU/cm?,
P. Freudenreichii spp. — from (3.73 + 1.35) -
10% to (7.23 £ 2.58) - 10® CFU/cm®. The highest
number of probiotic microorganisms was noted
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Fig. 1. Active acidity of experimental samples

in experimental sample No. 1. Active acidity
was measured at each stage. The pH level ranged
from 4.39 to 4.83, which is considered the opti-
mal acidity for the manifestation of the specific
properties of the probiotic. All studied samples
contained vitamin B, the amount of which
varied from 0.70 £ 0.01 to 0.82 = 0.03 pg/ml.
Moreover, in sample No. 1, the content of this
vitamin was 0.82 + 0.03 pg/ml, which exceeds
its amount in samples No. 2 and 3 by 14.6%.
Thus, the most optimal version of the biological
product in terms of technological effectiveness,
manifestation of microbiological, physicochem-
ical properties and quantitative content of vita-
min B, is test sample No. 1.
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KauecTBo pacnpenesenus ;)KuaAKuX GopM MUHEPaAJIbHBIX y100peHH I
1o 00padarbIBaeMOi MOBEPXHOCTH

(C<)Ha3zapos H.H., Hexkpacosa N.B.

Cubupckuii ¢hedepanvHbvlil HAYUHBIU YEHMP A2POOUOMEXHOIOSUL
Poccuitickoti akaoemuu nayx

Hoocubupckas obnacts, p.i. KpacnooOck, Poccus

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

B crarbe npencTaBiensl pe3yinsTaThl OLIEHKN KauecTBa pacipeieNieHHs )KUKUX MUHEPATIbHBIX Y/10-
Openuii o 06padaTbIBaeMOH IIOMIAAM IIPU UX IIOBEPXHOCTHOM BHECEHUH C YUE€TOM YCTAaHOBKHU PACIIbI-
JUTENed Ha Pa3IMYHOM YPOBHE OTHOCUTEIBHO PACHpPENEIUTENBHON IITAHTU. YCTaHOBIEHO, YTO MPH
WCIIONIb30BAaHHUH JIAHHOTO cIloco0a BHECEHHsI HEPABHOMEPHOCTh paclpenesieHust padboyeil )KUIKOCTH,
BbIpakeHHas ko3 durmentom Bapuarmm, MoxeT nocturate 20% u Gonee, 9To CHIKaET YPPEeKTHB-
HOCTb IPUMEHSIEMBIX a30THBIX yaoopenuii 1o 45-50%, gocdopubix — 10 15-20%. OnHa U3 mIaBHBIX
MIPUYMH BO3HUKHOBEHUS yKa3aHHOH MpoOjeMbl — YCTaHOBKA paclbUINTENIEH Ha OJHOM YpPOBHE B TO-
PHU30HTAJIBHON II0CKOCTH. OnpeneneHo, YTo Npyu UCIONb30BAHUM KPYITHOKAIEIbHBIX PacIbUIUTENEH
JeIEeKTOPHOTO TUIIA, HAXOIAIINXCS Ha OTHOM YPOBHE, BCTpeyaromuecst akeibl paciblia CO3AaloT Ha
MECTE CTHIKOBKHU JIOTIOJHUTENbHbIE 00BEMbI Mpernapara, IpeBbIIatoIue 0CHOBHOW (oH Ha 25-70%.
B pesynbrare obpa3yeTcst BRICOKOKOHIIEHTPUPOBAHHAS 110 COACPIKAHUIO AIIEMEHTOB MTUTAHUS T0JI0Ca,
HE COOTBETCTBYIOILAsi OCHOBHOMY arpOTEXHMYECKOMY TpeOOBaHMIO, MPEATOJaraomeMy paBHOMEp-
HOE pacIipezieieHue penapara o oopadarsiBaeMoid miomaau. B xone nccnenoBannii 000cHOBaH mar
paccTaHoOBKH JIe(IEKTOPHBIX PACTIBLUTUTENCH ISl BHECEHHS JKHJIKUX MUHEPAIbHBIX ynoopenuit — 0,5;
0,75 u 1,0 m nipu naBnenuu B cucreme 0,1; 0,2 u 0,3 Mlla. B atom cinydae opmupyercst mepexpoITre
B3aUMOJIEHCTBYIOINX (haKesIoB pachbula Ha ypoBHE, mpeBbimaromeM 50% OT UX IIUPUHBI 3axXBara,
a HepaBHOMEPHOCTh BHECEHUS! YJIOOPCHUI SBJISIETCSl MUHUMAIILHOU (He Gosiee 7%) TIpH pa3HOypOBHE-
BOH YCTAHOBKE PaCHbUINTENEH OTHOCUTENBHO PACIPENCIUTENbHON IITAHTU. BBISBICHO, UTO KAYECTBO
pacnipezeneHust pabodeil )KUAKOCTH B 3HAYUTEIBHON CTENIEHN 3aBUCHT OT I1ara pacCTaHOBKH PacIbUIN-
TeJEH, B MEHBLIEH — OT JaBJICHUS B CUCTEME U JMAMETPa OTBEPCTUS pacnbliuTelneil. [IpuueM kadyecTBo
pacmpezeneHust OyaeT BO3pacTarh, €CJIM JaBJICHUE B CUCTEME U AUAMETP OTBEPCTHH paclbUIUTENEH
HaXOoATCA OJHOBPEMEHHO Ha BEPXHEM MJIM HI)KHEM YPOBHE CBOMX 3HAYEHUI.

KnaroueBble ciioBa: xujikue MUHEpabHbIC YIOOpEHHUs], pacrpelielieHne, HepaBHOMEPHOCTS, Jed-
JIEKTOPHBIE PacIIPEAEIUTENH, IIar PACCTAHOBKU, KPYITHOKAIIEIIbHbIM paciiblil, (pakes1 paciblia, MuprHa
3axBara, epeKpbITHE, 00padaTsIBacMast IIIOIIA/Ib

Quality of distribution of liquid forms of mineral fertilizers over
the working surface

() Nazarov N.N., Nekrasova L.V.

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

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

The materials on the assessment of the quality of the distribution of liquid mineral fertilizers over the
working area during their surface application, taking into account the installation of sprayers at various
levels relative to the distribution rod, are presented. It has been found that the unevenness expressed
by the coefficient of variation can reach 20% or more, which reduces the efficiency of nitrogen ferti-
lizers to 45-50%, phosphorus fertilizers to 15-20%. One of the main reasons for its appearance is the
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KadgecTBo pacmpeeneHus KUIKIX HopM MUHEPAIBHBIX yIOOPCHHMI
110 00pabaThIBaEMO#i TIOBEPXHOCTH

Hazapos H.H., Hekpacosa I1.B.

installation of sprayers at the same level in the horizontal plane. It has been determined that when using
large-droplet sprayers of the deflector type, the spray flares that occur at the same level create additional
volumes of the sprayed preparation at the place of their docking, exceeding the main background by
25-70%. As a result, a highly concentrated nitrogen-phosphorus content of the batteries strip that does
not meet the basic agrotechnical requirement for uniformity of distribution of the sprayed preparation
over the working surface is formed. The step of placement of the deflector sprayers for the introduction
of the press is justified — 0.5; 0.75 and 1.0 m at a pressure of 0.1; 0.2 and 0.3 MPa in the system. In this
case, an overlap of the interacting spray patterns at a level exceeding 50% of their capture width, and
the uneven application of fertilizers is minimal (not higher than 7%) using a multi-level installation of
sprayers relative to the distribution rod is formed. It has been found that the quality of the distribution
of the working fluid largely depends on the step of the arrangement of the sprayers on the rod and to
a lesser extent on the pressure in the system and the diameter of the sprayers. While, the quality of
distribution will increase if the system pressure and the diameter of the holes of the sprayers are simul-
taneously at the upper or lower levels of their values.

Keywords: liquid mineral fertilizers, distribution, non-uniformity, deflector spreaders, spreading
step, coarse-drop spray, spray pattern, working width, overlap, working surface
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INTRODUCTION the dosing of small volumes of liquid fertilizers,

One of the keys to achieving consistently their transportation to the application site, clog-
ging of nozzle holes (tips) with soil, and rapid
wear of the working fluid supply lines. Further-

more, the problem of reduced uniformity of lig-

high grain yields is improving cultivation tech-
nology through adaptive intensification of the
sowing process. The yield primarily depends on

the availability of water, mineral nutrients, heat, id mineral fertilizer distribution during surface

light, and air to plants, of which water and min- application has not been fully resolved. It has

eral nutrients are, to a certain extent, controlla-
ble factors.

In this regard, the application of liquid nitro-
gen-phosphorus fertilizers and urea-ammonia
solutions to the soil plays a crucial role. Despite
the considerable development of this area, a
number of unresolved issues remain, including

been established that when using this method,
unevenness, expressed as the variation coeffi-
cient, can reach 20% or more, reducing the ef-
fectiveness of nitrogen fertilizers to 45-50% and
phosphorus fertilizers to 15-20%" 2 [1-8].

One of the many reasons for the uneven dis-
tribution of liquid mineral fertilizers over the

'Amelkin V.I., Dotsenko Yu.V. Ways to improve the uniformity of application of liquid mineral fertilizers // Results of research
and development in the mechanization of production processes in plant growing: collection of scientific papers, Zernograd, 1991,

pp. 111-115.

*Marchenko L.A., Romanov G.I., Kolesnikova V.A. Regulation of application rates of liquid mineral fertilizers // Tractors and

agricultural machinery, 2004, No. 9, pp. 34-35.
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treated area when applied superficially is the in-
stallation of sprayers at the same level in the hor-
izontal plane® [9-14]. When using large-droplet
sprayers, the spray cones that meet at the same
level create a highly concentrated strip of nu-
trients at the junction, which does not meet the
basic agrotechnical requirement, which requires
uniform distribution of the sprayed preparation
over the treated area.

The purpose of the work is to evaluate the qual-
ity of distribution of the working fluid upon contact
of meeting spray cone located at the same level.

The scientific task is to determine the influence
of the main factors on the quality of distribution of
the working fluid over the underlying surface.

MATERIAL AND METHODS

Experimental studies began with an examina-
tion of the distribution of the liquid sprayed by
a single deflector-type sprayer within the work
area, with system pressure varying from 0.1 to
0.3 MPa. The following parameters were deter-
mined: spray width (b, mm); and the distribu-
tion of the working fluid across the spray width.
Based on the data obtained, a sprayer spacing
was determined that ensures continuous cover-
age of the treatment area (the overlap of spray
patterns from individual sprayers should be at
least 40% of their total width).

In the second stage of the study, the quality
of liquid mineral fertilizer distribution was as-
sessed by installing a boom with sprayers at a
specific height relative to the objects being treat-
ed (H), and spraying the product was carried out
using alternately sprayers of the corresponding
diameter located in the same plane. The pressure
in the system varied from 0.1 to 0.3 MPa with a
sprayer spacing of 500 to 1000 mm (250 mm in-
terval). Liquid was collected from the corrugat-

ed collecting surface into measuring containers,
and their contents were then weighed. Based on
the results of the experiments, diagrams of lig-
uid distribution over the collecting surface were
constructed, assessing the quality of its distribu-
tion.

In the third stage, the spray bar was also in-
stalled at a specific height relative to the objects
being treated. The product was sprayed alter-
nately using spray bars of different diameters,
positioned on the bars at different heights h (at
different levels). The system pressure also var-
ied from 0.1 to 0.3 MPa with spray bar spacing
ranging from 500 to 1000 mm (250 mm inter-
val). Liquid was collected from the corrugated
collecting surface into measuring containers,
and their contents were then weighed. Based on
the results of the experiments, liquid distribution
diagrams were constructed across the collecting
surface, assessing the quality of its distribution.

In the fourth stage, the spray boom was also
installed at a specific height relative to the ob-
jects being treated. However, unlike the previous
stages, the quality of the working fluid distribu-
tion over the underlying surface was assessed
based on key factors: the working fluid pressure
in the system (P, MPa), the nozzle orifice diam-
eter (D, mm), and the nozzle spacing (B, mm).
All the nozzles were installed at an offset height
relative to each other.

To assess the deposition quality of the sprayed
preparation onto the underlying surface, a facto-
rial experiment was conducted with the speci-
fied factors varied at three levels. A composite
three-level symmetrical design #34* was select-
ed for the experiment. After implementing the
experimental plan, the results were processed in
accordance with the recommendations™ .

3Application of liquid nitrogen fertilizers UAN and sulfur-containing fertilizers // AgroVestnik: Internet portal. URL: agrovesti.
net/lib/tech/fertilizer-tech/primenenie-zhidkikh-azotnykh-udobrenij-kas-i-serosoderzhashchikh-udobrenij.html.

‘Brodsky V.Z., Brodsky L.I., Golikova T 1., Nikitina E.P, Panchenko L.A. Tables of experimental plans for factor and polynomial

models: reference ed. Moscow: Metallurgy, 1982, 752 p.

SMelnikov S.V., Aleshkin V.R., Roshchin P.M. Experimental planning in agricultural process research. 2nd ed., revised and en-

larged. L.: Kolos, 1980, 168 p.

SMosteller F., Tukey D.W. Data Analysis and Regression / translated from English by Yu.N. Blagoveshchensky; edited by Yu.P.

Adler. Moscow: Finance and Statistics, 1982, 238 p.
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The experiments were carried out on a special-
ly created laboratory setup that allowed spraying
and capturing the working fluid (see Fig. 1).

RESULTS AND DISCUSSION

In accordance with the selected methodolog-
ical approaches, an assessment was made of the
distribution of the product sprayed by a single
deflector sprayer under varying hydraulic sys-
tem pressure (0.1-0.3 MPa) and with the sprayer
positioned at a height of 0.7 m above the under-
lying surface (see Table 1). The sprayer oper-
ated for 30 s. The collected working fluid was
weighed on a VK-600 laboratory scale. Spray
cone width graphs were plotted based on the
weighing results of the liquid collected from the
underlying surface (see Fig. 2).

The data presented indicate that an increase
in the spray pattern width is observed both with
increasing the nozzle orifice diameter and with
increasing the system pressure. However, a sta-
bilization of the spray pattern width is observed
with increasing nozzle orifice diameter to 2.5—
3.5 mm at a given system pressure. This means
that nozzles can be spaced evenly on the boom.

As for the nature of the liquid distribution
across the spray cone width, it fully complies
with the law of normal distribution. Deviations
in the lines in some places can be explained by
imprecise manufacturing of the nozzles and mi-
croroughness of the collecting surface.

Puc. 1. JTaGoparopHasi yCTaHOBKA ISl OTICHKH
KauecTBa PacHpeeIeHus paclblIeHHONW padoueit
KHUJIKOCTH

Fig. 1. Laboratory setup for evaluating the quality
of atomized working fluid distribution

Taoa. 1. lupuna dakena pacnpuia >KUAKOCTH B
3aBUCUMOCTH OT JABJICHUS B CUCTEME U AMAMETPA
OTBEPCTUS PACIBLIUTEISL, MM

Table 1. Width of fluid atomization plume
depending on the system pressure and atomizer
orifice diameter, mm

System Spray hole diameter, mm
pressure,
MPa
1,5 2,5 3,5
0,1 1560 2200 2200
0,2 1880 2300 2300
0,3 2005 2400 2400

Further studies of the distribution of the lig-
uid over the underlying surface with sprayers in-
stalled at different levels allow us to state a fairly
high quality of its deposition: at D = 1.5 mm and
P = 0.1 MPa, the unevenness expressed by the
variation coefficient was 8.9%, at D = 2.5 mm
and P = 0.2 MPa — 7.35%, at D = 2.5 mm and
P=0.3 MPa—2.9% (see Fig. 3).

When spraying liquid with the nozzles in-
stalled at the same height, an increase in the
volume of the collected liquid was observed at
the points of contact of the meeting spray cones
(at the center of the sprayer placement step).

In principle, the distribution of the liquid over
the collecting surface is the same, so we will
only show a few fragments (see Fig. 4).

At the final stage of the research, an assess-
ment was made of the quality of distribution of
the liquid medium over the underlying surface
using deflector sprayers installed at different
heights.

As noted earlier, a three-level symmetrical
design No. 34 was implemented in the study (see
footnote 4). After implementing the designated
experimental plan and processing the results (see
Table 2), the regression coefficients were calcu-
lated taking into account their significance, and
a regression model of the liquid distribution pro-
cess over the underlying surface was obtained

MexaHu3a1Wst, aBTOMATH3ALsl, MOZEIMPOBAHHE
1 nHOPMALMOHHOE OOecHeueHIEe

CHOUPCKNI BECTHHK CENLCKOXO3sHCTBEHHOM Hayku » 2025+ 555 109



Quality of distribution of liquid forms of mineral fertilizers over
the working surface

Nazarov N.N., Nekrasova 1.V.

a

=~
W

on

E 35 JA

.20

QB) 25 A '\\\

2 15 Vating

& 5| ¥

= 70 2 4 6 8 10 12 14 16 18

Measuring container number

6
22100
= oa
.20 80 y
E 60 e
2 40 H/‘( \"\,*‘
= 50 ~o—0~0

N
<

1 3 5 7 9 11 13 1517 19 21 23 25
Measuring container number

8

180

oh o

q;)BO p \H\

380 A “T.NN
g‘30 ' M
3 1 4 7 10 13 16 19 22 25

Measuring container number

Puc. 2. Xapakrep pacrpeaeiieHus KUIKOCTH

B (pakerre pacmbiia OTMHOTHOTO AeICKTOPHOTO
pacmeutATeNs (PparMeHTHI):

a-D=15vm, P=0,1 Mlla; 6 — D =2,5 MM,
P=02MIa;6—D=2,5wmm, P=03 MIla

Fig. 2. Character of liquid distribution in the
atomizing plume of a single deflector atomizer
(fragments):

a-D=15mm, P=0.1 MPa; 6 — D =2.5 mm,
P=0.2MPa;6—D=2.5mm, P=0.3 MPa
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Fig. 3. Character of liquid distribution over the
underlying surface at different levels of atomizer

installation (fragments):
row 1 —D=1.5mm, P=0.1 MPa; row 2 — D =2.5 mm,
P=02MPa;row 3 —-D=25mm, P=0.3 MPa
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As the analysis of the regression equation, the
graphical interpretation of which is presented in
Fig. 5, shows, the influence of each factor on
the quality of distribution of the working fluid
1s ambiguous.

The quality of distribution depends to a great-
er extent on the spacing of the nozzles on the
boom (factor X)), and to a lesser extent on the
pressure in the system (X)) and the diameter of
the nozzle opening (X)).
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Puc. 4. Xapakrep pacnpeneieHus KUIKOCTH

NPY YCTaHOBKE PACIBUIMTENICH Ha OJTHOM YPOBHE
(pparmentsr):

a-D=15mm, P=0,1 MIla; 6 — D =2,5 MM,
P=0,2MIla; 6 — D =2,5wm, P=0,3 MIla

Fig. 4. Character of liquid distribution when
installing atomizers at the same level (fragments):
a—-D=15mm,P=0.1 MPa; 6 —D=2.5 mm,
P=02MPa;6—-D=25mm, P=0.3 MPa

110 Siberian Herald of Agricultural Science ¢ 2025 « 55 ¢ 5

Mechanisation, automation, modelling and dataware



KadgecTBo pacmpeeneHus KUIKIX HopM MUHEPAIBHBIX yIOOPCHHMI
110 00pabaThIBaEMO#i TIOBEPXHOCTH

Hazapos H.H., Hekpacosa I1.B.

Since b, > 0, then an increase in X, raises the
unevenness of the distribution of the working
fluid, the maximum effect is achieved when B__ .

The influence of the mixed product of factors
is estimated by the significance and sign of the
coefficient bij. Since at X X, bij > (), then the qual-
ity of distribution will increase, if X, and X, are
simultaneously on the upper or lower level.

Taking into account that at X X, bij < 0 the
quality of distribution will increase if X X, are
located on opposite upper and lower levels. Giv-
en that at X X b, <0 the quality of distribution
will increase if X, and X, will also be on opposite
levels.

At minimum values of the factors, their influ-
ence on the quality of distribution is practical-
ly equal, and this trend persists until the factors

.5 2,51 3,5 ?mm

lo.1 0,21 03 »MPa

fo.5 075 1,0 Bm
-] -e-2 —3

Puc. 5. I'padmyeckast HHTEpIIPETAAS PETPECCHOH-
HOTO ypaBHEHUS:

1=y =f(P);2—y=f(D); 3-v=f(B)

Fig. 5. Graphical interpretation of the regression
equation:

I—y=f(P);2—y=f(D); 3~y =f(B)

Taoda. 2. Marpuia miaHUpOBAHUS U PE3YJIbTATHI SKCIIEPUMEHTA

Table 2. Planning matrix and experimental results

Level of variation of factors
Factor

-1 0 +1

System pressure, P, MPa (X)) 0,1 0,2 0,3 Unevenness
(coefficient of variation)
Spray hole diameter, D, mm (X)) 1,5 2,5 3,5 v, %
500 750 1000

Step of placement of sprayers, B, mm (X))

P D B
llExperiment number: 1 1 1 8.9
2 +1 -1 -1 8,2
3 -1 +1 -1 8,0
4 +1 +1 -1 12,5
5 -1 -1 +1 10,7
6 +1 -1 +1 3,1
7 -1 +1 +1 5,2
8 +1 +1 +1 3,3
9 -1 0 0 5,9
10 +1 0 0 2,9
11 0 1 0 2,3
12 0 1 0 3,7
13 0 0 -1 7,4
14 0 0 +1 6,6
Average 6,3

MexaHu3a1wst, aBTOMATH3ALsl, MOZIC/IMPOBAHHE
1 nHOPMALMOHHOE OOecHeueHIEe
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reach average values within the range of vari-
ation in the experiment. As the values increase
further, the spacing of the nozzles exerts the
greatest influence on the quality of distribution.

CONCLUSIONS

1. Using deflector sprayers, increased un-
evenness in the deposition of liquid mineral fer-
tilizers onto the underlying surface has been re-
vealed upon contact between spray cones locat-
ed at the same level relative to the distribution
rod (exceeding the base level by 1.8-2.4 times).

2. It has been established that due to the
multi-level installation of deflector sprayers on
the boom, minimal unevenness of the spraying
of the working fluid is achieved (no more than
7%).

3. The spacing of the sprayers on the rod has
the greatest impact on the quality of distribution
of liquid mineral fertilizers during their surface
application (91.8%); to a lesser extent, this in-
dicator depends on the pressure in the system
(5.7%) and the diameter of the sprayer opening
(2.5%).
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C MHTEHCHUBHBIM Pa3BUTHEM CEJIHCKOTO XO3SHUCTBA AKTUBHO MPOSBIISIOTCS HEOIArOMpPHUATHBIC SKO-
JIOTMYECKHE MOCeACTBUA. B yacTHOCTH, Ha pelieHne npodieM XKUBOTHOBOAYECKHX KOMILJIEKCOB B
HEKOTOpBIX pernoHax Poccuiickoii denepannu BhIACTSAIOTCS 3HAYUTENbHBIC (PUHAHCOBBIC PECYPCHI.
B pabGote cnenan 0630p MOAXOJ0B K YUCICHHOMY MOJCIMPOBAHHIO MPOIECCOB, POTEKAIOIIUX TPH
aHadpoOHOM COpaKMBAHWH M UMEIOLIMX CBOEH IENBI0 TIONTyueHne Onora3a (MEeTaHa) U OpraHH4YeCcKo-
ro ynoopenus. B mociemnue Toasl HaOMogaeTCsl pOCT HHTEpPEca CPEenr 3apyOeIKHBIX U POCCHUCKHIX
YUEHBIX K MpoOIeMe MOACTUPOBAHUS TEXHOIOTHUECKOTO Tpolecca OHOPEaKkTOPOB B CBSA3U C Pa3BH-
THEM BBIYUCIUTEIBHBIX MOITHOCTEH U BOBMOXXHOCTEH ydeTa B MOJesn (akTOpOB, BIUSIOMINX Ha -
(eKTHBHOCTH cOpakMBaHMs, — MOBBIIICHHUS BbIX0O/a OHorasa WM KadecTBa yAoOpeHHs. BBIBICHBI
TCHACHIMN N HEOOCTAaTKU OTACIIbHBIX HaHpaBJ’ICHHﬁ, a TAaKKC IMOAXO/bI, IMMO3BOJIAIOININE YUYUTHIBATH
OMOXMMHYECKHE MPOIlecChl B 00beMe PeakTopa M Ha TIOBEPXHOCTH YacTull cydcTpara. [TokazaHa ak-
TYaJbHOCTh MOUCKA CIIOCOOOB OIEHKU JIMHAMHUKHM YUCICHHOCTH U (DAaKTOPOB, OT KOTOPHIX 3aBHCHUT
MHOroo0pasue MHUKPOOHOJIOTHYECKUX KOHCOPIMYMOB. Hanbosee nmepcrnekTUBHBIMY ISl TPAKTHYC-
CKOT'O MTPUMEHEHUS IPH IPOU3BOACTBE OMOYI0OpEHHS CIEAYET CUUTATh MOJENH, OCHOBAaHHBIC HAa Ma-
mHUHHOM 00y4eHur. OHU MO3BOJISIOT POTHO3UPOBATH PA3BUTHE MHUKPOOHOIOTHYECKUX COOOIIECTB,
npole/ e BepupUKainio Ha MOIyTPOMBIIIICHHBIX SKCIIEPUMEHTAILHBIX JAHHBIX B YCIOBUSX cOpa-
JKMBaHUS KOHKPETHBIX CY6CTpaTOB, a TaKK€ YHMCJICHHBIC MOACIN U IPOTPaMMHBIC CPEICTBA, BKIIHOYA-
IOIIHE pacyeT THAPOAMHAMHYCCKUX MMapaMeTpPOB, TOJIs TEMIIeparyp Mpy MepeMelIiBaHUN | T0/1a4e
HOBOIl MOpIUK CyOCTpara B peakTop W HEKOTOpbIe Hanbosee BaXKHbIC OMOXUMHUYCCKUE MPOIECCHI,
MPUBOISIIME K 00Pa30BAHUIO JTUMHUTUPYIOLIIMX MPOAYKTOB CTAAMK allMaoreHes3a u aueroreHesa. Ha
OCHOBE TIOJIyYE€HHOTO MaccuBa HH(OpManu (GOpMyIUPOBATIHCH 3a/1a4l YHCICHHOTO MOACTUPOBAHHUS
YCIIOBUH MEepeMEIINBaHUs B PEaKTOpax ACHCTBYIOIIET0 KOMILIEKCa.

KiroueBble cjioBa: 4UCICHHOE MOJICIHPOBAaHKE, aHAIPOOHOE COpaKUBAHUE, PEXKHUM TTEpPEMEIIIH-
BaHUsI, OPraHUUYECKOE YI0OpEHHE, OTXO/IbI )KUBOTHOBOJICTBA, YTHIIH3AIINS OTXO/I0B, (hepMeHTep

Approaches to numerical modeling of anaerobic digestion bioreactor
operation: a review

Rubcov A.A.!, x)Nemuschenko D.A.?
'Kemerovo State University

Kemerovo, Russia

2Novosibirsk State Technical University
Novosibirsk, Russia
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With the intensive development of agriculture, unfavorable environmental effects are actively mani-
festing themselves. In particular, significant financial resources are allocated to solve the problems of
livestock complexes in some regions of the Russian Federation. The paper provides an overview of the
approaches to numerical modeling of processes occurring during anaerobic fermentation and aimed
at obtaining biogas (methane) and organic fertilizer. In recent years, there has been an increase in the
interest among foreign and Russian scientists in the problem of modeling the technological process
of bioreactors due to the development of computing power and the ability to take into account in the
model the factors affecting the efficiency of fermentation, increasing the yield of biogas or the quality
of fertilizer. The trends and shortcomings of individual areas, as well as approaches that allow taking
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Approaches to numerical modeling of anaerobic digestion Rubcov A.A., Nemuschenko D.A.

bioreactor operation: a review

into account biochemical processes in the reactor volume and on the surface of substrate particles, are
identified. The relevance of searching for methods for assessing the dynamics of the number and the
factors on which the diversity of microbiological consortia depends is shown. The most promising
for practical application in the production of biofertilizers should be considered the models based on
machine learning and allowing to predict the development of microbiological communities, verified
on semi-industrial experimental data under the conditions of fermentation of specific substrates, as
well as numerical models and software tools, including the calculation of hydrodynamic parameters,
temperature fields during mixing and feeding a new portion of the substrate into the reactor and some
of the most important biochemical processes leading to the formation of limiting products of the
acidogenesis and acetogenesis stages. Based on the obtained array of information, the problems of
numerical modeling of mixing conditions in the reactors of the operating complex were formulated.

Keywords: numerical modeling, anaerobic digestion, process of mixing, organic fertilizer, animal

waste, waste disposal, digester
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Agricultural and farming facilities generate
large quantities of livestock waste. Livestock
waste is the substance left over from the vital
processes of farm animals and poultry. In addi-
tion to the organic components of manure and
litter, it also contains other components: process
and flush water, feed residues, growth promoters
and antibiotics, and gaseous substances.

Livestock farm waste contains approximate-
ly 100 types of pathogens that cause dangerous
diseases. When stored outdoors, it releases vola-
tile components that have a strong odor, known
as "malodorants," which pose an environmental
problem for communities located near livestock
farms. Furthermore, decomposition results in air
pollution with greenhouse gases and contami-
nation of surface and groundwater with certain
specific compounds.

Due to the intensive development of agricul-
ture, soil degradation as a result of contamina-

tion by livestock waste is a pressing issue. It is
important to promptly dispose of waste and con-
vert it into cost-effective organic fertilizer, then
incorporate it into organic farming systems as
part of a technology for producing healthy crops.
There is ample experience globally in operating
biogas plants using organic feedstock, including
agricultural waste.

Unfortunately, the practical importance of
processing livestock waste into new bioorganic
products, suitable for developing organic farm-
ing, which relies heavily on microbiota, is un-
derestimated. Biofertilizer production can be
achieved using processing facilities that utilize
livestock waste in a manner that yields a safe
bioorganic product based on humic substances,
phytohormones, and beneficial microbiota. The
resulting product can facilitate the conversion
of soil minerals into a form more accessible to
plants. Certain groups of anaerobic bacteria can
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support and enhance the adaptive properties of
plants.

Biogas plants and complexes of various de-
signs implement the anaerobic digestion pro-
cess. The intensity of the fermentation process
and the production of an effective bioorganic
fertilizer are determined by creating optimal
conditions for the microbial colonies in the reac-
tor. The following can be identified as the most
important process parameters:

— temperature gradient in the bioreactor tank;

— acidity of the environment and the content
of waste products;

— the speed of movement of biomass particles
and flows in the reactor;

— characteristics of the nutrient medium.

Of no small importance are the composition
and technology of raw material preparation, the
technology of introduction into the reactor and
other technological features.

The process of mixing the substrate in biore-
actors directly affects the above indicators and
solves the following problems':

— acceleration of fermentation of a fresh por-
tion of raw materials due to contact with a bio-
logically active liquid in the reactor, maintaining
contact between enzymes and their substrates;

— uniform distribution of heat and nutrients
throughout the reactor volume;

— preventing the formation of a crust at the
boundary between liquid and gaseous media;

— intensification of biogas removal from the
substrate.

Mixing can be accomplished by mechanical
devices in the fermenter (stirrers), by pumping
the feedstock from the upper to the lower zone
using a pump, typically located outside the re-
actor®, or pneumatically by bubbling biogas

through the mass in the reactor. The advantages
and disadvantages of these mixing methods have
been described in detail>. For example, in Ger-
many, up to 90% of biogas plants are equipped
with stirrers of various designs (see footnote 1).

Optimizing mixing is crucial, as it is one of
the most energy-intensive processes in anaero-
bic digestion reactor operation. The authors of
the research paper set the following overall goal:
modernizing an existing organic waste process-
ing complex using anaerobic digestion. This
modernization includes the implementation of
an automated control system, increasing its en-
ergy efficiency, and improving the quality of the
resulting organic fertilizer by improving mixing
conditions. To achieve this goal, a review of ex-
isting, particularly international, experience in
the field of biogas plant operation was conducted.

The publication review aims at identifying
the directions and approaches to the numerical
optimization of bioreactors, as well as indicators
characterizing the mixing regime in the reactor
for the production of biofertilizer, and identify-
ing factors that can be neglected. Based on the
obtained data, tasks for numerical modeling of
the mixing conditions in reactors of the oper-
ating complex were formulated for specialized
specialists.

In this review, we will focus on general trends
in the field of numerical modeling of bioreactors,
without going into detail about the mathematical
algorithm and the program code.

Temperature conditions (absolute values and
gradient) in the reactor have the greatest influ-
ence on the growth and activity of microorgan-
isms, and, accordingly, the kinetics and stability
of the anaerobic process [1]. Most often, tem-
perature conditions are designed to maximize

'Biogas Handbook. From Production to Use: A Draft / Agency for Renewable Resources (FNR), translated from German, 5th

edition, revised. Germany, Giilzow, 2010, 213 p.

*Vedenev A.G., Maslov A.N. Construction of biogas plants: a brief guide. Bishkek: "Euro", 2006. 28 p.

3Shayakhmetov R.G., Isakov V.G., Efremov S.M. Experience of using the ANSYS WORKBENCH software package for modeling
mixing processes in methane tanks // Bulletin of Kalashnikov ISTU, 2013, vol. 3, N 59, pp. 127-131.

“Rico C., Rico J.L., Munoz N., Gomez B., Tejero I. Effect of mixing on biogas production during mesophilic anaerobic diges-
tion of screened dairy manure in a pilot plant / Engineering in Life Sciences, 2011, vol. 11, N 5, pp. 476-481. DOI: 10.1002/

elsc.201100010.

SSuslov D.Yu. Mixing of biomass in a bioreactor for biogas production // Epoch of Science, 2015, N 4, pp. 444-447.
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biogas yield and methane content® [2].

The acidity of the environment (pH) has no
small part. Different populations of microorgan-
isms require certain optimal pH ranges in which
they exhibit maximum activity [3]. For example,
the pH range of 5.5-6.5 is most preferable for
hydrolysis and acidogenesis, while for acetogen-
esis and methanogenesis, the most suitable pH
value is in the range of 7,0-8,5.

Mathematical (numerical) modeling meth-
ods, implemented in the form of software pack-
ages from various developers, are increasingly
used in the design of biogas plants and com-
plexes. Calculations and visual aids obtained
through modeling allow one to assess the impact
of physicochemical and biological processes oc-
curring in the reactor, mixing factors, and other
process features on the efficiency of processing
products without conducting costly full-scale
experiments. Numerical modeling is used to op-
timize the shapes, designs, and operating modes
of bioreactors to improve productivity and prod-
uct quality.

The authors of the review [1] provide a clas-
sification of the methods for numerical modeling
of anaerobic digestion processes that have found
practical application:

1) models based on mathematical formula-
tions of the basic laws reflecting the physico-
chemical and biological processes in the reactor:
elementary models; models taking into account
primarily mass transfer; models based on com-
putational fluid dynamics;

2) kinetic models;

3) phenomenological models: regression
models; models based on the support vector ma-
chine; models using neural networks and/or arti-
ficial intelligence, etc.

The first type of models is based on the laws
of hydrodynamics, heat transfer, and the results
of research into biochemical processes. Clearly,
such models should have priority application,
but they have significant drawbacks:

— the presence of a significant amount of un-
known initial data that needs to be determined
experimentally;

— limited computing resources due to the
need to simultaneously take into account various
physical and chemical processes in the model.

Elementary models are based on calculating
the dynamics of individual components in the
reactor—Iliquid, solid, and gaseous phases—the
concentration of solid particles of biological and
mineral substrate, the concentration of soluble
components and microbial groups, and the con-
centration of biogas components. They primarily
involve solving systems of differential equations
to describe mass transfer processes or equilibri-
um conditions.

Models based on mass transfer calculations
take into account primarily diffusion and con-
vective transfer and are used, according to the
authors’ [1], in the case of a concentrated sub-
strate in the reactor (more than 15 wt.% solid
phase). When the solid phase content is more
than 15 wt.%, the term "solid-state anaerobic di-
gestion" is used.

We consider the most promising direction in
this area to be the one related to modeling (and
generally studying the mechanisms) of transfer
of products of biochemical processes between
solid particles of raw materials (substrate) and
cells of microorganisms, which the authors tried
to model®”.

Computational fluid dynamics (CFD)-based
models capture the most important processes

8Sihuang Xie, Faisal I. Hai, Xinmin Zhan, Wenshan Guo, Hao H. Ngo, William E. Price, Long D. Nghiem Anaerobic co-diges-
tion: a critical review of mathematical modelling for performance optimization // Bioresource Technology, 2016, N 222, pp. 498—

512. DOI: 10.1016/j.biortech.2016.10.015.

"Fuging Xu, Yebo Li, Zhi-Wu Wang Mathematical modeling of solid-state anaerobic digestion // Progress in Energy and Combus-
tion Science, 2015, N 51, pp. 49—66. DOI: 10.1016/j.pecs.2015.09.001.

8Kalyuzhnyi S.V., Veeken A., Hamelers H.V.M. Two-particle model of anaerobic solid-state fermentation // Water Sci. Technol.,

2000, vol. 41, N 3, pp. 43-50. DOI: 10.2166/wst.2000.0054.

'Fuqing Xu, Zhi-Wu Wang, Li Tang, Yebo Li. A mass diffusion-based interpretation of the effect of total solids content on
solid-state anaerobic digestion of cellulosic biomass // Bioresource Technology, 2014, N 167, pp. 178-185. DOI: 10.1016/j.

biortech.2014.05.114.
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occurring during mixing. They are used to op-
timize reactor designs and mixing mechanisms,
and to reduce energy consumption. The most
widely used commercial software products are
ANSYS Fluent [4-6], ANSYS CFX [7], and
COMSOL Multiphysics [8]. Disadvantages of
research using these products include the limited
use of biochemical reactions in conjunction with
fluid dynamics modeling.

So-called "kinetic models" are based on the
use of adequate simplified equations that relate
bioreactor performance to certain input data ob-
tained from laboratory experiments or industrial
reactor operation. These models are designed to
simplify the modeling process by relying on two
key assumptions that are bottlenecks in biogas
synthesis technology [1]:

— the concentration of beneficial microorgan-
isms is the only characteristic responsible for
biogas/CH, production;

— the growth of microorganisms is limited
only by the rate of hydrolysis and the availabili-
ty of substrate particles for nutrition.

Phenomenological models utilize various
machine learning technologies and are designed
to address a limited number of target problems.
The main advantage is that model construction
does not require a deep understanding of the bio-
chemical, chemical, and physicochemical pro-
cesses occurring during anaerobic digestion [1].

Machine learning can be based on the results
of field tests that relate the bioreactor's gas yield
performance to the following process character-
istics, such as [9]:

— the composition of the raw material and the
ratio of substrate components (municipal waste-
water and sludge, agricultural waste - straw,
silage, husks, vegetable waste, carbohydrates,
proteins, lipids, etc.), the chemical oxygen de-
mand index;

— additives (various colonies of microorgan-
isms, enzymes, microelements, defoamers, sor-
bents), dosage and particle size of the materials;

— conditions of the anaerobic digestion pro-
cess (temperature, pH value, electrical conduc-
tivity, raw material pre-treatment technologies,
proportion of the organic component).

The ANSYS CFX software package, with nu-
merous simplifications, allows for the modeling
of the velocity and temperature field within a re-
actor volume when formulating the problem of
continuously feeding a cold substrate at a given
flow rate [7]. To validate the model, co-fermen-
tation of rice husks and pig manure was conduct-
ed in two types of bioreactors: one with a mixing
system using substrate recirculation through the
inlet and outlet pipes, and one without mixing.

For the hydrodynamic modeling, the bioreac-
tor was assumed to operate at low flow rates in
the recirculation stream (Re < 2000); turbulence
models were not used. The reactor was analyzed
in steady-state and transient conditions, taking
into account heat transfer from the coil. Based
on the heat flux estimates, the process can be
considered isothermal [7].

The authors'® used a calculation method to
study the temperature field in a biogas plant re-
actor.

The method is based on solving a continu-
ous function that allows for modeling the heat
conduction process. A horizontal reactor (tank)
divided into sections by vertical partitions, with-
out mixing devices, was chosen as the modeling
object. The mathematical model is described in
detail, and the results of a computational experi-
ment are presented.

The authors [10] have systematized extensive
experience in the application of computational
fluid dynamics models for the study and opti-
mization of anaerobic digestion processes. The
review examines specific studies demonstrating
the possibility of taking into account the combi-
nation of biochemical and hydrodynamic mod-
els, turbulence, heat transfer processes, reactors
of various designs, and the multiphase nature of
the environment.

Y[lyin Yu.P, Belov A.V,, Stabulit LS., Kuzmina N.Yu., Rudnykh N.V. Determination of the characteristics of a stationary random
process in a biogas plant reactor based on one implementation // AIC of Russia, 2017, vol. 24, N 2, pp. 418-425.
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According to the review, the following hy-
drodynamic parameters are used, which, in the
authors' opinion, influence biochemical pro-
cesses and/or improve the efficiency of biogas
production: Reynolds number, velocity field ho-
mogeneity index, velocity gradient, shear stress,
dead zone volume, vorticity, flow helicity, the
angle between the vorticity vector and the ve-
locity vector, circulation time, power consumed
for mixing, and substrate flow rate. In particular,
shear stress must be assessed, as it affects the
vital activity of microorganisms.

Models have been developed that take into
account the heterogeneity of the internal envi-
ronment of the bioreactor — the presence of dis-
persed media: liquid — solid, liquid — gas, lig-
uid — gas — solid"' [10].

Yu L. et al. (see footnote 11) validated a com-
plex multistage model using laboratory (1 1) and
pilot (70 1) vertical tube reactors, with mixing
achieved by substrate circulation. The solids
concentration was no more than 5 wt%. The fol-
lowing assumptions were made in the modeling:

— liquid phase — Newtonian fluid — water at a
temperature of 35 °C;

— gaseous phase — gas bubbles 0.1 mm in size,
density 1.139 kg/m’, viscosity 1.9 - 10-5 kg/(m - s);

— solid phase — spherical particles of a certain
diameter.

The system of differential equations was pro-
grammed on the Matlab/Simulink platform, and
the hydrodynamics were programmed using the
FLUENT package.

It is obvious that a developed turbulent re-
gime is formed during the mixing process. How-
ever, according to the review [10], only 18% of
the publications reviewed take this factor into
account in the model. The methods for turbu-
lence recording and the existing experience are
discussed in detail.

Models that take heat distribution process-
es into account are also unfairly underutilized,
perhaps due to the prevalence of publications by
the authors from warmer climates. A study by
Merlin G. et al.”? examines the need to account
for heat loss in reactors operating in continen-
tal climates. A steady-state heat transfer model
1s used, with a calculation uncertainty of ~10%
compared to experimental measurements. It is
crucial to use such models at the design stage
of the facilities to reduce heat loss to the envi-
ronment. Specifically, the authors'® were able to
identify flows and reduce heat loss through the
inlet system and the lid of a semi-buried reac-
tor by 30%, and losses through biogas by 15%.
The calculations took into account atmospher-
ic conditions, including ambient temperature
throughout the year, solar radiation, and rainfall
intensity.

Thakur H. et al. [11] defined the following
parameters as the criteria for comparing the effi-
ciency of the mixing processes:

1) dead volume (volume of stagnant zones),
determined by the proportion of the reactor vol-
ume with a flow velocity of less than 5% of the
maximum (in this study — 0.64 m/s);

2) velocity gradient, determined by the for-
mula

ou, Y (8 ’
G — % + i + (% + %) + & + %
dy Ox 0z 0Ox oz 0Oy
where u,, u, and u_— cell velocity in the direc-
tions x, y and z respectively;

3) 2|vi _;|I/z ZviVi
Ul =~ —e—, -
2N 2
where v, and V- cell speed and volume, v — vol-
ume-averaged velocity in a reactor. The Ul value

1%

"Liang Yu, Jingwei Ma, Craig Frear, Quanbao Zhao, Robert Dillon, Xiujin Li, Shulin Chen Multiphase modeling of settling and
suspension in anaerobic digester / Appl. Energy, 2013, N 111, pp. 28-39. DOLI: https://doi. org/10.1016/j.apenergy.2013.04.073.

2Gerard Merlin, Francois Kohler, Maele Bouvier, Thierry Lissolo, Herve Boileau Importance of heat transfer in an anaerobic di-
gestion plant in a continental climate context// Bioresource Technology, 2012, N 124, pp. 59-67. DOI: 10.1016/j.biortech.2012.08.018.

BRainier Hreiz, Nouceiba Adouani, Yves Jannot, Marie-Noelle Pons. Modeling and simulation of heat transfer phenomena in a
semi-buried anaerobic digester / Chem. Eng. Res. Des. 2017. N 119. P. 101-116. DOI: 10.1016/j.cherd.2017.01.007.
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ranges from 0 (homogeneous mixing) to 1 (no
homogeneity).

As research has shown, when simulating the
mixing of low-concentration suspensions (less
than 2.5% solids by weight), the substrate can
be considered a Newtonian fluid. Biogas yield in
this case depends little on the rotation speed of
the mixer blades [11].

Thakur H. et al. [11] selected four cubic re-
actors and one cylindrical reactor with variable
impeller sizes for their study. Simulations were
conducted using the ANSYS Fluent package in
steady-state and transient modes. A single-phase
medium and a non-Newtonian fluid were adopt-
ed, as the study focused on a high solids con-
tent. For each reactor, velocity and temperature
profiles were constructed, based on which the
mixing process was optimized and conclusions
were drawn about the correlation between ener-
gy consumption for mixing and process parame-
ters — dead volume, velocity gradient and homo-
geneity index. In [12], the hydrodynamics and
heat distribution during the co-fermentation of
food waste, sewage sludge, and cow manure (in-
oculum) in various ratios in mesophilic reactors
of 0.25 and 6.5 1 volumes with continuous stir-
ring were modeled. Additionally, the solid phase
concentrations were varied in the range from 2.5
to 12.1 wt%.

The studies conducted [13, 14] focused on
modeling high solid phase concentrations (up
to 12 wt.%) and the rheological characteristics
of this case during mixing. Numerical modeling
in the ANSYS Fluent package is supported by
validation with experimental data. The problem
was posed based on the assumption of previous
authors about a higher biogas yield with an in-
crease in the concentration of the organic phase.
The proportion of organic matter in the sludge is
described by the concentration of solid particles
in general [13]. The operation of laboratory re-
actors of cylindrical and egg-shaped shapes with
two types of mixers is simulated: propeller (three
propellers on a single shaft) and screw (spiral
ribbon). In the laboratory experiment, rheology

is simulated using a mixture of glycerol and wa-
ter, without any solid impurities. In [14], the sol-
id phase and mineral content, pH, chemical ox-
ygen demand, volatile fatty acid concentrations,
temperature, and biogas yield were determined
during the full-scale experiment. Good agree-
ment between the numerical simulation and ve-
locity field measurement results is demonstrated.
As expected, for a viscous liquid, a screw mixer
proved to be more effective in terms of velocity
field uniformity [13].

Otieno E.O. et al. [15] used the so-called
“Box Behnken Design” — a method of orga-
nizing an experiment and processing an array
of data using mathematical statistics methods,
which made it possible to identify which of the
many experimental parameters have the most
significant impact on the efficiency of fermenta-
tion — the yield of biogas. In a laboratory exper-
iment, agricultural waste (pineapple processing
waste) was fermented together with cattle waste
using a 6 m* Rehau domestic biogas system. The
following parameters were selected for varia-
tion: reactor temperature, substrate pH, and the
concentration of pineapple processing waste
in the substrate. Design Expert software was
used to generate graphs and response surfaces
to optimize experimental conditions and reduce
the required amount of experimental data. The
response surfaces allow one to estimate biogas
yield depending on the two variable parameters.

In [16], similar to the previous study, distil-
lation plant wastewater was fermented together
with livestock waste in a simplified laboratory
experiment. Instead of the ratio of raw materials,
the retention time of the substrate in the reactor
was varied in the range of 17-22 days.

The results of the study by Kim M. and Cui F.
[17] provide comprehensive information and are
an example of the approach and use of models
based on machine learning. Machine learning
was based on experimental data collected during
long-term operation of laboratory (operated
for 350 days), pilot (150 days), and full-scale
(750 days) anaerobic digestion reactors. Using
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the example of the digestion of sewage sludge
and food waste with varying reactor conditions
and continuous mixing, biogas production and
chemical oxygen demand (COD) were primarily
monitored.

Calculations were performed using the MAT-
LAB package for statistical data processing and
regression modeling. The availability of exper-
imental data allows for validation of calcula-
tion results at various levels and scalability of
the study results to other installations. Response
surfaces constructed from the modeling results,
for example, for COD versus total nitrogen con-
tent and methane yield, correlate well with the
experimental data [17].

The most important area of numerical model-
ing, in our view, is the need to develop the mod-
els that can predict biochemical processes and
the vital activity of a microbial consortium, as
well as the possibility of integrating them with
hydrodynamic models. The ultimate goal of most
research in this area is to determine the depen-
dence of the rate of decomposition and conver-
sion of organic matter and the increase in biogas
production on biochemical and hydrodynamic
parameters in a reactor [17]. Since the volume of
necessary calculations increases exponentially,
research 1s aimed at simplifying the models and
identifying factors that can be neglected. Thus,
the models of Wu B. et al.'* and Tobo Y.M. et al.
[4] show a good approximation to experimental
data and take into account the hydrolysis of car-
bohydrates, proteins and lipids to soluble sugar,
amino acids and long-chain fatty acids, as well
as changes in the mass of organic matter.

Vavilin V.A. et al.™> ' also constructed a
mathematical model based on the kinetics of an-
aerobic processes (raw material hydrolysis, acid
formation, and methanogenesis), taking into
account fatty acid concentrations and the pH of

the medium. It was shown that with high mixing
intensity, the substrate is converted to a greater
extent into fatty acids rather than into the target
product, methane.

Dabiri S. et al. [18] integrated the process-
es of hydrolysis and substrate transformation by
microorganisms (decomposition, formation of
conglomerates) into a numerical hydrodynamic
model. Mixing in the model reactor was carried
out using the recirculation method. To simplify
the calculation after comparing the hydrody-
namic parameters of 2D and 3D modeling, the
reactor was modeled in 2D.

A more complex model by Rezavand M. et
al. [6] links some biochemical processes with
hydrodynamics. The computational domain is
divided into elements, each of which carries in-
formation about biologically active compounds
and follows the flow of the substrate. Mass
transfer between particles is reproduced by the
diffusion equation. The model includes four pro-
cesses: substrate hydrolysis, acidogenesis (the
processing of soluble compounds by acidogenic
bacteria), acetogenesis (the processing of vola-
tile fatty acids and the formation of acetate by
acetogenic bacteria that degrade propionate and
butyrate), and methanogenesis (the consump-
tion of acetate and the formation of methane by
methanogenic bacteria). These biological reac-
tions are modeled as a system of ordinary differ-
ential equations.

Few studies have been devoted to quantita-
tive assessments of microbial communities. In
particular, Yu S. et al. [19] used various machine
learning models to determine the relationships
between the microbial community, pH, and the
content of volatile fatty acids in the substrate
(acetic, propionic, butyric, isobutyric, valeric,
isovaleric, and caproic acids were determined)
during anaerobic digestion. The content of 7

YBinxin Wu, Eric L. Bibeau, Kifle G. Gebremedhin. Three-dimensional numerical simulation model of biogas production for
anaerobic digesters / ASAE Annu. Meet. Am. Soc. Agric. Biol. Eng. 1. 2006. DOI: 10.13031/2013.20924.

SVavilin V. A., Angelidaki I. Anaerobic degradation of solid material: importance of initiation centers for methanogenesis, mixing
intensity, and 2D distributed model // Biotechnology and Bioengineering. 2005. V. 89. Ne 1. P. 113-122. DOI: https://doi.org/10.1002/

bit.20323.

YYavilin V.A., Lokshina L.Y., Flotats X., Angelidaki I.Anaerobic digestion of solid material: multidimensional modeling of
continuous-flow reactor with nonuniform influent concentration distributions // Biotechnology and Bioengineering. 2007. V. 97.

Ne 2. P. 354-366. DOI: https://doi.org/10.1002/bit.21239.
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families of archaea and 30 types of bacteria in
the substrate was assessed.

The initial data for the model was generated
based on laboratory studies in mini-reactors (250
ml flasks). Whey was used as the fermentation
substrate, and anaerobic sludge from wastewater
treatment plants was used as the inoculum. The
organic load of the reactors was varied, quanti-
fied by the COD value. To collect the required
data volume, the experiment was run for a total
of 281 days across 15 reactors. To test the ef-
fectiveness of the generalized machine learning
model, the experimental data was divided into
training, validation, and testing datasets [19].

From [19] we present some features of the
selection of microbiological communities. Four
bacterial groups were used as targets (Bacte-
roidetes, Firmicutes, Proteobacteria u Spiro-
chaetes) and four archaeal families (Methano-
bacteriaceae, Methanoregulaceae, Methanomi-
crobiaceae and Methanomassiliicoccaceae).
Bacteroidetes, Firmicutes and Proteobacteria
are the main bacteria that indirectly influence
hydrolytic fermentation in the reactors [19].
Bacteroidetes and Firmicutes are the most com-
mon bacteria involved in acidogenesis, secrete
enzymes for the decomposition of organic mat-
ter and are capable of surviving in extreme con-
ditions [20]. Spirochaetes have been proposed as
a bacterial phylum that actively affects glucose
and acetate'’.

These bacterial communities were selected,
in part, due to their abundance. Based on the
study's results, optimal relative abundances of
Mehtanoreg and Methanomicrob for stable bio-
reactor operation were proposed at 15-37% and
3—-15%, respectively.

It should be noted that high mixing intensity
and the resulting shear stresses have a negative

impact on the vital activity of microorganisms —
their activity is suppressed and the flocculation
structure is destroyed'® [21].

Some microorganisms may be vulnerable
to mechanical damage due to their unique cell
morphology—threadlike or other structures with
significant linear dimensions. Some publications
demonstrate the need to create "protective" stag-
nant zones in the reactor, which can serve as ini-
tiation sites for methanogens and protect them
from acidification (see footnote 18).

Furthermore, it is reported (see footnote 18)
that continuous agitator operation promotes rapid
hydrolysis, resulting in the accumulation of acids
that inhibit methanogenic bacteria. The paper an-
alyzes the mechanism by which biogas yield de-
creases with intensive agitation. The authors also
note the work of those who demonstrated, using
experimental data, that even with the complete
destruction of microbial conglomerates (flocs),
the gross biogas yield does not decrease.

A review of numerical modeling experience
revealed a lack of interest among researchers in
improving the quality of the second most im-
portant product of anaerobic digestion technol-
ogy—bioorganic fertilizer. In Russia, anaerobic
digestion plants designed for biogas production
are ineffective due to the country's own low-cost
energy resources (natural gas, grid electricity),
on the one hand, and harsh climatic conditions
and prohibitively long payback periods for such
plants, on the other. The key criteria for mixing
efficiency should be linked to the quality of the
resulting liquid substrate.

Most researchers have concluded that it is im-
possible to unambiguously determine the param-
eters of the mixing process based on laboratory
experiments, modeling results, or calculations'®-?
(see footnote 18).

"Sang-Hoon Lee, Jeong-Hoon Park, Sang-Hyoun Kim, Byung Jo Yu, Jeong-Jun Yoon, Hee-Deung Park. Evidence of syntro-
phic acetate oxidation by Spirochaetes during anaerobic methane production // Bioresour. Technol. 2015. N 190. P. 543-549. DOI:

10.1016/j.biortech.2015.02.066.

B8Lindmark J., Thorin E., Fdhila R.B., Dahlquist E. Effects of mixing on the result of anaerobic digestion: Review / // Renewable
and Sustainable Energy Reviews. 2014. Ne 40. P. 1030-1047. DOI: 10.1016/j.rser.2014.07.182.

YBiogas Handbook. From Production to Use: A Draft // Agency for Renewable Resources (FNR), translated from German, 5th

edition, revised. Germany, Giilzow, 2010, 213 p.

XKarim K., Hoffmann R., Klasson T, Al-Dahhan M.H. Anaerobic digestion of animal waste: waste strength versus impact of
mixing // Bioresourse Technology. 2005. Vol. 96. Ne 16. P. 1771-1781. DOI: 10.1016/j.biortech.2005.01.020.
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Taoa. 1. [Ipumeps! MOAX0I0B K MOACIUPOBAHUIO YCIOBUH MEpPEMELINBAHNS M PACCMOTPEHHBIE CyOCTpaTh
Table 1. Examples of approaches to mixing conditions modeling and the substrates considered

No Substrate Process performance Physwqchemlcal Reactor Squrce
e S processes incorporated of infor-
ILIL. characteristics indicators . shape .
into the model mation
1 Modeling mixture of |“Dead” volume share Hydrodynamics, Laboratory cylindrical ~ |[13]
glycerin and water recording of turbu- | flask with a screw (au-
lence ger) stirrer
2 Food waste, paper “Dead” volume share, ve- | Hydrodynamics, Laboratory cubic [14]
mill wastewater locity gradient, tempera- | heat distribution,
sludge ture field recording of turbu-
lence
3 Food waste, paper “Dead” volume share, ve- | Hydrodynamics, Laboratory reactors with |[12]
mill wastewater locity gradient, chemical |heat distribution a capacity of 0.25 and
sludge, cattle manure | oxygen demand (COD), 6.5 liters
organic acid content, sol-
ids concentration phase
4 Agricultural waste Temperature field, sub- Statistical process- | Rehau biogas system [15]
(pineapple process- | strate pH, solid phase con- | ing, construction of | with a capacity of 6 m?
ing waste), cattle centration response surfaces in
manure the Design Expert
software
5 Wastewater from Temperature field, sub- Statistical process- | Laboratory cylindrical  |[16]
distilleries, cattle strate pH, substrate reten- |ing, construction of | flask with a volume of
manure tion time in the reactor response surfaces 600 ml
6 Sewage treatment Biogas yield, chemical Machine learning Laboratory (2and 51), |[[17]
plant sludge, food oxygen demand pilot (1.2 and 4.2 m3)
waste and full-scale (2320 m3)
cylindrical reactors
7 Sewage treatment Volume fraction and reten- | Hydrodynamics, ac- | Laboratory (1 1) and See foot-
plant sludge, cattle |tion time of solids, yield |counting for a mul- |pilot (70 1) cylindrical note 11
manure and production rate of tiphase environment |reactors
biogas (liquid — gas — solid)
8 Milk whey, sludge Microbial community, Machine learning Laboratory mini reactor |[19]
from sewage treat- substrate pH, volatile fatty (250 ml bottle)
ment plants acid content, COD
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Ta6ua. 2. PexoMeH10BaHHBIC TUIIBI MEXaHUUECKUX MEILIANIOK JJIsl OMOTa30BbIX PEAKTOPOB U MX MIPUMEHEHHUE
Table 2. Recommended types of mechanical stirrers for biogas reactors and their applications

Source of

Stirrer type Stirrer characteristics . .
information

Propeller stirrer A high-speed stirrer, most effective for suspending low- [14], [22],
viscosity substrates. Effective for intensifying biochemical
processes. A three-blade design is recommended. Tt See footnote 21
can be positioned not only coaxially but also obliquely,
eccentrically, and laterally. A vortex may form during
operation.

Low-speed stirrer. Used for homogenizing high-viscosity See footnote 22
substrates (up to 100 Pa s). The stirrer's shape follows
the profile of the reactor bottom. It breaks up the crust
on the substrate surface and creates a predominantly
circumferential circulation.

A low-speed mixer used for homogenizing high-viscosity [11], see footnote
substrates (up to 100 Pa s). The number of blades and 23, [22]
their angle can be varied. Easy to manufacture and install.
Primarily circumferential circulation.

Auger (screw) mixer Low-speed stirrer. Used for homogenizing highly viscous [13]
substrates (up to 100 Pa s or more). Provides lower power
consumption for viscous media.
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2 Karim K., Hoffimann R., Klasson T., Al-Dahhan M.H. Anaerobic digestion of animal waste: waste strength versus impact of
mixing // Bioresourse Technology, 2005, vol. 96, N 16, pp. 1771-1781. DOI: 10.1016/j.biortech.2005.01.020.

2Gaufullin I.Kh. Design development and justification of the parameters of a small-volume biogas plant: Abstract of a Ph.D. in
Engineering Sciences, specialty 05.20.01 — Technology and means of agricultural mechanization. Kazan, 2022, 20 p.

BYampilov S.S., Kobyakova E.N., Druzyanova V.P. Justification of the use of a mixing device in a biogas plant for small livestock
farms // Vestnik of VSGUTU, 2014, N 4, pp. 13-19.
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Mixing modes (stirrer speed, mixing frequen-
cy) for real-world applications are typically de-
termined during the bioreactor setup phase. Due
to the diversity of industrially available mixing
device designs, comparing modeling results
from different authors is difficult. For clarity,
Table 1 provides examples of the most compre-
hensively described research results, allowing
one to evaluate the diversity of processes and
approaches to modeling reactor conditions.

Taking into account the development of com-
puting power, the most promising models for
practical application in the production of biofer-
tilizers, in our opinion, should be considered the
following types:

— machine learning-based models that predict
the development of microbiological communi-
ties and have been verified using semi-industrial
experimental data under fermentation conditions
of specific substrates;

— numerical models and software tools that
allow combining hydrodynamic parameters,
temperature field parameters during mixing and
feeding a new portion of substrate into the reac-
tor, and some of the most important biochemical
processes leading to the formation of limiting
products of the acidogenesis and acetogenesis
stages.

Table 2 lists the types of mechanical stirrers
used for substrate homogenization in bioreac-
tors. The stirrer type is primarily determined by
the substrate viscosity and the reactor shape.
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